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YACTD 111

HEKOTOPBIE ACIIEKTbI
BOXVMUN YEJIOBEKA

Kak Mb1 Mornv yxe yOennrhCsi B npe/ibi-
OyLIWMX I1aBax, CYLHECTBYET ONpPEACIICHHAA
HETNPEePBLIBHOCTb Pa3IM4YHbIX (POPM KHBOTO,
KOTOpasi NMposiBJIAETCsl B OOLIHOCTH CTPYyK-
TYPbI KJIETOK ¥ MX MOJIEKYJISIPHOTO COCTaBa,
a Taloke OHOIHEpreTHKM W OOJILIUMHCTBA
nyTeil xieTouHoro Merabosmsma. UMenuo
Onarofapsi 3TOl HENpPEPLIBHOCTH OMOXUMH-
KM MOTYT U3y4aTh QyHIaMeHTaJbHEIE NPO-
LECCEI, CBOHCTBEHHBIE BceM (OPMaM XKHUBO-
ro, Ha OTAEJbHBIX XHBEIX OPraHU3Max,
BLIOpaHHBIX W3-3a MX AOCTYNHOCTH, ynob-
CTBA WCMOJL30BAHNA WJIH KakHX-TO CTIELM-
¢duueckux OnoNoruHecknXx OCOOEHHOCTER.
HanpuMep, KJIETKM APOXKKEH M IKCTPaKThI
MBIINI TO3BOJMJIM HAM y3HAaTb MHOIOe
0 I'IMKOJM3e, a Ha kneTkax E. coli 6bum pac-
KPbITbl OCHOBHBIE NPHHIMINL MOJEKYJIip-
HO# re’HeTvkd. bonee Toro, MHOro BaXKHBIX
DIAHHBIX, KACAIOLIMXCS MEXAHU3MOB PeryJis-
MM OHOXMMITYECKHMX TPOLECCOB, OBLIO mo-
JIYYEHO TP W3YYEHWM TaKMX HEOOBMMHBIX
OpraHM3MOB, KaK  TIUIeCHEBhI  rpub
Dictyostelium discoideum v rwoxHoadpuKaH-
cKas umopuesas Jaryika Xenopus laevis.
Iloucture, B TOM, 410 KacaeTcs PyHAaMeEH-
TaJIbHbIX OMOXMMMWYECKHX TIPOLIECCOB, pa3-
HHI[A MEXJTy KOPOJSIMH M KallyCTOW COBCEM
HEBEJIHKA.

IlepeiineM Tenepe K PpacCMOTPEHHIO
OnHO# crieludeckoit Gopmbl KNBOTO A
TOro, 4ToGB!l ONpene/mTh, KaKOBbl OHOXM-
MHYECKME MEXaHU3Mbl ajfanTauud 3To#
(opmMbl, CBsi3aHHBIE C OCOOEHHOCTIMH €e
KU3HEJES TEJILHOCTH M 3aHUMAacMoOH B Ono-
coepe Hunm. Mer Morym Obl BLIOpaTh B Ka-
YecTBe Takoi Gopmel OakTepHio, TeM Oonee
YTO B HACTOSINEE BPeMsi CTAHOBHUTCH BCE
oYyeBUIHEE, YTO OAKTEPUM SIBISFOTCS 3HAYM-
TeJIbHO ©OJIeE CNOXHEIMH OPraHu3MaMH,

YeM Ka3ajloch paHbile. MOxHO ObL10 Obl
PACCMOTPETh TAKXKE OCOOEHHOCTH OHOXH-
MHMH pacTeHHH, YTO NpeacTaBniano Ol
0coObIi MHTEpPEC B CUJTy BCE BO3pacTaroLie-
[0 HECOOTBETCTBUS MEXTY IIPOM3BOTHTEb-
HOCTBIO CEJILCKOTO X034HCTBA M MHPOBLIMH
noTpeOHOCTAMH B npoaykTax nuTanus. Ho
OoJbILIe BCEro Hac, KOHEYHO, WHTEpecyeT
onoxumms Homo sapiens, ocobennoctu 6mo-
XMMHWYECKOTO COCTaBa W (PyHKIMM €ro TKa-
HEH ¥ OPTraHOB, CIIOCOOL! KOOPAWHALMH UX
MeTabOoJIMHECKOH aKTHBHOCTH, a TaKXeE TO,
KaK CKa3bIBAIOTCS HA 3/I0POBbE JTIOAEH pa3-
JIfYHple OMOXVMIMECKHE HAPYLIECHHS.

B cnenyroumx Tpex rjasax Mbl OCTaHO-
BHMCSI HA HEKOTOPBIX OCHOBHBIX OHMOXHMU-
YECKHX XapakTepUCTHKAaX OpraHu3Ma Yelo-
BEKa, KOTOPBIE B TO %€ BpeMs CBOHCTBEHHBI
M MHOTMM [JPYTMM BBICOKOOPraHH30BaH-
HBIM XUBOTHLIM. B yacTHOCTH, Mbl paccMo-
TPHM Takue BOINpPOCH, Kak KOOPAWHALMSA
00OMeHa BEIHECTB B Pa3JH{UHBIX TKAHAX U Op-
raHax, ropMOHaJIbHAsI PETYJISILMS OTBETHBIX
peakiuii OpraHM3ma 4esioBeka Ha H3MeHe-
HUsl BHEIIHER M BHYTpeHHEH Cpelbl U npa-
BIWILHOE TNHTaHWE YesoBeKa; pazpaboTka
ITOK mnocieaHeii npoOJieMbl COCTaBIAET
OIHO W3 CAMBIX BaXHBIX JUIA 4€JOBEKa A0~
CTIXKEHHH OHOXMMHHK. DTH TPH TJIABLI TIPEa-
CTaBJAIOT COOOR He OoJsiee 4eM BBeAEHHE
B OvoXuMHIO YesloBeKa, ubo caM mpeaMeT
HAMHOIO WIKPE, ClIoXHee W DIyOxe ¥ noTo-
My HE MOXeT ObITh MOJIHOCTBIO PacKPbIT
B nauHoii keure. Kpome toro, uccrenosa-
HHS 110 OHOXVIMHHM Y€JIOBEKaA CLLE JIAJIEKH OT
JOCTHXEHWSI CBOCH KOHEUHOR L€ —Mbl
3HAEM JMIIIb OYEHL MaJIylo 4acTb TOrO, YTO
HaM HeoOxoanMo 3uaTh. [lo3HaHMe YenoBe-
YecKO#i NpUHpoIbl ¢ OMOXHMHUYECKOR TOYKM
3peHUst MOXET ObITb JOCTUTHYTO TOJILKO
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Pucysok Jleonapno na BrH4M H3 pyKONKcH
«[Tponopunu yenosexa». Tesno B3pocioro ve-
JIOBEKA COCTOMT Npubnu3uTembHo u3 10!3 krne-
TOK, KaX/[1asf M3 KOTOPBIX CONEPKUT Habop
GHoMOJTeKy ], MPHCYTCTBYIOLUMX B ONpPENENICHHOR
NPONOPLHH, H HMeEET cReLndHIEcKyIO YIbTpa-
cTpykTypy. M3 KIleTOK OpraHK3yloTcs TKaHH, U3
TKaHeH — OpraHbl, a K3 OPraHOB — CHCTEMBI Opra-
HOB; OHOXHMHYeCKas aKTHBHOCTb KaXno# H3 CuC-
TEM BeJIMKOJIENHO KOOPAKHUPYETCA B paMKax
[EeJIOCTHOTO OPraHH3Ma, KOTOPHHI He NPpOCTO Cy-
LECTBYET M IBUraeTCs, HO MBICIIMT U TBOPHUT.
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Toc/ie TOro, Kak HaM CTAHYT NOHATHE! Te
BBICLIHE (YHKIMM Ye0BEYECKOIO MO3ra,
KOTOpBIE OTIM4YaroT Homo sapiens OT Bcex
OPYTMX BHOB; 74 3TOTO HYXXHO OTBETUTH
Ha BOIIPOCH! O TOM, KaK XpaHUTCH NaMATh,

KaK 1peoOpa3yroTcs CEHCOPHBIE UMITYJIbCE
B KJIETKaX MO3ra, Kak pa3BMBaeTcs JIOTHye-
CKO€ MBIIIEHHE ¥ Kak, HAKOHell, BO3HH-
KaloT M OCYIIIECTBIIAIOTCS TIOBEICHHE, MBIILI-
JIeHUe, TBOPYECKHE CTIOCOOHOCTH 4esloBeKa.



TTIABA 24
IMTMITEBAPEHUE,

TPAHCIIOPT IIUTATEJIbBHBIX BEIIECTB
1 B3AMMOCBI3b OBMEHHBIX

TIPOLIECCOB

OTa rinasa—nepeas U3 Tpex, OCBellao-
IMX OHOXMMMYECKWE acueKkThl MeTabosms-
Ma M €ro peryisuyMd y 4esioeka. Mul Hay-
HEM C aHamM3a OHOXMMUM THILEBAPCHUSA
W BCACBIBAHMS IPOAYKTOB NMTAHUA B IUILE-
BapUTEJILHOM TpakTe, pacupeneseHus! Mu-
TATEJILHBIX BEILECTB ME¥AY PpasIMYHBIMH
opraHaMH ¥ B3auMOCBsi3eii oOMena Be-
ILECTB B pa3HbIX TKauAx. Jlanee Mel nepeii-
IeM K OMOXMMHYECKMM MEXaHW3MaM, Iio-
CpenCTBOM KOTOPBIX IOCTABJIAETCH B TKaHH
KHCJIOPOA, @ TAKX€ BBIBOJSATCSA IBYOKHCH
yrnepoga ¥ Opyrve KOHEYHBIE MPOXYKTHI
MeTabom3ma.

OpnHuM u3 Hanbonee BaXHBIX TIpaKTHYe-
CKMX TNpUMEHEHMH OWOXMMHMHK sBJACTCS
IMarHocTHKa 3aboJeBaHuil, CONPOBOXAAK-
LMXCs HapylieHdeM oOmeHa BerrecTs. Ha
npuMepe Takoi Gone3nu oOMeHa BeLIECTB,
KaK caxapHbhi nuabeT, Mbl yBUAWM, KaKyro
BAXHYIO POJIb UrparoT GHOXMMIHECKHE aHa-
JIU3Bl B MeJIHLIMHE.

24.1. TImma nojaBepraercs
(epMeHTATHBHOMY TI€PeBAPHBAHHIO,
4TO NOArOTABJMBAET

ee K nocienywllieMy BCACLIBAHHIO

B npouecce nuineBapeHys B KeJYAOYHO-
KMIIEYHOM TPAKTe MIEKONUTAIOLMX TPpW
OCHOBHbLIX KOMIIOHEHTa NHILH — YIJIEBO/bI,
*upsl U Oestkk —nofBepraroTes hepMeHTa-
THBHOMY IHAPOJIM3Y, pacnalasch IpH 3TOM
Ha COCTaBJIAIOLLME CTPOMTEJbHBIE 6I10KH, U3
KOTOPBLIX OHM 0Opa3oBaHLL. ITOT IPOLECC
Heo0X oMM 171 YTUIM3alMH IHLIEBLIX TPO-
JYKTOB, TIOCKOJILKY KJIETKH, BHICTUJIAIOLLAE
KMIUEYHUK, CTIOCOOHEI BCachiBaTb B KPOBO-
TOK TOJILKO OTHOCUTEJILHO HEGOJLIUME MO-
Jiexysel. HanpuMep, yceoeHue noJmcaxapu-

OOB ¥ Jaxe [OdCAXapUIOB CTAHOBHTCS
BO3MOXHBIM TOJILKO IIOCJIE MX [OJIHOIO -
ApoJH3a OWLIEBaPUTELHBIMU (PepMeHTaMU
[0 MOHOCAxapuaooB. AHanorvuHsiM oOpa-
30M OeJIKM ¥ JIMIMIBI TAKXE JOJDKHBI ObITh
TUJIPOJIM3OBaHH 10 OJIOKOB, M3 KOTOPBIX
OHM [IOCTPOEHBL

Ha puc. 24-1 upuBepena cxema nviuesa-
pUTEJLHOH cHcTeMbl 4YesioBeka. Ilpouecc
MUILEBA PEHUS HAYHHAETCS C POTOBOH NOJIO-
CTH ¥ XeJIYOKaA, TOraa kak KOHEYHbIC ITaIlb]
DE€PeBAPHBAHUS BCEX OCHOBHBIX KOMIIOHEH-
TOB MWLM W BCACHLIBAHWE B KPOBb COCTa-
BJIIOLUMX MX CTPYKTYPHHIX OJIOKOB IpOMC-
XOOAT B TOHKOM KHILEYHUKe. AHaTOMMuE-
CKM TOHKUI KMILEYHHK XOPOIIO [PHUCIIOCO-
OneH [y BLIDOJHEHMS 3TOH  (PyHKUMM,
DOCKOJILKY OH 00J1aiaeT oveHb OoJbLIIOoN
DJIOLIA/IbI0 TIOBEPXHOCTH, 4epe3 KOTOPYHO
NPOUCXOONT BCAChIBaHUE. TOHKMH KHILLIEY-
HHMK XapaKTepH3YyeTCs He TOJILKO OoJbLIIOiH
ovHO# (4—4,5 M), HO TakXke HaJMuueM Ha
€ro BHYTPEHHEH NOBEPXHOCTH MHOXECTBA
CKaJIoK ¢ 60JBLIIMM KOJIMYECTBOM naJmblue-
BUIIHBLIX BHICTYIIOB, HA3bIBA€MBIX BOPCHHKA-
M. Kaxgas BOpCMHKA nOKphITa 3IHTE-
JMaJHLHBIMU KJIETKAMH, HECYLMMH MHOIO-
YHC/IEHHbIE MHKPOBOPCUHKM  (puc. 24-2).
BopcHHKM €O3MaK0T OrpOMHYIO TIOBEDX-
HOCTb, 4Yepe3 KOTOPYIO OPOOYKTHI meEpe-
BapuBaHua OBICTpPO TpPaHCIOPTHPYIOTCH
B 3NUTEMAJLHEIE KJIETKH, 8 U3 HUX —B Ka-
TINJUBIPEE KPOBEHOCHOW CHUCTEMBI M B JIMM-
daTueckve  coCyOBl,  PacUOJIOXKEHHBIE
B CTEHKe KuIueqyHuka. I1nouiane nosepxHo-
CTH TOHKOTO KHIIIEYHUKA YEJIOBEKA COCTAB-
qaeT ~ 180 M2, T.e. JIMIIL HEMHOTHM MEHb-
1IIe UITPOBOH ILIOWIANKH TEHHUCHOIO KOPTa.

B MHKpOBOpCHHKAX cCOOEpXaTCs My4KH
aKTHHOBBIX MHKpoduIaMeHTOB (pa3a. 7.19),
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Pot

{lueson

[NeyeHs

KUlliKa

Kenynok

AnneHKe

Pt TpsiMas Kullka

Puc. 24-1. A. KenynoqHo-kMiiedHbIH TPaKkT 4eso-
seka. b. TlocnenoBaTesibHble 3TaNbl AEPEBAPHBA-
HHS M BCACBIBAHMSA.

COEIMHEHHLIX B OCHOBaHMAX MHKPOBODCH-
HOK C CETbKO MMO3WHOBBLIX HUTEH. DTa CcH-
cteMa HMTeH obecreuMBaeT BOJIHOOO-
pasHble KoJiebaHusi MHKpOBOPCHHOK, byaro-
Oapsi KOTOPBIM POMCXOANT MECTHOE mepe-
MELLMBaHUE M Jy4lllee BCACBIBAHHE IIEpEBa-
PEHHBIX NHTATEJILHBIX BEIHECTB.

a. Ilepesapueaiue yzneeo006

Y wuenoseka W3 YrJEBOAOB IepeBapH-
BaKOTCH B OCHOBHOM n0OJIHCAXapHabl —Kpax-
MaJl ¥ UeJUIFOJI03a, CoepXaluMecs B PacTH-
TeJILHOM TMILLE, ¥ TJIMKOIeH, COAepXKaluiics
B IMIHE JXWBOTHOTO NpoMcXxoxaeHus. Kpax-
MaJl ¥ IVIMKOreH NOJIHOCTBIO pacIHerisioT-
ci  (depMEeHTaMH  KEJYIOYHO-KHIIIEYHOTO
TPaKTa JI0 COCTABJIAIOIIHX HX CTPYKTYPHBIX
6J10KOB, 2 HMEHHO cBOOOHOKH D-rimoko3ssl.
OTOT IpoLecC HaUMHAETCA BO PTY BO BpeMs
TiepeXeBplBaHMs v Onaromaps  aeit-
cTBUIO (epMEHTa amusasbl, BLLAEISIEMOrO

b3

Kenuubtil ny3bipb
JBenaauarunepcTras

TlonxehayloyHad xelie3a

ToJCTbIN KnlileUHNK

Por
Kpaxmani nepeBapupaeTcs nojl
neficTerem amuiasbl ClIOHbI

b

[Tuweson

Xenylok
llon mefcTBuem nencuua
nepeBapuBaTcs Oeliku

KeJuHbIN Ny3bph.
HakaniuBawrcs colm
KEJIUH bIX KUCHOT

[lomxeniygounas xeJnesa
6pa3oBanue npoTeosMTUYEC-
KuX GepMeHTOB, AMUJIa3bl,
aunash, a Takke HCO,

[Benaauatunepcras kulllka,
pH7 -8
3nech B pe3yJibTare COBMECT—
Horo fieficreus depMeHTOB,
MOCTaBJseMbIX MO Ke1Y/0YHO 1
Kene30i u nuTelmem TOHKOTO
KULIEUHUKA, TIEPEBApHBaH1e
B OCHOBHOM 3aKAHUWBAETCH

Kosell TOHKOro KulleUHuxa
BceacbiBanue B KpOBb npoCTbIX
CcaxapoB, aMUHOKUCJIOT,
SNeKTPOJIUTOB 1 HZO;

BcacbiBaeMbe )KMpbl NoCTYnawT
B JumdaTuieckue coCcyabl

ToncThit KnewmnK
Janbnefwee ynanesue H,0;

MecTo AelicTBus 6akrepuii

B

CJIOHHHIMHM Xe€Jie3aMi. AMuiaza CIEOHBI
ruaposm3yeT MHorue u3 ol — 4)rmko-
3UAHBLIX CBf3eH B Kpaxmane M B IJHKO-
rese. [Ipu 3TOM OOpasyercs CMeck,
COCTOSLHAs U3 MAJILTO3BI, IIIFOKO3bI U OJIH-
rocaxapuioB. Korna Mbl xyeM cyxapy WM
KpeKephl, OHH CTAHOBSITCS TIOCTENCHHO CJia-
1HE, TIOCKOJILKY coqepxaliniics B Hux 6e3-
BKYCHBbI Kpaxman mopsepraetcs {pepMen-
TaTHBHOMY TIHApoym3y ¢ oOpa3oBaHHEM
caxapos. [lepeBapyBaHie KpaxMana, TIIMKO-
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reHa U OPYIMX YCBOSIEMBIX HOJIMCAXapUOOB
¢ o6pa3oBanreM D-IIrOK0O36 MPOAOIIKAET-
Cs U 3aBEpHIaeTC B TOHKOM KHIIEYHHKE
rnaBHEIM oOpa3oM mon neficTBUEM amu-
Aasvl noOxcenyOouHOUl Hcenessl, KOTOpas
CHHTE3UPYETCS B MOIUKEJTyIOYHOM IKeJie3e
U IOCTYITAET YePe3 NPOTOK MOMKETYAOYHON
XkeJie3bl B BEPXHUIM OTZEJT TOHKOIO KHIed-
HHKa. DTOT OTIAEA TOHKOIO KHILIEYHHKa
¢ Hanbonee BLICOKOI NHILIEBa PHTEILHOM aK-
THUBHOCTBIO Ha3blBaeTCs J8eHadyamunepcm-
HOUl KuwuKoil.

MUKpPOBOPCHKKY
HE KJOTKBX MHTeM R

Aprepus
Bena
Jlumatsueckuit
COCYR

Craakes o}
MbauLa

Llenmtono3a y GOJbLINMHCTBA MJIEKOIH-
TaloLMX He noaBepraercs GepMeHTaTHBHO-
MY TMOPOJIM3Y U HE MCTIOJIBL3YETCS U3-32 OT-
cyTcTBHS (PepMEHTOB, CHOCOOHLIX paciue-
mwsaTs (1 —4)-cBA3U MexIy mocjenoBa-

Prc. 24-2. A. BOPCHHKM CITHIHCTOH TOHKOTO KM-
LUEYMHKE; BHIHO, KK BEJIMKA IJIOILAMb, YEPE3 KO-
TOPYIO NPOMCXOANT BCACHIBAHHME NMPOAYKTOB MH-
wieBapenns. BcacbiBaeMble 8aMHHOKMCIIOTI, caxapa
M CONHM NOCTYNAIT B KPOBCHOCHBIE KanWIUIAPLI, &
TPHALHJIT JIMLEPOJTE — B PACIIONOXEHHBIE B LIEHTPE
BOPCHHOK NuMdaTHyeckHe cocynsbl. Kaxnas 3nu-
TEJMATIbHAS KJIETKa HeceT 6OJIBIIOE YHCIO MHKpPO-
BopcHHOK. B. MuxpodoTtorpadus BOPCHHOK, NOJy-
4eHHas ¢ NOMOLIBIO CKaHHPYIOILETO IIEKTPOHHOTIO
MHuKpockona. B, I'. MukpodoTtorpaduu cooTseTcT-
BEHHO NPOJOJIBHOYO U NONEPEYHOro Cpe30B BOP-
CHHOK, NOJIYHEHHBIE C NOMOLIBIO TPAHCMHCCHOH-
HOTO 3JICKTPOHHOrO MMKPOCKON&; BUIIHb! BHY TPEH-
HHE MHKPOodHuIIaMEHTB, ofecneynBaroilie BOJIHO-
o6pa3Hoe nBHKEHHE BOPCHHOK.
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TeJILHBIMM ocTaTkaMi D-Iiroko3sl B Li€N-
Jmojyio3e (pasn. 11.8). BMecTe ¢ TeM Hemepe-
BapeHHas LEJUII0JI038 H3 pPacTUTEJLHOR
MMIM CO3JaeT Ty Maccy (Ha3biBaeMylo
HMHOI[A «KJIETYATKOM» HIIM «IPyOBIM KOp-
MOM»), KOoTOpas crnocoOCTByeT  HOp-
MaJlbHOH  NEepHCTa/lbTHKE  KHUIIEYHHKA.
Y XBaYHBIX )XMBOTHEIX LEJUTIOJIO3a OABED-
raeTcs MEpepapUBaHUIO, HO HE NIPAMBIM My-
Tem, a mop aeiicteueM OakTepHii, Haxomns-
1Xcs B MX pybue (xenynke). Ity 6axrepun
TMIPOSU3YIOT LEJUTONO03y A0 D-rimoko3sl
u nanee cOpaxupatoT D-rmoko3y 10 nakta-
Ta, alleTaTa | IPOIMOHATA, KOTOPBIE BCACHI-
BAalOTCA M MOCTynatoT B KpoBb. Hanee nax-
TAT W MOPOIMOHAT B IMEYEHH I>KBAYHBIX
IpeBpallarTcs B caxap KposH (pasa. 20.10).

Tuoponus OQucaxapudo8 XaTaJlM3UPYIOT
(epMEHTE], HAXOALLMECH B HAPYXKHOM Kpae
3MUTEIMALHBIX  KJIETOK, BBICTHNAIOIINX
TOHKWH kuweyHuk. Caxaposa, MJM TpPOCT-
HHMKOBBIH caxap, ruapoJsm3yercs ¢ obpaso-
BaHueM D-rmoko3sl U D-QpykrTo3m nop
neficTBUeM caxapassl, Ha3blBaEMOH Takke
unéepmasoli; NaKTo3a THIPOJHM3YETCs IO
D-rmoxo3sl M D-rajakto3el noag Jei-
CTBHMEM 4aKma3bl, Ha3biBaeMoil Taxxke B-za-
AaKkmo3udasoii; B pe3yJibTaTe TIMOPOJIM3a
MaJIbTO3Bl TOA AefCTBHEM MaJbTa3bl 00pa-
3yloTCsl OBe MoJieKyJiel D-rmoxo3s. Ha-
noMHuM (pa3g. 11.5), 4To MHOTHM mpeacra-
BUTEJIIM a3MaTCKUX U aQpUKaHCKHUX Pac BO
B3POCJIOM COCTOSIHUHM CBOHCTBEHHA Henepe-
HOCUMOCMb  Aakmo3bl, OOYyCJIOBIIEHHAs HC-
4€3HOBCHHUEM B MX TOHKOM KHUIIETHHKE JIAK-
Ta3HO#M aKTHBHOCTH, MMEBLLIEHCS B TPYAHOM
M [IETCKOM Bo3pacTe. ¥ Jonell ¢ HemepeHo-
CHMOCTBIO JIRKTO3B! 3TOT CaXap OCTaeTes
B KHIUEYHHKE B HEPACILEIUICHHOM BHIE
H 4acTb €ro moasepraercsi cOpaxuBaHMIO
noa nefCTBUEM MUKPOOPIaHU3MOB. JTO
BHI3LIBAET nuappero U oOpa3oBaHue Ia3oB
B KUILETHUKE,

B snuTeMaNbHBIX KJieTKaX, BLICTHJIAKO-
MX TOHKWi xuweyHuk, D-¢pykxro3a, D-ra-
Jnakro3a U D-mMaHHO3a 4acTMYHO HpeBpa-
matorcs B D-rimoxko3y (pa3a. 15.9). Cmecs
BCEX ITHX MPOCTHIX IeKCO3 MOIJIOIAETCH
INUTEJMAILHBIMU  KJIETKAMY, BBICTHJIAIO-
LIMMHM TOHKMJ KMILEYHHK, U HOCTAaBJIAETCA
KPOBBIO B II€YcHb.

6. Ilepesapusanue benxos

Bemxn muum pacllennstorcs GepMeHTa-
MH B XeJIyJOYHO-KHIIEYHOM TpakTe A0 CO-
CTABJISIOLIMX UX aMUHOKHUCIIOT. Beky, no-
CTYNaIONIME B IKEIYAOK, CTHUMYJHUPYIOT
Bbl€JIEHHE TOpMOHA 2acmpula, KOTOpBId
B CBOIO OY€PEb BHI3HIBAET CEKPELIUIO COJIS-
HOI KHUCJIOTBI 06KAQO0UHbIMU K AEMKAMU IKE-
Jie3 CIIM3UCTOM xesryaka (puc. 24-3), a Tak-
3Ke MEeNCUHOIeHa 24ag8HuimMu Kaemkamu. Xe-
Jiyno4Hbli cok mmeer pH ot 1,5 mo 2,5
Brnaromapsi Takoil KHMCJIOTHOCTH OH Aeii-
CTByeT KaK aHTHUCENTHK, yOuBasi OosmImH-
cTBo OakTepuii u Apyrux kietok. Kpome to-
IO, B YCJIOBUSIX HU3KOro pH xXeJryZo4HOro
coka riaobynsapHeie OefTkuM MmOABEPraroTCs
OeHaTypallud, HUX MOJIEKyJIbl pa3Bopaqu-
BAKHOTCSl M BCJIEACTBHE 3TOIO BHyTpEHHHE
MENTHIHbIE CBA3M HOJMIECNTHIHBIX Lernei
craHoBsatcs Gostee mocTynHeiME auis Qep-
MeHTaTHBHOro ruaposymsa. Ilencunozen
(Mos. macca 40000), aeisronmiica Heak-
THBHBIM IPENIIECTBEHHUKOM (epMEHTa,
MJTH 3MMOTE€HOM, IIPEBPALLAETCS B XKEIyA0Y-

XelyfouHble AMKH

Knetku
causucToht
o06oJouKy

O6knagounble
KJeTKH (CeKpeTH, -~
pyior HCI)

I'NaBHble KAETKH
(cexpeTHpyloT <2
nencuHoren)

Mblua

INoacom3ncras
oBonntka

Puc. 24-3. XKe.ie3ab! comancTolf xemynka, O6xa-
noukBle kIeTkn cekpetupyrot HCl non neftctBuem
ropMoma racTpuua, KOTophilfl npoaynupyercs snm-
TENHAJILHEIMH KJIETKAMH NPH NMOCTYIJICHHH B Xe-
nynok 6enkoB. I'JIaBHbIC KJIETKH CEKPETHPYIOT
nEnCHUOren.
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N-konery

[Nencun, HCI

R oo meT mesooseem e s Sied peemmstaee A5
IMencuHores INMencud (Mo, macca 33000)
(Mo macca 40 000)
JuTepoxiHa3a (WAM TPUNCUH)

| B e e ]
TpUncMHOreH Tpuncun (Mo, macea 23 200)
(Moa. macca 24 000)

Tpuncuu Tpuncun

XUMOTPUITCHHOT€H
(moa. macca 24 000) S T | — L § -S|
XumoTpancus (Moli. macca 23 500)

Puc. 24-4. AKTHBALNS 3IUMOTEHOB YIENCHHA, TPHTI- 1071 BJIMSIHHEM HHM3KOro pH HauyuHaeTcs ce-
cHHa ¥ xumoTpuncuna. Ha jmarpammax nokasa- KpE€uusi TOpMOHa CeKpemuHa, IMoCTynarome-
Hb! YY8CTKH 3MMOI'€HOB, NOMABEPralOLIHeCs Npo- ro B KpOBb. ITOT FTOPMOH B CBOIO OYEPE/lh
TEONH3y, B Pe3yNbTATE KOTOPOrO BRICBOOOXIAIOT- ~
c aKTuBHble (epMEHTH (NOKa3aHb! KpacHbIM). Te CTP‘IJMy JupyeT Bbmeﬂ?'ﬂne U3 MODKENTy N0t
PArMEHTE! TIOTMIENTHIHENX Tenel IMMOTEHOE, HOI1 XeJie3bl B TOHKHIA KuIUeyHuk Oukxap6o-
KOTOpRIE OTUIETUIAKOTCHA MJIM BBIPE3AIOTCH, NOKa3a- HATA, YTO IPUBOJMT K HEUTpaJm3anuu HCl
Hbl YepHb. OOpaTuTe BHHMAaHME, YTO XHMOTDHI- KEJTyAO4HOTO COKA. B pesybTaTe pH pesko
CHMH COCTOMT M3 Tpex NOJMNENTHAHLIX Leneli, ko- -

BANEHTHO CBAIAHKbIX YT C APYTOM ABYMA M- Bo3pacTtaer oT 1,525, no ~7. B ToHKOM
CynbOUIHBIMU CBA3SMH H HEKOBAJIEHTHO — 38 CYel KMIUEYHHUKE nepeBapuBanue OeNkoB mpo-
BOAOPOAHBIX CBs3el 1 ruapodoOHbIX BlauMoek- JOIIKAECTCA. l"[ocryn.nemle aMHHOKMCIIOT

CTeuii (nonoHexue 9-4). B [BEHA/IATUIEPCTHYIO KHUIIIKY BBI3bIBAET

OCBOGO)KHCHPIC FOpMOHa XO0AeyUCMOKUHUHA
HOM COK€ B aKTHBHbIH [ETNICHH B pe3yJbTaTe (pa:ul_ 2522)’ KOTOPBIA CTUMYJIMPYET CEKpe-
(bepmemamaﬂoro JENCTBUS caMoro mem-
CHHa, T.€. NyTEM asmoxamaausq. B xone

3toro mpouecca (puc. 24-4) ¢ N-xomna mo- ~ Tabauya  24-1. Depmenthl,  ydacTeyroume

o _ B mepepapuBaHuy GENKOB, H WX CEUM(HIHOCTD
JMIENTHAHOM 1I€IH  IENICHHOICHa  OTINE B OTHOHIEHHMN HENITHIHEIX CBf3eH, 06palyeMbIx
mnsitotcss 42 aMUHOKHMCIOTHBIX OCTATKA  pajHLIMH AMHHOKHCIOTHBIMH OCTATKaMH

B BU€ CMECH KOPOTKHX HNENTHIOB. Ocraro-
ifasicsi MHTAKTHOM OCTaJIbHasl 4acTb MoJle-

KyTbl MENCHHOTEHa NpexcTaBisier coboii — LLoCHH E}e';’ glt:f‘ G’llﬂ;p’ a Take
(epMEHTATHBHO aKTWBHBIH MENCHUH (MOJ.  Tpuyicun Lys,’ Arg,
macca 33 000). B xesynke nencus ruipony-  XHMOTPHIICHH Tyr, Phe, Trp

3yeT Te NENTHAHBLIE CBA3M B Oenkax, Ko- Kap6oxcusienTa-

nasa MMocnenopatensHoe OTILE-
TOpble 00pa30BaHbl ApOMATHYECKHMM aMH- ieHHe C-KOHIEBLIX
HOKHMCJIOTAMH — THPO3MHOM, (PeHuIIaIaHu- OCTATKOB
HOM ¥ TpUnTOdaHOM, a TAKXKE PAIOM Ipy- AMHHOmIENITH -
rux (1abn 24-1); B uTOre W3 I[UIMHHBIX 3a MNocnenobatesmeroe  OTIIE-
1UIeHHe N-KOHLEBBIX

MOJMIENTUAHBIX 1ienell oOpa3yercs cmech OCTATKOB (38 MCKIIOuE-

Gosiee KOPOTKHMX MENTHIOB. HHEM OCTATKOB MpPO-
Kak ToJbko KuCIoe conepKUMOoe KeTya- JIMHA)

Ka MomnajaeT B TOHKUH KHILEYHHK, B HEM
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LMIO HECKOJILbKUX (PEpMEHTOB IMOKETYa0d-
HOM xeJie3pl ¢ onTUMymMoM pH okoro 7.
Tpu U3 HUX —MPUNCUH, XUMOMPUNCUH U Kap-
6oxcunenmudasa—BolpabaTbIBalOTCS  IK30-
KPUHHBIMH KJIETKaMH ITOJKEITyIO4HON XKe-
ne3bl (puc. 24-5) B BHae (epMEHTATHBHO
HEAKTHBHLIX 3MMOI€HOB—COOTBETCTBEHHO

MpUNCcUHO02eHa, XUMOMPUNCUHO2EHA U npo-
kapboxcunenmudasvl. bnaromaps CHHTE3y
NpoTeoJIMTHYECKHX (epMeHTOB B BHOE He-

aKTUBHBIX  MPEAILECTBEHHUKOB 3K30-
KPHHHBIE KJIETKHM He IOABEPraoIcs paspy-
IIeHH0 3TuMH  ¢epMeHTamu. Ilomas
B TOHKMIf  KMINEYHHK, TPUIICHHOICH
MpeBpai@aeTcs B aKTUBHYHO (GopMy — TpHIl-
cul (puc. 24-4)—mon neicTBHEM 3HTEPO-
KHMHA3bl, CMELMAJIM3UPOBAHHOIO MPOTEOIIH-
THyeckoro QepMeHTa, CEKPETHPYEMOIO
KJIeTKaMd KuuleyHoro 3rutenus. CBo-
GonHbIH TPHUIICKH O Mepe cBoero obpaso-
BaHUs TAKOKE YYACTBYET B KaTaJMTUYECKOM
MpeBpallieHHd TPUIICHHOICHA B TPHIICHH.
O6pa3oBanue cBoOOAHOIO TPUIICHHa 00yC-
JIOBJIEHO OTILEIJIEHHEM [I€KCANENTHAA OT
N-KOHIIa NMOJMIIENTHAHOH Liend TPHIICHMHO-
reHa. Kax Mel yxe Bugenu (pasg. 6.7), Tpum-
CHH I'MOPOJIM3YET MeNTHIHBIE CBsA3H, 0Opa-
30BaHHBIE C YyYacTHEM KapOOHHIILHBIX
Ipynn ausuna W apeunuva (Tabn 24-1).

Mounekyna xumompuncunozeHa TpeacTa-
BiisseT co00if OOHY MOJMIENTHAHYHO LEb
C HECKOJILKMMH BHYTPHLENOYEYHbIMU M-

cymbbuaHpIMu cBA3siMH. TlomaB B TOHKMiA
KHILIEYHUK, XMMOTPUIICHHOTEH IpeBpallaeT-
Csl B XMUMOTPHUIICHH I[IOA AEHCTBUEM TpHII-
CHHa, KOTOPBIH Pa3pblBaeT QITMHHYIO ITOJH-
NENTUAHYH0  LEMb  XHMOTPHMIICHHOIEHA
B OBYX MeECTax, BBLICTpHIasi OUIEITHIbI
(puc. 24-4). Tpu ¢parmenrta, obpa3zosab-

Puc. 24-5. IK30KpHHHBIE KIIETKH NOMKENTYROYHOH
xeJeanl. L{MTONIa3Ma KJIETOK LEIMKOM 3anoJIHEHa
INEPOXOBATLIM IHAONIIAIMATHIECKUM PETHKYJTY-
MoM. Haxonsumecs Ha ero MeMbpanax puboco-
MBI CHHTE3UPYHOT NOJIMNENTHARBIE LENH 3UMOre-
HOB MHOI'MX NMHIIEBAPHTENLHLIX depMenToB. 3MMO-
TEHB! HAKaTUTHBAIOTCA B BAKYOJIaX, NPEBPAILAIO-
LMXCS B KOHIE KOHIIOB B 3peJibie 3HMOTEHHBIE
rpanyJisl. [Ipy cTHMYJIAIHK KNETKH €€ niasMaTH-
yeckas MeMOpaHa ciuBaetcs ¢ MeMOpaHo#, OKpy-
KaFWEH 3MMOFEHHBIE FpaHy ikl ; TOCJIEHHE BHUIHbI
B HHXHell HaCTH PHCYHKa B BHJE TEMHBIX YaCTHI
chepuaeckoii popMel. ConepxkMoe rpaHyJl BLICBO-
6oxnaeTcsa B NPOCBET NpoToKa (cBeTNas obnacTsb
B HIDKHeli JIeBO} YacTH pHCYHKa) NOCPENCTBOM K-
300MT03a. OTAENLHLIE NPOTOKH B KOHEYHOM HTOTE
BenyT B obumil NpoTOK NomkesTyA09 HOM XKeJeln!
W Nasiee B TOHKY}O KMIIKY.

LLIMECS 3 HCXORHOM LeNH XUMOTPHIICHHOT e~
Ha, YJIEPXUBAOTCS, OJHAKO, BMeECTe IO-
CPEOCTBOM MEPEKPECTHRIX AMCYITbHUAHBIX
cpsa3ed (nomosmenve 9-4). XMMOTPUIICHH IH-
JIpOSM3yeT MNeNTHUAHbIE CBA3H, o0pa3o-
BaHHBIE OCTAaTKaMH (peHuAaraHuHa, mupo-
3una U mpunmogana (Tabn. 24-1). Cnenoba-
TeJIbHO, TPUIICHH M XMMOTPHIICHH paciie-
IAIOT  MOJMNEnTUAbl, obpa3oBasimecs
B )KeJIyKe MoA OeHCTBUEM IENCHHa, HA MeM-
TUABI MEHbIIIEH BEMYUHBL. JTOT 3TAl Mepe-
BapUBaHHUs OEJIKOB MpoTeKaeT C OYeHb BhI-
cokoit 3GhQPEKTHBHOCTBIO, NOCKOJIBKY HElN-
CHH, TPHIICHH M XHMOTPHUIICUH HpPOSBIAOT
[pU FMIPOJTH3e MOJMIIENTUIHBIX Lenel pas-
Hyto crnenupu4HOCTb B OTHOILUEHHH DEM-
TUOHBIX CBs3e#, 0Opa3OBaHHBIX pPa3sHBIMH
aMHUHOKHCIIOTAMHU.

Jlerpasauys KOPOTKUX MENTHIOB B TOH-
KOM KHIIIEYHHUKE OCYIUECTBJISETCS OPYTMMU
nentupaszaMi. K HUM OTHOCHTCS B MepByto
ouepenb Kapbokcunenmudasza—LUHKCOOED-
waumi depmenT (pasg. 10.21), cuHTE3H-
pyEMBIH B IOMKEJyNO4YHOM Kene3e B BHIE
HeaKTHBHOTO 3UMOreHa npokapboxcunenmu-
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oa3vi. KapOokcumnentiaasa nocjenosaTelb-
HO OTILEIUIAET OT nenTtunoB C-KOHIEBBIE
ocTaTki. TOHKHH KMIICYHMX CEKpETUpYeT
TAKKE amuHOnenmuoa3sy, OTLIEIUISIOIIYIO
OT KOPOTKHX MENTHIOB OOMH 3a ApyruM N-
KOHIEBble ocTaTkM (Tabm 24-1). B pesymms-
TaTe INOCJEAOBAaTELHOIO HOEACTBHS 3THUX
NPOTEOMTINECKHX GePMEHTOB H MenTuaas
nepesapuBacMble OeJIKU B KOHEYHOM HTOTE
NPEBpaLaoTCs B CMeCh CBOOOIHBIX aMIHO-
KHCJIOT, KOTOpbIE Hajieeé TPaHCNOPTHPYIOT-
csl 4Yepe3 3MHUTeMalbHble KIJIETKH, BLICTH-
naroume ToHkue kuuiku. CBoGomHele aMu-
HOKUCJIOTRI MPOHUKaIOT B KAMWLIAPh! BOp-
CHHOK M IIEPEHOCSTCS KPOBBIO B II€YEHb.

B xemynouno-KULIeYHOM TpaKTe YejioBe-
Ka He Bce OeJIKn nepeBapHBalOTCs LEJUKOM
(rm. 26). BoNBLUMHCTBO XHBOTHLIX GeJIKOB
MOYTH NOJHOCTHEO THIPOSM3YIOTCS IO aMU-
HOKUCIIOT, OOHAKO psia GuOpuiuispHbIX Oell-
KOB, HANpUMEp KEpaTHH, NMepeBapUBaeTCs
TOJILKO 4acTH4yHO. MHorue Oenxu pactH-
TeJbHOI mUum, B 4acTHOCTH OeNKH 3epeH
3JIaKOB, HENOJTHOCTBIO PAaCUIENIsAtOTCA B CH-
JIy TOrO, 470 OeNKkoBasi 4acTh CEMSH H 3€PeH
NOKPHITA HellEpeBapHBAEMO# 11EJLTFOJI03HOM
060J104KO# (1eTyXOl).

H3pectHO penkoe 3aboneBanue cmeamop-
pes (YIOpHBI OHOC), IpH KOTOPOM ¢ep-
MEHTB] KHILIEYHHKA He CMOCOOHEI mepeBapu-
BaThb ONpEAEJNiCHHble BOXOPAcCTBOPHUMBIE
6enku 3epHa, B YACTHOCTH 24UA0UH, TIOBpe-
KOAONMH 3MNTeNNabHbIe KJIETKH KHILeY-
Huka. FIOHATHO, YTO W3 MMM TaKHX
OONBLHBIX CNEnyeT HMCKJIIOYHTBL 3€PHOBBLIE
npoayktel. Hpyrum 3abosieBaHuEM, CBSi-
3aHHBIM C OTKJIOHEHHEM OT HOPMEI 8KTHB-
HOCTH NPOTEOJIMTHYECKMX (GEPMEHTOB IH-
LIEBAPUTEIILHOTO TPaKTa, ABJIETCA OCmpblil
nankpeamum. Ylpu »3Tom 3aboneBaHuy,
o0yCJIOBIECHHOM  HapylleHHEM Ipolecca
BBIOENIEHUS COKa ITOKEJTyJOYHOM >KeJe3bl
B XMIIIEYHHK, NPEAIIECTBEHHHKH MTPOTEOH-
THYECKHX (epPMEHTOB (3MMOIEHBI) MpeBpa-
1UaI0TCA B COOTBETCTBYIOLIME KaTaJIMTHYE-
CKH aKTHBHblE (GOPMBI CIMILIKOM paHo,
Oynoy4u eiie BHYTPH KJETOK IOIKENTyn0Y-
HOH iKeJle3bL

B pesynutaTte 3TH Mouuble depMEHTHI
BO3IEHCTBYIOT Ha TKaHb CaMoOi IKeJe3bl,
BbI3bIBas [IyOokoe U oteHb Ooye3HEHHOE
pa3pylleHHe OpraHa, YTO MOXET HPHUBECTH
K CMEPTEJILHOMY Hcxoiay. B Hopme 3umo-

I'eHbl, BRIAEJIAEMBIE IODKEIyNOYHOU HKee-
30#1, He aKTHBUPYIOTCS IO TeX IOp, HoKa He
nonanyT B ToHkuil xuuedHuK. ITomkery-
IOYHas JeJye3a 3allMIIAeTCss OT CaMonepe-
BapUBaHKs U IPYIUM IIyTEM: B Hell CHHTE3H-
pyetcs ocoOblii 6enok —cnenndudeckuit un-
2ubumop mpuncuna. TTockosbKy ¢BOOOIHBIN
TPHIICHH aKTHBHUPYET HE TOJLKO TPUIICHHO-
TeH ¥ XMMOTPUIICHHOI'€H, HO TaKXKe M 3UMO-
TeHbI ABYX APYrHX MUILEBapHTENILHBIX Qep-
MEHTOB —~ IpoKapboKcunenTngasy M mnpo-
3J1aCTa3y,~ MHrMOUTOp TPUICHHA YCHEIIHO
MPEOOTBPAIIAET NpPEXAeBpeMeHHOE 00pa-
30BaHUE CBOOOMHBIX ITPOTEONHTHYECKUX
depMEHTOB B KJIeTKaX HOINKETYIOYHOM XKe-
Ne3bL

8. Ilepesapusanue ncupoe

IepesapuBadue TPHALMJIT THLEPOJIOB
(HelTpaJIbHBIX XUPOB) HA4YUHAETCS B TOH-
KOM KHLICYHMKE, Kyla M3 MOIDKEITy04 HOH
KeNe3bl MOCTYMaeT 3MMOIEH npoaunasa.
3nece mpoJmasa HpeBpalllacTcss B aKTHB-
HylO JIMIa3y, KOTOpass B HPUCYTCTBHH
HCeAUHBIX KUCAOmM (CM. HIKE) M Ccriella JTbHO-
ro 6eska, HaapIBaEMOIO K0AUna30ii, pUCcoe-
OUHSAETCA K KameJIbKkaM TpHalMIIHIepo-
JIOB M KaTaJM3UpPyeT TI'MOPOJIMTHYECKOE
OTILLEMJIEHHE ONHOIO MJIM 00oMX KpaiHHX
XHMPHOKHCIIOTHBIX OCTaTKOB ¢ o00pa3oBa-
HHEM cMecH CBOOOOHBIX XHUPHBIX KHUCJIOT
B Bume ux Nat- unu K*-coneit (mbin)
U 2-MoHoanuiruleponos (puc. 24-6). He-
60JIbILIOE KOJIMYECTBO TPHALUIIIIINLIEPOJIOB
OCTAETCSA HPH 3TOM HETHAPOJIM3OBAHHBIM.

OO6pa3oBaBimecs MblJla M HepaclLen-
JIEHHblE ALWITIULUEPONBl 3MYJIBLIHPYIOTCS
B BH/IE MEJIKMX KarlejieK oa aeHCTBHEM ne-
pucmaemuky (IEPEMELIUBAIOLIAE TBHIKE-
HHSl KNIIEYHUKA), @ TAaKKe MO BIIHSHHUEM
COJIEH KEIMHBIX KMCJIOT U MOHOALMJITJHLIE-
pOJIOB, KOTOpHIE SIBJiIOTCA ampunaThde-
CKMMH COEAMHEHHAMH M NOTOMY QyHKIHO-
HHPYIOT Kak nerepreHThi. JKHMpHBIE KHC-
JOThl ¥ MOHOALWIIJIMLEPOJTBI U3 3THX
KameJleK NOIJIou{atoTCsl KMILEYHbIMU KIIET-
KaMy, [1€ U3 HUX B OCHOBHOM BHOBb CHHTE-
3UPYIOTCH TpHaLMITIHIepoIm! (pa3a. 21.8).
Hanee TpuauMiIriMueposisl NPOHUKAOT He
B KamWUIspel KPoBH, @ B HeOONIbIIME TUM-
daTudeckue cocyobl KHILIEYHBIX BOPCH-
HOK —JlJaKTeaJi (uHatde — MJIeYHBle, MJIH XH-
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TE3HbIE, cocyanl). OTTekaolas OT TOHKHMX
KoK  nuMda, Has3biBaeMas  Xuayc
{(MreyHBI cOK), mOCTE EPeBapu BAHUS KUD-
HOM NMUM HAIOMHHAeT MO BHIY MOJIOKO
u3-3a OOMIIMA B3BEILEHHBIX B HeM Xuji0Mu-
KPOH08—MeJbyaillnX KamneNek 3MyJIbrHpo-
BaHHBIX TPHALWINHMLEPOJIOB AUAMETPOM

[lpommnada (HeakTuBHAR)

Konunasa

Kommaexc amnas3a —
xoJunas3a (axTMBHbI)

A
H,C—O—C—R,
HC—O—C—R; Tpuauuiranuepot
Il
0]

ch_‘o_ﬁ_R;,
(8]

Komisieke AMnasa—Koaunasa,
welyHble KMcnoThl, Na*

H,C—OH
HC—O—C—R, 2-MOHOAURJIrIKLEPOS
ol
H,C—OH
+
R,COONa Harpuebbie mbula
+ HUPHBIX KUCJIOT,
SMYJIbIMPOBAHHbIE COJlSIMH
R,COONa XeJl4HbIX KACJIOT

b

Puc. 24-6. A. Aktneaums ymnassl. [Iponuna3a, cek-
peTHpyeMas NoKeSlyloyHol XKeJle3oit, aKkTHBUpY-
€Tcs B TOHKOM kuiuevHHge. Kosmnasa —Hebons-
woii 6esnok (Mo macca 10000), koTopbii npu-
COEIMHSAETCS K JMNAa3e H cTabun3npyeT $epmMenT.
b. [le#icTBne nmna3bl Ha TPHALMIIIMLEPOILL. JTH-
na3a KaTaJli3aypyeT rHApoJM3 TPHALMJIT IMLIEPOSIOB
¢ BbICBOGOXIEHHEM 2-MOHOAUMIIIIHLEpOSa U |- 1
3-anuIbHBIX TPYNN B BUAE OMBLIEHHBIX XHPHbBIX
kucsoT. T1poTekannio 3ToH peakuum crocobcTey-
FOT COJIH XKETMHbIX KHCIIOT, 3MYJIbIH pYIOLLME MbIJia
SKMPHBIX KHCJIOT.

Xnnye nocTyneer B
NOAKMOHURYIO BeHY

Noaxeaynounsa
xeaedn:

cexpernpyer

TpoAMNesy

NPOTOK
Ton#t io1wemuK :
TPHALHAr IHUSPOAL
SMYABIHPYITCH C

BopOTHAA Beka: 3
HOCEeT B NeYelb

BCAChIBAGMbl®
caxape ¥ nomowso cofeft
AMAHOKACAOTB HeIunbiX IICAOT, Nof=

BepranTch neficTeuo

Amnal3bl 1 BCACHIBAKXTCH
B anmaTHUeCKKE COCY
LB B BYE XHAC-

COnEpXUT
XHAOMHKPOHB

Puc. 24-7. CxemMatndeckoe H300paxkeHHE OCHOB-
HbIX 3TaNnoB NEPCBAPUBAHNA H BCACHLIBAHMSA XHPOB.
OOfpaTHTe BHUMaHHE, YTO KETYHBIE KHCJIOTHI ABH-
KYTCS NIO KPYIy M3 NEYEHH B TOHKHMH KHIUCYHMK,
3aTeM NOABEPrarTcs 06paTHOMY BCACHIBAMHIO,
NOCTynarT B JIMMbaTHYECKHE COCYNIbl W NOYEYHbIE
BEMbl M BO3BPAILAIOTCA B neveHb, YacThb xeny-
HBIX KHCJIOT OOBIMHO TEpseTCs B KaK[AOM LHKIE,
nonajas B KaJl.

okoJio 1 MkM. XUJIIOMUKPOHBEI UMEIOT UL
podumbRyo 060104Ky, cocTosALLyO U3 doc-
¢domnuooB U crneumaseHoro Oenka, ko-
TOPBIA yAEPKUBAEeT XUJIIOMUKPOHE! BO B3Be-
[IEHHOM COCTOSIHUH. XHJIOMHKPOHBI ITPOX0-
IOAT Yepe3 IpyaHOi MPOTOK B MOAKITFOYMY-
Hyro BeHy (puc. 24-7). Iocne norpe6enus
UPHOH MUK AaXe Mla3Ma KPOBU CTaHO-
BUTCS OMNaJIECLMpYIOIIE M3-32 BBICOKOH
KOHIIEHTpallMil B HEil XHJIOMUKPOHOB, HO
3Ta omaJjieCueHus Kcye3aeT uepes 1-2 u,
TaK KaK TPUALWIIJIMLEPOIb! BEIBOASTCA M3
KPOBH, MOCTYnas [NaBHBIM 00pa3oM B Ku-
POBYO TKaHb.

OMyJILIMPOBaHKIO U NIEPEBa PUBAHUIO JIK-
[AIOB B TOHKOM KHILIEYHUKE CIIOCOGCTBYIOT
COJTH e MHBIX KUCITOT. COJM KeTMHBIX KHC-
JIOT YEJIOBEKAa —3TO B OCHOBHOM 2AUKOXO-
sam Hampust 1 maypoxoiam Hampus, obe
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Puc. 24.8. Xonepas KNCNOTA ¥ €€ KOHBIOIMPOBaH-
Hple OpPMBI— TaypOXOJAT M rnukoxosat. bnarona-
ps cBOMM aMdHnaTHIECKHM CBORCTBAM IJTHKOXO-
JIaT ¥ TAYPOXOJIAT — OTJIHYHBIE AETEPIEHTHI H
IMyJIBraTopsl. I'pynnul rIHIuHa ¥ TaypuHA (Ha
KpacHOM ¢oHe) ruAPOGHIIbHEL, TOr i@ K&K CTEPOM -
HOE 81po —ruapodobuo.

OHH SBIAIOTCSA [POU3BONHBIMU  X0./€60i
Kucaomevi (puc. 24-8), xotopas Kojmye-
CTBEHHO Npeobnanaer cpeam 4eTvIpex Oc-
HOBHBIX XXETYHBIX KHCJIOT, NPHCYTCTBYIO-
IMX B Opranu3mMe yesioBeka. Cou ke TMHBIX
KHCJIOT SIBJISIFOTCS MOIIHBIMHU 3MYJIbIaTOpa-
MH ; OHH IIOCTYNAIOT U3 IEYEHH B XKEIYb, KO-
TOpas H3IMBaeTCH B BEPXHHUM OTAE) TOHKO-
ro xuineyHuka. Ilocne 3apepriienuss Bcachbl-
BaHWSA XUPHBIX KMCJIOT M MOHOALVIIIJHLE-
POJIOB M3 3MYJILTUPOBAHHLIX KaIleJIeK XKHUpa
B HIXKHEM OT/IeJIE TOHKOTO KMILIEYHHKA TIPo-
ucxoauT oOpaTHOE BCachIBaHME TAKXKeE U CO-
JIEH XKEJMHBIX KHCNIOT, cmocoOCTBOBaBIIMX
3ToMy npoueccy. OHU BO3BPAILAIOTCS B Ii€-
Ye€Hb M HCNOJIL3YRHOTCH HOBTOpHO. Takum
o6pa3oM, JKeJMHBIE KHCJIOTBI MOCTOSIHHO
LHPKYJIMPYIOT MEXAY ME€YEHbH0 U TOHKUM
KuIeiHuKoM (puc. 24-7).

JKemiHble KHUCJOTBI MIParOT MCKITIOYH-
TEJILHO BAXHYIO POJIb B YCBOEHHH HE TOJIb-
KO TPHALMJITIMIEPOJIOB, HO M BOObOIIe Beex
XHUPOPACTBOPUMBIX KOMIIOHEHTOB IHIIM.
Ecrm xesrinble KMCTOTBI 00OpasyroTcs My
CEKPETHPYIOTCS B HEAOCTATOYHOM KOJIHYeE-
CTBE, KaK 3TO HMEET MeCTO npH psae 3abo-

YACTD III. HEKOTOPHIE ACIIEKThl BUOXMUMHU YEJOBEKA

JeBaHUll, TO HeNepeBapEHHBIE M HEMOIJIO-
LIEHHBIE XXUPHI MOABJAIOTCA B Kaje. Ilpu
3TOM YXYAOILLAETCH BCACHIBAHWE IXHPOpa-
cTBopuMbIX ButamMuuoB A, D, E u K (pasn.
10.13) 1 MOXET BO3HMKHYThL NMUILIEBAs HEIO-
CTaTOYHOCTb BHTaMMHa A.

24.2. Ileuyens ocywmecTBiasieT
obpabGoTky B pacnpenesienne
MATATEbHbIX BelNecTs

3a uckmoueHdeM GoJbiel 4acTH Tpua-
HUJINIMLIEPOJIOB, NUTATEJIbHbIE BEILECTBA,
MOIJIOLIEHHBIE B KUILIEYHOM TpakTe, MOCTy-
MarOT HEMOCPEACTBEHHO B IEYEHBH — OCHOB-
HOM LIEHTp paclpefneseHHs MHTaTEbHbIX
BEIHIECTB Yy MO3BOHOYHBIX. 31€Ch Caxapa,
aAMMHOKHCJIOTB! U HEKOTOpBIE JIMIUABL MOn-
BEPraroTCs AaNLHEHIIMM IpeBpalleHHsIM
M pacmpene/sioTcss MeXAy pa3HBIMM Opra-
HaMU ¥ TKaHAMH, IlocMoTpHM, kax xe mpo-
HCXONMT MHTEIpalus myTed MeTtabolmi3ma
OCHOBHBIX [TUTATEILHBIX BEILECTB B IIEYEHH.

24.3. B neuenr mmeercsi NAThL
nyTeii MeraGonmama caxapos

bonreiuas yacTe noTpebieHHo# cBoGon-
Hoit D-rmoko3bl B neuenu (ocopusmpyer-
ca nnpr nomoui ATP ¢ o6pa3zoBanuem rio-
k030-6-pocaTa. IMornomeHHrIE B TOHKOM
kuineynuke  D-bpykrosza, D-ranaktoza
u D-MaHHO3a Takke mIpeBpalarOTCs
B D-rmoxo3o-6-¢ocdat B pesymrarte dep-
MEHTATHBHOTO MpoLecca, PacCMOTPEHHOTO
panee (pa3n. 15.9). D-rioxo30-6-ocdaT
JNEXHUT, TakUM o0pa3oM, Ha mepeKpecTKe
BCEX INMyTell NpeBpaiieHus yrjeBOAOB B Iie-
yeHn. Metabosu3M 3TOro coeAMHEHHs B Iic-
4EHH MOXET OCYIIECTBJIATBECS MO MATH OC-
HOBHBIM HampaBiieHusM, H BrIOOp Kakoro-
HHOYIb OMHOrO M3 HUX 3aBHUCHT OT €Xe4ac-
HO M [aXe EXEMHHYTHO MEHSIOLIMXCS
«cripoca ¥ mpenioxeHus» (puc. 24-9).

a. Ilpeepawjenue 6 2a10K03y Kpogu

I'moxo30-6-bochat Moxer nedochopu-
JMPOBaThCA MO AEHCTBHEM TJHOKO30-6-
docdatassl ¢ obpasoanmemM cBoboagHOM
D-rmoko3bl, KOTOpasi NOCTYNAaeT B KPOBO-
TOK M JOCTaBJISeTCs B JPyIHe TKaHH. ITOT
MyTb npeBpallieHus Imoko3o-6-¢ocdara
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Caukoren

| M moxo30—6
TpramyaraLepol),

docdonunuan Maukoaus

Cmn-é\
AMNHLOB Xonectepox ATP
IypHBle KMCAOTH

Mupyear
CnuTi
¥UPHBIX
104CAOT

Cawko3a xposu

Mentorodocatnoh

nyT>

NADPH,
nenTo30¢ochaTH

JKpoBaKue

Co,+H,0

Puc. 24-9. IlyTtH npeBpaiueHus rioko30-6-¢pocda-
Ta B rieveHH. 3aech, TaK e Kak M Ha puc. 24-10

¥ 24-11, nyTd GMOCHHTE3a NIOKa3aHbI CTPEJIKAMY,
HATIpaBIEHHKIMH BBEPX, MyTH pacnaja—cCTpeska-
MH, HanpaBJIeHHBIMH BHM3, & PacnpelesieHHe no
IpPYTHM OPFaHaM —I'OPHIOHTAIbHEIMH CTPEJIKaMH.

HMeeT NEPBOCTENeHHOE 3HaUEHHE, TOCKOJTb-
Ky KOHIIEHTpALMsl IJIHOKO3bl B KPOBH OOJ-
XKHa MOAJIEPKHUBATECSA HA AOCTATOYHO Bbl-
COKOM ypoBHe, HeoOxoauMOM s obecme-
YeHMs] IHEPrHell Mo3ra H OPYyrMX TKaHeH.

6. Ipeepawjenue 6 2jauKozeH

To xommuecTBO rimoko3o-6-docdara, xo-
TOpoe He OblJIO MCIIOIb30BAHO M) HEME[-
JIEHHOTO HPEBpAILEHHsl B TJIFOKO3y KpPOBH,
MPEBPALIAETCS B [JIMKOTeH B pe3yJILTaTe MO~
cnenoBaTeNIbHOro neicTBusi pocgozaoko-
Mymassl U 2aukozen-cunmasel (pasa. 20.13).

6. Ilpespawenue
8 MCUPHBIE KUAOMBL U XO01eCHepoa

H3bpiTok rmoko3o-6-pocdara, we wHc-
MOJIb30BAHHOIO J1Isi OOpa3oBaHMs IJIO-
KO3bl KPOBH MJIA [JIMKOTEHA IeYeHH, pacna-
JlaeTcst B XOA€ IJIMKONA3a U NMOCNENYIOIIErO
IERCTBUS MUPyBaTHAErMApPOreHaspl OO ale-
THN-COA, KOTOPEI NpeBPaLHAETCS B MAaJIO-
HII-COA U [iaJiee B IXHPHBIE KMCIOThI (pa3m.
21.7). )KupHble KACNOTH MAYT Ha 06pa3oBa-
HH€ TpHAIMITIMLUEPoJiIoB H docdormnunos
(pa3m. 21.8), xoTophble 4aCTHYHO SKCHOPTH-
pyroTcs B ApyTHe TKaHH, Kyqa HX IEPEHOCAT
JnonpoTerHbl Ia3mMbl. OnpeneneHHas
nons aueTuin-CoA B re4eHH HaeT Ha CHHTE3
xonectepona (pasm. 21.16).

2. Oxucaumenvnuiit pacnad oo CO,

Auetun-CoA, obpa3syronmiics 43 IJIHOKO-
30-6-pocdata B xonme IrimKoym3a M Hocie-
[YIOILErO feKapOOKCHIIMPOBaHHUs IHPYBa-
Ta, MOXeT OBLITE OKHCIIEH B LIMKJIE JTMMOH-
HOM KHCNOThbl. Ilocienyroumit TpaHCIOpPT
3JIEKTPOHOB M OKHMCJMTeNbHOE dochopum-
poBaHMe NPUBOAST K HAKOIJIEHUIO IHEPTHU
B Bume ATP. OnHaxo B HOpME 7151 OKUCTIE-
HHUS B LIHKJIE JIMMOHHOH KHCJIOTbl B MEY€HH
HCHOJIb3YHOTCSA HPEUMYILECTBEHHO JXMPHBIE
KHCJIOThL.

0. Pacnad
no nenmosogocdamuomy nymu

I'moko30-6-pocdat cityxur cybetpaTom
neHto3odocPaTHOrO MyTH, B XOAE KOTOPO-
ro obpasytorca: 1) NADPH —BoccranoBH-
Telb, HeoOXoaMMbIH [AJI1 BOCCTAHOBH-
TEJILHBIX 3TanoB OMOCHHTE3a XKUPHBIX KHC-
JIOT H XxoJiecTeposa (pasg. 21.5), u 2)
D-pubo3o-5-bocdhatr — DpenuIecTBEeHHHK
6nocuHTe3a HykJeoTHAOB (pa3n. 16.13).

Iloa peitcTBUEM Ppa3/M4HBIX peryis-
TOPHBIX (PEPMEHTOB, & TAK)KE TOPMOHOB (IJL.
25) B DeYeHH NPOMCXOAMT pacIlpenesieHHe
MOTOKOB I JIFOKO3HBIX OCTAaTKOB IO ITEPEYHC-
JIEHHBIM BBIIIIE IYTAM B 3aBUCHMOCTH OT CO-
OTHOILEHUSI MEXNy MOTPeOHOCTAMU opra-
HH3Ma ©M  [OCTYMJICHHEM  YIJIEBOAOB
C MHLIEH.

24.4. [Ins aMHMHOKHCJIOT TakKxe
ecTh NATL MyTell MeTabonn3Ma

AMMHOKMCIIOTB], BCOCABUMeECS B KHLIEY-
HHKE U IOCTYIHBIINE 32TEM B II€YEHb, TaK-
K€ HMEIOT HECKOILKO OCHOBHLIX IyTeil Me-
TabonusMa (puc. 24-10).

a. Tpancnopm e Opyzue mKauu

AMVHOKHUCJIOTbI M3 NEYEHH MOIYT MOCTY-
MaTb B CHCTEMY KpOBOOOPAILIEHHS M TaKMM
06pa3oM AOCTaBASTHCH B APYIHME OPIaHbl,
a TaM MCIOJIb30BaTbCS B KadecTBe CTPOH-
TeJIbHbIX 6JI0KOB [J1 GHUOCHHTE3a TKAHEBBIX
6enxoB (ry. 29)
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Benxy neueru

Benknt nag3mel
CrietMasbHbie NPOAYKTHI:
TeMbl, HYKABOTHAD! ¥ Tefle

oxo3s AMUHOKHCAOTH!

KpoBM
Jlesamynm-
L\Qa’me uxa
MOUEBHHB pro o
—_—
NH, BHHE

XHUpHblE KHCAOTH

v

AleTya-CoA

Hnka
JMMOHHO B
KHCAOTH

Puc. 24-10. ITyTu npeBpaiueHns AMUHOKHCIIOT B
nieYeHH,

6. Buocunme3s 0eaxoé neueHu
U naasmel Kpoeu

benky nevyeHH MOABEPraroTCs MOCTOSH-
HOMY OOHOBNEHMIO, TPUYEM [JIS HUX Xapak-
TEPH& OYEHB BLICOKasi CKOpocThk obopoTa co
CPEIHHM INEPHOAOM MOJIY)KU3HH BCErO
Juib B HECKONMbKo Ameil. Kpome Toro,
HMMEHHO B IIe4€HH CUHTE3UPyeTCcH OOJIbIIMH-
CTBO 6eaK08 naa3mbl Kpoeu.

8. Jlesamunupoeanue u pacnad

Te aMMHOKHCHOTEI, KOTOpHBIE He OB HC-
NOJIL30BaHbl B NIEYEHH MJIM B [PYIMX Opra-
Hax ju1s 6ocHHTe3a GeNKoB, moaBepraoTCs
[€3aMMHHPOBAHHIO U PacrajaroTes ¢ oOpa-
30BaHueM aueTWI-CoA M mMpOMexy TOYHBIX
CcyOCTpaTOB ULMKJA JTMMOHHOH KMCIOTH
(pa3n. 22.21). IlocnenHue Moryt mnpeBpa-
THUTBCS B [TIFOKO3y M IJIMKOTEH MyTEM [JIO-
kxoHeoreHe3a (pa3n. 20.1). AueTun-CoA nu-
60 moaBepraeTcsi OKHCJIEHHIO B LMKJIe
JIMMOHHOM KHCJOTbI C HAaKOIJIEHHEM 3JHED-
ruy, 3anacaeMoi B popme ATP, mibo npe-
BpalllaeTcs B JMIKAbL, KOTOPBIE, KaK ObUIO
OINMCAHO BHILLE, OTKJIANBIBASOTCS B 3anac.
BricBobox parolmiics NpH pacnane aMHUHO-

KHUCIIOT aMMHaK IIpeBpallaeTcss B NpOAYKT
3K CKPELIMH — MOY€6UHY B XOIIE IPOTEKAIOIIIE-
O B IIEYEHH LIUKJIAa MO4Y€BUHBI (pa3a. 19.15).

2. Yuacmue ¢ yuxae
2/10K030a — aAaHUuH

ITeuens yqacTByeT Takxke B MeTabomame
aMMHOKUCIOT, TIOCTYNalILMX BpeMA OT
BpeMeHH U3 nepudepuieckux Tkaneil, Cy-
CTSl HECKOJILKO 4aCOB MOCJie KaXI0ro mpu-
€Ma MHIM U3 MBI B NeYeHb MOCTYNAET
anaHMH; B IE4eHH OH NMOABEPraeTcs ae3aMu-
HHPOBaHHMIO, a oO0pa3yronmiics mupyBat
B pe3yJibTaTe [JIIOKOHeOreHe3a IpeBpa-
IaeTcs B IJIOKO3y KpoBu (pasa. 19.12).
I'moko3a BO3BpalIa€TCd B  CKEJETHBIE
MBILINB! AT BOCIIOJIHEHHS B HHUX 3amacoB
rnukoreda. OaHa u3 ¢byHkuui 3100 LUKIM-
4€CKOIo Ipollecca, Ha3bIBaEMOIO LHMKJIOM
[JII0KO3a —aJIaHHH, COCTOMT B TOM, 4TO OH
cMmsiryaeT kosiebaHus YPOBHS IJIIOKO3BI
B KPOBH B IEPHOA MEXAY NPUEMAMH IHILH.
Cpa3y nocJe nepeBapuBaHusl U BCACHIBAHUSA
YIJIEBOJOB MUIIH, & TAKXKE MOCJle peBpare-
HHMSl 4aCTHU TJIUKOTeHa IeYEHH B IJIFOKO3Y
B KPOBb IOCTYIa€T OOCTATOYHOE KOJHYe-
cTBo roko3bl. Ho B nepuon, mnpen-
LIECTBYIOWMIA OYEPEAHOMY NPUEMY IHILH,
NPOMCXOOMT YACTHYHBIA pacmajl  Msl-
IIe4YHHX OEJIKOB A0 aMHMHOKHCIIOT, KOTOPBIE
MyTEM HepeaMHHHAPOBAHUS NEPENatOT CBOU
aMUHOIPYINbl Ha TNPONYKT C[JIMKONM3a IH-
pyeat ¢ obpa3oBaHueM ajlaHHHa. Takum
o6pa3oM, B BHle ajlaHiHa B II€YEHb OOCTa-
BisieTcsl ¥ nupysat, 4 NH;. B nedenun ana-
HHH TOABEpraeTcs [Ae3aMUHHPOBAHHIO,
obpa3syrommiics nHpyBaT mpeBpallaeTcs
B TJIIOKO3Y, NOCTYNa0LIyio B KpoBb, a NH
BKJIIOYAETCS B COCTAB MOYEBHHB! M BBIBO-
OUTCA U3 opraHu3Ma. BO3HUKILIHIA B MbILL-
nax gethHuMT aMUHOKKCIIOT B AallbHEiileM
focjle €fpl BOCIHOJIHAETCS 3a CYET BCACHI-
BAEMBIX aMUHOKHCIIOT MHIIN.

0. Ilpeepawenue 8 HyKseomudvl
u opyaue npodykmol

AMUHOKUCIIOTHI CJIyXaT NpealIecTBeHHU-
KaMH B OMOCUHTE3¢ MyPUHOBBIX U MUPHMU-
JHMHOBBIX OCHOBaHHil HYKJICOTHMIOB (pa3m.
22.13), a TaKke B CUHTE3€ HEKOTOPHLIX Ciie-
LHAJIM3UPOBAHHBIX BEIIECTB, B 4acTHOCTH
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nopbupuHoB  (pasn. 22.10), ropMOHOB
M ApYrux as3’0TCOHNEpXKAaUX COSIUHEHMH.
3TH OyTH NpeBpaLlcHUl aMHHOKUCIIOT CYyM-
mupoBaHbl Ha pHc. 24-10.

24.5. CywecrByer NATL NyTed
npeBpalleHHs JIHITHI0B

Kak mokasaHo Ha puc. 24-11, mma xup-
HBIX KHCJIOT, BXOASILMX B COCTaB JMIUIOB,
TAKXe XapaKTEePHO HECKOJILKO IyTel MeTa-
60/M3Ma B NEYCHH.

a. Oxucaenue 0o CO,
¢ obpasoeanuem ATP

CeoOonHble XHUpHBIE KHUCIOTBI MOIBED-
raloTCsl aKkTHBALlMK B OKHMCJIEHUIO ¢ 06pa3so-
BanneM auetun-CoA u ATP (pasz. 18.8).
Hanee anetnn<CoA OKHCISETCA B IUKIIE JIH-
MOHHOU KHCJIOTEL, U B XOA€ OKUCIMTEJILHO-
ro ¢ochopunupopanus obpasyercs ATP.
JKupHBIE KMCTOTBI CITyXaT OCHOBHBIM cyb-
CTpaToM 3HepreTuyeckoro obmMena B me-
YeHU.

6. O6pazoeanue KemoHOGHIX men

U36wbiTOK anetui-CoA, BLICBOOO-
AIEHHBI [IPA OKKUCJIEHHM XHUPHBIX KHCJIOT
M HE HCIOJL30BAHHBLA NEYEHBIO, MpeBpa-

Jlnnuas! neyeru

Jlunonporennbl
NAG3Mbl
Kuprbie
CBobOAHBE ¥MPHble
Kacrorh KACAOTH! TNA3MEI
COonH XeNuHbIX
KHCJOT Huxa ATP
OKNCIEHH S
XHPHBIX
KNCJOT
Xonecrepos KeTonoBwe —» KpoBs
\ Tela
AneTua-CoA
Tnxa
numonHo ATP
KACAOTH

Puc. 24-11. OGMEH XHPHBIX KHCJIOT B MEYEHH.

ILAeTCS B KETOHOBBIE TeJia—alleToaueTaTt
¥ D-B-runpokcuGyTHpaT,—KOTOpble mnepe-
HOCSITCSl KDOBbIO B nepud)epudecKue TKaHH,
Te UCHOJL3YIOTCS I OKUCIIEHAA B [IMKIIE
JMMOHHON kucJoTsl (pasa. 18.10). Keto-
HOBBIE TeJla MOXHO pacCMaTpMBATL Kak
TPAHCNOPTHYO GOPMY ALIETUIILHBIX TPy
Ux BKJIam B 3HEPreTHKY mepudepudecKux
TKaHell MoXeT OBITh O4eHb 3HAYMTEJILHBIM:
B cepile, HAIpUMEp, OHU YIOBIETBOPSIOT
IO ONHOM TpeTH SHEPre THUECKMX NOTpe6GHO-
cTell.

6. buocunmes xosecmepona
U JCeNYHbIX KUCAom

Yacte anetus-CoA, oOpa3oBaHHOIO U3
XHUPHBIX KHUCJIOT (M U3 IJIFOKO3bI), CIYXHT
OCHOBHBIM NpEALIECTBEHHUKOM B OHOCHH-
Te3e XOJIeCTepoJia, KOTODBLIi B CBORO
ouepeqb ABJAETCH  NPENLIECTBEHHHKOM
KETMHBIX KMCJIOT, HEOOXOOHMBIX U1 Oepe-
BapMBaHMg U BCACHLIBAHHA  JXUPOB
(pa3z. 21.17 u 24.1,8).

2. Buocunmes aunonpomeutog
naasmsvl Kpoeu

JKupHble KHCIIOTBI CIIYXaT TakXke Nped-
ILECTBEHHHKaMH B CHHTE3€ JIMMTHIHON 4aCTH
JMITONPOTEHHOB IUIa3Mbl KpoBu. JIumomnpo-
TeHHb! (QYHKIHOHUPYIOT KaK MEPEHOCYHUKH
JIMNAOOB B XUPOBYEO TKaHb, [I€ HOCJIEIHHE
HaKallJMBAFOTCA B BHAE TPHAIMIIIIHLEPO-
JIOB.

0. Obpazoeanue ce60600HbIX
MCUDHBIX KUCAOM NAG3Mbl KPOBU

CsoOofiHbIE XHMpHBIE KHCJIOTHl CBSI3bI-
BaIOTCSl C CBIBOPOTOYHBIM aJILOYMHHOM
M Aajiee OOCTABJSAIOTCS KPOBBIO B cepale
M CKEJIETHBIE MBIIIIBI; 3TH OpraHbl MOIJIO-
AlOT M HCHOJIL3YIOT JKUPHBIE KHCJIOTHI
B Ka4eCTBE OCHOBHOIO «(TOIJIMBAa».

Taxum obpa3zom, MerabonuiM nevyeHH
obnanaeT MCKMIOYMTENBHOW rUOKOCTBIO
M HIMPOKUM OHamna3oHoM. IledeHb Xopolio
npucrnocobsieHa A1 BbUIOJHEHUS (PyHKUUH
«pacnpeneUTeILHOrO LEHTPa» B OPraHus-
Mme. OHa oOecrieuMBaeT OOCTaBKy Tpe-
OyEMBIX KOJIMYECTB MMTATENLHLIX BEIIECTB
B Ipyr¥e opraHvl, CIrjaxupaeT KosjebaHus
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B 0OMeHe BeLLEeCTB, O0YCJIOBJICHHBIE HEpaB-
HOMEPHOCTBIO IOCTYIUJICHMS NTHLLM, a8 TAKXKE
OCYILECTBIISIET NpeBpallieH’e H30bITKA aMH-
HOTPYIIl B MOYEBHHY H JIpyrHe INPOAYKThI,
KOTOPBIE BBIBOASTCS TNOYKaMH.

TTomyMo npeBpaliienHs H pacnipelesieHHs
YIJIEBOJIOB, JXHPOB H aMUHOKHCJIOT B Il€4e-
HH aKTHBHO NPOTEKAIOT Npoiiecck! pepMeH-
TATUBHON JETOKCUKALNH MHOPOJHLIX Opra-
HUYECKUX COEOVHEHMIH, HanpuMep JIEKapCTB.,
THILEBBIX 100aBOK, KOHCEPBAHTOB H APYIHX
NOTEHUHAJILHO BPSIHBIX BEIIECTB, HE HMEKO-
WX IHIIEBOH LeHHOCTH. JleTOoKcHKaLus
06bIYHO COCTOMT B TOM, YTO OTHOCHTENILHO
HEPACTBOPHMBbIE COCIMHEHHS MOABEPIaroT-
ci  (epMeHTATUBHOMY THAPOKCHIMPOBA-
HHIO, B pe3yJ/IbTaTe 4e€ro OHH CTAHOBATCS
6onee paCTBOPUMBIMY, JIETY€ pacILEIUIIOT-
Ccsi M BBIBOMSITCS U3 OpraHM3Ma.

24.6. Kaxabii oprai obaagaer
CHeNHATH3HPOBAHHLIMH
MeTabomueckuMH GYHKIMAEMH

TloyT BCE KNETKH NMO3BOHOYHBLIX CHAG-
KeHbl HEOOXOMMMBIMH (pepMeHTaMH, KaTa-
JIM3HPYIOUIMMA OCHOBHBIE TNyTH MeTabo-
JIM3MA, B YaCTHOCTH Te, KoTopble obecneun-
BAIOT BHIpaGoOTKy sHepruu B ¢opme ATP,
BOCIIOJTHEHME 3aNacoB IJIHKOTEHa H JIMIIH-
JIOB B OpTaHU3MeE M NIoAiep>kaHue NOCTOSH-
CTBa COCTaBa GEJIKOB M HYKJICHHOBBIX KMC-
JoT. OIHaKO KPOME ITHX, OOIIMX Ui BCEX
KJIETOK, NpoueccoB MerabommsMa AJiA pas-
HBIX OPTaHOB XapakTepHbl OHOXMMHUYECKHE
pAa3TdMs, CBA3AHHBIE C y4aCTHEM ITHX Op-
TaHOB B TOH WM HHOW (PYHKUUHN OpraHH3IMa
M €O c1ocob0M HCNOL30BaHNSE HMH 3HEp-
rmu ATP. Kak Mu1 yxe BHae)H, NE4YEHb
UIpacT LICHTPaNbHYK poJi B obpabotke
M PpacnpeacsicHi NUTATE/bHLIX BEILECTB
H ¥epe3 KpoBb cHabxaeT MMH B HajJexa-
IIMX TPONOPUNSAX BCE OCTAJILHBIE OpraHbl
¥ TRaHu. PaccMoTpuM Tenepns metabormue-
CKH€ XapakTePHCTHUKH OPYTHX BAXKHEHIIMX
OpraHOB W TKaHEH, a TaKxe crocobel Hc-
NoNb30BaHus UMy IHeprun ATP.

24.7. CxeJieTHbie MBbIHLbI
Henoab3ywoT ATP nisi BLINO/IHEHHS
no mMepe HagxoOHOCTH
MeXAHHYeCKO#H paboThI

Ha posmo ckeJieTHbIX MBI B LEJIOM
npuxoautcs Gonee 507, kHciopoja, mo-
TpebJIieMOro OpraHH3MOM 4Y€JIOBEKa B CO-
CTOSHHMM NOKos, ¥ ao S0%, —npn vHTeHCHB-
HOH MpblleyHO# pabote. OOMeH BelecTB
B CKEJIETHBIX MBILIIAX HANPABJIEH B MEPBYIO
ouepenb Ha BeIpaboTKy ATP kak Hemocpen-
CTBEHHOTIO MCTOMHHKA 3HEPIUM JJIA COKpa-
IEHHs M pacciiabienus. KpoMe toro, cke-
JIETHBIE MBILILBI pUcocobneHbl K ToMy,
4yTOOBbl BBITIONHATL MEXaHUvecKyro paboTy
HE HENPEPLIBHO, a MO Mepe HagoOHOCTH.
Unorna, nanpymMep nipu 6ere cIpuHTEpa Ha
100 M, ckeneTHblE MBIINBI  BBLITOJHAOT
OIpOMHyI0 paboTy 3a O4Y€Hb KOPOTKOE
BpEMAL.

B kavecTBe TOITHBA CKEJIETHBIE MBILLIIbI
B 3aBHCHMOCTH OT CTeNeHH UX aKTHBHOCTH
HCTIONB3YIOT IITFOKO3Y, CBOOOIHbIE XKHPHBIE
KMCHIOTH My KeToHoBHIC Tena. B nokos-
wuxca moluyax OCHOBHBIMH cyOcTpaTamu
9HEPreTHHECKOT0 OOMEHA CIyXaT CBO-
OOIHBIE KUPHBIE KUCIIOTHI H KETOHOBLIE Te-
Jla, JOCTaBNSEMbIE C KPDOBBIO M3 IEYCHM.
31H cyOcTpaThl MOABEPralOTCA OKUCIICHIIO
M pacnaay no auetus-CoA, KoTophIil BCTy-
MaeT fajiee B [MKJI JTUMOHHOH KHCJIOTBI
U oxucisiercss go CO,. ComyTcTBylonmii
nepesoc 3JIEKTPOHOB K KHcJlopoay obecre-
4MBaeT IHEPrHei Mpolecc OKMCIMTESILHOTO
dochoprumposanus u npespanieHue ADP
B ATP. ITpu ymepennoii Hazpy3Ke B JONOJI-
HEHHE K JXUPHBIM KHCJIOTAM H KETOHOBBLIM
TeJIaM MBINIE! MCIOJIb3YIOT €1Le H IITFOKO-
3y kpoBH. IIpH sToM Timoko3a nogsepraer-
ca ¢ochopunupoBarmio M pacnajgacTcs
B Xo1e IIHKONH3a OO NMUPYBaTd, KOTOPBIH
narnee yepe3 aueTHJI-CoA OKMCIIAETCs B LIHK-
Jie TMMOHHOU KHMCJIOTHL. Hakosell, mpH mak-
CUMaAbHOU MbllueuHOLI HA2Py3Ke pacxoll
ATP na cokpalliesye HACTOJIEKO BEJK, YTO
CKOPOCTh JTOCTABKHM CYyOCTpaTOB (TOIIMBA)
¥ KHCJIOpOAa KPOBbLIO OKA3LIBAETCA HENO-
cTaTOYHON. B 3TUX YCJIOBMAX B XOO HIET
HAKOIUIEHHBIH B CaMMX MBIIAX TIJHKO-
I€H, KOTOPBIl paclleIuiseTcs A0 JiakTaTa
MyTEM aHa3pOOHOIO NITHKONH3A; IPH 3TOM
Ha OOMH paclUENUBLIMICH OCTATOK IJIIO-
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KO3bl oOpa3yroTcs aBe Molekyibl ATP
(pasn. 15.7x). Takum o6pa3om, aHas-
poOHbIi TJTHKOJM3 JaeT HONOJHHTEIbLHOE
xoynriectBo ATP cBepx TOro oCHOBHOIO KO-
JIMYECTBa, KOTOpoe BhIpabatbiBagTCst NpH
a3po0HOM OKHCJIEHHH JpYIruX cyGcTpaToB
3HepreTHdeckoro obMeHa B LHKJE JTUMOH-
HOM kHcioThl. WIcnonmb3oBanMe IIIHOKO3bLI
KPOBH H I'JIMKOT€HA MBIUI KaK CPOYHO MO-
OHJIM3yeMOro TOIIMBA [UIA MBILLEYHOH pa-
OOTHI pe3KO BO3PACTAET IpH YBEJIYCHHH
CEKpelurn aipeHalHa, KOTOPBIH B IIEYEHH
CTHMYJIMpYeT obpa3oBaHHe H3 IJIMKOI€Ha

I"aokoda

rpoin .‘Jluf«)’i“en? =
ATP ars ——#,}':-&,: ' pi 1
pecHuTEda
JlakTar

KpOBY

RIOKO3A

[ AoKoneo-
rexe

[OKO3bIL, MOCTYNAKUIEH B KPOBb, 2 B Mbl-
LUCYHOI TKAHH PACLIEIUIEHHE IJIMKOTeHa 10
naktaTa (171 25). TlockoMbKy B CKENETHBIX
MEILULIAX HET [oko30-0-docdarasel, Mbl-
LIEYHLIA TJIMKOTEH NpeAHAa3HAYEH TOJBKO
JU1st BEIPAOOTKY 3HEPTHH TIIMKOJINTHYECKHM
MyTEM.

3anacel IJIMKOT€HA B MBIINIAX, OOHAKO,
HEBEJIMKH, H TIOTOMY CYLIECTBYET BEPXHMH
Mpeaesl TOTO KOJIMYeCTBA 3HEPIHH, KOTOPOe
BEIpaOATHIBAETCA B XOA€ TJTHKOJIH3A B YCJIO-
BHAX MaxKcHMMaJIbHOM (HampuMep, mnpH
cnpuHTe) Harpysku, Bonee Toro, Hakormne-
HAE MOJIOYHOH KHCJIOTHI H  CBSI3aHHOE
¢ 3TUM cHinkenne pH, a Tajoke NMOBBILICHHE
TeMIlepaTypel, MPOHCXOIALICE NPH OYCHb
BLICOKO} MBIIIEYHOH aKTHBHOCTH, CHHXAKOT
addexTuBHOCT, OOMEHa B Mblumiax. Tax,
B NMEPHOJA BOCCTAHOBJICHHS TOCJTE MaKCH-
MaJTbHOH MBIIUEYHONH HArpy3Ku aTieT Npo-
[OJDKAeT €lle HEKOTOpoe BPEMSA THXEJOo
Ielats. [oTpebnseMslii npu 3ToM gonon-
HUTEJIbHBIL KHCJIOPOA HCHOJIb3YyeTCs I
OKHCJICHUSI TIMpYBaTa, JlakTaTa M JpPYrux
cybcTpaToB, a Takxke pereHepaumd ATP
n (dochoxpeatnHa B Mbimmax. OmHOBpe-
MEHHO JIAKTAT KPOBH IPEBPAILACTCS B Teve-
HH TIyTeM TIJHOKOHEOIE€He3a B IOCTYINAKo-
LIyIO B KPOBBb TTOKO3Y, KOTOpasi 1nonajgaer

BbiCTpo coxpamaKIMecs MbkuLlk

B MBILIIBI H HCHOJIb3YETCS Ha BOCCTAHOBJIE-
Hue 3anacos riukorexa (pasa. 20.1). TaxuMm
06pa3oM, NONOJHHTELHO NOTpeOneHHbIH
KHCJIOpOA, {(«KHCJIOPOMHBIA A0J») BOCCTa-
HaBJIMBAaET HOpMa/bHOE MeTaboimrdeckoe
COCTOSIHHE OpraHy3Ma TIOCPECTBOM Lol
CEpUH TIPOLIECCOB, B XOJi€ KOTOPBIX FPOMC-
XOOUT B3aUMopeHcTBHE MBILII M TEYCHH
(puc. 24-12).

EcTb M apyroit nyTs, koTophkiil obecneun-
BacT CKEJIETHBIC MBIIIIB! MaKCHMAaJIbHBIM
xoymiectBoM ATP B kpHTHHECKHX 0OCTOS-
TeJILCTBaX. B MbIUIIax cOAEPXKHTCH 3HAYH-

Puc. 24-12. B3arMocBs3p 0OMEHA BELIECTB B CKe-
JIETHBIX MBILLAX ¥ B nevenw. [pu Taxenoi ¢usn-
4eCKO# Harpy3ke HCTOYHHKOM 3HEPIHH [ CKEJIET-
HBIX MBILLI{ CITy ¥MT [JIMKOTEH, pacnafaloluuiics
[JIMKOJIATHIECKHM NYTeM. B BOCCTAHOBHUTEJIbHBL
nEpHOA HacTh 06pa’0BaBIErOCH B MBILNIAX JIAKTa-
Ta NEPEHOCHUTCH B NEYEHb ¥ NPEBPAILAETCH B
[JII0KO3Y, KOTOPas NOCTynaeT B KPOBb ¥ OCTAB-
JISETCH B MBILILI, [ HCNOJb3YeTCH [UIA BOCHION-
HEHHHA 3aNacoB TJIHKOIeHa.

TeJILHOE  KOJIMMECTBO  (hochoKpeamuna
(pa3a. 14.15), koTophIi ¢ MOMOILILIO Kpea-
THUHKHHA3pl cocoOeH GhICTpO BOCHOJHATD
OTLENHUBIIKECS MPH MBIILIEYHOM COKpalile-
HUH KomueBble (ocharubie rpynmsr ATP:

Mg2+

®ocdhokpeatus + ADP =
Mgh—

2 Kpeatnn + ATP.

B neprozpl BeicOKOM COKpaTHTENLHOM ak-
TUBHOCTH H HHTEHCHBHOTO I'JIMKOJIM3a PeaK-
1Msl CHJILHO CMELIEHa BNPaBo, TOTAA Kak
B NIEPHO/I BOCCTAHOBJICHHUS TNPOMCXOIMT pe-
cunte3 ¢ochokpeaTuHa H3 KpeaTuHa 3a
cietr ATP.

ATP B ckeneTHBIX MBIIMIAX HyXeH He
TOJILKO JJIS TOTrO, 4TO6B 06ecneynBaTh
CKOJIbXXCHHE HHMTEH akTHHa BJIONb HHTE
MHO3HHA, WM TOJICTHIX BUTeH (pa3n. 14.14),
HO TaKXe M JUIA pacciiabieHus. MuievyHoe
COKpALUEHHE MHUUMHPYETCS MMILYJILCOM,
MOCTYNAKOLIMM OT JABHIATESLHOIO HEPBA;
9TOT MMIIYJILC TepeAaeTCsl Ha MNONepeuHbIe
Tpyboukn M Ha capkOIUIa3MaTHECKHil pe-
THKYJIyM, H3 KOTOPOIO B CApKOIIa3My Bbl-
xomaT wonsl Ca2*t. Hamee Ca%* cesaspl-
BA€TCS C MPONOHUHOM — PETYJIATOPHBIM GeJr-
KOM, KOTOpeIi npeobpa3syer 3ToT cHrHan
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B IIPOLIECC CKOJIbXXEHUs AKTMHOBBIX HMTEH
3a cueT sHeprun ATP. I1ocrne npekpalueHus
NO/1a4M UMI1YJIbCOB CO CTOPOHBI IBUTATEIb-
Horo HepBsa Houbl Ca2 ™ momkHsl GBITH ya-
JIEHBI U3 CAPKOIUIa3Mbl, YTOOBI MOTJIO NPO-
H30MTH paccnabneHne MLl ITO JOCTH-
raetcs TpaHcnoptoM Hohos CaZ ™ o6paTHO
B CapKoIUIa3MaTH4eCKuli peTHKYJIYM C Io-
Mmoo Ca? * -tpaHcnoptHpyroweii MeM-
Opannoit ATPasel Tlepesoc nByx uoHOB
Ca’" BHYTPb capKOIIA3MaTHYECKOTO pe-
THUKYJIyMa TIPOMCXOOMT 33 CYeT I'MApoJm3a
onHo# MoJiekysbl ATP, T.e. Ha paccnaGite-
HHE CKEJIETHOH MBIIILI TPATHTCH NOYTH
CTOJIBKO XK€ 3HEPTHH, CKOJILKO Ha €€ COKpa-
IICHHE.

24.8. Cepaeunas Mbiuma
nonkHa paboTaTh NOCTOHHHO
H PHTMHYECKH

CCpﬂC‘lHaﬂ MBIILA, TAK )€ KaK H CKEJIET-
Hasl, COONEPXHWT HHUTH aKTHHA H MHO3HWHA.

CepBeunas
Boaspar MBILLA CnabxeHne
BeHo3Ho M apTepuanbHoll
KpOBY KPOBbI0

Hia ee paboThl XapaKTepHO NOCTOSIHHOE
PUTMHYECKOE YepPelOBAHHE TMPOLIECCOB CO-
KpalleHns U pacciiabiieHus. XOoTs rnpH HEKO-
TOPBIX OOCTOSATENbCTBAX CEPALE JIOJDKHO
paboTaTh cHIIbHEE H ObICTpEE, YeM OOBIYHO,
HanpuMep TpH TOBBIIIEHHH MOTPeOHOCTH
OpraHu3Ma B KHCJIOPOJE WM NPH CTHMYJIS-
LMK afpeHaMHOM (1L 25), Bce xe auana-
30H, B KOTOPOM MOXET MCHSATbCH KOJIUYE-
CTBO COBEpILaeMOH cepaueM paGoThl, He
TaK [MPOK, KaK B CJly4yae CKeJIETHBIX MBILINI,
Kpome ToTO, cepllily CBOHCTBEH NOCTOSHHO
HIayuui noJHocThI0 a3pobHbiii 06MEH, TOT-
[I3a Kak CKEJIETHhIE MBILIIBI B TEYECHHE KO-
pOTKOTO BpeMeHM MOIYyT (GYHKIMOHHPO-
BaThb 33 CYET AHAIPOOHLIX TMPOLIECCOB.
B cepae4yHO# MBIILLE NO CPABHEHHIO CO CKe-
JIETHOW HaMHOro O6oJblilie MUTOXOHOPHIL:
OHH 3aHUMAXOT NOYTH INOJIOBHHY oObeMa
kyeTrn (puc. 24-13). B xavectse Tommsa
cepAle HCNOJBb3YeT CMECh TIMOKO3bI, CBO-
OOHBIX XHUPHBIX KUCJIOT H KETOHOBBIX TeJl,

Puc. 24-13. A. Cxema cucTeMsl KpopooOpallieHMs.
IT -npencepane, XK —xenynoyek cepaua (opa Tvna
kamep 8 cepnue). Cepaue 4e10BCKA NepeKaynBaeT
KpOBb CO CKOPOCTBIO S Ji/MuH, mi 300 5i/4, nim
1,8-10% 1 3a 70 neT *u3uu. 5. DneKTpOHHAA MHK-
podoTorpadus cepaedHOl MuILUNE!; BLIHO 06HIME
muTOXOHApull. B neHTpe-npocseT kanunsApa ¥ B
HCM O[IMH IPHTPOLHT.
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JIOCTABJISEMBIX KPOBbIO. JTH cybcTpaThl
OKHCJIAIOTCS B LIMKJIE JIMMOHHON KHCIIOTBI,
TIOCTABJIAS IHEPIHIO JJIs o6pa3oBanus ATP
B XOJle¢ OKHCJIMTeJIbHOTO (hocopuMpoBa-
nHsi. CepneuHoi MBIIIIIE, TaK € Kak U CKe-
JIETHBIM MBIUIIAM, He CBOHCTBEHHO HAKO-
MJIeHHE OOJIbLUMX KOJIMMECTB JIMITHWAOB MITH
rmmkoreHa. HeGompmoe xommecTBo pe-
3epBHOI 3HEpryUH 3anacaercs B popme doc-
¢okpearnna. Kaxnoe coxpanenue cepaed-
HOHN MBIIIMbl HHUOMHPYETCS HEPBHBIM HM-
MyJIbcOM, TOA AciiCTBUEM KOTOpOro CBO-
Gonnble vousl Ca’* mocrynaror B uMTO-
30J1b, OMBIBAFOLIUIR MHOPHOPHILIIBL ;
o6paTHblit nponecc — paccinabnenne —obec-
neYuBaeTCs 3aBHCHMBIM OT ATP mnorJoine-
nueM voHos Ca?*t caprommasmaTHiecKHM
petukynymoM. Ilockosmbky pns cepana
B HOPMAJILHLIX YCJIOBHSIX XapaKTepeH aj-
poO6HbIl 06MeH M OHO TIOJIYYaeT HOYTH BCIO
SHEpPIHIO 33 cYeT OKMCIMTEbHOro ¢ocdo-
PHIMpPOBaHuUs, HEJIOCTATOMHOCTb KHCIIOPO-
Ja B KAKOM-TO y4acTKe CepIevYHON MbIIIbL,
TJIe KPOBEHOCHBIE COCY/Ibl OKA3aJIUCh 3a0J10-
KHPOBaHb! OTJIOXEHHAMH JINHUAOB (pa3m.
21.16), MOXeET MPHUBECTH K IpeKpalleHHIO
KpoBOCHaOXeHHs M HEKPO3y 3TOTO Y4acTKa,
T. €. K mpoLecCy, H3BECTHOMY Kak uHgapkm
MuoKapoa.

24.9. Mo3r Hcnoab3yer
JHeprHio ISl mepeaayn
HMITYJ1bCOB

Merabom3M Mo3ra IpEMedaTesieH B ps-
Jle OTHOMIEHHI. Bo-TlepBEIX, B KadecTBe KJle-
TOYHOIO TOIUIMBA MO3I B3POCJIBIX MIIEKO-
IIMTAarOLIMX 0OBIYHO HCTIOJTL3YET TOJIBKO
rmoko3y. Bo-BTOpHIX, MO3ry CcBOICTBEH
O4YE€Hb UHTEHCHBHBIH JbIXaTELHBIH OOMEH ;
TaK, Y B3POCJIOTO YeJIOBEKa MO3TOM HCIIOJIb-
ayeTca nmoutu 20%, xucnopoaa, nmorpebise-
MOTO OPFraHH3MOM B COCTOSIHHM TIOKOS.
KpoMe Toro, ckopocTh HCIOJIb30BaHU S KHC-
Jopoja MO3roM otTymyaetcs 60bLmMM mo-
CTOSHCTBOM M He [peTepleBaeT cylie-
CTBEHHBIX HM3MEHEeHUHl TpH mepexoxne, Ha-
TIPHMep, OT aKTHBHON YMCTBEHHOH paboThl
KO cHy. 3-33a HH3KOTO COmepXaHus TIHMKO-
TeHa MO3T HYXZaeTcs B MOCTOSHHON m0-
CTaBKe I'IoK03bI KpoBb1o. EcyM KOHLEATpa-
1Ms NOKO3bI B KPOBH JaXe Ha' KOPOTKHH
TEepUO BpeMEHH OKa3biBAE€TCHA CYILLECTBEH-

HO HHXE OTPeJeJIeHHOTO KPHTHYECKOTO
YPOBHSl, TO MOIYT BO3HHMKHYTbH TSKEJbIE
M MHOT/JIa HeoOpaTuMble Hapyiienus GyHk-
uuH Mosra. VIMeHHO MO3TOMy XHMpyprude-
CKH€ ONEpPALMH Ha MO3Te BO3MOXHBI TOJb-
KO TpH YCJIOBHH, 4TO OOECIIEUCHO €ro
BecniepeGoiiHoe cHabxeHHe TSIOKO30H Kpo-
BH.

XoTst MO3I HE MOXET TIPAMO KCTIOJb30-
BaTh cBOOO/IHBIE KUPHBIE KUCTIOTH MM JIH-
M1 KPOBH B KA4€CTBE KJIETOYHOTO TOILTH-
Ba, OAIMAKO OH YTHJIM3HPYeT OOCTaBIIAeMbLi
KpoBblo  [-runpokcubyTupar, 06pasyto-
InMics B MeYeHW M3 XHPHBIX KHcIOT. Cro-
cOOHOCTH MO3ra OKHCIIATh B-ruapoxcuby-
THpaT Yepe3 MPoMexXyTo4Hoe 06pa3oBaHue
auetw1-CoA (pa3g. 18.10) mpuo6peraer
0cob0 BaxHOE 3HauyeHHe MHpPH TMPOJAOIDKH-
TEJbHOM TOJIONaHUM, KOT/a NPaKTHYECKH
BECh TJIMKOTEH TEYeHH OKa3bIBAETCH M3pac-
XOJOBAHHBIM ; B 3THX YCJIOBHAX MO3I Hepe-
XOIMT HA HCIIOJb30BAHKE B KAYECTBE HCTOY-
HHKa 5HEPTUH HMMEIOIMXCS B OpPraHu3Me
KHPOB. 3anachl XXHpa B OpraHu3Me HaMHO-
IO TPEBLINAOT 3a1ach! IJIMKOTeHA ; ITPH ro-
JIOJAHMH 3a1acOB IJIMKOTeHa XBATaeT BCETO
JIMIIIE Ha HECKOJIBKO IIHeﬁ. Hcnonp3zoBanue
MO3roM B-ruapoxcubyTipaTa BO BpeMs ro-
JIONAHHS TIO3BOJISET TAKXKE COXPAaHHTL Gerr-
KH MBI, KOTOPble —4Yepe3 MPOLIECC IJIOKO-
HeoreHe3a —cJIyx)aT U1 MO3ra MOCTeIHUM
HUCTOYHHKOM TI'IIOKO3bl MPH TOJIOAaHHM.

I'moxo3a ucnosmb3yeTcs MO3IOM B Xone
IJIMKOJIN3a U B LIMKJIE JIMMOHHOH KHMCIIOTSI;
pacnaz IoKO3bl 00eCTIeYHBAET MOYTH BECh
sanac ATP Mo3sra. 3a cuer 3uepruun ATP
HEPBHBIE KJIETKH (HeH pOHbI) MOAAEPKHBAIOT
3JIEKTPHUYECKHI MO TEHIMAJ Ha TUIa3MaTHYe-
cxoit MeMbpaHe H, B 4acTHOCTH, Ha MeMOpa-
HE, OKpyXarolled HX JJHMHHBIE OTPOCT-
KH—aKcOHbl W OeHOpumbl, OOpasyloLme
«IMHHM Tiepefad» B HEPBHOH cHcTEMe.
Ilepenava HepBHLIX HMITYJIbCOB BIOJb HeH-
POHOB IPOMCXOAHT NOCPEACTBOM BOJIHOOD-
pasHoro  HM3MeHeHHS 3NEKTPHYECKHX
CBOWHCTB MeMOpaHbl, T. €. TAK Ha3LIBAEMOIO
nomenyuana Oeiicmeus. Na*, K*-ATPasa
wia3MaTudeckoit memOpannl (pa3n. 14.16)
HYXJaeTcs B TOCTOSSHHOM TIPHTOKE 3HEPTUH
ATP nns Hakayueanns uwoHoB K™ BHYTpB
aKCOHOB M BhIBeZIeHHsI HOHOB Na * 13 akco-
HOB (pHc. 24-14). 3a cueT 3HepruM rUIpoIHM-
3a oqHOR Mosiekyssl ATP Tpu vona Na*
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Hanpagienne OBuXeHu s

noTeHlMana peicTBusn

[loTenuuas noxos

+60

+30
oM
= 0

-30

-6

Kparkospemennhiit
OBepllyT
Jennputhbl
Teno HepBHOI

KINeTKH

AKcox

BBIBOIATCS HAPYXY, a nBa Howa K nocty-
naroT BHYTpb akcoHa. Takoil amcOanaHc
JIEKTPHMECKHX 3aPSIOB CIYXKHT [IPUMHHOM
toro, yto Na*, K*-ATPa3za resepupyet
pa3HOCTb NOTEHIMAJIOB Ha MeMOpaHe akco-
HOB, NpH4YeM OOBMHO Hapy)Hasi CTOpOHa
MeMOpaHbl 3apsbke€Ha MOJIOKHTELHO.
Bbosuioe komuectso ATP B Mo3ry Hc-
NOJIL3YETCH [ CHHTE3a HelpoMeauaTo-
POB—BELUECTB, KOTOPBLIE MNEPENAOT WM-
TNyJIbCH € OJIHOTO HEHPOHA Ha JIPYToi Yepes

Puc. 24-15. A. Cxema cHHanca, Ha KOTOPO# MOKa-
3aHbl €10 OCHOBHHIE (DYHKLHOHANLHLIE KOMIIOHEH-
Th. MUTOXOHapKH Bbipabateipalor ATP, Heobxo-
IOMMBIi 1151 KOHLEHTpHPOBAHKA HelpoMenMaTopa
B CEKPETOPHBLIX BE3HKYJIAX, 3 TAKXE IHEPIHIO, HC-
nons syeMyto s 06paTHOrO BCACHLIBAHUA HEUpPO-
MeaMa1opa M3 CHHANTHYECKOH e, b. DnekTpoH-
Hast MukpodoTorpadmus. Ha KOTOPOH BUIHO BHCBO-
60X neHKE HEHPOMEIMATOPOB K3 CEKPETOPHbLIX BE-
3MKYJl B HEPBHO-MBILUEYHOE COENWHEHHE.

CunanTiyeckan
wesbt

Jenace
seklpomcinaropa
Peunentopts

) Helipomennaropa
A
‘%

i\

OvnanThueckue
Ny3bPLK

—>
Hanpagenenne nepenaw
MMIYAbCA

MuTOXOHAPH &

TMpecuhanTiueckoe
OKOHYRHIE

TMocTcunanTueckoe
OKOFYANLET

Hanpabnenne [BYXEHN |
noTeHlmana AelcTpu s

TocTeuuanTh yeckue
OKOHYaHn sl chefyotlel
Hepero it KAeTKu

HepBHble OKOHYaHKA
( npecHHANTHYECKHE)

Cunanc

Puc. 24-14. Heiipon w noteruman peficrsus. Io-
CTYNaloWME Ha NEHAPWTBI MMIYIbCHl NEPENAOTCs
BAOJIb AKCOHA K CNEAYIoLEMY Heipony. IToTen-
IMan noxos obbuKo pasen —~60 MB (oTpunaTens-
HElii 3apfill—HA BHYTPEHHEN CTOPOHE MEMGpaHbI)
M3menenve 3HaKa 3apsa NPOHCXOIUT BCNELCTBHE
6bicTporo Toka Honos Na* M3 BHEKNETOUHOrO
NpOCTPaHCTBa BHYTPb KJIETKH, O0YCNOBIEHHOIO
u3bupaTeIbHHIM OTKpbITHEM Na*-Kkanasos. Boc-
CTAHOBNEHHE NOTEHUMANa NOKOA obecnevrpaercs
neiicteueM Na*, K *-TpaHcnoprupyroweit ATPa-
3bl, JIOKAJIM30BAHHOM B MeMOpaHe akcOHA.

CHMHanChl, T. €. 4epe3 y4aCTKH KOHTaKTa Me-
XAy INOCJIENOBATE/IbHO PaclOJIOKeHHBIMH
HEpBHBIMM KJIeTKamH. Mi3BecTHO 6GoubImioe
YHCJIO KaK HEWpoMEOnaTopoB, Tak U Be-
LeCTB, HHIHOHMPYIOUWMX NEpeaady HUMITYJIb-
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COB; KQXJI0€ U3 HUX CNEUN(UIHO B OTHOILIE-
HMM TOTO MJIM MHOI'O THNA HEHPOHOB JMGO
ONpeJIeJIeHHbIX y4acTROB Mo3ra. K umciy
TaKUX BEILIECTB OTHOCATCA zaymamam, 2ay-
MAMUH, acnapmam, 2AuyuH u y-aMunobymu-
pam.. B KadecTee HelipoMenuaTopoB JmbO
UHTHOGHTOPOB  MOTYT  (PYHKIIMOHHUPOBATH
TPOU3BOAHEIC APYTMX AMHHOKHCIIOT, 8 Tak-
€ HEKOTOPBLIE NENTUABI U ayemuaxoaul.
HefipomenuaTopsl HakalUTMBalOTCA B clle-
LHabHBIX Be3WKyJax (ny3bippkax) B Ipe-
CUHANTHYECKNX HEPBHBIX OKOHYAHHUSX (pHC.
24-15). B oTBeT Ha NOTeHUMasy AelcTBHs,
BO3HHKILWIA Ha MeMmOpaHe akcoHa, comep-
JHMMOE OTAENLHBIX Iy3bIPDLKOB U3JIMBAETCH
B CHHANITHYECKYIO LIE/b M CBA3BIBACTCH CO
cnelnQIiECKHMH PElENTOPHBIMHI yYACTKA-
MH B YYBCTBHTEJIbHOM OKOHYAaHHMH IOCT-
CHHANTHYECKOIo HEHPOHA, TEM CAMBIM CTH-
MyJIUpyss €ro K jajbHeliueil nepenaqe
nmmyibea. [Tocre cTuMysisunn nmocTcuHan-
THYECKOTO  HElpoHAa  BbICBOOOXKIEHHBIH
B CHMHANTHYECKYIO WIE/b HeilpoMeanaTop
nosokeH 6BITL TG0 GBICTPO paspylieH dep-
MeEHTaMK, Jubo peabcopbupoBan B mpe-
CHHANTHYECKOE HEPBHOE OKOHYaHMUE, WHAYE
cuHanc He 6ynet cnocobeH k npoBeeHHIO
CleAyrOLEro nMiysbca. depMeHTaTUBHAS
MHAKTHUBallMs HEHpoMeauaTopa aleTUIIXO-
JMHA OCYILIECTBJIIETCA B CUHAIITUYECKOM
IIEJIH € TOMOILBIO ayemuaxXoAUHICMePa3hl,
THOPOITH3YIOLER 3TOT MeAATOp IO aleTa-
Ta M cBobogHoro xosmmHa (pasn. 9.12).

24.10. 2Knposoii TkanH npHcyil
aKTHBHBIE 00MeH BelllecTB

JKvpoBasi TkaHb, COCTOSLLAS H3 KHPOBBIX
KJIETOK, WJHM adunoyumos (puc. 24-16),
amopdHa U pacnpocTpaHeHa Mo BCEMY Op-
TaHU3MY: OHa MMEETCA Noa KOoxeif, BOKpyr
riTybOKO pacnoNoXEHHBIX KPOBEHOCHBIX CO-
cynioB, B 6promunoit nojoctu. O6LLEE KOJIH-
49eCTBO XXUPOBOH TKAHH y B3pOCJIOTO MOJIO-
JIOTO MYXUYUHBI CPEHETO Beca COCTABJIAET
okoJio 20 Kr, T.e. NoYTH PaBHO OOLUEH MBbI-
wiesHol macce. [IpumepHo 659 Beca xupo-
BOH TKaHU MPHXOOMTCA HA [AOJHO OTJIO-
MEHHBIX B 3aNac TPHALMNTJMIIEpOIOB. XOTH
KNPOBasi TKAHB KAXXETCH HA NEPBbIi B3I
MHEPTHOM, ONHAKO B NEHCTBUTE/ILHOCTH OHA
obJlafaeT oYueHb BHICOKOM MeTaboyecKok
aKTHBHOCTBIO. Tak, HpoBas TkaHb OBICTPO

20 MKM

Puc. 24-16. ®ororpads KIETOK KKpOBOil TKaHM
(aIMNOLM TOB), NOJIY4EHHAS NP NOMOILM CKaHu-
PYIOLLEro 3NEKTPOHHOIO MUKPOCKONA. AIWNOLMTH!
OKPpYXEHbl B XXHPOBOIl TKany NoepxHBaroLeit
CETBIO, COCTOALIEH M3 KPOBEHOCHBIX KaNKINAPOB K
KOJIATEHOBBIX BOJIOKOH. AMTIONMTHI 3aM0OTHEHbI
KanenbKkaMM *¥Mpa, aKTUBHO yHacCTBYIOILEro B 06-
MEHE BELIECTB.

pearupyer Ha MeTaboOJIMECKHE U TopMo-
HAJIbHBIE CTUMYJIBI H NPUHUMAET Y4acTHE
B TOM aKTHBHOM B3aUMOIEHCTBHY, KOTOPOE
CYLIECTBYET MEXY IEYEHBIO, CKEJIETHBIMA
MBIIIIAMH H CEPOLEM.

Tak »xe xak B KJETKax APYIHUX THIOB,
B KJIETKax J>XHPOBOIl TKaHM (aJMMOLMTaX)
aKTHBHO MJCT I'JIMKOJIM3, B LIMKJIE JIMMOH-
HOM  KHCJIOTHI  OKHCJIIOTCA  TNHUPYyBaT
M KHMPHBIE KHCJIOTH H NPOTEKAET OKHCIH-
TespHoe (ochoprmmposanre. Ilpuy o6nb-
HOM TOCTYIJICHHH YTJIEBOAOB B OPraHU3M
IMOKOo3a B )XHUPOBOH TKAaHH MpeBpallaeTcs
B JKHUPHBIC KHCJIOTHI Y€pe3 MPOMEXyTO4HOE
o6pazosanue nupyBata H aueTui-CoA;
XHPHBIC KHCJIOTHI HAYT Ha oOpa3oBaHue
TPHAUMJITJTHUCPOJIOB, KOTODBIC HAKallH-
BalOTCA B BHJE COJILILIMX XHPOBBIX IJIOOYI
(puc. 24-16). B aTOoM npoliecce NpeBpallcHUs
IOKO3bl B XXHPBl BOCCTAHOBHUTEJIEM CITy-
*UT NADPH., xoTtopelii reHepupyercs
B nento3odochaTHOM WHKIIE, a TaKKe
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s10710uHBIM (pepMeHTOM (MayaTaerdapore-
Hasoif; pasa. 21.5€).

AIUNOUUTH! AKTUBHO HAKAIUIMBAIOT TaK-
e TPHALLUITJHMLEPOJIbI, TNIOCTYNAIOLME U3
JKeJyJOYHO-KHILEYHOTO TPaKTa B BUME XH-
JIOMUKPOHOB (pa3a. 12.8 u 24.1,8), ocobeHBO
fiocNie NMpHEMA XHPHOH muum. XHIoMu-
KPOHBL, JOCTHUTAIOLRE J>XHUPOBON TKaHH,
NOABEPraroTcs AefiCTBHIO JIMIONPOTEHH IH-
nas3pl, JIOKAJM30BAHHOH B KJETKax KpoBe-
HOCHBIX KaMWJLIAPOB. DTOT (YepMEHT OTIHEe-
TUIAET OAHY HJIM HECKOJILKO XKHPHEIX KHCIIOT
OT TPHALITJHMLUEPOJIOB B XAJIOMUKPOHAX.
Briceo6oxaeHHbIE  JIMNONPOTEHHIMNA30M
XHPHBIE KHCJIOTH TOIJIOINANOTCA OATeEe
KJIETKAMU XXHPOBOH TKaHH, rae ¢epMeHTa-
THBHBIM IIyTeM IpeBpalLaroTcs B TPHAIMI-
[JHLEPOJbl U TakiM 00pa3oM OTKJIaObl-
pafoTcs B 3anac. OQHaKo XHpHbIE KHCIIOTh,
BBICBOGOXKIEHHbIE  JIMIONMPOTEMHIIUNIA30%
B KaMWUIPax CKeJETHLIX MBIIII B Cepua,
CIyXaT 3THM OpraHaM TOIUIHBOM H OKHC-
JUBOTCA B HHMX. Tepsil TpHAIMUIIIMLEPOJIH]
[0 Mepe MX pacillenyIeHUs JIMIONPOTEHHIH-
na3oi, XHJIOMHKPOHEI KPOBH yMEHBILAIOTCS
B pa3Mepax, HO B HUX COXpaHATcs docdo-
JIMIH L], 3¢HUPBL X0JIECTEPONA M OeNKH. ITH
OCTATOYHbIE CTPYKTYPHI—OCTATKH XHJIOMH-
KPOHOB—BBIBOIATCS U3 KPOBSIHOTO pyclia,
MOCTynas B fedeHb. TpHALMITIMIEPOJITIBL
HAKOTUIEHHBIE B KJIETKAX )HPOBOH TKaHM, HE
MOABEPraroTCs ACHCTBHIO JIMIIOMPOTEUHIH-
naspl, JOKAJM30BaHHON B KJIETKax KpOBe-
HOCHBIX KaIlMJUIApOB, HO OHHM THIPOJIH-
3yFOTCS TIOJ JefiCTBUEM BHYTPHKJIETOYHBIX
JMmas: BbicBOGOXOaroumecs NpH 3ITOM
XKHPHBIE KHCJIOTEI MOIYT JaJiee MOCTYNaTh
B KPOBb, I/I€ CBA3LIBAIOTCSA CHIBOPOTOYHBIM
am0yMHHOM.

Kaxpaast Mosekyna CbIBOPOTOYHOTO aJlb-
6ymiHa cnocoGHA OYeHb IPOYHO CBA3ATh
JBE MOJIEKY.JIBl OJIHHHOLIENIOYEYHO# KU pHOI
KHCIIOTHl ¥ MEHee NPOYHO —ellle OfHY WM
JABe MOJIEKYJIbL. JIOCKONBKY CHIBOPOTOYHbIH
amOyMUH HaxoAMTCs B IIA3Me KPOBH
B OYEHb BBLICOKOH KOHLEHTpAlUH, OH CIIy-
XHT OCHOBHBIM IEPEHOCYHKOM JKHPHBIX
KHCIIOT B XpoBU. B cBsisanHoil ¢ am-GymMu-
HOM (popMe XKHPHEIE KHCIIOTEL JIOCTABJIAIOT-
Cfl B CKEJIETHBIE MBIIIIE! M cepALE, i€ B OC-
HOBHOM H HCNOJIb3YIOTCH.

CxopocTb BHICBOOOKACHNS HPHBIX KHC-
JIOT U3 4IAIIOLIMTOB Pe3KOo BO3PACTAET MO

BJISTHUEM I'OpMOHa adpenaua (I 25), ko-
TOpBIHA CBA3LIBAETCA ¢ PELIENTOPAMM Ha MO-
BEPXHOCTH KJIETOK M CIIOCOOCTBYET MpeBpa-
IUEHHIO HEaKTHBHON (opMrbl JHMmasbl agu-
MOUMTOB B aKTHBHYIO OCPEACTBOM (ocho-
pwmipoBaHug. Cps3biBaHHE HHCYJMHA HA
NOBEPXHOCTH JXUPOBBIX KJIETOK CHHMAET
3bdeKT ampeHaldHa M NOHHXaeT AKTHB-
HOCTh JiMna3bl aJuNOLHTOB.

BerpeuaroTcsi cilyyan reHeTHMecKOd He-
JOCTATOYHOCTH JIMNONPOTEHHJTUIIA 3B
¥V GoJbHBIX ¢ TAKO# HEIOCTATOYHOCTHIO MO-
cJie pHeMa XKHPHOH MMIM XWJIOMHWKPOHbI
OCTalOTCS B KPOBSIHOM pycle B Te4eHHe
JUNTeJIbHOTO  Nepuopa. 1 pHaluirimne-
POJIbl, KOTOPbie HE MOIYT MCNOMb30BATHCS
JIOJDKHBIM OOpa3oM H3-3a HEeAOCTaTKa JIH-
MONPOTEHHIMNA3bl, OTKIAABIBAIOTCH B BUAE
KeNThIX, HANOJIHEHHBIX JIMIMAAMH YTOJIIE-
Huit noa koxel. ITpn reneruveckux gedex-
Tax Apyrux THIOB HapyluaeTcs 0OMeH Toro
HJIM HHOTO BHOA JIMIONMPOTEMHOB IJIA3MBbL.
Co3spaeTcs BIEYATIIEHUE, YTO ATEPOCKIEPO3
M vH(QApKT MHOKapaa yaue ObiBaeT y Jmo-
neil ¢ H3OLI TOMHBIM CONEPXKaHUEeM TPHAITIIT-
[JIALEPOJIOB B KPOBH.

V yenopeka, Tak Xe Kak H Y MHOTHX XH-
BOTHBIX, 0COGEHHO TeX, KOTOpbie BNANAIOT
B CISYKY, MMEETCH CneuHaJM3HpOBaHHLIA
THI XUPOBOH TKAHH, HA3BIBaEMBIil OypbIM
XHpoM (prC. 24-17). Hamrise Takoit TKaHM
0cOGEHHO XapakTepHO IJI1 HOBOPOX-
JEHHBIX, Y KOTODBIX OHA panoiaraercs Ha
1iee, B BepxHeii yacTH rpyau M cimseL et
6yporo xHpa OOYyCIOBJIEH TPUCYTCTBHEM
6OMBILIOTO YKCJIA MUTOXOHAPHI, GOraThiX
uuToxpomamu (pasn. 17.17). Bypeiit xup
CreLMaJM3HpoBaH JAJiA BHIpaboOTKM Terwna,
a He ATP npu OKHCJICHMH XXHPHBIX KHCJIOT.
BryTpeHHue MemOpaHBl  MHTOXOHIAPHI
B Oypoit KHPOBOIl TKaHH COZEPXaT Crefu-
(reckre NOphl, Yepe3 KOTOpblE OCylecT-
pisieTcs nepesoc uonos H T, npuuem ux
cnocobHocTs MepeHocuTs MoHbl H ™ pery-
nupyetcs. Yepes a1 nopst HoHel H* | BuI-
KayuBaeMble ¥3 MHTOXOHAPHH BO Bpems
TpaHCOOPTA 3JIeKTPOoHOB (pa3a. 17.15e), Mo-
IYT BO3BPAIATLCS B JBILIALME MITOXOH-
IpuH; B WTOre Habmogaercs «XoJocTas
mvpKyJianus wonos H* u smecto obpaso-
paHnsg ATP npoucxonumT BhiielieHHe 3HEP-
ruM B BHOe Teruia (pasn. 17.17). Ecom op-
raiusM He HyknaaeTcs B Temne, o H*-
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Puc. 24-17. Jlokamaaums Gyporo xupa (NokasaH
KPAacHbIM LIBETOM) B 06AaCTH LUEK M COMHLI Y
B3POCJIOTO 4eNOBeKa.

MOPBI 3aKpPLIBAYOTCA W MHUTOXOHApUHM Oy-

polt XHWpoBO#i TKaHH BHOBb 0Opa3ylOT
ATP.

24.11. Tlouku ucnoaw3yror ATP
NS BBINOJHEHHS OCMOTHYECKO#
paboThl

IMToukn xapakTepu3yroTCs O4YEHb HHTEH-
CHBHBIM JIBIXATEJLHBIM  MeTabosmsMoM
M 3HAYMTENbHOH IHOKOoCcTbIO OOMEHa Be-
wecTB. B kxadecTBe KJIETOYHOTO TOIIHBA
OHHM MOTYT HCIOJIb30BaTk IJIHOKO3Y, KeTo-
HOBBIE TeJla, CBOOOIHbIE KHPHBIE KHCIIOTHI
M aMHHOKMCJIOTHI, pacllemisis 314 cy6-
CTpaThl B KOHEYHOM MTOTE B IHKJIe JIAMOH-
HOH KHCJIOTHI ¢ nocheyiolled HapaGoTroH
ATP B xone okucrmutemHOTO (hochoprIH-
poBanms. Bombluas wacte 3neprum ATP
pacxoayeTcs Ha oOpa3’oBaHHE MOYH, KOTO-
poe uneT B Apa stana. Ha nepsoM 3tane
MPOUCXOANT (PUILTPALHsA IUIA3MbI KPOBH
Yepe3 MHKPOCKOMUHMECKHE CTPYKTYDBI, Ha-
3BIBAEMBIE KAYDOUKamu, WIH 2a0Mepyiamu,
KOTOpBIE PpACIOJIOKEHB! B KOPKOBOM Ha-
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pyxHOoM cnoe movek (puc. 24-18). Uepes
[IOMEPYJIbI MPOXOAAT BCE KOMIIOHEHTBI
TUIa3sMbl KpOBHM, 38 MCKIoyeHHeM GenkoB
M uX JmraHgoB. OuibTpar mnonanaeT
B JIIMHHBIE TPOTOKH — MOYEYHble KaHANLLA,
BBICTJIAHHBIE 3MUTENMAJIBHBIMA KJIETKAMY,
ocymecTesroumMy  ATP-3aBrcuMblil  ak-
TUBHLIA TPAHCNIOPT OINPEOEJICHHBIX MOHOB
U MeTabOJIMTOB M3 COAEPXMMOro KaHallb-
LIEB B KPOBb OKPYXaIOLIMX MX KalHJUIAPOB.
ITo Mepe Toro xax GUIBTPAT MiasMbl Mpo-
XOMHUT BHH3 IO MOYEYHBIM KaHALIIAM, IPo-
HcxoauT oOpaTHOe BcackiBanue (peabcopd-
LIMST) BOMbI B KPOBb KANUILIAPOB, OKPYyXaro-
X kaHaJbua. B utore no Mepe npoasuxe-
HMS 110 KaHATLLAM [JIOMEPYIIApHBIA OHIb-
TpaT KOHLEHTPHPYETCS ¥ ONHOBPEMEHHO
MeHsieTcs ero coctas. Kaxnaplii MuummTp
TrOTOBON MOYH, MOCTYMAaKLE# B MOYEBO
ny3sipb, 0Opa3syercs u3 50-100 mn riome-
pynapuoro ¢umbrpata. I'opMon 3anneit
JoJd runogusa BasomnpeccuH (L. 25) ycko-
pseT peaGcopOiMio BOABI M3 KaHAJBLEB.
CocTaB Mouu 30pOBOTO 4EJIOBEKa IMpHBe-
ned B Tabn. 24-2.

HexoTopble KOMIIOHEHTBI, B YaCTHOCTH
[JIIOKO33a, B HOPME CONEpXatcs B Moue
B MEHbIUE KOHLEHTpalliM, 4YeM B KPOBH.
3To OODBACHAETCH TEM, HYTO OTHOCHAIUMECH
K 3TOH TpyIIe BEIECTBA MOABEpPratoTCs
obpaTHOMY BcaChIBAaHHMIO M3 IJIOMepyJisp-
HOro (QHIIbTpaTa B KPOBb NPOTUB I'pajHeH-
Ta KOHIEHTpauuM Onarolaps pneficTBHIO
ATP-3aBucHMbBIX  cHCTEM MeMOpaHHOTO
TpaHCnopTa. Bropas rpynmna KOMIOHEHTOB,
prnodaromas ol NH7, K* u ¢docdar,
CONEPXKHTCS B MOYe B OTHOCHTEILHO BHI-
COKOHl KOHLeHTPauMH [0 CpAaBHEHHIO
C KpDOBBIO; 3TH KOMIIOHEHTHI AKTHBHO
TPAHCHIOPTHPYIOTCS U3 KPOBH B MOYEYHBIE
KaHaJbla TAKXe MPOTHB IPajHMeHTa KOH-
LIEHTpalMH. BemiecTBa TpeTbel IpyImbl,
BKJIFOYAIOHLIER MOuesuny H KpeamunuH —Ko-
HeuHbIf mpomykT pacnaga ¢ocdoxpea-
THHa,—HEe TIOABEPraloTcs peabcopOLumy,
M MX KOHIICHTpALIUs B MOY€ BO3pACTAET Mo
Mepe €€ MPOXOXKIEHHS N0 IOYeYHBIM Ka-
HaybnaM. OcoOblit cityyalt npeacTaBisIOT
vonsl Na . D1y HoHBl peabcopbupyroTes
TyTeM aKTHBHOTO TPAHCIIOPTa H3 IJIOMEpY-
JIApHOTO PWILTPATa B KPOBbL B BepxHeil ga-
CTH KaHaJbLEB, OJHAKO B MOCIEAYHOLIEM
4acTb HOHOB HATpHA ONATH MoCTylaeT
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Hamnouewmxn

KopkoBoe
BEUIECTBO NOUKK

Iloyeunas
NoXaHKa

MouencnyckaTeabubifi
Kauan

B MOYy B pe3yJIbTaTe BTOPHYHOIO OOMeEHa
Ha Jpyrde KaTHOHBL

Tpancnioptr uonos Nat u K* wurpaer
0co60 BaXHYIO POJIb B IOYKAX, TIOCKOIIBKY
HMECHHO NIOYKH TOAIEPKUBAIOT Tpebyemble
KOHIIEHTPALMK 3TUX JKH3HEHHO HEOOXO-
JMMBIX K4aTHOHOB B OPraHM3Me [yTEM CO-
xpaHenus HOHOB Na * ¥ BhLIeNeHUS HOHOB
K *. [MpakTHYecKd Bce KJIETKH MJEKOIIH-
Taloumx comepxat nousl K+ B oTHOCH-
TENLHO BLICOKOM KOHLEHTDALMH, a HMOHBI
Na™* B oTHOCHMTETHO HM3KOH. B To xe
BpeMs B ILUIa3ME KPOBH M B GOJILINMHCTBE
JPYTHX BHEKJIETOYHBIX XHIKOCTEN KOMIIEH-
Tpaumsi HOHOB Na ' 3HAUMTENLHO NpeBbi-
LIacT KoMueHTpaumio HonoB K™*  (pwuc.
24-19). B nnasmatudeckoit MeM6pare 6oJib-
LIMHCTBA KJIeTOK comepxutca Nat, K *-
ATPa3za (pa3n. 14.16), koTopasi NEpEHOCUT
vonsl K* BHYTpb KJIETKH ¥ OTHOBPEMEHHO
BBIBOIMT HOHEI Na * Hapyxy. 3TOT 3Hepro-
3aBUCHMBIH MPOLIECC CONPSDKEH ¢ THAPOJIHU-
30M Haxognswedca B nuroldosie ATP Ha
ADP u docdat. Na*t, K*-ATPa3a kjieTok
NOYEYHbIX KaHAJLLEB obecneunBacT no-

Tpokcumanbubili
Kanafew
IpgepenThas Boymenonu Jcrasbupi
aprepHona  yuncysa ‘ / Wanasen

CobupareabHas _X,

TpyGouka
b

Puc. 24-18. A. Touku coaepxaTt 60ONbWOE YHCIO
(YHKUMOHAJILHEIX €AMHHLI, Ha3blBaeMbIX HedpOHa-
MH. Moua u3 OTAesnbHBIX HepOHOB NONajaeT B
NOYEHHYIO NIOXaHKY ¥ fafiee NO MOYETOUHHKAM
noCTynaeT B Mo4eBoi nyasipb. b. CxeMaTHueckoe
u306paxeHue HedpoHa. MNnasMa Kposu PunbTpy-
eTcs ueped ki1yboukH (rnomepyel). QuabTpaT No-
nazaeT B 60yMenOBy Kancyjly H 3aTeM TEHeT BHH3
no ANMHHOMY NOY€YHOMY KaHa/blly, BLICTIAHHOMY
INMTENHambHLIMK KiieTkaMi. Mova B kaHansne
MOCTENEHHO KOHLEHTPHPYETCH NMyTeM yaaseuHs
BOIbl B OKPYXaXOILHE €r0 KPOBEHOCHBIE KANMIJIA-
per. Psia BemecTs, HanpHMep I1oko3a, noasepra-
eT1cqd 0OpaTHOMY BCACHIBAHKIO B KPOBb, TOTAA KaK
Zpyrvie BBLIENSIOTCA B MOMY, NpHuem B 0OOHX
clry4asix NEPEHOC BELIECTB MAET NPOTHB I'panMeHTa
KOHIEHTpalMK. DT NPOLECCHl aKTHBHOTO TPaHC-
nopra TpebyroT 6onbworo pacxoga ATP
KNETKaMH NOYEHHBIX KaHaAlIbLEB.

crosHHOe BhIBeneHHE MoHoB Kt B Mouy;
Npx 3TOM noTeps HoHoB Na* Hesnaum-
TeNbHa JaXKe B YCIIOBUSIX, KOT1a B OPraHH3M
noctynaeT odens Majio Na* (cM. Taxke DL
26).

Bnaropaps peiictemro  Nat, K*-
ATP-a3pl, a Takxke [pYyIMX 3HEpPro3aBH-
CHMBIX CHCTEM TPAaHCIOPTAa [STOKO3HI
M aMHHOKHUCJIOT 4€pe3 MeMbpaHy o6pa3oBa-
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Tabauya 24-2. OcHOBHBIE KOMIIOHEHTBI MOYM
yenonexa '

Npubnnsu-
TENbLHOE OTHO-

Komnonent T'paMMul LIEHHE KOHUEH-

3a 244 TpalHy B Moye

K KOHUEHTpa-
OHH B nNJaimMe

I'moko3a < 0,05 < 0,05

AMHHOKHC-

JIOTHI 0,80 1,0

AMmuak 0,80 100

MouyesuHa 25 70

Kpeatunun 1,5 70

Movuesas

KHCJIOT2 0,7 20

H* pH 58 Ho 300

Na* 3,0 1,0

K* 1,7 15

CaZt 0,2 5

Mg2*+ 0,15 2

Cl- 6,3 1,5

HPOZ~ 1,2r P 25

SOz~ 14r S 50

HCO3 0-3 0-2

! O6veM ¥ COCTAB CYyTOYHOW MOUM CHIBHO Me-
HSIOTCA B 3ABHCHMOCTH OT KONUYecTBa NOTpebreHHoi
KMIKOCTV M XapukTepa nurtanus. B Tabivwue npusenex
coctaB OOBMHOTO 06pa3dlla CyTOYHOW Mouu ObmmM
o6veMom 1200 mn.

Puc. 24-19. CpaBHeHHe 371€KTPONUTHOTO COCTaBa
nna3Mbl KPOBK, BHYTPHKIIETOYHOM XHAKOCTH U XKe-
JNynoYHoro coka. JIeBbie cTonbuKU B KaXaoi w3
nap xapakTepu3yloT KATHOHHKIA COCTAB, a Npa-
BbI€ — AHKOHHbIH. TEMHO-CEpbIE y4acTKH COOTBET-
CTBYIOT CYMME MMHOPHBIX KOMIIONEHTOB {T.€. Ka-
TVOHOB, COAEPXALLHMXCA B HESHAYNTENbHbIX KOJIK-
uectBax) ObpaTvTe BunMaHue Ha Gonbiuyio pas-
HHLY B conepxaHyH MoHos Na* ¥ K* mexay
NNa3Mol KPOBY ¥ BHY TPHKJIETOYHOW XMIAKOCTBIO.
T'paareHTH 3THX HOHOB NoanepxuBatoTcs Na b,
K*-ATPa30ii, conepxauleiicss B Na3mMaTHYE€CKHX
MemOpaHax MmoYTH BCEX KNETOK B OPraHu3Me.
AHanornuHbIM 06pa3oM CyEeCTBYET BHICOKHI Tpa-
nveHT HOHOB HY Mexny xXenyAouHEIM COKOM W
NNa3sMol KPOBH, W3 KOTOPO# obpasyercs xenyaoy-
HElI COK. TOT rpaJiMeHT BO3HWKaeT B pe3yJbraTe
neitcteus H™* -tpancnoprupytowneit ATPasul B 06-
KIIA/I0OYHBIX KNETKAX KeNyaKa.

MIKB/A

HME MOYH NPOUCXOAMT TaK, YTO BBIBOASTCH
Te BELIECTBA, KOHIEHTPALMIO KOTOPBIX
B KpOBH HYXKHO TOHU3HTb, B peabcopOu-
PYIOTCH M3 NOYEYHBIX KAHAIBUEB Te BELLE-
CTBa, KOTOpble HEOOXOMUMBI i NOIAEP-
*Kaumsi TpebyemMoro coctapa kposd. Ha i
NPOLECCH] AKTMBHOTO MEMOPAHHOTO TpaHC-
nopra pacxoayercs OosbIle Tpex 4eTBep-
Telt Toro xommectBa ATP, kotopoe rexe-
PHpPYETCs B NOMKAX B XOJIe OKUCJIHTEJILHOTO
(dochopumposanns.

24.12. Kposb MMeeT
04eHb CJ/IOKHBIH cocTas

Uepe3 KpoBbL OCYILIECTBJISETCH B3aUMO-
cBA3bL 06MEHa BElECTB pa3HbIX OPraHoB Te-
na. KpoBb nepeHOCHT NMTATE/LHBIE Bellie-
CTBa M3 TOHKOIO KMILEYHHKA B TEYCHb
U Apyrye Oprafbl, a oTpaboTaHHbIE IIUIAKH
TPAaHCNOPTHPYET B TOYKH [ NOCHEAYIO-~
LLIETO BbIBEAEHUA UX U3 opranu3ma. Kposb
JIOCTABJMIET TAKKE KHCIIOpOJA OT JIETKHUX
K TKaHaM 1 nepeHocuT CO,, 06pa3syrontyro-
cA B Ka4€CTBe KOHEYHOTO NMPOAYKTa JbIXa-
HUsl TKaHeW, B Jyierkue. Kpome Ttoro, rop-
MOHBI, QYHKLIMOHUPYIOUIHE KaK XHMH4ECKHe
nocpefHUKH (1. 25), TpaHCNOPTHPYIOTCS
KPOBBIO OT 3HIOKPHHHBIX XeJie3 K cnenudn-
HECKMM OpraHaM-MHUILEHAM., XUMWHCCKHH
€OCcTaB KPDOBH OYEHb CJIOXKECH, TaK KaK OHa
CONEPXKUT OOJIBLILIOE YHCIIO pa3HOO6pa3HbIX

BryTpstscTousaR
»uixocts,pH 7,2

Nuiima wponi,
pH 7.4

Reiynowbii cok,
pH 1,5
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Puc. 24-20. Cocras kposH. LlesbHy10 KpoBb pasae-
JIAIOT NyTeM HeHTPHYIMPOBAHASA Ha MIa3My H
knetku. Oxono 10%, nna3sMbl KPOBH NPHXOIHTCH
Ha OO PacTBOPEHHEIX B Hell TBepIEIX BEILECTB,
13 KOTOpRIX OKoJsio 70% cocTaBnsior Oenky nias-
MBI, OKOJIO 10%, ~HeOpranudeckse CONH ¥ OKOJIO
209, —HH3IKOMOJIEKY IAPHBIE OPraHUYeCKHe COenH-
Henns. OCHOBHBIE KOMITOHEHTB! kaknol u3 ¢pak-
mmil mpencTaBensl cripasa. KoJHYecTBeHNbIH coc-
TaB HEOPTraHUHECKMX KOMIIOHEMTOB I11a3MBl KPOBH
IpHBeNeH ya puc. 24-19, 6enxor mnasmei—-B Tabi.
24-3 u yebeIKOBBIX OpPrafM4ecKnX BELECTB—B
T1absn. 24-4. B nna3Me KpOBH CONEPXATCH Takke
JUIMOB B KOJMYECTBe Npubim3uTemsyo 700 Mr pa
100 M, KOTOpBIE CBA3aHKl C 0- B P-T106ynHHEAMH
(rabn. 24-3). Kposb COnepX’HT B MHOTHE OpPYTHE
COEHHEHMS, YACTO B CJIETOBEIX KOJIHYECTBAX; K HX
YHCITy OTHOCATCS NPOMEXYTOHHBIE [IPOAYKTHI Me-
Tab0JIM3ME, TOPMOHBI, BHTAMHHbI, MHKPO3JIEMEH-
Thl H KETuMble TArMenTH. MlaMepeHns koHueHTpa-
IHH OTAEJIbHEIX KOMIIOHEHTOB B IUIa3Me KPOBH
HIPaKOT BaXHYIO POJb B THATHOCTHKE 3a60/1eBa-
Hul 1 pabmonenntt 3a XOMOM JIeHEHHA.

NMTATEJIbHbIX BEILECTB, MPOMEXYTOYHBIX
MPOAYKTOB 0OMeHa, OTpabOTaHHBIX IUIa-
KOB M HEOPraHHYECKHX HOHOB, HO HMEHHO
3TO ¥ NO3BOJNAET €t KOOPAUHAPOBATL B3AH-
MopeficTBHe  mpolieccoB  MeTaboimsMa
B Pa3JIMYHbIX OpraHax W OOGbLeOMHATH HX
B €IMHYIO CHCTEMY.

O61beM KpoBH B KPOBEHOCHO#H cHCTeMe
B3pPOCITIOTO YeJI0BEKa COCTABIIAET MpUOmM3n-
TebHO  5-6 1. TloyTH mnosnoBHMHA 3TOrO
06beMa NIPUXOAMTCS Ha JOJIO 3PHTPOLTOB
(KpacHbIX KPOBSIHBIX KJIETOK), 3HAYHTEJILHO
MeHblIAs 4YacTb—HAa JOJIO JIHKOUMTOB
(6eJTBIX KpOBSIHBIX KJIETOK) ¥ TPOMOOILMTOB
(puc. 24-20). JKunkast 4acTb KpOBH, n1ad3md,
coctouT Ha 90%, u3 Bomb! 1 Ha 109 u3 pac-
TBOpeHHbIX BewlecTB. Cebilie 709, cyxoro

/TNaCl i
d
Y !guxapbona'rﬂu
s ybep
e QocdarHbilt Gydep
ﬁ/ CaCl,
4
BelllecTBa,, i ';gglclz
Heabuan pacTBOpenHble 7 Na SO
KPOBb B nla3Me KpoBy ,” | p S
/T Heopranu- o
/ yeckue Pt Iwoko3a
/| xomnonents | _.-” AMHHOKMCAOTbI
’ - Jlakrar
I/ Opranmyeckie Mupyear
/ IPOMEXyTOoY =~ KeroxoBhle Teda
/ Hble 1 Hyrpar
/ KOHeytbie MoueBira
/ ﬂpa%ﬂ)’KTb' MoueBas KucioTa
/
Mnasma H,0 Y Metdbomusme|
KPOBY /
/. OcHosuble 6enxn nnasmel
/ ChHBOPOTOUHE anb6ymun
/ Jlunonporemnnbl oyeHb Hu3Ko i
R ! MJIOTHOCTH
PacTBopeHHbie JlunonpoTen bl i3Ko# NA0THOCTH
| |eliecTBa JunonpoTentbl BbICOKOH HA0tHoCTH
\ MmmyHornoby mib
N dwnbpunoreu
AN Benky MpoTpombun ,
\\ nIa3MEL a TAKXEe CNelManM31poBantbie
\ TPaHCIOpTHbie Helky,
Kaerku LUMT I \ PEHOCHLNM Xkele30
AN OfHM TOJbKO MMMYHOT 100 yiug bi
\ BCTpevRioTcs B Bylle COTCH
N pasarutoro Tuna 6enkos
\
JlefikommTri \
AY
i TpOMﬁOLIMTbI‘\\
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Tabauya 24-3. OchoBEblE dpakiuu 6e1KoB nasMbr

Benox Konuectso, Mon. macca Qynkuns
mr/100 mn

CrIBOpOTOYHBII! 3500-4500 66 000 Perynsumns obvema KpoBH;

anb6yMHuH TPaHCIOPT JKMPHBIX KHC-
not

oy -TnoGynueel 300-600 40000-60 000 Tpascnopr Junuaos, TH-
POKCHHa, TrOpPMOHOB
KOpbl HaNOYeYHHKOB

tp-FnoGynune: 400-900 100 000-400 000 Tpawcnopr nunuaos, Meau

B-I'no6ynuuel 600-1 100 110 000-120 000 Tpaucnopr nununos, xe-
ne3a, reMoB, MMMyMWHas
aKTMBHOCTL (aHTHTENa)

Y-I'no6ynnabt 700-1500 150 000-200 000 Boneiuas vacte UMpKymn-
PYIOLLMX aHTMTEIN

Oubpusorexn 3000 340000 IMpemnectBernuk Gubpuna
KPOBSIHBIX CryCTKOB

IMpoTpoMGux 100 65 000 IMpemnecTseBHuk  TpoMEG-

HHa, HeoOxoauMoro s
CBEPTHIBAHNA KpOBM

! Obwee conepxanue Genkos miasmei—7000-7500 mr/100 M. B nnasme KpOBH OGHapyxXuBaeTcs 60/1b~
woe pa3Hoobpadue GenkoB; B Tabnyue NpHBENEHb! JHLIL OCHOBHMBIE MX KIacchl.

OoCTaTKa Ma3Mbl COCTABJIAKOT  Beaku
naai3mvi (tabi 24-3). [pubmisutemHo 209,
MIPUXOOMTCS Ha JOJIO OPraHUYecKHX Tpo-
MEXYTOYHBIX MMPOJIYKTOB 0OMeHa (MeTabo-
JIMTOB), TPAHCIIOPTHPYEMBIX OT OOHMX Op-
raHoB K APYTHM, H Ha KOHEYHBIE NPOAYKTHI
oOMeHa —MOYEBAHY H MOYEBYIO KHCIIOTY,
KOTOpEI€, IONaias B IIOYKH, BBUIEJISIOTCS U3
opranM3ma ¢ Mouolt (tabn.  24-4).
Octaymaeie 10%, cyxoro ocratka Tia3mbl
COCTaBJIIOT HeOpraneckue cosm. Ha puc.
24-20 miepedyHCSICHBl OCHOBHBLIC BELLECTBA,
pacTBOpEHHEIE B [U1a3Me KPOBHM 4€JIOBEKa.

B HOpMaJbHBIX yCJTOBHSIX KOHLIIEHTpaLHH
psAna KOMIIOHEHTOB B KPOBY MOIYT KOJIe-
6aTbCcs B ONPENENICHHBIX Npepesiax B 3aBH-
CHMOCTH OT XapakTepa NMTaHHs, @ TAKKE OT
TOTO, B KakOif MOMEHT BpeMEHH B3fiTa
KPOBb [OJI aHanM3a. Tak, KOHIIEHTpauus
[JROKO3bl B KPOBH OOCTHIae€T MaKCHMyMa
cpasy Xe Iocne €bl, 0COGEHHO €CJH NuILa
6nina Gorata yrieBomamu, a CHycTs He-
CKOJILKO YacOB 3TOT TOKA3aTejlb MOXET
OblTh HIDKe cpeHETO ypoBHA. AHaJO-
MYHEIM 00pa3oM, KOHIICHTPALMs XHIIOMH-
KPOHOB B KPOBH NOABEpKeEHA kOJiebaHsIM
B IPOMEKYTKaX Mexay NpueMaMy MHIIDL

CopepxaHue OTHENbHbIX KOMIIOHEHTOB
B IJIa3Me KPOBH NOLNACPKHUBAETCA HAa OT-
HOCUTEJIbHO MOCTOSHHOM YpPOBHE ¢ MO-
MOILLBIO Pa3/MYHBIX PErYISTOPHBIX CHCTEM
(rn. 25).

Tabauya 24-4. KoBUEHTpalMK OCHOBHBIX Hebe-
KOBBIX OpPTaHHMYECKMX KOMIIOHEHTOB I1a3Mbl
KpPOBH

Komnonest I'paspuel  koneba-
HuH B HOpMe,
Mr/100 ma
AsoTtconepxkaiune  Bele-
cTBa
Mouesuna 20-30
AMMHOKNCIOTBI 35-65
MoueBas kucioTa 2-6
Kpearnnud 1-2
Vrnesonst
Trokosa 70-90
Opykro3a 6-8
Oprasnyeckre KHCI0Thl
KeToHOBBIE TENA 14
JlakTar 817
IMupysat 04-2,5
Iurpar 1,530
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KommorenT I'pasmubl  koneba-
wuit B HOpMe,
Mr/100 ma
Jlnnuasr (MOJIHOCTBIO CBS~
3aHHbBlE ¢ Genkamu-—o-
U B-rnobymiAamu)
OO6Luee KOJHYECTBO 300-700
JIUNUIOB
Tprauunrnuueposns 80-240
Xonectepos u ero 3du-
pbI 130-260
Gochonununsl 160-300

24.13. KpoBb nepeHocHt
OosblmMe 00beMBI KHCJIOpOaa

HopMaspHelH B3IPOCIBIA MyXYHHA B €O-
CTOSIHMH TMOJIHOT O TIOKOS NOTpebIiseT OKOJIO
375 n yKcTOrO KHCNOpoja B CYyTKH, YTO 3K-
BHBAJIEHTHO KOJIMYECTBY KHCIIO POZIA, COnEP-
wameMycs B 1900 1 Boznyxa. Ilpu cuasyeit
pabote nmoTpeGHOCTL B KHCIOpOAE BO3pa-
CTaeT MO KpaiiHeil Mepe BaBoe. Y TpEeHHMPO-
BAHHOTO CIIOPTCMEHA BO BPEMS COpPEBHOBa-
HUll no Oery MJIM IUIABAHHIO CKOPOCTH
noTpebeHHsl KUCJIOpOoaa MpPeBBILIacT ypo-
BeHb TOKOsi uHorma B 10 pa3. B tabn. 24-5

Tabauya 24-5. Tlorpebnene Kuciopona (B oT-
HOCHTENBHbIX BEJIMYMHAX) OCHOBHBLIMHM OpraHa-
MH Tena 4YenoBeka (B3pOCIOro MyX4MHbI)

Toxoli Jlerkas Traxke-
duan- nas
veckas duan-
pabora YecKas

pabora

Ckenerubie Mb- 0,30 2,05 695
LII{BI

Oprasbr 025 024 0,24
OprowiHoi

NOJIOCTH

Cepnue 0,11 0,23 0,40
Touku 0,07 0,06 0,07
Mosr 0,20 0,20 0,20
Koxa 0,02 0,06 0,08
IMpouue 0,05 0,06 0,06
Hroro 1,00 290 8,00

YACTH 1. HEKOTOPBIE ACTTIEKTBEl BUOXUMHUH YEJIOBEKA

TIpUBESEHHl OTHOCUTEJILHEIE KOJMYECTBA
KHCJIOpOAa, NOTpebseMble OCHOBHBIMY Op-
raHaMM TeJa B3poCJoro YeJioBeKa B COCTOS-
HMN TOKOS M mpd O6oJsbluo¥ MBILIEYHOM
Harpy3ke.

Kak mui yxe supesm (pa3a. 8.12 1 pasee),
6oJIb11Ias YACTh KUCIIOPOa NEPEHOCUTCS Te-
MOTJIOOHHOM 3pUTPOLMTOB., JTH KJIETKH
06pa3yroT BaXHERIIYIO «TKAHLY TEJIA YEJIO-
BEKa, MOCKOJIbKY MX obumit 06Be¢M cocTa-
BJISET 3 J1 (Y B3POCJIOTO MYX4HHBI), a 06-
nmii Bec TMOYTH paBeH Becy IICYCHH.
APUTPOLUTH TPEACTaBIAIOT cO0OH OYeHb
MENIKUE JAETEHEPATHBHLIC KJIETKH, JIH-
UIeHHEIE fiIpa, MUTOXOHNPHIT W HHEbLIX BHY-
TPUMKJIETOYHBIX opraHesul. B mx cobctBeH-
HOM OOMEHE KHCJIOpOI HE HCHOJb3yeTcs.
OTHOCHTEJILHO HEDOJIbIIIOE KOJIMYECTBO He-
obxonuMoro UM ATP BuipabGateiBaeTcs
B XOfe IJIMKOJIMTHYECKOTO TpeBpalllcHUs
[JIFOKO35], TIOCTYNAOLIEH U3 KPOBH, B JIAK-
Tat. OcHoBHasg (QYHKUMS 3PHUTPONHTOB—
TpaHcnopt O, U3 JIETKHX B TKAHU M Y9aCTHE
B TpaHcniopte CO, 13 TKanell B JieTKue. 35%
MAacCChl 3PUTPOLMTA IPUXOMHUTCS HA TeMO-
rno6bun, koTopsii cocrasnser 90%, obiero
xoJmuecTna 6elka, conepxallerocs B KJET-
Ke.

24.14. I'emorio0HH —
NEPEHOCUHK KHCIopoaa

TeMorno6us COCTOMT M3 ABYX O~ M ABYX
B-nOJMNENTHAIHEIX Lenel M uyeThipex re-
MOBBIX ['PYIIL, KaX/J1as U3 KOTOPBIX IIPHUCOE-
IWHEHa K NMOJMNenTHAHOH uemw (pa3a. 8.9,
8.10). Ogsa remMoBas rpymnna O6paTHMO
CBS3LIBAET OJHY MOJIEKYJTY MOJIEKYJIIPHOIO
kucnopoaa. ITockosnbky reMorno6ux conep-
KUTCH B 3PUTPOIHUTAX B OOJBLIIOM KOJIYe-
cTBe, B 100 MJI UEJIbHOH KPOBH MJIEKOITH-
TAKOIIETO TPH MOJHOM HACBIIIECHHH KHCJIO-
POAOM TPAHCIOPTHPYETC NPHOJM3UTENb-
HO 21 M1 ra3oo6pa3HOro KHCJIOpoza.
Ces3pIBaHNE KHCJIOPOfA [eMOrJIOOMHOM 3a-
BUCHT OT 4yeTsipeX ¢akTOpoB: 1) mapunaib-
sHoro papneHns O,; 2) pH; 3) xoxueHTpa-
i 2,3-6uchocdorminepata U 4) KOHIEH-
tpammm CO, (pa3x. 8.12-8.16). Ha puc
24-21 npuBeneHB! KpHBbie HACHILICHHSA Ie-
MoryiobnHa kuciopogoM. CurmMommHas
¢opMa ITHX KDMBBEIX CBHIETEJHLCTBYET
O TOM, YTO CBS3BbIBaHHME MEPBOH MOJIEKYJIbI
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Puc. 24-21. Bausnuve pH Ha KpuBYRHO HACBILLCHHS
remMoriiobuHa kucnopoaom. CBOHCTBEHHBIE TKa-
HAM HH3KHE 3HA4YEHHA pH cnocoGCTBYIOT BHICBO-
BOXAEHHIO KMC/IOPOAA, 0112 Kak Dornee BHICOKHE
3naveHus pH B i€l kux cnocobe1Byro1 cBA3HBa-
HHIO KHCJIOpOAa.

KMCJIOpOAa IMOBLIILIAET CIIOCOOHOCTL OC-
“TaJIbHbIX CYObeauHML reMorjaobHHa cBsi3bl-
BaTb OCTAJILHLIE TPH MOJIEKYJIbI KHCIIOPOIA.
[pu ganmbeeiineM BO3PACTAHHH [APLHAJIb-
HOTO JABJIEHHUS KHCJIOPOJA KPHBLIC BBIXO-
AT Ha MaTO, KOTOPOE COOTBETCTBYET I1O-
JIHOMY HACBHILUEHUIO TeMOIJ00MBa KHCJIO-
POZIOM, T. €. CBS3bIBAHHMIO HETHIPEX MOJIEKY
O, xaxpoil MoJsekyJol reMoriaobuHa.
O6paTuUMOE CBA3LIBAHHE KHCIIOpOAa remMo-
r106MHOM COTMPOBOXAAETCH BLICBOOOX e-
HHEM IIPOTOHOB B COOTBETCTBHH C ypaBHeE-
HHUEM

HHb* + O, & HbO, + H*

CneposaTtesmHo, ¢ poctoM pH paBHOBecue
JIOJDKHO CABUTaThLCSH BIIPABO M NpH NaAHHOM
NapuHabHOM AAaBJICHUH CBSI3LIBAHME KHC-
nopoaa yeennuutcs. HaobopoT, npu noxn-
xxeHuM pH CBsi3bIBaHHE KHCIIOPOAA YMEHB-
HUMTCSL.

B nerxux, rae napuMaibHOE AaBiCHHE
kHcJIopoaa Beymko (90-100 MM PT.CT.) M Be-
nwdinHa pH oTHocHTENBHO BhICOKa (A0 7.6),
reMorfnobuH  HACBILLAETCS  KHUCIOPOAOM
NMOYTH B MAKCHUMAJILHOM CcTenewd (pHcC.
24-21). BmecTe ¢ TeM B KanuJuisipax, npo-
HU3BIBAIOLUMX Nepudeprueckue TkaHu, rae

2-59

HarpsbkeHue KHcJlopoaa HEBEJIMKO
(25-40 MM pt.cT) M BeminHa pH oTHOCH-
TeJIbHO HHu3ka (7,2-7,3), knesopoa BuicBo6o-
®OAETCs U MOCTYNAET B ABILIALIME TKAHH.
B orTekarolleit OT OpraHoB BeHO3HOMH Kpo-
BH TeMOrjJoOMH HACHILUEH KHUCJIOPOAOM
TOJILKO Ha 65%,. Takum oOpazom, npn wHp-
KYJISIUMM KPOBM MeXJY JIETKMMH M nephde-
PHUECKUMH TKaHSMM CTENEeHb HACBILICHMS
remMorjiobMHa KHEJIOpOAOM LIMKIHYECKH Me-
HsieTcs oT 65 no 97%.

BaxHbIM perynsiTopoM CTENeHM OKCHIe-
HUpoBauusi reMornobuna cnyxur 2,3-6uc-
dochormunepar (BOI). Uem Boilile KoHIIEH-
Tpaumsi BOI B xnetke, TeM HAXE CPOACTBO
remoryiobnHa k xuciopoay. B ciyyasx kor-
[a JOCTaBKa KUCJIOpOAa B TKaHM OKa3bl-
BacTCAd XPOHMHECKM HENOCTATOHHOH, Kax
7TO OBIBAET Y JIKOJEH € IOHMKEHHBIM cOACP-
JKaHWEM 3PUTPOIIMTOB B KPOBH UM Y O6m-
TaTesiell BICOKOTOPbA, KoHueHTpauus bOI
B 3DHUTPOLIMTAaX OKAa3bLIBAETCS BLHILUE, YeM
y 30OpOBHIX MIOOEH, HMBYLLMX Ha YpOBHE
MOPpS. ITOT OHOXUMUYECKHI CABHT CIIOCO6-
CTBYET TOMY, 4YTO FEMOTJIOOHH Nierye oTaaeT
TKAHSIM CBSI3aHHbIl KHUCJIOPOA, M TeM
CaMbIM KOMIIEHCHPYETCS CHMXKEHHE KOJTHYE-
CTBAa KHCJIOpOAa, CBSi3bIBAEMOIO IeMOTJIO-
OUHOM B JIEeTKHX.

Usmepennss  conepxanus  kuciopopga
B KPOBH HeOOXOAMMLI 111 JHATHOCTUKH
U Habmonewus 3a TeueHUEM 3a60JieBaHMi,
CONPOBOXAAIOLIMXCA HAPYIUCHHEM TpaHC-
nopTa KHCJIOpoJa kpoBblo. K uHciy Takmx
3a6oneBaHull OTHOCATCA THKENBIC dHeMUl,
[PH KOTOPHIX MOHMXEHO YKCIIO 3PUTPOLH-
TOB B KpOBH 1HOO conepxaHne remMorio-
6HMHa B IpUTPOLIMTAX ; acmma, IPH KOTOPOH
HACHILIEHHE KPOBH KHCJIOPOAOM  MOXET
OLITE CHMXKEHO BCTICICTBHE Cra3Ma Opon-
XHOJ, a Taxkxke cepoeuHds HedoCmamoy-
HOCMb, IPH KOTOPO# CKOPOCTh HEPEKAYMBA-
HMSL KpOBM CepAueM He obecrieynBaeT
J0CTATOYHOTO CHabXeHusl TkaHe# kucaopo-
IOM.

24.15. DpuTpouMTLI
nepeHocur takxe CO,

O6pua3yroLasicsi B TKAHAX IBYOKHUCh YIJie-
poda TaKXKe IEPEHOCHTCS KPOBLIO M TOMa-
JIA€T B JIETKHME, OTKYOA BLIBOLHTCS C Bbiflbl-
xaeMbiM BO3ayxoM. ConepXaHHE JBYOKHCH
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yIJIepoga B OTTEKaFOIUEH OT TKaHelk BeHO3-
HOH KpOBH COCTaBJISET NPUOIM3NTEILHO
60 M1 razoobpasnoit CO, Ha 100 M1 Kkpo-
BH, TOI[a Kak aprepHaibHas KpoBb, OTTE-
Kafolasi OT NErkKuX, COACPXUT Npubinsu-
terbHO S0mMn CO, Ha 100 M KpoOBH.
Orxono aByx TpeTeil obwero xosmyecTsa
CO, KpoBH HaxoAWTCs B I1A3Me H OKOJIO
OfHOM TpeTH—B 3puTtponmrtax. OaHaxo
B npouecce nepeHoca CO, oT TKaHeH K Jer-
kuM noyTH Bcst CO, KpOBH JOJDKHA TIPOUTH
Yepe3 3pUTPOLMTHI (BOHTH B 3PUTPOLMTHI
H BBIATH 13 HUX). Kak B mna3me, Tak 1 B 3pu-
Tpouutax CO, npucyTcTBYeT B ABYX ¢op-
Max: B BHJ€ PacTBOPEHHOIO ra3a U B BHIE
6ukapbonata (HCO5 ). [Nockosmxy pacTBo-
pennas CO, mnogsepraercs 06paTUMOMY
THIPATHPOBAHHUIO C OOPa30BAHHEM YTIOJIb-
Hoit kucnotel (H,CO,), cmece H,CO, u
HCOj B xpoBu o6pa3yer GydepHyro cucre-
My (pa3n. 4.11), rae H,CO, sbmosmseT

Kanunnsp

Mra3sma KpoBu

FpurpouT
O 0,
+
HHB'
HOO] — (— HOO}+ H*—» B0,
+
e———0Cl" HbDy
—
™\ Crenka
Kanuanspa
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|
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+ '
HOO; ¢——HCO0§ + H'4+—HLO, ¢ 0,
Q——+—a HHY
+
(o} -0y
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b Cresxa Crenka /J Krerounas
~. Cren eHK
Kanuazsapa Kanulifpa mewOpaxa
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poJib ZOHOPa MPOTOHOB, a HOH HCO; —ux
axuentopa. Cucrema H,CO,-HCOj5 ciy-
®UT OCHOBHOM OydepHON  cucTeMoil
[1a3Mbl KPOBH.

ITepenoc CO, M3 TKaHEH B JIEIKHME CO-
CTOMT U3 CIEAYFOIIMX 3TAnoB (puc. 24-22).
PactBopennas CO,, ob6pa3syromascs B Ka-
Y4ecTBE NPOAYKTA OKHCIICHHs B LMKJIE JH-
MOHHOM KUCIIOTHI, @ TaKXK€ B APYIHX MPo-
UeCccax, BKIFOYAOHX (hepMEHTATHBHOE A€-
kapbokcunipopanue, poyHANpYET U3
TKaHell B Mna3My KpOBH H Jajiec B IPUTPO-
ukThl. B aputpountax CO, B xone o6patu-
Moit peakuuu rHApaTUpyeTcsi ¢ obpa3oBa-
HHEM CBOOGOJHOHN YroJIbHOM KHCIIOTEHI:

CO, + H,0 = H,CO,

B OTCYTCTBHE KaTa/IH3aTOPa 3T peakuus
MPOTEKAET OTHOCHTELHO MEIJIEHHO H 006-
pa3oBaHKe YroJbHOW KMCIOTHL OTCTAeT OT
obpazosanus CO, B ablianmx tkaHsax. On-

Puc. 24-22. KoopauHHpOBaunocTh NEPEHOCA KHC-
nopona n CO, aputpountami. A. B nerkux B
pe3yJIbTaTe OKCHIEHalMH reMOTIIO6HHA POHCXO-
IMT BeicBOBOX RenMe HoroB H ¥, KoTOpHIE nanee
npucoennHntoTca kK Honam HCOT ¢ o6pazopayun-
eM H;CO,. ITon neficTereM kap6oauruapassl
H,CO, noneepraeTcs nerunpatauiy, B pe3yynTa-
Te 4ero o6pasyercs pactsopenHas CO,, KOTOpan
nuOyHIHpYeT B NNa3My KpOBH, & U3 Hee —B BO3-
RyILHOE NPOCTPAMCTBO JIETKHX H BbiAblxaeTcH. b.
3axBaT IpUTPOLUMTAMH pacTBOpeHHON CO; B nepu-
¢eprueckux TkaHAx TpebyeT ydacTHA kapGoaHrua-
pasel, kKaTannappytoweil mapatnpopanne CO, ¢
obpasosannem H,CO;; nanee H,CO, tepaer non
H* u npeepamperca 8 HCOJ. BricroGoxknaemMblie
npu 3ToM Honbl H* cMelwaroT papHOBeCHe peak-
LMH TEMOTJIOGHHA C KHCIIOPONIOM B HANPAaBJIEHHH
OTLUENJICHKU A KUCIOPOAA H €ro Neperayy TKaHM.
TMocxomeky O, # CO, pacTBOPHMBI B JIHIHAAX,
OHH JIETKO NPOXOAAT H€pPe3 KJIETOYHbIe MeMOPAaHBL,
He HYXJasiCh B CHCTéMaX MeMOpanHOro TpaHcnop-
Ta. OnHako o6men Mexny noHamu Cl™ n HCO7,
OCYIUECTBIIAEMBIH Yepe3 MeMOpauy 3pHTPOLHTOB,
MPOTEKAET TOJILKO NPH NOMOILH CHCTeM, obecre-
YHBAIOIUKX TPAHCIOPT aHHOHOB.
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JleBoe nerkoe

Bena
Bpotixuos

Kanuannpe:
BOKpYI albBeos

OTKpblTan
anbBeosa

HAKO B 3pUTpOLUTAX COOEPKUTCA kapboan-

2udpa3q —MCKJIIOMMTENbHO AKTHBHBIL (ep-

MEHT, pe3KO yckopsroumi 3Ty peaknuto. ITo

mepe obpazoBanus H,CO, oHa cpa3dy xe

MOHM3HMPYETCs, HaBas HOH OumkapboHaTa:
H,CO, 2 H* + HCO;

OOpa3oBauHbiii TakuM OOpa3oM HOH
HCO7 BBIXOAHT U3 IPHTPOLMTOB B IIA3MY
B 06MeH Ha uoH xyopa (Cl 7). Uto xacaercs
voHoB H *, mosiBnsiionmxcs B 9puTpOLMTAX
mpY  HMOHH3AIMH  YroJIbHOM  KHMCIOTHI
(H,CO,), T0 oHH cIOCOBCTBYIOT OTLLEIUIC-
HUIO KHCJIOpOAa OT OKCHIEMOIJIOOHHA B CO-
OTBETCTBHH C YIIOMAHYTOH BBILIE peakumed,
HO uaylich B OOpaTHOM HANpAaBIICHHM:

H* + HbO, =HHb* + O,

Taxum 06pa3om, HakomyeHue HoHos H ¥,
obycnosnenHoe BxogoM CO, B 3pUTpO-
uuTel u npespamenneM CO, B HCOj,
o0ner4acT JOCTAaBKy KHCJIOPOZA KPOBBIO
MY NPOXOXIECHHH Yepe3 nepupepriecKue
TKaHU.

B oborallieHHOH [BYOKHCBIO YIJIEpoja
BEHO3HOW KpOBH, BO3BpAINAIOLUCHCA B JieT-
K{e, TOT k€ LHMKJI MPOTeKaeT B OOpaTHOM

2.
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Puc. 24-23. AmbBeonbl, HIIH BO3AYLIHEIE MEIIOUKH,
nerkux (A) 06pa3yoT 60NbIIyO TOBEPXHOCTb,
uepe3 KOTOpyIo nponcxoant obmen O, n CO,
MeXly abBEOJIAPHBIM BO3AYXOM H KPOBEHOCHbBI-
MH KanuuIspaMy KpoeH. b. 3eKTpoHHas MHKpPO-
¢doTorpadus, Ha KOTOpOH BHIME! &JILBEOJIBl H KPO-
BEHOCHbIE KaNHJLIAPHIL.

HanpasyieHud. CBs3bIBaHUE KHMCJIOPOZA re-
MOFNIOOMHOM B KanwLispax JIErKUX IPHBO-
IOMT K BBICBOGOXneHHI0 HMOoHOB H *:

HHb* + O, 2 H* + HbO,

Haxonnesne H* B cBorO ovepens crio-
cobcTeyeT 0Opa30BaHHUIO B 3PUTPOLMTAX
yrombuo#t kucnorsl u3 HCOj :

H* + HCO; = H,CO,

Hanee yrojbhasi KUCJIOTA MOABEPracTcs
B NPUCYTCTBHAM KapOOaHruapa3bl geruapa-
THpoBaHuio ¢ obpazosanuem CO, B pa-
CTBOpPEHHOM BHIE:

H,CO; 2 H,0 + CO,

Pacreopennas CO, BEIXOOMT M3 3PHTPO-
UMTOB B IUIa3My KpPOBH, MPOXOAHT CKBO3b
CTEHKH KalMJUISpOB W BBIBOJMTCSH 4Epe3
OI'POMHYIO NTOBEPXHOCTB JIETKUX B BO3AYILI-
HOe mpocTpaHcTBO (puc. 24-23). B uenom
nepenoc kucnopoaa u nepeoc CO, ycum-
BaFOT APYT Apyra, YTo OOYCIIOBIIEHO OCO-
6eHHOCTAMY reMOTJIOONHA, NpeKpacHo npH-
crnoco6IeHHOTO  AJsL  BBITOJTHEHHS  3THX
CHeuMaM3HPOBaHHbIX TPaHCIIOPTHEIX
dysKumii.
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24.16. \MarHocTHKa H JedeHne
caxapHoro ouadera onMparoTCs
Ha NaHHble OHOXMMMYECKHX
AHA/IH30B

ITockonbKy 6MOXUMHMECKHIA ananu3 pas3-
JIMMHBIX KOMIIOHEHTOB B KPOBH M MOY€ MO-
3BOJINET OLEHHBATL OCOOEHHOCTH Merabo-
JIN3Ma, €ro YCIEUIHO HMCIOJb3YIOT KAk MPH
JAnarsoctuxe 3ab6onepannil, BLI3BAHHBIX Ha-
pyluesreM oOMeHa BEILECTB, TaKk M B XOf€
ux neueHvs. Haubonee spxkuM npHMepoM
CITyHT caxapHeiit nuabet —3abonepaHne,
06yCIIOBIIEHHOE HEAOCTATOHHOCTLIO CeKpe-
uny WM 3GGEeKTHBHOCTH ACHUCTBUA HMHCY-
JMHA (FOpPMOHA MOMKEJYAOYHOM Kese3bl)
U npuBOmsliee K rirybOKMM HapyLICHHSM
obMena eetects. B CIIA caxapHerii quabet
B KauecTBe MNPUYHHBL CMEPTHOCTH 3aHUMAET
TpeThe MecTo. OH 1OBOJILHO LIMPOKO pac-
npocTpaseH: nouru y 5% Hacenenus CILIA
BBISIBIIIETCS ONpefeseHHass CTelleHb Hapy-
LeHHs OOMeHa rinoKO3bl, CBHIETEILCTBYIO-
1ass O HaM4uK auabera WM TeHAEHUHH
K ero pa3ButHio. Caxapublii AMabeT —3TO MO
CylllecTBY Cpyrina 3aboyeBaHuii, Boipaxaro-
LIAXCH B HAPYLUEHHM PEryNsaTOpHON akTHB-
HOCTH MHCYJIMHAa, KOTOPOE MOXET OBITh
0b6ycnoBJieHO pa3ubiMH npuuMHaMu. Bornee
TOTO, Ha OOMEH rmoKO3kI MOTYT OKa3blBaTh
BO3JIEHCTBHE M APYrue ropMoHbl. Bo3HMK-
HOBeHHe auabera 0OYCNOBJIEHO B KAKOW-TO
Mepe TEHETHMECKMMH IIpHMMHHAMH; He HC-
KJIKOMEHO, OJIHAKO, 4TO MOMHMO 3TOTrO Ofpe-
IEeJEHHYK POJIb MOXET UrpaTh M BHpYCHas
undexuns. CymecrsyeT nuaber aByx oOc-
HOBHBIX THIIOB: HAYUHANWUIICA 8 HHOCHU
U HAYUHAWWULICA 80 63POCAOM COCMOAHUU
B neppoM cnyuae O0ne3Hb NpPOsBISAETCS
B panHEM BO3pacTe M OBICTPO MNepexOAMT
B Tsokesryro dopmy. Bo BTOpOoM cityqae 3a-
6oneBaHHE pa3BUBAETCS MEAJIEHHO, MPOTe-
KaeT CTepTO M YacTo BOOOILIE OcTacTCs He-
3jaMeuesHbBIM.  [luaber, HaumHaroLwiics
B IOHOCTH, JIEYAT MHBEKUMAMH HHCYJIMHA;
MpH 3TOM Ha IMPOTHXEHHH BCEeH XKH3HU
60JILHOTO HEeOOXOOMMO TIUATENLHO Crle-
IUTE 3a 6a1aHCOM Mexay noTpebiieHHeM
TIIOKO3bl M 030 BBOIAMMOIO HMHCYJIHHA.
s amarHOCTHKM M nieveHus auabera, Ko-
TOPBIM BBLI3BIBAET CEPbe3HbIC HApPYIUEHHS
obMeHa BEIECTB, O4EHb BaXKHBI OHOXMMH-
4ECKHME aHAJIM3bl KPOBH M MOuM (Tab. 24-6).

Tabauya 24-6. OCHOBHBIE M3MEHEHHUS B COCTaBe
KPOBH M MOYM OpPHU HEKOMIIEHCHUPOBARHHOM Ca-
xapHom nuabere

3nax { o3nauder
yBeJiudeH e

3Hak
03Ha4aeT CHH-
WKeHHe

Movua
Imroko3a é
KertoHoBEIE TEna PA
pH i
Na*
NH}
MovueBrHa
Ob6nem

Kposn
nroko3a é
Ketonossie Tena i
MouesrHa A
pH i
O06wee conepxaunve i

(cymma CO, + HCO3)

co,

XapaxkTepHble CHMITOMH Auabera —mo-
CTOSIHHAS XKaX/1a M 4acTOe MOYCHCIyCKaHue
(noauypus)—comnpspkenbl ¢ NOTpebNeHHEM
6osmbumx 061:eMOB BOMIBI (noAuduncus). ITu
H3MEHEHHs  OOYCNIOBJIEHBI  BBIBEJCHHEM
C MOYO# OOJILLIOrO KOJIMYECTBA TJIFOKO3bI
(2moro3ypuein). JlaTuHckoe Ha3BauMe caxap-
Horo nuabeta —diabetes mellitus —o3nauaer
«130BITOYHOE BHUIEJICHHE CIAAKOH MOYM».
B ciryuasix Txen0ro HEKOMIIEHCHPOBaHHO-
ro ndabeTa cogepxaHue rimoxo3bl B CyTOY-
HOI1 (3a 24 4) Moue MoxeT mpeBbICHTE 100 T,
TOrAa KaK y 3/l0POBbIX JI0Ieil IJI0K03a Bbl-
BOOMTCHA ¢ MO4YOH JIMUIb B CJIEIOBBLIX KOJIM-
yecTBaxX. Bosbluoi 06beM MouH y 60IbHBIX
nnabeToM OTpaxaeT TOT (akT, HTO IOUKH
BMECTE C TJIKKO30# I0/DKHB! BRIBOAUTL J0-
NOJTHUTEJTLbHOE KOJIMYECTBO BOIbl, [10CKOJIb-
Ky MX cnOoCOOHOCTh KOHLUEHTPHPOBATL pac-
TBOPEHBLIE B MOYE BELLECTBA MMEET OMpe-
IeJieHHsl npeaen. M3Mmepenne KoymuecTsa
TJIIOKO3bl B CYTOYHOH MO4Ye HCMOJIb3YeTCs
KaKk OJMH H3 TEeCTOB IpH [HATHOCTHKE
ouabera.

Bosmiiee 3Hadenwe HMMEKOT, OIHAKO,
ONpeAeJieHHE COAEPXKAaHUS TJIIFOKO3H B KPO-
BH M XapakTep M3MEHeHHs 3TOTO Moka3a-
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Tensi  M0Ocie  NOTpebJieBHs  IJHOKO3HL
VY 60nbHBIX AMabeTOM KOHUEHTpauus I~
KO3bl B KPOBH OOBLIMHO MOBLILLEHA, T.€.
HMeEET MECTO zunepzaukemus. B ouenb Ts-
XKEJbIX  CIy4asiX HEKOMIIEHCHPOBaHHOro
nHabera KOHUEHTpalHMsi TJIFOKO3bI B KPO-
BH MOXET OBITH Upe3BLIYaiiHO BEICOKOH — 10
100 MM, T.€. B 25 pa3 Bbille HOpMHL. [pH
nuabete cpenHedl TsHXECTH KOHLEHTpalMs
FJIFOKO3bI B KPOBH HHOT/IA MATIO OTJIHYAETCS
OT HOpMHL. Bornee uyyBCTBHTENBHBIM OHAr-
HOCTH4ECKHM TECTOM B 3TOM CJIyuae OKa3bl-
BaeTCs npoba ¢ caxapHoii HAzpy3Koii, KOTO-
pas cocTouMT B CcrepywolieM: 60bHOH
BBLITHBAET HATOLLIAK CTAKaH BOMbl, B KOTO-
po# pacteopero 100 r rimoko3sl; M3Mepe-
HMSI KOHUEHTPAUMH [JIFOKO3bl B KPOBH 11PO-
BOAAT OO0 M uepe3 30 MHH nocrne TipHema
[JIIOKO3bL. Y 340POBOTO YENIOBEKA [JIOKO3a
OLICTPO yCcBaMBaeTCs, U €€ KOHLIEHTpaLMs
B KPOBH IIpH NPOBEAEHHH YKa3aHHOM npoO!
BO3pacTaeT He 6onee yeM 10 9-10 MM, no-
CKOJIbKY yBeJIHYeHHe COAePKaHHsl IITFOKO3b
B KPOBHM CTUMYJIMPYET CEKpeLMIO MHCYJIMHA
MOKENyNIOYHON  eJIe30i, a MHCYJHH
B CBOIO OYepeab YBEJIMYMBACT CKOPOCTH MO~
Tpebienus rmoxo3bl TkasaMH. [lpu sTom
B HOpME IJIOKO3a B MOYE HE IOSBJIETCS
MM NOYTH He noseiwercs (puc. 24-24).
Y GornbHbIX ke AMabeTOM YPOBEHL IO~
KO3bl B KPOBH YXe HaTOLlaK MOXET OKa-
3aThCS BLICOKHMM, @ TECT C CaxapHOH Harpy3-
KOH CBUIETENLCTBYET O HAPYLUEHHH yCBOE-
HUSl TJIOKO3bi. KOHHIEHTpauMsi [JIFOKO3bl
B KPOBH MOXET NPH 3TOM HAMHOTO IPEBbI-
CHTb NOPOrOBYIO AT MOYEK, PABHYIO IIPH-
MepHo 10 MM, ¥ 3TO OpuBeneT K MOsBIIE-
HHIO ITFOKO3Bl B MOYE, [1PHYEM €€ COLEPXa-
HHME B KPOBH MOXET OCTABATLCH IIOBHI-
LLIEHHBIM B TEYEHHE HECKOJILKHX YacoOB (pHC.
24-24). 3amennieHHOE BO3BpallUeHHe KOHUCH-
TpauMH T[JIIOKO3bl B KPOBH K HMCXOOHOMY
3HAYEHHIO NOKA3LIBAET, YTO HAPYIUEHA Ce-
KpelHsl HHCYJIMHA B OTBET Ha BO3pacTaHHe
YPOBHS [JIFOKO3LI B KPOBH.
TlunepriimkeMusi U rJIIOKO3YPHS CBHIE-
TeJILCTBYIOT elle 06 OIHOM TJTybOKOM Me-
T1ab0JIMUECKOM CIBHIE NPH CaXxapPHOM aMa-
feTe, 2 MIMEHHO O MOYTH NOJIHOH OCTAHOBKE
[IpeBpalLeHHs N30LITKA [JFOKO3BI B XKHUPHLIE
KHCJIOTHI, 3aMacacMbie B BHJE TPHALMIIIIH-
uepodsop. I1pu TsxenoM guabere GombHbIE
TEpSIOT BEC, JAXe HAXOISCh HA BLICOKOKa-

lToueuHntit nopor

I'10x03a kpoByu, MM

Bpems, u

Puc. 24-24. KpuBble CaXapHO#t HAI py3KH Y 310pO-
BbIX Jitojiell M GonbHBIX AMabeToM. ¥V 310poBoro
4enopeka Inoce NoTpeGneHs cTaHAAPTHOIO KOMK-
4ECTBA IJI0KO3bl CONEPKAHME TNIHKO3H B KPOBH
MOX€ET BO3PACTH BABOE, HO OHO OBICTPO CHHMIKAET-
Cfl 0 MEpe TOro, KaK yBEJIM4UBAETCH CEKPELIMs MH-
Cy/IMHA B OTBET HA MOBBILIEHKE CONEPXKAHHS TANkO-
KO3bl B KpOBM. B TeueHue HEKOTOPOro BpeMeHu
COAEPXAHKE [NIOKO3bl B KPOBH OCTAETCHA HECKOJIb-
KO GoJIee HH3KKM, 4€M HCXOIHOC, 4TO ODYCNOBNEHO
ar-nepuofloM, KOraa KoJM4ecTBO MHCYJIMHA B
KPOBH BCE €1l€ OCTAETCH NMOBbILIEHHHM, & COJlepPKa-
HUe II0KO3bl YK€ HOPMad TH30B4Nock. Y 60NLHBIX
NuabeToOM CONEPKAHHE TIHOKO3bl B KPUBH HCXOMHO
OueHb BEJIMKO (B DPHBEAEHHOM ClyHae —~NOHTH HA
YPOBHE NO4Ye4HOro nupora). ¥ rakoro 60asHoro
noce norpedieHys CTaHLAPTHOTO KOJIMYECTBA
[JIKOKO3bl €€ CO/IEPXAHKUE B KPOBK CPa3y ke BO3-
pacraer, HO B OT/IHYHE OT 30POBOIO HEJIOBEKA M3-
33 HEOOCTATOYHON CEKPELMH MHCYJ/IMHA OHO RONIO
OCTAETCA NOBBILLEHHBIM M JIHMLUB TOCTENEHHO BO3-
Bpaiuaercs k ucxonnomy. Ipu MakcuMabHOM
YPOBHE [/t0KO3bl B KpOBH y BonbHoro nuaberom
3Ha4K IeJIbHblE KOJIMUCCTBA TJIIOKO3bl BLIBOAATCH C
MOYOH.

nopuiiHo# aneTe. M36LITOK rimoko3sl y Ta-
KHX OOJIbHBIX HE 3alacacTcs B BHIE XHpa,
a OonpocTy BLIBOAMTCS C MOYOM.

24.17. Tlpu nuabere Bo3lpacTaer
KOJMYeCTBO KETOHOBBIX Tel

Ewe onHo xapakTepHoe a1 nuabera Ha-
pyluenre Metabonm3Ma CB33HO C MOBBI-
LIEHHBIM., HO HE 3aBE PLLIAEMEIM OKHCIICHHEM
KMPHBIX KUCJIOT B MEYEHH, BCIICICTBHE HEr0
B M30OLITKE MPOAYLMPYIOTCS KETOHOBLIE Te-
Jla—aueToaneTat W P-ruapoxcubyrupart.
B pesystaTe y 60nbubIx anabeToM 3TH 1Ba
COEAUHEBHSl HAKAIIMBAIOTCA, TTOCKOJILKY
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CKOPOCTBb MX KCMOJIb30BAHUS B niepudepuye-
CKMX TKaHsX OTCTaeT OT CKOPOCTH HX 06pa-
30BanHa B niedeHn. Kpome aneroanerata
¥ B-ruxpoxcubyTHpata B KpOBH OOJILHBIX
I1abeTOM COOEPKHTCS TAKKE aleTOH, No-
SBJSIOLMICS B pe3ysibTaTe CHOHTaHHOTO
IeKapOOKCHIIMPOBAHUA ALETOALETATa:

CH,—ﬁ—CH.—COO' + HO — Cm—ﬁ—CHa + HCO5"
(s}

Anueroauerar AueTon

ALETOH O4YCHb JIETY4Y; OH NPHCYTCTBYET
B BbLIBIXa€MOM OOJILHEIM BO3AYyXe€, MPHIa-
Bas EMY XapaKTEpPHbI CJIaAKOBaThli «opra-
HHYecKdii» 3amax. WM3-3a 3Toro 3anaxa
605LHOTO B COCTOSHMH AHabeTH4ecko ko-
MBI HHOTAAa OMMOOYHO NPHHUMAIOT 34 MbS-
Horo. W3beitouHoe ob6pasopaHue KeTo-
HOBBIX TeJI, HA3BIBAEMOE Kemo30oM, TPUBO-
OMT K OYeHb OOJIbILIOMY YBEJMYEHMIO KX
KOHIIEHTPAIMA M B KPOBH (KemoHemus), U
B Mou€ (KemoHypus).

24.18. [pn amnaGerte
BO3PACTaET IKCKpPeLHs MOYEeBHHbI

Jns tsoxenoro nuabeta xapaxTepHO Tak-
K€ yBeJIMYEHHE 3KCKPELHH MOYEBMHEI —OC-
HOBHOFO KOHEYHOTO MPOOYKTA a30THCTOrO
obmeHa, 06pa3yoILerocs P OKHCITHTE b~
HOM JjerpajaunMy aMUHOKHCIOT (pa3n.
19.14-19.16). KomiyecTBO MOYEBHHLI, BhIIE-
JisieMo#t 6OJILHBIM B TEYEHWE CYTOK, CITyKHT
MEpOif OOIIEr0 KOJMYECTBA AMUHOKHUCIIOT,
PACTIABLUMXCS OKHUCIMTESILHEIM IMyTEM, YTO
B CBOKO Ovepellb OTPaxacT cTeneHs cbajas-
CHpOBaHHOCTH MeXny noTpebiennem Oer-
KOB M pacrnafoM TKaHEBBIX GEJIKOB Ha mpo-
TSDKEHUH cyTOK. KOHIleHTpalus MOYeBHHEI
B KpoBH NpH nuabere MOXET LOCTHraTh
25 MM, T.e. PUMEPHO B 5 pa3 NMpeBblIaTh
YpOBEHL HOpMEI (OKOJIO 5 MM).

H306biTOYHAA OKuUCIMTeNIbHAST Jerpana-
LLMSl aMUHOKHCIIOT npH nuabete o6ycnopJe-
Ha pe3KUM BO3PACTaHHEM CKOPOCTH [JIHOKO-
HEOTCHE3a M3 AMHUHOKHMCIOT. OTCyTCTEHE
HHCYJIMHA CrIOcOOCTBYET BEIOPOCY CJIIOKO3bI
M3 MeYeHd B KPOBb. B pe3yibTate 3anacel
[JIMKOTEHA B ME€YEeHH UCTOUIAIOTCH; B 3THX
YCJIOBHSIX BCE JOCTYNHBIE aMMHOKHMCIIOTHI,
yeil yriepoa MOXeT ObITh HCIOJIb30BaH 1JIA
[JIIOKOHEOTeHe3a, TIOABEPraroTcs HAerpasa-

UMM ¥ MAYT HA CHHTE3 DJIIOKO3bl, KOTOPAasi
MOCTYNaeT B KpoBb. OTCIOAA chneayer, YTo
H3MEpPEHHE CONEPKAHNA MOUYEBHHE! B KDOBH
4 B MOY€ JAET LEHHYIO HHOPMALHIO OTHO-
CHTEJILHO COCTOSHHS OOMEHa BEILECTB
y 6GoybHBIX AuabeToM.

24.19. Tsoxennii anader
CONPOBOXKIAETCH AUMA03OM

VY 60mbHBIX, cTpaaoumx Tsxeson gop-
Moii nuabeTa ¥ He moy4arolx MHCYJIMHEA,
YOMBHTEIbHBEIM H OYeHb CEPBE3HBIM TIO MO-
CnencTBUsSM  GHOXHMMMYECKHM  CIABHIOM
SBJIAETCS CHJIbHOE cHkenne pH kposm:
3TOT MOKa3aTellb MOXKET YNacTh OO YPOBHS
pH 6,8 npu Hopme pH 74. Xots B abco-
JIOTHBIX BeJIMMHHAX 3TO YBEJIMYEHHE KHC-
JIOTHOCTH MOXET TOKa3aTbCsi HEGObIIUM,
TeM He MEHEe OHO CBHIOETEJLCTBYeT 00
OYeHb [JIy6OKHX H3MEHEHUX KHUCJIOTHO-OC-
HOBHOTO PABHOBECHS B OpraHmsMe. Y Be-
YeHHE KHCJIOTHOCTH OOYCJIOBIEHO MOCTY-
IJIEHMEM B KpOBb OOJIbIIMX KOJMYECTB
KETOHOBEIX TeJl, MHTEHCHBHO Bbipabathl-
BaroLMxcs B mevenu. Ilpu OKHCTeHHM Of-
HOi{ — HeHTPaJIbHOK —MOJIEKYJIbl  TpHANMJII-
IJIHIEPOSia B neyeHn OOJIbHOro nuaberom
NOsABJAETCA MO Kpajine#t Mepe 12 nonop H *
B popMe B-TMAPOKCMMACISHOM M alleTOYK-
CYCHOIl KHCJIOT. B OTBeT Ha NMOCTOSIHHYIO
BeIpabOTKY 3THX KHCJIOT B OpraHu3Mme
KOMIIEHCATOPHO CHMXAETCA KOHICHTpaLHs
H,CO,;—noHOpa npOTOHOB HJIM KHCJIOTHI
B 6mkapboHaTHOi1 6ydepHoil cucteMe (pa3m.
4.11). Cumwxenne xonueHTpanuu H,CO, no-
CTHIaeTcs B pe3y IbTaTe YCKOPEHHOTO BhIBe-
neauss CO, B Jerkux (BCOOMHMM, 4TO
H,CO, ofpatuMO nvCCOUMHpPYET Ha pa-
ctBopennyro CO; u H,0). UmenHo Gnaro-
naps BeipeneHuio CO, yepe3 Jierkue cooT-
HOUCHHE MEXIY KOHLEHTpauWsSMH akuer-
Topa (HCO3) u noHopa npotoros (H,CO,)
B OGukapboHaTHOM Oydepe BO3BpalllaeTcs
K HCXOZHOMY, 4TO CciocobcTByeT noaaepxa-
uuro pH Ha yposHe BOpME! (PH 7,4). Onna-
KO MpH TSXeJIOM muabere njis KOMneHca-
LMK auuno3a, oOycIOBJIEHHOTO M30BITKOM
KETOHOBBIX TEJI, JIETKHE JAOJDKHEI BBLICIIATD
HacToJbKO Gosmiie komyecTsa CO,, 4TO
cymmapunas koHueHTpauuss HCO; wu
H,CO, cranoButcsi KpaHHe HU3KOH u Oy-
depHas eMKOCTh KPOBH COOTBETCTBEHHO
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3HaYMTEJILHO yMEHbINaeTCs. ITO MPHBOAMT
K BECbMa HeGNarOnpHATHHIM AN OpraHu3-
Ma NOCNEACTBUSIM.

Bo3samkatoume npu TxenoM auabere
OMOXHMHYECKHE CABHIY, OCOOEHHO CABHI
KHCJIOTHO-OCHOBHOTO paBHOBECHSl, MOIYT
YIpoxaTsk xH3HH OOJbHOro. BBeneHue WH-
CYJIMHA 1715 KOPPeKIHMH TOPMOHAJLHOMN He-
JIOCTaTOYHOCTH, a Takke NaHCO, ana no-
BeilleHMs  OydepHOlf eMKOCTH  XpOBH
M KOMIIEHCaIIHK oTepH HoHOB Na ¥ npuBo-
JHT K IOYTH NOJIHO¥ HopMas3aluny 6uoxu-
MMYECKHX TIpOLIecCOB Yxe dYepe3 12-24 u.
Jns HabmoneHnus 3a X040M 3TOTO JieYeHHs
HeoOx01MMo nocTosHHO W3MepsiTh pH Kkpo-
BH H cCopmepXaHHE B Hell TIJIFOKO3BI H
CO,.

Kparkoe conepxanue riabbl

Kpaxman u gpyrue mosmcaxapuibl Ya-
CTUYHO THAPOTM3YIOTCA aMHUNA30#l CIFOHBI
B POTOBOI noniocTH. IlepeBapuBanue 1oJH-
CaxapuioB H JMCaXapHIOB 3aBEepIIAETCH
B TOHKOM KHILEYHUKE 104 AcHCTBHEM aMH-
na3el TOMKEIyOOYHOR Keme3bl, a Takoke
JaKTa3el, caxapa3sl M MaJbTa3el, CEKPETH-
PYEMBIX 3MUTEMANBHLEIMM KJIETKAMM KH-
weyHuka. benxu mnepepapusarorcs B pe-
3yJbTaTe MOCNIENOBATEJLHOTO OedCTBUSA
CHavalla MencHHA B KUCIION cpene XKey/ikKa,
a 3aTeM TPHUIICKHA ¥ XUMOTPHIICHHA B TOH-
XOM KuiueyHuke nipu pH ot 7 no 8. danee
KOPOTKHE INENTHAbl THAPOJU3YOTCA IO
aMHNHOKHCJIOT moj [eWcTBHEM KapOOKcH-
MeNTHIa3bl 1 aMUHONeNTHAA3kl. Tpuanumn-
[JMLEPOJIB EPEBaPHBAIOTCS JIMNA30M NMOJ-
XKeJIy 1OYHOM JeJie3bl, NpeBpauasch B 2-Mo-
HOAUMJITJIHLEPOJIEI B CBOOOAHBIE JKHPHBIC
KHCIJIOTHI, KOTODbI€ 3MYJILTMPYFOTCA IPH
MOMOILIH XETHHBIX KHCJIOT ¥ BCACHIBAFOTCSL.
IlencuH, TpuncuH, XUMOTpPUIICHH, KapBok-
CHNIENTHAA3a W JHMMa3a CeKpeTHPYIOTCS
B KEJIYJOYHO-KMIIEYHBI TPaKT B BHJE He-
aKTHBHBIX 3MMOTEHOB.

LleHTpoM, peryMpyrolMM pacrpe/erie-
HME U NPEBpalleHHEe IIUTATEJILHBIX BEIIECTB,
CJIyXUT TeyeHb. [ moxo30-6-hocdat —xmo-
4YeBOH NPOMEXYTOYHBIH MpoayKT oO6MeHa
YIJIEBOJOB —MOXKET NPEBpalllaThLCs B IEHeE-
HH B [JMKOreH, B IIIOKO3Y KPOBH HJIH Yepe3
aneTus-CoA B XHpHblE KHCIOTH. OH MO-
XKeT TaKke MOABEPraTthcsi pacmany Jmbo
B X0J€ IJIMKOJIM3a M IMKJIA JIMMOHHOM KiC-

JIOTHI ¢ HakomyieHHeM 3Hepruu ATP, mbo
B xozne neHto3odocdaTHOro nukna ¢ obpa-
30BaHHeM neHTo3 u NADPH. Ammzokuc-
JOTEl JIMOO HCMNONMB3YIOTCA ON4 CHHTE3a
6eJIKOB TieYeHH M IL1a3Mbl, JHbO NpeBpa-
LIar0TCA B [JIFOKO3Y M [JIMKOTeH B IPOIlecce
[JIIOKOHeoreHe3a. AMMuak, obpa3yrolmii-
Csl NpH Oe3aMUHHPOBAHHH aMHHOKWHCIIOT,
BKJIIOYaeTC B COCTAaB MOYEBHHBI B XOIe
LMKJIa MOYeBHHBI. JKHUPHBIE KHCIIOTHI Tipe-
BpalAlOTCA B MEYEHH B TpHALMIIIMIE-
POMBL, XOJIECTEPOJT H  JIMIIONPOTEHHBI
IJ1a3Mbl; NOCNEHKE 00ecTIeYBaIOT TPaHC-
MOPT ¥ HAKOIUIEHHE JIMNHIOB B XHPOBOi
Tkaen. Kpome TOro, J>KMpHBIE KHCJIOTHI
B NEYEHH MOTYT MOIBEPIaThCsl OKUCIICHHIO,
YTO NPUBOJWT K 3aMacaHuio 3HEPruM B BUIE
ATP u x 06pa30oBaHMFO KETOHOBEIX TeJl, 4O~
CTaBJICMBIX KPOBBIO B Opyrue TKaHH.

MeTtabom3M CKEJIETHBIX MBI Clierma-
JM3MPOBaH Ha BhipaboTke ATP, HeoOxomm-
MOTO sl MX COKpallleHHsl i paccyiabreHnst.
I'Tpy HHTEHCHBHOM MBILLIEYHOI HArpy3Ke OC-
HOBHBIM TOIUTMBOM CIIyXXHT TJIMKOTEH, KO-
TODBIH mpeBpalllacTcs B JakT1at. B nepuon
OTOBIXA JTAKTAT MPEeBPallaeTCs CHOBA B IJIH-
KOIeH nevyeHH U Inoxo3y. Mosr ucnosp3yer
B Ka4€CTBE TOILMMBA TOJILKO I[JIHOKO3Y U -
TUAPOKCHOYTHPAT, NPHYEM MOCJIEHUI HUI-
paeT BaXHYIO poJib IpH rojionanun. bosm-
mas vacte 3Heprun ATP B Mo3ry pacxo-
JyeTcs HA AaxXTHBHEIA TpPaHCIOPT HMOHOB
Na* u K * u Ha nofnepkanue NoTeHIHANA
neiicTBrst MeMOpaH HEPBHBIX KIJETOK.

OPUTPOLMTEl Y4acTBYIOT B TpaHCHOPTE
Kak kuciopona, Tak u CO, Mexay nerkumMu
U nepudepudecKUMHI TKaHAMHU. 3aXBaTy KHC-
JIOpofia B JIETKMX M €TI0 BHICBOOOXOEHUIO
B TKaHiX CIOCOBCTBYIOT OTHOCMTENBHO Bbl-
coxoe 3HaueHue pH B nerxux u 6ornee HH3-
KOE ero 3HaiyeHHe B TKAHAX, a4 TaKKe CUI-
MOHMHAA ¢OopMa 3aBUCHMOCTH MEXAOY map-
IMaJbHEIM AaBleHHeM O, M IPOLEHTOM
HACBHILIEHHS] TeMOIJIOOMHA KHCJIIOPOAOM.
Ileperoc CO, 3pUTpOLHTAMU CONPSDKEH
€ TPaHCTIOPTOM KHCJIOPOAa Yepe3 KOMIIEH-
CaTOPHBIE CABHTH B cogepxanuu uoHos H *
u Cl™.

Buoxumuueckne aHam3bl MIMPOKO HC-
MOJL3YFOTCS NPH JIHArHOCTUKE M Habrone-
HHH 3a XOJOM JieyeHHs! MHOTMX 3a60repa-
HHIi, B YaCTHOCTH caxapHoro auaberta; mo-
CIIe[HHil COTIPOBOXIAETCA XapaKTepHBIMU
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JUISl HETO W3MEHEHUSIMU CONEPIKaHUA io-
KO3bl, MOYEBUHBI U KETOHOBEIX T€J1 B KPOBH,
a Take pH Kposu.
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Bonpocer u 3a1a4u

1. Obpasoeanue xnceaydounozo coxa. Xemy-
nouHsi cok (pH 1,5) o6pa3yertcs B pesysmbTa-
Te HaKaYWBAHHA MPOTOHOB U3 IJ1a3Mbl KPOBH
(pH 7.4) 8 xenynok. Paccuuraiite xomue-
€TBO CBOOOHOM 3Hepruuy, Heo6XOoaHMoe 11
co3aHus TpebyeMoil KOHLEHTPaLMH HOHOB
H™* 8 | 1 %enypousoro coka. CKoJIbkO Mo-
neit ATP nosokHO 6mITH T'WAPOJIM3OBAHO
B KJIETKAX JUIs TNONyYeHHs TaKOro KOJMYe-
cTBa cBobonHo# 3Heprun? HanomuuM, 4to
sesmynia AGp ruaponusa ATP B cyuwe-
CTBYIOLLUMX B KJIETKE YCJIOBHSIX COCTapJisfieT
npUOIM3UTENILHO — 7 KKaJ/MOJb.

2. Heimpaausayus sceaydounozo coxa. Ontu-
MyM feicTeUA ()EPMEHTOB, PaCILENIIAOLMX
6enky B TOHKOM KHWIEYHHKE (TPHIICHHA, XH-
MOTPUNCUHA H KapOOKCUIIENTHAA3KT), NIEKHT

B npenenax pH ot 7 po 8. Onnako cy6-
CTPaTh! 3TUX (PEPMEHTOB MOCTYNAIOT M3 XKe-
NyAKa BMECTE C WENYJIOUYHBIM COKOM, HMEIo-
umM pH 1,5-2,5. Kaxum o6pa3oM BermuMHa
pH xenynouHoro coxa OBODHTCS O 3HaYe-
HUH, ONTHMaJILHBIX [Uls nmeHcTBHA GepMeH-
TOB TOHKOIO KMILeYyHHKa?

3. Hepesapueaemocme xazeura u xepamuna. P-

Kaseun (Mon. macca 23 600) kpynHoro pora-
TOIO CKOTa — OMH H3 6eJIKOB KOPOBLErO MO-
JIOKa~HE COHEPXKHT OCTATKOB LIMCTEHMHA
W uuctusa. Kpome Toro, wersepTHuHas
CTPYKTypa 3Toro Oeska ciabo BuipaxeHa:
€ro HaTHBHAsA KOH(QOpMALMsi HATIOMHHAET
GecriopanoyHslit kny6ok. B oTimume ot 3TO-
ro o-KepaTHHHI (6eNku, cofepxalliecs B BO-
Jlocax, LUePCTY, HOrTAX ¥ T. 11.) o4eHk GoraThl
OCTaTKaM¥ LiMcTeMHa M nycTHHa. K Tomy xe
5TH Oeslki 0ONMamalOT BHICOKOYNMOPAROYEH-
HOW BTOPHYHOH M TPETUYHOH CTPYKTYpaMmHu.
O61AcHHTE, KakHM o0Opa3oM CBOKHCTBA ITHUX
IBYX rpynm Oe/lkoB OTpaXaloTcs Ha WX Tepe-
BapuBaeMocTu. [1oyeMy, B 4acTHOCTH, MOJIO-
KO, BbIITHBAEMOE KOTEHKOM, CITYXHT LI HErO
MPEKPaCHLIM  HCTOYHHKOM  aMUHOKHCIJIOT,
TOINA KaK ero coOCTBEHHbIH MeX He mepesa-
pHBaeTcs («BOJIOCAHBIE MPOOKU» MOTYT faxe
33aKYTIOPHTb KULLEYHHK).

. 3{1“}“"1{1 2Aa6HbIX KAemOK om nepesapusanus

nencuvom. Jna Toro 4ToOnl NMpenILECTBEH-
HUK NENcUHa NMeNCHHOTEH NPEBPAaTHIICS B akK-
TUBHBI (EpMeHT, OT ero N-KOHLA HOJDKEH
OTILEMUTLCA (parMeHT, comepxallni 42
aMMHOKHCJIOTHRIX ocTaTka. Ilpouecc akTH-
BallMH KaTaJH3upyeTcs OORMHO CAMHM Ien-
cuHoM, xoTa npH pH wuxke 5 nencuHores
obnanaer cnaboit kaTaJMTUYECKOH aKTHB-
HocTelo. KpoMe ToOro, OTILEMIIAEMEW TNpU
akTuBanuy Phparment npu pH Bhiie 2 npo-
YHO CBA3LIBAETCH C AKTHBHHIM LIEHTPOM
nencuHa, a npu pH Huxe 2-cnaGo.

a) UTo uHULMUPYET aKTHUBALMIO MENICHHO-

reda B xemynke?

6) Kak cBsi3aHBl ONMCAHHKEIE BRULE CBOMH-

CTBa IENCHHA W TENCHHOIEHA C 3aLUMTOH

KJIETOK CJIM3UCTOMN KMILEUHHKa OT caMoIie-

peBapuBanyin ?

. Cyovba nuweeapumesvrorx depmenmos. Tlpu

rnepeBapHBaHMK GOraToi OeylkaMM MHLIM U3
MOJKENYNOYHON JKeJie3kl B KeJTY[04YHO-KH-
LLEYHBII TPAKT BbifesiseTca 60Jbloe KO-
YECTBO TPHIICHHA, XWHMOTPHIICHHA W Kap6ok-
CHIIENTURA3EL XOTHA NMPEXAEBPEMEHHOE BbIC-
BoOOX IeHHe 3THX (epMEHTOB B AKTHBHOM
thopMe B caMoil OIKENTYNOUHOH KEJIE3E MO-
WET BbI3BATL €€ TAKEJIOE NOBPEXIEHHE, O~
HAKO SMUTENUALHLIE KJAETKH TOHKOIO KH-
LUeYHHKA He CTPaJaloT B IIPOLiEcCE TepeBapH-
Banua Goratolt Gesikamu nmuum oT peficTeun
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yka3aHHeix ¢epMeHToB. Bornee Toro, mpu
aHAJIH3€ COJNEPKHMOIO HHKHUX OTHEJIOB
TOHKOTIO KUILIEYHUKA BO BPEMSA NMUILEBAPEHUS
BLUABJIAOTCH TOJIBKO CJIEAR! 3TuX (pepMeH-
TOB, 2 aKTUBHLI ITencHH He OOHa pyxuBaeTcs
popce. [NonuiTaiiTtech O6BACHUTL 3TH QaKTHI
Bpgexmusocmey kapboxcunenmudasz. Brine-
JIiEMbIE TIOKENYIOYHON KeJe30il kapOok-
curienTHaasbl 6oJiee agpexTHBHO rHApOIH-
3yl0T OeNkH Ha 3aBepllalolHX ITanax
IMUILIEBa peHUsl, 4EM Ha Ha4a bHuIX. OObicHu-
Te, NOYeMy.

Henepenocumocmb moaoka y ébixodyes ¢ Bo-
cmoKa u y Hezpo6. Y B3POCJEIX HErpoB M
y BexXomues ¢ Boctoka B pesynsTaTe ymo-
TpeOJieHHsA B IMILYY MOJIOKA 4acTo Habmo-
AaroTcs B3AYTHE XKHBOTA, Cnasmbl, Oosm
M NOHOC. DTH CHMITTOMbI BO3HHKalOT 4epe3
1--4 4 nocne NOTpebieHus BCEro JIWLLL ONHO-
ro CTakaHa MOJIOKa (HATYpPaNnbHOIO WM No-
poinkoBoro). KakuM KOMNOHEHTOM MOJIOKa
obycriosneHnl 3TH cuMnToMbl ? KakuM obpa-
30M 3TOT KOMIIOHEHT BHI3bIBAET NOABIIEHUE
YKa3aHHBIX CUMITOMOB?

Ipuyuner cmeamoppeu. Kimunueckue cumr-
TOMB! CTEATOPPEH, XapaKTepH3yHOLLEHCA H3-
OBITKOM JIMNKWAOB B KaJie, 0OyCIIOBJIEHb! JIH-
60 HemocTaTOYHOHM cekpeumedl  XeJMHbIX
KHCJIOT, NHOO OTCYTCTBHEM CEKpETa TNOKe-
aynoyHoit xkevesbl. IlodeMy 3TH npHUMHEL
NPHBOUAT K TMOABJIEHHIO JIHIHAOB B KaJye?
Kak, Hcxost W3 JaHHbIX aHaH3a KaJia, MOX-
HO pa3zjIMyMThb, KaKasg U3 3THX OBYX NPHYHH
JIEXHT B OCHOBE 3aboJieBaHHs? O6bACHMTE.

. Asanun u eaymamun 6 xpoeu. B ninasMe xpo-

BH COZIEPXAaTCA BCE aMMHOKHCIIOTHI, HEOOX0-
JI¥MBIE L1 CHHTE3a OeTKOB B OPraHH3Me, HO
B pa3HbIX koJsuecTsax. [1pu 3TOM KOHLEH-
TPaLMH OBYX aMHHOKHCJIOT, 8 HMEHHO ana-
HYHHA W T[JYTAMMHA HAMHOIO BbIILE, 4YeM
ocTanbHuix. OOBACHHTE BO3MOXHbBIE NpH-
YUHBI BBICOKOTO COAEPXAHUA 3THX [OBYX
AMHHOKUCHIOT.

Heiicmeue yabauna wa nouennyro mxauv. Ya-
6auH — TOKCHYHBIH rJMKO3HI, W3OHpaTebHO
nojasjsAoWMit  akTupHocTh Na*, K™*-
ATPa3u B XHBOTHBIX TKaHAX H He BIMAIO-
LI HA AaKTHBHOCTB APYIMX H3BECTHLIX (ep-
MeHTOB. OZIHaKO no Mepe nobasneHus yaba-
MHAa B BO3PACTAIONIMX  KOHUEHTpALMsxX
K TOHKHM Cp€3aM IO4€YHON TKaHH Habmo-
JaeTcsl HapacTaloee TOpMOXeHHe NoTpeo-
JIEHHs! KUCJIOPOAa BILIOTE A0 66%,. OObsicHu-
Te NpHYMHY 3TOro spyiehusi. Kakoli BhiBOX
MOXHO CENAaTh OTHOCHTEJIbHO UCTIOJIb30Ba-
HUSl 3HEPIHH [LIXaHHWs B MNMOYeYHOH TKaHH?

. Heobxodum au 2quxosus 0aa coKpaufenusn

cKenemuoil mMuitilypl? ANKHITUPYIOLMUA areHT
vomaneraT (ICH,COO ™) smmseTca mom-

13.

15.
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HBIM MHIHOHTOPOM Imuepalibaeria-3-¢oc-
$aT- nerHAporeHassbl, MOCKOJILKY OH CBS3bI-
BaeTcA C HeOOXOOHMMBIMM [JI KaTajM3a
SH-rpynmnamu. Ecmi moyiocku  ckeJIETHOH
MbILLILE 06paboTaTh CMeCblO HOJaueTaTa
KaJusg H aiTHMUIKHA A (0L 17), TOo MbiLina
coXpaHfieT crnocobHOCTE K COKpaLLeHWMIO
B OTBET HAa IOBTOPHYIO 3JIEKTPOCTUMYJLi-
LMo, HO JIaKTAT B Held He o6pa3syercs.
OObAcHNHTe, 4YTO NPOUCXOOMT INPH ITOM
B MblLe. UTo CITyXHUT HCTOYHHKOM 3HEPIUH
A ee COKpallleHUs B I3TUX YCJIOBHAX?

. ATP u ocpoxpeamun kax ucmox HuKu IHEp-

2uu 6 moiuyax. Ipu coxpallieHHy ckesyleTHOH
MBIUNIKT B HeH CHHXAeTC KOHUEHTpalHs
¢ochokpeaTHa, TOTAa KaK KOHLEHTPalHA
ATP ocraeTci NpakTH4YeCKH IOCTOSHHOMN.
O6bAcHHTe, kak 3TO0 npoucxomuT. Pobept
JIaBHC B CBOMX KJIACCHYECKMX OMNbITAaX MNOKa-
3an, YTO nocJie NpeapapuTeNsHONH 06paboT-
kM Mblumst  (TOp-24-nHHUTPoOEeH30J10M
kxoHueHTpauusa ATP B Heii OnicTpo najaer,
TOrAa Kak KOHLUEHTpauusa ¢ochokpeaTHHa
ocTaeTcs HeM3MEHHOM Ha PO TIKEHHH CEPHU
cokpanlenyii. [lonuiTafiTech 3T0 O6GBLACHHTE.
Memaboausm eaymamama 6 mosey. I'nyra-
MaT, JOCTaBJIIEMbIH KPOBbIO B TKaHb MO3I3,
npeBpalliaercs TaM B T[JIYTAMMH, KOTOPGUH
MOXHO OOHAPYXHUTh B OTTEKaKOLLEH OT MO3-
ra kposu. KakoB cMuicJ1 3TOro MeTabomye-
cKoro npespailienda ? Kak oHo nporcxonuT?
B nelictBHTENLHOCTH B MO3TY BblpabaThl-
paeTca Ooiblue TIyTaMHHA, 4Y€M MOXeT
o6pa30BaTbC H3 [OOCTABIIAEMOIO KPOBBIO
ramytamata. OTkyzZa Gepercsi 3TO JONOJHH-
TeNbHOE KOJMYECTBO IJTyTaMMHa?

. Omcymcmsue 2auyepoAKUHA3bLl 8 HCUPOBOIL

mKanu. T'muuepor-3-pocdat - kmoyesoit
NpOMEXYTOYHbLIH NpOAYKT B OHMOCUHTE3e
TpuauHIruueposios. Knerku xnposoit Tka-
HH, CTIELIHAJIH3HPYIOLLMECH Ha CHHTE3€ U pac-
naje TPHaLKITJIHLEPOJIOB, HE CNOCOOHBI He-
MOCPE/CTBEHHO MCNOJIL30BaTh  [JMLEPON,
MOCKOJILKY B HMX HET TJIMLEPONKHHA3ELI, Ka-
TaJIM3UPYLOILEeH pEakLMio

I'minepon + ATP —
— T'muepon-3-pocpatr + ADP

Kak obecnieynBaeTcs % HpoBas TKaHb CJHIIe-
poJi-3-ocaToM, HeOOGXOZHMMBIM 1711 CHHTE-
3a TpHauunrmueposioB? O6bacHUTE.

Omex, c6a3annblii ¢ Hed pomuteckum CUHOpo-
mom. Tlpu Hedpose ¢ MoHo# Bbimensercs
60JIb1110€ KOJIHYECTBO CHIBOPOTOYHOIO allb-
6ymuna. CopepxaHde albOyMHHa B ChIBO-
pOTKe KpOBH TakWX OONBHBIX CHHXaeTcs
B1I0Th A0 1,0 r Ha 100 M, Toraga kak B Hop-
Me OHO coctaBiser 3,54,5r (tabn. 24-3).
T'lpy 3TOM y GoJibHbIX HabIMOAAIOTCA CHIIL-
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18.
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HbIe OTeKH KOHeYHOCTelt, 06ycIOBNIeHHbIe Ha-
KOIJIEHHEM XHIKOCTH BO BHEKJIETOYHOM
npocTpaHcTBe. OOGBACHUTE NMPOHCXOKIEHHE
3THX CHMITTOMOB,

T'unepzauxemus y 60sbHbIX OCMPLIM NAHK pea-
mumom. 1na neveHus 6OMBLHBIX OCTPLIM NAH-
KPEaTHTOM HCHOL3YHT Gedbenxonyro mue-
Ty ¥ BHYTPMBEHHOE BBelieHMe QH3HONOIMYe-
CKOTO pacTBOpa C rimoko3oi. Kakosa 6uoxu-
MHYecKas OCHOBa 3Toro Jedenusi? B mpouec-
Cce JleveHMs Y 3THX GOJILHBIX 06bMHO HabIo-
naetca runeprimxemus. Iouemy?

Tlompe6 senue xucaopoda npu usuueckoil Ha-
2pyaxe. Uenosex B cHOAYEM MONOKEHUH 11O~
TpebnseT B Terenue 10 ¢ okono 0,05 n kuc-
nopona. CipuHTEp, copeBHyACL B bere Ha
100 M, 32 TO %€ BpeMa noTpebnser 1 J1 Kuc-
nopopa. ITpo6GexaB DucTaHUMIO, CTIpMHTEp
MPONOIKAeT THXeJNO OBIILATL elle HeCKOIb-
KO MHHYT, noTpebiss npu 3170M 1no cpapHe-
HHIO CO CNOKOHHO CHASUIMM YEJIOBEKOM IO~
MOJIHUTENILHO OKoNo 4 11 kucnopopa, Iloye-
My NOTpe6HOCTE B KMCIIOPOAE PE3KO BO3pa-
cTaeT npu Gere Ha KOPOTKYIO OMCTaHUMIO?
IMoyeMy NOBBILIEHHAS NOTPEGHOCTD B KHCITO-
pole cOxpaHsieTcs 1O OKOHMuaHMM Oera?
Bauanue mosoutoii duemer va pH mouu. Tipu
HCKIIFOYMTENILHO MoJIo4HOM muete pH Mouu
cTanoBuTCH Hmxke (pH < 5), 4eM npu muTa-
Huu obbMHON cMemanuofi muueii. Bmecre
C TeM M3BECTHO, 4T0 pH nemHoro monoka
paBeH ~ 7,5. [NonbiTafiTech 0O BACHHTL 3TOT
Napanokc, yYHTbIBas OOLMI COCTAB MOJIOKA,
roe MpHMEpHO 3,5% NMpHXOmMTCA Ha A0
JaKTO3Bl, 3,5% —Ha XuMp U OKono 3,5% -Ha
Ka3enH (bocdonpoTtenH, comepxaluyit MEOTO
ocTaTtkoB cepundocdara).

Huixamevuviii ayudos. Ckopas noMolb 10-
cTaBuyia B MCCTHYH GONBHMLY 22-n€THEro
MYXYHHY ¢ QJHArHO30M OTPaBJIeHHs HAPKO-
TukoM. TTpy nocTynienus Avrxanue GOBHO-
ro 6plI0 NOBEPXHOCTHLIM H HeperyNapHBIM.
BBuny yXymilleHHS COCTOSIHMS INPUMEHMIIM
HCKYCCTBEHHOE [IbIXaHHE C MOMOLIBIO MeXa-
HHYECKOTO pecnupaTtopa. AHaIH3 apre-
pHaLHONA KpoBH NMOKa3as cHxenue pH kpo-

8

21.

22.

1 no 7,18. BosmHOMy BBENM BHYTPMBEHHO
12 r 6ukapboHaTa HaTpHg.

a) IMoyeMy mepemo3upoBka HapKOTHKA MO-
I71a NPUBECTH K OBIXATEIbHOMY auuao3dy ?
Kak puset Ha pH kpoBu 6ommHOrO Mexa-
HU4eckas e THIIsLMA Jerkux ? Kak soo6-
Ile BIMAET MEXaHW4yeckas BEHTUJISIHA
JIETKHX Ha CTIOCOGHOCTDL KpoBM Tpaucrop-
TUPOBATh KMCJIOPOX B TKaHM?
OO6BACHHTE, KAKOBA LEJb BBENEHHA OH-
kapboHaTa HaTpus.

Hedocmamourocmy muamura u  GyHKYuA
mo3z2a. [Ana 6ONLHBIX ¢ THAMWHOBON HeIo-
CTATOYHOCTBIO XapaKTepeH LeJBii psia He-
BPOJIOTHIECKMX CUMIITOMOB: yTpaTa peduiek-
coB, GeCIIOKOHCTBO, CTIyTAHHOCTh CO3HAHHA.
OO6nAcHUTE, MMOYEeMy HEZOCTATOYHOCTb THa-
MuHa OTpaxaercd Ha GyHKOMM MO3Ta.
T'unepaxmugrocmp xopvl HAONONEY KUKOB U 2u-
nepxasuypus. THNEPakxTUBHOCTL KOPBI HA.X-
MOYEYHUKOB Y YeNloBeKa, OOycnoBleHHas
ONYXOJIAMH KODBI, IPMBOOUT K M36bITOYHON
peabeopbunn Na* B nouedHbIx KaHAILLAX.
Tlpu 3T0M y GONBHBIX BBIBOAATCA ¢ MOYOM
8 NMOBBILIEHHOM KoJMecTBe Houbl K *. Tlo-
4eMY TNOBBIIEHME OGpPaTHOro BCACHIBAHMA
uoHoB Na ™ conmpopoxaaeTcs NOBLILIEHHbIM
BbiBefeHueM uoHos K *?

Toxcuueckoe deiicmeue mopckoii 6odwl. Tlo-
YKM 4esioBeKa —BEIMKOJIENHOe YCTpoiCTBO,
perymmpyloiee ynanenme uoHoB Na* m3
KpOBM ITyTEM 006pa30BaHBa MOYH, B KOTOpoh
conepxanue monos Na * focruraet 340 MM.
OnHaxo B MOPCKOH BOAE KOHUEHTpalMs
Na * BoBoe spiie TOM, KOTOPYIO COCOOHE!
CO371aTh NOYKH 3NOPOBOro 4enobseka. Ecim
4eJIOBEK NMbeT TOJBKO MOPCKYK Bomy, TO
npoucxonuT Hakornnenne NaCl o BHexe-
TOYHON XMAKOCTH (T.€. B XMAKOCTH, OXPY-
*arolelt KJIeTKH Te/a), HO He BO BHYTPHKJIe-
TO4YHO#M xuakocTu. [lymrenbHoe noTpebre-
HME MOpckoM BOObl NMPMBOOMT K CMepPTH
BCNIEACTBHE TNOBPEeXIEHHA KIETOK Mo3ra.
TMoyeMy moTpebnenue MOPCKOR BOAB! Ha
MPOTSDKEHUHM AJHTEJILHOTO BPEMEHU BBI3bI-
BaeT MOBPSKICHNE KIETOK?

6)

B)
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I'"OPMOHBI

B 370ii rj1aBe Mbl PACCMOTPHM TOPMOHEI
M TO, KaK OHH PeTYJUPYIOT B3aHMOEHCTBHE
MEXAY Pa3WYHbBIMU OPraHaMH M TKaHSMU.

CnoBo 20pMOH TIPOUCXOAHUT OT T'PEYECKO-
TO TJaroJjia, O3HA4aroIEro «BO30yXnaTby,
WM «pazapaxatby. [OPMOH -3TO XHUMuUYe-
CKHi1 areHT, BBIIEIIIEMBbI B CJIEOOBBIX KOJIM-
YecTBaX TKaHbIO OJHOTO THNA M J0CTa-
BJISEMbIHi KPOBBIO B [PYIYIO TKaHb-MH-
LIeHb, TAE€ OH BRI3BIBAET CNELU(PUUYECKYIO
buoxMMudecKyro MM GH3MONOrHYECcKyo
aKTHBHOCTb. OHAOKPHHOJIOTHs — pa3ne
6uoMe IMUMHCKOM HayKH, H3y4alolMil rop-
MOHBI,— OTHOCHTCSl K YHCITy HauboJsiee MHTe-
pecHbIX obnacteil 6uoxumuu. B nmocieonee
BpeMs 3[€Cb Ha OCHOBE IOJIYYEHHBIX pe-
3yJIbTATOB PACKpPbIThl COBEPLIEHHO HOBBIE
nmoaxofdn! H mepcrnekTuBpl. Bosiee Toro, mo-
CKOJIBKY HapylleHMe neficTBHsi TOpMOHOB
MPUBOOUT K 3a60seBaHUsAM, SHIOKPHHOJIO-
M cTaja OOHOH U3 CaMbIX IOJIE3HBIX
B IpaKTHYECKOM OTHOWEHHM o6JsacTeit
OuoxumMum,

V3BeCTHO MHOTO TOPMOHOB, M B HACTOS-
11e€ BpeMsi IPOAOJIKAIOT BBIABJIATL HOBBIE.
TopMOHbI peryjMpyroT He TOJBKO OOMeH
BEILIECTB, HO ® MHOTHUE ApYyrue GyHKUUH Op-
TaHN3Ma, POCT KJIETOK H TKaHeld, puT™ cepa-
12, KpOBsiHOE fapJienye, paboTy movek, me-
PMCTAJIFTUKY KHILIEYHHKA, BbiOEJICHHE IH-
LIEBAPUTENBHBIX  (EPMEHTOB, JIAKTALMUIO
u paboTy penpoayKTUBHON CHCTEMBL Mbl
He OyneM 31ech paccMaTpHBaTh BCE 3TH BO-
npocbl. TToCKOJIBKY OMOXuMMUYEcKHe MeXa-
HH3MBI [elCTBUS GOJIbIIMHCTBA TOPMOHOB
OCTAKOTCSl IO CYLIECTBY HEM3BECTHBIMMU, Mbl
OCTaHOBMMCS JMIIL Ha GUOXHMUH TOPMO-
HOB, PEryJMPYIOLIMX OCHOBHBIE IyTH METa-
60mM3Ma, 2 UMEHHO afpeHalMHa, UWHCY JIHHA,
TIFOKaroHa, THPOKCHHA U TOPMOHOB KOPbI
Ha/NOYeYHUKOB.

25.1. Topmoubl GYHKHHOHHPYIOT
B paMmKax

CN0KHO NepeKpeiMBatoileficy
HepapXH4eCcKOH CHCTEeMbI

PaccmoTpuM cHavala OCHOBHBIE SHIO-
KPHHHbBIE CHCTEMBI OpPraHu3Ma ¥ HEKOTOpbIE
¥3 uX QYHKIHOHAJBHBIX B3auMocBs3eil. Ha
pHc. 25-1 nokasaHo aHaTOMMYECKOE Pacrio-
JIOXEHHE OCHOBHBIX SHIOKPMHHBLIX XeJie3,
UTparoLMX BaXHYIO POJIb B PETYJIALMM Me-
Tabosmsma. CroBO «IHIOKPHHHEBIE» («Ce-
KpeTHPYIOIL(ME BHYTPb») O3HAYAET, YTO 3TO

MmoTanamyc

UiMuxopuanas
xeaesa

Haanoueummxu

MNomxpaynounse
xenesa

Kenyaok

Huunnky
(y weHUKH)

CeMBHHUKY
(y Myxum)

Puc. 25-1. OcHOBHBIE IHJOKPHHHBIE XKEJE3bl.
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KeJie3bl BHYTPEHHEH CEKPELIMM, T.€. OHH Bbl-
JEJIAIOT CEKpeT B KpoBb. IToMuMO HIMpoko
H3BCCTHBIX S3HIOKPHHHBIX JKEJIE3, TAKHX, KaK
LIMTOBUAHAS JKETe3a UM runodus, cyiue-
CTBYET MHOIO APYIMX TKawe#, HanpuMep
ILIMIIKOBU/HAS XKeJjle3a, THMYC HJIH MHOTO-
YHCJIEHHBIE TPYNILI KJETOK HKETTY10YHO-KU-
LIEYHOTO TPaKTa, KOTOpPHE CEKPeTUPYIOT
pa3IMiHbIE FTOPMOHBIL.

