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Summary: Receptor trafficking and localization are critical determinants of a receptor’s biological activity and the 

pharmacological action(s) of ligands. Trafficking of G protein-coupled receptors (GPCRs) begins with their 

activation by ligands and their subsequent phosphorylation by various kinases, including PKA, PKC and (most 

prominently) GPCR kinases (GRKs). Phosphorylation usually occurs on serine and/or threonine residues located 

within the GPCR third intracellular loop and the carboxyl-terminal tail domain. Phosphorylated GPCRs then recruit 

multifunctional adaptor proteins β-arrestin 1 and β-arrestin 2. In addition to desensitizing GPCRs (i.e., promote 

uncoupling of receptors from associated heterotrimeric G protein(s)), β-arrestins facilitate GPCR endocytocis by 

recruiting to the receptor various elements of the endocytic machinery (e.g., clathrin, AP-2) (1). GPCRs are broadly 

categorized into two classes based on the stability of their interaction with -arrestin proteins. Class A GPCRs (e.g., 

mu opioid receptor, dopamine D1A receptor) generally form transient complexes with β-arrestins at the plasma 

membrane, internalize into endosomes without β-arrestins and are rapidly recycled to the plasma membrane. 

Conversely, Class B GPCRs (e.g., angiotensin II type 1A receptor, vasopressin V2 receptor) form longer-lived 

complexes with β-arrestins, stably internalize into endosomes with their associated β-arrestins and display slower 

recycling kinetics (2). In addition to the aforedescribed clathrin- and β-arrestin-dependent endocytocis, GPCRs 

have also been suggested to undergo β-arrestin-independent endocytocis that is either clathrin-dependent or 

independent (1, 3-4). 

The bioSensAllTM receptor trafficking sensors allow for real-time spatio-temporal monitoring of GPCRs following 

their activation. Specifically, these multimolecular sensors were designed to detect GPCR localization at the 

plasma membrane (PM) or in early endosomes (5). The receptor trafficking biosensors consist of a GPCR of choice 

fused at its C-terminus to Renilla luciferase (RLuc; R in figure below). Translocation of the tagged receptor away 

from the PM results in a time-dependent distancing from the PM anchored green fluorescent protein (GFP; G in 

following figure), thus resulting in a decreased BRET signal. Conversely (and concomitantly), arrival of the tagged 

GPCR to the early endosome (also harboring membrane-anchored GFP) results in a time-dependent increase in 

BRET.   
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GPCR plasma membrane biosensor

 

 

 

 

 

 

 

 

 

 

 

 

 

 

GPCR early endosome biosensor 
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Results 

-1 5 -1 4 -1 3 -1 2 -1 1 -1 0 -9 -8 -7 -6 -5

2 0 0 0 0

2 5 0 0 0

3 0 0 0 0

3 5 0 0 0

 R lu c II- ta g g e d  G L P -1 R

P la s m a  m e m b ra n e

[G L P -1  (7 -3 6 )] ,  lo g  (M )

u
B

R
E

T

5  m in

1 0  m in

2 0  m in

3 0  m in

4 5  m in

6 0  m in

9 0  m in

-1 5 -1 4 -1 3 -1 2 -1 1 -1 0 -9 -8 -7 -6 -5

1 0 0 0

2 0 0 0

3 0 0 0

4 0 0 0

5 0 0 0

R lu c II- ta g g e d  G L P -1 R

E a r ly  e n d o s o m e

[G L P -1  (7 -3 6 )] ,  lo g  (M )

u
B

R
E

T

5  m in

1 0  m in

2 0  m in

3 0  m in

4 5  m in

6 0  m in

9 0  m in

 

HEK293 cells were transfected with a plasmid coding for the human glucagon-like peptide 1 receptor (GLP-1R) tagged at its C-terminus with 
Renilla luciferase as well as the plasma membrane recruitment biosensor (left) or early endosome recruitment biosensor (right). On the day 
of BRET, cells were rinsed with assay buffer, incubated with coelenterazine and increasing amounts of GLP-1 (7-36) and BRET subsequently 
measured at the indicated times.  
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