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Figure S1: Hydrophobic surface of the CB1 binding site, based on PDB ID: 5XR8.

Table S1: Results of the first iteration VS for the compounds selected for in vitro binding
assay.

ID PMF04 RMSD (Å)
Trajectory 1 Trajectory 2 Trajectory 3

1 −151.4 1.7 2.5 1.9
2 −136.1 1.3 1.3 1.8
3 −137.0 1.2 1.3 1.3
4 −131.8 1.7 2.5 1.3
5 −149.4 1.3 1.2 1.7
6 −138.4 2.0 1.6 1.4
7 −144.0 0.8 0.9 1.0
8 −169.0 1.7 2.7 1.3
9 −153.7 1.9 1.1 1.8
10 −142.6 1.1 1.5 1.4
11 −166.7 1.5 1.1 1.9
12 −166.8 1.4 1.0 1.4
13 −159.0 1.2 3.1 2.4
14 −131.9 1.3 1.3 1.2
15 −164.5 1.5 1.6 1.4
16 −152.0 3.0 1.3 1.1
17 −173.6 1.4 2.7 1.0
18 −155.5 1.4 3.7 0.9
19 −148.3 2.7 1.6 1.9
20 −154.3 1.4 1.1 0.9
21 −151.4 0.7 1.5 0.7
22 −182.8 1.2 1.4 1.3
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Figure S2: Structural formulas of the drugs from the first iteration selected for the in vitro
binding assay.
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Figure S3: Structural formulas of the phytochemical compounds from the first iteration
selected for the in vitro binding assay.
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Figure S4: Histograms of MW and computed logP and number of rotatable bonds of CB1
ligands with Ki ≤ 100 nM deposited in ChEMBL.
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Table S2: Statistical parameters of the prepared QSAR models.

Model code Score R2 Q2 SD RMSE
kpls_linear_9 0.5690 0.7366 0.6366 0.5881 0.6931
kpls_linear_7 0.5620 0.7299 0.6254 0.5967 0.7000
kpls_dendritic_7 0.5572 0.7442 0.6282 0.5806 0.6974
kpls_linear_2 0.5495 0.7399 0.6189 0.5861 0.7038
kpls_dendritic_9 0.5458 0.8139 0.6541 0.4945 0.6762
kpls_linear_8 0.5458 0.8113 0.6471 0.4993 0.6774
kpls_linear_19 0.5450 0.7395 0.6192 0.5856 0.7068
kpls_linear_4 0.5446 0.8142 0.6504 0.4948 0.6769
kpls_linear_29 0.5444 0.6712 0.5907 0.6579 0.7323
kpls_dendritic_2 0.5442 0.7485 0.6188 0.5763 0.7038

Figure S5: Scatter plots showing correlation of QSAR-predicted and in vitro pKi values for
training and test sets for the best QSAR models based on AutoQSAR score (kpls_linear_9),
R2 (kpls_linear_4), and Q2 (kpls_dendritic_9).

Table S3: Cutoffs for the physicochemical properties used for separate filtration of potential
CB1 agonists and antagonists/inverse agonists.

Property Agonists Antagonists
MW (g/mol) ≤ 500 ≤ 600

logP 3.5–8 3–8
HBD ≤ 5 ≤ 5
HBA ≤ 10 ≤ 10

PSA (Å2) ≤ 140 ≤ 140
No. of rotatable bonds ≤ 20 ≤ 10
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Table S4: Computed physicochemical properties of the compounds from the second iteration
VS selected for in vitro binding assay.

