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Hermatypic corals are on the fore front of climate change. Rising temperature has
resulted in increased mass bleaching and disease occurrence in the tropics, but it has also
favor a poleward shift/expansion of corals in Japan and other parts of the world. In order to
understand the future extent of this expansion and the possibility that high latitudes provides a
future refuge for corals, a better understanding of the effect of environmental parameters on
coral ecology and physiology is required.

Monitoring and diverse surveys including citizen surveys of coral communities
around Izu and the Izu Islands were established to study the competition with macroalgae, the
bleaching occurrence and the growth and diversity of high latitude corals under different pH
conditions. The effects of pH on natural coral communities is studied at the recently
discovered CO; seep in Shikine Island. Laboratory experiments complement the investigation
of the stress response of corals. The physiological mechanisms of the effects of high and low
temperature stresses and of ocean acidification are studied under controlled conditions in the
laboratory.

Porites heronensis is a dominant species of hermatypic corals in
high latitude of Japan. It forms dense patchy communities
around Shimoda and Izu. It cohabit and compete with a diverse
community of macroalgaec. Low temperature often cause
important bleaching and mortality during winter.
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Urodele amphibians such as the newt are the only known
adult vertebrates to carry out scar less tissue regeneration in
multiple tissues (heart, jaw, brain, limb, retina, and lens)
following a traumatic event. Humans
on the other hand undergo scar
formation. Scar formation (or fibrosis)
in humans is a serious medical setback
that can have health consequences to

| patients. Multiple human diseases are
. associated with scar formation in
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various tissue types. Therefore, understanding the newt’s scar less regeneration provides hope
that medical applications can be developed for human patients. Great advancements have been
made in this field using a transgenic approach to study the underlying mechanisms of newt tissue
regeneration. To understand scar less tissue regeneration we use multidisciplinary approach.
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My research purpose is to save the lives of people who suffer traumatic injuries, through the
application of newts’ strategy for regeneration of body-parts in medical treatments. Thus, [ am
now trying to uncover the cellular and molecular mechanisms of newt body-parts regeneration
(a biological mystery over two centuries) while comparing them with mammalian wound
healing and tissue repair mechanisms as well as with their pathogenic or oncogenic processes
after traumatic injuries.

The newt is the master of regeneration.

No other animal can parallel its regenerative
abilities in body-parts such as the limbs, the
tail and spinal cord, parts of the eye (such as
the retina and the lens), the brain, the heart
and the jaws. This regeneration is mediated
by dedifferentiation or transdifferentiation of
fully matured somatic cells at the site of . '
injury, making this process relevant to a \ L i
number of important issues, such as the Functionaf.analaf by tr.aﬂsgen&‘;- g -
involvement of stem cells in wound healing, - '
reprogramming, differentiation, patterning, and the restoration of physiological function.
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In our body, proteins are in a dynamic state, and the speed of protein synthesis and
degradation is tightly regulated. The degradation of protein is individually regulated by the
“Ubiquitin and the Proteasome System” which plays critical roles in many biological aspects
such as embryogenesis, immune system, and memory.

The major goal of our laboratory is to understand;
(1) The component and regulation of intracellular protein degradation at molecular level.
(2) The physiological roles of selective protein degradation in our body.

The Ubiquitin System.

@"@' '*@ Ubiquitin acts as a degradation signal and its attachment to the
substrate is tightly catalyzed by a cascade reaction composed of E1,
E2s and E3s enzymes.

(Keywords; Cullin, NEDDS, signalosome)

t‘ The Ubiquitin System
(E1, E2s, E3s)

PA700  PA28 PA200  Eom29 Proteasome Activators

Proteasome is a barrel-shaped multisubunit protease complex that
captures and degrades ubiquitinated proteins. The activitiy of the
proteasome is regulated by multiple proteasome activators.
(Keywords; Proteasome, PA28, PA200, Ecm29)

Proteasome Activators

My lab is focusing on;
(1) The regulation and function of Cullin-RING-type Ubiquitin ligases.
(2) The regulation and function of proteasome activators using multiple knockout mice.
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Our scientific goal is to understand the diversity of metabolism and evolutionary principles
of existing organisms in order to clarify the nature of primitive life and "to what" and "how"
the metabolism of each organism has adapted. Specifically, we will identify novel central
metabolic pathways and enzymes, and conduct comparative analysis of enzymes and
metabolism by integrating biology and physicochemistry.

Elucidation of metabolic evolution by identifying novel amino acid biosynthetic pathways

The emergence of an autotroph and CO» fixation pathway is essential for the creation of a
sustainable biosphere. However, the oldest CO2; fixation pathway remains unidentified.

The biosynthetic pathways of glycine and serine (amino acids) are interesting in that they
are closely related to CO> fixation pathway. Furthermore, the glycine and serine synthetic
pathways in existing organisms are diverse, are some of them remain unidentified. Therefore,
we will identify the novel amino biosynthetic pathways, and use the knowledge to estimate
the evolution of CO> fixation pathways.

Identification of enzyme optimizing factors by integrating biochemistry and catalysis

Enzymes that catalyze the same reaction but have different origins (functional homolog)
suggest that each organism selects a suitable type of enzyme in the process of evolution,
however, the selective pressure is unknown. We are developing a new methodology to
compare the physicochemical parameters of the enzymes to discuss how and to what they
have adapted to explain the diversity of enzymes and evolutionary principles.
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The Kingdom Fungi is one of the most important on
Earth. At present there are 100,000 known species, but
the total number is estimated to be over 5 million. Our
Laboratory of Mycology is situated in the Japan Alps
in the Sugadaira Highland, at an elevation of about
1300 m. It has 30 ha of well-preserved natural fields,
including grasslands and Pinus—Quercus forests. The

lab has been managed by the late Emer. Prof. H. Indoh g4 i e Kinadom Fung, Top row, left to
(1908_2003)’ the late Emer. Prof. K. Tubaki (1924_ right: Chytridiomycota (zoospores discharged from

zoosporangium of Chytriomyces), Mucoromycota

2005), and Emer. Prof. S Tokumasu (1945—) (sporangiophores of Pj]obo]us), and Zooagomycota
The Kingdom Fungi is regarded a sister group of @yﬁ;’?g“es of Btasfdwl-’ggusi; Bottom row, left to
right: Ascomycota (conidiophores of the
3 1 19 1 anamorphic hyphomycete Kumanasamuha),
the.ngdom Animalia 11’1. the Sup ergrun Ascomycota (apothecium of Trichaleurina),
Opisthokonta. But how did fungi originate and Basidiomvcota (basidiocarn of Pluteus).

diversify? In our laboratory, we are studying the natural history (taxonomy, phylogeny, and
ecology) of a wide range of fungal taxa and its relatives (slime molds and pseudofungi), using
living natural materials. Our focus is 1) the biodiversity of the Chytridiomycota and basal
lineages of fungi, in order to elucidate the origin of fungi; 2) the biodiversity of the
Zygomycota (Mucoromycota, Zoopagomycota), to examine the terrestrialization of fungi
considered based on the interactions between fungi and other organisms; 3) the biodiversity
and life histories (teleomorph—anamorph connections) of the Ascomycota and Basidiomycota.
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Plant growth and functions are controlled by the dynamic regulation of gene
expression by transcription factors. We work on functional analyses and utilization of such
transcription factors that are promising to solve many problems we are facing, such as food
shortage, energy issues, and global warming. Our current projects include: 1) basic studies of
transcriptional regulation mechanisms, 2) identifications and analyses of transcription factors
that can be utilized for the development of useful plants, and 3) research and development of
useful plants by modifications of transcription factors.

VP16-fusion lines under the normal growth condition To understand the functions of transcriptional

- .

Screening under repressors and isolate candidates for the targets
environmental stress .

conditions of super-plant production, we generated approx.
Y 300 Arabidopsis transgenic lines in which a
transcriptional  repressor fused with an

activation domain (VP16) is constitutively

b7 SRR L DX expressed. In these lines, the genes whose

. _ transcription is usually repressed by the

ks - transcriptional repressor are expected to be

highly transcribed which could result in causing

strong phenotypes. We grew all of them and

\ found many lines showing unique phenotypes
W . : .

