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PREFACE

The Wiley Biotechnology Encyclopedias, composed of the Ency-
clopedia of Molecular Biology, the Encyclopedia of Bioprocess
Technology: Fermentation, Biocatalysis, and Bioseparation,
the Encyclopedia of Cell Technology, and the Encyclopedia of
Ethical, Legal, and Policy Issues in Biotechnology, cover very
broadly four major contemporary themes in biotechnology.
The series comes at a fascinating time in that as we move into
the twenty-first century, the discipline of biotechnology is
undergoing striking paradigm changes.

Biotechnology is now beginning to be viewed as an in-
formational science. In a simplistic sense, there are three
types of biological information. First, there is the digital or
linear information of our chromosomes and genes, with the
four-letter alphabet composed of G, C, A, and T (the bases
Guanine, Cytosine, Adenine, and Thymine). Variation in the
order of these letters in the digital strings of our chromosomes
or our expressed genes (or mRNAs) generates information
of several distinct types: genes, regulatory machinery, and
information that enables chromosomes to carry out their tasks
as informational organelles (eg, centromeric and telomeric
sequences).

Second, there is the three-dimensional information of
proteins, the molecular machines of life. Proteins are strings
of amino acids employing a 20-letter alphabet. Proteins pose
four technical challenges: (i) Proteins are synthesized as linear
strings and fold into precise three-dimensional structures as
dictated by the order of amino acid residues in the string. Can
we formulate the rules for protein folding to predict three-
dimensional structure from primary amino acid sequence? The
identification and comparative analysis of all human and model
organism (bacteria, yeast, nematode, fly, mouse, etc.) genes
and proteins will eventually lead to a lexicon of motifs that are
the building block components of genes and proteins. These
motifs will greatly constrain the shape space computational al-
gorithms must search to successfully correlate primary amino
acid sequence with the correct three-dimensional shapes. The
protein-folding problem will probably be solved within the
next 10 to 15 years. (ii) Can we predict protein function from
knowledge of the three-dimensional structure? Once again the
lexicon of motifs with their functional as well as structural
correlations will play a critical role in solving this problem. (iii)
How do the myriad of chemical modifications of proteins (eg,
phosphorylation, acetylation) alter their structures and modify
their functions? The mass spectrometer will play a key role
in identifying secondary modifications. (iv) How do proteins
interact with one another and/or with other macromolecules
to form complex molecular machines (eg, the ribosomal sub-
units)? If these functional complexes can be isolated, the mass

spectrometer, coupled with a knowledge of all protein sequences
that can be derived from the complete genomic sequence of the
organism, will serve as a powerful tool for identifying all the
components of complex molecular machines.

The third type of biological information arises from com-
plex biological systems and networks. Systems information is
four-dimensional because it varies with time. For example, the
human brain has 1012 neurons making approximately 1015
connections. From this network arises systems properties
such a memory, consciousness, and the ability to learn. The
important point is that systems properties cannot be under-
stood from studying the network elements (eg, neurons) one at
a time; rather, the collective behavior of the elements needs to
be studied together. To study most biological systems, three
issues need to be stressed. First, most biological systems are
too complex to study directly; therefore they must be divided
into tractable subsystems whose properties in part reflect
those of the system. These subsystems must be sufficiently
small to analyze all their elements and connections. Second,
high-throughput analytic or global tools are required for study-
ing many systems elements at one time (see below). Finally,
the systems information needs to be modeled mathematically
before systems properties can be predicted and ultimately
understood. This will require recruiting computer scientists
and applied mathematics into biology—just as the attempts to
decipher the information of complete genomes and the protein
folding and structure/function problems have required the
recruitment of computational scientists.

I would be remiss not to point out that there are many other
molecules that generate biological information—amino acids,
carbohydrates, lipids, etc. These too must be studied in the
context of their specific structures and specific functions.

The deciphering and manipulation of these various types of
biological information represent an enormous technical chal-
lenge for biotechnology. Yet major new and powerful tools for
doing so are emerging.

