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Create your future through fun and exciting research
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Life is full of the kind of wonder and surprise children often feel when they encounter nature. At the Graduate School of Frontier
Biosciences, we aim to elucidate the mechanisms and principles of “life” as tangible systems or functions. We study life and its
possibilities by collecting ideas that intrigue people working in diverse specialties, which include the fields of engineering, physics,
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Message from the Dean
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Enjoy science in an open atmosphere!
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The Graduate School of Frontier Biosciences (FBS) is an independent research
department that was established in 2002, originating from the Institute for
Molecular and Cellular Biology in Osaka University. It brings together
research labs related to life sciences from various disciplines such as biological
science, medicine, physics, neuroscience, basic engineering, and technology.
With a focus on interdisciplinary fusion research, it has been over 20 years
since its inception, during which it has achieved significant milestones,
producing numerous outstanding achievements and contributing to Japan's
recognition as a global hub for life science research.

In recent years, the field of life sciences has undergone rapid changes in
research methodologies. For example, the advent of next-generation
sequencers has made it essential to conduct bioinformatics-based analyses
with the entire genome information for studying any organism. Additionally,
the study of gene expression profiles now requires analysis at the single-cell
level, a change that was unimaginable a decade ago. Adapting to these
changes and staying abreast of global trends is crucial. In structural biology,
the use of Al for structure prediction research has achieved unforeseen
precision, necessitating the integration of computer predictions with
experimental science. Adapting to such rapid changes is challenging within
the traditional framework of silo management style laboratories in Japan.
Such as less adaptation to the rapid changes may be linked to recent media
discussions about the 'decline in Japan's basic scientific capabilities.'

FBS aims to break free from the traditional silo management style of
Japanese laboratories, fostering interdisciplinary fusion. Consequently, we
anticipate dynamic interactions between research laboratories, where the
collaboration of diverse minds is expected to yield innovative results. Through
this, we aspire to lead the world in research without lagging behind rapidly
changing global trends.

Furthermore, disseminating outstanding research results requires not only the
development of robust research methods to tackle complex studies but also
the generation of high-quality ideas. While it's admirable to come up with
brilliant ideas independently, many concepts mature through discussions
within a diverse group. At FBS, we value an open atmosphere that
encourages free-flowing discussions. Both young graduate students and
professors are considered equals in the realm of science, as we believe that
good ideas emerge from open and collaborative exchanges.

For those contemplating joining FBS, it's not just a research department
aspiring to conduct world-class research with a diverse group of researchers;
it also fosters an open atmosphere. Here, you have the opportunity to share
your ideas with the world. Let's revel in the joy of scientific exploration

together!
information science, biosciences, and medicine. Fun and exciting research awaits you here. . )
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Ph.D. recipients: 20 students (including 6 international students)
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The Graduate School of Frontier Biosciences (FBS) joined the Doctoral Program for
World-leading Innovative & Smart Education (WISE Program): Transdisciplinary Program for
Biomedical Entrepreneurship and Innovation.
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In cooperation with the RIKEN Center for Biosystems Dynamics Research (RIKEN BDR, formerly the Quantitative Biology Center (QBIC))
and the Center for Information and Neural Networks (CiNet), the National Institute of Information and Communications Technology
(NICT).
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The BioSystems Building was completed.
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FBS joined the Program for Leading Graduate Schools: Humanware Innovation Program (HWIP).
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FBS joined the Program for Leading Graduate Schools: Cross-Boundary Innovation (CBI) Program.
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FBS joined the Program for Leading Graduate Schools: Interdisciplinary Program for Biomedical Sciences (IPBS).
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FBS joined the Osaka University Life Science Young Independent Researcher Support Program.
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“System Dynamics of Biological Function” was selected as a MEXT Global COE Program.
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Began a collaborative partnership with the National Institute of Biomedical Innovation (currently the National Institutes of Biomedical
Innovation, Health and Nutrition (NIBIOHN)).
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Began collaboration with RIKEN Center for the Research Center for Allergy and Immunology (RCAI).
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Began collaboration with Osaka Bioscience Institute (OBI).

RUBRDDORISE 198
Awarded Ph.D's to its first graduating class (19 recipients)
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The Nanobiology Building was completed.
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“Dynamics of Biological Systems” was selected as a MEXT 21st Century COE Program.
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FBS was established.
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The number of enrolled students in the first year: 55
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The Graduate School of Frontier Biosciences was established under the concept of developing an
interdisciplinary field comprised of life sciences, medicine, engineering, and physics
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Establishment of the Graduate School of
Frontier Biosciences
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Graduate School of Frontier Biosciences
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Members from the schools and institutes below
began a multidisciplinary program that eventually
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Core Research Laboratories
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Some of laboratories from the institutes listed above join FBS
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*(X): Number of laboratories as of April 2024
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A unique and open-minded research hub

The research scope of our department spans a broad spectrum,
covering fields from biophysics, cell biology, and biochemistry to
neuroscience, addressing subjects ranging from the nano-level to
individual organisms. FBS members come from diverse academic
backgrounds, including faculties such as medicine, dentistry, basic
engineering, engineering, science, agriculture, and literature.
Additionally, over 60% of our graduate students come from
universities other than Osaka University, highlighting the
diverse origins of our academic community. The number
of international students has been steadily increasing,
constituting over 20% of the overall student body.
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A diverse and inclusive curriculum

In the first half of the first year, we conduct intensive education
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aimed at acquiring fundamental knowledge and skills. This
approach ensures that each graduate student can build a solid
foundation while incorporating their prior learning experiences

<

into their research pursuits. Moreover, our curriculum is
designed to offer almost all core subjects in both
,_Japanese and English, allowing students the flexibility
7~ to choose their preferred language of instruction. As a
result, it is entirely possible to pursue a doctoral degree
solely through coursework conducted in English.
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Collaborative research and cutting-edge research facilities )

We have established a collaborative framework not only within Osaka University but also with affiliated

departments and external research institutions such as the Center for Information and Neural Networks
(CiNet) and the RIKEN Center for Biosystems Dynamics Research (RIKEN BDR). This collaboration has
resulted in unique projects and the formation of rare domestic collaborative research organizations, fostering
advancements in our research. Our research facilities are well-equipped, featuring state-of-the-art imaging
and detection instruments. Various electron microscopes, including the world's highest-performance
cryo-electron microscope, as well as protein crystallography and X-ray diffraction systems, are available to be
used. Additionally, a range of research equipment is available for collaborative use.
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Financial support

We hire students in their third year or beyond in the doctoral program who are affiliated with Core Research Laboratories
as Research Assistants (RAs). Starting from the academic year 2023, we've also introduced a unique scholarship program
called the "FBS Fellowship," aimed at students progressing to their third year or transferring into Core Research
Laboratories, providing financial support equivalent to tuition fees. Additionally, Osaka University offers a tuition and
matriculation fee exemption system based on financial circumstances. Moreover, students have the option to apply for
scholarships from local public entities, private organizations, or fellowship programs offered by academic
promotion agencies. Other possibilities include applying for Osaka University's Program for Leading
Graduate Schools and Support for Pioneering Research Initiated by the Next Generation.
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Unique entrance examination

Our entrance examination includes interviews and an assessment of language proficiency (TOEFL, TOEIC, IELTS
scores). This distinctive approach aims to open doors for individuals with a vision and passion for research. Moreover,
we provide online support for applicants from overseas.
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Diverse career paths after FBS

FBS is dedicated to nurturing individuals to acquire specialized knowledge, technical skills, and a scientific
mindset, allowing them to excel in diverse fields such as science, industry, and administration. We offer
support, including job seminars and internships organized by the Career Center, Osaka University, enabling
students to engage in research while exploring their own potential.
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There are frequent opportunities for interaction,
both within and outside FBS.
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FBS Colloquiums
Held weekly, each research lab takes turns hosting research seminars. These sessions showcase the latest research,
facilitate discussions, and contribute to the cultivation of a collaborative research environment.
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FBS Seminars
Organized by various labs, these seminars feature prominent researchers from around the world. They provide ongoing
opportunities to stay informed about the latest research developments.
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FBS Annual Get-Together

An annual event fostering intra-departmental connections through research presentations. The accompanying social
gathering enhances cross-lab networking.
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FBS Salon

