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    Abstract

        A library of robust ghrelin receptor mutants with single substitutions at 22 positions in the main ligand-binding pocket was employed to map binding sites for six different agonists: two peptides (the 28-amino-acid octanoylated endogenous ligand ghrelin and the hexapeptide growth hormone secretagogue GHRP-6) plus four nonpeptide agonists—the original benzolactam L-692,429 [3-amino-3-methyl-N-(2,3,4,5-tetrahydro-2-oxo-1-([2′-(1H-tetrazol-5-yl) (1,1′-biphenyl)-4-yl]methyl)-1H-1-benzazepin-3(R)-yl)-butanamide], the spiroindoline sulfonamide MK-677 [N-[1(R)-1, 2-dihydro-1-ethanesulfonylspiro-3H-indole-3,4′-piperidin)-1′-yl]carbonyl-2-(phenylmethoxy)-ethyl-2-amino-2-methylpropanamide], and two novel oxindole derivatives, SM-130686 [(+)-6-carbamoyl-3-(2-chlorophenyl)-(2-diethylaminoethyl)-4-trifluoromethyloxindole] and SM-157740 [(±)-6-carbamoyl-3-(2, 4-dichlorophenyl)-(2-diethylaminoethyl)-4-trifluoromethyloxindole)]. The strongest mutational effect with respect to decrease in potency for stimulation of inositol phosphate turnover was for all six agonists the GluIII:09-to-Gln substitution in the extracellular segment of TM-III. Likewise, all six agonists were affected by substitutions of PheVI:16, ArgVI:20, and PheVI:23 on the opposing face of transmembrane domain (TM) VI. Each of the agonists was also affected selectively by specific mutations. The mutational map of the ability of L-692,429 and GHRP-6 to act as allosteric modulators by increasing ghrelin's maximal efficacy overlapped with the common mutational map for agonism but it was not identical with the map for the agonist property of these small-molecule ligands. In molecular models, built over the inactive conformation of rhodopsin, low energy conformations of the nonpeptide agonists could be docked to satisfy many of their mutational hits. It is concluded that although each of the ligands in addition exploits other parts of the receptor, a large, common binding site for both small-molecule agonists—including ago-allosteric modulators—and the endogenous agonist is found on the opposing faces of TM-III and -VI of the ghrelin receptor.

      
Footnotes
	
          
          ↵1 Computational chemistry studies using molecular simulations employing both Monte Carlo and classic molecular dynamics approaches to address the issue of agonist binding in proposed active receptor conformations of the ghrelin receptor are ongoing, but these are large, complicated computational chemistry studies, which are not suited for inclusion in the present study.

        
	
        This study was supported by grants from the Danish Medical Research Council, The Novo Nordisk Foundation and by Lundbeck Foundation (BH). J.M. was a visiting student from University of Lodz, Poland, supported by an EU stipend from the Socrates/Erasmus program.

      
	
        ABBREVIATIONS: GH, growth hormone; GHS, growth hormone secretagogue; GHRP, growth hormone releasing peptide; CGP7930, 2,6-di-tert-butyl-4-(3-hydroxy-2,2-dimethyl propyl)-phenol; MK-677, N-[1(R)-1,2-dihydro-1-ethanesulfonylspiro-3H-indole-3,4′-piperidin)-1′-yl]carbonyl-2-(phenylmethoxy)-ethyl-2-amino-2-methylpropanamide (L-163.191); L-692,429, 3-amino-3-methyl-N-(2,3,4,5-tetrahydro-2-oxo-1-([2′-(1H-tetrazol-5-yl) (1,1′-biphenyl)-4-yl]methyl)-1H-1-benzazepin-3(R)-yl)-butanamide (MK-751); SM-130686, (+)-6-carbamoyl-3-(2-chlorophenyl)-(2-diethylaminoethyl)-4-trifluoromethyloxindole; SM-157740, (±)-6-carbamoyl-3-(2,4-dichlorophenyl)-(2-diethylaminoethyl)-4-trifluoromethyloxindole; ELISA, enzyme-linked immunosorbent assay; TM, transmembrane; wFw, the tri-peptide d-Trp-Phe-d-Trp.
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