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            Abstract
Human GPR40 receptor (hGPR40), also known as free fatty-acid receptor 1 (FFAR1), is a G-protein-coupled receptor that binds long-chain free fatty acids to enhance glucose-dependent insulin secretion1. Novel treatments for type-2 diabetes mellitus2 are therefore possible by targeting hGPR40 with partial or full agonists. TAK-875, or fasiglifam, is an orally available, potent and selective partial agonist3 of hGPR40 receptor, which reached phase III clinical trials for the potential treatment of type-2 diabetes mellitus4. Data from clinical studies indicate that TAK-875, which is an ago-allosteric modulator of hGPR40 (ref. 3), demonstrates improved glycaemic control and low hypoglycaemic risk in diabetic patients5. Here we report the crystal structure of hGPR40 receptor bound to TAK-875 at 2.3Â Ã… resolution. The co-complex structure reveals a unique binding mode of TAK-875 and suggests that entry to the non-canonical binding pocket most probably occurs via the lipid bilayer. The atomic details of the extensive charge network in the ligand binding pocket reveal additional interactions not identified in previous studies and contribute to a clear understanding of TAK-875 binding to the receptor. The hGPR40â€“TAK-875 structure also provides insights into the plausible binding of multiple ligands to the receptor, which has been observed in radioligand binding6 and Ca2+ influx assay studies3. Comparison of the transmembrane helix architecture with other G-protein-coupled receptors suggests that the crystallized TAK-875-bound hGPR40 complex is in an inactive-like state.
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                    Figure 1: Structure of hGPR40 in complex with the partial agonist TAK-875.[image: ]


Figure 2: Binding interactions of TAK-875.[image: ]


Figure 3: Surface representation of hGPR40 showing multiple putative binding sites.[image: ]


Figure 4: Structure alignment of active and inactive GPCR structures.[image: ]
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Extended data figures and tables

Extended Data Figure 1 Crystallization construct and crystallization drop image.
a, Snake-plot diagram of the hGPR40 expression construct. The affinity tags and the linker at the insertion of T4L are shown in blue. Thermostabilizing mutations are shown in red. b, Cartoon representation of the hGPR40â€“TAK-875 structure with the mutations highlighted in red. c, Crystals obtained in lipidic cubic phase could be observed using circularly polarized light.


Extended Data Figure 2 LCâ€“MS-based TAK-875 binding to hGPR40 crystallization constructs.
Panels above show TAK-875-specific binding to the WT receptor, the quadruple mutant with T4L insertion and the T4L-inserted quadruple mutant with GS linker. The last construct corresponds to the crystal structure. The table summarizes the binding affinity of WT and modified constructs, which remains in the range 12â€“16 nM. â–µ, Specific binding; â—‹, total binding; â–¡, Sf9 control membranes; n = 3; s.e.m., standard error of the mean.


Extended Data Figure 3 Comparison of ligand-binding-pocket access.
hGPR40 (white), Î´-opioid (orange) and S1P1 (purple) are compared for access to the ligand binding pocket. The extracellular view of the accessible surface (a, d, g) reveals that unlike Î´-opioid, which has the canonical solvent-accessible binding pocket, S1P1 and hGPR40 ligand access is obscured by extracellular loops. From a lateral view (b, e, h) in the plane of the membrane, TAK-875 entry to hGPR40 is distinct from the other receptors. S1P1 ligand accessibility is also seen from a lateral view (c, f, i) in the plane of the membrane; however, the position is âˆ¼120Â° rotated in the plane of the membrane. The accessible views observed for hGPR40 (b), Î´-opioid (d) and S1P1 (i) are illustrated as ribbons with ligands as sticks (k, j, l respectively).


