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Table S1. Data collection and refinement statistics

inactive p38y

Data collection
Beamline APS-23-ID-D
Wavelength (A) 1.03316
Resolution range (A) 44.59-2.55 (2.62-2.55)
Space group P1
Unit cell dimensions (A, °) 47.03, 66.36, 68.57, 115.27, 102.49, 96.83
Total reflections 43042(2007)
Unique reflections 22388(1051)
Rmerge(l)® 0.075(0.37)
Rmeas® 0.11(0.53)
Rpim* 0.075(0.37)
cc1/2¢ 0.91(0.68)
Completeness (%) 98.1(92.9)
Multiplicity 1.9(1.9)
<l>/<o(l)> 10.3(2.2)
Refinement
Reflections used for Rwork(Rfree) 21274(1112)
Number of protein atoms 5377
Number of waters 45
Number of sulfates 2
Rwork 0.19(0.27)
Rfree 0.25(0.34)
AverageB-value (A% 50
Wilson B-value (A% 42
RMSD from ideality

Bond length (A) 0.003

Bond angle (°) 0.584

Clashscore 36
Ramachandran plot

Favored (%) 96

Allowed (%) 4

Outlier (%) 0

“Numbers in parentheses are for highest resolution shell

meg,ge =T Zic1 0|l hkl) - <I(hkl)>| / Zpa Zizq 0 (kD)

“R meas = ZraV(n/n=1) Zicq o l{hkl) = <I(hkl)>| / Zya Zeq (D)

Roim = ZhaV(1/n-1) T afl(hkl)— <I(hKD) >| / Epia Tie1ali(hkD)

®CCy/>» =Pearson Correlation Coefficient between two random half datasets

fNumber of unfavorable all-atom steric overlaps = 0.4A per 1000 atoms
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Table S2. °N Relaxation data.

Backbone  Rq(1/s) R4(1/s) Ry(1/s) R,(1/s) {1H}-15N NOE {1H}-15N NOE
Amide 500MHz 800MHz 500MHz 800MHz 500MHz 800MHz
7 1.01 (0.01) 090 (0.01) 17.16 (0.068) 21.82 (0.1) 0.30 (0.02) 0.35 (0.03)
8 0.83 (0.03) 060 (0.02)  31.52 (0.21)  39.14 (0.33) 041 (0) 0.49 (0.1)
9 0.73 (0.03) 046 (0.02) 3068 (0.21)  37.92 (0.36) 0.53 (0.02) 0.63 (0.04)
10 0.67 (0.09) 029 (0.17)  38.02 (0.47) 49.17 (1.78) 0.64 (0.26) -0.44 (0.81)
11 0.57 (0.03) 037 (0.02) 4031 (0.3) 57.87 (0.58) 0.64 (0.17) 0.76 (0.09)
12 0.43 (0.03) 030 (0.02) 49.75 (0.34) 5820 (0.6) 0.63 (0.11) 0.81 (0.08)
13 0.53 (0.02) 031 (0.01) 4213 (0.18)  61.27 (0.37) 0.85 (0.12) 0.85 (0.12)
14 0.54 (0.03) 037 (0.02) 36.64 (0.19)  44.29 (042) 0.78 (0.01) 0.70 (0.06)
15 0.60 (0.02) 033 (0.01) 36.83 (0.15) 5233 (0.33) 0.66 (0.08) 0.61 (0.03)
16 0.61 (0.03) 036 (0.02)  33.30 (0.21) 4022 (0.52) 0.68 (0.08) 0.70 (0.01)
18 0.59 (0.06) 043 (0.05) 36.89 (0.47) 5432 (1.24) 0.46 (0.08) 0.63 (0.08)
19 0.70 (0.03) 045 (0.02) 29.27 (0.18)  39.41 (0.39) 0.59 (0.02) 0.51 (0.07)
20 0.62 (0.03) 037 (0.02) 3298 (0.23)  44.69 (0.56) 0.50 (0.06) 0.52 (0.15)
21 0.59 (0.03) 034 (0.01) 3591 (0.18) 4742 (0.34) 0.61 (0.04) 0.71 (0)
22 0.58 (0.05) 024 (0.03) 4022 (0.38) 5217 (0.85) 0.68 (0.07) 0.71 (0.13)
23 0.54 (0.03) 026 (0.02) 3696 (0.25)  46.02 (0.41) 0.78 (0.17) 0.70 (0.03)
25 0.55 (0.02) 037 (0.01) 3095 (0.18)  47.74 (0.38) 0.64 (0.1) 0.83 (0.06)
26 0.55 (0.03) 029 (0.02) 34.05 (0.28) 52.16 (0.57) 0.77 (0.05) 0.74 (0.08)
27 0.52 (0.02) 030 (0.01) 3800 (0.15)  57.84 (0.31) 0.78 (0.06) 0.84 (0.04)
28 0.53 (0.03) 029 (0.02) 3823 (0.26) 48.56 (047) 0.73 (0.05) 0.69 (0.06)
29 0.47 (0.02) 028 (0.01)  46.07 (0.19)  56.19 (0.34) 0.55 (0.02) 0.70 (0.02)
30 0.51 (0.02) 027 (0.01) 4147 (021) 62.08 (048) 0.69 (0.01) 0.77 (0.01)
3 0.65 (0.02) 032 (0.01) 2541 (0.21) 4278 (041) 0.66 (0.11) 0.81 (0)
36 0.60 (0.03) 039 (0.02) 2941 (0.21)  41.03 (047) 0.39 (0) 0.47 (0.04)
38 0.52 (0.07) 049 (0.06) 29.66 (0.6) 59.51 (1.47) 0.79 (0.28) 0.90 (0.07)
42 0.61 (0.04) 032 (0.03)  33.51 (0.28)  57.82 (0.76) 0.73 (0.03) 0.86 (0.18)
43 0.56 (0.04) 034 (0.02) 36.52 (0.3) 48.05 (0.56) 0.73 (0.01) 0.66 (0.07)
45 0.49 (0.03) 027 (0.02) 3896 (0.28) 5223 (0.52) 0.64 (0.17) 1.01 (0.05)
46 0.52 (0.02) 027 (0.01) 4095 (0.2) 56.39 (0.41) 0.74 (0.03) 0.74 (0.01)
47 0.57 (0.03) 030 (0.02) 36.24 (0.23) 50.25 (0.47) 0.78 (0.02) 0.71 (0)
48 0.54 (0.04) 033 (0.03) 3743 (033) 54.21 (0.64) 0.77 (0.09) 0.67 (0.06)
50 0.53 (0.08) 031 (0.04) 29.16 (0.68)  48.08 (1.22) 0.59 (0.09) 0.55 (0.16)
51 0.50 (0.03) 036 (0.02) 3637 (0.26) 56.09 (0.53) 0.65 (0.07) 0.72 (0.09)
52 0.63 (0.01) 034 (0.01) 3061 (0.09) 3822 (0.23) 042 (0) 0.50 (0.05)
57 0.58 (0.04) 026 (0.03) 3849 (0.29) 51.29 (0.69) 0.88 (0.03) 0.77 (0.05)
58 0.57 (0.05) 033 (0.04) 38.82 (0.38) 45.70 (0.93) 0.91 (0.13) 0.73 (0.01)
59 0.50 (0.03) 035 (0.02)  33.10 (0.24) 4856 (0.51) 0.73 (0.1) 0.71 (0.18)
60 0.57 (0.05) 024 (0.06) 3676 (0.34) 57.12 (1.42) 0.54 (0.15) 0.89 (0.11)
62 0.50 (0.03) 037 (0.02)  31.81 (0.31) 4858 (0.58) 0.50 (0.16) 0.94 (0.12)
63 0.41 (0.04) 038 (0.03) 42.55 (038) 62.13 (1.98) 0.78 (0.06) 0.77 (0.07)
68 0.63 (0.05) 033 (0.02) 3953 (032) 4562 (0.61) 0.65 (0.13) 0.69 (0.17)
69 0.55 (0.04) 029 (0.03) 3859 (0.32) 61.36 (0.76) 0.73 (0.06) 0.79 (0.03)
70 0.54 (0.08) 036 (0.08) 3449 (0.55) 50.19 (2.11) 0.65 (0.09) 0.74 (0.17)
83 0.66 (0.01) 046 (0.01)  29.79 (0.06) 37.94 (0.28) 0.45 (0.01) 0.67 (0.05)
84 0.56 (0.02) 030 (0.02) 34.84 (0.22) 4936 (04) 0.98 (0.01) 0.75 (0.12)
85 0.51 (0.05) 032 (0.04) 3452 (0.47) 4164 (0.95) 0.70 (0.11) 0.89 (0.04)
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Table S2 continued. N Relaxation data.

