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For two residues i and j in a given macrostate, the effective
contact order (ECO) is defined as the number of monomeric
links along the shortest path between i and j traced either
covalently or topologically (1). In our model, ECO is used as an
effective sequence separation for evaluating distance distribu-
tions in the presence of one or more topological restraints.
Calculations are performed by replacing the contour length lc
and root mean square end-to-end distance for the unperturbed
chain �r0

2�1/2 determined by using the sequence separation �i � j�
with one determined by using the ECO (e.g., lc � b0ECO) in the
set of logistically corrected distance distribution functions (Eq.
4 in Results). These ECO-based distance distribution functions
are then used in two separate contexts. The first of these is in
calculating R2P values for spin label–amide proton pairs in
individual macrostates via the ECO-based analog of Eq. 2
(Results) The second is the calculation of conditional free
energies for estimation of the energetic penalty for loop closure
via Eq. 5 (Results).

Contributions to ECO from Nonlocal Clusters. In our model, topo-
logical constraints arise from the presence of nonlocal clusters,
which bring different regions of the chain into close proximity
and simultaneously promote local chain compaction. Calculating
the ECO exactly for two residues within or on opposite ends of
such a cluster would require more detailed knowledge of the
physical structure of such clusters than is presently available. In
developing a suitable approximation, we observe that there are
several instances in the experimental data set where introduction
of a spin label into one local cluster causes complete line
broadening (Q � 0.01) of amide cross-peaks in another local
cluster (e.g., the effects of R139C* on G region cross-peaks).
This can only be accounted for via our ECO model if the
maximum ECO for any pair of residues within a nonlocal cluster
is 4 or less. An ECO of 5 corresponds to an R2P of 61 s�1

(calculated via Results Eqs. 2–4) and a minimum Q of 0.04 (if the
contact were fully populated). Cross-peaks with a Q of 0.04 are
still detectable in the paramagnetic spectrum and thus incom-
patible with the aforementioned experimental observation of
complete line broadening across some nonlocal clusters. ECO
values smaller than five predict more extensive PRE and thereby
can account for the experimental results. In our analysis, we set
the maximum ECO contribution when tracing the chain into or
across a nonlocal cluster to four, the maximal value consistent
with the experimental results within the context of our model. As
such, this choice provides a roughly minimal estimate of the
intracluster PRE and thus an upper bound estimate of the
contact probabilities and coalesced macrostate populations.

Example ECO Calculation in the Presence of a Single Nonlocal Cluster.
As a concrete example of the procedure for calculating ECO, we
determine the ECO between residue i � 1 and residue j � 6, 10, 20,
26, or 30 for macrostate AB-C-G-H, which contains a single
nonlocal cluster (AB; residues 4–16 and 27–35). The ECO for the
j � 6 case is simply �6 � 1� � 5. Because residue 10 is more than four
residues into the nonlocal cluster AB, the ECO for the j � 10 case
is �4 � 1� � 4 � 7; this value is obtained by counting from i to the
edge of cluster AB (i.e., �4 � 1�) and then adding 4 as the maximum
contribution from the nonlocal cluster. The j � 20 case is similar,
except that we now must include contributions from linkers on both
sides of the cluster: �4 � 1� � 4 � �20 � 16� � 11. The j � 26 case
demonstrates the importance of tracing all possible paths. In this

case, there are two paths between residue 26 and cluster AB; while
residue 26 and A have a sequence separation of �26 � 16� � 10, this
residue is immediately adjacent to B (�27 � 26� � 1); this latter value
is used in calculating the ECO, which is �4 � 1� � 4 � �27 � 26� �
8. In the final example, where j � 30 is in the nonlocal cluster AB
cluster, we again set the maximum count within the nonlocal cluster
to four and the ECO is identical to the j � 10 case, �4 � 1� � 4 �
7. Note that the ECO values for the different cases are not related
in any simple way to their sequence separations �i � j�.

