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L HS = “Cyltivating Human Resources through the Provision of
)]\ 3) 3 Integrated and Collaboration Education in Life Sciences”

The life sciences seek to elucidate the structure and mechanisms underlying the complexity and diversity of life
and other biological phenomena. It is an area that is highly anticipated to make major contributions toward
overcoming the illnesses of humankind, improving human life, as well as toward resolving food supply, securing
resources, environmental and energy issues. While the life sciences are considered the key to a better life, a
better diet, and a better lifestyle in the 21st century, the field is still in its infancy and much research has yet to be
done and to be developed.

In accordance with the conception of integrated education and research for the life sciences, Ritsumeikan
University established the College of Life Sciences in 2008, and the Graduate School of Life Sciences in 2012 at
the Biwako-Kusatsu Campus, the largest center for science and technological research in western Japan. The
College and the Graduate School of Life Sciences focus on integrated and collaborative education in the life
sciences where students can proactively study related fields while simultaneously deepening their understanding
of their specialized area of study. We educate students and conduct research in the hope of cultivating
individuals with a depth and breadth of knowledge who manifest independence and initiative.

Kazuo KOJIMA, Dr.Sc., Dean, COLLEGE OF LIFE SCIENCES
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Spectrometer for X-Ray Absorption fine Structure

Inorganic Catalysis Chemistry I Laboratory
Professor,~Yasuhiro INADA
Assistant Professor,”Shohei YAMASHITA

Interpretation of Catalysis Reaction
Theme
for Future Material Development

We are attempting to elucidate the mechanism at the atomic scale of the
inorganic catalysis reactions found around us and actually use them in
solving the current problems faced by society that include cleaning up the
environment and supplying more energy of higher efficiency. We are
developing advanced techniques which enables catalytic reactions to be
observed in real time, in particular a technique for use in analyzing local
structures and the electronic state through in-situ observations enabled with
high-intensity X-rays. With a direct focus on key intermediate species that
play important roles but do not apparently appear in chemical reaction
formulas, which however accelerate reactions and dramatically improve
conversion efficiency, the attempt is being made for the research to lead to
the creation of new catalyst materials using an understanding of the reaction
mechanisms that express their functions.

Organic Reaction Chemistry Laboratory
Professor,“Yutaka OKADA

Microwave-assisted Organic Reactions,
Novel Ferrocene Derivatives

Organic compounds consist of only several kinds of elements. However, these
combinations are infinite; so that numerous compounds with various structures
can be created, which depends on how the atoms are aligned with each other
and what type of bonds are formed. Organic chemistry plays a role in creating
novel substances with new functions through changing the combination of
atoms and providing materials for use in various scientific fields.

We are developing organic reactions using microwave irradiation in the aim of
utilizing "Green Chemistry," which is the technique used in the sustainable and
environment-friendly method of "Creation”. We are also attempting to
synthesize novel compounds possessing excellent properties and functions
through use of these methods. We are now carrying out "Molecule Design" of
ferrocene-containing compounds that should be stable organo-iron compounds,
and are studying their physical properties and functions.

Coordination and Solution Chemistry Laboratory
Professor,“Kazuhiko OZUTSUMI

Structural and Thermodynamic Studies
2/ on Chemical Reactions in Solution

Alcohol is a typical liquid mixture of water and ethanol. In the liquid mixture
of water and ethanol the water molecules gather together and form clusters
(small aggregates) while the ethanol molecules also form their own clusters.
The liquid mixture is then formed through those clusters interacting, with their
mixture at the molecular level said to be non-uniform. It is considered that the
size of the clusters affects the taste of the alcohol thus formed. It is evident that
the solute properties are affected by the degree of non-uniformity of the
mixture at the molecular level when solutes such as metal ions are dissolved in
liquid mixtures. This laboratory is mainly involved in using metal ions as
solutes and analyzing the structure of liquids and solutes through application
of radiated light and so forth in elucidating the effect of the liquid on solution
reactions at the molecular level because of the prospect of discovering an
indicator for use in designing and controlling chemical reactions.
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Fluorescence of rare-earth ions doped glasses
under UV irradiation
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Fluorescence of dye-doped organic-silica spherical particles
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Biophysical Chemistry Laboratory

Professor,”Minoru KATO
Assistant Professor,”Hiroshi IMAMURA

Physico-chemical Study on Protein
e/ Folding and Misfolding

Protein folding, by which a protein folds into a unique three-dimensional
structure, is an essential process for expression of physiological functions.
The folding mechanism has remained an open question for over 60 years.
Recent studies have furthermore revealed that prion-related illnesses and
neurodegenerative diseases such as Alzheimer's disease can originate in a
protein folding the wrong way (misfolding). The problem of protein
folding/misfolding is one of the most crucial issues in life sciences.
Elucidating the folding/misfolding mechanism requires the structural
changes of proteins and their aggregates in solutions to be microscopically
examined. However, it is rather difficult to analyze the structures of
proteins as they are complicated and changeable, thus necessitating use of
advanced spectroscopic and theoretical methods. We are also challenging
this difficult problem utilizing artificial proteins and peptides.

Inorganic Spectroscopic Chemistry Laboratory
Professor,“Kazuo KOJIMA

ptical Science and Technology are Very Important in This 21t Century.
Theme /- Developing New, Optical Materials Using Glasses, Ceramics and Composites.

We are involved in attempting to create new materials that enable the utilization
of light, such as materials that emit strong green or red fluorescence, materials
that continue to emit visible light for a long time like luminous paint and
materials that can convert long wavelength light into short wavelength light,
using inorganic and organic compounds such as glass, ceramics, particles, thin
films and rare-earth complexes. We are also studying photocatalysts that can
decompose and detoxify harmful substances around us using titanium oxide and
other substances. We mainly utilize the sol-gel process in creating these
materials in which solutions are used as raw materials in developing target
glasses or thin films etc via the state of the sol (liquid colloid) and gel (solid
colloid). In addition we are also dealing with inorganic-organic composite
materials such as glasses and liquid crystals or metal particles and polymers,
along with linear carbon chain compounds called polyyne.

Analytical Biochemistry Laboratory
Professor,“Kazuyoshi TAKAGI

Redox Biochemistry

I am interested in studying oxidation-reduction (redox) reactions catalyzed
by oxidoreductases in prokaryotic and eukaryotic cells. The catalytic activity
of many oxidoreductases depend on the presence of the small molecules
termed cofactors—either inorganic ions or complex organic molecules called
coenzymes. Coenzymes or metal ions that are very tightly or even covalently
bound to the enzyme proteins are called prosthetic groups. Some
oxidoreductases require several types of cofactors. For example, xanthine
oxidoreductase, which plays an important role in the catabolism of purines in
some species, requires flavin molecules, molybdenum atoms, and iron
atoms. On the other hand, recent advances in biochemistry have revealed
that redox-active prosthetic groups are derived from posttranslational
modifications of amino acid residues of proteins. I have been elucidating
novel enzymatic functions of the proteins as mentioned earlier from the
thermodynamic and kinetic points of view.
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Bioorganic Chemistry Laboratory

Professor, Hitoshi TAMIAKI
Assistant Professor,Yusuke KINOSHITA

Elucidation of Various Biosystems
I/ at the Molecular Level

The goal of this laboratory is to elucidate biological functions at the
molecular level. At present we are mainly focusing on photosynthesis and
the development of more simplified model systems by using naturally
occurring pigments and their synthetically modified compounds. We are
attempting to elucidate their (supra)molecular structures and functions,
and will finally (1) elucidate various biological systems, (2) develop new
reaction systems, (3) create new intelligent materials with bio-compatible
and environmentally friendly aspects, and (4) construct “Artificial
Photosynthesis” systems.

