







    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 January 2012



                    Molecular recognition of a single sphingolipid species by a protein’s transmembrane domain

                    	F.-Xabier Contreras1 na1, 
	Andreas M. Ernst1 na1, 
	Per Haberkant1 nAff8, 
	Patrik Björkholm2,3, 
	Erik Lindahl2,4, 
	Başak Gönen1, 
	Christian Tischer5, 
	Arne Elofsson2,3, 
	Gunnar von Heijne2,3, 
	Christoph Thiele6, 
	Rainer Pepperkok5, 
	Felix Wieland1 & 
	…
	Britta Brügger1 

Show authors

                    

                    
                        
    Nature

                        volume 481, pages 525–529 (2012)Cite this article
                    

                    
        
            	
                        10k Accesses

                    
	
                        284 Citations

                    
	
                            27 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Cell biology
	Membrane proteins
	Sphingolipids
	Structural biology


    


                
    
    

    
    

                
            


        
            Abstract
Functioning and processing of membrane proteins critically depend on the way their transmembrane segments are embedded in the membrane1. Sphingolipids are structural components of membranes and can also act as intracellular second messengers. Not much is known of sphingolipids binding to transmembrane domains (TMDs) of proteins within the hydrophobic bilayer, and how this could affect protein function. Here we show a direct and highly specific interaction of exclusively one sphingomyelin species, SM 18, with the TMD of the COPI machinery protein p24 (ref. 2). Strikingly, the interaction depends on both the headgroup and the backbone of the sphingolipid, and on a signature sequence (VXXTLXXIY) within the TMD. Molecular dynamics simulations show a close interaction of SM 18 with the TMD. We suggest a role of SM 18 in regulating the equilibrium between an inactive monomeric and an active oligomeric state of the p24 protein3,4, which in turn regulates COPI-dependent transport. Bioinformatic analyses predict that the signature sequence represents a conserved sphingolipid-binding cavity in a variety of mammalian membrane proteins. Thus, in addition to a function as second messengers, sphingolipids can act as cofactors to regulate the function of transmembrane proteins. Our discovery of an unprecedented specificity of interaction of a TMD with an individual sphingolipid species adds to our understanding of why biological membranes are assembled from such a large variety of different lipids.
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                    Figure 1: 
                        p24 specifically interacts with SM 18.
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Figure 2: 
                        Characterization of the sphingomyelin-binding pocket.
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Figure 3: 
                        A conserved sphingolipid binding signature.
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Figure 4: 
                        Binding of SM 18 to p24(TMD) affects protein transport and triggers p24 dimerization.
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Sphingolipids are structural components of membranes, and some of them also act as intracellular second messengers. This work shows that one sphingomyelin species, known as SM18, directly and specifically interacts with the transmembrane domain of the COPI machinery protein p24. The interaction depends on a motif (VXXTLXXIY) within the membrane-spanning domain of p24, and bioinformatic analyses predict that this motif represents a conserved sphingolipid-binding cavity in a variety of other mammalian membrane proteins.
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