One class of tools for deciphering biological information is
termed high-throughput analytic or global tools. These tools
can study many genes or chromosome features (genomics),
many proteins (proteomics), or many cells rapidly: large-scale
DNA sequencing; genome-wide genetic mapping; ¢cDNA or
oligonucleotide arrays; two-dimensional gel electrophoresis and
other global protein separation technologies; mass spectromet-
ric analysis of proteins and protein fragments; multiparameter,
high-throughput cell and chromosome sorting; and high-
throughput phenotypic assays.

A second approach to the deciphering and manipulation of
biological information centers around combinatorial strate-



gies. The basic idea is to synthesize an informational string
(DNA fragments, RNA fragments, protein fragments, antibody
combining sites, etc.) using all combinations of the basic letters
of the corresponding alphabet—thus creating many different
shapes that can be used to activate, inhibit, or complement the
biological functions of designated three-dimensional shapes
(eg, a molecule in a signal transduction pathway). The power of
combinational chemistry is just beginning to be appreciated.

A critical approach to deciphering biological information
will ultimately be the ability to visualize the functioning of
genes, proteins, cells, and other informational elements within
living organisms (in vivo informational imaging).

Finally, there are the computational tools required to col-
lect, store, analyze, model, and ultimately distribute the var-
ious types of biological information. The creation presents a
challenge comparable to that of developing of new instrumen-
tation and new chemistries. Once again, this means recruit-
ing computer scientists and applied mathematicians to biology.
The biggest challenge in this regard is the language barriers
that separate different scientific disciplines. Teaching biology
as an informational science has been a very effective means for
breeching these language barriers.

The challenge is, of course, to decipher these various types
of biological information and then be able to use this infor-
mation to manipulate genes, proteins, cells, and informational
pathways in living organisms to eliminate or prevent disease,
produce higher yield crops, or increase the productivity of ani-
mal products and meat.

Biotechnology and its applications raise a host of social, eth-
ical, and legal questions; for example, genetic privacy, germline
genetic engineering, cloning animals, genes that influence
behavior, cost of therapeutic drugs generated by biotechnol-
ogy, animal rights, and the nature and control of intellectual
property.

The challenge clearly is to educate society so that each cit-
izen can thoughtfully and rationally deal with these issues,
for ultimately society dictates the resources and regulations
that circumscribe the development and practice of biotechnol-
ogy. Ultimately, I feel enormous responsibility rests with sci-
entists to inform and educate society about the challenges as
well as the opportunities arising from biotechnology. These
are critical issues for biotechnology that are developed in de-
tail in the Encyclopedia of Ethical, Legal, and Policy Issues in
Biotechnology.

The view that biotechnology is an informational science
pervades virtually every aspect of this science—including
discovery, reduction to practice, and societal concerns. These
Encyclopedias of Biotechnology reinforce the emerging in-
formational paradigm change that is powerfully positioning
science as we move into the twenty-first century to more
effectively decipher and manipulate for humankind’s benefit
the biological information of relevant living organisms.

Leroy Hoop
University of Washington
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COMMONLY USED ACRONYMS

AND ABBREVIATIONS

A angstrom (1071° m) G
Ab antibody G
Ac acetyl group G-protein
ADP adenosine diphosphate GABA
Ala alanine residue (also A) GalNAc
AMP adenosine monophosphate GdmCl
Arg arginine residue (also R) GDP
Asn asparagine residue (also N) Gle
Asp aspartic acid residue (also D) GlecNAc
ATP adenosine triphosphate Gln
ATPase adenosine triphosphatase Glu

Gl
Bq becquerel Glg[P
bp base-pair GSH
BSA bovine serum albumin GSSG

. GTP

C cytosine base GTPase
cal calorie (4.18 J)
cAMP 3',5'-cyclic AMP H
CD circular dichroism h
CoA coenzyme A His
cDNA complementary DNA HLA
cGMP 3',5'-cyclic GMP HPLC
Cmec critical micelle concentration Hz
Cys cysteine residue (also C)

IEF
Da dalton
DMSO dimethyl sulfoxide Ile
DNA deoxyribonucleic acid Ins
DNase deoxyribonuclease IR
DTT dithiothreitol

J
EDTA ethylenediamine tetraacetic acid
EG [ethylenebis(oxonitrilo)] tetraacetic acid K
EGF epidermal growth factor k
ELISA enzyme-linked immunosorbent assay K,
EM electron microscopy K,
EPR, ESR electron paramagnetic (or sign) resonance K
ER endoplasmic reticulum K
EXAFS extended X-ray absorption fine structure kb

keal
FAD flavin-adenine dinucleotide kDa
fMet N-formyl methionine
FMN flavin mononucleotide LDL
FPLC fast protein liquid chromatography Leu

