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Figure S1. Ensemble averaged chemical shifts calculated for the full, 10% and 1% portions
of the alanine and valine production trajectories in 8M urea demonstrating 1% of
trajectory to be representative of the full ensembles. Histograms show the change in
distribution of 1HN and 15NH chemical shifts for the different ensembles used in the calculations.
The mean chemical shifts for the 'Hy and '*Ny nuclei are tabulated with the standard deviations
given in brackets.

Figure S2. Convergence of conformational sampling of AAAAA in water. (A) Comparison
of the fractional population of the 64 states sampled over different sections of the trajectory for
run #1 of AAAAA at 298 K. (B) Correlation coefficient for run #1 of AAAAA at 298 K. (C)
Comparison of the fractional populations sampled between each pair of the three 298 K AAAAA
simulations. (D) Comparison of the fractional populations of the 64 states over different sections
of each of the three 498 K AAAAA simulations. (E) Comparisons of the fractional populations
sampled between each pair of the three AAAAA 498 K simulations.

Figure S3. Convergence of conformational sampling of AAGAA and AAWAA in 8M urea
at 298 K. Comparison of fractional population of the 64 states within individual simulations, (A)
AAGAA and (C) AAWAA, and over different sections of the trajectories for run #1, (B)
AAGAA and (D) AAWAA.
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Ala 1 7.95(0.23) 121.60(2.13)
Ala 10 7.95(0.23) 121.56(2.07)
Ala 100 7.95(0.24) 121.57(2.09)
Val 1 7.87(0.30) 117.94(3.04)
Val 10 7.87(0.30) 117.94(3.04)
Val 100 7.87(0.30) 117.96(3.06)
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Table S1. Chemical shifts determined for random samples of conformations taken from different portions of the AAXAA MD
simulations. Values given are the ensemble averages for a 1% random sample of 500 ns of dynamics; standard deviations are

given in parentheses.

First 500 ns Portion

Latter 500 ns Portion

Res # HN NH Ho HBl HBQ, HB} C Ca CB HN NH Ho HB[ HBZ HB:; C’ Ca CB
Ala 1 7.92 121.59 4.40 1.39 1.72 1.64 177.17 52.50 19.64 7.95 121.55 4.41 1.39 1.72 1.64 177.17 52.64 19.63
(0.24) (2.00) (0.10) (0.05) (0.04) (0.05) (0.65) (0.82) (0.86) (0.24) (2.09) (0.10) (0.05) (0.04) (0.05) (0.65) (0.83) (0.85)
Ala 2 7.95 121.86 4.40 1.39 1.72 1.64 177.22 52.66 19.63 7.99 121.90 4.39 1.39 1.72 1.64 177.20 52.75 19.56
(0.24) 2.17) (0.10) (0.05) (0.04) (0.05) (0.64) (0.87) (0.81) (0.24) (2.23) (0.10) (0.05) (0.04) (0.05) (0.67) (0.84) (0.87)
Al 3 7.97 121.92 4.40 1.39 1.72 1.64 177.19 52.69 19.56 7.97 121.78 4.39 1.39 1.72 1.64 177.2 52.66 19.48
a (0.24) (2.14) (0.10) (0.05) (0.04) (0.05) (0.65) (0.84) (0.90) (0.24) (2.11) (0.11) (0.05) (0.04) (0.05) (0.63) (0.83) (0.93)
A 1 8.01 118.81 4.38 1.82 1.89 175.90 56.49 30.98 8.02 118.96 4.39 1.81 1.89 175.93 56.57 31.15
g (0.25) (2.20) (0.15) (0.07) (0.06) (0.52) (0.90) (1.13) (0.25) (2.39) (0.14) (0.06) (0.05) (0.92) (0.92) (0.95)
A 1 8.10 119.04 4.66 2.74 2.76 175.73 54.85 41.50 8.12 119.06 4.67 2.74 2.76 175.73 54.92 41.60
p (0.19) (2.55) (0.10) (0.04) (0.04) (0.69) (0.80) (0.72) (0.20) (2.72) (0.10) (0.04) (0.05) (0.71) (0.79) (0.64)
Ash 1 8.14 119.84 4.65 2.75 2.76 175.88 55.22 41.54 8.09 119.56 4.64 2.75 2.77 175.85 54.97 41.40
§ (0.23) (2.65) (0.11) (0.04) (0.05) (0.64) (0.85) (0.64) (0.24) (2.48) (0.11) (0.05) (0.05) (0.64) (0.91) (0.72)
Asn 1 8.18 117.43 4.74 2.84 2.79 174.92 54.12 39.39 8.10 116.72 4.74 2.84 2.79 174.80 53.81 39.29
(0.24) (2.55) (0.11) (0.05) (0.07) (0.60) (0.87) (0.63) (0.23) (2.16) (0.11) (0.05) (0.07) (0.63) (0.88) (0.74)
C 1 8.14 116.61 4.66 2.96 2.88 174.20 58.88 28.58 8.09 116.04 4.66 2.96 2.87 174.16 58.68 28.59
ys (0.29) (2.36) (0.13) (0.09) (0.07) (0.49) (1.10) (0.88) (0.28) (2.06) (0.13) (0.09) (0.07) (0.49) (1.06) (0.87)
Glu 1 8.18 119.27 4.36 2.06 2.09 176.25 56.83 30.20 8.14 119.53 4.38 2.05 2.07 176.29 56.94 30.54
(0.28) (2.27) (0.17) (0.06) (0.07) (0.53) (0.86) (1.17) (0.28) (2.34) (0.15) (0.04) (0.07) (0.51) (0.93) (0.82)
Glh 1 8.15 119.11 4.41 2.04 2.07 176.26 56.94 30.66 8.17 119.36 4.38 2.05 2.08 176.22 56.92 30.31
(0.28) (2.28) (0.15) (0.05) (0.07) (0.56) (0.97) (0.88) (0.29) (2.31) (0.17) (0.06) (0.07) (0.56) (0.89) (1.19)
Gln 1 8.07 118.88 4.36 2.06 2.08 175.65 56.28 29.49 8.08 118.79 4.39 2.05 2.08 175.74 56.44 29.82
(0.28) (2.18) (0.16) (0.06) (0.07) (0.54) (0.85) (1.28) (0.27) (2.37) (0.15) (0.05) (0.07) (0.53) (0.92) (1.02)
Gl 1 8.12 107.40 4.00 174.23 45.66 B 8.12 107.39 4.00 B 174.20 45.63 B
y (0.25) (1.86) (0.10) (0.54) (0.60) (0.25) (1.78) (0.09) (0.57) (0.59)
Gl 2 8.12 107.38 4.00 174.20 45.61 8.13 107.49 4.00 174.17 45.62
y (0.25) (1.81) (0.09) (0.55) (0.58) B (0.25) (1.87) (0.09) B (0.57) (0.58) B
Gl 3 8.14 107.47 3.99 174.19 45.64 8.13 107.41 4.00 174.21 45.62
y (0.25) (1.87) (0.09) (0.57) (0.61) B (0.25) (1.84) (0.09) B (0.55) (0.58) B
Hid 1 8.13 117.59 4.73 3.22 3.22 174.31 56.08 30.37 8.19 117.85 4.73 3.24 3.22 174.29 56.22 30.35
1 (0.27) (2.63) (0.13) (0.06) (0.05) (0.57) (0.82) (0.79) (0.28) 2.79) (0.14) (0.06) (0.05) (0.55) (0.80) (0.88)
Hi 1 8.10 117.31 4.68 3.23 3.23 174.36 56.10 30.01 8.08 116.59 4.71 3.22 3.22 174.31 55.91 30.25
1€ (0.27) (2.37) (0.17) (0.07) (0.06) (0.58) (0.83) (1.17) (0.28) (2.37) (0.14) (0.07) (0.05) (0.57) (0.83) (0.89)




