







    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: 24 June 2010



                    Structure and mechanism of human DNA polymerase η

                    	Christian Biertümpfel1, 
	Ye Zhao1,2, 
	Yuji Kondo3, 
	Santiago Ramón-Maiques1 nAff6, 
	Mark Gregory1, 
	Jae Young Lee1 nAff6, 
	Chikahide Masutani3, 
	Alan R. Lehmann4, 
	Fumio Hanaoka3,5 & 
	…
	Wei Yang1 

Show authors

                    

                    
                        
    Nature

                        volume 465, pages 1044–1048 (2010)Cite this article
                    

                    
        
            	
                        6822 Accesses

                    
	
                        280 Citations

                    
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Enzymes
	Molecular biology
	Structural biology


    


                
    
    
        
            
                
                    
                        
                    
                
            
            
                
                    A Corrigendum to this article was published on 03 August 2011

                
            
        

    

    
    

                
            


        
            Abstract
The variant form of the human syndrome xeroderma pigmentosum (XPV) is caused by a deficiency in DNA polymerase η (Polη), a DNA polymerase that enables replication through ultraviolet-induced pyrimidine dimers. Here we report high-resolution crystal structures of human Polη at four consecutive steps during DNA synthesis through cis-syn cyclobutane thymine dimers. Polη acts like a ‘molecular splint’ to stabilize damaged DNA in a normal B-form conformation. An enlarged active site accommodates the thymine dimer with excellent stereochemistry for two-metal ion catalysis. Two residues conserved among Polη orthologues form specific hydrogen bonds with the lesion and the incoming nucleotide to assist translesion synthesis. On the basis of the structures, eight Polη missense mutations causing XPV can be rationalized as undermining the molecular splint or perturbing the active-site alignment. The structures also provide an insight into the role of Polη in replicating through D loop and DNA fragile sites.
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                    Figure 1: 
                        Structure of human Polη.
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Figure 2: 
                        Structures of lesion DNAs.
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Figure 3: 
                        Functional analyses of Q38A and R61A mutant Polη.
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Figure 4: 
                        Human Polη is a molecular splint.
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Figure 5: 
                        XPV mutations.
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        Editorial Summary
DNA polymerase structures
The penetrating radiation from ultraviolet light induces DNA lesions in skin cells that can block DNA replication and cause mutations that develop into cancer. One way in which the body copes with this damage involves specialized DNA polymerases to bypass such lesions. DNA polymerase η (Polη) does this by replicating DNA containing thymine dimers — and inactivation of this enzyme results in a variant of the skin disease xeroderma pigmentosum and a high incidence of skin cancer. Two groups have now determined the crystal structure of Polη. The structures — one of the yeast enzyme and one of the catalytic domain of the human enzyme — show how the bulky thymine dimer is accommodated in an unusually large active site, and how the lesion is stabilized by interactions not found in other polymerases. Missense mutations from xeroderma pigmentosum patients are found to disrupt the polymerase's ability to maintain the damaged DNA in normal B form. In the accompanying News & Views, Suse Broyde and Dinshaw Patel discuss how the structure of Polη compares with those reported for other Y-family DNA polymerases.
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