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            Key Points

                	
                  Structural biology studies of proteins involved in plant pathogen–host interactions are crucial to understanding the molecular mechanisms of both pathogen virulence and host defence.

                
	
                  Plant pathogens and their hosts deploy molecules to the extracellular space (apoplast), and the structures of these molecules have revealed a relationship with membrane-damaging toxins and a mechanism for how plant receptors recognize microbial signatures.

                
	
                  Plant pathogens translocate effector proteins into host cells, and many suppress host immune defences. Structural studies of these effectors have showed how trans-kingdom protein–protein interactions have evolved to target immune regulators and have defined folds that have homology to proteins with known catalytic activities that were not apparent from protein sequence.

                
	
                  Protein structure analysis of both bacterial and oomycete effectors has identified conserved repeat folds both within and between certain effectors, which suggests evolution of protein function from a core, stable protein scaffold, probably through duplication and diversification.

                
	
                  Oligomerization of intracellular plant immune receptors (nucleotide-binding and Leu-rich repeat-containing (NB-LRR) proteins) is increasingly recognized as being important to trigger signalling in response to pathogens. Structures of the amino-terminal domains of both coiled-coil (CC) and Toll and interleukin-1 receptor (TLR) classes of NB-LRRs have shown how these regions can mediate dimerization.

                


              

Abstract
Over the past decade, considerable advances have been made in understanding the molecular mechanisms that underpin the arms race between plant pathogens and their hosts. Alongside genomic, bioinformatic, proteomic, biochemical and cell biological analyses of plant–pathogen interactions, three-dimensional structural studies of virulence proteins deployed by pathogens to promote infection, in some cases complexed with their plant cell targets, have uncovered key insights into the functions of these molecules. Structural information on plant immune receptors, which regulate the response to pathogen attack, is also starting to emerge. Structural studies of bacterial plant pathogen–host systems have been leading the way, but studies of filamentous plant pathogens are gathering pace. In this Review, we summarize the key developments in the structural biology of plant pathogen–host interactions.
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                    Figure 1: Overview of some of the molecular players in plant–pathogen interactions.[image: ]


Figure 2: Structural basis of the interaction between Pseudomonas syringae T3SEs AvrPtoB and AvrPto and immune kinases.[image: ]


Figure 3: Structural homology between bacterial effectors and conserved enzymes suggests protein function.[image: ]


Figure 4: Crystal structures of RXLR effector proteins.[image: ]


Figure 5: Dimerization in the amino-terminal domains of NB-LRR proteins.[image: ]
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Glossary
	Apoplastic effectors
	
                  Effectors that are secreted into and act in the apoplast, a tissue-level compartment outside the plant plasma membrane that includes the cell wall.

                
	Cytoplasmic effectors
	
                  Effectors that are secreted and translocated across the plant plasma membrane into the host cytoplasm, where they can target different subcellular compartments.

                
	Necrotrophic
	
                  An organism that kills host cells before invasion and gains nutrients from the dead plant tissue.

                
	Hemibiotrophic
	
                  An organism that feeds on living tissues for a period and then switches to necrotrophic colonization of dead tissues.

                
	Obligate biotrophic
	
                  An organism that can only complete its life cycle on living plant tissue; such organisms actively prevent host cell death and feed on living plant tissue.

                
	Hypersensitive response
	
                  (HR). A specific form of programmed cell death, often induced by effector-triggered immunity and correlated with accumulation of antimicrobial compounds and systemic acquired resistance.

                
	Pathovars
	
                  Pathogenic variants within a species that are defined by a characteristic host range and/or tissue specificity.

                
	E3 ligases
	
                  Enzymes required to attach the molecular tag ubiquitin to proteins. This tag modifies protein function or targets the protein for proteosomal degradation.

                
	Salicylic acid
	
                  Also known as salicylate, this is a central plant hormone signal that induces local and systemic defence responses in plants, collectively known as systemic acquired resistance.

                
	Ethylene
	
                  A gaseous, unsaturated hydrocarbon that acts as a plant hormone to promote growth and development and as an inhibiting stress factor.

                



Rights and permissions
Reprints and permissions


About this article
Cite this article
Wirthmueller, L., Maqbool, A. & Banfield, M. On the front line: structural insights into plant–pathogen interactions.
                    Nat Rev Microbiol 11, 761–776 (2013). https://doi.org/10.1038/nrmicro3118
Download citation
	Published: 08 October 2013

	Issue Date: November 2013

	DOI: https://doi.org/10.1038/nrmicro3118


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

                
                    	
                            
                                
                                    
                                        A cell-free approach to identify binding hotspots in plant immune receptors
                                    
                                

                            
                                
                                    	George C. Markou
	Casim A. Sarkar


                                
                                Scientific Reports (2022)

                            
	
                            
                                
                                    
                                        Salicylic acid is a key player of Arabidopsis autophagy mutant susceptibility to the necrotrophic bacterium Dickeya dadantii
                                    
                                

                            
                                
                                    	Martine Rigault
	Sylvie Citerne
	Alia Dellagi


                                
                                Scientific Reports (2021)

                            
	
                            
                                
                                    
                                        Identification of the key genes involved in the regulation of symbiotic pathways induced by Metarhizium anisopliae in peanut (Arachis hypogaea) roots
                                    
                                

                            
                                
                                    	Feng Wang
	Xiangqun Nong
	Zehua Zhang


                                
                                3 Biotech (2020)

                            
	
                            
                                
                                    
                                        Characterization of phytohormone and transcriptome reprogramming profiles during maize early kernel development
                                    
                                

                            
                                
                                    	Chuanyu Ma
	Bo Li
	Jian-rong Ye


                                
                                BMC Plant Biology (2019)

                            
	
                            
                                
                                    
                                        Structural genomics applied to the rust fungus Melampsora larici-populina reveals two candidate effector proteins adopting cystine knot and NTF2-like protein folds
                                    
                                

                            
                                
                                    	Karine de Guillen
	Cécile Lorrain
	Arnaud Hecker


                                
                                Scientific Reports (2019)

                            


                

            

        
    

            
        





    
        

        
            
                

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


            

        
    
    
        
            
                
                    About the journal

                    	
                                
                                    Aims & Scope
                                
                            
	
                                
                                    Journal Information
                                
                            
	
                                
                                    About the Editors
                                
                            
	
                                
                                    Journal Credits
                                
                            
	
                                
                                    Editorial input and checks
                                
                            
	
                                
                                    Editorial Values Statement
                                
                            
	
                                
                                    Journal Metrics
                                
                            
	
                                
                                    Publishing model
                                
                            
	
                                
                                    Editorial policies
                                
                            
	
                                
                                    Calendars
                                
                            
	
                                
                                    Posters
                                
                            
	
                                
                                    Conferences
                                
                            
	
                                
                                    Web Feeds
                                
                            
	
                                
                                    Contact
                                
                            
	
                                
                                    Reviews Cross-Journal Editorial Team
                                
                            


                

            
        

        
            
                
                    Publish with us

                    	
                                
                                    For Authors
                                
                            
	
                                
                                    For Referees
                                
                            
	
                                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 Reviews Microbiology (Nat Rev Microbiol)
                
                
    
    
        ISSN 1740-1534 (online)
    
    


                
    
    
        ISSN 1740-1526 (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 — 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: ]