Polymer Materials Chemistry Laboratory
Professor,”Osamu TSUTSUMI

Design Plastics by the Full Use of the
"/ Nanotechnology for Future Materials

Polymers are very important materials that are widely used in our daily life as they have a
variety of functions. If the latent functions intrinsic to polymer materials were fully utilizable
they could be applied in many more leading-edge fields. In the light of this basic concept our
research program focuses on the molecular design and synthesis of highly functionalized and
high-performance polymer materials. However, to obtain those highly functionalized polymer
materials the primary structures as well as higher structure of the polymers needs to be
controlled. Polymers are very large molecules, but they consist of very small units ~ 1 nm
(10 m) in size. A large number of those small units are built into polymers. In addition,
polymer molecules can spontaneously become organized and construct higher structures ~ ym
(105 m) in size. We are trying to precisely control the structure at each level by designing
nano-size units and developing new materials that make full use of their intrinsic functions. In
other words, we are exploring the development of new polymer materials with novel functions
and performance by designing molecules at the nano scale for use in future materials.

Laser Photochemistry Laboratory

Professor,Yutaka NAGASAWA
Assistant Professor,Chikashi OTA

Elucidation of the photochemical dynamics by femtosecond
Ireme/ pulse laser measurements and its application research.

Molecular structure always changes in the course of a chemical
reaction. Thus, molecular motions are closely related to the reaction. In
the case of photo-dissociation of a diatomic molecule, dissociation takes
place when the molecular bond is periodically stretched by the
vibration. Hence, step-wise increase of the product synchronized with
the molecular vibration can be observed by femtosecond time-resolved
spectroscopies. Since polar solvents act as dielectrics against a solute,
the rotation and diffusion of solvent molecules also contribute to
chemical reactions that accompany redistribution of electric charges. In
our laboratory, molecular motions and dynamics of chemical reactions
are monitored by ultrafast time-resolved spectroscopies. Our goal is to
elucidate the principles of molecular motions which are the driving
force of chemical reactions and to develop a highly efficient
photon-energy conversion system similar to those utilized by
photosynthesis of plants which is one of the most complicated
photochemical reactions.
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Schematic illustration of our battery research

Organic Materials Chemistry Laboratory

Professor,” Tomonori HANASAKI
Assistant Professor,“Kosuke KANEKO

Synthesis and Physical Properties of
Teme/ Novel Organic Functional Materials

Organic compounds are composed of only a few elements: i.e. carbon, hydrogen,
oxygen, nitrogen, halogens and so on. However, it is no exaggeration to say that
the types of organic compounds they can form are infinite. In this laboratory, we
are designing and synthesizing new multifunctional molecules based on liquid
crystals, gels, and so on. We then evaluate the properties of the obtained
compounds using various measuring instruments and research the possibility of
their application. For example, liquid crystals have the property of their
viscosities changing when an external electric field is applied, a phenomenon
that is generally known as the electrorheological effect. We are designing and
synthesizing new materials that will have a larger electrorheological effect and
studying its liquid crystalline behavior and electrorheological effect. We are also
focusing on novel supramolecular complexes containing nucleic acid bases
which are expected to exhibit a liquid crystallinity.

Supramolecular Chemistry Laboratory

Professor ~Hiromitsu MAEDA
Assistant Professor,Yohei HAKETA

Fabrication of Electronically and Electrooptically Functional Materials
Zene/ through Synthesis and Assembly of Unexplored Molecules

Supramolecular assemblies are formed through interactions between

molecules and exhibit properties and functions that cannot be observed
in the individual molecules. We are therefore creating functional dye
molecules that can form spontaneously assembled structures and those
that are capable of "recognizing" and sensing specific molecules and
ions. Our chemistry is on the basis of organic synthesis to afford
desired molecules as well as bio-inspired chemistry, referencing
biological systems that are comprised of molecular assemblies.
Furthermore, we are also conducting the research on supramolecular
assemblies with a view to forming stimuli-responsive nanoscale
structures like gels, liquid crystals, etc., which behave as potential
electronic materials.

Inorganic Electrochemistry Laboratory
Associate Professor,”Yuki ORIKASA

Teme /' Battery based on Solid Electrochemistry

Development of Next Generation Rechargeable

Portable devices such as smart phones and laptop computers that are used
casually in daily life are devices that contain chemical reactions in
combination. These devices have spread rapidly in the last few decades, in
which numerous breakthroughs in applied chemical fields are contributing
and changing the way in which of life of mankind. In our laboratory, we are
studying rechargeable batteries that supply power to work the portable
devices. In the near future, rechargeable batteries are expected to be widely
used for energy storage of automotive power and green energy as a clean
energy medium. Rechargeable batteries contain various materials deeply
related to inorganic chemistry and organic chemistry, and it is necessary to
understand the chemical reaction inside the battery and to improve the
performance. In addition to the demand for longer operation, safer and more
quickly charge, we need to look at cost and environmental compatibility.
Through knowledge of inorganic chemistry, organic chemistry, physical
chemistry, and understanding of battery reactions and development of new
materials, we are challenging the problems of energy and environment that
are deeply linked to our life.
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Photofunctional Physical Chemistry Laboratory
Associate Professor,Yoichi KOBAYASHI

Developments of novel high-performance
U™/ photofunctional materials based on physical chemistry

Utilizing sunlight energy, which is huge and continuously supplied to the
earth, is one of the crucial issues to convert from a mass-consumption
society based on fossil fuel to a sustainable society. Our group develops
novel photofunctional materials and measuring techniques based on
“Photochromic compounds”, which reversibly change their color upon light
irradiation. Photochromic compounds are widely used in our society such as
ophthalmic lenses, fashions, toys, etc. Our group aims to maximize the
potential of photochromic compounds to contribute to the realization of the
sustainable society based on light energy.

Inorganic Catalysis Chemistry II Laboratory
Lecturer,”Misaki KATAYAMA

Analysis of Battery & Catalyst Materials with Newly
Teme/ Developed Technique using Synchrotron Radiation

Efficient utilization of resources is essential to build a sustainable society.
The lithium-ion batteries are used in most of portable devices. The capacity
and energy density are not enough to use next generation electric vehicles.
Heterogeneous catalysts are working to synthesize useful materials in
chemical industry and for the exhaust gas purification. Improvement of their
catalysis activity reduces environmental pollution. Understanding the
reaction mechanisms is an important first step to improve the performance of
batteries and catalysts. We focus the metal elements in them and investigate
to understand the reaction mechanism by using the synchrotron radiation.
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Plant Molecular Biology I Laboratory
Professor,“Masahiro KASAHARA

Molecular Mechanisms of Plant Responses
Teme /' to light

Plants cannot move once they have taken root: a big difference with

animals that can escape into shade if the sunshine is too strong or look for
food if they are hungry.

Because stationary plants are constantly exposed to various environmental
changes they can appropriately sense those changes and quickly adapt.
Light plays an important role for plants in providing information on
sensing environmental changes, in addition to its role as an energy source
for photosynthesis. Light conditions enable plants to recognize long-term
changes such as a change in season as well as short-term changes such as
the change in day and night or short changes in light quantities caused by
light being blocked by tree leaves in a forest. We are studying and
attempting to elucidate the responses of plants to light at the molecular
level.

Bioengineering I Laboratory

Professor ~Motoki KUBO
Assistant Professor,“Hiroyuki KAJIURA

Protection of Environment, Organic Agriculture,
Function of Microorganism

@Soil Fertile Index (SOFIX) : Our laboratory have constructed a new diagnosis
method for stable agricultural system. Not only basic research of analysis for
microbial function but also application research for production of high quality
rice and Japanese Sake are investigated.

@Bioremediation (environmental purification using microbes) : We are developing
a bioremediation system and studying the mechanisms of microbial function.
New bioremediation system has been developed in 2010.

@®Environmental water purification : We are trying to construct a new
environmental water purification system with microbes. In future, our laboratory
would like to contribute for the environmental purification of Lake Biwa (the
biggest lake in Japan).

@®New biomass energy : Development of new energy is urgent problem all over the
world. Fundamental investigation for development of new biomass energy is
progressing using woody biomass and fungi.