Ha puc. 25-2 npupenena obmas cxema pe-
TYJIATOPHBIX B3aMMOCBA3E MEXIY IHIO-
KPHHHBEIMM JKENE3aMH U UX OP2dHAMU-MU-
wenamy. KoopnuuupyroLmMM HEHTPOM IH-
JOKPUHHOIl CHCTEMBI SIBTISETCH CHEMATN3HU-
poBaHsias oOJlaCcTe MO3ra — 2unomaiamyc,
KOTOPHI TOJTyYaeT M UHTETPHPYET CMI-
Hambl, UAYIIME M3 UEHTPaJIbHON HEpPBHOR
cvcTeMbl. B oTBeT Ha 3Tu cHrHambI rUnOTAa-
JlaMyYC BBILEJSIET PRl 2UNOMAAAMUYECKUX
pezyA9amopHbIX TOPMOHOB, KOTOPBIE TIOCTY-
NAKOT B NEPEAHION Jomo runodusa, pacno-
JIOXKEHHOTO HEMOCPEACTBEHHO MOM MIOTa-

MOJNOUHAA
xedesa

Puc, 25-2. OcHOBHBIE JHAOKPHHHBIE CHCTEMBI H HX
rKaHK-MuIenH. Bollikkalowmne B HEPBHOR CHCTEMC
CHIHAJTB], TIPEXKJIE YEM NOCTHIHYTh TKaHH-MUIUEHH,
NpONyCKAIOTCH YEPE3 CEPHIO NepeKouaTeneit (pe-
Jle). KpoMe noKa3aHHBIX HA PHCYHKE CHCTEM rop-

MOHBI BBLAEJAIOTCH THMYCOM W LIMILKOBHIHON e-
Je30H, @ TAKKE rPyNnaMyA KIETOK B XEJy/TO4YHO-

kulueuHoM Tpakrte. PCI - honankyToCTHMY IMpPY-
towunit ropmon, JIT — 1o TENHH3KMPYIOLLHIA TOPMOH.

namycoM. Kaxnawii  runoranamMuyeckuit
TOPMOH pPEryJIMPYET CEKPELMIO KAKOro-TO
O/IHOTO rOpMOHa NepeHeH 10N runodu3a.
Hekoropeie rnoTanaMiyeckue TOpPMOHBI
CTHMYJIMPYIOT CEKPELIMIO NAHHOTO FOPMOHA
runodu3oM, npyriue—TopmMo3sT. B ciryyae
CTUMY ALK CEeKPELMH TOPMOHBI runodusa
BHIAENISIOTCS B KPOBb M OCTHIAKOT JHOO-
KpHHHBIX  JKEJle3  CIe/lyFOlIEro  PaHra,
a HMEHHO KOpbl HAONOYeHHUKOoE, 3SHIO-
KPHHHBIX KJIETOK HOOMCEAYOOY HOUI Mcenesbl,
LUIMTOBHAHOMN XKENe3bl U AWYHUKOB WM Ce-
MEHHMKOB. B pe3ysbTate 3TH XKeJie3bl
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B CBOIO ovepeib HAYMHAKOT BbIAEIATH COO-
CTBeHHble crnenuduYeckie TrOpMOHBI; TIO-
clegHUe ¢ TOKOM KpOBH NOMANAIOT HA pe-
yenmopsl 20pMOHOS, PACTIOJIOKEHHBIE Ha
TIOBEPXHOCTH MJIH BHYTPU KJETOK TeX TKa-
Hei, KOTOPBIE ABJISFOTCA KOHEMHBIMM MHIIIE-
HamMu. B a3TOolf cucTteMe nepeksrouartereit
(peJe) ecTs eLLe OHO 3BEHO, & MMEHHO KJIET-
KM TKaHeH-MHIIEHEH CONEPXAT MOJIEKY-
JIAPHBI CHTHAIBHBIA  ATeHT — 8HympuK ne-
mounblit nepedamyux {IIOCPENHHUK), TIEpe-
JAroLMi CUrHaJl OT peuenTopa ropMoHa Ha
cnelm@UUecKyr0 BHYTPHKJIETOMHYIO CTPYK-
Typy Wi ¢epMeHT, KOoTopble COOCTBEHHO
U cJIy®ar KOHEMHOH MHUIIeHbio nelcTBHs

Xele3a
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Puc. 25-3. Perynaums ceXpeuuy THPEONIHBIX
TOPMOHOB — THPOKCUHA WM TPUMOATHPOHHHA — O
npuHuuny o6paTuoii ces3u. INpH ysenuue-

HHM KOHLEHTpPAly 3TUX TOPMOHOB B KPOBHM NpO-
HCKOAUT TOPMOXEHHE CEKPELMH THpOJIMbBepHHa
(TJ1) runoTanaMycom W TUPOTPONHMHA THNO(GHIOM.
Cexpeunto TJI TopMO3IMT Takxe Apyroii runoTana-
MWYECKHH TOPMOH ~COMaTOCTATHH.

ropmona. Takum 06pazoM, kaxnas 3HAO-
KpHHHas cHCTeMa TpefcTasiiseT coboii mo
cylecTBy HaGop peJie, Yepe3 KOTOpbIe CHT-
HAll OT HEHTpAJbHO HEPBHOM CHCTEMEI
nepefaeTcs k crnemuduueckoit MosekyJie-
3QGEKTOPY B KIETKAX-MHUILIEHSX.

OyHKIMOHAbHAS aKTHBHOCTD 3HIOKPHH-
HOM CHCTEMBI pEryJIMpyeTCs TaKXKe C HO-
MOILLK0  MexaHu3MoB, paboTarolMx 1o
npuHUMIy obpatHoii ces3u. Ha puc. 25-3
NpuBeieH TpUMEp, NOKa3bIBAIOUMEA, Kak
MOTryT AeHCTBOBATH MEXAHU3MBI TAKOr'O TH-
na. ['unoramaMyc mocbIAET B MEPSIHIOIO
oo runogmsa tupoymbepud (TJI), ctumy-
JIMpyst 3THM CEKPEHMI0 THPOTPONHUHA,
B CBOIO OMEpEb THPOTPOINH CTHMYJIHPYET
BbIJEJIEHHE IMTOBHIHOM KeJie30H ropmo-
HOB MUPOKCUHAd W MPUUOOMUPOHUHA, KO-
TOpble NONANAIOT AAJCE B TKAHH-MHULIIEHH.
Onuako UMPKYJIUpyIOIME B KpPOBHU TH-
PEOH/IHbIE TOPMOHBI TOPMO3AT 1O NPHHUM-
ny obpaTHo#i cBa3u Beiaenenue TJI runora-
JAMycoM M THPOTpONUHA T[HNOPU3IOM.
Kpome Toro, cekpexnusa TJ1 unrubupyercs
COMAMOCMAMUHOM, BHNETIEMBIM [UIOTA-
JlaMycoM (a Taxxke TOMKEIyOOuHOI Kexie-
30i). 3TOT npUMEP NOKA3LIBAET, YTO BhizE-
JIEHHE MJIM nelcTBHE KaKOro-1O OIHOTO
ropMoHa MoOXeT JMOO HaxomuTeCs MNoa
CHITbHEIM BJIMSHHEM, MO peryimpoBaThes
IpyruMH ropMoHaMHu. TakuM o06pa3om,
GyHKIMOHAbHAS AKTHBHOCTD Pa3MUHBIX
SHIOKPHHHBIX CHCTEM 3aBUCHUT OT O4Y€Hb
CJIOXXHOH CETHU PeTyJITOPHBIX B3aMMOCBS-
3eil.

25.2. HexoTtopbie
o0lHe CBOWCTBA TOPMOHOB

B oTtHowenuu cTpykTypel M ynkudm
TOPMOHOB MOXHO CIIEJATb HEKOTOPHIE 060-
Oruenus.

a. Cywecmayiom mpu Kaacca
20pMOHO8: nenmuoHbie,
CMepoudHble U AMUHbI

K uucimy nenmmuduvix zopmornoe (tabi.
25-1), kOTOpble MOTYT COnepXaTh oT 3 A0
200 aMUHOKUCJIOTHBIX OCTATKOB, OTHOCATCH
BCE TOPMOHBI TMNnoTanaMyca u runodusa,
a4 TAKX€ HHCYJIMH U TJIFOKAroH, CEKpeTH-
pyeMBble MOJKETYAOUHON KeJIe30i.
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Tabauya 25-1. OcHOBHBIE KJIAcCHl TOPMOHOB
M ¥X INpeCTaBHTE]H

MecTo cexpeuns

Ilerrrnaele TOPMOHBI

Tuponubepux Tunotanamyc
Koptrukorponun INepennsas pons ramno-
dusa
Basonpeccux 3ajuas pons runodu-
3a
Hucynmn Tlomxenynowman xe-
neza
I’ mokaroH « «
AMunb!
AnpeHanuH Mosrosoi cnoi Han-
NOYEYHUKOB
Tupokcun IluTonaHan Xeesa
CrepouaHsle rop-
MOHBI
Kopruson Kopa HaanoyeuHukos
B-Ictpaamon Suuuuky
TecrocTepon CeMenHuKH
Tporecrepon XKentoe Teso

T'opmonel, npuHapyiexalipe K Kjaccy
aMMHOB, NPeACTABIAIOT coboit HU3KOMOJIE-
KyJsipHble BOAOPACTBOPUMbIE COeMHEHMS,
COepXallude B CBOEM COCTaBe aMMHO-
TPYTIIBI; K MX YMUCITy OTHOCATCS afpeHalTuH,
CEKPETHPYEMBIi MO3TOBBIM CJIOEM HAIIO-
YEYHWKOB, ¥ THPEONOHbIe TOPMOHEL, K cme-
DOUOHBIM 20pMOHAM (KOTOPBIE XOPOLLIO pac-
TBOPHMBI B KHPax) OTHOCATCA TOPMOHBI
KOPBI HAAIIOYEYHUKOB, AHOPO2eHbl (MYXKCKHE
IIOJIOBBIE TOPMOHBI) M 3cmpo2eHbl (EHCKHE
NOJIOBBIE TOPMOHBI).

6. Hexomopele noaunenmuonble
20pMOHbl 0Bpaszyromes
U3 HeaxmueHblX npeduiecmgeHHUKO8

HexoTopble NOJMIENTHAHBIE TOPMORBI,
B TOM YHCJIe MHCYJIHH U TTIOKATOH, CUHTE3Y-
pYIOTCS B KJETKAX OSHAOKPHMHHBIX JKeJe3
CHayana B BHIE HEAKTUBHBIX NPENUIECTBEH-
HHUKOB, WM npozopmoHos. Takue Heak-
TUBHBIE MpENIIECTBEHHUKM uMeroT Oouee
IJIMHHBIE TIOJMICOTHIHBIE LENH, YeM CO-
OTBETCTBYIOILME AKTUBHBIE ropMOHbL. I1pn-
MEPOM MOXET CJIYXKHTb MPOHHCYJMH (nomm-
nenfyaHas Lelb KOTOpOoro COJlep)KMT ﬂpﬂ-
6misnrermao 80 aMHBOKMCIOTHBIX OCTAT-
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KOB), IpeBpalIaloILMiics B aKTUBHBIH HHCy-
Jun (copepxalmii 51 aMHHOKMCJIOTHBIR
OCTATOK) MyTeM (pepMEHTATHBHOTO OTIIE-
IUIEHUS 4acTH MoJmMnentuaroi uens. ITpo-
TOPMOHbl HAaKaIIUBAKOTCA B HEAKTUBHOM
thopme B SHIOKPUHHO# KJIeTKe, OOBMHO B €€
CEKpeTOpHBIX rpaHysax. Ilo poyyeHHn
KJIETKOH COOTBETCTBYIOILETO CUrHaJa Mpo-
ropMoH crocobes OpicTpo  (epMeHTa-
TUBHBIM NyTeM NPEBPATUTHCA B aKTUBHbIH
TOPMOH.

8. I'opmonel Oeiicmsylom 8 oueHdb
HU3KUX KOHYEHMmPayuax

u 8 DoabluuHCMBE CAy4O€e8
uMelom KOpOomKoe 8peMs MWu3Hu

Ba3zaneHBIA (sieCTHMYJIMPOBaHHBI) ypo-
BEHb TOPMOHOB B KPOBH O4€Hb HM30K; OH
pacosioxed B IpeaeiaXx 0T MHKPOMOJIAP-
Hpx (107% M) no nuxomonsprpix (10712
M) konuestpaumit. B atom oTHOLIEHMH
TOPMOHBI PE3KO OTJIHHAKOTCS, HAIIpUMED, OT
TJIFOKO3bI, cofiepaxalleiics B KpOBY B MMJLITH-
MOJISsPHBIX KOHIEHTPauMsX (IpubIu3nTeh-
1o 4102 M). B ciity HH3KOH KOHUEHTpa-
LMY TOPMOHOB HX OY€Hb TPYAHO BLIAECIHTD,
HAEHTH(HIPOBATE U TOYHO KOJIMYECTBEH-
HO onpenesuTh. VckmouuTebHO BhICOKas
4yBCTBUTEILHOCTD ONUCAHHOTO HUXKE METO-
Ia paguoOMMMYHEOJIOTHYECKOTO aHAJIN3a OT-
KpblJIa COBEPIIEHHO HOBbIE BO3MOXHOCTH
HccenoBannit B obractu GuoxvwmMMH rop-
MOHOB. OTOT METOL NO3BOJIAET KOJHYe-
CTBEHHO W3MEPATh COOEPKAHHE MHOIHX
TOPMOHOB B HMYTOXHBIX KOHIIEHTPALMUX.

T1pu CTHMYJIALMN CEKPEliMM KaKoTro-mbo
TOPMOHA €70 KOHIICHTPauMsl B KPOBH BO3pa-
CTaeT HHOTAA Ha HECKOJLKO nopsaxob. ITo-
CJie OpeKpalleHHs] CEKPElMI KOHIEHTpallys
3TOr0 TopMoHa OBICTPO BO3BpalLAETCH
K ucxonuoil. BpeMs Xu3HM TOPMOHOB
B KPOBH OY€HBL HEBEJTUKO, 4acTO OHO He Npe-
BBIIIAET HECKOJIbKMX MHUHYT. Kak Toimko
oTnajgaetr HeOOXOOMMOCTL B NpPHCYTCTBHM
rOpMoHa, OH OBICTPO MHAKTUBMPYETCH IOA
JeiicTBieM (GEPMEHTOB.

2. O0HU ZOopMOHBl Oelicmeyiom
bvicmpo, Opyzue —medaeHHo

HexoTopble TOPMOHBI BbI3HIBAIOT HEMEN-
JIeHHBIH OHOXMMHYECKHH HITH (U3NOJIOTHYE-
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ckuii oTBer. Hanpumep, IeyeHb HauyMHAET
BLIOpAacHIBATH TJIOKO3Y B KPOBb yXKe 4epes
HECKOJILKO CEKYH[ NOCcJe BbIICJIEHMs aJape-
HaJIMHa B KpOBOTOK. B ciyuae xe Tu-
PEOUIHLIX TOPMOHOB WM 3CTPOTEHOB peak-
LMs TKaHel-MuueHe Ha 3TH TOPMOHDI
JOCTHraeT MakCHMyMa B TE€MEHUE HECKOIIb-
KMX 4acoB WM faxe aHeid. Kak Mbl yBHIMM
HUXE, 3TH pazMuHs BO BpeMeHH, Heobxo-
JMMOM [AJI8 OTBETA, COOTBETCTBYIOT pa3iH-
YUsAM B MEXaHW3MaX [EHCTBUS TOPMOHOB.

0. I'opmonnl ceasvisaromes

€O cneyuuueckuMu peyenmopamu,
PacCno A0NCeH HbIMU

AUbo HA noeepxHoOCMu,

Aubo euympu Kaemku-mutieny

IlepBeriif atan peicTBUsA M06oro ropMo-
Ha —3TO CBA3LIBARNE C KAKOW-TO OIHOIM crie-
pHYEeCKOi MOJIeKYJIOR WK rpynnoit Mo-
JIEKYJL, Ha3bIBAEMON peyenmopom 20pMOHa,
KOTOpast oOBMHO JIOKaJM30BaHa JMOO Ha
IOBEPXHOCTH KJIeTKH-MULIeHy, ymbo B um-
To30Jie. Pementop obsafgaer oyeHb BBHICO-
KO CcHeuupHYHOCTBIO U CPOACTBOM MO OT-
HOULIEHHIO K COOTBETCTBYHOIIEMY TOPMOHY.
Peuentopel 60dopacméoptimbix NENTHIHBIX
U d@MHHHBIX TOPMOHOB, HE CNOCOGHBIX ObI-
CTPO NPOXOAMTL HEPE3 KICTOYHYIO MEM-
6pany, pacnonararotcsi Ha HapyxHOH IO-
BEPXHOCTH KJIETOK-MHMIIEHeH, Toraa Kak
creunduveckue OelKy, KOTOPbIE SBIAIOTCS
peLENTOpaMH  2CUPOPACMEOPUMBIX — CTE-
POMIHBIX TOPMOHOB, JIETKO MPOHWKAFOTIMX
CKBO3b MeMOpany, OKaJM30BaHBL! B LIMTO-
30Jie KIETOK-MULIEHEH.

e. [leiicmeue 20pMOHO8 MOMcem
OCYWecmeasimeca 4epes
8HYMPUKAEMOUHbIE 6MODUYHblE
nepedamuuru ( HOCpeOHUKU )

Kak ToJIbkO MoJIexyJia fopMosa MpHCoe-
JVHUTCS K PELETITOPY, PACIOJIOKEHHOMY Ha
NOBEPXHOCTH WUJIM BHYTPH KJIETKH-MHILIEHH,
pELETITOpP NPeTeprieBaeT XapaKTEPHBIE W3-
MEHEHHs, KOTOpble NPUBOMAAT K o6pa3osa-
HUIO WIH BHICBOOOXKIIEHUIO B KJIETKE MeOua-
TOpa, Ha3LIBAEMOro OOBMHO 6mopuuHbiM
nepeoamutikom, Wil ROCped RUKOM. ITOT No-
CPEIHHMK mepenaeT CUrHaj OT peuentopa
FOpMOHa Ha COOTBETCTBYIOLLWMI (epMeHT

WM Ha MOJIEKYJISPHYIO CHCTEMY BHYTPU
KJIETKH, KOTOpBle, CODCTBEHHO, M BBHINOJ-
HSIOT IpUKa3, JOCTABJIEHHBIH TOPMOHOM.
BHyTpuKkeTOUHBI nocpenunk JMOo pery-
JIPYeT CKOPOCTh ONpenesieHHoi ¢pepmeHTa-
TUBHOI peakiuy, MO0 BKIIOYAET 3KCIpec-
CMIO Te€Ha (HMJIM TPYIINBLI T€HOB), Haxonsile-
TOCs B HMEAKTHBHOM COCTOSHHU.

25.3. T'opMoOHKI THTIOTAaNaMyca
H runoQu3a ABJIIOTCH
nenTHIaMH

TOpMOHLI, CEKPETHPYEMbIE THIOTANIAMY-
coM (Tabn. 25-2)~3T0 CpaBHHTEBHO KO-
POTKHE TIeNTHABL, cofepxaunme oT 3 mo 15
aMHHOKMCJIOTHBIX octatkoB. Ha puc. 25-4
HOpPUBENEHBl CTPYKTYPHBIE (hOPMYJBI [BYX
TAKMX TOpMoHOB. JInd ux BelOEJECHUS
U waeHTM(OHUKALUMH NOTpeGOBaJIMCh TIonabl
TpyoeMKHX HccsienoBanmid. I1o cpaBHERUIO
C APYyrMMH TOPMOHAMM THIIOTAJIAMHYECKHE
(pakTOphl BLLACIAIOTCA B HAMMEHBIIMX KO-
JmyecTBax. Tak, Ayis NOJTy4Yesusl BCETO JIMIIL
1 Mr mupoaubepuna norpeGoBasioce 4 T
TKaHV [UNOTAIAMYyca, KOTOPYIO H3BJIEKaITH
U3 MO3Ta XHUBOTHBIX Ha Goitrsx. [TepeeiMu
BBLAEJTSIM  THIOTANAMUYECKHE TOPMOHBI
B HUCTOM BH/I€ ¥ BHISACHWTH HX XMMHYECKYIO
cTpykTypy Pomxkep I'minemun us Can-Iue-
ro v Juapro lerum u3 Hero-Opneana.
B 1977 r. onn nonyuusn 3a 310 HobGenes-
ckyro npemuro. OHH pa3jenuiM Harpangy
¢ Pozammunoit SAnoy, paspaborabuieit
4pe3BLIYAllHO YYBCTBUTENLHBIA PaMOMM-
MYHOJIOTHYECKHIT MeTo (nonoHeHue 25-1)

Tabauya 25-2. HexoTopbie rOPMOHLI THITOTANa-
Myca

KopTHkonubepun (sricBOGOXOaeT
THKOTPOINHMH)

TuponubepHs (BLICBOOOXIAET THPOTPONMH)

ComatonmubepiH (BHICBOGOXKIAET COMATOTPO-

ITHH)

ComarocraTeH

INponaxronubepuH (BuICBOOOKAAET NMPOJIAKTHH)

MposnaxTaH-uHr¥Oupytommit  ropMoH  (Topmo-

3WT BbiEJleHKe MpOJaKTHHA)

Jlromibepur  (BHICBOOOKAGET JIIOTEHHU3MPYIO-

1M rOpMOH)

QonnukynocTHMYHpyoiui ropmon (PCT)

aapeHoKOp~




784

YACTD III. HEKOTOPBIE ACITEKTEI BHOXUMUWHU YEJTOBEKA

N-xoneu
[I\la
i
Cys
i |
o Lys
\ |
;R (4
HN "Hy | MupornyTamumosas Phe
\Cﬁc KucAoTa [
| }[’he
L il
N TH I’.ys S
IL/\>'CH‘_T P Thr
N =0 | Puc. 25-4. ®opMynsl 1BYX TOPMOHOB, CEKpETHpYe-
H | ’ lli’he MBIX THRoTanaMycoM. A. Tuponubepun (TJI) Bbi-
_ N Thr 3bIBAET BLIACJIEHHE TUPOTPONIHHA M3 MepeiHEH No-
0~?ﬁ Tponutamua | 1w runodmsa. THPOTPONHH B CBOKO OYependb CTH-
NH, Te' MYJIMPYET CEKPELIMIO THPOKCHHA K TPHHOL I HPOHH-
Cys-— Ha LHTOBHIHON Xene3oi. b. ComarocTraTHH OBubL,
Tuponubepun (T1) CoMaToCTSTH TOPMO3fLUMH BbUIENEHHE COMATOTPONIHHA NEpen-
A 5 Heit noneit 1unoduia.
OMpENESIEHMst KOHUEHT pauiy FTOpMOHOB, Oe3 ['Mnoranammyeckie rOPMOHBI HE MOCTY-

KOTOPOTro ObLT OBl HEMBICJIMM NOCTHTHYTHIH ~ NAlOT B8 OOWMH KPOBOTOK, a MO clie-
B MOCJIEAHKE TOABl MPOrpecc B MCCNENOBA-  HMAJIbHBIM KPOBEHOCHBIM CoCynaM rnona-

HWHM TOPMOHOB.

NarT MpPAMO B PACNOJIOKEHHBI PAIOM

Hononnenvne 25-1. PaguonMMyHONOTMYECKHIA aHaM3
NOJIMIEN THIHBIX TOPMOHOB

B oTBeT Ha momagaHue B OPraHu3M 4yXepPONHBIX OesKOB (AHTHTEHOB)
Y )XMBOTHBIX CHHTE3UPYHOTCst cieumuteckue K HUM auTtutesa. bemok-antu-
TENO, NOSBASIONMICS B CHIBOPOTKE KPOBH, 00JiagaeT cnocobHOCTLIO OUYeHb
MPOYHO, HO OOPATUMO CBA3LIBATLCA € MOJIEKYJIOi anTUrena. Kaxnoe antu-
TEJIO XapaKTepHU3YeTcs BBLICOKOH CTEMEHLIO CNEUUPUYHOCTH M CBA3BLIBAET
TOJIBKO TOT AHTMICH, KOTOPHIi CTHMYJIMPOBAJ ero BelpaboTky. DTH CBOIi-
CTBa 3HTUTEJ, 2 UMEHHO MX CerMGUYHOCTD M CPOACTBO MO OTHOLLIEHWIO
K CBOMM aHTHUIeHaM OblIH McnoJib3oBansl Po3anunnoii Sioy u ee kosutera-
MH 1J1%t '3AMEPEHHS KpailHE MAJIbIX KOHLEHT pali{ii MOJMNENTHAHBIX TOPMO-
HOB B KpOBH U TKaHsx. CyTb MeTONa COCTOUT B cienyrolueM. M3amepsemniit
TOPMOH HUCTIOJIb3YIOT B KayecTBe anTUreHa (Ar) U BBOAST €rO MOPCKUM
cBuHKaM. [locne HECKOJIbKUX UHBEKUMIA y MBOTHLIX B IUIa3ME KPOBH MO-
SABJSIOTCS AHTUTENA K BBEIEHHOMY FOPMOHY, NPUYeM B IOCTATOYHO BbICO-
KOl KOHILleHTpauMH. Jlasiee U3 CLIBOPOTKH BbINENsroT aututena (At) U cMe-
HIMBAIOT HX C MW3BECTHBIM KOJIMYECTBOM PaJMOAKTUBHO MEYEHHOTO
ropmona (Ar); npu 3ToM B pe3yfibTate obpaTUMON peakluu, paBHOBECHE
KOTOPOil CUIILHO CABUHYTO BIPaBo, 0O6pa3yeTcst KOMMNJIEKC aHTUIEH — aHTH-
Teso:

%* *
Ar+ At2 Ar— At
Jns Toro 4yto6b1 onpenesiTh KOHIEHTPALMIO TOPMOHA B KPOBH OOJBHO-
r0, CMellIMBaIOT ChIBOPOTKY KPOBH C H3BECTHLIM KONIMYECTBOM PaAMOAKTHB-
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HOTO KoMILIeKea Ar — Ar. [Nockonbky anTuTeNo (AT) HE CNOCOBHO OTNNYMTD

yXe CBS3aHHbIi paAloakTHBHBIH FOPMOH (X.r) OT MPUCYTCTBYIONIETO B Chl-
BOpPOTKE HEMEYEHOrO ropMoua (Ar), nocjensuid OynoeT KOHKYpHpOBaTh

C MeYeHBIM (Ar) 3a CBA3LIBAHHE C AHTUTEJIOM AT U YACTHYHO BLITECHSATD €T0
H3 KOMIUlekca Ar—Ar: . .
Ar + Ar-At 2 Ar 4+ Ar-ATt

ITo nOoCTHXEHUH PaBHOBECHS MEXY AHTHTEJIOM M MEYEHBIM U HEMe-
YE€HbIM rOPMOHAMH H3MEPSIFOT KOJIMMECTBO PaAMOAKTHBHOTO AHTHIEHa, BhI-
TECHERHOI O HEMEYEHBIM FTOPMOHOM U3 KOMIUIEkca AT — AT, M KICXOd M3 3TO-
ro pacCYMTHIBAIOT KOHLEHTPALMIO TOPMOHA BO B3TOM OOpa3iie KpOBH.
Hanpumep, €ciaM KOJIHMECTBO TOpMOHA4 B aHajJM3upyeMoM obpa3sue
B TOYHOCTH PaBHO KOJIMIECTBY PAAMOAKTHBHOIO FOPMOH4, YK€ CBA3AHHOIO
C aHTUTEJIOM, TO 3TO 3HAYUT, 4TO HEMEUEHBIH FOPMOH BLITECHUJT POBHO MO~
JIOBUHY MeyeHoro. HeM Bbillle KOHLEHTPALNSA HEMEYEHOTO TOPMOHA B aHa-
JM3npyemoid mpo6e, Tem 6oabllle paaMOAKTUBHOTO FOPMOHA BBITCCHACTCS
U3 komiuiekca Ar-Ar.

PaanodMMYHOJIOTMYECKHIi aHaJiM3 OTJIMYAEeTCst HE TOJILKO BBICOKOH Cie-
UMUYHOCTEIO, HO M HMCKJIIOYUTENIBHO BHLICOKOH 4YBCTBMTENBHOCTBIO.
B cBoeii peurt, npon3HeceHHO 11O cilyyalro npucyxnennst Ho6enesckoilt npe-
MUM, 0N HarJISAHON XapakTepUCTHKHM 4pe3BbIYAiiHO BBICOKOW 4yBCTBH-
TEJbHOCTH PaJHOMMMYHOJIOIHYECKOTO MeToaa SInoy CpaBHUNA KOHIEH-
TpalMio ONpeneSIfeMOro 3THM MeETOAOM TFOPMOHA B aHANM3HPYEMOM
pacTBOpe C KOHLEH Tpaluel caxapa B oueHb GOJTbILIOM 03epe Nocse pacTBo-

PEeHHst B HEM OJIHOTO KYCOYKA.

runoduz (puc. 25-5). Nunodua coctout U3
IByX uacTel—nepedHeii u 3adHell Ooasell,
UMEROIIMX pa3xoe 3MOpuoHalbHOE Npo-
ucxoxaenve. B nepeaneit none npopyum-
pyeTcss HECKOJNLKO TOPMOHOB, MNpencTa-
BISFOLLMX CO00M 1OBOJIHO AJIMHHBIE NOJIH-
nentuael  (ta6n.  25-3). WX wasbiBaroT
MPONHBIMU  20PMOHAMU, UK MPONUHAMU,
HOCKOJIbKY OHH 0071a1a10T CPOACTBOM K 3H-
IOKPUHHBIM JKeJle3aM CNENYIOLETO paHra
Y OKa3bIBAIOT HA HUX CTHMYJMpYFoLee Aeil-
crBue. Tak, KOPTUKOTPONMH CTHMYJIHPYET
KOpYy HafNoO4edHUKOB, @ THPOTPONMH — I1IU-
ToBHAHYIO Xene3y. OcHOBHBIE TOPMOHBI
nepenueil nONU TUNOGU3A MOMYHEHbl B YH-
CTOM BM[€, U YCTaHOBJIEHA UX aMHHOKMC-
JIOTHas nocnegosareibHocTe. HekoTtoprie
rOpMOHBI THNOGU33a, B YaCTHOCTH KOPTHKO-
TPONWH, HCHOJIL3YIOTCS B MEJUUIMHE
C UeJIbI0 BOCMONHEHUs AedHIUTa TOpMOHa
IIpM HApYLUEHWH €ro CeKpeuuH.

3anueit nonel runoduza CeKpeTUpPYrOTCH
[1Ba TOPMOHA ~OKCUMOYUH W 8Q30NPECCUM.
Onu npeactaBnarT coboil nenTuabl U3 ae-
BATH AMHUHOKHCJIOTHBIX OCTAaTKOB, oOpa-

Tubauya 25-3. TopMoHbl runodusa

Mon. Macca

TopMOHE! nepenHer NONH ru-

nodwusa
Koprukorpomx 4500
TupoTtponux 28000
CoMartoTponux 21500
DOJTHKYJIOCTUMYITHP Y 10-

UUH ropMoH 34000
JlroTennmsupyrolmivii - 10p-

MOH 28 500
Tponaktun 23500
Jlunorponux 11800

TopMoHbl 3anweit nofu rvno-

duza
Basonpeccun 1070
OxcH9ouuH 1070

3yroumecs u3 0osiee MUIMHHBIX IpeLLe-
CTBEHHUKOB (puc. 25-6). Cekxpenus 23THX
TOPMOHOB PpEryJIMPyeTCst THIOTATIAMYCOM.



786 YACTD 1II. HEKOTOPBIE ACITEKTBI BHOXUMHWH UEJIOBEKA

Funotanamyc

[Nepenuss gons
runoduia
~J

A

OxkcuTouuH (OT rped. «OBICTPHIE POIBI)
JECTBYET HA HEKOTOPBIE TJIAJKHE MBILIIbI,
B 0cOOGeHHOCTH Ha MbIlLy MaTkH. OH M-
NOJIb3yETCA B AKYLIEPCTBE 151 CTHMY JIAUMH
PONIOBOIT NEeATEesbHOCTH M JaKkTaumu. Ba3so-
NPECCHH TMOBBIIIAET KPOBAHOE AABJIEHME
¥ YBEJIMYMBAET OOpaTHOE BCACHIBAHME BOABL
B noykax. HenoctaTouHOCTL BazonpeccHHa
JIEKNT B OCHOBE HecaxapHOro nuabera
(diabetes insipidus), qys kKOTOpOTO Xapak-
TEPHO BbLAESIEHHE OOJSBLIOIO KOJIMYECTBA
CHJIBHO pa3baBrieHHO#H mouH (0 10 51 B cyT-
KH). DTO COCTOfIHHE cliefiyeT OTJMYATh OT
caxapHoro auabera — Takxe 3HIOKPHHHOIO

3abonepanus. Hinke Mobl elle BepHEMCH
Cys N<KOHUB (P's
1l'yr Tyr
Phe S !Ie S
A
/L,sn "I\S"
(.\?ys éys
Il‘ro lI’TO
Are Leu

Basonpeccuii KpynHoro OKCUTOLMH KPYIHOO
PoraToro cKoTa pOraToro ckota

[MocTyNexne \‘/\

rUOoTaNaMuyeckux

aprepualbyl0 KpOBb

BoporHast cucTema ___
CeTb KPOBEHOGHNX

[lepennsist OR
rudodmusa

nepeineh poNK
runogpuia

runoTansamyc

(haKTOpOB B

ApTepus ———= AKcolibt

HEPBHHIX KJETOK

Kau1AApoB
Kaetku S Z _ Aprepus
3a :

runodu QO Cexpetts
"OPMOHOB

3apnedt noaun
runodusa

Saguss foas
runo¢usa
Cekpoin roprono [ 1 Benst %

[locTynaetne ropMOHOB
g oONInit KPOBOTOK

b

Puc. 25-5. A. Jlokanu3auus runoTANaMyCca M TH-
nodusa. b. Monpobuas cxeMa rHROTANaMO-THRO-
¢du3apHoit cuctemel. HepBHele KMRYJIECHI CTHMY-
JIMPYIOT THNOTANIAMYC, aKTHBAPYS CEKPELHMIO TOpP-
MOHOB, NPEAHA3HAYEHHBIX U1l BO3AEHCTBHS Ha
NEpenHIOI 00 rUNodm3a; 3T TOPMOHK Nona-
[AaloT B cnepManbHblii KpoBeHOCHE cocyn, no
KOTOPOMY OHM NOCTYNAIOT HEROCPENCTREHHO B Ka-
NIWISIPHYEO CeTh Nepenuet noau runodusa. lop-
MOHBI runoQu3a, BbIAEIEHHbIE B OTBET HA CTHMY-
JIAILHIO, NOCTYNaloT B KPOBb H BXOZAT B O6LIyIO
cucTeEMy KpoBooGpaLuenks. FopMonsr 3aauei no-
I runodusa, obpa3yiolmecs B HEPBHBIX KJIETKAX
THNOTANAMYCA, Janee NO AKCOHAM MONajaKT B
38QHIOI0 [OJIKO TMNO(H3A H U3 HEe —B KPOBb.

K NeACTBHIO I'MIIOTAJIAMHYECKUX W I'MNOGH-
3apHBIX TOPMOHOB.

3nech xe Mpl pacCMOTPHM TOPMOHBI, pe-
T'yJIH pyrolLie MeTa0O0IM3M OCHOBHBIX NHTA-
TeNbHBIX BeliecTB. MexauusM neicTBHUA
3THX FOPMOHOB U3y4EH My4Ile, YeM MeXa-
HU3M AeficTBHSA KakuX-1M00 apyTHX TOpMO-
HOB, ¥ OHM MOJTYYHIIH LLIHPOKOE NPUMEHEHHE
NpH JieveHre pAa JHIOKPHHHBIX 3abosiepa-
HU#{, CBA3aHHBIX C HApYLIEHHAMH OOMeHa
BELLIECTB.

Puc. 25-6. Topmonn 3aaneit nonu runoduza. C-
KOHLIEBhIE AMMHOKHCIJIOTHBIE OCcTATKH (--Gly—
NH,), noka3aHHeI€ KPACHBIM UBETOM,—3T0O OCTaT-
ku ruumHamuaa (—NH—CH,—CO--NH,).
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25.4. Mos3rosoii cioi
HA/N0YeYHHKOB CceKpeTHpyeT
TOpPMOHbI KJ1aCCa AMHHOB —
a/IpEeHaSIHH H HOPA/IPEHAIHH

M3 Bcex ropMoHOB Hauboree NOJHO W3-
y4yeH adpenaauH. ETO XOpOLIO W3BECTHBIi
MEXaHH3M JIEHCTBHA HCNOJIb3YETCH B Kade-
CTBe MOJENH HPH HCCJEAOBAHHH IpPyruX
ropMonoB. OpraHbi-MMILEHH aOpeHaH-
Ha—IeYeHb H CKEJIETHBIE MBIIIIBI, a8 TAKKe
CepAlle H CEPAEYHO-COCYAUCTasi CHUCTEMA.

AnperayuH (npyroe Ha3BaHHE—3ITHHE-
¢puH) M nopadpenasun (HOpamuHepHH)—
O4YeHb ONM3KME IO CTPYKTYpe TOPMOHBL
Onu 06pa3yroTcsl B M032060M (BHY TPEHHEM)
CJI0E HAMOYEYHHKOB, PACNOJIONEHHBIX He-
NOCPeACTBEHHO Haa mnodkamu (pHc. 25-1).

1 ' i
HOOCH,—(%—COOH Hop—(li—él— NH,
H H
NH, W
THPO3HH, HCXOAHOE COBMHHEHHS Hopanpeuamu

H
HO‘QCH,—#—COOH
NH,
HO

3,4-muruppokcudperunananuu {10PA) AlpeHanui
Hopm—m,—m, HO
Hi HO
Jopamun Karexoa

Mo3roBoit cnoit HaAMO4YEeYHHKOB SIBJIAETCH
Nno CYHIECTBY 4AaCTbiO HEPBHOW CHCTEMBI
W pelyJIpyeTcst €10. AIpEHANIMH H HOPape-
HaJMH —3T0 BOJODPAaCTBOPHMEIE AMUHBI,
obpasyrollecs U3 THPO3HHA Yepe3 3,4-1u-
ruapokcudennnaiannt (noda), kak nokasa-
HO Ha puc. 25-7. Elle OmMH nNpoMexy-
TOYHBII NPOAYKT 3TOTO IyTH NpeBpaLUEHNA
TUPO3HHa — 3 4-0u2ud pokcue HuIMUAGMUH,
U3BECTHBI IIOA HaspaHHeM nodaMuHA,—
o0nmagaeT rOPMOHANLHBIMU CBOHCTBAMMU.
ApeHaiH, HOpaapeHa Ul U 1odaMUH Ha-
3BIBAKOT KAMEXOAGMUHAMU, TIOCKOJIBKY HX
MOXHO pacCMaTpHBaThb Kak IIPOW3BOIHBIE
katexona, W 1, 2-nurunpokcudensosia
(prc. 25-7). Karexonmamuuel o00pa3yroTcs
TakXke B MO3TY H HEPBHOI CHCTEME, Ii€ OHH
$yHKIMOHMPYIOT B kauecTBe Hefipomemna-
TopoB. Ilpn Gonesnn IlapkuHCOHa Hapy-
waercy obpa3zoBaHue godamuHa B MO3IY,

OHH oy

1/
HO C—C—N
T S
H H
Hi
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€¢ CHMIITOMbl CHHMAIOTCH IIPH BBEIECHHH
npemuecTBeHHUKA nodamuHa —aoda.
AZIpeHanMH HaKaIMBAaeTCH B KJETKax
MO3IOBOIO CJIOS HANOYEYHHKOB B OCOOBIX
xpomabdnHOBbIX rpanynax. Tlocnemnue
NpeACTaBIAIOT COO0# OrpaHHYEHHBIE MEM-
OpaHoif CTPYKTypw IOHAMETPOM OKOJIO
0,1 mMxM (puc. 25-8), comepxanme aapeHa-
JmH (okono 20%) u ATP (okomno 4%). Tlox
JIEACTBHEM HEPBHBIX HMIYJLCOB, [IOCTH-
TAFOIMX MO3TOBOTO CJIOSI HAMIOYEYHMKOB,
M3 3TUX TpaHyJd nyTeM 3K30LHTO3a BblIe-
JIETC aJpEeHANIMH, KOTOPBIH INonagaeT
B OK Py *aroLUyo BHEKJIETOYHYFO Cpeay M aa-
Jiee B KpoBb. OOblMHAN KOHIIEHTpALMSA ajpe-
HaMHa B KPOBH COCTABJIIET OKOJIO
0,06 mkr/n, wnn npubmmsutensio 10710
M, HO nNOx BIMSHHEM CEHCOPHBIX BO3-

Puc. 25.7. KatexonaMutei. 3T ropMoHsl o6pa3sy-
JOTCA M3 AMHHOKHCJIOTHE THPO3HHA M NpeacTap-
JIAIOT cOOOH NMPOM3BOAHBIE KaTeXoJa, iy 1,2-aH-
ruapokcubenzona, Gopmyna KOTOPOTo NpuBeseHa
BHH3y cnipasa.

JEACTBUH, BBI3BIBAIOUIUX Y XXHBOTHOIO CO-
CTOSIHHE TPEeBOTH M TOTOBHOCTH k Gopnbe
W OercTBy, KOHIIEHTpauWs afpeHarHHA
B KpOBH BO3PACTAET 32 BPeMs, HCUHCIIIEMOE
CceKyHIaMM MM MuHyTamu, noytH B 1000
pa3. AnpeHallMH NPUBOIUT XHBOTHOE B CO-
CTOSHKME TOTOBHOCTH K GopbOe mim k Ger-
CTBY pa3HbiMy nyTsMu. OH yCKOPSIET PUTM
cepmia, YBE/NMYHBaeT CEpAEYHbli BHIOpOC
M INOBBILIAET KPOBSHOE [ABJIEHHE, IOA-
TOTaB/IMBasi TEM CaMbIM CePIAEYHO-COCY-
JHCTYIO CHCTEMY K AKTHBHOCTHM B 3KCTpe-
MasbHOM CHTYauWH. ANpPEHasIMH CTUMY-
JMpyeT pAacluenfieHne TIJHKOTeHa meye-
HW W YBEJIWYMBAET COACPKaHHE TIIFOKO3BI
B KpoBH, o0ecrieynBasi MbIIIIBI TOILTHBOM,
HEOOXOIMMBIM [Tt paboThl B aHa’poOHBIX
YCJTIOBHSIX; M, HaKOHel, OH crnocoGCcTBYET
aHa’poOHOMY pacnany IJIMKOTeHa [0 MO-
JIOYHOW KMCJIOTHl B CKEJIETHBIX MBILILAX IIy-



788 YACTbD III. HEKOTOPBIE ACMEKTbI BUOXWUMHWH YENOBEKA

Puc. 25-8. A. Cxematunueckoe uaobpaxenue Haf-
noyeyHuka B papese. Moaroroit cnoit cexperu-
PYeT afipeHauit U HOPaJIPEHANIHH, KOPKOBbIH — CTe-
POMAHBIE TOPMOHBI KOPbI HaARO4YeYHHKOB. b. ITo-
AyYeHHasl METOAOM 3aMOPaXKHUBAHMS — CKATILIBAHHUS
penmika XxpoMa(OHHOBLIX TPanys B UMTOMNA3ME
KJIETOK MO3TOBOTO CJ108 HAZIMOYEYHHKOB KpbiCkL. B
3THX rpaHyJiax cojiepxatcs B 60NbLUKMX KOJHYECT-
Bax aapeHanus u ATP. [lon BnusHHEM nocTy-
NUBLIErO HEPBHOTO CHTHANA MPOHCXOANT BbiAEJe-
HME COAEPXHMMOTO TPaHyJl MyTeM 3K30UKUTO3a.

woarosoit clot

Kopa

A

TeM [JIMKOJM3a, CTUMYJMPYs TEM CAMbIM
rmkoauTHyeckoe obpaszopanue ATP. Jtu
CBO#CTBa afpeHasIMHA [IEJ1al0T €r0 OAHHM
M3 HeHHeumnxX seyeOHbIX CpencTs, ocobeH-
HO B KPUTHYECKMX CHMTyalMsX, HanpHMep
TIPH OCTPOM CEPIEYHOM KoJinance. ApeHa-
JIMH BBI3BIBAET Takxe paccrabreHne riai-
KMX MBILIL, OKPYXarollX OPOHXROIBI Jier-
KUX, 1 IOTOMY HCHOJb3yeTCsl NpPH NpPHCTY-
nax acTMbl.

brnaromaps kriaccmieckHM — HcclefoBa-
HHsIM aMepukaHckoro 6roxumuka Ipsia Car-
3epJieHaa u ero COTPYJHUKOB B HACTOSILEE
BPEMsl MBI MMEEM JIOBOJILHO NOJHOE [Iped-
cTaBjieHne 0 OHOXMMHYECKOM MeXaHH3Me
CTHMYJIAILMK pacnaja IIMKOreHa afipeHany-
HOM.

25.5. Ajpenanun cTUMyJMpyeT
o0pa3oBakue LHK/MYECKOro
ajeHo3uHmMoHodochara

B Hayane 50-x romoB CazeprieHn obHapy-
WU, 4T0 AoOaBrieHNe afpeHalMHa K HH-
TAKTHBIM Cpe3aM [Ie4eHH, CYCTIEHIHPO-
BaHHbIM B OydepHOH cpene, yBeIHYHBAET
CKOpOCTb pacliafa TJMKoreHa M cnocob-
CTBYET BBICBOOOXIEHHIO CBOOOMHON Io-
ko036l B cpeny. Korna oH nonsepr akcTpak-

mu o6paboTaHHyIO ajpeHalMHOM mede-
HOYHYIO TKaHb W H3MEPHJI AKTHUBHOCTH
¢depMeHTOB, YUaCTBYIOIUHX B pacnane im-
KOI€Ha JI0 [JIIOKO3bI, OKA3aJ10Ch, YTO aKTUB-
HOCTb 2auko2eH-hochopiaasbl B 3TOM 3K-
CTpaKkTe Ppe3KO BO3pOCNa IO CPAaBHEHMEO
C 3KCTPAaKTOM HHTAKTHBIX CPE3OB IEYEHH.
Hcxons w3 3tux gaudelx, Crsepnenn 3a-
KJIIOYHJI, YTO CKOPOCTh [JIAKOTCHONM3A JIH-
MUTUPYETCH aKTUBHOCTBIO IIMKOreH-¢oc-
dopurasel, KaTaTM3MpyroLIeil nporece pac-
LUEIJIEHHs TTIMKOIeHa 10 Imoko3o-1-¢oc-
¢daTta, ¥ 4TO aKTMBHOCTb 3TOrO (¢epMeHTa
BO3pACTaeT NPH BO3MEHCTBHMM a/JpeHajnHa
Ha TKaHb neyenn. OmHako, koraa oH noba-
BWJI aJpeHallMH K OpPenapaty OUMILIEHHOM
rnukoren-¢pochopunasel, HIKakoro HOBbI-
LLIEHHS aKTHBHOCTH depMeHTa OOHapyXHThb
He ynanoce. OTcroaa cremosano, 4T0 CTU-
mymmpyroumii 3¢dekT anpenamuua Ha ¢doc-
dopunaszy Obi1 He NpPSMBbIM, 2 3aBHCENT OT
KakHx-T0  (akTOpoB, INPHCYTCTBYIOLIUX
B MHTAKTHBIX NEUYEHOYHBIX KJIETKAX.
BmecTe ¢ TeM aKkTHBHOCTD [JIMKOreH-(oc-
¢dbopunassl B roMOreHaTe 3HaYU TEJILHO BO3-
pacTana npu 100aBNEHHH apeHalliHa K ro-
MOreHaTy TKaHM IEYEHH B OPHCYTCTBHH
ATP u vioso Mg? *. Brijio nokasaHo, 41o
310T 3(phekT peanusyeTcs B ase cTaaui. Ha
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neppoit cTaauH, TpeOyroweii npHcyTCTBHS
ATP u voHop Mg?*, agpeHanus, BO3zei-
CcTBYs HA MeMOpaHHYyro Gpakuiio roMore-
HaTa NeYeHH, BBI3bIBaeT 0Opa3oBaHne B Heil
pacTBOPHMOIO TePMOCTaONIILHOIO CTHMY-
mupyrowero ¢dakropa. Ha Bropoit ctanuu,
Takxe Tpebyroweii ysactis ATP, non neii-
cTBHEM TepMocTabnisHoro daxtopa, obpa-
3YFOLLETOCA Ha NMepBOi CTaaHH, HeaKTHBHas
¢opma docdopuiaze —dochoprnaia
b (pa3n. 15.12), nokanuizosaHHast B pacTBO-
pnMOii HacTH roOMOreHaTa NeuyeHH, NpeBpa-
LIAeTCs B aKTUBHYI0 (popmy —pocdopunaly
a. IToT (pakTop, CTHMYIMPYIOLIMI aKTHBA-
ko docopunasel B B HOPMaJIbHBIX YCIIO-
BHfIX NPHCYTCTBYFOLUMI B KJIETKax B HU4Y-
TOXHBIX KOJIMYECTBAX, OB/ B KOHLIE KOHLOB
BBIIEJIEH B KPHCTAJUTM4ECKOM BHAE. AHanmu3
NIOKa3all, YTO OH COJIEPXHT afieHHH, pHbo3y
¥ docdat B cootHoruennu 1:1:1. Hampa-
LIMBAJIOCh NPeINOJIOKEHHE, 4TO OH BO3HH-
KaeT HernocpeacTeeHHo W3 Toro ATP, npu-
CYTCTBHE KOTOpOIo HeoOXOMMO IS €ro
ob6paszoBanus. B 1960 r. Ob1s10 yCTaHOBEHO,
4TO 3TOT (PAKTOP SIBISETCH HE YEM RMHBIM,
kak 3'.5'-yuxauueckou adenunoeoit (adeHo-
suHmonoocopHoil) Kuciomoil, T.e. npo-
M3BOJHBIM aIEHRJIOBOM KHCIIOTHL, KOTOpOE
[0 TeX NMOp HUKOrga He OOHApYKHBANOCH
B OuoslormueckoM Marteprasie. B ruknuse-
CKOM aJ€HO3HHMOHOGoCchaTe eTHHCTBECH-
Hast pocaTHas rpynna obpasyeT 3bupHEIE
CBfI3M C ABYMSl THIPOKCHJILHBIMH I'DyTINaMu
prb0o3bl, 8 UMEHHO € 3'- U 5'-ruIpOKCUIaMH.
CrienoBaTesibHO, 3TO COEAHHEHHE NpecTa-
BisieT coboit nukimueckuii dochoamdup
(prc. 25-9). Beiio nokasauo, uTo nobabre-
HRE 09€Hb MAJIBIX KOJIMYECTB LIMKJIMUECKOTO
aneHo3HHMoHodochaTta (CAMP) k pacTBO-
PHMBIM 3KCTPAKTaM NeYeHH AeHCTBUTEBHO
BBI3bIBAET B npucyTcTBun ATP 06pa3sosa-
He ¢ocopHiassl a W3 MeHee aKTUBHOM
dochopunaser b.

Kak nokazamu nmaneHeifiime ncenenosa-
Hus CasepsieHaa H COTPYOHUKOB, aapeHa-
JIMH pe3ko cTMyJmpyer Mg? * -3aBucumoe
npeppalueHre ATP Bo ¢paknuu niazmaru-
4eCKHX MeMOpaH NneyeHOYHBIX KJIETOK. JTO
npeBpalLeHie COCTONT B OTILUEILTIEHHH HEOP-
raHuieckoro nupodocdarta u odpazopaHnu
cAMP:

Mgz+
ATP - 3.,5-cAMP + PP,

ATP

OH OH

o

-O0— lp_ Gy }:,_0_ Alennnatuuknasa

[podocgar

3% 5 UMK mucCKuit
anenoumonogocdar

Puc. 25-9. ®epmenTaTHBHOE 06pa3osanue 3,5
LIMKJIMYECKOTO afleHo3HHMoHOGbochaTa (CAMP) u3
ATP. Otwennenue nupodocdara or ATP npu-
BOLHT K 3aMbIKAHHIO LLECTHYIICHHOIO KOJIbUA,
BrJIOMaroLEro a-pocdartHyto rpynny. B urore
tdocdaTras rpynna obpazyeT CnokHoIGHpHBE
CBA3M C 3'- U 5-TruapOKCHIILHBIMKM TPYNNAMM PH-
60301

depMeHT, KaTanu3npyroumil 3Ty peak-
LMEO,— adeHuAamyuKAa3a ~ obl1  06HapyxeH
3aTEM BO MHOTHX XHBOTHBIX TKaHsX. OH
OpOYHO CBfi3aH C BHYTpeHHER NOBEpPX-
HOCTBIO IfIA3MaTUYeCcKOi MeMOpaHbl U NO-
3TOMy C TPYJOM NOJNaeTcs 3IKCTPAKLHH
H nepexoay B pacTBopeHHyro dopmy. UTak,
CB3BIBAHHE aqpeHaliNHa (nepeuynozo nepe-
damyuka) ¢ PeUENTOPHBIMA y4acTKaMH Ha
NMOBEPXHOCTH KJIETKH crocoOcTByeT 06pa-
30BaHN0 B kjeTke cAMP (BTopuyHOro
nepefaTivka CHIHasa), KOTOPHI B CBOIO
oyepedb CrNOCOOCTBYET aKTHBALMH IJMKO-
ren-gochopunassl
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25.6. cAMP crumyampyer
AKTHBHOCTL OPOTEHMHKHHAZLI

Kakum o6pasom cAMP crumynupyet
npeBpallieHHe HeaKTHBHOM ¢ochopunassl
b B akTuBHYIO Pocdoprnasy a? HanomMuum
(pasa. 20.14), uto 3TO MpeBpallieHKe POKC-
XOJHT NOA AeiicTBHEM KuHa3bl ¢ocdopu-
JNa3pl, KaTa/M3HUPYIOLIEH IEepeHoc Tep-
MUHAJIbHBIX (ocaTHBIX Tpynnm OT IByX
moriekynn ATP Ha TMAPOKCHISILHBIE TPYIIIBI
IByX cheluduyeckux OCTaTKOB CepHHA
B docdopunase b, 4T0 1 NpUBOOMT K 0Opa-
3oBaHuIo ¢Qocdopuiassl g:
2ATP + ®octopunaza b — 2ADP +

+ ®ocdopunasa a

LluknoaneHosnumonopocpar  (CAMP)
caM 1o ceGe He Oka3LIBaeT NPAMOIO aei-
CTBHS Ha kuHa3y ¢ochopunassl. ITOT dep-
MEHT TAKXE CYLIEeCTBYeT B aKTHBHOI H Me-
Hee akTHBHOH ¢opmax (pa3a. 15.12). Heak-
THBHas ¢popMa kuHa3el Gpochopuassl npe-
BpalllaeTcs B aKTHBHYIO nyTeM docdopuu-
poeanus ¢ nomounwro ATP.

Tenepe MLl nomontM Kk pPeryIsTOpPHON
cBs3u Mex 1y cCAMP 1 akTRBHOCTBIO TTIHMKO-
red-pochopunasel. Hepoctarolum 3BeHOM
ocTasicf TOJIbKO (pepMEHT, Ha3blBAEMBblii
NpOMEUHKUHA30(, KOTOPBIA TAaKXKE Cylle-
CTBYET B aKkTHUBHOM U HeakTHBHOH ¢opMax.
AKTuBHasi NpPOTEMHKMHA3a KaTajM3UpPyeT
dochopnnposanue HEAKTHBHOR KHHA3bI
¢dochopunassl nocpencteom ATP ¢ obpa-
30BaHHEM aKTUBHO# ¢ocopumposaHHol
¢opmel; B 3TOI peakuMH AOHOpOM ¢(hoc-
¢datueix rpynn cnyxut ATP, a ee akTHBaTO-
pom-nousr Ca?*:

AKTHRHEf

nporevukuuada, Ca?*
-

Kunasa docdopunazel + ATP
(neakTHBHAR dopMA)

- @ — kuHaza Qochopunaier + ADP

(axTHBHAS dopmMa)

Kunaza  ¢ocdopunasei—3To  OveHn
KpynHblit 6efok ¢ MosekyispHOR Maccol
cBoitite 1 MyH. OHa cocTOHT U3 16 cybbenu-
HMII, KaXas W3 KOTOPBIX COAEPIKMT CIellH-
creckuii OCTaTOX CcepuHa, KOTOpPHIA noj
JeficTBiieM aKTHBHPOBAaHHOH IPOTEUHKHU-
Ha3bl  ¢octhopunupyeTcss  NOCPEACTBOM
ATP.

YACTbB III. HEKOTOPBIE ACITEKTBl BUOXUMHHU YEJIOBEKA

[IpoTeuHknHaza, Wrparolllas KIIOYEBYIO
poJb B IpoLecce akTuBaunu ¢pochopriasel
noa BimusHHeM cAMP, spiserca annocte-
pu4eckuM depMenTOM. B HeakTHBHO# GoOp-
Me OHa COCTOMT M3 [BYX KaTAJMTHYECKHX
cybremmmmu (C) W IBYX peryJIATOPHBIX
cyowrenunun (R) (puc. 25-10). Korna Bee 311
cyOBenuHuLbl 00BenHHeHsl B 06N KOM-
nnexc, uMeroumit coctap C,R,, depMeHTt
HEaKTHBEH, AJIIOCTEpPHYECKHM CTHMYJISTO-
poM npoTeuHkHHa3wl cnyxuT cAMP. Ipu
CBA3BIBAHHH 4ETBIpeX Moyekyn cAMP c¢o
cretidHuIecKHMH y4acTKaMH1 IBYX peryJis-
TopHbIX cyOvenunun C,R;-komnneke pac-
najaercs Ha CBOOOMHLIE KAaTaJMTHYECKHE
cybbeqnanLEL, 06nanaronme pepmeHTaTHB-
Ho aKTHBHOCTBIO, " KOMILITEKC
R, -cAMP,, B koTopom cAMP coxpansert-
csi B CBA3aHHOM Bufe. Takum oGpazomM,
cAMP cHuMaeT TOpMOXeHWe NpOTEHHKH-
Ha3HO# AKTHBHOCTH, HAKJIA[ILIBAEMOE CBfl-

AKTHBHDIE
[— peryasTopubie
cybneanHulib

Heaxtusupe
KaT&IUTHYeCKue

CyObeIMHHLB

CAMP « AMP

cAMP

HeakTusuble

peryasTopHne

cybrenuumib
cAMP cAMP

cAMP

AKTHBHbI/ LieHTp

KaTamuTtuuecku
8KTUBIAR NPOTENHKHHASE
B cpoboiuoli hopme

Puc. 25-10. AkTuBaums Heak THBHOH opmbl npo-
TEMHKHHA3H LUMKAWMECKUM agevoiuhMoHoocha-
ToM (CAMP), KOTOpbIHi CBA3LIBAETCA C OBYMSA pe-

rynsitopusiMu cy6senusuuamu (R), Beiceoboxaan
[BE aKTUBHBIE KATAINTUYecKKe cyObhenuunun (C)

NPOTEHHKHHA3BL
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Tabauya 25-4. Topmonsl, OEHCTBHE KOTOPBIX
onocpeayerca cAMP

AnpeHannH TlapaTupeonaumbii

TOPMOH
KopTtukoTporms TupoTponun
Jlunorponun Bazonpeccun
3aHHOW  perynstopHoit  cyObemvuuIei
(prc. 25-10).

Janee okasasnock, yTo CAMP onocpenyet
IeficTBHE Ha KJIETKY HE TOJILKO afpeHallMHa,
HO M MHOTUX JPYIHMX  TIOpPMOHOB
(tabn. 25-4). TlpoTemHKWHA3a, AKTHBHPO-
BaHHag cAMP, moxet ¢ochopuimposats
pAI BaXHBIX (PEPMEHTOB B pazHOOOPA3HBIX
KJETKaX-MUILCHSX.

25.7. CTumynsuus pacnana
[JIMKOr€HA B NPUCYTCTBUH
a/[peHa/HHA NPOHCXOHT
NOCPe/ICTBOM KACKA/1a YCH/IEHUH

OOBeIWHUM Tenepb ONHCAHHBIE BbILIE
sIBJIEHHA U NIpOCJie[iuM LiENb COOLITHHA, B pe-
3yJBTATE KOTOPBIX AAPEHANUH CTHMYJH-
pyeT B NEYeHH pacnajl INIMKOTreHa [0 Imo-
KO3BI, IOCTYNaroiueid B kKpoBb (puc. 25-11).
AIpeHaJMH NOCTHracT NOBEPXHOCTH Kile-
TOK IEYEHM, TJIE OH CBS3BIBAETCA CO CICLH-
¢$raeckuM adperopeyenmopom. CBs3pIBaHHE
ajJpexasnyvHa (KOTOpoill HHKOTAA He BXOAWT
BHYTpb KJIETKH) BBI3BIBAET M3MEHEHUE pe-
HenTopHOro OeJika. ITO H3IMEHEHNE KaKHM-
TO 06pa3oM nepemaercs uepes mMeMOpaHy
W «BKIOYACT» aNEeHUJIaTLMKJa3y, CBA3aH-
HYIO ¢ BHYTPEHHel NOBEPXHOCTBIO KJIETOY-
HOM MemOpanbl. Tenepb axTHBMPOBAHHAS
afeHWIATIHIIIA3a HAYHHACT NpeBpallaTh
ATP B cAMP-BTOpHYHBIH nepeaaTHK,
npuyeM koHUeHTpauus cCAMP B nuto3one
ObICTPO IOCTHIaeT MAakCHMyMa, PABHOIO
~ 10~ ¢ M. O6pasosansnii cCAMP B cBORO
ouepeab CBA3LIBAETCA C PEryJSTOPHBIMH
cybneIMHUIIAMY TPOTEMHKHHA3LI, YTO NpH-
BOIMT K BbICBOOOMXIEHHIO (pepMeHTATHBHO
4KTHBHbIX KAaTAJMTHYECKUX CyOBEAMHUN
NMPOTEMHKUHA3LL Jlanee aKTHBHPOBaHHAS
NMPOTEMHKHHA3a KaTaJM3npyeT ¢ocoprm-
poBanue nocpenctsoM ATP HeaxTHBHOIA
nedpochoprmipoBaHHoll  GOpMBL  KHHA3BI

docdopunazsr ¢ 06pazopaHreM aKTUBHOM
dochopunrposatHoli  GopMbl  depMeHTa.
AxTtuBHas kuHa3a ¢pochopunassl, qi1s GyHK-
HUOHHPOBAaHUA  KOTOPOH  HEOOXOIUMbI
vonnl Ca?™, xatamisnpyer manee ¢pocdo-
PHJIMPOBaHHE OTHOCHTESBLHO HEaKTHBHOIM
dochopunaser b c nomorpro ATP, uto npu-
BOJHT K 00pa3oBaHHIO axTHBHOI ¢ochopn-
na3wl a. ITocnenusist B ¢BOrO ouepens ¢ 60Jib-
LI0H CKOPOCTBEO PaCLUEIIIAET IJTMKOTEH
¢ obpa3soBanueM Iimoko3o-i-gpocdarta, ko-
TOPHI NpeBpalllaeTcs gajee B TIHOKO30-6-
docdat v 3aTem B cBOOOIHYIO TITFOKO3Y, IO~
CTynarouyrwo B Kposb (puc. 25-11). Hecmo-
Tps Ha OoJbLIOE HMCNO CTaaWii B 3TOM
NMOC/JIEA0BATENLHOCTH  COOBITUH, AaKTHB-
HOCTb TImkOreH-pocopnnassl  ycnesaeT
IOCTHYb NHKA YXe Yepe3 HECKOJIbKO MUHYT
NOC/IE CBSI3LIBAHWMS AJIpeHANIMHA KJIETKAMH
TIEYEHH.

IlocnenoBaTeNbHOCTH CTAAMH, NpHBEOEH-
HYIO Ha pHc. 25-11, MOXHO paccMaTpHBaTh
KaK KackaJ NeHCTBHA OJHHX (GEepMEHTOB Ha
npyrue. Kaxapiii pepMeHT B 3TOM Kackane
AKTUBHPYET MHOXECTBO MOJIEKYJT CIEdyIO-
mero ¢pepmenTa. Takum nyTeM nocTuraeTcs
6omnpi0e U OBICTpOE YCHJIEHHE MOCTYNAKo-
LUET0 CUTHAJA; N0 WMEIOLMMCA OLCHKaM
3TO YCHJIEHHE COCTABJISET HPHMEPHO
25 myH. pa3. B uTOre cBA3bIBaHWE BCETO
JMLIL HECKOJIbKMX MOJIEKYJl aapeHasMHa
agpeHOpENenTOpaMH  INEYEHH MPHBOJINT
K OBICTPOMY BLIOPOCY B KPOBb HECKOJSTbKHX
TPaMMOB [TIOKO3bL

Kacxanuelii mporiecc, cXeMaTHYECKH NO-
Ka3aHHbI HA puC. 25-11, B meuYeHH u cKe-
JIETHBIX MBIIIAX NPOTEKAET ONHHAKOBO
BIJIOTL 10 00pa3oBaHHs Inoko30-6-¢oc-
¢data. Ho B Mpmax HeT rmoko3o-6-¢oc-
¢daTasbl, U NO3ITOMY B HMX He oOpasyercs
cB0GOIHOH rimoko3sl. [10BbIILIEHHE KOHIIEH-
Tpauy¥ rimoko3o-6-¢pocdata 3meck NMPUBO-
JUT K 3HAYHTEJIbHOMY YBEJIMYEHHIO CKOPO-
CTH IIMKOJM3a ¢ 00pa3oBaHHEM MOJIOYHOH
KHCIIOTBI, B X0[ie KOTOPOTO BRIpabaTHIBAET-
cs ATP, mocTynHblii [UIs MCHOJIE30BAHHS
B nporecce cokpaieHHs. Kax noxasanu
CPaBHMTENBHO HEJABHME FHCCIENOBAHMNS,
aJpeHaJMH CTHUMYJIMpYET pacnan [JHKore-
Ha B NIEYEHHU Yepe3 ellle OMH KacKal yCuJe-
HUS, NAapaJljleSIbHBIA TOMY, KOTOpbIH NOka-
3aH Ha puc. 25-11. B 3tom BTOpOM
KackaJIHOM IIporiecce, KOTOpLI B Onpeac
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Bueursnit umny asc

l

Uexrpanbhan
HEpBHas CHCTeMa

Mo3roeoe pewecTso
Ha/INnoueyHUKOB

Aupenanun

Yepes
KpoBb

Peuentop

anpeHannia \

ATP CAMP + PP,

JIEHHBIX YCJIOBMSIX OKa3biBaeTcsl npeoOia-
JArOLLIM. POJIb BTOPHYHOTO BHYTPHKJIETOY-
HOTO TNOCpenHMKa HrparoT HOHEI Ca?™.
Tloxasannbiii Ha pric. 25-11 kackan 3any-
CKaeTcs B IIEYEHH HE TOJILKO afPEeHATMHOM,
HO TaKXke, Kak Mbl YBUIHM HUXKE, TOPMOHOM
TO/KEITyTOYHOM IKENE3bl — TIIHOKATOHOM.

Heaktuptan l AKTUBHAR
NpOTEUHKUHA3a npoTentkunas’a + R -
2" ¢!
(CZRZ) (20) c'\MPA
. HeaxTtueHas [ A
ATP + KUHasa KTUBHAS KMHA3a
docgopunanm Ca 2t Gocdopunasnl *+ ADP
ATP + ®ocopunasa b l Pocopunasa a AD
(HeakTHBHas)  Ca 2+ (axkTupHas) + ADP

Fankores + P, —.-—;J’ IMoko30-1-docdar
Pocdorawko-
MyTasa

aokozo-6-drocdar

Fawkoso-
G-¢ocdarana

YACTb 1lII. HEKOTOPBIE ACMEKTEl BHOXUMHUHU YEJIOBEKA

Puc. 25-11. AgpesHanuH BKIIOYAET KacKaj ycuie-
HMs B KJIeTKax neyeHH. CBsA3bIBAHHE HECKOBKHX
MOJIEKYJ1 AJIPEHANIHHA CO CrierH(HYECKUMH perien-
TOPAMH HA MOBEPXHOCTH KJIETKH HRHUIIMKPYET To-
CnegoBaTENbHOCTh (PEpMEHTATHMBHBIX PEAKLNHA, B
pe3yJ/ibTaTe KOTOPBIX B KPOBb BhLIOpackIBaeTCs
0YeHb 6OJIbLIOE KOJTMYECTBO TJIFOKO3BL.

, KneTounan membpana

KneTka neuenn

IMaokosa + Pi

IMoko3a kposu

25.8. AapenaauH TaKke
TOPMO3HUT CHHTE3 IJHMKOreHa

ApeHanMH HE TOJIbKO CTUMYJMPYET pac-
Haj TJIMKOTeHa, HO OJHOBPEMEHHO TOPMO-
3UT €r0 CHHTE3 B NMEYEHH W3 TJIOKO3BI, YTO
Crnoco6CTBYET MAKCHMAJIBHOMY MOCTYIJe-
HUIO TJOKO3bl B KpoBb. Kak BHAHO Ha
puc. 25-12, cBA3LIBAHHE afipeHaMHa HA MO~
BEPXHOCTH KJIETOK IEYEHH W NOCJEAYIOILEe
obpasoBauue cAMP cTumynnpyroT kaTanu-



I'Jl. 25. TOPMOHBI 793

3npyeMblii NpPOTEnHKHHA30H Npouecc ¢oc-
(OpHIIPOBaHAS TIMKOTEH-CHHTA3El, B pe-
3yJbTaTe KOTOpOro aktubHas nedocdopu-
JupoBaHHass ¢GopMa  IIIMKOTeH-CHHTa3bl
npeBpallaeTcs B HeakTUBHYIO (pocdopurm-
posanHyro ¢opmy (pasza. 20.14). Cnenosa-
TESBLHO, LENb peakluii, KoTopasi NPHBOAUT
K YMEHBLILIEHUIO TJIMKOreH-CHHTA3HOH ak-
TMBHOCTH, HMEET TOT K€ IyCKOBOH MeXa-
HH3M, YTO M pacnaj rmkoreHa ¢ obpa3osa-
HHeM cBOOOAHOH TIMOKO3BI B KPOBH.

Puc. 25-12. TopmoxeHHe CHHTE3A IIIMKOTEHa anpe-
HanKMHOM. TIpOTEMHKNHA3a, aKTHBHPOBAHHAS LIMK-
nmyeckum AMP, kaTanusupyer dochopuinposa-
HHE [JIMKOTE€H-CHHTA3b!, NEPEBOas TeEM cambiM dep-
MEHT B MaJloakTHBHYI0 GopMy (cM. pa3a. 20.14).

B uTOre BeCh JOCTYNHBIA [TIMKOIEH, [JIHOKO-
30-6-ochaT W Apyrue nNpenIECTBEHHMKH
nayT wa obpasosanne cBOGOIHON [IFOKO3LI,
nocTynaroulell B KpOBb; 3THM JOCTHraeTcs
MaKcHMaJTbHOE obecrieueHre Mbliin; TOIJH-
BOM H TEM CaMbIM OCYIIECTBJIIETCS TIOATO-
TOBKa OpraHM3Ma K KPHTHYECKOH CHTyaIHH.
AnpeHallnH IEeHCTBYeT He TOJIBKO Ha Ie-
YE€Hb, HO M HA CKEJIETHBIE MBILIIIBI H CEP/ILE,
IO€ OH cnocoOCTBYeT pacnany IJIMKOTeHa
TAKXKe NMyTEM CTUMYJIALIMH MBILUEYHOH ¢oc-
¢dopnnaser yepe3 odOpazosanrne cAMP. Ilo-
CKOJIbKY B MbIIILIAX K CepAlE OTCYTCTBYET
rmoko30-6-pocaTtasza, NnpoayKTOM paciie-
TIJIEHNS TTIMKOTEHA B 9THX OpraHaXx sBJIAETCA
He [JFOKO3a KPOBH, @ MOJIOYHAS KHCJIOTa,
obpasyromjasics W3 rmoko30-6-pocdata
B xope rivkoymmsa. Takum obpa3oM, cTuMmy-
JIsIMs pacnafa IJIMKOTeHA B MbILIIAX BEAET
K YBEJIN4E€HHIO CKOPOCTH ITIMKONM3a H o6pa-
30BaHns ATP, 9to oGecneunBaer OvicTpoe
BO3PaCcTaHHE MBILIEYHOH AKTHBHOCTH,

25.9. docdonmicTepala
HHAKTHBHpYET LMKJIHYECKHil
aneHo3HEMoHodocdar

Jlo Tex nop noka xHBOTHOE 4yBCTBYET Ce-
651 B OMacHOCTH H MO3TOBO# CJIOH €ro Haj-
NOYE€4YHHKOB BHIOPDACHIBAET B KPOBb afpeHa-
JIHH, afJeHWNAaTUNK/a3Has CHCTEMa Ie4eHH
OCTAeTCsi MNOJIHOCTLYO aKTHBMPOBAHHOM.
B pe3ynbTare koHueuTparms CAMP B kneT-
KaX-MHILIEHSIX MOICPKHBAETCA HA OTHOCH-

AfpeHaauu

l

PenenTop

l

ACHHAATIMK A3

ATP ————cAMP + PPi

HeaxTuBHan J, AxTuBHAR
NPOTEHHKGHARA NPOTEHHKKHA3A
HesxTuBHAR
AKTUBHasn l CJHKOreH=
ATP + rJHKOTreH~ CHHTA3a + ADP
CHHTa3a ($ocPopuanpoBannas
¢opma)

TEJILHO BLICOKOM YPOBHE, 4TO ofecnednBaeT
BBICOKYIO CKOpOCTb pacnaja rinukoresa. Ho
KaK TOJIbKO ONacHOCTb HCHE3aeT, CeKpenus
aapeHaMHa NpeKkpalllaeTcs N €ro CoJepKa-
HHE B KpOBH OBICTPO MajaeT B pe3ysbTaTe
$epMEHTATHBHOIO PAaCLLENJICHUs B NEYEHU.
Ilo Mepe TOro kak pelenTopbl ajJpeHannHa
CTaHOBATCSA HE3aHATHIMH, aleHWUIIATLMKIIa-
3a BO3BpALLIAETCA B HEAKTHMBHOE COCTOSIHHE
u oOpazosanue cAMP npexpaiuaercs.
OcTaBumiics B wietke CAMP pa3pyiaetcs
nopg neficTeiem $ochoamnicTepass!
(puc. 25-13)— depmenTa, KaTanM3UpyroLUE-
ro ruaponu3 3'-bocartroii cBs3n B cAMP
¢ obpa3oBaHneM ¢BOOOAHOIO 5'-aIEHO3NH-
moHo(ocdara (5-AMP):

¥, 5-cCAMP + H,0 Toomier, 5
AMP

Ilo Mepe YyMEHBIIEHHS COAEPKAHMA
cAMP B 1MTO30J1€ NPOUCKXOAUT BHICBOOOX-
neHre CAMP, cBA3aHHOIO C peryJisiTopHbI-
MH CyOBeHHMLIAMH MPOTEMHKHHA3LL B pe-
3yJibTaTe peryJTopHble cyObeauHunbl co-
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AMP
+
H,O
docdoumacrepaa,
KOMIMJIEKC

KanbMOAyauH — Ca 2+

AMP

OH OH

Puc. 25-13. DeiictBre dochoamacTepasni Ma
cAMP. ®ocoauacTepas’a MHOTHX TkaHel aKTHBH-
pyetcst nonamu Ca?*. D10t 3bdexT Henpsimold;
cHayana voHbl Cal* cea3siBaloTes C perynstop-
HEIM GENKOM KaJIbMOJYNHHOM, 4 3aTEM KOMIUIEKC
Ca?* - kanbMOay TMH NpHCOeaHHsETEs K docho-
OMICTepaie, BEIIbIBAs aKTHBALUMIO (epMEHTA.

€[HHSAIOTCH BHOBb C KaTaJMTHYECKHMH
¥ NPOTEHHKWHA3a NIEPEXOAMT B HEAKTHBHYIO
dopmy.  DochoprimpoBanHas  popma
kuHa3el pocoprnasel gasee NOABEPracTcs
nedochopumipoBaHHIO Tak Xe, kak ¢ocdo-
punasa g, nox neiicTereM ¢ocdaTtassl doc-
¢oprnasel. Bce 37O BO3BpallaeT cHCTEMY
[JIMKOTEHOJIM3a B HCXOJHOE COCTOSIHWE.
OnHOBpeMEHHO HPOWCXOONT pPeakTHBALMSA
[THKOTEH-CHHTA3LI NyTeM ee nedocdopuu-
poBaHM,

XapakTepHoii ocobeHHOCTBIO Pocdoans-
CTepasnl ABiseTCs TO, MTO OHA HHTHOUpyer-

Cfl KogheuHom W meogduauHOM — ATIKAION 1A~
MH, COJiepKaLlMMUCH B HeOOBIIMX KOJHYe-
cTBax B kode H 4ae COOTBETCTBEHHO. DTH
aJKaJIOMIbl NPOJIOHTHPYIOT RIM  YCHIIM-
BalOT JAelCTBHE aipeHasiMHa MyTEM CHHXe-
HHUs ckopocTu pacnana cCAMP. B psane Tka-
Helt pochomnacTepasa akTUBHPYETCH HOHa-
mu Ca®*. DroT addexT obycnoieH ces-
spBaHneM HoHOB Ca?™* co cnenmduyeckum
Ca’*-caspBaronmmM  GenkoM, Ha3biBae-
MbIM  Kaabmodyaunom. Kommnekc Ca?* -
KaJbMOAYJIMH HpucoennHsiercs k  ¢oc-
donmactepase u akBupyeT ee. Kammony-
JIMH NIpeICTABJISET OO0l HEAABHO OTKpBI-
el Ca? ¥ -cBaspiBaronmit Gesok, WHPOKO
PACIpOCTPaHEHHEBIH BO BCEM XHBOTHOM MU-
pe. [louTu y Bcex BHIOB KUBOTHBIX KaJIbMO-
JYJIMH UMEET OOHY H TY € aMUHOKHCJIOT-
HYIO NOCNEI0BAaTeNIbHOCTh, T.€. B 3BOJIO-
IHMOHHOM CMBICJIE 3TO OAMH W3 HauOonee
JPEBHUX W B BBICLUEH CTENEHH KOHCEpBa-
THUBHBIX XNBOTHBIX Oenkos. KoHueHTpauvs
noHoB Ca?™* B IINTO30Je peryJMpyeT MHO-
rie QYHKIMH KJIETKH; B CHJIY 3TOTO HOHbI
Ca?*, nomo6Ho cAMP, urpaloT BaxHYIO
PEryJIATOPHYIO pOJIb Kak BTOPMYHBIH IO-
cpeannk. KaibMOAynmiH y4acTBYeT B Nepe-

Kanbmopyaun

Komnaexc
KanbMOAyJHH —
Ca 2+

HeakTusHbi#
depMeHT

AKTHBHEW KoMMaeKC dhepMesT —
KanLMOAyIun — Ca 2+

Puc. 25-14. KansMOARYJIMH MrpaeT poJib MeavaTo-
pa Bo MHOTHX (epMEHTATHBHbBIX PEAKLMAX U CHC-
TeMax MEMOPaHHOIO TPaHCNOPTA, AKTHBHPYEMBIX
nonamu Ca?*,
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ATbas, uin A-xleTka

(T MoK aroK) oy

Kposenocubifi
cocyn

Puc. 25-15. DHIOKpHHHAA TKaHL NORKENYAOYHOM
xeJie3el. [IoMHMO IKIOKPHHHBIX, HNM aLIWHADHEIX,
KJIETOK, CHHTE3MPYIOLUMX TIHIIECBAPHTEILHbIE dep-
MEHTHI B popme KX 3uMoreHoB (rn. 24), B noa-
KENYROUHOMN KENEIE MMEETCH IHAOKPHHHAS TKAHD,
Ha3biBaemMasi ocTpoBkamk Jlanreprasnca. OcTpos-
KOBAaf TKAHL COCTOHMT H3 KJIETOK Pa3HblX THIIOB,
BBUIESISIIOLINX CriennbHIecKkHe MoNUNeNTHARBIE
ropmonsl. A. O6Mil BHA NOmKeNy 10UHOHN Kene-
3kl b. CxemaTHyeckoe H306pa¥eHne OCTPOBKA
Jlanreprasca; noka3aHe! THIBL KJIETOK, TIEPEYHC-
neHHble B Tabn. 25-5. B. DnekTpoHHas Mukpo-
tdotorpadus yyactka ocTporka Jlanrepranca us
MOMKENIYAOUHOM XEse3b!l YyeoBeKa. BunHbr A- B-
u D-knetku.

Jiaue CHMIHasa, BbI3LIBAKOIIErO YBENMMEHNe
KOHueHTpaunn noHos Ca?™ B uUMTO30E,
nyteM obpa3oBanus kommiekca Ca®* -~
KaTbMOAYJIHH; Jajee 3TOT KOMILIEKC
cBai3bIBaeTcs co cnenmpudeckum Ca? ¥ -pe-
TyJpyeMbIM O€JIKOM, CTRMYJINPYS €ro ak-
THBHOCTB (pHc. 25-14).

25.10. [Momkeny/iouHan xkelesa
BhiJEJIRET Pa/l I'OPMOHOB
pery/MpyolmX fpoieccs MeTabom3Ma

PaccmoTpuM elue onH NyTh peryJisaLii
oOmMeHa yrieBOIOB, 4 TAKXe aMHHOKHMCIIOT
W JIMIUAOB, & HMEHHO pPerymsu o ropMOHa-
MU, BBIJENSiEMBIMH I1OKEITy T09HOI XeJle-
30#, SHOOKPHHHAS AKTHBHOCTbH KOTOPOii
B CBOIO OYepe/ib PerylmpyeTcs ropMOHaAMH
nepexnHeli nom runodmusa.

TomxenynoyHas xesne3a MMeeT ABe Oc-
HOBHble OWoxnMuueckne ¢yHkunn. On-
Ha-3T0 OnocrHTe3 psaga GepMeHTOB,
B YACTHOCTU MPUNCUHA, XUMOMPUNCUHa
W Kapbokcunenmudasvl, KOTOpblE BBIIE-

Beta-,um B-kleTKa

Yor,
(mHcy mu) g /

r DekneTka
(comarocTaTh)

JISFOTCS B KHILEYHVK U Y4aCTBYIOT B NepeBa-
pHBaHUK MUILH. DTy GYHKUHEO BBINOMHIKOT
IK30KPUHHblE KAeMKU («BBIOENSFOLIME HAPY-
XKy», T.€. B NPOTOK HNOIKETyIOYHOM XKe-
nie3nr) (puc. 25-15). Jdpyras BaxkHas ¢yHk-
LIS NOJDKEJTYTOHHOM XKene3bl —3T0 OnocHH-
Te3 MHCYJMHAa W pada JOPYIMX INOJHMnen-
THAHBEIX TOPMOHOB, KOTOpBIE peryJNpyroT
0OMeH [J1F0KO3b1 M IPYIMX OCHOBHBIX INTA-
TENbHHIX ~ BewlecTB.  3IT1y  QyHKIMIO
OCYLIECTBIISIET IHOOKPUHHAA MKAHb NOKe-
JIyIOYHOM ’KeJie3bl, NpENCTaBIAOLIAA CO-
60¥ CKOIJIEHHE CHElHaNN3HPOBAHHBIX KJle-
TOK, Ha3bIBaeMBIX ocmpoekamu Jlanzepzan-
ca. OctpoBkn comepxat Osnmskue Opyr
JIPYIY MO IPOHUCXOXKAEHHIO KIIETKH HECKOJTb-
KVX THIOB, NMPHYEM KJIETKH KaXO0Io THNa
NpOAYLURPYIOT KAKOH-TO OAWH FOPMOH NoJ-
ey AOUHOM KeJie3bl (puc. 25-15
n 1abn. 25-5). OctpoBku Jlanreprauca ce-
KpeTUPYIOT CJIeYIOLUNE TOPMOHBI: 2Al0Ka-
20H, BbIpabaTHIBaEMBIN A-KNETKAMU; UHCY-
.1uH, BEIpabaTeiBaeMblil B-kneTkamu; coma-
mocmamun, BeIpabGaTeiBaeMblit D-kyieTka-

Tabauya 25-5. TopMOHEI MOMXENyNIOYHOH e-
Jle3Bl

Hcrounnk ropmona I'opmon

A-Kaersu [mroxarod

B-knerkn HUucynuun

D-knerku ComaTocTatun

F-knerkn IMauxpeaTrHueckuit no-
JIMNENTHO
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MH, U HGHKpeamuueckuili noaunenmuo (Cpas- A -l B-Lens
HHUTEJILHO HEIABHO OTKPBITHII TOPMOH, 1S Gly Phe
KOTOpOTo eLle HeT OOLUEeNnpHHATOro Ha3pBa- | [
Hus), BbIpabaThbiaeMeli F-xnetkamu. XoTs le Val
BCE ITH TOPMOHBI KaXablii 1O CBOEMy Val Asn
BAXHbI B OOMEHe BEILECTB, B OCOOEHHOCTH

B 0OMeEHE yIJIeBONIOB, BCE XK€ UHCYJIMH 3aHU- Glu Gln
MaeT nepBoe MeCTO No BaxHOCTH. HecMmo- .

5 Gln s His

TPA HA UCKIIOYHTESILHOE 3HAYEHUE HHCYIIN- | |
Ha B NEYEHHH caxapHoro nuabera, Mbl OO (|3YS Ireu
CHX OP HE 3HaeM B TOYHOCTH, KaK 3T0T rop- Cys S—§ Cys

MOH OKa3bIBa€T CBOE XMW3HCHHO BAXKHOE | [
Ieitcrpue. M3ydenne MexaHH3IMa NeiiCTBHS S 1?18 Gly
MHCYJIMHA —O/iHa U3 HauboJiee MHTEHCUBHO .ls Ser éer

uccneayeMbix rmpobnem coBpemenHO#H Guo- | |
XHMHM M MEIULMHBIL, 10 Val 10 Tis
Cys Leu

25.11. WnHcyqmn — | |
THIOI/IMKeMHYeCKHH rOpMOH Ser \llal
Leu (|31u

B xonue XIX cronieTns 6b110 06Hapyxe- |
HO, YTO Y cObax nocie Xupypruyeckoro yna- Tyr Ala
JICHUs MOJDKENYNOYHOMR XeNle3bl pa3BUBaeT- | |
Cs1 COCTOsAHME, O/IM3KOE K caxapHOMY nuabe- [

Ty y 4enoBexa (rj1. 24). ¥V 3THX XHBOTHBIX, Leu Tyr
KaK ¥ y Jnoneii 6ombHbix OnaberoMm, ypo-

|

BeHb IJIIOKO3bl B KPOBU MOBBIILEH, T.€. Glu Ireu
HMeeT MeCTO zunepzauxkemus. [ moxo3a npu Asn Val
ITOM BBIIEJIAETCA C MOYOi B 6ONBLIOM KO- |

Lo - Tyr Cys
JIMYeCTRe, IpUaaBas €l cnaikuil BKYC, T.€. ‘ S—S/
UMeeT MecTo zmoko3ypus. (B cBoe Bpems 2w Cys— 20 Gly
caxapHblit ¥ HecaxapHblii quabeT pa3mvya- | |
Ji1 O BKYCY MOYM, TaK KaK APyroii mpu3Hax, Asn (fl”
a WMEHHO BbifejicHHe GonpImx O6BEMOB Arg
MOYH CBOlcTBeH 060uM cocroanusm.) Io-
NBLITKK JIeuuTh cO0aK C y[IANCHHOH mnomxe- (|3ly
JIYIOYHOH JKEeJe30i NMyTeM CKapMJMBaHUA Phe
MM HeoOpaboTaHHON TKaHW MOIKEITYN0Y- C-Konp |
HOH ene3bl, NOJyYEHHOH OT 3A0POBbIX XH- NOMUIENTHARNIX 2 Phe
BOTHBIX, HE NpHBEIM K YCIEXy, OIHaKO lened Tyr
MHBEKIMA IKCTPAKTOB HOPMAJILHO# NOIDKe- |
JIyIOMHOM XKeNe3k! MPooNepHPOBaHHBIM CO- Thr
6axam ocnabnsina NposiBIEHAE Y HAX CHMII- Pro
TomoB nuabera. [locne mmorux 6e3syc- |
NEIlHbIX NoNbLITOK B 1922 1. Bee xe yaanoch 1|*y5
BblIENMTh B MUCTOM BHIOE aKTHBHBIR (ak- 10 Ala

TOP, NPUCYTCTBYIOILM B JKCTPAKTE MOINe-

styno4Hoi xenesvt. OH Gbin Ha3pat MHCYui- Puc. 25-16. AMHHOXHCNIOTHBIE NOCNEN0BATENBHOC-
HOM (T.€. «OCTPOBKOBbIM BEIUECTBOMD), 1y A- i B-ueneil uHCYIMHA KPYIIHOTO POFaToTo
MOCKOJIbLKY K TOMY BPEMEHH yXe ObUIO M3-  cKoTa.

BECTHO, YTO MMCEHHO OCTpOBKOBAs TKaHb

CIIYXUT HCTOYHHKOM IOpMOHAa. BCKOpe HH-

CYJIHH CTan anMeHﬂTbCﬂ JOJ19 JICUCHHUA JIO-
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Wicyun
(nokasaH KpacHbIM)

N-Konell

|/

23 octaTka

CHruaJbHas noclefoBATENbHOCTD?
OTWENJRETCH NPH OOPAIORAIMK

NPpOKHCYIHHA

BhiCTPUracmbii -
OunenTun

Puc. 25-17. O6pa3zosanne HHCynHHa. UcxonHbIM
NpeauleCTBEHHHKOM MHCYJIMHA SBJISETCS NpeEnpo-
UHCYJIMH (MoJIHas CTPYKTypa MokazaHa BHHM3Y), KO-
TOpbi nocne GepMEHTATHBHOTO OTILETLIEHUS C
N-xowua 23 aMHHOKMCAOTHBIX OCTATKOB MpeBpa-
wAEeTCs B NpoMHCYIMH. [poMKHCYNIHH B CBOIO OYe-
peab NOABEPraeTcs AefCTBUIO NeNTHAA3 B ABYX
MeCTax, NOKA3aHHbIX CTPEJKAMH, H NpeBpallaeTcs
B MHCYJIMH (Bblaeled KpacHbIM LBeTOM). Jlanee ¢
K2XJOTO KOHLA BblPE3AHHOTO MPOMEXYTOYHOTO
nenTHAa OTILENJIAETCH MO AMNENTHAY, NOCHE Yero
octaercs C-nentnj, cogepxauiii 30 aMuHOKHC-
JIOTHBIX OCTAaTKOB.

[I€i, cTpafaroumx qMabeToMm, U ¢ Tex Mnop
CTaj ONHHM M3 BaxkHeHLIMX TepaneBTHHE-
CKMX CpenCTB, H3BECTHBIX MEIMLMHE; OH
Cr1ac MM MTPOAJMII XKH3HL OTPOMHOMY YHC-
JIy JIOnEH.

Hucymuu npencrasiser coboit HeGoImb-
o 6esnox ¢ Mo, Maccoii 5700, cocTos i
W3 IBYX NOJIMNENTHAHBLIX Leneld, A u B, co-
€IMHEHHbIX IPYr C APYrOM IBYMS HCYJIb-
dnaEbIMH  MocTHKamu (puc. 25-16). Ha-
[IOMHHM, YTO WHCYJIMH —3TO nepsblii 6eJI0K,
Insi KOTOporo Oblja YCTAHOBJIEHA aMH-
HOKHMCJIOTHas! NoCJIeNOBATEILHOCTh
(pa3n. 6.8). McnombiyeMblii B MeOULIMHE
npernapaT WHCYJIMHA BbINEJSIOT U3 TKAHH
MOMKEITYTOYHBIX JKE/I€3 XHBOTHBbIX, 3a0u-
BaeMbix Ha OOHHAX.

HucymuH cunTesupyetcs B- wm B-kner-
KaMH [O[IXETYTOYHOH XKeJle3bl B BUE HEAK-
TUBHOTO npenulecTBenHuka. Henocpen-
CTBEHHLIM TPEALLECTBEHHHKOM HMHCYJIMHA
ABJIIETCA  HPOUHCYAUH— OIHOLIETIOYEY HbIH
MOJIMIIENTH I, COIEpXallkii B 3aBUCHMOCTH
OT BH/1a XXHBOTHOTO OT 78 no 86 aMuHOKHC-
JIOTHBIX OCTaTKOB (pUC. 25-17). IlpouHcy-
JIUH U3 NMOXEJIYI0YHOMH eJle3bl KPYINHOIo
poratoro ckoTa cocTouT u3 81 ocraTka

B-uenn
Jucybguarbie {30 vcrartkos)

s MIOCTMKM .

C-nentusl
(30 ocTaTkoB)

BhieTpuraenniv
AntenTi

M HMMEET TpH MEXKIENOYEYHbIX HCY/lb-
¢unublx  Moctuka. OH  HakannusaeTcs
B rpa”yJiax BHYTPH B-KxjieTOK OCTpOBKOBOI
TKaHH M COXPAHSAETCH B HUX 10 TEX MOP, Mo-
Ka KJIETKH HE NOJy¥aT CHrHaj o HeoOxomu-
MOCTH €r0 BblAeJIeHUS. B 3T0T MOMeHT npo-
WHCYJIMH [PEBpallaeTCcs B aKTHBHbI HHCY-
JIMH noa neHCTBHEM CrielMbUYECKUX NENTH-
[1a3, KOTOPbIE PaCIUEIUISIOT NBE NENTU/IHbIC
CBSI3U B LIENM IIPOUHCYJIMHA. BbIpE3as U3 Hee
cpennuit ¢parmenT. Jlanee B pe3yabTaTe
NEACTBHS NENTHAA3BI C 06OHX KOHILIOB 3TOTO
¢parMeHTa OTLIEMJISIOTCH 1O [Bd aMUHO-
KHUCJIOTHBIX OcTaTka (puc. 25-17) u obpa-
ayetcs C-nenmud. J1Ba xOHUEBbIX (parMen-
T4 UCXOOHOH LIENH MPOHHCYJIMHA CTAHOBAT-
cAd COOTBETCTBEHHO A- W B-uensMu HHCy-
JIMHA, KOTOpHIE Y/IEPKUBAKOTCA BMECTE
NOCPEeACTBOM NHCYJIbGUAHBIX MOCTHKOB.

TIpovHCYMH B CBOKO Oudepelb TaKxe
obpa3syeTcst W3 CBOETO MNpenllIeCTBEHHUKA,
a UMEHHO U3 HPelpOUHCYAUHA, KOTOPBIH 110
CPaBHEHHIO C MPOUHCYJIHHOM CONEPXHUT 10~
TIOJIHUTENTEHO 23 AMHHOKMCIIOTHBIX OCTaTKa
Ha N-koHue (puc. 25-17). I1pu o6pazopaHun
IPOMHCYJIMHA 3Ta N-KOHIIEBas MOCJea0Ba-
TEJIbHOCTh OTILENJIAETCH CENHATbHOMN ren-
TUAA30i. ITO I'CHETHYCCKH NETEPMUHHUPO-
BaHHasl JMJIEPHAsl, WK CHIHAJILHAS, M10CJIC-
J[IOBaTEJILHOCTh, Oyiarofaps KOTOPOH HOBO-
CHHTE3MPOBAHHBIA MPOHUHCYJIMH [OTIA/1AET
B [PEHA3HAYECHHOE €My MECTO B KJIETKE,
a MMEHHO B CEKPETOPHbBIE rpanysibl. Kax Mol
YBHIHM B I'l. 29, Takue CUTHAJILHBIE NOCHe-
JIOBATEJILHOCTH  BKJIFOYAIOTCST BO MHOTHE
6enxu BO BpeMs MX CUHTE3a.
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25.12. Cexpelms HHCY/THHA
pery/mpyercs B nepsylo
ouepent KoHuueHTpanmer
IJIIOKO3bl B KPOBM

Cexpenvis uncyJmHa u3 B-xieTox ocTpos-
kOB JlaHreprauca B KpoBb NPEACTABIIET CO-
60ii cnoXHBI npolecc; OH HOET NpH y4a-
ctun woHoB Ca?™*, u ero nocnemHuii
3Tan —3TO BblJCJIEHHE B KPOBb COAEPHMO-
IO CEKPETOPHBIX I'PaHyJl, B KOTOpbIX 06pa-
sytorcs uHCYJmH v C-mentua. Cropocthb
CCKpeELIMH MHCYJINHA 3aBHCHT B TICPBYIO OYe-
pedb OT KOHIIEHTDAaLHM TIJOKO3bI B KpoO-
BH —OHA T€M BBILIE, Y€M BBLIllIE KOHLIEHTpa-
LMS IMOKo3bl [TOBBILIEHUE KOHIEHTpPALUH
HHCYJIMHA YCKOPSET NOCTYIJICHHE TIIOKO3bl
U3 KPOBH B [ICYCHB ¥ MBILIIBL, TA€ OHA B OC-
HOBHOM NpeBpallaercss B rimkored. Ilpu
3TOM KOHLIEHTPALIHA IIOKO3bl B KPOBH Ma-
IaeT A0 HOPMAJTLHOTO YPOBHS, YTO B CBOKO
ovepelb NPUBOIUT K 3AMENJIEHHIO CeKpe-
LK HHCYJMHA, CKOPOCTh KOTOPOit CHHXaeT-
cs1 10 HopMbl. TakuM o6pa3zoM, Mexay Cko-
POCTbIO CEKpellMH HHCYJIMHA W KOHIIEHTpa-
LIME TIMOKO3bI B KPOBH CYILECTBYET XOpoO-
WO OTJIaXeHHas obpaTHas CBs3b.

25.13. Bropuuublii nOCpeIHHK
JeHCTBUAl HHCYJ/THHA
ellle HeH3BeCTeH

Peuentopbl MHCyJmMHa OblM  OGHapy-
3EHBI HA MOBEPXHOCTH KJIETOK TMEYeHH, CKe-
JIETHbIX MBILIL, @ TAKXKE€ KJIETOK XHPOBOit
TKaHH (aJUNOLMTOB). ITH pelleNnTOpbl OblLi
BBLIEJICHBl M3 KJIETOYHBbIX MeMOpaH U oum-
IIEHBbL. BbioeneHHbIH PELENTOpP HHCY/MHA
ABJIETCA  CrienMpHiecKHM TIMKONPOTEH-
HOM, KOTODHIii OY€Hb MPOYHO CBA3LIBAET
HHCYJIHH., YHCIO penenTOpoB MHCYJIMHA HA
TIOBEPXHOCTH KJIETKH MEHSIETCS B 3aBUCHMO-
CTH OT ycJIOBUil OOMEHA BeLLIeCTB; IOKA3aHO
TAKXE, YTO OHH OONAJaroT BBICOKOH CKO-
pocteio 06opoTa. HecMOTps Ha HHTEH-
CHBHBIE HCCJIE[IOBAHHS, MPOBOASLIMECA HA
TIPOTKEHUA MHOTHX JIeT, 10 CHX TOp He
yoaetTcss OOHapyXHTb BTOPHYHBIA Mocpen-
HMK, BEICBOOOX TatO1LMICS TIPH CBA3bIBAHUN
HHCYJIUHA ¢ ero penentopamu. M3BecTHO
JMILb, YTO B MeEXaHH3ME, 3aryckalolleM
NEHCTBHE HHCYJTUHA, BAXHYIO POJIb UTPAKOT
BHYTpHKJIECTOUHbE Hombl Ca’™t; npunum-

YACTD III. HEKOTOPBIE ACITEKTH! BUOXWUMHHU UHEJIOBEKA

NHAJbHO BAXHBIM MPEOCTABIACTCA TAaKXE
TO, YTO NpPH BO3ACHCTBUH MHCYJMHA Ha
KJIETKH Me4eHy B HUX Pe3KO BO3pACTaeT ak-
TUBHOCTb MHTOXOHIPHAJIbHOH IHpyBaTIe-
ruaporenasel (pasa. 16.2). Bonpoc o BHy-
TPHUKJIETOYHOM IOCPENHHKE aefiCTBUA HH-
CyJMHA sBJIseTCd OAHMM u3 Haubonee
BaXHBIX B OHOXHMIH, NOCKOJILKY €ro HIeH-
Tudukauus 6esycnosro umMena 6wl Qpynna-
MEHTAJIbHOE 3HaYeHHE NJ11 NOHHMAHUSA NPH-
pozbi suabera u nosbillienus 3¢dexTHBHO-
CTH JIeYeHHs] ITOTO 3ab6oneBaHMs.

25.14. Uucysiun BamsieT
HA MHOTHE NPoLecch
oOMena BellecTB

B rn. 24 6wl onMcaH LRI PO JpYTUX
H3MeHeHH#i oOMeHa BellecTB, Habmoaaro-
LMXCHd NpH HeNOCTaTKE HHCYJIMHA. Tak,
y OGoJbHBIX nuabeToM WIJIM Yy JKMBOTHBIX
C S9KCcrepUMeHTAJbHBIM nuabeTom, Bbl-
3BAaHHBIM yOaNeHHEM TOMKEJTYIOYHON Xe-
Je3bl JmbO pa3pyllCHHEM OCTPOBKOBOIA
TKAHH  OyTeM  BBEEHHS  a140KCaHA
(puc. 25-18), yrTpauuBaeTca CNocoOHOCTD
K CHHTE3Y XHDHBIX KMCMIOT U JIMIIUIAOB K3
rmoxo3bl. [1pH 3TOM CKOPOCTH OKHCICHUS
WHPHBIX KHCIOT MpEBBILLIACT HOPMY, 4TO
NPUBOAMT K 0Opa3oBaHHIC M3OBITKA XeTO-
HOBBIX TeJi, HAKAIUIMBAIOUIMXCH B TKaHSX,
KPOBH H MOYE, T.€. K TAK HA3bIBAEMOMY Ke-
mo3y. ¥ XHUBOTHBIX C 3KCNEPHMEHTAJILHLIM
nuabeToM CHUXAETCS Takke CKOPOCThb
NEepPeHOCA AMUHOKHCJIOT U3 KPOBHU B KJIETKH
neprdepryeckux TKauell, BCIEANCTBHE 4Y€ro
sameniiseTcss 6uocuHtes Genkos. Bmecto
3TOr0  aMWHOKMCJIOTHI  NOABEPraroTCs
B [IEYCHH N€3aMHHIUPOBAHHIO, H U3 KX YrJe-
POIHBIX LENei B XxOae TIIFOKOHEOTEHe3a
(pa3n. 20.1) obpasyercsa Iinoko3a, MOCTY-

Puc. 25-18. CTpykTypa ajiokcaHa — NHpHMHIH-
HOBOTO NPOM3BOHOTO, BLI3LIBAIOLLETO IKCNEPH-
MeHTaIbHbl IMabeT y XMBOTHBIX NyTEM paspy-
LUeHUS OCTPOBKOBBIX KJIETOK.
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Tabauya 25-6. Metabonuueckye COBUTH NpPH HH-
CyJTMHOBOH HENOCTaTOYHOCTH (caxapHblfl [ua-
GeT)

VYcKOpeHNE TIIHKOTEHONH3a B [EYEHH

YBenuY€enue IiroKOHEOreHe3a

CHMXEHHE KONHYECTBA IJIIOKO3bl, NOCTYNaro-
mwei B nepudepuyeckue TKaHU

I'unepriukemus

I'mroxo3ypus

Yckopenue npouecca OKHCICHHS KUPHBIX KHC-
JIOT B IlEYEHU

O6pa3oBanne H3IBLITOYHOrO KOJHYeCTBa KETO-
HOBBIX Tel

Keronypus

CHuxeHne GMOCHHTE3a XHMPHBIX KUCIOT

CHuxenue cuHTe3a 6enkoB B nepudepHuecKux
TKaHAX

TloBbieHue OGpa3oBaHusA M 3IKCKPELMM MoOde-
BHHBI

narouiasi B KpoBb. DTH HapyllueHHs MeTabo-
Jor3Ma (Tabrn. 25-6) cue3aroT TPy BBeIeHHH
HHCYJHA.

Bech KOMIINEKC MeTaboJMuUecKuX CcaBU-
roB, OOYCJIOBNEHHBIH HENOCTATOYHOCTBIO
MHCYJIHHA, MO)XXHO paccMaTpuBaTb KaK CBH-
JeTeILCTBO TOro, YTO Mpu auabere opra-
HH3IM CTPEMHTCA TIPEBPATUTL BCE HMERO-
LIMECS] B €r0 PACHOPSIKEHHH TNHTATEJbHbIE
BEIIECTBA B INIOKO3y KPOBH. TKaHu OCTpO
HYXAalOTCH B IJIOKO3€, ¥ MevcHb Harnps-
XEHHO CHHTE3HPYET €€, OJIHAKO 3TO MPHBO-
OUT TOJBKO K TOMY, 4TO OOJIbLUas 4acThb
TIIOKO3bl «yXomum» B Mouy. CornacHo 3To-
MY B3IJIS]1y Ha HapylLueHHe oOMeHa BelecTB
TIpH MabeTe, TkaHH 6OJIBLHOTO OKAa3HIBAIOT-
sl HE COCOBHBIMH NOTJIOLATD [IIIOKO3Y U3
KPOBH IPH €€ HOPMAJTBHOM YDOBHE, COCTAB-
ggromeM  ~ 4,5 MM; nna addexTHBHOrO
TIOIJIOLUEHMA UM TpeGyeTcs ropasno bosee
BLICOKasl KOHUEHTpalus Iioko3bl. OnHako
MpH YBEJIMYEHWH KOHLEHTPALUM TIIOKO3bI
B KpoBH cBhile 10 MM, T. €. BEILIE OpOrO-
BOTO 3HAYEHHUA % MOYeK, U30bITOK IJio-
KO3bi BBIIEJISETCA € MOYOM, YTO NMPHUBOANT
K motepe OOJBIUMX KOJIMYECTB IJIOKO3bI
OpraHN3MOM.

Jpyrue cepbesubie HapylueHus obmeHa
BELIECTB NpH caxapuoM nuabete He mon-
JAOTCs JIEYEHHIO MHCYJIMHOM. B yacTHOCTH,
npu nuabere Hapyiuaetcs 6uocuHTes Ga-
3aJIbHOM MeMOpaHbl KPOBEHOCHBIX KalluJl-

JISPOB, YTO NPHBOAMT K NOBPEXACHUIO KPO-
BEHOCHBIX COCYOB CEpIlIa, NIOYEK, KOHEYHO~
cTell u ceTHYaTKH rnasa. B CBsA3M ¢ 3THM Ha
NMO3AHMX cTanuax Auaber nmaeT Takue oc-
JIOXKHEHHS, KaK CJIenoTa U MoveYHas Heado-
CTaToyHoCTh. [lo-BHOMMOMY, HHBEKLUSA
60JTbubIM HHCY/THHA OJIHH Pa3 B IEHb HE MO-
weT obecneyuThb Te PIIyKTyaluu YPOBHSA HH-
CYJIMHA B KPOBH, KOTOPBIE €XKEYaCHO H Jae
©KEMHHYTHO [POHCXOLAT B  3J0pOBOH
OCTPOBKOBOM TKaHM B OTBET Ha kojiebaHus
KOHIIEHT palliy TJOKO3b! B KpOBH. B CBsiH
C 3TUM BO3HHMKAET HEOOXOOMMOCThL pa3pa-
6OTKH aBTOMAaTHYECKHX YCTPOHCTB /1711 BBe-
JEHHsl UHCYJIMHA B CHCTEMY KpOBOOOpalLie-
HHs OOJIBHBIX CO CKOPOCTBIO, 3aBHCALLEH OT
KOHLIEHTPAaLMH TIIEOKO3bl B KpOoBH. Takue
ycTpoiictBa mo3BosmMJIH Obl 6OJlee TOUHO
WMHTHPOBATb CEKPETOPHYIO (HYHKLINIO HOP-
MaJIbHO# OCTPOBKOBOIi TKAHH B OPraHU3Me.

25.15. [mokaron—
I HIIEPI \IMKEMHYECKHIl TOPMOn
NO/LAe 1Y J0YHOH KeJie3bl

I'imokaroH, Takke MONUNCNTUAHBIA rop-
MOH, CeKpeTHpyeTcs A-KJETKaMHM OCTpOB-
KOBOH TKaHHW TIOMKETYNOYHOH Kele3nl
M  POACTBEHHBIMH 10 MPOHUCXOXKICHHIO
KJIETKAMM JKEJTyIOYHO-KHILIEYHOTO TPaKTa.
OT0 opHOUENOYeYHLI TNOJMNENTHO, Co-
CTOSIUM#A U3 29 AMHHOKHCIIOTHBIX OCTATKOB
¥ uMerolmii Mo, mMacey 3500 (puc. 25-19).
HenaBaue HccrlenoBaHWS 10OKa3ajM, 4TO
y TIFOKAroHa, Kak U y MHCYJIMHA, €cThb 1Ba
HEAKTUBHBIX MpeILECTBEHHUKA: NPO2AI0Ka-
20H W npenpozaokazon. Tlocnenauil U3 HUx
cofepkuT Ha N-KOHLE CHTHANBHYIO MOJH-
MeNTHIHYIO OCTIEOBATENIBHOCTb, KOTOPAs
OTLIETIJIAETCS B ABAa 3Tamna, 4TO BeENeT
K 06pa30oBaHMIO TIPOrJIKOKATOHA.

I'tokaroH BbI3LIBAET HOBBIILEHHE KOH-
LEHTPaLMH [THOKO3bl B KPOBH, T. €. ero neii-
CTBHE TPOTHBOINOJIONKHO OEHCTBHIO HHCY-
JuHa (Tabn 25-6). Tuneprmukemuueckuit
adexT raroKaroHa JOCTUTAETCS AByMs My-
TMU. TTepBuIft U3 HUX COCTOMT B TOM, YTO
[IOKaroH cnoco6CTByeT pacnany TiMKore-
Ha medyenn ¢ 06pa3oBaHMEM IJIIOKO3bI, MO-
CTyNaroleil B KpOBb, MPHYEM MEXAHH3M
IToro peiicTeus nogobed MexaHusMy eii-
CTBUS agpeHaymHa. Ha HapyxHOH HoBepx-
HOCTHM MJIa3MaTHeckol MeMOpaHb! KJeTOK
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N-Kohel
His
Ser
Gln
Gly
Thr
Phe
Thr
Ser
Asp

10 Tyr
Ser
Lys
Tyr
Leu
Asp
Ser
Arg
Arg
Ala

20 GIn
Asp
Phe
Val
Gln
Tyr
Leu
Met
Asn
Thr |

30 Lys

Arg
Asn
Asn
Lys
Asn
Ile

Ala

I"nokaron

Ilporawkaroy

Puc. 25-19. CipyxIypbl npormoxaroHa ¥ riroka-
[OHA KPYMHOIO pOraToro ¢kora. I'jokaroH cocro-
HT 13 29 aMHHOKHCIIOTHBIX OCTATKOB U HMEET
mMoJL. Maccy 3500. On ofpazyercs B pesynbtaTe
(epmeH raTHBHOTO OTUIETJIEHUS BOCBMYH dMWHO-
KUCIOT HbIX OCTATKOB {NTOK43aHb! KPACHBLIM LLBETOM)
o1 C-Koulla NporitokaroHa.

MeYeHn HMEloTes cneunduyeckue peuen-
TOPBI riokaroHa. I1pu cBa3LIBAaHHH C HUMH
IIIOKaroHa B NNA3MAaTHYECKOH MemOpaHe
BKJIIOUA€TCA KACKaJl yCHJIEHHs, NOAOOHO TO-
My KaK 3TO [POHCXONHT NpPH AEHCTBHH
aapenammHa (puc. 25-11). Bropoii nyts co-
CTOMT B TOM, 4TO TJIFOKAaroH B OTJIHYHE OT
ajpeHaMHa HHIMOHPYeT IJIMKONHTHYECKHIH
pacnaj rJroKo3bl 40 JIaKTaTa. 'ITOT ekt
06ycIOBJIEH HENpsIMbIM HHIHOHpPOBaHHEM

YACTbD III. HEKOTOPBIE ACIIEKTBEI BUOXUMHWH YEJIOBEKA

L-u3odepmenTa (neueHoOYHOro tnna) nupy-
samxunassl  (pasn. 15.13),  yuacrByrolleit
B rjmxosm3e. [okaroH orimuaercs o1
ajipeHajIMHa TaKKe TeM, YTO obnanaer Ha-
MHOro 6oJyiee NPONOKHTEILHBIM  JI€H-
CTBHEM ; KPOME TOrO, OH HE NOBHILIAET Ya-
CTOTHI CEPNEYHBIX COKPAILEHHH M KPOBSHO-
ro IaBJICHHUS.

25.16. ComatrocTaTuu
TOPMO3HT CEKPeNMIo
HHCY/IHHA H IJIIOKaroHa

Comamocmamun, Takxke NOJUNENTuAHbIIA
ropMoH (puc. 25-20), BriepBbie 6611 OGHApY-
®EH B 3KCTPAKTax THUIOTAJaMyca, rae OH
CJIYXHUT HHTHOMTOPOM CEKpPEUMH COMaTo-
TPONIMHA W [pPYIMX TOPMOHOB IN€pedHEl
nony runodusa (cMm. caen. pasgert). Coma-
TOCTaTHH CHHTe3upyeTcss B D-xierkax
OCTPOBKOBOH TKaHHM NOJKEJIYIOYHOH XKe-
Jie3bl U B OJIH3KHUX UM 10 [TPOHCXOXKICHHIO
KJIETKAX KEJIYNOYHO-KUIIEYHOTO TPAaKTa.
ComaTtocTaTH, Oobpasyrolmiics B MOmke-
JIyIOYHOMH xeJiese, CAOKHbIM 06pazom BO3-

N-koHel
Ala

I
N
I

I

Asn

[
Phe

|
Phe

Trp

wn—=uw

Cys

Prc. 25-20. CtpykTypa comaToctaTHa obubl. Co-
MaTOCTATHH COAEPKH1 OHY BHYTPULETOYEYHYIO
AucynbPuaHyto CBf3b. OH CMHTEIMpPYETCS THNOTA-
JIAMYCOM, OCTPOBKOBBLIMH KJICTKaMHK TIOIXENYI0Y-
HO# XeJeabl # 0COObIMK KJIETKAMM KHILEYHHKA.
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NEHCTBYET HAa CEKPELIMIO MHCYJIMHA H IIIIOKA-
rona. OH HCNONbL3IYETCS TIPU  JICYEHHH
HEKOTOPBIX (hopM caxapuoro nuabera.

25.17. Comarorponnn
TaKke BJMseT
Ha JelCcTBHE WHCY/IHHA

Comamomponun, WU 20pMOH pocma, Cek-
peTHpyeMbI nepeaHell ponieil runodusa,
BNEPBbIE ObLJ1 BLIABJIEH MO CIOCOOGHOCTH BbI-
3bIBaTh POCT CKEJeTa ¥ YBEJIHUEHHE BECa Te-
Ja MoJloaibIx XUBOTHBIX. HenocratouHocTb
3TOr0 rOpMOHA MPHUBOAMT K KapAuKO8OCMu
(puc. 25-21). U36bITOUHAS XE €ro CeKpenns
BEIPAXAETCS B 2u2aHmMu3me WM aKpoMe2a-
AU, TP KOTOPOH NMPOUCXOMUT YCHJIEHHBIH
POCT KHCTel pyK, CTynHeid U ocOOEeHHO JIH-
LEBbIX KOCTeH, NpuBOAALUMI K pa3BUTHIO
MAaCCHBHOH HIDKHEH YeMOCTH W TsKEJIbIX
Hanbposuil. CoOMAaTOTPONHH  OKa3bIBaET
TaKkxe riaybokoe BolpgeiicTBue Ha mMeTaGo-
JIU3M yrjeBoJoB. BeeneHue XUBOTHBIM H3-
6bITKa COMAaTOTPOIIMHA BBI3BIBAET 2unogu-
3apublii Juabem, 0OYCIIOBNEHHBIH TEM, YTO
COMATOTPOIIMH TOPMO3UT CEKPELIMIO MHCY-

Puc. 25-21. «Tenepan» Tom Tam. crpanabumii.
N10-BUAKMOMY, HEROCTATOYHOCTBIO COMATOTPONH-
Ha, CO CBOWM LIHpkoBbIM Mmnpecapvo [1. T. Bap-
HYMOM.

3-59

Mnepriukemus

W Bo3HuKaeT nofl geficTerem:
r'IIOKaroHa,
COMATOTPOIKHA,

' JIIOKOKOPTHKOMAOB,
ajipeHaJuHa

HopmaubHbiit ypoBeHb riloko3bl B KpOBH

Bo3sHuKaeT noll AeiCcTBUeM:
UHCYJHMHA,
CcOMaTOCTAaTHHA

4

I'vnorakemus

Puc. 25-22. TopMouanbHas peryJsisiuusi yposHs
TJIFOKO3bl B KPOBH.

Jua. CoMaTOTpOIHH npeacTaBnseT coboit
noymnentva, cocrosumii u3 191 aMmuHOKMC-
notHoro ocratka (MoJ. macca 21000). Kax
yKa3bIBAJIOCh BbIllle, CEKPELIHIO 3TOTO rop-
MOHA TOPMO3UT THIIOTaJIAMHYECKHH COMa-
TOCTAaTHH.

Ha puc. 25-22 nokasaHb! CJIOXHBIE B3au-
MOCBSI34 B TOPMOHAJIbHOM PEryJIsliM MeTa-
60JIM3Ma TIIIOKO3bL, HA KOTOPBI BO3[Ei-
CTBYHOT TODMOHBI MATH pPAa3sHBIX 3HIO-
KPHHHBIX JKeJjie3, BKIIIoYasi KOpy Haanoyey-
HHUKOB (CM. HIDKE).

25.18. T'opmonnl
KOpBI HAANOYE€YHHKOB
AIBJISAIIOTCH CTEPOHIAAMH

Topmonsl kopel HaONnoOYeuHUKOS, aHOpO-
2eHbl 0 9CMPpO2eHbl —3TO OCHOBHBIE XKHMPOpa-
CTBOPHMBbBIE CTEPOHIHbIE TOPMOHBL MBI
HaYHEM C TOPMOHOB KOPBI HAANOYEYHUKOB,
TIOCKOJILKY HApSiy € NPYIrMMH (GYHKIHSAMH
OHH TaKXe BJMSIOT Ha 0OMeH yrieBomoOB.
Cexpenyss TOpPMOHOB KOPBbI HAZINOYETHUKOB
peryJmpyeTcs THIOTaNaMycoM. B OTBET Ha
CTPECCOBBbIE CHTYALMH THIOTaNaMyC BblIe-
JIseT KOPTHKOJMOEPHH, KOTOPDBIH, nonaaas
B MNEPEAHIOK M0N0 Iunodusa, CTHMYJH-
pyeT BHICBOGOXIEHUE  KOPMUKOMPONUHA
H €ro MocCTyIUIeHHE B KpoBb. KOPTHKOTpO-
MHH npeacTaBiseT coboil nommenTua, co-
CTOSIIMHA U3 39 aAMHHOKHCIIOTHBIX OCTATKOB
(pa3g. 6.9). Ero kommeHTpaLus B KpOBH KO-
nebnercss B Hopme o1 107! 10 10712 M.
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MOCKOMbKy MEPHOM TOJTY’KH3HH ITOTO TOp-
MOHa B KPOBH COCTABNII€T BCEro JMLIb
10 MuH, sicHO, YTO B yCJIOBHSIX CTALIHOHAD-
HOTO COCTOSIHHSI OH [MOCTOSIHHO CHHTE3H-
pyercs M pacnagaetcsa. KopTukoTpomnMH
CBA3BLIBAETCS C peELENTOPAMY, paclolo-
MEHHBIMM Ha TOBEPXHOCTH KJIETOK KOPBI
HANOYeYHUKOB, CTUMYJHpYS CUHTE3 3TUMU
KIETKAMHM XapaKTePHbIX [JI1 HMX CTe-
POMIHLIX TOPMOHOB. B kope HamnoyeyHu-
KOB CHHTe3upyeTcs cpbluie 30 cTepouIos.

Kopriion
4 5

AnsnocTepon
B

HUx HasbiBaroT Kopmukoudamu (KOPTHKOCTE-
poHIamMH) U pa3jesIsiioT Ha TPH OCHOBHBIE
rpynnel. [lepByto rpynny cocTaBisiOT IJIFO-
KOKOPTHKOHM[Ib], BaXHEHIUMM npeacTaBy-
TeleM KOTODBIX  SIBJIIETCS  KOpMu3os
(puc. 25-23); no psny 3¢pexTOB ropMOHBI
3TOH Ipynnel MPOTHBONOJIOXHE! MHCY IHHY.
Kopti3son ctuMynupyeT mHpoLecc riitoKo-
HEOTeHe3a U3 AMHHOKHCIIOT H CIOCOGCTBYET
HAKOIUIEHHIO TTIHKOTEHA B MEYEHH; OH TakK-
7K€ TOBBILUAET YPOBEHb [NIIOKO3bl B KPOBH
Y CHMXAET UCTOJb30BaHHe ITIFOKO3bI B Ie-
pudepuueckux TKaHsx. Kpome ToOro, oH
yJyylllaeT yTWIN3ALMIO KHPHBIX KHUCJIOT
U CTHMyMHpyeT o0pa3oBaHHe KETOHOBbLIX
Tes. [ImrokoKopTHKOHIB OKA3LIBAIOT TAKKE
BbIPaKEHHOE TIPOTHBOBOCHATN TEJILHOE
¥ aHTHaJIEpruvyeckoe aeiicTeve. M36pToY-
Hasl CexpeLlusi TIIOKOKOPTHKOW/IOB sBJISET-
cs npuunHo#t 6one3nu Kyiunkra, ois koTo-
poli XapakTepHBI TakWe MPH3HAKY, Kak
YTOMJISIEMOCTB M TTOTEPs MBILLIEYHON MacChl
(13-32 MOBHILIEHHON CKOPOCTH MpeBpallie-

BHS AMHHOKHCJIOT B TIIOKO3y), a TaKxe
nepepacipenesieHie XHpa B OpraHHU3Me,
YTO, B YACTHOCTH, IPHBONUT K JIyHOOGpas3-
HOCTH JIMLIA,

Bropas rpynma cTepoMaooB KOpbI Haj-
TIOYEYHNKOB—3TO  MUHEPAAOKOPMUKOUOHI,
(YHKIHMS KOTOPLIX COCTOMT B TOM, YTO OHM
crocobCeTByIOT 3anepikke HoHOB Na * 1 BuI-
Benepmio HoHoB K * moukamu; Takum my-
TEM 3T FOPMOHBI MOANEPKUBAIOT BOOHO-
conepoif 6anasHc B opraHuaMe. Baxueimm

Puc. 25-23. Tpu OCHOBHBIX CTEPOMIHBIX TOPMOHA
KOpbl Hannoue4HHKoB, ONHHAKOBLIE YYaCTKH
CTPYKTYPbl NOKa3aHbl Ha KpacHoM doxe. Bee Tpu
ropmoHa o6nagaroT KeK IJIFOKOKOPTHKOKIHOMN, Tak
H MHHEPaNOKOPTHKOMIHOR aKTHBHOCTbIO, OTHAKO
KOPTH30J1 IPOABJIAET B OCHOBHOM [ JIFOKOKOPTH-
KouaHoe neficTeue, a anbAOCTEPOH — B OCHOBHOM
MHEepanokopTrkouaroe. Koptukoctepory obe
aKTHBHOCTH CBONCTBERMA B paBHOM Mepe. A, I'nio-
KOKOPTHKOMI KOPTH30Jl CTHMYJIHpYeT FJIIOKOHEO-
FEHE3 M3 aMMHOKUCIOT M ofnafaeT au THBOCTIAIH-
TenbHON akTHBHOCTEIO. B. KopTHxocTepou nposie-
JIAET Kax ITIIOKOKOPTHKOHIIHOE, TAK M MMHEPAJIO-
KOpTHKOMIHOe aelicTBue. B. MunepanokopTukoma
aNbLACCTEPOH BBI3LIBAET 3a1€PKKY BhHIBEACHHS
uonoB Na™ u notepto uoxos K* ¢ mouoft.

MHHEPAJIOKOPTUKOUIOM SBISAETCS a1b00-
cmepon (puc. 25-23). dtoT ropmos obna-
[aeT TaKxke claboil TIIFOKOKOPTHKOHIHOM
AKTUBHOCTBIO; BMECTE C T€M M KOPTH30J
MposBNsgeT cnabyro MHHEpPaJIOKOPTHKOMI-
HYKO aKTHBHOCTb.

Creponabl KOPHl HAJNOYEYHMKOB, NpH-
Haanexaupie K TpeTheil rpymnie, 3aHUMAoT
MO0 CBOMM CBOWCTBaM ITPOMEXYTOYHOE MO-
JIO)eHNE MEXY TJIHOKO- U MUHEPAJIOKOPTH-
kongamMu. OcHOBHOW TOpMOH  3TOM
rpynnsl —Kopmukocmepon. Kak BUAHO Ha
pHC. 25-23, nns KOPTUKOCTEPOMOOB BCeX
Tpex IPyNN XapakTEPEH pAa OOLLKX 35IeMEH-
TOB CTPYKTYDBL

I"'opMOHBI KOpBI HAAMOYEYHUKOB PacTBO-
PSIOTCS B JMIMIAX M JIETKO MPOXOOST Yepes
KJIETOMHbIE MeMOpaHbl TkaHel-MuileHeit
B LUTOIJIa3My, I€ OHH COeNMHSAIOTCH CO
cneuu¢puiecKMMH BHY TPHKJIETOYHBIMI OeJ-
KkamMu-petienitopamu. O6pa3opabiumecs Top-
MOH-PCLENTOPHbIE KOMIUIEKCHI, KOTOpHIE
MOXHO paccMaTpHBATH B KauecTBE BHYTpHU-
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KJICTOYMHBIX NOCpCAHUKOB, MPOHUKAKOT
B KJIeTO4YHOE sinpo. TaM OHH peryJmpyroT
TPAHCKPHIILHIO Olpe/ieSIeHHbIX IEHOB U TeEM
CaAMBIM CTIOCOOCTBYIOT GHOCHHTE3Y CrEnu-
¢duvecknx GepmMeHTOB M OE€JKOB, OTBET-
CTBEHHBIX 33 KOHEYHOE MNeiCTBHE NaHHBIX
TOPMOHOB.

HenoctatouHas CeKpeliss TOPMOHOB
KOpbl HAATOYEYHMKOB CIYXHT IPHYMHOM
agfuCcOHOBOM GoJyesHH, IS KOTopod Xa-
PaKTEpHBbl YTOMJISEMOCTh, clabocTy, MUr-
MEHTALMST KOXH M Tara K COJICHOMY.
BoybHbIE K 3TOM OY€HL YYBCTBUTEJLHBL
K cTpeccaM U HH(pEKIHSM.

25.19. Tupeonaubie ropMoHbI
peryJnpyiot
cKopocTh MeTabosmM3Ma

[uToBMaHas »xeyie3a CeKpeTHpyeT [Ba
XapakTepublx ropmona—L-tupokcus u L-
Tpudontuposun  (puc. 25-24). [TonoGuo
ajipeHaJMHY, 3TA 1Ba TOPMOHE, COKPALICH-
HO obo3nayaemuie kak T4 u T3 cootser-
CTBEHHO, SIBJIAIIOTCS MPOW3BOJHBIMH THPO-
3uHa. TupeonnHHe TOPMOHBI BblpabaThbl-
BAIOTCH B OTBET HA CUTHaJIbl, MOCTYNAIOLLIUE
B TMMOTAaNaMyC, KOTOPbIl CEKpeTUPYeT mu-
poaubepun, a TaKke HHTMOUTOP BHICBOOOX-
IeHHus THpOoTponuHa, TupomibepuH cTHMY-
JpyeT BblaeJleHle THPOTPONUHA U3 Mepea-
Heif noym runoduza U ero nocrymjieHue
B KpOBb. THPOTPONKH CBSI3bIBAETCA CO CIie-
undryecKMMH pelenTopaMM Ha KJleTKax
LUIMTOBHAHOM eNe3bl H CTUMYJIMpYeT Bbl-
paboTKy MMH TUPCOHIHBIX TOPMOHOB. TH-
POKCHH M TPUMOATHPOHHH CHHTE3HPYIOTCS
B TIOCJIEIOBATEBHOCTH (GepMeHTaTHBHBIX
peakuMii, HayuHawlleifics ¢ HOAUPOBaHUA
octatkoB L-Tuposusa B mupozaobyaune
(rmxonpoTerH ¢ MoJl. Maccoit 650000),
B pe3yJibTaTe KOTOPOTO OHH TMpeBpalla-
oTcs B octaTk  L-moHOMOATHpPO3HHA
(puc. 25-24). Heo6xonuMblid 1 peakuuu
Hona, KOTOprﬁ SABJIAETCSA HEC3AMEHHUMEIM MU~
KPO3JIEMEHTOM (IJ1. 26), MOCTYNAET B LLIUTO-
BUHYIO XeJle3y ¢ KpoBbro. Mon MHTeHCHB-
HO CBAI3BIBAETCH M HAKATJMBAETCA TUPOTJIO-
OyJIMHOM, HA3BIBAEMBIM TAKKE KOAA0UOHBIM
beakom, 1 3aTEM KCIOJL3YETCA N1 MOOH-
POBaHHs OCTATKOB THPO3HHAa B THPOTJOOY-
JymHe. Ha nocnenyrolmx 3tanax cuHTE3d
TUPCOHIHOTO TOPMOHA OCTAaTK¥ HMOATHPO-

ki

Tupokcus (L-3,5,3 7,5 -TeTpanonmipormt)
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Tpumoaruponun (L -3,5,3“~rpunoaTHponnn)

1
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L «3-MOHOKOATHPOINH

Puc. 25-24. TupeonaHsie ropMoubl (A 1 B) 1 Mo-
HouonTupoduy (B)-nepsuilt vonuposanypllt mpen-
LIECTREUUUK THPEOMIHBIX TOPMOMOB.

3MHA OCTAaIOTCS CBS3aHHBIMM C THPOIJIO-
oymHOM. [ToutH BeCh HOBOODOpa3OBaH-
Hblifi THPOKCMH Y TPHUMOATUPOHMH CO-
XpaHsIOT CBSi3b € THPOIIOOYMHOM
B THPEOMIHBIX Ny3bIpbKax OO TEX MOP, MOKa
OHM HE€ TOCTYNSAT B KpOBb, BbicBOOOAMB-
wHch mon AeficTBHEeM MPOTEOJMTHYECCKHX
depmenToB. [lonmararoT, 4YTO THUPOKCHH
SIBJIAETCH MPeaLIECTBEHHUKOM, MIIH TPOTOp-
MOHOM, TpPHHOUTHPOHHHA, CTHMYJMpYIo-
uero obMeH BelLECTB.

Janee TMpeoHaHble rOPMOHBI NONAAAIOT
C TOKOM KpOBM B opraHbl-Muuies. Ha
OOJILLLMHCTBO TKaHEH THpEOHIHbIE TOp-
MOHBI OKa3bIBAIOT CTHMYJIMpYIOLlee nei-
CTBHC; TPHUMEYATEIIbHOC WHCKJIFOYEHHE CO-
CTaBJISIIOT TOJILKO MO3T B3POCJIOro 4eJyIoBe-
Ka M HEKOTOpbiE PeNpOnyKTHBHbIE TKAHH.
OcobeHHO CHIILHO THPEOMAHBIE TOPMOHBI
CTUMYJIHPYIOT MeTaboJM3M MEYEHH
1 Mblunl. OHHM CBA3LIBAIOTCA €O clienuduye-
CKUMH peUENTOpHbIMU OelIKaMM, KOTOPEIE
B CBOIO Ouepelib 0becneyrBaroT POHUKHO-
BEHHE THPOKCHHA B KJIETO4HOE AApo. B pe-
3yJbTaTe B3auMOAEHCTBUS THPOKCHH-pe-
LENTOPHBIX KOMILJIEKCOB CO CeLMpHYECKH-
Md TE€HAMH B KJIETKAX-MHIIEHSX Pe3KO
BO3pACTaeT CHHTE3 ONpENesIEHHbIX hepMeH-
TOB ¥ (pepMeHTHBIX cucTeM. [naBHbIH pe-
3yJbTAT OEHCTBUS THPEOMIHLIX TOPMOHOB
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COCTOMT B YBEIIMYECHHH CKOPOCMU OCHOBHO20
06 meHa MCUBOMHO20.

CkopocTb OCHOBHOro obmena (umm Oa-
3aJibHas ckopocTh Merabonmima, BCM)-—
3T0 Mepa noTpebneHus kucnopoga opra-
HHU3MOM B COCTOSIHHH [OJIHOTO MOKOA CIy-
c1d |12 v mocjie enbl B pacueTe HA €QHHHILY
MIolAaAM HOBEPXHOCTH Tena. Bermuuua
BCM niis 60JbHOTO BHIpaXKaeTcs B BHAE
OTKJIOHEHHS (B TIPOLIEHTAX) OT HOPMAIbHO-
ro 3nauenuss BCM, T.e. B BHIe npoueHTHO-
IO OTKJIOHEHHS OT HOPMbI [Jiss HHAMBHOOB
TOro Xe Moxa, Beca U pocTa. UsmepeHus
BCM npoBonsaTcs npu OHarHocruke 3a60-
JIEBaHHii, CBS3aHHLIX C HAapylueHueM ¢GbyHx-
UMK LIIMTOBHAHON Xeue3bl. COCTOAHHE, Bbl-
3BAHHOE [(OBBILIEHHON CeKpeluneid Tu-
PEOHIHBIX TOPMOHOB, Ha3bIBACTCS ZuHepmu-
peo3. CkOpocTb OCHOBHOro obmeHa mnpu
3TOM YBEJIMYEHA, MHILA CropaeT OLICTpEE,
yeM B HOpMe, 60JIbHbIE BLIOENS0T 60JTbllE
TenJia, U UM CBOIICTBEHHA NOBLILLECHHAS BO3-
6ynumocTe. HenoctaTounocTbh cexpennut
TUPEOMIOHLIX TOPDMOHOB, T.€. 2UNOMUPEO3,
BbIPA)XXAETCS B NOHIKEHHONH CKOPOCTH OC-
HOBHOro obmena. /111 60NbHBIX C THIIOTH-
pPeo30M xapakTepHbl 605iee MeanieHHOE, YeM
B HOpME, CTOPaHHeE UL B OPraHu3Me, Bbl-
[leJIeHHe MEHBILIETO KOJTHYECTBA Telyia U He-
KoTOpas obuas MemymresnsHocTb. Hemo-
CTATOYHOCTb HOJA B THIUE MPHBOAHT
K 6azenopoii 6onesnn (ri. 26), compopo-
WOAKOLIEACA CHITEHBIM YBEJIMYEHHEM LLIMTO-
BUIIHO# KeJie3kl, 4T0 OOYyCJIOBJIEHO HAKO-
JIEHHEM O4eHb 6OJIBLIOrO MO CpPaBHEHUIO
C HOPMO# KOJIMYeCTBa KoJLIoMaHoro Geska.
KOTOpHIK MpPefHA3ZHAYCH 3AXBATHIBATL MU-
HUMaJIbHbIE KOJIMYMECTBA HOAA, IIMPKYJH-
PYIOLIEro B KPOBH.

Bomnpoc 0 ToM, KaKHM 06pa3oM ocyLLecT-
BJISETCH PEryNslUsl CKOPOCTH a’poOHOro
obMeHa THPEOHIHBIMH rOPMOHAMM,
OCTaeTCs 3arajkoi, HECMOTPS HAa MHOTrO-
YUCJIEHHBIE HCCIIEAOBAHUA B 3TOi obnacTu.
HesicHo, B 4acTHOCTH, KaK OCYLIECTBIIAETCA
BJIMSIHHE TOPMOHOB LLIMTOBM/HOH IeNe3bl
Ha aKTMBHOCTb MHWTOXOHIPHH, B KOTOPBIX
NpOTEeKa0T B OCHOBHOM MPOLECCHl IbIXa-
Hust v obpasoBanns ATP. TupeonnHsie rop-
MOHBI CIIOCOOHBI TAKXKE YCKOPSTL CO3peBa-
HUE W Pa3BUTHE HEKOTOpHIX TkaHeil. OHH
CTUMYJIKDYIOT, Hanpumep, MeTaMopo3 ro-
JIOBACTHXA BO B3POCIYIO JIATYLIKY.

YACTDL IlII. HEKOTOPBIE ACITEKTBI BUOXUMHWH UEJTOBEKA

25.20. ITonoBBIe rOpMoMBI
SIBJISAIOTCS CTepoOHIaMH

ITono6HO ropMOHaM KOpbl HaNOYEYHH-
KOB, aHOpozeHvl (MYXCKHE [OJIOBblE TroOp-
MOHBI) H 3cmpozeHbl (KEHCKHE TOJIOBbIE
rOpPMOHLI) ABNAOTCA cTeponnamu. Kopa
HANOYEYHHKOB, CEMEHHWUKH M SHYHHMKH
HMeET obulee IMOPHOHAIILHOE MPOHMCXO-
snedre. Mx cxoncTBo nposiBisieTcs, OHa-
KO, HE TOJIbKO B 3TOM. AHIpOTEHbI, HANPH-
Mep, CHHTE3HPYIOTCS HE TOJLKO B CEMEHHH-
Kax, HO H (IpaBaa, B MEHLLLIHNX KOJIMYECTBaX)
B KOpe Ha/ANOYCYHHUKOB U B AMYHHUKAX. AHa-
JIOTHYHO 3CTPOTeHbl 00pa3yroTCs 11 TOJILKO
B SIMYHHKAX, HO B B KOpe HAIMOYEeYHHKOB,
¥ B CeMEHHUKAaX. B NPHHIIUIE MOJOBbIE NPH-
3HAKH ONpeNesIAIOTCA COOTHOLLEHHEM Ce-
KpeTHPYEMbIX AHAPOTEHOB M 3CTPOTEHOB.
Bce crepomnambie TOPMOHBI B KOHEYHOM
uTore obpasyroTcs M3 0OLUero mnpenie-
CTBEHHHKA — X0JIECTEPOIIA, KOTOPLIH B CBOKO
ovepenb CHHTeaupyeTcs M3 aueTiin-CoA
(pa3n. 21.16). Xumuueckne GopMyJibl Bax-
HEHILUMX MOJIOBLIX CTEPOHOHBIX TOPMOHOB
NpeacTaBiaeHbl HA pHC. 25-25.

AHIpOreHbl CTUMYJIHPYIOT POCT U CO3pe-
BaHKe, NONAEPIKHBAIOT QYHKIIMOHMPOBAHHE
PCNpONYKTHBHOM CHCTEMbl ¥ (OPMHpOBA-

Ot OH
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Tectoctepon P-Ycrpaavon
A I3

HO

0 - s
TMporecTepon
B

Puc. 25-25. Tpu OCHOBHBIX MOJIOBBIX TOpMOHA, A.
TecTOCTEPOH — OCHOBHON aHAPOTeH {MYXCKOW NO-
noBo# ropmon). B. B-IcTpanros — OCHOBHOH
3CTpOTeH (KEHCKHit NOJIoBOIt ropMoH), obpa3sye-
MbIil 13 TecToctepona. B. TTporecTepoH - rOpMoH
KESNTOro Tesa. B KEeHCKOM OpraHu3IMe OH CIyXHMT
NpEILECT BEHHUKOM K&K TeCTOCTEpOHa, Tak y -
3CTpAnMONA.
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HUE BTOPUYHBLIX NOJIOBLIX MPHU3HAKOB MYX-
CKOTO OPraHM3Ma; 3CTPOTEHbI PErYIUpYIOT
AKTHUBHOCTb XEHCKOH penpoiyKTHBHOH cu-
cTeMul. BMecTe ¢ reM H  aHAPOIEHHI,
M 3CTPOreHbl OKasbiBaioT 3HAYUTEJLHOE
H pa3HoobpaszHoe aelicTtBue Ha OONBLLUHH-
CTBO TKAaHEd OPTaHH3Ma, He CBA3AHHBIX
¢ penpoaykuuell. Hanpumep. anmporeHsl
CTHMYJIMPYIOT POCT CKEJIETHBIX MbILLOl. AH-
JpOreHbl B HEKOTOPHIE UX MPOHU3BOJIHbIE Ha-
3LIBAIOT TAaKXe€ aHaboauueckumu cmepouda-
Mu. VIX NPHHUMAIOT MHOTHE LUTAHTHUCTHI,
dyTbonucThl 1 6OpLKBI € LENbIO yBENUYEHUS
MBILUEYHOH Macchl U cHibl. OaHako s 60Jb-
LIMHCTBE BUIOB CIIOPTa npHMeHeHue anabo-
JINKOB HE JaeT 3aMETHLIX [MPEeUMYILLECTB.
M3aBecTHO Takxke, 4To aHabONMYeckue CTe-
pouabl UCMONb3OBaN¥ HEKOTOPBIE IKEH-
LLMHBI-ATIIETH] U, NO-BUIUMOMY, C YCIEXOM;
ClleAyeT MMETb B BUy, OOHAKO, 4TO 3TH
TOPMOHBI OKa3bIBaIOT [0G0YHOE MACKYJIH-
HHU3UPYIOLLEE NEACTBUE,

TpeTnii MOJIOBON FrOPMOH —Hpozecmepon
(puc. 25-25)-CIIyXHT npealecTBEHHHKOM
B OHOCHHTE3c CTEPOHIIOB KODHI HAANOYEY-
HHKOB H MNOJIOBLIX ropMoHOB. Ofna u3 ero
(PYHKLNI COCTOHT TaKkxe B TOM, YTO OH CTH-
MYyJMpyeT UMIUIAHTAUMIO fiflia.

25.21. MexanuiM neiicTBHA
)CTPOTEHOB HA KJIETKH-MMIICHH
NOCTelIeHHO MposicHAeTCH

OCHOBHBIM 3CTDOI€HOM B OpraHuiMe
XEHUMHbI ABJIETCA P-3cTpaanon, obpa-
3YIOLIMIACS B SMYHMKAX U3, KaK 3TO HU Mapa-
[OKCaNLHO, OCHOBHOI'O MYXCKOIO [0JI0BO-
ro ropMoHa TecTocTepoHa (puc. 25-26).
INouncture, He TOMBKO K3 pebpa Anama Obl-
Jla cosmana Epa! Creuudurueckne BHYTpu-
KJIETOYHLIE PELENTOPLI PB-3CTpaaHoONa Co-
JEPXKATCH B IEPBUYHBIX TKAHAX-MUILEHSIX —
MaTKE U MOJIOYHBIX XKeJie3aX. ICTPOreHHbIH
peLenTop, HasblBacMbiil 3CTPOGUIHHOM I,
umeeT Mol Maccy ~ 200000. [Mpu cBs3bI-
BAHUH MOJIEKYJIbl 3CTpOreHa 3CTPOQHIIMH
I nperepnepaer MoJeky spHbIE H3MEHEHHS,
npespamascek B IcTpodunun 1l, xoropwi
MOXHO pacCMaTPUBATh KaK BTOPHYHBII M0-
CPEIHHK B JEHCTBHH 3CTpOreHa. Dcrpodu-
JiuH 11 BXOAMT B KJIETOUHOE SLIpO, [/1€ B3au-
MOJEHCTBYET C XPOMATHHOM, BHI3LIBAs
AKTMBALMIO ONPENEJICHHHLIX T€HOB ¥ CHHTE3
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MemGpana M pyrue LUTTLR
KAETKH-MHWEHN cBolcTBennble KHCIOT b
sk Geku
Pubocomel
MPHK
MPHK
o——0
Morekya scTporena + Pexenrop »
{XHpOPaCTBOPHMOKC) acTporens TpeacTBeH K
{3cTpo~ MPHK
l $umnn 1) W
= Xpomocoma
+
HeaxTueubii
3CTpUre-
peLenTopHLf *
l KOMRAIEKC
-
AKTHBHBH
ICTporeH-
peuenTopucib Fapo
KOMIAEKS
(acTpoduH 1)

Puc. 25-26. Cxema, MIUTIOCTpHpytoLLIas AelicTBre
ICTPOreHa Ha KJIETKH-MHLLIEHH B IHLIEBOIE KYPHLbL.
ByayyH %HpopacTBOPHMbBIM COEIHHEHHEM, 3CTPO-
reH NPOXOIMT Yepe3 KJIETOYHYIO MeMOpany u CBsfi-
3BLIBAETCH € ICTPOreNHbIM peLenTopoM —O0enkoM ¢
ko3pPrurenToM cenuMenTaunn 4S. Janee scTpo-
reH-peLenTOPHEIH KOMIUIEKC 11PeBPALIAeTCs B aK-
ruBHYIO 5S-GopMy K B KayecTBe BTOPHYHOIO MO-
CpeTHHKA NIPOHYKAET B A/1pO, I e, BIAKMOEHCT-
BY#f CO CNEUMPHYECKHMH YyIACTKAMHU XPOMATHHA,
BbI3bIBAET TPAHCKPHIILIMIO OfIPEAESIEHHbBIX [EHOB C
obpazosanuem cooTeeTcTByrOLIMKY MPHK. TTo-
Crie/IHHE BLIXONST U3 Apa M HCNOJIB3YIOTCH B Ka-
yecTBe MaTpHL BenkoBoro cuHteia Ha puboco-
max. B pesynvTaTe cunTesnpyercs paja Genkos,
XapakTepHBIX /I8 SHLEBONOB B CTHMYJIHPOBAHHOM
COCTOSIHHH, HaNpUMeEp OBaNIbOyMHH.

crieluduyecKux OenKoB, TOSBJIEHHE KO-
TOPbIX XapakTEPHO AJIsl CTUMYJIMPOBAHHBIX
NpUAATOYHBIX OPraHOB PENPOAYKTHBHOM
cucTemsl (puc. 25-26). Hanpumep, BBeaeHue
3CTpaaMoONa UBIUIATAM BbI3LIBAET 3HAYU-
TeJILHOE YBEJIMYEHHE CKOPOCTH CHHTE3a
B Al1IEBOIe OCOObIX OeNIKOB #HLa, B YaCTHO-
CTH 08arbbymMuna u oeosumeaauna. Taxum
flyTEM I3CTpajgHoN MOArOTAaBIMBACT SHY-
HHK K (OPMHPOBaHHIO SIHLL.

Yucno penenTopoB 3CTPOT€HOB B MOJIOY-
HOM XEeJIE3€ WEHILMH CHUKAETCS NpU pa3BH-
THM M POCTE paka rpyau. ViaMepeHue KoJm-
eCTBA 3CTPOreHHBIX PeHenTOpoB B HEOOIIb-
woM obpa3lie TKaHH MOJIOYHOM xeJie3nl
HCMIOJIb3YETCS B KAY€CTBE THATHOCTHYECKO-
ro TecTa NpY oNpeaesicHHH cTaauu 3abone-
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BaHUA M HA3HAYeHuH Jiedenus. PasBuTue pa-
Ka IpydM, BLISBJIGHHOIO B PaHHel CTanuy,
yHaaeTcs MHOI1a MPUOCTAHOBUTEL IyTEM H3-
MEHEHUS  COOTHOLLEHUS aHApOreHOB
U 3CTPOIEHOB B OPraHu3Me.

25.22. B opranMiMe HMeeTCH
MHOTO [PYIHX TOPMOHOB

ITomMuMO paccMOTPEHHBIX OBLIO OTKpBI-
TO MHOIO [OpPYIWX TOPMOHOB, OHHAKO MbI
MOKa Majio 4TO 3HaeM O GUHOXHMHYECKHX
MeXaHu3Max uxX IedctBus. Hekotopele u3
HUX mnepeuMciiedel B Tabn 25-7, roe yka-
3aHbl TaKXKe MX OCHOBHble ¢yHkuuu. Oco-
O¢HHO mnpuMeuaTeseH IpelLLECTBEHHHK
TOPMOHOB NepeaHei 1oy runodusa —npoo-
nuokopmun (puc. 25-27). Hassanue 3TOro
OJTMHHOTO MOJTMNENTHAA, COCTOSILLErO MpH-
6nu3uTesbHO M3 260 aMHHOKMCJIOTHBIX
OCTATKOB, CBS3aHO C TEM, YTO OH CJIYXUT
NpeIIeCTBEHHUKOM KaK OMMATONOA06HLIX
TOPMOHOB, TAK H TOPMOHOB, CTHMYJIMPYIO-
ILIMX KOPY HaANoYye4yHUKOB. JlelcTBUTEIbHO,
NMpH NENTUAA3HOM PacLUENIEHHy MPOOMHo-

Tabauya 25-7. TlepeueHb psina OPYIrHX BaKHBIX
NOJIMNENTHAHBIX T'OPMOHOB

JeicTene

T'opMOH W ero Mon.
HCTOYHHK Macca
INapaTtupeonn- 9500  Crumynupyer
HBIFi TOPMOH BEIXOO  HOHOB
{(Napaluu TOBH - Ca?* ws xoc-
HBIE JKENe3bl) Tel; peryaupy-
€T 3aOepXkKy
HoHoB Ca?*
noYMKaMH
KanbuntoHuH 3600 TopMmo3uT  BEHI-
(LUMTOBUAHAS xox HoHoB Ca?*
*enesa) H3 KocTeH
Tumosux 12500 Ycunueaer poct
(THMYC) numMeponaHoMH
TKaHH
Factpun  (xeny- 2000 Crumynupyet
0K) KeNYyAo4YHYIo
CEKpeLHIO
Cexpetn  (TOH- 3500  VYcunupaer cex-
KM KHUICYHHK) peLyIo coKa
MOXeNyao4-
HOM xene3bl
XoneLuucToKH- 4200  VYcunupaer cex-
HHH (TOHKHH KH- peuHIo MuLLEBa-
LLIEYHHK) PHTENBHBIX
tbepMenTOB

N-konell

Curvanbhan
NOCNe/I0BaTeILHOCTD

[ e
a-MCI"
— | KopTukoTponuu

B -3unopdun

@ </lunorponun

p-MCT

y=JlunoTponuu

Puc. 25-27. T1ponnOKOPTHH — NPEALLIECTBEHHHK He-
CKOJIbKHX FOPMOHOB Mepenneit nosmn runogusa. Ox
coCTOMT NpubaN3INTENLHO M3 260 aMMHOKHCIOT-

HbIX OCTATKOB. B pe3ysibtaTe pacllensienus nos-
MenTHIHOM LENM B y4aCTKAX, YKa3aHHbIX HA PH-

CYHKe, 06pa3yeTcs HECKOSILKO TOPMOHOB: 1B Me-
JSIAHOLMTCTUMYSIMPYIOLLMX FopMoHa (¢- n B-MCI),
B- M y-NMMOTPONMHEL, KOPIMKOTPOLMH H [-3HOO0P-

un.

KOPTHHA B OINpEEJIEHHbIX MecTax M3 Hero
o6pa3yeTcss psAg ropmoHoB (puc. 25-27),
B TOM 4uCJie OBa JIMIIOTPONMHE, CTUMYIIU-
PYIOLLIMX UCIOJIL3OBAHME JIMIMIOB B Kaue-
CTBE TOIIHBA, M [BA THNA 3HAOPHUHOB—
TOPMOHOB C aHaJibresupyroumm (o6e3zbo-
JTBAIOLIMM) feficTBHEM, NOAO6HBIX MOpdH-
HY 4 IPYTMM HapKOTHMECKUM IpenapaTaMm.
DupopbuHBI—3T0 «coOCTBEHHBIH onuii op-
ranu3Ma». [leHrtamenTua, BKJIOYAOLLMH
nmepsble MATh OCTaTKOB ¢  N-KOHLa
3ugopduHa, npenctapnseT cobol Tak Ha3bl-
BaeMblit sukepasun («HaxogsuIdiics B MO3-
ry»), KOTOPbI CBA3BIBAETCH C ONMUATHBIMH
peuenTopaMu Mo3ra ¥ o06J1a1aeT O4eHb Bbl-
cokolt MopduHONMONOOHOH aKTUBHOCTHIO.
VYnoMsiHyThle BhILLE OTKpPBITHS, Coe/IaHHBIE
B IOC/NENHUE TOObl, BEOYT K CO3NAHUIO
HOBBIX IpencTaBieHul O OHOXMMMYECKHX
MexaHu3Max 6O/l M HApKOMAaHHH.
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25.23. [MpocTariianamMHb

H TpoMOOKCaHbI

OKa3LIBAIOT BJIHAHHE

Ha JelicTBHe pPAa TOPMOHOB

I pocmazaandunwl (puc. 25-28) npencrta-
pyisar0oT cobolt cemelicTBO  xUpOpacTBO-
PYMBIX OPraHHYecKHX KUCJIOT, COMepKaLIMX
NATHYTJIEPOIHBIE KOJbLA ; OHM 06pa3yroTcs
M3  He3aMeHMMBIX  JXHMPHBIX  KMCIIOT
(pa3o. 21.6) Hepe3 apaxudoHoeyro Kucaomy
(HeHacHILIIEHHAS XUPHas KMCJIOTa). DTH CO-
€IMHEHMS CITY)WaT peryastopaMu neficTeus
TOPMOHOB; OHU MOJIyYMJIU CBOE Ha3BaHME
MpocTarjaHA¥MHOB MNMOTOMY, YIO BIEpBblE
661 OGHAPYXEHBI B CEKpeTe NpefcTaTeb-
Hoil xene3pl. CHayaja mnpemnosaraioch,
YTO NPOCTAlJIAHAMHBI PErYIMPYIOT aKTHB-
HOCTb MYXCKHX DENpPONYKTHMBHBIX TKaHel,
OIHAKO B [ajibHeiillleM BHISCHMJIOCh, HTO
oHHY 06pa3yroTcs U GYHKUMOHUPYIOT Hpak-
THYECKM BO BCEX OpraHax. DTu BellecTBa
OKa3bIBAKOT Pa3HooOpa3Hoe ¢u3MOIIOrUye-
CKOe [IeHcTBHE, M HEKOTOphle U3 HHUX HC-
MOJIb3YFOTCH KaK TepaneBTUYECKUE CPem-
crBa. Paa mpocTarjaHaMHOB CTUMYITUPYET
Y YCUITUBAET AEACTBHE aJeHWJIaTUMKJA3bl.
JlabunpHBEIMM NPOAYKTaMHM IpeBpallieHus
NpocTarjaHAMHOB ABJISFOTCS MpomOOKcaHbl
(puc. 25-28), yuacTByrolMe, KaK MpeanoJa-
rafoT, B PETYJISILIMM aKTUBHOCTH TpoMOo1IH-
TOB U HpYIuX kJeToK. CrenyeT oTMeTUTh,

COOH

INpoctarnanguu E R

OH
/,\=/\/\COOH

CH,
HO O
Tpombokcan B 2

Puc. 25-28. TunmuHeti npoctarnsansus (E;) u
TpoMboxcan (B,), o6pa3yroiumecs u3 apaxuIoHo-
Bofi kHcIoTh! (pa3n. 21.6).

4YTO aciMpHuH, Xxopoluee 6OoneyTosroLlee
CpencTBO NPU apTPUTE, CIYXMT MOLIHEIM
MHIUOUTOPOM MPpOCTArjiaHANH — CUHTA3L] —
depMeHTa, ydacTBylouwlero B OHocuHTE3e
NpoCTarjiaHAMHOB M3 apaxUIOHOBON Kuc-
Jiotel. Co3naeTcs BrieyaTsieHHe, YTO OMpee-
JieHHble MPOCTATJIAHAMHBI MIPAFOT KAKykO-
TO POJIb B peryJisiliy MpoLiecca BOCTIPHATHUS
6omu.

INpennonaraeTcs TakXke, YTO B KayecTBe
MOLYJISTOPOB M [ake BHYTPHKJIETOYHLIX
HOCPENHUKOB NeHCTBUSA HEKOTOPhIX rOpMo-
HOB (PyHKUMOHUPYtoT MoHK Ca?* u nuro-
nnasmatiueckuit Ca? * -cssbiBaronmii Ge-
JIOK Kaabmooyaun. CBo6oaHbie Houbl Ca? *
MPUCY TCTBYIOT B LIMTO30J1€ B O4EHL HU3KHX
KOHUeHTpauusX —MeHee 10~ % M. IMpu neit-
CTBMM HEKOTOPLIX TOPMOHOB KOHLIEH TPAIMS
uonos Ca’* Bospacraer. Monnl Ca?*
BJIUSIOT HA MHOTHE BHIIbl BHY TPHKJIETOYHOM
aKTHBHOCTH, BEpOATHO, MOCPENCTBOM
CBA3LIBAHHA C KaJIbMOOYJIMHOM, KOTOpLIii
cTuMyupyeT ¢ochonmactepasy u  pas-
JIMYHBIE MPOTEMHKWHA3bl, Y4YacTBYIOLIME
B YTJIEBOZHOM OOMEHE, MBILLIEYHOM COKpa-
LIEHUMH W MEXaHu3MaxX BHYTPHKJIETOYHOTO
MeMOpaHHOro TpaHCIOpTa.

Kpartkoe conepxanne riaBbl

T'opMOHBI —3TO XMMUYECKHE IMOCPEIHUKY,
CEKpeTHpyeMbIe B KPOBb OIIPENesICHHLIMHA
TKaHAMH U BBINOJHAIOLLME (QYHKUMIO pery-
JNIATOPOB aKTHBHOCTH HOPYIuXx TKaHelh. I'op-
MOHBI OeiCTBYIOT B paMKaX (YHKUMOHAIIL-
Hoil epapxuy. HepBHbIe MMITYJILCHI, TOCTY-
MarollMe B TMIIOTAJIAMYC, BBI3LIBAIOT BblOe-
JieHue creunpuueckyx IUIOTaNaMHYeCKUX
TOPMOHOB, KOTOpBIE NONanaroT B runodus
¥ CTUMYIUpPYrOT (JM6O TOPMO3ST) BBICBO-
60 ieHre MM pa3JIMYHBIX TPOIHBIX T'OpPMO-
HOB. ['opMOHBI nNeperHed noimm runodusa
B CBOIO O4Yepe[s CTUMYJIMPYIOT BblIeJieHHE
TOPMOHOB APYIMMH 3HIOKPHHHBIMH XeJie-
3aMM, KOTOpbIE CEKPETHPYIOT TOPMOHBI,
JeficTByrollie Ha cHeuupHieckUe TKaHH-
MULLIEHH,

AnpenasyuH—OOMH U3 TPEX TOPMOHOB-Ka-
TEXOJIAMMHOB, CHHTE3MDYIOLIUXCH U3 TH-
po3MHa B MO3TOBOM CJIOE HAINOYeYHM-
KOB,— [IOMOTaeT OPraHM3My NMOATOTOBUTLCS
K 6opsbe nmu OercTBy myTeM NOBLILIEHUS
YPOBHS I'IFOKO3bl B KPOBH 33 cYeT Mobuu-
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341IMM €€ 3aI1acoB B IIMKOTEHE UMK B IPYTHX
HCTOYHMKAX. ANPEHANIMH CBS3BIBACTCH CO
CreLM(PUYECKMMU peLiIeNTOPaMY, PACIofo-
JHEHHPIMM Ha HaPYXXHO# NMOBEPXHOCTH KJie-
TOK N€4YeHH K MBILIII, ¥ TeM CaMbIM aKTHBH-
pyeT ajeHMJIaTUMKNA3y —PepMEHT, pacro-
JIOXEHHBIH Ha BHYTpPEHHEH TNOBEPXHOCTH
KJIeTOYHOH MeMOpaHbl ¥ TNpeBpalliaroLLMii
ATP B uMkJinuecKuii ageHO3HHMOHOGOChaT
(cAMP). [lanee cAMP cesi3biBaeTCs ¢ pery-
JIATOPHOH CcyOBCAWHMIIEH TIPOTEMHKMHA3ZLI,
YTO BEI3LIBAET BBICBOOOKIEHUE KATAIUTH-
yeckol cyObeavHuLbl MU TEM CAMLIM €€ ak-
TUBauuto. [TpotenHkuuasa dochopusmpyer
HEaKTHBHYIO KHHa3y (octhopunasbl, KOTO-
pas Ha CJERymolUeM JTane CTUMYJHpyeT
rJmMKoreH-pochopunaszy. cAMP  paspy-
waetcs dpoconuictepasoii, KoTopast aKTH-
BUpYyeTCs B NpucyTcTBUK HOHOB Ca? * u pe-
rynstopHoro Ca? * -cesapiBaromero Gexa
KanbMoayJsimHa; MHruburopoM docdonu-
3CTepasbl ABJISETCH TeO(UIUIMH.

WHcymuH, ooMH U3 Tpex OCHOBHBIX TOp-
MOHOB MO/UKEJTYJOYHOIl KeNe3bl, CEKPETH-
pyeTtcst B-knetkaMu ocTpoBKOB JlaHrepraH-
ca. 36bITOK HHCYTMHA MPUBOOUT K CHIKeE-
HUIO YPOBHS Caxapa B KPOBH, MOCKOJIbKY
IpU 3TOM aKTUBHPYETCS MEPEXO [TIOKO3bI
U3 KpoBM B TkaHM. HemoctaTouHOCTH MH-
CyJIUHa SBJfETCH NPUHVHON CaxapHOToO [Ha-
6era, XapaKTepH3YIOILEerocss Iuneprimke-
MHEH, MMOKO3ypUeH ¥ TOPMOXEHHEM CHH-
Te3a XUPHBIX KHMCJIOT, 8 TaKK€ aKTHBALUMEH
OKHCJIEHUS AU PHBIX KHCNOT ¥ 0Opa3oBaHus
KETOHOBBIX TeJl. MHCYITMH CBSi3bIBaeTCH €O
cneyMPUIECKUMH HHCYJIMHOBBIMU PeLIENTO-
pamMu Ha MOBEPXHOCTH KJETOK MHOTHX TKa-
Hell, HO MExaHU3M €ro BHYTPHMKJIETOMHOIO
NEACTBUS OCTAETCH TOKa HEW3BECTHBIM.
I'mmokaron, cekpeTHpyeMblii A-KjeTKamy,
OKa3blBa€T NPOTHBOINOJIOXKHOE WHCYJIMHY
necTBYE — OH BBI3BIBAET pacraj IJIMKOTeHa
MEYEHH M NOCTYNJIEHUE [IOKO3bl B KPOBb.
Fiue onvH TrOpMOH nomkenyoo4HOR xe-
Jie3bl —COMATOCTATHH — pery/MpyeT  CeKpe-
LMIO MHCYJMHA.

Kopa HaanoyevyHHKOB CEKPETHpPYET Pl
TOPMOHOB, M3BECTHbIX MoA OOLMM Ha3sa-
HUEM KODTUKOCTEPOMIOB, a WMEHHO:
1) I'IMOKOKOPTUKOM/IB], B HACTHOCTH KOPTH-
30J1, KOTOPBI CTUMYJTUPYET TIJIHOKOHEOIe-
He3, a TaKxke MOAaBisSeT BOCTAJMTELHEIE
peakuum; 2) MUHEpPaJIOKOPTUKOMIHL,

[JIaBHbIM 06Pa3oM asibAOCTEPOH, KOTOPLIH
3a/IepXUBAET BblBeleHWe HOHOB Na ™ ;
3) npyrve cTepounbl  NPOMEXYTOYHOIO
LefCTBUsl, HanpUMeP KopTukocTepoH. Kop-
THKOCTEPOUIH!, @ TAKXe ICTPOreHbl U aH-
IPOreHBl NMPOXOAST Yepe3 Mnia3iMaTHYECKHe
MeMOpaHbl  COOTBETCTBYIOLMX  KJIETOK-
MMILEHEH U CBA3LIBAIOTCH C pelenTopaMu
B uyTO30€. Jlanee ropMOH-peLenTOPHBIN
KOMILJIEKC BO3AEHCTBYET HA SIPO, BbI3bIBAsI
IKCNPECCHIO ONPEAEJSIEHHBIX TEHOB.
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Bonpocss u 3anatum

I. 3nauenue kKomyemmpayuu 2opmoma. B Hop-
MaJIbHBIX  YCJIOBHSIX CKOPOCTb CCKPCLIMH
anpenanuna (CoH | ,NO,) M0o3rosbiM cnoem
HAJNOYEYHUKOB YENOBEKA TAKOBA, YTO KOH-
LUEHTPALMs ITOTO FOPMOHA B KPOBH 10IED-
xuBaeTcsi Ha ypoehe 107!° M. [Ins Toro
4TOOBI OLEHUTH, YTO O3HAYAET ITA KOHLEH-
Tpaluus, paccyMTalTe, KAKOB IIOJDKEH OBITH
nMaMeTp (B MeTpax) Oaccelina ryiyouHom 2 M,
4TOOBI NpH pacTBOpeHUH B HeM | T (OKO-
0 | 4alHOM JIOXKKM) aJpeHaSIMHA KOHLEH-

TpauMsi ajfpeHasHHa okalanacb paBHOM
ero (U3MOJIOrMYecKOil KOHUEHTpalMH B
KPOBH.

2. Pesyanyua yposus 20pmoHoe & kposu. Bpemst
XKHU3HH OOSBILMHCTBA FOPMOHOB B KPOBH
CpaBHUTENIbHO HeBesmko. Tak, ecin BeecTH
HHUBOTHOMY PalMOAKTHBHO MEYEHHBIH MHCY-
JIMH, TO NMOJIOBMHA BBEAEHHOTO rOPMOHA MC-
YE3HET W3 KpoBH B TeueHKe 30 muH. ITovemy
BAKHa OTHOCHTEJIbHO ObICTpasi HHAaK THBaLMsl
UMpPKyMpytoumx ropmonoB? Kak Moxer
ofecneynBaThCsl MOCTOSIHCTBO YPOBHSI IOp-
MOHa B KPOBH B HOPMaJIbHBIX YC/OBHSIX,
€CNH  Y4YMTHIBATb €ro OBbICTPYH HHAKTH-
paunio? KakMMH TyTssMM OpraHMsM ocy-
LUECTBASIET OLICTPBIE H3MEHEHMS! KOHBLIEHTpa-
UMM UHMPKYJHPYIOLLMX TOPMOHOB B Opraius-
me?

3. Cpasuenue 6000paCMEOPUMBIX U  HCUPOPG~
cmeopumblx 2opmoros. Ha ocnoBanuu ¢usu-
YECKHUX CBOMCTB FOPMOHB Pa3/EsIsilOT Ha [IBE
rpynnel: 1) Xopolio pacTBOpHMbIE B BOJIE,
HO IJIOXO pacTBOPHMBIE B JIUNM/AX, HAanlpH-
MEp alpeHasiMH, ¥ 2) nJIOXO pacTBOpHUMbIC
B BO/I€, HO XOPOLLIO pacTBOPHUMbIE B JIMNKAAX,
HanpHMep cTepou/iel. B xauecTBe perynsito-
POB KJIETOYHOH aKTHUBHOCTH OOJIbUIMHCTBO
BOIOPACTBOPHMBIX FOPMOHOB OTJIMYacTCs
TEM, YTO HE  TMNPOHMKAET  BHYTpb

KJICTOK-MHMUIEHEH ; XHUpOpacTBOpUMBIE TOp-
MOHBI, HanpOTHB, MPOHUKAIOT B KJIETKHU-
MMILEHH ¥ B KOHEYHOM MTOI'E€ BO3IeACTBYIOT
Ha siapo. KakoBa ocHOBa KOpPpCIIALIMY MEXIY
pacTBOPMMOCTLEO, JIOKaNu3alKedt peuento-
POB M MEXaHHM3MOM NEHCTBUSI TOPMOHOB YKa-
3aHHBIX ABYX rpynmn?

4. Onvbimer ¢ 20pMOHAMU HA BECKACMOUHbBIX CU-

cmemax. B 50-x ropax Jpn CazepneHa U ero

KOJUIErH 11pOBENIM CBOM NHOHEPCKUE OMbIThL

MO BHISICHEHUIO MexaHu3ma AeHiCTBHsI ajpe-

HanMHa ¥ ritoKaroxa. B ceeTe coBpeMeHHbIX

NpencTaBieHuit © MexaHU3Me OeHCTBUS Top-

MOHOB {CM. TeKCT) OOBSCHUTE MOJTyYEeHHbIE

MMM OpPUBEACHHBbIE HMXE naHHble, MmeHTH-

unMpyiiTe KOMIOHEHTH! U JaHTE OLEHKY MX

pe3yJibTaTOB.

a) JlobasneHne ampeHanMua K roMoreHaTty
UNYM TpenapaTty pa3pylleHHBIX KJIETOK
3I0POBOIi NEYeHH NPUBOAWIO K YBEsHYe-
HUIO @KTHUBHOCTH TIJMKOreH-docdopu-
na3bl. QnHAKO €c/IH TOMOTeHaT NpellBa-
PHTENLHO LEHTpU]YIrMpoBaJIM npH BbICO-
KOH CKOpOCTM M 3aTeM K Mpo3payHoM
HaJocanoO4HOM  XMAKOCTH  100aBiAm
afpeHaNMH MJM rlOKaroH. TO yBeJMYe-
Hust  Gocopuna3zHOM AKTUBHOCTH He
Habsmonanock.

6) Ecnv ¢paxumio MeMOpaH, OcaXmeHHBIX
npy UeHTpUYrupoBaHUM TOMOreHaTa
Me4eHH, OTAETsM M 06pabaThiBasiu aape-
HaJIMHOM, TO Habmonanock 06pazoBakue
HOBOTO BEILECTBA. JTO BEILECTBO OBLIO
BBIENEHO W OYHILEHO. B ornmume ot
anpeHanMHa npd gobaBlIeHMM K Hagoca-
noYHol QpaklMu roMoreHaTa OHO aKTu-
BHPOBaJI0 TIIHKOTCcH-pochopHunasy.

B) BewecrTso, obpasyrouieecss B MeMOpah-
HOH ¢pakumy, ObLIO0 TEPMOCTAOUMLHBIM,
T.€. Teriosasl 06paboTka He Jmana ero
cnocobHocT akTHBHPOBaTh GocdopHIa-
3y. (TMoacka3ka: MOIJIO M 3TO UMETL Me-
¢TO, ecniu Obl BelecTBO ObLIO Genkom?)
Vka3aHHOE BEILECTBO ObIJIO MACHTHYHBIM
coenuHenuro, obpasyroleMycs npu 06pa-
60Txe uvcToro ATP runpokcumom 6apusi.

S. Cpaenenue  Oeiicmaus  Jubymupus-cAMP

u CAMP na unmakmmeie Kaemku. PU3HOINO-

ruyeckoe neiCTBHE afpeHasiiia B IIPUHLIMIE

IOJDKHO ObINO OBl BOCIIPOM3BOAMTBCS IPH

nobaenienn cAMP x  xJeTKaM-MUILEHSIM.

B peiicTBuTeIHOCTH %€ nobapienue CAMP

K MHTAKTHBIM KJIeTKAM-MHUILEHSIM BbI3bIBAET

BCETO JMLUIb MHHHMMalbHbIA (u3Momorue-

ckuil oTBeT. [NoueMy? OnHako oxuaaemMble

$H3HONIOrHYecKrUe peaklMM JIETKO MOJIYYHT,
ec/iH J0OABHTHL CXOMHOE B CTPYKTYPHOM OT-

HOLUEHMH NPOM3BOAHOE — AUOYTHpUI-CAMP.
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NH-—C—CH;—CH;—CHj,4

(0] O—? —CH;—CH,—CH;,

OO6bacHKTE, B 4eM NpUUHHA pa3nuunil oTse-

T4 KJIETOK Ha 9TH nBa coeauHeHus. Anbytu-

pri-cAMP umpoko Hcnomnb3yercs B kaye-

CTBEC aHaJOra NpH HcciienoBaHHn GyHximi

cAMP.

Bauanue xosepno2o moxcuna Ha adeHusam-

yuksasy. T'pamoTpuuaTesbHasi OakTepus

Vibrio cholerae mbipabaTbipaer Genox—xo-

Nepubit TOKcUH (Mon. macca 90000), BbI3bI-

BalOWMH XapakTepPHble CUMITOMBI XOJIEpHI,

8 MMEHHO MOTEPI0 OpraHu3MoM Gorbumx

KoJTMiecTB BoAbl U HoHOB Na ¥ BenescTeue

npoaoskHTesbHOM obeccunuparoliel auap-

per. Ecii He BOCHOJIHATE 3TH NOTEPH, TO

MPOUCXOAMT THXKENoe 06e3BoXUBaHuE opra-

Hu3Ma; 6e3 nedeHus 6one3Hb 4acTO NMPHUBO-

auT K cMeptH. [onaBIuuit B KMILICYHHK Yeno-

BeKa XOJIEPHblif TOKCHH NMPOYHO CBA3BIBAETCS

co cneunduyIecKUMH y4acTKaMH Ha mia3ma-

TH4eckofl MeMOpane 3NMTENHANBHBIX KIE-

TOK, BBICTHJIAIOLMX TOHKHIH KHILCYHMUK,

H TeM CBMBIM BbI3bIBAET [POAOIDKHTENBHYIO

(H3MepsieMyI0 MacaMi ¥ OHAMM) aKTUBALHIO

egeHunatuuknasbl.  Kaxum o6pazom  Xo-

JlepHBIli TOKCHH BJIMSiET HA COAEpXaHue

cAMP B kretkax Kuwednuxa ? OCHOBBIBAsICH

Ha NpHBEACHHBIX Bhille QakTax, 4TO MOXKHO

cka3aTh 0 ¢yHkumuu cCAMP B knetkax coman-

CTO KMIUECYHHKA B HOPMAJIbHBIX YCJIOBHAX ?

Ilpennoxure BOIMOXHLIA crnoco® nederus

XOJiepbL

Conocmaesenue memabosusma 6 mbiiyax

U neyeHu npu peakyuu op2aruimMa Ha cuznaia

«bopvba usu Gezcmeon. B cutyauun «6opbba

uim 6ercTeo» BblOENICHHE anpeHa/MHa CTH-

MyJHpyeT pacnal ITMKOTEHA B nedeny, cepa-

Le U CKeneTHbIX Mbilmax. Ilpongyktom pac-

naja rJIMKOIeHa B NEYEHHU ABJISCTCH IITIOKO3a.

B ckeneTHBIX k€ MbIIMax IJHKOTEH paciue-

[UIHETCS B XOA€ TJIMKOJN3a.

a) INoueMy KoHedHbie MPOoayKThl pacliene-
HMMsl IJIMKOTEHa B 3THX IBYX TRaHAX
OKa3bIBAKOTCA Pa3HBIMK?

6) Kaxue npeuMyluecTBa [jls OpraHu3Ma,
HaxOMsILLErocss B KpuTHyecko# CUTyalluy,

8.

10.

co3faeT HaMMuMe 3THUX CHelH(UYECKHX

nytedl pacnaga riuxorena?
H36vimoynan cexpeyua uHCyAuMa: 2unepun-
cyaunusm. Ilpu HexoTOphIX BUOax 3JloKaue-
CTBEHHbIX oOmnyxonell nomKXelymo4HON Xe-
Tie3bl MPOUCXOAMT M3OBLITOYHBIA CHHTE3 HH-
cynuHa B-xnetkamu. ¥V GOJBHBIX PH 3TOM
HabnlopaioTcs  ClledyloliMe  CHMITOMBI:
ApPOoXb, cnabocTk U yTOMIIAEMOCTh, NOTIJH-
BOCTh U NMOCTOSIHHOE 4YBCTBO rojoaa. Ecim
Oone3Hb 3aTAIMBAETCS, MOXeET MPOUCXOAUTE
HapyuieHne Mo3rosod nestermpHocTH. Kak
BJIMSET M30BITOUHAS CEXPELUs UHCY/IMHA Ha
0OMeH yITIeBONOB, aMHHOKHCIIOT M JIMITMAOB
B nevenn ? [ToweMy pa3pusaroTcs onucasHble
cuMnToMbl ? QOBIACHUTE, NOYEMY € TeHEHHEM
BPEMEHH 3TO COCTOSIHHE NMPUBOAUT K HApy-
LLICHUSIM MO3TOBOM AEATENBHOCTH.
Tepmozete3s, 06ycAOBAeHMbIT MuPEOU) HbI MU
20pmonamu. T'OPMOHBI LIUTOBUOHON XKeNe3bl
Y4YacTBYIOT B PEryJIALHH CKOPOCTH OCHOBHO-
ro o6MeRa (6a3amsHoro metabonnama). Ipu
BBEOCHUH M36LITKa TUPOKCHHA B MEYEHb XU-
BOTHOI'O BO3PACTAIOT CKOPOCTH mnotpebre-
nust O, u BblpaboTka Ternna (TepMorexes), Ho
konuentpaums ATP B Tkanu ocraerca Ha
ypoBHE HOpMbI. BRI npeanoxeHs! pa3Hble
O6LACHEHNsT TepMOreHHOro neHCTBUA TH-
poxcHHa. OOMO U3 HUX COCTOUT B TOM, HYTO
HU36LITOK THPEOMIHOIO TOPMOHA BHI3BIBAET
pa3obLueHne OKHCIIMTESTBHOTO (hOchOpHIIH-
pOBaHKs B MHTOXOHOpHUAX. KakuM oGpasom,
HCXOA W3 3TOTO OGBACHEHUS, MOXKHO M0-
HATH NpHBeAcHHABIE Bhillle nabmonenus? Co-
ITIaCHO APYroMy oOOBSCHEHHIO, TEpMOIEHe3
06yCJI0BJICH NOBBILICHHEM CROPOCTH HCTIOJb-
sopauust ATP B cTuMynupyeMuix THpoxcu-
HOM TKaHsX. CuuTaeTe JTH Bbl TAaKOE 06 BLACHE-
Hue npaBusbHEIM? ITouemy ?
O6apuskmoMuA npu AeueHuu paKa Mooy Hoil
scenesvl. OBaPUIKTOMUSA, T. €. yAAJIEHUE SUY-
HHKOB, CIIYXUT OOHHUM U3 CPEOCTB JIEMCHHS
paka rpyau. O6bacHuTe, Kakopa GHOXUMIde-
CKasi OCHOBa Takoro Jieuents. B xavectse no-
MOJIHUTEJTLHOTO Crocoba NeYeHHs 3TOoro 3a-
GONEBAHUS JXEHIUMHAM BBOASAT MYXCKHE
MOJIOBble I'OPMOHBI, YTO NMPUBOOMT X TOP-

MOXEHHIO (M3IUOJIOTHYECKHX peakuUMit Ha

1l.

COOCTBEHHEIE TMOJIOBBIE TOPMOMBI
HU3Ma.

Cunme3s sndopduroe 6 HadnouewHukax. Ilo-
MHMO KaTeXOJlaMHHOB B MO3IOBOM CJIO€
HaJno4eYHUKOB BeIpabaThIBalOTCS TaKkXkKe He-
KOTOphie 3HAOPPUHBI, HHOTOA Ha3blBacMble
«co6CTBeHHBIMH OMMaTaMH Mo3ran. Ilombl-
Taliteck OOBACHUTBL, MOYeMy 3IHIOPOHHBI
CHHTE3UPYIOTCS U B MO3ry, H B MO3IOBOM
CJI0€ Ha[AlO4EeY HUKOB?

opra-
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12. @ynkyua npozopmonos. Kaxue npeumylie-

13.

14.

CTBa CO33€T CUHTE3 TOPMOHOB B BHIE NPO-
TOPMOHOB U NPEenpOropMOHOB?

Heticmeue amunoduasuna. BonbebiM ¢ npu-
CTYNIOM aCTMBbl HapAny C 8ApPEeHANMHOM Ha-
CTO BBOAST aMUHOGQUIUIHUH — Iy pPHHOBOE NPO-
HU3BOJHOE, CXOAHOE C TeOMOUIIHHOM U3 Has.
Kaxosa Lems u B 4eM OHOXMMUYECKast OC-
HOBAZ NPUMEHEHHMS 3TUX TpernapaToB?
Kanvmodysun. Eciin xaJbMoOZyJIMM, BbLOE-

JIEHHBI M3 MBI MOJUIOCKOB, 100aBUTL
K ¢pocdoanacTepase, BLIIENEHHON U3 MEYEHH
KpbICBI, TO 3TO He OTPA3WTCH HA CKOPOCTH
MEAJICHHOTO TMAPOJIUTHYECKOTO IpeBpalLe-
Husg cAMP B AMP. Opunaxo noGamnenue
K 37O cucteme wonoB Ca’' npusomut
K 3HAYUTEJIbHOMY MOBBILIEHHIO AKTUBHOCTH
dochomuactepasel. Kakyro OuOXHMHUECKyLO
undopManuIo HecyT 3TH HaGmoneHus ?



[JIABA 26
[MTMTAHUE YEJIOBEKA

Tenepy, nocie TOro KaK Mbl pacCMOTPE/H
CHUCTEMY KOOpAMHAIMH MeTabosHiecKmx
NpoLECCOB B OpraHv3Me YeJIOBeKa, OCTaHo-
BUMC Ha TOM, K&K O3TOT CJIOXKHO
YCTPOEHHBIH opraHM3m obecrneudBaeT HOP-
MajlbHoe IMpOoTeKaHHe MeTabosHyecKux
MIPOLIECCOB IyTEM YCBOEHUS NUTATEJILHBIX
BELLECTB.

OopMUpOBaHUE COBPEMEHHBIX HaY4YHBIX
MpeACTaBJIEHHH O NUTAHUM YeJIOBEKa MOX-
HO CYMTaTh OOHUM M3 BaKHellIMX HOCTH-
JKeHUH OMOXHMMHM, MOCKOJILKY OHM IOCITY-
KUY CMIACEHHIO OTPOMHOTO YHCJIa HESIOBe-
4ECKMX jku3HeH. Ellle He Tak HaBHO Takue
60J1e3HH, KaK Iesuiarpa, 6epu-Oepu U paxur,
ObLTU IMPOKO pacnpoOCTpPaHEHbl BO MHOTHX
crpanax. Celivac 3THX Gone3Hell yxe HeT,
4 Mbl 3HaeM, Kak MOJIHOCTBIO HCKITIIOYUTH
BO3MOXHOCTh UX nosieieHus. BMmecte ¢ TeM
XOPpOILIO W3BECTHO, YTO B HACTOSIIIEE BPEMSs
MPUMEPHO ONHOH BOCBMOM HacTH Hacele-
HMS 3€MHOTO 1apa MM He xpaTtaeT. Ila-
pagoOKCabHO, HYTO TPM ITOM  MHOTHE
B 60JILUIIMHCTBE pa3BUTHIX CTPaH CTpafaroT
W3-33 HENpaBUJILHOIO MTaHus, obycno-
BJICHHOTO He HEOCTATKOM IHIIM, a Mepe-
€JaHuEM H Hecﬁanaﬂcupoaaﬂuocn,}o nue-
THIL. OﬂHa U3 Haubosiee BaXKHBIX 3a4a4
DHOXUMMH 3aKIOYaeTCs B npenCraBJICHUN
MONsM NOCTOBEpHOH, Hay4HO 0GOCHOBaH-
HOM uHbOpMaUMH O NMUTAaHHUH, KOTOpas pac-
cesyia 6kl MppalMOHAJIbHbIE HAPOIHBIE MO-
Bepbs H 00BscHUIa 6b1 MOPOYHOCTL HU3BpPA-
IIEHUH ¥ WIapJiaTaHCTBA B 3TOH obnacT.

26.1 Tloamonennniii panmoH
[OJKeH cofep#aTh
NATL OCHOBHBLIX KOMIIOHEHTOB

B cocTaB moOJHOUEHHOTO panoHa HoJi-
XKHEI BXOOUTh NMUTATEJILHBIC BELIECTBA IIATH

kJaccos (tabn. 26-1), npuueM BellecTBa
KaXIo0ro M3 Hux Hrparot ocobyro poJib.

Tabauya 26-1. TluTaTenbHble BCLIECTBE, HEOO-
XOMMBbIE YeJIOBeKy'

Hcemounuku snepauu Hesamenumoie  mcup-
Vrnesoasl Hple KucCaomol
Kupbl JlunosicBast xMcnoTa
benku JiuHoneHoBasi KMc-
Hesamenumpie amuro- JoTa
Kucaomot Heopeanuueckue 3ae-
ApruHMH (oJist MeHmbt
B3POCIIBIX) MulLLbSIK
Mactuaun Kansuuii
N3oneiumn Xnop
Jlefinun Xpom
JInzun Meab
MeTronux d1op
depunananun Non
Tpeouun XKenezo
Tpuntodan Maruuit
Banun Mapraneu
Bumasmunv Huxenw
Tuamun Monubnen
Pubodnasun dochop
HuxoTuHamua Kanui
Nupunoxcun Cenen
[TanTOTEHOBas KMC- KpeMuuii
noTta Harpuii
QolveBasi KUCJIOTa Onoso
BuoTtun Banaauit
Butamun B,, LyHk

AckopbHHOBasi XuC-
norta

Butamutut A, D, E,
K

! Bona, XOTs W He ABJIIETCH MUTATENIBHBIM Belle-
CTBOM B MpPSIMOM CMBICTIE CJIOBA. KOHEYHO, TAKXE
HeobxoMMa YestoBexy A1 BOCTIONHEHHS NOTEPb, 06yC-
JIOBJIEHHBIX MOTOOTAEEHHEM, ABIXaHHEM H MOYCHCTYC-
KaHHEM.
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a. Yzaeeo0vt

VYrnesonsl SABJIAIOTCA HauboOJiee pacnpo-
CTPaHEHHbBIMH NHUTATELHBIMY  BElECTBA-
MH; B pe3yJIbTaTe UX OKUCIICHNS B OpraHu3-
Me uesioBeka oOpasyeTcsi OCHOBHasi 4acTb
anepru. OHU CJyXaT TaKxe npeauecTBeH-
HUKamd B OMOCHMHTE3€ MHOTHMX KOMTOHEH-
TOB KJIETOK.

6. Xupu

TpraumJIrMIeponbl XUBOTHOTO M pac-
TUTEJILHOTO IPOUCXOXIEHUS, TaK Xe€ Kak
M YIMeBOAbI, UTPAIOT POJIb OXHOIO M3 OC-
HOBHBIX UCTOYHUKOB JHEPrUd U, KpoMe TO-
ro, CIIyXaT UCTOYHHKOM YIJIEPOAHBIX aTo-
MOB B OMOCHHTE3€ XOJeCTeposa U JPYIrux
crepouoB. TpHauMIMUEPOJibI  pacTu-
TENBHOTO NPOUCXOXIEHMS ABJISIOTCSH TAKXKe
HCTOYHHMKOM HE3AMEHHMBIX XHPHBIX KHC-
JIOT.

8. beaku

[Moctynaromme ¢ nuiel Oefiku BbIION-
HSIOT TPH OCHOBHble GYHKUMU. Bo-nepBeix,
OHM CIy’aT HCTOYHUKOM HE3aMEHHMBbIX
U 3aMEHMMBIX aMHUHOKHCJIOT, KOTOPHIE HC-
NOJIb3YIOTCA B KayeCTBe CTPOUTEJIBHBIX
6nokxos B xone OMocuKTe3a OeJika He TOJIb-
KO y HOBOpDOXICHHBIX u JneTedl, HO u
y B3pocielx, obecneynBas NOCTOSHHOE
BO30OHOBJIEHHE N Kpyroobopotr O6enkos.
Bo-BTOPBIX, aMHHOKUCJIOTEL O€JIKOB cNyXat
NpefueCTBEHHUKAMH TOPMOHOB, 1ophupu-
HOB U MHOTUX Apyrux Guomonekyn. U B-
TPETBUX, OKUCNEHUE YTJIEPOAHOTO CKENETa
AMHHOKMCJIOT BHOCHT XOTsl U HebOJbIIOIM,
HO BaXKHbIH BKIAn B €XEOHEBHBIH CyM-
MapHbIii pacxon JHEpPruu.

VrneBonbl, )Upbl ¥ GENKK SIBISIFOTCS OC-
HOBHBIMU WJIH MAKPONUMAMEAbHbIMU BELLE-
crBamu. Mx exennesnoe norpebnenue 3a-
BHCHT OT Beca, BO3pacTa M nona 4esoBeka
¥ M3MepsieTcst COTHAMH I'PAMMOB.

2. Bumamunw

BuTaMuHBI IeJIATCst HA IBE IPYNILL: 6000~
pacmeopumele M HCUPOPACMEOPUMbIE, OHM
SBJIAFOTCS  OPTAHUMECKUMH MUK PONHUTa-
TEJIbHLIMH BEILECTBAMH ; €XEIHEBHAs MNO-

TpeOHOCTL B HHX HE IpEBbILIAET MUJIH-
TpaMMOB WJIM [aXe MUKporpaMmos. Bura-
MMHB! SBJISIFOTCS HE3aMEHUMBIMH KOMIIO-
HEHTaMHU CNeLM(pHIeCKUX KOPEPMEHTOB HITU
(hepMeHTOB, y4acTBYIOLHX B MeTabosm3me
H [PYTHX CTIEUUaTU3UPOBAHHBIX pCaKiMsX.

0. Heopzanuueckue eewjecmea
U MUKPO3.1eMeHmbl

Heobxonumble onsi HOPMaJBLHOIO NMTa-
HMs1 HEOPraHM4EeCKHe BEILECTBA MOXHO pa3-
OeJMTb Ha OBe rpynnbt. K nepBoii M3 Hux
OTHOCATCH TakKWe 3NEMEHTDI, KaK KaJblMH,
tdochop u Marmmii, HeobXxoaMMble opraHus-
My 4Y€IOBeKa ©XKENHEBHO B [PAMMOBBHIX KO-
JM4ECTBax, & KO BTOPOil—XeNe30, HOL,
LUWHK, MEIb M UESIbIH P OPYTUX 3JieMeH-
TOB, NOTPeOHOCTh B KOTOPHIX HE rnpeBhbl-
LaeT MWUIMIPaMMOB MJIM [aXe MUKPO-
rpamMMoB. Heopranuueckue BelllecTBa Bhi-
MOJHAT pa3/iMyHple (YHKUMH: OHH MC-
NMOJIL3YIOTC KaK CTPYKTYpPHBIE KOMIIO-
HEHTHl KOCTEH M 3yOOB, Kak 3JIEKTPONUThI
P NOAEPKAHWH BOIHO-COJIEBOTO GaJiak-
ca KpOBU U TkaHell, 8 TaKXe Kak IIPOCTETH-
4eCKME rpynmnel (epMEHTOB.

Jlja HOpMajbHOro MNHTaHHUA 4YeJIOBEK
IOIDKeH MosryyaTh ¢ nuiuei 6onee 40
pa3TU4YHBIX He3aMEHHMBIX BEILECTB
(tabn. 26-1). K HuM otHOCsTCs 10 aMuHO-
KUCJIOT, |13 BUTaMHHOB, 20 unu 60Jiee Heop-
raHUYeCKMX 3JIEMEHTOB (OOBMHO B BHjE
PacTBOPUMBIX COJIEH) U ONHA MJIH HECKOJIb-
KO TOJIMHEHACHIILCHHBIX UPHBIX KHCJIOT.
K 3TuM BellecTBaM clienyeT Takxke noba-
BUTb KJIETYATKY, COCTOSLIYIO B OCHOBHOM
U3 LEJUTIOJIO3Bl W OPYIUX HenepeBapu-
Ba€MBIX TOJIMMEPOB KJICTOYHBIX CTEHOK
pactenuii. KnetyaTtka, XO0Ts M He Nepesapu-
BA€TCH W, CJICAOBATEJILHO, HE YYacCTBYyeT
B MeTabosm3aMe, Heo6x0aMMa 1A npaBHITb-
HO#l NEpUCTANIbTUKY KHILEYHUKA.

OTnesl NUIEBbIX NPORYKTOB H IMUTAHUS
HauvonanbHo#t Akanemuu Hayk U Harmo-
HaJIbHOTO  HCCJIENOBATE/ILCKOTO  COBETA
CIIA paspabotan Tabmuuy exemHeBHOro
patmona mutanus (EPII), Brmouarolnyro
pa3/iMyYHbIE NUTATENbHBbIE BELLECTBA, HEOO-
XOOUMBlE 711 ONTUMAILHOTO MUTaHUA HO-
BOPOXICHHBIX, O€Teil, B3POCHBIX MYyX4YHH
Y KEHUMH, a TakXe OepeMeHHBIX XCHILMH
(tabn. 26-2). Ludpe:, npenctasneHHBE
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Tabauya 26-2. ExenneBHbldl palliOH NMHUTaHUs, peKOMEHAOBAHHbIN OTHEJIOM NHILEBBIX NPOAYKTOB

(nepecmoTtper B 1980 1)

HKupopacTeopuMbie
BHTAMHHL]

z . 5 5

g P o %)

] z < E S E E

'L A

g £ & 2 iF 2§ E &

HoBopoxnennsie 0,0-0,5 6 60 KF X 2,2 420 10 3 35
0,5-1,0 9 71 Kr % 2,0 400 10 4 35

Detu 1-3 13 90 23 400 10 5 a5
4-6 20 112 30 500 10 6 45

7-10 28 132 34 700 10 7 45

MyxHuHb! 11-14 45 157 45 1000 10 8 SO
15-18 66 176 56 1000 10 10 60

19-22 70 177 56 1000 7.5 10 60

23-50 70 178 56 1000 5 10 60

51+ 70 178 56 1000 5 10 60

HKenmmunnt 11-14 46 157 46 800 10 8 50
15-18 55 163 46 800 10 8 60

19-22 55 163 44 800 7,5 8 60

23-50 55 163 44 800 5 8 60

51+ 55 163 44 800 5 8 60

BepeMeHnble +30 +200 +S +2 +20
Kopmsiide mMaTepu +20 +400 +5 +3 +40

1) VkasaHHbie HHXE PEKOMEHIAUMM OTHOCATCH K 34OPOBBIM JOASM, NpoxusaromwM B CIIA B Hop-
MalbHbIX YCIOBMsX. PauMoH noOKeH cofepxaTh pasHooOpasHble OGILENpPHHATLIE NHTATENbHbIE BElLECTBA
ans toro, 9to6el 06ecCrieuMThr OpPraHM3M 4elOBeKa NMTATE/bHBIMH BELUCCTBAMM, NOTPEGHOCTL B KOTOPBIX

€L A0 KOHUA M€ YCTAHOBJICHA.

B Heil, 0TpaXaroT He MUHMMAJIbHbIE eXell-
HEBHble NOTpeOHOCTH, a KOJTMYecTBa, obec-
MeYuBaroIIMe HafexHoe bGe3omacHoe cyile-
CTBOBaHME,

26.2. Opranusm nosaydaer
JHEPIHIO 38 CHET OKMCJICHHS
OPraHHYecKMX
MaKPOIMMTATE/ILHLIX BellecTB

Ileppoe TpecGoBanHue, npeabABIAEMOE
K MOJTHOUEHHOMY palMOHY,—HaJIMyHe B HEM
HeobxoauMoro 3anaca 3Hepruy, BLICBOGOX-
Jaemoil B Mmpouecce OKMCJIEHMST TpeX oOc-
HOBHBIX  MAaKpOTIMTATEJIbHBIX  BEILECTB!
yIJIEBOZIOB, )KHPOB ¥ 6ENKOB, DHEPruioO Bbl-
paxaroT B kusokasopusx (KKaj), Wik numa-
measHblX KAAOPpUAX (COKpAILEHHO 00O3HA-
qaeMbIx Kag, ¢ 3armaBHoit 6ykBoit K); onxa
KUJIOKAJIOpHS COOTBETCTBYET KOJIHYECTBY
TEIJIOBOA 3HepruH, HeobxonuMoil 111 Ha-

rpesanus 1,0 kr Bogs! ot 15 no 16°C. Ha-
MOMHHUM, YTO TeMH € €AWHMLUAMY MOJIb-
3YIOTCA IpU pacyeTe U3MeHeHul cTannapr-
Hoit cBo6oaHOM 3HEPruyu B Xxoae MeTabosm-
yeckuX peakuuit (pasm 14.4).

B 1abn. 26-3 npuseneHbl npenioxKeHHble
OTnesoM MUMILEBLIX NPOAYKTOB U MUTAHUS
€XeHeBHbIe IHEPreTHIECKUE MOTPeOHOCTH
s mopelt pa3Horo Bo3dpacta. [lns mMo-
JIOOBIX MYX4YMH CTY[J€H4YECKOTO Bo3pac-
Ta MOTPEOHOCTH B 3IHEPIMM COCTaBASET
~ 2900 kkay/cyT, 1A KeHLMH TOIo e
Bo3pacta ~ 2100 kkan/cyt. HoBopoxneH-
HBIM, IETAM M JUOAAM GOJiee CcTapiuero Bo3-
pacta TpebyeTcst O6bIYHO MEHbLLE 3HEPIHH.
anBeIIeHHbIe BE€JIMYMHBI MOXXHO CpaBHUTBL
€ KOJIMHECTBOM 3HEPI'HH, HeoOxoaumoit ns
nojuepxaHus OCHOBHOTO 06MeHa, T. €. ¢ KO-
JIM4EeCTBOM 3HEPIUY, KOTOPOE HYXXHO Opra-
HHU3MY B COCTOSSHHH NOJHOIO NOKO4H, HYEPE3
12 4 mocyie ensl (rn. 25). s myxuud cTy-
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u nuraHuss HauwoHanwHoi AxanemMun Hayk W HauuMOHAIBHOro MCCAENOBATENLCKOTO coBeTa'!

BonopacTBOpHMBIE BHTaMMHBI

Heopranuyeckue 3neMeHThbI

- A
o

> 8 5 38 3
= z g 8§ § s 5 = s L
H g’ e EfF B 7 5 x P
£ & £% & &8 &3 d o s ¢ 8
0,3 04 6 0,3 30 05 360 240 50 10 340
0,5 0,6 8 0.6 45 1,5 540 360 70 15 5 50
0,7 0,8 9 09 00 20 800 800 150 15 o 70
0,9 L0 11 1.3 200 25 800 800 200 10 0 9
1,2 14 16 1.6 300 30 800 800 250 10 10 120
1,4 1,6 18 1,8 400 30 1200 1200 350 18 15 150
14 1,7 18 2,0 400 30 1200 1200 400 18 15 150
1,5 1,7 19 2.2 400 30 800 800 350 10 15 150
1,4 16 18 2.2 400 30 800 800 350 10 15 150
1,2 14 16 22 400 30 800 800 350 10 15 150
1,1 13 15 1.8 400 30 1200 1200 300 18 15 150
1,1 1,3 14 20 400 30 1200 1200 300 18 15 150
1,1 13 14 20 400 30 800 800 300 I8 15 150
1,0 12 13 20 400 30 800 800 300 I8 15 150
1,0 1,2 13 20 a0 30 800 800 300 10 15 150

+04 +03 42 +06 +400 +1,0 +400 +400 +150 ¥ +5 +25

+05 +05 +5 +05 +100 +10 +400 +400 +150 ¥ +10 +50
2 Insi nepecueTa Ha PETHHOJBHbIE CAMHHLLI HCMIOMB30BAHO COOTHOILEHKE: | pefm-xo.m:uau eoMHMua = | MKr

peTHHOsa MK 6 Mrk [B-KapOTuHa.

3 Konuuecrra xene3a B OOLMHOM PALMOHE HEZOCTATOMHB! sl GEPEMEHHEIX XEHIIMH M KOPMALIMX
Matepelt; i Wux pexkomenpyercs nobapnate 30-60 mr xenesa.

IEHYeCKOro Bo3pacta HoTpebHOCTH OCHOB-
HOoro obmeHa coctasisoT ~ 1800 kxasny/
CyT, [UIA JKEHIIMH TOro e BO3pacta
~ 1300 kkas/cyr. OwuyeBunHo, 6Gonbiue
KOJIM4eCTBA  JHEpPIMH,  (UIYpUpYIOllue
B pEKOMEHJAIUsSX eXEIHEBHOro0 pauuo-
Ha [MTaHHs, OOBACHAIOTCA Heobxoau-
MOCTBIO  BBITIOJIHEHMSI (PuU3MYECKO pa-
6oTrl. B Tabs. 26-4 moxa3saH pacxoi 3HEp-
rMM NpH pa3MyHbIX BUAax ¢usmdeckoi
paboThL

Komvectso 3sHepruu, Belnensroreiics
NpH OKUCJIEHHH YIJIEBOIOB, HUPOB U Oes-
KOB, MOXKHO OIpeneUTh, Cxkuras o6pasiel
H3BECTHOIO Beca B aTMoc(epe KHMciopona
BHYTPH  KaJlopumerpHueckoii  GoMObl
H ompejensis obiee KOJMYECTBO BHIAETHB-
werocs Temna (puc. 26-1). Ilpu cxuranuu
YHUCTBIX YIJIEBOJOB BHIOEJIAETCE B Cpen-
HeEM 4,2 KkaJl/T, Opd CKHIAHHH KHPOB
~ 9,5 kkan/r, 6enkoB ~ 4,3 kkaj/r

(tabn. 26-5). KanopuifiHOocTh TakuxX Iu-
LLEeBBLIX MPOOYKTOB, Kak Xneb, kapTodein,
MsicO, GpYKTHL U T. ., TAKXKE MOXHO Onpee-
JIMTh MyTeM WX CXKWIZHUS B KaJIOpPUMETPH-
ueckoil GomOe. BMecTe ¢ TeM 3Ty BeNHUMHY
MOXHO IOJyYdThb NYTEM pacyera, ecJiu
ONPENENUTH C TOMOUIBbIO XMMUYECKOTO aHa-
Jli3a comep)XaHue YIJieBOIOB, XUpoB U 6eJi-
KOB B IaHHOM 06pa3Lie NUILeBOro NpoAyKTa
M YMHOXHTDb NOJYYEHHBIE Beca Ha COOTBET-
CTBYIOLIME KOI(DHLUHEHTHl KaJIOPHITHOCTH,
KOTOpble NpuBeleHbl B Tabn 26-5. [pu
OKHCJIEHUW B OpraHu3ME MNPOOYKTEHI, CIO-
co6HBIE MOJTHOCTHIO NEPeBapHBATHCH M YC-
BaMBaThcsl, O6ECneurUBarOT BbIOEJIEHUE Ta-
KOro e KONIM4eCTBa TeIlld, KaK M TpH
OKHCJIEHUWH B kaJjopumeTpe. MneHTHYHOCTD
KOJIM4ECTB 3HePIuH, BbIIEJIAEMOI B KaOpH-
METpE ¥ B Opranu3me, Obliia NonTBEpXaeHa
pesyjbraTaMd  HCCNENOBAHUH, NpPOBEOEH-
HBIX Ha JIOOSX, TIOMELUEHHBIX B KaJOpU-
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Tabauya 26-3. Cytounas notpebHOCTL B 3HEp-
MM (pexkoMeHaanuyd OTaena NHUIEBBLIX NPOAYK-
TOB ¥ nUTanus HaunoHanbHOH AKaneMuM Hayk

1 HaumnonamHoro McclienoBaTelbCKOTO COBETA,
1980)"

Bo3spacr, Bec, Oueprus,
roabl KT KKaJl
HoBopox- 0,0-0,5 6 650
JIEHHbIE 0,5-1,0 9 970
Hletn 1-3 13 1300
4-6 20 1700
7-10 28 2400
Myx4uHbl 11-14 45 2700
15-18 66 2800
19-22 70 2900
23-50 70 2700
514+ 70 2400
XKenpuubi 11-14 46 2200
15-18 55 2100
19-22 55 2100
23-50 55 2000
51+ 55 1800
bepemenubie +300
Kopmsinime + 500

) [Ipencrapsnensl ycpeoHeHHble 3HAYEHMs CyTOY-
HbIX NOTPeOHOCTEl B 3ReprUU: OTKIOHERMs OT Cpel-
HHX 3KaveHuil Moryt cocTaBasTb no 15%.

Tabauya 26-4. InepreTudeckue
NpH PasHbIX BMAAX AESTEILHOCTH

norpebHocTH

AKTHBHOCTb HKen-
LIMHBI
KKan/

(xr-4)

Myx-
4HHbBI
KKan/
(xr-4)

Ouenv caaban
TTonoxexnue cuas Uiy CTOS,
pHCOBaHHe,  yNpaBlieHHE
aBTOMOOMNEM, pabota B
nabopatopuu, MailHHO-
NHCh
Heesvicoxasn
Xonwba (44,5 km/u), cTO-
nsipHbie paboThl, nocetle-
HME MArasHHOB, OOCIyXu-
BaHMe B peCTOpaHax, CTup-
Ka, rofibg
Vmepennan
Beictpasi xonwba  (5,5-6
KM/u), 6er Tpycuoii, npo-
NoJKa M phIXJIEHHE NOY-
abl, €34a Ha BeJlocHIeae,
TEHHHC, TaHLb, Boneibon
Ouenv ebicokan
IlonveM B ropy c rpysom,
MHNKa APOB, NOrPY30UYHHE
paboThl, NiaBauKe, ajlbnH-
HU3M, ¢yTOon

LS 1.3

2,9 2,6

43 4,1

84 8,0

MeETp oteHb bosbiioro pasmepa. Ilockous-
Ky OpraHH3M 4eJIoBeKa npH JmoOwix ycno-
BUSX MOMYHHACTCA 3aKOHAM TEPMOJAHHAMHU-
KH, HE CYIIECTBYET HMKaKoOH «BONLIEOHOM»
IIMETBL, KOTOpas Morjia Obl 060iTH 3aKOH

"TMoixuraioume”
SNeKTPOAbL
Te eT
pMomeTp \ Memanka
é % <>
M) ’ 4
’.] | Tenaousonmumons i
KOXyX
P/ Bomba'
./ *
| Bona uspectroro
-~ obvema
AL
/
/
Kucaopon Bapeuennnifi obpasen nuum,

o4 Rasienuem MpeAHasHaYERHbIA NS CHUraHus

coxpanenns sueprun. Kanopun ects xaJio-
puu.

PaccMoTpM Teneps XapaKTePHCTHKH
JBYX M3 TpeX OCHOBHbIX NHUTATE/LHBIX BE-
1ecTB, 0GecneynBaroOImMX OpPraHH3M 3HEP-
rueii: yrieBoJIoB M XHPOB.

Puc. 26-1. [Tpurunn ycTpolicTBa KadOpUMETPH-
4eckoit GOMOBI, MpeaHaIRAYeNHON AN UIMEPCHHS
kanopuirocTy muo. O6pasel NHINEBOro NPoayk-
T4 C U3BECTHBIM BECOM NOMKMTAETCH 3JieKTpUye-
CKMM paspsiom B aTMocepe € MIOHITONHBIM CO-
JepxaRMeM KHCIOpOJa NoJ AABJEHMEM BRYTPH
6oMObI, BblIEPXKMBAIOILEH BHICOKOE [AaB/IERHe.
Cropakue nULLA Bbl3bIBaeT NOBBILIERUE TEMNepd-
Typbl H3BECTHOTO KOMHYECTBa BO/bl. KOTOPOH 3a-
MOJIHERO NPOCTPAKRCTBO, OKpy*katomee Homby. Ko-
JIMYECTBO BBIJAESMBLIETOCH MPYU CrOPaRUM MUK
TeTNia MOXHO JIETKO PAaCCYHTaTh, yUMTHIBAS, 4TO
s narpesanus | kr soab! va 1 C ot 14,5 o
15,5°C tpebyetcs | xxan.

Jlns M3MepeHRUs KOJMYECTBA TENNa, BbIAEISEMOTO
OPraHM3MOM Ye/I0BEKA, HCMONB3YIOT OYeHb BOoNb-
LIME KAJIOpHMETPhl C 3AMKHYTOH xamepol, B kKOTO-
po#i NOCTOSIRHO ofecneYnBaeTCs OOMEH KHCIOpOaa
u CO,.
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Tabauya 26-5. KanopHHHOCTbL GCHOBHBIX TIHLLE-
BLIX npoaykTo!!

JKBUBaREHT IHEPTHH,

KKaJ/r
YrueBpoabi 4,2
Kupbi 9,5
benku 43

U IMpusenennbie faHHbiE yCpPenHeHbl AR pasind-
HbIX YrJeBO/IOB, WHMPOB W Oenkos pasHoro XxumMuue-
CKOTO COCTaBa.

Camu no cebe yrneBoab! He SIBJISKOTCA He-
3aMEHMMBIMH KOMIIOHEHTaMH NHILM 4Y€JI0-
BEKa, OIHAKO, MOCKOSbLKY NpPOnykThl, 60-
ratele yrjesogamu, OoJiee HQOCTYnubl
¥ AELIeBLI, Y€M NPOAYKTHL, Conepixalime
6osmine KosMyecTBa OENIKOB M OKHPOB,
HMEHHO OHH COCTABJIAKOT OCHOBHYIO YacThb
NPOAYKTOB NUTAHUS B OOJILIUMHCTBE CTPAH.
YeThipe naTbIX HaCEACHHS] 3EMHOIO luapa
NHTArOTCA B OCHOBHOM  PacTUTEJIbHON
NHIUEH, ¥ HA JONIO YIJIEeBOZOB NMPHUXOAUTCA
no kpaiiueit Mepe 70°,, a unorpa u 90°; cym-
MapHoii kaJlopvifHocTH Tako#l nuiw. B pas-
BUTBIX € CTpaHax, rie HaceJleHHe noTpe-
651€T B CPaBHMTEJILHO OOJBIUUX KOJIUYE-
CTBax MACHBIE U MOJIOYHBIE MPOAYKTHL, Ha
LOJIO YITIEBOAOB NPHUXONWTCH JwuibL 45%

Puc. 26-2, HaMeHeHHe nMUILEBOTO pallMOHa B
CHIA. A. Paunon B 1910 1. 5. CoBpeMeHHbI# pa-
nHOH. B. PanuoH no cgopmynupoBaHHLIM B 1O~
clienHee BpeMsl peKOMEHALMAM C YKa3aHHEM OIl-
THMANIbHOTO COOTHOLIEHHs BKAAJOB Pa3aMYHbIX
NPOIYKTOB B CYMMApPHYIO KalOPHAHOCTL LK.

:‘ Yriesoab
[ Bonn
[ up

lMonunena-
Chiyenrble

KaJIOpHIHOCTH AHeBHOTO paunoHa. B CIIIA
MY>XYHHLI B CTYACHYECKOM BO3pacTe NoTpe-
6nsroT B NHOIy exenHeBHo okoJio 400 r
yIJIEBOZOB.

B pa3BuThIX ctpaHax 6osiee 409, notpe-
OIseMBIX YTIIEBOQOB COCTABIAOT CAXapo3a
W ApYrve OYHMIICHHBIE CaXxapa, B OCHOBHOM
ImokKo3a M (GpykTo3a, OCTATbHAS YacTh
NpUXOAMTCA Ha noJiro Kpaxmana. B menee
pa3sHHTHIX CTPaHAX caxapo3y ynotpebisror
B NHILY B OY€Hb HEOOJBIINX KOJIM4ECTBAX,
B OCHOBHOM B Ka4€CTBE YIJICBOLOB TaM HC-
NOJb3YHOT Kpaxmall. JiBectu JieT Haszap,
KO NPOMBIIILICHHAS PeBOFOLMS TOJIBKO
HaYMHATACh, KOJIMMECTBO Caxapa, NOTpe-
6n151eMoe ©XXEIHEBHO ORHUM Y€JIOBECKOM, CO-
CTaBJISJIO B AHIJIMM B CPEIHEM BCETO JTHILD,
51, ceilyac 3TO KOMMYECTBO MNpPeBLILIACT
200 r. AHaIOrHYHbIE H3MEHEHUS TIPOH3OLL-
s u B CIIA (puc. 26-2). Passutue mobGoii
CTpaHb! CONPOBOXIAETCH YBEJMUYCHHEM KO-
JMuecTBa YNoTpebnseMoi B MMy caxa-
po3sl. O1HA N3 NPUYHH 3TOTO COCTOUT B RO-
CTyTHOCTY M HAEUIEBH3HE CaXapo3bl Mo
CPaBHEHHIO C OPYIUMM YITIEBONAMH B ITHX
cTpaHax. B Hos6pe 1981 r. po3HuyHas LeHa
Ha caxap B CIIA coctapnana 34 ueHra 3a
GyHT, 3TO KOJIMYECTBO  3IKBHBAJIEHTHO
1880 kkamn, 1. €. 6onee 60°, nHeBHO# 10TPe6-
HOCTH B KAJIOPUAX MYKUYHHBI CTYAECHYECKO-
ro Bo3pacta. 3pecTHo, UTO RN caxapHOro
TPOCTHHKA M CBEKJibI HY)XHA MEHLLIAS MO-
CEBHAA IUIOLUAIb, YEM IJIS IKBUBAJICHTHOIO
MO KaJIOpHHHOCTH KOIMYECTBA kaptodens
M 3JIAKOBBbIX pacTeHdil. CaxapHuIii TPOCTHHK
ABJIAETC ONHHM H3 HauboJice NPOLYK-
THUBHBIX CEbCKOXO3SIHCTBCHHBIX PAaCTEHHIL
B CBS3M € 3TUM MEXNY IKOHOMHKOH CEJIb-
CKOT0 X034HCTBA H NPaBHJILHLIM MU TAHHEM

[Monrurens -
ChI€HHbIe

Mononenachiuennbie

5 B
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BO3MOXEH KOH(JIUKT, IOCKOJIbKY Caxapos3a
M Apyrde caxapa oka3biBaroT Hebuaro-
NpHSITHOE Bo3aeicTBHe Ha 3y6hI
(pa3n. 26.25).

Crnankue npoaykThl YacTo €OAT panu
YOOBOJLCTBHSA, HEKOTOPbIE HE MOTYT HaXe
oboiitiey Ge3 cimamocreil. He uckmoveHo,
4TO CKJIOHHOCTb K CJIAAKOMY SIBJISAETCS pe-
3yJIbTATOM COXPaHHUBLIEroCs ¢ MJafeHye-
CTBA CTPEMJICHUS YIOBJIETBOPUTb YYBCTBO
ronopa (comepxaHne caxapa B XEHCKOM
MOJIOKE B 1BA pa3a BhIllle, YEM B KOPOBbEM).
MHorue BB XUBOTHBIX TAKXKE NPEIIOYH-
TAlOT CJIANKOE; BMECTE ¢ TeM HEKOTOphIe
Biabl HHONG(GEPEHTHB! K HEMY MM [JaXe
n36eraroT claakoro.

6. Bce boaee wiupoxoe npumeHeHue Ha-
XOOAM HeKAAOPUllHble 3aMEeHUMCeAN Cd-
xapoe

HckyccTBeHHbIi 3aMeHUTENL caxapa —ca-
xapun (puc. 26-3)—B TeyeHHE MHOTHX JIEF
KCMIOJIb30BAM 1UJIsSI CHIDKEHHS KaJIopHHHO-
cTH nuuM GOJSBLHBIX, CTpajalolmx auabe-
TOM W OXHPEHHEM, 6e3 SIBHBIX BPEIHBIX IO-
ClencTBuit 1711 300poBbs naupeHToB. Opn-
Hako B 1969 I. GbIJIO YCTAHOBJIEHO, YTO MPH
CKapMJTHBaHMH KpBICAM B O4eHb Dombmix
J103aX OH MOXET OKa3bIBATh KAHLEPOTEHHOE
nefceue. ITocne 3Toro Bompoc 06 UCMosL-
30BAHMH CaxapuHa [OJI1 NPHIOTOBJICHMs
«AMETHYECKUX» HANMTKOB M (POAYKTOB
craj npeaMeToM aumckyccuil. OpHako ro-
CKOJILKY N0Jb3a CaXxapuHa KaK 3aMEHUTEJIs
caxapa O4YEBUIIHA, & PUCK, CBS3AHHBIA C €r0
KaHUEPOreHHOCTBIO 114 JIHOZEH, CpaBHH-
TEJILHO HEBEJTHK, €r0 NPOAOJLKAIOT HCIOJIb-
30BaTh AJi5 IPHIOTOBJICHHUS «OHETHIECKUAX»
HanuTkoB. JIpyro#t cunTeTHieckult Hekao-
puilHBli 3aMeHHTENb caxapa—yukiamam
Hampua (puc. 26-3)-u3-3a Goyiee CHIIBHO
BBIPaXECHHBIX KaHLEPOTEHHLIX CBOMCTB, Bbl-
SIBJICHHbIX HAa >»MBOTHBIX, OBIJT 3ampellicH
IJIS. MPHTOTOBJIEHNS NHULLIEBBIX MPORAYKTOB.

B HacTosllice BpeMs npuJiararoTcs ycu-
JIHA 411 NOUCKA HOBBIX, HETOKCUYHEIX 3aMe-
nutenelf caxapa. OnHo U3 neTaybHO Hece-
JOBaHHBIX B 3TOM HANPAaBJICHHH  Be-
wectB~acnapmam (puc. 26-3)—MeTuJIoBbIH
abup nunenTHOa acnapru/ipeHnIaNaHUHA.
ITockobKy B COCTAB €r0 MOJIEKYJIBI BXOOAT
I1BA aMMHOKHCJIOTHBIX OCTATKa, BCTpevdaro-
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Acnapram

(MeTusOBLY 3¢Up L -acnaprus.
L -denunananusa)

Puc. 26-3. HexkanopullHele 3aMEHMTENH CAXAPOB.
O1enka HX OTHOCHTENILHON CNAAOCTH NPUBEICHA
B TAG. 26-6. HexOTOphIM JIFOASM CaXApHH KAXET-
Cfl TOPbKUM Ha BKYC, 9TO MOXeT 6pITh 06ycnos-
JICHO TFEHETHYECKHMH OCOGEHHOCTAMM BO BKYCOBBIX
BOCTIPUATHSX.

HMXxcyd B 0ObMHBIX Oesikax, MOJIAraroT, YTO
OHO He NOOJDKHO OBITb TOKCHUHBIM. YIipa-
BJICHHE 110 MCIOJIb30BAHMIO NPOAYKTOB IMH-
TaHUs U JIEKAPCTBEHHBIX BELLECTB pa3pell-
JIO MCNOMB30BaTh achapTaM A NMPHroTo-
BJIEHHS HEKOTOPBIX HMEFOLLMXCS B IPOAAKE
NULIEBLIX MpoaykToB. Ele onuuM kxaHam-
JATOM Ha poJib 3aMEHHTEJIA caxapa sABJIeT-
¢ MoHeaun, 6estok (MoJi. Macca 11 000), no-
ObIBacMbIii N3 ahPUKAHCKHX IUIOJOB-CIOP-
npu3on (African serendipity berry). Cna-
IOCTh 3Toro Oellka B pacyeTe Ha €IUHHLY
peca B 2000 pa3 npeBbIlLAET CATOCTh caxa-
po3el (Tabm 26-6). Crnanxuit BKyC MOHe-
JuHa oOycroByieH criennbrieckoif ocoben-
HOCTBIO 1POCTPaHCTBEHHON CTPYKTYPEI €ro
nominentuguoit nenu. Ilpn HarpeBaHum
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WM OpYyrux BHAAX AEHATYPAalHH MOHEJMH
yTpayuBaeT CnajocTs.

Tabauya 26-6. OTHOCUTENILHAS CIAadOCTh HEKO-
TOpBIX CaxapoB M HeKaJlOpHIHBIX 3aMEHMTE-
Jieit caxapoB (Mo CPaBHEHHIO C Caxapo3ol)

Caxaposa 1,0 Caxapun 400
[ moko3a 0,5 Huknamar
dpykTO3a 1,7 HaTpHs 30
JlakTo3a 0,2 Acnapram 180
MoHenun 2000

6. Kuper obecneyusatom opzaHusm
Kaaopusmu u He30MEeHUMBIMU
HCUPHBIMU  KUCAOMAMY

Ha nomo TpuaumIrMueposioB npuxo-
IMTCA OKOJo 989 obinero komuyecTsa Ju-
NUOOB B IMIlE; OCTANbHbIE 2% COCTaBJIAIOT
dochominuapl, XonecTepon u ero 3Qupsl
TIpM xKOMHaTHON TeMmepaType TpHaLMi-
MIHLEPOJIbl  XKHBOTHOIO  NPOMCXOXCHHUS,
B COCTAB KOTOPBLIX BXOOUT OTHOCHTEIBHO
MHOTO HACBHIILEHHBIX XHUPHBIX KHCIOT,
0OBIMHO HMMEIOT TBEPAYIO KOHCHCTEHLIHIO.
UTo ke kacaeTcs TPHALMITIIHIEPONIOB pac-
TUTENBHOIO [POMCXOXACHHSA, B COCTAB KO-
TOPBIX BXOJMT CPABHHTELHO GOJBIIOE KO-
JUMECTBO HEHACHIIIEHHBIX XHPHBIX KHCHOT,
TO OHH NIPH KOMHATHOM TeMrnepaType 0ObIy-
HO xuaxue. ITpn okHCeHnH TpHaLHIIT THIE-
pOJIOB 06OMX THUIOB KOJIMYECTBO 3HEPIHH,
BbIAC/IIEMON B pacyeTe Ha |1 eauHULY Beca,
6onee YyeM B 2 pa3a npeBbIIacT KOJMYECTBO
SHEPTHH, BBLIEISEMO# IPH OKHCIIEHHH YIJIe-
BoioB (Tabi. 26-5). [Tockobky XHpBI 3a-
OEPKUBAIOTCH ¥ NEPEBAPHBAIOTCS B XKEITyA-
K& OOBMHO MEJIEHHEE, YEM YIJIEBOIEL, OHH
JIydille CcrnocoGCTBYIOT HACBHIILIEHHEO, YE€M
yIJICBOOLL.

OKCNEPHMEHTAJIBHBIC )XHBOTHEIC HE CIIO-
CcOOHBI CHHTE3HPOBATD IUHOAEBYI0 U AUKOE-
HOBY10 Kucaomsi (pas3n. 21.6), No3ITOMy OHH
IOJDKHEI NOJTy4aTh MX ¢ numeil. Jlromy, kak
NPaBHJIO, HE UCTIBITHIBAIOT HEROCTATKA B He-
3aMEHHMBIX XHPHBIX KHCIIOTaX, TaK KaK 3Td
KHCIIOTHI B GOJIbLMX KOJIHYECTBAX COREP-
KAaTCs BO MHOTMX NPOAYKTaX PacTHTETbHO-
ro MNPOMCXOXHeHMS, B poibe W NTHLE.
B MSACHBIX W MOJOYHBIX NPOAYKTAX HX CO-
Iepanne naMHOro Huxe. JInHoJieBast Kuc-
Jota (puc. 26-4) HeoGxoaMMa OpraHM3My

B CBSI3M C TEM, YTO OHA CIIYXKUT Npenuie-
CTBEHHUKOM aGpaxudoHOE0l Kucaomet (pasn.
21.6), k0OTOpAsT B CBOIO OYEPEAL HIPAET POJIb
NpenleCTBeHHHKA npocmMazaaHOUKo8
U mpombokcarnoe (pa3n. 25.23).

B paumone xuTteneil pa3BUTLIX CTPaH Ha-
pany ¢ 60JIBIIMM KOJIHIECTBOM OYMILIEHHBIX
CcaxapoB 3HAYMTEJILHOE MECTO 3aHMMAIOT
MHUPBI, 0COGEHHO XU PHI HHBOTHOIO NMPOHC-
xoxJeHus (puc. 26-2). ITpeanosnaraior, 4To
HMEHHO C 3THM CBfI3aHO YBEJIMYEHHE Ya-
CTOTBl aTEPOCKJIEpO3a, HieMuueckon 6o-
TIE3HW CEepaUa M HapyILICHHH MO3roBoro
KpoBOOOpallieHHsl Y HACENEHHS BLICOKOPA3-
BUTBIX CcTpaH. [Ipu arepocknepole npouc-
XOONT aHOMAJbHOE OTIIOKEHHE JIMITMAOB
B MHTHMe apTepuil, yTo NPUBOAMT K Orpa-

COOH COOH
| 8 | 8
10 10
| 12 | 12
13 13
| 15
16
Jlunonesas JluHonenoBas
Kucnota KUMCNIOTa

Puc. 26-4. HesaaMeHUMBIE XHUPHBIE KHCROTHL Y
MJIEKOTTMTAROLLMX HET (GepMEHTOB, CTIOCOOHBIX Ka-
TaNUIHPOBaTh 00pa30BaHMe NBOHHOM CBS3U B 110-
noxenuu A, To3TOMy OHM NOJDKHBI NONY4ATL NY-
HOJIEBYIO H JIHHOJIEHOBYKO KMCIOThI C PECTHTEINb-
HOM nulell. ITH kMCHOTH HeoOXOMMMEL KaK npen-
LIECTBEHHUKN /15 06pa30BaHMs B TKAHsX ApYrux
NONMHEHACHILEHHbIX XU PHbIX KHCAOT, B HaCTHOCTH
apaxvaoOHOBOH M ApYrux 20-aTOMHBIX UONMHEHA-
CHILLEH HBIX XUPHBIX KMC/IOT, KOTOPLIE B CBOKO O9€-
peab CNyXAT NMpeJWeCTBEHHUKAMHU NPOCTArNAH M-
HOB, ¥ MaNeHbKMX neTeil HeROCTATOK HelaMeHH-
MBIX JKHPHBIX KHCHOT MOXeT MPUBOJMTE K pa3-
BUTHIO 3K3EMBL
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HHYECHHIO KPOBOTOKA. B Tex ciyyasx, Koraa
JMITWIHBIE OTNOXEHHS 3aKyNOPHBAIOT CO-
cynel ceEpaua MM MO3rd, pa3BMBaeTCs CO-
OTBETCTBEHHO HILIEMUYECKas 6ONE3Hb Cepa-
La MJIM HHCYJbT; TKaHb MHOKaphaa WJH
MO3ra THOHET M3-3a HEQOCTATKA B HUX KHC-
nopona (puc. 26-5).

B *HBOTHBIX XHpax €CTh Ba KOMIIOHEH-
Ta, KOTOphlE MOTYT CnocoGCTBOBaTh BO3-

HHUKHOBEHHIO aTepOCKNEPO3a,— HACkI-
UjeHHble HCUPHbIE KUCAOMBI U X0Aecmepos,
ONHAKO HEKOTOpbIE YYEHbIE OCNAPHBAIOT
CTATHCTUYECKHE [AHHHIE, NOATBEPXKAAIO-
LIME 3TY TOYKY 3peHus. BomblunHCTBO *XH-
BOTHBEIX HMPOB, B YaCTHOCTH XHPbl MscCa,
MOJIOKA M M1, COAEPXAT OTHOCHTEILHO
MHOTO HACBIIEHHBIX H Majo HEHACHI-
ILEHHBIX XUPHBIX KHCJIOT (Tabn. 26-7), uc-
KJTFOYEHHE COCTABIIAIOT KYPHHBIA H pBIOHIi

Tabauya 26-7. CocTaB XHUPHBIX KHCIOT B TH-
NUYHBIX XXKHBOTHLIX H PACTHTENILHBIX XHpax

[Mponent obuiero xonmuecTBa
XUPHBIX KUCAOT

HaCHI- MOHO- NMOJIH-
IlieH- HeHAa- HeHa-
Hble CbIILIeH- CBIIIEH-
HbIEC HBIE
CnusoyHoe Mac-

Jo 60 36 4
CeuHoii xup 59 39 2
Comskuii xup 53 44 2
Kypuselit xup 39 44 21
Kykypy3noe mac-

1o 15 31 53
CoeBoe macio 14 24 53
Msarknii  Mapra-

pHH 23 22 52

xHp. PactutelbHple KUpHl, HANpPOTHB,
o4eHr  OoraTel  NOJMHEHACHILEHHBIMH
KUPpHBIMH kucnotamu. Ilo kanopuitHOoCTH
LHEHHOCTb HAacChIUIEHHBEIX M HEHACHILEHHBIX
’KHPOB NPHMEPHO OAMHAKOBA, OXHAKO
06HIIbHOE MOTPEONEHHE HACHIILEHHBIX H-
BOTHEIX XHPOB Hapsiy ¢ HE3HAYHTEbRbIM

Puc. 26-5. Atepocknepo3—nocTeneHHOe yMeHbLLe-
HHE MPOCBCTA apTepuu HeGONBLWOro guaMeTpa M3-
3a pocTa JAMNUAHBIX oTnoxenui. Ha dororpa-
¢uAx nokasaHk! NONepeYHbie Cpe3bl: HOPMANbHOM
apTepun (A), aprepu, BHYTpH kOTOpOo# PopMHpy-
OTCH TMIIHAHBIE OTHOXeEHUs (B), apTepuM € ynuoT-
HEHHBIMH OTNOXeHHMAMH (B) u aprepuu, Npoceer
KOTOPOH NMOJIHOCTBIO 38KYNOPEH KPOBSHbBIM CryCT-
koM (T).

KOJIMYCCTBOM TNOJIMHEHACHIIIEHHEIX XHPOB
MOXeT NPUBOANTEL ¥ MHOTHX (HO HE Y BCEX)
JMOAEN K YMEHBLUECHHIO KOHIEHTpaumH
B KPOBM AUNONPOMEUHOB8 BbICOKOL hAOMHO-
Cmu W K YBEJIMYCHHIO KOHLEHTPALUH AUnO-
npomeuno8 nuskoil naomuocmu (pasa. 12.8),
a Takxe obLero xoJyectepoiia. CyuecTByet
KOPpENSLMA MEXNy 4YacTOTOW HIIeMHYE-
ckoii 6one3Hn cepaua, ¢ OOHOH CTOPOHBI,
M HHU3KOH KOHLEHTpauuedl JMMonpoTeHHOB
BBLICOKOH NJIOTHOCTH H BBICOKOH KOHLICH-
TpauMeil JMIONPOTEHHOB HH3KO# NIOTHO-
CTH, a Taxxke oOlIEro coaepxaHus xojecre-
posia—c npyroil. [IoaToMy pekoMeRIyeTCs
cojJiepxallMecs B Msce, Aiillax. MOJIOKE. CJTH-
BOYHOM MacJjle H Chipe XHpbl XHBOTHOTO
NPOUCXOXKNECHNA YACTUYHO 3aMEHATh PacTH-
TeJIbHBIMH kHpaMy, OoraTeIMd IIOJIMHE-
HACBIICHHBIMH XHUPHBIMH KHcJToTamu. Tlo-
JIE3HO TAKX€ MCMNOJIL30BATL BMECTO MACJA
MAaprapiH, NOCKOJIbKY €ro MoJIy4aroT ya-
CTHYHEIM TUAPUPOBAHHEM PACTUTEILHBIX
macet (pa3n. 12.2). Ilponecc ruppupoBanms,
B pe3yJibTaTe KOTOPOro yBEJTMYHBACTCA CTE-
NeHb HACBILLIEHHS 9THX MaceJl, MOXHO KOH-
TpoyMpoBaTb. HanpuMep, cyuiecTByet
«MArKui» Maprapul, obnagaroumii Gonee
BBICOKO#M IMTATEJbHON WEHHOCTBIO, 110
CpPaBHEHHIO € «TBEPALIM» MaprapHHOM, Tak
KaK OH comepXHT OOoJbllle NOIMHEHACHI-
LIEHHBIX xHpoB (Tab. 26-7). Yro kacaercs
XOJIECTEPOJIA, TO Y HEKOTOPHIX JIOAEH OH
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CH,

CH, CH

Puc. 26-6. XonectepoJ. B 2upax xonecrepona
TMAPOKCHIbHAsA [PyNna (BLLAENEHA KPaCHBIM LIBE-
TOM) 3TEPUPHILHPOBAHA 1NHHHOLENOYEHHBIMH
HUPHBIMM KHCJIOTAMH.

