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The Graduate School of Life Sciences was established for
the purpose of research and education in all aspects of life
sciences, from the molecular level to individual and ecological
levels.

The educational programs are aimed at acquisition of
correct views on nature and life by providing a well-balanced
and diverse education in life sciences.

The wide range of courses and research fields offered in
the Graduate School of Life Sciences provides opportunities
for collaborative study in various fields. It is expected that
interdisciplinary collaborative studies will not only lead to the
establishment of new science fields based on life sciences
but also provide means to deal with and solve new problems
that will arise in this century.

By providing such an educational and research environment,
it is expected that the Graduate School of Life Sciences
eagerly will nurture individuals who can apply the acquired
intellect and means of new life sciences to sustain the global
environment and improve human welfare.
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The life sciences are a collection of disciplines that combine the fundamentals of biology
and its application in areas such as agricultural science, medicine, pharmacology, and
engineering. The 21st century is considered as an era of life sciences. Ever since DNA was
discovered to be the hereditary material in all life forms in the middle of 20th century, whole
genome sequences of various organisms, from bacteria to humans, have been deciphered
one after another in the past 15 years. In addition, analytical techniques to study biological
phenomena have steadily undergone a series of advancements. However, new problems,
such as global warming, loss of biodiversity due to environmental destruction, challenges
associated with population aging, have piled up as new challenges ahead.

The philosophy and goal of this graduate school is, “to acquire a broad and balanced
foundation for life sciences by practicing a new life science education and research
methodology based on bioethics and developing efficient human resources to support
new advances in life sciences.” We envision the development of global leaders with a high
sense of ethics, who would contribute to the welfare of humanity and the conservation of
global environment through work in various fields, such as industries, universities/research
institutes, and administration by acquiring advanced knowledge and technology in the
field of life sciences. The staff and the graduate students from Japan and abroad, perform
research work collaboratively and contribute to the maintenance and improvement of
prosperous human life by elucidating the principles and laws of new biological phenomena,
thus making cutting-edge discoveries and transferring these back to the society. Above all,
since inception, we have been working towards the promotion of research by launching
four inter-disciplinary projects.

(1) Research on the construction and dynamics of the neural networks that supports
higher brain function

(2) Research on the control mechanisms of biological signals and studying them at the
molecular, cellular, and individual levels

(3) Research on the creation, maintenance, and preservation of higher-order life systems
under changing environments

(4) Genomic and post-genomic research for a comprehensive understanding of higher-
order biological phenomena

Since 16 years from its establishment, this graduate school has produced more than 1,700
alumni, including 337 PhD awardees, who are actively participating in research at domestic
and international universities/research institutes, private sector research institutes/planning
and development departments, administrative bodies, and so on. The Tohoku University
aims to develop “A fellowship of knowledge, open to the world, where people can gather,
learn, and create,” and as a part of it, we will continue to keep our doors open for young
people to learn the life sciences and participate in world-class research.

April 1, 2017
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Why ‘platonic' flies do not copulate

By studying the sexual behavior of a mutant strain of fruit fly
called “platonic,” Prof. Yamamoto and collaborators at the Tohoku
University Graduate School of Life Sciences have identified a
mechanism responsible for serotonin-mediated neural control of
copulation.

Male and female platonic-mutant flies (Drosophila) actively
interact, but do not copulate. The researchers discovered that the
impairment of just one gene, known as scribbler, could render
the platonic mutants unable to copulate. According to the study,
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this gene is required during a fly's nymphal stage in order for eight
essential nerve cells to survive. These nerve cells play an important
role in the execution of the copulation motor program when the fly
reaches adulthood. The scribbler gene produces a protein that aids
the normal functioning of Bone Morphogenetic Proteins (BMPs),
which are crucial for the development of a variety of tissues and
sexual traits in many animal species.

The researchers believe that their study can provide insights into the
evolutionarily conserved mechanism of courtship and copulation,
and possibly lead to the development of novel, more effective drugs.

Yilmazer Y B, Koganezawa M, Sato K, Xu J, Yamamoto D (2016) Serotonergic neuronal death and concomitant serotonin deficiency curb copulation ability of Drosophila platonic

mutants. Nature Communications 7: Article number: 13792
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Differentiated muscle cells have highly organized structures, such
as myofibrils and Transverse (T)-tubules, to allow for contraction.
T-tubules make up a specialized membrane network involved in
excitation-contraction coupling. Mechanisms must remodel the
specialized structures, including T-tubules, with ongoing myofiber
reorganization in response to muscle use, damage, atrophy,
and aging. However, the extent and mechanisms of muscle
remodeling remain largely unknown. We discovered that the entire
excitation-contraction coupling system is dynamically remodeled
during metamorphosis in fruit fly abdominal muscles. Genetic
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screens identified an essential role for autophagy—the process
by which degraded cytoplasmic contents are delivered through
the cell membrane to lysosomes—in muscle remodeling, and an
unexpected role for Rab2 in autophagosome-lysosome fusion.
To our knowledge, this is the first report of a non-cell death role of
autophagy in Drosophila metamorphosis. Studies of programmed
muscle remodeling would provide new insights into muscle
remodeling mechanisms as well as the regulation mechanisms of
fundamental membrane trafficking pathways such as autophagy
and endocytosis.

Fujita N, Huang W, Lin TH, Groulx JF, Jean S, Kuchitsu Y, Koyama-Honda I, Mizushima N, Fukuda M, Kiger AA (2017) Genetic screen in Drosophila muscle identifies autophagy-

mediated T-tubule remodeling and a Rab2 role in autophagy. eLife 2017;6:e23367
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Reptile thermal adaptation to high temperatures is often limited, and
thus, lizards are considered to be vulnerable to climate warming.
In Cuba, there are 65 species of Anolis lizards, and dozens of
species can sympatrically coexist through divergent adaptation
to different tree structural habitats. In addition, three sympatric
species of Anolis lizards (Anolis allogus, A. homolechis, and A.
sagrei) inhabit different thermal microhabitats, thereby providing an
excellent opportunity to examine how they have adapted to different
environmental temperatures. We conducted RNA-sequencing
to detect differentially expressed genes (DEGs) at two different
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temperatures among the three Anolis species. The results showed
that gene ontology (GO) terms associated with circadian regulation
were enriched in all three species. A gene associated with circadian
regulation, Nr1d1, was detected as a DEG with opposite expression
patterns between the cold-adapted A. allogus and the hot-adapted
A. sagrei. Because the environmental temperature fluctuates more
widely in open habitats than in forests throughout the day, circadian
thermoregulation could also be important for adaptation to distinct
thermal habitats.

Akashi H D, Cadiz Diaz A, Shigenobu S, Makino T, Kawata M(2016) Differentially expressed genes associated with adaptation to different thermal environments in three sympatric Cuban

Anolis lizards. Molecular Ecology:25(10) 2273-2285
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In diploid organisms, phenotypic traits are determined by an allelic
interaction (dominant relationship), called the "Law of Dominance"
discovered by Gregor Mendel. Population geneticists began
discussing the evolution of dominance modifiers approximately one
hundred years ago. Most of the recessive alleles showed a loss-
of-function mutation in the genes. In this study, Y. Takada and M.
Watanabe of the Laboratory of Plant Reproductive Genetics and a
collaborator discovered the linear dominance relationship (a novel
molecular mechanism) between alleles of the SP171 gene, which
encodes the male S determinant of self-incompatibility in B. rapa.
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Nature Plants [
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In the dominance relationship, small RNA (Smi2) from the flanking
region of the dominant SP171 allele repressed the gene expression
of the recessive allele by epigenetically silencing in trans. As a result,
the gene from the dominant allele was only expressed in the S
heterozygote. This novel molecular model can explain the alteration
of the dominance relationship by the S allele combination in S
heterozygotes. According to geneticists, Smi2 would be expected
to act as a dominance modifier. This study provided a novel insight
into the molecular mechanism of the "Law of Dominance,” and was
published in Nature Plants (Dec 23, 2016).

Yasuda S, Wada Y, Kakizaki T, Tarutani Y, Miura-Uno E, Murase K, Fuijii S, Hioki T, Shimoda T, Takada Y, Shiba H, Takasaki-Yasuda T, Suzuki G, Watanabe M, Seiji Takayama S (2016) A
complex dominance hierarchy is controlled by polymorphism of small RNAs and their targets. Nature Plants 3, Article number: 16206
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Cucumber seedlings develop a protuberance called a ‘peg’ on the
lower side of the horizontally oriented transition zone between the
hypocotyl and root just after seed germination. Gravity decreases
the plant hormone, auxin, on the upper side of the transition zone,
which results in the suppression of peg formation on the upper side.
The mechanism for the gravity-regulated auxin redistribution was
unknown prior to this study, but this research revealed that an auxin
efflux carrier, CsPIN1, was re-localized to the bottom side of the
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gravi-stimulated transition zone in gravi-sensing endodermal cells.
This was done by germinating cucumber seeds in microgravity for
24 h and then exposing them to 1g-centrifugation in a direction
crosswise 1o the seedling axis for 2 h. The results show that the
endodermal cell layer becomes a canal by which auxin is laterally
transported from the upper to the lower flank in the gravi-stimulated
transition zone. Auxin level thus decreases on the upper side,
causing suppression of peg formation in cucumber seedlings.

