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ABSTRACT: The fastest simple, single domain proteins fold a million times more rapidly than the slowest.
Ultimately this broad kinetic spectrum is determined by the amino acid sequences that define these proteins,
suggesting that the mechanisms that underlie folding may be almost as complex as the sequences that
encode them. Here, however, we summarize recent experimental results which suggest that (1) despite a
vast diversity of structures and functions, there are fundamental similarities in the folding mechanisms of
single domain proteins and (2) rather than being highly sensitive to the finest details of sequence, their
folding kinetics are determined primarily by the large-scale, redundant features of sequence that determine
a protein’s gross structural properties. That folding kinetics can be predicted using simple, empirical,
structure-based rules suggests that the fundamental physics underlying folding may be quite straightforward
and that a general and quantitative theory of protein folding rates and mechanisms (as opposed to unfolding
rates and thus protein stability) may be near on the horizon.

In the previous decade, more than 3 dozen small, single provide us the luxury of directly observing intermediates in
domain proteins have been reported to fold via two-state an ostensibly two-state process, forcing experimentalists to
kinetic mechanisms (reviewed in r&j. The simplicity of adopt indirect methods in order to characterize the mecha-
such two-state folding suggests that these proteins mightnisms that define two-state folding.
provide a clear, compelling picture of the means by which
the “protein folding problem” is solved. This same simplicity, ‘muscle acylphosphatase, (3). This simple statement il-

however, also poses a significant experimental Chal.lenge'lustrates one such indirect method of studying two-state
how can we characterize the mechanisms that underlie tWO'foIding; a quantitative accounting of the factors that define

state folding wheq a m_yrlad.of yme—re_solveq biophysical this 6 orders of magnitude range could provide invaluable
probes all report identical kinetics? Biophysics does not . , . ; .
constraints on theories of protein folding. While much
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as long as the size, stability, and topology of the native state
89 are maintained. Of the 200 characterized, two-state point

. mutants that actually fold, for example, few fold even 10
times more slowly than wild type, and we are aware of none
that alter folding rates by more than a factor of 56-(8).
Compared to the millionfold range of characterized two-state
rates, these small perturbations suggest that two-state folding
is relatively insensitive to minor changes in a protein’s
sequence.

Compared to naturally occurring sequence variation, most
of the characterized in vitro mutations reflect relatively trivial
sequence changes. Recent evidence suggests, however, that
even large-scale, in vitro sequence alterations do not

flog(kik')|

20 a0 60 80 100 significantly perturb folding rates. This question has been
Sequence Identity (%) addressed by the use of phage display techniques to obtain
FiIGURe 1: The determining role that sequence plays in folding large collections of divergent SH3 and protein L sequences
kinetics is readily apparent in the significant correlation~(0.73; that adopt their correct native fold$g, 20). If folding rates

p < 107°) between the relative sequence identities and relative gre sensitive to fine details of sequence, the folding rates of

folding rates of pairs of homologous proteins. However, the relative P :
stability, size, and topology of homologues are also most similar these artificially generated sequences (some of which share

the more closely related the proteins are. Thus the question remains|€SS than 50% sequence identity with the wild-type sequence)
are folding kinetics related to these more global parameters? Shownwould be expected to be considerably altered from those of
are all homologous pairings of the appropriately characterized two- their naturally occurring counterparts. Moreover, if evolution
state proteinsA1-27 and references therein). optimizes folding kinetics at the level of sequence details,
these variants might be expected to fold more slowly than

Determinants of Two-State Folding KineticAnfinsen the corresponding wild-type sequences. In contrast to these
demonstrated that protein folding is a spontaneous, first-orderexpectations, none of the characterized variants exhibit
process, suggesting that a protein’s primary sequence define$olding rates altered by more than a factor of 10, and half
both its structure and the rate with which that structure is fold more rapidly than the wild-type sequences from which
formed @). Thus, in a very real sense, sequence isahly they were derived. These results provide further support for
determinant of the rates and mechanisms of folding. The the suggestion that, as long as native structure and stability
interplay between sequence and kinetics is readily observed;are maintained, folding kinetics are relatively insensitive to
for example, there is a statistically significant correlation ( even rather large-scale sequence changes.
= 0.73;p <10°®) between the pairwise sequence identities  Further insight into the sequence dependence of folding
and relative folding kinetics across homologous, single kinetics has come from studies of naturally occurring sets
domain proteins (Figure 1). of homologous proteins. The folding rates of six homologous

