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            Abstract
In many animals, establishment of the germ line depends on segregation of a specialized cytoplasm, or â€˜germ plasmâ€™, to a small number of germline precursor cells during early embryogenesis1. Germ plasm asymmetry involves targeting of RNAs and proteins to a specific region of the oocyte and/or embryo2. Here we demonstrate that germ plasm asymmetry also depends on degradation of germline proteins in non-germline (somatic) cells. We show that five CCCH finger proteins, components of the Caenorhabditis elegans germ plasm, are targeted for degradation by the novel CCCH-finger-binding protein ZIF-1. ZIF-1 is a SOCS-box protein that interacts with the E3 ubiquitin ligase subunit elongin C. Elongin C, the cullin CUL-2, the ring finger protein RBX-1 and the E2 ubiquitin conjugation enzyme UBC5 (also known as LET-70) are all required in vivo for CCCH finger protein degradation. Degradation is activated in somatic cells by the redundant CCCH finger proteins MEX-5 and MEX-6, which are counteracted in the germ line by the PAR-1 kinase. We propose that segregation of the germ plasm involves both stabilization of germline proteins in the germ line and cullin-dependent degradation in the soma.
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                    Figure 1: ZIF-1 interacts with CCCH fingers targeted for degradation.


Figure 2: Depletion of ZIF-1 blocks degradation of CCCH finger proteins in somatic cells, but does not affect other somaâ€“germline asymmetries.


Figure 3: ZIF-1 is a SOCS-box protein.


Figure 4: ZIF-1 may function as a substrate-recruitment factor for an elongin C/CUL-2 E3 ubiquitin ligase.


Figure 5: PAR-1 inhibits, and MEX-5 and MEX-6 activate, ZIF-1-dependent degradation.



                


                
                    
                
            

            
                References
	Houston, D. W. & King, M. L. Germ plasm and molecular determinants of germ cell fate. Curr. Top. Dev. Biol. 50, 155â€“181 (2000)
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Kloc, M. et al. RNA localization and germ cell determination in Xenopus. Int. Rev. Cytol. 203, 63â€“91 (2001)
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Guedes, S. & Priess, J. R. The C. elegans MEX-1 protein is present in germline blastomeres and is a P granule component. Development 124, 731â€“739 (1997)
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Mello, C. C. et al. The PIE-1 protein and germline specification in C. elegans embryos. Nature 382, 710â€“712 (1996)
ArticleÂ 
    ADSÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Tabara, H., Hill, R. J., Mello, C. C., Priess, J. R. & Kohara, Y. pos-1 encodes a cytoplasmic zinc-finger protein essential for germline specification in C. elegans. Development 126, 1â€“11 (1999)
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Schubert, C. M., Lin, R., de Vries, C. J., Plasterk, R. H. & Priess, J. R. MEX-5 and MEX-6 function to establish soma/germline asymmetry in early C. elegans embryos. Mol. Cell 5, 671â€“682 (2000)
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Blackshear, P. J. Tristetraprolin and other CCCH tandem zinc-finger proteins in the regulation of mRNA turnover. Biochem. Soc. Trans. 30, 945â€“952 (2002)
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Tenenhaus, C., Schubert, C. & Seydoux, G. Genetic requirements for PIE-1 localization and inhibition of gene expression in the embryonic germ lineage of Caenorhabditis elegans. Dev. Biol. 200, 212â€“224 (1998)
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Cuenca, A. A., Schetter, A., Aceto, D., Kemphues, K. & Seydoux, G. Polarization of the C. elegans zygote proceeds via distinct establishment and maintenance phases. Development 130, 1255â€“1265 (2003)
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Reese, K. J., Dunn, M. A., Waddle, J. A. & Seydoux, G. Asymmetric segregation of PIE-1 in C. elegans is mediated by two complementary mechanisms that act through separate PIE-1 protein domains. Mol. Cell 6, 445â€“455 (2000)
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Fire, A. et al. Potent and specific genetic interference by double-stranded RNA in Caenorhabditis elegans. Nature 391, 806â€“811 (1998)
ArticleÂ 
    ADSÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Detwiler, M. R., Reuben, M., Li, X., Rogers, E. & Lin, R. Two zinc finger proteins, OMA-1 and OMA-2, are redundantly required for oocyte maturation in C. elegans. Dev. Cell 1, 187â€“199 (2001)
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Kile, B. T. et al. The SOCS box: a tale of destruction and degradation. Trends Biochem. Sci. 27, 235â€“241 (2002)
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Kamura, T. et al. Activation of HIF1alpha ubiquitination by a reconstituted von Hippel-Lindau (VHL) tumor suppressor complex. Proc. Natl Acad. Sci. USA 97, 10430â€“10435 (2000)
ArticleÂ 
    ADSÂ 
    CASÂ 
    PubMedÂ 
    PubMed CentralÂ 
    