First 500 ns Portion

Latter 500 ns Portion

Res # HN NH Hao HBl HB2 HB3 C Ca CB HN NH Ha HB[ Hl_))z HB3 C Ca CB
Hi | 815 117.65 4.66 3.24 3.22 174.19 56.10 29.68 8.18 117.44 4.70 3.24 3.22 174.17 56.10 30.03
p (0.26) (2.34) (0.20) (0.07) (0.06) (0.55) (0.68) (1.62) (0.24) (2.58) (0.18) (0.06) (0.05) (0.54) (0.62) (1.46)
1l 7 117.12 428 1.87 175.88 60.89 39.19 7.75 116.80 428 1.87 175.88 60.70 39.15
€ (0.28) (3.15) (0.13) (0.06) (0.53) (1.02) (0.74) 0.27) (2.87) (0.13) (0.05) . 0.51) (0.95) (0.84)
Leu 1 92 120.57 4.41 1.68 1.56 177.07 55.61 42.75 7.92 120.42 4.40 1.69 1.57 177.06 55.63 42.69
(0.28) (2.50) (0.14) (0.05) (0.07) (0.47) (0.99) (0.80) 0.27) (2.50) (0.14) (0.05) (0.07) (0.50) (0.98) (0.84)

L | S04 118.83 438 1.82 1.89 176.25 56.68 33.35 8.03 119.10 437 1.87 1.88 176.26 56.73 33.34
ys (0.26) (2.19) (0.14) (0.06) (0.05) (0.53) (0.90) (0.95) 0.27) (2.32) (0.14) (0.06) (0.05) (0.52) (0.90) (0.94)
Met 1 303 118.24 452 2.04 2.08 175.89 55.96 33.14 8.04 118.87 454 2.03 2.07 175.90 56.06 33.37
(0.25) (2.33) (0.14) (0.05) (0.06) 0.51) (0.95) (1.03) (0.26) (2.54) (0.13) (0.05) (0.06) (0.52) (0.99) (0.83)

Phe | 59 118.58 4.65 3.08 2.99 175.38 58.55 40.15 8.04 118.62 4.66 3.07 2.99 175.37 58.40 40.17
(0.38) (2.75) (0.18) (0.09) 0.11) (0.60) (1.02) (0.90) (0.39) (2.73) 0.17) (0.08) 0.11) (0.62) (1.06) (0.83)

Pro 1 i 447 2.16 2.15 176.85 63.01 32.23 4.46 2.16 2.15 176.87 63.07 3222
(0.05) (0.06) (0.06) (0.44) (0.45) (0.40) (0.06) (0.06) 0.07) 0.41) (0.48) (0.40)

Ser ] 800 114.91 4.49 3.95 4.04 174.32 58.49 63.90 8.05 115.05 4.48 3.95 4.03 174.38 58.83 63.91
(0.25) (2.05) (0.12) (0.07) (0.08) (0.43) (0.84) (0.68) (0.25) (2.10) (0.13) (0.07) (0.08) (0.44) (0.95) (0.70)

The 1 198 113.67 435 427 174.53 62.56 69.95 8.03 113.98 435 424 174.49 62.76 69.98
(0.25) (2.73) (0.13) (0.14) (0.43) (1.06) (0.60) (0.25) 2.77) (0.14) (0.13) . (0.43) (1.00) (0.56)

