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   Introduction 
       The   protein complementation assays (PCA) 
approach utilizing various split protein 
fragments such as fl uorescent proteins  [1] , 
luciferases  [2] , and other enzymes  [3,  4]  
has been introduced to investigate protein-
protein interactions  in vitro  in intact cells. 
Many of these have been incorporated 
into pharmacology settings because of 
their versatility when fused to proteins of 
interest  [5] . Among them, luciferase comple-
mentation has been intensively studied in 
luciferases of various species of origin  [6] . 
These proteins show utility in reliable kinetic 
measurement, and some split luciferases 
exhibit reversibility, making them very useful 
as fusion fragments  [7–9] . 

 Currently, PCA-based pharmaco-
logical assays rely mostly on a fusion of 
bulky protein fragments. In addition, the 
signal brightness of the luciferase comple-
mentation approach should be improved, 
particularly to make it amenable for higher 
throughput applications. Consequently, 

smaller split fragments with brighter signals 
in a smaller number of cells would make 
the assay more adaptable. NanoLuc, which 
was engineered from  Oplophorus  lucif-
erase  [10] , is superior to other luciferases 
because of its small size and luminescence 
intensity  [11] . Compared with  Renilla  lucif-
erase (Rluc), it is about half the size (19 
vs 36 kDa) and produces luminescence 
∼150-fold greater  [11] . To improve on the 
shortcomings of previously reported split 
luciferases of other species (e.g., bulkiness 
and signal level), we developed a novel 
bimolecular NanoLuc complementation 
(BiNC) pair of fragments and investigated 
their functional properties. 

 Besides the novelty in PCA tool-making, 
the BiNC approach is key to advancing 
the development of robust and compact 
pharmacology assays. In G-protein coupled 
receptor (GPCR) drug screening, receptor-G 
protein coupling as well as G protein subunit 
rearrangement can be used effectively as 
ways to measure agonist and antagonist 
behaviors  [12] . While this manuscript was 

in preparation, a thorough analysis of split 
positions for NanoLuc was reported  [13] . 
The split position we selected in this current 
work happens to be near the residues 
tested by Dixon  et al.  In the current study, 
the BiNC fusion is integrated to the GPCR 
activation scheme mentioned above to 
develop a variety of novel pharmacology 
assays beyond protein recruitment to a 
receptor. The establishment of reliable 
pharmacological assays in various GPCRs 
demonstrates the validity and utility of the 
BiNC approach reported herein.  

  Materials & methods 
  DNA constructs & transfection 
       FRB or FKBP was C-terminally fused to a 
short linker (SGGGGS) followed by either 
an Rluc8 N-terminal fragment (L1; residues 
1–229), an Rluc8 C-terminal fragment 
(L2; residues 230–311)   [14] , a NanoLuc 
N-terminal fragment (Nluc1; residues 1–97; 
VFTLEDFVGDWRQTAGYNLDQVLEQG-
GVSSLFQNLGVSVTPIQRIVLSGENGLKI-
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DIHVIIPYEGLSGDQMGQIEKIFKVVYPVD-
DHHFKVILHYG), or a NanoLuc C-terminal 
fragment (Nluc2; residues 98–171; 
TLVIDGVTPNMIDYFGRPYEGIAVFDGK-
KITVTGTLWNGNKIIDERLINPDGSLLFRV-
TINGVTGWRLCERILA). Human receptor 
constructs, dopamine D1, D2, adreno-
ceptor β2A, adenosine A2A and musca-
rinic M4, were N-terminally fused with a 
signal peptide followed by a Flag epitope tag 
for enhanced cell surface expression [15] 
and their detection  [16]. For the split 
fusions, either L1, L2, Nluc1, or Nluc2 was 
fused C-terminally. A linker was inserted 
between the receptor and the split fusion 
for D1 (made also without the linker), D2 
and M4. The following effector constructs 
were made: Gαs-Nluc1 (inserted at residue 
67), Gαs-Nluc2 (inserted at residue 67), 
Gαi1-Nluc1 (inserted at residue 91), 
Gαi1-Nluc2 (inserted at residue 91), Nluc1-
Gγ2, Nluc2-Gγ2 and Nluc2-β-arrestin2. 
Untagged Gβ1, Gγ2 and GPCR kinase 2 
(GRK2) were also used for co-transfection. 
All the constructs were confirmed by 
sequencing analysis. A constant amount 
of plasmid cDNA (15 μg) was transfected 
into human embryonic kidney cells 293T 
(HEK-293T) using polyethylenimine (PEI; 
Sigma-Aldrich, MO, USA) in a 1:2 ratio in 
10-cm plates. Cells were maintained in 
culture with Dulbecco’s modified Eagle’s 
medium supplemented with 10% fetal 
bovine serum and kept in an incubator 
at 37°C and 5% CO2. The transfected 
amount and ratio among the receptor and 
heterotrimeric G proteins were optimized 
for the greatest dynamic range in drug-
induced luminescence. Experiments were 
performed approximately 48 h post-trans-
fection.

