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            Abstract
Plants use a set of light sensors to control their growth and development in response to changes in ambient light. In particular, phytochromes exert their regulatory activity by switching between a biologically inactive red-light-absorbing form (Pr) and an active far-red-light absorbing form (Pfr)1,2. Recently, biochemical and genetic studies have demonstrated the occurrence of phytochrome-like proteins in photosynthetic and non-photosynthetic bacteria3,4,5,6,7—but little is known about their functions. Here we report the discovery of a bacteriophytochrome located downstream from the photosynthesis gene cluster in a Bradyrhizobium strain symbiont of Aeschynomene. The synthesis of the complete photosynthetic apparatus is totally under the control of this bacteriophytochrome. A similar behaviour is observed for the closely related species Rhodopseudomonas palustris, but not for the more distant anoxygenic photosynthetic bacteria of the genus Rhodobacter, Rubrivivax or Rhodospirillum. Unlike other (bacterio)phytochromes, the carboxy-terminal domain of this bacteriophytochrome contains no histidine kinase features. This suggests a light signalling pathway involving direct protein–protein interaction with no phosphorelay cascade. This specific mechanism of regulation may represent an important ecological adaptation to optimize the plant–bacteria interaction.
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                    Figure 1: Molecular characterization of phytochromes.[image: ]


Figure 2: In vitro assembly of Bradyrhizobium bacteriophytochrome.[image: ]


Figure 3: Action spectra for photosystem synthesis.[image: ]


Figure 4: Effect of illumination on photosynthetic activity and pigmentation.[image: ]



                


                
                    
                        
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Comparative analysis of two paradigm bacteriophytochromes reveals opposite functionalities in two-component signaling
                                        
                                    

                                    
                                        Article
                                         Open access
                                         20 July 2021
                                    

                                

                                Elina Multamäki, Rahul Nanekar, … Heikki Takala

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Structural insights into photoactivation and signalling in plant phytochromes
                                        
                                    

                                    
                                        Article
                                        
                                         04 May 2020
                                    

                                

                                Soshichiro Nagano, Kaoling Guan, … Jon Hughes

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        The CONSTANS flowering complex controls the protective response of photosynthesis in the green alga Chlamydomonas
                                        
                                    

                                    
                                        Article
                                         Open access
                                         10 September 2019
                                    

                                

                                Ryutaro Tokutsu, Konomi Fujimura-Kamada, … Jun Minagawa

                            
                        

                    
                

            
        
            
        
    
                    
                
            

            
                References
	Quail, P. H. et al. Phytochromes: photosensory perception and signal transduction. Science 268, 675–680 (1995)
Article 
    ADS 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Smith, H. Phytochromes and light signal perception by plants—an emerging synthesis. Nature 407, 585–591 (2000)
Article 
    ADS 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Kehoe, D. M. & Grossman, A. R. Similarity of a chromatic adaptation sensor to phytochrome and ethylene receptors. Science 273, 1409–1412 (1996)
Article 
    ADS 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Hughes, J. et al. A prokaryotic phytochrome. Nature 386, 663 (1997)
Article 
    ADS 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Jiang, Z.-Y. et al. Bacterial photoreceptor with similarity to photoactive yellow protein and plant phytochromes. Science 285, 406–409 (1999)
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Davis, S. J., Vener, A. V. & Vierstra, R. D. Bacteriophytochromes: phytochrome-like photoreceptors from nonphotosynthetic eubacteria. Science 286, 2517–2520 (1999)
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Schmitz, O., Katayama, M., Williams, S. B., Kondo, T. & Golden, S. S. CikA, a bacteriophytochrome that resets the cyanobacterial circadian clock. Science 289, 765–768 (2000)
Article 
    ADS 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Giraud, E., Hannibal, L., Fardoux, J., Verméglio, A. & Dreyfus, B. Effect of Bradyrhizobium photosynthesis on stem nodulation of Aeschynomene sensitiva. Proc. Natl Acad. Sci. USA 97, 14795–14800 (2000)
Article 
    ADS 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Muratomo, T., Kohchi, T., Yokota, A., Hwang, I. & Goodman, H. M. The Arabidopsis photomorphogenesis mutant hy1 is deficient in phytochrome chromophore biosynthesis as a result of a mutation in a plastid heme oxygenase. Plant Cell 11, 335–347 (1999)
Article 
    
                    Google Scholar 
                

	Parkinson, J. S. & Kofoid, E. C. Communications modules in bacterial signalling proteins. Annu. Rev. Genet. 26, 71–112 (1992)
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Zhulin, I. B., Taylor, B. L. & Dixon, R. PAS domain S-boxes in Archaea, Bacteria and sensors for oxygen and redox. Trends Biochem. Sci. 22, 331–337 (1997)
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Taylor, B. L. & Zhulin, I. B. PAS domains: Internal sensors of oxygen, redox potential, and light. Microbiol. Mol. Biol. Rev. 63, 479–506 (1999)
CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Ponnampalam, S. N., Buggy, J. J. & Bauer, C. E. Characterization of an aerobic repressor that coordinately regulates bacteriochlorophyll, carotenoid, and light harvesting-II expression in Rhodobacter capsulatus. J. Bacteriol. 177, 2990–2997 (1995)
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Gomelsky, M. & Kaplan, S. Molecular genetic analysis suggesting interaction between AppA and PpsR in regulation of photosynthesis gene expression in Rhodobacter sphaeroides. J. Bacteriol. 179, 128–134 (1997)
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Li, L. & Lagarias, J. C. Phytochrome assembly. J. Biol. Chem. 267, 19204–19210 (1992)
CAS 
    PubMed 
    