Lys

xiii

Gibbs free energy of a system

guanine base

guanine-nucleotide binding regulatory protein
g-aminobutyric acid

N-acetylgalactosamine residue )
guanidinium chloride (guanidine hydrochloride)
guanosine diphosphate

glucose residue

N-acetylglucosamine residue

glutamine residue (also Q)

glutamic acid residue (also E)

glycine residue (also G)

guanoine monophosphate

glutathione, thiol form

glutathione, disulfide form

guanosine triphosphate

guanosine triphosphatase

enthalpy of a system

hour

histidine residue (also H)
histocompatibility locus antigen
high pressure liquid chromatography
hertz, frequency

isoelectric focusing IgG, IgA, IgM, etc.
immunoglobuin G, A, M. etc.

isoleucine residue (also I)

inositol residue

infrared

joule

degrees Kelvin, absolute temperature

rate constant for a specified reaction
association constant

dissociation constant

equilibrium constant for a specified reaction
Michaelis constant

kilobases

kilocalorie (4.18 kJ)

kilodalton

low density lipoprotein
leucine residue (also L)
lysine residue (also K)



xiv COMMONLY USED ACRONYMS AND ABBREVIATIONS

Met
MHC
min
mol

mRNA
MS
mtDNA
Mur
MurNAc

NAD*
NADH
NADP*

NADPH

NMR

PAGE
PBS
PCR
PEG
pH

Phe
P,

PP,
p-p-m.

RNA

meter

monoclonal antibody
methionine residue (also M)
major histocompability locus
minute

mole

relative molecular mass
messenger RNA

mass spectroscopy
mitochondrial DNA
muramic acid residue
N-acetylmuramic acid residue

nicotinamide adenine dinucleotide (oxidized)

nicotinamide adenine dinucleotide (reduced)

nicotinamide adenine dinucleotide phosphate
(oxidized)

nicotinamide adenine dinucleotide phosphate
(reduced)

nuclear magnetic resonance

polyacrylamide gel electrophoresis

phosphate-buffered saline

polymerase chain reaction

polyethylene glycol

negative logarithm of hydrogen ion
concentration

phenylalanine residue (also F)

inorganic phosphate

inorganic pyrophosphate

parts per million

proline residue (also P)

gas constant (8.21451 J/(K' mol~1))
radioimmunoassay
ribonucleic acid

RNase

ribonuclease
ribonucleoprotein
ribosomal RNA

entropy of a system

Svedberg sedimentation unit (10722 s)
second

sedimentation coefficient

sodium dodecyl sulfate

small nuclear RNA

signal recognition particle

temperature

thymine residue

transcription factor

threonine residue (also T)

midpoint of temperature induced transition
tris(hydroxymethyl) aminomethane
transfer RNA

tryptophan residue (also W)

thymidine triphosphate

tyrosine residue (also Y)

uracil residue

uridine diphosphate
uridine monophosphate
uridine triphosphate
ultraviolet

volume
maximum enzyme catalyzed velocity
valine residue (also V)

wild-type

xylose residue



CONVERSION FACTORS

SI Units (Adopted 1960)

The International System of Units (abbreviated SI), is being implemented throughout the world. This measurement system is a modernized version
of the MKSA (meter, kilogram, second, ampere) system, and its details are published and controlled by an international treaty organization
(The International Bureau of Weights and Measures) (1).

SI units are divided into three classes:
BASE UNITS
length

mass
time
electric current
thermodynamic temperature*
amount of substance
luminous intensity

~

SUPPLEMENTARY UNITS

plane angle
solid angle

meter’ (m)
kilogram (kg)
second (s)
ampere (A)
kelvin (K)
mole (mol)
candela (cd)

radian (rad)
steradian (sr)

DERIVED UNITS AND OTHER ACCEPTABLE UNITS

These units are formed by combining base units, supplementary units, and other derived units (2—4). Those derived units having special names

and symbols are marked with an asterisk in the list

below.