Backbone R1(1/s) R1(1/s) R2(1/s) Rx(1/s) {1H}-15N NOE {1H}-15N NOE
Amide 500MHz 800MHz 500MHz 800MHz 500MHz 800MHz
86 0.59 (0.03) 030 (0.02)  31.23 (0.23)  55.60 (0.61) 0.65 (0.01) 0.83 (0.04)
87 0.56 (0.05) 0.34 (0.05)  36.02 (041) 5913 (1.12) 0.93 (0.08) 0.70 (0.04)
88 0.60 (0.04) 0.37 (0.04)  31.06 (0.32) 5237 (1) 048 (0.13) 0.77 (0.02)
89 0.55 (0.02) 036 (0.02)  32.04 (0.21)  46.74 (0.47) 0.58 (0.03) 0.76 (0.08)
90 0.68 (0.09) 0.37 (0.06)  34.87 (0.56) 44.77 (1.07) 1.00 (0.38) 0.84 (0.28)
94 0.56 (0.02) 0.29 (0.01)  41.84 (0.19)  47.36 (0.35) 0.72 (0.12) 0.90 (0.01)
96 0.50 (0.04) 0.27 (0.03) 19.59 (0.23)  40.60 (0.61) 0.61 (0.05) 0.73 (0.07)
97 061 (0.03) 0.38 (0.02) 3573 (0.24) 47.66 (0.4) 0.55 (0.09) 0.56 (0.1)
98 0.58 (0.03) 039 (0.02) 3339 (0.25)  50.02 (0.5) 0.59 (0.11) 0.52 (0.01)
100 0.52 (0.03) 035 (0.02) 4196 (0.33) 61.36 (0.5) 0.74 (0.05) 0.73 (0.06)
101 061 (0.06) 0.30 (0.03)  37.19 (0.5) 45.00 (0.75) 0.58 (0.04) 0.46 (0.11)
102 047 (0.03) 0.33 (0.02) 3137 (0.28)  49.90 (0.53) 0.88 (0.19) 0.52 (0.14)
103 0.53 (0.1) 0.25 (0.06)  30.45 (0.84)  53.65 (1.71) 0.89 (0.43) 0.65 (0.07)
11 0.54 (0.03) 036 (0.02)  31.77 (0.24)  64.22 (0.71) 0.69 (0.09) 0.63 (0.13)
112 0.96 (0.06) 0.53 (0.1) 27.90 (0.32)  40.93 (1.44) 0.65 (0.29) 0.53 (0.26)
114 0.58 (0.02) 039 (0.02)  35.04 (0.17)  44.49 (0.38) 0.71 (0.09) 0.75 (0.09)
115 0.58 (0.03) 041 (0.02)  34.15 (0.26) 46.76 (0.62) 0.56 (0.06) 0.77 (0.15)
116 0.54 (0.03) 0.29 (0.02)  38.85 (0.3) 50.71 (0.56) 0.82 (0.14) 0.85 (0.04)
118 0.51 (0.05) 0.24 (0.03)  37.51 (0.43) 51.29 (0.75) 0.70 (0.11) 0.80 (0)
120 0.60 (0.03) 041 (0.02) 3455 (0.31) 4244 (0.57) 0.60 (0.07) 0.72 (0.03)
121 0.58 (0.03) 0.32 (0.02) 3940 (0.31)  48.50 (0.45) 0.47 (0.05) 0.62 (0.09)
122 0.70 (0.04) 0.44 (0.03) 2959 (0.33)  45.25 (0.6) 0.36 (0.17) 0.41 (0.02)
123 0.72 (0.02) 0.55 (0.01)  27.22 (0.13)  39.51 (0.22) 0.43 (0.06) 0.52 (0.01)
125 0.70 (0.01) 0.54 (0.01)  28.03 (0.11)  41.56 (0.21) 0.19 (0.06) 0.32 (0.06)
126 0.58 (0.02) 0.40 (0.01) 3973 (0.16)  47.85 (0.3) 0.66 (0.05) 0.75 (0.03)
127 0.60 (0.04) 0.40 (0.02) 3805 (0.34) 5247 (0.6) 0.92 (0.13) 0.68 (0.03)
130 0.59 (0.04) 0.37 (0.02)  26.54 (0.29)  49.40 (0.51) 0.72 (0.02) 0.85 (0.16)
131 0.56 (0.03) 0.28 (0.02)  34.22 (0.21)  47.18 (0.47) 0.75 (0.03) 0.90 (0.09)
132 0.50 (0.02) 0.32 (0.01) 3862 (0.21) 5568 (0.4) 0.77 (0.05) 0.70 (0.05)
133 0.65 (0.04) 0.55 (0.03) 26.73 (0.26)  38.80 (0.68) 0.43 (0.05) 0.61 (0.04)
135 079 (0.11) 0.38 (0.08) 3978 (1) 48.41 (2.56) 0.69 (0.35) 0.82 (0.21)
147 0.50 (0.1) 0.31 (0.05)  33.97 (0.57)  40.30 (1.09) 0.55 (0.12) 0.88 (0.22)
148 0.51 (0.03) 0.28 (0.02) 4542 (0.34) 4873 (0.73) 0.83 (0.16) 0.77 (0.03)
158 0.55 (0.02) 040 (0.02) 3632 (0.19)  43.54 (0.48) 0.82 (0.21) 0.71 (0.09)
159 043 (0.07) 0.20 (0.05)  29.15 (0.49) 51.61 (1.1) 0.56 (0.02) 0.84 (0.01)
161 044 (0.03) 0.36 (0.04) 3899 (0.37) 49.87 (0.83) 0.77 (0.12) 0.72 (0.09)
162 0.52 (0.02) 0.30 (0.01)  30.27 (0.14)  55.00 (0.31) 0.74 (0.02) 0.85 (0.01)
163 0.59 (0.04) 0.34 (0.03) 4471 (0.39) 4873 (0.7) 042 (0.01) 0.54 (0.06)
164 0.51 (0.04) 035 (0.02)  31.15 (0.37)  46.84 (0.59) 0.58 (0) 0.54 (0.06)
165 0.64 (0.06) 0.27 (0.03)  47.81 (0.59) 5235 (0.8) 0.61 (0.1) 0.68 (0.07)
166 0.51 (0.02) 0.30 (0.02)  45.85 (0.25)  51.07 (0.55) 0.72 (0) 0.79 (0.01)
167 0.54 (0.04) 0.27 (0.03) 3937 (0.35) 47.67 (0.6) 0.79 (0.12) 0.70 (0.07)
168 0.50 (0.08) 0.50 (0.1) 48.36 (0.6) 42.10 (1.66) 0.77 (0.03) 0.64 (0.09)
172 061 (0.03) 048 (0.03)  31.64 (0.21)  42.10 (0.48) 0.62 (0) 0.46 (0.02)
173 0.51 (0.15) 0.27 (0.1) 31.61 (1.83) 5895 (4.22) 0.83 (0.2) 0.51 (0.17)
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Table S2 continued. N Relaxation data.

Backbone  Rq(1/s) Rq(1/s) Ra(1/s) Ry(1/s) {1H}-15N NOE {1H}-15N NOE
Amide 500MHz 800MHz 500MHz 800MHz 500MHz 800MHz

175 0.70 (0.01) 0.47 (0.01) 31.39 (0.09) 41.89 (0.17) 0.56 (0.04) 0.70 (0.01)
176 0.68 (0.01) 0.48 (0.01) 30.51 (0.08) 43.80 (0.15) 034 (0.02) 0.34 (0.05)
179 0.75 (0.04) 042 (0.08) 3088 (0.23) 46.86 (1.65) 0.64 (0.13) 0.62 (0.11)
181 0.74 (0.04) 053 (0.03) 1949 (0.26)  34.24 (0.54) 064 (0) 0.72 (0.07)
182 0.74 (0.07) 0.48 (0.13) 22.47 (0.38) 35.46 (1.81) 0.47 (0.05) 0.76 (0.15)
185 0.76 (0.02) 0.42 (0.01) 26.46 (0.15) 3511 (0.31) 0.67 (0.11) 0.79 (0.02)
186 1.02 (0.04) 0.76 (0.04) 26.44 (0.2) 42,08 (0.61) 045 (0.1) 0.68 (0.08)
206 0.42 (0.07) 027 (0.06) 27.84 (0.74) 4815 (1.73) 095 (0.11) 0.70 (0.14)
209 0.54 (0.05) 0.32 (0.05) 36.77 (0.34) 56.36 (1.35) 0.77 (0.02) 0.69 (0.06)
212 0.72 (0.06) 0.42 (0.11) 3027 (0.33) 3819 (1.58) 0.76 (0.1) 0.60 (0.06)
217 0.53 (0.03) 033 (002) 3753 (0.25) 51.83 (0.48) 0.82 (0.02) 0.82 (0.07)
220 051 (0.02) 032 (0.02) 4585 (0.25) 5561 (0.4) 0.73 (0.02) 0.70 (0.05)
221 0.61 (0.06) 0.20 (0.03) 25.86 (0.57) 42.68 (1.15) 0.80 (0.08) 0.69 (0.08)
222 0.65 (0.03) 0.39 (0.02) 32,65 (0.25) 44.94 (0.47) 0.73 (0.12) 0.66 (0.03)
223 0.60 (0.03) 031 (0.02) 2891 (0.24)  44.45 (0.55) 0.73 (0.04) 0.73 (0.03)
224 0.58 (0.02) 038 (0.01) 3200 (0.16)  42.65 (0.34) 0.74 (0.07) 0.57 (0.16)
233 0.48 (0.05) 0.28 (0.05) 3887 (043) 56.62 (1.2) 0.76 (0.17) 0.73 (0.23)
234 0.55 (0.06) 0.47 (0.06) 38.23 (0.5) 46.25 (1.52) 0.72 (0.06) 0.87 (0.11)
241 0.59 (0.03) 033 (0.02) 43.7 (0.26)  54.73 (0.57) 0.67 (0.19) 0.69 (0.02)
243 0.54 (0.06) 035 (0.05) 3956 (062)  46.18 (1.37) 0.63 (0.01) 0.66 (0.3)

247 0.53 (0.03) 0.31 (0.02) 42.47 (0.32) 64.39 (0.77) 0.61 (0.06) 0.53 (0.08)
2438 0.72 (0.06) 0.32 (0.06) 36.53 (0.44) 43.81 (1.6) 0.35 (0.07) 0.88 (0.2)

249 0.61 (0.08) 0.26 (0.09) 3003 (0.66)  48.87 (2.36) 044 (0.17) 0.82 (0.2)

251 0.49 (0.03) 0.42 (0.04) 3815 (032)  51.97 (0.83) 067 (0) 0.67 (0.04)
252 0.53 (0.03) 035 (0.03) 3837 (027)  36.34 (0.6) 052 (0.04) 0.80 (0.02)
253 0.54 (0.05) 0.28 (0.05) 33.93 (0.34) 56.36 (1.35) 0.77 (0.02) 0.98 (0.21)
259 0.64 (0.04) 0.31 (0.03) 3351 (0.34)  47.28 (0.8) 0.73 (0.1) 0.75 (0.04)
260 0.59 (0.02) 037 (0.01) 3858 (0.17)  49.21 (0.36) 0.70 (0.03) 0.81 (0.05)
261 0.60 (0.03) 038 (0.02) 31.11 (0.23)  55.28 (0.59) 0.66 (0.02) 0.61 (0.04)
262 0.79 (0.06) 0.54 (0.06) 38.75 (0.44) 49.53 (1.41) 0.69 (0.01) 0.75 (0.02)
263 0.56 (0.04) 0.38 (0.03) 37.25 (0.28) 50.91 (0.74) 0.53 (0.06) 0.68 (0.02)
264 0.57 (0.06) 0.24 (0.08) 3541 (0.63) 47.06 (1.87) 0.46 (0.08) 0.69 (0.04)
265 0.64 (0.02) 041 (0.02) 3152 (0.17)  43.29 (0.41) 051 (0.01) 0.49 (0.08)
267 0.68 (0.01) 0.48 (0.01) 3051 (0.08)  43.80 (0.15) 035 (0.01) 0.34 (0.05)
268 0.76 (0.06) 0.51 (0.08) 2801 (0.35)  39.22 (1.24) 0.51 (0.08) 0.91 (0.32)
269 0.74 (0.02) 054 (0.01) 2993 (0.11)  36.97 (0.24) 039 (0.03) 0.47 (0.04)
270 0.66 (0.01) 0.49 (0.01) 2678 (0.06)  40.98 (0.13) 042 (0.04) 0.54 (0)

271 0.65 (0.02) 0.39 (0.02) 33.73 (0.16) 44.44 (0.35) 0.48 (0.05) 0.63 (0.05)
273 0.68 (0.04) 0.34 (0.03) 38.94 (0.34) 55.50 (1.04) 0.46 (0.08) 0.56 (0.19)
274 0.60 (0.03) 0.42 (0.02) 4131 (0.24)  51.52 (0.44) 0.88 (0.05) 0.69 (0.13)
275 0.59 (0.04) 036 (0.02) 3163 (032)  43.91 (0.54) 0.44 (0.09) 0.67 (0.07)
277 0.50 (0.03) 0.35 (0.02) 33.09 (0.24) 48.56 (0.51) 0.73 (0.1) 0.71 (0.18)
279 0.59 (0.04) 0.47 (0.02) 32.81 (0.27) 44,58 (0.48) 036 (0.09) 0.30 (0.04)
280 0.60 (0.02) 0.41 (0.01)  31.03 (0.13)  42.52 (0.24) 0.46 (0.03) 0.34 (0.02)
281 0.53 (0.02) 034 (0.01) 3795 (0.18)  50.98 (0.36) 0.44 (0.06) 0.51 (0.12)

S5



Table S2 continued. N Relaxation data.

