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A trial of developing germ-free common marmosets
TAKASHI INOUE", MASAMI UENO" and RYOKO NOZU

“Central Institute for Experimental Animals, Kawasaki

Germ-free mice have contributed indispensably to the advance of gut microbiota research. On the
other hand, extrapolation of mouse studies to human medicine can be hampered by differences in
biological functions such as metabolism, immunity, and central nervous system between humans and
rodents, as well as differences in the colonization of gut microbiota, which is believed to have been
formed by coevolution with the host. To bridge these gaps, experimental systems using nonhuman
primates (NHPs) are expected, but there are currently no germ-free NHPs available. Therefore, we
have been developing technologies for the production of germ-free animals in common marmosets, a
small NHP suitable for rearing and handling in an isolator. A series of techniques for germ-free
marmoset production including preparation of full-term pregnant animals, aseptic caesarean section,
hand-rearing of neonates and long-term maintenance of animals under sterile conditions were
developed. To date, we succeeded obtaining 8 germ-free marmosets in which no viable bacteria and
fungi were detected in culture and maintained them for a long period of up to 24 months. The weight
gain in the obtained germ-free individuals was not different from that in conventional ones. In the
sexually mature individuals, a sexual cycle in a female and the ejection of motile sperm in a male were
observed. Germ-free marmosets exhibited low levels of faecal short-chain fatty acids, bile acid
metabolites, plasma and faecal immunoglobulins, and enlarged caecum in contrast-enhanced X-ray.
These germ-free marmosets can serve as novel models that reveal the interaction between microbiota
and primate hosts.

Keywords - germ-free animal, marmoset, nonhuman primate, laboratory animal

(Non-member collaborators: NORIO OKAHARA*, NOBUYUKI OKAHASHI™, KENYA SATO", MASAHIRO
UEDA***, KOIJI ATARASHI****, JUN ISAYAMA***, YOSHIMASA AOTO***, YUSUKE KAWASHIMA*****,
RIKA KIKUCHI", YOKO KUROTAKI"*, TAKAYUKI MINESHIGE", TERUMI YURIMOTO", KAORI ITAYA™",
TAKESHI TANOUE****, TATSUTOSHI NAKAHATA*, ATSUSHI SHIOTA***, MAKOTO ARITA**, KENYA
HONDA™, ERIKA SASAKI". “RIKEN Center for Integrative Medical Sciences, Yokohama, **"JSR-Keio

*****

Kazusa DNA Research Institute, Kisarazu)
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Neonatal nasal inflammation-induced perturbation of gut microbiota and
the brain tissue changes

SANAE HASEGAWA-ISHII", YUKO MISHIMA", HINAMI ASANO™ and
TAKAKO OSAKI™

* Faculty of Health Sciences, Kyorin University, Tokyo
** Graduate School of Health Sciences, Kyorin University, Tokyo
***Department of Infectious Diseases, Kyorin University School of Medicine, Tokyo

Maternal infections and resulting inflammatory responses are risk factors for neuropsychiatric
disorders in offspring. But the mechanisms underlying sustained impairment of the brain function after
birth remain elucidated. We hypothesized that inflammation during fetal and neonatal periods may
disturb the gut microbiota development and alter the gut-brain axis, leading to brain diseases. We
aimed to reveal how the neonatal nasal inflammation affects the gut microbiota and the brain. From
postnatal day 7 (P7), neonatal mice received bilateral nasal administration of lipopolysaccharide (LPS)
as a nasal inflammation model or saline as a control twice a week for 3 weeks (at P7, P10, P14, P17,
P21 and P24). At P24 and at 10 weeks (10w) of age, feces were used for 16STRNA metagenome
analysis. At the same time points, mice were fixed and frozen sections of the brain were analyzed
immunohistochemically. The body weight was measured every 1 week from P7. In LPS-treated male
mice, gut microbiota was perturbed in the phylum, family and genus levels at P24, while it did not
change in LPS-treated female mice. The abundances of bacteria were similar at 10w, but some were
changed in LPS-treated male mice. In the olfactory bulb, glial cells were still activated in LPS-treated
male mice at 10w. The body weight was significantly lower in LPS-treated male, but not female mice
than in control later than P35. These results suggest that neonatal nasal inflammation causes long-term
perturbation of gut microbiota and the brain and that male mice seemed to be more affected.
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Establishment of running-wheel activity test using germ-free mice

KEISUKE KOJIMA, YUYO KA, RYOKO NOZU, KAYO TOMIYAMA, MASAM
I UENO, TOMOYUKI OGURA and RIICHI TAKAHASHI

Central Institute for Experimental Animals, Kawasaki

We have developed a system that can maintain Germ-free mice in a conventional environment. by combining a
bioBUBBLE clean room with an individual ventilation cage (IVC) system in a conventional environment. (Ka Y, et
al. 2020)

In this study, we tried to acquire data on running-wheel (RW) activity by modifying the RW mounted on the IVC
cage and monitoring its tally counter by wireless.