BJIMsIET HA COOTHOLIEHHE MEWKAY JHIONPO-
TEHHAMH KPOBH. B 3HAUMTENLHLIX KOJHYe-
CTBaX OH COACKUTCH B MPORYKTAX KHUBOT-
HOTO ITPOHCXOXIECHMSI, OCOGEHHO MHOTO €ro
B AHYHOM JKEJITKE, CIIMBOYHOM MACJIE H Msi-
Ce, TOrAa Kak B PacTHTEJILHBIX NPOAYKTAX
ero HeT. B minvunom juia xuteneit CIIA
pallMoOHE  ~ €XEIHEBHOE notpebsenue
xosectepojia coctaBiaser 600-800 mr, B
OCHOBHOM 33 CY€T SIMYHBIX JKEJITKOB.
XonecTeposl CHHTE3MpYETCS M3 aleTHJI-
CoA (pa3n. 21.16) H MOXET BBIBOJHTHL-
cf TONbKO NyTeM MpeBpallleHHs B COJIM
EJMHBIX KHCJIOT, KOTOPHIE B CBOKO OYepenb
BHIBOAATCA U3 KHIIEYHHKA CPABHHUTEILHO
MeauieHro. Ecim B nuiue MHOTO XoJiectepo-
Jla, TO €r0 COaepaHHE B KPOBH YBEIUYH-
BAETCH, HO NpPH 3TOM €ro CUHTe3 UHIHOH-
pyetcs. Cymectsyetr xopouo cbamancHpo-
BAHHOE PAaBHOBECHE MEXAY KOJU4ECTBOM
XOJIECTEPOJIA, BCACHIBAEMOIO B KHILEYHHKE,
CHHTE3UPYEMOIO B TKAHSX U BLIBOAMMOIO
u3 opraHusMa. bossHBIM HiEMuYeckoii 6o-
JIE3HBIO CEPALA YacTO PEKOMEHIYIOT NHETY
€ HU3KMM COIEPXKAHUEM XOJECTEPOJIa, B KO-
TOPO¥ HACBIUIEHHbIE XU B! YACTHYHO 3aMe-
HEHbl HA NOJMHEHACHIIUEeHHble. OnHako
B CBAI3K C TEM, YTO Pa3BUTHE WLIEMHYCCKOMN
6one3HM CepRna 3aBUCHT B OT FEHETUYECKUX
(dakTOpOB, a Takke OT KypeHUs U THIEPTO-
HHH, OHETA ¢ MOHIKEHHHIM COMIEPKAHHEM
’KHBOTHBIX )HPOB H XOJIECTEPOJIA NOMOTaeT
JaJieko He BceM GOJILHBIM. ATEpOCKIiepo3,
NO-BUIHMOMY, HMEET CIOXHOE MPOHCXOXK-
IIEHHE, U TIONBEPKEHHOCTH €My Yy PAa3HBIX
mopeit pa3muyna. BeccnopHo, yTo Ha pa3z-
BUTHE 3TOi GOJIE3HN BIMAET COCTAB NUILH,
ONHAKO JIyYlIE BCETO, BEPOATHO, PORMTHCA
C XOpOILMMM TEHaAMH.

26.3. ITaHOJI TaKKe CJYKHT
HCTOYHHKOM JHEprHH

B sxoHOMUYECKH PA3BHTHIX CTpaHax yNo-
TpebJIeHHE CHHUPTHHIX HANMTKOB B NOCJEN-
HHE 25 fET BO3POCJIO CTOJb 3HAYMTEJILHO,
4YTO 3TAHON CTaJ BHOCHThL CYLUECTBEHHEIN
BKJIAA B CYMMAapRYFO KaJIOPHIHOCTD (IHILH
JaXe Yy He CTpajaroliMx anxoroJiM3MoM
B3POC/BIX JIFONEH BKJIAA COMpTa B oOLIyrO
KaJOpHIAHOCTL NHUM MOXET MOCTHIATh
129 (1abn. 26-8). Dtanon obnagaer BhiCO-
KHM 3a[1aCOM 3HEPIUH — PH OKKUCJICHHH | T
3TOrO CIHMPTA BHIIEJAETCA 7 KKaJl JHEPrvu;
NAHHAS BESIMYHHA JIEXKHT MEXJY KaJlopHii-
HOCTSIMHM YT7I€BOZIOB M XHpoB. Boyee Toro,
BHIZEsISIEMAs NPH OKHCJIEHMH 9TAHOJIA B Op-
raHU3ME JHEPIUs MOXET 110 XOPOLIO H3y-
YEHHBIM META00JIMYECKHM NYTAM 3aMacaTh-
ca B Bune ATP. B neyenn nom Bo3geit-
CTBHEM LIMTO30JIbHOTO GEPMEHTA aaK020.1b
dezudpozeHasvl ITAHOJT OKUCIIAETCA [0 ale-
Ta/IbAerua; aKiuenTopoM HOHOB BOHOPOIA
B 7TOll peakilmu ciyxut NAD *:

CH,;CH,0OH + NAD! —— CHK—(HJ—H + NADH + H
O
Irawon Auerannierun

Tabauya 26-8. TloTpebrenne CNUPTHBIX HAMUT-
kos B CIHA 3a ron B nepecyeTe Ha Iyuy
Hacenesusi" (1978 r.)

Hanuroxk Obnem, Jr1a- IKBU-
Faniaon HOM, BafieHT
(1 ran- % (no IHep-
JIOH = ob1- ™MH,
=38n) emy) KK
Kpenkue nanut-

KH 29 50 33000
IMuBo 234 5 25000
Buno 1,9 12 4900
B cymme 62900

D' CyTounoe noTpebienue 3Tauona B BRAE pa3HbIX
HAMHTKOB B pacHeTe Ha Jlylly HAceseHMs COOTBET-
creyeT »Heprun 240 kxan. [Mockonbky cyMmaphoe mno-
TpebiieHne JHeprMM B BMIe NpOAYKTOB NUTAHMS COC-
TapJiseT okosio 3000 KKay/CyT, HA JIOAK ITAHORA NpPH-
xonuTes 8%. B HCKOTOPBIX eBpONeHCKMX CTpaHax,
B 4aCTHOCTH BO PpaHliM, YpOBeHb MoTpchieHus an-
XOrona eme Bblule. V 4AacTO MbHOILKX AKJeH M an-
KOrOANMKOB HA [IONIKO 3TAHONIA MOXET NPUXOANTHLCA
Gonblue NOJOBHHBI KaJOPHHHOCTH NOTPEGASEMBIX UMK
NpoAyK10B.
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AueTtanbaeria gajee mnox Bo3neHcTBHMEM
NAD-3aBucHMOro  MUTOXOHAPHALHOTO
(depMEHTa aJbAerHA-RETHAPOTEHA3bl OKHC-
JImeTcs [o aueTrarTa:

CHQ——(”:—H + NAD™ + H;O == CH,COOH + NADH + H-

B pesyibTaTe 3THX peakuuilt obpa3syrorcs
nee Monekyyiel NADH, xotopble ciyxat
JIOHOPaMH BOCCTAHOBHTEIbHBIX IKBHBAJEH-
TOB [1J11 AbIXaTeJbHOM el MUTOXOHAPHI.
B xozie mocnenyroLlero nepesoca 3NeKTpo-
HOB k Kuciiopony u3 ADP u P o6pa3syercs
2(3)= 6 monekyn ATP. Obpa3osaBumiics
M3 3TaHONA aueTaTr jJajee akTHBUPYETCH
B IeueHH KopoTkonenoveunofl aupi-CoA-
CHHTETA30M, B pe3ysbTaTe Yero obpasyercs
anetni-CoA. ‘

CH,COOH + CoA-SH + ATP — CH,*@-S—COA + AMP + PP,

O6pa3sopasumiics anetun-CoA nanee Mo-
WET OKHCHATLCS B IIMKJIE JIMMOHHOM KuC-
JoTbl. YacTo roBopsAT, YTO 3TAHOJ COOEP-
HUT «XOJIOCTBIE KANOPHU». ITOT TEPMHH HeE
TOYEH, TAK KaK O3HAYAET, YTO KAJOPHH 3Ta-
HOJIa He ycBanBaroTcs opraHu3mMoM. OnHa-
KO Ha CaMOM JeNe 3TOT TEPMHUH JMILIb OTpa-
%aeT ToT PakT, YTO KpenKue HalMUTKH, BUHO
H MHBO NMpaKTHYECKH HE COAEPKAT BUTAMU-
HOB M MMHEPAJIbHBIX BELIECTB.

Hapsany ¢ HeGnaronpusiTHBIMH — CO-
LIMAITBHBIME M 3KOHOMMYECKMMH MOCIe-
CTBMSIMM  QJIKOTOJIU3MA  UCMOJIb30BaHUE
CrUpTa B KayecTBE MHILEBOTO NPOOYKTa
M HCTOYHMKA IHEPTHH HMEET PAl HEAOCTAT-
KOB C OMOXHMHYECKOl TOukM 3peHus. Bo-
NepBbIX, H3OBITOYHBIE IO CPAaBHEHHIO
¢ QHEBHON HOPMOH KaJIoOphH, MOCTYNAIOLME
B OPraHH3M C 3TAHOJIOM, NPEBPalLaroTCs
uepe3 aneTHI-COA TOJILKO B XHPBI, IO-
CKOJIbKY B OPraHH3Me 4YeJIOBeKa ITAHOI He
MOXET NpeBpaTUTbCA B IJIFOKO3Y MIM TJIH-
kored. Bo-BTOpbIX, y MHOTHX JHOoneH OO0Jb-
LLIVe A03bl 3TAHOJIA BHI3BIBAKOT IMIOTIIHKE-
MUIO, TaK Kak OH ONOKHpYeT CHHTE3
TJOKO3bl M3 NAKTATa M aMHHOKHCIIOT. W,
HAKOHEll, B-TPETbHX, ITAHON ~04€Hb AOPO-
roif ucroynuk xanopuit. B CHIA kom1ue-
CTBO NMHBA B YIMAKOBKE U3 LIECTH 6aHOK, CO-
oteercTytollee 1130 kxan, crout npubmm-
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3uTesbHO B 20 pa3 Jopoxe, YeM conepxa-
LMe Takoe K€ KOJMuecTBO kanopuit 300 r
caxapa.

26.4. Omupense BO3HHKACT
B pelyibraTe moTpeliicHun
H3JHILHE KAJIOPHIHONH NHIH

Oxupenne, YBEJMYMBAIOILEE BEPOAT-
HOCTb CEpAedHO-COCYAMCThIX 3a00 ieBanui,
rMNepTOHMH M auadera, BO3HHMKAET B pe-
3yJbTaTe TOTO, YTO KOJMYMECTBO HOTPEe6-
JISEMBIX OpPraHM3MOM Kallopui NpeBbILLACT
ero norpedbrocTs. Oxnpenne oObIMHO pa3-
BUBaeTCsl B JETCTBE WJIM CTAPOCTH, U YeM
JOJTbILE OHO MMEET MECTO, TeM TpydHee OT
Hero u3GaBHTecs. Haummyynwmit  myTts
60pb6BI ¢ OXUPeHeM —OPMUPOBaHHE YXKe
B MOJIOIOM BO3pacTe pa3yMHBIX OUETOJIO-
THYECKHX ¥ (PU3KYJILTYpHBIX NpuBLHek. He-
KOTODbIe oM Bonee JPYrmx CKJIOHHBI pe-
BpallaTh HCTOYHMKH KAJIOPHit B XHUPBL, Be-
POSITHO M3-332 MNOHIDKEHHONW CrocoOGHOCTH
K TennooOpa3oBaHHIO B PE3yJIbTATe XOJO-
croro nukJa (pa3a. 20.12) unm us-3a TepMo-
TeHHOro peicteuss Oyporo xupa (pasm.
17.17). BaxHO NOHUMAaTh, YTO OXHPEHHE
BO3HMKAeT B pe3ysbTaTeé notpebrneHus H3-
OBITOYHEIX KOJIMYECTB HE TOMBLKO XHUPOB KaK
TAKOBBIX, HO MpH H3OBITOYHOM NOCTYMIE-
HHM Kajopu# B JmoboMm Buze, 6yap TO
WUPBI, Yrinepojabl UM Gexw.

1 KI %Hpa YeNoBeKa 3KBUBAJICHTEH NpPH-
mepHo 8750 xxan. Conocrapisst 310T daxr
¢ JaHHBIMM, TIPUBEAEHHBIMH B Tabn. 26-3,
MOXHO OUEHMTBL CTENEHb nepeeiaHus, Npu-
BOJASAIIYIO K ONpeNeeHHOMY HAKOIIEHHIO
JuumHero seca. Hakonnenue ruummux 10 xr
Aupa y 28-TIETHETO MYXYHHBI COOTBET-
cTByeT  M3OBITOYHOMY  moTpeOneHHIo
10-8750 = 87 500 xxan. Takoe HaxoOIJICHHE
XKHpa MOXKET ObITh CJIEICTBHEM €XeIHEBHO-
ro noTpebnenus yuumux 150 kan (yTo co-
crapjsieT JMLb 5,6% cpenHeil exeaHeBHOM
norpeGHocTH —2700 xxan) B Teyenme 583
JIHEW, T.e. 4yyThb Gosbiue 18 Mec. OOBMHO,
OHAKO, M30BITOYHBIN BEeC HAXANJIMBAeTCH
B TeYEHHE HECKOJILKMX JeT. Tak, B Haulem
IpuMepe, eclTH Hakonnenne 10 MLHuX K-
JIOrpaMMOB XHUDa MPOUCXOOMIIO B TEYEHHE
5 ner, To 310 MOrJi0o OBITH CnEOCTBHEM
€XEQHEBHOTO NOTPeGNeHNs H36BITOYHBIX 48
Xan, T.e. pcero yuuis Ha 1,8% Gosmlie, yeM
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HeoOX0aMMoO. DTH [aHHBIE IOKA3bIBAIOT,
HACKOJIbKO 3aBHCHT BEC TeJia Iaxe oT He-
3HAYMTENLHOTO YBEJMYECHHS (YMEHLILUCHHS)
KOJIMYECTBA KaJIOpHH, €©XEeIHEBHO NOTpe6-
JISEMBIX B TEYE€HUE RJMTEJBHBIX NEPHOAOB
BpEMEHN.

PaccMOTpHM Teneph, CKOJIBKO BpPEMEHH
JOJDKHO NOHAZOOMTbCS AN YMEHBUIEHUS
JIMILUHETO BECA MYTEM CHIHKCHHS YHCJA 1O~
TpebaseMpIx Kajiopuil. Y1obbl noTepsATh
10 kr xHpa, 4eJIOBEK OOJDKEH MOTpebsIATh
B Té4eHue 42 Hea He Gonee 2400 KkaJi/neHb,
niu B Tedenue 21 Hea He Goiee 2100 kkan/
JeHb, W B Tedenue 14 Hen 1800 kxan/neHb.
Jiis Toro 4ToGbl NOTEPATH BEC €ie Obl-
cTpee, TpebyeTCs CTOJbL CUIbHO COKPAaTHTh
€KENHCBHBIN PALOH, YTO 3TO MOXET NpH-
BECTH K CHHIKEHMIO paGoTocnocoGHOCTH Op-
raHM3mMa. BeicTpast moTepst NECATH JIMIITHKUX
KHIIOT paMMOB XHpa TpebyeT, ClenoBaTe b-
HO, NIOYTH repouyeckux ycumuil. B Tatn.
26-9 moka3zaHa KanOpUHHOCTb HEKOTOPBIX
NMILEBBIX NPOAYKTOB, KOTOPHIE 4aCTO IMO-
Tpebasior B M3OBITOYHBIX KOJIMYECTBAX.
IIpuBeneHHbIe B 3TON Tabime naHHbIE M10-
3BOJIAIOT YCTAHOBUTH, NOTpeOneHHe Kakux
NPOAYKTOB M B KaKOM CTENEHH HAIO exen-
HEBHO COKpallaThb, YTOOBI JOCTUYD HY>XHOMN
cKopoCcTH MoTepH Beca. JlanHbIe xe, npuBe-
IeHHble B TaOn. 26-4, noxa3bIBaroT, KakHe
(du3nyeckHe ynpaxHeHns Heo6XxooUMo Npo-
BOIUTH AJI MOTEPH ONPEACSICHHOro BECA.
Jlyummuii  cnoco6  nomnepxuBaTh  No-
CTOSIHHbIH BeC TeNa COCTOMT B COYCTAHHH
perynsipHeix (pu3ndeckuX YOpaXHEHHH ¢ pe-
TYJISPHHIM NpaBUJILHEIM NuTaHueM. Cyme-
CTBEHHO JIErye IPEROTBPATUTD HAKOIJICHHE
JMUIHEro Becd, YeM IOTOM H30aBJIATLCH OT
Hero.

«¥Y IapHBIE» AUETHI CO3AAIOT JIULIb WILTHO-
3MI0 NOTEPH BeECa, TaK Kak OoJbIUAS 4acThb
3THX NOTepb 06YCIOBNEHA BEIBENCHUEM BO-
bl M3 opranuima. B gonrospemennom ac-
NeKTe OHH OOBIMHO OKa3bIBAKOTCA Headbhek-
THBHBEIMH, TOCKOJILKY NPaKTHYECKH BO BCEX
ClyYasix Nocjie TAaKHX OWET JIOOHW BHOBb
BO3BPALLAKOTCH K AUETE C U3OLITOUYHBIM KO-
JuyectBOM  Kanopwil.  «CTapmapTHIe»
OUETEl, METKO OTrOBapHBAXOLIME THI U KOJH-
4eCTBO EXCAHEBHO NOTpeOIIeMON ITHIIH,
yRoOHBI TeM, YUTO He TpebyroT pacieToB Ka-
JNOpHAHOCTH NMUM no TabimuaM, ogHAKo
OHM CJTUILIKOM JKECTKO OTPaHMYMBAIOT BEI-
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Tabauya 26-9. CnMcok, NO3BONSIOUINI KOHTPO-
JIMPOBaThb KaJIOPHIHOCTb HEKOTOPBLIX Ooratbix
JHEPryel NHUILEBbIX NMPOAYKTOB

Mumepo#t nponyxt  IMopuus KKasn
bekon JBa kycouka 96
IMuuna Kycok pasmepom

12 cMm 184

ITevenniit kapto-

tdess 1 wr. 93
Kaprodenr no- 10 cpensuX nom-

¢dbpannyscku THKOB 156
KaprodenbHbie

JIOMTHKH 10 (cpenux) 114
Puc | warika 210
CnarerTtH 1 vauika 178
benviif xne6 1 kycok 62
Macno 1 xpyxokK 50
Maitones 1 cron. noxka 93
OpexoBoe maciio 1 cron. noxka 87
Cragkuit pyner 1 kycox 174
MlokonaaubIii 1 kycok Tonuu-

NHpOT,  IJa3u- Hoif 2.5 cM 407

POBAHHBIH
Kekc | . 204
Ionuuk 1 wr. 125
JoMmauinee me-

YeHbe 3 wr. 240
Sl6movnslt  nH-

por 7, wacte 343
Monounslit  wo-

KOJIax 30r 147
Caxap 1 cron. noxxka 46
MopoxeHoe 1 crakaH4MK 147
Opexn 30r 160
Iueo 350r 188
besankoromnbHele
HanHTKH 350r 90

60p NpOAYKTOB B TEYCHHE AJMTENLHOIO
BpeMEHH, YTO MOXKET IIPUBECTH K HEAOCTAT-
Ky HEKOTOPBIX BUTAMMHOB H MIHEpPaIbHBIX
BEILIECTB.

26.5. BenxkH HeoOX0IHMbI
KAK HMCTOYHMKH AMHUOKHCIOT

Besxu camMu no cebe He ABIAIOTCA He3a-
MEHHMBIMH KOMIIOHCHTAMU pallHOHA 4€JIo-
Beka. JIng HopManbHOTO THUTAHHS HEOGXO-
IUMBI JIMILIb COOCPXKAILMECH B HHX HE3aMe-
HUMBbIE AMUHOKUCIOTHI (Tabn. 26-10). lna
B3pPOCIIbIX JIofeH HE3AMECHUMBIMY SIBJIAIOT-
Cfl ACBATh AMUHOKUCIIOT, CYTOYHAR NOoTpe6-
HOCTE B KOTOpBIX BapbHpyet oT 0,5 r (ana
Tpuntodana) no 2 r (ang neiiiuua, GeHun-
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Tabauya 26-10. Cytounasi noTpeGHOCTb B He3a-
MEHMMBIX aMHHOKHCIOTAX ([T MOJIOABIX MyX-
YHH)

AMHHOKHCIIOTR [ AMMHOKHCIOTA T

ApruHug o MeTHOHMH 2,02
MucTuaun -2 denunana-
H3oneiunn 1,30 HHH 2,02
Jleiumn 2,02 Tpeouun 0,91
Jluzun 1,50 Tpuntodpaun 0,46
Banuu 1,50

T Heo6xonum TONMBXO HOBOPOXIEHHBIM M pacTy-
MM OETSM,

2 HelameHuM, HO TOYHAS NOTPeGHOCTH NDKa He
YCTaHOBAEHa,

ananuna). HoBopoxienHbIM ¥ pacTyLLM
IeTAM ReoOxoguMa elie OOHAa, HecATas,
AMHHOKHCIIOTA —ap2uHUH. Y B3pOCIbIX ap-
THHMR 06PAa3yeTcs B JOCTATOYHBIX KOJIM4e-
CTBax B [IEYEHH B NPOLIECCE CHHTE3A MOYE-
Bunbl (pa3n. 19.16), opHako peTsM pis
OIHOBPEMEHHOIO CHHTE3a MOYCBHHBI M He-
06XOnMMBIX opranu3My GelIKoB 06pa3yro-
LIEroCs TAKHM 11yTeM aprHHHHA HE XBATAET.

ExEeMHEBHO MOJIOOBIM MYXYHHAM pEKO-
MeHOyeTcs noTpebyaTs 54 r 6enkos, onHa-
KO NPH 3TOM NOAPA3YMEBAECTCH, YTO B NHILYY
BXOIAT CaMble pa3HOOOpa3Hele OEJIKH pac-
THTEJTBHOTO M )HBOTHOI'O NPOUCXOX ACHHSL.
N3 npuseneHHvix B Tabsn. 26-10 paHHBIX
CIERyeT, YTO NO Kpaiineh Mepe 12 u3 54 r
6eJjika DOJDKHBI NPUXOAMTHLCS HA NOJMO He-
3aMEHHMBIX AMHHOKHCJIOT, 4 OCTaJIbHbIE
42 r—na monio 3aMeHHMMBbIX. [IuTatesmHas
YeHHOCHb WITN Ka¥ecmeo NaHHOTOo Genka 3a-
BHCHT OT AByX ¢akTopos: (1) oT ero amuHo-
KHCJIOTHOTO coCcTaBa u (2) 0T €ro ycBosieMo-
ctd. BeJXn 3HaYynTebHO pa3iMYaroTes No
aMHUHOKHCIIOTHOMY cocTaBy (pa3a. 6.3). He-
KOTOPbI€ W3 HHX COOEPXAT MOJHbII Habop
HE3aMEHUMBIX AaMWHOKHCJIOT B  ONTH-
MaJIbHbIX COOTHOLICHHSX ; APYTHE MOTYT HE
COREPXaTh OHOM I HECKOJIbKHX He3aMe-
HUMBIX aMUHOKHCJIOT. PactuTesbHbIe Gen-
KH, OCOGEHHO O€JIKM NIUEHHIBI H APYrux
3JIAKOBbIX, HE MOTYT NOJIHOCTBIO NEpeBapH-
BaThCSH, Tak Kaxk OeskoBas 4acTb 3€peH 3a-
ILMILEHA COCTOSIILEH M3 LEIIONO3L U Apy-
r'Hx noJiucaxapunoB 060JI0YKOH, KOTopas
He TWApOJIM3yeTCs NMINEBAPUTEIbHBIMH
(depMenTaMit. [TocKOJILKY B KHILIEYHHKE MO-
TYT YCBaHBATLCH TOJILKO CBOOOAHBIE aMu-

HOKHCJIOTBI, JaJIEKO HE BCE aMHHOKHCIIOTHI
NPOAYKTOB PACTHTEJLHOTO HPOUCXOXIE-
HHS B OCHCTBHTEILHOCTH OHOJIOrHYeCKH no-
CTYIHBI AJISl OpPraHu3Ma YeNOBEKa.

IIuTaTebHBIE CBOHCTBA GENKOB MOXHO
OLICHHThL C MNOMOILBIO OBYX XapakKTEpH-
CTHK —XUMUYECKOU YeHHOCMU W 6uosouue-
ckoil yennocmu. B nepBoM cirydyae nocrne
NOJIHOTO TUAPOJIH3a ONPenesIA0T AMHHO-
KHCJIOTHBIH CcOCTaB Oejlka M CpaBHUBAIOT
€ro €O CTaHAAPTOM — OEJIKOM, NMOJTyYEHHBIM
n3 MoJoka M suu. [lpn aTtoMm onpepensior
NOTEHIMAJIbHYI0O XMMUYECKYIO LEHHOCTb
6erxa. Mepoit 6uoao2uueckoii  yennocmu
6eJxa CIy>HT BeJMUKHHA, 06paTHO Nponop-
LIMOHAJIbHA S KOJIMUECTBY JAHHOTO BEJIKOBO-
TO NpoaykTa, KOTOpoE€ HeoOXoaMMoO s
nojaepxatus asomucmozo basanca
y B3pOCJIOro 4YeJIoBeka WJIH 3KCIEePHMEH-
TaJbHOTO XHBOTHOTO, T.€. COCTOSIHUS, NPH
KOTOPOM KOJIMYECTBO NOCTYNAIOLLETO B Op-
raHM3M a30Ta TOYHO COOTBETCTBYET €TI0 KO-
JIMYECTBY, BLIBOAHUMOMY ¢ MO4Oi M KaJloM.
Ecrm B nmanHOM Geixe ecTh BCce HE3aMe-
HHUMBIE AMHHOKHCIIOTHI B HEOOXOAMMBIX
NPONOPUMAX H BCE OHH MOTYT BCACHIBATHCH
B KMIIEYHHKE, TO OHoJloruyeckas LEHHOCTh
Takoro 6enka yCJIOBHO NpHHHMAETCs paB-
Hott 100. J171s1 noJIHOCTBIO NEpeBapHBACMBbIX
6€JIKOB ¢ HENOJMHBIM COAECPKAHUEM AMHHO-
KHCJIOT WJTH ¢ NOJHbIM COACPKAHHEM aAMH-
HOKMCJIOT, HO HE TNOJHOCTbIO NepeBapH-
BAa€MBIX 3TO 3HA4YeHHE Oyner 3aBEROMO
HUXE. B COOTBETCTBHH C 3THM KPHTEPHEM
6nonoruyeckas EHHOCTb GeJiKa, B KOTOPOM
OTCYTCTBYET XOTA Obl OJIHA He3aMEHHMast
amMuHokHcNloTa, 6yner papHa Hymo. Ecm
6eylok xapakTepH3yeTcsi HH3KOH OHOJIOTH-
YecKOH WEHHOCTBIO, OH JOJDKEH MNpHCYT-
CTBOBAaTh B [NHUILE B OYEHb OOJIBLLIMX KOJIHYE-
cTBaX, 4TOObI O6ecnednTh MOTPeOGHOCTH
OpraHu3Ma B He3aMEHUMON aMHHOKHCIIOTE,
CofepXaHUE KOTOPOI B TaKoM 6eJIKe MUHH-
MaJbHO. OCTabHBIE AMHHOKHCIOTH 6yRyT
NOCTYNaTh B OPraHu3M NpH ITOM B KOJIHYE-
CTBaX, IpeBBILAIOLMX €r0 NOTPeOGHOCTH.
Jlunmpe amuHOKHCNOTBI OynyT NOABEP-
raTbCs B NEYEHH AC3aMHHHPOBAHHIO H IIpe-
BpALLATLCA B IIUKOIEH HIH xHp Jnbo npo-
CTO cropath B KaYeCTBE TOIUTHUBA.

Tabn. 26-11 WLUTIOCTPHPYET KAaYeCTBO He-
KOTOpsIX mnHIEBbIX 6enkoB. YKHBOTHBIE
6enku, copepxalmecs, HaNpUMeEpP, B MOJIO-
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Tabauya 26-11. KavectBo GenkoB HEKOTOPBIX
MHLIEBLIX NPOAYKTOB

Tpoaykr Xumure- Buonoru-
CKasi LeH- Heckas
HOCTh LEHHOCTb
Kenckoe Mosoko 100 95
I'oBsiauna 98 93
Aiuo 100 87
Koposbe Monoko 95 81
Kykypysa 49 36
OuHLeHHBIH pHC 67 63
benvii xned 47 30

K€, FOBAMMHE, AHIaX, OTJIIHMYAIOTCHA XOpollM-
MH XHMHYECKHMH XapaKTepUCTHKAMH H BbI-
COKO# OMOJIOrM4ecKoil 1IeHHOCTRI0. BMecTe
¢ TeM OeJIKH, COmepxalMecsi B KyKypy3e
M 1€ TbHOM OeJioM xJiebe, 06J1aaatoT HU3KoMH
XHMHYECKOH LEHHOCTbIO, OCKOJIbKY B HUX
OTCYTCTBYET OHA MJIM HECKOJILKO He3aMe-
HMMbIX aMHHOKHCJIOT. BHonorumyeckas nieH-
HOCTb 3TUX OEJIKOB €Ile HUXE, TAK KAK OHH
HE MOJIHOCTBLIO MNepeBapHpatoTcs. UTo6BI
obecneynTh OPraHN3M MHHHMAJIbHO HEO0O-
XOAMMBIM KOJIMYECTBOM BCEX HYXXHBIX aAMHU-
HOKHCJIOT, »HWBOTHbIE NOJDKHBI €XEQHEBHO
NoTpe6NATh pacTHTENbHbIE GEJIKH B cpaB-
HUTEJIbHO OOJIBLUMX KOJTMYECTBAaX. DTO BO-
BCE HE 03HAaYaeT, 4To Oesbii xJ1e6 njiox kKak
NHILEBOH NPOAYKT; NPOCTO €CJM NUTATHCS
TOJIbKO OOHUM O€JbIM XJIe6OM, TO €ro npu-
JE€TCS CheRATh EXECAHEBHO 04Y€Hb MHOTO IS
TOro, 4TOObl YAOBJCTBOPHTL XOTA OBbI MU-
HUMAaJTbHbIE NOTPeOHOCTH OpraHu3Ma B He-
3aMEHHMBIX aMUHOKHCNIOTaX. Tak, Hanpm-
MEp, B OIHOM Kycke Oenoro xneba copep-
XKHTCS MeHee 2T Oenka; ecjl NpH 3TOM
YYECTb, UTO N0 KAYECTBY ITOT OeJIok MeHee
4YeM Ha TPETb COOTBETCTBYET MICALHOMY,
710 20-NeTHEMY MYXYHHE U1 YAOBJETBOPE-
HUA ©XeQHEBHON noTpeGHOCTH B Berke, KO-
TOpas cocTaBJigeT OKoJo 56 I, HYXHO Cbe-
JaTh KaXabli geHb Gonee 70 kyckoB 6es0ro
xyieba. Y BooOie npn o6bMHBIX crioco6ax
[PUTOTOBJIEHUS NHILM pacTHTEIbHbIE OeNKH
B nepecyere Ha 1 r cyxoro Beca comepxar
MEHbIIEe OeJIKa, YEM XHBOTHBIE.

JLns HopMaJibHOTO cHHTe3a bellka B opra-
HH3ME YEJIOBEKA BCE HE3AMEHUMbIE AMHUHO-
KHCJIOTHl NOJDKHBL GBITh AROCTYNHBI ORHO-
BpeMeHHO. Ecim Kpbic kOpMHTbL CHHTETHYE-
CKOH nuIieii, copepxaluell Bce He3aMe-

HHUMBIE AMMHOKHCJIOTBHI, KpPOME OJIHOM,
a 3aTeM Yepe3 3 4 AaTh MM HENOCTAIOLIYEO
AMUHOKUCHIOTY, TO KPbICH! BCE PABHO HE Oy-
AYT pacTH, NOCKOJIbKY aMHHOKHCIIOTHI HE
MOTYT 3anacaTbe.

26.6. HexoTtopbie pacTHTe IbHbIE
Gesikn nnim MoryT 6eiTh
B3aHMOIONOIHAIOLUHMH

XoTs pacTHTE/bHblE OeJIKH B LEIOM MO
MUTATEIbHOR INEHHOCTH YCTYNAIOT  JKH-
BOTHBIM O€JikaM, TEM HE MEHee TIPN onpene-
NEHHON XOMOMHALMKM pacTHTENbHBIX Oen-
KOB opraHu3M obecrneynBaeTcs MNOJHOMN
K cOaNIAHCHPOBAHHON CMeECLI0 AMHHOKHC-
not. Tak, HanpuMep, GeKu KYKYPY3bl CO-
IepkaT MaJio JIM3HHA, HO ZOCTATOYHOE KO-
JmdecTBo TpunTodaHa, Toraa Kak Oesiku
60608 6GoraTbl JIM3HMHOM, HO coaepxat
Mano Tpuntodana. B otnemHOCTH HH oaHH
H3 3THX OeJIKOB HEb3sl CYHTATL «XOPO-
wum». OpHako cMech 6060B M KyKypy3b
COINEPXKHUT HeoOXoaMMOoe YEJIOBEKY KOJIHYe-
CTBO HE€3aMEHHMBIX aMHHOKKCIIOT. Takas
CMeCb, M3BECTHAsi 1IOR HA3BAHHEM CYKKO-
maw (6mopo w3 KyKypy3uel 1 6060B), Oblia
HHTYMTHBHO «OTKPbITa» nHoeiuamMu Hoso-
ro Csera. Pa3spgesbHoe WuCIONB30BanME
ToJbKO 6060B Ha 3aBTpak M TOJBLKO KyKY-
py3bl Ha 06en HeU36EeXHO HAPYLLMT NoJies-
HYIO KOMOHMHAIMIO 3TUX PACTUTEbHBIX Gell-
koB. XXutemm BocToka Takke HAyYMIHCh
KOMOWHHpOBaTb  ONpEACJICHHBIE  PACTH-
TeJIbHbIC NPOAYKTHIL [JISA NOJIYHEHHUS NOJIHOM
C TOYKH 3pCHHS MUTATEILHON LEHHOCTH
cMeCcH aMMHOKHMCIIOT; [pUMEPOM Takoi
KOMOWHALIMH MOXET CJIy»MWTbh COYETAHHE
puca ¢ coeseiMu 606amu. B LlenTpasmHoit
u FOxHolt AMepuke, rne HepocTaTok Gen-
KOB B nuiue 6611 OObMHBIM siBJIEHHEM, Me-
XK AYHapOAHbIA KOMHMTET N0 npobiieMaM -
TaHWUS BKJIOYMI B PAlHOH [OJHOLIEHHYEO
NUTATEIbHYIO CMECh, M3BCCTHYIO MOp Ha-
3BanueM “Incaparina”, copepxariyro cpas-
HUTEJIbHO HELIEBBIE PAaCTHTENbHLIE GEJKH,
IMaBHBIM  0Dpa3oM  KyKYpYy3bl, COPIo
M XJIONKOBLIX pacTeHnii. Kaxaplii U3 KOM-
MOHEHTOB 3TOM cMecH caMm no cebe obna-
OAacT HU3KO NMMTaTEbHON IIEHHOCThIO, Oft-
Hako B COBOKYINHOCTH OHM 006pa3yior
6eIKOBY IO CMECh, 3KBHBAJIEHTHYIO 110 TMHTa-
TeJIbHON 1EeHHOCTH OeJIkaM MOJIOKa.
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26.7. Ucrowenne
¥ KBalLMOPKOP —Npod.ieMbl
BCEMMPHOI0 3/1pABOOXpaHeHHsA

B psine cTpaH, pacrioNIOKEHHBIX B OCHOB-
HoM B HOxHOM mnomnyiuapun, Bce Gosblue
BO3pacTaeT HECOOTBETCTBHE MEXIY CKO-
pOCTBIO pOCTa YHCJIEHHOCTH HacCeJeHUs
M TNpoU3BOACTBOM IPOAYKTOB ITHUTAHHSL.
Bceerna Ha 3emne ecTh TOJI0OAKOLME JTFOIH,
YHUCJI0O KOTOPBIX HEU3OEKHO BO3pacraer

B HEypOXXa#Hble M BoeHHbIe Tonbl. [1o npn-
6JM3UTEILHBIM OLIEHKAM, YHCJIO JTIOaciH, Ha-
XOISALIMXCS Ha TpaHW TOJIONAHHsA, COCTa-
Bisier 500 MuH., a okono 12000 yenoBek
©KEIHEBHO YMHPAKOT OT rojiona. Tosmko
B OiHOM VIHOMK OT HenoenaHHs €XETOmMHO
ymupaet okosio 1 mumH. nereit. Hemoctatou-
HOE IUTaHWE AeTed 4auie BCErO NMPUBOAUT
K IIBYM, 4acTO NpOTEKAIOIIUM COBMECTHO,
3a00JIeBaHUAM, a HMEHHO —HCTOLIEHUIO
M KBaumMopkopy (puc. 26-7).

WcTonieHMe BBI3LIBAETCA XPOHHYECKHM
HENOCTATKOM KaJlopuil B NHIIE 1Ji OeTeid.
370 3200N1€BAHHE PaCTIPOCTPAHEHO B CTpa-
Hax C HeXBaTKOi NpoaykToB nHTaHus. OHO
pa3BHBaeTCH y IPYAHBIX A€Teil nmocne nepe-
X0OAa OT KOPMJIEHHs BX TPYOHBIM MOJIOKOM
Ha HCKYCCTBEHHYIO NHMIL, KOTOpas mnpel-
ctaBisier co00if OOBMHO BOASHHUCTYHO Ka-
LMLy, OPHIOTOBNEHHYIO M3 3JAKOBHIX
M OpPYTHX pPacTeHHi, 1 COnepXallyro, Kak
MPaBHIIO, MAJIO KaK KaJopHii, Tak M OeJIKOB.
BmecTe ¢ TeM X0pO11I0 H3BECTHO, YTO UMEH-
HO B 3TOT NEPHO, pa3BHTHA U POCTa pebeH-
Ka Kanopuu M OemxM ocoGeHHO HeoOXo-
IuMBL. 1711 COCTOSHHMS MCTOLUEHHMS Xapak-
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TEpHa 3a[€pXKKa pocTa, Pe3KO BbIpaXX€HHas
aTpo(pus MBIlIEYHOM cucTeMel, 001as cia-
6oCTe M aHeMusi; 3TO COCTOSHHE OCJIOX-
HseTCA OOBMHO HEIOCTATKOM BUTAMHHOB
¥ MuHEpasbHbIX BellectB. HemocraTtoyHoe
MOCTYNJICHUE KaJjiopuit B paHHEM [ETCTBE,
axe €CJIM OHO TNOTOM KOMITEHCHPYETCs
HOPMaJTbHOH THETOM, NPHBOJUT K 3a1€pXKe
HOpPMaJIbHOTO pocTa M PasBUTHs OPraHus-
ma. CMEpTHOCTbL aeTed H3-3a HemocTaToy-
HOH KaJIOpMHOCTH NHLUM B CTpaHaXx C He-

b

Puc. 26-7. A. PeGenok 3 Unnonesun ¢ ucrouie-
HHeM, 0CYCIOBIEHHBIM XPOHUHECKOH HENOCTATOH-
HOCTbIO KATOPUIHHOCTH NHLM. OGBMHO HCTOLIECHHE
OCJIOKHAETCH ne)MUMTOM PAIa BUTAMHHOB K MH-
HepanbHbix BeniecTs. 5. PeGeHok M3 AHromsi,
GonbHoit kpammopkopom. HenoctaTtok 6enkoe B
NUTAHUR NPUBOANT K PACIYXaHMIO H OTEKY psna
TKEHEH M3-38 HAPYINEHHA CUHTE3d ChIBOPOTOHHOTO
anbbymnHa, Heo6X0aMMOro AN NOANEPKAHHA
HOPManTbHOTO BOIHO-COJIEBOro O6GMeHa.

XBaTKO#M NpPOAYKTOB IMTAHUS OYEHb BEJIU-
ka—0o0Jee NONOBUHLI ETEH HE NOXUBaET
no S-netHero Bo3pacta. McromeHne—-3T10
OIHO M3 MPpOsABJIEHMI 60JBLIIOTO uKcTa 3a-
GonieBaHuit, 00yCIIOBNIEHHBIX OOIIMM HEmo-
CTATKOM NMPOAYKTOB NUTAHHs, B YaCTHOCTH
6enka. B crpanax, roe Jogu rosonaror,
B UX PalMOHE KaK NpaBHMIJIO, HE XBaTaeT
OITHOBPEMEHHO M KafopHii, n 0eyxoB, HO
CcTeneHb HX HEAOCTATOYHOCTH MOXET ObITh
pasHoit; coyeTaHHe HENOCTaTOYHOCTH 000-
vx (HaKkTOpOB Ha3bLIBAKOT HapyuleHueM ben-
KOB0-KAAOPUILHO20 NUMAHURA.

Bo MHOTUX cTpaHax 1 HOPMaJIbHOTO
NMHTaHHA JFOAAM HE XBaTaeT OeJIKOB KHBOT-
HOTO mpoHcxoxaeHus. ITockosmpky pactu-
TeJbHbIE TNpoayKTBl comepxat  Oesok
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B MEHBILMX KOJIMMECTBaX M «XYILUEro» Ka-
YeCTBa, Y€M NPOAYKTHI XHBOTHOTO NHpOHC-
XOXKIEHHsl, B CTpaHax € OCOOEHHO ObICTPhIM
pOCTOM  HaceNieHHsi BO3HHMKa€T  Cylle-
CTBEHHBIH HENOCTATOK «XOpOLUKX» OesKoB,
IMocTtosiHHas HexBaTka Oenka B MUNIE BLI3LI-
BaeT y AeTeii 3a00J1eBaHNe Kéawuopkop, Ha-
3BaHKMe KOTOPOTO IIPOH30ULIO OT adpHKaH-
CKOYO CJIOBa, B TNEPEBOJE O3HAYAIOLIETO
«OTHUMaHUe OT rpyau». B cnaGopa3BuThIX
CTpaHax AeTeil KOPMSAT TPYAHBIM MOJIOKOM
CPaBHUTEJILHO OJIr0, OIHAKO, KOT1a HX OT-
HUMAIOT OT TPYAH (IpHYHMHOMN 4€T0 CJIYKHT
obbrMHO crnienyroumit peGEHOK), OHM Ha-
YMHAIOT MOJIYYATh NMUILY C HEAOCTa TOYHBIM
koyuuecTBoM Oenka. Poct neteit, He nouy-
YAOUMX NOCTATOYHOIO KOJIMYecTBa Oerika,
3aMeNJISeTCsl, ¥ HUX Pa3BHBAETCH aHEMHA,
HMX TKaHM H3-32 HENOCTATOYHOrO KOJIH4eE-
cTBa Oeyka B Nia3Me KpOBH pa3fyBarOTCH
H CTAHOBATCS OTEYHbIMH, BCJEACTBHE YETO
HapylaeTcs HOpMaJIbHOE pacnpencyieHHe
BOABI MEXY KpOBLKO M TKaHAMU. Boee To-
TO, NETeHepaTHBHLIE MTPOLIECCH pa3BHBAIOT-
Cfl TaKXe B NIe4eHH, MOYKaX M B MOIXEIy-
NoYHOM xene3e. CMEPTHOCTL cpenM neTen,
CTpagarlmxX KBaILOPKOPOM, OYEHb BEJIH-
ka. Jlaxe B Tex cJIyyasx, KOTaa OHM BbIKU-
BaKOT, IIIMTEsbHAs HEOOCTAaTOHYHOCTh Oellka
MPUBOJINT K HEOOpa THMBIM HapYLUEHHSIM HX
¢usnonormyecknx ¢QyHkuuit. Ene Gonee
B&XHO TO, YTO HEIOCTATOK Oeslka B paHHEM
Bo3pacTe MNPHBOAMT K HapyLUEHHIO YM-
CTBEHHBIX cnnocoGHocTelt U cllocoOHOCTH fie-
Teit Kk oOy4eHHro. OcoOEHHO TsKeNbIe CITy-
Yan 3TOit OOJE3HM OTMEYAKOTCH B CHUTya-
IUsAX, Koraa HeJoctatok Oenka HMeeT
MECTO Ha NPOTKEHHH OBYX WIH TpeX MOKO-
Jenuit. Kpaumopkop Bnepsbie ObLi Iuarso-
cTHpoBaH B A¢puKe, ONHAKO B JajibHEHIIEM
OKa3ayioch, YTO 3TO 3a0oJeBaHHE BCTpE-
YaeTcsl BO BCEX CTpaHax, Ie B NpoayKTax
NMHUTaHHA HE XBaTaeT NOJHOUEHHBIX GEJIKOB,

26.8. HepocraToyHocts
HEKOTOPbIX BHTaMHHOB MOKeT
0Ka3aThCA ONAcHOH L9 KHMIHM

PaccMoTpHM Tenepb BOnpoc O pOJH BH-
TaMHHOB B NUTaHuH. B ri. 10 MbI yxe pac-
CMaTpHBaJ1 CTPOEHHE BUTAMUHOB H MX KO-
¢depmenTHBIE PyHKUHK. B 3TOM pasnene Mul
OCTaHOBHMCS Ha NOTPeGHOCTAX velloBeka

B BUTAMMHaX M NOCJEACTBHAX, K KOTOPBIM
NIPUBOJUT MX HENOCTATOYHOCTb.

CeronHss MBI MOXEM C YBEPEHHOCTBIO
CKa3aTh, 4YTO HAM H3BECTHbI BCE BUTAMMHEI,
KOTOpble HEOOXOAMMBI AJ11 HOPMAJILHOTO
MHTAHHSA Y€JI0BeKa M Kpbic. B 3aBUCHMOCTH
OT TOTO, HACKOJILKO BPEIHO OTpaXaeTcs He-
IOCTATOYHOCTH TOTO MJIM MHOTO BHUTaMHHa
Ha 3710poBb€ 4eJIoBeKa, X MOXKHO pa3je-
JMTH Ha ABa knacca (tabn. 26-12). Henocra-
TOYHOCTh THAMMHA, HMAlMHA, pubodaBu-
Ha, ¢omieBoil M ackOopOMHOBO#H KHUCIOT
CYUIECTBEHHO CKa3blBae€TCsi Ha 340pPOBbE
Jioneit ¥ ABJISETCA BecbMa aKTyasibHoi npo-
Onemolt Bo MHOrux crpaHax. C yacTH4HOMH
HEJIOCTATOYHOCTHEO 3THX BHTAMMHOB CPaB-
HHMTEJIbHO 4acTO NMPHXOAUTCS CTaNKMBATHCS
Daxe B BLICOKOPA3BUTHIX CTpaHax. Uto xe
KacaeTc NaHTOTEHOBOM KHCIOTHL, THpH-
DNOKCHHa, OMOTHHA, BUTaMUHAa B, u BuTa-
muHOB A, D, E u K, T0o HemoctaTouHOCTD
B 3THX BHTaMUHax Yy JKHTeJeH pa3BHTBHIX
CTpaH BCcTpeyaercs kpalHe pexko.

Tabauyg 26-12. ButaMuHel, HeoOxooumele Ye-
JIOBEKY

Hedocmamourocmy 6cmpeuaemca cpagHumensto

uacmo
TraMuH Pubodnasun
Huanuy PonueBas KUCJIoTa
AckopbuHOBas kHC-

nora

Hedocmamourocms 6 CIUIA ecmpeuaemca cpas-
HUMeAsHO pedKo

ITanToTeHOBas kHC- Butamun A
JnoTa Butamun D
IMupunokcuu Buramun E
BbuoTuH Buramun K

Butamue By,

HNuauBunyaisHble noTpeSHOCTH Jnoneit
B ONpeneNeHHEIX BHTAMHWHAX MOTYT Bapbi-
pOBaTh B 3HAYMTEJIbHHIX Mpedenax B 3aBU-
CHMOCTH OT THIa palMOHa, aKTHBHOCTH MH-
KPOOPTaHH3MOB  JKEJIy[lOYHO-KHILE4YHOTO
TpaKTa, a TaKke TeHeTHiecKHX (akTOpoOB.
Hanpumep, noTpebHOCTE B HHKOTHHAMMIE
CHJILHO 3aBHCHT OT G€JIKOBOTO cOCTaBa IH-
1L M, B YaCTHOCTH, OT HAJIM4YHs B HEH Tpurl-
TohaHa, KOTOpBIi MOMKET NpeBpalLlaTbCs
B OpraHM3Me B HMKOTMHaMuj, a notpet-
HOCTb B NHPHAOKCHHE BO3PacTacT Cc yBEJ-
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yeHHeM coaepxanus berika B nuiue. Bmecte
C TEM TaKHe BUTAMUHBL KaK OHOTUH, TAHTO-
TEeHOBAsi KMCJIOTA ¥ BUTaMHUH B, ,, CHHTE3H-
pyroTcs OakTepHsAMH KHILUCYHHKA B KOJIHYC-
CTBaX, OOCTATOYHBIX [JiI1 TOTO, YTOOH
YIOBNIETBOPUTHL HOPMANLHEIE NOTpeOHOCTI
yesioBeka. HemocTatox 3Tex BUTAMMHOB
MOXET OUIyMIaTLCs JMIML NMPU OYCHb He-
oOelvHON OMeTe.

BonbIMHCTBO BONOPACTBOPUMBIX BHTa-
MUHOB IOJDKHBEI PeryJsipHo TNoOCTynarb
€ UL, NOCKOJIbKY OHUY CPABHUTETLHO Obl-
CTPO BBLIBOAATCHA M3 OPraHu3Ma Wi paspy-
LIAIOTCA B X04€ OOLIYHBIX DepPMEHTATHBHBIX
peakumii. ITpr notpebsieHuM 4pe3sMepHBIX
KOJIMYECTB BOAOPACTBOPUMBIX BHUTAMHHOB
B BHUIE NOJIMBHTAMMHHEIX TAOJIETOK HX M3-
OBITOK, NpPEBHIUAKILIMIT €XETHEBHbIE I10-
TpeOHOCTH, NPOCTO BBIBOIMTCS H3 OpraHn3-
Ma, TaKk Kak OoJIbLLMHCTBO BOXOPAacTBO-
PUMBIX BUTAMWUHOB HEe MOTYT 3amacathCsl.
B 10 e Bpems u3bBITOuHOE MOTpebnenue
YKHPOPACTBOPUMBIX BUTaMUHOB (A 1 D) Mo-
KET OKA3ATLCH TOKCHYHBIM.

26.9. Henoctaro4HocTh
THAMHHa BCe ellle 0CTaeTcH
npodJieMoii NUTaHHUA

ITpu HEJOCTATOYHOCTH THUaMUHA
(puc. 26-8) nabmopnaeTcs HEBPOJIOIMYECKOE
3aboniepanue «Gepr-Oepu» («1 HE MOry»),
koTopoe ObUIO pacnpocTpaneHo B XIX
M nHayasic XX B. B BOCTOUHBIX CTpaHax, Iie
JoaM ynotpebisioT B NMHUIY MHOIO pHca
(pa3n. 104). 310 3abonesanue OLLIO He-
H3BECTHO JIO TEX NOP, Noka B Havane XIX B.
He TNOSIBUJTACH MALLIMHBI, CHHMAIOILME LLIeITy-
Xy ¢ puca. JloBoJILHO nonro Oepu-Oepu cun-
Tamu vHpexunoHHbBIM 3abonesaueM. Tlep-
BOE TNPENOJIOKEHHE © TOM, YTO 3Ta
OoJieanb oOycloBneHa HapylleHHeM IHTa-
HMs, BhIcKa3an naTckuii Bpay K. Jitkman (C.
Eijkman), kotopeiit paGotan B pajione co-
BpeMeHHoH Unnonesun. B 1897 1. on omy-
GsmxoBaJ pasyJibTAaThl UCCIIENOBAHUM, B KO-
TOpBIX OBIJIO MOKA3aHO, Y10 IIPH KOPMIle-
HUM UBIIIAT OYHILEHHBIM (OesbIM) PHCOM,
NPUTOTOBJICHHEIM TAKUM X€ 00pa3oM, Kak
M U8 KYJIMHAPHBIX OJITON, Y HUX pa3BHBAET-
csi 3a00JieBaHuEe HEPBHOM CHCTEMBI, HAIO-
MuHarouee GonesHb Gepu-Oepu y smonei.
Ecm ke UBIIIAT KOPMUTH HEOUHMILEHHBIM

H
NH, |
| //C—S
NZ >C—CH—N

HHC——C\N/CH C—C—CH,—CH,—OH

Tnamuu
KodepmenTras dopma: Tnamunipodocdat
PyHKUMA: KOGEPMEHT MUPYBATAETH/IPONEHasH,
a-KeTortyTapaTlerniporenasbl i TPAHCKETONAdk

Pekomenlyeman exenHeBHan 1032
(ans 21-neTHero Myxuusbt): 1,5 Mr

CuHAPOM HEloCTaTOUHOCTH: Depn-bepn

Puc. 26-8. CrpykTypa, GyHKUMH M eXeHeBHAN
no3a ThaMuHa (BuTamuHa B)). Cm. Takxe puc.
10-2.

PHCOM WJIM JaBaTh UM IUENYXY M OYHCTKH
OT pHca, To 60JIe3Hs He BO3HHKAET. I TO MC-
CJIeJ0BaHKE HATOJIKHYJIO BPaYeil ANOHCKOro
$0Ta Ha MBICJIL XOPMUTL MOPSIKOB, CTpa-'
narouMx Oepu-Oepy, HEOUHLIEHHBIM PHCOM.
Pe3sysnbratel npeB30ULIM BCE OXUIAHMAL
Ceiivac Mpl 3HaeM, YTO B LUEJyX€ pHCa, KO-
TOPYIO YAalilT B XOO€ OYMCTKH, COOEp-
WHUTCSA OCHOBHOE KOJIMYECTBO THaMHHa. Ts-
wernble cysad Oepu-Oepy B Hactosiuee
BPEMsI HE NIPENICTABJISIIOT TAKOH CIIOXHOCTH
[JIS JledeHusl, KaKk paHblle, OXHAKO B CTpa-
Hax Asuy, B MHnone3uu M Ha OuimnnyHax,
rae monu ynorpebnsitor B nunyy 6ormiuve
KOJIMYECTBa PHCA, & TAKXE B CTpanax Adpu-
KH, [ae notpeGrneHre OuHILeHHOMH TUIEHUY-
HOM MyKM BO3PAacTa€eT C KaXbIM rofioM, Go-
ne3us Gepr-Gepu Bee ele ocTaeTcs npobie-
Moil.

Jns Gepn-Oepr xapaKTEpHEI MbILLEYHAs]
chiabocTh, UCTOLIEHHE, IJIOXas KOOpAHHa-
uus, nepudepryeckuii HEBPUT, CIY TAHHOCTh
CO3HaHMs1, anaTHsl, CHIKEHHE YaCcTOThl Cep-
IeYHBIX COKPALUEHHI M YBeJIMYeHue pa3Me-
poB cepnua. bosie3nb MOXeT Takke conpo-
BOXOAThCS ONYXaHHEM MJIM OTEKOM KOHEY-
HocTeif. HanbGonee yacToit npuynHOi cMep-
TH CIYXHT CEpaeYHas HENOCTATOYHOCTb.
Ocobento Taxeno Oepu-Oepu nporekaer
Y TPYIHbIX AeTei, MaTepl KOTOPBIX HE I0-
JIy4arT [OCTATOMHOIO KOJIMYECTBA THa-
muHa. [Tpu Gepu-Gepu B kxpoBu pe3ko BO3-
pacTaeT KOHUEHTpaLHsl THPYBAaTa, YTO NOJ-
TBEPXKIAET yyacTve THamuHnupodocdara
B Kau€cTBe KO)epMEHTa B NPy BaTAETUAPO-
TeHa3HOM KoMILjiekce (pa3n. 16.2). Beenenue
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THaMuHa XUBOTHBIM HJM neTsAM, GOJILHBIM
6epu-Oepy, MPHBOOMT K NpPaKTHYECKH IIOJI-
HOMY HX BBHI3[IOPOBNIEHHIO B TEYE€HHE HE-
CKOJIbKMX 4acOB (puc. 26-9).

HexoTopble nponyxTsl nuTanns ocobeH-
HO GoraTsl THAMUHOM. BoraTbiMi HCTOYHH-
KaMM TuaMMHA CJIyXaT NOCTHOE MICO,
600b!, HEOUHILIEHHbIE 3epHa B pr16a. HecMo-
Tpsl Ha TO YTO NOTPEOHOCTh OpraHU3Ma Ye-
JOBeka B THMaMMHE M3BECTHa yx€ HaBHO,

MHOIHE aMEPHKaHUBI HE MOJTy4aroT C MUILeH
9TOT BUTAMHH B IOCTATOYHOM KOJIMYECTBE.
B3pocibiM JTONsSiIM  peKOMEHAYETCS €Xell-
HeBHO notpebnats ot 1,0 no 1,5 Mr THaMu-
Ha (puc. 26-8, Tabn. 26-2), Torna kak GoJib-
LIMHCTBO aMEpPHKaHIEB NOTPeOIsitoT MEHEE
1 Mr B peb. IMEHHO Mo 3TOif NpU4MHE
B Gesmlii x7i€0, comepxanue THaMUHA B KO-
TOPOM OuY€Hb Malo, OOBMMHO CHenuMalibHO
nobapnsrot THaMuH. ConepxaHue THaMUHA
B T2KMX [TpOAYKTax, Kak OuuuieHHas Oesnas
MyKa, MakapoOHHble H3IeJHs, CcnareTTH
H IIPUTOTOBJICHHEIE Ha COMIE KPeKephbl, TAKKE
O4YEHbL HEBEJMKO, NO3ITOMY HX TOXE 4YacTo
oboramarpT THaMUHOM.

ITockosmbky aJIKOTOJMKM NOJYYaroT OC-
HOBHYIO MAacCy KaJIOpHii CO CHUPTHEIMH Ha-
NTUTKaMH, B KOTOPHIX HET THAMMHE, Y HUX
MOXET BO3HMKAaTh HENOCTATOMHOCTh 3TOTO
BHTaMMHa. XapaKTepHas [1JIn aJKOrOJMKOB
HEAOCTATOYHOCTh THaMMHA, NOJIyYHBLUAS
HasBaHue cHHapoMa Bepruke —Kopcakosa,
CONPOBOXIAETCS PacCTpONCTBAMH  (DYHK-
LYl HEpPBHOI CHUCTEMBL NCHUXO3aMu, NMOTe-
peii namatu. IlpuynHoii atoro HeoGpaTu-

MOTO M OOBIMHO TpeOyHoLIEro rocnuTanu3a-
1M 3a0oNeBaHusl ABJISETCSl HE CaM CIHUpT,
a coyeTaHHe HeqocTrarka THAMUHA M BO3-
MOXHOTO CHHXEHHsI aKTHBHOCTH THaMMH-
3aBHCUMOTO (bepmeHTa —mMpanCKemoaa3ul
(pa3m. 23.21). Bbuio BBICKa3aHO NPEaNoNo-
KEHHE, COTJIACHO KOTOpOMY yMCTBEHHOE
paccTpoiiCTBO M Ipyriue CHMITOMEI Oone3-
Hu Bephuke — Kopcakosa, MOXxHO ObL710 Gbl
yCTpaHMTh, n00aBisii THAMMH B KPENKHE

Puc. 26-9. A. Benas kpbica. BbIpallieHHasA Ha pa-
uuoHe Ge3 TMamuHa. HegocraTok THAMHHA NPHBO-
IUT K NOPAKEHUIO HEPBHBIX KJIETOK, B PE3ylbTaTe
YEro pa3BUBAETCA NOJIMHEBPHT M napanuy. Kpeica
TepRET CROCOOHOCTL K KOOPAMHALNK IBHXEHHWH
(B). BrICTpOE BHIZIOPOBIEHHME 3TOM XE KPBICHI BCe-
ro JMUIb Yepe3 24 4 nocne NEpEeBoaa ee HA NOJHO-
LIEHHBI PALUOH C HOPMAaJIbHBIM CONEPXAHHEM
THaMMHA.

CIMPTHbIE HANUTKH, BUHO W IHBO, OIHAKO
HMKaKiX TONBITOK B 3TOM HaNpaBJIEHHH
IPeAlIpUHATO He ObL7I0, TaK Kak 3TO MOKJIO
OBl cNOCOOCTBOBAaTh YBEJMYEHHIO TOTPE-
OJleHnst CTHPTHOTO.

26.10. IMorpebienne
HHKOTHHAMNMA2 H TpHNTO(daHa
C MMuiedi B3anMOCBA3AHO

ITpn HenocTaTOYHOCTH HUKOTHHAMMAA
(puc. 26-10, cM. Takxe pasd. 10.6) monm 3a-
OoneBaroT nesuarpoil (0T MTaN «ILEPOXO-
BaTas koxa»). Briepsrie 310 3aGoseBaHue
O6buto  obHapyxeHno B Espomne, omHako
OONLHBIX TeENnarpoil MOXHO BCTPETHTH
B OOJILIIIMHCTBE CTPaH, Fll€ OCHOBHBIM Npo-
IYKTOM NHTaHHs CJIYyXHUT KyKypy3a, a MIua
6enHa MsicoM uiu peiboii. Ceifyac nennarpa
BCTPEYaETCs JHILL B O4EHb OEMHBIX CTpa-
Hax, a Takke B DoJIbHHLAX M TIOPbMaX,
rze Jonel 1nnoxo xopMAT. Jlna nennarpel
XapakTepHb! TpH «I»: IEPMATHUT, nHappes,
cnaboyMue (mocnegHee CJIOBO B aHTJIHi-
CKOM #3bIKE Takx€ HAYHHACTCA C «a»).
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H(IT‘/ \(IJ—C—NH,
HC  ~H
HukormiaMun (rmalmuamuz)
KodepMenThsie opmbi:
HUKOTHHEMWIBNEHUH AMHYKAEOTH],
u ero ¢ochaT (NAD u NADP)

Synkimsa: kopepment

MHOMUX [lerufporeHas

PexoMenayeMas exefiieBuas fo3a: 19 mr
CHHADOM HENOCTATOYHOCTH: nellarpa

Puc. 26-10. CTpyxTypa, GyHKLMS U eXeqHEBHAR
1038 HUKOTHHAMMAA, HA3LIBACMOIO Taloke HHaluM-
HAMHUIIOM.

Ecnu B nuile comepXHUTCs MHOTO KyKy-
py3bl M Majo Msica, MOXET NPOABIIATLCH
HEOCTAaTOYHOCTh HHUKOTHHAMHOA B CHITY
IBYX OHMOXMMITYECKMX OCOOEHHOCTEH KyKy-
py3bl. Kyxypy3a conepXHMT HMKOTHHaMMA
B DOJIbIIMX KOJIHYECTBAX, ONIHAKO OH Haxo-
IHTCA B CBA3aHHOM (OpME, B KOTOpOil HE
MOXET YCBaWBaThLCA opraHusmoM. [pu ee
06paboTke crnaboluenoyHbIMU PAcTBOPAMH
CBA3aHHBI HUKOTHHAaMU]I BLICBOOOXK 1aeTcs
M MOXXET BCACHIBAThLCSL B KHLIIEYHHKE. 3a/1071-
TO 10 TOTO, KaK 370 OblJ10 OOHapyXeHO GHO~
xuMukamy, wHAelusl Mekcukn u 1len-
TPULHOH AMEpPHKM KakHM-TO 00pa3oM
morajfajch nepen MPUIOTOBJIIEHHEM MMM
3aMa4yuBaTh KYKypy3y B H3BECTKOBOH BOIE
(T.€. B pa3baBleHHOM PacTBOPE T'HIPOKCH-
Ia Kasjbuus), oyyyas TakuM oGpa3oM co-
hepxaluiics B HUX THaMMH B CBOOOIHOM
BHIE.

Ewe onHa Baxuas B OTHOLIEHHH I€J-
narpel  OCOOEHHOCTH KYKYpPY3bl COCTOMT
B TOM, 4TO €€ GenKH comepxar oueHb MaJjio
OCTaTKOB TpUNTO(aHa. B T0 xe BpeMs B op-
TaHM3ME 4YENOBeKa M OOJSbIIMHCTBA XKU-
BOTHBIX HMKOTHHaMHII MOXe€T OOpa3oBhI-
BaTLCs M3 TpunTodana (pasn. 19.4). Onnako
ec/id B NMILE Masio TpuntodaHa, TO OH
NpaKTHYECKKH LEJMKOM pacXOmyeTcss Ha
OrocnHTe3 Oerka 1 He MOXeT ObITh HCTOJIb-
30BaH B KayecTBe IPENLIECTBEHHHKA
HukotMHamMuaa. Oxono 60 Mr Tpuntodana
B [THILIE 3KBUBAJIEHTHO | MI HUKOTHHAMM[A.

JIyyimMmMy MCTOYHMKAMHM HMKOTMHAMMIA
CITyXaT: IOCTHOE MSAACO, FOPOX, 600LI, opexn
1 pbifa, Torma Kak B MOJIOKE, Ailax U ouM-

LIEHHOM 3€pHE €T0 COIepXKaHHe CpaBHH-
TeJILHO HeBerMko. B Gempnt xneb, Maka-
POHBL, 2 TaKX€ M B Jpyru€ IPOIYKTE,
MPUTOTOBJIEHHBIE H3 KYKYPY3bl, NIIEHHIbI
M pHca, 00bMHO n06aBNAIOT 1ONOJHHTETh-
HO€ KOJIMMECTBO HMKOTHMHAMMA.

26.11. Muorne maueBbie
NPOAYKTH! COAEPKAT MAJI0
aCKopOHHOBOH KHCJIOTHI

B TeueHMe HECKOJSILKMX BEKOB OBLIIO H
BECTHO, 4YTO UHHTY —00JI€3Hb, 4acTO BCTpE-
YaBLIYKCS CPEIH MOPSKOB U NyTELIECTBEH-
HUKOB, NMHTABIIMXCA KOHCEPBUPOBAaHHBIMH
NTPOAYKTAaMH, MOXHO BBUJIEYHTh, €CJIM Aa-
BaTb OONBLHBIM ONpeNeNeHHBIE pacTu-
TeJIbHbIE MNPOAYKTBI WIH  (GPYKTOBBIE
M oBoLHble COKH. ONHO M3 NEpBLIX YNIOMH-
HaHHii O JieYeHHH 3TOi GoJie3Hu BCTpeyaeT-
csi B 3anucax Xaka Kaptee (nonosHeHue
26-1), koTopslii eiue B cepenune XVI B, ny-
TemecTBOoBanl no Herodayuanesny u p.
Ceatoro JlaBpeHTs. OnHako norpeGoBsa-
nock Gonee ABYX BEKOB, NPEKIE 4EM BO3-
MOXHOCTb JIEMeHHs IMHIH Obllla NOKa3aHa
CHCTEMaTHYECKUMU 3KCIIepUMEHTaMH. ”
B 60-x ronax X VIII B. [IxeiimMc JIuna nonel-
Tancs BbUICYHTH TPYNNy MODSKOB, CTpa-
JAFONMX [MHIOM, C MOMOILBIO lIecTH pas-
JMYHBIX JMer. JIMmmm omHa M3 HHX,
B KOTOpoit ObL71 IMMOHHBII COK, Aaja NoJo-
XHUTEJLHBIH 3¢dekT. JIMHa ycraHOBHIL, 4TO
JIY4EHHI0 IMHTH MOTYT CrnocoGcTBOBAThH
cBexas.  3€JieHb,  pa3jMYHbIE  OBOLM
H QpykThl, 0cOOEHHO uMTpycoBbie. Hecmo-
Tpsi Ha TO 4TO JIMHA TOrna e pekOMEHIO-
BaJl BKJIIOYMTL JIMMOHHBI COK B PpallHOH
MOpsikOoB, BpUTaHCKOMY aaMHpalITeACTBY
NoHaao0uNoCh €lIe MoBeka, yToObl Ipe-
TBOPHTb 3TH PEKOMEHIAUMH B )KH3Hb.
CMepTh OT UHMHIH NOfICTEperana NoKopHTe-
Jell ApKTHUKM H AHTapKTHKH BNJIOTh IO Ha-
yana XX B. ButaMuH, npenoTBpallaronmii
uMHTY, ObUT BEIZENIEH M3 JIMMOHHOTO COKa
B 1932 1. 1 BCKOpE NOCTE ITOIO CHHTE3UPO-
BaH. OH MoJTy4HJ1 Ha3BaHUE acKOPOHHOBOI
KHCIOTHI (puc. 26-11).

XoTs ceifyac uMHra yxe nepecrana ObITb
pacnpocTpaHenHoi OonesHbro, TeM HEe Me-
Hee MHOTHE JIFOIM, OCOOEHHO KOpMsLue
MaTepd, 4acTo €XEIHEBHO He TNOJy4daroT
TpeGyeMbIX OpPraHM3My KOJIMYECTB ackop-
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AckopburoBas kuc.1oTa (Butamun C)
AxrthBHas QopmMa: Hen3BeCTHa
OyHKUMA : KODAKTODP B HEKOTOPHIX
PBEKUMAX THAPOKCH.IHDOBAHURA

PexoMeHnlyeman exelHeBHanm fo3a:
60 mr
CHHOpoM HelloCTaTOUHOCTH! IMKra

Puc. 26-11. CtpyxTyps, Qpynxnus u exennesuan
no3a ackopOGUHOBOK KMCNOTBL

OMHOBOIt KHC0ThL ACKOpOHMHOBas KHCIIOTA
pacnpocTpaHeHa He TaK MIKPOKO, Kak Apy-
r¥e BUTAMHHBI, KPOME TOTO, OHA OY€Hb He-
crabuimbHa. OHa NETko pa3pyliaeTcs NpH
HarpeBaHUM B LUEJIOYHBIX YCJIOBMSX, 2 TaK-
xe Mon neficTBUEM KHCIIOpoxa B MpHCYT-
CTBMH VIOHOB JXe€Jie3a WM MeOH, KaTaJH3u-
pyloLIMX €€ OKHCJIEHHE C 00pa30BaHHEM
HEaKTHBHBIX INpoaykToB. B Mice, sitnax

M pbibE CONEpXHMTCH CPaBHHTEILHO MaJo
ackopbuHOBOIt kucnothl. [lacTepn3oBan-
HOe, T. €. Harpetoe no 80—85°C, MoJtoko Tak-
K€ COONEpPXHMT OueHb Mafo ackopOMHOBOIA
KUCJIOTBI. B BBICYLIEHHBIX 3¢pHax 3JIAKOB
ackopOMHOBOI KHMCJIOTEI HeT coBceM. JTrony,
He TNOTpPeONAolME CUCTEMAaTHYECKH CBe-
JKu€ OBOLM H (DPYKTH, OCOGEHHO NOXH-
Jibie ¥ OIIMHOKME, CKJIOHHBI K CyOKIIMHHYe-
CKOI HEAOCTATOYHOCTH aCKOPOMHOBOM KHC-
JIOTHI.

Pexomennyemoe B3pocssiM B CIIIA xo-
JIMYECTBO €XEIHEBHO NMOTpebIsieMoit ackop-
6MHOBOM KHMCNOTHI COCTaBisieT npubansu-
Tesmbro 60 Mr (puc. 26-11, Tabn. 26-2), uro
3HAYHTENLHO TPEBbINIAET MHHHMMAJIbHbIE
noTpeOHOCTH oprann3mMa. B Aurmum nocra-
TOYHO! €XKETHEBHOI MO30i s B3pOC/bIX
Jronei cunraercst 20 Mr, a Ans npeaoTBpa-
LIEHUA LHHTH AOCTATOYHO BCEro JMibL 10
Mr. Hauny4ummy uctouHnkaMu ackopbu-
HOBO# KHCJIOTEI IB/IAFOTCH UHMTPYCOBBIE, MO-
MUAOPBI, aHAHACHL, Ka1ycTa ! 3eJeHLE OBO-
LM, OOHAaKO [pyr¥e CBeXHE OBOLM
M QPYKTHI TaKXe CONEPKAT 3HAYMTESLHLIE
KOJIMYECTBA ITOTO BHTaMMHa. AckOpOHHO-
BOM KHCJIOTO# GOTaThl KOpa H JIMCThSI MHO-
IMX KYCTApHHMKOB (OonoJiHeHHe 26-1).

Honoyxenve 26-1. OgHO M3 NepBBEIX NUCbMEHHBIX COOOILIEHWMI
O JIEYEHMH LIHHTH CPeaM y4acTHHKOB 3kcrmenmumd JKaka Kaptee

(Hurodayuanenn, 1535 r.)!

«HexoTopble 13 HAC TePAIM NOCIEAHHE CHIILL... ¥ IPYTHX XK€, KpOME 31O~
TO, Ha KO)XK€ €Ll NOABISLTHCE MsTHA KPOBH NMypHNypHOTO LiBeTa, 3aTeM Nyp-
NYpHBIMH CTAHOBHJIHCH JIOKTH, KOJIEHH, Oepa, nue4yH, pyku M Lues. 3anax
K30 pTa CTAHOBHJICA 3JIOBOHHBIM, IECHBI CTHHBAJIM 10 TAKOH CTENEHH, YTO
oGHa)aJuce KOpHH 3y0oB, Mocrie Yero NoYTH Bee 3yObl Bemananu. Hawu ka-
NHUTaH, cO3HaBass OEICTBEHHOCTb MOJIOKEHHH, PELUHJI MOKHHYTE GOpT M,
BHIiNSl HAa CaHHYIO Tpony, BCTpeTwJ Ha nytH M3 CTanakoHH rpynmy
MecTHBIX xuteneit. Cpenu Hux Obin. Jlomarajis, KoTOphli He nance Kax
10-12 nHe#t ToMy Ha3zaj ObLn TsKesio GoJieH 3TOM ke GoNe3HBI0 —ero Kosle-
Hu OBUIH ONMYXUIMMH, BCE MBILINEB! OBbIMM CMOPLUECHH, 3Y6bl HCNOPYEHL,
a JecHbl THHIIM M W31aBaJIi 3JI0BOHHbBII 3anax. Y BUIEB ero XUBLIM H 300~
POBBIM, Halll KaNKHTaH Hecka3aHHO oOpaJoBalcs BOSMOXKHOCTH Y3HaTh, KaK
€My YOaJioch BBIJIEMMTBCS, YTOOBI OKa3aTh MOMOLUbL CBOMM JnoasM. Kak
TOJIbKO OHM NPpHOJIM3NIIMCh ApYT K OpPYry, KAnHTaH cpasy cnpocun Homa-

! W3 Haklyyt's Principal Navigators, 1600, nepenesarano u3 xuuru: S. Davidson
et al. (eds.): Human Nutrition and Dietics, 6" ed., Churchill Livingstone, Edinburg,

1975.
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raii1o, 4TO [IOMOIJIO EMY BBI3[IOPOBETh. JloMaraiisi OTBETHII, YTO OH ITHJI COK
JIHCTBEB OAHOTO IepeBa. Torna kanuTaH CIPOCHTI €ro, [I€ pacteT 3TO Aepe-
BO... JloMaraiis cpa3y e [10c1aJl ABYX XEHLLMH, 1 OHU npuHecu 10 Hm 12
BETOK 3TOTO JIEpEBa, @ 3aTeM II0Ka3aJl4, KaKk Hal0 U3 €T0 KOPBI M JIHCTHEB
TOTOBHTb OTBap, KOTOPLIH 3aTEM CleAyeT NMUTh Kaxabli ncHb... Ha sa3bike
MeCTHBIX JXXHUTeNeH 1epeBO Ha3bIBaoCk AMena MM XaHHENblo: 3TO ObLIIO
nepeBo caccappaca JiekapcTBeHHOTO. KannuTan cpa3y nOnpoCHI [PUTOTO-
BHTb TaKOM HaNKMTOK I CBOMX JIOMACH, OHAKO HUKTO HE XOTEN OTBaXHTh-
Csl €0 NMUTh, KPOME OHOTO HIH ABYX 4€JIOBEK, KOTOPbIE BCE-TAKH PEILM-
JHce Ha 3T0. Crienys ux NpHMeEpy, OPYIHE NMOCTYNHIIN TaK XKE, ¥ BCKOPE
Onarogapst 3TOMy HalMTKy BCE CTasM BHI3AOpaBiuBaTh. [lociie TOTO Kak
ueneOHbIE CBOlCTBA HaNKUTKa INEPECTay BHI3bIBATL COMHEHHE, 110 IOBOLY
TOTO, KTO OyZeT NUTh €ro NMepBHIM, Pa3rOPeMChL TAKHUE CNOPEL, YTO, Ka3a-
Jock, Moau Obinu rOToBbl YOUTE apyr apyra. Jepeso, HE YCTYNAKIIEE 110
pazmepaM mobomy nyOy Bo @panuny, B TeueHue 5 uid 6 mHei Obiio 06o-
OPaHO COBEPLIEHHO AOYMCTA, a LeneOHbIi 3ddekT okasascs cTob 3aMeya-
TeJIbHBIM, YTO ecsii Obl Bece Bpay Mounenbe wim JloBaHa MosiBUIKHCH 30€ch
CO BCEMM JIEKapCTBAMHU AJIEKCaHAPHH, TO BPA JI4 HM YOajoch Obl B Teue-
HHE ro1a JOCTHYL TOI'0, yTO OBLNO cienaHo Grnaronaps 3TOMY nepeBy B Te-
Yyenue wecTH gHeil. Tlo Bose boxbeil Bce NpHHHUMAaBIIME HACTOH M3 KOPEI

H JMCTBEB J€peBa BOCCTAHOBMIIM CBOC 310POBLCY.

HekoTtopble TMETONOIH CYHTAIOT, YTO Op-
[AHU3M JOJDKEH OBITh IOJNHOCTBIO «HACHI-
LIEH» CPaBHUTEJBHO OojbuiMMu J03aMu
ackopOuHON KHUCIOTHL COriacHO HX TO4KE
3peHHs, OpraHu3M YeJIOBEKA €ILe CO BPEMeH
NepBOOBLITHOR 3PEI OXOTH ¥ COOHpaTESbL-
CTBa reHeTHYECKH Tipucnocobuncs Kk Gom-
LLMM KOJIMYECTBAM 4CKOPOHHOBO# KHUCIJIOTHI
B NKLIE, [IOCKOJIbKY B TO BpeMs OCHOBHas
YacTh PACTUTENBHBIX H XUBOTHBIX MPOAYK-
TOB HE NOABEPrajace KyJMHapHod oO0pa-
boTke. CyLiecTBYET TaKXKE NPE/I0JIOKEHUE,
COrJIaCHO KOTOPOMY L1 O THMAJILHOTO CO-
CTOSIHHMS 3IOPOBbSA, B YaCTHOCTH s Iipe-
IOTBPAILEHHUS  PaCpOCTPAHEHHBIX  IPO-
CTYIHbIX 3ab0JieBanHii, CIENYET ©KEIHEBHO
NpUHUMaTh Oosbile 03kl aCKOpPOMHOBOMR
KHCJIOTBI, TMOPSAKa HECKOJbKMX TPaMMOB
B A€Hb. TILATENbHO IPOBEIEHHEBIE KIIMHUYE-
CKHME HCCNENOBAaHUS HE BBISBHJIM, OOHAKO,
CTATHUCTHYECKH TOCTOBEPHOH B3auMOCBA3H
Mexy nmpueMoM GonbpiuMx 103 acKOpPOHHO-
BOH KHMCIIOTHl M YacTOTOH IPOCTYIHBIX 3a-
OoniepaHuit, XOTA y HEKOTOPHIX Jtoneill Ha-
Ontopancs ABHEIR NOJNOKUTETbHEIH IPEKT.
TMoxoxe. yto Gosmbume 031 aCKOPOHHO-
BOH KHCJIOTBI He 00ONajaroT TOKCHYECKUM
neficTBueM; e¢ H3OLITOK, NpeBHIILAIOLLIMA
NOTpeOHOCTH OPraHn3Ma, BEIBOAUTCS KO0
B HEH3MEHEHHOM BHAE, JMOo B BUAE pas-

JMYHBIX MPOAYKTOB €€ OKHCIICHHMSL.

B Haum nHU 13 Bcex BHAOB LIMHIH Yalle
[IPYTHX BCTPEYaeTcs TaK Ha3biBaeMas yuHaa
HOB0POXCOeHHEIX, BO3HUKAIOIIAS Y HOBOPO-
XACHHBIX, KOTODbIX KOPMAT IacTEPH30-
BaHHBIM MJM NOpPOLUKOBEIM MOJIOKOM 0Oe3
no6asox ackopOMHOBOH KHCIIOTHL. Y Takux
HIEeTel 4acTO BO3HUKAIOT CIOHTAHHbIE NOMI-
KOXHBIE KPOBOH3IUsIHKA, NTPH yuMbax Jer-
KO 0Opa3yroTcsi CHHSKH.

26.12. HenocraTo4HocTh
puood.iaBuHa ~ ABJICHHE
CTOJIb e 4acToe,

KaK HeJoCTATOMHOCTh
ACKOPOMHOBOH KHCJIOTHI

Hekotopas HepgoctaTouHocTh pubOdIia-
BHHa (puc. 26-12) cpaBHMTENILHO 4acTO pe-
TUCTPUPYETCS BO MHOTHX CTpaHax, B TOM
uycne B CILA. Ona He npuBnekana 6oJmb-
1LIOTO BHUMaHHS$], IIOCKOJILKY T104TH HHKOI-
12 He IPUBOJHT K NOCJIENCTBHAM, ONACHBIM
I35 %u3HM. Yanie Bcero HeI0CTaTOYHOCTH
pubodnasuna HaGonaeTcs y GepeMeHHbIX
XEHIIMH, 8 TAKXKe Y pacTyLLUX AETEH U JIo-
Iei B COCTOSIHMHM crpecca. XapakTEPHbLIMU
MPOSIBJIEHUAMM  HENOCTATOYHOCTH  pHbO-
(hJ1aBHHA ABJIAIOTCA pa3sfipaxKeHHE U pacTpe-
ckuBaHue ry0 M yroJkoB pTa, OEpMaTHT Ha
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PuboaaBul (BUTaMUH B,)

KodepmeHTHbie GopMbI:
naBUHMOHOHYKJIBOTHA U
aIaBHHAAOHMHAMHYK180TH
PyHK1MA:KODEPMEHT B OKUCJUTENHHO-
BOCCTAHOBUTELHBIX PEAKI X

PekomenayeMas exellHeBHas No3a;
1,7 mr

CuHApOM HEIOCTATOUHOCTH:
MOPaXEOHUA KOXH U

cIN3MCThIX nboouek

Puc. 26-12. CTtpykTypa, QyHKUMA U exeaHEBHAR
no3a pubodnabuHa.

Jmue. Horna naGmonaercs Takke aHeMHsL
HenoctatoyHocts pubodiaBuna yacto
[POSIBJIAETCS. B COYETAHHH C HEMOCTATOM-
HOCTBIO JIDYTHX BHUTaMHHOB, HamnpuMep
B Cllyyae Ne/Jarphl

Haunyvynmmy uctounvkamu  pubodiia-
BHMHA CJTyX)aT MOJIOKO, N€YeHb, sailla, MAco
u xenteie oBoum. [lockosmky B x5ebe H
B Kpynax conepxaHue pubodiiaByuHa OueHn
MaJlo, €ro 4YacTo chenuajibHO noOaBisaloT
B 3TW IPOAYKTBL

26.13. HenoctaTounocTb
doaneBoit kKucI0TLI—Haub0ee
PACTIPOCTPaHeHHOe SBJICHHE

Bo BceM Mupe HemocTaTOYHOCTH (honue-
BOi KHCNOTHL (puc. 26-13) cuuTaercs Hau-

Puc. 26-13. CTpykTypa, (QYyHKUHMA H exenHeBHasn
no3a GonneBoH KMCIOTHL

4-59

0oJiee pacnpoCTpaHEHHBIM CIIyyaeM BHTa-
MUHHON HemocTaTo4HOCTH. Yaige Bcero,
OIIHAKO, OHa BCTpedaeTcsi B cnabopa3BUTHIX
TPONKUYECKHX CTpaHax, rae NpakTHecKH BCe
MCHBITBIBAIOT KaK MUHHMYM YMEpeHHYIO
HEIOCTATOYHOCTL  (HOJIMEBOH  KHCIIOTHL
B CIIIA muorue ©OemHble M TpecTapesble
JIIOM CTPANAIOT U3-32 HEXBATKH (OJIHEBOM
KHCJIOTBIL, KOTOPAas MpOSBIIAETCA B BUOEC aHe-
MUK, IOTepH Beca, ooLuei cnabocn. Heno-
CTATOYHOCTL (hOJIMEBOI KHCIIOTHI 4acTO Obl-
BaeT y OepeMEHHBIX XEHIMH H HOBODPO-
X JIEHHBIX. HenocraToyHocTs 3TOrO
BUTaMHMHa THIIMYHA [UI1 MPONUYECK020
cnpy—3aforicBaHus, BBI3BAHHOTO Hapyie-
HHEM BCaChIBaHHs MHOTHX MUTATEIILHBIX Be-
IIECTB B TOHKOM KHIIEYHHKE.

B Gouibiinx koymmuectTBax GoymeBas Kuc-
JI0Ta CONEPKHUTCA B 3CJICHBIX JIUCTbAX OBO-
Lel, B [IE4€HH, APOXKKAX U B MACE, OTHAKO
Npu KyJMHApHO# oOpaboTke NuLM M noja
BO3MEHCTBHEM BOCCTAHABJIMBAIOLLUX arcH-
TOB OHa MOXET pa3pyllaThCs.

26.14. HenocraTouHocTb
NHPHIOKCHHA, OHOTHHA

H TAHTOTEHOBOH KHMCJIOTH!
y nropei

BCTpeYaeTcsi KpaiHe peaKo

IMupunokcud, OHOTMH u NaHTOTEHOBas
kdcnoTa (puc. 26-14—-26-16) conmepxaTtcs
B OosbLMX KOJIMMECTBAX BO MHOTHX IH-
uieBbIX nponykrtax. [lpu oObMHBX yci0-
BHAX HENOCTATOYHOCTH 3THX BHTAMUHOB
y mopeit BcTpeyaeTcs KpaiiHe pemko, HO ee
MOXHO HCKYCCTBEHHO BBI3BaTh y J00po-
BOJIbLIEB WM OOHapyXHThb Yy JIroneH, Npu-
NIEPXUBalOIUMXCA HeoObrMHBIX nHeT. OpH-
THHaJILHBIA CiTy4yait HemoCcTaTOMHOCTH OHO-
TuHa Obl1 OOHapyxeH B OoJmHMUE T.
bocToHa y nmauxeHTa, KOTODBIi B TeueHHE
MHOTHX MECSLIEB MMHTAJICA HCKIFOYHUTESILHO

o
N ] H
N \C—CH,—NOC—N—C—CH.—CH,—COW|
| | | H H |
CH

COOH
$oamepas KHCAOT2

Awxtupuan dopma: TeTparnapodosar

DyHKIMS: KOPOPMEHT B (PEPMEHTATHBHLIX
PeaKLMAX,NPOTEKAWLIAX C TIEPEHOCOM
OO yrAepoanbX GparMenTon

Pexomeniyeman exelhesnan 103a: 400 mkr
CHHAPOM HeAOCTATOYHOCTH: BHEMKUA
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H—C—OH

fTC”"’“
H,C

l'lupunoxcuu (Buramui B,)
Kodepmentnas dopma: nupunoxcaanaoctba'r

GynkimA : KodepMeHT B peakuyuu
TPRHCAMKUHHPOBEHMA M JPYrUX POAKLMAX,
NpoTeKawlLuX ¢.yUACTHEM BMHHOKHCIOT

PekoMeHAyeMasR ©xelHeBHaR 1038 2,2 Mr

Puc. 26-14. CtpykTypa, QyHKUHA H ©XEQHEBHAR
H038 MHPUAOKCHHA.

BMHOM H cbl pbIMH sifillamu. ChIpbie siiinia 6o-
ratel Geskamy, MHHEpAJILHBIMY BELLECTBA-
MH H BUTAMHHaMH, OIHaKO OHM coepxXar
cnelmpudeckuit  6enok—asudux, KOTOPBIR
CBA3bIBaE€T OMOTMH U mNpENATCTBYET €rO
BCACHIBAaHMIO B KulueyHMKe. Ecim ke mu-
TaTbCsl HE ChIPBIMY, & BapeHbIMM sHuamMy,
TO HEOcTaTka B OHOTHHE He HabGmonaeTcs,
TIOCKOJIbKY B pe3yJibTaTe TENJIOBOi AeHaTY-
pauuy aBHIMH TepsAeT CNOCOOHOCThL CBA3LI-
BaThb OMOTHH.

HenoctaToyHOCTL 3THX TPEX BHTAMMUHOB
HMEET MECTO, BEpPOSTHO, Y aJKOTOJHMKOB.
Jns HekoTOpbIX XxuTenei BocToka THIUyHa
TEHJEHIMA kK 06pa30BaHHIO B NOYKAX KaJlb-
LM~OKCaJTATHBIX KaMHEH H3-3a HEKOTOpOH
HE[I0CTaTOYHOCTH NupHIOKcHHa. Henocra-

H
—C——NH\:

l S0

C—NH

H

Buotun
AxTuBuER Popma: BuormTHn
QYHKIMA: NPOCTOTHYECKAN
rpynna nupyBaTkapGokcuiasbt
W [pyrux depMeHTOB,
yuacTsykoumx B nepexoce CO,
[TpeanoniaraeMasn exelHeBHAR
norpebuocts: 150 Mkr

Puc. 26-15. CTpykTyps, QyHKUMS ¥ eXEAHCBHAR
no3a GHOTHHA.

YACTD Ill. HEKOTOPLIE ACITEKTHl BMOXWMHH YEJIOBEKA

TOYHOCTh BUTaMuHa Bg Oblna oGHapyxeHa
y GosmHBIX TYOEpKyie3oM, Koraa uX JICYHIIH
U30HUA3UOOM, KOTODbIi MHAKTHBHpPYET MH-
punokcabdochar—kodepmentayro  dop-
MY NHPHIOKCHHA.

26.15. Jdednunt ButaMuua B,
B NHLIEBOM palUHOHE
BCTPeYaeTCA OYeHb Pe/ko

Butamus B,, (puc. 26-17) npensatcteyer
pa3sBUTHUIO 37I0Ka4E€CTBEHHOM aHeMuM (pasg.
10.11). Hu pacTeHUs, HU XKUBOTHBIE HE MO-
TYT CMHTE3HMPOBaTb BHTaMHH B, ero mo-
IyT 0o0pa3oBbIBaTh JIMLIL ONPEAEIICHHbIE
Saxrepun. bakTepun esryIO4HO-KHIIEYHO-
ro TpakTa 4eJIOBeKa CIOCOOHBI CHHTE3HpPO-
BaTh BUTaMHH B, , B KOJIMYECTBE, AOCTATOY-
HOM JANAd YOOBJIETBOPCHHA E€XKEQHEBHBIX
noTpebHocTeH yenoseka. B Gosbummx koJm-
4YecTBax BUTaMMH B, , CHHTE3UpYyIOT Tarxe
baktepuy, obutaroume B pybue *XKBauyHLIX
XKHBOTHBIX H B CJIENOMH KHILIKe (yexyme) Apy-
rMX TPABOSAHBIX JXMBOTHBIX, HampHMep
KpormukoB. KpoJmKkH yNoOBIETBOPSAIOT CBOH
notpe6HOCTH B BUTaMuHe B, 1 HEKOTOPBIX
JpYTruX BUTAMHHAX, BPEMS OT BPEMEHHU I0O-
enasi coGcTBeHHBIE (heKaun.

IMepHuumo3Has aHeMus —Tsokenoe 3abo-
TieBaHue, NpH KOTOpOM HabmonaeTcs nedu-
LHT TeMOTJIOOHHA H 3PHTPOLIMTOB H CEPbE3-
Hble HApYLUEHHsS NEATeJIbBHOCTH LEHTpasb-

COCH
o
o
NH

|
C=0

H—C—OH
H,C—C—CH,
CH;
OH

TauToTexoBaA kucaoTa
KodepmenTHasn ¢opma: kopepment A
DyHKIMA: NEPEHOCUKK BLUALHBIX
PpYnN NpH OKMCJEHWH
NUpYBATA ¥ XMPHLIX KMCJIOT
[peanonaraeman exefHeBHAs
notpebHocTb: 5—10 Mr

Puc. 26-16. CTpyxTypa, GyHXNUs ¥ eXenHeBHas
1038 NEHTOTCHOBOK KHCIIOThI.



I'J1. 26. MTUTAHUE YEJNOBEKA 835

& : N/\
T =
N
‘l-'. ) =
. 5' ki p
- -
e
‘.
¥ "
Buramux B,
KobeprenTHas opma:
ne30oKCHAJeHOIMAKODaARMMH

(xodepmenr B, ,)

& Y
YHKUMA: KOQEPMEHT 8 p

wanms MeTHaMBAOWRA-CoA B
cykigHia-CoA H 8 HOKOTOPBIX APYrHX
PeaKIHAX

Pexomennyemen exeluessas fos3a;
3,0 mxr

CHHAPOM HENOCTATOMHOCTH?
JAOKRUACTBOHHEN BHEMUR

fipesp=

Puc. 26-17. Ctepeomone b CTPYKTYPHOrO CKeJETa
puTaMuUHA B,, (koGanaMuHa;, cM. TaxXe pa3jl.
10.11)

HOI1 HEpBHOI! crcTeMbl. OHa pa3BuBaeTCs He
B pe3yibTaTe HENOCTaTka BUTAMHMHA B,
B IMLIE, 2 U3-32 HECTIOCOOHOCTH BCAChIBa-
HHS 3TOTO BHTAMMHA B KHIUEYHHMKE BCJlen-
CTBUE HapyllleHHs CEKPElMH ONpenesieHHo-
TO FJMKOMPOTEMHA B XKeEJYAKE. ITOT LIHKO-
NpOTEHH, NOJYYHBLIKNA HA3BAHHE 6HYMpeH-
Ke20 gfakmopa, HeOOXOAMM 11 BCACLIBAHHA
puTaMuHa B,,. IlepHHLNO3HYIO aHEMHIO
JieMaT WHBEKIMAMU BHTaMuHa By, nim ne-
popasibHEIM BBeEHUEM GOMBIIMX O3 3TO-
ro BUTAMHHA, KOTOpbIE MOTYT KOMIIEHCHPO-
BaThb HapylleHue ero BcacbiBanMs. Ilo-
CKOJIbKY TIEu€Hb 4eJIOBEKa MOXET 3amacaThb
pUTaMuH B,, B KoJM1ecTBaX, 10OCTATOYHbIX
QU1 YROBNETBOpeHHa norpebHocTel yeJo-
Beka B HEM Ha MPOTKEHHH HECKOJIbKUX JIET,
MCTHHHAS HEAOCTATOMHOCTh BUTamuHa B,
BCTpeuaeTes kpafine perxo. BererapuaHitbl
YIIOBJIETBOPSIOT CBOH MOTPEOHOCTH B BUTA-
muHe B, 6o 3a cuer GakTepuit KHILEYHY-
ka, 60 3a cuer GakTepui, NOCTYNAXONMX
B KMIUEYHUK BMECTE C pacTHTEJLHON
nvei.

4*

26.16. HenocTaTo4HOCTD
BHTAMHMHAZ A NPHBOIHT K
MHOIOYHCJICHHLIM NOC/IEACTBRAM

Taxue cBf3aHHBle C HAPYIUEHUEM NHTa-
HUs GoJsie3HY, KaK kcepogmasemua («cyxme
Inasa») M Kepamomasayus (M3ObITO4HOE
obpa3opaHHe KEpaTHHA B KOXE M POTOBHE
1ia3), MUpoKo pacnpocrpakedsl B IOro-
Bocrounot Aszmu, llentpaisuo#t M IOx-
HOM AMmepHKke M B HEKOTOpBIX paitoHax
Adpuxn; B CIIA onm BeTpewaroTcs pen-
k0. OTH 3aboseBanns 0OycloBeHbl Heno-
CTaTOMHOCTBEO BUTaMMHa A (puc. 26-18)
WJIM KapOTHHA —PEALUECTBEHHNKA BUTAMH-
Ha A. KapoTuH conepxurca B 60JbIIMX KO-
JI{YECTBAX B KEJIThIX PACTEHUSX, TAKHX, KaK
MOpKOBE H Gatat. OcobenHo yacTo HexBaT-
Ka BuTaMiHa A HaGmonaeTcs y neteit B Tex
paitoHax, rie Jroau MUTAITCs HEJOCTaToy-
HO KkaJopuliHoit n GegHolt Gesxamy IHIUeH.
B CIIA HexocTaTO4HOCT, BHUTAMUHA
A BcTpeyaeTcs y Jnoneii ¢ 3abosiePaHUSMH
KHLUGYHUKA WM NOMKEIYAOYHON XKeNesbl,
IPH KOTOPbIX HapyLIAETCA BCACHIBAHUE XKH-
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HQC/ \Cﬂﬂ
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CH,OH
Butamus A (peTuHox)
AKTHBHES (popMa: Heu3BecTHA
DyHKIMA: YYACTBYET B peuenimu
ceeTa; HeoOxoluM OAR HOpMasbHOIO
pesBuTHs Tkexefl CeTueTKM

PekoMeHIyeMas exe[HeBHAA A03A:
1,0 Mr

CHHAPOM HEeLOCTATOYHOCTH: HOUHAH
cJjenoTa, ocrabienne ConpoTUiie—
MOCTH MHGbeKIMAM

Puc. 26-18. Butamuu A,
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Puc. 26-19. Houkas cjenora NpH HEAOCTATOYHOC-
™ BuTamuHa A. A. Ceer ¢ap npubnmxawiierocs
aBTOMOGCHNSA YBHAAT KaK 3/0pOBBIi YEJIOBEK, TAK H
YENOBEK ¢ HENOCTATOYHOCTBIO BUTaMuua A. B.
Ilocne toro kak aBTOMOGHIL NMpoexaln, 310pOBkIii
4ENOBeK BUAHT ANHHHYIO MOJIOCKY A0poru. B. Ye-
JIOBEK C HEAOCTATOYHOCTLIO BHTAMHHA A C TPYIOoM
BHJIMT NHIIb KeGONbILOH y4aCcTOK AOPOrH M COB-
CEM HE BHIAWMT JOPONKHOIO 3HAKA.

POB; TakKHe JIFOHW HE MOTYT YCBAUBATHL XH-
POPAacTBOPUMBIE KAPOTHH WJIM BUTAaMuH A.
Pannue cramuu kcepodprampmMuu  npo-
AIBJIAKOTCS B BUAE HOYHOT Caenombl. ITO 3a-
6onepaHue BO3HHUKAET B pe3yJibTaTe HEOO-
CTaTKa 3PUTENILHOTO MUTMEHTA — podoncuHa,
COIEpXKAlLErO B Ka4€CTBE aKTUBHOM I'PyNIIb]
pemuranb, NPEAIUECTBEHHUKOM KOTOPOTO
ABdeTcs BUTaMUMH A (pa3g. 16.14)
(puc. 26-19). Ilpu HemocTaTKE BHUTAMMHA
A yMEHbUIAETCA TAKKE YCTOHYMBOCTEL BCEX
TKaHEH K MHQEKUMAM.

ButamuH A 3anacaercs B neYeHH B KOJM-
YECTBAX, KOTOPBIX JOCTATOYHO HA HECKOJIb-
ko MecaueB. OnHokpaTHo# 30-MHuKporpam-
MOBOH 103bl BUTaMMHAa A pebenky XxBaTaer
Ha 6 Mec; B Ie4EHH B3POCJIOro YEN0BeKa Mo-
KeT HaKarMBaThen 6osiee 300 MKr BUTAaMH-
Ha A. OcobeHHO MHOTO BUTaMMEA A Co-
IEPXUTCA B Me4eHH prI® u MilekonuTaro-
oMX, OOMTAIOLMX B XOJIOOHHIX BOJAaX
ApkTukn. Beicokue no3bl BUTaMuHA A (B
20-30 pa3 (peBLIMIAIOIME PEKOMEH[IO-
BaHHbIE) MOTYT NMPHUBOAMTL K TOKCHYECKHM
3(theKTam, KOTOpPbIE NPOABJIAIOTCA B POpME
MHOTOMMCJIEHHBIX  OOJIE3HEHHBLIX CHMITTO-
MOB. HekoTopele McenenoBaTenu ApKTHKH
Jaxe norubam mocjie TOro, Kak Chemaju

B

MeYEHb MOJIAPHOTO MeBes, B KOTOPOH Co-
OEP)RHUTCH OONbIIOE KOJIM4YECTBO BUTAMHUHA
A. Tokcuueckoe neiicTBHe BUTaMHHA A 4a-
CTO OTMEHAIoT Yy JnoneH, 3Jioynotpebiuito-
MX BUTAMHHHLIMH TIpenapaTaMy.

26.17. HenocraTounocTs
puTamMpHa D ppuBoguT
K PAXHTY H OCTEOMAJIHAIMH

B cBoe BpeMs HEZOCTATOMHOCTL BHTA-
MuHa D 6blta LUMPOKO pacnpoCTpaHeHa BO
MHOIMX CEBEPHLIX CTpaHax (pa3a. 10.15), on-
Hako ceityac B CIIIA ona BcTpeuaetcs kpaid-
HE peaKo. Y NeTei Npu HEXBaTKE BUTAMHHA
D pasBuBaeTca paxum (aHANOrOM €ro
y B3POCJILIX SIBISIETCA OCMEOMANAYUA)—3a-
OoJieBaHME, OPOSABJLAIOLIEECA B pa3Marie-
HHU U geopMalu KOCTEH M3-3a HENOCTAT-
Ka B HHUX kKaibuusa. OHO o6yciioBiieHO He
HEeIOCTAaTKOM KaJsbLMs B IHIUE, 8 HEXBATKOM
ropmona — |,25-nuruapokcuxoJiekanbLnde-
pona (cm. puc. 10-22), npeauiecTBEHHHKOM
KOTOpOoro OObIMHO CaykuT eumamud Dj,
WM xosekanbuugepost B 6saronpuaTheIx
YCJHIOBUAX BUTaMHH D MOXET M HE moOCTy-
naTh B OpraHyu3M C NUILEH, Tak KaK npu Oo-
CTaTOYHOM OOJIyYEeHHUM KOXHU COJIHEYHBIMHU
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(liHa
HC—CH, —CH;—CH,
CHj, CH, —(':H
CH, CH,

HO

Butamun D, (xonexaabLydepo)
AxTuBRas $opma:
1,25-smruapoxcuxofekanbludepon
GYHKIMA: AKTUBHBIA KOMIIOHEHT MOPMOHY,
perympytouero obmen Ca u docdara

PexomeHflyemas exelHeBHas [03a:
10 mkr

CUHIPOM HE[OCTATOUHOCTU:
paxuT, oCTeoMalsums

Puc. 26-20. Buramun D.

JlydsaMM XoJleKaJbliu(epos1, T.€. BUTaAMHUH
D, (puc. 26-20), o6pa3syercs u3 7-gernapo-
XOJIecTeEpoNa B pe3ybTaTe (OTOXMMMYE-
ckoll peakumH. ONHAaKO mpu HENOCTATOY-
HOM BO3[JCHCTBMM COJIHEYHBIX JIyyell Ha
KOy BUTaMuHH D nosmkeH nocTynaTth B Op-
raHusMm ¢ muitei (pasa. 10.15). Ecou nuuo
peberka exenHeBHO X0TA Obl B TeyeHue No-
Jly4aca HAXOOMTCA NOA MPAMBIMH JTy4aMH
COJIHLA, TO 3TOT0 OOCTAaTOYHO [JIA TOTO,
4TOObI 00ECNEYNTL MMHUMAJILHYIO CYTOY-
HyI0 noTpeOHOCTL B BuTaMuHe D. Dcku-
MOCHI BO BPEM# a PKTHYECKOH 3MMbI MPaKTH-
YE€CKH JIMILUCHBI COJIHEYHOIO CBETA, OMHAKO
OHHM MMEIOT BO3MOXHOCTbL NOJTy4aTh Heob-
XOONMOE KOJIMMECTBO BuTamMuHa D Bmecte
¢ ©Ooratodl 7TMM BUTAMHHOM PpbLIOOIH
(puc. 26-21).

Crpanaroll¥e paxMTOM MaJIeHbKME [IETH
BBITIAT OOBMHO XOpPOMLIO YNMTAHHBLIMH,
HO NPH 3TOM Y HUX CHWXXEH MBILUCYHbIH TO-
HYC W 3amealieHa noxonka. Ilpu paxute ne-
($hopMuUpyIOTCA KOCTH Yepena, Fpyau, No3Bo-
HOYHMKA ; OCOOCHHO THMMYHBLIM NPU3HAKOM
SIBJIAETCA UCKPHUBJIEHHME HOT M MOBOPOT KO-
JieHei BOBHYTpb. Ha paHHux ctaausx 3abo-
JieBaHus JieueHue BuTaMHHoM D moxer uc-
npaBUThL cJ1aboBbIpaxeHHy O nedopMaluio,
onHako Ha 6oJiee no3aHUX cTaausax nedop-
Malus CTAHOBHTCA HeoOpaTUMOId.

VY B3pOCHBIX JroOeH paxuT NpPOsABIIAETCS
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Puc. 26-21. HegoctaTo4HoCTh BHTamuua D o6biu-
HO pa3BuBaeTcs NpH aeduuHTe YIbTpadHONETOBO-
ro o0ny4eHHs COJTHEYHBIM CBETOM, KOTOpOE HeoO-
XO[MMO AN NpeBpalLeHs 7-AeTHAPOXOJecTeposa
B BuTaMuK D,. CyllecTByeT MpeanonoxeHue, 4ro
MpPEAKH YeNoBeKa XKHUJIK B TPONHKax U bl Tem-
HOKOXHMH. 10 Mepe nepeMelLEHHs Ha CEBEP TEM-
Hblii IBET KOXH, 3alUHILAIOLE ee OT yabrpaduo-
JieTa, CTAHOBMJICS HeONaronpuATHLIM, Tak Kak npe-
NATCTBOBAN CHHTE3y BUuTamuKa D. Cdhopmuposas-
wimiica B pe3ysibTate rekerHdeckoro orbopa 6e-
Jblii 1IBET KOXM CrocobcTBoBan JydlleMy yCBoOe-
HHIO YJIbTpadHONETOBLIX Jlyyell y xuTesell ceBepa.
Y 3CcKHMOCOB Takoro oréopa He NPOK3OLLWIO, NO-
CKOJIbKY OHM nojlyqaiot 6osblloe KOJIMYECTBO BH-
Tamuna D ¢ pruboii.

B hopme ocTeomansauun. bepeMeHHblIE XKeH-
LLMHBI C OTPAHUYEHHBLIM MMTAHUEM OCOOeH-
HO CTPaJaroT OT HeXBaTKM ButamMuHa D, no-
CKOJIbKY Pa3BHBAFOLIMIACS 1510 UCTIOIB3YET
nonbl Ca?' U3 MaTEPHHCKOTO CKEJETA.

Ilpu HepoctaToYHOCTH BuTaMMHA D
B muilLy nobapnsroT obyYeHHbIH 3peocme-
poa. DTOT CTEPOJ U3 IPOXKeH JIETKO mpe-
BpallaeTcss B 3pzokasbyugepon (pasn.
10.15), koTOpHIH MO CBOEMY ACHCTBHIO aHa-
noruven ButamuHy D. TlpakTuueckn nos-
Hoe ucuesHopene paxuta 8 CIIA sBnseTcn
creacTBueM 06orallieHus KOPOBLETO MOJIO-
xa obyyeHHbIM 3procteposiom. Exenmen-
Han 1033 BUTaMUHa D a1 B3pOCHBIX JIO-
[Aed, He TOABEPrarolmxcs OOIYyUEHHIO CO-
JIHEYHBIM CBETOM, cocTaBisetr 10 Mkr.
J03bl, peBblLIatolHe 1,5 Mr B ieHb, Kpaii-
HE TOKCHYHBI.
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26.18. HepoctaTtouHoCTh
sutamunoB E win K y moned
BCTpeYaeTCH Kpaiide peaxo

Tlockomexy B CIIA conepxkanne BUTaMu-
HOB E 1 K B OOLMHBIX IMPORyKTax MUTAHUA
3HaYMTEJILbHO [pEBbILACT MMHMMANLHbIE
©XeNHEBHbIE TMNOTPEOHOCTH, HENOCTATOY-
HOCTh 3THX BUTAMHHOB-—SIBJIEHHE KpaiiHe
peaxoe. Butamun K MoOryT, kpome TOrO,
CHHTe3upOoBaTh OakTepuu KUIleYyHHMKA. Bu-
tamuHel E u K oTHOCATCH X %HpopacTBoO-
PUMBIM BUTAMMHAM, MO3TOMY MX BCACHIBA-
HUE B TOHKOM KHILEYHUKE MOXET Hapy-
LaThcsl TPH COCTOSHUSAX, COITPOBOXIAK0-
LUMXCH MaTOJOTMYECKUMM HM3MEHEHMSMY
NpoLecca BCACHIBAHUA JIMIMIOB, B YaCTHO-
CTH IpY HAPYIUCHUAX CEKpeLM KeJMHBIX
kucnoT. Buramun E (puc. 26-22) npenoxpa-
HAET JIMMHOB! MeMOpaH OT OKUC/MTeSbHOMN
NECTPYKUMH MOJIMHEHACHILUEHHBIX XUPHBIX
KHCIOT. ExXXelHeBHO pexoMeHIyeTCs MoTpe-
6na1e 10-30 Mr a-ToKodepona. B Gonbuumx
n03ax Tokog)eposI He TOKCHYEH, OXHAKO HET
HUKAKUX NOKA3aTeNLCTB, yTO Oomuume [o-
3Bl TOKO(epOJIa yIIYUIIAOT {BET JIMLA U Bhi-

HO CH,

CH, CH;,

H,
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JieunBalOT Oecrionue, Kak CUHTAIOT HEKO-
TOpPble 3HTY3UACTBL

Butamuu K (puc. 26-23) natoT HOBOPOX-
IEHHBbIM, @ TaKXe GOJILHEIM IO U MOCTIE One-
paLMi Ha nedYeHM MJIM KETYHOM IMy3kIpe
€ IeNLEO NOANePKaHUsA HOPMaJIbHOTO YPOB-
Hs mpoTpoMbuna B kpoeu. Hemoctartou-
HocTh BuTaMuHa K, Kak yXe TOBOPHJIOCH
patiee (pasa. 10.17), npuBomuT kK Hapyllie-
HuAM (epMEHTATHBHOIO KapboKcUIHpoBa-
HUS OTPefeNIEHHLIX OCTATKOB TJIyTAMMHO-
podf KUCIIOTHI B IHPOTPOMOMHE M OpPYyIuX
OeJikax, yvacTBylOLMX B paboTe CBEpTHI-
Baroueit cucteMbl kpoBu. OueHb Oofbiiue
no3bl BuTaMuHa K TOKCHYHEBL

26.19. B numue uesioBeka
JOJTAKHBl COAEPKATHCA
MHOUHE XMMHYECKHE JIeMEHTbI

KpoMe IIecTH «OCHOBHBIX» 3JIEMEHTOB
~yIJepona, BOAOPOKa, a30Ta, KMCJIOPOna,
cepe! U ¢ocdopa,—U3 KOTOPEIX COCTOAT
YTJIEBONBI, XHMPbL, O€JKH U HYKJIEHHOBBIE
KUCJIOTBI, i1l HOPMAJILHOTO MM TaHHS YeJIo-
BEKY H 3KCOEPMMEHTANBHEIM XHUBOTHBLIM

CH, CIJHa

I
CH;— CHy—CHy—CH — CH, — CHy—CHy— CH—CHy—CH; — CH,—CH—CHj

Buramua E (a-Tokotepon)
AKTHBHaA ¢opma: HEH3BECTHE
dyHKIMA: TOYHO HE YCTAHOBJIEHS;

M3BECTHO JKUb, YTO BUTAMKH
npelloTBpallaTh NOBpex/AeHHe
Mem6paH KUCJOPOLoM

E moxert

PexomeHayeMas exeiHeBHas f03a: 10 Mr

(|3Hs

CH, CH,

4

Puc. 26-22. Butamun E.

CH; CH,

|
CH;— CH=C—CH,~CH, —CH; —CH — CH;— CH; —CH, —CH—CH,—CH;— CH;—CH —CH,

Butamun K

AKTUBHAS (pOpMa: HEeU3BeCTHA

dynkims: xohepMeHT B peakLUuu
KBpOOKCUAMPOBAHIS [JIyTAMHHOBBLIX OCTATKOB
nporpombuna 1 Apyrux GenkoB
MpeknojaraemMas eXeHEBHAR NOTPEOHOCTD:

1wmr

Puc. 26-23. Butamun K.
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HYXHBI TakXxe MHOTHE OPYrHe XMMHuecKue
aneMenTn! (Tabn. 26-13). HenoctaTouHOCTh
MHKPO3JIEMEHTOB y Jnonelt BcTpedaeTcs
PEOKO cKopee BCEro M3-3a TOTo, YTO OHM
B U30LITKE COnEPXaTCH B OONMbLIIMHCTBE M-
UIEBHIX MPOAYKTOB W TIUTBEBOH BOJE.
HNmerotes Bce OCHOBaHUA CYUTATD, YTO JIFO-
IIM HyX[aroTcs B TeX XKe 2JIEMEeHTaX, Heo6-
XOOUMOCTb B KOTOPBIX JIoKa3zaHa [Jisl KphIC
U UbIAT. He uckimoyeHo Takxe, 4To B pe-
3y/IbTaTe pasBUTUs B Oymylliem HOBBIX 3KC-
NEPUMEHTAJILHBIX METOHOB, IO3BOJISIOLLMX
M3y4aTh BIMSHME HENOCTATOYHOCTH KaKHX-
mibo nuUTATEIbHEIX BEIECTB, W PacIuupe-
HUS HAIMX NpeacTaBileHuii 00 aKTHMBHBIX
rpynnax ¢epmeHToB OynyT oOHapyxeHbl
HOBBIE HeoOXOmMMBble YeNOBEKY 3JICMEHTHI,
KOTOpLIE NOKa He Bouumd B Tabn. 26-13.

Tabauya 26-13. Xumuyeckue IneMeHTh, Heol-
XOOUMEIE OIS HOPMAJILHOTO TIMTaHMA YeJoBeKa

OcHoBHbie FAeMeHMpl

Kansunit ®ocdop
Xnop Kamuit
Maruuit Hatpuit
Muxkpo3semermut
Mens Marunit
®Top Monubnex
Vion Cenen
Kenezo Hunx

Hexomopvie Muxpozsemenmsl, Heobxooumocmp
KOMOpbIX OOKA3AHA OAf MHCUGOMKBIX U 8eCbMA
@epOAMHA OAA YeAoeeKd

Mbeiubak Kpemuuit
Xpom Onoro
Huxems - Bananuit
Y1061 BHIACHHTb, HEOOXOAMM JIM

JIaHHBIH 2JIEMEHT OpraHK3My, HEJIb3s orpa-
HHYMTBCA NPOCTHIM MMKpPOAHaIM30M TKa-
Heii aKcnepUMEHTaIbHBIX XXMBOTHBIX. TkaHu
MMBOTHBIX W YEJIOBEKA MOTYT COIEPXaThb
HeOomblne KOJIMYeCTBa 3JIEMEHTOB, IpH-
CYTCTBHE KOTOPBIX He sBifeTcs Heobxo-
JUMBIM 1711 00pa3oBaHus KaKoi-To 6M0JI0~
IM4ecKoll CTPYKTypbl WM obecneueHun
KaKoi-1o (yHKUMM, MOCKOJILKY 3TH 3Jie-
MEHTb! MOTJIM NONIACTH B OPTaHU3M CJIyvaii-
HO B Ka4ecTBe MPUMECEi NMUILEBbIX NMPOIYK-
TOB. B kauecTBe npuMepa MOXHO TTPUBECTH
HaKOTJIeHHE TOKCHYHEBIX KOJIMYECTB DPTYTH

B TKaHSX TYHIIOB M JApyrux pel6, xapaktep-
Hoe [JI8 palfoHOB, re Mope 3arpssHEHO
[NPOMBILLUIEHHEIMH OTXOIAMM.

Huxe MBI KpaTKO pacCMOTPUM 3Jie-
MEHTH], HEXBATKa KOTOPEIX B NUILE Y€NOBe-
Ka BCTPEYAETCHA CPABHUTENLHO 4acTo M Mo-
WET MPUBOJMTEL K BaXHBIM OJIS 30POBbS
riocneAcTBUAM. XUMWUECKHE IJIEMEHTEL, He-
o6xonMMBble LIS NMUTaHUS 4YeJI0BeKa, MOIyT
OLITL pasnesneHLl HA MaKpo- W MUKpO3Ae-
Menmul (Tabn. 26-13). HanoMHUM, 4YTO exXe-
OHEBHAS NOTPEOHOCTE B MAKpPO3JIeMEHTax
100 Mr/cyT, Torna xak norpebHOCTs B Mu-
KPO37I€eMEHTaX He NPEBLIIAET HECKOJLKUX
MLUMrpaMMoB, ITutaTenbHoON NEHHOCTHIO
obnajaroT MUL OHOJIOrHMECKH NOCTYTIHbIE
XUMHMMECKUE IJIEMEHTHI, KOTOpPhLIE MPUCYT-
CTBYIOT B ITMILEBLIX NPOAYKTaX B BHIE CO-
Jielt WM APYIUX PacTBOPUMBIX XHMHYECKMX
coeauHeHHH.

26.20. Kambimit 1 ¢ocdop
HEOOXOAHMBI /IJIfl PA3BHTHA
KocTeil H 3y6oB

B opraHusMe B3poCIIOro YeJioBeKa conep-
®uTCcH 6oJbILe | KT KaJIbUMA, KOTOPbIi noy-
TH LIeJTMKOM HAXOOMTCH B KOCTAX M 3ylax,
obpasys Bmecte ¢ ¢ochaTom HepacTBO-
puMbifi  KpucTa/UImMeckuli  MuUHepan —2u-
Opoxcusanamum kasvyus. Kpome Toro, Bo
BCeX KJIETKax KaJIbIMi urpaeT poJib BaXHO-
ro BHYTPUKJIETOYHOTO pery/sTOpa M/ Mo-
cpenuuka (pasa. 25.23), noMoras perysmpo-
BaTb AKTHBHOCTH TKaHEW  CKeJIeTHBIX
W cepeyHol MBI, a TakXke MHOTHX Npy-
rmx opraHos. Kanbuuit B 60JIb1IMX KOJTHYe-
CTBAX COJAEPKUTCA BO MHOTMX MUIIEBBIX
nponyKTax, 0cOGEHHO MHOTO €r0 B MOJIOKE,
chipe, 3epHax 371aKkoB, 6obax, opexax u OBoO-
max. B nuTaHuK yesioBeka KajblMii urpaer
OUYeHb BaXHYIO POJb; NOTPeOHOCTL B HeM
OueHL BEJIMKA Y [eTell B CBA3H C POCTOM KO-
CTeil, a Takke y GepeMeHHBIX U KOPMSIIHX
XeHUMH. BcachiBaHue KabUHA B KMIIEYHHU-
K€ 3aBUCHT OT MHOTHX (JaKTOpPOB, B TOM
qucie oT pH, coOTHOIIEHMs Mexay codep-
wanueM KanbLms U ¢ootopa B nuiue, Hasu-
Yis B MMILE XUPHBIX KUCJIOT, B TOM YHCJIiE
HEKOTOPBIX KUCJIOT PACTHTENILHOTO NMPOUC-
XOXIEHHS, ¥ B IEPBYIO OYepelb OT HAIMYMSA
BUTaMHuHa D, KOTOPBIii peryupyeT nporecc
BcachblBaHUs kKanbLus, M3-3a  nepeuuc-
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JIEHHBIX BBILUE NPUYMH B KMIUEYHUKE PEalib-
HO BCAaCbIBAETCA TOJILKO 4aCTh MOCTYNaro-
IIETO ¢ MMIleH KaJbuus.

H3yueHHe poJM KaJlbUMsi B NUTaHUM OC-
JIOXHEHO HaJlM4YMeM OveHb OOJIbILOTO U Jia-
OMIIbHOTO 3anaca Kajibuus B KOCTAX, KO-
TOPbIH MOXET UCNOJIb30BATHCH MPH HENO-
cratke Kaimbuvs B nuuwe. Hanpumep,
y OepeMeHHBIX WM KOPMSILITUX JXEHLIMH NPH
HENOCTATOYHOM  KOJIMYECTBE  KaJlbLMsi
B [MILE 3anac KaJbLMn B KOCTAX MCMOJb-
3yeTcs 14 pocTa miona unu obpa3oBaHus
6oratoro kambuueM MoJIOKa. bBombiuas
4acThb KaJIbuMsl B KOCTAX NOCTOAHHO OOHOB-
ssietcs. ExenHeBHO U3 KocTel ckenera yxo-
OMT M B HHMX BO3BpallaeTcsi NpHMEPHO
700-800 Mr kambuus. Moluubli pesepsyap
KaJbLUsl B CKEJIETE MOXET JIErKO YNOBJeE-
TBOPATE KpaTKOBpeMEHHbIE NOTpeOHOCTH
ApYIUX TKaHeH.

B3pociibiM JronsiM peKOMEHIYETCs exen-
HeBHO noTpeOnsaTs ¢ nuiel 800 Mr kxammb-
uus (Tabs 26-2), GepeMeHHBIM, KOPMSALIM
KEHUMHAM UM noppoctkaM — 1200 Mr B AeHb.
BcacbiBatue KaibLHsi B KMILEYHHKE M3 3€-
PEH 3J12KOB 3aTPYOHEHO, TaK KaK OCHOBHAS
€T0 YaCTb POYHO CBA3LIBAETCA C UHO3UMOA-
2excagpochamom (nrm duTaToM,
puc. 26-24), obpa3sys KaJbUHIi-MarHUEBYIO
coib humun. Kak Mbl YBUAMM fasiblue, Qu-
TAT CBA3BIBAET U OPYIHE BaXKHLIE IS M-
TaHUsl 4HEJIOBEKA 3JIEMEHTH, OCOOEHHO
L{UHK.

Kosmmectso docdopa B opranusMe yeno-
BEKa TakXe 04eHb Besuko. OH BXOOUT B CO-
CTaB HE TOJIbKO KOCTEH, HO U HYKJICMHOBBLIX
KUCJIOT,  HYKJIEOTHAHBIX  KO(EPMEHTOB
U ATP-ADP-docthatHoil cuctemnr, obec-
NeYMBAIOUICH COXpaHEHME W MpeBpauleHUe
JHepruu B opraHusme. ®ocdop HACTOJIBKO

0—PO> O—PO~

H O—PO;*
H H
O0—PO;>~ H
H O0—PO;*~
PO~

Puc. 26-24. Anvon ¢urara. MROTrOYHC/IEHHEIE
¢ocdartHbie rpynnbl guTaTa MOTYT O4€HB MPOYHO
CBsi3bIBATL MOHK CaZt, Mg?* u Zn?*, npenorspa-
uias TakuM o6pa3oM ux BcacuiBaHue. dUTaThl 06-
HapyXeHbl TOJILKO B PaCTHTEJILHbIX NPOOYKTAX,
OCOBECHHO MHOTO HX B 3epHaX 3JIaKOB.

LUMPOKO PAaCNPOCTPAHEH B MHILEBBLIX MPO-
JYKTax, 4TO CJiyyau €ro sBHOW HenocTtaTou-
HOCTH TpPaKTHYECKH HeusBecTHbl. OpHako
naneko He Bech (ocop, comepxalimiics
B MUUIEBLIX NMPOaYKTax, MOXET BCacbiBaTb-
csl, NOCKOJIbKY €r0 BCacblBAHWE 3aBUCHT OT
MHOTHX $aKTOPOB, aHAJOTMYHbIX TEM, OT
KOTOPBIX 3aBUCHT BCachbiBaHMe KaJibLiMsl, W
B YAaCTHOCTH OT HAJM4YHA B TNHILIEC BMUTa-
muHa D.

26.21. Hexotopas
HEeOCTATOYHOCTh MATHHHA —
SIBJIcHHE CPABHHTEILHO 4acToe

B opranuiMe vuesioBeka COOEPXHTCA
okono 25 r maruua, 6ormiuan 4YacTh KOTO-
poro cocpenotoyeHa B KocTaX. Bo Bcex
KJIETKaX KOHIIEHTpaliis MarHus CpaBHM-
TembHo Besmka (5-10 MM). Wonsr Mg?*
HUIpalOT OYEHb BAXHYIO POJIb BO MHOTHX
(EPMEHTATHBHbIX ~ peakuusX, OCOOEHHO
B rymukosm3e U ATP-3aBuCHMBIX peakLiusx.
HecMoTpn Ha TO uTO 60MBIUas 4acTh (M-
ILEBbIX MPOOYKTOB COOCPXHMT  3Ha4u-
TeNbHbIE KOJMYECTBA MarHusa (0coOEHHO
MHOTO €ro B XJIopoduIUle 3eJIEHBIX OBO-
uieid), CTaHOBUTCA BCE OoJiee OYEBMIHBIM,
yto B CUIA comepxaHue 3TOro 3JI€MEHTa
B ITHILE YACTO BCE ¥KE HEAOCTATOYHO, HANPU-
Mep B pau{oOHe Npectapelbix U Manoobec-
neyenHsiX Jironed. O4eHb 4yBCTBUTEILHBI
K HEXBaTKe MarHHus aJIKOTOJIMKH ; Y HHX OHa
yacto HabmopaeTcss na ¢oHe OeskoBo-
KaJIOPUAHON  HENOCTATOMHOCTH  NMHIIM.
B3pocnbiM - MyXuMHaAM  PEKOMEHAYETCH
exenHeBHO mnoTpebnaty 350 Mr MarHus.

26.22. CopnepixaHue HaTpHS

H KaJIHA B IHIUEe HMeeT BaiKHOe
3Ha4eHue A NMpOQHIAKTHKH

U JIeYEHU THICPTOHHA

Hatpuii u kasimii B GOJILIIMX KOJIMYe-
CTBaX MPHCYTCTBYIOT TIOYMTH BO BCEX MpPO-
OYKTaX MUTAHUS, U ABHAA HEOOCTATOYHOCTD
3TUX 3JIEMEHTOB—fBJEHUE KpailHe penkoe.
I1pobneMbl, CBI3aHHBLIE C 3ITUMH JIEMEHTA-
MH, BO3HUKAFOT, KaK MpaBUJIO, HE B PE3YJIb-
TaTe UX HEOOCTAaTKa, a BcjencTBue auchHa-
nanca. Mon Na * npencrasnser co6oii oc-
HOBHOHl BHEKJIETOYHBLIH KaTHOH, HOH K* -



. 26. MIUTAHUE YEJIOBEKA 841

OCHOBHOW  BHYTPHMKJIETOYHBIE  KaTHOM
B opranu3me yenopeka. O0a 3T HOHa
WIPaloT OYEHb BAXHYIO POJIb B PETyJIALMH
BOJIHO-3JIEKTPOJIMTHOTO M KHCIIOTHO-OCHOB-
Horo paBHOBecuii. ConepiaHue Kaxaoro us
HMX B CBOIO Ouepeab PeryIHpyeTcs MUHEPa-
JIOKOPTUKOMAHLIMHA TOPMOHAMHU KOPBl HAl-
noyeynukoB (pa3a. 25.18).

HcTunnas exegHeBHan noTpeGHOCTL Op-
raHM3Ma B HaTpUM cocTaBidaeT Becero | r,
TOTa Kak cpenHee noTpebnenue 3toro 3ne-
MeHTa B CLUA nocturaer npubims3urtesbHO
5 r. Tak xe, Kak U B cJIy4ae ¢ caxapom, yro-
TpebNeHKe com pe3ko BO3pocio 3a Nocen-
Hee BpeMsA. MHOTHe JIOAW MCTIBITHLIBAIOT
IPSMO-TAKU «KaXIy» B OTHOLUEHUH COJTH
U MoryTt cbenaTh 00 10T HaTpus B [€Hb.
HenpepuiBHoe notpebiieHue M3OLITOYHBIX
xosmyectB NaCl He Toimbko cnocobeTByeT
MPEeXIEBPEMEHHOMY MOSABJICHUIO 2Unepmio-
HUU, HO U CYILIECTBEHHO OCJIOXHAET NMpoTe-
KaHHUe 3TOT0, BCTPEYaroIErocs yaue y Her-
poB, YeM y Genbix, 3abosieBaHus, pa3BUTHE
KOTOpPOTO B 3HAYUTENLHOM Mepe 3aBUCHT OT
redeTuueckux (aktopoB. BoybHbIM runep-
TOHVEH pPeKOMEHIyeTCsl OrpaHHYMBaThL MO-
Tpebnenne coim.

B CIIA kaxabiii YeJJOBEK €XEIHEBHO MO-
TpebmseT B cpenHeM okoJio 4 T Kayms, Of-
HakO OOMJIbHBIE MOTEPU KalliA OpPTraHu3-
MOM, XapaKTepHble np quabeTe U moHocax,
UM 0Py HMCNOJB30BAHHM AMYPETHYECKHX
MpenapaToB AJ1sl JIEYEHUN TUNEPTOHUH MO-
TYT NpUBOIMTHL K 3HAYMTENILHOH HEXBaTKe
kasMs B opranusme. OcobeHHO MHOTO Ka-
JIMSl CONEPKUTCA B TOMAaTHOM COKE, LMTPy-
coBbiXx U OaHaHax.

26.23. XKeisezo H Menb
HeOOXOHMbLI A CHHTE3a
reMoBbLIX 0OeJIKOB

V xuteneit Cepeproilt Amepuku nedu-
LMT %eJie3a B OpraHu3Me — OfHO M3 Hanbo-
Jiee pacnpoCTPaHEHHBIX NOCJIENCTBHIA He-
MpaBUILHOTO nuTaHun. OcobeHHO XxapaKTe-
peH OH IJa neTeit, [eBOYEK-MOAPOCTKOB
M KEHIIMH AETOPOAHOTrO Bo3pacTa. XKenezo
MOXET BCACHLIBATHCA TOJILKO B BUIE MOHOB
Fe? * ; ero BcachblBaHME U BLIBEACHHE NPOTE-
KaloT O4YE€Hb MENJIEHHO M 3aBUCAT OT MHO-
TMX CJIOXHBIX (PaKTOpOB. YcCBauBaeTcs
JMIIb HE3HAYUTEIIbHASA YaCTh MPUCYTCTBYIO-

1LIero B MUIIEBBIX MPOAYKTAX xeJe3a. Boree
TOTO, CHOCOOHOCTH XKejie3a YCBaUBATHCA
CUJILHO BapPbUPYET [JIA pa3HbIX MHUIEBLIX
npoayktoB. Jlyume Bcero xeneio ycBau-
BaEeTCA M3 MsACa, 3HAUMTENILHO XYyXe —U3 3ep-
HOBBIX 3JIAKOB. MOJIOKO COOEPXUT OYEHb
MaJio JKele3sa.

XKenezo HeobxomMMO [J1 CUHTE3a JKe-
Jie3o-nopduprHOBLIX 6€JKOB — reMorio6u-
Ha, MUOTJIOOMHA, LIHTOXPOMOB U LMTOXPO-
MoKcuaassl (puc. 26-25). B xpoBu xene3o
nepeHocHTcst B hopme KoMILiekca € mas-
MEHHbIM OeJTKOM mpaHcgeppuHom, a B TKa-
HSIX OHO HAKarJMBaeTcs B BHIE ¢eppumu-
Ha - GEJIKOBOTO KOMILIEKCA, CONEPXKaILEero
runpokcun u Gocedat xenesa. deppuTHH
B OOJILIIMX KOJIMYECTBAX CONCPKUTCA B me-
YyeHH, Cesie3eHKe H KOCTHOM Mos3ry. XKeieso

Mhua

BeactipaeTch
saub 5 — 10%
TOrI0WaemMoro|
xedesa
KRETKH KHUIeUHHKa Keneso B weAun
{3anacaeTcs B BHAC HpenaTCTBYET
eppuTHna) BCACHEBAHHID
Kereso
Kpobb | nepenocurcs
TpanchepprHom|
Tpancheppus Mevenb (xeredo _/
brnacaeTca BBK
nie GoppuTHHE) Tpaucgeppsn
Tpanc-
Tpancpeppat TpandnJeppar
epphu
Kposn KooThmtt | M Dpyrue
MO3C \ (Mura0GHH, TKaBY
l UMTOXPOMB) (IxTOoXpOMB)

\ IpUTPOLMTHI
{revoraobun)

|

Totepu ¢
MEHCTPya LHOR
KpopbK

Puc. 26-25. BecacbiBakrye, 3aniacaHie ¥ HCNONb308Ba-
HHE Xene3a B XOAE CHHTE3a IIHTOXPOMOB, MHMO-
rno6una 1 remMornobuna. lNocne BcacbiBaHus B
KULIEYHHKE XeJle30 BCera CBa3biBacTcs ¢ Henka-
MH; B KPOBH XeNe30 TpaHCnopTHpyeTcs B dopme
TpancheppHHa, a B KNEeTKaxX 3anacacTcs B Gopme
depprrura. Koraa BosMoXHOCTH (EPPUTHHA Kax
XPaHHIIHLLIA XKeJle3a HCHEPIBIBAKTCHA, XKeNe30 Ha-
KAnJIHBAETCs B MHTOXOHIPHSAIX HEKOTOPBIX TKaHel
B BHOE HEPACTBOPUMBIX I'PaHyJl TEMOCH/ICPHHA.
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He BLIBOJIMTCH U3 OPraHW3Ma C MOYOii, OHO
BBIIEJIACTCA C KEJMbIO M KaJloM, & TAKKE
npu KpoBoTeueHusix. M3-3a yOBOEHHBIX W
Jaxe YTPOEHHLIX MOTePL Xejie3a BO BpeMs
MeHCTpyauull eHIMHaM HeoOXxomuMe!
60JIb1IMe KOJIMYECTBA KeJie3a, YeM MYyX4l-
Ham. B x1e6 u npyrue 351akoBble NMPOAYKTHI
CrlenMalibHO 100aBiSIOT NONOJIHUTEBEHOE
KOJTMYECTBO 3eJie3a, ONHAKO 3TO OaJieKO He
BCEria ABNSIETCA peLueHueM npobieMst He-
JOCTATOYHOCTH XeJie3a, TaK KaK MHOIHE Je-
BYIIIKH U XEHUIWHBL, CJIEAS 33 CBOMM BECOM,
HCKIIoUaroT xneb us paurona. Hegoctatok
Keyesa NPHBOAMT K Xeje3omeduuuTHOM
aHEMMY, NIpH KOTOPO# YHCIIO 3PHTPOLIUTOB
B KPOBM OcTaeTCsi HOpMaJbHLIM, & COIEP-
KaHHe TeMorjiobuHa B HMX YyMeHbLua-
eTCsL.

Honb! Menu Takxke o6A3aTEILHO NOIIK-
Hbl CONEPXKATLCHA B MHUILE, MOCKOJIBKY OHM
Crnoco6CTBYIOT  MPaBUILHOMY — YCBOEHUIO
XKeJjie3a, ocoOeHHO MpHU CHUHTE3E LMTOXPO-
MOKCH[IA3LI, B COCTAB KOTOpPOM BXOIAT KaK
KeJie3o, TaKk M Menb. Menr Heobxonmuma
TAKXe€ [ (PaBUJIBHOTO pPa3BHUTHS COEIM-
HUTEJILHBIX TKaHell M KPOBEHOCHBIX COCY-
noB. ExenHeBHO opranusMy Tpebyercs
2,5-5,0 Mr Menu. MHOro Menu B Msice, MOp-
CKMX MPOOYKTAaX, OBOLUAX U Opexax, TOrha
KaK MOJIOYHELIE MPOOYKTHl Melb He comep-
XaT.

26.24. 306 —pe3yabTar
AedpHunTa HOnA

B HeKOTOPBIX yOaJieHHbIX OT MOps palf-
OHax 3eMHOTO LIapa, HapuMep B TOPHBIX
pattonax Eponbl, LlenTpaibHolt Adpuku
d Ha CpenueM 3anage CIIA oxono Bemu-
xux Ozep, y MHOTHX HabmonaeTcs ypesye-
HU€ UMTOBMIHOM Xese3nl—mnpocTolt 306
(puc. 26-26). OHO 0O6ycJIOBNIEHO B OCHOB-
HOM He[OCTATKOM HOZa B NOYBE Ha yaaJieH-

RENK

Hoil oT Mops Tepputopuu. B CIIA 306
BCTPEYAETCA BCE peXe U3-3a LLIHPOKOro pac-
OPOCTPAHEHUSA 3aMOPONKEHHBIX MOPCKHUX
MPO4YKTOB, OOHAaKO 3Ta mnpobiiema no cHX
NOp BOJIHYET MEIUKOB.

UluToBHIHAsA Xee3a HAKANIMBAET CO-
JEPXaUiics B KPOBH UOJ U UCHIOJL3YET €ro
OJIS  CHHTe3a THUPEOMOHBIX TOPMOHOB
(pa3n. 25.19). IIpu HexBaTKe UOOA IIMTO-
BUIHAS XKeJe3a KOMIEHCATOPHO YBEJHYM-
Baercs, yTobbl 6onee 3bdekTHBHO 3KCTpa-
rMpoBaTh uod us kpoeu. Ilpu mmnTenbHoit
HeXBAaTKE MOJa IIMTOBUIHAS XKeJle3a MOXET
IOCTUTATh OTPOMHBIX PA3MEPOB (OHA BECHUT
HECKOJIbKO (pyHTOB), 4TO MHOIOA MpeAcTa-
BJIsSIeT ONAacHOCTh JUIA KHU3HHU YeJloBeka. 3Ha-
yyTeJIbHas HeXBaTKa WOOA y MaTepell Mo-
XET Cepbe3HO CKa3aThci Ha Ppa3BHTHH
netell, y KOTOPLIX MOTYT MOSBIATHCH MpH-
3HaK¥ KPETHMHW3MA: YMCTBEHHas OTCTA-
JIOCTh, 3aMelieHue pPa3BUTHA, Kapiu-
KOBOCTb M THNHYHbIE 17 3TOrO 3aboseBa-
HUSL 4epThl JIHILA.

PasButie 30062 Jlerko npenyrnpenuTs.
QOO6oraleHHas UOOOM TMOBapeHHas cOJb
(0,5 r vopuna xamisa Ha | xr NaCl) nerxo
noctynHa B CIIIA u oueHn adbexkTrBHA 07
NpenoTBpalleHus o6pa3opaHus 306a, oaHa-
KO JIXOOM, KOTOpEIE B Helt HyXNaKoTCs, He
BCerna ee HernoJb3yroT. K coxanennio, 060-
raueHHas HONOM NoBapeHHas COJIb BO MHO-
rMX CTpaHax He NMPOM3BOAMTCH.

26.25. Kapuec 3y6oB -
BaxkHan npobJiema,
CBA3AHHAN ¢ MHTaHHeM

Kapuec 3y00oB cuntaercs ogHOMN u3 Hau-
6onee pacnpocTpaHeHHEIX Oosie3Hell B
CllIA; no cpaBHeHuro ¢ npyrumu 3abose-
BaHUAMY, OOYCJIOBJIEHHBIMH HapylleHUEM
TIMTaHMS, Kapuec TaKXke ABJISETC Haubonee
pacnpocTpaHeHHEIM, B HEKOTOPLIX paitoHax

Puc. 26-26. Ipotduny Lueyu Ha pa3UbiX CTAAHAX
paseuTHs HoponeUUHTHOro 306a: HOpMaJbHBbli
(A). pannsis cragus (B5), ymepentniit 306 (B) u ts-
xenas ¢opmMa 306a (I').
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16 Boynnep (B oTcyTcTBUe
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Puc. 26-27. [1oxA3aTENLCTBO MONOXHUTEILHOTO
nefficteus GTOpHIOB HA OBYX Irpynnax xuteseh
Konopano. Konuyecteo Beinabiumx 3yGoB B me-
pecieTe Ha OAHOIO 4Yenoeexa (ans monelt B Bo3-
pacte ot 40 no 44 ner) 8 Boynaepe cocraeuiio
16, a p Konopano-Cnpuurc-Tronvko 4.

OT mocieacTBUll kapueca: BBLINAACHHS 3y-
60B, mIOM6 ¥ 3yOHBIX MPOTE30B—CTpagaeT
10 90%, HaceneHus. Mexny pacnpocTpaHeH-
HOCTBIO Kapueca ¥ noTpebJieHHEM 4YUCTBIX
caxapoB HabmrofaeTcsi NOJNOXUTENbHAS
KOPpeJIilus, B CBA3U C Y€M KapHEC MOXHO
paccMaTpuBaTh Kak 3abosiepanue Hacesie-
HHMS BbICOKOPA3BMTBIX CTpaH.

Cy1ecTByeT, ONHAKO, e11le OAUH (GaKkTop
TIMTaHW$l, BIMAIOLMA Ha pacrnpocTpaHeHue
Kapueca. B xoze cpaBHMTEEHbIX CTATHCTH-
YecKUX HUCClegoBaHKMil pacnpocTpaHeHHO-
CTH Kapueca, NPOBENEHHBIX HA OBYX IpPyI-
nax Jrogedl, npencTaBUTe M NepBOlt IPyNNE!
nosy4asid Bofy, B KoTopyio ObLio nobase-
HO oNpeJesIeHHOE KoniecTBo ¢Topa, Torna
KaK [pefCTaBHTEJM BTOPOM Ipynnbl NOJy-
yalmH BoAy, He codepxallyiwo ¢Topa
(puc. 26-27). 910 MccnenopaHue NOKasalo,
uto nobaBneHue B Bony ¢TOopa B KOHLEH-
Tpaluu BCero Juiik 1 ¥ Ha MJIH. 3HAYMTE b~
HO YMEHBLIa€T BEPOSTHOCTh Pa3BUTUA Ka-
pueca. Ceifuac B CUIA 6onee 9000 komma-
HHii, cHaOXaroumx Bopoii 0oJiee NOJIOBUHDI
HacesneHus CIIA, ucnomb3ytoT B TOPOACKUX
BONONPOBOAHLIX Maructpajiix ¢Topupo-
BaHHYIO BOZY.

K coxanenuto, HEKOTOpbIE I'Pynibl ro-

POACKMX XuTeNell IHEPIUYHO MPOTECTOBA-
JH npoTUB GTOPHPOBAHUA BOJONPOBONHOMN
pofel. HekoTopble O6BSCHATM CBOM mpo-
TECT TeM, 4TO PTOP—3TO JIEKAPCTBO, & OHU
He XOTAT MNOZBEPraThCs JICUEHHIO, Opyrye
BUIEJM B 3TOM TOJaBJIEHHE UX CBOOOMIBLI
BHIOOpa MJM MpaB JOMMHOCTH, @ HEKOTOPhIE
B MPUHIUNE NMPUOEPKHUBAIOTCA TEOPUH UM~
cToit HemsMeHeHHO# nuim. M36biTok ¢To-
pa B IMTBEBOH BoJie, NeHCTBUTENBHO, Bpe-
IeH U MOXET BHI3LIBATE H.a0opo3, s
KOTOPOrO XapaKTepHO Pa3BuUTHe KpamiaTo-
cti 3y60oB. DTO COCTOsIHME BCTpevacTCs
y nereil B HekoTOpeIX paiioHax CIIA uz-3a
BBICOKOTO cogepxaHus ¢Topa B IOYBE U BO-
Il NaHHoi MecTHocTH. OnHako ¢prop-3TO
HE JIEKapCTBEHHBI npenapart. 3TO BaXHbIA
3JIEMEHT, NPUCYTCTBHE KOTOPOro B IHLUE
HeoOXOMMMO [J1 NpaBUILHOTO (GopMHpO-
BaHUsA Kocteit u 3y6op. dTOp coenmHsaeTCs
C THIPOKCUIIANIATUTOM —KPUCTAIUTHYECKUM
MMHEPAJoM, U3 KOTOPOIO COCTOAT KOCTH
u 3yOblL, 0Opa3zys ¢gmopanamum (puc. 26-28).
Xota ¢TopanaTHT cocTaBisieT JULIL He-
60Ib1IYI0 [OJIO KPUCTAJUIMYECKHX KOMIIO-
HEHTOB KOCTH, TEM HE MeHee UMEHHO €ro
NPUCYTCTBHE NPHUAAET KPHCTAILIAM T'HIIPOK-
cujlanaTuTa NpO4YHOCTh U KUCJIOTOYCTONYM-
BOCTb. HaTyparbhbie W pachuHUPOBaHHDLIE
NPOAYKThI MUTaHKs He BCETA CONEPXKAT 10~
CTaTOYHblE KOJMYecTBa (HhTOPUNOB, B CBS3U
¢ yeM ¢TOpHpOBaHKe MUTBEBON BOIBI (IIPo-
U3BOAMMOE aKKyPaTHO) GY€Hb BAaXHO OCO-
OeHHO A7 pacTyllero OopraHusMa nertei,
TaK Kak norpeblieHHe NOCTATOYHBIX KOJIM-
4eCTB (PTOPUIOB C AETCTBAa HMEET OTPOMHOE
3HA4€HUE LIS PaBUJIBHOTO PA3BUTHSA Opra-
Hu3ma (puc. 26-27).

[Cas(PO,).]s'Ca(OH),; TwApokcHaanaTuT
+
2NaF

t

(Cag(PO,).]s CaF,
+
2NaOH

®ropanatut

Puc. 26-28. OedicrBe GTOPHAA HATPHUSA HA THIAPO-
KCHJanaTHT.
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26.26. LluHk H HeKoTOpLIe
APYTHE MHKPOIJIEMEHTHI —
He3aMeHHMble KOMTOHEHTb] IHLIH

M3BecTHO, 4TO LUHK BXOOMT B COCTAB
npocretuyeckux rpynn 6onee 80 depmen-
TOB, TaKHX, Kak aJKOroJIbJernAporeHasa,
kapboauruppasa, JJHK- u PHK-nomime-
pa3bi U Kapboxcunentuaasza. B Oosmiimx
KOHLUEHTPAUMAX LUHK COOEPXUTCA B (pel-
CTaTeNbHOM  kejiese, CIEPMAaTO30MIAX
U TKaHSX 171433, [1e OH BHINOJHAET BaXHbIE,
HO [10 CHX TOP HEU3BECTHbIE QYHKIUHK. B He-
KOTOPBIX CeJIbCKUX pailoHax Mpana obHa-
PYXEHa 3HIEMHYECKash HENOCTaTOYHOCTD
nuHKka. OHA NPOABJIRETCS B MHHHATIOPHOM
TEJIOCIIOKEHUY, AHEMMM, HH3KOM YpOBHE
ChIBOPOTOYHOTO aybOyMHHa M 3aMenJicH-
HOM pPa3BUTHHM PEeNpPORYKTHBHON CHUCTEMBL
HepnocTaTouHoCTh IHHKA O6YCIIOBNEHA 110~
TpebJIEeHMEM  TPAaIMLUHMOHHOTO  MECTHOTO
6mona - 6e3npoxokeBoro xneda U3 yacTHy-
HO OYMILEHHOW MYKH, KOTOPbII COHEpP)UT
6oIbIi0oe KomuecTBO puTaTa (pUC. 26-24);
00CAeAHUM OYeHb MPOYHO CBA3bLIBACTCH
C UMHKOM, 3aTpYOHSSi TEM CaMBIM €ro
BCAChIBaHME KMIUEYHUKOM. HeoObrMHOE
U [JOBOJBHO PEnKoe MPOSIBJICHUE HEONOCTA-
TOYHOCTH LIMHKA Y OTAENbHbIX Jnomed co-
CTOMT B HApYLUEHHH BOCTTPUATHA UMM BKyca
U 3anaxoB. HeKoTophle 3anaxu ueKaXxaroTes
IO TAKOH CTeneHH, YTO OObIKHOBCHHAS [H-
l[d WM KYJIMHApHble 3amaxy Kaxyrcs OT-
BPATUTESILHBIMY, B Pe3YJIbTaTe Yero y 4ejio-
BeKa BO3HMKaeT OTBpalllcHUE K MUIIE W Kak
CJIEICTBUE HAOJIOmaeTcs CUJbHOE MOXyna-
Hue. Bapociaeim HeobxomMMo moTpebnsith
¢ numell o kpaithedl Mepe 15 Mr 1uHka
B JeHb; O6€peMEHHbIM M KOPMALIMM JKEH-
LLMHAM TpeOyroTes GOTbIME ero KoJmue-
crBa (Tabn. 26-2). MHOTO LIMHKA B MAce, fii-
1ax, MOPCKUX MpOAyKTax, MOJIOKE, Me4eHHt,
HO €ro Majio Bo GpykTax M 3eJIeHBIX
OBOLIAX.

Kprichl, LBILIATA M APYTUE 3KCTIEpUMEH-
TaNbHbIE JKMBOTHBIE, KOTOPbIE PACTyT B CTe-
PUIBHBIX YCJIOBUSX B MJIACTMACCOBBIX KJIET-
Kax, He comepxallliX CJIEJOB METaJUIOB,
U MOJIy4aloT UL AUCTHIUTMPOBAHHYIO BO-
Jy, NpouIIL TPOBaHHBIA BO3YX U BbICOKO-
OuMILEHHbIe NPOAYKTHl NMUTaHMA, U1 Tpa-
BUJILHOTO POCTA M JKU3HENEATELHOCTH
HYXJAITCS Takke B HEKOTOPbIX OpYIHX
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MHKpo3JieMeHTax. B ocHOBHOM 3TH 3ne-
MEHTBI HeOOXOIHUMBI U YeNOBEKY. ITO 040
60, HUKe b, 6AHAOUIl, XPOM W KDeMHUil, HeoO-
XOOMMBIN [UIs MPaBUIILHOTO pocTa KocTed
W COEOUHUTENIbHBIX TKane. Kobasm
SIBJIAETCA HEOTBHEMIIEMONW YAaCTbIO MOJE-
KYJIbl BATaMHHa B, ¥ no3Tomy HeobxomuM
MHKPOOpraHM3MaM,  BeIpabaTbIBAIOLLIMM
3T10T BUTaMHH. K0basmbT Hy€eH Taxke U He-
KOTOPbIM JXMBOTHBIM, M0~BHAMMOMY, [JIf
CHHTE3a BUTaMUHa B;, MUKpoopraHM3ma-
MH XeJTyno4YHO-KHIueyHoro Tpakta. Ceaen,
Ba)XXHBIH KOMIIOHEHT hEePMEHTA 21ymamuoH-
nepoKcuoazvl, U moauboex, BXOAALMI B CO~
CTaB MPOCTETH4ECKOH TPYNMkl (epMeHTOB
KCaHMuHOKCUOasbl W anvdezudoxcudaszvl,
TaKXKe HEOOXOOMMBI OPraHU3MY XHBOTHBIX
H yenonpeka. CenieH B M3OLITKE OYeHb TOKCH-
ueH. B HekoTOpBIX pailoHax Ha 3anane CLIA
u B HoBoii 3eanauu n3bbITOK cesieHa B Mo~
YBe U pPaCTeHUsX BBLI3LIBAET Yy Jiollagel 3a-
6oneBaHMe, U3BECTHOE MON HA3BAHMEM KO-
Jiep (blind staggers), u weaounyro 6oseznp
Y KpYNHOTo poratoro ckorta. Takue 3ne-
MEHTH, Kak Meflb, K0Oallb T, LIMHK, MapraHew
U HUKEJIb, XOTA U ABJIAIOTCA BAXKHLIMH KOM-
MOHEHTAMHM [HIM, B M30BITKE SOOBMTHI
U cO38al0T ONACHOCTH AJ1S 3[OPOBbLA JTHO-
OcH, paboTaronmx B IUaXTax, rae Ux A0ObI-
BAlOT, U HA MPEINPUATHAX MeTaJUlypruue-
CKOH MPOMBILUJIEHHOCTH, THe ¢ HUMH MO-
CTOsHHO paboTaloT.

26.27. CoanancHpoBaHHbLI
PAIHOH OOJIXKEH onITL
MHOIMOKOMIIOHEHTHLIM

He cymecTByeT Kakoro-to ogHOro YsH-
BEPCANILHOTO MpPOAYKTa, KOTOpbU moJ-
HOCTBIO YHOBJIETBOPSI Obl muineBLle no-
TpebHOCTH MoboTO Yenoseka. Copok HEOO-
XOIUMBIX KOMIIOHEHTOB TNHMTaHUA COOep-
XKaTCA B CaMBIX pa3jIMYHbIX NPOAYKTax
B Pa3HbIX cooTHolueHusx. ITpoctoe u yno6-
HO€ PYKOBOACTBO AJIA noabopa noJiHOUEH-
HOTO PaUMOHA NPEACTABJICHO B TabJy. 26-14,
B KOTOpPOH BCe NMPOLYKTHl pa3sfelieHbl Ha
Y€ ThIPEe OCHOBHbLIE Ipynnbl. B 3T0# Tabymue
yKa3aHbl NpOpyKTbI KaXOOW Tpynmnel, Ko-
TOpPBIE HEOOXOIMMO yNnoTpeGIATL B NUILY
€)KETHEBHO, 4TOObl palvoH Gbl pa3yMHO
cGanancupoBanHbiM. Bo u3Gexanue mnpe-
HMMYILECTBEHHOTO nOTPEOJICHHUR  OgHOTO
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Tab.auya 26-14. YeToipe OCHOBHEIE TPYNIbl NH-
LIEBBIX NpPOAYKTOB. PykoBoaCcTBO 1/1s MX pa-
LHHOHAJILHOTO CYTOYHOTO NOTpeGIeHus; NpoaykK-
Th! BHYTPM K8XAOH rpynnni HeoGXOINMO Bapbu-
poBaTh

Moasaounwie npodyxmet
Jlpa cTakaHa MOJIOKa WM ABE NOPLMH ChIPA,
CBIPKOBOH MAacChl, MOPOXCHOE MM ApYyrHe
MOJIOYHbIE NPOAYKThE

Mscnvie npodyxmet
Jee nopuum msca, puibel, OTHUB WM JBa
Aiitia; B KadecrBe rapHupa MoryT OwITb HC-
NOJL30BaHbI Ha BHIGOP ropox, 606m mu ope-
XH

Osowu u Gpyxmo
UeTbipe MOPUMH 3€JIEHBIX WM XKEJITHIX OBOILEH,
HOMMIOPOB, LNTPYCOBLIX

Xae6 u kpynw
Yerwipe nopuuu 6504, NPHUTOTOBNIEHHBIX M3
LENBHBIX 3J1aKOB MMM O6OraileHHBIX Kpyns-
HbIX NPOAYKTOB

UII HECKOJIbKMX NPOAYKTOB M3 ONpenesicH-
HOM rpynmnbl BeIOOP NpoayKTOB U3 Kax OOl
TpynIel cjeayeT AeHb OTO [HA MEHATh.
Jlyyuias rapaHTHMs TPaBUILHOTO (MTa-
HHfl —3TO Pa3HOOOpa3Hblil pallHOH C ONpe-
JEJICHHLIM COOTHOLLEHHEM KaJlopuii u OeJr-
KOB, KOTOpPO€ COOTBETCTBYET HWHIMNBH-
OyaJlbHbIM NOTPeOHOCTAM YeJIOBEKA B 3aBH-
CUMOCTH OT €ro pocra, BeCa M CTENeHH
¢$usudeckoll aKTUBHOCTU.

Jhro1aM Beerzia ObLJIM CBOMCTBEHHBI HPpa-
LMOHAJIbHblE HABA3YMBHIE WIEH OTHOCH-
TEIILHO NMMLM, OHM HAaJEJAJIM HEKOTOpble
MPOAYKTHI NMOYTH YyNOACHCTBEHHOM CHJION
WJIH HaKJIaJABIBaJIH cTporoe taby Ha npyre.
Bri6op npoaykToB nUTaHUA 4acTO OMNpene-
JIAETCA PEAMTHO3HLIME COOOpaXKeHHAMH,
a TaKXxe KyJbTYPHbIMH HJIM 3THHYECKMMU
ocobennoctamu. Bonee Toro, HapoaHblii
GoNBKIIOP YTBEPXKOAET, 4TO ONpPEHEJICHHbIE
MpOAYKTHI XOPOUIM AJISt MO3ra, Apyrue s
pocTa BOJIOC, TPETBbH U1 OETOPOXKIAECHHS.
Jaxe cerogus npy BLICOKOM YPOBHE pa3Bu-
THA HayKH O MTAaHWM Mpeapaccyaku U npu-
qyAbl OTHOCHTENLHO NPOAYKTOB MNMHTaHHA
HE TOJLKO LUMPOKO PacClpoCTPaHEHbl, HO
MHOIIa 7A€ MOJIHBI, KaK, HallpUMEP, B CJ1y-
4Yae «OPraHH4ECKOH», «MPOAJIEBAIONIECH
JKHM3HBY, WJIM TaK Ha3biBaeMoM Jl3eH-nueTsl.
YacTo mpuxogMTcs CTANKMBAaTBCA NPOCTO

¢ oMOOYHBIMU NpenCTaBIEHUAMUY O MPO-
nyKTax nutanusa. HanpuMep, cnoprcMeHam
YTpOM nepel COPeBHOBAaHUAMH 4acTO PeKo-
MEHAYIOT TONbKO Boratyto Gemkom nuury:
msco, prIby, aiiua ¥ np. OoHako opranu3m
HE MOJXET 3anacaTb O€JIKH, M OHH He Tak 3¢-
(eKTUBHLI B Ka4eCTBE HCTOUHUKOB IHEPIHH,
kak yriiepoanl. C TOYKH 3peHHsn OHOXMMUKA,
pa3yMHee nepen COPEBHOBAaHUAMMU ChenaTh
6oJbliI0E KOMYECTBO YIJIEBOMOB, MOMNOJ-
HfIA TEM CaMbIM 3aNackl TJMKOTEHa B meye-
HH M MBILLIAX, MOCKOJIbKY TJIHKOTEH CITYUT
OCHOBHLIM TOIUIMBOM BO BpeMsi GOJbLILHX
(u3utecKkux Harpy3ok.

26.28. CnemHabHble ITHKETKH
HA MpPOIYKTAX NHTAHHA
CJIy#aT HHTepecaM noTpeGHTeneH

3akoHbl, 321K LIAIOLIME HHTEPECH! NOTPe-
o6uteneii B CILIA, Tpebyrot, yToOLl Ha 3TH-
KeTKaX YNaKoBOK IMHMILEBbIX POAYKTOB CO-
nepxkaymch nauHeple o6 HX NUTaTeNmLHOR
teHHOCTH. ConocTaBisif 3TH NaHHBIE C L€~
HaMy B nepecyeTe Ha EAMHULY Beca, IOKymna-
TeJlb MOXET KOJMYECTBEHHO OLEHUTD
«YIENbHYIO CTOMMOCTLY pa3jIMYHLIX BHOOB
NpOAYKTOB OOHOTO M TOro xe tuna. Oco-
6eHHO LEeHHa WH(POPMaLMsi HAa 3TUKETKAX
BBIMYCKAaEMbIX B ILUMPOKOM aCCOPTUMEHTE
HabopoB s 3aBrpaka. B tabn 26-15 npu-
BefieHa UHGopManMs O MUTATEeNLHOH ueH-
HOCTHU LUMPOKO PeKJIAMHPYEMOM CMECH [1JIs

Tabauya 26-15. UupopMauMs, HaneyaTaHHas
Ha kopobke nonynspHeix B CHIA kykypy3Hbix
XJ1IONbLEB

IlutaTencHas LEHHOCTL B NEpecYeTe HA OAHY
yHuHio (28,4 r)

B WMCTOM  TUTIOC
BHIE nonvyaui-~
KM Leflb-
HOTO MO-
noka ¢
nobaBkoit
BHTAMH~
Ha D
Kanopun 110 180
Benku 2r 6r
VrneBoab! 26r 3r
Kupni or 4r
Hartpuit 195 mr 255 mr
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Honst oT cyTO4HBIX pekoMennoBaHHeIX B CIIA
no3 (8 %)

B 1 yHIMHM c
(28,4 1) nosyati-
4HCTOro KM (¢ib-
MPONYKTE  HOTO MO-
NoKa
Benok 2 10
Butamus A 25 30
Buramuu C 25 25
Tuamun 25 30
Pubodnasun 25 35
HukoTnHamun 25 25
Kambumii <2 15
Keneso 10 10
Butamun D 10 25
Butamue Bg 25 25
@onmnepas KHCIOTa 25 25
®octop 2 15
Marnmit <2 4
Lunxk <2 4
Mens 2 2
Vraesons!
1 yHnws Ioc
(28,4 71) nosyaL-
YHCTOIO KH uthb-
nponykTa  HOTO MoO-
noKa
Kpaxmain u cxoauvie yr-
JeBOaBI . 13r 13r
Caxapo3a u apyrue ca-
Xapa 13r 181
CyMMapHOE KOJIMYECT-
BO YIJIEBOJOB 26t 3Mr

Hnzpeduenmpi: MONOTAN KyKypy3a, caxap, COJb,
conofioBas apoMatTu3npylowlas gobaBka, ackopbuHo-
pas KMCIOTa, BUTAMHH A, NajJsMMTaT, HHaUMHAMHI,
BOCCTAHOBJIEHHOE KeJe30, NAPHUAOKCHHIAOPOXIIOPHD,
pubobnaBuy, THAMHMMIHAPOXJIOPHL, (oNHMEBas KMCAO-
T2 M BUTaMHH D,. [Ins yBeJHYEeHAR NPONOAXHTENb-
HOCTH XxpaneHus noGasnex BHA (OyTunMpoBarHbift
THOPORCHAHN3ION).

LETCKOro MUTaHMsA (XJIONBEB), XapaKTepHas
0COBEHHOCTE KOTOPOH COCTOMT B BHICOKOM
copmepxannu cBobonHoro caxapa. O6patu-
Te BHMMAaHME, 4TO €OMHCTBEHHBIM HATY-
paJbHBIM HHTPEOMEHTOM 3TOrO0 IPOAYyKTa
CJIYXKHT MOJIOTas KyKypy3a, OCTAaJIbHYIO kK€
€ro 4acThb COCTABJIIOT apOMATHYECKHE Be-
IIECTBA, KOHCEPBAHTEL, BUTAMUHBL M MHHE-
paeHble BenuectBa. Opna yHuMs (28,4 1)
3TOrO NPOAYKTa COAEPX)MT 26 I yrIeBOLOB,
2 r Genxa M COBCEM HE COREPKHT XKHPa, T.€.

YACTh L HEKOTOPBIE ACTIEKTBl BMOXWUMHWH YEJIOBEKA

Ha JOJIFO YrieBoaoB npuxoautcsa 939 Beca
XJIOMLEB. YIIEBOAbI IPeACTABIIEHbl Kpax-
MaJIOM M CaxapaMH B paBHBIX KOJMYECTBAX;
oy cB0BOIHOIO caxapa IIpH 3TOM COCTa-
BIAET OKOJI10 479, 1TO 3HAYNTEILHO NIPEBBI-
LIaeT PEKOMEHJOBaHHYIO [J1 TIOJHOUEHHO-
ro paunyoHa ONTUMAJBHYIO J03y (CM.
puc. 26-2). Crosib BBICOKOE COOEPXAHME
cBOOONHOTO caxapa HEXENATENMLHO, TaK Kak
IIpH 3ToM y HETCH Pa3BHBACTCA KapHec 3y-
60B. J106aBIIEHHOE K XJIONbAM MOJIOKO IIpH-
BHOCHT 67 Genka u moatn 407, xamopui.
Xnombs 06oraneHsl pasHooOpasHbIMK BU-
TaMMHaMJ, a TaKiKe MOHAMH XKene3a ¥ UHH-
ka. Ob03HaYeHNE HA MX ITHKETKE CONMEpXKa-
HHSl HATPHA HMMEET BAXKHOC 3HAYCHHE MJIA
TV, CTPaJaloli¥X FHIEpTOHHMEH.
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Bonpocekl H 381am

1. PexomenOayuu no excednesHOMY Payuory nu-
manun. IloueMy undpel B eXeIHEeBHOM pa-
LMOHEe nuTaHus, pekoMenaoBanHoMm OTpe-
JIOM I[MIUEBBIX MNPOOYKTOB M NHTaHHUA
(Tabma 26-2), OTIHYaIOTCs OT MMHMMAJIbHBIX
€XeHEeBHRX noTpebHocTeit?

2. ATP, obpasoearnblii u3 2A10KO3bl UAU HCUD-
Hotl Kucaomel. PaccunTaiite, CKOJBLKO MOJEH
ATP cuuTe3upyercsi Np¥ OKCHCIHTENBLHOM
dochopumpopasuy M3 1 T THOKO3er M 1 T
MaJbMUTHHOBOW KMCIOTH B CTaHAAPTHBIX
ycaoBusix. CpaBHMTE Bauiu Pe3yNbTaThl C KO-
JIMYECTBOM TEILNIa, BbIAENAIOILMMCS PH CXKH-
raguy 1 r rmoko3s! M 1 r najibMHTHHOBONA
KMCJIOTBl B KajopuMeTpHueckoil Hombe
(Tabm 26-5).

3. Homepa eeca npu 20a00anuu. Koraa 4yenosex
MCIIOMIB3YET «yapPHYIO» CTPOTYIO IUETY, CHa-
Yajla OH TEPSIET BEC B OCHOBHOM 3a cyeT 0Ge-
3BOXUBaHNA oprasuima. ITouemy ? I1pu mpo-
JIOMKHTENBHOM IOJIONaHMM NOTEPS Beca 3a
JIeHb MEHblIlE, YeM B Ha4aNbHBIA IEPHOIL
Kax Bbl 310 06BsicHMTE?

4, Cea3p MexncOy numamuem u oncupenuiem. Ilo-
Tpebnenre B TeueHME HPOJOIDKMTENLHOTO
NEePHOJA MNPOJNYKTOB, KaJIOPMAHOCTb KO-
TOPBIX TNPEBLINAET PEKOMERIYEMBIE HO3bI,
MOXET NMPHBECTH K OXMpeHHto. JlneTa Kako-
ro Tuna, Ooraras caxapaMM HJIH XHPaMH,
cnocoGeTeyeT oxMpennio? IlosicHute Bam
OTBeT.

5. Kasopumempus nuwyesvix npooykmog. I1poby
MIIEHMYBBIX XJIONbEB BecoM 9,5 r noapepriu
noJHoMy okHenenmro o CO, 1 H,O nytem
CXUTaHHsi B KaJlopumeTpuieckoil 6Hombe.
ITpu 3ToM 2500 r Bob!, 3anoHAOLIEH KaJl0-
puMeTp, Harpedoch ot 15 mo 27°C.

a) PaccumTaiite kKajopuiiHOCTb MINEHUYHBIX
XJlombeB B KHMJIOKRJIOPHSX Ha TpaMM.

6) Ecmn  BavayibHOe conepkaHue BJlaru
B IINEHUYHBIX XJIOMbsIX COCTABJIANIO 25,
TO KaKOBA KaJIOPNHHOCTL CYKHX XJOTbeB ?

B) VMicxons M3 mpMBeNeHHBIX BBILIE JAHHBIX
M u3 apyrux coobpaxenuit, chopmym-
pyiiTe NpPEANONIOXEHHE O TOM, YTO
SIBJISETCS OCHOBHBIM KOMIIOHEHTOM HIIe-
HIMHBIX XJIONbEB: YTJ€BOAbI, GeskM Mim
#Hpbl ? OOBACHHMTE Balll OTBET.

10

r) Ecnu  uwenoBex chedaeT  MIIEHMYHBIE
XJIONbS, BBLIEJIETCS JIH NMPH 3TOM Takoe
e KOJIMYECTBO YHEPTHH, KaK B KaJopuMe-
Tpe? Eciu HeT, TO moyemy?

. Basauc xasopuii. Mosonast XeHLMHa, CTY-

JIEHTKa CTapIIero Kypca KoJuemka, oGHapy-
M4, YTO OHA CITUIIKOM IONpPABUIIACH 38 110-
cnequnié  ton. Ee gavera comepxana
2400 xkaJi/cyT. TaGnuubl cTaHOaPTHLIX KOP-
peasiuuii  pocTa, TeNnoC/OXeHHs, Bo3pacTa
¥ Beca NOKa3hIBaJH, HTO M3JMILEK €€ Beca co-
crabBseT ~ 20%. J1718 nocTosHHOTO noanep-
XaHMsi Beca Ha HOPMaJIbHOM YPOBHE OHa
OJKHA B [€Hb MONYYaTb B CPENHEM
2100 xxkan. Mcrons3ys paHHble, npuBe-
ZIEHHBIE B ITOMl T/IaBe, NMpPeJIOKMTE IIECTh
pa3HbIX BHIOB MMM, KOTOPhIE CIEAYeT no-
TpeGusiTh 3TOM XEeHLMHE B OTpaHMUEHHOM
KOJIMYeCTBE, YTOOBI NOANEPXKHBATL HOP-
MaJbHbliA Bec.

. Baaanc asoma u nuweevle beaku. Y 3n0poso-

ro IOHOUM, KOTODBIi INpUAEPKUBAETCH
ZMeThl, comepxaleid cObanaHcupoBaHHOE KO-
JINYECTBO He3aMEHMMBIX AMMHOKHCIIOT, Ha-
GmonaeTcs MOJIOKHTENbHRI Oanasc as3oTa,
T.e. ofmee KOMMYECTBO MOTJIOLIEHHOTO
B CyTKM a30Ta IpeBbIMaeT obllee KomHye-
CTBO, BBIZENAEMOro B CyTKH a3oTa. B oT/m-
YHe OT 3TOTO Y YesIOBeKa, TpHIePXKHBaroLLe-
rocsi AMeThl ¢ AepHMLUHTOM no OxHO# (MIH
GosmbmeMy YHCIy) He3aMEHHMBIX aMHHOKHC-
JIOT, HabmoaaeTcss OTPHLATENBHBIA OalaHC
a30Ta, T. €. ob1ee KOMMYECTBO NOTJIOLIEHHO-
ro B CyTKH a30Ta MeHblle ob1Iero komude-
CTBa a30Ta, BbIIENAEMOrO B CyTKH. O6bAGHH-
Te, NOYEMY 3TO NPOHCXOAMT?

. BKcnepumenmaneHoe onpedeseHue nompebHo-

cmu 6 amunoxucaomax. OTHUIINTE CXeMy IKC-
nepuMeHTa, KOTOphIft no3sommit Ol onpesie-
JIATH MMHHMASLHYIO CYTOYHYIO notped-
HOCTb 6e10it KpbICh! B aMMHOKHCIIOTE — (heHH-
JaflaHHHe,

. HU3nauaasvnan nomeps 6eca npu AedeHuu Kea-

wuopkopa. Ilpn nepeBone ManeHbkuX nerei,
60npHbIX KBAIIHOPKOPOM, Ha MOJHONEHHYIO
ZIMeTy CHayasa OHH TepAloT B Bece. OObACHH-
Te, MoueMy.

TTumanue u 60ae3mb nouek. JIronu ¢ noueuHon
HEJIOCTATOYHOCTBIO TepsitoT  CnocoGHOCTD
BBIBOJIUTb M3 OpraHM3Ma IINAKOBblE IPO-
JIYKTBI ¢ IOCTRTOYHOMN cKopocTbio, OHu 01-
XHB! PETYJISIPHO MOJABEPTaTbCs AMafM3y,
B Mpoliecce KOTOPOro KPOBb JNAM3YeTCs Ye-
pe3 MeMmbOpaHy, 4TOObI BEIMBITH TakHe Hpo-
IOYKThI, K&K MOYEBHHA M Mo4YeBasi KUCIOTa.
Kpome Toro, uX pauHoH goinkeH copepxarb
OTPaHMYEHHOE KOJIHMYECTBO OMpEHeNeHBbIX
6emkos. Ob6bsicBuTe, noyemy. Kakoii mcrou-
Huk 6eiKa MpenoYTHUTE bHee LIS MX NUTa-
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11.

12

13

14.

YACTB Il HEKOTOPBIE ACITIEKTH BMOXHMMHWU YEJIOBEKA

HuA—sila W kykypy3a? Ilouemy?
ITompetnocme 6 eumamune Bg u nuweeoti pa-
yuon. Koraa 4enoBex nepexOfMT Ha pallMoOH
€ BBICOKMM coAepxanuem Oelika, y Hero Bos-
pactaer noTpebHocTs B BUTaMuHE Bg. Hait-
Te BO3MOXHble OOBbACHeHMS 3ITOMY SABIE-
HHIO.
Hccaedosanun numanus u xuuieunvle baxme-
puu. ONHOH M3 TpyAHOCTEM IpH MCCllenoBa-
HUSIX THTaHKA YeJIOBEKa SBNSAETCA Heompee-
JIEHHOCTb, CBSI32HHAs] C BIIMAHHEM 3KCIEpH-
MeHTaIbHOM AMETH Ha KHileYHble OaKTepHH.
ITouemy cnenyer yuuThIBaTh 3T0 coobpaxe-
uue?
Heobxo0umocns 6 ocoboii nuwe. Pacnpo-
CTPaHEHO MHEHME, YTO MOJIOKO —3TO MpPEBOC-
XoOHas MHIIA, M JUIA NPaBIIBHOIO IHUTaHMA
OHO JIOMKHO OBITL BXJIOYEHO B PALIMOH Ka-
XJIOT 0 yenosexa. Bepro nu 3107 Mpennoxn-
Te 6HOXMMHUECKOE OOOCHOBaHHE CBOErO OT-
BETa.
Nuwa 02a arvnunucmos. TpennonoxmM, 4o
HYXHO COCTaBMTb CIIMCOX MPOJYKTOB ILIf
ankmMHHCTa, cobuparouterocs B 48-uacoBoe
BOCXOXJIEHHE Ha O[THY U3 Bepulvu [ uMasaep.
a) Kakpe XxapakTepucTuKM M TpeGOBaHMsA BhI
cYHMTaH OBl TTaBHBIMH B PAlIHOHE ILTA Ta-
Koro cnyqas?
6) Kaxue ocoOble BHbI NPOAYKTOB BB Obi
BIJIIOYWIH ?
B) Kaxne npoayxTs! Bel cowii Ol HEHyXHEI-
MH?
r) Kakue BUTAMHHBI 1 MMHEDAJIbHBIEC BELlle-
CTBa B! Obl MPEIOXKWIM B JOMNOJHEHHE

15.

15.

17.

Kk paumony? [lailite O6BACHEHHE CBOMM
OTBETaM.

Crupm Kak npeduiecngerHuK Hupos u yane-

60006. DTaHOJI MOJIHOCTBbIO MpEBpALUAETCS

B TPHAIWIIJIMUEPONBI, HO HE MOXET ObITb

npeBpallled B IJ10KO3Yy WM TiMKoren. Tlove-

My?

Kanopuitnocms nuga. CTyneHT crapiuero

Kypca KoJUiemxka, MOJIepXHBarolIui CBOi

BEC NOCTONHHBIM Ha palHOHE, COOTBET-

crBytomeM mnorpebnerno 2900 xkan/cyT,

npuobpes Taxke MPHBLNKY BHINKBATH ONHY
6anky nvea B neHb BecoM 350 r. Ckombko

HOBBIX JXMPOBBIX OTJIOXEHH! Y HErO MOSBUT-

cs dyepe3 3 rona, eClM BCe Ipyrve GakTophI,

HanpeMep du3mMMecKas Harpy3ka, OCTaHyTCs

NOCTOSHHBIMU? (DakTHYeckoe yBENHYeHMe

ero seca Oynet Oonbilie, TAK K&K OTJIOXKEHWE

JXMpa B )XMpOBOH TKaHu TpeDYET yBelTMienNs

obneMa KpOBM M BHEKJIETOYHOM MHMAKOCTH.)

M aco kak ucmounuk xasopuii. B Heckonskmx

paiionax 3eMHOro Lapa C JIerkO JOCTYNHBI-

MM MCTOYHMKaMH TIDHDOJIHLIX pEcypcoB

NPHHSATO BO BpEMs Kaxno# ekl NOTpedSnsTs

bonviuve konuyecTBa msca. Ecnmn moburesnm

MSCa eAIST €ro B KONHYECTBE, TPEBLIaIoLIeM

MX NOTpeOHOCTH (B KaJOpHAX), OHH MOIyT

npHOOpecTH «IMILIHUIY» Bec.

a) Kaxum meTtabonHueckuM ImyTeM Msico, 60-
raroc 6enKoM, MOXeET NMPHBECTH K OTJIO-
KEHHIO TPHAUMJITJIHIEPONOB?

6) Kaxuwe npyrue Merabonvdeckue n3Mene-
HMSl MOT'YT NpOM3OHTM B pe3ynbTaTe Ta-
KOoro nuTanus?



YACTDb 1V

MOJIEKVJIAPHBIE MEXAHW3MBbI
INEPEJAUYY TEHETMYECKON WH®OPMALIUU

B 3r0it nocnenueit yacTy KHUrM Mbl pac-
CMO1PHM 6HOXHMMYECKHE BOIPOCHI, CBSi-
3aHHbIE C T'€HETHYECKOH HENPEPHLIBHOCTLIO
M 3BOJIONMEH XuBbIX OpraHu3moB. Kakosa
MOneKyJsipHas IpMPOAA NreHeTUUECKOT O Ma-
Tepvana? Kakum 0bpasom ocyniecTBisieTcs
CTOJIb TOYHAs MEpe/1aiya reHETHYeCKOH MH-
dpopmanuu? Kak 31a undpopmaliust B KOHed-
HOM CHETE NEPEBOAMTCS B aMHHOKMCIIOT-
HYI0 TIOCJIEIOBATENBHOCTh OEJIKOBLIX MOJIE-
kyn?

PesynrTathl coBpeMeHHEIX OGHOXMMMYE-
CKUX HCCNEAOBaHUH CTPYKTYphl M GYHKIIUU
T€Ha NpPHBEIH kK PEBOJIOIMU B OHONOrMM,
CpaBHHMOH C TO, KOTOpYIO BhI3Bas1a DoJiee
cTa JIET Ha3a/]l NApBUHOBCKAS TEOPHS NpO-
ncxoxaenus BuaoB. Ceppe3HOE BiMAHUE
3THX PE3yJILTATOB WCHBITAJIK IO CYLIECTBY
BCE paszenbl 6Wonorud ¥ meauumusl. bna-
rofapss OMOXUMMYECKOH TEHETUKE CTAJIO
BO3MOXHbIM DoJiee riybokoe usydeHue psi-
na Haubonee dbyHOaMEHTaJbHBIX TIPOGJIEM,
KacaroLIMXCA CTPYKTYPbl M (PYHKIIMH XXHUBBIX
kneTok. bonee Toro, buoxuMuueckan reve-
THKAa pacuiMpuiia paMKd TEOpEeTHYECKOH
OHOXMMHUU.

HelHeuiHuii ypoBeHb MOHMMaHHUS MOJIE-
KYJISPHBIX ACTNEKTOB F€HETHKH ObUI 10CTHTr-
HYT B pe3ysbTaTe OOBEAMHEHMS YCHIIUi
TPEX pasIMYHbIX HAYK, 3 UMEHHO [C€HETHKH,
OHOXMMHU 1 MoNeKyspHO# (pH3uKkK. Bknan
BCEX ITUX TPEX HAYK HAIUEN CBOE KOMIICH-
TPUPOBAHHOE BLIPAXEHUE B COOBITHH, OT-
KPBIBILIEM COBPEMCEHHYIO 3py B OHOXMMMYE-
ckoil reHetke. B 1953 r. JxeitmMc Yotcon

.n®dpexcnc Kpuk nocTyMpoBaiy CTPYKTYpy
neokiHo# cnvpanu JIHK. Ux runoresa, npa-
BWIbHOCTE KOTOpOH Obuia noaTsBepixkieHa
B JAJIbHEHLIEM B MHOTOYHC/IEHHBIX JKCIIE-
pUMEHTAX caMOro pa3Horo poja, npeacra-
BJisUIa CODO# pe3ysbTaT COBMECTHBIX YCH-

JIuii TEHETHYECKOI TEOpHUM, BbI/IBHAYBLIEH
KOHLIENUMIO KOOMPOBAaHUS TE€HETHYECKOMH
uHdopMallMH C TOMONIBIO T'€HOB, (H3NKH,
KOTOpasi MO3BOJIWIA ONpPE/IENUTE MOJIEKY-
nsphyro crpyktypy JAHK mMetonom penrre-
HOCTPYKTYPHOTO aHau3a, U GHOXMMMHU. KO-
TOpast IO3BOJIWIA yCTAHOBUTH XUMHUYECKHH
coctaB JIHK 4 mpuHimun cnapuBaHus KOM-
ILIEMEHTapHbIX OCHOBaHWH. 'mnortesa Vor-
coHa—Kpuka He Tonbko 06BSCHHUIIA CTPYyK-
Typy monekysiel JIHK, no u nokasana,
KakuM oOpa3oM 3Ta MOJIEKYa MOXET TOY-
HO PEILIUIIMPOBAThLCH. ITO BCKOPE MPUBENO
K (POPMYJIMPOBAHUIO yeHMpPaabHOU 00ZMbl
MOJIEKYNSIPHOH NeHETHUKH (CM. PUCYHOK), KO-
TOpasi ONpENENseT TpH TJIABHBIX 3Tana
B 00paboTke reHeTHuYeCKO#i MH(pOpPMANVK.
IlepBolii 3Tan— pensukayun, T.€. KONNPOBa-
Hue pomurenrsckoii JJHK ¢ o6pa3zosanuem
nouyepaux monexyn JHK, HyxneoruaHas
MOCJIENOBATENIBHOCTh  KOTOPHIX ~ KOMILIE-
MCHTApHA HYKJEOTHUIHOH INOC/IEeNOBaTE b
Hocti poamrenbckoil JJHK ¥ oaHo3HauHo
onpenensierca €ro. Bropo#l 3Tan-mpan-
cKpunyus, IpoLEcC, B XOJ€ KOTOPOro 4acTh
TEHETUYECKOI MH(pOpMalliK NepenuchIBaeT-
ca B ¢opMe pHOOHYKJIIEMHOBOH KHCIOTBI
(PHK). U, nakowell, TpeTHii 3ran—TpaHcns-
1114, B IPOLIECCE KOTOPOH TE€HETUHECKAsT HH-
(popmalims, 3anKcaHHas IPY MOMOILY YEThl-
pexbykBeHHoro koaa B PHK, nepeBommrcs
B pubocomax na nBamaTuOyKBeHHBIR KO
OeNKOBOIi CTPYKTYPhb.

B rmocnenyroolMx riaBax Mbl paccMo-
TPHUM, KaK PeaJIu3yrOTCs BCE 3TH 3Tansl. Mul
BCTPETHMCS C HOBBIM NOHATHEM — C KOHIIETI-
nueil xpaHeHUs U nepenayd MoJIeKyJIpHO#
uH(pOPMaI1U, KOTOPOIi B IPEAbIIYIIHMX pa3-
Jenax OaHHOW KHUIM MBI KACAJIMCh JIHILL
BCKOJIb3b. CHayana Mbl H3ydMM OpUPOLY,
paaMepel 1  koHdopMmaluioo  QYHKIHO-
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PenamMkaius JHK

T pasCKpunLmst

Tpancasuus

!

BeJsok

LlenTpaysHas [orMa MOJIEKYJIIPHON TeHETHKH,
MOKa3LIBAIOLAA NIEPEMELLEHHE TEHETHHECKON HH-
dopmaurn B xone Tpex GyHIAMENTANLHBIX NpPO-
LECCOB: PEMIAKALMY, TPAHCKPHIIIMI M TPaHCIIA-
sy, [To3xke MBI YBHINM, 9TO UCHTPANbHYIO OOTMY
MPHLIIOCH HECKOJLKO BHIOHIMEHHTE.

HAJILHBIX €IMHHIl TEHETHYECKOTO MaTepHa-
Jla KJIETOK U BUPYCOB—XPOMOCOM M I'€HOB.
3areM pacCMOTPMM NYTH M MeXaHHU3MBI
(QYHKUHMOHMPOBAHHS YPE3BEMYAHHO CJIOXK-
HBEIX (PEPMEHTHBIX CHCTEM, OTBETCTBEHHBIX
3a peruidkauvro ¥ tpaHckpumuoo JHK.
Ilpu 3TOM MBI yBHINM, YTO OHOCHHTE3 BbI-
cokouHpopmatuBueix  Mmonekyn  JAHK

Hykneotnakas nocnenoeatemssocts JHK
mesxoro 6axrepuodara $X174, ycTaHOBEHHAR B
1977 r. Openeprrom CIHTepoM H €0 KojleramMH B
Kembpuaxe (ABIIHMA). ITO OOCTIKEHHME 3HAMEHO-
BaJio co6o} Hauao HOBOH 3pbl B GHOXHMH4ECKOH
reseTuxe i npudecno Canrepy Bropyro Hobener-
CKyIo npeMmio. 3a nBaAlaTh MNATH JIET 00 ITOrO
Caurep ONATL e NepBLIM OfPENEIIAIL MIOJNHYIO
aMHHOKHCJIOTHYIO NOC/EN0BaTENLHOCTL Gerka -
nucysmna. [Tocne ony6MKOBAHAA HyKIEOTHIHON
nocnegopateSbHocTH JIHK dara ¢$X174 BriscHu-
JIOCh, YTO OHA HeNosHas. BLUTO HAaWEHO OMMHHAL:
1aTh NOTIOJIHMTEIBHBIX HYRJICOTHIOB; Takum o6pa-
30M, OKOHuaTEN LKL pasmep JTHK 3toro dara
paben 5386 HyKIeOTHAHLIM OCTATKAM.

BaxublM no604HBIM peaysibTaToM paboTu
Coanrepa 6bL10 O6HapyxkeHHe B xpoMocome dara
$X174 nepexpblBaIOIIMXCH T€HOB H «TEHOB BHYTPH
redos»; 3ToT ¢aKT 6bl yCTAROBJICH B pe3ynbTaTe
TUIATEAbHOTO CPABHENHSA HYKJIECOTHIHOMH MOCIIEN0-
patestmyocty JIHK ¢ amuHOKUCHOTHON nocnesosa-
TENLHOCTHIO KoANpyeMsix ero berkon. JIHK dara
$X174 conepxHT OEBATH reHOB, 0603HAUEHHbIX
A-J. VIx «HavabHRIE» H «KOHEMHBIE» KOOOHKI 06-
peneb! pamkoi. OB6patute BHHMaHuE, 4TO ren E
nexuT BEyTpy resa D. 3akpallleHHBIMH MpPAMO-
YIOJILHAKaMH YKA3aHbl MECT4, yIHaBaeMbuie prbo-
COMOIL

1 PHK TpeOyer fecaTKOB pasHiHbIX (ep-
MEHTOB U CIeLMAU3HPOBAHHBIX OeENKoB,
B TO BPEM3 KakK AJIS CO3JaHMs HE HecylleH
uadopMalMKM MaKpPOMOIEKYJIbl, HATPUMED
[JIKKOTE€Ha, [JOCTaTOYHO BCEro JIMIIL HE-
ckonekux depMenTos. Jlanee Mel paccMmo-
TpUM Mexauu3M buocuHTesa Beska, caMoro
CJIOXHOTO W3 U3BECTHBIX GMOCHHTETHIECKUX
UpOLIECCOB, B KOTOPOM NPUHMMAET y4acTHe
Gombie 200 pasTUIHBIX GEPMEHTOB U IPY-
rMX CHEUATM3HPOBAHHBIX MAKPOMOJIEKYI,
HEODXOIMMBIX JUIS paciiipOBKH B NIEPEBO-
Iia CUMBOJIOB TEHETHYECKOrO KOIa B TPEX-
MEPHYIO - CTPYKTYPY OENKOB.

B 3axmrounMTeNBEHON T7IaBE MBI YBUINM,
4TO XPOMOCOMB! M T€HBI—3TO HE 3aCThIB-
Lye, MHEPTHbIE CTPYKTypbl. OHM MOryT
MOABEPTaThCs MYTAUWsAM, WHOTNA BBI3bI-
BAIOIIMM Cephe3HblE HapyIlEeHHs B Buoo-
rugeckoi ¢pyHkuuH Beska, a MHOria npMBo-
OSUMM K TOSBJIEHMIO JIYYILETO 1O CBOMM
GYHKIMOHAIBLHEIM KadecTBaM Geska. I'eHel
wi¥ #aboppl TEHOB YacTO NPETEPNEBAIOT
obMeH u pekoMOMHauuWio, 0bpasys y mo-
TOMCTBA HOBBIE COYETaHUsA CBOKMCTB. bonee
TOro, OOMEHHBAIOTCH M PEKOMOUHHUpYIOT
YaCTH TEHOB, YTO MO3BOJIMJIO NIPHPOLE CO3-
JaTb YNMBHMTEIbHO 3QQECKTUBHYIO MMMYH-
HyIO CHCTEMY, KOTOpas 3amMlIacT mo3BO-
HOYHBIX OT MUKpODOOB M mOMOTAaET coxpa-
HUTH crnenuduyeckue ocoGEHHOCTH BHIOB.

Dta obnactk OMOXMMHM pa3BHBaETCH
C TONOBOKPYXHTEJILHOM CKOPOCTHIO. Penxo
npoxoauT Mecau 6es toro, uToGBl B 61O-
XHMHH HE NOSBHJIOCE COODILICHHSA O KaKOM-
HHOYAb KPYTHOM LOCTHXXCHUM HJIH OTKpPbI-
THH. 32 paciuupPOBKOH rEHETHUECKOro Koaa
B HayaJje 60-X ronoB nocjienoBana HeECKOH-
yaemasi BEpEHUI1A 3aXBaThIBAIOLLHX OTKPbI-
T ¥ 00oOwmeHuN kpynHOro Macuiraba.
Cpen HHMX OMNpEACICHHE HYKICOTHOHBIX
NOCJEIOBATEIBHOCTEH MHOTHX TE€HOB, MC-
KyCCTBEHHBIH CUHTE3 T€HOB, COCAMHEHME Te-
HOB B HOBBIX COYCTaHMAX, BCTpaHUBaHUE re-
HOB OJIHMX BHIOB B KJICTKHU APYrUX BHOOB
U MOJYYEHHE C TOMOILBIO TaKUX H3Me-
HEHHBIX KJIETOK <(TPOAYLEHTOB» MHOTHX
HOBBIX DEJIKOB, TIOJIE3HbIX 1A TEX WM MHBIX
uesieil. bes nmpeyBenvueHs MOXKHO CKa3aTh,
470 B DMOXHMHYECKOH T'€HETUKE Havasach
HOBasi 5pa, KOTOpas HECOMHEHHO OKaXeT
B DynylieM CyLUECTBEHHOE BJIMSIHUE Ha 3/10-
POBBE U JXM3HEAEATEILHOCTDL 4EJIOBEKA.
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Ipexae HeM NPHCTYNHUTL K M3YHYCHMIO
JAHK xak xpauununia reHeTM4eCKOM HH-
dopmarivy, NONE3HO elie pa3 PacCMOTPETD
BONpoc O npupose napopmanmn. Mbl yxe
BUAEIH, 4TO MHGOpMAIIUA XapakTepH3yeT
CTerneHb yNOPSIIOYEHHOCTH CUCTEMBI U HTO
B 9TOM CMBICJI€ OHA NMPOTHBONOJIOXHA M-
TPONMM, KOTOpasi XapakTepu3yeT CTereHb
Oecnopsinka cucTeMbl (CM. JIOTIOJNIHEHME
14-1); undopmanmio MHOTIA HA3BIBAKOT HO-
3TOMY «OTPHUATENBHOH JHTponmeH». Ta-
KHM 0Dpa3zoM, MHQOpPMAlU MMEET OTHO-
LIE€HME K 3HEpTruu. JelcTBUTENBHO, HHPOD-
MaiMi0 MOXHO HM3MEPHUTh, T.€. OLCHUTH
KOJIMYECTBEHHO, U CBAI3aTh €€ C BEJIMYMHAMM
IHTPONMM U CBOOOMHON 9IHEPrUM, ONHAKO
3TO TpeOyeT /IOBOJILHO CIIOXHOTO aHalu3a
C MNpUBJCYEHHMEM TMOHATUH BEPOATHOCTH
U CTATHCTUKH.

CerofHs, B BeK WIEKTPOHHBIX KaJbKyJisf-
TOPOB M KOMIBIOTEPOB, BCEM M3BECTHO, Ha-
CKOJIbKO OHM 0DJieryaror paboTy no xpaue-
HHIO, TlepepaboTKe U NOKUCKY MHGOpMaLMH.
Ha s3nike IAQPOBBIX KOMITLIOTEPOB €/IMHHU-
na uHdopManuu HaspiBaercss Ourom (bit,
COKpalileHHE OT aHIJI. cjioB binary digit—-
npouunblii paspsaa). Omuu Out —3T0 KOMM-
yecTBO MH(opManmy, Heobxoaumoe Ui To-
ro, 4ToObl cHenaTs MPaBWILHBEIA BhIOOp
MEXIy OBYMS a1bT€PHATHUBHBIMHM BO3MOX-
HocTamu. Konuuecto undopmaiimm, tpe-
OyeMoii ans TOTO, YTODEI CnenaTn fBa cie-
OYIOLLMX JIpyr 3a APYroM BbIOOpa Mexay
JIIByMS aJlbTEPHATHBHBIMM BO3MOXHOCT fI-
MM, PaBHO [BYM OMTaM. AHaJIOTHYHBIM
obpa3zom, ans TOro, 4YToOBl HaliTH OOHY
OnpeneneHHyIo KapTy cpeau 16 kapt nyrem
[OCNEIOBATENBHBIX AIbTEPHATUBHBIX (IBO-
MYHBIX) BEIGOPOB, HEODXOAUMO HETBIpE OM-
Ta. MIMeHHO TakuM TnyTreM IUPpOBOH

KOMIILIOTEP MOXET Npeo6pa3oBLIBaTh WH-
dopmalmioo B Buae JUIMHHOrO  psna
JIBOMYHBIX BLIOOPOB M KaK CJIEJICTBHE 3TOrO
COCTaBJISITh Pa3jIMMHOIO pOLA CIMCKH, TO-
TOBHTb IUIATEXHBIE BEAOMOCTH M Jlaxe 3a-
NUCHIBATE CUM(OHMH.

OnHako konuyecTBO usHbOpMaumy, 3a-
KJIFOYEHHOH B OHOH-€MHCTBEHHOI KJIETKE
4eJI0BEKa, BCE €€ HAMHOrO IPEBLILIAET
BO3MOXHOCTH HOCTYNHBIX B HAcCTOsLIEE
BpeMs LHPPOBHX KOMILIOTEPOB: 4EJIOBEK
NOKa elIe He crnocoben BbIpa3uTh B 1IMdpax
BCe MHOroo6pasue 6HOXMMHYECKHX (aKTOB
M B3auMocBaseil. JBanuaTh aMHUHOKMCIIOT,
U3 KOTOPBIX NOCTPOEHBI BCE OEJKK,—3TO HE
MPOCTO ABAAIATh KOAMPYIOLIMX €aUHHI,
6o 3HauYenue NroOOH paHHOW aMMHOKMC-
JIOTH B Besike MoxeT Ob1Th pasnuuubM. Ha-
NpyMep, 3HAYEHME CepMHA MOXET ObITh
00yCJIOBNIEHO T€M, YTO B MOJIEKyJlE€ 3TOH
AMMHOKHCJIOTBl CONEPKUTCSH TOJNApHAS IH-
JpOKCWIbHAg rpynmna, crnocobHas obpa-
30BBIBATh BOJOPO/IHYI0 CBS3b. OHO MOXET
OBITh TAKXE CBS3aHO C TEM, YTO CEPHUH BXO-
JIUT B KQYE€CTBE BAaXXHOTO CTPYKTYPHOTO 3J1€-
MEHTA B COCTAB AKTHBHOTO LieHTpa (epMeH-
Ta (B CJlyuae TPUIICHHA) MJIH PErYIIATOPHOTO
LIEHTPA (B CJlyyae TJIMKoreH-gpochopunassl)
WK Xe ObITh HocuTeNneM ¢ocdaTHLX rpynn
(B kaseuHe—Oenke mosoka). IlepeBectu
yeTelpexOykBennnlii a3k JIHK M aBaaua-
TUOYKBEHHBIN A3bIK GEJIKOB HA A3BIK LMOP
B TOM CJlyyae, KOraa 3TH OyKBbl MMEIOT
MHOXECTBO 3HAYCHMH, MOKa elle HE npen-
CTaBJISETCH BO3MOXHBIM.

OrpoMHoe KoTMYecTBO MHbOpMAaIIUY, 3a-
noxenHoH B JIHK, nipollie Bcero, moxanyi,
TIPOMJUTIOCTPUPOBATh, €CJIM BEPHYTLCS Ha
c. 850 k nykneoTHnHOH NOCIENOBATENBHO-
cru IHK manenbkoro Bupyca ¢$pX174, co-
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nepxaitieit 5386 map ocnosauuii, nepeveHn
KOTOpbIX 3aHUMAET OJHY CTPaHUlly O4€Hb
MeJIkoro tekcra. Yrtobnl HanesaraTh Hy-
KJIeOTHHYI0 TnocnenoBaresbHOCTh JHK
xpomocoMmul E. coli, conepxaweii 4 min.
nap ocHOBaHMH, moTpeboBanock 6bl OKOJIO
740 ctpanui 3TOi kuuru. Tlonnas xe Hy-
Kneotuanas nocienosatensHoct JHK 46
XpOMOCOM KJIETKM 4eJIOBeKa 3aHsia Obl
coiuie 820000 cTpanumii, 4TO COOTBETCTBYET
820 TomaM, kax/ablii pazsMepoM ¢ Bech Halll
TPEXTOMHBII yueOHuK. HO 3TOT TekcT Obul
651 Gecriosniesen 6e3 NOJIHOrO 3HAHMS [IPHH-
IIMIIOB KOAMPOBaHus M NPOTrpaMMHUPOBa-
HHH, JieXalUX B OCHOBE NPOLIECCOB TpaH-
CKPWIILUM, TPAHCIALMH M DPErYJSLMH 3KC-
mpeccud TE€HOB; a 3TO MOTpeboBano Obl
MHOXECTBA JIOTIOJIHMUTENBHLIX TOMOB HH-
dopmarmu.

Ilepeiinem Tenepr k crpykType JHK,
PaccMOTPUM  [10KA3aTe/bcTBA TOrO, YTO
wMmenno B JIHK xpaHuTcs reneTuyeckas us-
dopmanus, U nocrapaeMcs NOHATH NPUPO-
[y OCHOBHBIX QYHKIIMOHAJILHBIX €IHHMI] Te-
HETMYECKOTO MarepHana—xpoMOCOM M Te-
HOB.

27.1. JHK n PHK BbmojHsioT
pa3ubie (QYHKLMH

Jns wayana, 4Tobhl Jierye OBHUIO OpHMEH-
TUpOBATLCH, O3HAKOMMMCS OErJI0 ¢ NpHpOo-
noH, QyHKIMEH U MecTaMu JIOKanu3alyu
OCHOBHBIX KJTACCOB HYKJICMHOBBIX KHCJOT
BHytpu kjetok. JIHK—-310 upesBhyaiino
INUHHBIE TIONMMEPHEIE LIENH, COCTONLINE U3
MHOIHX ThICSY COEOMHEHHBIX IPYT C APYTOM
MOHOMEPHbIX  €INHUIL~ AE30KCHpHbOHY-
KJICOTUAOB YETHIPEX PAa3HBIX THIOB, OOpa-
3YIOLUX XapAKTEPHBIE IS KaXXa0ro opra-
HM3Ma ChelupUIecKre IOC/EAO0BATEIbHO-
ctu. Monekynsl IHK o6britno cocroat us
IByX Leneil. XpomMocomMa npOKapHOTHuUE-
CKHX KJIETOK TNpeacTasisieT cO0OW onuy
OYEHb JUIMHHYIO IBYXUENOYEYHYIO MOJIEKY-
ny 1HK, cobpanHyr0 B KOMIIAKTHOE Adep-
Hoe ofpasosanue—Hykaeoud. HanomHum,
4TO y NPOKAPHMOT TEHETHYECKMI MaTepHan
HE OKpYXeH MeMbpanoii (pasn. 2.4).

DykapyOTHHECKUE KIETKH CONEPkAT
bomswoe gucsio Monekyn JHK, kaxaas u3
KOTODBIX, Kak IIPaBUJIO, TOpa3no AJIMHHEE
enuucTBeHHON Mosiekynbl JIHK nipokapHoT.
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Monexymnt JJHK y sykapuor cBsa3aubi
c DemxkaMud W OpraHM3OBaHEl B XpomMamu-
HOGble 80A0KHG BHYTPH Spa, OKPYXEHHOTO
CJNIOXHOW  aByXMeMOpaHHO#i  CHCTEMOIA.
Oyukums [JHK coctouTt B TOM, 9TO OHa
XPaHUT 3amac TeHeTHYECKOW HH(OpMALUH,
HEOOXOAMMON Il KONMpPOBAaHUS CTPYK-
Typbl Bcex besxoB 1 Beex PHK kaxaoro Bu-
[1a OpraHM3Ma, pPeryJMpyeT BO BpeMEHH
U NpOCTpaHCTBE OMOCHMHTEZ KOMIIOHEHTOB
KJIETOK M TKAHCH, OIpenesieT nesTelb-
HOCTb OPTaHM3Ma B TE€YEHHE €TI0 KUIHEHHO-
ro uMkiia ¥ obecriedvBaeT HMHAWBHIyalTb-
HOCTb JAHHOTO OPraHU3Ma.

Bupychl (pasg. 2.22) Ttakxke copepxar
B KayeCTBE IeHETHMHECKOrO MaTepuana Hy-
KJIEMHOBbIE KHCJIOTH -y onuux 310 JIHK,
y apyrux PHK (ta6a. 27-1). Bupycunie Hy-
KJIEHHOBBIE KUCJIOTHI, pasMep KOTOPLIX MaJi
110 cpaBHeHuro ¢ pasmepom JIHK Baxrtepuii,

Tabauya 27-1. Hekotopele nHaubollee M3BECT-
HEie TIPEJICTaBHTEMM BHpycoB!)

Bakmepuanshste supycel ( 6akmepuodacu)
JIHK-copepxanme: ¢$X174
A (1ssMGna)
T2

T4
PHK-conepxanme: f2

MS2

R17

QB

obe3bsHni
(SV 40)
BHPYC MBIIIMHOM OJIH-
OME!

BUPYC MaIMIOMBI KPO-
JIMKa

BMPYC IIPOCTOIO repie-
ca (4eslOBeK)
aneHoBMpYC (4es1OBeK)
BMpyCc capkomsl Payca
(mTHLBI)

BHPYC IOJIMOMMENHTA
BMpYyC IpMIINa
peoBMpyc (4YenoBek)

Pacmumenvubie eupycer ( PHK-codepxcawue) :

BUpyc TabayHol Mo3au-
KH

BHPYC KYCTHCTOM KapJiu-
KOBOCTH TOMaTa

Bupycvl scueomusix

JHK-conepxaume: Bupyc 40

PHK-conepxaluue:

1 Xo3sannoM BCeX HIDKENEpeYHCIeHHBIX GakTepno-
¢aros cnyxur E. coli.
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KonupyroT cnelnduieckue 6eky, obHapy-
KUBacMble B BUPYCHbIX YacTHLIAX, 4 TaKxke
HekoTopbie epMeHTHl, HEOOXOaUMEBIE I
perUIMKaLMKd BHpyca B KIIETKE-XO3SHHE.
Mosnexysbl  puCOHYKIEHMHOBBIX KUCIOT
ImpeacTaBsoT coboi  ANMHHBIE TOJH-
MEPHBIC LIENH, COCTOSIIME U3 COEOMHEHHBIX
APYT ¢ OPYTOM MOHOMEPHBIX €IHHUL — PH-
GounykneoTnos. Ilo pa3Mepy MoleKyJibl
PHK ropasno xopoue, yeM JHK, oxHaxo
HX oOLee KOJIMYECTBO B OOJBIIMHCTBE KJIe-
TOK 3HAYMTENEHO NPEBBbILIAET KOJIMMECTBO
OHK. Kak B npokaproTUYECKHX, TaK # B 3Y-
KapHoTHYecKHX kneTkax copgepxurcs PHK
TPeX OCHOBHBIX KilaccoB: mampuunas PHK
(MPHK), pubocomnas PHK (pPHK)
u mpancnopmuas PHK (mPHK). JioGas
PHK B otimuue ot JJHK npencraenser co-
6ol onHOUENOYeYHBl NOMHpHOOHYKIIEO-
AL, A7 KOTOPOTo XapaKTepHBl CTPOro
OnpeneJieHHas MOJIEKyJIApHas Macca, cre-
uuduyeckas HyKJEOTHAHAs NOCIEOOBa-
TEJILHOCTb M ONpenenenHas 6uonornueckas
byuxuua (tabn 27-2). Matpuuusle PHK
(MPHK) ciyxaT MaTpuuiaMy, KOTOpBIE MC-
NMOJBL3YroTCA pubocoMaMu TNpM nepeBoAE
TeHeTH4eCKOH HHQOpPMALMK B aMHHOKMC-
JIOTHYIO IIOCIEAOBATELHOCTL GemxoB. Hy-

KJIeOTHOHaf nocjenosaTebHocTh MPHK:

KOMILIEMEHTAapHa I'eHeTHYeCkoMy coobile-
HMIO, cOZepXallleMycs B OIpPedeleHHOM
yuacTke komupyrommeii nemd JJHK. B oouo#t
3yKapUOTUYECKOI! KIIETKE MOXET HAXOAUTh-
cs Gombine 104 passspix MoJiekyst MPHK,
KaxJas U3 KOTOPBIX KOAUPYET ONHY UIIM He-
CKOJIEKO pA3HBIX NOJMNENTHAHBLIX lened.

TPHK Tak xe, kak 1 MPHK, npencra-
BISIFOT ¢O0OH onmHoLenoueuHbIe noauprbo-
HYKJIEOTHABL, 00pasyrolllieé KOMIAKTHBIE,
CBEPHYThIE ONpefieIeHHBIM 06pa3oM CTpyK-
Typsl. Monekymei TPHK coctoat us 70-95
pUOOHYKIIEOTHIOB, X MOJL. Macchl JieXaT
B npepenax 23000-30000. Kaxmoii u3 20
aMHHOKHUCJIOT, O6HapyxHBaeMBIX B OeTkax,
COOTBETCTBYET OfiHA MJIH Heckobko TPHK,
KOTOpbI€ CBA3BIBAIOT €€, IEPEHOCAT K pubo-
COMaM U CJIyXaT «aJanTopoM» NpU Nepeso-
ne 3akomupoBamHoro B MPHK renertnue-
CKOTO TEKCTa B AMMHOKUCJIOTHYIO NOCJIENO-
BaTesibHOCTh OenxoB. Kaxmas TPHK co-
HOEPXKUT OCOOBI TPUHYKJICOTHI (TPUILIET),
Ha3bIBaeMLIH €e aHmukoOOHOM, KOTOpBIH
KOMIUIEMEHTAPDEH TPUHYKJIEOTHOHOH TO-
CIIeIOBATEILHOCTH (TpunneTy) B
MPHK - kodony, konupyronieMy aMHHOKHC-
JoTy, cooTBeTCTByrollyro Oanuoii TPHK.

Pubocomnvie PHK (pPHK )-ocHOBHbIE
KOMIIOHEHTBL PHGOCOM; OHM COCTABIIAIOT
o 65% ux Beca. B npokapvOTHYeCKUX pH-
6ocomax mnpucyTcTByer TpH Buma pPHK
(tabn. 27-2), a sykapuoTmdeckue pubo-
COMEI, K&K Mbl YBIIOHM B Il 29, conepxar
uethipe Buaa pPHK. pPHK wurparot Bax-
HyI0 pPOme B CTPYKTYpe M OnocuuTeTHHe-
cxoif ¢yukMH pubocoM.

B syxapuoTHYeckux KJIETKAX CyLeCTBYET
nBa nonoJHuTeNbHBIX kjnacca PHK: zeme-
pozennvie adepuvie PHK (2aPHK ), npen-
cTaBmonme coboif  sOepHble npeniue-
creenbvkk MPHK, u masvie (Husxomoaexy-
anpuvie) Adepuwie PHK (MaPHK), yua-
cTeyroume B npoteccunre PHK,

Tabauya 27-2. Csoiicrpa pasnnyumix PHK E. coll

Knacc CropocTb Monexkynspuas TTpn6anan- IMpouent
ceaMMeH- Macca TENBHOE obuiero
Tauuy, SV YMCIO HYRJIEO-  COnepa-
THOHBIX ocTat-  Hua PHK
KOB B KJIETKE
MPHK 6-25 25000-1 000000 75-300 ~2
TPHK ~4 23 000-30000 73-93 16
pPHK 5 ~ 35000 ~100
16 ~ 550000 ~ 1500 } 82
23 ~1100000 ~3100

1 Cumpon S o3HauaeT «cpenbepr» — EMNHULY, XapakKTEPH3YIOLIYIO CKOPOCTh CEOMMEH-
TalUMM MaKPOMOJIEKYJTh IIpH UEeHTPHbyrHpoBaHKH, KOTOP&s 3aBHCHT OT pasMepa B GopMbl
monekyssl. Enunvua maseada B wecte Cmenbepra, LUBeICKOro (PM3NKOXHMMAKA —H306pe-

TaTens yJbTpaueHTpAdyTH.
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PaccmoTpum Teneps CTPYKTypy HYKJIEH-
HOBLIX KHCJIOT OoJiee noppobHO, HauuHas
C X CTPOMTENbHBIX OJIOKOB —HyK Aeomudoe.

27.2. HykNeoTHIHbIE €IHHMIIbI
JAHK n PHK conepxar
cneimdniecKkne OCHOBaHHs

H TIEHTO3bI

Hanomuum (rj1 3), 4T0 HyKJIE€OTHIBI CO-
CTOAT M3 TPeX KOMIIOHEHTOB—a30THCTOIO
OCHOBaHM#, TEHTO3bl M ¢ochopHOil KkHc-
JIOTBI, COEAMHEHHBIX (pUc. 27-1) Tak, 41O Oc-
HOBaHHE CBA3aHO N-TJMKO3UIHOH CBA3BIO
¢ I'-yrnepoaoM neHTo3b, a pochopHas Kuc-
JI0Ta —CNOXHO3(UPHOR CcBA3BIO ¢ §-yrie-
POOOM TEHTO3kL. A3O0TUCTHIE OCHOBaHWS
npeacTaBisoT COO0H NMPOM3BOAHBIE IBYX
UCXOJHBIX T[ETEPOLMKIIMYECKUX COCHHE-
HU —MMpVUMHMAMHA 4 nypuHa (puc. 27-2).
JHK conmepxuT ABa MMPUMUONHOBBIX OC-
HoBaHus —yumosun (C) 1 mumun (T) u nBa

Hypusosoe nau

ocHOBaHKE

D-pubosa

Puc. 27-1. O6ob6imeHnan CTPYKTypa PyKJI€OTHOOB.
Ha prcynxe npuBenesa CTpykTypa puGoHyKIEOTH-
na. B nesoxcupubonyxneornnax —OH-rpynma
(o603BaucHa KPacHhM HBETOM) 3aMeHEHa aTOMOM
—H. AtoMsl! yrieposna neHTo3s! IPOHYMEPOBAHEL
uudpaMu co wtpHxaMH (1, 2’ ¥ T. 1), 4TO6B! OT-
JIMYaThL X OT aTOMOB B OCHOBAHMAX,

NypPUHOBBIX OCHOBaHMs —adenun (A) U 2ya-
Hur (G). B coctaB PHK Ttakxe sxoast apa
mipumuauHa —yumosun (C) u ypayus (U)
M nBa nypuHa-—adenur (A) v zyanun (G).
EmuncteenHoe Baxunoe paszmuue JHK
u PHK 1o ocHoBaHusM 3akjmouaercs
B TOM, YTO THMHH —OJIMH U3 OCHOBHbLIX MU~
pumuannos JIHK —BcTpeyaetcs oyens pen-
ko B PHK; u, HaoGopoT, ypauui—onuH u3
riaBHeIX mHpuMmuauHoB PHK —xpaiiue pen-
ko Bcrpevaercs B JIHK. Ilnpumuauxossie
U NypPHHOBbIE OCHOBAHHS —3TO MOYTH ILIO-
CKH€ MOJIEKYJIbI, CPABHUTETHHO [JIOXO PacT-
BopuMble B Boae (puc. 27-3).

B HykneMHOBBIX KHCJIOTaxX HajineHo OBa
TUNa NeHTo3. IIoBTOpsIOLMeC HE30KCHPH-
6onykneoTuansiec enunuubl [THK copepkar
2'-0e3okcu-D-pubosy, a puOOHYKIICOTHAHBIE
ennanusl PHK conepxat D-pubosy. O6e
NEHTO3b! NPEACTABJICHBI B HYKIIEOTHAAX B -
¢dypaHO3HOH (opme.

Ha puc. 27-4 npusenenbl CTpyKTypHBbIE
GopMyIBI M Ha3BaHHA 4ETBIPeX OCHOBHBIX
Ae30KCHPHOOHYKJIEOTHIOB  (Ae30KCcHpHGO-
HyKkJeo3u1-5'-moHodocdaToB), HyHKIMOHU-
PYIOLIMX KaK CTPYKTYPHBIE H KOAMPYIOLLHE
emuuuie! JIHK, 1 9eTsipex ocHOBHBIX pubo-

JHK PHK
AlleRuE AJleHMHE
Typurn
Iyanun Cyamus
. LuTo3un LuTo3un
MM
HPHNMHIRE TuMun Ypamua

Puc. 27-2. I'napHbIE NRPYMAIAHOBLIE H MyPHHO-
prie ocHoeanMsa B JIHK u PHK.

KJICOTHOOB HOOHYKJIE031 -5 -MOHO-
y
u e
C 75N
N,"\,CH by S(ﬁ 7-
1] HCZ > % ‘(‘\'/
HCY, l:l /“CH N
Tlspumuany, Tiypus,
NH, TH.
N
Ny ‘\UE N\,%\ai/7\
8
0—(!’\:‘/0 H(!(&/‘ \ﬁ/CH
H H
Lroann AleHun
(o] (o]
¢ E N
e NS N
Q_J:z 1 8 H.N—J:g: /C\N/
Ypauua Tyauun
HN: Sc—cH,
0— 2. :
Tnmm

Puc. 27-3. Mcxonuble COeMMBERAA — MHPHMHINE B
INYPHH, 8 TAKXKE [J1aBHble MMPAMHIAHOBLIE M IIypH-
HOBbIE OCHOBAHHUA HYKJICHHOBBIX KHCJIOT.
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OH OH

Anenunat, ajekodut-5-
morodocdar(A, AMP)

OH H
JlesokcraseHnnaT, Ae30KCHANCHOIMH-S "~

monodocihar(A, dAMP)
8]

b N

NN R

NG G A

1 I

OH OH
['yasuraT, ryaHoswH-5"-

monopocat(G, GMP)

OH H
JlesokchryaHunaT, Ae30KCHIYaHOIHH-5 -

monoocdatiG, dGMP}

n=0

0—8-
i
(8]
JIe3OKCHTHMMIATAT, AETOKCHTHMUAMH-5"- Ypummnat, ypumn-5"-
monodocdat(T, dTMP) monotocdar(l, UMP)
hlJH, lim’
C. £
N Ten NY (l:H
| N
O= IJ: CH D=C. H
I\/ ,N/C
o
o 0--P- 0—H, O.
e
PANEY
o H OH OH

LiuTuamnar, uaTnius-5"-
wmototochat(C, CMP)

THAMH-5 -

il THANAAT, fi
monodocdat(C, dCMP}

Puc. 27-4. A. J1e30KCHPHGOHYKJIEOTH/IHBIE KOMIIO-
HenTel JIHK B cBo6oamoit dpopme npu pH 7.0. Ux
oferiHo obo3nayaloT A, G, T u C (um pexe dA,
dG, dT u dC), ecnu OHH HaxOAATCA B COCTABE MO~
nexyasl AHK, u dAAMP, dGMP, dTMP u dCMP,
€CJIM 9TH HYKJIEOTHAB! NPUCYTCTBRYIOT B CBOGOAHON
¢dopme. B. Pubonykneorunnsle xomnonentht PHK.
B ofoux ciysasx docdatnas rpynna HaxonuTcs

B 5'-NMONOXEHHH.

tdocdaTos)- konupyroumx enunun PHK.
Crenuduyeckue ONHUHHBLIE MOC/CIOBATE b-
HoctH ocHoBanmii A, T, Gu C 8 IHK xoau-
PYIOT TeHETHYECKYI0 uHpopmanmio. Kpome

rrnaeublx ocHoBanuilt B JIHK comepxuTtcs
TaKxKe HeOOMBILIOE YUCTIO TAK HA3bIBAEMBIX
MUHOPHbIX OcHoéaruil. OOLIMHO MHHOPHbIE
OCHOBAHUS —3TO METHUIJIMPOBAHHbLIE (HOPMLI
IJaBHbLIX OCHOBAHWil, OHAKO B pANE BH-
pycHbix JIHK HekoTOpBIE OCHOBaHHSA MOTYT
ObITh TMIPOKCUMETHIIMPOBAHEI MJTH [JIHOKO-
3USMpoBaHbl. Takue U3MEHEHHbie HJM He-
06bIyHbie OCHOBaHMs B MoJnekynax JIHK Bo
MHOTHX CITy4asx NnpeacTaBistoT coboit cne-
nuduyeckue CHUrHajbl, KOTOphIE HIPAKOT
BaXXHYIO POJIb B PEAUIALNM [EHETHYECKOM
HHpOpMaulu UK B OOECICYEHHH €€ CO-
XPaHHOCTH. MHWHOpHBIE OCHOBaHHS ObLin
obuapyxennl tatxke B PHK, B ocnosHOM
B TPHK.

27.3. Caenyroiime

OpYT 38 JPYroM HYKJIEOTHIbI
COe/IHHEHb!
docornIQUPHBIMH CBA3AMH

[TocnemoBaTeIbHO PACHOTIOKEHHBIE HY-
kneotunst B Monekysax JIHK u PHK koea-
JIEHTHO CBSI3aHLI IPYT C APYTOM MpH MOMO-
uM  ochaTHbIX «MOCTHKOBY». 5'-TMJpPOK-
CHJIbHASl TPYONA NEHTO3bl OJHOIO HYKIIEO-
THIA MNPUCOCOMHEHA K 3'-IMOPOKCHUILHOIM
IpyNOe€ MHEHTO3bl COCEIHEro HYKJICOTHIA
¢ nomounk  gochodusuproii  cesazu
(puc. 27-5). Takum 06pa3zoM, KOBAJICHTHLIE
OCTOBHI HyKJIEMHOBHIX KHUCIIOT COCTOST M3
MOHOTOHHO uepenyrolumnxcs dochaTHelx u
TICHTO3HBIX TPyIIl; OCHOBAHUA XE MOXHO
paccMaTpHBATHL KaK GOKOBLIE I'pyIIbL, MPH-
COEIMHEHHBIE K OCTOBY Ha PaBHBIX pacCTOs-
HUSX Opyr oT apyra. OTMETUM TakXe, 4To
caxapodocdaruniii octo 1 IHK, u PHK
HeceT 3apsil, MOCKOMbKY (ochatHbe
TPYIbl SABJISIOTCA KUCIBIMH M IpU Xapak-
TEpHBbIX 11 kN€Tok pH 3apskens oTpuna-
TesmHO. BMecTe € €M NypUHOBLIE H MHPH-
MUOVHOBLIE OCHOBAHMS, KOTOPHIC MJIOXO
pacTBOpUMB B BO€, ruapodobubl. Y kaxem
Takxke, 4yto uenn JJHK u PHK o6naparor
ONpeNeNeHHON MONAPHOCTLIO, WJIM HAIMPA-
BJICHHEM, TIOCKOJIbKY BCE MEXHYKJIEO-
THAKRBIE GOchHOTUIPUPHBIE CBA3H OPUEHTH-
PpOBaHbI BOOJIbL LENH OMHAKOBO (pHC. 27-5).
brnaromaps 3Toil MONApHOCTH Kaxcaas Mo-
JIMHYKJICOTHAHAA 1€ML  HMMeEeT 5-koHen
u 3'-koneL.

IlocnenoBaTeIbHOCTb HYKJICOTUAOB B HY-
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JHK PHK
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Puc. 27-5. CtpykTypa KoBaneHTHOro octoea JIHK
¥ PHK, B koTOpO#l cnenyiomine apyr 3a npyrom
HykneoTHAHBle endHALE (B JIHK 37U Hyk neoTHa-
HBlE eIMHULLI 3aKpallleHbl) COEAMHAIOTCH MEX Iy
coboit docdoamdupubiMu MocTukamu. Obpatnte
BHHMaHME Ha TO, Y¥0O OCTOB, COCTOSILLHI U3 Yepe-
DYFOLUMXCS OCTAaTKOB NeHTO3b M docdaTHbIx
TPYNI, NPeACTaBNfeT COO0H CHILHO NONAPHYIO
44CTh MOJIEKYJIbI, TOT1a KAK OCHOBAHMS —3TO He-
NORAPHEIE, THAPOPOGHbIE KOMITOHEHTHI MOJIEKY b,

KJIEMHOBBIX KMCJIOTAX MOXHO CXEMAaTHYECKH
n300pa3uThL Tak, Kak MOKa3aHO HUXE Ha
npumepe pparmenta J1HK, cocrosiiero u3
HATH HYKJIEOTHHOB:

lAI [T G i la

OcHoBanusi 0603Ha4eHLl cumBosiamu A, T,
G u C, kaxnas ae3okchpubo3a u3obpa-
®eHa BEePTHKAJIbHOM uepTod, a ¢ocdat-
HBIE TPYNIbI —CUMBOJIOM @ Hndpamu
B KPYXKaX yKasaHbl MecTa B A€30KCHPHOO-
3¢, K KOTOPBbIM NpUCOeNHHEHBl (GocdaTHIE
rpynusl. CTpykTypy onunounoi uenn [JHK
1300paxaroT BCeraa Tak, 4TO cJleBa pacro-
naraercsi 5'-KoHer, a cnpaBa—3'-kouel, T.e.
B HanpasieHuu 5 — 3. TlpuBeneHHbIH BbI-
llle MeHTaAe30KCHPUOOHYKIEOTH MOXHO
3anucaTh CIEAYIIUHM obpa3zom:

pApTpGpCpA wi ewe kopoue pATG-
CA.

MexunykieotHansie cesizu B JJHK n PHK
MOXHO XUMHYECKH PACLIENUTH C MOMOILBLIO
rgpoimsa. WIX MOXHO rugponn3oBaThb
1 ¢epMeHTaMH, KOTOpPbIe HA3LIBAKOTCH H)-
kaeazamu. Hekotopsie Hykseasbl cliocOOHb!
PACLLENNIATL CBA3H MEXAY NBYMSl COCENHHU-
My HYKJICOTHAAMY, PACHOJIOKEHHBIMU BHY-
Tpu neny JIHK wmm PHK ; Takne nykieasel
Ha3bIBAlOT  3HOOHyKAeazamu. Hykneaswl
JIpyroro Kjlacca MOryT KaTallu3upoBaTs -
JpOJIH3 TOMBLKO CBAA3H KOHLEBOIO HYKJIEOTH-
Ja-wuim y 5- unu y 3’-KOHua MOJIEKYJibl;
3TH GEPMEHTHI OTHOCATCS K IK30HYKA€A3AM.
He3zokcupubonykseasul, CNELUGUIECKU pac-
IUENAIOIME ONPENENEHHLIE MEXHYKJIeo-
THaHble cea3u B AHK, u pubonykieasvr —
¢epmenThl, cnenmdnynsie kK PHK, Halinenst
BO BCEX JKHUBBIX KJI€TKaX. OHHU CEKPETHPYIOT-
csl, B 4aCTHOCTH, MOMKEITYJOYHOM XENE30i
B KHMILCYHBI TPAaKT, [ic NPUHIUMAIOT y4a-
CTHE B TUAPOJIM3€ HYKJICMHOBBIX KMCJIOT
B mpouecce muilieBapeHus. Huke MBI yBu-
UM, 4TO pa3/IMYHbIE THIBl 3HIOHYKJIEA3
npeacTaBnAoT coboil BaxHHIH OHOXMMUuE-
CKHIi WHCTPYMEHT nJjil KOHTPOIHPYEMOTO
pacwennenus [JHK w PHK na Menbume
(parMeHTHl OpPH ONPENeNieHUH HX HYKJIEO-
THAHOH NOCJEN0BATEJILHOCTH.

274. THK xpaHuT
reHeTHYeCcKYI0 HHpOpMAalHIo

Ucropus THK naunnaetca ¢ Gpugpuxa
Muwepa, 1BeHnapckoro 6Mosiora, Ko-
TOpbUi MEPBLIM MPOBEN CHCTEMATHYECKOE
UCcNeNoBaHUe KierodHoro siapa. B 1868 r.
Muep BblaETHA U3 AP KNETOK THOS, MO-
JIY4E€HHOIO C HMCHOJIL30BAHHLIX XHpYpruye-
CKHMX TIOBS30K, BELLECTBO, coaepxaluee ¢oc-
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¢op, KOTOpoe OblNO HAa3BAHO MM HYKIIEH-
HOM. (KneTkH rHos—3T0 6eJible KpOBSIHBIE
KNETKH, WM JeiikoumThel.) Muluep obHapy-
MHJI, YTO HYKJIEHH COONEPKUT KUCIBIA KOM-
HOHEHT, KOTOpBI HM3BECTEH TeEINEPh Kak
JHK, ¥ OCHOBHOH KOMIIOHEHT, KOTOPBIH
cooteBeTcTByeT Genky. Ilo3zke oH Hamen
CXOJIHOE BEIIECTBO B FOJIOBKax CEpMaTo-
3oun08 Jiococs. Hecmotps Ha 10 Yyt0 Mu-
1Iep OTAEUN (PPAKIMIO HYKJIEMHOBOH KHC-
JIOTBI M M3y4aJl €€ CBOMCTBA, KOBAJIEHTHAs
crpyktypa JHK, noka3annas Ha puc. 27-5,
0OCTaBasach HEBLISICHEHHOM BIJIOTH IO KOH-
una 40-x rogos.

