
Supplementary Methods 

 

Detailed description of bioluminescence resonance energy transfer (BRET) 

measurements 

 

To measure the G protein activation of the different CB1R variants, cells on 6-well plates 

were transfected with the appropriate constructs (using 0.5 µg/well αo-Rluc, 2 µg/well 

YFP-β1, 2 µg/well γ11 and 2 µg/well CB1R). 22-26 hours later, cells were detached with 

PBS-EDTA, centrifuged, resuspended in a modified Krebs-Ringer buffer containing 

0.120 M NaCl, 0.0047 M KCl, 0.0012 M CaCl2, 0.0007 M MgSO4, 0.01 M glucose, 

0.1% w/v BSA and 0.01 M Na-HEPES, pH 7.4; and transferred to white 96-well plates. 

Measurements were performed at 37 °C, after the addition of the cell permeable 

substrate, coelenterazine h at a final concentration of 5 µM. Counts were recorded using a 

Mithras LB 940 multilabel reader (Berthold Technologies, Bad Wildbad, Germany) with 

filters at 485 (for Rluc) and 530 nm (for YFP) wavelengths. BRET signal was calculated 

as a YFP/Rluc emission ratio. Measurements were done in triplicates. Single points of 

dose-response curves were first calculated as the difference between average BRET 

signal before stimulus and average BRET signal 1 to 3 min after stimulus. These data 

were then converted to a % scale, whereby 0% (total inactivity) was defined as the BRET 

level after inverse agonist (AM251, 10 µM) treatment, and 100% (maximal activity) was 

defined as maximal WIN55- or 2-AG-induced response of wild-type CB1R.  

The BRET assay measuring the translocation of β-arrestin2 to the plasma membrane was 

carried out similarly as above. The DNA amounts used for transfection were 0.5 µg/well 



β-arr1 or β-arr2-Rluc, 0.25 µg/well MP-mVenus and 2 µg/well CB1R. Single points of 

dose-response curves were first calculated as the difference between average BRET 

signal before stimulus and average BRET signal 5 to 20 min after stimulus. These data 

were then converted to a % scale similarly as above. In case of β-arr1 BRET, 100% was 

defined as maximal WIN55- or 2-AG-induced responses of CB1R-AAY instead of CB1R-

WT. 

The BRET assay measuring the intracellular cAMP levels with the EPAC-based BRET 

sensor was carried out similarly as above. The DNA amounts used for transfection were 1 

µg/well EPAC-BRET sensor and 10 ng/well CB1R. Cells were treated with CB1R ligand 

(or vehicle) together with 5 µM forskolin. Single points of dose-response curves were 

first determined as an average BRET signal 30 min after stimulus. These data were then 

converted to a % scale similarly as above. 

The BRET assay measuring plasma membrane localization of CB1R variants was carried 

out similarly as above. The DNA amounts used for transfection were 0.25 µg/well MP-

Sluc and 2 µg/well CB1R-mVenus. PM/total receptor BRET was calculated using the 

equation: 
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measured in cells expressing MP-Sluc and mVenus-tagged CB1R (reflecting raw plasma 

membrane BRET interaction); BRETSluc only is the raw BRET signal measured in cells 

expressing MP-Sluc and non-tagged CB1R (reflecting background BRET signal); IVenus is 

the average mVenus fluorescence intensity, measured before the addition of 

coelenterazine h, with 485 nm excitation and 530 nm emission (reflecting total receptor 

expression); and ISluc is the average Sluc bioluminescence intensity, measured after the 



addition of coelenterazine h, with 530 nm emission (representing an internal control for 

receptor expression). The data are expressed as a % of CB1R-WT. 

 

Detailed description of Western blot measurements 

 

Cells for Western blot analysis were transfected on 6-well plates using 2 µg/well CB1R. 

22-26 hours later, cells were serum-starved for 2 hours, stimulated with WIN55,212-2 for 

the indicated time, then placed on ice and washed twice with ice-cold PBS. Cells were 

scraped into SDS sample buffer, briefly sonicated, boiled at 95°C for 5 min, centrifuged 

at 4°C for 10 min and separated on SDS polyacrilamide gels. The proteins were 

transferred to PVDF membranes, blocked (5% w/v fat-free milk powder in PBS with 

0.05% v/v Tween 20 (PBST), overnight at 4°C) and incubated with mouse anti-pERK1/2 

primary antibody or rabbit anti-ERK1/2 primary antibody (1 h, diluted 1:500 or 1:1000, 

respectively, in PBST containing 5% fat-free milk powder) and HRP-linked goat anti-

mouse or anti-rabbit (respectively) secondary antibody (30 min, diluted 1:5000 in PBST 

containing 5% fat-free milk powder). The antibodies were visualized using Immobilon 

Western Chemiluminescent HRP Substrate (Millipore, MA) according to manufacturer’s 

instructions. Western blot images were scanned and quantified using the ImageJ software 

(W. S. Rasband, ImageJ, United States National Institutes of Health, Bethesda, MD 

(rsb.info.nih.gov/ij/). 


