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            Abstract
REGULATION of cell volume is essential for every cell and is accomplished by the regulated loss or gain of intracellular ions or other osmolytes1–4. Regulatory volume decrease often involves the parallel activation of potassium and chloride channels5–10. Overexpression of P-glycoprotein leads to volume-activated Cl− currents11,12 but its physiological importance for volume regulation is unclear13. CIC-2 is a ubiquitously expressed Cl− channel14 activatable by non-physiologically strong hyperpolarization. We now show that CIC-2 can be activated by extracellular hypotonicity, which suggests that it has a widespread role in volume regulation. Domains necessary for activation by both voltage and volume are localized to the amino terminus. Mutations in an ‘essential’ region lead to constitutively open channels unresponsive to medium tonicity, whereas deletions in a ‘modulating’ region produce partially opened channels responsive to both hypo- and hypertonicity. These domains can be transplanted to different regions of the protein without loss of function.




            
                
                    

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



                
            


            
                
                    
                

            

            
                
                
                
                
                    
                        This is a preview of subscription content, access via your institution

                    

                    
                

                

                Access options

                


                
                    
                        
                            

    
        
            
                
                Access through your institution
            
        

        
    



                        

                        

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



                    
                

                
    
    Subscribe to this journal
Receive 51 print issues and online access
$199.00 per year
only $3.90 per issue

Learn more


Rent or buy this article
Prices vary by article type
from$1.95
to$39.95
Learn more


Prices may be subject to local taxes which are calculated during checkout



  

    
    
        
    Additional access options:

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



    

                
                    
                


                
                    
                        
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Electro-steric opening of the clc-2 chloride channel gate
                                        
                                    

                                    
                                        Article
                                         Open access
                                         23 June 2021
                                    

                                

                                José J. De Jesús-Pérez, G. Arlette Méndez-Maldonado, … Jorge Arreola

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        TRPM7 is an essential regulator for volume-sensitive outwardly rectifying anion channel
                                        
                                    

                                    
                                        Article
                                         Open access
                                         20 May 2021
                                    

                                

                                Tomohiro Numata, Kaori Sato-Numata, … Yasunobu Okada

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Voltage-Dependent Protonation of the Calcium Pocket Enable Activation of the Calcium-Activated Chloride Channel Anoctamin-1 (TMEM16A)
                                        
                                    

                                    
                                        Article
                                         Open access
                                         20 April 2020
                                    

                                

                                Guadalupe Segura-Covarrubias, Iván A. Aréchiga-Figueroa, … Jorge Arreola

                            
                        

                    
                

            
        
            
        
    
                    
                
            

            
                References
	Hoffmann, E. K. & Simonsen, L. O. Physiol. Rev. 69, 315–382 (1989).
Article 
    CAS 
    
                    Google Scholar 
                

	Pierce, S. K. & Politis, A. D. A. Rev. Physiol. 52, 27–42 (1990).
Article 
    CAS 
    
                    Google Scholar 
                

	Montrose-Rafizadeh, C. & Guggino, W. B. A. Rev. Physiol. 52, 761–772 (1990).
Article 
    CAS 
    
                    Google Scholar 
                

	Grinstein, S. & Foskett, J. K. A. Rev. Physiol. 52, 399–414 (1990).
Article 
    CAS 
    
                    Google Scholar 
                

	Worrell, R. T., Butt, A. G., Cliff, W. H. & Frizzell, R. A. Am. J. Physiol. 256, C1111–C1119 (1989)
Article 
    CAS 
    
                    Google Scholar 
                

	Kunzelmann, K., Kubitz, R., Grolik, M., Warth, R. & Greger, R. Pflügers Arch. 421, 238–246 (1992).
Article 
    CAS 
    
                    Google Scholar 
                

	Weiss, H. & Lang, F. J. Membrane Biol. 126, 109–114 (1992).
Article 
    CAS 
    
                    Google Scholar 
                

	Haddad, P., Beck, J. S., Boyer, J. L. & Graf, J. Am. J. Physiol. 261, G340–G348 (1991).
CAS 
    PubMed 
    
                    Google Scholar 
                

	Chan, H. C. & Nelson, D. J. Science 257, 669–671 (1992).
Article 
    ADS 
    CAS 
    
                    Google Scholar 
                

	Christensen, O. & Hoffmann, E. K. J. Membrane Biol. 129, 13–36 (1992).
Article 
    CAS 
    
                    Google Scholar 
                

	Valverde, M. A. et al. Nature 355, 830–833 (1992).
Article 
    ADS 
    CAS 
    
                    Google Scholar 
                

	Gill, D. B. et al. Cell 71, 23–32 (1992).
Article 
    CAS 
    
                    Google Scholar 
                

	McEwan, G. T. A., Hunter, J., Hirst, B. H. & Simmons, N. L. FEBS Lett. 304, 233–236 (1992).
Article 
    CAS 
    
                    Google Scholar 
                

	Thiemann, A., Gründer, S., Pusch, M. & Jentsch, T. J. Nature 356, 57–60 (1992).
Article 
    ADS 
    CAS 
    
                    Google Scholar 
                

	Jentsch, T. J., Steinmeyer, K. & Schwarz, G. Nature 348, 510–514 (1990).
Article 
    ADS 
    CAS 
    
