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Abstract:

The glucagon-like peptide-1 receptor (GLP-1R) is a class B GPCR that plays an important role in maintaining normal blood glucose homeostasis.  Derivatives of GLP-1, the 30 amino acid cognate agonist, are in development as drugs for the treatment of diabetes.  For class B GPCRs including the GLP-1R, little is known about the molecular basis of peptide agonism.  In addition, it is unresolved whether receptor activation can be mimicked by small non-peptide molecules.  We have begun to explore sites that may be relevant for ligand function by substituting basic residues in the human GLP-1R’s third extracellular loop (ECL3) with alanines.  Normal surface expression of the recombinant receptor constructs when expressed in COS-7 cells was verified by ELISA.  The pharmacological properties of the mutants were compared vs. wild type by radioligand binding studies as well as by measurement of receptor-mediated cAMP formation.  We observed that two highly conserved basic residues in ECL3, R380 and K383, each markedly contribute to GLP-1 affinity whereas two adjacent, less conserved basic residues (H374 and R376) are not functionally relevant.  At the same time, the R380A and K383A mutants did not alter the affinity of 

amino-terminally modified/truncated GLP-1 analogs, suggesting that the amino terminus serves as the corresponding affinity determinant in the ligand.  Bioinformatic analysis suggests that both R380 and K383 reside on top of an unusual helical extension of transmembrane domain (TMD) 7 into ECL3.  When projected onto proposed hypothetical models of the class B GPCR helical bundle, both R380 and K383 point inside a crevice that is surrounded by the receptor’s transmembrane domains.  Furthermore, these amino acids face K288 at the top of TMD 4, a residue that has been recently implicated in GLP-1 receptor-ligand interactions.  Simultaneous substitution of R380 and K288 with alanines did not further decrease GLP-1 affinity however essentially abolished GLP-1 agonist function.  Together, these findings suggest a receptor agonist pocket that extends out beyond the TMD bundle into ECL3. Current evidence suggests that known GLP-1R antagonists derive their binding affinity mainly from interactions with the receptor’s extracellular amino terminus.  Consistently, we found that neither of the proposed affinity determinants described here affects affinity of exendin (9-39), a peptide antagonist.  However, we noted that affinity of a novel non-peptide GLP-1R ligand showed similar sensitivity to mutations of K288, R380, and K383 as GLP-1.  This sensitivity was contingent on presence of a carboxyl side chain in the non-peptide compound.  Supporting the view that the small molecule ligand shares certain agonist-like receptor interactions, further evaluation of this compound at a constitutively active GLP-1R variant revealed inverse agonist activity.  These observations suggest that the binding pocket for peptide agonists in a class B GPCR can be targeted by biologically active small molecules.
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