T | 797 119.77 472 3.23 3.21 175.65 57.95 30.15 7.98 119.88 471 3.24 3.22 175.70 58.15 30.14
P 0.41) (2.73) (0.18) (0.07) (0.07) (0.64) (1.00) 1.21) (0.39) (2.80) (0.18) (0.07) 0.07) (0.62) (0.96) (1.34)
T , 806 119.96 472 3.22 3.21 175.69 58.16 30.40 7.99 119.75 473 3.23 3.21 175.70 58.07 30.31
P 0.39) (2.85) 0.17) (0.06) (0.07) (0.67) (1.00) (0.90) (0.40) (2.81) 0.17) (0.06) (0.07) (0.63) (1.04) (1.10)
T 3 798 119.94 4.69 3.24 3.22 175.68 58.09 29.94 7.98 119.91 471 3.23 3.22 175.74 58.07 30.20
P 0.41) (2.75) (0.19) (0.07) (0.08) (0.62) (0.98) (1.43) (0.43) (2.75) (0.18) (0.07) (0.07) (0.61) (1.07) (1.18)
T | 797 117.88 4.62 2.99 2.82 175.43 58.59 39.41 8.04 119.06 4.63 3.00 2.82 175.51 58.78 39.50
yr (0.35) (2.54) (0.16) (0.08) (0.09) (0.59) 0.97) (0.80) (0.36) (2.98) (0.16) (0.07) (0.09) 0.57) (0.98) (0.68)
val 1 8 116.99 4.19 2.08 175.80 62.25 33.13 7.88 117.97 4.19 2.07 175.80 62.37 33.12
a (0.28) (2.86) (0.13) (0.08) (0.49) (1.22) (0.70) (0.30) (3.01) (0.14) (0.07) . (0.49) (1.19) (0.74)
Pearson Correlation between Datasets: 0.93 0.99 1.00 1.00 1.00 1.00 1.00 1.00 1.00




Table S2. Correlation coefficients (R) between initial and latter portions of the trajectories

for the 64 conformational states populated by the three central residues.

Water* 8M Ureat Water§

X 208 K 208 K 498 K
Ala-1 0.99 0.98 1.00
Ala-2 0.98 0.95 1.00
Ala-3 0.99 0.98 0.99
Arg 0.96 0.95 0.99
Asp 0.97 0.98 0.99
Ash 0.95 0.90 1.00
Asn 0.93 0.88 0.99
Cyh 0.98 0.94 0.99
Gln 0.97 0.94 1.00
Glu 0.98 0.91 0.99
Glh 0.96 0.95 0.99
Gly-1 0.98 0.97 0.99
Gly-2 - 0.98 ;
Gly-3 - 0.97 -
Hid 0.96 0.92 0.99
Hie 0.94 0.82 1.00
Hip 0.72 0.92 1.00
Ile 0.95 0.97 1.00
Leu 0.90 0.97 0.99
Lys 0.95 0.94 0.99
Met 0.92 0.92 0.99
Phe 0.95 0.95 1.00
Pro 0.99 0.97 1.00
Ser 0.96 0.87 1.00
Thr 0.95 0.87 1.00
Trp-1 0.97 0.89 0.99
Trp-2 - 0.94 .
Trp-3 - 0.93 ;
Tyr 0.91 0.84 0.99
Val 0.88 0.92 0.99
Average 0.95 0.93 0.99

The latter portions were that part of the trajectory (production dynamics) used for analysis. The
start position and length of the production dynamics for each set of simulations was defined by
the convergence behavior as exhibited in Figures 1, S2 — S3. *last 300 ns, tlast 500 ns, §last 50

ns



Table S3. Conformational propensities of the guest residues (X) in water at 298 K.

Population Frequency (%)

By quadrant By specific conformational region Total a-basin Total B-basin
X Qu QB Qu Qo OR N;:r or B Noél P P Pir Other (o + now) (nPB + Py + Prr)
Ala-1 462 398 13.6 04 20.3 18.1 11.6 28.9 12.8 13.7 6.6 16.9 384 33.1
Ala-2 417 418 162 04 17.7 16.1 14.0 322 14.4 15.4 6.1 16.2 33.8 359
Ala-3 456 417 124 03 20.3 17.3 10.4 31.3 13.7 15.2 6.5 16.6 37.6 35.4
Arg 556 338 103 0.2 26.6 21.7 9.2 28.0 12.0 14.5 3.4 12.6 48.3 29.9
Asn 592 334 73 0.1 340 216 6.3 27.7 16.0 8.7 4.9 8.5 55.6 29.6
Asp 678 21.8 103 0.1 29.2 36.2 9.7 6.9 4.6 0.4 6.5 13.5 65.4 11.5
Ash 654 245 100 0.1 36.5 254 9.1 20.0 12.3 5.4 3.9 7.5 61.9 21.6
Cys 482 414 100 04 20.8 20.3 8.8 332 14.3 17.3 4.3 14.3 41.1 359
Gln 482 322 194 02 22.9 18.8 17.7 26.4 11.0 14.1 3.2 12.2 41.7 28.3
Glu 506 36.8 124 0.2 25.9 18.1 11.4 28.9 12.7 14.5 4.2 13.2 44.0 314
Glh 514 339 146 0.1 22.7 222 13.3 26.4 11.7 13.0 4.2 12.9 44.9 28.9
Gly 412 92 394 102 14.2 3.2 11.5 8.0 3.7 3.9 1.2 62.4 17.4 8.8
Hid 623 296 80 0.1 27.3 28.3 7.2 23.1 11.8 9.5 4.0 11.9 55.6 253
Hie 546 351 102 0.1 27.9 20.0 8.9 29.5 13.1 14.9 3.0 12.2 47.9 31.0
Hip 423 271 301 05 8.8 28.2 24.7 16.6 10.3 3.2 8.2 16.6 37.0 21.7
Ile 39.6 557 47 «0.1 15.5 17.0 4.4 46.1 14.2 314 1.8 15.7 32.5 47.4
Leu 61.1 21.0 176 03 33.7 21.2 15.8 18.0 6.9 10.4 1.3 10.7 54.9 18.6
Lys 552 321 125 02 27.2 21.1 11.3 26.3 10.9 14.0 33 12.2 48.3 28.2
Met 51.0 287 200 03 253 19.7 18.0 23.0 10.0 11.7 2.8 12.4 45.0 24.5
Phe 56.8 258 172 0.2 264 251 15.5 20.4 10.5 8.3 32 10.9 51.5 22.0
Pro 51 949 - - 3.1 - - 89.4 11.2 78.2 - 7.6 3.1 89.4
Ser 450 499 50 0.1 24.0 10.2 4.5 44.6 12.7 31.3 1.7 15.5 34.2 45.7
Thr 550 443 0.7 <0.1 35.7 14.2 0.7 38.1 12.1 25.5 1.2 10.5 49.9 38.8
Trp 623 260 11.6 0.2 28.6 28.0 10.5 20.5 10.8 8.1 3.2 10.8 56.6 22.1
Tyr 540 257 200 03 240 244 18.0 20.1 10.9 7.5 3.7 11.6 48.4 22.1
Val 423 565 12 «0.1 16.8 19.0 1.1 49.4 17.0 314 2.3 12.3 35.8 50.7




