







    Skip to main content




    
        
        Thank you for visiting nature.com. You are using a browser version with limited support for CSS. To obtain
            the best experience, we recommend you use a more up to date browser (or turn off compatibility mode in
            Internet Explorer). In the meantime, to ensure continued support, we are displaying the site without styles
            and JavaScript.


    




    

    
            

            
                
                    Advertisement

                    
        
            
    
        
            
                [image: Advertisement]
        

    


        
    
                

            
        

    
        
            
                
                    
                    
                    
                        
                        
                            
                                
                                [image: Nature]
                            
                        
                    
                    

                    
                    	
                            
                                View all journals
                            
                        
	
                            
                                Search
                            
                        
	
                            
                                Log in
                            
                        


                

            

        

        
            
                
                    
                        	
                                    
                                        Explore content
                                    
                                
	
                                    
                                        About the journal
                                    
                                
	
                                        
                                            Publish with us
                                        
                                    
	
                                    
                                        Subscribe
                                    
                                


                        	
                                    
                                        Sign up for alerts
                                    
                                
	
                                    
                                            RSS feed
                                    
                                


                    

                

            

        
    


    
    
        
            
                	nature



	letters

	
                                    article


    
        
        
            
            
                
                    	Letter
	Published: 24 July 2003



                    RhoG activates Rac1 by direct interaction with the Dock180-binding protein Elmo

                    	Hironori Katoh1 & 
	Manabu Negishi1Â 



                    

                    
                        
    Nature

                        volumeÂ 424,Â pages 461â€“464 (2003)Cite this article
                    

                    
        
            	
                        3275 Accesses

                    
	
                        279 Citations

                    
	
                            6 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
                
    
    

    
    

                
            


        
            Abstract
The small GTPase Rac has a central role in regulating the actin cytoskeleton during cell migration and axon guidance1. Elmo has been identified as an upstream regulator of Rac1 that binds to and functionally cooperates with Dock180 (refs 2â€“4). Dock180 does not contain a conventional catalytic domain for guanine nucleotide exchange on Rac, but possesses a domain that directly binds to and specifically activates Rac1 (refs 5, 6). The small GTPase RhoG mediates several cellular morphological processes, such as neurite outgrowth in neuronal cells, through a signalling cascade that activates Rac1 (refs 7â€“12); however, the downstream target of RhoG and the mechanism by which RhoG regulates Rac1 activity remain unclear. Here we show that RhoG interacts directly with Elmo in a GTP-dependent manner and forms a ternary complex with Dock180 to induce activation of Rac1. The RhoGâ€“Elmoâ€“Dock180 pathway is required for activation of Rac1 and cell spreading mediated by integrin, as well as for neurite outgrowth induced by nerve growth factor. We conclude that RhoG activates Rac1 through Elmo and Dock180 to control cell morphology.
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                    Figure 1: Elmo binds directly to RhoG in a GTP-dependent manner.[image: ]


Figure 2: RhoG activates Rac1 through Elmo and Dock180.[image: ]


Figure 3: Mutants of Elmo and Dock180 suppress Rac1 activation and cell spreading mediated by integrin.[image: ]


Figure 4: Mutants of Elmo and Dock180 suppress NGF- and RhoG-induced neurite outgrowth in PC12 cells.[image: ]



                


                
                    
                        
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Rho GTPase activity crosstalk mediated by Arhgef11 and Arhgef12 coordinates cell protrusion-retraction cycles
                                        
                                    

                                    
                                        Article
                                         Open access
                                         15 December 2023
                                    

                                

                                Suchet Nanda, Abram Calderon, â€¦ Leif Dehmelt

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        ERRÎ± coordinates actin and focal adhesion dynamics
                                        
                                    

                                    
                                        Article
                                        
                                         04 April 2022
                                    

                                

                                Violaine Tribollet, Catherine Cerutti, â€¦ Christelle Forcet

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        RPEL-family rhoGAPs link Rac/Cdc42 GTP loading to G-actin availability
                                        
                                    

                                    
                                        Article
                                        
                                         17 June 2019
                                    

                                

                                Jessica Diring, Stephane Mouilleron, â€¦ Richard Treisman

                            
                        

                    
                

            
        
            
        
    
                    
                
            

