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Supplementary Methods
Default membrane relaxation protocol

The membrane relaxation protocol in the Schrédinger software was used to equilibrate the
structure.' In total 8 refinement stages are used, two minimization stages for both 2000 steps,
the first with restraints on the heavy atoms (50 kcal mol'A™) and the second minimization
stage without restraints, followed by two stages with a Gaussian shaped barrier potential.” The
first stage gradually heated up the system from 0 to 310K in 60 ps, while lowering the
restraints on heavy atoms from 50 kcal mol’A™ to 10 kcal mol'A™ using a Berendsen
thermostat under NVT conditions. The second stage was run for 200 ps under NPT conditions
with 10 kcal mol'A™ restraints on heavy atoms. The last 4 stages, performed under NPT
conditions were done as follows: 1) removing the Gaussian barrier potential for 100 ps
applying 10 kcal mol'A™ restraints on heavy atoms, 2) lowering the 10 kcal mol'A™
restraints on heavy atoms to 2 kcal mol"A™ during 600 ps, 3) 100 ps with 2 kcal mol™A™
restraints on Ca atoms and 4) 100 ps of unrestrained simulation.

Additional Equilibration

An equilibration protocol was developed that was fully able to run on a GPU. It consists of 6
stages. In the first three stages the velocities are randomized every 1 ps, under Brownian NVT
conditions. With a temperature of 10 K and 50 kcal mol'A™ restraints on all heavy atoms in
the first stage, which is simulated for 150 ps. Subsequently we lowered the restraints to 10
kcal mol'A™ which was simulated at 150K in the second stage for 150 ps, and 2 kcal mol™"A™!
restraints at 310 K in the last stage for 200 ps. The last three stages are performed under NPT
conditions at 310K, with 1) 2 kcal mol'A™! restraints on heavy atoms for 500 ps, 2) 500 ps
with 2 kcal mol™ A™! restraints on Ca atoms, and 3) 1000 ps without any restraints.
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Table S1. Predicted affinities of the different chiral compounds, for the adenosine Aja
receptor (A2aR), Piersanti dataset.’

Experimental Predicted dG
Receptor Ligand |dG (kcal/mol) | (kcal/mol)
Aoa 14 (S) |-10.43 -11.02
Aoa 14 (R) |-10.43 -11.36
Aoa 15(8) |-9.8 -9.99
Aoa 15(R) |-9.8 -10.45

Table S2. Comparison between OPLS2.1* (used here for both retrospective and prospective
studies) and the newer force field, OPLS3 for the five different datasets (retrospective only).
Bold values are used for the cases were the MUE/hysteresis is better in OPLS2.1 than OPLS3
and vice versa. Moreover, the number of ligands and range of experimental affinities for the
studied ligands is given. OPLS2.1 was compared with OPLS 3 based on the Mean Unsigned

Error (MUE), which was calculated on the AAG data.

Dataset/Receptor | No. of | Min/ MUE  OPLS | MUE OPLS 3 | Avg/max Avg/max
Ligands | pmax. AG | 2.1 (min/max) Hysteresis OPLS | Hysteresis OPLS 3
(min/max) 21

Minetti et al.® 9 -8.61/ 0.68 0.64 0.68/2.28 0.64/2.05
Adenosine A, -11.56 (0/2.52) (0.00/1.43)

Piersanti et al.> 7 -9.80/ 0.58 0.77 0.53/1.15 0.43/0.93
Adenosine As -11.07 | (0.05/1.44) | (0.04/1.46)

Thoma et al.” 9 -6.81*/ | 1.56 1.62 1.79/4.34 0.76/2.02
CXCR4 Chemokine -11.03 | (0.08/4.18) | (0.01/4.03)

Yuan et al.? 11 -9.57/ 0.69 0.95 1.01/2.50 1.00/2.68
8-opioid -12.85 | (0.06/1.72) | (0.03/2.78)

Christopheretal.” | 9 -7.90/ 1.08 1.46 0.82/3.08 0.54/2.25
B1-adrenergic -9.77 (0.13/2.6) (0.12/4.48)
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Table S3. Predicted affinities for the 46 different proposed derivatives. For the compounds
for which we performed extra perturbations (against all 7 Minetti ligands, see results) two
affinities are reported. The first number is the predicted affinity when all perturbations are
considered, the second number in parentheses is the predicted affinity where 2 perturbations
are used (see main text). Compounds that were synthesized are indicated in bold, by
compound numbers.
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VC-24 P 9724 0.65
VC-25 e -10.83 = 0.68
VC-26 A -9.64 + 0.86
0

o)

