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            Abstract
Major improvements in proteomic techniques in recent years have led to an increase in their application in all biological fields, including plant sciences. For all proteomic approaches, protein extraction and sample preparation are of utmost importance for optimal results; however, extraction of proteins from plant tissues represents a great challenge. Plant tissues usually contain relatively low amounts of proteins and high concentrations of proteases and compounds that potentially can limit tissue disintegration and interfere with subsequent protein separation and identification. An effective protein extraction protocol must also be adaptable to the great variation in the sets of secondary metabolites and potentially contaminating compounds that occurs between tissues (e.g., leaves, roots, fruit, seeds and stems) and between species. Here we present two basic protein extraction protocols that have successfully been used with diverse plant tissues, including recalcitrant tissues. The first method is based on phenol extraction coupled with ammonium acetate precipitation, and the second is based on trichloroacetic acid (TCA) precipitation. Both extraction protocols can be completed within 2 d.
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                    Figure 1: Flowchart of protein extraction protocol.[image: ]


Figure 2: Two-dimensional gel electrophoresis of protein samples from maize root tips.[image: ]



                


                
                    
                        
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        DIP-MS: ultra-deep interaction proteomics for the deconvolution of protein complexes
                                        
                                    

                                    
                                        Article
                                         Open access
                                         26 March 2024
                                    

                                

                                Fabian Frommelt, Andrea Fossati, … Matthias Gstaiger

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Proximity labeling in mammalian cells with TurboID and split-TurboID
                                        
                                    

                                    
                                        Article
                                        
                                         02 November 2020
                                    

                                

                                Kelvin F. Cho, Tess C. Branon, … Alice Y. Ting

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Uncovering microbiomes of the rice phyllosphere using long-read metagenomic sequencing
                                        
                                    

                                    
                                        Article
                                         Open access
                                         27 March 2024
                                    

                                

                                Sachiko Masuda, Pamela Gan, … Ken Shirasu

                            
                        

                    
                

            
        
            
        
    
                    
                
            

            
                References
	Wu, W.W., Wang, G., Baek, S.J. & Shen, R.F. Comparative study of three proteomic quantitative methods, DIGE, cICAT, and iTRAQ, using 2D gel- or LC-MALDI TOF/TOF. J. Proteome Res. 5, 651–658 (2006).
Article 
    CAS 
    
                    Google Scholar 
                

	Rose, J.K., Bashir, S., Giovannoni, J.J., Jahn, M.M. & Saravanan, R.S. Tackling the plant proteome: practical approaches, hurdles and experimental tools. Plant J. 39, 715–733 (2004).
Article 
    CAS 
    
                    Google Scholar 
                

	Saravanan, R.S. & Rose, J.K. A critical evaluation of sample extraction techniques for enhanced proteomic analysis of recalcitrant plant tissues. Proteomics 4, 2522–2532 (2004).
Article 
    CAS 
    
                    Google Scholar 
                

	Rabilloud, T. Solubilization of proteins for electrophoretic analyses. Electrophoresis 17, 813–829 (1996).
Article 
    CAS 
    
                    Google Scholar 
                

	Damerval, C., Devienne, D., Zivy, M. & Thiellement, H. Technical improvements in two-dimensional electrophoresis increase the level of genetic-variation detected in wheat-seedling proteins. Electrophoresis 7, 52–54 (1986).
Article 
    CAS 
    
                    Google Scholar 
                

	Santoni, V.R., Bellini, C. & Caboche, M. Use of two-dimensional protein-pattern analysis for the characterization of Arabidopsis thaliana mutants. Planta 192, 557–566 (1994).
Article 
    CAS 
    
                    Google Scholar 
                

	Carpentier, S.C. et al. Preparation of protein extracts from recalcitrant plant tissues: An evaluation of different methods for two-dimensional gel electrophoresis analysis. Proteomics 5, 2497–2507 (2005).
Article 
    CAS 
    
