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Mission statement
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Comprehensive Studies on Biological Interactions

in the Tropical Biosphere
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Biological phenomena in the tropical biosphere are established
upon delicate and well-balanced mutual interactions between
a great variety of species. Since this is facing a global
crisis due to human activity and climate change, systematic
and comprehensive solutions to this crisis are need to be
investigated and implemented based on studies of complex
biological interactions.

Our mission at Tropical Biosphere Research Center of the
University of the Ryukyus is to function as the state-of-the-
art international research and education center on the above
mentioned issues in the tropical biosphere. We aim to
find solutions to the current crisis by conducting biological
and ecological studies to understand the mechanisms of
establishment and maintenance of the vast diversity of life,
including humans, in tropical and sub-tropical biospheres.

Areas of research interest and educational activities include:

1. The establishment and maintenance of biological diversity.
2. The survival strategies of living organisms.

3. The dynamic interactions of symbiotic or infectious
microbes with hosts.

4. Cultivation of next-generation researchers and educators.
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Tropical Biosphere Research Center (TBRC) is a research
institute of University of the Ryukyus located in a subtropical
climate zone. Faculty members of TBRC are conducting
biological researches related to the tropical and subtropical
environment. These researches are mainly focused on the
mechanism by which the biological diversity has been
established and maintained, the survival strategies of living
organisms, and the dynamic interactions of symbiotic or
infectious microbes with hosts. Applied researches on food
and health in subtropical area are also carried out in TBRC.
These research activities cover all four Key Words of the
University of the Ryukyus: Islands, Marine, Subtropical
Climate, and Health and Longevity.

TBRC has been approved to be a Joint Usage/Research
Center (JURC) by the Ministry of Education, Culture,
Sports, Science and Technology (MEXT) of Japan. As the
sole JURC in the subtropical climate zone, TBRC provides
opportunities to study subtropical organisms and ecosystems
for both domestic and international researchers. TBRC
has great access to resources of the insular environments
of the Ryukyu Archipelago with high endemism that
have been developed in humid subtropical climate under
complex geographical history, which includes coral reefs
and mangrove forests with high biodiversity. Iriomote and
Sesoko Stations of TBRC are located right next to coral
reefs and mangrove forests, respectively, and are equipped
with dormitories and laboratories available for the field
researchers. To reinforce the field study involving such
unique nature, we have established a new Department of
Mangrove Study since 2022.
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Establishment of interdisciplinary research area of field
research and molecular biology is among important goals
of TBRC. Center of Molecular Biosciences (COMB)
and Nishihara Station of TBRC in Senbaru Campus play
important roles in the issue. Genome sequencing of tropical
field-derived samples becomes standard analyses in recent
years. To further improve co-operation between the Stations,
teleconference system has been actively used to exchange of
information since already before the pandemic of COVID-19.

Tropical Biosphere Research Center | 3



nE
History

B - #FEMEHRRLYT-

Tropical Biosphere Research Center
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The Tropical Biosphere Research Center of
the University of the Ryukyus was established
by unifying a cooperative institute Sesoko
Marine Science Center in Sesoko Island
(current Sesoko Station, established in 1971),
Research Institute of Tropical Agriculture
of Faculty of Agriculture in Iriomote Island
(current Iriomote Station, established in 1971)
and newly established Nishihara Laboratory in
Senbaru Campus (current Nishihara Station),
and assigned as a Joint-use Research Institute
in 1994.
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Center of Molecular Biosciences

1991 41T X IE X 72 BRER K 27 {1 52 B3 it i
ZUHH L. 2001 FFIC BB TEBEL VX — 25
ﬁﬁ??ﬁ*%VﬂZWCﬂﬁéhtom%ﬁ

FONAFH AL TV RO D R EERE %

TR o ik e U CHBEL T & 7228, 2008 4EiC
IErifk e LCoFEX L VHEICT 2729
zoaMmE s TEMBI AN vy 2 —ICAEL
e

The Center of Molecular Biosciences (COMB)
was established in 2001 by reorganization of
the Gene Research Center. COMB had been
situated in the main campus of the University
of the Ryukyus and had been a central research
institute of molecular biosciences in the
university.