ID ZINC ID MW (g/mol) logP HBD HBA No. of rotatable bonds PSA (Å2)
23 ZINC000002117717 427.45 6.5 2 4 5 59.0
24 ZINC000005158610 424.49 3.8 3 5 9 117.3
25 ZINC000008790881 443.50 3.9 2 7 8 100.6
26 ZINC000014690613 422.48 4.5 2 5 6 102.5
27 ZINC000015953923 489.61 5.2 1 7 6 88.6
28 ZINC000021362315 457.53 5.7 2 6 8 97.5
29 ZINC000052509366 489.92 4.7 1 7 7 101.2
30 ZINC000217658088 495.53 5.2 3 6 8 110.5
31 ZINC000217830653 482.85 3.9 1 6 3 120.9
32 ZINC000824654462 444.49 4.1 3 6 8 97.2
33 ZINC000081139092 436.53 4.3 1 6 7 32.5
34 ZINC000001832514 438.01 7.6 1 3 10 26.4
35 ZINC000002119702 520.41 6.3 2 5 7 74.6
36 ZINC000002149301 542.61 4.6 1 9 7 135.9
37 ZINC000003033194 509.99 6.9 1 6 8 74.3
38 ZINC000006040794 383.45 6.1 1 3 6 45.9
39 ZINC000013629850 497.65 5.7 1 6 8 83.1
40 ZINC000020237143 523.56 6.5 1 7 7 100.5
41 ZINC000020904533 458.51 4.5 1 8 7 82.7
42 ZINC000036062145 440.54 4.2 1 8 8 84.1
43 ZINC000263585252 490.60 6.3 1 5 9 82.6
44 ZINC000000538337 440.95 5.8 1 4 3 51.0
45 ZINC000012503187 498.58 6.0 2 7 4 83.6
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Figure S6: Structural formulas of the potential CB1 agonists from the second iteration
selected for the in vitro binding assay.
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Figure S7: Structural formulas of the potential CB1 antagonists from the second iteration
selected for the in vitro binding assay.
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Table S5: Results of the first iteration Ki determination with [3H]CP-55,940 displacement
assay.

ID ZINC ID Name pKi ± SEM Ki (µM, 95% CI)
1a ZINC000001538857 Bosentan 3.59 ± 0.09 259 (166–403)
2b ZINC000052716421 Flibanserin 3.96 ± 0.08 109 (73.9–160)
3 ZINC000001548097 Iloperidone 4.05 ± 0.12 87.9 (49.8–155.4)
4 ZINC000003927822 Lurasidone 4.40 ± 0.09 39.8 (25.2–63)
5b,c ZINC000019796087 Nicardipine no activity no activity
6 ZINC000016159083 Pimavanserin 4.47 ± 0.21 34 (12–93)
7 ZINC000003964126 Rivaroxaban no activity no activity
8 ZINC000028957444 Ticagrelor 4.44 ± 0.29 36 (8.8–148)
9 ZINC000004474682 Travoprost 5.40 ± 0.14 3.6 (1.8–7.4)
10 ZINC000043606386 (20S)-Protopanaxatriol no activity no activity
11 ZINC000299817443 4”-O-Glucosylvitexin no activity no activity
12 ZINC000101324562 Benzoylpaeoniflorin 3.75 ± 0.09 179 (104–307)
13 ZINC000004098612 Corilagin 4.20 ± 0.12 48 (26.8–85.9)
14 ZINC000068248924 Cyclogalegenol 3.76 ± 0.20 175 (64.3–474)
15 ZINC000001531664 Ginkgetin 5.06 ± 0.16 8.6 (3.8–19.2)
16 ZINC000206658454 Liensinine no activity no activity
17 ZINC000056874329 Phillyrin 4.20 ± 0.09 62.8 (39.6–99.5)
18 ZINC000085531601 Polygalaxanthone III no activity no activity
19 ZINC000253387896 Rehmannioside D no activity no activity
20d ZINC000002033589 Silybin 3.78 ± 0.16 165 (76.7–354)
21 ZINC000095850257 Theaflavin no activity no activity
22 ZINC000017654711 Tiliroside 4.33 ± 0.11 47.2 (26.5–84.1)

Rimonabant (reference) 8.30 ± 0.13 0.0043 (0.0023–0.0088)
a Monohydrate; b hydrochloride; c racemic mixture; d mixture A and B.
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Table S6: Results of the second iteration Ki determination with [3H]CP-55,940 displacement
assay.

