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            Abstract
Gut microbes supply the human body with energy from dietary polysaccharides through carbohydrate active enzymes, or CAZymes1, which are absent in the human genome. These enzymes target polysaccharides from terrestrial plants that dominated diet throughout human evolution2. The array of CAZymes in gut microbes is highly diverse, exemplified by the human gut symbiont Bacteroides thetaiotaomicron3, which contains 261 glycoside hydrolases and polysaccharide lyases, as well as 208 homologues of susC and susD-genes coding for two outer membrane proteins involved in starch utilization1,4. A fundamental question that, to our knowledge, has yet to be addressed is how this diversity evolved by acquiring new genes from microbes living outside the gut. Here we characterize the first porphyranases from a member of the marine Bacteroidetes, Zobellia galactanivorans, active on the sulphated polysaccharide porphyran from marine red algae of the genus Porphyra. Furthermore, we show that genes coding for these porphyranases, agarases and associated proteins have been transferred to the gut bacterium Bacteroides plebeius isolated from Japanese individuals5. Our comparative gut metagenome analyses show that porphyranases and agarases are frequent in the Japanese population6 and that they are absent in metagenome data7 from North American individuals. Seaweeds make an important contribution to the daily diet in Japan (14.2 g per person per day)8, and Porphyra spp. (nori) is the most important nutritional seaweed, traditionally used to prepare sushi9,10. This indicates that seaweeds with associated marine bacteria may have been the route by which these novel CAZymes were acquired in human gut bacteria, and that contact with non-sterile food may be a general factor in CAZyme diversity in human gut microbes.
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                    Figure 1: 
Activity screening on natural algal polysaccharides reveals porphyranase activity.



Figure 2: 
Structural determinants of porphyran active enzymes.



Figure 3: Phylogenetic analysis of GH16 galactanases reveals porphyranases in many marine bacteria and in the Japanese gut bacterium  B. plebeius. 


Figure 4: 
Upstream and downstream of the porphyranase gene (
Bp1689
), the genome of 
B. plebeius
 contains carbohydrate-related genes that share highest identity with proteins used for red-algal galactan degradation in two marine Bacteroidetes.
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        Editorial Summary
The sushi factor
One of the useful roles performed by the human gut microbiota is to supply digestive enzymes missing from the human genome. For instance, polysaccharides from the terrestrial plants that have been part of the human diet throughout evolution are broken down in the gut by carbohydrate active enzymes, or CAZymes, many of them highly specific enzymes from Bacteroides spp. bacteria. Little is known about the gut enzymes acting on edible marine algae such as nori, sea lettuce and wakame, common in Japanese cuisine. Now CAZymes able to digest sulphated polysaccharides from Porphyra sp. marine red algae have been identified in marine Bacteroides isolates. And surprisingly, genome data mining reveals that this enzyme is present in gut bacteria from Japanese — but not American — individuals. This demonstrates that the gene transfer has taken place — recently in evolutionary terms — from a marine environmental bacterium to the Japanese gut bacterium Bacteroides plebeius. Porphyra are otherwise known as nori and used traditionally in sushi, so it seems probable that contact with non-sterile food may be a general factor in stocking gut microbes with a varied arsenal of CAZymes.

show all

    

    
    
        
            
                Associated content

                
                    
                    
                        
                            
    
        
            
                
                    Genetic pot luck
                

                
	Justin L. Sonnenburg



                
    
        
            Nature
        
        News & Views
        
        
            07 Apr 2010
        
    


            

        

    


                        

                    
                
            
        

        
    

    

    
        
            
                
                    
                        
                            Advertisement

                            
    
        
            
                
        

    


                        

                    

                

            

            

            

        

    






    
        
            
                Explore content

                	
                                
                                    Research articles
                                
                            
	
                                
                                    News
                                
                            
	
                                
                                    Opinion
                                
                            
	
                                
                                    Research Analysis
                                
                            
	
                                
                                    Careers
                                
                            
	
                                
                                    Books & Culture
                                
                            
	
                                
                                    Podcasts
                                
                            
	
                                
                                    Videos
                                
                            
	
                                
                                    Current issue
                                
                            
	
                                
                                    Browse issues
                                
                            
	
                                
                                    Collections
                                
                            
	
                                
                                    Subjects
                                
                            


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


            

        
    
    
        
            
                
                    About the journal

                    	
                                
                                    Journal Staff
                                
                            
	
                                
                                    About the Editors
                                
                            
	
                                
                                    Journal Information
                                
                            
	
                                
                                    Our publishing models
                                
                            
	
                                
                                    Editorial Values Statement
                                
                            
	
                                
                                    Journal Metrics
                                
                            
	
                                
                                    Awards
                                
                            
	
                                
                                    Contact
                                
                            
	
                                
                                    Editorial policies
                                
                            
	
                                
                                    History of Nature
                                
                            
	
                                
                                    Send a news tip
                                
                            


                

            
        

        
            
                
                    Publish with us

                    	
                                
                                    For Authors
                                
                            
	
                                
                                    For Referees
                                
                            
	
                                
                                    Language editing services
                                
                            
	
                                Submit manuscript
                                
                            


                

            
        
    



    
        Search

        
            Search articles by subject, keyword or author
            
                
                    
                

                
                    
                        Show results from
                        All journals
This journal


                    

                    
                        Search
                    

                


            

        


        
            
                Advanced search
            
        


        Quick links

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


    





        
    
        
            

            
                
                    Nature (Nature)
                
                
    
    
        ISSN 1476-4687 (online)
    
    


                
    
    
        ISSN 0028-0836 (print)
    
    

            

        

    




    
        
    nature.com sitemap

    
        
            
                About Nature Portfolio

                	About us
	Press releases
	Press office
	Contact us


            


            
                Discover content

                	Journals A-Z
	Articles by subject
	Protocol Exchange
	Nature Index


            


            
                Publishing policies

                	Nature portfolio policies
	Open access


            


            
                Author & Researcher services

                	Reprints & permissions
	Research data
	Language editing
	Scientific editing
	Nature Masterclasses
	Research Solutions


            


            
                Libraries & institutions

                	Librarian service & tools
	Librarian portal
	Open research
	Recommend to library


            


            
                Advertising & partnerships

                	Advertising
	Partnerships & Services
	Media kits
                    
	Branded
                        content


            


            
                Professional development

                	Nature Careers
	Nature 
                        Conferences


            


            
                Regional websites

                	Nature Africa
	Nature China
	Nature India
	Nature Italy
	Nature Japan
	Nature Korea
	Nature Middle East


            


        

    

    
        	Privacy
                Policy
	Use
                of cookies
	
                Your privacy choices/Manage cookies
                
            
	Legal
                notice
	Accessibility
                statement
	Terms & Conditions
	Your US state privacy rights


    





        
    
        
    
    © 2024 Springer Nature Limited




    

    
    
    







    

    



    
    

        

    
        
            


Close
    



        

            
                
                    
                    Sign up for the Nature Briefing newsletter — 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
            
        


    









    








