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• Initial Investigation of Environmental Effects 

The Shi group studied the influence of neighboring residues on the J-coupling constants of the 

Ac-LXP-NH2 peptides. Their data show that neighboring residues play important roles in 

determining the stabilities of secondary structures of the central residues ‘X’ by influencing 

their hydration environments1. However, our investigation of widely used protein force fields, 

such as ff14IDPSFF, ff14SB, a99SB-disp, ff03ws, and CHARMM36m shows that they are not 

accurate enough to reproduce the reported neighboring-residue effects for these model peptides 

(Figure S1). 

 
Figure S1. 3J(HN,Hα) of residue Leu in Ac-LXP-NH2 from NMR experiment and MD simulation. Most 

force fields failed to reproduce J-couplings of the leucine adjoining different neighbor residues. ff14IDPSFF 

produces the closest 3J(HN,Hα) values to experiment, though its predicted values in Ac-LQP-NH2, Ac-LHP-

NH2, Ac-LWP-NH2, and Ac-LYP-NH2 are significantly higher than experiment. ff14SB, a99SB-disp and 

ff03ws underestimate the 3J(HN,Hα) for all Ac-LXP-NH2. CHARMM36m also underestimates 3J(HN,Hα) for 

Ac-LXP-NH2 but better than ff14SB, ff99disp and ff03ws, while CHARMM36m produces a lower 3J(HN,Hα) 

for Ac-LEP-NH2 than other force fields. 

 

To highlight the effect of the neighbor residues’ influences on a central residue, phi/psi 

distributions of Gly, Pro, and other amino acids in benchmark database for each of the 4 
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environmental combinations are shown in Figure S2. It is clear that the distributions are 

significantly different among the 4 different environmental combinations. On the one hand, the 

propensity of α-left region in NP-Gly-P is significantly less than that in NP-Gly-NP, P-Gly-NP 

and P-Gly-P. On the other hand, the low energy connections between PPII region and α-right 

region for proline are totally different among NP-Pro-NP, NP-Pro-P, P-Pro-NP and P-Pro-P. 

For the remaining 18 amino acids, difference can also be observed in the α-right region as 

shown in Figure S2.  

 
Figure S2. phi/psi distribution of Gly, Pro and other 18 residues in environmental separated benchmark 

phi/psi database. 

 

Figure S3 further illustrate the populations of specific secondary structures for Ala, Leu, Ser, 

and Thr in the benchmark database, which also supported the finding that different neighboring 

environments leading to different secondary structural preferences. These initial analyses 

suggest that the classification of neighboring environment can provide more accurate 
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secondary structure propensity in MD simulations. 

 
Figure S3. Propensity of different regions in Ramachandran plot for Ala, Leu, Ser, and Thr in environmental 

separated benchmark phi/psi database. 
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Table S1. Simulation conditions used in this study. 

System Force field Length  
Temperat

ure (K) 

Ionic 
Strength 

(mM) 
Trajectories Time (ns) NMR exp. 

Ac-LXP-NH2
a 

ff14SB, 
ff14IDPSFF, 

ESFF1, 
ff03ws, 

a99SB-disp, 
C36m   

3 298 0 1×18 200 (10~200) Shi et al. 1 

GXGb 
ff14SB, 

ff14IDPSFF, 
ESFF1  

3 298 0 1×8 100 (20~100) 
Schweitzer-

Stenner et al. 2 

GGG 
ff14SB, 

ff14IDPSFF, 
ESFF1  

3 300 0 1 100 (20~100) 
Schwalbe et al. 

3 

VVV 
ff14SB, 

ff14IDPSFF, 
ESFF1  

3 300 0 1 100 (20~100) Schwalbe et al. 

AAA 
ff14SB, 

ff14IDPSFF, 
ESFF1  

3 275 ~ 350 c 0 1×16 100 (20~100) Schwalbe et al. 

AAAAA 
ff14SB, 

ff14IDPSFF, 
ESFF1  

5 300 0 5 100 (50~100) Schwalbe et al. 

AAAAAAA 
ff14SB, 

ff14IDPSFF, 
ESFF1  

7 300 0 5 300 (50~300) Schwalbe et al. 

EGAAXAASS d 
ff14SB, 

ff14IDPSFF, 
ESFF1  

9 298 0 5×14 100 (50~100) Grzesiek et al. 4 

HEWL19 
ff14SB, 

ff14IDPSFF, 
ESFF1  

19 293 0 5 300 (50~300) Schwalbe et al. 