Yamazaki C, Fujii N, Miyazawa Y, Kamada M, Kasahara H, Osada |, Shimazu T, Fusejima Y, Higashibata A, Yamazaki T, Ishioka N, Takahashi H (2016) The gravity-induced re-localization of auxin
efflux camer CsPINT in cucumber seedlings: spaceflight experiments for immunohistochemical microscopy. npj Microgravity 2, Article number: 16030
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How do we organize and retrieve extensive information from the
environment and use it for behavioral selection? To address this
question, we conducted a single-unit recording in the prefrontal
cortex of monkeys performing an “inference task,” wherein for every
trial the monkey had to infer from an abstract figure the type of liquid
(either fruit juice or saline) to be provided from a spout set in front of
its mouth. We found that neurons in the prefrontal cortex code either
the stimulus category, the relevant rule, or the inferred consequence
derived from the logical integration of the category and rule
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information. It was suggested that it is the basic strategy of the brain
to organize enormous amount of information by categorization and
use categories for logical thought processes such as inference.
These findings are expected to facilitate not only the understanding
of the neural mechanisms underlying the formation of abstract
concepts and their uses but also the understanding of the
pathology of developmental disorders such as Asperger syndrome,
in which the patients have difficulty using abstract information and in
their treatments.

Tsutsui KI, Hosokawa T, Yamada M, liima T (2016) Representation of functional category in the monkey prefrontal cortex and its rule-dependent use for behavioral selection. Journal of Neuroscience:

36(10) 3038-3048
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The structures of molecules, small and large, through DNA
to active polymers, are inherently related to their functions or
biological responses in higher organisms. Our aims of
research and education are to elucidate these relationships
generally and systematically by the use of genomics,
biochemistry and organic chemistry. It is important to
understand fundamental molecule-based sciences in any of
our research fields.



13

FmmE{tF 05

Bz B
AR # AlE  TEXKER

Makoto Sasaki Kotaro lwasaki

RS

EYDEETS 2 RABED (RAY) 3. EEWICEERFHR

DI—REEYMELTEERRENZ R LTEH LI, BFE TR
BEEVDORRBAEEEZR L. HBREAXNZXLTE
NEEWERETRIRAY CBERAY) B EEHKRINTWE
To CNOBERRYISERAERDF v LY IV I RENDFTH
B1ENN T T BREREDBRFELEY LT INILN(AAY—
MEODFIO—TELTRELHBHFEONTOET, LAl
ZDELFERADOBHE LDMEONLWH I, FHlRB(EEY

RE. 2ERICMDEATWDBERAYDOF

F—0—K/
TEERAY. £ER. BE - AT

BEFERARYOEER EBES K OB

DFECIERX N =X LDBEFIZEWTHEE AR (2E/K) I2£5
MERBORICITREGFERCEZITES>TVET, Fio. HED
HORMNERELCRELUZRECEVWTE, BERRAYDIL
HREBEDHEZBPREICEVWTRAYMERDEBER (I RER
NOOHNET, HDFTIE BEEVEYELEZ RS EMOBER
AMEANTEBARDLERFREZERE LT ZNOHDOBES LV
EMEBEDOBET 2TV, EmBIZ2MF - AIEMEANOERMZEEL
TWETD,

Marine natural products have great potential for use as pharmaceutical agents, agrochemicals, and chemical
probes for biological studies. Our research projects have focused on the total synthesis of complex marine
natural products with potent biological activity. We are pursuing research projects in chemical biology,
including the design and synthesis of artificial analogues of natural products to improve their biological
activity, and to provide understanding of the mechanism of action for the naturally occurring molecules.

Natural products, secondary metabolites produced by organisms,
have long been an important source of agrochemicals and potential
therapeutic drugs for human diseases, and are well-known chemical
probes for cell biology and physiology. More recently, due to their
novel structure and potent biological activity, natural products of
marine origin have interested many researchers in the life sciences,
including synthetic chemists, biochemists, and pharmacologists.
However, the inherent molecular complexity and low natural
abundance of many of these compounds have precluded their
supply for extensive biological studies. Therefore, total synthesis

of these compounds is required to provide a sustainable supply
to further investigate and exploit their biological functions. Our
research group focuses on the total synthesis of structurally
complex marine natural products that have potent biological activity
for their stereochemical analysis and extensive biological studies.
Our efforts are also directed towards the design and synthesis of
structurally simplified analogues that retain the original biological
functions and might otherwise be inaccessible. These studies will
enable the preparation of novel bio-functional molecules for ultimate
use in the investigation of broader questions in biology or medicine.
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Chemical Biology for Drug Discovery

The Arimoto Group studies biologically active small molecules
that contribute to human healthcare. Research in the lab is
currently focused on three major areas: 1) regulatory mechanism
of autophagy through nitric oxide signaling in an innate immune
response to bacterial infection, 2) development of antibacterial
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agents against vancomycin-resistant strains, and 3) organic
synthesis of natural products. We utilize diverse chemical and
biological technigues, including eukaryotic and bacterial cell
cultures, biochemistry, molecular biology, organic synthesis, and
nuclear magnetic resonance spectroscopy.
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Understanding the mechanisms of plant hormone production, movement, and function

Plant hormones are a group of bioactive compounds that, at very
low concentrations, regulate aimost all aspects of plant growth and
development. Our laboratory uses interdisciplinary approaches
(e.g., biochemistry, analytical chemistry, molecular biology, and
genetics) to elucidate the mysteries of how these hormones are
made (biosynthesis), move (transport), and work (perception and
signal transduction) in plants. In 2008, we discovered a new class
of carotenoid-derived hormones, called strigolactones (SLs),
that regulate shoot branching. Since SLs were formerly known
as rhizosphere signals for parasitism with parasitic plants and for
symbiosis with arbuscular mycorrhizal fungi, understanding their
underlying mechanism is advantageous for future agricultural

applications. We are currently analyzing novel enzymes involved in
SL biosynthesis, the movement of SLs in the xylem, the biochemical
function of a SL receptor, and new physiological functions of
SLs. Moreover, we are conducting experiments to identify new
plant hormones, as genetic evidence suggests that plants use
unidentified bioactive molecules to regulate their development.
Our research will clarify how a tiny amount of small molecules
sophisticatedly controls the growth and development of plants in
response to environmental changes.
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Structural basis of proteins and its application

Our research aims to elucidate the molecular mechanisms of

proteins, particularly those relating to diseases, from a structural

viewpoint. We analyze proteins by an integration of X-ray

crystallography, spectroscopic analysis, and thermodynamic

analysis. Furthermore, we apply the revealed molecular

characteristics to design novel functional materials. The following

are current projects.

(1) Study of the molecular mechanisms of toxic proteins in
pathogenic microorganisms

(2) Application of the structure determination method on a
biomacromolecule, which is a huge protein complex possessing
inner space

(83) Structure-based development of an antibody that can recognize
cancer-relating factors

(4) Venomics: a comprehensive analysis of the structure, function,
and evolution of venom proteins

(5) Functional analysis of lectin and its application to glycolbiology

(6) Study of protein biomineralization regulatory mechanisms

RILRZ REFREGRPHER 16
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Cellular behavior and homeostasis maintenance in epithelial morphogenesis

The development of multicellular organisms involves the collective
effect of multiple events at the single-cell level, such as proliferation,
differentiation, migration, and death. Programmed cell death, for
example, is a process by which cells are selected for death at
set times in development, allowing for the sculpting of tissue,
and is used in the adult organism to maintain homeostasis by
eliminating cells that have developed abnormalities. Cell death
plays an important role in maintaining the cellular population, not
only by eliminating unneeded cells at given sites and stages, but
also in other functions, such as regulating the proliferation and
migration of neighboring cells. Such cellular behaviors give rise to
cell networks capable of organizing into tissues, the study of which

requires an experimental approach to spatiotemporal information
in living systems, which can be obtained through the real-time
live imaging of biological phenomena. To study the coordination
of morphogenesis through live-imaging and genetic screens, we
use the fruit fly, Drosophila melanogaster, as our primary research
model, in order to take advantage of its utility in developmental
studies and wealth of genetic data. Our research primarily focuses
on the morphogenetic processes involved in cellular migration and
cell death, such as the looping morphogenesis of fly male terminalia
and the abdominal epidermis rearrangement, in order to understand
the principles for morphogenetic dynamics.
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Molecular mechanisms responding to mechanical stress and energy stress

We are investigating the molecular mechanisms involved in the
body's response to environmental stresses, including mechanical
forces and energy stresses. It is well known that muscles and
bones are properly maintained by exercise and other forces, and
that blood vessels physiologically respond to shear stresses caused
by blood flow. Furthermore, mechanical responses in epithelial cells
are also involved in morphogenesis of epithelial tissues. Molecular
mechanisms of cellular response to energy stresses, such as
hypoxia and limitation of glucose, are important in the control of
apoptosis.