Structural Bioscience Laboratory
Professor,Hiroyoshi MATSG}%&A
Assistant Professor.“Takuya YOSH A

Structural Bioscience for Improvement of Nature
Treme /' Environment and Drug Design

Global warming related to the increased amount of carbon dioxide in the
atmosphere is urgent to be solved. The environmental deterioration and
expanding human population cause infectious diseases; therefore, the new
strategy for drug design is also needed in recent years. In our laboratory, the
structure-function-motion relationships of the photosynthetic proteins
involved in carbon dioxide fixation, and the infection-related protein are
investigated, using combined technique of X-ray crystallography, small angle
X-ray scattering, an electron microscope, and high-resolution single-molecule
measurement. For example, we recently reported the carbon metabolic
pathway in methanogenic archaea (Nature communications. 2017). Such
information together with global collaboration gives us the keys to improve
the natural environment and develop a new strategy for drug design.
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Applied Molecular Microbiology Laboratory

Professor,“Hisaaki MIHARA
Assistant Professor,”Ryuta TOBE

Studies on Mechanisms of
Tmeme/ Microorganisms for Sustainable Society

We have utilized microorganisms and microbial enzymes from long
before the word "biotechnology" was first created. The diverse functions
of microorganisms can be applied in a wide range of fields such as in
solutions to environmental and food problems and the development of
drugs. However, we have only utilized a few microbial species, because the
number of microbial species is so enormous, far beyond our imaginations.
In this laboratory, we aim at elucidating the diverse and unique mechanism
of the microbial metabolism as well as the structure and function of
enzymes and proteins produced by microorganisms and then applying
them to the development of a sustainable society by using techniques in the
fields of biochemistry, microbiology, molecular microbiology and genetics.
We will be able to efficiently produce many useful products for society by
developing "factories" of microbial metabolic systems.

Enzyme Technology Laboratory

Professor,”Mamoru WAKAYAMA
Assistant Professor,”Junji HAYASHI

researcn) DEVElopment of the production system of valuable
Theme / materials using enzymes and fermentation

All organisms incorporate enzymes that are very important biopolymers which catalyze and control
biological metabolic reactions. And as many as there are diverse organisms in the world there are enzymes
with diverse properties. The Laboratory of Enzyme Technology is searching for enzymes with excellent
functions from the diversity of enzymes and developing methods of synthesizing useful substances such as
raw materials for use in drugs and chemicals used in food additives etc directly utilizing them. We are also
devoting our efforts in studying the development of new types of foods and the production of useful
substances for use in drugs etc through fermentation, where the power of microorganisms is utilized, and
attempting to understand and control the fermentation process at the molecular level. Studies of great interest
include an enzyme production method of the D-amino acids that are important raw materials for drugs
utilizing enzymes, the production of "Lactsho," a new fermented liquid preparation, the development of
asparaginase, a food additive enzyme that has a acrylamide generation suppression, studying the structure
and functions of an enzyme for use in synthesizing "L-theanine," a tastiness substance, and application of
polysaccharide-lytic enzymes such s chitinases and o-/-glucanases to unutilized biomass and agriculture.

Bioenergy Laboratory
Associate Professor,Takeshi ISHIMIZU

Molecular mechanism of biosynthesis and degradation of
L™/ plant glycans, plant-derived biomass resources

Plant-derived biomass resources are used for food and energy sources.
They continue to grow in importance because of increased interest of
environmental issues. Plant glycans such as starch and cellulose are
utilized for sources for food and energy, respectively. Other plant
glycans such as pectin are actively synthesized during plant growth.
Thus, glycans are important biomolecules for both plant utilization and
plant growth. To be effectively utilized plant glycans, it is important to
solve the molecular mechanism of their biosynthesis and degradation.
Studies in our laboratory aim to identify the enzymes involved in
synthesis and degradation of plant gycans and to solve their molecular
mechanisms. Our studies will be critically useful in preparation of the
rapid-growing plants and/or developing a method for effective
utilization of plant glycans.
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Food Biotechnology Laboratory
Associate Professor,”Atsushi TAKEDA

Molecular Breeding for Virus Resistant
Teme/ Plants through Genome Engineering

A. Takeda lab focuses on plant-virus interactions including

RNAi-mediated anti-virus resistance, functions of viral RNAi suppressors,
and the roles of host factors in the virus infection. We are developing an
RNAi-dependent genetic screening system and plant-optimized genome
editing tools including TALEN and CRISPR. By combining the results of
the basic research together with the sequence-specific genome editing
technology, we will try to generate transgene-free virus- and
viroid-resistant plants.

Biomolecular Chemistry Laboratory
Associate Professor,“Yoichi TAKEDA

Clarification of biological roles of glycans
Teme/ by synthetic molecular probes

Correct folding of proteins is essential for their function. Most newly
synthesized polypeptides are co- translationally modified with glycans in
the endoplasmic reticulum. Recent studies have revealed that these glycans
play pivotal roles in the glycoprotein quality control process such as
folding and transport of nascent proteins and degradation of misfolded
proteins. Studies in our laboratory aim to gain knowledge of the molecular
basis of this process with well-defined homogeneous glycans prepared by
chemical synthesis.

Bioengineering II Laboratory
Lecturer,”Kiwako ARAKI

Study on responses of organism to environment
Teme/ and its application to conservation biology

Ecosystem consists of organisms and surrounding environment, where
both interact with each other. In this system, organisms have mechanisms
to respond stably and/or flexibly to the fluctuated environment,
maintaining the balance of ecosystem. In order to understand the
mechanisms and evolutional background of organisms for adapting various
environments, we investigate their changes in terms of growth, phenotypic
form and genomic composition (e.g., gene expression and epigenetic
modification).

Activities of living organisms also change environment in the ecosystem.
Therefore, the application of biotic function and enhancement of
ecosystem function would produce the suitable condition for the living
organisms in the system. These approaches will contribute to
environmental improvement and ecosystem conservation. We perform the
study based on plants and environments of soil and water.
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Plant Molecular Biology II Laboratory
Lecturer,”Fumio TAKAHASHI

Functional analysis and application of photoregulated
Teme /- genes in photosynthetic stramenopiles

Algae are photosynthetic organisms in the water area. Especially,
photosynthetic stramenopiles algae are a dominant group in the sea.
Photosynthetic stramenopiles include brown algae such as Konbu
(Laminaria) and Wakame (Undaria), diatom as principal primary
producer, and raphidophytes forming red tide. There is a close relationship
between them and Japanese life/ food. Researching these algae is very
important for Japan surrounded by the ocean. In particular, it has been
reported that various photomorphogenesis and photomovement are
exhibited by light. We are researching their photoresponses using
molecular and cell biological techniques.

This research will contribute to a widening and deepening of our
knowledge of algal physiology, bringing advances in the fields of applied
phycology and aquaculture in Japan.

Environmental Biotechnology Laboratory
Lecturer“Wakao FUKUDA

Extremophiles; Mechanisms of Environmental
"/ adaptation, and Proposal of novel taxonomic groups

@ Analyses on transcriptional regulator of hyperthermophilic archaeon,
Thermococcus kodakarensis: To understand the role of transcriptional
regulators of 7. kodakarensis, the strains without gene(s) coding
transcriptional regulator were constructed, and transcriptome
analyses of mutant strains are performed.

@ Alteration of metabolic pathways in the hyperthermophilic archaeon,
Thermococcus kodakarensis: To construct the strain producing a
large amount of hydrogen, metabolic pathways of T. kodakarensis are
altered by the molecular biologic methods.

