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            Abstract
ATP is secreted in association with neurotransmitters at certain synapses and neuromuscular junctions1,2. Extracellular ATP is known to exert potent effects on the activity of cells in the nervous system, where it can act as a neurotransmitter or as a modulator regulating the activity of other neurohormones3â€“5. We have suggested that such modulation may involve the activity of extracellular protein phosphorylation systems6. It is well known that intracellular protein kinases are important in the regulation of various neuronal functions6â€“8, but protein kinases which use extracellular ATP to phosphorylate proteins localized at the external surface of the plasma membrane (ecto-protein kinases) have not been demonstrated in neuronal cells. Here we present direct evidence for the existence of an ecto-protein kinase and demonstrate endogenous substrates for its activity at the surface of intact neural cells. The phosphorylation of one of these surface proteins is selectively stimulated during cell depolarization. In addition, neuronal cell adhesion molecules (N-CAMs) appear to be among the substrates of ecto-protein kinase activity. These results suggest a role for surface protein phosphorylation in regulating specific functions of developing and mature neurones.




            
                
                    

    
        
            
                
                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: ]

                                
                                
                                    
                                        Spatial transcriptomics reveal neuronâ€“astrocyte synergy in long-term memory
                                        
                                    

                                    
                                        Article
                                         Open access
                                         07 February 2024
                                    

                                

                                Wenfei Sun, Zhihui Liu, â€¦ Stephen R. Quake

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Motor neurons generate pose-targeted movements via proprioceptive sculpting
                                        
                                    

                                    
                                        Article
                                        
                                         20 March 2024
                                    

                                

                                Benjamin Gorko, Igor Siwanowicz, â€¦ Stephen J. Huston

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Centripetal integration of past events in hippocampal astrocytes regulated by locus coeruleus
                                        
                                    

                                    
                                        Article
                                         Open access
                                         03 April 2024
                                    

                                

                                Peter Rupprecht, Sian N. Duss, â€¦ Fritjof Helmchen

                            
                        

                    
                

            
        
            
        
    
                    
                
            

            
                References
	Silinsky, E. M. & Hubbard, J. I. Nature 243, 404â€“405 (1973).
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Kuroda, Y. J. Physiol., Paris. 74, 463â€“470 (1978).
CASÂ 
    
                    Google ScholarÂ 
                

	Burnstock, G. Pharmac. Rev. 24, 509â€“581 (1972).
CASÂ 
    
                    Google ScholarÂ 
                

	Phillis, J. W. & Wu, P. H. in Physiology and Pharmacology of Adenosine Derivatives (eds Daly, J. W., Kuroda, Y., Phillis, J. W., Shimizu, H. & Ui, M.) 219â€“236 (Raven, New York, 1983).

                    Google ScholarÂ 
                

	Silinsky, E. M. & Ginsborg, B. L. Nature 305, 327â€“328 (1983).
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Ehrlich, Y. H. in Handbook of Neurochemistry Vol. 6 (ed. Lajtha, A.) 541â€“574 (Plenum, New York, 1984).
BookÂ 
    
                    Google ScholarÂ 
                

	Nestfer, E. J. & Greengard, P. Nature 305, 583â€“588 (1983).
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Gispen, W. H. & Routtenberg, A. (eds) Brain-Phosphoproteins (Elsevier, Amsterdam, 1982).

	Dicker, P., Heppeland, L. A. & Rozengurt, E. Proc. Natl. Acad. Sci. U.S.A. 77, 2103â€“2107 (1980).
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Nirenberg, M. et al. Science 222, 794â€“799 (1983).
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Hamprecht, B., Glaser, T., Reiser, G., Bayer, E. & Propst, F. Meth. Enzym. 109, 316â€“341 (1985).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Ehrlich, Y. H. & Routtenberg, A. FEES Lett. 45, 237â€“243 (1974).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Ehrlich, Y. H., Davis, L. G., Gilfoil, T. & Brunngraber, E. G. Neurochem. Res. 2, 533â€“548 (1977).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Sorkin, B. C., Hoffman, S. Edelman, G. M. & Cunningham, B. A. Science 225, 1474â€“1478 (1984).
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Lyles, J. M., Linneman, D. & Bock, E. J. Cell Biol. 99, 2082â€“2091 (1984).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Prasad, K. N. Regulation of Differentiation in Mammalian Nerve Cells (Plenum, New York, 1980).
BookÂ 
    
                    Google ScholarÂ 
                

	Davis, T. B., Kornecki, E., Lenox, R. H. & Ehrlich, Y. H. Soc. Neurosci. Abstr. 10, 196 (1984).