Quantity Unit Symbol Acceptable equivalent
*absorbed dose gray Gy J/kg
acceleration meter per second squared m/s?
*activity (of a radionuclide) becquerel Bq 1/s
area square kilometer km?
square hectometer hm? ha (hectare)
square meter m?
concentration (of amount of substance) mole per cubic meter mol/m?
current density ampere per square meter A/m?
density, mass density kilogram per cubic meter kg/m® g/L; mg/cm®
dipole moment {quantity) coulomb meter Cm

tThe spellings “metre” and “litre” are preferred by ASTM; however, “-er” is used in the Encyclopedia.

+Wide use is made of Celsius temperature (f) defined by

where T is the thermodynamic temperature, expressed in kelvin, and Tp = 273.15 K by definition. A temperature interval may be expressed in degrees Celsius

as well as in kelvin.

t=T-Tp

-
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Quantity Unit Symbol | Acceptable equivalent
*dose equivalent sievert Sv J/kg
*electric capacitance farad F Cc/V
*electric charge, quantity of electricity coulomb C Ass
electric charge density coulomb per cubic meter C/m’
*electric conductance siemens S A/V
electric field strength volt per meter V/m
electric flux density coulomb per square meter C/m?
*electric potential, potential difference, volt v W/A
electromotive force
*electric resistance ohm Q V/A
*energy, work, quantity of heat megajoule MJ
kilojoule kJ
joule J N'm
electronvolt' Al
kilowatt-hour' kW-h'
energy density joule per cubic meter J/m?
*force kilonewton kN
newton N kg:m/s?
*frequency megahertz MH:z
hertz Hz 1/s
heat capacity, entropy joule per kelvin J/K
heat capacity (specific), specific entropy joule per kilogram kelvin J/(kg'K)
heat-transfer coefficient watt per square meter kelvin W/(m*K)
*illuminance lux Ix Im/m?
*inductance henry H Wb/A
linear density kilogram per meter kg/m
luminance candela per square meter cd/m?
*luminous flux lumen Im cd-sr
magnetic field strength ampere per meter A/m
*magnetic flux weber Wb Vs
*magnetic flux density tesla T Wb/m?
molar energy joule per mole J/mol
molar entropy, molar heat capacity joule per mole kelvin J/(mol-K)
moment of force, torque newton meter N'm
momentum kilogram meter per second kg'm/s
permeability henry per meter H/m
permittivity farad per meter F/m
*power, heat flow rate, radiant flux kilowatt kW
. watt w J/s
power density, heat flux density, watt per square meter W/m?
irradiance
*pressure, stress megapascal MPa
kilopascal kPa
pascal Pa N/m?
sound level decibel dB
specific energy joule per kilogram J/kg
specific volume cubic meter per kilogram m’/kg
surface tension newton per meter N/m
thermal conductivity watt per meter kelvin W/(m-K)
velocity meter per second m/s
kilometer per hour km/h
viscosity, dynamic pascal second Pas
millipascal second mPa-s
viscosity, kinematic square meter per second m?/s
square millimeter per second mm?/s
volume cubic meter m’
cubic diameter dm’ L (liter) (5)
cubic centimeter cm® mL
wave number 1 per meter m~!
1 per centimeter cm™!

*This non-SI unit is recognized by the CIPM as having to be retained because of practical importance or use in specialized fields (1).
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In addition, there are 16 prefixes used to indicate order of magnitude, as follows:

Multiplication factor Prefix Symbol Note
108 exa E
10% peta P
10%2 tera T
10° giga G
10 mega M
10° kilo k
10? hecto h’ “Although hecto, deka, deci, and centi are SI prefixes, their use
10 deka da’ should be avoided except for:SI unit-multiples for area and
107! deci d’ volume and nontechnical use of centimeter, as for body and
1072 centi c® clothing measurement.
1072 milli m
10~6 micro u
107° nano n
10712 pico p
1075 femto f
10718 atto a

For a complete description of SI and its use the reader is referred to ASTM E380 (4).

A representative list of conversion factors from non-SI to SI units is presented herewith. Factors are given to four significant figures. Exact

relationships are followed by a dagger. A more complete list is given in the latest editions of ASTM E380 (4) and ANSI Z210.1 (6).

