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            Abstract
Eukaryotic protein-encoding genes possess poly(A) signals that define the end of the messenger RNA and mediate downstream transcriptional termination by RNA polymerase II (Pol II)1. Termination could occur through an ‘anti-termination’ mechanism whereby elongation factors dissociate when the poly(A) signal is encountered, producing termination-competent Pol II2,3. An alternative ‘torpedo’ model postulated that poly(A) site cleavage provides an unprotected RNA 5′ end that is degraded by 5′ → 3′ exonuclease activities (torpedoes) and so induces dissociation of Pol II from the DNA template1,4. This model has been questioned because unprocessed transcripts read all the way to the site of transcriptional termination before upstream polyadenylation5,6,7. However, nascent transcripts located 1 kilobase downstream of the human β-globin gene poly(A) signal are associated with a co-transcriptional cleavage (CoTC) activity8 that acts with the poly(A) signal to elicit efficient transcriptional termination. The CoTC sequence is an autocatalytic RNA structure that undergoes rapid self-cleavage9. Here we show that CoTC acts as a precursor to termination by presenting a free RNA 5′ end that is recognized by the human 5′ → 3′ exonuclease Xrn2. Degradation of the downstream cleavage product by Xrn2 results in transcriptional termination, as envisaged in the torpedo model.




            
                
                    

    
        
            
                
                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
            
        

        
    



                    
                

                
    

    
    
        
    Additional access options:

    	
            Log in
        
	
            Learn about institutional subscriptions
        
	
            Read our FAQs
        
	
            Contact customer support
        



    

                
                    Figure 1: RNAi-mediated depletion of human Xrn2 inhibits Pol II termination.[image: ]


Figure 2: RNAi-mediated depletion of human Xrn2 protein increases steady-state read-through transcription.[image: ]


Figure 3: Hammerhead ribozyme cleavage does not promote Xrn2-dependent termination.[image: ]


Figure 4: Model for Pol II transcriptional termination.[image: ]



                


                
                    
                        
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Improving prime editing with an endogenous small RNA-binding protein
                                        
                                    

                                    
                                        Article
                                         Open access
                                         03 April 2024
                                    

                                

                                Jun Yan, Paul Oyler-Castrillo, … Britt Adamson

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Branched chemically modified poly(A) tails enhance the translation capacity of mRNA
                                        
                                    

                                    
                                        Article
                                        
                                         22 March 2024
                                    

                                

                                Hongyu Chen, Dangliang Liu, … Xiao Wang

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Structural basis of exoribonuclease-mediated mRNA transcription termination
                                        
                                    

                                    
                                        Article
                                        
                                         27 March 2024
                                    

                                

                                Yuan Zeng, Hong-Wei Zhang, … Yu Zhang

                            
                        

                    
                

            
        
            
        
    
                    
                
            

            
                References
	Proudfoot, N. J. How RNA polymerase II terminates transcription in higher eukaryotes. Trends Biochem. Sci. 14, 105–110 (1989)
Article 
    CAS 
    
                    Google Scholar 
                

	Logan, J., Falck-Pedersen, E., Darnell, J. E. Jr & Shenk, T. A poly(A) addition site and a downstream termination region are required for efficient cessation of transcription by RNA polymerase II in the mouse beta maj-globin gene. Proc. Natl Acad. Sci. USA 84, 8306–8310 (1987)
Article 
    ADS 
    CAS 
    
                    Google Scholar 
                

	Proudfoot, N. New perspectives on connecting messenger RNA 3′ end formation to transcription. Curr. Opin. Cell Biol. 16, 272–278 (2004)
Article 
    CAS 
    
                    Google Scholar 
                

	Connelly, S. & Manley, J. L. A functional mRNA polyadenylation signal is required for transcription termination by RNA polymerase II. Genes Dev. 2, 440–452 (1988)
Article 
    CAS 
    
                    Google Scholar 
                

	Osheim, Y. N., Proudfoot, N. J. & Beyer, A. L. EM visualization of transcription by RNA polymerase II: downstream termination requires a poly(A) signal but not transcript cleavage. Mol. Cell 3, 379–387 (1999)
Article 
    CAS 
    
                    Google Scholar 
                

	Bauren, G., Belikov, S. & Wieslander, L. Transcriptional termination in the Balbiani ring 1 gene is closely coupled to 3′-end formation and excision of the 3′-terminal intron. Genes Dev. 12, 2759–2769 (1998)
Article 
    CAS 
    