Example R2P Calculation in the Presence of Multiple Nonlocal Clusters.
We next consider the extent to which a spin-label at position 57
enhances relaxation of an amide proton at position 107 in the
macrostate defined by nonlocal clusters AGH and BC. The local
cluster boundaries needed for this calculation are given in the
legend to Fig. 1. First, we consider the direct pathway along the
chain. The number of links to reach the G region is �98 � 57� �
41. Because residue 107 is more than four residues into the
interior of AGH (107 � 98 � 4), the nonlocal cluster contributes
an additional four links, giving a total of 45 for this pathway.
However, a shorter pathway exists which sums contributions
between position 57 and BC (8), through BC (4), between BC
and AGH (11), and into the interior of AGH (4). The ECO which
determines the distribution function to be used for this interac-
tion is therefore 8 � 4 � 11 � 4 � 31. The corresponding R2P
is �0.09; if the entire ensemble were to consist of this particular
macrostate, Q for the interaction would be 0.98.

Calculation of Loop Closure Free Energies �GL in Macrostates with
Topological Restraints. The nonlocal clusters in a particular mac-
rostate act as a set of topological restraints that reduce the
configurational entropy of the protein chain. We calculate the
entropy loss for each macrostate relative to the completely
unfolded reference macrostate through the following series of
steps: (i) enumeration of the pathways by which the particular set
of nonlocal clusters may form; (ii) calculation of ECO values for
the individual steps in each pathway; (iii) calculation of the
capture radius and conditional free energy change
	G
(q�i, j, k . . .) for each coalescence event q in each pathway
given that events i, j, k . . . have occurred; and (iv) selection of the
pathway with the largest sum of 	G
 (to ensure that the
configurational entropy monotonically decreases as additional
topological constraints are introduced into the chain).

In the model, a pathway is defined as a minimal series of
pairwise coalescence events by which a particular macrostate can
be reached from the unfolded (completely dissociated) mac-
rostate. All pathways leading to a particular macrostate have an
identical number of steps, corresponding to the n pairwise
coalescence events required for formation. All possible pathways
leading to two example macrostates are listed in Table S1 and
Table S2.

Calculation of 	GL requires the definition and calculation of
ECO values for clusters rather than individual residues. For a
local cluster, the ECO endpoint is taken to be that of the central
residue in the cluster. In the case where a local cluster has an
even number of residues, the ECO endpoint is calculated for
each of the two centermost residues; the average of these is used
(with the resulting ECO being rounded down to the nearest
integer). For example, the ECO between the C local cluster
(residues 40–49) and G local cluster (residues 98–117) is
�110.5 � 44.5� � 66. For a nonlocal cluster (involving two or more
local clusters), intermediate calculations are carried out for each
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of ECO endpoints of the local clusters which compose the
nonlocal cluster; the endpoint which gives the smallest ECO for
the coalescence event involving the nonlocal cluster is then used
(the four-residue maximum discussed above still applies). ECO
values for the coalescence events along all possible pathways
leading to the macrostates ABC-G-H and ACG-BH are given in
Table S1 and Table S2.

The capture radius rc is defined as the average distance to
which the central residues of two clusters must approach before
coalescence occurs. We model rc for cluster formation using the
diffusion-collision approximation, which proceeds as follows.

For each of the two clusters undergoing coalescence, an effective
volume is obtained by summing over the van der Waals volumes
of the residues in the two clusters and multiplying by 3�2/� to
account for irregular packing (2). The radii of the two clusters
are calculated from the resulting volumes assuming spherical
geometry and added together to obtain the capture radius rc.

Conditional free energies 	G
 for each coalescence event in
all pathways leading to the macrostates ABC-G-H and ACH-
BG, calculated through Eq. 5 (Results), are tabulated in Table S1
and Table S2, respectively. The largest path summation
	G
(path) is then identified as 	GL for each macrostate.