                    Google Scholar 
                

	Steinmeyer, K., Ortland, C. & Jentsch, T. J. Nature 354, 301–304 (1991).
Article 
    ADS 
    CAS 
    
                    Google Scholar 
                

	Chou, P. Y. & Fasman, G. D. A. Rev. Biochem. 47, 251–276 (1978).
Article 
    CAS 
    
                    Google Scholar 
                

	Bauer, C. K., Steinmeyer, K., Schwarz, J. R. & Jentsch, T. J. Proc. natn. Acad Sci. U.S.A. 88, 11052–11056 (1991).
Article 
    ADS 
    CAS 
    
                    Google Scholar 
                

	Armstrong, C. M. & Benzanilla, F. J. gen. Physiol. 70, 567–590 (1977).
Article 
    CAS 
    
                    Google Scholar 
                

	Hoshi, T., Zagotta, W. N. & Aldrich, R. W. Science 250, 533–538 (1990).
Article 
    ADS 
    CAS 
    
                    Google Scholar 
                

	Zagotta, W. N., Hoshi, T. & Aldrich, R. W. Science 250, 568–571 (1990).
Article 
    ADS 
    CAS 
    
                    Google Scholar 
                

	Ruppersberg, J. P., Frank, R., Pongs, O. & Stocker, M. Nature 353, 657–660 (1991).
Article 
    ADS 
    CAS 
    
                    Google Scholar 
                

	Ruppersberg, J. P. et al. Nature 352, 711–714 (1991).
Article 
    ADS 
    CAS 
    
                    Google Scholar 
                

	Dubinsky, W. P., Mayorga-Wark, O. & Schultz, S. G. Proc natn. Acad. Sci. U.S.A. 89, 1770–1774 (1992).
Article 
    ADS 
    CAS 
    
                    Google Scholar 
                

	Foster, C. D., Chung, S., Zagotta, W. N., Aldrich, R. W. & Levitan, I. B. Neuron 9, 229–236 (1992).
Article 
    CAS 
    
                    Google Scholar 
                

	Toro, L., Stefani, E. & Latorre, R. Neuron 9, 237–245 (1992).
Article 
    CAS 
    
                    Google Scholar 
                

	Colman, A. in Transcription and Translation (eds Hames, B. D & Higgins, S. J.) 271–302 (IRL. Oxford. 1984).

                    Google Scholar 
                

	Higuchi, R. in PCR Technology (ed. Erlich, H. A.) 61–70 (Stockton, New York, 1989).
Book 
    
                    Google Scholar 
                


Download references




Author information
Author notes	Thomas J. Jentsch: To whom correspondence should be addressed


Authors and Affiliations
	Centre for Molecular Neurobiology (ZMNH), Hamburg University, Martinistrasse 52, D-2000, Hamburg, 20, Germany
Stefan Gründer, Astrid Thiemann, Michael Pusch & Thomas J. Jentsch


Authors	Stefan GründerView author publications
You can also search for this author in
                        PubMed Google Scholar



	Astrid ThiemannView author publications
You can also search for this author in
                        PubMed Google Scholar



	Michael PuschView author publications
You can also search for this author in
                        PubMed Google Scholar



	Thomas J. JentschView author publications
You can also search for this author in
                        PubMed Google Scholar







Rights and permissions
Reprints and permissions


About this article
Cite this article
Gründer, S., Thiemann, A., Pusch, M. et al. Regions involved in the opening of CIC-2 chloride channel by voltage and cell volume.
                    Nature 360, 759–762 (1992). https://doi.org/10.1038/360759a0
Download citation
	Received: 17 September 1992

	Accepted: 16 November 1992

	Issue Date: 31 December 1992

	DOI: https://doi.org/10.1038/360759a0


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

                
                    	
                            
                                
                                    
                                        mRNA profile provides novel insights into stress adaptation in mud crab megalopa, Scylla paramamosain after salinity stress
                                    
                                

                            
                                
                                    	Yin Zhang
	Qingyang Wu
	Hongyu Ma


                                
                                BMC Genomics (2020)

                            
	
                            
                                
                                    
                                        Pathogenesis and treatment of primary aldosteronism
                                    
                                

                            
                                
                                    	Maria-Christina Zennaro
	Sheerazed Boulkroun
	Fabio L. Fernandes-Rosa


                                
                                Nature Reviews Endocrinology (2020)

                            
	
                            
                                
                                    
                                        Pathogenesis of hypertension in a mouse model for human CLCN2 related hyperaldosteronism
                                    
                                

                            
                                
                                    	Corinna Göppner
	Ian J. Orozco
	Thomas J. Jentsch


                                
                                Nature Communications (2019)

                            
	
                            
                                
                                    
                                        Pathogenesis of Familial Hyperaldosteronism Type II: New Concepts Involving Anion Channels
                                    
                                

                            
                                
                                    	Michael Stowasser
	Martin Wolley
	Ute I. Scholl


                                
                                Current Hypertension Reports (2019)

                            
	
                            
                                
                                    
                                        ClC-2 knockdown prevents cerebrovascular remodeling via inhibition of the Wnt/β-catenin signaling pathway
                                    
                                

                            
                                
                                    	Jingjing Lu
	Feng Xu
	Jiewen Zhang


                                
                                Cellular & Molecular Biology Letters (2018)

                            


                

            

        
    

            
                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
	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: ]