Table S4. Conformational propensities of the ‘guest’ residues (X) in 8M urea at 298 K.

Population Frequency (%)

By quadrant By specific conformational region Total a-basin Total B-basin
X Q. Qg QL Qo OR N(f:r oL B NOE P P Pir Other (oo + nowg) (nPB + Py + Prr)
Ala-1 451 481 6.7 02 13.1 23.6 5.3 39.7 18.2 17.6 8.1 14.0 36.7 43.9
Ala-2 504 404 88 0.3 16.2 26.3 7.0 32.7 13.8 16.3 5.9 14.6 42.5 36.0
Ala-3  40.6 485 106 03 13.6 19.3 8.9 39.0 16.5 19.0 8.3 14.4 329 43.8
Arg 558 379 62 0.1 19.2 29.7 5.7 33.2 14.6 16.8 3.6 10.4 48.9 35.0
Asn 509 447 43 <0.1 20.1 27.2 3.7 37.8 20.9 12.5 7.2 8.3 47.3 40.6
Asp 81.7 158 24 <0.1 23.7 55.5 2.2 5.4 34 0.3 4.7 10.3 79.2 8.4
Ash 577 345 77 0.1 25.0 29.7 6.8 28.0 16.5 5.8 8.9 7.2 54.7 31.2
Cys 442 507 50 0.1 13.0 22.7 4.2 444 19.7 21.9 6.1 12.4 35.7 47.7
Gln 586 328 85 0.1 219 29.5 7.5 28.8 12.2 15.0 33 10.7 514 30.5
Glu 53.6 429 34 0.1 22.0 23.7 3.0 38.6 15.6 213 3.4 11.1 45.7 40.3
Glh 48.1 363 154 02 15.9 252 13.5 31.2 13.5 15.6 4.5 11.9 41.1 33.6
Gly-1 352 12.1 39.1 135 8.5 3.7 9.8 11.3 5.4 5.0 1.9 65.7 12.2 12.3
Gly-2 379 123 384 114 9.5 4.7 8.9 11.5 5.3 5.5 1.6 64.6 14.2 12.4
Gly-3 395 11.0 37.0 125 9.3 4.6 8.7 10.4 5.1 4.5 1.9 66.0 13.9 11.5
Hid 759 19.8 4.1 0.2 25.1 44.2 3.5 154 8.1 6.1 2.6 10.4 69.3 16.8
Hie 53.8 419 42 <0.1 16.9 29.1 3.5 37.4 17.4 17.6 4.3 11.1 46.0 39.3
Hip 633 147 215 05 10.0 47.7 16.6 8.6 4.7 2.1 4.4 14.5 57.7 11.2
Ile 295 677 29 <0.1 6.8 15.6 2.6 64.2 235 39.8 1.7 10.0 224 65.0
Leu 55.1 36.8 7.8 0.3 229 25.7 6.9 333 13.5 18.2 3.1 9.8 48.6 34.8
Lys 534 399 6.7 <0.1 19.2 27.2 6.0 353 14.5 18.7 4.3 10.1 46.4 37.5
Met 60.8 347 45 0.1 21.9 31.5 4.0 30.4 12.6 16.1 3.5 10.4 53.4 322
Phe 60.1 359 39 <0.1 20.2 34.5 34 30.2 16.3 10.4 6.2 9.0 54.7 329
Pro 71 929 - - 5.0 - - 86.9 10.3 76.6 - 8.1 5.0 86.9
Ser 488 452 57 03 2355 15.4 4.9 41.8 10.3 31.2 0.9 13.7 389 42.4
Thr 713 286 0.1 <0.1 42.1 24.2 0.1 24.9 7.1 17.6 0.6 8.4 66.3 253
Trp-1 642 205 150 03 19.4 38.9 13.1 16.7 9.3 5.9 2.9 10.5 58.3 18.1
Trp-2 632 300 6.6 02 22.0 35.0 5.6 253 14.3 8.6 4.5 10.0 57.0 27.4
Trp-3 61.0 298 9.1 02 22.0 333 7.9 253 13.3 9.4 4.6 9.4 55.3 273
Tyr 76.5 226 09 <0.1 25.8 44.2 0.8 18.0 10.4 5.7 3.9 9.2 70.0 20.0
Val 515 466 18 <0. 16.1 29.3 1.7 424 16.8 24.7 1.8 9.6 45.4 43.3




Table S5. Conformational propensities of the ‘guest’ residues (X) in water at 498 K.