                    Google Scholar 
                

	Wang, W. et al. Protein extraction for two-dimensional electrophoresis from olive leaf, a plant tissue containing high levels of interfering compounds. Electrophoresis 24, 2369–2375 (2003).
Article 
    CAS 
    
                    Google Scholar 
                

	Hurkman, W.J. & Tanaka, C.K. Solubilization of plant membrane proteins for analysis by two-dimensional gel electrophoresis. Plant Physiol. 81, 802–806 (1986).
Article 
    CAS 
    
                    Google Scholar 
                

	Meyer, Y., Grosset, J., Chartier, Y. & Cleyetmarel, J.C. Preparation by two-dimensional electrophoresis of proteins for antibody-production—antibodies against proteins whose synthesis is reduced by auxin in tobacco mesophyll protoplasts. Electrophoresis 9, 704–712 (1988).
Article 
    CAS 
    
                    Google Scholar 
                

	Schuster, A.M. & Davies, E. Ribonucleic acid and protein metabolism in pea epicotyls: I. The aging process. Plant Physiol. 73, 809–816 (1983).
Article 
    CAS 
    
                    Google Scholar 
                

	Usuda, H. & Shimogawara, K. Phosphate deficiency in maize. VI. Changes in the two-dimensional electrophoretic patterns of soluble proteins from second leaf blades associated with induced senescence. Plant Cell Physiol. 36, 1149–1155 (1995).
Article 
    CAS 
    
                    Google Scholar 
                

	Mijnsbrugge, K.V., Meyermans, H., Van Montagu, M., Bauw, G. & Boerjan, W. Wood formation in poplar: identification, characterization, and seasonal variation of xylem proteins. Planta 210, 589–598 (2000).
Article 
    
                    Google Scholar 
                

	Alban, A. et al. A novel experimental design for comparative two-dimensional gel analysis: Two-dimensional difference gel electrophoresis incorporating a pooled internal standard. Proteomics 3, 36–44 (2003).
Article 
    CAS 
    
                    Google Scholar 
                

	Unlu, M., Morgan, M.E. & Minden, J.S. Difference gel electrophoresis: A single gel method for detecting changes in protein extracts. Electrophoresis 18, 2071–2077 (1997).
Article 
    CAS 
    
                    Google Scholar 
                

	Gygi, S.P. et al. Quantitative analysis of complex protein mixtures using isotope-coded affinity tags. Nat. Biotech. 17, 994–999 (1999).
Article 
    CAS 
    
                    Google Scholar 
                

	Ross, P.L. et al. Multiplexed protein quantitation in Saccharomyces cerevisiae using amine-reactive isobaric tagging reagents. Mol. Cell. Proteomics 3, 1154–1169 (2004).
Article 
    CAS 
    
                    Google Scholar 
                


Download references




Acknowledgements
Research in this area was supported by a grant to J.K.C.R. from the National Science Foundation (DBI:0606595). T.I. is supported by a Vaadia-BARD Postdoctoral Fellowship Award (No. FI-375-05) from BARD, The United States–Israel Binational Agricultural Research and Development Fund. C.M.B.D. is supported by a CNPq-Brazil Fellowship.


Author information
Authors and Affiliations
	Department of Plant Biology, 228 Plant Sciences Building, Cornell University, Ithaca, 14853, New York, USA
Tal Isaacson, Cynthia M B Damasceno, Ramu S Saravanan, Yonghua He, Carmen Catalá, Montserrat Saladié & Jocelyn K C Rose


Authors	Tal IsaacsonView author publications
You can also search for this author in
                        PubMed Google Scholar



	Cynthia M B DamascenoView author publications
You can also search for this author in
                        PubMed Google Scholar



	Ramu S SaravananView author publications
You can also search for this author in
                        PubMed Google Scholar



	Yonghua HeView author publications
You can also search for this author in
                        PubMed Google Scholar



	Carmen CataláView author publications
You can also search for this author in
                        PubMed Google Scholar



	Montserrat SaladiéView author publications
You can also search for this author in
                        PubMed Google Scholar



	Jocelyn K C RoseView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Jocelyn K C Rose.