Luciferase complementation assay
The time course of luciferase comple-
mentation was measured by rapamycin 
(Tocris, Bristol, UK)- and FK506 (Tocris)-
induced complex formation and disso-
ciation between FRB-L1 and FKBP-L2, 
or FRB–Nluc1 and FKBP–Nluc2. Four 
modes of luciferase complementation 
assays were performed to detect receptor 
ligand-induced events for i) Receptor–Gα 
engagement, ii) Receptor–Gγ interaction, iii) 
Gα-γ protein activation, and iv) Receptor–
βarrestin2 recruitment. For each configu-
ration, both complementation pairs were 
tested (i.e., Nluc1 fusion–Nluc2 fusion pair 
and Nluc2 fusion–Nluc1 fusion pair). Cells 
were harvested, washed and resuspended 

in phosphate-buffered saline (PBS). Approx-
imately 200,000 cells/well were distributed 
in 96-well plates, and 5 μM coelenter-
azine H (Nanolight®, AZ, USA) or 0.03% 
furimazine (Promega, Southampton, UK) 
was added to each well. 1 min after addition 
of coelenterazine H or furimazine, ligands 
(dopamine [Sigma], L-(-)-norepinephrine 
[Sigma], 5′-N-Ethylcarboxamidoadenosine 
[NECA, Tocris], isoproterenol [Tocris], or 
carbachol [Tocris]) were added to each 
well. The complemented luminescence 
was quantified with an open filter for 1 sec 
using a Mithras LB940 (Berthold Technol-
ogies, Bad Wildbad, Germany) after 10 min 
of substrate incubation. Drug-induced 
luminescence values are expressed as the 
basal subtracted luminescence change in 
the dose–response graphs. Data and statis-
tical analysis were performed with Prism 5 
(GraphPad Software).

Results & discussion
Rapid kinetic complementa-
tion of novel NanoLuc splits
Based on the previously predicted beta 
strand repeats  [10], which were later 
confirmed in the crystal structure that 
emerged during the preparation of this 
manuscript  [17], a split position was 
chosen at residue 96. In order to assess 
the suitability of the split position, the amino 
acid sequences encoding the N-terminal 
(Nluc1) and C-termminal (Nluc2) fragments 
were fused C-terminally to FRB and FKBP 
for testing rapamycin-induced [18,19] BiNC 
as the macrolide rapamycin induces 
complex formation between the FRB and 
FKBP domains (Figure 1A–C). Using the 
same scheme, Rluc split constructs (Renilla 
luciferase bimolecular complementation 
[BiRC]) were fused to FRB and FKBP and 
compared for complementation kinetics 
(Figure 1E–G). When incubated in 100 nM 
rapamycin for 3 h, at the end of which the 
substrate coelenterazine H (5 μM, a nonsat-
urating but effective concentration; Supple-
mentary Figure 1A & B) was added, cells 
expressing the FRB–Nluc1 and the FKBP–
Nluc2 showed an increase of 1.74 × 106 
counts (arbitrary units), a 5.5-fold increase 
from the vehicle treated background 
(Figure 1A, orange). The same fold increase 
was maintained for over 40 min of detection 
after the substrate was added while the 
absolute counts decayed. This increase 
in BiNC is in contrast to the 1.44 × 104 
counts and 24% increase for rapamycin-