Population Frequency (%)

By quadrant By specific conformational region Total a-basin Total B-basin
X Qq Qp QoL Q, OR N(f;r oL B NO[? P P Pr Other (o + nog) (nPB + Py + Prr)
Ala-1 398 48.8 9.5 1.9 15.4 12.9 5.9 33.6 20.6 10.1 7.4 27.8 28.3 38.1
Ala-2 40.1 49.6 8.6 1.8 14.9 13.5 5.1 33.5 20.6 9.9 7.5 28.5 28.4 38.0
Ala-3 394 50.1 8.3 2.2 15.0 13.0 5.0 34.7 21.0 10.8 7.2 28.2 28.0 39.0
Arg 442 489 6.0 09 19.4 15.7 4.6 34.4 19.9 12.1 5.5 22.7 35.1 37.5
Asn 450 470 73 0.7 21.5 15.9 5.0 36.6 22.5 11.1 5.5 18.4 37.4 39.1
Asp 485 371 133 1.1 20.4 23.0 10.3 15.1 9.8 2.4 8.2 25.9 43.4 20.4
Ash 490 409 9.0 1.1 23.0 19.5 6.5 29.2 19.3 6.1 7.2 18.5 42.5 32.6
Cys 432 512 5.1 0.6 18.4 14.4 3.5 36.1 20.6 13.3 5.1 24.6 32.8 39.0
Gln 44.6 46.1 85 0.8 20.1 15.4 6.4 323 18.7 11.3 5.1 22.9 35.5 35.1
Glu 40.8 507 80 05 19.3 12.4 6.4 35.8 20.1 13.4 5.4 23.1 31.7 38.9
Glh 432 489 72 07 17.7 16.2 5.4 334 20.0 10.7 6.4 23.6 33.9 37.1
Gly 31.5  17.1 320 194 9.2 4.2 6.0 11.5 7.2 33 2.7 67.4 13.4 13.2
Hid 424 472 94 1.0 17.4 16.4 6.9 33.0 20.0 10.2 6.0 232 33.8 36.2
Hie 474 477 42 08 22.4 13.5 3.0 36.1 19.2 15.4 33 233 35.9 37.9
Hip 472 466 56 05 14.5 23.0 3.7 28.4 19.4 4.9 9.6 24.8 37.5 33.9
Tle 392 597 1.0 0.1 17.3 13.2 0.8 45.0 21.9 21.9 2.9 22.0 30.5 46.7
Leu 522 399 6.8 1.1 26.0 16.7 5.1 29.9 16.7 11.3 3.8 20.3 42.7 31.8
Lys 47.1 455 6.6 09 21.4 16.0 5.0 322 18.6 11.3 4.9 22.7 374 34.8
Met 47.6 444 6.7 1.3 22.0 16.0 5.1 31.3 17.9 11.4 4.7 22.9 38.0 34.0
Phe 450 490 55 0.5 19.9 16.5 4.1 36.5 21.3 12.8 5.0 20.5 36.4 39.1
Pro 235 765 <0.1 - 19.1 «0.1 - 67.1 18.7 48.5 «0.1 13.7 19.1 67.2
Ser 439 512 42 0.8 21.8 10.0 3.2 37.0 17.9 17.5 3.8 25.7 31.8 39.2
Thr 486 502 1.1 0.1 28.1 11.1 0.9 37.3 17.6 18.8 2.4 21.2 39.2 38.8
Trp 444 479 69 08 20.2 15.2 5.3 35.3 20.0 13.4 4.1 21.9 354 37.5
Tyr 487 432 7.1 1.0 22.3 17.8 5.4 30.9 18.0 10.7 4.5 21.2 40.1 332
Val 339 63.1 3.0 <0.1 15.4 11.2 2.5 49.9 24.8 23.5 3.5 19.1 26.6 51.8
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Table S6. Similarity correlation matrices for the sampling of ¢/y space by the AAXAA guest residues in water at 298 K.
Correlations below 0.5 are shaded grey, correlations below 0.7 are emphasized in bold italic.

Water 298 K
ARG ASH ASN ASP CYS GLH GLN GLU GLY HID HIE HIP ILE LEU LYS MET PHE PRO SER THR TRP TYR VAL

0.95 0.87 0.88 0.80 0.96 0.96 0.96 0.96 0.38 0.92 0.96 0.73 0.73 0.92 0.95 0.95 0.93 0.30 0.81 0.84 0.93 0.93 0.79 | ALA
091 0.92 0.83 0.98 0.98 0.96 0.98 0.35 0.98 0.99 0.67 0.73 0.97 0.99 0.97 0.97 0.19 0.78 0.87 0.98 0.96 0.81 | ARG
0.99 0.78 0.85 0.89 0.86 091 0.33 0.93 0.93 0.59 0.48 0.94 0.92 0.89 0.94 0.08 0.63 0.82 0.94 0.91 058 | ASH
0.76 0.87 0.89 0.87 0.93 0.33 0.94 0.95 0.57 0.52 0.93 0.93 0.89 0.93 0.13 0.67 0.85 0.94 0.90 0.63 | ASN