Irregularly scheduled events where individuals with
diverse interests, seeking new encounters and
information exchange, come together for discussions.
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International Exchange Events
Organized to facilitate interaction between international
students, Japanese students, and faculty members,
including events like welcoming parties and group
outings.
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There are also programs such as the international student tutoring system, a softball tournament organized
by graduate students, school visits from junior and senior high school students from Osaka and other
prefectures, and English support sessions (one-on-one sessions with native speakers tailored to individual
needs, including checking presentations and editing documents).
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Laboratory of Nano-Biophysics
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1 PFEVERRZE Prof. ISHIJIMA Akihiko
Laboratory of Nano-Biophysics Laboratory of Single Molecule Biology
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Prof. ISHIJIMA Akihiko P.1 O Prof. UEDA Masahiro P.1 1
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e http://www.fbs.osaka-u.ac.jp/labs/ishijima/
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Keywords . : . .
Single molecule measurement, Bacteria, Bacterial flagellar motor, Chemotaxis
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Laboratory of Medical Biochemistry Laboratory of Chromosome Biology Laboratory of Epigenome Dynamics RNA Biofunction Laboratory Laboratory of Mitochondrial Dynamics - L8 o = E — = \
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In biological systems, nanometer-scale macromolecules are key players in various physiological functions, including movement and
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NN RS signal transduction. However, these mechanisms have not been understood well. In order to understand the fundamental principles of
. B ¥ e e —— 1 Kith s B ET e the working mechanism of biomolecules, my laboratory is developing single molecule measurement and imaging systems capable of
/

Prof. IKEDA Fumiyo P17 Fioi kONDO Shigers P18 st kaioshe P19 s oueDaen P.20 o ot vorTARske P21 measuring the movements of biomolecules at the nanometer and Pico Newton scales. Our goal is to clarify the working mechanisms of
biomolecules, such as the actomyosin motor, bacterial flagellar motor, and signal transduction system using the newest equipment.
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Physiological Laboratory Photophysics Laboratory Nano-Biophotonics Group
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Prof. KURAHASHI Takashi P.30 Prof. KIMURA Shin-ichi P.31 Prof. INOUYE Yasushi P32
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Laboratory of Single Molecule Biology
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Single-molecule imaging, Mathematical modeling, Dictyostelium discoideum, Signal transduction, Fluctuation
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Understanding molecular stochastic computation in intracellular signaling systems
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We are interested in cellular functions such as intracellular signaling and cellular motility. In particular, we focus on how cellular properties
arise from reaction networks composed of stochastically-operating biomolecules and what mechanisms enable the intracellular signaling
system to be robust to molecular noise and sometimes utilize that noise to express its functions. Our research group develops and utilizes
cutting-edge measurement techniques such as single-molecule imaging and mathematical modeling. We aim to understand the design
principles underlying the remarkable signal processing capability of living cells with single-molecule resolution.
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(Left) Chemotaxis of the cellular slime
mold Dictyostelium discoideum.
(Middle) TIRFM for single-molecule
imaging in living cells.
(Right) Single-molecules of PTEN.
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Prof. TAKASHIMA Seiji
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Keywords BIERMAR. mEBBR. YyV/I\VBELS
Drug discovery, Treatment of diseases, Protein biochemistry, Single cell transcriptome
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Developing therapeutics that will change the course of history
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Based on the achievements of identifying important factors using various assay systems, we are conducting research utilizing creative
protein biochemical techniques. Through the close relationship between research and clinical laboratories, we have found new drug
discovery targets and are promoting first-in-class drug breakthroughs. Currently, the development of 10 kinds of drug discovery
candidates, such as drugs in the target identification stage, drugs currently being screened, drugs in the compound development stage, in
vivo POC stage, clinical trial stage, etc., are being pursued in parallel. We focus on specific proteins by using advanced antibody production
technology, artificial amino acid introduction protein synthesis, an original pretreated mass spectrometer, structural analyses, etc. We are
collaborating with a number of pharmaceutical companies as well. Using our abundant research funds, we are seriously working on drug
discovery development that targets cardiovascular diseases, psychiatric disorders, metabolic diseases, and cancer. The drugs we produce
will alter the course of current medical understanding. Come and join our vision.

Control MENT1 KO MENT2 KO

SRBUSATPELTHIERZFA LIFRATPELRES VNV EDRE

Identification of regulatory proteins for ATP production using a sensitive in vivo ATP
production assay
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How are chromosomes segregated into daughter cells?

BL2OMRZEDRLERLEDE. [BREORDBET REANEDLS (CHEENDZDA?JCDOVWTTY . REEDEDIBEIE T, HHERERUIN
ENREADDH D FHRIEEZRA T IRBRICREAZNELET CORKBBER. FRITEFEN READEY FOXT EWSHEE
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The kinetochore plays a fundamental role in accurate chromosome segregation during mitosis and meiosis in eukaryotes. Although
chromosome segregation errors cause genetic diseases, including some cancers, the mechanisms of how kinetochores interact
with microtubules of the spindle apparatus during cell division are not fully understood. To understand the molecular mechanisms of
chromosome segregation, we are focusing on the kinetochore and trying to address how the kinetochore is specified and assembled on
centromere chromatin. In addition, we are analyzing how the kinetochore correctly attaches to microtubules. We are utilizing molecular
biology, cell biology, biochemistry, structural biology, and genome engineering to clarify kinetochore structures and functions.

CNETICHALGHIIAHT=F RN ITREEDH FEAR
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Molecular model of the kinetochore structure

We would like to address what the structure is and how the
structure is established and functions.
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Understanding the biological significance of epigenome dynamics in mammalian development/differentiation
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Our body contains approximately 200 types of cells derived from one fertilized egg. Why do these cells have various functions despite
having the same genomic information? One mechanism explaining this issue is epigenetic regulation. Epigenetic regulation represents
DNA methylation and histone modification. The modified genome is called “epigenome”. Recent research has revealed that epigenome
fluctuates dynamically throughout our life cycle and closely participates in various life phenomena. Our goal is to clarify the biological
significance and molecular mechanisms of epigenome dynamics in mammalian development/differentiation.

(ER)H3KIXAFILULICKBITEY TR T 1 v o I HEE
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“Writer” “Reader” (TE) # RBYHBAE (#F) & X RBHBAR () (ST B A THREL
» T ROREFEBLETERR
3 }Z‘ HEFERRDME(F H3KIXFILE LR A FILIEDNS Y 2 THIFHIINT
”Eraser W5,

Top: Epigenetic regulation by H3K9 methylation

H3K9 methylation dynamics |

EraserD/D;
|W|Id “type (xy)l |EraserA/A (xy)l Writerd/+ (XY)| | Wild-type (XX Three players are involved: methyltransferase as the "Writer”,

demethylase as the “Eraser”, and a modification-specific binding

molecule as the”Reader”.

Bottom: Embryonic gonads of mice co-stained with antibodies
against male cells (green) and female cells (red)

Gonadal sex is controlled by the balance between H3K9
methylation and demethylation.
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y Non-coding RNA (ncRNA), Phase separation, Membraneless organelles, Stress response, Diseases
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We study the architectural function of non-coding RNAs to build intracellular structures
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Transcriptome analysis has revealed that large portions of eukaryotic genomes produce numerous non-coding RNAs (ncRNAs), which
expectedly play important regulatory roles in various biological processes. Our goal is to elucidate the functions of these ncRNAs and
reveal the underlying new genetic code, thereby redefining the basic concept of genome function. We recently found that ncRNAs play

architectural roles in membraneless organelles. Now we are studying the mode of action and cellular function of these ncRNAs using basic
molecular and cellular experimental techniques combined with biophysical and bioinformatic tools.

Architectural ncRNA(IEBDBEEN U CHEEREEBERETKRT %,
ZONCRNAFIRBDHEEE R X1 V&S MBRRADOES/ N\ TP ER
ZREDIZD(F]E L THEREL TV BUMETEIXL A SncRNA
RIFAIFERMEBIEAR /NS AR Y V)LD E RBEME () | BARIRIEE
IR (PR)  BFBEHIEB) ICE->TENLLDTH S,

Architectural ncRNA can construct membraneless organelles
through phase separation. The ncRNAs harbor distinct functional
domains to function as chromatin hubs and reaction crucibles for
specific biochemical reactions, particularly in the nucleus. Images:
Paraspeckle as an ncRNA-dependent membraneless organelle
detected by a confocal microscope (left), a super-resolution
microscope (middle) and an electron microscope (right).
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Unraveling mitochondrial quality and quantity control mechanisms
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Mitochondria act as the power plants of the cell, and change their quantity in response to cellular energy demand. They also accumulate
oxidative stress from reactive oxygen species (ROS) generated during electron transport, and damaged mitochondria are selectively
eliminated from the cytoplasm. These quality and quantity control systems involve mitochondria-specific autophagy (mitophagy), and
defects in these systems are associated with various human diseases. The aim of our study is to uncover the general principle of mitophagy
atthe molecular and cellular levels, and elucidate the physiological function of this degradation process.
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Mitochondrial quality and quantity control via mitophagy is critical for
maintaining cell structure and function. Accumulation of ROS generated
during oxidative phosphorylation and imbalance between energy

supply and demand lead to loss of cellular homeostasis (upper panel).
Thus, to eliminate dysfunctional or excess mitochondria, cells undergo

mitophagy. This process is induced through various signaling events,
followed by labeling of mitochondria to be degraded and subsequent
isolation membrane expansion, ultimately leading to formation of
autophagosomes enclosing mitochondria. Autophagosomes then fuse
with lysosomes, and mitochondria are rapidly degraded (lower panel).
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Ubiquitin, Cell signaling, Inflammatory response, Cell death, Proteostasis
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Elucidating the basic principles of the ubiquitin system, which regulates every aspect of biology
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Our research focus is on a small modifier protein called ubiquitin. Because the ubiquitin system regulates every aspect of biology, its
collapse induces diseases such as cancer and autoimmune disorders. There are many types of ubiquitin codes that determine cellular
fate. Due to the complexity of enzymatic processes that control the codes, they are not yet fully understood. My research team aims to

understand the basic principles of the ubiquitin system, which would contribute to the elucidation of important issues regarding human
health and disease.