Backbone Rq(1/s) Rq(1/s) Ro(1/s) Ry(1/s) {1H}-15N NOE {1H}-15N NOE
Amide 500MHz 800MHz 500MHz 800MHz 500MHz 800MHz

283 062 (0.03) 047 (0.02) 3041 (022) 4247 (0.46) 0.59 (0.03) 0.67 (0)

284 049 (0.05) 028 (0.02) 3577 (0.41) 4898 (0.71) 0.86 (0.03) 0.87 (0)

285 047 (0.04) 030 (0.02) 3219 (0.36)  48.58 (0.65) 0.98 (0.05) 0.90 (0.13)
286 0.54 (0.02) 037 (0.01) 4028 (0.18)  50.27 (0.32) 0.90 (0.06) 0.72 (0.01)
287 0.57 (0.06) 0.37 (0.05) 3685 (0.51) 4144 (1.14) 0.73 (0.08) 0.82 (0.09)
288 068 (0.12) 055 (0.07)  23.08 (0.71) 4422 (2.06) 0.77 (0.17) 0.70 (0.01)
294 0.54 (0.04) 036 (0.05) 4471 (0.41)  66.74 (1.41) 0.64 (0.15) 0.89 (0.16)
295 051 (0.02) 033 (0.03) 3766 (0.24) 5146 (0.82) 0.67 (0.09) 0.73 (0.06)
298 054 (0.02) 037 (0.01) 4028 (0.18) 5027 (0.32) 0.90 (0.06) 0.72 (0.01)
299 062 (0.04) 036 (0.03) 3148 (0.29) 5093 (0.71) 0.85 (0.21) 0.62 (0.11)
300 0.53 (0.03) 031 (0.02)  41.04 (0.26)  44.10 (0.42) 0.46 (0.06) 0.75 (0.01)
301 044 (0.04) 0.24 (0.02) 4185 (0.4) 56.63 (0.73) 0.65 (0.03) 0.96 (0.39)
303 052 (0.04) 027 (0.04) 3355 (0.31) 4492 (0.71) 0.69 (0.06) 0.70 (0.06)
304 054 (0.04) 029 (0.02) 3776 (035  59.04 (0.69) 0.57 (0.08) 0.67 (0.05)
306 048 (0.03) 0.37 (0.02) 3770 (0.28) 57.88 (0.92) 0.96 (0.11) 0.78 (0.11)
307 070 (0.08) 044 (0.05) 3438 (0.51) 4162 (1) 0.50 (0.09) 056 (0.12)
310 0.60 (0.03) 029 (0.02) 3740 (0.23)  50.04 (0.56) 0.93 (0.1) 0.75 (0.13)
312 049 (0.02) 032 (0.01) 3938 (0.21)  60.52 (0.38) 0.67 (0.04) 0.64 (0.12)
313 065 (0.03) 039 (0.02) 3265 (025  44.94 (0.47) 0.73 (0.12) 0.66 (0.03)
315 051 (0.02) 032 (0.01) 4585 (0.25) 5568 (0.4) 0.77 (0.05) 0.74 (0)

316 1.09 (0.01) 0.85 (0.01) 1759 (0.06) 24.16 (0.12) 0.24 (0.07) 0.40 (0)

318 1.09 (0.01) 0.85 (0.01) 1759 (0.06)  23.48 (0.13) 0.23 (0.08) 0.46 (0.01)
319 1.09 (0.01) 0.85 (0.01) 1759 (0.06) 24.16 (0.12) 0.24 (0.07) 0.40 (0)

320 1.04 (0.01) 0.85 (0.01) 1678 (0.04) 21.07 (0.07) 0.18 (0.03) 0.32 (0)

322 1.02 (0.03) 0.68 (0.01) 2063 (0.14) 2472 (0.23) 0.25 (0.03) 0.44 (0.02)
323 0.73 (0.02) 0.56 (0.01) 2561 (0.1) 34.95 (0.2) 0.16 (0.01) 0.14 (0.04)
324 0.74 (0.02) 0.51 (0.01)  33.04 (0.1) 38.59 (0.2) 0.48 (0.05) 0.40 (0.04)
325 063 (0.01) 036 (0.01) 3059 (0.11) 4290 (0.19) 0.64 (0.09) 0.52 (0.06)
326 0.54 (0.03) 0.30 (0.02)  39.42 (0.2) 55.45 (0.46) 0.69 (0.02) 0.79 (0.01)
327 057 (0.02) 035 (0.01) 3643 (0.2) 56.03 (0.35) 0.68 (0.06) 0.68 (0.02)
328 0.50 (0.03) 036 (0.02)  38.80 (0.25  47.60 (0.39) 0.73 (0.05) 0.58 (0.01)
329 063 (0.03) 046 (0.03) 3230 (0.22)  49.47 (0.54) 0.83 (0.13) 0.81 (0.16)
330 075 (0.04) 0.60 (0.03) 3088 (0.23) 4523 (0.61) 0.56 (0.17) 0.57 (0.12)
331 059 (0.02) 030 (0.01) 2646 (0.15) 4151 (0.27) 0.74 (0.02) 0.85 (0.01)
332 0.62 (0.03) 040 (0.02) 3296 (0.21)  43.22 (0.52) 0.63 (0.03) 0.59 (0.08)
333 0.59 (0.02) 048 (0.01) 2578 (0.13)  40.90 (0.34) 0.12 (0.17) 0.23 (0)

334 070 (0.01) 047 (0.01) 3139 (0.09) 41.89 (0.17) 0.54 (0.03) 0.55 (0.02)
335 0.66 (0.01) 049 (0.01) 2933 (0.06)  40.98 (0.13) 0.41 (0.05) 0.54 (0)

336 061 (0.02) 034 (0.01) 3827 (0.22)  47.60 (0.41) 0.54 (0.09) 0.76 (0.04)
337 056 (0.03) 033 (0.01) 3791 (0.21) 4621 (0.38) 0.81 (0.03) 0.76 (0.12)
338 0.59 (0.02) 037 (0.01) 3859 (0.17)  49.20 (0.36) 0.70 (0.03) 0.82 (0.04)
340 0.52 (0.03) 031 (0.02) 4050 (0.29) 54.06 (0.52) 0.64 (0.06) 0.81 (0.04)
347 052 (0.04) 0.30 (0.02) 3288 (0.31)  50.02 (0.6) 0.63 (0.01) 0.77 (0.16)
349 057 (0.03) 031 (0.02) 3417 (0.21)  49.26 (0.44) 0.75 (0.03) 0.77 (0.03)
350 045 (0.04) 035 (0.02) 3572 (0.38) 4557 (0.55) 0.65 (0.14) 0.86 (0.18)
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Table S2 continued. N Relaxation data.

Backbone  Rj(1/s) R1(1/s) Rx(1/s) Ra(1/s) {1H}-15N NOE {1H}-15N NOE
Amide 500MHz 800MHz 500MHz 800MHz 500MHz 800MHz

351 0.62 (0.02) 0.41 (0.01) 33.85 (0.16) 48.03 (0.29) 0.43 (0.06) 0.44 (0.08)
352 0.54 (0.02) 0.40 (0.01) 33.84 (0.15) 46.85 (0.24) 0.31 (0.02) 0.53 (0.03)
355 1.28 (0.03) 0.90 (0.01) 6.22 (0.07) 7.50 (0.12) 0.04 (0.1) 0.29 (0.04)
356 1.54 (0.02) 1.36 (0.01) 5.23 (0.05) 5.59 (0.08) 0.04 (0.16) 0.30 (0.01)
357 1.40 (0.02) 1.25 (0.01) 8.52 (0.06) 11.04 (0.09) 0.11 (0.01) 0.34 (0.03)
358 1.40 (0.06) 1.21 (0.03) 5.90 (0.13) 6.37 (0.21) -0.26 (0.07) 0.41 (0.08)
359 1.20 (0.02) 1.12 (0.01) 9.02 (0.06) 10.03 (0.1) 0.16 (0.02) 0.41 (0.01)
360 1.28 (0.03) 0.90 (0.01) 6.22 (0.07) 5.43 (0.11) -0.11 (0.05) 0.29 (0.04)
361 1.56 (0.01) 1.35 (0.01) 5.22 (0.03) 5.08 (0.05) -0.04 (0.13) 0.27 (0.01)
362 1.38 (0.07) 1.31 (0.05) 4.62 (0.16) 5.85 (0.24) 0.08 (0.34) 0.36 (0.08)
363 0.92 (0.04) 0.69 (0.14) 30.87 (0.22) 14.19 (4.61) 0.39 (0.06) -0.18 (0.41)
364 0.98 (0.01) 0.70 (0.01) 9.03 (0.06) 4.57 (0.07) 0.45 (0.16) 0.67 (0.02)
365 1.36 (0.01) 1.32 (0.01) 2.85 (0.04) 3.69 (0.05) -0.59 (0.11) 0.07 (0.04)
367 1.13 (0) 1.40 (0) 1.49 (0.02) 2.30 (0.02) -1.31 (0.01) -0.43 (0.01)
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Table S3. Model free extracted parameters. S? is the squared generalized order parameter. S? =
S%¢* S% (fast and slow components). Te is the internal correlation time. Rex is the exchange
contribution to the transverse relaxation rate. The optimized rotational correlation time (tc) was
31ns. Models are described in the main text, using BIC (Bayesian information criterion) for
model selection (lowest BIC).

