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Low protein adaptation among Papua New Guinea Highlanders

MASAHIRO UMEZAKI

Department of Human Ecology, Graduate School of Medicine, The University of Tokyo, Tokyo

The inconsistency between Papua New Guinea Highlanders' protein-deficient diet and their
muscular physique is well known. Moreover, although their protein intake is less than biologically
adequate, protein-deficiency related disorders have rarely been reported in this setting. We have
speculated that the populace have adapted to a low-protein diet by utilizing air nitrogen fixed by
intestinal bacteria and by intensive "recycling" of urea that passes into the gastrointestinal tract.
The recent emergence of genome science has enabled us to examine the unsolved question of
Papua New Guinea Highlanders' adaptation to a low protein diet in more direct way. In our project,
we evaluated gut microbiota for healthy individuals in four Papua New Guinea communities
subject to different degrees of protein deficiency. Association of gut microbiota and variation of
protein intake and nutritional biomarkers were investigated. In addition, fecal samples of
individuals from one of least modernized communities in Papua New Guinea Highlands were
transplanted into germ-free mice, which were then fed with low protein diet. I will present and

overview of the project as well as preliminary findings from the analysis.
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Effect of intestinal bacteria on host amino acid metabolism

YOSHIE SAITO

Co-Creation Center, Meiji Holdings Co., Ltd.,Tokyo

Gut microbiota have diverse metabolic activities and play an important role in host nutrition.
Regarding amino acid metabolism, gut microbiota provide amino acids to the intestinal tract
through degradation of undigested proteins, as well as de novo synthesis of some amino acid. On
the other hand, intestinal bacteria utilize substantial amounts of amino acids for the synthesis of
their cellular components and as an energy source. Thus, amino acid metabolism by gut bacteria
may have an influence on amino acid homeostasis in the host. Indeed, it has been reported that
germ-free mice have a different amino acid profile in the gut and blood compared to SPF mice
and that perturbations in microbial amino acid metabolism are associated with malnutrition in the
host. The effects of microbial amino acid metabolism on the host are complex, and it has been
unclear how they affect the amino acid requirements of the host. To elucidate this, we applied the
indicator amino acid oxidation (IAAO) method in germ-free mice. The IAAO method can estimate
the amount of amino acid pool in the body and protein metabolism by measuring the surplus of
ingested indicator amino acids, which are not used for protein synthesis and are oxidized and
excreted as carbon dioxide in the breath. In this presentation, we will focus on the results of the

IAAO method in germ-free mice.
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Nutritional research using germfree animals — vitamins

HITOSHI SHIRAKAWA, YUSUKE OHSAKI, YOSHIHIKO MINEGISHI and
MICHIO KOMAI

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

Numerous gut microorganisms synthesize several vitamins including B-group vitamins and
vitamin K. Produced vitamins are absorbed by the host and contribute to a part of host's nutritional
requirement. Vitamin deficient model using germfree animals has great advantage compared to
the model induced by the administration of antibiotics and metabolic antagonists because drug-
induced models cannot exclude off target effects completely. For clarifying novel functions of
vitamin K, we developed vitamin K deficient model using germfree animal. In this paper, we
introduce novel function of vitamin K revealed in this model. Vitamin K is one of the fat-soluble
vitamins and acts as a cofactor for y-glutamyl carboxylase, which catalyzes posttranslational
modification (called Gla formation) of blood coagulation factors and bone proteins. There are two
types of naturally occurring vitamin K, phylloquinone derived from plants and menaquinones
mainly produced by microorganisms. Menaquinones have isoprene units of various lengths in their
side-chain structures. Large amount of menaquinone-4, which has four isoprene units, is observed
not only in the liver and bone, but also in the pancreas, brain, and testis. Menaquinone-4 in these
tissues is endogenously synthesized from dietary phylloquinone and microbial-derived
menaquinones, and has unique functions other than Gla formation. We explored further functions
of menaquinone-4 using germfree rats fed vitamin K deficient or supplemented diets. In testis, we
found mRNA level of steroidogenic gene and testosterone level were reduced under vitamin K
deficient state. Further analysis indicated that menaquinone-4 can stimulate adenylate cyclase and
activate downstream pathway toward testosterone production. This novel property of
menaquinone-4 could contribute to prevent age-related diseases and further prolong healthy life

expectancy.
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Gut microbiome research in patients with multiple sclerosis