Conversion Factors to SI Units

*See footnote on p. xvi.

To convert from To Multiply by
acre square meter (m?) 4,047 x 10°
angstrom meter (m) 1.0 x 10710t
are square meter (m?) 1.0 x 10*
astronomical unit meter (m) 1.496 x 10"
atmosphere, standard pascal (Pa) 1.013 x 10°
bar pascal (Pa) 1.0 x 10°
barn square meter (m?) 1.0 x 10728
barrel (42 U.S. liquid gallons) cubic meter (m®) 0.1590
Bohr magneton (1) J/T 9.274 x 10~ %
Btu (International Table) joule (3) 1.055 x 10°
Btu (mean) joule (J) 1.056 x 10° -
Btu (thermochemical) joule (J) 1.054 x 10°
bushel . cubic meter (m®) 3.524 x 1072
calorie (International Table) joule (J) 4.187
calorie (mean) joule (J) 4.190
calorie (thermochemical) joule (J) 4.184"
centipoise pascal second (Pa-s) 1.0 x 1073
centistokes square millimeter per second (mm?/s) 1.0
cfm (cubic foot per minute) cubic meter per second (m? /s) 472 x 1074
cubic inch cubic meter (m®) 1.639 x 1073
cubic foot cubic meter (m®) 2.832 x 1072
cubic yard cubic meter (m®) 0.7646
curie becquerel (Bq) 3.70 x 10
debye coulomb meter (C-m) 3.336 x 10730
degree (angle) radian (rad) 1.745 x 1072
"denier (international) kilogram per meter (kg/m) 1.111 x 1077

tex! 0.1111
dram (apothecaries’) kilogram (kg) 3.888 x 1073
dram (avoirdupois) kilogram (kg) 1.772 x 1073
dram (U.S. fluid) cubic meter (m®) 3.697 x 107¢
dyne newton (N) 1.0 x 1075%
dyne/cm newton per meter (N/m) 1.0 x 1073t
electronvolt joule (7) 1.602 x 10~
erg joule (J) 1.0 x 1077
TExact.
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To convert from To Multiply by
fathom meter (m) 1.829
fluid ounce (U.S.) cubic meter (m*) 2.957 x 10~°
foot meter (m) 0.3048"
footcandle lux (Ix) 10.76
furlong meter (m) 2012 x 1072
gal meter per second squared (m/s*) 1.0 x 1072
gallon (U.S. dry) cubic meter (m®) 4405 x 1072
gallon (U.S. liquid) cubic meter (m®) 3.785 x 1073
gallon per minute (gpm) cubic meter per second (m®/s) 6.309 x 1073

cubic meter per hour (m®/h) 0.2271

gauss tesla (T) 1.0 x 1074
gilbert ampere (A) 0.7958
gill (U.S.) cubic meter (m®) 1.183 x 10~*
grade radian 1.571 x 1072
grain kilogram (kg) 6.480 x 1073
gram force per denier newton per tex (N/tex) 8.826 x 10™2
hectare square meter (m?) 1.0 x 104
horsepower (550 ft-1bf/s) watt (W) 7.457 x 10?
horsepower (boiler) watt (W) 9.810 x 10°
horsepower (electric) watt (W) 7.46 x 10*
hundredweight (long) kilogram (kg) 50.80
hundredweight (short) kilogram (kg) 45.36
inch meter (m) 254 x 107
inch of mercury (32°F) pascal (Pa) 3.386 x 10°
inch of water (39.2°F) - pascal (Pa) 2491 x 10?
kilogram-force newton (N) 9.807
kilowatt hour megajoule (MJ) 3.6"
kip newton (N) 4.448 x 10°
knot (international) meter per second (m/S) 0.5144
lambert candela per square meter (cd/ m®) 3.183 x 10°
league (British nautical) meter (m) 5.559 x 10°
league (statute) meter (m) 4.828 x 10°
light year meter (m) 9.461 x 10"
liter (for fluids only) cubic meter (m®) 1.0 x 1073
maxwell weber (Wb) 1.0 x 1078
micron meter (m) 1.0 x 1076*
mil meter (m) 2.54 x 10~
mile (statute) meter (m) 1.609 x 10°
mile (U.S. nautical) meter (m) 1.852 x 10°
mile per hour meter per second (m/s) 0.4470
millibar pascal (Pa) 1.0 x 10?
millimeter of mercury (0°C) pascal (Pa) 1.333 x 10*
minute (angular) radian 2909 x 104
myriagram kilogram (kg) 10
myriameter kilometer (km) 10
oersted ampere per meter (A/m) 79.58
ounce (avoirdupois) kilogram (kg) 2.835 x 1072
ounce (troy) kilogram (kg) 3.110 x 1072
ounce (U.S. fluid) cubic meter (m®) 2957 x 1073
ounce-force newton (N) 0.2780
peck (U.S.) cubic meter (m®) 8.810 x 1073
pennyweight kilogram (kg) 1.555 x 1072
pint (U.S. dry) cubic meter (m®) 5.506 x 10~*
pint (U.S. liquid) cubic meter (m®) 4732 x 1074
poise (absolute viscosity) pascal second (Pa-s) 0.10"
pound (avoirdupois) kilogram (kg) 0.4536
pound (troy) kilogram (kg) 0.3732
poundal newton (N) 0.1383
pound-force newton (N) 4.448
pound force per square inch (psi) pascal (Pa) 6.895 x 10°
quart (U.S. dry) cubic meter (m®) 1.101 x 1073
quart (U.S. liquid) cubic meter (m®) 9.464 x 10™*
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To convert from To Multiply by

