







    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 Neuroscience]
                            
                        
                    
                    

                    
                    	
                            
                                View all journals
                            
                        
	
                            
                                Search
                            
                        
	
                            
                                Log in
                            
                        


                

            

        

        
            
                
                    
                        	
                                    
                                        Explore content
                                    
                                
	
                                    
                                        About the journal
                                    
                                
	
                                        
                                            Publish with us
                                        
                                    
	
                                    
                                        Subscribe
                                    
                                


                        	
                                    
                                        Sign up for alerts
                                    
                                
	
                                    
                                            RSS feed
                                    
                                


                    

                

            

        
    


    
    
        
            
                	nature



	nature neuroscience

	articles

	
                                    article


    
        
        
            
            
                
                    	Article
	Published: 26 July 2009



                    Distinct contributions of Nav1.6 and Nav1.2 in action potential initiation and backpropagation

                    	Wenqin Hu1, 
	Cuiping Tian1, 
	Tun Li1, 
	Mingpo Yang1, 
	Han Hou1 & 
	â€¦
	Yousheng Shu1Â 

Show authors

                    

                    
                        
    Nature Neuroscience

                        volumeÂ 12,Â pages 996â€“1002 (2009)Cite this article
                    

                    
        
            	
                        10k Accesses

                    
	
                        464 Citations

                    
	
                            15 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
                
    
    

    
    

                
            


        
            Abstract
The distal end of the axon initial segment (AIS) is the preferred site for action potential initiation in cortical pyramidal neurons because of its high Na+ channel density. However, it is not clear why action potentials are not initiated at the proximal AIS, which has a similarly high Na+ channel density. We found that low-threshold Nav1.6 and high-threshold Nav1.2 channels preferentially accumulate at the distal and proximal AIS, respectively, and have distinct functions in action potential initiation and backpropagation. Patch-clamp recording from the axon cut end of pyramidal neurons in the rat prefrontal cortex revealed a high density of Na+ current and a progressive reduction in the half-activation voltage (up to 14 mV) with increasing distance from the soma at the AIS. Further modeling studies and simultaneous somatic and axonal recordings showed that distal Nav1.6 promotes action potential initiation, whereas proximal Nav1.2 promotes its backpropagation to the soma.
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                    Figure 1: Polarized distribution of Na+ channel subtypes.[image: ]


Figure 2: Estimates of Na+ channel density at the soma and the axon with regular and giant outside-out patch recording.[image: ]


Figure 3: Comparison of voltage dependence of somatic and axonal Na+ currents.[image: ]


Figure 4: The low activation threshold of axonal Na+ channels is not attributed to cooperative activation.[image: ]


Figure 5: Simulations indicate distinct functions of AIS Nav1.6 and Nav1.2 in action potential initiation and backpropagation to the soma.[image: ]


Figure 6: Vm dependence of action potential backpropagation.[image: ]


Figure 7: The threshold of somatic action potential is dependent on the preceding Vm.[image: ]


Figure 8: Voltage threshold of somatodendritic potential is independent of the preceding Vm.[image: ]
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