TC5b (1l2y) ESFF1 20 282 0 1 1000 -- 

villin (1vii) ESFF1 36 298 150 1 1000 -- 

crambin (1ejg) ESFF1 46 298 150 1 1000 -- 

LysM (1e0g) ESFF1 48 298 150 1 1000 -- 

IgGbG (1fcl) ESFF1 56 298 150 1 1000 -- 

BPTI (5pti) ESFF1 58 298 150 1 1000 -- 

CSEv5 (1i6f) ESFF1 60 298 150 1 1000 -- 

FAS1 (1fas) ESFF1 61 298 150 1 1000 -- 

CspB (1csp) ESFF1 67 298 150 1 1000 -- 

Ccc2a (1fvq) ESFF1 72 298 150 1 1000 -- 

DMAP1 (4iej) ESFF1 75 298 150 1 1000 -- 

ubiquitin (1ubq) ESFF1 76 298 150 1 1000 -- 

FKBP12 (2ppn) ESFF1 107 298 150 1 1000 -- 

LUSH (1ooi) ESFF1 124 298 150 1 1000 -- 
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RS1 
ff14SB, 

ff14IDPSFF, 
ESFF1  

24 298 150 5 700 (300~700) 
Zweckstetter et 

al. 5 

Histatin5 
ff14SB, 

ff14IDPSFF, 
ESFF1  

24 303 0 5 200 (50~200) Raj et al. 6 

C-Myb 
ff14SB, 

ff14IDPSFF, 
ESFF1  

25 298 50 5 500 (300~500) Wright et al. 7 

RevARM 
ff14SB, 

ff14IDPSFF, 
ESFF1  

26 283 150 5 200 (50~200) 18851 e 

MevN 
ff14SB, 

ff14IDPSFF, 
ESFF1  

32 293 100 5 200 (50~200) 6566 e 

rIAPP 
ff14SB, 

ff14IDPSFF, 
ESFF1  

35 278 150 5 200 (150~200) 7311 e 

ab40 
ff14SB, 

ff14IDPSFF, 
ESFF1  

40 277 20 5 200 (50~200) 
17796 e & Bax 

et al. 8 

ab42 
ff14SB, 
ESFF1  

42 278 20 5 1000 (200~1000) 
25218 e & Bax 

et al. 

drkN SH3 
ff14SB, 

ff14IDPSFF, 
ESFF1  

59 278 50 5 200 (50~200) 
25501e & 

Marsh et al. 9 

KID 
ff14SB, 

ff14IDPSFF, 
ESFF1  

61 288 50 5 200 (50~200) 6784 e 

ACTR 
ff14SB, 
ESFF1  

71 304.15 50 5×2 f 500 (50~500) 15397 e 

IA3 
ff14SB, 

ff14IDPSFF, 
ESFF1  

76 293 150 5 200 (50~200) 6078 e 

p53N 
ff14SB, 

ff14IDPSFF, 
ESFF1  

93 293 175 5 200 (50~200) 17760 e 

tauF4 
ff14SB, 

ff14IDPSFF, 
ESFF1  

124 293 25 5 200 (50~200) 17945 e 

α-synuclein 
ff14SB, 

ff14IDPSFF, 
ESFF1  

140 285.5 150 5 200(50~200) 6968 e 

CBP 
ff14SB, 
ESFF1  

59 304.15 50 3 500 (50~500) 15398 e 

ACTR-CBP g 
ff14SB, 
ESFF1  

71 + 59 304.15 60 3 500(50~500) 5228 e 

p53TAD-CBP h 
ff14SB, 
ESFF1  

49 + 59 298 50 5 500(50~50) 17073 e 

CLN025 ESFF1 10 275~405 0 14 replicas 250 (50~250) Honda et al. 10 
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Trpzip-2 ESFF1 12 280~430 0 16 replicas 500 (50~500) 
Starovasnik et 

al. 11 

GB1 hairpin ESFF1 16 275~425 0 16 replicas 500 (250~500) Eaton et al. 12 

TC5b ESFF1 20 275~410 0 28 replicas 500 (50~500) 
Andersen et al. 

13 

WW GTT ESFF1 35 280~470 0 20 replicas 1200 (500~1200) Shaw et al. 14 

villin ESFF1 36 274~426 0 20 replicas 1200 (500~1200) 
Hofrichter et al. 

15 

a X = A, C, D, E, F, H, I, K, L, M, N, Q, R, S, T, V, W and Y. b X = A, E, F, K, L, M, S and V. c The temperature of 16 
trajectories are 275K, 280K, 285K, 290K, 295K, 300K, 305K, 310K, 315K, 320K, 325K, 330K, 335K, 340K, 345K 
and 350K, respectively. d X = D, E, G, H, I, K, L, N, P, Q, T, V, W and Y. e Entry ID of BMRB database. f One group 
of 5 trajectories for ff14SB and ESFF1 were simulated from fully folded initial state, while other 5 trajectories 
were simulated from fully disordered initial state. g Complex of ACTR and CBP, where ACTR was reported as 
a disorder protein, while CBP is a structured protein. h Complex of p53TAD and CBP, where p53TAD is a 
disordered protein. 
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Figure S4. Local sequence environment for ALA in a sample sequence of SER-ALA-LEU. 

 

 

Figure S5. Number of phi/psi samples of all possible environmental combinations of 20 amino acids. 
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Figure S6. RMSp of CMAP optimization versus optimization iterations for 71 environmental combinations. For 

MET, CYS, and TRP, all 4 environmental combinations were combined due to insufficient sampling. 
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Table S2. RMSD’s between computed and measured NMR observables for short peptides. 