EMEENRCBERL VWS IEFFYI— R E#HBEIEFFY
HIZLUBACICKRDFEBSNE T BHEALFFUHE >0
FFURFORRE YA T TES L KMECHBITEICE R A
RHoTWEY,

The ubiquitin codes we study, called linear ubiquitin chains,
are generated by LUBAC. Linear ubiquitin chains, in which two

ubiquitin molecules are conjugated via a specific linkage type,
regulate inflammation and cell death.

Linear Ubiquitin chain Assembly Complex
(LUBAC)

formation l

Linear ubiquitin chain

regulation l

Inflammatory responses (and others?)
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Clarifying the mechanisms generating spatial patterns and shapes of organisms
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Most of the function of an organism's organs depends on their "shape". What are the principles by which these are formed? One answer is
thatthey are determined by genes, but genes work only in cells and cannot directly determine structures much larger than cells. Moreover,
the cellitself is a soft bag-like object, so itis not rigid enough to build a large body. Therefore, itis the rigid extracellular matrix, such as bone
and collagen, that actually determines the "shape" of the adult body. Cells are the "workers" that assemble them.

B ET571v221DELBEELERICFEETSZIS—F
VIERTHBITIF/NIFT TS T7OF/MIFTIEIC,
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The figure shows actinotrichia, which are collagen crystals
found at the tips of zebrafish fins. Actinotrichia are always
present at the tips of growing fins, and besides ensuring
the rigidity of the fins, they lead fin formation by serving
as scaffolds for bone formation. Cells assemble the fins
like construction workers by manufacturing, transporting,
assembling, and disposing of actinotrichia.
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Unveiling the secret of germline cells
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Although individual animals do die, the species is maintained by producing the next generation through active sexual reproduction.
Individuals are just like vehicles in which passengers -genetic information- can ride to be inherited by the next generation through germline
lineage. As such, germline cells are the most important cells to maintain the species. Drosophila melanogaster is one of the ideal model
organisms where we can easily study gametogenesis. How are germline stem cells maintained in a microenvironment (niche)? What is the
molecular mechanism that controls the differentiation of germline cells to eggs and sperm? How are germline genomes safely guarded
by non-coding piRNA from transposon attacks? How are the piRNAs generated in membraneless organelles called nuage? Our group has
been addressing such molecular mechanisms to better understand gametogenesis.

non-coding RNA Tejas¥V/INVE (EOEF. Tdrd5N\IHRED
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a membraneless organelle (nuage) at the
periphery of the nucleus of germline cells and
functions in the production of piRNAs.
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Cancer, Leukemia, Post-transcriptional regulation, Single cell analysis, Metabolism, Chromatin, Treatment of diseases
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Knowing Cancer, Knowing Yourself, and Knowing How to Fight Cancer
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Join usin Osaka to face "Cancer". Our laboratory is dedicated to unraveling the mechanism that separates cancer from normal cells through
multilevel analysis of human data, animal models, and single cells, and we are even applying this vulnerability to therapeutic applications.
For example, we are pioneering groundbreaking research by capturing the phenomenon of genetic information distortion at the RNA
level in Cancer. In 2024, we aim to become the "most OMOROI" cancer research laboratory by fusion development that transcends the
boundaries between basic and clinical medicine.
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Where Do Cancer Cells Come From? What Are They? Where Are They Going? Understanding of unrecognized mechanisms and therapeutic
applications based on the pathophysiology of cancer.
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Skin, Hair follicle stem cells, Homeostasis, Live imaging, Single cell omics
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Elucidate the basic principles of the stem cell-based homeostatic system which maintains our bodies
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The tissues and organs in our body are a cellular society composed of a wide variety of cells. Homeostasis of their structure and function
is maintained by regulating the balance between self-renewal and differentiation of tissue stem cells, replenishing lost differentiated and

damaged cells daily. Using skin and hair follicles as models, we will elucidate how the stem cell-based homeostatic system is emergent
during development and understand the basic principles of the development of the multicellular system.

Morghgenesis Homeostasis
S

Placode  Hair germ
Epithelium stage stage

Origin of
Stem cells

| Adult hair follicle
Stem cells
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Development of hair follicles and the underlying stem cell system
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Imaging, Immunity, Bone tissue, Bone marrow, Blood cells

B ERUKS ICHEDPTIEMRRFICLLESZSZ2LTVWET !

Living cells are constantly moving and working in our living bodies
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The main theme of our laboratory is to reveal the cellular dynamics in various
kinds of tissues and organs in vivo by using advanced imaging techniques,

especially focusing on the dynamic phenomenon inimmune and inflammatory
systems. By exploiting advanced multiphoton microscopy, we have developed
original intravital imaging systems that enable the visualization of the
movements of diverse cell types resident in various immune tissues and
organs in situ. We first established a live imaging system for visualizing living
phenomenainintact bone marrow cavities. The dynamic nature of different cell
types can be visualized in a time-dependent manner in addition to the spatial
and structural information generated by conventional histological analyses,
resulting in a paradigm shift in immunology and cell biology research.

RE-ZDEHRY b7 — Y THESE - BEEZOLE EFDOREUERITT B

Dynamicimmune network connecting tissues and organs and maintaining the
integrity of the organism




E‘;ﬁﬁfi i‘items Laboratories
DEARER L TR E

Laboratory for Embryogenesis
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Intercellular communications, Embryogenesis, Mouse, Cell competition, Hippo signaling
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Understanding the intercellular communications that support correct development
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Our body is made up of numerous cells. Correctness is one of the important characteristics of embryonic development. To achieve such
correctness during development, it is required that cells communicate with their neighbors and coordinate their behavior. To understand
the mechanisms of such intercellular communication and its roles in embryogenesis, we are focusing on the Hippo signaling pathway,

which is involved in intercellular communication through cell-to-cell adhesion, and cell competition, an intercellular communication by
which cells recognize the conditions of their neighbors and eliminate the cells with relatively lower fitness.
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Cell competition in preimplantation mouse embryos
During the formation of the pluripotent epiblast
cells, cell competition functions as a quality control
mechanism that eliminates low-quality cells formed
by variations in gene expressions (Left).