Ewe Mullep, a Bcned 3a HUM MHOrue
Ipyrue UCCIENOBATE/IM NPEANONIaraiy, YTo
HYKJICMH WJT1 HYKJIEHHOBAs! KMCIOTa UMEIOT
KaKo€-TO OTHOILCHHE K KJIETOYHO# Hacrnen-
CTBEHHOCTH, OIHAKO NEPBOE HPsIMOE NOKa-
3aTeJILCTBO Toro, 4yto JJHK —HocHTe)L re-
HeTudeckoi MH(popMaluH, ObUI0 MOJy4eHo
TOJLKO B 1943 1. B pesysbTate OTKPBLITHS,
coenanHoro OcpaybaoM T, Isepn, Kosm-
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HoMm Mak-JIeonom u Maknunom Maxk-Kap-
T u3 Pokgenneposckoro uncturyra. Onu
obnapyxuny, uto JHK, skcTparnposannas
U3 BHpyJNeHTHOro  (60JIe3HETBOPHOIO)
mwramMma  Gaktepud  Streptomyces  pneu-
monige, W3BECTHOIO TAKXKE KaK MHEBMOKOKK,
HEU3MEHHO MEPEBOIMIIA  HEBUPYJICH THBHIH
IITAMM 3TOM OGaKTepud B BHPYJECHTHYIO
dopMy (puc. 27-6). IBEpH U €ro KoJlern
caenam BuiBop, uTo JJHK, BBIOENEHHAS U3
BUPYJIEHTHOrO IIITaMMa, HeceT Haclesye-
MyHO FeHETUYEeCKyIo MH(OopMaLuio, 06yco-
BJIMBAIOLLYIO BUPYJIEHTHOCTD, H YTO 3Ta HH-
dopmaLus HeusMeHHO BkmovaeTcs B JJHK
PELMITHEHTHBLIX HEBUPYJIEHTHBIX KieToK. Ha
MEPBBIX MOPaX HE BCE COIIACHITUCEH C TAKHM
yrBepxnenueM. Hexotoprie XKpUTHKH cui-
TaJTH, YTO IEHCTBHTEILHLIM HOCHTENEM TIe-
HeTHYECKOH MHGPOPMAUMH MOIJIH CIY)XHTh
crefoBble  KOJNUYECTBA  CONEPXKALLMXCS
B JIHK ©Genxopbix npuMeceil. Ita BO3MOX-
HOCTh 6bLIa BCKOpE HMCKIIIOYEHA, TaK Kak
oKa3aJioch, yTo 06pabotka JJTHK pe3okcu-

Puc. 27-6. xcnepuMeHT JpepH, Mak-Jleona H
Max-Kapru. 3apaxenne Mblwefl HHKanCyJMpo-
BAaHHBIM IITAMMOM NMHEBMOKOKKA (A) BBI3bIBAET
CMEPTBb XHBOTHBIX, B TO BPeMs Kak Oeckancy’s-
Hem (B) 1 yOUTBI? HarpeBaHHEM UHKATCYJIHPOBaH-
ubi#t WwtamMel (B) Ge3spennss. I'. Panee 6aktepuo-
sor @penepux I'puduput noxasan, uro npu Aobap-
NEHUM YOMTRHIX HarpepaHHEM BHPYIEHTHBLIX NHEB-
MOKOKKOB (KOTOpBIE CaMH Ito cefe 171 MblIUeR
6e3ppeniHbI) K AKHBBIM HEBHPYJIEHTHBIM KIIETKAM
NoCNeAHHe HEeM3MEHHO NpPEBPaLaiCh B BUPYJIEHT-
HBIE HHKANCY/MpPOBaHHbIE KieTKH. OH caenan Bul-
BOJL, YTO B YOUTbIX HarPeBaHHEM BHPYJIEHTHBIX
KJIETKaX MpHCYTCTRYET Heku# TpancdopmMupyio-
i ¢axTop, KOTOPIA NONAAET B XKHBBIE HEBH-
PYJIEHTHBIE KJIETKH M TIPHASET HM BHPYJIEHTHOCTL M
cnoco6HOCTL 06pa30BLIBATE KANCYbL IBEPH U €TO
KOJUIETH YCTaHOBIIH, YTO 3TOT TPaHcHOpMUPYIO-
it daxtop npeacrapuser coboii JHK. . Oun
peuteniin JIHK u3 yOHTBIX HarpeBaHueM BHpY-
JIEHTHBIX ITHEBMOKOKKOB, CYHCTHIIH ee OT 6enkos,
HACKOJIBKO 3TO GBl10 BO3MOXHO, W N06aBHIN K
HEBUPYJIEHTHBIM KJIETKAaM. [TpH 3TOM HEBHpPYJEHT-
HBIE MHEBMOKOKKH IPEBPATHIIMCH B BUPYJIEHTHBIE.
Ouesnano, IHK nonana B ReBHpYJIEHTHBIE KNET-
KH, H T€HBl, OTBETCTBEHHBIE 32 BHPYJIEHTHOCTb H
obpa3opanue Kancyinbl, BCTPOWIHCE B X POMOCOMBI
HEBHPYJIEHTHBIX KJIETOK.
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pHOOHYyKNea3aMH YHHYTOXAeT TpaHcpop-
MUPYIOLIYIO aKTHBHOCTb, @ [POTEOJIMTHYE-
cKHe (PEPMEHTHI Ha HEE HE BIUSIOT.
ITo3xe, B ApyroM BaXXHOM 3KCIIEPUMEHTE,
ObLIO MMOJTYHEHO HE3aBHCHMOE CBUIETEIb-
CTBO B ITOJIb3Y TOIO, YTO €HETHYECKYIO HH-
dopmaumro Hecet [THK. B 1952 r. Ambxdpen
J. Xepum u Mapta Ueils B onmbiTax ¢ npu-
MEHEHHEM paiMOaKTHBHBIX METOK MOKasa-
Jii, 4TO IpH HHpekuun 6akteprodarom T2

Ixenepument 2P Ixcnopumant c 2°§

PRIHOBKTHRHES Pazkoakrimsbiit
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Padienesy e 0 noMowsl
LeKTpHyrHpOBAHUA

by

PannoekTrrune HepagkoaxTHEHbI®
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O

ero kyerku-xo3suHa E. coli nmenno JTHK
BHPYCHOH 4actuubl T2, a He ee Genkopas
YacTh MomajgaeT BHYTpb OakTepHaibHOM
KJIETKH H OOCTaBJIIET TyZAa IeHETHYECKYIO
HHPOPMAUHEIO IJIS pellTHKaluH 3TOTO BUPY-
ca (puc. 27-7).

B pe3yibTaTe 3THX BaXHBIX DaHHHX 3KC-
HEPHMEHTOB H MHOXECTBA OPYIMX HOKa3a-
TEJILCTB, MOJIyYEHHBIX NO3XKE, B HACTOSALLEE
BpeMs C IONHOH YBEPEHHOCTbIO MOXHO
cuuTaTh, uto MMmenHo JHK ssisercs toit
COCTAaBHOM YaCTbIO XpPOMOCOM, KOTOpasi He-
ceT B cebe TreHETUYECKYyI0 HHPOPMaIHIO
KHBBIX KJETOK.

Hepeanoekriakbie PamyoBXTHBHbIE
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27.5. IHK pa3Hbix BHI0B M
PalIHYHLIA HYK/ICOTHIHbIH

CaMbIM BaXHBIM KJIFOYOM K Pa3sraike
crpyktypbl JHK cTtano otkpblTie, cnenau-
Hoe B Konue 40-x ronos IperHOM Yaprad-
¢oM H ero xomneramu u3 Koaymouiickoro
yRuBepcuTeta, OHH OOHapyxuy, «TO
YeTeIpe OCHOBaHHN BCTpevaroTes B JJHK
Pa3HbIX OPraHM3MOB B Pa3NIMMHBIX COOTHO-

Puc. 27-7. O61uas cxema 3kcrnepHMeHTa Xepius 1
Yefts. IxcriepumMeHT NPOBOAHIIM HA ABYX Mpenapa-
Tax GaxTepnodara, MEYEHHOTO PadOBKTHBHLEIM
H30TOTIOM. B OHOM H3 HHX C MOMOLLBIO M30TOMNA
32p 6imm noMevennl hochaTHbie rpymmst harorolt
IHK, & 8 npyrom usoron 23S 6uin pBeaeH B cepy-
codepxawpe aMHHOKHCTOTE Genka obosiouku a-
ra. Kaxmift 13 MeyeHHBIX TaxuM cnoco6oM daroe
o OTOENbHOCTH Obis1 NOGABNEH K CYCNEH3UH He-
MeveHRIX Gaktepuft. 3aTeM 06e rpynner 3apaxeH-
HeIX haroM GaxTepyanbHLIX KIETOX BCTPAXUBAJH
B cMecuTene. OKA3eNochk, YTO KNETKH, 3apaXeHHble
32p_pupycHEIMK YACTMLIAMH, CONEPKAT B CBOEM
cocTase 2P, T.¢. B HUX TONANA MeYEHAS BUpYCHas
IOHK. Otnenenuble OT KN€TOK «TeHu» dara (my-
cTele 060n0YKM BHpYca) pROHMOaXKTHBHOCTH He CO-
nepxanu. B xeTkax, 3apaxeHHRX 3S-BHPYCHEIMK
YaCTHUAMH, PaIMOAKTUBHOCTH HE GbIno, 3870 OHa
6rina Hafinena B «Teusx» dara nocne OTACICHUA HX
OT KJIETOK ¢ NMOMoIbio cMecHTess. [TockoabKy
B 0bomx ciyyasx OmNO noJydeHO MOTOMCTBO BH-
PYCHBIX YaCTHL, O8HHEHIt 3KCNepHMEHT OOKA3aM,
YTO FeHeTHYeckad MHGOpMaIHs, Heobxonumasn oM
perumKauKy BUpyca, NepeHocuTcs BHpycHolt JHK,
& M€ BUPYCHBIM GeJIKoM.

LLIEHHAX M YTO MEXIY OCHOBAHMSIMM CYLIIE-
CTBYeT OINpEHNEeNCHHas KOJNHYeCTBEHHAS
ces3b. B Tabn. 27-3 npeactaBneHb! KOJMYE-
CTBEHHbIE COOTHOLLEHHS 4€THIPEX OCHOBA-
unit (A, T, G u C) B npenapatax J1HK, BbI-
ZleJIeHHBIX M3 Pa3HbIX BHJIOB XXHBBIX Opra-
BH3MOB. Takoro poga pesysbTaThl, IOJIY-
yeHHble AaA npenapatos JHK, Bbine-
NEHHBLIX W3 OrpOMHOIO MHOMECTBa pas-
JIM4HBIX BUAOB, NpuBesi Yapradda u 6onee
MO3JHUX Hecnenoeatenell K ClenyrOLMM
BbIBOHAM:

1. Ilpenapatet JJHK, BBIOENCHHBIE U3
Pa3HBbIX TKaHEH OZHOrO U TOro Xe BUOa op-
TaHW3Ma, KMEIOT OIOUHAKOBbIA HYKIICO-
TUOHBIA cocTas.
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Tabauya 27-3. CooTnoluenne ocHopauuii B JJHK!

Oprauusm Hykneotuansil cocras, mon. % COOTHOWEHHS OCHOBAHMIA
A G C T A/T G/C Mypn-
HEbI
IMupwu-
MHOH-
HEbI
Yenosek 30,9 19,9 19,8 294 1,05 1,00 1,04
Osia 293 214 21,0 28,3 1,03 1,02 1,03
Kypuua 28,8 20,5 21,5 293 1,02 0,95 0,97
Yepenaxa 29,7 22,0 213 279 1,05 1.03 1,05
Jlococs 29,7 20,8 20,4 29,1 1,02 1,02 1,02
Mopckoit ex 32,8 17,7 17,3 32,1 1,02 1,02 1,02
Capanua 293 20,5 20,7 29,3 1,00 1,00 1,00
MNpopocTox muIeHUIIBI 273 22,7 22,8 27,1 1,01 1,00 1,00
Jpoxxu 31,3 18,7 17,1 329 0,95 1,09 1,00
E. coli 24,7 26,0 25,7 23,6 1,04 1,01 1,03
Staphylococcus aureus 30,8 21,0 19,0 292 1,05 1,11 1,07
®Gar T7 26,0 240 240 26,0 1,00 1,00 1,00
Gar A 213 28,6 27,2 29 0,92 1,05 1,00
®ar ¢$X174 (permuka- 26,3 223 22,3 264 1.00 1.00 1,00

THBHas ¢opma)

Y ObpaTuTe BHEMaHHE HA TO, YTO HykJleoTHAHle coctapbl JIHK uyenoseka v Gaxtepun S. aureus
NOYTH ONMHaKoBel. KaXnoMy BUAY COOTBETCTBYET vnpelelieHHudl HykneoTHansiit coctas JHK, npu-
4eM y pa3dHplX BHJIOB pPa3jM4YHi B HYKJEOTHAHOM COCTaBe MOTYT ObiThb O4¢Hb HEIHAYUTENIbHbIMH.

2. Hykneotuaueii coctas AHK y pas-
HBIX BWIIOB pa3JIMueH.

3. Hykneotuaswii coctas JIHK y nauuo-
rO BUAA HE MEHSETCS C BO3PACTOM OPraHu3-
Ma, HE 3aBUCUT OT €ro MUTaHUS U OT U3Me-
HEHHH OKpyXalolliell ero cpemsbl.

4. Yncno apeHHHOBBIX OCTATKOB B JIHO-
6oit IHK He3aBucHMO OT Buja opraHusmMa
paBHO  4HCJIy THUMMHOBLIX  OCTATKOB
(1.€. A =T), a Y4CII0 ryaHUHOBBIX OCTATKOB
BCEr[la paBHO HUCJIy LMTO3HMHOBBIX OCTAT-
k0B (G = C). M3 3THX COOTHOILEHHI crie-
NYET, YTO CyMMa MypPUHOBLIX OCTATKOB paB-
HA CyMMe€ MHPHMHIMHOBBLIX OCTATKOB, T.€.
A+G=T+C.

DT  KOIUYECTBEHHLIE COOTHOILIEHMS,
NOATBEPXICHHBIE MO3)XKe€ MHOTUMH HOCTe-
IOBATENSIMH, HE TOJILKO CTal/ld BaXHOM
NPEANOCHINIKON TPpH YCTAHOBJIEHHH TpPeX-
mepHOR cTpyktyphl JIHK, HO U nomorym
MOHAThL, KAKUM 06pa3oM reHeTHIecKasi HH-
¢opmauus komupyercs B JJHK u nepepaer-
Csl OT OMHOTO MOKONEHHS NPyroMmy.

27.6. Yorcon n Kpnk mnoctyampoBa.in
Mozeas ABoiHol cnupann JTHK

Mpml yxe BumesH, KaK ¢ nOMOIIbIO B BbIC-
1leil creneHy 3¢iheK THBHOTO METOJA PEHT-
FEHOCTPYKTYPHOIO aHajm3a, OCHOBAHHOIO
Ha MCCIeAOBaHUN MGPaKIMK PEHTICHOB-
CKUX JTyueH. ynajiock BbISICHUTL CTPYKTYPY
GUOPUINAPHEIX W [OBYJISApHBIX GENKoR
(rn. 7 u 8). pU PEHTreHOCTPYKTYPHOM
anaymse BosiokoH JJHK Pozamung dpas-
KJIMH 1 Mopuc YUIIKHHC HOJIyYHIIH Xapak-
TEpHYIO MU PAKLHOHHY 1O KapTUHY
(puc. 27-8). Ha ocHOBaHMM 3TOH peHTIEHO-
I'PaMMEI ObLJ1 CoeNaH BLIBOJ O TOM, YTO I
noysiMepHbix neneit JIHK xapaktepHst nBa
TUNA MEPUOUYHOCTH BAOJb JUIMHHONH OCH:
0.34 u 3,4 um. Ipobnema cocrosina B TOM,
4TO06bl MOCTPOUTHL TPEXMEPHYKO MOJIENb
Monekysnt  JTHK, kortopas Morna 6w
OOBACHUTDL HEe TOJILKO HAJIMYUE ITUX HEPHO-
IMYHOCTEH, HO TakXe OTKpeIThie Yaprad-
¢oM crneundrieckHe COOTHOLLIEHHS OCHOBA~
Huit A=T u G=Q).

B 1953 r. amepukaHCKkuii  TEHETHK
JoxeiiMc YOTCOH M aHriMiickuii  (pu3nk
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Puc. 27-8. Pentienorpamma JIHK. Kpecroobpas- Puc. 27-9. Yotcon 1 KpHk y oHOI H3 CBOKX

HOE pacroJIOKEHHC pedhieKCOB YKa3biBAET HA Chu- moaenedt IHK (doTtorpadms caenana B 1953 r.).
PanbUyIO CTPYKTYPY MONeKYbl. CHIILHO 3aTeM-

HeHHbIEe 30HBI B BEPXMEH U HukHed yacrax doTto- ®Op3HCHC KpHK KaK pe3ysibTaT CBOHX pa60T

rpadyui COOTBETCTBYIOT CRENYIOLIUM PYr 33 Jpy-

rom ocHosatisam JTHK. B KeMOpumxckoM ynuBepcuTeTE TpENNO-

XUIM TpexMepHytro Mmoaess JTHK, koTopas

OOBACHANA KAK NAHHBIE PEHTICHOCTPYKTYP-

HOTO aJm3 TaK H XapaKTECpHYHO Jis
monenb cTpykTyphl JIHK. A. TlpocTpancTeeRNas HK aH a. P“j PHYy 27 HO
nposolio4nas mojaeb. b, pocTpancTpenHas Mo- a NapHOCTL OCHOBAHMK (pucC. -10).
RENb, B KOTOPOH OTpaXeHbl 06beMbl aTOMOB. Mogeis coCTOUT U3 OBYX LEneH IIHK, 3a-

Puc. 27-10. Ipenioxkennas Yorcouom n Kpukom

Boapuwas,
Wi

ray6okas,
6opo3axa

0,34 HM[
3,4

™ Manas,
Win
Mekas,
6opo3fka
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KPYYEHHLIX B CIHpaJ BIpPaBO BOKpPYr
ONIHOIL H TOi e ocH ¢ 06pa3oBanneM ABoii-
HOI cniMpaJti. J1Be 1eny B 3TOM cnupali aH-
TUNApaJUIESbHBL, T.€. HX 5, 3'-MexHyKIeo-
THOHBIE PocdhoanadupHble MOCTHKH HaIpa-
BJICHbl B NPOTHBOMOJIOXHLIE CTOPOHBL
TuppodusbHBIE OCTOBLI L€NEH, COCTOSIIIE
M3 YEPENyIoIMXCS OCTaTKOB IIE€30KCHPU-
6036l H OTPHLIATENILHO 3apsKEHHBIX (oc-
(aTHBIX IPYIN, pPacmnoJIOXeHbl Ha BHELLHed
CcTOopoHe nBOMHON crmpamu W oOpallleHs!
B CTOpOHY OKpyxaromieii ee ponbl. I'mapo-
(oOHBIC Iy pHHOBbIE W MHNUMUAHHOBBIE OC-
HoBaHys oOeux Lemeil yJOXeHBI CTONKOi
BHYTpH OBOHHOH cnupaiy, Tak 4To NpakTH-
4eCKH{ TUIOCKHE MOJIEKYJIIHI OCHOBaHHii cOmi-
XeHbl Mexay coboit U pacnonoxeHbl nep-
MEHAUKYJBIPHO NJIMHHOM OCH IBOMHOI cIu-
pam. I1pocTpaHCTBEHHOE B3aHMOPACIIONO-

Turaue

Upronan

K uemm & 52°

XeHHe peleil NPHBOOMT K BO3HHKHOBEHHIO
oot U maaoti 6opozdox. OCHOBAHUA
ONHOH LEMH CHapeHbl C HAXOASIMMHCH
B TOH e IJIOCKOCTH OCHOBaHUSIMH APYroi
Henu. BuyTpH 3To# CTPYKTYpPE! TOYHO IIpH-
HAHHLIMM OKa3bIBAIOTCH TOJLKO OIpene-
JIeHHBIE apbl OCHOBaHMI. TakuMu cooTBeT-
CTBYIOLIMMM ApYI IPYIy IHapamu Bcerna
SABJMIOTCH  Oapsl  NYpHH-THPHMUAMH,
a uMenno napel A-T u G-C, T.e. Te caMsie
napbl, KOTOphle 0Opa30BaHLEl OCHOBAHHSMH,

Puc. 27-11. BrinonuenHue B Maclutabe CTPyXTYp-
Hble HOPMYJIR! H MPOCTPRHCTREHHBI®O MONIENH
COSOMHEHHBIX BOOOPOIHLIMH CBA3AMH OCHOBaHHM
B Mapax ANEHMH—THMUH H I'yaHHH~1MTO3MH. [Tep-
BAK M3 3THX nep o6pa3oBaHa ¢ MOMOLLUBIO OBYX
BONOPOOHBIX CBA3ell, BTOPAs —C MOMOLUBLIO TPEX
popoponHex ceasedt. [Maper G-C opranusoBaHs! B
NPOCTPAHCTBE HECKOUILKO 60Jiee KOMIAKTHO, YeM
naper A-T.
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BcTpeuaronmmucs B npenapatax JHK, kak
3to nokazan Yapradd, B 3kBHBAIIEHTHBIX
kosuecTBax (Tabin. 27-3). Bonee Toro, oc-
HOBaHHUS KaXIO#l mapel HAacTOJBKO COsm-
EHEI, YTO MEXOYy HUMM BO3HHMKAIOT BOZO-
ponuble cpssu. Kak obOpasyrotcs Bomo-
pOonHBIE CBS3M MEXIY aJCHHHOM H THMHU-
HOM H MEXAy IYaHHHOM M LHMTO3HHOM,
noka3aHo Ha puc. 27-11. BaxHo oTMeTHTSD,
4yto Mexay G u C BO3HHKarOT TpH BOJIO-
ponuble cBa3M (G=C), a Mexny A
u T-Tomko ape (A=T). Jpyrue napsl oc-
HOBaHMiI HE BILICBIBAIOTCA B CTPYKTYpPY
IBoitHol crpaymu. Ilapa oCHOBaHHiA, cocTa-
BIICHHas U3 IOBYX MypHHOB (A U G), crmin-
KOM BEJMKa, 4TOObl MOMECTUTHCS BHYTDH
CIHpaiy, HMeloLel IaHHbIE NApaMeTphl,
a ocHopanus B mape C—T pacnonoxeHs!
CITUIIKOM JNaJIeKo OPyr OT apyra, YToOwl
obpa3opaTh cTabUIILHBIE BOOOPONHEIE CBS-
3u. KpoMe Toro, mpH COXpaHeHHH CBOEIro
MOJIOXKEHHUS B COMpad A HE MOXET 06-
pa3oBaTs Bomoponmuble cpsisgu ¢ C, a
G-c T

Yr0o6n! 06BACHUTE HabmonaBsumecs npu
PEHTIreHOCTPYKTYPHOM aHaJIu3€e MepPHOLHY-
HoctH, YorcoH M KpHk nokasaym ¢ no-
MOUBI0 MOJEKYJAPHBIX MOHAENEH, 4TO
CTONKOOOPa3HO YJIOXKEHHBIC BHYTPH IBOif-
HOI#i CIHpaJ| OCHOBaHHS JIOJDKHBI PacIoia-
ratecsi Ha paccTosHusx 0,34 HM gpyr ot
npyra. M3 atux mopeneit Taxxe crenosalo,
4YTO OPYIYI0 NEPHOOMMHOCTb, 8 HMEHHO
34 BEM MOXHO OOBACHHTL TEM, 4TO Ha
KK IbIi OJIHEIA 060pOT IBOitHOM cMpasm
npuxogutcs okoyo 10  HyKNeoTHOHBIX
octaTkoB (puc. 27-10). JuameTp IOBOiHO#
CHpaJli  COCTaBNSIET  NpUONMHM3UTEISHHO
2uM. OueHb BaXHO OGpPaTHTL BHUMAaHHE Ha
TO, YTO [BE aHTHHAapeSUIeJbHLIE MOJMHY-
KJIEOTHAHBIE LenH OBoHHOM cnupam JHK
HE WIEHTHYHBI HH N0 NOCNENOBATELHOCTH
OCHOBaHHIA, HH 110 HYKJIEOTUIHOMY COCTAaRY,
KaK MOXHO BHIETb Ha puC. 27-12. OnHako
OHM KOoMnAemMeHmaphbl opyr npyry. I'ne Obl
HM NOSIBIJICS B ONHOM LeNH afeHuH, Hanpo-
TUB Hero B Ipyrofi uemi o6s3aTelbHo 00Ha-
PYXHBa€TCA TUMHH; TOYHO TaK X€ €CJM
B ONHON LIeNM HAXOMANTCS I'YauyH, TO HAPO-
THB HETO B pyroit uenu obsA3aTeLHO NpH-
CYTCTBYET LMTO3MH.

Llenu, obpasyroume OBOMHYIO CMpalb
JOHK (M) Oynaexc, KaKk 4aCTO Ha3bIBAIOT

Lems  Lems
|
5 37
A =1

A=t

| —1
1=
=
1
17
A=T
—
(|:=G
(I:=é
?=-}«
‘=
T—A
| |
11
1]
T=A,
5| | 6

Coctap ocnosanu#t
Lens 1: A, T,G,C,
Lers 2: AT, G,C,

Puc. 27-12. CxemaTyeckoe H3obpaxeHue KOMIe-
MEHTAPHBIX BHTHNApane bHbix neneit JHK cor-
nacHo Monesm Yotcona ¥ Kpexa, O6patute BHE-
MaHue, 9TO UeNH OT/IMYAIOTCA ApY: OT Apyra no
€OCTasy OCHOBauuil, 8 TAKKe IO NMOCIEeI0BATE b
HOCTH, €CTIH KaXIyro LeNb YHTATH B HAIPABIICHHR
5 — 3. OTMeTnTe, uTO cObMIONAIOTCA PABEHCTSE,
A=TuG=C

IpollHyro cmmpanb), yOepxHBaroTcs Apyr
OKOJIO Opyra 3a CYeT BOIOPOHHBIX CBs3€ii
MeXAY KOMIUIEMEHTAPHBIME OCHOBAHHSIMH
(puc. 27-11) u ruapodobHLX B3auMOnEH-
cTBHii, Omaromaps KOTOPHIM YJIOXEHHbIE
B CTOIKY OCHOBaHHSI OK&3bIBAIOTCH B 3HAYH-
TeJLHOM CTeneHW CHOpATAHHBIMHM BHYTDb
JBOMHOM CnHpaJ¥ M 3aLULICHHBIMH OT BO-
Ibl, & CHIbHO NOJAPHBIE OCTOBBI IOJH-
MepHBIX Iemneil pacnosararoTCs CHapyXu
M CT&HOBSITCH HOCTYNHBIMH Boge. OCHOB-
HOif BKNal B MoanepxaHue cTaGHILHOCTH
ABOMHON cImpa/, TaK Xe, Kak B Clydae
TpeTHYHO! CTPYKTYph! nolynspHbx Oen-
ko8 (pa3n. 8.6), BHocsiT IMapodofHbie B3au-
Mozeiicreus., OTMeTHM, yTo npu pH 7 Bee
¢docdaTHble rpynmbl B MOJAPHBIX OCTOBAX
OBOMHOM cChoHMpaT HOHM3OBAHBI U 3aps-



864

MEHbl OTpULATEILHO, Tak yTo JJHK mnpen-
cTapnseT co6oi CHIILHYIO KHCIIOTY.

Muorounciensbie JAHHBIE —H  XUMUYE-
ckue, H OGUONOrYecKHE —CBHAETENLCTBYFOT
0 TOM, 4TO MOAeJL ABOkHOM cniupaym JTHK
B OCHOBHOM HpaBuibHa. Teneps MOCMO-
TpUM, KaK 7Ta CTPyKTypa obecreyuBaet
TOYHOE BOCITPOM3BE/ICHHE FEHETHYECKOI MH-
dopmanuu,

27.7. Hykneornaxas
nocaeaosaressnocrs JAHK
BuIIOJIHAET GyHKUMIO MATPRULI

Monexysns JTHK npencrasnsitor coboii
IJIMHHLIE MOJIMMEPHBIE UEMH, HMEIoLIKe
cneunpuueCKUe MOCAEN0BATELHOCTH HEThI-
pex rnasubix ocHosanuii A, T, G u C, ko-
TOpbi€ SABJAKOTCA CHMBOJIAMH, MpeiHA3HA-
YEHHLIMH 11718 KOJHPOBAHHS TEHETUYECKOM
undopmatimu. TlosTOMy MBI TOBOPHM,
4TO HYKJCOTUAHAS MHOCNIENOBATENLHOCTD
B IHK ciyxut mampuyeii npyu penyinkauiu
JHK. OgHako BaXXHO NOHATL, NOYEMY 115
TOYHOM penrKauug, TpaHCKPUMLIUH
M TPAaHC/SUMM reHeTH4ecKol HMH(popManum
HaM HeOOXOmMMBI MATPHULEL

IMpu 6uocuHTE3e HEWHPOPMALIHOHHOM
MaKpOMONEKYJibl TJIMKOTE€HA, KOTOpasi COo-
CTOMT W3 MOBTOPSIOLMXCSA €IUHHL TOJILKO
onHOro Ttuna— D-rJoKo3bl, TOXAECTBEH-
HOCTh M HYMCTOTAa KOHEYHOTO MpOAyKTa
06ecrieunBarOTCs AKTUBHEIM LEHTPOM TJIM-
kored-cuuTasel (pasn. 20.13). dns 3srtoro
(epmenTa xapaktepHa cybcTpaTHas crieuu-
(PMUHOCTD, T. €. €0 AKTHBHLIH LEHTP CIIOCO-
6en nprcoenHHATL TOJILKO MoJiekyry UDP-
[JIFOKO3bl M HEPEAYIMPYIOLIMH KOHEIl HEMH
MOJIEKYJBl TJIMKOreHa, KOTOpas IOJDKHA
6biTh ymmHeHa. B NOPUHUMIE aKTHUBHLIA
LEHTP 7TOro (epmMeHTa (KaK, BIPOUEM,
M BCCX /IPYTHUX (epMEHTOB) MOXHO paccMa-
TPUBATHL KAaK MATPHULLY (3TO CIIOBO O3HAYAET
«absIoH» UM «(POPMY»), MOCKOJILKY MEX-
Jly MOJIEKYJION (MM MOJeKynamu) cyberpa-
T4 M aKTHBHBIM [IEHTPOM OCYLLECTBISETCS
KOMILIEMEHTApHAS «IIOATOHKa».

B ciysae JHK, PHK u nomnentunos
TOJILKO OIMH aKTMBHAIA NEHTP dhepMEHTa HE
B COCTOSIHMH OO€CHEYHUTH CHEeLM(PHYECKYIO
NOCJIENOBATE/ILHOCTE  KOAMPYIOLLMX — €1H-
HYL. AKTUBHLIE NEHTPBI (PepMEHTOB Cpar-
HUTEJILHO MAJTBl H MOTYT CBSI3LIBATL OITHO-

YACTH IV. MEXAHHW3Mbl MEPEJAYN TEHETUYECKOW WH®OPMALIMH

BPEMEHHO JIMIL OJIHY MJIM HECKOIBKO
MOJIEKYJI, HTPAKOLINX POJIb CTPOMTENLHBIX
6J10KOB, B TAKOM IMOJIOKEHHH, 4TOOB! 0bec-
HEYHTh UX TOYHYI COOPKY B MpaBHIILHOM
nocnaepoBatesibHOCTH.  HykneHHOBHIE ke
KHCJI0THL, COZIEPXKALINE B CBOEM COCTABE Thi-
CAYM MAM MHWIHOHB! HYKJICOTHUIHBLIX €OU-
HHL, HACTOJILKO BEJIMKH, MTO pa3Mephbl aK-
THUBHBIX LIEHTPOB (PEPMERTOB OKA3LIBAIOTCS
MPOCTO HEAOCTATOYHLIMH AN TOTO, YTOOK!
TOYHO ONpenensTh MOJHYK IOCTEA0Ba-
TEJILHOCTb, B KOTOPOH MOJDKHBI OBITL CO-
OpaHbl HyKneoTuaHble eAMHUIBL ClefoBa-
TEJLHO, MATpUuEH 1N  (POPMHUPOBaHUS
HYKJIEOTMAHOH MOCJEI0BATEILHOCTH CBOE-
IO KOMIIJIEMEHTAPHOTO MapTHEpPa MOJDKHA
cnyxuts omHa uenb AHK.

Hpyroii acnekt runote3nt YOTCOHA—
KpHKka COCTOUT B TOM, 4TO CTPYKTYpa JIBOji-
HOM cmmpam [IHK ykaswiBaeT croco6,
€ MOMOLUBK) KOTOPOI0 MOXET ObITH TOYHO
Bocnpou3BeneHa cosepxaiuascs B JJTHK re-
HeTHueckas uHpopmaums (puc. 27-13). Tlo-
CKOJILKY aBe lienu asoiinoit cmipanu JJHK
CTPYKTYPHO KOMILIEMEHTAPHBL, HX HYKJIEO-
THOHLIE MOCNEOBATEILHOCTH HECYT KOM-
MNEMEHTAPHYIO OPYT 10 OTHOILEHHUIO K APY-
ry uadopManuto. Yotcod u Kpuk noctysnmu-
poearm, yro penymkanus JIHK B xome
JeJeHUs KJICTOK HAYMHAETCS C pa3neneHHs
IIBYX LIEMEH, KaX1ast U3 KOTOPbIX CTAHOBUT-
cs MaTpuuei, onpeaensioled HykJneoTHa-
HYIO [OCNENOBATENLHOCTL HOBOH KOMILNE-
MEHTapHO# neny, o6pazyemMoil ¢ MOMOIIBIO
persMkaTiBHbIX (pepmeHTOB. Bhina Beicka-
38HA MBIC)Ib, YTO MPABHJILHOCTb peEMJIMKa-
nun kaxnoi M3 neneit JJHK pospkHa o6ec-
NEYHUBATLCA  TOYHBIM  COOTBETCTBHEM
H CTaBUILHOCTLIO KOMILIEMEHTAPHBIX Tap
ocHoBaHuit A=T u G==C B 1ByX 104€PHHX
JIYTJIEKCAX, KX bl U3 KOTOPbIX CONEPKHT
onHy uens pomurensckoilt JIHK u nosyro
uerb, KOMIJIEMEHTAPHYIO TOH POOMTENL-
CKOil nend. Buijjo mOCTYIMPOBAHO TaKXe,
4TO KaX/1asi BHOBb 00pa30BaHKast JO4EPHSs
IBOHHAs CIHpaJib MONANaeT B NOYEPHIOO
Kiletky ©6e3  kakux-nubo  H3MEHEHM.
B rin. 28 Mul yBUIMM, KaK 7Ta runote3a On-
Jla IKCIEPUMEHTAJILHO NOATBEPXKICHA.
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HcxofdHbie Len

o
Jouepnue
ey Popstenbckas

Lenb

Popsrenbckas
neflb

Puc. 27-13. Mopems penmmkauuu JHK, npenno-
xeHHafl YoTcoHoM M KpukoM. KoMnneMeHTapHbie
uenu poautesbekolt JHK pasnensirores, u xexnas
W3 HHUX CITyXHUT MaTpHlel nnd 6MocHHTE3a KOoMIl-
JleMEHTapHOM novepHeit uenu (RoyepHKe lenu Io-
Ka3aHb! KPacHbIM UBETOM).

B

27.8. Jisoiinbie cnupanil JTHK
MOrYT NOABEPraThesi JleHaTypallH,
T. €. pacnneTarbCH

PaccMOTpHM Telepb HEKOTOpPbIE XUMHYE-
ckue H (puiuueckne ceoiictBa JITHK, sbiTe-
KalollINe W3 €€ CTPYKTYPBl ABOHHOI crinpa-
. Pacrsopst JIHK, BbiaeneHHO#H ¢ Gosmb-
LIMMH [peIOCTOPOXHOCTAMY, OONagaroT
npu pH 7,0 ¥ xoMHaTHOH TemmepaTtype

5-59
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(20—25-C) BbICOKOIi Bs3KOCTLIO. ECnH Takoit
pACTBOP HArpeTb A0 TEMIICPATYPH BhIILIE
80-90°C wym nmosectu ero pH mo 3kcTpe-
MaJIbHBLIX 3HAYEHUI, TO BA3KOCTh PACTBOpA
PEe3KO YIAAeT, YTO yKa3bIBAET HA H3MEHEHHE
¢u3nueckoro cocrosuus JAHK. Mrt yxe Bu-
JIEJTH, YTO BLICOKasl TEMIIEPAaTypa M 3KCTpe-
MaJIbHBIE 3HaYeHUs! pH NpUBOAST K ACHATY-
pauMy, U pacKpy4MBaHHUIO TNOOY IS PHBIX
6enxos (pa3a. 6.12). TOUHO Tak € BLICOKUE
TEMIIEpaTypbl U 3KCTPEMAJILHBIE 3HAUCHHUS
PH BBI3BIBAKOT AE€HATYPALUIO, HITM PACILIC-
Tauue, AByxuernodyeyHbx crnupaneii AHK,
pa3pyiias BOZOPOOHBIE CBSI3M MEXJY Cra-
PECHHBIMH OCHOBaHMSMH M THapodo6HbIE
B3aHMOOEHCTBHS, C I[OMOILBLIO KOTOPBIX
yIOEPKHUBAJIHCh BMECTE YJIOKEHHBIE B CTOI-
Ky ocHOBaHusl. B pe3ynbtate nBoifHas crm-
paJb pacnneTaeTes ¢ 06pa3oBaHHEM XA0TH-
4ECKHX, OCCHOPsNOMHBLIX OIHOUCIOYETHBIX
KJIyOKOB IO Tex Hop, moka obe nenu, Hako-
Hell, He pa3fensTcs noyHoctsto. Ipy neHa-
Typauu (€€ Ha3LIBAIOT TAKKE NAaeAeHUeM)
KOBAaNlGHTHBIE CBSI3H B OCTOBE MOJIEKYJIbI HE
pa3peiBatoTcs (puc. 27-14).

Ec  octaBuMiics — HEpaCHAE€TEHHBLIM
neyxuenoueunsrii ¢pparment JTHK, cocros-
mii ¥3 AECATKA WM GOJILIIErO YHC/Ia KOM-
MJIEMEHTaPHBIX HYKJEOTUAOB, BCE CLIE IPO-
[OJDKAeT YNEpPXHBAaThb LEOH OT MHOJHOIO
PACXOXEHHsl, TO MpOLECC MCHATYPALMH
MOXeT ObITb NIerko obpaiieH. 1o 3HAYMT,
YTO MpH MPUBEACHHH TEMIICPATYPBI U BEJIH-
wuHb! pH BHOBE K (PU3HOJI0rHYECKUM 3HAYE-
HHSIM DAacIUIETEHHBIC YYaCTKH ABYX LEnei
CaMOIPOU3BOJILHO CIUIETYTCs, 00pa3ys uc-
XOOHBIR Aymnnexc (oTxwur, puc. 27-14). On-
HAKO €CJI1 PACXOXOCHHUE LENEH IMOJHOCTLIO
3aBEPLICHO, TO peHaTypalus Oyner mpouc-
XOOMTL B 1Ba 3Tana. [lepsuifi U3 HUX npoTe-
KaeT CPaBHHUTEJILHO MEIIEHHO, MOCKOJILKY
IIBe UENH JOJDKHB! KOTBLICKATL» OPYr Opyra
B XOA€ CIIy4YaiHbIX CTOJKHOBEHHH H 06pa3o-
BaTh KOPOTKHE KOMIUJIEMEHTAPHBIC Y4aCTKH
JBOiiHON crnvpaym. Bropoit 3tanm ocymect-
BJMIETCS ropa3no OwiCTpee, Tak Kak
OCTaJILHBIE OCHOBAHMS MOCJICHOBATENLHO
COCTBIKOBBIBAKOTCS] U 00pa3yroT Hapsl KOM-
MEMEHTaPHBIX OCHOBaHHH. 3aTeM MBe menu
«3aCTETHBAIOTCSA»  HanogoOue  MOJIHHH,
BHOBL O0Opa3yst ABOMHYIO CHMpAJib.
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JlByxuenoyeuxas
cnupans JIHK

APAIRNGVNITXIIRVDINN

Masprenye

P

) Ormur
Yacminmo
pacnaeTexran

JHK

Obveannerme uenelt
Pa3nenenue tensf Gaarojaps B3auMofsicTeno
KoMmn.

Padjeneuritie wen

DHK B Gopme (‘_b =
GecmopAROYHLIX “\RL

KayOroB

Puc. 27-14. 3tanm o6paTumolt AeHaTypalns H pe-
HaTtypaunn JHK.

279. llenn JHK mu3 gsyx pasHbIX
BHI0B MOryT 00pa3oBath
muopuasr JAHK-THK

Ecmu pynnexkcer JIHK, BeloeneHHble u3
KJIETOK YeJIOBeKa K MBI, JeHATypupoBaTh
HarpeBaHveM MO OTHEBLHOCTH, a 3aTeM
CMeLIaTb U BblnepXuBaTh put 65°C B Teve-
HHe MHOTIHX 4acoB, To OOJbIIag yacTh Ie-
neif MpiimHON JJHK «oTxuraercs» ¢ KoM-
njeMeHTapHeIMY LensMu MeinmHoR JTHK
¢ 06pa3opaHKeM UCXONHOTO NYTJIEKCa; aHA-
JIOTUYHBIM 06pa3oM OOJIBIIMHCTBO Iemeit
JAHK 4esioBexa BOCCOeOMHAETCS C KOMIIJIE-
MeHTapHeIMH nenisiMu [JHK yvesiosexa. On-
Hako Hapsly ¢ 3THM HEKOTOPOe YHUCJIO OJu-
HoyHbIX Uenet [IHK mbimm Oynmer cBsisbl-
BaTbcd ¢ onuHOYHbIMU 1neniamu  JIHK
4eJIoBEKa, B pe3ysbTaTe 4Yero MOSBJIAOTCS
2ubpudnvie Oynaexcel, B KOTOPBIX OT-
nenbHble yyacTky uernei [JJHK Mpmm o6pa-

3yI0T NBYXLIENIOYEYHble 0OJIACTH ¢ yYacTka-
mu pened JJHK uenosexa. Crnapusanue
OCHOBaHWIi IPOUCXOUT JIULIL MeX Iy HEKO-
TopeiMH yuacTkaMM neneil JJHK uyenosexa
M MBIIIH; OCTajbHble OCHOBaHHUS HE CHO-
cobHel 0Opa30BBIBaTL KOMILJIEMEHTAPHEIE
napel. I'ubpunubie Oymexcel BO3HMKalOT
TOJILKO IpH ycsioBuH, uyTo Mexay JAHK
IIBYX Pa3HbIX BHIOB CylIECTBYyeT HEKOTOpoe
CXOICTBO B HYKJIEOTHAHBIX MOCJIe10BATE -
HocTsx. UeM Omnke ponCTBO OBYX BUIOB,
Tem B Oosbuieit crenend ux JHK 6ynyr
ob6paszoseiBaTh rubpuasl. Hanpumep, JHK
4esjoBeKa ropasno Jyvue obpasyeT ru-
6punpt ¢ JHK memn, yem ¢ JHK ppox-
KEi.

I'uOpunu3zammonHble TecThl (puc. 27-15)
npencTasiAioT coboii oueHb 3ddexTHBHOE
CPeACTBO W3y4eHHsi MHOTHX ACMEKTOB Ouo-
XuMuyeckoil reHeTHkd. C HX NOMOLUBIO
MOXHO He TOJIbKO ONpenesaTh, HaCKOJIbKO
O/mv3k¥ ABa BUOa, HO M yCTAHABIMBATL
cea3e naHHoi [JHK ¢ xaxoit-Hubyne PHK,
mpoBoms JHK~-PHK-ru6punuzanuto.
Kpome Toro, mbpuan3ammio MPUMEHSIOT
Iansi BhineJleHus u o4yuctku reioB ¥ PHK.

27.10. Hexoropuie duinueckue
cBoiictea asyxuenoveunsix JAHK
OTPAXNKAOT COOTHOILEHHE

B Hx cocrape map G=C u A 1

Ecm MennieHHO HarpepaTh pacTBOPLI BU-~
pycHoii umu GaxTtepuarmbHoit JTHK, To mx
MOJIEKYJIbI IE€HATYPUPYIOT MPH  BIOJIHE
onpenesieHHEIX TeMilepaTypaxX (puc. 27-16).
ITepexon ot HatuBHOro nyrekca JHK
X paciiieTeHHo 6ecnopsaoyHO CKpyYeHHOMH
JeHaTypupoBaHHO#H opMe MOXHO 0OHapy-
XUTb M0 YBEJTMYEHHIO MOIJIOLIEHUs YIIbTPa-
(HONIETOBOTO CBeTA WITH N0 yMEHbILIEHUIO
Bs3kocTH pacTBopa JIHK. Jlnsg kaxnmoro Bu-
na JTHK xapaktepHa CBosi TeMnepaTypa ne-
HaTypalluM, Ha3blBaeMasi «TOYKOH miaBiie-
Hus». Uem Bulle conepxanve B JIHK nap
G=C, TeM BBIllle TOYKA [JIaBJIEHUs ITOM
JHK. 310 0bbsicHsieTcss TeM, 4TO Maphl
G=C ©Goee cTaOUIILHBLI H HA UX OUCCOLMA-
uuto Tpebyercs Oosble 3Hepryuy, 4eM Ha
paspyieHue nap A=T; otyacTd 310 00YyC-
JIoBJleHO TeM, uTo napel G=C coenuHEHD!
TpeMsi BONOPONHBIMH CBfI3SIMH, a Mapsl

=T -muum aBymsa. TinatesmHOE onpene-
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JleHMe ToYkd mnasneHusi npenapata JHK
npy ¢hUKCUPOBaHHBIX ycloBusix pH 1 uoH-
HO¥ CHJTLI MOXeT AT, CJIeA0BaTeJILHO, BH-
dopmauio 0 cooTHoweHMH map A=T
u G=C B JIHK.

Bropoe ¢usmueckoe csoiicteo JHK,
o0ycroBneHHoe cooTHOIeHHeM nap G=C
1 A—=T,~3To nnasyyas mIOTHOCTb. [1pena-
pat JHK c Gosee BEICOKHM colepxaHHEM
G=C-nap oGnanaeT 4yTpr OOJbIIEH MJIOT-
HocTbio, YeM JIHK ¢ nosbIiieHHBIM conep-
xaHueM A=T-nap. [1penapaty1 JJHK nen-
TpudyrupyloT [P BBICOKHX CKOPOCTHX
B KOHLIEHTPHPOBAHHOM PpACTBOPE XNOpH-
croro uesus {(CsCl), nHOTHOCTL KOTOPOIO
JIEKUT B TOM K€ OUana3oHe, YTO K IJIOT-
Hocte JIHK. Ilpu nentpubyruposaHun

w7 s

B\’}Bd«?j 5\} /&)

o lc'” .
oxnraxllenue

ubpupnbih |
nynnexc

Puc, 27-15. T pyHunn rAOpHIN3EIHOHHOTO TECTAa.
Jsa npenapata [JTHK, BhijeneHHOR H3 OpraHus-
MOB pa3HbIX BHIOB, HAT PEBAIOT TaK, 4TO OHH
NOJTHOCTLIO AEHATYPHPYIOT H MX UENH PacXOdATCH.
TIpy CMEIIMBAHHH 5THX NPENapaToB M MEJIEHHOM
oxJigxAeHHH KoMmmyemeHTaprbie ueny JHK kax-
[oro Buaa HalayT apyr apyra u OyayT peHaTypH-
posath ¢ 06pa30BaHHEM HOPMaJILHLIX AYIUIEKCOB.
Ecnu mexay aByms JHK cyliecTByeT 3HaYMTE b~
Hasi FOMOJIOIMS N0 NOCNEAOBATEbHOCTH, TO BO3-
MOXHO 0Opa3oBaHue rHOPUIHLIX MOJIEKY N, npen-
craBasArownx cobolt yacTHUHbIE ayniiekChl. Hem Bbi-
L€ CTeneHb TOMOJIOTHH, TeéM 60osIbLe BEpPOSATHOCTD
obpa3osanns ru6punos. ConepxaHne rubpnaos B
CMECH MOXHO M3MEPUTHL pasHbIMKM cocobaMH, B
4aCTHOCTH € NIOMOUIBIO XpOMATOrpaduy MM UEHT-
pudyrupoBaHHs B T paIMEHTE NNOTHOCTH. OObIYHO,
4TO6B! YNPOCTUTH NMPOUEAYPY H3MEPEHHS, OAHY H3
JHK MeTAT panvoakTUBHBIM M30TONOM.

5
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100

Bupycnas JTHK

Jenarypams, %
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Puc. 27-16. Kpubas nemaTypausH (njaBienns)
neyx npenapatoB [IHK, Temnepatypa, cooTBerct-
Bylollas cpennelt Touke nepexona (7,,), HaspiBaeT-
¢ Toukolt nasnenns. [Tockonbky pennynHa T,
38BHCHT OT PH M KOHUEHTpalUHH COMM, Beeraa
HeJ0 KOHKPETH3HPOBATDb YCJIOBHSA e H3IMEPEHHA.

B UeHTpudyxHoi npobupke hopmupyetcs
rpanreHT miotHocTH CsCl ¢ HanOosbineit
MJIOTHOCTbIO Yy AHA npobupku. Ecym nome-
ctuth B Hee JJHK, To oHa cHayana Oyner
MepeEMELIaTLCH 110 HANPABJICHUIO KO OHY
npoOnpKK, HO 3aTEM B ONpelesIeHHOM [10-
JIO)EHUR OCTAHOBUTCS U OyIeT nepXaTbCs
Ha miaBy. B 3ToM mosioxeHuu oHa He Mo-
XeT HU BCIUILITb, HX OCECTb, MOCKOJIbKY
mnotHocTh pactBopa CsCl 3nece paBHa ee
mnotrocTd. C noMoUIb10 3TOTO MeTona, 60-
Jiee MOAPOOHO OMKCAHHOTO B IJL 28, MOXHO
OTAEJMTb APYr oT apyra mosekyisl JTHK,
pasmuaronnecs no colepxanmo G=C-
map, MOCKOJILKY OHHM oOyamaroT pa3Hoi
nmaByveil moTHocThro. Mcxonms w3 miaBy-
yei motHocTH nanHoit JAHK, MoxHO non-
CUNTaTh COOTHOINEHWe B Heid map G=C
u A=T.

27.11. Harusmsie Moaexy.sl JIHK
oYeHb XpyIKue

B panHux 3xcnepyMeHTax ObLIO MOKAa3a-
HO, 4To MoJiekyssipHas Macca JIHK He npe-
Bemuaer 10-108; 370 COOTBeTCTBYeT Npu-
6musutemsHO 15000 nap ocHoBanuii. OnHa-
KO 0 Mepe YCOBePIIEHCTBOBAHKS METOIOB
BelnesieHnst HaTuBHO#M JJHK oxasanochk, yto
€e MOJIEKYJIApHasi Macca 3HaYuTeSbHO
6oimbirre. Ceronus Mpl 3HAEM, YTO HATHBHbIE
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monekyssl JIHK, Hanpumep Moexkyiml
JHK 13 knetox E. coli, HACTOBKO BEJMKH,
YTO MX HENPOCTO BHLIEHTH B MHTaKTHOM
BUJiE, TOCKONLKY OHH JIETKO Pa3pyluaroTcs
npH MexaHW4eckoM ycummd. K paspeiBam
B MOJIEKYJIE M B pe3yJibTaTe K 0Opa3oBaHuIo
bomuioro wucya Gojiee XKOpOTKMX ¢par-
MEHTOB MOXET MPUBECTH MPOCToE Nepeme-
LIMBaHKE WM TIPONyCKaHue 4Yepe3 MHIEeTKY
pactBopa HatusHoi JIHK. Opsaxko mpu
OCTOPOXKHOM NPOBEIEHHH POLEAYD yaaeT-
csl nomy4aTh B MHtTaktHOoéi ¢opme JTHK
6omumx JHK-copepxaumx BupycoB H
€ TIoMOIIBI0 HU3NYECKUX METONIOB OMpele-
JIATL BX MOJIEKyJIapHble Macchl. Mcnomb3ys
3JIEKTPOHHBLI MHKPOCKOI, MOXHO HeTlocC-
pencTBeHHO HabmomaTe OTAENLHBIE MOJle-
xysel [JHK u usMepats ux nymny. Mccere-
JOBaHUsA C TOMOIIBIO 3JIEKTPOHHOIO MH-
KpOcCKoIla MOKa3ay, YTO TWATEThHO MpH-
rotoBrieHHple mpenaparsl JTHK-310 He
OpocTo CMech MOJMMEPOB Pa3HOM [IMHBI;
B MX COCTaB BXOIAT MOJIEKYJIbl OQMHAKOBOM
IUTMHB! ¥ OOMHAKOBOIO HYKJIEOTHIHOIO CO-
cTaBa. PaccMOTpuUM Telleps BONPOC O Pa3-
Mepax Monexys JTHK, a Takxe o npyrux xa-
paktepuctuxkax JHK, BblIeleHHBIX Hu3
BHPYCOB, OakTepuii ¥ 3yKaprnOTHIECKHX KJle-
TOK.

27.12. Moaekys1 supycnoii JJTHK
HMEIOT OTHOCHTE/IbHO He{OoJIbLIMe
pa3meps!

B Tabn. 27-4 upencTaBreHB! Beca HEKO-
Topeix JJHK-comepxaumx BHpPYCHBIX ua-
CTHL, UX TpuOIM3KUTENLHEL pa3Mep, MoJle-
xynapHas macca ux JHK u uucno nap

YACTBb IV. MEXAHU3MBI NEPEJAYH TEHETUYECKON HHOOPMALIMHU

OCHOBAHMIA, COIEPXaIlUXCsl B €€ MOJIEKY-
JlaX. 3Hasi MOJIEKYJIIpHYIO MAcCy NBYXIElo-
yeyHoit BupycHoit JIHK, MoxHO omnpene-
JUTL ee dfusuueckylo OauHy, TaK Kax
MOJIEKYJIApHAas Macca KaxIoi HyKJIeoTHI-
HO}1 Iapel PaBHa B CpeaHEeM MpUOIM3HTEE-
Ho 650, a Ha xaxnsle 0,34 HM nymiekca, Kak
MBI y)Ke BUIEH, IPUXOOUTCS OflHa HyKJieo-
THAHAS Tapa. THOMYHBIM TPUMEPOM MeJl-
xoro JIHK-conepxaluero BHpyca MOXeT
cmyxuts Oaxteprodar A. BHyTpHknerou-
Has, WM perumkatuBHas, ¢dopma ero JIHK
npencTapaser coGoH nBOHHYIO CIUpalh,
B KOTOpPOH 5~ 1 3'-KOHUB! KaxIoi U3 nenei
KOBAJICHTHO COEOHMHEHBl, 0Opa3sysi KoJIbLO
(He B CMBbICIIe TEOMETPHYECKOH OKPYXKHOCTH,
a B CMBbICJIE JIMHUK, He MMetollleli KOHI(OB).
Hsyxuenoyevnas JJHK 3toro Bupyca umeeT
Moj.. maccy ~ 32-10% T.e. cocrout mpu-
OymsuTesHO u3 48 000 map ocHoBaHwMii; e
¢busiyeckass pyMHA paBHa ~ 17,2 MKM
(puc. 27-17). IHK muorux npyrux JHK-
colepXXalMX BUPYCOB TaxXe MpencTa-
BJITIOT CO00If xoBUEBBle OyMjlekchl. Heko-
Topble BUPYChL, HanpuMep baxmepuogaz T2,
comepaT JIMHEHHYIO  IBYXLENOYEYHYIO
JHK, T.e. Mojexysly ¢ nByMs KOHIAaMU,
TOIAa Kak Apyrue, Hanpumep 6akmepuodaz
$X174, conpepxat mosexyny JJHK, umero-
yro GopMy ONHOLENOYEYHOTO KOJIBIIA.
B TeveHue nmxya penimMKanMy JHHeiHblE
JHK yacto nepexonsT B Koibuesyto dop-
My, a Bce onHoueno4evHble BupycHble [IHK
CTAHOBAITCA  OByXUeNMoyeuHbIMH.  Taxue
oco6sle Buapl JJHK, koToprle nosBidioTCs
TOJIbKO B XOle PEIUIMKalMK BUPyCd, Ha3bl-
BAIOTCS penAukamuHbulMu @Gopmamu.
Jpyras BaxHasi 0COOEHHOCTb BHPYCHBIX

Tabauya 27-4. AJHK HexoTOphIX

GakTepHaiLHBIX BHPYCOB

Bupyc Bec BupycHO#R Jmna Mounekynsp- Tpubauau-
HACTHUBL, 4acTHUbI, HM Has Macca, TENLHOE 4HCIIO
10° nanbToH 108 nap OCHOBaHMIt

$X174  (pen-

JIMKaTHBHAs
dopma) 6 15 34 53867

T7 38 6 25 40000

IS 50 20 32 48 000

T2, T4 220 18 120 182000

D Mockonbxy ans ¢ara $X174 m3BecTHa NOJHAS HYKIEOTHAHAA MOCJIEIOBATENHLHOCTb
JHK; npuBepenHas umdpa cOOTBETCTBYET TOYHOMY YHCIY Nap OCHOBaHMi
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Puc. 27-17. 3nextposHble MukpodoTOorpadum
JHK nsyx Gaktepuodaros. A. THK 6axtepno-
¢ara A. Monekynspuas Macca 3Toit JIHK paBna
~32-10% & nmHa ee moJiekyn ~ 17,2 mxm. b.
Dnextponnas mukpodoTtorpadus Gakrepuodara
T2, okpyXeHHOr0 cOGCTBEHHON THHEHHOR MOJIEKY-
soit JHK. JHK ocso6onunack U3 BUPYCHO#H Hac-
THI(L ¥ PacnpocTpaHKUiIach N0 NOBEPXHOCTH B pe-
3yJabTaTE M3Kca GakTepuodara B JHCTHILIHPOBAH-
HOR BOIE.

JHK coctouT B TOM, YTO MX (pu3MuecKas
IJIMHA HaMHOro MpeBBILIAET MapaMeTphl
BHPYCHBIX YaCTHII, B KOTOPbIX OHI HaXONAT-
Cf,—3TO XOpOLIO BHMIHO Ha mpumepe dara
T2 (puc. 27-17, Tabn. 27-4). SlcHo, 4TO
JHK BupycoB noJokHa OBITH OYeHbL KOM-
MAKTHO YJOXeHA, YTOOBI IOMECTUTLCS BHY-
TPU BHPYCHOIN wacCTHLbL

B PHK-copepxanmx Bupycax XpoMoco-
moii ciryxut PHK. Bupycuele PHK 06briHO
CPaBHUTENLHO MaJibl; OHHM COOEpXaT He-
60JIb11I0€ YHCIIO rEHOB ¥ COCTOAT, Kak Mpa-
BHJIO, U3 OnHOI tenu. [Tonasstolee 60Ib-

LIMHCTBO PACTUTENLHEIX BUPYCOB COAEPXHUT
PHK.

b I 0 I

,9 MEM

27.13. XpomMocoMbi
NPOXAPHOTHYECKHX KJIIETOK —
9TO €/IHHMYHbIE O4YeHb JIHHHbIE
moJtekyint JIHK

B npoxaprotuueckux knerkax JIHK ro-
pa3no Gosibiie, yeM B BUpycax. K npumepy,
onHa knetka E. coli conpepxut noutu B 200
pa3 6osmie JJHK, yem vactuna Gakrepuo-
¢dara A. Pe3yIbTaThl reHeTHIECKHX IKCIIEPH-
MEHTOB, a TaKXe MpsIMble MHKPOCKOIIMYe-
ckue HaGmonenus noxasamu, yTo JJHK E.
coli—-3T0 onHa oveHb AJMHHAsT MOIEKYTid.
OnHa npenctaBnseT co0oii KOBAJICHTHO 3a-
MKHYTO€ [ABYXIENOYEYHOEe KOJIBIO € MOJL
Maccoit ~ 26-10°. 3ta JJHK coctouT npu-
OJIM3NTESIEHO U3 YeThIpeX MUJUTMOHOB Map
OCHOBaHHMii, a ee (puaMueckasi NJMHA paBHA
~ 1400 mxM (= 1,4 Mmm), uTo B 700 pas npe-
BBIIAET pa3Mepbl camoii xneTku E. coli
(2 MxM). B aTOM Cilyyae Mbl CHOBa BHIMM,
yro Monekyna JHK nnoTHo ynaxosaHa,
MOCKOJIbKY OHa UeJUKOM [0JDKHAa YyMe-
CTUTECSL B sIePHOM 30He (pa3n. 2.5) KieTkn
E. coli. EcTb OCHOBaHHs1 CYUTaTh, yTO JJHK
OaxTepnajIbHOHM  KJIETKM  NPHKpEIIieHa
B OIHOI NI HECKOJILKUX TOYKaX K BHYTPEH-
Hell TOBEPXHOCTH KJIETOYHOH MeMOpaHEL



870 YACTB 1V. MEXAHU3MBI TIEPEIAYY T'EHETUYECKO! MHOOPMALIMH

27.14. Kombuensie JHK ChepXCIHpabHan PenakcHpoBannas
CBEPXCIHPA/TH30BAHbLI xonbliesas [IHK kobuesas [THK
Onuotienoueunbiit
Ecnu TIMAaTENILHO K OCTOPOXHO BbIOCIIATH p;:ipblB

Kossuessle BupycHele JIHK, To MOXHO mo-

Ka3aTb, 4YTO OHH SBJSIIOTCS CEePXCHuU-

DGAbHBIMY, WM CBepXCKpyueHHbIMH. Co-

3naeTcs BIEYATJICHHE, 4TO MNBOHHAasA CIH-

payb mpexne, YeM KOHILI €€ wmeneil coenm-

HMJHCh B KOJILO, ObLIIA YACTHYHO PacKpy-

YeHa. IJTO oOpaTHOE CKpyvMBaEHE' Cco00-

1aeT kosbuesod MoJiekysie JJHK Bpamaro-

1Ml MOMEHT, BCJIGACTBHE Y€ro OHA 3aKpy-

yBaeTcs cama Ha cebs (puc. 27-18). Ecm

Taxyto ceepxcnupabhyro [JJHK, B8 koTopoii

3anaceHa NONOJHHTEbHAA 3HEPIus, NOoA-

BEPrHyTh NeHCTBHUIO 3HIOHyKNea3kl, pa3pbl-

Barolliel ONHy 3 ueneii, TO CKPYYEHHOCTb,  pyc, 27-18. Konbuesas coepxcrmpanshas JIHK,
BBI3BAHHAA 06paTHbIM BpaIlllcHHEM, CHHM-  s3akpyyeHHas B pe3yJibTaTe OTPHUATEJIbHEIX [OBO-
maetcst # JHK nmepexoamT B cBoe OOBIMHOE ~ POTOB, T.€. IOBOPOTOB, NPOTHBONIONOEHELX IO HA-

BaH NpaBJIeHHIO K 3aKPyYMBAHHIO caMOlt NBOMAHKOM cnn-
HUSKOIHEPIETHIECHO® PCJIaKCHpO HO® panst. Paspnis oaxoit 13 nenelt Takodt JTHK cHu-

coctosmye (puc. 27-18). CBepXCIUPAIBHAA  yaet coepxcnnpalu3alMIo M NPHBOAHT K IEDEXOLY
supycHas JIHK Goriee kOMNakTHa, YeM pe-  xomeuesoit [IHK B penakcuposannyro dopmy.
JIAKCHPOBaHHOE KOJIBOO,

Anams JJHK, sbloeneHHo#l co BceMu
npenocTopoxHocTaME u3 E. coli, mokasan,
YTO OHa 0Opa3yeT MHOXECTBO NETeJb, IO~  Puc. 27-19. DnexTponnas MukpodoTorpadns He-
JIEPKUBAEMBIX BMECTE € OMOLIIBLIO 6eJIKOB.  TAKTHOM CBEpXCHHPAbHON XpOMOCOMEI, BBIIENCH-

noit u3 onmoit knetn E. coll. UntaxTHOCTL Xpo-
Kaxnas u3 3 TIETEJb B CBOXO O4YEPCHIb MOCOMB! OBbUJIa yCTRHOBNEHE C MOMOIILIO CHITLHO

cBepxcimupanu3osana (puc. 27-19). O6paso- yBemmuenno#t dororpadmu. UyTh BIEBO OT LEHTPa
BaHHe TeTesIb H CBEPXCIIUPAIbHOCTh IOMO-  BHAHB! GparMeHThl K/IETOYHO) MeMOpPAHEL.

bt een

2 MKM
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raroT o0eclevyuTb YMAKOBKY OveHb OOJIb-
IMX KombleBbIX MoJsiekysl JJHK B mabix
obbeMax, He orpaHHueHHbBX MeMOpaHaM.
Jluneiinele JJHK He o0pa3syroT cBepxcou-
pams 0O Tex Top, Moka oba KoHIla Mojie-
Kynbl He 3aduxcupoBaHbl CeepXCIUpasb-
HOCTb UrpaeT BaXHYIO POJIb BO MHOIHX
mpoueccax, NPOUCXOAALMX € YyYacTHEM
JHK. HekxoTopsie Genxu 1 ¢epMeHTH He
cesasbBatoTea ¢ JIHK, ecim oHa HaxonuTcs
He B CBepXCIpasbHOK dopme. DepMeHTHI,
Ha3blBaeMble TONON30Mepa3aMH, MOTYT pe-
IryupoBaTh CTENEHb CBEPXCHUPATLHOCTH,
yBeIMYMBast WM YMeHbIIasi YHCJIO CBEpX-
BUTKOB.

27.15. Hekotopbie Gaxtepun
coiaepxat JHK B Buae miazmun

Kpome oveHr GosbIioii KOJBIIEBOM XPO-
MOCOMBI, PACIIOJIOKEHHOH B siiepHOl 30He,
6ombumHcTBO OakTepuii comepkaT ONHY
WITH HECKOJIbKO HeOOJIbIIMX KOJIBUEBBIX MO-

Puc. 27-20. 3nexrponssle MuxkpodoTorpadun
nna3MmuJ, BeLICNEHHBIX M3 OBYX BUAOB OaxTepuil.
A. Inaamuna pSC101 ua E. coli, xoTOpas npuaaer
KJIEeTK&M yCTORYMBOCTD K TeTpauMkiHuy. b. Ilnas-
Muabl u3 Neisseria gonorrhoeae—6agTepHH, BHI3LI-
BarolLielt FOHOPero. BONbIMHCTBO MOJIEKY 1 HAXO-
[MTCS B PeNAkCHpOBaHHOM cocTosinuu, Ha npume-
Pe CKPYYEHHbIX CBEPXCIMPaTbHbIX NJa3sMua (04Ha
M3 HHX B teHTpe $oTorpadmy) BUNHO, HACKOIBKO
adexTUBHOM MOXKET OKE3aTHCA KOMIAKTHAS yria-
xoBka kospuésoit [THK B pedynbTaTe oTprua-
TeJIbHBIX OBOPOTOB.

nekyn JIHK, xoTopele HaxoasTcs B ¢cBo6GOa-
HOM COCTOSIHMM B LIMTOMJIa3ME KJIETKA, JTH
IKCTPaXPOMOCOMHBIE 3JIEMEHTH! Ha3bIBAIOT
naasmudamu (puc. 27-20). B OoymbUIMHCTBE
CBOEM IJIa3MUABI OYEHb MAJIbl B CONEPKAT
BCETO JIMIIb HECKOJIBKO T€HOB, T. €. rOpa3zio
MEHbIIe, yeM OaKkTepuaibHas XpoMocoMa,
B KOTOpOH T€HOB THICAYH. B HEKOTOPHIX
KJIeTKaX, OQHAKO, MNa3sMUOBl MOTYT OBITb
noctaToyHo GosbummmMu. [nasmuasl HecyT
reHeTHHECKyl0 NHOOpMAaIllMio U perMiy-
pytotcs ¢ obpa3oBaHHEM NOYEpPHUX MJIa3-
MHJI, KOTOPBIE IPY DeJIEHUH KJIETKH Nepexo-
IAT B IIOYEPHHE KJIETKM. B TeyeHne MHOrHMX
LHMKJIOB NEJICHUS KJIETKU TJa3sMUIbl «KU-
By cBoe co6cTBeHHOH, 000CcOGIEHHOI OT
xpomocomuoii JJHK «xkusnbsion. OnHako
WHOIoa OHU MOTYT BCTPaHBaTLCA B XPOMO-
comHuyto JIHK u ¢ TakuM xke ycnexom moxu-
IaThb ee.

HekoTopele mna3smuabl HECYT IeHEI, KO-
TOpPEIE ONpeEnesoT ycToluuBOCTL OakTe-
puR-Xx03fiMHa K aHTHOMOTHKaM, Hanmpumep
TeTpallUKJIMHY H cTpenTomMuuuHy. Bakre-
PHH, COIEprKAllMe TaKKUe TIIa3MUMIE], yCTOM-
YUBBI K 3TUM aHTHOROTHKaM, [Tpu yedeHuu
OakTepuabHON WHPEKUMH aHTHOMOTHKOM
3TH KJIETKM MOTYT BLDKHTL B OpraHU3Me ye-
JIOBeka, Tak kKak aHTHOMOTHK yOUBaeT TOJIb-
KO YyBCTBUTEJIbHBIE K HEMY KJIETKH. Y CTOl-
YUBBIE K aHTHOMOTHKY KJIETKH MOTYT 3aTeM
Pa3sMHOXaTbCsl ¥ BBI3BIBATL MHPEKLHIO, KO-
TOPYIO HEJb3d cIepXaTe aHTHOMOTHKOM.
Mo 3Toi MpuurHe aHTHONOTHKY HE CIEAyeT
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MPYMEHATL U1 JleveHus uHpexuunii Oe3 pas-
6opa: Bcerna HeoOxomumo OBITL YyBe-
PEHHBIM B TOM, 4TO Bo30ymuTenb naHHOi
6orie3HN MyBCTBUTENIEH K HCIOJb3yeMOMY
anrnbuoTuky. IlnasMmabl MOTYT TepeHo-
CUTbCA M3 YCTOMYMBBIX K aHTHOUOTHUKY KJle-
TOK B YYBCTBUTEJIbHEIE KJIETKH TOTO )€ HJIH
OpYroro BUIa, menas 3TH KIIETKH YCTOii-
YUBBIMU.

Jlpyras BakHas OCOOEHHOCTbL MJIA3MMI
COCTOHMT B TOM, YTO HX MOXHO O4€Hb JIETKO
BbLIETb U3 OakTeprabHBIX KJIeTOK. B BbI-
JEJNICHHYI0 T1a3MHMAY MOXHO BCTPOHTD
HOBble IeHBl U3 IPYIHX BUIOOB W 3aTeM Ta-
Kylo MOAH(HIMPOBAHHYIO INIA3MHIY BBE-
cTy 06paTHO B OObLMHYIO IS HEE KIETKY-
Xo3smHa. Takas Mnasmunaa, Hecymjas vyxe-
pomunli reH, OyneT perMIMPOBATHCH
M TPaHCKpROUPOBAaTECS H MOXET 3aCTaBUThL
KJIETKY-XO3MMHa CUHTE3UPOBATh OEJIKH, KO-
IIHpyeMble UCKYCCTBEHHO BCTPOEHHEIM re-
HOM, JaXe €CJIM OH He SIBJIETCS 4YacTbio
HOPMAaJIbHOTO TeHoMa kJeTkH. [Jo3xe Mel
YBUIUM, KaK [OJY4YaloT TakHe peKoM-
6uHanmubie [JHK, kak OHm TpaHckpuObu-
PYIOTCS B TPaHCIMPYIOTCH ¢ 0Opa3oBaHueM
TIOTEHLMAILHO TIOJIe3HBIX TPOIYKTOB.

27.16. JykapHoTHYeCKHe KJIeTKH
conepxat ropa3no Goawme JHK,
YeM NPOKAPHOTHI

Teneps Mbl coBepIMM OOJIBINON CKayoK
U nepeiifieM OT NMPOKAPHOTHYECKHX KIIETOK
K ropasno 6osnee CIOXHBIM —3yKaproTHYE-
CKHM. DyKapuOThl COEPXAT 3HAYUTEILHO
6omine JIHK, yem nmpoxapuoth.. OTIens-
Has KIETKA MMKCOMMUETa, OLHOIO M3
caMbIX NPUMUTHBHEIX 3yKapuoT, Gonee yeM
B 10 pa3 OpeBOCXOOUT MO COAEPXKAHHIO
JHK knetxy E. coli. B kneTkax nnonosoit

myurku Drosophila, ucnioymb3yeMoii B krac-
CIMECKHX NeHEeTUYECKMX UCCIIE[IOBAHMAX, KO-
JmiectBo JJHK Gonee uem B 25 pa3 npesbl-
aeT ee KOJIMYeCTBO B kneTkax E. coli
A KIeTkH venoBeka W MHOTHUX NPYIuMX Mmile-
KOMMTAIOUMX CONEPXaT NPHOM3UTENHHO
B 600 pas 6omme JHK, uem E. coli

OO6was ¢dusnveckas mmHa Beeit JJHK
B OOHOM-eMMHCTBEHHON KIJIETKE 4YeJoBeKa
COCTaBJIET ~ 2 M (VI CpaBHEHUs OJIMHA
JAHK E. coli pasHa 1,4 mm). ITockonbky
B OpraHu3Me B3POCJIOTO YeJIoBeka HaXoauT-
ca ~ 10'3 xnetoxk, o6mas nymua seeit JJHK
qeloBeka coCTaBiiieT ~2-103 M, wm
2-10'° xm. CpaBHuTe 3Ty  BEJDMMHHY
¢ OKPYXHOCTbIO 3eMHOTo mapa (4-10% xm)
MM paccTosHMeM oT 3emmu po Coimla
(1,44 -108 xm)!

Ilpu HaGmonmeHMu B MHKpPOCKON 3a
SAAAPOM OENALMXCS 3YKAPROTHYECKHX KJle-
TOK ObIN0O OGHapyXeHO, YTO MX reHeTHve-
ckuii MaTepuan pacnpeAcsieH O XpoMoco-
MaM, YHCIO KOTOPBIX 3aBUCHT OT BUIA
oprasusma (1abin. 27-5). B xnetke denose-
Ka, HanpuMep, COAEPXUTCH 46 XpOMOCOM.
B HacTosiliee BpeMsi YCTaHOBJIEHO, YTO Ka-
KIasi XpOMOCOMA 3yKa PHOTHYECKOMR KIIeTKH
THNA TOKA3aHHOM Ha puc. 27-21 conmepxuT
OIHY O4eHb OONBIITYI0 MOJIEKYJTY ABYXILIEIO-
yeynoit JIHK, mymHa XoTOopoit Moxer
B 4-100 pa3 npeswimate anmuay JJHK E.
coli. Hanpumep, dusuueckas nymHa MoJie-
kyml JJHK opHoit w3 Haubojiee MeJKuX
XPOMOCOM 4eJioBeka cocTaBiisieT ~ 30 MM,
4YTO no4TH B 15 pa3 Gosmine DJMHBE! MOJIE-
kyis! JHK E. coli. Monexysmmt JTHK B co-
pOKa IIIECTH XPOMOCOMAX YeJIoBeKa He ONlu-
HAKOBBI MO pa3Mepy: OHH MOIryT pa3id-
JaThca Mexay coboit Gonee yuem B 25 pas.
Dyxkapuotuueckie JJHK umerot He koJmite-
BYIO CTPYKTYDY, a JiuHeliHyro0. Kaxaas ayxa-

Puc. 27-21. DnexTporHas MukpodoTorpadus xpo-
MOCOMB 12 yenosexa.
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Tabauya 27-5. HopMalbHOE YHCIO XPOMOCOM
y pa3sHbIX BHIOB

Ipokapuomet
bakxTepuu 1
Jykapuombt
Jipozog¢una 8§ JInca 34
KpacHblii Kouka 38
KJIeBep 14 \%( STHTTS 40
OroponHblit Kpsica 42
ropox 14 Kpomuk 44
MenoHocHas Yesosek 46
miesia 16 Kypuua 78
Kykypy3a 20
JIsryuika 26
Tunpa 30
pHOTHYECKAs XpOMOCOMAa HECeT  YHU-

kaJbHbi Habop reHoB. COBOKYITHOCTb BCEX
FeHOB KJIETKH COCTaBJIAET €€ I'eHOM.
Pasmep THNMYHOI KJIeTKH velloBeka, Ha-
MpUMep KIIETKH Tle4eHH, COCTABIIET B nole-
peuHuke ~25mkm. Ee sigpo, pasmepoM
~ 5 MKM B IMaMeTpe, COOEPKUT 46 Xpomo-
coM, cymMapHas nmuHa JJHK xoTopmix
paBHa 2 M. Kak MBI yBUIMM pajibllie, yna-
xoBka JIHK B aykapuotnyeckux Xxpomoco-
Max CYILEeCTBEHHO OTJIMYaeTCsi OT ee ymna-
KOBKM B MPOKAPUOTHYECKHX XPOMOCOMaX.

27.17. JykapuoTH4ecKkue
XPOMOCOMBI COCTONT
H3 XPOMATHHOBBLIX BOJIOKOH

M=1 yke ucnmons30Ba TEPMUH «XPOMO-
coMa» 110 OTHONIEHHIO K MOJIEKyJle HyKJleun-
HOBOW KHCIIOTBI, KOTOpas MPEACTABIIAET CO-
6ot XxpaHuIMINE TeHeTHYeCKoi HHpopmMa-
1M BUPYCa, IPOKAapHOTa UM 3yKapHoTHYe-
ckoit k1eTku. OgHako nepBOHAYaJILHO CIIO-
BO «XPOMOCOMa» (T. €. «OKpalIeHHOe TeJIon)
KCTIONL30BAJIOCh B APYTOM CMBICIie, OJIs
0003HaveHNs rycTo OKpallleHHBIX 00pa3o-
BaHHH B 3YKaprOTHYECKHUX fIpax, KOTOpbIE
MOXHO Oblilo HabmonaTb B CBETOBOM MH-
KpockoI focne o6paboTku KJIETOK KpacuTe-
neM. JyKapuoTH4ecKie XPOMOCOMBI, B U3-
Ha4yaJbHOM CMBICIIE 3TOTO CIIOBA, BBIIJLAAT
KaK Pe3KO OuepyeHHble CTPYKTYDHI TOJLKO
HEMOCPEACTBEHHO 10 ¥ BO BPEMsI MHUTO3a —
npouecca feneHusl AApa B COMATHYECKHX
KreTkax (puc. 27-22). B noxosiumxcs, Hene-
JIAIMXCA IYKAPUOTHYECKHX KIIETKAX XPOMO-

COMHBII1 MaTepraJi, Ha3bIBAEMBbIN X pomamu-
HOM, BBITJIAIMT HEYEeTKO M kKak Ovl Oecriopsi-
JIOYHO pacripenereH o BceMy sinpy. OnHa-
KO, KOT[a KIeTKa FOTOBHTCS K [eJIEHHIO,
XpoMaTHH YIUIOTHSieTcs H  coOupaeTtcs
B CBOMCTBEHHOE IJAHHOMY BUIY YKCIIO XOpO-
[0 pasjMuYkAMBX XpoMocoM (puc. 27-22).

XpoMaTuH ObL BbUIENICH U3 SEP K Npo-
anaym3uposaH. OH cOCTOMT U3 O4YEeHb TOH-
KX BOJIOKOH, KOTOpble conepxat -~ 60%
Genxa,: ~35% JHK mn, BepostHO, ~ 5%
PHK (pasn. 2.7). XpoMaTHHOBBIE BOJIOKHA
B XpOMOCOME CBEPHYTH B 00pa3yloT MHO-
XECTBO y3eJIKOB M mneTess (puc. 27-21).
JHK B XxpoMaTHHe o4YeHb NNPOYHO CBfi3aHa
¢ OeyxaMu, Ha3bIBAEMBIMH 2UCHIOHAML,
GYHKIHS KOTOPHIX COCTOMT B YIAKOBKE
u ynopsinovenu J1HK B cTpykTypHble eau-
HMIE] — HyKAeocOMbl. B XpoMmaTuHe conmep-
KUTCH TaxkKe psii HETMCTOHOBHIX OelkoB.
B oT/mume OT 3ykapuoThueckux Oaxre-
prasIbHbIE XPOMOCOMBI HE conepXaT MCTo-
HOB; B MX COCTAB BXO[MT JIMIIL HeOoJIbIlioe
xomuyecTBO  OesikoB,  cnocoOcTByrOLMX
obpa3zoBaHuIO METeM: K KOHICHCALIMH
(ymiotrenuro) JJHK.

27.18. TucToHbl —3T0
HeQoJIbIHe OCHOBHBIE O€JIKH

I'ucToHBI HalieHb! B XpOMaTHHE BCEX CO-
MaTHYECKUX 3YKapuOTHYECKMX KIETOK, HO
HU pa3y He ObLIIM OOHapyXeHbl y MpoKa-
proT. UX MoJL Macca JIeXUT B IIpenenax oT
11000 no 21000. I'ucToHB! O4YeHL GOTaThl
OCHOBHBIMM  aMHHOKHCIOTAMH —aPTHHU-
HOM H JIU3HHOM, Ha JOJTFO KOTOPBIX ITPHXO-
OUTCA N0 25% aMHHOKMCIOTHBIX OCTaTKOB
6emxa. ITockoibky Ooxosele (R) rpynmel
OCTATKOB apruH¥Ha ¥ JM3uHa 0pn pH
7 TPOTOHHPOBAKEI K MOTOMY HECYT TOJIO- -
KUTEJbHBIA 3apsll, TUCTOHEI COCIMHSIOTCH
C OTpHIIATENILHO 33 PsDKEHHOM AByXUEToYey-
Hoit [JHK ¢ o6pazosanuem JJTHK-ructono-
BOrO KOMILJIEKCA, KOTOPBI CcTabmmisupo-
BaH CMJIAMM 3JIEKTPOCTATHYECKOTO MPUTS-
JKEeHHS.

I1aTh OCHOBHLIX KJIACCOB IMCTOHOB, Haii-
IEHHBIX BO BCEX 3YKAPHOTHYECKHX KJIETKaX,
pa3MyaloTcsl [0 MOJIEKYJIApHO# Macce
¥ aMHHOKMCJIOTHOMY cocTaBy (1abn. 27-6).
I'mcton H1-msuH-6orateii Genox (299
sm3uHa), ractoEel H2A u H2B copmepxat
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KaeTounas memOpaHa

To3zanas
Tenodasa

Tenodasa

Pannss anadasa

Luronnasma

T Unrepdasa

Tabauya 27-6. T'ucToHs!

Tucron Mon. mac- JInzng, Apru-

ca % HHH, %
Hi 21000 29 1,5
H2A 14 500 11 9,5
H2B 13700 16 6,5
H3 15300 10 13,5
H4 11300 11 14

MHOrO Y JIN3MHa, 4 aprUHUHA, IPHYeM nep-
Boro 6osbute; ructorbl H3 u H4 comepxat
HECKOJIbKO OoJbllle apruHiHa, YeM JIM3HHA,
U OTHOCATCA K apruHnH-OoraTniM OenkxaM.
AMUHOKHCJIOTHbIE  TIOCJIENOBATEILHOCTH

flaepas Membpaua

finpenuko

XpomaTyH

Paunss

MeTtagasa

Metagasa

Puc. 27-22. Ctraann muTo3a. O6paTHTE BHHMAHHKE,
41O B HHTepdase (T.e. Mexay neneHHAMH) XpoMa-
THH QHCTIEPCHO pacnpesiened no snpy. B xone
TIOATOTOBKY KJIETKH K JIENEHUIO XpOoMaTus cobu-
PaeTcs B XOPOLIO Pa3TMYHMblE XpOMOCOMBI. 3a-
TeM B aHada3e naphbie JOYEPHHE XPOMOCOMBI
pasneszorca. Ha cragun nosawedt Tenodasel, He-
HOCPEACTBEHHO Nnepe/l feJieHHEM JOYePHHX KJIETOK,
XPOMATHH B HHX CHOBA CTAHOBHTCS AMCMEPCHBIM.

rucroHoB H3 u H4 y Bcex 3ykapHoT noytH
ONMHAKOBBL, OTKynma cienyeT, 4To oba 3TH
TMCTOHA BHINOJIHSIOT BO BCEX 3yKaproTHye-
CKMX KJeTKax OmHy M Ty e (yHxuuto.
CXoncTBO aMMHOKHMCIIOTHBIX TOCIIEI0OBa-
TeJbHOCTEH B cimyvae ructoHos H1, HIA
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1 H2B u3 pasHbIX 3yKapuOTHYECKNX BUIOB
BbIpa)keHO He TaK CHJILHO.

Kax bl B3 r'MCTOHOB MOXET CYLIECTBO-
BaTb B pa3MuHbIX (opMax, Tak Kak R-
rPynnel HEKOTOPEIX B3 BXOSIIMX B MX CO-
CTaB aMHHOKKCJIOT MoryT ObITh (pepMeHTa-
THBHEIM MyTeM MOJIU(UIKPOBAHE] — METH-
mipoBausl, GochopRIHPOBAHLI WIH AlIETH-
mipoBaHbl. Takue Momudukauun R-rpyno
TMCTOHOB MOTYT M3MEHATb UX CyMMapHBIi
3JIEKTPHYECKUH 3apsfl U Opyrue CBOKCTBA.
Hanpumep, anetwymMpoBaHHe E-aMUHO-
rpynn ocTaTKOB JIM3HHA NPUBOIMT K Hel-
Tpanu3auyy MX TMOJIOKKTEILHBIX 3aPsN0B.

b
A 100 um

[JByxuenoueynas

[HK, obpuras

BOKpYT' CTPYKTYpEL,
cofepxatieft 8 mosekya
HCTOHOB — N0 2 MOJIEKyYbi
H2A, H2B, H3 # H4

I'ncron H1

Creflcepubifl
yuactok JIHK \ “~~__

27.19. JTHK-rucToHoBLIE
KOMILJIEKChI 00pa3yloT Mnoxoxue
Ha OYCHHKH HYKJ/1€0COMBI

XpOMaTHHOBBIE BOJIOKHA HAMIOMMHAIOT
Mo BHeILlIHEMY BHIY HUTKu Gyc (puc. 27-23).
[ToBTOpsitoLMeCs, TOXOXUE Ha OyCHHKH
CTPYKTYPBI 3THX BOJIOKOH HOCST Ha3BaHUE
Hykaeocom. HyxjieocoMa npencTapiseT Co-
Ooit komIIeke, COCTOSINMI M3 ABYXLelo-
yeyHoit JJHK nymHo# oxosio nByxcoT map
OCHOBaHMH 1 HaGopa MoJleKyJl T'MCTOHOB,
BOKpYI' KOTOpOro nBaxiel o0OBUTAa 3Ta
JHK; HykneocoMbl («OyCHHKH») HMEIOT
nuameTp 10~11 HM. B coctas xawaoit Hy-
KJIEOCOMBI BXOOUT BOCEMb MOJIEKYJI TUCTO-
HOB—TI0 [Be MOJIEKYJILI T'HCTOHOB H2A,

Puc. 27-23. Hykneocomur. A. INEKTpOHHES MHMEK-
podoTorpadus BHTAHYTHX XPOMATHHOBLIX BOJIO-
KOH: BHIHE! NOXOXHe HA OYCHHKH HyKJleocoMsl. b.
CxemMaTHyeckoe u3o0paxeHHe BHTAHYTOrO y4acT-
K& XpOMETHHOBOTO BOJIOKHE, HITIOCT PHPYIOILIEE
CTPYKTYPy HykneocoM. B. Cxematudeckoe n3o6pa-
JKEHHE KOMNAKTHON CTPYKTYphi, 06pasoBaHHOM
HYKIIeOCOMaMH H criekcepHniMH yyacTkamu JTHK.

Llens JHK

I'nctonoBas
cepalleBuHa

10 um
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H2B, H3 u H4. Hute THK HamoTasa Ha
THCTOHOBOE SAPO HYKJEOCOMBI CHAPYXH.

B mpomexyTkax Mexny HyKIeOCOMa-
MH pacroJOXeHa COCOVHUTENbHAs (MH-
kepnas, cneiicepnas) JHK, c¢ xotopoit
cBsaspIBaeTCs ructod H1. JInwua coenuuu-
TeJIbHBIX yqacTkoB JIHK Bapeupyet B npe-
zenax ot 20 no 120 HyKNEOTHAHLIX Iap B 3a-
BHCUMOCTH OT BHIA OPraHM3Ma M THIA
KIIEeTOK. B XpOMaTHHOBBLIX BOJIOKHAX 4eJo-
BEKa JUTMHA JTUX YYacTkOB orono''S0 ny-
KrleoT¥aHelX  map.  Hyxseocomsi —3To
CTPYKTYPHBIE €JHHHIIbL XPOMATHHA, BLITIO-
HslOLME TIIaBHBIM obOpa3oM  QyHKUMIO
nnotHoM ynakosku [IHK. B pomomenue
K YKopauuBanvio Apyxienodednoit JIHK 3a
cYeT TOro, YTO OHA OOBUBAET MMCTOHBI, 10-
faBoYHOE yKOpayvBaHHEe W MIIOTHAN YyIa-
xoBKa 3ykapuoTudeckoit JHK B xpomatune
JOCTUraeTCs B pe3ysibTaTe YNOpsIO4eHHO-
TO pacloJNOXKeHNs HYKJIEOCOM B IPOCTpPaH-
ctTBe (puc. 27-23). XpoMATHH CBSA3aH TAKKE
C HErMCTOHOBHIMHM OeJIKaMH siapa, KOTOphIe
00pa3yloT sAepHBIH MaTpHKC.

27.20. JyKapHOTHYECKHE KJIETKH
coaepxaT TaKke
uuromsiazmaruueckyro JJHK

Kpome THK, obhnapyxusaemoii B sinpe
JYKapHOTMYECKUX KJIETOK, B LMTOIJIa3Me
TaxKe NPUCYTCTBYET O4eHb HeOoMbILIoe KO-
smyectBo JHK, otimuaromneiics ot snep-
HOM N0 HYKJICOTUAHOMY COCTAaBY ; 3Ta U TO-
nnasmatiieckas  JIHK  noxamm3opana
B MUTOXOHIPUsX. XJoponnactsl GOTOCHH-
TE3UPYIOLMX KJIETOK TAKKE COOCPXKAT
JHK. O6bMHO B NOKOSNMXCS COMaTH4Ye-
ckux knetkax JJHK 31ux oprasesmn cocra-
BisieT MeHee 0,19 Bceit knetounoit THK,
OHAKO B OTUJIOAOTBOPEHHBIX U AEJISIIMXCS
SIEKNIeTKAaX, IA€ YHCIO MUTOXOHAPHH
CWIBHO YBEJIMYEHO, KOJIMYECTBO MHTOXOH-
npvaymsHoii [IHK 3saunTesbHO Beilie. Mu-
ToxoHapuaymhueie  JTHK  (MJJHK)-310
JIBYXIETIOYEYHBIE KOJILHEBLIE MOJIEKYJIIbI
O4YEHb MAIIOrO MO CPABHEHHMIO C MOJIEKYJIa-
mu [AHK spmepHOif XpoMOCOMEI pasMepa.
B xmBotHeIX Knetkax MJIHK umeer Mo
maccy Beero ~ 10-108. Monekyns! xnopo-
nnactHoit JHK 3HaunTeslbHO  Oosmbiie
JAHK muroxonnpuii. JHK obeux atux op-
TaHEJUT HE CBAi3aHA C THCTOHAMM.

YACTb IV. MEXAHU3MBI MEPEJAYM TEHETUYECKOW MHOOPMALIMU

Puc. 27-24. [lensimasics MUTOXOHOPHS H3 XHKPOBO-
TO TeNna HACEKOMOTO.

O npoucXOXAECHUH MHTOXOHIPHAILHOM
u xnoponnactHoit JTHK 6rvio BbIcka3aHo
MHOXECTBO npeanonoxenuit. Onno u3 Hux
COCTOUT B TOM, YTO OHH NPEACTABISIOT CO-
60l OCTATKH XPOMOCOM JIPEBHUX GakTepHii,
KOTOPbI€ NOMATH B UMTOINIA3MY KJIETKH-XO-
3MHA W CTAJIM NpPeJlIeCTBEHHHKAMH 3THX
opraseui. Mutoxonapnassras JHK xo-
avpyet MU TOXOHIPHAJIbHBIE TPHK
u pPHK, a Takxe HECKOJBKO MHTOXOH-
npuanbHbiX OermkxoB. TIOCKONBKY CBBILLE
95% MHUTOXOHAPHAINBHBIX OEIKOB KOIU-
pyetcs saepuoii JIHK, npuunna cyimectBo-
BaHWS MUTOXOHIPHAJBHON M XJIOPOTIACT-
Hoit [ITHK sBnsercs omHOM M3 3arajok
reHETHKH KieTkn. B mpoulecce nenexus
KIETKN-XO35IMHA MHUTOXOHOPHM M XJIOpO-
macTel Takxe gensartcs (puc. 27-24). o
W BO BpeMs1 JiesieHns MuToXouapuit ux IHK
pernupytotes u podepure MIHK mepe-
XOIAT B [OYEPHHE MHTOXOHZDHH.

27.21. TeHBI—3TO YHACTKH
JHK, xotopble KOAHPYHOT
nommenthanpie nenu 1 PHK

PaccMoTpuM Tenepr HanboJiee BaxKHble
B QYHKITHOHATILHOM OTHOIIEHHHM YaCTH MO-
nexyn JHK —rener. B xiaccudeckom 6mo-
JIOTM4ECKOM CMBICIIE TEH OMNpEAeNsiyii Kak
YacTb XPOMOCOMBI, KOTOpasi OOyCIOBIH-
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BaeT KakoW-HMOYIb OIMH OTJIMYMTETLHBIA
NIpH3HAK OpraHu3Ma, Wim geromun, Hanpn-
mep npeT rias. (CinoBo «deHOTHII» O3Ha-
4aeT «BHELIHWH BUI».) B nambuelllem mo-
SBUWIOCE M MOJIEKYJIISIPHOE ONpelesieHue
reHa, Bnepsble npepnoxennoe Jxopmkem
Bunnom n IngBapnoM Tatymom B 1940 r.
Oum Bo3peficTBOBaM Ha cnopbl rpuba
Neurospora crassa peHTTeHOBCKUMH JIydaMH
M JIpYITMMH areHTaMy, XOTOpbleé MOBpe-
xpaaroT JJHK 1 TaknM o6pa3oM BBI3bIBAIOT
MyTanud. HekoTopele M3 noJTyueHHBIX MMM
MYTAHTOB OKa3aJMCh JIMIIEHHBIMKH TOTO
WJIH HHOTO ()epMEHTa, B pe3yJIbTaTe Y4ero ux
MeTabosm3M Obln Hapylled (pasa. 13.14).
710 HabmoneHre NPHBEJIO aBTOPOB K 3a-
KJIIOYEHHIO, 9TO Te€H—3TO Takod PparMeHT
reHEeTUYMECKOIo MaTepHana, KOTOPBIH onpe-
JeJIsieT, I KOOUPYeT, KaKoH~To onuH dep-
MEHT (rumorte3a «O0OuH 2zen—oOuh dhep-
menm»). Tlozke 3TO oOnpedencHMe reHa
nprobpeno Oonee OOLLMIT BUA: «OOUH 2eH—
00un 6eaok», IOCKOJBEKY HEKOTOPBIE TeHBI
KOIIMPYIOT GeJIkH, He sBisiromecs (epmen-
Tamu, OHAKO Temeph MOXHO AaTh ere 6o-
Jee To4yHoe OHOXMMIHEcKoe omnpeziefieHHe
TeHa.

BcnoMuyM, 4TO MHOTHE OEJIKH COCTOST
W3 HECKOJILKHX TNOJIMNENTHAHbIX HeneH
(pa3n. 8.8). B HekoTOPBIX M3 Takyx OesIKOB
BCE NOJIMNENTHAHBLIE LENN OINHHAKOBHI;
B 3TOM CIIy4ae BCE OHM MOTYT KOJHUpPOBaTh-
Csl OIHMM M TeM Xxe TeHoM. Onnako npyrme
6esxn conepxart nBa wym boJsbllice YHCIO
MOJMINENTUAHBIX LIENIEH pa3HbIX THIIOB, pa3-
JMYAFOIIMXC 10 aMHHOKHMCIIOTHON nocre-
JIOBaTEeJIbLHOCTH. MoJleKyjla reMornooHHa,
K IpHUMEPY, COCTOUT U3 NMOJMIIENTUIHBIX L&~
nei AByX THIOB—o H f, KOTOpbIE pa3iid-
YaroTCs AJIMHON M aMUHOKHCIIOTHOM nocrie-
IOBaTeJIbHOCTHI0. CeroHs Mbl 3HaeM, 4TO
o~ ¥ B-uenu KOOMpYIOTCA JABYMS pa3sHBIMH
resamu. [103TOMy B3aUMOCBH3b MEXAY re-
HOM M OeJkoM 0oliee TOYHO MOXET ObITh
BBbIPaX€HA ONPEEIIEHUEM : KOOUH 2eH —O0UH
noaunenmuo».

Ho He Bce reHbl 3KCIIpECCUPYIOTCS B KO-
HEYHOM cdeTe ¢ 0Opa30BaHHEM MOJMIIEN-
THAHBIX Henei. HacTh TreHOB KOIMPYeET, Ha-
npumep, pasuble Bunsl TPHK, npyrue reust
OTBEYalOT 3a CHATE3 pasmmubix pPHK.
I'enbr, kogupyroume nomnmentuas! 1 PHK.
Ha3bIBAKOT CMPYKMYPHbLIMU 2zeHamu, W60

OHM ONPENENAOT CTPYKTYPY HEKOEro Ko-
HEYHOro MPOAYKTA reHa—(QepmMeHTa WIH
crabnmknoii PHK. B JTHK conepxatcs
W OpYTHE YYAaCTKH WIIH IIOCJIEJOBATEILHO-
CTH, KOTOPbIE BBINOJHAKT HCKIIFOYNTEJLHO
perynstopuyto ¢yukimo. HekoTopele H3
ITHX PpEryJATOPHBIX YYacTKOB TpencTa-
BJIIOT cO00M CHrHaJIbI, 0003HAYAIOLLME Ha-
4aJl0 ¥ KOHEL CTPYKTYPHBIX reHOB; Jpyrue
NPHHYMAIOT YYacTHE B 3aIlyCKe WK NPEKpa-
IIEHUH TPAHCKPHILIIHN CTPYKTYPHBIX FEHOB,
Taxum 06pa3oM, HAPALY CO CTPYKTYPHBIMU
reHaMM XpoOMOCOMa COZIECPKMUT TAKKE pezy-
AAMOPHBIE NOCAE008AMEALHOCMU.

27.22. B oamoii xpomMocome
cocpeaoToueHo
00/bILIOE YHCIIO FEHOB

CKOJIbKO T€HOB CONEPXHMTCS B OIHOM
xpomocome? Ha 310T BONpoc Mbl MoOXeM
IaThL NpHOIM3MTENLHBIA OTBET B CiTyyae E.
coli. [IpeqnonaraloT, 4TO B €IWHCTBEHHOMN
xpomocome E. coli conepxnres 6onee 3000
reHOB, BO3MOXHO naxe 5000. Beina coenasa
TIONBITKA HEIOCPEACTBEHHO NOJCYHTATL BCE
NMONMNENTHARL, NpUCyTCTBYIoume B E. coli
nociie pasfeNiecHusi KX METOAOM IBYMEPHO-
ro anexTpodopesa. Ha snexTpodoperpam-
Max Obo oOHapyxeHo okono 1100 nsaten,
COOTBETCTBYIOIIMX OTIEJIBHBIM IOJIMIIEN-
TUAHBIM HensmM (puc. 27-25). Onnako 3710
4HCIIO ABJIAETCH MUHHMAILHBIM, ITOCKOSLKY
JaHHBIH METOA HE TO3BOJET pa3lesiiTh
BCe MNOJIMNENTUABI M He obnamaeT mocTaToy-
HOM 4yBCTBUTEJILHOCTBIO, 4TOOB! y/OBHTHL
MIPHCYTCTBHE  OEJIKOB,  NpeACTaBNEHHBIX
B KJIETKE BCETO JIMILbL HECKOJLKHMH MOJIEKY-
JaMu.

C NMOMOILBIO PA3/MYHBIX T'€HETHYECKHX
noaxoAoB Oblfla yCTaHOBJIEHA NOCIHENOBA-
TEJILHOCTL PAacNONIOXEHUsT MHOINX T'€HOB
B XpOMOCOMax BHpPycoB W baktepuil. YHa-
CTU4YHAs redeTHyeckas kapra E. coli, npuse-
IeHHast Ha puc. 27-26, MOKa3LIBaeT OTHOCH-
TEJIbHOE PACIIONIOKEHHE HEKOTOPBIX €e
TeHOB B KoJbHeBOH Monekyne JTHK.

27.23. KakoBbl pa3MepH reHoB?

MOXHO TEOPETHYECKM pacCYMTATH MpH-
MepHEIE pa3Mepbl FeHOB. MBI yXe BUIEJH,
410 JByxnenodednas monekyna JJHK E.
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Puc. 27-25. ®paxunonnpoeanue Henkos E. coll.
Ha doTorpadun npeacrTasnena xpoMaTorpaMma
IIBYMEpHOTO pa3ieNeHHs MOJIHNEnTHIHBIX ueneit,
MPHCYTCTBYIOIIHX B 3KcTpakTe E. coll. Ha xpoma-
TOorpamMMe MoxHO oGHapyxuThL cBbiue 1100 pas-
JIMYHBIX NONKOCHTHAOB. BeposTHO, B 3KCTpaKTE HX
3HAYHTENbHO Gonblle, OHAKO OHM HE BCE BBIAB-
nsmotcsl. B Hacrosimee BpeMs nenaoTCA NONBITKH
pa3feuTh H NOCYKTATL BOC MOMHNENTHIBI,
APHCYTCTBYIOIIME B Pa3THYHRIX KNETKAX YEJIOBEKA.

coli coctouT npnbIm3KTesHO 13 4 -108 Hy-
KIeoTUaHbIX nap. Eciu cyutath, 4TO B 3TOH
Gaxtepun conepxutes 300 renos, To cpen-
HUH pa3sMep KaXIOro W3 HHUX COCTaBUT
(4-10°):3000 ~ 1300 mykneoTHAHMBIX map.
370, BEPOSTHO, 3aBLILIEHHAS OLIEHKA, MNO-
CKOJIbKY B Helt He yyTeno Haymuue B JIHK
CHTHAJIOB, NMPOMEXYTKOB MEXAY reHaMH
(cueiicepos) n apyrux yyactkos JHK c emme
HEU3BECTHON (QyHKumeli.

Pa3Mepbl reHOB MOXHO IPAOIM3UTELHO
OLEHNTL M OoJiee MpsiMbiM cnocobom. Ce-
TOHs YXe W3BECTHO, 4TO KaX1as aMuHO-
KHCJIOTA NOJIMNENTHIHON Ny KOOV pyeTcs
KOPOTKOH NOCJENOBATEIILHOCTBIO, COCTOS-
e U3 TpeX PacCrOIOKEHHBIX JIPYT 3a Apy-
TOM HYKJIEOTHIOB B OJTHO M3 Lenel mpoka-
priotnyeckoii JIHK (puc. 27-27). Iockoss-
KY B TEHETHYECKOM KOJE HET «3alsThIX»,
komupyroume Tpumnetst JHK pacnosno-
XEHBl TNOCJNENOBATEIILHO B COOTBETCTBHH
C TNOCNENOBATEJLHOCTEIO AMHHOKMCIIOT
B KON PyEMOM NOJMNENTHAC. Ha
puc. 27-27 noka3aH NPUHIATL, OIIPEIeNAto-
LM CTPYKTYPHOE COOTHOLIICHHE HA OCHOBE
xoma Mexny JTHK, PHK u Genxom. B cpsiza
C TeM 4TO OMHA MOJMNENTHUIHAA UEMb MO-
xer comepxatk oT 50 mo 2000 (n maxe
Ooybllle) AMUHOKWCJIOTHBIX  OCTATKOB
(pa3n. 6.5), reH, KOOUPYIOLMH TAKYFO IOJIH-
NeNTHAHYI UeMNb, OOJDKEH COCTOATH CO-

Puc. 27-26. Konbuepast kapta XpoMOCOMbI

E. coli K12. Ha pHelnmelt cTOpoHE OKPYXHOCTH
yKa3aHBl YCIIOBHBIC Ha3BaHHs 52 T€HOB, OTHOCH-
TENbHOE MOJIOXEHHE KOTOPBIX HA XPOMOCOME TOH-
HO H3BECTHO; OHH CITYXaT OPHEHTHPaMH

MPH KapTHPOBAHKH APYIrMx reHoB. Yncia BHYTpH
OKPYXHOCTH COOTBETCTBYIOT BpeMEHH (B MHHYTAX),
HeoGX0oOHMOMy A NEPEHOCA MyXCKOI XpoMoco-
MBI B )XEHCKY!O KJIETKY B XOf€ MONOBOM KOHbiora-
uuH E. coli. 3a Hysiepy1o Touky Buifpau reu thr.
CTpesiRaMH yKa3aHO HANPABJICHHE MPOHHKHOBEHHS
B KIETKy MyxckOl xpomocombt. U3 3000 reHos

E. coli k HACTOSILIEMY BPEMEHH KapTHPOBaHO OKO-
Jo 1000.
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Puc. 27-27. KonnuHEAPHOCTE HYKJICOTHIHEIX O~
cnepopatenvuoctelt THK 1 MPHK H amuHOKHC-
NOTHOM mOCNeNOBaTENLHOCTH AOJMNCHTHIKBIX Lie-
nelt. Tpunnerw nykneornnos JHK onpenensior
NOCIEeIOBATENBHOCTh AMHHOKHCIIOT B Geske; no-
CpeIHMKOM B 3TOM npouecce BeicTynaeT MPHK,
HYKNCOTHIHBIE TPHINETH KOTOpo# (KOOOHBI)
KOMILIEMEHTAPHB! TPHILUIETaM KoaMpytoieit uenn
IHK.

oTBeTcTBeHHO U3 150-6000 (1 Gosmblue) HY-
KJIEOTHIHBIX OcTaTKOB. EC)i MpHHATDH, 4TO
MOJMNENnTHIHAS Lenb OGexka COAEpXHT
B cpeaseM 350 ocTaTkOB, TO €if COOTBeT-
CTBYET CpeIHuii reH, Bkynoyaroryit 1050 my-
KJIEOTHIHBEIX IIap, T.€. colepXalluxcs
B JIHK E. coli 4eTbIpeX MULIIIOHOB HYKJIEO-
THHBIX Nap AOCTATOYHO IS KOAMPOBAHUS
(4-10%):1050 ~ 3800 rexos.

ToT daxT, 4T0 Naphl OCHOBAaHUi B JIBOK-~
Hoif compai JTIHK pacrosnioxeHb! Ha. pac-
croman 034 u8M  gpyr  oT  Apyra
(pa3n. 27.6), NMO3BOJIAET HaM PpaccIHTATh
JUIMHY TeHa CpeHero mNoJmMnenTHia:
0,34-1050 = 357 um =~ 0,36 MxM. Tlockoim-
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KY MOJL. Macca OJHOW HyKJICOTHAHOH Napsbl
cocTaBisieT B cpemueM 650, mos. macca
cpensero rensa E. coli papna ~ 650-1050 =
= 680 000.

Ienel, xomupyroume TPHK, 3paunTemHO
MEHbBLIE, YEM TEHbI, KOINPYIOLIHE TIOJIUNEN-
THABI, MOCKOJILKY onuH Hykneotun TPHK
komupyetrcs omHum Hykneotuaom JIHK.

27.24. baxrepuamhan /THK
JAIHLIEHA ¢ TIOMOIBIO CHCTEM
peCTPHKIMA-MOAH(PHKAUHH

Ve 1aBHO ObIJIO N3BECTHO, 4TO B DaxTe-
puampnoi JIHK cpenn Munmonos o6bru-
HbIX ocHOBaHuit (A, T, G n C) BcTpeuarotcs
OCHOBaHMs1, HEeCYIIMe NONOJIHNTEJILHBIE Me-
TUJIbHBIE FpyNNbl. Brnonoruyeckoe 3nayenve
3THX METHJMPOBAHHBIX OCHOBAHHH CTano
MOHATHBIM B pe3yJibTaTe psiia BAXHBIX OT-
KPBITHiA, KOTOPLIE OKa3aJM OOJBLIOE BITUS-
HUE Ha Pa3BUTHE TEHETHKH H, B YaCTHOCTH,
6uoxumrieckoit remeTukd. s kaxpgoro
Bua OakTepuii xapakrtepna cBosi ocobas
KapTHHA PACTIPEIEIIEH ] METHIIH POBAHHBIX
ocHosanuit no JIHK, ornmyaromas ee ot
JHK napyrmx Bunos. Ecniu JIHK xakoro-
nubo npyroro BHga xakum-To obpasom
TIPOHMKHET B XMBYIO DakTepHabHYIO KIIET-
Ky, To OHa Oy[eT MpuU3HaHa TaM «dyXepoJi-
HOID» HMEHHO N0 OTCYTCTBHIO B HEH CIIELH-
deveckol 111 JaHHOTO BWOA KAPTHUHBI
pacripefelicHMsl METWIMPOBAHHLIX OCHOBA-
sy, npucywed JIHK knetok 3Toro Buma.
B Taxoii cuTyanmn yyxeponsas JTHK 6yner
pa3pyllieHa crienudieckoil HyKIieasoi, Ko-
Topas pacuennseT obe nenu JJHK nenoc-
PeICTBERHO B TOM MECTE, [Jle OTCYTCTBYIOT
xapaxTepubie Juii JIHK xieTku-xo3suna
METHJIMPOBAHHEIE OCHOBAHHS, HITM BOJIM3H
3TOro Mecta. TaKHM 0Bpa3oM YyxkepOoIHble
JHK noasepraroTcst pecmpukyuu: OHM pas-
pyLIaIoTCs € NOMOILBIO CrieH(H4ecKux Hy-
KJieas, BbIpabaThIBAEMbBIX KAXIABIM BHIOM
Oaxrepuil.

JIHK GaxTepuii naHHoro Buga 3almiile-
Ha AByMs OIM3KMMH 11O cBOeH crienuduvHO-
cti  (Qepmentamu: 1) moduduyupyroweii
Memuaasoii M 2} pecmpuxmupyroweil 3HOO-
Hykaeasoti. Moaubuumpyrolas MeTunaza
OTBeyaeT 3a oOpa3oBanue crerudHiecko
N8 JAHHOrO BHOA KAPTHHBI METHJMPOBa-
HHSl B ONIPEAENIEHHBIX KOPOTKUX MOCINEIOBa-

YACTb IV. MEXAHU3MBI MEPEJAYM TEHETUYECKOM MHOOPMALIMU

TempHOCTAX coberBennodt JTHK  kneTxw.
MeTunbHBIE Tpynmbl B 3THX TOCHENOBA-
TEJILHOCTAX OCTaroTCs 6e3 u3MeHeHHil B Te-
4yeHHe Beell xH3HM KieTkH. COOTBETCTBYIO-
1A PeCTPHKTUpDYIOLLAsh BHIOOHYKJea3a
B CBOIO O4epeflb pacuiensier obe nemnu Jso-
6oit npyroit JTIHK, B xoTopoit 311 cienudu-
4eCKMe NMOCNeIOBATELHOCTH OCHOBAHMHA He
MeTHJIMpoBaHbl. [IpuMepom Moxer ciry-
XHTb peCTPMKTH pyrolllas SHAOHYKneasa Hi-
ndll 6axtepuu Haemophilus influenzae (ka-
XJas PpeCTPUKTHpyIOLIasi JHIOHYKIieasa
uMeeT cBoe 00o3HayveHue). 10T depMeHT
pacuierueT obe nenw ymoboit JTHK, conep-
Xallell  ONpefeNeHHYI0 TNOCNENOBATE b~
HOCTb OCHOBAaHMH B MecCTaX, YKa3zaHHBIX
CTpeJIKaMH:

CaﬁTpeC'{puKLmu
5 —G-T-Py—Pu-A-C- 3’
°

3' —C-A—Pu—Py-T-G— 5'
1

HO HE PacCIlenuseT 3Ty XK€ MNOCIENOBATENb-
HOCTb, €CJT OCHOBaHMsl, OTMEYEHHBIE Kpac-
HOH 3Be3I0YKOM, METWIMPOBAHDI:

*

5" ~G-T-Py—-Pu-A-C- 3’
[ J
3" ~C-A-Pu-Py-T-G- 5'

Hnutepecno, 4TO 3TOT KOPOTKMWH Y4acTOK
JTHK, MeTHIMpOBaHHbIA WIH HEMETUIINPO-
BaHHbIE, oOJyiagaeT BHYTPEHHEH CHMMe-
TpHell OTHOCHTEJIHHO LEHTPAILHOH TOYKH,
MOKa3aHHOM KpacHbIM iBeToM. Ecym nosep-
HYTb 3TOT y4acTok Ha 180° B mockocTy pu-
CYHKa BOKpYr LEHTpaJIbHOH TO4YKH, TO OH
OyneT YMTATHCS TOYHO TAK XK€, KaK 10 IOBO-
pota. Tako#f TUD CHMMETPHM XapaKTepH-
3yETCH OCbl) CUMMEmpUU 6mopozo NOPAOKa.
BoJBIIMHCTBO MPOBEPEHHBIX MOCIENOBA-
TEJIbHOCTEH MOIMHKAIMH-PECTPHKIMH
obnamaroT cUMMeETpUell BTOPOTrO MOPSIKA.
Pecrpuxtupyrowmas ssaouykneasa Hind 11
pacueruisier ofe nend B cepelMHE 3TOrO
yyactka B ;mo6oit JIHK, B koTopo#t 312 no-
CIeJOBATENILHOCT, He MeTwympoBasa. By-
Iyud PpaclIeneHHOW Takum obOpazom, uy-
xepomuas JTHK we moxet ObITH HCnpaplie-
Ha ¥ NO3TOMY HE MOXET PellJIMLIHPOBATLCS.
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B namuefitiem noa qeicTBHEM OpPYrHX Kie-
TOYHHIX HyKJeas Takas JIHK paspymaercs
IO MOHOHYKJIEOTUIOB.

B 1abn. 27-7 npuBenens! cnennduyeckue
MOCNEIOBATEILHOCTY,  aTakyemble  Tu-
MAYHBIMA  PECTPUKTHPYIOIIMMH  JHIOHY-
Ksiea3amMu (0003Ha4EHHBIMH CHMBOJIAMH) 3
pas3Hbix BUAOB Gaktepnit. Kaxnas n3 y3na-
BaéMbIX TaKMM (EPMEHTOM INOCJeNOBa-
TerpHOcTe# obnanaer cummerprell BTOpO-

Tabauya 27-7. CnenddudHOCTE HEKOTOPHIX
PECTPUKTHPYIOLIMX 3H/I0HyKIea3!

Obpa3yeT TyMble KOHIL!
Hin dil { .
5" -G-T-Py-Pu—-A-C- 3'
[

3’ —C—A—Pu—TPy—T—G— 5'

Hpa 1
5 —-G-T-T-A-A-C- 3’
°

3" —C-A-A-T-T-G- 5'

OGCpa3syeT BhiCTYNaoUue KOHLPbI
Eco R1 !

5 —G-A-A-T-T-C- 3’
°

3’ —C—T—T—/}—ATrG— 5"

Eco RI | .
5" -N-C-C-N-G-G-N- 3’
[ ]

3’ -N-G-G-N-G-C-N- 5’
)

Him i 1
5 —-A-A-G-C-T-T- 3'
[

3 —T—T—C—G—A—TA— 5

1 Wupuo#t kpacHolt ToukoM ofosnavena ock
CHMMETPHH BTOPOTO NOPANKA, KPACHBIMH CTPeN-
KaMK NOKa3aHel MECTa paciueruieHns. KpacHbIMH
3BE3/I0YKAMH YKa3aHBl MECTa METHJIHPOBaHHs (ec-
JIH OHH H3BeCTHb]) B OPTAHHIME, M3 KOTOPOro
nauupiii pepment eueneH: Haemophilus influenza
ans Hin dll w Hin dlll, E. coli nna Eco Rl
u Eco RI1 ¥ Haemophilus parainfluenza nns Hpa 11
Pu-nypuH, Py —rmpumuans, N—A win T.

ro mopsigka. B 3aBucMMOCTM OT THMa
PeCTPHKTHPYIOILeH IHAOHyKJEa3sl B MECTe
paceruienus npyxuenodeunoi JJHK obpa-
3YIOTCA JINOO «TYIBIE», T.€. 3AIIOJIHEHHBIE
KOHI[bI (KdK B CJTy4ae OnMcaHHo#M Beie Hind
II), mn60 BEICTYNArOLMe KOHIEI (TIPHMEPOM
MOXET CJIYXUTb IHn0HYyKea3a Eco RI w3 E.
coli). B mocnenneM cityuae nBa NEepeKpbI-
BAaIOIMXCH KOHIIA HA3BIBAIOT AUNKuMU, NO-
CKOJIbKY OHM CIOCOOHBI 0oOpa3oBaThk Ipyr
C IPYroM KOMIIJIEMEHTaPHBIE NTapbl OCHOBA-
HUH.

BbII0 MOACYUTAHO, YTO NOCIENOBATEh-
HOCTM M3 IIeCTH HYKIEOTUIOB C OCEBOIN
CHMMETpHER BTOpOro mnopsjaka MOryT
BeTpedaThes B moboit [IHK sesasncenMo ot
Biuaa ¢ pepostHocThio 1 :4000. INockosmky
Monekyssl JIHK 6axte puii cocToAT M3 M-
JINOHOB HYKIICOTUIHBIX Nap, BepPOSTHOCTD
TOrO, yTO Ntobas bakrepnaipras JIHK pac-
LIENUTCs XOTs Obl oM pa3 moboii nannoi
PECTPUKTHPYIOIEH JIHOOHYKIIEAa30i, OYEHb
pesmka. OIHAKO KJIETKA-XO35MH 3aUMINAET
cBoro cobereennyro THK nyrem metusin-
POBaHMsI OJHOIO WJIHM HECKOJILKUX OCHOBA-
HUi{ B IOCNIENOBATEMLHOCTH, TOABE PKEHHOR
PECTPHKLIMK ; METHIMPOBaHHas TOCNEAOBA-
TEJLHOCTh HE CBA3BIBAETCA C PECTPHKTH-
pylolue 3HIOHYK/IEa30H M [OTOMY He
pacLuenyseTcs.

V passbx BHIOB bGaxTrepnii 0OHapyxeHo
yxe cBpitie 150 pa3/I4HbIX PeCT PUKTHPYIO-
nmx 3Ha0HyKJea3. Hexortoprele GakTepun
coniepxat Gosmlie ognHoro nabopa Moawm-
duIMpyroumx MeTHJa3 W PecTPUKTHPYIO-
nmx sgpoHyknea3. Onnako JIHK Bupycos
OakTepmii HayywIMCh C TNOMOINBIO psija
cnocoGoB NpeofoIEBaTh PECTPHKIMOHHYIO
3aUMTY KIE€TOK MX xo3seB. Hexotopeie Bu-
pycuble JIHK copepxat pa3soro poaa Mo-
INQUUBPOBAHHBIE OCHOBaHMS, KOTOphIE
NIO3BOJIAIOT MM N30eraTh pacIuenieHus pe-
CTPUKTUDPYIOLIMMH JHIOHYKJea3aMu KJIET-
KM-XO3fHH3, B KOTODYIO OHH MONai.
MomudpnmimpyoumMy rpynnaMid B TaKHX
pupycubix JIHK cmyxat mMeTwimbHble, ru-
JPOKCHMETUIIbHBIE W [JIFOKO3WIbHBIE
rpynnbl. JIpyrue BUPYCHI B XOZE IBOJIFOLMH
NMpHOOpENIM  TaKHE NOCNEAOBATEJILHOCTH
B JIHK, xoTopble He comepxaTr y4aCTKOB,
y3HaBaeMbIX HEKOTOPBIMH PECTPUKTHPYIO-
MMM 3HIOHYKIEa3aMH,

PecTpuxkTvpyroume HyKneasbl OKa3asHch
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HCKJTFOYHTEJILHO [0JIE3HBIMY B Ka4eCTBE UH-
CTPyMEHTA B [EHETHYECKHX HCCIIENOBaHUAX,
TIOCKOJILKY OHH TO3BOJIAIOT BOCTIPOM3BOIM-
MO OCYLUECTBIIATL PacLUenicHue obeux e-
neit [IHK B cTporo ornpenesneHHblX TOYKaX.
O6napyxenne GepMEHTOB C TAKMMHU CBOIi-
CTBaMH OTKPBHIJIO HOBYIO 3py B OHOXMMMH
resoB. Brarogaps pecTpUKTUPYIOIMM 3H-
JIOHYKJiea’aM, MHOIME H3 KOTOPBIX B Ha-
CTOsIlEE BpemMsi MpoM3BOIATcs dbupmamMu
U TNOCTYnawT B MNpoJaxy, CTajo BO3-
MOXHBIM [eJIeHanpaBJeHHOE pa3pe3aHue
M KapTHPOBaHUE XPOMOCOM; 3TH epMEHTHI
CTaJM TaKke HEOOXONHWMBIM HMHCTpYMEH-
TOM NPH ONpeleNeHUH HYKJIEOTHIHBIX NO-
cnenopatesbrOcTedt JIHK. PectpukTHpyro-
IMe DHAOHYKJea3bl MO3BOJIAIHM HayaTh
paboThI NO BCTPAHBAHMIO FEHOB OHOIO Op-
raiy3mMa B reHom apyroro (ron 30)
YyennbiM, OTKPHIBIINM ABJIEHHE PeCTPUKLIAH
JHK, u3yyuBIMM npupony AefcTBUS pe-
CTPHKTHPYIOLMX 3HIOHYKJEA3 M TNOKa3aB-
LM BO3MOXHOCTb UX MCIOJIb30BAHUSA JIJIs
Bbipe3aHusi reHoB,—Bepuepy ApGepy wu3
Iseftnapuu, FamMumbToHy CMUTY M JlaHus-
mmo Hartaucy (06a nocnemumx u3 CIIA)
B 1978 r. 6b1a npucyxnena HobGemeBckas
npeMHsi MO (PHU3NOJIOTHH W METHLIMHE,

27.25. Jykapuotnueckne JTHK
CONePKAT

MHOIOKPATHO NOBTOPRIOILHECH
NoCIeN0BATE/IbHOCTH OCHOBAHMI

ITpoxapuoTH OOLMHO CONEMKAT TOJIBKO
onny konuro JIHK ma xnerky, ¥ moutu Bo
BCEX CIyyasx B kaxaol monexyise JTHK
NPUCYTCTBYeT JIMIIbL ONHAa Komusi Jroboro
rena. KpomMe peryJiaTOpHbIX U CHTHAJBHBIX
MOCJIEIOBATENIbHOCTE!T B  NPOKApUOTHYE-
cxoli THK BCTpeyaeTcsi TOBOJILHO MAJIO
MOJMALMX, T.€. HETPAHCIMPYEMBIX, y4acT-
KoB. Bosnee Toro, Mexny KaxIbIM IreHOM
4 aMMHOKHCJIOTHO NOCJIENI0BA TEJIbHOCTHIO
(v nocnepoBatesbhocThio PHK), koto-
PYy¥O 3TOT reH KOOUPYET, CYLUECTBYET CTPO-
ras kKoJumHeapHocTs (puc. 27-27).

Oprasu3anns reHoB B 3YKapHOTHYECKOH
JHK u B cTpykTypHOM, H B dYHKIHOHAIE-
HOM OTHOLIEHMH ropasno cioxuee. B JTHK
MBIILK, Hanpumep, ObLUM OGHApYXeEHBI
dparmMenTr], NPUCYTCTBYIOILME B HeHd BO
MHOXecTBe KomuiM. Korma mnonsitamick

YACTb 1V, MEXAHHU3MBI NNEPEJAYU FEHETU4YECKON UHOOPMALIUHU

ONpeNicTMTh, HACKOJLKO PACIPOCTPaHEHBI
Takue (QparMeHTsl, NONYYHMIH  YAMBH-
TeyjbHbIE pe3ynbTaThl OKasanock, YTO
~ 10% mpimuoi JHK cocToHT U3 NOBTO-
PAIOIXCS. MWIJIMOHBL pa3 KOPOTKHX (Me-
Hee 10 map ocuoBauuii) nocyeaoBaTEbHO-
cTefi. DTO TaK HA3BLIBAEMbIE GbICOKONOGMO-
pAowueca nocaedosamenvrocmu. Ewe 20%
mbimHol  JTHK  npencraBnatoT  coboit
y4acTky, noBTropsitonmecss ue meHee 1000
pa3 u 0603HauYaEMble KaK ymepeHHble no-
emopul. Ocrasumecs ~ 70% OIHK cocrost
M3 YHMKAJBHBIX, T.€. HEMOBTOPSIOLIUXCH
MOCJIEIOBATELHOCTEH, & Takke M3 TOCie-
JIOBATEJIbHOCTEH, TMOBTOPSIOIIMXCA BCEro
JINIIL HECKOJILKO pa3. Haubonee BBICOKO-
IIOBTOPAIOLLMECS] NOCJIEIOBATEIBHOCTH Ha-
3pIBAOT cameasumuoii JTHK; cuuTaercs,
YTO OHM NPeICTABIIOT COOON HETpaHCIIN-
pYEMbIE Y4aCTKH.

INomobubie 3kcriepAMenTHl OB NTpOBE-
ZIeHbl U Ha MHOIMX JAPYIHX 3yKapHOTHuYe-
ckux opraHu3max. B HacTosee Bpems co-
37a€TCA BIIEYATIICHHE. YTO BCE IYKAPHOTH-
yecKHe XPOMOCOMBI COMIEPXKAT HOBTOPSIO-
umecs mnocaenosatesbHocTd JHK  (mo-
BTOpRI), B TO BpeMs KaK y TIPOKapHOT OHH,
KaK MPaBHJIO, OTCYTCTBYIOT. HHCIIO BBICOKO-
M YMEPEHHOMOBTOPAIOIMXCS I10CJE0BA-
TEJLHOCTEH BapbUPYET Y pa3HbIX BHIOB
3yKapHOT.

27.26. Hexoropbie
IYKAPHOTHYECKHE MeHbl NPHCYTCTBYIOT
BO MHOXecTBe KONHH

HexoToprle reHsl npucyTCTBYIOT B KJIET-
Ke B 60JILLIOM KOJIMYECTBE KOIMH, 1o xpai-
HEH Mepe Ha OMNpENEJIEHHBIX 3Tanax XH3-
HenHoro uukia. Haubosee spkum npume-
POM MOXET CJTyUThb HabOp I€HOB, KOOH-
pytoumx uethipe pPHK, BcTpevaroumiics
B HOpMAJIbHON COMATHYECKOH KJIETKE BO
MHOXecTBe kKonuM., Siineknerxkd ambunbuii
CIOCOOHEB! ellle OOTIONHUTEJIbHO YBEIJIMYH-
BATb YHCJIO TCHOB Ui TpeX W3 YeThIpex
pPHK. 310 BBI3BaHO HACTOATEJILHOM HEOO-
XOIMMOCTBIO, NMOCKOJIbKY TNOCJIE OIJIONO-
TBOPEHHS 3TU KJIETKH NPeTEpneBaloT oYeHb
OBICTPBI POCT U NIEJICHKHE, B X04€ KOTOPOro
UM TpebyeTcs MHOro pubocoM 11 CHHTE3a
BCEX KJIETOYHBIX OeskoB. B 60Jb1I0M KOH-
YeCTBE NPHUCYTCTBYIOT Takxke IeHbl, KOIu-
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pyrolle FHCTOHBL,—BIoTh o 1000 xomuit
B pAE IYKAPHOTHYECKHX BHIOB. IMOPHOHBI
Ha pAaHHMX CTaIMsX pA3BUTHA JIOJDKHBI
Oo4YeHb OBICTPO CHHTE3NPOBATh [WCTOHBI
B IIPOILIECCE CBOEIO YCKOPEHHOrO poCTa.
eHbl, KOOUPYIOLINE KEPATHHEI — BEJIKH, CO-
CTABIAIOLIME OCHOBY NEPBEB, TAKKE COAEP-
MXATCS B FEHOME LLIIIIAT B OOJBIIOM YHCIIE
KONMA.

Moxuo 66110 ObI OXXHIATH, YTO FEHBI, KO-
Impyrollie apyrve Oenxy, BCTpeyaroLecs
B O4eHb DOJIBIINX KOJHYECTBAX B PAIE Kile-
TOX H TKaHell IykapnoT (Hanpumep, reMo-
rnoOuH, CHIBOPOTOYHbBIN ajbOyMuH, KOJUia-
FeH WIH SIMMHEI abOymin), takke OynyT
NPUCYTCTBOBATh BO MHOXECTBE KOMNMHM.
Oka3anock, OIHAKO, YTO ITO He BCErNA TaK.
BOJLILMHCTBO 3YKAPHOTHYECKHX €HOB Ha-

5 3

H

Hetrrp
CHMMETPUH

>O0003>00009>0004
T
l
HO0OO>HO0000>HOOO»

XOOMTCS B BHIE OOHOM WM O4e€Hb HEOOIIb-
IIOFO 4YWCIa KOMUM.

27.27. DykapuorHueckan JAHK
colepHmuT (oMbllloe YMCIO
NAaJIHHAPOMOB

V sykapuotuyeckoit JIHK ects elue onna
XapakTepHass OCOOEHHOCTb, KOTOpas Co-
CTOMT B TOM, 4TO OHA COIEPXNT MHOXECTBO
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(BO3MOXHO, THICAYM) NAMHApPoMOB. [Ila-
muuapom (oT rped. «bexaTh Ha3am»)—ITO
CIIOBO WJIM TPEAJIONeHHe, KOTOpPOe OIMHA-
KOBO YWTAETCH KAK CI€BAa HANPaBO, Tak
H chnpaBa HaneBo. Bor mea npumepal:

Able was 1 ere 1 saw Elba
Madam, in Eden I'm Adam.

CnoBo mManmuMHOPOM MHCHOJL3YETCs B OHO-
XHMWYECKOH TreHeTHKe JUis 00O03Ha4yeHHs
yuacTkoB 3ykapuorwieckoit [THK, B xo-
TOPBIX OOHApyXHBaloTCs obpaujenHvie no-
6mopsl  HYKIJICOTHAHBIX [OC/ENOBATELHO-
cTeil ¢ oceBoOM CHMMETpHER BTOPOro nopsa-
Ka, HAOMUHAIOLIME KOPOTKHE MOCIENOBa-
TEJILHOCTH, Y3HABAEMbIE PeCT PUKTHPYIOLLH-
MU 3HIOHYKneaszaMu. Ilpumep Takoro
yyacTKa npuBefeH Ha puc. 27-28.

Puc. 27-28. A. Tanuunpom, Ky o6paileHHsl#H
noBTOp. BuaHo, uTto oH o6nagaeT OceBoll CHMMET-
pueit. Och CHMMETPHH BTOPOrO NOPsJIKa MPOXo-
IUT Yepe3 UEHTpabHY TO4YKY. B, KpecTtoobpas-
Has CTPYKTYPa, BO3HHKAIOILAA B TOM CJly4ae, eciiH
OCHOBAHHS MaNUHIpPOMa oOpa3syroT Naphl He Mex-
Iy UeMsIMH, a BHYTPH KaXno# 3 ueneil. B Hatup-
HO# aykaproTrieckoit [ITHK namugpomer MoryT
conepaTh HECATKR K [1aX€ COTHH OCHOBAHMH.

5 3

3 5
5

Pa3zmepbl MHOTHX MAMWHAPOMOB AOCTH-

raroT ThICSYW Nap ocHOBaHWi. bosee xkopoT-

KM€ MAJIMHIPOMBL, TaK XK€ KaK H B CIly4ae pe-

! INMockoneky TpHBEAEHHBIE [BA NATHHAPOMA
HEBO3MOXHO TEPEBECTH, MBI HA€M B Kaye-
CTBC NPUMEPOB [Ba MAJMHAPOMAa Ha pPYCCKOM
ASBIKE, COCTABJICHHBIX COTPYAHHKOM MHCFHTyTa
6uodusuxu AH CCCP B. lompaurreiinoM: Vx
PEIKO PYKOKO OKYPOK AEPXY. VMEP U MUD eMy.
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I'en len
oBabOyMuta LuTOXpoMa b
Jnpep
i
A
2
B
A
3 2000
OCHOBaHUi
C
4 2
B
D 1900
OCHOBaHMmik
5
3
E
C
6 1500
OCHOBaHui
F 4
D
750
ocHOBamuk
7 s
"XBocT"

Puc. 27-29. BctaBoyHble NOCNEI0BATENbHOCTH
(MHTPOHH) B [IByX JYKAPHOTHYECKMX reHax. I'en
0BaNILOYMHHA CONEPXMT ILECTh KHTPOHOB (OHH
0603HaYeHBl cepbiM uBeToM B GykBamu A-F) u,
CJIEIOBATENLHO, Pa3/IeNieH HA CEMb YYaCTKOB, KIIH
JK30HOB (yKa3aHbl KpacHbIM IBETOM M mudpanm
1-7). B reHe UKTOXpOMa b MPHCYTCTBYIOT YETEIpE
HHTPOHA (cephie, A-D) K nATL 3K30HOB (KpacHbIE,
1-5). B 06omx ciryqasx HHTPOHBI COCTABJIAOT
66mpmyso yacTs JIHK rena. YrasaHo yucnio oc-
HOBaHUH, BXOISIUMX B COCTAB MHTPOHOB I€HA LK~
TOXpoma b.

CTpMKTHPYEMBIX  TTOCIEOOBATEILHOCTEH,
BBINOJIHAIOT pOJIb  OCOOBIX  CHTHAJIOB,
JmpeEle NayMBAPOMBI CRHOCOOHEL 0Opa-
30BBIBATL KPECTOOOpa3Hble CTPYKTYpHI 32
CYEeT CTApuBaHMs OCHOBAaHMH BHYTPH Ka-
*OOK W3 JIByXUENO4YEYHBIX  TNETENb

(pnc. 27-28). @yukuws OIMHHBIX NATHHIPO-
MOB IIOKa HEH3BECTHA.

27.28. Muorse syxapHoTHYecKHe
reHbl COAEPXKAT BCTABOYHBIE
HeTpaHCIMpyeMble
NOC/IeI0BATENHHOCTH (MHTPOHBI)

Muorue sykaproTHieckue reHbl (MOXeT
ObLITh, Haxe OOJBLIMHCTBO HX) OOJjamaroT
BeCbMa 3arafloyHoi CTPYKTYypHOH ocoben-
HOCTBIO, KOTOPasi COCTOMT B TOM, 4TO B HX
HYKJEOTHAHYIO NTOCNEOBATEILHOCTL BCTA-
BrieH yyactok JAHK, He xonnpyroumit amu-
HOKHCJIOTHYIO NOCIHENOBATESILHOCTh ITOJIH-
MEeNTHIHOTO NPOAYKTA. DTH HETPaHCIH-
pyeMble BCTABKM TIPEPHIBAlOT CTPOrO KOJI-
JIMHEapHOe COOTBETCTBHE MEXIY HYKJIEO-
TUAHON MOCNIENOBATELHOCTHIO OCTAJBHBIX
y4acTKOB FeHa W aMMHOKHCIIOTHO{ Tociie-
IOBATEJIbHOCTBLIO IMOJIMNENTHA, KOOUpYe-
MOTO 3THM reHowm (pHc. 27-29). Taxue nHe-
TpaHcympyeMble yyactkn [AHK B renax
HA3BIBAIOT 6CMAGOY HBIMU NOCALO0BAIME NbHO-
CMAMU, UAU UHMPOHAMYU, TOTIA KAK YIACTKH
T€Ha, KOOVPYIOLME aMUHOKWCIOTHYHO NO-
CIIENOBATEHFHOCTL MOJIMMENTUAR, Ha3bl-
BAKOT 3K30HAMU. XOPOLIO U3BECTHBIM NpPU-
MEPOM MOXET CIYXMTb I'€H, KOJHPYIOLMH
€OWHCTBEHHYIO MOJIMNENTUAHYIO LIeNb SH4-
Horo Oenka-—o6aavbymuna. Ha puc. 27-29
BHUIHO, 4YTO B 3TOM I€HE TNPHCYTCTBYIOT
LIECTh NHTPOHOB, KOTOPBIE pa3fieNsioT IeH
oBaL0yMHHA Ha ceMb 3k30HOB. BuaHo Tax-
K€, YTO HHTPOHBI B 3ITOM [EHE TIopasno
IUTHHHEE 3K30HOB — CyMMAapHasi JUIMHA BCeX
MHTPOHOB cocTaBiseT 859, oOueil mIMHBL
JHK rena. 32 HEMHOTMMH MCKJIFOYEHHUSIMH,
6ce u3yueHHble K HACMOAWEMY 6pPeMeHU
IyKapuomuueckue 2eHvl COOep@cam  UH-
MPOHbI, KOMO Pble Pa3AUYAIOMCA RO YUCAY, O
Mecmy pacnoAoXHceHuA, a makxce RO MOMY,
KaKkyr uacme obweil dauHbl 2eHA OHU 3QHU-
marom. Hanpumep, TeH CBIBOPOTOYHOTO
ams6yMuHa coiepXuT 6 UHTPOHOB, TeH bes-
Ka KOHaIb0yMUHa Ky puHBbIX sinit— 17 uHTpO-
HOB, & I'eH KoJUlareHa —cBblilie 50 HHTPOHOB.
HckmodeHne COCTaBIAOT TEHBI TMCTOHOB,
KOTOPBIE, NO-BUAVMOMY, HE COACPKAT WH-
TPOHOB.

CMbICST CYIIECTBOBaHMS MHTPOHOB JO
KOHIIA HE ICEH W CITYyXHT NPeIMETOM MHO-
xecTa runoted. OoHO W3 NPeanoaokKeHNH
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3aKJF0YAETC B TOM, YTO MHTPOHBI HIparoT
pOJIb PErynsaToOpHBIX curHasos. CormacHo
Ipyroil THnoTe3e, HHTPOHBI pa3dENIOT
TeHbl HA OT/EJbHbIE, CIIOCOOHBIE OOMEHH-
BATbCHA YYaCTKH («MHHU-TEHBDY), KOTOpHBIE
MOTYT PeKOMOHHHPOBAThL B XOZ€ IBOJIIOLHH
Buaa ¢ obpa3zopanueM HOBhIX reHoB. Ka-
xoBa Obl HM ObLIa GYHKIMS HHTPOHOB, OYe-
BH/(HO, X HCCIIEIOBAHHE MOMOXET PELNTh
psia NpobIieM, CBSI3aHHBIX C TPAHCKPHITUHEH
reHoB (rn. 28).

27.29. Hyxaeornaubie
10C/e/I0BATE TLHOCTH HEKOTOPbIX
JIHK yxe pacumbporanbi

B 1977 r. 6bu1a onpenenena nosHas Hy-
xJeotuaHas nochenosatensHocts  JIHK
baxtepuodara $X174 (c. 850). D10 BHI-
NAKOIEECs TOCTHXEHHE O3HAMEHOBANO CO-
60ii Ha4ano HOBO¥ IpEl B OHOXUMMH T'€HOB
u xpoMocom. C Tex nop Obliia pacumdposa-
Ha HyKJIEOTHAHAS NOCNENOBATeIbHOCTD Iie-
JIOTO PsiJia TEHOB, ¥ B HACTOSIIEE BPEMH, MO
KpaiiHeit Mepe B pHHLIHIE, MOXHO ONpese-
JIATH MIOCNEIOBATEHLHOCTE OCHOBAHHME, NO-
BuguMOMy, moboit JITHK.

o 1977 r. 6bina pacum¢ppopaHa HyKJ€eo-
THOHAsA  MOCJIENOBATENHHOCTL  MHOIHX
TPHK # Heckompkix webosmumx MPHK.
Pobept XoJUM ¥ €ro KOJIErH NEPBBIMH
ONpele/IMIIN  HYKJICOTUAHYIO [IOCNIENOBa-~
TEJILHOCTh HYKJIEHHOBOM KHCJIOTBI — POX-
xepoi anaaunosoit TPHK. 310 HMccnenopa-
HHe, 3aBeplienHoe B 1965 r., norpedosano
HECKOJILKMX JieT paboTsl. XOTH MOJEKYJIbI
TPHK coctosit Menee wem u3 100 nykneo-
TUIHBIX OCTATKOB, OHU COIEPKAT MHOTO He-
OOBMHBIX MOU(UIIHPOBAHHBIX OCHOBAHHUH,
KOTOPbIe HEOOXOAHMO OBLJIO MIEHTH(HIIH-
poeaTs. I1pu cekBennposanuH (T.€. onpene-
JIEHUH HYKJEOTHOHONR I10C/enoBaTeJIbHO-
cru) JIHK BO3HMKAIOT Takke ¥ Jpyrue
TPYOHOCTH. MBI yke YIOMHHAIM, YTO
B cpenteM rel E. coli coctout u3 1200 ny-
KIeOTHOHBIX Map, a nenas Monekyma JTHK
6axreprodara $pX174—6onee yvem u3 5000
nap. Panbie e 66110 METOIOB, NO3BOJIIEO-
nmx u3buparesmHo pacmernte JTHK mo
ONpENENEHHOMY HYKJIEOTUAY — CKaXeEM, IO
BceM octaTtkaM A, Jlaxe ecyiy Obl TAKOH Me-
TOJ CYIIECTBOBAJI, NPH PACILENJIEHHN oOpa-
3oBalicsi Obl oyeHn Gosmuioi Habop ¢par-
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MEHTOB MEHBLIErO pa3Mepa, KOTOphIE
4pe3BbIMaifHO TPYAHO ObUIO OB pa3oeNuTh.
Bounee TOro, ecyit OBl axe ynanoch pasfe-
JINTh ¥ CEKBEHUPOBATDL 3TH PParMeHThI, BO-
CCTAaHOBUTh U3 HMX NOJIHYIO TNOCNEN0Ba-
TEJLHOCTE OKA3aJIOCh Obl [IPAKTHYECKH He-
BO3MOXHBIM.

Pemaronumii ycniex 6bn nocTUrHyT 6uia-
rofiaps TpPeM OCHOBHBIM OOCTHXEHHIM.
IlepBbIM U3 HHUX SBUIOCH OTKPBLITHE DPe-
CTPUKTHPYIOLIMX JHIOHYKII€a3, KOTOpLIE
pacmerusitor  Monekysiet  JIHK  Toymko
B CPaBHUTEJIbHO HEOOJLIIOM HHCIIE CIIENH-
¢uueckux Touek. Mcnosm3oBaHne OBYX MM
6oMbLLero Ynucia pecTPUKTUPYIOHX YHIO-
Hyknea3 (Tabn 27-7) mo3BOJMNO pacilie-
mnate Monekyssl JJHK Ha otnesmhble
(parMeHTHI pa3HbIMH cnocobaMu ¢ 06pa3so-
BAHMEM  MEPEKPBIBAIOLMXCA  TOCIENO-
BATEJIbHOCTEH — TOYHO TaK Xe, KaK IpUMe-
HEHHE JIBYX pa3JIMYHBIX NPOTEOJIMTHYECKHX
(pepMEHTOB (HANPUMED, TPUIICHHA H XHMO-
TPHUIICHHA) OTKPBISIO B CBOE BPeMsl BO3MOXK-

T
50 uM
Puc. 27-30. OGe3uauuii BHpYyc 40 (SY40) BRI3BIBaCT
PaK y XOMSYKOB M APYTHX MENKHX XHBOTHbIX. OH
IpeacTaBiseT coGolf OMHH U3 caMBIX MEJIKHX KaH-
ueporeHHbIx BupycoB. Benkopas oGonouka SV40
uMmeer GOpMy HKOCR3APA, T. €. ABaJLATHIPAHHUKA,
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HOCTb PACIUEIIATh MOJMNENTUIHBIE LENH
Ha pa3Hple Haboprl HparMeHTOB U ycTaHa-
BJIMBaTh AMUHOKHCIIOTHEIE [TOCIIEAOBATE b~
HOCTH B TNEPEKpLIBAXOIIMXCA  YYacTKax
(pa3a. 6.7,¢). Hampumep, IHK o06e3bsune-
ro eupyca 40 (SV40) (puc. 27-30), cno-
cODHOro IpeBpallaTh HEKOTOPBIE KJIETKH
B 3JIOKQYECTBEHHBLIC, OBlla pacLUCIIeHa
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Puc. 27-31. CaliTbl peCTPHKLIHH KOJIBLIEBOFH MOJTE-
kyabnl JJHK SV40 s Tpex pasHbIX PecTpUKTH-
pytoiuux 3HnoHykneas—Eco RI, Hinn Hpa 1,
KaXJIaf M3 KOTOPBIX Y3HAeT K KaTayM3IupyeT pac-
LLETUIEHHE NBOFHOH CIIMpany B ONpPeneIeHHbIX
yuactkax. A. Eco RI pacmennser obe meny koib-
uesoit JTHK SV40 Tosbko B onHOM caiite, nepe-
BOIA ee B nMHeiiHyI0 dopMy. ITOT calit npuuAT
38 TOYKYy oTcyeTa. OT HEr0 ONPENENAOT NOJIOXe-
Hye calitos pectpukunn JHK Sv40

LUTA OPYTHX PECTPHKTHPYIOLMX 3HIOHYKeas. b.
Hin (cMeck Hin dIl u Hin dIII) pacuernser JJHK
B ONMHHAILATH cafiTax ¢ 06pa3oBaHHEM [BEHA-
nuaty dparmenToB. B. Hpa 1 pacennser JHK
BCETO B HEThIPEX MecTax ¢ o6pazopaHHeM NATH
dparmenTtos. Januble GpepmMeHTb! ObITH NEPBBIMH
PECTPHKTMPYOLIMMH 3HIOHYKJIEA3aMH, KOTOPEIE
Janusne Hatake ¥ €ro KoJulerd NpHMEHHIH IR
kapmuposanus resos 8 JJTHK SV40. Ceituac yxe
H3BECTHB! CaliThl pecTPHKUNM reHoma SV40 wis
MHOXECTBA IPYTHX SHIOHYKIEas.

Puc. 27-32. dnexrpodopeTrteckoe pasneneHve
OJIMTOHYKJIEOTHIOB MO [UTMHE LIeNH HA IACTHHKE
MONTMAKPHIIAMHOHOTO refif. YeM Kopoue OJMro-
HYKJIEOTHIbl, TeM OLICTpee OHH IBHXYTCH K MO-
JIOKHTENBHOMY 3JIeKTPORy. HM3MeHss noOpHcTOCTh
MOJIHAKPHJIAMHKIHOIO reJis, NAHHYI0 NMponeaypy
MOXHO KCHNONb3OBATE IJIA Pa3fe/ICHHs TOBOJILHO
IJIKHHBIX OJIMTOMYKJICOTHAOB, CONEPXALIMX OO
IBYXCOT M 60JIee OCTATKOB, JI8XE €CJIH 3TH OJIHTO-
HYKJIEOTHAB Pa3jMYaroTCA BCETO JIMIIL ONHHM
OCTATKOM.

PECTPHKTHPYIOLLIMMH IHIOHYKIIea3aMu
B psze creun(ryYecKUx Toyek ¢ obpa3osa-
HHeM (pparMeHTOB, yIOGHEIX AJIs ONpeaee-
HMSl JIOKAJM3aUMM OTHEJbHEIX IenoB. Ha
puc. 27-31 cxeMaTideckH NOKa3aHbl CaliThl
pacwennenust JJHK SV40 ¢ noMomibro Tpex
PECTPUKTHPYIOIIMX 3HIOHYKIIEas.

BTOpHIM Ba)XHBIM [OCTHXKEHHEM OKa3a-
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JIOChb YCOBEPILEHCTBOBAaHKE 3NeKTpodope-
THYECKMX METOLOB pa3jgesieHus ¢parmeH-
T0B JJHK B COOTBETCTBMM C YHCJIOM
COMEPXALMXCA B HAX HYKJICOTHIHBIX
OCTaTKOB. JTH MeToAbl 06NamaroT Ha-
CTOJIbKO BLICOKMM pa3pellieHHeM, 4TO NOo-
3BOJIIOT pa3ennTb ¢pparmentsl JJHK pa3s-
MepoM o 200 HyKTIEO TUIOB, IAXKE €CITH OHA
OTJIMYAIOTCS APYT OT JIpYra Io JJIIHE BCETO
JMUL, Ha onuH HykneotHm (puc. 27-32).

TpeTbHM IOCTHXEHHEM CTaj1a pa3paboT-
xa MeTonoB knonuposanusi JJHK (rn. 30),
KOTOpbIE CHEJIAIM BO3MOXHBIM IIOJIyYEHHE
IOCTATOYHO GONBLIMX KOJIMMECTB HYHCTBIX
TEHOB—HCXOOHOTO MaTepuasa njs CccKbe-
HMpOBaHMsl. bEIIO MpensioXeHo nBa MpHH-
LUHNHAJILHLIX [0AX0na K CEKBEHMPOBAHHMIO
JHK, y xa)xznoro u3 xOTOpbIX €CTh Psill Ba-
puanToB. Openepuk CIHrep, NEPBLIM OIpe-
JIeJMBLING  aMUHOKHCJIOTHYIO TIOCJIeNOBa-
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TEJILHOCTh OeJlka, a HMMEHHO MHCYJIMHa
(pa3x. 6.8), ctan Taxxe NEPBLIM YYeHBIM,
YCTaHOBHBHINM HYKJIEOTHIHYIO MOCIe10Ba-
TexsHOCTEL B MoJstexysie JIHK (6axTepuoda-
ra $X174); nmpouzonuno 310 B 1977 r. Can-
rep M ero XoJueru pa3paboTaiu oOYeHb
W3SILIHYIO [PpOUenypy —MeTOI TEPMHMHALMH
uenei, ¥y, KaK ero eile Ha3bplparoT, «ILTHoC-
MHHYC»-cHucTeMy. He3zaBUCHMO OT HuX AnaH
Makcam u Youtep I'nnbept u3 CIIA npen-
JIOXKMJTM HECKOJILKO ApYro# noaxon, Io-
JIyYMBLUHI HA3BaHHE XHMHYECKOIO MeTona.
B ofoux noaxomax HCHOJL3YRHOTCH ¢par-
MEHTBbI, TIOJIyUYEHHbIE IPH PACILENIIEHHH HC-
xonHo#t JJHK c noMoubio pecTpuKkTHpYRO-
LIMX 3HOOHYKJea3. B ponmosmenmn 27-1
ONHCaHbl MPHHIMILI METOJa ONpencieHHs
HYKJIEOTHIHOH MOCnenopaTebHOCTH, pa3-
paGotanHoro MakcamMoM M T'unGepTom.

Honomenne 27-1. Cexsennporanue kopotkoro ¢parMenta JJHK
npu NMOMOIM XHUMHHMecKOro MeTtona Maxkcama—I nnbepra

B npyBEICHHOM HMXXE ONKCAHHMH OITYIIEHbl HEKOTOPbIE NETajM AJA TO-
10, YTOOH CKOHLICHTPHPOBATh BHHMaHHE HA OCHOBHOM IIpHHILMIIE METO-
na. I1peanosioxkuM, 4TO y Hac eCThb MOJy4YeHHbIH B pe3ysbTaTe AeHCTBHSA
pecTpukTHpYIoieit 3nmonykyeaspl ¢parmenT JIHK pasmepom B 10 Hy-
KJIEOTHAHBIX OCTATKOB C IOC/EAOBATEILHOCTBIO

5”-KoHey,

3 "-koHen

G-A-T-C-A-G-C-T-A-G

IepBhiit 3Tan cOCTOMT BO BBEICHUH pPajuOaKTHBHON MeTKM B 5'-KOHIe-
Bo¥ octaTtoK (G), KOTOpBIHf NOKa3aH Ha xpacHOM ¢oHe:

6-A-T-C-A-G-C-T-A-G

Tlocne 3TOro MedeHHBI NO 5'-MOSIOKEHHIO OJIMIOHYKJIEOTUXR pacrpene-
AT Ha 4YeTepe nopuuM. IlepByro M3 HHX NOZBEPraroT XWMHUYECKOM
o6paboTke, B pe3ylbTaTe KOTOPOH OJIMIOHYKJIEOTUI PacliajacTcs Ha He-
6oJbIIME KYCKM 32 CueT CTATUCTHYECKOro BbierncHus octaTkos C. Ipu
TakOM pAacCILENJIeHHN OJMroHykjeoTHaa no C MoXeT MOJIyYHThCS Clie-

IYIOLIas CMeCh:

G:A-T-C-A-G

T-A-G
GA-T

A-GC-T-A-G

AG
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B 3170M HaGope ¢parMeHTOB MeyeHblil S'-KOHIIEBOH OCTATOK MOKAa3aH Ha
KkpacHOM ¢one. OGpaTuTe BHHUMaHKME Ha TO, YTO ABa ¢dparmMeHTa NMOMe-
YeHbl, & 3TO 3HAYMUT, 4TO OHM coaepxaT S5'-KOHEU HCXOOHOTO OJIMIOHY-
KJleoTHIa, B TO Bpems kak ¢parmentsl T—A—G, A—G—C—T—A—G
1 A—G He coepXaT METKH, T.€. B HUX OTCYTCTBYET MCXOAHbIH 5'-KOHeL.
Hac 6ynyT MHTepecoBaThb TOJILKO MeueHble (parMeHThI

BTOpyro NOPLHIO UCXOZHOTO MEYEHOrO OJMIOHYKJIEOTHAA MOABEPraroT
Ipyro#i xumudeckoit oOpaboTke, B pe3ysibTaTe KOTOpPOH BBIIIETUIAOTCH
Toimbko octatkM G, yTO NpUBOOMT K 0Opa3oBauuio gpyroro Habopa Me-
uenbix ¢parMeHToB (pMc. 1). Takyro xe oOpaboTky npeTteprnesaeT
W TpeTbsl IOPUMS HCXOQHOIO MEYEHOTO OJIMTOHYKJIeOTHIA, KOTOpBIi
dparMenTHpyeTCcs B pe3yJbTaTe BbIILENJIEHUS TOJNHLKO OCTATKOB A. AHa-
JIOTHYHLIM 00pa3oM, YeTBEPTYRO NMOPLMIO PacLIeIUIsroT Gnarozaps yna-
JileHHo TOJILKO ocTaTkoB T. B KOHIle KOHIIOB MMEIOT YeThipe pa3]IM4YHble
CMecH MeueHbIX (PparMeHTOBR, MOJIyYEHHbIE C IOMOILBIO YETHIPEX Pa3HbIX
XMMUYECKUX ITpoueayp (puc. 1)

Kaxayro u3 yeTbipex cMeceil ¢parMeHTOB nojsepraioT 3nekTpodopesy
Ha IJIaCTHUHKe TeJIZ B YCJIOBHAX, obecneyrBaronmx pasuesienue ¢pparMeH-
TOB B COOTBETCTBHMH C HMCJIOM COJEPXKAILMXCH B HHX HYKJICOTHIHBIX
OCTATKOB He3aBHCHMO OT TOTrO, Kakue 3T0 ocTaTki. I1pn TakoM pa3jere-
HuM pparMeHTHl OynyT ABUraThesi TeM OBICTpee, YeM OHM MeHbllie. Tou-
HOe ITOJIOXKEHHE KaXJIOro MedeHoro ¢dparmMeHTa B rejie ONpeaesBiroT pa-
nuoapTorpagumeii. IlonoxeHmsi MeueHblx ¢GparMeHTOB B KaXAOM U3

s’ 3!
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BuBogpi: Ocratku 4m 7 OcTatkk 6 u 10 Ocrarku 2,51 9 OctaTku 3u 8
npelCTaBsSIoOT fIPOACTABISIOT fIpeACTARAAT npelcTaBARIT
coboft C cobolt G cobolt A cobofi T

Taxum obpasom onpefienena nociesopatenskocts dparmenta: [li—A—T—C—A—G—C—T—A—G
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BapHMaHTOB paclUellNieHNs Noka3aHel Ha pHc. 1. [Tonoxenus HemeueHbIX
dparMeHTOB NpH 3TOM He OOHapyXHBaroTcs, HO 3T (parMeHTHl M He
HYXHBI N pacum¢bpoBKY MOCIEI0BATELHOCTH.

Ha puc. 1 pesynmbtatsl nepBoro cnocofa ¢parMeHTanyy, B KOTOPOM
BBILIETIIISUTCE ocTaTKK C, COMOCTaBNeHk! ¢ 3eKTpodopeTHIECcKOit KapTi-
HOIf, MOKa3BIBAIOIIEH DACMOJIOKEHHME NOJYuYEHHBIX IIpH 3TOM crnocobe
¢parmentoB nuymHoH ot | go 10 octatkos. 3neck 6bls0 O6HApYXEHO IBa
MeyeHblX ¢parmeHTa. O4YEeBUIHO, 3TO MMEHHO Te (parMeHTHl, KOTOpblE
COMEPXKAT 5'-KOHEN MCXOAHOTO ONUTOHykKJeoTHaa. Meuennle ¢parMeHTh!
HaiileHsl B IOJIOXKEHMAX, COOTBETCTBYIOIUMX OJMIOHYKJIEOTHIaM IJIMHOM
B TPH M LLIECTb OCTATKOB. SICHO, 4TO B HCXOOHOM HYKJIEOTHIE IOCJIE 3THX
mevenblX ¢parMeHTOB B HanpaBlieHMH K 3'-KOHIYy cTosul octatok C, mo-
CKOJIbKY B XMMUYECKOH Npoueaype, MPUBEAIIeH K PacIIECIUIEHHIO HCXOX-
HOTO OJIMTOHYKJICOTHOA, BBIILETUIANICA TOJBLKO 3TOT OCTATOK. Takum
06pa3oM, B pe3ysibTaTe NepBoi XuMuieckol o6paboTKu Mbl y3HaAIH, 4TO
B noJsioxkeHusix 4 U 7 (OTCYMTRIBAs C S'-KOHLIA) MUCXOJHOTO OJMIOHYKJIEO-
THIA HOJDKHBI pacrosiaratbesi octatku C.

Tenepy TOYHO Tak e MOCTYNAOT C TpeMsA APYrMMH Habopamu ¢par-
MEHTOB, NMOJIyYEHHBIMH B De3yJIbTaTe CIeuM(pUYECKOTO BBILIENIEHUS CO-
OTBETCTBEHHO OcTaTkOB G, A M T U3 HCXOIHOTO OJIMTOHYKJIEOTHIA
(puc. 1). Ha cxemMe Mpl BUAMM, YTO MeueHble (parMeHThI, NOJIyYEHHbIE
NpH BbIIEIIEHUH OcTAaTKOB G, ABMXKYTCS CO CKOPOCTBIO, COOTBETCTBYIO-
LIei OJIMTOHYKJICOTHAAM [JIMHON B 5 M 9 HYKJICOTHAHBIX 3BEHBEB; TAKUM
obpa3om, octatk 6 1 10 B MCXOOHOM OJMIOHYKJIEOTHAE AOJDKHbI OLITH
G. U3 tpethero Habopa ¢parMeHTOB, MTOJIyYEHHOTO yaajieHueM A, cre-
JyeT, YTO B NOJIOXKeHUAX 2, S U 9 ObUIM ocTaTku A; YeTBEPThiA Habop
¢$parMeHTOB, NOJIyYEHHBIH BbIIENIEHHEM ocTaTka T, yKa3blBaeT Ha Ipu-
cytcTBre octaTkoB T B nosoxkenusix 3 1 8. B HipkHed yactn puc. 1 nava
HYKJIEOTHIHAS TI0CNEeI0BaTENLHOCTh, YCTAHOBJIEHHass C MOMOLILIO 3TOM
MPOCTON MpPOUEAYpPbl U HEKOTOPLIX pacCyXIeHui. ITHM METOLOM 4acTO
OLicTpee 4eM 3a 2 gusi MOXeT ObITh OIpefesieHa HYKJICOTHAHAS I0CNe0-
BATENbHOCTh OJIMTOHYKJIEOTHAOR, comepxanmx 200 u gaxe Gonbinee ymc-
JIO OCTATKOB,

Yrto6rl pacumppoBaTh HYKJEOTHAHYHO IOCIEZOBATENLHOCTD IesIOH
Mouekyssl JIHK, cHauana ee ¢pparMeHTHpPYIOT C MOMOLIBIO PECTPHUKTH-
pYIOILEeH 3HIOHYKNEa3bl. 3aTeM KaxAbli W3 O6pa30BaBIIMXCH (parMeH-
TOB CEKBCHHPYIOT IO OTIENLHOCTH IO cXxeMe, NpuBeneHHoH Ha puc. 1. Bo
BTOpoii aymmkpoTe Mcxomuyr JIHK pacimennsroT B Ipyrux Mectax, Hc-
MOJIL3ysl APYIYH PECTPHKTHPYIOLIYXO 3RIOHYKJeasy, ¥ MOJIyYaroT BTOpO#
Habop ¢parmenTos. [Tocsie TOTO Kak CeKBEHUpOBaHHe BceX (pArMEHTOB
BTOpOro Haopa 3aBepLIEHO, CPaBHEHME ABYX HabOOpOB HaeT BO3MOX-
HOCTb HAaHTH y4acTKH NEpeKpblBaHWA, HeoOxoamumble uist cOopkm ¢par-
MEHTOB IIepBOTO HaGopa B NpaBHUILHOM mopsake. B pelymsTate MoxeT
ObITb yCTAaHOBJIEHA HYKJICOTHIHAs IOCJIEIOBATEIILHOCTh HHTEPECYIOLUEH
Hac npuponso#t JJHK. Huorza, nns Toro 4To6bl YCTPaHHTE HESCHOCTH
B HEKOTOPBIX y4acTKax IOCJIeOBaTENILHOCTH, OCTABIIMECS TOCJE MEPBBIX
IBYX pacHIEIUIeHHH, NPHXOANTCS aHaJM3HMPOBaTh TPETHH MIIM YeTBEPTHIHA
Habopel GparMeHTOB.
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Kpatkoe conepxkanse riasni

Pom THK xax HOCHMTENs reHeruyeckoif
nHpopMaNHH MOATBEPKNAETCA LETLIM pH-
I0M dakToB. JKCTiepUMedT IBepu, Mak-
Jleona n Max-Kaprtu nokasan, yrto JHK,
BblIE/ICHHAS M3 O[JHOTO LuTamMma 6GakTe-
puii, cnocofHa MIPOHHKHYTh B KNETKM ApY-
roro imrtamMma # TpaHchopMEpOBaTL HX,
MpUAaBas MM HEKOTOPBIE HAaCIEAyeMbIE
npu3Haku goHopa. OmbiT Xepum n Yeits
MpoeMOHCTpHpoBan, 4T0 HMeHHO JIHK
6axTepnodara, a He ero Oenkosas 060noOU-
K8 HECET TIEHETHYECKOE COOOLIEHHE A
penMKanry BUpyca B KJIETKe-X03sMHe. Bee
COMATHYECKHE KJIETKH OPrasu3Ma JaHHOTO
uga coaepxat JIHI” ¢ ogunakoBbiM Hy-
KJIEOTHIHBIM COCTABOM, KOTOPBIH He 3aBH-
CHUT HH OT UMTAHMSA, HM OT YCNOBHH OKpY-
J)aronied cpenbl. XO0TH HYKIEOTHOHBIH CO-
ctaB JIHK y pa3HeiX BugoB pa3smueH,
B aByxuenoyeynbix JJHK Bcex BupoB umc-
JIO OCTATKOB aJ€HHHA BCEr[la PaBHO YHCIIy
OCTATKOB THMMMHA, & YHCJIO TIyaHMHOBBIX
OCTATKOB BCErga paBHO YHCIY UMTO3M-
HOBBIX OCTATKOB. :

Ha ocHOBaHMM PEHTTEHOCTPYKTYPHOTO
aHamM3a BosiokoH JIHK M npumimna xom-
nneMeHTapHoctd ocHoBanuii B JJHK Vort-
cOH 1 Kpuk IpHITH K 3akJTIOYEHHIO, YTO
Hatuenas JIHK coctouT M3 nByX anmTuna-
paJUIENbHBIX 1lenel, CKPYYeHHEIX B IBOW-
HYIO CIiMpasb. KoMIneMeHTapHEIE OCHOBA-
st A—T 1 G—C 06pa3yroT ¢ NOMOIIBbIO
BOJIOPOAHEIX CBsi3ei Mapbl BHYTPH CIIMpa-
mm, a rugpopumbHelf caxapodocdaTHblii
OCTOB pacrojiaraeTcsi C HapyXHO# CTo-
poHbl MakpoMonekyJibl. Ilapel ocHoBanuii
MJIOTHO YJIOXKEHbBl B CTONKY IeprnenauKy-
JIPHO [OJIMHHOH OCH Ha pPacCTOSHHM
0,34 HM Opyr OT ApYra; Ha OOMH IOJIHLIA
BUTOK JBOMHOMH CITUpaM NPUXOAMUTCH IpH-
6m3uTebHO 10 HYKJIEOTHIHBIX AP OCHO-
BAHWH. KomrnemMenTapHOCTh nenen
B IBOWHOH CIMpa/l1 NO3BONAET MOHATH
MEXaHM3M HMX TOYHOH pennuxaumuu.

Ilpy HarpeBaHMH WM npH 3KCTpE-
MalbHbIX 3HaueHnsix pH watueHas JTHK
oBpaTHMO pacnneTaeTcs M ee nelu passe-
jarorces.  [lockompky mnapel  OCHOBaHHIA
G=C 6onee cTabwimHel, yem napst A=—T,
Toyka nnasnenus JIHK, Gorartoii mapamu
G=C, spbiue TOukM mnaBneHus JHK

¢ 6obumM copepxanueM nap A=T. [e-
HaTypupoBanHas opgHouenoyeyHas JIHK
M3 OJHOro BMJa MOXeT ob6pa3oBaTh Trub-
PMIOHBIH  OyIJIEKC € JEHATypHPOBaHHOH
onHouenoveydoi JIHK u3 gpyroro Buaa
NPH YCJIIOBHH, YTO HYKJIEOTHOHbIE IIOCHEI0-
BaTEJILHOCTH 3THX IBYX leneit HMEIOT XO-
T8 6Bl HEKOTOPOE CXOACTBO (FOMOJIOTHIO).
Ha ocHoBauuu 3¢¢exTuBHOCTH 00pa3oBa-
HHUA Takux rU6pUOOB CYIAT O BO3MOXHOM
pOACTBE pa3HbIX BHAOB W O T'OMOJOIHH
Mmexny JJHK u PHK.

V JHK-copepxaumx BHPYcOB OaxTe-
pUii enVHCTBEHHAs AByXIlero4yeyHas MoJie-
kyna JTHK moxeT ObITh MO0 3aMKHYTO#M
B KOJIbLIO, MO0 JIMHEHHOM ; HEKOTOPbIE BH-
pycubie JHK, wmanpumep AHK ¢$X174,-
3TO OJIHOUENOYeYHble MONEKYJH. Bu-
pycurle JIHK cBepxcrnvMpaim3oBaHEbl, 4TO
obnervaer Ux NIOTHYH YNAKOBKY BHYTpDH
BUpHOHa. EnMHCTBEHHAst xpoMocoMa Oak-
TepuH TNpencTaBisieT co6oi 3HAYMTEILHO
6oIbIMi Mo pa3Mepy, KOBAJIEHTHO 3aMK-
HYTBIH KOJIbLEBOH AOymnekc. bakTepnain-
Hag JIHK ceepHyta c oOpa3oranneM
60JBbIIOrO uyMcHa IeTelb, Kaxiaas H3 KO-
TOPBIX CBEPXCIIMPAJM30BAHA, DYKAPHOTH-
YecKHe KNETKM COOCpXaT MHOIO XpoMo-
COM, mOpuYeM  Kaxzas  XpoMocoma
npefacTaBnseT co6o OnHYy OYeHb IIIMHHYIO
Jmueinyro monexyny JIHK, B 4-100 pas
NPEBOCXOAAILYIO IO IJIMHE eIHHCTBEHHYRO
XPOMOCOMY NPOKapHOT. JyKapHOTHYeCKas
JAHK o6mMaTtbiBaeT GestkoBble 4YaCTHIBL, CO-
CTOfILIME M3 HECKOJLKMX MOJEKY]l oOc-
HOBHBIX GeJIKOB—THCTOHOB, KOTODhlE pac-
nonararorcs Buombs JIHK wepe3 onpene-
JIeHHble MHTEpBaILL Taxkue KOMILIEKCh
yyacTkoB JIHK M rucTOHOB Ha3blBaroTCH
HYKJIEOCOMaMH.

CrtpyxrypHble renbl—3710 yyactku JTHK,
KOTOPHle KOQMPYOT NTOJMIENTUIHHE 11y,
TPHK u pPHK. Bupycurie JJHK conep-
)KaT CPaBHHUTEJIbHO HEOOIbIIOE YHMCIIO Ie-
soB B otnmyme ot JHK E. coli, co-
depxaueii 6onee 3000 renos. K Hactos-
LLIEMy BpPEMEHH PAcIOJIOXKEHHE MHOTHX H3
HHX B KOJILLIEBOM XPOMOCOME YXE YCTaHO-
BNEeHO. baxkTepuM 3alILAOT CBOX CO-
6ctBennyio JIHK nyTteM MeTWIMpOBaHHA
HEKOTOPbIX OCHOBaHHWH, paclOJIOKEHHbBIX
B OIPEJIENIEHHBIX MeCTax MOJIEKYJIEL, ¢ IO-
MOLIB Moaudunupyronmx Merunas. Ipu
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stoM uyxepogHas JHK, He wumeromas
3THX  «OINO3HABATENBHBIX»  METHILHBIX
Tpynmn, pa3s’pyLiaeTcs pecTpPUKTHPYOLMU
3HAOHYKNea3laMu. B 3ykapHoTHYeckHx
JHK npucyTcTByeT GONbLIOE YHMCIIO BBICO-
KOTOBTOPHIOLMXCS KOPOTKUX IOCIEOBa-
TeJIbHOCTel, MeHblliee YHCJIO Oosiee IJIMH-
HbIX YMEPEHHBIX NOBTOPOB, KOTOPHIE, KaK
noNararoT, MrparT peryJIsTOPHYX PpOJib,
H DS YHMKATBHBIX (HEOBTOPHIOIIMXCH)
y4acCTKOB, NpeacTaBJIroNmX coboli, BUOn-
MO, CTPYKTYPHBIe TeHbl. DykapuoTUyeckue
TeHbl COZIEPXXAaT BCTABOYHLIE HETPAHCIIH-
pyeMble HYKJIEOTHIHBIE ITOCJIENOBATELHO-

CTH, Ha3plBa€éMble HHTPOHaAMH, KOTOPLIC
BCTABJICHHI Mexnay TPaHC/MPYEMbIMHA
yvacTKkamu, Ha3plBACMbIMH 3K30HaAMH.

C noMolLIo HelaBHO pa3paboTaHHLIX Me-
TOAOB ObUIM ONpPEOENiCHbl HYKIEOTHIHbIE
IOCJIeIOBATEIbHOCTH psila T€HOB M BH-
pycHeix JTHK.
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Bonpochl H 331244

1. Cnapusanue ocvoeanudi 6 I HK. B npenapaTtax
JHK, BBIZIENEHHLIX M3 OBYX HEHIACHTHOHLH-
posaHHRIX BUOOB OakTepHil, comepxaHHe
alJeHMHa COCTaBJieT COOTBETCTBEHHO 32
¥ 17%, obmero conepxanus ocHoBauuit. Ka-
KHMe OTHOCHTeJIbHble KOJIMYeCTBA &ICHWHA,
THMHHA ¥ UHTO3MHA Bbl IpeiliosaraeTe Hail TH
B 3THX IByx npenapaTax JJHK? Kakue BbI



892

. JHK ue.106exa.

caenann gonywieHns ? Oana 13 3Tx GaKkTepuit
Obia BoUleNieHa M3 TOpSYero HMCTOYHHKA
(64°C). Kakas w3 JIHK npruannexur tepmo-
dumpHoM Caktepun? Ha 4yeM OCHOBHIBAETCSH
Balll OTBET?

. Hyxeomudnas nocaedoeameAbHoCMy KOMNAe-

Menmaphbix yeneir J]HK. Hanmmumre Hykjaeo-
THOHYK TIOC/IEnOBATENILHOCTL OOHOM ILieny
apyxuenoueynoit JIHK, npyras uens kotopoit
HMEET MOCJeA0BATELHOCTD (59
ATGCCGTATGCATTC (3.

UeMy paBeH BeC MoJie-
kyJasl gsyxuenodeuHoit JHK (B rpammax)
NpOTSDKEHHOCTEI  OT  3eMin  go  JlyHel
(~ 384000 xMm)? Kaxpnas ThicA4a HYKJIEO-
TUAHLIX rap ABoiuno# crmpann JJHK Becut
1-10~ '8 r. B 0THOM KHMJIOMETDPE COOEPKHTCA
I -10'2 1M, a pasMep OIHO# Napbl OCHOBAHMIA
coctaBiseT 0,34 um. [lns cpaBHeHMs WHTEpeC-
HO OTMETHTBb, YTO B OPraHM3Me 4eJIOBEKa Co-
nepxutes ~ 0,5 r JHK!

. Kaxoea dauna zena pubonyksease ? Kakoe Mu-

HHMMAJILHOE YMCJIO HYKJICOTUAHBIX map coaep-
WHUTCA B reHe, KOIMPYIOLIEM IaHKpeaTH4e-
ckyro pubonykneasy (124 aMHHOKMCIOTBHI)?
TloyeMy 4YMCJIO HYKJICOTHOHBIX MAp MOXET
oKa3aTbCs ropasgo 6ONbLMM, YeM B BalleM
orBete? C 4eM cBsi3aH4 TaKas HEoNpencJicH-
HOCTb?

. Ynaxoexa IHK e eupyce. MonekynapHas

macca JIHK 6akrepuodara T2 pasua 130- 106,
I'onoeka dara nmeet pasmep 100 em. Cunras,
4TO MOJIEKYJIpHAasA Macca OHOM naphl OCHO-
paHWil paBHa 660, onpenenute aymey JHK
thara T2 u cpaBuMTE €€ ¢ pa3MepoM rONOBKH
tara. Bawr oTBer mokaxeT Heo6xomMMOCTb
oueHb koMnakTHo# yknaaku JJHK B Bupycax.

. Ynaxoexa JIHK 6 aykapuomuueckux xsemxax.

Cpasnvte navuy JJHK B oxHoil Hykneocome
C IMaMeTpOM HYKJIEOCOMBI, KOTOpBIH paBeH
10-11 HM. 3aTeM cpaprMTe nHHy Beeit JTHK
B KJIETKE 4¢JI0BEKa C ZMAMETPOM KJIETOYHOTO
siapa—oKojo 2 MkM. B kxako# u3 CTPYKTYp
JHK ynoxeHa Gosiee KOMNakTHO?
Iaaundpom. HackolbKo BeposiTHO, 4TO ma-
JMHAPOM, H300paxkeHHbli Ha puc. 27-28,
CaMOIIPOM3BOJIbHO TPHMET TNOKA3aHHYI Ha
3TOM pHCYHKe KpecTooOpasHylo CTPYKTYpy
B M3oympoBaHHo# uncToi JJHK. Kakum mor
Obl OLITh Ball OTBET, €ciid Obl 3TOT NAJMH-
JIpOM HaxOZMJICH B XPOMOCOME WHTAKTHOM
KJIEeTKH?

. JHK ¢aza M13. NHK Gaktepuodara Mi3

MMEET CIeAyroILMi HYKJICOTHOHBIH COCTAB:
A-23%, T-36%, G-21%, C-20%. Yto ro-
BopaT BaM 3TH wmopsl o JIHK nanHoro
thara ?

. Pazoesenue JHK 6 2paduenme naomnocmu.

IlenTpudyrupoBaHne B LIEJOMHOM Caxapos-
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HOM TpaIMEeHTe NO3BONAET Pa3lesnTb CMECh
pa3seix JIHK B cooTBeTCTBMM C pa3mMepamMu
¥ (hopmMoii MX MaKPOMOJIEKYJl, HO NPH 3TOM
npoucxonMT neHatypamis JJHK. C nomorikro
3TOrO0 METOJa MOXHO OTJIMYaTh JIMHEHHYyIo
¢opmy ITHK OT KOJIBLIEBO ¥ ONpenieNiaTh OT-
HOCHTEJIbHble pa3mMepbl (parmeHToB JTHK.
PerumkarusHas ¢dopma II (POII) THK dara
¢$X174 npencTaBnseT coCoii OByxuenowey-
HOE KOJIBIIO C pa3pblBOM B OOHOH U3
Lenei.

a) Kakoro Tuma M Kakoif IJMHB! MOJEKYJIbI
JIOJDKHEI BBISBIIATLCS IIPHM LEHTpHdyrupo-
paunn POII THK B wmenoysoM caxapos-
HoMm rpajueHTe ? (B Monexyne THK X174
conepxuTcs 5386 map OCHOBaHMIL)
Kakoro TMna M Kakoil OJIHHBI MOJIEKYJIbI
Oynyt ob6Hapyxensl ecni POII JTHK cHa-
yasa o6paboTaTe PECTPHKTHpYIOLLEH 3H-
nouyknea3oi, pacwennstouieii POII tons-
KO B OOHOM caitTe?

6)

10. Hyxaeomuduas nocaedoeamesvhocmy HHK.

1.

14,

IMoueMy npy cekseHMpoBany JHK xyummuve-
ckuM MetonoM Monekyna JITHK nospkHa
6BITh MeueHOH TONBLKO IO OZHOMY KOHIY,
a He paBHOMEPHO?

Hyxaeomudnuiii cocmae JHK ¢$X174. JHK
Gaktepriodara ¢$X174 MOXKET HaxOOMTbCH
B NByX (opMax: B OOHOIENOYEHHOH (B BH-
PpHOHE) ¥ B OBYXIIETIOYEMHON (B Xo4€e pertH-
KauMy B KJeTKke-xo3aMue). Kak Bbl fiymaete,
ONMHAKOB JIH HYKJIEOTHIHBIH COCTAB Y 3THX
meyx ¢opM JHK? O6ocHyiite cBoit
OTBET.

. Pasmep ayxapuomuueckux zewog. B meueHm

KpbICbl HMEETCs (hEPMEHT, B MOJMIIENTHIHYIO
uenb KoToporo Bxomut 192 ammHOK¥C-
JIOTHBIX OCTaTKa. DTOT epMeHT KogHpyeTcs
reHoM, BKJTIo4YarollMM 1440 nap ocHOBaHMIA.
O6bAcHNTE B3aMMOCBSi3b MEXAY YHCJIOM
aMWHOKHCJIOTHBIX OCTATKOB B ¢epMEHTE
M 4HCJIOM NAp OCHOBAaHHMiH B COOTBETCTBYIO-
ILIEM €My Te€He.

. Budogwie pazsuuus JHK. Ecma npobupky,

conepxanue npenapatei JJHK, BuineneHHbIe
m3 E. coli u 3 mopckoro exa (tabn. 27-3),
6ynyT crnyvaiiHo nepenyTaHbl, TO KaK Bbl
olpene/uTe, rae Kakod mpenapat?
«laa3ku» 6 wacmuuHo deHamypupo6anMoil
JHK. Obpa3eu OByXuEIOYEHHON JIMHEHHON
JHK, TmateJIbHO BBLLAEJEHHOH M3 OgHOTO
BHAA pakooOpa3HbIX, HAHECEH HA CETKY IPH
20°C v npoaHaJH3NPOBaH C MOMOUILIO 3JIEK-
TpoHHOro Mukpockomna. JIpyroii ofpasen
3to ke JJHK npenBapuTenbHO BblOepXaH
npH 60°C B Teuenne 30 MuH, & 3aTEM TaKKe
MpOaHANM3MPOBaH C NOMOILBK 3JEKTPOH-
HOM MMKpockomMH. BoT kak cxemaTH4EcKH
BHITJIAEIM 3TH 00pasubl:
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'L 27. AHK: CTPYKTYPA XPOMOCOM H 'EHOB

20°C
T —

60°C

——— T et e et e
Kak Bbl obbsicHuTe Takoi pesymptar? Ka-
KYIO TIOJIe3HYyr0 HHQOpMauMip MOXKHO H3-
Bijieus M3 Habmopmaemoro siBnieHms?
Tubpuduzayus JJHK. Ha ocHOBauuM Kako#
¥H(OPMALIMH O CTPYKTYpe TOMOJIOTHYHBIX
6eJIKOB Bbl MOXETE IIPEANOIONH T, HTO LENH
JHK u3 pa3ubx BMOOB NO3BOHOYHBIX OynyT
[aBaTh OByXUETO4YeuHble rMOpHab1?
Heiicmeue pecmpuxmupyrowjux 3HOOHYKAeas.
3aMxHYTYH KoybueByw BHpycHyw JHK
06pabaTriBar0T peCTPHKTHPYIOILEH 3HOOHY-
knea3oi. B aroit JJHK ects ogmu caift pe-
CTPHUKUMHM CO CIEAYIoLRi CTPYKTYpoii:

5'-A-T-G-C-T-A-G-C-A-T-3’
3'-T-A-C-G-A-T-C-G-T-A-5’

a) OTMeTbTE TOYKOH  Mpeanosaracmbni
LEHTP caiiTa PeCTPHKLMH.

17.
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6) IToueMy BB! pertiyi, 4TO BbIOpaHHas Ba-
MH TOYKa mnpeactaBiser cobo# ueHTp?
KaxoBb! ero cpoiicTea?

B) ITocne pacuwieniennss obemx wnenei pe-
CTPHKTHPYIOLLEH 3IHIOHYKJIea30# cMech
HarpeBaroT, YTOObI pa3pyumTs (epMeHT,
a 3aTeM MemieHHO oxJjaxparoT. [lon
3JIEKTPOHHBIM MHKPOCKOTIOM BHpycHasi
JHK BuIrnsaguT Kak KoJIbLieBasd MOJIEKY-
aa. Kak Bbl 310 O0b6BACHMTE?

1) Eciin xoneunslit pacTBOp M3 NpeabLayIe-
ro somnpoca (m.B) moamenouuts O,
M NaOH, 1o okaxeTcs, HTO B HEM HaXo-
OSTCS JIMLIL OOWHOYHBIE JIMHEHHBIE LETH
JHK. Kak Ber obwbsacHuTe 3TOT hakT?

PHK-codepxucaujue supycei: Mozym Au 2eHvl

cocmosme u3 PHK? B cocrase PHK-conep-

wanmx Bupycos E. coli JTHK Her, B HUX npH-
cyrcTByer s PHK, xotopas BblnosmHsier
pOJIb BUPYCHOH XPOMOCOMBL. ITO O3HAuAET,
4TO B TAKMX BHpycax reHs! coctoaT u3 PHK,

a He 3 JJHK. Onposepraer jM 3TO UEH-

TpabHYIO DOTMY MOJIEKYJISPHOM TeHeTHKH?

OG6ocHyiiTe cBoii OTBeT.



I'JIABA 28

PEITJIMKAIIVS U TPAHCKPUIILIUA OJHK

Tenepp, KOroa Mbl H3y4HIIM CTPYKTYpY
JAHK u npMpony XpoMOCoM M T€HOB, IO-
CMOTPHM, KaK ITPOMCXOJHT pelMKauMs
JHK c o6pa3oBanneM nouYepHUX MOJIEKYJI
W TpaHCKpUIIMs ¢ 00pa3oBaHHeM KOMIIJe-
MeHTapHex eit PHK.

QepMeHTE! M Npoune GesIkM, y4acTByro-
e B NpoLECCax pellJMKau¥M U TpPaH-
cxpummy JJHK, oTHOCATCS K 4MCITy CaMBbIX
3aMeyaTellbHBIX U3 BCEX M3BECTHBIX GMONO-
IM4ecKHX KaTami3aTopoB. OHM cHoOCOOHBI
CO30aBaTk 3TH THMIaHTCKME MakpoMoJie-
KYJIbl U3 MOHOHYKJIEOTHUIOB-ITPe/ILIIECTBEH-
HHMKOB, HCIOJb3ys 3Hepruro ¢ocdaTtHOM
rpyNnel, ¥ ¢ UCKIFOYUTENLHOH TOYHOCTBIO
OCYILIECTBJIATh NEPEHOC Te€HETHYeCKOH MH-
¢dopmManuy OT MaTPHLIBI K HOBOCHHTE3Upye-
Mot uermt. KpoMme toro, npu pabore 3THX
(epMEHTOB [OJDKHBI DPELIATHCH CJIOXKHEIE
MexaHu4eckHe npobieMsl, NOCKOJBLKY, Ipe-
’kJie YeM B JIeJ10 BCTYNAT PenIHUMpYroLme
(depMeHTHI, JOJDKHO NPOM30HTH pacmiera-
HHe poIMTeNbckoN aByxuenowevHoit JJHK
Tak, 4To6b1 pepMEHTHI MOTJIM MOJIyYUTh 10~
cryn X MHOGOPMalMK, 3aKOAMPOBAHHON
B NOCNIeN0BaTeIbHOCTH OCHOBAHHIN BHYTPH
JBoitHO# cnimpamy. bonee Toro, B 3ykapuo-
THYECKMX KJIETKaX CHMCTEMAa perUInKauuu
TeCHO CBSI3aHa CO CJIOKHOH TpeXMepHO# op-
raHu3andel XpoMaTHHa M HYKIIeOCOM.,

®epMeHTHl TPaHCKPHIILKMK Taxke oOJa-
JaloT HeOOBMHBIME cBOHCTBaMu. OHM CIto-
cOOHBl He TOJIbKO KaTaJM3NPOBaTh CHHTE3
mMpokoro HaGopa pa3muxbix PHK, Ho
W HAYMHATL M 332KaHYMBATb CBOE OEWCTBHE
B OCOOBIX TOYKaX XpOMOCOMbI, pearpys Ha
pasHoo0pa3Hble PETyJIATOPHble CHUIHAJBL
B pe3ynmbTaTe COTJIACOBAHHOTO MEHCTBHSA
(epMEHTOB Ha OIPEIENICHHBIX 3TaNax KH3-
HEHHOTO IIUKJI1A KJIETKH TPaHCKpubUpyroTcs

TOJILKO ONpeneJicHHBle TeHbL TakuM obpa-
3oMm, JIHK- u PHK-nosmmepa3spl, kak,
BIpOoyeM, M apyrue Oenkw, moMorarolye
OCYIIECTBJIATh PEMJIMKALMIO M TPaHCKPHII-
nuro JJHK, %U3HeHHO BaxKHBI JJI1 COXpaHe-
HMS B IOKOJIEHUAX TeHETHYECKOH MH(pOpMa-
LIUH.

28.1. JHK penmmmpyetca
NOJIYKOHCEPBATHBHBIM CTIOCOGOM

CornacHo runote3e Yorcona—Kpuka, xa-
*nas w3 nenef gpoiiHo# cnupanu JTHK
CIYXMT MaTpuUeH IJIA PEIIMKalUM KOM-
MJieMeHTapHbIX Jo4epHMX ueneil. I1py aToM
of6pa3yroTcst IBE AOYEpHME OBYXLENOYe -
Hple Monekyisl JIHK, uaentudHble poau-
tenbekoil JIHK, mpuueMm kaxpast M3 3Tux
MOJIEKYJl COIEPXUT OIHY HEM3MEHEHHYIO
uens poauTtenbekof JJHK. I'unotesa Vor-
coHa-Kpuka 6plya npoBepeHa ¢ NOMOILBIO
OCTPOYMHBIX  OINBITOB,  BBIIOJIHEHHbIX
MbsThro Me3semscoHoM n ®paskimaoM Cra-
JieM B 1957 r. OcHOBHas upest 3TUX ONBITOB
HJLIEFOCTPUPYETCH CXeMOH, MPUBEACHHOH Ha
puc. 28-1. Knetkn E. coli BbipanmBaim
B TeyeHWe psina NOKOJIEHHH B cpene, coaep-
Xame#l B kadecTBe MCTOYHMKa a30Ta XJIO-
pucteiit ammonmin (NH,Cl), B koTtopom
OObIMHBIH  pacnpocTpaHeHHBI#  M30TON
['4N] 6b11 3aMeHen Ha «TsKETbIH» U30TOMN
['*N]. BcreacTsre 3TOro Bee cOeqMHEHMS
KJIETOK, MMeIoLHe B CBOEM COCTaBe a3o0T,
B TOM uMcJie 1 ocHoBanus JIHK, oxazamich
cHIbHO oforameHnsiMu M3otonoMm ['SN].
IMnotrocts JIHK, BbLaeneHHOW M3 3THX
KJIETOK, Obli1a MpUGM3UTENILHO Ha 19 BbIl-
e MIOTHOCTH HOopMambHO# ['4N] IHK.
XOTH 3TO pa3yIMyHe HEBEJIMKO, TEM HE MeHee
cMech «Tskesion» [1SN] u wierkoit» [14N]
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A KoucepsarupHas
perHKalys

5 TNonykoncepsarusras
penimKaLs

Poourenbckas
“raxenan”JHK

Puc. 28-1. ITpuHUKMI 3KCIEpUMEHTA MeE3€/1bCOHA—
Crans, uesbto kotoporo 6e11o BeI6paTh OAKH H3
[BYX BOSMOXHBIX MEX&HH3MOB PEILIHKALHMH «TH-
wesioit» [1*N] JHK (0603naueHa YepHbIM wBe-
TOM), KOT/12 PEnJIMKALMA IPOUCKOAMNE B CPene ¢
«Ierkum» u3oTonom azora [*N]. «Jlerkue» uenu
IHK o6o3nayenb! kpacubM uBeTom. A. Koncep-
BATHBHBIH MexaHH3M pennukauud. Eciou 6b1 pen-
JMKALHA TIPOTEKaa 10 3TOMY MEXAHH3MY, TO Ofi-
HA M3 IBYX [04Y€pHHX ABYXLCNOYCYHbIX MOJIEKYJI
conepxkasa Gl NBE «ierkue», a Apyras — ABe «TH-
xerble» uenH. [Mocaeayromee y1BOCHHE 1049€ PHEX
MOJIEKYJT AOJDKHO 6b110 6Bl MPMBECTH K MOABICE-
HHIO YEThIPEX NBYXIENOYEHHbIX MOJIEKYJI, OlHA M3
KOTOpbix 6bina 6bl «TAXKe0i», 8 TPH APYTHX ~
«nerkumm»; rubpuansie JIHK npu 3ToM He 06pa-
3y1oTco. b. [TonykOHCEpBaTHBHbLIH MeXaHM3M pen-
JHKAIMH. [IpH 3TOM THIE PEILUTHKALMM KaX/as H3
[BYX DOYEPHHKX [BYXLenoyeuHulx Moseky.1 JHK
nOJKHA 6bina 6b1 CONEpXaTh OAHY POAMTENbCKYIO
(«TAXeTy10») Henb H OAHY «JIEerkyro» uens, ITo-
CIEAYIONIEe YIBOCHHE AOYCPHMX MOIEKY.1 IPHBO-

Mo 6b1 Kk 06pa3oBaHHIO ABYX THOPHOHBIX N ABYX
wierkux» MoJekyn JTHK.

OHK ypajgock pa3mesnTb METOAOM IlleH-
TPUPYTrHpoOBaHHsi B KOHLEHTPHPOBAHHOM
pacTBOpE XJIOPUCTOTO HLe3us. XJIOpUCTBIH
Ue3nii MCTIOJIb30BailM MOTOMY, YTO ILIOT-
HOCTb €10 BOJHOTO PacTBOpa MOXeT OBIThb
caesaHa JOCTATOYHO OJIU3KOM K IJIOTHOCTH

TlepBoe ynsoexse

Bropoe ynBoehue

AHK. Eciu Takoit pacteop CsClynonro
UEHTpUQYrUpoBaTE B BLICOKOCKOPOCTHOIA
yIbTpalleHTpU(yre, TO dHepe3 HeKOTopoe
BPeMs 1OCTHTaeTcs COCTORHME paBHOBECHS],
MpU KOTOpOM B mpobupke o6pa3yercst ne-
NMpephIBHBbIA  rpaaneHT I1uotHoctw CsCL
Bnaropaps CHJBHOMY [I'paBUTALMOHHOMY
MOJTFO, CO3/1aBaeMOMY LEHTpUQyrolf, KoH-
ueHTpauus CsCl ¥ COOTBETCTBEHHO IUIOT-
HOCTb pacTBOpa Yy AHA NMPOOHpPKM OKa3bl-
paeTca OoJee BHICOKOM, 4YeM HaBepxy.
INpenapatr JHK, pactsopennsii B CsCl,
[PUXOOMT B PABHOBECHOE COCTONHHME B TOM
MeCTe TpOGHpKM, B KOTOPOM IJIOTHOCTB
JHK papua nmotHoctH pacTBopa CsCl
Mockomsky [1*N] AHK 4yTs Taxenee, yeM
[*“N] AHK, nosoca, B KOTOpOli OHa Z0CTH-
raeT paBHoBecus B rpaaueHte CsCl, pacmo-
JoxeHa OJipke KO BHY NpoGMpkH, Y€M Mmo-
noca ¢ [**N] OHK (puc. 28-2).
Mesembcon u Ctab nepenecsy kietky E.
coli, pocuwe Ha cpene ¢ ['*N] u conepxa-
ume «tsmxensle» uenn JHK, Ha cBexywo
cpeny, B xoTopo# Haxoawics NH Cl ¢ o6p1-
ynpiM u3otonoM [*4N]. Ha atoit cpene oxn
BLIpAlLMBAJI KJI€TKU B TeueHWe BPEMEHH,
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Hanpasiienne ceguMeHTaALM —

" Trxenas'

JIHK

“Jlerkan™
[HK

PesyantaTel skcnepumenta

yOBOEHMS Ha

JHK nocae
aByx yABOeHu#H

11

* JIerxaa MubpraHas
JIHK AHK

HEOOXOMUMOro NI YIBOEHMs KIETOK. 3a-
TeM U3 31X KieTok Bbigensym JIHK u ana-
JIM3MPOBAN €€ INOTHOCTh € INOMOLIBIO
OMMCAHHOYO BBILIE METONA CEMUMEHTALMH.
B rpanuente CsCl Obina oGHapykeHa THILb
onua nonoca JAHK, nnotHocTs koTOpO#H
OKa3agach CpefHed Mexay NNOTHOCTBIO
HopMaLHO# «nerkoit» [*N] AHK u nnot-
HOoCThRO  «Tskenoi»  ['°N]  JHK
(puc. 28-2). MMeuHo Takoro pesyJbLTaTa
M CNENOBAN0 OXUAATh, €CJIM OBYXLENOYEY-
Has JIHK novepHux KNETOK CONEPKUT OHY
ctapyro 'SN-uens ot pomutesmckoit JHK,
U OIHy HoByw '“N-nenb (puc. 28-2).
Ecmu poipermms JHK 43 knetox, xo-
TOPBIE NpOLUM [Ba LMKJA YIBOESHHS Ha
cpere ¢ ['“N], To ona pasmesmMTca Ha nBe
MOJNOCH: OflHA C MNJNOTHOCTBIO, COOTBET-
CTBYHOLIEH NNOTHOCTY HOPMAJIbHOM NErKoi
JHK, a npyras ¢ nnoTHOCTBIO MO pHAHOH
JHK, uabmonaBiueiics mnocne nepsoro
YOBOEHHs KNETOK. Ha OCHOBaHHM 3TUX
IaHHbIX Mesesbecon u CTam, NPUIILTH K BbI-
BOOY, YTO B CTPOrOM COOTBETCTBHH C THUIIO-
Te30i YVotcona—Kpuka kaxnbii podepumii
nynnexc JIHK nocre nByx LMKROB ymBOe-
HM$l KJIETOK COAEpKa ONHY POOMTESLCKYIO

JIHK nocqe opsoro

[“NINH,CE

YACTb IV. MEXAHU3MBI TMEPEJAYH F'EHETUYECKOU HH®OPMALIMH

Vicxoanas [ "®N1 JIHK
(0Be tenn Taxene)

Hopmamhas [ “N ] JHK
C AByMS TIerKUMK TienaMu

¢
%
&
%

BriBofibl

TNepsoe ynpoeume: obe
Modekyib JIHK copepxar
o ouﬂoﬁ.‘"nerxoﬁ“u onHok
TRKeJNol uenu

Bropoe yasoeune:
obpasosanuck Ase
MOREKY Abl THOpHAHOK
JHK u fse nerkod

Q ff

Puc. 28-2. Pe3ynbTaThl 3kCnepuMeHTa Mesensco-
Ha—Crans. B rpaauente nnotHocTH CsCl «rsxe-

nas» [**N]AHK nocturaer paBHOBECHS B [OJIOCE,
KOTOpasi pacnosoxeHa bivxke K0 IHy NpoOHPKH,

9eM N0s10ca paBHOBecHs «nerkoi» [14N]AHK.
PapHoBecHoe nosoxenue rubpuauoii JTHK oka-
3BIBAETCH NPOMEKYTOYHBIM. OHPCHCJXCHHC niot-
HocTu nouepuux JITHK nocne nepsoro ¥ BTOporo
YABOEHHH MOKa3aJio, 910 penmukanus JTHK ocy-
UIECTBIISAETCH N0 NOJYKOHCEpBAaTHBHOMY MEXaHH3-

My.

¥ ofiHy HoBooOpa3zosanuyro uens JJHK. Ta-
KOH MexaHu3M pPeImMKaiuMy Ha3BaJl noay-
KOHCepeamugHbviM, IOCKOJILKY B KaXaom no-
yepHeit JIHK coxpansieTcs nuume onHa
ponuTesbekas uens (puc. 28-1 u 28-2), Io-
JIYMCHHBIC PE3YJIbTAThbl NOJIHOCTBKO HCKIHO-
YU KOHCePeamueHblili CnOcod penauxkayuy,
Nnpu KoTopoM oniHa nodepusas JHK normkua
Oblna Obl conepxaTh 006€¢ UCXOMHLIE LN,
a npyras coctToana Obl U3 IBYX HOBOCHHTE-
supoBakHbiX wuenel, Oneir Mesemscona
u Crass no3BOJIMA TaKXKE OTBEPIHYTh Tak
Ha3blBacMBblil Qucnepcugnblli Mexanusm pe-
naukayuu, IPU KOTOPOM KaK[iasi [OYepHAs
ueHb JIHK COCTOMT M3 KOPOTKHMX Y4acCTKOB
KaK pOIMTEJILCKOM, Tak ¥ HoBooOpa3oBaH-
Hoit JIHK, coepuueHHbIX Mexay coboit city-
YaifupiM obpasom.
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28.2. Kombuesan JHK
pennHuHpyeTcH
B BYX HaNpaBjIeHHAX

Mo yxe sunerm, yto JHK Oaktepwii
¥ wuorux JHK-comepxkalmx BHpYycoB
npeacTasisieT coboii KONBUEBY NBOHHYIO
cnupark. Kak Tonbko ObINO CAENaHO 310
OTKpBITHE, BO3HUK BOIPOC O TOM, Kak pe-
nnukpyercss koymbuepas JHK. Pacuie-
nIseTcs JM cHayasa koyuesas JIHK nepen
pennukanuel, npeBpalliasch B NMHEHHYIO
MOJEKYJTy, WJId XK€ OHAa CNOCOOHA permIm-
poBaThCa B BHIE Koyblia 7 BaxkHble 3k crie py-
MEHTEHI, BbINoJiHeHHbIe JIxoHOM Kapucom,
nokasaymy, 410 JIHK B HenoBpexIeHHBIX
knetkax E. coli pennuumpyercs, ocTapasich
B KoJbuiepoit (opme. K3puc Bhipaliipan
E. coli Ha cpene, conepxalleil THMHIUH, Me-
YEHHBbIl PaMOaKTHBHBIM M30TONOM BOJO-
pona—mpumuem  (PH). Tlpu  3tOM
AHK B knerkax E. coli craHoBunach pa-
nuoakTHBHOM. Korna ee OcTopoxHO Bhife-
JIAJM B peJlakcupoBaHHO# opme M HaHOCH-
mu Ha doTtorpaduyeckyro NIacTUHKY, pa-
LUOAKTHBHBbIC OCTATKH TMMHIMHA BbI3bIBA-
JIM Ha 3KCMOHMpPYeMO# NiacTHHKe 0Opa3o-
BaHHe «TPEKOB» U3 3epeH cepebpa, co3naro-
uwmx u3obpaxenwe monekysst JTHK. Ha
OCHOBaHMHM 3THX u300paxennii Kapuc 3a-
KJIIOYMJI, YTO UHTAKTHAs XPOMOCOMA —3TO
[UIAHTCKOE KOJIbIIO; 3TOT BLIBOI COrna-
CyeTcs C NOJTYYSHHOR paHee FeHeTUYECKUMMU
meTonamMu kosmuesoi kapToit IHK E. coli.
Onunaxko B panuoaktueHoit JITHK, Bhinenen-
HOM M3 KJIETOK B I1POLIECCE PENNMKaLNK, Obi-
Jla BbIfIBIEHA [OOTNOJHHTENbHAs panuoak-
TuBHas netns (puc. 28-3). Kapuc npeanosno-
*un, 410 3Ta netns B JAHK Bo3uukaer
B pe3yJbTaTte 00pa3oBaHUs NBYX PafUOAK-
TUBHBIX [OYEPHUX ILENel, KOMIJIEMEH-
TapHBIX PORUTELCKUM LENAM, IO MEpE TO-
ro KaK penIdKaTHBHas BMJIKA [IBUXKETCA 1O
KoJbly ponmuTennckoin JIHK.

IleppoHayanbHO CYMTANH, YTO PEINJMKA-
Ls HAaYMHAaeTCs B (PUKCUPOBAHHOR TOUKe
porutesbckoit JIHK (oHa Ha3biBaeTCs TOY-
KOM Havana permkKaluy) U 4TO €UHCTBEH-
Has PpeIUIMKATUBHAs BUJIKA [BHXETCH IO
kosbuesoit Monekyne [JHK B omHOM Ha-
npaBnenu (puc. 28-3). OnHako nocnenyro-
1L[€ 3KCIIEPUMEHTHI, NPOBEJECHHbIC HA XPO-
Mocomax E. coli u BupycoB, nokasaym, 4io
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Cxematuueckoe uiobpaxenne
koabiepok /IHK B npouecce
penmKanuu

A

Mogenb ¢ Mogess ¢ ognoit
pennm(a'ruBHoﬁ BUJ KOl

Jenxenye
Havwalo BMJIKM
PENIMKaLMH

Hcxolnnit MOMeHT B xojle penaskaimu

Mozeab © IBYMsl pENJMKATUBHBIMU BUJIKAMM
Hayano penamkaiyp

JBuxenve

‘\?“.HKM

Ucxonmmit Moment B xoge penaukarm

3

Puc. 28-3. Perunkanus xpomocoms! E. coli. A.
CxemaTH4YECKOE 13006 paxeHue MEYEHHOH TPHTHEM
xpomocoMsl E. coli B xone pennukawmu, b. Un-
TEpNpeTaLus MpOLECCca PENTHKaUMK (HOBOCHHTEIH-
pOBaHHbIE A0YEPHHE Lenmu 0603HAYEHbI KPACHBIM
1BeToM). CornacHo ONHOR MOJIENM, OT TOUKH Ha-
4ana penJIHKALMM OBHKETCH TOJNBKO OAHA PEIIH-
katusias Bunka. CornacHo Apyroit moneny, B TO4-
Ke HauaNia penyMKalKy BO3HUKAIOT OBC pelliIMKa-
THBHBIE BHJIKM, KOTOPHIE JABUXYTCS B NPOTHBONO-
JIOXHBIX HanpaBJIEHHAX 10 BCTPEYH NIPYr ¢ ApYy-
rom. Xpomocoms! E. coli u npyrux Gaxrepuit, a
Takxe MHorMx JIHK-conepxaiumx BHpycor pensm-
LUMPYIOTCH B COOTBETCTBUN CO BTOPOH MOJIEJIBIO.

perikanyus 0ObMHO NPOUCXOIUT B OBYX
HampaBlEHMAX, T.€. CYLUECTBYIOT [IBE pe-
NJMKaTUBHbIE BIWIKU, OOe BUIKM BO3HM-
KaroT B ONHO# TOYKE M yNAJAIOTCA OT Hee
B 000OUX HallpaBJICHUSIX OJHOBPEMEHHO, IO~
Ka CHOBa He BCTpeTsatca (puc. 28-3). B aToit
TOYKE [Ba IMONHOCTBEO CHUHTE3HpPOBaHHBIX
IOYEPHUX NBYXIIENOYEYHbIX KOMbIA pa3fie-
JIAIOTCA: KaXIOE U3 HHUX CONEPKHUT ONHY
CTApyK M OfHY HOBYHO LIENb.

VyacTOK Haualla periavKanvy npencrta-
pnseT co0Oif HYKNEOTHIHYIO NOCAENOBa-
TensHOCTh Aauuoit 100200 nap ocHoBa-
Huii, 6e3 koTopoi JIHK He MOXKeT penJim-
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pOBATBECA. T4 MOCIEN0BATEIbHOCTh y3Ha-
eTcs creludUIeckKUMH KIeTOMHbIMY OeJika-
MH, KOTOpble HAYMHAIOT B 3TOM MECTE LMKJI
perumkanuu, MeHHO 3TOT mpouecc uHu-
Luauly peIUIMKalHy HaXOOMTCH MOA KOH-
TPOJIEM KJIETOYHOM peryJIALuH.

Hcxons U3 CKOPOCTH OBMXEHHS pellJINKa-
TnBHON Bumx E. coli, MOXHO 3aK/IOYKTD,
uyro npu 37°C Hosas JHK cunTesupyeTcs
co cxopocTeio ceeimie 45000 Hykneo-
TUOHBIX OCTATKOB B MUHYTY B pacueTe Ha
ondy BUIJIKY. ITockoJbKY Ha Kaxnwlift mon-
HBHI BUTOK JBOHHOMN CnMpaim NpHXOOUTCA
~ 10 nap ocHoBaHui (pasg. 27.6), CkOpocThb
pacrietanus poavtesibckoit JIHK B penn-
KaTHBHOH Buike y KkJIeTOK E. coli cocra-
BisteT GoJiee 4500 06/MuH, YTO mpeBBILIAET
CKOPOCTh BpallleHMs Bajla B JBUIaTejle aB-
TOMOOMIIL, MHYAIErocs CO CKOPOCTBIO
110 xm/f4. Tlo-pHouMOMY, CTOJIL GbICTpoE
pacrjieTanue JOJDKHO CO3JABATh psil Mexa-
HWYECKHX TpobJieM A permKayuyu BBUIY
IBYCMUPATLHON Nprpoabl HATUBHBIX MOJie-
kyJ1 JHK. IMo3xe MbI yBUAMM, KakKuM o6 pa-
30M B KNETKE DELIAIOTCH 3TH NpoOneMsl.

28.3. B syxapuoruyecknx JHK
MHOIO TOY€K
HAaYajla PeIUTHKALHH

O4eBUIHO, penJHKauMs 3YKapHOTHYE-
ckoit JIHK, koTopass opraHu3oBaHa B Hy-
KJIEOCOMbB! Y HAXOAUTCH B COCTaBe XpoMma-
THHOBBIX BOJIOKOH, OJDKHA OBITH ropasno
6omnee cnoxHOH, yem perumkaius GakTte-
puaJbHO# XpoMoCOMBL. HUTOOBI BBISCHHUTD,
kak npoTekaer perumkauus JJHK y ayka-
puoT, OBl MpoBeneHE! panuoaBTOrpadu-
4eCKUE IKCIIEPMMEHTBI, aHAJIOTUYHbIE OIhI-
1aM KapHca no penmmikauuu E. coli. 31u
3KCIIEPMMEHTHI TIOKa3aJIH, YTO 3yKapHOTH-
ueckas JJHK takxke penumnupyercs B AByX
HalpasJIeHUAX, HO PpenjHKaTHBHbIE BHJIKU
IBHXYTCs O4Y€Hb MeANeHHO, pa3 B 10 men-
neHHel, ueM y E. coli, Ecyin 6b1 Ha Kaxay1o
XpOMOCOMY NPUXOAUIIACh TOJILKO OAHA Ma-
pa pellJIMKaTUBHBIX BMJIOK, TO H3-3a 6OJBb-
LMX pa3MepoB 3ykapuoTHdeckux JJHK ux
peTUMKalKUs NpoAoJDKalack Obl MOYTH NIBa
mecsnia. Oka3anocs, YTO pernJiMKaLus 3yKa-
puotnyeckoit 1HK HauuHaeTcs ogHOBpe-
MEHHO BO MHOTHMX TOYKaX (YUCJI0 KOTOPBIX,
BEPOAITHO, MPEBLIaeT Thicauy). M3 kaxmoit

YACTb IV. MEXAHU3MBI MEPEJAYN I'EHETUYECKON WHOOPMALIMN

TaKoH TOUYKH OOHOBPEMEHHO B NPOTUBOIO-
JIOKHBIX HaIpaBNEHUAX OBWXKYTCA OBE pe-
NJIMKATHBHbIE BHUIKM (puc. 28-4), Gnaromaps
HYEMY PEIUMKaLMs LeJIol 3yKapuoTHYECKOi
XPOMOCOMBI MOXET 3aBEPIIMTHCA Haxe Obl-
cTpee, 4eM perJiMKauus OGakTepHalbHOM
XpoMocoMel. TTOCKOJIbLKY B 3yKapHOTHYE-
CKOM KJIETKE XPOMOCOM MHOTO, BCE OHHU
JIOJDKHBI PEITHUMPOBATLCA OOHOBPEMEHHO,
Taxum o6Gpa3oMm, B siape 3yKapHOTHYECKOH
KJIETXM paboTaeT OAHOBPEMEHHO MHOIO
THICHY PEISTMKATUBHBIX BUJIOK.

28.4. Unorna JTHK
PeTUTHLAPYETCH MO MEXaHW3MY
«KATHILEroOcH KOJIbLLA»

JHK HeKOoTOpBbIX BUPYCOB PENJHLHUPY-
10TCS B OMHOM HalpaBJIEHHM N0 MEXaHU3MY
CKATALIETOCA KOJIbLAY», BAPHAHT KOTOPOIo
npencTaBiieH HA puc. 28-5. Buavasie omna
U3 ABYX uened KOJbLEBOH poouTesbekoi
OHK pacwiensnsetcs ¢epMeHTOM. 3aTem
K 3'-KOHLly pacnienyieHHON Leny Ipucoeny-
HSIETCS HECKOJIbKO HOBBIX HYKJICOTHIOB.
Poct HOBO# venu Ha KOJILUEBOW MaTpuile
OCYILECTBJISETCS 33 CUET NOCTENEHHOTO Bbl-
TeCHEHHs 5'-KOHILIEBOH 4YacTW pacIienJieH-
HOM uenM M3 KaTALUCHCs KOJIbUEBOH Ma-
Tpuuel. Ilo Mepe pocTa HOBOH uenu
BBITECHEHHBIH 5'-XBOCT CTaHOBUTCH NHUHEil-
HOM MaTpuuei A7 CHHTE3a HOBO# KOMIIne-
MEHTAPHOM Lenu. JTOT CHHTE3 Ha JIMHEH-
HOH MaTpule NpoIdoJDKaeTcs A0 TEX Mop,
noka He obpa3yercs nouepssas uenk [JHK,
KOMIlJIeMeHTapHASl OMHOMY 060poTy KOJIb-
neBoil MaTpunbl. JIByXLeno4euHbl# XBOCT
OTIUEMJIETCSA 3aTEM C NMOMOUILIO PEpMEH-
Ta, U HAa 5'-KOHIIE ONATh MOXKET Ha4uMHATHCA
NpoLece pelMkanuy. TaKuM nyTeM ¢ KoJIb-
LEeBOM MaTpMIB! MOXET CXOOUTb MHOXe-
CTBO KOMIINEMeHTapHbIX KONMUH KOJILIEBOI
JHK. MexaHu3M «xaTaWErocs KoJbLa»
HCNOJIb3yeTcs B OOLMTaxX B NpolLiecce CUHTe-
3a reHoB pPHK; oH no3soiisieT nosy4atsb
60Ib1110€e YUCTIO KOMUMiA 3TUX TEHOB, pacno-
JIOXKEHHBIX B TAHIEMHOM NI0C/IEA0BATENLHO-
CTH, 9TO B CBOKO Ouepedb NaeT BO3MOX-
HOCTb  CUHTE3MpPOBaTh  OAHOBPEMEHHO
MHoro pPHK. 2T1oT MexaHu3M HeoO6Xxoaum
oomMTaM Aji1 TOro, 4toObl NpPOU3IBOOUTH
MHoro pubocoM i GbICTporo cusrtesa
KJIETOYHLIX GeJIKOB B NPOLIECCE YCKOPEHHO-
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"[ly3bipbku”, oBpa3oBanHbie NP
penmMKaImm, npoucxoAsiieh
BO MHOrMX TOUKaX 110 MOfEJH C
LBYMS PENJKKATUBHBIMK BHIKEMU
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Puc. 28-4. Pennuxaims 3ykapMOTHYECKO#H XPOMO-
coMsl. A. CxeMaTHieckoe u306paxeHue PenMiH-
pyrowerocs yyactka JIHK u3 smu Drosophila me-
lanogaster. BUIRB! «ITy3bIPbKH», MIIH «IJIA3KHY, KO-
Tophle 06pa3yIoTCH NPH PeNJIMKALMH, TTIPOMCXOAA-
el BO MHOTHX TOYKAX B COOTBETCTBHH C MO-
JIeJbIO € ABYMSA PEMNHKATHBHLIMH BHIKamu. b,
OnHOBpeMEHHO BO MHOXECTBE TO4EK (TOUKH Haua~
JIa PENJIMKalHH) BOSHMKAIOT ABE PeMIMKATHBHBIE
BHJIKN. PeriHkalsl NpooshkaeTcs [0 NOJHOTO
3aBEpLIEHHs CHHTE3a NoYepHHX Heneli (0603uave-
HBI KpacHbIM LIBETOM). 3aTeM HOBBHIE NYNJIEKChI
Pa3OesAIOTCH; KaXkIblif U3 HHX COAEPKHMT ONHY
POIHTENBCKYIO HENE (YepHas) M OHY JOYEPHIOO
nent (KpacHas).

6%

UnrakThas Kosablesas
BupycHas JHK

Q

O;mouenoqeqnbm pa3peis

s 0 §°-KoHel]

Hosbiit mmpelturit
IouepHuit aynaekc

Paculemleuue
HyKJeasolt

Puc. 28-5. Pennukaums N0 MeXaHU3MY «KaTSALLErO-
Cfl KOJIBLA», XapakTepHad [l pAOA BHPYCHBIX
JHK. B onno#i u3 uenefi NpoHCXonHT pa3peIs,
nocse 4ero k 3'-Kouuy 3Tol leNH HAYHHAIOT MpH-
COEMHATBLCA HYKNeoTHAH, B pesynbTate pasop-
Ba&HHAA pONHMTEJILCKAA Lenb YANHHACTCH KoMe-
MeHTapHO ApYrofi poauTenbckoll HEnH, BLITECHSAS
ceoli cobcTBeHHBIH 5'-KoHel. 3aTeM 1o Mepe TOro,
KaK BBITECHEHHAA Lenb CMATHIBACTCS C KOJbLa,
HayMHACTCH €€ PEIJIMKallHsA, IMocne 3aBEPILICHHS
CHHTE3a HOBOH NoYepHell HENM, KOMIIEMEHTapHOM
3toii pasMaThiBarowlelics LenH, HOBOO6pPa3oBaH-
HbI JMHEAHBIR AYNIEKC OTILEMIIIAETCHA € NOMOLIBLIO
Hyksea3bl M nosiesisercs IuHetinaa BHpycHas JTHK.
Jlpyras HoBooGpasoBanHasn (HOYEpHss) Lenb NO-
BTOPAET TENEph NPOLECC PENIIHKALKMM: ee 3'-KoHew
YANHHACTCA, 38 5'-KOHEU CMATLIBAETCA H CIYXKHT
MaTpulleil oA cHuTe3a Hopol fAovepuelt nenu, Ta-
KM 06pa3oM, Ha MaTpHLe, NpeacTapisolel co-
GoR«KATALIEECH KOJIBLOY, MOXKET OBITh NOJIYYEHO
MHOTO HOBBIX JIHHEHHLIX nynnekcoB. Penukaius
MO TAKOMY MEXaHH3MY BCTPEYAETCH H Y IyKapHOT
NpH CHHTE3€ TAHIEMHO NOBTOPAKOLLHXCH I€HOB
pPHK. B 3TOM chyuae HOBbIE reHbl HE OTLLEN I~
10TCHl, @ OCTAIOTCA B COCTaBe OfIHON HempepbIBHOM
uenH. CM. pa3a. 27.26 u 28.25.
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ro pocra 3MOpHOHA Ha paHHUX CTaIUAX
pa3BUTHS,

28.5. baktepuaibHbie
IKCTPAKTDI
coaepxat JHK-nonuMepasy

Tenepb, KOrma Mbl NOJy4WH OO1lee
npeactabienue o penynkanuun JHK, pac-
CMOTPHM BONpoc 00 yuacTuu ¢GepMEHTOB
B 3TOM mpouecce. Brnepsbie MexaHH3IMbI
neiicTeus HepMEHTOB NpH penJMKaluy CTa-
JIM [OCTYIHBI NPAMOMY OHOXHMHYECKOMY
HCCNIENoBaHKK0 Onaromaps BaKHbIM pabo-
TamM Aptypa Kopubepra u ero koser, Ha-
yaTeiM B 1956 r. OHu MHKYOMpOBaJiM K-
cTpakTsl M3 Kietok E. coli co cMechro
dATP, dTTP, dGTP u dCTP, o-docdaTnasn
rpynna KOTOpbIx Obifia nomMedeHa HM30TO-
noM 32P (puc. 28-6). bbino oOHapyxeHo,

OcHoBanne

Puc. 28-6. [lesokcupubonykneosna-5-rpudocdar,
meueHunit [*2P] B a-nonoxeuuy.

4TO NpU 3TOM CHHTE3UPYETCS OUYEHb HeE-
boosminoe xomuuectso Hosoi JIHK, conep-
Kalei B cBoux ¢ocaTHLIX Ipynnax M30-
Ton 32P, (bepMeHT, KaTaJM3UPYIOLMil 3Ty
peakumro ¥ Ha3pauHei#i JIHK-noymmepasoit
1, ObLt B KOHIIE KOHIIOB OYMILEH ¥ €ro CBO-
ctBa ObI/M NOIPOOHO KM3yyeHk. OKa3anochk,
4TO OH KATAJM3UPYET IOCNEN0BATELHOE
[PUCOENMHEHHE  N€30KCHPUOOHYKNEOTH -
HbIX OocTaTKOB K KOHnyy ueru JJHK ¢ onxo-
BPEMEHHBIM BLICBOOOXICHHEM HEOpraHu-
uyeckoro nupodocdata, conepxaiero -
¥ y-¢octhaTHbIE I'pynNkl Kaxaoro BCTpau-
BAKOILEIOCS Ie30KCH pHOOHYK eo3ua-5'-

TpudocdaTa. YpaBHEHHE peakuuy B Npo-
creifieil popMe MMeeT BHI

(NMP), + dNTP=
JHK
2(dNMP),,, + PP,

VanuHeHHaR
AHK |

YACTb IV. MEXAHU3MBI NMEPEJAYHU F'EHETUYECKOW WH®OPMALIMH

rre dANMP u dNTP o3nayaroT cooTBeT-
CTBEHHO 1e30KCUPUOOHYKNEO3U-S~-MOHO-
dochat u nesokcupubonykneosun-S-Tpu-
¢docdar. Ecom xoTa OBl OmMH K3 YeTHIPEX
MPEAIIECTBEHHUKOB OTCYTCTBYET, TO HOBast
JHK ne ofpasyercsi, T.€. CHHTE€3 HOBOM
JHK uaer Toimko B HpPHCYTCTBHM BCEX
4eTBIPEX NpenlIecTBEHHUKOB. S'-Tpudocda-
ThbI BCEX YETHIPEX NE€30KCUPpUOOHYKIE03UI0B
HE MOTIyT ObITb 3aMEHEHBI COOTBETCTBYIO-
ummu §'-nudocparamu nim S'-monodocda-
TaMK ; pepMeHT He paboTaeT Takxke ¢ pubo-
Hykseo3un-Y-Tpudocharamu. 1nga paboTsl
JAHK-noymmepase HeoOXomumbl  KOHHI
Mg?*, a B ee aKTHBHOM LEHTPE CONEPKHUT-
Csl MIPOYHO CBA3aHHBI C (JEepMEHTOM HOH
Zn?*,

JHK-no/mMepa3sa katajm3upyeT KoBa-
JIEHTHOE CBA3bIBAHKE HOBBIX NE30KCHpubo-
HYKJIEOTUIOB, KOTOPOE MPOUCXOMUT Onaro-
Iaps INpPUCOSOUHEHUIO HX o-(ochaTHEIX
rpynn kK cBoOomHOMY 3'-rHOPOKCUIILHOMY
KOHUYy npencyuectsyrolleli venu JHK;
cnenoBaTesbHO, cuHTe3 uend JHK npouc-
XOIMT B HampaBleHuu S — 3 (puc. 28-7).
3ueprug, 3aTpauuBacMas Ha obOpa3oBaHue
kaxnoili uoBoit docdonuadupHoii cBA3M
B octoBe J1HK, obecneuunaetcs paciuene-
HueM nupocdochaTHo cBA3U Mexny o- U B-
dochaTHBIME TpyNnamMH NpenINeCTBEHHU-
KOB — pne3okcupubonykneo3un-S-Tpudoc-
datoe. OOpa3zyronmiics npu 3TOM NKpPo-
¢docdar paspyuraetcs 3atem go ¢ocdara,
KOTOPBIN MOXET C/IBUFaTh PEAKUMEO B CTO-
poHy ee 3aBeplueHus. B nmpouecce paboTs
ORINO cenlaHo OYeHb BaXHOe HabroneHue:
Obino otMmedeno, yto JIHK-noymmepasuas
peakuus nNpoTekaeT TOJLKO B TOM CIIy4ae,
€CJI B CUCTEME YXKE HAXOIUTCH HEKOTOPOE
KOJIMYECTBO NPEICYILECTBYFOLLUEH [ByXUe-
noyeyHoit JIHK.

28.6. Il.mi NeHCTBHA
JHK-nosmmMepazsi HeobxoauMa
npeacymecrsyromas JJHK

KopuOepr 4 ero Koanery, u3ydas BOIpoc
o ToM, 3a4eM JIHK-noymmepase neobxonu-
Mo mnpucyrcreue JAHK, wanum, 4to 3ta
JHK BbIIOJHSAET B NOJMMEPA3HON peakiuu
IBe BaxkHeIMe QYHKLIMK —OHa CJIYXKUT 3a-
mpaekoti u mampuyeii.
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Pactyuias uernb
JHK

Hanpasnenne
pocTa

l

CeoGolHLI
3”-ru/IpOKCHTbHbIA
Kolell

[MocTynatowmii
ne3okcupubo-
HyKJEO3Uf=5 "=

Tpudocdat

OH H

L

Puc. 28-7. ¥ anuneune ueny JHK ¢ nomouusio
JHK-nonnMepa3sel. HoBag MeXHyKJIEOTHIHAR
cea3b 0Opasyercs B pe3yabTaTe HykneodunbHoM
aTak cBOGONHOM 3'-rMAPOKCHIBHOH rpynno aro-
ma (ocdopa, HAXOAKLIENOCH B U-TIOJIOKEHHH NpH-
COETHHAIOLLETOCH Jle30KcUpHOOHYKneo3n aTpudoc-
¢arta B xone peakuuu BhIcBODOXAaeTCs nUpo-
docdat. Monunykneornadas uens JJHK-MaTpHub
Ha PUCYHKE He nOKa3aMa.

a. O0na uz yeneli
npeocywecmeyroweti J1HK
CAYHCUM 3aMmpaekoil

JHK-noymmMepasa nocnenopaTesL,HO [O-
GapyiseT HYKNEOTHIbI K 3'-KOHUY ONHOH M3
uene, ciyxaueii 3atpaBkoi. Cnenosa-
TeJIbHO, CUHTe3 HoBo# uenu JIHK npoucxo-
ouT B Hanpaenenvu §' — 3. I HK-noymme-
pa3sa He B cOCTOSHMM caMa mno cebe Oe3
3aTpaBKM HayaTh cuHTe3 HoBolt JIHK; ona
crnocobHa TOJILKO YIUIMHATL YyXKe Cylile-

CTBYIOLUYKO LIENb, IPUYEM TAXKE ITO OHA MO-
XCT ACNaTh TOJLKO B IPUCYTCTBHH LIEINH,
UIpalouwell ponb MaTpullbl,

6. Hpyzasn yenv
npedcywecmeyroujen JTHK
caymcum mampuyeil

Hyxneorunel npucoenuusiores k penu-
3aTpaBKE B COOTBETCTBHMH € HYKJIEOTHIHOM

5’

Hanpaeneune
cunTe3a

Hosuie
HYKJI€OTHOBI
\ € NPUCOBAMHSIOT -

s K 3°~konuy
3aTpasku

| ITTTTTITTETTETTT

Cnapenuble
OCHOBaHMs

;R
Uens Uens
MaTpHLIbI 3aTpaBku

Puc. 28-8. Crpykrypa npencyuectsytoweii IByx-
uenoueyHolt JIHK, koTopas rpebyercs nnus neu-
creua IHK-nonumepasel. Jlins Toro 41066 1uen
CHHTE3, Hy’KHa OAMHOYHAR HECIAPEHHAR LEenk, Ko-
TOpas cnyxuT maTpuueit. Kpome toro, Heobxo-
IHMO NpPHCYTCTBHE LENU-3ATPaBKU, K KOTOPO#H
NPUCOCOHHAIOTCA HOBBIE HYKJIEOTH/AHBIE IBEHLS.

MOCJIENOBATEIILHOCTEIO LENKH-MAaTPpHIbLl N0
MPUHIUITY KOMIIIEMEHTAPHOTO CllapHBaHKs
Vorcona-Kpuka. I'me Obl Hu Haxonuics
B MAaTpUYHOM LIEMU OCTATOK TUMHUHA. B IO-
YepHEH LENH B 3TOM MECTe BCTpauBaeTCs
OCTATOK afeHMHA, M HaoOopoT. Amnano-
rmyHbIM 00pa3oM, eciiM B LENU-MaTpHLE
CTOMT OCTATOK ['YaHUHA, TO HANPOTHB HETO
B IovepHeil uenu OyneT BCTPOEH OCTATOK
UMTO3uHa, U HaobopoT. Takum obpasom,
nponykt JHK-noymmepasuoit peakuuu —
3TO OYIUIEKC ¢ KOMIIIEMEHTAPHO CIa PeHHbI-
MU ocHoBaHusmu, Ha puc. 28-8 cxematnye-
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CKM MIOKa3aHO, Kakyl0 poJlb Wrpaer B
JHK-nomimepa3soil peakuuM npencylle-
cteyromas [JHK.

INockosmky JHK-noymmepase neobxo-
IMMBI KaK 1eMb-3aTpaBKa, Tak ¥ cBoGoaAHas
IEMb-MaTPHIIa, 3TOT epMEHT He crocoben
OCYLLECTB/IATh PEeIUMKALMIO LeJION HAaTuB-
HOIt XPOMOCOMBI, €CJIH [1OCJIEHSAS SABNSETCA
IBYXLENOYEYHBIM KOJIbIIOM, OIHOLENOYEH-
HbIM KOJIbLIOM MJIM MHTAKTHBIM JIMHEHHBIM
IOYIIeKCOM, B KOTOPOM CNapeHbl BCe OCHO-
BaHus. B cBs3mn ¢ obsA3aTesbHBIM TpeboBa-
HueM ans pabotel JHK-mosmmepasbr 3a-
TPaBKM M MATPMUB! BO3HMKJIO MHOTO
NPUHIMIIMAJILHBIX BOIIPOCOB OTHOCUTEJILHO
MHALMAUXM M 3JIOHTalMU CUHTe3a wLenel
OHK.

