







    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: 24 April 2011



                    Substrate-modulated gating dynamics in a Na+-coupled neurotransmitter transporter homologue

                    	Yongfang Zhao1,2,4Â na1, 
	Daniel S. Terry5Â na1, 
	Lei Shi5,6Â na1, 
	Matthias Quick1,2,4, 
	Harel Weinstein5,6, 
	Scott C. Blanchard5 & 
	â€¦
	Jonathan A. Javitch1,2,3,4Â 

Show authors

                    

                    
                        
    Nature

                        volumeÂ 474,Â pages 109â€“113 (2011)Cite this article
                    

                    
        
            	
                        4524 Accesses

                    
	
                        230 Citations

                    
	
                            27 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Neurotransmitters
	Single-molecule biophysics
	Structural biology
	Transporters in the nervous system


    


                
    
    

    
        
            
                
                    
                        
                    
                
            
            This article has been updated

        

    
    

                
            


        
            Abstract
Neurotransmitter/Na+ symporters (NSSs) terminate neuronal signalling by recapturing neurotransmitter released into the synapse in a co-transport (symport) mechanism driven by the Na+ electrochemical gradient1,2,3,4,5,6. NSSs for dopamine, noradrenaline and serotonin are targeted by the psychostimulants cocaine and amphetamine1, as well as by antidepressants7. The crystal structure of LeuT, a prokaryotic NSS homologue, revealed an occluded conformation in which a leucine (Leu) and two Na+ are bound deep within the protein8. This structure has been the basis for extensive structural and computational exploration of the functional mechanisms of proteins with a LeuT-like fold9,10,11,12,13,14,15,16,17,18,19,20,21,22. Subsequently, an â€˜outward-openâ€™ conformation was determined in the presence of the inhibitor tryptophan23, and the Na+-dependent formation of a dynamic outward-facing intermediate was identified using electron paramagnetic resonance spectroscopy24. In addition, single-molecule fluorescence resonance energy transfer imaging has been used to reveal reversible transitions to an inward-open LeuT conformation, which involve the movement of transmembrane helix TM1a away from the transmembrane helical bundle22. We investigated how substrate binding is coupled to structural transitions in LeuT during Na+-coupled transport. Here we report a process whereby substrate binding from the extracellular side of LeuT facilitates intracellular gate opening and substrate release at the intracellular face of the protein. In the presence of alanine, a substrate that is transported âˆ¼10-fold faster than leucine15,25, we observed alanine-induced dynamics in the intracellular gate region of LeuT that directly correlate with transport efficiency. Collectively, our data reveal functionally relevant and previously hidden aspects of the NSS transport mechanism that emphasize the functional importance of a second substrate (S2) binding site within the extracellular vestibule15,20. Substrate binding in this S2 site appears to act cooperatively with the primary substrate (S1) binding site to control intracellular gating more than 30â€‰Ã… away, in a manner that allows the Na+ gradient to power the transport mechanism.
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                    Figure 1: 
                        Effect of Na
                        +
                         on LeuT dynamics.
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Figure 2: 
                        Effect of alanine on LeuT dynamics.
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Figure 3: 
                        The configuration of TM6â€“TM10 interactions induced by Na
                        +
                         binding cannot be matched by Li
                        +
                         binding.
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Figure 4: 
                        Effect of S1 and S2 site mutations and of Li
                        +
                         on activity and dynamics.
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Neurotransmitters are removed from the synapse by neurotransmitter/Na+ symporters (NSSs) in a reuptake process driven by the Na+ gradient. Zhao et al. examined the coupling of substrate binding to structural transitions in the prokaryotic NSS homologue LeuT. Using single-molecule fluorescence resonance energy transfer, functional experiments and computational studies, they find that LeuT facilitates intracellular gate opening and substrate release at the intracellular face of the protein.

show all

    

    
    

    
        
            
                
                    
                        
                            Advertisement

                            
    
        
            
                [image: Advertisement]
        

    


                        

                    

                

            

            

            

        

    






    
        
            
                Explore content

                	
                                
                                    Research articles
                                
                            
	
                                
                                    News
                                
                            
	