@Proposal of novel taxonomic groups: Characterizations of bacteria
isolated from Antarctica are performed, and novel genera and novel
species are proposed. Until now, Rhodoligotrophos appendicifer,
Constrictibacter antarcticus, and Polymorphobacter multimanifer
were isolated.

m £HEIEE - B HFER/ DEPARTMENT OF BIOINFORMATICS

R MR =
HY¥E
XEF R

o mer EH KT
ST MCEDVT
1 - BB OMEERATS

AR ERR T 54 OEFRKICHTAHERIZBRICH AL TV E T2, 2hb
DA DEHZBPED IR L THLEE. B MAoREZEIHLTVWS
PRRANDEF DL G5B IA THA LY AT OMEDRKE IR D &
EZOLNTOVET AMEETIZ. F4T7Hf VR
SH O ETH B4 DERBREEZHMAGD
LYV BBEOKRE LR EEN Y I2L—TarE
FNERESTSHZ L TOHRERHIFOBENRED L)
WEBRSNTVE2EHRLTVET452. bz
Lo D B A A BB 7OV & F TR BB 22D i
DHBEFNVEREELTBY . SOEFVEFHALT
VEBRTR O AL PR HEVE O ST L G T8 0D T B & SR AT
Z2f7oTVET,

OB LHMIBET )LD SHEEL AELERBET IV
Left Ventricle Model based on Accurate Cardiac Cell Model

REBEMFMAE
HLHKE
(E
Ng FX

. :
F% 155 =

@ IN )
E R AT LEERT D

7 DA LY ZAD G HE[ Ay 3 AT 2O P [T —H. L4
Mo/ AR OBN AR Db-TwET T bbb, #EHTHSHEETOHN
DY oleDTTRDOEBE, ZORAPVDOEZTEDHRZE—MITEHIC
E2Y, EDEIRTY—V | ZHLLDODEHWRD LT HMIFHMBRLFY
LV ETF VAN ERCCT, TTRIMIRBEE TRREAK ] &V =1l
WEEDT, EHELAEWFOM A A SHIEEEDTVE T 7/ 2MEHE

ICE, FHERBESRTREDIZE)

THHDERAF FHEETACHDLE
WIFE S B RO THS D HIETE S LW
HEEBEEMAE
HLEE

BEMIRDH YD 9
@ii®R  Caenorhabditis elegans
Hih KA
rH BE

Nematode Caenorhabditis elegans

'
i KE

@ R 2ING BOILEE EABER BB D
FRBRE NSV ITHA >

#ZH B

FUNZRRES TSR ERD . EGTEHICBOTRERELZEHZH-TY
3. DL HLBEEL 7 V2 B OO RA DN ARSI EHEICEL ., Z
DIVAREHENL S YN EOT I VBRI > THRED 5. 73/ BRAiLF & v
3 LR TCHG e S WIS UC AR RS 2SR 5 i3
F N AORERE, OWTIR MR O IEAR BRI \
BOTEETTAMNERETIR., ¥ 087873 VR o
F& & 87 B ARKER - BREEL OBIFRIZO VTS
EfToTVET F72 8 V7 HONARKEE R
eI, KEEZHRE T ETIEETHY . ik
Wi IED V2R T v 7, VIREFEFEHIBWT
B Tl oTBY T AMER TIE. AR
FEE A S BRI & RRT T B RN FEICoOVTD O AR aae”
ez froTcwEd, 3D structure of a protein,

Triose Phosepate Isomerase

Tissue and Organ Function Analysis Laboratory

Professor ~Akira AMANO
Assistant Professor,Yukiko HIMENO

Analyze Tissue and Organ Function
meme / Based on the Accurate Cell Level Model.

Information on the individual factors involved in a living body is rapidly
accumulating but there is still a lot more to discover about how those
individual factors interact with each other and realize the functions of
tissue, organs and individuals. This area is considered to become one of
the major research topics in future life science research. This laboratory
is studying how the functions of tissues and organs are realized by
constructing a simulation model of function elements of larger scale and
combining the functions of individual elements exposed as the outcome
of research in the field of life sciences. We are specially focusing on the
development of a large-scale heart motion model utilizing detailed
electrophysiological models of cardiac myocytes and are analyzing the
physiological properties of the circulatory system as well as reproducing
and analyzing heart disease using the model.

Information Biology Laboratory

Professor,~Masahiro ITO
Assistant Professor,~Hisao KOJIMA

L ) Understanding from
Teme / genome to life system

The ultimate goal of genome science is to "reconstruct life systems."

The genome sequences of many species have already been completed.
That is, we know the number of player genes. Our next objective is to
discover which of the players step up, along with which other players,
and in what kind of "scene." We are involved in research that
incorporates aspects from both information science and biology with a
focus on "embryogenesis" and "glycolipid biosynthesis" using
nematode C. elegans and sea squirt C. intestinalis as model organisms.
Needless to say computer science is essential in handling genome
information. This is a fairly new field of research, and hence the best
part is cultivating one’ s own.

Computational Biomolecular Chemistry Laboratory

Professor,~Takeshi KIKUCHI
Assistant Professor,Masatake SUGITA

Analyses and Predictions of Protein 3D Structures
meme / and Folding Processes and Drug Design

Proteins have a number of different functions and play important roles in biological
activity. Their diverse functions and unique three-dimensional structures are
closely related with the three-dimensional structures being determined by the
amino acid sequence of protein. Elucidating how the three-dimensional structure is
formed from the one-dimensional information of the amino acid sequence is
important in understanding the protein functions and eventually even with
biological phenomena. This laboratory is studying the relationship between amino
acid sequence of protein and the three-dimensional structure, and the functions of
the protein. Information on the three-dimensional structure and functions of
proteins is also important in developing drugs. Designing a drug from the protein's
three-dimensional structure would be an extremely important step in the efficient
development of drugs. This laboratory is also studying basic methods of designing
drugs utilizing that three-dimensional structure information.
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3-fold axis view of a ferritin molecule that can store “4000 iron atoms inside the cavity
and control the concentration in our body
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Lifecycle of the cellular slime mold

Computational Structural Biology Laboratory

Professor,Takuya TAKAHASHI
Assistant Professor,”Kota KASAHARA

Elucidation and Application of Structure-function
Teme / Relationship of Bio-molecules

Living body is hierarchically composed of organs, cells, and
intracellular organelles, which consist of bio-molecules such as
proteins, lipids, sugars, and so on. Therefore life phenomenon of living
body is based on various functions of the bio-molecules, where
proteins are especially important. Basic information determining the
stereoscopic structure of the molecules is stored in genes as DNA
sequences. Although the genome sequences and the protein structures
coded in the genes are rapidly determined, the structures and functions
of many proteins are still unsolved. Major goal of our laboratory is to
elucidate the structure-function relationship of the bio-molecules by
using physico-chemical theories, database analysis, molecular
simulations, and various energy calculation techniques.

Laboratory of Biomolecular Network

Professor,~Kazuki TERAUCHI
Assistant Professor,Chihiro AZAI

How photosynthetic microorganisms
meme /respond to changes in their environment?

We are broadly interested in uncovering the molecular mechanisms that control

how organisms sense and respond to changes in their environment. Our
primarily focus is on the cyanobacteria, oxygen producing microorganisms that
are the progenitors of plants. Our research efforts are providing important new
insights into circadian clock and mechanisms that mediate the changes in oxgen.
Our research tools include molecular biological, biochemical, genetic, and
comparative and functional genomic approaches.

Systems Biology Laboratory

Professor,Seido NAGANO
Assistant Professor,“Kurato MORI

Study of Synchronization and Pattern
Teme / Formation of the Biological Systems

The human body is made up of approximately 60 trillion cells, with each
of those cells storing genomic information, the blueprint for life. The
enablement of such a gigantic assembly of cells to function as a unified
system inevitably leads to there being an appropriate spatial assignment
of all the cells, adjustments between the parts that comprise each cell,
and adjustment of the entire set of cells. The key to that adjustment in a
biological system is "rhythm synchronization" and pattern formation."
All living cells are strikingly similar to each other as they reflect
evolution. This laboratory is utilizing a cellular slime mold that can also
transform into a pseudo-multicellular animal or plant in 24 hours,
despite being a single-cell organism, as the model organism and
attempting to elucidate the biological mechanisms as a system in
combination with biological and computer experiments.
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Plant Molecular Physiology Laboratory
Associate Professor,“Yoichiro FUKAO

Molecular mechanisms of environmental
Tmeme /stresses tolerance in plants

Plants are sessile organisms that need to exist in several places even
when environmental conditions are not suitable for them. We have a
special interest in the molecules involved in tolerance to Zn deficiency
in plant cells. Among the essential trace elements in plants, Zn shortage
threatens nearly 50% of cultivated fields worldwide. Therefore, we
have been searching for proteins and peptides with essential functions
for tolerance to Zn deficiency, by applying comprehensive omics
techniques as a strategy. In particular, we have focused on peptides that
were recently identified in plants by genome-wide bioinformatics
approaches. Furthermore, we have addressed how are research can be
applied. Recent global warming limits the crop species, which are able
to be grown in summer. Therefore, we have been studying strategies for
decreasing heat stress to crops and how to grow them sustainably.