> ; : Ve or useful traits such as stress tolerance or higher

Partially reported in Fujiwara et al (2014) FEBS Lett. Drought tolerant

and Fujiwara et al (2014) Plant Biotechnol. y1€1d.
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Oceans help regulate the global climate system, and support the environmental, economic, and
social needs of the global population. Over three billion people are dependent on the marine
and coastal biodiversity of our oceans for their livelithood. However, continued exploitation
over many years has led to the increasing degradation of marine ecosystems at an often-
alarming rate. Any loss or deterioration of coastal ecosystems can compromise their ability to
provision functioning, goods, and services; thereby affecting human wellbeing. The decline of
coastal ecosystems has already begun but is expected to greatly accelerate with future ocean
acidification and climate change.

Our research group seeks to understand how changes in environmental conditions (focussing
on ocean acidification, ocean warming, and marine heatwaves) will change our oceans, with
particular focus on marine communities and ecosystems.

Our research is multidisciplinary,
combining field-based surveys and
experiments using CO» seeps,
aquarium-based manipulative
experiments, and modelling
approaches. Taken together, this
will allow us to better understand
the impacts of global climate
change on coastal ecosystems
worldwide.
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The central focus of our research is to gain insight into the origin and early
evolution of eukaryotes. This is currently the most important open problem in evolutionary
biology. We are using molecular and cellular biological methods, including comparative
‘omics’ analyses and molecular phylogeny, to approach the evolutionarily interesting issues
presented by diverse eukaryotic microorganisms.

One of the goals of our research is to reconstruct a reliable eukaryotic tree. We are
continuing to perform phylogenomic analyses using high-performance computing to elucidate
the early phase of eukaryotic evolution. By using a refined tree of the organisms of interest,
we compare genomic, transcriptomic, and proteomic data so as to trace the evolutionary
history of the divergence of cellular functions and molecular mechanisms. Our recent focus is
elucidation of the reductive evolution of mitochondria in a diverse anaerobic organismal
group, the Fornicata, all of which contain no typical mitochondria but have
mitochondrion-related, reduced organelles.

Giardia intestinalis is a flagellated organism belonging to a
diverse anaerobic group, the Fornicata. It is a mammalian
parasite that colonizes and reproduces in the small intestine,
causing giardiasis. Tiny double membrane—bound organelles
called mitosomes are present in the cell; these are considered
to be reduced mitochondria.

(Photo by N. Yubuki)
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Understanding of development & aging of tissue stem cells and
primordial-germ-cells.

The research focus of our group is to understand the development and aging processes of
tissue stem cells that is crucial for tissue maintenance. We also intensively study the
developmental process of primordial-germ-cells that have unique cellular characteristics
having potential multipotency. Recently we are focusing on the role of cellular metabolism in
above processes. Since cellular metabolism plays important role in regulation of cancer
development and animal’s life span, we hope we could shed the light to those fields from our
basic life science. Drosophila
melanogaster, our favorite
animal is easy to be used and to
have the advantage for genetic
experiments and aging analysis,
and we have good techniques for
gene expression, epigenome,
and cellular metabolism
analysis. We are tackling the
above research aims by
combining our advantages.

Selected publications
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Photosynthetic organelles, plastids (chloroplasts), were evolved through endosymbioses. In the
long history, endosymbiotic events have occurred many times between a photosynthetic
organism and a phagotrophic eukaryote host. In my
lab, we wuse the marine unicellular algae
“chlorarachniophytes” that obtained their complex
plastids by the uptake of green algae.

We are currently investigating about plastid
targeting proteins, plastid division machinery, and
plastid carbon concentration mechanism in
chlorarachniophytes. My major research interest is
to understand the diversity and evolution of plastid
functions.

Current research topics: “Study on the pyrenoid construction in algal plastids”, “Study on the
algal plastid division mechanism”, “Study on the development of genetic transformation
system”.

Selected publications
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We are seeking to improve process-based understanding of carbon dynamics in
terrestrial ecosystems by investigating carbon fluxes and pools. By demonstrating such
parameters and their relationships with various environmental factors, we will be able not
only to estimate carbon sink capacity with high accuracy, but also to demonstrate the features
of individual ecosystems. Current projects include

v Responses of alpine grassland carbon dynamics to recent environmental changes

v Relationship between biodiversity and ecosystem functioning in a highly diverse Tibetan
grassland ecosystem

v Island ecosystem restoration focused on decomposition processes after the 2000 eruption
on Miyake Island, Japan

v Reevaluation of the carbon sink capacity of old-growth forest ecosystems.
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Our researches focus on molecular phylogenetics and conservation genetics of reptiles. As to
researches on the Kuroiwa’s ground gecko distributed in the Central Ryukyus, we found the
northern and southern populations of Okinawa Island, which were classified as the same
subspecies, were genetically highly differentiated than the recognlzed subspecies. This points
out that the current classification and conservation | -

based on morphology underestimates the true
diversity of species. Each population should be
recognized as a unit to be conserved. Other interests
include amphibians and birds. In the study of
Anderson’s crocodile newt in the Central Ryukyus, we
found populations in the southern part of Okinawa
Island lacked genetic diversity and were more
vulnerable to environmental changes than would be
expected from their population size.
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Animal behavior results fundamentally from the coordinated activity of neural circuits. Our
laboratory is studying the relationships among neurons, neural circuits, and behavior in ascidian
larvae. These larvae have a very simple central nervous system (CNS) consisting of only about
100 neurons. Despite its simplicity, the CNS of ascidian larvae shares several properties with
those of vertebrates. The small number of neurons in these larvae enables us to describe neural
circuits at the single-cell level. Our ability to manipulate the activity of individual neurons
makes it possible to elucidate how neural circuits function. We are using a combination of
optogenetics, in vivo Ca?* imaging, proteomics, and behavioral genetics in the ascidian Ciona
intestinalis to gain an understanding of the operating principles of the neural circuits underlying
animal behavior. Cilia are microtubule-based organelles that extend from basal bodies and form
on the apical surfaces of cells. We are also studying the developmental role and physiological
functions of the cilia present in the nervous system of ascidian larvae.

The CNS of the ascidian larva.
. Green: neurons Magenta: nuclei
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My research is focused on the biodiversity of the order Helotiales, phylum
Ascomycota, Kingdom of Fungi. Fungi is one of the largest group of organisms in the world, estimated to
consisted of more than 1.5 millions of species. Ascomycota is the largest group of fungi, and Helotiales is
one of the most diverse group in Ascomycota. The members of Helotiales produces small saucer to
nail-shaped mushroom, called apothecia. The majority of the members of Helotiales were thought to be
weak saprophytes occurring on decaying plant substrates. Recently, however, the majority of plant root
endophytes (fungi that live in plant symbiotically or without showing any symptoms) turned out to be
Helotiales. Helotiales were more versatile than we imagined! Then which species are there? Actually, we

cannot tell which species by names, because the taxonomy of Helotiales is so poor, and we are not sure

how many species exactly are there in Japan, either.

We use molecular barcoding technique and
conventional taxonomic technique (morphology
%= and isolation) to evaluate the biodiversity of
. species. Enumeration of all the Helotiales in
Japan is one of the goal. Another issue is the
comparisons with previously known European
species. Our predecessors have identified

Japanese species based on European literature.

However, the present knowledge suggests that

Japanese species may be different from that in Europe. We have to critically examine the identity using

molecular technique. Finally, we also use isolates to help understanding the lifecycles.
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Our research goal is to explore the biological significance of sperm and eukaryotic cilia and
flagella by using several marine organisms, including tunicates, sea urchins, sea snails, comb
jellies, spiny lobsters, flounder and marine algae. The main projects in my lab are as follows:
Biology of sperm: Molecular characterization of sperm flagella; molecular mechanism and
regulation of flagellar motility; sperm activation and chemotaxis by egg-derived substances;
genomics and proteomics analyses of testis-expressed genes and proteins; ocean acidification
and sperm function; molecular mechanisms of spermatogenesis; the structure and function of
gastropod parasperm; and the molecular diversity of sperm protein.