                                
                                    Opinion
                                
                            
	
                                
                                    Research Analysis
                                
                            
	
                                
                                    Careers
                                
                            
	
                                
                                    Books & Culture
                                
                            
	
                                
                                    Podcasts
                                
                            
	
                                
                                    Videos
                                
                            
	
                                
                                    Current issue
                                
                            
	
                                
                                    Browse issues
                                
                            
	
                                
                                    Collections
                                
                            
	
                                
                                    Subjects
                                
                            


                	
                            Follow us on Facebook
                            
                        
	
                            Follow us on Twitter
                            
                        
	
                            
                                Subscribe
                            
                        
	
                            Sign up for alerts
                            
                        
	
                            
                                RSS feed
                            
                        


            

        
    
    
        
            
                
                    About the journal

                    	
                                
                                    Journal Staff
                                
                            
	
                                
                                    About the Editors
                                
                            
	
                                
                                    Journal Information
                                
                            
	
                                
                                    Our publishing models
                                
                            
	
                                
                                    Editorial Values Statement
                                
                            
	
                                
                                    Journal Metrics
                                
                            
	
                                
                                    Awards
                                
                            
	
                                
                                    Contact
                                
                            
	
                                
                                    Editorial policies
                                
                            
	
                                
                                    History of Nature
                                
                            
	
                                
                                    Send a news tip
                                
                            


                

            
        

        
            
                
                    Publish with us

                    	
                                
                                    For Authors
                                
                            
	
                                
                                    For Referees
                                
                            
	
                                
                                    Language editing services
                                
                            
	
                                Submit manuscript
                                
                            


                

            
        
    



    
        Search

        
            Search articles by subject, keyword or author
            
                
                    
                

                
                    
                        Show results from
                        All journals
This journal


                    

                    
                        Search
                    

                


            

        


        
            
                Advanced search
            
        


        Quick links

        	Explore articles by subject
	Find a job
	Guide to authors
	Editorial policies


    





        
    
        
            

            
                
                    Nature (Nature)
                
                
    
    
        ISSN 1476-4687 (online)
    
    


                
    
    
        ISSN 0028-0836 (print)
    
    

            

        

    




    
        
    nature.com sitemap

    
        
            
                About Nature Portfolio

                	About us
	Press releases
	Press office
	Contact us


            


            
                Discover content

                	Journals A-Z
	Articles by subject
	Protocol Exchange
	Nature Index


            


            
                Publishing policies

                	Nature portfolio policies
	Open access


            


            
                Author & Researcher services

                	Reprints & permissions
	Research data
	Language editing
	Scientific editing
	Nature Masterclasses
	Research Solutions


            


            
                Libraries & institutions

                	Librarian service & tools
	Librarian portal
	Open research
	Recommend to library


            


            
                Advertising & partnerships

                	Advertising
	Partnerships & Services
	Media kits
                    
	Branded
                        content


            


            
                Professional development

                	Nature Careers
	Nature 
                        Conferences


            


            
                Regional websites

                	Nature Africa
	Nature China
	Nature India
	Nature Italy
	Nature Japan
	Nature Korea
	Nature Middle East


            


        

    

    
        	Privacy
                Policy
	Use
                of cookies
	
                Your privacy choices/Manage cookies
                
            
	Legal
                notice
	Accessibility
                statement
	Terms & Conditions
	Your US state privacy rights


    





        
    
        [image: Springer Nature]
    
    © 2024 Springer Nature Limited




    

    
    
    







    

    



    
    

        

    
        
            


Close
    



        

            
                
                    [image: Nature Briefing]
                    Sign up for the Nature Briefing newsletter â€” what matters in science, free to your inbox daily.

                

                
                    
                        
                        

                        
                        
                        
                        

                        Email address

                        
                            
                            
                            
                            Sign up
                        


                        
                            
                            I agree my information will be processed in accordance with the Nature and Springer Nature Limited Privacy Policy.
                        

                    

                

            


        


    

    
    

        

    
        
            

Close
    



        
            Get the most important science stories of the day, free in your inbox.
            Sign up for Nature Briefing
            
        


    









    [image: ]







[image: ]
