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            Abstract
In various cellular membrane systems, vacuolar ATPases (V-ATPases) function as proton pumps, which are involved in many processes such as bone resorption and cancer metastasis, and these membrane proteins represent attractive drug targets for osteoporosis and cancer1. The hydrophilic V1 portion is known as a rotary motor, in which a central axis DF complex rotates inside a hexagonally arranged catalytic A3B3 complex using ATP hydrolysis energy, but the molecular mechanism is not well defined owing to a lack of high-resolution structural information. We previously reported on the in vitro expression, purification and reconstitution of Enterococcus hirae V1-ATPase from the A3B3 and DF complexes2,3. Here we report the asymmetric structures of the nucleotide-free (2.8â€‰Ã…) and nucleotide-bound (3.4â€‰Ã…) A3B3 complex that demonstrate conformational changes induced by nucleotide binding, suggesting a binding order in the right-handed rotational orientation in a cooperative manner. The crystal structures of the nucleotide-free (2.2â€‰Ã…) and nucleotide-bound (2.7â€‰Ã…) V1-ATPase are also reported. The more tightly packed nucleotide-binding site seems to be induced by DF binding, and ATP hydrolysis seems to be stimulated by the approach of a conserved arginine residue. To our knowledge, these asymmetric structures represent the first high-resolution view of the rotational mechanism of V1-ATPase.




            
                
                    

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



                
            


            
                
                    
                

            

            
                
                
                
                
                    
                        This is a preview of subscription content, access via your institution

                    

                    
                

                

                Access options

                


                
                    
                        
                            

    
        
            
                
                Access through your institution
            
        

        
    



                        

                        

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



                    
                

                
    
    Subscribe to this journal
Receive 51 print issues and online access
$199.00 per year
only $3.90 per issue

Learn more


Rent or buy this article
Prices vary by article type
from$1.95
to$39.95
Learn more


Prices may be subject to local taxes which are calculated during checkout



  

    
    
        
    Additional access options:

    	
            Log in
        
	
            Learn about institutional subscriptions
        
	
            Read our FAQs
        
	
            Contact customer support
        



    

                
                    Figure 1: 
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Figure 2: 
                        Comparison of the asymmetric structures of nucleotide-free A
                        
                        3
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                        DF and A
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Figure 3: 
                        Comparison of the nucleotide-binding sites.
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Figure 4: 
                        A model of the rotation mechanism of V
                        
                        1
                        -ATPase.
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conformational changes of A3B3 complex induced by AMP-PNP:Mg binding
The colouring and viewing are consistent with Fig. 1. The video was generated by morphing between X-ray crystal structures of nucleotide-free (eA3B3) and nucleotide-bound (bA3B3) A3B3 complexes using PyMOL. (MOV 9918 kb)


conformational changes of nucleotide-free eA3B3 complex induced by DF binding
The colouring and viewing are consistent with Fig. 2. The video was generated by morphing between X-ray crystal structures of nucleotide-free A3B3 (eA3B3) and A3B3DF (eV1) complexes using PyMOL. (MOV 12726 kb)


conformational changes of nucleotide-bound A3B3 complex induced by DF binding
The colouring and viewing are consistent with Fig. 2. The video was generated by morphing between X-ray crystal structures of nucleotide-bound A3B3 (bA3B3) and A3B3DF (bV1) complexes using PyMOL. (MOV 13168 kb)


conformational difference of the nucleotide-binding sites of nucleotide-bound V1-ATPase
The colouring and viewing are consistent with Fig. 3. The video was generated by morphing between X-ray crystal structures of the ACBOâ€™ pair (bound form) and ACRBCR pair (tight form) in nucleotide-bound A3B3DF (bV1) complex using PyMOL. (MOV 2162 kb)





PowerPoint slides
PowerPoint slide for Fig. 1

PowerPoint slide for Fig. 2

PowerPoint slide for Fig. 3

PowerPoint slide for Fig. 4




Rights and permissions
Reprints and permissions


About this article
Cite this article
Arai, S., Saijo, S., Suzuki, K. et al. Rotation mechanism of Enterococcus hirae V1-ATPase based on asymmetric crystal structures.
                    Nature 493, 703â€“707 (2013). https://doi.org/10.1038/nature11778
Download citation
	Received: 01 May 2012

	Accepted: 08 November 2012

	Published: 13 January 2013

	Issue Date: 31 January 2013

	DOI: https://doi.org/10.1038/nature11778


Share this article
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                            Provided by the Springer Nature SharedIt content-sharing initiative
                        








            


            
        
            
                This article is cited by

                
                    	
                            
                                
                                    
                                        Design of allosteric sites into rotary motor V1-ATPase by restoring lost function of pseudo-active sites
                                    
                                

                            
                                
                                    	Takahiro Kosugi
	Tatsuya Iida
	Nobuyasu Koga


                                
                                Nature Chemistry (2023)

                            
	
                            
                                
                                    
                                        Downregulated ATP6V1B1 expression acidifies the intracellular environment of cancer cells leading to resistance to antibody-dependent cellular cytotoxicity
                                    
                                

                            
                                
                                    	Mariko Nishie
	Eiji Suzuki
	Masakazu Toi


                                
                                Cancer Immunology, Immunotherapy (2021)

                            
	
                            
                                
                                    
                                        Cryo-EM structures of intact V-ATPase from bovine brain
                                    
                                

                            
                                
                                    	Rong Wang
	Tao Long
	Xiaochun Li


                                
                                Nature Communications (2020)

                            
	
                            
                                
                                    
                                        High resolution structure of hexameric herpesvirus DNA-packaging motor elucidates revolving mechanism and ends 20-year fervent debate
                                    
                                

                            
                                
                                    	Peixuan Guo


                                
                                Protein & Cell (2020)

                            
	
                            
                                
                                    
                                        Translation of the long-term fundamental studies on viral DNA packaging motors into nanotechnology and nanomedicine
                                    
                                

                            
                                
                                    	Chenxi Liang
	Tao Weitao
	Peixuan Guo


                                
                                Science China Life Sciences (2020)

                            


                

            

        
    

            
                Comments
By submitting a comment you agree to abide by our Terms and Community Guidelines. If you find something abusive or that does not comply with our terms or guidelines please flag it as inappropriate.



                
                    
                    

                

            
        





    
        

        
            
                

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



            

            
                

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



            

        
    


    
        Editorial Summary
Rotation mechanism of a V1-ATPase
Vacuolar-type H+-ATPases (V-ATPases) are biomolecular rotary motors that couple ATP hydrolysis to the transport of a proton across intracellular and plasma membranes of eukaryotic cells. V-ATPase functions in many cellular processes and is an important drug target for diseases such as osteoporosis and cancer. This paper reports several X-ray crystal structures of a V1-ATPase from Enterococcus hirae, which reveal the conformational changes that occur when ATP binds the protein. On the basis of these structures the authors propose a model for the rotation mechanism of this membrane protein.
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