lB\?nciI:ilLone s2 52 Te(ns) Rex(1/s) model BIC
10 0.96 (0.05) 0.26 (0.9) 1.90 (1.13) 4 8.97
1 0.97 (0.01) 0.65 (0.41) 5.02 (0.78) 4 10.65
12 0.84 (0.03) 9.46 (1.09) 3 39.12
13 0.92 (0.02) 8.00 (1) 3 7.30
14 0.97 (0.01) 0.88 (0.33) 2 19.61
15 0.97 (0.01) 0.29 (0.12) 1.72 (0.68) 4 6.25
16 0.95 (0.01) 0.79 (0.12) 2 21.75
18 0.93 (0.01) 0.62 (0.14) 4.27 (0.75) 4 7.62
19 0.88 (0.01) 1.11 (0.08) 2 56.78
20 0.94 (0.01) 0.60 (0.12) 2 6.78
21 0.97 (0.01) 0.40 (0.15) 2 5.58
22 0.89 (0.05) 0.02 (0.05) 5.10 (1.21) 4 15.18
23 0.85 (0.03) 0.01 (0) 3.54 (0.86) 4 13.49
25 0.92 (0.02) 0.94 (0.02) 0.92 (0.6) 5 16.74
26 0.91 (0.03) 0.02 (0.01) 2.76 (0.95) 4 6.53
27 0.99 (0.01) 1.10 (3.78) 2 7.58
28 0.93 (0.02) 0.04 (0.03) 2 15.48
29 0.85 (0.02) 0.02 (0.01) 7.48 (0.99) 4 31.78
30 0.86 (0.03) 0.01 (0) 8.77 (1.01) 4 8.80
31 0.87 (0.02) 1 73.94
36 0.93 (0.01) 0.38 (0.06) 2 11.55
38 0.88 (0.03) 0.94 (0.02) 2.05 (0.95) 5 42.52
42 0.94 (0.04) 0.04 (0.15) 3.67 (1.12) 4 13.05
43 0.98 (0.01) 0.15 (0.19) 2 7.21
45 0.88 (0.03) 441 (0.98) 3 13.97
46 0.89 (0.02) 0.02 (0.01) 5.82 (1.01) 4 7.99
47 0.98 (0.01) 0.71 (0.23) 2 12.13
48 0.98 (0.01) 0.17 (0.16) 2 7.49
50 0.76 (0.05) 0.02 (0.01) 2.77 (1.34) 4 12.92
51 0.91 (0.03) 0.04 (0.02) 5.06 (1.01) 4 17.79
52 0.93 (0.01) 0.47 (0.06) 2 36.31
57 0.93 (0.03) 3.68 (1.03) 3 12.58
58 0.97 (0.02) 0.06 (0.24) 2 1017
59 0.87 (0.03) 0.03 (0.01) 2.92 (0.93) 4 13.64
60 0.90 (0.05) 5.79 (1.3) 3 8.19
62 0.96 (0.02) 1 23.29
63 0.89 (0.04) 0.01 (0.02) 7.25 (1.3) 4 23.73
68 0.72 (0.1) 35.90 (15.86) 2 11.15
69 0.98 (0.01) 1.01 (0.48) 2 10.24
70 0.85 (0.03) 0.91 (0.03) 1.32 (0.44) 5 6.80
83 0.87 (0.01) 1.01 (0.06) 2 47.34
84 0.96 (0.02) 1 23.23
85 0.91 (0.02) 1 6.51
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Table S3 continued. Model free extracted parameters.

Backbone

Amide 52 2 Te(ns) Rex(1/s) model BIC
86 0.98 (0.01) 0.69 (0.28) 2 24.37
87 0.91 (0.05) 0.02 (0.11) 491 (1.44) 4 13.91
88 0.95 (0.01) 0.83 (0.21) 2 16.47
89 0.97 (0.01) 0.44 (0.15) 2 13.23
Q0 0.88 (0.06) 16.38 (12.49) 2 4,16
94 1.00 (0.01) 1 13.68
96 0.65 (0.02) 0.69 (0.02) 0.92 (0.19) 5 41.75
97 0.86 (0.02) 0.94 (0.02) 0.95 (0.13) 5 8.46
a8 0.93 (0.01) 0.54 (0.07) 2 11.31
100 0.98 (0.01) 0.69 (0.24) 5.19 (0.9) 4 13.87
101 0.87 (0.02) 0.04 (0.01) 2 15.81
102 0.82 (0.03) 0.03 (0.01) 4.07 (1.07) 4 14.12
103 0.64 (0.06) 0.01 (0) 7.14 (1.75) 4 10.57
1M 0.95 (0.01) 0.88 (0.25) 2 41.18
112 0.55 (0.05) 1551 (3.23) 2 7.54
114 0.84 (0.02) 0.91 (0.02) 1.54 (0.53) 5 6.86
115 0.95 (0.01) 0.74 (0.13) 2 9.25
116 0.91 (0.03) 4.00 (1.01) 3 7.44
118 0.83 (0.04) 0.01 (0) 5.67 (1.12) 4 10.43
120 0.92 (0.01) 1.05 (0.11) 2 19.92
121 0.95 (0.01) 0.25 (0.09) 2.36 (0.67) 4 17.58
122 0.89 (0.01) 0.52 (0.05) 2 7.81
123 0.77 (0.02) 0.92 (0.02) 1.01 (0.07) 5 13.45
125 0.83 (0.01) 0.69 (0.04) 2 17.41
126 0.96 (0.01) 0.93 (0.15) 1.34 (0.61) 4 15.46
127 0.96 (0.01) 0.92 (0.24) 2 16.74
130 0.82 (0.02) 0.87 (0.02) 1.80 (0.62) 5 26.25
131 0.95 (0.02) 1 5.59
132 0.89 (0.03) 0.02 (0.07) 5.72 (0.95) 4 11.41
133 0.78 (0.02) 0.91 (0.02) 1.01 (0.07) 5 12.22
135 0.95 (0.08) 3.92 (8.8) 1.56 (1.07) 4 9.76
147 0.91 (0.03) 0.04 (0.19) 2 9.77
148 0.99 (0.01) 0.10 (0.26) 2 16.23
158 0.97 (0.01) 0.62 (1.57) 2 2292
159 0.62 (0.05) 0.00 (0) 8.21 (1.51) 4 26.75
161 0.89 (0.04) 0.02 (0.01) 2.53 (1.03) 4 16.43
162 0.93 (0.02) 0.01 (0.01) 2 30.28
163 0.94 (0.01) 0.34 (0.09) 3.41 (0.69) 4 25.43
164 0.91 (0.02) 0.06 (0.02) 2 11.59
165 0.98 (0.03) 0.31 (0.22) 2.32 (0.92) 4 21.87
166 0.89 (0.03) 0.01 (0.07) 5.52 (0.88) 4 28.93
167 0.96 (0.02) 0.06 (0.17) 2 6.62
168 0.97 (0.02) 0.11 (0.37) 2 4413
172 0.91 (0.01) 0.89 (0.07) 2 4378
173 0.63 (0.09) 0.01 (0.07) 10.73 (2.54) 4 7.59
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Table S3 continued. Model free extracted parameters.

Backbone

Amide S2 S2; Te(ns) Rex(1/s) model BIC
175 0.87 (0.01) 129 (0.1) 2 35.15
176 0.88 (0.01) 0.64 (0.04) 2 19.27
179 0.88 (0.02) 1.26 (0.35) 2 10.65
181 0.54 (0.02) 0.70 (0.02) 2.30 (0.29) 5 21.56
182 0.55 (0.02) 0.73 (0.02) 1.67 (0.13) 5 11.36
185 0.89 (0.02) 1 102.91
186 0.76 (0.02) 1.40 (0.14) 149 (0.61) 4 9.70
206 0.64 (0.06) 6.72 (1.48) 3 8.25
209 0.88 (0.05) 0.02 (0.03) 5.92 (1.28) 4 5.99
212 0.88 (0.02) 0.03 (0.01) 2 16.93
217 0.97 (0.02) 2.14 (0.85) 3 10.24
220 0.93 (0.03) 0.04 (0.04) 573 (1.03) 4 21.18
221 0.71 (0.04) 0.01 (0) 2.39 (1.06) 4 19.82
222 0.95 (0.01) 0.72 (0.11) 2 6.37
223 0.90 (0.02) 1 47.60
224 0.86 (0.02) 0.90 (0.02) 1.43 (0.58) 5 8.75
233 0.90 (0.05) 429 (1.36) 3 451
234 0.94 (0.02) 1.70 (0.94) 2 9.57
241 0.98 (0.01) 0.34 (0.17) 3.76 (0.8) 4 9.56
243 0.97 (0.01) 0.32 (0.28) 2 9.15
247 0.90 (0.03) 0.06 (0.04) 843 (1.13) 4 6.44
248 0.91 (0.01) 0.71 (0.14) 2 13.57
249 0.78 (0.06) 0.02 (0.01) 4.00 (1.5) 4 12.52
251 0.84 (0.03) 0.03 (0.01) -0.05 (0.68) 4 18.83
252 0.80 (0.02) 0.86 (0.02) 0.96 (0.14) 5 32.59
253 0.85 (0.05) 6.02 (1.24) 3 6.78
259 0.98 (0.01) 0.36 (0.27) 2 496
260 0.97 (0.01) 1.07 (0.27) 2 8.09
261 0.97 (0.01) 0.27 (0.12) 2 2478
262 0.93 (0.01) 1.55 (0.33) 2 23.12
263 0.95 (0.01) 0.66 (0.12) 2 6.34
264 0.96 (0.01) 0.43 (0.21) 2 11.70
265 0.92 (0.01) 0.66 (0.08) 2 10.12
267 0.89 (0.01) 0.56 (0.05) 2 17.11
268 0.81 (0.02) 0.93 (0.02) 1.27 (0.21) 5 6.26
269 0.82 (0.02) 0.96 (0.02) 0.87 (0.06) 5 15.61
270 0.88 (0.01) 0.79 (0.05) 2 2355
271 0.93 (0.01) 0.68 (0.07) 2 426
273 0.94 (0.01) 0.54 (0.16) 351 (0.79) 4 8.40
274 0.86 (0.03) 0.04 (0.01) -0.06 (0.6) 4 20.98
275 0.90 (0.02) 0.95 (0.02) 0.56 (0.12) 5 7.54
277 0.88 (0.03) 0.03 (0.01) 221 (0.92) 4 13.88
279 0.90 (0.01) 0.40 (0.05) 2 17.61
280 0.93 (0.01) 0.24 (0.05) 2 17.52
281 0.87 (0.02) 0.07 (0.02) 4,75 (0.93) 4 15.93
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Table S3 continued. Model free extracted parameters.