Biology of cilia and flagella: Structure and function of dynein motors; regulation of flagellar
motility by protein kinases and protein phosphatases; molecular architecture of the axoneme
and comb plate; cDNA and proteomics analysis of axonemal proteins; novel Ca**-binding
protein and photoreceptor protein; in vitro assembly of the axoneme; phylogenetic analysis of
ciliary and flagellar proteins; and eukaryotic evolution and diversity of cilia and flagella.
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We endeavor to understand the evolutionary
path of eukaryotes by inferring their
phylogenetic relationships and performing
comparative genomic analyses based on
nucleotide and amino acid sequences of
existing species. We are investigating “novel”
organisms in the natural environment, which
are evolutionarily important but have not yet
been investigated, to search for the key to
solving wvarious problems in eukaryotic
evolution. We are also interested in the origin
and evolution of organelles established through
endosymbioses and  obligate  bacterial
endosymbionts in eukaryotes.
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Molecular phylogenetic analysis requires statistical processing using the maximum likelihood
method, and computers are used for this purpose. To accurately infer the relationship between
major eukaryotic phylogenetic groups that may have diverged in the distant past, it is necessary
to analyze large amounts of sequence data. We are obtaining transcriptome and genome data
and using supercomputers to handle large-scale sequence data.
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Parasitic plant ecophysiology

Parasitic plants cause millions of dollars of damage to agriculture annually. However, the
mechanisms by which this damage is caused are not well understood.

Our group aims to investigate the influence of environmental factors (particularly nutrition) on
the host / parasite relationship, focusing on methods to suppress the negative impacts of
parasitism on the host plant. We use a range of techniques focusing on photosynthesis, isotope
labelling, nutrient measurements, and biomass allocation to understand how the parasite
damages the host, and how the host can resist the parasite.

Plant competition for resources

Plants compete for resources both above and
belowground. Root proliferation in nutrient—
rich patches is thought to help them compete
with other plants, while aboveground plants
compete for light, mainly by changing leaf
area and thickness. However, the mechanisms
by which plants “decide” whether to invest
resources in new leaves or roots are not clear.
Our goal is to understand how plants make
decisions, and the influence of these decisions
on plant competition.
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Research interest in my lab is to elucidate the diversity and evolution of photosynthetic
protists (algae) and their non-photosynthetic relatives. Following three major subjects are the
current focuses in my research.

1. Cellular evolution in the endosymbiotic acquisition of plastids: Plastids were born by a
primary endosymbiosis and transferred to the different eukaryotic lineages by several
secondary endosymbioses. We are interested in how a photosynthetic endosymbiont was
integrated into a host cell as an organelle. This mystery is being uncovered by various
approaches, such as genomics, cell biology, electron microscopy and molecular

phylogenetics. )

2. Classification and evolution of protists: We look @ " ) A
for new protist species, especially the ones that can S ® e . it
connect missing links in the tree of life. We collect h ol et _.-'!/"_'__i_/
protists from the nature, establish clonal cultures, { S / ™

observe them under light and electron microscopes
and perform molecular phylogenetic analyses. We are

Establishment of the Chlorarachniophytes, a

the protist hunters. photosynthetic protist group with green

secondary plastids. A cercozoan protist

3. Search for useful protists for bio-fuel production: . yifeq a green aiga and kept it as a plastid.
We are studying how to look for oil-producing algae The plastids of the Chlorarachniophytes still

have a vestigial nucleus (nucleomorph) from

and protists in the nature and establish cultures of the endosymbiotic green alga.
high-performance strains.
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Mitochondria are dynamic organelles which fuse and divide continuously, and they have
evolved with eukaryotic cells, developing a symbiotic relationship and complementing each
other. Understanding "normal" and "abnormal" mitochondrial functions is very important to
uncover the mechanisms of human diseases.

We are studying the impact of mitochondrial DNA (mtDNA) mutations on cellular or tissue
functions using in vitro and in vivo models.

< Mitochondria in human cells are visualized by green
dye. Blue dye indicates nuclei. Mitochondria construct
dynamic networks in cytosols.
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Human pluripotent stem cells (ES/iPS cells) and mesenchymal stem cell are expected as
powerful tool for regenerative medicine in the world. However, those cells are likely to lose the
useful ability for cell therapy during preparation (establishment, culture, cryopreservation etc.)
Moreover, method for preparation of some organ cells is insufficient so safe and effective
method of treatment isn’t realized yet.

To establish the facile, economical and safe regenerative medicine, we should develop several
supporting technology for quality control, safety administration and so on. We will promote the
development of technology for supporting regenerative medicine.

Fluoresceinated rBC2LCN directly stains human iPS cell
colonies. This new probe that we developed can detect good
1PS/ES cells accurately, nondestructively and quickly. We
can use this probe as “high-sensitive” and “low-toxic”
technology for human ES/iPS cells to facilitate of quality
control.
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We are interested in understanding plants development and environmental responses.
We focus on the cell wall because it is the

most characteristic feature of vascular | Role of Cell Wall in Plant Development
plants. The cell wall plays multiple roles,
including determining cell shape and size,
cell-cell adhesion, controlling cell
differentiation and growth, and promoting
abiotic and biotic stress tolerance. We are
studying the function of the cell wall
matrix and its regulation in plant growth
and environmental responses.

Dehiscence
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Stress tolerance in higher plants is an interesting phenomenon. Plants are immobile and must
evolve defense systems that are uniquely suited to their ambient environmental stresses.
Several genes associated with these defense systems have been identified. Our aim here is to
generate genetic lines conferring abiotic stress tolerance and to verify their performance. We
are also studying the impacts of transgenic plants on biological diversity so as to establish an
environmental biosafety risk-assessment system for transgenic plants. In addition, we are
trying to elucidate the mechanisms of abiotic stress tolerance in higher plants by using GM
(genetically modified) techniques, and we are studying the induction of somatic
embryogenesis by abiotic stress. In this way, while elucidating the mechanism of abiotic
stress in higher plants, we are also working on the development of abiotic stress—tolerant GM
plants that can be used for crop production.

Somatic embryogenesis induced in carrots by abiotic
stress

In carrots, somatic embryo production can be induced
from apical tip segments by application and removal of
stress treatment. The somatic cells are converted to
embryogenic cells by the stress treatment. After removal
of the stress, the embryogenic cell begins to develop
into a somatic embryo.
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Germ cells are specialized cells that can transmit genetic
materials from one generation to the next through sexual reproduction.
—— All other cells of the body are somatic cells. This separation of germ
and somatic cells is one of the oldest problems in developmental
biology. In many animal groups, a specialized portion of egg
cytoplasm, or germ plasm, is inherited by the cell lineage which gives
rise to germ cells. This cell lineage is called germline. The germline
progenitors eventually migrate into the gonads, where they
differentiate as germline stem cells (GSC) to form eggs and sperm
when the organisms are physically matured. Our laboratory aims to
find the molecular mechanisms regulating germline segregation,
germline sex determination, and GSC niche function in Drosophila.
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Self-reproduction or Self-organization is a characteristic observed in all biological
organisms. In my Lab, we research self-organization using a cellular slime mold,
Dictyostelium discoideum, as a model system, by a combination of experimental and
theoretical methods. Our aim is to clarify the molecular systems that regulate cell orientation
and to simulate its dynamics.

Dictyostelium discoideum is a solitary amoeboid microorganism that grows as a
single cell, but during starvation it initiates chemotaxis towards a cAMP signal secreted by
neighboring cells and constructs a multicellular “slug”. This feature is simple but very useful
for investigating how cells interact to construct multi-cellular organisms. At present, we are
focusing on biological soliton phenomenon which was firstly discovered in my Lab, and
chemotaxis which involves questions about how cells recognize their environment using

molecular techniques. We are also interested in disease-causing genes related to
biological self-organization.

Biological soliton phenomena in multi-cellular
movement observed in Dictyostelium mutant.
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Stem cells and regeneration are currently hot research subjects in the life sciences
and provide many possibilities for future treatments for major diseases, including organ
damage and degenerative conditions. We are studying the mechanisms regulating stem cell
maintenance, proliferation, and differentiation. Our experimental system uses the germline
stem cells in Drosophila oogenesis. We also use neuronal stem cells in the regenerating newt
retina and undifferentiated germline cells in developing newt gonads. Our approaches involve
genetic, immunological, and molecular biological techniques.

Keywords on our research are “cell differentiation”, “regeneration”, “Drosophila”,
“newt”, “germ cell”, and “stem cell”.

