Forskolin-free cAMP assay for Gi-coupled receptors
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G Protein-Coupled Receptors (GPCR) represents the largest family of membrane receptors. They are currently targeted by 30% of marketed drugs. Nevertheless, most of GPCRs remain orphan (no known ligand) or undercharacterized and have never been investigated for a potential therapeutic use. The elusive understanding of their physiology is the consequence of a lack of selective small molecule pharmacological tools. Such paucity of investigative ligands precludes further validation of these receptors as drug target. 
The signaling pathways coupled to GPCR have been widely studied. The canonical mechanism implies coupling to heterotrimeric G proteins that are composed of subunits α, β and γ and form 4 main families Gi, Gs, Gq and G12/13. Upon activation, the heterotrimeric complex dissociates into Gα and Gβγ. Gαi and Gαs respectively inhibit and activate adenylate cyclase that synthesizes cyclic AMP (cAMP). Gαq activates phospholipase C that eventually leads to an increase of intracellular calcium concentration. Gβγ has independent signaling activities such as the activation of MAP kinases. Following activation, the receptor is desensitized by intracellular phosphorylation and recruitment of adaptor protein Arrestins that internalize the receptor and mediate further non G protein signaling. 

There is a growing need for screening-compatible and sensitive assays. Measurement of intracellular cyclic AMP (cAMP) levels is a validated strategy for measuring GPCRs activation. However, agonist ligands for Gi-coupled receptors are difficult to track because inducers such as forskolin (FSK) must be used and are sources of variations and errors. 

We developed a method based on the GloSensor system, a kinetic assay that consists in a luciferase fused with cAMP binding domain. As a proof of concept, we selected the succinate receptor 1 (SUCNR1 or GPR91). It is a potential attractive drug target that has never been validated as such because very few ligands have been described. 

We show that the GloSensor system allows real time, FSK-free detection of an agonist effect. This FSK-free agonist signal was confirmed on other Gi-coupled receptors such as CXCR4. In a test screening on SUCNR1, we compared the results obtained with a FSK vs FSK-free protocol and were able to identify agonists with both methods but with fewer false positives when measuring the basal levels. Therefore, we have validated GloSensor system as a cAMP-inducer free method for the detection of Gi-coupled receptors agonists compatible with high-throughput screening. 

This method will facilitate the study and screening of Gi-coupled receptors for active ligands. 