In our study of mechanical responses, we are examining molecular
mechanisms of the actin cytoskeleton and intermediate filament

reorganization following application of mechanical stresses. In
particular, we focus on the spatio-temporal regulation activities of
Rho small G proteins in the intermediate filaments.

Under hypoxic conditions, a large number of genes are induced by
hypoxia inducible factors (HIFs) to facilitate adaptations to the low-
oxygen environment. Prolyl hydroxylase domain-containing proteins
(PHDs) regulate the amount of the HIFs in response to oxygen levels.
Therefore, PHDs act as an oxygen sensor. Our recent research has
identified novel roles of PHDs in the intracellular signaling pathway
of stress responses. We focus on the crosstalk between hypoxia
response and other signaling pathways.

RIERZ REFREGRPHER 18
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Signal transduction of actin remodeling, mechanosensing, and cilium formation

Reorganization of actin filaments and microtubules plays a
fundamental role in cell migration, morphogenesis, proliferation,
and differentiation, and is crucially involved in organogenesis,
tumorigenesis, immune responses, and neural network formation.
Based on our previous research on the signaling mechanisms
involved in reorganization of actin filaments and microtubules, we
are investigating the molecular mechanisms of mechanical signal
transduction and primary cilium formation.

1) Studies on the mechanisms of mechanical signal
transduction: We are investigating the mechanisms by which
cells sense mechanical forces and transmit them to intracellular
signal transduction systems (e.g. Rho activation) that lead to
actin cytoskeletal remodeling. We are also studying the roles of

mechanical signal transduction in dynamic ordering in collective
cell migration, epithelial tissue remodeling, tubule formation, and
tumorigenesis.

2) Studies on the mechanisms of primary cilium formation:
Primary cilia are microtubule-based, antenna-like sensory organelles
that are essential for tissue development and homeostasis. Defects
in ciliogenesis cause diverse genetic disorders, collectively called
ciliopathies. Primary cilia are typically formed at the quiescent phase
of the cell cycle. We are investigating the mechanisms of primary
cilium formation, in particular, the signaling mechanisms of growth-
arrest-signal-induced primary cilium formation, and the pathogenic
mechanisms of ciliopathies.



F—0—Kr/
BYIDOD =B, AYRT L, MO L /T — R

7 FREFE D EF

Bz %
B’iR EF BA EE

Junko Kyozuka Satoshi Naramoto

RIBICEIS UL IER DO DD UL HEdFLNILTEET S

B L. BEOREPRECEOE TRE SOV S L% FEICY)
NEZBH B, EEICHIENEILKNELITET, BUOEINDD
HEITRBDIEAVRT LEKIENZEHDOEMBETHD. HRTO
TS LICUIEN S SR BERNETY 15T,

DFREFEABTIE RRTOTSLDETPZDYINEZY
AIVTDRIEAEDFLRILTHIELTWET, IS AVRTLD
HEENERICER CEDEENLBRONIEEALTINEDZ YA
SVIDEILDICEETHDERA. COVINBAZHIET 2ER
FORMEZEDOTEE LI ZOBR AVATLEREDERE

EBAMEYORR IOV SLAICEWTEETHBENDI>TEE
UTzo £ BYRILEVICK 2 MREDBE L /NS -V R DK
[CDOWTEMFREEDHTVET,

SHRIF AR VOMRXFRAFEAVTINETITHLMNILTE
EEEFPER7OCADERAZROZEEE(IS.EZIT RV,
ZOERIZEDZWEEZITWET, £ B HRADOREIER
EBEY)AMEBL, ZNERR IOV LICKRL, REHETSL
KHEBEOHDICLIEVWEEZTVETD,

T FrIU— (ENDITEID): 20T, AR (FRAXVRTL), BRFREDOAEL. WRICBWSEY, 52/ BOMERBE.

Understanding the molecular basis of plant architecture

The basic strategy of plant development is different from that of
animals. Plants start their life from a simple structure and continue
morphogenesis throughout their lifetime. The key to this lifecycle is
the activity of stem cells in the meristem.

In principle, the meristem has an indeterminate activity and
continues to produce next order meristems to establish an elaborate
structure. However, each meristem eventually proceeds to a final
determinate fate, the floral meristem, and becomes a flower for
reproduction. Thus, the timing of the change from indeterminate
to determinate phase is critical for plant architecture, in particular,

inflorescence structure, and for successful reproduction. The aim of
our research is to understand the molecular basis of the regulation
of timing of the meristem phase change.

We used the development of rice inflorescence as a model system
and identified several genes that play critical roles in this process.
Currently, we are making progress towards fully understanding
the molecular and genetic roles of these critical regulators. We
also use a bryophyte (Marchantia polymorpha) to reveal possible
ancestral roles of the regulators and Arabidopsis to understand the
diversification of their developmental functions.

RIERZ REFREMBPHER 20
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Structural and mechanistic basis of cellular systems for protein quality control

Cells have evolved elaborate internal mechanisms for controlling
the quality of proteins. It has recently been found that disulfide
bond formation and metal ion binding play essential roles in these
mechanisms. The Laboratory of Design of Biomolecular Function
aims to utilize all the techniques of structural biology, biochemistry,
proteomics, and cell biology to thoroughly investigate the systems

that promote proper folding of newly synthesized proteins and
maintain the homeostasis of metal ions including calcium and zinc
ions. It is expected that the achievement of this research will help
elucidate molecular level mechanisms of various diseases caused
by misfolded proteins accumulating in cells.
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Dynamics of protein folding and functions, and a new strategy to design proteins

Proteins perform various functions after folding to their specific
structures. Understanding of the principles of protein folding and
function is expected to lead to a way of controlling protein functions,
and to new strategies of designing proteins. In addition, the folding
of proteins is closely related to cellular processes, such as protein
biosynthesis, transport, and decomposition.

In our laboratory, we develop unique optical and spectroscopic
methods of detecting fluorescence signals from single proteins,
and investigate the dynamics of protein folding and functions. We
constructed the single-molecule detection system that can follow
fluorescence signals with time resolution of 10 ps, and investigated

the autonomous folding dynamics of small proteins (e.g., ubiquitin),
and the assisted folding dynamics of larger proteins (e.g., blue
fluorescence protein), in the presence of molecular chaperon. In
addition, we constructed the single-molecule sorting system that
can select single molecules based on its fluorescence intensity,
and are developing a protocol that can chose phages presenting
proteins with proper fluorescence signals.

We developed a fluorescence microscopy that can visualize the
sliding dynamics of a tumor suppressor, p53, along DNA, and are
dissecting the functional dynamics of the important protein.
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Development of functional molecules to image and regulate biomolecules in living samples

In a living body, various cell types interact with many other
molecules. In a single cell, various molecules such as proteins,
nucleic acids, and sugars function by interacting with each other.
To understand the precise biological functions occurring within a
cell, it is important to investigate the activities or behaviors of these
target molecules in living systems, where all of these interactions
with other biomolecules are maintained. Using organic chemistry,
macromolecular chemistry, and biochemistry, we design and
synthesize functional molecules, apply them to image behaviors or
activities of target biomolecules, and then regulate the functions of

these targets by utilizing light. For example, we develop fluorescent
probes that detect specific biological activities such as enzyme
activity. We also develop technology that uses photoregulation
with caged or photochromic compounds to control enzyme or
receptor functions. By combining these functional compounds with
fluorescence microscopy, we aim to clarify essential mechanisms in
life and diseases. This chemistry-based biological research is called
chemical biology, and one of the exciting features of this research is
that we can tailor functional molecules to a specific purpose.
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We are studying the mechanisms how each multicellular
organ or life of different type, in its shape or in its way of life,
is developed from a single cell. We also focus on the subjects
that how the brain is developed and how the higher function
of the brain is realized in the higher animals.

http://www.lifesci.tohoku.ac.jp/en/research/
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Membrane traffic: from molecular mechanisms to high order functions

Cells, the building blocks of all multi-cellular organisms, contain
a variety of membranous compartments (i.e., organelles).
Although they have unique functions, organelles do not
function independently, and frequently exchange information via
‘membrane trafficking,” in which membrane-wrapped substances
are transported between organelles. Since a variety of human
diseases are often caused by a loss of proper membrane trafficking,
understanding the molecular mechanisms of membrane trafficking
is one of the most important research themes in biology and
medical science. For membrane trafficking to occur smoothly, “traffic
controllers” must be present within the cells. In our laboratory, we

investigate the role of Rab GTPases, one of the most important traffic
controllers conserved in all eukaryotes, in membrane trafficking.
We attempt to uncover the molecular mechanisms of membrane
trafficking underlying various life phenomena (e.g., melanin transport
in skin and hair pigmentation, neurite outgrowth in neural network
formation, epithelial polarity formation, and autophagy) by using
molecular biology, cellular biology, biochemistry, and molecular
imaging techniques. Shedding light on their role will lead to an
understanding of the molecular mechanisms of membrane
trafficking in high order functions.
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Understanding how our brain develops and changes.