1. Fiebig KM, Dill KA (1993) Protein core assembly processes. J Chem Phys 98:3475–3487.
2. Bashford D, Cohen FE, Karplus M, Kuntz ID, Weaver DL (1988) Diffusion-collision model

for the folding kinetics of myoglobin. Proteins 4:211–227.
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Fig. S1. Paramagnetic enhancement to nuclear spin relaxation for unfolded apoMb at pH 2.3 in the presence of 8 M urea for all apoMb variants investigated.
As in Fig. 2A, the histograms show the experimental intensity ratios; data for overlapping resonances are omitted from the PRE profiles and analysis. The red
fitted curves correspond to the corrected model described in the text. The analysis includes previously published data for the E18, K77, and K133 mutants [Lietzow
MA, Jamin M, Dyson HJ, Wright PE (2002) Mapping long-range contacts in a highly unfolded protein. J Mol Biol 322:655–662]. In the presence of 8 M urea (at
pH 2.3), the extent of PRE in the apoMb ensemble markedly decreases throughout the chain and interactions between the two chain termini are no longer
detectable [Lietzow MA, Jamin M, Dyson HJ, Wright PE (2002) J Mol Biol 322:655–662]. Residual interactions show no obvious indication of specific tertiary
contacts (cf. R139C* vs. K140C* and L11C* vs. A15C*), consistent with our restriction of solvation to interactions involving both termini. Nonspecificity of
interactions is also supported in that all spin-labels reporting on the same pairwise contact (e.g., between the A and B regions) exert similar magnitude reciprocal
effects. For example, PRE effects from L11C* on B region residues are similar to those from R31C* on A region residues.
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Fig. S2. ApoMb sequence variation of the Kyte–Doolittle hydropathy, plotted by using a seven-residue moving average.
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Fig. S3. Paramagnetic enhancement to nuclear spin relaxation for unfolded apoMb at pH 2.3 in the absence of urea for A57C* and K77C*. Each panel is labeled
with the residue for which the spin-labeled cysteine was substituted; arrows indicate the sites of substitution. As in Fig. 2A, the histograms show the experimental
intensity ratios. The fitted curves correspond to the initial (green) and corrected (red) models described in the text. The locations of the local clusters (regions
of high AABUF) are indicated by blue bars at the top of the figure. Data for overlapping resonances are omitted from the PRE profiles and analysis.
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Table S1. �GL calculations for formation of macrostate ABC-G-H, which requires two coalescence events

Path Step 1 Step 2 ECO for step 1 ECO for step 2 	G
(1), kcal�mol�1 	G
(2�1), kcal�mol�1 	G
(path), kcal�mol�1

1 A � B3 AB AB � C3 ABC 21 13 4.00 2.01 6.01
2 B � C3 BC A � BC3 ABC 13 21 2.88 3.32 6.20
3 A � C3 AC AC � B3 ABC 34 13 4.69 2.06 6.75

Felitsky et al. www.pnas.org/cgi/content/short/0710641105 6 of 11

http://www.pnas.org/cgi/content/short/0710641105


Table S2. �GL calculations for formation of macrostate ACH-BG, which requires three coalescence events

Path Step 1 Step 2 Step 3
ECO

step 1
ECO

step 2
ECO

step 3
	G
(1),

kcal�mol�1

	G
(2�1),
kcal�mol�1

	G
(3�1,2),
kcal�mol�1

	G
(path),
kcal�mol�1

1 A � C3 AC B � G3 BG AC � H3 ACH 34 71 33 4.69 5.42 4.33 14.44
2 A � C3 AC AC � H3 ACH B � G3 BG 34 92 39 4.69 5.67 4.65 15.01
3 A � H3 AH B � G3 BG AH � C3 ACH 127 45 28 6.41 4.85 3.97 15.23
4 A � H3 AH AH � C3 ACH B � G3 BG 127 32 39 6.41 4.19 4.65 15.25
5 C � H3 CH B � G3 BG A � CH3 ACH 93 39 30 6.19 4.65 4.05 14.89
6 C � H3 CH A � CH3 ACH B � G3 BG 93 34 39 6.19 4.25 4.65 15.09
7 B � G3 BG A � C3 AC AC � H3 ACH 76 30 33 5.50 4.50 4.33 14.34
8 B � G3 BG A � H3 AH AH � C3 ACH 76 41 28 5.50 5.15 3.97 14.62
9 B � G3 BG C � H3 CH A � CH3 ACH 76 34 30 5.50 5.03 4.05 14.58
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Table S3. Contact probabilities for the 10 pairwise local cluster
interactions in the acid-unfolded apoMb ensemble