In addition, we also observed changes in the running-wheel activity of EX-GF mice whose intestinal bacterial flora

was reconstituted by fecal transplantation (FMT) from SPF mice.

The mice were acclimatized for 5 days and their locomotor activity was monitored for 2 weeks. Confirmation of
maintenance of GF condition by culture inspection was carried out by collecting feces and bedding at the time of

weekly cage changing.

In the EX-GF mice experiment, FMT was performed by suspending the feces of SPF mice in a water bottle, and we
measured the locomotor activity for one week before and after FMT.

We divided each rotating wheel data into a diurnal period and a nocturnal period and compared the groups.

In this experiment, it was possible to measure locomotor activity while maintaining sterility. However, to date, we
find no significant difference in comparing GF and SPF ,EX-GF mice.

Therefore we expect that it will be a method for assessing the effect of intestinal bacteria on locomotor activity over

time and in a total amount.

(Non-member collaborators : Norio Okahara*, Nobuyuki Okahashi**, Kenya Sato*, Masahiro Ueda***, Koji

Atarashi**** Jun [sayama***, Yoshimasa Aoto***, Yusuke Kawashima***** Rika Kikuchi*, Masami Ueno*,
Ryoko Nozu*, Yoko Kurotaki*, Takayuki Mineshige*, Terumi Yurimoto*, Kaori Itaya*** Takeshi Tanoue****,

Tatsutoshi Nakahata*, Atsushi Shiota***, Makoto Arita**, Kenya Honda****, Erika Sasaki* * ; Central Institute

for Experimental Animals, Kawasaki **RIKEN Center for Integrative Medical Sciences, Yokohama,*** JSR-Keio
University Medical and Chemical Innovation Center, Tokyo, ****Keio University School of Medicine, Tokyo,

*xkkk koosqa DNA Research Institute, Kisarazu)
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A trial of developing germ-free common marmosets
TAKASHI INOUE
Central Institute for Experimental Animals, Kawasaki

Germ-free mice have contributed indispensably to the development of gut microbiota research. On the other hand,
extrapolation of mouse studies to human medicine can be hampered by differences in biological functions such as
metabolism, immunity, and central nervous system between humans and rodents, as well as differences in the
colonization of gut microbiota, which is believed to have been formed by coevolution with the host. To bridge these
gaps, experimental systems using nonhuman primates (NHPs) are expected, but there are currently no germ-free
NHPs available. Therefore, we have been developing technologies for the production and application of germ-free
animals in common marmosets, a small NHP suitable for rearing and handling in an isolator. A series of techniques
for germ-free marmoset production including preparation of full-term pregnant animals, aseptic caesarean section,
hand-rearing of neonates and long-term maintenance of animals under sterile conditions were developed. To date, we
succeeded obtaining 8 germ-free marmosets in which no viable bacteria and fungi were detected in culture and
maintained them for a long period of up to 24 months. The weight gain in the acquired germ-free individuals was
similar to that in conventional ones. In the sexually mature individuals, a sexual cycle in a female and the ejection of
motile sperm in a male were observed. Germ-free marmosets exhibited low levels of faecal short-chain fatty acids,
bile acid metabolites, plasma and faecal immunoglobulins, and enlarged caecum in contrast-enhanced X-ray. These
stable germ-free marmosets can serve as novel models that reveal the interaction between microbiota and primate
hosts.

* *k * *okk *k kK
(Non-member collaborators : Norio Okahara , Nobuyuki Okahashi , Kenya Sato , Masahiro Ueda , Koji Atarashi

Jun Isayama***, Yoshimasa Aoto***, Yusuke Kawashima*****, Rika Kikuchi*, Masami Ueno*, Ryoko Nozu*, Yoko Kurotaki*,
Takayuki Mineshige*, Terumi Yurimoto*, Kaori Itaya***,Takeshi Tanoue****, Tatsutoshi Nakahata*, Atsushi Shiota***, Makoto
Arita”, Kenya Honda™ ", Erika Sasaki™ * ; Central Institute for Experimental Animals, Kawasaki **RIKEN Center for Integrative
Medical Sciences,Yokohama,***J SR-Keio University Medical and Chemical Innovation Center, Tokyo, ****Keio University School

of Medicine, Tokyo, " Kazusa DNA Research Institute, Kisarazu)
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Tryptamine, a microbial metabolites in fermented rice bran reduced LPS-
induced inflammation in murine macrophage

