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Table S2. Functionality of reported cannabinoid ligands at TRPV1 and CB2.

	
	TRPV1
	CB2

	Compound
	Structure
	Efficacy* ()
	Functionality
EC50 (M)
	Desensitization**
(μΜ)
	Refs.
	Binding$
Ki (nM)
	Functionality
EC50 (nM)
	Refs.

	Endocannabinoids and endocannabinoid-like molecules

	2-AG
	

	59.1 ± 0.3
	Agonist
0.85 ± 0.06
	0.75 ± 0.03
	(Lowin and Straub, 2015; Petrosino et al., 2016)
	1193.9 ± 327.7
	Agonist
645.6 ± 0.4#
	(McPartland et al., 2007; Soethoudt et al., 2017)

	AEA
	

	53.8 ± 0.2
	Agonist
0.27 ± 0.01
	0.21 ± 0.06
	(Lowin and Straub, 2015; Petrosino et al., 2016)
	439.6 ± 95.9
	Agonist
426.6 ± 0.6#
	(McPartland et al., 2007; Soethoudt et al., 2017)

	ACPA-OH
(11a)
	

	75.7 ± 2.8
	Agonist
0.047 ± 0.01
	ND
	(Appendino et al., 2009)
	
290 ± 6

	ND
	(Appendino et al., 2009)

	O-1811
	

	62.5 ± 0.8
	Agonist
0.72 ± 0.1
	ND
	(Di Marzo et al., 2001)
	800.1 ± 150.2
	ND
	(Di Marzo et al., 2001)

	Arvanil
	

	75.4 ± 4.7
	Agonist
0.5 ± 0.2
	ND
	(Di Marzo et al., 2002; Melck et al., 1999)
	ND
	ND
	(Di Marzo et al., 2002; Melck et al., 1999)

	PhAR
derivative 12
	

	28.9 ± 2.3
	Agonist
0.063 ± 0.004
	ND
	(Appendino et al., 2006)
	22.0 ± 3.0
	Inverse Agonist##
	(Appendino et al., 2006)

	Phytocannabinoids and phytocannabinoid-like molecules

	CBD
	

	44.7 ± 0.02
	Agonist
1.0 ± 0.1
	0.6 ± 0.05
	(De Petrocellis et al., 2011)
	240 (24–560)
	
Partial Agonist and NAM 
50.1 ± 3.6###
	(Navarro et al., 2021; Zagzoog et al., 2020)

	CBDA
	

	<10
	Agonist
19.7 ± 3.9
	89.1 ± 0.3
	(De Petrocellis et al., 2011)
	12 (4.9–77)
	Partial Agonist 140 (29–310)
	(Zagzoog et al., 2020)

	CBDV
	

	21.4 ± 0.6
	Agonist
3.6 ± 0.7
	10.0 ± 0.5
	(De Petrocellis et al., 2011)
	140 (96–280)
	Partial Agonist 5.0 (0.46–33)
	(Zagzoog et al., 2020)

	CBG
	

	33.8 ± 2.3
	Agonist
1.3 ± 0.5
	2.6 ± 0.2
	(De Petrocellis et al., 2011)
	490 (130–2500)
	Partial Agonist 130 (30–550)
	(Zagzoog et al., 2020)

	THCV
	

	68.0 ± 1.6
	Agonist
1.5 ± 0.2
	1.3 ± 0.1
	(De Petrocellis et al., 2011)
	47 (21–270)
	Agonist
280 (49–610)
	(Zagzoog et al., 2020)

	HU308
	

	<10
	NA
	69.0 ± 5.7
	(Soethoudt et al., 2017)
	22.7 ± 3.9
	Agonist
51.3 ± 0.3#
	(Hanus et al., 1999; Soethoudt et al., 2017)

	JWH133
	

	24.6 ± 0.4
	Agonist
8.2 ± 0.7
	77.7 ± 3.0
	(Soethoudt et al., 2017)
	3.4 ± 1.0
	Agonist
109.6 ± 0.4#
	(Huffman et al., 1999; Soethoudt et al., 2017)