Yukari TAKEDA

A comprehensive investigation on dynamic molecular mechanisms
Theme /" underlying physiological functions of multiple cell types
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Rat hepatocytes used for
analysis of gene expression

Health Services Research Laboratory

Professor “Kojiro SHIMOZUMA
Assistant Professor,”Hideki MURASAWA

Thinking about Systems and Policies to Achieve
leme/ “Safe and Satisfactory” Healthcare Services

Japan has a good global reputation for the health and longevity of its people as well as the
popularization of equal healthcare for all, which is one of the best in the world. However,
regretfully that good reputation is starting to falter due to a serious gap in information
being shared between medical specialists and citizens, an increase in medical costs that
occurred with the popularization of new medical technologies, and the rapid decline in
birthrate and aging of the population, the worsening affect of the global economic
depression, rigid medical policies that have failed to keep up with the change in time and
so forth. We are in the pursuit of the ideal healthcare systems and policies for use in the
systems (mechanisms) and policies necessary in maintaining the provision of "safe and
satisfactory" healthcare services. To achieve this the laboratory is currently working on
basic research studies that include () the development of a quantitative method of
evaluating the quality of healthcare and subjective health state and () the establishment of
a healthcare economic evaluation system necessary in the proper assignment of healthcare
resources, as well as applied research studies that include (D clinical trials to verify the
affect of new anticancer drugs or psychosocial group therapy and (2) the construction of a
medical service system incorporating appropriate home palliative care teams.

Pharmacology Laboratory

Professor,Hidekazu TANAKA
Assistant Professor,”Kazuyoshi KOSAKA,
Shu NAKAO

Remodeling of neural network underlies
e/ vigorous adaptability of the brain

Sophisticated neural network in the brain underlies human daily
activity as well as mental function. Nerve cells (neurons) recognize
their synaptic partners through lock-and-key interactions between
molecular specifiers displayed on neuronal surfaces. Even after the
establishment of the neural network, it undergoes remarkable
remodeling by repeating partial processes of synaptogenesis. This
remodeling may underlie the vigorous adaptability of brain, such as
learning, addiction, and functional recovery after rehabilitation. We
investigate the molecular mechanisms underlying the synaptogenesis
and the synaptic remodeling.

Medical Chemistry Laboratory

Professor,“Mikio NISHIZAWA
Assistant Professor,” Tetsuya OKUYAMA

Actions of herbal drugs and mechanisms
mediated by natural antisense transcripts

Deciphering of mammalian genomes and subsequent transcriptome
analyses indicate that there are many RNA species that are not
translated to protein (i.e., non-coding RNA), such as an antisense
transcript (asRNA), in the cell. An asRNA is transcribed from a gene
encoding inducible nitric oxide synthase (iNOS). This protein produces
nitric oxide (NO), which kills bacteria and viruses during infection. We
found that the iNOS asRNA stabilizes the iNOS mRNA to regulate the
expression of the iNOS gene. Some constituents in herbal drugs reduce
the levels of iNOS asRNA, leading to a decrease of the levels of iNOS
mRNA. Because it is known that excess NO causes sepsis, we
investigate action of herbal drugs and then attempt to inhibit the
function of iNOS asRNA and block NO production.
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Proteomics Laboratory

Professor,Toshiya HAYANO
Assistant Professor,” Taro MANNEN

Proteomic Study of Diseases

Now that DNA sequences of the whole genomes of various organisms,
including human, have been determined, research focusing on the proteins that
perform and regulate most cellular processes directly is starting to be
mainstream in the field of life sciences. In the post-genomic era, a novel
research called “proteomics”, in which cellular functions of proteins are
comprehensively and systematically investigated, has rapidly attracted great
attention. Although proteomics is a very new research field, it has already
elucidated many unknown biological phenomena that had been conventionally
considered difficult to approach. This laboratory is involved in proteomic
research on elucidating the cause of diseases such as cancer and progeria and
complicated brain functions. Expectations are high that the achievements of
these studies will contribute to advances in biomedical science, such as in the
development of new diagnosis or treatment methods for various diseases.

Laboratory of Medical Cell Biology

Professor,“Toshiyuki HORI
Assistant Professor,Ryotaro NISHI

Molecular and Cellular Biology of Cancer

Our laboratory focuses on the molecular mechanism of somatic cell
oncogenesis. It is believed that cancer tissues derive from an abnormal
cell that undergoes multiple genetic mutations at somewhere in signal
transduction pathways regulating cell growth and survival. Recently,
much attention has been paid to a signaling pathway named Hippo
pathway that is often mutated or failed in cancer cells. Since we
molecularly cloned kpm (Lats2) that is one of the core components of
this pathway, we have studied Hippo pathway-related molecules. Now
we are addressing its unknown regulatory mechanisms in order to
identify new biomarkers and treatment targets of many types of
cancers.

Stem Cell and Regenerative Medicine Laboratory
Associate Professor,”Teruhisa KAWAMURA

Dissecting the process of somatic cell
Treme/ reprogramming and stem cell differentiation

Our research is aimed at establishment of innovative regenerative medicine

for severe organ disease such as end-staged heart failure. To accomplish
this goal, we utilize the technologies of somatic cell reprogramming and
stem cell differentiation. Only one cell gives rise to trillions of cells and
over 200 cell types that constitute the human body. Recent technologies
have shown that pluripotency is induced by introducing a combination of
only a few genes into somatic cells. Why somatic cells are reprogrammed
to iPS cells? We explore this big mystery and challenge to innovate novel
regenerative medicine.
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Medical Physiology and Metabolism Laboratory
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Associate Professor ~Eri MUKAI
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Study for Pathologic Elucidation and
Teme/ Treatment of Diabetes

Today when the society became rich, life-style related diseases
caused by living environmental factors, such as overnutrition by the
gluttony and the lack of exercise from the development of
transportation, are steadily increasing annually. The number of
patients of diabetes, one of the most representative life-style related
diseases, increases explosively, which becomes one of the problems
that we must think about at a world level as well as Japan. Diabetes
with high blood glucose level chronically does not have subjective
symptoms, but that causes various complications without treatment
followed by a lowering of QOL and finally death. It is extremely rare
to become for a single cause, and diabetes develops as a result of
synergy of various factors. So, diabetes is the complicated disease
that there is not yet a complete cure. We search for them from every
angle comprehensively how diabetes develops and what kind of
treatment or prevention is more effective.

Biomedical Compounds Research Laboratory
Lecturer,”Nobuyuki SHIMOHATA

Research of biomedical compounds for
™eme/ bone and cartilage regeneration

In our laboratory, we have developed the clinical application of
biomedical compounds and researched their physiological mechanism.
At present, we have focused on two themes; “drug discovery research
through the chemical biology techniques” and “development of
high-performance medical device utilizing biomaterials”. We identified
the primary target of the chondrogenic compound, TD-198946,
utilizing the high-performance affinity beads in combination with
proteomic analysis, and have investigated its molecular mechanisms. In
addition, by means of application of biomaterials, we have developed
the novel artificial bone for weight-bearing sites and the therapeutic
modalities for improving skin barrier function in atopic dermatitis.

Lecturer ~ Jin NAKATANI

Biological investigation of
Autism etiology
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Middle; Human autism patient that have the chromosome dupllcanon on 15q11-13.
Lower right; Model mouse of Autism that have the chromosome duplication on chromosome 7c.

Autism is one of the pervasive developmental disorders. It is defined as
impairment of sociability, communicational problems and repetitive
behaviors. Nowadays it is becoming serious problems in the public.
Etiology of Autism is still remain unknown. One thing we do know is
that not a few patients have the same kind of chromosome abnormality,
that is 15q11-13 duplication. Length of this region is estimated about
6Mb. Accordance with this cytogenetic abnormality, we established
Autism model mouse line that have the same duplication on mouse
chromosome 7c, which is correspond to 15q11-13. We are now
intensively studying these mice in terms of behavior, morphology and
physiology. In the near future, we would like to elucidate the “Mystery
of Autism”, by using these model mice.
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Associate Professor,“Tsukasa YAMANAKA
Associate Professor,“Syuhei KIMURA
Lecturer,”Miho YAMASHITA

Project-based English Program:
Mme/ Theory and Practice

Today it is required for researchers in many academic fields, including life
sciences, to convey the outputs in English. To meet this increasing demand, the
Colleges of Life Sciences and Pharmaceutical Sciences at Ritsumeikan
University have implemented an unprecedented pedagogical method in English
education since their beginnings in 2008. That is the Project-based English
Program or PEP.