DAIKI TAKEWAKI
Department of Immunology, National Center of Neurology and Psychiatry, Tokyo

The number of patients with multiple sclerosis (MS) in Japan has been rapidly increasing for
decades. This may be linked with westernization in lifestyle and subsequent alterations of the gut
microbiome. Notably, recent achievements established the bidirectional causality between gut
microbiomes and development of MS. As the next step, many researchers try to overcome "unmet
medical needs" of MS through the gut microbiome. MS generally starts as relapsing remitting MS
(RRMS), but often shifts into secondary progressive MS (SPMS). SPMS represents a more
advanced stage of MS, characterized by accumulating disabilities and refractoriness to
medications. Recently, we revealed the characteristics of gut microbiomes associated with each of
RRMS and SPMS based on the microbial composition, metagenomic functional, and metabolite
analyses (Takewaki et al., PNAS. 2020). In microbial composition analysis, we identified specific
bacteria whose abundance was significantly increased in SPMS compared with that in RRMS and
positively correlated with clinical severity score of the patients. Next, we have isolated this
specific species from the fecal sample of a SPMS patient and are doing in vivo analysis to verify
the functional significance of this species. In metagenomic functional analysis, we revealed an
enhancement in microbial DNA mismatch repair in SPMS, which was consistent with excessive
fecal oxidation shown in sulfur metabolomic analysis. In this seminar, I will talk about the
background of MS microbiome research and significance of the obtained results and discuss the

future therapy for intractable neurological diseases focusing on the gut microbiome.
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Study of food and physiological functions using germ-free animals and
management of the experimental facility

AKIRA HOSONO
Department of Food Bioscience and Biotechnology, College of Bioresource Sciences, Nihon University, Fujisawa

Huge numbers of intestinal bacteria in the body interact with various physiological actions such as tissue
development and maintenance of homeostasis via the intestinal tract. In these days, it has been noted that
intestinal commensal bacteria play important roles not only in the host intestine but also in various biological
responses, and germ-free (GF) animals are useful as important tools for clarifying these problems. Numerous
reports in immunological analysis show that the presence of intestinal microbiota and the colonization of the
specific commensal bacteria in the intestinal tissue play important roles in the development of gut-associated
lymphoid tissue and cell differentiation of lymphocytes. For example, intestinal commensal bacteria are strongly
involved in the development of intestinal immune system and the induction of immunoglobulin A (IgA), which
is the main immune response of mucosal immunity in the gut. In particular, the induction of IgA production of
the small intestine in GF mice is observed that constant immune responses occur at a low level whereas that of
the large intestine in GF mice shows rarely. This is because, although no live bacteria exist in the breeding
environment of GF mice, contamination with dead cells of bacteria, bacterial metabolites, and organic
substances having common antigens with microbial antigens are unavoidable, and including bacterial
components even in the purified diet sometimes. It shows that there are bacterial antigens reacting with pattern
recognition receptors of immunocytes in the environment of GF mice. Since it is easily assumed that these
microbial antigens are orally sensitized to GF mice, the inducible immune stimulation in the small intestine may
be particularly affected. On the other hand, for the analysis of the immunomodulatory effects of the specific
intestinal bacteria, gnotobiotic animals, which can colonize and analyze specific bacteria in GF mice, are used
as an effective method. Bacteroides is one of the dominant bacteria in the gut. Bacteroides acidifaciens type
A43 derived from murine intestinal bacteria, and we can demonstrate that Bacteroides mono-associated mice
are strongly involved in inducing germinal center formation and IgA production in the intestinal tract immune
system, particularly in the large intestine. Furthermore, there are many reports suggesting that not only antigen
stimulation by bacterial components of the commensal bacteria but also their metabolites have strong influences
on host immunoregulation. It shows that gnotobiotic animals in intestinal microbiome research are highly useful
not only in basic research but also in the food functionality research and the drug metabolism research. In
addition, in recent years, the idea of gut-brain axis has become a trend in the research of intestinal microbiology,
and the effects of the intestinal environment on cognitive function in the brain has also been shown. In this
presentation, I would like to introduce the modeles of food functionality research using germ-free animals, as

well as the management and operation of the experiment at an agricultural university.
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Microbial inactivation by high hydrostatic pressure treatment