28.7. na penmmkawmn JHK
Tpebyerca MHOro ¢epmMeHTOB
H OeakoBbix ¢aKTOpOB

Pannue uccnenosanus KopuGepra u ero
KOJUIET OTKPBUIM MyTb K MpsIMOMY H3yd4e-
Hmo pernmmkamvy [JHK, onHako u no ced
IIEHb y Hac HeT MOJIHOM M IeTaJbHON Kap-
THHBI [TPOLIECCa PETUIMKALIMY, JaXe B clydae
supycroit JIHK, o6pa3yroweit Bcero jmilb
omuy Heboymuryro xpomocomy. Ceroms
6naronaps ycuymam KopubGepra u MHOTHX
IPYTHX MCCIIeIOBaTeNIeH Mbl 3HaEM, YTO A
perHKanuu Heobxonuma He Toymko JJHK-
nonumMepasa. B aTom npouecce, no-suarmo-
My, ydacTByloT OoJbllle nBamuaTH pas-
JMYHBIX (GepMEHTOB U GeNKOB, KaX bl U3
KOTOPBIX BBIMOJIHAET OIpenesieHHy o QyHK-
uuro. Perumkaimsi cocTouT 43 Goimiloro
4UCJIa NOCJIEN0BATEJLHEIX ITANIOB, KOTODBIE
BKITIOYAIOT Y3HABAHKME TOMKM HayaJjla pelJm-
Kaluy, pacijleTaHue PpOANTEIILCKOTO Iy-
IJleKca, yAepKaHKe ero ueneit Ha 1oCTaTo4-
HOM DacCTOSiHAM ApPYr OT Opyra, WHHIIHA-
LHIO CHHTE3a HOBBIX [IOYEPHMX UeEMNei, MX
3JIOHTAL{I0, 3aKpyyHWBaHue LeENedl B CIM-
paJib ¥, HaKOHELl, TEPMUHALMIO peIlIHKa-
uug. Bce 3T 3Tanb!l mpolecca penJiMKamuu
MPOTEKAOT C OY€Hb BBICOKOM CKOPOCTBIO
¥ UCKIOYMTE/IbHON TOYHOCTHIO. Beck Kom-
nJIekc, coctosiumit 6olee yem U3 nBaALATH
pelUMKATUBHBIX (epMEHTOB M (PAKTODPOB,
HaseBaloT JIHK-penauxaiuoii cucmemot,
WM penaucomoii. PaccmMoTpum B 06X
YepTax OCHOBHbIE 3ITAMbI MPOLECCA PEIIH-
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KaluMy B TOM BHJIE, B KAKOM OHHM M3BECTHBI
HAM H4 CETOAHSALIHMI OeHb.

28.8. B xnerkax E. coli
NpHCYTCTBYET
Tp JAHK-noammepasni

Knetku E. coli conepxat TpH pa3yHuHBbIX
JOHK-nomumepasel, o6o3navaemsle I, 1I
u III (1abn. 28-1). Haubonee umpoko pac-
NpoCTpaHeHHas W3 HEX —310 [JHK-nonume-
pasa I, ToT ¢pepMenT, KOTOpELH 6bLI OMUCaH
poite. Xots KopuOepr mokasas, 4ro 310T
¢depmeHT criocobeH pelUIMUKPOBATH B NIPO-
6upke nemyno Monexyay JHK memxoro eu-
pyca $X174 ¢ o6pazoBaHueM GuosIormyecku
akTHBHOH nouepHeit [JHK, MBI 3HaemM, 41O
JHK-nomimepasa I -3710 He riasubiid dep-
MEHT, ocyluecTBisrolmit anonranuo JHK
B kietke. JJHK-nomumepasa I neitcteu-
TEJILHO MPUHHUMAET Y44aCcTHE B PerlidKaruy,
HO, KaK Mbl YBUAUM [103Ke, 0COOBIM 0Opa-
30M.

B uutakTHBIX KJeTkax E, coll 3a anoura-
umo nenu JITHK o1eevaer rnaeHbiM 0Gpa-
som JHK-nomimepasa III. Ona dyuknmo-

Tabauya 28-1. JHK-nomumepassl E. coliV

I 11 11

KaTtanusupye-
Masl aKTHBHOCTh
5" = 3-nonnme-

pa3Has + + +
5" = 3-3K30RHYyK-
Jlea3Has + - +
3’ — 5'-3K30HYK-
Jiea3Has + + +

Mounexynspras
macca

Yucno MOJekyn
¢depmenTa B
pacueTe Ha
KJIETKY

AKTUBHOCTb
(uucno npuco-
€OMHACMBIX HY-
KJIEOTHAOB 33
MMHYTY B pac-
4yeTe Ha OOHY
MOJEKyJly IpH
37°C)

109000 120000 400000

600 30 9000

1 U3 kumru: A, Kornberg, DNA Replication,
Freeman, San Francisco, 1980, p. 168.
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Puc. 28-9. Xonogepment IHK-nonmmepaser 111
Ou cocTouT U3 COOGCTBEHHO NoOnuUMepa3ssi (CyOB-
eIHHHLA 0) ¥ pada APYTHX cyOLeauHHIL

HUpPYeT B ¢opMe OOJBIIOTO KOMILJIEKCA
¢ Mol maccoit ~ 550000, maspiBaeMoro
xonodepmentom JIHK-nomumepasst 111
(puc. 28-9). DTOT KOMILIEKC CONEPKHT
B CBO€M cocTape MOH Zn? ¥ u tpebyet ans
paboTsl Hammuus nowos Mg2 *. Emy Takxke
HeoOXoaUMBLI MATpHIIA H 3aTpaBka, 0e3 Ko-
TOPBIX OH HE MOXET MHMUMMPOBATb Npo-
uecc perymkauuu. [ono6ro JHK-nosmme-
pa3e I, on yrumnaser JIHK B Hanpasnenuu
5 —3’, npucoenuuss HOBblE HYKIJIEOTHIbI
K 3-koHny uenm-zarpaBku. XonoepMeHT
COCTOMT M3 HECKOJIbKUX cyOberuHuL. CyOn-
envHMUa B, wum konoymmepa3sa 111, neobxo-
I[UMa U y3HABaHMS M CBA3BIBAHUSA LIENH-
3aTpaBKH, poJIb KOTOPO# BLINOJHAET poau-
Tesbekas JIHK. Kak ToJbKo XosiodepMenT
NPUCOEONHACTCA K TNPaBUJILHOMY MeECTy
MHMIManuy, Konmosmmepasa III BeicBoGo-
KOAETCA M3 KOMILJIEKCA. JNOHTALHIO LEnH
noyepuei JIHK ocymectsisieT ocTaBlmiics
xomieke JIHK-noymmepasei 111 O6a dep-
menTa — [JHK-noymmepasa I u JIHK-noym-
mepasa I1l-obGnanarot Tpems ¢epmenTa-
TUBHbBIMU akTHBHOCTAMU. Kpome mosmme-
pa3Hoi aKTUBHOCTH OHH UMEROT 5 —=3'- u
3" — 5-3k30Hykn€a3HbE AKTHBHOCTH, T.€.
OHH MOIYT OTILENJIATh KOHLEBLIE HYKJIEO-
TUObI ¢ moboro konua yend JJHK. Toaxe
MBI YBHIIMM, B YEM CMBIC] 3K30HYKJIEa3HbIX
aktuBHoctell JIHK-nosmmepas. @yuxuus
OHK-nommmepasn II noka wHewsBecTua.

Tenepp paccMOTpMM HEKOTOpbIE IIpPO-
OneMbl, KOTOpEIE BO3HMKAIOT NpU (HOpMU-
POBaHMH HANIMX NPENCTABJICHUH O PENJIHKa-
uuu JTHK.

28.9. OnnoBpemeHHan
pensinkauus obenx ueneii JJHK
co3/iaeT NpodJsieMnl

OpxHa u3 npobJieM CBsi3aHa C T€M, YTO
JAHK-nomMepasbl  ciocoOubl  Hpucoens-
HATHh HOBblé MOHOMEDPH! TOJIBKO K 3'-KOHIIy
JHK. M1 yxe BUzeJH, 9T0 pH pellivKa-
uuu xpomocoMsl E. coli 06e nenn B Mecte
HaXO0XIIEHUS PeIIMKaTHBHOHN BUIIKM peIlH-
UMPYOTC OJHOBpeMEHHO. B 10 e BpeMs
MBI 3HaeM, 4TO B aByxuenoyeysoit [1HK 1ie-
M4 aHTUMApaJUleJIbHBL. DT0 O3HAYAET, YTO
POCT IOYEpPHMX LIENEH Taxke NOJDKEH IMpo-
HCXOOMTh aHTHNapajnesbHO. B penymka-
THBHOM BMJIKE HaXoAATcsl 3'-KOHEU OmHOMN
pactyueif uenu u 5-koren npyroit. Us toro
yto JJHK-nojumepasa MoxeT INpucoenu-
HATE HYKJIEOTHIB TOJILKO K 3'-KOHIY M He
MOXET NPUCOEIMHATL UX K S'-KoHLy, Cie-
ayet, uto JHK-nmoymmepasa cnocoGua
YIAJIMHATL TOJILKO OOHY M3 JBYX pacTyIlMX
uenedl B HanpaBJICHUM ABHXEHUA pellJMKa-
TUBHO# BUJIKM. Torga BOSHUKAlOT BONPOCHL
BuITb MOXET, CYIIECTBYIOT J1Ba KJlacca
JHK-nioymmMepas, ¥ NpeacTaBuTesIM OOQHO-
IO M3 HHMX TPUCOEIMHSIOT OCTATKH TOJILKO
K 3’-KOH1ly, a APYroro —ToJIbKo K 5'-KoHy ?
N xe cymiectByeT Takas JIHK-nosmme-
pa3a, KOTOpas MOXET YIUIMHATh LEnb KaK
¢ §-, TaK ¥ ¢ 3'-xonua? WMim xe, HakoHew,
OIHA U3 UeNell permuuupyeTcs (epMeHTa-
MH, OBUIKYILMMMUCS B HallpaBJIEHUH, TIPOTH-
BOTIOJIOXKHOM HalpaBJICHUIO OBHXXEHHA pe-
MJIMKaTUBHOH BHIIKHM ?

28.10. OTkpuiTHE
dparmentoB Oxazaxu

OTBeT Ha Bce 3TH BONPOCHI [Aaflo BAXHOE
HaOmognenue, coesannoe Peitmxu Okasaku
u3 SInonum, KOTOpbId 0OHapyXUJ1, YTO B XO-
ne perymkauuu JHK E. coli u npyrux Gax-
Tepuii 60JbIIas 4acThb HOBOOOpa30BaHHOM
JAHK obuapyxusaercs B opme HeOOIb-
IIUX KYCKOB. 3TH KYCKM, MOJIyMMBIIME Ha-
3BaHue ¢ppazmermos Okxa3zaku, comepxat
npubymsutesbio 10002000  Hyxseo-
THAHBIX ocTaTXOB. OKa3aku NpearioIoKu,
YTO 3TH (pparMeHThl MPENCTABIOT CoOOi
kopoTkue oTpe3ku Mmonekyimsl JJHK, obpa-
3YIOLIMECS B Pe3yJibTaTe NpephIBUCTON pe-
IUMKaUMK M 3aTeM COEIMHSIOLIMECS NpYyr
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C IpyroM B OAHY wenb. bnaromapa 3Ttomy
OTKPBITHIO Y1a0Ch NIOKa3aThb, YTO OfHA M3
uened JJHK pennuuupyetcs nenpepwigho
B Hanpasneuuu 5’ — 3', T.e. B HanpaBneHUU
TIBUXEHUS PENIMKATHBHON BUIIKU ; 3Ty LIENb
Ha3bIBAKOT gedywjeil. Jpyras ke penb CHH-
Te3UpyeTcsl npepwigucmo ¢ 0Opa3oBaHMEM
KOPOTKHX ¢parMeHTOB, TAKXKE 3a CYeT NpH-
COEIMHEHUS HOBBIX MOHOMEPOB K 3'-KOHIly,
T.€. B HanpaBiCHHMH, NPOTHBOMONONKHOM
IBIJKCHUIO pEIIMKATUBHOM BMJIKM. 3aTeM
(parmMenThl OKa3aky ¢ NOMOLIBIO (hepMeEH-
TOB CLLMBAIOTCA NApYyr C OpPYroM, obpasys
BTOPYIO IOYEPHIOLO LIETIb, HA3bIBAEMYIO ONi-
cmaroweii (puc. 28-10). Kak nosxe 6bLio
nokasaHo, ¢pparMeHTol Okasaku oOpa3yroT-
Csl He TOJIbKO B OaKTepHaNbHbIX, HO U B XKH-
BOTHBIX KNETKaX, TIpaBia B MOCNEIHAX OHM
FOpa3sfio KOPOoYE —MX [UIMHA HE MPEBBILLAET
IBYXCOT HYKNEOTHIHBIX OCTaTKOB.

28.11. Inn cumurela
dparmenroB Oxazakn
neobxonnma PHK-3arpaBka

ITocne otkpuiTus (pparmMenToB OKaszaku
npobnema pennvkauuu JJHK ocnoxuunach
B erie Obosm1nei crenenu. ITockormbky JJHK-
MOJIMMEpas3a He CIOCOOHA MHWUMKMpOBATDH
HOBYIO LIENb, OCTABAJOCh HEMOHSTHLIM, Ka-
KUM 00pa3oM HHUIMUPYETCS Ka>k[bld K3
¢parmenTos Oxazaku ? Heoxnnanno oOHa-
PYXHUIOCH, 4TO AJ11 oOpasoBatus ¢parmeH-
T0B OKa3aku B KNETOYHBIX 3KCTpaKTax He-
ob6xomuMo mpucyTcTBHE He TOJbKe dATP,
dGTP, dCTP »n dTTP, Ho Takke u cMecu
pubonykneo3un-y-Tpudocdatos (ATP,
GTP, CTP u UTP). 310 ¥ apyrue nabmo-
LCHUS HaBEJIM Ha MbICIb, 4TO JJIs CHHTe3a
JHK kakuM-To 06pa3oM HEOOXOMMM CHH-
1e3 PHK.

B KkoHIIE KOHIIOB OKa3a510Ch, YTO TAK OHO
u ectb. J1ns cunTesa pparmeHTOB OKa3aku
B Ka4eCTBe 3aTPaBOK TPEOYIOTCH, KaK BbIAC-
HUJI0Ch, KOpoTkUe oTpe3ku PHK, komme-
MeHTapibie MaTpuuHoit nend JIHK. DTa
PHK o6pa3syetcs B HanpabieHnn 5 — 3’ u3
ATP, GTP, CTP u UTP ¢ nomMoupo ¢ep-
MEHTA, Ha3biBaeMoro rpumasoti. K 3’-koHiy
3TOM KOopoTkoll omHouenoueyHoit PHK-3a-
TpPaBKM ¥ [IPUCOEUHSIIOTCA [PYT 3a APYIroM
1€30KCHPUOOHYKJICOTHAHBIE OCTATKH, KOM-
nneMmeHTapasie  penu-matpuue  JHK.

O6brano PHK-3aTpaBka coctouT BCEro
JIMIIb U3 HECKOJbKMX PUOOHYKIEOTHIHBIX
octaTkoB (puc. 28-11), Kk KOTOpBIM 3aTeM
JHK-nomimepasa  III  npucoeauuser
1000-2000 LE30KCUPHOOHYKNCOTHIHBIX
OCTaTKOB, ¥ B pe3yJbTaTe 0Opasyetcs dpar-
meHT Okaszaku. EctecTBeHHO, HYKNeOTH[-
Hasi NOC/IeI0BATeILHOCTh HOBOCHHTE3UPO-
BaHHOro (pparMeHTa OKa3aky KOMILIEMEH-
TapHa HYKJIEOTHIHON NOoCneI0BaTeILHOCTH
COOTBETCTBYIOIIETO  Y4acTKa  LEMU-Ma-
Tpuuel. Ilocne 3aBepluenus cuntesa ¢par-
meHTa Okazaku PHK-3atpapka ynansercs,

r I3

w,
w

Hanparnenue
[OBWKEHUR
penmkaTHpHOR
BUJIKH

JITTTT]

DparmMeHTb!
Okazaku

3’ 5 :\
Beaywas
tenb

OrcTawu@asn
uens

Puc. 28-10. TMpepeIBUCTas penyHKaLmsa OJHON H3
weneti JIHK B Buge xopotkux ¢pparmMentos. Llens,
XOoTOpas PenJIMLMPYETCs HeNpepbiBHO (B Hanpas-
JIEHMH ABHKEHMs PENJIMKATHBHON BHIIKM), Ha3wBa-
ercs BeAyiwel. Jipyras nens pennuimpyeTcs c ne-
pepEIBAMM, B BUfiE KOPOTKHK QparMenToB ((ppar-
MeuTsl OKa3akH); HanpaBJieHHE €€ PENIHKaLHU
NPOTUBONOJIOKHO HANPABJICHHIO JIBMXEHHS perliu-
xatupuoi Bunku. @parMentel Oxa3aku coenuus-
10TCA 38TeM APYyT € Apyrom c noMoumnio JHK-
nHrassl, 06pa3ys OTCTamOLLYIO liens, Y NPOKapHOT
¢parments! Oxa3zaku JocTMraloT aikHbl 1000—
2000 Hyx1eOTHAOB. B %HBOTHBIX KNIETKaX OHH CO-
nepxat 150-200 vyxneoTuios.
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3
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_
5" _]
Kopotkas PHK-
JaTpaska
dparmeHT
matpuuroll JIHK
Komnnemettaphbili

¢dparment Okadakn
{1000—2000 ocHoBaruii)

Puc. 28-11. Vuactve xopoTKOro ¢pparMedTa KOMm-
nemenTapHoit PHK B kauecTse 3aTpaBKH NpH CHH-
Teae ¢pparmeuToB Oxazaku. Cuntes atoit PHK xa-
Tanu3IupyeTcs NpUMaloH, Ans ne#CTBUA KOTOpO#
3aTpaBKa He TpebyeTca.

HYKJIEOTH 3a HYKNEOTHIOM, ¢ MOMOLIBIO
§' — 3’-3k3onyknea3noi akrnpHOCcTH JJHK-
noymmepasbl 1. Ilo Mepe oTtuienyienus pu-
GOHYKNEOTHAHEIX MOHOMEPOB KaXIbl u3
HMX 3aMELLAeTCs Ha COOTBETCTBYHOLMEH
IEe30KCUPHOOHYKNEOTHN B XO€ NOJIMMEpas3-
HO#t peakuum, ocyiecteiasemoi J1HK-no-
miMepasol [; mpu 3ToM B kayecTBe 3aTpas-
Kd MCHOJb3yeTcs 3'-KOHel NpPenbIoyLiero
¢parmenta Oxkaszaxu. Ognako JJHK-nomm-
Mepasa 1 HE MOXKET COBEPLUMTD IOCIIEIHEE
KOBaJICHTHOE MNpucoennHeHue ¢parMeHTa
Oka3zaku k pactyiueit nenu JAHK; nns 31o-
ro Tpebyercs npyroit gepmenT.

28.12. ®parmentsi Okazakn
COETHHRIOTCH JIPYT € apyroM
npu nomoum JIHK-/mrase:

Hosbhi ¢parment Okazaku IpHcoemm-
ugetcs Kk otcratome#r uenu JIHK ¢ mo-
moupio pepmenta JJHK-nurasel, Kotopelii

U TPAHCKPHIILIMA OHK 905

KaTtaJi3upyeT oopa3oBanue dochonuadpup-
HOH CBA3M Mexay 3'-TUIpOKCUITLHOM rpyn-
noii Ha xonue JHK, nonnexaieit yomue-
HuIO, ¥ 5'-¢ocdaTHON rpynnoil HOBOCUHTE-
3upoBaHHOro ¢parmenta Oka3saku. Obpa-
30BaHME 3TOK CBA3u TpeOyeT 3aTpaThl
3HEepPruM, KOTopas NOCTaBJAETCA B XONE CO-
NpsKCHHOTo rupponusa nupodocdaTHOR
ceasu NAD* (B OGakTepuasIbHLIX KJIETKAX)
um  ATP (B XWBOTHBIX  KJETKax)
(puc. 28-12). JHK-ymrazuas peakuus, Me-

’

L'I\
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Orcratomas __,
uenb

, MaTpuunas
3 OH lenb
CumbaeMbie

KOHIIbI 5 ’ ®/

Hoewift hparment
Oxadaku

T T

’ ’

3
ATP AHk-=mirasa
AMI + PP.' (syKapuoTHieckas)

wv

w
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1

fipucoenurerune
3aBepUeHO

—_

OO T

’

w
~
wv

Puc. 28-12, [Mpurcoenutenue ¢parmenta Oxazaxu
X oTcrarowlei uenu, xatamuiupyemoe JHK-nura-
308, JIBa HYKJIEOTHIA, KOTOPRIE HAIJIEXHUT COEH-
HUTb, OOJKHBI ObITb KOMIJIEMEHTAPHBI MATDHY-
Ho# uenH. Ha caMOM Jienie peakus NPpOTEKAET B
HECKOJILKO 3TanoB.
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XaHH3M KOTOPOit JOBONLHO CIIOXEH, ITPOTe-
KaeT Haubonee 3()dekTHBHO B Tex Ciyuasx,
Korga gBa ¢parmMeHTa, KOTOpPBIE CledyeT
COEOHHUTbL OPYr C HOpPYroM, IIOJHOCTBIO
KOMILIEMEHTapHBI MaTpuyHol nem JIHK.
Kax mp1 yBuaum amxke (ri. 30), JHK-nu-
rasa BLIIOJHSAET U Ipyrue (QyHKUMW, CBSH-
3aHHBIE C COEOHWHEHHUEM (PparMeHToB.

28.13. [Ian penjmkanmu

HeoDX0MMO

¢u3HYecKoe pa3zliesieHHe wenei
poauresbekoi  asyxuenoyeqHoi JIHK

MBI yxe Bugemy, YTO KOJIbLEBasi IByXIe-
novyeyHas JJHK pennuuupyetrcs omHoBpe-
MEHHO B O0OMX HalpaBIIEHUSX, TaK YTO ABE
peIUMKaTHBHEIE BHJIKM  IepeMeLIaroTes
BAOJb KOJBIEBOW XpPOMOCOMBI HaBCTpEYY
Ipyr npyry. Ecou Mel Teneph BCIIOMHMM,
470 aBoiiHas cupans JHK npencrasiser
coboif MIOTHO CKpy4eHHYIO CTDPYKTYpY
H YTO KOJHpYIOILE OCHOBaHUS HaXOOATCH
BHYTPH CIMpaiH, TO CTaHET SCHO: YTOOBI
permuupyroume JJHK depmenTs cMorm
«IpOYMTaTb» HYKJIEOTHOHYIO IIOCNEIOBa-
TEILHOCTh MATPHIBI, LEMM POIUTEILCKOM
JHK nosoxHe! GBITh pa3neneHs! XoTs Okl Ha
KOPOTKOM yuacTke. Jlaxe ecin bakTepuas-
Hag JJHK oTpuiaTensHO CBepXCITHPaIn30-
BaHa, T.e€. yXe CIeTka packpyyeHa, o Mepe
IOBIDKEHVS PETUTMKaTUBHOM BHUIIKM BIIEpEN

OHa JOJDKHA JOIIOHUTEHHO
PpACIINETATCH,
PackpyymBanue  geoifHoH  crmpanm

U yOepXaHue IOByX wnerneff Ha HEKOTOpOM
pACCTOSIHMH Opyr OT Apyra, 4Tobnl OHH
MOIJIH PeIUTMIMPOBATLCA, OCYLIECTBIIAETCS
NIPH TIOMOIUM HECKONbKUX CIEUMATbHBIX
GemxoB (puc. 28-13). ©epMeHTLI, H3BECTHEIE
ol Ha3BaHUEM Xxeauka3s (helicase, oT cnoBa
helix ~crmpams), pacnneTaroT KOPOTKHE
yaactkd JIHK, Haxonsimmecs Hemocpen-
CTBEHHO Ilepen PEIJMKATHBHON BWIKOM.
Jna packpyaupanus JJHK 1peGyercs 3nep-
rvs. Ha pasnenenue xaxnoll napel ocHOBa-
HHH pacxoJyeTcsl SHeprus rMIposiu3a OByX
monekyn ATP mo ADP u docdarta. Kax
TOMbKO Hebomsinoit yuactoxk JHK okaswi-
BAETCS PacITIETEHHBIM, K KaXIO0H U3 pa3ne-
JIMBLIMXCS LETel MPOYHO MPUCOEAMHSIOTCS
Heckomsko Monekyn [IHK-ceaswiearouezo
6esxa (JICB), kxoTopele NpENATCTBYIOT

Hanpasnerne
ABYNEHHA
penayuxaTHBHOM

BUJIKH JHK-rupa3a

ATP
ADP + P,

JHK-cea3biBatoume
6enkn (JICB)

Xenwxada

PHK-3aTpaska
Komnaexe JHK- P

nosuMepadbt 111 [piasa

JABK-noamepaza 11
HAYUMHAET CHHTE3 OT
PHK-3aTpaBk#

Yaaserne PHK-
3ETPABKH H

3gMellenue ee

e30KCHPHOOHYK ~

Cumpansne JHK- /
nurasoft

\Beyyues Orcratomas
yernb Lelb

Puc. 28-13. CxemaTHiecKoe H300paxeHHne OCHOB-
umix 31anos pennuxanui JJHK. CymectsyeT nexo-
Topafi HEOTIPENENEHHOCTh OTHOCHTEILHO TOYHOTO
mecta neficreus JHK-rupasks.

o0pa3oBaHMI0 KOMIJIEMEHTApHBIX  nap
U obpaTHOMYy BOccoemuHeHNIo ueneif. bia-
rogaps 3TOMy HYKIICOTHIOHBIE NOCJIENOBA-
TemsHocT neneit JIHK okasbBarorcst no-
CTYNHLIMH I PEeNJIMKAaTHBHOW CUCTEMBL
JHK-nomiMepa3a MOXET HENOCPEICTBEH-
HO YXJIMHATDb BEXYLUYIO Lerb, Dobasias k ee
J¥-KoHLy HOBLIE HykJeoTHILL. [pyrue che-
nududecxue OeJIkK IoMoraroT npuMase Io-
Jy4uTb OOCTYII K MATpULE I OTCTaroLek
nenu. B pesympsTare npuMasa nosy4aeT Bo3-
MOXHOCTb CBfI3BIBATLCSE C OTCTAOILEH
uensio u cuHTesuposaTs PHK-3aTtpaBkn
ans ¢parmenToB Okxa3saku. Pacriueranue
JOHK -oma u3 Haubonee HMHTEpeCHBIX H
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B TO )€ BpeMsa Haubolee CIOKHBIX IIPoO-
6nem permxauuu JHK. IpencrouT ee
MHOIO cHOellaTbh, Hpexae 4YeM Mbl moi-
MEM, KaK KHBasl KJeTKa pellaeT 3Ty Mexa-
HHYECKYI0O H OHOXMMMYeCKYHo mnpobnemy.
Ha puc. 28-13 yka3aHBl OCHOBHBIE GelNKH,
Heobxomumble mns  perymkauur  JHK.

Brictpoe packpyiuBaHue Lemne#t poau-
Teapckoit THK B mpouecce permikanuu
(4500 06/mMuH) mopoXaaeT elLle OAHY IIpo-
61eMy, KOTOpasi COCTOMT B TOM, 4TO IIPH OT-
CYTCTBHM  CIENMaJlbHOIO  IIAPHUPHOTO
ycTpoicTBa BCsi XpOMOCOMA, PaclioNOXEH-
Hasl BIIEPEIH PEIMKaTHBHOM BHJIKH, NOJDK-
Ha BpalllaTbCsi C Takoff e CKOPOCTBHIO.
Ilpennonararot, uro M36exaTh 3TOro Io-
MoraeT KieTke mwapHup B JIHK (BozmoxHo,
NpsAMO TIEPEN pernIMKaTUBHOR BHIIKO#), Gna-
rogaps KOTOpoMy BpalllaTbes ¢ Gobinoit
CKOPOCTbIO IPUXOOUTCH TOJIBKO KOPOTKO-
My yuactky JHK. 910 mMoxer 6vITh HO-
CTHTHYTO 32 CYeT KpaTKOBPEMEHHOIO pas-
peiBa omHol u3 nene#t JTHK, xoTtopslit
OYeHs OBICTPO M TOYMHO BOCCTRHABJIMBAETCS
[oCJIE OMHOTO HMJIM HECKONBKHX 0BOpPOTOB.
KpaTkoBpeMeHHBIE pa3phIBLI B BOCCOEIH-
HEHHSl OCYLUECTBILFOTCS (PEPMEHTaMH, H3-
BECTHBIMH I10J] Ha3BaHHEM TOIIOM3OMEpa3.
VY npokapHoT TONOH30Mepa3a Ha3bIBaeTCH
A HK-2upasoili (0T aHriL gyration-—Bpalue-
HHE). ITOT PepMEHT HE TOMLKO ITO3BOJIAET
JAHK BpamaTtscsi, HO U aKTHBHO 3aKpy“H-
BacT e€ B HAIIPaBJICHUH, GIIaronpHATCTBYIO-
LLEM pACIIIETaHHIO Lelleil MaTpULBI B palio-
HE peIUMKaTHBHOM BHJIKK. TakuM o6pa3om,
rupa3a NOMOTaeT XeJMKa3e pPacKpyvHBaTh
AHK nng ee penymkauue. 3akpy4HBaHHE
JAHK c noMoiupio rupass! B CONPsHKEHHbIN
€ 3TUM npoueccoM runposms ATP go ADP
u Py, 06ycnoBmBaloT cBepXcHpabHOE CO-
CTosiHMEe XpoMocoMbi. Braromaps rupase
bce komsnepble JIHK GaktepuanbHbIX Kile-
TOK NOANEPXHMBAIOTCA B CBEPXCIMPAJIbHOR
dopme (puc. 28-14).

ITo Mepe Toro xak pennMkaTUBHAS CHCTeE-
Ma JMKBUOMpyeT pa3phIBEl B OTCTaroLieit
LellM, OHa ABHXETCA BIONL PEIMUHMPYIO-
wieiics JJTHK. JIBe HOBBIE e coeuHSOT-
CSl CO CBOHMM KOMIIJIEMEHTAPHBIMH LEIIs-
MH-MaTpHLAMH aBTOMaTHYecKH, o0pa3ys
JIBE I0YEPHUE ABOHBIE CIIMPAJTH, Kaxdas U3
KOTOPBIX COLNEPKUT OfHY POAHUTENILCKYIO
‘M OfHY HOBOCHHTE3HPOBaHHYIO n€mb. [
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Penaxcyposaritias
xoabuesan JHK

ATP
) /IHK-rupasa
ADP+ P,

CeepXcnHpabHBR
konbliesas JTHK

Puc. 28-14. O6pa3zoraHHe oTpHIATEILHBIX CBEPX-
BHTKOB noa aeftcreHem JHK-rupasul. Heobxomm-
Masi A7 3TOro npoliecca IHEPIHR ocBoboxknaeTcs
B peaysTate riaponusa ATP. IHK-rupesa nene-
eT b oaHoit u3 ueneit THK paspsie. Yepes oTkpsip-
wyrocs Gpelib BRIXODHT HHTAKTHAR LieNb, NOCne
HEro KOHLB! pas’opsaHHOM LenH CILHBAIOTCH TeM
we GepMEHTOM.

06pa30BaHKs HOBBIX CrMpaleli He TpebyeT-
CSl HH 3aTpaT SHEPIUH, HM y4acTHs KaKoro-
60 «3aKpyvIUBArOLIEro» (pepMEHTA.

28.14. JHK-nosmmMepa3bl MOTyT
HAXOOHTb H HCTIPABIATH OIIHOKH

BrIn0 ycTaHOBNEHO, 9TO 4acTOTa OLMBOK
mpu penmukauuu JHK E. coli He mpeBbl-
maet 1 Ha 10°-10*° mykneotunos. Ilo-
ckomeKy XpoMocoma E. coli conepxut mpu-
6ymsutensHo 4,5-10° map ocHoBauuii, Ha
10000 xNeTOK, MpEeTEPHEBIINX OOMH LUKII
JeJIeHUs!, BCTPAUBAETCA BCETO OOMH Henpa-
BHJILHBIA HykJieoTn. Jlonroe speMs cyuTa-
JIOCh, 4TO CTOJIb BBICOKAs CTENEHL TOYHOCTH
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BOCTIPOM3BEEHHS TeHETIMECKOH MHPOpMa-
UHH LEJIMKOM OIPEAENSeTCsi TOYHOCThIO
YOTCOH-KPHKOBCKOTO CrAPUBAHUST  MEXy
MaTpHYHOM M HOBOOOpAa30BaHHOM (noOYep-
Heii) 1ensiMK, OJHAKO B Pe3yJIbTATE NOCJIE-
AYIOILUETO aHaJIM3a BLISICHHJIOCh, YTO E€CJH
OBl TOYHOCTH penyMKalMi 3aBHCEA HCKITO-
YUTEJILHO OT IIPAaBUIILHOCTH CIAPHBAHUS
OCHOBaHHM#i, TO YacToTa onmboKk Owniyia Obl
3HAYMTENILHO BhILIE — MPpHOM3KTENLHO | Ha
10*-10° octaTkoB. CrieoBaTe/IbHO, 4TOObI
OO BSCHUTD TAKYIO HU3KYIO YACTOTY OLUHBOK
IpU pemymKkaluM in  vivo, HeoGxoammo

’
S Henpasunbrbid
HYKAEOTHA,

BONOPOAHBIC
|- cenron He

|— obBpadywTch
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_HYKNeoTna
/

f

Pacuennenne
1°-9K30HyKJeasoh

AHK-no.thMepa’a

Hanpaesenue
pefsKaun

ﬂpaﬂnn (i)
criapenHie
HYXTEOTHAD
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TT I T T ITTTTTlH

STITITTTITITTI

’ r 3 ’ 5 -’
HHK-nommepasa JHK-nommmepi 1a
BOIBPAMACTLH

BCTpaMBAET
HAZE W yoANFeT npapuaLits
HelpaBusLRsR HYRJIEOTHA W

HYKAEOTHI! po»00HODIRET
nemolibo croeh PpeUIMKatink:

3% akaonyKacHok

AKTHNIOCTH

w

] 5
AHK-rionunepa sa
RLUTpaUEAeT
enparuabHbH
HYKNEOTH

NPEONOJIOKHUTE YHYACTHE B IIPOLIECCE PEeTIIH-
Kalli¥ €L1e KAKOIO~TO OTHOIO UJIH HECKOITh-
KMX (akTOpoB.

Bosee neraimHOE M3y4eHHE CBOWCTB Bbl-
cokoouuienubix JAHK-nomiMepas nosso-
JMJIO NOJyYuTh MO KpaiHed Mepe 4ua-
CTUYHLIA OTBET HA BOIPOC O NpHpoJe ITHX
dakTopoB. Hanomuum, yto JIHK-nomme-
pa3bl I u 111 obnafaroT Tpemst pa3sIHiHBIMH
(hEepMEHTATHBHBIMH  aKTHBHOCTAMH. MBI
y*e Bune M, kak GepMeHT QYHKLIMOHNPYET
B KQueCTBE MOJMMEpa3bl, & TAKXKE KAK OH
MOXET YAalATb HYKJICOTHAHBIE OCTATKH
¢ 5'-xoHua ¢pparmenta JJHK. Onnako 3'-3k-
30Hyknea3Has aktusHocTh JHK-nomme-
pa3 I u 11l ouens O3anavmpalla Yccenosa-
Teslei, ubo oHa O3Hauaya, 4TO ITH Chep-
MEHTHI CIOCODOHBI «IATHTLCHY, OTILENJIAS
3-KOHLEBbIE HYKJIEOTHLH! B HANPABNEHUM,
NPOTHBOIIOJIOXKHOM TOMY, B KOTOPOM OHM
NeUCTBYIOT KaK MOJMMEpPasbl. 3'-3K30HY-
Kiea3nasi aktuBHOcTh JIHK-noymmepas 1

YACTb 1V. MEXAHU3MBI NMEPEJAYHU TEHETUYECKON HHOOPMALIMKU

n III-3To cpeaCTBO IIPOBEPKH HOBOCHMHTE-
auposandod e JHK u wmcnpaprnenus
OUIHOOK, ClENaHHBIX (PepMEHTOM IpH ero
pabote B kKadecTBe noJiMMepa3sbl Ecim
AHK-nmoymMepasa  BCTpauBaeT — Herpa-
BUITLHEIR HYKJIEOTHII, TO (PEPMEHT €aM MO-
KET Pacro3HaTh HecrocobHOCTL 3TOTO Hy-
kyeoTuna obpa3oBaTh NMPaBHIbHYHO Hapy
€ COOTBETCTBYIOLUMM HYKJIEOTMAOM Ma-
Tpuubl (puc. 28-15). B 31OM ciyvyae dep-
MEHT BO3BpAILA€TCsi Ha3ad M OTLUENnJseT
HENpaBUJTLHBIA HYKJICOTH/I € 3'-KOHIA LenH,
MOCTIE 9€ro NoJmMMepasa MpooIDKAET IIpy-

Npasyneret
HYKJPOTH

Puc. 28-15. Ucnpagnenre owHOO0K ¢ nomouibio 3'-
3x30nyknea3toii akmusHocTH JJHK-nomnmepasbl.

COEAVHSTh TIPABHIILHBIE HYKJIEOTHABI, T.€.
BO306HOBJIRET CBOE OOBIMHOE TPOBIKEHHE
B HanpaByieHun 5’ — 3'. Takum o6pa3omM, no
Mepe nepeMeIlieHysi pelIMKaTHBHON BHJIKH
BOJTL MATPHLIbI OCYLIECTBIIAETCS IIPOBEPKa
KaXJIOTO0 BCTPOEHHOro HykjneoTuna. Kop-
pextupytomtee  aeiicteie  JJHK-nomime-
pa3bl odeHb 3(dexkTuBHO; OrMaronaps eMy
TOYHOCTh PEMJIMKALMH MOBBLILIAETCS Kak
MuHuMYM B 10% pas. Cymmaphas owmnbka
BO3HUKAET B pe3ysibTaTe OLIMOOK, nomy-
ckaeMmbIX (pepMeHTOM B XOIE IOJIMMEpH3a-
LMK ¥ B ITpOLIECCE VICTIPABJIEHHs UX IIPH KOP-
PEKTHPOBKE; OHA HE [MPEBLILIAET OJHOM
oumbku Ha 10°-10'° HykeoTHaHbIX OCTaT-
KOB.

Ouedb BaKHO OTMETHTb, YTO MPOLIECC pe-
IUTMKALMY NPOTEKAET CO 3HauMTe/bHO Oo-
Jiee BLICOKOM CTeleHbI0 TOYHOCTH, 9eM Ipo-
UECCHl  TPAHCKPUMIIMM W TPAHCITALIHM.
Yactoie ownbky B pelauKauvuy NMOXBEPI U
6561 BONLIIOMY PHMCKY COXpPaHHOCTb BHIOB
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W HMX KU3HECIOCOOHOCTh. OumbKH ke
B TPaHCKPHILIUN W TPAHCIALUMU TIOpaszio
MEHEE ONAacHbI, TOCKOJILKY OHH BIMAKOT Ha
obpazoanne PHK mm 6enxa TONBKO
B OJTHOW KJIETKE M HE U3MEHSIOT BCIO II0CIIE-
nyrolyro ponociosHyio Braa. Koppekma-
poeka ¢ nomouwmrp JHK-nomimepaser—
3TO, BEPOSTHO, JMILL OMH U3 MyTei, obec-
NEYUBAIOLIMX BBICOKYHO TOYHOCTH PEIJMKa-
mvH. BO3MOXHO, UCKITIOYMTEIILHO CIIOKHAS
OpraHmM3aldsi pPenJIMKaTUBHOTO IIpoilecca
M yYaCTHE B HEM MHOXECTBa O€NkOB HEO6-
XOJIMMBbI JJIs1 JOCTH)XEHHS HMEHHO 3TOH 1e-
J. HuTepecHo, 470 HEKOTOPbIE
sykapuotuuecke JJHK-nomimepasm He
OCYLUECTBIIAIOT KOppekTHpOBKYy. Ilo-Bunm-
MOMY, 3YKapHOThLI 06ecnevnBaroT TOYHOCTh
Y HaZIEOKHOCTH MPOLIECCA PENJMKALMHU € 10-
MOULIBIO KaKUX-TO APYTMX CPencTs.

28.15. Pennuxanus
B JYKapPHOTHYECKHX KieTKax
NPOTEKAET OCOOEHHO CJIOKHO

Ilponecc penymkauuyM 3yKapHOTHYECKON
JHK HECOMHEHHO nOJUKEH MPOTEKATH Io-
pa3no cinoxHee, deMm perumkaimsa JIHK
E. coli, NOCKOJbKY B 3YKapHUOTHMECKHX KJIET-
Kax OOHOBPEMEHHO peILIMLMpYeTcs 60.Jmb-
11O€ IHCITO XPOMOCOM, pa3Mep KOTOPBIX Cy-
[IECTBEHHO MPEBBINAET pa3Mep IIpOKapuo-
THUECKOR xpoMocombl. K ToMy ke, B cumy
TOTO, YTO KOPOTKHE y4aCTKU 3YKapHOTHYE-
cxoit JTHK o6BHTBI BOKpYr GENKOBBIX 4a-
cmil, o6pa3ysi HYKJIEOCOMBI, KOTOPBIE
B CBOIO O4YepPEdb IUTOTHO YJIOXKEHBH! B CIIH-
panbHylo cTpykrypy (pasa. 27.20), perm-
xarms atoit JIHK mommmo packpyuuBanns
AHK, obecneunparoero 10CTynHOCTL OC-
HOBaHWH, JOJDKHA CONPOBOXAATbCH €Ille
MEXAHHYECKUMH ¥ T€OMETPHYECKHMH H3ME-
HeHuAMH cTpykrypel JIHK.

XoTsi MBI NOKA €lIe O4€Hh MAJI0 3HAEM
O KOHKPETHBIX 3Tanmax u (pepMEHTaTUBHBIX
¢dakTopax, HeOGX OIMMBIX [1JI1 OCYLLIECTBJIE-
HHSl 3THX [penBapUTEsbHBIX HPOLECCOB
B 3YKAPUOTHYECKHX KJIETKax, DAA HAHHBIX
CBUAETELCTBYET O TOM, HYTO OCHOBHBIC
(epMEHTAaTHBHEIE TPOMECCH  CODCTBEHHO
penyMkanyu syxapuoruueckoit J1HK, kom
ckopo 3ta JIHK «packpeita» ¥ nocrynHa
[IO/TMMEPa3aM, HMEIT MHOro obmero
C aHAJOTMYHbIMK MpOLECCAMHM Y IpoOKa-
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pUOT. DyKapHOTHYECKUE si/ipa COAep)ar
JHK-nonumepassl, JHK-mrasy u pas-
HOOOpa3uble pacruteTaromue (HepMEHTEI
n bemkn. Dykapuoruueckasi JIHK Takxe
peIMuupyeTcs IOCPeacTBOM (parMeHTOB
Oxa3zaku, KOTOPbIE rOpa3fo KOpO4E, 4YeM
B bakTepwsx, HO WHHIVHPYIOTCSH TaKKe
¢ nomouusto PHK-3aTpaBok. Pacuers! no-
Ka’allM, 4TO B KJIETKAX MJICKOMHUTAFOIIIUX
CKOPOCTb JIBI)KEHUS PENJIMKATHBHBIX BUJTOK
coCTapyisieT JHMWL Okojo 60 ocHoBanwit
B CEKYHTY. I MeHee 1 mxm/muH. OnHako,
KaK Mbl y)ke YIIOMHHaIH (puc. 28-4), B 3yka-
PpHOTHHECKHX XPOMOCOMAX OIOHOBPEMEHHO
paboTaroT THICAYM HITH aXe GOJblee vrc-
JIO PEIUTMKATHBHBLIX BUWJIOK.

28.16. T'eHnl TpaHCKPHOUPYIOTCH
¢ oOpazosanuem PHK

Ob6paruMes Ternepes K ClIeayIoIEMy OC-
HOBHOMY 3Tally B MEpeA¥e IreHETU4ECKOM
nrbOpMaLIHY, & HMEHHO K MPpAaHCKpunyuu
conepxarueiica B JIHK remervueckoit vm-
dopmarmm B popmy PHK. B aTom npouecce
C NOMOIBIO (DEPMEHTHOM CHCTEMBI IPOHC-
xonuT cuHTed nend PHK, nykneoruanas
MOCTIEAOBATEILHOCTD KOTOPOi KOMILITEMEH-
TapHa NOCNENOBATEILHOCTH OOHOM W3 ue-
neid JJHK. TpaHckpunuus noJDKHa oOcy-
LIECTBIIATLCS TOYHO, TNOCKOJIBKY KJIETKe
HY)XHbI B€JIKM ¢ HOPMaJIbHOM T'€HETHYECKH
ZJETEPMHHHPOBAHHOM HOCIIENOBATE -
HOCTBEO aMUHOKHCIIOT. B pesyibtare Tpas-
ckpunumm obpasyrorcs Tpu knacca PHK.
Bo-nepBbix, 310  Mampuumas  PHK
(MPHK), xoTopas nocrynaer B pubocomMsi
M TaM HANpaBJIfe€T CHMHTE3 OIHOTO HIM HE-
CKOJIbKUX ITOJIMIMENTHIOB, AMMHOKUCIIOTHAN
NOCJIENIOBATENILHOCTh KOTOPLIX ObLIa 3aK0-
JVIPOBaHAa Fr€HOM MJIM IpyIINof reHOB B Xpo-
mocome. Okono 90-95% xpomocoms! E. coli
xonupyetr MarpuuHeie PHK. Ocramsuasg
4acTb -XpPOMOCOMBI  KOOWPYET  TpPaHC-
noptHele 1 pubocomusle PHK, a Tawoke
BKJTIOYAET PEryJIATOPHLIE I110CIENOBATENL-
HOCTM, JIMIEpHI, CHEHCEPs] U XBOCTOBBIE
NOCJIEAOBATEILHOCTH.

Mexy nponeccaMu perMKanvi U TpaH-
CKPHILMK CYLUECTBYET BAXKHOE pa3jIH4ue.
B nponecce perymkammM KOMMPYeTCsi BCA
xpomocoma u obpasyrorcs nouepuue JIHK,
vneHTHuHble poauterbekoin JHK. Ilpu
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TPaHCKPHUIILUY ke He 00s13aTeNbHO TOJDKHA
TpaHCKpHOHMpOBaThes BCA KileTouHas JJHK.
Hampotue, 06bMHO TpaHCKpuUOHpyIOTCS
JIMIIL OTHENIbHbIE TEHBI MITH I'PYNNEI T'€HOB.
TakuM 00pa3oM, mpouecc TPaHCKPHUTILKU
JAHK npotekaer H36HpaTe/bHO, OH OOJDKEH
HAIPaBJIATECA OCOOBIMH  PEryNATOPHBIMH
NOCTIENOBATEILHOCTAMY,  YKa3bIBAFOILMMH
Ha4ano u xoHen ysacrkos JAHK, nonnexa-
LOHX TPaHCKPUITUKH.

28.17. Marpaunnie PHK
KOAHPYIOT NO/MNeNTHAHbIE Heln

Meicms 0 TOM, 4TO Kakoi-to Braa PHK
HECET TEHETMYECKYIO HH(pOpMalnmMIo s
6uocunTesa Oesika, ObLIa NEPBOHAYANLHO
BbICKa3aHa Ha OCHOBAHUH TOTO, 4TO Yy 3yKa-
puor moutn Bces JHK cocpenorouena
B f/Ipe, B TO BPEMS KaK CHHTE3 6€nka npore-
KaeT IJaBHbIM 06pa3oM B LUTONMNA3ME Ha
pubocomax. CrnenoBaTeNbHO, KaKaf-TO Ma-
KpoMoJiekyJia, orsimynas ot JHK, momxHa
NEPEHOCHTh TEHETHYECKYI0 uHG)OpMaIHIo
oT fapa k pubocoMaM. JlormueckuM kaHau-
naToMm Ha 3Ty poJib 6bra PHK, nockonnky
ec OOHapYXHUJH U B A4pe, X B [UTOMNIA3ME.
Bruto Takke OTMEYEHO, YTO HAYAll0 CHHTE-
3a Genka B KIIETKE CONPOBOXXNACTCH YBEIH-
yenneM copepxanuss PHK B umromnasme
U YBEJUYCHHEM CKOPOCTH €€ OOHOBJIEHMS.
ITH U apyrue HabnroneHus npusens Opex-
cuca Kpuxa x npennosoxeHuIo (CTasiueMy
49aCTHIO LEHTPAJLHOM ITOrMbl MONEKYJISAP-
Hoii renetuxn), yro PHK sBhimonuser pyHk-
LVEIO [IEPEHOCA reHETHYECKOH uAdOpManHu
or JHK x pubocomaM, rae HPOHCXOOMT
6uocunres Genka. [Tosxe, B 1961 r., dpan-
cya Xaxo6 u XKax MoOHO npenoXmig Ha-
3paHMe mampuunasa PHK pnsa T1oii 4acTH
knerounoit PHK, xoropas nepeHocuT rene-
TruecKyto uudopmanmio or JJTHK x pu6o-
COMaM, T.e. K MECTY, i€ 3TH MOJIEKYJIbI-TIe-
PEHOCHMKM CIIy)KaT MaTpHLaMH s 6uo-
CHHT€3a NOJMTIENTHIHBIX HENei ¢ onpene-
JIEHHOH IOCINIEIOBATEIBHOCTBIO  aMHHO-
KHCJIOT.

B nm06oit maHHBIf MOMEHT B PacTyIlHX
knetkax E.coli npuCyTCTBYET upe3BbIYaiiHO
cnoxHasa cMmece coteH MPHK, xaxnas u3
KOTOPBIX KONUPYET ONHY HJHM HECKONLKO
NOJIMIIENTUAHBIX uenei. Jlonroe BpemMsa Obl-
70 PaKTUMECKH HEBO3MOXHO BBUIEIUTL M3

3TOI CJIOXHOH CMECH ONWH-COMHCTBEHHBIN
I Mostekysl MPHK, onHako ceronHs 61a-
roziaps NOSIBJIEHHIO 3HAYHTEIILHO Goree co-
BEPLICHHLIX METONOB MBI JIOBOJIBHO IIOJIHO
nmpencrasisem cebe crpykrypy MPHK.

Marpnunsie PHK —3T10 onHOUEnoueuHbIE
MOJIEKYJIBI CAMOI pa3HOM JUIHHBL YV npoka-
puoT onHa monexysia MPHK moxer xonm-
poOBaTh ONHY, IBE U ziaxe Goubliee 4UCIIO
TONIMNENTUIHBIX neneif. Eci oHa HeceT UH-
(OpManHIo TOJILKO 06 OZIHOM IONHUIENTH-
ne, To Takas MPHK Ha3zwiBaeTrcsi monozen-
HOil, HITM MOHOYUCMPOHHOIL; €CI¥ XE OHa
KOIUPYET ABa UM OOJTbIIEE YHCIIO pa3HBIX
nonunentuaos, To takyro MPHK Haswb-
BalOT NOAU2EHHONl, UM NOAUYUCMPOHHOIL.
MunumManshas umHa MPHK onpenensier-
csl IJIMHOM MOJMIIENTHAHOM LENY, KOTOPYIO
oHa xonmupyer. Hanpumep, mia cunresa no-
JUIENTHAHON nem, conepxarern 100 amu-
HOKHCJIOTHBLIX OcTaTkoB, Tpebyercas MPHK
C KOAMPYIOIIEA 1OCNENOBATENLHOCTBEO HE
meHee 300 HYKIIEOTHIOB, ITOCKOJILKY Kax-
Iasi aMMHOKHCIIOTa KOIHPYETCSi TPOUKOH
HYKJIEOTHIOB (TpurieroMm) (pasan. 27.23).

OzHaKo CErofiHA Mbl 3HaeM, 4TO obpa-
3yroILmecs npy 6axTepHabHOH TpaHCKpPHIT-
umu MPHK Bcerzia Heckonbko nIMHHEE, MeM
9TO HEOOXOAMMO J1isi MOJTNENTHIA VK IO~
JIMIIENTTHAOB, KOTOPbIE OHM KOAMPYIOT. DTO
obnacHsercsa TeM, 4To MPHK conepxar Ha
5'-KOHIIE HEKOOMPYIOIIMH  IOJIMHYKIIEO-
TUOHBIR «aep». [ITuHA 3TUX JHIEPOB MO-
KET COCTARJATL OT 25 mo 150 ocHoBauuii.
ITomurennsie MPHK mMoryT Takxke conep-
*aTh HETPAHCIIMPYEMEIE MedczeHHble 00.1a-
Ccmu, VWIM cneiicepbl, XOTOPbIE Ppa3nensiior
y4acCTKH, KOIMPYIOILME OTHEIbHbIE IOJH-
MENTHIHLIE LIETH, B, BUIUMO, IOMOTAKOT pe-
IryJMpoBaTh CKOpOCTh TpaHcaaumu. Ilomm-
reunbie MPHK xonupyror oObMHO nBe Uu
OoJiplllee 4HMCNIO Pa3HBIX NOJIMIENTHAHBIX
nened, (GYHKUAOHVIPYIOLMX BMECTE,—Ha-
npuMep, IBa WM Gosbiiee yucio dpepmeH-
TOB, NPUHHMAIOLLHX YYACTHE B ONHON ¥ TOH
XKE nenu MeTaboNMMECKHX peaKuMi, Hanpu-
Mep B OHOCHHTE3€ KakOH-HMOyIb aMMHO-
xucnoThl. Ha puc. 28-16 B ofbwem pune
OpencraplieHa CTPYKTypa NpOKapuoTH4e-
cxux MPHK.
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Jwnepras PHK
(nexonupylowasn)

PHK, xoinpytowas

Ter 1 | rennbifi NPofyKT

Mexrennas PHK
(Hexo/mpyto1uasn)

PHK, koanpytowas
BTOpOf reHnbif
NPONYKT

Ten 2

PHK, xoaupviowes
TpeTHlt renHbi
NPOAYKT

Fen 3

’

3

Puc. 28-16. CxeMaTHueckoe H306paxeHHe MOJH-
renHoii MPHK H3 npokapHOTHYECKHX KNETOK: B
nanHoM cnyyae MPHK npencrasnser co6oi
TPa&HCKPHIOT TpeX TeHOB. TpPaHCKpHNTHI TEHOB pas-
JeJIeHs! MEXTEHHbIMH Y9aCTKAMH, HNH cneficepa-
MH.

28.18. Matpuunan PHK
CHHTE3HPYETCH NpPH MNOMOLIM
JHK-3asucumoit PHK-nosmmepassl

OrxpoiTie JJHK-nonumepass! 1 3aprcu-
MOCTH €¢ (YHKIMOHWPOBAHHA OT NPHUCYT-
creusi JIHK-MaTpuue! ecrectBeHHO npuse-
JIO K NOWCKY (hbepMEHTOB, KOTOPBIE MOIJU
661 obecneun s cuHTe3 tenw PHK, xomiie-
mentapHoit Marputie [IHK. B 1959 r. taxoit
(epMeEHT, cr1ocoOHbIH 06pa3oBbLIBATL MTOJM-
mep PHK w3 pubonykneosun-5'-rpudocha-
TOB, OBLT BBIMENIEH M3 OakTepUAJILHBIX K-
CTPAKTOB IOYTH OJHOBPEMEHHO M HE3aBH-
CUMO HE€TBIPbMsI Pa3HBIMH IPYIIIAMH ame-
PHUKaHCKUX OHOXMMHKOB. DTOT (EPMEHT,
nonyyMBlUMA  Haspanwe [IHK-3asucumoil
PHK-noaumepa3swi, 110 psijly CBOHCTB MOXOX
Ha JIHK-3asucumyro JIHK-monmvimepasy.
PHK-normMepase Heo6x011MbI BCE YETHIPE

pubonykneo3ua-5-rpudpochara (ATP,
GTP, UTP u CTP) B xauecTBe npeniie-
CTBEHHUKOB HYKJIEOTHIHBIX  3JIEMEHTOB
PHK, a Taxxe nonsl Mg2*. B kasecrse cy-
LLIECTBEHHOTO KOMIIOHEHTa aKTHBHOTO LIEH-
Tpa oHa conepxut uuHK. PHK-nnommepasza
ymmuser uene PHK, npucoenwnss pubo-
HYKJIEOTHIHbIE MOHOMEPbI K 3'-THApOK-
cunbHOMy koHny wmornexkysel PHK, T.e.
crpouT nemu PHK B Hanpaenenmm 5 — 3.
U3 B- u y-hocdaTHeIX rpyIn npenniecTBeH-
HHKOB HyKJeo3un-5'-rpudocdaroB obpa-
3yeTcs Heopraumyeckud nupodocdar. V-
smHenne ey PHK onwceipaercs ypasne-
HHEM
(NMP), + NTP =

PHK Pubonykneosna-
5'-tpudocdar

=2 (NMP),,, + PP;
VY anuueHHas
PHK

PHK-nosvmMmepa3za TpebyeT nis cBoero
¢yuknmonuposauus npucyrcreus  JTHK.
®epMmeHT Haubosiee akTHBEH, ECITH B Kaye-
CTBE MATPHLB! HCIOJB3YETCH INPUPOIHAS
neyxuenoueynasi JJHK u3 Toro xe camoro
MIIM M3 KAaKOro-JIMGO NpYyroro opraHu3ma.
W3 neyx neneit JJTHK Tpanckpubupyercs
TONMLKO OfiHa. B mecTa, COOTBETCTBYIOLIME
octaTkaMm ajgeanna JJHK-marprel, B HoBO-
cunresuposannyro PHK  Bkimouarorcs
ocraTtkd ypauuna (U), ITOCKOJbKY afeHHMH
H ypaumn oOpa3yloT KOMILIEMEHTapHYIO
napy. B mecTa e, cOOTBETCTBYIOLLE THMU-
HOBbIM ocratkam JHK-marpunel, Briro-
4aloTcsl OCTATKH ajeHuHa. OcTaTtku rya-
HyHa ¥ mvrosuHa B JIHK-maTpune onpene-
JISIOT BKJIKOYEHHE COOTBETCTBEHHO LMTO3M-
HOBbIX M TI'YaHUHOBBIX OCTATKOB B L€Ib
PHK. Anann3 HyKJIEOTMIHOIO COCTaBa
M HYKJICOTHIHOM IMOCIIENIOBATEILHOCTH HO-
BooGpa3zopannoii PHK mokasan, 4ro oHa
oBnaJaeT NPOTHBOIOJIOKHOM MO OTHOLIE-
HMIO K MAaTpuLE MTOJIAPHOCTHIO H €& riocie-
JIOBATEHHOCTb KOMILIEMEHTAPHA TIOCTIEN0-
BATEJILHOCTH MaTpy4HOW nermu. Xors njst
paborsl PHK-monmmepasb!l 3aTpaBka HE
Tpebyercs, 3TOT (EpMEHT HE HAYHWHAeT
GYHKUMOHMPOBATD 11O TEX NOP, 1OKA HE CBA-
JKETCH € OCOOBIM Y4ACTKOM MATPU4HON LiE-
m JIHK, xoTopblif CJTy>XHT CUTHAIOM HMAH-
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TEePMUHALMK
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MomocTbio
CHHTE3MPOBaHHas

—

> 5 > _ >
c 3
poD ppPp
] bop oD pPp
Touxa s |\ — Y
MHULUMALHY 3 PHK-nommepasa
Jlgyxuenoueunas Inoxralun Teprmau
AHK

uuausy TpaHekpunuve. [locre cBA3LIBaHHA
C 3TUM YYacCTKOM (EPMEHT HAYHMHAET CHH-
Te3 HoBOH MoJekynnl PHK ; Ha ee 5'-koHue
o6brHo HaxoauTest ocTatok GTP unu ATP,
uybsi 5'-TpudocharHas rpynnuposka (o6o-
3HavaeMas ppp) HE paciuensiercst 10 PP
M ocTaercsi 6e3 M3MEHEHUI HA MPOTSHKEHNUH
BCEro rmnpouecca TpaHckpunuuu. B xone
TPAHCKPHIIMH HOBOCHHTE3MPYEMAS LIENL
PHK Bpemenno obpa3yer (3a cuer cnapusa-
HHsl €€ OCHOBAHMIi C OCHOBAHVAMY MATpHY-
Ho# neru J1HK) xopoTkue orpesku rubpun-
HOH nBoHHOM cnupann JAHK-PHK, xo-
TOpbIE HEOOXOOMMBI [Jisi [PABUILHOIO
cunteiBanus nermn JHK. Tubpunnbiii ny-
TUIEKC CYILECTBYET JIHUIL HENPONOIKUTEI b~
HOE BPEMs1, MOCKONBKY BCKOPE I10CJIE CHHTE-
3a PHK «cxomur» ¢ JJHK (puc. 28-17).

B E.coli npucytcrByer TOJILKO OfHA

Puc. 28-17. O60611eHHOE H306paxkeHue 3Tanos
TpaHckpuniini. PHK-nonnmepasa npokapuot
IIOJDKHE CHaYalla CBA3ATHCH ¢ IPOMOTOPHBIM
yuacTkoM JIHK (rn. 29). 3a1eM OHa OBHXETCH K
MecTy MHHUMalmMH cHHTela PHK, roe nauuHaet
TPAHCKPHILHIO €O cTPOTO ONpPENENEHHOTO HyK-
neotuag, cTpos Mosiekyny PHK B Hanpassienuy

§' — 3’ IlpHeeaeHHas CXEMa HE OTPAXAET JCHCTBH-
Tenenol nnuuel thEprna PHK-J1HK, xotopas
COCTAaBJIAET NPHOMU3HTENLHO 10 HYKNEOTHAHBIX
nap. [Tocne uuunualliy TpaHCKpHNLMK CyObenH-
Huua ¢ otaensercs oT ¢epmenTa. JIns TepMHHa-
unK cuntesa nend PHK neo6xonumMa cyGpenuunna
p.

JAHK-3apucumas PHK-nomimepasa, xoro-
pasi ciocofHa CHHTE3UPOBATL HE TOJIBKO
MPHK, uo taxwke TPHK u pPHK. Ona
npeacraniser coboi GonbuIok (MoJ1. Macca
500 000) 1 cnoxHblH depMeHT, COCTOALLWI
M3 [STH HOJMIIENTHAHBIX CyOBeIUHAIL: IBYX
a-Liere, onHo#M B-, 021HOM B'- M OHOI C-Lie-
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mi. CTpyktypa xoJjlodepMeHTa 3TOH nomm-
Mepasbl  OGo3naudaerca  Tak:  o,BRc.
Ileppblii 31al TPaHCKPUIILMA —3TO IIPUCO-
enmHeHue xosodepMenta K 0coboMy y4acT-
xy JNHK, naswiBaecMoMy npomomopom, xo-
TOpbIl MpencTaBnsier CoO6OH  KOPOTKYHO
MOCNIENOBATEILHOCTh, y3HaBaeMmyro PHK-
nonmuMepa3zoil. Pa3sHele npoOMOTOpBI  He-
CKOJIBKO OTJIMMAIOTCA ZIPYT OT Apyra no no-
CIIEOBATENILHOCTY, YTO W OINPENCIISET,
BEPOATHO, 3GQGDEKTHBHOCTL TPAHCKPUIILIMN
pasubix resos. Kak Tosmbko PHK-nomime-
pa3za 3aHsiJia NPaBIIILHOE ITOJIOKEHHUE B MPO-
MOTOPHOM y4actke H 06pa3oBalla HECKOMb-
ko docdonmadupHerx ces3eii, CyOreIMHULEA
o otzenserca ot xojodpepmenTa. Octap-
muiics «xop-hepMeHT» (ot aHrmL
core — CepILIeBHHA) MPOAOIDKAET LIAT 33 14~
roM ymumHaTs Mosiekysry PHK. O6 oxonya-
HUM TPaHCKpuOupyeMoro reHa (MM IeHOB)
CHTHaM3MpyeT ocobasi mepmunupylowas
nocaedosameavrocms B Matpune JTHK. [l
MPEKPALIEHUS TPAaHCKPUILHY Y OTAENEHUS
PHK-nomumepaser or JIHK Heobxonum
ewuie onvH crenududecknii 6elok, obo3Ha-
vyaemslii p. Takum o6pazom, cuates PHK
BIJIFOYAET TPW 3Tala: uHUyuayulo, 310H2a-
yuo v mepmunayuio (puc. 28-17).

Wnentudukanmy HYKJIEOTHAHBLIX IIOCTIE-
noparesmbuocreii JIHK, B xoropeix PHK-
MOJIUMepa3a HAYMHAET Y 3aKaHUUBA€ET TpaH-
CKPHIILMIO, NOCBALIEHE MHOTO4MCIIEHHBIE
HCCITEZIOBAHUs, OJIHAKO IOKA €IIE€ MHOroe
OTHOCHTEJTbHO 3THX BaXKHbIX CUTHAJIOB
OCTAEeTCS HEBBISCHEHHBIM.

28.19. fAnpa
JYKAPHOTHUYECKHX KJIETOK
conepxar Tpu PHK-noaumepa3dbi

B J3ykapHOTHMECKMX KJETKAX IIPHCYT-
cteytoT Tpu sanepubie PHK-nosmmve-
pasbi—1, Il » III (ra6n. 28-2). PHK-nonu-
Mepa3a | Haxoaurcs B siApBLIIIKE W y4a-
CTBYET ITaBHLIM 0Opa3om B OHOCHHTE3E
pPHK, B 10 Bpems kax PHK-nosmmepaser
IT u 111 obHapyxuBaroTCH B XPOMAaTHHE
1 "wykneorutasme. PHK-nonmumepa3sa 11 ocy-
wmecreasier cuntes MPHK, a PHK-nmonume-
paza II1 otBewaer 3a cuHTe3s TPHK
u 5S-pPHK. MuTtoxouapyu, nono6Ho 6ak-
TepusiM, conepxar Toyibko ogHy PHK-no-
numepasy. Yimuenue nenn PHK ¢ no-

Tabauya 28-2. T1pOoyKTHl, CHHTE3HPYEMEIE
sykapuoTHieckumu JHK-3aBucumeiMu  PHK-
noJIuMepa3amH

depMeHT Tponykt
PHK-nonumepasa [ 5,8S-, 18S- u 28S-
pPHK
PHK-nonnmepasa IT mMPHK
PHK-nonumepasa
m TPHK; 5S-pPHK
Mmoublo  aykapuotHdeckux  JIHK-3apu-

cumbix PHK-nosiumepas npoucxonur Ta-
KM Jx€ oOpa3zoM, kak M IpU Yy4acCTHU
depmenta m3 E. coli; onHako 3T hepMeEHTHI
OTJIMYAROTCS IPYr OT Jipyra no ceoef cyon-
€[IMHUYHON CTPYKTYPE H IO PETyJISATOPHBIM
IJIEMEHTaM. DTO €CTECTBEHHO, NOCKOJbKY
sykapuotiieckne PHK-nomimMepaser non-
xHel TpaHckpubuporats JTHK, xoropas
IUIOTHO yNakoBaHa B HYKJICOCOMBI U CBsi3a-
Ha C IPYTMMM AJIEPHBIMU O€nKaMHu Xpoma-
THHA.

28.20. THK-3aBHCHMYIO
PHK-nosmmepa3y MOXKHO
H30HpaTeIbHO HHTHOMpOBATH

Onowrauns neneii PHK ¢ nomoumio
PHK-nommmepassl cnenndyyeckd HHruou-
pyercs aHTUOMOTHKOM AKTHHOMWIIMHOM
D kak y OpoKapuioT, TaK M y 3yKapuoT
(puc. 28-18). Ilimockasi 4acTb MOJIEKYJILI
3TOrO aHTHOMOTHKA HMHTEpKaTHpyeT
B nBoitHy¥0 crimpans JIHK Mexny cocennu-
mu napamu G-C, nedhopMupyst MaTpHily
OHK. Dra noxaimHaa nedopmanus Me-
LIAET JBMXEHMIO NMOJMMEpa3bl BOONL Ma-
TpHubl. TakuMm 00pa3’oM, AKTHHOMHLUMH
D Bri3biBaeT kak Obl «3a€iaHUEe MOIHUHD.
[lockonbKy akTMHOMMUMH D wnrubupyer
npouecc 3nouraury PHK kak B MHTakTHBIX
KJIETKAaX, TAK ¥ B KJIETOYHBIX 3JKCTpaKTax,
ero HCIIOJIL30BAHWE  OKa3alioch  O4€Hb
ynoOHbIM  [AHArHOCTHYECKAM  CPEACTBOM
Ui MAEHTU(MKALMM KJIETOYHBIX IIpoliec-
COB, KOTOpLIe 3aBuciT OT cuHresa PHK.
Jpyrum vHTepKaJIMpyHOLIM UHrHONTOPOM
SIBJIAETCS AKPWIMH, MOJIEKYJNEI KOTOpOro
TAK)KE UMEIOT IJIOCKYIO CTPYKTYPY.

E1ie o/IHuM Ba)XHLIM aHTHOHOTHKOM, UH-
rubupyroumm cuates PHK. sensieres pu-
dbaMruuuH, KOTOpLI CBs3bIBaeTcs ¢ -
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Puc. 28-18. CTpoeHHe akTHHOMHIHKHa D ~ HHrHGu-
Topa TpaHckpunuuy JHK. Yacte Monexkynsl, no-
KasaHHas HA KpacHOM (QOHe, HHTEPKaNHpPyeT B
nsyxuenoyeuryo cnupase JJHK, sctpaubascs
Mex Iy IByMs cocenHBMH GC-napamu. [IBe umx-
ZIMMECKHME MENTUIHLIE CTPYKTYphl MOJEXy bl aKTH-
HoMulKHa D pacnonararorcs B Manok 6oposn-
Ke IBOIiHONH cnupant. Capko3xH NpeacTasnseT co-
6ol N-metunrannue. Capkoaus, L-nponus H D-
BEUTHH COEINHMEHB! NPYT C OPYrOM NMEeNnTHAHLIMU
CBA3AMH.

cyObennnuuesi npokapuornueckoii PHK-
TIOMMMEpa3sbl M [PENATCTBYET WHHIHALNY
cuntesa PHK. Onuaxo y sykapuor pudam-
nHUUH He nHrubupyer cuntes PHK. Crenn-
(huueckoe HHrHOHpyIOLLIEE AEHCTBHE HA CHH-
Te3 PHK B XUMBOTHBIX KJIETKax OKa3blBaeT
O-aMAHUTHH — TOKCHYHOE HayaJlo S10BHTO-
ro rpuba Amanita phalloides. ToT HHrNbuU-
TOp Onokupyer cmHred MarpuuHoit PHK,

YACTb IV. MEXAHU3MbI NMEPEJAYY F'EHETUYECKOVW MHOOPMALIMU

ocyLuecTBIIAeMbIi 3ykapuorudeckoii PHK-
nonumepasoii 11, HoO He BIMSIET HA CHHTE3
PHK y mpokapnot. Amanita phalloides «mo-
CTynaer pasyMHo», BblpabarTeiBas Belie-
cTBO, kKoTopoe Hapymaer cunre3 PHK
B IIPOYHX 3YKaPHOTHMECKUX OPTaHH3MaXx, HO
OKa3bIBA€TCH OE3BPEAHBIM AN €ro cob-
CTBEHHOTO TPAHCKPHIIIMOHHOrO annapara.

28.21. Tpancxkpuret PHK
npeTepneBaroT
DaybHeliiine npeBpallieHHn

Tpauckpuntel PHK, cunTe3upoBaHHBIE
npu nomoum PHK-noymmmMepasel, 06br4HO
nperepreBaloT AajibHeiime QepmenTa-
THBHBIE IPEBPALIECHUSA, HA3BIBAEMBIE NOCH-
MPAaHCKPUnyUOHHbLIM NPOY ECCUH20M, ¥ TOIThb-
KO IIOCJIE 3TOrO OHH OOpeTaloT CBOXO
dyukuvoHanbuyro  aktuBHocTs. pPHK
u TPHK cmmresupyrorcs B Buzme 6onee
IUIMHHBIX [Pe/ILIECTBEHHUKOB, KOTOPbIE 3a-
TEM MOIUUUHPYIOTCA W PACLIEIIAIOTCA
¢ 00pa3oBaHHEM KOHEYHBIX IPOAYKTOB.
TpauckpunTsl  sykapuorHieckux MPHK

Puc. 28-19. TlpoueccuBr («co3pepaHue») TpaHc-
kpunta pPHK y npokapuoT. 3pensie Monekyn
168- u 23S-pPHK o6pa3syrotcs u3 6onee anHHHO-
ro npenurecTpesHnka - 30S-PHK s pesynuwTaTte
nelictens cneumdreckux Hyknees. [lepen pacuen-
nexneM 30S-PHK MeTHnHpyeTcst O onpeneneH-
HBIM OCHOBAHHAM (OTMeYEHbI KPACHBIMH BEPTH-
KansHBIMK dYepToukaMH). M3 cpennedt yactu npen-
urecTBeHHHKe obpasyercs onve Monexkyna TPHK.

lNpenwecTtserunk 30S

 EEReTueTneney o ST TrOSSESEe
165 TPHK 23S 58S
(45)
MeTuamposanue;
cneundpryeckue
IHIOHYKJEATL
178

TPHK

3penas 165-pPHK TPHK

5 C—— &

Crneupnduueckue
SHAOHYKJCATb!

v

pPHK
(55)

3penan 23S -pPHK
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288

MeTuaupoBanme Muorux
OCTATKOB B NOCAEIOBA -
TeabHocTAX 5,8S-18S -
u 28S-PHK

T row—

N

MeTuabsbe rpynnm

Pacuiennenue 1 ykopaunsasgue

© MOMOIbK HYKAEBS

(NyTH ¥ UHTEpMEIMATD! B

KACTKAX PASHBIX TUNOB PA3AHYHDI)

g ™

18 S -pPHK 58S
pPHK

Puc. 28-20. I1poueccHHT TpaHCKPHITTOB 3yKapHO-
Tuyeckux pPHK. MeTtunnpopaHne, NpeacTasisio-
ee cobok nepsbiii 3TN NPOLECCHHTE, OCYILECTs-
NAETCH MO 2'-THAPOKCUALMEIM IPYNNaM pHOO3HbIX
OCTETKOB B T€X YYacTKax NpelllieCTBEHHHKA, KO-
TOpble coxpanstotcs B 3pemsix PHK. 5S-pPHK
obpa3syeTcs oTOENLHO.

TAK)KE MOJBEPraloTCs MPOLECCHHIY, TOIa
xak y npoxapuoruyeckux MPHK oH otcyT-
CTBYET.

pPHK xak sykapuoTH4ECKHX, TaK U MpO-
KapHOTHYECKHX KJIeTOK obpasyrores u3 6o-
JTie€ JUIMHHBIX MOJIEKY-TIPEAILIECTBEHHHKOB,
Ha3blBaeMbIX  npepubocommvimu  PHK.
V npokapror 16S- u 23S-pPHK (rn. 29)
obpasyrorcs M3 oanoro aymHHOrO 30S-
[PeALIECTBEHHUKA, MOJIEKYJIpHad Macca
KOTOPOTO COCTABJIi€T NPUOIHM3UTENBHO
2-108. ATOT NpenLeCTBEHHMK METHIIMPYET-
cf o cnenugU4eckKMM OCHOBAHHSIM M pac-
wemsercs, napaa 17S- u 25S-npomexy-
ToyHele PHK, koropwie 3arem nponeccu-
pyIOTCSi MYTEM OTIIEIUIEHHS OCTATKOB
C IOMOIILI Hykyeas, obpa3ys xapak-
TepHble A5 npokapHoT 16S- u 23S-pPHK
(puc. 28-19). 5S-pPHK obpa3syercs oTneiis-
HO M3 3’-xoHueBoro y4acrtka 30S-npexnuie-
CTBCHHHKA.

YV osykapuwor 18S- u 28S-pPHK o06pa-
3yIOTCSi B HECKOJILKO 3TanoB M3 60nbIiioi
45S-nnpepubocomuoii  PHK. [Ilpoueccuur
45S-PHK npotekaer B sinpeiike. CHavana
NPOHCXOAUT METHIIMPOBaHHe Gonee ueMm

285 —-pPHK

100 u3 14 000 mykneorHnos 45S-npenuie-
CTBCHHHKA; MOIM(HKALMH [10BEPraroTcs
IJaBHbIM  00pa3oM  2'-THNPOKCHJIbHBIE
rpynisl pubo3Hbx ocTaTkoB. Kak nmokxaszaHo
Ha puc. 28-20, MmetmympopanHas 45S-PHK
TIpETEPIEBAET 3aTEM P (HEpMEHTATUBHBIX
PAaCLIENJICHHMA, [IPUBOJSAIIMX B KOHEYHOM
HTOre¢ K MMOSIBJICHHIO 18S-, 28S-
u 5,8S-pPHK, xapakrepHbix njis 3ykapHo-
THieckux pubocoM. 5S-pPHK aykapuoTos
CHHTE3NPYETCA OTAENBHO.

TPHK Tamke obpa3syrores u3 6Gosee
nmuuubix  PHK-npenmecrsennukoB B pe-
3ynbrare (PEPMEHTATHBHOIO  yOAJIECHUSA
JIMIIHUX HYKJIEOTHAOB € 5'- 1 3’-KOH1I0B MO-
NeKyJibl. B HEKOTOpLIX Ciy4asix U3 ONHOM
IUTHHHOMR MOJIEKYJTbI-TIPELLIECTBEHHUKA
B pe3yJbTaTe (PEPMEHTATUBHOIO PACILENLTE-
HuA obpa3yrorces nBe U naxe 6obiiee yuc-
no pa3ubix TPHK. Kak mb!l yBUAMM Hike
(pa3n. 29.20), cyiecTByrOT IO MEHBLLIEH Me-
pe 32 pa3zmuunsie TPHK, a Bo3MoxHO, ux
ropaszno 6GoJbiue.

B xoz€ MOCTTPaHCKPHITIIMOHHOTO IIpO-
neccwHra B npeamecrseHHnkax TPHK Ha-
ps/ly C yAalieHMEM KOHLEBBIX TOCIIENOBaA-
TEJILHOCTEH NPOUCXONAT U3MEHEHUS JIBOS-
Koro popa. Bo-mepBbiXx, kK HEKOTOpbIM
TPHK npucoennnsiercs 3'-koHneBas TpuHy-
KJIEOTH THAS HOCJIENIOBATEILHOCTD
—C—C—A (3); B apyrux TPHK stoT
3’-KOHUEBOI TPUHYKIICOTUL YKE CONEPHKUT-
csi B TpaHckpunre. Hinke Mbl YBHUAMM, 4TO
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7-MEeTHATYAHO3HH

Puc. 28-21. «Kam», npencraBnsrolumii co6oll ocra-
TOK 7-METHJITYBHO3HHA H PACTIOJIOKEHHRBIH Ha §'-
KOHIE 3ykapuoTnieckod MPHK; MeTnimHas rpymn-
1a BbiAejeHa KpacHeiM wpHdToM. Ob6paTtnute BHU-
MaHHE HA TO, 4TO «KIM» COENHHEH C 5'-KOHIEBHIM
HykneoTHaoM TpHbochaThbiM MocTHKOM. [Tou-
T# Bee 3ykapuotHieckve MPHK comepxart 5'-
KINBD».

3'-KOHIIEBOI OCTAaTOK A NpeacTaBisieT Co-
6ol MMenHo Ty 4actb MoJiekyssl TPHK,
C KOTOPOM KOBAJIEHTHO CBSI3bIBAETCH CO-
OTBETCTRYIOWIAs efi AMMHOKHC/IOTA Iepen
BKJTIOYEHHEM B PACTYLIYIO NMOJHUIIENTHIHYIO
uens Ha pubocome. Bo-BTOpBIX, psn ocHO-
paunii B TPHK cneunduieckum ob6pasom
MoaudMiMpyeTcs: OIHH MEeTHJIHMpPYIOTCH,
IpyTHe Oe3aMHHHUDPYIOTCS, TPEThH BOCCTa-
HaBjuparoTca. Kak Mbl yBHOMM panblie
(rn. 29), MoauPVWIHMPOBAHHLIE OCHOBAHHS
pacnonaratotcs Bo Bcex TPHK B onpene-
JICHHBIX TIOJIOXKEHHAX.

28.22. Tereporennnie naepHble
PHK cayxat npe/jiuectBeHHHKaMH
JykapHoTHueckHx matpuusbix PHK

IIpoueccCHHr  NPEOIIECTBEHHHKOB — Ma-
Tpuuibix PHK y 3ykxapuot npeacrasiser
co6oii oueHb CIIOXHBIA Mponece. JyKapHo-
TudeckHe Matpuubble PHK, o6Hapyxu-
BaeMble B LMTOINJA3Me, OONajaroT Tpems
OTJIMYNTE/IBHLIMIA  CTPYKTYPHBIMHM  CBOIi-
ctBamMi. [TepBoe M3 HUX COCTONT B TOM, YTO
sykaprotuueckne MPHK sapnsiorest 06b14-
HO MOHOT€HHBIMH MOJIEKYJIAMH, B TO BPEMSA
Kax MHOTHe NMPOKapHOTHYECKHE
MPHK -nosmmurenssl. Bropoe xapakxrepHoe
CBOMCTBO OOJILILIMHCTBA 3YKAPHOTHYECKHX

5°-rpudrochaTHbli
KoHel|

5 OcHoBaunue

MPHK 3axmnodaercs B TOM, 4TO OHH COAEP-
*aT Ha CBOeM 3'-koHuUE «xBocT» n3 100-200
TI0CJIEMOBATENBLHO TPHCOEIMHEHHBIX OCTaT-
k0B A-—Taxk HaspiBaeMblii poly (A)xBocT.
3ITOT XBOCT CHHTE3UPYETCA OTHOETHHO M3
monexyn ATP ¢ nomolbio noauadenusam-
noaumepasvl, KOTOpas paboTaeT B OCHOB-
HOM Tak xe, kak PHK-nioyiumepa3sa, 1 xata-
JIM3UPYET Peakunio
nATP - (AMP), + nPP,

TNoymaneHnnaToMMepa3e He HyXHAa Ma-
TpHna, onuako Heobxoanma MPHK B kaue-
CTBe 3aTpaBKH. TpeThsl OTJIMYHUTEIILHASA OCO-
6edHOCTh OOJILIIMHCTBA 3YKapPHOTHYECKHX
MPHK —3T0 Hanuuse B HMX 5-KOHIEBOTO
«x3mna» (OT aHril ¢ap «Uiamkay), NpeacTas-
nstolero coboif 0cTaTok 7-MeTHIITyaHo-
3MHA, NPHCOEAMHEHHBLIA K S'-KOHLIEBOMY
octatky MPHK BecbMa HEOOBIMHBIM CIIOCO~
60M, a IMEHHO mocpencTsoM TpHdocdar-
HOM cBsisn (puc. 28-21). DyHKkuMM «K3HA»
u poly (A)xsocTa TOYHO HEH3BECTHLL
«Kam», BO3MOXHO, IPHHMMAET Y4aCTHE
B cesasbiBannn MPHK ¢ pubocomoii, nuHu-
UMHPY#A Opouece TpaHCasauuu (pasa. 29.10).
He pckimoueHo Takxke, 4To «xam» u poly (A)
XBOCT IpenoxpausioT MaTpuunyio PHK ot
(epMEHTATHBHOTO pa3pyLIeHUS.
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28.23. W13 npeliuecTBeHHHKOB
MPHK ngomxHbl Ob1TH yaadeHbl
HHTPOHDI

B sykapuotrmueckom sape MPHK npon-
XHBI IPONTH HaJibHEHIINE CTajMH IIpoLec-
CHHTIa, 3aKJIFOYaOILMEC B YIaJIEHHH HWHTPO-
HoB (pasa. 27.28). B sngpe mnpHCyTCTBYeET
PHK ocoboro kmacca, koTopasi IpH CUHTe-
3e Genka oueHb ObicTpo OOHOBNsiETCS. JTa
PHK nocnT na3ssanue 2emepozennoir adep-
noit PHK (2AaPHK) v COCTOHT U3 CMeECcH
ouenb WIMHHBIX Monexyn PHK. Xorsa yxe
IaBHO MpedmnoJarajv, 4YTO MOJIEKYJIbI
rsPHK ciyxaT npeauiecTBeHHUKaMH HTO-
mnasMaTideckux Matpimideix PHK, tem ne
MeEHee McclenopaTenell CMyIUano HEecooT-
BETCTBUE Mexay cTpykTtypaMu rsaPHK
M 3pennix uprornsiasMaTudeckux MPHK. [e-
70 B ToM, 4to rsPHK no pasmepy ropasno
6ousbie, yeM MPHK; x ToMy xe mis nep-
BOil xapakTepHO OoOJbllee pa3HOOOpa3ue
HYKJICOTHIHBIX MOC/I€I0BAaTENILHOCTEH, YeM
a5 BTopoil. [loBOJIbHO mosnro 3Ta npobJe-
Ma Ka3ajlachb 3araJo4vHOl, HO €€ pelleHue
CTaJI0 peaslbHBIM MOCJie OTKPHITHS B 3yKa-
PYOTHYECKMX T€HAX  HeTpaHCINPYEMEIX
6CMAGOUHHIX  NOCAedosamessHoCHeil, WIH
uHmponos. HanoMHNM, YTO HHTPOHBI 4aCTO
OKa3bIBalOTCH IrOpa3sfo IJIMHHEE 3K30HOB,
T.€. KOOUPYHOLLMX qacTel re’a
(paszn. 27.28). [Tocne o6uapyxenus 8 JHK
HHTPOHOB €CTECTBEHHO BCTaJ BOMNPOC:
TpaHCKpPHOMPYIOTCA JIM OHH KOJUIHHEAPHBIM
obpa3zoM BMecTe ¢ 9IK30HaMH, 0Opa3ys
ovYeHb UIHMHHBLL npemecteeHHHk MPHK,
KOMILJIEMEHTAPHBIH M KOJUIMHEAPHLIH Kak
3K30HaM, Tak M HHTpoHaM, wm xe PHK-
NOJMMepasa «Iepeckakupaer» Yepe3 HH-
TPOHBI M TPAaHCKPUOUPYET TOJIBKO 3K30HBL

3ToT Bonpoc Obun BhisicHeH. Oka3zanoch,
410 3JykapHoTHieckas PHK-nonumepasa
TPaHCKpHOMpYET M 3K30HBL, M HHTPOHBI,
npH4eM TOYHO B TOH MOCJIEIOBATENbHOCTH,
B KOTOPO# OHM HaxosTcs B rere. [Tpu atom
06pa3yroTCq OYeHb AJIMHHBIE NPEIIIeCTBEH-
auku PHK, xotophie conepxart ydactku He-
TpancnupyeMoit PHK, xomniieMmenTtapubie
HYKJICOTHIHBIM MOCIEM0BATENLHOCTAM HMH-
TpoHoB JHK. Takmne npeniiecTBeHHHKH
MPHK npeacraBnsator co6oii 3HAaYUTEND-
Hyto yacth MIPHK u o6unapyxuBatorcs
TosbKO B Aape. KpoMe Toro, *UMeHHO HaJH-
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YHEM HHTPOHOB OOBACHAIOTCA  CTpYK-
Typuble cooTHoLeHust Mexay raPHK u co-
OTBETCTBYIOLIMMH LHTOIJIA3MATHYECKHMM
MPHK. Ho kak ToJipko ObuUia pellleHa OaHa
3aragka, cpasy e BO3HHKJIA apyras.
HyxHO ObUIO OTBETHTb HA BONPOC, Ka-
KMM 00pa3oM SEpHbLi NpeAllecTBEHHUK
MPHK, copepxammii 06JI0KH HMHTpPOHOB,
NpeBpalllaeTcs B 3peilyro UUTOMIa3sMaTHYe-
ckyro MPHK, B kxoTopoit atu 6s10kn noJ-
*Hh orcyTrcTBOBaTh? Ecim Obl mpemine-
creesnnk  MPHK npocro paciuemisics
B KX I0H TOUKe, IIe KOHYAeTCsA 3K30H U Ha-
YHHAETCA MHTPOH WJIH, HA00OpOT, KOHYAET-
Cfl MHTPOH M HAYMHAETCHA 3K30H, TO B pe-
3yJbTATE 3TOrO B sigpe obpa3oBasioch Obl
GoutbLI0e YHCil0 PParMeHTOB NPeLIECTBEH-
auka MPHK, yacte U3 xoTOpbIX xOmmpyer
Y4aCTKH MOJIUNENTHAHON LienH, a 4acThb He
TpaHcinpyetcs. Kak MoxHO cobpath pas-
ofbmennble  komupyroume  ¢parMenTs
B MpaBHJIbHOM MOPAIKE U COEIUHWTL MX,
4TOOBI Mostyumsiachk 3pesias MPHK?

28.24. Mamwie anepunie PHK
NOMOraroT yAAJATh HHTPOHLI
n3 PHK

WUmMetollmecs B HacToOsILLEE BPEMS IaHHLIE
MO3BOJIAOT OTBETHTH HA 3TH Bonpockl. Ouu
CBUIETEIBCTBYIOT O TOM, YTO yHaJieHUE He-
TPaHCIIHPYEMBIX HHTPOHOB [IPH MPOLECCHH-
re npemiectBeHHHkoB MPHK mnportekaer
TakUM 00pas3oM, YTO CIlefyiol(He ApYr 3a
IPYrOM 3K30HBL, T.€. Koaupyromue ¢par-
MenTbl MPHK, uuxorna ¢msnuecky ne pas-
00maroTC. JK30HB OYEHb TOYHO COEOH-
HAIOTCA MEX Ty CO00l € NOMOIBIO MOJIEKY)T
npyroro kxnacca PHK, npucyrcrByrommx
B AAIpE M HA3bIBAEMBIX MAALIMU AOEPHbIMU
PHK (mMaPHK ). ®yHKuMs 3THX KOPOTKHX
snepubix PHK, coctosnmx npubimsures-
HO M3 CTa HYKJIECOTHIOB, IOJIF0 OCTABAJIACh
senoudaTHoil. Ee ynanock ycraHoBHTL nociie
TOTO, KaK OBUIO OOHApYX€EHO, YTO HX Hy-
KJI€OTHAHAS NOCIEO0BATENEHOCTE KOMILe-
MEHTapHa MOCJEIOBATEIbHOCTAM HA KOH-
1axX Kax[A0ro U3 WHTpoHos. B pesynbtarte
ClapHBaHUA OCHOBaHWH, comepxallMxcs

B MsiPHK ¥ Ha KOHLIax CBepHYTOIrO B NETIIHO
HHTPOHA, [OC/EIOBATEILHOCTH ABYX 3K30-

HOB COJIMXarOTCA TaKUM 00pa3oM, UTO cTa-
HOBHTCS BO3MOXHBIM y[IaJIeHHE pa3/esisio-
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IIero HMX HHTpoHAa H (epMEHTaTHBHOE
coeuHenne  (CNNaiCHHI)  KOOUPYHOLLUX
¢dparmenTon (3x30HOB). Takmm o06pasom,
Mosiekysisl MAPHK wrpatror ponb Bpe-
MEeHHBIX MaTpHL, YAEPXKHUBAIOLMX OIH3KO
APYT OT ApYyra KOHUBI ABYX 3K30HOB [JIsl TO-
ro, 4ro6sl cnnalichHr Npou3olieNn B Ipa-
prubHOM MecTe (puc. 28-22). BaxHocTb
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B Hyksieo3un-5'-tpucochaTbl 1 BHOBB HC-
nosb3yrorc ais cuutesa PHK B sope.

28.25. 3a npoueccom
TPAHCKPHIIHH MOXKHO HabJIF0aaTh

B ooumrax roxuHoadpHKaHCKOl MINOpHE-
Boil JiAarymkn Xenopus copepxurtcs 60Jib-

/31(30;1 1 Wnutpon / 3x30H 2
Wutpon, obpasosapuimi
neTao

MAPHK N~

9K.30H 2

9K36H 1

v

5’-ﬁ_ 37
Jk30H 1 “ 3Kk30H 2

CoeauHentible 3k3oHb MPHK

»10ro Mponecca COCTONT B TOM, YTO OLING-
Ka BCEro JIMIIL B OOMH HYKJIEOTHI IpH
CIIJIABICMHI€  MOXET H3MEHHTh PpaMKy
CYMTBIBAHMS B MOCJIEAOBATENLHOCTH, pac-
MOJIOXKEHHOM [10CI1e 3TOM TOUKH, H IPUBECTH
k cuuTe3y Ha takoit MPHK nedextHo# Mo-
JleKynel Gesika.

IMocne Toro xax takuMm nyrem n3 PHK
yNanstoTCsA BCE HHTPOHBI M TEM CaMBIM 3a-
BEPILIAETCH NPOLECCHHT NPEealIeCTBEHHNUKA
MPHK, 3penas MPHK nokmpmaer szpo.
Yr10o6L1 cpenate 310, MPHK cHavana
CBSI3LIBAETCA C OBYMs CHELMAJNBHLIMH Gell-
kamy, xotopeie npopoasT MPHK B nuro-
IUIa3My CKBO3b NOpbI B siAEpHON 060J104KE
(pa3n. 2.7). OTH nNopbl, OKpPYXEHHbIE
CloxHbIM aHcambiiem GeskoBbIX MOJIEKy,
NPOMYCKaloT U3 Apa, NO-BUAKMOMY, TOJIb-
KO MONMHOCTBHO  «co3pesiie» MPHK.
O6psiskn PHK, octasimmecs nocie npouec-
CHHra, pacliensstorcs Hyksieasamu. Obpa-
30BaBLIMecH NP 3TOM HYKJIE03HMO-5'-MOHO-
¢docdaTel nepepoasaTed ¢ nomoubio ATP

MAPHK

Bripesanneibi
MHTPOH

Puc. 28-22. Pone manott snepriolt PHK (MaPHK)
B BhIPe3aHHH MHTPOHOB H BOCCOENHHEHHH 3K30HOB.
OcHoBBHHA Ha KOHLaX HHTpOHA 06pasyloT KoMrl-
NeMEHTAPHEBIE MIBPBI C ONPEAENEHHBIMH OCHOBA-
uuaMu MaPHK. ITponecc coenMHEHHs 3K30HOB CO-
TTPOBOX/IRETCA BBIPE3AHHEM HHTPOHAS.

LIo€ YHCIO KOMHH IeHOB, KOAHMPYIOIIMX
pPHK. 3tH ressl Heo6Xx0gMMO TpaHCKpH-
6uposaTh oveHb OmicTpo, 4TOOBI Obecme-
unTh obpa3opanHue pHOOCOM, KOTOpbIE
HYXHbl 0N OBICTPOTO IHENIEHHS KJIETOK
M poCTa paHHHMX 3MOPHOHOB IOCJIE ONIIOI0-
TBOpeHus, [1pu 3nexTpoHHOH MHKpOCKOIHMH
TAKMX KJIETOK BBIABJIAETCH MHOIO TOHKHX
nieTsieoOpa3HbIX oceebix Humeli THAMETPOM
0k0J1I0 20 HM, NOXpPLITHIX dYepe3 ompene-
TIEHHbIEe HHTEPBATIBI IOXOXKUMH Ha BOJIOCKH
paduasbrbimu Gubpussamu, XOTOpble NOCTE-
NMEHHO  YBEJIMYMBAlOTCA B pa3Mepax
(puc. 28-23). HenpepsisHas oceBasi HHTb,
NpOXoAsLas 4Yepe3 3TH CTPYKTYpHI, CO-
crout n3 JIHK, cpszanuoit ¢ 6enkom. bo-
KOBble, MOXOXHE Ha BOJIOCKH (hHOpHILIBI
NpEeICTaBNAOT COOOM He 4TO MHOE, Kak pac-
Tymue vent PHK. PacnosioxeHHbI€ APYT 32
opyrom y4actkn JIHK, noxpeitbie Gpn6pun-
jamn PHK,-3T0 noBTOpsIOLIMECA TI€HbI
pPHK: Bce OHH aKTHBHO TPaHCKpPHOHPYIOT-
cs. OHOBpPEMEHHO C OQHOTO IeHa TpaH-
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ckpubupyerca Gosbioe uncio ueneii PHK,
KaXaas U3 KOTOPBbIX CHHTE3HpYeTcs MoJie-
xyno#i PHK-nonumepassl, nepemeliato-
ILEHCA OT OMHOTO KOHIA IeéHa K APYIoMy.
ITo Mepe npuxexns depmeHTa BOOIL reHa
NpoHcXomuT ymuuHeHHe neneii PHK.
Temunle Toukn Ha JJHK, nexaume B ocHO-
patnn ¢ubpwin PHK, npencrasnsior co-

Creltcephnii
yuactox IHK

TMouTy nonubit /

TPRHCKPUNT

HanpaBneuue
TPAHCKPUNLIAY
Tpauckpubupyembitt
reH
Crelicepnuili
y4acToK

Mosekyant PHK- AHK

nosMMepass
Mosekymi PHK B

NpoUecce 30HTaluK
po Mumumauys

TPaHCKPHNUKU
A

Puc. 28-23. A. Cxema, NOSCHAIOILAS TPONECC
TpauckpunuHH. bnaronaps o6pa3zoBannio BTOPHY-
MO CTPYKTYPEl HOBOCHHTE3HPOBAHHBIE OJIHOLENO-
yegHrle MoJieKynsl PHK BRITIANAT ropasno Kopo-
ve, yeM JIHK, ¢ koTOpOii OHM TpaHckpHOHpoBa-
HEL B. DnekTpoHHas MUkpodoTorpadus pubocom-
HBIX T€HOB X enopus B NPOLECCE TPAHCKPHIILIHM,
OCYLIECTBAAEMOH OTHOBPEMEHHO BOJIBIIMM YHC-
oM Monekynl PHK-nonmMepassl.

60ii Mosiekyssl JIHK-3asncumoit PHK-no-
JUMepa3bl. JTH MOJIEKYILI OYE€Hb CHIIBHO
cOmmkeHsl Mexay coOoi: OHH IBHKYTCS
BIIOJIb T€HA BIJIOTHYHO OJIHA 3a IPYTo#, Kak
ropopsat, Oammnep k Oamnepy. Pasmep
yyactka JIHK, Ha KOTOpOM npOHCXOOMT
TPaHCKPHIIOUS, COCTABISET 2-3 MKM, 4TO
MPHOJIM3UTENIBHO  COOTBETCTBYET  UIMHE
JAHK, HeoOxomuMoO# sl KOOMPOBAHHS
458-npemmecrBeynnka pPHK  aykapuor.
HerpaHckpubupyeMbie y1acTKH OCEBOM HH-
T [pPEeacTaBjfAlOT COOOH cheiicepHyio
JAHK.
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28.26. ¥V PHK-copepxammx Bupycos
JAHK cymThiBaeTcs npH NoMoum
ofpaTHOl TpaHCKpHMIITAa3bi.

HexoTtopsle onkorentbie PHK-conepxa-
IIMe BUPYCHI XHMBOTHBIX, TAKHE, KAK 6UPYC
capkombl Payca, IMEIOT YHHKaJbHbIA dep-
MeHT — PHK-3aBncumyro  JIHK-nonmumepa-

3y, YacTo Ha3blBaeMyro obpammoii mpah-
ckpunmas3oii. Tlocne TOro Kak Takoil BHPYC
NONAaJAeT B KJIETKY-XO38MHa, 3TOT (epMeHT
cnocobed katanusuposatb cuHTes JHK,
KOMILTEMEHTAPHOH O OTHOLIEHHIO K BH-
pycHo#t PHK, xoTtopas urpaer nmpm 3ToM
posis Matpuubl. B pesynbrate obpa3yercs
JAHK, xotopas comepXHT reHbl, 00ycio-
pauBatonme pak; 3ta JJHK wacro Bctpau-
BAETCS B T€HOM 3YKapHOTHYECKOH KJIETKH-
XO3MHA, IJIe OHA MOXET B T€YEHHE MHOTHX
MOKOJICHHH OCTaBaTLCA B CKPLITOM, T.€. He-
3KCIIPECCHPYEMOM, COCTOSIHMHM (puc. 28-24).
Ilpn onpenesieHHBIX YCIIOBHMSIX Takue Ges-
neACTBYIOLIME BHPYCHBIE N€Hbl MOTYT aKTH-
BHPOBATBLCH U BbI3LIBATH PEIJIMKALMIO BH-
pyca; npy Opyryx xe yCJIOBHAX OHH MOTYT
CnocoOCTBOBATL — MpEBpAlLEHWIO  TAKOM
KJIETKH B PakoBYIO.

CymectoBatne oOpaTHBIX TpPaHCKpPHII-
Ta3 B PHK-conmepxalluXx OHKOT€HHBLIX BH-
pycax ObUI0 npenckasaHo etue B 1962 r. I'o-
papaioM TemHHOM un3 BuHCKOHCHHCKOTO
YHUBEPCHTETA, 4 HAJIUYKE UX B 3THX BHPYCaxX
OBUIO B KOHIIE KOHLIOB IPOAEMOHCTPHUPOBA-
Ho B 1970 r. kakx camMuM TeMuHOM, Tak M He-
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3aBUCHMO OT Hero asunomM BantnMopom
U3 Maccayycerckoro  TeXHOJIOrMYECKOro
uHeTUTyTa. VX OTKpBITHE NpHBIEKIOC OONDb-
110e BHUMaHMe TJIaBHBIM 00pa3oM moToMmy,
YTO OHO NPENCTABIAIO cO0Oi noKa3aTeNb-
CTBO BO3MOXHOCTH Nepe1ayy reHeTHIeCKOoi
unopmaimy B Hanpaeiennu oT PHK
x THK. OnHo nossomuno npeacraBuThb, Ka-
KMM CTIOCOOOM BKJIFOYAKOTCH B TEHOM KJIET-
KH-XO3SIHHA  OHKOTEHbL,  HAXOMSALIHECH
B PHK-conepxaumx supycax B sune PHK.
Hmenno Graroaaps 3ToMy OTKpPBLITHIO IpH-
LIOCh MO-HHOMY chOpMyJIHpOBATL LEH-
TpaJbHYIO JOTMY MOJIEKYIAPHOH 6MOJIOTUN
(puc. 28-25). Ob6naparomme  obpaTHOM
Tpauckpunraso PHK-cogepxammne Bu-
PYCBl Ha3blBalOT TaKkKE pempoeupycamu

PHK-cogepxanmi
BUpYC

KneTka-xo3sus

l

+
Iycras  DHpychas PHK

obonouxa /

/\\ Bupycnaa PHK

\ . KJHK

Bupycnas I’HK

kAHK

Penavkauyss
W JIByxuenoueunan
k/IHK
+

Fexom
KJETKH-XO3AHHa

l BeTpausanme x/IHK

N

Puc. 28-24. Yuactue o6paTHON TpaHCKPHNTA3bl B
o6pa3opanus komnnementapiod JIHK Ha Bupyc-
woii onnouenouenod PHK-maTpuue B )HBOTHOH
xnerke, [Tomyveunana kK THK MoxeT BCcTpaHBaThCS
B FeHOM KIETKH-XO3AHHA.

Penymkalus JHK
TpaHckpumius 9§ap:::::nuua
PHK
Tpancasuys
Benox

Puc. 28-25. PaclunpeHHOE TOJIKOBaHHE LEHT paib-
HOW MOrMblI MONEKYNSAPHOIH TeHETHKH, yHHTHIBAIO~
1iee BO3MOXHOCTL NEpefiaiv reHeTHHeckon HHbop-
manud ot PHK k IHK B CBsi3u ¢ OTKpBITHEM
obpaTHEIX TpaHCKpHnTa3.

(<peTpo» MO-NAaTbIHY O3HAYAET «HA3AIN).

O6uapyxeune 06paTHON TpaHCKpUNTa3bl
MO3BOJIIJIO OTBETHTH HA [ABHHIl BONPOC:
KaKk TreHeTHYeckas MH(QOpMalMs OHKO-
reanbix PHK-copepxaliiMx BUpycoB MOXeET
pitouathes B JIHK xnetku-xo3suua? Ceii-
Yyac HakarMBaeTcs Bce OoJibllle JaHHbIX
o 1oM, uro B JIHK MHOrMX BHOOB *xH-
BOTHBIX MPHUCYTCTBYIOT reHbl, bepyime Ha-
yano ot PHK-copepxalllux BMpycOB, 1axe
€CJIM XKUBOTHbIE, 13 KoTOpbIX 3Ta JIHK BBHI-
aelieHa, caMu He NOABEPrajiich BO3acH-
CTBHIO TAKMX BUPYCOB. 3TH HabmopeHus
3aCTABJISAIOT NPEANONIOKHUTH, YTO TeHbl psijia
PHK-conepxanmx BUpYCOB KOTAa-To, BO3-
MOXHO Ha paHHMX 3Tanax OHosormueckoii
3BOJIFOLUMM 3THUX BHIOB, TPaHCKpHOMpOBa-
Jguck B IHK ¥ BCTPOMIUCL B XPOMOCOMBI
npenkoB 3THX xkuBOTHBIX. [Tocne aToro onu
nepeaBajfCh U3 MOKOJIEHMS B MOKONEHHE
npy pervivkauuu Beelt JIHK knetku, B ToM
4HCTle U COOEpPXaLIMXCs B HEH OHKOIEHOB,
HUCXOMHO  IpPHHAMJIEKABIIMX  BHPYCHOH
PHK. [deiicTBHTENBHO, COTJIACHO OMHOH U3
TEOpHi MPOUCKXOXKIEHUS pakKa, CUNTAETCH,
YTO BCE MBI HECEM B XPOMOCOMax «CIsi-
LIMe», HEFKCIPECCHPYEMBIE, OHKOTEHBI, KO-
TOpbIe NONAJId B TEHOM HAILIMX MPEIKOB
B Buae PHK-copepxallux BHPYCOB, BO3-
MOXHO, ThICSYH HJIH MHJUIMOHBL JIET Ha3all.
JTa Teopus gajiee MpeanoyaracT, YT0 TaKue
OHKOreHbl OOBLIMHO He TpaHCKpubupyroTcH,
HO €CJIM UX aKTMBHPOBATh, HAIIPUMED, BO3-
JEACTBMEM KaHIEPOTeHHLIX areHTOB. TO
OHH TPaHCKpHOHpPYHOTCA H TPaHCIUPYHOTCS
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¢ oOpa3oBaHueM NPOAYKTOB, BLIZLIBAIOIIHX
TpaHchOpMaLHIO HOPMAJILHBIX KJIETOK He-
JIOBEKa B 3JI0KAYECTBEHHLIE.

BupycHble oOOpaTHbIE TpaHCKpUITA3bl,
Tak xe kak Bce JJHK- n PHK-nonnMmepassl,
comepxaT Houbl Zn2*. OHH NposBIAIOT Ha-
UOOJIbIIYI0 aKTHBHOCTH NPH HCIOJL30Ba-
HuM B kadecTBe MaTpuubl PHK cBoero Bu-
pyca, HO cnocoOHbl CUHTE3MPOBATh TAKKE
JHK, kxoMIUleMEHTapHYK) K CaMbIM pas3s-
uoiM PHK. O6patHbiM TpaHCKpHITa3am
HeoOXO/IMMa 3aTpaBKa; CHHTE3 HOBOH LieNH
JHK oun Bepyr B Hampasienun 5 — 3
M BOOOIle BO MHOTMX OTHOILEHHSAX HAIlO-
munaroT JIHK-nomimepasbL

O6paTHas TpaHCcKpHITasa, nomobHo pec-
TPHKTHPYIOLLHMM 3HA0HYKJIea3aM
(pa3n. 27.24), ctana, Kak MBl YBHIHM [aJIb-
1I€, O4YeHbL BaXXHbIM OMOXHMHYECKMM HH-
CTPYMEHTOM [pH H3YYE€HHH B3aMMOOTHO-
wennit JTHK-PHK, a Taxxe npouecca
wionnposauusas JJHK. I3toT depmenT cne-
JlaJl BO3MOXHBIM HCKYCCTBEHHBLI CHHTE3
JHK, xomniemMenTapHoO# j11060# MaTpHLe
PHK, 6yae To MPHK, TPHK umn pPHK.
Cunaretnueckyro JIHK, nostyyeHnyro Takmm
nyTeM, Ha3blBatoT Komnaemenmapnoit [JHK
(x/JTHK). C nomoubro o6paTHOH TpaH-
CKpMIITa3bl MOXHO, HallpuMep, NOJIYYHTb
cunTeTwieckuii rex (1. e. x 1HK), xoanpyro-
LM OOHY M3 HOJIMNENTHAHBIX (eneld reMo-
riobuna, ucxons us ee MPHK. MPHK, xo-
JINPYIOLLIHE LENU reMorjiobuHa, JIerko Mo-
IryT OBITb BBIOENIEHH! H3 3PHUTPOLHTOB.
B 5TOM M BO MHOTMX IPYTHX Clly4asix, KOTaa
BbljieJIeH1e IPHPOIHOTO TeHa, KoaHpy#ollie-
ro XaKoH-JIM00 NOoNMNenTHH 3yKapuoT, [0-
BOJILHO cJlo)kHO, a ero MPHK pocrtynHa,
MOXHO MOJIYYATh CUHTETHYECKHH reH 3TOH
MPHK npu nomMoniu o6patHo#t TpaHckpHII-
Ta3wl. [Tozxe Mb1 yBuauMm, kak kJIHK nc-
MOJIL3YIOTCA I KJIOHHMPOBAHHA pEKOM-
omtanTueix JTHK (rn. 30).

28.27. Hexoropnie Bupycusie PHK
PENHUHPYIOTCH C NOMOINBLIO
PHK-3aeucumoii PHK-nomuMepassl

V uexotopwix 6axtepuodaros E. coli xpo-
MocoMa mpenctapnser coboit He JIHK,
a PHK. ITH BupYCH], K KOTOPLIM OTHOCATCS
Takue ¢aru, kak, nanpumep, 2, MS2, R17
u QP (tabn. 27-1), ctanu BaxXHLIM Cpel-
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CTBOM WHCCNICIOBAHUS CTPYKTYPbL ¥ (yHK-
unn MPHK. PHK 3Tux BHpYCOB, XKOTOpBIE
NPH CHHTE3€ BUPYCHBIX OEJIKOB BLICTYNAOT
B pomn MPHK, perummmpyrores B xieTke-
X03siMHe nop aefictreM GepMeHTOoB, Ha3bl-
paeMblXx PHK-3asucumvimu PHK-nosume-
pasamu, WM PHK-penauxasamu. It dep-
MEHTBl OOBMMHO OTCYTCTBYIOT B KJIETKAX
E. coli n nosiBAsOTCA B HUX JIMUIE B OTBET
Ha npucytcTeHe BHpycHbix PHK.

PHK-pennnkasa, BbiefieHHAS U3 KJIETOK
E. coli, 3apaxenHbix pupycoM QP, xataym-
3upyeT obpasosanve PHK, xoMiuiemenTap-
Hoii pupycHoit PHK, n3 pubonykineosun-5'-
TpudocdhaTos. VpasHeHne 3TOH peaxumu
aHAJIOTUYHO YpaBHEHHMIO PEAKIUH, KaTali-
snpyemoit JIHK-3asucumolt PHK-nosmme-
pa3oi:

NTP + (NMP), Bupycnas PHK—Mannu_a;

PHK

(NMP), ;, + PP,

Y puBeHnas

PHK

Cuures uwopoit uenn PHK npowcxo-
oaT B Hanpamiennn 5 — 3. PHK-pe-
NJMKa3a HE MOXeT HCIOJB30BaTh B Kaye-
ctee Matprubl JIHK; mng aToit uenu ei
neooxomnmMa PHK. B ornuyme or JIHK-
u PHK-nonumepas PHK-pennukasn obna-
naioT cneundHIHOCThIO K MaTpHue. Tak,
PHK-perinkasa dara QB cnocoGHa uc-
MOJIb30BaTh B KAYECTBE MATPHUBI TOJIBKO
PHK storo supyca, a PHK xnetkn-xo3s-
uHa 3THM (epMEHTOM HE PEIUTHLUPYIOTCS.
IT0 OOCTOATENLCTBO OODBICHAET, MOYEMY
PHK-conepxallime BUPYyChl HMEIOT IIPEUMY-
mecTBO NpH pemndkauud cesoeit PHK
B KJIETKe-XO3fiMHe, comepxaiilell Gonbiioe
ynciao PHK apyrux suoos.

Takum obpazom, ouniierHas PHK-pe-
niauka3a Bupyca QP MOXET OCyLUECTBIATE
CHHTE3 HOBBIX OMOJIOrMYECKH aKTUBHBIX MO-
nexyn QB-PHK. Mcnonp3ys B xauecTse Ma-
Tprsl nHGexnuonuyio ( + )-uens PHK po-
pyca, O4YHMILEHHAs pemnMkasa CHocoOHa
CHHTE3HpOBaTh KOMILJIEMEHTapHyo (—)-
L€nb, KOTOpast 3aTeM B NPHCYTCTBUHM TOIO
xe (epMeHTa MOXeT CJYXHTb MaTpuueil
i1 0Opa3’0BaHUA MOJHOCTBIO HH(EKIHOH-
Hoii QP-PHK, uoeHTHyHOH € HCXOOHOM
(+)-auThi0. M3 3TOrO ClEOYET, YTO LEHT-
pajbHas [I0rMa MOJIEKY/ISIDHOM TIeHeTHKH
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Penaukaips
JIHK JHK

Obparxas
Tpaxckpunys TPaHCKPHUITIKA
Penanxauys PHK
PHK
TpaHcasalus
Benok

Puc. 28-26. lanbueiliuee yTO9HEHHE LIEH TPAILHOR
IOTMBI € Y9€TOM BO3MOXMOCTH pendkaum PHK.

JokHa OblTh chopMysMpoBaHa B He-
CKOJIBKO M3MEHEHHOH dopMe, NPpHBEAECHHOM
Ha puc. 28-26.

Pacumdposka nONHOH HYKJIEOTHIHON
nocnenoBatenbHoctn  PHK-xpomMocomMsl
Bupyca R17 m aMHHOKHMCIOTHBIX nociieno-
BATENIBHOCTEN TpEX BHPYCHBLIX OENKOB, KO-
mpyeMbIx 3toit PHK, nossosmna nosy-
YHTH BAXHYIO JOMNOJHUTENbHYIO HH(pOpMa-
LHIO O TEHETHYECKOM Kofde M O crelinduye-
CKHX CHrHAajlaX MHHMIMAlMM M TEpMHHALHH
cHHTe3a MOJIMNENTHAHBIX mneneit (rj. 29).

28.28. TMosmmykneornagocdopnnasa
no3soJisieT OCYIecTB/SITH CHHTE3
PHK-noa06HbIX 1n0/1HMepoB

¢ HecnelinuuecKoil HyKJIeOTHIAHOMH
NoCJieI0BATEILHOCTLIO

B 1955 r. Mapmnanua I'prouGepr-Manaro
n Cepepo Ouoa OOHApYXHJIM NOAUHYKACO-
mudgocopusaszy—nepsbiii pepMeHT, Oxa-
3aBIIMACA  CHOCOOHBIM  CHHTE3IUPOBATH
NNHHHbIE LIEMM MNOJIMHYKJeoTHIOB. (UyTh
no3xe Aptyp Kopubepr coobumn o6 or-
kpeitun JIHK-nosmmepassl) Ionunyxiieo-
tuadocdopriasa, KoTopas, BUINMO, BCTpe-
YaeTcs TOJLKO B OAKTEpHAX, KATAJIU3UPYET
peaxuuio

NDP + (NMP), = (NMP),,, + P;

rae NDP —uyxneosnn-5'-mudocdar,
(NMP),, | —yOIIMHEHHBIH MOJMHYKNEOTHI,
a P;-otuenusumiica ¢ocdat. PepMeHTy
HeobxomuMBl  5'-mudocdaTel  puGoHyKIIeo-
3ugos; ¢ pubonykneosna-5-rpudocdara-
MU, ¢ Je30KCHpHOoHykIeo3un-5'-mudocda-

YACTh IV. MEXAHHU3Mb] ITEPEJAYM FEHETUYECKON MH®OPMALIUU

TAMM WIM B OTCYTCTBHe MoHOB Mg?* on
pabotath ue MoxeT. [lonmnykneotnndoc-
¢dopunaza karanusnpyer cuure3 PHK-no-
I06HOrO noJIMMepa, CoAepxKaIlero
3,5-dpochonnadupHsle cBA3N, KOTOPhIE TH-
LpOJIN3Yy10TCA puboHyKieasoil. Peaxuns ru-
JIpOJIN3a JIETKO OOpaTHMa M MOXeT OblThb
CABHMHYTA B CTOPOHY PACILIENJIEHHS TOJIMPH-
OOHYKJIEOTHIIA IyTEM YBEJIMYEHHS KOHIIEH-
Tpaunn ¢ocdara.

IMonunyxneotuadocdopunaza He Tpe-
OyeT MaTpHULILI M HE CHHTE3NUPYET MOJIMMEp
co cneupdHueckoii HykJIeOTHIHOH nocneno-
patesibHOCTLIO. Ilens PHK neobxonuma eii
JIMIIb B KAYECTBE 3aTPABKH, KOTOpas INpo-
cT0 ofecneunpaer HalHyHe CBOOOOHOTO
3'-ruapOKCHIIBHOTO KOHUA, K KOTOPOMY MO-
TYT NPUCOEOMHATbCA  JIOMOJIHHUTENIbHbIE
octaTki. Peakuusa nmpotekaeT kak B IpHCyT-
CTBHH BCEX YEThIPEX MCXOAHBIX MOHOMEPOB,
TaK U B NPHCYTCTBHH TOJIBKO OHOTO H3
HUX. Hyksleotuanelit coctaB obpasyiorero-
Cfl MOJIMMEpPa OTPaXxaeT OTHOCHTENIBHOE CO-
oTHoleHue B cpedae 5'-mudocdatop-npen-
1IecTBEHHMKOB. [103TOMYy ManoBepodTHO,
4YTOObL B €CTECTBEHHBIX YCJIOBHSIX MNOJIUHY-
wieotnadocdopriaza BemonHAna  (yHK-
unto PHK; ckopee ona yuacteyer B gerpa-
naumn PHK.

Tonnuyxneotundochopnsiaia —oueHb

LIEHHbIH HMHCTPYMEHT HCCJIeIOBAHHA, IO-
CKOJIbKY €€ MOXHO HCIOJIb30BaTh IS I0-
Jiydedus B j1abopaTOpHH MHOTOYHCIEHHBIX
PHK-nogo6HbIX NOJIMMEPOB € pa3JIMYHOH
HYKJIEOTHIHOMH MOCJIEA0BATEIbHOCTBIO
U pa3MbIM comepxanneM ocHopauui. Takue
cunreTnveckue PHK-nosmmmeps! no3posiu-
JIM, KaK Mbl YBHIMM dansite (ri. 29), cocta-
BUTB CJIOBAPb KOIOBLIX «CJIOB» 1J1S1 aMHHO-
KHUCJIOT.

Kpatkoe conepxaHHe riaBbl

JHK E. coli pennmuuupyeTtcs r0JyKOHCEp-
BATHBHBIM CIOCOOOM, TaK 4TO KaXaaf 10-
YepHsisl ABOMHASA CIIUPaJlb COCTONT M3 OMHOM
POIUTESLCKOR H 0OQHON HOBOOOpa3oBaHHOMN
teny. Konbuesas 6akTeprasbHas XpoMOCo-
Ma pelIMLHPYETCS B ABYX HANpaBJIEHUSAX U3
OOHOMH M TOH e TOYKH Havajia penyMKauu.
Hekotopeie Bupycubie JJHK pemnuupy-
IOTCA [0 MEXaHU3MYy «KATHAILIErocst KOMbLa».

JHK-nonnmMepasa I E. coli xatanusupyer
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cuure3 JTHK n3 4erbIpex ne3okcHpubosy-
xJieo3na-5'-tpudochaToB B NPHCYTCTBHH
nonoB Mg?* ¢ pbIcBOGOXKICHHEM B XOII€ pe-
aximn nupodocdara. Lens pacter B Hanpa-
BjeHud 5 — 3. [Ins nmpoTexaHMs peakiHH
HEOOXOAMMO HAJIMYHE MpEACyILeCcTByrouIeit
uenn JJHK, koTopasi CIyHT OOHOBpEMEH-
HO m marpuued, u 3aTpaBkod. Pepment
cuuresupyer uems JHK, komiutementap-
Hyl0O uenu-MaTpHue; MOJSPHOCTE HOBO-
obpa3oBanHoO#i leny NPOTHBOIONOKHA TOo-
napuoct marpuusl. Knerkn E. coli comep-
watr Tpn JAHK-nonnmepasbl. [ 'aBHBIA
depment pervkauuy—3to JHK-nonmme-
pasa III, a JHK-nonumepasa 1 Benosnuser
NPH peIINKALNH BCIIOMOTATENbHYHO (PyHK-
nuio. Oaua vens JAHK (seaywas) persuim-
pyercs HenpepbIBHBIM 06pa3oM B Harpa-
BleHun 5 —3', Apyras xe uenb (oTcTaro-
was) pennuduupyercs ¢ obpa3oBaHHEeM KO-
pOTKMX (hparMeHTOB, Ha3bIBaeMBIX ¢par-
mentamu Oxa3aku. ITH HparMeHThl, AJIHHA
KOTOPBIX y NpOKapHoT MOXeT JOCTHraTh
2000 HyxeoTHIOB, CHHTE3HUPYIOTCH B Ha-
MPABJICHHH, TPOTHBOIMOJIOKHOM HamnpasJle-
HUIO IBIXEHUS pellIMKAaTHBHOM BMJIKH,
O6pa3osanne kaxaoro ¢pparmenta Oxa3sa-
KH HAYMHAETCA C KATAJM3NPYEMOro NpHMa-
30fi CHHTE3a KOPOTKOTO KOMILIEMEHTaPHO-
ro yyactka PHK, koTopwlii Hrpaer poJb
3aTpaBKH. 3aTeM Ha 3'-xoH1e 3Toil PHK-3a-
Tpapku ¢ nomMoubio JJHK-nonumepaser 111
cunresnpyercs JJHK. ITocne storo PHK-
3aTpaBKa BHIPE3AeTCs M 3aMeILaeTCsi KOM-
nnementapuod JIHK, kotopas 3atem cum-
Ba€TCA C OTCTAIOLLIEH Lienbio NMPH NMOMOLH
JHK-nurassl. [na pennmkamun Heobxo-
ouMBI Takxe xesnka3a n JIHK-cBa3biBaro-
e Geskn, KOTOpble PaCIIETal0T MATPHILY
n yoepxuparoT nenu JJHK B pa3segeHHoM
coctosiumy, nomMoras JJHK-nosimmepase Ha-
yaTtk paboty. Kpome Toro, paciuierauuio
peneii cnocoGCTBYET BpallleHHe MOJIEKYJIbI
JHK, ocywecrsnsemoe JHK-rupasoit.
Iocne penmmkaunn JHK-rupa3sa neobxo-
IAMa Takxe 11 obpa3oBanus CBepXCIH-
pambHeIx Mosiekyd JHK. JHK-nonumepa-
3a I obnamaer xak 3’ —5- Tak u 5 —
— ¥'-3x30HyKJea3Hoit akTuBHOCTBIO. Ilep-
past M3 HUX CIAYXKWUT A% UCTIPABJSICHMS OLLH-
60K —C ee MOMOLLbIO BBILEIUIAIOTCS HecTa-
peHHBble HYKJIEOTHAbL, TOrda KakK BTOpast
aKTHBHOCTL obecneunsaer ynanenne PHK-

3aTpaBok n3 dparmentos Oxa3zaku u pena-
paunio JHK. JJTHK-nonumepasa III Toxe
obsafaeT 3THMH 3K30HYKJIEa3HbIMH AKTHB-
HOCTAMH.

IIpoliecc TPaHCKPUITUMH KaTaIH3HpYyeTCs
JAHK-3aBucHMoit PHK-nosmmepa3soii -
CI0XHbIM (EPMEHTOM, KOTOpbIi CHHTE3N-
pyer u3 puboHykiaeo3un-5'-rpudocdaros
uent PHK, xomMmieMeHTapHylo OOHOR M3
neneii aByxuenovexsoit JHK. [1nda y3uapa-
ans npoMotopHo#t obnactn 1HK, 1.e. cur-
Haja uennuanuu cuntesa PHK, npokapuo-
Tnyeckot PHK-nonumepase Heobxommma
ocobas cyObenunnua ¢ (curma). C ogHoro
reHa OJHOBPEMEHHO MOXET TpaHCKpuOupo-
pathbcs MHoro ueneii PHK. pPHK u TPHK
obpa3sytotcs u3 6onee anmuHHbEIX PHK-npen-
ILIECTBEHHHKOB, KOTOPbIE YKOpauHBalOTCH
C NOMOLIbIO HYyKIleas U najiee ¢epMenTa-
THBHBLIM Iy TEM MOANDUUMPYIOTCS, IpeBpa-
1IAsCL B 3pesIble MONEKYJIbl, JyKapHOTHYe-
cxne MPHK o6pa3syrorcs u3 npenniecTses-
HNKOB Oonplllero pa3smepa, KOTOpble H3-
BECTHBl MO HA3BaAHHEM TIeTepOreHHbIX
snepisix  PHK (rsPHK). BnocieacTBuu
OHM MOANGHLIHPYIOTCA IyTEM MPHUCOEANHE-
HUA IHHHOTO poly (A)-XBocta Kk 3'-KoHUY
M OCTaTKka MeTHWiIryaHosumHa («xama»)
x 5-xomuy. Wurpoust ypansiorcs ¢ mo-
Moubro MaibiX aaepublx PHK (MaPHK).

B %MBOTHBIX KJIETKAX, 3apaXXE€HHbIX OHKO-
reuubiMH  PHK-cogepxaummn  Bupycamm,
obpasytorca PHK-3aBucimele [THK-nonu-
Mepasbl, Ha3bIBAEMBIE Takxke OOpaTHLIMH
TpaHCKpUITa’aMi. ITH (epMeHTH TpaH-
ckpubnpyror BHpycHyio PHK-xpoMocomy
¢ obpa3sopanreM komIuteMenTapHoi JJTHK.
TakuMm mnyreM reubl, o6yciopfmBarolIne
pak (OHKOreHBl), MOTyT BKJIIOYATbCH B Te-
HOM JXHBOTHBIX KJIETOK.

B GaxTepHaibHbIX KJIETKAX, 3apaXeHHBIX
nexotopbimu PHK-cogepxaummMu Bupyca-
MH, 6611 Haneusl PHK-3aprcumMble PHK-
pernnuka3ssl. Onm  obGnanaror cnenudmy-
HOCTbIO M0 OTHOLIeHHIO K BUpycHOH PHK-
matpuue. Brinenennas 3 Gaxrepnii mosm-
nywieotundochopunaza Moxer obpaTnmo
cunte3nporaTh PHK-nono6usie nonumepst
n3 pubonyxkneosna-5'-oudocparos. Xors
3TOT epmenT crnocobel noGamiste pubo-
HYKJIEOTHAB! K 3'-THIPOKCUTBEHOMY KOHILY
noJIMMepa U yAaJjsaTh X OTTyla, OOBIYHO OH
BbinoJiaser ¢ynkumio gerpamammu PHK.
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Bonpocel n 3aaa4n

1. Buvieodwt uz sxcnepumenma Meseavcona~—Cma-
as. PesynbTaTthl 3KcnepumeHTa Mesenbco-
Ha—Crans nokasany, yto pennukamma JTHK
B E. coli npoTekaer 1o 1nonykoHcepBaTUBHOMY
mexaHusMy. CornacHO Tak Ha3bIBaeMOM «auc-
NEPCUBHOM» MOMENH, LENd PpOmUTESIbCKOH
AHK pacuiersiores npu  penjuvkalnMyd Ha
¢parMeHTHl NMPOM3IBOJLHOTO pasMepa, a 3a-
TeM COeMHSIIOTCH ¢ (JparMeHTaMH HOBOCUH-

TeauposanHoii JIHK, o6pa3ys noyepHue my-
MJEKChl, B KOTOpbIX 06e Lenu comepxar
B CIy4YaHHOM IOpsUIKE KaK PpOMUTENbCKYIO
(«TsKETYION), TAK M JOYEPHIOK («IErKYHO»)
AHK. O6pacHnTe, noyeMy 3KcriepuMeHT Me-
3es1bcona ~ CTain MCKIIFOYHIT 3Ty MOIENIb.

. Jkcnepumenm Koaphca.

a) IMoyemy KapHc npu uayqenuu xona pennu-
kauuu JIHK ucnosnr3oBan paauoakTHBHEBIR
TUMUAHUH ?

6) MoxHO M 6bUIO € TEM XK€ YCTIEXOM HC-
MOJIL30BATh  paJHOAKTUBHBI a1EHO3IUH
WM TyaHO3UH?

B) [MokaxnTe PepMEHTATUBHBIA NyTh, 110 KO-
TOpOMY paJROaKTUBHbI# TUMHMIMH BKJIIO-
yaerca B J1HK E. coli.

. Yucao obopomoe xpomocomu E. coli. CKonbko

060pOTOB BOKPYT CBOEH OCH OOJDKH@ COBEP-
HMTH XpoMocoMa E. coli npu packpyuuBaHuu
B IpoLecce periMKauuy ?

. Bpemsa penauxayuu y E.coli.

a) Ucxons U3 naHHbIX, IPUBEAEHHBIX B 3TOi
rnaee, paccyutaiite, CKOJIBKO BpeMEHH 3a-
HUMaeT peILIMKauus xpomocomel E.coli
npu 37°C, ecnu ABE peIUIMKaTHBHbIE BUNKU
IBHXYTCA M3 TOYKU Hayasia perumkanuu?

6) [Ipu oIpeneneHHbIX YCJIOBUSX KJIETKM
E. coli MOTYT pacTH U eIMTECS ¢ UHTEpBa-
namu B 20 MuH. OGBsicHUTE, KakuM 006pa-
30M 3TO HPOMCXOOHUT?

. Penauxamuenvie euaku 6 E.coli u e kremxax

uenoeexa.

a) Kakoe Bpems HeoOxoaumo O peruka-
uMH  reHa pubonykneaswt E.coli (104
AMMHOKHCJIOTHBIX OCTATKa), ECJIM PEIlIHKa-
TUBHas BUJIKA BUKETCH CO CKOPOCThIO 750
rnap OcHOBaHWii B CeKyHuy?

6) PennuxaTuBHas BUJIKa B KJIETKE 9elOBEKa
IBUXeTCcs Beero Jiaib B 10 pa3 MennenHee,
yem B E.coli. Kakas nononnutesnbHas uH-
¢dopmanus norpebyerca BaM, 4T06BI pac-
CYMTaTh MHHUMATbHYIO CKOPOCTb PpeIlu-
Kallu¥ TeHa YesloBeka, Koaupyrouiero Ge-
ok #3 104 aMHHOKHCJIOTHBIX OCTaTKOB?

. Cnapusanue oOCHOGAHUli npu  pemnauxayuu

u mpaHcKpunyuu.

a) Hanummrte HyKneoTMaHyio IIOCH€nOBa-
TeabHOCTD yaactka JIHK, cuntesupyemoro
JAHK-nonumepa3ol, Ha ykazaHHOW H¥xke
matpuue [THK. uMes B BHIy, YTO HYKJIEO-
THMIHBIE [10CIEA0BATEbHOCTH IIPUHATO M-
caTh B HanpasjieHuUM 5 —3'.
(5YAGCTTGCAACGTTGCATTAG(3)

6) Tenepp HanuINKATE HYKJIEOTHAHYIO HOCHE-
noparesbHOCTh yaacTka MaTpuynoii PHK,
TpaHckpubupyemoii  PHK-nonumepazoii
IpU UCIOJIL30BAHHU B Ka4€CTBE MATPHIBI
HoBocUHTe3npoBaHHo# nernu JHK, nosy-
YeHHO} B 1. a) 3TO# 3anavu.
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7. Cocmaé ocroéanuii mpanckpunma PHK. 1lens

ITHK, conepxaias 10 HykeoTMAHBIX OCTAT-
KOB B COOTHOWIEHnU A—21%, G—29%,, C-29%
u T-21%, pennuumpyercs npu nomoum JHK-
nonuMepasbl ¢ 06pa3oBaHUEM KOMILJIEMEH-

Tapuoii nenu. IlonydeHHyro aByXxueno4yeuHyo

JHK 3ateM HCHONB3YIOT B KayecTBE Ma-

Tpunel i PHK-nonumepasbl, koTopas

Tpanckpubupyer HoByio nems» JHK. B pe-

synbtate cuHTe3upyetcs PHK takoro xe pas-

Mepa, KaKk MaTpHua.

a) OnpepenuTe HYKNEOTUIHbIH CocTaB 06pa-
syromeiicas PHK.

6) INpeanonoxum, uto PHK-nonumepasa
OCTaHOBMJIACh, Npoi as TosmKo 2000 octaT-
koB Horoi nenu JAHK. Kakum 6yner wy-
KJIEOTHAHBI COCTAH HOBOH KOpOTKOH
PHK?

. Hyxaeomudwuetii cocmae [JHK, cunme3supo-

GaHHBIX HA OOHOYENOUEUHBIX — mamMpuyax.

Onpenenvite HykneoTMaHwrt coctas JHK,

CHHTE3MPOBAHHOI HA MaTpPHULE, NPEACTABISIIO-

e coboll  ABYXUIENOYEYHYI) KOJIBLEBYHO

IOHK ¢ara $X174 (t. €. penukaTUBHyto dop-

My JTHK artoro ¢ara), eciM HyKJIeOTHMIHBIR

coctaB ofHOW u3 meneil Taxos: A-24,7%,

G-24,1%, C-18.5% u T—-32,7%,. Kakoe nony-

pieHKe Heo6xoauMo caenaTh, YTOObI pemmnThL

3Ty 3agavy?

. T'ubpuouzayus JHK ¢ mPHK. THK ru6pu-

nusyercsi ¢ MPHK, TpaHnckpubupoBaHHBIMI

¢ 3roii THK. Kak BBl 06BbsACHHTE TOT (akT,

410 co BeeMH HM3BecTHBIMM MPHK Moxer ru-

6punuzoeatbes He 6osee 509, Bceit NHK

E.coli?

10. @pazmenmer Oxaszaku.

a) CkonpkO nNpuOIH3IUTENLHO (PParMeHTOB
Okazaku o06pa3yeTcsl mpu pellnMKalHy
xpomocombl E.coli?

6) Kaxue ¢akTopul rapaHTupyroT cOGOpKY
6onpnoro 4ucna ¢parmentoB Oxkaszaku
B HoByro JIHK B npaBunsHOM nopsuake?

11. Bedywjas u omcmarwas yenu. CocraBbTe

CIIMCOK TIPENINECTBEHHUKOB U (PEPMEHTOB,
HeOOXOAMMBIX /11 CUHTE3a BeAyuiell U oT-
cratomueil uenefi npu perummkauuu  JHK.

12.

13.

14.

15.
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Tounocmy pensuxayuu ITHK.

a) Kakue dakTopbl 06ecrneynBaroT TOYHOCTh
PEIIMKaUMY B XO[€ CHHTe3a BeayiueH [e-
nu HoBo# JIHK?

6) MoxHO M 0XHAAaTh, YTO OTCTarollad
LENb CUHTE3UPYETCA € TOM X€e TOYHOCTBIO,
910 ¥ Beayulasa? Iloscumre Bain OTBeET.

Huuyuayua penauxayuu. JJHK-pennukasnan

cucTeMa UIA CBOEro (DyHKIMOHUPOBAHUSA

HyX/JaeTca B MaTpuue U 3aTpaBke; 6osee TO-

TO, OHa He CrnocoGHa pEIUIMIHPOBATH HH-

TakTHYIO Kossnesyro JTHK, 3a ucknmoyennem

0coObIX ODCTOATENBLCTB.

a) KakoB Ouonoruueckuii cmbicn 3TOTO
CBOWCTBa PEILTMKA3HON CUCTEMBI?

6) Kakoeet Moryt 6biTh ocOGBIE OfCTOA-
TeabeTBa, Npu kotopbix JHK-pennukas-
Has CHCTeMa cnocobHa penyIALMpOBaTh
HMHTaKTHy:o Konbmesyro JTHK?

Paznuvus mencdy PHK-noaumepasoii u no-

aunyk seonmuogocgopunazoii. PHK-nonume-

pasa TpebyeT /1A TPAHCKPUIILMK B Ka4yecTBE

NpeALIeCTBEHHUKOB  HYKJIeo3ua-5'-Tpudoc-

datsl, a ¢ Hykneosun-5-mudocdaramu oHa

He pabotaeT. [lonunykneoTungochopunasa,

Hao6opot, Tpebyer Hykyieosua-5-mudoc-

¢daTh, a ¢ 5-Tpudoctharamu ona nHe pabo-

TaeT.

a) KaxoBa npuyuHa YKa3aHUbIX pa3zJIMyHik
MEXAY 3TUMHU ABYMSA (PEPMEHTAMM B Tpe-
6oBaHUM K IIpealeCTBEHHHUKaM 7

6) B cBs3M C BalMM OTBETOM Ha BOIPOC
Il. «a» yKaxuTe, KAKME APYrue pasiuyuf
MEXOY NAHHBIMU (EPMEHTAMH HMEIOT
OTHOLIEHHE K 3aTpOHYTOMY BOTPOCY.

Hcnpasaenue owubox. JJHK-nonnmepasbi

MOTYT BBISBJIATE U HCOpPaBAATh OLIMOKY,

Torna kak PHK-nonumepass! Takoii crioco6-

HOCTBIO, NO-BUAMMOMY, He obnaaator. Ilo-

CKOJIbKY OIMOKa Aaxe B OHOM OCHOBAaMUM

KaK IIpy pelUIMKauMH, TaK U Tpy TPaHCKpPHII-

UMU MOXET NpHBECTH K OIMOKE B CHHTE3E

Genka, MoxeTe JIM Bbl AaThb GuoOJOrHIECKoe

OGBACHEHUE ITOMY NOPA3ZUTENLHOMY PasJiH-

quro ?



I'JIABA 29

CHHTE3 BEJIKA U ETO PEI'VJISILIUA

Mexanusm 6uocunTe3a OETKOB CO BCEM
MHoroo6pasuemM HX OHONOTHMECKON aKTHB-
HOCTH H BHIOBON crienHPMYHOCTHE Obla
OnHOM K3 XpynHelumx npobeM B HCTOPUU
6uoxuMuH. B TedeHHE MHOTHX JieT HEBO3-
MOXHO OBIJIO OTBETHTHL [JaXX€ HA OYEHDb MpPO-
CTble BOIIPOCHI OTHOCHTENILHO OeJIKOBOrO
cunTe3a. Harrpumep, obpasyrotca jm 6eyxu
cpasy KaK OOHO LEJIOe MJIH K€ CO3JaI0TCH
nmyTeM COOPKHM M3 MHOXECTBA KOPOTKHX
IPEBAPUTENBHO CHHTE3UPOBAHHBIX IIENITH-
nos? Wnu Takoit Bonpoc: MOXeET OBITh, BCE
bemxu KneTkd o6pasyroTcs U3  OJHOro
JJIMHHOTO TIOJIMIIENTHIA-TIPeIIECTBEHHUKA
B pe3y/bTaTe CrEIMpUMECKUX H3MEHEHH
ero 6okxoBbIX (R) rpynn? Jo nayana 1950-x
TOJOB HE OBIJIO JOCTOBEPHO YCTAHOBJIEHO
Iaxe TO, 4TO BEJTKH —3TO UHIUBHIAyaJIbHEIE
XMMUYECKHE COEIMHEHHSI C ONpeneCHHON
MOJIEKY/ISIPHOH  Maccol, OmnpenescHHbBIM
aMUHOKHCIIOTHBIM COCTABOM U OIpecyieH-
HOH IIOCNE€N0OBATENLHOCTLIO  AMHUHOKHC-
JIOTHBIX OCTAaTKOB.

CerofiHst Mbl Y€ MHOTOE 3HAa€M O IPO-
Hecce OEJIKOBOTO CHHTE3a, OfHAKO HE MC-
KJIIOYEHO, YTO 3TO JIMIIL Majias yacTb TOro,
YTO HAM ellle NPeACTOUT y3HaTh. Ilo Bcelt
BEpOATHOCTH, CHHTE3 Oenka IpencTabisieT
cofoif CaMbli CIOXHLIA U3 OUOCUHTETHYE-
CKHMX ITPOLIECCOB: OH TpeOyeT o4eHb 60Jib-
moro 9ucyia GepMEHTOB U APYyrux cneundu-
YeCKHMX MaKpoOMOJeKyJl. B 3ykapuoTHIECKUX
KIeTkax B GENKOBOM CHHTE3€ NPHHMMAIOT
y4actue ceblille 70 pa3nuMHBIX pHOOCOMHBIX
6enxoB, HE MeHee 20 ¢epMeHTOB, HeoGXO-
IMMBIX OJI51 aKTHBAllMKM AMMHOKUCIIOT-NPe -
IECTBCHHHUKOB, bonee JecsaTKa BCIIOMOra-
TeNbHbIX (PEPMEHTOB M OPYrHX OCOOBIX
GenkoBbIX (PaKTOPOB MHMIIMAIMM, 3JIOHTa-
IIMH H TCpPMHHAIMU CHHTE3a NOJIMIICIITUAOB,

a TaKxe, BO3MOKHO, He MeHee 100 nonosHu-
TENbHBIX (EPMEHTOB, YYACTBYIOILUX B IpO-
neccuHre (co3peBanuu) 6enxos. Ecnu no6a-
BHTB K 3TOMY CIHCKy eule ¢Bbune 70 BHIOB
TpancnopTHeiX M pubocomubx PHK, 10
CTaHeT ACHO, YTO CHHTE3 IOJMIEITHIOB
TpeOyeT COBMECTHOTO [elCTBHA TOYTH
TPexcoT pa3nMMHLIX MakpoMonekyn K To-
My € MHOTHE M3 3THX MaKpOMOJIEKyJ Op-
TQHW30BaHbl B CJIOXKHBIE TpPEXMEpHbIE
CTPYKTYpBbl pubOCOM, B KOTOPLIX IO Mepe
CHHTE3a MOJIMIIEITTHIHON ENU IPOUCXOIUT
nepemelenune (TpaHcnokanus) MPHK.

HecMoTps Ha GOJbUIYIO CNOXKHOCTL aml-
napata 6HOCHHTE3a OEJTKOBBIX MOJIEKYJI, HX
CHHTE3 NPOTEKACT C Ype3BbIYailHO BBICOKOH
ckopocThio. K mpuMepy, Ha obpa3zoBaHHe
TNOJIMIIENITUAHON LENHM, cocTosAuledl U3 cTa
aMHHOKMCJIOTHBIX OCTaTKOB, pubocome
E. coli pocratouso natu cekysa. bonee To-
ro, KAK Mbl YBHIHM HHXE, CHMHTE3 TBICAY
pasnuuHbIX OEJIKOB B KaxI0# KJIeTke CTpo-
TO YNOPsAAOYEH, TaK YTO NpH JaHHLIX YCJIO-
BHSIX META0O/M3Ma CHHTE3UPYETCS JIMIUb
HEOOXOAMMOE YHCJIO MOJIEKYJ KaXIOTO
Genxa.

29.1. OTkpbiTHA panHero
TIEPHOJIa 3aJI0KHIIH OCHOBY
HecsTeloBaMHii OHOCHHTe3a OeJika

OCHOBa HalMX CETOOHSILHWX IpencIa-
BiieHuil 0 6GMocHATE3E Denka Oblia 3aJi0kKe-
Ha B pe3yjLTaTe TPEX TNIABHRIX OTKPBITHIA
50-x ronos. B nayane 50-x romos Ilosn 3a-
MEYHHK H ero xosuierd u3 I'nasnoro Macca-
yycerckoro I'ocrmTans 3apaiuchk BOmMpo-
COM: B KAKOM MECTE KIIETKH CHHTE3UPYIOTCA
benku? B noHcKax OTBETa OHM BBOIHJIM
KpbICAM PAJHOAKTHBHBIE AMMHOKHCJIOTEL
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Yepes pa3Hble MPOMEXYTKH BPEMEHH TI0CTIE
HHBEKIIMH OHM H3BJIEKaIM 1€Y€Hb, TOMOTE-
HM3HPOBa/M €€, (PPaKUMOHHPOBATH IIyTEM
-neHTpudyrupoBanus (pasa. 13.16) u npose-
pANH 3aTE€M TOJIYYEHHbIE CYOKIETOYHBIE
(paKuiK HA HANMYKE B HUX PaJAMOAKTHBHO-
ro Genka. EcM mocne BBeICHHA MEYEHBIX
aMUHOKHCIIOT TPOXOJUIIM 4acChl WK JHH, TO
MedeHble Oenku OOHapyXHBajlM BO BCeX
BHYTPHUKIETOUHBIX ¢bpakiusx. Ecnu xe me-
YeHb U3BJIEKANIH U (HPAKLUMOHHPOBAJIH BCETO
Yepe3 HECKOJLKO MHHYT NOCIE UHBEKLHH
MeYEHLIX aMHHOKHCIIOT, TO HOBOOOpa3o-
BaHHbII MeyeHBlt 6emok OOHapyxHBaIM

Puc. 29-1. Y4acTOK KJIETKM noimkenynodHolt xene-
3pl, HA KOTOPOM BUIHbI PHOOCOMDI, TIPHKPEILTIEH-
Hple K BHELUHEH NOBEPXHOCTH IHZONNAIMBTHYE-
CKOI'0 PETHKYJYMa.

numb BO ¢pakumy, conepxaiueii He6ONb-
HiMe PpHOOHYKJIEONMPOTENHOBLIE YaCTHIIbL.
Hcxons M3 3THX OaHHBIX, 6bIT CoeNlaH Bbl-
BOJ O TOM, YTO MECTOM CHHTe3a Oesika M3
aMHMHOKHUCIIOT fBJIAIOTCS pHOOHyKIEeonmpo-
TEMHOBBIE YaCTHLbI, KOTOpBIE paHee YyxXe
ObUIH OOHAapyXeHb! B JXHBOTHBIX TKaHIX
C TOMOIIBIO 3JIEKTPOHHOTO MHKPOCKOIa
(pa3pn. 2.17); nosxe OHM TNOJYYHJIM Ha3Ba-
Hue pubocom (puc. 29-1).

Bropoe otkpriTHE 6BUTO cAEaHO M3mo-
HoM XorseHooM u TTonoM 3aMEYHHMKOM,
KOTOpble OOHApPYXMJIH, YTO HHKyOalms
aMuHOKHCIOT ¢ ATP u nuro3onsnoi dpax-
uneii KJICTOK ICYCHU NPHUBOOUT K AKTHBALIMH
aMUHOKHCIOT. B X01€ 3T0ro depMeHTaTHB-
HOTO mporecca aMHHOKHMCIIOTBI IPHUCOEIH-
HAJIUCh K TEPMOCTaOMIIbHOH pPacTBOPHMON
PHK ocoboro THna, Ha3BaHHOH mno3aHee
mpancnopmuoli PHK (mPHK ).

TpeTbe U3 YIOMSHYTHIX BBILIE TJIABHBIX
OTKpPBITUH npuHaanexuT ®pencucy Kpuky,
KOTOPBIH 3ayMasicA HaJ BONIPOCOM O TOM,
KaKuM 00pa3oM reHeTudeckas HH(popma-
LM, 3aKONUPOBAHHAA B HYKJICMHOBBIX KHC-

JIOTax ¢ TNOMOIIBI HeThIPeXOYKBEHHOTO
A3bIKa, NEPEBOOMTCS Ha JBamnaTHOyk-
BeHHbIH s3bIK OenkoB. KpHK npuilen K Bbi-
Boay, 4T0 TPHK pomxHBI BHINOIHATH
B JAQHHOM TIponecce ponb adanmopa. Tlpu
5TOM OnHa 4actbk MoJyiekyssl TPHK Moxer
CBA3BIBATHLCA CO CrenMUIecKoit aMHHOKHC-
JIOTOH, a KaKas-TO npyras ee 4acTb—y3Ha-
BaTb B MPHK kOpOTKyl0 HYKICOTHIHYIO
TIOCNIEIOBATENLHOCTh, KOTOpa#s KOAMPYET
5TY aMHHOKHCIOTY (puc. 29-2).

WMeHHO 3TH TpU OTKPBITHS TPHBENH
BCKOpe K BBIACHCHHIO OCHOBHBIX 3TaIloB
6HocHHTe3a Oenka U B KOHEYHOM CHETE

Monekyana
BMKUHOKKCJOTHI

Yyactok

CBS3bIBANMS
aMKHOKKCIOTb!

Ajantop

YyacToK CBA3LIBAKKA
HYKJEOTHAHOT O TPUIACT:A

ARsl

Hykaeoruaubilt Tpuniet,
KoAupytouu#t BMUHOKHCIOTY

Puc. 29-2, l'unotesa Kpuxa o6 ananropuoll dysx-
nud TPHK. CerooHs Mb! 3HaeM, 4TO AMHHOXHC-
nota coemuHena ¢ TPHK xopasieHTHO, & cnetu-
thHyeckult TPHNNET HYKIOOTUAOB B APYFOM y4acT-
xe Monekysinl TPHK «yanaeT» xopupyrowmil Tpun-
ner MPHK nocpeactsom o6pazopaHust BOIOPOA-
HBIX CBsi3elt MeXAYy KOMIIEMEHTAPHbIMH OCHO Ba-
HHAMM,
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K YCTAHOBNCHUIO ICHETHHCCKOIO KOAA AMs
aMHWHOKHCIIOT.

29.2, Cunre3 Geska mporeKaeT
B NATH OCHOBHLIX JTANOB

Ceronss Mbl 3HaeM, 4TO mporiecc Hesko-
BOr0 CHHTE3a MPOTEKAET B MATH OCHOBHKIX
3TanoB, KAXAbIH U3 KOTOpLIX Tpedyet psna
KOMITOHEHTOB. B Ta6n. 29-1 mepeumcneHst
KOMITOHEHTHI, HEOOXO/MMEIE A/ CHHTE3a
6enka B E. coli u npyrux npokapuoTax. ben-

Tabauya 29-1. KoMnoHEHTH], HEOOXOOUMEIE IS
OCYLUECTBJIEHUs] TSTH OCHOBHBIX 3TAllOB MOJU-
nenTUAOHOrO cvHte3a B E. coli

YACTh IV. MEXAHW3MBbI IEPEJAYH TEHETUYECKON MHOOPMALINM

5. Csopayusa- Crneunduyeckre hepMeHTHI
HHE W MNpoLEC- v kodaKTopwl, YyIaysro-
CHHI LIHe HHHMLMHMPYIOLIHE OC-

TaTKW M CMIHaJIbHbIE TMO-
CJIEAOBATEILHOCTH, MOJH-
duuMpyroline  KOHLEBbIE
OCTaTKH, IPUCOEIMHSIO-
uue K ¢epMeHTaM npo-
CTETUYECKHE T'PYNIb, OCY-
LIECTBJISIOLIME KOBaJIeHT-
Hyro Momudukaunro R-
rpynn onpeaesieHHbIX aMH-
HOKHCJIOT 3a CYET MpHCO-
evHenus pochaTHbIX, Me-
TUJBHBIX, KAPOOKCHIILHBIX
WM  YIJICBOAHBIX OCTAT-
KOB

Sran HeobxonuMble KOMIOHEHTHI

20 aMWHOKMCIIOT

20 amuHoauun-TPHK -
CHHTETA3

20 wim Sonsuie TPHK
ATP

Mg2+

MPHK

N-thopMuiMeTHOHU -
TPHK

HMuunuupyrowmit komon B
MPHK (AUG)

30S-pubocomuas cybyacTu-
ua

50S-pubocomnuas cybyactu-
Ha

GTP

Mgz +

®axtopb! uunMiMaiuy (IF-1,
IF-2, IF-3)

1. AxTuBallus
AMUHOKHUCIIOT

2. Unvumnanus
NoJMnenTyi-
HOH LieNnH

3. Dnonrauus dyukumonanbHas  70S-pu-
QocoMa  (MHMUMUPYIOUIUK
KOMILIIEKC)
Amunoamuin-tTPHK, coort-
BETCTBYIOLIIME  KOJOHAM
MPHK

Mg2+

Gaktopyl anosraimu (Tu,
Ts u G)

GTP
[MermwaunTtpancdepasa

ATP

TepMuuupyrowMii KOIOH B
MPHK

daktoppl  oCBOOOXEHUA
nomunentuaa (R;, R,
S)

4. Tepmunanus

KOBBIi CHHTE3 B 3yKaPHMOTHMECKMX KJIETKaX
MIPOTEKAET B NPMHIMME O TOH XeE CXEME,
HECKOJIBKO OTJIMYasACh OT CHHTE3a B NPOKA-
puotax B neransix. Hinke nava kparxas xa-
pakTepHCTHKa 3TanoB OHOCHHTe3a Oenka.

a. Oman 1: axmueayus
AMUHOKUCAOM

Ha 310M 3Tane, KOTOphIH IPOTEKaeT HE
B pubocome, a B LIMTO30J1e, Kaxaas u3 20
aMHHOKHUCJIOT KOBAJIEHTHO TPUCOEAMHAECTCS
k omnpeaenennot TPHK, ucnonbsys nis
31010 3Hepruro ATP. I1u peaknun karanu-
3UpyloTCs rpynnoit TpebGyrommx mpuCyT-
crBUs uonos Mg?*t akTHBMpYIOMMX ¢ep-
MEHTOB, KaXIbli H3 KOTOPBIX SIBJISAETCA
CNEIMHIECKHM N0 OTHOLLIEHHIO K OfHO# K3
aMMHOKHUCJIOT M K COOTBETCTBYIOLIEH 3TOM
amunokucyiore TPHK.

6. Dman 2: unuyuayusn
HOAUNENMUO HOTL yehu

Ha stom 3tane MPHK, conepxaias nH-
dhopManHIo 0 JaHHOM NOJIMITENTHAE, CBA3bI-
BacTCA ¢ Majyoll cybuacTmuei pubocomsl,
a 3aTEM M ¢ MHMIMHMPYIOLIEH aMHHOKHCIIO-
TOH, NPHUKPETVIEHHOH K COOTBETCTBYIOLUEH
TPHK; B pesynbraTte obpasyercs uHuyuu-
pyrowuit komnaexc. TPHK, Hecymas uHp-
LUHUPYIOLLYK) aMUHOKUCIIOTY, B3auMoneii-
CTBYET IO NMPHMHLIMNY KOMIUIEMEHTAPHOCTH
¢ Haxoasummcs B coctase MPHK ocobrim
TPMILJIETOM, MJIH KOJIOHOM, KOTOPBIH CHIHa-
JIM3UPYET O HAYAJIE MOJIMIENTUAHON NETH.
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OcylLecTBIEHHIO 3TOT0 NPoLecca, KOTOPbIH
TpeOyeTr yuacTHa ryanosunTpudocdara
(GTP), ciocoGcTBYIOT TpH crierM(pUecKux
6enka, NpuCYTCTBYIOLLME B LIMTO30JIE H Ha-
3bIBaeMble akmopamu uHUyuAyuu.

6. Oman 3: 3aonzayun

Jasee nonunenTyaHAS Nenb YATHHAECTCS
3a CYET NOCJIENOBATENILHOIO KOBAJIEHTHOTO
TPUCOCOMHEHUA aMMHOKUCIIOT, Kakaasi M3
KOTOpHIX ~ OOCTaBisieTcs Kk pubocome
H BCTpaHBaCTCﬂ B ONpPE€ACIICHHOC MnOJIOXKE-
HHE € NOMOIIbIo cooTBeTcTBYMoLLEH TPHK,
obpa3syromieit KOMIJIEMEHTApPHBIE Tiaphbl
¢ orsedarommMm et komoHomM B MPHK.
Dnouranus OCYLIECTBIISIETCS TP TIOMOILLM
OENKOB LMTO30J151, Ha3bIBAEMBIX hakmopa-
MU 3Ig0Hzayuu. J171s CBS3BIBAHUS KaxaOH
noctynarouieit amuHoarmn-TPHK v gns
nepemMeruenus pubocomsl Boosis MPHK Ha
ONMH KOIOH, T.€. NI YAJMHEHUS PaCTyILe-
IO HNOJIMIENTHAA HA OJHO 3BEHO, 3aTpayiu-
Ba€TCs 3HCPIHA, noayvdacmas npu r'Haponu-
3e aByx mousekyn GTP.

2. Iman 4: mepmunayua
U ebics0boMcOenue

Tlocne 3aBepLUEHUS CHHTE32 ITOJIMMEN-
TUAHOM LENH, O KOTOPOM CHIHAJM3UPYyET
mepmunupytowuti kodon MPHK, nponcxo-
JUT BbICBOGO)KIICHHC nojyuenTyaa U3 pH-
60COMBI npH YHaCTHH OCOOBIX «PHIIU3HHI)-
dakTopos (0T aHrI. release — BbICBOGO-
KOathb), UJIH (AKTOPOB TEPMUHAIHH.

0. Oman 5: ceopauusanue
noaunenmudHoti Yyenu u Npoyeccun2

Y1068 NpUHSTH CBOIO HATHBHYIO GHOJIO-
TMHECKM akTHBHYIO (opmy (pasn. 8.1), mo-
JIMNENTHI [IOJDKEH CBEPHYThCS, 00Opasys
OPH 3TOM OIPENESIEHHYIO NpOCTPaHCTBEH-
Hy1o koHburypanuro. Jlo Wy nocye csopa-
YHBAHHUS HOBOCHHTE3HPOBAHHBIM NOJIMIEI-
THI MOXET TpPeTepreBaTh TPOLECCHHT,
OCYLLECTBIISIEMBIH (epMEHTaMKU M 3aRJIIO-
YAIONMIACA B YOAJCHHH HHALMMPYIOILMX
aMHHOKHUCJIOT, B OTLIEIUIEHHH JIMIIIHKX aMH-
HOKHCJIOTHBIX OCTAaTKOB, BO BBE/IEHHH
B OanHCJ'ICHHbIC AMHHOKHCIIOTHBIE OCTAaTKH
tochaTHLIX, METUIILHBIX, KApPOOKCHIILHBIX
M [Ipyrux Ipyii, a Takxke B NPUCOCAMHEHUH

7-5¢

OJIMrOCaxapyioB M

rpynm,
PaccmotpuM Tenepb Gonee noapobxo
KaXIbIH W3 3THX 3TamnoB.

OpOCTETHHECKUX

29.3. Jliisn akTHBALMH
aMuHoKHCa0T Heobxoaumbl TPHK

Jnist TOro 4To68! NOHATL, KAKUM 06pazom
TPHK BBINONHAIOT posib a1anTopoB mpu
IepeBOJE C A3bIKa HYKIEHHOBBIX KHUCIIOT Ha
A3bIK OENIKOB, HAM CJIeyeT CHa4aja mo3Ha-
KOMMTbCH ¢ MX cTpykrypoit. TPHK npen-
CTaBJIsA0T COOOM cpaBHUTENLHO HeGONbIIHE
onHoueno4eqHble Monekyul. TPHK Gakte-
puii H BHEMMTOXOHAPHANILHOTO LMTO30JIs
3YKapUOT cocTOAT M3 73-93 HykNeoTHaoOB,
4TO COOTBETCTBYET MOJL Macce
24 000-31000. (MmuTOXOHIpPHUH cOOEpXKAT
ocobele TPHK Heckonbko MeHbLIEro pas-
Mepa.) Kaxzaolt aMHHOKHMCIIOTE COOTBET-
crByer Xxota OBl onna TPHK: Hexo-
TOPBIM aMHHOKHCJIOTAM COOTBETCTBYIOT
nse und Oonbluee YUCIO CTELHM(UYECKHX
TPHK. Uto6Hl pacno3HaTh Bce aMUHOKHC-
JIOTHEIE KOJOHEI, TpebGyeTcsi mo MeHbLUEH
mepe 32 TPHK (pa3n. 29.20), ongnako B
HEKOTOPBIX KJIETKaxX NPHCYTCTBYET HAMHO-
ro 6onbiie pasueix BapuantoB TPHK.

Muorre TPHK BbLI€NEHB B TOMOT€HHOM
suze. B 1965 r. mocne HECKONBKMX JIET pa-
60TH Pobept V. X0IHM H €ro COTPYIHHMKH
13 KOpHENILCKOro YHMBEPCUTETA yCTaHO-
BHJIM TIOJIHYIO HYKJIEOTHIHYIO TIOCIEN0Ba-
TenpHOCTh ananuHoBoil TPHK napoxokeit.
Jta TPHK, cTaBmas camoil nepBoif ny-
KJIEMHOBOH KHCJIOTOH, KOTOPYIO YIanoch
NOJIHOCTBIO CEKBEHHpOBATh, COAECPXKHT 76
HYKJIECOTUIHBIX OCTATKOB, B TOM 4ucie 10
moauHunuposannbix. Ee nosnHas nykneo-
THIHAA NIOCJIEI0BATENLHOCTL IPUBENEHA HA
puc. 29-3. C 1ex nop Gblya yCTaHOBJIEHA HY-
KJIEOTHIHAs TNOCJIEI0BATENILHOCTL IS [e-
caTkoB apyrux TPHK, BblaeneHHBIX H3 pa3-
HBIX BHIOB OPraHM3MOB M OOJanarommx
pasHO  AMHHOKHMCJIOTHOH  crnenmbu-
HOCTBIO; TIPH MX CPABHEHHMH yJaJIOCh Bhisi-
BHTb MHOTO OOLIKX 4EPT, XapaKTEPHbIX [UIA
ctpyktypel TPHK. Bo Bcex TPHK 8 unm
60JIbIlE HYKJIEOTUIOB CONEPKAT HEOOBI-
YyHple, MOAHGHLMPOBAHHBIE OCHOBAHMS,
MHOI'HE U3 KOTOpBIX NPeACTaBisiioT coboit
METHJIMPOBaHHLIE IIPOW3BOJHBIE TIJIABHBIX
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Puc. 29-3. Hykneotnasas nocnesoBarebHOCTL
apoxxepolt ananunopolt TPHK, onpenenennas
Xonnu 1 €ro coTpyaHHKaMu M 306 paxeHHan B
dopMe knesepHOro nucta. B aononsenue k A, G,
U 1 C HCNoJb30BaKbI CNEAYIOLIME CHMBOMKL i
MOAMGHIUPOBEHHBIX HYKNEO3HIOB: \f ~IICEBAO-
ypuouH, 1-udo3us, T - puborumunus, DHU - 5,6-
IMrunpoypunus, m'I-1-merunuuosus, m'G-1-me-
Tunryano3us, m*G - N2-nymerunryanosun. Mo-
AnbUOUpoBaHHBlE HYKICO3UIbl JaHbl HA KPaCHOM
¢ore. KpacHble THHHM MeXIy MNapaienbHbiMH
yyacTKaMH MONEKYbl 0603Ha4aI0T KOMILNEMEH-
TEpHbIE APl OCHOBAHUH. AHTUKODOH 06Gnanaer
Cnoco6HOCTbIO «y3HAPATL» ANAaHHHOBBIE KOIOHB
B MPHK. [pyrue ocobenroct cTpykTypsl TPHK
OTMe4eHbl B TEKCTE H Ha puc. 29-4. B PHK G
MoxeT o6pasoebiBathk Napel M ¢ C, u ¢ U, xoTs
napa G-U He Tak cTaGHIbHA, KAK YOTCOH-KPH-
xobckas napa G--C.

ocHoBaHui. B 6ombmmucTBe TPHK Ha
S'-KOHIle HAXOOUTCA OCTATOK I'yaHMJIOBOI
kucnoThl (pG), a Ha 3'-koHue Bcex TPHK
HPHUCYTCTBYET TPHHYKJEOTHIHAS IIOCJIENO-
patesbHOCTE —C—C—A (3'). Eciu u3-
obpasuth CTpyKTypHyro ¢opmyny TPHK
B TAKOM BHJIE, YTOOBI HHCIJIO BHYTPHMOJIEKY-
JIAPHBIX KOMIUIEMEHTapHbIX mnap (T.e.
A—U, G—C u G—U) 60 Makcu-
MaJIbHBIM, TO Takas Gpopmyna Oyner UMeTh
BHJl «KJIEBEPHOTO JmcTa». B «knesepHOM
JIMCTe» pa3JM4yaroT 4YeThbipe BETBH; OOJice
amuanbie TPHK conepxat, kpome 1010, KO-
POTKYIO TSATYIO, WJIH JONOJIHHTEJILHYIO,
BeTBb (puC. 29-3 u 29-4). [Ise U3 3THX Be-
TBEH HENOCPe[CTBEHHO YYaCTBYIOT B (PyHK-

|| 3 -xoNey
.~
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8-xowex

LT

TwC-suten
Jurvnpoypuannoses eeTsn

S |||||'
[111 S
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lllH

Mosoxens
Kawiouerocg”
HyKEBOTHIA

g

AnTmKozon

Puc. 29-4. OGo6LIcHHas BTOPHYHASA CTPYKTYPa,
xapakrtepHas s seex TPHK. Ecnu uzo6pasuts
cTpyktypusbie dopmynst TPHK ¢ yyetoM npuduu-
ra 06pa30BaHUA MAaKCHMAJILHOTO YHCA BHYTPH-
MOJIEKyNApHBIX nap, To gna Beex TPHK ouu npu-
HHMaKT GOpMy KNEBEPHOIO NMcTa. UepHble KpyX-
KH Ha OCTOBE MOMNEKYNbl 0603HAYAOT HYKIEOIMUI-
HBIE OCTATKH, @ KPACHBIE JIMHHH MPOBEACHbI MEXY
KOMILIEMEHTaPHBIMM OCHOBaHHAMM, [1onoxeHus,
3aHHMaeMble BO Bcex TPHK ofHuMU U TeMH xe
OCHOBaHMSIMH, BbLIENEHbI KpaCHBIM (hoHOM. Paime-
pel TPHK Bapbupyto1 ot 73 10 93 Hyk/I€OTUZOB.
Jo6aBouHbIE HYKJICOTHABL BCTPEYAIOTCA B AONOM-
HUTENLHON W OUIrMApPOYPHAMNOBOM BeTBsix. Ha
BEPLUMHE @8HTHKOZOHOBOR BETBH paCIIONOXEHa aH-
THKOHZOHOBASA NETJIA, KOTOpas BCEIAd COAEPRUT
CEMb HECTIAPEHHBIX HYKNEOTWNOB. B cocTaB nurui-
POYpPHANNIOBOH BETBH OGBMHO BXOAMT HO Tpex
ocratkos DHU.

B uexortopbix TPHK mursnpoypuaunosas petss
COCTOUT BCEIO M3 TPeX Nap OCHOBAUMM, COEANHEH-
HbIX BOAOPOAHBIMU CB3sMH. O6o3nayeHus: Pu-
Iy pHHOBbLIN HyKeo3ua, Py~ NMPUMHIMHOBBIN HyK-
neosup, Y ~nceBaoypuanH, G* ~ryano3us MM 2'-
O-Merunryasosus, T - pubotumuaus, DHU - u-
TUAPOY PHAMH.

uuonupoBanud TPHK B kauectBe anmanTto-
pa. AxyenmopHas 6em6bv TNPHCOECIHHSAET
cnerudrieckyro aMuHokHcaoTy (AK), kap-
OOKCHIIbHAA Trpynna KOTOpoH 3QUpPHOIi
CBSI3b10 IPUKPETUIAETCA K 2'- uim 3'-ruIpok-
CHNBLHOM rpynmne 3’-KOHLIEBOrO OcTaTKa A
B TPHK. Aumuxodonosas eemav comepxut
aHMukoOOH, T.€. cnenmMuyeckuil TpHUIUIET
HYKJIEOTUOOB, KOTOpEIl KOMILUIEMEHTApEH
B AHTHNApa/uIEJIbLHOM HanpaBlICHHH CO-
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Puc. 29-5. HekoTtopble H3 HEOOBMHBIX HIIH MO~ 'f:fk::::ab
GUIHMpOBaHHbIX HYKIIEO3UIOB, OGHADYXEHHBIX B . Ak en -
TPHIE Ccepbiv ux;i'rom) 5 Kf;ﬂeu Topras
BETBb
OTBETCTBYIOILEMY  TPHIUIETY  (KOZIOHY) 56 o
MPHK u MoxeT 06pa30oBsbiBaTh ¢ HUM Naphbl 3“-konen
OCHOBAHMIA. JrupoypH-

Kaxpas TPHK umeet cBoit ocobuiit an-
TUKOOOH. [lBe ee jppyrue INaBHbIE
BETBH — Quzudpoypudu106as 6emsb, KOTOpas
CONEpPKUT HEOOBIYHBIA HYKJIEO3UO IUIH-
npoypunus, ¥ TWC-peTBb; B nocnenxei Ha-
xonstcs nykneosun pubotummaus (T), kax
npasuno, He npucytcreyrommii B PHK,
M HyKJ1Ie03u]1 nceBaoypuauH (¥), B KOTOpOM
OCHOBaHHE W NEHTO3a COeAMHEHb HEOObIN-
HOM YIIepoa-yraepoaHom CBSI3BIO
(puc. 29-5).

Apoxcoxepas ¢enmnananunosas TPHK
Oblia moJiyueHa B KPHCTAJUTHYECKOM BHIE
W TOOBEPIrHYTa PEHTIEHOCTPYKTYPHOMY
aHaju3y, KOTOpPbIA TOATBEPAMT, YTO
B TPHK cobmopaeTcs npuHUMN MakCH-
MaJIbHOTO BHYTPHMOJIEKYISIPHOIO CHapu-
BAHHS OCHOBAHHN INIpH NOMOIUM BOAO-
pooHbix cBsa3eil. OOHAKO TpexMepHas
ctpyktypa TPHK Hanomunaer ckopee
TEPEBEPHYTYIO JaTHUHCKYI0 OykBy L, Hexe-
JIM KJIeBEPHBIH JIHCT (puc. 29-6). B nonosme-
HHE K BOJOPOAHBEIM CBSI3siM MEXJY napamMu
OCHOBaHHIl B TIOAJAEPXAaHMHM TPETHIHOI
ctpyxTtypsl TPHK npunnmarot yvactue
W BOIOPOOHBIE CBSI3W mpyroro poxna. Ilo-
CKOJILKY crnapuBaHue ocHoBaumit B PHK
OCYILECTBJIIETC HE CTOJIb CTPOro, Kak
B JIHK, cnapennbiM ydactkamM TPHK He
CBONCTBEHHA CTporas peryjisipHOCTb, nO-
stomy crpyktypa TPHK B oTmmime ot
neoitnoit cnmpana JJHK He umeeT ¢op-
Mbl KECTKOM mNaJlku M XapakTepH3yeTcs
3HAYMTEJILHON THOKOCTBIO.

PaccmoTpuM Tenepb, Kak K MOJEKYJe

rid

AunoBAA BETBb < 20
{octatky 10-25)

ANTHKO/IOHOBAA
BeTBb (noka3alia
KpacHbIM LBETOM)

AHTHKOLON

Puc. 29-6. TpexmepHas CTPYKTYpa JpOXOKEBO#R
¢enunananunosoft TPHK, yctanopnedHas Meto-
JIlOM PEHTIEHOCTPYKTYPUOTO aHanu3a ¢ paipenie-
HHeM 3 A. OHa HaNOMHKHAET NEPEBEPHYTYIO na-
THHCKYo OykBy L.

[W3 paGoTbl Kuma u oip., Science, 185, 436 (1974).]

TPHK ¢ nomoupro depmenta npucoeam-
HseTcs cnelduueckas aMHHOKHUCIIOTA.

29.4. Amunoaima-TPHK -
cHHTeTa3b! npucoenuusioT K TPHK
COOTBETCTBYIOLUYIO €ii aMHHOKHC/IOTY

Ha nepeoM 3Tane OuocuHTe3a Genka,
TIPOTEKAIOLLIEM B IMTO30J€ KIETKH, NBaj-
LATh PA3IMYHbIX AMMHOKHCIOT NPHCOENH-
HAIOTCS 3QUPHOI CBA3BIO K COOTBETCTBYIO-
uwmM TPHK. 311 nponeccs! katannsupyrot-
cs IBajLaTbO pa3/MYHBIMH AKTHBHPYIO-
WHMH (QepMEHTaMH, HA3BIBAEMBIMH aMM-
"Hoar-TPHK —~cHnTeTazamMu, kaxnwii H3
KOTOPBIX CrielU(HYEH NO OTHOLLUCHHIO K Ka-
KOM-TO OOHOH aMHHOKHUCIIOTE H K COOTBET-
creyromeii TPHK. IMoutu BCe aMHHOAUHN-
TPHK - cunteTasst E.coli 66114 BbieN€HbI
B HMCTOM BUAE ¥ MHOCME U3 HUX ObLnu mo-
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JIy4EeHbl B KpUCTAJLTHYECKOM Buae. O6umit
BH[ KAaTAIM3MPYEMOI UMM PEAKLIMH MOXET
6LITL BHIPaXEH ypaBHEHHEM

Mgz.

Amunokuciora +TPHK +ATP =
Mgz~
2 AmvHoauMn-tTPHK + AMP + PP,

IIpouecc akTHBaLMM AaMHMHOKHCIOT CO-
CTOUT U3 ABYX OTAENBbHBIX CTaamii, OCY-
LUCCTBJISEMBIX B KATAJMTHYECKOM IIEHTpE
¢depmenTa. Ha nepBoii ctraaui B akTHBHOM
LEHTpe ¢epMeHTa B pe3ysibTaTe B3aUMO-
neifcrBust ATP u amunokucnoTsl o6pasyeT-
csi CBA3aHHOE C (PEPMEHTOM TNMPOMEXKYTOY-
HOe COEIMHEHHE — AMUHOAIMIIAIEHUTIAT
(puc. 29-7). B xone peaknuH KapOOKCHIb-
Has Tpynna aMHHOKHMCIIOTBl COEHHSETCS
aHTUAPHOHOH CBsizblo € 5'-¢ocdaTroil
rpynniofi AMP, BuiTecHss npy 3TOM NHpPO-
docdart:

AmuHokuciora + ATP + E =
= E - [Amuunocauunanenwnat] + PP;

Ha BTOpoOii cTasiny aMHHOAUMILHELN OCTa-
TOK NEPEHOCUTCH ¢ aMMHOALNIIAIEHHIIATA,
CBSI3aHHOTO C (PepMEHTOM, Ha COOTBET-
creytoltyro cnenuduieckyro TPHK:

E-[Amusoatmnazenwnar] + 1PHK =
2 Amuuoauun-TPHK + Apenunar + E

Ha »3To0if nocnenneit cTamud amMHMHOA-
LMBbHBIH OCTATOK CBA3BLIBAETCS CO cBOGOA-
HOM 2'- unn 3'-TMOpOKCHNILHON rpynmoii
KOHIIEBOTO octatka A B Monekyne TPHK
(puc. 29-8); onmHaKo, NPUCOEIHHHBIINCH
K OHOHN M3 HUX, OH MOKET CBODOMIHO «riepe-
fipbITMBATL» HA OpPYIYH THAPOKCHJILHYHO
rpynny 4 obpaTHO. DPHpPHAS CBA3b MEKIY
amuHokucnoToit U TPHK sBisieTcss BbICO-
KOIHEpreTvueckoil; senuunna AGY ee ru-

“NH, O

AMuHOBLAIBHARA
Tpynna

OH OH

Puc. 29-7. O6o6uieHHas cTpyKTYpa aM1Hoaluna-
neHunata, o6pas3yroLIerocs B aKTHBHOM LICHTpE
amMuHoauun-TPHK - cunteras.

Kortesott
OCTaTOK
A va 3 -xonue

o
AMunoamRLRAS
cpynna

? AkuenTopHas
BETBb

€

Juruapo-
YPUIATO ~
BaR BeTBb TN

N

TyC-seTBL

Antuxoflonosag
BETBbL

Puc. 29-8. O606LieHHas CTPYKTYpa aMHHOALIM -
TPHK, AMHHOanmunbHas rpyrina, rpucoeIHHEHHAs
B ¥-r0oN0%eHHUH K KOHIEBOMY OCTAaTKy A (aneHH-
nara), nokasaHa Ha KpacHoM ¢oke. R o3Havaer
60KOBYIO I'pyNIly aMHHOKHMCIOTBL AMHHOZLHKILHAS
IpyIIrna MOXeT YEPEMELIAThCA H3 2'-NONOXeHHs
pubo3b B 3’-nonoxenue u obparro.

JponH3a COCTaBJIIET MPHONM3NTENBHO
— 7 kxkan/mon. OOpasyrommiics B 1po-
Lecce AKTHBAllMM HEOPraHMYecKMil nupo-
dochar ruaponusyercs nupogocdamasoi
no optodochata (pasa. 14.17). Takum
obpa3oM, Ha AaKTHBALMIO Kaxaoi amu-
HOKHMCJIOTBI 3aTPayHBalOTCS B KOHEYHOM
cueTe JiBe BHICOKO3HEpreTHdeckHe ¢oc-
¢dbaTHbIE CBA3M, YTO AEJAET CyMMApHYIO pe-
aKLUHI0 aKTHBAllMH AMHHOKHCIIOTHI ITPAKTH-
YECKH HEeOoOpaTHUMOIA:
Mga+
AmuHokucnora + TPHK  +ATP -
Mgz+
- Amunoamun-TPHK + AMP + 2P;

AG = — 1,0 kxai/mon

Amunoauun-TPHK —cunterassl o4ens cre-
unduyHsl B otHowenun kak TPHK, T1ak
M COOTBETCTBYIOIIEH cHf aMUHOKHMCNOTBL
Ecnu x TPHK npucoenMHuTCs HEnpaBMIb-
Has aMHHOKHKCJI0Ta U obpa3syercs ownboy-
nas amuHoawmn-TPHK, To HenpaBMIIBHBbILI
AMUHOKHMCIIOTHBI  OCTATOK  BKIIIOYHMTCH
B nojMnenTHAHyr nemb. OnHako HEKO-
Topeie  amunoaimn-TPHK —cunTeTasbr~
3T0 «xMTpbie» pepmenThl; nogobno JHK-
noyuMepasaM, OHM cnocoOHBl HaxoOMTh
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M MCNpaBJIsTh CBOM COOCTBEHHBIE OIINOKH.
Hanpumep, n3-3a Toro, 410 R-rpynmer amu-
HOKHCJIOT BallMHA M H3O0JIeHLIMHA CTPYKTYD-
HO OY€Hb TIOXOXHU OPYyr HA Apyra (eOuH-
CTBEHHOE pa3JIMiue COCTOHT B TOM, 4TO
R-rpynna B H30neiliMHEe CONEPKUT HA ONHY
—CH ,-rpynny 6onbiie), MoXHO ObINO OB
OXHIATh, HTO HA MECTO HM3ONCHIIMHA B MoO-
NUOENTHAHYIO nens OyOeT YacTo BCTpau-
BaThCs BaJMH. OOHAKO OKAa3bIBAETCs, YTO
yacTroTa  OMIMOOK TPH  BKJIKOYCHUHA
u3oneiunHa He 6onble, 4eEM B Cly4ae Apy-
IMX aMMHOKHKCIIOT,—OKOJIO OOHOH Ha
30004000 ocTaTkOB; 3TO OOBACHAETCH TEM,
y1o mn3oneiumn-TPHK —cunterasa croco6-
HA HaXOJMTb H [peNoTBpallaTh Takue
owbxn. OHa pacrno3HaeTr oOpa3oBaHHBI
HENpaBHJ/IbHBII AMHHOALIMNIAACHUIIAT U MC-
npaBnser oOWMOKY, TUOPONM3YS BaJMI-
AMP, xorja TOT HaXOOMTCH €LIE B AKTHB-
HOM LIEHTpe:

E — [Bamun-AMP] + H,0 —
-~ Bamun + AMP + E

3atem wuzoneiiuun-TPHK - cuntetaza Ha-
44HAET BCEe CHAayana M obpasyer npa-
BHUJIBHBIH MHTepMenuat wusoneHuun-AMP,
KOTOPBI# B CBOXO O4epelb MpeBpPaILAETCH
B npaBuibHylo u3onein-TPHK!S:
Usoneiitiun + ATP & H3oneiiumn-AMP +
+ PP,
E — [M3oneiimun-AMP] + TPHK™ =
2 Wsoneiuun-TPHK® + AMP +E

TNockonbky R-rpynna y BanyHa 4yTb MEHb-
1€, 4€M Y M3ONEHIMHA, CO3NAETCA BIEYaT-
nenue, 410 BamMn-AMP cooTBeTcTBYET rua-
PONUTUMECKOMY  Y4acTKy  M30JICHInI-
TPHK —~cuuTerasnl, a usoneiiti-AMP ue
cooTeetcTByeT. [lo-BHAMMOMY, ¥ aMuHOA-
uun-TPHK — cunTeTras ecTh 4eTwlpe Crienu-
¢uMEeCKHX YYAaCTKa, KOTOpPbIE Y4YaCTBYIOT
B Yy3HABAHMH, KATaJM3€ M HCIPABICHHH
ouIMOOK : OIUH 111 AMHHOKHUCIOThI, BTOPO#t
nis TPHK, tpetuit nnst ATP u 4erBepTsiid
s H,0, HeobxonuMoii auia ruaponmsa He-
TIpaBUJIBHBIX aMMHOALMIIAJCHUNIATOB.
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29.5. TPHK wrpaer
poan ajanropa

ITocne MpUCOENMHEHUS K COOTBETCTBYIO-
mweit TPHK amunokucnora yxe He yua-
CTBYET B ONpeneieHun crenmpHIHOCTH
amunoaiun-TPHK, u6o cama no cebe amu-
HOaLMIIbHAs I'pynna HE y3HAETCH HU pubo-
comoit, nu MPHK. Crenunduunocts amu-
Hoatun-TPHK o6ecneuuBaercss uckiroym-
TenbHO cTpykTypoit TPHK. 310 6BLTO
OKOHYATEIIbHO [IOKa3aHO YETKMMHM OrblTa-
MM, B KOTOPBIX C OMOILBIO (epMEHTOB OblI-
na nomyuena nuctenun-TPHKS, koro-
PYIO 3aTEM BBLIEIMIIM M XUMHMECKMM [1yTEM
npespatii B ananun-TPHK®YS. TMocne
3TOr0 Takylo TIMOpHOHYIO aMHHOAIMI-
TPHK, xoTopas Hecer anaHuH, HO comep-
XMT aHTHKONOH IJI LIMCTEHHA, UHKYOHpO-
BaJM B OeCKIEeTO4HOM OENOKCHHTE3HpYIO-
et cucreme. Ilpu aHanu3e HOBOCHHTE3M-
POBaHHOIO NMOJMNENTUOA OblN0 0OHApYXe-
HO, YTO B TNOJIOKECHHUAX, KOTOPBIE IOJDKEH
3aHMMAaTh IIMCTEHH, NPUCYTCTBYET AJIAHMH.
Taxkum 06pa3oM, 3TOT 3KCNEPUMEHT TOA-
TBEPAMJI amanTopHylo runoresy Kpuka.

29.6. Cuntes nonunenTHanol
uen HauuHaercs ¢ N-KoHua

Bo3snukaer ewe oaun Bonpoc. C kakoro
KOHIIA HAYMHAETCA POCT NOJMMENTHAHON
penu —c¢ N- unn C-konua? Oteet 6bL1 nomTy-
YeH B Pe3yJibTaTe 3KCIIEPUMEHTOB C HCTOJIb-
30BaHMEM H30TONHOM MeTkH. Perukymno-
LUTHI, T.€. HE3pEJIbleé KpPacHHIE KPOBSHbIE
KJIETKH, KOTOPbIE aKTHBHO CHHTE3MpYIOT re-
MornobuH, uWHKyOHMpoBan¥ C paaMoax-
TUBHBIM JEHUMHOM. 3Ta aMHHOKHCIOTA
Obita BbIOpaHa MOTOMY, YTO OHa 4acTo
BCTPEYAETC KaK B O-, Tak M B P-iensx
rnobuna. Uepe3 pasnmiMHbIE IMPOMEXYTKH
BpEMEHH T10Cne n00aBleHUs PaIHOAKTHB-
HOTrO NEeHIIMHA M3 PETHUKYJIOLMTOB BBIICTIA-
JI1 CHHTE3HPOBAHHBIE A-1IEIH U ONPeNeIIsLIIH
pacrpenesieHHe B HHMX PaJAHOaKTHBHOCTH.
B rnoOHHOBBIX IENsX, BLIAEICHHBIX IOCIE
60-MuHyTHOH HHKyOauuH, paIgHOAKTHBHBI-
MM OKa3aJICb TIOYTH BCE OCTATKH JIEHIIMHA ;
€CJIN K€ CHHTE3UPOBAHHBIE IIETIH BBIAEIISUIH
M3 KJIETOK Yepe3 HECKOJBKO MHHYT TOCHE
nobaBleHUs PagMOAaKTUBHOIO JNeiliMHA, TO
PaOHOaKTHBHOCTh OOHapyXHBaJIach JHILb
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Puc. 29-9. Joxa3atenscTBO TOro, YTO IOJKIIEN-
THAHbIE ENH PACTYT 3a CYET NPUCOETUHEHUS HO~
BhIX AMMHOKUCNIOTUBIX ocTaTkos k C-xonny. Kpac-
HbIM IIBETOM OTMEYEHBbI T€ 4acCTH nenei remo-
rno6HHg, KOTOpble COfepkal OCTATKH Palvoak-
THBHOrO NefilIMHA Yepe3 pa3HbIe NPOMEXYTKH Bpe-
MeHH riociie no6aBieHus ero B HHKYGallOHHY1O
cMech. Yepes 4 MUK OKa3aHCh MeYEHbIMH NUILb
HECKONbKO ocTaTkoB Ha C-koHue o-rnobuna. Ipu
6onee nnuTenbHOM MHKY6aLUK ¢ MeYEHbIM neinu-
HOM MEYEHBIMH CTAaHOBATCA BCe OoJsblune M GOnb-
1LHE Y4aCTKH TONHIIENTURHON Leru, NpuueM Me-
YeHbie OCTATKH NefllHHa Beerna o6HapyXuBaroTCs
B npunexaulell k C-kouny yactd genu. Crnenopa-
TEJILHO, NOAHMENTHAKBIE LIENH PAcTYT B PE3ynbTa-
Te NOCNENOBATENLHOIO NPUCOEIUHEHHS aMHHO~
KucnoT x C-KOHLY.

B C-xoHleBoO#t dYactH  noJMnenTHaa
(puc. 29-9). M3, 3Tux nabnronenuit b1 cre-
JIaH BBIBOJI, UTC CHHTE3 NOJIUNENTUAHbIX II€-
meit HaumHaeTcss ¢ N-KOHuA, K KOTOpPOMY
OIIMH 3@ IpPYTMM NPHCOEONHAIOTCH aMHHO-
KHC/OTHBIE OCTaTKH, M [OJMIIENTHOHASN
uenib pacreT B Hanpaeiienuu K C-KoHLY.

TlocMoTpuM Tenepb, KAk HHUIIMMPYETCS
OMOCHHTE3 MOJIMIENTHOOB.

29.7. Vnunmupyroulei
AMHHOKHCJIOTO# y NPOKapHOT
cayxut N-popMHIMETHOUHH,
a y 2YKapuoT —MeTHOHHH

V E.coli ¥ y Bcex ApyIuX npoxapuoT Ha-
YaybHbIM, N-KOHIIEBBIM aMWHOKHMCIIOTHBIM
OCTAaTKOM BCEra OKa3bIBAETCS OCTATOK N-
gopmuamemuonuna (puc. 29-10). B npouecc
6uocnHTe3a Genka OH BCTYmaeT B COCTaBe
N-gpopmumnmeTnonu-TPHK  (obo3nauae-
moit kax pMeT-TPHK™®Y) kotopas obpa-
3yeTcsi B pE3yNbTaTe JIBYyX MOCIENOBa-
TeNbHBIX peakumil. CHadaja METHOHUH
NpUCOEIUHAETCA C IOMOLIbIO METHOHMJI-

TPHK - cHHTeTass! kK 0c000H HMHULHDYIO-

et MeTnonunosoit TPHK — TPHK™MEt:

Metuouun + TPHK™®
- Memorun-TPHK™M®

+ ATP '
+ AMP + PP

Bo BrOpoii peaktun ¢opmuibHas rpymnna
TIPH IOMOILLH crieliuHecKolt TpaHchOpMH-
Na3pl NEPEHOCHTCs OT aoHopa N-gopmua-
mempazuopogosama (pasn. 10.10) k aMuHO-
IPyIe METMOHHHOBOIO OCTATKA:

N!%¢$opmunrerparuapotdonar +

+ Mer-TPHK™®
— Terparuapodonat + ¢pMer-TPHK™M®

e
H--C—N—C—H

CH,

Puc. 29-10. N-GopmuiiMeTHOHNE — KRHULHPY KO-
Las aMHHIOKHCIOTA Y BCEX IpokapuoT. N-¢op-
MHUIIbHASA IpYIINa 1NoKa3aHa KPacHbIM LBETOM.

Tpancdopmunasza He crocodbna GopMum-
posate cBoOOAHBIN MeTHOHMH. Cylue-
creyroT nsa suaa TPHK, cnemudHyHbX K
MCTHOHHHy,—TPHKMet u TPHK™e Oge
3t TPHK MOryT NpHCOeAMHATL METHOHHMH
B peakUMd aKTHBALMM, HO TpuobpeTaTsh
$GOPMUIILHYIO TPYIITY M CTAHOBUTLCA WHH-
IMUpYIOLIEH aMUHOKHCIIOTOH METHOHUH
criocobex TOJIbKO B cocTase
mernonnn-TPHK™e. TIpyras TPHK —Me-
Tnouun-TPHK mucrionb3yercs ans BCTpau-
BaHHS METUOHUHA BO 8HyMpeHHue YYaCTKH
MOJIMIIENTHAHOH 11enH. bilokuposaHue amMu-
HOTpynnEl MeTHOHMHA  N-(hOPMHUJIBHBIM
OCTATKOM MPENATCTBYET BKIIOYEHHIO TAKOH
aMMHOKHCJIOTHI BO BHYTPEHHUE Y4aCTKH Lie-
N, HO B TO XK€ BpEMS MNO3BOJIAET
dMer-TPHK™®! cpsspBaThes ¢ 0cobbM
MECTOM HHHIlJanMM Ha pubocome, € KO-
TOpBIM HE MOXET CBA3BIBATECA  HH
Mer-TPHKM®, uu mo6as npyras amumoa-
w-TPHK.

YT10 KacaeTcs 3yKapHOTHUYECKUX KJIETOK,
TO BCE NOJMIENTHBL, CHHTE3MPYEMBIE HX
BHEMHMTOXOHIPHAIIbHBIMHU pubocoMamy,
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HAYMHAIOTCS C OCTATKA METHOHHHA, KO-
TOpBLIi IOCTYNAaeT Tyda B COCTAaBE Crie-
OUATLHON  MHMLIMMpYIOLUEH  METHOHHJI-
TPHK. ITonunenTHab! k€, CUHTEIHPYEMBIC
B MUTOXOHIPUAX U XJIOPOILIACTAX 3yKAPUO-
THYECKMX KJIETOK TaK €, KaK H B GaKTepHsIx,
HauuHawT1cs ¢ N-bopMmunmeTnonuna. 3To
 IpyTHe NOXO0XHKe CBOHCTBA OEIOKCHHTE3H-
PYIOLIMX anmapaToB MUTOXOHIPHIL U XJIO-
pOILIACTOB, ¢ ONHOH CTOPOHBL, M GakTe-
puii—C Opyroi, CiyXaT NOAOTBEPKIECHHEM
TOYKH 3penus (pa3n. 2.8 u 17.18), cornacHo
KOTOPOH MHUTOXOHIPMH H XJIOPOILIACTHI
NPOM30LIIM OT HaKTEPHii HA paHHMX ITANAX
3BOJIIOLIMM 3yKapHOTHYECKUX KjieToK. Cre-
IyeT, OTHAKO, OTMETUTD, YTO B HEKOTOPBIX
JPyTHX OTHOILEHUSX MEXAY MEXaHH3MAMHM
TPAHCKPHIILUHK M TpaHc/siumy y GaxTepwuii
M MHUTOXOHIpPHI HMEIOTCS 3HAYMTENbHBIC
pazndus.

V Hac octasack 6e3 OTBETa ewie onHa 3a-
raaka. ITockonbky Onsi METHOHMHA H3BE-
CTEH TOJILKO OOMH KOOOH, 4 HMEHHO
(5)AUG(3), BO3HHKAEeT BONPOC: KAKUM
00pa3oM 3TOT E€OMHCTBEHHbLIH KOAOH MC-
TIONB3YETCA 1 BCTPAUBaHUA M Ha4YaJIbHO-
ro N-GOpMHIMETHOHMHOBOIO  OCTATKa
(1T METHOHHHOBOTO, B CIIyYae 3YKapHOT),
H T€X METHOHHMHOBBLIX OCTAaTKOB, KOTOPBIC
TNp€aAHa3sHA4YCHbl /11 BKIIKOYEHHUS BO BHYT-
peHHHE YYACTKM NOJMIENTHIHBIX Leneid?
OTBer Ha 3TOT BOMpOC GyJET NaH MO3XKE,
nocJyi€ paCCMOTPEHHSI 3Talla HMHHULMALIMH
GenKoBOro CYHTE3a, 4 nokKa HEoHXOAMMO
OCTAHOBMTLCS Ha CTPYKType pubocoM.

29.8. PubocomMbl —

9T0 MOJIEKYJISiPHblE MAILHHbI,
npedna3Hayellnble 1A CHHTe3a
NOJIHIIENTHARBLIX Ifeneif

B xaxnoii knetke E. coli umeercs 6obliie
15 000 pubocoM, KOTOpBIE COCTABIIAKOT NOY-
TH 4YETBEPTh Cyxoro Beca knetku. Ilpoka-
pHoTHMecKue puboCOMBI ConepkaT npHOIH-
suTensHo 65% pPHK u okono 35% Genka.
Bec pubocoMuoii HacTuipl ~ 2,8 - 10° pans-
TOH, nuaMeTtp ~ 18 HM, ko3dpdunuenT ce-
aumenTatun 70S.

ITpokapuOTIieCKHE pUOOCOMBI COCTOST
U3 aByx cybuacTuil HepaBHOro pasmepa
(puc. 29-11}-6oubiuoli ¢ ko3dduimenToM
ceaumerTanmuu 50S u Manoii ¢ ko3dgduumen-

ToM cenuMenTanuu 30S; Bec GonbLio cy6-
yactuiel 1,8 - 108 naneTon, a Manoii 1,0 10°
nanbToH. B coctaB 50S-cyGuacTuime! Bxoast
onHa Monekyna 23S-pPHK (~ 3200 wy-
KIEOTUNOB), omHa MoJekyna S5S-pPHK
(~ 120 nykneotnnos) 4 34 Genka. CybyacTu-
na 30S comepXuT OAHY  MOJIEKY.JY
16S-pPHK (1600 Hyxneotunos) u 21 6eok.
Benxu cyOuacTunl 0603HAYaIOTC HOMepa-
Mu: B 600 (50S) cybuactune ot L1 no
L34 (L or aurn. Large—Gonbmas) u
B Manoii (30S) cybuactune ot S1 oo S21 (S
oT aHrn. Small-manas). Bee 6enxu puco-
coM E. coli BeIfesIeHBI 4 MHOTHE M3 HUX CEK-
BEHMPOBAHbI, OHH 3aMETHO OTJIMYAIOTCA
Ipyr ot npyra. Ix MonekynspHble MacChl
nexat B npepenax ot 6000 mo 75 000.

Hyxneotuable OCIENOBATEILHOCTH
onnoueno4deunslx pPHK E. coli Taxxke ycra-
Hosnienbl. Kaxnas u3 1pex pPHK obnaaaer
crienHIECcKOl TpeXMEpHOi CTPYKTYpOii,
00yClOBNIEHHOH XapaKTepoM BHYTPUMOJIe-
KYJMIDHOIO chnapu¥BaHMs oOcCHOBaHHWii. Ha
puc. 29-12 nokaszana npeanonaraeMas KOH-
dopmanus  5S-pPHK, cooTsercTByromas
MaKCUMAJILHOMY YHMCITY CIAPEHHBIX OCHOBA-
Huii. pPHK, no-BuauMOMy, BBINOJHSIOT
POJib KAPKACOB, Ha KOTOPBIX B CTPOrO onpe-
ACJICHHOM TIOPSANKE Kpensa1cs noJjmMnen-
THAHBIC KOMIIOHEHTHI. Ecnu 21 NoJInenTua
u 16S-pPHK 30S-cyGuacTHIbl BBIAETUTH
B 4Y4MCTOM BHJOEC, & 3aTeM CMCELUaTh B CO-
OTBETCTBYIOLLEH TOCIENOBATENLHOCTH TPU
NPaBMILHOM TEMIIEPATYpe, TO MaKpOMOJIE-
KYJIBl CaMonpou3BoJibHO obpazyror 30S-
cy64acTuLbl, MIOCHTHYHBIE N[O CTPYKTYpe
M AKTHBHOCTH HATHMBHBIM. AHAJIOrMYHBIM
obpa3zoM, S50S-cybyacTHiia MoXeT ObITb
CaMOIIPOM3BOJILHO PEKOHCTPYHPOBaHA U3
CBOMX 34 mnojnunenTHaOB H CBOHX 5S-
u 16S-pPHK npu ycrmoeuu, YTO B CMECH
npucyTcTByeT Takke 30S-cybuacTuua. Be-
POATHO, Kaxnblif U3 55 6eNkOB npokapHo-
THYECKOH puOOCOMBI Wrpaer cnermgpuye-
CKYI0O POJb B CHHTE3€ MOJIMIICNTHIOB,
BBITIOJIHAS (pyHkumio mu6o depmerta, MH6O
«TIOMOLLHKKa» B 061emM nponecce. OnHako
B HACTOSILLEE BPEMS 3TH cricludUueckye
(YHKIMM YCTaHOBJIEHBI TOJBKO il He-
CKOJIbKMX pHOOCOMHBIX O€JTKOB.

XoT1a o6erdHO pHOOCOMBI U306paKAIOT
B BHAE CHMMETPHYHOMH GUTYPBI, B KOTOPOH
30S-cybyacTuna Hanogobue 1UANOYKH Jie-
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Puc. 29-11. CoctaB npokapuoThieckux (A) u ayka-
proTuyeckux () pubocom (LMTOMNIA3MAa THHECKHX).
Pu60coMBI MHTOXOHAPHH W XJIOpOTIACTOB JyKa-
PHOT HAMOMHHAIOT PHOOCOMBI MTPOKAPHOTHYECKHX
KJIETOK.

*uT Ha 50S-cybuactuue, umeroweii popmy,
6nuskyro k chepe (kak 3TO NOKa3aHO Ha
puc. 29-11), B NeACTBUTEIILHOCTH 3TH CyO-
4aCTHIbl PACNOIOKEHBl HE CHMMMETPHYHO
H MMEIOT COBEPIIICHHO HEeNpaBuilbHYO dop-
Mmy. Ha puc. 29-13 nokasana TtpexmepHas
crpykrypa 30S- u S50S-cy6uactuu pubo-
combl E.coli, nmocrpoeHHas Ha OCHOBE
IaHHBIX PEHTIEHOCTPYKTYPHOIO aHallu3a
M 3JIEKTPOHHOM MUMKPOCKONHHU. JIBE€ 3aMbIC-
noBatoli (opMBI CyOuacTHIbl NPUrHAHLI
JpYr K Opyry, IpHYeM MeXIy HUMH OCTaeT-
cs wes, Yepes 3ty wuens npoxoauT MoJie-
kyna MPHK, Bmons xoropoii B mporecce
TpaHCNSILUMKM TiepeMelaercs pubocoma. M3
9TOH 11€JIM NOABJISETCSH HOBOCHHTE3UPOBAaH-
Has MOJIMIENTHUAHAA ILIENb.

Puc. 29-12. CxemaTHueckoe u3obpaxeuune oguok
M3 BO3MOXHBIX MoZeeli BTOpHYHOH CTpYKTYphI
5S-pPHK npokapHOT, COOTBETCTBYIOLUEH MakCh-
MaJIbHOMY 4Y¥CJly BHYTPHMOJIEKYJISIPHBIX Tlap OC-
HOBayHil (OHH YK83aHLI KPaCHbIMM HYEPTOHKAMHM).
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29.9. L{nTona3maTHYecKHe
pHOOCOMBI JYKAPHOT HMEIOT
Oonee kpynmble pa3Mephl

H 0onee clOXKHO YCTPOEHBI

BHeMUTOXOHIpHAbHbIE pu6OCOMBI
9YKAPUOTHMECKMX KJETOK CYLIECTBEHHO
KpyIIHEE  MpOKapuOTHYECKMX  pubocom

Puc. 29-13. Pubocomunie cybuactiust E. coli nme-
10T 3aMBICIOBATYIO GOPMY, BbISBJIEHHYIO C [0-
MOLLLIO PEHTrEHOCTPYKTYPHOTO ABANU3A M JIEKT-
poHHOR MuKpockoniu. A. Moaenwn 30S- (Beepxy) u
50S- (BRK3y) cyOyacTHL, NOKA3aHHbIE B pa3HbIX
pakypcax. b. Cobpannas 70S-pubocoma B nBYX
pakypcax, 30S-cybuacTuua - ceetnas, 50S-cy6-
4aCTHIa — TEMHast.

(puc. 29-11). Vix nuametp paBeH npubau3u-
TeIbHO 21 HM, KO3(pPUMIMEHT cenUMEHTa-
mud 80S, a Bec jgocturaetr 4-105 pam-
TOH. OHM Tak Xe, KaK ¥ MNpOKapHOTHuE-
CKHE pUOOCOMBI, COCTOST M3 nByx cyGua-
CTHUII, pa3sMep KOTOPBIX BapbHPYET Y pa3HbIX
BU[IOB, HO B cpeaHeM paBeH 608 u 40S. Ma-
nas cybuacruna cozepxut 18S-pPHK, a
B COCTaB 60Nb1IOH Cy64acTHIILI BXOIAT 5S-,
5,8S- u 28S-pPHK. Bcero 3ykapuordyeckue
pubocoMeI coniepxat cBbillle 70 pa3aM4HbIX
6ermxos. pPHK u 6onbuivHcTBO 6enkoB
9YKapUOTHYECKUX PHOOCOM Tak¥e BbLie-
JIeHBI W OXapaKTepU3OBaHBIL.

HBe cyGuacTuibl pUGOCOM COEMHEHBI
JPYr ¢ ApyromM He Bce BpeMs. Kak Mbl yBU-
JIUM HHUXKe, KaXIbIi pa3, KOrja HauMHAETCS
CHMHTE3 HOBOI1 TIOJIMNIENTUAHOM neny, pubo-
COMBI [TOJDKHBI IMCCOLIMMPOBATh Ha Cybua-
CTHIIBL.

937

29.10. Minnnnauua cHHTe3a
NoJIHNENTHAA MPONUCXOOAUT
B HECKOJILKO CTAIMH

J1s vMHMLIMAUME MOJIMNENTHIHOH LiEnU
B KJIETKAaX mpokapHOT Heob6xoaumei: 1) 30S-
cybuactuua, copepxamas 16S-pPHK; 2)
MPHK, koaupyromasi CHHTE3UpyeMEIi mo-

IR

NE A A .

A

¥ @

JIMNEnTHa; 3) MHMLMMpYIOLLA S
N-dopmumernonnn-TPHK™e:  4)  1pu
6eJ1ka, Ha3bIBaeMBIE (PaKMOPaMU UHUYUAY UL
(IF-1, IF-2 u IF-3); 5) GTP (1a6n. 29-1).

O6pa3oBaHue UHUYUUPYIOWE20 KOMNAEK-
ca nporekaet B Tpu craauu. Ha nepsoit u3
Hux 30S-puGocoMHasi cybuacTHIa CBS3bI-
BaeT pakrop wuunuaumu 3 (IF-3), kotopsrit
npenstcTByeT obveaunenuto 30S- u 50S-
cybuactuu. 3ateM k 30S-cyGuactuie mpu-
coenunsercs MPHK takum 06pasom, uto
vHMuKpyyoumit konoH MPHK (5 AUG(3)
CBSI3BIBAETCH C OMPENCTEHHBIM Y4aCTKOM
30S-cy6uactuusr (puc. 29-14). INpasunsHoe
pacnosyioxeHue HHUIUHMPYIOLIEro KOOOHA
AUG Ha 30S-cyGuactuiie oOecrieymBaeTcs
€ MOMOLLBIO 0COBOro UHUYUUpYIoWe20 Cuz-
HAAG, TIPENCTaBIIAOLIErO COOOH Yy4acTOK
MPHK, pacnonioxennslii ¢ 5-cTOpoHsl OT
kogoHa AUG. DToT CHI'Hall COCTOMT Mpe-
HMMYLLIECTBEHHO U3 OCTaTKOB A U G U BKJItO-
4aeT 06bpMHO OT 6 10 8 Takux octaTtkoB. OH
y3HaeTcs KOMIUIEMEHTAPHOM TMOCIIEN0Ba-
TespHOCTh0  16S-pPHK  30S-cyGuacTuiibl
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Puc. 29-14. Tpu craaun mponecca oGpazoBaHus
HWHHIIHHPYIOILETO KOMILJIEKCA, MPOTEKAOLICTO 3a
cyer IuepruH ruaposusa GTP no GDP u Py,
IF-1, IF-2 u IF-3 —daxTops! uuuumamy. byksa-
M Py A 0603HA4aKOT COOTBETCTBEHHO MENTH-
ANALHLU U AMHHOARWIBHBIE y4acTKH pubocomer.
Posne IF-1 10 kOHUA He BHIACHEHA.
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u O6maropmaps stoMmy MPHK oJukcupyercs
B HYXHOM J1JI1 HHULIMALMH TPaHCJISIHUHU MO-
sioxeHud. TTOCKOJIbKY M 11 MHMLIMUDYHO-
LIIMX, M JUIs BHYTPEHHHMX OCTATKOB METHO-
HHHA CYLIECTBYET BCETO ML OJIMH KOMOH,
MHULIMMPYIOIIMHA CUIHaJl ¢ 5'-CTOPOHBI OT
AUG yka3pBaeT MeC10, C KOTOPBIM HAJIe-
xut csizatbes GpMer-TPHK™M, Buytpen-
Hue xomonsl AUG cueumbuyHbl o OTHO-
wennio ¥ Mer-TPHKM® u we cnocoGrer
cesispBath pMer-TPHK™M®,

Ha Bropoii craauu npouecca HHMIMANMK
(puc. 29-14) pasMep KomIiekca, COCTOSALIE-
ro u3 30S-cy6uactuusy, IF-3 u MPHK, yBe-
JMYMBAa€ETCS B PpeE3yJILTATE COEOUHEHMS
¢ ¢axropom unmnuamyu IF-2, yxe cBs3zaH-
Horo ¢ GTP u c¢ wuHMuuupyroineit
N-¢opmwmernonma-TPHK™®,  xoropas
nonagaeT TOYHO Ha HHHIIMMPYIOLLIWHA KOJIOH.

Ha Tperbefi cragMM HMHMIMAUMM 3TOT
Oo/bIOl  KOMITIEKC  B3aWMOIEHCTBYET
¢ 50S-pubocomuoii cybuactuieit; oXHOBpe-
MeHHO monekyna GTP, ceszanuas ¢ IF-2,
ruapomu3yercs no GDP u ¢ocdarta, xo-
TOPBIE BBICBOOOXIAIOTCH M3 KOMILIEKCA.
®axrops! uauimatmu IF-3 u IF-2 taxxke no-
kuparor pubocomy. Tenepp MBI HMeeM
dyHrRuMOHABHO akTHBHYIO 70S-pubocomy,
KOTOpasi Ha3bIBAETCH UHUYUUPYIOWUM KOMN-
aexkcom; oHa comepxut MPHK u unuipm-
pyromyro  N-popmunmernonnn-TPHK M,
ITpaBunpHOE MOJIOXEHUE N-¢op-
munmeruorwt - TPHK™® g nomom 708-
HMHMIMHPYFOLLIEM KOMILIEKCE obecrieunBaeT-
Cs OBYMS TOYKAMM Y3HABAHUS U CBS3bIBA-
HHUs. Bo-nepBbiX, aHTHKOIOHOBBIH TPHIIET
uHMiyupyrowed amMunoarun-tTPHK o6pa-
3y€T KOMIJIEMEHTAPHBIE mapel C aHTHma-
paSIENLHO PACMONOXEHHBIM KOJOHOBBIM
Tpurietom AUG B MPHK. Bo-BropbIX,
MHEMIMMpymas amuboam-TPHK  npu-
COEIMHAETCS K MENTHIIbLHOMY P-yyacTky
pnbocomel. B pubocome umeercs 1Ba
yyacTka CBfi3blBaHUs amMuHOanuiI-TPHK:
aMHHOauMJI-, WM A-Y4aCTOK M NEeNTHINI-,
um P-yuactokx. O6a onu o6pa3osanel Ga-
ronaps cneuuM4eckoMy coveTanmio obia-
crelfi 30S- u 50S-cyGuacthu. Muunuupyro-
mas PMer-TPHK Moxer cBs3bBaTbhCs
ToJbKO ¢ P-yyactkoM (puc. 29-14), onnaxo
3TO MCKJIFOUEHHE: BCE OCTAIbHbIE BHOBD IO-
crymaroume amuHoaumn-tTPHK npucoenu-
HAIOTCA K A-y4acTKy, Toraa kak P-yvactok—

9TO TAKOE MECTO PHOOCOMEI, C KOTOPOro
yXOOsT «IyCThIe» (T. €. OCBOOOMMBIINECH OT
amunokucaot) TPHK u k koTopoMy Oka3bl-
BaeTCA MPUKPEMJEHHOH pacTylliasi menTH-
oun-TPHK.

Unnmmupyronmit  KOMIJIEKC Teneps ro-
TOB K MPOLECCY 3JIOHralMH.

29.11. DJonrauns
NIOJIMIIENTHAHON uenH —
7TO0 NOBTOpAIOLIMIiCH Npouece

IIpucoentHe e KaXa0r0 aMHHOKHCIOT-
HOr0 OCTaTKa K pacTylieil MoJAnenTuIHOM
LENU MPOMCXOOUT B TPH CTAAMH. DTOT LMK
MOBTOPSIETCA CTONBKO Pa3, CKOJIbKO ocTaT-
KOB CJIE/Iy€T NPHCOeaUHUTD. 17151 OCyI11eCTB-
JIEHUsI 3NIOHraluMu HeoOXomuMsbl: 1) omu-
CAHHBIA BBIUE HHUIUMPYIOLMH KOMIIIEKC;
2) cnenyrowas amuroanun-TPHK, cootset-
cTByIoLIas crnenyroiemy tpumiery MPHK;
3) Tpu pacTBOpUMBIX Genika IIMTO30I1sl, Ha-
3BIBAa€MBIX (pakmopamu 3aonzayuu—~EF-Tu,
EF-Ts u EF-G; 4) GTP. ®axtops! 3510Hra-
MK Yyacto 0603Havarot npocro Tu, Ts u G.

Ha nepBo#l cTragMu IMKIA 3JOHralUM
(puc. 29-15) cHauasia MPOMCXOINT CBSI3LIBA-
Hue crnemyroweit amubyoalwi-TPHK ¢ xom-
IJIEKCOM, COCTOSIIIIMM U3 (aKTopa 3J0HIa-

unu Tu u Monexymst GTP. O6pasyroumiics

TpoHHOK KOMILJIEKC aMUHoAIMI-
TPHK-Tu~GTP coenunsercs ¢ 70S-unu-
HUMPYIOLIMM KOMIUIEKCOM. OTHOBpEMEHHO
npoucxoauT ruaponn3s GTP, u kxommuekc
Tu—-GDP noxupaer 70S-pu6ocomy, mocrne
yero ¢ nomoinbro GTP u daktopa Ts kom-
mnexc Tu—GDP BoccranaBimBaercss 10
Tu-GTP.

Hanee ¢ A-yuacTkoM pHOOCOMEI CBsi3bI-
Baetcst HoBasi amunoann-TPHK. 3to npo-
HCXOJIUT 32 CUET AHTHUIAPAJLIETLHOIO KOM-
[JIEMEHTAPHOIO B3aUMOICHCTBHS MEXOY
AHTHKOJIOHOM HOoBoll amuHoanun-TPHK
U COOTBETCTBYIOIIMM KOAOHOM MaTPHYHOMN
PHK (cTpykTypy pa3/nuHBIX KOAOHOB H aH-
THKOJIOHOB MBI paCCMOTPHM 1o3x%e). OnHa-
KO KOIOH-@aHTHKOIOHOBOIO B3aUMOIEH-
CTBUSI HENOCTATOYHO, YTOOBI 06GECHEUHTH
CBA3LIBAHME  MPaBMJILHOM  aMHHOALMJI-
TPHK. TouHoe cootBercTBHE mnocnenHe
xonoHy MPHK nposepsiercs ¢ momorpro
€lIE OOHOIO cneuu(UIECKOro KOHTAaKTa
BHYTpH A-y4acTKa MeXIy Ipyrodl 4acrbro
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Puc, 29-15. lepean craauf 2AOHIANMY -~ CBA3LIBA-
Hue Bropoit amunoanmn-TPHK, koTopas noctyna-
eT B pubocoMy B KOMIUIEKCE C (paKTOPOM 3JIOH-
raumn Tu, conepxawunm cessantuii GTP. ITpucoe-
AnueHde pTopoit amuHoann-TPHK conposoxna-
¢Tcs rHaponn3oM ceszannoro GTP. O6pasyrommii-
cf npu 3TOM cessaluelii GDP BHOBL npeppa-
waetca B GTP B xoxe peakuuy, KaTaam3npye-
Moit pakTopoM 3noHranny Ts. HykneoTHas! aH-
THKO[IOHA cnenyrolueiil aMHHOKHCIOTE 0603Hae-
HbI KpyXKaMH,

monekynsl TPHK u pPHK. Creayromas
CTaMA 3JIOHralMU HACTYNAET TONBKO B TOM
ciyuae, eclii o6a KOHTAKTa OKa3BIBAKOTCH
NMPaBUJILHBIMU.

Ha BTOopoili cragmu nMKiIa 3JIOHralUH
obpasyercs HOBasi IENTHUIHAS CBA3b MEXIY
amuHokucnotamy, ubd TPHK pacnono-
WEHBI B A- u P-yqactkax pubocomMel. ITOT
MPOLIECC OCYLIECTBJAETCH B PpeE3yJibTaTe
nepeHoca MHMUMUpyrowero N-popMumMe-
THOHMHOBOTO OCTaTKa OT HeCyleid ero
TPHK k amMuHOrpynme HOBOM aMMHOKHUC-
JIOTBI, KOTOPAas TOJILKO YTO Nonana B A-yya-

TEHETUYECKON MHOOPMALIMH

P-yyacTok
?I_-o- A-yuacTok
. %
N - *Tlma
=% -~ EeeH

O

1
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1
\
\
O_—(n)—

f\let-rPHK ' M! Asmuoaunn-TPHR,

MNenruisaoTpancdepasa s
‘{SU S -cyBuacTute

I
Te
P-yuacTok TH Met
R‘—(.:_H i

A-vuactok C=0
1

TH.
Rg—C—H AmMuHokncioTa,
(o]
]
OH 8]
Crobonuas TPHK™M®! Aunenrumn-tTPHK,

Psic. 29-16. Obpa3lopante nepBoOi NENTHIHOW CBA-
34. N-pOpMHIMETHOHHILHASA [PYIINa NEPEHOCHTCH
H& AMMHOrpynny BTOpod amuHoanun-TPHK; B
pe3yanTaTe B A-y4acTKe OKa3blBAeTCH OUNENTH-
aun-TPHK.

CTOK. DTOT MepeHOC KaTaM3UpYETCs nen-
muduampancepasoit, 0cobbiM  BesIKOM,
BxomfamuM B coctaB  S0S-cybuacTib
(puc. 29-16). B pesynbTaTe 3TOH peakumu
B A-yiacTke oOOpa3yeTrcs AMNENTHAWI-
TPHK, a B P-yuacTtke octaeTcs «mycras»,
HEHar pyeHHas HHMLMUPYIOLIAs
TPHK

Ha TpeTbeF[ CTaJUH LIMKJIA IJIOHTALUM PHU-
6ocoma nepemertaerca Bnom MPHK o
HalpaBJIEHUIO K €€ 3'-KOHIY Ha pacCcTOsIHHE
B OAMH KOIOH (T.€. Ha TPHM HYKJIEOTHIA).
IMockoneky munentiaun-TPHK no-mpex-
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Puc. 29-17. Craams Tpakcnokaunn. Pubocoma me-
PEABHTAETCA HAa OJMH KOJOH BTEpel B HANpABJie-
HyH 3'-koHa MPHK 3a cyer 3HepruH, Bblaensio-
ecs npd riaponuse GTP, ceazakHoro ¢ dak-
TopoM 3nonranuy G, Aunentuann-TPHK, nepe-
Mmelaetrcs B P-yuactok pubGocomsl, ocBoGox aas
A-yuactok nns cnenyrotueli amunoamn-TPHK ;.

HEMY OCTAETCS CBA3aHHOM CO BTOPBIM KOIO-
HoM MPHK, npuxenune pubocomMer mpHpo-
Ut K nepeMernenro aunentumn-tPHK u3
A-yuactka B P-yuacTOK, B pe3ynbTarte 4ero
npeabiayuas, yxe ceobonnas TPHK otae-
nsercs ot P-ywactka u yxommt obpatHO
B LIMTO30J1b. Teneps B A-y4acTke HAXOIUTCH
Tpetuit xonpon MPHK, a Bropoii konoH
okasbiBaeTcsi B P-yuactke. IlepenBuxenue
pubocombl Bnonr MPHK Ha3swiBaetcs

HANPABJEHNI K 3°-koHuy;
Tenepb KoloH 2 PpacnonoxeH p

A-yuacToK roTos K
NpHeMy Clenyloweh
amyHoaLA-TPHK

3
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mpaHciokayueli; Ha 3TOH cTaguu Heobxo-
auM (daxtop anouranuu G (HasbIBaEMBIN
TaKX€ MPAHCAOKA30H) M THAPOJM3 elle
onvoit Monexynapl GTP (puc. 29-17). Ha
3TOHN CTaauu, BEPOATHO, MPOUCXOAUT H3MeE-
HeHue koHpopManuu Beeit pubOCOMEI, CIo-
cobcrByroliee nepenBixentto ee o MPHK
K CICOYIOLIEMY KOMOHY B HaMpaBJICHMH
K 3'-koHny matpuisl. Iponecc TpaHcioka-
M1 obecneuuBaeTCs 3HEPruel 3a cueTr ru-
nponusa GTP.

Tenepr pubocoma BMeECTE C NPHKPEN-
JeHHbiMB  k  Hell  munentuawi-tPHK
u MPHK roroBa k crenyrolueMy IHKIY
3JIOHTallUK, T.€. K NPHCOCOUHEHUIO TPETbE-
0 aMHHOKMCJIOTHOTO OCTATKa; OCYLIECT-
BJISIETCS 3TO TOYHO TAK XK€, KAk MPHCOEINHE-
HHe Broporo ocratka. Ha mpucoenuneHue
KaXIOH aMHHOKHMCJIOThl 3aTpa4yMBaloOTCs
npe Monekynsl GTP, kotopeie runponu-
syrores go GDP u P;. Ilo Mepe nBuxenus
pubocoMBl OT KOOOHa K KOJIOHY BOOJb
MPHK k ee 3'-kOHIly aMHHOKHCIOTHBIE
OCTATKH ONMH 3a JpyruMm poGaBlsroTcs
K pacTyLlel MoJMNenTHAHOH Lienu, KoTopas
BCE 3TO BpeMs ocTaeTcd ¢Ba3anHoil ¢ TPHK,
COOTBETCTBYIONIEH MOCHIEAHEH BKJIFOUEHHOMH
aMHHOKHCJIOTE.

<

k)

29.12. /inw TepMMBAUMH CHHTE3R
NOJIMNENTHAR HeoOXoauM
CHeNMATBHBIH CHTHAN

Haxkonenr pubocoma MpHCOEOUHMIA 110-
CIEIHIOI aMHUHOKHUCIIOTY, MOJIHOCTBIO 3a-
KOHYHUB CHHTE3 MOJIMNENTUA, KOAUPYEMOIro
MPHK. O tepMuHauum nonunentuaa cur-
HaJIM3UPYET O[MH M3 TPeX TEPMHUHHPYIO-
umx konoHos MPHK, pacrmonoxenHblii He-
MOCPEACTBEHHO 3a KOMOHOM MOCHeaHel
AMHUHOKHCNOTHL. TEPMHUHUPYIOLUIHE TPH-
wietel UAA, UAG u UGA ue xomupyroT
HUKaKyro amMuHORMcHOTy. WX HaswiBaroT
beccmpbicAeHHbBIMU  mpunaemamu  (HOHCEHC-
Tpunyieramu). IlepBoHayaibHO OHM OblnM
OGHapyX€Hbl MPH HCCIENOBAHUH H3MEHE-
HHUAL OIHOTO-€[IMHCTBEHHOTO HYKJE€OTHIA B
HEKOTOPBIX KOMOHAX, COOTBETCTBYIOLLIMX
ONpeAeNeHHBIM aMUHOKUCIIOTaM. JTO H3-
MEHEHUE NPHBOAUIO K BO3HMKHOBEHHIO
HoHcenc-mymanumos E.coli, nns koTopbix
6blna xapakTepHa MpPeXIEBpPEMEHHAsi Tep-
MUHALIMA CHHTE3a MOJMIENTHAHBIX Lenei.
C noMolp1o TakKMX HOHCEHC-MYTAHTOB, MO-

~
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JIyuMBUIMX HaspaHue amber, ochre u opal,
tpuruersl UAA, UAG 1 UGA 6plin B KOH-
1€ KOHIIOB MAEHTU(MIIMPOBAHEI KaK TEPMH-
HUPYIOLIME KOIOHLL.

Kak Tonpko pubocoma JOCTHIaeT TEPMU-
HHMpYIOLLEr0 KOIOHA, HAuYMHAIOT IeHcTBO-
BaTh TPU TepMUHMpYIoMX dakTOpa (pUIH-
sunr-¢akrops) —6emcu Ry, R, u S. Onu
BbI3bIBAIOT: 1) rHAPOINTHYECKOE OTLUEMJIC-
uue noymnentuaa or koneyHoit TPHK u ero
BbICBOOOXienue ; 2) otaenenue ot P-yuact-
Ka nocneiHei, Tenepb yxe «nycroii» TPHK;
3) mucconmanuro 70S-pubocomer Ha 30S-
u 50S-cy6uacTMIbl, FOTOBBIE K CHHTE3Y HO-
BOll MoJMIMENnTUAHON LEMH.

29.13. Jlns obecneyenns
TOYHOCTH 0€/IKOBOI0 CHHTE3a
HeoOX0/IMMa JHEPTHA

Kax mb1 yxe Bugend (pasa. 29.4), va dep-
MEHTAaTUBHOE OOpa30OBaHME KaXIoH aMu-
Hoauwl-TPHK wu3 cBoGonHoit amMHHOKuUC-
JIOTBI 3aTPAYMBAOTCH IB€ BHICOKOIHEPTETH-
yeckue ¢pocdarHble rpynimel. 11t ncnpasiie-
HUst OIIMOOK, BEISBJIECHHBIX C MOMOMLIBIO
rHOPOJIMTHYECKOrO OEACTBUS aMHHOALMII-
TPHK - cuHTETa3bl, HA 3TOM 3Tane MOTyT
MoHaJOOUTECST  NOOABOYHBIE  MOJIEKYJIbI
ATP. HanoMuuM, uto ogua mostekyna GTP
pacinersiercs 1o GDP u ¢ocdata Ha nep-
BOH CTaJIMHU 3JIOHTaLlUH U €LLE OJTHA MOJIEKY-
na GTP runponusyercs B npouecce TpaHe-
snokauuu. CrenoBaTenbHo, B MTOre IJISt
o6pa3oBaHKs KaxJIoH NenTUIHOH CBA3U He-
00XO0IMMEI 0 MEHBUIeH Mepe YEThIPE BBICO-
KO3HEPIETMYECKHE CBSI3U. OJTO O3HAYAET,
YTO ANisi MOIUIEPXaHHUs Ipolecca CHHTE3a
6enka HeoOx01MM GOMbLLIOH TEPMOIHHAMH-
4ecKuii BKJIaJ, MOCKOJIbKY Ha oOpa3oBaHue
NENTHIHOH CBS3M 3aTPavMBacTCs HE MEHee
7,3-4=292 kkan o3Heprum  ocdaTHOI
rpyIisl, B TO BpeMsl Kak CTaHZapTHas CBO-
6oHas 3HEPIWs ee TMAPOJM3a COCTABJIAET
Bcero okosio — 5,0 kkan. TakuM o6paszom,
YKCTas 3aTPaTa 3HEPrud Ha CUHTE3 MENTHI-
Holi cBa3uM cocTapisger — 24,2 KKaji/MOJL.
XoTs €TOMb BBHICOKMI pacxon 3HEPTHH MoO-
XeT MOKa3aTbCs PacCTOUUTENBHBIM, OH CIly-
XUT OIHHMM W3 BaXHHIX (PakTOpOB, 0Oe-
CTIEMMBAKOIIMM TIOYTH COBEPLIEHHYIO TOY-
HOCTb OMOJIOrHMECKOTO TEPEBOJA TIEHETH-
yeckoit unpopmanu MPHK Ha A3bIK amu-

YACTb IV. MEXAHHW3MBI MEPEJAYN TEHETUYECKONH MHO®OPMALIUH

HOKMCJIOTHOH mocjienoBaTeibHOCTH — Oe-
KOB.

29.14. IosaupuGocombl NO3BO/INIOT
ObICTPO TPAHCIMPOBATHL
oMY MATPHIlY

Ecnu u3 TkaHel, KOTOpBIE aKTUBHO CHH-
TE3UPYIOT OEJIOK, HAPUMEDP U3 TOIXKENy-
IIOMHOH XeNe3bl, OCTOPOXHO BBIIENMTD PH-
60COMBI, OHM vacTO OKa3BIBAKOTCH CO-
6paHHBIMH B TIpYIINEBI, COCTOSLIME M3 He-
CKOJIbKMX MJIM M3 MHOTHMX pHOOCOM, YMCIIO
KOTOpBIX MHoraa moxomut no 80 W paxe
6osbuie. Takke ckomyeHus, Ha3BaHHbIE NO-
aupubocomamu, WM nosucomamu, OblIU
H3y4eHbl C NOMOLILIO 3JIEKTPOHHOIO MH-
Kpockona U xumuueckuM nyteM. ITon peii-
CTBUEM pHOOHYKIEAa3bl MOJHPUOOCOMBL
pa3zofiaroTcs Ha MHAWBMAyabHbIE pubo-
COMb1. DTO yKa3blBaeT Ha TO, YTO OHM ylep-
xuBaroTcs ¢ nomouwro nenmu PHK. [eii-
CTBMTEJIbHO, LIEMNb, COETUMHAKOLIYIO COCEIHUE
pubOOCOMEI, MOXHO VBHMIAETH HA 3JIEK-
TPOHHBIX MHKpodoTOorpadusx (puc. 29-18).
Ona sBiseTcs He ueM UHBIM, kak MPHK|
KOTOpasi ORHOBPEMEHHO TPaHCIMPYETCS
MHOIMMHM pubOCOMaMM, PacIONIOXEeHHBIMH
IOBOJbHO  Onu3ko  Apyr K Jpyry
(puc. 29-18). Takas ogHOBpeMEHHas TpaHC-
Jsigus onHoit MPHK muorumu pubocoma-
MM 3HAUMTEJIbHO YBEJMYMBAET 3hGEKRTUB-
HOCTh MCHOJNIb30BaHUSI MaTPHIIBL

Iponecchl TPaHCKPUIIIMH U TPaHCIIALMH
B 6akTepUAX OYEHb TECHO compsixeHbl. Kak
MOKa3aHo Ha puc. 29-19, pubocoMBbl MOT'yT
HauuHaTb TpaHcupoBats MPHK, xoraa ta
ele nmpopoykaer cuHtesupoBatbes JJHK-
saBucumoii PHK-nonumepa3soii. [pyras
0cobeHHOCTh OeJIKOBOro cuntesa B Oakte-
PHMSAX 3aKIIOUAETCHA B TOM, YTO BpeMs XH3HH
monekyn MPHK ouenb Masno, Bcero He-
CKOJIbKO MHHYT; OHH OBICTPO pa3pyLIaroics
HykneasaMn. Ilo 3Toit npuvmEe wis TOro,
4TOOL!I cuHTE3 OelKa MOmAepXUBaJCs Ha
onHom yposre, MPHK punist nanHoro 6enka
WU IS TPYNNibl OEKOB JI0JPKHA CHHTE3H-
pOBaTbCA MOCTOSHYMO W HCIOJIB30BATHCS
¢ MakcuManbHO#H 3¢dexTHBHOCTEIO. Hnxe
MBI YBUINM, YTO KOPOTKOE BPEMS JKH3HH
MPHK y npoxapuor nossonsier ObICTPO
BBIKJItO49aTh CHHTe3 Oelka, KOTOphii 60Jb-
L€ HE HYXEH.
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50S CyBuacTuiml 308

pubocom /
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Pacryuias
floNMNenTuiHas
uenb

29.15. TloamuenTHaHble lenH
peTepneBaloT CBOPAYHBAHHE
H NPONECCHHI

Kak Mbl Bugmend B ri. 7 u 8, 6esnok
ocTaeTcss OMONOrdMecKH HEAKTHBHBIM JIO
TeX MOp, MOKa OH HE CBepHETCs ¢ o6pa3oBa-
HHEM NpHUCyluel eMy HaTUBHOH koHpOpMa-
1M, KOTOPasi ONPENESIETCA AMHHOKHCIIOT-
HOH TmocnenoBaTebHOCTEO. B kakoii-To
MOMEHT —BO BpeMs CUHTE3a MOJMIEITHI-
HOIf 1enu WM nocjie ero 3aBeplueHus — be-
JIOK CaMOIMPOU3BOJIbHO MPUHUMAET CBOKO
HaTHBHY}O KOHpopmManuro (pasa. 8.6 u 8.7),
T.€. JIUHeHHAA WM OHOMEPHAsi TeHeTHYC-

Puc. 29-18. TMommpubocoma. A. TsTe pubocom
OIHOBPEMEHHO CYHTLIBaIOT HHGOPMAIHIO, Conep-
xatytocs B MoJsiekysie MPHK, nepensurascs no
weli oT 5- k 3'-koHuy. Bb. InekTpoHHas MHKpO-
doTorpadus NONHPHEOCOMBI H3 NPAAHILHOK XKe-
nestl TyToBoro wenkonpana. MPHK, xonnpyro-
an GpuOPOHH LiesKa, TPaHCAMPYETCH ONHOBpE-
Menno Gonbiumm yuciaoM pubocom. To mepe nBH-
sxenns pubocoM k 3'-konny MPHK nomnentin-
HEle LeNy CTAHOBATCH BCe MuMHHee. B, Cxema, no-
ACHAOIIAA INEKTPOHHYIO0 MHKpodoTorpadmio b.

