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New detection systems  

for G protein-coupled receptor signaling 



GPCR (G Protein-Coupled Receptor) 

-Analysis of the human genome predict between 800 and 1000 (350?) GPCR genes. 

Among them about 150 receptors are orphan  

(their endogenous ligands and biological functions have not been uncovered yet ) 

-GPCRs constitute the largest family of membrane receptors  

(Particularly, seven transmembrane receptor (7TM)) 

-Activate G protein on ligand binding 



GPCR signaling 



GPCR signaling 



GPCR as a drug target 
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-In 2001, 50% of all newly launched drugs targeted GPCR and annual sales of 

these drugs was over 30 billion doller. 

-It is estimated that 25% of the 100 top-selling drugs target GPCRs. 



GPCR and Nobel Prize 

2012 

1994 

2004 

In Chemistry  

"for studies of G-protein-coupled receptors" 

In Physiology or Medicine  

"for their discoveries of odorant receptors and the organization  

of the olfactory system" 

Richard Axel Linda B. Buck 

Brian Kent Kobilka Robert Joseph Lefkowitz 

In Physiology or Medicine  

"for their discovery of G-proteins and the role of these proteins 

in signal transduction in cells" 

Alfred G. Gilman Martin Rodbell 



GPCR signaling analysis (method) 







FRET based HTRF (Homogeneous time resolved fluorescence) 





What is the shedding assay? 

-In which GPCR activation is measured as ectodomain shedding of a membrane-bound proform  

of alkaline phosphatase–tagged TGFa (AP-TGFa) and its release into conditioned medium.  

 

-AP-TGFa shedding response occurred almost exclusively downstream of Ga12/13  

and Gaq signaling 

 

 

 

 

-Relying on chimeric Ga proteins and promiscuous Ga16 protein, which can couple with Gas- 

and Gai-coupled GPCRs and induce Gaq signaling, it is possible to detect Gas- and Gai- 

coupling signaling 



The principle and data processing of the TGFα shedding assay  



Gαq-coupled and Gα12/13-coupled GPCRs efficiently induce AP-TGFα release  

Gas 

Gai 

Gaq 

Ga12/13 



GPCR-induced AP-TGFα release is mainly dependent on Gαq and Gα12/13 signaling  





Mechanistic scheme of the TGFa shedding assay 





Extended TGFα shedding assay using chimeric Gα proteins and promiscuous Gα16 protein  



Pharmacological evaluation of GPCR ligands in the TGFα shedding assay  

Inverse agonists  

Ranitidine (Ranit) for H2R  

thioperamide (thio) for H4R  

 

Neutral antagonists  

Burimamide (Burim) for H2R 

JNJ 10191584 (JNJ) for H4R  



P2Y10, A630033H20 and GPR174 identified as Gα12/13-coupled LysoPS-specific receptors  



P2Y10, A630033H20 and GPR174 identified as Gα12/13-coupled LysoPS-specific receptors  



Sammury of TGFa Shedding assay 

Merit (advantage) Demerit (disadvantage) 

Can detect almost all GPCR 

receptor signaling 

Not direct measurement of G protein 

activation 

Not required special equipment 

(OD measurement) 

Signal-noise ratio is not very good 

High accuracy Not homogeneous assay 

Low cost Incubation (stimulation) time is 

relatively long 

Can detect G12/13 signaling 

Can evaluate inverse agonist 

activity 





Label-free Dynamic mass redistribution (DMR) 

Resonant waveguide-grating (RWG) biosensor 



Label-free Dynamic mass redistribution (DMR) 





Recordings in CHO cells stably transfected with either the hM2-, hβ2- or hM3-receptor gene  



Dynamic mass redistribution visualizes signaling along the G12/G13 pathway  

GPR55(Ga12/13 coupled)-HEK cells LPI: Lysophosphatidylinositol (GPR55 agonist)  

AIF: 

Pan-G protein 

activator 

Carbachol: Gq sensitive muscarinic receptor agonist 



Dynamic mass redistribution enables 

measurement of differential receptor-

mediated G protein activation in HEK293 

cells 

        

          

Gi inhibitor 

Gs inhibitor 

Gq inhibitor 



Parallel visualization of all signaling pathways unveils  

an additional signaling route of the free fatty acid receptor FFA1.  

*TUG424: FFA1 (fatty acid receptor) agonist *PTX: Gi inhibitor *YM: Gq inhibitor 

FFA1-HEK cells 

FFA1-HEK cells 

FFA1-HEK cells 



Dynamic mass redistribution enables analysis of GPCR functionality  

in immortalized and primary human keratinocytes  



Summary 

-DMR can monitor the cell activation state in non-labeled living-cells (non-invasive). 

 

-DMR technology can be used for even primary cells and non-adherent cells as well as adherent cells.  

 

-In the case of measurement of Gai/o signaling, DMR offers a direct measure of Gαi/o-coupled  

GPCR activation without the need to pharmacologically manipulate the adenylyl cyclase–cAMP  

module to probe for Gαi/o activity. 
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