KAZUTAKA YAMAMOTO and YOSHIKO NAKAURA
Food Research Institute, National Agriculture and Food Research Organization, Tsukuba

Conventionally, food has been processed by thermal treatments such as heating and cooling.
Since 1990, treatment with high hydrostatic pressure (HHP) ranging from 100 to 600 MPa has
been applied to food processing as a nonthermal process. Since HHP processing suppresses
chemical reactions in food, flavor, color, and nutrients can be maximally retained. In addition,
HHP induces physical changes such as protein denaturation and thus it lethally or sublethally
inactivates pathogenic and/or spoilage microbes, particularly bacteria. Therefore, HHP food
processing has attracted great attention of food technologists for producing high quality safe foods.
Safety of HHP-processed foods is the highest priority in the food industry, and thus HHP-induced
microbial inactivation has been studied intensively. This paper will overview HHP inactivation of
microbes with focuses on HHP-induced injury of bacteria and subsequent recovery as well as

suicidal germination induced to bacterial spores by HHP-heating combination.
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Next-generation sericulture and germ-free silkworm

TAKASHI KIUCHI

Laboratory of Insect Genetics and Bioscience, Department of Agricultural and

Environmental Biology, Graduate School of Agricultural and Life Sciences, The University

of Tokyo, Tokyo

The silkworm, Bombyx mori, is a domesticated lepidopteran insect (moths and butterflies)
which produces vast amounts of silk protein. Furthermore, genetically modified silkworms
can produce recombinant proteins such as GFP, human collagen, and feline interferon.
Recently, next-generation sericulture using genetically modified silkworms that produce
useful foreign proteins is developing in Japan. Under such situation, aseptic rearing of the
silkworm larvae using artificial diet is re-evaluated.

The aseptic rearing is accomplished by using surface-sterilized eggs, sterilized artificial diet,
and clean rooms. Germ-free silkworms grow well without pathogenic infection under
minimum number of feeding, which provide stable supply of the silk and recombinant
proteins throughout the year. Therefore, the aseptic rearing system using artificial diet will be
required more often along with the development of next-generation sericulture. However,
mulberry leaves powder-containing artificial diet is costly and not all silkworm strains can eat
artificial diet. In order to reduce rearing costs, we need polyphagous silkworm strains that eat
non or less mulberry leaves-containing artificial diet. In this lecture, I introduce our efforts to
develop rapid breeding strategy of polyphagous silkworm strains.

Germ-free silkworms are also useful for basic science. I would like to discuss new

approaches using germ-free and gnotobiotic silkworms in insect science.
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Guideline for Authors

A. Annual meeting proceedings
I. Proceeding manuscripts (oral presentations)

1.

Authors and all co-authors must be members of the Japanese Association of Germfree Life and Gnotobiol-
ogy (JAGG). Papers submitted for review must convey new unpublished findings from studies in germfree
research or gnotobiology. Manuscripts are accepted for publication following review by the Editorial and
Publications Committee. Please prepare manuscripts according to the instructions below, with reference to
the printing sample available through our website. Reproduction in color is available, at the full expense of
the author.

Manuscripts are accepted in both English and Japanese. However, in the case of Japanese papers, the infor-
mation carried in the title page, abstract, and key words must also be duplicated in English. All titles and legends
to tables, figures, and photos, as well as the reference list must be prepared in English regardless of
whether the papers are prepared in English or Japanese.

The title page of the manuscript should carry manuscript title, name of authors and affiliations, postal ad-
dress, zip code, phone, fax, and e-mail address of the corresponding author.

Begin the manuscript on page two, starting with abstract (within 250 words), five key words, and text (2000
words), in the order of: I) Objective (or Introduction), II) Materials (or Subjects), IIT) Methods, IV) Results,
V) Discussion, VI) Conclusion, VII) Acknowledgments (if any), References, and a maximum of 5 figures,
tables, or photos in total.

