







    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: 17 March 2013



                    Landscape of the PARKIN-dependent ubiquitylome in response to mitochondrial depolarization

                    	Shireen A. Sarraf1, 
	Malavika Raman1, 
	Virginia Guarani-Pereira1, 
	Mathew E. Sowa1, 
	Edward L. Huttlin1, 
	Steven P. Gygi1 & 
	â€¦
	J. Wade Harper1Â 

Show authors

                    

                    
                        
    Nature

                        volumeÂ 496,Â pages 372â€“376 (2013)Cite this article
                    

                    
        
            	
                        30k Accesses

                    
	
                        761 Citations

                    
	
                            10 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Ubiquitylation


    


                
    
    

    
        
            
                
                    
                        
                    
                
            
            This article has been updated

        

    
    

                
            


        
            Abstract
The PARKIN ubiquitin ligase (also known as PARK2) and its regulatory kinase PINK1 (also known as PARK6), often mutated in familial early-onset Parkinsonâ€™s disease, have central roles in mitochondrial homeostasis and mitophagy1,2,3. Whereas PARKIN is recruited to the mitochondrial outer membrane (MOM) upon depolarization via PINK1 action and can ubiquitylate porin, mitofusin and Miro proteins on the MOM1,4,5,6,7,8,9,10,11, the full repertoire of PARKIN substratesâ€”the PARKIN-dependent ubiquitylomeâ€”remains poorly defined. Here we use quantitative diGly capture proteomics (diGly)12,13 to elucidate the ubiquitylation site specificity and topology of PARKIN-dependent target modification in response to mitochondrial depolarization. Hundreds of dynamically regulated ubiquitylation sites in dozens of proteins were identified, with strong enrichment for MOM proteins, indicating that PARKIN dramatically alters the ubiquitylation status of the mitochondrial proteome. Using complementary interaction proteomics, we found depolarization-dependent PARKIN association with numerous MOM targets, autophagy receptors, and the proteasome. Mutation of the PARKIN active site residue C431, which has been found mutated in Parkinsonâ€™s disease patients, largely disrupts these associations. Structural and topological analysis revealed extensive conservation of PARKIN-dependent ubiquitylation sites on cytoplasmic domains in vertebrate and Drosophila melanogaster MOM proteins. These studies provide a resource for understanding how the PINK1â€“PARKIN pathway re-sculpts the proteome to support mitochondrial homeostasis.
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                    Figure 1: QdiGly proteomics for PARKIN-dependent ubiquitylation.[image: ]


Figure 2: PARKIN-dependent ubiquitylation sites revealed by QdiGly proteomics.[image: ]


Figure 3: PARKIN associates with mitochondrial proteins and the proteasome in response to depolarization.[image: ]


Figure 4: Structural anatomy and conservation of PARKIN-dependent diGly sites.[image: ]
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PARKIN ubiquitylation targets unveiled
The ubiquitin ligase PARKIN is mutated in familial forms of Parkinson's disease. It is recruited to damaged mitochondria where it ubiquitylates numerous proteins, marking them for mitochondrial clearance by autophagy (termed mitophagy). This study uses quantitative proteomics to identify cellular PARKIN-dependent ubiquitylation targets. This work provides a large number of candidate substrates that will need to be examined in greater detail, in the process revealing details of PARKIN function and mitochondrial dynamics.
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