treated cells expressing FRB–Rluc1 and 
FKBP–Rluc2 in the BiRC configuration 
(Figure 1E, orange). FK506 is a compet-
itive inhibitor for rapamycin and therefore 
disrupts complex formation between the 
FRB and FKBP domains. 3-h incubation of 
10 μM FK506 caused only an 8% drop in 
the average level of luminescence in BiNC 
(Figure 1A, blue vs black) at 5 min after 
the substrate addition, indicating that basal 
level of complex formation can only be 
reversed very weakly by FK506. A smaller 
change (2%) by FK506 was observed in 
BiRC (Figure 1E, blue). Next the compet-
itive inhibition of rapamycin by FK506 
was assessed. Addition of 10 μM FK506 
together with 100 nM rapamycin for 3 h 
decreased the BiNC luminescence by 28% 
(Figure 1A, red), whereas the co-admin-
istration of the drugs only decreased the 
BiRC luminescence by 3% (Figure 1E, 
red) showing a partial but substantial 
degree of competition by FK506 in the 
BiNC configuration. Stability of the BiNC 
was tested for the same conditions in the 
presence of 30 μg/ml cycloheximide, an 
inhibitor of protein biosynthesis [20], as 
newly synthesized luciferase fragments 
can replenish the complemented pool. 
Cycloheximide did not cause a significant 
luminescence change in the response to 
rapamycin or FK506 treatment (Figure 1A, 
orange open and blue open) confirming 
that no new protein synthesis contributed 
to BiNC formation and BiNC was stable 
for at least 3 h. Because of its relatively 
low cost, we carried out the bulk of our 
assays with coelenterazine H. We also 
tested the more stable but much more 
expensive substrate furimazine [11] for its 
kinetics (Supplementary Figure 1C & D). In 
this case, BiNC showed a steady level of 
maintained or slightly increased lumines-
cence over the time period measured. 
Notably, the rapamycin-induced fold 
increase in luminescence was similar 
to that with coelenterazine H, and the 
remainder of our studies were carried out 
with colenterezine H. As expected, with 
furimazine, BiRC did not yield lumines-
cence as high as BiNC, indicating the 
preference of substrate-enzyme selectivity. 

Next the kinetics of drug-induced BiNC 
was measured by adding the drugs and 
substrate at the same time without prior 
incubation. When added at the same time 
as coelenterazine H, rapamycin increased 
the luminescence 2.3-fold (Figure 1B, 
orange) and FK506 alone decreased 
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14% (Figure 1B, blue) compared with the 
vehicle on average between 2–40 min. 
Interestingly, when FK506 was added 5 min 
after rapamycin (Figure 1B red), the degree 
of luminescence drop caused by FK506 
(8%) was similar to FK506 alone (Figure 1B 
blue) indicating that FK506 does not reverse 
rapamycin’s effect. To confirm the lack of 
luciferase enzyme activity in the individual 
fragments of Nluc1 and Nluc2, FRB–Nluc1 
or FKBP–Nluc2 was expressed separately. 
As expected, when FRB–Nluc1 or FKBP–
Nluc2 was expressed alone, there was no 
luminescence, nor with vehicle, rapamycin 
or FK506 treatment (Figure 1C). The same 
results were observed for FRB–Rluc1 
and FKBP–Rluc2 (Figure 1G). Somewhat 
surprisingly, when FRB–Nluc1-expressing 
and FKBP–Nluc2-expressing cells were 
combined in the same well, rapamycin 
induced a dramatic increase in lumines-
cence compared with vehicle treatment 
(Figure 1C, black square and light blue 
square). In comparison, combination of 
FRB–Rluc1- and FKBP–Rluc2-expressing 

cells did not yield much luminescence 
(Figure 1G, black square and light blue). The 
complementation happened likely due to 
the cytosolic protein leaking out to the extra-
cellular space via compromised plasma 
membrane or potentially from fragments that 
were secreted. Finally, the specificity of the 
rapamycin effect was tested by examining 
the effects of rapamycin on BiNC between 
two proteins that lack the FKBP and FRB 
domains. Dopamine receptor D2 (D2R) 
fused with either Nluc1 or Nluc2 C-terminally 
was both co-transfected and rapamycin was 
added. Substantial complementation took 
place akin to the level of rapamycin-induced 
FRB–Nluc1 and FKBP–Nluc2 (Figure 1B), 
but as expected, rapamycin did not cause 
a significant change in the luminescence. 
Similar results were observed for the D2R–
Rluc fusion complementation counterparts 
(Figure 1D and H).

