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            Abstract
Colonic epithelial cells are covered by thick inner and outer mucus layers1,2. The inner mucus layer is free of commensal microbiota, which contributes to the maintenance of gut homeostasis3,4,5,6. In the small intestine, molecules critical for prevention of bacterial invasion into epithelia such as Paneth-cell-derived anti-microbial peptides and regenerating islet-derived 3 (RegIII) family proteins have been identified7,8,9,10,11. Although there are mucus layers providing physical barriers against the large number of microbiota present in the large intestine, the mechanisms that separate bacteria and colonic epithelia are not fully elucidated. Here we show that Ly6/PLAUR domain containing 8 (Lypd8) protein prevents flagellated microbiota invading the colonic epithelia in mice. Lypd8, selectively expressed in epithelial cells at the uppermost layer of the large intestinal gland, was secreted into the lumen and bound flagellated bacteria including Proteus mirabilis. In the absence of Lypd8, bacteria were present in the inner mucus layer and many flagellated bacteria invaded epithelia. Lypd8âˆ’/âˆ’ mice were highly sensitive to intestinal inflammation induced by dextran sulfate sodium (DSS). Antibiotic elimination of Gram-negative flagellated bacteria restored the bacterial-free state of the inner mucus layer and ameliorated DSS-induced intestinal inflammation in Lypd8âˆ’/âˆ’ mice. Lypd8 bound to flagella and suppressed motility of flagellated bacteria. Thus, Lypd8 mediates segregation of intestinal bacteria and epithelial cells in the colon to preserve intestinal homeostasis.
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                    Figure 1: Molecular characteristics of Lypd8.[image: ]


Figure 2: Penetration of the colonic epithelia by flagellated bactiera in Lypd8âˆ’/âˆ’ mice.[image: ]


Figure 3: High sensitivity to intestinal inflammation in Lypd8âˆ’/âˆ’ mice.[image: ]


Figure 4: Lypd8-dependent suppression of P. mirabilis attachment to epithelial cells.[image: ]
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Extended data figures and tables

Extended Data Figure 1 Lypd8 is a GPI-anchored glycoprotein.
a, b, Quantitative RTâ€“PCR analysis of Lypd8 expression in the colonic epithelia of ICR mice in specific-pathogen-free and germ-free conditions (a), and in colonic epithelia of wild-type, Myd88âˆ’/âˆ’ and Ascâˆ’/âˆ’ mice (b). Values were normalized to Gapdh. Data represent the mean Â± s.d. (nâ€‰=â€‰3 per group). NS, not significant. c, Confocal microscopic image of Caco-2 cells expressing Flag-tagged Lypd8 cultured on transwell membrane, stained with anti-Claudin-1 antibody (red), anti-Flag antibody (green), and DAPI (blue). d, 293T cell lysates transiently expressing Flag-tagged Lypd8 and Flag-tagged mutant Lypd8 (Nâ€“D), in which thirteen Asp residues were converted to Asn, were separated with SDSâ€“PAGE and immunoblotted with anti-Flag antibody. e, Flow cytometric analysis of CMT93 cells expressing Flag-tagged Lypd8 before (left) and after (right) treatment with PI-PLC.

                          Source data
                        


Extended Data Figure 2 Lypd8 is expressed in enterocytes.
a, Structures of the Lypd8 gene (middle), the targeting vector (top) and the predicted Cre-IRES-Venus inserted gene (bottom). Grey box, coding exon; black box, non-coding exon. b, Flow cytometry of intestinal epithelial cells isolated from caecum and colon of Lypd8venus mice. Venus+ epithelial cells (Lypd8+) are boxed. c, Colon sections of Lypd8venus mice were counterstained with DAPI to visualize nuclei. Scale bar, 20â€‰Î¼m. Venus+ Lypd8 was expressed at the uppermost layer of the colon epithelia. d, Flow cytometry of intestinal epithelial cells isolated from the colon of Lypd8venus mice stained for CD3. e, Lypd8-expressing colonic epithelial cells (black box in d, Lypd8+) and Lypd8 non-expressing colonic epithelial cells (red box in d, Lypd8âˆ’) are isolated and analysed for expression of Villin (highly expressed in enterocytes), Muc2 (selectively expressed in goblet cells) and Lgr5 (selectively expressed in intestinal stem cells) by quantitative RTâ€“PCR. Lypd8+ cells expressed Villin, but neither Muc2 nor Lgr5. Values were normalized to Gapdh expression. Data are mean Â± s.d. (nâ€‰=â€‰4 per group). *Pâ€‰<â€‰0.05, ****Pâ€‰<â€‰0.001.