VC-27 §3// -10.33+0.59
/
VC-28 | -9.29 +0.47
13 N (-9.37£0.62)
VC-29 —< -10.29+ 0.86
VC-30 /ﬁ/ -10.24 + 0.60
VC-31 N -10.65 + 0.94
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0
VC-43 /U\H/\ -12.07 £ 0.82
/NH
VC-44 -11.30+0.85
VC-45 /\/\O/ -10.33 £0.69
S 0]
VC-46 -~ \/\f 21059 + 1.12
Licand Experimental | Predicted AG-4EIY | Predicted AG-3PWH | AAG 4EIY-3PWH
& AG (kcal/mol) | (kcal/mol) (kcal/mol) (kcal/mol)
1 -10.87 -8.98/-9.38/-10.02 -10.04/-10.25/-10.35 1.06/0.87/0.29
2 -8.24 -7.18/-7.55/-8.20 -9.10/-9.29/-9.35 1.92/1.75/1.15
3 -10.64 -10.29/-10.77/-11.06 -9.46/-9.48/-9.49 0.83/1.29/1.57
4 -12.16 -10.51/-9.38/-11.82 -11.00/-11.16/-11.22 0.49/1.78/0.60
5 -10.40 -12.40/-13.29/- -10.62/-10.64/- 1.78/2.65/-
6 831 -8.12/-8.46/-9.11 -9.67/-9.80/-9.86 1.55/1.34/0.75
7 -9.12 -12.26/-/- -9.84/-/- 2.42/-/-
Average - - - 1.44/1.61/0.87

Table S4. Predicted affinities and experimental AG for the compounds in Figure 2. Predicted
AG of the different ligands for both crystal structures (4EIY and 3PWH) are shown. To test
the dependency of prediction on the removal of unreliable perturbations, (based on the
difference in predicted AG between 4EIY and 3PWH) first compound 7 was removed from
the map and then ligand 5, (indicated in bold). Affinities prior to removal, after removal of

ligand 7, and after removal of both ligand 5 and ligand 7 are reported (from left to right).
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Figure S1. FEP map of the different perturbations, for the Minetti et al. compounds.® Arrows between compounds represent the different
perturbations, blue values are the predicted AAG (raw data) and black the experimental AAG. Red arrows highlight bad perturbations, based on
hysteresis.
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Figure S2. FEP map of the different perturbations, for the Piersanti et al. compounds.’> Arrows between compounds represent the different
perturbations. Blue values are the predicted AAG (raw data) and black the experimental AAG.
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Figure S3. FEP map of the different perturbations, for the Christopher et al. compounds.” Arrows between compounds represent the different
perturbations. Blue values are the predicted AAG (raw data) and black the experimental AAG. Red arrows highlight bad perturbations, based on
hysteresis.
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Figure S4. FEP map of the different perturbations, for the Yuan et al. compounds.® Arrows between compounds represent the different
perturbations. Blue values are the predicted AAG (raw data) and black the experimental AAG. Red arrows highlight bad perturbations.
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Figure S5. FEP map of the different perturbations, for the Thoma et al. compounds.” Arrows between compounds represent the different
perturbations. Blue values are the predicted AAG (raw data) and black the experimental AAG. Red arrows highlight bad perturbations, based on
hysteresis.
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Figure S6. Scatter plot of the predicted AG of FEP+ versus the experimental AG, and the
predicted AG of binding using MM-GBSA, for the Minetti et al. A» compounds.® For FEP+
the cycle closure error is given.
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Figure S7. Scatter plot of the predicted AG of FEP+ versus the experimental AG, and the
predicted AG binding using MM-GBSA, for the Piersanti et al. Ay compounds.® For FEP+
the cycle closure error is given.
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Figure S8. Scatter plot of the predicted AG of FEP+ versus the experimental AG, and the
predicted AG binding using MM-GBSA, Christopher et al. BIAR compounds.” For FEP+ the
cycle closure error is given.
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Figure S9. Scatter plot of the predicted AG of FEP+ versus the experimental AG, and the
predicted AG binding using MM-GBSA, for the Yuan et al. DOR compounds.® For FEP+ the
cycle closure error is given.
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Figure S10. Scatter plot of the predicted AG of FEP+ versus the experimental AG, and the
predicted AG binding using MM-GBSA, for the Thoma et al. CXCR4 compounds.’ For FEP+
the cycle closure error is given.
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Figure S11. Full radioligand displacement curves and Ki values (n=3) for the different tested
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Figure S12. Full displacement curves and Ki (n=3) values for the different tested compounds:
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Figure S13. Structural difference between 4EIY and 3PWH. 4EIY is colored in green and
3PWH in orange. In 4EIY GLU169 and HIS264 form an ionic lock, in 3PWH this interaction
is absent.
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Figure S14. FEP map of the different perturbations, for the compounds of Figure 2, based on the crystal structure of 4EIY. Arrows between
compounds represent the different perturbations. Red arrows highlight bad

perturbations, based on  hysteresis.
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Figure S15. FEP map of the different perturbations, for the compounds of Figure 2, based on the crystal structure of 3PWH. Arrows between

compounds represent the different perturbations. Red arrows  highlight bad perturbations, based on hysteresis
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