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            Abstract
VISUALIZATION of single actin filaments by fluorescence microscopy1led to the development of new in vitro assays for analysing actomyosin-based motility at the molecular level2-5. The ability to manipulate actin filaments with a microneedle6,7 or an optical trap8 combined with position-sensitive detectors has enabled direct measurements of nanometre displacements and piconewton forces exerted by individual myosin molecules. To elucidate how myosin generates movement, it is necessary to understand how ATP hydrolysis is coupled to mechanical work at the level of the single molecule. But the most sensitive microscopic ATPase assay available still requires over 1,000 myosins9. To enhance the sensitivity of such assays, we have refined epifluorescence and total internal reflection microscopies to visualize single fluorescent dye molecules. We report here that this approach can be used directly to image single fluorescently labelled myosin molecules and detect individual ATP turnover reactions. In contrast to previously reported single fluorescent molecule imaging methods, which used specimens immobilized on an air-dried surface10-12, our method allows video-rate imaging of single molecules in aqueous solution, and hence can be applied to the study of many types of enzymes and biomolecules.




            
                
                    

    
        
            
                
                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
        



    

                
                    
                


                
                    
                        
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Bridging structural and cell biology with cryo-electron microscopy
                                        
                                    

                                    
                                        Article
                                        
                                         03 April 2024
                                    

                                

                                Eva Nogales & Julia Mahamid

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        ReLo is a simple and rapid colocalization assay to identify and characterize direct proteinâ€“protein interactions
                                        
                                    

                                    
                                        Article
                                         Open access
                                         03 April 2024
                                    

                                

                                Harpreet Kaur Salgania, Jutta Metz & Mandy Jeske

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Fluorescence resonance energy transfer at the single-molecule level
                                        
                                    

                                    
                                        Article
                                        
                                         28 March 2024
                                    

                                

                                Taekjip Ha, Jingyi Fei, â€¦ Sanghun Yeou

                            
                        

                    
                

            
        
            
        
    
                    
                
            

            
                References
	Yanagida, T., Nakase, M., Nishiyama, K. & Oosawa, F. Nature 307, 58â€“60 (1984).
ArticleÂ 
    CASÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Kron, S. J. & Spudich, J. A. Proc. natn. Acad. Sci. U.S.A. 83, 6272â€“6276 (1986).
ArticleÂ 
    CASÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Toyoshima, Y. Y. et al. Nature 328, 536â€“539 (1987).
ArticleÂ 
    CASÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Harada, Y., Noguchi, A., Kishino, A. & Yanagida, T. Nature 326, 805â€“808 (1987).
ArticleÂ 
    CASÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Kishino, A. & Yanagida, T. Nature 334, 74â€“76 (1988).
ArticleÂ 
    CASÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Ishijima, A., Doi, T., Sakurada, K. & Yanagida, T. Nature 352, 301â€“306 (1991).
ArticleÂ 
    CASÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Ishijima, A. et al. Biochem. biophys. Res. Commun. 199, 1057â€“1063 (1994).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Finer, J. T., Simmons, R. M. & Spudich, J. A. Nature 368, 113â€“119 (1994).
ArticleÂ 
    CASÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Sowerby, A. J., Seehra, C. K., Lee, M. & Bagshaw, C. R. J. molec. Biol. 234, 114â€“123 (1993).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Betzig, E. & Chichester, R. J. Science 262, 1422â€“1425 (1993).
ArticleÂ 
    CASÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Trautman, J. K., Macklin, J. J. & Betzig, E. Nature 369, 40â€“42 (1994).
ArticleÂ 
    CASÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Ishikawa, M., Hirano, K., Hayakawa, T., Hosoi, S. & Brenner, S. Jap. J. appl. Phys. 33, 1571â€“1576 (1994).
ArticleÂ 
    CASÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Harada, Y. & Yanagida, T. Cell Motil. Cytoskel. 10, 71â€“76 (1988).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Southwick, P. L. et al. Cytometry 11, 418â€“430 (1990).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Axelrod, D. Meth. Cell Biol. 30, 245â€“270 (1989).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Yanagida, T., Arata, T. & Oosawa, F. Nature 316, 366â€“369 (1985).
ArticleÂ 
    CASÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Huxley, H. E. J. biol. Chem. 265, 8347â€“8350 (1990).
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Yanagida, T., Harada, Y. & Ishijima, A. Trends biochem. Sci. 18, 319â€“324 (1993).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Bagshaw, C. R. in Muscle Contraction 2nd edn (Chapman & Hall, London, 1993).
BookÂ 
    