In competition-suppressed embryos, differentiation
and allocation of cells are disturbed (Right).
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Studying how microenvironmental niches develop and regulate hematopoietic stem cells (HSCs) and Immune cells

HEEBR C (XA TR AR T EHE L (ZMEEE) AIETLDHTES (BCEREE) Fi 0Bl T EBOERHO#IS L REL
DOBEZBS M HNADRERFE LR T EMEHBRE. SEBT. 2y F (niche) EFENZFRIAHNRBEEES L THFIN. ZD
TR PIBTE - AMEABE SN TVE TR B3 BRET. IR TOMRIBI L 2B LB EEH B I HBEFBR TH I EMFBIRO=Y F
=AY 2108 (CARMAR) ZFH R L& Lo RWT. CARIBREN B RN B F B2 L iERrBiR 6 ¥ 2 MERFMBRTEH D ZFBLEL
T=o CARMBAR(Z. S MEFMBRL =y FOHERFICIVADT A b A1 CXCLT12, SCFEEERFFoxcl, Ebf1/3, Runx1/2Z45R(CHKIBLTLET,
RECEMEFMIR= Y FATRENS U< H 2y FANEMERMBIE - REIE LB ZHR - BE T2 <A BMFEZETMR - 2% -5 - RHKRE
DRA FREADZ Y FDES. [CDWTHIRE- A FLANILTHRELTWET,

In recent years, we have identified a population of reticular cells which express chemokine CXCL12 at high levels, called CXCL12 abundant
reticular (CAR) cells, within bone marrow. This indicated that CAR cells are mesenchymal stem cells and create special microenvironment
niches essential for the maintenance of hematopoietic stem cells (HSCs), immune cells such as B cells, and erythroid cells. We have found
that the transcription factors Foxc1, Ebf1/3, and Runx1/2 are preferentially expressed in CAR cells in the bone marrow and are essential for
inhibiting adipogenic, osteogenic, and fibrogenic processes in CAR cells, respectively, and maintaining HSC niches. We are studying how

CAR cells develop and control HSCs and hematopoiesis to understand the spatiotemporal regulation of lymph hematopoiesis within bone
marrow.
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The development, identity, and functions of CAR cells within
the bone marrow
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Laboratory of Tissue Biochemistry

B 81T s

Prof. TSUMAKI Noriyuki

Kevwords wa. o, MREATNIVvOR BAEER. iPSHR. BEREAR
y Cartilage, Cell differentiation, Extracellular matrix, Regenerative medicine, iPS cell, Orthopaedic surgery

BN TESLEHAZRAN RBERBDERAERAFEEZEELTVET

Investigate skeletal biology and develop treatment for cartilage diseases

BREMBNSELN. B (CIBEHMBEARREDH N &Y. BHRBORE L. HEESEEZ2 MRRBDEBLBBOARESZ5|=
BILET . NORBEREDBREHE L RECOIENDFrLYIVIRT —I T EMRETEELMR. D FEYZ ABR2 ORI AWV
T RBOFE - DMEZFIHY D L A ERARNRBEEDRERPZHAS TVET,Z L TIPSRl > 7=#H L LWRBBE SR AR
ZiT>TWET,

The skeleton is made of cartilage, and cartilage includes articular cartilage and growth cartilage. Abnormalities in articular cartilage cause
joint dyskinesia (mobility impairment), while abnormalities in growth cartilage cause skeletal growth disorders. The treatment of these
cartilage diseases is difficult and has been a challenging area of research for many years. In our laboratory, we are attempting to elucidate the
pathogenesis of cartilage diseases by investigating the mechanisms that control cartilage formation and differentiation using biochemistry,
molecular biology, and histology techniques. We are also working on the development of new cartilage regeneration therapies and drug
discoveries using iPS cell technology.

BEIENERB X B DK EB VB o N EE &
B ZOBEPERLESEEZRILE
T HARARBEBEMBETELIAT. ZDHAEE
TE2FIBBOEMHR - B EZRILET . HL(E
BEREBEDUKHAZARZORRELE(ICS
NoOHEBHEDORBEREDBEREAEZAALT
W&,

Articular cartilage covers the ends of bones
and is responsible for smooth movements, and
its damage or degeneration causes mobility
impairment. Growth cartilage promotes bone

growth and its dysfunction causes shortening
and deformation of the skeleton. We are

investigating mechanismsthatregulate skeletal
formation to develop curative treatments for
these intractable cartilage diseases.

1 B REEMFRRE

Laboratory for Single-cell Neurobiology

BT B4 aum

Prof. HORIE Takeo

https://cionaneuron.wixsite.com/labhomepage

K IVTINECILNS VROV T =L, AT RTAVO R KRy, @#ROE. —2—0V
eywords . . : : L R
Single-cell transcriptomics, Optogenetics, Ascidians, Neural circuits, Neurons

B—iha BIEFLANILOFIBBH7TO-Fi0o, - #RROEE L EBREZ REL AL TREALEY

Elucidate the development and function of the brain and nervous system through new analytical approaches at the single-cell and genetic levels

PP RRICEZHRLBEBRENIEFEL TVET B4 OBRBREZNZNEHNLEEEZRA TV T RNOSREEZEB>TVEY . 2D
& SHEBRODMEEBPLZDKEZRBT DL EHPRN2 REEVZ(CE>TERRMERETT MIbE. FRBYPTREI VT
BIRREFORVOHEZETILEL T BB EEF LANILOIRER T 70— Fh o PR ROFE 2 DOKEEZ. E—llaL X
ILTHRAT R ZBIELTVWET,

Deﬂ?ﬂﬁes The central nervous system (CNS) contains a wide variety of neurons.
. " Individual neurons have their own characteristic properties and roles in the
'Ef.ﬂumm | _ brain’s higher functions. Therefore, elucidating differentiation mechanisms
! Y REWF andfunctions of each neuronisanimportantresearch topicfor neuroscience
Urochordates(Ascidians) | | Chordates and developmental biology. Using the ascidian (sea squirt) larvae (Ciona
BB intestinalis), which have the simplest nervous system of all chordates, as
®OmH frenmbriy ! a model, we aim to elucidate chordate brain function and development
P L Te:l::?rdates through new analytical approaches at the single-cell and genetic levels.
B
Echinoderms

R IEHEDYMICELTSY, FDYOmEKETSHS
Ascidians belong to the phylum chordates and sister group of vertebrates

;r\;?i?:hﬁfmdim o TYIEEREYPICEBLTEN . BB CREEFLESHESIN T,

RYDHERFIRIv O VBIOEREEZLTED  ERICAIET 274 EEIEED
MOBERFFAEB L TVE T RVTOHDEDPIRBRR(ET177BEIFEB(CD
BOBRMBRNOEBRINTED . BRIPDPTRLY YV FILEHRRE
BLTWET,

BERETMELESUAT = o R# . )
Transgenic line expressing fluorescent proteins in the nervous system Ascidians belongto the phylum Chordata and are the closest invertebrate

relatives to vertebrates. Ascidian larvae have a tadpole-like shape and the
basic design of vertebrates, including dorsal morphology. The ascidian
#HEROEE larvae’s central nervous system is the least complex among chordates,
i’;‘?;;i;“” - consisting of only 177 neurons.
Magenta: Nuclel
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KOKORO-Biology Group
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Prof. YAGI Takeshi

HREHPTRLR A
https://www.fbs.osaka-u.ac.jp/ja/research_group/detail/11

Kevwords Za—-0v, #RRY D=0 IFTRER. D, BIEF
Y Neuron, Neural network, Synapse formation, Mind, Genes

RTONEENDEYFIERZASGHNCTS

Understanding the biological bases for generating the mind in the brain

AARETE DEEOTEMZENEBREZROMNILIZVEZZTVWET DOER DD MERRE. EXGHOBRIBRN B SRRy
RO —0%D<>TVWET, COBRMILIELHME NS, o wRIBRED E UTHRANISEE L TBERLIEBZ T > TV E T, ORISR
SEBOERT B2 OBEBROOBZBRRY V-V DHE(CLZEDTHN £, ZORY M=V DOME SRR E THRIRT 225Kk
{ELEDFHOMEICEDEI0EINET . CNETIC AHRELDBEBRICEMEEZLOT LRI UBED FHEZRONCLELER
E.CODFEHOBEZMMTEIEICKD BB RIT|HERY D —IDE oS NB A ZEBALSNCLIDEL O TEYZNERZHS
MMILTEWEEBZTWVWET,

Our investigations are aimed toward understanding the biological bases for generating brain function that includes memory, mind and
consciousness. The brain is a complex multicellular system involving an enormous number of neurons. The neuron is the basic functional unit
ofthe brain, and neurons are organized into complex networks with many other neurons. We found genetic bases for neuronal individuality

in the brain. The extensive molecular diversity of neuronal cell-surface proteins affects neurons' individual properties and connectivity. We
are approaching the molecular bases for neuronal individuality and appropriate neuronal wiring during brain development.

s 5AK%—BI7OprhFE~Y (Clustered protocadherins) USR—BTORARAY Y272 —(F BICEVWTEL DRI
TERS>THEFPEHLERBELTCVWIEBN FETHN B
RO C R AR BRED DR AL > TWS,

Clustered protocadherins are diverse cell-adhesion molecules
expressed in the brain. Random combinatorial sets of them are

¥/h ggnome

mRNA

22598
- mmn —— 4 W0 -

Protein h
# F~ U 85 (Cadherin motifs) B4 oEEnT gr;' 3
ENERE. BEERER FALEHBEDERR

Cell adhesion, formation of neural networks  Random and different combinations
in individual neurons

MR R BE & AR LR MR O

Generating the complex neural networks and functional cell assembly

expressed in individual neurons, and have roles for generating

the complex neural networks and functional neuronal groups (cell
assembly) in the brain.