5 0,25 MkM l

MNoaKnenTuaHbe
uenw

cxas MHGOpManMs, CONEpPKaBLIAsCH B Ma-
tpuuHoit PHK, npeobpasyercs B cneundu-
4ECKY¥O TPEXMEPHYIO CTPYKTYPY HOBOCHMH-
TeaupoBaHHOro noaunentuaa. OHako 4a-
cT0 HOBOOOpa3OBaHHasl MONMIENTHAHAS
LEMb HE MOXET MPHHATb OKOHYATESIbHYIO
OHONIOTMYECKH AKTHBHYIO KOH(bopMaIMIo,
MOKa OHA HE MOJABEPTHETCS NPOYECCUH2Y U
KosaseHmuosi  moouguxayuu. ViaMeHeHus
B XOJI€ 3THX MPOLIECCOB MOJyYMJIH Ha3BaHUe
MOCTTPaHCHAIMOHHOM MoaubHKaLu.
VY pa3mriHbpIX GEJIKOB NMPOIIECCUHT MPOTe-
KaeT Mo-pa3HoMy.
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Puc. 29-19. ConpsxenHe NpoLeccoB TpaHCKPHI-
WK ¥ Tpascasiuu y Gaxtepnii. Ewe Ao okoma-
Hua TpaHckpunuud JIHK PHK-nonanmepasoit 06-
pazyrowascs MPHK HayuHaeT TpaHCIHPOBATLCS
pubocomMamu. ITo OKa3bIBAETCH BO3MOXKHBIM Ola-
roaaps Tomy, 4To B 6akrepusx MPHK He Hazo
TPAHCTIOPTHPOBATL M3 AAPA B LMTOMIA3MY.

a. Moougurayua
N-kxonya u C-xouya

B mpokapuHoTHYECKHX KJIETKaX BCE MOJIM-
MmenTUabl HaYMHarTCH ¢ ocratka N-¢op-
MWIMETHOHUHA, & B JYKapPHOTHYECKUX —C
octatka MeTHOHMHa (pa3gd. 29.7). Omuako
dbopMuIIbHaR TPYIa, HHUIIMAPYIOIIKHA Me-
THOHHUH, @ YacTO ¥ HECKOJILKO CIENnyro-
LMX 33 HUM aMHWHOKHCJIOTHBEIX OCTaTKOB
HHOTAa YHAJSOTCH C MOMOLIBIO OCOOBIX
(depMeHTOB U, TaKUM 00pa3oM, He obHapy-
XHBAOTCH B OKOHYATENILHO C(OOPMUPOBaH-
HOM OeJke.

B HekoTOpbiX 6€nKax nocye TPaHC/Isuu
aleTIMPYETCs aMUHOrpynmna N-KOHIIEBOTO
OCTaTKa, B JPYrMx Moauduxanii moasep-
raercs C-KOHLEBOIT OCTATOK.

6. Yoasrenue cuznaavmuvix
nocaedoéamenvHocmeii

Kak Mbl yBUIHM HMXe, HEKOTOPBIE 6EITKH
comepxaT Ha N-KOHLE NONOJHHMTENIHLHYIO

YACTB IV. MEXAHH3MBI MEPEJAYN FT'EHETUYECKOW HHOOPMALILU

NOJIMENTHIHYIO MOCIIENOBATENLHOCTE U3
15-30 ocraTkoB, KOTOpas HapaBJAET ITOT
6eJIoK K MECTY €ro Ha3HauyeHHMs B KJIETKE.
Takue cuznasphbie nocaedoeamesbHoCmMuU
B KOHIIE€ KOHLOB yJAJIAIOTCS C NOMOILLIO
OCOOBIX menTHia3.

6. Qocdopuauposanue
2UOPOKCUAMUHOKUCAOM

B psne GenkoB ruIpOKCUIILHBIE TPYNIIBI
HEKOTOPBIX CEpPHHOBBIX, TPEOHUHOBBIX H TH-
PO3MHOBBIX OCTaTKOB mojBepratotcs ¢ep-
MEHTATHBHOMY (POCHPOpHIUPOBAHUIO C YUa-
ctueM ATP. BosnukHoBenue docdocepu-
HOBBIX, $G0cbOTPEOHHHOBBIX M docdoTHpo-
3HHOBBIX OCTATKOB B 3TUX O€NKax yBeJHYM-
BaeT MX OTpHLATENbHBINA 3apsia. B kaseune,
6eJike MosiOKa, coepxutcs MHoro ocdo-
CEPUHOBBIX OCTATKOB, (PYHKUMSA KOTOPBIX
COCTOMT B CBsi3biBaHuM MouoB Ca?*. Ilo-
ckonbky M Mol Ca?*, u pocdar, a Takxe
aMHUHOKUCTIOThI HEOOXOAMMEBI [PYIHBIM Jie-
TAM, Ka3edH MOJIOKa MpelcrapnseT coboii
HCTOYHMK 3THX TpPEX HE3aMEHHUMBIX MUTa-
TenbHBIX BemecTB.  Pocopunupopanme
FHUIPOKCUNILHBIX  CPYNN  ONPENEEHHBIX
OCTATKOB CepHHa HEOOXOMMMO AN aKTHBa-
IMH HEKOTOpbIX (EPMEHTOB, HAMpPHMED
riukoreH-¢pochopunasel (pasn. 9.22). ®oc-
¢opummpoBanue crnellMpUIECKMX OCTATKOB
THPO3HHA HEKOTOpBIX O€NKkOB o0OkKa3anoch
BaXHBIM 3TaNOM B MPOLECCE NPEBpaIleHUs
HOPMAJIBHEIX KJIETOK B PaKOBBIE.

2. Peaxyuu xapbokcusuposanus

K ocraTkaM acnaparusoBoii M riyTamu-
HOBOH KHUCIIOT B psne GeNIKOB MOIyT MpM-
COEIMHATLC  NONOJHUTEJILHBIE KapOOK-
cuibHble rpynmbel. Hanpumep, Genok cu-
CTEMBI CBEPTHIBAHMS KPOBH NPOTPOMOUH
conepxut B cBoel N-koH1eBoit obactu He-
CKOJIBKO OCTAaTKOB Y-KapOOKCUIIlyTAMHHO-
Bol KUCIOTHI (IJ1. 24), KOTOPHIE BKIFOYAIOT-
ci B Oenok mpu nomouu (¢ePMEHTa,
3aBMcuMoro ot ButamuHa K. Kap6ok-
CWIbHBIE IPYNNBI CBA3BIBAXOT MOHEI Ca?®,
HeoOXOmMMBIE [Nl 3aIyCcKa MEXaHH3Ma
CBEPTHIBAHHS KPOBH.
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0. Memuauposearue zpynn

B pspe 6ekoB omnpenenieHHbIE OCTATKH
JM3UHA noaBepraroTcs HepMeHTaTHBHOMY
MeTHIMpoBaHuo. OCTaTkKM  MOHOMETMII-
M JIMMETUIUIN3MHA OOGHapyXMBatOTCA B HE-
KOTODBIX MBIILIEYHBIX OeJIkax U B IIUTOXpPO-
Me c. B gpyrux Oenkax MeTHIMPOBaHHKO
MOJIBEPraroTcs KapOOKCHIIbHEIE IPYIIBI PA-
Ja OCTAaTKOB I'JIYTAMMHOBOH KHCJOTHI, YTO
NPUBOAMT K HeHTpaiu3anMu MX OTpHIa-
TeNLHBIX 3apsAOOB.

e. Ilpucoedunenue
60k06bIX Y2ae600HbIX yeneil

BokoBLlE YrN€BOIHbIE LIEMH TIJIMKOMpPO-
TEHHOB KOBAJIEHTHO MPHCOENHHSAIOTCS K MO-
JIMOENTUAY BO BpeMsl MJIM MOCJIE CHHTE3a
nocneanero. B omuux riMkonporenHax 6o-
KOBasl YrlieBOJIHAsl IieMb MPHKPEILISeTCs
¢ oMok GEPMEHTOB K OCTaTKaM acla-
paruHOBOIi KUCIIOTHI, B IPyTHX — CEPHHA HIH
TpeonuHa. MHorue Genkm, koTopsle pabo-
TarOT BHE KIJIETKH, 4 TAKXE «CMa30uHbIe»
MPOTEOr IMKaHbl, TIOKPBIBAIOLIME CIIM3UCThIE
obonoukH, couepxar OOKOBbIE OJMrocaxa-
PUAHBIE LIEMH.

xnc. Jlobasaenue
npocmemuyecKux 2pynn

B cocraB MHOruX (PepMEHTOB BXOAAT
obs3aTeNbHbBIe A1 UX aKTUBHOCTH KOBa-
JIEHTHO CBsi3aHHbIE ¢ GEJIKOM TpocTeTHYE-

CKHE Irpymnibl; OHY raxxe NpHCOEAUHAOTCH -

K MOJIMITENTHIHOM LIENM NOCTIE TOrO, Kax Ta
nokupaer pubocoMy. IlpumepamMu Takux
NIPOCTETHYECKUX [PYILI MOTYT CIIYXUTh MO-
Jiexyjla OMOTHHA, KOBAJIEHTHO CBSi3aHHAS
¢ anetun-CoA-xkapbokcunasoii (pasn. 21.2),
)’} reMoBasi rpynna HUTOXpOMA
¢ (pa3n. 17.10).

3. O6pasosanue
Oucyab@uUOHbIX MOCMUKO8

Bo Muorux Oenkax, npenHa3Haue€HHBIX
Ui BBIXOJA M3 JIYKAPUOTHYECKOH KJIETKHM,
B npouecce GopMHUpOBaHUSA UX HATUBHON
KOHpOpMaLMK MOSBJAFOTCS TONEpeuHbIe
CIUMBKM B pe3ysibrate (pepMEHTATHBHOIO
obpa3oBaHus AUCYJIbGUIHBIX MOCTHUKOB
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MeXy OCTATKAMH IIMCTHHA; 3TH MOCTHKM
COEMHAIOT APYr C APYIOM [BE MOJIUIEN-
THAHBIE LEMU WK JIBE€ 4aCTH OIHOH Ienu
(pa3n. 6.8). Tlomepeunbie nucymb(puaHBE
MOCTHKH MOMOrarT ybepeub HaTHBHYIO
koHdopMaluio OGEJKOBOH MOJEKY/Ibl OT
JeHaTyparuH.

29.16. HoBocuHTe3upoBaHHbIC
0e/Ikn HAnpaBISIIOTCH K MECTY
cBoero nashavenust

Hekoroprie HOBOO6pa3oBaHHBIE 6EJIKM
MOCTYNAYOT MPOCTO B KJIETOYHBIH LIMTO30J1b,
Jpyryue HamnpasJFIOTCH K Pa3J/IMYHBIM KJie-
TOYHBIM OpraHesljlaM, TPETbH CEeKpPEeTH-
PYIOTCS U3 KJIETKH, YETBEPTHIE BCTPANBAFOT-
CS B Ty WJIM HHYIO KIIETOYHYyt0O MeMOpaHy,
rie paboTaroT B KayecTBE TPAHCIOPTHEIX
6enkoB wiH ¢epMeHTOB MeMOpaH. T1o3to-
MY BaxHO, YTOOB HOBOCHHTE3MPOBAHHBII
6eylok Hauen nyTh K MpeHAZHAYEHHOMY
Ui Hero MecTy B KieTke. KakuM e obpa-
30M OH 3TO jenaer?

MHorue 6enku cojiepXat Ha cBoeM N-
KOHIIE CrelU(bHYEeCKHE  [OJMMENTUIHbIC
«JIUIIEPHI», KOTOPBIE BBIMOJHSAIOT POJIb CHI-
HAJIOB, HATIPABJIAIOIINX ITH OEJIKH K UX «pa-
6oueMy» MecTy. ITH CUZHAAbHBIE NOCACOO-
6ameAbHOCMU YMECTHO CPaBHUTh C [MOY-
TOBBIM MHIEKCOM Ha nucbMe. beiku,
CHHTE3HPYEMbIE pUOOCOMaMH LIEPOXOBATO-
ro 93HAOMNAa3MAaTHYECKOTO  PETHKYJIYMa
B KJIETKaX MODKENYIOYHON HKene3wl U 3KC-
MOPTHPYEMBIE M3 3TUX KJIETOK, HanpuMep
TPUIICMHOTEH U TNpOKapbokcunenTuaasa
(pa3n. 24.1,6), uMeror Ha N-koHuax nonu-
NeNTHAHbIE JIUAUPYIOLINE MOCIIEAOBaTENb-
HOCTH. DTH CHIHaJIbHbIE MMOCIIENOBATENILHO-
ctu coctosT M3 15-30 aMMHOKMCIOTHBIX
OCTAaTKOB, MHOTHE H3 KOTODBIX ConepXar
ruapodobuple  R-rpynmer  (puc. 29-20).
B mpouecce cuHTe3a Jnoboro Genka, B TOM
YKMCIlEe TPEAHAZHAYEHHOTO Ha («IKCIOPTY,
CHrHaJIbHbIE JIMAEPHL, OYAYYH pacrosioxeHbl
na N-koHile, 06pa3yroTcs nepBbIMH. Takue
JIMJeprl Y3HAIOTCH OCOOBIMH peLeNTOPHEI-
MM y4acTKami Ha BHeLIHeH NOBEPXHOCTH
JHIOMIa3MaTUYECKOTO DPETHKYJIyMa, NpH-
4eM ITO POUCKXOAMT [JAXKE PaHblUE, YEM PH-
60ocoMa MONHOCTBIO 3aBEPIUUT CUHTE3 Gen-
ka. F'unpodobuas xupopacTBopuMas 4acTh
JIIMpyroLLel MoCieIoBaTeNbHOCTH MPOHH-
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Puc. 29-20. Ftanb! cuntesa Genka, npeiHasnaues-
HOTO JUIA 3KCTIOpTa U3 kiIeTKy (I-5). ITokasaHb!
ofpasopanue ¥ najbHeHIlMe NpeBPALUCHHA CUI-
Ha/IbHOH NoCenoBaTeIbEOCTH — NOJIUNEN THIHOIO
nuaepa, Haxoafwerocs Ha N-koHUe MHOrKX Gen-
KOB, CHHTE34XpyeMbIX pHOOCOMBMH IUEPOXOBATOrO
3HI0MIa3MATHYECKOTO peTHKyayMa. CHrnasbHbie
NOC/IEA0BATEILHOCTY NOMOraloT HOBOOGpa3oBak-
HO# MOAMNENTHAKON LeNy NPOHKKATL CKBO3b
MemOpaty BHYTpPb LMCTepE. Bo BpeMs I nocie
Nonanakys fMOJMNENTHAA B UHCTEPHY CUIHAJIbHAS
110CJ1Ie10BATENILHOCTL OTLUENJIAETCH OT HErO C Mo-
MOLUBIO MENTHAA3ML

YACTL IV. MEXAHU3MBI NEPEJAYU 'EHETUMYECKON UHOOPMALIUU

KaeT CkBO3b MeMOpaHy BHYTPbL LIUCTEPH 3H-
IOM1a3MaTHYECKOTO PETHKYJIyMa, NpoTa-
ckuBasi 3a coOoit pacTyluyro NMOJMIENnTHI-
HY!O Lelb. BHYyTpH uuctepH noa aeiicreuem
ocoboii nenTHaa3bl CUTHAILHBIF JIHIEP OT-
werisetcs. [ocne atoro 3penlii 6enok Ha-
npaBiisieTcs B annapaT I ofbxH, MHKarncy-
JIUpYETCS ¥ B BUAE CEKPETOPHOrO Ny3bIpbka
MOKUJAET HaKOHell KiieTKy. MHoTHE npyrue
3kcnopTupyemble Genky, (GyHKUMOHUpYIO-
LIWie BHE KJIeTKH,— OeJIKH 1J1a3MBl KpOBH, 110~
TMUTIENTUAHRBIE TOPMOHBI, aHTUTENA, MYKO-
NPOTEUHE! —MOTYT NOCTYNaTh K MECTY CBOE-
o Ha3HayeHHUs AHAJIOTUYHBIM NYTEM.

BecbMa cXOHBIE IMpOLECChl TPOUCXOAAT
u B OakTepusx. HapyxHas memOpana kiie-
Tok E. coli coctout u3 nununos U Oenxos.
IlocnenHue cMHTE3npyrOTCs Ha pubocomax,
CBA3aHHBIX C BHYTpPeHHEl IOBEPXHOCTLEO
BHYTpeHHell MeMOpaHbl. CurHasibHblE TIO-
crenoBaTeIbHOCTH HAa N-KoHnax 3THx ben-
KOB 00€CreyMBarOT UX IPOXOXKIEHHE CKBO3b
BHYTPEHHIOIO MeMOpaHy U CKBO3b CTEHKY
K COOTBETCTBYIOLIMM MECTaM HapyxHOi
MeMOpaHbL, T/1€ U IPOMCXOIUT BCTPauBaHue
nosunentuna. I'eHeTudeckne uccenoBanus
CUTHAJILHBIX MOCIE/IOBATEIILHOCTEN U men-
THAa3, KOTOpPHIE UX B KOHEYHOM CYETE yaa-
JIAIOT, CTAMM BO3MOXHBI Oyaronaps cylue-
CTBOBAHHIO  COOTBETCTBYROLUMX  OakTe-
puanbHbIX MYTaHTOB.

29.17. Cunre3 Oenka
nuruOupyercs
pa3jIHYHbIMH AHTHOHOTHKAMH

MHoxecTBO aHTHOMOTHKOB MHIHOUPYIOT
cuHTes Oenxa crneuuduyeckuM o0OpazoMm.
3T0T ¢akT npeacTaBifeT ONpPEESEHHbLil
WHTEpeC ¢ OMONOTHYEeCKOW TOYKM 3peHus,
MOCKOITbKY aHTUOMOTHKM MOXHO paccma-
TpUBaTh KaK «XMMHYECKOE OPYXHE», Mpo-
W3BOJMMOE HEKOTOpPbIMH BHIaMH MH-
KpOOpPraHM3MOB M KpailHe TOKCHYHOe [Jisi
JpYyrux opraHu3MoB. AHTHOWOTHKM cTanu
LIEHHbIM HHCTPYMEHTOM B U3yueHnn Oesko-
BOTO CMHTe3a, NMOCKOJIbKY OKa3ajioch, 4TO
NOYTH JIFoOOH 3Tanm 3TOro npouecca creLy-
dmieckn MHrUOMpyeTcs TeM MIM  MHBIM
aHTUOMOTHKOM.

Onnum w3 Haubonee BaKHBIX aHTHOMO-
THKOB-MHTUOMTOPOB SBIIAETCH NYPOMULUH,
CHMHTE3UPYEMBIfl  IUIECHEBBIM  pubOM
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Puc. 29-21. AuTHBuOTHKM — HTHOUTOPEI BenkoBo-
ro cuxitesa. A. ITypomunus (ero dopMysna noka-
38HA KPacHBIM LBETOM), HATIOMHHAIOILMH KOHLIe-
BO# aMMHOALM/Iaf€HMNAT B COCTABE aMHHOALHII-
TPHK, pearnpyet ¢ C-KOHLOM pacTyiueif nentu-
nun-TPHK, o6pa3ys nenTuaqinypoOMHUMHOBLIM
komrnekc. OnHaKo H3-3a2 TOro, 9T0 CBA3bL MEXAY
NypPOMMIIMHOM M NENTUIOM yCTOH4YMBa K AeHCTBHIO
thepmenTOB, NanbHeHIas IOHTaUHs CTAHOBHTCH
HEBO3MOXHOM M NEeNTUANINYPOMMLHH NOKMAAET
pubocomy. b. Linknorexcumua uHrubupyer cuH-
Te3 Gesika 80S-puGocoMamy 3ykapHOTHYECKHX KJle-
TOK, MO He nonabsseT Genkopbii CHHTES B MPO-
KapHoTax H MHTOXOHApHsAX. B. X0pambeHnkon
noaapnser cHHTe3 Geslka MPOKApHOTHYECKMMH H
MHTOXOHApHaJIbHBIMH PHOOCOMaMK, HO He Hapy-
maet paboty sykapnotHyecknx 80S-pnGocom.

Streptomyces alboniger. T1o cBoeit cTpykTy-
pe NypOMMIIMH OveHb HarlOMUHAET 3'-KOHew
amunoaiun-TPHK (puc. 29-21). Ero neit-
CTBHE 3aKJIFOYAETCs B TOM, YTO OH Ipepbl-
BaeT 3OHraLHIo NOJMNENTUAHON Leny, 3a-
meluas coboii nocrynariyrw B pubocomy
amuHoauns-TPHK u npuBoas k o6pasosa-
HVIEO nenmuduanypomuyuna. K nentuaunmny-
poMuLIMHY yke He cnocobHa npucoenu-
HUTBCA HM OfHA AMWHOKMCIIOTA; BCIeM-
CTBUE 3TOTO OH OTAENSIETC OT PUOGOCOMBI,
IpeKpalias TeM CaMbIM CHHTE3 NOJIUNENTH-
ha.

CH;,

H,C O

CHOH

(0] N (0]
H
Lukaorexcumun

5

OH NH—C—CHCl,

L1
on— H-cn—gn &

CH,

|
OH

XnopambeHukoa
B

TempayuxauHvl— aHTUOMOTUKKM  IPYTO¥
IPYyNNbl —MHTHOUPYFOT GEJIKOBBI CHUHTES,
Grokupys A-yuactok pubGocombl U sHILas
ero cnocoGHOCTH CBA3bIBaTb AMMHOALMIT-
TPHK. X1opamgenukon nonapnseT cuHTE3
6enka, OCYyLLECTBJIEMBbIl MpOKapHOTHYe-
CKHUMH (1 MWTOXOHIpHasbHbIMM) prboco-
MaMH, HO HE OKa3blBaeT BO3JelicTBUs Ha
BHEMHWTOXOHApHAILHBIA cuHTe3 Genka y 3y-
kapuot. Huxaozexcumud, HaoOOpOT, UHIU-
6upyer cunTe3 Gesnka 80S-sykapuoTiecku-
Mu pubocoMaMu M He HapyluaeT paboty
70S-npokapuOTUYECKUX MJIH  MUTOXOH-
IpuanbHbiX pHbocoM. 31eck Mbl CHOBa
CTaJKUBaeMCs CO CXOJCTBOM IpPOKapuoT
¥ MUTOXOHApUi. Cmpenmomuyun Bbi3bIBAET
OIIMOKHM ITPH CYUTHIBAHWM TEHETHYECKOH MH-
dopmanuuy, a myHukaMuyuH TPENATCTBYET
npukpensienuro  OOKOBBIX  onMrocaxa-
PMIOHBIX Lieneif K HEKOTOPbIM TJIMKOIPOTe-
HWHaM.

K npyrum uHruburopam OesIkoBOTO CHH-
Te3a OTHOCATCH OumepuilHulil MOKCUH,
WHAKTHBUPYIOIIMH OOWH U3 (aKkTOpoB
37IOHralMy, ¥ puyuH, 4pe3BbliaifHO TOK-
cvyHbIi Oeok M3 KilemeBUHbl OOBIKHO-
BEHHOI1, KOTOPLI uHakTHBUpyeT 60S-cyb-
YaCcTHLY 3YKapHOTHYECKUX pHOOCOM.
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29.18. TI'eHerwueckmii Ko
pacisdpoBan

Tenepb MblI paceMoTpuM Oosiee noapos-
HO, KakuM oOpasom wyerbIpeXOykBeHHBIit
s3bik JIHK nepeBonuTtcs Ha npamiaTuOyk-
BeHHbIH A3bik OeskoB. Yike naBHO ObLIo sic-
HO, 4TO IS KOAHPOBaHUS KaXIOH aMUHO-
KHUCJIOTHI TpebyeTcs 1o MeHbILEel Mepe Tpu
HykneoTHaHbx octatka I HK, nockousbky
u3 verhipex xonosbix Oyks JIHK (A, T, G
1 C) MOXHO COCTaBUTL Beero 16 pasiuaHbIX
coyeTanuii no asa (4% = 16), a 3TOTO HEnoO-
cTaTo4Ho, 4ToOH kKoxuposaTb 20 amMuHO-
kucsoT. Eciu xe U3 yeTbipex 0CHOBaHMi co-
CTaBUTb COYETaHHUS N0 TP, TO MOXHO
nonyyuTs 4° = 64 pasnUYHEIX KOMOUHALMHY.
PanHuUe reHeTHUECKME KCIIEPUMEHTHI OKOH-~
YaTeIbHO JOKAa3ad HE TOJILKO TO, YTO CJIO-
Ba TEHETHYECKOTO Kof@a aJis robol aMuHO-
KHCJIOTHL MPEACTaBsAOT cobOH TPUILIETHI
HYKJICOTUIIOB, HO U TO, YTO MEXIy KOJOHa-
MH [1JI1 COCEITHMX AMUHOKHUCIIOT HET 3HAKOB
npenvHanusg. ORHako OCTaBaJIC HEBbIsC-
HEHHBIM OCHOBHO# BOIPOC: KAKHE KOHKPET-
HO TpexOykBeHHble KOQROBBIE ClNOBA CO-
OTBETCTBYIOT KaXJOW U3 aMHHOKMCIIOT?
Kak MOXHO onpenenuTs 3TO 3KCIEePHMEH-
TanbHO?

B 1961 r. Mapann Hupenbepr u I'en-
pux Matreu coobumnu o cBOEM 3KCNepH-
MEHTE, KOTOPbIii CTajd BayHEHILUUM COOHI-
THEM B 3TOi obmactu. Onu uHKyOnposamu
B [Ba/IIATH Pa3/IMYHbIX NpoOHPKaX CHHTE-
THYECKMH 1OJUPHOOHYKIEOTUR TOJHYPH-
IIMJIOBYIO KHCJIOTY € kcTpakToM u3 E. coli,
GTP u cmecbro mBasUATH AMHHOKHCIIOT.
B xaxxnoi npobupke paguoakTHBHO MEYEH-
HO¥ ObLTa TOJILKO OAHA W3 AMHHOKHCIIOT.
W3 Toro, 4To nonuypuauiopas K4coTa (ee
obo3nauarot polyU) npencrasnser coboii
uckyccrBeHnyro MPHK, Hecyuryro mnoxe-
CTBO PACIOJIOXEHHBIX IPyT 34 APYroM TpH-
mreros UUU, crnegoBasio, 9TO OHa JOJHKHA
HanpapBJIsATh CHHTE3 PagUOaK TUBHOTO IOJIH-
nenTuaa, COoCTOSIIEro TONbKO M3 OIHOH
aMHMHOKMCIIOTBI, 2 MMEHHO TO¥, KoTopas Ko-
aupyetes  Tpummietom  UUU.  Panuo-
aKTUBHBLIH NOJNMNENTHA CHHTE3UPOBATCA
JMILL B OAHOW W3 pBaauatv Npobupok—B
TOW, TO€ HAXOOMJICA PpPalvOaKTHBHbLIN
denunmananui. PanuoakTusHBIl noJMIlen-
TUA oOKaszajcs NosudeHunanaHuHOM, T.€.

YACTH 1V. MEXAHH3MBI MEPEJAYN TEHETUYECKOW MHOOPMALIMU

COLREPXaJl TONMBLKO OCTATKH (hEHUNIANAaHVHA,
Otcrona Hupenbepr v Martteun cpenanu
BBIBOR O ToM, uTo Tpurier UUU konupyer
dennnananuy. OveHb CKOPO € TNOMOILBIO
aHaNIOTMMHOTO Noaxoa ObLIo HallIeHo, YTo
CHHTETHYECKAs MAaTPHLIA NONMMLIMTUAUIOBAs
kucnoTa (polyC) konupyeT cMHTE3 NOJINIET-
TH/A, COCTOSILETO M3 OJHUX IPOSMHOBBLIX
OCTATKOB (NOSIMIPOJIMH), a IOJIHA/IEHUIIO-
pasi kucnora (polyA) kopMpyeT NORUIM-
sud. CnenosartesnbHo, TpumieT CCC pnon-
EH COOTBETCTBOBATDH IMPOJIMHY, 4 TPUILIET
AAA - Tu3UHY.

Wcnone3oBaBiimvecs B ITHX JKCIIEPUMEH-
Tax CMHTETHYECKHE MOJIMHYKICOTH b ObLTH
MOJIyYEHbI C IOMOLIBIO NOMHHYKIEOTH-
dochopunaszu (pazn. 28.28), koTopas JIETKO
obpazyer PHK-nonobubie monuMepsl u3
ADP, UDP,CDP u GDP. D1omy depmen-
Ty HE Hy’KHa MaTpuLa; OH CHHTE3HUpPYET No-
JIUMEPHI, HYKJIEOTUIHBIA COCTAB KOTOPHIX
OTpaXxaeT OTHOCUTE/IbHBIE KOHLEHTpaLMu
HCXOIHBIX HyKseo3u-5'-audocdaTtos, npu-
cyTcTByrOIUMX B cpene. Ecsu B cpene conep-
XUTCA ORMH ypuauHaudocdat, To NOJUHY-
kneotvadochopuiaza CHHTESHPYET TONBLKO
polyU. Eciu ucxonHas cMech COCTOMT U3
neyx vacteit ADP u onwmoit vactw GDP, 1o
CHHTE3UPYETCS NoJIMMep, B KOTOPOM OKOJIO
[IBYX TpETeil COCTAB/IAOT OCTATKU A U OfIHY
TpeTb —octaTku G. B Takom nosymmmMepe ¢ He-
creuMIecKkoil HykJleOTHIHO# Mocenosa-
TEJIbHOCTBEO, BEPOSATHO, MHOIO TPHUILIETOB
AAA, wmenblie TpumnetoB AAG, AGA
u GAA, cpaBHUTETbHO MaJl0 TPHUILIETOB
AGG, GGA u GAG u oueHb Mano TpuILIe-
toB GGG. Ucnonbiys pa3sbie CUHTETHYE-
cKue TOJMUPHOOHYKIIEOTHIB], TOJTyUEHHbIE
npy noMoluM nojmHykneoTuagochopu-
Jasbl W3 PasIMMHBIX HCXOIHBIX CMeceii
ADP, UDP, GDP u CDP u BrimosHsromme
posie MPHK, Bckope ynanock onpenenuTts
COCTaB TPUIUIETOB Ui BCEX AMHMHOKHCIIOT.
OnHako 3TH IKCIIEpUMEHTHL HE [1aBaJjii BO3-
MOXHOCTD BbISIBUTh HYKJIEOTURHYIO NOCTIE-
JIOBATENBHOCTH, B KAXAOM KOAHPYHOLIEM
TPUILJIETE, T.€. NOHATh, B KAKOM NOpsIKe
pacrosioxeHsl 6yKBbl, COCTaBISIOWNE ITOT
KOROH.

B 1964 r. HupenGepr u Pumun Jlenep
CHeJiaii IPyroe OTKPLITHE, KOTOPOe MpHBe-
J10 K peLueHuro 3Toi npobnemel. OHu oOHa-
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PYXUIH, 4TO BbiAeneHHwie U3 E. coli pubo-
COMBI CBSI3BIBAKOT CHeUpUYECKYO aMHHO-
auun-TPHK nasxe B orcytctBue GTP, ecrm
B CMeCH IPUCYTCTBYeT COOTBETCTBYIOLIAs
CHUHTETHYECKas NOJIMHYKJIEOTHAHAS MaTpu-
ua. Hanpumep, pubocomel, qu¥6upyeMb|e
¢ polyU u denunananun-TPHK ™, casisbi-
BaroTcs ¢ 00eHMH MaKpOMOJTEKYTaMH ; €CITH
e pubocombl UHKYOUpyroT ¢ polyU u ka-
koi-uubynb npyroit amunoauuna-TPHK, 1o
NoCc/ieIHsAs He CBSA3LIBaeTcs ¢ pubocomamu,
IIOCKOJIbKY €€ AHTHMKOJOH He y3HAET TpH-
wier UUU B polyU-matpune. CaMeiM ko-
POTKMM TOJIMHYKJIGOTHUAOM, CIOCOOHBIM
obecrieduTh  cneunduryeckoe CBA3bIBAHHE
dennnanannn-TPHK, oxasancs Tpuny-
xieotn UUU. C noMoibko MpocThiX Tpu-
HYKJIEOTMAOB HM3BECTHOM CTPYKTYpHl yla-
JIOCh YCTAHOBUTL HYKJIEOTHUIAHYIO IOCSERO0-
BaTENIbHOCTb B KOAOHAX, OIPENESAFOILINX
cBsi3biBaHMe pasHbiXx amuHoauun-TPHK.
Hcnone3oBanue 3Toro u Apyrux NOaXon0B
MO3BOJIUIIO BCKOPE BHISCHUTL HYKJIEOTHO-
HYIO NOCIIEIOBATEMLHOCTD BO BCEX TPHILIIC-
Tax i KaXJ0# aMMHOKHUCIIOTHL. DTH KO-
JoBble croBa ObUTM mpOBEpeHLl MHOXe-
CTBOM pa3sHbIX cnoco6oB. TlosHbil KO-
IOBBIf «CIIOBApb» aMMHOKUCIIOT NPUBENCH
Ra puc. 29-22. Pacumdposka reHeTuyecko-
TO KOJa SIBUJIACh KPYIMHEHIUMM HAy4YHEIM
noctuwxenueM 60-x ronos.

29.19. I'enerrueckuii kox
of1a1aeT pAIOM HHTEepPecHbIX
ocobennocteit

Bo-11epBbIX, crienyer ere pas OTMETUTD,
4YTO B KOJE OTCYTCTBYIOT 3HaKu IpenuHa-
HUsl, T.€. CUTHAMbI, MOKa3BLIBAIOIINE KOHEL
OIHOTO KOJIOHA M Havarso creayroiero. Ta-
KM 00pas3oM, paMKka CYHMTHIBAHUS JOJKHA
ObITE MpaBMIILHO YCTAaHOBJIEHA B Hauale
npoyteHus moJiekynel MPHK u 3atem nBu-
raTbCcs MOCIENOBATENTLHO OT ONHOTO TPH-
IIeTa K crnenyrowemy. Ecnu ucxonnas pam-
Ka CYMTHIBAHMS «COMTa» HAa OAMH MM nBa
HYKJICOTHRA WIIM Xe ecM pubocoma ciy-
4yaflHO NPONYCTUT OOMH  HYKJIEOTHI
B MPHK, Bce nocnenyrotue konoms! Bbiii-
YT U3 NMpaBHITLHOM paMKH M 9TO NpUBENeT
K oOpa3oBaHuIO Geska ¢ MCKaXeHHOH amMu-
HOKMCIIOTHOM NOCIe10BaTEIbHOCTLIO,

Bo-BTOpPLIX, OTMETUM, 49TO 3 u3 64 BO3-
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Bropan Gyxea koncHon

u C A G
- _—

sec | UAY  Tyr | vcl oy

L€ ser iL'AC Tyr | LGC  Cys

Cron l)(!'::I Cran

Cron| L Trp

Uty phe | vel
uUC  Phe |

uCA  ser | uAA

UA ey |
UCG  ser UAG

6 Lew |

Y e ooV opro | cAY o mHie | ccY Arg
cuC Leu | &€ pPro | CAC His | cGC  Arg

6
MNepnan

oA Len | ccA Pro | CA® Ol | cGA A

Gvens € Lew | G Pro /CAG Gin | €GE  Arg
KUADHON - U .. U T
S Ay qie | AacU o The | AAY Aun | AGY  Ser
(57 wnow) | 1€ e ‘ A€ The | AAC A | AGC  Ser

A
A e | ACA Thr | AAR Lys ’“-3 Arg
Met = ALG  Thr | AAG Ly | AGS A

T

UV vel | GlY als | GaY  asp | ceY cly
GUE  val | GLC Ala | GAC asp| G6C Gy

G
A val | 6 Ak |caA o | ceA oy
GG va | ccG al | a6 o | 6 o

Puc. 29-22, «Cnosaps» aMMHOKHCIIOTHOrO KOZa,
npu noMoum kotoporo B MPHK 3anucana uH-
dopmMalus 0 KonupyeMoM ero Beaxe, KomoHnl
CYUMTHLIBAKOTCH B HanpaBnexun 5 — 3. Tleppoe 1
BTOpOE OCHOBaHMS 0003HaYeHbl YEPHLIM LIBETOM;
TPETbe OCHOBAKHE (OHO NOKA3aHO KPacHbim 1iBe-
TOM) MeHee crneunduuro, yem nepssle 1pa. TpH
TEPMHHKPYIOLIHX KOIOHA NPENCTaBleHk Ha CCPOM
doHe, a MHMUMMPYIOILHH KONOH - Ha kpackoM. OB6-
paTuTe BHHMaHKe, YTO BCEM aMUHOKHC/IOTaM,
KpOMe METHOHHMHA H TpuntodaHa, COOTBETCTBYET
6onbiue 01HOro k010Ha. CnoBa aMUHOKHCTIOTHO-
ro KOJA4 B TOM BHIE. B KAKOM OHM 3allUCaHbl B
JAHK, xoMiineMesitapHbl KOnoBbIM cniopam MPHK,
HO 8HTHIapaluleNbHbl MM M COnepXat octarku T
B T10JIOXEHHAX, KOMIUIEMEHTAPHLIX A, M OCTATKK
A B 110;10XEHHAY, KOMIEMeHTapHbrx U. Hanpu-
mep, kougoHsl MPHK v IHK nns mMervonmHa pbi-
[NAAAT TaK:

MPHK (5) AUG(3")

OHK(3)TAC(S)

O6bI4HO KONOHB! M @HT1HKO,IOHBI 32IIMCHLIBAIOT B
HanpasnesMn 5 — 3, cnepa Hanpabo.

MOJMHBIX HyKJeOTUIHBIX TpuIieToB (UAG,
UAA u UGA) He KOOUPYIOT HH OfIHY U3 U3-
BECTHBIX aMHHOKHCIOT (puc. 29-22); 3To
HOHCEHC-KOJIOHBI, KOTOpLIE B HOpMeE CUIHa-
JIU3UPYIOT 00 OKOHYAHHM CUHTE3a MOJIHIen-
TunHoii uemn. Konon AUG npencrapnsier
co00l MHULMMPYIOLUMIT KOJOH ¥ y NMPOKa-
PHMOT, ¥ Y 3yKapuoT; KpoMe TOro, BO BHY-
TPEeHHUX MHOJIOKEHUSAX NOJUNeNTUINON Le-
MY OH KOAMPYeT MeTHOHMH.

TpeThe BaXKHOE CBOMCTBO KOJa COCTOMT
B TOM, 4TO KOJOBBIE CJIOBA AMMHOKHCIIOT
(puc. 29-22) onMHAKOBH Y BCEX W3Y4YEHHBIX
opraHusMoB, BKMmodyas uvenoseka, E. coli,
pacTeH#s, 3eMHOBOAHBIX M Bce AOpyrue
BUJIbl, B TOM YMCIie U BUpychl, Takum obOpa-
30M, CO34aBanioch BrieyaTsieHue, 4TO Bce
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Tabauya 29-2. BeIpoxIeHHOCTb aMHHOKHCIIOT-
HOIO Kona

AMUHO- Uncno AMmuHO- Yucno
KHCJIOTa KOZIOHOB KHCJIOTA KOJOHOB
Ala 4 Leu 6

Arg 6 Lys 2

Asp 2 Met 1

Asp 2 Phe 2

Cys 2 Pro 4

Gin 2 Ser 6

Glu 2 Thr 4

Gly 4 Trp 1

His 2 Tyr 2

Ile 3 Val 4

BUBl pacTennii ¥ KNBOTHBIX MMENH olIe-
TO 3BOJIFOLMOHHOIO  NpeAiuecTBEHHWKA
€ OIHUM TEHETH4ECKUM KOZOM, MOJTHOCTBIO
COXPaHUBILIUMCS Ha MPOTsKeHUH Beeit buo-
Jorndeckoif apomouny. IloaToMy mmpoko
pacnpoCTPaHWIIOCh MHERUME O TOM, YTO Te-
HeTH4yeCKH# Kol yHusepcaneH. OnHako He-
OXUIAHHO NOSBUIIMCHE HOBbIE dakThl. Cpas-
HUTEJLHO HenaBHO ObLIo 0OHapyxeHo, YTO
B Iporiecce CHHTE3a Geslka MUTOXOHIPHAMH
B npucyTcrBuu pubocom, TPHK u MPHK
MHTOXOHIPHANBLHOTO IPOUCXOXKAEHHUS PRl
AMMHOKHUCIIOTHBIX KOJOHOB MCHOJL3YETCs
HE B COOTBETCTBHH C UX 3HaYeHHeM IO CTaH-
NApTHOMY KOLOBOMY «CIIOBApIO»
(puc. 29-22). HanprMep, MUTOXOHAPHH ye-
JioBeka UCnoJib3yroT TpunieT AUA B kave-
CTBE KOJIOHA /11 METHOHUHA, a He AN HU30-
neftumHa, a TpureT UGA, crmyxanmit
o0OBPMHO  TEPMUHMPYIOIIMM  KOOOHOM,
B 3THX MHTOXOHIpHSX KOAMPYET TpPHIITO-
¢dan. 3HayeHue 3THX (PaKkTOB NPEACTABISET
coboli Noka MYuYMTENBHYIO 3aragky AIs
ydeHbix. Crenaniele HaGmogenus nodynu-
JIM pa3BEPHYTh MHTEHCUBHLLI TIOMCK OPYrHX
CYIIECTBEHHBIX OTJIMYMII B OMOXUMKHYECKON
TeHETUKEe MUTOXOHIPHH, KOTOpElE MOTYT
JaTh K4 K OpobremMe NpoucXoxIeHus
MUTOXOHIPHUA M 3yKapuOTH4ECKHUX KIIETOK.

Hauboree ynuBuTembHbIM CBOHCTBOM Ie-
HETHYeCKOTO KOIa SBJIAETCS, BEPOATHO, €r0
eviponcoennocmy.  CrOBO  «BBIPOXKIEH-
HOCTB» —3TO  MaTeMaTH4eckuii TEepMHuH,
yKa3bIBakOLMil B JaHHOM CJly4ae Ha To, YTO
aMHHOKHCIIOTE MOXET COOTBETCTBOBATh
Gompiie 4yeM oavH komoH (Tabs. 29-2).
Tonbko METMOHMH M TpunTodaH KOIM-

PYIOTCH OTHUM KOJOHOM. BhIpOXIEHHOCThL
KOZIa BOBCE HE O3HAYAET €ro HeCcOBEpILEH-
CTBO, NIOCKOJIbKY HET HY OJJHOTO KOJIOHA, KO-
Topblit Obl KOAMPOBAJ HECKOJILKO aMHUHO-
KUCITOT. BBIpOX/IEHHOCTL KORA HEOoAMHa-
KOBa [UIS pa3HBIX aMMHOKMCIIOT. Tak,
JIEHLIMHY U CEpYHY COOTBETCTBYeT 110 ILeCThb
KOJIOHOB, [JTMIIMHY M aJlaHUHY —IO YEThIPE,
a rJlyTaMMHOBOH KMCJIOTE, TUPO3HMHY M [H-
CTUIIMHY —TI0 B4,

Ecnmu amuHokucIOTa KOOMPYETCH He-
CKOJIbKMMM KOZIOHAMH, TO B OOJILILMHCTBE
ClyvaeB 3TH KOAOHBI pa3fiMYaroTcs 10
TpeTbeil OykBe, T.€. IO HYKJIEOTHOY Ha MX
3’-xoHue (puc. 29-22). Hanpumep, anaHuH
konupyercs Tpurutetamu GCU, GCC, GCA
u GCG, T.e. nee nepsble Oyksbl GC y Beex
AJJAHUHOBBIX KOZIOHOB oiMHaKOBbL. Ko1oHb1
TOYTH BCEX AMMHOKHUCIJIOT COCTOST M3 TpU-
NETOB, KOTOPbIE MOMXHO NPeICTABUTD B BU-
ne XY& UM XYE. CrneunguiHoCcTh Kaxno-
TO KOAOHa OIpefeNAeTcs riaBHbiM ofpa-
30M €ro nepBbiMU ABYMsi OykBaMu; TPETbs
xe Oykpa, T.e. HYK/ICOTMI Ha 3'-KOHIE,
obnagaer Menbluei cnenupHIHOCTLIO, Pac-
CMOTPHMM 3TOT BOIIpoC HompoGHee.

29.20. «Kauanne» no3BO/IAET
pany TPHK y3naBath
HECKOJIBKO KOJOHOB

Moxuo Obisio 6bI OXMOaTh, YTO B CO-
OTBETCTBHMHM C YOTCOH-KPUKOBCKMM cHapu-
BaHMEM OCHOBaHM# @HTHKOIOHOBBIH TpuI-
niet nanHoit TPHK Oyner y3uaBaTh TONbKO
OIWH KOOHOBLII TPHUIUIET, T. €. AJIA KAXA0-
ro KOJOHA [0/DKHa CYLIECTBOBATh OTHAESb-
Hags TPHK. OpHako 4uHCno pasmdHbIX
TPHK mn1s xaxaoif aMHHOKWCIOTH HE CO-
BNIAJAeT C YUCJIOM KOJMPYIOILIHX €€ KOIO-
HOB. OTMeTHM TakXke, 4YTO HEKOTOpPbIE
TPHK conepxart nykseosun uxosun (06o-
3HayaeMbIi cumBosioM ), B cocTas koTOpO-
rO BXOAMT OCHOBaHUE zunoKcawmuH, obpa-
3yroluMiics U3 ageHHHa 110C1e TUAPOTUTHYE-
CKOTO OTIIEILIEHUs] €ro 6-aMHUHOTpPYIIEL
MonekynsipHble MOIENH MOKa3bIBAOT, YTO
I moxeTt 06pa3oBbIBaTh BOLOPOIHLIE CBA3M
¢ TpeMsi ocHoBaHusiMM, a umenHo ¢ U, C
U A, HO Tako€ KOMILIEMEHTAPHOE B3auMO-
nelicTsue okasuliBaeTcs Oosiee cabriM, YeM
B3aUMOJEHCTBUE YOTCOH-KPUKOBCKOTO TH-
na npu obpasosannu 00bryHBIX 1ap G~C
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¥ A-U. Hanpumep, ogHa U3 apryHUHOBbIX
TPHK wumeer antukonon (5) I-C-G(3'),
KOTOPbIif MOXeET y3HaBaTh TPU pa3HbIX ap-
ruHuHOBLIX  kopoHa: (5)C-G-A(3),
(5C-G-U@3) u (5C-G-C@3). Osa
NEPBLIX OCHOBAHUSA 3THX KOAOHOB OJIMHAa-
koBbI (C— G) 1 0OpasyoT NPOYHELIE YOTCOH-
KPHMKOBCKHE naphbl (Moka3aHbl KpaCHbIM 1IBe-
TOM) ¢ COOTBETCTBYIOLUMMHU OCHOBAaHMSMH
aHTUKOJOHA:

(@19-¢—1

Autukonon (3') G— g’—; (57 1
5 )C_ G U

Koaon (59— G~A@a')
BmecTe ¢ TeM TpeTbH OCHOBAHHS aprvHu-
HOBBIX komoHoB (A, U u C) obpasyror no-
BOIIbHO cflabble BOOOPOOHBIE CBA3M (MOKa-
3aHbl YEPHLIM LBETOM) € OCTaTkoM I
B aHTUKOAOHe. I3yueHHe 3TUX ¥ OPYruX Ko-
JIOH-aHTUKOJIOHOBbIX nap npuseno OpeHcu-
ca Kpuka k BbIBOZly O TOM, YTO TPETbE OC-
HOBaHue OOJILIUIMHCTBA KOIOHOB HMeEET
ONpenesieHHYlo  cTeneHb cBobonabl  npu
o0pazoBaHMu Mapbl C COOTBETCTBYHOLIMM
OCHOBaHMEM AHTUKOIOHOB TOM e creLu-
duvHOCTH, T.€, kak oOpa3HO Bbipasuics
cam KpHK, TpeTby OCHOBaHMsI TAKUX KOMIO-
HOB «kavarotcs». Kpuk chopmynuposan
YETbIPE IOJIOKEHHUS,, COBOKYMHOCTb KO-
TOPBIX M3BECTHA IO HAa3BaHUEM 2unomesul
«xkauaHusa» (wobble hypothesis).

1. JlBa nepBbLIX OCHOBaHUS KOAOHA BCer-
Za 0Opa3yroT NpodHbIE YOTCOH-KPUKOBCKHE
napbl ¢ COOTBETCTBYIOIMMM OCHOBAHMSIMM
AHTHKOAOHA M BHOCAT HauOOJBIIMI BKIas
B cneuu(pMYHOCTL KOJMPOBaHUS.

2. TlepBoe ocHOBaHUE psalla aHTUKOIOHOB
(ecriu vuTaTh B Hanmpasienun 5 — 3') no-
3BOJIAET UM YMTaTh H0blE OMHOTO KOMOHA
718 JaHHo# amMuHOokucsioThl. Ecnu nepsoe
ocHoBaHue autukogoHa C unmu A, To Takoil
AHTHKONOH CrOCOOEH YUTATh TOJIbKO OOMH
konoH; ecu 310 U unmu G, To Takoii aHTH-
KOAOH MOXET IPOYMTATD ABA Pa3sHBIX KOIO-
Ha. Ecmm  «kavaronmMmcs» HYKIIE03UI0M
aHTHKonOHa sBjsieTcss | MM HekoTopbie
Ipyrie MomaubHIMpOBaHHble OCTATKH, TO
AHTUKOAOH MOXET NpPOYUTaThb TPU pas-
JIMYHBIX KonoHa. Takum obpasom, 1 B nep-
BOM TIOJIOXEHHH AHTHKOIOHA [103BOJISET
3TOMY aHTHKOIOHY y3HaTb MaKCHUMAJbHOE
YHCII0 KOOOHOB [1J1s1 JIr000i naHHOH aMMHO-
kucnoTH. OnucaHHbl€ Bbillle B3aMMOOTHO-
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LLIEHUS] MEXIY KOIOHRAMH U aHTUKOIOHAMM
CYMMHpOBaHul B Tabsm. 29-3.

3. Konoub! Ans naHHOH aMHHOKHCIIOTEL,
oT/MyaroluMecss Mo JoboMy U3 NepBBIX
IByX ocHoBanuil, Tpebyror pasubx TPHK.

4. lna TpaHCMALUMM BCEX KOIOHOB, CO-
OTBETCTBYIOLIUMX ONPENESIEHHbIM aMMHO-
KHMCIIOTaM (4HCNO 3THX KOAOHOB 61), Heo6-
xoaumo kak MuHMMYM 32 TPHK.

Tabauya 29-3. «Kayaroleecs» OCHOBaHME B 5'-
nonoxenud antukonoHa TPHK onpepenser,
CKOJIbKO KOIOHOB HAHHOM aMHHOKHMCIOTEI MO-
KET y3HaTh 3Ta TPHK

B panbueiiniem X u Y obo3navaroT KoMrI-
JIEMEHTAPHbIC OCHOBaHUA, CriocoOHble obpaszo-
BaTh JAPYr C APYTOM MPOYHYIO YOTCOH-KpH-
KOBCKyIo napy. «Kawaromuecs» ocHoBanus B 3'-
MOJIOKEHUM KOIOHA M 5'-TIOJIOKEHUM aHTHKO-
JIOHa BbLOEJEHb! KPacHbIM LBETOM.

1. Ecnu B 5-NONIOXKEHUHM AHTUKONOHA Ha-
xomutes C wnu A, 10 Takas TPHK Moxer
y3HaBaTb TONLKO OAMH KOIOH, KOTOpPHIR B 3'-
MOJIOXKEHUH jomkeH coaepxath G wim U co-
orsercrBeHo. C U A obpasyroTr ¢ G u U
COOTBETCTBEHHO TPOYHYFO YOTCOH-KPHKOBCKYIO
napy.

AHTHKO[IOH

@1%Y-C5) (3 XY-259)

Komon (57 Y-X- G (3) 51 ¥-X-U (39

2. Ecnu B 5-nojioxeHMH aHTHKOOOHA Ha-
xonutes U wnu G, To Takasn TPHK moxer
y3HaBaTb OBa pa3Hbix KoaoHa. OmMH M3 HHX
obpasyetr cnabyro, WK «kayaromyrocs», napy
B 3'-IOJIOXEHHH, IPYTOit —~ NPOYHYIO YOTCOH-KPH-
KOBCKYIO TIapy.

Antromon  (3) X-Y-U m 39 x-Y-G(s )
ZZA cBﬁ:lhlB iy (-‘ (npowioe
Kogon (51 ¥-X- G om aHue) (5 Y'x'U CBADbIBAHHE)
( {"xavanne")

'Kauaxue")

3. Eciu B 5'-TIOJIOXEHMH aHTHKOIOHA Ha-
xoputess I unm kakoit-)bo npyroit moaudm-
uvpoBaHHblil Hykneosus, To takas TPHK mo-
KET y3HaBaTb TPH Pa3HbIX KOJOHA, TIPHYEM BCe
oHU 00pa3syrT «kavaronuecs» napbl B 3'-mosio-
EHUH.

AndTHkofion  (3')

(57

X
Y-X

Kofiox (51

1
A
E (sce napm "xavalTcs")
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Yem obbsicHsieTcs Takas HeOXuIaHHas
CIIOXKHOCTb KOJIOH-aHTMKOJOHOBbLIX B3au-
mopeictuit? Ecniu  chopmynuposaTthb
BKPATUE, TO NMONATAKOT, YTO Creli$puIHOCTD
KOOOH-aHTUKOOOHOBOTO  B3auMoaeHCTBUS
obecrnieunBaeTcs rnapHbiM 0O6pa3oM ABYMs
NepBbIMH OCHOBaHUSIMU KOJIOHOB; «Kayaro-
1ieecsy, T. €. TpeTbe, OCHOBAHUE TAKXKE BHO-
cUT BKnan B crnetudbuyHOCTh, OfHako Ona-
ronaps TOMy, 4To oOpa3yemas uM
€ COOTBETCTBYIOLIIMM €My OCHOBaHUeM napa
renpoyua, TPHK rnerye ocsoboxnaercs u3
komrutexca ¢ MPHK B npouecce cunTesa
Genka. Ecnu Obl B CUNBHOE YOTCOH-KPHKOB-
CKO€ B3aUMOAEHCTBUE C COOTBETCTBYIOUIHU-
MM OCHOBAHMSIMM aHTUKOIOHOB ObLTH BO-
BlleYEHb! BCE TPY OCHOBAHMSA KOIOHOB, TO
KOZIOH-aHTUKOIOHOBbIE CBAA3K ObLTM Obl Ha-
CTOJLKO TpPOYHbI, 4YTO BBLICBOOOXKIEHUE
TPHK 13 xomnnekca ¢ MPHK npoucxonu-
0 OLI MENJICHHO, JIMMUTHPYS CKOPOCTb
OenxoBoro cuHTte3a. CrneaoBaTelibHO, B XO-
e OMOXMMUYECKOH 7BOIOLMH OOJbILIMH-
CTBO KOJIOH-aHTMKONOHOBLIX B3auMOREH-
CTBHI OIITMMH3UPOBAJIOCL C YYETOM KakK
TOYHOCTH, TaK U CKOpPOCIH CHHTe3a Oeska.

29.21. Bupycunie JJHK
MHOFA COAEPXKAT

reHbl BHYTpH NpYrHX reHoB
WIH NepeKpLIBAIOIIMECH TeHbl

Jlonroe BpemMs  OCHOBOIOIATAKOLLHM
TPUHUMNIOM MOJIEKYJiipHO# Bxomormu cun-
Tasncs ToT ¢akT, YTO HYKJIEOTUIHasl 1oCIe-
JIOBaTENbHOCTL T€HA B TOYHOCTH KOJIMM-
HeapHa Moc/ieoBaTeNbHOCTH TPaHCKpHOu-
poBauHoii ¢ Hero MPHK u nanee nocneno-
BaTEJILHOCTH KOIMPYEMOTO UM MOJMINENTH-
na. OnHako Mbl BHIENM, YTO MHOTHE
JyKapMOTHYECKHE TeHbl CONepXaT BCTa-
BOYHBIE HETPAHC/UPYEMBIE HYKJIEOTUIHbIE
NOC/leOBATEIbHOCTH — MHTPOHBI,
HapylaroT abCcoNIFOTHYIO KOJLTMHEApHOCThL
reHa M KOOMPYeMOro MM [oJMnenTuaa
(pazn. 27.28 u 28.23).

JonosuuTesbHble BOIPOCHl OTHOCHUTESNDb-
HO MPHMHUMIA KOJUTMHEAPHOCTH BO3HMKIIM
B pe3ysnbTaTe ApPYroro yIMBUTEILHOIO OT-
KpeITHs.. OOHapYXUIOCh, YTO B psne BUPY-
COB OfHa U Ta )X€ HYKJIEOTHIHAs IOC/eno-
patensHocth JIHK xomupyer nBa pas-
JIMYHBIX OeJKa, IS 4ero UCTIONL3YOTCH 1BE

KOTODblE

YACTb IV. MEXAHU3MBI MEPEJAYM F’EHETUYECKON UH®OPMALIMU

pasHble paMKKM CYUTbIBaHUS kOnoOHOB. Cy-
LIeCTBOBaHHe TAaKUX «TE€HOB BHYTPU I'€HOB»
6b110 nokasano npu uzydenuu JITHK Gakre-
puodara $X174, koTOpas COCTOUT, Kak Bbi-
ACHUIIOCh, U3 5386 HYK/IIEOTUIHBLIX OCTAT-
KOB, @ 3TOTO HEZIOCTATOYHO, YTOOb! KOaUPO-
BaTb J[EBATb pa3HbiX OeJIKOB, CHUHTE3U-
pyembix 3TUM BupycoM. Kax Toymko Can-
Tep U €ro KOJUIETH YCTAHOBUM IOJNHYIO
HYKJTEOTUOHYIO NOCAENOBATEIILHOCTh XpO-
mocoMbl $pX 174 (c. 850), on BHMMATENBHO
NPOAHAIM3UPOBATIM €€ W CONOCTABUJIU
€ aMHUHOKHCIIOTHO# MOCIIER0BATEILHOCTLEO
6enkoB, xonupyembix reHamu $X174. B pe-
synbTate B JIHK $X174 6b110 00HapY)EHO
HECKOJILKO MNEpeKpPbIBAIOILUXCS TEHHBIX I10-

Puc. 29-23. Teun suyTpH rewos. JHK dara
$X174 conepxut nepth reHoOB (A -J). benkwu, ko-
nupyemsbie 91oit JIHK, conepxar Gonbluee 4uciio
aMMHOKHCIIOTHBIX OCTATKOB, 4¢M Mo¥eT OBITh 3a-
KOJMPOBaHO 5386 HyK/I€OTHOAMM, HEAJEHHBIMY B
N HK dara. IToaToMy G110 BbICKa3aHO fpeanosno-
XeHHe, COIJIACHO KOTOPOMY Kakasi-To HacTh JJHK
JI0JNKHA KOAMpPOBaTH GOJbILE 4eM OOMH reH. IMpu
CpaBHEHMM HYKJIEOTUIHOM NOCNIENOBATENLHOCTH
JHK ¢ aMHHOKKCIOTHBIMH TIOCTIEN0BATETbHOCTS-
MM KOUMPyeMBIX e1o GenkoB 06HapyXHIIOCh, Y4TO
ren B pacnonoxen BHyTpH rena A, HO s 3TUX
[IBYX T€HOB MCTIONB3YIOTCSH pa3HLle PAMKM CHMThI-
BaHus. AHanorniubsiM 06pasom, ren E nexur
BHyTpM reHa D u takike MMeeT Apyryio paMKy
cupThIBAHUSA (CM, puc. 29-24). «BHyTpeHHNE» TeHbI
0603HaY€EHbl KPACHEIM 1{BETOM; CEPHIM [IBETOM
IOKA3aHEl HETPAHCIMPYEMBIE CrieHicepHble y4ac IKu
OHK. Kpome renos B u E, pacnosnioxeHHbIX BHYT-
pu reHoB A u D, 8 HK dara $X174 umesotcs
KOPOTKHE YYaCTKy NMEPeKPbIBAHWS MEXIY APYTUMH
resaMu, B nsTH crydasx MHAUMUPYIOLME CHTHAN
OHOTO T€H) NEPEKPbIBAET TEPMUHHPYOLMH CHI-
HaJl MPeAbIYLIEro; IPH 7TOM CHIHaJlbl HCIOJIb-
3YIOT pa3Hble paMKHM CYHTHIBEHHS.
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caenosatensHocTeil. Ha puc. 29-23 nokasa-
HO, 4TO reHnl B u E pacrniosioxens! BHYyTpH
COOTBETCTBEHHO TeHOB A ¥ D U 4TO B nATH
ciyyasix CTapTOBbOI KOIOH ONHOTO TreHa
nepeKphiBaeT TEPMUHUPYIOLLUI KOIOH IpY-
roro. Puc. 29-24 noscHsiet, kakum obpazom
redbl D u E 3aHuMaroT OZlMH ¥ TOT Xe y4a-
ctox JTHK, HO MCTONB3YIOT pa3sHbIE pAMKH
CYMTBIBAHUSA ; AHAJIOTHMHAS CUTYAaLUsl UMEET
MecTo B ciyqae reHoB A u B. ITpoTsxken-
HOCTb NEPEKPHIBAIOLLMXCS MOC/IE0BATE b
HOCTEll M BHYTPEHHUX TE€HOB MOJHOCTLIO
KOMIIEHCUPYET  HEXBaTKy HYKJIEOTH[IOB
B THK $X174, ecnu yyects oOluee 4uciio
AMUHOKHUCIIOTHBIX OCTATKOB, COAEpPKallMX-
¢ B [JeBATH Koaovpyemsblx ero Oernkax.

3a 3TUM OTKpHITHEM BCKOpe MNOcIiefoBa-
1M nofo0OHbIe Hab MoieHYs U HA JPYTUX BU-
pycurix JIHK, B Tom uncne na JJTHK dara A,
OHKOTreHHOTro 00e3psHbero Bupyca 40(SV40)
u ¢ara G4 -06au3koro poacrseHHuka ara
¢X174. ®ar G4 3ameyaTened TEM, YTO y He-
TO €cTb IO KpaiiHelt Mepe OJIMH KOIOH, KO-
TOPBI UCIIOJIb3YETCH TPeMS Pa3/IMYHBIMH
reHamu. BbIsio BbICka3aHO NpeanosoxeHue,
4YTO NEPEKPLIBAIOLUMECH TEHbl WM  TEHbI
BHYTPHM I€HOB CYLIECTBYIOT TOJILKO B I'€HO-
Max BupycoB. PHKCHPOBaHHLINA pa3mep BU-
pycHoro kancuaa oOycioBAHBAET IKOHOM-
HO€ HCIOJIb30BaHME OTPaHHYEHHOTO KOJU-
yectBa J1HK, koTOpas nonxHa koAupoBaTh
6enky, HyxHbie ans obecriedenus uHpek-
LIMOHHOCTH BHUPYCHOW YacTvibt M IUIS noA-
IepxaHus ee cnocoOHOCTH K PerMKaLMm.

Puc. 29-24. YVuacTok HykneoTuamol nocienosa-
TenbHocTH TpaHckpunta MPHK rena D 8 JHK
$X174. Buano, xaknm obpa3zom ren E, nexarumit
BHYTpPH reHa D, konHpyeTcs paMKOH CUMThLIBAHMA,
OTJIMYHOH OT paMKy cuMTeiBaHMs rena D. Pamku
CYMTBIBAHUA TEHOB 0003HAYEHBI PAa3HBIM LIBETOM.

Hanpapaenue cuvTuipaums —-
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29.22. Cunre3d Genka
peryaupyercs

JKuBble KJIeTKM HMEIOT TOYHO 3alpo-
rpaMMHMpPOBAHHBIE MEXaHU3MBi, peryJiu-
pyroLIMe CUHTE3 pa3fM4HbIX OEJIKOB TakuM
obpaszoM, 4TO B JiroOoil KJETKE NPUCYT-
CTBYET OIPENENIEHHOE KOMYECTBO MOJIEKY.T
Kaxxoro Oenka, Io3BOJIFOLLEE eil Ocy1uecT-
BJATbL CBOM MeTabosiMyeckue IpoLECcChl
IUTaBHO M ¢ MakcumanbHoil 3¢dexTHs-
HOCTBIO. MBL yxe 3HaeM, yto [1HK E. coli
CONEpXUT TeHb ansa 6osiee yem 3000 pas-
Helx OesikoB. Oxnako 3000 GenkoB E. coli
NPUCYTCTBYIOT B KJIETKE HE B OJIMHAKOBLIX
konmiecTBax. PeasbHO 4Hcrno koOmMii OT-
IebHBIX OeTKOB MOXeET OHIThL pas/IHYHBIM ;
fosiee TOTrO, YHCIIO KOMHMIi HEKOTOPHIX M3
HUX TOCTOSIHHO, TOTHA KaK YMCJIO KOIMMH
LPYTMX MOXeT BapbupoBaTh. OfHa KreTka
E. coli conepxut okono 15000 pubocom;
3HAYHMT, Kaxabli u3 50 (Mnu OoJibLero yuc-
na) pubOcOMHBIX OEMKOB NPUCYTCTBYET
B kJieTke B 15000 xormumii. Yucno xornuii rym-
KOJIMTHUYECKUX (PEPMEHTOB TaKxke, 110-BHIN-
MOMY, TNOAAEPKHBAETCA B KJIETKE Ha [O-
CTOSHHOM M O4Y€Hb BLICOKOM YPOBHe.
Bmecte ¢ TeM f-ranakTo3upasa oObiMHO
npucyTcTByer B kietke E. coli B oveHb
MaJlblX KOJIMYeCTBAaX —BCETO OKOJIO MATH
Mouekys. OHaKo, Kak Mbl YBUIINM HHKE,
YKUCIO MOJIEKYJT 3TOr0 (PepMEHTA MOXKET
PeIKo YBEJMYMBATLCS B OTBET HA H3MeEHe-
HUS B JIOCTYIIHOCTHM ONpeiesSieHHbIX NHUTa-
TeNbHbIX BELIECTB B OKpYXarolleil cpene.
Brnaronaps perynsuuu cuHTe3a epMeHTOB
B KJIETKax Jr000TO THIA CO3NAETCHA «Iipa-
BUIILHBI» Habop depmeHToB. 00ecneun-
BalpolUMif HOpPMAanbLHOE IPOTEKAHHME OC-
HOBHBIX KJIETOYHbIX NpoiieccoB. Perynsuus
[IO3BOJIAET Takxke OaKTepUsM 3KOHOMHO MC-
NOJTb30BaTh AMMHOKMCIOTHL Ul CHHTe3a
Tex OEsiKOB, KOTOpHIE HYHbl UM JMILbL

Hauano rena E

1 PaMka cunThHBaHKA reta E
Met Val Arg Trp Thr leu

5" -G-U-U-G-A-G-G-C-U-U-G-C-G-U-U-U-A-U-G-G-U-A-C-G-C-U-G-G-A-C-U-U-U-G- 3’

T

al  Glu Ala Cys Val

Tyr Gly

Thr Les Asp Phe

Pamka cunThiBanus rena D
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B OYEHb MaJlbIX KOJIMMECTBAX WIHM TOJILKO
u3penKa.

VY BbiciuMX opraHn3sMoB mpoueccel 6uo-
cHHTe3a Gellka PeryJIMpyroTCs 3HaYUTebHO
croxHee. XOTs Kaxnas KJIeTka MO3BOHOY-
HOTO CONEpXUT NOJIHbII TeHOM OaHHOrO
OpraHuzMa, B KJIETKE JaHHOTO THNA 3KC-
MPECCUPYETCH TOJILKO YaCTh CTPYKTYPHBIX
reHoB. [TouTu Bo BCeX KJIETKaX BBICILIMX XH-
BOTHBIX TIPUCYTCTBYIOT Habopbl OCHOBHBIX
depmeHTOB, HEOOXOAMMBIE AJIS pearm3anuu
rnaBHeIX nyTeil MeraGommsma., Onnako
KJIETKM pa3HbIX THIOB, HalpuMep KJIETKH
MBI, MO3ra, MeYeHw, CoIepXxaT CBOii-
CTBEHHblE TOJILKO WM CTPYKTYPHI U BBINOJI-
HAIOT TOJILKO MM Npucymue buonormieckue
dyHKUMK, peaym3alus KOTOPBIX obecneyn-
paeTcs HabopamMu creuMaiM3upOBaHHBIX
GenkoB. Hanpumep, KJIETKH CKENIETHBIX
MBI COAEpXAaT OrPOMHOE KOJHYECTBO
OPMEHTHPOBAHHBIX MHO3MHOBBIX W aKTH-
HOBbIX HUTEH (pasn. 14.14), Torna kak B rie-
YeHH MHO3MHA W aKTHHA o4YeHb matio, TouHo
TaK e KJIETKH MO3Ta ColepixaT (PepMEHThI,
HeoOX0ouMBIE 171 CHHTE3a 60JIBLILOTO YHC-
Jla pa3MYHBIX BELIECTB—MEIUaTOpPOB He-
PBHEIX MMITYJIbCOB, B TO BpeMsl KaK KJIETKH
neyeHn 3TX ¢epMeHTOoB BoOOIIE HE conep-
xar. BMecTe ¢ TeM B ne4eHu MIIEKONIUTARO-
LUX IPUCYTCTBYIOT Bee GepMEHThI, HE0Ox0-
LIUMBIE 11 0Opa3oBaHus MOYEBHHBIL, TOTa
KaK B [APYIMX TKaHsX 3THX (epMEHTOB HET
U OHH He 00nafarT cnocoOHOCTLIO CHMHATE-
3npoBaTh MoueBuHy (pasn 19.15). Kpome
Toro, 6uocuHTE3 pa3HbX HabopoB crenma-
JIN3UPOBaHHbIX OeJIKOB ROHKEH ObITh TOYHO
3anporpaMMHpPOBaH B MOC/IENOBaTEJILHO-
CTH ¥ BpEMEHM MX NOSBJICHUS B XOle CTPOro
ynopsinoyeHHo# auddepeHuupoBKd U po-
cTa BbICILKX opraHu3mMoB. [loka HaMm cpas-
HUTEJTEHO MAaJIo YTO M3BECTHO O PeryasiuMu
IKCIIPECCHH TEHOB B 3yKapMOTHYECKHX opra-
HH3MaxX € X MHOTOYHCJIEHHbIMH XpOMOCO-
Mamy. OnHako ceromHs Mbl pacroJiaraem
3HaYMTEMbHOM MHGOpMaluel O peryisuuu
cuHTe3a Oenka y npokxapuoT. K Heli Mbl ceii-
yac ¥ nepeinem.

29.23. BakTepun conepxar
KOHCTHTYTHBHbIE
W HHayunpyemoie depMentnl

Koncmumymugnbimu Ha3BIBAKOTCH Takue
(depMeHTDI, KOTOPbIE PUCYTCTBYIOT B Oak-
TEpHaJbHbIX KJIETKAX B MOCTOSIHHBIX KOJIH-
YecTBax He3aBUCHMO OT MeTaboJIMYECKOTO
cocrosiinus opranusma. [IpumepamMu KoH-
CTUTYTUBHLIX (pepMeHTOB cnyxar ¢ep-
MEHTEI, YYACTBYFOLIKE B IJIABHBIX NYTsX Ka-
TtabonmusMa, Takux, kak rymkonu3. Hanpo-
TUB, KOHUEHTpauus uHOyyupyemux ep-
MEHTOB B KkJjieTke MeHsercs. OObMHO
MHOyUMpyeMbiif  (GepMeHT  comepXuTCs
B 6aKTepUANLHOM KITETKE JIUILD B CIE0BBIX
KOJIMYeCTBaX, OJHAKO €c/M B cpeny noba-
BUTb ero cybecrpaT, ocobeHHO ecnH 3TOT
cybcTpar mpencrasnser coboit  enwH-
CTBEHHBIl UCTOYHMK yIJepofa KJeTKH, TO
KOHLIEHTpauusi Takoro (epMeHTa MOXET
6bICTPO BO3pacTH B ThICAYY pa3 MM Jaxe
6osbiLe. B 3THX yCrlioBHSX WHAYLMPYEMEIE
depmenThl MoryT mnorpeboBaThcs  UIS
TPaHCIIOPTHUPOBKK cyOCTpaTa BHYTPb KJIET-
KH ¥ IpeBpalleHisi ero B MeTaboJuT, KO-
TOpBII KJIETKA CIIOCOOHA UCIOIb30BaTh. 1a-
KMM MHAYLUMpYeMBIM (epMEHTOM sIBIIETCH,
Hanpumep, P-ranakTo3uzaasa, KoTopas Ka-
TaJU3upyeT NEPBYIO CTAAMIO NpoLiecca YTu-
JIM3auKy JTAKTO3bl, 8 UMEHHO €€ THAPOJIUTH-
yeckoe pacuieriende Ao D-rimokosbl
u D-ranakrosst (pa3a. 15.10). B o6brHBIX
YCIOBUSIX, €CIIM B Cpene MpHUCyTCTBYET
MHOTO TIEoKO03bL, E. coli nakTo3y He ycBau-
BAET, MOCKOJIbKY B KaXHo# KIETKE conep-
JKUTCS BCETO OKOJIO NMATH MOJIEKY N B-ranak-
To3unasbl. O1HaKO ecry MOMECTUTh KIIETKH
E. coli B cpenty ¢ 1axT030i1 B Ka4eCTBE €MH-
CTBEHHOIO UCTOYHHUKA 3HEPIHNU U yriepona,
TO yxe yepe3 1-2 MuH KJIETKM HaYMHAIOT
CHHTE3WpOBaTh [P-ranakTto3nnasy B 6oJb-
IIMX KOJIMYECTBaX, [OCTHUras ypOBHs, Ipe-
seiuaroero 1000 mosexysn na xetxy. Wn-
nyudpyemas [B-ranakro3unas’a TrUApPOJH-
3yeT nakTo3y A0 D-rmrokosbl 1 D-ranakx-
TO3bl, KOTOPbIE 3aTEM MOIYT WCIOJb30-
BaTbCH KaK UCTOYHUK JHEPTHM W YIJIEpoAa.
Ecrmu Teneph WHAyLMpOBaHHbIE JIAKTO30M
kyeTku E. coli nepeHecTy Ha cBeXyro cpeny,
coepXallyo BMECTO JIaKTO3bl TJIFOKO3Y, TO
JaibHeImii cuHTe3 B-rajaxkTo3mmasbl He-
MeienHo npekpaaetcs. Takum obpasom,



[J1. 29. CUHTE3 BEJIKA U ErO PEIYJISLIUA 955

Mbl BUIIUM, YTO MHAYKLHS (HEPMEHTOB—I3TO
3KOHOMMYHBIA IIpolLlecC; HHAYLUPYEMbIE
depMeHTBI CHHTE3UPYIOTCE JMLIL TOTAA,
KOTZla B HUX BO3HMKaeT NoTpebHOCTL. Be-
LLECTBO, CIOCO6HOE MHAYLMPOBATL CHHTE3
(depmenTa wm rpynnsl ¢epMeHTOB, Hasbl-
BaeTCsi UHOYKMODOM.

Ecin x knerkam E. coli nobaButs B oT-
CYTCTBHE TJIFOKO3bl Kakoi-HuOyab B-ranax-
TO3UA THIIA JIAKTO3bL, TO OHH HAYHYT CHHTeE-
3dpoBaTh B OOJIBIUMX KOJIMYECTBAX HE
TOJIbKO P-raflakTo3unasy, Ho ¥ OBA OPYIux
dyHkIMOHANLHO CBsA3aHHBLIX C Hel Gen-
Ka ~ B-zarakmo3udnepmeasy v benok A. Tlep-
Measa —MeMOpanHbii 6eslok, ciocobcTByFO-
LM TPAHCTIOPTY B-rajlakTO3MaO0B U3 BHELL-
Heil cpenbl B kyeTky. Oynkuus Genka A He
COBCEM 5CHA, OIHAKO HE UCKITFOYEHO, YTO OH
UrpaeT BaXHYIO poJib B npouecce meTabo-
JIMYeCKOH yTIM3aluy rajakTo3nnos. Ecim
ONMH WHAYKTOP BBI3bIBAET CMHTE3 I'PYNIIBI
CBA3aHHBLIX Mexay coboil depmenToB Wim
0enkoB, Kak 3TO MMeeT MeCTO B AHHOM
ciydae, TaKkoit NPOLIECC HA3LIBAIOT KOOpPOU-
Hupo6aHnHoit  uHOykyueii. CerogHss Mbl
3HaeM, 910 E. coli u npyrue Gaktepum crio-
co0Hbl B OTBET Ha pasyinyHble cneuubuye-
CKM€ MHIYKTOPBl CHHTE3UPOBaTh OOJMbILOE
YUCJIO pa3sHbIX CBA3aHHBIX APYr € APYroM
tdepmenToB wim rpynn depmentos. Takas
CIIOCOOHOCTL  1MO3BosIseT OakTepusiM Obl-
cTpo mpucnocabmuBaTbesi K HOBLIM YCIIO-
BUSIM M JKOHOMHO WCHOJIL30BaTh CaMBIE
pazHooOpa3Hble NuTATeNbHblE BELUECTBA,
KOTODbIE NOSABJSAIOTCA B OKpYXarowlei cpe-
ze.

29.24. ¥V npoxapHoT CyleCTBYET
TaKke penpeccusi PepmMeHTOB

Jlpyroit BaxHbIi TUII H3MEHEHUs KOHLIEH~
Tpauuu (pepmeHTa B OGakTepuabHOH KiteT-
Ke, IPOTUBONOJIOXKHBIH [0 CBOEMY IIPOsBJIe-
HHUIO URAYKIHY GEPMEHTOB,~3TO penpeccus
depmenmoes. Korna knetku E. coli pactyt
Ha cpele, conepXalueil B KavyecTBe €NMH-
CTBEHHOTO MCTOYHMKA a30Ta COJIb aMMO-
HHUS, UM TNIPUXORUTCS CHHTE3UpOBaTbL BCE
a3z0TcoaepKalMe COENMHEHHsT U3 HOHA
NH_; u ucrounuka yriepona. Taxue wier-
KH, O4eBMAHO, NOJIKHLI colepkaThb Bee dep-
MEHTHBIE CHCTEMbl s cuHTeza 20 pas-
JIMYHBIX aMMHOKHMCIOT. OnHako ecu noba-

BUTb B Cpefly OOHY H3 aMHHOKHCIIOT,
CKaXeM TUCTUAMH, TO KJETKAa NepecTaHer
BbIpabaTHIBaTh Bech HA0Op epMeHTOB, He-
00XOAMMBIX JUTSl CHHTE3a TMCTHAMHA U3 aM-
MHaKa ¥ UCTOYHMKA YITIepofa, B TO Bpems
KaK i OCTallbHbiX 19 aMUHOKHCIIOT OHa
MPOJIOJ/KAET CHHTE3UPOBaTh (PEpMEHTHbIE
Habopel. ITockombky NONYJSLUS KJIETOK
NpOAOJKaeT PacTH U OEJIUTLCH, yIe/TbHas
aKTUBHOCTh OCTABLUMXCSA THCTHAMHCUHTE U~
pyroumx pepMeHTOB CHIKaeTcs. BoxTrove-
HUE cHHTE3a (PepMEHTOB, OTBETCTBEHHbIX 32
obpa3zopaHue MMCTUAMHA, BbI3BaHHOE N00a-
BJEHMEM THCTWAWHA, Ha3bIBAETCH penpec-
cueii epmenmos. Penpeccus, Tak Ke Kak
W WHOYKLMS, peacTapnser cobol otpaxe-
HUe NpUHLMDA KJIETOYHOH 3KOHOMHM: Kak
TOJIbKO (pepMEHTHI GMOCHHTE3a TUCTHAMHA
bonbiue He TpeOyrOTCs, OHY NEPECTalOT Bbi-
pabateiBaTbesl. B OOJIBILUMHCTEE Cilyuaes pe-
npeccuss ¢epMeHTOB 3aTparuBaeT dep-
MEHTBbI, yYacTBylolme B GnocuHTese, oco-
6eHHo B GMOCHHTE3e aMMHOKKCIOT. Perpec-
cns nenoro Habopa ¢epMeHTOB, KaTaNnn3u-
PYIOLIMX MOC/IEN0BaTeIbHOCTL OHOCHHTE-
THYECKNX PeaKuMii, KOHEYHbIM IPORYKTOM
ITOM LM, KaK 3TO HMEET MECTO B Clyyae
(hepMEHTOB, CHHTE3UPYFOLLUX [UCTUNH, Ha-
3bIBAETCS KOOPOUHUDOBAHHOU  penpeccueil,
WM penpeccueil KOHEUHBIM RPOOYKMOM.

29.25. I'nnote3a onepona

MounexynspHubie n TEHETHYECKHE CBS3M
MEXIy MHAyKUMEH B penpeccueit ¢epmen-
TOB NPOSICHUJINCh B pe3yJibTaTe reHETHYe-
ckux uccaenosaHmit  ®Ppancya XKakob6a
u XKaka MoHo u3 [lacteposckoro uHcTUTy-
Ta B Ilapuxe. Ux knaccuyeckast paboTa 1o
HMHIYKLUMH B-rajakTo3uaasHoi aKTUBHOCTH
B knetkax E. coli npusena asTopos k ¢op-
MYJIHDOBaHMIO 2UNOme3bl OnepoHa s
OOBACHEHHS TEHETHYECKOTO KOHTPOIS CHH-
Teza Oenxa y npokapuoT. C Tex nop 31a ru-
noTe3a MOJYYNNA IOJHOE MOATBEPXIAEHUE
B OPSAMBIX OMOXUMHYECKHX 3KCNIEPUMEHTAX,
Tun perynsuun GenkoBOro cuHTe3a, pac-
cMaTpUBaeMbIil B THNOTE3€ OnepoHa, Nped-
cTaBnsieT coboli KoHmpoav Ha ypoeHe mpam-
CKpunyuy, TIOCKOJIbKY DEryisiuMs 31ecCh
OCYILLECTBJISETCS IJIaBHBIM 0Opa3oM 3a cuer
H3MEHEHNs CKOPOCTH TPAHCKPHITIHY TE€HOB,
T.e. Ha ctaguu obpaszosanus MPHK. JIpy-
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Hanpagnenune
TPaHCKPUNILMH
CTpYKTYpHbIE TeHbl

! YuacTkn
PeryafToptbiil ren koxtpoas

,l, PHK-

mMPHK aas noaumepasa
~N

penpeccopa ' 4

IHK

v v
[}

! ' 1, [omrenuas
VAVAVANVIER VaAVAV/\VAVAVAVAVAN T
i [

Pubocombt Pubocombr
v
Benok-
penpeccop
(aK TUBHHI)
+
Muyykrop

Wi ayKTOp=-penpeccopilbif
KOMIIEKC (HeakTHBHbIA)

roif OCHOBHOH NyTb PEryJsiuMu OenKoBoro
CUHTE3a—3TO KOHMPO.1b HA YPO8HE MPAHC-
AAYUU, T.€. PEryJISiLMS CKOPOCTH CHHTE3a
nonMnenTHAHOH ueny Ha matpuue MPHK.
VYV OGaktepuit Bedyluas poJib B pPeryasiyu
3KCIPECCHU T€HOB NPUHALIIEXMT, NO-BUIAM-
MOMY, KOHTPOJIKO Ha YPOBHE TpPaHCKPHII-
uu. Kontposs 6uocuHTe3a Gelka Ha ypoe-
HE TPAHCISUMM, MEXAHU3IM  KOTOPOTo
OCTAETCs HE COBCEM NOHSATHLIM, UMEET, BeE-
pOSITHO, BTOPOCTENEHHOE 3HauyeHue IS
GakTepuit, HO OH OYEHbL BAXKEH IJISN 3YyKa-
proT. Kpome 3Toro, B KJIeTKax CyLLUeCTBYIOT
H Apyrue MeXaHU3MEl, KOTOPLIE NO3BOJIAKT
BHITNOJIHATE TOHKYHO PETYJIMPOBKY CKOPOCTH
cuHTe3a Oenka.

Ha ocHOBaHWW CBOMX 3KCNEepHMEHTOB
XKako6 u MoHo npeanonoxuid, 4To TpH
CTPYKTYPHHIX T€Ha Z, y U a. KOOUPYHOLIME
CHHTE3 MHAYUMPYEMBIX JaKTO30i depmeH-
TOB [-ranakTo3nnasm, [-rajnakTosuanep-
Meass! ¥ Oenka A COOTBETCTBEHHO, pacno-
JoxeHH B XpoMocome E. coli pamom (puc.
29-25). Jlanee OHW NPEANONOXHIU, HYTO
B 1HK 0k0JI0 3THX TeHOB HaxoauTcs Opy-
TOH, UHTUOMTOPHBIA YYacCTOK i, KOTOPLIA

B Tanaktosnnasa [lepmeasa

Koanpyembie
Geku

benok A

Puc. 29-25. Cxematuueckoe Maobpaxenue lac-one-
pora. TpH cTpykTypHbix lac-rena z, y u a pacno-
noxedpl paaoM. Iepen HUMH HaxoasTCs nBa pe-
TylISTOPHBLIX y4acTka—p (MpOMOTOp) M o (onepa-
TOp). PHCyHOX aH He B MacluTabe: yqacTkd p M o
O4eHb MaJibl 110 CPaBHEHHMIO € reHamu. Perynatop-
Hblii TeH i xo mpyeT Hesok-penpeccop. ItoT Oe-
JIOK UMeEeT [1Ba LEHTpa CBALIBAHHA: OJMH M8
onepaTopa, Apyroit s HHAYKIopa. AKTHBHAS
¢$opma Benxa-penpeccopa MOXET NPHCOEAMHATHLCH
K OMepaTopy, NPeNATCTBYs TEM CaMbiM CBA3bIBa-
wv0 PHK-nonumepa3sbl ¥ nocnenyroweit rpamc-
KpPHIUMM CTPYKTYPHBIX T¢HOB Z. ' H a. B 31X
ycnopuax B-ranaxTosunasa u aea apyrux Oenxa
KJe1kaMH He cHMHTe3upyroTes. OnHako, ecu B
cpene BMECTO TJIIOKO3bl NMPHCYTCTBYET JIaKTo3a,
HHIYKTOP COEIMHAETCH C PENpeccopoM, NEPEBOIs
€ro B HEAKTMBHOE COCTOSIHME, B KOTOPOM TOT He
cocofeH B3aMMOEACTEOBATh C ONepaTopoM. B
3toM ciyvae PHK-nosnHMepasa MoxeT cBR3aThes
€ NPOMOTOPOM, NpOHTH Yepes 30Hy onepaTopa H
Ha4yaThb TPAHCKpUOMpOBATh TPH CTPYKTYpHBIX reHa
¢ obpasosanuem tionuresdoit MPHK, xotopas xo-
aupyeT cuHTes Tpex lac-6enkos B pubocomax. bo-
Jiee AeTanbHO (yHKIMA NPOMOTOpa paccMoTpeHa
Ha puc. 29-27. Jlaxto3a cama no cebe He CayxuT
HHOYKTOpOM lac-onepoHa; 7ry ¢yukiinio Bbinon-
HAeT ee N30Mep asyloNaxTo3a, obpasyroluascs 13
JIAKTO3bL.

crocobed MHMMOHUPOBATL  TPaHCKPUINUMIO
TpeX CTPYKTYPHBIX TEHOB Z, y M a. bbuio no-
CTYJIMPOBAHO, 4TO YYacTOK i NpencTaBisieT
cobolt pezyasmopnutii 2en (pasn. 27.21), ko-
IUPYROILMIT aMHUHOKUCIIOTHYIO Noc/ieaoBa-
TeJILHOCTD PEryJIATOpHOro oernka, Ha3biBae-



rJ1. 29. CUHTE3 BEJIKA KU ErO PEIVJIALKA 957

Moro penpeccopom. Korna rew i TpaHckpu-
OupyeTtcsi ¢ oOpa3zoBaHHEM COOTBETCTBYHO-
meit MPHK, nociennss  noctynaer
B pOOCOMBI, IIE Ha Hel, Kak Ha MaTpuLe,
cuHTE3MpyeTcs penpeccop. besok-penpec-
COp MOXeT CBS3bIBAThCS C APYTHMM CreuM-
¢duyeckuM yyactkoM JIHK, koTopbiit Ha3bl-
BaeTcs onepatopoM (puc. 29-25), Bbwuto
BBICKa3aHO NPEONOIOKEHHE, YTO CBS3bLIBA-
Hue Oeyika-penpeccopa C OnepaTopHbIM
yvactkoM JIHK nopaBnsetr xatajadiu-
pyembiii PHK-nonumMepasoli npouecc TpaH-
CKPHIUMH TPeX CTPYKTYPHBIX TEHOB z, Y U @,
KOTOpbiE KOOUPYIOT (epMeHTHI, MHIyuM-
pyemMele P-ranaktosumamu. B pesynbtaTe
W3-3a OTCYTCTBHMS MaTpHLbl CHHTE3 3THX
¢depMeHTOB MnojapisieTcs (T.e. penpeccH-
pyeTcs).

Yto0b1 OOBACHUTHL HEHCTBHE MHOYKTOPA
(ciyual, korga I/IHOKO3EI B CPEJlE HET, HO
NpUCYTCTBYeT JjakTto3a), XKakob W Mono
NPEAIOIOWMITH, YTO MHAYKTOP B3anMOJei-
CTBYET CO BTOPHM crieuu(U4ecKUM CBA3bI-
BaOLIMM YYacTKOM Oenka-penpeccopa, T.e.
C UEHTPOM CBSI3bIBAHMS WHAyKTOpa. Ilpu
3TOM 00pa3yeTcss MHIAYKTOP-PeNpecCOPHLIi
KOMIUIEKC, HYTO TPHBOIHT K CHIDKEHUIO
cpoacTBa penpeccopa K ONepaTopHOMY
yyactky JIHK u k ocBoGoxaenuro nocen-
Hero. Kak ToibK0 MHAYKTOP-penpeccopHblit
KOMIUIEKC TOKMIAeT OnNepaTop, CTPyK-
TypHbI€ TeHbl B-ranakTo3uaa3bl U IByX APY-
rMx OEJIKOB OKa3bIBAKOTCS JOCTYNHBIMU 151
TpaHckpunimu 1 PHK-nommepaza cuute-
supyeT ¢ Hux MPHK. 9ty MPHK ucnoms-
3yI0TCA ajiee B KauecTBe MaTpHLL 118 CUH-
Te3a yKaszaHHbIX OenkoB B pHbocomax,
B pe3yJibraTe 4ero KJIeTka NOJiyyaeT BO3-
MOXHOCTh YTHIIM3UPOBATL JIAKTO3Y B Kade-
CTBE MCTOYHMKA YIJIEpOOa U 3HEPIHH.

INpeanonoxuM Tenepb, HTO Mbl MIBSIIIH
KJIETKM M3 CPEMbl C JIAKTO30MH, NPOMBLIH MX
Y IOMECTHIIH B Cpedy, COAepxkaLlyo BMECTO
nakTo3bl D-riaroko3y —cybcrpat, KOTOpbIi
KJIETKM BCETZIA CMOCOOHBI YTHJIM3UPOBATH.
INockonbky KOHIEHTpauus JaKTO3bl B KJIET-
K€ CTAaHOBHTCS TpU ITOM HCHE3AIOLIE
Masoi, HHOYKTOP, CBSI3aHHbII ¢ OeTkoM-pe-
NpeccopoM, OTIEJISETCS OT HETo, MOJIEKyJIa
penpeccopa BO3BpALUAETCsi B CBOE AKTHBHOE
COCTOSTHHE M CO CBONCTBEHHON MY BLICOKOH
CTENEeHbIO CPOICTBA NPUCOEONHSIETCH K One-
patopy. BcrencreHe 3TOr0 CTpYKTYPHBIE

reHbl f-ranakTo3naasbl M AByX Ipyrux oen-
KOB NnepecTaroT TPaHCKPHOUPOBATLCS U U3-
3a orcyrcrBus MX MPHK cuHTes maHHBIX
GesikoB npekpauiaercs. TakuM oOpazoM,
GeJtok-penpeccop Oarogaps ceoeit cnocod-
HOCTH 00OPAaTUMO CBA3HIBATLCS TO C UHIOYK-
TOPOM, TO C ONEPATOPOM (HO HE OIHOBPpe-
MEHHO ¢ O0OMMHM) MOXET OnpeessTh Kak
HHIYKLHIO, TaK U PerpeccHio CHHTe3a ra-
JIAKTO3UAA3bL

Tpu CTPYKTYpHBIX T€Ha z, y U a BMeCTe
C MX onepaTopoM o OblsM HazeaHbl YKako-
60M 1 MoHO onepoHOM, B 1aHHOM Cllyyae
lac-onepoHoM (puc. 29-25). TakuM obpazom,
B COCTaB ONEPOHA BXOINT Ipynmna GpyHKUHO-
HaJIbHO CBSI3@HHBIX ApPYr C OPYrOM CTpPYK-
TYPHHIX T€HOB, KOTOPHIE MOTYT KOOPIHHU-
POBAHHO BKJIOYATHLCS M BLIKJIOYATHCS, H HX
onepatop. Y E. coli, Salmonella typhimurium
U Opyrux GakTepuit OblIo BLIABREHO OOMNb-
uloe 4Mcio onepoHos (Tabmn 29-4). OmguuM
U3 Hanbosee CIIOKHBIX ONEPOHOB BAAETCS
TUCTUMHOBBIH onepoH. OH COCTOMT M3 Ie-
BSTH CTPYKTYPHBIX TEHOB, KOAMPYIOLUMX Ha-
6op depmeHTOB, HEOOXOOMMBIX I OHO-
CHHTe3a rHMCTUIMHA. PetynstopHuiii ren
his-onepoHa komupyeT OeJoK-penpeccop,
KOTOPLIN NpUcoeantsieTcs K his-onepaTopy
U TEM CAMBIM NPENATCTBYET TPAHCKPUTUHH
BCEX AEBSITH OEKOB OnepoHa B YCIOBMSIX,
KOI[J1a B cpele NMPUCYTCTBYET IOCTATOMHOE
KOJIM4ECTBO TUCTHIAMHA,

Tabauya 29-4. HexoTopele OakTepuanbHuIC
OMEpPOHbI

One- Yucno pep-  PyHxums
poH MEHTHBIX
Genkos

luc 3 IM'wiponus u TpaHcnopr
B-ranaxtosnnos

his 9 CunTte3s rucrtuunua

leu 4 lpespalenue  o-kKeTo-
HM30BaNEPLAHOBON KUC-
NOTH B fIeHLMH

ara 4 Tpaucnopr U yruiusa-

s apabuHO3bI

29.26. MoJexyanl penpeccopa
ObLIM BbLleJIeHb]

B 1967 r. Yontepy 'unbepry u Benno
Mirosnnep-Xviity yaanoch BuiIeMTh lac-pe-
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TIpeCcop, peackasaHHblii runoresoii Xaxko-
6a 1 MoHo. BhisicHiI0CK, 4TO 3TOT perpec-
COp NEACTBUTENBHO ABIISIETCS OETKOM H YTO
B €r0 MOJIEKYJIE MMEETCS [Ba OTHENbHBIX
LIEHTPa, OJMH sl CBSI3bIBAHUSA C MHAYKTO-
pOM, a ApyroM 1JIs CBsI3bIBAHWS CO CIIELH-
¢uueckum yuactkom JHK E. coli. Ecim
LIEHTP CBfI3bIBAHMSl ¢ MHAYKTOPOM CBOOO-
IieH, To lac-penpeccop npoYHO B3auMoneii-
cTeyeT co cnenuduieckuM yyactkom JTHK;
€CJIK XK€ LIEHTP CBS3bIBAHHMS C MHIYKTOPOM
3aHST, TO PENPECCOP HE MOXET yXe ocTa-
BaTbCs CBA3aHHBIM C ONEPATOPHBIM y4YacT-
KOM W nokujaer ero. Boinenenue lac-pe-
npeccopa ObLio oveHb TPYAHOIH 3anaveii,
TIOCKOJIbKY 0OBIMHO B kyeTke E. coli npucyT-
CcTBYET BCero okoyio 10 Monekyn 3roro
Geika.

Monexynsipas Macca lac-penpeccopa
cocTabnser npudmusutensHo 150000. B oT-
CYTCTBME MHOYKTOpa OH o0JajiaeT MCKIo-
YHTENBHO BBICOKHM CPOICTBOM K COOTBET-
creyrouiemy yyactky JJHK E. coli: 50%-voe
(Mo OTHOLIEHHMIO K MaKCHMaJIbHOMY YpOB-
HIO) CBSI3BIBAHHE PENPECCOPA C ONEPATOPOM
JIOCTUraeTcsl IPM KOHLEHTPAIMH PENpecco-
pa 10~ '3 M. Ha puc. 29-26 npencraenena
anexTpoHHass Muxpodortorpadus lac-pe-
Tipeccopa, NPHKPENJIEHHOTO K ONeEpaTopHO-
My yyactky JHK E. coli.

29.27. B onepoHax HMeeTcCH
eine NPOMOTOPHBIA y4acTOK

Mel yxe Buneny, 4To ecaM B Cpene Npu-
CYTCTBYET JIAKTO3a M HET IJIFOKO3bl, TO HH-
NYKTOP, COEIMHSASICH C PENPECCOPOM, «CHH-
MaeT» ero ¢ onepatropa U TEM CaMbIM aeT
BO3MOXHOCTb TPaHCKpHOupoBaThCs lac-re-
HaM W COOTBETCTBEHHO CHHTE3HPOBATHCS
lac-6emxam. [lpennonoXuM TeNepb, HTO
B CpENE HAXOINTCS W JIaKTO3a, M IJIFOKO3a.
B s1ux ycnosusix E. coli ncnonb3yer Tonbko
TJIIOKO3y, npeHeOperasi nakTto3oii. Bonee
TOro, KJETKM TEpecTaroT CHHTE3HpOBaThH
lac-6enxu. Penpeccus cuntesa lac-Genkos
[JIIOKO30H HasbIBaeTcss kamaboaumnoil pe-
npeccueir. Knerku E. coli cnocoOubl 4yB-
CTBOBAaThb, NOCTYNHA JM TIJIIOKO3a, C TO-
MOLLBIO IPYTOro PErylsTOPHOrO MEXaHH3-
Ma, KOTOPbI#t COBMECTHO ¢ lac-penpeccopoM
M ONEpaTOpPOM KOHTpOJIHPYET CHHTe3 lac-
depmenTOB.

" i i
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Puc. 29-26. DnextponHas muxpodoTorpadms
yuactka JJHK E. coli, Ha xoTOpo#l BHIHA MOJEKy-
na lac-penpeccopa (yxasaHa cTpesiko#f), npucoenu-
HeHHasd X lac-onepartopy.

B nononueHue K i-reHy W oneparopy (o-
yuyactky) B JHK cyuectByer ewe onuu
OCOOBIIA  PeryNsITOPHBIA  Yy4aCTOK —npomo-
mop, WK p-y4acTOK, PacnoJIOKEHHbIA Me-
Xy TeHOM i M onepatopoM (puc. 29-27).
[IpoMOTOP B CBOKO OYEpPEAbL COCTOMT H3
IBYyX (QYHKIMOHANbLHO pa3/IMYHbIX YacTed.
PsizoM ¢ onepaTtopoM HaxOmMTCs «BXOA
s PHK-nonuMepasb», T. €. y4acTok, B KO-
TOPOM  TNPOUCXOAHT  MEPBOHAYANBbHOE
cessbibanie PHK-nonumepasbl.  Bropas
4acTh MPOMOTOPA NpencTasiseT coboii cne-
LM(HYECKHIT Yy1aCTOK CBSI3bIBAHHSI APYroro
perynsiTopHoro Oeika—beaka, akmueupyio-
wezo kamaboaumnuniii een (BAK nmn CAP
oT aHrn. catabolite activator protein). Jta
4acTb NPOMOTOPHOIO YYacTKa JAEPKHUT MOA
CBOMM KOHTPOJIEM JAPYIYIO €ro 4acTb, OT-
BETCTBEHHY!O 3a ca3biBaHie PHK-nonume- .
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Puc. 29-27. A. PerynsaropHbie y4acTkl lac-onepo-
Ha. CAP-y4acTox npoMoTopa cnocofen cBs3kl-

Tiponorop Oneperop
/—"’ﬁ/')k"‘\r—/Cnn_,. T WIML

pate CAP muuwe B TOM cnyuae, ecliM OH HaXOOMT-
cs B komnaexce ¢ cAMP. PHK-nonumepasa Mo-
XeT MMonacTe B yHacTOK [EPBOHAYANBHOIO CBH3EI-
BaHKA ToJbKO NpM ycnosmm, ecny CAP-yuacTok
3aHsT. Penpeccop BiavMoneicTByeT ¢ onepaTopoM
NMIuL B OTCYTCTBHE MHAyKTOpa. b, TpH cTpykTyp-
HBIX TeHa z, ¥ ¥ a lac-onepoHa TpaHCKpHOHpyroT-
CH [IPH yCIIOBHM, 4TO B CPeNe HeT TIOKO3EL, a
[pUCYTCTBYET NakTo3a. B 3ToM cllyyae onepatop
ceobonen oT penpeccopa v komnnekc CAP-cAMP
COE/IMHRETCH € MPOMOTOpPOM, nossonas PHK-no-
IMMepaie MonacTb B y4ac 0K NepPBOHaY¥albHOTO
CBSIBIBAK KA, («CTTYCTUTLCH» K MHHILHMpYIOLIEMY
KOZOHY M HayaTbh TPRHCKpHOMPOBaTh TPH CTPYX-
Typhbix resa. B. Ecou 111050361 B cpesie MHEOTO,
10 cAMP ne ofipasyerca u CAP 1103ToMy He B
COCTORHMY CBR3ATLCH C MPOMOTOPOM. B 3THX yC-
noerax PHK-noxtumepasa we MoXer NONYy4YuTh
/10CTyN K NPOMOTOPY M fac-renbl He TpaHCKpubn-
pyroTCR.

pasbl. EcnM B cpene OTCYTCTBYET IJIHOKO33,
TO B KJIETKE GOPMHPYETCH KOMILIEKC MeX Iy
CAP u uukmmueckim AMP (cCAMP); 3tot
koMIieke coenuHsercs ¢ CAP-yyacTkom
AHK u naet BozmoxHocte PHK-nonume-
pase nomnactb B Y4aCTOK NEPBOHAYAJILHOTO
cesizbiBakins. Eciin cpena conepxuT nakTo-
3y, TO 0-y4aCTOK OTKPBIT, NOCKOJBKY Onepa-
TOP He MOXET B3auMOaelCTBOBaTb C HH-
IYKTOP-PENpPecCOPHBIM KOMILJIEKCOM.
B 3mux ycnosusx PHK-nonumepasa nepe-
MeLIaeTCss 0T MECTa CBOEIO NEpBOHAYAb-
HOTO CBSI3BIBAHMS 4epe3 oOnacts onepaTto-
pa ¥ HAYMHAET TPAHCKPHOUPOBATL TpPU
lac-resa. Ecnu xe B cpeme npHCyTCTBYET
[JII0KO33, TO KoHLeHTpauus cAMP ciiibHo
curxaetcss 1 kommiekc CAP-cAMP He
MoxeT obpasosatecs. Kopoue rosops,
CAP-yyactok obecrieuHBaer IOCTYNHOCTh
y4acTKa NepBOHAYALHOTO  CBSI3bIBAHMS
PHK-nonuMepasbl Tosbko Oynydu coemm-
HEHHbIM ¢ KoM1lekcoM CAP—-cAMP. [lo-
3TOMYy, KOI'la TAKO# KOMTJIEKC He 0Opa3yeT-
cs, PHK-nonimepasa He MOXeT CBsizaThCs
C NPOMOTOPHEIM Y4aCTKOM H lac-TeHbl He
TpaHckpHOUpyroTcs.  TakuM  oOpaszom,
TPaHCKPHNLNA lac-reHOB BO3MOXHA TOJIBKO
NPH OTCYTCTBHH IJIOKO3BI ; CIIEOOBATENLHO,
lac-onepon HaxogMtTCcd Xak MNOO MO3M-
TUBHBIM (p-y4aCToOK), TaKk M MNOI Hera-
THBHBIM (0-YYaCTOK) KOHTPOJIEM.
BosHukaer ecrecTBeHHBI BONPOC, Kak
CAP ynaBnuBaeT NpHCYTCTBHE IIIFOKO3bI?
B Monexyne CAP ec1b nBa uwesTpa-—-O0avH,

e E I I W

Bxan nos PHK-
MIOAUMAPE 3l
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. O PHK-1nisepata

KaK YKa3aHo Bbille, s cBsA3biBaHHs ¢ CAP-
y4acTKOM NPOMOTOPA H BTOPO# ANsl CBA3bI-
BaHus CAMP. BcnoMunM, 410 CAMP-310
BHYTPHKJIETOYHBI TNOCPEIHHK TpH Ieii-
CTBHH psilla TOPMOHOB B KJIETKAX IO3BO-
HOYHHIX (1J1. 25). ¥V E. coli cAMP T1akxe ciy-
KHT NOCPEAHUKOM, HO ISl IPYTON LENH: OH
CHUTHAJIM3UPYET O TOM, €CTb JIH B POCTOBO
cpene rimoko3a. Knerku E. coli conepxat
depMeHT aneHHIaTUHKIIA3y (pasm. 25.5), ko-
TOPBIit KaTaJausupyetr obpazoanne cAMP
n3 ATP; B 3THX KleTkax HMeeTcs Takxe
dochommactepaza, kotTopas THAPOJHU3YET
cAMP u TeMm caMbIM HHaKTUBHpYeT ero. Ec-
JIH KOHLEHTPAlMs TJIFOKO3bl BbICOKA H CO-
OTBETCTBYET NOTPeOHOCTAM KJIETKH, KOH-
ueHTpauns cAMP B kieTke odenp Mana
(puc. 29-27). OnHako, XOraa KOHUEHTpaLys
TJIFOKO3bl B KJIETKE NajaeT, COMIepxaHHe
B Heit CAMP Bo3pacraer Onaronaps ysesy-
YEHHE0 AKTUBHOCTH  AllEHHJIaTUHKIIA3bl
W YMEHbLIEHHIO aKTHBHOCTH docdommicre-
pasbl (pasn. 25.9). O6pa3yrowmwmiica cAMP
B3aumoneiicteyer ¢ CAP, a xomiuiexc
CAP--cAMP B cBOIO Ovepens CBAILIBAETCS
¢ CAP-yyactkoM npomotopa. Tombko
B 3ToM cnyyae PHK-nonumepaza moxer
NPUCOEIMHHUTECS] K MECTY MHUIIMALMH U Ha-
YaTb CHHTE3HpOBaTh Ha lac-renax MPHK
(puc. 29-27). TloatoMy cAMP B Gaktepusx
NIOJTyYHIT Ha3BaHHE «CHUIHAN rojiomay».
BénbLuas yacTh HyKN€OTHIHON nocneno-
BaTtelibHOCTH lac-onepouna E. coli yxe onpe-
nenesa. WsBectHa nonHas HykneoTugHas
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NnocaenoBaTeNIbHOCTL onepaTopa U NPoMo-
Topa. Becb mpoMoTop cocTOMT, Kak okaza-
JI0Ch, U3 85 HYKJIEOTMOHLIX Nap, NPUYeM Ha
Jomo CAP-yuactka npuxoauTcs okoJio 38,
a Ha [JONIIO YYacTKa MepPBOHAYANILHOIO
cembiBanks PHK-nomiMepassl —okosto 40
nap ocCHOBaHMii (puc. 29-28).

KpoMme psna onepoHoB ¢ HMX peryns-
TOPHBIMH TeHaMH OakTepuu o0nanarT
U IpYTUMH MeXaHu3zMaMM peryjsauu Oes-
KOBOTo cHHTe3a. Hekotophie 3 HUX NO3BO-
JNAIOT OCYLUECTBIISNTL PEryjIsAuMIO He No
NPHHUKNY «BCE WIH HUYETO», a 3a CYET MO-
CTENeHHOM aTTEHyalUMu, T. €. CHIXXKEHHA CKO-
poctu cuHTe3a Oenka. MexaHu3MbI, 4yB-
CTBUTENILHBIE K KOHLEHTPALMH aMMHAK4
WJIH APYr¥X HCTOYHMKOB a30Ta, JAKOT BO3-
MOXHOCTb OAKTEPUAM NPUCNIOCOOUTEL CBOE
6eIKOBOE XO3MACTBO K CKYIHBIM YCIOBHIM
cylecrsoBaHus. M3 ckazaHHOTO sICHO, 4TO
Oaxtepuu o0NagaroT TOHYAHIUMMH Mexa-
HU3MaMH pelYIsiULMU CHHTE3a CBOMX dep-
MEHTOB, NMO3BOJSIIOLIMMH UM ONITHUMHU3HPO-
B4Tb CBOHM MeTaboJIM3M B COOTBETCTBHH
C TNPHHUUNOM MAaKCUMAJIBLHON 3KOHOMMH.

Kpaikoe co:epxkanHe 1J/1aBbi

Y100L NPpUHATL yYyacTHe B CHHTe3e OeJ-
Ka, CHayajsia aMUHOKHCIIOTHI aKTHBUPYIOTCS
B LMTO30JIE C NOMOILUBI creur(pUIecKknx
amuHoaumn-TPHK ~ cunteras. D1 dep-
MEHTHLI KaTanu3upyroT oOpasosaHue 3Qup-
HOM CBA3H MEXIY aMMHOAUMJILHHIM OCTaT-
koM U cootBetcTBytoleit TPHK, conposo-
skparollieecs pacileruieniem ATP no AMP
u nupodocdarta. TPHK comepxat ot 73 no
93 HYKJICOTHOHBIX OCTATKOB, 4aCTh M3 XO-
TOPBIX BKNIFOYAET MOOHGUUHPOBAHHEIE OC-
HosaHus. Monekynel TPHK nMeroT B ceoem
COCTaBe AKUENTOPHYIO BETBL C KOHLIEBOH
nocienosateNbHocThIO (3) A-C—C—- (K KO-
TOpol 3QUPHON CBA3BLIO NPHCOEOAHHAETCS
aMHHOKHCII0TA), AHTHUKOLOHOBYID BETBb,

TIOYCOA L, (voaTac

Puc. 29-28. CtpykTypa npoMOTOp-OnepaTOpHOil
obnactu lac-onepona E. coli. [Tokazana uyxneo-
TWIHas NociesoBaTeNbHOCTh 06enx ueneit

I HK, HauuHas ¢ nocnessux 15 ocHosauwmii pery-
TATOpHOTO (i} TEHa M KOHYas NEPBLIMU REBATLIO
OCHOBaHMSMM TeHa z. BuaHo, 4To npomoTop nepe-
KPBIBAET ONEPaTop. YHacTOK CBA3LIBAHHA KOMII-
jekca CAP—cAMP cOCTOMT nNpuOGIM3MTENBHO K3
38 ocHOBaHMI, a YJaCTOK NEPBOHAYAJILHOIO CBS-
3viBanns PHK-nonumepasst —npubausuTe o U3
40 ocHoBanuii. YuacTok cBs3blBanus lac-penpecco-
pa B OnepaTope cCONEPXMT OKOJIO 28 nap ocHOBA-
HHMH M XapakTepu3yeTcs CHMMeTpHelf BTOporo no-
panka.

TyC-BerBb H IUITMAPOYPHOWIOBYIO BETBb;
nekotopeie TPHK comepxart naryro moba-
BOYHYIO BETBb. Ipolika HyKJIEOTHIOB
B TPHK (1punner), obpasyrolias aHTHKO-
IOH, OTBeyaeT 3a cneuMUIHOCTL B3aHMO-
aeiicreus amunoaumnn-TPHK ¢ komnnemen-
TapHLIM KOAOHOBLIM TpumniietoM B MPHK.
Poct nonunentuaHoil uenu Ha pubocomax
HaYyMHaeTcs ¢ N-KOHUEeBOH aMHHOKHCIOTLI
U NpoosXaeTcs B pe3ylbTaTe NOCHeaoBa-
TEJLHOTO OO0O0ABJIEHUS] HOBLIX OCTATKOB
k C-xoHuy. [Tpokapuotsi cogepxat 70S-pu-
0ocoMHI, cocTosiliMe U3 Gosnpiuoi  50S-
¥ MaJioit 30S-cybyacTui. DykapHoTHieckye
prOOCOMEI 3HAYUTENILHO KpyNHee U conep-
%ar Gosbllie OEJTKOB, 4e€M NpoKapHOTHYE-
cKue.

Y OGakTepHii MHMUMHMpPYHOUIMM N-KOH-
UEBLIM OCTATKOM BO BCeX Oenkax CIIyXUT
N-dopmunmernonun-TPHK, Ona  obpa-
3yeT KOMIIEKC C (akTopoM MHMUMALIAH
(IF-2), 30S-pubocoMHOli  cybuacTHLeH,
MPHK u GTP; 3T0T CRHOXHBII KOMIJIEKC
B3anmMozneiicTyet ¢ 50S-cybuactuueii, dop-
MMPYsi MHULHMHPYIOILMI KOMIJIEKC € OAHO-
BpeMeHHBbIM paciuerienneM GTP no GDP
u ordenenneM IF-2. Ha cnemyrommx 3a
3THM JTanax 3JIOHrauMy HeoOXoaUMoO NpH-
cyrcteue GTP u Tpex ¢akTopoB 3InOHra-
UMM, YYACTBYIOIIMX B NPHCOEOHMHEHUM NO-
crynarorieil amunoaunn-TPHK k amuHoa-
UMJICBS3bIBAIOLIEMY Y4ACTKY pUOOCOMBI (A-
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yuacTky). B xone nentununtpancdepasHoit
peakuyy ocTaTok GOPMUIMETHOHHHA nepe-
HOCHTCS] HA aMHHOT pPyNIy BHOBb NOCTYNHB-
wei amuHoauun-TPHK. Vanuuennas ta-
kUM obpazoMm nentuawi-TPHK nepeme-
LIaeTCsl C AaMHHOALMIBHOIO Ha MenTH-
OWIBLHBIH y4acTOK puOOCOMBI; 3TOT Npo-
necc Tpebyer ruapomnsa GTP. [IMocne
MHOTOKPATHOTO NOBTOPEHHUS TAKHX LIMKJIOB
3NIOHTAlMH NTPONCXOANT TEPMHHALMSA NOH-
NENTUIHON LeNH, OCYLIeCTBiseMas € No-
MOLIIBIO TaK Ha3bIBAEMBIX PUIIM3NHI-PAKTO-
pos. CuHTe3 Oenka NpoHCXOoaHT B MOJMPH-
60ocoMax — KOMIUJIEKCAX, COCTOSUIMX H3 He-
CKOJIbKHX WM OONBIIOTO 4Hcia pHOOCOM,
npHKpensieHHBX K Monekyne MPHK; ka-
xnasi i3 pudocoM cuntbiBaer MPHK ¥ cuH-
Te3upyeT Oenok HezaHcHMo. Ha oBpasosa-
HHME KaXJ0H NenTUOHOR CBsI3H pacxoayroT-
€51 IO MEHbILIEI Mepe YETHPE BHICOKOIHEDP-
reTudeckie QochaTHbIE CBS3H; BEPOATHO,
3T0 HEOOXOAMMO mJisi TAPaHTHH TOYHOCTH
TpaHCIISLNH.

Komoubl 111 aMMHOKHCHIOT mnpencra-
BISIFOT CODO0I cnelMpuieckue TPOHKH Hy-
kneoTunos (Tpumiersl). Hykneotuanas mo-
CJle1oBaTEIbHOCTL B KOAOHAX Oblna ycTa-
HOBJIEHA B pe3Yy/JbTaTe JIKCNEPUMEHTOB
¢ UCnoJib30BaHHEM cHHTeTHyeckux MPHK
M3BECTHOTO HYKJIEOTHIHOIO COCTaBa M U3-
BECTHOH HYKJIEOTH/IHOH NOCHegoBaTeIbHO-
cti. B aMMHOKHMCIOTHOM Kone INoYyTH Ka-
XAOH aMHMHOKHCIIOTE COOTBETCTBYET He-
CKOJIbKO KoAOBbIX CJloB. Tperbsi ©Oyksa
KaXJI0T0 KOJOHa ropa3fio Medee crelugmy-
Ha, 4EM TEPBbIE 1BE: PO Hee FOBOPAT, YTO
oHa «kadaetcs». CTaHAApTHbIE CJIOBA TeHe-
TUYECKOTO KOJia, BEPOSTHO, YHHBEPCAJIbHB
LI BCEX OPraHHU3MOB, NpPapJa B MUTOXOH-
IpHUsX 4eJIOBEKAa HaiaeHbl KOAOHbl, 3Ha4Ye-
HHE KOTOPBIX OTJMYAETCS OT yHUBEpPCAITb-
Horo. Unuuuupyroluas amuHokuciora N-
GOPMHIIMETHOHHH KOAMPYETCH KOJOHOM
AUG, npuieMm piisi ee B3auMOeNCTBHS
C 3THM KOIOHOM HeoOXoOMMO HasnyYue
¢ S-cropousl ot AUG wuuMumupyromiero
CHUTHama C MOBBILLIEHHBIM ComepXKaHueM A
u G. Tpunnetrst UAA, UGA u UAG e ko-
JUPYROT HUKAKYKO aMHHOKHCJIOTY, OHH CIty-
*aT CHIHAJIaMH TEPMHHAMM TIOJMNENTHI-
Ho¥t uenu. B Hexotopmx supychbix JTHK
OIHA M Ta X€ HYKJIEOTWIAHAs NOCIEN0Ba-
TENBHOCTb MOXET KOAMPOBATH ABA PAZHBIX

8-59

6emxa, MPHK g5 KOTOpBIX TpaHCKpUOH-
PYIOTCSl C HCNIOJIb30BAHHEM Pa3HbIX PaMOK
CYUTBIBAHHSI,

CunTtes Oesika y NpoKapHOT peryivpyert-
Ccs raBHBIM 00pa3oM Ha YpPOBHE TpaH-
ckpunuii J[THK, T.€. Ha yposHe oOpazosa-
Huss MPHK. TpaHckpunuus rpynmnbl Mera-
OonMyeCcKH CBS3aHHBIX MeXay coboil reHoB
peryjMpyercs InyTeM NpUCOeAMHEHUs (MIm
otaeneHusl) ocoboro Oenka-— penpeccopa
k onepatopuomy yyactky JJHK. Onepatop
¥ Tpynna CBS3aHHHX OPYT C APYTOM reHOB
BMeCTe COCTAaBJIIKOT onepoH. TpaHckpun-
LS TAKOH IPYNNbl FTEHOB MOXET HHAYLHPO-
BaTbLCH CeUMPUIECKUM NMUTATENBLHBIM CyO-
crpaToM, Hanpumep Jakro3oil. Jlaxtoza
MOXET CBA3BIBATH PENPECCOP W BBI3BIBATH
TEM CaMbIM €ro OTHEJNIEHHe OT OmepaTopa.
bnaropaps 3TOMy pa3pelliaercsi TpaH-
CKpMIIMsI TEHOB, KOOUPYHOUIMX Oenku, He-
OOXomMMBIE KJIETKE [JI HCNOJIb30BaHUs
JIAKTO3bl B Ka4eCTBE MCTOYHMKA YIJepona
H 3Heprun. HekoTtopbie onepoHbl HUMeEKOT
TaKxe NPOMOTOPHBIA Y4acTOK, COOepKa-
UM peryjsiTOpHyrO 4aCTb—TaK Hasbl-
paeMblit CAP-yyactok; nocneauuit npen-
Ha3HAa4YeH [ CBA3LIBAHHS KOMILJIEKCA,
obpa3zoBaHHOTO OefKOM, aKTHBHPYIOIIHM
kaTtaboymTHbli red (CAP), u cAMP. Otot
KoMIJieke, GopMHpyronMiics NpH  OTCYT-
CTBHH B Cpefe IJIIOKO3bl, JAET BO3MOXK-
Hoctb PHK-nonmmepase npHcoennHUTLCS
K MeCTY HHHMIMALUU TPaHCKPHIILIUK [€HOB,
OTBETCTBEHHBIX 32 KaTaboJM3M JNaKTO3bL
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Bonpocel u 3aa84R

1. Tpancasyua mPHK. Tpenckaxure aMuHO-
KHCJIOTHY!O NOCJIEAOBATENLHOCTD [TENITHIOB,
CHHTe3UpYeMBIX B pPHOOCOMAax B NpPUCYT-
CTBMH CJIEAYIOIUMX MATPUIl, CYMTAS, 4TO
CYMTHIBAHHE HaYHHAETCA C MEPBOTO TPHIUIe-
Ta HA JIEBOM KOHIE.

a) GGUCAGUCGCUCCUGAUU

6) UUGGAUGCGCCAUAAUUUGCU
B) CAUGAUGCCUGUUGCUAC

r) AUGGACGAA

2. MoncHO au, UCX00A U3 AMUHOKUCAOMHOT no-
caedoeamenphocmy  noaunenmuda, npeocKa-

YACTh 1V. MEXAHWU3MBI NEPEJAYUM FEHETWYECKON MHO®OPMALIWU

3aMb  KYKACOMUOHYI0 NOCAE006aMeALHOCMb

e¢20 MPHK? [laHHas HykNCOTUAHES NoOChe-

nosatesHocTs B MPHK  komvpyer mnpu

CTpOro omnpedeseHHOR paMKe CYUTBHIBAHMS

OOHY H TOJILKO OOHY IOCNEIOBATENLHOCThL

SMHMHOKHCJIOT B nojunentuoe. MoxHo ny,

UCX0Osa U3 OaHHOM IOC/TENOBATENHBOCTH

8MHHOKHCJIOTHRIX OCTATKOB B Gellke, HAIIpu-

Mep B LIMTOXPOMe C, NpEICKa3aTb HyKJIeo-

THIHYIO TOCJ/IEZOBATEIBHOCTH EUHCTBEHHOMN

MPHK, xomupywwelt 3tor Genok? O6o-

CHylTe Ball OTBeT.

3. Ckomvko paznvix MPHK moscem xoduposamp
00HY  GMUHOKUCAOMHYIO  nocAedoeameb-
Hocmp? B kavecTBe JOMOJHUTENBbHON HiLTIO-
CTPROMH K PACCMOTPEHHOMY B MpEdbIAYILEH
3a184e BOIPOCY HANMIUKTE BCE BO3MOMKHBIE
nocnenosateb-HOCTH MPHK, koToprie cnio-
cOOHBEI KOMPOBAETb NPOCTOH TPUNENTHI
Leu—Met—-Tyr: OTBeTHB HA& 3TOT BOMNPOC,
Bbl NOJIYMHTE HEKOTOpPOE NPEeICTaBIICHUE
o uucne pasnbix MPHK, koTophle MoryT ko-
IUPOBATL OOUH IMOJIMNENTHN.

4. Kodupoearue nosunenmuda 0syxyenouey Hoil
AHK. TpanckpuGupyemas nens OByXero-
veuroll JTHK comepXuT nociezoBaTels-
HOCTb

(5) CTTAACACCCCTGACTTCGCGCCGTCG

a) Kaxas nocnegosatensHocts MPHK Mo-
3eT TpaHCKpuOUpOBaTLCA ¢ 3TON Henu?

6) Kaxas aMMHOKHCJIOTHAA 1OCJIeN0BaTe b=
HOCTh MorJia 661 KOOHpOBaTLCH TOH no-
C/IeIOBATENbHOCTRI0 NPY  CUMTHIBAHWY
¢ 5'-konua?

B) IlpeanonoxumM, 4TO Apyras uens 3ToOl
AHK T1oxe TpaHcKpubupyercs, & NoJy-
yenuas MPHK tpawciupyercs. Cosna-
DBeT J¥ MNOJyYeHHAas AMUHOKHCIOTHAS
NOC/IEOBETEIBHOCTb C IOC/IEaOBATE b-
HOCTBIO, KOTOPYIO Bl NIPHBETH B OTBETE
na sonpoc 6)? O6rsacHuTE GBoIOrHYecKoe
3MaYCHUE BAIUMX OTBETOB HA BONPOCH! G)
H B).

5. Memuonuny coomeemcmeyem moabKo OOuH
k000H. MeTHOHUH — OXHA U3 XBYX AMHUHOKUC-
JIOT, KOTOPBIM COOTBETCTBYET BCEIO OMUH
KOOOH. JTOT  COUHCTBEHHBI®  KONOH
METUOHUHA MOXKeT KOMHPOBATH KAK HHHLHMU-
pyrowuit OcTATOK, TaK ¥ BHYTPEHHUE OCTAT-
K¥ METHOHMHE B MOJIMNENTUIAX, CHHTe3U-
pyeMrix E. coli. O6pacHUTe, KaKuM 06pa3oM
3TO NPOUCXOKRUT.

6. Cunmemuuecxue mPH K. Kaxum o6pa3oM Bel
CHHTe3UpOBE/IM Obl NOJUPUCOHYKIIEOTHA,
KOTOPLIA MOXHO €bLI0 6BI HCHOJB3OBATH
B kayecTBe MPHK, xonupyrowieit npeumyie-
CTBEHHO OCTATKM (heHuNanaHuHa ¥ HeGom-
LI0€ YHCJIO OCTATKOB Jleifimua u cepuna ? Ka-
Ku€ e11ie 8MHHOKUCJIOTHL, HO B IrOpa3fio MEHb-
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LIMX KOJNHYECTBAX, KO/IHPOBANMCh ORI TAKHM
nommpuboHykieoTHIoM?

IHepzemuieckue  ia-
mpumol npu Guocurmese Geaxa. Onpenenyre
MHHHMANBHEIE .')HCpl'C'TH‘lBCKHB 3@TpaTh! (B
pa(_“lt:TC Ha YHCI0 BhIL'ID!\'O)HEpl'CTH"ICCKHX
tdochaTubx rpynn), Heobxonumele ng Guo-
cunTe3a [-rnobuHOBOM nenu remornoGuua
(146 octatkos) w3 Beex amunokuciaor, ATP
u GTP. Cpaedute Ball OTBET € pacxogaMu
sHepruM Ha OuocuHTE nuHefinoll Leny riu-
KOreHa, skmouarolieit 146 ocratkos -
KO3kl, COEAMHEHHBIX o1 — 4)-CBA3LIO, ¥ CHH-
Te3Npyemoll u3 [MOKO3IH B NPHCYTCTBHH
ATP. Kakoea, Hcxoas M3 BalIMX OTBETOB, JI0-
NONMHUTENLHAA IHEPreTHYeCKads CTOMMOCTb
P-rioobunosoit Monekynel, obycrnosnenuas
TEM, ¥TO B OTJIMYHE OT [JIMKOTEHE NPU €€ Mo~
cTpocHuH HeobxoauMO peanHM3oBaTh ONpe-
LCNEHHYIO [eHETHYECKYO0 HMHpopMalio?

. Henpamvie sampamel Ha cunmes 6eaxa. Hapsa-

[y C HEMOCPEACTBEHHBIMK JHEPre THUECKUMHU
3aTparaMy Ha CuHTe3 OeNKa, pacCMOTPEHHbI-
MW B MpedbLIyLIEM BOMpOCE. KieTka [po-
WIBOAUT Y HENPAMBIE 3aTPaThl IHEPTHH, CBR-

3aHHble ¢ of0palosanueM TpeGyemulx s

cunie3a Genka Guokaranuszaropos. Como-

crapsTe (AKTOPhL.  OMpelenAlollue  He-

MPAMEIE PACXO/ILI, KOTOPBIE NPUXOAMTCH He-

CTH 3YKapMOTHYECKOIH KIETKE NpH CHHTE3E

muHedHBIX w(l — 4)-ueneil rMkorena M npu

OMocHHTE3e NOMMOENTHIOR.

Ilpedcrasanue anmuke)oH08, UCX00H U3 KOOO-

HO8. EOJ’[bUJ}IHCTEy AMHHOKHCMTOT COOTBET-

creyeT Gonpuie 4eM onwn KOIOH, Bonplie

4yem onna TPHK u Gonbiue yem onun auTh-
rouox. Hamuimre Bce BOIMOMKHEIE aHTHKO-

NOHBI OJIA HETBIPEX TMHWUHHOBLIX KOOOHOB:

(57 GGU (3), GGC, GGA u GGG.

a) Ha ocHoBanMu Balllero OTBETAa CRAXMTE,
KaKWe W3 TNOMoXEeHMH aHTHKOLOHA Onpe-
NENAIOT B NEPBYIO O4EpEnb £ro cnenHgpuy-
HOCTb B Cllyyae rymuuHa?

6) Kakue H3 KOJOH-aHTHKONOHOBLIX f1ap Co-
nepiaT «KaqaloLllYIocH» Mapy OCHOBA-
Huii ?

11
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B) B kakoil M3 KOJOH-aHTHKOJOHOBBLIX Nap
BCcE TPU NMape! ocHOBaHuil o6pa3zopaHs! 32
CYeT MPOYHBIX YOTCOH-KPUKOBCKUX BOO-
ponHbix ceszeii?

r) Ucnonp3opaHue Kakoil U3 KONOH-aHTHKO-
[IOHOBBLIX nap B GuosoruyeckoM cuMHTE3E
Oenka HaumeHee BeposiTHO? Ilowemy?

. Heoteiunasa mPHK. Henaeno Gbiia o6Hapy-

weuwa TPHK, antukomon xotopoit y3snaer
M CBA3BLIBACT TETPaHYK/ICOTUAHYIO MOCNENO-
satensHocTe MPHK. TlpeackaxuTe, kax no-
B/MAET HAa aMMHOKHCIOTHYIO IoOC/fenoBa-
TENBHOCTL MOMMENTHOA YYACTHE 3TOH He-
obemuoit TPHK B ero cuurese.

Kax eausem uzmeHenue 00HO20 OCHOBAHUA
6 MPHK na amunoxucsomuyw nocaedosa-
meabnocmys noaunenmuda? OueHb Ba)HblE
OKa3aTeNkCTBa, MNOATBEPKOAOLLHE TIpa-
BUJIBHOCTH PaclMGpOBAHHOIO r€HETUYECKO-
ro Koaa, GbLTH NOJTyYeHB! nPH H3YYEHUH MpH-
poabl MYyTallH, NPHBOIALIMX K 3aMeHe
O/IHOTO OCTaTka B aMHUHOKMUCIIOTHOM nocne-
nosatenbHocTH Oenka. Kakas M3 mepeunc-
NEHHBIX HUXKE 3aMEH OJHOH aMMHOKHCMOTEHI
Ha [pYryIO COInacyeTcs C reHETUYECKHM KO-
nom? Kakas u3 3ameH He MoxeT OniTh pe-
3ynbTATOM H3MEHEHWUS OJHOrO-€IMHCTBEH-
noro ocHosanus B MPHK? IMovyemy?

a) Phe — Leu

6) Lys — Ala

B) Ala = Thr

r) Phe — Lys

n) Ile - Leu

¢) His —» Glu

%) Pro — Ser

I puvuna mymayuu, npueodsujeii K obpasoea-
HUI CepnosudHbIx Jpumpoyumos. B remorno-
6uHe CepnoBUAHLIX IPUTPOLMTOB B 6-M IO-
noxenuy B-1100MHOBO# LlenH BMECTO IMyTa-
MUHOBOW  KMCJIOTBl  (NpUCYTCTBYyIOLIEi
B HOpMaJ/ibHOM reMornobuHe A) obuapyxeu
samuy. Kakoe u3meHeHHe, npousolienilee
B KOJIOHE IUTS TJyTaMHUHOBOW KHCIIOTHI, NpH-
BENO K €€ 3aMeHe Ha BanuH?
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X poMOCOMBI —3TO OTHKOAb HE HHEPTHBIE,
cTabUJIbHbIE CTPYKTYPBI, HE3bIOIEMO COXpa-
HSAIOLUME FeHETHYECKYH0 UHGOpMAaUHIO B He-
xomHoM BHge. OHH NOCTOSHHO MpeTeprie-
BAIOT PazMYHOrO poaa U3MeHeHus.. Heko-
TOpBiE M3 3THX H3MEHEHWH HOCHT Ciy-
YailHblil XapaKTep M JIErko NOJJAAAIOTCH
ucnpasieHuto. Hanpumep, B xoae pensikka-
UMK, Korga Iend ayIuiekca pacxoasTcs
M pacKkpyyHBaroTcs ¢ 6OJIBLILOI CKOPOCTHEO,
8 JIHK MoryT BO3HHKATh OAHOLIENOYEYHbIE
pa3pbiBel. JTH pa3pbiBbl  BOCCTAHABJIK-
BalOTCH (penapupyroTcsi) noag aeicTBHEM
JHK-nonumepasst 1 v JIHK-nuraspr. AHa-
JIorMyHBIM  00pa3oM, OIHOOYHO BCTpO-
€HHBI HYKJIEOTHI, KOTOpbIit HE criocoOeH
o0pazosaTh NpaBHIILHYKO KOMILIEMEHTap-
HYIO 1apy, MOXET ObITh BbIPE3aH U 3aMEHEH
Onaromaps KOPpeKTHpyoLEH cnocoOHOCTH
JAHK-nonumepassl (paszg. 28.14). B 3Toii
rnase MHl yBUAHMM, 4TO H3MeHenust JTHK
MOTYT ObITb BbI3BaHbl BO3JEHCTBHEM pa3-
JNIMYHbIX (GaKTOpOB BHeWIHel cpeabl. Eciu
KJIETKA HE MCTIPaBJIsiET BO3HHKLIEE Hapyllle-
HHeE, TO 3TO NPHBOAMT K NONBIIEHUIO HACIIE-
JYEMOIO W3MEHEHHUs — MYTaUHH.

X pPOMOCOMBI IPETEPNEBAIOT TAKXKE H3Me-
HEHHsI U nepecTpoiiku Apyroro posaa, npouc-
XOAsILIME B NPOLIECCE HX HOPMAJTbHOIO OHO-
norudeckoro QyHkunonuposaums. ClmsiHue
AWIEKIIETKH CO CIEPMATO30MIOM Y 3YKa-
PHOT CONpPOBOXOAETCS TEHETHHECKON pe-
KOMOWHaIMEH, 4TO MPUBOUT K NOSIBIEHHIO
MOTOMCTBA C HOBOH KOMOMHALMEH I'€HOB.
Kpome 1010, reHbl U 4acTt reHoB MOTYT
nMepeMerLaTbCs M3 OIHOIO MeCTa XpOMO-
coMpl B ApyrHe. I'ewnl Moryr Taxke ooMe-
HUBATLCS U PEKOMOWHUPOBATD ITPH 33 paxe-
HMM KJIETOK BHpYCaMH.

OnHako, HECMOTPS Ha NOCTOSIHHHIE MO~

BpEXIEHUs, penapaiyio, 0OMeH U nepeMe-
LIEHHE T€HOB, BHYTPHBHIOBAS TOXIECTBEH-
HOCTb JXHBBIX OPraHH3MOB NOMIEPXKUBAET-
Csl U3 TIOKOJIEHHsI B NTOKOJIEHHE C HCKJIFOYH-
TeJIbHOH TOYHOCTBIO. JTO OKa3bIBaeTCs
BO3MOXHBLIM Onarojiaps 3aMeyaTesbHOM
CnoCOBOHOCTU HEKOTOPLIX GEPMEHTOB Npe-
OXpaHATb WM BOCCTaHABJMBATh cneuHu-
HqeCKHe HYKJIEOTHAHBIE [10CIIEI0BATELHO-
cru JIHK B kax0it ¥3 xpoOMOCOM OpraHus-
ma. OGHapyxeHHe 3THX (PEPMEHTOB MO3BO-
JIMJIO TaKXe OCYLIECTBUTL B 1ab0OpaTOpHBIX
YCIIOBUSIX KOHCTpYHpOBaHHE peKOM-
OWHAHTHBIX, T.€. 11O CYLLECTBY HOBBIX MOJie-
kyn JHK, B KOTOpPBIX reHbl OJHOTO Opra-
HH3Ma  OKa3blBalOTCH  OOBEIHHEHHBIMH
C reHaMHu apyroro. OTH [JOCTHXEHHS OT-
KpPLUIH HOBYIO 3Py B OHOXMMUIMECKOI reHe-
THKE U MIPHBEJIM K BO3HUKHOBEHHIO HOBOTO
HAyYHOTO HaIpaBJIeHHs — [EHETHIECKOH WH-
XKEHEPHH.

PaccMOTpPHM HEKOTOPBIE THITBI H3MeEHe-
uuit JJTHK.

30.1. B 1HK nocrosivio
BO3HHKAIOT TNOBPEXKICHAN

ITpakTH4ECKH BCE >KMBbIE OPraHH3MbI
NOBEPTalOTCs BO3LENCTBHIO BLICOKOIHED-
FeTHYECKOIO U3J1y4€HHs], CIOCOOHOTO BbI3bi-
BaTh Xumuyeckue uamenerus 8 JITHK. Vie-
mpaghuonemogoe uzayuenue (C ITMHOH BOJII-
ot 200400 HM), cocTaBnsAwoilee 3HAYH-
TENbHY 4aCTh COJIHEYHOTO CHEKTpa, Mo-
*eT BbI3BATb XHMUYECKHE U3MEHEHUS
B JIHK Oaktepuit U KJIETOK KOXHOIO
NoKpoBa YenioBeka. B pesynbTaTe nornouwue-
Hus yabtpaduoneroebix (Y ®) nyueit nypu-
HOBOE WM TNHPHMHIMHOBOE OCHOBAaHHE
nepexoauT B BO3OYKIEHHOE COCTOSHHUE, TPH



I'Jl. 30. PEKOMBHHALIMA W KJIOHUPOBAHUE 965

KOTOpPOM B CTPYKTYpPE 3TOTO OCHOBaHMs
BO3MOXHbBI KOBaJIEHTHBIE H3MeHenus. [lon
neficTBHEM Opyroro BHaa JIYYUCTOH 3Hep-
THH — LOHU3UPYIOWe20 u3ayueHusi—u3 OHo-
JIOTHHECKON MOJIEKYJIbl MOryT BbIOMBATHCSH
OIMH WJIH HECKOJILKO 3JIEKTPOHOB, YTO NPH-
BOAMT K 0Opa3oBaHMIO KpaiiHe HecTaOMJib-
HOTO HOHA Wi cBobonHoro paavkana. Ta-
KO# NpoaykT 00nanaeT BHICOKOH peaKkiHOH-
HOH CcnocoOHOCTBYO M MOXET BBHI3BATh
B JJHK aHoManbHbie XHMHYECKHE H3MEHE-
Hus. Bokpyr Hac NOCTOSIHHO CYIIECTBYET
$GOH  MOHHM3UPYIHOLIETO M3JIYYEHHsi Kak
B hopme kocmuueckux ayueti, NPOHUKaIO-
LUMX B IJ1yOHHHBIE CTIOM 3€MJH, TaK U B dop-
Me H3JIyYEHHsl, HCNYCKAaeMOro paaHoak-
TUBHBIMM H30TONMAMH pajusi, MNJIYTOHUS,
yriepopa (1*C) 1 sogopona (3H). Eme onun
BHI  HOHHU3HMPYIOLLUETO  HM3JIYyYEHHS —3ITO
peHmzeH06CKuUe AYuu, HCTIONb3yeMble NpH
MEeOVLIUHCKHX 00CIIeNOBaHUSX, a TAaKXe NPH
paaMoTepanud paka M npyrux 3abonesa-
HU#. MCTOYHUKOM HOHM3UMPYIOLIETO H3JTYy-
deHUs! CyXaT TakXke PagHOaKTHBHbIE OCA-
KH, BbINaaaroLlie Nnocie UCTbITaHui snmep-
HOIO OpYXUs, U PaglOaKTHBHBIE OTXOHbI
aTOMHBIX peakTopoB. [IpHbOnu3nTENBLHO
10%; Bcex mnoBpexaeHnii JIHK, BbI3bI-
BaeMbIX HeOMONOrMieckuMH QakTopami,
NPOMCXOAMT MO [EHCTBHEM YIbTpaduoe-
TOBOTO M HOHU3UPYIOLLETO H3JIyYeHUsl.
K cuactbro, O6JbIIIAS YAcTb 3ITHX TOBpE-
MOEHUH ObICTpO HCHpaBiIgeTCsl KIIeTKaMU
€ NoMoLIbIo 0coObIX PepMeEHTATHBHLIX Me-
XaHH3MOB.

30.2. YyacTku, NnoBpexIeHHbIe
non neicreueM
yabTpadHoNeTOBOr0 M3jy4eHHs,
MOryT ObITh BbIpe3aHbl

H HCNpaBJieHbI

IMox peiicTBreM ynbTpadMOIETOBOTO H3-
JIy4€HHsl MEXNY ABYMsI COCEAHHMH NTHPHMH-
JIHHOBBIMH OCTATKAMH (Yale BCEro 310 gBa
cocenHuX TUMuHA) B OaktepuanbHoi JJHK
MOXeT BO3HHKATbh KOBAJIEHTHAS CBSI3b, B Pe-
3ynLTaTe  yero  oOpasyercs  dumep
(puc. 30-1). Ecnu He ycTpaHHTh noBpexie-
HHE ¥ HE BOCCTAHOBHUTH HOPMAJBLHYIO
crpyktypy IHK, 10 obpa3oeasiuuiics TH-
MHHOBBIH JUMEpP MOXET OKa3aTbCsl HENPEO-
nomuMbIM npensitcreieM s JIHK-nonu-
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Puc. 30-1. O6pazoBaHHe THMMHOBOTO AMMEpa
non mefcTereM yibTpadHoIeToBoro obmyyeHus.
Mexpay nBYMS COCENHUMM OCTATKAMH THMHHA,
pacnionoxeHHbiMM B onHo# uenu JJHK, obpa3y-
FOTCS [IBE HOBbIE YTJIEpO-yT JIEPORHbIE CBSI3H (OT-
Me4eHbi KpacHbiM uBeToM). A. CTpyxTypa nMmepa
u306paxeHa B IJIOCKOCTH, HO Jy4yllle €€ paccMoT-
peTh B TPEXMEpHOH NMPOEKUMH, KaxX OHA roKa3aHa
Ha puc. b, rne yetbipexuseHHoe konbuo, obpazo-
BAHHOE [ByMs| HOBBIMH CBA3SMM, 3aKpaLIEHO.

Mepasbl NpH PEIUIHKAIMH TOH 4YacTH LENy,
KOTOpasi HaXoAuTCs 3a aumepoM. B peid-
CTBHTEJILHOCTH B KJIETKE CYLIECTBYET Mexa-
HHM3M YCTpaHEHWs] NMOBPEXIEHHUs (pernapa-
uuH). TuMHHOBBIE AHMMEpBI BLIPE3AIOTCS,
1 Opelllb 3agebIBaeTCsl B pe3yibTaTe Mo-
CIIefOBATENILHOTO Y4acTHs HeTbipex dep-
MeHTOB (puc. 30-2). Iepsbiii U3 HHUX, Ha3bI-
BAaEMBI  YP-2HOOHYK Aea30i, paclieniser
MOBPEXIEHHYHO LIENb C 5'-CTOPOHBI OT TH-
MHHOBOTO  OUMepa. Bropoii dep-
meHT — JIHK-nonumepasa [-gocrpausaer
K OTKPBITOMY 3'-KOHLY 3TO# LIENH COOTBET-
CTBYIOLIIHE €30KCHPHOOHYKIIEOTHIBI,
o0pa3ys kopoTku#t orpesok JJTHK, xomme-
MEHTapHbIH MaTpHyHOIt Lenu. B xone 3toro
CHHTE3a LIEMb, COAEepXkalLas THMHHOBbIA 1H-
Mep, BbiTecHsieTcsi. Ha TpeTtbeif ctagyuu 3H-
JIOHYKJ1€a3a Bbipe3aeT nedeKTHBIH YyYacToK.
U, HakoHell, Ha 4eTBEpPTOH MoA nelcTBHEM
JHK-nuraspl npoMcxoauT npHcoeanHeHHe
«3aIU1aTKH» HOBOCHHTE3UPOBAHHON KOM-
mnemMenTapHoil JIHK x pasopsanHoii uenu
(puc. 30-2).

[MupuMuOMHOBBIE IOMMEPBI BO3IHHKAKOT
M penapupyroTcsi He TOJBbKO B Y®-00iy-
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Puc. 30-2. A. Penapauus TUMHHOBOrO aAuMepa. B.
Oco6an V®-3nnonykneasa pacuienysier gedext-
Hy1o uenb ¢ 5'-croponsl o1 guMepa. B. J1HK-no-
JiHMepa3a 1 HaYHHAET «naTaTe» uenb, & 5 —» 3'-
IHIOHYKJIea’a ynanfseT THMHHORLIA AHMeEp M Hec-
KOJILKO TIPHJIEXALIMX K HEMy HykneoTinos. I'. Ho-
srili yvacrox JJHK nocrpoen. O. Coennyenye Ho-
BOTO y4aCTKa C OCHOBHOH 1IeNbI0 Non neicTBHEM
JAHK-nurassl.

YEHHBIX GAKTEPHAX, HO H B KJIETKAaX KOXH
TofeH, NOABEPTIIMXCS AEHCTBHIO OTKPBITO-
ro conHeyHoro csera. OnHakoO NpH hue-
MenmHoll kKcepodepme—penxoM 3abonesa-
HHMM yesioBeKa, MexaHu3M dbepMeHTATHBHON
penapauny ynbTpadMONETOBbIX NOBpPEXe-
HMil reHeTHyeckn HapyweH. B stux ycno-
BHSIX XOXa OKa3blBaeTCsl 4Ype3BLIYAHO YyB-
CTBHTENLHOH X conHeyHomy ceety. Ona
CTAHOBUTCH OYEHb CyXOH M TOHKOH, Mposn-
depains KIETOK KOXH NPOTEKAET HEHOP-
MaJILHO, H Y JMI € NONOOHBEIMY NIpH3HAKAMH
NOYTHU Bcera pa3BHBaeTCs pak koxn. Koxy
TakuX OOJILHBIX CledyeT TLATEJBLHO
NPENOXPaHATh OT NONaJaHHs COJHEYHOrO
ceeta. B nmpoTusHOM ciiyyae 3ta Gone3Hs
4acTO NPHBOAOMT K JIETAILHOMY MCXOIY.
B pesynbraTe GHOXMMITYECKHMX M T€HETHYE-
CKHX MCCNEIOBAHMiA YOaoCh BBISCHHTh, YTO
B ciyyae Hanbonee pacnpoCTPaHEHHOM
(opMel MIrMeHTHON KCEPOAEPMBl HApYLUE-
HHe 3aTparuBaet Y{-3a10HYyKNEA3Y - (ep-
MeHT, 0Opasyromuii paspeiB fedeKTHO# Lie-
nd ¢ 5-CTOpOHBl OT NHPHMHAWHOBOIO
sumepa. M3-3a moBpexneHHsl BCETO JHIIL
OJIHOTO-eAMHCTBEHHOro tepmenTa ob/Tyye-

YACTH 1V. MEXAHU3MBI NIEPEJAYN TEHETHYECKON MHOOPMALIMHA

HUE KOXW COJIHEYHBIM CBETOM MOJKET IpH-
BECTH K JIETAJILHOMY WCXOZAY.

VapTpaduoneToBas 4acTh CHEKTPa CON-
HEYHOrO CBETA, BLISHIBAIOLIAS NUTMEHTa-
LMIO XOXH (3arap), He HPOXOIMT CKBO3b
CTEKNIO W vepe3 PasHOro poja coJIHLE3a-
LIMTHbIE MaTepHasbl, KOTOpBIE COREpPXaT
XMMHYECKHE COEIWHEHHS, HOTNOIIAFOIIHe
yIbTpadHONeT.

30.3. Cnonrtannoe
e3aMMHHPOBAHHE LMTO3HHA
¢ oOpa3oBanHeM ypalm.jia
MOXeT ObIThH HCIpaBJ/IeHO

B JHK MoryT Tak&e IpOHCXOONTD U3Me-
HeHus, O6YC/IOBNEHHBIE XHMHYECKOH Jia-
OMIEHOCTLIO LMTO3SHMHA B BOOHOM Cpene.
OcCTaTKi UMTO3MHA OYEHL ME/JIEHHO Camo-
NIPON3BOJILHO TEPSIOT CBOK) AMMHOTIPYIIY
B pe3yJibTaTe THAPOJIN3a M NpeBpalialoTCs
B OCTaTKH ypaluia, KOTopuie OOBMHO OT-
cyrcreytot B [IHK (puc. 30-3). Ecym uens
JHK, conepxalas OCTATOX ypauuia, pe-
IJMLAPYETCs, TO ypalus OKadbIBacTCs He
B COCTOsHMM ©00pa3oBaTk JOCTATOYHO
NpPOYHBIE BONOPONHBIE CBA3M C OCTATKOM
ryaumsa (G), koTOpeOf CIIyXHT HOp-
MAaJIbHEIM NapTHEpOM LIMTO3MHA. BMecto
3TOrO ypauMsl CTpeMHTCs k 06pa3oBaHHiO
napsl ¢ anennnoM. Korna nosas uems JJHK,
HECYI]an B CBOEM COCTABE HENPaBHJILHBIA
OCTaTOK A, B CBOIO OYepellb PETUIHLMPYET-
Cfi, TO B KOMIIIEMEHTAPHOHN LIENN HA 3TOM
MeCTe NOSBIAETCH, ecTecTReHHo, 1. B pe-
3yNbTaTe 1O4epHas AByXUenodeynas JHK
6yner copepxath napy A—T B TOM 10JIO-
XCHHM, [A€ B HCXONHOHM pPOAMTENHLCKOMH
JAHK no nospexpneHns HaxoAWIach fapa
G-C.

Penapaims sT0ro BHAa NOBpEXICHHH
OCYIIECTBIISETCSL BECEMa OPHIHHAILHBIM
nyteM (prc. 30-4). CHayana ocobblit pena-
pupyromnit  dbepment — ypayus-JJHK - 21u-
KO3uda3a — yAaseT ¢ MOMONUIBIO CHAPOJHAA
HENPABHILHOE OCHOBAHHME, T.€. ypaLMJl M3
TIOBpeXAeHHOl nerm, nocne vero ¢ocdo-
IuaHUpHas CBA3k ¢ 5'-CTOPOHE! OT NOTEPSAB-
1IErO OCHOBAHME ne30Kcnprbo3odochaTHo-
ro ocratka pacuensercs JJHK-nonnme-
pasoii I. Janee JHK-nosumepasa I npm-
COENMHSAET B 3TO MECTO K OTKPBIBILEMYCH
3'-koHI1ly penapHpyeMoil llenn npaBHILHBIA
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Crourasioe
Je3anMuHinposauue
UMTOINMHA
olipasosnnuenm ypauuia
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Pennukalng
HIMEHEHHOH 1enu
MPUBOMMT K 3amene G
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Penmmkalns nosoh
LEMH C HENpaBnJibHbIM
OCTATKOM A NpUBOLMT K
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KOHEYHLIM peayNIbTaToM
CIOMTANNOrO
nedaMuHipopanmun
LMTOIMHE

OKA3LIBABTC A
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Puc. 30-3. CnoHTaHHOE NpEBPALUCHHC LK1 O3HIE
AHK b ypaumns, Takoe #IMEHEHME, ECAlt €70 HE
WCTIPABUTE, MOXET BEI3BATE MYTallMEO.

OCTATOK UMTH/INHA, KOTOpBLIM oOpasyer
KOMILTEMEHTAPHYIO [12Py C [YZHWIIOBBIM
OCTATKOM, HAXOMSALIMMCH B HEMOBPEXIEH-
Ho# Lenu. 3apepruaet penapauuto JHK-nu-
raza, KOTOpas KOBAJIEHTHO  CLUMBAET
VICTIPABJIEHHYIO 1IETE.

["nmuxosupasa, ynansrowmas u3 JJHK ypa-
LIMJ1, 10MkHa 06J1afaTh BLICOKOM crietidny-
HOCTBK); B MPOTHBHOM Cilyyde OHa Obl
npuHECna ropasao Gomblue Bpena, HEXenu
noJib3el. K cuactero, 3T0T epMeHT Ieii-
CTBMTEJILHO HE BRILLEIUISET ypaunn U3 PHK
1 HE Buipesaer TuMmuH U3 JIHK. 310 006-
CTOSITCIIBLCTBO IIO3BOJIACT BLICKA3AThL NpE-
MOJIOKEHHE, KOTOPOE MOMET TIOMOMbL IIO-
HsATh, noyemy JIHK Bmecto ypauuna
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Puc. 30-4. Penapallua CHOHTaHHOTO MPEBPH LLEHUA
LMTO3MHA B YpaDMil. Y panHN MOXeT OHTh ylaneH
TPH NOMOLM (PEpPMEHTOB, NOCNE Hero JMIUeHHBII
ocHOBaHNA Aesoxckprbolodocdat 3amMellaeTcs Ha
npaBUIbHbIR OCTATOK He30KCHUMTHIMHGOCaTA.

conepxuT TUMUH. Bee 1eno B TOM, ¥TO ecnu
Obl B coctaB HopManvHo#H JHK Bxomnn
Y LM TO3MH, ¥ YPAUHIL, TO OTIIMYUTL OCTATKH
ypaupia, HWCXOAHO  MpHCYTCTBOBABILIME
B 1HK, ot ocTtaTkoB ypauuna, NOsBUBLLINX-
Csl B Pe3y/IbTATE CMIOHTAHHOIO A€3aMUHHU pO-
BAHUS LUTO3MHA, ObLTO Obl HEBO3MOXHO;
H Tombxo notomy, 4yto JIHK B HOpME co-
IEPXUT He YPaLuII, 2 TUMUH, CHCTEMA pena-
panuy MOXET Y3HABATL ¥ YAQIATL OCTATKU
ypauuna, obpa3oBaBuIMecs NPH CIOHTAH-
HOM TIHMIpOJIM3E LIUTOIMHA.
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30.4. Ilospexaenne,
BbI3LIBAEMOE XHMHYECKHMH
areHTaMmn OKpYy’Kaiolleil cpenbl,
TaKkKe MOKeT ObITh HCNpABJIEHO

Tospexnenus B JJHK mMoryr BhI3BIBaTh-
Cfl TAXOKE aKTUBHBIMM XMMMYECKUMU COEIU-
HEHUSIMH OKpyXaroledl cpenwl, mpeacTaB-
TSIOLIMMH COOOM MPOAYKTH MPOMBILLINEH-
HOM mesitenbHOCTH uenobexa. Camu no cebe
3T BELLECTBA MOTYT ¥ HE ObITH BPEIHbIMH,
HO B npouecce Meraboiiu3mMa OHM MOLYT
npeBpallaThCsi B OMacHuIE [JIs KIETOK CO-
envHeHMs. PaznuuaroT TpU OCHOBHBIX THIA
TaKUX XUMMHYECKMX areHToB: 1) dezamunu-
pylowue azenmel —TJlaBHBIM 00pa3oM as3o-
TucTas kuciota (HNO,) uin BeecTna, KO-
TOpLlE MOIYT B mnpouecce MeTabommsma
npuBecTH K 0Opa30BaHUIO a30THUCTON KHC-
JMOTHL HUIM HUTPHUTOB, 2) alKUIMPYIOIIME
areHThl ¥ 3) COEOVHEHHs, XOTOpBIE M3-3a
CBOETO CXOACTBA ¢ HOPMAaNlbHBIMU OCHOBa-
Husimu JIHK Moryt noaMensTs ux B Mone-
KyJie (puc. 30-5).

Asomucmasn kucaoma, oOpa3yroLLascs U3
OpraHM4ecKUX TNpealIeCTBEHHUKOB, HaTpH-
Mep U3 HUTPO3aMHHOB, a TaKXKe U3 HUTPU-
TOB U HHUTPATOB, Npeactasisier coboi co-
€nvHeHye, cnocobHoe OveHb 3IPPEeKTUBHO
yOAIATE aMHHOIPYNNLL YUMo3uta, adeHuHa
u zyanuna (puc. 30-6). AsoTucTas Kucnora
CWILHO YCKOPSIET MpOLEcC Ne3aMHHUPOBA-
HHUS LIMTO3MHA, NPUBOASLINA K NOSBICHUEO
B coctaBe JIHK ypaumna; s3tor THO
MOBPEXNEHUH MBI Y)Ke pacCMaTpHUBaIf Bbl-
e, AHaJIOTMMHEIM 06pa3oM, B pe3yJibTate
NEe3aMUHUPOBAHUS TIOA IEHCTBHEM a30TH-

A VlpepsiceTBeHHuKR b B
a1oTHCTOR AlNKuaMpYOLUE Allaniory
KHCAOTH areHT ocliosanuA
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CTOH KHCJIOTHI U3 afieHHHA O0pa3yercs 2u-
nokcawmux, a W3  TyaHWHa —KCAHMUH
(puc. 30-6). Nosipupumecst B JIHK ocrarku
TUIIOKCAHTHHA ¥ KCAHTHHA BHISBIAIOTCS
H YAQTSIOTCS NIPH IOMOUIM crietndprueckux
(epMeHTOB, TOCNE YEro penapalyio Mpo-
nosmkaroT JJHK-nomimepasa 1 u JITHK-nu-
rasa; cyTb 3TOTO NpoOLECca [OKa3aHa Ha
puc. 30-4 Ha npuMepe yoajeHUs] OCTaTKOB
ypauuna. HuTpaTsl ¥ HUTPHTE 000aBIISIFOT
B KayecTBe KOHCEPBAHTOB B K0J16acy, COCH-
CKH M [IpYI¥e MSICHBIE NPONYKThI; OOHAKO
HET €IMHOTO MHEHHS OTHOCHTEJILHO TOrO.
SIBIISIFOTCS JI OHH COBEPILEHHO Oe3BpeqHbI-
MM 151 YeNoBeKa. [lpyrie npealecTseHHN-
KM a30THCTOH KHCJIOTHl ILMPOKO HCIOJIb-
3YIOTCSi B NPOMBILINEHHOCTH.

Onpenenexubie ocHoBanus B JIHK moryt
NOABEPraThCsl H3MEHEHHSIM TOJ, 1eHCTBUEM
aJIKWJINPYIOLUMX aT€HTOB; HATpUMEp, AUME-
Tuncynsdat (puc. 30-5), o6nanaroumit ebi-
COKOMH peaKLIMOHHOM CIIOCOOHOCTHLIO, METH-
IMpyeT OCTATKM ryaHuHa. B pedynbrate
obpazyercss O-metunryanud (puc. 30-7),
KOTOPLI1 He CIOCOOEH CapuBaThLCs € O0bIY-
HBIM MapTHEPOM IyaHWHAa LUHTO3MHOM. Kak
y OakTepuy, TaK ¥ B XHUBOTHBIX TKaHSIX
nMeroTesl epMeHTEI, KoTopble crneuuduve-
ck¥ ynassitoT O-MEeTUIITYaHyH U 3aMEHSIOT
€ro Ha HOpMaJibHbIH ryanuH. U B atoM coty-
Ya€ pemapaiys OCYUIECTBIISETCS NO MeXa-
HU3MY «pa3pesan ~ 3a1aTal —3alui,
CXOHOMY € TE€M, KOTOpbIi MNoKa3aH Ha
puc. 30-4.

Briio 06HapykeHO MHOXECTBO OPYIUX
BapuanToB penapauny JAHK, Ho ¥ npuse-
IEHHBIX MPUMEPOB NOCTATOYHO, YTOOHI MO-

Puc. 30-5. HexOTOpbie XHMHYECKHE ATEHThL, CNIO-
coGHble WIMEHATH CTPYKTYPY NYPMHOBBIX MM NK-
pumuanHOBbIX ocHoBaunit JIHK. Takue coennue-
HMS HA3BLIBAIO ICH MYTAT€HAMH. OCKONLKY Nocnea-
CTBUS MX NEHCTBHMS, ECIH OHM HE MCOPABJICHB!, MO-
IYT BLI3BATH NOCTOSHHBIE HACKENYEMBIE H3MeHe-
uns. A. HanbGonee akTHBHBIR fe3aMMHUPY FOILMH
aredT — a30THCTas KMCNoTd, KOTOpas MOXeT obpa-
30BLIBATHCS W3 PA3JIMYHBIX TTPEULLECTBEHHUKOB. b,
ATKHUIMPYIOLLHE areHTH BO3eCTBYIOT HA OCHO-
BaHMS, OCYIUECTBIIRA NEPEHOC ANKHUILHON Ipynnbl
Ha peaKlHOHHOCTIOCOGHBIH aTOM KHCIIOpOJa NI
430Td M U3MEHSS TEM CAMbIM KOMIJEMEHTAPHbIE
CBOHCTBA OCHOBAHMSA. B. AHANOIN OCHOB2HKE Bl
3IBEIOT MYTAUMH, 3AMEIlas HOPMAaJIbHbIE OCHOBA~
Hus B npouecce cunrtesa JHK, 410 npuboaut k
HEMpaBHILHOMY CnapHBaHnio oCHoBaHui. Tokcuu-
Hble UM @aHOMaJIbHbIE [PYNNLI NOKA3aHbl KPACHbIM
LBETOM.
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Puc. 30-6. Yeunenne npouecca fie3aMUHHPOBAHUA
ocxopaunit JIHK noa peitcreuem HNO,. Vaanse-
Masi aMMHOFpYNNa OTMe4eHa KPacHbIM LBETOM. R
O3Ha4aeT OCTABINYIOCH YaCTbh Je30kch puboHykeo-
tupa. C yganeHneM aMHHOTPYNN H3IMEHSETCs Crio-
cOBHOCTL OCHOBAHMI K 06Pa30BAHNIO BOAOPOL-
HbIX CBA3eil.
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Puc. 30-7. MeTunupopaHHe ryadHHa (eHONbHaS
¢opma) ¢ NOMOLLbIO 8KTHBHOTO METHIIM PYIOLIErO
areHra. B pesyyibTaTe METHIIMPOBAHKA M3MEHSET-
cs1 cnocobHOCTL TYaHHHA K NPABUILHOMY COapu-
BaHMIO C KOMIUIEMEHTEPHBIM OCHOBAHHEM, YTO
NPHBOJMT K BOIHUKHOBEHHIO OLUHGOYHON napsl
OCHOBaHHH.

Ka3aTh, KaK crielHuecKie penapypyroiue
(hepMEHTELI TIOMOTAKOT COXPAHATL WICHTHY-
HOCTH XpOMOCOM M3 KaXJIOro BHIa opra-
HU3MOB. B KIETKax MpHUCYTCTBYET MHOTO
(epMEHTOB, COCOOHBIX HCpaBIsiTL
noepexaenvs B JIHK, onnako net ¢epmen-
TOB, KOTOpple MOrnM Ol penapupoBaThb
nospexaendyro PHK. Tlo-BuauMomy, 31O
MOXHO TNONBITATLCA OOBACHUTL TEM, YTO
COXpaHeHHe HYKJICOTHIHOH MoC/enosa-
temsuoctd JHK kusHenno HeoOxomnmo
JUIsi COXpaHeHHsl BCEro BHJa, TOrAa Kak Co-
XpaHeHHe HYKIEOTHIHOH HOCIenoBaTeNb-
Hocti PHK cymecTBeHHO JIMIUL 11 TOM
KJIETKH, B KOTOpPO# OKa3zanach NOBPeXAcH-
Hasi WM HENpaBUILHO CHHTE3WpOBaHHAA
monekyna PHK.

30.5. i3mMeHeHne OIHOH napbl
OCHOBAHHH BbI3BIBAET
TOYKOBYH) MYTAalMI0O

Hecmotps Ha 3¢pexk THBHOCTL MExaHH3-
moB koppekumu ¥ penapauuu JITHK, uacte
NOBPEXIEHHH WK OLMOOK mpH pennvka-
unn JIHK ocraercs BCce ke HEMCNpaBIIEH-
HOIi. DTO B CBOIO Ouepeab NPUBOAUT K U3-
MEHEHHsIM B r€HOMEe OpraHu3Ma, KOTOpble
MOTYT COXpaHAThCA M Hacnenopathes. ITo-
CTOSIHHLIE W3MEHEHMs], TEpenarolmecs Mo
HACNECTBY B NPOLIECCE PETLTHKALIMY, HA3bI-
BAKOTCSl Mymayuamu.

MyTtanmy, oOyclIOBJleHHbIe  3ameHOH
OIHOTO-€IMHCTBEHHOTO OCHOBAHMS, HA3bI-
BAaFOTCSl MyTalWsMU 3amewenus. Ilpu Ta-
KOM MyTaluy U3MEHEHHE TIPOUCXOANT JIHLLD
B OIHOM KOZIOHE 3aTpOHyTOro reHa. Crneno-
BATENbHO, NOAOOHAsT MyTallMsi MOXET BbI-
paXaThCs B 3aMEHE ONIHOM AMMHOKHCIOTHI
Ha [IPYTyIO B TOJIMNENTUIAE, KOAMPYEMOM
9THM TI€HOM, TOIa KaK IOCNEeOOBATENb-
HOCTb AMUHOKHCIIOT B MOJIMAENTHIE MOXET
COXpaHATLCA. TIpyMepH TOYKOBHIX MyTa-
UMl #  MX NOCHEACTBMH  NPHBENCHBI
B Tabn. 30-1. YacTo 3amMeHa OqHOH aMuHO-
KHCJIOTHI Ha APYTYIO HE NPUBOOUT K 3HAUM-
TEJIbHLIM W3MCHEHUSM B  OHOJIOTMYECKHX
CBOICTBAaX NpPOAYKTA TPaHCIALMHY —Oelnka.
Takue 3aMeHBl HA3BIBAIOT «MOAYAUUMUN»
mymayuamu. B Ipyrux ske ciydasx same-
HEHHasi AMWHOKHCJIOTA MOXET OKa3aThbCst
OveHb BaXxHOM, U 6e3 Hee OeJIOK OKa3bIBAET-
€ TONHOCTbIO JIHHIEHHBIM COCOOHOCTH
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Tabauya 30-1. Bnnsnue HEKOTOPHIX THHNOTETHHMECKHX TOMKOBBIX MYTALMi 3amellleMus Ha Guono-
THYECKYIO aKTMBHOCTB KOHEUHOro 6esikoBOTO nponykta

Myrtanus Tpunaer auxoro N3mMeHennbit
THIA TpHmneT

3ameHa opHoro oOcHoBaHus, He MaTtpuma JHK (3')-GGT-(5") -GGA -
npUBoIAllas K u3MeHenusm B Kogon PHK (5"1-CCA-(3") -CQU -
aMHUHOKHCIIOTHOM nocienoBa-  AMMHOKHCIIOTA _.-m_ - -
TeJBHOCTH: «MoOJHalllas» MyTa-
uus

3aMeHa OUHOIO OCHOBaHMf, [pH- (3')-TAA-(5') ~GAA-
BOOSILIAR K 3IaMEHE aMWHOKWC- (5')-AUU-(3") -CUU-

JIOTBI, KOTOpas MOXeT He [o-
BJIMATL Ha OWoJIOruueckyro ak-
THBHOCTL 6€fika, MOCKOJIBKY H3-
MEHeHHast aMWHOKHMCJIOTa HAaxXo-
JUTCS HE B KPUTHYECKOM MecTe
Genka ¥ K ToMmy Xe HAanoOMH-
HAET HOPMANILHYEO aMHHOKHCIIO-
Ty, TOXE «MOJHAILAS» MYTaLHs
JleranbHas ToukOBas MyTaLMd 3a-
MellleHHsl, 0pH KoTopol Heobxo-
JuMBII 1A nposiBnenus dhepMen-
TaTHBHOH AaKTHBHOCTH OCTATOK
CEpHHA 3aMeHseTCst Ha (enuaa-
HHUH, YTO MNpUBOOMT K obOpaso-
BaHWUIO HEAKTHBHOTo epmenTa
MyTanus, HeNOJHOCTBKY TIOHAR-
Tarowtas GhyHKLHIO, P KoTopoit
3aMeHa AMMHOKHCIOTBI [IPMBO-
IUT K obpa3opaHuio Gejka, 4ac-
THHHO COXpaHsoLLero cBoro dep-
MEHTATHBHYIO aKTHBHOCTH
FunoteTyeckas GnaronpHsTHas
MyTauMs, Opx KOTopol 3aMena
aMIHOKHKCIIOTH TIPUBOAMT Kk 005
pasoBaHuto Genka c¢ yRnywLieH-
Holi  OMosmoruyeckolf  aKkTHB-
HOCTBIO, HAKOIIEH MYTaHTHOMY
Opranu3My kakoe-nMGo Ipeumy-
LIeCTBO; NMpencKalaTs Gmaronpu-
ATHYIO 3aMEHMy aMHHOKHCIIOThI
HEBO3IMOXHO

(3')-AGA—(5")
{5')-UCU-(3)

el

~AAA-—
-Uuu-

—CCT-
—GGA—

_ -

(37-CCT—(5")
(5"-GCA—(3')

_._.

-TCC-
-AGG—

Are] -

(3)-TTC—(5")
(5)-AAG-(3")

__

BBIMOJIHATH CBOKO HOPMAJIbLHYIO GHONOrMYe-
ckyro dyHxumio. Takue MyTauny uacto 6bi-
BAKOT JIETAILHBIMH 11 KJIeTOK. Hanpumep,
TOYKOBAs MyTauuss B KOmoHe cneuudmye-
CKOrO OCTATKa CepPHHA, ABJIIOLIErOCH BaX-
Hef1uMM KOMIIOHEHTOM aKTHBHOTO LIEHTDPd
depmenTa (rpynny Takux GepMEHTOB Ha3kl-
BAKOT CEPUHOBBIMM  depMEHTAMH; CM.
pasa. 9.12; ta6n. 30-1), npuBoaut Kk non-
HOH noTtepe akTMBHOCTH 3TOTO (hepmenTa.
Ecnm 3TtoT depmenT ywacTByeT B peakumsx

rJ1aBHOIO MeTaboJIMECKOro Ny TH, TO TaKas
MYTAUUsi MOXET CTaTh JIETANILHOM,
Moxer TakKe CIyuuTECS, YTO, HECMOTpS
Ha NpOHCILICOIIYID JamMelry AMHHOKHCIIOTEI,
MYTA4HTHBIH OE/IOK COXpaHUT CrOCOBHOCTS
BLINOJIHSITL CBOKO (PYHKLIMIO, HO OydeT OT-
JIU4MATHCS OT HOPMANILHOTO OENKa MO CBOMM
CBOMCTBAM U TOTOMY OKaXETCSl HE CTOJb
ek THBHEIM, Kax HOpMaJibHbll Oesok.
Hanpumep, ecin myTauun noasepres gep-
MEHT, TO OH MOXET UMETL Gosee BBICOKOE
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3nayenne KM, Gonee Huskoe 3nauenne V,,,
WM M TO M JpYroe OfHOBpEMEHHO. My-
TaHTBL, KOTOPbIE CHHTE3UPYIOT TAKHE H3Me-
HEHHBIE, HO BCE X€ YaCTHYHO (PYHKIMOHM-
pyroue OeskH, Ha3bIBAIOTCA Mymanmamu
¢ Henoaxocmvio nodasaenHoll hyHryueil,
um leaky-mymanmamu (1abn. 30-1). Uuor-
[a B pe3ynbTaTe MyTalUMH NOJMNENTHIHLI
MPOAYKT IeHa MOXXET CTATh JIy4Ille NPHCIO-
COONEHHEIM K BBINOJIHEHUIO CBOE# (PYHKIIMM
B TeX OCOORIX yCJIOBHsIX, B KOTOPEBIE NOna

OpraHnu3Mm. Taxue MyTauu JarT nOTOM- .

CTBY npenMyiecTBa B 6oprbe 3a cylecTBo-
BaHME, ¥ CEpHsl COOTBETCTBYIOILIMX MyTaLIvit
MOXeT IpPHBECTH K MNOSMBIEHHIO HOBOIO
BUJIA.

ToukoBBIE MyTalMH 38MELIEHHUsI COCTAB-
JEIOT JIMIIL MaJIyro 4acTh MyTauuil, xapak-
Tepubix nns Gaxtepmif. Bonee MHOroumc-
JIeHHbIMHA B 6o0nee ONacHBIMH IJIA KJIETOK
SIBNIAIOTCA MYTAalLIUH, CBA3AHHEIE C 6CMA6Ka-
Mu 4 Oeseyuamu HyKJIEOTHIOB.

30.6. BcraBkn M aeselmu
HYKJICOTH/IOB BLI3LIBAIOT MYTAIHH
CO COBHTOM paMKH

Ecn Mytanus obycnoBnesa BCTaBKOM
MM penermell OnHol HykNeOTHIHOM napel
B relie, TO IPH 3TOM MOTYT NPONCXOINTh
6onee rny6okHe reHeTHHeCKHe IOBpEXIe-
HHMA, YEM B CJy4ae 3a8MCHLI OCHOBaHHS.
CrnenctereM nonobuoi myraunu 6yner Ha-
pyLLIeHNe HOPMaJTbHOTO COOTBETCTBHSA MEX-
ny kogpoHamu B JIHK ¥ aMuHOKHCIIOTAMHM
B KOZMpyeMOM noynenTyne. Hapymenus
HAYHYTCH € TOH TOYKH, B KOTOpOH NOSBH-
Jlach WJIM MCYE3Nia Napa OCHOBaHH, mo-
CKONBKY HMEHHO B 3TOM MECTE BO3HHKAET
cneur paMky cunteiBanus JTHK. B pesyms-
TaTe NOJMIENTHAHBLIE HpooykT Oyner
HMMETb NPaBHIbHYIO aMHHOKHCJIOTHYHO IO-
CJ1eIOBATEILHOCTE BILIOTh 10 TOYKH MyTa-
1IMH, 4 Jajlee aMHHOKHCJIOTHAS MOCNENO0Ba-
TENLHOCTL OyNeT COBEpIIEHHO MCKaKeHa
(puc. 30-8). Myrauup cO CHBHIOM paMKH
YaCTO NPUBOAAT K INOABJICHHIO BHY TPEHHETO
TEPMUHHPYIOLLETO KOOOHA, BHI3BIBAIOILETO
NpPeXIEBPEMEHHOE NPEKPAILEHNE CHHTE3a
NOJiMNenTyIa ¥ o6pa3oBaHNe YKOPOUEHHO-
ro nponykra. Ilonasnsroiiee GonbHHCTBO
TOYKOBBIX MyTalu¥i cO CIOBHIOM pPaMKH
NpHBOANT K obpa3oBaHMIo OHONOrHYecKu
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Puc. 30-8. MyTaunu co CIBHIOM PaMKH BbI3bIBA-
10TCst nesieunedt MM BCTRBKOA OCHOBAHMS (noka3a-
MBI KpacHEIMM cTpesikaMu). Hauuuas ¢ xopowa, B
KOTOPOM NOTEPSHO UM NpUobpeTeHo ocHOpanKe,
AMUHOKUCIIOTHAS TIOCJIEAOBATEILHOCTL fyaeT noJ-
HOCTBIO HCKaXeHa (M306pakeHa KPaCHEIM LBETOM).
BosbnHCTRO MyTaLm! CO CIBUTOM pAMKH Jie-
TAJTbHBL

HEAKTHBHEIX T€HHLIX IIPOIYKTOB.

Hrorna onHa MyTalns co CABHIOM paM-
KH MOXeT OBITh KOMIICHCHMpOBaHa APyToi
Takoi xe Mytauue#l. Ecri nepBas M3 aTHX
MyTalui Bel3BaHa NoTepelt 0nHoM napk oc-
HOBaHMii, TO BTOpasi MyTalMs B TOM e
rege, oOycnoBneHHag npHOGpeTeHHEM
OIHOH napel OCHOBAHMI M PACTIOJIOKEHHAA
BClel 3a MepBoi MyTauueil, IO3BOJIMT BOC-
CTAHOBHTE NpABHIILHYIO PaMKy CYMTHIBA-
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HUSI 1I0CNEA0BATENLHOCTH, Nexarrel 3a To4-
Koii BTOpO# MyTanmu. B Ttakom ciyvae
BTOpasi MYyTalUsi CylIpecCUpyeT, T.€. MO-
NaBJISET NPOsBIICHNE NIEPBOH, ¥ IOTOMY Ha-
3pIBaeTCsl  cynmpeccoproii. HWHOrma, xots
¥ KpaiiHe pEAKO, TEpSETCs MIM NpHobpe-
TAETCS rPpynna 13 Tpex CIEeAYIOLHX ApYr 3a
IpyroM ocuoBanuii. Ilpy atom B o6pasyro-
LIEMCS MOJIMIIENTUIHOM NpONyKTE B JaH-
HOM TOYKE OKaxercs NpOMYIIEeHHOH (Uiu,
HA00OpOT, [OMONHMTENLHOM) Kakas-To
aMWHOKHMCIIOTA, TOTa KakK BCs OCTajlbHas
aMHHOKHCIIOTHAs NMOCIENOBATENLHOCTL Oy-
Ier npaBWIbHOM. Takue MyTauuu OOBMHO
HE NPpUHOCAT ocoboro Bpeda. Myrtauuu co
CABHIOM paMKH, CYNpeCCOPHble MyTaLUH
¥ MyTalUy OTHOBPEMEHHO O TPEM OCHOBa-
HHSAIM CHITpaliH B CBOE BpPeMs BaXXHYEO pOJb
B YCTaHOBJIEHMM TPHUILIETHOCTH TEHETH4E-
CKOTO KOJa.

X

oz
N

Puc. 30-9. AkpHAaHH — MyTareH, BLIJBIBAIOLLMA My-
TalHK CO C/IBHIOM paMku. Monexyna akpuanHa
nockas, M ee KOJIbLEBas CTPYKTypa OTHacTh Ha-
NOMMHAET Ny PHHOBOE OCHOBaHME. AKPHIMH
BCTPANBALTCA MEX/Y /IByMs COCEIHHMM NapaMK
ocHopanuit [1HK, crnerxa pasasuras ux. Ilpn pen-
Jymkaimy JJHK B HOBYIO Lienbk HANPOTHB aKPHIMHA
BKJIFOYAETCA [IOTIOJIHNTENILHOE OCHOBAHNME,

MyTanuu co cgBUroM paMKH MOTYT WH-
OYUVpPOBATbCSI HEKOTOPbIMH  GOMNBIINMM
MJIOCKUMH MOJIEKYJIAMH, KOTOPLIE MOXOXH
Ha OOBMHBIE OCHOBAHHA MM Ha naphbl OCHO-
pauuit. Taxue MONEKyNIbI CIOCOOHDB! uHmep-
Kasuposamb (T.€. BCTPaHUBATHLCS) MEXAY
IBYMS COCENHMMH §apaMH OCHOBAaHHH,
B pesynsrtate yero B JIHK nosenaercs no-
NOJIHNTENLHOE ocHopaHue. Ilpu persmka-
LMM TAKOM M3MEHEHHOH LEny B IOMEPHIOKO
LEb B pe3ynbTaTe ONOOYHOro cnapupa-
HUS ¢ HHTEPKAJIHPOBAHHON MOJNEKyIoi Mo-
XET BCTPOHMTLCH JOTOJIHATEILHOE OCHOBA-
Hye. K Tak¥m MHTEpKaIMpPYyOUMM MyTare-
HaM OTHOCHUTCS, B YacTHOCTH, OKPUOUH
(puc. 30-9).
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30.7. MyTtauus—310
caydaiiHble, peKne COOLITHA
B KM3HH HHIMBMIYYMOB

MyTauu B peasibHOHW XW3HH MHOVBM-
IyaJbHOTO OpraHu3Ma —CoObITHSI BecbMa
peakue. BepofiTHOCTL TOTO, YTO B TEYEHUE
#HU3HM ofHOHN kneTtku E. coli npousoiiner
MyTanust, coctagnsier 10 ~ %, Jlns knerky ue-
JIOBEKA TAKas BEPOSTHOCTD BhbILIE — MOpsAKa
10~ %; oTa BenmyMHa OLINA paccunTaHa, MC-
XOJISi U3 MACTOThI BCTPEYAEMOCTH 2emodiu-
Auu—reHeTHveckol Oomne3HH, B OCHOBE KO-
TOPOH IIEXUT HapyllleHHe MeXaHu3Ma
CBEPTHLIBAHWS KpPOBY, NPUBOOSIIEE K [IH-
TEJILHBLIM KpOBOTeueHUsIM. I'eModmsins Obl-
Ja OOHMM W3 NEPBbLIX HACNEACTBEHHLIX 3a-
OoneBaHuii 4enopeka, MpUPOLy KOTOPOTO
yoajaocs noHsTh. Knaccuueckuit mpumep
atoro 3aboNeBaHUs npeAcTaBliiseT CoOOMH
reMO(UINS B CEMbE aHTIMHCKOH KOPOIEBbI
Buktopun. OHa ObLia npocnexeHa B Tpex
TIOKOIICHUSX €€ TIOTOMKOB, MPUHAIENATLUX
K KOpOIeBCKUM ceMbsiM Anrmuw, [Tpyccum,
Hcnauny, I'penunt 1 Poccnn. V' yenoseka
Hapsily € «MOI4aummmu», Oe3Bpe/HBIMU
Uy OJ1arONpUATHLIMY MYTalUsiIMH, HE Bbl-
3BIBAOIINMH OCIIOXHEHHH, BO3MOXXHbI MY-
Taluy, NpUBOJSILKE K T'EHETHYECKM Haclle-
IyeMbIM paccTpoiCTBaM, KOTOpblE OpO-
SIBJIAEOTCA B HapyLUEHWSIX HOPMaJIbHBIX
¢yukunit  opranmszma. K  HacTosiueMy
BpeMeH! Y 4EJIOBeKa HaMOEHB! MYTALHNH
npumepHO B 2500 pa3MyHBIX reHax; MHO-
TUEe Y3 HUX MO0 yXyQIIAKT Te WIIM WHbiE
dyHkuuy, MO0 NpUBOAAT B KOHEYHOM CHE-
Te K JleTaJbHOMY ucxoay. OcTanmbHbie reHb!
YeJIOBEKa, MMOABEPKECHHbIE MyTallMAM, Opel-
CTOMT OOHapyXuTb. O4eBUIHO, HYHCIIO
BLISBJIEHHBIX HACNEACTBEHHBX 3a0oneBa-
HHIi yestoBeKa OynmeT BO3pacTaTh NO Mepe
NIOSIBJIEHHS] METOIOB, CIOCOOHBIX PETUCTPH-
posaTh noclienctbus Mytanui. Hacnen-
CTBeHHbIe OONE3HH CTABAT nepex OHOXM-
mMuell 1 MEIMIIMHOM MCKIEOYHTENBLHO BaX-
HYKO 3ajJadyy 0o MX Ppacno3HaBaHHIO
¥ JIeYeHHUFO.

30.8. MHor#e MyTaresbl
BbI3LIBAIOT paK

CraTHCTHYeCKHe [aHHble YOenuTenbHO
CBUIETENLCTBYIOT O TOM, YTO MPOAOIDKH-
TENLHOE BO3ZCHCTBHE HA YEJIOBEKa OINpE/e-
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JIEHHBLIX XHMHYECKHX areHToB (0COGEHHO ec-
JIM OH €XEOHEBHO HMMEET C HHMH [ENO Ha
paboTe) NpHBOAMT K yBenuuyeHHro 3abone-
paeMOCTH crelubuydeckuMu ¢opmamu pa-
ka. Hanpumep, cpeiv pabounx XxuMu4eCKon
NPOMEILLJIEHHOCTH, HCTIONB3YIOLHUX MM
POU3BOASILMX HadTUIAMHHLL, TOpa3Io 4a-
e, 4yemM B JApYIMX Tpynnax HaceneHus,
BCTPEYAETCS paK MOYEBOTO My3bipsi. He#t-
CTBUTEJILHO, ObIIO NOACYMTAHO, YTO 10 907
3ab0JieBaHMil pakOM y d4elioBeka obyclio-
BJICHO [OEUCTBHEM BpPEOHBIX XUMHUECKHX
¥ (pU3MUECKMX areHTOB, CIOCOOCTBYHOLLMX
TpaHchOpMaLM¥  HOpPMaJILHOM  KIETKH
B 3lI0KauecTBeHHyro. ITo 3TOH npuuuHe
MHOTHME BbICKA3bIBAKOT OecrnoKOHCTBO 10
NOBOJly BO3MOXHOIO KaHLUEPOTEHHOTO 3¢-
(eKTa IPOMBILILIEHHBIX XHMMYECKHX COEOM-
HEHUIA, IUILEBLIX 106aBOK, ABTOMOOUILHBIX
BLIXJIONHBIX Ta30B, KpacuTesiel, cneluH, ne-
KapCTBEHHBIX IpenapaToB, KOCMETHYECKHUX
CPEACTB ¥ NMPOYMX XMMMYECKHX BEILECTB,
C KOTOPbIMH MbI IIOCTOSTHHO CTAJIKMBaEMCS
B NOBCEAHEBHOM *13HK. B HacTof1Ee Bpe-
Msl TIpeNTPUHMMAETCST MHOIO  YCHIIMH,
4TOOLl OLIEHUTH BO3MOXHYIO KaHLIEPOreH-
HOCTb TIEPEUHCIICHHBIX BBILLIC ar€HTOB. 3ana-
4a 3Ta TpyAHasi, OO MOACYUTAHO, YTO ceil-
4ac IS MONY4€HHs] MHOXECTBA Pa3NM4HbIX
NpOAYKTOB MCTONb3YETCs MO MEHbLIEH Me-
pe 50000 xMMHuYECKMX  COEIMHEHHIA.
M xaxpweifi rol MX 4uUCIO BO3pacTaeT Ha
1000 u 6ombine. Cnenyer nmpy 3TOM MMETH
B BHIy, YTO NPOBEPKAa TOKCHMYHOCTH M KaH-
LEPOTE€HHOCTH TOJILKO OJHOTO XMMMYECKO-
TO COEIMHEHUS Ha 3KCIIEPUMEHTANLHBIX KU-
BOTHBIX 3aHUMaeT 2-3 rofa ¥ CTOUT OKOIIO
100000 ponn. Takum obpa3zom, nNpoBepKy
HA XXHMBOTHBIX KaHLepoTleHHoro 3ddekta
BCEX XMMMYECKHX areHTOB, BO3[CHCTBHIO
KOTOpBIX 4€JIOBEK IIOBEPraeTcs Bce B O0JIb-
el CTENEHH, OCYIIECTBHTb MPAaKTHYECKH
HEBO3MOXHO.

ITpocToii TecT Ha KaHUEPOTeHHOCTDb
npemioxumt bproc M ¥ ero coTpyaHu-
ku 3 Kanudopuuiickoro yuusepcuteTa. 3a-
TpaThl Ha HETO HEBEJINKH, H BHLITIONHUTDL €r0
MOXHO MEHEe 4€M 3a JIeHb. B 0CHOBe npen-
JIOXXEHHOTO TECTa NEKUT NPEATNONOXEeHHE,
4TO KaHUEpOTeHHBIE AareHTBl SIBISIFOTCSH
OIHOBPEMEHHO M MyTareHamu. [Ins Tecta
HCIONb3YeTCs ayKcoTPOdHBI N0 TUCTHAN-
HYy MyTaHT WIHPOKO pacrpOCTpaHeHHOM

GakTtepun Salmonella typhimurium. 3ToT My-
TaHT He CocoOeH CHHTE3UPOBAaThL TUCTHAMH
M3-3a TEHETUYECKOTO HaPYLUEHUsT OHOTO U3
depMeHTOB NyTH OHOCHHTE3a ITOH AMHHO-
KUCTOThL. OIHAKO BpeMs OT BPEMEHH B Ta-
KOM ayKCOTPO(HOM 1O THCTUAVHY MyTaHTE
CaMOTIPON3BOJILHO BO3HUKAKOT OOpaTHHIE
MyTalWH, B pe3ylbTaTe KOTOpbIX OakTepus
BHOBb OOpeTaeT WCXOAHYIO CnOCOOHOCTbL
CHHTE3MpOBaTh TMCTHAMH U3 HOpMalbHbIX
NpEAILIECTBCHHUKOB, Takue MyTaHThI JIETKO
OOHApYXHTb, NOCKONLKY OHU MOTYT pacT#
Ha Ccpefle, CoiepXalleil B Kay€CTBe UCTOYHH-
Ka a30Ta aMMHaK, a He rCHUCTHAWH
(puc. 30-10). YactoTra 0OpaTHbIX MyTauuit
3aMETHO YBEJIMYHBAETC 0N neicTBHEM
MyTareHoB, ¥ OHA MOXET CIYXXHUTb KpHUTe-
pHEM OTHOCHUTEJILHOH MyTareHHOH 3¢dex-
TUBHOCTH pa3JIMMHbIX COEIMHEHUH, NpOBe-
pAEMBIX Ha KAHUEPOre€HHOCTb. B  3THx
TECTax UCTOJb3YIOT JIMIIEHHYO THCTHAMHA
MUTATENbHYIO Cpeny, B KOTOpyro pobas-
TSIOT 3KCTPAKT M3 MEeYeHH KphIC, comepxa-
umi GepMeHTH IHAOMIA3MATUYECKOrO pe-
TUKYIlymMa, CIIOCOOHBIE TMIPOKCHIMPOBATD
HJTH KaKUM-ITHOO MHBIM NyTEM MPEeBpallaTh
MHOTUE Yy>XEPOJHbIE OPraHUYECKUe Belle-
CrBa B KOHEYHYIO KaHLEpPOTeHHYK (GopMmy.

ITpu nomoww Tecta 3fimca ObLIO HpoBeE-
peHo cBoiue 300 XMMMYECKHX COelMHEHMA,
KaHUEPOTeHHOCTb KOTOpBIX Oblila JAOCTO-
BEPHO YCTAHOBJIEHA paHee B ONbITaX Ha XU-
BOTHbIX. Bonee 90%, u3 HMX OKa3aMCh My-
TareHamu B SakrtepuansHoM Tecte. CTONb
BBICOKasl CTENEHb KOPPEMSLIUY MeXy KaH-
LePOTEHHOCTbI0O U MYTAreHHOCTBLIO CBHJIC-
TEJLCTBYET O TOM, YTO 10 GaKTepHaTLHOMY
TECTY MOXXHO HA[IEXHO NPEACKA3bIBATh KaH-
LeporeHnblii 3¢ dekt. UcnbiTanuio no MeTo-
ny Jiimca Opino noapepruyTo nouta 3000
pa3MYHBIX XUMHYECKHUX COEIMHEHHMT, B TOM
4UCIE NPOMBILTEHHbIE XMMHUKATHL, KOHCEP-
BaHTbl NUILIEBLIX NPOAYKTOB, INECTHLHILI,
BKYCOBble N100aBKM, CUHTETHYECKHE IIOJIU-
Mepbl 1 MOHOMEpBI, a TaKXe KOCMeTH4e-
CKHE CpencTBa. BosbIIMHCTBO 3THX BEILECTB
oKazanuchb mytareHamu. OOHapyXHUNOCh,
Hanpumep. yTo 907, kpacuTeneii s Bonoc,
npoaanubx B CIIA u yxe #cnons30BaHHBIX
JIECTKaMH MUJUTMOHOB JIFOZEH, NpeAcTap-
nsr0T coboit MyTaretbl. ITocne 3Toro co-
CTaB KOCMETHYECKHX NpenapaToB ObuT U3~
MEHEH ¥ YNanocCh JIMILIHTL UX MYTAreHHBIX
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Muraressuas
cpeda,
NULISHHAR
FUCTUINHE

KoJousa obpaTHbIX
MYTEHTOB,
crnocobHbix pECTH B
OTCYTCTBHE M'MCTHAMHA

Auck
(busbTpopasLHOA Gymary,
NpONUTEHHOA MyTareHOM

bk

Puc. 30-10. Tect JiiMca no onpenefenuto kaHue-
pOreHOB, OCHOBAHHBLIN HA UX MyTATEHHON aKkTHB-
HocTH. A. [1pn BripalmBanHK ayKcOTpoHOTO 1O
THCTHAMHY wTamMma Salmonella typhimurium na
cpene, JIMIUEHHO THCTHOMHA, B pesynibrate obpaT-
HBIX MYTaLKH BLIPOCIIO HECKOJIBKO MEJIKMX KOO~
Huil. 5. Ha naeHTusyo nHTaTeNnbRyo cpeay, 3a-
pa)eHHy o TAKHM Xe KONIHY4ECTBOM KieTok, Obul
MOMELLEH IHCK (PuibTpoBansHO# 6ymMaru, nponu-
TaHHLI MyTareHoM (MokalaH KpUCHBIM [IBETOM),
KOTOPBI CH/IbHO NOBLILLAET YACTOTY OOpaTHHIX
MyTauuit 1 COOTBETCTBEHHO HMC10 06paloBaBIUMX-
cs konokui. B 30He, npuneraroueit k aMcky, KoH-
LHEHTPAIHA MyTareHa HacToMbKO BBICOKA, YTO OKa-
3LIBAETCA neTanbHOR s kiaeTok. o Mepe and-
¢ysuu MyTareHa ot LeHTpa k nepudepun Myrarer
pa3baBnsercs, ero KOHUEHTPALMS CT4HOBUTCS Me-
HEE OMacHOM U CO3at0TCs YCNOBUA IS BO3NHEK-
HOBeHHs ofpaTublx MyTauHi. MyTaress! cpaBHu-
BAIOT MO BLI3bIBAEMOMY MMM YBEIIMYEHUIO 4&CTO-
ThI MyTaLMiL

cpo¥icTs. B HacTOsee BpeMst [L1s IPOBEPKH
XHMHYECKHX MPOAYKTOB HAa BO3MOXHYIO
KaHLIEPOTEHHOCTE  LIIMPOKO  TIPHMEH IETCS
HECKOIIBKO pa3Hblx MOAHGMKauuii MeTona
Aitmca.

30.9. I'enb! uacTo
npeTepneBalT peKOMOWHALMIO

Jo HacTosIero MoMeHnra Mbli 00CyXkIa-
JIW TaKMe U3MEHEHUS] EHOB, KOTOPLIE BO3-
HHMKaIOT CaMOINIPOM3BOIILHO, CJIy4aHO Wiu
non aeicTBueM ¢aKkTOpOB OKpyXKaloled
cpenbl. PaccMOTpuM  Temepbh M3IMeHeHHs
B F€HaX ¥ XpOMOCOMaX, MpeaCTaBJIfIOLLIHE
co00ii HOpManbHble COOLITHS B KH3HH
KJIETOK.

Hopmanbuelli  6uonorudeckuii  obmeH
MEX[y TeHaMH Unu OOBbENHHEHHE TEHOB H3
pa3HbIX HCTOYHUKOB ¢ 0Opa3zoBaHneEM H3Me-
HEHHOM XpOMOCOMBI, CTIOCOOHOI 1OCIIE 9TO-
rO pernMLHpPOBaTLCS, TPAHCKPUOHPOBATLCS
Y TPaHC/IMpOBATLCS. HA3LIBAETCH ZeHemuue-
ckoii  pekombunayueii. OHa BCTpeYaeTCs
B pa3Nu4HbIX OUOJIOrMYECKMX CHTYauusX.
Msul yxe AeTanbHO MO3HAKOMMIIMCH C Ofl-
HUM THUIOM T[EHETHYECKOH peKOMOWHa-
UMK —¢ mpanchopmayueii Gaktepuit noa
percteueM  3k3orenHoit JHK, xkoTtopas
HMeENA MECTO B KIACCHYECKOM 3IKCMEPHMEH-
te eepn, Max-fleona u Maxk-Kaptu
(pyc. 27-6). HanoMuuM, 910 B 3TOM 3KCE-
pumente JIHK M3 BHpyneHTHOro urramma
MHEBMOKOKKaA NMOMAfaNa B KIETKH HEBHUPY-
JIEHTHOIO LUTAMMA W TpeBpaiiaja 3TOT
LITAaMM B BUPYJIEHTHbIH. O4EBUIHO, I'€H BH-
PYNEHTHOCTH, npucyTcTBytomwii B JIHK
JOHOPHO# KNETKH, BKIIFOYAETCS B FEHOM pe-
uunueHTHO# wietkn. Takas Tpanchopma-
M GakTepuasibHBIX KJIETOK, peajn3yemas
BCJIEACTBUE PEKOMOMHALMY TE€HOB, MOXET
HabmoaaThCsl HE TOJILKO B J1aGOpaTOpUH,
HO H B €CTECTBEHHBIX YCJIOBHSIX.

JpyraM npoTekarolliM B NpHPOJE nPo-
LLIECCOM  TEHETHHECKOW  peKOMOMHauWH
SBIAETCS Auzozenun. [1pun 3apaxenny Oak-
TEpHALHON KJIETKH ONpeeNeHHBIMU BHa-
mu daros JIHK 3tux daros moryt kosa-
JIEHTHBIM 00pa30M BCTPauBarbCsl B KOJIbLE-
BYFO XPOMOCOMY KJIETKN-XO3SIHHA BMECTO
roro, 4To0OH cpasy npUCTYNUTL K 00pasoba-
HUIO OOYEpHHX (haroBHIX HaCTHL C MOCJie-
AYFOLMM JIU3UCOM KJIETOK, KaK 3TO ObIBacT
B Cllysae oOblMHOW ¢(aropoil uHbexunn.
BeTpousiikcy B xpoMOCOMY  KIETKH-X0351-
HHa, GaroBblii NEHOM MOXET pEIIHUHPO-
BATLCH B €€ COCTaBe B TeueHHE MHOIMX TO-
KOJIEHUH, He TposiBnsist ceGa B OpMe HOBbIX
¢darosbix yactui. OOHAKO CNYCTS HEKOTO-
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OHK dara d
Baxtepuassuas
XPOMOCOMB

l [OHK dara A,

v B L '
nyTen pexoMOMHBIDM;
daropas JHK MoxeT ve
9KCMPECCHPOBATHCR
B TeyeHHe MHOIKX
NOKOABHHNA KAGTKH-XQORMHE

Qerosas JIHK Moxet
9KCNPBCCHPOBATBLR

¢ 00pasoBanHeM HOBHIX
BHPHOHOB, HTO MPHBOINT
X AuTHuecKoR wubexipu

2
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Puc. 30-11. Bcrpausanue [IHK ¢ara A B xpomo-
comy E. coli B HE3IXCpecCHPYEMOM COCTOSHUH,
KOTOpOE MOXET NOAJEPKHBATLCH NOCPEACTBOM
PEN/IMKAUMH B TEYEHHE MHOTUX NOKOJEHHH. B pe-
3yNbTATE HEKOETo COBLITHS, HIPAKOWErO POk
NyCKOBOTO MeXaHH3Ma, BHPYCHbIH [EHOM MOXeT
Ha4aTb IKCOPECCHPOBATLCA ¢ 0Opa3oBaHKeM daro-
BbIX 4aCTHL M NOCTIEAYOLLMM JIKIHCOM KJIETOK.

poe Bpems Kakoe-HHOynn coObiTue mMoxer
BKIFOYUTB» MEXAHU3M 5SKCIIPECCHH STHX
«CTALIMX» (AaroBbIX TEHOB, B Pe3yILTATE Ye-
ro Ha4HeTcs 00pa3oBaHue (aroBbIX YACTHI
¥ HACTYMHAT NH3NWC  KJIETKH-XO35iMHA
(puc. 30-11). ®arn, JHK koTOpBIX MOXET
BCTPavBATLCA B XPOMOCOMY KJIETKU-XO3%i-
MHa Y CYLIECTBOBATL TAM B HEIKNPECCHpYe-
MOM BHJIE, HA3LIBAKOTCS yMepeHHuMU, WIH
ausozenusupyrowumu  pazamu. Hanbonee
W3BeCTHBI ymMepeHHE! dar —3T0 dar A; ero
BKIIIOYeHNEe B XpomocoMy E. coli m3yyeHo
o4eHb oApobHO. CHUTAETCA, YTO TAKOH XKe
THUI TEHETHYECKOW pEKOMOWHALMM WMMeeT
MECTO NpH 3apaxeHHH 4elOBEKa 6uUpycoM
npocmozo zepnecd, KOTOpPbIil BbI3bLIBAET rep-
NETHMECKYIO JIMXOpAIKy, a TAKXKE BOCHAJIE-
HHE ¥ s13BbI TONOBLIX opraHoB. JJHK Bupyca
NpOCTOrO reprieca cnocobHa BCTpanBaThLCs
B F€HOM KIIETOK 4eNOBEKA W HAXOOUTLCH
TaM B 6e3eHCTBHH 10 TEX NOP, NOKA KAKOE-
HHOYIb COOBITHE HE «BKJIFOYUT» MEXAHHU3M

obOpazopanys HH(PEKLMOHHBIX BUPYCHBIX 4a-
CTHIL

Eme omHWM THUMOM T€HETHYECKOH pe-
KOMOWHauUMK  sBAsieTCH  mpaHcOyKyus
(puc. 30-12). Ecnu GakTepuanbHas Knerka
3apaxeHa HekotopeiMu JTHK-conepxau-
My paramu, To HeGObILAS HACTD €€ XPOMO-
COMBI MOXET KOBAJIEHTHO NMPUCOCAUHUTHCA
K ¢arosoit THK, pennuuupoBaThbcs BMECTE
¢ Hell M TakumM 0O0pa3zoM BCTpaMBATHCH
B JHK nouepnux ¢daropsix yacruu. Korpa
TaKVE YaCTHIbI 3apaxaroT APYIYIO KIETKY,
¢daroras [THK nprHOCHT B 3Ty KJIETKY y4ac-
TOK XpOMOCOMBI NepBoit KieTku. TpaHcayk-
uusi (UTO O3HAYaET «NEepEHOC»)—3TO IpH-
pomHbIl mpouecc, Kotopblii B nabopa-
TOPHBIX YC/IOBUSAX WCMONbL3YETCH ISl Kap-
THpOBaHHA OakTEpHAILHBIX XPOMOCOM.

Bupycxas JHK BaKkTepHasbHaR
Baxtepus-fokop
IMetsy, criocoBrbie
K YNaCTHIO B l
TPAHCAYKIMK

2 R
5 &

Juauc

Teitt GaxTepuu-Nokopa,
nepeHoCcHMble harom

Bupychas JHK ¢
FEHAMM M3 KJOTKH
HoHopa

Xpomocoma

KneTke-akuentop

TpeHCAYIBpOBaHH LI
el BCTPAMBAETCH
B %poMocoMy
KABTKU-BKLENTOPS

Puc. 30-12. T'eHeTuyeckas pekoMGHHaLHSA B X0fe
BHPYCHOM TpaHCHYKU#H GaKTepHalibHbIX TEHOB B
PELMOINEHTHYIO KIIETKY.



976 YACTb IV. MEXAHU3MBI TIEPEJAYU NEHETUYECKO# WHOOPMALIMU
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PexomOuHaHTHAR KIeTka,
cofepxauas reHbl H3

e )-xnetku

A

JApyruM mpuMepoM TIeHeTH4eCcKOH pe-
KOMOHHALMH CIIYXHT KOHslozayus 6Guxme-
puii. O6b1vHO HaKTEPUM PA3MHOXAKOTCS Be-
TeTATUBHBIM NyTEM, C NOMOLIbIO MPOCTOrO
pocta u aeneHus. ONHAKO y HEKOTOPBIX BH-
0B DaKTepuil BpeMsl OT BPEMEHH NMPOUCXO-
JIUT MOJIOBas KOHBIOTauMs. B npouecce Ta-
KOW KOHBIOTALMH 4YACThL OJHOI W3 1neneM
(MM BCA 1EMB) XPOMOCOMBI JIOHOPHOU
KJIETKH NepeHOCUTCH Yepes3 MiUTh — AJIMHHBIH
COENMHWUTEIbHBIH KaHal— B PEUMITHEHTHYO
KJIETKY TOro e BuAa (puc. 30-13). oHop-
Has kJeTka o6o3naqaercs kak Ft- nimm (+ )
KJIETKa, TaK KaK OHa HECEeT MNOJIOBOM
¢daktop F; peunnuentHas KjieTka, He coaep-
xaiuas F-¢aktopa. HasbiBaeTcs (— )- KiueT-
Koil. B pe3ynbTaTe NOJIOBOH KOHBIOTanMH
peuMnueHTHas KJeTka IHpuobperaer He-
CKOJILKO HOBBIX T€HOB, KOTOpBIE BCTpau-

5 1

MKM

Puc. 30-13. A. INepeHoc u pekoMGruatus reHos B
npotlecce xonbroraunyu Gakrepuir. JHK (+)-xner-
KU PEMITMUMPYETCH MO MEXAHU3MY «KaTHIIETOCs
KONbL@», U 06pa3ylolascs ONMHOYHASR LeMb, CO-
nepxaillast paktop F, BBOOMTCS B (— }KkTeTky. b.
JnexkTponHas MukpodoTorpadus KOHBIOTHPYEO-
wmx knetok E. coli. (+)-Knetka, pacnosnoxennas
B BepxHeii 4acTh MukpodoTorpadus, coennHeHa

¢ (— )-x1eTKOM € MOMOLUBEY OMNOIro IJIMHHOTO M-
%,

BAlOTCA B €€ XPOMOCOMY.

V 3ykapMOTHYECKHX OPTaHW3MOB I€HETH-
HecKas pEeKOMOHHaLMS  OCylLLeCTBIISETCH
NpH MOJIOBOM CIIMAHMM AHUEKIIETKH W Cliep-
MaTo30Maa: MOSBJAKOLIMECS B NMOTOMCTBE
KJIETKW CO/AEPHKAT JOHYEPHHE XPOMOCOMBIL,
COCTOSIIME U3 ONpeIeNIEHHBIX TeHOB 0DeUx
pOIMTENILCKMX  XpOMOCOM  (puc. 30-14).
B 3T1OM mipouecce XpOMOCOMBI CrEPMATO-
30M/1a M SHLIEKIIETKH PACLIEIUIAIOTCA B rO-
MONOTUYHBIX TOUKAX, & 3aTEM KYCKH XPOMO-
COM ABYX POOMTENBCKMX KJIETOK OOMEHU-
BAalOTCA CBOMMHM TEHAMM H COENMHAIOTCH
¢ 0Opa3oBaHHEeM HOBBIX KOMOWHALMH Ie-
HOB. B pe3ysibTaTe NOTOMCTBO CJIMBIIMXCSH
KJieToK obnanaer koMbuHaumeil deHoTHNH-
4eCKMX MPU3HAKOB, NPUHANJIEXKABIUKHX 060~
HM poauTeNaM. 3TOT NPUPOAHEIA MpOLEece
pacuiernienus, COOPKH U COeIMHEHHS TEHOB
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Puc. 30-14. CxemaTtnueckoe niobpaxkeHue pekoM-
GHHALIMK IeHOB MEXY JBYMs TOMOJIOMHYHLIMU
poauTensckumu [JHK [onu nokaszansl va puc. (A)
KPACHBIM M YEPHBIM LBETOM ], COT/IACHO MOENH
«O[IHOLETIONEYHOTO Nepeksoueus». Onna uenb
kaxpoit w3 [IHK pacwennsercs (B). «nepexnioda-
etca» Ha apyryro JITHK (B, I') u npucoenunsercs

K MPOTHBONIONIOXKHOH paciuenennoi uenu ().
O6Men uensmu Mexay monexynamu JJHK pac-
MpocTpanseTcs BAOJik xpoMocomsl (E) no onpene-
JIEHHOMH TOYKH, B KOTOPOH BHOBb IPOMCXOAMT pac-
wennenue uened (K) u vx obpaTHoe «nepekiito-
yeHHe» (3), T.e. pekoMbuHaLMR 3aBepIUAETCS.

¥ HAOOPOB IreHOB B XOie TIOJIOBOH KOHBEOTa~
UMM 3YKapuOT IPOTEKAEeT C BBICOKOH TOY~
HOCTBIO, 6€3 HapyllleHUs] paMKH CYMTbIBa-
HUA M CHrHaJIbHBIX MOCNienoBaTelbHOCTEN
B JIHK.

30.10. V4acTkH XpOoMOCOMBI
4ACTO NepemMelliaroTcsH

XpoMOcOMbl MOTYT NpeTeplieBaTh pas-
HOTO poma OHOJIOTHYECKHE H3MeHEeHHs..
C noMouipr OHOXWMHMYECKHX W TeHETHYe-
CKMX METOMOB IIOKA3aHO, YTO OTHAEJIbHLIE
reHbl WM TPYMIbl TEHOB NPOKAPHOTHYECKHX
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U 3YKapUOTHIECKHX XPOMOCOM 4acTo TIOKH-
JIat0T CBOKO MCXOIHYIO TIO3HLIMIO U MepeMe-
{I[ar0TCA B KAKOe-HHOYNbL IPYTOe MeCTO re-
HOMa. TakMe IOOBIXHBIE TeHETHYECKHE
3JIEMEHTHl Ha3BIBAKOTCH nepemMeujuroujumu-
Cs 3NeMenmdMmu, VIV mpaucnosonumu (0T
aHri. transpose—rpepemeinats). Cnoco6-
HOCTb TPAHCIIO30HOB BCTpaWBaThLCH B pa3-
smuHble yyacTkd JIHK o6ycnosiiena kopot-
KHMH OTpe3KaMH Ha oOOMX KOHN@x TpaHc-
NMO30Ha, KOTOpble HAa3bIBAKOTCH UHCep-
YUOHHBIMU  NOCA008UMEAbHOCMAMU,  WITH
IS-3nemenmamu (puc. 30-15). TpaHcnosoH
U JIBE €r0 MHCEPIMOHHbIE NOCNeRoBaTeb-
HOCTH, KOTOpble COHmepXaT OGpaieHHbIe

MecTto
BeTpauBarus  Petvnuentnas [IHK
2 |
+
L M ] Trancroson
e o
WncepumonHble -~ ~
NOC.1e0BATE NLHOCTH Mobuabitte reitb
na oboux koHuax

C s
%{_}

Berpoennbiii
TPAHCNO30H

Puc. 30-15. BcTpanbanue Tpancro3oHa B pelH-
nuenThyro JIHK. Ha obonx koHuUax Tpahcro3oHa
pacronoxensl 06pameHtbie BCTpanBaloIIneCs Mo-
cnenosatenbHocTH (IS-anemenTsi).

MOCJIENOBATENLHOCTH  OCHOBaHWM, MOIYT
BHEZIPATBCS B Pa3JIMYHBIE YYACTKH XpOMO-
COM U IJTa3MHJI [P MOMOLM 0co6oit dep-
MEHTHOH CHCTeMBbl, y3HaroLIeH noclenosa-
TEJILHOCTH M TpPHILMBaroied TPaHCNO30H
B HOBOE MecTo. TakuM myTeM reH WIM Ha-
60p reHOB MOXET NepeMeulaTbcs ¢ MecTa
Ha MeCTO B IIpejiesiax OIHOH U TOH ke Xpo-
MOCOMBL, W3 TUTa3MHOLI WK ¢ara B GakTe-
pHaANLHY O XPOMOCOMY JIHOO U3 IJIa3MMIbl
B ¢ar.

30.11. Pa3snooGpa3ne aHTHTes—
ITO pe3y ILTAT NepeMelleHHH
H peKoMOHHAauHH

Onun u3 Hanbonee HeOOLMHBIX THIOB Te-
HETU4ECKOH pekOMOHMHAnMH Haburogaercs
B Nporiecce 0Opa3oBaHUs TeHOB, KOTODbLIE
onpenesintoT CHHTE3 pa3JIHdHbIX AHTHTEN
y TIO3BOHO4YHBIX. AHTHTENIA MUIIM HMMYHO-
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rJIOOYJIMHBI —5TO OeJIKH, TPOIyLHpPYEMBIE
aumdpouuTamMt  (AMMyHOLIMTAMH) 1103BO-
HOYHBIX B OTBET Ha BTOPXKEHHE B OPraHu3M
qy}KEPOAHOH MaKPOMOJIEKYJIBI — aHmu2eHa
(pasn. 6.11). Kaxknpifi TN aHTHreHa crnoco-
OcH CBA3BIBATLCA C MIMMYHOLIUTaMH OTHOTO
cneuubU4eckoro TMIa, BLI3LIBAs POCT H IIE-
JIEHHE 3THX KJIETOK U npuBons Kk obpasopa-
HHIO YHHKaABLHOTO KACHG, T.€. JHHUH MOJI-
HOCTBIO HAEHTHYHBIX KMMyHOUMTOB. Kiet-
KM TAKOIrO KJIOHA BHIPAabaThIBAlOT TOJIBKO
OIMH BUZ UMMYHOMJIODY/IMHOB, cneuuduye-
CKH CBSAI3BIBAIOLIMX TOJILKO TOT aHTUIEH, KO-
TOpbI MHAYyLHMpPOBaJl HX pa3MHOXCHHE.
B pesynbraTte B3auMonelicTBUS aHTHIEHA
¢ aHTUTENOM 0bpaszyeTcs KOMILIEKC, B KOTO-
poM aHTUreH OOBMHO YTpayMBaET CBOKO
OuoONOrHYecKyr0  aKTUBHOCTb, Y IIHBH-
TENBHBIM ABJIAETCA TOT (AKT, YTO YenoBeye-
CKHif OpraHH3M yMeeT CHHTE3HpoBaTs Byk-
BaJIbHO MUJUIMOHB! Pa3HBIX BUIOB aHTUTE,
KaXIbI M3 KOTOPBIX CNOCOOEH CBA3LIBATH-
Cf TOJILKO € OOHMM M3 MMJIJIMOHOB pa3-
JIMYHBIX aHTHTEHOB, BO3NEHCTBHIO KOTOPBIX
OpraBU3M MOXET NONBEPTHYTHCH. AHTHTE-
na obpasyroTcs He TOJBKO MPOTUB GOJb-
IUMHCTBA GEJIKOB PYruX *XUBOTHBIX, OakTe-
pull, BUpYCOB, Mapa3sMTOB U pacCTeHHil, HO
MPaKTUYECKH NPOTUB Jr0GOH Makpomoe-
KyJIbl, aXe HMCKYCCTBEHHOTO MPOHCXOXK e~
HUAL

MoXeTt co3NaTsCs BNEYATIIEHHE, YTO ANs
TOro, YT00BI MMETH BO3MOXHOCTH CUHTE3H-~
poBaTk pa3fIMYHLIE AHTUTENA, KAXOOE M3
KOTOPBIX B3aMMOZEHCTBYET JIMIIbL C ONHUM

Puc. 30-16. CTpykTypa monekynbl autHTena. Mo-
NeKyfna conepxuT ase nierkue (L) v oBe Tskenble
(H) uemny, kaxnas M3 KOTOpbIX RMeeT Baprabens-
Hy1o (V) (kpacuas) n koHcTanThylo (C) o6nacTh
(cepas). KouctanTuele obnacTu Tsxxenblx ueneh
COCTOAT U3 TpeX pa3nMyarolmxcs nomenos Cyl,
Cy2 n Cy3. Monekyna conepxut BonbLuoe 4YHcIo
IHCYSIbOUIHBIX MOCTHKOB H YIIeBOAHBIX OCTaT-
KOB, IPHKPETIEHHBIX K TAKENLIM LiEMnM,

M3 MHOTHX MHJUTHOHOB BO3IMOXHBIX aHTH-
TEHOB, OpPraHW3M HOJDKEH COAEPKATH CO-
OTBETCTBYIOLIEE 4UCJIO PA3HBIX TEHOB ONA
KQXIOTO U3 BO3MOXHBIX aHTHTEJT B OTHCIIb-
Hoctd. Jlonroe BpemMsi 5TO Ka3asioCh HEBe-
pOATHBIM. B sAmpax KIETOK uesioBeka Mpo-
cto Het ctoaeko JIHK, uto6u1 kKonupoBaTh
MWUIMOHEI pa3/IMiHBIX AHTHTE B HOMOJIHE-
HUE KO MHOTHM ThicstuaM OObMHBIX BenkoB,
ONpENENAIOLIMX CTPYKTYpPY, MerabonMam
M MHAMBHAYaJIbHOCTh YEJIOBEYECKOro opra-
HU3Ma.

OTBeT Ha 3Ty 3araaKy Obu1 osyden B pe-
3yJIbTATE MCCIICAOBAHUA CTPYKTYPHI AHTH-
TE€l M INEHOB, KOTOpPblE MX KOAUpPyrT. Ha
puc. 30-16 noka3aHa CTPYKTypa aHTUTEINA,
MOJI. Macca KOTOPOro cocTaBisieT Npubm-
sutensHo 160000. Monekyna antuTena co-
CTOMT U3 IIBYX THAXEJIbIX, T.€. IJIMHHLIX, TO-
JUMNENTHAHLIX Lenedl (mo 446 aMWHOKMC-
JIOTHBIX OCTATKOB B KaXNOH) MU M3 OBYX
JIETKHX, T.€. KOPOTKHX, lielleif (no 214 amu-
HOKHCJIOTHHIX ocTaTkoB). Lleny coenunenn
MEXIYy cobolt MOmEepevuHbLIMM  ITHCYJIb-
GUIHEIMH ~ MOCTMKaMHK; KpPOME  TOrO,
B oDeux nemsx MMeROTCH €lle U BHYTPEH-
Hue—S—S-cBsizn. Kaxnas Tsokenas W ka-
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w1as _Ierkas Lenb coaepxuT obnacTs ¢ He-
H3MEHHOH aMHHOKMCIOTHON [ocnenosa-
TEJLHOCTBR), XapakTepHoM Aans AdaHHOTO
BUA; OHA HA3LIBAETCH KOHCTAHTHOMN, WIIH
C-obnacteio. B xawaoi uUenw HaxoauTcs
Takke BapuabensHas V-obnacts, aMuHO-
KHCJIOTHAS [TOCJIEIOBATENLHOCTE KOTOPOR,
NO-BHANMOMY, PA3JINYHA Y AHTHTEJ Pa3HbIX
Tunos. KoxcranThHas 061acTs TskesibIX me-
neil cOCTOM1 M3 Tpex AOMEHOB, HMEFOLINX
CXOIHEIE aMHHOKHMCIIOTHBLIE TOCTEIoBa-
TeNbHOCTH. MoOJieKya aHTHTENa CONEPHKUT
IBa AHTHIreHCBA3bIBAIOILMX y4acTKa,
KaX/1blii W3 KOTOPbLIX PACIIOJIONEH B YIily-
6ieHHH («kapmaHe») Mex /1y KOHuam# Ba-
puabenbHbix obnacTell TKENOH M JIEIKOM
neneit. MonekynsipHas mModens aHTHTENa
npeacraBneda va puc. 30-17.

Hanuuie B aHTHTENAX KOHCTAHTHHIX
1 BapuabesibHbIXx 0bllacTell yxe N1aBHO HaBe-
7O yveHmIX Ha Mbicib, 9To [ HK, Hanmpa-
BJISIKOLLIAS CMHTE3 JIErKuX lienei, obpasyercs
B pesyJibTaTe CnjaiiCHHra AByX IeéHOB, OHH
W3 KOTODHIX KOAMPYeT BapuabesibHyr 06-
nacTh, a Apyroil - koxcradrHyro. Jloka3a-
TEJILCTBA, NOATBEMKAAOLIME ITO Mpearno-
noxeHue, 6u1yM noJstydennl Cycymy Tonera-
BOW U €ro cOTPYIHHKAMH. KOTOpbIE MOKa3a-
JIM, 4TO TEHbl, KOJAMPYIOILIHE KOHCTAHTHYEO
Y BapHabenbHyo 4acTH JIErKHX 1Eenei OAHo-
ro cneuM)HHecKoro Tuna, CHIBHO COJIH-
wenbl B JIHK mmmyHounroe, Buipabatbi-
Puc. 30-17. Mozens c1pykTypsl HMMyHornoGynu-

Hd, II.CK-'TPOCHH[!R Ha OCHOBAHHH J1aHHBIX peHTIE-
HOCTPYKTYPHOTO dHJAIH L

YuarTox
CBATHBEIHAA
AHTUreHA

Jerswe tenm
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BAOILIMX [AaHHLIH THUI MOJEKYJ, TOrja Kak
B JIHK npyroii nuHHM MMMYHOLIMTOB, HE
cnocobHOU NpOAYIHPOBATh 3TOT THI JIET-
KHX 11enefl, OHM pacrioJIOKEHb! 1afeko apyr
ot apyra. ToHeraBa v COTP. caenaiu BBIBOA,
4TO MMMYHOITHTBl MOTYT BEIOMpaTh y4acT-
ki JHK, komupyroume BapuabensHele 4a-
CTH MOJIEKYJIBl aHTHTENA, 3 pa3HbIX U Ja-
JeKo OTCTOSIMX APYr OT npyra obnacreit
reHoMma KJIeTKH ¥ TepeMellaTh uX B MecTo,
pacroyIOKeHHOe CJIEIOM 3a TeHOM, KOHH-
PYROLLIMM KOHCTAHTHYIO 4aCThb JAHHOFO TH-
na nerkux neneid. [ocne coeminenns reHoB
B ongHo uenoe PHK-nommmepasa moxer
obecrieyuTs CHHTE3 €IHHOH MOJIEKYJIb
MPHK, xomupyrouleit BCIO IIerkyro €Mk,

B pesyabrare JanbHeHIIMx HccienoBa-
Huil BeisicHuiocs, yto JJHK, komupyrowas
papnabenpuble 0DNACTH KAk NErkux, Tak
M TSKENbIX Lenel, COCTOMT M3 [EHOB He-
CKOJIBKHMX THIIOB, KOTOPBIE MOIYT MEHATH
CBOE TIONIOXKEHWE M COGMPATBCA BMECTE
¢ obpa3oBannem pazHOOOPpa3HbLIX KOMOHHA-
it (puc. 30-18). AHK, onpegenaroinas sa-
puabensHuie 0bnacTH aHTHTENl, COCTABIIEHA
NpUOIM3HTEILHO M3 YETBIPEXCOT — pas-
JIMYHBIX supuabeabrbix (V) reHos, nBeHana-
TH T4K Ha3bIBACMBIX 2€HO6 pa3noobpasus
(D-reHbI) 1 HeTbipex coedunume abubix (J) re-
HoB. CoueTaHue 3THX T€HOB B pa3jiMuHBIX
KoMOMHaluAx no3BoJiAeT cocraButsy JHK
6osiee yem ana 20000 wim paxce Gonbiuero
uHclla BapHabenbHLIX oblacteil. M reHm!
B CBOKO OYepellb NpeTepleBaAroT HOTOJHH-
TesIbHBIE W3MEHEHHs B CBOHX HYKJIEOTHAO-

YyarTok
— CBAILIBAHUA
BHTHreHa

- ¥Yraeso/liHe
© rpynne

—= Tusenue yerm
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HBbIX TOCNIEJ0BATEJIBHOCTAX M IPHCOEIH-
HAKOTCS K pasjmHbiM  yvyactkamM JIHK,
KOJIMPYIOLIIUM KOHCTaHTHbIE 06J1acTH, B pe-
3yJbTaTe 4ero obpasyroTcs MUIJUTHOHBI pas-
HBIX FEHOB, OTBETCTBEHHBIX 32 CHHTE3 aHTH-
Tes. MHorve Bonmpockl CHHTE3a AHTHTEN
KOYT €llle CBOETO peIUeHUs, OOHAKO YKe
ceilyac sICHO, ¥TO TIepeMellleHHe U PEKOM-
OuHanus TeHOB WM dacTeil IeHOB—3TO
oueHb 3 dex THBHLIH ¥ TOYHO BOCTIPOM3BO-
ISILLMICS TPOLECC, NPH MOMOLIH KOTOPOro
MMMYHOLIUTEL CHOCOOHH BbIpabaThIBaThL
aHTUTeNla NPOTHB NpPaKTUYECKH JII060iT Ma-
KPOMOJIEKYJTBL

[eHbl W3 pa3’HBIX
IMOB MOMKHO HCKYCCTBEHHBIM
)a30M 00bEeAHHHTD

Mpt paccMOTpeJiM HECKOJIBKO BapHAHTOB
npouecca reHETHYECKOW pekoMOHHaLuH,
peaJu3yIoOLIUXCS B TPUPO/IHBIX YCIIOBHSX

Puc. 30-18. CxeMa noKasblBaeT. kakum obpazom
TEH THKEJOH LENU aHTUTENA MOXeT ObiTh cobpaH
B pe3ynbraTe nepemetleHus revo V, D u J u3
pasHbIX YYaCTKOB T€HOMa; B KOHLE KOHUOB 06pa-
3yeTcs NONHbIH Vy-TeH, coenuuenubiii ¢ Cy-re-
noM. Jatem TpauckpuntT MPHK nonsepracres
MPOLECCHHTY, B XOA€ KOTOPOro YAa/lslTCH CreH-
cepHble y4acTKu U o6pa3yercs 3penas MPHK, ko-
OUpyoLLIas THAXEIyro LeMb.

B KJIeTKax pa3JiniHbiX THNOB. PexomOuHa-
LIMIO TEHOB WJIH HA6OPOB FEHOB MOXHO MpPO-
BECTH TakXXe U B NPOOHpPKe U 1pH 3TOM NO-
NyYUThL HOBHIE KOMOWHalMH TEeHOB. HE
cyllecTByrome B npupone. Hanpumep, u3
IBYX Da3HBIX BU/JOB OPraHU3MOB MOXHO
BbIAEJIMTL TeHbl, KOAWPYIOLLME /Ba pas3-
JIMMHBIX GeJika, COeIMHHUTL UX BMECTE U TO-
JIyYUTh HOBOE COYETaHHWe IeHOB. Takue Mc-
KyccTBeHHble pekoMbuHanTHhie JAHK cny-
AT WCKJIFOYMTENTbHO LEHHBIM WHCTPYMEH-
TOM B FeHETHHECKUX WccnenoBaHusax. Kpo-
M€ TOTO, KAK Mbl YBUIIHM TO3)Xe, OHH MOTYT
KCTOJIB30BAThCA U B NPAKTHYECKHUX HENSX.
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Pa3BuTHE METONIOB BBLIEJIEHHS TEHOB U CO-
e[IMHEHUs WX B HOBBIX COYETAHHNX CTAJIO
rJIaBHBIM OHOXMMHYECKUM IIOCTHXXEHHEM,
OTKPHIBIUMM HOBYIO 3py B TE€HETHYECCKUX
HCCIIeNOBaHUSAX.