                          Source data
                        


Extended Data Figure 3 Generation of Lypd8âˆ’/âˆ’ mice.
a, Structures of the Lypd8 gene (middle), the targeting vector (top) and the predicted disrupted gene (bottom). Grey box, coding exon; black box, non-coding exon. b, Southern blot analysis of offspring from the heterozygote intercrosses. Genomic DNA was extracted from mouse tails, digested with NcoI, separated by electrophoresis and hybridized with the radiolabelled probe shown in a. c, Quantitative RTâ€“PCR analysis of Lypd8 expression in the colon of wild-type and Lypd8âˆ’/âˆ’ mice. The values were normalized to Gapdh expression. Data are mean Â± s.d. (nâ€‰=â€‰3 per group).

                          Source data
                        


Extended Data Figure 4 Bacteria are present in Lypd8âˆ’/âˆ’ epithelial cell layers.
a, Principal component analysis of faecal microbiota in wild-type and Lypd8âˆ’/âˆ’ mice at genus level (nâ€‰=â€‰8 mice per genotype). b, Bacterial DNA isolated from luminal contents and PBS-washed colon tissues of wild-type and Lypd8âˆ’/âˆ’ mice was analysed by quantitative PCR using universal primers for bacterial 16S rRNA genes. Data show the total bacterial DNA amounts compared to wild-type mice group, and are presented as mean Â± s.d. (nâ€‰=â€‰6 per group). **Pâ€‰<â€‰0.01.

                          Source data
                        


Extended Data Figure 5 Inflammatory responses were not evident in Lypd8âˆ’/âˆ’ mice reared in an SPF facility.
Expression of inflammatory cytokines and chemokines in the colon of wild-type and Lypd8âˆ’/âˆ’ mice. Data represent the mean Â± s.d. (nâ€‰=â€‰10 per group).

                          Source data
                        


Extended Data Figure 6 Gentamicin treatment ameliorated DSS-induced colitis in Lypd8 mice.
a, A paper disc method was performed to determine the sensitivity of gentamicin and vancomycin to P. mirabilis. bâ€“e, Wild-type (nâ€‰=â€‰8) and Lypd8âˆ’/âˆ’ mice (nâ€‰=â€‰8) were orally administered gentamicin (b, d) or vancomycin (c, e) for 2 weeks and then administered DSS for 5 days. Percentage of weight change (b, c). H&E staining of colon tissues at day 8 (gentamicin) and day 5 (vancomycin) of DSS administration (d, e). Scale bars, 50â€‰Î¼m. Data are shown as mean Â± s.d. *Pâ€‰<â€‰0.05, ***Pâ€‰<â€‰0.005. f, Lypd8âˆ’/âˆ’ mice (nâ€‰=â€‰10) and gentamicin-treated Lypd8âˆ’/âˆ’ mice (nâ€‰=â€‰10) were orally administered 2% DSS for 5 days and their survival rate was monitored. g, Lypd8âˆ’/âˆ’ mice (nâ€‰=â€‰10) and vancomycin-treated Lypd8âˆ’/âˆ’ mice (nâ€‰=â€‰10) were orally administered 2% DSS for 5 days and their survival rate was monitored. Data show survival rate of each group.

                          Source data
                        


Extended Data Figure 7 Lypd8 preferentially bound to in-vitro-cultured P. mirabilis.
a, Representative dot plots of pure preparations of in-vitro-cultured B. sartrii, L. acidophilus, B. breve, E. gallinarum and P. mirabilis incubated with Flag-tagged Lypd8. Numbers within plots indicate percentages of bacteria bound by anti-Flag antibody in the respective areas. b, P. mirabilis was cultured in LB medium with the indicated concentrations of recombinant (r)Lypd8 protein for 6 h at 37â€‰Â°C. The mean CFU of cultured P. mirabilis are shown (nâ€‰=â€‰4 per group). Data are meanâ€‰Â±â€‰s.d. c, In-vitro-cultured P. mirabilis were incubated with or without Flag-tagged Lypd8 and reacted with indicated 1st and 2nd antibodies. Scanning electron microscopic images of P. mirabilis labelled for immunogold detection of the bound Lypd8 were shown. White arrows indicate gold-particles. Scale bars, 300â€‰nm.

                          Source data
                        


Extended Data Figure 8 Isolation of flagella of P. mirabilis and E.coli.
a, b, Bacterial flagella were isolated from bacterial suspension of P. mirabilis and E.coli by vigorous shaking and ultracentrifugation. Transmission electron microscopic images of flagella fraction and bacterial bodies fraction from P. mirabilis (a) and E.coli (b) are shown. Flagella and bacterial bodies were visualized by negative staining. Scale bars, 2.5â€‰Î¼m. c, After incubation of Flag-tagged LOC69864 protein (10â€‰ngâ€‰Î¼lâˆ’1) with flagella of P. mirabilis (1â€‰Î¼gâ€‰Î¼lâˆ’1), flagella were pelleted by ultracentrifugation. The supernatant (sup) and pellet suspension were separated by SDSâ€“PAGE and immunoblotted with anti-Flag antibody. d, e, Association of mouse TLR5-Fc chimaera protein and flagellin (d) or flagella (e) of P. mirabilis was analysed by ELISA assay.