Humans grow up under the influence of their environment and
society and, even into adulthood, we are continuously changing
in response to new information. Indeed, the nervous system of
an animal is formed not only by intrinsic factors such as genomic
information, but also by extrinsic factors such as environment,
society, or parenting. It is now becoming clear that the structure
and function of the brain's neural network plastically changes not
only during development but also in adults. Our laboratory studies
the mechanisms behind brain development and changes by
examining the following systems: songbird vocal communication,
rodent learning abilities, brain impairment under pathophysiological
conditions, and gene transcription regulation in vivo. We use

experimental methods in the fields of molecular biology, cell biology,
along with brain imaging and optogenetics to conduct behavioral
analyses. We hope that our research will contribute to a better
understanding of the basal mechanism of brain function and will
serve as a foundation for the development of remedies for brain
disorders. We also will strive to establish an optimal education
system to improve the learning efficiency or to promote healthy
growth and development of animals.
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Cell walls: role in plant structure, development, and environmental response

Our research focuses on plant cell walls, which play crucial roles
in responses to biotic and abiotic environmental signals (e.g.,
plant immune response, symbiotic and parasitic interactions with
other organisms), as well as various aspects of plant growth and
development. In terrestrial plants, several thousands of genes
are involved in the construction, remodeling, and functioning of
cell walls. These “cell wall related genes” include the xyloglucan
endotransglucosylase/hydrolase (XTH) family of genes. We currently
use a combination of techniques and tools (genomic and proteomic
techniques, cellular imaging, carbohydrate biochemistry, and
enzymology technigues) and a range of model species (Arabidopsis,
rice, Cuscuta, and Marchantia), to identify and characterize genes
and proteins that are responsible for individual processes in the

function of the cell wall. Current projects include: 1) Genetic and
biochemical dissection of the role of XTH in the construction and
remodeling of the cellulose/xyloglucan network in the primary cell
wall of Arabidopsis; 2) Imaging approach to understanding cell
wall regeneration in protoplasts derived from Arabidopsis and rice;
3) A genomic and transcriptomic approach to understanding the
molecular mechanism and evolution of stem parasitism of Cuscuta
campestris, a dodder plant; 4) Genetic approach to understanding
the mechanism of cell expansion, as stimulated by high ploidy;
Genetic approach to understanding the cell wall response to abiotic
stresses; and 6) Reverse genetics of Marchantia cell-wall related
genes.
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Genetic regulation of cellular behaviors during animal development

During animal development, cells divide, change their shapes,
and migrate to form a complex body structure. To study these
dynamic cellular behaviors, we use the nematode, Caenorhabditis
elegans as a model system. Using gene manipulation and live
imaging techniques, we aim to understand how cellular dynamics
are regulated genetically and molecularly. We currently focus on
multiple microtubule functions, and analyze their temporal and
spatial regulation during cell division and morphogenesis of sensory

neurons. Another topic of interest is how the shape and size of
cells that comprise specific organs (e.g., gonads and intestine) are
regulated coordinately during development. Finally, to understand
how changes of the genome sequence lead to evolution of
cellular dynamics, we aim to establish a new research field called
“evolutionary cell biology”, using C. elegans and other closely
related nematodes.
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Our research interest (Organ morphogenesis; organ development, diversity and regeneration)

Developmental mechanism of organ morphogenesis in vertebrates

Organ morphology is established during embryogenesis by the
developmental mechanism that is controlled by the genetic program
encoded in the genome. The mechanism causes cells to proliferate,
die, differentiate, and make tissue, giving rise to organs that have
functional morphology. Using vertebrate appendages (limbs/fins)
and reproductive organs as our model systems, we investigate
the developmental mechanisms that are responsible for organ
morphogenesis.

Species-specific organ morphology (e.g., the number of digits
in tetrapod limbs) is established by modification of the genetic
program, and the resultant developmental mechanism, during
evolution. To better understand the developmental aspects of the
evolution of morphology, we use a variety of vertebrate embryos
(e.g., zebrafish, Xenopus, newt, gecko, mouse, chicken, quail, and
penguin) to investigate how animals modify the developmental
mechanism for morphological traits.
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How do the genes and circuits shape animal behavior and how do they evolve?

This laboratory is devoted to the study of the molecular and cellular
basis of innate behavior. Our favorite organism to study is the fruit
fly Drosophila, which is highly amenable to genetic analysis. We
succeeded in isolating a mutant strain, satori, the males of which
engage in homosexual courtship. The satori mutants harbor a
mutation in the gene fruitless, which encodes a set of transcription
factors that are translated only in the male, not the female, neurons.
We discovered that the presence or absence of Fruitless proteins
determines the sex-based difference in the structure and survival of
fruitless-expressing neurons. A specific set of male-specific neurons,
once produced, respond to the key stimuli, and initiate male
courtship. We are in the process of unraveling the entire circuitry

for courtship. During this process, we have obtained evidence that
both genetic predisposition to homosexual preference and social
factors are involved in determining male fly sexual orientation; satori
mutant males kept in isolation show a striking reduction in male-
male interactions. Our neural activity recordings have suggested
that decision-making neurons in the brain must learn not to perform
fruitless courtship attempts, and this process was impaired in the
satori mutant. We will use optogenetic, electrophysiological, and
molecular biological techniques to determine the mechanism by
which the neurons are tuned to respond to appropriate courtship
targets.
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Shedding light in the black box of neuroscience

The brain comprises many types of neurons that form a complex
network. However, it is still unresolved how the network activities
are integrated into the function of the brain. Using genetic
engineering techniques, we have developed new optical methods
that enable one to visualize the network activities, as well as to
manipulate activities of individual neurons, in order to reveal how
they are integrated in the network. For example, we developed
the first technology in the world that is able to control the activity
of nerve cells using light by genetically engineering the nerve cells
to express channelrhodopsin, an algal photoreceptive molecule
from Chlamydomonas. We have elucidated the structures that are
involved in membrane expression, absorption wavelength, and

channel characteristics, and are currently researching the structure
of channelrhodopsin. The neuronal network is dynamically regulated
by its environment and by its own activity. We are elucidating the
molecular mechanisms underlying nerve cell network changes
caused by the environment and experiences during organisms’
development and adulthood. Additionally, we aim to elucidate the
neural expression of tactile patterns by using transgenic rats that
are able to perceive light hitting their skin as a tactile sensation. By
applying the results of such fundamental research, we will be able
to produce Brain-Machine Interface (BMI) technology, which can
communicate information directly to the brain using light.
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In search of the glial correlates of consciousness

Every scientific endeavor begins with observation. However,
observation alone can only lead to a realization of correlation.
Experimentation is required to understand the observed causal
relationships. The brain is a complex multicellular organ. The human
‘mind" is likely created by communication between brain cells. This
notion is derived from studies of correlation between cell activity
and animal behavior. Recently, tools were developed that give
scientists specific control of cell activity. For example, light-sensitive
proteins found in microorganisms, such as channelrhodopsin-2
(ChR2), can now be genetically expressed in mammalian brain
cells, which allows experimenters to optically control cell activity
at will. We succeeded in generating a cohort of transgenic mice

with consistent expression of a highly light-sensitive ChR2 protein.
In addition, manipulation of the activity of “non-excitable" glial cells
in vivo has also become possible. Our experiments show that
selective optogenetic stimulation of glia can lead to release of
glutamate as a glio-transmitter, which induces synaptic plasticity
and can accelerate cerebellar-modulated motor learning. This finding
suggests that glia also participate in information processing in the
brain, a function once thought to be solely mediated by neuronal
activity. We are actively using these optogenetic tools to explore the
causal relationship between brain activity and the functioning of the
mind.
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Understanding the structure and dynamics of the brain and mind

The understanding of higher brain function is the central theme of
science in the 21st century. To unveil the mechanisms of higher
brain function, we investigate the structure and function of the
neural circuits and networks in the brain using state-of-the-art
neuroscience research methods.

