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Simulation Details 
 
All simulations of Ala5 were done in explicit TIP3P (1) solvent with periodic boundary 
conditions at constant pressure (1 atm) and temperature 300 K. A cubic simulation cell of initial 
side 32 Å was used, with electrostatics treated with particle mesh Ewald. Holonomic constraints 
(LINCS (2) in GROMACS (3,4) 3.3 and SETTLE (5) in NAMD2 (6)) were used to keep bonds 
to hydrogen atoms fixed and an integration time step of 2 fs was used. Simulations with the 
CHARMM27 (7,8) force field were run with NAMD2 (6) and all others with GROMACS (3,4) 
3.3, using the GROMACS ports by Sorin and Pande for the Amber force fields (9). The amount 
of each simulation time for each force field can be found in Supporting Table S1; other details of 
simulation protocols have been published (10). The convergence of the calculated J-couplings 
over the simulations was assessed by plotting the average as a function of accumulated 
simulation time (Figure S2). Peptides with protonated C-termini carried a charge of +1 and were 
simulated both with and without counter-ions. In simulations of blocked peptides, the N-termini 
were acetylated, and the C-termini were capped by N-methylamide groups (Ace-Ala5-NHMe). 
 
Karplus Equation Parameters 
 
The parameters (11,12) in Tables S1 to S3 refer to a Karplus equation of the form: 
 

J(θ) = Acos2(θ + Δ) + Bcos(θ + Δ) + C                                     (1) 
 

The following relation was used throughout this work to calculate JHNCα (in units of Hz) (12): 
 

JHNCα (φi,ψ i−1) = −0.23cosφi − 0.20cosψi−1 + 0.07sinφi

+0.08sinψ i−1 + 0.07cosφi cosψi−1 + 0.12cosφi sinψi−1

−0.08sinφi cosψ i−1 − 0.14 sinφi sinψi−1 + 0.54
                         (2) 
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Table S1: “Original” parameters used in Karplus equations by Graf et al. (12) 
Coupling Torsion A (Hz) B (Hz)  C (Hz) ∆ 

3JHNHα φi 7.09 -1.42 1.55 -60° 
3JHNC’ φi 4.29 -1.01 0.0 180° 
3JHαC’ φi 3.72 -2.18 1.28 120° 
3JCC’ φi 1.36 -0.93 0.60 0° 

3JHNCβ
 φi 3.06 -0.74 0.13 60° 

1JNCα ψi 1.70 -0.98 9.51 0° 
2JNCα ψi-1 -0.66 -1.52 7.85 0° 

 
 
Table S2: “DFT1” parameters of Case and Brüschweiler (11). Where not listed, parameters are 
the same as in Table 1. 

Coupling Torsion A (Hz) B (Hz)  C (Hz) ∆ 
3JHNHα φi 9.44 -1.53 -0.07 -60° 
3JHNC’ φi 5.58 -1.06 -0.30 180° 
3JHαC’ φi 4.38 -1.87 0.56 120° 
3JCC’ φi 2.39 -1.25 0.26 0° 

3JHNCβ
 φi 5.15 0.01 -0.32 60° 

 
 
 
 
Table S3: “DFT2” parameters of Case and Brüschweiler (11). Where not listed, parameters are 
the same as in Table 1. 

Coupling Torsion A (Hz) B (Hz)  C (Hz) ∆ 
3JHNHα φi 9.14 -2.28 -0.29 -64.51° 
3JHNC’ φi 5.34 -1.46 -0.29 172.49° 
3JHαC’ φi 4.77 -1.85 0.49 118.61° 
3JCC’ φi 2.71 -0.91 0.21 -2.56° 

3JHNCβ
 φi 4.58 -0.36 -0.31 58.18° 
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Table S4: Estimates of the errors σj of scalar couplings calculated using the Karplus equations 
are the root-mean-square deviations of experimental and calculated J-couplings from parameter 
fitting, either as explicitly given in Ref. (13), or as calculated from the experimental J-couplings 
given in the original publications (14,15). Note that since the same data were used in the fit, the 
σj may underestimate the real error. In addition, the values reported by Hu and Bax (13) 
correspond to mean absolute deviations rather than to root-mean-square deviations and therefore 
underestimate σj by 10-20% according to the authors’ estimate.  The same errors were assumed 
for all Karplus relations (“original”, DFT1, and DFT2). 
  

Coupling σj (Hz) Source 
3JHNHα 0.70 Hu and Bax (13) 
3JHNC’ 0.45 Hu and Bax (13) 
3JHαC’ 0.29 Hu and Bax (13) 
3JCC’ 0.17 Hu and Bax (13) 

3JHNCβ
 0.30 Hu and Bax (13) 

1JNCα 0.59 Ding and Gronenborn (14) 
2JNCα 0.50 Ding and Gronenborn (14) 

3JHNCα 0.10 Hennig et al. (15) 
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Table S5: Populations of α and β regions of the Ramachandran map before and after 
reweighting. The total simulation time for each force-field is given in ns. Reweighted 
populations in parentheses correspond to cases of very low β population before reweighting, and 
these data are not plotted in Figure 1 in the main text. Force-fields with unweighted χ2 less than 
2.25 for all the Karplus equation parameter sets are emphasized (bold, red). Literature references 
are given alongside the name of each force field. 
 