AR - BAPREBLHRE

Perceptual and Cognitive Neuroscience Laboratory

K BE s

Prof. NISHIMOTO Shinji \
i) ‘\

ElEE UL
i HAREHPFRLR
E =. https://nishimotolab.org/

Kevwords BT, B0, MERKRIR. AT LHRERZE
Y Natural perception, Cognition, Brain representation, Systems neuroscience

fitkRE = EE0VICIERRT S

Quantitative understanding of the brain

b DBBETEXRZ DB - ZRENEEN ED LS BHRER(ICI>TRIZLTVWSIDOEFEL TVET . LD EANICIE BRABIE -
ARG T(CH T2 MHIREE (IMRIGER. BIURHE) ZHBI 2 FUET/ILOBELE L. NSRBERLERVBEHRRROESN L IBHEE
BEELTVWET FINODFRETILOMAICED BERT I—T 1 VIR ZNEN LBRIGEFREBRED-ODOHIBERFMREZBEEL
9o

Our lab is dedicated to exploring the neural mechanisms behind various perceptual and cognitive functions in the brain. We focus on
understanding how the brain processes and represents information by creating predictive models. These models are based on brain

activity observed during natural perceptual and cognitive tasks. Our goal is to use these models to establish a quantitative framework for
interpreting and decoding brain activity and developing foundations for brain-computer interfaces.

Experience Predictive models Brain activity HROBZE
N RIRBRBIR RSP -7 — L - BEY RV ZETHRA
EDBRBAR - BARG T OREBZERAY 5 T8

Representation

scene EFILEBET 5 & T RNICH (B SRR - 56
semantics FRICETHAENRNREE2. 2TNOOER
emotion WARIEAEN L. &0 ROAIBREES (DB
cognition BISERIT RIS 5.

Schematics of Our Approach

* We record neural activity evoked by natural perceptual
and cognitive experiences and build predictive models

from this data. By analyzing these models, we aim to

Representational Functional  Quantitative Brain

space structure comparison decoding understand the mechanisms of information processing

and representation in the brain. By leveraging this
quantitative knowledge, we also aim to establish a
quantitative foundation for the development of brain-
computer interfaces.
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Dynamic Brain Network Laboratory
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Prof. KITAZAWA Shigeru
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https://kitazawa-lab.jp/index.html

Kevwords SRAMRAIE. 2R, KRR, MR, EHFEE
y Cognitive brain science, Spatial cognition, Perception of time, Social cognition, Motor learning

PBEREE Y 1 FIVIIRRY RO —=0E L TIBRT S

Understanding brain functions as those of dynamic networks

ErDORIIRR B FBANDIZI =T —Y3IVETERAEEEZRBLTVET 1861FDTONTFORER LK. MOARSHEEDSEE
BRIDIETERLTEEL I LA UL BEY 32—, — I35 L. —HIRZERNE U THRIIHEEL F B A BTELIER OB BN (B
LTHOTEERDHIEEDNRBINDED T I FTIVITLAVRY NI —IRAETIE RO FRIBEY AN SLFKL T ZOBEEICEIR
THWMDORY b - EZDBERBEMAIZEZ2BRELTMEEZED TVEITARNRE 1. CEAHDEE. 2. EBHFE. 3. RELRD
TEM 4 HEBRESRICOLDEY,

Functions of the human brain range from perception, motor control, and cognition, to communication. Since the discovery of Broca's area in
1861, brain research has been developed by localizing each individual function to a specific region in the brain. However, functions cannot
be achieved in one localized area, each individual column, or single neuron. They can only be achieved through dynamic collaboration

across multiple “localized” areas of the brain. Our Dynamic Brain Network Laboratory aims to find the principles of such collaboration across
multiple regions. Functions being studied are: 1) the perception of time, 2) motor learning, 3) visual stability, and 4) social communication.

EIRETEICIHERBNICIEESNISRET
BRD2ODRY T —D,

ERDRY D=0 DPEESDH B[R
AIER B EERODRR(SEI) %
RRLTWBTREELH B,

FLETER (Precuneus)

Left: Blink-related momentary activation
of the default mode network (top) and
deactivation of the dorsal attention
network (bottom).

Right: The precuneus, which occupies the
center of the brain network, is likely to be
representing the origin of our space and
time perception (the here and now).
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Physiological Laboratory

BiE B s

Prof. KURAHASHI Takashi

K BIEER, BREGR, AV FrRIL. RE
eywords . ; .
Electrophysiology, Signal transduction, lon channel, Sense of smell

RBLREIEBZTYY FIVBRIGEKIB /AT S

Cellular electrophysiology for the signal transduction

BT/ LANIVBERICE T BT FIUREDD FAAZXLICEEKZR > TV BREB (N F ISV TR ERAAA—IV T (B8
BHEOTRL, Ca¥' 1 A=YV ) ER @RTFEDVTILY A LAE) U T/ 0V BEOBRAY — Y RYBOXHE. IVE2—50—
FAvY-22al—yav BRN- VT (ELCLTFOIEE) OFPIRNHEZEIC IO FRROERE/ERITALTVWS.F /LRI
BERDIRTLETILO1D2E LT ERMI00nm (RE10pm) DIRIBREDIRENH N ESIRERDBERFEL A4V FrRIL(CNG:
Clica)) DENRE, Ay Y Vv —HTF (CAMP-Ca®") DBNEEAE ERHICHEITL TV B, CO LS BBERBRMNHEONDEENH/NSA—F (3T
LOREICERE(CED D IEFIBWVERDIBIEBL I YDIINITAY MNREIRF VI DNFEBEBEOSNC LT TR ESFTF/
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HEMROETILELTORBROBHREBRD FHRT—R

Signal transduction cascade in the olfactory cilium

We are interested in cellular/molecular mechanisms of signal
transduction in nano-level structures. Our lab is especially focusing
on the real time measurement of molecular dynamics and has
expertisein electrophysiology (patch clamp), fluorescenceimaging
(incl. Ca? imaging), biochemistry (incl. the real time measurement
of enzyme activities), photolysis of caged substances within the
submicron cellular compartments, computer coding/simulation,
and electrical hardware (mostly analogue circuits). A model
system that exhibits nano-level structures is the olfactory cilium
(100 nm diameter, 10 pm length). We have quantified enzymatic
activities in microstructures, ion channel kinetics (CNG and Clica)
and dynamics of second messenger factors (cAMP and Ca?).
Quantified parameters obtained from these advanced techniques
are directly linked to our sense of smell. We have also shown the
mechanisms of olfactory masking and of wine cork taint. Through
experimental systems using nano-level structures, we hope to
apply our newly developed techniques, theories, software and
hardware to the field of biological microstructure systems and for
systematic analysis in new fields.
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Prof. KIMURA Shin-ichi
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C HREHPFZRLR
E . http://www.kimura-lab.com

ovmorgs | BFBE SFEB. S000ROVE B AA—IVY
y Electronic structures, Molecular vibrations, Synchrotron radiation, Spectroscopic imaging

BAYRFLEGREDERZRD

Investigation of the connection between life science and quantum physics

AEHBRRICBENDEZRIGPYENEE S VWEPOEFHZCEICEFBE D FIREBDELPLZNL ICE KA FBENRRTI . ZD
EMRKPYEBNHEZRAYTHOC BFEEPH FIRBDELESEIFRRROETIRILT B EICI>TRRZALGHNICTES(E
MO TR BONIBERETICU TRNIEEMZPEICI D E LT RICHN E T HRLE ZDESIBRK[UCL L EFRIDRSENOFREET
YV V0RDYRBEEESTHRN - TINILYDDEEEN  RXREER. SHOICERBEEFREAVIHLWDI - A XA—I VI FEER
BTHRAELHTUVMEREEORLE ICE S KA ORIB L TRROMAZIT>TVET,

Life phenomena, such as redox and photosynthesis, and the physical properties of solids, such as magnetism and dielectric phenomena,
originate from changes in microscopic electronic structures, molecular vibrations, and/or molecular movements based on quantum
mechanics in materials and their interactions. Clarifying the microscopic electronic states and molecular vibrations provides information
concerning the origins of life phenomena and clarifies hidden functions. We also develop novel spectroscopic techniques using synchrotron
radiation, lasers, and high-brilliant electron beams to visualize the change of electronic states and molecular vibrations. We aim to reveal
and develop novel functionalities of new biological and quantum materials based on the microscopic information obtained.

