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The folding of hen lysozyme involves partially
structured intermediates and muitiple

pathways

Sheena E. Radford’, Christopher M. Dobson™ & Philip A. Evans®

* Oxford Centre for Molecular Sciences and Inorganic Chemistry Laboratory, University of Oxford, South Parks Road, Oxford OX1 3QR, UK
+ Cambridge Centre for Molecular Recognition and Department of Biochemistry, University of Cambridge, Tennis Court Road, Cambridge CB2 1QW, UK

Analysis of the folding of hen lysozyme shows that the protein does not become organized in a single
cooperative event but that different parts of the structure become stabilized with very different
kinetics. In particular, in most molecules the «-helical domain folds faster than the p-sheet domain.
Furthermore, different populations of molecules fold by kinetically distinct pathways. Thus, folding
is not a simple sequential assembly process but involves parallel alternative pathways, some of
which may involve substantial reorganization steps.

UNDERSTANDING how a globular protein folds requires
detailed characterization of partially organized intermediates
formed during the folding process. Information about such
species is becoming available through studies of disulphide
formation in oxidative refolding'?, protection from hydrogen
exchange®®, the effects of amino-acid substitutions”, stable
partially folded states'®!? and peptide analogues of folding
intermediates'*'®. Nonetheless, no clear unifying view of the
nature of folding mechanisms has yet emerged and uncertainties
remain over several fundamental issues.

Here we describe a detailed study of the refolding of hen
lysozyme. The thermodynamics and kinetics of folding of this
protein under equilibrium conditions accord well with a cooper-
ative two-state model'®'. Under conditions far from equili-
brium, however, refolding occurs in at least two stages, acquisi-
tion of a native-like far ultraviolet (UV) circular dichroism (CD)
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spectrum preceding formation of the tertiary structure, as
monitored by near-UV CD'"', In addition, a very fast phz%se
has been detected by tryptophan absorption measurements” .
These results suggest transient population of partially folded
intermediates but their detailed interpretation requires com-
plementary information about the behaviour of individual
residues, such as can be obtained from hydrogen—exchan%e
labelling techniques®®!, Using a variant of these experiments™
based on competition between the exchange and folding pro-
cesses, we have recently confirmed the existence of folding
intermediates for hen lysozyme and demonstrated that the tW0
structural lobes that characterize the native structure are also
distinct folding domains?2, Here we describe pulsed hydrogen
exchange labelling experiments, using nearly half of the .12
amide hydrogens in the molecule as probes of refolding,
and stopped-flow CD measurements in both far- and near-U
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spectral regions. The combination of these data has allowed us
to construct a detailed analysis of events during refolding.

Evidence for partially folded intermediates

Figure 1 shows the results of pulsed labelling experiments
obtained for individual amides, grouped according to their
distribution in the native state secondary structure. If folding
occurred by a simple two-state mechanism all the curves would
be coincident. The fact that this is not the case demonstrates
unequivocally that partially structured intermediates are popu-
lated during folding.

The different labelling curves are not only distinct for the
different sets of amides, they are also not monophasic. Each
curve was modelled well by a sum of two exponentials (Fig. 1
and Table 1). The rates of the fast phases show no very clear
pattern (time constant (7) =74 ms) but those of the slower
phases fall qualitatively into two groups, differing in their
average time constant by a factor of about 4. The more rapidly
protected group (<100 ms) comprises amides in the four a-
helical segments, the 3'° helix close to the C terminus of the
protein, and three amides, Trp 63, Cys 64 and Ile 78, which lie
in the loop region in the native enzyme. With the exception of
the last group, these structural elements all occur in one of the
two lobes of the native conformation, which we shall call the
a-domain (Fig. 2). In contrast, amides protected more slowly

FIG. 1 Time courses for the protection
of amides from exchange during the
refolding of hen lysozyme. The curve
drawn represents the average of a two
exponential fit to the time course for
individual amides in each native secon-
dary structural element, In the case of
the loop region, two averages are

Helix A

drawn, one for Trp 63, Cys 64 and lle
78 and another for the remainder.