A protein’s sequence defines its size, stability, structure, sets of two-state proteins have been repor®de-27). Three
and folding kinetics. The question remains, however, does of the six, with pairwise identities in the range -484%,
sequence directly define folding kinetics? Or does it define exhibit only modest € 20-fold) rate dispersions2(—24).
folding rates primarily by defining other, more global The remaining three homologous famili@s{27), ranging
equilibrium properties of a protein? These are separablefrom 23% to 78% pairwise identity, exhibit rather larger rate
issues. For example, there are many pairs of proteins of avariations: for example, the fyn SH3 domain folds 2 orders
given length that share little or no sequence identity. of magnitude more rapidly than the drk SH3 domain with
Similarly, there are many examples of proteins with the same which it shares 35% sequence ident@y) (Figure 1). Does
stability or sharing a common topology but lacking signifi- a 2 order of magnitude spread between the folding rates of
cant evidence of homology. Thus, more simply put, do two homologous proteins indicate that sequence changes that do
proteins with the same length fold with similar rates? Do not change length, stability, or topology can vastly alter
proteins with the same stability or topology? Or are folding folding rates? Only if such studies properly control for the
kinetics so sensitively encoded in sequence that point contributions of these more global properties. Recent evi-
mutations lead to millionfold changes in rate? This is a dence suggests that they do not.
critical issue-if folding kinetics are very sensitive to fine Stability as a Determinant of Folding Ratedomology
sequence details, the development of quantitative theoreticalstudies control relatively well for the kinetic effects of length
models of the process will prove exceptionally difficult. In and topology because protein size and structure are generally
contrast, if simple stability-, length-, or topology-based rules conserved. These studies do not, however, control for
can be used to predict folding rates, then it can be assumetyotentially differing native state stabilities. What might be
that fundamental polymer physics dominates the folding the origin of a relationship between stability and rates? For
problem and that a common mechanism underlies the diverseq two-state reaction, stability and folding rate are clearly not
kinetic properties of these proteins. This, in turn, would independent quantitiesAG, = RTIn(ki/k,). Changes im\G,
suggest that a quantitative theoretical treatment of folding need not be correlated, however, with changes in folding
will be relatively easier to achieve.

Folding Rates Are Insensit to Fine Sequence Details. 1 Abbreviations: ADAh2, activation domain of procarboxypeptidase

Several lines of evidence suggest that folding rates areap: ci-2, chymotrypsin inhibitor 2; CO, relative contact order; FNIII,
relatively insensitive to even large-scale sequence changedibronectin type Ill domain; SH3, src homology region 3.
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FiGure 2: Native state stability as a determinant of folding kinetics. (A) The correlation between relative free energy of #@Eihgr{d

folding rates of proteins under differing solvent conditions is typically extremely strong. This includes, as shown here, the folding of the
fyn SH3 domain = 0.999;p < 1075 (27; M. de los Rios, personal communication). (B) A similar correlation is observed across a set

of homologous proteins; there is a strong correlatior (0.96; p = 0.002) between the native state stabilities and folding rates of six of

the seven characterized SH3 domaig, (29, 64—65; Northey and Davidson, personal communication; Camarero, Sato, Raleigh, and
Muir, personal communication). The obvious outlier, the pI3K SH3 don#d)) ¢ontains an 18-residue insertion and thus differs significantly

from the other SH3 domains in both length and topology (it falls well within the scatter in Figure 4B). (C) A statistically marginal correlation

(r = 0.40;p = 0.05) is observed across a large set of nonhomologous two-state proteins; the large degree of scatter in this plot clearly
indicates that other factors must play an important role in defining folding kinetics. (References as for Table 1.)

