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                Fundamental to the pathogenic lifestyle of several intracellular bacteria is their ability to modulate trafficking of the phagosomes in which they reside1. The bacterial pathogen Legionella pneumophila resides in a phagosome that restricts its fusion with host endosomes and lysosomes2. The intracellular fate of L. pneumophila is determined by a type-IV-related transport system encoded by 24 dot and icm virulence genes3,4. L. pneumophila dot and icm mutants reside in phagosomes that rapidly fuse with lysosomes, resulting in decreased intracellular survival and a severe intracellular growth defect5,6. Here we show that the primary function of the dot and  icm products is to transmit a functionally cis-acting signal to the host macrophage that drives maturation of the L. pneumophila phagosome into a replicative vacuole. We find that L. pneumophila dot and  icm mutants are able to grow intracellularly when the bacteria are residing in a phagosome established by L. pneumophila that retains its ability to alter phagosome trafficking. These results show that L. pneumophila  tailors the phagosome into a specialized organelle permissive for bacterial growth through the specific actions of the dot/icm genes.
To further address whether there is a signal transmitted by virulent  L. pneumophila that has the capacity to act in trans, we used a mixed inoculum consisting of a wild-type and a dotA mutant strain of  L. pneumophila to infect bone-marrow-derived macrophages. If the wild-type bacteria were secreting a trans-acting factor, it could potentially restore intracellular growth to a dotA mutant that has lost the ability to alter phagosome trafficking. In these studies, we used a dotA mutant carrying a plasmid that produces green fluorescent protein (GFP). In macrophages that had ingested both wild-type and mutant bacteria, we did not detect replication of dotA mutants in phagosomes that were isolated from those containing wild-type L. pneumophila (Fig. 1b).
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                    Figure 1:  L. pneumophila create an organelle permissive for intracellular replication by altering trafficking of the phagosome in which they reside, but do not affect trafficking of heterologous vacuoles.[image: ]


Figure 2:  Early signalling events mediated by the dot/icm gene products are sufficient to create a vacuole that supports intracellular multiplication of L. pneumophila.[image: ]



                


                
                    
                        
                    
                
            

            
                References
	Sinai, A. P. & Joiner, K. A. Annu. Rev. Microbiol.  51, 415–462 (1997).
Article 
    CAS 
    
                    Google Scholar 
                

	Horwitz, M. A.  J. Exp. Med. 158, 2108–2126 (1983).
Article 
    CAS 
    
                    Google Scholar 
                

	Vogel, J. P., Andrews, H. L., Wong, S. K. & Isberg, R. R.  Science 279, 873–876 ( 1998).
Article 
    CAS 
    
                    Google Scholar 
                

	Segal, G., Purcell, M. & Shuman, H. A. Proc. Natl Acad. Sci. USA 95, 1669–1674 (1998).
Article 
    CAS 
    
                    Google Scholar 
                

	Wiater, L. A., Dunn, K., Maxfield, F. R. & Shuman, H. A.  Infect. Immun. 66, 4450–4460 (1998).
CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Roy, C. R., Berger, K. & Isberg, R. R. Mol. Microbiol. 28, 663– 674 (1998).
Article 
    CAS 
    
                    Google Scholar 
                

	Mintz, C. S., Chen, J. & Shuman, H. Infect. Immun. 56, 1449– 1455 (1988).
CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Uchiya, K. et al. EMBO J. 18, 3924–3933 (1999).
Article 
    CAS 
    
                    Google Scholar 
                

	Abu Kwaik, Y., Gao, L. Y., Stone, B. J., Venkataraman, C. & Harb, O. S. Appl Environ. Microbiol. 64, 3127–3133 (1998).
CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Horwitz, M. A.  J. Exp. Med. 158, 1319–1331 (1983).
Article 
    CAS 
    
                    Google Scholar 
                

	Swanson, M. S. & Isberg, R. R. Infect. Immun.  63, 3609–3620 ( 1995).
CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Andrews, H. L., Vogel, J. P. & Isberg, R. R. Infect. Immun. 66, 950– 958 (1998).
CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Zuckman, D. M., Hung, J. B. & Roy, C. R. Mol. Microbiol. 32, 990– 1001 (1999).
Article 
    CAS 
    