METHODS. Experiments were done at
20 °C using a Biologic QFMS5 rapid mix-
ing quench flow apparatus. Lysozyme
(20 mg ml™*) was Initially dissolved in
6 M guanidine deuterochloride in D0
at pH 6.0, leading to complete denatur-
ation and substitution of all exchange-
able hydrogens by deuterium. Refolding
was initiated by dilution of this solution

v
120

80

-

Proton occupancy (%)

10-fold into 20 mM sodium acetate, pH 0
5.5 in H,0. At the resulting pH of 5.2
the half life for amide exchange is
about 16 s (ref. 32) so that negligible
labelling occurred during this phase.
After variable refolding times (3.5-
2000ms) the solution was diluted
again with a volume 5 times that of

the initial protein solution of 0.2M s
sodium borate, pH10.0. This initiated :
labelling at a pH of 8.5. After 84 ms Gorﬂ PR AR R R

the labelling pulse was terminated by

further dilution, with a volume again 5

times that of the initial volume of pro-

tein solution, of 0.5M acetic acid in Hy0. The final pH was abput 40, at
which exchange in the native protein of the 49 amides studied is very
slow?®, A sixfold lower protein concentration during refolding had no effect
on the observed rates of protection, confirming that intermolecular associ-
ations, if present, are not kinetically significant. Protein samplgs were
concentrated and the buffer exchanged for 40 mM deutera.ted soglum acs-
tate, pH 3.8 in D,0 by ultrafiltration at 4 °C. For the zero time point (199/,
labelling) a solution of lysozyme in the same buffer and jsotopic composmgn
as in the labelling phase of the refolding experiment was hgated to 89 C
for 10 min, causing complete exchange of all amides by revgrsble gnfoldlng.
The sample was then treated identically as for the other time pomts. T!1IS
made correction for the residual deuterium content of the labelling solution
unnecessary, A phase-sensitive COSY spectrum of each sample was recor-
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(7>100 ms) are located, with the single exception of Asn 27,
in the other structural domain, which we designate the -
domain, comprising a short double-stranded and a longer triple-
stranded B sheet, a 3'° helix and a long loop.

The same qualitative distinction also extends to the amplitudes
of the kinetic phases. For amides in the a-domain, the fast phase
constitutes some 40+ 12% of the total whereas in the 8-domain
the corresponding amplitude is only 24+ 6%. This compounds
the difference in kinetics of the second phase to ensure that
protection of the B-domain is substantially slower overall, thus
accounting for the pattern of labelling observed when the refold-
ing of lysozyme was examined by the competition method?*.

Tertiary interactions and folding domains

The similar protection curves for nearly all amides in the a-
domain could, in principle, mean that individual helices form
as persistent structures independently but simultaneously.
However, the coincidence of both kinetic phases makes this
seem unlikely. A more plausible explanation is that the protec-
tion from exchange monitors stabilization of the rapidly formed
helices by side-chain interactions, and hence that these amide
probes actually monitor formation of the domain core, albeit
perhaps in an embryonic form. This is consistent with the
protection of two amides not directly involved in secondary
structure, Leu 17 and Tyr 23 which lie in the loop linking helices

Helix D

40 40
.
20 $ 20
el T T T T 1 OI T T T T A)
0 40 80 120 160 200 40 80 120 160 200
310 hglix (79-84)
‘}’S o
RERRE
60 B E
H Ty
40 8
20
0+ Ty T 1 0~ 7 T Ty 1
0 40 80 120 160 200 0 40 80 120 160 200

Trp 111 indole
100

80
60
40
20 <

O
0 40

Loop (61-78)

80 120 160 200

Y
40

T T T 1 0
80 120 160 200 0

Time {ms)

ded on a 500 MHz GE/Nicolet spectrometer at 35 °C. 256 increments over
1,024 complex points and 32 transients were collected. Data were processed
using the FTNMR program of Dennis Hare (Hare Research Inc.) on a SUN
computer. Final digital resolution was 1.7 Hz per point. Acquisition and
processing of each spectrum was identical. The intensities of the CaH-NH
cross-peaks in each spectrum were taken as the sum of the absolute vaiues
of the four phase-sensitive components. These were normalized using the
sum of the eight phase-sensitive peaks associated with the Tyr 23 and Tyr
53 C8H-CeH cross-peaks. Proton occupancies at individual amide sites
were calculated relative to those of the unfolded control sample, for which
COSY cross-peak intensities were taken to correspond to 100% proton
occupancy.
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TABLE 1 Protection of amide hydrogens during the refolding of lysozyme