Totipotent Cell l

Pluripotent Cell

(: Stem Cell N

Unipotent Cell

Terminal
Differentiation

Steps in developmental potency (left), and a model mechanism of stem cell maintenance (right).
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Functional analysis of orphan GPCR was my first research area as a biologist in drug discovery
research. Kisspeptin was one of the most impactful research topics for me, starting from the
discovery of its physiological functions in relation to reproductive neuroendocrinology and its
therapeutic application for prostate cancer. Through this program I gained experience and
knowledge ranging from the drug target discovery to drug development as clinical studies. I
then changed my research field from oncology to drug repurposing, expanded my research
therapeutic areas and strengthened translational science. I am now leading External
Neuroscience Research to deliver breakthrough medicine through innovative partnership. My
experience of therapeutic area includes oncology, reproductive neuroendocrinology,
inflammation, and neuroscience.

Drug discovery and development is a teamwork-oriented process where very diverse multi-
functional professionals are working together. In addition, drug discovery and development
cannot be achieved without external professional partners as well. I really like this
multidisciplinary research approach because we can overcome hurdle after hurdle to eventually
achieve our goals. Let's work together to make innovation happen.
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Regulation of photosynthesis and metabolism under extreme environment
A unicellular red alga, Galdieria sulphuraria is found in nature in acidic hot springs and soils
where other organisms cannot live. In order to survive these environments, they have strong
environmental tolerance to strong acids, high osmotic pressure, and high concentrations of
metals. In addition, they are the only alga that can grow photoautotrophically under pure COs..
However, little is known about how they are able to adapt to such extreme environments. To
elucidate the mechanisms, we have found new regulatory mechanisms for photosynthesis and
metal tolerance, and have identified unique factors such as multi-metal tolerance factors.

Green technology for sustainability G. sulphuraria (right panel)

SEM images

Microorganisms  adapt and  create the  (lower panel, from left):
Living cell, Lyophilized cell,

environment through biological and non-  Auadsorbed lyophilized
cell of G. sulphuraria,

biological phenomena. By examining these
phenomena with the latest technology, we are

exploring sustainable green technology.
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(1) “Tsukuba System” for high amount of protein production system in plants
We established high amount of protein
o production system in plants, termed “Tsukuba
proteins in plants ’s . . . .
, System”. The yield of protein production is
Tsukuba  magnICON (kDa) B . .
" o0 — BN compatible to other expression systems, such as

“Tsukuba System” to obtain a lot of

= :“""""“‘ E. coli and yeast. By using this system, we are
35 — . 1 . . .
s B now establishing the following application
methodology;
. 1. High amount of pharmaceutical protein
Tsukuba system is superior, compared to magnICON production in plants for cost effectiveness. The
system commercially used system (4 mg/g FW) targets are proteins for regenerative medicine,

(Miura et al. PCT/JP2018/008512) . .
veterinary medicine, etc.

2. High amount of production of plant secondary metabolites by expression of enzymes.

3. Transient expression of Cas9 and sgRNA in plants to achieve plant genome editing without
transformation.

(2) Elucidation of molecular mechanisms of abiotic stress signaling and sugar
accumulation

Because sugar accumulation and abiotic stress responses are
% correlated, e.g. cold stress enhances sugar accumulation in
h) Kinase plants, we are elucidating molecular mechanism of abiotic

>\ o1 stress signaling and sugar accumulation. We are to identify
T = interacting factors to control abiotic stress signaling. Several
competition | -4 |CE1 f h 1 d R 1 d h h k
> 7
[ DREBIA actors have already isolated, thus, we are checking
cis-element

2 functional role of these factors.

e For sugar accumulation, we [
have already isolated high sugar tomato mutant (Brix: 12-15). The [ .
level of Brix is similar to that of grape. We are now identifying High sugar tomato
the mutation in this mutant and characterizing functional role of (Brix:12-15)

this mutation.

Selected publications

1. Nosaki, S. etal. (2021). Prevention of necrosis caused by transient expression in Nicotiana
benthamiana by application of ascorbic acid. Plant Physiology 186: 832-835.

2. Miura, K. et al. (2020). The PHD finger of Arabidopsis SIZ1 recognizes trimethylated
histone H3K4 mediating SIZ1 function and abiotic stress response. Commun. Biol. 3: 23.

3. Shimatani, Z. et al. (2017). Targeted base editing in rice and tomato using CRISPR-Cas9
cytidine deaminase fusion. Nature Biotechnology 35: 441-443.



Shinichi Miyamura

Cell Biology of Sexual Dimorphism in
Green Plants

miyamura.shinichi.fw@u.tsukuba.ac.jp

My lab is working on two projects: 1) the cellular and molecular mechanisms of

sexual dimorphism of gametes in isogamous, anisogamous, and oogamous green algae; and 2)
sexual reproduction in green algae, mosses, ferns, and gymnosperms. Marine green algae
belonging to the Ulvophyceae, as well as the unicellular green alga Chlamydomonas and land
plant sperm, are used mainly as our experimental systems.

Sexual dimorphism of green algal gametes

We have been focusing on asymmetric placement of the mating structure
(cell-fusion apparatus) in gametes as a feature of sexual dimorphism in
green algae. The gamete of green algae belonging to the Chlorophyta has
two flagella elongated from the cell apex and a mating structure that is a
specialized plasma membrane near the flagellar apparatus. The spatial
position of the mating structure differs between the sexes. In the male
gamete, the mating structure is located on the opposite side to the eyespot
(E), whereas it is located on the same side as the eyespot in the female
gamete. As a result of this difference, the two eyespots align on the same
side of the planozygote after fertilization. Our lab is trying to elucidate the
cellular and molecular mechanisms of mating structure development and
placement in green algal gametes. We also aim to elucidate the
machanisms of gamete-type differentiation according to mating-type
locus by using Chlamydomonas and ulvophycean green algae.
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Our research focuses on the early

development of marine invertebrates, particularly

spiralian (higher taxa including molluscs, and
ﬂ
annelids and platyhelminthes), to reveal how I

animal development evolves. In order to get a
better picture of the evolution of development,
information from non-model animal is important. We use bidirectional approaches
of bioinformatics and experimental embryology to extract as much evolutionary
information as possible from non-model animals.

Examples of current research projects: "Role of lineage-specific
transcription factors in spiralian development", "Search for genes controlling

spiralian development", "Developmental system drift in spiralian development".
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Apicomplexan parasites, including Toxoplasma gondii and malarial parasites, have
an organelle called the apicoplast, which a kind of plastid and developed from a secondary
symbiont of the ancestor of red algae. Apicomplexan parasites have lost their photosynthetic
activity because they gained a new, parasitic ability during evolution. However, they still
possess the apicoplast, which is essential for their survival. The biology of T. gondii and
malarial parasites is therefore similar in some ways to that of plant systems because they still
have a plant inside the cell. We are investigating the plant-like nature of apicomplexan
parasites as a target for the development of anti-parasitic drugs. We are also focusing on the
parasitic ability that replaced their photosynthetic ability, and studying how they highjack
host functions for their survival.

Toxoplasma gondii produces plant
hormones and regulates the
progression of the cell cycle and
division of plastids. It also secretes
rhoptry proteins and highjacks gene
expression and organelles in the host
cell. Through this highjacking, T.
gondii can escape the host immune
response and take up essential
molecules.
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Keywords: mitochondrial DNA, mitochondria-based diseases, model mice

Studies on biological and medical significance of mitochondrial fission, fusion, and quality
control

Studies on inheritance and gene expression of mitochondrial genome

Generation of model mice for mitochondria-related diseases

Studies on pathogeneses of mitochondria-related diseases using model cells and mice
Studies on mitochondrial diabetes mellitus

Studies on the mitochondrial theory of aging

Therapeutic strategies for mitochondria-related diseases
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Until recently, gene expression was thought to be controlled mainly at the level of
transcription initiation by repressor or activator proteins. It has now been revealed that other
mechanisms can regulate gene expression and involve RNAs that might act as antisense
RNAs, sequestering molecules, or thermosensors. Bacterial pathogens sense their
environments, and in response, virulence genes are induced or repressed through spatial and
temporal regulation. These pathogens are also subjected to stress conditions, which require
appropriate responses. Recent research has revealed that RNAs are key regulators in
pathogens. Small RNAs regulate the translation or stability of mMRNAs that encode virulence
proteins, namely proteins that are triggered by environmental cues and stresses. In most cases,
these small RNAs act directly on target RNASs by an antisense mechanism.