                    Google ScholarÂ 
                

	Feng, H. et al. CUL-2 is required for the G1-to-S-phase transition and mitotic chromosome condensation in Caenorhabditis elegans. Nature Cell Biol. 1, 486â€“492 (1999)
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Zhou, P. & Howley, P. M. Ubiquitination and degradation of the substrate recognition subunits of SCF ubiquitin-protein ligases. Mol. Cell 2, 571â€“580 (1998)
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Galan, J. M. & Peter, M. Ubiquitin-dependent degradation of multiple F-box proteins by an autocatalytic mechanism. Proc. Natl Acad. Sci. USA 96, 9124â€“9129 (1999)
ArticleÂ 
    ADSÂ 
    CASÂ 
    PubMedÂ 
    PubMed CentralÂ 
    
                    Google ScholarÂ 
                

	Wirbelauer, C. et al. The F-box protein Skp2 is a ubiquitylation target of a Cul1-based core ubiquitin ligase complex: evidence for a role of Cul1 in the suppression of Skp2 expression in quiescent fibroblasts. EMBO J. 19, 5362â€“5375 (2000)
ArticleÂ 
    CASÂ 
    PubMedÂ 
    PubMed CentralÂ 
    
                    Google ScholarÂ 
                

	Guo, S. & Kemphues, K. J. par-1, a gene required for establishing polarity in C. elegans embryos, encodes a putative Ser/Thr kinase that is asymmetrically distributed. Cell 81, 611â€“620 (1995)
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Hird, S. N., Paulsen, J. E. & Strome, S. Segregation of germ granules in living Caenorhabditis elegans embryos: cell-type-specific mechanisms for cytoplasmic localisation. Development 122, 1303â€“1312 (1996)
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Riechmann, V., Gutierrez, G. J., Filardo, P., Nebreda, A. R. & Ephrussi, A. Par-1 regulates stability of the posterior determinant Oskar by phosphorylation. Nature Cell Biol. 4, 337â€“342 (2002)
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Wolke, U., Weidinger, G., Koprunner, M. & Raz, E. Multiple levels of posttranscriptional control lead to germ line-specific gene expression in the zebrafish. Curr. Biol. 12, 289â€“294 (2002)
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Styhler, S., Nakamura, A. & Lasko, P. VASA localization requires the SPRY-domain and SOCS-box containing protein, GUSTAVUS. Dev. Cell 3, 865â€“876 (2002)
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Strome, S. et al. Spindle dynamics and the role of gamma-tubulin in early C. elegans embryos. Mol. Biol. Cell 12, 1751â€“1764 (2001)
ArticleÂ 
    CASÂ 
    PubMedÂ 
    PubMed CentralÂ 
    
                    Google ScholarÂ 
                

	Fields, S. & Song, O. A novel genetic system to detect protein-protein interactions. Nature 340, 245â€“246 (1989)
ArticleÂ 
    ADSÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Timmons, L. & Fire, A. Specific interference by ingested dsRNA. Nature 395, 854 (1998)
ArticleÂ 
    ADSÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Seydoux, G. & Fire, A. Whole-mount in situ hybridization for the detection of RNA in Caenorhabditis elegans embryos. Methods Cell Biol. 48, 323â€“337 (1995)
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Ivan, M. et al. HIFalpha targeted for VHL-mediated destruction by proline hydroxylation: implications for O2 sensing. Science 292, 464â€“468 (2001)
ArticleÂ 
    ADSÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                


