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Supplementary Tables 

Supplementary Table 1. Potency of the indicated ligands of the GABAB receptor in the different 
neurons and in HEK293 cells using the indicated Gi/o protein sensors. Values are mean ± SEM from n 
independent experiments as indicated. 
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Supplementary Table 2. Potency and efficacy of the indicated orthosteric ligands on the cannabinoid 
receptor CB1 in CGNs and HEK293 cells using the indicated Gi/o protein sensors. Values are mean ± 
SEM from n independent experiments as indicated. Statistical significance of pEC50 and Emax are analysed 
using one-way analysis of variance (ANOVA) with a Dunnett’s post-hoc multiple comparison test (compared 
with CP 55940 group). ****p < 0.0001; ***p < 0.001, **p < 0.01 and not significant (ns). 
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Supplementary Table 3. G protein response bias analysis of CP 55940 and Bay 59-3074 using Win 
55,212-2 as reference (ref.) in CGNs and transfected HEK293 cells. 

 

 

  



5 

 

 

Supplementary Figures 

 

Supplementary Fig. 1. Validation of the Gi/o sensors in CGNs. (a) Detection of endogenous Gβ1, Gβ2, 
Gβ3 and Gβ5 in CGNs and HEK293 cells by western blotting. Blots are representative from three 
independent experiments. Values are mean ± SEM from three biologically independent experiments. (b) 
Comparison of the constructs for the Nluc sensors developed in this study with the TRUPATH sensors for 
the indicated Gi/o sensors. (c) Luminescence intensity measured in CGNs transfected with the indicated GαoA

 

luciferase constructs and Gγ2 fused with indicated fluorescence protein (50 ng each per well in 96-well plate). 
Coelenterazine 400a (10 µM) was added for GoA

Rluc8 and GFP2Gγ2 (TRUPATH sensor); coelenterazine H (5 
µM) was added for GoA

Rluc8 and VenusGγ2; furimazine (10 µM) was added for GoA
Nluc and VenusGγ2 in CGNs. 

For these three GoA sensors, the signal was measured immediately after addition of these subtsrates. The 
effect of these three substrates was also measured in nontransfected CGNs (Mock). Data are representative 
from two independent experiments. (d) Kinetics of the BRET signal in CGNs co-expressing VenusGγ2 and 
GαoA

Nluc or GαoA
Rluc8. Buffer or baclofen (100 µM) were injected at the indicated time (arrow). Data are 

representative from independent experiments (Nluc: n = 4; Rluc8: n = 2). (e) Comparison of the expression 
of endogenous Gβ1, Gβ2, Gβ3 and Gβ5 in HEK293 cells transfected with or without the indicated Gαi1

Nluc 
and VenusGγ2. Data are representative from three independent experiments. The raw data and p values are 
available in source data provided as a Source Data file. 
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Supplementary Fig. 2. GABAB receptor-induced Gi/o responses in CGNs. (a-c) Kinetics of the BRET 
signal between GαNluc and VenusGγ2 in CGNs co-expressing VenusGγ2 and Gαi1

Nluc or GαoA
Nluc. Buffer or 

baclofen (100 µM) or competitive antagonist CGP64213 (10 µM) were injected at the indicated time (arrow). 
(d-e) Kinetics of the BRET signal in CGNs expressing Gi1

Nluc alone, or Gi1
Nluc and Venus, or Gi1

Nluc-S47A 
and VenusGγ2, or Gi1

Nluc-G202T and VenusGγ2. Baclofen (100 µM) was injected at the indicated time (arrow). (f) 
Change of BRET signal between Gαi1

Nluc and VenusGγ2 induced by baclofen, in CGNs co-expressing VenusGγ2 
and Gαi1

Nluc (50 ng each/well), or VenusGγ2, Gβ1 and Gαi1
Nluc (50 ng each/well). The data presented are as 

mean ± SEM of the BRET ratios from three independent experiments. (g) Effect of the quantity of transfected 
cDNA (5, 10, 20, 40, 80 and 100 ng/well in 96-well plate) for the constructs Gαi1