Fast phase Slow phase
Time Time
Amplitude constant Amplitude constant Structural
Residue (%) {ms) (%) (ms) context
8 472 3.90 383 69.8 Helix A

10 395 441 50.6 64.3
11 436 3.39 415 54.1
12 339 261 515 534
13 445 6.33 440 791
17 436 9.09 39.7 895 Irregular
23 485 7.76 359 833
27 66.3 127 225 492 Helix B
28 421 483 421 59.7
29 58.3 240 281 594
31 369 4.39 486 68.7
34 403 8.00 455 97.7
36 245 6.68 535 531
37 194 11.5 56.8 475 Irregular
38 16.6 11.2 69.7 350
39 18.2 9.33 56.1 296
40 222 714 59.6 451 Small B-sheet
42 26.5 8.76 66.0 531 Large B-sheet
44 142 6.29 482 151
50 24.0 10.6 404 188
52 331 9.29 52.7 238
53 256 8.80 62.4 349
56 17.7 15.7 63.7 375
58 178 16.8 67.4 392

Fast phase Slow phase
Time Time
Amplitude constant Amplitude constant Structural
Residue (%) (ms) (%) (ms) context
61 175 9.29 585 247 Loop (irregular)
63 60.0 245 254 639
64 432 367 374 60.4
65 39.7 167 447 241
75 23D 235 63.8 354
76 254 860 54.2 M5
78 59.2 187 21.0 488
82 26.2 856 65.6 788 3% Helix
83 290 9,53 525 282
84 261 981 483 262
92 296 354 56.6 528 Helix C
93 348 911 355 76.0
94 222 493 57.7 64.0
95 288 329 61.0 635
96 194 143 748 535
97 327 7.08 51.7 61.6
99 281 207 56.4 405
108 349 3.73 475 875 HelixD
111 480 3.89 381 68.4
112 282 3.04 479 498
115 447 813 427 51.6
123 46.7 342 35.0 652  3'° Helix
124 67.0 200 178 333
125 431 495 404 108

The time courses of change in proton occupancies were fitted to the sum of two exponentials of the form y=A e " +Be %" + C (where A and B
are the fractional amplitudes of the two phases and K, and K, are their rate constants; C is the apparent fractional amplitude of a third phase too slow
to be followed in our experiments). The last column gives the secondary structural context of each amide in the native state.

A and B, with kinetics indistinguishable from those of amides
in the helices (Table 1).

It is clear that the a-domain acquires a stabilizing core when,
in most molecules, the B-domain has not become fixed in a
stable conformation. To investigate further the structure of the
a-domain at this stage we have studied the protection of tryp-
tophan indole NHs, two of which exchange slowly enough in
the native enzyme to be used as probes of refolding”. The
kinetics of protection of Trp 111 resemble closely those of the
main chain amides of the a-domain (Fig. 1). In the native
structure this residue is in the D-helix and the side-chain NH
is hydrogen bonded to the side-chain oxygen of Asn 27, in the
B helix**. Thus, its protection may monitor ‘docking’ of these
two helices; at the very least it suggests that the tryptophan
side-chain becomes excluded from solvent in a well developed
hydrophaobic core on this time scale. Similar behaviour was
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observed qualitatively for the indole NH of Trp 28 which is also
buried in the core of the a-domain.

The amide NH of Asn 27, which forms a non-helical hydro-
gen-bond to the carbonyl oxygen of Tyr 23 in the native structure,
is the one marked exception to the general pattern of behaviour
in the a-domain. Its protection kinetics resemble those of amides
in the B-domain, with a slow phase time constant greater than
400 ms. This interaction may thus become fixed only late in
folding, when both domains are organized. Therefore, although
in most molecules the a-domain folds independently, at least
some details of its tertiary interactions form more slowly.

Within the 8-domain the situation is more complicated. With
the exceptions of Trp 63, Cys 64 and Ile 78, there is a clear
qualitative distinction between the protection kinetics of amides
in this domain and in the a-domain but the slow phase time
constants for individual amides vary between 150 and nearly

FIG. 2. Schematic view of the native structure of hen lysozyme. Elements
of secondary structure in the a-domain are coloured red, as are three
amides protected with similar kinetics, Trp 63, Cys 64 and lle 78. Elements
of secondary structure that are in the B-domain are coloured blue. White
regions represent mainly surface amides for which there is no information.
The four a helices (A-D) and the two 3 helices are labelled. The diagram
was produced using the program MolScript*3,
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800 ms (Table 1). This implies that the stabilizing tertiary interac-
tions in this domain are not formed in a single cooperative step
but that a number of individual or sequential assembly processes
are involved.