rate; for example, in the limit of a “golf course-shaped” magnitude when their differing stabilities are taken into
energy landscape, changes in sequence which change thaccount (e.g., ref1—-27), and there is a statistically
depth of the energy well chandg (and thusAG,) but not significant correlation between folding kinetics and stability
k.. More generally, changes in sequence that alter native statdor the six characterized SH3 domains of similar length and
stability but do not affect the free energies of conformations topology (Figure 2Br = 0.96;p = 0.002). Recently, Clarke
in the transition state ensemble will also not affect the folding and co-workers have extended these observations to topo-
rate. In the limit of a symmetric, funnel-shaped folding logically similar proteins lacking significant sequence identity
landscape, on the other hand, all interactions are partially (33). These data strongly suggest that, at least across sets of
formed at the rate-limiting step in folding. In this extreme, structurally similar proteins, stability-specific effects can
the effects of sequence changes on stability will be perfectly account for up to 2 orders of magnitude in the range of
correlated with their effects on the folding rate. Thus, the characterized folding rates.
extent of correlation between stability and folding rate might ~ While native state stability is often correlated with the
provide insights into the nature of the folding transition state. relative folding rates of homologous proteins, a perhaps more
The highly linear arms of folding “chevron plots” (semilog important question is: does the correlation hold across
plots of folding rate versus cosolvent concentration) (e.g., unrelated proteins? Examination of a large, nonhomologous
refs 2, 3, 14, 27—29) demonstrate that for a given protein data set of simple, single domain proteins (Table 1) is, at
there is a nearly perfect correlation between stability and best, consistent with this hypothesis (Figure 2&; 0.40;p
folding rates across a broad range of solvent conditions = 0.05). Even a cursory inspection of the scatter associated
(Figure 2A). Presumably this correlation arises because with this correlation clearly indicates that other factors play
solvent alterations that affect the stability of interactions in a significant role in defining folding rates.
the native state also affect the stability of interactions formed Length as a Determinant of Folding Ratdsength is
during the rate-limiting step of folding. Unlike changing usually (although not alwayse.g., ref34) a gross determi-
solvent conditions, mutations affect only a small subset of nant of two-state versus no-two-state behaviors; proteins less
the interactions that are formed during the rate-limiting step. than~110 amino acids usually exhibit two-state kinetit} (
Despite this limitation, statistically significant correlations There is, however, effectively no correlation between length
have been reported between thermodynamics and kineticsand the relative folding rates of nonhomologous, two-state
for large sets of point mutations in CI-3@), the spectrin proteins (Figure 3y = 0.16; p = 0.53). Clearly, other
SH3 domain 13), ADAh2 (14), FKBP12 (17), and acylphos-  determinants are responsible for the diversity of two-state
phatase 18, F. Chiti and C. M. Dobson, personal com- folding rates.
munication). More recently, several groups have reported that Topology as a Determinant of Folding Ratdpology
mutations and cosolvents increasing nativelike secondarymight be the missing determinant, but quantitatively testing
structural preferences, and thus protein stability, also increasethis hypothesis is not straightforward and requires the
the folding rates of two-state proteinsl( 31, 32). creation of a single value descriptor of topological complex-
Consistent with the role that equilibrium stability plays in ity. The measure we have used previou8ly)( contact order,
defining relative folding rates across differing solvent condi- is defined as the average sequence separation of contacting
tions and sets of point mutations, stability also predicts residue pairs. Thus, protein structures featuring predomi-
relative folding rates across some sets of homologous nantly long-range interactions have high contact order, while
proteins. No set of homologous proteins has been reportedthose built of predominantly local structures are of low
that exhibits folding rates differing more than an order of contact order. To make this measure of topology independent
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Table 1 TopoI(_)gy, as _described by_CO, is _highly corre_lated W_ith
the relative folding rates of simple, single domain proteins
Co»r AG, lengtlf!  temp

proteir log ()° (%) (kcalimol) (residues) (°C) ref (Figure 4A;r = 0.92;p < 107°) (35). Out of the millionfold
range of characterized folding rates, only 1 protein in 6 falls

Cythse: 530 r4r 100 106 20 2 off the best fit line by more than a factor of 10, and no protein
myoglobin 483 8.50 8.4 154 25 54 . ’ .
J-repressor 478  9.37 5.6 80 2055 in the data set deviates by more than a factor of 20. With a
PSBD 420 11.20 2.2 41 4137 median deviation of only 4-fold, CO is of significant
ICyth g-ig 11122027 86-26 1%4% 2_130 %2 predictive value and has been used for the successful (median
Ar\nCBP 585 1399 82 86 25 21 error a factor of 3; maximum error a factor of &)lind

villin 14T 325 1231 98 126 25 56 prediction of the folding rates of almost a dozen proteins
N-terminal L9 ~ 2.87 12.74 4.5 56 25 36 (2, 36, 37; P. Wittung-Stafshede, H. Gray, S. Jackson, B.
étl"gu'“n f%g %{55-41'(1) ;g ZS gg 4;1 Khulman, D. Raleigh, G. Aronsson, J. Fernandez, and B.
U1A 553 1691 99 102 55 57 Gillespie, per_so_nal cgmmunlcatlon).

