







    Skip to main content




    
        
        Thank you for visiting nature.com. You are using a browser version with limited support for CSS. To obtain
            the best experience, we recommend you use a more up to date browser (or turn off compatibility mode in
            Internet Explorer). In the meantime, to ensure continued support, we are displaying the site without styles
            and JavaScript.


    




    

    
            

            
                
                    Advertisement

                    
        
            
    
        
            
                [image: Advertisement]
        

    


        
    
                

            
        

    
        
            
                
                    
                    
                    
                        
                        
                            
                                
                                [image: Nature]
                            
                        
                    
                    

                    
                    	
                            
                                View all journals
                            
                        
	
                            
                                Search
                            
                        
	
                            
                                Log in
                            
                        


                

            

        

        
            
                
                    
                        	
                                    
                                        Explore content
                                    
                                
	
                                    
                                        About the journal
                                    
                                
	
                                        
                                            Publish with us
                                        
                                    
	
                                    
                                        Subscribe
                                    
                                


                        	
                                    
                                        Sign up for alerts
                                    
                                
	
                                    
                                            RSS feed
                                    
                                


                    

                

            

        
    


    
    
        
            
                	nature



	letters

	
                                    article


    
        
        
            
            
                
                    	Letter
	Published: 03 January 2018



                    Precision editing of the gut microbiota ameliorates colitis

                    	Wenhan Zhu1 na1, 
	Maria G. Winter1 na1, 
	Mariana X. Byndloss2, 
	Luisella Spiga1, 
	Breck A. Duerkop3, 
	Elizabeth R. Hughes1, 
	Lisa Büttner1, 
	Everton de Lima Romão2, 
	Cassie L. Behrendt3, 
	Christopher A. Lopez2, 
	Luis Sifuentes-Dominguez4, 
	Kayci Huff-Hardy5, 
	R. Paul Wilson6 nAff8, 
	Caroline C. Gillis1, 
	Çagla Tükel6, 
	Andrew Y. Koh1,4, 
	Ezra Burstein5, 
	Lora V. Hooper3,7, 
	Andreas J. Bäumler2 & 
	…
	Sebastian E. Winter1 

Show authors

                    

                    
                        
    Nature

                        volume 553, pages 208–211 (2018)Cite this article
                    

                    
        
            	
                        28k Accesses

                    
	
                        357 Citations

                    
	
                            199 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Acute inflammation
	Microbiome


    


                
    
    

    
    

                
            


        
            Abstract
Inflammatory diseases of the gastrointestinal tract are frequently associated with dysbiosis1,2,3,4,5,6,7,8, characterized by changes in gut microbial communities that include an expansion of facultative anaerobic bacteria of the Enterobacteriaceae family (phylum Proteobacteria). Here we show that a dysbiotic expansion of Enterobacteriaceae during gut inflammation could be prevented by tungstate treatment, which selectively inhibited molybdenum-cofactor-dependent microbial respiratory pathways that are operational only during episodes of inflammation. By contrast, we found that tungstate treatment caused minimal changes in the microbiota composition under homeostatic conditions. Notably, tungstate-mediated microbiota editing reduced the severity of intestinal inflammation in mouse models of colitis. We conclude that precision editing of the microbiota composition by tungstate treatment ameliorates the adverse effects of dysbiosis in the inflamed gut.
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                    Figure 1: Effect of tungstate on molybdenum cofactor-dependent anaerobic respiration.[image: ]


Figure 2: Effect of tungstate treatment on composition of gut bacterial community and metabolic landscape.[image: ]


Figure 3: Influence of tungstate treatment on mucosal inflammation.[image: ]
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Extended data figures and tables

Extended Data Figure 1 Effect of tungstate on anaerobic respiration in vitro.
a, Nitrate reductase activity of E. coli Nissle 1917 measured in medium supplemented with sodium nitrate and the indicated concentrations of sodium tungstate. b, Competitive growth of the E. coli Nissle 1917 wild-type strain and the isogenic molybdenum-cofactor-deficient mutant in the presence of the indicated electron acceptors under anaerobic conditions. c, Competitive growth of E. coli NRG857c wild-type strain and the isogenic molybdenum-cofactor-deficient mutant in the presence of the indicated electron acceptors under anaerobic conditions. In a–c, n = 3 replicates per condition; n denotes the number of biological replicates. Data are shown as geometric mean and geometric s.d. of three experiments.