The former Tropical Biosphere Research Center and the
Center of Molecular Biosciences are unified in 2009 to
launch the new Tropical Biosphere Research Center,
and it was certified as a Joint Usage/Research Center by
the Minister of Education, Culture, Sports, Science and
Technology (MEXT) of Japan in 2010.
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Department of Coral Reef Biological Science
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Coral Reef Ecology and Systematics
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Coral Reef Physiology
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Department of Biodiversity and Evolutionary Biology
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Department of Infectious Diseases
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Vaccine Research and Development
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Molecular Microbiology
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Department of Applied Biological Information

AR E PG 0 B

Molecular Biotechnology
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Environmental and Biological Information
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Department of Mangrove Study
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Marine and Terrestrial Field Ecology
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Department of Cooperative Biosphere Research
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Planning Division Section
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Distinctive features

The salient feature of the Tropical Biosphere
Research Center (TBRC) lies in its geographic
location, which permits long-term in-situ studies
on a tropical biota. TBRC is, therefore, expected to
play a central role in biological research of tropical
and subtropical subjects in Japan. Many foreign
and domestic researchers visit TBRC, and create
fascinating opportunities to enjoy stimulating and
constructive discussion. The geographic advantage
is also beneficial to students in both education and
research by providing an “in-situ lecturing” with
actual organisms in their natural habitats.

TBRC was designated from 1996-2000 as a
Center of Collaboration by the corresponding
ministry and received additional funding for several
research-supporting programs. In 2008, TBRC was
combined with Center of Molecular Biosciences
(COMB), and the research area has been extended
to include genomics, biotechnology, bioremediation,
and molecular microbiology with increase in
the number of staff members. At the same time,
TBRC was approved to be a Joint Usage/Research
Center (JURC) by Ministry of Education, Culture,
Sports, Science and Technology (MEXT) of Japan.
Furthermore, the Foreign Scholar Invitation Program
provides a good opportunity to promote international
co-operative research, and the Domestic Scholar
Invitation Program is helpful in expanding research
activities.

Cooperative studies

Cooperate Study Program financially supports researchers
who collaborate with TBRC faculty members, or those
who use the field of TBRC with support of TBRC faculty
members.

Cooperative workshops

Cooperative Workshop Program financially supports
symposiums and meetings on tropical and subtropical
biospheres to promote future cooperative researches.

Education

TBRC faculty members are actively engaged in lectures and
mentorship of master's or Ph.D. students for graduate schools
(Engineering and Science, Agriculture and Medicine). We
also offer lectures, practical courses (e.g. Marine Biology
Course) and other activities for undergraduate education.

Publications

TBRC publishes Annual Reports, and information on the
research activity including the Annual Reports is uploaded to
the website of TBRC.

Accommodation

Dormitories are available at Sesoko Station and Iriomote
Station. The facilities are available for visitors who
participate in researches meetings and practical courses.
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We are studying ecology, systematics, and conservation
biology of coral reef organisms, especially of reef-building
corals. Our research involves field survey (using SCUBA)
and laboratory experiments (using aquariums in Sesoko
Station and molecular analyses).

We are mainly focusing on the following topics:

1) Connectivity of populations and population genetics of
corals

2) Possibility of adaptation and acclimatization to heat stress
by corals

3) Establishment and maintenance of symbiosis between
corals and symbiotic algae

4) Biodiversity and ecological researches of the organisms
that are inhabited coral reefs and surrounding environments
(e.g. intertidal zone, inner bay with muddy-sandy
substratum, mesophotic coral ecosystems (below 30m))
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Coral spawning. We study larval
dispersal and recruitment,
establishment of symbiosis and effect
on environmental changes on early

stages of corals.
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A crab species with bilaterally
asymmetrical genitalia is discovered for
the first time in the world. This species
was formally described as Mabui
calculus Naruse, Maenosono & Ng.
2021.
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The coral reef physiology group is studying corals and coral
reef associated organisms using physiological, biochemical,
morphological and molecular-biological techniques.

