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            Abstract
DNA replication and repair in mammalian cells involves three distinct DNA ligases: ligase I (Lig1), ligase III (Lig3) and ligase IV (Lig4)1. Lig3 is considered a key ligase during base excision repair because its stability depends upon its nuclear binding partner Xrcc1, a critical factor for this DNA repair pathway2,3. Lig3 is also present in the mitochondria, where its role in mitochondrial DNA (mtDNA) maintenance is independent of Xrcc1 (ref. 4). However, the biological role of Lig3 is unclear as inactivation of murine Lig3 results in early embryonic lethality5. Here we report that Lig3 is essential for mtDNA integrity but dispensable for nuclear DNA repair. Inactivation of Lig3 in the mouse nervous system resulted in mtDNA loss leading to profound mitochondrial dysfunction, disruption of cellular homeostasis and incapacitating ataxia. Similarly, inactivation of Lig3 in cardiac muscle resulted in mitochondrial dysfunction and defective heart-pump function leading to heart failure. However, Lig3 inactivation did not result in nuclear DNA repair deficiency, indicating essential DNA repair functions of Xrcc1 can occur in the absence of Lig3. Instead, we found that Lig1 was critical for DNA repair, but acted in a cooperative manner with Lig3. Additionally, Lig3 deficiency did not recapitulate the hallmark features of neural Xrcc1 inactivation such as DNA damage-induced cerebellar interneuron loss6, further underscoring functional separation of these DNA repair factors. Therefore, our data reveal that the critical biological role of Lig3 is to maintain mtDNA integrity and not Xrcc1-dependent DNA repair.




            
                
                    

    
        
            
                
                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: 
                        Lig3 inactivation throughout the nervous system leads to a phenotype different to Xrcc1 loss.
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Figure 2: 
                        Mitochondrial function is disrupted in the 
                        Lig3
                        Nes-cre
                         brain.
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Figure 3: 
                        Lig3 inactivation causes cardiac failure associated with defective mitochondrial function.
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Figure 4: 
                        Lig3 is not essential for nuclear DNA repair.
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        Editorial Summary
A mitochondrial role for DNA ligase III
Mammalian cells contain three different DNA ligase enzymes, each with different properties but all involved in DNA replication and repair. Ligase III (Lig3) is known to form a complex with the nuclear DNA repair protein Xrcc1, and Lig3 null animals cannot be made. This raises the question of whether this nuclear role in base-excision repair (BER) is the critical function of Lig3 that maintains viability. Two groups reporting in this issue of Nature investigate different aspects of Lig3 function in vivo, both concluding that the catalytic activity of Lig3 is critical for mitochondrial DNA maintenance and viability, but unexpectedly, is dispensable for Xrcc1-mediated nuclear BER. These findings suggest that Lig3 mutations might cause some of the human syndromes associated with defects in the replication and/or repair of mitochondrial DNA.
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