Molecular recognition of RNA by distal site of
Hfq. (A) Left panel: surface representation of
hexameric BsHfq (gray) with stick representation
of A (cyan) and G (magenta) residues of AGr.
Right panel: surface representation of hexameric
EcHfq (gray) with stick representation of poly(A)
(cyan). Subunit boundaries are indicated by
dashed lines. (B) Stereo view of BsHfg—AGr and
EcHfg—poly(A) (left and right panel, respectively).
R is a purine nucleotide and N is any nucleotide

[6).
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We are performing zoological studies on less studied marine invertebrates, currently
focusing on placozoans, Xenoturbella, acoels, and sea slugs. Our laboratory is situated at
Shimoda Marine Research Center, and the research animals are mostly collected at or around
Shimoda. By studying the morphology, taxonomy, development, and ecology of these
animals, we aim to gain new information on the evolution and diversity of metazoans and
bilaterians.

Placozoa is an amoebae-like marine flat animal about 1mm in diameter, possessing one of
the simplest body plans within the metazoans. It lacks tissues or organs, and even neurons or
muscle cells. There are still no reports of their complete development.

Xenoturbella is a marine animal about 1 cm long lacking typical bilaterian traits such as
anus, gonads, and coelomic cavities. We made the first report of its development, and
described a new species, X. japonica, from Japanese waters.

Acoels share a similar body plan with Xenoturbella, and the two groups form the phylum
Xenacoelomorpha. Although the phylum is widely believed to be important when considering
the origins of bilaterians, the phylogenetic position of this phylum still remains unresolved.

from left
*placozoa
* Xenoturbella

~acoel
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My goal is to understand the molecular mechanisms that control cell behavior, such as cell
division, cell morphogenesis, and intracellular trafficking, from the perspective of the
cytoskeletons and membranes. These processes are fundamental to life. In my lab, unicellular
organisms, including fission yeast and ciliate 7etrahymena, are used as models for this purpose.
We try to achieve the goal by combining several methodologies, including genetics, cell biology,
and biochemical approaches.
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Symbiogenesis and Diversity of Unicellular Organisms

Looking over the diversity of life, with only some exceptions of a few lineages (animals and
plants), most organisms are unicellular. We are researching on the evolution and diversity of
unicellular organisms, as an essential factor for a better understanding of life on Earth.
Particularly, we focus on symbiotic phenomena among unicellular organisms, and aim to
elucidate the evolution of intracellular symbiosis and its ecological role through various nucleic
acid sequence analysis methods.
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My research interests are in the areas of developmental biology,
cell biology, neuroendocrinology, and molecular genetics in
insects, particularly the fruit fly Drosophila melanogaster.
Currently I am interested in understanding how interorgan
communication is adaptively involved in regulations of nutrient-
dependent developmental plasticity, mating-induced female
germline stem cell proliferation, reproductive dormancy, and the
host-parasitoid wasp interactions.
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Research in our lab covers a wide range
of topics, with the common theme that
they all involve  plant-animal
interactions. We use field, indoor
experimental, and  computational
approaches to elucidate how plants have
evolved various floral traits and
combinations to maximize fitness,
mediated through interactions with
diverse organisms. We often focus on
how flower visitors such as bumble bees |
and other insects respond to variation in aﬂ
a set of floral traits at different spatial

scales, based on foraging economics that has been neglected in the past studies of floral
evolution. We have learned from our research that one could effectively predict and test what
behavioral responses floral traits have evolved to elicit from animals by incorporating
knowledge from behavioral ecology, animal physiology, and animal psychology. To promote
such interdisciplinary research in evolutionary ecology, we have collaborated with researchers
from diverse fields, such as behavioral ecologists and animal physiologists/psycologists.
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We are interested in understanding neuroendocrine mechanisms that control important
biological phenomena such as growth, metamorphosis, and behavior during insect development.
Mainly by using powerful fruit fly genetic tools, we aim to understand what kind of hormones
and receptors are involved in these regulatory mechanisms and how they function at the
molecular level.

Genetic regulation of the function of hormones in the fruit fly
Drosophila melanogaster induces changes in the body size and
shape of individuals during development.

(A) Suppression of the neuropeptide that controls body
contraction during puparium formation results in elongated
pupae.

(B) Suppression of the function of insulin-like peptides
significantly suppresses systemic body growth and results in
small pupae.

(C) Inhibition of steroid hormone production delays pupation [EisastisS@:Y (=)

and results in large pupae.
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Japanese morning glory (Ipomoea nil, formally Pharbitis nil) is one of the plants
selected for the national bio-resource project (NBRP) of MEXT Japan. /. nil has
long been studied as the model plant of the short- '
day induction of flowering and the garden plant |
with significant variation. Using CRISPRed |
mutant lines and wild strains, we are uncovering
the mechanisms in photoperiodic regulation of
flower-induction and flower-opening.

We are developing a new self-illuminating system
for plant that allows the non-invasive detection of
changes in gene expression for observing
circadian rthythm efc. This system also can be
applied to make self-illuminating plants that may
facilitate understanding GM crop through
"Science Arts", like as our GM Yellow flower etc.
We have been also collaborating with medical
researchers on the developing edible vaccine
against to viruses and food poisonings.
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We have developed a new bioassay system to find and evaluate natural bioactive
compounds (e.g. phytochemicals, plant extracts, fermented foods, and animal tissues) that
influence health and aging; this novel bioassay system uses nematodes to characterize the
bioactivity of natural substances. Because of its biological characteristics (easy culture, short
lifespan, and availability of mutants), the nematode is a suitable and well-characterized model
for investigating the physiology and mechanisms of human aging and disease. We are using
this animal to screen for biomaterials with potential benefits for human health.

To promote health (prevention and amelioration of lifestyle-related diseases) and
youth (anti-aging and vitality), we are searching for natural bioactive compounds. We are
scientifically evaluating the bioactivity of these substances and developing novel bioactive
materials. We are also conducting applied studies to develop functional foods, functional
feeds, cosmetics, and medicines.

Phytochemicals such as catechin from tea,
resveratrol from red grapes, and hydroxytyrosol
from olives are famous bioactive compounds that
can act against aging and help protect against
lifestyle-related diseases. We are using these
materials in functional foods, cosmetics,
medicines, and other materials to promote health
and slow aging.
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In vertebrate species, most ambient information is derived through photoreceptors where light
is absorbed and signaled to the nervous system. Visual perception initiates with light absorption
by rod and cone photoreceptors in the retina, which mediate dim light vision and bright light
vision, respectively. In addition to the vision, light reception by inner retinal neurons or
extraocular photoreceptors is thought to be of great importance to animal behaviors such as
circadian phase shift and body colour change. Our research aims to elucidate the underlying
light perception mechanism by which absorbed photons are converted into an electrical
response and signaled to the brain. To achieve this goal, we primarily use electrophysiological
techniques in combination with genetically manipulated animals, which is powerful to elucidate
molecular mechanisms in neurons.
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Rod and cone photoreceptors employ homologous or sometimes even identical proteins in their
phototransduction cascades, indicating that the same principles of phototransduction are likely to exist.
Despite these similarities, rods and cones exhibit important functional differences, with still largely unknown
origins.
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Our group is interested in developmental mechanisms [y e NP e R L L oL b e

of the marine invertebrate chordate Ciona intestinalis.
Ciona is the model species of tunicate ascidians.
Among invertebrates, tunicate is the closest living
relative of vertebrate. Studies of tunicates are thus
necessary for elucidating evolution of vertebrates. In
Ciona, tools for investigating molecular mechanisms
have been established, such as well-annotated genome
sequence and embryological techniques. We have
established the methods for manipulating genomes
and genes in Ciona, as exemplified by transposon-
based transgenesis and genome editing. Using these
techniques, we are addressing mechanisms underlying
development of Ciona.

We currently focus on metamorphosis.

