







    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

                    
        
            
    
        
            
                
        

    


        
    
                

            
        

    
        
            
                
                    
                    
                    
                        
                        
                            
                                
                                
                            
                        
                    
                    

                    
                    	
                            
                                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: 14 February 2008



                    Removal of phospho-head groups of membrane lipids immobilizes voltage sensors of K+ channels

                    	Yanping Xu1, 
	Yajamana Ramu1 & 
	Zhe Lu1Â 



                    

                    
                        
    Nature

                        volumeÂ 451,Â pages 826â€“829 (2008)Cite this article
                    

                    
        
            	
                        1412 Accesses

                    
	
                        148 Citations

                    
	
                            4 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
                
    
    

    
    

                
            


        
            Abstract
A fundamental question about the gating mechanism of voltage-activated K+ (Kv) channels is how five positively charged voltage-sensing residues1,2 in the fourth transmembrane segment are energetically stabilized, because they operate in a low-dielectric cell membrane. The simplest solution would be to pair them with negative charges3. However, too few negatively charged channel residues are positioned for such a role4,5. Recent studies suggest that some of the channelâ€™s positively charged residues are exposed to cell membrane phospholipids and interact with their head groups5,6,7,8,9. A key question nevertheless remains: is the phospho-head of membrane lipids necessary for the proper function of the voltage sensor itself? Here we show that a given type of Kv channel may interact with several species of phospholipid and that enzymatic removal of their phospho-head creates an insuperable energy barrier for the positively charged voltage sensor to move through the initial gating step(s), thus immobilizing it, and also raises the energy barrier for the downstream step(s).
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                    Figure 1: 
                        Reaction schemes of lipid hydrolysis and the effect of SMase D on Kv2.1 channels.
                      


Figure 2: 
                        Effects of SMase C on Kv2.1, Kir1.1 and a KcsAâ€“Kir2.1 chimaera.
                      


Figure 3: 
                        Effect of SMase C and PC-PLC on ionic and gating currents of Shaker channels.
                      


Figure 4: 
                        Inhibition of Kv1.3 by SMase C.
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