An electronic copy in MS-Word format, tables and figures may be incorporated into the Word file, submitted
as separate Excel or PowerPoint files, or as jpg, pct, eps, or tif images adjusted to actual printing size. Tables
and figures should each be numbered consecutively in Arabic numerals (Table 1, Figure 1), with a title for
tables and descriptive legends for figures. The location of tables and figures in the text should be indicated in
the margin of the typescript. Each table and figure should be printed on a separate sheet of paper. The manu-
scripts in the journal are generally printed in black and white. However, if the authors prefer color printing of
figure (s) in the manuscript, additional page charge will be added.

Abbreviations must be preceded by the full term at first mention. Use standard units of measure such as: m,
cm, mm, um, nm, 1, ml, pl, kg, g, mg, pg, ng, pg.

References should be cited in the text using superscript Arabic numbers, in order of appearance. In the refer-
ence list, the references should be numbered, followed by authors (all authors in full, all capitals), title, journal
name (italicized, abbreviated according to Index Medicus), volume (boldface), page numbers (first and
last), and year of publication.

Example:

1. TAGUCHI, H., TAKAHASHI, M., YAMAGUCHI, H., OSAKI, T., KOMATSU, A., FUJIOKA)Y. &
KAMIYA, S.: Experimental infection of germfree mice with hyper-toxigenic enterohaemorrhagic
Escherichia coli O157:H7, strain 6. J. Med. Microbiol., , 336-343, 2002.
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New York, Plenum Press, pp.77-83, 1992.

3. SAKAGAMIT., FUKUDA, Y., TAMURA, K., TANIDA, N. & SHIMOYAMA, T.: Does Helicobacter
pylori promote gastric carcinogenesis? J. germfree life gnotobiol., , 25-26, 2001. (in Japanese)

Manuscripts should be sent by E-mail to gnotobiolosaki @ks.kyorin-u.ac.jp.

Copyright of manuscripts accepted for publication will become the property of the Japanese Association of
Germfree Life and Gnotobiology (JAGG).

The JAGG retains the right to publish accepted manuscripts in part or full in any network or other media
recognized by the Association, in any language (including electronic publishing).

B. Original articles and reviews
I. Original articles

1.

Submission of manuscripts to this journal is limited to members of the Japanese Association of Germfree Life
and Gnotobiology (JAGG) or the International Association for Gnotobiology (IAG), based on material pre-
sented at the annual meeting of the JAGG or International Symposium for Gnotobiology.

Papers submitted as original articles must convey unpublished findings and conclusions of note from innova-
tive studies capable of contributing to the development of germfree research or gnotobiology.

Acceptance of manuscripts for publication will be judged by the Editorial and Publications Committee and
referees.

Orginal articles must be prepared in English throughout, in accordance with the instructions for proceeding
manuscripts above, with the exception that there is no limitation in word count or number of tables, figures
and photos.

Authors will be charged 5,000 yen/printed page for manuscripts submitted as original articles. Color repro-
ductions are possible at the full expense of the author.
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II. Reviews
1. Reviews are accepted in either English or Japanese as invited papers as a rule, to be prepared in accordance

with instructions for oral presentation manuscripts. Color reproductions are prossible at the full expense of the
author.

C. Ethical guidelines
Study protocol must have obtained approval by an appropriate institutional Ethics Committee. Studies on human
subject must also conform to the provisions of the Declaration of Helsinki (as revised in Seoul 2008), the Ethical
Guidelines for Clinical Research (2008 Ministry of Health, Labour and Welfare Public Notice 415), and the
Ethical Guidelines for Epidemiological Research (2007 Ministry of Education, Culture, Sports, Science, and
Technology, and Ministry of Health, Labour and Welfare Public Notice 1). Animal studies must conform to the
Standards for the Rearing, Housing, and Alleviation of Pain of Experimental Animals (2006 Ministry of the En-
vironment Public Notice 88). Compliance with these guidelines must be stated within the text of original articles.
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