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            Abstract
THE principal substrate for the insulin and insulin-like growth factor-1 (IGF-1) receptors is the cytoplasmic protein insulin-receptor substrate-1 (IRS-l/pplSS)1–7. After tyrosine phosphorylation at several sites, IRS-1 binds to and activates phosphatidylinositol-3′-OH kinase (PI(3)K)8–11 and several other proteins containing SH2 (Src-homology 2) domains12–14. To elucidate the role of IRS-1 in insulin/IGF-1 action, we created IRS-1-deficient mice by targeted gene mutation. These mice had no IRS-1 and showed no evidence of IRS-1 phosphorylation or IRS-1-associated PI(3)K activity. They also had a 50 per cent reduction in intrauterine growth, impaired glucose tolerance, and a decrease in insulin/IGF-1-stimulated glucose uptake in vivo and in vitro. The residual insulin/ IGF-1 action correlated with the appearance of a new tyrosine-phosphorylated protein (IRS-2) which binds to PI(3)K, but is slightly larger than and immunologically distinct from IRS-1. Our results provide evidence for IRS-1-dependent and IRS-1-indepen-dent pathways of insulin/IGF-1 signalling and for the existence of an alternative substrate of these receptor kinases.




            
                
                    

    
        
            
                
                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: ]

                                
                                
                                    
                                        Deletion of Gpr27 in vivo reduces insulin mRNA but does not result in diabetes
                                        
                                    

                                    
                                        Article
                                         Open access
                                         27 March 2020
                                    

                                

                                Deeksha G. Chopra, Nicholas Yiv, … Gregory M. Ku

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Insulin2Q104del (Kuma) mutant mice develop diabetes with dominant inheritance
                                        
                                    

                                    
                                        Article
                                         Open access
                                         22 July 2020
                                    

                                

                                Daisuke Sakano, Airi Inoue, … Shoen Kume

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Inceptor counteracts insulin signalling in β-cells to control glycaemia
                                        
                                    

                                    
                                        Article
                                        
                                         27 January 2021
                                    

                                

                                Ansarullah, Chirag Jain, … Heiko Lickert

                            
                        

                    
                

            
        
            
        
    
                    
                
            

            
                References
	White, M. F., Maron, R. & Kahn, C. R. Nature 318, 183–186 (1985).
Article 
    ADS 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	White, M. F. & Kahn, C. R. J. biol. Chem. 269, 1–5 (1994).
CAS 
    PubMed 
    
                    Google Scholar 
                

	Keller, S. R., Kitagawa, K., Aebersold, R., Lienhard, G. E. & Garner, C. W. J. biol. Chem. 266, 12817–12820 (1991).
CAS 
    PubMed 
    
                    Google Scholar 
                

	Sun, X. J. et al. Nature 352, 73–77 (1991).
Article 
    ADS 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Araki, E., Haag, B. L. & Kahn, C. R. Biochim. biophys. Acta 1221, 353–356 (1994).
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Araki, E. et al. Diabetes 42, 1041–1054 (1993).
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Beguinot, F., Kahn, C. R., Moses, A. C., White, M. F. & Smith, R. J. Endocrinology 125, 1599–1605 (1989).
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Ruderman, N., Kapeller, R., White, M. F. & Cantley, L. C. Proc. natn. Acad. Sci. U.S.A. 87, 1411–1415 (1990).
Article 
    ADS 
    CAS 
    
                    Google Scholar 
                

	Sun, X. J. et al. J. biol. Chem. 267, 22662–22672 (1992).
CAS 
    PubMed 
    
                    Google Scholar 
                

	Giorgetti, S., Ballotti, R., Kowalski-Chauvel, A., Tartare, S. & Van Obberghen, E. J. biol. Chem. 268, 7358–7364 (1993).
CAS 
    PubMed 
    
                    Google Scholar 
                

	Folli, F., Saad, M. J. A., Backer, J. M. & Kahn, C. R. J. biol. Chem. 267, 22171–22177 (1992).
CAS 
    PubMed 
    
                    Google Scholar 
                

	Skolnik, E. Y. et al. Science 260, 1953–1955 (1993).
Article 
    ADS 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Chuang, L. M. et al. Molec. cell. Biol. 13, 6653–6660 (1993).
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Kuhne, M. R., Pawson, T., Lienhard, G. E. & Feng, G.-S. J. biol. Chem. 268, 11479–11481 (1993).
CAS 
    PubMed 
    
                    Google Scholar 
                

	Saad, M. J. A. et al. J. clin. Invest. 90, 1839–1849 (1992).
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Sung, C. K., Sanchez-Margalet, V. & Goldfine, I. D. J. biol. Chem. 269, 12503–12507 (1994).
CAS 
    PubMed 
    
                    Google Scholar 
                

	Kovacina, K. S. & Roth, R. A. Biochem. biophys. Res. Commun. 192, 1303–1311 (1993).
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Van Horn, D. J., Myers, M. G. Jr & Backer, J. M. J. Biochem. 269, 29–32 (1994).
CAS 
    
