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            Abstract
The algal osmolyte dimethylsulphoniopropionate (DMSP) and its enzymatic cleavage product dimethylsulphide (DMS) contribute significantly to the global sulphur cycle1,2,3, yet their physiological functions are uncertain4. Here we report results that, together with those in the literature5,6, show that DMSP and its breakdown products (DMS, acrylate, dimethylsulphoxide, and methane sulphinic acid) readily scavenge hydroxyl radicals and other reactive oxygen species, and thus may serve as an antioxidant system, regulated in part by enzymatic cleavage of DMSP. In support of this hypothesis, we found that oxidative stressors, solar ultraviolet radiation7, CO2 limitation8, Fe limitation, high Cu2+ (ref. 9) and H2O2 substantially increased cellular DMSP and/or its lysis to DMS in marine algal cultures. Our results indicate direct links between such stressors and the dynamics of DMSP and DMS in marine phytoplankton, which probably influence the production of DMS and its release to the atmosphere. As oxidation of DMS to sulphuric acid in the atmosphere provides a major source of sulphate aerosols and cloud condensation nuclei3, oxidative stressorsâ€”including solar radiation and Fe limitationâ€”may be involved in complex oceanâ€“atmosphere feedback loops that influence global climate and hydrological cycles1,2.




            
                
                    

    
        
            
                
                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: ]

                                
                                
                                    
                                        Abundant production of dimethylsulfoniopropionate as a cryoprotectant by freshwater phytoplanktonic dinoflagellates in ice-covered Lake Baikal
                                        
                                    

                                    
                                        Article
                                         Open access
                                         24 November 2023
                                    

                                

                                Kei Toda, Vladimir Obolkin, â€¦ Kentaro Saeki

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Dimethyl sulfide mediates microbial predatorâ€“prey interactions between zooplankton and algae in the ocean
                                        
                                    

                                    
                                        Article
                                        
                                         25 October 2021
                                    

                                

                                Adva Shemi, Uria Alcolombri, â€¦ Assaf Vardi

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Sulfur metabolites in the pelagic ocean
                                        
                                    

                                    
                                        Article
                                        
                                         04 September 2019
                                    

                                

                                Mary Ann Moran & Bryndan P. Durham

                            
                        

                    
                

            
        
            
        
    
                    
                
            

            
                References
	Bates, T. S., Charlson, R. J. & Gammon, R. H. Evidence for the climatic role of marine biogenic sulphur. Nature 329, 319â€“321 (1987)
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Charlson, R. J., Lovelock, J. E., Andreae, M. O. & Warren, S. G. Oceanic phytoplankton, atmospheric sulphur, cloud albedo, and climate. Nature 326, 655â€“661 (1987)
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Andreae, M. O. & Crutzen, P. J. Atmospheric aerosols: Biogeochemical sources and role in atmospheric chemistry. Science 276, 1052â€“1058 (1997)
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Stefels, J. Physiological aspects of the production and conversion of DMSP in marine algae and higher plants. J. Sea Res. 43, 183â€“197 (2000)
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Buxton, G. V., Greenstock, C. L., Helman, W. P. & Ross, A. B. Critical review of rate constants for reactions of hydrated electrons, hydrogen atoms and hydroxyl radicals in aqueous solution. J. Phys. Chem. Ref. Data 17, 513â€“886 (1988)
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Jakob, B. & Heber, U. Photoproduction and detoxification of hydroxyl radicals in chloroplasts and leaves and (its) relation to photoinactivation of photosystems I and II. Plant Cell Physiol. 37, 625â€“629 (1996)
ArticleÂ 
    
                    Google ScholarÂ 
                

	Lesser, M. P. & Shick, J. M. Effects of irradiance and ultraviolet radiation on photo-adaptation in the zooxanthellae of Aiptasia pallida: primary production, photoinhibition, and enzymatic defenses against oxygen toxicity. Mar. Biol. 102, 243â€“255 (1989)
ArticleÂ 
    
                    Google ScholarÂ 
                

	Butow, B., Wynne, D., Sukenik, A., Hadas, O. & Tel-Or, E. Synergistic effect of carbon concentration and high temperature on lipid peroxidation in Peridinium gatunense. J. Plankt. Res. 20, 355â€“369 (1998)
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Okamoto, O. K., Pinto, E., Latorre, L. R., Bechara, E. J. H. & Colepicolo, P. Antioxidant modulation in response to metal-induced oxidative stress in algal chloroplasts. Arch. Environ. Contam. Toxicol. 40, 18â€“24 (2000)