1) Understanding the structure of the brain (molecular
neuroanatomy): We investigate the structure of the brain that
underlies higher brain function at a multi-scale level (cellular, local
circuit, and inter-regional network). To achieve this, we develop and
use novel research tools, such as visualization and manipulation
of neural circuits based on circuit tracing using plasmid or virus
vectors.

2) Understanding the dynamics of the brain (functional
neurophysiology).: We investigate the functional dynamics of the
brain, such as temporal change in the neuronal representation
of information, and information processing on the local circuit
and inter-regional network level. To achieve this, we use various
methods such as multiple unit recording, electrocorticogram (ECoG)
recording, and brain imaging for monitoring neural activity, and
drug microinjection and trans-cranial magnetic stimulation (TMS) for
manipulating neural activity.
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Neural circuits for learning and memory in Drosophila

An associative learning, in which an animal links sensory
experiences to salient life events such as encountering foods under
starved condition, is one of our fundamental brain functions. The
long-term goal of our lab is to understand the neural mechanism
underlying this associative learning. Our current focus is to identify
and functionally characterize the neural circuits for memory
formation, consolidation and recall. To this end, we investigate

associative memories in the fruit fly, Drosophila melanogaster, by
combining its powerful genetic tools, techniques of quantitative
behavioral analyses, and high-resolution anatomical analyses of
neurons. We also engage in the development of new techniques for
behavioral analysis and the application of new genetic tools to push
the boundaries of our analyses.
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Analysis of developmental mechanisms in marine invertebrates

Our laboratory is one of the research units in the Asamushi
Research Center for Marine Biology, located in the Mutsu bay area
of northern Japan, which is known as one of the richest places for
marine life in the Tohoku area. Benefitting from such a location, we
study a variety of marine invertebrate species that are available in
the local sea. We are interested in understanding the molecular and
cellular mechanisms, as well as the evolutionary aspects of early
development (cocyte maturation, fertilization, and embryogenesis) of
these animals. Specific areas of our research are: 1) Molecular and
cellular mechanisms of tail shaping during ascidian embryogenesis;
2) Evolutionary developmental analysis of germline segregation
mechanisms in tunicate embryos; 3) Role of calcium signaling

during oocyte maturation and fertilization; 4) Characterization of
the egg activating substance from spermatozoa; 5) Mechanisms
of light-induced spawning and oocyte meiotic maturation in
hydrozoan jellyfish; 6) Developmental and evolutionary analysis
of embryogenesis based on the comparison between direct and
indirect development in sea urchins; and 7) Structure and function
of gene regulation networks. We are working on these areas using
several techniques (e.g., micro-manipulation, molecular biology,
live imaging), and we hope to discover many more surprising and
beautiful developmental and evolutionary processes, as we are just
beginning to understand these little-studied marine invertebrates.
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Clarification of individual and social behavior in marine animals

Marine environments are populated by various animals, representing
almost all phyla and ranging from the simplest to the most complex
body plan. Our laboratory is located in Mutsu bay, where the
Tsushima Warm Current and the Kuril Current flow. In Mutsu bay,
tidal rhythm and physicochemical properties of the water change
gradually, allowing various fauna and flora to develop. In this
environment, we carry out ecological and behavioral studies. For
example, ecological distribution in relation to environmental factors
and interactions, such as symbiosis and predator-prey interactions.

We are currently using marine animals as our model system to
understand the development of individual and social behavior in

animals. In order to clarify the developmental process of symbiosis
(a specialized form of social behavior related to interspecific
interactions), we are studying a variety of symbiotic relationships,
such as flatworms (Stylochoplana pusilla) and host snails
(Monodonta labio), epizoic limpet (Hipponix conicus) and host snails,
and pea crab (Pinixa tumida) and host sea cucumber (Paracaudina
chilensis). In addition, we study the fiddler crab (genus Uca) and
soldier crab (genus Mictyris), which show well-developed soclial
behavior, and adaptation of their sensory organs (e.g., vision and
acoustic senses) for life on land and in the sea.
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Genome instability and carcinogenesis

Five to seven percent of all breast cancers are inherited, and the
two most important breast cancer susceptibility genes, BRCA1
and BRCA2, were identified by linkage analysis of familial breast
cancer. Mutations of BRCAT and BRCA2 have been found in 25%
of hereditary breast cancers. Recently, these breast cancers have
been named Hereditary Breast and Ovarian Cancer Syndrome
(HBOC). BRCA1 was widely reported in newspapers and TV after a
famous American actor had a prophylactic mastectomy after being
diagnosed as a BRCA1 mutation carrier. In addition to hereditary
cancer, it has been reported that BRCA1 is involved in a subtype
of sporadic breast cancer, triple-negative breast cancer, and in
chemosensitivity to various cancers.

BRCAT1 is involved in many cellular processes, including DNA repair
and centrosome regulation. Defects in the regulatory mechanisms of
centrosome and DNA repair result in defective mitoses, chromosome
segregation errors, and the accumulation of DNA damage. These
are significant sources of genome instability, a hallmark of cancer.
Our research specifically focuses on the functions of BRCA1 in
DNA repair and centrosome regulation. To analyze the functions of
BRCAT1 and its related proteins, we perform cytological analyses,
analyses using genetically modified mice, and analyses of clinical
specimens. This research will contribute to the further understanding
of carcinogenesis and aid in developing novel cancer therapies.
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Uncovering the characteristics of germ cells and pluripotential stem cells

Our goal is to elucidate the molecular mechanisms of germ cell
formation and of their subsequent development to transmit genetic
and epigenetic information into successive generations. Germ cells
undergo unique epigenetic changes during their differentiation, and
we are interested in epigenetic regulation of germ cell development.
We also focus on the relationship among germ cells, pluripotential
stem cells, and cancer cells. Germ cells are differentiated from
pluripotential stem cells in early embryos, but germ cells can be

easily reprogrammed into pluripotential stem cells in culture. This
indicates that these cells are closely correlated with each other. In
addition, germ cells and cancer cells commonly express a number
of specific genes, though their functions are not fully understood.
We therefore study molecular mechanisms regulating differences
and common characteristics among germ cells, pluripotential stem
cells, and cancer cells.
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Transcriptional control driven by the Mechano (wheel) and Genome (chain) is our major
target of our research. Using zebrafish and mouse as model animals, we are exploring

fundamental mechanisms of life.

Skeletal muscles and bones of astronauts atrophy under micro-
gravity conditions in outer space. Our hearts monitor blood
pressure and respond to it to maintain the circulatory homeostasis.
In these biological phenomena, physical forces generated by gravity
and heartbeat play critical regulatory roles. Exercise also prevents
obesity and eventually cures type Il diabetes, highlighting a tight link
between exercise/force and energy metabolism.

If this is the case, how do cells and tissues sense physical forces
and respond to them by converting the physical inputs into

biochemical outputs? Despite the potentially high impact on medical
science, the molecular mechanisms underlying these phenomena
are largely unknown. We are exploring the molecular mechanisms
of this system, namely, mechanotransduction, to find out new
therapeutic methods and drug targets. We hope that our approach
will pave the way to understanding the basic aspects of biological
events and medical sciences.
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Regulatory mechanism underlying immunological memory and its relation to disease

Immunological memory is one of the prominent characteristics of
our immune system. Employing this phenomenon, humans have
developed "vaccination" to avoid suffering from severe infectious
diseases. However, we still do not know exactly how the memory
is established and maintained at the molecular and cellular levels.
Currently, the major component maintaining immunological
memory is considered to be antibody producing long-lived plasma
cells (LPC), which interact with stromal cells in specific tissues,
such as bone marrow. Although this interaction is constituted by
a few types of receptors, such as chemokines and cytokines,

involvement of other types of receptors and the mechanisms by
which LPC live long is obscured. Therefore, we have not been
able to regulate the longevity of LPC. Our laboratory is working to
elucidate the molecular mechanism for longevity of LPC, particularly
focusing on immune regulatory receptors, and this could lead to
the development of strategies that enable antigen-specific deletion
of harmful immunological memory (e.g., allergies, autoimmunity),
augmentation of specific memory in elderly persons, and avoiding
the chronic settling of leukemic cells in bone marrow.
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For understanding of our living system, this department aims to
study the genetic backgrounds and functions of diverse
organisms in ecosystem as well as the mechanisms for the
formation and sustenance of biological diversity, based on the
interactions among molecules, cells, individuals, populations
and changes in environmental conditions.
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Microbiology of environmental microbes capable of degrading recalcitrant chemicals