Extended Data Figure 4 Comparison of ECL2 among peptide-binding receptors and the related hGPR40.
a, ECL2 between transmembrane 4 and transmembrane 5 of hGPR40 (grey) shares the short hairpin loop region and disulphide tether to transmembrane 3 seen previously only in the peptide-binding receptor family members NTSR1 (green), PAR1 (cyan), Î´-opioid (purple) and CXCR4 (orange). Auxiliary loop of hGPR40 is shown in pink colour in ECL2 region. b, Structure-based alignment of transmembrane 4, transmembrane 5 and the hairpin loop reveal very low sequence identity despite the conserved structural features. A conserved Trp in transmembrane 4, a conserved Pro in transmembrane 5, and the Cys involved in the disulphide bond to transmembrane 3 are the only conserved residues. hGPR40 residues coloured in pink correspond to the auxiliary loop of ECL2 shown in a.


Extended Data Figure 5 The ECL2 loop.
Top (a) and lateral (b, c) views of the ECL2 loop to highlight polar interactions (left) and B-factors (right) of ECL2 residues. The interactions are shown as black dotted lines (left) and TAK-875 is green. ECL2 is shown in cyan with residue side chains in the left, and as a ribbon cartoon on the right, with the ribbonâ€™s thickness and colour scaled according to the B-factors (ranging from 34 Ã…2 shown in blue to 88 Ã…2 shown in red within the ECL2 loop). The numerous polar interactions within the ECL2 loop and with water molecules and residues outside of the ECL2 loop, in addition to the disulphide-bond to transmembrane 3, stabilize this region to a large extent. This is reflected in the B-factors, which show relatively low mobility for most of the ECL2 loop. (Inside, intracellular side; outside, extracellular side.)


Extended Data Figure 6 TAK-875 interactions with hGPR40 based on the computational chemistry program MOE.
The figure above illustrates the colour code and bonding interaction based on the crystal structure. The carboxylic acid is buried within a very hydrophobic region where it makes ionic/polar interactions with Arg 1835.39, Arg 2587.35, Tyr 913.37 and Tyr 2406.51 while the other end of the molecule is exposed outside the receptor.


Extended Data Figure 7 Evaluation of LCâ€“MS-based TAK-875 binding to WT and binding-pocket residue mutants of WT hGPR40.
Panels above show TAK-875-specific binding to the WT receptor and the WT receptor containing single point mutations of binding-pocket key residues. Table summarizes the measured binding affinity of WT and single point mutants. â–µ, Specific binding; â—‹, total binding; â–¡, VLP control membranes; n = 3; s.e.m., standard error of the mean.


Extended Data Figure 8 Evaluation of LCâ€“MS-based TAK-875 binding to WT and thermostabilized receptor binding-pocket residue mutants of hGPR40.
Panels above show TAK-875 specific binding to the WT receptor and thermostabilized receptor containing single point mutations of binding-pocket key residues. Table summarizes the measured binding affinity of WT and single point mutants. â–µ, Specific binding; â—‹, total binding; â–¡, VLP control membranes; n = 2; s.e.m., standard error of the mean.


Extended Data Table 1 Binding affinity summary of WT hGPR40, crystallization constructs and TAK-875 binding-pocket mutationsFull size table


Extended Data Table 2 X-ray data collection and refinement statisticsFull size table
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        Editorial Summary
Structure of antidiabetes drug target GPR40
The G-protein-coupled receptor (GPCR) human GPR40 (hGPR40, also known as free fatty-acid receptor 1) is an attractive therapeutic target for the treatment of type-2 diabetes mellitus. It is a membrane protein expressed primarily in pancreatic Î²-cells and intestinal enteroendocrine cells and it acts as a nutrient sensor, enhancing insulin secretion and glucagon-like-peptide 1 secretion. This study reports the atomic details of hGPR40 in complex with TAK-875 (fasiglifam), a partial GPR40 agonist currently in phase III clinical trials. The structure reveals that TAK-875 binds in an usual way, and suggests that that TAK-875 and natural substrates enter the receptor binding pocket through the lipid bilayer.

show all

    

    
    

    
        
            
                
                    
                        
                            Advertisement

                            
    
        
            
                [image: Advertisement]
        

    


                        

                    

                

            

            

            

        

    






    
        
            
                Explore content

                	
                                
                                    Research articles
                                
                            
	
                                
                                    News
                                
                            
	
                                
                                    Opinion
                                
                            
	