AFIFAH ZAHRA AGISTA, YUSUKE OHSAKI, MICHIO KOMAI and
HITOSHI SHIRAKAWA

Laboratory of Nutrition, Graduate School of Agricultural Science, Tohoku University,
Sendai

[Introduction] : Dual fermented rice bran with Aspergillus kawachii and a mixture of lactic acid
bacteria (FRB) was able to ameliorate dextran sodium sulfate-induced inflammation in mice
intestine. Yet, it is still unknown which of FRB’ s bioactive compounds plays a key role in its
anti-inflammatory effect. This research aimed to reveal this bioactive compound and its
mechanism of action by using macrophages.

[Methods] : FRB was separated into different fractions with a series of extraction processes.
The first stage of extraction was conducted with solvent-based extraction, followed by the second
stage, solid-phase extraction. The produced fractions were screened for their anti-inflammatory
activity by using RAW 264.7 cells which were activated with lipopolysaccharide (LPS). Reverse-
phase HPLC analysis was used to determine the content of FRB fractions.

[Results] : The screening process showed that FRB fractions E (FRBE) has prominent anti-
inflammatory properties. HPLC analysis showed that FRBE was rich in tryptophan and
tryptamine, a microbial metabolite of tryptophan. Tryptamine was also revealed to have an I1-6
mRNA suppressing effect in LPS-induced RAW 264.7 cells. Furthermore, FRBE and tryptamine
were able to lower the expression of LPS-induced I1-6 in intraperitoneal macrophage from wild
type, but not Ahr deficient mice. Tryptamine in FRB was potentially able to suppress the LPS-
induced inflammatory response in cells by modulating Ahr activity.

(Non-member collaborators : Takuya Koseki. Faculty of Agriculature, Yamagata University)
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Therapeutic efficacy of fecal microbiota transplantation for intractable calf
diarrhea treatment

JAHIDUL ISLAM and TOMONORI NOCHI

International Education and Research Center for Food and Agricultural Immunology, Graduate
School of Agricultural Science, Tohoku University, Sendai

Calf diarrhea is attributed to both infectious and non-infectious factors and multiple enteric
pathogens (e.g., viruses, bacteria, and protozoa) are involved in the development of this disease.
Proper treatment of diarrhea represents a therapeutic challenge in livestock production as because
inappropriate diagnosis provokes the overuse of antibiotics and antibiotic resistance germs. Here, we
describe the ability of fecal microbiota transplantation (FMT), to ameliorate intractable diarrhea.
Although establishing FMT to cure diarrhea in calves is difficult because of differences in farm
management practices and the lack of optimal donors selection. In this study, the underlying factors
of successful and unsuccessful FMT treatment cases are elucidated, and the potential markers for
predicting successful FMT are identified using fecal metagenomics via 16S rRNA gene sequencing,
fecal metabolomics via capillary electrophoresis time-of-flight mass spectrometry (CE-TOFMS), and
machine-learning approaches. Specifically, 20 FMT treatment cases, in which feces from healthy
donors were intrarectally transferred into recipient diarrheal calves, were conducted with a success
rate of 70%. Selenomonas was identified as a microorganism genus that showed significant donor—
recipient compatibility in successful FMT treatments. A strong positive correlation between the
microbiome and metabolome data, which is a prerequisite factor for FMT success, was confirmed by
Procrustes analysis in successful FMT (r = 0.7439, P = 0.0001). Additionally, using another 158
healthy and diarrheal calves, machine learning approach is used to stablish the criteria for donor
selection. In where genus Sporobacter is identified as a potential microorganism in successful donor
selection. Low levels of metabolites, such as glycerol 3-phosphate, dihydroxyacetone phosphate, and
isoamylamine, in the donor or recipients prior to FMT are predicted to facilitate FMT. Overall, we
provide the first substantial evidence of the factors related to FMT success or failure; these findings
could improve the design of future microbial therapeutics for curing diarrhea in calves.
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L-fucose utilization by human gut bacteria

AYAKA TAMURA and WAKAKO IKEDA-OHTSUBO

Laboratory of Animal Product Chemistry, Graduate School of Agricultural Science,
Tohoku University