Microorganisms and their communities play very important roles
in sustaining and improving the environmental conditions that are
beneficial to all other organisms, including humans. One such role
is bioremediation of various chemical pollutants in the environment,
and these chemicals in turn facilitate greatly the adaptation
and evolution of environmental microbial cells as well as their
communities. Our aim is to elucidate the mechanisms governing
such adaptation and evolution of environmental microbes from the
standpoints of molecular genetics, molecular biology, genomics,
and molecular ecology. Particular emphasis is placed on the
microbes capable of degrading various chemical pollutants. Our

major research topics are:

1) Molecular microbial genetics and molecular biology of the
biodegradation of various environmental pollutants

2) Molecular microbial genetics, molecular biology, and molecular
ecology of mobile genetic elements responsible for the degradation
of various recalcitrant compounds

3) Structural and functional genomics of environmental bacterial
strains

4) Integrative genomics of environmental bacterial strains, and their
communities under laboratory and environmental conditions



F—7—-F/
AFEE. IEVTRTAOR HELRE

EY) EIBEIE D F

iz g
il IER =% B

Masao Watanabe Akira Kanno

EYOEEREICECERTFHE - MREEBEEROSENERICHEITT

EYMOEMETEE RERZE2 ERKICESETFZHRL.
BILNZREEZEO. BOREICEETH D, LiEaELA - -
EHBEE WS ETEY AT LTIE SHRBEGFRE- MEBEEE
BNEEYT 2D ZOREITHELEINE W ARBHTE 77
SFRHEY OBERFNEEMATHERZ) - FLTEIEZET
LT B DETER B % fI T 2H F 7% SRR (CEEE- BT L.
EYICHIT2ETEDRT LEREROBAZENET 2,

BRAMAES, M SEEFREEN—BUE BESTEHD
EiEIN, FRICESLVWER M T VO BMER R TH D, =

NET, SHIULBCFHDOEL ERRES. SEGFOTRETRF
REEMRAL HEREY KU, $%. KRS -0V —ED
IS T BRAMEE -ZHREOSIENEREZEET,

— AR OTERA (BR) 2B T2 7V CHETLEE T DM
HERIED T RINTHRAZRAWN., TNODOERBEEKICEDL 2ER
FRDBE - HERTEZTS L 612. MBENEGCFRIRBIT LY
JLBRIFETS IR D ER DD SHEIEEEE S FLA
JLTHREAT %,

HHRE)—FLTWRT 7S REM BRI EEDD FANZILEZ DR EBE L ERPMME (£) CE2MRAMBOEYEZ0TE (F)

Comprehensive understanding of the molecular mechanisms underlying plant reproductive traits

The flower is important for reproduction in angiosperms, and its shape
is highly differentiated among plant species. The developmental
programs for the male and female organ are substantially independent
of each other and of the vegetative plant. We are greatly interested
in discovering the underlying molecular mechanisms that control the
development of the stamen and pistil, and the interaction between the
pollen and pistil. In the Laboratory of Plant Reproductive Genetics, we
are studying the molecular mechanisms of several reproductive traits
in higher plants. One interesting topic is pollen-stigma interaction,
especially self-incompatibility (Sl) in Brassica species. Our work on
Sl is considered world-class research (ref 1 to 6). Other interesting
topics are the molecular mechanism of floral diversification in non-

grass monocots (lily, tulip, and orchid) and sex determination of
dioecious Asparagus species (ref 7 to 11).

<References>

1) Yasuda et al. (2016) Nature Plants. 3: 162086, 2) Tarutani et al.
(2010) Nature 466: 983-986, 3) Tsuchimatsu et al. (2010) Nature
464: 1342-1346, 4) Watanabe (2008) Plant Cell Physiol. 49: 1404-
14086, 5) Murase et al. (2004) Science 303: 1516-1519, 6) Takasaki
et al. (2000) Nature 403; 913-916,

7) lto et al. (2011) Euphytica 182; 285-294, 8) Kim et al. (2007) Plant
Sci. 172: 319-326, 9) Song et al. (2006) Dev. Genes Evol. 216: 301-
313, 10) Park et al. (2004) Plant Cell Physiol. 45 325-332, 11) Kanno
et al. (2003) Plant Mol. Biol. 52: 831-841.
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Genomic mechanisms underlying response and adaptation to various environments

Our research aims to elucidate the mechanisms underlying

adaptation responses to global climate change. To achieve this,

we are taking an integrative approach by working together on joint

activities in areas such as molecular, cellular, physiological, genetic,

and genomic biology.

In particular, we are currently focusing on the following subjects:

1) Molecular biology of plant reproductive development and its injury
to environmental stress

2) Repair mechanisms of UVB-induced damage in organelles and
UVB tolerant mechanisms in plants

3) Genome wide analysis of naturally occurring intra-species
variation in physiology, environmental response, and plant-
microbe interaction

4) Molecular mechanisms of repair and mutagenesis caused by
UVB and ionizing radiation

5) Analysis of the role of chromatin dynamics in transcription and
repair, and chromatin regulation mechanisms

6) Molecular mechanisms of chloroplast degradation by autophagy
during stress responses in plants

7) Neuromuscular signaling in response to environmental stimuli
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Plant-microbe interactions and biotechnology for the global environment

Rhizobia are soil bacteria that perform symbiotic nitrogen
fixation with leguminous plants, thus playing a very important
role in sustainable agriculture and the global nitrogen cycle.
We use genomics, biochemistry, and field tests to research the
molecular mechanisms of symbiotic nitrogen fixation of rhizobia.
We also conduct environmental biotechnology research based
on microbial dynamics in the rhizosphere, wherein greenhouse
gases (N.O and CH.) are produced and extinguished. We focus
on denitrification and C1 metabolism of free-living (brady) rhizobia,
as the multifunctional aspects of the bacteria in the environment.
One of our recent findings is the identification of a new regulatory
system for expression of the nosZ gene, encoding N,O reductase;

this discovery helped us to propose a new strategy to reduce soill
N,O emission. In addition, we are studying the dynamic ecology of
the endophytic bacteria associated with non-legumes in response
to variation in nitrogen levels and plant genotypes. Our recent
discovery of nitrogen-fixing consortia in rice is impacting the
concept of plant-microbe interactions and microbial communities in
nature. Our goals include understanding the evolution and function
of dynamic plant-associated microorganisms, and developing
multidisciplinary sciences, including evolutionary genomics
and environmental microbiology, for the purpose of sustainable
agriculture and environmental conservation.
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Mechanisms for plant response and adaptation to terrestrial environments

Owing to their sessile nature, plants are unable to move to a new
habitat once established. However, terrestrial plants have evolved
various unigue mechanisms for mitigating environmental stresses
or adapting to their surroundings. One of these strategies is the
regulation of growth and development that occurs in response
to environmental cues such as gravity, water, light, and CO,. For
example, cucurbitaceous plants develop a protuberance called
peg, between the hypocotyl and the root, and plant growing organs
exhibit a helical movement (circumnutation). We demonstrated
that a graviresponse is involved in unilateral placement of the peg
and circumnutation. Mechanistic models of peg development
were verified under microgravity conditions in space. We also
demonstrated the ability of plant roots to show hydrotropism in

response to moisture gradients. Hydrotropism, together with
gravitropism, plays an important role in regulating root growth
orientation for efficiently obtaining water. We utilized molecular,
physiological, genetic, and cytological analyses to understand
the regulatory mechanisms underlying these plant responses. By
these means, we identified the genes and molecules that are either
important or essential for gravimorphogenesis and hydrotropism in
plants.

Recently, we also initiated a study of bacterial and chloroplast
membrane function in order to understand the molecular basis of
antibiotic resistance in bacteria and intracellular solute transport in
plant cells.
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From genomics to ecological approaches: understanding the evolutionary mechanisms of biodiversity

Our research explores why and how biodiversity has evolved
and been maintained. In particular, we try to address why some
organisms can evolve to adapt to various environments, while
others cannot. Species that can adapt to various and changing
environments might have some genetic and genomic basis
conferring high evolvability. We utilize various approaches,
from genomics to macroecology, to resolve these questions. In

particular, we are try to understand the genetic basis for rapid
evolution and the adaptive capacity to respond to environmental
changes, thermal evolution of ectothermic organisms, evolutionary
responses to recent climatic changes, relationships between gene
duplication and diseases, and evolution of symbiosis. In addition,
we try to provide biodiversity conservation measures that apply to
evolutionary theories and mechanisms.
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The changing interaction of plants and other organisms

We study terrestrial plants and ecosystems mainly by utilizing three
ecological approaches: 1) interactions of an individual plant and a
population with the physical environment and other organisms, 2)
community and ecosystem analyses, and 3) evolutional approach.
Field studies are used to research the responses of plants to the
environment and other organisms. Theoretical and field analyses
are used to study the evolution of plant reproduction. The co-
existence of multiple species in ecosystems and the mechanisms

of maintaining biodiversity are studied in temperate and tropical
forests.