In PEP, students launch projects based on their own interests and concerns and
present the progress and results in English in accordance with academic styles.
Since PEP regards not only English but ICT, Information Communication
Technology, as essential tools of intellectual infrastructure for those who
ambitiously open a new era, students are expected to gather various kinds of
resources from all over the world via the internet, organize it into a variety of
media, such as essays, papers, slides, posters, and even movie clips, and present
them in English with logical persuasion. We the faculty members of PEP, who
are all the researchers in various fields, pursue a common mission to keep
improving the program and share with the world what we have archieved.
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“Great Expectation towards Pharmaceutical Sciences”

“What can science do for the health and welfare of human beings?” In the 21st century, the field of life sciences
will be key in determining this. It is said that the 21st century is the “life science era”, revealing the ever increasing
role that the life sciences will take in higher education and research. This is especially true for the area of
pharmaceutical sciences, which holds great promise and has been attracting considerable attention. In response
to this attention and social demand, we established the Department of Pharmaceutical Sciences alongside our
already outstanding Department of Pharmacy at Biwako-Kusatsu Campus (BKC) in April 2015.

We are conducting research day after day in the areas of chemical pharmaceutical science, which aims to
discover drugs based on organic synthesis and natural substances, biological pharmaceutical science, which
uses iPS cells and genetic engineering techniques to analyze diseases and find drug discovery targets, and
medical pharmaceutical science, which promotes the proper use of pharmaceuticals, in order to overcome
modern diseases such as cancer and Alzheimer's disease. In addition to these specialized areas of research, we
aim to provide students a broad education in "pharmacy”, which is said to be an interdisciplinary science, and
cultivate skilled individuals who are able to play an active role in international society.

Naoki HATTORI, M.D., Ph.D., Dean, COLLEGE OF PHARMACEUTICAL SCIENCES
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Clinical and Analytical Chemistry Laboratory
Associate Professor“Koichi INOUE

Early Diagnosis of Alzheimer’s
Theme / Disease

By 2050, it is estimated that Alzheimer’s patients will increase by more

than 100 million people globally. However, useful and perfect medicines
have not yet been developed for Alzheimer’s disease at this stage.
Moreover, methods for the early diagnosis of dementia have not been
demonstrated well in clinical practice. In our laboratory, we are trying to
uncover a method for early diagnosis and what pathological change and
unknown information is locked inside the Alzheimer’s afflicted brain.
Biological fluid and other tissues from patients have been studied using
analytical techniques such as “Brain Metabolomics,” based on
chromatographic and mass spectrometric methods.
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Conformational fluctuation of dihydrofolate reductase

Structural Biology Laboratory

Professor,”Ryo KITAHARA
Assistant Professor,“Soichiro KITAZAWA

Structure and Function of Proteins

Proteins play a central role in all the biological activities of cells.
Problems occurring in proteins would lead to various diseases,
including cancer, as well as neurodegenerative diseases such as
Alzheimer's disease. The mechanism involved in protein functions and
diseases and also the development of new drugs can be elucidated upon
by understanding the structure of proteins at the atomic level. This
science field is called “Structural Biology”. In our group, we apply
pressure perturbations of up to several thousand atmospheres and
monitor the conformation of proteins using NMR spectroscopy. Under
high pressure semi-stable conformations of proteins, such as “open”
conformations of enzymes and partially disordered conformations, are
stabilized. We hope that the study of semi-stable conformations of
proteins will lead to the development of new drugs.
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Microbial Chemistry Laboratory

Professor,”Nobutaka IMAMURA
Assistant Professor,Takashi KAWASAKI

Chemical Biology Laboratory

MREWERE ) !
Associate Professor,“Naoyuki KOTOKU
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rescarcn) Discovery of New Biologically Active Compounds
Theme / from Microorganisms

Many biologically active substances produced by microorganisms are used as
drugs, including antibacterial and anticancer substances. These microbial
products are called secondary metabolites because they are not related to the
growth or life-sustaining of the producers themselves, with whether they produce
them or not depending on the individual microorganism. Another characteristic
of microbial products is that they often have unique chemical structures. Over
recent years the full genome analysis of several antibiotic producer bacteria has
revealed that many genes for secondary metabolites other than the products also
get coded. Thus, microorganisms are considered to have the potential capacity to
produce unknown secondary metabolites. This laboratory is attempting
screening, purification, structural elucidation and biosynthesis of new bioactive
substances from microbial products through creating a new screening method for
anticancer or antiallergy substances etc that will lead to their application.

Medicinal Organic Chemistry Laboratory
Professor,Tetsuya KAJIMOTO

Synthesis of Carbohydrate Related
Mm/ Compounds Bearing Bioactivities

Recently, it has been revealed that complex carbohydrates on cell surfaces
play important roles in biological events, such as immunological reaction,
metastasis of tumor cells, recognitions of host cells by bacteria or viruses,
and fertilization. Meanwhile, oligosaccharides also play versatile roles in
antibiotics or steroidal and triterpenoid glycosides, which have been
isolated from natural sources. On the basis of these back grounds, we now
challenge 1) synthesis of naturally occurring bioactive oligosaccharides
and their mimetics, 2) synthesis of inhibitors against glycosidases and
glycosyltransferases, which construct complex structures of
oligosaccharide in biosynthetic pathways. Furthermore, we would like to
synthesize diverse types of bioactive compounds as well as carbohydrate
related compounds to search novel leading molecules of medicines.
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Live cell imaging of bioactive compounds using fluorescence probe
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Figure. Bioavailability (BA) of a drug

researc) OYNthetic Organic Chemistry for
meme/ Modulating Biological Events

Life phenomena are assembly of multiple organic reactions.
Breakdown in the balanced assembly in the body lead to some
diseases, and we use drugs to re-establish the balance and to cure the
diseases. Historically, natural products with unique chemical structure
and potent bioactivity have proved to be a rich and promising source of
drug candidates and chemical tools modulating biological events. So,
we are executing medicinal chemistry studies based on the bioactive
natural products to develop promising drug leads, together with the
chemical biology research using synthetic molecular probes to
elucidate their action mechanism or to find unknown biological events.

Molecular pharmaceutics Laboratory
Professor,”Kiyohiko SUGANO

Theoretical and Experimental
Investigation on Drug Bioavailability

The oral bioavailability (BA) of a drug is one of the key success factors
for drug discovery and development. Computational BA prediction is
anticipated to be a powerful tool to enable developing a high quality drug
product and optimizing the therapeutic value. However, it still remains a
big challenge to achieve accurate BA prediction. BA is determined by
complex interactions between the physicochemical properties of a drug
and the physiological conditions of the gastrointestinal (GI) tract. The GI
environment changes dynamically with a concomitant intake of food and
other drugs. Our research goal is to provide a scientific basis for BA
prediction. We are experimentally investigating the physicochemical
interactions between a drug and biological GI components at the
molecular level. Mathematical models to describe the interactions are also
investigated. We actively collaborate with pharmaceutical companies to
achieve our research goal and implement the achievements in drug
discovery and development.
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Laboratory of Pharmacognosy
Professor,”Ken TANAKA

Development and Application of
Teme / Naturally Occurring Medicinal Resources

A natural medicine is a complex interwoven system with a large number of components that

interact non-linearly, while exhibiting the activities of a cluster. In this “complex system,” it is
not possible to anticipate the various kinds of self-assembly bioactivity from the chemical
properties of a specific constituent. Furthermore, minor changes in constituents in the system
can lead to large changes in the activity of the whole system. Thus, it is difficult to establish
complete images of the multi-dimensional and multi-stage effects of natural medicines by the
traditional reductionist approach taken in studying natural science. The objective of the study at
this laboratory is to extract new information concerning the differences in the chemical
properties of crude drugs and the differences in the quality of the drugs from the information on
the comprehensive chemical constituents of traditional medicine by LC-MS with multivariable
analysis and, by combining these with the information on drug efficacy, to create a new standard
for evaluating natural medicines and to analyze synergy effects of the constituents of natural
medicines and the significance of prescription.