Contact Probability

AB 0.352
AC 0.073
AG 0.037
AH 0.035
BC 0.170
BG 0.035
BH 0.033
CG/CH �0.005
GH 0.394
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Table S4. Experimentally measured Q values for apomyoglobin variants at pH 2.3 in the absence of urea

Spin-label insertion site

Residue L11C A15C E18C I30C R31C F46C A57C K77C T95C E109C R118C K133C R139C K140C

1 0.167 0.385 0.057 0.178 0.026 0.506 0.822 0.961 0.960 0.590 0.586 0.729 0.181 0.850
2 0.066 0.121 0.099 0.100 0.020 0.271 0.562 0.961 0.752 0.432 0.445 0.445 0.097 0.803
3 0.077 0.437 0.870 0.890 0.416 0.590 0.286
4 0.090 0.101 0.205 0.072 0.466 0.907 0.956 1.018 0.635 0.424 0.604 0.323 0.966
5 0.052 0.152 BBD 0.169 BBD 0.480 0.904 1.003 1.021 0.625 0.611 0.596 0.287 0.894
6 BBD 0.104 0.185 BBD 0.295 0.831 0.978 0.960 0.597 0.779 0.584 0.174 0.884
7 BBD 0.883 1.007 0.856 0.541 0.562 0.894
8 0.235 0.575 0.933
9 BBD BBD 0.187 0.131 0.474 0.910 0.984 0.945 0.643 0.667 0.691 0.267 0.875
10 0.344 0.576 0.895 0.970 1.004 0.768 0.786 0.879 0.243 0.966
11 0.175 0.286
12 BBD 0.202 0.448 0.903 0.983 1.049 0.813 0.724 0.790 0.574 0.999
13 0.168 0.127 0.565 0.927 1.028 0.999 0.673 0.668 0.758 0.467 0.840
14
15
16 0.891 0.938 BBD 0.611 0.530 0.890
17 0.094
18 BBD BBD BBD 0.265 0.887 0.966 0.814 0.590 0.558 0.316 0.854
19 0.279 0.960 0.988 0.759
20 BBD BBD 0.242 0.483 1.178 0.743 0.674 0.260 1.001
21 BBD 0.498
22 0.083 BBD 0.161 0.066 0.715 0.957 0.970 0.984 0.680 0.511 0.529 0.406 0.857
23 0.078 0.098 BBD 0.202 0.051 0.710 0.937 0.990 0.995 0.772 0.652 0.785 0.566 0.915
24 0.208 0.154 BBD 0.318 0.112 0.836 1.015 0.960 1.057 0.923 0.817 0.826 0.658 0.929
25 0.066 0.052 BBD 0.158 0.062 0.635 0.854 0.991 0.999 0.861 0.766 0.812 0.538 0.944
26 0.149 0.169 BBD 0.566 0.807 0.950 0.986 0.879 0.816 0.707 0.558 0.958
27 BBD 0.595 0.878 1.065 0.855 0.856 0.821
28 0.099 BBD 0.406 1.081 1.058 0.804 0.737 0.875 0.301 1.023
29 0.051 0.059 BBD BBD 0.222 0.689 0.895 0.742 0.578 0.741 0.190 0.941
30 BBD BBD 0.735 1.017 0.481 0.257
31 BBD
32 0.325 0.824 0.949 0.997 0.944 0.861 0.330 1.028
33 0.151 0.063 BBD 0.391 0.820 0.987 1.050 0.863 0.751 0.807 0.580 0.977
34 BBD BBD 0.834 0.986 0.998 0.697 0.924 0.566 0.827
35 0.052 0.056 0.045 0.050 BBD 0.235 0.896 0.971 0.938 0.844 0.785 0.996 0.726 1.074
36 BBD BBD 0.192 BBD 0.366 0.850 1.016 0.957 0.762 0.963 0.787 1.031
38 0.088 0.075 0.072 0.145 BBD 0.260 0.664 0.941 1.038 0.880 0.843 0.892 0.615 0.941
39 0.278 0.249 0.133 0.225 0.030 0.205 0.853 0.976 1.088 1.008 1.019 0.993 1.008 0.961
40 0.935 0.829
41 BBD BBD 0.202 BBD 0.474 0.693 0.981 1.049 0.957 1.119 0.991 1.178 1.005
42 0.256 BBD 0.828 0.994 1.091 1.003 0.992 0.793
43 0.307 BBD BD BBD 0.266 0.713 0.959 1.065 1.012 1.020 0.981 0.992 0.974
44 0.276 0.230 0.149 0.242 BBD 0.066 0.603 0.836 1.108 1.008 1.145 0.945 1.056 1.029
45 0.000 0.742
46 0.401 0.515 0.246 0.330 0.000 0.633 1.012 1.060 1.057 1.086 0.957 1.044 1.049
47 0.039 0.942 1.074
48 0.335 0.369 0.290 0.426 0.449 0.000 0.601 1.012 1.028 1.107 1.068 1.021 1.100 0.905
49 0.385 0.371 0.100 0.382 0.345 0.000 0.465 0.993 0.995 1.102 0.957 1.020 1.025
50 0.317 1.057 1.116 1.009 0.979 1.017 0.956
51 0.631 0.743 0.606 0.660 0.125 1.012 1.066 1.040 1.052 0.892 1.071 1.027
52 0.491 0.453 0.297 0.396 0.351 0.011 1.003 1.072 1.023 1.101 0.992 1.114 0.966
53 0.725 1.019 0.969 0.978
54 0.810 0.774 0.753 0.828 0.658 0.311 0.921 1.077 0.993 1.005 1.021 1.059 0.996
55 0.740 0.740 0.810 0.652 0.273 0.080 0.961 1.034 1.024 1.035 1.005 1.061 0.911
56 1.205 1.024 1.053 0.877
57 0.562 0.546 0.979 0.927
58 0.990 0.907 0.932 0.959 0.609 0.059 1.003 1.041 1.016 1.018 1.011 1.098 1.052
59 1.052 1.006 0.738 0.186 0.920 0.967 1.113 1.149
60 0.636 0.003 1.127 1.056
61 0.998 0.935 0.979 0.899 0.812 0.025 0.954 1.036 1.011 0.995 1.020 1.023 1.099
62 1.079 0.880 0.901 0.967 0.947 0.967 1.144 0.991 1.000 1.047
63 1.010 1.068
64 1.085 1.006 0.957 1.017 0.825 0.821 0.283 0.920 1.082 1.026 1.014 1.025 1.094 1.052
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Table S4. continued

