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            Abstract
The gut microbiota plays a crucial role in the maturation of the intestinal mucosal immune system of its host1,2. Within the thousand bacterial species present in the intestine, the symbiont segmented filamentous bacterium (SFB) is unique in its ability to potently stimulate the post-natal maturation of the B- and T-cell compartments and induce a striking increase in the small-intestinal Th17 responses3,4,5. Unlike other commensals, SFB intimately attaches to absorptive epithelial cells in the ileum and cells overlying Peyer’s patches6,7. This colonization does not result in pathology; rather, it protects the host from pathogens4. Yet, little is known about the SFB–host interaction that underlies the important immunostimulatory properties of SFB, because SFB have resisted in vitro culturing for more than 50 years. Here we grow mouse SFB outside their host in an SFB–host cell co-culturing system. Single-celled SFB isolated from monocolonized mice undergo filamentation, segmentation, and differentiation to release viable infectious particles, the intracellular offspring, which can colonize mice to induce signature immune responses. In vitro, intracellular offspring can attach to mouse and human host cells and recruit actin. In addition, SFB can potently stimulate the upregulation of host innate defence genes, inflammatory cytokines, and chemokines. In vitro culturing thereby mimics the in vivo niche, provides new insights into SFB growth requirements and their immunostimulatory potential, and makes possible the investigation of the complex developmental stages of SFB and the detailed dissection of the unique SFB–host interaction at the cellular and molecular levels.
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                    Figure 1: Growth and growth requirements of SFB in vitro.[image: ]


Figure 2: Differentiation of SFB from filaments to intracellular offspring during in vitro growth.[image: ]


Figure 3: Viability, colonization, and immunostimulatory potential of in vitro-grown SFB.[image: ]


Figure 4: SFB–host cell interaction and host response.[image: ]
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Extended Data Figure 1 Intestinal colonization of in vitro-grown SFB and host response.
a, b, qPCR quantification (a) and SEM (b) of in vitro-grown SFB used for gavage. c, qPCR quantification of SFB in faecal samples. d, SEM of SFB attachment in vivo at 25 days after gavage of C57BL/6 mice with SFBVivo or SFBVitro. e, SEM of 21-day SFB-colonized germ-free C3H/HeN mouse ileum showing vacant attachment sites. f, Host gene expression in the ileal lamina propria in conventional or germ-free mice colonized with either SFB or E. coli for 21 days. Images and values are representatives from one of two experiments (a–e) or are cumulative values from two experiments performed with a total of seven germ-free, four SFB, five E. coli, and four conventional mice (f), showing box plots of 25–75% centiles with median and minimum/maximum whiskers. c, f, Two-tailed t-test statistical analysis (P < 0.05, P < 0.01).
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        Editorial Summary
In vitro growth of the gut symbiont SFB
The gut microbiota is important for maturation of the host's mucosal immune system. In particular, the species commonly referred to as segmented filamentous bacterium (SFB) is unique in being able to stimulate maturation of the B and T cell compartments and induce T helper 17 (Th17) cell responses in the intestine. However, little is known about host–SFB interaction as attempts to culture the bacterium in vitro have been unsuccessful for more than 50 years. Now Philippe Sansonetti and colleagues have developed an SFB–host cell co-culturing system which they use to support filamentation, segmentation and differentiation to release viable infectious particles. These offspring can colonize mice and induce the signature immune response, meaning that the new culture system will rapidly accelerate our understanding of these important symbionts and their interaction with their host.
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