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Table S1. 28 Gly; conformers defined by the backbone dihedral angles ¢/ with corresponding QM energies
relative to the conformer with lowest energy. Conformers are shown in ascending order of relative energies,
the original conformer numbering is in the first column.

# 01 V1 02 Y2 (3 ys  AE(kcal/mol)
1 8079 -95.14 -87.29 62.02 80.47 -82.95 0.00
2 7238 -108.34 -79.64 -18.51 -85.83 79.15 0.34
11 -81.91 79.48 5959 -137.87 -85.47  3.46 0.40
17 -67.82 -24.81 -116.53 28.73 83.06 -83.57 1.96
3 141.37 -4455 -84.79 73.26 69.01 -156.25 2.01
24 -71.66 -18.21 -121.16 36.82 71.79 -161.80 2.64
26 -77.11 -18.26 -86.54 62.61 117.03 -12.33 3.03
23 -84.62 7462 -72.96 -17.15 -100.51 10.43 3.13
4 8551 -69.73 8594 -67.17 -8525 66.67 3.18
6 8535 -66.45 86.37 -6529 86.02 -65.09 3.19
5 8529 -7496 -84.75 63.94 -86.46 63.34 3.25
13 -84.46 64.69 -61.40 133.19 97.54 -12.68 3.45
22 -61.86 137.72 119.83 -41.49 -69.75 171.68 3.80
15 -83.81 7741 -9519 -1.62 -8525 67.95 4.30
19 8457 -71.04 87.89 -58.77 -109.48 12.64 454
20 -60.54 136.10 98.22 -31.17 -107.88 -20.13 4.69
25 -92.08 -463 -8533 6943 -86.21 6255 5.07
10 178.05 -177.66 -86.28 61.66 -87.01 65.00 5.29
8 175.03 -178.90 86.99 -64.84 -84.46 69.29 5.31
7 -176.01 178.89 -87.12 64.56 84.70 -68.27 5.33
21 172.52 -170.50 64.86 -131.93 -90.91 551 5.43
9 -180.00 179.94 -179.97 -179.89 -179.93 -179.91 5.67
18 82.88 -84.41 84.10 9.87 172.89 -178.15 5.70
12 178.70 -178.03 -177.52 178.28 -86.86 69.44 5.95
28 169.55 -168.86 -72.56 -17.62 -106.12 14.50 6.03
14 -86.93 79.35 -155.43 166.86 86.72 -68.54 6.30
16 89.01 -82.93 165.34 -173.27 178.94 179.34 6.96
27 179.36 -172.96 -87.47 -6.03 80.84 -156.31 8.05




Table S2. 51 Ala; conformers defined by the backbone dihedral angles ¢/y with corresponding QM energies
relative to the conformer with lowest energy. Conformers are shown in ascending order of relative energies,
the original conformer numbering is in the first column.

# o 721 02 12 03 Y3 AE(kcal/mol)
3 -90.38 67.70 69.56 -68.70 -63.54 131.49 0.00
1 6201 -109.84 -70.19 -26.27 -85.91 80.17 0.40
2 -81.18 9540 76.53 -54.39 -80.49 84.58 0.52
11 -68.34 -24.04 -68.52 -14.11 -96.13 3.52 0.55
15 57.63 -121.61 -65.59 -18.68 -96.38 4.77 0.71
4 -86.32 7471 -88.49 71.35 -88.38 74.18 1.25
8 -82.42 79.87 52.39 -134.12 -84.78 -1.28 1.62

18 -84.82 80.48 -71.18 -21.41 -101.17 10.93 1.69
13 -84.31 81.74 -75.37 -26.60 -86.16 77.40 2.17
6 -159.02 157.42 -86.04 75.12 -88.29 75.79 2.67
14 -85.84 79.41 -123.29 11.98 -85.90 74.65 2.89
25 -83.96 81.81 -79.05 -16.51 -151.09 160.08 2.89
7 -158.65 161.67 -155.79 159.39 -85.44 81.14 3.07
16 -153.86 -128.98 -60.15 -35.38 -81.66 98.92 3.16
12 -66.50 131.48 75.12 -52.87 -9454 -7.40 3.46
5 -157.76 163.19 -157.32 163.15 -156.26 161.27 3.49
10 -86.03 86.75 -157.42 155.97 -84.18 80.58 3.63
28 -81.69 -13.40 -153.68 159.79 -85.76 78.96 4.23
20 -156.82 166.95 -79.51 -15.18 -154.32 159.00 4.30
9 -7257 -33.16 -91.15 55.80 -173.53 -44.26 4.50
40 72.89 -70.24 -58.06 135.39 62.69 24.18 4.67
34 -80.57 -15.30 -84.20 78.67 74.42 -59.71 4.88
42 6127 36.57 74.65 -56.45 -86.46 -16.56 5.07
22 55.34 -128.81 -83.43 -5.62 76.06 -53.19 5.13
19 -87.95 50.37 -177.36 -40.74 -157.60 149.69 5.15
37 -156.19 157.71 -62.44 128.21 63.13 25.24 5.26
41 64.17 34.05 75.64 -53.19 -129.51 15.29 5.54
29 -155.21 156.07 56.72 -130.83 -87.20 -1.73 5.67
17 -85.97 77.63 -84.45 7254 -171.51 -36.04 5.91
21 7337 -70.05 -67.85 158.51 -158.63 157.89 6.00
38 -83.42 -10.26 -150.93 158.12 76.88 -47.88 6.50
26 -87.00 86.11 -148.36 145.72 76.26 -58.42 6.61
23 -155.75 165.70 -159.26 -61.61 -68.54 158.16 6.63
24 58.70 -120.69 -66.71 -29.58 -171.22 -56.07 7.22
27 -156.66 157.20 -83.56 72.67 -173.58 -35.27 7.45
32 76.23 -59.71 76.16 -54.76 75.42 -51.61 7.47
49 7498 -5440 56.49 43.73 7251 -76.33 7.63
48 7491 -70.66 63.03 33.96 -161.30 153.73 7.72
31 -164.53 -41.57 -155.93 158.58 -158.95 161.92 7.87
33 -156.75 159.97 -164.92 -45.06 -86.76 81.64 7.90
36 -166.31 -40.25 -153.47 156.11 -86.13 78.35 7.93
50 6196 38.62 74.82 -59.25 77.85 -52.05 8.17
47 -166.11 -46.57 -85.92 82.50 -80.14 -19.63 9.13
39 76.09 -53.28 55.65 -140.65 -152.68 161.08 9.15
45 -166.27 -35.26 56.72 -131.56 -93.55 6.64 9.22
30 73.89 -74.61 -166.78 -46.53 -161.29 156.13 9.27
51 -150.68 -57.51 -71.52 -18.15 -93.00 2.38 9.33
46 -168.31 -40.10 75.58 -56.04 -85.76 75.31 9.43
35 -162.79 -59.14 -70.05 160.22 -86.43 79.15 9.76
43 -166.39 -44.87 -83.73 77.25 -175.92 -35.83 10.65
44 -163.05 -43.26 -153.08 144.43 75.00 -59.91 10.75