                    Google Scholar 
                

	Cormack, B. P., Valdivia, R. H. & Falkow, S. Gene 173, 33– 38 (1996).
Article 
    CAS 
    
                    Google Scholar 
                

	Morales, V. M., Backman, A. & Bagdasarian, M. Gene 97, 39– 47 (1991).
Article 
    CAS 
    
                    Google Scholar 
                


Download references




Acknowledgements
We thank A. Marra for constructing and providing pAM239; H. Andrews for HL056; and J. Galán and N. Andrews for helpful suggestions during the preparation of this manuscript. This work was funded by NIH grant AI41699.
Correspondence and requests for materials should be addressed to C.R.R.
Supplementary information is available on Nature Cell Biology’s World-Wide Web site (http://cellbio.nature.com ) or as paper copy from the London editorial office of Nature Cell Biology.


Author information
Author notes	Jörn Coers and Catherine Monahan: These authors contributed equally to this work


Authors and Affiliations
	Yale University School of Medicine, Section of Microbial Pathogenesis, Boyer Center for Molecular Medicine, Room 354,  295 Congress Avenue, New Haven,  06511, Connecticut, USA
Jörn Coers, Catherine Monahan & Craig R. Roy


Authors	Jörn CoersView author publications
You can also search for this author in
                        PubMed Google Scholar



	Catherine MonahanView author publications
You can also search for this author in
                        PubMed Google Scholar



	Craig R. RoyView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Craig R. Roy.


Supplementary information

Table 1 S. cerevisiae phagosomes traffic to lysosomes in macrophages.  (PDF 8 kb)

Table 2L. pneumophila dotA, thyA mutants will replicate in a vacuole. (PDF 9 kb)




Rights and permissions
Reprints and permissions


About this article
Cite this article
Coers, J., Monahan, C. & Roy, C. Modulation of phagosome biogenesis by Legionella pneumophila creates an organelle permissive for intracellular growth.
                    Nat Cell Biol 1, 451–453 (1999). https://doi.org/10.1038/15687
Download citation
	Received: 07 July 1999

	Revised: 01 September 1999

	Accepted: 24 September 1999

	Published: 18 October 1999

	Issue Date: November 1999

	DOI: https://doi.org/10.1038/15687


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
                        








            


            

            
        





    
        

        
            
                

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



            

            
                

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



            

        
    


    
        
    

    
    

    
        
            
                
                    
                        
                            Advertisement

                            
    
        
            
                [image: Advertisement]
        

    


                        

                    

                

            

            

            

        

    






    
        
            
                Explore content

                	
                                
                                    Research articles
                                
                            
	
                                
                                    Reviews & Analysis
                                
                            
	
                                
                                    News & Comment
                                
                            
	
                                
                                    Current issue
                                
                            
	
                                
                                    Collections
                                
                            


                	
                            Follow us on Twitter
                            
                        
	
                            
                                Subscribe
                            
                        
	
                            Sign up for alerts
                            
                        
	
                            
                                RSS feed
                            
                        


            

        
    
    
        
            
                
                    About the journal

                    	
                                
                                    Aims & Scope
                                
                            
	
                                
                                    Journal Information
                                
                            
	
                                
                                    Journal Metrics
                                
                            
	
                                
                                    About the Editors
                                
                            
	
                                
                                    Research Cross-Journal Editorial Team
                                
                            
	
                                
                                    Reviews Cross-Journal Editorial Team
                                
                            
	
                                
                                    Our publishing models
                                
                            
	
                                
                                    Editorial Values Statement
                                
                            
	
                                
                                    Editorial Policies
                                
                            
	
                                
                                    Content Types
                                
                            
	
                                
                                    Web Feeds
                                
                            
	
                                
                                    Posters
                                
                            
	
                                
                                    Contact
                                
                            


                

            
        

        
            
                
                    Publish with us

                    	
                                
                                    Submission Guidelines
                                
                            
	
                                
                                    For Reviewers
                                
                            
	
                                
                                    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 Cell Biology (Nat Cell Biol)
                
                
    
    
        ISSN 1476-4679 (online)
    
    


                
    
    
        ISSN 1465-7392 (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: ]