0.83 0.83 0.79 0.78 0.20 0.86 0.81 0.68 0.52 0.80 0.81 0.80 084 -0.02 054 0.69 0.88 0.84 0.59 ASP

0.97 0.95 0.96 0.31 0.94 0.97 0.68 0.80 0.92 0.97 0.94 0.93 0.29 0.84 0.88 0.94 0.93 086 | CYS

0.99 0.98 0.37 0.96 0.97 0.77 0.70 0.96 0.99 0.98 0.98 0.18 0.74 0.81 0.97 0.98 0.77 | GLH

0.97 0.40 0.92 0.95 0.75 0.69 0.96 0.97 0.99 0.97 0.20 0.75 0.80 0.94 0.97 0.75 | GLN

0.40 0.95 0.98 0.67 0.69 0.96 0.99 0.97 0.96 0.22 0.77 0.87 0.95 0.95 0.76 | GLU

0.31 0.37 0.38 0.18 0.41 0.37 0.40 0.36 0.06 0.30 0.30 0.33 0.37 0.18 | GLY

0.96 0.69 0.64 0.95 0.97 0.94 0.97 0.10 0.68 0.81 0.99 0.96 0.73 HID

0.64 0.72 0.97 0.99 0.96 0.96 0.25 0.81 0.91 0.97 0.94 0.80 HIE

0.40 0.65 0.67 0.74 075 -0.01 034 0.36 0.71 0.79 0.43 HIP

0.61 0.70 0.64 0.60 0.49 0.86 0.75 0.62 0.59 0.98 ILE

0.98 0.98 0.98 0.12 0.71 0.83 0.97 0.97 0.68 LEU

0.98 0.98 0.19 0.77 0.86 0.98 0.96 0.78 LYS

0.98 0.15 0.71 0.79 0.96 0.98 0.70 | MET

0.09 0.66 0.78 0.99 0.99 0.67 | PHE

0.61 0.42 0.09 0.07 048 | PRO

0.90 0.67 0.63 0.88 SER

0.80 0.74 0.82 | THR

0.98 0.71 TRP

066 | TYR
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Table S7. Similarity correlation matrices for the sampling of ¢/y space by the AAXAA guest residues in water at 498 K.

Correlations below 0.5 are shaded grey, correlations below 0.7 are emphasized in bold italic.

Water 498 K
ARG ASH ASN ASP CYS GLH GLN GLU GLY HID HIE HIP ILE LEU LYS MET PHE PRO SER THR TRP TYR VAL
092 088 092 08 093 093 092 092 039 093 09 087 081 0.8 091 091 092 033 087 08 092 091 081
090 095 083 09 097 097 09 036 096 094 088 087 095 097 097 097 032 090 090 097 097 087
095 086 087 090 091 088 039 092 085 08 068 093 092 092 092 025 079 080 090 093  0.68
080 093 094 095 094 038 095 092 08 080 095 095 095 096 036 087 08 095 096 081
082 084 08 079 035 08 078 087 066 081 084 084 08 010 072 072 082 087 061
096 095 095 034 095 09 086 091 092 095 095 096 037 093 092 097 095  0.90
097 095 037 097 092 091 085 094 097 09 096 029 088 087 096 096 085
096 039 097 094 088 085 09 097 097 097 032 090 090 097 097 085
038 095 094 082 087 094 09 095 096 043 093 092 096 094 088
037 037 030 024 041 039 040 036 011 035 035 037 038 023
092 091 084 094 09 09 096 028 087 085 096 096  0.83
079 091 093 094 095 095 045 096 096 096 094 090
071 083 087 087 087 010 071 069 085 088  0.68
081 085 085 087 044 091 090 089 084 096
097 097 09 031 088 090 095 097 0.80
098 097 031 09 09 097 097 084
097 031 09 09 097 097 0.84
035 090 091 097 097 087
055 051 038 030 051
096 093 089 091
092 090 0.89
097 088
0.83
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Table S8. Similarity correlation matrices for the sampling of ¢/y space by the AAXAA guest residues in 8M urea at 298 K.

8M Urea 298 K

ARG ASH ASN ASP CYS GLH GLN GLU GLY HID HIE HIP ILE LEU LYS MET PHE PRO SER THR TRP TYR VAL
0.94 0.86 0.88 0.76 0.96 0.93 0.92 0.93 0.25 0.86 0.96 0.76 0.67 0.91 0.94 0.91 0.91 0.34 0.83 0.78 0.87 0.85 0.89 | ALA
0.90 0.90 0.81 0.94 0.97 0.99 0.97 0.24 0.95 0.99 0.77 0.58 0.98 0.99 0.99 0.98 0.19 0.80 0.85 0.95 0.95 092 | ARG
0.97 0.78 0.78 0.86 0.91 0.87 0.22 0.92 0.89 0.74 0.29 0.90 0.89 0.90 0.94 0.08 0.67 0.85 0.91 0.92 0.73 | ASH
0.73 0.81 0.86 0.91 0.90 0.21 0.88 0.92 0.71 0.37 0.90 0.90 0.90 0.93 0.21 0.71 0.82 0.86 0.88 0.76 | ASN
0.74 0.76 0.80 0.72 0.10 0.88 0.82 0.84 0.33 0.74 0.78 0.81 086 -0.02 054 0.72 0.88 0.89 0.75 ASP
0.93 0.91 0.94 0.22 0.83 0.95 0.69 0.78 0.91 0.95 0.92 0.89 0.30 0.85 0.77 0.83 0.83 0.95 CYS
0.97 0.93 0.32 0.90 0.95 0.80 0.60 0.95 0.97 0.95 0.93 0.18 0.78 0.78 0.94 0.89 0.88 | GLH
0.96 0.28 0.96 0.97 0.77 0.54 0.99 0.99 0.99 0.97 0.18 0.79 0.87 0.96 0.95 0.89 | GLN
0.28 0.89 0.96 0.66 0.65 0.97 0.98 0.96 0.92 0.29 0.87 0.90 0.86 0.88 0.91 GLU
0.21 0.23 0.25 0.14 0.28 0.26 0.24 0.20 0.09 0.30 0.25 0.25 0.19 0.18 | GLY
0.93 0.84 0.38 0.92 0.93 0.96 0.98 0.03 0.66 0.82 0.97 0.99 0.83 HID
0.77 0.61 0.96 0.98 0.97 0.97 0.24 0.80 0.84 0.92 0.93 0.92 HIE
0.31 0.68 0.73 0.74 080 -001 044 0.52 0.87 0.81 0.65 HIP
0.56 0.61 0.54 0.46 0.49 0.75 0.46 0.40 0.39 0.80 ILE
0.99 0.99 0.95 0.19 0.82 0.89 0.92 0.92 0.89 LEU
0.99 0.96 0.20 0.82 0.86 0.93 0.93 0.92 LYS
0.98 0.15 0.78 0.87 0.94 0.96 091 MET
0.10 0.71 0.84 0.96 0.98 0.87 PHE
0.59 0.24 0.03 0.01 0.31 | PRO
0.84 0.65 0.65 0.84 SER
0.78 0.83 080 | THR
0.96 082 | TRP
0.84 | TYR
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Table S9. Water Residence Times by Conformational Region and Transitions for AAXAA
in pure water at 298 K.