Main research topics
* Coral bleaching: Investigating the mechanisms governing
the corals response to increases in seawater temperature,
including variations in bleaching sensitivity and potential
means for adaptation.

* Synchronized coral spawning: Investigating the mechanism
of synchronized coral spawning.

» Gamete recognition in marine invertebrates : How do
gametes of the coral and sea cucumber interact with each
other and fertilize in a species-specific manner?

* Evolution of reproductive behavior and sperm in cichlids in
Lake Tanganyika: Cichlids in Lake Tanganyika are endemic
and show variety-rich reproductive behavior. We study
evolutionary correlation of behavior and sperm motility and
fertilization-related proteins.

.—J,m:(H/XchtZﬁj/jO)EMtﬁ%
Coral bleaching caused by heat stress.

Acropora spp that spawns around full moon

on June.
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Cichlid in lake Tanganyika:
mating systems,
reproductive tactics are
diverse among the cichlids.
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The Asia-Pacific islands region has attracted many naturalists
due to remarkably high biodiversity and many endemic
species. However, detailed histories and mechanisms of the
diversification have not been well understood.

In order to grasp the current status of the biodiversity
in the Asia-Pacific islands region, including the Ryukyu
Archipelago, we are conducting basic taxonomic studies,
especially on fishes, amphibians/reptiles, and flowering
plants. To examine dynamic aspects of the biodiversity, the
population structure and reproductive ecology of a single
species, and morphological/ecological variations within and
among species as well, are also being studied. Moreover, by
comparing the results of phylogenetic studies against present
situation of intra-/interspecific variations as well as geo-
historical events of the region, we are trying to understand
external and internal factors that have caused the bio-
diversification of this region.

AEBETCIASIVYRFIABOLAHE
(Elatostema sp.) %R
Oryzias in the tropics are very diverse Endangered lizard, Takydromus An unidentified species, Elatostema

toyamai, observed during the field sp. (Urticaceae) from Iriomote Island,

Okinawa
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At BRAALEINTIVOTVEZODR,
AL yOVUBROMEY (WER) Lk, Jx7,

ET DAPI &K (EAEHKITVWE),

Gut of termite and their symbiotic protists
Green signals indicate methnogens

£ yOT7VEHBEOF AL EXTANALYOARR R

Analysis of wood decomposition mechanisms
by termites and their symbiotic microorganisms digest
almost withered plants in subtropical and tropical areas.
Effective decomposer systems constructed by both host
and symbiont relationships are being analyzed from the
viewpoints of molecular biology, biochemistry, morphology,
and spaciotemporal metabolomics. The outcome would give
a useful insight into a molecular basis of carbon recycle in
the tropical ecosystem and is expected to be applied for bio-
ethanol production as an important bio-resource.

Evolutionary and genetic analyses of insect-
endosymbiont mutualisms

Many insects harbor obligate mutualistic endosymbionts. We
are studying mechanisms and diversity of insect-symbiont
interactions focusing on the symbionts of cockroaches,
termites, stinkbugs, cicadas and fruit flies. In termites, the
loss of intracellular symbioses and gain of gut symbioses can
be considered as an evolutionary transition based on genetic
and metabolic conflicts between two different symbiotic
systems. Thus, we conduct comparative genomics among
several strains of cockroach endosymbiont Blattabacterium
cuenoti and its metabolic diversity of the endosymbiont
and gut to elucidate their conflicts. We also study various
singing cicada species for their microbial symbioses, having
discovered repeated evolutionary transitions of fungal
parasites into beneficial symbionts for compensating the loss
of ancient bacterial symbiont lineage.

