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Abstract: Cannabinoid receptors are one of the most expressed G protein-coupled receptors in the central
nervous system, which are potential drug targets for inflammation, pain and drug abuse. Cannabinoid receptors are
composed of type 1 receptor (CB1R), type 2 receptor (CB2R) and other receptors, of which CBIR plays a vital role
in regulating central memory, cognition, and motor function. Therefore, screening CB1R agonists has potential
value in treating nervous system diseases. In this study, the intracellular loop 3 (ICL3) domain of CBIR was
replaced with a circular-permutated enhanced green fluorescent protein (cpEGFP). After infecting HEK 293T cells
with lentivirus particles, we obtained a stable cell line that was overexpressed human CBIR-cpEGFP after
puromycin selection. The interaction between receptor agonists and CB1R led to the change of receptor conformation,
resulting in de-protonation of the EGFP, and enhancing the fluorescence intensity. Therefore, active CBIR
compounds could be verified by measuring the fluorescence intensity. Using CBIR agonist arachidonyl-
2'-chloroethylamide (ACEA) as a positive control to evaluate the reliability of this model, studies have shown that

ACEA could induce receptor activation and increase fluorescence intensity, while antagonist rimonabant inhibited
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receptor activation with unchanged fluorescence intensity. In conclusion, this study successfully constructed a

fluorescent probe screening model for CB1R agonists.

Key words: cannabinoid type 1 receptor; cell model; cannabinoid 1 receptor agonist; drug screening; circular-

permutated enhanced green fluorescent protein
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Figure 1 The principle of cell screening model for CBIR

agonists. This screening method utilized the CB1R-cpEGFP sensor
to reflect changes of ligand-induced receptor conformation by
detecting fluorescence intensity (from biorender). CB1R: Cannabinoid
type 1 receptor; cpEGFP: Circular-permutated enhanced green

fluorescent protein
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Figure 2 The effect of cell density on CBIR activity. A: 4F value time-course response at different cell densities upon stimulation with
10 pmol-L™" arachidonyl-2'-chloroethylamide (ACEA); B: AF value at the 5" min induced by 10 umol-L" ACEA with or without pretreat-

ment with 10 umol-L™ rimonabant. All experiments were performed using HEK 293T cells stably expressing CB1R-cpEGFP sensors. 1 = 3,

x £ SEM. ""P < 0.001 vs Ctrl group; “*P < 0.001 vs ACEA activated groups without rimonabant
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Figure 3  Effect of agonist ACEA concentration on CB1R activity. A: Under the same cell density, AF value time-course response upon

stimulation with different concentrations of ACEA; B: AF value at the 5" min induced by different concentrations of ACEA with or without

pretreatment with 10 pmol-L™ rimonabant; C, D: Fluorescence time-lapse imaging of cells upon stimulation with 5 pmol-L" solvent control

(C) and ACEA (D); E, F: Pre-incubated with 10 pumol-L™" of solvent control (E) or rimonabant (F) for 30 min, fluorescence time-lapse

imaging of cells upon stimulation with 5 pmol-L" ACEA. All experiments were performed using HEK 293T cells stably expressing CBI1R-
cpEGFP sensors. n = 3, x £ SEM. "P < 0.05, ""P < 0.001 vs Ctrl group; “P < 0.01, P < 0.001 vs ACEA activated groups without

rimonabant
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Z o FEA B R, A R 2 AV RE AL B0 K
I BT AR I < AR FROAE MRS 1 73 BRERE S5, R T
X R S8, CBIR L REWS 8 5 &b Ji 2L 44 & B 28
B ERES, R R AU RE 7 6 IR AT ik 45
Z PR T AE 25 B2 40 . BRI H AT N AR, Y2
T4 CBRACAA (5732 CB 1N 71 K5 B R 42
ZL B T e R AT A O M4 T BE PR RS S5 2 AN R RN

T4 BRI o BRI, R R 6 3k £ P B0 CBIR H.
ToA B B Az 8 B 28 A5 JE e

GPCRs RN & & & % MMl Kk, 4e5hc
WREEG TR, STARYE B, S2 AR A SR A o, JE T fik
R—RIE T, B BRI MAIME 5 Ay
HIAEFERN o WF 7T 27, cpEGFP (1) - 2647 & 7] DL fo i
TN AR, HAENE O R0 2 B i 22 3R



