







    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]
                            
                        
                    
                    

                    
                    	
                            
                                View all journals
                            
                        
	
                            
                                Search
                            
                        
	
                            
                                Log in
                            
                        


                

            

        

        
            
                
                    
                        	
                                    
                                        Explore content
                                    
                                
	
                                    
                                        About the journal
                                    
                                
	
                                        
                                            Publish with us
                                        
                                    
	
                                    
                                        Subscribe
                                    
                                


                        	
                                    
                                        Sign up for alerts
                                    
                                
	
                                    
                                            RSS feed
                                    
                                


                    

                

            

        
    


    
    
        
            
                	nature



	articles

	
                                    article


    
        
        
            
            
                
                    	Article
	Published: 24 May 2023



                    Selective control of parasitic nematodes using bioactivated nematicides

                    	Andrew R. BurnsÂ 
            ORCID: orcid.org/0000-0002-8966-12801,2, 
	Rachel J. BakerÂ 
            ORCID: orcid.org/0000-0001-5514-88873, 
	Megan Kitner4, 
	Jessica KnoxÂ 
            ORCID: orcid.org/0000-0003-1465-58521,2, 
	Brittany CookeÂ 
            ORCID: orcid.org/0000-0002-6386-16551,2, 
	Jonathan R. Volpatti2,5, 
	Aditya S. Vaidya6,7, 
	Emily PuumalaÂ 
            ORCID: orcid.org/0009-0008-3371-58772, 
	Bruna M. Palmeira8, 
	Elizabeth M. Redman8, 
	Jamie SniderÂ 
            ORCID: orcid.org/0000-0001-5647-37291, 
	Sagar Marwah9,10, 
	Sai W. Chung9,10, 
	Margaret H. MacDonald11, 
	Jens TiefenbachÂ 
            ORCID: orcid.org/0000-0003-4941-44771, 
	Chun Hu1,2, 
	Qi Xiao12, 
	Constance A. M. FinneyÂ 
            ORCID: orcid.org/0000-0002-8459-846212, 
	Henry M. KrauseÂ 
            ORCID: orcid.org/0000-0002-6182-70741,2, 
	Sonya A. MacParlandÂ 
            ORCID: orcid.org/0000-0002-8036-14259,10, 
	Igor StagljarÂ 
            ORCID: orcid.org/0000-0002-5260-33271,2,13,14, 
	John S. GilleardÂ 
            ORCID: orcid.org/0000-0002-6787-46998, 
	Leah E. CowenÂ 
            ORCID: orcid.org/0000-0001-5797-01102, 
	Susan L. F. Meyer11, 
	Sean R. CutlerÂ 
            ORCID: orcid.org/0000-0002-8593-08856,7, 
	James J. DowlingÂ 
            ORCID: orcid.org/0000-0002-3984-41692,5, 
	Mark LautensÂ 
            ORCID: orcid.org/0000-0002-0179-29143, 
	Inga Zasada4 & 
	â€¦
	Peter J. RoyÂ 
            ORCID: orcid.org/0000-0003-2959-22761,2,15Â 

Show authors

                    

                    
                        
    Nature

                        volumeÂ 618,Â pages 102â€“109 (2023)Cite this article
                    

                    
        
            	
                        9201 Accesses

                    
	
                        7 Citations

                    
	
                            80 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Chemical genetics
	Phenotypic screening


    


                
    
    

    
    

                
            


        
            Abstract
Parasitic nematodes are a major threat to global food security, particularly as the world amasses 10â€‰billion people amid limited arable land1,2,3,4. Most traditional nematicides have been banned owing to poor nematode selectivity, leaving farmers with inadequate means of pest control4,5,6,7,8,9,10,11,12. Here we use the model nematode Caenorhabditis elegans to identify a family of selective imidazothiazole nematicides, called selectivins, that undergo cytochrome-p450-mediated bioactivation in nematodes. At low parts-per-million concentrations, selectivins perform comparably well with commercial nematicides to control root infection by Meloidogyne incognita, a highly destructive plant-parasitic nematode. Tests against numerous phylogenetically diverse non-target systems demonstrate that selectivins are more nematode-selective than most marketed nematicides. Selectivins are first-in-class bioactivated nematode controls that provide efficacy and nematode selectivity.
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                    Fig. 1: The selectivins.[image: ]


Fig. 2: Selectivins are bioactivated nematicides.[image: ]


Fig. 3: Selectivins are bioactivated to a toxic electrophile.[image: ]


Fig. 4: Selectivin-A and selectivin-E are lead nematicides for plant-parasitic nematode control.[image: ]


Fig. 5: M. incognita CYP4731A3 bioactivates selectivin-A.[image: ]
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                Data availability

              
              Data are available for Figs. 1â€“ 5 and Extended Data Figs. 1,Â 3 andÂ 4. Any other data that support the conclusions of this manuscript are available upon request.Â Source data are provided with this paper.