Download references




Acknowledgements
We dedicate this study to the memory of D. Nathans. We thank E. Kipreos for critical reading of the manuscript; Z. Zhao and B. Horvitz for the yeast two-hybrid library; Y. Kohara for the POS-1 antibody; B. Aman and J. Berg for many discussions about CCCH fingers; and A. Cuenca for help with the movies. This work was supported by a NIH grant and by the Steve and Michelle Kirsch Foundation.


Author information
Author notes	Kimberly J. Reese
Present address: HHMI, Department of Cell and Developmental Biology, University of Pennsylvania School of Medicine, Philadelphia, Pennsylvania, 19104, USA

	Cynthia DeRenzo and Kimberly J. Reese: These authors contributed equally to this work


Authors and Affiliations
	Department of Molecular Biology and Genetics, Johns Hopkins University School of Medicine, Baltimore, Maryland, 21205, USA
Cynthia DeRenzo,Â Kimberly J. ReeseÂ &Â Geraldine Seydoux


Authors	Cynthia DeRenzoView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Kimberly J. ReeseView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Geraldine SeydouxView author publications
You can also search for this author in
                        PubMedÂ Google Scholar





Corresponding author
Correspondence to
                Geraldine Seydoux.


Ethics declarations

              
                Competing interests

                The authors declare that they have no competing financial interests.

              
            

Supplementary information

Supplementary Figures 1,2,3 (PDF 687 kb)

Supplementary Figure Legends (DOC 23 kb)




Rights and permissions
Reprints and permissions


About this article
Cite this article
DeRenzo, C., Reese, K. & Seydoux, G. Exclusion of germ plasm proteins from somatic lineages by cullin-dependent degradation.
                    Nature 424, 685â€“689 (2003). https://doi.org/10.1038/nature01887
Download citation
	Received: 30 April 2003

	Accepted: 10 July 2003

	Published: 23 July 2003

	Issue Date: 07 August 2003

	DOI: https://doi.org/10.1038/nature01887


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

                
                    	
                            
                                
                                    
                                        Building RNA-protein germ granules: insights from the multifaceted functions of DEAD-box helicase Vasa/Ddx4 in germline development
                                    
                                

                            
                                
                                    	Caoling Xu
	Yuzhu Cao
	Jianqiang Bao


                                
                                Cellular and Molecular Life Sciences (2022)

                            
	
                            
                                
                                    
                                        Degron-tagged reporters probe membrane topology and enable the specific labelling of membrane-wrapped structures
                                    
                                

                            
                                
                                    	Katharina B. Beer
	Gholamreza Fazeli
	Ann M. Wehman


                                
                                Nature Communications (2019)

                            
	
                            
                                
                                    
                                        Advances in targeted degradation of endogenous proteins
                                    
                                

                            
                                
                                    	Sascha RÃ¶th
	Luke J. Fulcher
	Gopal P. Sapkota


                                
                                Cellular and Molecular Life Sciences (2019)

                            
	
                            
                                
                                    
                                        P granules phase transition induced by cytoplasmic streaming in Caenorhabditis elegans embryo
                                    
                                

                            
                                
                                    	Hang Wang
	GuoHui Hu


                                
                                Science China Physics, Mechanics & Astronomy (2017)

                            
	
                            
                                
                                    
                                        Asymmetric cell division in plants: mechanisms of symmetry breaking and cell fate determination
                                    
                                

                            
                                
                                    	Lynn Jo Pillitteri
	Xiaoyu Guo
	Juan Dong


                                
                                Cellular and Molecular Life Sciences (2016)

                            


                

            

        
    

            
                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

                            
    
        
            
                
        

    


                        

                    

                

            

            

            

        

    






    
        
            
                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


    





        
    
        
    
    © 2024 Springer Nature Limited




    

    
    
    







    

    



    
    

        

    
        
            


Close
    



        

            
                
                    
                    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
            
        


    









    








