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            Abstract
 THE paired helical filament (PHF) is the major component of the neurofibrillary deposits that form a defining neuropathological characteristic of Alzheimer's disease (reviewed in refs 1,2). PHFs are composed of micro tubule-associated protein tau, in a hyper-phosphorylated state3â€“8. Hyperphosphorylation of tau results in its inability to bind to microtubules9,10 and is believed to precede PHF assembly11. However, it is unclear whether hyperphosphor-ylation of tau is either necessary or sufficient for PHF formation. Here we show that non-phosphorylated recombinant tau iso-forms with three microtubule-binding repeats form paired helical-like filaments under physiological conditions in vitro, when incubated with sulphated glycosaminoglycans such as heparin or heparan sulphate. Furthermore, heparin prevents tau from binding to microtubules and promotes microtubule disassembly. Finally, we show that heparan sulphate and hyperphosphorylated tau coexist in nerve cells of the Alzheimer's disease brain at the earliest known stages of neurofibrillary pathology. These findings, with previous studies which show that heparin stimulates tau phosphorylation by a number of protein kinases12â€“14, indicate that sulphated glycosaminoglycans may be a key factor in the formation of the neurofibrillary lesions of Alzheimer's disease. 




            
                
                    

    
        
            
                
                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: ]

                                
                                
                                    
                                        APOE4/4 is linked to damaging lipid droplets in Alzheimerâ€™s diseaseÂ microglia
                                        
                                    

                                    
                                        Article
                                         Open access
                                         13 March 2024
                                    

                                

                                Michael S. Haney, RÃ³bert PÃ¡lovics, â€¦ Tony Wyss-Coray

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        The HEAT repeat protein HPO-27 is a lysosome fission factor
                                        
                                    

                                    
                                        Article
                                        
                                         27 March 2024
                                    

                                

                                Letao Li, Xilu Liu, â€¦ Xiaochen Wang

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Cryo-EM structures of amyloid-Î² and tau filaments in Down syndrome
                                        
                                    

                                    
                                        Article
                                         Open access
                                         29 March 2024
                                    

                                

                                Anllely Fernandez, Md Rejaul Hoq, â€¦ Ruben Vidal

                            
                        

                    
                

            
        
            
        
    
                    
                
            

            
                References
	Goedert, M. Trends Neurosci. 16, 460â€“465 (1993).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Lee, V. M.-Y. Curr. Opin. Neurobiol. 5, 663â€“668 (1995).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Goedert, M., Wischik, C. M., Crowther, R. A., Walker, J. E. & Klug, A. Proc. Natl Acad. Sci. USA 85, 4051â€“4055 (1988).
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Wischik, C. M. et al. Proc. Natl Acad. Sci. USA 85, 4506â€“4510 (1988).
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Kondo, J. et al. Neuron 1, 827â€“834 (1988).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Lee, V. M.-Y., Balin, B. J., Otvos, L. & Trojanowski, J. Q. Science 251, 675â€“678 (1991).
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Goedert, M., Spillantini, M. G., Cairns, N. J. & Crowther, R. A. Neuron 8, 159â€“168 (1992).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Greenberg, S. G., Davies, P., Schein, J. D. & Binder, L. I., J. Biol. Chem. 267, 564â€“569 (1992).
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Bramblett, G. T. et al. Neuron 10, 1089â€“1099 (1993).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Yoshida, H. & Ihara, Y. J. Neurochem. 61, 1183â€“1186 (1993).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Braak, E., Braak, H. & Mandelkow, E. M. Acta Neuropathol. 87, 554â€“567 (1994).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Mawal-Dewan, M., Sen, P. C., Abdel-Ghany, M., Shalloway, D. & Racker, E. J. Biol. Chem. 267, 19705â€“19709 (1992).
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Brandt, R., Lee, G., Teplow, D. B., Shalloway, D. & Abdel-Ghany, M. J. Biol. Chem. 269, 11176â€“11782 (1994).

                    Google ScholarÂ 
                

	Yang, S.-D., Yu, J.-S., Shiah, S.-G. & Huang, J. J. J. Neurochem. 63, 1416â€“1425 (1994).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Jakes, R., Novak, M., Davison, M. & Wischik, C. M. EMBO J. 10, 2725â€“2729 (1991).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Snow, A. D., Lara, S., Nochlin, D. & Wight, T. N. Acta Neuropathol. 78, 113â€“123 (1989).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Snow, A. D. et al. Am. J. Pathol. 137, 1253â€“1270 (1990).
CASÂ 
    PubMedÂ 
    PubMed CentralÂ 
    
                    Google ScholarÂ 
                

	Perry, G. et al. J. Neurosci. 11, 3679â€“3683 (1991).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Kato, T. et al. Neurosci. Lett. 122, 33â€“36 (1991).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	David, G., Bai, X. M., van der Schueren, B., Cassiman, J.-J. & van den Berghe, H. J. Cell Biol. 119, 961â€“975 (1992).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Mercken, M. et al. Acta Neuropathol. 84, 265â€“272 (1992).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Goedert, M., Jakes, R. & Vanmechelen, E. Neurosci. Lett. 189, 167â€“170 (1995).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Crowther, R. A. Proc. Natl Acad. Sci. USA 88, 2288â€“2292 (1991).
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Wille, H., Drewes, G., Biernat, J., Mandelkow, E. M. & Mandelkow, E. J. Cell Biol. 118, 573â€“584 (1992).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Crowther, R. A., Olesen, O. F., Jakes, R. & Goedert, M. FEBS Lett. 309, 199â€“202 (1992).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Schweers, O., Mandelkow, E. M., Biernat, J. & Mandelkow, E. Proc. Natl Acad. Sci. USA 92, 8463â€“8467 (1995).
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Crowther, R. A., Olesen, O. F., Smith, M. J., Jakes, R. & Goedert, M. FEBS Lett. 337, 135â€“138 (1994).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Glenner, G. G. & Wong, C. W. Biochem. Biophys. Res. Commun. 120, 885â€“890 (1984).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Strittmatter, W. J. et al. Expl. Neurol. 125, 163â€“171 (1994).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Sherrington, R. et al. Nature 375, 754â€“760 (1995).
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Goedert, M. & Jakes, R. EMBO J. 9, 4225â€“4230 (1990).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Hasegawa, M. et al. FEBS Lett. 384, 25â€“30 (1996).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Spillantini, M. G., Goedert, M., Jakes, R. & Klug, A. Proc. Natl Acad. Sci. USA 87, 3947â€“3951 (1990).
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                


Download references




Author information
Author notes	M. G. Spillantini
Present address: MRC Cambridge Centre for Brain Repair, University of Cambridge, Robinson Way, Cambridge, CB2 2PY, UK


Authors and Affiliations
	MRC Laboratory of Molecular Biology, Hills Road, Cambridge, CB2 2QH, UK
M. Goedert,Â R. Jakes,Â M. G. Spillantini,Â M. Hasegawa,Â M. J. SmithÂ &Â R. A. Crowther


Authors	M. GoedertView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	R. JakesView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	M. G. SpillantiniView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	M. HasegawaView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	M. J. SmithView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	R. A. CrowtherView 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
Goedert, M., Jakes, R., Spillantini, M. et al. Assembly of microtubule-associated protein tau into Alzheimer-like filaments induced by sulphated glycosaminoglycans.
                    Nature 383, 550â€“553 (1996). https://doi.org/10.1038/383550a0
Download citation
	Received: 28 May 1996

	Accepted: 08 August 1996

	Issue Date: 10 October 1996

	DOI: https://doi.org/10.1038/383550a0


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
                        








            


            

            
                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: ]