            

Code availability

              
              The Python and Râ€‰code used to generate the doseâ€“response heatmaps and the HPLC chromatogram heatmaps have been published72.
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Extended data figures and tables

Extended Data Fig. 1 The selectivin-A imidazole-thiol metabolite is not nematicidal.
a, Mass spectrometry (MS) data for the M4 metabolite HPLC fraction and untreated control fraction, as well as MS/MS data for the 418.99 mass. The proposed M4 disulfide structure is shown, along with the protonated imidazole-thiol monomer structure resulting from fragmentation. b, A proposed metabolic pathway producing the imidazole-thiol metabolite (ITM) which oxidizes to form M4/ITM disulfide (ITM-DiS). Imidazothiazole ring opening is likely CYP-dependent. c, Biomass-normalized and background-corrected HPLC chromatograms for lysates of selectivin-A-treated L1 worms lysed Â± iodoacetamide (IAA). Peaks corresponding to selectivin-A (sel-A), metabolites M1-M4, and alkylated ITM (ITM-alk) are indicated. d, MS data for the ITM-alk HPLC fraction and untreated control fraction. e, HPLC-DAD quantification of selectivin-A, M1-M4, and ITM-alk in the lysates of selectivin-A-treated L1 worms lysed Â± IAA (nâ€‰=â€‰3 biological replicates with 200,000 worms per replicate). Area under the curve (AUC) for metabolites M1-M3 and ITM-alk was calculated at 260 nm, and at 300 nm for M4. Data are presented as mean Â± SEM. For each analyte, unpaired one-tailed Studentâ€™s t-tests were performed comparing the means of the Â± IAA conditions. P-values are shown. f, Dose-response for C. elegans L1s treated with selectivins or commercially-sourced ITM. g, Biomass-normalized and background-corrected HPLC chromatograms for lysates of L1 worms incubated in commercially-sourced ITM, lysed Â± IAA. The top chromatogram is the ITM standard injected directly onto the column, and is not normalized or corrected. ITM oxidizes to ITM-DiS prior to HPLC analysis. ITM-DiS and ITM-alk peaks are indicated. h, HPLC-DAD quantification of M4/ITM-DiS and ITM-alk in the lysates of 100 ÂµM selectivin-A-treated or 100 ÂµM ITM-treated L1 worms, lysed Â± IAA (nâ€‰=â€‰3 biological replicates with 200,000 worms per replicate). AUC was calculated at 260 nm. Data are presented as mean Â± SEM.
Source Data


Extended Data Fig. 2 NMR spectra for HPLC-purified selectivin-A metabolite M2.
a, 1H NMR spectra. The structure of M2 with all carbon and heteroatom assignments is given. The top number in each multiplet box corresponds to the carbon that the proton is connected to. 1H NMR (700 MHz, cd3od) Î´ 8.02 (s, 1H), 7.82 â€“ 7.78 (m, 2H), 7.42 â€“ 7.37 (m, 2H), 5.98 (dd, Jâ€‰=â€‰7.9, 2.2 Hz, 1H), 4.74 (dd, Jâ€‰=â€‰7.6, 5.3 Hz, 1H), 4.66 (dd, Jâ€‰=â€‰14.9, 8.0 Hz, 1H), 3.86 (s, 2H), 3.81 (dd, Jâ€‰=â€‰14.9, 2.2 Hz, 1H), 3.62 (t, Jâ€‰=â€‰6.2 Hz, 1H), 3.23 (dd, Jâ€‰=â€‰14.2, 5.3 Hz, 1H), 3.08 (dd, Jâ€‰=â€‰14.1, 7.6 Hz, 1H), 2.54 (ddd, Jâ€‰=â€‰15.9, 7.9, 6.6 Hz, 1H), 2.48 (dt, Jâ€‰=â€‰15.8, 6.6 Hz, 1H), 2.16 â€“ 2.05 (m, 2H), 1.97 (s, 3H). b, 1H-1H COSY NMR spectra. c, 1H-13C HSQC NMR spectra. d, 1H-13C HMBC NMR spectra.


Extended Data Fig. 3 Selectivin bioactivation is nematode-specific.
a and b, Biomass-normalized and background-corrected HPLC chromatograms of lysates (a) and incubation buffers (b) from C. elegans (Ce), C. briggsae (Cb), P. pacificus (Pp), Rhabditophanes sp. KR3021 (KR), M. incognita (Mi), D. melanogaster (Dm), and D. rerio (Dr) larvae, as well as S. cerevisiae (Sc) cells, incubated in 100 ÂµM selectivin-A. Selectivin-A and metabolite peaks are indicated. c, Total detectable production of M1â€‰+â€‰M2â€‰+â€‰M3 in lysate and buffer for each of the seven species tested. d, M2 tissue accumulation in each species tested. e, Unmodified selectivin-A tissue accumulation in each of the test species. AUC is area under the curve at 260 nm. Data are presented as mean Â± SEM. For c and d, unpaired one-tailed Studentâ€™s t-tests were performed for all pairwise comparisons of means. The means sharing a letter are statistically indistinguishable (pâ€‰>â€‰0.01). The p-values for each comparison in c and d can be found in the Statistical Information subsection of the Methods. For e, unpaired one-tailed Studentâ€™s t-tests were performed relative to the C. elegans mean. P-values are shown. For c-e, nâ€‰=â€‰4 biological replicates for Ce, Cb, Pp, and Dr, and nâ€‰=â€‰3 biological replicates for KR, Mi, Sc, and Dm.
Source Data