Fine Synthetic Chemistry Laboratory

Associate Professor,” Toshifumi DOHI
Assistant Professor,”Koji MORIMOTO

Creating Molecules with the Best Functions by
Tmeme /' Using the Power of Organic Synthesis

Synthetic organic chemistry has the power to create new leading compounds for use in drug
development and in managing the desired properties of drugs in the most effective manner.
Current advances in genome information and computer technology have led to an era in
which we can theoretically design desirable drugs and bioactive compounds, and organic
synthesis will play an increasingly active role in making innovative drugs become a reality.
Developing a method of synthesis to minimize the effects on the human body and the
environment is essential when approaching the design of new drugs and related compounds.
We have always pursued the future sustainability and usefulness of fine organic synthesis as
one of our guiding principles while also passing down the knowledge and skills of organic
synthesis needed in drug discovery research to others. We tackle the challenges of drug
development research by synthesizing natural products with excellent bioactivity and
bioactive compounds using our methods to develop them as leading compounds in drug
development.

Laboratory of Bio-analytical Chemistry
Professor “Hidenao TOYODA

Elucidation of Glycan Functions will Guide
Teme / the Regenerative Medicine Towards a New Stage!

Glycans play important physiological functions in living bodies

through binding to a large number of molecules, including proteins.
Disorders in glycan structures can cause cancer, Alzheimer's disease,
diabetes, muscular dystrophy, immune deficiency and so forth. With
this recent background, glycoscience would be expected to supply
applications in regenerative medicine, which is the focus of much
attention as a new field of medicine. We intend to analyze the
biological role of glycans expressed on iPS and ES cell surfaces during
cell reprogramming and differentiation. Our aim is to contribute to
regenerative medicine by developing more efficient, safe and simple
cell culture technology using the results.
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Research Summary

Molecular Physiology Laboratory

Professor,“Shinji ASANO
Assistant Professor,”Ryo HATANO

Pathophysiological Study on the Gastric
Teme / and Renal Epithelial Transport

In the digestive tract, the secretion of gastric acid, the absorption of nutrients
such as sugars and amino acids in the small intestine, and the secretion and
absorption of various ions in the small and large intestines all take place. In the
kidneys, the reabsorption of water and nutrients in the urinary tubules, and the
secretion of xenobiotics etc occur following hemofiltration in the glomeruli. In
these processes the transport (secretion/absorption) of substances via epithelial
cells takes place in maintaining our health within an incredibly delicate balance.
Any abnormality occurring in the membrane transport proteins in the digestive
tract or kidneys, or imbalance of the functional adjustment can result in diseases.
Our laboratory is conducting research using model animals (genetically
modified animals etc) and cultured cells, in elucidating the physiological
function adjustment mechanism of membrane transport proteins in the digestive
tract or kidneys, and attempting to discover potential seeds of new drugs.

Functional Genomics Laboratory

Professor,“Tetsuya INAZU
Assistant Professor,”Syouichi KATAYAMA

Functional Analysis of Human Genomics

We are analyzing genome structures and information (full genetic
information) of patients and studying why those abnormalities can
result in diseases. We hope to eventually discover treatments, including
new drugs, and help prevent diseases. More specifically we are
studying urate metabolism and congenital metabolic disorders,
progeria, mental retardation, among others. We plan to handle
everything from molecules to cells, and individuals and populations as

subject material.

Cellular Systems Biology
Associate Professor,Takako KANEKO-KAWANO

Elucidating the Underlying
M/ Principle of Cytoskeleton

The cell is the basic biological and structural unit of life. Various
cellular functions, pertaining to morphological changes, cytokinesis,
and cell migration, occur in response to the extracellular stimuli. A
large number of signaling molecules form the complicated signaling
network, which regulates various cellular functions. Spatiotemporal
control of numerous signaling molecules is essential to perform
cellular functions. However, the principle, whereby the cellular
signaling networks are integrated, has not been clarified.

Here, we aim to elucidate the mechanisms by which the signaling
regulation of cellular morphological change and cell migration are
integrated. The spatiotemporal remodeling of the cytoskeleton plays a
central role in the cellular morphology and cell migration regulation.
Therefore, we focused on the principle, which integrates
spatiotemporal remodeling of the cytoskeleton, by experimental and
theoretical analyses.
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Pharmacology and Neurobiology Laboratory

Professor,~Yoshihisa KITAMURA
Assistant Professor,”Masanori HIJIOKA

Neuronal Regeneration for Parkinson’s
Mme/ and Alzheimer’s Disease Patients

“Brain,” the last mysterious cosmos in inner space. The brain consists of
and is maintained by various neural networks with cerebral blood vessels
and glial cells such as microglia, astrocytes and oligodendrocytes.
Intractable neurodegenerative diseases, such as Parkinson’s disease and
Alzheimer’s disease, stemming from hereditary and age-dependent
causes are becoming an increasingly pressing matter in aging societies
with low birth rates. In the Pharmacology and Neurobiology Lab, our
ultimate goal is the development of innovative therapeutic strategies and
drugs, using animals such as mice and rats as well as human-derived
cultured cells. In addition, through analyses of the extraordinary neural
regeneration ability found in invertebrate planarian, we aim to develop
innovative strategies for autonomic 3-dimensional regeneration in
mammalian neural networks for Parkinson’s and Alzheimer’s disease
patients.

Laboratory for Systems Neuroscience and Developmental Biology
Professor,“Chieko KOIKE

Investigation of the ON-OFF Visual Transmission Pathways
Teme/"in Retinal Circuits Governing Visual Behavioral Responses

We depend on visual information for many of our perceptions and
behaviors in regard to our daily lives. The retina is the only nervous
tissue that converts optical information into neural information. While
it is well-known that visual information is processed in the cortical
visual area, the retina is responsible for processing fundamental and
important information.

In essence, the most important function of vision is to capture shape
and form. Our vision, whether in light or darkness, can usually capture
the outline of an object. In order to do this, our vision possesses an
ON/OFF circuit. This laboratory tries to elucidate the visual response
control by the retinal circuit by analyzing the ON/OFF circuit, the core
of retinal information processing, using bioengineering techniques.

Laboratory for Molecular Medicinal Science
Professor,“Kenji SUZUKI
Assistant Professor,” So MASAKI

Signal Transduction Pathways and
I/ Drug Discovery

Multicellular organisms control and adjust various physiological
functions through information exchanged between cells. While the
information or stimulation transmitted by hormones and
neurotransmitters can result in various responses (proliferation,
differentiation, modulation of cellular functions etc) via cell surface
receptors, many intracellular proteins are also known to play important
roles in the process. We are attempting to elucidate the network of
signaling molecules (“signal transduction pathway”) related to the
onset of diseases such as obesity and diabetes at the molecular level
using genetic engineering techniques and thus contribute to the
development of new drugs for use in fighting diseases.
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Laboratory of Cell Engineering
Professor “Tatsuyuki TAKADA

Germ Cell Differentiation

Germ cells (ovum and sperm cells), unlike somatic cells that make up our
bodies, are specialized for the purpose of mixing genetic information and
passing it to the next generation. Germ cell lineage is established at an early
stage of development, via a special type of cell division known as meiosis,
which differs from that of somatic cells. Genetic diversity was established
in this process through random assortment of chromosomes and
recombination, and newly formed genetic information was transmitted to a
new generation through sexual reproduction. We are studying the effect of
chemicals on germ cell differentiation with primary emphasis on gene
expression and DNA methylation using mouse and non-human primate ES,
iPS cells. Recent study include in vitro differentiation of germ cells, sex
differentiation and transcriptome analysis of endemic fish in Lake Biwa.

