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Intestinal microbiota play a fundamentally important role in health and diseases. Many molecu-
lar biology approaches, including next-generation sequencing involving 16S rRNA gene sequenc-
ing, have been used for the analysis of intestinal microbiota. The findings have shown that gut
microbiota are structurally complex in that they have great diversity and inter-individual differ-
ences, and 60-80% of the total bacterial species in the microbiota are difficult to culture. Recently,
metagenomic techniques have been used to characterize both the composition and the potential
physiological effects of the microbial community. However, since metagenomics databases do not
contain information about the genome of uncultured bacteria, creating a comprehensive database is
essential for understanding the intestinal environment. Therefore, we have been focusing on bac-
terial metabolites because low-molecular-weight metabolites produced by intestinal microbiota are
absorbed constantly from the intestinal lumen and carried to systemic circulation; these metabo-
lites play a direct role in health and disease.

Metabolomics i1s a rapidly evolving field involving comprehensive measurement of many metabo-
lites in biological fluids. As of 2010, several metabolomics studies have focused on specific metabo-
lites, such as bhile acids, by using NMR and LC-MS; however, these studies did not focus on a
wide spectrum of intestinal luminal metabolites. In addition, in these studies, metabolomes that
included bacterial intercellular metabolites were analyzed because the sample was prepared by
sonication of feces. For clarifying the relationship between health and gut bacterial metabolites,
only free metabolites in the intestinal luminal content should be analyzed.

In this study, we divided male mice bred from sister-brother mating into two groups, germ-free
(GF) mice and Ex-GF mice; these mice were inoculated twice with a suspension of feces obtained
from SPF mice. We analyzed the colonic luminal, cerebral, and blood metabolomes of GF mice and
Ex-GF mice by using capillary electrophoresis with time-of-flight mass spectrometry (CE-TOFMS).
From the colonic luminal metabolome, 179 metabolites were isolated and 48 metabolites were
found to be present at significantly (p < 0.05) higher concentrations and/or frequency in the germ-
free (GF) mice than in the Ex-GF mice; 77 metabolites were present at significantly lower concen-
trations and/or frequency in the GF mice than in the Ex-GF mice, indicating that the intestinal
microbiota highly influenced the colonic luminal metabolome and that a comprehensive understand-
ing of the intestinal luminal metabolome is critical for clarifying host-intestinal bacterial interactions (1).
For instance, the concentrations of all primary amines, which have physiological functions, in the
Ex-GF mice were higher than those in the GF mice, although no significant differences were noted
between the concentrations of most of the precursors for the GF mice and the Ex-GF mice. From
the cerebral metabolome, 196 metabolites were identified in both GF and Ex-GF mice. The concen-
trations of 38 metabolites significantly differed between GF and Ex-GF mice (2). Approximately 10
of these metabolites, such as serine and N-acetylaspartic acid, are known to be involved in brain
function, whilst the functions of the remainder are unclear. The concentrations of several cerebral
glycolysis intermediates were higher in GF mice than in Ex-GF mice. I will also be discussing
methods for obtaining the metabolome from human fecal samples during my presentation.
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