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The Tropical Biosphere Research Center(TBRC),

University of the Ryukyus

About TBRC

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 TBRC 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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Goro Matsuzaki, Director of TBRC

The Tropical Biosphere Research Center (TBRC) is a
research institute of University of the Ryukyus located in
subtropical climate zone. Faculty members of TBRC are
conducting biological researches on the tropical and
subtropical environment. The researches are mainly
focused on the mechanism of establishment and
maintenance of biological diversity, 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 is also carried out in TBRC.
These research activities covers 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 only 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.

Establishment of interdisciplinary research area of field research
and molecular biology is another important goal of TBRC. Center
of Molecular Biosciences (COMB) and Nishihara Station of TBRC
in Senbaru Campus are important role in the issue. At present,
genome sequencing of tropical field-derived samples becomes
standard analyses in recent years. To further improve co-operation
between the Stations, teleconference system is active used to
exchange of information.

2021 is an important year cerebrating 50-year Anniversary of
TBRC. In 1971, Sesoko station was established as Marine Science
Laboratory of Faculty of Science and Enginering, and Iriomote
Stations was established as Research institute of Tropical
Agriculture of Faculty of Agricultre.

It is a good timing to review our previous research activity and
establish the basis of research activity for coming 50 years.
TBRC continues to be a biological research center of University
of the Ryukyus, and will reinforce the function as JURC.
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The Tropical Biosphere Research
Center of the University of the Ryukyus
was established by unifying a coopera-
tive institute Sesoko Marine Science
Center in Sesoko Island (current
Sesoko Station, established in 1971),
Research Institute of Tropical Agricul-
ture of Faculty of Agriculture in Iriomote
Island (current Iriomote Station, estab-
lished 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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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.
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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

B2 OEMERDRFDE

Coral Reef Ecology and Systematics
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Coral Reef Physiology

>0 0-J#5%H
Mangrove Study
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Department of Biodiversity and Evolutionary Biology
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Biodiversity Study
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Functional Genomics
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EEEESS Department of Infectious Diseases
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Committee Vaccine Research and Development
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Molecular Microbiology
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Director ,;E‘m Eﬁ'rﬁ#ﬁiEBFﬂ

Department of Applied Biological Information
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Vice Director BIBERIBEEHE

Environmental and Biological Information
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Marine and Terrestrial Field Ecology Group
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Department of Cooperative Biosphere Research
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Department of Technical Assistance
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— General Strategic Research Promotion
Planning Division Section
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RESEARCH AND EDUCATION

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 tropi-
cal 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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Department of Coral Reef Biological Science

B> OMEMERDPIAFZDEF  Coral Reef Ecology and Systematics Group
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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))

. e
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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.

E DR ,. " e *-'i!
BWEEY Y JEICHIFST > dJ0A1L (2016)

Coral bleaching event on a reef at Sesoko Island (2016).

AV RXFEDI T O—TRZDORBICERIN T4 H
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BB EINZ IR 548

Indo-Pacific sesarmid genus Labuanium was revised, and 4
new genera and 2 new species were described. Shinobium
trapezoideum (photo) was transferred to its own new genus.
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> OREE N F S Department of Coral Reef Biological Science
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The coral reef physiology group is studying corals
and coral reef associated organisms using morpho-
logical, physiological, biochemical and molecular-bi-
ological techniques.

The following research topics we are focusing on.

1) Coral diseases: detailing the morphological and
physiological characteristics of diseases and
coral-killing sponges currently impacting corals
and researching their cures.

2

=~

Coral bleaching: investigating the mechanisms
governing the corals response to increases in
seawater temperature, including variations in
bleaching sensitivity and potential means for
adaptation.

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

4

g

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.

71
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Coral-killing sponge Terpios hoshinota overgrowing tabular
Acropora (Okinawa Is).

P £ e

BRANLRICEZY Y IDAILER.

Coral bleaching caused by heat stress.
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Acropora spp. that spawns around full moon on June.

B AZAHBDONT R X ARBE, BENISERTHY
GO SETETEIRED Sk,

Cichlid in lake Tanganyika: mating systems, reproductive
tactics are diverse among the cichlids.
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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: Hybrid
origin of an endangered species Bruguiera-
hainesii; Phylogeography of major some
component mangrove species (Bruguiera
gymnorhiza, Xylocarpus granatum, etc.).