                                
                                    Research Analysis
                                
                            
	
                                
                                    Careers
                                
                            
	
                                
                                    Books & Culture
                                
                            
	
                                
                                    Podcasts
                                
                            
	
                                
                                    Videos
                                
                            
	
                                
                                    Current issue
                                
                            
	
                                
                                    Browse issues
                                
                            
	
                                
                                    Collections
                                
                            
	
                                
                                    Subjects
                                
                            


                	
                            Follow us on Facebook
                            
                        
	
                            Follow us on Twitter
                            
                        
	
                            
                                Subscribe
                            
                        
	
                            Sign up for alerts
                            
                        
	
                            
                                RSS feed
                            
                        


            

        
    
    
        
            
                
                    About the journal

                    	
                                
                                    Journal Staff
                                
                            
	
                                
                                    About the Editors
                                
                            
	
                                
                                    Journal Information
                                
                            
	
                                
                                    Our publishing models
                                
                            
	
                                
                                    Editorial Values Statement
                                
                            
	
                                
                                    Journal Metrics
                                
                            
	
                                
                                    Awards
                                
                            
	
                                
                                    Contact
                                
                            
	
                                
                                    Editorial policies
                                
                            
	
                                
                                    History of Nature
                                
                            
	
                                
                                    Send a news tip
                                
                            


                

            
        

        
            
                
                    Publish with us

                    	
                                
                                    For Authors
                                
                            
	
                                
                                    For Referees
                                
                            
	
                                
                                    Language editing services
                                
                            
	
                                Submit manuscript
                                
                            


                

            
        
    



    
        Search

        
            Search articles by subject, keyword or author
            
                
                    
                

                
                    
                        Show results from
                        All journals
This journal


                    

                    
                        Search
                    

                


            

        


        
            
                Advanced search
            
        


        Quick links

        	Explore articles by subject
	Find a job
	Guide to authors
	Editorial policies


    





        
    
        
            

            
                
                    Nature (Nature)
                
                
    
    
        ISSN 1476-4687 (online)
    
    


                
    
    
        ISSN 0028-0836 (print)
    
    

            

        

    




    
        
    nature.com sitemap

    
        
            
                About Nature Portfolio

                	About us
	Press releases
	Press office
	Contact us


            


            
                Discover content

                	Journals A-Z
	Articles by subject
	Protocol Exchange
	Nature Index


            


            
                Publishing policies

                	Nature portfolio policies
	Open access


            


            
                Author & Researcher services

                	Reprints & permissions
	Research data
	Language editing
	Scientific editing
	Nature Masterclasses
	Research Solutions


            


            
                Libraries & institutions

                	Librarian service & tools
	Librarian portal
	Open research
	Recommend to library


            


            
                Advertising & partnerships

                	Advertising
	Partnerships & Services
	Media kits
                    
	Branded
                        content


            


            
                Professional development

                	Nature Careers
	Nature 
                        Conferences


            


            
                Regional websites

                	Nature Africa
	Nature China
	Nature India
	Nature Italy
	Nature Japan
	Nature Korea
	Nature Middle East


            


        

    

    
        	Privacy
                Policy
	Use
                of cookies
	
                Your privacy choices/Manage cookies
                
            
	Legal
                notice
	Accessibility
                statement
	Terms & Conditions
	Your US state privacy rights


    





        
    
        [image: Springer Nature]
    
    © 2024 Springer Nature Limited




    

    
    
    







    

    



    
    

        

    
        
            


Close
    



        

            
                
                    [image: Nature Briefing]
                    Sign up for the Nature Briefing newsletter â€” what matters in science, free to your inbox daily.

                

                
                    
                        
                        

                        
                        
                        
                        

                        Email address

                        
                            
                            
                            
                            Sign up
                        


                        
                            
                            I agree my information will be processed in accordance with the Nature and Springer Nature Limited Privacy Policy.
                        

                    

                

            


        


    

    
    

        

    
        
            

Close
    



        
            Get the most important science stories of the day, free in your inbox.
            Sign up for Nature Briefing
            
        


    









    [image: ]







[image: ]