ID ZINC ID Name pKi ± SEM Ki (µM, 95% CI)
23a ZINC000002117717 no activity no activity
24 ZINC000005158610 Kuwanon E 4.51 ± 0.08 31 (21–45)
25a ZINC000008790881 4.86 ± 0.09 13.9 (8.7–22)
26 ZINC000014690613 Sanggenon N 4.71 ± 0.05 19 (15–24)
27a ZINC000015953923 insoluble insoluble
28a ZINC000021362315 no activity no activity
29 ZINC000052509366 Vemurafenib no activity no activity
30 ZINC000217658088 6.07 ± 0.09 0.8 (0.6–1.1)
31a ZINC000217830653 no activity no activity
32a ZINC000824654462 5.20 ± 0.10 6.8 (3.8–10)
33b ZINC000081139092 Flupentixol 4.27 ± 0.04 53 (44 – 65)
34a ZINC000001832514 5.57 ± 0.07 2.7 (1.9–3.7)
35a ZINC000002119702 4.35 ± 0.09 44 (28–69)
36a ZINC000002149301 4.39 ± 0.09 41 (27–62)
37 ZINC000003033194 no activity no activity
38 ZINC000006040794 5.60 ± 0.09 2.5 (1.5–4.1)
39a ZINC000013629850 4.40 ± 0.07 40 (29 – 56)
40 ZINC000020237143 no activity no activity
41 ZINC000020904533 no activity no activity
42a ZINC000036062145 no activity no activity
43 ZINC000263585252 5.18 ± 0.07 6.6 (4.7–9.4)
44 ZINC000000538337 Sertindole 4.38 ± 0.05 42 (32–54)
45 ZINC000012503187 Conivaptan no activity no activity

Rimonabant (reference) 8.30 ± 0.13 0.0043 (0.0023–0.0088)
a Racemic mixture; b dihydrochloride.
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Figure S8: RMSD plots of ligands’ heavy atoms from MD simulations of CB1–ginkgetin
and CB1–travoprost complexes. RMSD computed after superposition on Cα atoms with the
exception of ICL3 (residues 307–335).

Figure S9: Putative binding mode of compound 9 (ZINC000004474682) from the second
iteration. Panels (A) and (B) depict the pose and 2D interaction scheme obtained from
docking to PDB ID: 5TGZ using Glide SP. Ligand is depicted in green stick representation,
amino acids that are crucial for ligand binding—grey stick representation. Purple arrow—
H-bond. Parts of TM6 and TM7 not shown to increase readability.

S-12



Table S7: Results of the second iteration methods applied for compounds selected from the
first iteration.

ID Pred.
pKi

5XR8 5TGZ
SP
DS

XP
DS

SP—constraints
DS

XP—constraints
DS

SP
DS

MM–GBSA
∆Gbind (kcal/mol)

SP—constraints
DS

MM–GBSA—constraints
∆Gbind (kcal/mol)

1 – – – – – – – – –
2 −2.1 −8.2 – −8.8 – −8.6 – −7.5 –
3 −2.4 −8.9 – – – −9.0 – −8.2 –
4 −2.3 – – – – −8.9 – −9.3 –
5 −3.2 – – – – – – – –
6 −2.6 – – – – – – – –
7 – – – – – – – – –
8 – – – – – – – – –
9 −2.2 −8.5 – −10.4 −3.8 −10.3 −83.3 −10.3 −83.4
10 −2.9 – – – – – – – –
11 – – – – – – – – –
12 – – – – – – – – –
13 – – – – – – – – –
14 −2.9 – – – – – – – –
15 – – – – – – – – –
16 – – – – – – – – –
17 – – – – – – – – –
18 – – – – – – – – –
19 – – – – – – – – –
20 – – – – – – – – –
21 – – – – – – – – –
22 – – – – – – – – –
DS, docking score.
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Figure S10: Putative binding modes of compound 38 (ZINC000006040794). Panels (A)
and (B) depict the pose and 2D interaction scheme obtained from docking to PDB ID:
5TGZ using Glide SP, panels (C) and (D)—docking to PDB ID: 5TGZ using Glide SP with
constraints on forming an H-bond with Ser383, while panels (E) and (F)—docking to PDB
ID: 5XR8 using Glide XP. Ligands are depicted in green stick representation, amino acids
that are crucial for ligand binding—grey stick representation. Purple arrow—H-bond; green
line—π–π interaction. Parts of TM6 and TM7 not shown to increase readability.
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Table S8: CB1 agonists with Ki < 100 nM toward human CB1 used as active test compounds
in validation of the second iteration docking and MM–GBSA.