+ Physiological Ecology of Mangroves.

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

Mangrove Study Group

RAVOAY T 54 R—A—ELEREI—H—TREINE.
R O—T DL R HEERVAH IV FDEGEE
(Tomizawa et al. 2017),
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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-diversifica-
tion of this region.

Biodiversity Study Group

Oryzias woworae

© N. Hashimoto

= Oryzias profundicola

BEDAFAFEERDALS (BLE) KUEHRDDIRF

Oryzias in the tropics are very diverse and showy

L e
AHERERICKEINHBIEIYOHAIAE
Endangered lizard, Takydromus toyamai, observed during
the field survey

BARETA 7R FZ XEDABRHE (Elatostema sp.) ZHR

An unidentified species, Elatostema sp. (Urticaceae) from
Iriomote Island, Okinawa
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* 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, biochem-
istry, 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 endosym-
bionts. 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 endoymbiont 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.

1"

() ¥a7 ) Lmpsn+d+T1,

(L) BRI LAY IO7 ) EZ D,

(BHL) va7VBEROME WER) EMA,

(EF) DAPIRER (KHAFLHKOITWND) .

(BT) =R (MEROBMBRICHELTWVWE A2 VE
MEDREBICHOTLND) .

Gut of termite and their symbiotic protists
Green signals indicate methnogens

(B) FIFT7VD%hHR, a7 JELLIBTWS,
Left: Wood-feeding cockroach, Cryptocercus punctulatus
Right: Juveniles of C. punctulatus, which resemble termites

() EXFAAALS DARRSE
(1) BRI AT L2 % >T\NS (BIADNARE)

Left: Lygaeid seed bug, Nysius plebeius
Right: A bacteriocyte of N. plebeius, harboring numerous
symbiont cells

() AT X7 EIARAMBREG)HEER (FEISHATE)
ZADCIHRFILREEICHRIZERRELELTVS
Sugar cane cicada, Mogannia minuta and its fungal
symbiont cells
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R TIEHE D Laboratory for Vaccine Research and Development
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We are developing genetically engineered toxoid

vaccines and therapeutic monoclonal antibodies
against Shiga toxin-producing Escherichia coli
(STEC, e.g., 0157: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 Bombyx mori 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.
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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 Zmp1 which suppress
protective cytokine IL-1B. We have identified a novel
Zmp1-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 Zmp1 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.
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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
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characteristics of plant resources in subtropical ! S

islands and their application to human health '
maintenance. PIVDFT 2 (u g/ml)
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Recent advances in DNA sequencing technology
enable us to analyze whole genome and gene expres-
sion of organisms comprehensively and rapidly. Our
research group is trying to reveal the metabolism,
function, ecology, and interrelationships of environ-
mental microorganisms reside in tropical & subtropical
area using genome information.

We are mainly focusing on the following research
subjects.

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

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

3. Collection of anaerobic protozoa inhabiting waste-
water treatment processes and research on their
symbiotic microorganisms.

4. Collection of microorganisms from various environ-
ments in Okinawa islands and promotion of joint
research using these microbes.
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A coral reef around Okinawajima Island. Bacteria inhabit-
ing corals or/and coral reef seawater are considered to
play important roles in the formation and maintenance of
coral reef ecosystem.
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“Mozuku” grown on aquaculture net. Seaweed-associated
microorganisms play important roles in the mophogenesis
and growth of the host seaweed.

HEEROTKLEBTOLALY FifclcE&ICHIhLT
BRI ERGW7H, MBERIC ARV ERE (BXH)
EHSBERMOEFMETLER (RXM) OEFEELERSE
Nt

Anaerobic protozoa isolated from wastewater treatment
process harbors two types of prokaryotic symbionts.
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Main-island of Okinawa
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University of the Ryukyus
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Center of Molecular
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Environmental and Biological Information

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.
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INTRODUCTION OF FACILITIES

Nishihara Station

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
Especially, the
researches on histories and mechanisms of

East and Southeast Asia.

diversification of lower vertebrates in the

Asia-Pacific islands region including the

Ryukyu Archipelago have been actively
conducted, based on the comparative field
Nishihara

Station is well equipped for specimens prepara-

studies throughout the region.
tion 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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INTRODUCTION OF FACILITIES

Center of Molecular
Biosciences (COMB)

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 Microbi-
ology, Molecular Biotechnology and Environmen-
tal 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 40,000 square feet
of space.
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Sesoko Station

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 organiza-
tions are frequently opened at the station.