AL HMBCHEBEIFARLEEIO WS (FR

T FI¥JUO%H, ¥ DNAZLB)
AT =G (BEROMBEARICEELTVWAXIVER O7VEELBTWVS,
EAREICHXo2TWE), Top:

Upper-Left: Lygaeid seed bug, Nysius plebeius

W o o d - Upper-Right: A bacteriocyte of N. plebeius,
feeding cockroach, harboring numerous symbiont cells
Cryptocercus ETF A9YFIH9U€IAAMA

punctulatus

AT HEEH (FREMERE) 2<0riHELA

Bottom: Juveniles of EEICHEXIZIEEBEHELTNS
C. punctulatus, which Sugar cane cicada , Mogannia minuta and its

resemble termites
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We are developing genetically engineered toxoid vaccines
and therapeutic monoclonal antibodies against Shiga toxin-
producing Escherichia coli (STEC, e.g., O157:H7) infection.

We are also interested in the development of virus-like
particle (VLP) vaccines against viral infection. VLP vaccines
are expressed in E. coli and insect cell-baculovirus system
with recombinant protein technology. VLP is non-infectious
and a promising vaccine antigen since VLP contains only
viral outer shell, not genetic materials.

We conduct our research activities in collaboration with
industrial and governmental sectors.

&% x100,000 x200,000

2.VIP EFBEHMETE
MIBZIIYNIBEEMICIYBRLEEIIINAO VLP #EEL, EBE
BEFEMBECRELE. RAROVINALEFER—OKEST, 1D,
KESEH—THof. HHFABILERERNAY, KFPRIA
BLHHTWREDOHHEIeNn6. RIFARBEBEICHI>TVEIEN
Dh B,
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The Molecular Microbiology Group is dedicated to basic
researches on immune response to infections of tropical
area, especially tuberculosis. Through analyses of
interaction between host immune system and Mycobacterium
tuberculosis (Mtb), the causative bacteria of tuberculosis, we
intended to develop new strategies to control tuberculosis.
Mtb produces virulent factors Zmpl which suppress
protective cytokine IL-1B. We have identified a novel
Zmpl-binding protein Grim-19 which is a component of
mitochondrial complex I (Fig 1 and 2).

The innate immune memory, so-called “trained immunity”,
has recently received increased attention. Because trained
immunity can enhance the host defense against broad
types of pathogens, it may be applicable to control various
infectious diseases including COVID-19. It has been shown
that avirulent Mtb strain BCG induces IL-1B-dependent
trained immunity in humans and mice. We are currently
developing Zmpl inhibitors to induce trained immunity by
BCG more efficiently.

Our Group members also hold posts in the Graduate School
of Medicine (Department of Host Defense) and participate
in the Graduate Education Program at the University of the
Ryukyus.

(B)
_ day 7 day 30
IL-1p [ WT-BCG - 1 =
[ Zmpl KO-BCG . {32,8} i {15,3)
PeDO1 - | = - . WT-BCG
Pells ‘ ﬁ g .:: _g .
: = (56.4) _ (48.7)
vl man L b e - Zmpl KO-BCG

7 30 (days) Y ——

2:Zmp1 XB BCGHKRICHTEMTOREINE

NUARICZmp1 RIEBCCHERTEEBULE, MAO IL-1 BELE MBI
HoN (A).
RHLEB), 2O Zmpl KB BCGEBVIALGREKHOEZALZRLIE
3¢, EBRAOBEZBEOBENMMISNLIENS, Zmp1 K18 BCG O
FHMBENEEFIND,
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Since Okinawa is composed small islands located in a
subtropical region, it is strongly influenced by a maritime
climate with strong sunlight throughout the year, unlike the
temperate zone to which most of the Japanese archipelago
belongs. In this environment, there are high physical (heat,
ultraviolet rays, strong winds), chemical (soil salinity),
and biological (pests) stresses. Therefore, native plants in
Okinawa are equipped with high stress defense mechanisms.
Many of the molecules involved in these stress responses
(phytochemicals) have strong effects on animal physiology.
Some of them can be applied as functional components that
affect human health.