EWREAR: L ORIBRER 1 7052 (Al 77 ) 240 L 5 e A Y

1609 -

5t , {2 1% cpEGFP A= 0 58 [ 2 3 7 1 1 R I 5% Y.
HF 52 2 F F B JR B K cpEGFP B 4 52 7R i A 55 = 3436
TG . Gt S 0E, AR RIS RS, cpEGFP
FEARAT A 2 RO 5, 40 _E 32 AR A
GRS, 5 B0E AL T 40 i ) B2 A% P cpEGFP
F T RS g S Fe L E R, AR
S8 4 2 BE 6% S It CBIR 35 1 R AL (1 3 ik, JE18 2 F2
7€ 1 # ik CB1R-cpEGFP [ HEK 293T 4f ffl, #& e % 4%
4 Bk X 28 B 1) CB1R 3 30 771 40 1) 751 359 B8 7= 2
JNE: BN AT 52 AR, 3R B 4T A 5 O 5 1,
— 5 0 ] PN ¢ O 5 B ) AR ) 1 v 1 5, I BLAS
[F B0 770 5 5 52 A4 72 AR 1 28 Ol i B SR T R aE 1)
S AR SR A — FRURA T A7 B R U BEL LB sl 7R X 52 A
PR, 2 LA 20 I 20 D' T W S 5038, I S5 4 7] )
WEERREKBIIKLR. HICRW, A0 7RI T
CBIR NI 25 W e 40 A 2 . 5 90 A % FH 1) 07
16 7 R LA, AR 0 R PR 2 G R e N 2 1 A R
R B, T SEI EE R A . AR BT 1R
#3545 cpEGFP 5 CBIR ICL3 @il &, JL-F- A~ £ 51 fa 4
PR C AR 52 AR AH ELAE FH, AR OK BRI AR 2550 45 R 7= A T4
FIRTREPE . [RIT, A< 40 B ASE B0 50 e A4 52 44 1 45 6 B
&, FEAEEX GPCR Tl 5 5l %1, i %t 45 2 L5k
AIAE o AH BT 0 i 25 S AK M 0 6 AR 25 EGFP (R4l 15,
LAY A )T B AE R 5 DR RS I 2% A R AR [ i K Ak =
A2 RS, AT = A B BH M 45 R, X IR 4 T ad i v
S A SL (1) B 4 % HEHE B o

Zx B PR, AHE ST DR T CBIR Bsh 7 1 2
)9 36 A AR Y, SR R I B CBAR 3 AL & ) 4 it
PR RE R T H o OO CIRET Tk 77 BB A T 1 s
FH R0 N FH AT St AN SR T % CBIR 80 571 (1) =y il
Bk, Aty Hodth GPCRs iah 71 1 97 %6 5 ik 42 it
B o R 2 AR Y i a4 45 38 1R I A A e e
S5 EM WA E ST, TS i —
AT -

Bt A H BT H K #K #& pdisplay-eCB2.0-IRES-
mCherry-CAAX FH AL 50 K5 25 i g 52 50 5 H 0 .

e TR T 09 SRR E R e SRR I 5 3k
FEBE 40 S TSR AL ST M R S RS B S8 TR B R TS
FRE E A TR R R AR A

FIZEMSE: Fr A VEE BB AR ai v R

References

[1]  Mackie K. Cannabinoid receptors: where they are and what they
do [J]. J Neuroendocrinol, 2008, 20 Suppl 1: 10-14.
[2] Lutz B. Neurobiology of cannabinoid receptor signaling [J].

(3]

(7]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

Dialogues Clin Neurosci, 2020, 22: 207-222.

Katona I, Sperlagh B, Sik A, et al. Presynaptically located CB1
cannabinoid receptors regulate GABA release from axon terminals
of specific hippocampal interneurons [J]. J Neurosci, 1999, 19:
4544-4558.

Marinelli S, Pacioni S, Cannich A, et al. Self-modulation of
neocortical pyramidal neurons by endocannabinoids [J]. Nat
Neurosci, 2009, 12: 1488-1490.

Castillo PE, Younts TJ, Chavez AE, et al. Endocannabinoid
signaling and synaptic function [J]. Neuron, 2012, 76: 70-81.
Maccarrone M, Bab I, Bird T, et al. Endocannabinoid signaling
at the periphery: 50 years after THC [J]. Trends Pharmacol Sci,
2015, 36: 277-296.