   Unweighted Reweighted 

  

Total 
sim. 
time    DFT1 DFT2 Orig 

FORCE-FIELD terminus (ns) % α % β % α % β % α % β % α % β 

Amber03 (16) blocked 400 62.3 15.9 7.2 51.6 5.1 33.8 3.2 13.6 

Amber03 (16) zwitterionic 200 28.2 34.5 10.9 41.2 7.8 25.5 6.3 5.5 
Amber03 (16) protd c-ter 120 34.0 30.2 8.1 40.4 8.3 24.1 6.7 5.2 
Amber03 (16) prot c-ter, ions 120 33.0 30.7 11.0 39.9 8.0 24.5 6.6 5.3 
Amber99SB (17) blocked 200 23.1 53.9 9.3 26.8 9.3 26.8 9.3 26.8 
Amber99SB (17) zwitterionic 200 19.2 56.2 17.9 26.2 14.5 14.8 7.6 5.4 

Amber99SB (17) protonated c-ter 120 19.9 55.7 16.0 26.8 12.7 17.8 6.9 6.6 

Amber99SB (17) prot c-ter, ions 120 19.7 55.5 14.4 31.0 11.7 18.3 7.3 6.9 
Amber96 (18) blocked 200 10.1 47.0 4.8 44.7 3.2 31.6 2.7 14.9 

Amber96 (18) prot c-ter, ions 80 10.5 46.8 8.9 34.2 8.6 22.7 4.5 7.3 

Amber94 (19) blocked 200 97.6 0.7 (61.2) (21.5) (61.5) (16.1) (61.8) (11.2) 
Amber94 (19) prot c-ter, ions 80 90.1 2.5 (28.6) (32.6) (18.2) (20.7) (10.6) (5.1) 

Amber99 (20) blocked 200 94.2 3.2 (63.8) (32.8) (63.5) (30.7) (61.0) (38.0) 

Amber99 (20) prot c-ter, ions 80 89.9 6.8 (14.5) (30.8) (18.1) (21.5) (16.5) (23.4) 
Amber99p (9) blocked 200 97.9 0.5 (72.7) (15.3) (80.2) (12.0) (84.8) (8.2) 

Amber99p (9) prot c-ter, ions 80 93.6 2.1 (28.7) (28.4) (18.3) (18.5) (10.6) (7.1) 

AmberGSs (21) blocked 1000 86.5 2.4 27.9 38.6 12.4 22.7 3.3 9.7 
AmberGSs (21) prot c-ter, ions 80 37.8 10.1 2.8 47.7 2.7 34.6 2.7 16.9 
AmberGS (22) blocked 200 79.0 3.7 2.4 51.9 2.4 37.7 2.3 21.3 

AmberGS (22,23) prot c-ter, ions 80 45.8 9.8 3.2 47.5 4.2 32.6 3.7 14.8 
CHARMM27/cmap 
(7,8) prot c-ter, ions 80 41.5 25.3 14.0 32.1 14.1 18.7 11.4 7.1 
CHARMM27/cmap (7,8) blocked 100 57.5 19.8 15.1 40.7 7.4 25.3 3.6 11.4 

OPLS-aa/L (23) blocked 400 32.8 32.0 3.4 52.3 3.1 29.3 2.4 7.8 
OPLS-aa/L (23) prot c-ter, ions 80 30.9 33.5 10.0 42.0 7.7 22.3 5.2 3.9 
Gromos53a6 (24) blocked 200 13.1 51.3 2.1 43.3 1.9 26.4 1.9 10.1 

Gromos53a6 (24) prot c-ter, ions 80 13.5 50.2 3.4 41.6 3.1 21.3 2.5 5.3 
Gromos43a1 (25) prot c-ter, ions 80 14.0 41.2 2.4 40.8 2.3 23.7 2.6 8.6 
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Table S6. χ2 values with respect to the experimental data before and after reweighting. The 
reweighting energies εα and εβ are given in units of kBT. Force-fields with unweighted χ2 ≤ 2.25 
for all the Karplus equation parameter sets are emphasized (bold, red).  
 

