







    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

                    
        
            
    
        
            
                
        

    


        
    
                

            
        

    
        
            
                
                    
                    
                    
                        
                        
                            
                                
                                
                            
                        
                    
                    

                    
                    	
                            
                                View all journals
                            
                        
	
                            
                                Search
                            
                        
	
                            
                                Log in
                            
                        


                

            

        

        
            
                
                    
                        	
                                    
                                        Explore content
                                    
                                
	
                                    
                                        About the journal
                                    
                                
	
                                        
                                            Publish with us
                                        
                                    
	
                                    
                                        Subscribe
                                    
                                


                        	
                                    
                                        Sign up for alerts
                                    
                                
	
                                    
                                            RSS feed
                                    
                                


                    

                

            

        
    


    
    
        
            
                	nature



	letters

	
                                    article


    
        
        
            
            
                
                    	Letter
	Published: 24 November 2010



                    Tension directly stabilizes reconstituted kinetochore-microtubule attachments

                    	Bungo Akiyoshi1,2Â na1, 
	Krishna K. Sarangapani3Â na1, 
	Andrew F. Powers3Â na1, 
	Christian R. Nelson1, 
	Steve L. Reichow4, 
	Hugo Arellano-Santoyo1,2,3, 
	Tamir Gonen4,5, 
	Jeffrey A. Ranish6, 
	Charles L. Asbury3 & 
	â€¦
	Sue Biggins1Â 

Show authors

                    

                    
                        
    Nature

                        volumeÂ 468,Â pages 576â€“579 (2010)Cite this article
                    

                    
        
            	
                        9489 Accesses

                    
	
                        322 Citations

                    
	
                            23 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Biophysics
	Kinetochores
	Microtubules


    


                
    
    

    
    

                
            


        
            Abstract
Kinetochores are macromolecular machines that couple chromosomes to dynamic microtubule tips during cell division, thereby generating force to segregate the chromosomes1,2. Accurate segregation depends on selective stabilization of correct â€˜bi-orientedâ€™ kinetochoreâ€“microtubule attachments, which come under tension as the result of opposing forces exerted by microtubules3. Tension is thought to stabilize these bi-oriented attachments indirectly, by suppressing the destabilizing activity of a kinase, Aurora B4,5. However, a complete mechanistic understanding of the role of tension requires reconstitution of kinetochoreâ€“microtubule attachments for biochemical and biophysical analyses in vitro. Here we show that native kinetochore particles retaining the majority of kinetochore proteins can be purified from budding yeast and used to reconstitute dynamic microtubule attachments. Individual kinetochore particles maintain load-bearing associations with assembling and disassembling ends of single microtubules for >30â€‰min, providing a close match to the persistent coupling seen in vivo between budding yeast kinetochores and single microtubules6. Moreover, tension increases the lifetimes of the reconstituted attachments directly, through a catch bond-like mechanism that does not require Aurora B7,8,9,10. On the basis of these findings, we propose that tension selectively stabilizes proper kinetochoreâ€“microtubule attachments in vivo through a combination of direct mechanical stabilization and tension-dependent phosphoregulation.
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                    Figure 1: 
                        Kinetochore particles can be isolated by affinity purification of Dsn1â€“Flag.
                      


Figure 2: Purified kinetochore particles bind microtubules  in vitro. 


Figure 3: 
                        Single kinetochore particles suffice for robust coupling.
                      


Figure 4: 
                        Tension stabilizes attachments between kinetochore particles and dynamic microtubules.
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The kinetochore is the large protein complex that assembles on centromeric DNA to mediate chromosome separation. For decades, researchers have tried to isolate whole functional kinetochores without success. Sue Biggins and colleagues now report the first purification of functional kinetochores. They also show that kinetochore particles maintain load-bearing associations with assembling and disassembling microtubules, and that tension directly increases the lifetimes of the attachments. These results provide evidence that tension selectively stabilizes kinetochoreâ€“microtubule interactions.
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