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Development of Multiple Omics Approach
toward Understanding the Gut Symbiotic Ecosystem

Shinji Fukuda
RIKEN Research Center for Allergy and Immunology

Institute for Advanced Biosciences, Keio University

The human gut is colonized with a wide variety of microorganisms, the commensal microbiota. They
form a highly complex microbial community and shape the host mucosal immune system through host-
microbial crosstalk at the mucosal interface, which plays a role as boundary between microbes and our
body. Homeostatic balance of the gut ecosystem is maintained by the consequence of the interaction
among microbes, gut epithelial cells and mucosal immune cells. It has been postulated that imbalance
of the gut ecosystem could be a risk factor for human disorders such as colonic cancer, allergy, colitis,
and infectious diseases. However, the molecular basis of the host-microbial crosstalk in the gut ecosys-
tem remains obscure.

In order to understand the role of symbiotic microbiota in maintaining gut ecosystem, we firstly estab-
lished the NMR-based metabolomics approach, the Real-Time MetaboloTyping (RT-MT), combined with
various statistical correlation methods”. Based on RT-MT, we have upgraded the analytic methodolo-
gy by combining other omics approach such as transcriptomics and proteomics. We applied this approach
to examine the 47 vitro bacterial interaction between enterohaemorrhagic Escherichia coli O157:H7
and Bifidobacterium longum as a pathogenic-commensal bacterial model creating a minimum micro-
bial ecosystem. Our study revealed that the minimum ecosystem was established by adaptation of the
bacterial stains to the changes in the extracellular environment. The relationship between them could
be partially regarded as that between a producer and a consumer of nutrients, especially some amino
acids?. Our multiple omics approach has further aided to the discovery in that genes encoding ATP-
binding-cassette-type carbohydrate transporters present in certain bifidobacteria contribute to protect-
ing gnotobiotic mice from death induced by enterohaemorrhagic Escherichia coli O157:H7 through pro-
duction of acetate”. Acetate produced by protective bifidobacteria acts #n vivo to promote defense func-
tions of the host epithelial cells and thereby protects the host from lethal infection®.

As demonstrated here, our novel multiple omics approach provides a powerful strategy to understand
the complex gut ecosystem. Combined with latest equipments and the concept of systems biology, our
approach will open up a new window in the research field of intestinal microbiology, and will help under-
standing the whole picture of the gut ecosystem.
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