ADAh?2 288 16.96 a1 79 25 14 Due to variations in the length of secondary structural
protein G 2.46 17.30 4.6 56 25 58 elements, proteins sharing a common fold can exhibit
protein L 178 17.62 4.6 62 22 59 significantly differing CO. Nevertheless, CO appears to
E’;E’P 2'?? ig;g Z? 13; gg 22 reflect a fundamental kinetic determinant. For example, the
MerP 0.26 18.90 3.4 72 25 62 five characterized, nonhomologous proteins that share the
mAcP —0.64 21.20 45 98 28 3 o—p pleat fold (AcP, ADA2h, U1A, HPr, and MerP) span
CspB 2.84 16.40 2.7 67 2523 a 3300-fold range of rates, suggesting that topology is not,
TnENII 046 1735 53 92 20 33 per se, a strong determinant of rates. Yet Chiti et al. have
Til27 151 17.82 7.5 89 25 33 q d that the foldi £ th ,

fyn SH3 1.97 18.28 6.0 59 20 27 -emonstrate t att e 0 Ing rates of these prOtelnS are
twitchin 0.18 19.70 4.0 93 20 33 highly correlated with their COr(= 0.96;p = 0.01) (18),

a A nonhomologous set of simple, single domain, non-disulfide- and none .faII m_ore than an order of magnitude off of the
bonded proteins that have been reported to fold via two-state kinetics CO—rate line (Figure 4A).
under at least some conditions. Reported data and representative While the predictive value of CO suggests that topology
members of homologous families were selected as previously describedis g critical determinant of kinetics. mutations that do not
(35). ® Extrapolated folding rates in water. The rates may differ from _. ... ; : .
the true folding rate in water (e.g., agtprotein G, ubiquitin, and others) significantly glter CO siill aﬁ?Ct fOIdlﬂg rates; clearly, .Other
due to “roll over” at low denaturant concentratioA€alculated as  factors contribute to the folding barrier. To characterize the
previously described3g). ¢ Length of the protein in residues fromthe  magnitude of these additional effects, it is informative to
first structured residue to the last. The length may differ from the investigate the correlation between CO and folding kinetics
number of residues in the construct characterized. No significant \yhen all reported homologous and mutant proteins are

correlation exists between folding rates and length of the cons8&ct (. h .
data not shown Extrapolated folding rate of deoxymyoglobin in water included (Figure 4B). Across this larger data set the

(P. Wittung-Stafshede, personal communicatioBxtrapolated folding ~ COrrelation between CO and ldg( remains extremely
rate of reduced cytochronudn water (J. Winkler and H. Gray, personal ~ significant ¢ = 0.89,p ~ 10 18). Again, the indication is

communication)? Folding rate at 25°C (B. Kraglund, personal  that CO reflects the single most important characterized

communication)" Ala-53 mutant (two-state fit parameters not available determinant of the rate with which a protein folds

for the wild-type protein)! Extrapolated folding rate of MerP in water . S o

(G. Aronsson, personal communication). An independent test o_f CO as a k|n_et|c determinant,
provided by recent work in the laboratories of Fersht and

o Serrano 88, 39), sheds further light on the origins of the
. scatter inherent in COrate plots. These groups characterized
5 . R the folding kinetics of sets of variant proteins differing in
the number of residues inserted into solvent-exposed loops.
47 . In addition to directly altering chain length, these changes
. o . also alter CO (by increasing the sequence separation of

contacting residues on opposite sides of the losjphout
significantly perturbing core sequence or stability the

log(k)
©

1

* 0
*

*

*

nd . absence of these potentially confounding effects, the cor-
- . relation coefficient of the topologykinetics relationship
R . . i(r;]é))roves significantly (Figure 4Q; = =0.97;p < 0.04)

. Stability effects are presumably a major source of the

A o T scatter surrounding the C@ate relationship. Unfortunately,
however, a nontrivial correlationr (= —0.44; p = 0.03)

between CO and stabilityarising because CO is highly
Ficure 3: Length is not significantly correlated with the folding  correlated withs and uncorrelated witk,—confounds efforts
Kinetics of nonhomologous, two-state proteins<0.16;p=0.53). 5t qeconvoluting the individual contributions of each to the
(References as for Table 1.) . S .