Name/ID Ki (nM) Reference
ACEA 5.3 (1)

Ajulemic acid 5.7 (2)
AM-11542 0.11 (3)
AM-411 6.8 (4)
AM-841 1.14 (3)
AMG-3 0.32 (5)

Anandamide 70 (6)
AZ-11713908 3.0 (7)
BAY 38-7271 2.91 (8)
BAY 59-3074 48.3 (9)
CP-55,244 1 (10)
CP-55,940 5.2 (11)
EG-2201 22.4 (12)
HU-210 0.06 (13)

JWH-018 9 (12)
JWH-147 11 (14)
JWH-307 7.7 (14)

MDMB-CHMCZCA 5.75 (12)
MDMB-FUBINACA 0.098 (12)

Noladin ether 25 (15)
PSB-SB-1201 22 (16)

UR-144 29 (17)
WIN-55,212-2 13.3 (18)

XLR-11 24 (17)
∆-9-THC 22 (19)
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Table S9: CB1 antagonists/inverse agonists with Ki < 100 nM toward human CB1 used as
active test compounds in validation of the second iteration docking and MM–GBSA.

Name/ID Ki (nM) Reference
AM-251 7.49 (20)
AM-281 12 (21)
AM-6538 3.4 (22)
AM-6545 1.7 (23)

CHEMBL201602 0.6 (24)
CHEMBL2063237 0.14 (25)
CHEMBL2063246 0.13 (25)
CHEMBL349955 81.5 (20)
CHEMBL482741 1.3 (26)
CHEMBL495891 14.96 (27)
CHEMBL496293 0.91 (27)
CHEMBL498783 1.2 (27)
CHEMBL568221 3.8 (28)

Drinabant 11 (29)
Ibipinabant 7.8 (30)

JD-5037 0.35 (30)
MRI-1867 2.3 (31)
NESS-0327 0.00035 (32)

O-2050 2.5 (33)
Otenabant 0.7 (34)
PF-0514273 1 (26)

PipISB 1.5 (35)
Rimonabant 6 (36)
Surinabant 3.5 (37)
Taranabant 0.13 (38)

Table S10: Statistical parameters from the validation of docking and MM–GBSA protocols
selected for the second iteration of VS.

PDB ID Method EF1% EF2% EF5%
BEDROC
α = 160.9

BEDROC
α = 20.0

5XR8 Glide SP 24.0 18.0 7.2 0.568 0.420
5XR8 Glide XP 32.0 20.0 9.6 0.551 0.523
5XR8 Glide SP, constraints 28.0 16.0 6.4 0.628 0.367
5XR8 Glide XP, constraints 32.0 18.0 8.0 0.672 0.426
5TGZ Glide SP 12.0 14.0 8.8 0.374 0.443
5TGZ MM–GBSA 32.0 16.0 6.4 0.639 0.415
5TGZ Glide SP, constraints 32.0 20.0 9.6 0.580 0.487
5TGZ MM–GBSA, constraints 32.0 16.0 8.0 0.683 0.423
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Figure S11: Receiver operating characteristic curves from the validation of docking with
Glide to CB1 model based on PDB ID: 5XR8.
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Figure S12: Receiver operating characteristic curves from the validation of docking with
Glide to CB1 model based on PDB ID: 5TGZ.
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1 Abbreviations Used

BEDROC, Boltzmann-enhanced discrimination of the receiver operating characteristic; CB1,

cannabinoid receptor type 1; CI, confidence interval; DS, docking score; EF, enrichment

factor; HBA, (number of) hydrogen bond acceptor(s); HBD, (number of) hydrogen bond

donor(s); ICL3, intracellular loop 3; Ki, inhibition constant; MD, molecular dynamics; MM–

GBSA, molecular mechanics–generalized Born surface area; MW, molecular weight; PDB,

Protein Data Bank; PSA, polar surface area; QSAR, quantitative structure—activity rela-

tionship; RMSD, root-mean-square deviation; RMSE, root-mean-square error; SD, standard

deviation; SEM, standard error of measurement; SP, standard precision; TM, transmembrane

(helix); VS, virtual screening; XP, extra precision.
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