Fucose occurs as a common constituent of human and animal mucus, cell-surface
polysaccharides, as well as of human milk oligosaccharides, but it has not been well known
whether this monosaccharide can be a good nutritional source for intestinal bacteria. In this
study, we conducted serial culture enrichments and bacterial colony isolation using media
containing L-fucose as a sole carbon source, which were inoculated by human stool samples.
Bacterial strains isolated from enrichments with infant stool samples were affiliated with
Bifidobacterium breve, while strains from adult human stools were most closely-related to
Bacteroides species such as Bacteroides thetaiotaomicron. Fucose utilization abilities were
confirmed by thin-layer chromatography of the culture supernatants of each strain, where spots
corresponding to L-fucose disappeared as the incubation periods proceeded. Our current findings
indicate that fucose serves as a common nutritional source for human intestinal bacteria.
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Research on stress factors affecting characteristics of Lactobacillus

BINGHUI ZHOU and WAKAKO IKEDA-OHTSUBO

Laboratory of Animal Product Chemistry, Tohoku University, Graduate School of Agricultural
Science, Tohoku University, Sendai

Lactobacilli is gram-positive bacteria, commonly inhabited in the human body, fermented food
and environment, which proved to have a beneficial effect on the host when colonized on the
gastrointestinal tract.

Growth and preservation conditions would affect the properties of lactobacilli in many aspects.
Higher or lower temperature could cause low enzymic activity, which leads to difficulty in fission.
One of the most important ingredients in broth, carbon sources not only affect the growth of
lactobacilli by fission but also result in the change of properties of biosynthetic, reflecting the
different performance of adhesion ability and immunomodulatory to cells, related to the surface
layer of lactobacilli. On the other hand, stress such as low pH and bile acid environment could
have effects on performances of lactobacilli relating to the bacterial cell division, biosynthesis of
the membrane-forming, or the biosynthesis of EPS and in this study, we will find out if it may be
observed by the morphology of lactobacilli.

Different culture media resulted in growth change of Lactobacillus, leading to the various
performance of lactobacilli when apply to further research. This research aims to investigate
tolerance and morphological changes under different growth conditions and treatment, to
determine the optimal growth condition of Lactobacillus applying to various further research.

Ligilactobacillus salivarius were incubated in MRS with glucose, galactose, mannose, fructose
and enzyme-treated wakame broth for 24 h. OD values were measured every 30 min. Survival of
L. salivarius was evaluated in the simulated gastric juice, which contained 25 mg/mL of pepsin.
The pH was adjusted to 2, with 0.1N HCI. Wakame solution with enzyme treatment was added
to gastric juice (1%(v/v)) for the experiment and sterilized MilliQ water was added as the control.
Bacterial viability was performed by plate counting on MRS agar plates after 0.5, 1, 2, 3, 4, and
5 hours. Survival of L. salivarius in bile salt was evaluated by the method as above with 0.3% of
bile salt.

Bigger colonies of L. salivarius were observed when incubated anaerobically. Surface of bacteria
were plump by three-times pre-incubation. Low pH cause mainly physical damage to the protein
of cell surface and presence of bile salt cause mainly chemical damage by hydrolyzing cell surface.
When the L. salivarius were heat killed at 70°C for 90 min, bacteria surface was minimally
damaged with the original shape, indicating this inactivate condition for the lactobacilli could
apply to further immunoassay to evaluate properties of immunobiotics.

(Non-member collaborators : Haruki Kitazawa. Laboratory of Animal Product Chemistry,
TohokuUniversity, Graduate School of Agricultural Science, Tohoku University)
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Biotin deficiency is involved in immune modulation by the intestinal immune
system

AKIRA HOSONO®, MASATO TSUDA®, HIRAKU OKADA®, YUSUKE OHSAKI™,
MICHIO KOMAI* and HITOSHI SHIRAKAWA™

“Department of Food Bioscience and Biotechnology, College of Bioresource Sciences, Nihon University,
Isehara

“Laboratory of Nutrition, Graduate School of Agricultural Science, Tohoku University, Sendai

Biotin, a water-soluble vitamin, is an essential nutrient for body as well as one of the metabolites by
intestinal commensal bacteria. It is known that the biotin deficiency induces the inflammatory responses
in the body, but the immunomodulatory effects of biotin on the intestinal immune system have not been
fully elucidated. In this study, we aimed to analyze the effect of biotin on the cellular responses of lymphoid
tissues in the large intestine, which is significantly affected by intestinal bacteria.