Ethics declarations

              
                Competing interests

                The authors declare no competing financial interests.

              
            

Rights and permissions
Reprints and permissions


About this article
Cite this article
Isaacson, T., Damasceno, C., Saravanan, R. et al. Sample extraction techniques for enhanced proteomic analysis of plant tissues.
                    Nat Protoc 1, 769–774 (2006). https://doi.org/10.1038/nprot.2006.102
Download citation
	Published: 13 July 2006

	Issue Date: August 2006

	DOI: https://doi.org/10.1038/nprot.2006.102


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

                
                    	
                            
                                
                                    
                                        The transcription factor StMYB113 regulates light-induced greening by modulating steroidal glycoalkaloid biosynthesis in potatoes (Solanum tuberosum L.)
                                    
                                

                            
                                
                                    	Shengxuan Liu
	Yunxia Cheng
	Song Botao


                                
                                Horticulture Advances (2024)

                            
	
                            
                                
                                    
                                        Comparative proteomic analysis identified proteins and the phenylpropanoid biosynthesis pathway involved in the response to ABA treatment in cotton fiber development
                                    
                                

                            
                                
                                    	Yong Yang
	Wenjie Lai
	Haiyan Hu


                                
                                Scientific Reports (2023)

                            
	
                            
                                
                                    
                                        Proteomics analysis of a tobacco variety resistant to brown spot disease and functional characterization of NbMLP423 in Nicotiana benthamiana
                                    
                                

                            
                                
                                    	Yu Zhang
	Jie Wang
	Haijiang Jia


                                
                                Molecular Biology Reports (2023)

                            
	
                            
                                
                                    
                                        Ammonium sulfate-based prefractionation improved proteome coverage and detection of carbonylated proteins in Arabidopsis thaliana leaf extract
                                    
                                

                            
                                
                                    	Adesola Julius Tola
	Tagnon D. Missihoun


                                
                                Planta (2023)

                            
	
                            
                                
                                    
                                        Proteomics Studies Indicate Differential Regulation of Key Metabolism, Energy, and Stress-Responsive Proteins in Azadirachta indica Callus Upon Exposure to Salinity and Jasmonic Acid Treatments
                                    
                                

                            
                                
                                    	Sharmilla Ashokhan
	Saiful Anuar Karsani
	Jamilah Syafawati Yaacob


                                
                                Journal of Plant Growth Regulation (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
                                
                            
	
                                
                                    Reviews & Analysis
                                
                            
	
                                
                                    News & Comment
                                
                            
	
                                
                                    Current issue
                                
                            
	
                                
                                    Collections
                                
                            


                	
                            Follow us on Twitter
                            
                        
	
                            
                                Subscribe
                            
                        
	
                            Sign up for alerts
                            
                        
	
                            
                                RSS feed
                            
                        


            

        
    
    
        
            
                
                    About the journal

                    	
                                
                                    Aims & Scope
                                
                            
	
                                
                                    Content Types
                                
                            
	
                                
                                    Journal Information
                                
                            
	
                                
                                    About the Editors
                                
                            
	
                                
                                    Journal Metrics
                                
                            
	
                                
                                    Publishing model
                                
                            
	
                                
                                    Web Feeds
                                
                            
	
                                
                                    Contact
                                
                            
	
                                
                                    Webcasts
                                
                            
	
                                
                                    Posters
                                
                            
	
                                
                                    Protocol Exchange
                                
                            
	
                                
                                    Journal Credits
                                
                            
	
                                
                                    Reviews Cross-Journal Editorial Team
                                
                            


                

            
        

        
            
                
                    Publish with us

                    	
                                
                                    For Authors
                                
                            
	
                                
                                    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 Protocols (Nat Protoc)
                
                
    
    
        ISSN 1750-2799 (online)
    
    


                
    
    
        ISSN 1754-2189 (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: ]