Kir'r1ur:.i"@r0gip‘s: work: , %.71-'$1$47JJ§0)¥Ebb\%ﬁé’l’_{d)ﬁﬁ%d)t&)@’fﬁﬁao§¥§§ﬂ'x
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Rt e Relation of the study for new functionalities of quantum and
~Time resctved . . . o

“Development af navel THz saurca biological materials. Photoelectron spectroscopy using vacuum
Low lemgp. [ High fledd | High pressure . . . . .
ultraviolet and X-rays, electron elastic and inelastic scattering
using electron beams, infrared-terahertz spectroscopy, as well
as spectroscopy method development and corresponding
theoretical calculations, are used to explore electronic states of

the microscopic origin of functionalities in materials.
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Nano-Biophotonics Group
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Prof. INOUYE Yasushi
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HREHPFRLR
E http://www.fbs.osaka-u.ac.jp/labs/Inoue/hp/

Kevwords T/ N MATFH VR RATSIEBVHIE, Kot - SYVDHRE ®RBF /ISR — 74y o nFHlHE
y Nano-Biophotonics, Plasmon resonance, Raman spectroscopic analysis, Metal nano cluster, Manipulation of photonic molecules

72 2O REERELTERD F2ERD

Observing bio molecules by making full use of photonics
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We carry out research on nano-biophotonics, a new research field that spans the field of nanotechnology, biology, and photonics. We
develop techniques to observe living cells and biomolecules with ultra-high spatial resolution and sensitivity, by utilizing nanotechnology
based on nano-materials, such as metal nanoparticles/clusters; and vibrational spectroscopy, such as the Raman analysis of molecules.
Our current topics are focused on the development of synthesizing fluorescent metal nano clusters for bio-imaging, the explication of the
functions of neural cells by Raman spectroscopy and imaging, the measurement of living cells by Brillouin spectroscopy, the development
of ultra-high sensitive plasmon sensors using Fano resonance, optical nano measurement, and the development of imaging techniques
using an optical-induced nano manipulation of molecules.

Potassium Ion Dynamics Imaging through Supported Lipid

Raman Imaging of Hippocampal Neurons Bilayers with Surface Plasmon Resonance Microscopy
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Laboratory of Tissue Regeneration
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Prof. TAKAKURA Nobuyuki

K mERMA. MEHE. B, BEBLE. HA
eywords . . X . .
Vascular formation, Angiogenesis, Stem cells, Tissue regeneration, Cancer

MEEMZESVHBREVZICES
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Regulation of diseases using vascular and stem cell
biology

PR E R E T4 DEDEB TR &4 DEMIRIED S CEBROEBRY
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Tissue-specific stem cells continuously produce terminally differentiated
functional cells and maintain organ integrity. Blood vessels supply oxygen
and nutrients to all tissues; tissues and organs cannot develop without
blood vessel formation. Our aim is to elucidate the cellular and molecular
mechanisms underlying vascular formation (particularly those involving
stem cells) and to develop strategies to manage patients with vascular
diseases.

4 EIBTSEEE Biomedical Engineering Laboratories

HREHPFZRLZR
http://st.biken.osaka-u.ac.jp/

Previous concept of angiogenesis
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Endothelial stem cell concept in the angiogenesis
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RIS MEARMILIEEOMREDIBIERENZBEL TR LEZASNTEELLY &
AHAIGBRFEONERNICOENLMEICREICOMEL T ABEREZFIEL S0
BEARRSMEEE RS LE LT (Cell Stem Cell 2018) »

Previous concepts suggest that endothelial cells (ECs) uniformly have an ability
to proliferate during angiogenesis; however, recently we have identified EC

stem cells that can differentiate into vascular ECs and control angiogenesis (Cell
Stem Cell 2018).

DB EE Affiliated Laboratories
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Laboratory of Cancer Biology

Prof. HARA Eiji

K A, BiEEL. Zlk. BREE
eywords : . .
Cancer, Cellular senescence, Aging, Gut microbiota
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S EpIBTSEAE Biomedical Engineering Laboratories

AREHPTRLR

http://www.biken.osaka-u.ac.jp/lab/molmicro/

Studies on the roles of cellular senescence in aging and cancer

WIbDEREERY BRI BREZRANITHEBEEFLTI2REEEL
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W3,

Cellular senescence is the state of irreversible cell cycle arrest that can be
induced by a variety of potentially oncogenic stimuli and has therefore
long been considered to suppress tumorigenesis, acting as a guardian of
homeostasis. Emerging evidence, however, reveals that senescent cells
also promote the secretion of various inflammatory and pro-proliferative
factors. This newly identified Senescence-ASsociated Phenotype, SASP,
is likely to be associated with homeostatic disorders, including cancer.
It is therefore possible that an accumulation of senescent cells during
aging and/or obesity may contribute to aging- and/or obesity-associated
cancers. At our lab, we aim to clarify the molecular mechanisms underlying
cancers associated with aging and obesity.

6 weeks 12 months 20 months
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Real-time bioluminescence imaging of p76%* gene expression during the
aging process in living mice.
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Department of Biomolecular Science and Reaction
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Prof. KURODA Shun‘ichi

K REZEEH. NM1FEVT— BRROEE. BRBERIEER
eywords . . . L .
Olfactory receptor, Biosensor, Enzyme reaction mechanism, Bacterial signaling system

SETITHRWF/ N1 AT ORFEE
ERLZzBELTVWET

We aim for the development and practical
application of novel nano-biotechnology

LHRETIE EED FREROBEIER (RE) ICE DKL REDRRZHEH
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Our laboratory analyzes biomolecular interactions (reactions) found in
biological phenomena and develops biotechnologies utilizing these
reactions. Specifically, we develop novel methods for quantitative
evaluation of odor using a cell array of human olfactory receptor-
expressing cells and biomolecule immobilization technology at the
nano-level (biosensors). We also analyze catalytic mechanisms in built-in
coenzymes using crystallography and research bacterial signaling systems
that affect biofilm formation.

4 EIBITSEEE Biomedical Engineering Laboratories

HAREHPT FLR

http://www.sanken.osaka-u.ac.jp/labs/smb/

EMREZSRECILT LA —DOBE
Overview of human olfactory receptor cell array sensor
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Laboratory for Supramolecular Crystallography
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Prof. NAKAGAWA Atsushi

S EpIRTSEEE Biomedical Engineering Laboratories
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http://www.protein.osaka-u.ac.jp/rcsfp/supracryst/
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eywords . . . . -
X-ray crystallography, Structural life science, Biological macromolecules, Synchrotron radiation

SHRSDFOUFBENLERRREEET D

Elucidating biological phenomena utilizing atomic structures of biological macromolecules

BEHBEDTEIHEZ < DD FOBREEBPLZERGOEHERICE>TED
NTVEY DI BDFDE SRR T 2 H(CIE FRED FHELEEHY
BIENBETT HICERATHEZ DD FHESLTTEDERBY FES
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BERBYFEESHEL Y VNV BDIRBEREEZT>TVEY,

Complex biological activities are carried out by the accumulation of
numerous molecular interactions and chemical reactions. To elucidate
their functions, it i.sAimpor'tant to L.Jnderstand the details of atomic FE: SPring-8MAE RS T A AEERIF C — 1,51 > (BLAAXV)
structures.  Determining  the atomic ~ structures of - macromolecule Left: Synchrotron radiation beamline for supramolecular crystallography
assemblies, which consist of proteins, nucleic acids, and other substances, at SPring-8 (BL44XU)

is important because they can only function when the proper components
are assembled. Our laboratory works on the structural analysis of these
macromolecular assemblies using X-ray diffraction and cryo-electron
microscopy. We also develop new methods and tools for the X-ray
crystallography of biological macromolecular assemblies, including the
use of the SPring-8 synchrotron radiation beamline.

AR ARBEBRERB 2V N\ BREEROILFEE
Right: Atomic structure of the multidrug efflux pump, MexAB-OprM, from
Pseudomonas aeruginosa
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Laboratory for Ultra-High Magnetic Field NMR Spectroscopy
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Assoc. Prof. MIYANOIRI Yohei HREHPT FI/Z

http://www.protein.osaka-u.ac.jp/rcsfp/apc/nmr/

comoras | BB NMR, BEE0S, BHFESV/ OB, THBIIRLEER (SAIL) %
y Solution nuclear magnetic resonance (NMR), Structural life science, High molecular weight proteins, Stereo-Array Isotope Labeling (SAIL) NMR methods

BRNMRZHRALI.ED FEEBEDIEESHRITEDRRE

Developing dynamic structural analysis methods for macromolecule proteins through solution state nuclear magnetic resonance (NMR) spectroscopy

BBRNMRAIEBEDOEN R AEEERZ. RFDREETELENTE G ‘ BEHIBNMREE (950MHz)
ZENLFETHIN WREBDZEOEDDFENBATHE. NMREESD ) 950 MHz Ultra high-field NMR
BEREPHEENBIS LR FRLBTET I RETHD.ZD"HT i
SOEAITHI AN AT IL—TTIHIRE DEAM TH 2 IS BAIAIZE
(SAIL)EERRIBIET. D FB80-1000kDaDBEN FEEOBHKLU'E
BEREEICOVWTINMRESZERE (TR L. 7R EB L AES DRI
FEERIULLTEL SESAILEEBBBNMRAIEZZBAEHE BEED
BE RLABRBNTEELBEESHIIOVWTCEHREEEZHELONITEIEEE
£,

We research correlations between the structure, dynamics, and
biological functions of proteins using nuclear magnetic resonance (NMR)
spectroscopy. Currently, solution NMR studies of larger proteins (>50 kDa)
rely exclusively upon the information obtained from NH and methyl
3CHs signals, which are not sufficient for the precise analysis of proteins.

