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            Abstract
Complex I is the first and largest enzyme of the respiratory chain and has a central role in cellular energy production through the coupling of NADH:ubiquinone electron transfer to proton translocation. It is also implicated in many common human neurodegenerative diseases. Here, we report the first crystal structure of the entire, intact complex I (from Thermus thermophilus) at 3.3â€‰Ã… resolution. The structure of the 536-kDa complex comprises 16 different subunits, with a total of 64 transmembrane helices and 9 ironâ€“sulphur clusters. The core fold of subunit Nqo8 (ND1 in humans) is, unexpectedly, similar to a half-channel of the antiporter-like subunits. Small subunits nearby form a linked second half-channel, which completes the fourth proton-translocation pathway (present in addition to the channels in three antiporter-like subunits). The quinone-binding site is unusually long, narrow and enclosed. The quinone headgroup binds at the deep end of this chamber, near ironâ€“sulphur cluster N2. Notably, the chamber is linked to the fourth channel by a â€˜funnelâ€™ of charged residues. The link continues over the entire membrane domain as a flexible central axis of charged and polar residues, and probably has a leading role in the propagation of conformational changes, aided by coupling elements. The structure suggests that a unique, out-of-the-membrane quinone-reaction chamber enables the redox energy to drive concerted long-range conformational changes in the four antiporter-like domains, resulting in translocation of four protons per cycle.




            
                
                    

    
        
            
                
                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: Structure of the entire complex I from  T. thermophilus.[image: ]


Figure 2: 
                        Fold of subunit Nqo8.
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Figure 3: 
                        E-channel and central hydrophilic axis.
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Figure 4: 
                        Quinone-reaction chamber.
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Figure 5: 
                        Proposed coupling mechanism of complex I.
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Complex I is the first and largest enzyme of the mitochondrial electron transport chain, and until now it was the only component of the respiratory chain without a fully known structure. In this manuscript, the authors present the atomic structure of the entire complex I. The enzyme facilitates the transfer of two electrons from NADH to ubiquinone, coupled to the translocation of four protons across the bacterial or inner-mitochondrial membrane. The structure reveals several unexpected features, including a long reaction chamber that accommodates the hydrophobic substrate quinone, allowing the enzyme to harness its redox energy. The unusual mechanism of this large protein machine involves long-range mechanical coupling between the chemical energy source and four molecular pumps, storing energy in the form of a proton gradient across the cellular membrane.
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