                          Source data
                        


Extended Data Figure 2 Tungstate treatment of mice colonized with E. coli K-12.
Conventionally raised C57BL/6 mice were treated with 0.2% sodium tungstate, DSS, DSS plus sodium tungstate or left untreated (mock). After four days, animals were inoculated orally with the E. coli K-12 wild-type strain and the isogenic moaA mutant. C57BL/6 mice with naive microbiota (endogenous Enterobacteriaceae only) or germ-free C57BL/6 mice were treated similarly but were not inoculated with E. coli indicator strains. Samples were analysed after a total of nine days of treatment. a, b, Schematic representations of the colitis models. c–h, Transcription of Nos2 (c), Tnf (d), Il6 (e), Lcn2 (f), Cxcl2 (g) and Ifng (h) in the caecal mucosa was determined by RT–qPCR. E. coli K-12: n = 6 per group. Endogenous Enterobacteriaceae: mock, n = 14; W, n = 6; DSS, n = 19; DSS+W, n = 19. Germ-free: mock, n = 5; DSS, n = 4; DSS+W, n = 5. i, Cumulative histopathology score for the colon tissue; mock, n = 14; W, n = 6; DSS, n = 19; DSS+W, n = 19; data are shown as mean and s.e.m. and each dot represents one animal. j, Colon length, n = 8 per group. k, Body weight of mice harbouring endogenous Enterobacteriaceae, n = 8 per group. l, Body weight of mice experimentally colonized with E. coli K-12, n = 6 per group. Unless otherwise noted, data are shown as geometric mean and geometric s.d.

                          Source data
                        


Extended Data Figure 3 Effect of tungstate treatment on mice experimentally colonized with E. coli Nissle 1917.
Groups of conventionally raised C57BL/6 mice were orally inoculated with the E. coli Nissle 1917 wild-type strain and treated with 0.2% sodium tungstate, DSS, DSS and sodium tungstate, or left untreated (mock) for nine days. a, Schematic representation of colitis model used in this figure. b, Bacterial load in the caecum (white bars) and colon content (grey bars). c, Formalin-fixed, haematoxylin and eosin-stained sections of the caecum were scored for the presence of inflammatory lesions; representative images of stained caecal sections. d, Cumulative histopathology score for the caecum tissue; data are shown as mean and s.e.m., and each dot represents one animal. In b–d, mock and tungsten, n = 11 per group; DSS and DSS+W, n = 15 per group. e, Animal body weight, n = 8 per group. f–h, Transcription of the inflammatory marker genes Cxcl1 (f), Nos2, (g) and Tnf (h) in the caecal mucosa was determined by RT–qPCR, n = 11 per group. Unless otherwise noted, data are shown as geometric mean and geometric s.d.

                          Source data
                        


Extended Data Figure 4 Effect of tungstate treatment on mice experimentally colonized with Enterobacter cloacae and adherent invasive E. coli.
a–h, Conventionally raised C57BL/6 mice were treated with DSS or DSS plus tungstate. After four days, animals were inoculated intragastrically with the indicated bacterial strains. Samples were collected five days after inoculation. a, Schematic representation of the experiments. b, c, The total population of E. cloacae (b) and NRG857c (c; DSS, n = 12; DSS+W, n = 10) in the large intestinal content was determined by plating on selective medium. d, e, Animal body weight. In b and d: DSS, n = 8; DSS+W, n = 10. In e, n = 5 per group. f–h, Transcription levels of the inflammatory marker genes Cxcl1 (f), Nos2 (g) and Tnf (h) in the caecal mucosa were determined by RT–qPCR; DSS, n = 12; DSS+W, n = 10. i–m, Paired germ-free Swiss–Webster mice received human faecal transplants and were treated with DSS or DSS plus 0.2% sodium tungstate for seven days; DSS, n = 4; DSS+W, n = 4. i, Schematic representation of the experiments. j, The abundance of Enterobacteriaceae in the caecal content was determined by plating on selective medium (MacConkey agar). k, Formalin-fixed, haematoxylin and eosin-stained sections of the mouse caecum were scored for the presence of inflammatory lesions; l, representative images. m, Transcription levels of the inflammatory marker genes Nos2 and Il17 in the mouse caecal mucosa. Data are shown as geometric mean and geometric s.d.