Swimming tadpole larvae of Ciona complete

metamorphosis within a few days, and they start sessile adult life. Ciona larvae possess only
177 neurons. The simple nervous system regulates complicated metamorphic processes. We are
interested in the molecular and cellular mechanisms underlying metamorphosis; how signaling
molecules and neurotransmitters regulate destruction of larval organs and construction of adult
organs to complete this event. By comparing mechanisms of metamorphosis between animals,
we aim to understand the evolution of metamorphic events among animals.
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The general aim of my research is to reveal the mechanisms of ecological diversification at the
level of species and populations, as well as speciation mechanisms. Furthermore, I deal with
behavioral variations in different individuals of the same population. In particular, I focus on
social behavior and mating behavior in spider mites. Spider mites are small arthropod
herbivores less than 1 mm in length. They are good model organisms because they complete
their development (egg to adult) in a short period (ca. 5
- 20 days under optimal conditions) and they can be
mass-reared in small spaces. These advantages allow
investigation of the following projects:

B Alternative reproductive tactics in spider mite
males

B Speciation in haplodiploid spider mites

B Kin selection and lethal male fights

B Reproductive interference between invasive and
native spider mites

B Biological control for invasive bamboo mites in Europe
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Do you know what an interspecific hybrid is?
Mules from mares and donkeys, leopons from
lionesses and leopards... Interspecific hybrids are
rare in nature; most of them are sterile and therefore
cannot produce descendants. If these hybrids were
not rare, then biological species would become
fused and lost from the world. In other words,
species exist because of reproductive isolation: the
origin of new species is completed by acquiring
reproductive isolation between populations.
Therefore, speciation is a major driving force of Male leopons are sterile.

evolution. The purpose of our research is to Specimen: National Museum of Nature and Science, Tokyo

. . . .. Photo: K. Maehara & T. Murata; Courtesy of S. Kawada

elucidate the genetic mechanisms of speciation.

leopon §

Our model organism is Drosophila. Genomic sequencing has been completed in ~50 Drosophila
species. The biodiversity of this genus is spectacular: 3950 extant species (and 12 fossil species)
have been described in the Drosophilidae (Brake & Béchli, 2008). Furthermore, Drosophila has
many crossable sibling species pairs and can be used to provide useful experimental systems
for investigating the genetic mechanisms of speciation.

Selected publications

1. Onuma, M. et al. (2021) Genital coupling and copulatory wounding in the Drosophila
auraria species copmlex (Diptera: Drosophilidae). Bio/ J Linnean Soc in press

2. Hama, Y. ef al. (2020) Long-term coexistence of a hybridization-derived population of
Drosophila parapallidosa with closely related Drosophila ananassae (Diptera:
Drosophilidae). Entomol Sci 23: 405-415.

3. Hirai, K. et al. (2018) Genetic analysis of Elys mutations in Drosophila show maternal-
effect lethality and interactions with Nucleoporin genes. G3 8: 2421-2431.

4. Shirata, M. et al. (2014) Allelic asymmetry of the Lethal hybrid rescue (Lhr) gene
expression in the hybrid between Drosophila melanogaster and D. simulans: confirmation
by using genetic variations of D. melanogaster. Genetica 142: 43-48.

5. Maechara, K. et al. (2012) Genetic dissection of Nucleoporin 160 (Nupl60), a gene
involved in multiple phenotypes of reproductive isolation in Drosophila. Jpn J Genet 87:
99-106.



Kogiku Shiba

Cell Biology

kogiku@shimoda.tsukuba.ac.jp

https://inaba-lab-shimoda.jimdofree.com/english/

Keywords: sperm, flagella, cilia, fertilization, cell motility

The structures of cilia and flagella have been highly conserved through evolution and play
important roles in sperm motility, embryonic locomotion, current generation in epidermal
tissues such as the oviduct and trachea, and cell signal reception. We are using the embryos or
sperm of marine invertebrates such as tunicates, sea urchins, fishes and snails to study the
regulatory mechanism of ciliary and flagellar movement. Research topics are a signaling
pathway in sperm motility activation and chemotaxis to egg, and a regulatory mechanism of
flagellar and ciliary waveforms. To analyze motility and waveforms in cilia and flagella we are
using a high-speed camera, a stroboscopic lighting system, auto-tracking software, and a Ca**-
imaging system.

Ve 0 O
R
BN RN

Selected publications

1. Sasaki K7, Shiba K, Nakamura At, Kawano N, Satouh Y, Yamaguchi H, Morikawa M,
Shibata D, Yanase R, Jokura K, Nomura M, Miyado M, Takada S, Ueno H, Nonaka S,
Baba T, Ikawa M, Kikkawa M, Miyado K, Inaba K. Calaxin is required for cilia-driven
determination of vertebrate laterality. Commun Biol 2:226. (2019) fequal contribution.

2. Shiba K, Inaba K. Inverse relationship of Ca**-dependent flagellar response between
animal sperm and prasinophyte algae. J Plant Res 130(3):465-473. (2017)

3. Miyata H, Satouh Y, Mashiko D, Muto M, Nozawa K, Shiba K, Fujihara Y, Isotani A,
Inaba K, Ikawa M. Sperm calcineurin inhibition prevents mouse fertility with implications
for male contraceptive. Science, 350(6259):442-5. (2015)

4. Shiba K, Inaba K. Distinct roles of soluble and transmembrane adenylyl cyclases in the
regulation of flagellar motility in Ciona sperm. Int J Mol Sci 15(8):13192-208. (2014)

5. Shiba K, Shibata D, Inaba K. Autonomous changes in the swimming direction of sperm in
the gastropod Strombus luhuanus. J Exp Biol 217(Pt 6):986-96. (2014)




Yasuteru Shigeta

Theoretical biophysics

shigeta@ccs.tsukuba.ac.jp

https://www.ccs.tsukuba.ac.jp/eng/research-divisions/division-of-life-sciences/bi
ological-function-and-information-group/

Keywords: Theoretical calculations, Drug Discovery, Bioenergetics

Phenomena expressing in life are dominated by a series of chemical reactions driven by
macromolecules such as proteins, nucleic acids, lipids, and sugars. To understand the life, the
fundamental molecular mechanisms of biological phenomena should be clarified by
investigating the electronic structure changes and the spatial rearrangements of atoms
accompanied by the chemical reactions. In our group, dynamic structure-function correlations
of biomolecules are explored by using theoretical calculations such as quantum chemical and
classical molecular dynamics simulations.

Using these methods, we have investigated catalytic chemical reaction mechanisms in
bioenergy conversion processes such as electron transport chain, photosystems, and
hydrogenase at microscopic level. In particular, the stability of X-ray and/or neutron

crystallographic structures was examined by Biophysics of Enzym atic

Reaction Mechanisms

Computational study of

using quantum chemical calculations, and
then electron transport pathways in a given
protein were estimated to specify the detailed
mechanism. We have also conducted the drug
discovery researches on antiviral candidates

OEC in Photosystem Il Repositioning of existing drugs

New Theories and Methods

towards Dengi, Zika, and SARS-Cov-2
viruses. The use of supercomputers enables
us to examine protein-drug interaction more
precisely and screen the potential drugs from
many candidates.

Large-scale Fragment MO

Large—scale FPMD Simulations
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Nutrient-Neuro-endocrine Mechanisms of Maturation
in Drosophila melanogaster

How do the organisms know their appropriate timing of maturation from the juvenile
to the adult? One of the key regulatory mechanisms is steroid hormone biosynthesis
in response to various environmental conditions. We have been studying the neuronal
regulatory mechanism of steroid hormone
biosynthesis in the fruit fly Drosophila
melanogaster. By using molecular genetics,
cell biological analysis, and live-imaging
system, we are trying to understand how the
genetic program of organisms is flexibly
coordinated to accomplish the development
from eggs to individuals. Anyone and
everyone are welcome to share our scientific
interests in the lab!
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Most of the phylogenetic diversity is dominated by prokaryotes and unicellular eukaryotes.
However, most of them have not been adequately studied due to the lack of culture strains. To
clarify the whole picture of the tree of life and the process of the evolution, it is necessary to
discover unknown microorganisms from the environment and study them.

We screen novel unicellular organisms from various environments, isolate and cultivate them,
and analyze their fine structures using electron and fluorescence microscopy and genome and
transcriptome data to clarify the early evolution, diversity, and phylogenetic relationships of
life on the earth.