System 
RMSD of 𝚫𝛅Cα [ppm] RMSD of 3J(HN,Hα) [Hz] 

ff14SB ff14IDPSFF ESFF1 ff14SB ff14IDPSFF ESFF1 

GLY3 0.266 0.231 0.221 0.448 0.090 0.076 

VAL3 0.715 0.796 0.789 2.057 0.586 0.355 

ALA3 0.132 0.157 0.165 0.367 0.158 0.092 

ALA5 0.152 0.166 0.188 0.220 0.166 0.062 

ALA7 0.138 0.121 0.109 0.311 0.189 0.038 

pepK 0.61 0.14 0.09 0.51 0.35 0.45 

pepL 0.68 0.16 0.13 0.60 0.52 0.54 

pepQ 0.77 0.18 0.10 1.05 0.61 0.64 

pepG 0.45 0.29 0.23 0.66 0.43 0.32 

pepT 0.60 0.18 0.20 0.80 0.35 0.39 

pepY 0.59 0.13 0.10 0.81 0.71 0.79 

pepD 0.98 0.3 0.24 0.92 0.43 0.48 

pepE 1.09 0.22 0.16 1.14 0.65 0.59 

pepH 0.55 0.27 0.22 1.10 0.55 0.61 

pepN 0.64 0.24 0.16 0.82 0.47 0.50 

pepI 1.21 0.15 0.14 1.26 0.57 0.59 

pepP 0.89 0.17 0.13 0.78 0.70 0.53 

pepV 0.92 0.19 0.22 1.19 0.58 0.59 

pepW 0.46 0.23 0.14 0.65 0.49 0.48 

HEWL19 1.11 0.85 0.80 -- -- -- 

 

Figure S7. Temperature dependence of 3J(HN,Hα) for the central Alanine in ALA3 in ff14SB, ff14IDPSFF, and 

ESFF1 simulations. 
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Table S3. RMSD’s between computed and measured 3J(HN,Hα), 3J(HN,C’) and 3J(HN,Cβ) for central residue ‘X’ in 

GXG peptides. 

System 
RMSD of 3J(HN,Hα) [Hz] RMSD of 3J(HN,C’) [Hz] RMSD of 3J(HN,Cβ) [Hz] 

ff14SB ff14IDPSFF ESFF1 ff14SB ff14IDPSFF ESFF1 ff14SB ff14IDPSFF ESFF1 

GAG 0.343 0.139 0.081 0.061 0.015 0.099 0.01 0.292 0.186 

GVG 1.329 0.222 0.022 0.150 0.121 0.131 0.597 0.084 0.188 

GFG 1.333 0.185 0.168 0.139 0.124 0.07 0.440 0.083 0.052 

GSG 0.722 0.302 0.245 0.473 0.264 0.246 0.166 0.114 0.109 

GEG 0.866 0.091 0.093 0.035 0.027 0.033 0.676 0.367 0.314 

GLG 0.695 0.194 0.261 0.063 0.058 0.114 0.623 0.280 0.310 

GKG 0.727 0.446 0.498 -- -- -- -- -- -- 

GMG 0.988 0.028 0.003 -- -- -- -- -- -- 

 

 

• Convergence of MD simulations 

 

Figure S8. RMSD’s between simulated and measured chemical shifts over simulation time (0-50, 50-100, 100-150, 

150-200 ns, etc) for RS1. 
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Figure S9. Secondary chemical shifts of c-Myb in ff14SB, ff14IDPSFF, and ESFF1 simulations and NMR 

measurement. 

 

Figure S10. Secondary chemical shifts of RevARM in ff14SB, ff14IDPSFF, and ESFF1 simulations and NMR 

measurement. 
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Figure S11. Secondary chemical shift of MevN in ff14SB, ff14IDPSFF, and ESFF1 simulations and NMR 

measurement. 



14 

 

 

Figure S12. Secondary chemical shifts of KID in ff14SB, ff14IDPSFF, and ESFF1 simulations and NMR 

measurement. 
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Figure S13. Main chain torsional distributions in MD simulations of RevARM. (A) Ramachandran plots of all non-

Pro, non-Gly residues in PDB structures and in simulations with ff14SB, ff14IDPSFF, and ESFF1 force fields. (B) 

Fractions of secondary structure regions in ff14SB, ff14IDPSFF, and ESFF1 simulations.  

 



16 

 

 

Figure S14. Main chain torsional distributions in MD simulations of MevN. (A) Ramachandran plots of all non-

Pro, non-Gly residues in PDB structures and in simulations with ff14SB, ff14IDPSFF, and ESFF1 force fields. (B) 

Fractions of secondary structure regions in ff14SB, ff14IDPSFF, and ESFF1 simulations.  
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Figure S15. Main chain torsional distributions in MD simulations of KID. (A) Ramachandran plots of all non-Pro, 

non-Gly residues in PDB structures and in simulations with ff14SB, ff14IDPSFF, and ESFF1 force fields. (B) 

Fractions of secondary structure regions in ff14SB, ff14IDPSFF, and ESFF1 simulations.  