                          Source data
                        


Extended Data Figure 5 Effect of tungstate on the naive gut microbiome.
Groups of C57BL/6 mice naturally harbouring Enterobacteriaceae were treated with 0.2% sodium tungstate, DSS, DSS plus tungstate or mock treatment for nine days (see also Extended Data Fig. 3b). a, Relative abundance of genes involved in formate and nitrate utilization in the caecal content shown by shotgun metagenomic sequencing (MEGAN5). Each section of the pie chart is representative of the number of mapped reads obtained for the individual animals (n = 6 per group). b, Box-and-whisker plot (boxes show median, first and third quantiles, whisker denotes minimum to maximum range) of Chao1 alpha diversity of the caecal microbiota community based on 16S profiling (n = 6 per group). c, Abundance of endogenous Enterobacteriaceae family members determined by plating on selective medium (MacConkey agar, c): mock, n = 14; W, n = 6; DSS, n = 19; DSS+W, n = 19. Data are shown as geometric mean and geometric s.d.

                          Source data
                        


Extended Data Figure 6 Effect of tungstate treatment on obligate anaerobic commensal bacteria.
a–c, Metagenomic analysis of the caecal content of mice described in Extended Data Fig. 3b. Principal coordinates analysis of global metabolic pathway (a) and quantification of reads involved in fumarate respiration (b) and butyrate production (c). Ellipses in a denote 95% confidence interval. Data are shown as mean and s.d; n = 6 per group. d–f, Bacteroides thetaiotaomicron or Bacteroides fragilis were cultured anaerobically in mucin broth at 37 °C for 48 h. The medium was supplemented with sodium tungstate or metronidazole as indicated. Succinate production by B. thetaiotaomicron (d) and B. fragilis (f) was assessed by GC–MS. The growth of B. thetaiotaomicron was quantified by plating serial dilutions of bacterial culture on blood agar (e). g, C. symbiosum was inoculated into chopped meat broth and incubated anaerobically at 37 °C for 36 h. Butyrate concentration in the medium was measured using GC–MS. h, C. symbiosum was cultured anaerobically in chopped meat broth at 37 °C for 48 h. The growth of C. symbiosum was determined by plating serial dilutions of bacterial culture on thioglycolate plates. n = 3 biological replicates per condition. Data are shown as geometric mean and geometric s.d. of three experiments.

                          Source data
                        


Extended Data Figure 7 Assessment of overall health of mice treated orally with tungstate.
Groups of seven mice were either mock-treated or treated with 0.2% sodium tungstate in drinking water for nine days. a, Complete blood count. b, Serum alanine amino-transferase concentration. n = 7 animals per group. Data are shown as geometric mean and geometric s.d.

                          Source data
                        


Extended Data Figure 8 Exposure of cultured cells to sodium tungstate.
a, Daily water consumption of mice inoculated with E. coli K-12. Each dot represents the average daily water consumption (ml per day) of three mice, obtained at eight time points, with two cages per treatment group, n = 16. b, HeLa57A cells, expressing luciferase under the control of a NF-κB-dependent promoter, were treated with PMA and sodium tungstate at the indicated concentrations. Relative luciferase activity was determined after 5 h. c, d, MODE-K or BMDMs cells were treated with DSS or DSS plus sodium tungstate at the indicated concentrations for 24 h. The release of lactate dehydrogenases into the culture supernatant by MODE-K cells (c) or BMDMs (d) was measured. In b–d, n = 3 biological replicates per condition. e, f, Groups of conventionally raised C57BL/6 mice were treated with DSS for four days. Animals were inoculated intragastrically with an equal mixture of the indicated E. coli Nissle 1917 wild-type strain and an isogenic moaA mutant. On the day of inoculation, a subset of mice was switched to DSS plus sodium tungstate for four days while a control group remained on DSS treatment. Schematic representation of experiment (e). The competitive index in the caecal (white bars) and colon content (grey bars) was analysed 5 days after inoculation (f; DSS, n = 5; DSS+W, n = 6). Data are shown as geometric mean and geometric s.d.
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