O6HapyxeHHe pecTPUKTHPYIOIIMX 3HIO-
HyKJlea3 CTaJlo NIEPBbIM 11arOM Ha IyTH pe-
LIEHUS MPOOJIEMBI MCKYCCTBEHHOH PEKOM-
6uHauuyu reHoB. [1pennosyiokuM, 4TO Mbl
XOTHM COEIMHHTbL BMECTE [IBE NBYXIEMNO-
yeynsle JIHK, BoigeneHHble U3 pa3HbIX Op-
ranu3moB (puc. 30-19). Kaxnyw u3 HuX
B OTHENbHOCTH obpabaTeiBaloT oOnHOH
U TOW XK€ PeCTPUKTHPYIOUIEH 3HIOHYKJIea-
30#i, KoTopas paspbiBaeT 06e nenu JHK
¢ o6pa3oBaHHEM B MecTe pa3pblBa BBHICTY-
MaroWuX KoHnoB (pas3m. 27.24). Honyctum,
y1o B Kaxpod u3 stux JHK ects smum

Puc. 30-19. Ucnonb3oBaHue crielinduueckoit pecr-
PHKTHpYIOLLE 3HIOHYKJIEasbl, KoTopas obpazyeT
B MECTE Pa3phbiBa BLICTYNAIOILME KOHLLL, ONIN pac-
wennenns ayx pasusix JHK (IHK, u [JHK,) u
nojydenns GparMeHToB ANs nocleayrolled pe-
koMmbunanuu. [NockonbKy MHOIMHE pecTPHK THPYIO-
LMe IHAOHYKJIEAa3bl PaCILENIAOT UL cretudu-
yeckue yiacTku JJHK, o6nanaroine ocesoit cum-
MeTpuel BToporo nopsika, obpasyroLiecs JIUI-
KHe KOHIIbl KOMIJIEMEHTAPHBIM 06pa3oM B3auMO-
AeficTBYIOT ¢ KoHuamu ntoboi apyroi [THK, pa3s-
pe3anHOH Toi#i %e camoil IHnOHYKNea3o0il. [1pu oT-
Xure H3 coorsercTByrommx dpparmentos IHK, »
JIHK, MoryT cHoBa 06pa3oBaThCst UCXOAHBIE MO-
JIEKYJIbl HITH ke HoBble pekoMbunaunTusie [IHK,
KaK 7To NnokasaHo na pucynke. KopanenTHoe cui-
Banue PParMeHToOB OCYILECTBIIAETCR MOA AEHCTBH-
em JHK-nurazel

OIMH Yy4YacTOK, y3HaBa€MbIH NaHHOW pe-
crpuktazoit. CrenoBaTellbHO,  HyKJIEO-
THIHBIE TOCJIENOBATEILHOCTH BBHICTYNaro-
LIMX KOHIOB aByx paculenyenHsix JHK
OynyT koMIUIeMeHTapHbl. Eciu Ternepe cMe-
waTth 374 JIHK, HarpeTs ¥ MensieHHO oXJia-
JHUTh, TO UX JIMIIKHE KOHHBI 06pa3yrOT KOM-
TJIeMEeHTapHbIE apbl OCHOBaHWii, B pe3y.Jib-
TaTe 4ero BO3HMKHET HOBasi PeKOMOWHAHT-
Hags JAHK, nenu KOTOpOH UMENOT e€nu-
HuuHble pa3pbiBel (puc. 30-19). I1pu ob6pa-
6otke Takux JIHK THK-nura3oii B npucyt-
CTBUM HCTOYHHKOB 3HEPrHH oOpa3yetcs
HOBas KOBaJIEHTHO CIUMTas PpeKOMOWHAaHT-
Has JHK.

Jpyroit Kmouepoil GepMeHT, LUHPOKO
npuMeHsieMblil s coemuHeHus (parmeH-
toB JIHK,—3T0 TepMuHamnbHas TpaHche-
pa3a, koTOopasi CrocobHa IPUCOENHHATH
k 3’-kouny ueneit [IHK 6onbiuoe yncno cie-
IYIOLIMX OPYr 3a APYTOM INE30KCHPHOOHY-
KJIEOTHIHBIX OCTATKOB. ITOT (epPMEHT He-
crnenudHIEH 4 MOXET UCTIONIb30OBATE B Kaye-
ctBe mnpemuectBenHukoB dATP, dTTP,
dGTP umu dCTP. Tlockoneky nns Iei-
CTBUA TepMHHaJILHOH TpaHchepa3bl He
HY)XHa MaTpHiia, oHa crocobHa nocTpouTh
3'-KoHIIEBbIE NOCIIENOBATE/ILHOCTH, COCTON-
1L11Me U3 HyKJIEOTHIOB ofiHoro Tuna. Cneno-
BaTEJILHO, K 3'-KOHIIaM OHOI U3 nBYXLEMNO-~
yeynoii JTHK moxHo mobasutk poly (G)-
XBOCTEL, a K 3'-koHuaMm apyro#i—poly (C)
XBOCTHL [1OCKOJIbKY Takue XBOCTHI KOMILIIE-
MEHTapHBl OpPYr ApPYry, ¢ HX TIOMOILBIO
moxHo coenunauTs aBe JJHK 3a cuet obpa-
30BaHMS KOMIUIEMEHTAPHBIX Nap MEXIy Oc-
HOBAHHMAMM HX JIMIIKMAX KORLIOB (puc. 30-20);
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3l — 15
IHK, ¢
TYNbIMK KOHLAMH
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dGTP
3= Fa¥
XBOCT XBocT
poly (G) poly ()
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YACTH IV. MEXAHU3MBI NEPEJAYU TEHETMYECKOW WHOOPMALIUU

JAHK
+
dCTP

3 ﬂfﬂ

XBocT
poly (C)

Poly (G)

%oly (C) l

PekombunantHas THK, cobpanHas 3 aByx uacrted,
nofepXMBaeMbiX BMeCTe 3a CUET KOMIMJIEMEHTapHOro
p3aumopelicTeus xpocTos poly (C) u poly (G)

KOBAJIEHTHAs CIUMBKA COEIUHEHHBIX TAKUM
obpazom JHK ocymectBnsercs JHK-nu-
rasom.

C noMolLbIo 3THX ¥ OpYrHX (epMEHTOB
yxke coenuHeHbl MHorve JHK w3 cambix
pa3HbIX HCTOYHUKOB. OOHUM M3 NEPBBIX IO~
CTIDKEHHAIT B 5TOM HanpaplicHHH ObLO
BcrpaupaHue resa pPHK, BeuIeeHHOTO U3
wmopuesoil  nArywku  Xenopus  laevis,
B ruasmuay E. coli. B ppyrom paHHeM skc-
nepumente JJHK o6e3psiHbero Bupyca SV40
(pa3n. 27.29) 6vuia Bcrpoera B JIHK dara
A, T.e. GBI OOBbENNHEHBI XPOMOCOMB! JKH-
BOTHOro ¥ 6akTepransroro supycob. C Tex
nop B 1a60OPaTOPHBIX YCHOBUSX OBLIH MOITY-
YeHb] COTHM PAa3NIMYHBIX HCKYCCTBEHHBIX pe-
koMbunanTHEIX JHK.

30.13. INaasmuasl u dar auambaa
CNYMAT BEKTOPAMH N9 BBeJCHMN
B OaKTepHIO YKEPOOHLIX TeHOB

CrienyrolllMM 3TarnoM B pa3sBUTHU TEXHH-
KU ronyueHms pekom6uHanTHEIX JJHK ObI-
na pa3paboTka crnocoOOB BBENCHUS Yyie-
POOHEIX TE€HOB B KJIETKY-Xo3siMHa. Haubo-
flee pacIpOCTPAHEHHBLIMU HOCHTENIAMH, HC-
TIOMB3YEMBIMU [l BBEOCHUS 4YKEPOOHBIX
resoB B reHoM E. coli, nony4yuBLIMMH Ha3Ba-
Hue BekTopoB, cTamu asmuns! U JIHK da-
ra A [Tnaamunet (paza, 27.15)-3T10 HEGOIB-
e KoJbuesble aByxuenoyeuHsle JHK,

Puc. 30-20. Mcnosnbiosanue TepMURANBHON TpaHo-
¢depasnl nna noctpanbanus kouios JIHK ¢ uensio
obecneyenns ¢pparmentos JHK komnnementap-
HBIMH JIMIKHMH KOHLaMH,

MPUCYTCTBYIOLIHE B LIUTOIIA3ME OOJIBLLIMH-
crBa BUIOB bakTepuit. B kax ol miaszmune
coaepxutcs oT 2000 no 100000 ocHoBaHU#,
MarneHbkMe m1a3MHUIbl MOTYT NPUCYTCTBO-
BaTh B KiieTke B KosmyecTBe 20 u Gonee ko-
nuil; wiasmup Sonee KpyMmHOro pasmepa
B KJIeTKe OpiBaeT ne 6onee 1-2 konuit. Ka-
kpas TUIasMMAA CONEPKMT HECKOJIBKO,
a MHOIA U MHOIO I'€HOB, KOTOphIE pPETUIU-
LUPYIOTCSH, TPAHCKPUOUPYIOTCH U TpaHCIIH-
PYIOTCH HE3IABUCUMO OT XPOMOCOMHBIX Fe-
HOB, HO OAHOBPEMEHHO ¢ HUMM. [1nasmuast
JIETKO BBIAEJMTE U OTACIMTE OT OakTe-
pHAJILHBIX XPOMOCOM, OT KOTOPBIX OHM OT-
NHYAIoTCA 10 PasMepy, HYKJIEOTHIHOMY Co-
CTaBYy M IJIO0THOCTH, I1nasmune! obnanaror
IBYMS 3aMeyaTeNbHBIMM CBOHCTBamu, MO-
JIE3HBIMM [UJIAl TEHETHYECKOTO MAaHUIYJIMPO-
BaHHUsA. Bo-niepBhIX, OHH MOTYT IIEPEHOCUTh-
cfl OT OOHON KJIETKM K OpPYroH M maxe oT
6axTepuu onHOro BMAa K OakTepuM Apyro-
ro. Hanpumep, ecnmu cMemats KIETKH
Salmonella typhimurium ¢ KjJeTkamMH mram-
ma E. coli, yctoltunBoro x NEHUIMINMHY, TO
nepeble MpHOOPETAIOT YCTOHUMBOCTE K TIE-
HHLUMJUTMHY. DTO CBA3aHO C TEM, YTO IpH-
cyrcrByrowmii B 1uasmune E. coli red
YCTOMYMBOCTH K NEHHLMWJIJIMHY, Hasbl-
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paeMblil R-bakTopom, Moxer nepenasatncs
oT knetok E. coli xnerkam S. ryphimurium.
Bropoe cBoOicTBO MnasMua 3aKIIOHAETCH
B TOM, HTO B HHX MOXHO HOCTATO4HO JIETKO
BCTPaWBaTbh 4YyXepPOHHbIE TI'E€HHI, KOTOpblE
3aTeM B KayecTBe «IlacCaXXHPOB» MOTYT
nepeHocHThCH B E. coli M CTAaHOBUTBLCH TaM
YaCTBIO FEHOMA KIIETKH-XO3siMHA.

s mepeHoca uyxepoaHoro reHa B E.
coli MoxHO ucnonp3oBats Takxke JJHK da-
ra A. Eciv pekomGuHantayro JIHK dara 2,
HECYILYFO YY)KEPOAHKIH I'EH, CMeLaTh ¢ beli-
KOM 0605104kH (hara A, T0 06pa3yroTcs U-
deknuonHbie daroBele uacTULE, PH yCIIO-
BHH, KOHEYHO, 410 pekombunanTHas JHK
110 CBOEMY PAa3MEpY He CHIIBHO OTJIHYAeTCH
ot npupoatHoit JJHK dara. 10T cnocob
BBE/ICHHA 1yxepoaHoro reHa B E. coli nyu-
W€  [OpelbULylero,  MNOCKOJbKy  dal
A upe3eblMaitHO 3ddekTHBHO WHOHIIUPYET
KJIETKY-XO35MHa, B TO BPEMs KaK IIa3MHUIbL
MPOHUKAKOT B WHTAKTHYK KkJeTKy E. coli
JIMLIE H3PEOKA. Qar ;‘.. ABJIAETCH YMEPEHHBIM
¢darom (pasg. 30.9), w ero JHK Bmecte
C 1yXEPOIHbIM TEHOM, KOTOPHEII OHa HeceT,
cnocobHa BCTpauBaTbCad B Xpomocomy E.
coli. B atom cnyvae JIHK dara A u uyxe-
ponHuiit red BynyT persMiMpOBaTHCS MPH
KaXJ10M HHKIIE KIETOYHOrO [OEJIEHWHA.

PaccmoTpuM Teneps 6Gonee nonpo6HoO,
KAKHM qua.'mM IFéHbl BBIAENHAKOT, BBOIOAT
B KJIETKH-XO35€Ba, KJIOHHDYHOT H OCYLIECT-
BNAKOT TPaHCIALUHKD C HEJBK NnoJay4yeHus
TEX UNM HHBIX NponykToB. CIOBO «KAOH»
HMEET IpeYECKOe MPOMCXOXKIIEHHE W O3HAa-
qaerT nober MM 4epeHOK, TPHMEHSEMBII
IIs pa'iMHO}KCHHﬂ pacTcHMA. OHO HUCNOJIb~
3yeTcs B 1BYX cMmbicnax. Bo-nepsuix, non
TEPMHHOM KAOHUPOBAHUE KAEMOK TOHH-
MarT obpa3oBaHue [pyMnibl TeHETHIECKH
WIEHTHYHBIX KJIETOK, pAa3BUBIUMXCA K3
OIHOM KJIETKM, KAK 9TO MMEET MECTOo B CJly-
4a€ JIMHUM HMMYHOLMTOB, HACTPOEHHLIX HA
CHMTE3 onpeneneHHoro Tuna antuten. Ion
TEPMUHOM XKE MOAEKYAAPHOE KAOHUPOBAHLE
WIH KJIOHUPOBAHWE TEHOB MMEKT B BHIY
06})33053!“13 MHOXECTB2Z MIACHTHUYHBIX KO-
Uil rena, NOJYYEHHLIX B PE3YJIbTATE PEIlik-
KalMKy OJIHOTO I'eHa, BBEAEHHOIO B KIIETKY-
X0O3aKHa,

30.14. Boiaesnenne renon
# noay4ense kJAHK

U3 ¢parmenToB BHpYcHBIX M OakTe-
pUaNIBHBIX XPOMOCOM Y€ BbIIENeH LeJblil
pan reHoB. UTo ke kacaercs BblOEJIEHHs
cnenuUYECKHX TEHOB u3 (GparMeHTHPO-
BAaHHBIX 3YKAPUMOTHYECKHX XPOMOCOM, TO
peanyzanusi TOH Npouenypsl BCe eille
OCTAeTCs JOBOJILHO CIIOKHOW W [pydoemM-
ko#t 3anayelt. CyluecTByeT ABa OCHOBHBIX
noaxoda INA NOoJyyeHUs CnelugriecKux
r€HOB, MOMJIEXAllHX 3aTEM PEKOMOMHALMM
W KJIOHWPOBaHHIO. B OOHOM M3 HHX, KO-
TOpHI TOJYyYMJ1 Ha3BaHHWE «lUOTraH» (oT
aHra. shotgun — Apo6oBHK), BCEO KIIETOYHYIO
JAHK o06pa6ateiBaroT pecTpPUKTHPYROLIEH
3HAOHYKJIEa30#, obpa3syroumeil B MecTax
pa3pbiBa  BRICTyMarolMe koHubl. [Iloiy-
yenHuie ¢parmentsl JJHK BcTpanBaror 3a-
TeM B na3mMunsl E. coli, «packpeiThien (T.€.
nepeBefEHHblE B JIMHEHYIO dopmy) ¢ no-
MOIIILIO TOH K€ CaMOH PeCTPUKTHPYIOLLEH
3HIOHYKJI€a3kl. B pesymbtate obpa3syercs
Ype3BHIYAKHO CJIOXHAf CMECh, COCTOsLLas,
BEPOSITHO, M3 THICAY pasHbIX PEKOMOH-
HAHTHBIX NJa3MHMA. CpenH KOTOPbIX JHLUbL
OIIHa MOXET CONEpPXaTbh HYXHbIil reH. [ns
MOMCKA IJIa3MUBI, HECYLLEeH 3TOT reH, pal-
paboTaHbl  CNenUaNlbHBIE  [POLEdYpHI,
KOTODPLIE HA3HIBAIOT CKpUHUHIOM. OnHa u3
TakNX Mpouefyp ofWcaHa B pas[.
30.17.

Hpyro#t nogxon, ucnonb3iyeMslll ns rno-
JiyueHHsl HYXHBIX FeHOB, COCTOMT B KOH-
cTpyupoBanuu Ha MPHK-MmaTprue kommne-
MeHTapHOH 1o oTHomeHuto k Heil [JHK
(«’IHK). Xots, kKak Mbl yxe TOBOpWIIH,
OONBIIMHCTBO KJIETOK CONEPXHT TpPYOHO-
pa3aenuMble CMECH MHOXECTBA pa3/IMYHbIX
MPHK, TeM He MeHee WHOrZA yraeTcs Bhbl-
nenuts uucTyro MPHK, konupyromyro ka-
KoH-/M60 onmu crieurduieckuii 6enok. s
ITOr0 HUCNONB3YIOT CrELMAJIH3HPOBAHHELIE
KJIETKH, KOTOpPbIE BhIpabaThiBAKOT MpEUMY-
1IIECTBEHHO Kakoi-To onuH Bun Gesika. Ha-
NMpUMEpP, H3  PETHKYJIOLMTOB—HE3PEIbIX
KPAacCHBIX KPOBSAHBIX KJIETOK —, B KOTOPBIX Te-
Mornobus coctapier 90°, cuHTE3NMpYEMO-
ro Genxa, MoxHO Beiaenute MPHK nna a-
U B-MosMNENTUAHBIX Leneil reMoriobuHa.
AHanornyHelM o6pa3zoM M3 B-kieTok
OCTPOBKOB JlaHrepraHca MNOMKEIYNO4HOM
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serne3nl MoxHO Beiaennte MPHK s npo-
HUHCYJIMHa 4YesloBeka (pa3m. 25.11).
Onnaxko 6oJyiee 061 MOOXOM K TMOJyHe-
nvro MPHK, xonupyroueli crnienmbmrteckii
6enoK, cocTouT B cnenyroiiieM. KneTku Jiu-
3UPYIOT, cOOUparoT ileHTpUyrHpoBaHHEM
MOJIMCOMBI H 00pabaThIBAIOT UX aHTHUTENA-
MM NTPOTHB TOT0 OeJIKa, reH KOTOPOro XOTAT
H3BJIeYb. B MOMyNsuMHU IMOJTUCOM HOJDKHBI
NMPUCYTCTBOBATh IOJIMCOMBL, CHHTE3UPYHO-
11Me naHHbIH 6e710K Ha ero Matpune MPHK.
B Takux nonncomMax MHTEpecyroLIMil Hac He-
JIOK HAXOOMTCH Ha Pa3HbBIX CTA/JUAX CBOErO
cunTe3a (pasn. 29.14). OueBunHo, cnenudu-
dYeckue aHTHTeNa OynyT B3auMoneicTBO-
BaTh TOJILKO C MOJIHOCTHIO (MJTH [IOYTH IOJI-
HOCTBKO) HOCTPOEHHEIM GEJIKOM, KOTOPBIH
eille NPUKPEIUIEH K MOJIICOMAaM, CHHTE3H-
pyroumM ero Ha Matpuile MPHK. Creuu-
durdeckunii KOMIUIEKC aHTHTEN € TOJIHCOMa-
MU Oyzmetr nMpM 3TOM BbIMajaTh B OCAAOK
U TakuMm 06pa3oM OTHmessThCsl OT MPOvHX

MPHK
5

Jobansenne oligo (dT) B
KauecTse KOMHJ'eMBHTaPHOﬂ
3aTpaBkH

XBocT poly(A)
3¢

nosicoM. Crennduyeckyro MPHK, Ha ko-
TOPOil CHHTe3HpoBaJiCs GeJIOK, MOXHO 3a-
TeM W3BJIeYb W3 0Ca/Ka W BLIIEIUTH C IO-
MOUILIO XpoMaTorpaduuieckux METONOB
B NMPAKTHYECKH YUCTOM BHIE, T.e. 6e3 npu-
meceld npyrux MPHK.

Tenepe cnenuduueckyro MPHK, xonu-
PYIOLLYIO BENOK, TeH KOTOPOro HAI0 MOJy-
YU Th, MOXHO HCTIONb30BATH B KAYECTBE Ma-
Tpuubl 1ns  ¢GepMeHTATHBHOIO CHHTE3a
kJJHK ¢ nmomMoinsto o6paTtHOif TpaHCKpul-
Tassl (pa3ng. 28.26). OnHako g GyHKnHo-
HUPOBaHUsl ODpATHOM TpaHCKpUNTa3bl He-
obxoauma satpasoytas JJHK. HanomMuum
(pa3a. 28.22), yto Ha 3'-KOHLUE MOJIEKYJI
MPHK Haxonutcs poly (A)-nocnenoBaTesib-
HocTh. [lostomMy k MPHK no6Gansior
poly (T), kotopas obpa3syet c poly (A)-xBo-
ctom MPHK nByxuenoueuHbie y4aCTEM
(puc. 30-21), ciyxaume 3aTpaBKOH JUIs
obpatHoil TpaHckpunTasbl. B Takux yco-
BUAX OOpaTHasi TPAHCKPUNTA3a CHHTE3U-

5 v Poly(A)
AYAVAN
NN
O6patnas P T)-
TPAHCKpPHATa3A .
+ dNTP
MPHK
5
— AVAAS
TIEne KAAHR VW :
Brizeseuve

HopoobpasoBanioht
&/IHK w3 cubpuaa,
Hobansenne /IHK-

¥ nonxmepadtl 1 1 ANTP

3 Oanomenosesnan x, HEK W .
AHK-nomnmepasa [ + dNTP;
06pasoBaHie KOMIIIEMEHTApHOTO
WITKIEYHOro Ay AeKca

) Pely (T
Tneunan &JIHK W 7

Pacuenaetiue
WNHALKK K yABJEHHE
XBOCTOE € TIOMOWBIO
L cnetmdmueckux HyKaeas
N

e ——————————————

7 [nyxupenoueuran nj.‘]l{

Chnres poly(A)-

XBOCTOB B NPHCY TCTBHU

TepMuHaThHOH
Tpancgepa3n u JATP

4

5

kJIHK ¢ np
poly (A)-XBOCTEMM [OTOBA K BCTPAMBEHHIO B BEKTOP
(cM. puc. 30-22)

Poly (T)

A-AAAA Y

Puc. 30-21. KoncTpyupoBaHue nByXLENOHEHHOH
kJIHK ua ocuose MPHK. Brigenennyto MPHK
JIaHMOTO TeHa TPAHCK PHOHPYIOT ¢ MOMOLUbIO 06~
paTHO#H TpaHcKpunTassl ¢ obpazobannemM kJIHK.
Ilns paboTbl 06paTHOH TPaHCKPHNTa3bl HEOOXO-
numa 3atpasounas JIHK, ponb koTopo#t BbINos-
nset poly (T), komnnemenTaphas 3'-koHUEBOMY pO-
ly(A)-xBocty MPHK. [Monyuennyto nens kJTHK,
KOTOPYO OOLIMHO METHT C MOMOLLUBIO PainoaK-
TUBHbIX npemwecrpernnkoB dNTP. ornenstor 1
UCIOJIb3YIOT OHOBPEMEHHO B KayecTBE MATPHLbL
M B Ka4ecTBe 3aTpaBKH VIR CHHTE3a ABYyXLeErnoyey-
" woit wnuneynoit kIHK B npucyrcreun JIHK-no-
numepasbl 1. 3aTeM «UINMMABKY» paciuenisioT, ue-
MM MOAPABHUBAKOT W K MOJIYHEHHOH NBYXUENoUYey-
uoit K/ JHK ¢ TynbIMH KOHLIaM¥ NTPUCOEANNHSAIOT
poly(A)-xBocTri(puc. 30-20). Tenepsb Takas kIHK,
uecyas poly (A), MOXeT 6biTh BCcTpOEHA B BEKTOP
(prc. 30-22). [ins o6HapyXeHHs COOTBETCTBYOLLE-
ro NpUpoOAHOTo resa Bo pparMeHTH pOBaHHLIX XpO-
MOCOMaXx MPHMeHsIOT panuoakTubayto kKITHK.
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pyer Ha marpuiie MPHK kommnnemeHTap-
nyro nens kK IHK u3 cvecu dATP, dTTP,
dGTP u dCTP. 3atem MPHK ypansior u3
ru6bpuna MPHK-x/JHK w Ha opHouemno-
yeyHoit kK JHK ¢ nomousro JJHK-nonume-
pa3nl I mocTpauBaloT BTOPYIO ilellb; B pe-
3yapTaTe  06pa3yeTcs  OBYXHENO4YedHas
k[IHK, conepxainas «mmuibky». Ilocre
paciuenyieHust  «wImuasku»  (puc. 30-21)
OCTaeTCsi CHHTETHYeCKas IBYXHerodeyHas
kJAHK, cooTeeTcTByIO111as OEJIKY, KOOUPYe-
MOMY HHTEpecyHOIMM Hac reHoM. UTtobul
yNpOCTUTL  NOCHEAyHoLMe  [POLEnypHl,
kIHK B xone peakuuu ¢ obpaTHo# TpaH-
CKPUNTAa30#i O6GLIMHO CHHTE3UPYIOT U3 >2P-
Ie30kcUpubonykIieo3un-5'-tpudocdatos.

B pe3ysibTaTe Mbl HMEEM CHHTETHYECKYHO
kIHK, koTopas konmupyeT aMHHOKHCIIOT-
HYHO TIOCJIeIOBATEILHOCTh NaHHOTO Oejika.
3aMeTHUM, OOHAKO, YTO €CJI 3Ty CHHTETHYe-
ckyro k/IHK nonyyanu ¢ sykapuotHieckoit
MPHK, To oHa He uAEHTHYHA TPUPOIHOMY
reHy 3T0oro 6eJika, MNOCKOJIbKY HE COOEPKUT
HH UHTPOHOB, T.€. BCTABOYHBIX MOCJIENOBa-
TEJILHOCTEH, HH CTAPTOBBIX H TEPMHHHPYIO-
LLIMX CHTHAJIOB, NPUCYLLMX reHaM OOJIBIIHH-
CTBa 2yKapUOTHYEeCKHX OeJIKOB.

30.15. KoucTpyHpoBanHe
BEKTOpA, HECYLEero rex

Tlomy4yeHHYI0 ONHCAHHBIM BBILIE CIIOCO-
6om xJIHK M™MoxHO Teneps BCTPOMTH
B MIa3MHUAY WIJM BUPYCHbBI BexTOp. JLJIs
pkrovenns kKIHK B miasMuny ee Heo6xo-
IUMO CHabmUTbh COOTBETCTBYHOLIMMH XBO-
CTAMM WJIM JIMIIKUMH KOHilam (puc. 30-21).
70 Jy4iLe BCero caesiaTh MyTeM NPUCOEH-
HEHMS K TMPOTHBOIOJIOXKHBIM 3'-KOHLIAM
mByx uenelt k/IHK psna noeropsrowuxcs
I€30KCHPHOOHYKIIEOTHIIHBIX OCTATKOB OII-
HOro Tuna, Hanpumep octatkoB A. MIx npu-
COENUHSAKOT € TNOMOLUBLK TePMHUHAILHOMR
TpaHcdepa3dbl, KOTOpas B TNPUCYTCTBHH
dATP noctpauBaeT Ha 06OHX KOHIIAX [IBYX-
nenodedHoit k/IHK poly (A)-xBoct, coctos-
nmit u3 50-100 ocrtatkoB. [locne sToro
kJJHK rotoBa Kk BKJIKHYEHHIO B IJIa3-
MuaHbiii BekTop (puc. 30-21).

CHavaJjia miasMuay nepeBoJsT B JIHHEH-
Hy1o (bOpMY, paclileniss ee B ONHOH TOYKE
PeCTPHKTHPYIOLLEH IHIOHYKJIea30it ¢ obpa-
30BaHHEM B MECTe pACLIETUIEHHS TYMBIX

KkoHIOB (pa3n. 27.24). 3ateM 3'-KOHIBI JIH-
HelHOU IIa3MHbl CHabGXaroT XBOCTaMH,
KOMILIEMEHTaPHBIMH TEM, KOTOPLIMH ObLIH
noctpoensl MoJiekyibl kJIHK. Ecom kJHK
6pun  mocTpoeHsl poly (A)-xBocTaMu, TO
[U1a3MUAY CJIENyeT NOCTPOUTDL 3'-XBOCTaMHU
u3 poly (T). Ilocne 3Toro nMHelHyo Mias-
Muay, obnagaromyro xpoctamu, 1 kJAHK
NPOCTO CMELLMBAIOT M MPENOCTABNAIOT UM
BO3MOXHOCTb 06pa3oBaTk Napbl Mexay
KOMILJIEMEHTAPHBIMH OcHOBaHUAMU., Cpenn
MpoayKTOB TakoW rudbpuou3anuy Oyner Ha-
XOIUTHLCS YBEJIMYEHHAN KOJbLEBas 11J1a3Mu-
Ila, coliepxalllasi HOBbIH I'eH, KOTOPHIH CBS-
3aH ¢ IUIa3MUOO0M TOJIBKO 3a CYET KOMILJie-
MEHTApPHOrO B3aUMONCHCTBUS JIMIIKUX KOH-
[{OB. DTH KOHIIbl MOXHO Tenepb KOBAJIEHT-
HO COEOMHUTH ¢ nomoupk JIHK-murase:
(pa3n. 28.12), B pe3yJibTaTe 4ero oGpasyercs
KOBAJIEHTHO 3aMKHYTAsi KOJIbLieBasi IJ1a3MH-
[a, Hecyllas HOBBIA red (puc. 30-22),

30.16. Bcrpannanme
«HATPYKEHHBIX» IIa3MH
B xpomocomy E. coli

Teneps peKOMOMHAHTHBIE TIJIA3MUABI
CMeLUMBAIOT ¢ KJleTkaMu E. coli nns tpanc-
dopmanuu. [onacts B KJIETKY U BCTPOHTB-
cs B xpoMocomy E. coli ynaercs muum He-
CKOJILKUM TIa3MHJaM, ONHAaKO 3(h(eKTHB-
HOCTb IIPOHUKHOBEHHS TIa3MUA MOXHO I10-
BLICHTE, N0GaBnss uonel Ca?™* . MpocTeii-
LMt NyTe OIS BhISIBJIEHUs kNeTok E. coli,
B KOTODbIE TONAJTM HOBHIE TeHBI, COCTOHT
B cienyroieM. KIETKM BblpaiMBarOT Ha
TBEpROI NUTATENLHO cperie, U3BJIEKAIOT U3
Kaxnoi kyerouHoi xononuu JJHK u 3atem
ONpenesfloT, Kakasi U3 KOJIOHUH CONEePXUT
JAHK, rubpuausyroniyrocs ¢ pajioakTHe-
Hoit kIHK, cunTe3aupoBatHo#t Ha BbljesieH-
Hoit paHee MPHK. INocne 3Toro Beipamm-
BakOT KOJIOHHIO KJIETOK E. coli, conepxatiimx
peEKOMOGHMHaHTHYIO T1a3Muay, B (epmenTe-
pax B 60JIbLLIMX O6BEMaX Ha CBexeil nNuTa-
TEJLHOU Cpene, YBeNMIUBas YHCIIO PEKOM-
6unaHTHBIX muasmun B 10'2 u Gosee pas.

Tlono6Has pekomM6buHanTHas JJHK, Hecy-
11as% HEPOICTBEHHBIE TeHbl U3 IBYX Pa3HbIX
BH0B OPTaHU3MOB, HA3LIBAETCH XUMEPHOI
IOHK. B «Mmiape» I'omepa Xumepoit Ha-
3RIBANIOCH MUHYECKOE CYLLECTBO C FOJIOBOH
JIbBa, TEJIOM KO3BI U XBOCTOM 3MEH.
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Puc. 30-22. Mpucoenunenve kIHK. conepxatueit
poly (A}xBocThl, K nnasmune, paciiensieHHol pect-
PHKTHPYtOLIEH IHIOHYKIea30il ¥ cHaG®eHHO| po-
ly (T)xBoctamu. [Jna Gonbllell HATAAAHOCTH Mac-

1wTab H306paXeHHBIX Ha PUCYHKE MIA3MHIE! | Konsuepas miassuia;
K[JHK He oTpakaer ux McTuHHbIX pasMepos. B KpacHa# CTPeNKa yKkaselpacT
NENCTBATENLHOCTH TUIA3MH/IA TOPAINO KPYIHEE, MECTO paculenieims

yem k[IHK onvoro rena.

PecTpuxTHpywuas sujoHykleada,
nofl AelicTeieM KoTOpPOR
OBpaIyITCH TYNLIE KONk

S :1:..— e — ‘_‘__': _':| 3 ’
3 Hmmuuan nAasMujla 5
4TTP
TepMunansHas
Tpanctepasa i
XpocT poly (T) PF, XBocT poly (T)
3’ 1 P —3 . 3
Juneimas noasvnya ¢ poly (T)-xeocrom 57
XeocT poly (A X;:)CTI poly (A}

| Orrmur Annkux
KOHLOB

3" KAHK ¢ poly (A)-xBocTOM

TMrasmuouan THE

Komnuemenrapuoe
B3aumMoliefcTeme MerLy
XBOCTEMH npHBOIWT K
i-(l:’.i\l:_iI\aJ'IiI!l["!".‘IEI‘I\-])-I
CRHIRBANKK MOJARKY A

&HK

— TMnasmwman TIK

YoemuMBuMACH B paiMepe
NABIMHIHKNA BEKTOPR,
CONEPRALIMN IeH,
npefiHasHauettnii A9
NEPeHOa B KJETKY

Foolt

K, THK PexomOnrarTHan AHK
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30.17. Kaounpoanne kJIHK
MOKHO HCNOJL30BATh

JIst MOHCKA COOTBETCTBYIOILHX
NPHPOAHBLIX TeHOB

KronvpoBaHHasi ONUCAHHBIM BbILIE CIIO-
coboM kJHK He MOEHTHYHA TPHPOAHOMY
reny mansHoro 6eJka, MOCKOJILKY OHA HE CO-
[E€PXUT HHTPOHOB, KOTOPbIE OOBIMHO MpH-
CYTCTBYIOT BO MHOTHX (€CJ/ii He B GOJILILIHH-
CTBE) SYKAPHOTHYECKHX I€HaX, KOAUPYIO-
umwmx Genmkm (pa3n. 27.28). BcmoMHMM, YTO
NocJe KOJUUIMHEAPHOTO MaTPHUYHOTO CHHTE-
3a MPHK Ha Takux rexax B xone oObruoi
O6HosIOTHYeCKON TPAHCKPUILMH  yYacTKH
MPHK, koMmieMeHTapHble HHTPOHAM
B JIHK, BbipesaloTcs OO TpaHC/IsUMH
MPHK na pubocomax (pa3n. 28.23). Kioun-
poBannyro kJIHK Moxuo Hcnoms3osath
I TOTO, 4TOOb! M3 reHOMa POONTESILCKOM
KJIETKH, coAepxalileil ThICAYH TeHOB, «BbITa-
LIMTEY» HACTOSILIMH NPUpOAHBIY TeH, KOOHU-
pyroimit narsbii Genok. C 310 1LEemb10 BRI-
mensior JIHK wMccneayeMoro opraHusma,
paclelIfgoOT e KakoH-nubo pecTpukTH-
pylolllel 3HOOHYKJIEa30if M BCTPaMBaloT
ofpa3oBaBluIMecs MHOTOYHCJIEHHbIE (par-
MeHTh [THK ¢ noMolpio OnHCasHbIX BhILIE
METOAOB B NOAXOMSIUMI BEKTOP—OOBLIMHO
B IHK ¢ara A. 3ateM perkOMOHHaHTHBIE
JAHK ynakoBbIBalOT B BUPYCHBIE YACTHIIbL,
nobapas Gesiok 060JI04KH, B TIOJTy4eHHEI-
MH (aroBbIMH YacTHLAMY, HECYLIUMH
BCTPOEHHBIH TeH, 3apa)arT HOPMAJIbHBLIE
kneTku E. coli. 3 nu3atoB 3THX KieToK
MOXHO TOJYYHTh MHOTO pa3JINYHbIX BH-
pycusix IHK, xoTOpbie comepxat Bee (M
MOYTH BCE) TeHB! IOHOPHOTO Opraiusma. M3
3To# «BGubMOTEKH TeHOB» NMPUPOAHDLIA I'eH,
KOOUpYyIOLIMI HHTepecytonmil Hac OesioK,
MOXHO BBLOEJIMTh MPOCTHIM M crienmuye-
CKHM crmocoboM: Kk «OubymoTeke» noba-
B0t *2P-kJIHK, cooTBETCTBYIOILYIO 3TO-
My OesKy, cMech HarpeBaloT U 3aTeM [aloT
el octeith. IIpu 3TOM Mexny uensaMu
k/IHK u npupoaHoro rexwa ¢opmupyrotcs
ruOpuaHble gyruteKkcsl. XOTs B MPUPOIHOM
TEHE COAEPXUTCSH ONPEAESICHHOE YHCIIO HH-
TPOHOB, HE HMEIOIIUX KOMIUIEMEHTAPHbIX
napTeepoB B k/IHK, ero sk3ous! y3uaioT
vend kIHK wu rubpuamsyrorcs ¢ uuMmu.
OG6pasyroliecss paJHOAKTHBHBIE THOPH/IBI
MOXHO BBIACJHMTD, H3BJIeYb U3 HHUX MHTEpE-

Cyolliii Hac MPUPOAHLIA IeH W KJIOHMPO-
BaTh €I0 B IJIA3MHUIE WM B dare A no onu-
CAHHOM BBIUIE CXEME.

ITockosbKy B HACTOSILIEE BPEMS HYKJIEO-
TUAHYIO nocneaoeaTesibHOCTL B JIHK Moxk-
HO ompefenuTbh ObICTpO M ToYHO (pasm.
27.29), mo ycTaHOBJIEHHOH moOCenoBaTE b~
HocTH KJJHK BbIBOAST aMHHOKHCIOTHYRHO
MOCJICNOBATEILHOCTL  KOOAMPYEMOTIO  €lo
Oesxa, a TaKKe HYKJIEOTHIHYIO MOCJIeIOBa-
TesmuocTh MPHK, cooTBeTcTBYIOLLIEH 3TO-
My Benxy. U xorsa k] 1HK He cogepxut uu-
dopmaum o noHO#M HYKJIEOTHIHOHN HocITe-
[0BaTEIbHOCTH MPUPOAHOTO TeHa, COOTBET-
CTBYIOLLETO 3YKapHOTHYeCKOMY OefKy, TeM
He MeHee npH nomMoluy Meyeroit kIHK, no-
myyenso#t ¢ MPHK nanHoro 6Gesnka, mpu-
poaHbIl TEH MOXHO BBUIESTH M KIOHHPO-
BaTb.

30.18. Ixcnpeccus
KJIOHHPOBAHHLIX I'€HOB
YCIUIHBAETCS ¢ NOMOLIBED
npoMoTopa

J11s TPAHCKPHUILMH MHOTHX TEHOB H IO-
cnenyroiei Tpancnaumnu ux MPHK c o6pa-
30BaHHEM COOTBETCTBYIOILUX GeskoB HeoO-
XOOHUMO y4acTHe MPOMOTOPa H OMEPaTopa,
KOTOPBbIE YKa3blBalOT MECTO, B KOTOPOM
PHK-nonuMepasa cesi3bIBaeTCH U HAYMHAET
TpaHckpunuuio (pasa. 29.27); B npoTHBHOM
cyiyyae HeJb38 OXMIaTb, YTO BCTPOEHHBIH
B PELIMIHEHTHYIO KJIETKY 4yXEpOJAHbIH I'eH
obssaTersHo OynmeT TpaHCKPHOHMPOBATHCH
H TpaHCJMpoBaTbcs. UToObl obecneyHThb
TPAHCKPHIILHIO BCTPOEHHOTO TI€HA, YacTo
ITPUXOAUTCS MOMEILATh 3TOT TeH B Y4aCTOK
JAHK mnnasmuael wim ¢ara A, pacmoio-
KEHHBIX CJIE[IOM 32 HMPOMOTOP-ONEepaTop-
Ho# oOsacTthio. Hampumep, rem MoxHo
BcTpouTh B yyactok JJHK E. coli, conepxa-
mu# lac-onepown, Tak, 4YToObI 3TOT IeH Cile-
JoBa 3a MPOMOTOP-ONEepaTOPHOM
obnactbo 3TOrO OnepoHa (pasa. 29-27). Ec-
11 nomecTuTh Kietku E. coli, wecymme Ta-
Kyto pekoMOunantHyro JHK, B cpeay
¢ naktro3olf, HO ©Oe3 TIJIOKO3BL, TO
BCTPOEHHBI! T'eH 6yaeT TpaHCKpHOHpPOBaTh-
cl H TPaHCIMPOBATLCS BMECTE C Y4acCTKOM
JAHK lac-onepoHa, pacnoJioXXeHHbIM Me-
Xy ONEpaTOpOM H BCTPOGHHBIM Te¢-
HOM,
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10T nopxon ObLT HCIOJTB30BaH MPH KJIO-
HHPOBAaHMH TI€HA COMAMOCMAamMuHa —Ien-
THOHOIO ropMoHa (14 aMHHOKHCIIOTHBIX
OCTATKOB) M3 THHOTANaMyca, peryjaupyro-
ETO CEeKPEIMI0 WHCYJMHA, IJIFOKArOHA
M ropMona pocTta. ['eH comaTtocTaTiHa ObUT
B 3TOM CJyyae CHHTE3HPOBAH XHMHUYECKH
M MPUCOEMHEH K KOHIly reHa P-rajlakTo3u-
nasbl. JIBa cBA3aHHBIX Mexny coboif rena
6b1nM BcTpoeHs! B twiasMuay E. coli, u nomy-
yeHHas pekoMOuHaHTHas miasmuaa Obuia
BBeNieHa B KJieTkH E. coli. B pe3ysibTarte Ta-
KM€ KJIETKH CHHTE3HPOBaJH 60Jh1IHMe KOJIK-
yecTBa rubpuauoro 6eska, cocrosiero u3
KOBAJICHTHO COEIMHEHHBIX NPYr € OPYIoM
B-ranakTo3Maa3bl ¥ COMATOCTATHHA, Takas
MOJIeKyJla, NpeacTasstonas coboit rnbpua
cobeTBennoro Gesika E. coli n Genka no3so-
HOYHOTO OpraHM3Ma, HasblBAeTCH  Xu-
meprHbim Geaxom. Tnbpua B-ranakrosuaassl
M COMATOCTATHHA PACIIEIJILIN O NMENTHI-
HOW CBsi3H, COenMHsAIONICH aBa Oeska, 4TO
NPUBONHJIO K ocBobOXk eHMio obsranatolie-
ro 6HOJOTMYeCKON aKTHUBHOCTBIO COMATO-
CcTaTHHA.

30.19. MHorsne rems!
yKe KJIOHHPOBAHBI
B Pa3/MMHBLIX KJIETKAX-X035€BaX

C noMoupio METOAOB, NMOROOHBIX OMH-
CAHHbIM BBILLE, B KJeTKax E. coli 6bL10 npo-
KJIOHNpOBaHO GOJBILOE YHCJIO pa3sHbIX Ie-
HOB. Bo MHOIMX cilyyasix HOBBlE TIeHbI
3KCIpeccHpoBanck B ¢dopMe crenuduue-
ckux OemkOB MM COOTBETCTBYIOLMX
MPHK. B 01HOM U3 BapHaHTOB KIIOHHPOBA-
HPS B HOpMaJjbuble Kietkn E. coli 6pum
BBENIEHB! NOOABOYHBIE KOMIMK OOHOTO W3 re-
HOB E. coli. B pe3ybTaTe Takue KJIeTKH CUH-
TEe3UpOBaJH OONbILIOE YHCJIO OOTOJIHH-
TeNbHBIX KOMMH MpOAyKTa 3TOTO IeHa.
B npyrom BapuHasTe B KJieTkax E. coli 6pum
YCIEUIHO TNPOKJIOHHPOBAHBI T€Hbl, BBLIE-
JIEHHBIE M3 PAa3JIMYHBIX 3YKAPHOTHYECKUX
oprann3moB. CpellH HHX MOXHO HAa3BaTh
TeHbl VHCYJHHA, runodusapHoro ropMona
pocTa (COMaTOTpOnMHa), o- U B-rJ1o6uHOB,
pPHK, comatocrtatvHa M oBaiOymuna.
Bbina ocymecTenena u obpaTHas pekomMbu-
Halus: OakTepHabHble I'€Hbl OBLIH BBe-
JIEHBI B TEHOM PHJa 3YKAPUOTHUECKUX KJle-
Tok. HanpiMmep, reH B-ranaxtosnnasst u3 E.

coli (pasn. 29-23) 6b11 BHEAPEH B pacTyluue
B KYJIbTYpE KJIETKH MbIIH. OcobeHHO HHTe-
PecHbI cny4ail pencTaBsfeT BBENACHHUE Ie-
Ha E. coli, komupylowero ¢epMeHT 2unok-
canmun-zyarungocgopubosurmparcdepasy
(pa3n. 22.19), B KyJIbTypY KJIETOK COENMHH-
TEJLHOM TKaHH, B3ATOH y MmoneH ¢ CHHOPO-
MoM Jlewa — Hatixana (pa3a. 22.19), npu ko-
TOPOM 3TOT )EPMEHT IEHETHYECKH TOBpe-
*neH. Berpoennslit re E. coli axcripeccupo-
Bajcs ¢ oOpasoBaHueM OakTepHaILHOTO
¢depmenTta. Takum 06pa3oM, reHeTHHECKHMIt
nedekT KIETOK uesioBeKa y[asioch HCIpa-
BUTbL B J1abOpaTOpHBEIX YCIOBMSIX € IO-
MOIIBIO BBEICHHUS COOTBETCTBYIOLIEro Hak-
TEPHAILHOTO TeHA.

DyKapHOTHYECKME T€HB! OHUX BHAOB OBI-
JIM TakkKe KJIOHHPOBAHBI M 3KCIPECCHPOBA-
JIUCh B KJIETKax Apyrux suaoB. Hampumep,
TeH, KOOMPYIOMI o-lens remMorsioOuHa
KpOJIMKa, ObLT BBEIEH B PACTYIIME B KYJIbTY-
PE MBIIIKHEIE KJIETKH M 3KCIPECCHPOBaJICH
B HHX. BHenpeHne wykepomHoro resHa B
3yKapROTHYECKHE KJIETKM HE Bceraa, OIHa-
KO, CONpPOBOXOAETCH €ro TpaHCKPUMLHER
¥ TpaHcJsurel ¢ o6pa3oBaHUEM aKTHBHOTO
6esika. PeryJsisms axcnpeccH reHoB y 3yKa-
PHOT IIOKa elle Majio u3yyeHa (pasa. 29.22);
BO BpEMs HaNVCAHMS 3TOM KHHUIM IPOBO-
autcs 6OJbUIOE YHCJIO HCCJIeIOBaHMM IO
BBISICHEHMIO YCJIOBHIT 3KCIIPECCHH PEKOM-
OMHAHTHBIX TEHOB B 9YKaPHOTHYECKHX KJIET-
Kax.

30.20. PexomOunautHbie JTHK
H KJIOHHPOBAHHE I'E€HOB
OTKPLIJIH HOBLIE HANpABJICHHA
FeHeTHYECKHX HCCJIe/I0BAHHH

B nonynsprO# JMTEpaType yHeJsieTcs
MHOTO BHHMAaHH# BO3MOXHOMY NPaKTHYE-
CKOMY WCTIONIb30BAaHHIO PEKOMOMHAHTHBIX
JHK, ognako He MeHbllIee, 8 MOXET ObITh,
¥ Oorblilee 3HAUEHHE HMEET TO, YTO KJIOHH-
pOBaHMe TeHOB OTKPbLIO HOBbIE BO3SMOXHO-
CTH pelleHHss MHOIMX YHIaMeHTAIbHbIX
npobyieM MOJIEKYJIAPHOH TI'€HETUKH, Ka3a-
Jock Obl He pa3pellMMbIX C TNOMOILLIO
CTapbix MeTOnOB. Teneps mosiBUIACH BO3-
MOXHOCTb BHIIEJATh M MojiydaTs B 60JIb-
oM kosMyuecTse akTudecku oboH IeH
[JI TOro, 4TOOBbI M3yYaTh €ro HyKJIEOTHI-
HYIO NOCJIEAOBATENILHOCTD, @ TAKKE IOCTIe-
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nosateibHocTk MPHK u  Oenxa, xonu-
pyeMeix 31uM resoM. Crano AOCTYNmHBIM
6onee MpsiMOe KapTUPOBAHKUE FEHOB B XPO-
mocomax. OcobeHHO BaxHOe 3HAYEHHE
MMEET BblLIEJIEHHE, KJIOHHPOBaHKE H aHATIU3
pa3HOOOpa3HBIX CHITHANBHBIX M PEryJisi-
TopHuIX yuacTtkoB JIHK. Takux, kak i-reHemr,
ITPOMOTOPH! K onepaTopbl. OTKPHUIHCE TaK-
e BO3MOXHOCTH M3YYEeHUS HYKJIEOTHIIHBIX
NOCJIENOBATEJILHOCTEH U (QYHKUMH HHTpO-
HOB B CTPYKTYPHBIX r€éHax 3ykapuoT. B Ha-
CTOSILIEE BPEMS C TIOMOLLLYO METOJOB KJIO-
HUPOBAHUs HCCIIEyeTCH MEXAHH3M aMILUIU-
¢ukauuy redoe, T.e. cHHTe3a OoJblIOro
Yypcsia KONUi Kakoro-To OfIHOrO reHa, Mmpo-
KCXO/IfILIIETO B paHHeM MOpuoreHese. ITH
K€ METOAH NPUMEHSIOTCA NP aHalu3e
pa3/IMYHbIX [€HOB MO3BOHOYHBIX, KOTOPbIE
coenuHstoTcs ¢ obpasosanuem JAHK, xomu-
pYyIolLel JIerkie N TsDkeJsble el aHTHTENl.
BoJsiee noctynHoif cTana Takxke MAeHTH(H-
KALMA PETYJIMTOPHBIX MEXAaHM3MOB, OCY-
LIECTBIIMIOIIMX PENpPECCHIO U IEPENPECCHI0
cnetuHecKnX eHOB B 3YKApPHOTHYECKHMX
XpoMocomax. B pelllennu Bcex 3Tux 3azauy
ucriojp3opaHne pekoMbuHanTHRIX JIHK
H METO/bl KIIOHHPOBaHMs urpanu u Oynyr
UIpaTh BENyILYXO POJib.

30.21. Uccaenosanue
pexoMOunanTbix JHK nmeer
BAXKHOE NpaKTHYecKoe 3HaYieHHe

KiounpoBanye pekOMOMHAHTHBIX IEHOB
U HX 3Kcrpeccus ¢ o6pa3oBanueM 6eKOBBIX
nponykToB kjietkamu E. coli u npoxxei,
KOTOPblE MOXHO BBIPACTHTL B OIPOMHLIX
KOJIMYECTBAX, TO3BOJIIOT  OCYLLECTBHTH
MPOMBIILIEHHOE TIPOM3BOICTBO MHOTHX ITO-
Jie3HbIX OeJIKOB, KOTOpBIE [IPYTHMH CIIOCO-
6amn nosyunte B GosbluMx Macirrabax
oueHb TpyAHo. IlepcnekTuBH HCIOJIB30Ba-
Hus  pekoMOuHanTHBIX JIHK  npusesnu
K BO3HMKHOBEHWIO HOBOH BETBH MOJIEKY-
JIsSpHOU OHOJIOTHY — 2eHemuuecKoli UHMCeHe-
puu.

IlpoCTBIM TIPUMEPOM MOXET CJIYXKUTH
6akTeprasHblit depment JJHK-nurasa, ko-
TOPBIit OKA3AaJCS CTOJb MOJIE3HBIM B HCCIIe-
JioBaHMAX 10 OHOXHMUH reHoB. ITOT dep-
MeHT BoIpabaTeiBaeTcs: B 60JIbILIOM KOJTHYE-
ctee kyetkamu E. coli, B kOTOpble BBENEHO
MHOTIO JONOJIHUTEJIbHBIX Konuii reHa JJHK-

surasbl. Ilponykuns JJTHK-nurassl Takumu
KJIETKAMH B HECKOJIBKO COT Pa3 MPEBbILLIAET
MPOAYKUHMIO HOPMAJbHHIX KJIeTOK. KiioHu-
poBanueM B E. coli ¥ B Ipoxkax NOMOJHH-
TEJIbHbIX KONHHi T'€HOB MOXHO IOJIYHYHTb
o4yeHb OOJbllIME KOJNMYECTBA MHOTHX OpY-
rUx € PMEHTOB, HCMOJIb3YEMBIX B IPOMBILLI-
nerHocTH. Ellle onuH MpHMep NOCTYXKEHMH
reHeTHYEeCKOH HHXEHEPHH —3TO BBEIEHHE
B 00bIuHy10 Ge3BpenHyto GAaKTEpHIO IEHOB,
cnocoOHbIX OKUCIIATEL YLJIEBONOPONH Hed-
TH; TaKas OakTeprst MOXeT ObITh HCIOJIBL30-
BaHA M[pPH OYHMCTKe HE(PTHHBIX Pa3JIMBOB.

Brimu kjioHUpOBaHbl redbl psana Geskos,
neobxonumeix B Menuumue, Hyxubii nois
JeyeHuss nuabera HHCYJIMH B HACTOSILEE
BpPEMs MMOJIyYalOT K3 TOMIKEJTyIOYHOH iKe-
Jie3bl 3a6uThIX Ha OoiiHe XHUBOTHBHIX. XOTH
TaKoH MHCYNUH YHOBIIETBOPSET CETONHS-
LIHHe NoTpeOHOCTH B 3TOM Npenapare, TeM
HE MEHEe B CBSI3M C YBEJIMYEHHEM CJIyHqaes
3abosieBanns caxapHeiM 1MabeToM, KOTO-
pomy B CIIIA nmonBepxeHo 6osee 5% Hace-
JIEHHS, B KaKOH-TO MOMEHT CIPOC MOXET
MIPeBLICUTE Npennoxkenue. Kpome Toro, un-
cymuH 3abpBaeMbix Ha OOIHsX KHBOTHBIX
HE HMJEHTHYEH IO CBOEH aMWHOKHMCJIOTHOHM
NOCJIEIOBATEIbHOCTY HMHCYJIMHY YeJIOBeKa,
H IOTOMY )18 HEKOTOPBIX Jirofiel OH Head-
dexTiBeH M maxe HenepeHocHM. HemasHo
ynanock 3actaBuTb E. coli cnuTe3upoBath
HHCYTIMH 4eJIOBEeKa, BBE/li B Hee COOTBET-
cTByroruuii red. IlosTydeHHbIH TAKAM CIIOCO-
60M cHHTETHUYECKMY MHCY/TMH YeJIOBeKa yxke
NpUMeHsieTcs 1npH  JiesenuH  auabera.
CxonupiM obpa3zom Onaropgapst pekoMOu-
HaHTHBIM JIHK cTano BO3MOXHBIM Hc-
MOJIb30BaHMe B JieueOHOM NpakTHKe rUno-
¢usapHoro ropmona pocta (COMATOTPO-
MIHHA), paHee HEOCTYITHOIO [JIsi MEIHIIHH-
CKHX weneil. JTO BaxHO MMOTOMY, 4TO
TOPMOH POCTa XHBOTHBIX M3-33 pa3/H4Mii
B aMHMHOKHCJIOTHOH INOCNE 0BATEILHOCTH
COMAaTOTPOIHHA YENIOBEKA B XHUBOTHEIX He-
3ddexkTiBeH npH JleYeHHH KAPIUKOBOCTH
YeJIOBEKA.

B kJieTRax, HeCyuMx COOTBETCTBYIOLME
KJIOHHPOBAHHEIE T€Hbl, MOXHO TAKXE C BHI-
COKHM BBIXOJIOM MOJTY4aTh GOJIBIIOE KOJIH-
4YecTBO pa3HOOOpasHbix OeNKOB, MOJIE3HRIX
B CeJbCKOM Xo3sificTBe. Hanpumep, ¢ mo-
MOIIIB}0 METOIOB F€eHETHYECKON NH)XXEHEPHH
6blya co3nana HOBas BhICOKO3G¢ekTUBHAS
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BaKUHHA [POTHUB Sllypa KPYyNHOro poraTo-
TO CKOTa, OBELl H CBHHEi. DTO BUPYCHOE 3a-
OosieBaHUE HEM3IEUHMO, a 3a001eBLINE KH-
BOTHBIE  OKa3bIBAIOTCA  HENPHUIOAHBIMU
K nHule. B cTpaHax TpeThero mupa sulyp
npencrapnseT coboi axpemunyeckyro 6o-
JIe3Hb, TIPUHOCSILYIO OTPOMHBIH 3KOHOMH-
YeCKHH yPOH H MPHBOIALLYIO K 4eJoBeYe-
CKHM XeprTBaM. I8 mnoJyuyeHHs BaKLHHBI
MIPOTHB 3TOro 3aboJieBaHNs OBl UCNIOB30-
BaH KJIOHMPOBAHHbIH O€/IKOBBIH AHTHIEH
BUpyca suiypa. JIpyras oueHb Baxknas 3aqa-
ya 3aKJIIOYaeTCs BO BBEIEHMH [€HOB, KOIH-
pyromux ¢epMeHTHI M Apyrue Oesku a3oT-
(puKcaLMH, B TEHOM KYJIbTYPHBIX paCTEeHHIl,
obblyHO He cnocobHBIX  (pHKCHpOBaATh
a30T. B 3TOM HampaB/J€HMH 110 MPaKTH-
YeCKHX pe3yJIbTATOB MOKAa €IUE AaNeKO, HO
COBEPLIEHHO OYEBM/IHO, YTO HOCTHXE-
HHE 3TOH LeJM OKa)eT I1y0okoe BO3NeHCT-
BHE HA CENbCKOE XO3AHCTBO BO BCEM MHUpE.

30.22. OcywecTs.ieHo
KJIOHHpOBaHHE I'€HOB
nutepdepoHoB

Hutepdpeponbi—310  OesKH, cekpeTu-
pyeMbl€ HEKOTOPbIMHM KJIETKAMM I103BO-
HOYHBIX NPH 3apaxeHUH HX BHpycoM. OHH
CBSI3bIBAFOTCS C KJIETOYHON MeMOpaHOil He-
3apaXXeHHBIX KJIETOK M NPUIAIT HM UM-
MYHHOCTb IO OTHOLUEHMIO K HH(EKLHH
3THM K€ HJTH KAKHM-JIHOO IpyriM BHPYCOM.
BriBon O cylllecTBOBasuM TaKHX BELUECTB
nepBOHaYasbHO ObLI c/leslaH HA OCHOBAHHMHU
MEAMLIMHCKUX HabroneHmit, cornacHo ko-
TOPHM 60JIbHBIE OIHMM BHPYCHBIM 3a60J1e-
BaHHEM HE MOABEPXEHBI B 3TO BPEMS N1py-
roff BUpycHOH uH(pekuMH; 3TO HaABEJIO Ha
MBICJIb, YTO TepBas BUPYCHAs HH(peRUUs
npensTcTByeT paspuTuio BTopod. Korna
B 50-x ronax 6bL1 OTKPBIT HHTEP(EPOH, NO-
SBHJIaCh Halexa, YTO OH OKaXeTCH Io-
JIE3HBIM MPH JIEYEHHH BHPYCHbIX 3aboseBa-
HUH, OoJbLIAS YaCTh KOTOPBIX HE MOIaeT-
CS JIEYEHHI0 C TMOMOIULIO  JIeKapcTB
¥ aHTHOMOTHKOB. K TakuM Bose3nsm OTHO-
carcs oOblMHAs MpocTyna, Ipumm, MOJHO-
MUEJIHT, BETpsiHast OCIMa. repriec, BUPYCHBbIi
renatuT ¥ MHOTue apyrue. B nepsyro oue-
pelb paccuMTHIBAJIHM HA TO, YTO HHTEpdEpoH
CMOXET MOMOYb B JICYEHUU HEKOTOPBIX BH-
JIOB paka y 4eJIOBeKa, KOTOPhIe, KaK 10JIroe

BpeMs Mpe/lnonaranoch, BHI3BLIBAIOTCS BH-
pycamH. OIHaKkO Ha NPOTMKEHUH MHOTHX
JieT HHTepdepoH ocTaBasica 3arankoii, no-
CKONIbKY OKa3ajocCh, HTO OH CHHTE3HpyeTcs
B 3apaXE€HHBIX KJIETKAaX B KpalHE HE3HAuM-
TEJIbHBIX KOJIUYECTBAX ¥ BO3MONKHOCTb €ro
BLUICIIEHHS. B KOJIMYECTBAX, NOCTATOYHBIX
NI ONpeaesieHNs! CTPYKTYphl M H3YyuyeHHS
GHoJIOrM4ecKoi aK THBHOCTH B TeYEHHE IUTH-
TESILHOTO BPEMEHH, MPEACTABIIAIACE Maslo-
BEPOSTHOH.

C passuTHEM 3((pEeKTHBHBIX METOIOB Bbl-
NENIEHHS H WICHTH(HKa MU C/Ie/IOBBIX KOJIH-
"€CTB OEJIKOB H KX EHOB OBLIIO YCTAHOBJIE-
HO, YTO WHTepepOHbI—3TO [JIHKOTIPO-
TEHUHE!l, COCTOSILME NPUOIUINTENLHO U3 160
aMMHOKHMCJIOTHBIX OC1aTKOB. Kaxnblii BUI
NO3BOHOYHHIX MOXET MPOYyLIUPOBATE B XO-
Zle BUPYCHOM MH(EeKIMH Mo MeHbLUel Mepe
TPH pa3HbIX TUNa HHTEpEPOHOB: ONMH
cuMTe3NpyeTcst (ubpobracTaMu COeNUHU-
TEJbHBIX TKAaHEH, IpYyrou —IeHKoUuUTaMH,
Tpetuil - T-mumbounramu  (pasza.  6.11).
Cps3biBasich ¢ MeMOpanoil 310POBLIX KJle-
TOK, UHTEphEPOHE! CTUMYJIHPYOT 06paso-
BaHWe cnelluguueckux GHEpMeHTOB, KO-
TOpbIE CNOCOOHBI pa3pyliaTb BHPYCHBHIE
MPHK 1 uHaxTHBHpOBATL (paKTOpP HHMLIHA-
uuu BesikoBoro cuHTe3a B pubocomax, mpe-
NATCTBYS TeM CaMbiM 3KCIOPECCMH BH-
PYCHBIX T€HOB B KJIETKE-XO3fHHE.

B 1980 r. uccrnenosatenbckye TPYNIibI
B UIBeituapun u CLIA Bbigenusu rex neiiko-
LUMTAapHOro MHTepdepoHa Yenoseka 1 BBENH
ero B nasmuay E. coli. B HacTosimee Bpemst
NPEANPHHMMAIOTCS YCHJIHR N0 MPOMBILI-
JICHHOMY TONTy4eHUI0 uHTepdepOHOB ueslo-
BEKA C NIOMOLIBIO UHTEP(hEPOHOBBIX 1€HOB,
KJIOHHpOBaHHLIX B kJyeTtkax E, coli. Iloka
ee HescHo, OynyT mM untepdeponbl 3d-
ek TUBHBI IIPH JIEYEHHH paka, OJJHAKO Ove-
BMIHO, YTO HCCJICLOBAHUS B AaHHOU oOna-
CTH OTKPOXOT HOBYH 3Py B IOHHMAaHHM
NPpUPONbl BUPYCHBIX 3aboJieBaHMil yenoBe-
Ka.

KpaTkoe conepxaHHe TiaBbl

Kak B npokaprHoTHyeCcKux, Tak M B 3yKa-
PUOTHMECKHX KJIETKaxX colepkartcs Qep-
MEHTHbBIE CHCTEMBI, COCOOHBIE UCTIPABIATH
OLIMOKH pernmukaldm ¥ pa3muHbie GopMBbI
nospexaenus [AHK, BuiiwiBaeMble rusipo-
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JM30M MM OEHCTBHEM BHEIIHHX MyTare-
HOB — yJIbTpa(HOJETOBOTO H3JIy4eHHsl, HO-
HM3HUpYIOLeH paJuanny, a TakxKe Oe3aMu-
HUPYIOLMX ¥ AaJKHJIHMDYIOLIMX areHTOB.
HewncnpasneHHble ¢ IOMOIIBIO MeXaHH3Ma
penepaunn nospexnenus JJHK npuBonst
K HacJIelyeMbIM MyTauusaM, KOTOPbIe MOTYT
ObITb JIETabHBIMM, HEMOJHOCTHIO TOOAB-
JSIOIMMY  (DYHKLHIO, «MOJMALMI» HIIH
Iaxe 6raronpUaTHLIMH B 3aBUCHMOCTH OT
MeCTa M NpHupo/ibl nospexaenns, Onun U3
TUIIOB MyTalmii o6ycioBiieH BcTpanBaHHEM
B JJHK nenpaBMIBmHOIO OCHOBaHHWS, UTO
MPHUBOOUT K M3MEHEHHMIO OIHOTO KOAOHA M
B DOJILILMHCTBE CJIyyaeB K 3aMeHe OOHOH
aAMMHOKHCJIOTBl B OEIKOBOM NPOOYKTE.
JIpyroit BaxHblif THII MyTaLMif —3TO TaK Ha-
3bIBAEMEIE MyTALMK CO COBUTOM paMKH, KO-
TOpPbIE NpeAcTaBisioT coboil moTepro MM
mpUOOPETEHNE OMHOIO KIH HECKOJIbKHX HY-
KneoTua0oB. TakWe MyTauMM BbI3bIBAIOT
COBHT DaMKH CHHTBIBaHMS KOIIOHOB, B pe-
3yJbTaTe Yero obpasyercs GenKoBbld mpo-
OyKT, aMHHOKHCJOTHas mocJieoBaTelh-
HOCTb KOTOPOTO MCKaXeHa, HauyMHag ¢ TOro
MeCTa, [ie MPOH3OLIUIO BHINAJEHHUE MK O0-
OapJienne ByksjeoTHaa. Myrtaumm o6briHO
BO3HMKaIOT OECOPAAOUHO, OHAKO BEPOAT-
HOCTb HMX IOSBJICHHMS CHJIBHO BO3pacTaeT
nof aeficTBHEM MYTareHOB, K KOTOPhIM OT-
HOCATCS [Ie3aMHHHPYIOLME B aJIKHIIMpylo-
LMe areHThbl, & TAKKE OPyTrHe BellecTsa,
cniocobHble M3MEHATH CTPYKTYPY OCHOBa-
Huil. TloyTH BCE KAHIUEPOTEHHbIE COEIMHE-
HHUS SBJIMIOTCS MYyTareHaMH, 4TO MOXET
OBITh MPOBEPEHO C MOMOLLBIO MPOCTHIX Te-
CTOB, OCHOBaHHbIX Ha BhIpallluBaHNK Oakre-
puii.

B HOpMaJIbHBIX TIPHPOOMBIX YCIIOBHSX
reHbl ¥ HAGOpbI T€HOB MPETEpeBaloT pe-
KOMOMHAIMIO B X0l TAKMX OHOJIOTHYECKHX
MpoLIEccoB, Kak TpaHchopmauus GaxTepui,
BUpYCHas TPaHCIyKLMs, KOHbrorauus Oak-
Tepuif ¥ OoOMEH TEeHOB NPH CIIMAHUM IO-
JOBBIX 3YRapPHOTHYECKMX KJIETOK. I'eHbl
¥ TPYIIBI TEHOB MOTYT TaKkke nepemMelliaTh-
Cfl C OIHOIO MECTa Ha NIpyroe Kak B Ipe-
Oenax omHoM M ToH e XpOMOCOMSBI, Tak
¥ MeXIy pa3HbIMHM XpoMocoMamu. Hampu-
Mep, OeNIKH-aHTHTEa, KOTOPble BbipabaThbl-
BAlOTCH KJIETKAMH KPOBH (MMMYHOLIMTaMH)
MO3BOHOYHBIX NPOTHB MHJLTMOHOB CaMbIX
pa3sHbiX, He COOEPXallMXCA B OpraHM3Me

MakKpOMOJIEKYTT (aHTHIEHOB), KOOMPYIOTCH
nocnenosatenmbHocTsMu JIHK, Bo3uukaro-
LIIMMH B pe3yJIbTaTe mepeMelleH s U nepe-
TPYNNHUPOBKH CPaBHHUTEJILHO HebonblIoro
YHMCNa PasHbIX THNOB redos. [lpm TpaH-
CKpHMITUMH C TaKMX MoCneNoBaTe/IbHOCTeH
MOTYT CHHTE3HPOBATLCA CaMble pa3Hble
MPHK nns MHTHOHOB pa3HBIX aHTHTEJ,
Kax bl U3 KOTOPBIX criocoben cneumduye-
CKH B3aMMOIEHCTBOBATh C OOHHUM H TOJIbKO
OOHMM THIIOM MOJIEKYJ aHTHIEHA.
Hoeble koMOMHAUMK TEHOB MOXHO CO-
30aTh B HCKYCCTBEHHBIM IyTeM B JiaGopa-
TOPHBIX YCJIOBHAX C MOMOLIIBIO TAKuX dep-
MEHTOB, KaK PECTPHUKTHDYIOLIME 3HIOHY-
kneaspl, JIHK-muraza ¥ TepMHHaIbHas
TpaHcdepaza. UToObl BCTPOMTL  uyXKe-
ponuslt red B redom kietok E. coli, aToT
TeH CHayaja NPHIIHMBAaIOT K BEKTOpPY, KO-
TOPBIM cIyxHT Jubo mnasmuna E. coli, mu-
60 JHK dara A. lNonyuennas pexom-
6unantHas JIHK Moxer 3ateM nonacThb
B KJIeTKy E. coli, KOBajIeHTHO BKTHOYHTHCH
B €¢ XpOMOCOMY H B COCTaBe 3TOH XpoMo-
COMBI perMIMpoBaThes. Ecin HOBLIL Tew,
conepxauwmiics B pekoMbuHanTHoi JTHK,
obnagaeT NOAXOOSLIMMH CHTHAJTBHBIMH IO~
CJIENOBATE/IbHOCTSIMHY, YKa3bIBAIOLIMMH Ha-
YaJI0 ¥ KOHel| TPAHCKPHIILKH, TO Takoi reH
O6yaeTr TpaHCKpHOHMpPOBATBCS M TPaHCIHpO-
BaTbcs ¢ 0Opa30BaHHEM COOTBETCTBYIOLLIE-
ro GesxoBoro mponykra. Muorue rems! u3
KHMBOTHBIX KJIETOK YyxXe ObUTH BBeIeHbI
B OaxTepuy, a GakTepHasbHble TeHbl B CBOK
ouepenb ObUIH BCTPOEHBI B 3YKapHOTHYE-
ckue kneTkd. C momollbio OakTepuii, B re-
HOMBI KOTOPBIX BBENEHbl COOTBETCTBYIO-
IIHE TeHbl, MOXHO NONy4aTh IPpHMEHAEMbIE
B MeMumuHe OenKoBble IpenapaThl—HHCY-
JIMH, TOPMOH pocTa U HHTepbepOHBL
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Bonpocbl H 3agam

1. Mexanusmvt penapayuu ITHK

a) Kax Bel momaraere, mouemy Y®-3HO0HY-
kneasa paciuenisier JHK ¢ 5'-ctopoHsl,
a He C 3'-CTOpOHEI OT THMHHOBOIO AHMe-
pa?

6) IToueMmy ManoBepOSTHO OOHapyXeHHE Ta-
KHMX (PEpMEHTOB, KOTOpble HCIPABJIAIH Obl
noBpexaerHyio MPHK crons xe 3ddex-
THBHO, KaK penapupyeTcsl MOBpeXaeHHAS
JHK?

B) Ha ocHOBaHmu TOro, 4TO BB 3HaeTE O Me-
xanu3max penapaudd JJHK, npeanosnoxs-
Te, KAKOBAI OyAyT MOCNIENCTBHA NOBpEXIe-
HUHi TeHAa PEHTTeHOBCKHMH JlydaMH, KO-
TOpble 4YacTo MNPHBOANT K pa3pbiBaM
B obeux mensx JHK?

2. Hocredcmeun 3amenvi 00HO20 OCHOBAHUS.
IMepeuncnuTe BO3IMOXKHBIE MOCIIEACTBUSA MyTa-
OHWH, BEI3BAHHOH 3aMeHOH OQHOIO OCHOBAHMS
aykapuoThieckoif JJTHK B yuacTke, konupyo-
weM ¢epMeHT.

3. Pexombunayus pazmenmos, noaydeHHbIX
C  NOMOWbBIO  pecmpukmupyioujeii  3HOOHY-
kaeaswl. ITpennonoxuM, y Bac ecTb ABE OBYX-
uenoyevHble monekysibl JHK—A u B. Llens 1
JAHK, ¥MeeT nocrenoBaTenbHOCTh

(SYATATGAATTCAATT(3)
a vems 1 JHKg umeer mocnenoBaTenbHOCTD
(8) CGCGGAATTCCCGG(3)

O6e NJHK pacuennsioT pecTpHKTHpYoLIeH
3HAOHyKnea3oli Eco RI, monyueHHble ¢par-
MEHTbl CMELUMBAIOT, YTOOBI OHH CMOTJIH
B CMeCH NMepeKOMOHHHPOBATLCA, H 3aTeM KO-
BaJICHTHO ClUHBaoT ¢ nomoulbio JHK-mu-
ra3pl. HamHumTe nocnenoBaTelbHOCTH BCEX
JHK, obpa3yroupixcs nocsue pekoMOUHALMH.
VKaxkHTe, Kakue ¥3 HHX OKaXyTCSi HOBBIMH
pekoMOHHaHTaMM.

4. Kodon UAA ¢ kavecmee cuznasa. Hyxneo-
THHBIE OCTATKH B npokapHoTHyeckoit MPHK
HYMepyIoTCsi TakHM 00pa3oM, YTO OCTATKH
konoHa AUG 118 MHUHHHPYIOIIErO METHOHH-~
ua Genkosoro mpoaykra (cocrosiuero u3 140
aMHHOKHCIIOT) HMeroT HoMepa 1, 2 u 3. Kaxkoe
BJIMsIHHE HA OeNKOBBLH NMPOAYKT OKA3BIBAaET
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HajguuKie B nonoxenusix 330-332, 334336
u 338-340 tpunneta (5)UAA? Kakum Oput
Obl Ball OTBET B CAyyde 9IYKapHOTHYECKOH
mMPHK?

. Hocmpoenue pecmpukyuonnoli Kapmsl eupycd.

JIHK, BolaeneHHasi W3 BUpyca, HHOHLKPYHO-

LUErO XXHBOTHBIE KJIETKHM, HMEET ODBlYHOE K-

BHBANEHTHOE  COOTHOWLIEHHE  OCHOBaHMi

H YCTOMYHBA KO BCEM H3BECTHHIM IK3IOHYKJIEd-

3aM.

a) Yto roeopsil BaMm 3TH (haKTbl O TPETHHHOH

cTpyktype 3toi JTHK?

TTpu pacLienyieHuy pecTPUKTHPYFOLLEH IH~

noHykseazod Eco Rl obpasyeTcs onvy Tin

asyxuenoueudol JIHK ¢ mon. maccon

3,4-10% YTto rosoput o crpykType AHK

TAKOH pe3ynbTaT?

B) lpu paciwennesuy HcXOoMHOH BHpYCHOH
JAHK ¢ noMoLBbI0 pecTpUKTHPYIOLLEH IH-
nonykneaswl Hpa | us Haemophilus parainf-
luenzae obpazyrotcss TpHM  hparmenTa
¢ Moxn. maccamu 1,4-10°,0,7-10° 1 1,3 - 10°,
KOTOpBIE MOXKIIO pa3/ie/iMTh reNb-3NeK rpo-
thopeaom. [1pu coBMecTHOM nekicTBHM Eco
RI u Hpa 1 u3 ucxoaxoit BupycHoih JJHK
obpazyrotcs ueThipe ¢parmenTa. Camplit
Oonbilioll M3 HMX #MeeT MOJI. Maccy
1,3-10%, a cammii mancHbkuii—0,6- 10°.
®parmenTol 0603HayarT OykBAMH B CO-
OTBETCTBHH C MX pa3sMmepoM (A —caMbii
bonbuoii). Kakosa mostekynsipHasi macca
IBYx Apyrux ¢parmentos, o6pazosaBuimx-
csi py coBMeCTHOM peitctBuu Eco Rl
u Hpa 1?

r) [locne yacTuyHOTO (T.€. HEMONHOTO) pac-
uiensenusi BupycHod JIHK oboumu dep-
MEHTaMM M3 3eKTPO(OpPETHYECKOH MNO-
JIOCBl,  COOTBETCTByIOLEH  (parMeHTy
¢ Mon. Maccoit 1,3-10°, Benemunu JJHK
W MOMUBEPI/IM €€ MOJIHOMY pacCLLENIEHHEO
¢ nomousko Hpa 1. B pesynbraTte nosyus-
JIM TPH NOJIOCH, O/1Ha U3 KOTOpHX 0bnana-
J1a 3neKTpoOpeTHYECKOH MOJABHXHOCTBIO,
COOTBETCTBYIOLIEW Mon. Macce 1,3-10°,
a ABC OpyrMe MOJIOCH COOTBETCTBOBAIIH
JBYM MeHbUIMM ¢parmenTaM. CocTaBbTe
BO3MOXIYIO  PECTPHKIMONNYIO  KapTy
dparmenToB A, b, B u I' Bupycnoii /IHK
H YKa)XXHTe TOYKH pacLUensicHuUs.

n) [Npu nonuom pacienyernn JHK mMyTauT-
HOTO LUTAMMA ITOTO XK€ XHBOTHOrO BUPY-
Ca pecTpMKTHPYIOIUHMMHK 3HAOHYKNea3aMH
Eco Rl u Hpa 1 o6paiyroTcsi TONBKO TpH
¢dparmenta ¢ Mos. Maccamu  2,1-108,
06-10° u 0.7-10°. KaxoBo mnpocreiiee
oOBsiCIenHe MY TalMY, NPUBEaLLEH K H3Me-
HEHMIO KAPTHHBI paCLUenyicHus ?

6

6. dynkyuonaabnsie Oortensl 6 beakax. Ects oc-

HOBaHHA CYHMTATbL, YTO Genku IYKapHvoT co-

9-59

CTOSIT U3 QPYHKUHOHANDBHBIX JOMEHOB, T.€. U3
HE3aBMCHMBbIX ODNacTei, Kaxaas u3 KOTOPkIX
onpenenser kakoe-nbo cporcTeo 6enka uinM
ero ¢yuxumio, bbito Beicka3ano npeanonoxe-
HHE, YTO CYLLIECTBOBAHME TAKMX [1OMEHOB Bbl-
rOAHO C 3BOJIOIMOHHOW TOYKH 3pPEHHs], MO-
ckonbky  yuacikn JHK,  koaumpyroiume
Kaxublid AOMeH, MOTyT OOMeHMBATLCS M pe-
KOMOHHHPOBaTh ¢ 06pa3oBaHHeM HOBHIX re-
HOB. KONMpYyRLLyx OeflkM ¢ HOBOH KOMOMHa-
uueit cBoiicTB U dynkumi. Kakne ocobennoctH
3yKAPUOTUHECKON TPaHCKpUNUMKM MOy Ol
NPHUBECTH K BOSHMKHOBEHHIO TakMx HOBBIX re-
HOB H nouyemy?

. Kaonuposanue unmeppepona wueaosexa. Wc-

nonb3ys pekoMbuHanTHele HK, MOXHO 3Ha-

YUTENbHO YBE/IMUMTL HapaboTky OeJIKOB, npu-

CYTCTBYIOLUUX B KJIETKE B MalOM KOJIMHECTBE.

WHTepdepoHbl —aH THBUPYCHBIE, @ BO3MOXHO,

H NpOTHBOPAKOBLIC ArEHThbi—~MOXHO BblIE-

JIMTD U3 JIEHKOLIMTOB 4eJI0BEKA, ONHAKO BBIXOA

uHTEp(epoHa cocTaBisieT Beero | MKr M3 |

J1 KPOBH, II03TOMY UPH TaKOM BblAEJICHHH OH

ctouT o4eHb noporo. [eHbl uHTEpdEpOHOB

MOXHO KJIOHMUPOBATh H NOJYYUTH HX 3KCIIPEC-

CHIO B DakTepusix, KOTOpble JIerkO BblpalLiy-

BaThb B KOJIMYECTBE COTEH W THICAY JMTPOB.

a) Moacuutaiite, CckoOJIbKO wuHTEPPEpOHA

MOXHO MOJNY4YHUTb B PE3YILTATE KJIOHHPO-

BauMs reHa uarepdepona B OakTepusx,

npeanonaras, yto B | M KyiabTypblL IO-

CTHIIEH CTALHOHAPHOM (ha3nl, CONEPKHUT-

cs1 10° GakTepHaNbHBIX KIETOK, @ B KKA0#H

KneTke mpucyTtersyeT 107} or Genka, 5,

KOTOPOIO COCTABJSET MHTEP(EpOH.

Ecrn mMon. macca uHTepdepora cocTa-

pisier 30000, TO CKOJILKO MOJIEKYST MHTED-

¢epoHa BoipabaTbiBaeT OAHA KiETKa?

(Monckazka: uucno Aporaapo, T.€. 4MCIO

MOJIEKYJT B OAHOM MOJIE€ BELLECTBA, PABHO

6,02-10%3)

B) Kakoe KONMYECTBO KIIOHMPOBAHHOTO HH-
TepepoHa 4enoBeKa MOXHO TeOPeTHUECKH
noJy4yuTh U3 100 1 KyJBTYphI, €CJTH Y4ECTB
JaHHble, NpHBeneHHbie B n. 6)?

6

~

. Pexosbunayua koavycevix JIHK. [Npennono-

MM, Y BaC €CTb ABE KOJiblleBbie ABYXILENO-

yeunple [IHK-onna Gonvwas, npyras ma-

JNIeHbKasl, KOTOpBI€ HA/10 OOBEAMHUTDL B OAMH

KOJILIIEBOH Ayniekc. ¥ Bac ecTb PeCTPHUKTH-

PYIOLLast JHIOHYKJIea3a, KOTOpasi MOXeT pac-

wenuTh kaxayro JIHK nuuib B 0onHOH ToYkKe

¢ 06pa30BaHKeEM B MECTE pa3pblBa BbICTYNaro-

ILUX KOHIIOB.

a) KakuM obpa3om BBl OCYIIECTBHTE COEAH-
HenHe Gosbuioit M mayioin AHK B oano
konbLo OGosbuero pasmepa?

6) VkaxuTe CTPYKTYPY OCHOBHBIX MOOOYHbBIX
NPOAYKTOB PeKOMOMHALIHH.



MPUJIOXKEHHUE A

OBO3HAUYEHUS EQVHUII,
[IPUCTABKU, KOHCTAHTbI
1 KODO®OULIMEHTHI [TEPECUETA

IMopsanok IMpucraska Obo3HaveHne
10°3 MHJLIH M

to-¢ MHKPO MK

10-° HaHO H

1012 MIHKO o

HexoTopeie duInyeckne KOHCTaHTh

Yucno ABoranpo
N) 6,02-102* monekyn
Kiopu (Kn) 3,70.10'° pacn./c

Enununa atomHoif

1,661-107 %% ¢

A Amrmep

A AHrCcTpeM

at™ ATMochepa

Kn KyJson

Kan Kanopus

Ku Kropu

cM Cautumerp

uMI/MUH YHCNO HMIYNLCOB B MHHYTY

am Jenumerp

pacn./mMuH Uxcno pacnagoB B MHHYTY

r [Mpamm

q Yac

Jox Jxoynb

KKa Kunokanopus

Kk Kunomkoynn

K KenbBuu

K KoHcTaHTa paBHOBecHs

b Jlutp

In HartypanuHblid norapudm (no ocHo-
BEHHIO €)

Ig JecaTuunelil orapugm (Mo ocHopa-
nuro 10)

MKM MukpomeTtp

MKMOJIL  MukpoMonb

M MonsipHasi kOHUEHTpauus

m MonsmHas KOHUEHTpaurs

M Mertp

Mr MuymrpamMm

MHH Munyta

M Munmimtp

MM Munmmerp

MM pT. CT.MumiMeTpbl pTyTHOrO ctonba

mB MumnnusonsT

H. HopmanbHas kOHHEHTpauus

HM Hanomerp

pH ~ig[H*]

pK —1gK’

ob O6opot

c Cexynna

S Csenbepr

B BoneT

HexoTopble NpHCTaBKH, HCNONb3yeMble B Me-
XOAYHAPOJHOR CHCTeMe €IUHHI

Topsanox IMpuctaska O6o3nayenue
108 Mera M

103 KWIO K

107! IelH n

1072 CanTH c

maccel (JlaneToH)
Yucno ®apanes (F) 23062 xan/(B-monb)

96485 Kin/moms

YuuBepcaILHas 1,987 xan/(Mons-K)
rajosas noctoguHas 8,314 I /(mons - K)
(R)

IocTosiHHasA 1,584-10~ 3 xan-c
Inauxa (h) 6,626-10 3% Hx-c

MaTemMaTH4eckHe KOHCTAHTHI

n=3,1416
e=2718
In(log,)x = 2,303 Ig x

HexoToprle k03dQHHHEHTH nepecyera

Jnua 1 eMm=10 mm=10* MxM=
=107 um=10® A=073%
moiiMa; | mroiiMm = 2,54 cMm

Macca 1r= 1073 xr=103 mr=10°
Mkr=3,53-10 "% yuump; 1
yHups = 283 r

Temnepatypa “C=35/9 (°F-32); K="C+
+ 273

Dueprus t ok = 107 3pr = 0,239 xan; 1
kan=4,184 x

Jlapienue 1 Topp=1 MM PpT. CI.=
=1,32-1072 arm;

I atm = 760.T0pPp




MNPUJITOXEHUE b

ATOMHASA MACCA 3JIEMEHTOB

AnemeHT Cum- AToM- A roM- Drement Cum- AToM- Atom-
BOJ HBIi Has BOJ HbIA Has

HO- Macca HO- Macca

mep Mep
Aot N 7 14,01 Heonum Nd 60 144,27
AnoMuHHR Al 13 26,98 Heon Ne 10 20,18
Aprox Ar 18 39,55 Huxkens Ni 28 58,71
Bapuii Ba 56 137,34 Huobuit Nb 41 9251
Bepunit Be 4 5,01 Onoso Sn 50 118,69
Bbop B 5 10,81 Ocmuit Os 76 190,2
Bbpom Br 35 79,90 IMannanui Pd 46 106,4
Bananuit \' 23 50,94 Inatuna Pt 78 195,09
BuemyT Bi 83 208,98 INpa3eonum Pr 59 140,91
Bonopon H 1 1,008 IpotakTeuuii  Pa 91 231,04
Bonbppam w 74 183,85 Panuit Ra 88 226,03
lanomnuii Gd 64 157,25 Panon Rn 86 222
Cannuit Ga 31 69,72 Penuit Re 75 186,2
Iaduuit Hf 72 178,49 Ponuit Rh 45 102,91
lenunit He 2 4,00 Pry1b Hg 80 200,59
I'epmanuit Ge 32 72,59 Py6unuii Rb 37 8547
Conbmuit Ho 67 164,93 PyTenmuit Ru 44 101,07
Jucnpo3uii Dy 66 162,50 Camapuit Sm 62 150,43
Esponnit Eu 63 151,96 Ceunen Pb 82 207,21
XKeneso Fe 26 55,84 Cenex Se 34 78,96
3onoto Au 79 196,97 Cepa S 16 32,06
Wnnuit In 49 114,82 Cepebpo Ag 47 107,87
Hon 1 53 126,91 Cxannuh Sc 21 44,96
Wpunmit Ir 77 192,22 Crponusii Sr 38 87,62
HrTepOuit Yb 70 173,04 CypbMa Sb 5t 121,75
U rrpnif Y 39 88,51 Tasumif Tl 81 204,39
Kaamuit Cd 48 112,40 TanTan Ta 73 180,95
Kanuit K 19 39,09 Temnyp Te 52 127,60
Kanbunit Ca 20 40,08 TepOuit Tb 65 158,93
Kucnopon 0] 8 16,00 Turan Ti 22 47,90
KobansT Co 27 58,93 Topuit Th 90 232,04
K pemumii Si 14 28,09 Tymit Tm 69 169,93
Kpunton Kr 36 83,80 Vrnepon C 6 12,01
Kcenon Xe 54 131,30 Vpau U 92 238,03
JlanTan La 57 138,59t ®docdop P 15 30,97
JuThit Li 3 6,94 dr1op F 9 19,00
Jlroreumii Lu il 174,97 Xnop Cl 17 35,45
Maruuii Mg 12 24,31 Xpom Cr 24 52,00
Mapranen Mn 25 54,94 Le3nit Cs 55 132,91
Mens Cu 25 63,55 Llepuit Ce 58 140,12
Mosmbnen Mo 42 95,94 L{uuk Zn 30 65,38
Muiubak As 33 7492 Lupkonuit Zr 40 91,22
HaTtpuit Na 1t 23,00 Dpbuit Er 68 167,26

ye




MPUJIOXXEHUE B
JIOTAPU®MBbI

N 0 1 2 3 4 5 6 7 8 9

10 0000 0043 0086 0128 0170 0212 0253 0294 0334 0374
11 0414 0453 0492 0531 0569 0607 0645 0682 0719 0755
12 0792 0828 0864 0899 0934 0969 1004 1038 1072 1106
13 1139 1173 1206 1239 1271 1303 1335 1367 1399 1430
14 1461 1492 1523 1553 1584 1614 1644 1673 1703 1732

15 1761 1790 1818 1847 1875 1903 1931 1959 1987 2014
16 2041 2068 2095 2122 2148 2175 2201 2227 2253 2279
17 2304 2330 2355 2380 2405 2430 2455 2480 2504 2529
18 2553 2577 2601 2625 2648 2672 2695 2718 2742 2765
19 2788 2810 2833 2856 2878 2900 2923 2945 2967 2989

20 3010 3032 3054 3075 3096 3118 3139 3160 3181 3201
21 3222 3243 3263 3284 3304 3324 3345 3365 3385 3404
22 3424 3444 3464 3483 3502 3522 3541 3560 3579 3598
23 3617 3636 3655 3674 3692 3711 3729 3747 3766 3784
24 3802 3820 3838 3856 3874 3892 3909 3927 3945 3962

25 3979 3997 4014 4031 4048 4065 4082 4099 4116 4133
26 4150 4166 4183 4200 4216 4232 4249 4265 4281 4298
27 4314 4330 4346 4362 4378 4393 4409 4425 4440 4456
28 4472 4487 4502 4518 4533 4548 4564 4579 4594 4609
29 4624 4639 4654 4669 4683 4698 4713 4728 4742 4757

30 4771 4786 4800 4814 4829 4843 4857 4871 4886 4900
31 4914 4928 4942 4955 4969 4983 4997 5011 5024 5038
32 5051 5065 5079 5092 5105 5119 5132 5145 5159 5172
33 5185 5198 5211 5224 5237 5250 5263 5276 5289 5302
34 5315 5328 5340 5353 5366 5378 5391 5403 5416 5428

35 5441 5453 5465 5478 5490 5502 5514 5527 5539 5551
36 5563 5575 5587 5599 5611 5623 5635 5647 5658 5670
37 5682 5694 5705 5717 5729 5740 5752 5763 5775 5786
38 5798 5809 5821 5832 5843 5855 5866 5877 5888 5899
39 5911 5922 5933 5944 5955 5966 5977 5988 5999 6010

40 6021 6031 6042 6053 6064 6075 6085 6096 6107 6117
41 6128 6138 6149 6160 6170 6180 6191 6201 6212 6222
42 6232 6243 6253 6263 6274 6284 6294 6304 6314 6325
43 6335 6345 6355 6365 6375 6385 6395 6405 6415 6425
44 6435 6444 6454 6464 6474 6484 6493 6503 6513 6522

45 6532 6542 6551 6561 6571 6580 6590 6599 6609 6618
46 6628 6637 6646 6656 6665 6675 6684 6693 6702 6712
47 6721 6730 6739 6749 6758 6767 6776 6785 6794 6803
48 6812 6821 6830 6839 6848 6857 6866 6875 6884 6893
49 6902 6911 6920 6928 6937 6946 6955 6964 6972 6981

50 6990 6998 7007 7016 7024 7033 7042 7050 7069 7067
51 7076 7084 7093 7101 7110 7118 7126 7135 7143 7152
52 7160 7168 7177 7185 7183 7202 7210 7218 7226 7235
53 7243 7251 7259 7267 7275 7284 7292 7300 7308 7316
54 7324 7332 7340 7348 7356 7364 7372 7380 7388 7396

N 0 1 2 3 4 5 6 7 8 9




N 0 1 2 3 4 5 6 7 8 9

55 7404 7412 7419 7427 7435 7443 7451 7459 7466 7474
56 7482 7490 7497 7505 7513 7520 7528 7536 7543 7551
57 7559 7566 7574 7582 7589 7597 7604 7612 7619 7627
58 7634 7642 7649 7657 7664 7672 7679 7686 7694 7701
59 7709 7716 7723 7731 7738 7745 7752 7760 7767 7774
60 7782 7789 7796 7803 7810 7818 7825 7832 7839 7846
61 7853 7860 7868 7875 7882 7889 7896 7903 7910 7917
62 7924 7931 7938 7945 7952 7959 7966 7973 7980 7987
63 7993 8000 8007 8014 8021 8028 8035 8041 8048 8055
64 8062 8069 8075 8082 8089 8096 8102 8109 8116 8122
65 8129 8136 8142 8149 8156 8162 8169 8176 8182 8189
66 8195 8202 8209 8215 8222 8228 8235 8241 8248 8254
67 8261 8267 8274 8280 8287 8293 8299 8306 8312 8319
68 8325 8331 8338 8344 8351 8357- 8363 8370 8376 8382
69 8388 8395 8401 8407 8414 8420 8426 8432 8439 8445
70 8451 8457 8463 8470 8476 8482 8488 8494 8500 8506
71 8513 8519 8525 8531 8537 8543 8549 8555 8561 8567
72 8573 8579 8585 8591 8597 8603 8609 8615 8621 8627
73 8633 8639 8645 8651 8657 8663 8669 8675 8681 8686
74 8692 8698 8704 8710 8716 8722 8727 8733 8739 8745
75 8751 8756 8762 8768 8774 8779 8785 8791 8797 8802
76 8808 8814 8820 8825 8831 8837 8842 8848 8854 8859
77 8865 8871 8876 8882 8887 8893 8899 8904 8910 8915
78 8921 8927 8932 8938 8943 8949 8954 8960 8965 8971
79 8976 8982 8987 8993 8998 9004 9009 9015 9020 9025
80 9031 9036 9042 9047 9053 9058 9063 9069 9074 9079
81 9085 9090 9096 9101 9106 9112 9117 9122 9128 9133
82 9138 9143 9149 9154 9159 9165 9170 9175 9180 9186
83 9191 9196 9201 9206 9212 9217 9222 9227 9232 9238
84 9243 9248 9253 9258 9263 9269 9274 9279 9284 9289
85 9294 9299 9304 9309 9315 9320 9325 9330 9335 9340
86 9345 9350 9355 9360 9365 9370 9375 9380 9385 9390
87 9395 9400 9405 9410 9415 9420 9425 9430 9435 9440
88 9445 9450 9455 9460 9465 9469 9474 9479 9484 9489
89 9494 9499 9504 9509 9513 9518 9523 9528 9533 9538
90 9542 9547 9552 9557 9562 9566 9571 9576 9581 9586
91 9590 9595 9600 9605 9609 9614 9619 9624 9628 9633
92 9638 9643 9647 9652 9657 9661 9666 9671 9675 9680
93 9685 9689 9694 9699 9703 9708 9713 9717 9722 9727
94 9731 9736 9741 9745 9750 9754 9759 9763 9768 9773
95 9777 9782 9786 9791 9795 9800 9805 9809 9814 9818
96 9823 9827 9832 9836 9841 9845 9850 9854 9859 9863
97 9868 9872 9877 9881 9886 9890 9894 9899 9903 9908
98 9912 9917 9921 9926 9930 9934 9939 9943 9948 9952
99 9956 9961 9965 9969 9974 9978 9983 9987 9991 9996
N 0 1 2 3 4 5 6 7 8 9




NPUJIOXXEHUE I
OTBETHI

[haBa 24

1. 8,0 kkan; 0,60 moneit

2. CekpeT NOIKENyIOYHOI Kene3bl COLEPKHMT
HCOj; B BbICOKOH KOHLEHTpaUuH; Onaronaps
TOMY NPH CMELIMBAHNM C XEJNYIAOYHBIM CO-
KOM YCTaHABNMBACTCAA ONTHMANLHBIH Ans
neiictBus depmentos pH.

3. MNockombky P-kaseuwn obnanaer cnabo BbIpa-
XEHHO! TpeTHUHOM CTPYKTYpO#t M ero HaTus-
Has KoHpopmanus# HanoMuHaetr Oecrops-
nouHblt KnyOok, Bce 4YacTy OenkoBod wuens
JIETKO JOCTYNHH! JEHCTBHIO TETICHHA M (ep-
MEHTOB NOKenynousolt xeneawt. B otnuune
OT 3TOr'o 0-KepaTuHbl 06718 1a10T BHICOKOOPra-
WH30BaHHOI BTOpHYHON ¥ TPETHUHOH CTpyK-
TYpoOif € MHOrO4YMCNIEHHBIMH —S—S-MocTu-
KaMu; NO3TOMy JeHaTypauus 3Tux OenkoB
npu HuskoM pH kenynka orpaHuueHa, no-
CTYNHOCTH NMenTUAHBIX CBA3EH LEHCTBHIO M-
LueBapHMTeNbHBIX  (EepMEHTOB  3aTpyOHEHa
¥ THAPONM3 MIET MeJIeHHO.

4. a) B kucnoii cpene xenynka aKkTHBAUMA TeT-
CHHOTIEHa MPOKCXOAMT crioHTaHHo. O6pasyro-
IUMHCA IIENCHH KaTaJM3UPYET aKTHBALMIO
OCTaBLIMXCA MoJsiekyNl mencuHoreda. 6) Ilen-
CHHOTEH obpa3yeTcs ¥ 3anacaeTcs B ITIaBHbIX
KJIETKaX CIIM3KUCTOI Xenynka (cnaboliernoyHan
cpena) B ¢dopMe HEAKTHBHOIO MPelIleCTBEH-
Huka Otwennamommiica OT neNcMHOTEHa
$parMeHT NpoYHO CBA3LIBAETCH C AKTHMBHBIM
LEHTPOM MENncuHa, AeHCTBYA B KAYeCTBE HHIH-
6uTopa.

5. INpoteonuTnueckue QepmMeHTHl, CEKpeTHpye-
MBI€ NODKENYIOYHOW kese3oif, He paspy-
AT 3MUTENNaNLHble KNETKM TOHKOTO KH-
LIeYHMKA, TIOTOMY 4YTO: &) KOHUeHTpalus
MOCTYNMBILEro ¢ nuilell Gesika Bbinle, YeM
KOHUEeHTpauus Oenka Ha MOBEPXHOCTH 3MMTeE-
NUalbHEIX KJeToK; 6) ¢depMeHTEl MOIXey-
JO4HOI Xelle3bl noce 3aBeplleHns nepesapu-
BaHwusi [IULIKM NOIBEPraloTCH caMonepeBapuBa-
HUIO, B) cekpeuus ¢GEepMEHTOB TIOIKEIYX0Y-
HOIi XeJle3bl perynupyeTcs ropMOHaMH, Mpu-
4YeM CEKpElMsl MPOWCXOUMT TONbKO TOIXa,

7. OTBEeTCTBEHHOE 38 CHMIITOMBI

KOIIa B XeJyaOK MonafaeT MHLUA C BRICOKHM
conepxanuem Oenka; ) 3MMTeNnasbHBEIE
KJIETKM TOHKOI'O KMIUEYHHKA BBLIIENSIOT CJIOH
CIM3¥, 3alUMLUAOLIpf TMOBEPXHOCTb KIIETOK.

6. B mnpouecce nuiueBapeHus Oenku pacuue-

MISIOTCH Ha MEHbIUME MOJMHENTHABI C MO-
MOIIBIO TMAHKPeaTH4eCKHX  3IHIOMEnTHAal.
CrnenoBaTtesbHO, Ha 3aBEPLIAIOLIMX ITANAX
nuiieBapeius 3¢dekTUBHOCTL KapOokcuren-
THa3bl BO3PACTAET 38 CUET yBE/HYEHHSA KOJIH-
vyecrBa COOH-koHLOB.

BELLIECTBO —
nakto3a. CrocoOHOCTE CEKPEeTHPOBAThL JIAK-
Tasy—depmenT, ruaponuayloltnit  nakTo-
3y,—CHuxkaeTca ¢ poapacroM. HeycsoenHas
JIaKTO3a TMPOXOIMT Yepe3 TOHKWH KMILEeYHHUK
B TOJICTHIYf KMILIEYHHMK, 1€ OHa cOpaXuBaeTcs
KMIIEYHbIMM OGakTepusMu.

8. Ecau B ucnpaxHenusnx oOHapyxuBarTca -

MYObl, COAEPXAallKe HErHIpONu30BaHHbIE
TpUALKMIIIKIEPOJIL], TO BEPOSTHOH NPHYHHOK
CTeaTOPPEH MOXET CIYXHTH HepocTaToOuHAaA
CeKpeLus Ina3bl HOIDKENYHOYHOM skene3oi.
Ecnu B TMnmzax wcnpaxkHEHUi npycyTCTBYOT
ruﬂpOIlMBOBaHHbIC Tpuauunrnuueponbl, TO
BepOATHOI NpuyKMHOM CTEATOPPEN MOXKET OKa-~
3aTHCA HELNOCTATOYHAsA CEKPELMS XKEJuu, Ho-
CKOJIbKY COJIM XEJIHHbIX KMCJIOT HeoOXOMIMBI
JL71A BCaCblBaHMA NMHUTATEJIbHbLIX BELIECTB.

9. TloBbillleHHAS KOHUEHTPALMA allaHWHa W TJTy-

TaMKHa CBUJETENTLCTBYET O BaXKHOCTH TTIHOKO-
30-aJIJaHMHOBOI'O 1IMKJIa ¥ MEPEeHOCa aMMHAKa,
OCYILECTBIISEMOro NpH MOMOLUM IJIyTamMMHA.

10. IMoutw nee TpetH ATP, cunTesnpyemolt B no-
4KaX, HCMONBL3YeTCH AJIA TPaHCNOPTa MOHOB.

11, AHTHMHIMH A M MOJAUEeTAT MHIMOUpYIOT
TPaHCIOPT 3TIEKTPOHOB M IJIHKOJIM3 COOTBET-
cTBeHHO. UCTOYHMKOM 3HEPIMH IS coKpa-
LieHust cyxuT 3anac kpeaTuHocdaTta.

12. Tlocronuuriit yposehbr ATP nonpepxusaer-
cs 3a cyeT mepenoca Qocdarta OT KpeaTHH-
docdara. Orop-2,4-auHuTpobeH3on HHrubH-
pYeT KpeaTHHKMHa3y.

13. AMMuak oueHb TOKCHUEH I HEpBHOi TKa-
HH, ocobenHo g Moara. M3bniToxk ammunaka



15.

16.

17.

19,

CO, + H,0 = H,CO, = H*

. [mroko3a

NPUJIOKEHHE I'. OTBETHI

yOanfeTcA 33 cyeT TmepeBoHa rjyTaMara
B TyTaMuH, KOTOPHIM HanpaBngeTcs B me-
YeHb M 3aTEM MPEBPALIAETCH B MOYEBUHY.
JlononHuTeNbHOEe KOJMYECTBO TiyTaMuHa
ofpa3yeTcs B pe3ylbTaTe mnpeBpalleHus
[FOKO3BI B IIyTAMAT Yepes o-KeTorlyTapart,
TpvMEM aMMHaK yHalfieTCad Kak B CaMOM
3TOM Mpouecce, Tak ¥ npu npesparuelnu Glu
B Gin.

Cnuxonma
— [MurnapokcuaueroHdoc-

dar NAPH * ' roynepon-3-gocdar  +

NAD* — Tpuauunriuueposisl
KonuuecTBO UMPKYJMPYIOLUEro anbOyMuHa
3aBUCHT OT ob1wero o6vema nnasmel. Iore-
psa anbOyMuHa y GONbHBIX € MaToiorueit no-
4YeK MPMBOJAMT K Pa3sHHMIE B OCMOTHYECKOM
laBJeHuH MeXy IU1a3Moll KpOBHM ¥ BHEKJie-
TOYHOI KUIAKOCTHIO, UTO 00yClOBIMBAET OT-
TOK BOOBl W3 KJETOK BO BHEKJIETOYHOE
MPOCTPaHCTBO.

Cexpeunsi NOKeNyIOYHOM Kelle3bl 3aBHCHT
OT COCTaBa 1 KOJIMYECTBA MULLM, B 0cOOeHHO-
CTH OT coZiepanus B Heit 6esTkoB. YMeHblile-
Hue moTpeOreHust KMOKOCTH, KaJlopuit
¥ 3NEKTPOJINTOB KOMIEHCHPYIOT NyTEM BHY-
TPUBEHHOTO BBeIeHus (GH3HONOrHYECKOro
pactBopa ¢ rmrokosod. Ilpu pasppaxenun
TKaHu MOJDKENyIO4HOM XKeJe3bl CHMKaeTCH
CeKpelus WHCYTIMHA, 4TO MPHBOAMT K pa3Bu-
THIO TUIEPIIHKEMUK.

Bonbiuas ¢pusmdeckas Harpy3ska tpebyet yBe-
nuuenun Boipabotku ATP, uTo ynoBnetBo-
psieTcs 32 CHET MOBHLILIEHHOro moTpebnenus
Kucnopona. Bo BpeMs cipuHTa MBIILIIbI Ipe-
BpalllaloT 4acTk INuKoreHa B nakrtaT. [lo
OKOHYAH{M CNpPWHTA JaKTaT nepeHOCHTCS
B Ie4eHb, IJIe OH CHOBA NPeBPALLAETCs B [JIO-
KO3y ¥ I'mmkoreH. Jl7a 3TOro mpotecca Tpe-
Oyercs ATP, a cnenoBaTenbHO, B KMCIOPOO
B JIONOJIHUTENILHOM O CPABHEHUIO C COCTON-
HHEM IIOKOA KOJIHYECTBE.

. Jns coxpaHeHMsi HEWTPANbHOCTH MOYM Bbl-

nenerue pocdara (PO~ ) momkuo conposo-
KOATHCA BBELACTICHHEM MOJIOKHMTENLHAIX NPO-
TuBouoHoB (Na ¥ unu H* ). Uto6bl ymeHb-
wmTe noTepro Na ¥ npu BuBenenuu pocda-
Ta, HaTpHil B AUCTANLHBIX KaHabuax obme-
HMBAeTCH Ha MPoToH. B pesyneTate noBei-
maeTcs KOHUEHTpauMs MPOTOHOB B MovYe.
a) [1pu oTpaBlieHWH HapKOTHKaMH Herny6o-
KO€ ¥ HEPOBHOE [IbIXaHUEe MPUBOLMT K Ha-
komneunto CO, B nerkux. VspenuueHue
koHueHTpauuu CO, ciaBuraer npuBeneH-
HYIO HMXE peaklMIO BOpPaBo, TOHWXKas
pH nnasmel kposu:

+ HCOj;

6) MexaHuueckass BEHTHJIALIMA JIErKUX CHM-

20.

21.

22
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xaeT konuentpaumio CO, u capuraer pas-
HoBecue BJepo. B pesymbTaTe nosbillaeTcs
pH nnasmel kpoBu B JIErKMX, YTO CNoOCoO-
CTBYET YBEJIMUEHHIO CPOICTBA reMornobuHa
K kucnopony. B) bukapbonat noswinaer pH
U yBe/M4MBaeT OyGepHyro eMKOCTE Mla3Mbl
KPOBH.

I'nox03a CIyKUT OCHOBHBIM TOTLJIMBOM MO3-
ra. Knrouesas peakums B katabonusme riro-
KO3bI—3TO  THaMKHNUpodochaTiaBUcCHMOoe
OKMCIIMTENIbHOE [eKapOOKCHNMpoBaHHE Mu-
pyBaTta ¢ obpasopaHueM auetun-CoA. Iloa-
TOMY HEIOCTATOK THAMHHA CHHXKAeT yTHIH-
3aUMI0 [JIFOKO3BI MO3IOM.

B xone o6paTHOro BcachblBAHKA B MOYEYHBIX
KaHaJblax akTUBHBIR TpaHcnopT Na™* ocy-
wiecTanAeTca Mg2 * -3aBucumoit Na *, K *-
ATPasoit. B 3TOM CONpsXeHHOM Tporecce
norsoweHre Tpex woHoB Na * mpoucxommt
OIHOBPEMEHHO C BbIJEJIEHHEM IBYX WOHOB
K™,

Ecnu BemuTe OoOnbLlIOE KOJMYECTBO MOp-
CKOlf BoAkl, TO 0OLuafi KOHLEHTPanua Jsek-
TPOJIMTOB BO BHEKJIETOUHOMN XMAKOCTH OKa-
XETCH ropasno BhIIE, Y4€M BHYTPH KIIETOK.
Tako# rpanHeHT KOHUEHTPauuu BhI3bIBACT
OTTOK BOJBI M3 KJIeTOK BO BHekJieTOYHOe
npoctpancTeo. [lo Mepe o06e3BoxMBaHus
KJIETOK HEXHHE BHYTPHMKJIETOYHBIE Opra-
HeMbl (HanpuMep, MMTOXOHIpHM) CBEKH-
BAIOTCA U B KOHIE KOHUOB HeoOpaTumo
NOBPEXIAIOTCH.

[nasa 25

1.

2

1,87-10* M?  (upubausutensho nBa  Gyr-
OOMNbHEIX o).

bricrpas wHakTMBauuMs CIyXHMT CPEACTBOM
6LICTPOrO yMeHbLIEHHA KOHLEHTpALMK Iop-
MoHa. [TocTOAHCTBO KOHUEHTPaLKK MHCYIMHA
NOJAEPKUBACTCA 33 CYET paBEHCTBA CKOPO-
CTei €1o cHnTe3a u aerpananuu. Kpome toro,
coaepxaHnue ropMOHOB B KPOBU MOXET pery-
JIMPOBATHCA NNYTEM H3MEHEHHA CKOPOCTH BbIC-
BOﬁO)KIICHMH 3anaceHHbIX TOPMOHOB, a4 TakxXe
CKOPOCTH TPaHCMOPTA M TpeBpalleHus Mpo-
ropMoHa B akTHBHBIH TOPMOH.

. H3-3a HM3KOM pacTBOPHUMOCTH B JIMIMIAX BO-

JOpacTBOPHMEIE IO PMOHBI HE NPOXOIAT Yepe3
KJIeTOYHY® MemOpaHy. Bmecto 3TOro omm
CBA3LIBAIOTCSH C PELleNnTOPOM Ha TIOBEPXHOCTH
knetkn. B cnyyae ajpenanuHa Takolt peuen-
TOp NpeacTasnseT coboif GpepMeHT, kKaTatn3u-
pyrowumit 06pasoBaHie BHYTPH KJIETKU BTOPO-
ro nocpeaHuka -uukandeckoro AMP (cCAMP).
HaobopoT, xupopacTBopuUMble FOPMOHBI Tier-
KO MOTYT MpOHMKATh uYepe3 ruapodobHyro
BHYTPEHHIOIO 44CTb KJIETOYHOM MeMOpaHbt.
Oka3aBILKChL BHYTPH KJIETKH, OHU MOTYT BO3-
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ZIEHCTBOBATb HENOCPENCTBEHHO Ha BHYTpPH-
KJIETOYHbIE PeNEeNTOPDI.

4. a) Ilockonbky anenmnaryukiasa —benok, ces-
3aHHBI ¢ MeMOpaHo#, npn LeHTpHdYrHpoBa-
HMH NPENapaToB a/JcHUNAaTUMKIA3HAA aKTHB-
HOCTb OCaXpaaetTcss BO (pPakUMM YaCTHIL.
6) AnpeHanun cTyMynupyer o©oOpa3oBanue
cAMP - pacTBOpMMOro BELIECTBA, AaKTHBU-
pyIOLLETO rnukoreH-gocopunasy.
B) cCAMP —ycToiuKBOE K HarpeBaHUIO CoedU-
HeHe. Ero MoxkHo nonyumts, obpabatriBas
ATP ruppoxcunoom Gapus.

5. B otnuume ot cAMP nu6ytupun-cAMP npo-
XOOMT CKBO3b KJIETOYHYIO MeMOpawny.

6. XonepHhlit TOKCHH NOBBILIAET ypoBeHb cAMP
B JMTENNANbHBIX KNETKax KuiueuHuka. [pu-
BeneHHble (HaKThl CBHMJIETELCTBYIOT O TOM,
uto CAMP perynmpyeT npoHHLAEMOCTL MEM-
6panb! s HoHOB Na *. Jleuenue xoJeps! co-
CTOMT B BO3MCLUEHMHM NOTEPb XWUAKOCTH
M EKTPONMTOB B OPraHH3Me.

7. a) Bcepatie H ckeneTHO#H Mblllie OTCYTCTBYET
¢depmenT raroko3o-6-docdataza. Cnepoba-
TenbHO, Kaxaad obpa3lyrollascs MoJiekyna
raroko3o-6-octharta HanpasBiseTCA 0O [NHKO-
JIHTHYECKOMY NyTH U B YCIIOBMAX HENOCTATKa
KMCNOPOAa NPeBpaueTcs B 1aKTaT. a) JJek-
TPUYECKHH 3apsii, CBOWCTBEHHBIH BCEM (hoc-
GopunMpoRaHHBIM MHTEpMEIHATAM, NPEMAT-
CTBYET KX BbIXOJ/ly W3 KJETKH, TaK Kak
MeMOpaHa HenpoHuuaema [s 3apSKEHHbIX
Monekyn. B c1peccoBoit cutyaunmu koHueHTpa-
UMl THMKOJIMTHYECKHX  IIPEALIECTBEHHHKOB
B MBILLEYHOH TKAHK JOJKHA ObITh BBICOKON
nns obecneyeHus Mpencrosiled MblLIEYHOM
pabore. Haxonnense 11pEALIECTBEHHUKOB
B ¢ocdopunHpoBaHHOM COCTOSHHMK MPENST-
CTBYeT UX YTeuKE€ M3 MpillleyHOH TkaHu. [le-
4€Hb, HIO6OPOT, IOCTABNAET [JIFOKO3Y, COXpa-
HAS HeoOXOOMMBIK YPOBEHb €¢ B KDOBM.
CrnenoBaTeNbHO, B CTPECCOBON CHTYaIMH TIio-
K03a J0/KHA OBICTpO MocTynaTh M3 KIETOK
TIEYEeHU B KPOBb., 4TO obecneymBacTcs peak-
nver  fedochOPHINPOBAHKA, KaTanuIupye-
MO# [JIEF0K030-6-¢ochaTa3oi.

8. U3bbITouHAA ceKpeuMst WMHCYJIMHA MOMXKey-
NOYHOM XeJIe30M CnocobCTBYET MOBLILIEHHOH
YTHIH3ALKH NEYEHBIO TEOKO3bI, HaXoasilen-
cfl B KPOBH; 3TO IPUBOAMT K TMIIOTTMKEMUH.
Kpome Toro, 1pu BHICOKOM COACPKAHHHM WMH-
CYJIMHA NPOMCXOOMT 3aMeJieHue Katabonus-
Ma aMMHOKHMCIIOT W XHMPHBIX KHCJOT. Takum
obpa3oM, B KkpoBHM OOJIbHBIX OKa3blBaETCA
Mano cybcTpatoB 3HepreTvueckoro obmena,
HeobxonuMbIx ans obpaszosanus ATP. Ecnu
COCTOSIHHE TMIIEPHHCYJIMHKM3MA IIPOAOIDKaeT-
Cfl OONro, TO BO3HUKAET NOPAXCHHE KIJIETOK
MO3ra, MOCKOJILKY [JIH0KO03a CJIYXKMT INf MO3-
Id OCHOBHBIM HCTOYHHMKOM JHEPrHM.

11. Hannoyeunnkm,

12. Hekotopsie

APUJIONKEHHUE T. OTBETHI

9. Tot ¢dakt, 4To NpH MHKYOauMH TKAHH NEYEHH

C TUPOKCHHOM YBEJIMYUBAETCH HHTEHCHBHOCTD
OblxaHus ¥ Tennoobpa3oBaHHs M HE W3Me-
Hsetcs koHuentpauuss ATP, cornacyetcs
C YTBEpXIEHHEM, YTO THPOKCHH ABJISETCH pa3-
obwmTeneM okucnuTesmHoro (ocdopunmpo-
paHus. Pa3zobiuarotune areHTH NOHWXKAKOT OT-
Howenwe P/O B TkaHAX; 3TO 3acTaBniscT
TKaHU YBEJIWYMBAaTh WHTEHCHBHOCTb ObIXAHHS,
4yToObl YOOBJICTBOPUTL noTpebHocTs B ATP.
Hab6monaemMoe BoLieneHNe TENa MOrno ObiTh
00YCNOBNIEHO TakKe TOBBIILIEHHEM CKOPOCTH
ytunusaumu ATP TkaHbIO, CTUMYNMPOBAHHON
THPOKCHHOM. B 1ako#t TkaHu Bo3pociLas no-
TpebHocTe B ATP ynosiersopsietcs 3a cyeT
NOBBILIEHUA YPOBHA OKUCTUTE/BLHOTO (ocdo-
PUIKPOBAHUA (ObIXAHUS), YTO COMPOBONKIAET-
csi BelaenenueM ternna. HecmoTps Ha mMoro-
YMCTICHHbIE MCCJIENIOBAHWA, [ETalM PperyJis-
OHH THMPEOMOHBIMKH TOpDMOHAMM CKOPOCTH
ajpobHoro MerabonmsaMa ocTaroTcs 3araf-
KO#H.

10. ’KeHcKkue MONOBblE TIOPMOHBI (ICTPOTCHBI)

cnocobCcTBYOT pa3BUTHIO Y KEHIUHMH BTO-

pHYHBIX NOJOBHIX npu3HakoB. OOnH M3 Ta-

KMX [PH3HAKOB — POCT M Pa3BHTHE MOJIOYHOH

xene3nl. TTOCKONBbKY KapuuHOMa IopaxaeT

TKaHb MOJOUYHOM Xkene3bl, noboe po3nen-

CTBHe, TOPMO3LLEEe POCT ITOH TKAHM, 3aMell-

nseT pas’BuTHEe KapuuHOMBL Topmoxkenne

pocTa TKaHU MOJIOYHOM KEJe3bl POUCXOAUT

NPH CHHXEHHH KOHUEHTPALHH ICTPOrEHOB,

3TOrC AOCTMIAIOT MYTEM YHAJIEHHMs SIMMHM-

koB. VMHorma npu neweHMH HCNONb3YHO1
rOPMOH-aHTATOHKCT, T.€. TOPMOH, KOTOPbIA
06512/1a€T NPOTHBONONOKHBIM [0 OTHOLLIE-

HHMIO K JCTPOreHaM OeicTBUEM, HampuMep

TECTOCTEPOH.

KOTOpBIE paCnoNiararoTes

HENOCPEACTBEHHO Hall NouYKamMu, NpeacTas-

nsOT cobOo# 110 cyiecTBy YacTh HEPBHON cH-

CTEMBI, OT KOTOPOH OHU NONYYarOT CUTHATIbL.

CrenoBaTesibHO, HET HUYErO YAWBUTEJILHOTO

B TOM, YTO CMHTE3 3HAOPOUHOB OCYINECT-

BJISIETCA KaK MO310OM, TAK U MO3LOBbIM Bellie-

CTBOM HA[MOYEYHHMKOB.

NOJIMNENTHUAHBIE  TOPMOHBIL
a MMeHHO MHCYJIMH W IJIIOKAroH CHHTE3M-
PYIOTCH B BHE HEAKTHBHBIX NPEILIECTBEHHH-
KOB, MOJIMNENTUIHBIE NEMM KOTOPbIX AJIMH-
HEE lEnell CcaMUX aKTHBHBIX TOPMOHOB.
Obpa3oBanKe NPOropMoHa €T TO NMPeUMYy-
LIECTBO. 4TO, Oynyun HEAKTUBHBIM. NpOrop-
MOH MOXET 3anacatbcsl B HOJLLIOM KOJIUYe-
CTBE B CEKPETOPHHIX TIpaHysiax M OwICTpO
aKTUBUPOBaTbCA B OTBET HA COOTBETCTBYIO-
MA CHIHaN nytem (pepMEHTATHBHOIO Pac-
LemnseHus.

13. AgpeHannHOM nieuaT GOJIbHBIX, CTPAAAFOLLMUX



MNPUJIOXKEHME I. OTBETHI 1001

TaxeNon GHOPMOK aCTMBI, MOTOMY YTO 3TOT
TOPMOH CHMMaeET CNa3M [Nagkoi MycKyna-
Typbl, OKpyXaloiiei OGpOHXHOJIBI NETKHUX,
cTUMYnHpys oOpa3oBaHue B KJ€TKax-MUIlle-
Hax cAMP. Ophako npu runponuse docgo-
nuactepasoit CAMP paspymaetcs. [Tockonb-
Ky Mpou3BoAHHE IypuHa-kodeHH, TeoQu-
nuH ¥ aMuHOPUINIHMH MHTMOKPYOT docdo-
JINICTEPA3y, NPHEM ITUX NEKAPCTB MPOJIOH-
rupyeT fedcTBHE aJpeHaJIMHA M HOBBIILIAET
€ro aKkTHBHOCTD 3a CYET YMEHBIIICHUA CKOPO-
cTy pacuennieins cAMP.

14. ITH HabnwoaeHUs yKa3bIBalOT HA TO, YTO aK-
THBHOCTH ocdoamIcTEPa3Ll CTUMYNHPYETCH
nonamu Ca? ™, nelicTBHE KOTOPHX OMocCpe-
[I0BaHO KallbMOAYJIMHOM. JTO coriacyetcs
€ u3BeCTHbIM GakTOM, 4TO KallbMOAYJMH
npejctaBnseT coboit Ca? ™ -cea3biBaroLLuii
6enox. Casi3biBanue KOMILNieKca
kanbmonynmui—Ca’?* ¢ ¢ocdommacTepasoit
CTUMYJIHPYET €€ TI'MAPONMTHYECKYIO AKTHB-
HOCTb MO OTHoueHuIO kK cAMP.

I1aBa 26

1. Jlns rapaHTHH.

2. 0,21 mons ATP/r rnroxosss, 0,50 mons ATP/r
nanbMHUTHHOBOW KMCHOTHI; 4,2 KKan/r riko-
KO3bl, 9,5 KKaJl/T NanbMHTHHOBOM KMCJIOTHI,
CpaBHEHHE [BYX PE3yNbTATOB

0,50 mona ATP/r

-2 9,5 kkan/r
021 mons ATP/r

=23
4,2 xxau/r 2

NOKa3blBA€T, YTO COOTHOILEHHE KOHYECTB
obpazopaBiierocs ATP u Boloenusilerocs
Tenna OAMHAKOBO,

. B nepsble HeCKONBKO YacoOB NOCHE Hayana ro-
JIOlaHHA CONEPXAHME [IIFOKO3bI B KDOBM Ha-
YHHAET napgaTh, NOCKOMLKY TJIIOKO3a HOrIo-
HiaeTcs TKkanaMu. YTtobwel nogaepxaTh KOH-
HEHTPANMIO rMOKO3bl B KPOBYU Ha TpebyeMoM
YPOBHe, OPraHH3M uesloBeKa 1IPUBOANT B O€H-
CTBHE KATabOJIM3IM IJIFOKOT€HHBIX aMHMHOKHC-
JIOT. DTOT IPOLECC CBsI3aH C BHIBCACHUEM a30-
Ta B BMIE MOYEBHHBI H COMNPOBOXIACTCA
ONIOBPEMEHHBIM BHIBEICHHEM BOJBILOTO KO-
NHuecTBa BOJEI M3 opraHHiMa. B nmocnenyio-
LI[HE HECKOJbKO HEH roJIofnaHUsi OpraHu3M
[N YAOBNETBOPCHUS CBOMX JHEPreTUYECKHX
notpebHoCcTEN NepekniovaeTcs ¢ xatabonms-
Ma AMHHOKUCIOT Ha KATAOONH3IM XKHPHBIX
KHCIOT, M MNOITOMY exeaueBHaf MOTEpPA
BOABl B 3HAUMTENbHOW Mepe CHMXKAETCH.
. OxupeHne - 9TO pe3ynbTat noTpebnenus op-
raHn3MOM W3IOBITOYHOIO KOJIMYECTBA KaJio-
puit. B janHOM xonuuectse nuila, Goratas
KUPaMHU, MOXET C Dolibliell BEPOSTHOCTBLIO

MPUBECTH K OXUPEHUIO, YEM NULIA ¢ OONBILMM
colepXaHHeM caxapa, Tak Kak neppas obna-
naet Oosbllel KaJOPHIHHOCTLIO B PACYeTe Ha
rpamMM. OnHaKoO, KaK npaBUIIO, OXUPEHUE Bhbi-
3HIBAETCSA NOTPedICHHEM CNMILIKOM BONBLLOIO
CyMMAapHOro xonudecTsa Kanopui. I[Tockonb-
Ky notpebrnenue cnafocrteil DOCTaBNsAET yao-
BOJILCTBUE, ITIABHOW OMNACHOCTHIO [N TY4-
HBIX JIFOJIEW CJIYXHWT MHKIA € OUYEHb BHICO-
KHM COfIepKaHUeM caxapa.

. a) 3,16 kkan/r; 6) 4,21 kkan/r. B) Ucxons w3

uMerollelics WHPOpPMaLWK, MOXHO CAenaTh
BbIBOJI, YTO [MIUEHWYHbIE XJOMbS MpeacTa-
BASIOT coboit cMech Benka u yrnesoga. Axa-
JIM3 3J1EMEHTaPHOIO COCT1aBa CBUIETEIILCTBYET
O TOM, 4TO a3oT1a B 0bpasie Masio, Tak 4To oc-
HOBHOW KOMIMOHEHT XJIONLEB—3TO YITIEBOMILE.
r) lNpu okucleHMM B OpPTaHW3ME BHIOENHI-
CHl CTONBKO € JHEPTUH, CKOJILKO NPY OKHUCIie-
HUM B KANIOPUMETPE TOJIBKO B TOM CIy4ae, ec-
JI¥ NHLLA NOJIHOCTBIO MEpeBapeHa M YCBOEHA.

. Ee paumoH He nomkeH NpeBbllIaTh CNEAYEO-

wui: 3,2 nevenble kaprodenuusl; 19,2 xape-
HOro JloMTHUKa kapTodens (cpefHero pasme-
pa); 26,3 kapTodenbHbIX «YHNCOBY» (CpeaHero
pa3Mepa): 4.8 kycka benoro xneba: 6 kycoukos
Macna; 1,6 6aHku nuBa.

. Ecnit B pauyoHe HemocTaet olHOW U3 He3aMe-

HMMBIX d@MHMHOKUCIIOT, TO OENKOBHI CHHTE3
OyneT npoaomKaThCs 10 TEX NOP, NOKA 3aiac
3TOM AMHHOKUCIOTBLI He HCTOMTCH. YTOoOBI
MOMNOJIHUTL 13arac, HeOOXOIMMO IOMNONHH-
TenbHOe noTpebienne nHecOanaHCHPOBaAHHOIM
CMECU AMHHOKHKCIIOT MIM paspylleHue 6enkos
opranu3ma. Ipu 3ToM Hen3OeXHO BO3HUKHET
H3BLITOK APYTHX aMUHOKUCTIOT, KOTOPBIE A0
XHBI [IOABEPrHYTHLCA kaTaboNu3My, 4yTo Mpu-
BelleT K BBLIJENIEHUIO a30Ta W B pe3ynbrare
K OTPHLATENLHOMY a30THOMY Oanascy.

- KpbiCy caxaroT Ha TIIaTENbHO KOHTPONMPYe-

MyIO QOMETY, COACPXKALUYIO BCE AMHHOKHC-
NnoTel. 3a wMckmoyeHueM Phe. Yrtobbl na
NPOTHXEHHU CEPUM IKCIIEPUMEHTOB TO/LIEP-
*uBath obllee norpebrenne azora Ha no-
CTOSIHHOM YPOBHE, K NMiue H00aBnsilOT co-
OTBETCTBYIOILEE KONHYECTBO MOueBUHBL Tlo-
CKONbKY KpbICE HENOCTAET OAHOW U3 aMHHO-
KMCTNOT. OyneT HabnmioaaThes OTPHLA TeTbHBIH
a30THBIK DanaHc, T.e. KOJMYECTBO NOCTYNaro-
LLEro € nuuiell a3oTa 6yaeT MeHblle, 4yeM KO-
JIUYECTBO BbLIENAIOILETOCH a30Ta (CM. BONPOC
7). 3atem k nuuie nobaenarot Phe u cHoBa us-
MepsiioT Bananc azota. MunmManbHas gHes-
Has NoTpebHOCTL paBHa KonuvecTBy Phe, ne-
06XOAMMOrO AN YCTAHOBNEHUS HOPMANbHO-
ro (MM clerka nonoxurensHoro) Ganawca.

9. lna Maneubkux meTe#, CTpajaloiinX KBa-

LIMOPKOPOM, XapakTepeH B3OYTbiii XUBOT,
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10.

11.

12,

13.

4.

4TO OOYCIIOBIICHO 3anePXKKOM BOMIbI B MEXKIIE-
TOYHOM NpPOCTPAHCTBE; 3TO B CBOIO Ouepelb
BLI3BAHO HENOCTATOUHBIM CONEPKAHUEM ChI-
BOPOTOYHOrO anbbyMuHa B NIa3Me€ KpPOBH.
Tpy nepexone Ha OMETY € DOCTATOYHBIM CO-
nepxanueM 6eska ypoBeHb ChIBOPOTOYHOIO
ansOyMuHa BO3BpallaeTca K HOpMe, Nepenan
B OCMOTHYECKOM HaBJICHHM MEHSET CBoe Ha-
NpaBleHKe Ha IPOTHBOTIONIOKHOE U BOIA yYXO-
auT u3 oprannama, CnegoBaTenuHo, yMenb-
LUeHMe Beca B HawalbHblH NEPHON JieueHus
obpACHsAEeTC IoTepelt BOILI
bobubIM € NOYeYHOI HMEROCTATOYHOCTBIO
HY)XEH peryJIApHbH OUalM3 I yOaleHus u3
KPOBH TOKCHMHBLIX «IUIAKOB», TIJABHBIM
obpa3oM MoOYEBMHBI M MOYEBOW KHMCJOTHI
Y106bl yMEHBILINTL 3aBUCHMOCTL SosibHOIO
OT 3TOi¥f NpoLenypkl, cllenyeT CBECTH K MUHK-
MyMY BhiielieHue a30oTa. JTO HOCTUraeTcs
€ MOMOLIBIO IMeThl, KoTopas chanaHcupoBa-
Ha no oblieMy KOJIMYECTBY aMHWHOKHCIIOT
¥ N0 MX OTHOCHTENTLHOMY COIEPXKAHMIO, T. €.
nuiLa JOJDKHA cocToATh M3 Genkos ¢ Guorno-
rudeckoit neHHocTbro, 6nu3koi k 100. INo-
CKOJIbKY B fiiilax conepkaTcsi Bce Helame-
HMMBIE aMMHOKMCIIOTHI M 6uolormueckas
LEHHOCTD KL BBILLE, Y4€M 3€PHA, C NUTATENb-
Ho#l Touku 3penua situa Gonee cbanaHcupo-
BaHbl, YeM 3EPHO, U CIIyXaT JIydlleH nwuiueil
ans GoJbHBIX.
Butamun B, —rmpunokcnH - ncnonb3ayercs
npu CUHTe3e KoepMEHTa nNUPHOIOKCAbdOoc-
data. DroT KOdepMeHT HeobxommM s
TpaHcaMUHa3 —(epMEHTOB,  KaTalM3upyko-
LUX NEepPBYIO CTalKIo Kataboim3ma aMuHo-
KHCIIOT.
XenynouHo-kuilleyHble OakTepuu MoCTa-
BIIIOT OPraHH3My-XO3SIHHY 3HAYMTEILHYIO
4acTh HeOOXOOMMBIX BuTaMuHOB (Gaktepuu
CHHTE3MPYIOT UX camu). TlHiua, cHMxarowas
YHCJICHHOCTh TONYJIsIIMK KHILUEYHbIX OakTe-
pulf, MOXET mnpMBECTH K HEIOCTaTKy
B BHTAMHHaX.
Jlronam HeobXoomma cHanaHcn poBaHHAS Ny~
u@a A Toro, YTobbl yOOBIETBOPHTHL CBOM
O6uoxuMIiecKkue noTpeOHOCTH B 3HEPruM
n 4TOOBl ObecrmeunTh OpraHuIM «CTpom-
TeJTbHBIM MaTepuaioM» u KohaKTopamMH ons
npoueccoB OuocunTe3a. ITH NOTPEOHOCTH
MOXHO yROBJIETBOPHTD, UCTIONbL3YS MULLY U3
MHOXECTBA Pa3/IMYHbIX HCTOYHHMKOB ; HET HM-
KaKHX OaHHBIX B [OJIb3Y TOTO, YTO LU npa-
BWJILHOIO NMHMTaHMA HyXHa Kakaf-nubo oco-
6as muwa (HanpuMep, MOJOKO).
a) [Tmua noxHa comepxaTh 3amac «Ton-
JIMBa», IOCTATOYHBIH AJf BRINOHEHUS TAXe-
Jio#i paboTEl M nonaepXKaHMA TEMNEPATyphbl
Tena. 6) [Muy, KoTopas obecrieunBaet co-
3MaHME 3anacoB IITMKOreHa, T.e€. Jlerkopac-

NPUJIOXKEHME T.

16.
17.

OTBETBI

uieruiseMble  yriesombl (Med, CyLIEeHbie
$pyxTHI, LIOKONAM, 61MHBI U T.1.). B) Besku
W xupbl. ) Bo3mMoxHo, uoHelt Na™ u K+,

. Mnekonurtaroilye, B TOM YKCIIE M YelOBEK,

He obnamarT cnocoGHOCTLIO MpeBpallaTh
nByxyrieponHele coenuHenus (auernn-CoA)
B Tpexyrieponuble (MupyBat), HeobxoauMble
Ins rmoKoHeoreHe3a. [103ToMy XoTs 3TaHon
npeBpaitaercs B aleTun-CoA, nocnenHuii He
MOX€T MpEeBpPATHTLCA B IJIFOKO3Y.

7,2 Kr.

a) INpu rugponuse Oenka B TOHKOM KuILEY-
HuKe oOpa3yercs cMech aMHHOKHCIIOT. JTH
aMHMHOKHCIIOTBI MOXHO pa3ZielliTh Ha IBe
KaTeropuu: rNOKoreHHbIE (B mporecce Kata-
60711M3Ma M3 KX YIIEPOOHOIro CKelleTa Ioy-
4aercs NMUPYBAT) U KETOreHHkbIe (npu Katabo-
Jin3Me K3 MK YITIepOAHOro ckesieta obpa3syert-
ca anetun-CoA). [lockonbky nMpyBaT npe-
Bpauaercs B auetun-CoA, wucrosm3oBaHue
yITlepoOHOIro cKelleTa BCEX AMMHOKHCIOT
MOXET NPHMBECTH K 0Opa30BaHMIO XKPHBIX
KMCIIOT M, CIleOBAaTeNIbHO, K OTJIOXEHHIO
Tpuauuirauueponos. 6) Katabonuam amu-
HOKHCIOT ~ COTNPOBOXAAETCA  BhblgesieHHeM
a3oTa B BUJe MOYEBHHBIL, a Takke notpebrie-
HUEM U BblaesleHHEM OOMBIIMX KOJMYECTB
BOIBL

[nasa 27

I.

HWN

Onua OHK comepxwut 329 A, 329 T, 18%G
v 18% C; npyraa—-17% A, 17% T, 33% G
u 33% C. H3 storo cnemyeT, uto ofe
JAHK ~ nByxuenouednnie. JAHK, conepxanias
33%, G u 339 C, nomkHa npuMHaLIeXaTb
TepModHILHON HaKkTepHH, NOCKOJIBKY HMEHHO
takaa JJHK Gonee ycToitymBa K Harpesaumio.
IMaper ocoBauuit G—-C obnanaroT TpeMs Bo-
NOPOIHHMH CBA3AMH K MOTOMY fABJIA0TCH BO-
Jee mpouHBIMH, YeM mapbl ocHoBauuit A-T,
y KOTOpBIX TOJBKO OBe BOLOPOIHEIE CBA3M

. (5YGAATGCATACGGCAT(3').
. 0,94 mr.
. 372 napei ocHoBaHMiA; nelCTBUTENIbHAS INIMHA,

BEPOATHO, ropa3no Oonbllue, TaKk Kak MOYTH
BCE JYKapPUOTUYECKHE IeHbl COHNEPXAT WHT-
POHBI, KOTOPbIe MOT'YT ObITh IIMHHEE, YeM IK-
30HBI; DOJIBILMHCTBO 3yKAPHOTUYECKHMX I'€HOB
KOOMPYET TAKKE JIMIMPYIOLLYIO, UK CHTHAIb~
HYI0, OCNEN0BATENLHOCTD CBoero GenkoBoro
HNPOOYKTA.

. 200000 nap ocHoBsaHuuit; obwas mnuwa JHK

¢dara T2 cocraBnser 68 000 uM, Torma kak
pa3smep ronosku ¢ara scero 100 Hm.

. OtHotuenne numwmHel JIHK k nuamerpy cocta-

paget 6,8 nna Hykaeocomnl u 10° nns aapa.
B sanpe JHK ynoxena ropasno 6omnee koM-
NaKkTHO.
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IMMPUJIOXKEHHME I. OTBETHI

HeBeposiTHO, NMOCKOJNBLKY Tako#t ManuHOIPOM
He UMeeT MAKCUMATILHOTIO Yuciia nap oCHoBa-
Huit. B xpoMocoMe MHTakTHOM KIIETKM MOIyT
ot yyactku JIHK, B KOTOpBIX oOTpuua-
TenbHble 3apanbl GocdaTHbIX IPyNn OCTOBA
JAHK neliTpanu3yrorcs rucTOHAMH, YTO cle-
naetr JJHK 6onee rubkoil M mO3BOJIMT eW
OPUHATL KPECTOOOpasHyro CTPYKTYpY.

JHK ¢ara M13 onsoueno4e4yHas, NOCKOIbKY
KONM4eCcTBO A He COOTBETCTBYET KOJIMYECTBY
T, a xonwuectBo G HE IKBUBATICHTHO KoJlnue-
crey C.

. a) OnHouenoveyHan nuheitnan JIHK, pasmep

KOTOpPOW paBeH IJIMHE pa3opBaHHON wvenu
P®II, u opHouenoudeunas konbuesas JHK,
T.e. uHTakTHas uens POIIL. 6) Bynyt obuapy-
XeHbl TpU NMHelHbIe onHonenoyedHble JIHK.
Onna, npeacrasnsiowas coboi Hepa3oppaH-
Hyro uenb PQII, cocTout u3 5386 ocHosaHmii;
IBe apyrue, obpa3oBaBIUMeCS M3 pa3opBaH-
Hoit uenu, OyOyT MMETH MEHBIUMH pa3Mep.
Ecnu ve nometnth 5-koheu JIHK, He 6yner
TOUKM 0TCYeTa, HeoOXOaMMO# 718 BOCCTaHO-
BlleHMs UCXOOHOM nocregoBaTeNIbHOCTH OC-
HOBaHMH.
Hert; nee uenu nsyxuenoueusoli J1HK pas-
NUYAKOTCH MO HYKJIEOTMAHOMY COCTaBy (CM.
puc. 27-12).
. OK30HBI ITOr0 reHa CocTofT M3 3 x 192=
= 576 nap ocHoBauwmii. OctaBiivecs 864 Hy-
KJIeOTUHbIE Napbl BKOOAT B COCTaB MHTPO-
HOB M, BO3MOXHO, B COCTaB NUAMPYOLIEH,
WIM CHIHATLHOM, MoCNenoBaTENLHOCTH,
LlenTpudyruposanse 3tux aByx J1HK B rpa-
OMEHTE MIOTHOCTH XJIOPUCTOrO Ue3us MoKa-
xeT, 4yto /1HK E. coli, y koTopoit conepxa-
Hne G—C-nmap Buiue, OyneT Tsxenee
U I03TOMY [IOCTHMTHET paBHOBecus B Oonee
HH3KOH ToyKe rpaauenTa, ueM JIHK Mopcko-
ro exa (cm. tabn. 27-3).

. «[na3kw» obpazoBanMch B pe3yibTaTte pac-

nieraHus yyacTkoB IByxuenodednolt [JHK,
borathix A—T-napamu. 3T y4acTKu MeHee
YCTOWUMBBI K HarpeBanuio, yeM naput G—C,
OnucalHan npolelypa none3Ha npu onpene-
JeHuM pa3nuyuil B cocTaBe OCHOBaHMii BAONbL
MoJekynbl aByxuenoueuHoii JIHK.

. Ha ocHoBaHuK ToOro, 4YTto roOMOJIOrH4YHHIE

OeJIkn pa3’fMuHbLIX BMIOB XHWBOTHBLIX obJa-
[1ay0T roMosoruned aMHHOKHCIOTHBIX nocne-
IOBaTeNbHOCTEH.

a)
~A—-T-G—C—T—-A—-G—C—-A—T—
®
—T—-A—C—G—-A-—T—C—-G—T—A—
6) DTO HEHTp OCeBOH CHMMETPHM BTOpPOTO
HOpRAKa, NOCKONbKY nmoBopoT Ha 180° Bo-
KpPYr 3TO# TOYKM IPUBOLOMT K Toit e caMoit
HYKJIEOTHIHOH MoCNe10BaTeIbHOCTH OCHO-

Ia
1.

A

1003

Bauuit. B) OueBuaHo, 3HIOHYKNEa3a npu pe-
cTpukiMM  ofpa3oBana  BbICTYNarouive
KOHIIbI, KOTOPBIE YIEPXKHMBAIOTCA BMECTE 32
cuet cobcTBeHHOR «mnkocTh». [lozTomy
JHK octaercs B ¢popme konbua. r) Hlenou-
Hafl cpeJa MNPUBOOMT K PacKkpy4HBaHHIO
Kommueso#t asyxuenodeusoit JJHK u pasne-
JIEHHIO JIMIIKHX KOHLOB; B pedynbTare obpa-
3YIOTCH [OBE IMHEHHBblE OOWHO4YHble MLeEMu.
Hert; nenrpanbHas forMa MoJneKynspHoit re-
HETHKHM IJIaCUT, YTO reHeTHueckasd WHQopma-
uns nepenaercs or JIHK k PHK u nanee ot
PHK «k 6enxy. B PHK-conepxaiuux Bupycax
reHeTrHeckas nHbopManusa TakXkKe nepenaeT-
cs B Hanpasnenun PHK — Genok, xo1a u 6e3
ysactus JJTHK.

asa 28

Ecnu Obl pennukauus 0poMCXOAHNA Mo [OHUC-
MepcHBHOMY MeXaHu3my, To motHocth JIHK
nocne TMEPBOIO yOBOEHHWA COOTBETCTBOBAJIA
611 HabnrogaeMoit B onbiTe u Takas JJHK 3a-
AuMana O6bl MPOMEXKYTOYHOE MECTO MEXIY
«TKenon» u wierkoi» ¢pakunamMu. OnHako
nocre BTOPOro ynBoeHus Bce Monekynsl JIHK
uMenH Obl OIHY M Ty € NIOTHOCTb ¥ 1aBaln
6Ll onHy mONOCY, NEeXaUyKw nocpeamnHe
MEeX Iy Toi nonocoit, 410 Habmoganacek nocne
nepBoro YOBOGHHs, W Monocol «ierkoit»
JOHK.

. a) TockonmbKy OCTaTKu THMMAMHA TPHCYT-

ctByroT B JIHK u otcyterBytor B PHK, meue-
Hasg PHK He Mellana mnposeneHuio sKkcrepu-
MenTa, 0) ['yaHo3un v aleHO3MH He mOaXo-
IAT, NoCKOJNbKY oHu npucyTcTBytoT U B JIHK,
n Bo Beex PHK. B) Tummams docdopumnu-
pyercs ¢ noMoulbio ATP u B HecKostbko cTa-
Iuii npeBpatlaeTcs B THMHAKH-5'-Tpudocdar.

Tumuaud + ATP — Tumunun-5'-docdar +
+ ADP

TMP + ATP - TDP + ADP

TDP + ATP - TTP + ADP

400000 obopoTos.

. a) 44 MuH. 6) OoHa BO3MOXHOCTL COCTOMT

B TOM, 4TO xpomocoMa E. coli pennwum-
PYETCH YETHIPLMA PEMIMKATHBHBIMH BHIIKA-
MK M3 IBYX TOYEK Hayaja peryMKanuy.

a) 0,42. 6) 4ucno nap ocHoOBaHWi B MHTpO-
Hax ¥ B JIHAWPYIOLlEH, WIM CHIHAJILHOM,
1ocJIeA0BaTENLHOCT K.

a) (5') CTAATGCAACGTTGCAAGCT (3)
6) (5) AGCUUGCAACGUUGCAUUAG (3)
a) A-21%, U-21%, G-29%, C-295.
6) OH MOXET oKa3aThbCs TaKMM Xe, Kak U
B M. a), Ho He oGs3aTesbHO.
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8. Hosas J1HK, cvHTe3upoBaHHas Ha NaHHOWK
Matpuue, comepxut 32,79 A, 18,5% G,
24,13, C n 24,75, T. Hosas JAHK, nony-
YeHHas Ha MATPULIE, KOMIUIEMEHTAPHON NaH-
Hoii, conepxut 24,7°, A, 24,1%; G, 18,5% C
u 32,7% T. CyMMapHH# HYKNEOTHIHBIH coc-
TaB nBYX HoBbix JIHK Ttakos: A-28,7%,
G-21,3%,C-21,3°, u T-28,7°%. Heobxonm-
MO JOMYCTHTb, YTO Ha ODEHX MAaTpHMYHBIX
LEMAX MpOLECC pernMKagud npollen TNoi-
HOCTB1O.

9. PHK tpanckpubupyroTcs TONBKO C ORHOMH
uenu aeyxuenoyewHoi JIHK.

10. a) Oxono 2000. 6) ®parmentel Okaszaku

cuntesupyrotes JIHK-nonumepasoit 111 na

matpuynoit JIHK ¢ nomopwo PHK-3a-

Tpasku. [lockonbky ¢parMentbl OKa3uKu B

E. coli coctaBnswt okono 2000 ocHoBa-

HWH, OHM MNPOYHO CBA3aHbl C MATPUYHOI

LIETIBIO 33 CYET KOMILIEMEHTAPHOIO B3aUMO-

neicteua. Kaxauit ¢pparment 6uicTpo mpu-

COEMMHAETCA K OTCTalOIUEH LelM B pe3ylib-

Tate nocnenoBaTenwHoro aeicteus JIHK-

nonuMepasbl I u JJHK-nuraser; 1eM caMbiM

obecneunBaeTcsi  MpaBHIBLHLIA  NOPAILOK
¢parmenToB. BoT noueMy B Xome HopManb-

HOH pernMkalMy He obpasyeTcs cMecH pas-

HbIX ¢parMeHTOB OKa3aKd, HAXOOSALLIUXCS

B OTHCJIEHHOM OT MATPMIBI COCTOSIHHM.

11. Bedywan yenv

INpenmecTBeHHUKH

dTTP

®epmenTtb: JIHK-rupasa, xenukaza, JIHK-

cesiapBatoutive 6enkn, JIHK-nonumepasa 111,

HeopraHuveckas nupogocdarasa

Kodaktopw: Zn?*, Mg?*

Omcmaiowan yens

INpenmecteennnkn: ATP, GTP, CTP, UTP,

dATP, dGTP, dCTP, dTTP

®epmentbi: JIHK-rupasa, xesukasza, JHK-

cBa3bBawoMe Oenku, npumasa, J1HK-nomnu-

mepasa 111, JHK-nonumepasa [, JIHK-nura-
3a, nupodocdarasa

Kodaktope: Zn?*, Mg?*, NAD*

12. a) Bo-nepBHIX, YOTCOH-KPHKOBCKOE KOMIIe-

MeHTapHOe B3anMO/IEIICTBUE OCHOBAaHMH; BO-

BTOpBIX, ruapodobuas crabunusauus yno-

XEHHBIX B CTONKYy MAp OCHOBaHWH; B-

TPETbHX, PEPMEHTATHBHBIH THAPONU3 NMUPO-

¢docdara, obpasyrouterocs 8 JIHK-nonume-

pa3Ho#l peaKuHMH, YTO TrapaHTHPYET MpO-

XOXICHHE PEAKUHK HA Kax/OM 3Tane npak-

THYeCKM [0 KOHLA; B-YETBEPTHIX, yOalieHue

HEMpPaBWIIbHO BCTPOEHHBIX HYKJIEOTHIOB 3a

cueT 3'-3x30HykneazHod aktvBHocTH JIHK-

nonumepasut 111.

6) MNockonbky uwerbipe ¢akTopa, obecneun-

BaloOHMe TOMHOCTb PENMKalMK, NedcTBYIOT

M Ha Beayuled, ¥ Ha OTCTalOLIEH LMy,

dATP. dGTP, dCTP.

14.

TMMPUJIOXXEHHUE I'. OTBETHI

cyMTaeTcs, YTo obe Uenu CHUHTE3UPYIOTCH C
OIWHAKOBOW TOYHOCTBIO. OHAKO, NOCKOJIb-
KY B obpa3oBaHue oOTCTarouedl LENH BO-
prieyeHo Oonbiliee KONMYECTBO OTHE/bHBIX
XMMHYECKHX peaKlMi, MOXHO 0XHIaTh, YTO
HMEHHO MNPHM €€ perUIMKAUKWKW BO3HMKAeT
Oonble BO3MOXHOCTEH AN  NOSBIEHKA
omnbok.

. a) OTO CBOWCTBO rapaHTHpPYeT, 4TO Yyxke-

ponHas uHTakTHas konbuebas JHK ue cMmo-
*eT PEnnMuUMpOBaTLCA (HANPUMED, B KNeT-
kax E. coli), 3a McknroueHHeM TOro cnyyas,
KOTla ec TOYKA HAyana peNniMKaluM WIeH-
TnyHa TakoBo#k y E. coli. 6) JHK-pennu-
Ka3a JOXHA PerMUUPOBATL XPOMOCOMY
E. coli, nayuHas ¢ obnacTu, Ha3LIBaeMo# TOu-
KOW HAayasa pellIHKAUWH U HMeEIoilel Xa-
PAKTEPHYO I10C/e10BATEILHOCTL OCHOBA-
HUH.
a) Yuactue NTP B PHK-nonuMepasuoii
peakunu BeneT K obpaszoBanmo nupodoc-
¢aTa, KOTOPLIA paclUenNseTcsa Hajee Nupo-
¢doctarasol, yTo cABMraeT peakuMio B CTO-
pOHY 3aBepllienMs CHUHTe3a U obecneuuBaeT
BLICOKYIO TOYHOCTb NocnieaHero. B nonu-
nykneotuadochopunasHoil peakunn y4act-
pyeT NDP, u, takum ob6pa3oM, ocBobox-
naetcs ¢ocdar. INockonbky KoHUEHTpALMs
¢docdaTta B kneTkax CpaBHHTENLHO BHICOKA,
BIOJIHE BEPOSTHO, YTO MOJMHYKIEOTHAGOC-
¢opunasa pabotaet B 0OpaTHOM Hanpasne-
nuu, T.e. pa3pywaer PHK. 6) PHK-nonu-
Mepaze HeobxonuMbl Bce ueTvipe NTP n
MaTpuua, Toraa Kak MofuHykneotuadoc-
¢opunasa He TpeOyeT y4acTusi BCEX YEThI-
pex NDP u matpuusi; 3T0 emie pa3 Ioa-
TBEpXAAET, YTO e¢ polib—aerpatauns PHK.
. Oumbka B OJHOM OCHOBaHMM NPH PEMNHM-
kauvu JIHK. eciu oHa #e wucnpabnieHa,
npuBeNeT K TOMYy, 4TO O/HA U3 [ByX IO-
YEPHHUX KJIETOK, @ TaKXKe BCE €€ MOTOMKH
OynyT comepxaThb M3IMEHEHHYFO XPOMOCOMY.
Ounbka B OMHOM OCHOBaHKM, COBEPIIEHHAS
PHK-nonumepaszoii, noBnever 3a cobol
CHHTE3 HEKOTOPOro KOJIMYECTBA HENMpaBWib-
HBIX Konmu# omHoro Genka. [lpu JToM, no-
ckonbky nyn MPHK B knetke Grictpo 06-
HOBNfiETCH, OOJILIIMHCTBO MOMNEKYN 3TOro
fenka 6ynet HopManbHBIM. [loTOMCTBO Ta-
KO KIIETKU ToXe OyleT HOpMaslbHHM.

I'nasa 29

a) Gly—GIn—Ser—Leu— Leu- -lle;

6) Leu—Asp—Ala— Pro; B) His-—Asp-—
Ala—Cys—Cys—Tyr; r) Met—Asp—Glu y
sykapuotr; (Met—Asp—Glu y npokapuort.

. nOCKOJ’ley MnoYTH BCEM AMHHOKMCIIOTAM

COOTBETCTBYET HECKONBKO KOIOHOB (JieHuu-
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Hy, HalpuMeEp, LIECTb), N0boi aaHHBIA NO-

JIMMENTH/I MOXET KOQMPOBATLCS OONBILINM

YHC/IOM PasNMYHBLIX HYKNEOTMOHBIX MOCIeE-

[OBAaTEIILHOCTEM.

. UUAAUGUAU, UUGAUGUAU,

CUUAUGUAU, CUCAUGUAU, CUAAU-

GUAU, CUGAUGUAU, UUAAUGUAC,

UUGAUGUAC, CUUAUGUAC, CUCAU-

GUAC, CUAAUGUAC, CUGAUGUAC.

. a) (5) CGACGGCGCGAAGUCAGGG-
GUGUUAAG (3).

6) Arg—Arg—Arg—Glu—Val—Arg-—
Gly—Val—Lys.

B) HeT, Tak xax KOMMNEMEHTapHLIE AHTH-
napajleablible 1eNH B [ABYXLENOYEYHOMH
JAHK nmeroT pasHble NocneqoBaTeNbioCTH
ocHoBaHHil B HanpaBnenud 5 — 3. PHK
rpaHcKpUOHpyeTCs TONbKO ¢ oaHoll onpe-
neneHHoH uenu Asyxuenoveynoit JHK. Ilo-
stoMy PHK-nonumepasa nonxHa y3uaearh
HYXHYFO UENb U CBA3LIBATHLCH C HEH.

. Jns mMeTHonuHa cyuecTtByror ase rPHK:
oana —unmummpyromas TPHK™® 2 npyras -
TPHK™M, KOTOpas MOXET MEPEHOCHTH Me-
THOHHMH BO BHYTPEHIIME [ONOXEHHs MONH-~
nentuaa. C NoMoilbio METHOHHHOBOW aMu-
noauun-TPHK - cunrerasel TPHK™ p3an-
MOJIEHCTBYCT C METHOHMHOM, obOpasys Me-
Tronun-TPHK ™. 3ateM  amumorpynna
3TOr0 METHMOHMHA (hOPMUNHpYyeTCs € Ilo-
Motlbo N O—(bopMun're'rparmxpodyonaTa c
obpazoBaHHeM N-thopmunmeTHonun-
TPHK™®. CeoBommbiit MeTHOHRH WiH Me-

Met

THOHUN-TPHK ™™ dopmunuposatses He Mo-
ryr. C wuHMuMupyrowmm kogonom AUG
Ha MPHK moxer cBs3HBarbcs Tonbko N-
d)OpMMJ‘lMeTHOIlPLn-TPHKrMﬂ, MOCKONBKY
OHa y3HaeT 0coObI MHUUMHPYIOLIMIA CHIHaN.
JToT cMrHan npeacrabnset coboii obnacts,
COCTOSILUYIO M3 LUECTH Hiu OoNblle oCTaT-
k0B A u G, pacnonoxenusix nepen AUG.
Meruonun-TPHKM ne ymeer pacnosHa-
BaTb 3TOT curHal. AUG Bo BHyTpeHHHX
nonoxenusix MPHK Moxer cBaswiBath
Tonbko MeTHoHuI-TPHK.

. Cnenyer nobapute nonuuykneoruadocdo-
punasy k cmech UDP u CDP, B kortopoii
UDP conepxutcs, ckaxeM, B MaThb pa3s
6oneiie, yem CDP. B pesynwrare nony-
uptcas PHK-nopobublii monumep, B koTO-
poM 6ynet mHoro Tpunneros UUU (xoam-
pyrouunx Phe) u Hebonblmioe KONMUYECTBO
UUC (Phe), UCU (Ser) u CUU (Leu), a
Takxe (II0 B ropa3’fio MEHBIIHX KOJHYECT-
Bax) UCC (toxe Ser), CCU (Pro) u CUC
(Leu).

. o meHblIeH Mepe 583 BbicokOIHEPreTHUEC-

kue QocdaTHble rpynnbl; Moxer OBITH M

Gonbllle B 34BHCHMOCTH OT KOJIIMYECTBA

9.

11.

12,
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OLIMOOK, BHISIBJIEHHBIX M HCTIPABJIEHHBIX AMK-
Hoauun-1PHK —cuureraszamu. Ha wucnpas-
JieHHe Kax0# OoIuOKH 34TPayHBalOTCS NBE
BBICOKO3HepreTuyeckue GpocdaTHbie rpynnsi.

. YTObBBI cHHTE3MpOBaTh W3 aMHHOKHCHOT De-

JIOK, 3yKapHOTHYecKas KJeTKa JOMNXKHa oCy-
IUECTBHTh CHHTE3 Kak MHHMMYM 20 akTu-
BUpYroumx ¢epmentos, 70 pubocomHbIX
besnkob. 4 pubocomuubix PHK. He Menee
20 TPHK u nHe menee 10 BcnoMorarens-
HeIX ¢epmenToB. B TO Xe Bpems s
cuHTe3a o(l — 4)-1enu riMKoreHa M3 IJEo-
KO3bl HeoOxoammo Bcero 4-5 diepmenros.

Tnuumiiosric

KOOOHbI V3Hawo1ca aH1UKoaoHAMH

(5" GGU
GGC
GGA uccC ICC
GGG cccC uccC

a) Ha 5-xkoHIle U B cEpenHHE aHTHKOIOIIA.
6) «Kavaromiuecs» napbl OCHOBaHMH OynyT
00pa3oBLIBaTh CO CBOMMHM KOAOHAMH alTH-
koaouH (5)YGCC, ICC u UCC. B) B nmapax,
B 00pa3oBaHHK KOTOPBIX NMPHHIMAICT yuyac-
THe antukopoln (5YACG, GCC, UCC n
CCC. r) Hanmenee BeposiTHO HCNOJL30BaHHE
rnap, B KOTOPHIX YYacTBYIOT aHTHKOOOHHI,
ykazaHueie B I B), nockonbky TPHK, co-
[epXauue 3TH AHTHUKOMOHBI, M3-3a NpoY-
HOTO CBS3BIBAHMS BCEX TPEX aAlTHKOIOHO-
BhLIX OCHOBaHWH OymyT ocBoboXimaTbes w3
KOMILNeKca ¢ 6onee HW3KOH CKOPOCTBIO, Y€M
npyrue TPHK ana Gly.

(57GCC
IcC

(SYACC H
GCC

. OHa BBLI3OBET CABMI PAMKH NPH TPAHCNALHM,

HayuHa ¢ MeCTa IPUKPENJICHHS ITOH He-
obuiyHon ammHoauun-TtPHK.

(), (B), (1) ¥ (x); 3ament! (D), (r) » (e) He mory1
6bITH pPe3yIbTATOM M3MECHEHHS B OHOM Oc-
HoBauuu; ans (0) u (e) Tpebyercs 3amena
[BYX OCHOBaHMii, a 14 (r) Heobxogumo 3a-
MEHMTL BCE TPH OCHOBaHHsL.

B JHK ngBa xopona ans Glu—(5)TTC
u (8)CTC w derbipe KoOOHa Anf
Val-(5"TAC, (5)CAC, (5)AAC u (5)GAC.
3aMena aMMHOKHCAOTH B reMOryiobute cep-
HNOBUIHBIX IPUTPOUMTOB MOXkeT ObiTh 0byc-
JNOBNiEHA M3MEHEHHMEM OJIHOTO0 OCHOBa-
Husi: (5HYTTC (Glu)— (5)TAC (Val) wnm
(5YCTC(GIu) — (5)CAC (Val). I'opazno me-
Hee BEPOSTHBLI H3MEHEHHS [IBYX OCHOBAHMNA:
(5)TTC — (5)CAC, (5)AAC u (5)GAC nnu
(5)CTC — (5)TAC, (5Y'AAC u (5)GAC.
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['1aea 30

1. a} IloBpexnenue nomkHo ObITh HcnpasjieHo
JHK-nonuMepa3soit 1, xoTopas nelicTayer
ToNBKO B HanpaBneHHH 5 — 3. 6) MPHK co-
CTOHT U3 OOHOH LeNH, T.€. B Hell OTCYTCTBYET
MaTpHuHas [enb, HeoOXxoavMMas Asifi KOppek-
THpoBKH.  B) JIByXuenoueuHble  pa3phiBhL,
00yCJIOB/IeHHBIE OefiCTBHEM PEHTIEHOBCKHX
Jlyuei, BOCCTAHOBHTD HEJIb3A, TaK KaK MaJloBe-
POSITHO, YTOOB! pa3opBaHHBlE KOHLBI COEOM-
HUWIMCh HYXHBIM o0pa3som.

2. 1) Hukaxux u3MeHeHuif, ecnd B pe3ynbTaTe
MYTalHH NoJ1y4uiICs Opyroi kOOoOH Jis Toi
K€ AMHHOKHCIOTBI, 2) HHKAKMX H3MEHEHMIl,
€CJIH MYTallMs POH3oLUIa B YHKLHOHAJILHO
He3HaYHMo# 06J1acTH BHYTpH HHTpoHa. 3) 3a-
MEH2 aMMHOKUCJIOTBI, KOTOpas TIPHMBENET
K CHHTE3y yJly4lUEeHHOI0, HEH3MEHEHHOT o, Me-
HEe 4KTHBHOIO WIH HeaKTHBHOIo Oellka;
4) ykopouenHe Oesika B pe3ybTate MyTallHH,
npespaTHBLLeH 3Ha4YallUil KOOOH B TEPMHHHU-
pyrownii, nnn ynnnnenue Geska 3a cyeT MyTa-
LIHH, TpeBpaTHBLLEH TEPMHHUPYIOLWIHI CUTHaN
B KOJAOH IJIA aMMHOKHCJIOThL

3. INonyyarcs cnenyroluue NPORYKTH (yKa3aHbl
JIMTIKHE KOHIIbL, BO3HHKILHE MPH PACLUEIIIEHHH
noa nelictBuem Eco R1):

5| ATATGAATTCATAT |3
3’| TATACTTAAGTATA |5°
5'| CGCGGAATTCCCGG
3’| GCGCCTTAAGGGCC

w

wn W

5 ATATCJ&ATTCCCGC 3’ Hogbit
3 TATACTTAAFGGCC 5
5 CGCGdéATTCATAT 3’ Homgiii

w

3 GCGCCTTAAFTATA

4. UAA Bbi30BeT TEPMHHAUMIO CHHTE32 FOJH-
TienTHaOa TONBKO B Noroxennu 334-336 npo-
KkapuotHueckoi MPHK. B nonoxenusx
330-332 u 338-340 UAA He npHuBerneT k Tep-
MMHALHM, NOCKONBKY OR OydeT HaXORMTBCS
BHe NpaBUIbHOI paMK{ CYUTHIBaHHUSA. B syka-
puoTmyeckoii MPHK tepMunanns npousoi-
IEeT B noJjioxennn 334-336, ecnu nepen UAA
HET BCTaBOYHBIX NocnefoBaTebHoCTEH. Ecnu
xe UAA HaXxoawTcs BHYTpH BCTaBOMHOI IO-
CJleI0BATELHOCTH, TO OH, BEPOATHO, HE OKa-
xeT HHkaxoro Bnusnus. Ecu UAA naxopuT-

¢ B 3K30HE (HO HE B NEPBOM 3K3O0HE), TO
pmustiie UAA na Genxostiii ponyxr Symer
3aBHCETh OT TOTO, CKOJBKO HYKNEOTHAOB yOa-
JIEHO C TIPEBIAYILMMY HHTPOHAMH.

. @) DTO oOHO- WIM IBYXLENOYEYHOE KOJbLO.

6) DTo AByxuenoyeiHoe xonbuo, oo Eco Ri
He pacilleniia Obl onnonenouednyro JHK.
B) A=13-10°, B=08-10°; B=07-10%
I =0,6-105 r) ®parmentsl B 1 I pacnosio-
*eHbl psaoM. M3 . B) Mul 3HaeM, uTo ¢par-
menTsl B ¥ I' naxonsres psaoM. o) Cait pe-
CTPUKIHH Ha IpaHHne Mexnay $parMeHTaMH
A u b nospexaen.

(0.8)
b
V1 Eco RI
(1.3) A I" (0.6)
Hpa 1
B
(0.7)

. Bo3MOXHO, 3K30HBl koaupyror GyHKnHO-

HaJIbHBIE fjoMeHb! 6enkoB. OnpeneneHnbill 3k-
30H, KOOUPYIOILKI OIMH IOMER faHHOoro Gen-
xa, MOXeT ODBENHHUTLCH C 3K30HOM, OTBe-
YAKOLIUM 32 CHHTE3 KaKOro-TO IOMeHa ipyro-
ro 6eJka; p¥ 3TOM BO3HHUKHET I'eéH, KOIMPYO-
wuii HoBeii ©eNlok, comepxaumii OMeHE!
IBYX MNpenlleCcTBYHOLUMX.

. a) 5 Mr/n; 6) 10° Monexyn; B) 0,5r.
. a) HeobxomuMo pacuiennte nee JHK pe-

CTPHKTHpYIoLIEH 3IHIOHyKNealofi, CMelaTh
¥ IPOTPETH UX, YTOOE MHAKTUBHPOBATE 3HA0-
HYKI€a3y, M Pa3OeNUTh JIHIKHE KOHUBI B TOY-
Kax paciuenjleHus. J1aTb CMECH OCTBITh, C TEM
4To6b! OOpa30BANHCE HEKOBANEHTHBIE pe-
KOMOMHAHTBI, TOCJIE YEro CIIMTh HMX KOBa-
JienTHO ¢ noMouikto JJHK-nuraser. 6) Kpome
TpebyeMoro KosnbLEBOro Hyisiekca, B KOTO-
poM OOBelHHEHBl HCXOIHBIE KOJbLEBBIE
JHK, obpasyrotcs nio6ouHble NPOLYyKTHI: Mc-
xonuble koymbuessle [JJHK (Manas ¥ 6onpluasn)
U nee apyrve kombueeble J1HK, onna H3 xo-
TOPBIX ABIAETCA PE3ySIbTaTOM peKxoMOHRamu
nByx Oonerunx JJHK, a npyras - pesynbraTrom
pexoMOvnanuy nByx mainbix JJHK. Kpome To-
ro, B cMecH OyayT npUCyTCTBOBaTh JIMHelinble
pexoMOuHaHThI, o6pa3oBaHhbie aByMsi GoJTb-
wumu JHK, nsyms maneimu JHK, a taxke
QB2 THMa pPEeKOMOMHAHTOB, COCTOAIUMX H3
manod u Goasuiot JJTHK, koToperie coenm-
HEHBI B OBYX pa3HEIX COYETAHHAX.
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AGcontotHan  kondurypauns. PacnonoxeHue
YeThIpEX Pa3fiHYHbIX 3aMELIAIOILMX Ipynn Bo-
Kpyl acWMMeETpHYeCKoro aToMa yriepona,
paccMaTpHBaeMoe 1o OTHolleHH:o k D- u L-
[JIMuepanbaeruny.

Aanenosmnasdocdar (ADP). Pubonykneosnn-5'-
avboctdat, BumonHsrOLME poJsb akuenropa
docdaTHOH rpynnel B 3HEPreTHYECKOM LIHKJIE
KJIETKH.

Anenossutpudocdar (ATP). Pubonykneosun-5-
Tpudocdar, yyacTByrOLIHI B 3HEPreTHIECKOM
LIMKJIE KJIETKH B KayecTBe nonopa ¢ocathoii
TpynnbL

Aszorduxcamms. IepeBon atMochepHoro a3zorta
(N,) B pacTBopuMyto GHONOrMYECKH AOCTYyn-
HYO (OPMY ¢ NMOMOLIBEO A30TOHKCHPYIOLLMX
OpraHHU3MOB.

AxTHBauus  avuHokHCI0THL.  ATP-3aBucumoe
depmenTaTuBHOE 0OpasoBanue 3pupHoil CBs-
3 MeXny KapOokcHibHO Ipynno# aMuHo-
KMCHOTBI M 3'-THIPOKCHUNBHOW rpymmoii co-
oteercTByrollel efi TPHK.

AxTBBHOCTb. VICTHRRHAS TepMOIMHAMHYECKAS AK-
TUBHOCTh WIH NOTEHUWAJ BelllecTBa, onpene-
NAEMBIA 1O €ro MONAPHON KOHIIEHTPaLMH.

AxTHBHBIH Tpancnopr. TpeOytowmii 3nepruu
1IEPEHOC PaCTBOPEHHOTO BELIECTBA Yepe3 MeM-
6pany B nanpaBienuu OoJiee BBICOKOH €ro
KOHLIEHTPALWH.

AKTHBHBIH ueHTp. Y4acTOK noBepxnHOcTH dep-
MeHTa, B KOTOpOM MoJlekyna cybcTpaTa
CBA3BIBAETCA W MpeTepneBaeT MpeBpalLeHus.

Axtmn. Benok, U3 KOTOPOro coCTOAT TOHKHE HH-
TH MBIIIEYHBIX KJIETOK; OH NPHCYTCTBYET Tak-
e B GOJILIIUHCTBE IPYTHX KUBOTHBIX KNETOK.

Axuentop nporowos. CoenvHenHe aHMOHHON
NPUPOMb], CriocoOHOE MPUCOENHHATL NPOTOH
OT JAOHOpa NpPOTOHOB.

Aknentop JJjektponoB. Bemectso, npucoenu-
HAIOLIEE JJIEKTPOHB! B OKMCIMTENbHO-BOCCTA-
HOBUTENIBHON pEaKLUH.

AKuenTopubii KOHTPO/Ib. Peryisuus WHTEHCHB-
HOCTH IbIXaHHUSA 32 cueT U3MEHEHUA NOCTYNHO-
ctd ADP -akuentopa docdara.

Ankano3. MeraGonuieckue ycJIOBUA, NIpH Ko-
TOphiX Gybepnas eMKOCTh Tena no OTHOLLe-
Hn©o Kk Honam OH  yMenninaercs; oOuluHO
ajKano3 ConpoBOXHAeTCA NOBbIlleHHeM pH
KPOBH.

Ankanonnpl. A3oTcolepXalide OpraHH4YecKue
COCAHMHEHUsl PACTHMTEJILHOTO MPOUCXOXKOEHUS;
YaCTO 3TO BELUECTBA OCHOBHOH TPHUPOALI,
obJlaparoLue Boicokoii GHonoruyeckoii akTHB-
HOCTBIO,

Annocteprueckse  (epMeHTHl.  Perynstophbie
(epMenTHI, KaTanUTHYECKAs AKTHBHOCTbL KO-
TOPHIX MEHAETCSl NPH HEKOBANleHTHOM CBSI3bI-
BanHM crnenuduueckoro Metabonwra He B
KaTaJIHITHYeCKOM LIEHTpe, a B [pPYIOM Y4a-
CTKe.

Annoctepuuecknii nentp. Creundudecknii yua-
CTOK Ha MOBEPXHOCTH MOJIEKYJBI aJl/IOCTepH-
yeckoro ¢epMenTa (OTJIMYHBIE OT aKTHBHOTO
LEHTPa), C KOTOPEIM CBS3LIBAETCSE MOJEKYna
MonyisTopa WM 3ddekTopa.

Ausbnola. ITpocrofi caxap, B KoTopoM kap6o-
HWIbHAs [pynna pacrnojlokeHa Ha OTHOM KOH-
L€ yrjeponHo# uLenH.

Avunoauns-TPHK.  JO¢wup
u TPHK.

Amunoauns-TPHK —cnnrerala. depMenT, KaTa-
Jusupyrolnit  oOpazoBaHHe — aMHHoOaLIWI-
TPHK 3a cuyer 3neprun ATP.

AMBHOKHCJI0THI. KapOOHOBEBIE KUCJIOTBI € aMHHO-
TPynnoil B O-TOJIOXKEeHHH, COCTaBHBIE 3Jie-
MEHTBI OeJIKoB.

Amsrotpancdepaisl. I'pynna ¢epMeHTOB, KaTa-
JH3UPYIOLHX TEPEHOC aMHHOIPYNII OT OHOTO
MeTabosiNTa K OPYroMy; HX Ha3bIBAlOT TaKxke
TpaHCaMUHAa3aMH.

AmmnoTnueckan npoba. ITpouenypa orbopa aM-
HHOTHYECKOM XWAKOCTH [N BHISIBNIEHUA TeHe-
THYECKMX OTKJIOHEHHUH.

AmpsGoanuecksii nytb. MeTabonHueckHH nyTh,
ucnoyb3yeMbli Kak ans katabonusma, Tak
¥ ans anabonusMa.

Ambsenathyeckoe coennnenne. CoenHHEHHE, MO~
JIeKyna KOTOPOT0 COREPXUT U NIOTISAPHBIE, U He-
nosnspxbie obnacty.

Amboteproe coeanvenne. Coepunenue, crnocob-
Hoe OBbITh ¥ JIOHOPOM, W AKLENTOPOM NPOTO-
HOB, T.€. CrIoCOOHOE BBUIONHATL poJib JIHOO
KHCJIOTBL, JTMOO OCHOBaHMA.

AnaGoanam. Pasa npomexyrosHoro Merabosus-
Ma, CBsi3aHHas ¢ TpeOyoluM 3aTpaT S3HEPTHH
6HOCHHTE30M KOMIIOHEHTOB KJIETOK M3 MONe-
KYJ-TIpElIECTBEHHUKOB.

Ananeporivueckan peakima. depMeHTaTHBHas

AMHUHOKHCJIOTBI
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peaxuus, cnocoduas NoNoMHUTL 3anac npoMe-
KYTOHHBIX NPOJAYKTOB HMKJIA JIAMOHHOM KuC-
NOTHL.

Awnaspob. Opranusm, xuByuii 6e3 kucnopona.

Anrctpem (A). Envnuna nmmnast (10 ~ & em), ue-
TioSib3yeMas 11t 0603Ha4eRHsA MOJIEKYJISPHbIX
pa3MepoB.

AnnonooGmennan cmosa. ITommep ¢ ¢ukcupo-
BaHHBIMH Ha HEM I'PYNINAaMH KATHOHOB, NPUMe-
HSEMbIi 1A XpoMaTtorpaduyeckoro paspene-
HHMsl AHHOHOB.

Amxomepsl. [IBa cTepeoU3oMepa JaHHOIO caxapa,
OT/IMYAIOLLMECS TONBKO 110 PpaclOJIOKEHHIO
Pa3HbIX aTOMOB W TPYIIT OTHOCHTEJILHO Kap-
GonunbHOro (aHOMepHOIO) aToMa yrjepoja.

AHTHOHOTHE. OpraHH4ecKkoe COENMHEHHUE, CUHTE-
3MpyeMoe UM BBLAEISAEMOE Pa3/IMyHBIMH BHOa-
MU MHKPOOPTaHMIMOB U pacTeHud B MeXKile-
TOUHYIO Cpeny. AHTUGHOTUKN TOKCHYHBI 1JIS
IPYTHUX BHOOB U BBHIOJHAIOT, BEPOSTHO, 3a-
IUMTHYIO $YHKLHEO.

AnTHren. Monekyna, ciocobHas BLI3BIBATL CHH-
Te3 cneuUpHUYEeCKOro aHTHTeNla y N03BO-
HOYHBIX.

Antukonon. Cneuuduueckas rmnoclieoBaTelib-
HOCTh U3 Tpex HykJieoTHnos B TPHK, koMnrne-
MEHTAPHAsA KOOOHY MJIA aMHWHOKHMCJIOThI
B MPHK.

Anrnnapasiieassblii. I[TpoTHBOTNIOIOXKEIH 110 Ha-
fIpaBlIeHUIO (OpHeHTanum). ITOT TEPMHH HC-
TNI0J1b3yeTCS [JIA XaPaKTEPUCTUKM OTHOCUTEIL-
HOTO Hanpaanemm ABYX JIMHEHUBIX TOJH-
MEpOB.

Awtureso. 3aumMTHER Genok, CHHTe3WpyeMblit
MMMYHHOH CHCTeMOH BRICHIHX OPraHH3MOB;
‘on crneuubuyeckdM o6pazoMm B3anuMogmeh-
CTBYET C 4YyXEPOOHON MoJekynol (aHTHre-
HOM), KOTOpas WHOyLWpOBana ero CHHTe3.

Annapat lNosbmxn. Crnoxuas MemOpannas opra-
HEJNA JYKaPUOTHYECKMX KIIETOK, Y4acCTByrO-
Mas B CEKPELIMM BELIECTB W3 KJETKH U
B (OpMHMpOBaHMM INA3MAaTHYECKOH MeM-
6paHbl.

AcnvMeTpBuecKkHii aToM yr.iiepoJa. ATOM yrjiepo-
18, KOBAJIEHTHO CBS3@HHLIA C 4ETRIPbMSA pa3-
TIMYHBIMK TPyInamMM u cnocobHelii o6pa3oebl-
BaTb JlBE pa3Hble TeTpa’lapuyeckue xoHpury-
paumu.

ATPa3a. ®depment, ruapommayromuit ATP no
ADP u docdara; ero geiicTere 06u1MHO COMpPs-
KEHO C NPOLECCAMH, TPeOYIOmMMHU 3aTpaT
IHEPIUM.

ATP-cunteraza. PepmeHTHBIA KOMILIEKC, CHHTE-
supyrownii ATP us ADP u docdara B xone
OKMCIUTENBHOTO boChOpUNMPOBAHUA HA BHY-
TpeHHeH MeMOpaHe MMTOXOHAPHMiA.

AyxcoTpodnntii MyTaHT (aykcotpod). Mytant.
HECTIOCOOHLI  CHHTE3MpOBaTL  kakoe-nbo
OTIpEIeNIeHHOE BELIECTBO, KOTopoe Heobxomu-

MPUNIOXKEHHUE [. CJIOBAPb TEPMHHOB

Mo no3ToMy nobasnats B cpeany. HTo6n obec-
Ne4YuTh €r0 HOPMaNbHBIH POCT.

Aytotpodh. OprauusM, crocoOHbIi XKuUTbL Ha
OY€Hb NPOCTHIX UCTOYHMKAX YIJIEPOHa H a30Ta,
TAKUX, KaK YrHeKHCHhil ras U aMmua,

Aunpo3. Merabonnueckue yCJIOBHA, NP KO-
Topuix OydepHas eMKOCTh KWIkocTefi opra-
HM3Ma 110 OTHOLIEHHIO K HoHaM H ¥ yMenn-
maetcs; oObMHO auUMOO3  CONpOBOXOaeTCs
nonwkenueM pH kposu.

A3pob. OpraHn3m, KUBYyILLMH B NPUCYTCTBMM BO3-
AyXa W MCNoJIb3YyIOLHI xuciopoa.

Adpobuniit. Pactyumit B npucyTcTBUM BO3ayXa
WIH KHCTIOpOHa.

BakxTteprodar. Bupyc, cnocobHpiii permnHpo-
BaTbCca B DaxTepuannHOM KJIETFKe.

Benxu nnasmel. Benky, npucyTeTByronuie B rias-
M€ KPOBH.

Benok. ITonumep, cocrosinuit U3 oaHol wiK He-
CKOJIbKMX NOJIMNENTHAHBIX LieneH, AN kaxaoh
13 KOTOPBIX XapaKTEpHbI OMNpele/ieHHas aMu-
HOKHCJIOTHAS TOCJICAOBATEILHOCTL U Onpesie-
JIeHHas MoJIEKyJISpHas Macca.

benok, AKTHBHpYIOIUHH KaTabO/IHTHBLIE [eHbI
(CAP). OcoOrlit perymaTopHniii Geslok, kOR-
TPONMPYOLUMIA HHMLIHALUIO TPAHCKPUIILIHM Ie-
HOB TeX (pepMEHTOB, KOTOPhlE HEOOXOIUMBI
KJIeTKE B OTCYTCTBME I'IOKO3BI IUIA YTUNH3a-
UMM HEKOTOPBIX HOPYTMX IHTATENbHBIX Be-
LLECTB.

bu6soTexa rewos. Heynopsaouenuuii uaGop
¢parmentoB IHK, copepxaruii Bcro reneru-
49eckyr0 HHGOPMAUHMIO JaHHOTO Bwia.

Brocgepa. Bes wuBas MaTepus Ha 3emile: ua cy-
1€, B MOpsix ¥ B aTmocdepe.

Bbucnoil. [IBoiiHOH croil opHeHTHPOBAHHBIX aM-
UnaTHYECKUX JINNIWAHBIX MONEKY; YT i1eBO10-
POIHBbIE XBOCThI OOpatleHbl BHYTPL Oucios
¥ 06pa3yroT HENPEPLIBRY IO HENOJIAPHYIO (ha3sy.

Bydep. Cucrema, cnocobHasi CONnpoTHBIATHLCA
usMeHeHussM pH ¥ cocTosilas U3 conpsikeH-
HOW KHCJIOTHO-OCHOBHOW Napri, B KOTOPO#i OT-
HOLLIEHHE AKLEeNnTopa K IOHOPY NPOTOHOB paB-
HO NPUOIMIUTENBHO E€AHHMLE.

BekTOp. ABTOHOMHO PETIHLIHPYIOILASACS B KIET-
ke-xo3suHe Mosekyna JIHK, k kotopoii Mox-
no npucoennhute GparMent JHK. wro6nt
0o0becneyuTs €ro PpemIMKaLMIy; HAITPHMED,
mnasmmaa wiM JIHK ymepenHoro ¢ara.

Bupuon. Bupychas uactuna.

Bupyc. Camopennmuupyrolumiics HR$eKuuon-
HbI KOMIIJICKC HYKJIEMHOBOR KUCJIOTH v 6en-
ka. conepxammit IHK- unu PHK-xpomocomy
Y Tpebyroluuit s cBoei pennukaluy HHTAKT-
HYIO KJETKY-XO3siMHa.

Buramnn. OpraHuyeckoe BeLUeCTBO, KOTOpoe
JIOJIKHO MPUCYTCTBOBATL B MUIUE B CIEIOBBIX
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KOJIH4eCTBaX ; 00JIbILIHHCTBO BHTAMHHOB ITpe-
crapnsieT coboli coCTaBHyIO 4YacTh onpefe-
TieHHbIX kobepMeHTOB.

Bonoponnas ceasb. CpaBrUTeNnbHO cnaboe anex-
TPOCTATHYECKOE NPUTSHKEHHE MEXIY IJek-
TPOOTPHIATETBHEIM @TOMOM H aTOMOM BOZO-
pona, KOBaNeHTHO CBSi3aHHBIM C JApPYrUM
WIEKTPOOTPUIATEIBHBIM aTOMOM.

Bo36yxennoe cocronnne. Boratoe sHepruedt co-
CTOsIHHME aTOMa WJIH MOJIEKYJibl, BO3HHKAIOLIEE
B pe3ynbTaTe TNOrJIOIUEHHS JHEPIuH.

BoccTanoBHTe bHBI JKBHBajent. OO6wwmii Tep-
MUH IUIA 37EeKTPOHA UMM AN ero IKBHBAJIEHTa
B bopMe aToMa BOZOpOAAQ WM MOHA BOJHO-
pona.

BoccTanaB/mBarolitii  AreHT  (BOCCTAHOBHTEJIL).
JloHop 3neKTpOHOB B OKHCIMTENBHO-BOCCTa-
HOBHTETLHOM peakUHH.

Boccranosnenne. [1pHoGpereHue coenMHEHMEM
3JIEKTPOHOB.

Bpema posiy#n3nu. Bpewms, neoGxonuMee nns
pacnana noJIOBUHBI JTAHHOTO BEIIECTBA,

Beacwisanue. ITocTynjleHye NpofyxToB nMinesa-
peHUs U3 KHIIeYHHKA B KPOBh.

BeraBounan MyTauws. MyTanus, Bbi3BauHas
BCTABKO# NIONMOJTHUTENBHOTO OCHOBAHUS MEX-
Ly [BYMs TOCJeA0BATENbHO PACIONOXKEHHBI-
MU ocHosanuamu JITHK.

Brophrunan crpykTypa Geaka. Perynspuas kon-
dopmanHs ocToBa MOJMNENTHAHOH HEnH.
BTopo# 3aKor TEPMOIMRAMBKH. 3aKOH, COTNACHO
KOTOPOMy Npy NoBoM XMMUYeCKoM uiin ¢u-
3UYECKOM nponecce IHTponus BeeneHHo# BO3-

pacraer.

Boipoxkaennbiii koa. Ko, B KOTOPOM OOMH 33e-
MEHT Ha KaKOM-TO OOHOM s3bIKE KOAMPYETCs
HECKOJILKMMH I€MEHTAMU Ha OPYIrOM si3bIKE.

BoicoxoxepreTHueckoe coemnHenne. CoenuHe-
HUE, THIPOJIU3 KOTOPOTO B CTAHAAPTHBIX YCIO-
BHSIX CONPOBOXAAETCH 3HAYUTENBHBIM YMEHBb-
ieHueM csobogHOR 3HEprvMm.

Iexco3a. ITpocToit caxap, JimHelHbI OCTOB KO-
TOPOTO COCTOMT U3 LLECTH ATOMOB Yriiepoja.

leab-puabTpanna. XpomaTtorpaduyeckas npo-
neaypa ajis paijienieHHs CMecH MOJIEKYH 1o
pa3Mepy, OCHOBaHHas Ha CnocoOHOCTH mo-
PHUCTBIX NOJHUMEPOB UCKIIOYAThH (T.€. HE MNpo-
nyckath CKBO3b NOPbLI) PaCTBOPEHHBIE MoOJie-
KYJBI, IpeBbILLIAIOLIME ONIPEfieNieHHbIH pasMep.

I'em. JXKenesonopduprvHoBas NpoCTETHUECKAN
rpynna reMonpoTeUHOB.

Iemoro6un. T'eMcosicpxammii Genok KpacHBIX
KPOBSIHBIX KJIETOK (3PUTPOIMTOB), I1PUHHMa}O-
wuii yyactue B nepenoce O,.

Iemonporern. Benok, conepxaumit B kayectee
MMPOCTETUYECKON TPYINLI TEM.

Fen. Y4acTOK XpOMOCOMBI, KOTOPBIH KOAUpyeT
OIIHY WJIH HECKOJIbKO TNMOJMMENTUAHBIX Lieneli

wnau monexyny PHK.

I'enernueckan nuhopmamn. HacneacTeennas vn-
dopmanus, conepxallascs B HYKNEOTHAHOM
nocnenoBaTeJbHocTH  xpomocoMuod  JTHK
wm PHK.

IevetHueckan kapra. Cxema, TMoKa3blBaroLuas
OTHOCHTEJIbHYK) 1I0CHEIOBATE/IbHOCTE U B32-
VMHOE PaCrONIOXKEHHE ONpPEAE/IEHHBIX TEHOB
B XpoMocoMe.

Ienerwuecknit koa. Habop xonoswix cnos (Tpu-
nneros) B JJHK, xonupyroluux aMUHOKUCTOTH!
Genkos.

leoM. COBOKYNHOCTL BCEX TEHOB OPraHu-
3Ma.

Ieteporpod. Opranusm, kotopulit TpebyeT B Ka-
4eCcTBe MCTOYHMKA DJHEPrMM U yrjiepoaa
CJIOKHBIE MONEKYSbl, TaKWe, KaK TJIIOKO3a.

FeTepoTpormuiii  depMenT.  AfsiOCTEpHueckU
¢epMEHT, UCTIOJL3YIOLIUA B KAYECTBE MOy N5~
TOpa He cybcTpaT, a kakoe-TO APYroe BeLlc-
CTBO.

Iuaposms. PacuienneHye Mosekyiibl Ha ABE MM
HECKONTBKO MEHBLIUMX MOJEKYl B  PeakLMu
C BOOOH.

Iiapoduabhbii. «BogontoGuebliin; Tak roBopsAT
O NONAPHBIX WK 3aPMKEHHBIX MOJIEKYAaX JH-
60 o rpynnax, KoOTopble AaCCOLMUPYHOTCH
C BOIOW.

napodrobnbiit. «Henapunsinuit Boay» ; Tak roso-
PAT O HENOJIAPHLIX MOJiEKyJax WM rpynmax,
KOTOpbl€ HE PacTBOPUMBI B BOZE.

I'uapogobubie B3anmonelicTeun. CBs3biBaHKe HeE-
NOJIAPHBIX T'PYMN APYr C APYTOM B BOJHBIX CH-
creMax, oOyCHOBJIEHHOE CTpeMJIEHMEM Molie-
KyJ1 OKpyxarouleil BOObi AOOCTH4YL HauboJee
cTaGUILHOTO COCTOSAHUSA.

ImepxpomMubiit 2¢dexT. 3HaYHTENLHOE yBENHYe-
HHUE NOTJIOLIEHUS CBETA BEILIECTBOM MU K3IME-
HEHUH €ro CTPYKTYPH. 10T 3thdext npu
260 nM HabnronaeTcs, B 4aCTHOCTH, NpH INa-
BJienny aByxuenoyeunodn JHK.

I'nctonnl. I'pynna ocHOBHEIX Ge/KOB, CBA3AHHBIX
C XpPOMOCOMaMH 3YKapHOTHYECKHX KJETOK.

Imkom3. Tun 6poxeHus, npy kKOTOPOM IiHOKO-
3a pacLUENJIAETCA Ha [IBE MOJIEKYJIb! NUpPyBaTa.

I avkonunua. JIMnum, copepxaliuii yrieBonnyo
rpynmy-.

INmkonpoTenn. benok, copepxanuit No mMeHb-
weil Mepe OfIHy YIHEeBOAHYyKO IPYIIy.

Iamokcuaatheld mmkil. PasnosnaHocth numkna
JINMOHHO KHCNOThI, UCIIONB3yeMas GakTepUs-
MM H PAAOM pacTHTEHbLHBIX KJIETOK ANA Ipe-
BpalEHHS aleTaTa B CYKIHHAT H B KOHEYHOM
WTOre B HOBBbIH YIJIEBOL.

I"moxcneoma. MeMOpaHHBIH ny3bIpexK, cofepxa-
UK HekoTopble $EPMEHTHI TTMOKCHIIATHOTO
nuKna.

I'no6ysmpHbiii 6enok. PacTsopuMeiii Gesnok, ro-
NUnenTHAHAs LEens KOTOPOTO MJIOTHO CBEPHY-
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Ta B NpOCTpancTBe ¢ oOpa3oBaHueM rio0y k.

Imokorenubie AMHRHOKHCJIOTBI. AMHHOKHUCIIOTHI,
yriepoanas Lenb KOTOPhIX MoxeT OBITh npe-
BpallieHa B nponecce MeTaboJIH3Ma B IJIFOKO3Y
WM TIHKOIEH.

I'moxoneorene3. BUocHHTE3 HOBBIX yIHeBOaOB M3
HEYITIeBOAHEIX IPeALUECTBEHHHUKOB,

Iomonornunbie Genxw. Benku ¢ onunakoBoit
(ynxuHet ¥ CXONHBIMH CBOHCTBAMH Y pa3HBIX
BHIOB OpraHM3MOB, HanipPUMEP reMOTJIOOHHBL

lomorpommeiii epMent. AulocTepuyeckuit ¢ep-
MEHT, HCNOJIb3YIOUIMIE B KayeCcTBe MoayJiaTopa
ceoii cybeTpar.

I'opMon. XHMHYecKoe BeLecTBO, KOTOpOe CHHTeE-
3UPYETCA B CHEAOBBLIX KOJIMYECTBAX IHIOKPHH-
HOM TKaHBLI W BLINIOJIHSIET POJIb NOCPEAHUKA
B PEryJIHpOBaHUH GYHKIUU APYroif TKAHH WNH
oprasa.

I'pamMM-Mosexy iApHan Macca. Macca BeLUecTBa
B IrpaMMax, YMCJICHHO paBHas €ro MOJIEKYyJsAp-
Hoil Macce, T.e. 3T0 Macca | Mons.

Hanston. Bec
(1,66-10~ 24 1),

Juoiman cnwpans. Cnupais, oOpasoBannas aBy-
Msi KOMIHEMEHTApHbLIMM AHTHNApPalljiesbHbl-
mu penamMu JTHK winw PHK.

JByxocHosnan xuciaora. Kuciora, cnocobrnas
K AHCCconHaliy ¢ obpa3oBanHeM ABYX npoTo-
HOB.

Jernaporenadsl. MepMeHTBI, KaTalusupyrolue
yhajenHe U3 cybcTpaTa ABYX aTOMOB BOOOPO-
na.

Je3lamuunpopanie. PepMeHTaTHBHOE YynajleHHe
aMHHOTPYfNl U3 aMHHOKHCJIOT.

He3oxcupuGonyrsieornainl. HykneoTunsl, conep-
*allHe B KA4YECTBE MEHTO3HOTO KOMIIOHEHTa
2-ne3oxcu-D-pubo3y.

Jeneuvonnan mytaima. MyTanus, BosnHkinas
B pe3yJibTaTe yTpaThl OOHOTO UNH Oonbliero
YHUCNa HYKJIEOTHAOB M3 IeHa.

Jenatypauun. YacTHyHOE HIH IONHOE pacrieTa-
HHE TnoJmnenTHAHoM wenw (uenek) Oenxa
C yTpato# ero cnenuéuueckoil npHpoIHOH
xOoH(pOpMaLIHU.

Jenatypnpopanubiii 6enok. Bernox, yrpartusiunit
CBOIO NPUPOAHYIO KOHbopManHio noa Bo3aew-
CTBHEM kakoro-nubo crabunusupyrouiero
(daxTopa, HanpUMep NMpU HarpeBaHUU.

Juaber caxapheiii. Bone3ns, Bui3paHHas Hapylie-
HUeM MeTabonn3Ma K3-3a HEXBATKH MHCYJIMHA
M XapakTepU3YIOLUAACH TPYIOHOCTLEO TpPaHC-
NopTa rMIOKO3bl U3 KPOBU B KJIETKH NPH HOP-
MaJIbHbIX KOHLEHTPALMAX TJIFOKO3BL

Jua/m3. ¥ nanenve MoJjiekys Majioro pasmMepa us
pacTBopa MaxpoMoJiekyd 3a cuer nubdysumn
NepBbIX B BOAY Yepe3 MoJIynpPOHUNAEMYHO
MeMOpany.

Juactepeonsomepsi. Ilapa cTepeonsomepoB ot-

OIHOIOC arToma BoAOpoLa
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HOCHTENBHO BTOPOTO ACHMMETPUYECKOTO aTo-
Ma yIriiepojia, CyLIeCTBYOILAas AN KaX[Ioro 13
IIBYX W30MEPOB 110 NIEPBOMY aCHMMETPHHECKO-
My aTOMy yriepoad.

Jlunoab. Monexyna, obnanarouias kak nonoxu-
TeNnbHbIM, TAaK W OTPMLATE/NBHLIM 3apsiaMu.

JlucaxapHael. Y1 5€BOMIEL. COCTOSIIHE U3 [IBYX KO-
BaJIEHTHO COEIMHCHHBIX MOHOCAXapPHIHBIX
€IUHHLL

Jucyabdranbiii MocThi. KoBajlenTHas nomnepey-
nasi CBsi3b, oOpa3zyollascs MeXny LUCTEMHO-
BBIMM OCTAaTKaMH ABYX NOJIMIENTHIHBIX nenel.

Juddepentnaibnoe ueHTpHdyrnponanse. Pasne-
JIEHME KJIETOYHBIX OPraHels M T.M. 3a CYeT
pasnuuuii B CKOPOCTH MX CeMMMeHTalHH
B LIeHTpUyre.

Judpdeperumpopka. Criennajnsalus CTPYKTypsl
M (yHKUMH KJeTOK B Xode 3MOpHoHaNBHOrO
pocTa U pasBUTHS.

Jnddysna. CrpemieHre MoONEKYn HABHMATLCA
B HanpabjieHHH GoJsiee HM3KOM KOHLIEHTpaluu.

JIHK (ne3oxcupnGonyx/ennopan kHcaoTa). [lo-
NMHYKNieoTHO, oOnajaromuit cnenmbuyeckoi
110CJIEA0BATENLHOCTBIO  Ae30KCHPHOOHYKIIeo-
THHEIX OCTATKOB W BBINONHAOIIMH QYHKLIHIO
HOCHTENSt reHeTHueckoll unpopmanm.

JHK-mraza. ®PepMeHT,  KaTaJu3MpPyrOLUMH
obpa3opanue $pochponnabupHoit cBA3M Mexay
3'-konuoM oanoro ¢pparmenta JHK u §-kon-
LIOM JPYroro B ycsioBUnX, koraa oba ¢parmMen-
Ta KOMIJIEMEHTAPHO CHapeHbl € LeNbiO-Ma-
TpHLER.

JAHK-noaumepa3sa. PepMEHT, KOTOPLIH kaTasu-
3HpYeT NpPOTEKAlOLlyI0 B MNPHUCYTCTBHH Ma-
Tpunel peakuuro cuHTesa JIHK w3 npexa-
1LECTBEHHHKOB — [I€30KCHPUOOHYKTNeo3na-5'-
TpuocdaTos.

JHK-pensmkanan cucreMa. [losmeii nHaGop
dbepMeHTOB M ClenMalH3upoBaHHbIX OenkoB,
neoOxomumbix mis pennmkanvd JHK.

Jlorop mpoTonoB. BeluecTso, oTHaroLlee NpoToH
B KMCIOTHO-OCHOBHOI peaklMy, T.€. KUCNOoTa.

Jlonop 3J1ekTpoHoB. [[OHOP 3NEKTPOHOB B OKMC-
JIHTENbHO-BOCCTAHOBUTENBHOH peakiHH.

Jbixanne. OxHCIUTENBLHOE pacllueniieHHe MoJjie-
KyJbl IHTATENbHOTO BELIECTBA C BLICBOOOXK Iie-
HMEM JHEPTUM NOJ BO3AEHCTBHEM KHCIOpOJa.

JpixaTebhas  Uenb.  DNEKTPOHIEpeHOCAIasn
penb, COCTOsiLlasi U3  NOCHEN0BaTENbHOCTH
6eNKOB — e peHOCHUKOB JIEKTPOHOB, KOTOpbIE
TIEPEHOCAT 3NIEKTPOHBL 01 cybcTpaTa k More-
KyJIAPHOMY KHCJIOPOMY B a3POGHLIX KIeTKax.

Krymik. KneTounbii oTpPoCcrok, y4acTBYIOILMiA
B DEPEdBMXEHUH KJIETKU.

HKemunnte coyin. AMpunaTHieckHe NpoOU3BOIRbIE
crepounoe, obyajalolve AeTepreHTHBIMH
CBOWCTBAMM U y4YacTBYIOLIME B NUILIEBAPEHUU
¥ YCBOEHMM IIMIIWJIOB.
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Kupuan knciora. Anmndartvueckas KHCHOTa
¢ INIMHHOR yriepOOHOH nensio, OCTaTKyU KOTO-
poii comepkaTCi B NPHPOAHBIX  XKMpax
W Macsax.

Kuposan Tkans. CneunanusuposaHHas coeH-
HUTEJIbHAs TKaHb, KOTOpPasi BBLIFONHSET (yHK-
LU0 3anacanus OOJbIIMX KOIMYECTB TPHANKIT-
CITHUEPOTIOB.

3akon neHCTBYrOIUHX Macc. 3aKOH, COTJIaCHO KO-
TOpOMy cKkopocThb Nto0oil XHMHYECKOH peak-
LIMH NPONOPLHOHATEHA NPOU3BENIEHUIO aKTHB-
HOCTER (WJIM KOHUEHTpauMii) pearupyroLIux
BELLECTB.

3amMeHHMble  AMHMOKHCJIOTH. AMHHOKHCIJIOTHI
GeskoB, KOTOpBlE MOTYT CHHTE3MPOBATLCA Ye-
JIOBEKOM M APYrHMH NO3BOHOYHBIMH M3 Oonee
MPOCTBIX MPEAlIECTBEHHHKOB M TOTOMY HX
MPUCYTCTBHE B NHIUE He 06A3aTEIbHO.

3umoren. HeaxtuBnblii npemuecTBennvk ¢ep-
MEHTa; HanpHUMep, NENCHHOIEH.

H3menenne cTannaprroii  cpoGonmoil  anepram
(AGY). VBennuerivie UK yMeRnbllieRHe CBOGOI-
HOM 3HEPIrHH (B KaOPHAX), MpOUCXOAsLLIEe TPH
npeBpalleHdd | MONs pearHpyrOLLHX BELIECTB
B 1 Mok NpofykTOB NPH CTAaHAAPTHAIX 3HAYE-
HMSIX TEMINepaTyphl, IaBJeHNUsl, KOHLEHTPALHH
u pH.

H3o3mmb1l  (H30depMenTnl).  MHOXECTBEHHbIE
¢opMel hepMenTa, OTimMYarolUMecss Apyr oT
Jpyra 1o CpoAcTBY K cybcrTparty, Mo MakcCH-
ManbHOR aKTHBHOCTH WM 110 PEryAATOPHBIM
cBOHCTBaM,

Hzomepaza. PepMeEHT, kaTanu3UpyroluMil npe-
BpallleHHE COCOHHEHHA B €ro CTPYKTYPHBIH
H30Mep.

H3aonpen. Yrnesonopon 2-metni-1,3-6yranven;
NIOBTOPSAIOIIAACA CTPYKTYpHas eIWnvna OHo-
MOJIEKYJl TepPIEeHOWIOB,

HN3otepmuuecknit nponece. ITpouecc, nportekaro-
IWHH MpH nocTosuRoll TeMnepartype.

MN3oronni. CrabunbHble wiH pagHoaKTHBHBIE
(opMHEI 3nieMenTa, Pa3NHYAIOWMECS 110 MOJie-
KyJSipHOH Macce, HO XMMMUYECKH OYeHh Onu3-
KHe K Haubonee pacnpocTpaHeHHOR B Ipupoae
dopMe naHHOTO 3NEMeHTa; TPUMEHAIOTCS
B KayeCTBe MeTOK (MHAMKaTOpPOB).

H3odnexTpryeckan Touka. 3nauelve pH, npy ko-
TOPOM PacTBOPEHHOE BEILECTBO e UMEET CyM-
MapHOTO 3JIEKTPHYECKOrO 3apsia.

Hmmynnpiii o1Ber. CnocoGHOCTB NO3BOHOYHBIX
pblpabaThlBaTs aHTHTEeNa K QHTHIEHY, T.€.
K YYXEpPOJHBIM IS UX OpraHu3Ma MakpoMo-
TeKynaM.

HNmmynoraoGysmm. benok, sensrolumiics anTure-
NnoM, BhipabaThlBaeMBIM K crenH(HYeckoMy
aHTHIEHY.

Huribnposanye xoHeunsM npoaykrom. MHrn6u-

10rt

poBaHnKe arjiocTepuyeckoro ¢epmenTa, QyHk-
UHOHUpYIOLIEro B hayane MeTabonnueckol ne-
¥, KOHEYHBIM POLYKTOM 3TOH Lleny PeakLuii.

Unnykrop. Mornekyna, cnocobHas BRI3LIBATE
CHHTE3 naHHOTO depMenTa: obbIMHO 3TO CYyD-
cTpar depmeHTa.

Unnyxamonnan noaronka. Mamenenne B kondop-
manuu (epMeHTa ¢ Lebio NpHCIoCoDNeHHs
€ro K CTPYKType cyOcTpara.

Unaynnbenbupiii epment. PepMenT, KOTOPRIN
ne puipabaToiBaeTcs keTKol (T.€. ero cUHTE3
NofiaBnen) A0 TeX Nop, N10Ka €ro CHHTE3 He HH-
AyUMpyercs cBoMM cybcTpaToM WM Opyrum
6JIM3KOPOACTBEHHBIM COEIHHEHUEM.

HNununmpyromme daxtopul. Crnennduyeckue Gen-
KH, HeoOXOIMMBIe it MHWLIMAHY CHHTE3a 110-
mMnentHaa pubocomamm.

Nnnunupyrommit koon. Tpunner AUG, xomm-
pYIOLUMH NEPBYIO aMWHOKUCIIOTY B TNOJHIIen-
THAROH Lleny, KOTOpol y MpokapHOT ABNAETCS
N-popMHIMETHORYH, @ y 3YKapHOT—METHO-
HHH,

Nnnunnpyrommit  komnaeke. Komnnekc puGo-
comel ¢ MPHK u wunuuuupyromed Met-
TPHKM® unn fMet-rPHK™®, rotosbiit ans
3JIOHTaL}K,

Uncepunonnasi nocsenobatenbhocts. Cnenngu-
4eckas I10C/1e10BaTe/IhHOCTh OCHOBaHMH Ha
o60oHX KOHIaxX nepemellaroLIerocs gpparMenta
JHK.

HntepxaaHpyroumit myTaren. MyTareH, KOTOpbIit
BCTPAaHBAETCH MEXIY HBYMS COCEHWMH Ry-
KJICOTHIAMH U BBI3LIBAET MYTAUMIO CO CIBH-
TOM paMKH.

Untepdepon. benok, BbipabarbiBaemblii 3apa-
EHHBIMH BHPYCOM KJETKAMM [103BOHOYHBIX
U NpensATCTBYIOLUMIL 3apaXeHUIO 3THX KIETOK
BUpyCaMH [pYTroro BHIa.

WUntpon. Bcrapouhas  nocnegosaTensHOCTh
B reHe; OHa TPAHCKPHOUPYETCA, HO BHPE3aeTCs
IO npolecca TPaHCIALHH.

Hndopmatmonunie MosleKy Ib. MaKkpoMONeKyni,
Hecylude HHGopManuio B dopme cnenHdpue-
CKOH N0CNEeNOBATENBHOCTH Pa3siNYHBIX CTPOM-
TeNbHBIX 6JI0KOB; kK HUM OTHOCATCS, B YaCTHO-
cTH. GeNIKM ¥ HYKJIEHHOBBIE KHCIOTHI

Hon oxconnn (ruapokconnit). I'iapatrHpoBauukrii
non sonopopa (H,0 ™).

Honninpyroinee winyyende. Bun nsnydyenus, na-
npUMep PEHTIeHOBCKUE J1yuH, nop neHcTBUEM
KOTOPOTO H3 psla OPTAHUYECKHX MOJIEKYTT Bbl-
61BarOTCSA INEKTPOHLI, B pe3yNbTaTe Y€ro no-
BBIILIAETCA pPeaknMOHHAs CnoCOoOHOCTE ITHX
MoONeKym.

HonooGmennan cMoia. INonumMepnas cMona, xo-
Topas HeceT (PUKCHMPOBaHHLIE 3apsKEHHELIE
rpynnbl ¥ UCTOSb3yeTCs B xpoMatorpaduue-
CKMX KOJIOHKax AN pa3jieJleHHA MOHOTEHHBIX
COeMHERMIA.
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Ka:aopun. Konyvuectso Ten ia. neobxoummoe ans
TOro, 4YT06bl NOAHATL TeMIlepaTypy | I BOabI
c 14,5 no 15.5°C.

Kanueporen. XuMuueckHii areHT, BbI3bIBAKOLIMI
pak.
Kancua.

CTHLILL

Kapomunowini. Xupopacteopumeie ¢poToCHHTE-
THUYECKHE MUTMEHTHI, 06pasyemsble w3 U3onpe-
HOBLIX 3JIEMEHTOB.

Kartabo/m3m. Pa3a Merabonuama, sKimovaroiias
Herpagauvio MOJIEKYJI NMUTATEbHBIX BELLECTB
¥ CONPOROXKAAOIIAACS BLIAENEHHEM IHEPTHU.

KaTaiuThueckRit LeHTp. VY4YaCTOK MOJEKYJibI
tepMeHTa. BOBNEHEHHBIH B KATAJIMTUYECKUH
mporecc.

Katexonamuubi. 'OopmOHBL THNIa ajmpeHalMHa,
npeacrasnstolye coboli aMHHOTIpOU3IBOAHBIE
KaTexosna.

Kainonoobmennan emona. HepactsopuMslii no-
nMMeEp ¢ (MKCHPOBAHHBIMK OTPHIATENLHbI-
MH 3apsaaaMH; UCIIONBb3YETCA B XpOMAaTOrpa-
¢uueckoM pasgenienMy KaTHOHOFEHHBIX Be-
INECTB,

«Kayanne». CpasuutensHo cnaboe xomnnemen-
TapHOe B3aMMOIENCTBHE MEXOY OCHOBaHUEM
Ha 3'-KOHLIe KO/IOHA U OCHOBaHMEM Ha 5'-KOHLle
aHTHKOJIOHA.

Kpant. HanMmenbilian efnHnna cBeTOBOH 3HEp-
TMm.

kJJHK (xovmniementapnan /IHK). 1HK, cunTe-
jupyeMas OObIMHO € TNoMolublo obpaThoi
TPaHCKPUDTAa3bl M KOMIJIEMEHTapHas AaaH-
Hoit MPHK: ucnonwb3yercs njsi kNOHMpOBa-
Hus JAHK,

Kepatunbl. HepacTBopuMble 3aluMTHBIE WM
CTPYKTypHbie Oeyiku, cOCTOsLUME U3 TNapal-
JiebHBIX HOJIMIENTUAHBIX LIENed B A-Cupalib-
HO#t Ui f-kondopmanum.

Kerorennble aMHHOKHCJIOTBS. AMMHOKHCIIOTEI,
YT AEPOJIHBIR CKENET KOTOPBIX MOXKET CHYXUTh
HPEALIECTBEHHUKOM KETOHOBBIX TEJI.

Keto3 (keroammnos). CocTosiHue, NpU KOTOPOM
KOHLIEHTpalMsi KETOHOBBIX TEJI B KPOBH, TKa-
HAIX M MOYEe aHOMAJILHO BLICOKA.

Keronosste Tena. I1poaykThl HeNnoJIHOTO OKUCTe-
HHUS XKUPHBLIX KMCHIOT—aneroauerar, D-f-ru-
JIpOKCUOYTHPAT M AlleTOH.

Kunaza. ®epment, karamusupyromuii pocdopu-
JIMpOBaHKE MOJIEKYJIbi-aKLen ropa fmpy NnoMo-
wu ATP.

Kucnoponnan 3anomkenvocts. [lONMOSHUTENDb-
HEIH KMCIOPO/ (CBEPX HOPMAalbHOTO YPOBHSA),
notpebisieMblil B TE4EHUE BOCCTAHOBHTE/ILHO-
FO Iepvoa 1ocsle HanpskeHHoM du3nyeckoi
paboTeL

Kncinie mykonosmeaxapunst. Kucieie nonmcaxa-
puiibl, OOHAPYXEHHbIE B CJIM3UCTBIX BLLAENE-
HUSIX U B MEXKJIETOYHOM NPOCTPAHCTBE BbIC-

benkopass obornouka BUpycHoil ua-
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(UMX XKUBOTHBIX.

Kionbl. IToTOMKM 0/1HOM-€IMHCTBCHHON KJIETKH.

KosanentHan cBa3b. XMMHueckas cBs3b, obpa3o-
BaHHas oOlLlel 3JIeKTPOHHON DApOW.

Kounon. IlocnenosarenibHOCTL M3 TPEX COCEAHUX
HYKJIEOTHAIOB B HYKJIEMHOBOW KMCIIOTE, KOOM-
pyloLlasi onpefesieHHYI0 aMHHOKMCIIOTY MM
kakoi-Jimbo CUTrHas.

Kosus aTHBHBIe cBofic IBa. CBOHCTBa pacTBOpOB,
KOTOpbiE€ 3aBUCAT OT KOJMHECTBA PacTBO-
PEHHBIX HacTHIL B eMHuLe 00bemMd, HATIpUMeEp
NIOHMKEHHE TOYKM 3amep3aHus.

KosLirreapuocTh. JIMHEHOE COOTBETCTBHE MEX-
Iy NOCHE10BATENIbHOCTBEO @MHHOKHUCIIOT B I10-
nunenTuae ¥ 10# HYKIEOTHAHOW NOCNENoBa-
tenvHocTolo B JAHK u ™MPHK, kotopas
KOAMPYeT 3TOT MNMonMuent.

Konkypenthoe nurn6uposanne. Tun murubvposa-
HHUR PHepmMeHTa, KOTOPOE MOXHO CHATL, NOBbI-
CHB KOHLIERTpauuio cydcrpaTta.

Konetanta quccotwaund. Koucrauta paBHoBecus
JJIA AUCCOLIMALMK COE/IMHEHUA Ha ABa KOMIIO-
HEeHTa, Hanpumep, AMCCOLIMALMH KUC/IOTHI Ha
aHWOH U TMPOTOH.

Koncranta Muxarisea (Ky). Konnenrpauus
cybcTpaTa, npy KOTOPOi CKOpPOCTL bepMeHTa-
TUBHOMW peaklMM pasHa NOJIOBUHE €€ MAaKCH-
MafibHOM CKOPOCTH.

KoncranTa paBHOBecHA. XapaKTepHas IS KAX-
[0# XMMUYECKOM peaKLMM KOHCTAHTA, yCTaHa-
BJIMBAIOLIAA CBA3b MEX[Yy KOHLECHTPAUWAMU
BCEX PEATMPYIOLIMX BELLECTB M NPOAYK rOB pe-
aKLMU B TOYKC PABHOBECHSA NPH OMNpefIeNeHHbIX
TeMrepaType M IaBJIEHUM.

KoncrHTyTuBHbIe (hepMeHTH. DepMeHTH! FiaB-
HEIX MeTa0OIMYECKUX TNYyTeii, KOTOPLIE BCerga
DPUCYTCTBYHT B HOPMAJIbHBIX KJIETKAX.

Kondurypauus. BzaumHoe pacnoJsioxenue B npo-
CTPAHCTBE 3aMEINAIOLIMX TPy OTHOCHUTENh-
HO aCMMMETPHUHECKOTO aToma yriepoja.

Kondopmaumn. TpexmepHas cTpykTypa Makpo-
MOJIEKY JTbI.

B-Kondopmauun. BbiTsiHyTOE 3ursaroodpasHoe
pacnoJioxeHue NOJUNENTUAHON LerM.

Kounutorauua. Ilpouecc, mpu koropom [JHK
nepeHocHTcst ot F *-Gaktepuu k F - -GakTe-
puu.

Koopnunnponanuan nuaykuua. Muaykuus naGo-
pa cBazanHbIx Mexay coboii pepmenTos ¢ no-
MOIIIbKO OJHOTO MHAYKTOpA.

Koopsnrposaunan penpecchn. Penpeccus na6o-
pa cBa3aHHLIX Mexny coboit depMeHTOB.

Koprukoctepowisl. CTEpPOMIHHIE TOPMOHLI, Bbl-
paGaTbiBaeMble KOOI HaaioYeiHHUKOB.

Kodaktop. HuskomonekynspHoe TepMocTa-
OHJIbHOE HEOpraHMYeckoe WJIM OPraHMHYecKoc
coe/lMHeRHe, 1leobXolrmoe A NPOSBIEHUA
aKTHUBHOCTH (bepMeHTa.

Kogepment. KodakTop opraHnyeckon npuposl,
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HeoOXOOMMEIN NNA AEHCTBUS ONpPEHEIEHHEIX
(epMEHTOB; HACTO B KAaueCTBE COCTABHOM ya-
CTH COJEPKUT BHTAMUH.

Kodepment A. KodepmenT. conepxaiimit naHTo-
TEHOBYIO KMCJIOTY, KOTOPbIi BBINIOJHSAET PoJb
nepeHoCY¥Ka alUmbHOM rpynnel B psine dep-
MEHTATUBHBIX peakLUi.

Koxdppmment axTuBrocTH. YucHo, HA kKoTopoe
crielyeT YMHOXHTb KOHLEHTPaLHUIO pPacTBO-
PCHHOTO BEILECTBa, YTOObI MONYYNTh €ro uc-
THHHYKO TEPMOIWHAMMYECKYIO AKTUBHOCTE.

Koxdpduument pacnpenenennn. Koadpduument,
KOTOPBIi 10Ka3bIBAET, B KAKOM COOTHOIIEHNH
JIaHHOE BELLECTBO pachpeIeNAeTC MeX Ay By~
Msi HECMELIMBAIOILIUMMCS KUAKOCTSAMH TIpH
PaBHOBECHH.

Koydpduurent cenumentaimn. Pusinieckas koH-
CTaHTa, ONpeesiAonlas CKOPOCTh OCAXKICHUA
4acTHUBI B LEHTPU(Yre NpH 3aJaHHBIX YCNO-
BUAX.

Kpnean terposanns. Kpusas, xapaxrepusyronias
3aBucMMocTb pH oT uyncna 3xkBHBanenTOB OC-
HOBaHUA, 100aBJIAEMbIX PY TUTPOBAHUH KHC-
JOTBL

JlepoBpamarommii wiomep. H3oMep ontHueckw
aKTUBHOTO COENMHEHUA. KOTOphii BpaliaeT
IIIOCKOCTh  IIIOCKONOJIAPU30BAHHOIO  CBeTa
BJIEBO.

JleTanbhan Myraura. MyTanus reHa, npuBoOnsA-
1as k oOpasoBaHHIO coBepliieHHO OeekTHOro
T€HHOTO NMPOAYKTa, HECNOCOOHOro nomnepxHu-
BaTh XH3HEAEATENILHOCTb OpPraHU3Ma.

Jiurana. Monekyna unM HoH, KOTOpBIE CBA3bLI-
BaKOTCA C Gesixom.

Jinzorennn. OnHO U3 JIByX BO3MOXHEIX COCTOS-
HUit KIETKH-XO3siHHa TOCHe 3apaxeHUsl yMme-
penHbiM  ¢aroM. Jlu3orenus HaOmopaercs
B TOM CJlyHae, €CJIH TeHOM ¢ara oxa3bIBaeTcs
TOAABNEHHBIM W PEIUIMIHUPYETCS B Ka4yecTBe
coctasHol yacth 1HK xo3suna. B xaxoii-to
MOMEHT MOXET NPOU3OHTH MHAYKUMA reHoMa
¢bara, B pesysibTaTte 4ero obpasyrowmecs ¢a-
TOBBIC YaCTHLBI NIPUBOJST K HH3UCY KJICTKH-
XO35iMHA.

Jinzocoma. OxpyxeHHas MeMOpanoil opranesia
B LMTONJIA3ME 3YKAapPHOTMYECKHX KIETOK, CO-
Jepxallas GoNbLIOe YUCHO THAPONHTUYECKHX
tdepmenToB.

Jianug. Hepactsopumoe B BoZe BELLECTBO CO
CBOMCTBAMM XHpa WIM Macia.

Jinknit kowen. CBOOOOHEBI OmHOLENOYEYHBIH
xoHen asyxuenodeynot [HK, xomnnemen-
TapHBI{ ONHONENOYEeYHOMY KOHIY 11POTHBONO-
TOXHO#M NONAPHOCTH ITON ke UK Apyroit Mo-
nexynel J1HK.

JinnoeBan xncsora. BUTaMHH /15 HexOTOpPBIX
MMKPOOPTAaHH3IMOB, KOTOPUIH CJIyXUT npome-
HYTOYHBIM TEPEHOCYNKOM BOAOPOMHBIX aTO-
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MOB W auMNBHBIX Tpynin B JErMoporenasax
0-KETOKHUCTIOT.

Jiwnonporenn. Crnoxnelii Oenok, copepxarwmi
JIMOKA KJTM FpYNIy JIMTIHOOB.

Jintocepa. Heopranuieckas
YaCcTh NOBEPXHOCTH 3eMIH.

(MHHepanbHasn)

Makpomosiexyna. Mornekysia ¢ MOJIEKYJIAPHOM
Maccoil OT HECKOJILKMX ThICAY A0 MHOIUX
MUIUTHOHOB.

Marpuna. MaxpoMonexynsapHeii mabnoH ans
CuHTe3a MH(OPMALMOHHOH MakpOMOJIEKYTbI.

Marpuuwas PHK (MPHK). Kracc Monekyn
PHK, xaxnas U3 KOTOPbIX KOMIlJIEMEHTapHa
onuoi ueny kneroyno QHK u cayxur nas
nepenoca reneTuyeckod HHpopMauuu OT Xpo-
MocoMbl k pHOocomaM.

MenHaTop HepBHBIX HMIyjabcoB. HuszkoMoseky-
nspHoe coenvHeHue (0OBMHO comepxallee
a30T), CEKpeTHpyeMoe OKOHYaHHEM HeWpona
M CBA3SEIBAIOILEECS CO CNELYIOILMM HEIPOHOM;
CIYXHT JUIA Nepefayl HEPBHLIX MMITYIIbCOB.

Mexkaeroutoe pewectso. KorlounanbHeli ru-
IpaTHPOBAHHEI MONMKUCAXaPUIHEI KOMILIEKC,
NPHCYTCTBYOIUMA B npOCTpPaHCTBE MEXAOYy
KJIETKAMM KHBOTHBIX TKAHEH.

Membpaunbii Tpancnops. [lepenoc pacTBOpeHHO-
ro selliecTsa 4epe3 MeMOpaHy, OCYLUeCT-
BIisieMbIi 0OBIMHO € MoMolbO ocoboro Genka
MeMOpaHbi.

Meta6om3m. Ilonas COBOKYNHOCTL KaTasiM3U-
pyeMbiX ¢depMeHTamMy TpeBpalileHuii Opranu-
9eCKHX MOJIEKYNl NHTATeNbHBLIX  BellecTB
B XUBBIX KJIeTKaX.

MetaGoant. [1poMexyTOYHBIH NPOAYKT (XMMHU-
YECKHI1 MHTEpME/INAT) B KaTasn3upyeMblx ¢ep-
MeHTaMM peaximsx MeTabonu3ima.

Merta6onnyecxnii obopor. HernpeprisHoe MeTta-
Gosinyeckoe 3aMeLLIEHHE KOMIIOHEHTOB KJIETKH
C noanepXaHHeM HX CTAUHOHAPHOM KOHIIEH-
TPaUWK Ha NOCTOSHHOM YPOBHE.

Metaiopepment. PepMeHT, cofepxatuni B ka-
4ecTBe NMPOCTETHYECKOH rpyniel HOH MeTana.

MukponutH. OueHb TOHKHe HUTH, OOHapyxu-
BAEMbIC B [UTOINA3ME KIETKH.

Mukpocombl. OkpyxeHHBIE MeMOPaHOif MTy3bipb-
KU, 0Opa3oBanHele B pe3ynnTaTe (pparMeHTa-
LMY IHAONIIA3MATHYECKOTO PETHKYJIyMa JyKa-
PHOTHYECKHX KJIETOK U BBISBNIAEMBIC [1PH
nnddepeHnmasbHOM HERTPUGYrUpoBaHUM.

Mukporenbua. Okpyxenhble MeMOpanoil LHTO-
I1a3MaTHYeCKue Ny3bIpbKH, cogepxartive bep-
MEHTEI, 06pasyiollive ¥ pa3pyLualollive Iepe-
KHCH.

Mukpotpabekynnpuan cetb. ClioxHas ceTh, CO-
CTOSAILLIAA U3 OYEHb TOHKHX LIUTOIJIa3MaTHuYe-
CKUX HHTEl; MOxeT ObITE OOHapyXeHa TOJIbKO
IIPH NOMOLLM BBICOKOBONBTHOTO 3JIEKTPOHHO-
0 MHKPOCKONA.
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Muxpotpy6oukn. TonkHe TpyOouxH, coOpanHble
H3 IBYX THUNOB CyOBeMRUL Molynspubix Oen-
KOB; NPHCYTCTBYIOT B pPECHHMYKAX, XKIyTHKax
W APYIMX COKPATUTENBhHBIX W OBUTATENBHRIX
CTPYKTYpax.

MukpodsieMenthl. XHMHYECKHE JIEMEHTRY, HeoD-
XOAHMMblE OPraHU3IMY JIHIIL B CJIeAOBHIX KONH-
4eCTBax.

Mruo3un. Mbleynpiti 6ejiok, OCHOBHO# koMIo-
HEHT TOJICTBIX HUTEH cokpaTUTENLHOH CH-
CTEMBL.

Muodnbprlia., DneMeHTapnas €IMHHpA TOJC-
ThIX ¥ TOHKMX HHUTEH MBIUIEYHBIX BOJIOKOH.

MnTo3. Pennukanus XxpoMOCOM B COMaTU4YeCKHX
KJIETKAX 3YKapHOT.

Muroxonapus. OxpyxeHnble MeMOpaHo#f opra-
HEJLITBI, IPUCY TCTBYIOLIHYE B LHTONJIa3Me 3ykKa-
PUOTHYECKHX KJETOK; OHM coaepxar (ep-
MEHTHBIE CHCTEMBI, HEOOXOHMMBbIE B HUKIIE
JIMMOHHO# KHCJIOTBL, B TPaHCIOpPTE 3HeKTPO-
HOB W NIPH OKHCJIMTEJILHOM (hochopunnposa-
HHH.

Mhuuesia. AcconManus aMpUNaTHIECKUX MOJie-
KyJ1 B Boze, oOpa3syrowmx cTPYKTypy, B KOTO-
pofi HX HenosAPHbIE YaCTU HAXOIATCA BHYTPH,
a NOTNAPHBIE YacTH oOpaiieHbl HapyXKy k MOJe-
KynaM BOJBL

«Mouyaman» MyTauma. MyTanus B rene, He npu-
BOASLL@Ast K BUIWMBIM W3MeHEeHUsiM B GHonoru-
YEeCKHX CBOHCTBax IEHHOTO NpoAykKTa.

Moum. MosekynsapHas Macca COEIMHEHHS, BbIpa-
KEHHas B rpaMMax.

MoJmnsubiit (m) pacteop. PacTBop, B KoTopoM
1 Monb BewectBa pactsopex B 1000 r Bogsl

Mouspusiit (M) pactBop. PacTBop, B xoTOpOM
1 monb Bewecra pactBoped B 1000 mn
pacTBopa.

Mosocaxapuam. YrreBojbl, cogepxauye OfiMH
OCTaTOK caxapa.

Monociofi. OnunapHsIii Criolf OpreHTHPOBaHHBIX
JIUMNAHBIX MOJIEKYI.

Myxkonpotennnl. CroxHble Oeflky, coaepxallue
KHCJIBIif MYKOTIOJIMCaXxapHil; UX Ha3bIBalOT Tak-
%€ TPOTEOr MHKaHAMH.

My/mTHpepMenTHan cheTema. Ilocnenosartens-
HOCTb CBA3aHHBIX Mexay cobofi ¢epmeHTOB,
y4acTBYIOIUMX B OJaHHOM MeTrabomHyeckoM
nyTH.