                    Google Scholar 
                

	Waters, S. B., Yamauchi, K. & Pessin, J. E. J. biol. Chem. 268, 22231–22234 (1993).
CAS 
    PubMed 
    
                    Google Scholar 
                

	Myers, M. G. Jr. et al. Endocrinology 132, 1421–1430 (1993).
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	White, M. F. et al. Cell 54, 641–649 (1988).
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Rose, D. W., Saltiel, A. R., Majumdar, M., Decker, S. J. & Olefsky, J. M. Proc. natn. Acad. Sci. U.S.A. 91, 797–801 (1994).
Article 
    ADS 
    CAS 
    
                    Google Scholar 
                

	Tamemoto, H. et al. Nature 372, 182–186 (1994).
Article 
    ADS 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Liu, J. P., Baker, J., Perkins, J. A., Robertson, E. J. & Efstratiadis, A. Cell 75, 59–72 (1993).
CAS 
    PubMed 
    
                    Google Scholar 
                

	Miralpeix, M. et al. Biochemistry 31, 9031–9039 (1992).
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Wang, L.-M. et al. Proc. natn. Acad. Sci. U.S.A. 90, 4032–4036 (1993).
Article 
    ADS 
    CAS 
    
                    Google Scholar 
                

	Keegan, A. D. et al. Cell 76, 811–820 (1994).
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Wang, L. M. et al. Science 261, 1591–1594 (1993).
Article 
    ADS 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Papaioannou, V. & Johnson, R. in Gene Targeting: A Practical Approach (ed. Joyner, A.) Oxford University Press. Oxford, 1993).

                    Google Scholar 
                

	Lipes, M. A. et al. Science 259, 1165–1169 (1993).
Article 
    ADS 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Shepherd, P. R. et al. J. biol. Chem. 269, 22232–22248 (1993).

                    Google Scholar 
                


Download references




Author information
Author notes	Eiichi Araki
Present address: Department of Metabolic Medicine, Kumamoto University Medical School, 860, Kumamoto, Japan

	C. Ronald Kahn: To whom correspondence should be addressed.


Authors and Affiliations
	Research Division, Joslin Diabetes Center, and Department of Medicine, Harvard Medical School, Boston, Massachusetts, 02215, USA
Eiichi Araki, Myra A. Lipes, Mary-Elizabeth Patti, Jens Claus Brüning, Burritt Haag III, Randall S. Johnson & C. Ronald Kahn


Authors	Eiichi ArakiView author publications
You can also search for this author in
                        PubMed Google Scholar



	Myra A. LipesView author publications
You can also search for this author in
                        PubMed Google Scholar



	Mary-Elizabeth PattiView author publications
You can also search for this author in
                        PubMed Google Scholar



	Jens Claus BrüningView author publications
You can also search for this author in
                        PubMed Google Scholar



	Burritt Haag IIIView author publications
You can also search for this author in
                        PubMed Google Scholar



	Randall S. JohnsonView author publications
You can also search for this author in
                        PubMed Google Scholar



	C. Ronald KahnView author publications
You can also search for this author in
                        PubMed Google Scholar







Rights and permissions
Reprints and permissions


About this article
Cite this article
Araki, E., Lipes, M., Patti, ME. et al. Alternative pathway of insulin signalling in mice with targeted disruption of the IRS-1 gene.
                    Nature 372, 186–190 (1994). https://doi.org/10.1038/372186a0
Download citation
	Received: 07 June 1994

	Accepted: 26 September 1994

	Issue Date: 10 November 1994

	DOI: https://doi.org/10.1038/372186a0


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

                
                    	
                            
                                
                                    
                                        Candidate genes associated with reproductive traits in rabbits
                                    
                                

                            
                                
                                    	Mostafa Helal
	Jana Sameh
	Mohamed Ragab


                                
                                Tropical Animal Health and Production (2024)

                            
	
                            
                                
                                    
                                        A versatile bioelectronic interface programmed for hormone sensing
                                    
                                

                            
                                
                                    	Preetam Guha Ray
	Debasis Maity
	Martin Fussenegger


                                
                                Nature Communications (2023)

                            
	
                            
                                
                                    
                                        The collagen matrix regulates the survival and function of pancreatic islets
                                    
                                

                            
                                
                                    	Yingying Zhu
	Mei Yang
	Yanting Lu


                                
                                Endocrine (2023)

                            
	
                            
                                
                                    
                                        Phase separation of insulin receptor substrate 1 drives the formation of insulin/IGF-1 signalosomes
                                    
                                

                            
                                
                                    	Xiu Kui Gao
	Xi Sheng Rao
	Yi Ting Zhou


                                
                                Cell Discovery (2022)

                            
	
                            
                                
                                    
                                        Deletion of skeletal muscle Akt1/2 causes osteosarcopenia and reduces lifespan in mice
                                    
                                

                            
                                
                                    	Takayoshi Sasako
	Toshihiro Umehara
	Kohjiro Ueki


                                
                                Nature Communications (2022)

                            


                

            

        
    

            
                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 — 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: ]