quintal kilogram (kg) 1.0 x 10%
rad gray (Gy) 1.0 x 1072
rod meter (m) 5.029
roentgen coulomb per kilogram (C/kg) 258 x 107*
second (angle) radian (rad) 4.848 x 10~
section square meter (m”) 2.590 x 108
slug kilogram (kg) 14.59
spherical candle power lumen (Im) 12.57
square inch square meter (m?) 6.452 x 10~
square foot square meter (m?) 9.290 x 1072
square mile square meter (m?) 2.590 x 10°
square yard square meter (m%) 0.8361
stere cubic meter (m®) 1.0t
stokes (kinematic viscosity) square meter per second (m?/s) 1.0 x 1074
tex kilogram per meter (kg/m) 1.0 x 10”5t
ton (long, 2240 pounds) kilogram (kg) 1.016 x 10°
ton (metric) (tonne) kilogram (kg) 1.0 x 10*
ton (short, 2000 pounds) kilogram (kg) 9.072 x 10?
torr pascal (Pa) 1.333 x 10?
unit pole weber (Wb) 1.257 x 10”7
yard meter (m) 0.91441

Exact.
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A-DNA

A-DNA was first recognized as a DNA structure using fiber X-ray diffraction analysis. B-DNA can
be converted to A-DNA under conditions of low hydration, and the process is reversible. The A-
DNA double helix is short and fat, with the base pairs and backbone wrapped farther away from the
helix axis (see Fig. 2 of DNA Structure). The base pairs are significantly tilted (~19°) with respect to
the helix axis. The major groove has a very narrow width of ~3 A and a depth of ~13 A, whereas the
minor groove has a broad width of 11 A and a shallow depth of 3 A. The base pairs also display a
minor propeller twist.

There is increasing evidence that A-DNA may play an important role in biological processes such as
protein recognition and transcription regulation, as in the TATA-box sequence bound with the
TATA-box binding proteins (1, 2). There is a sequence-dependent propensity to form A-DNA.
Guanine-rich regions readily form A-DNA, whereas stretches of adenine resist it. The crystal
structures of DNA oligonucleotides having guanine-rich sequences showed a characteristic
intrastrand guanine—guanine stacking interaction in the A-DNA double helix, which may explain the
propensity of these sequences to adopt the A-DNA conformation. Moreover, the packing of the
helices in the crystal lattice revealed a characteristic pattern of the terminal base pairs from one helix
abutting the minor groove surface of the neighboring helix, thus minimizing the accessibility of
solvent to the wide minor groove. Since a low humidity environment favors formation of A-type
helix, the displacement of surface solvent molecules by hydrophobic base pairs provides a driving
force in stabilizing short oligonucleotides in the A-DNA conformation. Recently, it has been
demonstrated that complex ions such as spermine, cobalt(IlI)hexamine, and neomycin can facilitate
the B-DNA to A-DNA transition for D