            
                References
	Etienne-Manneville, S. & Hall, A. Rho GTPases in cell biology. Nature 420, 629â€“635 (2002)
ArticleÂ 
    ADSÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Gumienny, T. L. et al. CED-12/ELMO, a novel member of the CrkII/Dock180/Rac pathway, is required for phagocytosis and cell migration. Cell 107, 27â€“41 (2001)
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Zhou, Z., Caron, E., Hartwieg, E., Hall, A. & Horvitz, R. The C. elegans PH domain protein CED-12 regulates cytoskeletal reorganization via a Rho/Rac GTPase signaling pathway. Dev. Cell 1, 477â€“489 (2001)
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Wu, Y. C., Tsai, M. C., Cheng, L. C., Chou, C. J. & Weng, N. Y. C. elegans CED-12 acts in the conserved CrkII/Dock180/Rac pathway to control cell migration and cell corpse engulfment. Dev. Cell 1, 491â€“502 (2001)
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Brugnera, E. et al. Unconventional Rac-GEF activity is mediated through the Dock180â€“Elmo complex. Nature Cell Biol. 4, 574â€“582 (2002)
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Cote, J. F. & Vuori, K. Identification of an evolutionarily conserved superfamily of Dock180-related proteins with guanine nucleotide exchange activity. J. Cell Sci. 115, 4901â€“4913 (2002)
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Gauthier-Rouviere, C. et al. RhoG GTPase controls a pathway that independently activates Rac1 and Cdc42Hs. Mol. Biol. Cell 9, 1379â€“1394 (1998)
ArticleÂ 
    CASÂ 
    PubMedÂ 
    PubMed CentralÂ 
    
                    Google ScholarÂ 
                

	Blangy, A., Schmidt, V. S., Debant, A., Gauthier-Rouviere, C. & Fort, P. TrioGEF1 controls Rac- and Cdc42-dependent cell structures through the direct activation of RhoG. J. Cell Sci. 113, 729â€“739 (2000)
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Katoh, H. et al. Small GTPase RhoG is a key regulator for neurite outgrowth in PC12 cells. Mol. Cell Biol. 20, 7378â€“7387 (2000)
ArticleÂ 
    CASÂ 
    PubMedÂ 
    PubMed CentralÂ 
    
                    Google ScholarÂ 
                

	Estrach, S. et al. The human Rho-GEF Trio and its target GTPase RhoG are involved in the NGF pathway, leading to neurite outgrowth. Curr. Biol. 12, 307â€“312 (2002)
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	May, V., Schiller, M. R., Eipper, B. A. & Mains, R. E. Kalirin Dbl-homology guanine nucleotide exchange factor 1 domain initiates new axon outgrowths via RhoG-mediated mechanisms. J. Neurosci. 22, 6980â€“6990 (2002)
ArticleÂ 
    CASÂ 
    PubMedÂ 
    PubMed CentralÂ 
    
                    Google ScholarÂ 
                

	Vigorito, E. et al. RhoG regulates gene expression and the actin cytoskeleton in lymphocytes. Oncogene 22, 330â€“342 (2003)
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Manser, E., Leung, T., Salihuddin, H., Zhao, Z. S. & Lim, L. A brain serine/threonine protein kinase activated by Cdc42 and Rac1. Nature 367, 40â€“46 (1994)
ArticleÂ 
    ADSÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Reid, T. et al. Rhotekin, a new putative target for Rho bearing homology to a serine/threonone kinase PKN, and Rhophilin in the Rho-binding domain. J. Biol. Chem. 271, 13556â€“13560 (1996)
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Hasegawa, H. et al. Dock180, a major CRK-binding protein, alters cell morphology upon translocation to the cell membrane. Mol. Cell. Biol. 16, 1770â€“1776 (1996)
ArticleÂ 
    CASÂ 
    PubMedÂ 
    PubMed CentralÂ 
    
                    Google ScholarÂ 
                

	Kiyokawa, E. et al. Activation of Rac1 by a Crk SH3-binding protein, DOCK180. Genes Dev. 12, 3331â€“3336 (1998)
ArticleÂ 
    CASÂ 
    PubMedÂ 
    PubMed CentralÂ 
    
                    Google ScholarÂ 
                

	Kiyokawa, E. et al. Evidence that Dock180 up-regulates signals from the CrkII-p130Cas complex. J. Biol. Chem. 273, 24479â€“24484 (1998)
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Albert, M. L., Kim, J. & Birge, R. B. Î±vÎ²5 integrin recruits the CrkIIâ€“Dock180â€“Rac1 complex for phagocytosis of apoptotic cells. Nature Cell Biol. 2, 899â€“905 (2000)
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Gu, J., Sumida, Y., Sanzen, N. & Sekiguchi, K. Laminin-10/11 and fibronectin differentially regulates integrin-dependent Rho and Rac activation via p130Casâ€“CrkIIâ€“Dock180 pathway. J. Biol. Chem. 276, 27090â€“27097 (2001)
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Clark, E. A., King, W. G., Brugge, J. S., Symons, M. & Hynes, R. O. Integrin-mediated signals regulated by members of the Rho family of GTPases. J. Cell Biol. 142, 573â€“586 (1998)
ArticleÂ 
    CASÂ 
    PubMedÂ 
    PubMed CentralÂ 
    