Backbone

Amide 52 2 Te(ns) Rex(1/5) model  BIC
283 0.92 (0.01) 1.03 (0.1) 2 16.77
284 0.96 (0.02) 1 3.61
285 0.89 (0.02) 1 19.53
286 0.96 (0.01) 1.76 (1.44) 2 21.29
287 0.87 (0.03) 0.91 (0.02) 1.69 (0.83) 5 11.54
288 0.71 (0.03) 0.84 (0.03) 1.50 (0.26) 5 32.75
294 0.96 (0.04) 9.24 (1.2) 3 8.60
295 0.97 (0.02) 0.08 (0.17) 2 8.10
298 0.96 (0.01) 1.81 (1.05) 2 2144
299 0.67 (0.11) 49.16 (20.33) 2 16.69
300 0.97 (0.01) 032 (0.14) 2 42.28
301 0.87 (0.04) 0.03 (0.01) 430 (1.35) 4 8.39
303 0.89 (0.02) 0.02 (0.01) 2 4.28
304 0.96 (0.01) 0.61 (0.14) 2 917
306 0.93 (0.03) 4.84 (1.08) 3 21.69
307 0.81 (0.03) 0.92 (0.02) 1.10 (0.16) 5 9.18
310 0.93 (0.06) 28.76 (22.56) 2 6.63
312 0.86 (0.03) 0.03 (0.01) 7.88 (1.04) 4 12.95
313 0.93 (0.01) 0.83 (0.11) 2 10.30
315 0.94 (0.03) 0.03 (0.03) 5.64 (0.96) 4 2091
316 0.54 (0.01) 1.00 (0.03) 2 100.98
318 0.48 (0.02) 0.83 (0.02) 1.15 (0.06) 5 17.75
319 0.50 (0.02) 0.84 (0.02) 1.15 (0.05) 5 25.96
320 0.51 (0.01) 1.01 (0.03) 2 157.25
322 0.63 (0.01) 1.03 (0.03) 2 168.11
323 0.76 (0.02) 0.94 (0.02) 0.61 (0.03) 5 37.54
324 0.88 (0.01) 0.77 (0.05) 2 27.76
325 0.88 (0.02) 0.95 (0.02) 0.54 (0.09) 5 11.89
326 0.90 (0.03) 0.02 (0.01) 5.86 (0.95) 4 9.69
327 0.97 (0.01) 0.40 (0.14) 3.07 (0.73) 4 9.25
328 0.52 (0.02) 0.02 (0) -0.09 (0.53) 4 23.04
329 0.91 (0.01) 1.49 (0.45) 2 20.28
330 0.73 (0.02) 0.91 (0.02) 1.38 (0.27) 5 9.03
331 0.85 (0.02) 1 52.03
332 0.93 (0.01) 1.03 (0.12) 2 21.32
333 0.65 (0.02) 0.84 (0.02) 0.64 (0.03) 5 16.66
334 0.91 (0.01) 0.85 (0.07) 2 10.31
335 0.89 (0.01) 0.73 (0.06) 2 10.45
336 0.97 (0.01) 0.53 (0.19) 2 8.85
337 0.86 (0.02) 0.91 (0.02) 3.49 (1.86) 5 8.05
338 0.96 (0.01) 1.27 (0.31) 2 5.52
340 0.96 (0.01) 0.99 (0.21) 2 5.46
347 0.87 (0.02) 0.03 (0.01) 2 2260
349 0.94 (0.02) 0.96 (0.02) 0.83 (0.31) 5 7.37
350 0.90 (0.03) 0.93 (0.03) 0.96 (0.9) 5 13.82
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Table S4. Methyl relaxation dispersion individually fitted parameters (283K)

2
Ml Dol e s U0 oty Paw model 0 Ll

Met1-€ 2.1 (0.3) 16 (0.8) 0 13

Val16-y1 183 (0.5) 231 (3.5) 0 0.9

Val16-y2 19.5 (0.4) 244 (0.6 0 2.7

Val23-y1 19.1  (0.6) 252 (0.7) 0 1.0

Val23-y2 20.7 (118.5) 274 (193.9) 0 0.9

Val26-y1 13.6 (0.4) 202 (1.8) 0 1.0

Val26-y2 157 (13.1) 205 (24.4) 0 24

Leu30-61 243  (0.2) 254  (0.1) 0 1.0

Leu30-62 231 (0.1) 26.6 (0.1) 0 19

Val33-y1 9.8 (1.7) 68 (3.1) 0 1.2

Val41-y1 16.3  (58.6) 17.1  (96) 0 0.9

Val45-y1 229 (0.2) 221 (0.1) 0 13

Val45-y2 206 (0.3) 225 (0.2) 0 1.1

Val53-y1 260 (0.6) 26.1 (0.4) 0 1.0

Val53-y2 313 (0.5) 35.7 (04) 0 1.2

lle55-8 263 (0.3) 30.1  (0.4) 0 0.9

Leu58-61 231 (0.1) 266 (0.1) 0 1.9

Leu58-62 273 (0.5) 282 (0.4) 0 2.1

Leu66-62 215 (0.2) 216 (0.2) 0 17

Leu75-61 11.5 (04 13.9  (912.3) 0 0.9

Leu75-62 13.0 (04) 132 (0.5) 0 0.9

Leu77-61 49.7  (2) 76.6  (2.1) 25.1 826 (387) 1 4.7 1.0
Met81-¢ 67.7 (2) 923 (1.9) 0 1.2

Val86-y2 18,5 (0.1) 23.0 (0.1) 33 1321 (154) 1 57 1.0
1le87-8 388 (0.3) 423  (0.3) 59 1371 (281) 1 12.2 1.0
Leu89-d2 364 (0.5) 413  (0.5) 0 13

Leu90-61 193  (0.3) 172 (0.2) 0 1.2

Leu90-62 10.6  (0.1) 131 (0.1) 0 3.0

Val92-y1 22 (0.2) 2.1 (0.2) 0 15

Leu107-61 13.6 (0.1) 171 (1.7) 0 0.9

Leu107-62 236 (0.1) 27.1  (0.1) 0 14

Met112-¢ 423 (1.1) 493 (1.4) 0 0.9

Leu116-61 9.2 (1.6 1.1 (1.7) 0 1.2

Leu116-62 313 (0.5) 389 (0.5) 0 13

Leu119-61 243 (0.2) 254  (0.1) 0 1.0

Leu119-62 23.1 (0.1) 266 (0.1) 0 1.8

Met120-€ 343  (0.2) 376 (0.1) 3.7 641  (169) 1 4.7 1.0

12(0)/%*(ex) is the ratio of the 2 for a flat line over the y? for fitted 2-site exchange:
An F-critical value of 3.46 corresponds to a 99.99% confidence level.
¥2(AwHO)/x*(AwH) is the ratio of the 2 for a fit with fixed AwH=0 over the 2 for a fit with varying AwH:
An F-critical value of 1.94 corresponds to a 95% confidence level.
Model 1(2): fast (general) 2-site exchange.
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Table S4 continued. Methyl relaxation dispersion individually fitted parameters (283K)

2 2
o i MY e L5 Do
Leu125-51 56.6 (0.5) 71.7  (0.4) 0 1.1
lle130-6 36.6 (0.2) 372 (0.2) 0 0.9
Leu133-62 29.8 (0.7) 269 (0.8) 0 1.1
Met137-¢ 46.2 (0.4) 50.0 (0.4) 7.2 1464 (340) 1 134 1.0
lle144-8 454 (1.3) 68.8 (163.5) 0 0.9
lle149-6 364 (0.4) 563 (0.4) 64.0 1047 (41) 1 67.2 1.0
lle150-6 21.3  (0.1) 293 (0.1) 10.1 889 (56) 1 27.3 1.0
Leu159-61 67.2  (129.1) 67.7 (211.2) 0 0.9
Val161-y1 26.0 (0.6) 26.1  (0.4) 0 1.0
Val161-y2 257 (0.6) 27.7  (0.6) 0 13
Leu167-61 648 (3.5) 653 (302.2) 0 0.9
Leu167-62 25.0 (0.7) 306 (0.7) 0 13
lle169-6 303 (0.2) 443 (0.3) 0 2.8
Met182-¢ 183 (0.1) 26.7 (0.1) 28.8 686 (12) 0.84(0.01) 3.1 2 101.9 1.0
Val186-y1 194 (0.3) 274  (0.3) 0 19
Val186-y2 142 (0.1) 175 (0.1) 0 31
Val187-y 194 (0.2) 274 (0.3) 0 1.9
Val187-y 142 (0) 175  (0.1) 0 3.1
lle197-6 37.8 (0.3) 372 (0.2) 0 0.9
l1e209-6 335 (03) 438 (0.3) 374 1224 (54) 1 55.1 1.0
Val212-y1 153 (2) 19.7  (28.5) 0 1.0
Val212-y2 576 (3.3) 711 (3.8) 0 1.0
lle215-6 317 (03) 391 (0.3) 0 1.6
Met219-¢ 449 (0.3) 476 (0.2 6.6 768  (175) 1 9.1 1.1
lle220-6 450 (04) 50.1 (1.6) 0 1.0
Leu225-61 26.2  (0.6) 373 (0.7) 238.3 771 (34) 1 146.1 1.0
Leu225-62 46.1  (5.1) 845 (5.6 325.9 1M1 (267) 1 18.8 1.0
Leu232-62 36.7 (0.7) 445 (0.9 0 1.1
lle238-6 226 (0.2) 245 (0.2) 0 12
Val241-y1 333 (03) 433 (0.3) 0 12
Val241-y2 328 (0.3) 406 (0.3) 0 14
Val250-y1 16.1  (0.1) 19.8 (2.6 0 1.0
Val250-y2 328 (03) 40.6 (0.3) 0 14
Leu253-62 13.9 (0.1) 17.0 (0.1) 0 0.9
Met262-€ 334 (0.2) 443 (0.2) 393 563 (39) 0.77(0.03) 4.9 2 121.8 1.0
Leu265-61 527 (1.1) 713 (1) 0 1.9
Leu268-6(2) 352 (0.3 42.5 (0.3) 0 1.0

x2(0)/x*(ex) is the ratio of the * for a flat line over the y? for fitted 2-site exchange:
An F-critical value of 3.46 corresponds to a 99.99% confidence level.

r2(AwHO)/x*(AwH) is the ratio of the y2 for a fit with fixed AwH=0 over the ¥*for a fit with varying AwH:
An F-critical value of 1.94 corresponds to a 95% confidence level.