In this field, we are investigating the functional
characteristics of plant resources in subtropical islands and
their application to human health maintenance.
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Recent advances in DNA sequencing technology enable
us to analyze whole genome and gene expression of
organisms comprehensively and rapidly. Our research group
is trying to reveal the metabolism, function, ecology, and
interrelationships of environmental microorganisms reside in
tropical & subtropical area using genome information.

We are mainly focusing on the following research subjects.

1. Elucidation of how coral-associated microorganisms
contribute to the health and the adaptation of their host
corals.

2. Identification of microorganisms involved in the
morphogenesis, growth and disease of “mozuku”
(Cladosiphon okamuranus).

3. Collection of anaerobic protozoa inhabiting wastewater
treatment processes and research on their symbiotic
microorganisms.

4. Collection of microorganisms from various environments
in Okinawa islands and promotion of joint research using
these microbes.

A 4 - . . L ek
BIERICEZETERY . BROFEEAPER FRBENOTKALABIOCALYFEICEEL
R - B YIORBBERCETYIAAN CEBRICHBIZIMEYNIEEZLRREZRE KIHLEBRSMESBER GWT %, HREANIICXS

VERE (BEH) CHBERAOEIEMEH®

ns. “Mozuku” grown on aquaculture net. £k (2XH) OHFEEIVERINE,
A coral reef around Okinawajima Island. Seaweed-associated microorganisms Anaerobic protozoa isolated from

Bacteria inhabiting corals or/and coral play important

roles in the wastewater treatment process harbors

reef seawater are considered to play mophogenesis and growth of the host two types of prokaryotic symbionts.

important roles in the formation and seaweed.
maintenance of coral reef ecosystem.
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Mangrove is an intertidal forest ecosystem distributed in
subtropical to tropical regions of the world. The major
components of mangroves are tree plants with unique
characteristics, such as aerial roots, viviparous propagules
and high tolerance to salinity. Although mangroves provide
various ecological services, mangrove forests have been
rapidly disappeared due to land use change by human
activities. To study ecology and conservation of mangroves,
we perform following research projects.

» Conservation Genetics of Mangroves: Phylogeography
and population genetics of major some component species of
mangroves.

* Physiological Ecology of Mangroves.

* Elucidation of species diversity of mangrove insects

* Collaboration with Sabah Forestry Department in Malaysia
for conservation and restoration of Mangrove forests.

* Global study of mangrove biodiversity by eDNA
metabarcoding.

NATOYTI3AMN-N-LEFEN-N-TRE REQEBELAIIARBERLBIRRAT BAOVYIO-THETHE., RILEBZLITE

hi. YyJo-JiEwongsmE@roive RETZIUVT
WE¥DEE#EE (Tomizawa et al. 2017),
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Introduction of Research Stations
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HREE

Main-island of Okinawa

YYIHEMBEES T
Coral Reef Physiology Group

P R SE R

SFERR PR RRER

Center of Molecular Biosciences

(COMB)

BETFREBRTZESE

Functional Genomics Group

HEERFTTHESR Sesoko Station

YYITHEEMERIEZDH
Coral Reef Ecology and
Systematics Group

ZREEME ST
Biodiversity Study Group

The Tropical Biosphere Research Center of University of
the Ryukyus, consisted of four institutes: Sesoko Station
located in Sesoko Island, an islet off the northern part of the
Main Island of Okinawa, Center of Molecular Biosciences
and Nishihara Station in the main campus of the university
which is located in the southern part of the Main Island of
Okinawa, and Iriomote Station located in Iriomote Island,
approximately 430 km southwest of the Main Island of
Okinawa.