                    Google Scholar 
                

	Bhoo, S.-H., Davis, S. J., Walker, J., Karniol, B. & Vierstra, R. D. Bacteriophytochromes are photochromic histidine kinases using a biliverdin chromophore. Nature 414, 776–779 (2001)
Article 
    ADS 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Fleischman, D. & Kramer, D. Photosynthetic rhizobia. Biochim. Biophys. Acta 1364, 17–36 (1998)
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Clayton, R. K. The induced synthesis of catalase in Rhodopseudomonas sphaeroides. Biochim. Biophys. Acta 37, 503–512 (1960)
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Kokotek, W. & Lotz, W. Construction of a lacZ-kanamycine–resistance cassette, useful for site-directed mutagenesis and as a promoter probe. Gene 84, 467–471 (1989)
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Boivin, C., Camut, S., Malpica, C. A., Truchet, G. & Rosenberg, C. Rhizobium meliloti genes encoding catabolism of trigonelline are induced under symbiotic conditions. Plant Cell. 2, 1157–1170 (1990)
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Yurkov, V., Schoepp, B. & Verméglio, A. Photoinduced electron transfer and cytochrome content in obligate aerobic phototrophic bacteria from genera Erythromicrobium, Sandaracinobacter, Erythromonas, Roseococcus and Erythrobacter. Photosynth. Res. 57, 117–128 (1998)
Article 
    CAS 
    
                    Google Scholar 
                

	Quandt, J. & Hynes, M. F. Versatile suicide vectors which allow direct selection for gene replacement in gram-negative bacteria. Gene 127, 15–21 (1993)
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                


Download references




Author information
Authors and Affiliations
	LSTM TA 10/J Laboratoire des Symbioses Tropicales et Méditerranéennes, UMR 113, IRD/CIRAD/INRA/ENSA-M. Campus de Baillarguet, 34398, Cedex 5, Montpellier, France
Eric Giraud, Joël Fardoux, Nicolas Fourrier, Laure Hannibal & Bernard Dreyfus

	CEA/Cadarache DEVM-Laboratoire d'Écophysiologie de la Photosynthèse, UMR 163-CNRS-CEA, 13108 Cedex, Saint Paul lez Durance, France
Bernard Genty

	CEA/Cadarache DEVM-Laboratoire de Bioénergétique Cellulaire, UMR 163-CNRS-CEA, Univ-Méditerranée CEA1000, 13108 Cedex, Saint Paul lez Durance, France
Pierre Bouyer & André Verméglio


Authors	Eric GiraudView author publications
You can also search for this author in
                        PubMed Google Scholar



	Joël FardouxView author publications
You can also search for this author in
                        PubMed Google Scholar



	Nicolas FourrierView author publications
You can also search for this author in
                        PubMed Google Scholar



	Laure HannibalView author publications
You can also search for this author in
                        PubMed Google Scholar



	Bernard GentyView author publications
You can also search for this author in
                        PubMed Google Scholar



	Pierre BouyerView author publications
You can also search for this author in
                        PubMed Google Scholar



	Bernard DreyfusView author publications
You can also search for this author in
                        PubMed Google Scholar



	André VerméglioView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                André Verméglio.


Ethics declarations

              
                Competing interests

                The authors declare that they have no competing financial interests.

              
            

Rights and permissions
Reprints and permissions


About this article
Cite this article
Giraud, E., Fardoux, J., Fourrier, N. et al. Bacteriophytochrome controls photosystem synthesis in anoxygenic bacteria.
                    Nature 417, 202–205 (2002). https://doi.org/10.1038/417202a
Download citation
	Received: 05 December 2001

	Accepted: 19 February 2002

	Issue Date: 09 May 2002

	DOI: https://doi.org/10.1038/417202a


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

                
                    	
                            
                                
                                    
                                        Optogenetic manipulation and photoacoustic imaging using a near-infrared transgenic mouse model
                                    
                                

                            
                                
                                    	Ludmila A. Kasatkina
	Chenshuo Ma
	Vladislav V. Verkhusha


                                
                                Nature Communications (2022)

                            
	
                            
                                
                                    
                                        A light life together: photosensing in the plant microbiota
                                    
                                

                            
                                
                                    	Aba Losi
	Wolfgang Gärtner


                                
                                Photochemical & Photobiological Sciences (2021)

                            
	
                            
                                
                                    
                                        Yeast engineered translucent cell wall to provide its endosymbiont cyanobacteria with light
                                    
                                

                            
                                
                                    	Hoda Ebrahimi
	Farideh Siavoshi
	Parastoo Saniee


                                
                                Archives of Microbiology (2020)

                            
	
                            
                                
                                    
                                        System-level analysis of metabolic trade-offs during anaerobic photoheterotrophic growth in Rhodopseudomonas palustris
                                    
                                

                            
                                
                                    	Ali Navid
	Yongqin Jiao
	Jennifer Pett-Ridge


                                
                                BMC Bioinformatics (2019)

                            
	
                            
                                
                                    
                                        Light on the cell cycle of the non-photosynthetic bacterium Ramlibacter tataouinensis
                                    
                                

                            
                                
                                    	Gilles De Luca
	Sylvain Fochesato
	André Verméglio


                                
                                Scientific Reports (2019)

                            


                

            

        
    

            
                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: ]
