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            Abstract
BORDETELLA pertussis, the aetiological agent of whooping cough, coordinately regulates the expression of many virulence-associated determinants, including filamentous haemagglutinin, pertussis toxin, adenylyl cyclase toxin, dermonecrotic toxin and haemolysin. The coordinate regulation is apparent in the repression of synthesis of these determinants in response to environmental stimuli1,2; a phenomenon known as antigenic or phenotypic modulation. B. pertussis also varies between metastable genetic states, or phases. There is a virulent phase in which virulence-associated determinants are synthesized, and an avirulent phase in which they are not3. Previous studies4,5 have shown that a genetic locus, vir, is required for expression from many virulence-associated loci, and that replacing the cloned vir locus in trans can restore the virulent phase phenotype to spontaneously occurring avirulent phase strains. Here, we show that phase variation in one series of strains is due to a frameshift mutation within an open reading frame that is predicted to code for a Vir protein product. The deduced protein sequence is similar to both components of the 'two-component' regulatory systems which control gene expression in response to environmental stimuli in a range of bacterial species. 




            
                
                    

    
        
            
                
                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: ]

                                
                                
                                    
                                        Four single-basepair mutations in the ptx promoter of Bordetella bronchiseptica are sufficient to activate the expression of pertussis toxin
                                        
                                    

                                    
                                        Article
                                         Open access
                                         30 April 2021
                                    

                                

                                Qing Chen, Mary C. Gray, â€¦ Scott Stibitz

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Type VI secretion system mutations reduced competitive fitness of classical Vibrio cholerae biotype
                                        
                                    

                                    
                                        Article
                                         Open access
                                         09 November 2021
                                    

                                

                                Benjamin Kostiuk, Francis J. Santoriello, â€¦ Stefan Pukatzki

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Enhancement of immune response against Bordetella spp. by disrupting immunomodulation
                                        
                                    

                                    
                                        Article
                                         Open access
                                         30 December 2019
                                    

                                

                                Monica C. Gestal, Laura K. Howard, â€¦ Eric T. Harvill

                            
                        

                    
                

            
        
            
        
    
                    
                
            

            
                References
	Idigbe, O. R., Parton, R. & Wardlaw, A. C. J. med. Microbiol. 14, 409â€“418 (1981).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Lacey, B. W. J. Hyg. 58, 57â€“93 (1960).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Leslie, P. H. & Gardner, A. D. J. Hyg. 31, 423â€“434 (1931).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Weiss, A. A. & Falkow, S. Infect. Immunity 43, 263â€“269 (1984).
CASÂ 
    
                    Google ScholarÂ 
                

	Stibitz, S., Weiss, A. A. & Fakow, S. J. Bact. 170, 2904â€“2913 (1988).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Kasuga, T., Nakase, Y., Ukishima, K. & Takatsu, K. Kitasato Arch. Exp. Med. 27, 57â€“62 (1954).
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Ditta, G., Stanfield, S., Corbin, D. & Helinski, D. R. Proc. natn. Acad. Sci. U.S.A. 77, 7347â€“7351 (1980).
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Stibitz, S., Black, W. & Falkow, S. Gene 50, 133â€“140 (1986).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Roth, J. R. A. Rev. Genet. 8, 319â€“346 (1974).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Ronson, C. W., Nixon, T. B. & Ausubel, F. M. Cell 49, 579â€“581 (1987).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Parkinson, J. S. Cell 53, 1â€“2 (1988).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Weiss, A. A., Hewlett, E. H., Myers, G. A. & Falkow, S. Infect. Immunity 42, 33â€“41 (1983).
CASÂ 
    
