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            Abstract
Tubulin glutamylation is a post-translational modification that occurs predominantly in the ciliary axoneme and has been suggested to be important for ciliary function1,2. However, its relationship to disorders of the primary cilium, termed ciliopathies, has not been explored. Here we mapped a new locus for Joubert syndrome (JBTS)3, which we have designated as JBTS15, and identified causative mutations in CEP41, which encodes a 41-kDa centrosomal protein4. We show that CEP41 is localized to the basal body and primary cilia, and regulates ciliary entry of TTLL6, an evolutionarily conserved polyglutamylase enzyme5. Depletion of CEP41 causes ciliopathy-related phenotypes in zebrafish and mice and results in glutamylation defects in the ciliary axoneme. Our data identify CEP41 mutations as a cause of JBTS and implicate tubulin post-translational modification in the pathogenesis of human ciliary dysfunction.
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                    Figure 1: Identification of mutations in CEP41 in affected persons linked to the JBTS15 locus.[image: ]


Figure 2: CEP41 is expressed in ciliated tissues and its loss recapitulates ciliopathy-related phenotypes in zebrafish and mouse.[image: ]


Figure 3: CEP41 is required for tubulin glutamylation at the ciliary axoneme.[image: ]


Figure 4: CEP41 interacts with TTLL6 and is required for TTLL6 localization to the cilium.[image: ]
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Supplementary Video 1
A small piece of debris in Kupffer's vesicle of a 12 hpf (6 somite) WT embryo is caught moving ciliary currents. The debris (marked by arrow) follows a counter-clockwise circular path around Kupffer's vesicle. nc, notochord; A, anterior; P, posterior; L, left; R, right directions. (MOV 12423 kb)


Supplementary Video 2
Small pieces of debris in Kupffer's vesicle of a 12 hpf (6 somite) cep41 morphant are caught moving ciliary currents. The debris (within a circle) shows no directional movement, but rather bounces around or stalls. nc, notochord; A, anterior; P, posterior; L, left; R, right directions. (MOV 3588 kb)


Supplementary Video 3
Movement of cilia at the junction area of the pronephric duct and tubule in a 2.5 dpf WT zebrafish embryo. The observed cilium (an arrow) shows rhythmic undulations. Dashed lines demarcate the outline of the pronephric duct lumen and an arrow point out the observed cilium. A, anterior; D, dorsal; P, posterior; V, ventral directions. (MOV 1828 kb)


Supplementary Video 4
Movement of cilia at the junction area of the pronephric duct and tubule in a 2.5 dpf cep41 MO-injected embryo. Motile cilium, observed in the WT embryo, is not found. Dashed lines demarcate the outline of the pronephric duct lumen. A, anterior; D, dorsal; P, posterior; V, ventral directions. (MOV 1699 kb)


Supplementary Video 5
Movement of cilia at the pronephric duct in a 2.5 dpf WT zebrafish embryo. The cilium (an arrow) shows rhythmic undulations. Dashed lines demarcate the outline of the pronephric duct lumen and an arrow point out the observed cilium. A, anterior; D, dorsal; P, posterior; V, ventral directions. (MOV 10860 kb)





Rights and permissions
Reprints and permissions


About this article
Cite this article
Lee, J., Silhavy, J., Zaki, M. et al. CEP41 is mutated in Joubert syndrome and is required for tubulin glutamylation at the cilium.
                    Nat Genet 44, 193–199 (2012). https://doi.org/10.1038/ng.1078
Download citation
	Received: 28 June 2011

	Accepted: 14 December 2011

	Published: 15 January 2012

	Issue Date: February 2012

	DOI: https://doi.org/10.1038/ng.1078


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
                        








            


            

            
        





    
        

        
            
                

    
        
            
                
                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 Facebook
                            
                        
	
                            Follow us on Twitter
                            
                        
	
                            
                                Subscribe
                            
                        
	
                            Sign up for alerts
                            
                        
	
                            
                                RSS feed
                            
                        


            

        
    
    
        
            
                
                    About the journal

                    	
                                
                                    Aims & Scope
                                
                            
	
                                
                                    Journal Information
                                
                            
	
                                
                                    Journal Metrics
                                
                            
	
                                
                                    Our publishing models
                                
                            
	
                                
                                    Editorial Values Statement
                                
                            
	
                                
                                    Editorial Policies
                                
                            
	
                                
                                    Content Types
                                
                            
	
                                
                                    About the Editors
                                
                            
	
                                
                                    Web Feeds
                                
                            
	
                                
                                    Posters
                                
                            
	
                                
                                    Contact
                                
                            
	
                                
                                    Research Cross-Journal Editorial Team
                                
                            
	
                                
                                    Reviews Cross-Journal Editorial Team
                                
                            


                

            
        

        
            
                
                    Publish with us

                    	
                                
                                    Submission Guidelines
                                
                            
	
                                
                                    For Reviewers
                                
                            
	
                                
                                    Language editing services
                                
                            
	
                                Submit manuscript
                                
                            


                

            
        
    



    
        Search

        
            Search articles by subject, keyword or author
            
                
                    
                

                
                    
                        Show results from
                        All journals
This journal


                    

                    
                        Search
                    

                


            

        


        
            
                Advanced search
            
        


        Quick links

        	Explore articles by subject
	Find a job
	Guide to authors
	Editorial policies


    





        
    
        
            

            
                
                    Nature Genetics (Nat Genet)
                
                
    
    
        ISSN 1546-1718 (online)
    
    


                
    
    
        ISSN 1061-4036 (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: ]