NanoLuc complementation-
based tools for evaluat-
ing G-protein activation

As the chemically induced interaction 
between the NanoLuc splits was confirmed, 
BiNC induced by protein–protein inter-
action was next investigated in the context 
of GPCR-signaling (Figure 2A). The speci-
ficity of protein-protein interaction between 
dopamine D1 receptor (D1R) and its cognate 
Gα subunit, Gs, was used to explore 
NanoLuc complementation. Transfection 
with a fixed amount of D1R–Nluc1 and an 
increasing amount of co-transfected Gs–
Nluc2 led to a dramatic saturable increase in 
luminescence, whereas FRB–Nluc2, which 
is not expected to interact with D1R, did 
not show increased luminescence (Figure 
2A). In addition, noncognate G protein 
coupling (i.e., D1R–Gi and D2R–Gs) was 
effectively absent without any ligand added 
(Supplementary Figure 2A). The results 
indicate that the BiNC can be enhanced 
by specific protein-protein interactions of 
fusion proteins. 

Next, agonist-induced G protein 
coupling was studied using an optimized 
1:1 transfection ratio between D1R–Nluc1 
and Gs–Nluc2. DA-induced lumines-
cence followed a saturable dose–response 
curve (Figure 2B; pEC50 = 6.78 ± 0.25), 
while noncognate pairs did not show 
DA-induced luminescence (Supple-
mentary Figure 2B). In a configuration that 
detects a conformational change related 
to G protein activation [21], a DA-induced 
luminescence was measured between 
Gs–Nluc1 and Gγ2–Nluc2 (Figure 2C; 
pEC50 = 6.96 ± 0.11). The result showed 
a positive BiNC with a similar EC50 for DA 
as the D1R–Nluc1 – Gs–Nluc2 configu-
ration in Figure 2B. The agonist-induced 
signal increase in Gs–Gγ2 configuration is 
in agreement with other studies [12,21,22]. 
To further characterize the conformational 
change within the D1R–G protein complex, 
an agonist-induced change between D1R–
Nluc1 and Gγ2–Nluc2 was measured 
(Figure 2D; pEC50 = 7.78 ± 0.16). Inter-
estingly, in this configuration, DA caused 
a drop in luminescence indicating either 
dissociating movement or chromophore 
rearrangement between the receptor and 
γ subunit. Nonetheless, the pEC50 values 
of all the different configurations report in 
a relatively tight range between 6.78 and 
7.78, indicating similar drug-induced confor-
mational changes among different fusion 
constructs, albeit with somewhat different 
apparent potencies. The recruitment of 
the signaling protein, β-arrestin, was also 
studied (Figure 2E; pEC50 = 6.00 ± 0.10). 

Figure 1. Drug-induced complementation of split luciferase fragments. Throughout, time scale cor-
responds to substrate (5 μM coelenterazine H) incubation time. (A) Kinetic measurement of NanoLuc 
complementation between FRB–Nluc1 and FKBP–Nluc2 after 3 h of incubation with vehicle (black), 
100 nM rapamycin (orange), 10 μM FK506 (blue), 100 nM rapamycin + 10 μM FK506 (red), 30 μg/
ml cycloheximide + vehicle (black open), 30 μg/ml cycloheximide + 100 nM rapamycin (orange open), 
30 μg/ml cycloheximide + 10 μM FK506 (blue open). (B) Kinetic measurement of NanoLuc comple-
mentation between FRB–Nluc1 and FKBP–Nluc2 with simultaneous addition of vehicle (black), 100 nM 
rapamycin (orange), 10 μM FK506 (blue), 100 nM rapamycin + 10 μM FK506 added after 5 min (red). 
(C) Time-dependent drug-induced change of NanoLuc activity in cells separately expressing split frag-
ments immediately after addition of vehicle with FRB–Nluc1 fragment (black top hemi circle), 100 nM 
rapamycin with FRB–Nluc1 fragment (orange top hemi circle), 10 μM FK506 with FRB–Nluc1 fragment 
(blue top hemi circle), vehicle with FKBP–Nluc2 fragment (black bottom hemi circle), 100 nM rapamy-
cin with FKBP–Nluc2 fragment (orange bottom hemi circle), 10 μM FK506 with FKBP–Nluc2 fragment 
(blue bottom hemi circle), vehicle with FRB–Nluc1 fragment cells and FKBP–Nluc2 fragment cells 
combined (black square), and 100 nM rapamycin with FRB–Nluc1 fragment cells and FKBP–Nluc2 
fragment cells combined (light blue square). (D) NanoLuc complementation between D2R–Nluc1 and 
D2R–Nluc2 immediately after 3 h of incubation with vehicle (black), and 100 nM rapamycin (orange). 
(E–H) Rluc complementation (same experimental scheme and legend for A–D applied).
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As expected, DA caused a luminescence 
increase in D1R–Nluc1 and β-arrestin 
2-Nluc2 transfected cells, with slow kinetics 
consistent with the expected time frame of 
arrestin recruitment (data not shown).

