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Establishment of gut environment by commensal bacteria and diet
for the control of health and disease
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Abstract
Introduction

Intestine contains a wide variety and large number of bacteria, which have been
shown to be involved in various health conditions, physical functions, and the onset of
disease. Although studies have mainly focused on the bacteria themselves, with the
recent development of analytical techniques, bacterial components and metabolites have
also been attracting attention. In this presentation, I would like to introduce our research
on the Intestinal environment produced by intestinal bacteria and food, which is being
developed into health science by understanding effective molecules at the chemical
compound level.

1. immune regulation by bacterial components

More than half of immune cells reside in the intestine, which influences the immune
balance not only in the intestine but also in the whole body. It has long been known
that intestinal bacteria are essential for the development of immune cells, and
our group has identified Alcaligenes as an intestinal bacterium that promotes the
development of intestinal immunity. While most intestinal bacteria live in the lumen
of the intestinal tract, Alcaligenes uniquely locate inside the Peyer's patches without
inducing inflammation due to the unique structure of its major bacterial component,
lipopolysaccharide (LPS). Alcaligenes LPS has weak agonist activity against TLR4 to
moderately activate immune cells such as dendritic cells. Furthermore, Alcaligenes lipid



A 1s commercially available as a safe and useful adjuvant as a research reagent, and pre-
clinical studies are underway for the usage in humans.

2. Identification of lipid metabolites responsible for immune regulation and their
relationship with intestinal bacteria

Our group is studying the effects of fatty acids contained in dietary oils on immunity
and disease. In particular, we are focusing on omega-3 and omega-6 fatty acids, which
are essential fatty acids. For example, we have shown in various models that allergies
in the intestinal and respiratory tracts and skin can be prevented or improved In mice
fed linseed oil (also known as flaxseed oil), which includes high amounts of a -linolenic
acid, an omega-3 fatty acid. After absorption of fatty acids through the intestine, they
are metabolized by enzymes in the body and converted into various lipid metabolites
that affect the immune system and other biological functions. Our research using
metabolomic analysis identified many lipid metabolites produced from a -linolenic acid,
which showed that subtle differences in chemical structure alter target receptors and
cells, resulting in different mechanisms of anti-allergy and anti-inflammatory effects.

Many of the metabolites found in these analyses were metabolized in the body, but
recent studies have shown that intestinal bacteria are also involved in the production
of lipid metabolites. For example, 10-oxo-cis-12-cis-15-octadecadienoic acid ( a KetoA) is
Increased in the feces of mice raised on linseed oil, but is hardly produced in germfree
mice raised on linseed oil, implying that a KetoA is a lipid metabolite whose production
1s dependent on bacterial metabolism. After being absorbed into the body, a KetoA
exerts immunomodulatory functions, such as inhibiting the function of inflammatory
macrophages, and consequently suppress diabetes and contact dermatitis.

3. NIBIOHN microbiome projects discovers Blautia that control body weight gain

NIBIOHN has established various centers around Japan to examine the intestinal
environment and health status of Japanese people, and has been acquiring data and
releasing some of the data as the NIBIOHN JMD database (https://microbiome. nibiohn.
go.jp/). Furthermore, the data are analyzed using MANTA, an integrated analysis
platform originally developed by NIBIOHN, to elucidate the relationship between the
data and various health conditions.

As a result, it was found that Blautia was abundant in non-overweight and non-
diabetic individuals. Oral administration of Blautia into mice fed a high-fat diet resulted
in the inhibition of body weight gain with suppression of visceral fat accumulation, and
at the same time, diabetic symptoms were reduced. Next, to elucidate the mechanism of
the anti-obesity and anti-diabetic effects of Blautia, a combination of genomic information,
metabolomics, and Raman analysis revealed that Blautia produces unique amino acid
metabolites such as ornithine, acetylcholine, and S-adenosylmethionine, which are known



to promote energy metabolism. We also found that Blautia produces several acids and
accumulates amylopectin, an indigestible starch, within the bacteria, leading to the
increase of short-chain fatty acids in the intestinal tract. Although the efficacy and safety
in humans remain to be determined, it is believed that Blautia have beneficial functions
sucg as suppressing obesity and diabetes by promoting metabolism and improving the
Intestinal environment.

4. Prediction of health effects of food ingredients based on differences in intestinal
bacteria

With the accumulation of various findings, we can now challenge the issue of
"individual differences" in the intestinal environment. For example, we believe that
precision nutrition is important to predict the effects of foods on each individual and to
be able to select optimal foods. We have built a machine learning model that predicts the
health benefits of barley and the production of linseed polyphenols. We plan to increase
the number of target foods and improve the prediction accuracy and systematization
for practical use in the future, but we believe that we have demonstrated the possibility
of predicting the health effects of foods using intestinal bacteria data and achieving
precision nutrition.