Conformational Region Transitions
Residue oR NoR B PiuL Pir oL other N N>10ps

Ala-1 75 43 37 42 31 213 129 111887 3619
Ala-2 86 40 35 47 26 170 104 110214 3689
Ala-3 66 28 33 50 22 183 211 113097 3501
Arg 99 42 57 51 25 269 131 107562 3976
Ash 217 54 57 34 23 160 37 105056 4148
Asn 143 43 81 39 26 230 86 111435 3729
Asp 132 70 29 11 45 300 38 96370 4502
Cys 106 44 52 42 22 218 436 114198 3442

Glh 93 42 49 57 23 288 90 29864 69
GlIn 79 46 45 47 16 330 121 106150 3901
Glu 125 47 63 75 33 248 610 100146 4154
Gly 70 15 17 33 14 25 534 86520 4669
Hie 90 40 65 50 21 233 88 108859 3887
Hip 58 63 51 53 37 340 260 93323 5217
Hid 118 43 71 44 47 183 122 113031 3633
lle 74 62 38 65 23 234 55 108005 4313
Leu 110 33 23 41 21 306 201 99028 4274
Lys 101 53 56 49 29 252 376 105275 3985
Met 67 44 66 45 25 283 233 102725 3842
Phe 181 51 58 37 22 332 97 104088 3913
Pro 218 1 21 76 1 1 11 80754 6958
Ser 85 38 28 47 30 370 80 109253 4079
Thr 157 44 34 50 17 155 44 102235 4754
Trp 157 45 86 41 32 356 137 106353 3785
Tyr 178 48 71 45 27 436 334 102222 3838
Val 75 51 31 82 25 176 41 114415 3986
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Table S10. Experimental and Calculated Chemical Shifts used for validating the AAXAA peptide system.

Experimental AAXAA' Experimental GGXGG’ MD Calculated AAXAA
(ppm) (ppm) (ppm)
Res 'Hy BNy 'Ha Ca. CB C 'Hy BNy 'Ha. Ca. Cp C
Al 8.29 . 123.2 4.35 52.8 19.3 178.5 7.97 121.7 4.40 52.7 19.6 177.2
(H,0: 8.38)" (H;0:124.2) | (H,0:4.29) (H,0:52.3) (H,0:19.3) (H,0:177.3) | (H,0:8.01) (H,O:122.0) (H,0:4.37) (H,0:52.8) (H,0:19.3) (H,0:177.2)

Arg 8.32 120.4 4.38 56.5 30.9 177.1 8.02 119.0 4.39 56.6 31.1 175.9
Asn 8.36 117.4 4.79 53.3 39.1 176.1 8.10 116.7 4.74 53.8 39.3 174.8
Asp 8.38 117.4 4.82 53.0 38.3 175.9 8.09 119.6 4.64 55.0 41.4 175.9
Cys 8.33 1174 4.59 58.6 28.3 175.3 8.09 116.0 4.66 58.7 28.6 174.2
Gln 8.32 119.2 438 56.2 29.5 176.8 8.08 118.8 4.39 56.4 29.8 175.7
Glu 8.27 119.0 4.42 56.1 29.9 176.8 8.17 119.4 4.38 56.9 30.3 176.2
*Gly 8.32 107.8 4.02 454 - 174.9 8.13 107.4 4.00 45.6 - 174.2
Hip 8.51 117.3 4.79 55.4 29.1 175.1 8.18 117.4 4.70 56.1 30.0 174.2
Ile 8.10 120.4 4.21 61.6 38.9 177.1 7.75 116.8 4.28 60.7 39.2 175.9
Leu 8.17 121.4 4.38 55.5 42.5 178.2 7.92 120.4 4.40 55.6 42.7 177.1
Met 8.33 119.4 4.52 55.8 329 177.1 8.04 118.9 4.54 56.1 334 175.9
Phe 8.09 118.8 4.65 58.1 39.8 176.6 8.04 118.6 4.66 58.4 40.2 175.4
Pro - - 4.45 63.7 32.2 177.8 - - 4.46 63.1 32.2 176.9
Ser 8.27 114.1 4.51 58.7 64.1 175.4 8.05 115.0 4.48 58.8 63.9 174.4
Thr 8.06 112.3 4.43 62.0 70.0 175.6 8.03 114.0 4.34 62.8 70.0 174.5
Trp 7.95 119.2 4.70 57.6 29.8 177.1 7.98 119.8 4.72 58.1 30.2 175.7
*Tyr 8.04 118.9 4.58 58.3 38.9 176.7 8.04 119.1 4.63 58.8 39.5 175.5
Val 8.10 119.1 4.16 62.6 31.8 177.0 7.88 118.0 4.19 62.4 33.1 175.8