 

 
Figure S16. Helicities for segment I295-l309 in c-Myb from ff14SB, ff14IDPSFF and ESFF1 simulations. NMR 

experiment shows that segment I295–L309 of c-Myb exists partially in the helical conformation with around 25–

30% helical content16. The helicity predicted from ff14SB simulations is 72.72% ± 7.85%, 0.19% ± 0.10% from 

ff14IDPSFF simulations and 31.68% ± 15.22% for ESFF1 simulations. 
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Figure S17. Helicities for segment S481-S505 in MevN from ff14SB, ff14IDPSFF and ESFF1 simulations. As 

reported in Blackledge’s experiment17, the helicity of segment S481-S505 is around 27.44%, The helicity predicted 

from ff14SB simulations is 60.74% ± 0.72%, 13.13% ± 7.15% from ff14IDPSFF simulations and 22.32% ± 6.58% 

for ESFF1 simulations. 

 

 

Figure S18. Helicities of segments D120-S129 and Y134-D144 in KID from ff14SB, ff14IDPSFF and ESFF1 

simulations. In the study of Radhakrishnan and co-workers the helicities of αA (D120−S129) and αB (Y134−D144) 

of KID are between 50% and 60% and 10%, respectively18. The helicities predicted from ff14SB simulations are 

87.89% ± 3.98% for αA and 4.14% ± 3.44% for αB, 21.30% ± 8.33% for αA and 0.82% ± 0.81% for αB from 

ff14IDPSFF simulations. In the ESFF1 simulations, the helicity of αA is 49.92% ± 11.91%, and that of αB is 0.63% 

± 0.34%.  
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Figure S19. Secondary chemical shifts and 3J(HN,Hα) of RS1 in ff14SB, ff14IDPSFF, and ESFF1 simulations and 

NMR measurement. 
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Figure S20. Secondary chemical shifts and 3J(HN,Hα) of RS1 the ff14SB and ESFF1 simulations and NMR 

measurement. Simulations in both TIP3P and TIP4P-D solvent models were tested. 

 
Figure S21. SAXS of RS1 from MD simulations compared with experimental data. 
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Figure S22. Secondary chemical shifts and 3J(HN,Hα) of Histatin5 in ff14SB, ff14IDPSFF, and ESFF1 simulations 

and NMR measurement. 
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Figure S23. Secondary chemical shifts and 3J(HN,Hα) of Histatin5 from the ff14SB and ESFF1 simulations and 

NMR measurement. Simulations in both TIP3P and TIP4P-D solvent models were tested. 
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Figure S24. Secondary chemical shifts of rIAPP in ff14SB, ff14IDPSFF, and ESFF1 simulations and NMR 

measurement. 

 

Figure S25. Secondary chemical shifts of ab40 in ff14SB, ff14IDPSFF, and ESFF1 simulations and NMR 

measurement. 
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Figure S26. J-coupling constants of ab40 from ff14SB, ff14IDPSFF, and ESFF1 simulations and NMR 

measurement. 
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Figure S27. Secondary structure evolution of ab40 in ESFF1simulations (5 trajectories). Takahiro et al showed 

there was a dynamic equilibrium between a random coil and a hairpin-like turn at around D23–A30 based on their 

NMR measurements19. This equilibrium was also detected in trajectories (except the 4th trajectory above) of 

ESFF1simulations. 
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Figure S28. Secondary structure evolution of ab40 in ff14SB simulations (5 trajectories). The dynamic equilibrium 

between a random coil and a hairpin-like turn at around D23–A30 was not reproduced in ff14SB simulations. 
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Figure S29. Conformer clusters of ab42 in 5 trajectories of 1000 ns each. (A) Dominated conformers and 

corresponding percentage of ab42 in ESFF1 simulations. (B) Dominated conformers and corresponding percentage 

of ab42 in ff14SB simulations. The conformer distributions of ab42 indicate that conformers in ff14SB simulations 

tend to adopt compact molten globule-like structures. While conformers in ESFF1 simulations sample a wide range 

of structures of β-sheet, random coil and a few parts of α-helix. As shown in previous experimental CD spectra 

taken immediately after the dissolution of ab42, ab42 has 3%~9% α-helix and 12%~25% β-sheet20. In ESFF1 

simulations 6.77% α-helix and 18.68% β-sheet were detected, while in ff14SB simulations 37.97% α-helix and only 

1.88% β-sheet were found. 
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Table S4. Rg and RMSD’s of secondary chemical shifts for c-Myb. 

 ff14SB/TIP3P ff14IDPSFF/TIP3P ESFF1/TIP3P 

Rg* 10.49 11.82 11.16 

Cα 1.092 0.847 0.337 

Cβ 0.540 0.480 0.389 

N 2.223 1.264 1.043 

Hα 0.135 0.081 0.057 

HN 0.273 0.162 0.117 

*No experimental Rg is reported. 

 

 

 

Table S5. Rg and RMSD’s of secondary chemical shifts for RevARM. 

 ff14SB/TIP3P ff14IDPSFF/TIP3P ESFF1/TIP3P 

Rg* 10.40  13.42  10.73  

Cα 1.335 0.645 0.480 

Cβ 0.316 0.583 0.417 

C’ 0.796 1.019 0.682 

N 2.238 0.997 1.361 

Hα 0.121 0.112 0.095 

HN 0.382 0.195 0.255 

3J(HN,Hα) 1.481 0.742 0.766 

*No experimental Rg is reported. 