Model 1(2): fast (general) 2-site exchange.
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Table S4 continued. Methyl relaxation dispersion individually fitted parameters (283K)

Methyl  Fullls) Ryg(1/5) Rol/s)  y is) A% b model %0 [AuHO)
500MHz 800MHz 800MHz (ppm) lex)  7(AoH)
Leu268-6 259 (1.2) 396 (1.2) 0 1.7
1le276-6 226 (0.2) 245 (0.2) 0 1.2
Leu277-61 324 (0.5) 416 (0.4) 0 0.9
Leu277-62 294 (04) 36.0 (0.3) 0 1.3
Leu283-61 313 (0.5) 389 (0.5) 0 1.3
Leu283-62 253 (0.3) 325 (0.3) 0 1.0
Val285-y1 16.6 (0.3) 208 (1.5) 0 1.0
Val285-y2 16.8 (0.3) 204 (0.2) 0 1.7
Leu287-61 333 (0.3) 433 (0.3) 0 1.2
Leu287-62 428 (0.8) 536 (0.8) 0 0.9
Leu288-61 421 (1.1) 63.8 (1.1) 34.2 792 (165) 1 8.2 1.0
Leu288-62 26.7 (0.4) 366 (0.4) 19.8 751  (104) 1 26.9 1.0
Met291-€ 365 (0.2) 385 (0.1) 7.3 569 (87) 1 6.9 1.1
Leu292-61 51.0 (1.2) 624 (1.2) 17.6 1029 (369) 1 11.9 1.0
Leu292-62 363  (0.4) 41.0 (0.4) 0 2.1
Val293-y1 15.9 (0.2) 222 (0.2) 3.1 1097 (305) 1 4.9 1.0
Val293-y2 15.0 (1.4 194 (1.6) 0 1.1
Leu294-61 258 (0.3) 41.8 (0.3) 0 1.5
Leu294-62 515 (3.2) 60.3 (3.5) 98.0 1180 (212) 1 7.6 1.0
Val300-y1 141 (0.6) 11.3  (0.6) 0 24
Val300-y2 194 (0.3) 274 (0.3) 0 1.9
Leu314-62 164 (0.3) 16.9 (0.3) 0 1.1
Val323-y1 204 (0.6) 27.8  (0.9) 4.3 3758 (1808) 1 6.0 1.0
Val323-y2 328 (0.3) 40.6 (0.3) 0 1.4
Val333-y2 142 (0.1) 175 (0.1) 0 3.1
Leu337-61 16.8 (0.3) 204 (0.2) 0 1.7
Leu337-62 1.6 (1) 06 (1.1) 0 2.0
Val343-y1 244  (0.3) 252 (0.2) 0 1.0
Val343-y2 171 (1.3) 206 (1.2) 0 1.7
Val348-y2 159 (0.4) 172 (5.5) 0 0.9
Leu357-61 50 (0.4) 38 (0.2) 0 1.3
Leu357-62 9.1 (0.6) 70 (1.1) 0 1.0
Val361-y1 9.0 (0.1) 86 (0.2) 0 3.2
Val361-y2 34  (0.1) 2.1 (0.2) 0 2.8
Leu367-61 8.1 0.1) 10.0 (0.1) 0 1.6
Leu367-62 84  (0.1) 7.7 (0.1) 0 3.4

¥2(0)/x*(ex) is the ratio of the y? for a flat line over the 2 for fitted 2-site exchange:
An F-critical value of 3.46 corresponds to a 99.99% confidence level.
1 (AwHO)/%*(AwH) is the ratio of the y? for a fit with fixed AwH=0 over the ¥ for a fit with varying AwH:
An F-critical value of 1.94 corresponds to a 95% confidence level.
Model 1(2): fast (general) 2-site exchange.
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Table S5. Methyl relaxation dispersion fitted individually fit parameters (293K)

2

Meiyl TN G s k1D oy Pavo model 10
Met1-¢ 20 (0.1) 14 (0.1) 0 1.2
Val16-y1 135 (23.2) 151  (36.2) 0 1.1
Val16-y2 128 (23.7) 152 (37) 0 34
Val23-y1 20.1  (0.1) 244 (0.2) 0 1.1
Val23-y2 173  (0.7) 196 (1) 0 24
Val26-y1 9.7 (17.8) 123 (27.8) 0 1.1
Val26-y2 109 (0.2) 141  (0.2) 0 3.2
Leu30-61 17.7  (0.1) 16.6 (0.2) 0 1.7
Val33-y1 9.1 (0.4 47 (0.9 0 19
Val41-y1 10.6 (0.1) 122 (0.1) 0 1.0
Val45-y1 146 (0.1) 156 (0.1) 0 13
Val45-y2 127 (0.1) 159 (0.1) 0 13
Val53-y1 184 (0.1) 16.9 (0.1) 0 1.8
Val53-y2 229 (03) 254 (0.4) 0 1.2
lle55-6 189 (11.5) 209 (17.9) 0 0.9
Leu58-61 15.7  (0.2) 172 (0.3) 0 1.2
Leu58-62 20.1  (0.2) 203 (0.2) 0 34
Leu66-62 133 (0.1) 16.1  (0.1) 0 1.0
Leu75-61 104 (14) 10.8 (21.9) 0 0.9
Leu75-62 9.8  (0.1) 88 (0.2) 1.8 1 43
Leu77-861 352 (1) 525 (1.6) 9.0 2334 (1498) 1 5.6
Met81-¢ 355 (71.8) 440 (112.2) 0 29
Val86-y2 13.1  (0.2) 155 (0.3) 0 1.8
11e87-6 28.1  (0.2) 304 (0.3) 3.6 3010 (774) 1 6.1
Leu89-d2 27.0 (0.3) 30.1  (0.4) 0 1.6
Leu90-61 213 (0.1) 204 (0.2) 0 1.6
Leu90-62 82 (0.1) 99 (0.2) 0 35
Val92-y1 25  (0.1) 1.1 (0.2) 0 23
Leu107-81 109 (0.1) 11.6 (0.1) 0 1.2
Leu107-862 15.7  (0) 175 (0.1) 0 2.1
Met109-¢ 11.3  (0.3) 93 (0.7) 20.3 2749 (228) 1 17.6
Met112-¢ 285 (0.1) 323 (0.2) 2.6 830 (297) 1 58
Leu116-61 6.5 (0) 73  (0.1) 0 1.9
Leu116-862 259 (0.2) 276 (0.4) 0 13
Leu119-61 17.7  (0.1) 16.6 (0.2) 0 1.7
Leu119-862 184 (0.1) 19.3  (0.1) 3.1 1202 (238) 1 6.7
Met120-¢ 243 (0.1) 25.1  (0.1) 2.7 983  (168) 1 10.7

x2(0)/x2(ex) is the ratio of the y2 for a flat line over the y2 for fitted general 2-site exchange:
An F-critical value of 3.77 corresponds to a 99.99% confidence level.

x2(AwHO)/¥*(AwH) is the ratio of the ¥ for a fit with fixed AwH=0 over the y? for a fit with varying AwH:
An F-critical value of 2.03 corresponds to a 95% confidence level.

Model 1(2): fast (general) 2-site exchange.
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Table S5 continued. Methyl relaxation dispersion individually fit parameters (293K)

2 2
methyl 200N Saows oot Kexl1/5 e paow model o @Eii:‘)’)
Leu125-81 299 (22) 352  (34.3) 0 0.9
lle130-6 26.1 (0.1) 269 (0.2) 0 0.9
Leu133-862 259 (0.2) 27.6  (0.4) 0 13
Met137-¢ 322 (0.2) 344 (0.2) 34 1675 (413) 1 322 1.0
lle144-6 320 (41.3) 439 (64.6) 0 0.9
lle149-6 245 (0.2) 349 (03) 20.7 2500 (135) 1 160.3 1.0
lle150-6 143 (0) 18.0 (0.1) 2.1 1 6.8
Leu159-81 426 (0.3) 486 (0.4) 0 0.9
Val161-y1 184 (0.1) 16.9 (0.1) 0 1.8
Val161-y2 175 (0.2) 17.6  (0.3) 0 26
Leu167-61 42.1  (59.7) 47.8 (93.3) 0 0.9
Leu167-62 184 (0.1) 194 (0.1) 3.0 1149 (235) 1 74 1.0
le169-6 142 (0) 179 (0.1) 2.2 1 6.7
Met182-¢ 9.0 (0.6) 1.3 (1.3) 11.4 2120 (480) 222 (0.2 1 2 421 1.8
Val186-y1 125 (0.1) 128 (04) 0 20
Val186-y2 9.7 (0.1) 10.9 (0.1) 4.8 2079 (159) 1 20.6 1.0
Val187-y 125 (0.1) 128 (0.4) 0 20
Val187-y 9.7 (0.1) 10.9 (0.1) 4.8 2079 (159) 1 20.6 1.0
le197-6 27.3  (0.1) 269 (0.2) 0 0.9
11e209-6 226 (0.1) 270 (0.2) 13.5 2440 (142) 1 106.5 1.0
Val212-y1 333 (04) 359 (0.6) 0 1.0
Val212-y2 463 (173.7) 519 (2714) 0 0.9
lle215-6 224 (0.1) 266 (0.2) 0 14
Met219-¢ 31.8 (0.1) 321 (0.2) 5.0 979 (134) 1 17.9 1.2
1le220-6 325 (29) 344 (45.3) 0 1.0
Leu225-61 209 (0.4) 27.1  (0.6) 82.4 2165 (80) 1 204.3 1.0
Leu225-62 312 (2) 429 (3.3) 190.5 2398 (238) 1 79.5 1.0
Leu232-62 269 (0.2) 315 (0.3) 0 1.0
lle238-6 18.6 (0) 18.7 (0.1) 1.3 1 3.8
Val241-y1 259 (0.2) 27.1  (0.3) 0 1.9
Val241-y2 225 (0.1) 269 (0.2) 0 25
Val250-y1 11.9 (0.1) 147 (0.1) 0 1.4
Val250-y2 228 (0.1) 27.0 (0.2) 0 23
Leu253-862 9.6  (0.1) 10.7  (0.1) 0 2.7
Met262-¢ 19.5 (0.1) 266 (0.1) 15.5 1744 (52) 1 92.2 1.0
Leu265-81 38.0 (0.4) 444 (0.5) 5.1 1894 (777) 1 5.2 1.0
Leu268-8(2) 245 (0.2) 282 (0.4) 0 1.5
Leu268-6 29.2  (0.7) 325 (1) 0 3.0
lle276-6 18.6 (0) 18.7 (0.1) 13 1 3.8
Leu277-81 23.5 (0.8) 24.7 (1.3) 0 1.2

12(0)/x2(ex) is the ratio of the y2 for a flat line over the 2 for fitted general 2-site exchange:
An F-critical value of 3.77 corresponds to a 99.99% confidence level.