'Prestegard JH et al. (2013) Chemical shift prediction for denatured proteins. J Biomol NMR 55(2):201-209 (AAXAA, 8M urea at pH

2.5), *Schwarzinger S et al. (2000) Random coil chemical shifts in acidic 8 M urea: Implementation of random coil shift data in
NMR View. J Biomol NMR 18:43-48 (GGXGG, 8M urea at 293 K, pH 2.3), *Graf J et al. (2007) Structure and dynamics of the

homologous series of alanine peptides: a joint molecular dynamics/NMR study. J Am Chem Soc 129(5):1179-1189 (AAAAA, H,O at

300 K, pH 2).

*average values calculated over the triplicate simulations for this residue.
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Table S11: Backbone propensity library based on the modal ¢/y angles for the central ‘X’ residue when inhabiting defined
regions within a Ramachandran plot.

Modal Dihedral Angles within Conformational Regions (°)

OR Near ogr oL nPf P Pr Global Mode
X ¢ v ¢ v ¢ v ¢ v 0 v ) v ¢ v
Ala -93.1 -39.7  -104.8 -38.1 52.6 64.6 -794 -176.0 -72.0 1499 -151.6 614 -93.1 -39.7
Arg -92.4 -41.5  -104.8 -37.9 52.6 69.2 -88.1 -176.1 -78.1 1622 -119.7 863 -92.4 -41.5
Asn -83.6 -44.0 -104.8 -404 52.2 71.1 -76.8 1157 -68.0 125.1 -119.6 955 -83.6 -44.0
Asp -94.9 -32.6  -1046 -31.5 524 67.9 -91.3 84.9 -77.7 123.5 -1472  62.7 -94.9 -32.6
Ash -86.4 -43.0 -1044 -40.0 52.6 83.8 -71.6 1148 -70.6 1243 -1522 955 -86.4 -43.0
Cys -95.3 -37.9  -104.7 -35.6 52.8 67.2 -73.9 1157 -744 1564 -131.3  66.1 -97.5 -37.9
Gln -92.3 -41.0 -104.7 -399 53.1 67.7 -77.2 1156  -74.6 156.7 -119.7 83.2 -92.3 -41.0
Glu -87.3 -43.8 -104.6 -38.2 52.3 66.8 -81.3 1159  -78.0 151.3  -1262 763 -87.3 -43.8
Glh -95.0 -41.0 -111.2 -374 54.4 68.9 -79.5 115.1 -77.9 157.3 -1254  78.0 -95.6 -41.0
Gly -67.7 -68.6 -104.0 -439 68.2 67.2 =752 -1749  -80.7 175.8 -173.1 77.6 76.4 58.2
Hid -95.2 -39.0 -104.7 -40.2 53.0 71.6 -78.3 115.7 -81.2 1472 -123.5 82.1 -102.0 -40.2
Hie -87.7 -41.9 -104.7 -38.8 54.4 68.5 -73.7 115.8 -73.8 1574 -1196 920 -1044 -58.5
Hip -95.7 -385  -131.8 -353 60.3 64.0 -138.1 1045 -87.9 162.5 -1413 67.8 60.3 64.0
Ile -92.2 -43.1  -118.2 -142 53.5 82.1 -114.6  161.3  -72.0 158.6 -130.2 542 -72.0 158.6
Leu -92.8 -41.6  -104.5 -39.5 53.0 68.8 -85.5 116.2 -744 153.6 -119.8 947 -92.8 -41.6
Lys -95.0 -39.2  -104.7 -38.3 52.1 69.4 -72.8 116.0 -77.7 1614 -119.7 875 -96.4 -39.2
Met -94.4 -41.6  -104.7 -38.6 52.3 68.5 -75.3 1156  -76.6 156.6 -122.6  80.2 -94.4 -41.6
Phe -92.5 412  -1049 -394 52.5 70.9 -69.4 1158 -72.2 1314  -119.7  83.7 -92.5 -41.2
Pro -60.9 -55.1 - - - - -64.1 116.2  -63.2 149.1 - - -63.2 149.1
Ser -81.9 -41.6 -1043 -36.0 51.7 70.2 =779  -176.1  -69.7 156.7 -118.6  75.8 -69.7 156.7
Thr -79.5 -42.7  -104.6 -34.6 46.9 77.8 -71.7 116.1 -70.5 1442 -118.8 957 -79.5 -42.7
Trp -95.1 -39.9  -1048 -38.5 53.2 71.5 -75.1 1155 -723 1422 -119.6 852 -100.1 -38.5
Tyr -95.3 -39.3  -105.0 -38.6 53.2 69.4 -77.7 1159 -78.9 125.0 -119.6 925 -98.7 -39.3
Val -92.7 -413  -104.7 -38.4 52.6 83.6 -1147 1627 -73.8 160.1 -1194  95.7 -73.8 160.1
Mean -89.2 424  -1042 -35.7 51.6 68.6 -82.2 1279  -74.8 149.6 -126.3  78.8
(xSD) (8.7) (6.5 (195 ((9.0) (@(11.00 @144 @162) (279 @9 (13.8) (251) (19.0)
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