                    Google Scholar 
                

	Dye, M. J. & Proudfoot, N. J. Terminal exon definition occurs cotranscriptionally and promotes termination of RNA polymerase II. Mol. Cell 3, 371–378 (1999)
Article 
    CAS 
    
                    Google Scholar 
                

	Dye, M. J. & Proudfoot, N. J. Multiple transcript cleavage precedes polymerase release in termination by RNA polymerase II. Cell 105, 669–681 (2001)
Article 
    CAS 
    
                    Google Scholar 
                

	Teixeira, A. et al. Auto-catalytic RNA cleavage in the human β-globin pre-mRNA promotes transcription termination. Nature doi:10.1038/nature03032 (this issue)

	Cerutti, H. RNA interference: travelling in the cell and gaining functions. Trends Genet. 19, 39–46 (2003)
Article 
    CAS 
    
                    Google Scholar 
                

	Zhang, M. et al. Cloning and mapping of the XRN2 gene to human chromosome 20p11.1–p11.2. Genomics 59, 252–254 (1999)
Article 
    CAS 
    
                    Google Scholar 
                

	Lejeune, F., Li, X. & Maquat, L. E. Nonsense-mediated mRNA decay in mammalian cells involves decapping, deadenylating, and exonucleolytic activities. Mol. Cell 12, 675–687 (2003)
Article 
    CAS 
    
                    Google Scholar 
                

	Amberg, D. C., Goldstein, A. L. & Cole, C. N. Isolation and characterization of RAT1: an essential gene of Saccharomyces cerevisiae required for the efficient nucleocytoplasmic trafficking of mRNA. Genes Dev. 6, 1173–1189 (1992)
Article 
    CAS 
    
                    Google Scholar 
                

	Henry, Y. et al. The 5′ end of yeast 5.8S rRNA is generated by exonucleases from an upstream cleavage site. EMBO J. 13, 2452–2463 (1994)
Article 
    CAS 
    
                    Google Scholar 
                

	Petfalski, E., Dandekar, T., Henry, Y. & Tollervey, D. Processing of the precursors to small nucleolar RNAs and rRNAs requires common components. Mol. Cell. Biol. 18, 1181–1189 (1998)
Article 
    CAS 
    
                    Google Scholar 
                

	Strausberg, R. L. et al. Generation and initial analysis of more than 15,000 full-length human and mouse cDNA sequences. Proc. Natl Acad. Sci. USA 99, 16899–16903 (2002)
Article 
    ADS 
    
                    Google Scholar 
                

	Samarsky, D. A. et al. A small nucleolar RNA:ribozyme hybrid cleaves a nucleolar RNA target in vivo with near-perfect efficiency. Proc. Natl Acad. Sci. USA 96, 6609–6614 (1999)
Article 
    ADS 
    CAS 
    
                    Google Scholar 
                

	Huertas, P. & Aguilera, A. Cotranscriptionally formed DNA:RNA hybrids mediate transcription elongation impairment and transcription-associated recombination. Mol. Cell 12, 711–721 (2003)
Article 
    CAS 
    
                    Google Scholar 
                

	Hammann, C. & Lilley, D. M. Folding and activity of the hammerhead ribozyme. Chembiochem 3, 690–700 (2002)
Article 
    CAS 
    
                    Google Scholar 
                

	Stevens, A. & Poole, T. L. 5′ exonuclease 2 of Saccharomyces cerevisiae. J. Biol. Chem. 270, 16063–16069 (1995)
Article 
    CAS 
    
                    Google Scholar 
                

	Torchet, C. et al. Processing of 3′-extended read-through transcripts by the exosome can generate functional mRNAs. Mol. Cell 9, 1285–1296 (2002)
Article 
    CAS 
    
                    Google Scholar 
                

	Kim, M. et al. The yeast Rat1 exonuclease promotes transcription termination by RNA polymerase II. Nature doi:10.1038/nature03041 (this issue)

	Adams, S. E. et al. Synthesis of a gene for the HIV transactivator protein TAT by a novel single-stranded approach involving in vivo gap repair. Nucleic Acids Res. 16, 4287–4298 (1988)
Article 
    ADS 
    CAS 
    