Residue L11C A15C E18C I30C R31C F46C A57C K77C T95C E109C R118C K133C R139C K140C

65 0.994 0.945 0.931 0.964 0.860 0.985 0.401 0.847 1.034 0.976 0.971 0.970 1.049 1.109
66 0.963 0.977 0.939 0.943 0.954 0.986 0.442 0.723 1.053 0.993 0.999 0.966 1.051 0.933
67 0.997 1.006 1.036 1.009 0.996 1.050 1.031
68 0.965 0.985 0.923 0.999 0.930 0.937 0.528 1.064 0.984 1.090 0.985 0.838 1.073
69 0.937 0.888 0.843 0.961 0.909 0.861 0.452 0.371 1.053 0.973 0.994 0.974 0.993 1.012
70 1.038 1.017 0.987 0.951 0.928 0.965 0.501 0.509 1.031 1.006 1.002 0.946 1.048 1.052
71 0.941 1.004 1.035 1.014 0.877 0.952 0.628 0.423 1.051 0.984 1.006 0.955 1.059 0.969
72 0.957 1.056 0.993 1.044 0.888 0.990 0.657 1.086 0.981 1.055 0.974 1.103 0.988
73 0.983 1.015 0.994 1.014 1.008 0.992 0.845 1.075 1.010 1.020 1.009 1.034 1.040
74 1.098 0.971 0.997 1.012 1.061 1.018 0.903 1.044 1.049 1.003 1.009 1.090 1.018
75 1.079 0.997 1.037 1.045 0.839 BBD 1.028 1.004 0.917 0.958 1.037
76 1.032 1.001 1.016 1.032 0.968 1.008 1.051 BBD 1.055 0.988 1.020 0.950 1.020 1.003
77 1.056 1.006
78 1.087
79 0.987 1.034 1.001 0.947 BBD 0.979 0.973 0.871
80 1.025 0.977 1.088 1.035 0.983 1.002 0.952 BBD 1.041 1.010 1.069 0.960 1.058 0.986
81 1.053 1.002 1.052 1.030 0.974 1.009 1.004 BBD 1.053 1.016 1.028 1.025 1.054 1.029
82 1.042 0.978 0.998 1.035 0.890 1.016 1.046 BBD 1.068 0.972 1.006 0.934 1.062 1.010
83 1.039 1.015 1.072 1.048 1.007 1.011 0.995 BBD 1.038 0.961 0.997 0.949 1.025 0.979
84 1.077 0.926 1.080 0.945 0.998 1.063 1.048 0.292 0.996 1.020 0.947 1.021 0.981 0.949
85 1.088 1.055 1.090 1.129 1.053 1.020 1.026 0.284 1.096 0.990 1.019 1.031 1.041
86 0.958 0.999 0.984 1.047 0.997 1.009 0.304 0.880 0.977 0.907 0.838 0.983
87 1.030 0.805 1.053
89 0.428 0.871
90 1.022 1.023 1.015 0.994 BBD 0.357 0.983 0.854 0.871
91 0.997
92 1.058 0.997 0.976 1.013 1.030 1.020 1.037 0.898 BBD 0.984 1.017 0.951 0.766 0.945
93 1.027 0.999 1.000 1.021 1.009 0.981 1.040 1.072 BBD 0.988 0.979 0.925 0.815 0.989
94 1.036 0.981 0.871
95 1.068 1.010 1.019 0.994 1.011 1.021 1.045 0.992 0.990 0.979 0.980 0.704 0.989
96 0.934 0.962 0.987 1.010 1.017 0.993 1.054 1.019 BBD 0.940 1.014 0.889 0.936