Extended Data Fig. 4 Selectivin treatment generally increases the root weights of tomato plants challenged with nematode infection.
The effects of 11 selectivin analogs and 4 commercial nematicides on the root weights of tomato plants challenged with M. incognita infection is shown. Root weight values are percent of untreated control. For each analog, aqueous molar concentration, parts-per-million soil concentration, and kilograms-per-hectare values are shown. The R-groups for each selectivin analog are indicated (see Fig. 1a for the selectivin core scaffold and R-group positions). Data are presented as mean Â± SEM.
Source Data


Extended Data Fig. 5 Free-living nematodes likely detoxify selectivin-E via hydroxylation and subsequent phosphoglucosidation.
a, Structure of selectivin-E (sel-E) with exact mass. b-c, Raw HPLC chromatograms for lysates of C. elegans and P. pacificus L1 worms incubated in 100 ÂµM selectivin-E or DMSO alone (untreated). The top chromatogram is the selectivin-E standard injected directly onto the column. The unmodified selectivin-E parent compound and selectivin-E metabolites E-M1, E-M2, and E-M3 are indicated. c, Mass spectrometry (MS) data for the E-M1, E-M2, and E-M3 HPLC fractions and corresponding untreated control fractions. Raw MS counts are shown for the most abundant masses identified in the mass spectra that are not detectable in the corresponding untreated control fractions. Raw counts were taken from centroid plots of the raw mass spectra. Counts below 1 Ã— 103 were considered not detectable (nd). Based on the presumptive masses of the three metabolites we predict that E-M1 is a hydroxylated metabolite of selectivin-E, E-M2 is an O-linked glucoside of selectivin-E, and E-M3 is an O-linked phosphoglucoside. Molecular formulas are indicated for the predicted metabolite structures, as well as exact masses, P. pacificus experimental accurate masses, and the ppm difference between the two. A ppm difference of less than 5 ppm suggests that the molecular formulae are correct. Ce, C. elegans; Pp, P. pacificus.


Extended Data Table 1 Anthelmintic/nematicide-resistant mutants are sensitive to the selectivinsFull size table


Extended Data Table 2 Genetic resistance to selectivins is difficult to achieveFull size table


Extended Data Table 3 Summary of MS data for selectivin-A metabolites from lysatesFull size table


Extended Data Table 4 HPLC solvent and flow rate gradientsFull size table





Supplementary information
Reporting Summary

Peer Review File

Supplementary Table 1
Accurate mass and exact mass values for the selectivin-A metabolites.


Supplementary Table 2
C. elegans cyp RNAi screen data.


Supplementary Table 3
 Identity matrix for the 31 M.â€‰incognita CYP protein sequences Identified from the v3 genome.


Supplementary Table 4
C. elegans CYP-35C1, C. elegans EMB-8 and M.â€‰incognita CYP cDNA sequences codon-optimized for yeast expression.


Supplementary Table 5
Yeast-based M.â€‰incognita cyp expression screen data.


Supplementary Table 6
M.â€‰incognita gene read counts and expression ranks obtained from RNA sequencing analysis from ref. 43.





Source data
Source Data Fig. 1

Source Data Fig. 2

Source Data Fig. 3

Source Data Fig. 4

Source Data Fig. 5

Source Data Extended Data Fig. 1

Source Data Extended Data Fig. 3

Source Data Extended Data Fig. 4




Rights and permissions
Springer Nature or its licensor (e.g. a society or other partner) holds exclusive rights to this article under a publishing agreement with the author(s) or other rightsholder(s); author self-archiving of the accepted manuscript version of this article is solely governed by the terms of such publishing agreement and applicable law.
Reprints and permissions


About this article
[image: Check for updates. Verify currency and authenticity via CrossMark]       



Cite this article
Burns, A.R., Baker, R.J., Kitner, M. et al. Selective control of parasitic nematodes using bioactivated nematicides.
                    Nature 618, 102â€“109 (2023). https://doi.org/10.1038/s41586-023-06105-5
Download citation
	Received: 18 May 2021

	Accepted: 20 April 2023

	Published: 24 May 2023

	Issue Date: 01 June 2023

	DOI: https://doi.org/10.1038/s41586-023-06105-5


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
                        








            


            

            
                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
            
        

        
    



            

        
    


    
        
    

    
    
        
            
                Associated content

                
                    
                    
                        
                            
    
        
            
                
                    Parasitic nematodes activate chemicals that can kill them
                

                
                
    
        
            Nature
        
        Research Briefing
        
        
            24 May 2023
        
    


            

        

    


                        

                    
                
            
        

        
    

    

    
        
            
                
                    
                        
                            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: ]