 
 

 

Table S6. Rg and RMSD’s of secondary chemical shifts for MevN. 

 ff14SB/TIP3P ff14IDPSFF/TIP3P ESFF1/TIP3P 

Rg* 10.75  13.46  11.02  

Cα 1.082 0.657 0.450 

Cβ 0.566 0.343 0.338 

N 1.510 1.086 1.146 

Hα 0.136 0.068 0.060 

HN 0.225 0.162 0.178 

*No experimental Rg is reported. 
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Table S7. Rg and RMSD’s of secondary chemical shifts for KID. 

 ff14SB/TIP3P ff14IDPSFF/TIP3P ESFF1/TIP3P 

Rg* 16.94  16.40  14.94  

Cα 0.678 0.561 0.483 

Cβ 0.491 0.360 0.397 

C’ 0.500 0.654 0.495 

N 1.872 0.822 1.218 

Hα 0.100 0.085 0.077 

HN 0.252 0.163 0.196 

*No experimental Rg is reported. 

 

 

 

Table S8. Rg and RMSD’s of secondary chemical shifts and J-coupling for RS1. 

 ff14SB/TIP3P ff14IDPSFF/TIP3P ESFF1/TIP3P ff14SB/TIP4P-D ESFF1/TIP4P-D 

Rg* 10.17 11.71 9.96 13.92 15.41 

Cα 0.775 0.221 0.298 0.295 0.159 

C’ 0.413 0.407 0.379 0.347 0.420 
3J(HN,Hα) 1.190 0.626 0.667 0.972 0.586 

*Experimental Rg for RS1 is 12.62±0.07 Angstrom21. 

 

 

 

Table S9. Rg and RMSD’s of secondary chemical shifts and J-coupling constants for Histatin5. 

 ff14SB/TIP3P ff14IDPSFF/TIP3P ESFF1/TIP3P ff14SB/TIP4P-D ESFF1/TIP4P-D 

Rg* 10.15 10.38 10.51 13.97 14.92 

Hα 0.105 0.088 0.096 0.081 0.069 

HN 0.355 0.244 0.290 0.286 0.269 
3J(HN,Hα) 1.838 1.153 0.977 1.741 0.911 

*Experimental Rg for Histatin5 is 13.8 Angstrom22. 
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Table S10. Rg and RMSD’s of secondary chemical shifts for rIAPP. 

 ff14SB/TIP3P ff14IDPSFF/TIP3P ESFF1/TIP3P 

Rg* 11.25  14.01  11.10  

Cα 1.183 0.442 0.509 

Cβ 0.769 0.560 0.303 

C’ 1.117 0.384 0.462 

N 3.723 2.375 2.304 

Hα 0.143 0.116 0.083 

HN 0.299 0.179 0.193 

*No experimental Rg is reported. 

 

 

 

Table S11. Rg and RMSD’s of secondary chemical shifts and J-coupling for ab40. 

 ff14SB/TIP3P ff14IDPSFF/TIP3P ESFF1/TIP3P ff14SB/TIP4P-D ESFF1/TIP4P-D 

Rg* 11.62 15.34 12.25 17.57 19.22 

Cα 1.115 0.409 0.310 0.880 0.418 

Cβ 0.554 0.480 0.453 0.610 0.386 

C’ 0.769 0.629 0.506 0.664 0.555 

N 2.651 1.444 1.773 2.590 1.455 

Hα 0.107 0.114 0.120 0.120 0.115 

HN 0.381 0.298 0.332 0.334 0.280 
3J(HN,Hα) 1.481 0.569 0.577 1.212 0.606 
3J(C’,C’) 0.275 0.141 0.162 0.205 0.109 
3J(C’,Hα) 1.148 0.625 0.675 1.013 0.553 

*Experimental Rg for ab40 is 12.0±1.3 Angstrom23. 

 

 

 

Table S12. Rg and RMSD’s of secondary chemical shifts and 3J(HN,Hα) for ab42 

 ff14SB/TIP3P ESFF1/TIP3P 

Rg* 11.02 11.27 

Cα 1.472 0.371 

Cβ 0.581 0.489 

N 2.923 1.891 

Hα 0.184 0.230 

HN 0.298 0.210 
3J(HN,Hα) 1.631 0.606 

* No experimental Rg is reported.  



31 

 

Table S13. Rg and RMSD’s of secondary chemical shifts for drkN SH3. 

 ff14SB/TIP3P ff14IDPSFF/TIP3P ESFF1/TIP3P ff14SB/TIP4P-D ESFF1/TIP4P-D 

Rg* 13.22 19.03 14.97 22.55 25.59 

Cα 0.887 0.687 0.487 0.754 0.709 

Cβ 0.672 0.594 0.478 0.663 0.536 

C’ 0.784 0.943 0.856 0.826 0.998 

Hα 0.137 0.120 0.095 0.114 0.103 

HN 0.336 0.206 0.233 0.328 0.249 
3J(HN,Hα) 0.989 1.170 0.999 1.687 0.839 

*Experimental Rg for drkN SH3 is 16.7±1.4 Angstrom24. 

