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Analysis of Host-intestinal Microbiota Interaction via Multi-omics Approach
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[Background and Purpose] It is believed that the microbiota residing in our intestinal lumen in a enor-
mous number could significantly impact our physiology and pathology; nevertheless, molecular mecha-
nisms of their action has long remained to be elucidated. Emerging muti-omics approach, combining
genomics, transcriptomics and metabolomics, is enabling to understand the complex gut ecosystem at
the molecular level. Here, we discuss the potential of multi-omics approach in two mouse models:. analy-
sis of the mechanism of action of bifidobacteria to protect from enterohemorrhagic Escherichia coli
0157 infection in a simplifiec germfree mouse model, and the impact of high fiber diet on the metabol-
ic dynamics of gut ecosystem in SPF mice.

[Methods] 1) germfree mice with or without pre-administration of bifidobacteria were orally infected
with 0157, and the colonic histology, colonic epithelial transcriptome, fecal metabolome and bifidobac-
terial genome were analyzed. 2) SPF BALB/c mice were fed with a normal diet or the chow contain-
ing 5% (w/w) bran (high fiber diet) for every other week. Fecal samples were subjected to measure
microbiota composition, transcriptome and metabolome. Covariation of these parameters caused by high
fiber diet were extracted as the three dimensional correlation information, and the molecular network
was constructed based on the information.

[Results and Discussion] 1) Some bifidobacterial strains prevented O157 infectious death, while others
did not. Genome and metabolome analyses revealed that the preventive strains possess fructose trans-
porters that is absent in the non-preventive ones, and as a result, the preventive strains can produce a
higher amount of acetate from fructose in the colon. Acetate, in turn, exerts the protective effect on
colonic epithelium that could prevent epithelial cell death caused by O157 to avoid infectious death of
mice. 2) It revealed that representative network modules are composed around the variation of the short
chain fatty acids, by constructing molecular correlation network reflecting gut ecosystem dynamics
based on covariate information from 3D correlation analysis among changes in microbial composition,
transcriptomic profile and metabolic profile upon high fiber diet intake. In addition, independent mod-
ules composed of a few molecular networks were also constructed by this method, suggesting that this
method could be useful to understand under-representative changes in gut ecosystem.