X*(AwHO)/¢*(AwH) is the ratio of the y? for a fit with fixed AwH=0 over the y? for a fit with varying AwH:

An F-critical value of 2.03 corresponds to a 95% confidence level.
Model 1(2): fast (general) 2-site exchange.
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Table S5 continued. Methyl relaxation dispersion individually fit parameters (293K)

2 2
weryl Bl Rals) RO BNy moder (% L A0HO)
Leu277-62 20.0 (0.1) 229 (0.2) 0 13
Leu283-51 259 (0.2) 276 (0.4) 0 13
Leu283-62 17.7  (0.2) 216 (0.2) 0 1.1
Val285-y1 134 (0.1) 139 (0.2) 0 0.9
Val285-y2 123 (0) 142 (0.1) 1.5 1 4.7
Leu287-61 275 (0.2) 289 (0.3) 0 1.6
Leu287-62 328 (634 38.7 (99) 0 0.9
Leu288-61 27.7 (04) 359 (0.7) 11.2 2464 (517) 1 21.5 1.0
Leu288-62 188 (0.2) 248 (0.3) 3.6 2006 (668) 1 3.8 1.0
Met291-¢ 259 (0.1) 26.0 (0.1) 4.6 1135 (134) 1 229 0.8
Leu292-61 358 (0.6) 409 (0.9) 10.5 2179 (677) 1 23.7 1.0
Leu292-62 27.7 (0.3) 294 (0.4) 0 2.2
Val293-y1 96 (0.1) 114 (0.1) 1.8 1 54
Val293-y2 9.2 (0.5) 9.3 (0.8) 0 35
Leu294-61 146 (0.1) 220 (0.1) 0 1.0
Leu294-62 307 (1.2) 53.7 (2) 24.7 3019 (777) 1 16.0 1.0
Val300-y1 9.1 0.2) 9.3 (0.4) 5.0 1422 (369) 1 4.4 1.0
Val300-y2 125 (0.1) 128 (0.4) 0 20
Leu314-62 155 (0.2) 15.0 (0.5) 6.3 1351 (292) 1 5.7 1.3
Val323-y1 14.7 (0.3) 188 (0.4) 24 3334 (1559) 1 43 1.0
Val323-y2 225 (0.1) 269 (0.2) 0 25
Val333-y1 13.1  (0.2) 155 (0.3) 0 1.8
Leu337-62 78 (0.1) 5.7 (0.5) 0 3.7
Val343-y1 153 (0.1) 184 (0.1) 0 1.1
Val343-y2 94 (0.4) 94 (0.6 0 3.5
Val348-y2 11.9 (0.1) 108 (0.2) 0 1.9
Leu357-61 45 0.1) 36 (0.2) 0 1.6
Leu357-62 57 (0.1) 6.5 (0.3) 0 2.6
Val361-y1 56 (0.1) 52 (0.1) 0 36
Val361-y2 26 (0.1) 0.7 (0.2) 0 2.2
Leu367-61 6.5 (0) 7.2 (0.1) 0 20
Leu367-62 74 (0.1) 6.3 (0.1) 0 3.5

x2(0)/x2(ex) is the ratio of the %2 for a flat line over the ¥2 for fitted general 2-site exchange:
An F-critical value of 3.77 corresponds to a 99.99% confidence level.

1 (AwHO)/x*(AwH) is the ratio of the ¥ for a fit with fixed AwH=0 over the y? for a fit with varying AwH:

An F-critical value of 2.03 corresponds to a 95% confidence level.
Model 1(2): fast (general) 2-site exchange.
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Table S6. Global fit parameters 293K

2
Metyl Saollel Rl R e oy L2
Leu77-61 35.2 (1.9) 52.7 (2.3) 8.7 2300 (120) 14.4 (3.6) 1.0
1le87-61 28.3 (2.5) 30.8 (3.4) 3.3 “ " 8.9 (2.8) 1.0
Met109-¢ 12.3 (4.7) 12.1 (5.0) 16.4 “ " 19.7 (2) 1.0
Met112-¢ 28.3 (2.5) 31.9 (3.4) 2.5 “ “ 7.7 (3.9) 1.6
Leu119-62 18.2 (3.8) 18.8 (5.4) 3.2 “ " 8.8 (2.1) 1.2
Met120-¢ 241 (2.9) 24.6 (4.2) 2.7 “ " 8 (2.7) 1.7
Met137-¢ 32.1 (2.2) 34.1 (3.1) 3.5 " " 9.1 (3.5) 1.3
1le149-6 24.7 (2.5) 355 (3.0) 20.2 “ " 21.9 (2.2) 1.0
Leul167-62 18.2 (3.8) 18.9 (5.4) 3.1 “ " 8.6 (2.1) 1.2
Met182-¢ 10.8 (5.3) 13.3 (6.6) 14.8 “ " 18.8 (1.4) 1.1
Val186-y2* 9.9 (6.8) 11.3 (8.9) 3.9 “ " 9.7 (1.3) 1.0
Val187-y* 99 (6.8) 11.3 (8.9) 3.9 “ " 9.7 (1.3) 1.0
11e209-6 22.7 (2.8) 27.3 (3.6) 13.3 “ " 17.8 (2.1) 1.0
Met219-¢ 31.4 (2.2) 31.2 (3.2) 5.0 “ " 11 (3.2) 1.5
Leu225-61 19.8 (2.1) 25.1 (2.5) 81.3 “ " 44 (2.5) 1.4
Met262-¢ 18.9 (3.3) 254 (4.0) 15.9 “ " 19.5 (1.9) 1.9
Leu265-61 37.9 (1.8) 44.2 (2.5) 5.1 " " 11 (4.1) 1.0
Leu288-61 27.8 (2.4) 36.2 (3.0) 11.0 “ " 16.2 (2.3) 1.0
Leu288-62 18.7 (3.7) 24.7 (4.7) 3.7 “ " 94 (2.5) 1.0
Met291-¢ 25.6 (2.7) 253 (3.9) 4.7 “ " 10.5 (2.3) 14
Leu292-61 35.7 (1.9) 40.8 (2.5) 10.5 “ " 15.8 (2.6) 1.0
Leu294-62 31.6 (2.0) 56.0 (2.2) 234 " " 23.6 (3.1) 1.1
Val300-y1 8.9 (7.3) 8.8 (8.0) 49 “ " 10.8 (1.6) 1.1
Leu314-62 15.7 (4.4) 15.7 (4.9) 3.6 “ " 9.3 (3.3) 1.1
Va|323-y1 14.8 (4.7) 19.2 (6.1) 2.2 “ " 7.2 (2.5) 1.0

kex was fit globally with a 2-site fast exchange model. %2(g)/ %2(i) is the ratio of the 2 of a global fit to the %2 of
an individual fit. A global fit with a ratio > 2.0 is considered to be a worse model than an individual fit.
*\V186y2 & V187y peaks overlap
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Table S7. Global fits for BIRB796 at 293K

-1

Methyl  Rao(/s) Rao(1/s] pexdMS) k(1/s) [2'35((:_1;] Po(%) cluster 32(1)/2(ini) 2(2)/32(ini)
Val86-y2 140 (4.2) 152 (59 5.6 1900 (70) [7.6 (1.1)] 1 1.0

Met137-¢ 361 (1.7) 396 (25) 37 “ “ [62 (2.7)] 1 1.1

lle149-5 203 (3.0) 253 (4.0) 4.4 “ “ [6.7 (2.9)] 1 1.0

Val186-y2 13.9 (4.2 188  (53) 7.2 “ “ [86 (1.2)] 1 1.0

Val187-y 133 (43) 185  (54) 8.0 “ “ [9.1 (0.8)] 1 1.0

11e209-5 234 (2.6) 272 (3.5 6.4 “ “ [8.1 (1.5)] 1 1.1

Leu225-61 250  (1.6) 350 (1.9 99.5 “ “ [355 (1.8)] 1 1.8

Met262-& 225 (2.6) 293 (3.3) 12.2 “ “ [113 (1.7)] 1 1.0

Leu288-61 308 (1.9 412 (24) 13.5 “ “ [11.8 (1.8)] 1 1.0

Met291-g 275 (2.2) 287 (33) 4.2 “ “ [65 (1.9)] 1 1.4

Leu292-61 404 (1.4) 526 (1.8) 25.5 “ ” [16.5 (1.8)] 1 1.8

Val300-y1 107 (53 136 (6.9 6.7 “ “ [83 (1.0)] 1 1.1

Leu314-62 166  (3.7) 208  (4.9) 4.1 “ “ [64 (1.6)] 1 1.1

Leu119-62 226  (7.3) 254 (11.2) 3.8 310  (60)  52.6 (10.3) 0.90 2 2.1 1.1
Met120-& 258  (10.2) 284  (16.6) 33 “ “ 44.9 (6.6) “ 2 2.5 1.0
Met219-€ 345 (6.6) 375 (10.0) 45 “ “ 723 (12.9) ” 2 3.0 1.1

Exchange parameters were fit globally to a 2-site exchange model. x2(#)/y2(ini) is the x2 of a global fit (1 or 2) over the y2 of an

individual fit. A ratio > 2.0 is considered to be a worse model than an individual fit.
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Table S8. High-resolution PDBs with 30% or greater sequence identity to p38y

PDBID and CHAIN

1E9H A
1H1P A
1H1Q A
1HIR A
1H1S A
1H24 A
1H25 A
1H26 A
1H27 A
1IST A
1JSU A
10GU A
1019 A
101U A
101Y A
10L5 A
1P5E A
1PKD A
1QMZ A
1W98 A
2A19 A
2CCH A
2CIM A
2ERK A
2G9X A
210E A
21W6 A
21W8 A
21W9 A
2UZE A
2UZL A
2WMB A
3A8W A
3A8X A
3BHT A
3BHU A
3BHV A
3BLH A
3DDQ A
3E5A A
3HA6 A

3MI9 A
3MY5 A
3PY3 A
3QHR A
3QHW A
3TNW A
4BCK A
4BCM A
4BCN A
4BCO A
4BCP A
4BCQ A
4BN1 A
4CEG A
ACFN A
4CFU A
ACFV A
ACFW A
4DC2 A
4EOI A
4EOQJ A
4EOK A
4EOL A
4EOM A
4EON A
4E00 A
4EOP A
4EOQ A
4EOR A
4EOS A
4EWQ A
413Z A
4115 A
41IZA A
AMYG A
ANMS5 A
ANST A
4AWNO A
AWNP A
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1. activation loop
2.L16 loop