 

 

 

Table S14. Rg and RMSD’s of secondary chemical shifts for ACTR. The MD simulation for ACTR with PDB initial 

structure was started from a half folded structure where the folded segment E23-K71 was extracted from PDB 

1KBH and the remaining random coil at the N terminus was modeled by I-TASSER25. A second set of MD 

simulations with extended initial structure was started from a fully disordered conformer that obtained 

from 10 ns NVT high-temperature MD of 500 K. 

 PDB initial structure Extended initial structure 

ff14SB/TIP3P ESFF1/TIP3P ff14SB/TIP4P-D ESFF1/TIP4P-D ff14SB/TIP3P ESFF1/TIP3P 

Rg 17.37 17.20 20.98 27.35 15.65 15.60 

Cα 1.288 0.719 0.864 0.627 0.743 0.520 

Cβ 0.575 0.353 0.412 0.321 0.427 0.418 

C’ 1.090 0.634 0.740 0.625 0.666 0.567 

N 1.912 1.420 1.524 1.006 1.850 1.070 

HN 0.208 0.178 0.166 0.159 0.208 0.181 

*Experimental Rg for ACTR is 25±1.0 Angstrom26.  

 

 

 

Table S15. Rg and RMSD’s of secondary chemical shifts for IA3. 

 ff14SB/TIP3P ff14IDPSFF/TIP3P ESFF1/TIP3P 

Rg* 16.11  16.37  16.79  

Cα 1.433 0.569 0.448 

C’ 1.104 0.866 0.706 

N 3.042 1.659 1.932 

Hα 0.205 0.141 0.130 

HN 0.336 0.179 0.190 

*No experimental Rg is reported. 
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Table S16. Rg and RMSD’s of secondary chemical shifts for p53N. 

 ff14SB/TIP3P ff14IDPSFF/TIP3P ESFF1/TIP3P 

Rg* 17.02  19.37  17.89  

Cα 1.178 0.601 0.721 

Cβ 0.903 0.69 0.703 

C’ 0.676 0.524 0.537 

N 2.847 1.650 1.812 

HN 0.332 0.253 0.308 

*No experimental Rg is reported. 

 

 

 

Table S17. Rg and RMSD’s of secondary chemical shifts for tauF4. 

 ff14SB/TIP3P ff14IDPSFF/TIP3P ESFF1/TIP3P 

Rg* 20.43  20.70  21.41  

Cα 1.169 0.750 0.616 

Cβ 0.651 0.570 0.590 

N 2.711 1.481 1.897 

HN 0.333 0.197 0.222 

*No experimental Rg is reported. 

 

 

 

Table S18. Rg and RMSD’s of secondary chemical shifts for α-synuclein. 

 ff14SB/TIP3P ff14IDPSFF/TIP3P ESFF1/TIP3P 

Rg* 22.95 28.99 27.69 

Cα 0.998 0.604 0.620 

Cβ 0.433 0.341 0.396 

C’ 0.540 0.675 0.620 

N 2.566 1.444 1.819 

Hα 0.165 0.112 0.127 

HN 0.292 0.235 0.246 
3J(HN,Hα) 1.384 0.546 0.669 
3J(C’,C’) 0.184 0.194 0.175 

*Experimental Rg for α-synuclein is 27 ~ 35 Angstrom27, 28.  
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Figure S30. Comparison of the simulate results of c-Myb using ESFF1 force field with two different 

thermostats (“B” for Berendsen and “L” for Langevin). (A) Secondary chemical shifts. (B) Helicity 

of I295 ~ L309 fragment. (C) Fractions of secondary structure regions. (D) Ensemble-averaged Rg. 

The two simulations are similar with each other except small difference in helicity of I295 ~ K309 

and thus result in several lower values in Cα secondary chemical shifts compared with experimental 

data.  
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Figure S31. Cα RMSD plots along 1000 ns ESFF1 simulations for 14 folded proteins. 
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Figure S32. The energy landscape of eight IDPs and four folded proteins in simulations with ESFF1. (A) RS1. (B) 

C-Myb. (C) MevN. (D) ab40. (E) drkN SH3. (F) ACTR. (G) p53N. (H) α-synuclein. (I) LysM. (J) BPTI. (K) FAS1. 

(L) ubiquitin. 
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Table S19. Side-chain J-coupling constants of ubiquitin from ESFF1 simulations and NMR measurement. The χ1 

represents C’-C-Cβ-C1, C’-C-Cβ-O1 and C’-C-Cβ-C1 dihedral for residues ILE, THR and VAL, 

respectively. The χ1’ represents C’-C-Cβ-C2 dihedral for residues ILE, THR and VAL. The standard 

deviations of J-couplings from the simulations of ESFF1 force field are given in brackets. The RMSD 

between the simulated and experimental J-couplings are given in the last row. All units are in Hz. 

