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            Abstract
Genomic DNA is replicated by two DNA polymerase molecules, one of which works in close association with the helicase to copy the leading-strand template in a continuous manner while the second copies the already unwound lagging-strand template in a discontinuous manner through the synthesis of Okazaki fragments1,2. Considering that the lagging-strand polymerase has to recycle after the completion of every Okazaki fragment through the slow steps of primer synthesis and hand-off to the polymerase3,4,5, it is not understood how the two strands are synthesized with the same net rate6,7,8,9. Here we show, using the T7 replication proteins10,11, that RNA primers are made â€˜on the flyâ€™ during ongoing DNA synthesis and that the leading-strand T7 replisome does not pause during primer synthesis, contrary to previous reports12,13. Instead, the leading-strand polymerase remains limited by the speed of the helicase14; it therefore synthesizes DNA more slowly than the lagging-strand polymerase. We show that the primaseâ€“helicase T7â€‰gp4 maintains contact with the priming sequence during ongoing DNA synthesis; the nascent lagging-strand template therefore organizes into a priming loop that keeps the primer in physical proximity to the replication complex. Our findings provide three synergistic mechanisms of coordination: first, primers are made concomitantly with DNA synthesis; second, the priming loop ensures efficient primer use and hand-off to the polymerase; and third, the lagging-strand polymerase copies DNA faster, which allows it to keep up with leading-strand DNA synthesis overall.




            
                
                    

    
        
            
                
                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: 
                        Primer synthesis occurs concomitantly with DNA unwinding and synthesis.
                      


Figure 2: 
                        Priming loop: the primase domain maintains contact with the priming sequence during replication.
                      


Figure 3: 
                        Lagging-strand synthesis is faster than leading-strand synthesis.
                      


Figure 4: 
                        Model of T7 DNA replication.
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DNA is replicated by a replisome containing two polymerases that move unidirectionally, sythesizing DNA strands of opposite polarity. DNA synthesis on the leading and lagging strands therefore involves different mechanisms, although the rate of synthesis is coordinated so that movement on the two strands is equal. A previous study suggested that the leading-strand polymerase pauses when the lagging-strand polymerase synthesizes a new primer for each Okazaki fragment. Patel et al. now find no evidence for pausing; rather, they find that primers are made as DNA is being synthesized and then passed on to the polymerase. To allow for this transfer, the lagging-strand polymerase copies DNA at a faster rate than the leading strand.
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