In order to solve this problem, we have been developing Stereo-Array MR : T
Isotope Labeling (SAIL) NMR methods. This original combination of SAIL THAC HMQC of
and NMR methods enables us to observe 'H-"*C signals in 80 - 1000 kDa ALY
macromolecular proteins. This allows us to further understand the structure SAILT S /BIRESNBA T REOH (82kDa) DNMRRAZ ML

NMR spectrum showing macromolecular proteins (82 kDa) subjected to SAIL

and dynamic properties of macromolecular proteins. 1 <
amino acids.

BAEF YOKOGUSHI 1B @R PR

JEOL YOKOGUSHI Research Alliance Laboratories

R BR— mEmis(an)
SA Prof. NAMBA Keiichi WEREHPFZRLR

https://www.fbs.osaka-u.ac.jp/ja/research_group/detail/24

o\ USTABTEMEB. FIRVY. BHTF. HTE—H—. WELRTE
y Electron cryomicroscopy, Nanomachine, Macromolecular assembly, Molecular motor, Structural life science

V1 ABFBEWBTEICLIBEERBRFDOERE

Developing structural biosciences using electron cryomicroscopy

MBENAE BRBIE. RS  EREERPY VNN BRXENRENT S
DFE—Y—BEBD TR VINVBEELHTFF/IIVIIDOWT Z
DECES NWEE BEFIEH. TRILEF—TRRE SRBETY1FIvy
BREMED UK HAZERF-DFLANILTHAT 5.0 71 ABFBEHIRECK
37— HINELBRBIF A LD SR T Z KN EERD FOIUKES
BITEESEL L RLARBAFF /I VY ORFEBEN CEERIBAER
LT BIEDF /I VREBRENRONAFF /70 /09 —DEBREK
MIBEILIZIRII T o

MEDEHBRENAEIISEARTORST EHDE—
F—ICEDBN2ARIDEE L THEN R E RNAER
ZDBRE Y NVEDNEE DEIXREB TRIFAESNE
HRRYT %,

Many bacteria move by rotating flagella at around

20,000 rpm. The flagella grow at the distal tip through
the self-assembly of translocated proteins.

Cell motility and protein exports are basic cellular activities driven VS BFEMBEIERBD FEHE

by intricate mechanisms of self-assembling macromolecular A FICIE5 L TRALTZBEI B
nanomachines through conformational switching, force generation, BN FOREZF I EEDILBIESEL
and energy transduction. These dynamic nanomachines are ZTORCERBETEIZRMLLTEDER
constructed with individual atoms as functional parts. They therefore FORNBREBICEDDDH B,

carry out activities with very high precision, even at energy levels Electron cryomicroscopy is a powerful tool
of thermal noise. We develop electron cryomicroscopy techniques for the biological sciences as it can visualize
to analyze the dynamic structures of these nanomachines to 3D structures and conformational changes
unravel their basic mechanisms, which will hopefully lead to of macromolecular nanomachines, such

as flagella and actin filaments, in their
functional forms without crystallization.

bionanotechnology applications, such as the design of new drugs
and applicable nanodevices.

E}E%E Cooperating Institutes

BIRBEEHFEERE RIBFREERMEHELYY— (CiNet) [=]: =]

NICT Center for Information and Neural Networks (CiNet)

TN .
(L CiNet
iR BEMESMRELZYY—

Center for Information and Neural Networks

CiNet HP
https://cinet.jp/
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CiNet aims to enable the advancement of human potential by developing the next generation of brain-based Al technology for
unprecedented communication. We are creating this technology by accumulating large-scale brain activity data using cutting-edge
brain imaging technology and analyzing it through machine learning. We believe that we will ultimately be able to reproduce how
the brain understands, feels, judges, and acts upon a wide variety of input by modeling all brain functions. By utilizing this kind of
model, we aim to realize advanced brain information technology for the next level of communication, the evaluation of sensitivity and
emotions, predicting social behavior, and brain-machine interfacing.

E}E%E Cooperating Institutes

BILFRRPR £ MR LY 5 — OkicsA0

RIKEN Center for Biosystems Dynamics Research (BDR) i : E
[=];
RIKEN BDR HP

https://www.bdr.riken.jp/ja/index.html
R A L AR A A A eIl

BRENR DECODE

project

@
RIKZN

EREELOERER DESIHOIR EFND BOEC EVBY
WSS1 71 UL ER T RIS ERORBENZ £ . Fh7=50
REPELEIERYT BLOICE EENTHSEAETORMICH ST
DRTANEITVIH EERICHZBBABDET, Yt o4—T
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BEPZDEDERH DS DECODERMT I DRIREED TLET,

CNHEHRT NS ERORED TR CIREN TR D BEER
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All organisms, including humans, experience the life stages of birth, growth, reproduction, aging and finally death. To promote long,
healthy lives, we need a clear understanding of what is taking place inside the body from birth to death. Researchers at BDR strive to
elucidate the biological functions that unfold within the body during an organism’s lifespan, by grasping lifecycle progression from
birth to death as a dynamic process involving the establishment, maintenance, and breakdown of a balanced interlinked system of
molecules, cells, and organs.The center is currently developing a technique called “DECODE" Using this technique, images of each cell
are linked to gene expression data or omics using machine learning to discover specific features of cells. With DECODE, insights into
individual cell conditions and cell destiny can be predicted by observation. This technique will be applied to regenerative medicine and
the regulation of diseased cells in the future.



Q. What s your current research focus?

A. | am affiliated to Kai Lab BiolD Group which
researches using biotinylated protein for analysis of
novel candidate gene involved in Piwi interacting
RNA biogenesis while finding answers to their
mechanistic and biological relevance in the genome
of Drosophila melanogaster.

IKELE CHINYERE
MARY-CYNTHIA

D2, Germline Biology Group/
Kai Lab

Q. When do you find your research most exciting?

A. Thethought that a failed experiment can give insights
to new findings and unraveling surprises.

Q. Share the positive aspects and attractions of FBS.

A. The biggest strength is the variety of research carried
out yet channeled toward biosciences.

Q. Any standout memories from FBS events?

A. The visit to Arashiyama (Bamboo Grove) remains
evergreen as it was my first time of ever eating tofu
(was it delicious? Absolutely, because of its mild
taste!).

| want to work in an international research organization to help improve people’s
quality of life and serve humanity

Q. BEOHRT— < A TT Do

A.

AEPEEBVERUBERBEABRETT D,

. SETHROEZNHGER LTI AL >LEDE. BSDFTHSHICL. BRiZ

FBSOANY M TEIRITFEOTWVBHDERH W ETHe BHEBA TS L,

. FBSHARBERZRETY . BRI BLDSRICVLBE-EHAZLD T, ftBD R0

What is your current research focus?

MRATESND REFEBVESEDBSZE LTH<H UL
/>3=F 4 2 7RNA(INRNA) EDVTHRZLTWVET, ZDP
THAERA ML RICK>THEEEINDIFHMRINCRNAZRER L. Chic
BBUHARZITO>TVET,.

| am researching a novel long non-coding RNA (IncRNA) that acts as a
scaffold for membrane-less structures produced within cells.
Specifically, | discovered a new IncRNA induced by starvation stress and
am focusing on studying it.

KANEKO Syuushi
EF X

D3
RNA &{FHERETRZR = : EEHAEH

D3, RNA Biofunction Laboratory/
Hirose Lab

When do you find your research most exciting?

FIZREBETHRELET HERRTFRULH > LBRI L. RIS
EDISBFREEZINEIATVBIRLGELETHIIT7I7LET,

It's incredibly exciting when | uncover something that no one else in the world has
discovered before, giving it a name with my own hands. Additionally,
unexpected results during experiments and the anticipation of determining the
next steps are moments that fill me with excitement.