                    Google ScholarÂ 
                

	Spudich, J. A. Nature 372, 515â€“518 (1994).
ArticleÂ 
    CASÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Harada, Y., Sakurada, K., Aoki, T., Thomas, D. D. & Yanagida, T. J. molec. Biol. 216, 49â€“68 (1990).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Lowey, S., Waller, G. S. & Trybus, M. K. Nature 365, 454â€“456 (1993).
ArticleÂ 
    CASÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Lindberg, M. & Mosbach, K. Eur. J. Biochem. 53, 481â€“486 (1975).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Kodama, T., Fukui, K. & Kometani, K. J. Biochem. (Tokyo) 99, 1465â€“1472 (1986).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                


Download references




Author information
Authors and Affiliations
	BioMotron Project, ERATO, JRDC, Senba-higashi 2-4-14, Mino, Osaka, 562, Japan
Takashi Funatsu,Â Yoshie Harada,Â Makio Tokunaga,Â Kiwamu SaitoÂ &Â Toshio Yanagida

	Department of Biophysical Engineering, Osaka University, Toyonaka, Osaka, 560, Japan
Toshio Yanagida


Authors	Takashi FunatsuView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Yoshie HaradaView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Makio TokunagaView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Kiwamu SaitoView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Toshio YanagidaView author publications
You can also search for this author in
                        PubMedÂ Google Scholar







Rights and permissions
Reprints and permissions


About this article
Cite this article
Funatsu, T., Harada, Y., Tokunaga, M. et al. Imaging of single fluorescent molecules and individual ATP turnovers by single myosin molecules in aqueous solution.
                    Nature 374, 555â€“559 (1995). https://doi.org/10.1038/374555a0
Download citation
	Received: 19 December 1994

	Accepted: 08 February 1995

	Issue Date: 06 April 1995

	DOI: https://doi.org/10.1038/374555a0


Share this article
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                            Provided by the Springer Nature SharedIt content-sharing initiative
                        








            


            
        
            
                This article is cited by

                
                    	
                            
                                
                                    
                                        A condensate dynamic instability orchestrates actomyosin cortex activation
                                    
                                

                            
                                
                                    	Victoria Tianjing Yan
	Arjun Narayanan
	Stephan W. Grill


                                
                                Nature (2022)

                            
	
                            
                                
                                    
                                        Scattering imaging of biomolecules with metallic nanoparticles: localization precision, imaging speed, and multicolor imaging capability
                                    
                                

                            
                                
                                    	Jun Ando


                                
                                Optical Review (2022)

                            
	
                            
                                
                                    
                                        Mass-sensitive particle tracking to elucidate the membrane-associated MinDE reaction cycle
                                    
                                

                            
                                
                                    	Tamara Heermann
	Frederik Steiert
	Petra Schwille


                                
                                Nature Methods (2021)

                            
	
                            
                                
                                    
                                        A functional family of fluorescent nucleotide analogues to investigate actin dynamics and energetics
                                    
                                

                            
                                
                                    	Jessica Colombo
	Adrien Antkowiak
	AlphÃ©e Michelot


                                
                                Nature Communications (2021)

                            
	
                            
                                
                                    
                                        Cy3-ATP labeling of unfixed, permeabilized mouse hair cells
                                    
                                

                            
                                
                                    	Itallia V. Pacentine
	Peter G. Barr-Gillespie


                                
                                Scientific Reports (2021)

                            


                

            

        
    

            
                Comments
By submitting a comment you agree to abide by our Terms and Community Guidelines. If you find something abusive or that does not comply with our terms or guidelines please flag it as inappropriate.