                          Source data
                        


Extended Data Figure 9 LYPD8 expression in Caco-2 cells and human colon epithelia.
a, Quantitative RTâ€“PCR analysis of LYPD8 expression in Caco-2 cells and human colonic epithelia isolated from normal parts of colonic tissues from colon cancer patients (nâ€‰=â€‰3). b, Immunoblot analysis for detecting Flag-tagged proteins in the supernatants on Caco-2 cells with or without Flag-tagged Lypd8.

                          Source data
                        


Extended Data Figure 10 Motility of E. coli was inhibited in semisolid agar containing Lypd8 protein.
a, Representative images of E. coli motility in semisolid agar with or without Lypd8 protein 4â€‰h after incubation. b, The radii of the motility halos by E. coli were measured at 4â€‰h after incubation. Data are meanâ€‰Â±â€‰s.d. (nâ€‰=â€‰6 per group). ****Pâ€‰<â€‰0.001.

                          Source data
                        





Supplementary information
Supplementary Figure
This file contains the raw data for Figures 1d and 4f and Extended Data Figures 1d, 3b, 4g, 8c. (PDF 720 kb)





PowerPoint slides
PowerPoint slide for Fig. 1

PowerPoint slide for Fig. 2

PowerPoint slide for Fig. 3

PowerPoint slide for Fig. 4




Source data
Source data to Fig. 1

Source data to Fig. 2

Source data to Fig. 3

Source data to Fig. 4

Source data to Extended Data Fig. 5

Source data to Extended Data Fig. 6

Source data to Extended Data Fig. 7

Source data to Extended Data Fig. 8

Source data to Extended Data Fig. 9

Source data to Extended Data Fig. 10

Source data to Extended Data Fig. 11

Source data to Extended Data Fig. 12

Source data to Extended Data Fig. 13

Source data to Extended Data Fig. 14




Rights and permissions
Reprints and permissions


About this article
[image: Check for updates. Verify currency and authenticity via CrossMark]       



Cite this article
Okumura, R., Kurakawa, T., Nakano, T. et al. Lypd8 promotes the segregation of flagellated microbiota and colonic epithelia.
                    Nature 532, 117â€“121 (2016). https://doi.org/10.1038/nature17406
Download citation
	Received: 06 March 2015

	Accepted: 05 February 2016

	Published: 30 March 2016

	Issue Date: 07 April 2016

	DOI: https://doi.org/10.1038/nature17406


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

                
                    	
                            
                                
                                    
                                        Unveiling the microbial communities and metabolic pathways of Keem, a traditional starter culture, through whole-genome sequencing
                                    
                                

                            
                                
                                    	Babita Rana
	Renu Chandola
	Gopal Krishna Joshi


                                
                                Scientific Reports (2024)

                            
	
                            
                                
                                    
                                        A hostâ€“microbiota interactome reveals extensive transkingdom connectivity
                                    
                                

                            
                                
                                    	Nicole D. Sonnert
	Connor E. Rosen
	Noah W. Palm


                                
                                Nature (2024)

                            
	
                            
                                
                                    
                                        Loss of Mptx2 alters bacteria composition and intestinal homeostasis potentially by impairing autophagy
                                    
                                

                            
                                
                                    	Weihui Yan
	Shanshan Chen
	Yongtao Xiao


                                
                                Communications Biology (2024)

                            
	
                            
                                
                                    
                                        Glycoprotein 2 as a gut gate keeper for mucosal equilibrium between inflammation and immunity
                                    
                                

                            
                                
                                    	Zhongwei Zhang
	Izumi Tanaka
	Yosuke Kurashima


                                
                                Seminars in Immunopathology (2024)

                            
	
                            
                                
                                    
                                        Kidney damage relates to agonal bacteremia: a single-center retrospective study
                                    
                                

                            
                                
                                    	Yumiko Mikami
	Meiko Ogawa
	Hiroyuki Terawaki


                                
                                Clinical and Experimental Nephrology (2024)

                            


                

            

        
    

            
                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
            
        

        
    



            

        
    


    
        Editorial Summary
Lypd8 separates microbiota from epithelia
This paper shows that the intestinal epithelial cell derived protein Lypd8, a member of member of the Ly6/PLAUR superfamily, binds to flagellated bacteria. In doing so it reduces the bacteria's motility, limits the entry of Gram-negative bacteria into the inner colonic mucus, and prevents invasion into colonic epithelium.

show all

    

    
    

    
        
            
                
                    
                        
                            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 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
            
        


    









    [image: ]







[image: ]
