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Table A. Protocols used in simulations of the D3R models and crystal structure.

OPLS CHARMM

Simulation software Gromacs[1-3] ACEMDI4]

Force field parameters

Protein/Salt OPLS-AA[5] CHARMM36m[6]
Lipid Berger[7] CHARMM36(8]
Ligand Schrédinger/OPLS2005[9] CGenFF[10-12]
Water SPC[13] TIP3P[14]

Production simulation parameters?

Ensemble NPT NVT
Barostat Parrinello-Rahman[15] -
Thermostat v-rescale (Bussi)[16] Langevin[4]

2 Details regarding system preparation are described in the methods section.



Table B. Percentage of improved models after MD refinement based on analysis of side
chains in the binding site.

RMSDs selection? OPLS/%® CHARMM / %"

All 19 38
Phel06 34 52
Asp110 34 43
Val111l 31 27
Cysl14 52 49

lle183 34 43
Val189 32 29
Ser192 35 59
Trp342 9 30
Phe345 19 32
Phe346 20 33
His349 39 59
Val350 41 37
Tyr365 31 51
Thr369 43 52
Tyr373 43 39

aResidues within 4 A of the ligand in the D3R crystal structure (15 residues).
b Calculated based on the centroids representing the five largest clusters from each MD refinement. Models M-
08 and M-09 were excluded from the calculations due to errors in the atom naming in the initial model.



Table C. Accuracy of the binding site side chains based on the difference in RMSD for the
refined models compared to the initial model (ARMSD = RMSDwp refined = RMSDinitial model)-

OPLS

Model quality® ARMSD/AP ARMSDgeqt/Ac
All 0.78 0.34
Good 0.0-25A 0.72 -0.10
Medium 2.5-5.0A 0.79 0.42
Bad >5.0A 1.0 0.34
CHARMM

Model quality® ARMSD/AP ARMSDgeqt/Ac
All 0.13 -0.18
Good 0.0-25A -0.28 -0.74
Medium 2.5-5.0A 0.35 0.05
Bad >5.0A 0.68 0.33

2Based on the RMSDy;c of the GPCR Dock models. Models M-08 and M-09 were excluded from the calculations
due to errors in the atom naming in the initial model.

b Calculated based on the median of the centroids representing the five largest clusters from each MD
refinement, i.e. the third best result of each MD refinement is used to calculate the ARMSDsc.

¢ Calculated based on the best RMSDsc value obtained from the centroids representing the five largest clusters
from each MD refinement.



Table D. Percentage of improved models after MD refinement depending on the number of
included cluster centroids (1-5). The analysis is based on the RMSD of the ligand (RMSDyc).

Clusters? OPLS*/% CHARMM'/ %

1 27 57

1+2 37 60
1+2+43 43 70
1+2+3+4 50 73
1+2+3+4+5 50 73

2The centroids representing the five largest clusters from each MD refinement were ranked by cluster size. The
first cluster (1) is the largest and the fifth (5) cluster is the smallest.
b Calculated based on the best RMSDyg value from the included clusters from the MD refinement.



Table E. Accuracy of the TM region, EL2, and ligand (LIG) after MD refinement with restraints
based on the difference in RMSD compared to the initial model (ARMSD = RMSDwp refined —
RMSDinitial model)-

OPLS (restrained) protocol®

Model quality® Selection  ARMSD/A® ARMSDgcsi/A ARMSDyin/A°
All LG 0.38 -0.11 —-0.63
™ 0.14 0.05 -0.11
EL2 0.06 -0.61 -1.3
Good 0.0-25A LIG 1.0 0.23 —0.37
0.0-15A ™ 0.19 0.08 -0.09
0.0-4.0A EL2 0.46 —-0.03 -1.0
Medium 2.5-5.0A LG 0.22 -0.23 —-0.8
1.5-25A ™ 0.11 0.00 -0.14
40-50A EL2 0.12 -0.65 -1.4
Bad >5.0A LG -0.77 -1.3 -3.2
>25A ™ 0.04 —-0.01 -0.17
>5.0A EL2 —-0.28 -1.4 -2.2

2 The OPLS protocol with restraints in the TM region (Ce atoms).

b Based on the RMSD values of the GPCR Dock models.