Nluc, Gαi2
Nluc, Gαi3

Nluc, 
GαoA

Nluc, GαoB
Nluc or Gαz

Nluc, together with VenusGγ2 (50 ng/well) on the luminescence signal of the luciferase 
at 480 nm in CGNs. Data are representative from at least three independent experiments in (a-e, g). (a), n = 
5; (b), n = 4; (c), n = 4; (d), n = 3; (e), n = 3; (g), n = 3. The raw data and p values are available in source 
data provided as a Source Data file. 
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Supplementary Fig. 3. BRET signal and expression of the different Gi/o protein sensors in HEK293 
cells and CGNs. (a) Change of BRET signal upon different concentration of LPA treatment in HEK293 cells 
co-transfected with VenusGγ2 and the Nluc-tagged Gαi1, Gαi2, Gαi3, GαoA or GαoB. Values are mean ± SEM 
from three biologically independent experiments each performed in triplicate and normalized to maximum 
response. (b) Expression of the Nluc-tagged Gαi1, Gαi2, Gαi3, GαoA or GαoB in (a), measured by the 
luminescent signal at 480 nm. Values are mean ± SEM from three biologically independent experiments each 
performed in triplicate. The values of individual wells are shown. Data are analysed by using one-way 
analysis of variance (ANOVA) with a Dunnett’s post-hoc multiple comparison test to determine significance 
(compared with Gi1 group). ****p < 0.0001 and not significant (ns). (c) Change of BRET signal upon 
baclofen treatment in the cells in Fig. 2a: HEK293 cells co-transfected with GB1, GB2, Gβ1, VenusGγ2 and 
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the Nluc-tagged Gαi1, Gαi2, Gαi3, GαoA, GαoB or Gαz; CGNs co-transfected with VenusGγ2 and the Nluc-
tagged Gαi1, Gαi2, Gαi3, GαoA, GαoB or Gαz. Values are mean ± SEM from four biologically independent 
experiments each performed triplicate or quadruplicate. The values of individual wells are shown. Data are 
analysed by using a paired t-test between basal and baclofen treatment. ****p < 0.0001 and **p < 0.01. (d) 
Dose-response and pEC50 of baclofen-induced BRET change between the indicated Gαi/o

Nluc and VenusGγ2 in 
CGNs (n = 4). Data are analysed by using one-way analysis of variance (ANOVA) with a Dunnett’s post-
hoc multiple comparison test to determine significance. not significant (ns). The raw data and p values are 
available in source data provided as a Source Data file.   
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Supplementary Fig. 4. Ligand potencies of the endogenous GABAB receptor in cortical and 
hippocampal neurons compared to HEK293 cells. (a) Change of BRET signal between GαNluc and 
VenusGγ2 induced by the indicated agonists of the GABAB receptor in HEK293 cells co-transfected with GB1, 
GB2, Gβ1, VenusGγ2 and Gαi1

Nluc or GαoA
Nluc. (b-c) Change of BRET signal between GαNluc and VenusGγ2 

induced by the indicated agonists of the GABAB receptor in cortical neurons or hippocampal neurons co-
transfected with VenusGγ2 and Gαi1

Nluc or GαoA
Nluc. (d) Correlation of the agonist potencies (pEC50) between 

HEK293 cells and cortical neurons or hippocampal neurons determined by the Gi1 and GoA BRET sensors 
in (a-c). Dotted lines are the correlation of pEC50 determined with HEK293 cells. Red lines are the fit of 
pEC50 in cortical neurons or hippocampal neurons with the same slope as dotted lines. Data are mean ± SEM 
from at least three biologically independent experiments each performed in triplicate, in a-c. (a), baclofen, 
GABA and SKF 97581, n = 4; APPA, n = 3. (b), Gi1, n = 4; GoA, n = 3. (c), Gi1, n = 3; GoA, n = 3. Data are 
normalized to maximum baclofen response in (a, b, c). The raw data and p values are available in source 
data provided as a Source Data file. 
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Supplementary Fig. 5. Effect of PAM Rac BHFF and antagonist CGP54626 on the change in GABAB 
receptor activity in CGNs and HEK293 cells. (a) The effect of Rac BHFF in baclofen-induced GoA 
response in transfected CGNs and HEK293 cells (GB1 + GB2: 9 ng + 12 ng per well for 96-well plate). (b) 
The effect of Rac BHFF in baclofen-induced Gi1 and GoA response in transfected HEK293 cells (GB1 + GB2: 
30 ng + 40 ng per well for 96-well plate). (c) The effect of Rac BHFF alone in Gi1 and GoA response in 
transfected HEK293 cells and CGNs. Data are mean ± SEM from three biologically independent experiments 
each performed in triplicate, in a-c. Data are normalized to maximum baclofen response in (a, b) and 
normalized to Rac BHFF maximum response in (c). (d) BRET ratio of the Gi1 and GoA sensors in absence 
(control, Ctr) or presence of CGP54626 (50 µM for 30 min) in CGNs co-expressing VenusGγ2 and Gαi1