	Aminoalkylindole

	WIN55212-2
	

	44.4 ± 0.9
	Agonist
19.2 ± 1.3
	35.8 ± 2.2
	(Soethoudt et al., 2017)
	3.7 ± 0.2
	Agonist
10.9 ± 0.9#
	(Morales et al., 2016; Soethoudt et al., 2017)

	*Efficacy as % of ionomycin 4 M; **Desensitization vs standardized agonist (0.1 μΜ capsaicin) at IC50 concentrations.
$[3H]CP55,940 displacement from hCB2R cell membranes.
#GTPγS assays; ##GTPγS assays-IC50 ≈ 3.2 nM (extracted from the graph); ###cAMP assays
NA: No activity, ND: Not determined; NAM: Negative allosteric modulator.
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Figure S1. TRPV1 sites: A) RTX/TRPV1 complex in the VBP. The vanilloid binding pocket (VBP) is the location in TRPV1 in which capsaicin and resiniferatoxin (RTX) are shown to bind. RTX was used as the internal standard. The vanillyl moiety present in RTX binds deep in the VBP with the hydroxy group interacting with residues S512 and R557. Y511 interacts with one of the ester oxygens, providing stability from a key player in TRPV1 activation in response to vanilloid ligands.; B) AEA/TRPV1 complex in the S1-S4 tunnel. Previous MD results show AEA entering a novel region between the S1-S4 helices, separate from the VBP and where the putative CBD site has been reported in TRPV2.; C) CBD/TRPV1 complex between helices S5 and S6 of one monomer and S6 of another (S6*). Ligands are shown in green VDW, helices S1-S4 are shown as purple cartoon tubes and labeled, helices S5, S6, S5* and S6* are shown as cartoon ribbons and labeled. S5* and S6* are helices from the adjacent monomer. A recently published cryo-EM structure shows CBD binding in a location separate from the VBP and the tunnel between helices S5 and S6 (double check) in TRPV2. Though TRPV1 and TRPV2 share some similar features with one another, they also have a fair share of differences as analyzed in Muller 2020. The central resorcinol ring found in CBD shows two pi-stacking interactions in this putative CBD site with Y584 and F639.
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Figure S2. Workflows for the in silico identification of dual TRPV1/CB2 ligands. A) Virtual screening of JWH133 structurally related chemical databases; B) Cross-agonist HTVS.
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Figure S3. Docking studies of JWH133 in CB2 and TRPV1. A) CB2/JWH133 complex; B) TRPV1/JWH133 complex. JWH133 is displayed in magenta while reference compounds AM12033 (for CB2) and CBD (for TRPV1) are displayed in green. EC2: Extracellular loop 2; TMH: transmembrane helix.




Table S2. Physicochemical descriptors calculated by QikProp 3.5 integrated in Maestro (Schrödinger, LLC, New York, USA) for potential CB2/TRPV1 modulators identified upon screening of a JWH133-related chemical library. 

	Compd
	QPlogSa
	QlogBBb
	QPlogHERGc
	QPPCacod
	%Human  oral absorption GIe
	PAINS#

	JWH133
	-9.13
	0.92
	-4.62
	9906.04
	100
	0

	57756957
	-8.26
	0.52
	-5.82
	9897.08
	100
	0

	59824268
	-6.38
	0.22
	-4.95
	9902.03
	100
	0

	123533625
	-9.12
	0.39
	-5.98
	9734.16
	100
	1

	153641693
	-8.79
	0.38
	-5.76
	9938.04
	100
	0

	151332252
	-8.54
	0.25
	-6.45
	8901.59
	100
	0

	aPredicted aqueous solubility [-6.5/0.5]; bPredicted log of the brain/blood partition coefficient [-3.0/1.2]; cHERG K+ Channel Blockage (log IC50) [concern below -5]; dApparent Caco-2 cell permeability in nm/s [<25 poor, >500 excellent]; eHuman Oral Absorption in GI [<25% is poor]. [range of 95% of drugs]. #Number of structural alerts as calculated using the swissADME webserver (Daina et al., 2017).