                    Google ScholarÂ 
                

	Karsten, U., Wiencke, C. & Kirst, G. O. The effect of light intensity and day length on the dimethylsulphoniopropionate (DMSP) content of green marine macroalgae from Antarctica. Plant Cell Environ. 13, 989â€“993 (1990)
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Stefels, J. & van Leeuwe, M. A. Effects of iron and light stress on the biochemical composition of antarctic Phaeocystis sp. (Prymnesiophyceae). I. Intracellular DMSP concentrations. J. Phycol. 34, 486â€“495 (1998)
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Steinke, M., Daniel, C. & Kirst, G. O. in Biological and Environmental Chemistry of DMSP and Related Sulfonium Compounds (eds Kiene, R. P., Visscher, P. T., Keller, M. D. & Kirst, G. O.) 317â€“324 (Plenum, New York, 1996)
BookÂ 
    
                    Google ScholarÂ 
                

	Wilkinson, F., Helman, W. P. & Ross, A. B. Rate constants for the decay and reactions of the lowest electronically excited singlet state of molecular oxygen in solution. An expanded and revised compilation. J. Phys. Chem. Ref. Data 24, 663â€“1021 (1995)
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	SimÃ³, R., Hatton, A. D., Malin, G. & Liss, P. S. Particulate dimethylsulphoxide in seawater: production by microplankton. Mar. Ecol. Prog. Ser. 167, 291â€“296 (1998)
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Lee, P. A. & de Mora, S. J. Intracellular dimethylsulfoxide (DMSO) in unicellular marine algae: Speculations on its origin and possible biological role. J. Phycol. 35, 8â€“18 (1999)
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	SimÃ³, R., PedrÃ³s-AlliÃ³, C., Malin, G. & Grimalt, J. O. Biological turnover of DMS, DMSP, and DMSO in contrasting open-sea waters. Mar. Ecol. Prog. Ser. 203, 1â€“11 (2000)
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Scaduto, R. C. Oxidation of DMSO and methane sulfinic acid by the hydroxyl radical. Free Radic. Biol. Med. 18, 271â€“277 (1995)
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Asada, K. & Nakano, Y. Hydrogen peroxide is scavenged by ascorbate-specific peroxidase in spinach chloroplasts. Plant Cell Physiol. 22, 867â€“880 (1981)

                    Google ScholarÂ 
                

	Niogi, K. K. Photoprotection revisited: Genetic and molecular approaches. Annu. Rev. Plant Physiol. Plant Mol. Biol. 50, 333â€“359 (1999)
ArticleÂ 
    
                    Google ScholarÂ 
                

	Greene, R. M., Geider, R. J., Kolber, Z. & Falkowski, P. G. Iron-induced changes in light-harvesting and photochemical energy conversion processes in eukaryotic marine algae. Plant Physiol. 100, 565â€“575 (1992)
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Kieber, D. J., Jiao, J., Kiene, R. P. & Bates, T. S. The impact of dimethyl sulfide photochemistry on methyl sulfur cycling in the Equatorial Pacific Ocean. J. Geophys. Res. 101, 3715â€“3722 (1996)
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	SimÃ³, R. & PedrÃ³s-AlliÃ³, C. Role of vertical mixing in controlling the oceanic production of dimethyl sulphide. Nature 402, 396â€“399 (1999)
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Dacey, J. W., Howse, F. A., Michaels, A. F. & Wakeham, S. G. Temporal variability of dimethylsulfide and dimethylsulfoniopropionate in the Sargasso Sea. Deep-Sea Res. I 45, 2085â€“2104 (1998)
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Naninga, H. J. & Tyrrell, T. Importance of light for the formation of algal blooms by Emiliania huxleyi. Mar. Ecol. Prog. Ser. 136, 195â€“206 (1996)
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	SimÃ³, R., Grimalt, J. O., PedrÃ³s-Alio, C. & Albaiges, J. Occurrence and transformation of dissolved dimethyl sulfur species in stratified seawater (western Mediterranean Sea). Mar. Ecol. Prog. Ser. 127, 291â€“299 (1995)
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Belviso, S. et al. Size distribution of dimethylsulfoniopropionate (DMSP) in areas of the tropical northeastern Atlantic Ocean and the Mediterranean Sea. Mar. Chem. 44, 55â€“71 (1993)
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Sunda, W. G. & Huntsman, S. A. Iron uptake and growth limitation in oceanic and coastal phytoplankton. Mar. Chem. 50, 189â€“206 (1995)
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Kiene, R. P. & Gerard, G. Determination of trace levels of dimethyl sulfoxide (DMSO) in seawater and rainwater. Mar. Chem. 47, 1â€“12 (1994)
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Ahner, B. A., Wei, L., Oleson, J. R. & Ogura, N. Glutathione and other low molecular weight thiols in marine phytoplankton under metal stress. Mar. Ecol. Prog. Ser. 232, 93â€“103 (2002)
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Dabrowski, K. Ascorbate in Aquatic Organisms (CRC, Boca Raton, 2001)