                    Google ScholarÂ 
                

	Price, L. S., Leng, J., Schwartz, M. A. & Bokoch, G. M. Activation of Rac and Cdc42 by integrins mediates cell spreading. Mol. Biol. Cell 9, 1863â€“1871 (1998)
ArticleÂ 
    CASÂ 
    PubMedÂ 
    PubMed CentralÂ 
    
                    Google ScholarÂ 
                

	Lundquist, E. A. et al. Three C. elegans Rac proteins and several alternative Rac regulators control axon guidance, cell migration and apoptotic cell phagocytosis. Development 128, 4475â€“4488 (2001)
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Wu, Y. C., Cheng, T. W., Lee, M. C. & Weng, N. Y. Distinct Rac activation pathways control Caenorhabditis elegans cell migration and axon outgrowth. Dev. Biol. 250, 145â€“155 (2002)
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Steven, R. et al. UNC-73 activates the Rac GTPase and is required for cell and growth cone migrations in C. elegans. Cell 92, 785â€“795 (1998)
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Katoh, H., Harada, A., Mori, K. & Negishi, M. Socius is a novel Rnd GTPase-interacting protein involved in disassembly of actin stress fibers. Mol. Cell. Biol. 22, 2952â€“2964 (2002)
ArticleÂ 
    CASÂ 
    PubMedÂ 
    PubMed CentralÂ 
    
                    Google ScholarÂ 
                


Download references




Acknowledgements
We thank M. Matsuda for the Dock180 expression plasmid. This work was supported in part by Grants-in-aid for Scientific Research from the Ministry of Education, Science, Sports, and Culture of Japan and a grant from the Takeda Science Foundation.


Author information
Authors and Affiliations
	Laboratory of Molecular Neurobiology, Graduate School of Biostudies, Kyoto University, Sakyo-ku, 606-8502, Kyoto, Japan
Hironori KatohÂ &Â Manabu Negishi


Authors	Hironori KatohView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Manabu NegishiView author publications
You can also search for this author in
                        PubMedÂ Google Scholar





Corresponding author
Correspondence to
                Hironori Katoh.


Ethics declarations

              
                Competing interests

                The authors declare that they have no competing financial interests.

              
            

Supplementary information

Supplementary Figure 1 (JPG 59 kb)

Supplementary Figure 2 (JPG 51 kb)

Supplementary Figure 3 (JPG 70 kb)




Rights and permissions
Reprints and permissions


About this article
Cite this article
Katoh, H., Negishi, M. RhoG activates Rac1 by direct interaction with the Dock180-binding protein Elmo.
                    Nature 424, 461â€“464 (2003). https://doi.org/10.1038/nature01817
Download citation
	Received: 08 May 2003

	Accepted: 05 June 2003

	Issue Date: 24 July 2003

	DOI: https://doi.org/10.1038/nature01817


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

                
                    	
                            
                                
                                    
                                        Targeting Ras-binding domain of ELMO1 by computational nanobody design
                                    
                                

                            
                                
                                    	Chunlai Tam
	Mutsuko Kukimoto-Niino
	Kam Y. J. Zhang


                                
                                Communications Biology (2023)

                            
	
                            
                                
                                    
                                        Critical role of lipid membranes in polarization and migration of cells: a biophysical view
                                    
                                

                            
                                
                                    	Erich Sackmann
	Motomu Tanaka


                                
                                Biophysical Reviews (2021)

                            
	
                            
                                
                                    
                                        The DOCK protein family in vascular development and disease
                                    
                                

                            
                                
                                    	Clare E. Benson
	Laura Southgate


                                
                                Angiogenesis (2021)

                            
	
                            
                                
                                    
                                        Regulation of Ras homolog family member G by microRNA-124 regulates proliferation and migration of human retinal pigment epithelial cells
                                    
                                

                            
                                
                                    	Jong Hwa Jun
	Myeong-Jin Son
	Choun-Ki Joo


                                
                                Scientific Reports (2020)

                            
	
                            
                                
                                    
                                        Mapping the proximity interaction network of the Rho-family GTPases reveals signalling pathways and regulatory mechanisms
                                    
                                

                            
                                
                                    	Halil Bagci
	Neera Sriskandarajah
	Jean-FranÃ§ois CÃ´tÃ©


                                
                                Nature Cell Biology (2020)

                            


                

            

        
    

            
                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: ]