" Protection of the three amides, Trp 63, Cys 64 and Ile 78,
which lie in the long loop at the interface between the a- and
B-domains cannot be rationalized by examination of the native
structure; Cys 64 is not hydrogen bonded and Ile 78 forms only
a long tertiary hydrogen-bond?*. Thus, their protection cannot
be associated with native secondary structure but, presumably,
with exclusion from solvent by surrounding side-chains®>*.
These interactions need not be native-like. There are two disul-
phide bridges close by (64-80 and 76-94), the latter linking the
@- and B-domains. Early clustering of these residues in cooper-
ation with formation of the a-domain core could explain the
similarity in their protection kinetics.

Multiplicity of events in folding

There are two fundamentally different possible explanations for
biphasic kinetics in the labelling experiment: the fast phase
leads either to partial protection of a particular amide in_all
molecules or to complete protection but in only a proportion
of molecules. The first case implies formation of a marginally
stable intermediate, followed by slower transformation into a
stable, presumably native-like, structure. The second possibili.ty
involves parallel pathways such that a proportion of the protein
folds rapidly to a structure that completely protects the amide
concerned from exchange, whereas the remainder follows a
route in which protective structure is acquired more slowly.

These possibilities can be distinguished by varying the dur-
ation and the intensity of the labelling pulse®$*. The results
(Fig. 3) indicate that the labelling of the majority of amides in
both domains is essentially independent of the pulse pH. In
addition, no significant change in the extent of labelling occurs
when the pulse length is doubled or trebled (at refolding times
of 22 and 108 ms, respectively). These results are not compatible
with a simple sequential folding mechanism; there must be
parallel folding pathways, some leading to protection of
individual amides more rapidly than others.

The only exceptions to the observed insensitivity to the labell-

NATURE - VOL 358 - 23 JULY 1992

FIG. 3 The pH dependence of the extent of labelling during an 8.4 ms pulse
commencing 11 ms and 108 ms after the Initiation of folding. Exchange in
proteins usually follows EX2 kinetics, in which the intrinsic rate of the
chemical exchange step Is slow compared with the rate of the structural
fluctuations which expose the amide transiently to the solvent**4%, In this
situation, if the partial protection achieved in the fast phase reflects a single
population of a marginally stable intermediate, then the extent of labelling
would be predicted to increase substantially as the pH of the labelling pulse
is raised’, if, by contrast, the mechanism of exchange is EX1, where the
overall rate is limited by the rate of the fluctuations that expose the amide
to solvent water, the pH dependence of the extent of labelling, if any, would
not be predictable in a straightforward manner, This ambiguity can be
resolved by increasing the duration, rather than the pH, of the labelling
pulse®®. This would result in increased labelling of any marginally stable
intermediates regardless of the mechanism of exchange. In this figure the
average proton occupancies for amide hydrogens in the a-domain (a, d),
the B-domain (b, €} and the subset containing Trp 63, Cys 64 and lle 78
(¢, f) are shown as a function of the pulse pH. Vertical bars represent one
standard deviation from the average plotted. The pH of the labelling pulse
was varied between 9.0 and 10.4 by changing the pH of the exchange buffer.
For these experiments the quench buffer was 1 M acetic acid In H,0 solution.
Acquisition, processing and analysis of NMR spectra were done as described
in the fegend to Fig. 1. Control experiments in which a sample of the native
protein (90% deuterated at amide sites) was exposed to the different
labelling pulses showed no increase in proton occupancy at the 49 sites
considered here, confirming that these amides are stable to exchange in
the native enzyme under these conditions,

ing conditions are the amides of Trp 63, Cys 64 and Ile 78 (Fig.
3). This suggests that rapidly formed structure protects these
amides only partially, full protection being acquired in the
slower phase. However, the sensitivity to the pulse conditions
is weaker than expected for a single marginally stable species.
Instead, there must be a heterogeneous population, with varying
levels of protection.

