Table SI. Cross-correlated relaxation (CCR) rates between dipolar couplings of two CH bonds (0,,) in the methyl groups of ubiquitin measured at fourteen temperatures “

O () o (87) O (5 o (87) o (87) o (87) O (5
13y2 10.67 £0.21 936+0.16 8.41+0.14 7.69 +0.12 6.80 +0.09 6.28 +0.10 5.69 +0.09
1351 8.97 +0.20 7.83+0.15 6.99 £0.14 6.35+0.12 5.68£0.09 5.23+0.10 4.77+0.10
T7y2 9.66+0.27 8.36 £0.20 7.58+0.18 6.90£0.15 6.09£0.11 5.64£0.12 5.11+0.12
L831 4.47 £0.09 3.80+0.08 3.46 +0.07 3.16 +0.06 2.68+0.05 2.53+0.05 2.20+0.05
T9y2 7.58+0.16 6.61+0.13 5.96+0.12 5.46 +0.10 4.74+0.08 438+0.09 3.95+0.09
Ti2y2 9.06+£0.23 7.78+0.18 6.97+0.16 6.35£0.13 5.45+0.10 5.13+0.11 453+0.11
11381 6.76 +0.17 5.97+0.13 5.27+0.12 4.86+0.10 434 +0.08 3.94+0.09 3.54+0.09
V172 9.27+0.23 8.03+0.17 7.24+0.15 6.59+0.12 5.77 +0.09 5.38£0.10 4.90+0.10
T22v2 10.59 +0.26 9.18 +0.20 8.42+0.18 7.67+0.14 6.76 £0.11 6.37+0.12 5.68 +0.12
123y2 10.45+0.25 9.27+0.18 829 +0.16 759+0.13 6.72£0.09 6.28 +0.10 5.63+0.10
12381 6.67 +0.20 5.65+0.15 5.06+0.14 4.56+0.12 4.02 +£0.09 3.66+0.10 3.29+0.10
13672 8.03+0.21 7.11+0.16 6.44 +0.14 6.06+0.12 5.45+0.09 5.17+0.09 4.66 +0.09
13651 6.91+0.16 5.97+0.13 5.43+0.12 4.94+0.10 433 +0.08 4.10 +0.09 3.63+0.09
L4352 6.63 £0.22 5.77+0.16 5.09+0.15 448 +0.12 4.04 +0.09 3.53+0.11 3.31+0.09
14431 3.18+£0.14 2.71+0.12 248+0.11 2.20+0.09 1.91+0.07 1.79 £ 0.08 1.57 +0.08
L5052 9.47£0.35 8.43+0.25 7.51+£0.22 6.89+0.18 6.04+0.13 5.61+0.15 5.03+0.14
L5652 8.70 +0.29 7.72+0.20 6.89+0.18 6.28+0.15 5.63+0.11 4.99+0.12 458+0.12
I61y2 9.93+0.21 8.72+0.15 7.85+0.14 7.18+0.11 6.36 +0.08 5.91+0.09 5.34+0.09
16131 747 +0.22 6.45+0.17 5.75+0.16 5.19+0.13 4.55+0.10 4.18+0.11 3.72+0.11
L6752 3.83+0.11 3.39+0.09 2.99 +0.08 2.68+0.07 2.38+0.05 2.14+0.06 1.95 £0.06
Vi0y2 5.09+0.14 444+0.11 3.95+0.10 3.55+0.08 3.06 £0.06 2.74+0.07 2.46+0.07
L7381 2.69+0.05 2.35+0.04 2.15+0.04 1.94 +0.03 1.73+£0.03 1.61+0.03 1.47 +0.03

. 1 M . g | 1 1 1 1 . . o .
“0,5s Was calculated using O = g ln# . All errors (Ao, were determined from Ao, = S_A I_ + I_ + I_ + [_ , where ¢ is the noise estimation from NMRPipe, A
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is the constant time evolution and /; is the intensity of each peak in the quartet (i = @™, B,a37, 7).




