







    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



	letters

	
                                    article


    
        
        
            
            
                
                    	Letter
	Published: 07 February 2002



                    Mechanism of force generation by myosin heads in skeletal muscle

                    	Gabriella Piazzesi1, 
	Massimo Reconditi1, 
	Marco Linari1, 
	Leonardo Lucii1, 
	Yin-Biao Sun2, 
	Theyencheri Narayanan3, 
	Peter Boesecke3, 
	Vincenzo Lombardi1 & 
	â€¦
	Malcolm Irving2Â 

Show authors

                    

                    
                        
    Nature

                        volumeÂ 415,Â pages 659â€“662 (2002)Cite this article
                    

                    
        
            	
                        1500 Accesses

                    
	
                        118 Citations

                    
	
                    Metrics details

                


        

    
                    
                

                
                
    
    

    
    

                
            


        
            Abstract
Muscles generate force and shortening in a cyclical interaction between the myosin head domains projecting from the myosin filaments and the adjacent actin filaments. Although many features of the dynamic performance of muscle are determined by the rates of attachment and detachment of myosin and actin1, the primary event in force generation is thought to be a conformational change or â€˜working strokeâ€™ in the actin-bound myosin head2,3,4,5,6,7,8. According to this hypothesis, the working stroke is much faster than attachment or detachment, but can be observed directly in the rapid force transients that follow step displacement of the filaments3. Although many studies of the mechanism of muscle contraction9,10,11,12,13 have been based on this hypothesis, the alternative viewâ€”that the fast force transients are caused by fast components of attachment and detachment14,15,16,17 â€”has not been excluded definitively. Here we show that measurements of the axial motions of the myosin heads at Ã¥ngstrÃ¶m resolution by a new X-ray interference technique18 rule out the rapid attachment/detachment hypothesis, and provide compelling support for the working stroke model of force generation.
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                    Figure 1: Changes in interference fine structure of the M3 X-ray reflection produced byÂ rapid shortening.[image: ]


Figure 2: Relative intensity and spacings of the higher (HA) and lower (LA) angle peaks of the M3 reflection.[image: ]


Figure 3: Axial motions and spacings of myosin heads.[image: ]
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