







    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: 18 December 2011



                    Basic amino-acid side chains regulate transmembrane integrin signalling

                    	Chungho Kim1Â na1, 
	Thomas Schmidt2Â na1, 
	Eun-Gyung Cho3, 
	Feng Ye1, 
	Tobias S. Ulmer2 & 
	â€¦
	Mark H. Ginsberg1Â 

Show authors

                    

                    
                        
    Nature

                        volumeÂ 481,Â pages 209â€“213 (2012)Cite this article
                    

                    
        
            	
                        3841 Accesses

                    
	
                        96 Citations

                    
	
                            4 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Cell biology
	Integrin signalling
	Structural biology


    


                
    
    
        
            
                
                    
                        
                    
                
            
            
                
                    An Erratum to this article was published on 08 May 2013

                
            
        

    

    
    

                
            


        
            Abstract
Side chains of Lys/Arg near transmembrane domain (TMD)1,2,3 membraneâ€“water interfaces can â€˜snorkelâ€™, placing their positive charge near negatively charged phospholipid head groups4,5,6; however, snorkellingâ€™s functional effects are obscure. Integrin Î² TMDs have such conserved basic amino acids. Here we use NMR spectroscopy7,8 to show that integrin Î²3(Lysâ€‰716) helps determine Î²3 TMD topography. The Î±Î™Î™bÎ²3 TMD structure indicates that precise Î²3 TMD crossing angles enable the assembly of outer and inner membrane â€˜claspsâ€™ that hold the Î±Î² TMD together to limit transmembrane signalling9. Mutation of Î²3(Lysâ€‰716) caused dissociation of Î±Î™Î™bÎ²3 TMDs and integrin activation. To confirm that altered topography of Î²3(Lysâ€‰716) mutants activated Î±Î™Î™bÎ²3, we used directed evolution of Î²3(K716A) to identify substitutions restoring default state. Introduction of Pro(711) at the midpoint of Î²3 TMD (A711P) increased Î±Î™Î™bÎ²3 TMD association and inactivated integrin Î±Î™Î™bÎ²3(A711P,K716A). Î²3(Proâ€‰711) introduced a TMD kink of 30â€‰Â±â€‰1Â° precisely at the border of the outer and inner membrane clasps, thereby decoupling the tilt between these segments. Thus, widely occurring snorkelling residues in TMDs can help maintain TMD topography and membrane-embedding, thereby regulating transmembrane signalling.
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                    Figure 1: 
                        Loss of snorkelling lysine changes lipid embedding of Î²
                        
                        3
                         TMD.
                      [image: ]


Figure 2: 
                        Mutations in the snorkelling lysine induce integrin activation and disrupt Î±-Î² TMD interaction.
                      [image: ]


Figure 3: 
                        Directed evolution of the Î²
                        
                        3
                         integrin to identfy mutations that complement the activating effect of snorkelling lysine mutation.
                      [image: ]


Figure 4: 
                        Proline introduced in the TMD forms a flexible kink that stabilizes the Î±
                        
                        Î™Î™b
                        Î²
                        
                        3
                        (K716A) TMD interaction and reduces integrin activation.
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Basic properties aid integrin signalling
Cell adhesion receptors of the integrin family are composed of Î± and Î² type I transmembrane domains (TMDs). Interactions between the Î± and Î² TMDs play a crucial role in bidirectional signal transduction. Most integrin Î² subunits contain a positively charged Lys or Arg residue near the inner membrane boundary of the TMD. A structural and functional analysis using targeted mutation of these basic residues demonstrates that they are critical to the maintenance of TMD topography and Î± and Î² heterodimer association, thereby enabling precise regulation of transmembrane signalling.
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