







    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



	articles

	
                                    article


    
        
        
            
            
                
                    	Article
	Published: 11 January 2012



                    Complete subunit architecture of the proteasome regulatory particle

                    	Gabriel C. Lander1Â na1, 
	Eric Estrin2Â na1, 
	Mary E. Matyskiela2Â na1, 
	Charlene Bashore2, 
	Eva Nogales1,3,4 & 
	â€¦
	Andreas Martin2,4Â 

Show authors

                    

                    
                        
    Nature

                        volumeÂ 482,Â pages 186â€“191 (2012)Cite this article
                    

                    
        
            	
                        14k Accesses

                    
	
                        463 Citations

                    
	
                            29 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Biophysics
	Proteasome
	Structural biology


    


                
    
    

    
    

                
            


        
            Abstract
The proteasome is the major ATP-dependent protease in eukaryotic cells, but limited structural information restricts a mechanistic understanding of its activities. The proteasome regulatory particle, consisting of the lid and base subcomplexes, recognizes and processes polyubiquitinated substrates. Here we used electron microscopy and a new heterologous expression system for the lid to delineate the complete subunit architecture of the regulatory particle from yeast. Our studies reveal the spatial arrangement of ubiquitin receptors, deubiquitinating enzymes and the protein unfolding machinery at subnanometre resolution, outlining the substrateâ€™s path to degradation. Unexpectedly, the ATPase subunits within the base unfoldase are arranged in a spiral staircase, providing insight into potential mechanisms for substrate translocation through the central pore. Large conformational rearrangements of the lid upon holoenzyme formation suggest allosteric regulation of deubiquitination. We provide a structural basis for the ability of the proteasome to degrade a diverse set of substrates and thus regulate vital cellular processes.
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                    Figure 1: 
                        The lid subcomplex within the holoenzyme assembly.
                      [image: ]


Figure 2: 
                        Three-dimensional reconstructions of the recombinant lid subcomplex and the yeast 26S proteasome.
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Figure 3: 
                        Localization of Rpn1 and Rpn2, and ubiquitin-interacting subunits.
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Figure 4: 
                        Conformational rearrangements of the lid subcomplex upon integration into the holoenzyme.
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Figure 5: 
                        Structural features of the base ATPase subunits.
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Figure 6: 
                        Model for the recognition, deubiquitination and engagement of a polyubiquitinated substrate by the 26S proteasome.
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                The cryoelectron microscopy density map for the 26S proteasome can be found at the Electron Microscopy Data Bank under accession number EMD-1992. The negative stain reconstructions of the recombinantly expressed and yeast-purified lid have been assigned accession numbers EMD-1993 and EMD-1994, respectively.
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