Laboratory of Neurochemistry

Professor,Hideo TANIURA
Assistant Professor,Shuuhei SOEDA

The Molecular Cell Biology of Neurodevelopmental
Theme / Diseases

The human necdin gene (NDN) is mapped to chromosome 15q11-q12, a
region deleted in the genomic imprinting-associated neurodevelopmental
disorder Prader-Willi syndrome. Necdin is a member of the MAGE
(melanoma antigen) family of proteins. While only one MAGE gene (the
Nse3 gene) exists in the genomes of plants, nematodes, insects and even
non-mammalian vertebrates, mammalian cells carry 55 different MAGE
genes. Nsel, Nse3 and Nse4 form a subcomplex in the Smc5-Smce6 complex,
which is involved in DNA repair. The Laboratory of Neurochemistry is
conducting research on elucidating disease onset and pathology

mechanisms of Prader-Willi syndrome.

Clinical Pharmacology Laboratory
Professor,“Naoki HATTORI

Optimization of Pharmacotherapy

Laboratory tests provide vital information to determine the tactics for
pharmacotherapy. However, if the results are interpreted in a wrong way,
misdiagnosis is made and malpractice may happen, which is a tragedy for
patients. Autoantibodies against hormones such as prolactin, growth
hormone, thyroid stimulating hormone and insulin are produced in some
patients. These antibodies bind to hormones and raise the serum levels.
Because biological activities of antibody-bound hormones are generally
low, pharmacotherapy is not usually required. Macroprolactinemia, in
which antibody-bound prolactin is the major form in sera, is not
uncommon. This laboratory accepts orders to examine macroprolactinemia
from all over Japan and returns the results to the clinicians. The target of
my research is to elucidate the pathophysiology of autoantibodies against
hormones.
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Molecular Physiology Laboratory
Professor,~Yoshinobu HIRAYAMA

Measurements

Regulatory Science Study on Drug Safety
Theme

Regulatory Science is the field of study which aims to tackle the negative
aspects brought about by new science and technology and adjust them to fit into
an acceptable allowance range. For example, pharmaceutical drugs have the
efficacy to treat disease but can also have adverse drug reactions (ADRs). If we
can predict these ADRs in advance, we can then avoid or reduce these ADRs.
We study the results of non-clinical tests and clinical trials during the
development phase as well as data from the ADRs reporting system after the
drugs have been released on the market. We try to analyze to what degree
non-clinical tests can predict actual ADRs occurring in the future, the
relationship between the type of ADR and its time of first occurrence, as well as
if different ADRs appear in Japanese and Americans.

Molecular Toxicology Laboratory
Associate Professor,”Takashi FUJITA

Research for Osteoporosis
Teme/ and Metabolic Bone Diseases

The goal of our research is to improve the understanding of the

pathophysiology of the bone fragility syndrome of osteoporosis, and
develop optimal therapies for its treatment. We are trying to elucidate
the cellular, molecular and genetic mechanisms that underlie loss of
bone and strength, search for the mechanism of existing therapies, and
develop novel ones for the prevention and treatment of osteoporosis.
The central theme of our research is to pinpoint the cause, such as in the
accumulation of oxidative stress resulting from the aging of bones, and
study the pathophysiological changes resulting from genetic disease and
metabolic bone disease, the action of medicine for the therapies. We aim
to reveal the molecular mechanism in the formation of "healthy bones."

Information Pharmacology Laboratory

Professor,“Norihisa FUJITA
Assistant Professor,”Ryo SAITO

Identification of Endogenous Ligands
I/ for Orphan Receptors

A living organism controls homeostasis and nerve function using various biological
substances such as hormones and neurotransmitters. Such substances exhibit a
physiological function by binding to a "receptor", however any excess or
insufficient levels of biological substances within the body or abnormal functioning
receptors can lead to the onset of serious diseases. Most current medicines on the
market interact with these receptors and work to restore and maintain balance to
intracellular signal transduction mechanisms. Our laboratory has been focusing on
"orphan receptors", which are receptors whose physiological functions and reactive
substances (reactive substances) have not yet been identified. We are currently
attempting to identify the substances that can activate these orphan receptors and
analyze their physiological functions. Recently, through the incorporation of
genome-editing technologies, we have been conducting an analysis of the orphan
receptor function that may contribute to malignant cancer as well as an analysis of
changes in the mechanisms of intracellular signal transduction resulting from
endoplasmic reticulum stress caused by environmental factors.
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Clinical Pharmacy Laboratory
Professor,Nobuhiro ICHIKAWA,
Tomonobu OKANO

Associate Professor,Mikio KAKUMOTO
Assistant Professor,~Daiki HIRA

Study on Clinical Pharmaceutical Sciences for Rational
Teme /' Use of Drugs and Optimization of Pharmacotherapy

With the recent specialization of and advances made in medicine the demand
for scientific nature has grown in drug therapy. Predicting quantitatively for
each patient the effects, side effects and so forth that can occur when a drug is
used is important in implementing practical rational drug therapy. This
laboratory is involved in the proper use of drugs through studying the clinical
pharmacokinetics as well as their optimal administration methods etc for use
in more effective management of drug treatments. We are also attempting to
elucidate the mechanism of drug interactions and their side effects in revealing
a drug administration method that will minimize any adverse reactions.
Furthermore, we are also collecting information on drug efficacy and side
effects etc and studying ways of evaluating, processing, reconstructing and
transmitting the obtained information, including analysis, in conformance with
Evidence Based Medicine (EBM) to optimize drug therapy.

Clinical Pharmaceutics and Therapeutics Laboratory

Professor,” Toshiya KATSURA
Assistant Professor,“Satoshi UESHIMA

Elucidation of Pharmacokinetic
Teme / \/ariability: Role of Drug Transporters and Metabolizing Enzymes

The fate of administered drugs in the body (pharmacokinetics) shows

large interindividual variability. Such pharmacokinetic variability leads
to the difference in drug efficacy even when the same doses are given to
patients. To accomplish the effective and safe pharmacotherapy, it is
necessary to clarify the cause of interindividual variability and to
individualize dosage regimen. This laboratory mainly focuses on drug
transporters and metabolizing enzymes, the important determinants of
pharmacokinetics. We attempt to elucidate possible factors affecting the
function and expression levels of drug transporters and their effect on
pharmacokinetics and pharmacodynamics.

Laboratory of Microbiology and Cell Biology

Professor,~Tominori KIMURA
Assistant Professor,”Noriyuki YOSHIDA

Regulatory Roles for Long Non-coding RNAs in
Teme / Gene Expression and Their Clinical Applications

The sequencing of the human genome provided quite a surprise to many when it
was determined that there are only 23,000 or so protein-coding genes,
representing 2-3% of the total genome sequence. However, subsequent explosion
of research addressing possible functional roles for the other 98% of the human
genome showed that transcription is not limited to protein- coding regions, but is
instead pervasive throughout the mammalian genome. In fact, more than 90% of
the human genome is likely to be transcribed, yielding a complex network of
overlapping transcripts that includes tens of thousands of long RNAs with little
or no protein-coding capacity (IncRNAs). Our research interest has been
focused on the functional significance of the newly discovered natural antisense
transcripts (NATSs), a group of IncRNAs, on human gene expression: e.g. Kimura
et al.,, CMLS, 2013, 2015. My colleague and I are applying NATSs to modulate
gene function as pharmaceutical interventions to develop nucleic acid
medicines.
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Laboratory of Molecular Pharmacokinetics

Professor,~“Takuya FUJITA
Assistant Professor,”Yusuke KONO

esearcn) CONStruction of the Estimation System for
Teme / Pharmacokinetic Properties of New Chemical Emtities

At present new chemical entities, which have been synthesized and
screened on the basis of genomics and/or proteomics, have been
suggested to exhibit unfavorable pharmacokinetic behavior as drugs
due to their large molecular weight and/or high lipohilicity. The in vivo
pharmacokinetic properties of drugs are determined by their
absorption (A), distribution (D), metabolism (M), elimination (E) and
toxicity (Tox). However the molecular mechanisms for their
pharmacokinetic properties are extremely complex and have yet to
been sufficiently elucidated. We focus various kinds of carrier proteins
(transporters), which are expressed in the intestine and the central
nervous system in ADME-Tox research, and attempt to elucidate their
roles in the intestinal absorption of drugs and the expression of their
pharmacologic effects.
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