







    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



	letters

	
                                    article


    
        
        
            
            
                
                    	Letter
	Published: 09 March 2011



                    Crystal structure of metarhodopsin II

                    	Hui-Woog Choe1,2 na1, 
	Yong Ju Kim1 na1, 
	Jung Hee Park1 na1, 
	Takefumi Morizumi1 nAff6, 
	Emil F. Pai3, 
	Norbert Krauß4, 
	Klaus Peter Hofmann1,5, 
	Patrick Scheerer1 & 
	…
	Oliver P. Ernst1 nAff6 

Show authors

                    

                    
                        
    Nature

                        volume 471, pages 651–655 (2011)Cite this article
                    

                    
        
            	
                        9540 Accesses

                    
	
                        538 Citations

                    
	
                            11 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	G protein-coupled receptors
	Structural biology


    


                
    
    

    
    

                
            


        
            Abstract
G-protein-coupled receptors (GPCRs) are seven transmembrane helix (TM) proteins that transduce signals into living cells by binding extracellular ligands and coupling to intracellular heterotrimeric G proteins (Gαβγ)1. The photoreceptor rhodopsin couples to transducin and bears its ligand 11-cis-retinal covalently bound via a protonated Schiff base to the opsin apoprotein2. Absorption of a photon causes retinal cis/trans isomerization and generates the agonist all-trans-retinal in situ. After early photoproducts, the active G-protein-binding intermediate metarhodopsin II (Meta II) is formed, in which the retinal Schiff base is still intact but deprotonated. Dissociation of the proton from the Schiff base breaks a major constraint in the protein and enables further activating steps, including an outward tilt of TM6 and formation of a large cytoplasmic crevice for uptake of the interacting C terminus of the Gα subunit3,4,5. Owing to Schiff base hydrolysis, Meta II is short-lived and notoriously difficult to crystallize. We therefore soaked opsin crystals with all-trans-retinal to form Meta II, presuming that the crystal’s high concentration of opsin in an active conformation (Ops*)6,7 may facilitate all-trans-retinal uptake and Schiff base formation. Here we present the 3.0 Å and 2.85 Å crystal structures, respectively, of Meta II alone or in complex with an 11-amino-acid C-terminal fragment derived from Gα (GαCT2). GαCT2 binds in a large crevice at the cytoplasmic side, akin to the binding of a similar Gα-derived peptide to Ops* (ref. 7). In the Meta II structures, the electron density from the retinal ligand seamlessly continues into the Lys 296 side chain, reflecting proper formation of the Schiff base linkage. The retinal is in a relaxed conformation and almost undistorted compared with pure crystalline all-trans-retinal. By comparison with early photoproducts we propose how retinal translocation and rotation induce the gross conformational changes characteristic for Meta II. The structures can now serve as models for the large GPCR family.
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                    Figure 1: 
                        Structures of inactive rhodopsin, active Meta II and Meta II in complex with a Gα fragment.
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Figure 2: 
                        Retinal binding pocket of Meta II.
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Figure 3: 
                        Superposition of rhodopsin, Batho, Lumi and Meta II.
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Figure 4: 
                        Conserved E(D)RY and NPxxY(x)
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