3. MAPK-insert
4. Gly rich loop
5. aEF/aF loop

Figure S1. Crystal structure of human inactive apo p38y at 2.55A resolution. The two molecules
in the asymmetric unit are shown in green (open) and yellow (compact). The extent of
compaction is measured by the distance between K56 and Asp153, as indicated by the dashed
lines (10.1 A for compact and 12.5 A for open). Electron density is absent for the activation loop,
residues 177 to 187, in both molecules. Similarly, no density is found for residues 315 to 321,
leading up to the L16 loop in molecule 1, while weak density is observed for these residues in
molecule 2. Relatively high B-values, as represented by the thickness of the backbone trace, are
observed in the MAPK-insert, aEF/aF loop, and glycine rich loop, suggesting that these regions

are more flexible.
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Figure S2. A. The B-strand swap does not perturb the structure of p38y. The structure of
activated p38y, 1CMB&, (red) aligned to B1L0, the swapped strand, of the open molecule (green)
in the crystal structure of apo p38y has very similar interactions and orientation relative to the
non-swapped B2L0 from the compact molecule (yellow). In fact, the swapped strands are in the
same orientation and make the same interactions as if they were not swapped. Excluding the 3
strand swap, the buried surface area between molecules in the asymmetric unit is only 622A2 out
of 17,300A? of total surface area, suggesting that strand swap may not have biological
significance. B. The spontaneous GIn31Arg mutation in the 1 strand is within hydrogen-bond
distance of the side chain of Asp29, stabilizing the local structure. For comparison, the crystal
structure of activated p38y is shown in red. In the crystal structure of the activated protein, the f1

strand and loop are partially disordered.
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Figure S3. S75 analytical size exclusion chromatography of inactive p38y(7-352) shows that it

exists mainly as a monomer in solution with MW ~ 40kDa based on comparison to standard

proteins.
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compact open compact

Figure S4. A. Crystal lattice contacts (shown as spheres) are similar for the molecules displaying
open and compact conformations. Open (green) and compact (yellow) conformations are
overlaid. Typically, the aEF/aF loop becomes reorganized upon activation.! Here, no
reorganization is seen between the open and compact models. Any differences in the crystal
contacts in the neighboring MAPK-insert thus do not cause changes in the aEF/aF conformation.
The compaction seen between the apo and active-like structures is not driven by oEF/aF
reorganization. B. Electron density (2Fo-Fc) in the docking-site for open and compact structures.
A sulfate group is modeled into the density. Near identical contacts are made in both
conformations. C. Crystal lattice contacts (shown as spheres) at the N-terminal portion of the
L16 loop are observed in the compact structure (yellow) but not in the open structure (green)

where this region has poor electron density and a model cannot be built.
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Figure S5. °N relaxation data collected at two magnetic fields. The R2/R1 ratio at 800MHz
(upper panel) and the {*H}-*N heteronuclear NOE (lower panel) at 500MHz (red) and 800MHz
(black) are shown as a function of residue number. Higher heteronuclear NOEs indicate that
backbone motions on the ps-ns time scale are restricted while lower values are indicative of
flexibility. Flexible regions are observed between secondary structure elements (indicated at the
top of the figure), in particular in the hinge between lobes. Regions with elevated (depressed)
R2/R1 typically undergo slower (faster) processes; this is observed for residues in the DFG loop

(Gly173) and L16 loop (residues 326-328). The red dashed line marks the mean R2/R1.
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Figure S6. Globally fit methyl 3C-'H multiple quantum relaxation dispersion profiles at 800

MHz (red) and 500 MHz (black) at temperatures of (A) 293K and (B) 283K. Weak dispersive
behavior at 293K is amplified by reducing temperature, suggesting the exchange process is on
the faster end of the CPMG time scale (ms to us). The dispersion curves for most residues were
fitted to a global 2-site exchange process with a kex of 2300 s (+/-120) at 293K and 960 s (+/-
30) at 283K. Dispersion curves that do not fit the global exchange process at 283K (marked with
an asterisk) have fitted exchange rates < 690 s™. (C) Methyl groups that fit the global exchange
process at 293K are shown as green spheres on the p38y structure. (D) Methyl groups that report
on the 960 s (+/-30) conformational exchange process at 283K are shown as green spheres;

methyls shown as red spheres report on a slower exchange process (Table 1).
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Figure S7. Methyl probes (shown as spheres) reveal a network of dynamics in the core of p38y.
(A) Exchange contributions (Rex) at 293K and 800MHz are plotted on a linear scale from yellow

to red. Cyan spheres represent methyls with a large difference in Rz between the two fields at
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293K (>5 s1, Table S5) suggestive of conformational exchange occurring on a timescale outside
the limits of detection in CPMG experiments. Methyls undergoing conformational exchange
span p38y and are mostly associated with allosteric networks, previously identified by network
analysis of chemical shift perturbations,? which run along spatially conserved hydrophobic
allosteric spines, shown as surfaces in the right hand panel. (B) Location of methyl groups that
report on conformational exchange in regions spanning from the L16-loop and aC-helix (L77),
through the active site, (around the R-spine 1149, 1150), to the F-helix (1209) and GHI
subdomain (L288, M291, L292). (C) Methyls displaying conformational exchange form a

continuous network from the GHI subdomain to the MAPK-insert (V293, L294, M262).
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Figure S8. Cluster fit exchange rates for BIRB796 + p38y. Red indicates the 2200 s™* process,
yellow the slower exchange at 280 s. BIRB796 is modeled in the apo structure in teal. Inhibitor
binding bridges a conserved set of hydrophobic residues from the N and C-lobes (including
docking site residues). Coupling of the inhibitor binding to the docking site may contribute to the

slow dynamics (yellow).
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Figure S9. Effect of BIRB796 on methyl **C-'H multiple quantum relaxation dispersion of apo

p38y. (A) Relaxation dispersion profiles for a subset of residues in apo p38y (at 500MHz, black
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and 800 MHz, red) are compared to those for the BIRB796 complex (at 500 MHz, green and 800
MHz, blue) at a temperature of 293K. Representative loss of dispersion is shown for 11149,
Met182, 11e209, and Leu294. This loss of conformational exchange can be attributed to loss of
concerted DFG-hairpin formation and compaction. Methyls of Leu 77, Met109, and 11e169 near
the BIRB796 binding site show a change in the timescale of dynamics exhibiting a loss of
measurable Rex but an increase in Rzo. (B) The loss of dynamics follows the allosteric network
described in Fig. S7. Small change in dispersion is seen for Met262 in the MAPK insert. This
residue was not a part of the global process described for the apo-inactive state at 283K.
Increases in the magnitude of Rex are seen for some residues such as Leu225 (which was also not
a part of the global process in the uninhibited state at 283K). Rex is plotted on the structure of
p38y,. Rex is shown for apo(left) and +BIRB796(right) on a continuous color scale from white
(N0 Rex) to yellow (Rex = 4.0 s1) to red (Rex > 6.0 s%). The structure of apo p38y with all loops

modeled is used; the inhibitor (cyan bonds) has been modeled into the apo structure.
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Figure S10. Changes in 'H-13C weighted average chemical shift upon binding of ATP to 200uM

apo p38y. Chemical shift differences were fitted to a binding curve using the program nmrKd.®

The chemical shift difference was calculated as AS (ppm) = [ASH? + (ASC/5.4)?]*2
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Figure S11. ATPase assay of p38y. The ATPase activity of inactive p38y was monitored by
change in fluorescence of a coupled reporter system (NDP). The percent change in ATP
concentration is shown versus time. Inactive p38y had no measurable ATPase activity (black) at
295K, 50mM HEPES pH 7.6, 10mM MgCl>, and 500uM ATP. The dashed cyan line illustrates
the signal for 100% ATP. For comparison, the ATPase activity of activated p38y is shown under

the same conditions with a fit kea/Km of ~7000 M s (red).
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Figure S12. DFG pucker is a conserved feature of activated kinases. (A) The dihedral angles in
the DFG loop of inactive p38 kinases (purple) are compared to those of activated p38y (1CM8,
red), the open conformation in the crystal structure (green), and the compact alternate
conformation in the crystal structure (yellow). (B) The dihedral angles for the DFG loop of
activated kinases with >30% sequence identity to p38y (orange) are compared to those in the
open conformation (green) and the compact conformation (yellow). The structures of the
activated kinases have common Phel72 and Gly173 dihedral angles, which lead to the DFG
pucker described in the main text. In inactive states, p38 kinases have a wider distribution of
Phel72 and Gly173 dihedral angles compared to activated kinases, illustrating the flexible nature
of the DFG loop when inactive. Other inactive kinases (not shown) have dihedral angles that are
similar to activated kinases, suggesting that these kinases utilize other mechanisms (such as aC
position, ligand accessibility, external regulatory elements, etc) to maintain an open
conformation and inactivity. Puckering of the DFG loop appears to be a requirement for an

active eukaryotic kinase.
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Figure S13. Correlation between chemical shift differences between the open and alternate
conformer compact crystal structures predicted using SHIFTX2* and the parameter ¢*? =
(papsA®c?)Y? derived from the relaxation dispersion data at 283K (Table 1), where paand ps are
the populations of the two fitted states and Awc is the carbon chemical shift difference. The
linear correlation shown by the dashed line has R? = 0.7 (R=0.84). Residues in external loops
whose dispersion data do not fit to the global exchange process (Leu225, Met262, and Met182
(red)) were excluded from the linear fit. Leu294 was also excluded since its methyl groups are in
contact with Met262 in the MAPK insert and may experience exchange contributions from the
slower process detected by Met262. Methyls reporting on a slower, non-global process are
shown in red (Leu225, Met262, Met182). Leu294, which was excluded from the linear fit is also

shown in red. Leu77 and Ile149, which probe the DFG loop and aC helix position are labeled.
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Figure S14. A. The structure of inactive p38y showing residues with chemical shift perturbations
due to ATP binding that are greater than 1 standard deviation above the mean (red). Shown are
Met &, Val y1 and y2, and Leu 81 and 62 methyls. B. ATP binding causes changes in the
chemical shift of Met81, which does not contact ATP. ATP binding stabilizes Asp171 into a
position that favors DFG loop pucker (open:green to compact/alternate conformer:yellow to
activated:red, 1CM8°). This loop rearrangement leads to a change in the conformation of Phe172

which causes a large change in the chemical environment of Met81 (red, 1CM8).
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