                    Google ScholarÂ 
                


Download references




Acknowledgements
We thank D. Blackwood, P. Griffin and L. Linn for technical assistance.


Author information
Authors and Affiliations
	Beaufort Laboratory, National Oceanic and Atmospheric Administration, Beaufort, North Carolina, 28516, USA
W. SundaÂ &Â S. Huntsman

	State University of New York, College of Environmental Science and Forestry, Chemistry Department, 1 Forestry Drive, Syracuse, New York, 13210, USA
D. J. Kieber

	Department of Marine Sciences, University of South Alabama, Mobile, Alabama, 36688, USA
R. P. Kiene


Authors	W. SundaView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	D. J. KieberView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	R. P. KieneView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	S. HuntsmanView author publications
You can also search for this author in
                        PubMedÂ Google Scholar





Corresponding author
Correspondence to
                W. Sunda.


Ethics declarations

              
                Competing interests

                The authors declare that they have no competing financial interests.

              
            

Supplementary information

Supplementary methods, analysis, references and tables 1 - 3 with legends (DOC 52 kb)




Rights and permissions
Reprints and permissions


About this article
Cite this article
Sunda, W., Kieber, D., Kiene, R. et al. An antioxidant function for DMSP and DMS in marine algae.
                    Nature 418, 317â€“320 (2002). https://doi.org/10.1038/nature00851
Download citation
	Received: 07 February 2002

	Accepted: 02 May 2002

	Issue Date: 18 July 2002

	DOI: https://doi.org/10.1038/nature00851


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

                
                    	
                            
                                
                                    
                                        Seasonal effects of short-term stress on susceptibility to herbivores and DMSP induction in the intertidal green alga Ulva fenestrata
                                    
                                

                            
                                
                                    	Kathryn L. Van Alstyne
	Natasha Borgen


                                
                                Marine Biology (2024)

                            
	
                            
                                
                                    
                                        Retrieval of Micro-Phytoplankton Density using Sentinel-3 and MODIS Satellite Sensors on the Eastern Algerian Coast
                                    
                                

                            
                                
                                    	Khadidja Wissal Abdallah
	Romaissa Harid
	Fouzia Houma-Bachari


                                
                                Thalassas: An International Journal of Marine Sciences (2024)

                            
	
                            
                                
                                    
                                        Genomic exploration of coral-associated bacteria: identifying probiotic candidates to increase coral bleaching resilience in Galaxea fascicularis
                                    
                                

                            
                                
                                    	Talisa Doering
	Kshitij Tandon
	Madeleine J. H. van Oppen


                                
                                Microbiome (2023)

                            
	
                            
                                
                                    
                                        The biogeochemistry of marine dimethylsulfide
                                    
                                

                            
                                
                                    	Frances E. Hopkins
	Stephen D. Archer
	Jonathan D. Todd


                                
                                Nature Reviews Earth & Environment (2023)

                            
	
                            
                                
                                    
                                        Abundant production of dimethylsulfoniopropionate as a cryoprotectant by freshwater phytoplanktonic dinoflagellates in ice-covered Lake Baikal
                                    
                                

                            
                                
                                    	Kei Toda
	Vladimir Obolkin
	Kentaro Saeki


                                
                                Communications Biology (2023)

                            


                

            

        
    

            
                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: ]