                
                    
                    

                

            
        





    
        

        
            
                

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



            

            
                

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



            

        
    


    
        
    

    
    

    
        
            
                
                    
                        
                            Advertisement

                            
    
        
            
                [image: Advertisement]
        

    


                        

                    

                

            

            

            

        

    






    
        
            
                Explore content

                	
                                
                                    Research articles
                                
                            
	
                                
                                    News
                                
                            
	
                                
                                    Opinion
                                
                            
	
                                
                                    Research Analysis
                                
                            
	
                                
                                    Careers
                                
                            
	
                                
                                    Books & Culture
                                
                            
	
                                
                                    Podcasts
                                
                            
	
                                
                                    Videos
                                
                            
	
                                
                                    Current issue
                                
                            
	
                                
                                    Browse issues
                                
                            
	
                                
                                    Collections
                                
                            
	
                                
                                    Subjects
                                
                            


                	
                            Follow us on Facebook
                            
                        
	
                            Follow us on Twitter
                            
                        
	
                            
                                Subscribe
                            
                        
	
                            Sign up for alerts
                            
                        
	
                            
                                RSS feed
                            
                        


            

        
    
    
        
            
                
                    About the journal

                    	
                                
                                    Journal Staff
                                
                            
	
                                
                                    About the Editors
                                
                            
	
                                
                                    Journal Information
                                
                            
	
                                
                                    Our publishing models
                                
                            
	
                                
                                    Editorial Values Statement
                                
                            
	
                                
                                    Journal Metrics
                                
                            
	
                                
                                    Awards
                                
                            
	
                                
                                    Contact
                                
                            
	
                                
                                    Editorial policies
                                
                            
	
                                
                                    History of Nature
                                
                            
	
                                
                                    Send a news tip
                                
                            


                

            
        

        
            
                
                    Publish with us

                    	
                                
                                    For Authors
                                
                            
	
                                
                                    For Referees
                                
                            
	
                                
                                    Language editing services
                                
                            
	
                                Submit manuscript
                                
                            


                

            
        
    



    
        Search

        
            Search articles by subject, keyword or author
            
                
                    
                

                
                    
                        Show results from
                        All journals
This journal


                    

                    
                        Search
                    

                


            

        


        
            
                Advanced search
            
        


        Quick links

        	Explore articles by subject
	Find a job
	Guide to authors
	Editorial policies


    





        
    
        
            

            
                
                    Nature (Nature)
                
                
    
    
        ISSN 1476-4687 (online)
    
    


                
    
    
        ISSN 0028-0836 (print)
    
    

            

        

    




    
        
    nature.com sitemap

    
        
            
                About Nature Portfolio

                	About us
	Press releases
	Press office
	Contact us


            


            
                Discover content

                	Journals A-Z
	Articles by subject
	protocols.io
	Nature Index


            


            
                Publishing policies

                	Nature portfolio policies
	Open access


            


            
                Author & Researcher services

                	Reprints & permissions
	Research data
	Language editing
	Scientific editing
	Nature Masterclasses
	Research Solutions


            


            
                Libraries & institutions

                	Librarian service & tools
	Librarian portal
	Open research
	Recommend to library


            


            
                Advertising & partnerships

                	Advertising
	Partnerships & Services
	Media kits
                    
	Branded
                        content


            


            
                Professional development

                	Nature Careers
	Nature 
                        Conferences


            


            
                Regional websites

                	Nature Africa
	Nature China
	Nature India
	Nature Italy
	Nature Japan
	Nature Middle East


            


        

    

    
        	Privacy
                Policy
	Use
                of cookies
	
                Your privacy choices/Manage cookies
                
            
	Legal
                notice
	Accessibility
                statement
	Terms & Conditions
	Your US state privacy rights


    





        
    
        [image: Springer Nature]
    
    © 2024 Springer Nature Limited




    

    
    
    







    

    



    
    

        

    
        
            


Close
    



        

            
                
                    [image: Nature Briefing]
                    Sign up for the Nature Briefing newsletter â€” what matters in science, free to your inbox daily.

                

                
                    
                        
                        

                        
                        
                        
                        

                        Email address

                        
                            
                            
                            
                            Sign up
                        


                        
                            
                            I agree my information will be processed in accordance with the Nature and Springer Nature Limited Privacy Policy.
                        

                    

                

            


        


    

    
    

        

    
        
            

Close
    



        
            Get the most important science stories of the day, free in your inbox.
            Sign up for Nature Briefing
            
        


    









    [image: ]







[image: ]