MyTtares. Xummueckuif areHT, cnocoOHbIN BBI3bI-
BaTh W3MEHEHHs B TeHe, T.€. MyTaLHio.

Myta3a. PepMeHT, xaTalu3MpyrollMil nepeme-
uienue QYHKOMOHALHO# Ipymnbl BHYTPH cy0-
cTpara.

MyTtapotauna. Mamenehne B ontuueckoMm Bpa-
LUEHWH PacTBOpa caxapa HNM I'MUKO3HUOa, Ha-
XOAALUErocsi B NUpAaHO3HOH Win (bypaHO3HOM
(opme, KOTOPOE CBA3AHO ¢ IOCTUXKEHHEM paB-
HOBECHAl MeXIy €ro o- v [-M3oMepaMH.
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MyTtauns. HacnenyeMoe n3MeHeHHe B XPOMOCO-
Me.

MyTaunn 3aMewentn. MyTauus, oGycrosriennas
3aMeHoH OJHOTO OCHOBAHWA Ha ApPYTOE.

Hacbuuennan *npuas Kuwcejaora. JKupHas KHUCHIO-
Ta, CoiepiKallas NOJIHOCTBIO HAChIIEHHYO aJl-
KHIIBHYIO Lienb.

HatuBHan kondopmaums. Buosnornyecky akrve-
Hafi kOHGOpPMalMs OeKOBOK MoOseKyJIbl.

HereMonnle xenesoconepxaine Geaxw. benky,
cojepxallide Kejle30 M He coIepxallue 1o-
pupHHOBYIO TpYIy.

He3zaMeHHMBle AMHHOKHCIOTbl. AMWHOKHCIIOTHI,
KOTOpble HE MOTYT CHHTE3MPOBATLCA YeJIoBE-
KOM U JpY1I'HMH MO3BOHOUHBLIMY M IOJDKHBI 110-
CTynarh € NMLIeH.

He3amennmble xHpHble kneaoTe. [pynma no.w-
HEHACBIILIEHHEIX XHUPHBIX KUCIIOT pPacTUTE/Ib-
HOIO NIPOMCXOXOEHHS. KOTOpPhIe 00sA3aTeNLHO
JIO/DKHBI COAEPXKATRCA B MHULLE MJIEKOIHUTAO-
LIUX.

HefiTpanbubie xnpul. TpHBUanbHoe Ha3BaHUE
CJIOXHBIX 3PUPOB KUPHBIX KHCTOT. o6pasyro-
LLIMXCA B pe3ynbTaTe 3TepudUUMpOBaHHs BCEX
TpeX THAPOKCHIBHLIX TPYNI rimMuepona; oObl-
YHO MX HA3HIBAIOT TPUANWIrIIMLEPOIAMH,

HekolkypenTHOe HRrHOHpoHawte. THn uHrubupo-
BaHMs (ePMEHTOB, KOTOPOE He CHUMAETCS NPH
MOBLIIIEHWN KOHLEHTpauuH cyOcTpaTa.

Henacbunennas x«Hpran kuciaora. XXupHas kuc-
JloTa, coAepXauas OJIHY HJM HECKONBbKO
IBORHBIX CBA3EH.

Heo6parummii nponece. I'lpouecc, npu npotexa-
HHM KkOToporo MTponHs Bcenenwoit Bo3spa-
CTaeT.

Henonspuwas rpymna. [unpodobuan rpynna,
OOBIYHO yTIIeBOAOPOAHASA.

HeumkcinueckHii nepenoc saextporos. UHaynupo-
BaHHBIH CBETOM IEPEHOC ITIEKTPOHOB OT BOAbI
k NADP* B xone doTocHHTE3a, npoTEKarowe-
IO C BhlteNIEHUEM KHCIIOPOHa ; B 3TOM Npouecce
y4acTeytoT 06e ¢otocuctemnr [ u I

Hu3kodnepreTHueckoe ¢ochathoe coelHHeHHE.
docdopuamporatiHoe COEMNHEHHE CO CPaBHU-
TeJLHO NK3Ko# cTanaapTHO#M cBoOoaHOH IHep-
ruell rmoponusa.

HuxoThHamuanble HykaeoTHawn (NAD, NADP).
Copepxaliie HUKOTHHaMMA ko(e pMEHTR!, Bhi-
TNIOJIHAOLME POAb TEPEHOCHUKOE aTOMOB BO-
IOpOfia M 3JIEKTPOHOB B HEKOTOPLIX OKHCIH-
TeIbHO-BOCCTAHOBUTENBHBIX peakuusX.

HunrunpunoBas peaxima. Llpetnas peaknus ua
aMMHOKUCIIOTBI M FReNnTUAB, NpoTeKaolnas
ITPY WX HATPEBAHMM C HUHTHPUHOM ; 7Ta Peak-
LUS LIMPOKO IPUMEHACTCH IJIA BLISBJIEHHS
AMMHOKKCIIOT U TENTHAOB U KOJMYECTBEHHOM
OLICHKHU KX CoacpXaHus.

Hurporenasnas cucrema. Cuctema ¢epMeHTOB,
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crocoOHBIX BOCCTAaHABNUBATL aTMoChepHRI
a30T N0 aMmHaka B npHcytcTBHH ATP.

Honcenc-konon. KonoH, KoTopblii He KOAUPYET
HH OIIHY U3 aMHHOKHCIIOT, @ yKa3bIBaeT MeCTO
OKOHYaHHUA CHUHTEe3a [MOJHUNEeNTHAHON Lenu.

Honcenc-myTauma. MyTauns, KoTopas NpyBOOUT
K NPeXIEBPEMEHHOMY OKOHYaHUIO CHHTE3a
MONMMMNENTHAHOU LenH.

Hyxneaza. PepMeuT, clocoOHbIN TUOposHU30-
BaTb MEXHYKNEOTUAHBIE CBA3M B HYKJIEMHOBOM
KHCJIOTe.

Hyknennopbie kneaotwl. Ilpuponnble nosvny-
KJIEOTHIbI, B KOTOPbIX HYKNIEOTHAHbIE OCTAaTKH
coenMHeHsl Mex Ay coOolt B onpenesieHHoi no-
chenoBatenbHoCTH GocdonHadypreIMY CBA3A-
MH.

Hyxkneosua. CoenvHenue, COCTOALUEE U3 ITyPUHO-
BOro WJIH NMUPHMHOIMHOBOTO OCHOBAHHA, KOBa-
JIEHTHO CBSI3aHHOTO C NEHTO30H.

Hyxieosuambocharcaxap. IlepeHocunk Mose-
KYyJBI caxapa, BIIONHAIONIMH ponibk kodepMeH-
Ta B GepMEHTATUBHLIX PEAKLUAX CHHTE3a I10-
NHcaXapuaoB U DPOU3BOAHBIX Caxapos.

Hyxkneo3snnaudocar —kunaza. depMeHT, Karta-
SM3UpYoIKH neperoc  koHuesoro ¢ocdata
¢ Hykneo3na-5'-TpudocdaTa Ha HykJIeO3Ha-5'-
nudocdar.

Hykeona. flnepHas 30Ha B NMPOKapHOTHYECKOMH
KJIETKE; OHa COOEPXHUT XPOMOCOMY, HO He
OKpyxeHa MeMOpaHO¥i.

Hykneotnn. Hykneosua. docdopunupoBannbit
110 OIHOM U3 IMAPOKCUNIBHEIX [Py NEHTO3bL

Hykieopu.1nan rpynna. boraTas 3nekTpoHamu
rpynna ¢ CUNBHO BBIPaX€eHHOH cnocoOHOCThIO
OTHABaTh INEKTPOHL! IPYyNINaM, HCIBIThIBAKO-
IUMM HENOCTATOK B IJEKTPOHAX.

O6parumuiii npouece. [lponecc, nporexarolumii
6e3 HM3MeHeHUs IHTPOIMM.

O6paTtHas myTammsa. MyrTanusa, npuBonsias
K TOABNEHUIO B MYTAHTHOM TeHE HyKJIEOTHI-
HOH nocJieioBaTeIRHOCTH AWKOIO THNA.

O6patuan TpanckpantTa3a. CuHTe3upyeMas pe-
Tpoeupycamu PHK-3asucumas JHK-nonu-
Mepa3a, cnocolHasi KaTanu3HpOBaTh CHHTE3
JAHK, xomnieMmentapHoii PHK.

O6wmii wutepmennat. OOLuee NN ABYX XMMuye-
CKMX peakuuff XHMHUECKOe COEIMHEHUE,
SIBIAIOLLEECH NPOJYKTOM OIIHOH U3 HUX U cy0-
CTpaToM AJis ApYroi.

OpHoocnoeuan kueaota. Kucnora, crnocobnas
JHCCOLUUPOBATh € 00 pa30BaHKEM JIMLIL OIHO~
o NpoTOoHa.

Oknenenve. TToTepsi cOeHHEHHEM 3NEKTPOHOB.

B-Oxmcaenne. OkucnMTenbHOe pacluenseHue
XUPHBIX KHCJIOT € 06pa3oBanueM aneTHa-CoA
3a CYET MOCNEAOBATE/bHBIX AKTOB OKHCJIEHUS
B-yrsepoaHoro aTroma.

OKHC/IHTEIbHO-BOCCTANOBHTEILHAA peakiHa. Pe-
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aKUHs, B KOTOPO#H 35EKTPOHbI IEPEHOCATCSA OT
JIOHOPHOH MONEKyINbl K aKIenTOPHOH.

Oxkncmrenbroe docoprinposante. PepmenTa-
TuBHoe npeBpatlene ADP B ATP. conpaxen-
Hoe € NEePeHOCOM JNIEKTPOHOB OT cybcTparta
K MOJIEKYISIPHOMY KHCTOpoay.

Okucynrolni  aredT (OKHCJHTENb). AxuenTtop
IIEKTPOHOB B  OKHCIMTENBHO-BOCCTAHOBU-
TenbHOH peakuuu.

Okcnrenasa. PepMeHT, KaTanU3UPYOLLHE peak-
L0, B XOJie KOTOPOIi B aKLENTOPHYIO MOJIEKY-
NIy BBOAMTCH KUCIOPO.

OxchHrenassl ¢o cMewannoit ¢yurxnueii. Pep-
MEHThI, KaTaJM3IUPYIOIIHE ONHOBPEMEHHOE
OKHCIIEeHHe JIBYX CYOCTpPaToOB, OHHM ¥3 KO-
TopbIX 06brMHO cnykuT NADPH unn NADH.

Onromephniii 6estok. besiok, cocToswmii u3 neyx
WJIM HeCKONBKHX MNONHUNENTHAHBLIX Leneii.

Onurocaxapua. Heckonbko MownocaxapuiHbix
rpynn, COeAHHEHHBIX Mexny coboM INHko-
3UAHBIMH CBA3SIMMU.

Owmbuienne. llenoynoli rMApONHU3 TpHaNMIIT K-
LepoNoB ¢ OOpa3oBaHHEM XWPHBIX KHCHOT
B BHIE MBI

Onepatop. O6nacts 1HK, kotopas s3auMoneii-
crByer ¢ OenkoM-penpeccopoM, Grarogaps
YeMy PpeTYNMPYETCS JKCNPeCcCHA [eHa WIM
TPynnel TEHOB.

Onepon. EnHHHIA reHETHYECKOM 3KCIIPECCHH, CO-
CTOSILUAA W3 OAHOTO MJIM HECKOJLKHX CBS-
3aHHBIX MeXy coboif reHoB, a Takxe U3 npo-
MOTOpa M oNepaTopa, KOTOPBIE PEryMpyloT
HX TPAHCKPUIILHIO,

Onrumym pH. 3payenue pH, npu koropom dep-
MEHT NPOABIIAeT MAKCUMAIbHYIO KaTaNUTHYe-
CKYy}0 aKTUBHOCTh.

OnTHueckan akTHBHocTh. CnocoGHOCTL BeLle-
CTBa Bpawarh NJIOCKOCTh MIOCKONONSAPH3O-
BaHHOTO CBETA.

Opranenibl. OxpyxeHHble MeMOpaHOM cTpyk-
Typhl, oOHapyxHBaeMble B 3ykapHOTHYECKMX
KJIeTKaX; OHM coiepkaT (PepMeHTHI U Opyrue
KOMITOHEHTEI, HeOOXOAUMBIE I/ BBUIOJTHEHHUSA
cneuyanibHbIX KJACTOYHBIX (yHKUHIA.

Optodoctatioe pacienense. PepmeHTaTHBHOE
pacwennende ATP no ADP u docdara, co-
npsixeHHoe OOBIYHO ¢ XMMHYECKOH peakuMe
MITH npoueccoM, TpebyroluuM 3aTpaT IJHEPrHH.

Ocmoc. IlepeMellieHHe BOMbI yepe3 MONYNpPOHHU-
naeMyro MeMOpany u3 oauoll BomHoM a3kl
B Hpyryro ¢ 6osiee BHICOKOH KOHLEHTpaLuen
pacTBOPEHHOTO BELIIECTBA.

OcmoTBueckoe nas.ietHe. JlaBrieHye, BO3HHKaKO-
Luee B pe3yNbTaTe OCMOTHYECKOIO TOKa BOAMI
depe3 meMOpaHy M3 opHoil BomnoW ¢asbl
B Opyrytro c Oonee Belcoxol KOHLeHTpaume
PacTBOPEHHOIO BElIIECTBa.

OcnoBroe coctonnne. HopManbhoe, crabusibhoe
COCTOSIHME aTOMa WM MOJEKYJbl, KOTopoe
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B OTJIMYHE OT BO30YXIEHHOIO COCTOSIHMSA Xa-
PaKTEPH3YETCH MHHMMANbHOW JHEPIHEN.

OTkpoiTas cuctema. CucremMa, koropas obmenn-
BaeTCA MaTEPHEH M JHEPrHed C OKpyxarollei
cpenox.

IMaasmapom. Yuacrok JHK. nykneotunuele no-
CNnegoBaTeNIbHOCTH  OBYX LEened  KOTOpPOro
00nagaroT OCeBOl CHMMETpHEH BTOPOro ro-
pAiKa OTHOCHTENBHO LIEHTPA.

IMapa ocroBanmii. OcHOBAaHHSA IByX HYKJIEOTHIOB,
pacnosnioxeHHble B Pa3HLIX UENfAX HYKJIEUHO-
BOW KHCJIOTBI W B3aMMOJEWCTBYIOLIWE ApYT
C IPYroM 3a cueT BOAOPOIHBIX CBsi3eH, HanpH-
mep A—T, A—U umm G—C.

INatorenspit. BrisuiBalowmit 6onesHs.

ITento3a. IlpocToii caxap, OCTOB KOTOPOro co-
OEPXKUT MATH aTOMOB YIJepoaa.

IenTozodocdarubii nyTs. ITyTh OKHCIEHUS [ITIO-
K030-6-pochara ¢ 0Opa3zoBaHMEM TMEHTO30-
docdaros.

Menrna. [{Be nnn Gonbliiee Y4HCIO AMHEEOKHCIIOT,
KOBaJIEHTHO COEJHHEHHBIX apyr ¢ JIPYroMm nern-
THIHBIMH CBSI3SIMH.

IMenrrnaaza. GepMenT, KaTanuIupyoLmii ruapo-
M3 NenTHIHOW CBS3U.

Ilemruanan cBaA3b. 3aMeneHHass aMUAHASA CBS3b
MEXJYy O-AMHHOTPYNNOH OJHOW aMHMHOKMHC-
JOTHL U O-KapbOKCHIILHOW TpynmnoW Opyrow.

IMenrnanan kapra (¢puurepnpuur). Xapaxkrtephoe
I JAHHOTO OEliKa 1BYMEPHOE PACTIOJNIOKEHHE
NENTHAOB, 00Pa3VIOLLMXCS NPH Cro YacTU4HOM
THOPOJIM3E.

ITepBuunas nonoBau Kierka. TWn XHBOTHOH
KJIeTKH, Obpasytouieiica B paHreM 3MbpuHore-
HE3e, KOTopas cnocotna AENUTLES MyTeM MH-
TO3a ¥ MEH03a; B nipoLecce MeAo3a oxva obpa-
3y€r KJETKH, H3 KOTOPBIX 3aT€M pa3BHBAIOTCS
SANLEKNIETKH WK CIIEPMAaTO30MOLL.

IlepBuunan crpykTypa 6enkoB. CTPyKTypa KoBa-
JIEHTHOTO OCTOBa ©eJika, BKJIIOYalomasi aMu-
HOKHCJIOTHYIO NOCJIENOBATENBHOCT, & TAKXe
AUCYNb(PHIHBIE MOCTHKH BHYTPHM LIEMH H Me-
WAY UEHAMH.

[epBbiii 3aK0H TEPMOAHHAMMKH. 3aKOH, CUTNIACHO
KOTOPOMY NPW MpOTEKAHHH BCEX MNPOLIECCOB
obuias sneprus BeenenHol ocraercs nocTosn-
HOW.

[Mepemematoumiics Jnemen1 (Tpancnoson). Ppar-
medr JIHK, koTopsiit MOXeT MEHSTL CBOE NO-
JIOXEHHE B TEHOME.

Iepenocumk »nexkTponon. benok Tuna ¢gpnasonpo-
TEHHA WM LIMTOXPOMA, KOTOPBII MOXeT 00pa-
THMO NPHODBPETATE H TEPSATH INIEKTPOHB! H BbI-
NOJIHATL POJIb TMEPEHOCYHKA INEKTPOHOB -OT
OpraHM4eckux cybecTpaToB K KHCIOpOAy.

Ilepoxencombl. CM. MukpoTensua.

I'uan. bakTepuanbHbie BHIPOCTHI, NPH NOMOILLH
KOTOPBIX OCYLUECTBJIIETCH NEepeHOC IEHOB W3
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OIHOW KNETKH B APYIy1O B NpoLEcce KOHbIOTa-
LHH.

INupanoza. Ilpocroit caxap, conepxaiuuii iue-
CTHY/IEHHOE KOJIBLIO NMHpaHa.

INupuaunaernaporenassl.  JlermaporeHasml, Kko-
(hepMeHTOM KOTOPHIX CITYXKHT OOMH W3 MHPH-
auvnoBhelx  kodepMenToB— NAD wm NADP.

Iupunoxcanedochar. Kodepmenur, conepxartinii
BHTAMHWH MUPOIOKCHH M YHACTBYIONMI B peak-
LUHMAX MEPEHOCa aMHHOTPYII.

INMupumuanH. A30TCofEpXKallEE TETEPOLMKIIHYE-
CKO€ OCHOBaHue, MpeacTapnsioniee codou co-
CTaBHYIO YacTh HYKICOTH/IA HJIH HYKIIEHHOBOH
KUCJIOTHL,

IMupodocdarasa. PepmenT, rHAOPONHIYIOLLMIA He-
oprannyeckui nupodocdar ¢ obpasoeannem
aByx monexyn (opto) dochara.

INupodocdaTroe pacuiensenme. PepMenTaTHBHOE
pacuenneane ATP no AMP u nupodocdara,
IHEPreTHYECKH CONPSDKEHHOE C 06pa3oBaHHEM
KOBA/IEHTHOI CBA3M MEXIY JByMs OHOMOJIEKY-
JlaMH.

Iupodocdopunaibl. PepMeHTHI, KATAIMIHPYIO-
wre obpazoBanue Hykneosuaamdocdarcaxa-
poB ¥ nupodocaTa u3 Hykneo3na-5-rpHgoc-
daTa u caxapodocdara.

IMamesapenne. GepMerTaTHBHEIR rHapoIM3 OC-
HOBHBIX TIMTATENILHBIX BEIICCTB B XXeJydO4HO-
KHLUEYHOM TPaKTE C yTUNHM3ALUHEH NoJyyalo-
LUMXCH MPH ITOM CTPOMTENBHBIX OJIOKOB.

Ilnasmarnyeckan memopana. Membpana, Hernoc-
PEACTBEHHO OKpyXaroias LUMTOmnia3My Kier-
KH.

INnazmuna. BuexpoMocoMHas HE3aBHCHMO Pe-
MIHUMPYIO@ACA neboJbiuasi KONbLEBas MO-
nexkyna JHK.

[Maacmna. Camopennuuupytoulascs oprakena
B pacTeHusX; B pesysibrate IHQhepeHUHPOBKH
OHa MOXET [PEBPATUTLCA B  XJIOPOTUJIACT.

INommnyxkneotna. IlocnemoBaTeNnsHOCTL KOBa-
JIEHTHO CBAI3alHHX HYKJIEOTHIOB, B KOTOPOi
3-nonoxenne MEHTO3LI OJHOIO HYKJIEOTHIA
coeninHeHo nocpencTeoM ¢ochonnaprproro
MOCTHKa € 5'-MOJIOXKEHHEM TIEHTO3bl CIIEAYIO-
LIEr0 HYKJIeoTHIA.

IMoamnentua. JnuHHas Lens aMHHOKHCIIOT, CO-
€IMHEHHBIX TeNTHIAHBIMU CBS3SAMH.

IMooupuGocoma (nonmcoma). Komnneke Mone-
kyJint MPHK ¢ oBymMa win 6onbuiMM 4ucioM
pubocom.

IMosmcaxapuar. JluHeliHble WM pa3BeTBJIEHHDbIE
MAaKPOMOJIEKY. b, COCTOSILUME M3 MHOXKECTBA
MOHOCAXapHAHLIX ENHHHL, COEIMHEHHBIX APYI
€ IpPYroM TJIMKO3HIHLIMH CBA3SMH.

Iloanpumerp. Tlpubop nns onpepenenus yrna
BPAlLEHHA NIOCKOMONAPH3IOBAHHOIO CBETA
pacTBOpOM.

INonsipuas rpymna. I'mnpodunenas, T.e. «Bogo-
nobueas», rpynna.
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[MonsprocTs. B GHOXHMIYECKOH TEHETHKE pa3nii-
ye Mexay 5- ¥ 3'-KOHLAMM HYKJIEMHOBLIX
KHCJIOT.

IMopdmpunni. CnoxHble a30TCOAEPKALLNE COEIH-
HEHMS, COCTOSIIME W3 HETHIPEX 3aMEeuIeHHbIX
MUPPONLHBIX  LMKJIOB, KOBANEHTHO COE/H-
HEHHBIX B KOJIBLIO; 4aCTO B LIEHTpe nopdhuputa
HAXOOHTCH aTOM MeTalna.

Tocrrpancasimonnas Moaudukanus. depmenta-
THBHOE NpeoOpa3oBaHKe NONHMMENTHAHON Le-
ny mnocne ee cHHTe3a ma Marpuue MPHK.

[Mparoppammionmin u3omep. Crepeonsomep, KO-
TOPBIii BpaIAET MIOCKOCTH MJIOCKONONAPH30-
BAHHOTO CBETa BIIPABO.

INpokapuoret. [TPOCTHIE OAHOKNETOYHLIE Opra-
Hu3Mbl (HanpuMep, OakTepuM), comepxaline
O[lHy XpOMOCOMY M HE HMMEIONME AAEpPHOH
MeMOPaHBI M CBS3aHHLIX ¢ MemOpaHOH opra-
HeJUL.

IMpomexyTounsii  MetTabommsm.  Depmenra-
TUBHBIE PEAKLIMH KJIETOK, B XOJ€ KOTOPEIX XH-
MHUECKasl FHEPIAs W3IBJIEKAETCH M3 MOJIEKYJi
NUTATENBHBIX BENIECTB H WCMONb3yeTCs IS
CHHTE3a H CGOPKH KOMITOHEHTOB KIETKH.

IMpomotop. Yuactok JJHK, ¢ KOTOpLIM MOXET
cBssbiBaThest PHK-nonmmepasa. wHunmupys
TeM CaMbIM TPaHCKPHNLMIO.

IMpocrarnanamnel.  Knace  xupOpacTBOpHMBIX
rOPMOHONONOOHBIX PEryNATOPHBIX MOJIEKYJI,
SBNFIOIMXCS [IPONU3BONHLIMH APaxHIOHOBOR
KHCJIOTBL M APYrHX  TNOJHHEHACHILEHHBIX
XHUPHBIX KHCTOT.

IMpocreTndeckan rpynna. TepMocTabusbhas op-
raHyyveckas rpynmna (Ho He aMHHOKHCIIOTa) AU
HOH MeTalila, KOTophie CBA3aHbl € OesKoM
W BHLIMOJHSAIOT pOJIb €r0 aKTHBHON I'pyTibl.

IMpocroii Gentok. benok, npy ruaposinze KOoTOpO-
ro obpa3yloTcs TOJILKO aMHHOKHCIIOTEI

INporennkuuainl. GepMerTsl, KaTaNH3InpylosliHe
dochopunupoBanre ONpeNENeHHbIX aMHHO-
KHCJIOTHBIX OCTaTKOB B psiae OenkoB.

IMporeoraukan. I'MGpHonas MakpoMoneEKyna, co-
CcTosILLas W3 ONWIo- WIM [OJIMcaxapuaa, npu-
COEIMHEHHOrO K NMONHUNENTURY, NPHYEM NOJIH-
caxapui npeacTaBnseT co60il OCHOBHOW KOM-
TIOHEHT MOJIEKY JILL.

INporeomurudeckuii pepmenr. OeprMenT, KaTaniu-
3UPYIOLMA rHAPonu3 6elTKoB MM NenTHIOB.

IMporonaazma. OGiice Ha3BaHKUE BCETO COOEPXKH-
MOTO XHBOH KJIETKH.

IMpoxupabuan Mosexyna. CHMMETPHYHAS MOJIE-
Kyna, KOTopasi MOXET aCHMMETPHYHBIM 00pa-
30M pearupoBath ¢ ¢epmeHTOM, OOnaparo-
MM ACHMMETPHYHBIM AKTHBHBIM LEHTPOM.

ITypus. OcHoBHOE azoTcopepxainee TeTepOLH-
KJIH4eCKOE  COeIMHEHHE, TNPHCYTCTBYIOLIEE
B HYKJIEOTHAX W HYKJIEHHOBBIX KHCJIOTAX ; OHO
COCTOHT M3 KOHJEHCHPOBAHHBIX IPYT C APYIOM
MUPHMHAMHOBOTO W HMHAA30JILHOIO KOJiell
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ITypomuunns. AHTHOHOTHK, KOTOpBI HHTHOHpyeT
NONMNENTHAKBIA CHHTE3, BCTPaHBasich B NONH-
NENTHORYIO LieMb W BBI3bIBasi MpeXaeBpeMeH-
HYIO TEPMHMHALIMIO CHHTE3a.

PaBuoBecue. CoCTOsHNE CHUCTEMBI, COOTBET-
CTBYIOLIIEE MHHMMYMY CBOOOOHON 3Heprum,
B KOTOPOM O0JIbille Y3KE HE MPOHCXOOMT HHUKA-
KHX W3MEHEHHH.

PannoaxkTuBubIi H30TON. U30TON, HecTabumbHoe
SAPO KOTOPOTO NepexOAHT B CTAOHIBLHOE CO-
CTOSHHE B pe3y/ibTaTe HORM3MPYIOIIEH pafua-
LHH.

Panuonmmynosiorudeckuit tecr. BriCOKOYYBCTBH-
TENbHOE KOJNMHECTBEHHOE OMNpENeNieHHe Ciie-
JOBbIX KOJIHHECTB IOPMOHA (MNIH HEKOTOPBLIX
opyrux GHOMONEKYJ) MO €ro CnocoGHOCTH BbI-
TECHATb PaSHOAKTHBHYIO (OPMY rOpMOHa w3
KOMIJIEKCA cO cnelnpHYeckUM aHTHTENOM.

PazoGmaronmii arent. BeulectBo, koTOpOe pas-
obuaeT npouecck (ochopunupopanus ADP
H TPaHCMOPTa 3NEKTPOHOB, Hanpumep 2,4-0u-
HUTpodeHon.

Pauemar. DxBuMonsipuas cMecb D- u L-cTepeon-
30MEpPOB ONMTHYECKH aKTHBHOIO COEIHHEHHMS.

Peaxipa Xuana. Brinenenue kucnopona u $oro-
BOCCTAHOBJIEHUE HCKYCCTBEHHOTO aAKLENTOpa
3JIeKTPOHOB  MpefiapaTaMH  XJIOPOMJAcTOB
B OTCYTCTBUE YIJIEKHCJIOTO rasa.

Perynsropuad nocneaosareintocts. Hykneorna-
Has nocnegopatenbHocTs JIHK, perymmpyro-
LLas IKCMPECCHIO TeHa, HarpHMep NPOMOTOp
HIIH OTiepaTop.

Peryasropusiit res. I'ed, nmpoaykr koroporo
TIPHHMMAET Y4acTHe B PETYJISALUH 3KCTTPECCHH
JApYroro reda, HanpuMep reH, KOOHPYIOLWil
Genok-penpeccop.

Peryngropubiii  depment. Pepment, obnanaro-
v perynstoproi gyukuner G6raropaps ero
CNocOGHOCTH HM3MEHSATh CBOIO  KaTanuTHue-
CKYIO aKTHBHOCTb B pe3y/IbTaTe HEKOBAJIEHT-
HOT'O WJTH KOBAaJNIEHTHOrO NMPHCOEAHHEHHS OCO-
6oro Monynupyrouiero meradonura.

Pexkomounannan JIHK. JIHK, o6pa3soeannas
B pE3yNbTaTe COEAMHCHHS TCHOB B HOBOMA
KOMOHHAUMH.

PexkomOunaims. CoellnHeHHe TeHOB, TPynnbl re-
HOB WJIH YacTeil TeHOB B pe3ynbTaTe OHONOrH-
4ECKOTO NpoIIecca Wi B XoJe NaboparopHoro

MaHWNyJMpOBaHHs, TIPHBOAsILEE K HOBBIM
KOMOMHAIIMAM TIEHOB.
Penatypaimn. CBOpauMBaHHE PaCIIETEHHOTO

(T.e. neHaTypupoBanroro) rnody.ispuoro oern-
Ka.

PentresocTpykrypusiii anaani. Mcnonniosauve
MeTOa AM(PAKLKMH PEHTIEHOBCKHX JIyYeH Ha
KpHCTanax HCCNegyeMOro COEMHEHHs JUis
OMNpENEeNICHHsT €r0  TPEXMEPHOH CTPYKTYpbL
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Penmkauns. Crnre3 qo4epheil MONEKy Bl IByX-
uenoveunoit [IHK, nneHtnunoit ponHTeNnbCKkoi
apyxuenoueunoit JTHK.

Penpeccubennrniil  pepment. PepMeHT, CHHTE3
KOTOpPOTO MHrHOHMpyeTcss B TOM ciyuae, eciu
NPOOYKT KaTaJIH3UpyeMOH UM DPeakKlHH JIETKO
JoctyneH GakTepHasbHON KIIETKe.

Penpeccus ¢epmenta. MHru6uposanne CHHTE3A
¢depmenTa, 0OyCNOBNEHHOE AOCTYMHOCTBIO
MpoayKTa 3TOTO epMeHTa.

Penpeccop. benok, koTopslii CBs3bIBaeTCd € pery-
JIATOPHOH TMOCNenoBaTENbHOCTBIO (onepaTo-
poM) reHa H OJIOKHpYET €ro TPaHCKPHIILHIO.

PecTpuKkTHpYrOIME JHAOHYKJIEA3kl. JHIOOE30K~
CHpUOOHYK/Ea3bL, y3HAIOWIME CrieLHbHYECKYIO
HYKJIEOTHIHYIO NMOCNIEIOBATETBHOCTL ¥ BBI3bI-
palollMe pacuieruienne obenx uveneit JHK
B calTax, KOTOpble OINpeAe/stoTcA HyKIeo-
THIHBIMHE TOCJIei0BATELHOCTAMH, obanaro-
LUMMH CHMMETPpHeii BTOPOTO Nnopsnka OTHOCH-
TENbHO LEHTPA. IDTH QepMenThl FBIAIOTCS
BAXHBIM HHCTPYMEHTOM T€HeTHYeCKOH HHXKe-
HEpHH.

Perpossipyc. PHK-comepxatuuii Bupyc. B cocTas
KOTOpOro BXOAMT obpaTHas TpaHCKpHNTa3a,
1.e. PHK-3aBrcumas JJHK-nommmepa3sa.

Peuentop ropmona. Crienududeckull y4acTok Ha
MOBEPXHOCTH KJIETKH HJIH BHYTPH HEE, CBSA3BI-
BaIOLINH TOPMOH. ’

PuGonykneasa. Hykneasa, karamusupyrollas ra-
JPOJIATHYECKOE pacLUEMIeHHe ornpeacsieHHbIX
MexHykJneoTHaHbx cBsizeil B PHK.

PuGonyk.ieotna. Hykneotun, conepxawinii B ka-
4ecTBE NEHTO3HOTO KoMmroHeHta D-pHGO03y.

PuGocoma. MakpoMONEKyNApHBI  KOMIUJIEKC
ouameTpoM ~ 20 uM, cocTosiumii 13 pPHK
1 GenKkoB U SBAsIOLUMHCH MecTOM OGeJIKOBOro
CHHTE3A.

Pubocomuans  PHK (pPHK). Knacc Monexkyn
PHK, Bxomsummx B cOcTaB pHGOCOM.

Puiamauur-gaxrops! (axropst repmunaumn). Bxo-
JALME B COCTAB UMTO30J1s (hakTOPLI HETKOBOFH
MPHPOALL, HEOOXOHUMBIE [T BLICBOOOXKICHHS
roTOBOH NOJIMNENTHAHOH Lieny U3 pHOOCOMBI.

PHK (pubonyk.1ennoBas kucaora). [lonuprbony-
KJIEOTHI C ONpPEIeNeHHON HYKIEOTHAHOR no-
CIeNOBATENBHOCTBIO, B KOTOPOM prGOHYKIIEO-
THIHLIE OCTATKH COEAMHEHB Mexay coboit
3.5-pochonmauphsiMu cBA3AMU.

PHK-nommepasa. ®epMeHT, KaTtaau3upylOLLHi
cuntes PHK u3 pubonykneosnp-5-rpudocda-
TOB C WCMOJIb3OBAHHEM B Ka4yeCTBE MATPHLbI
pern JJHK wan PHK.

Capromep. dyHKUMOHATBHAS W CTPYKTYpHas
elIMHHIIA MBILLIEYHONH COKpaTHTENBbHON cH-
CTEMBI.

Careanwrnas  JIHK. Buicokonosropsiommecs
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uerpaHc/Hpyemsle ydacTkd JHK B 3ykapuo-
THYECKHX KJIETKax.

CopaxuBanne. AHaspoOHOE pacilenyienye MoJie-
KYJI IMTaTeJIbHOTO BELLECTBA, HANPUMEP TJIIO-
KO3Bl, CONPOBOX/IAOLIEECS BBIIEIEHHEM IHEP-
THH.

Creabepr (S). Eqnunuua ckopoct cenuMenTaumm
4acTHLB B LEHTpHDYyTE.

CaetoBble peaxuun. Peakuyn dorocuuresa, ko-
TOPBIM HEOOXOIMM CBET ¥ KOTOPHIE HE MOTYT
npoTeKaTh B TEMHOTE.

CsoGomnas 3neprusi. CoctaBHas 4acTh oOLuel
IHEPTHH CHCTEMBI, 3a CHET KOTOpOii CHCTeMa
MOXET BBLINOJHATL paboOTy MpH MOCTOSAHHBIX
TeMnepaType H /JaBJICHHH.

Cnpur pamin. MyTtaliHsa, KoTopas ofycnosnexa
BCTABKO# MM noTeped OJHOH HIIH HECKOJIBKHX
nap HYKJIEOTHIOB; MPHBOAHT K CMELUEHHUIO
paMKH CYHTBIBAaHHS KO/JIOHOB NpH 6HOCHHTE3Ee
6emnka, B pe3ysbraTe Yero obpasyroiuiics Ge-
JIOK, Ha4HHas ¢ KOJOHA, NOABEPTILErocs HiMe-
HEHHIO, HMEET UCKAXEHHYIO AMHHOKHCIIOTHY1O
NOC1e/I0BATENILHOCTD.

CepnoBraxo-K1ero4Ras areMusl. 3JaboJiepaHue ve-
JIOBEKA, CBA3aHHOE C HAPYLIEHHEM TEPBHYHOM
CTPYKTYpy remoriiobuHa, KOTOpoe Xapakrep-
HO [I-I1 TOMO3HIOT MO aJIj1eN110, KOAUPYIOWeMY
B-uens remornobuna.

Cepnosagto-kaerounblit npudnak. CocTosinue ye-
JIOBEKA 1pH MOHKEHHOM HABJIEHHH KHCIIOPO-
14, CBMAETEJLCTBYIOILEE O CEPrOBHIHO-KJIE-
TOYHOM H3MEHEHHH €70 IPHTPOLIMTOB; Xapak-
TEPEH AJIA TETEPO3UIOT MO AJIENO, OTBET-
CTBEHHOMY 3a CEPNOBHMIHO-KJIETOYHYKO aHe-
MHUIO.

CHrRa/ILEafl MocieJ0BaTeLHOCTh. S-nuaepuas
aMMHOKHCIJIOTHAS TMOCIIEAOBATENbHOCTh T0JIH-
NenTHIa, CHIHAJH3HPYIOWAs O MecTe Ha3Have-
HHs HOBOCHHTE3MpPOBaHHOro Genka; ¢ ee mo-
MOIBIO GENIOK MPOXOONT CKBO3b OnpesieNieH-
HYI0O MeMOpany.

Cuctema. M3onmpoBannas COBOKYNHOCTL MaTe-
pyvH. Bes npouas matepusi Bo Beenennoid, Ha-
XOASIIAsACH BHE JAHHOH CHCTEMB], HA3LIBAETCA
OKpYXalolEH CpeaoH.

Ckaamyaras  cTpykTypa. Oprabusaunus  Cesi-
3aHHBIX BOJOPOAHBIMH CBS3SIMH  PAacnoJio-
XEHHBIX PSFOM («OOK 0 60K») MOJIMNENTUAHBIX
ueneii B BuITsHYTOH B-kondopmanum.

Crnoxnuii Genok. beslok, colepxaumii B Kaue-
CTBE NPOCTETHYECKOH I'PYNNbl METAIUT HIIH Op-
TaHHYECKOE COEMHEHHE, WM W TO, U OpYyroe.

Comatudeckune KaeTku. Bce kneTkw oprannama,
3a UCKJIIOYEHHEM MOJIOBLIX KJIETOK M TeX KJie-
TOK, U3 KOTOPbIX OHH Pa3BHBAIOTCS.

Conpsxkennas KHMCIOTHO-OCHOBHas napa. JLoHOp
NpPOTOHA W €ro JAENnpOTOHHPOBAHHOE I1PO-
H3BOHOE; HANpUMEp, Mapa YKCYcHas KHCIIO-
Ta —aUeTar.
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Conpsaxennbie peakumd. J/IBE XMMHYECKHE peak-
LMY, UMEIOLIME OOUHi HETEpMEINAT H 0OMe-
HHBarouecs Mexay coboii aneprueft.

o-Cmupans. CkpyyeHHasi, cnupanbhas koHdop-
MaUus NOJMMENTHAHOMA LienH, XapakTepu3yro-
11ascs MAKCHMaJIbHBIM YHCJIOM BHYTpHMOJIE-
KyJISPHBIX BOJOPOAHHIX CBsi3eii; Brieppble Obl-
Jla Halfilena B o-KepaTHHaX.

Cnnaiicair resoB. ®epMEHTaTHBHOE TNPHCOEOH-
HEHHE OHOTO reHa WJTH YaCTH reHa k Ipyromy,
a TaKXe npouecc yaajienksi HHTPOHOB H COeH-
HeHHe 3K30HOB nipn cuuTe3ze MPHK.

Cnontaunbiii npouece. Tponecc, conpoBoxaaro-
ILMI{CA YBEJTHYEHHEM IHTPONHY BO Beenenuoi.

Crangapruoe cocrosinne. Hanbonee crabumHoe
COCTOSHHE 4HCTOro BelecTBa TmpH | at™
K 25°C (298 K). ns peakuuif, npoTekaroimx
B PacTBOpe, CTaHNApTHOE COCTOSIHWE PacTBO-
pennoro BeuecTsa—3T10 1 M pacteop.

Crangaprabii  BOCCTAMOBHTENIbMBIH  NOTEHUNAN
(Eg). DnexTpoasHxyilas CHa, BO3HHKaIOILAs
Ha 3JIeKTpoac B npHcyTcTBHH 1 M KonueHTpa-
LMH BOCCTAHOBUTEIS M €r0  OKHCJIEHHOMH
¢dopmel npu 25°C u pH 7,0; sBnsercs mepoii
OTHOCHTEJIbHOH COCOOHOCTH BOCCTAHOBHTENS
OTHaBaTb 3JIEKTPOHBL

Crepeoniomepnt. HM3omeper  Monekyn, 3sep-
KaJibHble H300paxcenlsi KOTOPBIX HECOBME-
CTHMBL OPYr C IPYTom.

Crepounsi. Kitace tunuios, conepxaiuux LHKIIO-
neHTaHpeHaHTPEHOBYIO KOJILLIEBYIO CTPYKTY-
py-

CTpykTypRuiil ren.
u PHK.

CyGerpar. OnpeneneHHoe coelvHERNe, HA KOTO-
poe DeilcTBYET (pepMenT.

Cynpeccopras Myrauus. Mytauusi, koropas nos-
HOCTBIO HJIH 4YacTHYHO BOCCTAHABJIHBAET
dyukLMIO, yTpauennylo B pe3yJibTaTe npemiie-
CTBYIOLLEH MYTaLMK; 3TA MYTaLMs TMPOHCXO-
JIMT B Y4acTKe reHa, HE COBIANAIONIEM C y4YacT-
KOM, B KOTOPOM Oblyia JIOKaJIt30Baua rnpeniie-
CTBYIOLLAS MYTAaLMs.

[en, konHpyrowmii Gesku

Temuopbie peakimy. He TpeGyroume cera dep-
MEHTATHBHLIE PEAKLIMH, NpOTEKalowme B ¢o-
TOCHHTE3MPYIOLIMX KJIETKaX, KOTOPbIE HMEIOT
OTHOLLIEHUE K CHHTE3y IToko3el w3 CO,, ATP
H NADPH.

Tennora ucnapenus. Yncno xasnopwii, 3aTpayu-
BAEMOE Ha NpeBpaiieHre | r XHIKOCTH B nap
NpH NOCTOSIHHOM TeMneparType.

Tepmunanuuas Tpancdepaza. PepmesT, crio-
CcOOHBIH T00aBNATL HYKJEOTHAHbIE OCTATKM
KaKoro-To ojlHoro BHAa k 3'-konuy uenei
AHK.

TepmuHupyroIIas NoCIEN0BATENLHOCTL. TlocTe-
nosatensuoctk J1HK, kxoropast HaxoawTes Ha
KOHLIE TPaHCKPHIUHOHHOM eNWHHIBL H CITYXHUT
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CHTHaNOM OKOHYAHHS TPaHCKpHIILIHH.

Tepmunupytomme kodowbl, TpH komona UAA,
UAG wu UGA, koTopble cnyxaT CHIHA/JaMK
OKOHYAHHA CHHTE3a MOJIMNENTHAHOH Lemnw.

Tepnen. YrieBOAOPOA HITH NPOH3BOAHOE YTIIEBO-
Iopoga, COCTABJICHHOE M3 [OBTOPAOLIMXCH
OCTaTKOB H3OIpeHa.

Tect Jitmca. ITpocrolt GakTepHabHBIA TECT Ha
KaHLEPOreHbl, OCHOBAHHBIN HA MPENIOJIOXKe-
HHMH, 4YTO KaHUEPOreHbl ABJANOTCA MYyTareHa-
MH.

Terparnapodonuenast  kuciaora. Koodepmenr,
npencrapisoluuii co6olf BOCCTAHOBJIEHHYIO
aKTHBHYIO PopMy BHTamMHHa GoJsimeBod Kuc-
JIOTHI,

TumuroBbli aumep. [IuMep, cocTosILMi U3 KOBa-
JIEHTHO COEMHEHHBIX IPYr ¢ IPYrOM THMH-
HOBBIX OCTATKOB B Lery JJHK ; nosBneHne ta-
KHX IMMEpOB BbI3BIBAETCH NOTJIOILEHUEM Yilb-
TpagHONIETOBBIX JTy4eii.

Tuosdup. Idup, o6pasopannsit kapOOKCHILHOM
rpynnodf M THOJNOBOH rpynNHpOBKOH MMM
MEpKanTaHoM.

Toxodepoabl. Tpynna coeanueHnii, npemcra-
BISIIOIMX co60ii dopmbl BHTAMHHA E.

Toxcunbl. Benkn, KOTOpEIE BIpabaThIBaIOTCA He-
KOTOPbIMH OPraHH3MAMH M SBISIOTCA ANO-
BUTBIMH [IJI APYTHX BHIOB.

Tononiomepaibl. PepMeHTHl, CIIOCOCHBIE OCY-
LECTBJIATE MOJIOKHTEILHOE HJIH OTPHLATE b-
HOE CBEPXCKpYYHBaHHE KOJi€ll IBYXLETOue4-
Hoit JTHK.

Tparcamnialb., PepMeHTH, KaTAJIH3HPYHOILIHE
NEepeHoC aMHHOTPYNI OT G-aMHHOKHCIIOT K 0=
KETOKHCIIOTaM,; HX TAaKX€ HAa3bIBAIOT aMHHO~
TpaHchepa3zaMu.

TparcamunnpoBanue. PepMedTaTHBHBII neperoc
AMHHOTPYINBl OT ®-aMHHOKHCJIOTHL K (-KeTo-
KHCJIOTE.

Tpancaykums. IlepeHoc reHeTHYECKOTO MaTepHa-
Jia ¥3 OIHOM KNETKH B JPYTYIO C MOMOLIBIO BH-
PpYCHOrO BeKTOpA.

TpauckpunNLMOHKBIH KOMTPOJL. Perynauns 6enxko-
BOIO CHHTE3a NPH MOMOIUM peryJjsauuH obpa-
3oBanns MPHK.

Tpanckpuouus. PepMEHTATHBHBIH NPOLECC, MPH
KOTOpPOM TeHETHUECKasi HHOpMauHs, colep-
xau@sca B onnoit uenn J1HK, wucnonb3yerca
I CHHTE3a KOMIJIEMEHTAPHOM HYKJEOTHI-
HO#i nocneposaTenbHoctH B uend MPHK.

Tpaucnokaia. DepMeHT, Bbi3uiBalOIUMd Kakoe-
JIH60 IBHXEHHE, HANPHMEDP NePEMEILEHHE pH-
6ocomut Baosi MPHK.

Tpaucnsumonniil kouTpoas. Perynsmius cuaresa
Gernxa 3a cueT H3IMEHEHHST CKOPOCTH €ro TPaHC-
JISIIMH B pubocoMe.

Tparcasums. TTpPoLECC, MTpH KOTOPOM reHETHue-
ckast HHpOpMaLHs, conepKarlascs B MOJIEKYJIe
MPHK, HarnpaBnisieT CHHTe3 COOTBETCTBYIOLLEH
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aMHHOKHCIIOTHOIM [0CE10BaTEIBHOCTH B 6€-
K€.

Tpancimpaunst. IlepemerueHde BOAbI OT KOpHEH
pacTenunsi B atMocdepy uepe3 COCYyAUCTYrO CH-
CTeMY H JIHCTBA.

Tpaucnozuums. Ilepemerienne reda HIH rpynnbi
FEHOB W3 OOHOrO MecTa reHoMa B Jpyroe.

Tparcnoprras PHK (vPHK). Knacc monexyn
PHK (mon. macca 25000-30000), kaxaas H3
KOTOpBIX Ha NEpBOM 3Tarne 6eJTKOBOro CHHTE3a
KOBAJIEHTHO COEOMHSETCH €O CnenH(pHUECKOH
AMHHOKHCJIOTO#.

TpancnopT 3J1ekTpotoB. TlepeMenienne 31€KTpo-
HOB OT cyGcTpaTa K KUCJIOpoay, OCYLLECTBIIse-
MOE B ObIXaTeJbHOW 1LIEMNH.

Tpaucopmauus. TlosBrenre HOBOro deHOTHIA
B pe3yJbTaTe BBEIEHMs B KJIETKY IK3OI€HHOHN
JAHK.

Tpernunan cTpykTypa Genxa. IpocTpancTBentoe
pacnosnoxeHne NOJHNeNTHIHOH uernu riody-
asipHOro Oenika, HaXOASLErocss B HATHBHOM
CBEpHYTOH (opme.

Tpuamnnrmuepon. Idup rivuepona c TpeMs Mo-
JIEKYJIJAMH >KHPHOH KHCJOTHI; €r0 HA3bIBaIOT
TAKXE HEATpasbHBIM XHPOM.

Tponuei ropmor (Tponum). IlenTHAHBI FOPMOH,
IEACTBYIOIIMH Ha XeNe3y-MullleHb H CTHMYJIH-
pyloumid ceKpeLHio CBOHCTBEHHOTO JTOH Xe-
JIE3€ TOPMOHA ; HANPHMEP, TUPEOTPONHH TUIIO-
$u3a BBEI3LIBAET CEKPEUMIO B IMTOBHIHOM
KCIIE3E THPOKCHHA.

VriaeBoa. AJberui WM KETOH, cOOepXaluvi
60JIbLIOE YWCIIO THAPOKCHIIBHBIX TPYII.

¥ nensHan akTuBHOCTh (hepmenTta. KonmuecTso
MuKpoMoiiei cyberpara, npeobpalyemMoe npe-
napatom ¢epMeHTa B | MHH B pacyere Ha 1 mr
Genka npu 25°C.

¥V aenbHas rewiora. KonudecTso Tenna (B Kano-
pusix), Tpebyemoe ans TOro, 4ToOLl NOAHATH
Temnieparypy 1 r BeutectBa Ha 1 C.

Vaensioe Bpauense. Bpauenue (B rpanycax)
MJIOCKOCTH  MJIOCKONOJIAPH3OBAHHOIO  CBETA
(D-nuaust HATpHA) ONTHHECKH AKTHBHLIM CO-
envHenueM npu 25°C npu ero onpenenesHoi
KOHLEHTPALHH W ONPe[C/ICHHOH MJIAHE ONTH-
4YECKOTo Ny Iu.

Y anvpaduoaeToBoe Mlayycune. INeKTPOMArHUT-
HOE W3/yYyeHHe B jiMana3oHe OJIHH Bonw 200-
400 um.

Ymepensinnii par. $ar, JTHK xoroporo Moxer
BCTPaMBATLCS B FEHOM KJIETKH-XO35MHA, HO HE
IKCNPECCHPOBATLCHA B OTJIHYHE OT BHPYJIEHT-
1oro (hara. XOTOphlil pa3pyLuaeT KJeTKy-X03s-
HHa.

Vpasnenve [engepcosa— Xaccenbbanxa. Ypas-
Henue, cessbiBaronee pH, pK’ w oTHolenne
akuenTopos (A7) u monopos npotoHoB (HA).

Y paBnenne JlaiinynBepa —bepka. Y paBHeuue, mo-
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JIy4eHHoe NyTeM asredpaunyeckoro npeobpaso-
BaHus ypaBhHenuss Muxasnuca —MeuTted, mo-
3BOJIsouiee Oosiee TOYHO ONMpPEAESIHTL BEJIH-
YHHBl Vi U Ky

VpaBHenme Mmuxaiznuca—Menren. Y paBHenHe,
CBSI3bIBAlOLLEE CKOPOCTh (PepMeHTATHBHON pe-
akKLUMH C KOHLeHTpauMeil cybcrpaTa.

Ycroiiunpoe cocrosinme. HepaBroBeCHOE cOCTOSA-
HHE IHHAMHYECKOH CHCTEMBI, PH KOTOPOM
NPOHCXO/IMT MEPEMEILICHHE MATEPHH, HO KOH-
LEHTPaLUH BCEX KOMIIOHEHTOB OCTAalOTCs He-
HW3MEHHBIMH.

V@-annonykneaza. JHiaonywkieaza, crnocobHas
pacwernats uene JJHK ¢ 5-cropouw! oT TH-
MHMHOBOrO AMMEpA.

®akTopsl vrmmauus. Creunduyeckne Oenku, He-
00XooMMBIE IJ1S WHHLMAIIWK CHHTE3a MOJIH-
nenTuga B pHoocoMax.

®akTopsl Tepvunauid. Cm. PHinsnur-¢pakTophl.

®dakTopsl dnouraumu. Ocobule OenkH, nHeoOXxo-
JWMBIE 118 3JIOHrauMy CHHTE3a NOJIMNENTHI-
HbIX Lenedt B pubocomax.

DakyanraTuBHBe KIeTKH. KIEeTKH, KOTOpBIE MO-
IYT XHTb KaK B IIPUCYTCTBHH, TaK H B OTCYT-
CTBHE KHCJIOpOAA.

Qenorrn. HabnmosaeMele CBOHCTBA OpranusMa.

®epmertol.  Benku, karammsupylomme  pas-
Ju4Hble MeTaboNHueckue peakitii.

Oubpunnsapusie Gesnxn. HepacTBoprmble 6ekm,
KOTOpbi€ BLINOJIHAIOT 3aLIHTHYIO HJIH CTPYK-
TYPHYIO pOJIb; MOJIMMNENTHAHAS LeNb B TAKHX
OenKax BbITSHYTA WIIH CKpyYeHa B OIHHOM
HaNpaBJieHHH.

O napunasermnanrykacorna (FAD). Kodepmenr
pRsia OKHCIIHTENIbHO-BOCCTAHOBUTENBHBIX (hep-
MEHTOB. coacpxalmii pubodnabun.

O®napungeruaporenassl.  Jlernaporeusasel, co-
Iepxarme B kavecTse koepmenta FMN nm
FAD.

®nasunMororykaeotha (FMN). Pubodnasun-
docdar, xodpepMeHT pAga OKHCIUTENLHO-BOC-
CTAHOBHTEJIbHBIX ()EPMEHTOB,

®naBuHoBble HYKAeoTHAb. HyxieoTHaueie xo-
depmentst (FAD 1 FMN), conepxarupe pnbo-
¢napuu.

®nasonporenn. benok, conepxaumit B xauecTne
NpocTeTH4eckoif rpynnel  GnaBUHOBLI HY-
KJIEOTHU]I.

®ayopecuerums. Mcnyckaude ceeta MOJNeKyna-
MM, HaXOMISIMMHCH B BO30YXKIEHHOM COCTOS-
HUH NIPH BO3BPALLEHHH UX B OCHOBHOE COCTOS-
HHE.

®onoBas ckopocts MeTabosmaMa. CKopocTs Mo-
Tpebnexus KHCNopo/jia OpraHu3MOM B COCTOS-
HYH MOJIHOTO OTAbIXa MO NPOLIECTBHH [JIH-
TEJILHOTO BPEMEHH NOCHE MpHEMAa IHIIH.

®ocharen. Coeannenne, 3anacarolice IHEPrHIO
B TKaHfX, cnocobHuLiXx BO30YyXIaThes, coaep-
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KUT  BBICOKOIHEpreTHueckylo  Qocartayio
rpynny, o6bYHO HAXOASLIYIOCS B PEryjupye-
MoM ¢epMeHTaAMH PaBHOBECHM C KOHUEBOM
docdarroin rpyunoit ATP.

Docdormoronarinin  nyte.  OKHCIHUTENBHBIH
MyTh, HAYMHAIOILMICA C INIOK030-6-pochaTa
v Benyiumi uepes obpazosaume 6-docdorio-
konata k NADPH, neuroiam wu apyrum
npoayk1am.

®oconmrdpup. Moutekyna, conepxauias Ba
CIIMPTOBBIX OCTATKA, COEHMHENHBIX JupHOi
CBA3BIO C OUHON MoJIEKYNIoi pocdoproi KHc-
JIOTHBI, KOTOPas CIIyXHUT, TaKHM 00Opa3zom, Mo-
CTHKOM MEXAY HHMH.

Qocoannnn. Jiunua, conepxaimi ONHY UJIH He-
ckoieko ¢ocdarHeix rpynm.

DocdopuimpoBanne. O6pazosanrie docharTHoro
NPOH3BOHOIO GHOMOJIEKY K OOLIYHO 3a CHeT
depmenTaTuBHOro  nepesoca  ¢ocdarHom
rpynnel ot ATP.

QocopuanpoBatse B /IbIXaTeAbHol Hem. Oxuc-
nurenbioe ¢ocopunvposanue. T.e. pocdo-
punupoBaune ADP, conpsikennoe ¢ nepeHo-
COM 3JIEKTPOHOB OT cybcTpaTa K KHCIOpOJy.

®docdopuimpopanne na yposne cyGerpara. ®oc-
dopunuposanre ADP 1 HekoTopwix apyrux
Hykneo3ua-5-aubocdaros, conpsixeHunoe ¢
NErHApYpOBaHHEM oOpraHMyYeckolo cybcTpa-
Ta ¥ NpoTEKalolliee HE3aBHCHMO OT MepeHoca
37EKTPOHOB.

@ocdopnnupyloumii notenuman (AG,). Uimene-
HMe cBOOOHO# Ineprun npu ruaposnse ATP
B JaHHbIX YCJIOBHSX.

®ocgopoms. PepMEHTATUBHOE pACLIENIIEHUE
COEIMHEHHMA B Pe3yJibTaTe€ B3aMMOJACHCTBHSA
¢ doohaTom. aHANOrMYHOE CUAPONM3Y.

®otopoccranopnenne. Mugyumpyemoe ceetom
BOCCTAHOBJIEHHE aKLENTOPA 3JIEKTPOHOB B (ho-
TOCHHTE3MPYIOLMX KIeTKax.

®otoavixanne. IMoTpebnenne Kuciopoma ocee-
LIEHHBIMH  PACTEHHSAMH 30HBl  YMEPEHHOI O
KJIMMATa, NPOHCXOasillee TJaBHBIM 00pa3oM
3a cueT oxucnenus pochorimkonara.

®oror. MunnManbHas €iHHULIA CBETOBOH IHEP-
T'HH.

®orocuntes. Mcnons30BaHne CONHEUHOH IHEP-
rui ans obpasopatius yrnesogoB w3z CO,
W BOCCTaHABJIMBAIOLIETO AreHTa.

PorocuureTndeckoe ocdopusinposanve (Poto-
docdopunuposanne). depmernTaTuBHOE 00pa-
3oBaune ATP u3 ADP, conpsixentoe co ceero-
3aBHCHMbIM NEPEHOCOM JIEKTPOHOB B (HOTO-
CHUHTE3MPYIOILIMX OpraHHu3Max.

®orocreTema. Cucrtema  GOTOCHHTEIHPYIOLIMX
KJIETOK,  BKJIIOYalow@s  (pyHKUMOHAJLHYIO
rpynny NOrjoialoLHX CBET NMIMEHTOB H pe-
AKLMOHHBIH LEHTP.

®ypanosza. Caxap, COAEPXAlIHH NATHYIEHIIOE
¢ypanoBoe xosmbuo.
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XemuocMoTHYeCKkoe conpsixenne. ConpspkeHue
cuntesa ATP v nepenoca 3JIEKTPOHOB Yepes
MeMOpaHy 3a cYeT 3JIEKTPOXHMHYECKOTrO rpa-
nuenta H*.

Xemorakenc. CnocoOHOCTL KIIETOK YYBCTBOBAaThH
W [BHTaThCs MO HANPaBJIEHHIO K KaKOMY-TO
XHMHYECKOMY areHTy WJIH NMpo4Yb OT HEro.

Xunomurpor. KoMIOHEHT NTA3Mbl KPOBH, TIpefi-
cTaBNsionmMi cOOOW KpYNHYIO Kanio Tpua-
LMJITJIMIEPOJIOB, CTA0MIM3HPOBaKKHYIO C No-
MOLBIO 060JI0uKH K3 Oenka u Qocdonuumaa.

Xumepras JJHK. PexomGunanrnas JIHK. conep-
Xaulas redsl U3 IBYX pa3HbIX BHIOB OPraHu3-
MOB.

Xumepubiii  Gestok. KoBaneHTHO COEOMHEHHBIE
Genku U3 pasHbIX BHAOB OPTaHH3MOB; HX CHH-
Tez koaupyercs xumepron JJHK.

Xmpanoroe coeamunenne. CoellMHEHHE, COOEpXa-
1iee ACHMMETPHYECKHI LIEHTP H CocoOHOE cy-
LUIECTBOBAThL B JIBYX BapHaHTax, 3€pKaslbHblE
H300paxeHHss KOTOPBIX HECOBMECTHMBL

Xnoponaacte. Conepxawue xnopodmunn doro-
CHHTE3HPYIOLLME OpraHenibl 3yKapHOTHYE-
CKHX KJIETOK.

Xnopohusuibl. 3eseHble NMUIMEHTHL. BHINONHSAIO-
LHME pOJIb PelenTOPOB CBETOBOW JHEPIHH
B ¢oTocuuTE3e; npeacraBnsloT coboil mar-
HMANOP(HPHHOBLIE KOMIJIEKCHL

«XonocToi Mka». Karanusupyemas depMenTta-
MH IPyNna UMKAMYECKHX PEakuHil, B X0O€ KO-
TOpBIX 3Heprus ruaponmsa ATP BeicBOGo-
KOAETCA B BHOE TElJia.

Xpomatnd. HuteBununiit komnnekc 1HK, 1ucro-
HOB M JIpYTrHX 6eJIKOB, COCTABJAIOLIHI OCHOBY
3YKapHOTHUYECKHX XPOMOCOM.

Xpomatorpagnas. [lpouecc, nNpH  KOTOpOM
CJIOXHBIE CMECH MOJIEKYJT MOryT OBbITh pa3sie-
JileHbl MYTeM MHOIOKPAaTHO MOBTOPSIOLMXCA
aAKTOB pPACNpeaeNeHHs MEXOY CTallHOHAPHOH
M IBHXYLUelcs ¢a3ammu.

Xpomocoma, Osina Gonbluas monekyna JIHK, co-
Jiepxalilas psfl redoB W BblIONHSAIOMAS QyHK-
LMIO XPaHEHHsi M TNepenaidv TIeHETHYECKON
nHpopMaLmu.

Lientpaibhan  jiorma. OcHoBoOMNONararommi
NPUBINIT OGHOXWMHYECKOIH I'EHETHKH, COTNACHO
KOTOPOMY reHeTrnyeckas HWHpopMauus nepe-
naevcs ot AHK x PHK w nanee k Genkam,

Liuka azora. Llvknnueckoe npeBpaltlienne 6HONo-
IMYECKH JIOCTYNHOIO a30T1a W3 OnHO#H Gopmbl
B APYIYIO B PacTeHUsX, KUBOTHHIX. MHKPOOp-
rauu3Max, a Takxe B atmochepe u reocdepe.

Llnkn uMonuoii kncnorel. LInKnryeckas cucrema
(depMeHTaTHBHBIX peakiMii  OKHCIIEHHS alle-
TUABHLIX ocTaTkoB 10 CO,. nepBbIM TanoM
KOTOpO# siBJIsieT 00pa30BAHHE JIMMOHHOM
KHCJIOTHL.
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Luxn moyeBunbl. Metabonuyeckuii nyTh, obua-
pyXHBaeMblii B NeueHH; NPHBOAUT K CHHTE3Y
MoueBHHB! H3 amuuorpynn U CO,.

L{uxca rpuxapboroBeix kKncaot. CM. LiMKN THMOH-
HOH KUCNOTEHL

Lisknndecknit AMP  (umknmieckuil  amewmiar).
BTopuuHBI MOCPENHHK BHYTPH KJIETOK; €ro
o6pa3oBaHHe NPH NOMOLUM aleHHJIATIHKIIA3El
CTHMYJTHPYETCS HEKOTOPbIMH TOPMOHAaMH.

Lluknmyecknit neperoc d1exTporoB. Mumynm-
pYeMBLii CBETOM Nepelioc > IEKTPOHOB B XJIOpO-
1iacTax, KOTOpBli HaYHHAETCA H 3aBepluaeTcs
na ¢orocucreme L

Linrosomm. Bonras ¢paza unronnasmel ¢ pacTBo-
PeHHBLIMH B HEl BelecTBaMH,

Huronnaama. CoaepxnMoe KNETKH, OKpYxaro-
(iee SApO HIIM HYKJIEOMI.

Liutockesner. HUTeBHOHBIE CTPYKTYPH! B LIMTO-
na3me.

Llutoxpomel. ['eMoconepxauue Genku, BbINON-
HSIOLLME POJTh NEPEHOCUHKOB 3JIEKTPOHOB NPH
ObIXaHHH H QoTocHHTE3E.

YerBepmuumas  cTpyKiypa. 11pocTpasCTBenHOe
pacnosyioxeHHe MNOJOTHAHHLIX OpYr K Opyry
CyObeANHML OTMroMepHoro GeJtka.

Uucno Aporaapo. Umncno MoJsiekyn B OIHOM MoJie
moboro coeanuenns (6,023 -1023).

Yuc.10 o6opoTos. Uncrio, ykaszbiparouee, CKONBKO
pa3 MoJiexyna ¢epMenTa npeobpasyer MoJie-
kysry cyberpata 3a 1 MHH B YCJIOBHAX, KOoraa
(epMeHT NposBNsSieT MAKCHMaJILHYIO aKTHB-
HOCTh.

Jx3eprornyeckasl peaxlMsl. XHMuUuECKas peak-
LS, COMPOBOXJAIOIIAACH OTpHLATENBHBIM
H3MEHEHHEM cTaHdapTHOM cBOGOAHON 3HEp-
THH (CHHCXOOALLAS» peakuus).

K300, YUACTOK IYKapHOTHHYECKOTO FeHa, TpaH-
CKpHMIIT KOTOpPOYO OKa3blBaeTcss B  3penioi
MPHK; ou koampyer onpeneseHHblii yHacTok
noJiMnenTHAHOH LenH Genka.

Ik3oHykneada. DepMeHT, THAPOJH3YROLIMH
TONIBKO KOHLEBYI ¢ocdonnadupHyro CBA3b
HYKJIEHHOBOH KHCJIOTEL

Jnexrpodopes. ITepeMeltienne 3apsKEHHBIX pac-
TBOPEHHBIX BELLUECTB B 3IJIEKTPHUECKOM IIOJIE;
4acTO WCNOJNB3YeTCHA JUJIA pa3lesieHHSl CMeceii
HOHOB.

JnexTpoxuMHYeckHi rpaanerT. CyMMa rpalnen-
TOB KOHLEHTPALMH H 3NEKTPHYECKHX 3apsIoB
NpH NEPEHOCE HOHOB 4epe3 MeMOpaHy.

Dmoar. KXHIKoCTb, BEITEKA)OI@sS M3 XpOMaTo-
rpaduieckoil KOJIOHKH.

Duantnomepbl. M30Mepbl, MoOJieKysbl KOTOPBIX
NPencraBisloT cOGOH HECOBMeCTHMBIE APYr
C JpYroM 3epKaJibHble H300pakeHHs.

JuneproHuyeckas peakuns. XHMHYECKas peax-
LHs, CONPOBOXIAKILAACA NOJIOKHTENBHBIM

NMPUNOXEHHE O. CJIOBAPb TEPMHHOB

HU3MeHeHHeM CTanjapTHOH CBOOOIHOH 3Hep-
THH («BOCXOMSILAS» PeaKuHs).

Dnaokpuuubie *enednl. Xeneswl, comepxauine
KJETKH, CMEUHAJH3HPYIOLIHECS HAa CHHTE3e
TOPMOHOB K KX CeKpellMH B KPOBb; MPH OMO-
LM TOPMOHOB OCYILECTBJISETCH pEryNsLMs
JEATEJILHOCTH KJIETOK IPYTHX THIIOB.

Iugorykneazs. PepMeHT, CrIOCOOHBIH THAPOJIH-
30BaTh BHYTpeHHHE (ochommiadupHsie CBA3H
B HYKJICHHOBBEIX KMCJIOTaXx.

IHgonnaMaTHieckuii  perukyaym. O6GumpHas
CHCTeMa INBOHHBEIX MeMOpaH B IMTOMnasme
IyKapuOTHYECKMX KJIETOK; OHa OKpYXaeT Ce-
KpeTOpHbIE KaHAJIbL H 4aCTO ycesHa préocoMa-
MH.

InepreTudeckni 3apaa. CTeneHb «3aronHeHHs»
cuctemsl ATP-ADP-AMP sBricokoanepre-
THYeckUMH (OChHATHBIMU CBSA3SAMH.

DuepreThieckoe conpsxerne. ITepeHoc snepruu
OT OAHOFO Mpouecca K Ipyromy.

Dueprus axrusannn. KonnuecTso 3HepriM (B Ku-
JOKaJIopHsx), HeoOXoaHMOE Nl TOro, 4TO6k
repeBecTH BCe MOJEKYJIbl, COOepiKaluuecs B
{ MOJie pearypyrollero BellecTBa, B COCTOSHHE
MEPEXOIHOIro KOMIeKca.

Dueprusl cBs3M. JHeprus, Heo6xomMmas s pas-
pBIBa CBSI3H.

Ireprua docdaTnoit rpynnel. YMeHbUIEHHE CBO-
GonuHoll 3HEprMH B pe3yJbTaTe THIPOJIH3a
1 Mons dochoprHPOBaHHOTO COEANHEHHS 10
PaBHOBECHOTO COCTOSIHMS [PH KOHLIEHTPALMH
1,0 M, pH 7,0 u temnepatype 25°C.

Duranenns. ComepxaHue Telia B CHCTEME.

Durpomun. Mepa crerieHn HEYNOpAIOYEHHOCTH
CHCTEMBL.

Onmumepasza. PepMeHT, CIOcOOHBIH KaTAJIH3HPO-
paTh OGpaTHMble B3aMMOLIPEBPALLCHHS [BYX
3MHMEPOB.

SDummepbi. [1Ba cTepeon3omMepa, pasnuiarolmecs
MO0 KOHWQHMIYPALHH OTHOCHTENILHO OIHOTO
aCHMMETPHYECKOTO LICHTPA B COEIMHEHHH, CO-
JepxallieM ABa Hiu GoJbliee YyHCI0 acHMMe-
TPWYECKHX LIEHTPOB.

Dykapuotul. OpranuiMsl, KIETKM KOTOPBIX CO-
IepxaT OKpy>keHHoe MemOpaHoit Anpo ¢ MHo-
XECTBEHHBIMH XPOMOCOMaMH H BHYTpHKJe-
TOYHbBIE OpraHesIbl.

ddextop (MoayasTop). MerabosrmT, KoTOPHI,
CBA3LIBASIChH C AJUIOCTEPHYECKHM LEHTPOM pe-
rynsToproro depMeHTa, MEHSieT ero KHHETH-
4YeCKHe XapaKTepHCTHKH.

Slope. Opranenna 3yKapHOTHYECKOH KJIETKH,
OKpyXXeHHasi MeMOpaHOH M colepxallas Xpo-
MOCOMBI.

Slapeiiko. MHTEHCHBHO OKpalunBaemas CTPYK-
Typa B fAp€ 3YKAPHOTHYECKMX KJIETOK; yua-
cteyeT B cuutese pPHK u obpasosanuu
prbocoM.
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— OuocunTe3 655

— B 6enkax 175, 177, 180, 191

— B kpoBu 777

—~ B IJIIOKOHeoreHese 608

~ u3oMmepnl 109-111, 115, 116

-~ mepeHoc aMMuaka 587-588
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~ HeHTp 259
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Amuan 63

o-AMunasza 312, 313, 470

B-AMunaza 240, 313

AMunasa MomKelnydouHOH Kene3w 746

— coHHas 745

Amunosn 311-315

AmunonexTud 311-315

AMuHupoBaHue 571, 572

AMuHHBIH asoT 588-589

AMuHOauunazeHunatol 932, 933

AMunoauun-TPHK 928, 932, 939-941, 949
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n-AMuHoOen3oliHas kucnora 283, 286, 680-681

a-AMuHOTpynna, nepesoc 571-574

Amunorpynmel 62, 63, 115, 116, 121

NPEAMETHBIM VKA3ATEJIb

a-AMHAHO-B-KeTOANMIIMHOBasA KHMCJI0Ta 663

AMUHOKHMCIIOTHBIE OCTaTKM, ofpenenenue 127

—-— mocnefoBaTenbHocTH 146-152

—— BO3MOXHO€E 4ucno ux 137-138

AMUHOKMCNIOTHLIA aHausaTop 125

AMuHokucnoTe 15, 62-64, 68, 69, 107-136, 170,
191, 283, 377, 380-383. Cm. makce 3ame-
HMMBle aMHHOKMCIOTHI, HelaMeHuMble aMu-
HOKUCJIOTBI

- abuoTuyeckuit cuHTes 74

- OuocuHTE3 653-673

— B Genkax 137, 141-142, 173, 926-927, 931-933

- B KpoBu 766, 767

— B Moue 765

- B nuiue 823-82$

— reHeTHeckue aebekTnl oOMeHa 392-394. Cat.
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— reHeTnieckuii kol 949-950

— IJOKOoreHHble 585, 607-608

— M CUHTE3 HyKJIEOTHIOB 665-666, 754

— Kak HelipoMenuatopbl 761

— KETOreHHnle 585

— OKuC/IMTeJIbHOe paciuernsienue 571600, 774

AmuHoxronuesolt (N-koxueBo#t) octatox 127

5-AMuHONEByIMHAT 663

Amunonentunasa 748, 750

2-AMuHonypuH 968

AMuHoTpaHcdepasbl cam. TpaHCcaMHHa3bI

AMunbl 62

AmuTan 523, 524

Ammuak (NH,) 91, 92, 380-382, 585-589, 765

— B KpyroBopote a3ota 377, 378, 392, 675, 676

— obpa3oBaHue u3 rinyrtamara S74-576

— TOKCHYHOCTb 585-586, 595-597, 599

Ammonnii (NHF) 92, 95, 677

AMMoHHOTENMYeCkue OopraHu3Mel S88, 589

AMHuoueHTes 582, 644

AmMdubommueckan craaus 385, 495
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— ctepouanl 805
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AHaspobw 376

Augporenn! 782, 804-805

Anemusa 563, 564, 769. Cm. maknce Metunma-
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aHeMusl
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286, 827, 833-835, 842
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AnTHEKOOOHK! 954, 930, 931, 950-952
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655

— perynaTtopHas ¢QyHkuusa 656, 661, 666

AcnapraT-TpaHCcaMHHa3a (acma praTaMHHO-
TpaHcdepasa, T1yTaMaT-OKcaJloaleTaT —
TpaHcamuna3a, I'OT) 238, 572, 574

AcnapraT-TpaHckapbamounnaza (ATKaza) 200,
263, 668-670

Acnaptundocdat 661

Acnupud 807

Acrma 769, 788

ATtepocknepos 339-340, 762, 819821l

ATpakTunosun 536-537

Aykcotpodubie MyTaHTBl 393, 394, 679

AxupajbHble (CMMMETpHYHBIE) MONEKyIBL 64

10
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AneraTt cm. YKCycHas KUCIOTa

N-Anetun-D-ranaktozamun 321, 338, 348, 349

N-AuerunrekcozamMununaia 643, 644

N-anerunrnyramart 592

N-Auerun-D-rmokozamub 316, 317, 320, 321,
617

Aunerunen 677

Anetun-xodepMeHT A (aleTMN—KOIHIUM A,
anerun-CoA) 281, 565

—— B OGuocHHTe3e nunuaoB 625-626, 753

—— B I'JMOKCMIIATHOM HMKJe 498

—— B KJETOMHOM apIxanuu 477, 478

—— B CHMHTE3€ JKHPHBIX KMCIOT 566,
623-626, 632, 634

———— xonecTepona 645648

—— B LMKNE NMMOHHOH KucnoThl 438, 439, 481,
482, 486, 491, 493-494, 555, 666, 667

—— [IpH OKHUCIIEHHM aMHHOKHCIOT 576678, 599,
753

———— XHUpHBIX KuMcnoT 555-559, 755

—— perynsaTophble QGynxumu 380-382, 465, 496,
497, 542-543, 566567, 606-607

N-AnetunMypaMoBas kucnota 317

N-Aueruntelipamudosasi kucnorta 337, 338

Anetnmxonun 243, 761

AneruxonuHactepasa 243, 244, 761

Anetun-CoA 576580

Anetun-CoA —aneruntpascdepasa
Cm. maxnce Tuonasza

Aunetun-CoA —kapbokcunasa 625, 626, 634, 651,
701, 945

Aneroauerat 564-566, 578, 584, 774

Aneroanerataekapbokcunasa 565

Auetoanetun-CoA 565, 579, 585, 646, 648

— NIpH OKMUCIMTEJIBHOM paCLUENJIEHUH aMUHO-
xucnot 577-579

Aneroanerusi—S—ATIB 629, 630

¢-AneTo-o-ruapokcubytupar 660

Aneronakrarcunraza 660

Aneron 79, 564, 565, 686, 774

Aumnos 91, 774-775

AmvimepeHocsiumii Genok (AITB) u ero mpo-
uiBodHElE 623, 626631

Ammndepment 254

Aumungocdart 450

Aumn-CoA - nerunporenasa 525, 557

Amnn-CoA-okcurenasa 633

Auun-CoA-cvHTeTasa 552, 568-569, 635, 822

A3pobel 376

567,

556, 558.

BakTepuanbHbie TOKCHHBL 140

bakrepuu 28-33, 67-69, 317-318, 396, 535-536.
Cm. maxwce UnanoGaxtepuy, E.coli

— ayxcoTpodHbie 679

— OuocuHTe3 aMMHOKMCIOT M OenkoB 654,
660-662, 953-960

- ranoduisHeie 712-713

— rHoeponuuie 317

~ meHuTpudunmpyrowme 377
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— JHK 880-882

— KOHblorauus 976

— MOJNIOYHOKMCIblE 440

~ partorenHble 30, 286, 321

— Mo4BeHHble 675

— pybua 315-316, 595, 609, 747

— TpaHchopMauus 858-859

— YCTOM4YMBOCTL K aHTMOMOTHKam 871-872

— ¢uxcauua aszora 377, 675-676

— ¢oTocuHTeaNpyromue 376

Baktepnopononcun 291, 712, 713

Baktepnodaru (paru) 49-50, 853, 974-975, 983

— JJTHK 853, 859, 860, 868-869, 892

— nepeMelieHde reHo 977

- MS2 50, 853, 921

— A 50, 853, 860, 868, 869, 953

—— WUCNONL30BAaHME AN IlepeHoca rewoB 983,
987

— ¢X174 49, 50, 851-853, 868, 885, 952

Benxu 15, 66, 67, 107, 137-164. Cm. maxxnce
AMMHOKMCTIOTEI, AHTU(QpU3HBlE Oeaku, I'u-
ctonbl, Imkonpoteuns:, I'noGynsapuble Gen-
ky, [lenTunsl, Oubpunnsaphbie Gelrku

— amdbunaTiieckue cBoicTBa 85

- bunocunTes 38, 43, 382, 393, 926-938, 953-961

— BupycoB 49, 953

— neHatypanus 158-160

— KOBaJIeHTHasg Moaudukauus 891893

- KoH}urypauus 165, 765

— koHpopManus 165-166, 198-199

— KpoBu 766-767

— MeMbpan 26, 342-344

— Metabonuieckoe o6HOBNEHUE 396

— MyTauTHele 219, 969-971

— HEOOCTATOMHOCTH 826-827

—~ mepeBapuBanue 747-750, 824

— MEPEHOCALME BOAOPOA M 3JIeKTpoubl 532

— nepuoa nonyxusuu 395

— NpOLECCHHr MW  cBopauuBaHue 928,
943-945

~ pacTBopuMocTe 86, 173

— pubocomMHble 935

— ceKkpeuus («Ircnopt») 945-946

~ docdopunuposanue 944

— 1Ienka W nayTuHbl 168, 174, 181

- P430, P680, P700 695, 696, 698, 715

Benok, akTuBupyrouwmit kaTaGonuTHBIA reH
(CAP) 958-960

Benok A 955, 956

Benzon 79-81

Bepu-6epn 274, 275, 481, 828

buxap6onat (HCOJ) 92, 593, 594, 770-771, 774

buxapboHaThas Oydepnas cuctema 98-102
— kpoBu 770-771, 774-775

Bunupybun 664, 665

Buomomunecuenuus 431-432

buomonekynnr 11, 55-78

— MX «cTpouTenbHble Onoku» 14, 67-69, 381

BuocunTtes cm. Anabonuim

929,

MPEOMETHBIY1 YKA3ATEJb

Buortun 276, 283, 284, 496-497, 827

— B auetn1-CoA —kapbokcunaze 626

BuoTuHnu3MHOBBIK ocTtaToK 283

Buouutnn 283, 626

Buosnepreruxa 403

Bunonsipubie uoHbl (usutTepuonbl) 118, 121

2,3-Bucdocdornuuepar (BOT) 211, 212, 259,
769

Bokopas rpynna amumHokucioT (R-rpyuna) 68

Borne3sb kieHoBOro cupona 583, 584

Bop 298

FBopa 3ddext 209, 210

Bortynuunyeckuit TokcuH 139

Bpanukunun 131

Bpoxenue 227, 391, 440, 473, 474

— cnuptoBoe 440, 468-471, 474

S5-bpomypanun 968

Bpomiman 149-151

Bypbiit xup 534, 549, 762-763

n-ByTunManonat 549

Bytunoseii cnupt 81

Bytupat 564

Bytupun-S-AIlb 630

Bytrpoun-CoA 564

Bydepuas emrocts 9596

— cucteMa Kpoen 100, 774-775

Bydeptl, 6ydepHble cucrembr 95-102, 119-123.
Cm. maxwce buxapbonathas GydepHas cu-
cTeMa

Basonpeccun 763, 780, 785, 786, 791
Bakyonu 47
Banun 68, 115, 116, 173
— B IJIOKOHeoreHese 608
— OKHC/IMTENLHOE  pacLiellieHHe
583-584, 611
— cytouHas norpebHocTs 824
BanuHoMuumu 530
BanuH-TpaHcamHHasa 583
Banaawii 294, 297
Banneppaanbcosbl paauycel 60, 61
BapuaGenbyble aMMHOKHCIIOTHBIE OCTATKH 155
— rensbr (V) 979, 980
Bepbnion 554, 636
Bepnuxe— Kopcaxosa cunapoM 829
«Berpsuuuit» depment 613, 614, 616
Buaoumpli cBer 688
Buno 469, 821. Cm. makxce Ankorosin
Bupunosn 48
Bupyc KyctucTo#f Kapsimkosoctu Tomata 50,
853
— ocmbl 50
- nonuomuenura 27, 50, 853
- npoctoro repneca 853, 975
— capkoMbl Payca 919
— TabayHoil Mo3auku 27, 49-51, 853
-~ SV40, 50, 853, 8%5
Bupycnel 48-50, 990
— 6akTepuit cm. baktepuodaru

563, 577,
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— xuBoTHbIXx 853, 891, 920, 921

- IHK 853, B68-869, 881,
952-953

— AHK- u PHK-conepxawume 853, 920

— KaK BEKTOpbl reHOB 985

— oHkoreHHble 8BS, 919, 920, 990

— pacTteuuit 853

— TpaHcaykiua 975

Butamun A 275, 276, 289-291, 649, 752. Cm.
makxce Poporcun

—- anbmerna 291, 712

—-— B muue 813, 827, 835-836

- A, 289

— B, ¢m. Tuamun

— B, cum. Pubodnasun

— By ¢m. TMupunokcun

- By, (xobanamuu) 276, 286-288, 610, 844

—— BcacuiBaHue 563, 564, 835

—— HemocTaTOMHOCTHL 827, 834-835

—— cyrouHas noTpebHocth 275, 815, 835

— C cm. AcxopOuHOBas KuciloTa

D 275, 276, 291, 292, 649, 752

— B nuwe 827, 836-837, 840

E (a-Toxodepon) 275, 289, 291, 331, 649, 752

—— B nuwe 812, 827, 838

K 275, 289, 293-294, 649, 752

~— B nuue 812, 827, 838

- K, (pnnnoxunon) 293

- K, (meHaxuHOH) 293

Butamuub 273-294, 752, 812, 813, 823, 838

— B MMPYBAaTAETMIpPOTreHa3HOM KoMILIekce 479

— HopMbl noTpebnenus 814-815

BuyTtpennnit ¢aktop (Kacmaa) 835

BHyTpennsas meMmOpaHa (MuTOXxOHApUI) 511,
526, 528-529, 533, 534

—- Junuabl 342, 349, 642

—— noxanu3auus ¢epMmenTos 397-398. 429, 510,
518, 549

neperoc ekTponoB S10, 511, 536-537

Bojga 380-382

- B ¢doTocunTese 693-6Y4, 698

— ¢Topuposanue 843

Boaopon (H ) 55, 57, 60-62, 550. Cm. makxce
KoHueHTpauns BOOOPOOHBIX HOHOB, XeMHOC-
MOTHYecKass TEOpUst

Boooponusule ceazu 72, 79-82, 251

— B Genkax 174, 179, 181, 198

B IHK 862, 863, 865, 866

- B TPHK 931

— B ¢epMeHT-cybcTpaTHOM KOMIIJIEKCE 251

— B a-ciupaymm 170, 171

Bonocer 167, 172-174, 181

— nepMaHeHTHasi 3aBuBka 175-176

Bopcunku (kuueunsie) 744, 746, 750

Bocka 333-335

BoccTanosurenu (noHope! 3nexTpoHoB) 308, S11

BoccranopuTenbHbl notenuman 513. Cm. mak-
e CTaHOapTHBIA BOCCTAHOBUTENBHBIH MO-
TEHUMaN

885886, 898,

!
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«Boé unu Huuero» monens 214

BropuuHas ctpyktypa 172, 181, 196

Bropuunbii MeTabonnim 391

— nepepariuk (nocpenHuk) 783, 789

— MmyTh NpeBpalleHus rnokossl 501

BoicokosuepreTuueckue  GocGopHIMpoBaHHEIE
coenuneHua 416, 418, 450, 453. Cm. marxoce
CaepxBricOKO3HepreTuieckue  (ocdopunupo-
BAHHBIE COEIMHEHMS

D-T'anakto3a 305, 306, 456, 459561

~ B rnaukonunuaax 335, 337

lanaktozemuss 267, 310, 459461, 476, 620

B-Tanakto3unasza 238, 644, 747, 953-956

— KJIOHUPOBaHHE reHa 988

B-Tanakto3manepmeasa 955, 956

Tanakto3untpaHcdepasza 616 617

T'anakTo3unuepamMua-p-ranakTo3unruaponasa
644

lanaxkto3o-1-pocdat 460

I'anakTo3o-1-¢pocdart - ypuaunrtparchepasa 267,
476, 620

IanaktokuHaza 459, 460

I'anaktouepebpo3ng 337

Fanopumbubie Gaktepun 290, 712-714

Ianrnuosunos 606

Ianrnuosunnr 336, 337, 348, 350, 642644

TlaprounuiM (cuHopoM Xépaepa) 644, 645

Tlactpun 747, 806

Iekcan 7981

Iexcamuuumaza A 267, 644

I'ekcosbl 303

Iekcoxunaza 203-205, 230, 238, 254-256, 447

— B Xonoctom uukne 611

— u3 gpoxxked 143, 200

-~ ochopunupoBaHHe IJIIOKO3bl W IPYTHX TIek-
co3 421, 446-447, 456, 461, 462, 468, 612

Iemb-punbTpauus 144, 145

Fem 189-192, 202, 295, 663-665

— B uuTtoxpomax 520-521

— cBsi3blBAHME Kucropona 768

Temornobun 27, 70, 123, 139, 143, 145, 154,
768-771. Cm. makmce MyTaHTHbIE reMOrJO-
6uribl. CeprioBUNHOKIETOYHASA aHEMUs

— KpUBas HACBLILIEHUS Kucroponom 261

- MPHK 983

— CTpyKTypa W ¢yHkumust 187-225

I'emonuz 500

I'emonpoTteuns: 520-522

T'emodunusa 972

IeHeTuueckas pexomOuHanus 964, 974-998

—— npu obpa3soBaHuu aHTHTEN 977-980

IKcnepuMeHTanbHas 980-990

IeneTnueckue Gonesnu obMeHa 616, 644645,
673-674

leneTuyeckuii xon 948-952

lennble MyTaunu 969-974

lenom 873

Tennl 876-889. Cm. maxxce TeHeTwueckas pe-
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koMOuHanus, KnonuposaHue remos, Peryns-
TOPHBIE T€Hbi

— «OubnuoTeka» renos 987

— BeKTOpHl mnsi HUX 982-983, 985-987

— remornobuHoB 204, 219. Cm. maxxmce My-
TaHTHbIE T€MOTJIOOHUHBI

- nepekpbiBaromecs 952-953

— paciuMpoBKa HYKNEOTHIHBIX IOCNEOOBa-
TensHocTelt 878879, 885-889, 950-952, 988
— penpeccust 662

Ilenapun 321

lenatouuTh! (kneTku nedenu) 33, 34, 45, 398

— 3amacel xupa 332

— pa3mepsl 27

Ientoawr 303

Ieteporennas snepuas JJHK (rsJHK) 854, 917

Ierepononucaxapumer 311, 320

IletepoTponusle $pepments 259, 260

IletepoTpodHble kneTku (opranuamsel) 376, 377,
413, 683

INuanypornnasza 321

lNuanyposnoBas kucnorta 311, 320

INu6punvsanua JHK-THK 866-867

— HJHK-PHK 912

INurantuam 801

Nuppun-won (;H ™) 450452, 511, 517, 518

3-I'mapoxcuauun-AIlB-nermaparaza 627, 630

3-T'unpokcuauun-CoA 556, 557, 561, 562

3-I'mnpoxcuanun-CoA-neruaporenasa  (¢pnaso-
npoteun 3, ®I1,;) 517--518, 556, 557

3-I'uppokcuanun-CoA —anumepasa 561

D-p-T'unpokcubytupat 564-566, 759, 773-774

B-T'unpokcubyTupataerunporenasa 518, 565

D-3-T'upnpokcubyTupun-AIlb 629, 630

Iunpokcunaspl 544

Mnpoxcunanatur 839, 843

S-I'uppokcunuaun 117

INuapokcunblble rpynnel 63, 82, 115

Iuppoxcumemunraytapun-CoA 565, 646, 648

Iuppoxcumerunrnyrapun-CoA-nuasa 565

I'mapokcuMeTunrnytapun-CoA — peaykrasa
646-648

INunpokcumerunrnytapun-CoA —custasa
648

I'mopokcuMmeTunbHas rpynna, nepesoc 577

4-T'uppokcunponun 117, 177-179, 288

4-Tupporcubenunnupysat 579

4-T'mapokcudeHHNMUpyBaTAMOKCUTEHa3a 579

Iunpokconus won (H,O *) 87

INunponassr 230, 544

Iuoponus 6enkoB 141-142, 148. Cm. maxnce
Benku, nepesapuBanue

—— nusocoMHbli 40

— u3MeHeHue cBobonHoi aneprun 411

Iunponus uon 87

IuopodunbHbe rpynnel 84

Iuopodobueie B3aumMoneiicTeus 84, 197, 863,
865

IuopoxuHon 522

565,

MPEAMETHbBIY1 YKA3ATEJb

TunepBanuHeMus 583

INuneproimkemus 773, 778, 796

Tuneptupeos 804

Tunepronns 821, 822, 841

I'unepxonecTeponeMus 651652

Tunorymkemus 564, 611

TunormuumH 564

TunokcantvH 672, 673, 950, 968

I'inokcanTul-ryasundocdopudosunrpancdepa-
3a 673, 988

Tunokcus 213

Iunotanamyc 779, 783, 784, 786, 800, 803

Tunotupeos 804

Tunodus 780-783, 785-786, 801. Cm. maxnce
omoenbHbie 20pMOHb

INunodusapueiii auaber 801

T'upke Gone3np 616

Iuctuomu 68, 110, 115-117, 122, 123, 125, 191,
608, 611

— BuocuuTe3 659, 660

— B (QepMenTax 244, 252-255, 488

— OKMCNMTENIbHOE pacuiernnenue 577, 583

IucToreMaTuHbl (LHTOXpoMBI) 521

Tuctonn: 873-876, 883, 884

I'mankue Mblunbl 425

Inuaaun 139, 750

Inukannl 311, Cm. makoce Tlonucaxapunbl

Inuxoren 303, 311-315, 396, 745, 752

— BuocunTes 602, 608, 613-616, 620, 684, 864

— B Mbimnax 442, 443, 757

— BIMSIHME TOPMOHOB Ha ero pacmag 791-792,
799

— re”HeTudeckue Oone3nu obmena 616

— 3anacanue 312, 331

— pacuwennenue 787-792, 799

I'nMKOreHoBble rpaHynbl 43, 44, 312, 398, 600

I'mukoreH-cuHTa3za (a u b) 613-616, 793-794,
846

I'nuxoren-gochopunasza (a u h) 313, 456-458,
475, 600

— peryasums  262-264,
614616, 788-792

I'nukosamuHoOrnUKanel 320-322

I'muko3uanas ceasp 308-309

I'nuko3un-(4 — 6)-Tpancdepasa 613

INnukokanuke 318, 344

I'mukoneBas kucnota (rnuxonat) 710, 711, 714

I'nuxonuns 439-476, 479, 482, 603, 800

— B Mblnmax 756-757

— B ONYXOJNEBLIX KJETKax 542

3anacaHue 3JHeprum 420-421. 445, 448-456

— M30TONHLIA MeTon M3ydenus 506

~ perymsauusa  493-495,  542-543,
611-612

Iukonunuap 319, 335, 342, 346, 348

I'mikonutuyeckue depmeHThl 445

I'mukonpotenns! 142, 176, 302, 318-320

— 6uocunTtes 617, 945, 947

— B MeMOpaHax 346-350

390, 462-464, 468,

|

606-607,
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INukocuuromununm 337

I'nuxodopun 319, 347, 348

I'nuokcunat 497-498, 710, 711

ImuokcunaTHBI Hukn 497-498, 507

I'nuokrcucoMel 498

I'nuoxonat (HaTpus) 751, 752

Inunepansnerun 110-112. 303, 459

I'nuuepansaerun-3-pocdar 446, 459

- B riMrosM3e 444 446. 448-453, 456, 457

— B IJIFOKOHeoreHese 606

— u nukne Kamseuna 703, 705

Inunepanbaerua-3-pocpataeruaporesasa 154,
449-452, 517, 539

Iuuepon 68, 69, 329, 330, 333, 474

InuneponkuHaza 422, 635

I'nunepon-1-pocdat 416

Inuuepon-3-gocdar 422, 634, 639, 777

IMNuuepondocpatauuntpancdepasa 635

I'muuepondocdaTaernnporenasa 634

Inuuepondocdaras uennouHas cucteMa 538

Inuunn 68, 108, 109, 115, 122, 654, 662665

— 6uocuntes 658, 659

— B Genkax 175, 177, 180, 191

— obpa3zoBanue w3 rnukonara 711

— pacuennenue 577, 578

I'nunuu-cuHTasa 578, 658, 659

I'nobuns! 154, 200

— KJIOHHpOBaHuE reHoB 988

I'noGysmuel (a- u B-) 767

v-I'nobymuum 142, 143, 145, 767. Cm. maxxce
HmMmyHOrnobynuab

I'nobynspuble Genku 140, 141, 165, 179, 181,
187-225

—— pacTBopuMble 174

I'nytaMmaT (rnyramMuHoBas Kucnota) 537, 538,
572-576, 583, 587-588, 599

— buocuntes 654656

— B rmoKoHeoreHese 608

I'myTamaToeruaporeHasa
589, 591, 654

— B Hemny IlepeHoca aneKTpoHoB 517, 518

ImytamaTtnerunporenasHas peakuus 586, 587,
591

ImyTaMaT-oKcanoaleTaT— TpaHCAMHHA3a  CM.
AcnapTaT-TpaHCaMHHa3a

ImyraMaT-nupysaT —TpaHcaMHHa3a cm. Ana-
HHH-TPaHCaMHHa3a

Inyramun-5-pocdat 586, 655

Inytamun 68, 115-117, 122, 191, 608, 628, 631,
661, 665

— OunocuHTes 654655

— B KpoBu 546, 718

— TpaHClopT aMMuaka 586-589, 655

— pacuennenue 577, 583

I'myramunasza 587-589

I'mytaMuHOBas kucnorta 68, 108, 110, 116, 117,
122, 123, 125, 283

—— B Oenkax 171, 191, 944, 945

InyTamuHcHHTETa3a 199, 204, 264, 586, 654, 655

143, 200, 575-576,
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— U BbLIENEHUE aMMuaka 589

Inytapun-CoA 578

I'nyraTnon 297

I'myraTHoHnepokcuaasa 229, 297, 844

I'mmokarol 131, 349, 615, 636, 780, 795, 799-800

Isroko3a 27, 63, 64, 6769, 256, 302-306, 310,
401, 445. Cm. makace I'muxonus, ['EOKOHEO-
reHes

— B rMKo/Mmuaax 338

— B KpoBu 308, 447, 752-754, 767, 792, 798-799

—~—— KpHMBRLIE CaxapHO# Harpy3ks 773

— B Mo3ry 759

B Moue 308, 765. Cm. maxxuce I'moko3ypus

— okucnenue 405, 408, 441, 478-479, 538-539,
756

— mouedHbll nopor 799

— npu ¢otocunteze 705-707

— cbpaxupanue 391, 440, 468-470

— cnagocTth 819

— dochopumposanue 446447

a-D-I'moko3a 69

I'mroko3zamus-6-pocat 661

a(l —» 6)I'moko3nnasa 312, 313, 457, 616

I'moko3so-anauunoBuid nuka 587-588, 754

I'mroko3on3omepasa 310

D-I'moko3o-1-docdat 416, 457-459, 612

IF'moko3o-1-¢ocdat—ypununtpancdepasa 612

I'mioko3o-6-pocdat 229, 411, 416, 422, 437,
446448

— B rnrokoHeoreHese 605, 606, 612

— B neHrosodochatHoM nytn 499, 752-753

I'mroko30-6-¢ocdataza 240, 464, 605, 611, 616,
753

I'moko30-6-bocdat - neruaporenaza 499, 517,
632

Imoko3ypus 772-773, 796

I'mokokunasa 446, 447, 462, 473

INmroxokopTuxouas: 801, 802

I'moxoneorenes 587, 602-612, 754

D-I'moxkonupano3sa (o, B) 306, 307

I'mokonepebpo3uan: 337

D-I'mrokyponat  (D-rarokypoHoBas
320, 321, 500, 501

I'mroxyponaTpenykrtasa 501

INoBsinvHa (Genku) 825

ToBsxuii xup 330

FonogepMent 228

Fonvoxncu annapat 33, 39, 342, 396, 398, 642,
946

IoMorenTusat 579, 582

ToMonorvynuie Genku 155-158, 192, 196, 202

Iomononucaxapuast 311

Iomocepun 661

T'oMoTponHbie depMeHTH 259, 260

FomouucTenHn 657-658

ToMouucTuHypus 267, 583

FopMon pocra 139, 140, 636

Fopmonn 46, 70, 107, 131,
799-808

KHMCJIOTA)

140, 291, 389,
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— BIMSIHME HA MeTabonu3M rnoko3nl 389-390,
464, 801

— runoTtanamyca 783-784

— runodwm3a 139, 140, 783, 785-786, 801

— KOpbl HaanoueuHukop 544, 801-803

— MO3IOBOTO BelllecTBa HaANOYe4HUKOB
787-789, 791-793

— OTHOCSIILMECST K aMWHaM 782

I'owe Gonesnp 606

I'paaueHT nmuoTHoOCcTH (XNopucToro uesus) 867,
895

I'pamuuunua 131, 530

I'pubnnie aob 107

R-T'pynosr 115-117

I'pynnsl xposu 348-349

INyanununanetatr 662

lNyaunaunosas rpynmna 117

lyanunat cm. 'yanosun-5-moHodochaT

Iyanun (G) 69, 665, 855, 968

~ B JIHK 860-862

- B PHK 911

~ obpaszopanMe mpu pacrnalge mypuHoB 672, 673

I'yano 596, 675

INyaso3un 672

I'yanosun-5-nudocdpar (GDP) 487, 488, 497

I'yanosun-5-MoHodochar (ryanunar, GMP)
665668, 672, 856

I'yanosuu-5-Tpudocdar (GTP) 433, 497, 575,
603-606, 928, 929, 937-942

D-I'ynoza 304

L-T'ynonar 501, 502

L-T'ynononakton 501, 502

INynononakton-okcupaza S01, 502

I'yrranepua 649

rAPHK cm. Teteporennas spepHas PHK

JHancunxnopun 148

JBoliHble 00paTHble KoopausaThl 238, 247

Ieyokucs yrnepona (yrmekucnora, CO,)
380-382, 477, 496—497. CM. maxace Oukrcauus
LIBYOKHCH yriepona

—— B atmochepe 102, 376, 377, 711

—— B rnokoneorexese 602, 610, 619

—— B xposu 208, 210, 594, 768-772

~— B CHHTE3€ XUPHBIX KHcIOT 623-631

-~ B UMKNE MoueBuHBl 482490

—— npu ¢oTocunTeze 684-687, 700, 702-705,
709-710

JByxcybcTpaTHeie peakuuy 239

Herunpupopanue 504

JernnpoackopbuHoBas kucnota 288

Jermnporenasa o-keTokuciot 583, 584

Aernaporenasnt 280, 296, 387, 504, 508, 509,
517-520, 525, 566

7-Herunpoxonectepon 291, 292. 837

Je3saMUHMpYyIOLIKE areHThl (KaK MyTarensl) 968

Jesokcuamenunat cm. JesokcuaneHo3ns-5-Mo-
HodocdaT

Ie3okcnanenosunkobanamun 276, 287, 563, 610

NPEIMETHBIN YKA3ATEND

2'-Jle3okcuanenosuH-5'-nudocpar (dADP) 670,
671

Jle3okcuanesoinn-5-mornodochar (nezokcnane-
uunat, dAMP) 856

2'-e3okcnaneHo3un-5'-tpudochar (dATP) 433

JlesokcureMornobunn 200, 201, 210, 211, 216,
219

HesokcuryaHunat cm. JlezokcuryaHosus-5'-mo-
Hodochat

2'-JlesokcuryaHosun-5'-onndochar (dAGDP) 670,
671

2'-le3orcuryaHo3uH-5'-MoHodocdaT
856

2'-JlesokcuryaHosun-5-tpudocdar (AGTP) 433

Jesorcunykneo3un-5-gpndocdpatsr 670, 671

Jle3oKkcuHykneo3un-5'-Mmonopochats 856

Jlesokcunykneo3ua-5'-tpudocdatn 433

2-esokcu-D-puboza 69, 304, 855

Hesokcupubonykneasol 857

Je3orcupubonykneunosas kuciota cm. JHK

Jesokcupubonykneotunnl 856, 857, 900, 904

— GuocunTes 670671

JlezokeutumMuaunar cm. JIe3oKCUTUMUOWH-5'-
MoHobochaT

JAesokcutumuaun-5'-audochar (dTDP) 671

Je3okcu TuMUAMH-5' -MOoHObOChaT  (I€30KCHTH-
muaunar, dTMP) 286, 671, 680, B56

Jesoxcutumnaus-5'-tpudochart (dTTP) 433

2-Tesokcuypunun-5'-audocdat (dUDP) 671

2'-Tesokcuypuaun-5-moHodgochaT  (ae3okcu-
ypununat, dUMP) 286, 671, 680

Jesokcuuutuaunatr cM.  Jle3okCHUMTHOMH-5 -
moHodochaT

JlezokeHuUTUANH-5'-MoHOdochaT
Tununat, dCMP) 433, 856

2'-esorcnuuTuine-5-tpudochat (dCTP) 433,
671, 856

Jekctpunbl 312, 313

Hesneumu (nykneotnaos) 971

Henatypauus 6enkos 158-160. 187, 196

Jennputel 759, 760

Jenutpudukauus 675

Hentun 114

JepMaTtancynbgat 320, 321

JHecmosun 118, 180, 181

Hetoxcukauus 501, 544, 756

Jxoyns (enununa) 410

Huaber runodusapuniit (HecaxapHblit) 796, BOI

~ caxapubiii 91, 308, 311, 447, 462, 565, 571.
772-1715, 796-799

—~ 00pa3zoBaHue KeTOHOBBLIX Ten 566, 569, 585,
636, 773

—— OKHCIIEHUE XHPHBIX KHCIOT 569

—— CHHTe3 ritoko3bl 608

O-(2-IInazoauetnn)-L-cepuH cm. Asacepun

Juanus 144

JuactepeousoMepnl 111

JuaTtoMobble Bonopocau 33, 684

1,2-Muauunrnvuepon 635, 639-641

(dGMP)

(me3okcuLm-



INPEJAMETHBIN YKA3ATEJb

Juanunrauuepon-3-gocdpar 635

Jurnaopokcuaneron 303

Juruapokcranerondocdat 446, 448, 456, 459,
606, 703, 704

1,2-Aurnapoxcubenson 787. Cm. maxxace Kate-
X0

a,B-Jurunpokcu-p-metunBanepat 660

3,4-lurunpoxcudenunananun (noda) 787

3,5-JInrunpokcudeHunanaHuHaMue  (DodaMuH)
787

1,25-Auruapokcuxonekantbuugepon 276, 291
292, 836, 837

Jurunponunonn-aueTuntpancdepasa (E,) 479-
481

JHurnnponunounperuaporenasa (E;) 479-481

Jurunpoopotasa 668, 669

L-Aurunpooporat 668, 669

JurnapoopoTtaT-okcuaasa 669

Jurnipochunrosun 336

5,6-durunpoypuaun 930, 931

HAurunpodonaTpenyktasza 285, 680

Huruaopodocdat-uon (H,PO,) 92, 94

Jvera 822-823

Huuzonpomundropdochar (AOP) 243, 244,
256, 458

Jukapbokcunatel 537, 538, 549, 604, 625

Juxapbonosbie kucinorsl 483

N2-JTuMeTnaryanosus 930

JAnMeTUNBUTPOIaMuE 968

Numeruncynsdar 968

HAumernncynbhpun 470-471

2,4- TuuntpodheHuIbHbIE
130

2,4 Inantpodenon 529, 548, 549

Juokcurenasor 543

Hunentuner 127

Junnoxokky 29

JunoneHelit momenT 80

JHucaxapuosr 303, 308-311, 461, 747

HOucynebuarnsie monepeuHbie cBA3M (MOCTHKH)
117, 153, 154, 172, 174-175, 179, 196-198,
251, 945, 978

Nudrepnitnbit Tokcuu 139, 947

JNudpdepenunansnoe ueHTpubyrupopanue 396,
399

3-(3.4- Auxnopderun)-1.1-nnMeTunmouesuna 715

2,6- luxnopdeHonunnodenon 693

JunuknorekcuikapboauuMmnna 548-549

JHK 15, 20, 22, 26, 66, 69, 146, 849-873,
880--893, 966 967. Cm. maxiwce T'eHeTndeckas
pekoMOunauus, Ienn,, JIHK-monumepasa,
MyTtauun, Penapauus, Pennuxauus JJHK

JAHK-rupaza 906-907

JAHK-3apucumas PHK-nonumepasa 911-913

JHK-nuraza 904-906, 965967, 981, 982, 989

— M nOCTpoeHHe BekTOpa reHos 985, 986

JHK-nonumepassl I, 1T u 11T 229, 900-903

JHK-pernnuka3Has cuctema (perutcoma) 902

JAHK-cesispipatommii 6enok (JACB) 906907

>

npouspoaHsle 127,
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Houopr npotoHoB 91, 97, 684, 686

— 3nexTpoHos (Boccranosutenu) 308, 511
Hoba 787

Hodamuu 787

Jpesecuna 317

Hpoxoxku 33, 227, 391

— aspobuniii MeTabonusm 470

— Opoxenune 391, 468-471, 474

— JHK 860

Heuixanue 100101, 477, 508-509

— perynsuus 540-541

JrvixaTenbuas uens 478, 509, 515, 516, 524, 547

Enoun-Allb - penykraza 627, 630

A3-Enoun-CoA, mpanc- v yuc-gopMa 556, 557,
560, 561

Enoun-CoA —runpataza 560-562

Enonn-CoA-usomMepasa 560, 561

Enonaza 450. 453

HKpaunbie cm. makxce Pybeu

— rmokKoseoreHe3 315, 609-611

— HCHONb30BAHHE MOYEBMHBI 595

— oOpazoBaHue MpPONHOHOBOH KUCIOTHI 562

Kryteku 42-44, 139, 183, 426

— Gaktepuii 31, 397, 535-536

XKenatuna 177

Keneszo 229, 229, Bi2, 815, 839, 841, 846

— B reMe 182, 192, 200, 295, 841-842

— B (QepmenTax 228

- B nuroxpomax 193

— OKMCJIMTEJIbHO-BOCCTAHOBUTENIbHASA
(Fe?* - Fe**) 511

napa

_— ¢deppu- 1 deppodopmer 193, 295, 697

XenesonebunutHas aHeMust 842

Jenesonophupunsl cm. I'em

XKenezo-cepupie benku 696697

— depMenTnr 295

— ueHTphl (Fe—S) 487, 489, 516, 519, 522, 672

Kenroe teno 782, 804

Kenynox 745, 747

KesrynouHo-KULIEHHBIH TpakT 744-752

Kenynounniit cok 747-748, 765

HKenunpie xkucnorsl 750752, 755

— TMHIMenThl 664

XKunxocTHo-MO3auuHas Moaenb 345-346

JKHUOKOCTHBIH CLUMATHIIISAIMOKHBIA cueTunk 402

Kupubie xucmotet 69, 325-329, 333-335,
429-430, 462, 507, 755, 756. Cm. makxce Ha-
coilieHHple, He3amenumeble, HeHacblmeHHble
XMPHbIE KMCJIOTbI

—— OuocunTes 499, 621-624, 626634, 651

—— B IIMOKCHJIAaTHOM LuKNe 498

—— B muue 330, 820

—— BcacoiBaHue 750, 752

—— KakK IpelIecTBEHHUKM kodepMeHTa A 429-
430, 495, 634-635

—— okucienue 384-385, 494, 495, 551-570

B-cxema 551
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—— cBobonubie 522, 755-756, 762
XKuposasn Tkanb 761-763

XupoBrie kanenbkn 44

— KJeTKkH (anumnoumTtni) 331, 332
XKupenl, nepeapuBanue 744, 750-752
— €OCTaB XMpHBIX kuciaoT 820
Kyxu-6oM6apauper 522

3akoH aelicTByrolMx Macc 87

3aMeHUMBle aMMHOKHCITIOTBI 377, $95, 653-659
3aMopaxuBaHUe — CKaJIbIBaHue 344

3aumTHele Oeskxu 140

3umMHnaA crsuka 612, 636-637

3uMoOreHMbie TpaHyJLl 749

3umorennr 251, 748-750

3MenHrie sapl 139, 140

306 842

D-HUnyponar 320, 321

a-L-Unypounnasza 644

UzonecMmo3un 181

H3o03umMb1 (u3odepMenthl) 265, 266

H3oneitnun 68, 110, 111, 115-116

— B Genkax 191

- B ImoOKoHeoreHese 608

~ pacuennesue 563, 577, 584, 599

— perynsaTopHble QyHKLMu 256, 660, 661

— cyTouHas morpebHocTs 824

N3onmmvonnas kucnora 483, Cm. maxace Uao-
LUTpaT

H3omepaser 230, 560

HsoMepbl reoMeTputieckue (yuc-mpanc) 165

H3onuasun 834

A3-H3onentenvnnupodochar 647-648

H3onpen 289

H3onpeHoBbie CTPYKTYpHBbIE eAvHMIbI 289, 646,
649

Usonponanon 686

UzodepmerTsl cM. U303uMb1

H3ountpat 482, 486488, 498, 499, 537

N3ountpata3za cm. U3ouurpar-nuasza

HsommrpatoeruaporeHasa 468, 477, 495, 517

HMzoumrpart-nuaza 498, 499, 507

H3zoanexTputeckas touka 121

WUmunasonbHas rpynna 63, 117

Hmmynspifi oteer 157

HmmynornoGysmuel (antutena) 117, 139, 140,
157, 977-580, 984, 989

HmmyHonorus 157

HmmyHounTel 978, 979, 983

HHBapuaHTHbIE aMMHOKUCIIOTHBIE OCTAaTKH 155

Huseprasa cm. Caxapasa

HurnbuposaHre HEKOHKYPEHTHOE M KOHKYDEHT-
Hoe 244-248

— mo npurumily obpathoit cBs3u (peTpouHrubu-
poBaHue) 252-259, 389, 655, 661

— corjlacoBanHoe 661

Huruburops! QepmenTon 242-248

Hunukatoprele kpacurenu 90

MPEJMETHBIY1 YKA3ATEJb

Hunonanerar 579

Hrxykrop 955-959

HNupykTop-penpeccopHbiit koMinekc 956, 958,
959

HunynupoBansoe cooTBeTcTBHE 214, 248-249,
254-256

HNunynupyembie ¢epmentsr 390, 391, 954-955

HMHuuuauusi cuHTe3a NOJNMNENTUOHON Ienu
928-929, 934935, 937-939

— ¢dakTopsb! 929, 939

HMunnumpytoumit konon 938, 939, 949

— xoMIiexc 928, 937-939

Huozun (I) 672, 930, 931, 950-951

HuosuHoBas kucnora (IMP) 666-668, 673

Hnoauton 275, 335

Unosutonrexcadocdar (purat) 213, 840

NHcepumolHble TocnenoparenbHocTH  (IS-3ne-
MeHTBl) 977

Uncynmur 117, 131, 139, 143, 349, 462, 636,
796-799, 810. Cm. maxawce Tunornuxemus,
Tmokoaypus, Hdraber caxapHbrii

— aMHHOKMCIOTHBIH coctaB 152-153

— KJIOHMpOBaHue reHa 988, 989

— perynaropsuble ¢yHkuuu 562, 636, 726

— CTpykTypa M 00pa3oBaHue M3 npemdllecTBEH-
HMKOB 796-797

HUncynuHoBas tepanus 772, 775, 796-797, 799,
989

Hucynet 340

Unrerpanbueie 6enku 343, 345, 347

Hurepdasza 874

Hurepdepon 990

HUutponst B [THK 884-885, 917, 987

- 8 PHK 917918, 987

Hudapkr muokapaa 340, 575, 759, 762

—— OMarHocTuka 574

HNudopmauus 849, 852853

Hon 294, 394, 842

— B ropmonax 803

— cytoudasi notpebHocts 815

Honaueramun 244, 245

HNopanerat 451, 452

Honusupyromee nsnydenue 965

Houroe npousseneHue (o Bomnr) 88, 89

Honoobmennas xpomartorpadus 123-126, 146

Honodopet 530

HUonet HY n OH™ 89-91

Hcromenne 826

Kazeun 139, 142, 944

Kamuit (K *) 229, 394, 763-765

— NPOXOXKJEHUEe 4epe3 MemOpanel 530
— TpaHcropT 428-429, 453

—— B nouke 764

Kanopumerp (uueckas 6omMba) 815-816
Kaassuna wuxn 702-705, 709
KaneMonynun 794, 807

Kansuwmit (Ca2*) 293, 294, 837

— B Moyoke 944



NMPEAMETHBIN YKA3ATEJIb

— B Mmode 765

- B mblipax 423, 757-759

— B nume 839-840

— o JelcTeue ropMoHoB 792, 794-795, 798, 806,
807

- TpaHcnopT 534, 535

Kanbuuii-anmoMocunukat 297

Kanbuuronun 806

Kancun 48

Kap6amMuuoremorsnobun 209

N-kapb6amounacnaprat 668, 669

Kap6aMoundocdar 591-592, 668, 669

Kap6amoundocdar-cuntasza 592, 668

Kap6oanrunpasa 228, 229, 238, 240, 296, 770,
77

v-Kapboxcurnytamunopass xucrnora (17, 293,
944

KapboxkcukoHueBoii  (C-xoHuepo#t)  ocraTok
127-128

Kapbokcunbhple rpymmel 62, 63, 82, 116

Kap6okcunenrugasza 148, 194, 296, 748-750

Kapouonumuu 335, 642

Kapuec 842-843, 846

Kapnukosocts (runogusapuas) 801, 989

Kapuutun 275, 554, 555, 566

Kapuutun-aunntpancpepasa 554, 555, 566

Kaporun 691, 835

Kaporunounst 290, 649, 691693

Karabonuam 379-391

KaTtabonurtHas penpeccusi 958

Kartanaza 40, 229, 238, 239, 294, 295, 522

Katamus 227-231, 248-250

Kartanuruueckass akTuBHOCTL 208,
238-239, 248-250

KaTtanurnyeckue knactepbl 262

— cybpenunuup 263

KaTtanutuueckuil HeHTP cm. AKTMBHBIAA LEHTP

Kartapakta 460

KaTtexonamuns! 787

KatuoHoob6MmeHHble cmOnBl 125

Kayuyk 649

Kpant 688. CMm. maknce DOTOH

Kpalunopkop 826-827

Kepatunnt 139, 140, 167-176

Kepatomansuus 835

3-Keroaunn-AllB-penykrasa 627, 629

3-Keroauun-AIlB-cunta3a 627-630

3-Ketoauun-CoA 556558

3-Keroauun-CoA-tpancdepasa 566, 579

a-Ketobytupat 660, 661

KeTtorexcosn 307

KeTorenHole aMUHOKHCNOTHI 585

a-Ketornyrapar 238, 283, 568, 571-572, 575,
576, 583

— buocunte3d 507

— B LMKJe JNHMOHHOM kuCnoThl 482-484, 488,
492, 495

a-Kerornyraparnerunporenasa 276, 517

a-KeTornyrapatnernaporeHasHblii  KOMILIEKC

229-233,
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485, 487, 488, 495

Keto3 566, 620, 774, 798

Kertoswl 303-307

a-KeTokucnorel (M o-KETOoaHAJIOrTM aMMHOKHC-
not) 283, 382-383, 551, 571-575, 595, 654

a-Keto-B-metnnsanepatr 660

KeroueMus 774

KetoHoBrie Tena 564-567, 585, 755, 767

—— npu nuabere 565, 566, 636, 772-774

Ketonypus 774

Ketonn 62, 82, 83, 303

KuHa3a nupyBaTaeruaporeHassl 494

— ¢ocdopunasbl b 263, 264, 463, 464, 614, 790,
791, 794

Kunasn 419-423

Kunernueckue tectbl 247

Kucnopoa (O,) 55, 57, 60, 61, 394, 543-544, 633,
683

— KaK aKuenTop 3;ekTpoHoB 509, 512, 513, 521,
522

— KpuBhie HaCbiueHus remornobuna 207, 209

— KkpyrosopoT 375-377

— notpebyienne Mo3rom 759

—— MblimaMHu 757, 768

— npu OeIXaHHH 541

— npu ¢orocuHTese 683-686, 693-695, 700

— cBs3biBaHWE € reMornobunoMm 206-208, 215

—— ¢ MuornobunoM 206-207, 260

— TpaHcnopr 205-206, 769-771

— adpdexr Hacmepa 549

Kucnopoauas 3al0/KEHHOCTL (KHCJIOpPOaHbIH
nonr) 442-443, 608, 757

KucnotHo-ocHoBHasi napa 91

Kucnoter 62, 91-93

«Kucneie» poxnu 102-103

Kucnble Mykonoaucaxapuner 320

Knerka, komnaprMeHTel 396-398

— CTpyKTypHas uepapxus 70-72

— BHEPreTHHECKHii 3apan 541-542

Knetounas crenka (6Gaktepwuii) 31, 39, 47-48,
316-318, 397, 946

Knetrounoe nesnenue cam. Mutos

Knetounpie MeMOpaHbl 45, 319, 342-351,
396-398, 531, 621, 642. Cm. makxce BHyTpeH-
Hfis MeMOpaHa MuToxoHapuii, HapyxHas
MeMOpana MmutoxoHapull, ITnasmaruueckas
MeMOpaHa, XnopofnacTel, JHOOMNa3MaTHYE-
CKUil pEeTHUKYNIyM

Knonuposanue reHos (JIHK) 678, 887, 920, 964,
982-983, 987-994

— kJeToxk 983

Kny6ouxu (nmoueuHeie) 763, 764

Kobanamun cm. Butamun B,

Kobanbt 287, 294, 296, 844

KoBanenTHeie casizu 57, 58, 60, 72, 81, 187, 198

—— B Koyutarese 179

—-—u  Moaubuxauus
263-264

KoBanenTHol#i kaTanus 249-251

depMmenTOoB  257-259,
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Konount 854, 929, 948-952

—~ B3aHMOJIEHCTBHE C AHTHKOJOHAMM, THNOTe3a
«kayauus» (“wobble™) 950-952

— TepmunHbpyroume 942, 950, 971

Koxa 768, 966

Koxonaza 244

Kornep (“blind staggers™) 844

Kosnunaza 750

Konnaren 117, 139, 140, 176-179, 181. 288. 296

— reH 885

KonnuraruBHeie cpoiictea 85

Konnuueapuocts 879

Komnnementapnas JAHK
983-987

Komnnementaprocts 61

Konann6ymun 884

Kounkanapannu A 348

KoHkypeuTHoe nHrubupoparue 245, 246

Koncranta puccoumannu (vwonmsanmu) (K,
pK’) 91-93, 119-123

—— kommtekca ¢epment —uuruéutop (Kp 246

~ paBHoBecHst (K eq) 86-89, 91, 409411, 413, 436

— Muxasauca cm. Muxasauca koucranTa

Koupurypanus 165-167

«KonpopManmoHHOEe  CnapHBaHHE»,
528

Koudopmaunonusie dpopmyssr 305, 308

Kordopmanun 60, 61, 165 167, 172- 174

KonuenTtpaius BofopoHbix HoHoB (pH) 89-92,
95, 239-240. Cm. maxxnce Bybepsl, Bybephas
CHCTEMA KPOBH

Konwtoranms (y 6axtepuity 976

KoonepatuBhbie B3anMoaeHcTBUS (KoonepaTHs-
HOCTB) 199, 207

KoopaurvpopanHan MHAYKIWs M penpeccus 955

Kononymepasza 1T 903

Kopa saanoueunuvkoe 499, 780, 801-803

— BJIMSIHHe KOpPTHKOTpOlIMHa 154

Kopruzon 802

Koptukounsl (koprHrkocTepouast) 802

Koprukonubepun 783, 801

Koprukorponuw 131, 139, 154, 780, 782, 785,
791, 801-802, 806

Kocte 176, 179, 181, 839 840

Kodaxkropbr 228, 229, 273, 294

Kodepmeutr A (- CoA, CoASH) 276, 280-281,

430, 479, 555. Cm. markxmce Anernn-CoA,

Tuosdupht

—— B O-KETOMJIy1apaTAeruiporeHa3sHoM
niekce 488

CoA-npou3BoHHE XUPHBIX KucioT 429, 430,
553-555

Kodepment B,, 286-288, 563, 610. Cm. maxsce
Jlesokcnaneno3unkobanamux

Kodepment Q Cum. VOuxuHoH

Kodepmeutnr 44, 228, 229, 275-276, 286-288,
564

Kpa6be Gonezun 644

Kpacroe napenue 695

(xAHK) 919-921,

rmnoTesa

KOM-

MPEJAMETHBIN VKA3ATEJb

Kpaxman 47. 66, 303. 311 312, 456. 458, 708

~ BuocuuTes 614, 705 707

- B nuute 817

— nepeBapuBarue 745-746

Kpeatun 427, 431, 662, 757

Kpeatunnn 765

Kpeatunkusaza 426, 662. 757

Kpeatuudochat (dochokpearrn)
425-427, 431, 438, 457

Kpebca mmkn ¢m. Llykn SMMOHHOH KHCJIOTHI

Kpemuezem (kpapu, SiO,) 297, 684

Kpemuuid 294, 297, 844

Kpetunuim 842

KpuBbie HacbilueHusi ¢epmenTa cybecrpaTom
232-235. 260-261

Kposb 86, 765-769. Cm. makxce JlumoumTsi,
INna3ma kpoBH, DPUTPOLMTEI

— Oydepnas emxkocrb 99-101, 774-775

— rpynnbt 348-349

— ceeprhiBatue 291, 767, 838

Kcantun 672

- B JIHK 968

Kcanrunokcunasa 297, 672

Kcanrodumn 691

Keepodranbmua 835

D-Kcunosza 304

Kcunynoso-5-dochat 703. 704

Kykypy3soe macno 820

Kytukyna 168

Kywunza 6one3ns 802

Kropu (Kn, Ci) 402

Kannuur 346

415, 422,

Jlatinyusepa—- biprka ypasHenve 236

Jlaktaza 309, 310, 461. 747

a-JlakTanLOymHus 617

JlakTanb6yMuR-rajlak To3unTpancdepasHbii
komnnexkc 617

Jlaktat (mosiousas kucrnota) 440441,
454-455, 610

— B xpoBu 619, 767
B Mmbiunax 442, 443, 609, 756, 757
npu doTocuuTese 686

Nakrarperuaporenasza 200, 204, 265, 450, 455,
473, 517

JlakTeanu 750

B-JlaktornoGymuu 143

Jakrto3a 309, 310, 401, 459461, 747. Cm. mak-
e HenepeHOCHMOCTb NAKTO3bI

—~ 6”ocuuTes 616-617, 620

— W cunTel B-ranakro3uiael 954 959

JlaktozocuuTeTasza 617

JNaxronasza 500

JlanreprascoBbl oCTpOBKH, A-, B-, D- v F-knet-
k¥ 795

JNanocrepon 647, 648

JlaypunoBast kucnora 328, 558

JNayponn-CoA 558

Jlerkue 770-771. Cm. maknce Jlbixanve

450,
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Jlen 80, 81

Jletikonmacrtel 47

Jledinmu 68, 115, 116, 122, 153, 171, 191

— OKMCIIMTeNbHOE pacuienjerue 577, 578

— cyTouYHas notpebHocts 824

JleHuue-TpaHcamuuaza 572

Jle#iiumanuos 341

JlexTunbr 348-349

Jlewa— Huxaua 6one3ns 673-674, 988

Jlnazer 230

Jluraser 23

Jluragpm 207

Jluruuu 316

Jlursonepunosas kucnora 328

Jlvsunokcupasza 296

JIv3un 68, 109, 115-118, 122, 123, 125, 191

~ BuocuHTes 660, 661

— B Genkax 171, 178, 180, 945

— B rucronax 873-874

- B rokoHeoreHese 608

— METUHpoBanHe 945

— pacuensienye 577, 578

— cyTouHasl notpebHoctb 824

Jluzorenus 974-975

Jlnzocomubie Gonesuu 40, 643-645

Jlnzocomu 39-40, 398

Jinzoummer 143, 145, 250, 256

D-Jlvkcoza 304

Jlumosnsas kucnota 483, 491-493. Cm. makxce
Livkn nuMOHHOM KucioThl, LiwTpat

JlumdormTer 140, 157, 978

B-Jlumdouutsr 158

T-JlumpormTsr {58, 990

Jlunornesas kucnora 328, 561, 633, 819

Jlunonenn-CoA 561

JlunoneHoras kucnoTa (o # Y) 634

Jlunaser 330, 750, 751

Jlunupst 40, 65, 67-69, 381, 383. Cm. makxce
Kupsl, Tpurauueposb

— BuocuHTes 621-652, 761

— B KpoBd 768

- B JMnonporedHax 339-340

— B mMeMOpanax 325-351, 639-642

— reHeTHYeckHe nedekTel obmena 642-644, 762

— MeTabonuam 755-756

— HeoMblLisiembie 338-339

— oMbiNiedde 330-338

— nonsapuele 333, 340-344

— camookucriende 331

— TpaHcnopr 767

Jlunoesas xucnota 245, 479-481, 488

B,-JIunonporenn 139

JlunonpoTtennnunaza 762

Jlunonporenuw 139, 142, 339-340, 766

— nna3mel KpoBH 339, 755, 820

Jlunocomer 340-341

Jlunotponuu 785, 791, 806

JIpuanoe macno 330

Jlrombepun 783
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Jlrorennuzupyroumit  ropmon  (JIT) 780. 783
Jlrommdepasa 431

Jlroundepunamenunat 432

Jlroumnpepur 432

Marunit (Mg™) 839, 840

- B Moue 765

— B depmenTax 229, 445, 447, 488, 494, 841
— B xnopodumne 690, 691

MaxkpoMosnexynbl 67-68

Makpo3nemeHTh 294

Manat 498, 506, 537, 603—604, 625, 632

— B C,-pactenusx 709, 710

— B IMKJIe JNHUMOHHOH Kuclothl 483, 484,
487490

Manar-acnapratHas YeHOYHAR cucTeMa
537-538

Manaroerunporenasza 280, 489, 498, 517, 604

— M YENHOYHBIH MeXaHu3m 537-538

Manatuon 243-244

ManaTt-cunTasza 498

4-Maneunaneroanerar-uzomepasza 579

MarnewnoBas kucnora 165

Manouat 244, 483-484, 506, 623

ManonaTtHelii Gnok 484

Manounn-CoA 566, 567. 623-628, 634

Masbtaza 461, 470

Manwtosa 309, 310, 461

Maneie apepusie PHK (MaPHK) 854, 917-918

Manspus 220

D-Masuuoza 69, 304-306, 456, 461, 747

a-ManHo3uaasza 644

Maunroszugos 644

Mauno3zo-6~pocdat 456, 461

Maprasen (Mn?*) 228, 229, 294, 296, 454

Maprapus 307

MaTtpuunass PHK (MPHK) 854, 885, 909-913,
916-917, 921, 927-941, 943, 949-952, 983-984,
987. Cm. makxnce Tpauckpunuus, Tpancnsums

—— BpeMA KH3HM 942

—— HUCKYCCTBEHHas 948

—— 5'-xonen 916

—— npokapuoT 914, 916, 942-943

~— E. coli 854, 910

MepanoHoBas kucsioTa (MeBanoHaT) u ee 5-¢poc-
datel 646648

Mepb B nvme 839

— B MnacTonmaHvHe 697

~ B IMTOXpOoMoOKcuaase 294-296, 516, 522

- Kak kodaxtop 229

Menasun 392

Menanouurcrumynupyroie ropmonst (MI'C)
806

Membpantbie ny3sipbku 526

MemOpans cm. BuyTpenssis memOpaHa mMMTO-
XoHrapu#, Hapyxuas memOpaka MHTOXOH-
npwi, INna3zmaTtuveckas mMemOpana, SpepHan
obonoyka

Menaxunon (sutaMuu K,) 293
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Metabonusm 374402

— OCHOBHOIt ypoBeHb 804

Meta6onntel (NpOMEXyTOYHBIE NPOLYKTH) 44,
379, 466, 474-4175

Merabonudeckne nytn 391-392, 400401

MeTabonuueckoe obHopnenne 395-396

Merannonpotennsr 142

Merannoconepxkaume gepmerTHt 295, 676

Meran 57

Meradasa 874

Metremorno6un 297

MertnnacnapratmyTasa 288

2-Merun6yraaven 289

O-Merunryauun 968, 969

1-Metnnryanosun 930, 931

7-Merunryano3nn 916

MeTtnnesosas rpymma, nepeHoc 659

N3 N!°.Merunenterparuapodonat 285, 286,
578, 658, 671, 680

MeTuneHuuknonponunaneTar,
nponunauerat-CoA 563

I-MeTunuuosnn 930

Memnkobanamun 288

N-Metunmsns 117

MeTtunmanonatHas anvaoemus 564

MerunManonunsniMepasa 563

Merunmanosun-CoA 562, 563, 584, 610

Metunmanouun-CoA-mytasa 610

Merunmanonosas kucnora 564

MetnneHan rpynna, nepeHoc 577, 578, 641,
656657

Mernounn 69, 115, 116, 191, 402

— 6uocuHTE3 660661

- B brocuHTeTHYeCKHX npoueccax 608, 641, 656,
662

— W WHALMANMs cHHTe3a GenkoB 934-935

— paciiervienune 563, 577, 584, 611

— cyTounast notpebHocTy 812

MeTHonnHaleHO3HATpaHcPepasa 657

Muenunopsie o6onouku 336, 342, 622

Muxkporopcunku 45, 320. 744-745

Muxpocomuble ppakunn 398

MpukpoTpabexynapras cetbh 42-43

MukpoTpybouxku 41-43, 140, 183,

Mukpodunamentsr 39-43

MukpoanemeuTsl 57, 275, 294, 813-815, 839-844

Munopnble ocHoBauusi 856

Muorno6uH 27, 139, 143, 145, 188-192, 202-203

— cBsi3biBaHre kucsopoga 206, 207, 260

Mruozun 27, 117, 139, 182-183, 423-426

Mpuo3unoseie wuTH 40, 41, 745, 757

MupuctuHopas xuciorta 328, 558

Mupucroun-CoA 558

Mmuro3 33, 35, 36, 41, 425, 874

MuTtoTtuyeckoe pepeteno 41, 383

MutoxoHapuu 27, 33, 36-37, 47, 332, 485, 518,
541, 591, 592, 603, 876, 929. Cm. makaxce Buy-
TPEHHsAT MHTOXOHOpuanbHas memOpana, Ha-
pyXHas MMTOXOHApHanbHas MemOpana

METHIICHIHKIIO-

425. 426

NMPEAMETHBIN YKA3ATEJIb

— «OWOXWMHYECKan aHaToMus» 397-398, 429,
510, 518

— B Bypom xupe 534, 549, 762

— B pacteuusax 687. 710

— B cepueynoi Mbiume 510, 758

— nIbIxaHve W Metaboymsm 396, 397, 506

— nunuael 326, 342, 349

- Mmatpukc 509, 510, 541

— Moara 585-587

— OKHCJIEHHE XHPHBIX KHCHOT 551-565

— nepeHoc 3nekTpouos 510, 511, 532-536

— neyeud 36-38, 510

— MOCTYIUIEHHE XHPHBIX KMCIIOT 552-555

— nyn kopepmenta A 555

— cuutes ATP 550

— cuuTe3 Genkos 547, 935, 950

— TpaHCNOpTHBIE cHcTeMbl, 510-511, 536-537,
549

- TPHK 929

— 3pomouus 37, 535-536, 876, 935

Muxasauca xoucranta (Kyy) 232-238, 247

Muxasauca— Menmen Teopus 233-237, 245-247,
260, 264-267

MonynaTtopsl 257-260

Moar 396, 415, 601, 759-761

— NoBpexaeHHe aMMHakom 585

—— mpH redervyeckux Ooseansx 584, 643-644

Monekynbl kak cTpouTenbHble Onoku 67-70

MonekynsipHas reservka, LeHTpaJibHas O0rma
851, 910, 920-922

Monekynspuoe kioHupoparne 983

— curto 145

Monu6pen 229, 297, 844

- B KCAHTHHOKcHJaze 672

~ B HHTporeHnase 676, 677

Mornoko 107, 825, 839

Monoynas xenesa 459, 499, 617, 805

— Kkucnora cm. Jlakrar

Mounounelit caxap cam. Jlakto3sa

Monoysokuciioe 6poxenuve 440, 469

Mounounokucnsie Gaxtepuu 469, 654

«Mouyamue» MyTamid 969, 970

Monsgpwelii pactsop 85

Mounemun 140, 818, 819

2-Mouoauunrauueposs 750, 751

MouownoaTruposnu 803

Mouoruapodocdart-von 92

Mounookcuresassl 543-544, 656

Mouocaxapumer 302-313, 320

Mopckas sosna 57

Moua 583, 584, 763-765

— npu jgmnabere 772-775, 796

MoueBas kuciota 588, 596, 672-673

- B XpoBH 765-767

- B Moie 763

— BLOENEHHE Y NTHI, 3Mei, siwepun 596, 665

Moueprna 588-590, 593-595, 765, 767. Cm.
maxxnce LIMkJ1 MOYEBHHBI

— B Mo4e 763
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— W meHaTypaums Oenkos 187, 196

— npy uvabere 474

Myxkononucaxapuabl 320

MynbTHHEPMEHTHBIE CHCTEMBI
383. 389

Mypagpburas kHcioTa 92

Mypenn 318

MyTareusl 393-394, 877

MyTtantHbie remornobuusr 216-220. Cm. mak-
ace CeprnoBHIHOKIETOYHAA aHEMMUS

— OpraHusMbl (MyTaHThi) 392-394, 941

—— C HENoNHOCTBIO nojasjieHHOM QyHKIMeR
(leaky) 971

MyTtaporauust 306

Myranmy, wmytantel 21, 219-222, 392-394,
941-942, 969-974. Cum. maxamce I'eneTHdeckue
Bone3ru

Mymmn 320

Meina 84, 328, 329

Mo 331

Muiunwt 41, 43, 182-183, 396, 414-415, 425-427

— rnHkoreddochopuiiaza 463, 475

- rvkonu3 439-442, 447, 454, 462, 466, 472,
756-759

— obpazosanue ammHaka 587-588

— notpebHocTL B 3Heprud  423-425,
442-443, 608-609, 756-759

—— B kaabuuu 38, 423, 757-758

— cHabxenne kucnopomom 208, 442443, 483

Mbiwbsik 295

MsiPHK ¢u. Mannie sinepurie PHK

256, 378-379,

431,

HaaMmypasbunast kMcnora 153
Hagnoueunuxy 780, 787-788
Hapyxuast memOpana mutoxosupuii 510, 552
«Hacpiuienue» cybctpatom 260
Hacbluensble xupHble kucnoTsl 328, 330, 333,
334
okucnenue 551-559
Harusuas xondopmanus 167
Hartuvssble Genxu 159, 167-168
Harpuii (Nat) 428-429, 530
— B nuuie 840-841
— u3oTton 2*Na 394
— Tpancnopr 763-764
Hadtumamuuer 973
HeraTtupHoe koHTpacrHpopanue 345
Heremoroe xenezo 519
He3zamennmeble amMHHOKMCnioThl 377, 595, 653,
654. 812, 823-825
—— OuocHHTE3 659-660
— B konnarexe 177
— xWpHble kucnotol 633-634, 812, 813, 819
Heitpomennatoper 243, 338, 760-761
Hei#iponbl cam. Heperble kneTku
HekopanenTHoe npucoenunenne 257-259
HekoukypenTHOe MHruOHposanne 246-248
HenachiuieHHbie XMpHBIE KHCNOTBHI 328, 329,
556-562, 633-634
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——— B BOockax 333

——— B nuie 330, 819, 820

——- B ¢docpornuuepunax 334

Heoprausuieckve HoHBl 65

— 37IEMEHTBl  HE3aMeHUMBbIe
839-844

Heopraunueckuit nupodocdar (PP) 429, 430,
438, 553, 562, 900, 911, 932

— ¢docdar (P;, H,PO;) 386, 414, 415, 429, 430,
465, 763

—— B Opoxenun 474

—— TpaHcnopt 537

Heneperocumocts naktosbl 309-310, 460, 461,
475, 747

Hepsuble umnynbesr 759-761

— knetkn 41, 45, 243, 759-761

— OKOH4YaHHMsi 338

HeTtpancnupyeMele nocliegoBaTeIbHOCTH — CM.
HHTpOHBI

Hedpon 764

Huaunue cm. HukoTHHamun

Huxens 229, 294, 298, 844

Huxotnnamui (sManmg) 274, 275, 279-280. Cat.
Takxe Ilenmarpa

— B nuuie 827, 829-830

— B NAD 517

— HopMa notpebnenus 815

Huxotunamuanesurausykieotua (NAD; cm.
maxkace NADH, NADP) 229, 265, 274, 276,
279-280, 451, 516-519

— B rnHkonuse 450456

— B rmokoreorenese 605-606

— B neutozopochaTHOM nyTH 499-500

— B MHUPYBAaTACTHJPOreHa3zHoOM Kommsiekce 479

— B pa3nuuebix peakumsx 504-505, 556-558,
575, 881-882

~ B IMKIE JIHMOHHOM KucnoTbl 477-481, 487
489, 494, 495

— W okukcienne stasona 881-882
NAD-3aepcuMble Jeruaporenassl 296, 511,
517-519, 525
NAD * - NADH-conpsixenue 504, 514, 515,
693
NADH 229, 265, 279-280, 451, 516-520
— B CHHTe3e XMpHBIX Kucnot 499-500, 623,
629-633
— OKHCJIEHHE NpH YYAaCTHH HESTHOYHBIX CH-
crem 537-538
— npu QoTtocuuTtese 683, 687, 689, 690, 694
696, 702-704, 708-709
NADH-perusnporesaza 509,
547, 548, 558
NADH :y6uxnHox-okcnaopeaykTasa 519,
523
NADH/NAD™*, mosispHoe oTHOLlesHe 632
NADP  (MHKOTHHAMHWAOA/leHHHIHHYKJIEOTHA-
dochat) B rayTaMaTaerHIpOreHasHol peak-
uun 576
~ npu ¢doTtocuHTede 694696

275,  812-815,

514, 516-520,
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NADP-3apurcuMeie gervjporenassl 296, 516,
518
NADP, NADPH 274, 276, 279-280, 379-380,
387-388, 495
—— B MOHOOKCHIA3HOHN peakuuu 544
NADPH B sutporeHassod peakumu 677
— B CHHTe3e Jie30kcupHbonykieotHioB 671
——— yrnesonos 601, 604
Huxorunosas kucnora 276, 279, 578, 579. Cm.
makxce Hukotunamuy, INennarpa
Humana - Nuxa 6one3srs 643, 644
Husruapus 124
Hunruppusosas peakuust 126
HutpaTpenykraza 229, 675
Hutpatel (NO3) 377, 378, 675
Hutputer (NOj) 675, 968
Hutpudukaima 675
Hutpupuimpyromme 6aktepuu 377, 675
HuTporesnassas cucrema 676-678
Hortu 167
HoHcenc-konoHb! 949
Houcenc-mytanTel 941-942
Hopanpenanus 580, 787
Hounasn (kypuras) crenota 290, 836
Hykneasel 857
Hykneunosrie kucnoth 48, 65, 66, 85, 849-851.
Cm. maknce JHK, PHK
Hyxneosunaupochatkunaza 434, 489, 666
Hyxkneosna-5 -npudochater (NDP) 922
Hyxneosua-5-tpudochatel (NTP) 433434
Hyxneoun 29, 31, 397
Hykneocomer 873, 875, 909
5'-Hykneotugasa 672
Hyxneotun-5'-hochater 433-434
Hykneorwnnt 14, 68, 415, 754-755, 855-857
— GHocunTes 653-674
— BCTaBKH M jgejenpm 971-972

O6knanoussle KJeTKH xeirynka 428, 429

OG6patHas TpaHckpunTaza 919-921, 984

OpanpOymun (saMubbll anbGymun) 139, 805

— reH 884, 988

Ososutennun 805

Oxupenre 529, 822-823

Oxazaxu Qpparmentsl 903-906, 909

B-Oxucnenve KHMpHBIX kKucnoT 560

Oxucnuteny (aKUenTopel MekTporos) 511

OKHCIMTENLHO-BOCCTAHOBUTENIbRBIE Napel S11-
515

~ peaxuum 503-505, 546-547

OKHCAHTENLHO-BOCCTAHOBHTENLHBIH NMOTEHIMAN
512-513. Cam. mukwe CTAaHIAPTHLIA OKHCIM-
TENBHO-BOCCTAHOBUTENLHBIH NMOTERIHAI

Oxucnutenbroe pocPopusiipoBarnue 478, 489,
508-511, 524, 543, 548-549, 558-559

—— npu rmokoxeoreHese 618

~—y baxtepuit 713

OxkucnavTenbHue peakuvu 411

Oxuch yrrmepona (yrapueid ras, CO) 189, 523

MPEAMETHbIN YKA3ATEJb

Okcanat, pacmeriesne 401

Okxkcanoanerat 482-484, 486, 505-506

— B IioKoHeorenese 603, 604, 606-608

— B C,-pacrenusix 708-709

~ Kak MHrubutop depmenTton 245

—~ obpazoBarue 496, 497

— mnepeHoc 3NeKTpoHoB 525, 538, 624, 625

— NpU OKKCICHMH aMMHOKUCHOT 577, 584

OxcureMorsnobuu 200, 201, 211

Okxcurenasel 543-544

Oxkcupopenykrasn 230

Oxcumonudepun 432

Oxkcutonpr 131, 780, 785, 786

Oneunkapuutun 560

Oneun-CoA 560

OnevHoBas kucnota 69, 84, 327, 328, 560, 633

OmsxkoBoe macno 330

OmroMepsrie Genkn (43, 199-200, 203, 205,
207

QunuroMuiMe 526, 699

OnuronyxineoTuasl 886, 887

Onwrocaxapuasl 302-303, 319, 346

Onoso 294, 298, 844

Owmbinenne 330, 331

Onkorensl 920

Oouutel 898

Onepatop 956-960, 987, 989

Onepox 955-960

— aru, his, leu 957

— lac 957960, 987

Onuatrbie peuentopsi 806

OmatonoaobHuie ropmousr 806

Oncun 291

OnTuHyeckue w3omepn 64, 109-110

——, RS-cucrema 11t1-113

Onyxonesble kneTku 348

Onyxonu 543, 647, 805, 810, 972-974

- npoHcxoxaerue 920

— Tepanus 285-286, 680. 990

Oprauennsl 28, 72

Oprannteckie coe/lnHenust 58

Opuutue 590-594

Oporatdochopubosuntpancdepasa 669

Oporrannar 669

Oporymnataexapbokcunasza 669

Opotuaunosas kuciora 669

OpoTtoBas kucnora 669

OcMoc, ocMoTHueckoe naBreHue 85

OcHoBaHusl cHIbHLIE W crabpie 91-98

«OcxosHoe pewectso» 25, 42, 176, 320

Ocreomansuust 836, 837

Mannuopomer 883-884

[Manouku cetuatkn 291

ManbMuTHHOBas kKcnoTa 68, 69, 328

—— OMocunTtes 623, 632

—— OKMCcHeHMe 555, 556, 559, 560, 632, 634
IMansmutonn-AIlb 632

MNanbmutomnkapHuTHH 554
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INanbmutoun-CoA 430, 553, 554, 556. 558, 559,
663

INanbMuTONEHHOBasT kucnora 328, 633

Iaunkpeatut 750

INanToTeHoBas kucnota 276, 280-281

—— B CoA 479

—— B (epmenTax 479, 626

—— HenocratouyHocrb 827, 833-834

MNannupe uyepenax 107, 167

IMaparvpeovmubii ropmon 140, 791

MNapaumTtoBuarbie xeneswl 779, 806

ITapkuncona Gonezub 782

ITacmepa 3ddext 549

Iaytuna LO7

Iennarpa 275, 279, 299, 829-830

IMenvnnmy 318, 982

INentanentuabl 127, 128

IentozodochaThnit myts 498-500, 507, 632

IMenTto3nr 303, 855

INencun 145, 149,

C-Tlentua 797, 798

Ientnoassl 748-750

INentuaunnypomuiine 947

TNenTuaunrpanchepaza 940

MNentuanas ceszp 127, 169-171

—— ruaposms 130, 148-149

*ecTKkocTh 169, 942

—— obpazosanue 129, 940, 942

INenvarbie kapTel 131, 217

IMNentunornvkasn 317, 318

IMentuap 107, 127-132, 168-169. Cm. maxce
IMonunerryue

— nepekpbiBarolMecs: ydactku 151, 152

— pacweriense 127-128, 149-150

Meppuunas crpykrypa 138, 158, 172

MepBblii 3akoH TepMouHamuku 404, 684

Mepexucy Bopopona 40, 522

Iepesoc voHoB BOJOpoma 504, 511, 528-537

—— Kanbuus 534, 535

— ¢ocdatubix rpynn 418-423

— 3nexTporoB 295, 397, 478, 493, 508-550

—— npu QortocuuTese 698-699

Tlepmeasa 955

Teprmunoskasn (3nokauecTBeHHas) aHemusi 563,
834-835

IMepo (ntun) 107

— BOJOOTTAJIKMBAKOLUME CBOMCTBA 333

- crpyktypa 167, 168, 181

INepoxcupaza 229, 294

Tlepokcucombl (MukpoTenbua) 39, 40

Ieuens 415, 459, 499, 609-611, 752, 754. Cm.
maxxce T'enatonmTe

— reHetnueckue jedextol 460, 616

— ravkoren 312, 442, 475, 602, 791-792, 794

— XupoBo# obmen 332

— 3anacadue BuTamMumHa A 836

— Metabommiam caxapoB 752-753

— obpa3oBaHHe KETOHOBBIX Ten 564-566, 585,
755

152, 229, 239, 240, 748
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— noBpexjaeHHst 575

— nmpeBpauieHust aMHHOKMCIOT 754

—— ammmpaka 586-589, 755. Cm. makxce Hlukxn
MOYEBUHbI

— ¢depmenthl 447, 462, 464, 616

IMuBo 469-471, 821, 822

IuBoBapenue 469-471

TurmenTanus wepcru 267

ITurmenTHas kcepouepma 966

«[T¥Rr-no”r» (aBoiiHoe 3ameuwlernne) 238, 239,
281, 283, 573

INupan 306, 308

IMupasossr 306-308

TupuAMHHYKIeOTHA-TpaHCTHAporenasa 518

IMyupuiHHOBLIE HYKJIEOTHIBI 516-520

TNupuaokcans 281 282

IMupuaokcanbdocdar 276, 282, 572, 573

IMupuiokcamun 282

IMupunokcamurgpocdar 282, 573, 574

IMupnaokcur (Buramuu Bg) 274, 276, 281-283.
299, 572

— HemoctaTtoyHoCcTb 827. 833. 834

IMupuMUIUY, NTHPHMUMAOMHOBBIE OCHOBaHMsl 855--
856, 859, 860, 862

——— OHockHTE3 668670

TlvpuMHIMHOBBIE aHMepbl 965-966

— HyKneoruabel 668-670

INMupokaTtexasza 543-544

TMupodocpar cm. Heoprauuyeckuii nupogoc-
¢dat

IMupodocdartaza 430-431, 612

— Heopranuyeckas 553

A'-Ttupposmpus-5-kapbokcunar 655

IMupponuaunkapbokcunarpenykrasa 655

Tupysat 284, 450

— B rsmkonuse 439, 440, 450, 454455, 467. 468.
754

— B IIoKoHeoreHesze 587, 602-607. 709

KpoBu 767

nentozodochatHoM Lukse 498

LMKJIe JTUMOHHOH kucnotsl 479-484

C,-pacterusx 709

— 00xoaHLIll NyTh B CHHTE3e IMoko3bl 603-605

- Tpancnopr 537

IupyBaTnernnporexasa,
Ha3Hblii  kKommekc 199,
479-482, 485, 488, 517, 828

INMupyBatnexapbokcunaza 276, 277, 468, 469,
603--606, 701

— reHernyeckre gedektbl 616

INupyBatkapbokcunaza 496, 497

IMupyeaTkunasa 229, 450, 454, 800

— B ravkonuse 450, 462, 468

— B IJoKoHeoreHese 607

— nepesoc pochatHOH rpynnel 453

— peryssiust 465-466

Tupyear-oprodocdaTaukunaza 709

Iutanve uenopeka 812-846

—— cbanarcupoBauublit panyor 814 (Tabnuua),

- - -

nupyBaTAErupore-
200, 276, 281,
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844-845

Tnwesapenne 744-752

Muwesble xupel 329--331

—— W 3anaceble Genku 139

INnasyyas nioTHocTh 867

INnasma xpoeu 205, 763, 766-768, 777

Inasmamuueckass memOpana 26, 34, 44-45,
346-347, 396-398

—~— aunuae 642

—— nepeHoc MOHOB 425, 428-429, 764

——— 30eKTpoHoB {y GakTepuit) 535

—— 3MeKTpUYeCKuit noreHimasn 349, 759-760

[na3maTHyeckue wieTkn 158

Inasmuoa pSC101 871

INnaszmuael 871-872, 976, 977, 982-983, 985, 986

IMnactunel 46

TnacroxuHoH 695, 697

Inactouranvn 547, 695, 697, 699

INueBMokokkH 858

Toparpa 674, 681

MomkenynoyHas xkene3a, IKIOKpHHHBIE (yHK-
1y 745, 746, 749, 750, 795

——~ 3HIOKPHHHBIE  DYHKIUHM
795-800

TNonuanennaarnonmmepasa 916

INMonuakpunamuaueiii resb 886

Monurmmu 109

INonuovncus 772

Moaunyxeotuadocdopunaza 922, 925, 948

Tonuuykneorvnst 948

MonvnenTyab! (HonunentTuageie ueny) (27, 199,
Cm. maxxnce Tlentuasl

— OnpelesIEHHE AMMHOKHCTOTHON
TeNbHOCTH 146-152

MonunpeHons! 649

Tonupubocombl (nosincomnr) 31, 942-943, 984

Monucaxapuabr 65, 66, 303, 311-322, 380, 381.
Cu. makxmce YraeBoml

— AM30COMHLIE runponui 40

— nepepapHBaHHe 745-747

Tonucompr cm. Tonmupubocoanbl

Mosmypun 772

INMonoswie Topmonbl 804-806

Monyauerany 306-307

Monykeranu 307

IMonynemenr 512, 513

Toaspunmerp 110

Monsiprocts BOABl 80

MNonsipuele xHikoctH 80-81

INonepeunsie cBsizu (B 6enkax) 179. Cm. muknce
HNucynubunHeie cBsizu

Mopdupunbr 662-665

Topdupus 664

MNopdobunuuoren 664

MocreunanTuyeckuit Heiipon 760

INocTTpaHCKpUNIMOKHLIH npouecciur 914-918

lMorenuman peiicteust 759-760

INoueuneie kananpubl 763763

IMouxu 589, 763-765, 768

779, 780, 782,

nocnenoBa-

MPEOAMETHBIN VKA3ATENb

— rmokoHeoreHes 602

Ipasospatuarowuit H3omep 110

INMpenporsokarod 799

INMpenpouscynue 797

Tpepubocomueie PHK 915

lNpecunanTuueckMe HepBHBIE OKOHYaHuWs 760,
76!

Ipumasza 904-Y06

Mpumaxun 500

INpormoxkaron 799, 800

IMporopmonsl 782

Tpouncymn 782, 797, 984

INpoucxoxaeHve #u3HW 73-75, 79

Tpokapbokcunentuaaza 749-750, 945

INMpokaproTui 28-33, 396, 928, 934-935, 957. Cm.
maxwe baktepun, E. coli

Mponaktun 780, 785

Il ponakTHH-UHTMOMpyroIKHH ropmoH 783

MponaktonnGepun 783

MNpoaun 68, 115-118, 127

- 6HocuHTe3s 654-655

- B Genkax 171, 172, 177-179, 191

— M IIoKoHeo!r eHed 608

— pacuiensienve 583

IMposuna3za 750, 751

Mpomorop 912, 913, 956, 958-960. 987-988

Hponuioswii cnupr 79

IMpoonuoxoprun 806

IMpormounar 610-611

MNponuonnn-CoA 562, 584, 599, 610

Mponuonni-CoA -kapbokcunasza 562, 610

INponvonosas kucnora 92, 562, 564

INpopacraroue cemena 498, 507

IMpocrarnanaun-cuniasa 807

INpoctarnanouus 807, 819

IMpocreTnueckas rpynna 142, 229, 294, 929, 945.
Cxt. maxnce KobakTopht

IMporeunkunasa 614, 615, 790-794

Mpoteornukaum 139, 176, 302, 320-322, 944

- reHerudeckve dehekTol 644

IMpoteonurryeckre depmenth 470, 748-750

INpotuBoONyXoeBHe npenaparbl 680

«[Tporounas rypbuna» 536

Tporosubiii rpajuent 528-533

— Hacoc 549. 712

INpotonophupun 189, 690-691

TNpotpombun 117, 293, 766, 767, 838, 944

INpoxupanptibie coennrenus 493

IMpoueccrnr 914-918

IpocTeiinme 33

ITpoanactasza 750

Tlcesoyprann 930, 931

Mrepunvn 283

IMrepounriytamuHoBan kucnoTa 284. Cm. mak-
yce Qonmesast KHCHOTA

IMtrvubl 588, 589, 596, 665

MypuroBsie HyKReoTHAB (nypHHBI), OGHOCHHTE3
596, 665-668, 672-674

-— u obpajopaHle MONOuHOH xucAOTH 596
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ITypoMuLmke 946-947

IMwenuua 824

— 6enku 750

— MPOPOCTKH, HyKJleoTHaHbIl coctap 860

Papvoaktupuble wW3oTonbl 394-396, 401, 402

PamoMMMyHoNorvYeckuii ananus 783-785

Pasobwaromme arenter 529-530

Pacnosnarowme y4acTtky (y4acTKM pacno3Hapa-
Hus) membpan 45, 325, 349

Pacrennss C; u C, 705, 707-711

PacturensHoe macno 331

Paciennenne no Jdmany 149150, 154

Paxut 291, 836-837

PanemaTt (paniemudeckas cMecs) 114

Peakimsi OBOMHOTO  3aMEUEHHS
«IMUHr-noHr») 238-239

— EOMHHYHOrO 3amelleHust 238

— npeuunuTanuM 157

Peryasitopubie Genku 139, 140, 215

— rennl (i-rednl) 956-957, 960, 989

~ ¢epmenTsl 204, 226, 252-264, 266

—— KJlactepbl 262

—— cybpenuruubl 263

Penoxkc-naper 511

Penyktonzomepasa ketokucior 660

Pesunun 140

Pezonancupie rubpuner 417

«Penuzuur-gaktopel» (B cHMHTe3e
THABBIX 1eneii) 929

— (ropmonasnbHbie) cm. JIuGepHubl

Penatypanus 6enkop 196, 197

- JAHK 865-867

Pentrenoesckue nyun 392, 965

PenrrenoctpyktypHblii  ananus  Gemkoe 165,
168-169, 174, 188-192, 200-202, 931

~— ¢epmenTtor 250-256

Penapauuns AHK 964-969

Pennukatvupuas punka 897, 903-909

Penmvxaumst AHK 61, 849, 864865, 894-909

~— MEXAHHU3M KaTsuerocs konsna 976

Pennuxcoma 902

Penpeccust cuutesa depmesTor 955

lac-Penpeccop 958

Penpeccopet 139, 140, 956960

Pecunuxn 42-43, 47, 139, 183, 426

Pervkynommtsl 205, 933, 983

Perunans 276, 291, 712, 836

Perunon 290. Cm. makoce Buramuu A,

Perposupyctt 920

Perponnrubupopasue 257-258

Peuentope! ropmoHoe 45, 46, 338, 349, 389, 390,
781, 783, 802, 80S

D-Puboza 69, 304, 305, 415, 855

Pubo3o-5-pochat 499-500, 665, 703, 704

PubozodochardochoTpanchepasza 666

Pubonykneasza 139, 143, 154, 194-197, 229, 239

— OMCYyRbQMORLIE CBsI3H 195

Pubonyxnenropas kucnota cm. PHK

(MexaHu3m

nojxuvnert-
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Pubounykneosna-5-mibocharer 922

Pubonykneosun-5'-tpudocdats 922

PuGonykneornnpenyxrasa 671

Pubouykneotuas 670671

— HomeHKNaTypa 433, 856

Pubocomuass PHK (pPHK) 854, 934-939

—— BuocuHTes 898, 913-915, 918

—— KNOHMpPOBaHME reHop 988

—— MeTHHpoBaHue 915

Pubocomer 26, 27, 31,
396-399, 926, 935-947

— MHTOXOHApUA M Xsoponnacroe 37, 936

— cTpykTypa 71, 927, 935-937

Pu6otumuann 930, 931

PubodrnasuH (Butamun B,) 276-279, 299, 479,
518

— B nuwe 815, 827, 832-833

D-Pubynosa 305

Pubyno3o-1,5-nudpocpar 702-704, 711

Pubynozonnpochpatkapbokcumaza 702, 707
709-711

Pubynoso-5-pochar 499, 500, 703

Pudamnuumu 913

Puums 139, 140, 348, 947

PHK 22, 66. Cm. makmwce Manpie siepHble
PHK, I'eteporennas sinepuasi PHK, MaTtpuu-
was PHK, pPHK. TPHK

— B xpomaTuHe 873

— pupycoB 853. 893, 920-921

— ruGpuaunszanus 866

— u penyvkaunss JHK 904-906

— MMTOXOHApHaNbLHas 37

— noppexnenve 969

— cunre3 434. Cm. makmce Tpanckpunims

— TpaHcasiuust cm. Matpuunas PHK

PHK-3aBucumas JHK-nonvmepasza (oGpathasn
TpaHckpHnTasa) 919-921

PHK-3aBucumbie PHK-nonupmepaser (PHK-pe-
niukassl) 921-922

PHK-nonumepasza 200, 911-914, 917, 919-921,
942

— perysnsms,
956-960

PHK-pennvkasel 921

PHK-conepxatume Bupyctl 893, 919-921

Porosuua 177, 179

Pononcur 291, 836

Poteson 523, 548

pPHK cat. Pubocomuas PHK

PyGeny 315-316, 562, 595, 609

— cuHTe3 BHTamuHa B, 834

38, 43, 44, 70-72,

1

B3aMMOIEHCTBHE C ONnepoOHOM

Camooxucnenve 331

Capxosus 914

CapkonjlazMaTH4eCcKi
757758

CaterumtHas JHK 882

Caxap B muuwe 817

— 3amenMTeny 818-819

PETHKYJIYM 429,
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Caxapa 83, 113, 380, 382, 501, 745, 747,
817-819. Cm. makxmce [ucaxapuisl, MoHoOCa-
xapuapl, INomucaxapuabt

— BOCCTaHaBnuWBaoline (penyuvpyrouue) 308

Caxaposa 310, 461

Caxapun 310, 311, 818

Caxapuasi Harpyska 773

Caxaposa 69, 303, 309, 310, 458, 461

- Ouocuutes 705-707

- B nuwe 817

Caxapo3gblit TpagHeHT A5 (PPaKIMOHHPOBAHHS
oprasenn 396

Caxapo3o-6-dpochar 706

Ceenbepr (emmuunua) 854

CBepXBLICOKOIHEPreTHYECKHE
BaHHBLIE coeMHenMst 420423

Ceepxcnupansias JHK 870

CeeToBble peakuud 687-701, 704

Cpobomnan 2ueprus 404, 407-420, 514-516,
524-525

—- u3meHenre 407-408, 436438

D-Ceporentynosa 304

Cenorentynoso-1,7-nudochar 703, 704

Ceporentynoso-7-hpocdar 703, 704

Cexpetun 748, .806

Cenen 229, 294, 296, 844

Cenenourcrens 297

Cepa 60, 294, 402, 686

Cepneunas muuma 425, 510, 758-759

—— notpebnenve kucropoga 768

Cepun 68, 110, 115, 116, 171, 191, 463, 945

— 6uocuuTes 658659

- B ImokoneoreHese 608

— B QepmenTax 244, 250-254, 256, 263, 458, 614,
944, 970

— MpPH CHHTE3€ aMMHOKMCIOT 656, 658

— pacwennesue 577

Cepuan xucnota 103

Cepurble GakTepuur 684, 686, 715

Ceposonopon 523, 686

Cepotounn 578, 579

CeprnosuasokneroyHast aHemus 72, 582

—— remornobun 215-221

Cemyatka 291

Cuanosas kucinora 338

Curmactepon 339

Cyrsanssble nocnenosatenbHocTH 798, 945-946

Cunanc 243, 760-761

Cune-3eneHbie Bojiopocnu cm. HluarobakTepuu

CunopanbHasl xujkocts 320

CuHTazHas CHCTEMA JUTA JKMPHBIX KHCioT 623,
626-632

Curosuanble TpyOku 706

B-Cutocrepon 651

Ckpajten 646-648

CkenerHple Mblunpl 182, 423-425  442-443,
756-758. Cm. makxmce AxtvH, Muo3uu

CropocTb peakuMii, KaTanuivpyeMblx ¢epMen-
Tamu 231-237, 247, 261

dochopunupo-
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———— makcumanbHas (V.0 232-237, 247, 261

CnuBouroe Macio 329, 330

CrnrosHble xenesbl 745

CoeBoe macno 820

Coenunutenbuasl tkaHb 176, 320-322

CoenunuTenbuble resbl (J-renn) 979, 980

Cokpaturenbhble Genku 139, 182-183, 424

CosHeynas 2ueprust 17, 376

—— W KpyrosopoT yraepoga 378

—— ¥ (QotocunTes 712-714, 683-684, 687-690

Conon 470, 471

Conb (NaCl) B nuie 841

ComaTtonubepus 783

ComaTtocratus 780, 781, 783 795, 800, 801

— KROHMpoBarue reHa 988

Comartotponuu 780, 785, 801

— KJOHMpoBaHue rexa 989

Creiicepnast AHK 919

Creficeprl 910

Crextpus 347-348

Cnepmaner 637

CnepmaneToBelii Mewiok 637-639

a-Crvpans 169-175, 181, 191-192

CnupoxeTtsl 29

CnuptoBoe 6poxenne 440, 468471

Cnuptel 62, 63, 83

CraHnapTHeli BOCCTAHOBMTENBHBIH NOTEHLMAI
512-514, 547

CTaHaapTHbIH  OKMCJIHTENIBHO-BOCCTAHOBUTENb-
Helt notesnuan (Ey) 512-514

Cradunokoxkku 29

CreapunoBas kucnota 327, 328, 633

Crepeounsomepsl 64-65, 110-115, 166

— MoHocaxapuuos 304-305

— ¢ochornunepuaos 334

Crepeocnenvpuynocts 65, 115

Ctepouanbie ropMousl 649, 782. 783, 802-805

Crtepowpst 338-339

Creponsl 338, 647

Crpentomuuun 871, 947

CtpykTypHbie 6enku 139--140

- reubl 877, 956, 957, 959

CykkoTtau 825

Cyxuuuat 482, 483, 488, 498, 537

Cyxumnatnernjiporenasa 142, 278, 487, 489,
519, 522

— B MHTOXOHApHAX 485

— perynsius 245, 246, 483, 484

Cyxuunun-CoA 488. 563, 566

— B OKHCIIEHHM aMMHOKHCIOT 576, 577, 583-584

- B cHuTe3e rmoko3bl 608, 610, 611

——— nopdupuna 663

~ B IMKNe JMMOHHOM KHMCnoTel 482, 487-489,
495

Cyxuunun-CoA - cuuTaza 489

Cynbpauunamuabl 286, 680

Cynsdrunpwibsbie (SH-) rpynner 627-631

Cynbbonoasi kucnota (—SOjy) 125

CynepokcunaucmyTasa 522
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Cynpeccoprast myrauust 972
Cyxoxunme 176, 179, 181
Counrosun 335-336
Chunronunuasl 325, 335-337, 621
— rederudeckue nedexthl 643-645
Cohunromrenun 336, 346, 642, 643
Chunromuennnasza 642, 643
ChIBOPOTKAa KpOBHM, COIEpPXAaHHE TpPaHCAMHHA3
575
CuipopoTourblid ansOymun 139, 143, 145, 154,
174, 187, 188, 766
—— rexnl 884
npyu nedppose 777
TPAHCNOPT XHPHBIX KHMCHOT 552, 762

Taypoxonatr 751, 752

Temuopble peakuuu 687, 697, 701, 709, 715

Teobpomun 674

Teopunnuu 794

Tennoan nxeprus 386, 404, 407-409

—— B XONOCTHIX H®KiIax 612, 762

—— NPpH NEPEHOCE 3JICKTPOHOB 534

Tennora ucnaperust 79

Tepmunaneuas tpancbepasza 981, 982, 985, 986

Tepmunanus 928, 941-942

Tepmuuupyrotie xoaousl 929, 941942, 949,
950. 971

Tepmutnt 315

Tepmonuramuka 404-410. 684

Tepnensr 338

Tecrocrepon 780, 782, 804

Terparuzpodonatoernaporenasa 671

Terparuapodosvepas kuciaoTa (TeTparvapodo-
nat, FH,) 276, 283-286, 658, 659, 833

Tetpanoatupouun 803

Terpanentuub (27

Terpanuppon 664, 665

Terpauuknun (TeTpauuknuubl) 871, 947

Tetposel 303

Ten—Caxca 6onesnun 40, 267, 582, 643-644

Tuamuu 275-276, 479

— p nuwe 481, 815, 827-829

Tuamuunupodocpatr (TPP)
479-481

— B Q-KETOrJyTapaTieruiporeHasHom
nnekce 488

— cTpykTypa 277, 828

Twnakounrr 47, 687-688, 691-693, 699—700

Tumuaunar-cuutaza 680

Tumuaunosas kucnorta 286

Tumupuu (T) 855, 859-864

— nuAmMep 965, 966

Tumosun 806

Tumyc 779

Tuonasa 558, 565, 648

Twoims (TvosMTHYECKOE pacuuersieHue) 558

Tuonopas (cynerugpunbHas) rpynna (SH-
rpynna) LIS, 117, 175, 281, 451, 452, 628-629

Tuoner 63

275-277, 469,

KOM-
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Tuopenokcun 670, 671

TuopenokcuHpenykrasa 671

Tuosdupuas cesizb 553

Tuo3pupsl (CoA-3duper) 281, 552-554, 561, 623

Tupeountbie ropmonbl 803-804. Cm. makxce
Tupoxkcus, TpuvoaTupoHHH

Tupornobynuu 781, 803

Tuposun 68, 115, 116, 122, 191, 577-580, 803,
944

— redernyeckue nedektsl 392

— W cuHTe3 rmoko3bl 608

——— ropmosos 787

~ cHHTe3 544, 656

Tuposuros 392

TupoauH-3-MoHoOKCHIeHaza 267, 583

TuposunrTpaHcamutasa 572, 579

Tupoxkcur 580, 780, 781, 803

Tuposmbepun 131, 782, 784, 803

Tupotpormuu 131, 780, 781, 784, 791, 803

Tutposanue 92-95, (19

Txanepas coBmMecTUMOCTb 349-350

Tokodepon 291, 293

Toukasn kuiuxa 744-749, 751

Tononsomepasel 871, 907

Toukopble MyTauHu 969-971

TpancamuHasbl (amuHoTpaHchepasbl) 282, 283,
571-575

— K CHHTE3 amHHOKucnoT 654, 655, 659

TpancaMuHHpOBaHKE (nepeaMUHHpoBaHue) 282—
283, 571-575

Tpaucaykuust 975

Tpaucketonaza 704-705

Tpauckpunuus 849, 851, 894, 895, 909-925, 944

— ommbku 907-909

— perynsuus 955-957

Tpaucnokaza 537, 941

Tpaucnokanmss (B npouecce 3noHraumd) 941

Tpaucnsius 851, 928-931, 942, 956. Cm. makxuce
Benok, 6uocuuTes

TpancmemOpaunbift rpaavent 528. Cm. makuce
Tleperoc HOHOB BoJOpOia

Tpancno3ousl 977

Tpaucnoprieie Senku 139-140

— PHK cm. TPHK

— cMcTeMbl 26, 339, 341, 346, 349, 386, 427-
429

—~ B DakTepusix ¥ xnoponnacrax 535-536

—— B MMTOXOHApusIX 536-537, 549, 604, 625.
Cm. maxnce T1pOTOHHBIH rpajMeHT

Tpaucdepassr 229

Tparcdepprun 766, 841

Tpaucdpopmunaza 934

Tpeounn 68, 108-113, 115, 116, 122, 192

— B Genkax 171, 190, 944

— W CMHTE3 ImokKo3bl 608

Hi3oneHuuHa 660, 661

~ paciuerniesie 577

— cyTo4Hasi noTpebHOCTL 824

Tpeoruunernapatasa 238, 248, 252, 660
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TpernuHas cTpyktypa 188, 196-199

Tpranunramueponst 325, 329-333, 340, 568,
621, 636, 762

~ 6uocuHTe3 634-636, 639, 753

— B KpoBu 768

— B cnepmauete 637-639

— KaK MCTOYHHMK XHPHBIX KHCIOT 552

——— 3Heprum 551, 813, 819

— meTabonuueckoe ofnosnenve 396

- nepepapuBaHue 750-751

— Y 3HMMHECTAIINX XHBOTHBIX 636—637

Tpurekco3umiepaMua-ranak TO3UNIUApOnasa
644

Tpunonrnponrn 780, 781, 803

Tpurap6okcHnaT-TpaHCNOPTHPYIOLLAA CHCTEMA
537, 625

TpukapGoHOBEIX kucnoT uMkn 483, 484, 491.
Cm. maxnce 1JMKI NMMOHHOM KUCIOTHI

Tpuo3sokuHasa 456, 459, 476

TpuoszodochaTuzoMepaza 446, 448, 449, 456

TpuosodochaTts 448

Tpuosn 303

Tpuonenn 329

TpunansMuTHH 329

Tpunentuan 127

Tpuncun 130, 139, 141, 148, 149, 229, 239, 251, .

748, 749
~ MHrubuposanue 244, 750
Tpuncunoren 154, 749, 750, 945
Tpuntodan 68, 115, 116, 191, 578, 579, 608, 661
~ GuocuHTe3 659, 950
- B nue 929, 930
~ pacmennenue 577-579
— cyTouHas moTpebrocTs 824
Tpucteapun 329
TPHK 854, 856, 876. 885, 928-938
~ amanTopHas ¢yHkuus 927, 929, 933
- 6uocunTes 913, 915916
— KONOH-BHTHKOLOHHOE CBsi3biBaHME 950-952
~ MoaubyLUMpOBaHHbIE OCHOBaHMA 916
~ HeobblYHbIE Hykneo3umw 930, 931
— PEHTreHOCTPYKTYpHBIH ananms 931
— E. coli 854
TPHK™® ¢p. N-®opmunmernonmna-TPHK ™M
TpoMmbun 139, 140, 293, 767
Tpom6okcanbl 634, 807, 819
Tponuble rOpMOHL! (TPONHHEI) 785
Tponokonnaren 178-179
Tponouun 425, 757
Tponoanactur 179, 180
Ty6ynun 41, 139, 183
Tysukamuumuy 947
Tionenu 609

Y6uxunon 520

VEUXHHON-LHTOXPOM-Cc-penykTasa 523

Véuxunon (kodepment Q) 514-516, 519-523,
557

Vrapuniit ras cu. OkuChb yriepona

NPEJAMETHBIA YKA3ATEJD

Vraesonopons 62, 989

Vrnesonst 302-324, 542-543, 636. Cm. maxace
Aucaxapnns, Monocaxapume, Tlonucaxa-
puas!

~ 6uocuuTes 507, 600620

— B nume 812-813, 817, 845

~ nepeeapuBanne 745-747

VYrnepon 55-62. Cm. maxoce [pyokuch yrnepo-
na, Okuch yrnepona

— acuMMeTpus 64

~ w3oTonn 394, 395, 402

- kpyrosopot 375-377

— NyTb aTOMOB B IJIIOKOHeoreHese 618-619

Yrnepon-yraeponHsle casizu 57-62

YroneHas kucnora 92, 770-771, 774

VnensHoe spamenue 110

Vkeycrnas kucnora (CH,COOH) 91-97, 394,
395, 469

VYkcycHas kucnorta —auetat, 6ydepHas cucrema
96

Vkeycuokucnnie 6akrepum 469

VYmepernuvie daru 975, 983

Yomcoua - Kpuxa runotesa 894

Vpartokcugaza 672, 673

Vpater 596

Ypauun 69, 855

- B JHK 966-967

— B MPHK 911

VYpauun-AHK-rnukosunasza 966, 967

Vpeasa 145, 227, 229

Vpeorenuueckue xuBoTHLIe 588, 589

VYpumunat cm. Ypugun-5-monodocdat

Vpununrpancdepasa 460

Ypunun 501

VYpumna-5'-nudocdar (UDP) 433, 459, 856
UDP-ranakto3a 459, 460, 617
UDP-ranakxrozonupodocopunaza 620
UDP-rmroko3a 459-461, 501, 603, 612-613,
705-707
UDP-rmoko3a:aD'-ranakto3o-1-gpochat —
ypuoununtpanchepasnt 459, 460
UDP-tmroko3a-nupodochopunaza 459
UDP-rmoko3onervaporenasa 501
UDP-rmoko30--4-3numepaisa 460, 461
UDP-D-rmokypouat 501
UDP-npoun3soalbie 504

Vpunuu-5-monodocdar (ypununar, UMP) 668,
669, 856

Vpunun-5-tpudochar (UTP) 433, 612-613

— 6uocnnTes 669

VpukoTenuyeckue XHBOTHHIe 588, 596

Yponopdupunoren 1 664

Y®-ruaouykneaza 965-966

®abpu Gonesnb 644

Qaru cm. Baktepuodarn
F-®akTop 976

dapaden uncno 515
Qapuesunnupodochat 647



NPEAMETHEBIN YKA3ATEND

denunananuu 68, 110, 115, 116, 191, 392

— buocnuTe3 659

— B rnrOKoHeoreHese 608

— W CUHTE3 THPOHMHa u dymapaTa 584-585, 656

— HacnencTBEHHbIE HapylieHus obmena 267,
392, 580-583, 598

- pacuernenue 577-581

— cytouHas norpebrocrr 824

deumnanaHiH-4-MOHOOKCHIenasa 267, 579, 580,
583, 656

QennnuiaoTnounaHar 149

QenunketoHypusa 267, 392, 544, 580-581

®enunmipysat 580-581

PeHUTTHOrHIAHTOMHOBOE NIPOU3BONHOE 149

®enon 501

®enonraoko3uryponun 501

depMeHTATHBHAA AKTHBHOCTb, KOJIMYeCTBEHHOE
onpenenesue 240, 241

depmenTaTuBHbIH KaTanus 227

PepmeHT-cybCTPATHBIH  KOMIUTEKC
248-256

—— y annocrepuyeckux ¢epmentos 260-261

®epmenter 17-19, 61-62, 138-139, 142, 187,

226272, 378-379. Cm. maxace Annocrepuue-

ckue ¢epmenThl, Perynstopreie (epMeHTHI

6uocunTes 390, 945, 953-960

- B MembBpanax 349

— reneruyeckue nedextsl 392-394, 616

— JeHaTypauus—peHaTypauus 196

KOHCTHTYTHBHBIE 954955

koudopMaurOHHBIE H3MeHeHHs 198, 248, 254,

263

— HoMeuknaTypa 229-230

— perynsuua 384, 388-391, 466-468, 954955

®eppenokcun 295, 547, 676, 677, 695-697

®eppenokcuH-NADP-okcupenykTasa 697

®epputur 139, 841

Gubpunnapreie 6enku 140, 165-186

Pubpun 293, 767

dubpunoren 139, 293, 766, 767

Qubpobnactel 40, 176, 990

dubpoun 139, 140, 168, 174

dubponextns 319, 347

duxcauva azora 376-378, 675-678, 684

- CO, 701-705, 707-710

QunamenTr 40

PuanoxuHoH cm. Butammn K,

durar 840, 844

®utun 840

duTOreMarriIOTUEUHE 348

duTton 649, 690, 691

dutornankron 684

®nasunanenvHounykIeoa (FAD) 276, 278,
297, 479-481, 488, 489, 544, 548, 557
FADH, 489, 504, 544, 550
FAD/FADH, 548

PraBHH3aBHCHMbBIE JErMOporeHasel 278, 518,
519

®nasunMononykaeotua (FMN) 276, 278, 516,

231-236,

|
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518, 519
FMNH, 519

®drnasvHOBBIE HykyeoTuabl 278, 297, 544, 833

®dnaponporennsl 140, 142, 278, 296, 297, 518,
557

QdnyopecueHiua 689

dnyopos 843

donuepas kucnora 276, 283-286, 658, 812, 827

—— HE#OCTATOYHOCTL 833

POJLIMKYIOCTHMYJIHPYROLLMH
780, 785

N-®opmunmetuonnn-TPH
(@Met-TPHK ™) 934, 937, 939, 940

N-@opmunmernonue 934-935, 939, 944

N!C-@opmunrerparunpodonar 934

®opmunuhas rpymma 577, 578

dopmumunorpymna 577, 578

docarenss 427

docparaza dochonupysaTaervaporeHassl 494

~ dochopunasel a 263, 264, 614, 794

Qocharuaar-dpocdaraza 635

dochaTuaunicepun 334, 335, 642

Qochatuaunxonur 27, 334, 335, 346, 634,
639642

docharuaunitasonamue 334, 346, 634, 639,
640

dochaTvaHans  KACIOTa
docdat) 334, 635, 639

®docharnas Oydepras cucrema 94-96, 9§99

3-®ochoruapokcumipysar 658, 659

®ocdornukonar 711

®ochornuuepar 450453, 606, 658

— npu ¢orocunTese 701-704, 710, 711

®ocor THuepaTaeErHaporeHasa 659

®dochornuuepatkunasa 420, 450, 452

®dochornuneparmyTasa 450, 453

Qochormmuepunst 325, 333-335, 341, 342

~ mertabonuyeckoe ob6HoBEHHE 396

— cuure3 639

3-®ochormuepounndochar 416, 420423, 450-
453, 606 -

®doctornrokonsomepasa 446, 447

dochormokomyTaza 244, 410, 456, 458, 612

6-®ochormokonat 499

6-dochorarokonataernaporenasa 499-500

dochornokoHaTHeIl MyTh <M. TleHTO3000C-
daTHBIN NyTh

6-®ochOoraoKOHO-O-1aKTOH 499

dochonuacrepasza 793-794

— E. coli 959

®ochoauabupubie cBazn 856-857

Qdoctoenonnupysat 416, 420423, 450, 453-454

~ B IJIKOKOHeoreHede 602-603, 606

— B 0yt Xamua- Caska 708-709

®ocoenonnupysat-kapbokcuknHaza 497, 604,
616

®octhoenonnupyeaT-kapbokcuaaza 708

®ochokxpeatun cm. Kpeatundocdar

®ochonunasel 335, 642, 643

ropmon  (®CT)

K Met

(anauwirinmuepon-3-
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dochonunuas 333-335, 339, 340, 342, 346, 396,
621

— 6uocuHTE3 634-635, 642, 753

®docdhomanHo3ON30Mepasa 456, 461, 476

4'-@ocdonautererH (dn) 626-629

®ochonenTozonzomepaza 499-500

3-docdo-5-nupodochomepanonat 647, 648

®docdonupypaTnerupporesasa 494

®ochonporeundpocharasa 615

®docdonporennbl 142

®ochop 62, 294, 394, 434, B12, 815, 839-840,
846

5-®octo-B-D-pubosunamun 666, 668

5'-®ochopuboiun-4-kapbokcunamua- 5-aMHHO-
UMHIa30s1 680

5-docdo-a-D-pubosun-1-nupodocdar (OPIIP)
666, 668. 673, 674

®dochopwusnala a u b cym. 'nukoren-docdopuna-
3a

- kpaxmana 456, 458, 476

dochopunupobakmne (cm. makyice OKUCIUTENb-
Hoe ¢ochopuanpoBanme)

— B JbIXATENBLHOW uenu 489

— Ha yposhe cybcTpata 453-454, 488-489

— notewuman 418

®ochopHas kuciota 69, 92

®docpoponus 457

3-®ocdocepun 658, 659, 944

®docdocepun-TpaHcammunaza 659

®docdocepun-docdaraza 658, 659

®ochoTrpoivd, dochorpeornn 944

dochodpykTokunaza (POK) 446-448, 611, 616

— perynsuMs 462-467, 475-476, 495, 542, 543,
607

®ocdoxonnu 336, 640, 641

dochoItavonamun 639, 640

PochorTanonaMuH-LMTHOKIITpaHchepala 640

doroabixavmne 710-712

dotoH 688-689

doTocuHTed 47, 683-716

— obmee ypasHenune 684, 686, 700-701

- C5~ Cy-nytn 705, 707-711

— Z-cxema 695-696

dorocuntesupyromme Gakrepun 29, 32, 376,
682, 684

dortocuctembr | v [T 692-696, 715, 716

dorodochopunuposanre 535, 695, 698-700

POTOXHMUUECKHH pedkHOHHBIN LeHTp 692, 694

dpykro3a 69, 304-310, 767

— B rMkonn3de 456. 458, 459, 461

- B cnepmaTosougax 472-473

®pykroszo-1,6-andocdar 446, 475

— B IJIMKOJHM3e 446448, 465

- B rJirokoHeorenese 605, 606, 612

- B uMkiae Kaaweuna 703, 704

®pykrozonudochartaza  (¢ppykrozo-1,6-audoc-
daraza) 605, 607, 611, 612, 616

®pykTosonudochaTansgonala 448

dpykTo30-1-docdaT 456, 459

NPENMETHBIN YKA3ATEJIb

®pyk1030-6-hochar 447

- B rnukosmide 416, 446448, 456

- B rirokoueoreHese 605, 606, 612

- B umkne Kasveuna 703-706

PpykTOKHHa3a 456

o-, B-D-®pykTokuHaza 308

dTop 295, 843

®topanaTtur 843

®dropauerar 506507

®Oropauerun-CoA 506 507

dTopnelokcuypuiunar 680

1-®Top-2,4-nuuuTpobenzon 127, 130, 147

O®Topua (F ™) 453

dTopypaumn 680

dykoia 349

dymapaza 238, 437, 487, 489

dymapaTruapatasa 489. Cm. marowe dymapasa

4-®ymapunaneraTt 579

dymapunaueroauerasa 579

dymapoas kucnora (bymapart) 165, 166, 482,
483, 487, 489, 576, 578, 584, 593

QDyHKUMOHANbHBIE TPyNnel 62-63

®ypan 307, 308

®ypanosnl 307, 308. 855

Xenukassl (resmkasbl) 906-907

XemuocMoTHYeCKas runore3da 528-534, 700

Xemorakcuc 32, 33, 349

Xeunoepcona- Xacceavbaxu ypapHeHune Y6, 97.
121

Xépaepa cunnpom 644, 645

Xuaau peaknms 693

Xunomukpoub! 339, 340, 751, 762, 767

Xunyc 751

Xumepnan JTHK 985

XumepHuiii Genok 988

Xumnyeckas ueHHOCTh Oenka 824

XuMHueckuii cocTap MatepuH 55

Xumotpuncun 142, 143, 152, 194, 227, 239, 244,
256. 748, 749

— MexauM3M aekictBus 130, 249, 251, 253-254

— cneunduynocts 149, 241, 742

XumoTpuncunored 142, 145, 154, 251, 748, 749

Xunou 520, 522

XupanbHele cOEOMHEHHs (MonekyJnl) 64, (11

XvpanbHblii UEHTP (XHpanbHbIA aTtoM) 64, 109,
111, 112

Xutun 316

Xnopamdenunkon 947

Xnoponmacret 13, 27, 46, 47, 326

— BblAEJIEHHE M3 NHCTheB 396, 688

— memBpaum 349, 429, 535-536,
692-693, 699-700

— cuuTes benkoB 935

— Y NJAHKTOHHBIX OPraHu3mMoB 684685

Xnopodunn 47, 649, 664

— Bo36yxaenue 694

~ y 6aktepwmit 31-32

— a, b, ¢ 690-692

687688,



TIPEJAMETHBI YKA3ATEJbL

Xnopodopm 79

Xonepas kucnora 752

Xonekansuudepon cM. Buramun D,

Xonectrepon 338-342, 396, 804, 820-821

— BuocunTes 645-649, 755

— B KpoBH 765

— B MeMbpaHax 342

— 06pa3oBanHe U3 caxapos 753

Xoneuuctoknuun 806

Xonuu 243, 334, 641

XonuHkHHa3a 641

«XoNocThie» UMKILL (B YriieBOOHOM 0b6MeHe)
611-612, 762, 822

Xougpoutun 320, 321

Xongpountnl 176

Xoypcu nipoexuuonHble dopmyner 305, 307

Xpomatun 35, 36. 71, 873-876, 913

XpomaTunoBble BONOKHA 853, 873

Xpomatorpapms 149. Cm. maxace Ienb-dpuiib-
Tpauss, HonobMenHas xpomatorpadus

Xpomartodopnl 698

XpoMadduuube rpanyns 787, 788

Xpomocomnr 35, 36, 872-880, 974-976

— MECTO Hayana perymkaumu 897-898

— npokapuot 853, 869-870

Xsmua—Caska nyts 707-709

LieuTTepuonn (6unonspHble noHbl) 118

Llennobuosza 309

Lemmonaza 315

Lenntonosa 66, 303, 313-316

— GakTepuanbHul rugponns 609-610, 746-747

— buocunTes 507, 705-707

— BOJIoKna 48

Llentpuonu 874

Hentpudyruposaiue B rpaauerTe IMIOTHOCTH
867, 892, 895

— nuddepenunansroe 397, 399

Llens nepeHoca 3)€KTPOHOB
522-524, 535-536

— NPM OKHCJIEHWH XMPHBIX KHCJOT 577

— 1upu dotocunTese 694-696

Lepebpo3unr 336. Cm. makxuce [anakTonepe-
6posun, Inrokouepedbpoznanl

Lwuanat xanus 220

Huanun 523

Lnxanuctoit BOgOpOn 74

Luaukobanamun 286, 287. Cm. makwce Buta-
MHH B,

L{naHoGakTepuu (CHHe-3eNeHble BOpOpocau) 29,
32, 376, 377

- ¢mkcauns azora 675. 684

Llukn nuMoHHOM kucnoTel 281, 381-382, 439,
477-507, 510

—~—— B MBILIUAX M nedeHu 754-756

M LMKJT MOYEBHHBI 593
- NIPH OKHCJIEHMH aMHHOKHCHoT 576, 577,

584

508-510, 515,

- XHUPHBIX KKCIOT 556, 559, 562
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——— perynsTopHble QyHkuun 466

Llukn moueBunn 589-595, 754

Luknamatr uatpus 818

Luxanyeckun AMP (cAMP, uuknuveckuii ane-
HozuuMouodochat) 788-794, 959

Luknorekcumun, 947

Lunra 288, 830-832

Lunk (Zn?*) B nmue 275, 294, 844

— B (epmenTax 296, 448

— perynsiunsa depmenToB 228, 229

— cyroyHas notpebHocTs 815, 844

Llucratnonun 657, 658

Llucrarnonmn-y-nnala 657, 658

Llucratnonun-f—cunTaza 267, 583, 657, 658

Llucrenn 68, 115-117, 122, 191

- 6uocHHTE3 656658

- B benkax 191, 197

— B rarokoHeoreHese 608

— B ¢epmenTax 224, 627-631

— OKMC/MTENBHOE pacuLieruieHne 577

LlucrerHopas kucnora 153

Luctun 117, 153

- B Benkax 172, 174, 197, 945

Huc-mpanc-vaomMepnl 165

Lutuouuaudocdar (CDP)rimrokosa 705-707

LuTtuaue-5'-monodocpar (uvtuaunar, CMP)
856

Lutuaue-5-tpudocpar (CTP) 433, 639, 640,
660

— BuocuuTel 669-670

Luto3uu (C) 69, 855, 860-862

— Ie3aMHHMpoBaHHue 966, 968

— B PHK 911

LuTo3ons 32, 44-45, 385, 397, 398, 415, 518,
592

— nyn xodepmenta A 554-555

—— HYKJ1eoTHIOB 668

LuTonnasma 26, 28, 32

Lwurockener 41, 42

Llutoxpom a 514-516, 521, 523

- ay 514-516, 522, 523

— aa, 508-509, 521-524

— b 509, 514-516, 521, 523, 524, 884

— by, 516

— bgey 694, 697, 699

— ¢ 141, 142, 145, 192-194, 295, 509-516, 521,
945

—— 3BosrouMn 156, 157

- ¢, 295, 514, 515, 523

— [ 547, 694, 697, 699

— P-450 295, 544-545

Lutoxpomokcupasa 200, 229, 294-296, 521, 543

— B ObIXdaTenbHOH uenu 508-509

Lluroxpomnl 514-516, 520-524, 663

- cTpykTypa 520-522

— 2Bosiroums 156, 157

Llutpat 462, 465, 482, 524, 525, 607
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— B TPaHCNOpPTHOM cucTeMe 537

— B LHKJIE JIMMOHHOM KHCJIOTHI
491-495, 498, 542, 543

LutpaToTwennswonmit pepMeHT (ATP-umutpar-
nuala) 625

Liutpar-cunTa3za 281, 624

— B IJIHOKCHJIATHOM LMkKJE 498

— B LMKNE NUMOHHOM KHCIOTHI 485, 486, 490,
492, 495

Llutpyun 590-593

485-487,

YenHoyHble cucteMel 537-538
UenHOYHBIH MEXAHM3IM TIEPEHOCA  ALMJIbHBIX
rpynn 624-626
Manar-acnapratabii 537-538
«YepHulit a3ulk» (6one3nn) 275
YeTBepTHuHas cTpykTypa 200, 203, 210
Yucrio oboportos 240-241

Ilenx 168, 174, 181
Wuddoso ocHoBanue 573, 574
UIuwkoBuaxas xeneza 779

lllenounas Gonesur 844
L[uToBuaonas xene3a 779-782, B03-804, 842.
Cm. muknce TvpeoHOHbIE FOPMOHEI

DBOIKOLUMOHHbIE KapThl 155-157

Dposirouus OHonorudeckas, xuMudeckaa 72-75,
155

— reHeTHyeckoro kopa 949-950

— uuToxpomoB 156, 157

Juasca Tect 973-974

DUHWTeHH (envHpua) 689

Ok30Hykneaswl 857, 902

Jk30Hbl 884, 917-918

xk3ockeser 316

DKCHUTOH 693

Dnacrasa 244

Onactud |18, 139, 176, 179-181, 296

Onactuueckas Tkanb 179-181

DnekTpuueckuit qunons 118

DJeKTpOHHas MHKpockonus 343-345

DneKTpoHHBIE ObIPKH 694, 697

DJeKTPOHIEPEHOCALLME KOMILIEKCH  ([lepeHoc-
YUKH 3INNEeKTpOHOB) 522, 523

DnekTponbl cm. IlepeHoc 3neKTPOHOB

DnckTpocTaTuyeckoe npuTaxkeHue 80, 198

Onexktpodopes 123, 124, 145, 146

- JAHK 886-887

- u3otepmenToB 265

— nentuaoB 149

DITOHraUMs  NONUNENTHAHON
933-934, 939-941

— daxToper 929, 939-940

— wenu JAHK 901-902

DMyTerupoBatue xupos 750-752

DHaHTHOMEPHl M. CTepeOoH3OMephI

enu  928-929,

NPEAMETHbIN YKA3ATEJb

JHOOKPHHHAs cucTema 779-781

OunoHykneassl 857, 965-966

— pecTpukTupyrolme 880-882, B885-889, 981,
983, 985-987

DHponnaMaTHYecKuii  perukyaym 33, 38-39,
342, 396, 398, 605, 633, 639. 642, 749, 945,
946. Cm. maxace Capkonna3MaTHYeCKHit pe-
THKYJIyM

Oupoppunel 8§06

OHepreTuueckuit 3apan 541-542, 549

Oueprus 403-413. Cm. maxkxnce Ceobonnasn, Con-
HeuHas, Tennosas 3xeprus

— 3anacanuve 524

— MexaHnuyeckas 403, 423-426

— xumuyeckan 409, 413, 425

Onkedanunbr 107, 131, 806

Ouranenus 407, 408

OHTEepokuHa3a 749

OuTponus 16, 404—408

Onumepasa 560, 561

Onumepnr 305-306

Onunedpun cm. ALpeHanus

OnutenuanbHble KNETKW Xenyaka 747

—— TOHKOrO Kuile4yHwka 744-746

Oprokansuudepon 291

dproctepon 291, 837

D-Dpurposa 304

puTpo3o-d-dpocdar 703-704

Oputpoumtsl 205-206, 344, 346-348, 415, 418,
419, 500, 766

— mem6pana 346-348

— nepesoc CO, 769-771

— cepnoBuaHble 215-216

-Icrpaamon 780, 804, 805

dcTporensl 782, 783, 801, 804-806

‘Jctpoduman 1 u 11 805

OraH 166, 167

Ortason (aTwnoselii cnupt) 79, 821-822. Cm.
mak»ce AIKOroJb

OtaHonamun 77, 334, 639. 640

OTaHoNaMuH-KHMHa3a 639

Oranonamun-¢pocorpanchepaza 639

OTunen 677

DTUNOBEI COMPT cMm. DTaHON

Oykapuoruueckue kietku, JHK 872-877

Oykapuorsl 29, 33-49, 396-397

Odupsr 63

OddexTop 259

finepnas obonouxa 29, 34-35, 918

Anpo 26, 33-36, 342, 396-398

Anpeiuko 35, 36, 398, 915

Auunuku 779, 780, 782, 804

Auuneiii ansbymun (oBanbbymun) 145, 158-159
SiueBon (kypuubl, peaxuus Ha 3cTpores) 805
Siiuo (situexneTka) 299, 882, 976

Slumens 470

Awyp 990



VKA3ATEJIb JIJATUHCKHUX HA3BAHUW

Amanita phalloides 914
Anabaena azollae 32
Azotobacter 675
Bacillus brevis 163
Blighia sapida 564
Bombyx mori 186
Chaetomorpha 317
Chlamydomonas 35, 684
Chlorella 715, 716
Clostridium perfringens 187
Drosophila 872, 899
Eobgcterium isolutum 28

Escherichia coli 14, 26, 27, 30-31, 50, 415, 892,

953-960
—— asmompognocme 679
—— aykcoTpoduble MyTaHTHl 394

—— BBel€HHe HyXEPOMHHIX reHoB 982-983

~~ B-ranakto3muaasza 401, 953-957
—~ rensl 877-881, 885

——— xapTuposanne 878 879, 987-988
——— KJIOHMpOBahme 987-988

—— JHK 30, 860, 869-872, 894-898 900, 903

—— kjnerouHas creHka 31, 318
—— KJoHbl 985
~— merabonmim riyTamuHa 660, 661
—- MPHK 854, 910
- 0ob6meH nakTo3bl 401
—— lac-onepon 956, 960, 987
—— pubocombr 935-937

PHK 853, 910
—~ PHK-nonnmepasza 912, 913
—— CHHTE3 aMHMHOKMCIIOT 654, 660
-—— Genka 926, 928, 934-935
- HYKJ1eOTHIOB 668
—— F-¢aktop 976
Euglena 326, 684
Gerndae 102
Gonionemus murbachii 56
Halobacterium halobuum 712, 716
Hemophilus influenzae 880-881
Homo sapiens 741, 743
Lactobacillus casei 299
Lotus corniculatus 676
Mycoplasma 27
Neisseria gonorrhoeae 871
Neurospora crassa 392-394, 877
Pseudomonas 401
Salmonella typhimurium 957, 973, 974
Spirogyra 682
Squalus 646
Staphylococcus aureus 317, 318, 860
Streptococcus faecalis 299
Streptomyces 523
~ pneumoniae 858
Tenebrio molitor 544
Trichonympha 315
Volvox 682
Xenopus 918, 919

Cniucok omneyaTok

Tom Crpanvua

Haneuartano Cnenyer 4nuTaib

1 31, nonmuch K pMC.
2=4. Illectas cTpoka

CBEPX}

| 240, Tabanua 9-6. 1
cTtonbuk, 3-1 cTpoka

CBEpXy
2 540, Tabawnua 20-1

[

606, Tabnuna 20-1

ANPEHBIE TeEJbLA

siIepHbIE TeNblA

1100000 B-TanakTo3Mmasa

l-5. 8-, 9-5 u 20-n
CTpPOKH JOKHBI
6bITL KpACHBIMH
I-8. 2-q, 10-9 1 12-2
CTPOKiI JOTKHBI
ObIThL KpacHbIMH



OI'JTABJIEHUE

Yacts 1II. HEKOTOPBIE ACIEK-
Thl BUOXUMMWU UYEJIOBEKA .

I'aaea 24. TWineBapenne, TPaHCTIOPT TH-
TATENbHLIX BelllecTB H Blau-
MOCBS3b OOMEHHLIX TPOLIECCOB

24.1. Ilmua noneepraercs depMenTa-
THBHOMY MNEpPeBAPUBAHMIO. HTO
NOAIOTABIMBAET €€ K MNOCNenyro-
LLIEMY BCACHLIBAHHMIO . . . .

24.2. [Ileyenn ocyllecTBnsieT oﬁpa6on<y
Y pacnpeniesieHHe NUTATEJbHBIX Be-
necTs ., .

243. B neYeHHM HMECTCs NATb nyTeu
MeTabonuiamMa caxapos

244, Jlns aMHHOKMCJIOT TaKXe ecTh
NATb NyTeh MeTaboJyHiMa .

245. CylecTByeT NsTh NyTedl NpeBpa-
LIEHHUs! JINMUIOB . .

246. Kaxnblii opras oﬁ.naﬂaer cre-
UMATU3HPOBAHHEIMY MeTabomnuue-
CKUMH (YHKLUMAMH .

247. CxeneTHbie MbIILLEI HCl’lOIIb'Jyl»OT
ATP nns BpINONHEHMs MO Mepe
HanobHOCTH MexaHHuyeckol pabo-
ThI L T T

24.8. CeppaeyHas MeILINA 0o/kHA pabo-
TaTb TNOCTOSHHO M PHTMHYECKH

249. MO3r HCNONB3IYET IHEPTUIO IR
nepenay” UMIYJLCOB . . . .

24.10. YXupoBO# TKAHH INPHUCYLI AKTHB-
HEIE OOMeH BelUecTB . .

24.11. Tlouxu ucnoawbsyror ATP ans Bbl-
MOJTHEHUST OCMOTHYeCKOH paboThl

24.12. KpoBb MMeeT OU€Hb CJOXHBIH CO-
cTaB . . .

24.13. KpoBhb nepeHocuT 6o.nbmue 061,e-
Mbl KHCJIOpoOZa

24.14. I'emornobux nepeﬂoumk KHCI10-
poma . . . . . - . . . . .

24.15. JpUTPOLIMTBI MEPEHOCHAT  TaKXke
C02 - - e e

24.16. JIuarHocTHKa M JieyenHe caxap-
Horo nuabera onMparoTCs Ha HaH-
Hble OHOXMMHMYECKMX aHalH3OB

24.17. lpy nmabere BO3pacT4eT KOIM-
4eCTBO KETOHOBLIX Tej .

24.18. Ilpu nnabere BO3pacTraeT 3chpe-

741

744

744

752
752
753

755

756

756
758
759
761
763
765
768
768

769

772

773

uMs MOYEBMHBI . . . C
24.19. Taxenwlit ouaber conposoxnaeT—
Cf auuao3oM . . . . .
Kpatkoe cogepxanue riaebi .
Bonpocsl ¥ 3agaym . . . .

I'aasa 25. Topmousr . . . . . . .

25.1. T'OpMOHHI (hyHKUHOHHDPYIOT B pam-
Kax CJIOXHO TnepeKpermuBaroneii-
csl HEPAPXHYECKON CUCTEMBI .

25.2. HexoTopsle o61une cBOHCTBa rop-
MOHOB . , . .

25.3. TOpMOHBI runom.namyca ¥ THNO-
¢u3a sBIsOTCH NENTHAAMH .

254. Mo3roBoil cnoit HaaANOYEYHHKOB
CeKpeTHpyeT TOPMOHEI  KJjacca
aMHWHOB —apeHalH M HOpamgpe-
HamuH .

25.5. AnpeHanus c-rumy.nupyeT 06pd3o—
BAHWE LIMKJIHYECKOrO ajeHO3MH-
moHodochara

25.6. cAMP cTUMYIHpYeT AKTHBHOCTb
NPOTEUHKMHA3Bl . . . .

25.7. CTuMmynsiiMs pacnana rMKOTEHa
B MPHCYTCTBHH a/JpEHANIMHA MpO-
HCXOIMT TOCPE[CTBOM Kackaja
YCUIIEHMA . . . - .

258. Anpenanui Takxe TOpMO'JHT CHH-
T€3 TIJIKKOreHa . . . .

259. dochonuicrepasa HHdKTHBprCT
LIMKJIHYECKHii dﬂCHO3HHMOHO(bOC-
dar . . . . . .

25.10. nOﬂ)KCﬂleOllHdﬂ X)eje3a Bblaens-
€T pAl TOPMOHOB, pPeryjvpyro-
LWKX Npoueccs MeTabonuima .

25.11. MHCYJIMH — CHNOTJIMKEMHYECKHIH
TOPMOH - . . .

25.12. Cexkpeums uHcynuHa perynupye‘rcx
B TIEPBYIO Ouepenb KOHLEHTpa-
uMel rIOKO3Ll B KPOBH . . .

25.13. BropuuHblif NoCpefHUK OEACTBHA
HMHCYJIHHA elle HEHIBECTEH . -

25.14. MucynvH BNHsieT HA MHOTHMeE TIPO-
uecchl 06MeHa BELLECTBA . .

25.15. I'TroKaroH — runeprivkeMHYecK Uit
TOPMOH TNOKEIYIOYHON XKeJedbl

25.16. ComMaTOCTaTBH TOPMO3MT CEKpe-
LUHIO MHCYJIHHA M TJIFOKaroHa .

774
774

775
776

779

779
781

783

787

788

790

791

792

793

795

796

798
798
798
799

800



25.17.
25.18.
25.19.
25.20.

2521,

25.22.

25.23.

CoMaTOTpONHMH TakXe BJIMSET Ha
IeACTBUE MHCYJINHA .

['OpMOHEL  KOpBI  HaOMOYEYHHKOB
SBJISIOTCS CTEPOMIAMH . .
Tupeouayble FOPMOHBI pery.nupy-
10T cKOpocTh Metabonmima . . .
IonoBble FOPMOHEI SBJISIEOTCS CTe-
pounamu

Mexannim peicTBun
HA KJIETKW-MHILLCHH
NPOSACHAETCH e
B opraHuiMe MMeeTcst MHOTO [IpYy-
TMX TrOPMOHOB . . .
IIpocrarnauouHbl U TpOMﬁOKcaHbl
OKa3bIBAOT BJIMSIHKHE HA feiCTBHE
psja rOPMOHOB .

3CTporeHOB
NOCTENEHHO

KpaTkoe conepxaHue rnaesl .
Bonpocel ¥ 3apaum . . . . .

Taasa 26.

26.1.

26.2.

26.3.

26.4.

26.5.

26.6.

26.7.

26.8.

2659.

26.10.

26.12.

26.13.

26.14.

IluTanne 4enoBexka .

TTonHoueHHbIH PAlIMOH JLOJTXKEH CO-
[epXaTh NATh OCHOBHBIX KOMIO-
HEHTOB . . . o
Opranusm nonyllae'r 3Heprmo 34
CYeT OKWUCJIEHHS  OPraHHYeCKHX
MakKpONHUTaTeJbHBIX BELIECTB
DTaHON TaKXKE CIAYXHT HCTOYHH-
KOM 73HEPTHM . -
OxupeHHe BO3HHMKacT B pe’synb-
TaTe MOTpebneHns U3NHILIHE Kajo-
pviiHOH nwum . . . . . .
Benku HeoBxoaAMMBI Kak HMCTOYHU-
KH AaMHMHOKHCIOT . .
Hexortophle pacTHTenbHble 6em<u
NULY MOFYT OBITH B3dMMOJONOI-
HSIFOLMMH .

WicTouiexue u KBamuopkop npoﬁ-
JleMbl BCEMHPHOTO 3paBOOXpaHe-
HU#A . . . .
HCHOCTaTO‘lHOCTI: HekOTopux BU-
TAMHHOB MOXET OKas3dThkCs Onac-
HOM [T KHM3HHM . . . .
HenocraTouHOCTE THAMHHA BCE
€lie OCTaercs npo6neMou nuTa-
HHUA . . . . . -
IToTpebrenne HUKOTHHAMMOA W
TpuntodaHa ¢ nuilei B3IaHMOCBSI-
38HO .

. MHorue nuinesbie ﬂpO,[IyKTbl Co-

AepXk4T Malo ackopOUHOBOH KHc-
JOTBL. . . . . .
He,uocmTquocn puﬁonaBqu—
sIBJIEHHE CTONb € 4YacToe, Kak
HEOCTATOYHOCT b acxop6uHoaoﬁ
KMCIOTH . .

HCHOCTaTO‘HIOC‘Tb Q)o.nueaon KHC-
JIOThI- HauboNee pacnpoCTpaHeH-
HOE HBJICHHE .

HepocraTouHOoCTh  NMPHOOKCHHA,

Or'JIABJIEHHUE

801
801
803

804

805

806

807
807
809

812

812

814

821

822

823

825

826

827

828

825

830

832

833

26.15.

26.16.

26.17.

26.18.

26.19.

26.20.

26.21.

26.22.

26.23.

26.24.
26.25.

26.26.

26.27.

26.28.

6HOTHMHA M NAHTOTEHOBOW KHCNO-
Tl y JIOAEH BCTpCYAETCH Kpai‘me
penxo .

JedbnuMT BUTaMHHA Bn B nm_ue-
BOM palMOHe BCTPEYAETCs OYeHBb
penko . C
He[{OCTaTO‘iHOCTL BHTaMHHa A
NPHBOAWT K MHOTOYHCIIEHHBIM NO-
CHNEOCTBUSM . . . . ..
Hepocrarounoctes BuTamuua D
NPUBOAMT K PaxMTy M OCTeOMa-
JIAUMH - - -
Henocmm-mocn BuTamuHoB E u
K y nroneit BcTpeyaercs xparme
penko . .

B nuie uenoBeka MOMKHBI CO-
[epXaTbCi MHOTHE XHMMHYECKHE
MEMEHTHI . . . .
Kanbumit u Q)octpop HCO6XO[IHMH
IS pa3sBHTHS KoCTe u 3ybos
HekoTopas HenocTaTOYHOCTE Mar-
HUsi— SIBJIEHHE CPABHUTENBHO Yac-
TOE . . . . ...
Coaepxanve HaTpHMst M Kalusi B
NHLIC HWMeeT BaxKHOe 3HdYeHHe
LISt TPOQUIAKTHKY W JICUCHUS T'u-
MEPTOHHU . .

XKenezo v menn HeOﬁXO}lHMbl ans
CHHTE3a IeMOBBIX OEJIKOB .

306 —pesynwrar neduunra wWona
Kapwnec 3y6oB — BaxHas npoﬁ.neMd,
CBSI3aHHAs C MHUTaHHEM . . .
LIMHK M HEKOTOpbIE NPYrHE MHK-
PO3INEMEHTHI— HE3AMEHHMBIC KOM-
NMOHEHTRI MUIIH . .
C6anancupoBaHHBIH de[MOH non-
XeH OBITh MHOTOKOMIOHEHTHBIM
CrneuunasbHble ITHKETKM Ha NpPo-
NYKTaX MUTAHUs 3aLIULIAT HH-
Tepechl norpebureneit . . . .

Bonpochl u 3apaum . . .

Yacts IV.
XAHU3MEI

MOJEKYJIAPHbIE ME-
MNEPEJAYW T'EHETH-

YECKOW MH®OPMALIUMM . . .

Iaaea 27. JHK: crpykTypa Xpomocom u

27.1.

272

27.3.

27.4.

27.5.

I'eHOB

JHK W PHK BumonusoT pas-
Hble GYHKUHH .

HykneoTuameie equHHILI )IHK %
PHK copepxat cneundmueckue
OCHOBaHUSI W TEHTO3bI
Crnenyromue apyr 3a apyrom Hyl(-
JIEOTHUOBI  COENMHEHBI ¢oc¢o,uu-
3pUPHLIMH CBS3MH . . . .
JHK XpaHMT reHeTHYecKyro HH-
dopmaumo .

JHK pasubix BHIOB umeeT pda-

1053

833

834

835

836

838

838

839

840

840

841
842

842

844

844

845
847

849

852

853

855

856

857
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27.6.

27.7.

27.8.

279.

27.10.

27.11.

27.12.

2713

27.14.
27.15.

27.16.

27.17.
27.18.

27.19.

27.20.

27.21.

27.22.

27.23.

27.24.

27.25.

27.26.

27.27.

27.28.

JIMYHBIA  HYKJIEOTHMAMBIA  CcOCT4B
Yorcor ¥ Kpuk nocrynuposanu
monely nBodHON cnupann JIHK
Hykneotunnas  mocnenosaTtesib-
HocTh JIHK BhInonusier ¢gynkumto
MaTpHLIbL

JIBOHHBIE CNUpATH I[HK MoryT
NOABEPraThbCcsi ACHATYPaUHWH, T.€.
pacruieTaTecs .

Lenu JHK u3 msyx pa'JHle BH-
noB moryt obpazoBaTb mﬁpunbl
JHK-AHK .

Hexortoprie ¢u3uueckue cpoiicTba
asyxuenodeybix JIHK orpaxaror
COOTHOLLIEHHE B WX COCTaBe mnap
G=C u A=T . .o
HarusHeie Monekynel JIHK odens
XPYIKHE . .

Monekynel Bupycnou I[HK HMe-

0T OTHOCHTENLHO Hebonbinue
pa3Mepbl e
XpOMOCOMBI  MPOKAaPHOTHYECKHX
KIIETOK—3TO  €OMHWYHbIE OYeHb

anuHHble Monekyawl JIHK .
Konbuessie JIHK cBepxcnupanu-
30BaHBI .

Hekotoptie GaKrepuu CO)_‘[ep)KaT
AHK B BHie mnasmua .
DyKapHOTHYECKHE KIIETKH COAep-
*aT ropasgo Gonbue AHK, yem
NpOKapHOThI

DyKapHOTHYECKHe XpOMOCOMbI co-
CTOST U3 XpOMATHHOBBIX BOJIOKOH
I'ucTOHBI—3TO HebOoMbIlHE OCHOB-
Hule 6enkn .

JIHK-rucTOHOBBIE KOMILTIEKCHI 06-
pasyroT NOXOXHe Ha 6ycum<u HYK-
JleOCOMBI

DyKapuOTHYECKHE KITETKH couep-
XKaT TakkKe UUTOIUIA3MATHYECKYIO
JHK. ,

I'eHbI - 310 yliacncu I[HK KOTO-
pble KOAHWPYKT TIOJNMNENTHIHbIE
venu u PHK . .

B onHo# xpomocome cocpeuom-
4eHo 6onbLIOe YHCNO [EHOB .
Kakoro pa3mepa rener? . R
bakrepuanenas JIHK 3ammiiena
C NOMOLLIbIO CHCTEM PECTPHKUHH ~
MonupHKaumuy

DyKapHOTHYECKHE I[HK couep)KaT
MHOTOKPaTHO MOBTOPSIOLIHECH
NocnefoBaTeTbHOCTH  OCHOBAHHH
HekoTopble 3yKapHOTHYECKHE Te-
HbI NIPUCYTCTBYIOT BO MHOXECTBE
KOnwit .

3y|<apu0Tuliec1<ag HHK COﬂep)KMT
6onbl110e YHCITO NATHHAPOMOB .
MHorve 23ykapHOTHYeCKHE TeHbl

OI'NABNIEHUE

859

860

864

865

866

866

867

868

869
870

871

872
873

873

875

876

876

877

877

880

882

882

883

27.29.

COZlepXaT BCTABOYHbIE HETPAHCIIH-
pyeMble NOCNENOBATENBHOCTH (HH-
TPOHBI) . e e e
HykneoTuaHele  NOCneOOBATEb-
HoctH HekoTophix JIHK yxe pac-
muppoBabl

KpaTkoe conepxanve riasbl .
Bonpocer ¥ 3agauu .

Taaea 28. PeniMKaiuMss H TPaHCKPHILUMSA

28.1.
28.2.
28.3.
28.4.
285.

28.6.

28.7.

288.

28.9.

28.10.
28.11.

28.12.

28.13.

28.14.

28.15.

28.16.
28.17.

28.18.

28.19.

28.20.

28.21.

JHK

JHK pernnuumpyeTcs nonykoxcep-
BATHBHBIM CIIOCOBOM . .
Konbnepas JIHK peﬂJ‘lHHprCTCﬂ
B [BYX HampaBJIeHHAX . .

B aykapuornyeckux JIHK muoro
TOYEK Hayana pelUIMKauuH .
Hnorna JIHK pemnuuupyerca no
MeXaHU3MY «KaTALIETOCA KOJIbUa»
bakTepuanbHble IKCTpaKThI coOlEp-
xat JHK-nonumepasy .

Hna peficreusa JIHK-nonuMmepasnl
HeobxoouMa TpencyHLIeCTBYrOLIAA
JHK. . .

Hns pen.nmcauuu I[HK TpeﬁyeTCﬂ
MHOTO ¢epMEHTOB M 6enKOBBIX
¢akTopoB . .
B knetkax E. coli anCyTCTByl-OT
1pu JIHK-nonumepaser .
OnHoBpeMeHHas peTUIHKaLns oﬁe-
ux JIHK co3pgaer npobnemsr .
OTtkpbiTHe ¢parmenToB Oka3zaku
HAna cunTtesa ¢parmentoB Oka-
3akn Heobxonmma PHK-3aTpaska
dparmentbl OKa3aku COEOMHSAIOT-
Csl OpYyr ¢ ApYroM npH NOMOLIH
HAHK-nuraser .

Jlns pelnvkalunm HCOGXO[{HMO qm-
3MYecKoe pasfeNieHHe uened poau-
Teneckoi Apyxunenoyeunor JIHK
JHK-nonumepaser MOryT Haxo-
IHTb H HCOPABJATL OLUKOKH .
Pennukauus B 3YKapHOTHYECKHX
KJIeTKaX HpoTekaer ocobeHHO
CITOXHO .

Ienbl TpancxpuﬁupymTcn c oﬁpa-
3oBainemM PHK . . .o .
Martpuunbie PHK xoaupyroT mo-
JIMNENTHOHbIE LeNH . .
Martpuunas PHK cuHTeaupyeTcn
Py MOMOLIH I[HK-aaBucuMOM
PHK-nonuMmepass! .

Slopa 3ykapuOTHYECKHX KJIETOK CO-
nepxatr Tpu PHK-nonumepa3sn:
JHK-3aBucumyro PHK-nonume-
pa3y MoXHO u3bMpaTenbHO MHIH-
6uposarb

TpaHCKpHITTBI PHK npeTepneBa-
0T panbHelltve rpeBpaleHus

884

885
889
891

894

894
897
898
898

900

900

902
902

903
903

904

905

906

907

909
909

910

911

913

913

914



28.22.

28.23.
28.24.
28.25.

28.26.

28.27.

28.28.

Ieteporennnle sineprvie PHK cay-
KaT NpelIIeCTBENHUKAMU 3IVKa-
puoTHueckux mMartpuunbix PHK
W3  npemuecreennvkor MPHK
HONHBl OBITH ydasleHbl WHTPOHHI
Masnesie snepunie PHK nowmora-
0T . ynansTe uniponsl us PHK
3a nporeccoM  TPAHCKPHNUUK
MOxHO Habnronatn . L
Y PHK-conepwkaluvx  BHpycoB
JHK cunTeiBaeTcs upy nOMoLLH
oBpaTHOH TPAHCKPUNTA3LI
Hekoropuie Bupychble PHK pen-
JNMuMpyroTcst ¢ nomoueio PHK-
3aBucumoii PH K-nonumepasnr .
INonunyxneornadochopunaza no-
3BONRET OCYIUCCTBIIATL  CHHTE3
PHK-nonobHbIx noauMepoB ¢ He-
cneunduieckoi HYKIIEOTUIHOM MO-
CJ1eIOBATENLHOCTBIO

Kpartkoe copepxanue riasbl .
Bonpocel ¥ 3agayn . . - .

Tnaga 29. Cunrel Oenxa K erv peryns-

29.1.

29.2.
29.3.

294.

29.5.

29.6.

29.7.

29.8.

29.9.

29.10.

29.11.

29.12.

29.13.

s .

OTKpLITUS PAHHCTO llepuofa 3a-
JIOXKIK  OCIIOBY  HMCCJIE/(OBAHMIM
Buocunresa benka . . .
Cunrtes 6enka nporekaeT B NATH
OCHOBHBIX JT4NoB .

Jins akTUBaLUM AMMHOKMCJIOT He-
obxonumel 1PHK .
Amunoaumwt-tTPHK - cunterasni
npucoenvisiror ¥k TPHK cooTser-
CTBYOILYIO € AMHHOKHCIIOTY .
TPHK wurpaer pones anantopa .
CHHTe3 NOJMNENTHAHOM LIElH Ha-
yuHaeTcs ¢ N-kouua .
HMuuunupyroiteil aMHOKHCIOTOM y
TIpOKapHOT ciykuT N-hopmunme-
THOHHH, @ ¥ 3YKAPHOT — METUOHHUH
Pubocombl-9T0  MOsekynspubie
MAILUMHBI, [PEAHA3HAUCHHBIE 1A
CHHTE3a TMNOJMNENTHAHBIX Lenei
Huronnasmatuueckue pubocomsl
3YKapHOT HMeIoT 6ofee KpyMHble
pasmepnbl U 6onee CNOKHO yCTpPO-
€HHl . .
Wuunmauus cuuresza no.nunemuna
MPOUCXO,IMT B HECKOJILKO CTAIWM
JNOHrauMsa TMOJMIENTHAHON Le-
¥~ 3TO NOBTOPAIOLLMHCH IPOIIECC
Ilns TepMMHAaUMM CHHTE3a NOJH-
nenTHaa neobxo/lMM creuanbHbIR
CHIHAJ

Hna oﬁecneqeﬂuu TOYHOCTH 6en-
KOBOr o CHHTe3a Heobxonuma »iep-
rua .

Or'JIABJIEHUE

916
917
917

918

919

921

922

922
924

926

929

931

933

933

934

935

937

937

939

941

942

29.14.

29.15.

29.16.

29.17.

29.18,
29.19.

29.20.
29.21.
29.22.
29.23.
2924

29.25.
29.26.

29.27.

KpaTtkoe conepxanue rnassi .

[Nonupu6ocomMbl NO3BONAOT BBICT-
pO TPAHCIUPOBATb OOHY MATPHUY
NonunenTuaonble Leny npeTepne-
BalOT CBOpauMBAlve M Tpollec-
CHHT

HoBocuHTeaupoaaHHue 6e.m<u Ha-
NPABJISIOTCA K MECTY CBOEro Ha-
InayYeHus . . .

Cuntes benka MHruﬁupyeTcu pa3-
JNMYHLIMH aHTROHOTUKaMU . .
leneruyeckuit kol paciundpopan
IleneTnyeckuii kon obnagaer ps-
IOM  UHTEpPeCHBbIX OcOBeHHOCTEH
«Kadaunue» nossonser psiny TPHK
y3H4BaTh HECKOJIBKO KOLOHOB .
Bupycusie JIHK unorna conepxar
TeHbl BHYTDHM JIPYrHX [EHOB HIIM
NePEeKPHIBAFOLLIMECS TEHBI .

Cuntes Genka peryamupyercs .
Bakrepun cogepXat KOHCTHTYTHB-
HbIC H WHiuyLMpyeMble ¢depMenTsl
Y NpoKapuoT CYLIECTBYET TakKxke
penpeccust  pEPMEHTOB .
I'mnoTesza onepoHa . . . -
Monekynsl penpeccopa 6le1|4 BbI-
A€JIEHbE . . . . .

B onepounax umeercs euic npo‘
MOTOPHBI#l YYaCTOK .

Bonpockl ¥ 3anauy .

Tiasa 30. Eme o remax: penapaums, my-

30.1.

3o.2.

30.3.

304.

30.7.

30.8.
309.

1aUKH, pexoMOHHALKA H KJIO-
HHpOBaHHe . . .

B JHK nocrosHHO BO3HHKaIOT
NOBPEXNEHUS . .
VuacTku, noape)menuue non neii-
CIBUEM yNbLTPahHOJIETOBOTO M3y~
Yelus, MOryT ObITh BhIpe3albl M
HCTIPaBJIEHBI

Cnonrannoe aeMMmmpoaauue
LUMTO3MHA ¢ 0Bpa3oBaHHeM ypaiu-
Jla MOXeT 6nThL HCTIpaBneHo . .
TloBpexnenue, BLI3LIBAEMOE XHMH-
YECKUMU AreHTaMH OKpyXarollei
cpellbl, Takxke MOXeT OBITb Hc-
npaelleHo . . . . . .o
U3menenue oaHo#M napu OCHOBa-
Huil BLIZLIBAET TOYKOBYIO MyTa-
11712 e
BcraBku neneuuu Hymeonmoa
BBI3BIBAKOT MYT4LIKH CO COBHIOM
paMKH . . . . . . . .
MyTauum - o cnyyaiinbie, penkue
cobHITHSA B XH3HM HHAMBHAYYMOB
MHOI'Me MyTareHsl BRI3LIBAKOT Pak
["eHbl 4aCTO NpETEPNEBAKOT PEKOM-
OuHaumio

1055

942

943

945

946
948

949
950
952
953
954

955
955

957

958
960
962

964

964

965

966

968

969

971

972
972

974



1056 OTJNTABJIEHUE

30.10. Y4acTkH XpoMOCOMBI HacTo nepe- 30.20. PekomOunantHele JIHK v kioHu-
MelapTes . . . 977 POBaHHE I'€HOB OTKPLUTH HOBbIE

30.11. PasnoobOpasne aHTHMTEN - 3TO pe- HanpaBJIEHHR T€HETHUYECKHX HCClle-
3YJILTAT NEPEMEILEHHH H PEKOM- JOBaHHH . . 988
Gunanuit . . . . . . . . . 977 30.21. UccnenoBanue peKoMGMHaHTHblx

30.12. TeHbl W3 pasHbIX OpPraHU3MOB JAHK wumeer BaxHoe npakTuue-
MOXHO HCKYCCTBEHHLIM 06pd30M CKOE 3Ha4yeHue . . . . 989
o6beAuHUTL . . 980  30.22. OcywecrsieHo KJ'IOHHpOBaHHC re-

30.13. Ilifasmuabl u ar J'lﬂMGIIa cny)l(ar HOB HHTepdepoHoB . . . . . . 990
BeKTOpaMu JUis BBeacHUs B Gak- Kpatkoe copepxanue rnapel . . . . 990
TEPHIO YYXKEPO/AHBIX TeHOB . . . 982  Bonpochl W 3amaum . . . oo . 992

30.14. BoiaeneHne TreHOB U noJydeHue Hpusonceriue A. Oﬁomaqennn e THHHL,
kAJHK . . . . . 983 NPHCTABKHA, KOHCTAHTHI

30.15. KoHcrpyupoBauue Bel(TOpa Hecy- A ko3pdaunenTsl nepe-
Iero red . . . .. 985 cueta. . . . . . . 994

30.16. BcrpauBaHue «Hal‘py)l(eHHblx» Hpusoncenue B. AToMHam macca  3Je-
M1a3MHa B XpOMOCOMY . . . 985 MEHTOB . . . . . . 995

30.17. KnonupoBanue xk IHK MOXHO uc- Hpusvnceriue B. Jlorapadmer . . . . 996
Nojib30BaTh [UTA NOMCKAa COOTBET- Ipunoncenue I'. OrBernr . . . - . 998
CTBYIOLIHX NPHPOAHBLIX T€HOB . . 987  Mpusoncenue [1. CnoBaps Tepmnnon .. 1007

30.18. Dkcnpeccust KJIOHMPOBaMHbIX TIe- MmenHo# ykasatenb. . . . - . . . 1023
HOB YCHJTHBAETCH € NOMOLBIO Npo- IMpeaMeThbid ykazatenb . . - . . . 1025
MoTopa . . . . 987  Vkazaten, naTMHCKMX HasBawWii . . . 1051

30.19. MHoruve remnnl yxe KJ‘IOHHpOBaHbl
B pAa3/IMYHBIX KJeTKax-Xo3sepax 988

AmbGept J1. JlenHumxep

OCHOBB! BUOXUMHUHU
Tom 3

Hayuneiii pepaktop T.W. Nonomapesa
M. nayynbi penaktop 3. B. Conneprunckas
Xynoxauk I'. A lllunos
XynoxecteenHblii pepaktop A. 5. MycuH
Texnuyeckuri penaktop K. . Bonoauna
Koppektop T.I1. INawxosckas

HUB N 4079

Cpano B nabop 17.01.85. INoanucaHo ¥ neyatw 3.12.85.

®opmat 70 x 100"/,¢. Bymara odcetnas Ne 1. IMe-

yath ofpcetHan. Tapuutypa Taiimc. O6pem 10,0 Gym.

5. Yeo. ney. 1. 26,0. Yen kp.-ott. 48,10. Yy u3p a1 30,35.

Han. N 4/3306. Tupax 25000 9k3. 3ax. 59. lLlena
2 p. 50 k.

U3AATEJILCTBO «MUP»
129820, I'CIN, Mocksa, 1110, 1-it Puxckuil nep., 2.

Moxaiickuin  nonurpadkombunatr  Corosnonurpad-
npoma nNpu INocynapctBenHoM xomutete CCCP
N0 JefldM M3AaTeNbCTB, Nonurpaduu ¥ KHUKHOH

TOPrOBJIH.
r. Moxatick, yn1. Mupa, 93.