Residues 

3J(C’,C) 3J(N,C) 

Exp. ESFF1 Exp. ESFF1 

I3-χ1’ 3.68 3.90 (0.00) 0.39 0.43 (0.00) 

V5-χ1 0.00 0.74 (0.00) 1.83 2.10 (0.04) 

V5-χ1’ 3.66 3.59 (0.08) 0.46 0.63 (0.04) 

T7-χ1’ 2.67 3.58 (0.11) 1.02 0.60 (0.05) 

T9-χ1’ 3.00 3.58 (0.05) 0.81 0.57 (0.02) 

T12-χ1’ 0.39 0.73 (0.01) 1.61 2.22 (0.01) 

I13-χ1’ 1.71 1.14 (0.12) 1.44 2.02 (0.07) 

T14-χ1’ 0.76 0.77 (0.02) 1.50 2.07 (0.05) 

V17-χ1 3.93 3.85 (0.01) 0.25 0.45 (0.00) 

V17-χ1’ 0.96 0.62 (0.01) 0.68 0.48 (0.00) 

T22-χ1’ 3.39 3.79 (0.02) 0.75 0.48 (0.01) 

I23-χ1’ 0.94 0.86 (0.01) 2.11 2.10 (0.07) 

V26-χ1’ 0.82 0.82 (0.01) 2.16 2.24 (0.00) 

V26-χ1’ 4.18 3.86 (0.00) 0.62 0.43 (0.00) 

I30-χ1’ 0.96 0.90 (0.00) 2.10 2.24 (0.00) 

I36-χ1’ 0.71 0.72 (0.01) 2.08 2.21 (0.03) 

I44-χ1’ 0.80 0.88 (0.01) 1.62 2.20 (0.01) 

T55-χ1’ 3.02 3.83 (0.01) 0.82 0.54 (0.00) 

I61-χ1’ 0.98 0.86 (0.00) 2.15 2.24 (0.00) 

V70-χ1’ 2.43 2.63 (0.15) 0.50 0.55 (0.03) 

RMSD 0.41 0.32 
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Table S20. RMSD’s of secondary chemical shifts between MD simulation and NMR experiment for ACTR-CBP 

complex. 

Protein Atom 
ACTR CBP 

ff14SB/TIP3P ESFF1/TIP3P ff14SB/TIP3P ESFF1/TIP3P 

free 

state 

Cα 1.288 0.719 0.477 0.409 

Cβ 0.575 0.353 0.388 0.395 

C’ 1.090 0.634 0.726 0.726 

N 1.912 1.420 1.191 1.144 

Hα -- -- 0.131 0.145 

HN 0.208 0.178 0.294 0.288 

bound 

state 

Cα 0.723 0.731 0.626 0.627 

Cβ 0.594 0.430 0.942 1.012 

C’ 0.696 0.664 0.597 0.657 

N 2.208 1.618 1.398 1.532 

Hα 0.145 0.116 0.137 0.139 

HN 0.273 0.218 0.258 0.249 

 

Table S21. RMSD’s of secondary chemical shifts between MD simulation and NMR experiment for p53TAD-

CBP complex. 

Protein Atom 
p53TAD CBP 

ff14SB/TIP3P ESFF1/TIP3P ff14SB/TIP3P ESFF1/TIP3P 

bound 

state 

Cα 1.248 0.649 0.812 0.725 

Cβ 0.697 0.889 0.750 0.791 

C’ 0.811 0.400 0.592 0.571 

N 1.326 1.445 1.247 1.199 

Hα 0.106 0.147 0.092 0.087 

HN 0.219 0.152 0.195 0.180 

 

 

Figure S33. Secondary Cα chemical shift of p53TAD and CBP in bound state in ff14SB and ESFF1 simulations and 

NMR measurement. 
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Figure S34. Conformer clusters of CBP-p53TAD protein complex in MD simulations. (A) Dominated conformers 

and corresponding percentages ESFF1 simulations. (B) Dominated conformers and corresponding percentages in 

ff14SB simulations. 
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Table S22. The detailed values of melting curve shown in Figure 6. 

Proteins Fraction Folded 

CLN025 

Exp. 