Table SI. Cross-correlated relaxation (CCR) rates between dipolar couplings of two CH bonds (0,,) in the methyl groups of ubiquitin measured at fourteen temperatures  (Continued)

o (87) o () o (87) o (87) o (87) o () o (87)
13y2 5.34+0.07 4.84+0.06 4.52+0.07 4.15+0.05 3.94 +0.06 3.69 +0.05 3.42+0.05
1381 4.46+0.08 4.02+0.07 3.77 +0.07 3.52+0.05 3.24+0.06 3.09 £0.05 2.83+0.05
T7y2 4.80 +0.09 443 +0.08 4.16 +£0.08 3.90 £0.06 3.74 £ 0.07 3.52+0.06 3.23+0.06
L831 2.04+0.04 1.84+0.04 1.70 £ 0.04 1.55+0.03 1.49 +0.04 1.44+0.03 1.32+£0.03
T9y2 3.67 +0.07 3.32+0.06 3.11£0.07 2.79+£0.05 2.72+0.06 2.54+0.05 2.36+0.05
Ti2y2 4.20+0.09 3.85+0.07 3.60£0.08 3.20+0.06 3.09 £0.07 2.89+0.06 2.63+0.06
11381 3.29+0.07 2.97+0.06 2.76 £0.07 2.54+0.05 2.35+0.06 2.17+0.05 2.04+0.05
V172 4.55+0.07 4.09 +0.06 3.79 +0.06 3.46 +0.04 3.26 +0.06 3.13+0.04 2.90 +0.04
T22v2 5.26+0.09 4.74+0.08 448 +0.08 4.06 +0.06 3.82 +0.07 3.74 +0.06 3.35+0.06
123y2 5.27+0.08 4.79 +0.06 4.42+0.07 4.13+0.05 3.89 +0.06 3.71£0.05 3.45+0.05
12381 3.03+£0.08 2.73 £ 0.06 2.54+0.07 2.28+0.05 2.11+0.06 1.97 +0.05 1.79 +0.05
13672 4.42+0.07 4.02 +0.06 3.94 +0.06 3.54 +0.04 3.36+0.05 3.19+£0.04 2.91+0.04
13651 3.41+0.07 3.04 +0.06 2.82+0.06 2.58+0.05 244 +0.06 2.29+0.05 2.12+0.05
L4352 3.06 £0.07 2.76 £ 0.06 2.60+0.07 2.37+0.05 2.19+0.06 2.01+0.05 1.83 +0.05
14451 1.45+0.07 1.24 +0.06 1.19 £ 0.06 1.03 +0.04 1.01 +0.06 0.92 +0.05 0.77 +0.05
L5052 4.64+0.11 4.16 +0.09 3.85+0.10 3.43+0.07 3.16 +0.09 3.02+0.07 2.84+0.07
L5652 4.19 +0.09 3.82+0.08 3.50+0.08 3.17+0.06 2.89+0.07 2.73 +0.06 2.54+0.06
I61y2 5.01+£0.07 4.57+0.06 424 +0.06 3.91+0.04 3.69 +0.06 3.49 £0.04 3.22+0.05
16131 3.44+0.09 3.03+0.07 2.82+0.08 2.56+0.05 227+0.07 2.13+0.06 1.96 +0.06
L6782 1.81+0.05 1.64 +0.04 1.53+0.04 1.37£0.03 1.30 +£0.04 1.18 £0.03 1.12+0.03
Vi0y2 2.27+0.05 2.07+0.05 1.95+0.05 1.80 +0.04 1.70 +0.04 1.64 +0.04 1.53 +0.04
L7381 1.36 +£0.03 1.25+0.02 1.21+0.03 1.10 £ 0.02 1.04 +0.02 1.00 +0.02 0.94 +0.02

. 1 M . g | 1 1 1 1 . . o .
“0,5s Was calculated using O = g ln# . All errors (Ao, were determined from Ao, = S_A I_ + I_ + I_ + [_ , where ¢ is the noise estimation from NMRPipe, A
o p @ T Topt P
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is the constant time evolution and /; is the intensity of each peak in the quartet (i = ", B, a8, 7).