We are also interested in researching the global changes in
ecosystems and biodiversity. These studies include evaluation
of ecosystem services, and the effects of global climate change,
human land use, and forest management on biodiversity and
ecosystems.
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How many species link to each other, and why are communities so different among habitats?

A community is composed of a variety of organisms that are linked
to each other through the habitat space and trophic interactions.
When we compare communities established in an environment, we
often observe large variations among them. Why are the species
composition and biodiversity so different among communities?
In order to uncover the mechanisms creating, differentiating, and
sustaining communities, as well as the role of genetic and species
diversity, we study life history strategies of organisms, spatial and
temporal dynamics of populations, and trophic interactions within
communities through field works, laboratory experiments and
theoretical modeling.

For example, we are studying the recovery of tidal flat communities,
largely disturbed by the tsunamis caused by the Great East

Japan earthquake in 2011, to examine the ecological importance
of deterministic and stochastic processes in the community
assembles. Using plankton and freshwater organisms with short
generation times, we also study the roles of genetic and species
diversity in populations and trophic dynamics, the role of biological
interactions in community stability, and implications of ecological
stoichiometry in ecosystem processes.

Through these studies, we are trying to make projections on
changes in various communities due to local environmental
disturbance (e.g., eutrophication) and global issues (e.g.,
atmospheric CO, rising and warming), and to find a way to mitigate
these changes.
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From molecule to ecosystem: observation, analysis, and prediction of plant functions

Plant photosynthesis is the source of energy and carbon skeleton
for all organisms on the earth. The Laboratory of Functional Ecology
investigates plant functions, such as photosynthesis, stress
tolerance, growth, reproduction, biomass production, competition,
and coexistence, from the molecular to the ecosystem level. We

address questions such as "what traits are necessary to adapt
to a certain environment?” "what is the ecological significance of
a certain trait?" and "what and how traits should be changed to
improve biomass production?" In particular, we are interested in
plant responses to global change.
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Using multidisciplinary approaches to study diversity and evolution of plants

Land plants have highly diversified in every place on the earth. To
analyze the mechanisms underlying the origin of plant diversity
and to describe it from the viewpoint of natural history, we employ
a multidisciplinary approach based on molecular phylogenetics,
population genetics, morphology, taxonomy, and dendrochronology.
In particular, we are currently focusing on population/species level
genetic differentiation in wild Asian plants, phylogeny of some
angiosperm groups, natural hybridization between Japanese plant
species, coevolution of plants and animals/ fungi, plant taxonomical
and floristic studies in East Asia, and estimation of past climate
fluctuations using tree-ring dating.

We are also studying conservation biology of wild threatened
plants in Japan and, based on our results, we are performing ex
situ conservation of the plants at the Tohoku University Botanical
Garden.

Our laboratory includes staff from the Tohoku University Botanical
Garden in Kawauchi, Sendai and a branch garden in Mt.
Hakkoda, Aomori. These two gardens are blessed with a natural
richness, offering good opportunities for plant biology studies.
On the Kawauchi campus, we have a large herbarium (Tsuda
Memorial Herbarium) in which over 300,000 specimens, including
approximately 100 Holotypes, are deposited.
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From evolution and ecology to conservation

How and why did biological diversity evolve as it has and how is that
diversity maintained? By answering these questions, we can learn
the value and the functions of biological diversity and ecosystems.
Gaining a deeper understanding of the mechanisms of evolution
and the functions of ecosystems will lead to the development of
methods for predicting the future of ecosystems and for properly
maintaining them. The goals of the Laboratory of Conservation
Biology are to understand the value and the functions of biological
diversity and ecosystems, to develop methods to protect these, and
to advance appropriate conservation activities.

Our focus is on an endemic biota that has evolved within a closed
system, including an oceanic island and inland lake. We investigate
processes of speciation and radiation in this natural laboratory.
We are researching food web structures, using stable isotopic
analysis and genetic analyses, in wetland ecosystems, which
include rice fields, inland saline lakes, and freshwater lakes. We
have investigated how biological interactions maintain community
composition, including host-parasites and bacterial communities,
and we have contributed to the conservation of wetland
ecosystems.
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Utilizing genome analysis and post-genomic research to understand life phenomena

As our laboratory is located in the Kazusa DNA Research Institute
(Kisarazu, Chiba), we are able to benefit from the wealth of research
resources that the institute has accumulated. We have been working
on omics studies of various living organisms, including humans,
mice, Arabidopsis thaliana (model plant), crops, and bacteria
(e.g., rhizobia). We have also been working on bicinformatics (e.g.,
assembly of genome and transcriptome sequences), database
construction, and applied studies of omics for industrial biomass
production.

We use mass spectrometry to exhaustively analyze various chemical
substances produced by living organisms (metabolites) and a next-
generation DNA seqguencer 1o obtain meta-genome sequence data
for bacteria occurring in soil, marine water, and other environments.
We also process an enormous amount of information that has been
obtained from the aforementioned analyses in order to get a holistic
understanding of the crops and microbes, instead of simply finding
out effective ingredients and useful genes.
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Microbial evolution mechanisms and their application to new technologies

There are bacteria in the environment that consume artificially
synthesized recalcitrant environmental pollutants. Previous studies
have revealed the types of genes and enzymes that are used
by such bacteria and how they exert their degrading ability at
the cellular level. However, little is known about the reproductive
"process" of these bacteria, which appear relatively quickly in a
contaminated environment.

In our laboratory, we will examine the functional evolution
mechanisms of such bacteria at the levels of genes, enzymes, cells,
genomes, consortia, and the environment. Based on the findings
obtained, we aim to develop new technologies to use unexplored
microbial functions to clean up recalcitrant environmental pollutants.
This laboratory was established in October 2016 with the support of
the Institute for Fermentation, Osaka (IFO).
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Asamushi Research Center for Marine Biology

In 1924, the Asamushi Center was established as an extension
facility of the Tohoku Imperial University’s Biological Institute, in order
to contribute to basic marine biology research and provide marine
biology courses for students. It was established in the Asamushi
hot spring resort, an area along Mutsu bay in the northern end of
Japan’s main island. This location was chosen by the founder, Prof.
Hatai, from amongst several other candidates, as it was the richest
place for marine life in the Tohoku area. With the benefit of such a
location, many local marine invertebrate species (e.g., Hydrozoa,
Brachiopoda, Mollusca, Crustacea, Echinodermata, Hemichordata,
and Urochordata) have been used over the years for research and
education. The center itself has experienced several changes since
its establishment, including a large-scale renovation (1986-1987) of
the research building, the dormitory, and the boathouse, as well as
a renaming of the facility, with the latest renaming occurring in 2011
following its qualification by the Ministry of Education as a center of
education. Through the years, reflecting Prof. Hatai's and others’
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ambitions, intentions and desires, the center has accomplished
numerous research achievements, welcomed a countless number
of international and domestic researchers, and provided marine
biology courses for students, from Tohoku University and other
places (mainly from the Tohoku area).

The Asamushi Center's current research projects can be mainly
grouped into two areas: developmental biology and behavioral
ecology. In the developmental biology unit, we are interested in
understanding molecular and cellular mechanisms, as well as
evolutionary aspects, of early development (e.g., egg maturation,
fertilization, embryogenesis) of marine invertebrates. The behavioral
ecology unit utilizes ecological and ethological studies to elucidate
the processes of adaptation, speciation, and evolution concerning
the transition to land of marine invertebrate species. Our strong
belief is, and always has been, that the key to unraveling the mystery
of life phenomenon and evolution lies in the sea, where life began,
through the study of marine animals.
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Comprehensive Center for Brain Science Research and Education, Tohoku University

Tohoku University boasts of many brain science researchers who
carry out excellent research activities in a wide variety of subjects.
Research in these areas is conducted with diverse perspectives
that go beyond the traditional walls of “science” and the “humanities”
and use a wide range of research methods to understand the
working and mechanisms of the brain. The results of this high level of
international research are continually being disseminated globally.

The Comprehensive Center for Brain Science Research and
Education was established in December 2010 to promote the
development of human resources and brain science research at
Tohoku University by providing a stable educational structure and
encouraging the pursuit of research by researchers, undergraduate
and graduate students, and faculty members from a variety of
schools and graduate schools within the university. Building on
the philosophy of the Tohoku Neuroscience Global COE Program:
‘Basic & Translational Research Center for Global Brain Science,” a
global COE program from the Ministry of Education, Culture, Sports,
Science and Technology implemented at Tohoku University from
2007 to 2011, the Center was established by an organization of brain
sclence researchers, mainly from the medicine and life science fields.
The Center has become a university-wide community of researchers

of different fields, including the humanities, the sciences, engineering,
agriculture, and the pharmaceutical sciences.