Nishihara Station

B R EHEHZE DT
Laboratory of Vaccine Research and
Development

S F R EF D5

Molecular Microbiology Group

RS

Iriomote Island

RIEE®
Environmental

BILZERCHZS %
Molecular Biotechnology Group

BRZ 55

and Biological

Information Group

FRA TR

YYIHEPEBRIEZHH
Coral Reef Ecology and
Systematics Group

¥v4Jno

18 | BFEYEME LY 5-

SHREEMESF
Biodiversity Study Group

Iriomote Station

-7 28
Department of Mangrove Study



FEFZHEER Nishihara Station
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Biodiversity Study Group
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Introduction of Research Stations

Nishihara Station began originally as the Nishihara
Laboratory within the Nishihara Campus of the University
of the Ryukyus, when the Tropical Biosphere Research
Center was founded in 1994, and was rearranged as the
current status in 2014. Members in Nishihara Station are
striving for researches on histories and mechanisms of bio-
diversification in the East and Southeast Asia. Especially, the
researches on histories and mechanisms of diversification of
lower vertebrates in the Asia-Pacific islands region including
the Ryukyu Archipelago have been actively conducted,
based on the comparative field studies throughout the region.
Nishihara Station is well equipped for specimens preparation
and observations, rearing experiments, and genetic analyses,
facilitating biodiversity researches and educations with
domestic and foreign researchers.

Accommodation

For domestic/local visitors and short-term foreign visitors,
accommodation is available at the Researcher Exchange
Facility 50th Year Anniversary Memorial Hall, a guesthouse
of the university situated in the Nishihara Campus. Long-
term foreign visitors can reserve rooms at the International
House, which is also located within the Nishihara Campus.
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COMB is an institute dedicated to the research of bioscience
in tropical and subtropical biosphere at molecular
level. COMB is consisted of five groups (Functional
Genomics, Vaccine Research and Development, Molecular
Microbiology, Molecular Biotechnology and Environmental
and Biological Information) which cover diverse research
areas including entomology, botany, symbiont’s biology,
applied or medical microbiology, and medical sciences.
COMB is located at the west part of the Senbaru Campus
and consisted of two buildings with various experimental
facilities and equipment essential to conduct competitive
biological research. The buildings possess more than
40,000square feet of space.
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Introduction of Research Stations

Sesoko Station is located on Sesoko Island in the west of
northern part of Okinawa-Honto (Island). Sesoko station
was founded as a branch station of Faculty of Science and
Engineering, University of the Ryukyus in 1971. This former
station was renamed as Tropical Marine Science Center
and served as an inter-department institute of the university,
In 1994 when Tropical Biosphere Research Center was
established, the institute was integrated into the new center.

Sesoko Station owns modern large-scale fish tanks, and
it is well equipped with instruments for marine science.
Many foreign and domestic researches and students visit the
station for the ecological and physiological studies of marine
organisms. Courses by University of the Ryukyus and other
training courses by various organizations are frequently
opened at the station.

Accommodation

The dormitory of Sesoko Station is for researchers and
students. It can accommodate 38 visitors. The station also
owns 2 guesthouses for foreign visiting researchers.
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The Iriomote Station, located on Iriomote Island, is
surrounded by broad-leaved evergreen and mangrove forests.
This station includes three research groups (Mangrove Study,
Coral Reef Ecology and Systematics and Biodiversity).
This station has been playing a central role as a research
base or station for the study of mangrove ecosystems. The
station was founded as a branch station of the Faculty of
Agriculture, University of the Ryukyus in 1971. In 1994
when Tropical Biosphere Research Center was established,
the former station was integrated into the center.

The Facilities of this station, including the dormitory, are
available to foreign and domestic researchers and students.
The Iriomote station conducts intensive courses for
undergraduate and graduate students.

Accommodation

A two-storied dormitory is available for all visitors for
research. It is also used to lodge the participants of courses
and meetings. The dormitory is capable of accommodating
10 researchers and 40 students.
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