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    Abstract

        Agonists of the melanocortin 4 (MC4) receptor have potential pharmaceutical benefit in the treatment of obesity and sexual dysfunction. In this study, we have compared the ability of a number of peptide and nonpeptide agonists to activate a FLAG-tagged human MC4 (FMC4) receptor, as measured by both cAMP accumulation and calcium mobilization using a fluorometric imaging plate reader (FLIPR). In addition, we have analyzed the ability of these agonists to cause receptor internalization, as measured by fluorescence-activated cell sorting analysis. The endogenous agonist α-melanocortin-stimulating hormone (α-MSH) increased cAMP accumulation, calcium mobilization, and receptor internalization in a dose-dependent manner in human embryonic kidney 293 cells expressing the FMC4 receptor. The activity of the other agonists varied considerably in these assays, and overall, the potency and intrinsic activity of the agonists in the cAMP accumulation assays did not correlate with their potency or intrinsic activity in either the FLIPR or receptor internalization assays. Agonists could be clearly separated into two functional classes based on their structure. Peptide agonists β-MSH, des-acetyl-α-MSH, and [Nle4, d-Phe7]-α-melanocortin-stimulating hormone exhibited 80 to 112% of the maximal α-MSH response in cAMP accumulation and 62 to 96% in FLIPR assays and were able to cause 75 to 118% of receptor internalization induced by α-MSH. Conversely, although the nonpeptide agonists exhibited 73 to 149% of the α-MSH response in the cAMP accumulation assays, they were significantly impaired in the FLIPR (7–40%) and receptor internalization (-5–38%) assays. These findings demonstrate an important difference in activation and internalization of the MC4 receptor by nonpeptide versus peptide agonists and provides evidence of agonist-specific conformational states.

      
Footnotes
	
        Article, publication date, and citation information can be found at http://jpet.aspetjournals.org.

      
	
        doi:10.1124/jpet.105.083337.

      
	
        ABBREVIATIONS: MC4R, melanocortin 4 receptor; MSH, melanocortin-stimulating hormone; MTII, Melanotan II [Ac-Nle-c[Asp-His-d-Phe-Arg-Trp-Lys]-NH2]; SHU9119, [Ac-Nle-c[Asp-His-d-Nal(2′)-Arg-Trp-Lys]-NH2]; NDP-MSH, [Nle4, d-Phe7]-α-MSH; AGRP, agouti-related protein; HEK, human embryonic kidney; FMC4R, FLAG-tagged MC4R; PCR, polymerase chain reaction; DMEM, Dulbecco's modified Eagle's medium; FCS, fetal calf serum; PBS, phosphate-buffered saline; BSA, bovine serum albumin; FBS, fetal bovine serum; FLIPR, fluorometric imaging plate reader; FACS, fluorescence-activated cell sorting; ANOVA, analysis of variance; 7TM, seven transmembrane; THIQ, N-[(3R)-1,2,3,4-tetrahydroisoquinolinium-3-ylcarbonyl]-(1R)-(4-chlorobenzyl)-2-[4-cyclohexyl-4-(1H-1,2,4-triazol-1-ylmethyl)piperidin-1-yl]-2-oxoethylamine; NBI 55886, 4-{(2R)-[1,2,3,4-tetrahydro-(3R)-isoquinolinecarboxamido]-3-(4-chlorophenyl)propionyl}-1-{2-[(2-thienyl)ethylaminomethyl]phenyl}piperazine; NBI 56297, 4-{(2R)-[1,2,3,4-tetrahydro-(3R)-isoquinolinecarboxamido]-3-(4-chlorophenyl)propionyl}-1-{2-[trans-(2,5-dimethyl)-1-piperazinylmethyl]phenyl}piperazine; NBI 56453, 4-{(2R)-[1,2,3,4-tetrahydro-(3R)-isoquinolinecarboxamido]-3-(4-chlorophenyl)propionyl}-1-{2-[N-methyl-N-(pyridin-3-ylmethyl)aminomethyl]phenyl}piperazine; NBI 58702, 4-{(2R)-[1,2,3,4-tetrahydro-(3R)-isoquinolinecarboxamido]-3-(4-chlorophenyl)propionyl}-1-{2-[1-(piperidin-3-ylamino)ethyl]phenyl}piperazine;NBI58704,4-{(2R)-[1,2,3,4-tetrahydro-(3R)-isoquinolinecarboxamido]-3-(4-chlorophenyl)propionyl}-1-{2-[1-(pyrrolidin-3-ylamino)ethyl]phenyl}piperazine.
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