  Unweighted Reweighted 

  χ2 ORIGINAL DFT1 DFT2 

Force field Terminus type ORIG DFT2 DFT1 χ2 εα εβ χ2 εα εβ χ2 εα εβ 

Amber03 blocked 3.6 4.0 5.5 0.6 2.8 1.4 1.3 1.6 -0.6 0.9 2.2 0.2 

Amber03 zwitterionic 1.6 1.4 1.6 0.4 2.2 2.6 1.4 1.2 0.0 0.8 1.8 0.8 
Amber03 prot c-ter 1.6 1.5 1.9 0.4 2.2 2.6 1.4 1.6 0.0 0.8 1.8 0.8 
Amber03 prot c-ter, ions 1.6 1.5 1.8 0.3 2.4 2.6 1.4 1.4 0.0 0.8 2.0 0.8 
Amber99SB blocked 6.2 6.2 6.2 1.6 1.8 1.8 1.6 1.8 1.8 1.6 1.8 1.8 
Amber99SB zwitterionic 4.3 5.2 4.4 0.6 2.0 3.6 1.6 0.8 1.6 1.0 1.2 2.4 

Amber99SB protonated c-ter 4.4 5.2 4.4 0.6 2.2 3.4 1.6 1.0 1.6 1.0 1.4 2.2 

Amber99SB prot c-ter, ions 4.2 4.9 4.2 0.6 2.0 3.4 1.7 1.0 1.4 1.0 1.4 2.2 
Amber96 blocked 2.8 2.3 2.0 0.9 1.8 1.8 2.0 0.8 0.2 1.3 1.4 0.8 

Amber96 prot c-ter, ions 2.3 2.2 1.9 0.4 1.4 2.6 1.6 0.4 0.6 0.9 0.6 1.2 

Amber94 blocked 8.0 9.4 12.4 4.8 4.8 -0.4 6.5 4.8 -1.6 5.2 4.8 -1.0 
Amber94 prot c-ter, ions 5.5 6.6 8.6 0.6 3.6 1.8 2.4 2.0 -1.0 1.4 2.8 0.0 

Amber99 blocked 8.2 8.0 7.5 6.7 2.2 -3.4 6.6 2.2 -2.0 7.2 2.8 -1.4 

Amber99 prot c-ter, ions 7.4 8.1 8.0 2.3 4.8 2.8 3.1 4.4 1.8 2.6 4.8 3.0 
Amber99p blocked 8.0 9.7 13.8 7.3 1.0 -1.6 8.2 1.4 -1.8 7.5 1.0 -2.0 

Amber99p prot c-ter, ions 6.0 6.8 8.8 0.8 4.6 -0.2 2.7 3.6 -1.2 1.5 4.4 -1.0 

AmberGS(pande) blocked 7.3 9.5 13.2 1.0 3.8 0.6 2.9 0.6 -4.4 2.0 2.0 -1.0 
AmberGS(pande) prot c-ter, ions 1.7 2.7 5.2 0.6 3.6 0.2 1.4 3.2 -1.4 0.9 3.2 -0.8 

AmberGS blocked 6.6 8.6 12.2 0.9 3.2 -0.4 1.4 2.8 -2.6 1.0 3.0 -1.4 

AmberGS prot c-ter, ions 1.9 2.8 5.2 0.7 2.8 -0.2 1.5 2.4 -1.8 1.0 2.6 -1.2 
CHARMM27/cmap prot c-ter, ions 2.2 2.0 2.0 0.9 2.2 2.2 1.3 1.6 0.2 1.0 1.8 1.0 
CHARMM27/cmap blocked 3.1 3.2 3.8 0.6 3.6 1.6 1.6 1.8 -0.2 1.1 2.8 0.6 

OPLS-aa/L blocked 2.2 2.3 2.3 0.5 3.2 2.2 1.4 2.4 -0.4 1.1 2.8 0.6 
OPLS-aa/L prot c-ter, ions 2.0 2.0 1.8 0.4 2.8 3.0 1.5 1.6 0.0 1.1 2.2 1.0 
Gromos53a6 blocked 2.3 2.3 1.8 0.6 2.8 2.6 1.4 2.2 0.6 1.0 2.6 1.4 

Gromos53a6 prot c-ter, ions 2.3 2.3 1.8 0.4 2.6 3.2 1.4 1.8 0.6 0.9 2.2 1.6 
Gromos43a1 prot c-ter, ions 1.6 1.4 1.4 0.5 2.2 2.2 1.2 2.0 0.2 0.7 2.2 1.0 
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Figure S1. Definitions of the three main regions of Ramachadran space used in (A) Graf et al. 
(12) and (B) in the present work, superimposed on –log P(φ,ψ), where P(φ,ψ) is the probability 
density of backbone (φ,ψ) angles from a PDB-derived database (26), excluding glycine and 
proline and residues in segments of defined secondary structure. Note that the populations of the 
minima in this data set are not expected to be quantitatively representative of unstructured 
peptides in solution. 

 
 
Figure S2. Convergence of calculated couplings as a function of the accumulated simulation 
time. Average couplings, shown here for residue 3, were calculated using the original set of 
Karplus parameters of Graf et al. (12) for four force-fields. In all cases the peptides were 
unblocked and protonated, except for CHARMM in which the blocked form was used. 
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