The BiNC configurations shown in 
Figure 2 were then tested for complemen-
tation using constructs in which Nluc1 and 
Nluc2 were reversed. As shown in the first 
column of Figure 3, fusion replacement 
between Nluc1 and Nluc2 (e.g., D1N1–GsN2 
vs D1N2–GsN1, D1N1–Gγ2N2 vs D1N2–
Gγ2N1) results in the same directionality 
of agonist-induced response except for 
GsN1–Gγ2N2 vs GsN2–Gγ2N1 in which 
GsN2–Gγ2N1 showed a time-dependent 
luminescence change in directionality of the 
agonist response from negative- to positive-
induction. 

In order to validate the coupling findings 
and build pharmacological tools for different 
receptors, we made a series of constructs 

harboring Nluc1 and Nluc2 fusion in Gs- and 
Gi-coupled receptors (Figure 3). Consis-
tently, other Gs-coupled receptors, β2 
adrenergic receptor (β2AR) and adenosine 
A2A receptor (A2AR), showed similar 
patterns of BiNC change as D1R. By 
contrast, Gi-coupled receptors (dopamine 
D2 receptor [D2R] and muscarinic M4 
receptor [M4R]) showed quite different 
patterns of BiNC compared with the 
Gs-coupled receptors, consistent with their 
expected coupling to Gi. The receptor–Gα 
and receptor–Gγ configurations showed 
agonist-induced BiNC consistent with 
the conformational change involved in 
receptor engagement (Figure 3 first four 
rows for D2R and M4R). In a G-protein 
activation configuration, Gi–Gγ2 showed 
a negative BiNC indicative of distancing 
or dissociating movement between the 
two and in agreement with previous 
reports [12,21,22].

Pharmacological assessment of 
split receptor-G protein tools
Finally, the capability to parse out and 
characterize ligands with different pharma-
cological properties was tested in the 
receptor-Gα configuration for both Gs- 
and Gi-coupled receptors (Figure 4). For 
D1R, relative to DA (pEC50 = 6.78 ± 0.25), 
the potency profile could be clearly differen-
tiated between less potent norepinephrine 
(pEC50 = 5.90 ± 0.21) and highly potent 
A77636 (pEC50 = 9.74 ± 0.25). In terms 
of efficacy, a partial agonist SKF38393 
showed the expected lower efficacy 
(48.5% of DA). A selective D1R antag-
onist SCH23390 counteracted 10 μM DA 
pre-activation and gave a negative BiNC 
change relative to the pre-activation level, 
consistent with inverse agonist activity. The 
antagonist also exhibited a high potency 
(pIC50 = 9.22 ± 0.42). All of the character-
istics of D1R ligands are in agreement with 
previous reports [23,24]. D2R pharmacology 
was also in agreement with a previous 
study [25], in that norepinephrine showed 
less potency (pEC50 = 5.22 ± 0.14) relative to 
DA (pEC50 = 6.61 ± 0.10) and a selective D2R 
antagonist eticlopride showed complete 
blockade of 10 μM DA pre-activation and 
high potency (pIC50 = 9.47 ± 0.46). Albeit 
narrower luminescence drug-induced 
ranges, furimazine showed similar potencies 
and efficacies (Supplementary Figure 2C 
& D). Taken together, for both Gs-coupled 
(D1R) and Gi-coupled (D2R) receptors, the 
receptor-Gα BiNC configuration can be 
used to assess pharmacological properties 
of ligands. 