                    Google Scholar 
                

	Ashe, H. L., Monks, J., Wijgerde, M., Fraser, P. & Proudfoot, N. J. Intergenic transcription and transinduction of the human β-globin locus. Genes Dev. 11, 2494–2509 (1997)
Article 
    CAS 
    
                    Google Scholar 
                

	Wagner, E. J. & Garcia-Blanco, M. A. RNAi-mediated PTB depletion leads to enhanced exon definition. Mol. Cell 10, 943–949 (2002)
Article 
    CAS 
    
                    Google Scholar 
                

	Wollerton, M. C., Gooding, C., Wagner, E. J., Garcia-Blanco, M. A. & Smith, C. W. Autoregulation of polypyrimidine tract binding protein by alternative splicing leading to nonsense-mediated decay. Mol. Cell 13, 91–100 (2004)
Article 
    CAS 
    
                    Google Scholar 
                

	Kadener, S., Fededa, J. P., Rosbash, M. & Kornblihtt, A. R. Regulation of alternative splicing by a transcriptional enhancer through RNA pol II elongation. Proc. Natl Acad. Sci. USA 99, 8185–8190 (2002)
Article 
    ADS 
    CAS 
    
                    Google Scholar 
                


Download references




Acknowledgements
We thank M. Dye for expert advice on NRO analysis, M. Wollerton for advice on RNAi, I. Martianov for help with the western blot, L. Maquat and F. Lejeune for providing Xrn2 antibody, and A. Teixeira, A. Akoulitchev and members of N.J.P's laboratory for advice and encouragement. This work was supported by a Programme Grant from the Wellcome Trust.


Author information
Author notes	Steven West and Natalia Gromak: These authors contributed equally to this work


Authors and Affiliations
	Sir William Dunn School of Pathology, University of Oxford, South Parks Road, OX1 3RE, Oxford, UK
Steven West, Natalia Gromak & Nick J. Proudfoot


Authors	Steven WestView author publications
You can also search for this author in
                        PubMed Google Scholar



	Natalia GromakView author publications
You can also search for this author in
                        PubMed Google Scholar



	Nick J. ProudfootView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Nick J. Proudfoot.


Ethics declarations

              
                Competing interests

                The authors declare that they have no competing financial interests.

              
            

Rights and permissions
Reprints and permissions


About this article
Cite this article
West, S., Gromak, N. & Proudfoot, N. Human 5′ → 3′ exonuclease Xrn2 promotes transcription termination at co-transcriptional cleavage sites.
                    Nature 432, 522–525 (2004). https://doi.org/10.1038/nature03035
Download citation
	Received: 28 June 2004

	Accepted: 16 September 2004

	Issue Date: 25 November 2004

	DOI: https://doi.org/10.1038/nature03035


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

                
                    	
                            
                                
                                    
                                        CCIVR2 facilitates comprehensive identification of both overlapping and non-overlapping antisense transcripts within specified regions
                                    
                                

                            
                                
                                    	Maya Suzuki
	Satoshi Sakai
	Tatsuya Ohhata


                                
                                Scientific Reports (2023)

                            
	
                            
                                
                                    
                                        Ceg1 depletion reveals mechanisms governing degradation of non-capped RNAs in Saccharomyces cerevisiae
                                    
                                

                            
                                
                                    	Onofrio Zanin
	Matthew Eastham
	Pawel Grzechnik


                                
                                Communications Biology (2023)

                            
	
                            
                                
                                    
                                        Observation of conformational changes that underlie the catalytic cycle of Xrn2
                                    
                                

                            
                                
                                    	Jan H. Overbeck
	David Stelzig
	Remco Sprangers


                                
                                Nature Chemical Biology (2022)

                            
	
                            
                                
                                    
                                        Structural insights into nuclear transcription by eukaryotic DNA-dependent RNA polymerases
                                    
                                

                            
                                
                                    	Mathias Girbig
	Agata D. Misiaszek
	Christoph W. Müller


                                
                                Nature Reviews Molecular Cell Biology (2022)

                            
	
                            
                                
                                    
                                        Landscape of transcription termination in Arabidopsis revealed by single-molecule nascent RNA sequencing
                                    
                                

                            
                                
                                    	Weipeng Mo
	Bo Liu
	Jixian Zhai


                                
                                Genome Biology (2021)

                            


                

            

        
    

            
                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 — 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: ]