97 0.797 0.681 0.892 1.020 0.886 1.042 0.978 0.990 BBD 0.758 1.090 0.705 0.507 0.812
98 0.845 0.954 0.769 0.986 0.986 0.992 1.015 0.968 BBD 0.652 0.762 0.665 0.134 0.667
99 0.736 0.486 0.881 0.662 0.946 1.002 0.932 BBD 0.549 0.875 0.339 0.108 0.468
101 0.976 1.056 BBD
102 0.865 0.945
103 0.750 0.780 0.572 1.018 1.135 1.051 1.080 0.956 0.582 0.204 0.157 0.476
104 0.660 0.854 0.487 0.923 0.984 1.032 0.943 0.972 0.600 BBD BBD 0.045 0.176
105 0.802 0.962 0.664 0.971 0.910 1.117 1.053 0.982 0.638 BBD BBD 0.075 0.409
106 0.994 0.988 1.036 0.975 BBD 0.419
107 0.661 0.881 0.687 0.889 1.026 1.078 1.011 0.967 0.701 BBD BBD 0.049 0.171
108 0.685 0.878 0.410 0.917 1.057 1.036 0.850 0.934 0.821 BBD BBD BBD BBD 0.153
109 0.738 0.810 BBD 0.993 0.984 0.987 0.949 0.732 0.113 0.172 0.062 0.219
110 0.921 0.978 1.062 0.963 0.075 0.133
111 0.762 0.904 0.565 0.958 1.016 1.139 1.022 0.859 BBD 0.234 BBD BBD
112 0.738 0.918 0.388 0.923 1.069 1.041 0.961 1.010 0.982 BBD BBD BBD BBD 0.113
113 0.633 0.908 0.807 1.173 1.128 0.909 BBD BBD BBD 0.166
114 0.903 0.853 BBD
115 0.657 0.883 0.442 1.018 1.059 1.025 0.942 0.980 1.038 BBD BBD 0.176
116 0.651 0.881 0.404 0.998 1.092 1.032 1.168 1.025 0.919 0.077 BBD 0.068 BBD 0.179
117 0.481 1.107 1.016 BBD BBD
118 0.717 0.923 0.927 1.011 0.925 0.986 0.098 BBD 0.065
119 0.435 1.094 1.032 BBD
121 0.755 0.858 0.413 0.948 0.929 1.011 1.043 1.000 0.981 0.266 0.118 0.059 0.076 0.189
122 0.869 1.002 0.540 1.108 0.906 1.037 1.048 1.017 1.077 0.444 0.189 0.112 0.096 0.348
123 0.804 0.923 0.468 1.012 0.954 1.049 1.048 0.971 0.984 0.441 0.129 0.106 0.141 0.378
124 0.812 0.900 0.410 1.003 0.937 1.035 1.041 1.009 0.965 0.302 0.130 0.038 0.064 0.206
125 0.872 0.969 0.964 0.980 1.108 0.994 0.940 0.378 0.221 0.122
126 0.856 0.943 0.460 0.999 0.924 0.995 0.986 0.987 0.985 0.407 0.127 0.077 0.198 0.375
127 0.446
128 0.921 0.966 1.000 1.027 0.978 1.085 1.001 1.003 0.476 0.161 0.096 BBD 0.448
129 0.979 0.986 0.621 1.015 1.063 1.060 1.024 0.925 0.999 0.488 0.202 0.050 BBD 0.395
130 1.007 0.841 0.226 0.113
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Table S4. continued