Light and electron micrographs of Candidatus
Uab amorphum. We discovered this bacterium
in the Republic of Palau in 2015 and showed it
performs cell uptake like a eukaryote. Because
of this unusual feature, this bacterium is
important for revealing the early evolution of
eukaryotes.
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n. sp. The Journal of Eukaryotic Microbiology, 63:804-812.
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Mitochondria play important roles in cell functions such as ATP production and
apoptosis. Mammalian mitochondria contain multiple copies of approximately 16-kbp
double-stranded DNA with a closed circular conformation. Two genetic characteristics that
are major specific phenomena observed during the inheritance of mitochondrial DNA
(mtDNA) are maternal inheritance and rapid segregation. We have been investigating the
mode of mtDNA transmission in a mouse model.

Our particular focus is the genetic machinery of rapid segregation. Usually, 1000 to
10,000 copies of mtDNA molecules exist in a single somatic cell, and the mutation rate of
mtDNA is higher than that of nuclear DNA. Thus, mtDNA is thought to show heteroplasmy:
in other words, more than one type of mtDNA exists in a cell. However, rapid shifts in
mtDNA variants between generations have been observed in several species, and mtDNA

homoplasmy is maintained in most
individuals. Our group previously
proposed models for the mitochondrial
bottleneck effect, which is a concept for
the genetic machinery of rapid
segregation. We are currently
investigating mtDNA and mitochondrial
segregation by using transgenic mouse
strains.

| Confocal image of mitochondria
in kidney from mtGFP-Tg mice.
Mitochondria were visualized by
using green fluorescent protein.
Nuclei are counterstained with
DAPI (blue).
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My research focuses on many facets of behavioural ecology, dealing with spatial ecology,
life-history, individuality, ecotoxicology and population dynamics. I study the interactions
between prey and predator as well as individuality and fitness mainly on top avian predators
such as colonial seabirds and raptors, addressing a range of questions from understanding the
consequences of migratory strategies on individual fitness and population dynamics, to
investigating foraging strategies in sympatric species and incubation strategies from an
ecophysiology point of view, the mechanism of carry-over

effects in migratory species. I recently expanded my

research interest to include understanding the mechanism

of biotransport through behaviour and the extent of the

consequences on trans-ecosystems. I am currently leading

projects on seabirds and raptors breeding in the Pacific

Ocean. I am collaborating with various researchers and

NGOs which lead some of my research results to help

making conservation policies in the Atlantic Ocean.

Tufted puffins breeding at Middleton Island, Alaska, USA
where we are currently studying wintering movements and
behaviour with bio-logging techniques. Through
collaboration with Dr. Kyle Elliott at McGill University in
Montréal, Dr. Stéphane Aris-Brosou at University of
Ottawa in Canada, and Dr. Anntte Fayet at Oxford
University, and many more cannot be listed all here, we are
tagging several seabirds in the Pacific Ocean.
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Using genetic and molecular biological approaches, we
are trying to elucidate molecular mechanisms underlying
plant-microbe symbiosis with a model legume Lotus
Jjaponicus and nitrogen-fixing bacteria called rhizobia.
We are particularly interested in to reveal the molecular
mechanisms by which plants control root nodule

symbiosis in response to the change of environmental

-Nitrate = +Nitrate |

factors. Examples of research projects: "Studies on transcription factors that regulate root

nodule symbiosis", "Organ-to-organ communication to regulate root nodule symbiosis",

"Control of root nodule symbiosis in response to nutritional environment" etc.
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Evolution of neural circuits, behavior, and mind of basal vertebrates
Cyclostomes (lampreys and hagfish) are the only surviving jawless fishes, the earliest
vertebrates. As being basal-most group of vertebrates, they provide crucial information for
understanding early evolution of the vertebrates. To elucidate the evolutionary origin of
vertebrate brain, behavior, and mind, we take an integrative approach combining molecular
biology, neuroscience, bioinformatics, and so on.

Although lampreys and hagfish form a monophyletic group, they show different
lifestyles and lineage-specific adaptations. As lampreys transform from riverbed-burrowing
larvae to actively swimming adults, their visual system shows stepwise development from
immature photoreception to matured image-forming vision. In contrast, hagfish live in the deep
sea and thus show a degenerate visual system. Instead, they have a sophisticated olfactory
system and an enlarged pallium, the brain region homologous to the mammalian cortex. We
focus on these peculiarities to reconstruct ancestral conditions.
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Living organisms recognize changes in their environmental conditions and regulate
their gene expression to acclimate to such changes. However, the molecular mechanisms of
signal perception by cellular sensors are not yet well characterized. We developed a way to
construct chimeric sensors, which contain a signal-recognition domain from an unknown
sensory kinase and a kinase domain from the well-studied phosphate-deficient sensor, SphS,
from the cyanobacterium Synechocystis sp. PCC 6803. This system is a powerful tool for
studying the functions of sensory kinases and the molecular mechanisms of signal perception,
as well as for developing artificial switches to regulate gene expression in systems biology.

Chimera sensor for characterization of histidine kinases

Uncharacterized histidine kinase SphS (Hik7)

[ ) — [ I evon Sm—

! S L el —— Construction of a chimeric sensory kinase in
Synechocystis. A phosphate sensor, SphS, regulates
expression of the phoA gene encoding alkaline

Condition A phosphatase (AP). The chimeric sensory kinase

Condition B} - | [ ] k Hik }I containing the signal-recognition domain of an

: | uncharacterized kinase and the kinase domain of

SphS regulate the expression of the phoAd gene

Screening for culture conditions
for expressing AP activity

‘Expression of the phoA gene ‘

under the conditions perceived by the

1 Hik: hisitidine kinase domain unCharaCteriZed sensory kinase.
Determination of stimuli PAS: Per-Arnt-Sim domain
perceived by Hik AP: alkaline phosphatase[[ll
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How has biodiversity in front of us evolved and how could it be conserved? To answer this
question, we conduct evolutionary & conservation ecology of plants and interacting organisms
at the genetic- to community- levels in mountains, grasslands and forests.

In various model organisms, more than half of genes have no
known function, and interest has focused on the role of those
genes in field ecosystems. Arabidopsis kamchatica, closely
related to the plant model 4. thaliana, adapts to an elevation
of 0 ~ 3000 m, and its life span evolved to vary greatly
depending on elevation. We are identifying the "life span |
gene" and related environmental adaptation.

Grasslands that have been for > 300 years remain in ski

resorts, reservoirs and mountain castles. Their legacy effects
maintain high biodiversity in plants, butterflies, moths,
beetles and fungi. In the Sugadaira grasslands, genetic
resources over ¥ 10,000,000,000 are being lost, unknown and v .
unused. The results of this research are being used to conserve
biodiversity through regional cooperation. '

3
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I am an associate professor in the Doctoral Program in Biological Sciences at the University
of Tsukuba, where | teach ecology, theoretical biology, biometry, and computer programming.
| specialize in population biology using a wide range of materials, including natural
communities of egrets and herons in the eastern region of the Kanto Plain; laboratory
populations of bean weevils collected from all over the world; natural populations of bumble
bees in urban and rural regions, and the in silico digital bugs that occupy gigabytes on the
hard disks attached to my computers. | am using these materials to question, in an
evolutionary sense, why some organisms live in groups but others tend to live solitarily. My
speciation philosophy was converted to Wrightian from Fisherian when I studied evolution
and ecology under Prof. Michael Wade in 1995-1996. | believe that Wright’s shifting balance
scheme is realistic. I’m often described as a theoretician, but I consider myself primarily to be
an ecological field worker. Somehow | have become good at capturing wild egrets and herons

by hand!
The photographs (clockwise from the top left panel)
show a larva of Callosobruchus maculatus, a notorious
bean-weevil pest of legume seeds, constructing a rough
wall inside a bean when it happened to break into the
cavity of another larva. The larva has used feces and a
secreted substance to form the wall. The C. maculatus
larvae are of the scramble type, so multiple adults can
emerge from a bean, but if the wall structure is
artificially removed the larva will fight with the other
larva in the cavity and one or both of them will die as a
result. The rough wall acts as a kind of language that
prevents fights between inherently quarrelsome larvae.

Select Publications

1. Mashiko, M., Fujioka, M., Moriya, K., Hagimoto, T., Yamaguchi, M., and Toquenaga, Y. (2012).
Natural hybridization between a Little Egret (Egretta garzetta) and a Chinese Pond Heron
(Ardeola bacchus) in Japan. Waterbirds 35, 160-163.

