







    Skip to main content




    
        
        Thank you for visiting nature.com. You are using a browser version with limited support for CSS. To obtain
            the best experience, we recommend you use a more up to date browser (or turn off compatibility mode in
            Internet Explorer). In the meantime, to ensure continued support, we are displaying the site without styles
            and JavaScript.


    




    

    
            

            
                
                    Advertisement

                    
        
            
    
        
            
                [image: Advertisement]
        

    


        
    
                

            
        

    
        
            
                
                    
                    
                    
                        
                        
                            
                                
                                [image: Nature]
                            
                        
                    
                    

                    
                    	
                            
                                View all journals
                            
                        
	
                            
                                Search
                            
                        
	
                            
                                Log in
                            
                        


                

            

        

        
            
                
                    
                        	
                                    
                                        Explore content
                                    
                                
	
                                    
                                        About the journal
                                    
                                
	
                                        
                                            Publish with us
                                        
                                    
	
                                    
                                        Subscribe
                                    
                                


                        	
                                    
                                        Sign up for alerts
                                    
                                
	
                                    
                                            RSS feed
                                    
                                


                    

                

            

        
    


    
    
        
            
                	nature



	articles

	
                                    article


    
        
        
            
            
                
                    	Article
	Published: 24 May 2017



                    Cryo-EM structure of the activated GLP-1 receptor in complex with a G protein

                    	Yan Zhang1Â na1, 
	Bingfa Sun2Â na1, 
	Dan Feng2, 
	Hongli Hu1, 
	Matthew Chu2, 
	Qianhui Qu1, 
	Jeffrey T. Tarrasch1, 
	Shane Li2, 
	Tong Sun Kobilka2, 
	Brian K. Kobilka2,3 & 
	â€¦
	Georgios Skiniotis1Â nAff4Â 

Show authors

                    

                    
                        
    Nature

                        volumeÂ 546,Â pages 248â€“253 (2017)Cite this article
                    

                    
        
            	
                        34k Accesses

                    
	
                        418 Citations

                    
	
                            180 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Cryoelectron microscopy
	G protein-coupled receptors
	Type 2 diabetes


    


                
    
    

    
    

                
            


        
            Abstract
Glucagon-like peptide 1 (GLP-1) is a hormone with essential roles in regulating insulin secretion, carbohydrate metabolism and appetite. GLP-1 effects are mediated through binding to the GLP-1 receptor (GLP-1R), a class B G-protein-coupled receptor (GPCR) that signals primarily through the stimulatory G protein Gs. Class B GPCRs are important therapeutic targets; however, our understanding of their mechanism of action is limited by the lack of structural information on activated and full-length receptors. Here we report the cryo-electron microscopy structure of the peptide-activated GLP-1Râ€“Gs complex at near atomic resolution. The peptide is clasped between the N-terminal domain and the transmembrane core of the receptor, and further stabilized by extracellular loops. Conformational changes in the transmembrane domain result in a sharp kink in the middle of transmembrane helix 6, which pivots its intracellular half outward to accommodate the Î±5-helix of the Ras-like domain of Gs. These results provide a structural framework for understanding class B GPCR activation through hormone binding.
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                    Figure 1: Cryo-EM structure of the human GLP-1â€“rabbit GLP-1Râ€“Gs complex.[image: ]


Figure 2: The orthosteric peptide-binding pocket of GLP-1R.[image: ]


Figure 3: Comparison of active-state GLP-1R with inactive GCGR.[image: ]


Figure 4: GLP-1R interactions with Gs.[image: ]


Figure 5: Comparison between activated class A and B receptor conformations.[image: ]


Figure 6: Polar network rearrangements upon GLP-1R activation.[image: ]
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Extended data figures and tables

Extended Data Figure 1 Purification of the hGLP-1â€“rGLP-1Râ€“Gs complex.
Size-exclusion chromatography profile and corresponding SDSâ€“PAGE gel of the purified hGLP-1â€“rGLP-1Râ€“Gs complex (â€˜hâ€™ indicates human and â€˜râ€™ indicates rabbit homologue).


Extended Data Figure 2 Cryo-EM micrograph and 2D class averages of the hGLP-1â€“rGLP-1Râ€“Gs complex.
a, Cryo-EM micrograph of the activated GLP-1Râ€“Gs complex. Examples of particle projections are circled. Scale bar, 30â€‰nm. b, Representative reference-free two-dimensional averages show distinct secondary structure features for G protein and GLP-1R embedded in MNG detergent micelle. The diameter of the circular windows is 17â€‰nm.


Extended Data Figure 3 Single-particle cryo-EM analysis of the hGLP-1â€“rGLP-1Râ€“Gs complex.
Flow chart of cryo-EM data processing of the hGLP-1â€“rGLP-1Râ€“Gs complex, including particle projection selection, classification and 3D density map reconstruction, related to Fig. 1. Details are provided in the Methods section.


