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            Abstract
A broad-specificity Î”9 desaturase gene was cloned from the cyanobacterium Anacystis nidulans. The enzyme introduces a cis-double bond at the Î”9 position of both 16 and 18 carbon saturated fatty acids linked to many kinds of membrane lipids. The gene was stably introduced into tobacco plants under transcriptional control of the cauliflower mosaic virus 35S promoter, and the enzyme was targeted into plastids by the transit peptide of the pea RuBisCO small subunit. The transgenic plants had a highly reduced level of saturated fatty acid content in most membrane lipids and exhibited a significant increase in chilling resistance.




            
                
                    

    
        
            
                
                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 12 print issues and online access
$209.00 per year
only $17.42 per issue

Learn more


Buy this article
	Purchase on Springer Link
	Instant access to full article PDF

Buy now


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: ]

                                
                                
                                    
                                        Phytohormones regulate the non-redundant response of Ï‰-3 fatty acid desaturases to low temperatures in Chorispora bungeana
                                        
                                    

                                    
                                        Article
                                         Open access
                                         16 February 2023
                                    

                                

                                Yulan Shi, Sizhong Yang, â€¦ Lizhe An

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        The tomato 2-oxoglutarate-dependent dioxygenase gene SlF3HL is critical for chilling stress tolerance
                                        
                                    

                                    
                                        Article
                                         Open access
                                         06 April 2019
                                    

                                

                                Tixu Hu, Yuqin Wang, â€¦ Xiangqiang Zhan

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Nuclear-encoded synthesis of the D1 subunit of photosystem II increases photosynthetic efficiency and crop yield
                                        
                                    

                                    
                                        Article
                                        
                                         20 April 2020
                                    

                                

                                Juan-Hua Chen, Si-Ting Chen, â€¦ Fang-Qing Guo

                            
                        

                    
                

            
        
            
        
    
                    
                
            

            
                References
	Lyons, J.M. 1973. Chilling injury in plants. Ann. Rev. Plant Physiol. 24: 445â€“466.
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Silvius, J.R. 1982. Thermotropic phase transitions of pure lipids in model membranes and their modification by membrane proteins, pp. 239â€“281 in Lipid-protein interactions, vol. 2. Jost, P.C. and Griffith, O.H. (eds.). Wiley, New York.

                    Google ScholarÂ 
                

	Somerville, C. 1995. Direct tests of the role of membrane lipid composition in low-temperature-induced photoinhibition and chilling sensitivity in plants and cyanobacteria. Proc. Natl. Acad. Sci. USA 92: 6215â€“6218.
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Ohlrogge, J. and Browse, J. 1995. Lipid biosynthesis. Plant Cell 7: 957â€“970.
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Lem, N.W. and Stumpf, P.K. 1984. In vitro fatty acid synthesis and complex lipid metabolism in the cyanobacterium Anabaena variabilis . Plant Physiol. 74: 134â€“138.
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Murata, N. and Wada, H. 1995. Acyl-lipid desaturases and their importance in the tolerance and acclimatization to cold of cyanobacteria. Biochem. J. 308: 1â€“8.
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Sakamoto, T., Wada, H., Nishida, I., Ohmori, M. and Murata, N. 1994. Î”9 acyl-lipid desaturases of cyanobacteria. J. Biol. Chem. 269: 25576â€“25580.
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Sato, N. and Murata, N. 1982. Lipid biosynthesis in the blue-green alga, Anabaena variabilis . Biochim. Biophys. Acta 710: 279â€“289.
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Bishop, D.G., Kenrick, J.R., Kondo, T. and Murata, N. 1986. Thermal properties of membrane lipids from two cyanobacteria, Anacystis nidulans and Synechococcus sp. Plant Cell Physiol. 27: 1593â€“1598.
CASÂ 
    
                    Google ScholarÂ 
                

	Browse, J., Warwick, N., Somerville, C.R. and Slack, C.R. 1986. Fluxes through the prokaryotic and eukaryotic pathways of lipid synthesis in the â€˜16: 3â€™ plant Arabidopsis thaliana . Biochem. J. 235: 25â€“31.
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Wada, H., Avelange-Macherel, M-H. and Murata, N. 1993. The desA gene of the cyanobacterium Synechocystis sp. strain PCC6803 is the structural gene for Î”12 desaturase. J. Bacteriol. 175: 6056â€“6058.
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	McKeon, T.A. and Stumpf, P.K. 1982. Purification and characterization of the stearoyl-acyl carrier protein desaturase and the acyl-acyl carrier protein thioesterase from maturing seeds of safflower. J. Biol. Chem. 257: 12141â€“12147.
CASÂ 
    