                    Google ScholarÂ 
                

	Simon, R., Priefer, U. & Puhler, A. Biotechnology 1, 784â€“791 (1983).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	David, M. et al. Cell 54, 671â€“683 (1988).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Ronson, C. W., Astwood, P. M., Nixon, B. T. & Ausubel, F. M. Nucleic Acids Res. 15, 7921â€“7934 (1987).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Makino, K., Shinagawa, H., Amemura, M. & Nakata, A. J. molec. Biol. 192, 549â€“556 (1986).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Amemura, M., Makino, K., Shinagawa, H. & Nakata, A. J. Bact. 168, 294â€“302 (1986).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Comeau, D. E., Ikenaka, K., Tsung, K. & Inouye, M. J. Bact. 164, 578â€“584 (1985).
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Mutoh, N. & Simon, M. I. J. Bact. 165, 161â€“166 (1986).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Ferrari, F. A. et al. Proc. natn. Acad. Sci. U.S.A. 82, 2647â€“2651 (1985).
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Trach, K. A., Chapman, J. W., Piggot, P. J. & Hoch, J. A. Proc. natn. Acad. Sci. U.S.A. 82, 7260â€“7264 (1985).
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Drury, L. S. & Buxton, R. S. J. biol. Chem. 260, 4236â€“4242 (1985).
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Lipman, D. J. & Pearson, W. R. Science 227, 1434â€“1441 (1985).
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Miller, J. Experiments in Molecular Genetics (Cold Spring Harbor Laboratory, New York (1972).

                    Google ScholarÂ 
                

	Kofold, E. C. & Parkinson, J. S. Proc. natn. Acad. Sci. U.S.A. 85, 4981â€“4985 (1988).
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                


Download references




Author information
Authors and Affiliations
	Center for Biologies Evaluation and Research, Food and Drug Administration, 8800 Rockville Pike, Bethesda, Maryland, 20892, USA
Scott StibftzÂ &Â Wendy Aaronson

	Department of Microbiology and Immunology, Stanford University, Stanford, California, 94305, USA
Denise MonacktÂ &Â Stanley Falkowt


Authors	Scott StibftzView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Wendy AaronsonView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Denise MonacktView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Stanley FalkowtView 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
Stibftz, S., Aaronson, W., Monackt, D. et al. Phase variation in Bordetella pertussis by frameshift mutation in a gene for a novel two-component system.
                    Nature 338, 266â€“269 (1989). https://doi.org/10.1038/338266a0
Download citation
	Received: 20 December 1988

	Accepted: 08 February 1989

	Issue Date: 16 March 1989

	DOI: https://doi.org/10.1038/338266a0


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

                
                    	
                            
                                
                                    
                                        Evolution of Pseudomonas aeruginosa toward higher fitness under standard laboratory conditions
                                    
                                

                            
                                
                                    	Igor Grekov
	Janne Gesine ThÃ¶ming
	Susanne HÃ¤ussler


                                
                                The ISME Journal (2021)

                            
	
                            
                                
                                    
                                        In-silico prediction and deep-DNA sequencing validation indicate phase variation in 115 Neisseria meningitidis genes
                                    
                                

                            
                                
                                    	Emilio Siena
	Romina Dâ€™Aurizio
	Duccio Medini


                                
                                BMC Genomics (2016)

                            
	
                            
                                
                                    
                                        Genome stability of Propionibacterium acnes: a comprehensive study of indels and homopolymeric tracts
                                    
                                

                            
                                
                                    	Christian F. P. Scholz
	Holger BrÃ¼ggemann
	Mogens Kilian


                                
                                Scientific Reports (2016)

                            
	
                            
                                
                                    
                                        Phase and antigenic variation mediated by genome modifications
                                    
                                

                            
                                
                                    	Florence Wisniewski-DyÃ©
	Ludovic Vial


                                
                                Antonie van Leeuwenhoek (2008)

                            
	
                            
                                
                                    
                                        Phase variation and microevolution at homopolymeric tracts in Bordetella pertussis
                                    
                                

                            
                                
                                    	Emily B Gogol
	Craig A Cummings
	David A Relman


                                
                                BMC Genomics (2007)

                            


                

            

        
    

            
                Comments
By submitting a comment you agree to abide by our Terms and Community Guidelines. If you find something abusive or that does not comply with our terms or guidelines please flag it as inappropriate.