Table SII. Methyl group order parameters ( .S 2

axis

) calculated at fourteen temperatures “

275K 278 K 281 K 283 K 286 K 288 K 291 K

7. (ns) 11.45 7. (ns) 10.23 7. (ns) 9.17 7. (ns) 8.55 7. (ns) 7.72 7. (ns) 7.22 7. (ns) 6.55

Origid ( S-I) 10.95 Origid ( S-I) 9.80 Origid ( S-I) 8.79 Origid ( S-I) 8.21 Origid ( S-I) 7.42 Origid ( S-I) 6.95 Origid ( S-I) 6.32

2 2 2 2 2 2 2

13y2 0.97 +£0.02 0.96 +0.02 0.96 +0.02 0.94+0.01 0.92+0.01 0.90 +0.01 0.90 +0.01
1351 0.82 +0.02 0.80 + 0.02 0.80 + 0.02 0.77 £0.01 0.77 £0.01 0.75+0.01 0.75 £0.02
T7y2 0.88 £0.02 0.85£0.02 0.86 £ 0.02 0.84 £0.02 0.82+£0.01 0.81£0.02 0.81+0.02
L8531 0.41+0.01 0.39+0.01 0.39+0.01 0.38+0.01 0.36+0.01 0.36+0.01 0.35+0.01
T9y2 0.69+0.01 0.68+0.01 0.68+0.01 0.67+0.01 0.64+0.01 0.63+0.01 0.63+0.01
Ti2y2 0.83+0.02 0.79 +0.02 0.79 +0.02 0.77 £0.02 0.73+0.01 0.74 +0.02 0.72 +0.02
11381 0.62 +0.02 0.61+0.01 0.60 £ 0.01 0.59+0.01 0.58 £0.01 0.57£0.01 0.56 +0.01
V172 0.84 +0.02 0.82 +0.02 0.82 +0.02 0.80+0.01 0.78 £0.01 0.77 £0.01 0.78 £0.02
T22v2 0.97 +£0.02 0.94 +0.02 0.96 +0.02 0.93+0.02 0.91+0.01 0.92 +0.02 0.90 +0.02
123y2 0.95+0.02 0.94 +0.02 0.94 +0.02 0.92 +0.02 0.90 +0.01 0.90 +0.01 0.89 +0.02
12381 0.61 +0.02 0.58 +0.02 0.58 +0.02 0.56 £ 0.01 0.54+0.01 0.53 £0.01 0.52 £0.02
13672 0.73 +£0.02 0.73 +£0.02 0.73 +£0.02 0.74+0.01 0.73+0.01 0.74+0.01 0.74 +0.01
13651 0.63 +0.02 0.61+0.01 0.62 £0.01 0.60 £ 0.01 0.58 £0.01 0.59+0.01 0.57 +0.01
L4352 0.60 +0.02 0.59 +0.02 0.58 +£0.02 0.55+0.01 0.54+0.01 0.51+0.02 0.52 £0.02
14431 0.29+£0.01 0.28 +0.01 0.28 +0.01 0.27 £0.01 0.26+0.01 0.26+0.01 0.25+0.01
L5052 0.87 +0.03 0.86 +0.03 0.85+0.03 0.84 +0.02 0.81 +0.02 0.81+0.02 0.80 +0.02
L5652 0.79 +£0.03 0.79 £ 0.02 0.78 +0.02 0.77 £0.02 0.76 £ 0.01 0.72 +£0.02 0.73 £0.02
I61y2 0.91+0.02 0.89 +0.02 0.89 +0.02 0.87+0.01 0.86+0.01 0.85+0.01 0.85+0.01
16131 0.68 +0.02 0.66 +0.02 0.65 +0.02 0.63 +0.02 0.61£0.01 0.60 +0.02 0.59 +0.02
L6752 0.35+0.01 0.35+0.01 0.34+0.01 0.33£0.01 0.32+0.01 0.31+0.01 0.31+0.01
V70y2 0.46 +0.01 0.45+0.01 0.45+0.01 0.43 +0.01 0.41+0.01 0.39+0.01 0.39+£0.01
L7331 0.25+0.01 0.24 +0.00 0.24 +0.00 0.24 + 0.00 0.23 + 0.00 0.23 + 0.00 0.23 £0.01

“Given at each temperature are the rotational correlation time (7. ) and the CCR rate between dipolar couplings of two CH bonds in the absence of local motion (G;iq). Gigiq is calculated

using o
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Table SII. Methyl groups order parameters ( .S 2

axis

) calculated at fourteen different temperatures * (continued)