Residue L11C A15C E18C I30C R31C F46C A57C K77C T95C E109C R118C K133C R139C K140C

131 0.871 1.000 1.027 0.968 0.948 1.003 BBD 0.143
132 0.837 0.969 0.541 0.949 0.991 1.085 0.972 0.950 1.011 0.380 0.166 BBD 0.254
133 0.910 0.990 1.074 0.351 BBD
134 0.761 0.704 0.443 0.978 1.030 1.040 1.001 0.974 0.364 BBD 0.185
135 1.083 BBD
136 0.940 0.964 0.793 0.964 1.162 1.032 1.061 1.069 0.936 0.423 0.158 BBD BBD
137 1.051 0.917 BBD
138 0.727 0.883 1.119 1.140 1.120 0.996 1.009 0.921 0.321 BBD BBD BBD
139 0.678 0.904 0.792 1.116 1.126 1.023 0.928 BBD BBD BBD
140 BBD BBD
141 1.092 1.014 0.982 BBD
142 0.790 0.919 BBD 0.945 0.959 1.097 1.019 1.008 0.896 0.374 BBD BBD BBD
143 0.641 0.895 0.954 1.131 0.997 1.107 0.990 0.819 0.170 0.123 0.025 BBD BBD
144 0.631 0.936 0.856 1.108 0.977 0.986
145 0.707 0.814 0.615 0.973 1.092 1.072 0.985 0.980 1.060 0.308 BBD BBD BBD
146 0.988 0.948 0.739 1.047 1.093 0.960 1.072 0.984 0.957 0.470 0.297 BBD BBD BBD
147 0.631 0.936 1.049 1.015 0.938 0.991 1.018
148 0.807 0.932 0.556 1.043 1.127 1.060 1.111 1.023 0.932 0.421 0.386 BBD BBD
149 0.753 0.841 0.611 0.941 1.057 1.089 1.000 0.962 0.921 BBD BBD
150 0.789 1.015 BBD 1.015 1.018 1.069 1.060 0.919 1.075 0.243 0.157 0.041 0.070
151 0.897 0.919 0.994 0.911 0.428
152 0.851 0.917 0.584 0.989 0.981 0.994 1.008 0.968 0.754 0.409 0.262 0.115 0.075 0.152
153 0.987 0.947 0.603 1.053 1.121 0.918 0.944 0.853 0.564 0.283 0.179 0.093 0.160

Blank cells indicate residues for which peak overlap prevented accurate measurements. �BBD� is used to designate residues that are either broadened beyond
detection in the paramagnetic state or otherwise not quantifiable due to low signal intensities.
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