We utilized BALB/c mice bred on a biotin-containing (control) or a biotin-deficient diet under
conventional (CV) or germ-free (GF) condition to investigate the immunomodulatory effect of biotin derived
from both dietary components and intestinal commensal bacteria. The phenotype of B or T cells in spleen
(SPL), Peyer’s patches (PP), cecal patches (CeP), colonic patches (CoP) were analyzed. Each cells fraction
form gut-associated lymphoid tissues was cultured under CD3/CD28 stimulation, and the amount of
cytokines in the supernatant was measured by enzyme immunoassay (ELISA).

In CoP cells of GF mice, dietary biotin deficiency decreased naive CD4+ T cells and increased effector
CD4*+ T cells compared with the standard diet group. CoP T cells in biotin-deficient GF mice were
characterized by a higher IL-4 production than that of GF mice on the standard diet. Therefore, we
hypothesized that a genuine biotin deficiency induced by feeding a biotin-deficient diet to GF mice may be
involved in the inflammatory responses through the induction of T-cell differentiation on CoP in the gut.
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Effect of biotin ingestion on the expression of genes associated with cognitive ability

KOTA SHIOZAWA, YUSUKE OHSAKI and HITOSHI SHIRAKAWA
Laboratory of Nutrition, Graduate School of Agricultural Science, Tohoku University, Sendai

Biotin is a member of B group vitamin that is supplied from daily diet and the product by gut microbiota. Its well-
known function is a coenzyme of carboxylase involved in glucose, lipid, and amino acid metabolisms. Beside these
physiological functions, pharmacological dose of biotin shows novel functions; improvement of diabetes and
hypertension, and anti-inflammatory effects. However, there are few reports regarding effect of biotin on brain,
specially cognitive function. In this paper, we analyzed the effect of biotin supplementation on the gene expression in
the hippocampus in rats. Wistar rats (male, 8 weeks old) were divided into a control (distilled water) and a biotin (3.3
mg /biotin solution ) groups and were bred for 2 or 8 weeks. Estradiol levels in hippocampus were decreased in biotin
treatment for 2 weeks but increased in 8 weeks treatment. On the other hand, blood estradiol levels were increased in
2 weeks of biotin treatment, but not changed in 8 weeks treatment. These results indicated that hippocampus
steroidogenesis altered by biotin treatment is not correlated with its synthesis in gonad tissue and peripheral metabolism.
Brain-derived neurotrophic factor (BDNF), a nerve growth factor, has an important role in neurogenesis and
improvement of cognitive function. Hippocampus BDNF was increased in biotin administered group for 8 weeks.
Protein kinase A (PKA) and CREB, which regulate the expression of BDNF, were decreased in biotin treatment for 8
weeks. These results suggested that BDNF expression is enhanced by biotin via PKA-CREB independent manner.

Keywords: biotin, cognitive ability, brain, sex hormone, brain-derived neurotrophic factor (BDNF)
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The effect of vitamin K-free diet on bile acid metabolism in mice

MICHIYA NISHIKIDO, YUSUKE OHSAKI, MICHIO KOMAI and HITOSHI SHIRAKAWA
Laboratory of Nutrition, Graduate School of Agricultural Science, Tohoku University, Sendai

There are two types of naturally occurring vitamin K (VK), plant-derived VK1 (phylloquinone) and
mainly microbial-derived VK2 (menaquinone: MK-m). Our intestinal microbiota also synthesized
menaquinones, and a part of them are absorbed and utilized. Menaqinone-4 (MK-4) works as a ligand of
nuclear receptor PXR and can modulate certain gene expression. Previously we reported that orally
administered MK-4 modulated mRNA expression of bile acid synthesis in the liver of humanized PXR
mice. MK-4 is known to be endogenously converted from dietary VK, thus in order to clarify the
relationship between dietary VK and bile acid synthesis we analyzed the effect of the VK-free diet on bile
acid metabolism in mice.

C57BL/6 mice were fed either control or VK-free diets for 28 days, then organs were collected after 6 h
fasting. Hepatic VK and bile acids concentrations were measured by fluorescence HPLC, and LC-MS/MS,
respectively. In addition, the mRNA expression levels of bile acid metabolism-related genes in the liver
and ileum were analyzed by quantitative RT-PCR.

Hepatic VK levels were reduced by the VK free diet. In addition, VK concentration in the liver of
females was higher than that of males. The mRNA level of bile acid synthesis genes in the liver was
decreased by the VK free diet. In females, the VK free diet increased secondary bile acids in the liver,
and the total bile acid content also tended to increase. These results suggest that dietary VK could affect
bile acid metabolism in mice.

Keywords : Vitamin K, Menaquinone-4, Bile acids, PXR, Sex difference
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