Nluc or 
GαoA

Nluc and in HEK293 cells co-transfected with GB1, GB2, Gβ1, 
VenusGγ2 and Gαi1

Nluc or GαoA
Nluc. Data 

are from biologically independent experiments (CGNs, n = 4; HEK293 cells, n = 5), and analysed using a 
paired-t test. **p < 0.01 and not significant (ns). The raw data and p values are available in source data 
provided as a Source Data file. 
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Supplementary Fig. 6. Change of BRET signal induced by α2AR and expression of the different Gi/o 
protein sensors in CGNs and HEK293 cells. (a) Dose-response of brimonidine-induced BRET change for 
the indicated Gi1 or GoA sensors in HEK293 cells co-transfected with mouse α2AAR (15 ng or 50 ng), Gβ1, 
VenusGγ2 and Gαi1

Nluc or GαoA
Nluc, for the indicated amount of α2AAR cDNA. Values are mean ± SEM from 

four biologically independent experiments each performed in triplicate. (b) Change of BRET signal upon 
brimonidine treatment in the cells in Fig. 5e (CGNs co-transfected with VenusGγ2 and the Nluc-tagged Gαi1, 
Gαi2, Gαi3, GαoA, GαoB or Gαz; HEK293 cells co-transfected with mouse α2AAR, Gβ1, VenusGγ2 and the 
Nluc-tagged Gαi1, Gαi2, Gαi3, GαoA, GαoB or Gαz). Values are mean ± SEM from four biologically 
independent experiments each performed in triplicate or quadruplicate. Data are analysed by using a paired 
t-test between basal and brimonidine treatment. ****p < 0.0001. (c) Expression of the Nluc-tagged Gαi1, 
Gαi2, Gαi3, GαoA, GαoB or Gαz in transfected CGNs or HEK293 cells in Fig. 5e, measured by the 
luminescent signal at 480 nm. Values are mean ± SEM from four biologically independent experiments each 
performed in triplicate or quadruplicate. The values of individual wells are shown. Data are analysed by 
using one-way analysis of variance (ANOVA) with a Dunnett’s post-hoc multiple comparison test to 
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determine significance (compared with Gi1 group). ***p < 0.001, *p < 0.05 and not significant (ns). The raw 
data and p values are available in source data provided as a Source Data file. 
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Supplementary Fig. 7. Change of BRET signal induced by CB1 receptor and expression of the different 
Gi/o protein sensors in CGNs and HEK293 cells. (a) Change of BRET signal upon CP 55940 treatment in 
the cells in Fig. 6b (CGNs co-transfected with VenusGγ2 and the Nluc-tagged Gαi1, Gαi2, Gαi3, GαoA, GαoB 

or Gαz; HEK293 cells co-transfected with mouse CB1, Gβ1, 
VenusGγ2 and the Nluc-tagged Gαi1, Gαi2, Gαi3, 