Table S3. The modification of the “parm99.dat” file supplied with the AMBERS distribution is listed below in
the form of a “frcmod” file (which is the format for applying small changes to “parm.dat” files, such as
“parm99.dat”). This “frcmod” file will also be provided with the AMBER distribution.

from this paper. Modifies parm99.

MASS

BOND

ANGL

DIHEDRAL

C -N -CT-C 1 0.00 0.0 -4. four amplitudes and
C -N -CT-C 1 0.42 0.0 -3. phases for phi

C -N -CT-C 1 0.27 0.0 -2.

C -N -CT-C 1 0.00 0.0 1.

N -CT-C -N 1 0.00 0.0 -4. four amplitudes and
N -CT-C -N 1 0.55 180.0 -3. phases for psi

N -CT-C -N 1 1.58 180.0 -2

N -CT-C -N 1 0.45 180.0 1.

CT-CT-N -C 1 0.00 0.0 -4. four amplitudes and
CT-CT-N -C 1 0.40 0.0 -3. phases for phi~
CT-CT-N -C 1 2.00 0.0 -2

CT-CT-N -C 1 2.00 0.0 1.

CT-CT-C -N 1 0.00 0.0 -4. four amplitudes and
CT-CT-C -N 1 0.40 0.0 -3. phases for psi”’
CT-CT-C -N 1 0.20 0.0 -2.

CT-CT-C -N 1 0.20 0.0 1.

NONB




Table S4. For comparison, the following tables summarize the backbone torsional parameters for different
variants of AMBER force fields discussed in the text and in this supplement. Even though it is hard to gain
insights (even about the behavior of small peptides in solvent environment) from these values directly, it still
provides some information about relative magnitudes and variations of amplitudes within each parameter set.
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Figure S5. The plots of ¢/y dihedral angles as a function of time in explicit water simulations of Alas using
ff99SB, ff03, ff94, ff99, ff94gs and ff99¢. Replica exchange molecular dynamics (REMD) data for ff99SB
and ff03 are also shown. Even though the enhanced sampling in REMD is apparent, the relative populations
are unchanged compared to standard MD simulations. Time courses of dihedral angles plotted here
demonstrate efficiency of sampling and justify presenting the populations in the form of free energy dihedral
maps. Distinct features of some forcefields are readily visible: ffO9SB has the highest population of o
region (¢ ~ 40° to 80°); ffo4 and ff99 are mostly helical (y only ranges from —60° to 40°); ff99 is the only
forcefield with two distinct basins in a-region (¢ around —50° but also around —140°); a-helical region in
ff94gs is shifted to lower y (around —45°) compared to all other forcefields (y =~-30° to 10°). All those
features can be also seen in the free energy maps (Figure 3 in the main text).
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Figure S6. The plots of remaining forcefields we tested, shown in the form of free energy plots extracted
from 80 ns explicit water simulations of Gly; and Alas. The axis description and energy levels are the same
as in Figure 3 in the main text. For example, it is fairly obvious from ff96 plot why it is considered to prefer
extended P-like structures, as this is the region that it primarily samples. ff99GA12® also samples mainly
B-structures but also has a significant stabilization for B-turns (positive ¢/y region). We have shown
previously that in conjunction with Generalized Born model, the insufficient sampling for a-region and GB
bias for a-region actually restore a reasonable balance between B- and a-structures for ff99GA12. ff99mod2’
Ala; plot looks quite reasonable but, as is also the case for ff96 and ff99GA12, has inadequate glycine
sampling due to incorrect procedure of backbone parametrization (which was explained in the main text).
Tf99¢ looks very similar to ff94 and thus inherits over stabilization of a-helical region.
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