







    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: 11 October 2009



                    SSB protein diffusion on single-stranded DNA stimulates RecA filament formation

                    	Rahul Roy1,2Â nAff5, 
	Alexander G. Kozlov3, 
	Timothy M. Lohman3 & 
	â€¦
	Taekjip Ha1,2,4Â 

Show authors

                    

                    
                        
    Nature

                        volumeÂ 461,Â pages 1092â€“1097 (2009)Cite this article
                    

                    
        
            	
                        4706 Accesses

                    
	
                        214 Citations

                    
	
                    Metrics details

                


        

    
                    
                

                
                
    
    
        
            
                
                    
                        
                    
                
            
            
                
                    An Erratum to this article was published on 17 December 2009

                
            
        

    

    
    

                
            


        
            Abstract
Single-stranded DNA generated in the cell during DNA metabolism is stabilized and protected by binding of ssDNA-binding (SSB) proteins. Escherichia coli SSB, a representative homotetrameric SSB, binds to ssDNA by wrapping the DNA using its four subunits. However, such a tightly wrapped, high-affinity proteinâ€“DNA complex still needs to be removed or repositioned quickly for unhindered action of other proteins. Here we show, using single-molecule two- and three-colour fluorescence resonance energy transfer, that tetrameric SSB can spontaneously migrate along ssDNA. Diffusional migration of SSB helps in the local displacement of SSB by an elongating RecA filament. SSB diffusion also melts short DNA hairpins transiently and stimulates RecA filament elongation on DNA with secondary structure. This observation of diffusional movement of a protein on ssDNA introduces a new model for how an SSB protein can be redistributed, while remaining tightly bound to ssDNA during recombination and repair processes.
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                    Figure 1: 
                        FRET fluctuations arising from diffusional migration of SSB on ssDNA.
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Figure 2: 
                        Analysis of SSB mobility on ssDNA.
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Figure 3: 
                        SSB diffusion on ssDNA probed with three-colour FRET.
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Figure 4: 
                        Mechanism of SSB displacement by an extending RecA filament.
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Figure 5: 
                        SSB diffusion promotes RecA filament growth on DNA hairpin.
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SSB protein takes a walk down the strand
Many transactions involving DNA generate a single-stranded intermediate that is protected from degradation by ssDNA-binding (SSB) protein. Whilst protecting the DNA, this protein needs to allow rapid access to other proteins, such as polymerases or repair factors, for subsequent DNA processing. A mechanism that allows SSB to stay firmly bound to the ssDNA whilst allowing access has been found in a single-molecule fluorescence resonance energy transfer study of the E. coli protein. This SSB is a tetramer that wraps ssDNA around its exterior. Surprisingly, it can migrate via a random walk along the ssDNA, so it can be repositioned although it remains tightly bound. This diffusional property appears to be physiologically relevant as, for example, it facilitates extension of the 3â€² end of the filament formed by the DNA strand exchange protein, RecA.
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