                    Google ScholarÂ 
                

	Ehrlich, Y. H., Whittemore, S. R., Garfield, M. K., Graber, S. G. & Lenox, R. H. in Brain-Phosphoproteins (eds Gispen, W. H. & Routtenberg, A.) 375â€“396 (Elsevier, Amsterdam, 1982).

                    Google ScholarÂ 
                

	Nelson, P., Christian, C. & Nirenberg, M. Proc. Natl. Acad. Sci. U.S.A. 75, 1314â€“1318 (1978).
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Bottenstein, J. in Functionally Differentiated Cell Lines (ed. Sato, G.) 155â€“184 (Liss, New York, 1981).

                    Google ScholarÂ 
                

	Ehrlich, Y. H., Brunngraber, E. G., Sinha, P. K. & Prasad, K. N. Nature 265, 238â€“240 (1977).
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Whittemore, S. R., Graber, S. G., Lenox, R. H., Hendley, E. D. & Ehrlich, Y. H. J. Neurochem. 42, 1685â€“1696 (1984).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                


Download references




Author information
Authors and Affiliations
	Neuroscience Research Unit, Department of Psychiatry, University of Vermont, Burlington, Vermont, 05405, USA
Yigal H. Ehrlich,Â Theodore B. Davis,Â Elisabeth Bock,Â Elizabeth KorneckiÂ &Â Robert H. Lenox

	Department of Biochemistry, University of Vermont, Burlington, Vermont, 05405, USA
Yigal H. EhrlichÂ &Â Theodore B. Davis

	The Protein Laboratory, University of Copenhagen, DK-2200, Copenhagen-N, Denmark
Elisabeth Bock


Authors	Yigal H. EhrlichView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Theodore B. DavisView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Elisabeth BockView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Elizabeth KorneckiView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Robert H. LenoxView 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
Ehrlich, Y., Davis, T., Bock, E. et al. Ecto-protein kinase activity on the external surface of neural cells.
                    Nature 320, 67â€“70 (1986). https://doi.org/10.1038/320067a0
Download citation
	Received: 19 November 1985

	Accepted: 24 December 1985

	Issue Date: 06 March 1986

	DOI: https://doi.org/10.1038/320067a0


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

                
                    	
                            
                                
                                    
                                        Phosphorylation mapping of Laminin Î²1-chain: Kinases in association with active sites
                                    
                                

                            
                                
                                    	Kleio-Maria Verrou
	Panagiota Angeliki Galliou
	Georgios Koliakos


                                
                                Journal of Biosciences (2019)

                            
	
                            
                                
                                    
                                        Differential expression of the bone and the liver tissue non-specific alkaline phosphatase isoforms in brain tissues
                                    
                                

                            
                                
                                    	Isabelle Brun-Heath
	Myriam Ermonval
	Caroline Fonta


                                
                                Cell and Tissue Research (2011)

                            
	
                            
                                
                                    
                                        Extracellular Interaction between hCD98 and the PDZ Class II Domain of hCASK in Intestinal Epithelia
                                    
                                

                            
                                
                                    	Yutao Yan
	Sona Vasudevan
	Didier Merlin


                                
                                Journal of Membrane Biology (2007)

                            
	
                            
                                
                                    
                                        Immunohistological Determination of Ecto-nucleoside Triphosphate Diphosphohydrolase1 (NTPDase1) and 5â€²-nucleotidase in Rat Hippocampus Reveals Overlapping Distribution
                                    
                                

                            
                                
                                    	Ivana Bjelobaba
	Mirjana Stojiljkovic
	Nadezda Nedeljkovic


                                
                                Cellular and Molecular Neurobiology (2007)

                            


                

            

        
    

            
                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
	Protocol Exchange
	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 Korea
	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: ]