Activities at the Center aim to accomplish the following three major
objectives:

1.Consistently provide comprehensive knowledge of brain
science to undergraduate and graduate students, promote the
development of human resources, and send researchers and
individuals capable of succeeding in the global arena into the
research community and into society.

2.Fully maximize the potential of the university, which is host to many
excellent researchers, and promote joint interdisciplinary research
beyond departmental boundaries within the university as well as
international collaborations with researchers outside the university.

3.Disseminate the results of advanced research to the community,
as well as throughout Japan and abroad, and benefit society with
the Center’s achievements.

Through these initiatives, we strive to make significant contributions
to the development of brain science in Japan.
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IOV S L RERENDERTENICHEIT=HEMF] (2008 -
2012 ) TlE BPEICE T2 ERE Ny TU SROMRE DR
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RERIBIEAM. Professional Ecosystem Manager, PEM) D& R
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B, BUF. BiAtk NGOME L EE LT, R25EE., HLEME.

M1 £EREGRIZOHRIE, Ytvy— E2:PEM FAYS5L0O#E (Class of PEM program)

VITR=IDHYIVO-RTEET,
(A textbook of ecosystem adaptability
science. You can download it from the
website of the Ecosystem Adaptability
Center.)

Ecosystem Adaptability Center

Growing concerns exist regarding violent ecosystem alterations that
will result from inevitable environmental changes, such as global
warming. In order to maintain healthy ecosystems and human
ecosystem services there is a need to move beyond a deterministic,
nature-conquering strategy and adopt new techniques in ecosystem
management and conservation that utilize ecosystem adaptability to
climate change.

In a Global COE (Center of Excellence) program, “Center for
ecosystem management adapting to global change” (2008-2012), a
new field called "ecosystem adaptability science" was established.
In this field, top-class researchers collect and discuss a wide
range of research results pertaining to ecosystem adaptability.
This group fosters the education of researchers and environmental
professionals that will practice ecosystem adaptability science both
locally and globally (Professional Ecosystem Managers, PEMSs).
The group also established the Consortium of Environmental
Organizations, which is comprised of individuals from industry,
government, and academia as well as private citizens that will

AMBERDTONE LT,

ERBEBLVY—3. INODFEBZMELSSICRBIE S
BHIZ2013F3B (CEMBEMABAICERIZ SN, LUTOED HEH
HETH>TVWET,

1. PAICMATREDB CERNICER TCEIAMBERTOSS
INOY 378

2. EFHEPAZE. BF. Biatnl e R L RE#EIY Y —
STLEMER L, CNEBUT-HE - KRR E 7T M) —FOHEE,

3. BENMAESZES L. 2BFRENGMREZTOIEEEIC.
BRI OB AN O R FOME BT & D HER R D HEE,

INHOEN AR LT, D BRENH DE RN R DOHEER,

WIRRIEDREZE CRAHL2ERNAHREMEZERELTVET,

B3 RAARKBEKBOERRE=SIVY
(Ecosystem monitoring after Great East
Japan earthquake )

participate in activities to make ecosystem adaptability science

widely known and practiced in society.

The Ecosystem Adaptability Center was established in the Graduate

School of Life Science in March 2013 to undertake and advance

the activities of the COE program. The Center will implement the

following:

1. Provide an educational program to develop human resources
who will implement nature conservation and environmental
measures.

2. Maintain the Consortium of Environmental Organizations whose
primary objective will be to promote education, collaborative
research, and outreach activities.

3. Acquire competitive funding, conduct interdisciplinary research,
and promote collaboration with foreign research institutions.

We aim to promote interdisciplinary and international research and

to make an international social contribution in the face of global

environmental changes.
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Katahira Campus
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Life Science Project Research Laboratory

QL miEE(LE 4F (£ 42 )

Laboratory of Biostructural Chemistry 4F.Sasaki

O FIERILE 3F(F%)

Laboratory of Analytical Bioorganic Chemistry 3F.Arimoto

@ EEN FEIRE 1F(LA)

Laboratory of Bioactive Molecules 1F.Yamaguchi

O@CA%G A FHEF  3F(HF)

Laboratory of Applied Biological Molecular Science 3F.Tanaka

Q@REL1FIVR  2F(#27)

Laboratory of Developmental Dynamics 2F.Sugimoto

O N R E R 4F (l7e)
Laboratory of Neurogenetics 4F.Yamamoto
O RERZ AR 3F(N\RE)

Laboratory of Molecular and Cellular Neuroscience 3F.Yawo
O 37 LR 5F ()

Laboratory of Systems Neuroscience 5F.Tsutsui

@R ITENF 2F (BA)

Laboratory of Neurothology 2F.Tanimoto

OFHRTHICERE 2F (BEE)

Laboratory of Space and Adaptation Biology 2F.H.Takahashi

ETMERIFMERR R156E

IMRAM Easet Building 1

QLR HEED TR 2F (B85

Laboratory of Molecular Analysis of Biological Functions
s 2F.S.Takahashi

LR MAEAE

Graduate School of Life Science Building

Q@:E=IFHRENRE 2F (72H)

Laboratory of Microbial Genetics and Genomics 2F.Tsuda

@ EETEE T 3F (K. &%)

Laboratory of Plant Reproductive Genetics 3F.Watanabe/Kanno

@it EREEEEE 1F(EE)

Laboratory of Environmental Microbiology 1F.Minamisawa
@7/ LA XTL  2F(RE)

Laboratory of Genomic Reproductive Biology = 2F.Higashitani

@7 FRARIH 3F (12£5)

Laboratory of Plant Developmental Biology ~3F.Kyozuka

@M AEMIECHERERS 3F (CkE)

Division of Microbial Evolution and Function Research 3F.Nagata
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AR AMEER1

IMRAM South Building 1

QL HEED FEXET S5F(TRE)

Laboratory of Design of Biomolecular Function 5F.Inaba

O@EFHEES FHIE 6F(KL)
Laboratory of Biofunctional Chemistry and Nanobiotechnology
6F.Mizukami

QL HEAESD FETEl 6F (AFE#EH)

Laboratory of Nano-Biophysics 6F

ERABEMAM25HE
RIEC Building #2
@ fifgEERE 1F(RH)

Laboratory of Brain Development 1F. Abe

P e EERREFEE

Aobayama Campus

£

Biology Building

@ imiaENREH 1 2F (&)

Laboratory of Histogenetic Dynamics 2F.Kuranaga

@ ERITED FHEM 3F OKE)

Laboratory of Molecular Cell Biology 3F.Mizuno
O@iEYMiaEEEE  6F (%)

Laboratory of Plant Cell Wall Biology 6F.Nishitani
@ETH 5F ()

Laboratory of Organ Morphogenesis 5F.Tamura
@LEMBHIEEL  4F(GIA)

Laboratory of Evolutionary Biology 4F.Kawata

O ELRE 3F (&586)

Laboratory of Community and Ecosystem Ecology 3F.Urabe

HemAR

Science Complex A, B

O@RE*EEEN  10F (BE)

Laboratory of Membrane Trafficking Mechanisms 10F.Fukuda

OHEMERE 10F (&%)
Laboratory of Plant Ecology 10F.Nakashizuka
OHAEEE S 10F (E3R)

Laboratory of Functional Ecology 10F.Hikosaka

(a2
Chemistry Building
@45 FHIRZEMS 4F (K15)

Laboratory of Molecular and Cellular Biology 4F.Ohashi
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Kawauchi Campus
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Center for Northeast Asian studies

OREEMFE (TEWR)

Laboratory of Conservation Biology Chiba
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Botanical Gardens
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Laboratory of Plant Taxonomy and Phylogenetics Maki
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Seiryo Campus
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Institute of Development, Aging and Cancer,
Center for Basic Aging Research
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Laboratory of Experimental Immunology 5F.Takai
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Institute of Development, Aging and Cancer,
Center for Clinical Aging Research
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Laboratory of Germ Cell Development 1F.Matsui

Q@EBEIFAMREAE 5F (IAH)

Laboratory of Super-network Brain Physiology 5F.Matsui
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Asamushi Research Center for Marine Biology
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HED Laboratory of Developmental Biology Kumano
Shin-Aomori

1l& Sendai
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TEL 017-752-3388 http://www.biology.tohoku.ac.jp/lab-www/asamushi/

Laboratory of Marine Ecological Behavior Takeda

Boat House
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