When compared with the BiRC, in 
addition to the smaller fragment sizes 
(i.e., 95 and 63 amino acids for Nluc1 and 
Nluc2 versus 229 and 83 amino acids for 
Rluc1 and Rluc2), the rapamycin-induced 
activity increase of BiNC-fusion constructs 
was more pronounced (5.5-fold compared 
with 1.2-fold for BiRC) and more kinetically 
responsive (135% increase after 2 min of 
rapamycin addition compared with 4% 
increase for BiRC). These characteristics 
show the clear advantages of BiNC over 
BiRC. Coincidentally, while preparing this 
manuscript, both a crystal structure [17] and 
new BiNC split positions [13] of NanoLuc 
were published. This split position was 
tested in the arrestin recruitment assay but 
not assessed for G-protein activation.

Equally important to the enzymatic 
properties of BiNC is its applicability in 
functionally relevant fusion constructs. 

Figure 2. Dopamine (DA)-induced G-protein engagement, activation and β-arrestin2 recruitment 
measured by NanoLuc complementation. (A) Specific NanoLuc complementation between D1–Nluc1 
(0.5 μg transfected) with noninteracting FRB–Nluc2 (black; transfected amount = y-axis) or with cog-
nate G protein Gαs–Nluc2 (orange; transfected amount = y-axis). (B–E) DA-induced complementa-
tion change between D1–Nluc1 and Gαs–Nluc2 (B), Gαs–Nluc1 and γ2–Nluc2 (C), D1–Nluc1 and 
γ2–Nluc2 (D), and D1–Nluc1 and β-arrestin2–Nluc2 (E).
pEC50: D1N1 GsN2 – 6.78 ± 0.25; D1 Gαs–Nluc1 γ2–Nluc2 – 6.96 ± 0.11; D1–Nluc1 γ2–Nluc2 – 
7.78 ± 0.16; D1–Nluc1 β-arrestin2–Nluc2 – 6.00 ± 0.10.
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To this end, we evaluated five different 
Gs- and Gi-coupled receptors. As shown 
in Figure 3, the potencies were within a 
relatively tight range among the different 
configurations tested showing the utility 
of the diverse modes of detection of 

luminescence complementation. The 
EC50 values were also in close agreement 
with reports using different methods for 
measuring G-protein activation and receptor 
engagement [26–28]. Overall, for the D1R 
and D2R, the potencies and efficacies 

of tested ligands were in agreement with 
previous reports [23,25,29,30], indicating 
the utility of the assay configuration for 
testing pharmacology of other receptors. 
It also needs to be pointed out that in this 
study coelenterazine H, as opposed to 
furimazine, was mainly used to characterize 
the complementation assays since coelen-
terazine H is much more cost-effective and 
affords a very good dynamic range. Overall, 
the current study demonstrates that BiNC-
fusion constructs of receptor–effector pairs 
can be used as an effective method to assay 
pharmacological properties of ligands that 
can be expanded to a higher throughput 
approach.
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Figure 3. Agonist-induced complementation change between various combinations of Nluc1- and 
Nluc2-fusion constructs (top–bottom) for Gαs- and Gαi-coupled receptors (left–right). Signs indicate 
the drug-induced luminescence change (-, 0, +) determined by 2, 10, 20, 30 min reading of dose ef-
fect curves (basal to 100 μM agonist). - → + or 0 → + = sign changing over 20 min. D1-, D2-, or M4-
linker = linker (GGGGSGGGGSGGGGS) inserted between the receptor and NanoLuc fragment fusion. 
a = receptor with no NanoLuc fragment fusion is used.
DA (D1 and D2), isoproterenol (β2A), NECA (A2A), or carbachol (M4) was used as a corresponding 
agonist.
pEC50: D1Nluc1 GsNluc2 – 6.78–7.77; D1-linkerNluc1 GsNluc2 – 6.17–7.43; β2ANluc1 GsNluc2 – 
7.79–8.04; A2ANluc1 GsNluc2 – 6.68–6.87; D2-linkerNluc1 Gi1Nluc2 – 6.15–7.35; M4-linkerNluc1 
Gi1Nluc2 – 5.89–6.95.
NA: Not available.

Figure 4. Confirmation of pharmacological characteristics in drug-induced G-protein engagement. (A) 
D1–Nluc1 Gαs–Nluc2 engagement with dopamine (black), norepinephrine (orange), SKF38393 (blue), 
A77636 (red), 10 μM DA + SCH23390 (open black). (B) D2–Nluc1 Gαi–Nluc2 engagement with dopa-
mine (black), norepinephrine (orange), 10 μM DA + eticlopride (open black).
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