293 K 296 K 298 K 301K 303K 305K 308 K

7. (ns) 6.15 7. (ns) 5.61 7. (ns) 5.28 7. (ns) 4.84 7. (ns) 4.57 7. (ns) 432 7. (ns) 3.98

Grigia () 5.95 Oigia (5) 5.44 igia (5) 5.13 Cigia (5) 472 igia (5) 447 Cigia (5) 4.24 Cigia (5) 3.93

s> s> s> s> s> s> s>

13y2 0.90 +0.01 0.89+0.01 0.88+0.01 0.88+0.01 0.88+0.01 0.87+0.01 0.87+0.01
1351 0.75+0.01 0.74+0.01 0.73 £0.01 0.74+0.01 0.72+£0.01 0.73 £0.01 0.72 £0.01
T7y2 0.81 +0.02 0.81+0.01 0.81 +0.02 0.82+0.01 0.84 +0.02 0.83 +£0.01 0.82 £0.01
L8531 0.34+0.01 0.34+0.01 0.33+0.01 0.33+0.01 0.33+£0.01 0.34+0.01 0.34+0.01
T9y2 0.62+0.01 0.61+0.01 0.61+0.01 0.59+0.01 0.61+0.01 0.60+0.01 0.60 £0.01
Ti2y2 0.71+0.01 0.71+0.01 0.70 +0.02 0.68+0.01 0.69 +0.02 0.68+0.01 0.67 +0.02
11381 0.55+0.01 0.55+0.01 0.54+0.01 0.54+0.01 0.53£0.01 0.51+0.01 0.52 +0.01
V1772 0.76 £0.01 0.75+0.01 0.74+0.01 0.73 £0.01 0.73 £0.01 0.74+0.01 0.74£0.01
T22v2 0.88 +0.02 0.87+0.01 0.87+0.02 0.86+0.01 0.85+0.02 0.88+0.01 0.85+0.02
123y2 0.88+0.01 0.88+0.01 0.86+0.01 0.88+0.01 0.87+0.01 0.88+0.01 0.88+0.01
12381 0.51+0.01 0.50 £0.01 0.49 +0.01 0.48 +0.01 0.47 +0.01 0.46 +0.01 0.46 +0.01
13672 0.74+0.01 0.74+0.01 0.77+0.01 0.75+0.01 0.75+0.01 0.75+0.01 0.74 +0.01
13651 0.57£0.01 0.56 £ 0.01 0.55+0.01 0.55+0.01 0.55+0.01 0.54+0.01 0.54 +0.01
L4352 0.52+£0.01 0.51+0.01 0.51+0.01 0.50 £ 0.01 0.49 +0.01 0.47 +0.01 0.47 £0.01
14431 0.24+0.01 0.23 +£0.01 0.23 +£0.01 0.22+0.01 0.23 +£0.01 0.22+0.01 0.20 +0.01
L5052 0.78 +0.02 0.76 +0.02 0.75 +0.02 0.73 £0.01 0.71 £0.02 0.71 £0.02 0.72 £0.02
L5652 0.70 +0.02 0.70 +0.01 0.68 +0.02 0.67+0.01 0.65 +0.02 0.64+0.01 0.65 +0.02
I61y2 0.84+0.01 0.84+0.01 0.83+0.01 0.83+0.01 0.82+0.01 0.82+0.01 0.82+0.01
16131 0.58 £0.01 0.56 £ 0.01 0.55+0.02 0.54+0.01 0.51+0.02 0.50£0.01 0.50 +0.01
L6752 0.30£0.01 0.30£0.01 0.30£0.01 0.29+0.01 0.29+0.01 0.28+0.01 0.29 +0.01
Vi0y2 0.38+0.01 0.38+0.01 0.38+0.01 0.38+0.01 0.38+0.01 0.39+0.01 0.39+0.01
L7331 0.23 £0.01 0.23 +0.00 0.24+0.01 0.23 +0.00 0.23 +£0.01 0.24 +0.00 0.24 +0.01

“Given at each temperature are the rotational correlation time (7. ) and the CCR rate between dipolar couplings of two CH bonds in the absence of local motion (G,i4). Gigiq is calculated

using o,
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is the CH bond length, @ is the Larmor frequency of '*C and 7. is the rotational correlation time. S . is derived from §

2(1 + (wc‘rr)z)
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