¢ Calculated based on the median of the centroids representing the five largest clusters from each MD
refinement, i.e. the third best result of each MD refinement is used to calculate the ARMSD.

4 Calculated based on the best RMSD value obtained from the centroids representing the five largest clusters
from each MD refinement.

€ Calculated based on the minimum RMSD identified in all 1500 snapshots generated for each model.



Table F. D3R models from the GPCR Dock 2010[17] that were used for simulations with the
OPLS and CHARMM protocols.

RMSD/A 2
Name Submission \\ deld TM  EL2 UG
name
3pbl PDB: 3PBL ] - - -
M-01 5084 3 136 292 094
M-02 3646 4 142 346 110
M-03 3041 5 135 125 1.78
M-04 1813 3 149 433 1.79
M-05 3801 3 136 350 2.07
M-06 8004 1 191 442 213
M-07 1180 3 155 515 2.26
M-08 1135 1 230 421 227
M-09 4416 1 230 421 227
M-10 5334 2 190 3.13 2.32
M-11 2556 4 207 552 3.04
M-12 6006 > 162 573 3.08
M-13 1285 2 137 3.00 3.11
M-14 5508 1 150 405 331
M-15 3682 4 171 461 331
M-16 0460 1 149 339 3.47
M-17 7334 1 135 360 3.55
M-18 3532 5 241 393 3.56
M-19 4374 5 136 361 3.67
M-20 7141 > 151 497 3.74
M-21 2866 > 170 352 4.01
M-22 2632 1 234 480 4.02
M-23 2560 5 253 447 4.15
M-24 3682 1 172 464 4.8
M-25 0460 4 139 3.88 4.33
M-26 1285 3 136 296 4.50
M-27 1813 1 147 435 4.89
M-28 4374 3 142 313 584
M-29 1576 1 3.02 888 9.67
M-30 2364 > 159 213 125

@ RMSD from D3R crystal structure after alignment.
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Fig A. Comparison of RMSD values calculated for the TM, EL2, and ligand (LIG) in this work
using rotational/translational least squares fit of the TM region (RMSDrr) and the GPCR Dock

2010 assessment [17] (RMSDa). The model M-30 (2364s) was treated as an outlier and is not
included in the comparison.
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Fig B. Fluctuations in the TM region of D3R crystal structure and models. Average RMSF values
for TM region from the simulations performed with the OPLS (blue) and CHARMM (orange)

protocols.
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Fig C. RMSD\m calculated for each model and simulation protocol with the initial structures as reference. The three replicate simulations are
averaged for OPLS (blue) and CHARMM (orange) at every snapshot in time. The standard error at 95% confidence interval is shown in paler colors.
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Fig D. Effect of MD refinement on protein quality scores. (A) MolProbity and (B) n-DOPE scores
for the initial (bars) and MD refined (circles) structures using the OPLS (blue) and CHARMM

(orange) protocols.
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Fig E. RMSDy calculated for each model and simulation protocol with the initial structures as reference. The three replicate simulations are
averaged for OPLS (blue) and CHARMM (orange) at every snapshot in time. The standard error at 95% confidence interval is shown in paler color.
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Fig F. Ligand poses from the simulations initiated from the crystal structure of D3R. The
receptor is shown as cartoons and the ligand in sticks. The best MD refined models and the
crystal structure are colored green and grey, respectively.
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Fig G. Assessment of the effect of simulation length on RMSDyc. (A) The change in RMSD
(ARMSDyc) averaged in blocks of 10 ns over all three replicates of all MD refinement
simulations. The distribution of the binding modes with the best RMSD s values for the (B)

OPLS and (C) CHARMM protocols based on the centroids representing the five largest clusters
for each model.
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Fig H. Best ARMSDrv (difference in RMSDrm between the best MD refined and initial structure)

from different simulation protocols. Data from unrestrained CHARMM (yellow), OPLS (black),
and restrained OPLS (red) simulations are shown.
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Fig I. Virtual screening performance of the initial and MD refined structures. EF1 results for
the crystal structure and initial models are shown as bars. The EF1 values for the five MD
refined models and crystal structures are shown as blue and orange circles for the OPLS and
CHARMM protocols, respectively.
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