folding kinetics of nonhomologous proteins. Nonetheless,
of length, absolute contact order is normalized by chain there is some evidence for the putative role of native state
length to generate relative contact order (CO). The CO of stability in defining folding kinetics. For example, of the
kinetically characterized, single domain proteins ranges from >250 sequences illustrated (Figure 4B), only 10 fall more
7% to 21% (Table 1). than a factor of 20 off of the best fit line. Six of these are

Length (structured residues)
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Ficure 4: A simple metric of topological complexity, CO, predicts relative folding rates. (A) The relative refolding kinetics of a large set
of nonhomologous, simple, single domain proteins can be accurately predicted.92;p < 107°) solely on the basis of a knowledge of

their CO. (B) The correlation remains robust 0.89;p < 10718 even when the>250 characterized homologous or mutant proteins are
included (CO calculated assuming wild-type structures unless independent structural information is available). Dotted linds2@enote

fold rate variations. (References as for Table 1; also%ef27 and62—65.) (C) Fersht, Serrano, and their co-workers have generated three
sets of variant proteins differing in the number of residues inserted into solvent-exposed, unstructure8808@s Vithin each set of
variants, CO is systematically altered (the loop-length changes increase the average sequence separation of contacting residues on either
sides of the loop) without significantly altering the structure or stability of the protein’s core. In the absence of these potentially confounding
alterations, the correlation between CO and rate is significantly impraved((97;p < 0.04) @0). Of note, a set of variants constructed

using the “average” amino acid glutamine (diamonds) features a slope within error of that of the all-protein line (dotted line from panel A).
Those constructed with the more flexible glycine residue (circles) exhibit significantly greater slopes. This provides perhaps the first direct,
quantitative experimental demonstration of the contribution of chain entropy to the folding barrier.

slow-folding, relatively unstable mutants of muscle acylphos- 100
phataseX8). Three (of the remaining four) fold more slowly
than predicted by their topologies: they are the two least
stable of all characterized CI-2)( and SH3 {6) point
mutants and the wild-typgFNIIl sequenceZ6). The latter
is both the most significant outlier (a factor of 46 off the fit)
and, by a large margin, the least stable wild-type proteins
for which complete kinetic characterization has been re-
ported. The one sequence that falls significantly above the
line (23-fold) is, to within experimental error, the most stable
mutant of CI-2 reported to date and is substantially more
stable that the wild-type protei®), Thus stability may reflect
an importantsecondarydeterminant of folding kinetics.
Determinants of Transition State Structufde correlation R
between CO and folding rates argues strongly that topology 20T 10 15 20 25
dominates the thermodynamics of the rate-limiting step in
folding and thus defines the rates with which proteins fold.

Several, rather weaker lines of evidence suggest that topologyFIGURE 5: CO is modestly correlated & 0.57;p < 107?) with
also plays a role in defining the structure of the folding the relative reduction of solvent-accessible surface that occurs before

transition state the rate-limiting step in folding (given by the ratm/meq which
: . o relates the denaturant sensitivity of the transition state to that of

A crude measure of the relative solvent accessibility of the native state). This is consistent with several lines of evidence
the transition state provides evidence for the role of topology suggesting that topology is an important determinant of the structure
in defining transition state structure. This solvent accessibility Of the folding transition statel@, 18, 33, 35, 40, 41). (Data taken
is typically conserved between topologically similar homo- TOM references in Table 1.)
logues R1—27)—but not between topologically dissimilar
homologues 27)— and, with a notable exception), is cantly modifying the protein’s native core packinglj.

rarely affected by mutatlong(lo, 12-20). ConS|sten_t V.V.'th Coupled mutagenesikinetics studies of homologous pro-
these observations, transition state solvent accessibility also,

correlates with CO, although a number of outliers reduce tgins. demon's.trate thgt, while the sequence identit?es of
the statistical significance of this relationship (Figure 5: kinetically critical residues are not conservetl) their
0.57;p < 0.01) @5). positioning along.th-e pepnde chain is maintain&g, @2).
More recently, several groups have characterized folding Of course, such §|m|Iar|ty across homologous proteins could
transition state structures across sets of structurally related reflect conservation of transition state structure rather than
two-state proteins. Serrano and co-workers have characterized more general relationship between transition state structure
the folding transition states of a series of circularly permuted and protein topology. In contrast, Dobson and co-workers
SH3 domains and found these topological alterations sig- have demonstrated that the transition state structures of
nificantly perturb transition state structure without signifi- topologically similar proteins lacking any significant se-