Native and non-native structure

The sequence of events detected in the far-UV CD (225 nm) is
characterized by at least three kinetic phases (Fig. 4). A large
negative ellipticity is acquired within the dead time of the
experiment (2 ms), so that at the earliest measurable time its
magnitude is close to that observed for the native enzyme. The
CD at this wavelength is generally dominated by peptide groups
in helical structure, suggesting that an average helix content
close to that of the native enzyme is achieved in this time.
Contributions to the CD from aromatic groups and disulphides
cannot, however, be ruled out®,

There follows a remarkable further development of the dichro-
ism at 225 nm, so that the average negative ellipticity becomes
greater than that of the native state, reaching a maximum at
around 80 ms. The kinetics of this phase do not coincide closely
with any of the phases of exchange protection we have observed.
It seems likely that the excursion in the CD reflects the transient
formation of some kind of non-native interactions although we
cannot rule out the possibility that it arises from asynchronous
development of effects that tend to cancel out in the native
protein spectrum. Return of the ellipticity to its value in the
native state then occurs in a third phase (7~ 300 ms) which is
much slower than protection of a-helical amides but is compar-
able to the slow phase of protection in the B-domain,

CD experiments were also done in the near-UYV region. The
latter monitors aromatic groups in specific orientations fixed
through tertiary interactions, so that spectra of denatured pro-
teins, even relatively compact ‘molten globule’ states, are charac-
terized by loss of nearly all intensity at these wavelengths'78,
The time development at 289 nm is quite different from that in
the far-UV (Fig. 4). There is virtually no change within the dead
time of the experiment and the entire kinetic amplitude can be
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FIG. 4 Refolding kinetics of lysozyme as monitored by stopped flow CD at
8, 225 and b, 289 nm. The refolding conditions were as described in the
legend to Fig. 1, except that the final folding protein concentrations were
0.2 and 1.0 mg mi™*, respectively. The experiments were done using a
Jobin-Yvon CD8 cirsular dichrograph equipped with a Biologic SFM3 stopped-
flow module. The dead time was about 2 ms. In each case the data have
been fitted to a sum of two exponentials. The insets show an expansion of
the plots during the first 400 ms of folding.

fitted to a sum of two exponentials, the amplitudes and time
constants being 32+2%, 7=10+2ms, and 68+2%, r=
2858 ms. These parameters resemble those observed for pro-
tection of amides in the B-domain (Table 1).

The dichroism at 289 nm is associated principally with the
six tryptophan residues of lysozyme?’. Of these, residues 62 and
63 are in an irregularly structured part of the 8-domain, close
to the domain interface, and the others are all in the a-domain.
This is interesting in view of the apparent synchrony of their
forming fixed tertiary contacts and the protection of amides in
the B-, rather than the @-domain. Thus, although the a-domain
can fold more rapidly than, and therefore independently of, the
B-domain, the results suggest that its tertiary structure does not
become fully organized until cooperative interactions spanning
the two domains are established.

Folding pathways

The earliest event observed in refolding is the acquisition within
2 ms of a far-UV CD of similar intensity to that of the native
protein. This almost certainly reflects formation of a large
amount of a-helical structure, at least some of it presumably
native-like, yet no protection from hydrogen exchange is
apparent at this stage (Fig. 5). This suggests that although the
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FIG. 5 Summary of events during the refolding of lysozyme. Formation of
the native enzyme is virtually complete in 2 s (ignoring the very slow phase
that was not recorded in our experiments) and each parameter is therefore
assigned a value of 100% at this point. The curves shown are the fits to
the near (289 nm; solid line) and the far (225 nm; dashed line) UV CD data
and protection of the a- {dotted line) and the B-domains {dashed and dotted
line), respectively, The latter two curves represent the averages of two
exponential fits to the time courses for individual amides in each folding
domain, For various different folding times the magnitude of each parameter
as a percentage of that observed in the native protein is also shown: CDazs.
Ellipticity at 225 nm; 3°, ellipticity at 289 nm; a, protection of amides in the
a-domain; B, protection of amides in the B-domain.

average distribution of backbone conformations has become far
from random, specific structural elements remain extrem:ely
labile. Similar behaviour has been observed in other early folding
intermediates®® and denatured states®*'*2, This result is con-
sistent with the near-UV CD which detects no specific interac-
tions involving aromatic chromophores at this time. A change
in the environment of these groups on this time scale lhag,
however, been observed by stopped-flow absorption studies™"
suggesting that these rapid folding events include some kind of
hydrophobic collapse as well as helix formation. .

