







    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 Microbiology]
                            
                        
                    
                    

                    
                    	
                            
                                View all journals
                            
                        
	
                            
                                Search
                            
                        
	
                            
                                Log in
                            
                        


                

            

        

        
            
                
                    
                        	
                                    
                                        Explore content
                                    
                                
	
                                    
                                        About the journal
                                    
                                
	
                                        
                                            Publish with us
                                        
                                    
	
                                    
                                        Subscribe
                                    
                                


                        	
                                    
                                        Sign up for alerts
                                    
                                
	
                                    
                                            RSS feed
                                    
                                


                    

                

            

        
    


    
    
        
            
                	nature



	nature microbiology

	articles

	
                                    article


    
        
        
            
            
                
                    	Article
	Published: 04 March 2019



                    Genome mining identifies cepacin as a plant-protective metabolite of the biopesticidal bacterium Burkholderia ambifaria

                    	Alex J. MullinsÂ 
            ORCID: orcid.org/0000-0001-5804-90081, 
	James A. H. Murray1, 
	Matthew J. Bull1, 
	Matthew Jenner2, 
	Cerith JonesÂ 
            ORCID: orcid.org/0000-0001-6275-02351Â nAff6, 
	Gordon WebsterÂ 
            ORCID: orcid.org/0000-0002-9530-78351, 
	Angharad E. Green3, 
	Daniel R. NeillÂ 
            ORCID: orcid.org/0000-0002-7911-81533, 
	Thomas R. ConnorÂ 
            ORCID: orcid.org/0000-0003-2394-65041, 
	Julian ParkhillÂ 
            ORCID: orcid.org/0000-0002-7069-59584, 
	Gregory L. ChallisÂ 
            ORCID: orcid.org/0000-0001-5976-35452,5 & 
	â€¦
	Eshwar MahenthiralingamÂ 
            ORCID: orcid.org/0000-0001-9014-37901Â 

Show authors

                    

                    
                        
    Nature Microbiology

                        volumeÂ 4,Â pages 996â€“1005 (2019)Cite this article
                    

                    
        
            	
                        5130 Accesses

                    
	
                        94 Citations

                    
	
                            168 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Antimicrobials
	Bacterial genomics
	Biotechnology
	Chemical biology
	Computational biology and bioinformatics


    


                
    
    

    
    

                
            


        
            Abstract
Beneficial microorganisms are widely used in agriculture for control of plant pathogens, but a lack of efficacy and safety information has limited the exploitation of multiple promising biopesticides. We applied phylogeny-led genome mining, metabolite analyses and biological control assays to define the efficacy of Burkholderia ambifaria, a naturally beneficial bacterium with proven biocontrol properties but potential pathogenic risk. A panel of 64 B.â€‰ambifaria strains demonstrated significant antimicrobial activity against priority plant pathogens. Genome sequencing, specialized metabolite biosynthetic gene cluster mining and metabolite analysis revealed an armoury of known and unknown pathways within B.â€‰ambifaria. The biosynthetic gene cluster responsible for the production of the metabolite cepacin was identified and directly shown to mediate protection of germinating crops against Pythium damping-off disease. B.â€‰ambifaria maintained biopesticidal protection and overall fitness in the soil after deletion of its third replicon, a non-essential plasmid associated with virulence in Burkholderiaâ€‰cepacia complex bacteria. Removal of the third replicon reduced B.â€‰ambifaria persistence in a murine respiratory infection model. Here, we show that by using interdisciplinary phylogenomic, metabolomic and functional approaches, the mode of action of natural biological control agents related to pathogens can be systematically established to facilitate their future exploitation.
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                    Fig. 1: Core gene phylogeny of 64 B.â€‰ambifaria strains.[image: ]


Fig. 2: Specialized metabolite BGC network analysis of 64 B.â€‰ambifaria strains.[image: ]


Fig. 3: Unrooted phylogeny of LuxR protein homologues extracted from 64 B.â€‰ambifaria strains.[image: ]


Fig. 4: Organization of the cepacin A BGC, LCâ€“MS analysis of cepacin A production and antimicrobial screening of B.â€‰ambifaria BCC0191 WT and cepacin A-deficient derivative (::ccnJ).[image: ]


Fig. 5: Biological control of Pythium damping-off disease is mediated by B.â€‰ambifaria cepacin.[image: ]
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                Code availability

              
              The publicly available software and codes used for genome sequence determination, phylogenomics, mass spectrometry and general statistical analysis are described in the appropriate Methods sections.

            

Data availability

              
              Sequence data that support the genomic findings of this study have been deposited in the European Nucleotide Archive with the accession/bioproject codes listed in Supplementary Table 1. The data that support the antimicrobial production, P.â€‰sativum and G.â€‰mellonella survival and murine infection model findings of this study are available from the corresponding authors on request. Bacterial strains and constructs will be made available on written request to the corresponding authors and after signing a Material Transfer Agreement. We are restricted in redistributing certain bacterial strains, such as those from recognized culture collections, but such requests will be redirected to the appropriate source.
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