273 K 275 K 277 K 279 K 281 K 283 K 285 K 287 K 

0.986 0.984 0.982 0.979 0.975 0.972 0.968 0.963 

289 K 291 K 293 K 295 K 297 K 299 K 301 K 303 K 

0.958 0.952 0.945 0.938 0.930 0.921 0.911 0.900 

305 K 307 K 309 K 311 K 313 K 315 K 317 K 319 K 

0.888 0.876 0.862 0.847 0.831 0.814 0.796 0.777 

321 K 323 K 325 K 327 K 329 K 331 K 333 K 335 K 

0.757 0.736 0.714 0.692 0.669 0.645 0.621 0.596 

337 K 339 K 341 K 343 K 345 K 347 K 349 K 351 K 

0.572 0.547 0.522 0.498 0.473 0.450 0.426 0.403 

353 K 355 K 357 K 359 K 361 K 363 K 365 K 367 K 

0.381 0.360 0.339 0.320 0.301 0.283 0.265 0.249 

369 K 371 K 373 K 375 K 377 K 379 K 381 K 383 K 

0.234 0.219 0.205 0.192 0.180 0.168 0.157 0.147 

385 K 387 K 389 K 391 K 393 K 395 K 397 K 399 K 

0.138 0.129 0.120 0.113 0.105 0.099 0.092 0.086 

401 K 403 K 405 K 407 K 409 K 411 K 413 K 415 K 

0.081 0.076 0.071 0.067 0.062 0.059 0.055 0.052 

ESFF1 

275 K 285 K 295 K 305 K 315 K 325 K 335 K 345 K 

0.841 0.850 0.839 0.833 0.818 0.807 0.794 0.778 

355 K 365 K 375 K 385 K 395 K 405 K 355 K 365 K 

0.765 0.735 0.689 0.643 0.592 0.522 0.765 0.735 

Trizip-2 

Exp. 

280 K 290 K 300 K 310 K 320 K 330 K 340 K 350 K 

0.91 0.91 0.90 0.87 0.82 0.73 0.58 0.42 

360 K 370 K       

0.26 0.12       

ESFF1 

280 K 290 K 300 K 310 K 320 K 330 K 340 K 350 K 

0.971 0.956 0.930 0.900 0.877 0.854 0.819 0.788 

360 K 370 K 380 K 390 K 400 K 410 K 420 K 430 K 

0.745 0.685 0.626 0.552 0.442 0.340 0.229 0.159 

GB1 

hairpin 
Exp. 

274 K 280 K 286 K 291 K 300 K 310 K 321 K 325 K 

0.850 0.785 0.678 0.581 0.456 0.306 0.196 0.170 

340 K 350 K 359 K      

0.082 0.047 0.022      
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ESFF1 

275 K 285 K 295 K 305 K 315 K 325 K 335 K 345 K 

0.740 0.672 0.563 0.426 0.321 0.252 0.191 0.143 

355 K 365 K 375 K 385 K 395 K 405 K 415 K 425 K 

0.103 0.073 0.060 0.052 0.043 0.032 0.026 0.019 

TC5b 

Exp. 

276.329 K 
282.243 

K 

285.979 

K 

288.780 

K 

295.006 

K 

299.987 

K 

304.033 

K 

308.080 

K 

0.986 0.966 0.939 0.912 0.830 0.759 0.697 0.629 

314.306 K 317.73 K 321.465 K 326.757 K 332.049 K 339.520 K 346.057 K 351.971 K 

0.527 0.476 0.425 0.357 0.296 0.221 0.184 0.146 

358.508 K 
364.111 

K 
      

0.116 0.099       

ESFF1 

275 K 280 K 285 K 290 K 295 K 300 K 305 K 310 K 

0.033 0.039 0.038 0.044 0.043 0.043 0.044 0.043 

315 K 320 K 325 K 330 K 335 K 340 K 345 K 350 K 

0.041 0.039 0.025 0.009 0.007 0.007 0.006 0.005 

355 K 360 K 365 K 370 K 375 K 380 K 385 K 390 K 

0.005 0.005 0.004 0.004 0.004 0.004 0.003 0.003 

395 K 400 K 405 K 410 K 395 K 400 K 405 K 410 K 

0.003 0.002 0.003 0.002 0.003 0.002 0.003 0.002 

WW 

GTT 

Exp. 

288.078 K 
292.096 

K 

298.306 

K 

303.420 

K 

309.630 

K 

314.379 

K 

322.050 

K 

328.626 

K 

0.995 0.985 0.970 0.960 0.939 0.919 0.889 0.864 

333.374 K 
339.219 

K 

343.968 

K 

347.986 

K 

353.100 

K 

356.753 

K 

359.311 

K 

362.233 

K 

0.828 0.783 0.737 0.677 0.571 0.480 0.399 0.318 

365.155 K 
367.712 

K 

372.096 

K 

376.845 

K 

379.037 

K 

381.228 

K 

384.151 

K 

365.155 

K 

0.242 0.177 0.111 0.056 0.035 0.015 0.005 0.242 

ESFF1 

280 K 290 K 300 K 310 K 320 K 330 K 340 K 350 K 

0.721 0.618 0.368 0.256 0.144 0.100 0.064 0.042 

360 K 370 K 380 K 390 K 400 K 410 K 420 K 430 K 

0.026 0.017 0.013 0.008 0.006 0.004 0.003 0.002 

440 K 450 K 460 K 470 K     

0.002 0.001 0.001 0.000     

villin Exp. 
280 K 290 K 300 K 310 K 320 K 330 K 340 K 350 K 

1.000 0.999 0.998 0.990 0.967 0.898 0.742 0.500 
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360 K 370 K 380 K 390 K 400 K    

0.269 0.125 0.055 0.024 0.011    

ESFF1 

274 K 282 K 290 K 298 K 306 K 314 K 322 K 330 K 

0.539 0.744 0.833 0.875 0.859 0.839 0.805 0.747 

338 K 346 K 354 K 362 K 370 K 378 K 386 K 394 K 

0.679 0.556 0.419 0.294 0.188 0.114 0.064 0.037 

402 K 410 K 418 K 426 K     

0.017 0.010 0.005 0.004     
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