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Abstract: 
The glucagon-like peptide-1 receptor (GLP-1R) is a class B G protein-coupled receptor (GPCR) that plays an important physiological role in maintaining blood glucose homeostasis. This receptor therefore provides a promising drug target for the treatment of type 2 diabetes. However, as is the case with the GLP-1R, all currently known ligands that trigger class B receptor-mediated functions are moderate-sized peptides which require parenteral application (e.g. Byetta, the first FDA-approved GLP-1R agonist for clinical use). Despite considerable efforts, corresponding non-peptide molecules with appreciable intrinsic activity have not yet been found. Here, we report the identification of a small molecule, T-0632, that modulates GLP-1R function. T-0632 attenuates the basal activity of a constitutively active GLP-1R variant and is thus classified as an inverse agonist. In addition, T-0632 time-dependently and reversibly shifts this receptor from the intracellular space to the plasma membrane, also suggesting that the compound is biologically active. The ligand-induced increase in GLP-1R expression at the cell surface results in enhanced receptor-mediated signaling. Further pharmacological characterization of the constitutively active GLP-1R revealed that this mutant GPCR systematically increases the efficacies and potencies of several partial and full agonists, respectively, versus corresponding values at the wild type receptor. Taken together, these findings establish the precedent that the function of a class B GPCR can be modulated by a synthetic small molecule. The pharmacological features of constitutively active receptor variants, as illustrated here for the GLP-1R, may facilitate the identification of biologically active non-peptide ligands thereby accelerating the discovery of therapeutically useful drugs.
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