Relative Contact Order (%)
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guence identity are also closely relatd®); and Clarke and  quantitatively related to the gross topologies of their native
co-workers have reported that the folding pathways of severalstates.
pairs of two-state “structural homologues” are similarly  Prospects for a Simple Model of Protein Folding Kinetics.
“conserved” 83). A few years ago, in a comprehensive review of the so-called
A Common Folding MechanisnThe correlation between  “New View” of protein folding, Chan and Dill put forth a
CO and folding rates is extremely strong; across the 6 orders“wish list” of experimental characterizations of which
of magnitude range of characterized two-state folding rates, theorists were desiroud)( Here we have turned the tables
few sequences fall more than a factor of 10 off of the best and presented a list of empirical observations that we feel
fit line and none by more than a factor of 50. That this is any successful theoretical model of folding must address, if
observed despite-12 orders of magnitude scatter arising not quantitatively predict. The results of recent theoretical
from sequence- and stability-specific effects (plus that due studies 48—51) leave us optimistic that such a quantitative
to differing experimental conditions) suggests that CO model can be achieved.
predicts folding rates as accurately as possible artysingle A problem confronting quantitative modeling of protein
determinant model. The empirical observation that all two- stability (and consequently protein structure) is its depen-
state proteins fall within reasonable spread around thee CO dence on the intricate nonbonding interactions in densely
rate line implies, in turn, that despite a vast diversity of packed native states. Due to this high packing density, small
structures and functions, there are fundamental similarities changes in the sequence [such as the addition of a small
in the folding mechanisms of single domain proteins. number of methyl groups in the core (e.g., &f)] can
Although the precise nature of this similarity remains unclear destabilize proteins significantly. These large destabilizations
(e.g., refs7, 40, 43), the empirical correlation between CO are almost always reflected in large increases in the rate of
and folding rates might reflect a balance between the gainunfolding (e.g., ref<9—18 and 52), since such mutations
of attractive native interactions and the loss of chain generally increase the free energy of the native state
configurational entropy as a protein folds. The major considerably more than the more loosely packed transition
determinant of this balance is the chain topology, as this state ensemble.
determines how much chain entropy is lost as native Protein folding rates, in contrast, are relatively insensitive
interactions are progressively formed. to such changes, presumably because the interactions deter-
Non-Two-State FoldingDo non-two-state proteins fold  mining the folding process are considerably more coarse
via the same mechanism? Many proteins, including the small, grained that those that define the stability (structure) of the
simple, single domain proteins cytochrom25), ubiquitin native state. [The conformations populated during the rate-
(44), and Im7 [a homologue of the two-state protein Im9 |imiting step are likely to be much less well packed than the
(34)], exhibit kinetic “roll over” (depressed folding rates native state §3) and thus much less sensitive to small
under low denaturant conditions) that implies non-two-state changes in core volume.] This insensitivity to fine detail,
folding. Extrapolation of a two-state model to no-denaturant coupled with the important role of native state topology
conditions thus overestimates the true folding rates of thesesuggested by the experiments described above, bodes well
proteins. These extrapolated rates, however, fall well within for the prospects of developing a simple, quantitative model
the scatter of the COrate plot, suggesting these potentially of protein folding kinetics. A theory that, by emphasizing
non-two-state proteins share common mechanistic featureshese coarse-grained parameters, accurately describes the loss
with their more clearly two-state brethren. The majority of in configurational entropy and gain in attractive interactions
larger (>110 residues) proteins also exhibit roll over. The that transpire during folding may succeed in quantitatively
few of these we have analyze@®Nase H 45), barnase46), predicting all of the critical features of the folding reaction.
and the two-domain T4 lysozymed{)—all fold (both
extrapolated and observed rates) significantly more slowly ACKNOWLEDGMENT
than would be predicted by the topologkinetics relation-
ship (CO= 13%, 11%, and 7% respectively). Thus, while
the correlations described above appear to accurately predic
the folding kinetics of most simple, single domain proteins,
additional factors (perhaps escape from more significant
kinetic traps) appear to complicate the folding of larger
proteins.
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