Table S3. Physicochemical descriptors calculated by QikProp 3.5 integrated in Maestro (Schrödinger, LLC, New York, USA) for potential CB2/TRPV1 modulators identified using the crossed-agonist strategy.

	Compd
	QPlogSa
	QlogBBb
	QPlogHERGc
	QPPCacod
	%Human  oral absorption GIe
	PAINS#

	AM12033
	-7.38
	-1.62
	-4.95
	353.08
	100
	0

	1508577
	-4.84
	-1.56
	-5.91
	264.91
	84
	0

	1508215
	-4.86
	-0.99
	-5.07
	376.21
	93
	0

	1574712
	-5.32
	-0.99
	-5.47
	446.52
	100
	0

	1383349
	-5.49
	-0.40
	-7.00
	2405.32
	100
	0

	1347563
	-5.46
	-0.14
	-6.73
	3176.79
	100
	0

	TRPV1
	

	Compd
	QPlogSa
	QlogBBb
	QPlogHERGc
	QPPCacod
	%Human  oral absorption GIe
	PAINS#

	AEA
	-6.02
	-1.52
	-4.69
	994.90
	100
	0

	1288208*
	-3.04
	-1.33
	-4.58
	395.41
	86
	0

	1288239
	-3.65
	-1.51
	-5.16
	287.31
	86
	0

	CBD
	-5.92
	-0.47
	-4.87
	2519.02
	100
	0

	1644371
	-5.42
	0.15
	-5.59
	2986.65
	100
	0

	3114522
	-8.35
	-1.19
	-7.69
	774.81
	100
	0

	RTX
	-8.81
	-1.97
	-7.17
	289.99
	81
	1

	3353818
	-4.77
	1.38
	-6.10
	7.99
	51
	0

	1288208*
	-3.04
	-1.33
	-4.58
	395.41
	86
	0

	1644673
	-6.13
	0.67
	-8.15
	1152.10
	100
	0

	aPredicted aqueous solubility [-6.5/0.5]; bPredicted log of the brain/blood partition coefficient [-3.0/1.2]; cHERG K+ Channel Blockage (log IC50) [concern below -5]; dApparent Caco-2 cell permeability in nm/s [<25 poor, >500 excellent]; eHuman Oral Absorption in GI [<25% is poor]. [range of 95% of drugs]; *Compound selected for both tunnel and VBP docking. #Number of structural alerts as calculated using the swissADME webserver (Daina et al., 2017).



[image: Diagram

Description automatically generated]
Figure S4. The docking output of AEA (pink) in the S1-S4 tunnel region of TRPV1. Headgroup interactions consist of H-bonds with N438, D708, Y487, Y554, and Y555 (all yellow).
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Table S4. Off-target evaluation  at cannabinoid-related TRPs of selected dual hits 59824268, 1288208, 1288239, 1508577 and 1508215. The following compounds have been included as reference for each target: TRPV2 agonist (CBD), TRPV3 agonist (2-ABP), TRPA1 agonist (benzothioformamide), and TRPM8 agonist (WS-12). 

	Compd
	Structure
	TRPV2 activea
	TRPV2 apoah
	TRPV3
activeb
	TRPV3
apoch
	TRPA1 activedh
	TRPA1 apoehi
	TRPM8 activef,h
	TRPM8 apogh

