Table 1

Kinetic and thermodynamic parameters for the folding of small, monomeric proteins that fold with two-state kinetics.

PDB Contact Chain [Dlyn AGy £2C  mkecal  [Dlggy, Temp. k20 miVi(kecal kyH2C mi=F (keal
Protein References code order length Structure Denaturant (M) (kcalmol-') mol-'M-1) (M) (°C) (") molF'M-1) (s7') mol-'M-1) 4;
o-Helical proteins
Monomeric A repressor (Ag_gs)
wild type [5,6] ilMB 9.4 80 o Urea 0 3.0 1.1 2.7 37 °©4900 045 30 070 0.39
Gly46—Ala,Gly48—Ala 2 4.8 4.4 88,000 0.89 36 0.18 0.83
dACBP
bovine [7,8] 2ABD 14.0 86 o GdnHClI 0.5 74 3.0 2.3 5 279 2.16 0.0001 140 0.61
rat 05 6.1 34 1.8 395 231 0.00676 1.06 0.69
yeast 2.2 6.8 2.0 3.8 4105 1.18 0.0015 0.88 057
°bovine 0.5 7.0 20 704 2.21 0.003 130 063
'Cylcohrome c [91 1HRC 114 104 o GdnHCI 0.25 6.9 2.4 2.9 20 2800 1.13 0.017 129 047
Cytochrome ¢
Horse — oxidized (Fell) [10] 1HRC 104 o GdnHCI 2.8 17.7 33 5.4 23 400 1.34 nd nd 040
Yeast — oxidized (Fell) 1YCC 103 0.8 14.6 3.1 4.7 23 15000 1.36 0.34
B Proteins
Tendamistat [11] 2AIT 216 74 P(2S-S) GdnHCI 05 8.1 1.3 6.2 25 67 083 45x10° 045 90.65
Cold shock proteins
CspB (Bacillus subtilis) [12] 1CSP 164 67 B-barrel Urea 0.5 3.0 0.76 3.9 25 1070 0.57 12 0.10 0.85
1NMG 145
CspB (B. subtilis) [13] 67  p-barrel GdnHCI  0.25 2.7 1.8 1.5 25 689  1.67 9.9 016 0.91
CspB (B. caldolyticus) [13] 66 pB-barrel  GdnHCI 0.5 4.8 1.8 2.7 25 1370 1.63 0.64 0.13 093
CspB [13] 68 B-barrel GdnHCI 0.5 6.3 1.9 3.3 25 565 1.57 0.018 0.25 0.86
(Thermotoga maritima)
CspA [14] 1MEF 17.7 69 B-barrel Urea 0.75 3.0 0.7 4.2 25 200 0.7 4.2 0.05 0.94
iMIC  16.0 2.9 0.57 4.9 10 188  0.69 33 0.07 0.1
SH3 domains
SH3 domain [15,16] 1AEY 19.9 62  B-barrel Urea 0.2 2.9 0.8 3.9 25 8.1 057 0045 020 0.74
(ce-spectrin) 1SHG 19.1 4.1 0.538 0.0067 0.24 h0.69
SH3 domain (src) [17] 1SRL 1986 64  B-barel GdnHCI  0.25 4.1 1.6 2.6 22 57  0.99 0.1 '0.45 0.69
1SRM  19.0
SH3 domain (PI3 kinase) [18] 1PKS  20.0 84  p-barrel GdnHCI 0.15 3.4 2.3 1.5 20 0.35 0.00067 0.93 0.60
SH3 domain (fyn) [19] 1AON 174 87 B-barrel GdnHClI 0.75 6.0 1.4 4.3 20 94 0.00099 0.52 0.68
1NYF 183
1SHF-A 183
B-Sandwich domains
OFN-III [20] 1FNF  18.1 90 B-sandwich GdnHCI 0.1 1.2 0.4 25 0.4 1.9 nd nd 0.63
Twitchin 19.7 93 B-sandwich  Urea 0 3.9 1.3 3.1 20 150 0.81 0.000203 035 0.70
Tenascin
(short form) [21] 1TEN 174 90 B-sandwich Urea 0.2 4.8 1.3 3.8 20 2.9 0.82 0.0028 0.26 0.76
(long form) [31] 6.7 1.3 5.3 25 6.0 0.92 0.000072 0.31 0.75
KIOEN-III [20] 1FNF 165 94 B-sandwich GdnHCI 0.8 6.1 1.4 4.4 25 155 0.9 nd nd 065
o/p Proteins
Cl2 [4] 1COA 155 84 offf GdnHClI 0 7.0 1.8 3.9 25 48 1.12 0.00018 0.73 0.61
2Cl2 153
Activation domain [22] 1PBA 18.8 80 offf Urea 1 4.1 1.0 4.2 25 897 0.75 0.65 0.26 0.74
procarboxypeptidaseA2
(ADAh2)
Arc repressor [23] 1ARR 106 o/ Urea 0.8 6.3 1.3 4.6 25 10600 0.95 1.5 029 0.77
(single chain) 1PAR
mUbiquitin 8 264 1.4 0.0004 0.8 0.64
wild type [24] iUBQ 15.1 76 o/ GdnHCI 05 n7.1 1.9 3.7 25 1532 1.3 0.000437 0.9 0.59
Val26—Ala [25] 1UBQ 151 76 o/f GdnHCI 3.9 2.0 1.9 25 102 1.47 0.08 0.63 0.70
IgG binding domain of [26] 2PTL  17.7 62 o/ GdnHCI 0.2 4.6 1.9 2.4 22 60 15 0.02 0.5 0.75
streptococcal protein L
Spliceosomal protein U1A [27] 1URN 16.9 102 o/ GdnHCI 05 9.3 2.3 4.1 25 316 °0.63 0.000063 °0.52 °0.55
Hpr (histidine-containing  [28] 1HDN 184 85 off GdnHClI 0.5 4.6 2.2 21 20 149 1.65 0.0021 092 064
phosphocarrier protein)
PFKBP12 1FKB 17.8 107 offf Urea 0 5.5 1.4 3.9 25 4.3 1.11 000017 0.54 0.67
Muscle AcP [29] 1APS 217 98 o/ Urea 0.2 5.4 1.25 4.3 28 023 096 0.00011 025 0.79
Villin 14T [30] 1VIK 12.3 126 offf Urea 156 6.2 1.6 3.9 37 900 1.11 0.061 0.41 0.73