Clapper JR, Moreno-Sanz G, Russo R, et al. Anandamide
suppresses pain initiation through a peripheral endocannabinoid
mechanism [J]. Nat Neurosci, 2010, 13: 1265-1270.

Ibsen MS, Connor M, Glass M. Cannabinoid CB(1) and CB(2)
receptor signaling and bias [J]. Cannabis Cannabinoid Res,
2017, 2: 48-60.

Laprairie RB, Bagher AM, Denovan-Wright EM. Cannabinoid
receptor ligand bias: implications in the central nervous system
[J]. Curr Opin Pharmacol, 2017, 32: 32-43.

Kesner AJ, Lovinger DM. Cannabinoids, endocannabinoids and
sleep [J]. Front Mol Neurosci, 2020, 13: 125.

Murillo-Rodriguez E, Pastrana-Trejo JC, Salas-Crisostomo M, et al.
The endocannabinoid system modulating levels of consciousness,
emotions and likely dream contents [J]. CNS Neurol Disord
Drug Targets, 2017, 16: 370-379.

Woodhams SG, Chapman V, Finn DP, et al. The cannabinoid
system and pain [J]. Neuropharmacology, 2017, 124: 105-120.
Macarron R, Banks MN, Bojanic D, et al. Impact of high-
throughput screening in biomedical research [J]. Nat Rev Drug
Discov, 2011, 10: 188-195.

Aldrich C, Bertozzi C, Georg GI, et al. The ecstasy and agony of
assay interference compounds [J]. J Med Chem, 2017, 60: 2165-
2168.

Dong A, He K, Dudok B, et al. A fluorescent sensor for
spatiotemporally resolved imaging of endocannabinoid dynamics
in vivo [J]. Nat Biotechnol, 2022, 40: 787-798.

Jing M, Zhang P, Wang G, et al. A genetically encoded
fluorescent acetylcholine indicator for in vitro and in vivo studies
[J]. Nat Biotechnol, 2018, 36: 726-737.

Coronado- Alvarez A, Romero-Cordero K, Macias-Triana L, et
al. The synthetic CB(1) cannabinoid receptor selective agonists:
putative medical uses and their legalization [J]. Prog Neuropsy-
chopharmacol Biol Psychiatry, 2021, 110: 110301.

Teng H, Thakur GA, Makriyannis A. Conformationally constrained
analogs of BAY 59-3074 as novel cannabinoid receptor ligands
[J]. Bioorg Med Chem Lett, 2011, 21: 5999-6002.

Felder CC, Joyce KE, Briley EM, et al. Comparison of the



1610 - 252 %4} Acta Pharmaceutica Sinica 2023, 58(6): 1603-1610

[20]

[21]

[22]

pharmacology and signal transduction of the human cannabinoid
CB1 and CB2 receptors [J]. Mol Pharmacol, 1995, 48: 443-450.
Patel M, Finlay DB, Glass M. Biased agonism at the cannabinoid
receptors-evidence from synthetic cannabinoid receptor agonists
[J]. Cell Signal, 2021, 78: 109865.

Walsh KB, Andersen HK. Molecular pharmacology of synthetic
cannabinoids: delineating CB1 receptor-mediated cell signaling
[J]. Int J Mol Sci, 2020, 21: 6115.

Stasitowicz A, Tomala A, Podolak 1, et al. Cannabis sativa L. as

a natural drug meeting the criteria of a multitarget approach to

(23]

[24]

[25]

treatment [J]. Int J Mol Sci, 2021, 22: 778.

Dos Reis Rosa Franco G, Smid S, Viegas C. Phytocannabinoids:
general aspects and pharmacological potential in neurodegenera-
tive diseases [J]. Curr Neuropharmacol, 2021, 19: 449-464.

Baird GS, Zacharias DA, Tsien RY. Circular permutation and
receptor insertion within green fluorescent proteins [J]. Proc Natl
Acad Sci U S A, 1999, 96: 11241-11246.

Feng J, Zhang C, Lischinsky JE, et al. A genetically encoded
fluorescent sensor for rapid and specific in vivo detection of

norepinephrine [J]. Neuron, 2019, 102: 745-761.e8.