Accommodation

The dormitory of Sesoko Station is for research-
ers and students. It can accommodate 38 visitors.
The station also owns 2 guesthouses for foreign
visiting researchers.

~ 7t A Access
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T

OO E R KO By BRIERIAK - v 7o —7 The Iriomote Station, located on Iriomote Island,
MEH T HIEEEICRE SN TSRV ZLE is surrounded by broad-leaved evergreen and
FclE v Tu— % Yy IREE Y R BE S mangrove forests. This station includes three
2RV D 3OO TS . H research groups (Mangrove Study, Coral Reef
KowrrZa—7HEohiE L CHEERE Ecology and Systematics and Biodiversity). This
HatHoT W5, PRI IF19714F 12 station has been playing a central role as a

research base or station for the study of

FEA BBV AT AR E LT B S,
19944 @ B LY RTS8 & v & — DR IE I
W, 2Dl oT,
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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 estab-

MshTEh, R¥RG - F O 3% - EH % B lished, the former station was integrated into the
%%LVCI«)%O ifi\ E%%E%%ﬂ%k L?LC./L\\Eﬁ center.
aEZ H1A R EHE LT 5, The Facilities of this station, including the dormi-

tory, are available to foreign and domestic
researchers and students. The Iriomote station
(aia i) conducts intensive courses for undergraduate
PRI Z2 i 2 D8 A TE R IZ R H 104 . 2F and graduate students.
L40/DINEDAIRETH %, BE L E 2 fili 2
BHEEIARTH2IZPHRELHRELTE

b, W BHESMHZ G0 % ORME DS Accommodation y
A two-storied dormitory is available for all visitors

L R S QR
! for research. It is also used to lodge the partici-
pants of courses and meetings. The dormitory is
capable of accommodating 10 researchers and 40
students.
~— 72Ot X Access 1
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http://www.tbc.u-ryukyu.ac.jp/

OMIEHTFR e

T905-0227

FhBIR ERERATBHIEE 34225 i

TEL: 0980-47-2888

FAX: 0980-47-4919
http://www.tbc.u-ryukyu.ac.jp/sesoko/home.html

OaRifFEhEE:

T907-1541

FBIR N\ E LA = AT ER870

TEL: 0980-85-6560

FAX: 0980-85-6830
http://www.tbc.u-ryukyu.ac.jp/ja/iriomote/home.html

ORI FThEER

T903-0213

BRI SE AR RET TR 1

TEL: 098-895-8965

FAX: 098-895-8965
http://www.tbc.u-ryukyu.ac.jp/ja/nishihara/home.html

O FEmBI A FUhER

T903-0213

HBR AR RET TR

TEL: 098-895-8943

FAX: 098-895-8944
http://www.tbc.u-ryukyu.ac.jp/ja/comb/home.html

Tropical Biosphere Research Center
University of the Ryukyus
http:/lwww.tbc.u-ryukyu.ac.jp/en/

Sesoko Station

3422 Sesoko, Motobu, Okinawa 905-0227, Japan
TEL: +81 (0)980-47-2888

FAX: +81 (0)980-47-4919
http://www.tbc.u-ryukyu.ac.jp/sesoko/home.html

Iriomote Station

870 Uehara, Taketomi, Yaeyama,

Okinawa 907-1541, Japan

TEL: +81 (0)980-85-6560

FAX: +81 (0)980-85-6830
http://www.tbc.u-ryukyu.ac.jp/ja/iriomote/home.html

Nishihara Station

Senbaru 1, Nishihara, Okinawa 903-0213, Japan
TEL: +81 (0)98-895-8965

FAX: +81 (0)98-895-8965
http://www.tbc.u-ryukyu.ac.jp/ja/nishihara/home.html

Center of Molecular Bioscineces (COMB)
Senbaru 1, Nishihara, Okinawa 903-0213, Japan
TEL: +81 (0)98-895-8943

FAX: +81 (0)98-895-8944
http://www.tbc.u-ryukyu.ac.jp/ja/comb/home.html