aSee Equation 1. bThe value for AGy;_gH20 is the average from CD and NMR
experiments [5]. ¢This value is different to the value of 3600 s~ used by Plaxco
et al. [38], which is taken from [5] and involves a long extraploation from 1.4 M
urea to H,0. This value is taken from a more recent paper and involves a much
shorter extrapolation to obtain kH2C [6]. 4Values are taken from [8] not [7]. The
equilibrium values are averaged. ®Birthe Kragelund, personal communication. Bill
Eaton, personal communication. $Values estimated from Figure 5 of [11].
hB;=10.75 if calculated using m*-F/m. iCalculated using

Inky = InkH20 — m#-F — 0.014[urea]? [16]. 1S.J. Hamill, E. Cota, C. Chothia and
J. Clarke, unpublished observations. “Detailed studies on the folding of "OFN-Ill
using GdnSCN as a denaturant suggest that the folding of this domain is not
two-state (S.J. Hamill, E. Cota, C. Chothia and J. Clarke, unpublished
observations). It has not been included in the analyses presented in this paper.
IThe single-chain Arc repressor has a 15 amino acid glycine-rich linker region
which is not expected to be involved in structure or stability, the chain length

given here is twice that of the monomer [23]. Minitial reports suggested that wild-
type ubiquitin folded with two-state kinetics [24]. Subsequent studies over a
wider range of denaturant concentrations showed that wild-type ubiquitin folds
with three-state kinetics [25], the mutants Val26—Ala and Val26—Gly (in the
presence of 0.4 M Na,SQO,) fold with two-state kinetics. "Equilibrium data are the
average of NMR, CD and fluorescence experiments. °There is some curvature in
the plots of logkg and logky, versus [GdnHCI] such that the refolding rate is given
by logks = 2.50 — 0.36[GdnHCI] - 0.070[GdnHCI]2, and the unfolding rate
constant is defined as logky =—-4.2 + 1.25[GdnHCI] - 0.061[GdnHCII?, the
values for m#=F and m*-U in the table are the slopes calculated at 4.0 M GdnHCI,
the midpoint of unfolding from the equilibrium studies. It should be noted that the
value for By decreases with decreasing [GdnHCI] such that at 0 M GdnHCl it is
0.26 and at high [GdnHCI] it is 0.84. PS.E.J., E.R.G. Main and K.F. Fulton,
unpublished observations. nd, not determined.
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