In the next phase there is rapid protection of @-domain amides
in about 50%, and of B-domain amides in about 30%, of
molecules. The protection data cannot reveal directly whet}}er
B-domain assembly occurs independently or in conjunction with
that of the a-domain in individual molecules in this phase.
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However, the presence of a phase with a similar time constant
in the near-UV CD which, as discussed above, may reflect the
formation of cooperative structure spanning both domains, sug-
gests that roughly synchronous structure formation in both
domains occurs in at least a substantial proportion of these
molecules.

The remainder of the population folds more slowly and the
greater amplitude of the fast phase and higher rate of the slower
phase of protection for a-domain amides mean that in most
molecules this domain becomes substantially folded before for-
mation of a stable -domain. In the resulting intermediates the
pH dependence of labelling shows that for most amides in the
a-domain the protection factors are in excess of 500 whereas
those in the B-domain are less than 20. However, the slower
development of near-UV CD intensity and of protection of at
least one amide, Asn 27, in the a-domain suggest that it is not
fully native-like but has some characteristics of a molten globule
at this intermediate stage. The pattern of protection has some
resemblance to that observed in the stable molten globule state
of the homologous protein guinea-pig a-lactalbumin. In that
case, fewer than 20 amides have protection factors greater than
10; again these occur in the -, rather than the 8-domain (C.-L.
Chyan, C. Wormald, C.M.D., P.A.E. and J. Baum, manuscript
in preparation). Similar, marginal protection is also characteris-
tic of other stable partially folded proteins'*'%*?, suggesting that
these are, in general, more labile structures than the kinetic
intermediate observed in the present experiment.

The negative ellipticity in the far-UV CD, already substantially
developed during the dead time, continues to grow during the
first 80 ms or so of refolding, becoming substantially greater
than that in the native enzyme spectrum, The origin of this signal
cannot be determined from the present data but it is likely that
it arises from some kind of non-native interactions. Reconstruc-
tion of CD spectra at these refolding times can provide further
insight into this issue (M. E. Goldberg, personal communica-
tion). A similar overshoot has also been observed during the
folding of the all-8 protein, 8-lactoglobulin®. Return of the
ellipticity towards its native value occurs at a similar rate to that
of amide protection in the 8-domain and the development of
the near-UV CD; these are the slowest phases we observe (Fig.
5). This suggests that although the @-domain can fold to a large

extent independently, in most of the population the conforma-
tion of the remainder of the molecule, though not necessarily
wholly disordered, is far from native-like until it becomes fixed
in the cooperative tertiary structure.

A major unresolved issue is why different molecules fold by
kinetically distinct pathways. This could reflect heterogeneity
of the unfolded state®™****; for example native-like X-Pro pep-
tide bond isomers may be required for folding®?’2%-*, It is
possible that this could indeed account for the lack of protection
in around 17% of molecules even after 2s of refolding, but
neither the rates nor amplitudes of the distinct phases resolved
in our experiments are consistent with proline isomerization.
The multiple pathways could reflect other heterogeneity in the
denatured state or they may arise from an initial rapid collapse
of the protein, leading to various intermediates, some amenable
to further folding whereas others need first to reorganize, poten-
tially a relatively slow process in a partially condensed state. A
similar observation of parallel refolding pathways has been
made for cytochrome ¢ (ref. 40).

The four disulphide bridges persist in the denatured state and
might have a significant influence on the refolding mechanism,
either through their isomerism in the denatured state or in
intermediates, or through constraints they place on conforma-
tional freedom during refolding. In «-lactalbumin persistence
of substantial residual structure in its molten globule state is
consistent with a number of different disulphide pairings*,
suggesting that at least some intermediates can form indepen-
dently of particular cross-links. Further experiments will be
needed to assess the significance of disulphide bonds in the

' refolding of lysozyme.

These results have enabled us to develop a rather detailed
picture of the folding pathway of hen lysozyme. CD and
exchange labelling experiments have proved powerful and com-
plementary structural probes, revealing, for example, the very
rapid formation of helices before specifically stabilized interac-
tions are detectable. The refolding kinetics are complex, in
particular because there is evidently more than one folding
pathway. An important general feature, not observed in other
proteins studied by pulsed labelling methods®®*"*? is the
division of the protein into distinct folding domains which, in
most molecules at least, are stabilized asynchronously. [}
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