	CBDa
	

	-10.79
	-8.71
	-
	-
	-
	-
	-
	-

	2-ABPc
	

	-
	-
	-6.99
	-4.08
	-
	-
	-
	-

	Benzothioformamided
	

	-
	-
	-
	-
	-7.98
	-5.21
	-
	-

	WS-12f
	

	-
	-
	-
	-
	-
	-
	-9.43
	-4.56

	59824268
	

	-8.24
	-7.60
	-6.11
	-5.11
	-6.28
	-6.48
	-7.07
	-4.53

	1288208
	

	-10.28
VBP
	-9.13
VBP
	-7.18
TNL
	-6.42
TNL
	-7.04
VBP
	-7.60
VBP
	-8.35
VBP
	-6.96
VBP

	1288239
	

	-9.83
VBP
	-8.98
TNL
	-8.76
TNL
	-7.35
TNL
	-7.98
VBP
	-7.43
VBP
	-9.43
VBP
	-6.58
VBP

	1508577
	

	-5.58
	-6.50
	-6.40
	-3.92
	-4.13
	-4.56
	-4.80
	-3.87

	1508215
	

	-5.24
	-8.77
	-5.47
	-5.94
	-6.21
	-6.88
	-6.93
	-2.90

	a(Pumroy et al., 2019); b (Zubcevic et al., 2018); c(Singh et al., 2018); d(Suo et al., 2020); e(Zhao et al., 2020); f(Yin et al., 2019); g(Diver et al., 2019); hReference ligands were tested at each apo structure to determine their docking score at the inactive structure. TRPV2, TRPV3, and TRPM8 showed decreases in the scoring. iThe apo state in TRPA1 indicates a higher score than the active structure. Since benzothioformamide covalently binds intracellularly, the resolved lipid found in the transmembrane region was used as the inactive reference. Since the ligands tested are more lipophilic than the agonist used, this site was used to dock the selected ligands. *These ligands were screened in the VBP and the tunnel of each channel due to their docking withing the tunnel of TRPV1. The best score of the two recorded and indicated here as “VBP” or “TNL”.




[bookmark: _Hlk94174422]Table S5. Off-target evaluation at cannabinoid-related GPCRs of selected dual hits 59824268, 1288208, 1288239, 1508577 and 1508215. The following compounds have been included as reference for each target: CB1 agonist (AM841), CB1 antagonist (Taranabant), GPR55 agonist (ML184), GPR55 antagonist (ML193), GPR18 agonist (S5), and GPR18 antagonist (PBS-CB5).


	Compd
	Structure
	CB1 activea
	CB1 inactiveb
	GPR55
activec
	GPR55
Inactived
	GPR18
activee
	GPR18
Inactivee

	AM841a
	

	-12.07
	-
	-
	-
	-
	-

	Taranabantb
	

	-
	-14.89
	-
	-
	-
	-

	ML184c
	

	-
	-
	-10.31
	-
	-
	-

	ML193d
	

	-
	-
	-
	-6.98
	-
	-

	S5f
	

	-
	-
	-
	-
	-7.19
	-

	PSB-CB5g
	

	-
	-
	-
	-
	-
	-6.79

	59824268
	

	-7.19
	-8.46
	-7.85
	-4.37
	-4.40
	-4.15

	1288208
	

	Inactiveh
	Inactiveh
	-10.51
	-5.75
	-3.20
	-6.03

	1288239
	

	Inactiveh
	Inactiveh
	-10.16
	-4.31
	-5.56
	-5.91

	1508577
	

	-7.85
	-9.27
	-8.03
	-1.65
	-2.40
	-3.50

	1508215
	

	-8.03
	-9.51
	-7.49
	-5.97
	-3.18
	-4.64

	[bookmark: _Hlk94181923][bookmark: _Hlk94181931][bookmark: _Hlk94181962]aPDB-ID: 6KPG (Hua et al., 2020);  bPDB-ID: 5U09 (Shao et al., 2016); c(Lingerfelt et al., 2017); d(Kotsikorou et al., 2013); e(Sotudeh et al., 2019); f(Jagerovic et al., 2020);  g(Rempel et al., 2014); hReported binding assays indicate that these compounds do not show activity at CB1[Ki > 10 µM (Osman et al., 2010)]






















Figure S5. Summary of selected hits.
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Figure S5. Summary of selected hits. DS: docking scores in Kcal/mol. 1Hit selected through the JWH133 structurally related chemical databases strategy; 2Hit selected through the cross-agonist HTVS strategy. *Low activity; **Moderate activity.
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Figure $5. Summary of selected hits. DS: docking scores in Kcal/mol. 'Hit selected through the JWH133 structurally related chemical databases strategy; 2Hit selected
through the cross-agonist HTVS strategy. *Low activity; **Moderate activity
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