                
                    
                    

                

            
        





    
        

        
            
                

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



            

            
                

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



            

        
    


    
        
    

    
    

    
        
            
                
                    
                        
                            Advertisement

                            
    
        
            
                [image: Advertisement]
        

    


                        

                    

                

            

            

            

        

    






    
        
            
                Explore content

                	
                                
                                    Research articles
                                
                            
	
                                
                                    News
                                
                            
	
                                
                                    Opinion
                                
                            
	
                                
                                    Research Analysis
                                
                            
	
                                
                                    Careers
                                
                            
	
                                
                                    Books & Culture
                                
                            
	
                                
                                    Podcasts
                                
                            
	
                                
                                    Videos
                                
                            
	
                                
                                    Current issue
                                
                            
	
                                
                                    Browse issues
                                
                            
	
                                
                                    Collections
                                
                            
	
                                
                                    Subjects
                                
                            


                	
                            Follow us on Facebook
                            
                        
	
                            Follow us on Twitter
                            
                        
	
                            
                                Subscribe
                            
                        
	
                            Sign up for alerts
                            
                        
	
                            
                                RSS feed
                            
                        


            

        
    
    
        
            
                
                    About the journal

                    	
                                
                                    Journal Staff
                                
                            
	
                                
                                    About the Editors
                                
                            
	
                                
                                    Journal Information
                                
                            
	
                                
                                    Our publishing models
                                
                            
	
                                
                                    Editorial Values Statement
                                
                            
	
                                
                                    Journal Metrics
                                
                            
	
                                
                                    Awards
                                
                            
	
                                
                                    Contact
                                
                            
	
                                
                                    Editorial policies
                                
                            
	
                                
                                    History of Nature
                                
                            
	
                                
                                    Send a news tip
                                
                            


                

            
        

        
            
                
                    Publish with us

                    	
                                
                                    For Authors
                                
                            
	
                                
                                    For Referees
                                
                            
	
                                
                                    Language editing services
                                
                            
	
                                Submit manuscript
                                
                            


                

            
        
    



    
        Search

        
            Search articles by subject, keyword or author
            
                
                    
                

                
                    
                        Show results from
                        All journals
This journal


                    

                    
                        Search
                    

                


            

        


        
            
                Advanced search
            
        


        Quick links

        	Explore articles by subject
	Find a job
	Guide to authors
	Editorial policies


    





        
    
        
            

            
                
                    Nature (Nature)
                
                
    
    
        ISSN 1476-4687 (online)
    
    


                
    
    
        ISSN 0028-0836 (print)
    
    

            

        

    




    
        
    nature.com sitemap

    
        
            
                About Nature Portfolio

                	About us
	Press releases
	Press office
	Contact us


            


            
                Discover content

                	Journals A-Z
	Articles by subject
	Protocol Exchange
	Nature Index


            


            
                Publishing policies

                	Nature portfolio policies
	Open access


            


            
                Author & Researcher services

                	Reprints & permissions
	Research data
	Language editing
	Scientific editing
	Nature Masterclasses
	Research Solutions


            


            
                Libraries & institutions

                	Librarian service & tools
	Librarian portal
	Open research
	Recommend to library


            


            
                Advertising & partnerships

                	Advertising
	Partnerships & Services
	Media kits
                    
	Branded
                        content


            


            
                Professional development

                	Nature Careers
	Nature 
                        Conferences


            


            
                Regional websites

                	Nature Africa
	Nature China
	Nature India
	Nature Italy
	Nature Japan
	Nature Korea
	Nature Middle East


            


        

    

    
        	Privacy
                Policy
	Use
                of cookies
	
                Your privacy choices/Manage cookies
                
            
	Legal
                notice
	Accessibility
                statement
	Terms & Conditions
	Your US state privacy rights


    





        
    
        [image: Springer Nature]
    
    © 2024 Springer Nature Limited




    

    
    
    







    

    



    
    

        

    
        
            


Close
    



        

            
                
                    [image: Nature Briefing]
                    Sign up for the Nature Briefing newsletter â€” what matters in science, free to your inbox daily.

                

                
                    
                        
                        

                        
                        
                        
                        

                        Email address

                        
                            
                            
                            
                            Sign up
                        


                        
                            
                            I agree my information will be processed in accordance with the Nature and Springer Nature Limited Privacy Policy.
                        

                    

                

            


        


    

    
    

        

    
        
            

Close
    



        
            Get the most important science stories of the day, free in your inbox.
            Sign up for Nature Briefing
            
        


    









    [image: ]







[image: ]