Extended Data Figure 4 Resolution of cryo-EM map and validation of the hGLP-1â€“rGLP-1Râ€“Gs structure.
a, Resolution estimation of the EM map. Gold standard Fourier shell correlation (FSC) curves, showing the overall nominal resolution at 4.1â€‰Ã… (blue) and 3.9â€‰Ã… (red) on the stable region including hGLP-1, transmembrane domain and the Î±5-helix the GÎ±s Ras-like domain. b, FSC curves of the final refined model versus the final cryo-EM map (full dataset, black), of the outcome of model refinement with a half map versus the same map (red), and of the outcome of model refinement with a half map versus the other half map (green). c, Final three-dimensional density map coloured according to local resolution.


Extended Data Figure 5 A near-atomic resolution model of the hGLP-1â€“rGLP-1Râ€“Gs complex.
EM density map and model are shown for all seven transmembrane Î±-helices and helix 8 of rGLP-1R, hGLP-1 peptide and the Î±5-helix of the GÎ±s Ras-like domain. Bulky resides are indicated for each segment. The C-terminal half of TM6 exhibits relatively poor density, reflecting its intrinsic flexibility.


Extended Data Figure 6 Features of cryo-EM map before density subtraction.
a, GLP-1Râ€“Gs complex structure docked into cryo-EM density map before micelle density subtraction. Arrows indicate the density corresponding to the linker between the NTD and transmembrane bundle, and GÎ²Î³ lipid moiety inserting into the detergent micelle. b, Close-up view in this map shows density connecting helix 8 and GÎ² at the position of R419 of helix 8 and G310â€“H311 of GÎ². Model is coloured as in Fig. 1c.


Extended Data Figure 7 Conformation of ECL2 in class B GPCRs.
a, Close-up view of R299 of ECL2 modelled into the density map at low threshold shows that the Arg side chain reaches into the GLP-1 binding pocket in close proximity to H7 and T11 of the peptide. b, Top-down view of structural overlay of the active GLP-1R transmembrane domain and the inactive CRF1R transmembrane domain (PDB code: 4K5Y) indicates the conformational similarity of ECL2 in the two structures. Detailed views of boxed regions show that W297 and R299 in the active GLP-1R structure adopt similar orientations compared to the equivalent residues in CRF1R. The model of the GLP-1R complex is coloured as in Fig. 1c. CRF1R is coloured purple.


Extended Data Figure 8 Structures of class B GPCR ligands bound to NTDs.
a, Close-up view of structural superposition of the cryo-EM structure of GLP-1â€“GLP-1R onto crystal structures of N-terminal domain of GLP-1R in complex with peptide exendin-4 (blue; a peptide approved for clinical use) and GLP-1 (purple), respectively. The model of hGLP-1â€“rGLP-1Râ€“Gs is coloured as in Fig. 1. b, Structural superposition of the cryo-EM structure of GLP-1R NTD bound to GLP-1 to crystal structures of GIPR NTD bound to GIP (blue) and PTH1R NTD bound to PTH (cyan). a, b, Residues S14, S17, S18, F28 and W31 of GLP-1 and equivalent residues in the other peptides are shown in ball and stick (right panel only), highlighting that the corresponding side chains adopt a similar conformation in all available structures. c, Structure-based alignment of selected class B GPCR peptide ligand sequences.


Extended Data Figure 9 Potential NTDâ€“transmembrane bundle interaction, orthosteric agonist binding pocket in GLP-1R and Î²2AR.
a, Close-up view of the model docked into cryo-EM density map (grey) on the region of NTDâ€“transmembrane bundle interation at low threshold shows the potential hydrogen bond between Q213 of ECL1 and R40 of the NTD Î±1-helix. b, Overlay of GPCR transmembrane bundles in the activated GLP-1R complex and T4L-Î²2ARâ€“Gsâ€“Nb35 complex shown in light green and grey, respectively. Cut-through view showing that the GLP-1 peptide N-terminal H7 (orange ball and stick) reaches the same level as the orthosteric agonist BI-167107 (yellow).


Extended Data Figure 10 Comparison of G protein trimer structures from activated GLP-1Râ€“Gsâ€“Nb35 complex and T4L-Î²2ARâ€“Gsâ€“Nb35 complex with alignment on GÎ±s Ras-like domain alone, related to Fig. 5.
a, Views of superposition of G protein trimer structures from the activated GLP-1Râ€“Gs structure (GÎ±s Ras-like domain in gold, GÎ² in light blue, GÎ³ in dark blue) and T4L-Î²2ARâ€“Gs structure (all coloured in grey). bâ€“d, Schematic representation (b) of recognition between the C terminus of Î±5-helix (H387â€“L394) and active receptors of Î²2AR (c) and GLP-1R (d). The sequence of the C terminus of Î±5-helix (H387â€“L394) is shown in the middle in gold. Residues involved in the interaction with Î±5-helix (H387â€“L394) in the receptor of Î²2AR (green box) and GLP-1R (purple box) are shown above and below the schematic, respectively. Hydrophobic interactions are shown in blue and polar interactions in red. Ballesterosâ€“Weinstein numbering in superscript is shown.
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