                    Google ScholarÂ 
                

	Smith, M.A., Cross, A.R., Jones, O.T.G., Griffiths, W.T., Stymne, S. and Stobart, K. 1990. Electron-transport components of the 1-acyl-2-oleoyl-sn-glycero-3-phosphocholine Î”12-desaturase in microsomal preparations from developing safflower (Carthamus tinctorius L.) cotyledons. Biochem. J. 272: 23â€“29.
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Schreier, P.H., Seftor, E.A., Schell, J. and Bohnert, H.J. 1985. The use of nuclear-encoded sequences to direct the light-regulated synthesis and transport of a foreign protein into plant chloroplasts. EMBO J. 4: 25â€“32.
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Browse, J., McConn, M., James, D. and Miquel, M. 1993. Mutants of Arabidopsis deficient in the synthesis of Î±-linolenate. J. Biol. Chem. 268: 16345â€“16351.
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Murata, N., Ishizaki-Nishizawa, O., Higashi, S., Hayashi, H., Tasaka, Y., and Nishida, I. 1992. Genetically engineered alteration in the chilling sensitivity of plants. Nature 356: 710â€“713.
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Kodama, H., Hamada, T., Horiguchi, G., Nishimura, M. and Iba, K. 1994. Genetic enhancement of cold tolerance by expression of a gene for chloroplast Ï‰-3 fatty acid desaturase in transgenic tobacco. Plant Physiol. 105: 601â€“605.
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Bligh, E.G. and Dyer, W.J. 1959. A rapid method of total lipid extraction and purification. Can. J. Biochem. Physiol. 37: 911â€“917.
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Horsch, R.B., Fry, J.E., Hoffmann, N.L., Eichholtz, D., Rogers, S.G. and Fraley, R.T. 1985. A simple and general method for transferring genes into plants. Science 227: 1229â€“1231.
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Tasaka, Y., Nishida, I., Higashi, S., Beppu, T. and Murata, N. 1990. Fatty acid composition of phosphatidylglycerols in relation to chilling sensitivity of woody plants. Plant Cell Physiol. 31: 545â€“550.
CASÂ 
    
                    Google ScholarÂ 
                


Download references




Author information
Author notes	Osamu Ishizaki-Nishizawa: Corresponding author


Authors and Affiliations
	Central Laboratories for Key Technology, Kirin Brewery Co., 1-13-5 Fukuura, Kanazawa, Yokohama, Kanagawa, 236, Japan
Osamu Ishizaki-Nishizawa,Â Toshio Fujii,Â Mizue Azuma,Â Keiko Sekiguchi,Â Takeshi OhtaniÂ &Â Toshihiro Toguri

	National Institute for Basic Biology, Myodaiji, Okazaki, 444, Japan
Norio Murata


Authors	Osamu Ishizaki-NishizawaView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Toshio FujiiView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Mizue AzumaView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Keiko SekiguchiView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Norio MurataView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Takeshi OhtaniView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Toshihiro ToguriView author publications
You can also search for this author in
                        PubMedÂ Google Scholar







Rights and permissions
Reprints and permissions


About this article
Cite this article
Ishizaki-Nishizawa, O., Fujii, T., Azuma, M. et al. Low-temperature resistance of higher plants is significantly enhanced by a nonspecific cyanobacterial desaturase.
                    Nat Biotechnol 14, 1003â€“1006 (1996). https://doi.org/10.1038/nbt0896-1003
Download citation
	Received: 06 March 1996

	Accepted: 10 April 1996

	Issue Date: 01 August 1996

	DOI: https://doi.org/10.1038/nbt0896-1003


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

                
                    	
                            
                                
                                    
                                        Introduction to the biology and ecology of the freshwater cryophilic dinoflagellate Woloszynskia pascheri causing red ice
                                    
                                

                            
                                
                                    	Kenneth H. Nicholls


                                
                                Hydrobiologia (2017)

                            
	
                            
                                
                                    
                                        Application of phytohormones during seed hydropriming and heat shock treatment on sunflower (Helianthus annuus L.) chilling resistance and changes in soluble carbohydrates
                                    
                                

                            
                                
                                    	Krzysztof GÃ³rnik
	LesÅ‚aw B. Lahuta


                                
                                Acta Physiologiae Plantarum (2017)

                            
	
                            
                                
                                    
                                        Regulatory role of membrane fluidity in gene expression and physiological functions
                                    
                                

                            
                                
                                    	Dmitry A. Los
	Kirill S. Mironov
	Suleyman I. Allakhverdiev


                                
                                Photosynthesis Research (2013)

                            
	
                            
                                
                                    
                                        What happens in plant molecular responses to cold stress?
                                    
                                

                            
                                
                                    	Leila Heidarvand
	Reza Maali Amiri


                                
                                Acta Physiologiae Plantarum (2010)

                            
	
                            
                                
                                    
                                        Changes in freezing tolerance in hybrid poplar caused by up- and down-regulation of PtFAD2 gene expression
                                    
                                

                            
                                
                                    	Zhou Zhou
	Min-Jie Wang
	Meng-Zhu Lu


                                
                                Transgenic Research (2010)

                            


                

            

        
    

            
        





    
        

        
            
                

    
        
            
                
                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
                                
                            
	
                                
                                    Podcasts
                                
                            
	
                                
                                    Videos
                                
                            
	
                                
                                    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
                                
                            
	
                                
                                    Journal Metrics
                                
                            
	
                                
                                    About the Editors
                                
                            
	
                                
                                    Our publishing models
                                
                            
	
                                
                                    Editorial Values Statement
                                
                            
	
                                
                                    Editorial Policies
                                
                            
	
                                
                                    Content Types
                                
                            
	
                                
                                    Web Feeds
                                
                            
	
                                
                                    Posters
                                
                            
	
                                
                                    Contact
                                
                            
	
                                
                                    Research Cross-Journal Editorial Team
                                
                            
	
                                
                                    Reviews Cross-Journal Editorial Team
                                
                            


                

            
        

        
            
                
                    Publish with us

                    	
                                
                                    Submission Guidelines
                                
                            
	
                                
                                    For Reviewers
                                
                            
	
                                
                                    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 Biotechnology (Nat Biotechnol)
                
                
    
    
        ISSN 1546-1696 (online)
    
    


                
    
    
        ISSN 1087-0156 (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: ]
