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Molecular Dynamics Simulations.  Molecular Dynamics (MD) simulations employed the 

program AMBER1 in conjunction with ff14SB2 (protein), TIP3P3 (solvent) and GAFF4 plus 

AM1BCC5 (ligand) force fields.  Sodium counter ions were added to each simulation setup to 

neutralize the charge, and each protein-ligand complex was equilibrated using a nine-step 
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procedure described as follows: (1) 5,000 steps of energy minimization with 5.0 kcal mol-1 Å-2 

restraints, (2) 50,000 steps of MD with 5.0 kcal mol-1 Å-2 restraints on the non-hydrogen atoms of 

the ligand and protein, (3) 1,000 steps of minimization with 2.0 kcal mol-1 Å-2 restraints, (4) 1,000 

steps of minimization with 0.1 kcal mol-1 Å-2 restraints, (5) 1,000 steps of minimization with 0.05 

kcal mol-1 Å-2 restraints, (6) 50,000 steps of MD with 1.0 kcal mol-1 Å-2 restraints on the non-

hydrogen atoms of the ligand and protein, (7) 50,000 steps of MD with 0.5 kcal mol-1 Å-2 restraints 

on the non-hydrogen atoms of the ligand and protein, (8) 50,000 steps of MD with 0.5 kcal mol-1 

Å-2 restraints on just the backbone carbons and nitrogens of the protein, and (9) 50,000 steps of 

MD with 0.1 kcal mol-1 Å-2 restraints on just the backbone nitrogens and carbons.  All minimization 

steps placed restraints on non-hydrogen atoms of the ligand and protein.  All MD simulations were 

performed at constant pressure, using a timestep of 1fs and a temperature of 298.15K.  Production 

simulations were comprised of 4 replicates for each ligand (20 ns each), employed a 2-femtosecond 

time step, and were run with relatively weak (0.1 kcal mol-1 Å-2) restraints on the protein backbone.  

MM-GBSA6 calculations (single trajectory method without additional entropy terms) were 

employed to estimate relative binding affinities for hits, and RMSDs were used to gauge their 

geometric stability over the course of the simulations.  The MD trajectories were visualized using 

the program VMD.7   

 

Free Energy Calculations.  Table S1 shows MD-derived results from replicate simulations of 

docked ligands complexed with ZIKV E at various block sizes.  Data tabulated includes heavy 

atom (non-hydrogen) root mean square deviation (RMSD) for ligands relative to their original 

DOCK poses, free energies of binding (DGbind) estimated using the single trajectory MM-GBSA 

method without additional entropic terms,8, 9 autocorrelation function in percent correlated data 
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(ACF %),10, 11 and block-averaged standard error of the mean (BASEM)10, 11 for ligands complexed 

with ZIKV E at various block sizes.  For each complex, four independent MD simulations labeled 

#1-#4 were initiated using different random seeds.  We have previously used the ACF/BASEM 

technique to estimate errors computed by the MM-GBSA method for MD simulations of ligands 

complexed with HIV gp41, HER2, and FABP5.12-14  Based on the present results, the data (on 

average) is reasonable uncorrelated (~82%) at a block size of 200 frames which corresponds to 

N=20 blocks.  At this block size, the "replicate-averaged" error in DGbind ranges from 0.993 to 

1.418 kcal/mol while individual MD trajectories yield uncertainties from 0.249 to 0.914 kcal/mol.    
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Table S1.  Ligand root mean square deviation (RMSD), free energies of binding (DGbind), autocorrelation function in percent correlated data 
(ACF %), and block-averaged standard error of the mean (BASEM) for ligands complexed with ZIKV E at various block sizes.   

 
5 psa 

block size 1 frame 
N blocks = 4000 

250 ps 
block size 50 frame 

N blocks = 80 

1000 ps  
block size 200 frame 

N blocks = 20 

2000 ps 
block size 400 frame 

N blocks = 10 
Lig, MD rep # RMSDa DGbind b ACF %c BASEMd ACF % BASEM ACF % BASEM ACF % BASEM 
BOG, #1 2.48 -36.26 48.33 0.069 15.73 0.267 2.00 0.445 6.91 0.504 
BOG, #2 1.93 -37.68 63.37 0.075 44.02 0.389 19.79 0.702 17.81 0.863 
BOG, #3 1.77 -40.36 62.59 0.073 47.90 0.390 13.54 0.693 0.08 0.905 
BOG, #4 1.70 -38.36 49.93 0.064 24.81 0.284 10.32 0.456 10.29 0.585 
BOG, average 1.97 -38.17 56.06 0.141 33.12 0.675 11.41 1.174 8.77 1.470 
           