2. Kondo, N., Tuda, M., Toquenaga, Y., Lan, Y-C., Buranapanichpan, S., Horng, S-B., Shimada, M.,
and Fukatsu, T. (2011). Wolbachia infections in world populations of bean beetles (Coleoptera:
Chrysomelidae: Bruchinae) infesting cultivated and wild legumes. Zool Sci 14, 166-172.

3. Suzuki-Ohno, Y., Kawaguchi, L., Munidasa, D., and Toquenaga, Y. (2010). Do bumble bee
gueens choose nest sites to maximize foraging rate? -Testing models of nest site selection- Behav.
Ecol Sociol 63, 1353-1362.

4.  Toquenaga, Y., and Kokuvo, N. (2010). Full-sib reconstruction in haplodiploid populations. Appl
Entomol Zool 45, 59-64.

5. Otsuka, Y., and Toquenaga, Y. (2009). The Patch Distribute Producer-Scrounger Game, J Theor
Biol, 260, 261-266.

6. Mano, H., and Toquenaga, Y. (2008). Wall-making Behavior in Callosobruchus maculatus
(Coleoptera: Bruchidae). Ann Entomol Soc Am 101, 449-455.



Fuminori Tsuruta

Molecular and cellular neurobiology

tsuruta.fuminori.fn@u.tsukuba.ac.jp

https://ftsuruta.wixsite.com/fuminori-tsuruta

Keywords: microglia, astrocytes, neurons, neuroinflammation, neurogenesis,
synaptogenesis, developmental disorders, neurodegeneration

Our laboratory is interested in understanding the mechanisms of how glial cells contribute to
neurogenesis, synaptogenesis, and neural circuits formations. Also, we have been investigating
mechanisms by which glial dysfunctions cause an increased risk of neuronal disorders.
Currently, we implement several projects, such as (1) microglial diversity regulated by
extracellular micronuclei, (2) microglial maturation and purine metabolism, (3) atypical
secretory pathway in neurons and astrocytes, (4) hypothermia control mediated by neuron-
astrocyte interaction. Moreover, we have been developing tools and screening systems to
elucidate abnormal post-translational modifications that induce neuroinflammation. We aim to
clarify some of the principles of neuron-glia interactions in the developing brain through these
challenging projects. We welcome highly motivated students interested in molecular
neuroscience to investigate the mechanisms underlying glial functions.

Mouse brain

Astrocyte
Synapse pruning Neurogenesis
Survival Synaptogenesis
— —
— —

Microglia (Iba1)

Microglial diversity Astroglial diversity
Neuroinflammation Neuroinflammation

== Approach to understanding the glial functions and neuronal disorders
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Our interest is in the evolutionary processes of various animal body plans. We are especially
interested in the following issues.

1) Establishment and evolution of the chordate body plan. Chordates acquired several novel
characters such as notochord, dorsal central nervous system, vertebrae, and pharyngeal arches.
We explore how these novel organs evolved by comparing developmental genetics in
amphioxus and lampreys.

2) Evolution of echinoderm larval morphology. Echinoderms show two types of larvae,
pluteus and auricularia. We asked how these discrete larval morphologies evolved by
comparing developmental genetics in sea urchins and starfish.

3) Evolution of bivalve shell plate in bivalve mollusks. Bivalve mollusks acquired bilaterally
separated shell plates, and this unique morphology is visible as early as the gastrula stage,
showing that the separated shell plates are established by modifying their early
embryogenesis.

4) Establishment of the unique body plan of caprellids. The unique body plan of the caprellids
was established from a gammarid-like body plan through the loss of some thoracic limbs and
abdominal segments. We are seeking the genetic modification response for this loss. We are
interested in this phenomenon because some caprellid species re-acquired the limbs.

g h :
N8 ' x Expression of pax3/7 and soxE, whose
e AP ST homologues are involved in the
o i = differentiation of the dorsal neural tube in

vertebrates, mark dorsal part of the acorn
worm nerve cord, showing that acorn worms
possess similar DV patterning mechanism in
their nerve cord. (Miyamoto and Wada,
Nature Comm. (2013).

W Paxd7 4 soxE [ soxE
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Marine ecosystems have face serious threat from environmental change. To mitigate and adapt
against those issues, we have to understand the mechanisms of ecosystems and thereby predict
the response to environmental stressors. Our laboratory has mainly focused on three topics; 1)
Ecosystem response to ocean acidification, 2) Estimation of Blue Carbon, and 3) Mechanisms
of marine snow formation.
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Ecosystem response to ocean acidification: Ocean acidification is caused by anthropogenic
CO; emission. A part of CO; released by human activity is absorbed to surface ocean, and
disturbance of carbonate chemistry leads serious effects on marine organisms. Using natural
analogues of ocean acidification; volcanic CO> seeps, we have assessed the response of
marine ecosystems to ocean acidification.

Blue Carbon: Coastal vegetation such as macroalgae and seagrass has been recently focused
as carbon sink termed as Blue Carbon, because a part of organic carbon derived from their
photosynthetic products is sequestrated into sediment and deep sea. We trace the fate of
photosynthetic products to understand their contribution to Blue Carbon

Marine snow, particles settling to deep sea, has a role as a carrier of organic carbon, and its
contribution to carbon sequestration buftfers climate change. Combination of biological and
physical process would be important in the mechanism of marine snow formation, but it has
been largely unknown. We have assessed the effect of physical disturbance to dynamics of
marine snow to understand the mechanisms of carbon sequestration in pelagic ecosystems.
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2) Survey in marine forest of
macroalgae

3) Marine snow formed by
physical disturbance
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Carefully considered public communication of science and related issues is vital for
a healthy relationship between science and the society that both depends on and supports it. It
is becoming increasingly apparent that this communication is multifaceted, highly complex,
and must be better understood to face the challenges of our progressively science-reliant
society.

| have broad academic interests in the areas of public perceptions of science and
scientists; the portrayal of science in news and the media; risk perception; and the use of
visual media to communicate science concepts and issues in informal education settings.

I develop and conduct undergraduate and postgraduate courses in communication
skills and introductory science communication. These courses are designed to equip students
to effectively communicate their future research. In a previous life | trained in marine biology
and environmental chemistry, and worked on projects searching for potential new drugs from
marine invertebrates.
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The primary research goal of our lab is to understand the molecular
mechanisms of embryonic axis specification and formation in the
sea urchin. It has been suggested that this embryo has two
independent, maternally specified axes, primary (anterior-
posterior) and secondary (dorsal-ventral). My previous work
showed that specification of these two axes is linked by a single
transcription factor, FoxQ2, during early embryogenesis. My goal is
to try to understand how FoxQ?2 is
related to, or interacts with, signaling
pathways like the Wnt/B-catenin, Nodal,
and BMP2/4, which are responsible for
axis specification and formation.

Another research goal is to understand :
the moleculgr mechanisms of _ Recently we have succeeded
neurogenesis and neural functions, to make genetically modified
including the specification and sea urchins like albino by
patterning of the neurogenic ectoderm | applying CRISPR/Cas9.
that develops at the anterior end of
the sea urchin embryo.
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The Phylum Arthropoda is known to have a huge species diversity. And there is also great
diversity in the morphology of various organs and tissues. Although morphological features of
many organs and tissues have been investigated in the past centuries, there will be many
structures that we do not know well yet. Some of these unknown structures may have important
phylogenetic significance. In my laboratory, we are clarifying the phylogenetic significance of
the characteristics newly discovered in the arthropods from the viewpoint of comparative
morphology. The following are two examples of our research.

In one project, we identified distinctive structure in ovaries of myriapods. Although the
Myriapoda has been known to have few new traits that characterize the taxon, this ovarian
structure is considered to have important phylogenetic significance as an undoubted
synapomorphy of the Myriapoda. In another project, we newly found some structures for
appendage autotomy in centipedes. And we clearly suggested that the difference in the degree
of development of the autotomic structures is related to the frequency of their autotomic
behaviors and that the difference also corresponds to their order level phylogeny. Our researches
will not only add new insights to arthropod morphology but also contribute to a better
understanding of arthropod phylogeny and evolution.
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