GαoA, GαoB or Gαz). Values are mean ± SEM from four biologically independent experiments each 
performed in triplicate. Data are analysed by using a paired t-test between basal and CP 55940 treatment. 
****p < 0.0001 and ***p < 0.001. (b) Expression of the Nluc-tagged Gαi1, Gαi2, Gαi3, GαoA, GαoB or Gαz 
in transfected CGNs and HEK293 cells in Fig. 6b, measured by the luminescent signal at 480 nm. Values 
are mean ± SEM from four biologically independent experiments each performed in triplicate. The values 
of individual well are shown. Data are analysed by using one-way analysis of variance (ANOVA) with a 
Dunnett’s post-hoc multiple comparison test to determine significance (compared with Gi1 group). ****p < 
0.0001, ***p < 0.001, **p < 0.01, *p < 0.05 and not significant (ns). (c) CP 55940-induced net BRET 
between GαNluc and VenusGγ in CGNs with or without CB1 transfection (50 ng/well), for the indicated Gi/o 
sensors. CGNs were co-transfected only with indicated VenusGγ2 and the Nluc-tagged Gαi1, Gαi2, Gαi3, GαoA 
or GαoB. Values are mean ± SEM from four biologically independent experiments each performed in 
triplicate. The expression of the indicated Nluc-tagged Gαi/o in these CGNs was measured by the luminescent 
signal at 480 nm. Values are mean ± SEM from three biologically independent experiments each performed 
in triplicate. The values of individual well are shown. (d) Western blotting detection of CB1 and β-actin in 
the CGNs in (c). The raw data and p values are available in source data provided as a Source Data file. 
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Supplementary Fig. 8. Phylogenetic trees of human Gγ subunits. Gγ subunits are classified in I-V groups 
using MegaX software. The numbers at the nodes of the branches represent the percentage of the bootstrap 
test (1000 replicates). Scale bar, 0.1 = 10% genetic distance. 
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Supplementary Fig. 9. Change of BRET signal induced by the indicated receptors and expression of 
the different Gi/o protein sensors in CGNs. (a-b) Change of BRET signal upon baclofen, brimonidine or 
CP 55940 treatment in CGNs co-transfected with VenusGγ8 or VenusGγ9 together with the Nluc-tagged Gαi1, 
Gαi2, Gαi3, GαoA, GαoB or Gαz (referred to Fig. 7a-b). Values are mean ± SEM from biologically 
independent experiments (baclofen and brimonidine, n = 5; CP 55940, n = 3) each performed in triplicate. 
Data are analysed by using a paired t-test between basal and indicated drug treatment. ****p < 0.0001, ***p 
< 0.001, **p < 0.01 and not significant (ns). (c-d) Expression of the Nluc-tagged Gαi1, Gαi2, Gαi3, GαoA, 
GαoB or Gαz in transfected CGNs in Fig. 7a-b, measured by the luminescent signal at 480 nm. Values are 
mean ± SEM from biologically independent experiments (baclofen and brimonidine, n = 5; CP 55940, n = 
3) each performed in triplicate. The values of individual well are shown. Data are analysed by using one-
way analysis of variance (ANOVA) with a Dunnett’s post-hoc multiple comparison test to determine 
significance (compared with Gi1 group). ****p < 0.0001, ***p < 0.001 and **p < 0.01. The raw data and p 
values are available in source data provided as a Source Data file. 
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Supplementary Fig. 10. Schematic representation of the constructs used (a) for GABA
B
 receptor (GABA

B1
 and G

ABA
B2

 subunits), (b) for CB1 or α
2a

AR receptors, (c) for Gα
i1

Nluc, Gα
i2

Nluc, Gα
i3

Nluc, Gα
oA

Nluc, Gα
oB

Nluc and Gα
z
Nluc, 

(d) for VenusGγ
2
, VenusGγ

8
 and VenusGγ

9
. TR, GS, SGGGS, SGGGEF, KLGT are amino acid linkers. 
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Supplementary Fig. 11. Sequences of the constructs used for the rat GABAB receptor (GB1 and GB2 
subunits), mouse α2AAR and mouse CB1 receptor. The amino acid sequence of the signal peptide of GB1 
and GB2 (dark red), HA tag of GB1, α2AAR and CB1 (red), Flag tag of GB2 (blue), amino acid linkers 
(green) and receptor (black) are indicated. 
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Supplementary Fig. 12. Sequences of the constructs used for human Gαi1
Nluc, Gαi2

Nluc, Gαi3
Nluc, GαoA

Nluc, 
GαoB

Nluc and Gαz
Nluc. The Gα proteins (black), amino acid linkers (red) and Nluc (blue) are indicated. 



20 

 

 

 

Supplementary Fig. 13. Sequences of the constructs used for human VenusGγ2, VenusGγ8 and VenusGγ9. The 
Venus (orange), amino acid linker (red) and Gγ subunit (purple) are indicated. 

 


