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            Abstract
Escherichia coli RecA is the defining member of a ubiquitous class of DNA strand-exchange proteins that are essential for homologous recombination, a pathway that maintains genomic integrity by repairing broken DNA1. To function, filaments of RecA must nucleate and grow on single-stranded DNA (ssDNA) in direct competition with ssDNA-binding protein (SSB), which rapidly binds and continuously sequesters ssDNA, kinetically blocking RecA assembly2,3. This dynamic self-assembly on a DNA lattice, in competition with another protein, is unique for the RecA family compared to other filament-forming proteins such as actin and tubulin. The complexity of this process has hindered our understanding of RecA filament assembly because ensemble measurements cannot reliably distinguish between the nucleation and growth phases, despite extensive and diverse attempts2,3,4,5. Previous single-molecule assays have measured the nucleation and growth of RecAâ€”and its eukaryotic homologue RAD51â€”on naked double-stranded DNA and ssDNA6,7,8,9,10,11,12; however, the template for RecA self-assembly in vivo is SSB-coated ssDNA3. Using single-molecule microscopy, here we directly visualize RecA filament assembly on single molecules of SSB-coated ssDNA, simultaneously measuring nucleation and growth. We establish that a dimer of RecA is required for nucleation, followed by growth of the filament through monomer addition, consistent with the finding that nucleation, but not growth, is modulated by nucleotide and magnesium ion cofactors. Filament growth is bidirectional, albeit faster in the 5â€²â†’3â€² direction. Both nucleation and growth are repressed at physiological conditions, highlighting the essential role of recombination mediators in potentiating assembly in vivo. We define a two-step kinetic mechanism in which RecA nucleates on transiently exposed ssDNA during SSB sliding and/or partial dissociation (DNA unwrapping) and then the RecA filament grows. We further demonstrate that the recombination mediator protein pair, RecOR (RecO and RecR), accelerates both RecA nucleation and filament growth, and that the introduction of RecF further stimulates RecA nucleation.




            
                
                    

    
        
            
                
                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: 
                        Direct visualization of RecA filament assembly on single molecules of SSB-coated ssDNA shows that RecA nucleates as a dimer.
                      [image: ]


Figure 2: 
                        RecA filaments grow via rapid addition of monomers.
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Figure 3: 
                        RecA filament growth on SSB-coated ssDNA is bidirectional.
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Figure 4: 
                        Nucleation is modulated by ligand binding, repressed at physiological pH, and enhanced by RecOR and RecFOR; growth is enhanced by RecOR.
                      [image: ]
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        Editorial Summary
RecA action on a single DNA strand
An early step in the repair of DNA lesions or stalled replication forks by homologous recombination involves the pairing of homologous DNAs by the strand-exchange protein RecA. RecA from the bacterium Escherichia coli nucleates binding on single-stranded DNA (ssDNA) as a small cluster of subunits, after which it extends to form a proteinâ€“DNA filament. Until now, it has not been possible to visualize its assembly on ssDNA because of the difficulty of creating ssDNA that can be readily used in single-molecule experiments. But now Stephen Kowalczykowski and colleagues have characterized the nucleation and extension of this filament by single-molecule microscopy. The data indicate why 'mediator' proteins might be necessary to facilitate loading and growth, predictions that are confirmed by adding the bacterial RecFOR complex to the reaction.
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