8, #1 2.69 -37.94 73.18 0.083 60.76 0.485 47.82 0.914 31.10 1.215 
8,# 2 4.12 -30.96 54.19 0.061 43.05 0.303 25.05 0.552 16.92 0.710 
8, #3 5.50 -26.23 81.95 0.073 61.81 0.450 32.40 0.852 8.02 1.078 
8, #4 2.59 -38.69 40.20 0.055 22.36 0.218 11.19 0.379 -1.03 0.483 
8, average 3.81 -33.46 62.38 0.138 47.00 0.760 29.12 1.418 13.75 1.837 

           
15, #1 3.93 -27.24 70.04 0.068 43.05 0.368 23.06 0.646 26.93 0.800 
15, #2 3.62 -30.55 72.21 0.069 49.51 0.388 28.98 0.764 23.02 1.098 
15, #3 3.21 -34.95 43.23 0.056 28.01 0.237 11.87 0.419 -10.09 0.551 
15, #4 4.43 -25.83 79.58 0.074 59.72 0.444 36.03 0.875 4.42 1.234 
15, average 3.80 -29.64 66.27 0.134 45.07 0.734 24.99 1.394 11.07 1.916 
           
30, #1 5.98 -27.24 60.29 0.062 26.15 0.298 13.19 0.462 6.26 0.582 
30, #2 3.96 -29.05 48.23 0.055 24.33 0.226 8.02 0.382 -1.32 0.482 
30, #3 3.80 -23.90 60.98 0.060 38.81 0.299 18.59 0.541 6.50 0.709 
30, #4 5.07 -23.60 68.56 0.062 49.37 0.340 32.06 0.626 12.08 0.806 
30, average 4.67 -25.96 59.52 0.120 34.67 0.587 17.97 1.022 5.88 1.313 
           
36, #1 5.51 -24.76 67.07 0.058 44.04 0.307 14.32 0.550 -7.39 0.540 
36, #2 5.77 -21.49 76.84 0.068 49.12 0.394 13.96 0.683 14.83 0.786 
36, #3 5.86 -23.30 55.92 0.048 33.08 0.236 8.38 0.395 -10.28 0.441 
36, #4 4.67 -26.52 38.87 0.054 8.55 0.184 6.56 0.249 -0.34 0.344 
36, average 5.46 -24.02 59.68 0.115 33.70 0.582 10.81 0.993 -0.80 1.106 
           
41, #1 5.54 -22.97 50.78 0.063 24.02 0.275 5.13 0.436 7.37 0.541 
41, #2 4.91 -24.43 73.51 0.064 55.13 0.368 38.80 0.680 30.77 0.847 
41, #3 4.61 -26.24 64.86 0.056 42.90 0.293 22.10 0.518 5.41 0.721 
41, #4 5.41 -24.00 50.79 0.047 21.65 0.203 0.58 0.340 -4.76 0.396 
41, average 5.10 -24.41 59.99 0.116 35.93 0.581 16.65 1.018 9.70 1.299 
           
43, #1 3.39 -29.86 63.38 0.068 43.70 0.354 24.58 0.670 3.96 0.856 
43, #2 3.71 -29.75 39.03 0.051 18.44 0.195 6.99 0.329 1.02 0.442 
43, #3 2.57 -29.65 77.42 0.081 58.83 0.477 30.34 0.885 9.03 1.157 
43, #4 3.88 -30.32 50.52 0.055 25.32 0.244 9.31 0.434 -4.12 0.615 
43, average 3.37 -29.90 57.59 0.130 36.57 0.671 17.81 1.236 2.47 1.626 
aLigand RMSD values in Å relative to the original DOCK pose (hits) or modeled pose (BOG) from four independent MD simulations 
each.  bDGbind (MM-GBSA method) in kcal/mol recorded every 5 ps which corresponds to one frame over 20 ns of production time (4000 
frames total).  cACF in % of correlated data.  dBASEM energies in kcal/mol with average values computed as square root of the sum of the 
squares.   
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