BRI REOHEASICIEL
ftSECMmEE=L

| aim for a future career aligned with my
current research

Any standout memories from FBS events?

REEBHNEABRRPREETEZEX>TVBIDOMNEFTZENTE, BBI S
T9,

The FBS Annual Get-Together stands out. Since | spend most of my time in my
own lab, it was fascinating to talk with students from other labs and learn about
their research and student life.

Current Students

Q. RENVHET —2 RATT o

What is your current research focus?

A. MBRES > NTB1 DFOBEEZEECERER T -2 0T 5FEOMREEEH T
FT SETICBERERNRICLENDFRIV-—ZVTHERNE LRI N
BORSFERIDIEENEIMSTEENERE U,
| am developing a method to screen drugs by tracking the movement of individual
membrane protein molecules. Through single-molecule screening targeting existing
drugs, | have identified compounds with unknown inhibitory activity against the target
membrane protein.

WATANABE Daisuke
g Kt
D5
1 3 FEVFRRZE:_LBHR

D5, Laboratory of
Single Molecule Biology/

Q. FRIBEVEREL BEEEABETT Ho
Ueda Lab

When do you find your research most exciting?

A. BADBBEBIDIRENMEI SLHTT. 19FRIV—ZU7%F>121 H3LeWene
T B ERNAF<EDNBIED SES B> TV EVWSRENRSNIRRFETEEEE UL,
It's when unexpected phenomena occur, like recently during single-molecule screening
when treating a specific compound led to the surprising disappearance of the target
protein from the cell membrane.

Q. BLEBLTE. HRPEECBVGSH ) EFTH. BNERXTIEE L,
How does the experience of research and daily life differ between your master's and
doctoral studies?

A. BEDECHA BLICBZEFRCTIEHEI. MEENDAREEZREFTDS
CENBRBIELSCHY FE U, ABORERCRELNIT 2RO THERI BRI LS (CH
W RRIC—BEULLDHIAD D LD F U,
As a Ph.D. candidate, | attend more conferences and have increased interactions with

researchers outside my lab. Engaging in discussions with professors and students from
various fields has made my research more enjoyable and immersive.

EFERZEL THRRREHERICSETLULL

| want to apply my research results to benefit society through
collaborations between academia and industry

o P R . £ 45 FBSI3 FIRICRET 3IC A BRBERBEL L BVET,
ERREARBEBEIIN R n s HRENHNEL BB T HELTH TS,

Q. BENHRT —T A TT .

Q. FBSOIAY NTENRICHE>TLBHDEH W ETH. BHEHI T I,

. RVHEDOFAT EOBEXBBERD AN ZZXALILDVWT ENERHNT S

.FBSORWVWECBPBNEHZTIEEL,

. REROARICHMNIBEEN T EAHDECETT READHR— MoDi&<.

. TFYRAROINEVREZBREUVERREIF—PERICE>TVLET RRASES
B53A. T—9 DEREHNSRBOZAVERREB. BHAEYITSRTOIEY —RGE,
BRRVBEDERTUE. T RAH Y P arEEBTVELEFLOLRHNTLE,
The seminar by Professor Takashi Kitamura from the University of Texas stands out. His breakthroughs
from reevaluating data, experiences in big overseas labs, and engaging anecdotes made it fascinating.
The post-seminar discussions were also stimulating.

What is your current research focus?

—JK HBE

D3
1 iRapRR M F TR = BT

D3, Laboratory for Single-cell
Neurobiology/
Horie Lab

BFBRZFHIIICLTRARTVET . EARED SKRENDLIWEX
PREDBZETNTVETH ZOHROBEIBEE 1 BERLNILTHASHICT
BT ENBRRNBBERETT,

My current research focuses on understanding the mechanism behind the
directional changes in swimming behavior of ascidian larvae. Using
gravity-sensing neurons as a guide, my goal is to understand the single-cell
neural circuitry underlying the switch from gravity to light response.

Share the positive aspects and attractions of FBS.

BRERTRRULBE X171 TOAICRBERRPESER TV LI ENTEE UL,
FBS provides great opportunities for cutting-edge research. The English proficiency support is
helpful, and having a native speaker provide feedback on my pronunciation and English skills
before giving presentations at international conferences is really useful.

Any standout memories from FBS events?

BLAIADPFE RSEDOTWLITES

I have a passion for science and aim to stay engaged for the long term

FBS is the perfect environment to lose yourself in your research.
Interested? Why don’t you see what kind of life you could have as a graduate
student here? Come on down to our labs and see for yourself!

To future graduate students
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PR BE MIYASAKA Yumi

20203 AtEL (18%)
RS FREMZMAR (LA B2 #2021 FEGE) B S
Ph.D. in Science, March 2020

Graduate of the Cellular and Molecular Neurobiology Group
(Prof. YAMAMOTO Nobuhiko transferred out in 2022)

ChHSKREREBEIEIAICE ST FRAZRTHORUNALIC
EDESBEFBESIBZDRRICHBZECEINELNEEAFMNFBST
RARCERBELBVEZHRITBIRULETURL REANADERHS18F S
MREZXBDT BFBSICHE VT HLLARDEBREEALTREN TE
T2l &ld FRBOABPEECSENINTVSBERLET,

RE AFRESM THREWRBORIRCEDL > TVWET ., REAHN AR
[EHHSBWVERBRDBRRRHZIL T TNERIAT BHREN-RILD
BLHDOTIN RBEOZEDHTHDTICHEUISERZXZDE.
[BEBVHRIZRDITBENKIMEHRZEL CEEFBSTRALDS
EERBVWET,

FBS RFEMDITRNERTH B EHBHND—DTT . AR TIHA .
SHREBRATPEEHBULHZZENESANBHLBVRAR]IZXZT
<NBLBVET,

B BETADBHBWV ZRB DT THRICRELTHTILEE L,
EOEZDFEIC BTANBEZVERIDLA>TVBEBVET,

For those thinking about going to graduate school, you might be
wondering how your future studies will affect your life. What | found at

BENLREZZHNLT

WT HRHE YAMASHITA Erika

202043 A #L (1B%)
REMREENZMRE (BH 8 3R Be
Ph.D. in Science, March 2020

Graduate of the Laboratory of Immunology and Cell Biology
(Prof. ISHII Masaru)

FUIFILOMRFTOV 7 NCEZRBATEDSNZIREEZRH T,
ERBEERRBANDERZROEZDF8FHI. HOFRDRIREFME-ST
WA ESTHRVWET HRTOV 7 hEULS EFTRHALT
W< DIFBETEBH ) FEAD ZEN—HSHEETEIRIFHREFAEN
NTY. ThBEH. EREERRBO[SEIVWVRRI ZBRTE28HE
SHSEHBTERREBCHISNT . HULLWHART—IZIE LT,
REZHDICENTEF U £ COFTHAKEREICHEIVIARE
TRIADEE DLV OSREOFBRNEENTULERSICBVET BB
HEZFHSF+ U7 PHRDIFETHRESHIEHE LSRRG LB
BEHTHEESHIAREE UTERRIBTINE L FREDERZBZXT
EFCEFY . BECHRERREAVTLEDHEHALLRBLETY,
BIALH EGRERRRORFNLBEZED ISEN L. AREEE
FRUEHDICLTLEE L,

Choosing FBS for my graduate studies eight years ago was a decision
driven by the desire for an environment where | could delve into my own
research projects. Looking back, I'm convinced it was the right call.
Launching and navigating a research project from scratch is not easy, and
finding an environment that encourages such endeavors can be quite rare.

An exciting future awaits after research i

FBS was the joy of discovering what really interests me. FBS is a
welcoming place for research that starts from unexpected ideas, and the
experience of creating new trends in research has been helpful in my job
and life after graduation.

Currently, 1 am involved in drug discovery for neurodegenerative
diseases at a pharmaceutical company. Formulating hypotheses for the
treatment of diseases with unclear causes and conducting research to
demonstrate them is a challenging task. But, the ability to find solutions
and keep trying without giving up comes from my experience of delving

into interesting research at FBS, which, | believe, helps create innovation.

FBS is also a great place for students to connect with each other. When
research becomes challenging, sharing and discussing problems with
friends from different labs can help their research.

| encourage you all to immerse yourselves in research and discover what
interests you. I'm sure beyond that, each of you will discover an exciting
future waiting for you.

Embracing opportunities in an enriching environment i

Personally, FBS offered me the freedom to pursue "exciting research" in a
supportive and challenging atmosphere, enabling me to initiate and
thoroughly explore new research themes. What stood out the most was
the vibrant community that emerged, where individuals passionate about
their research gathered. The open and encouraging atmosphere facilitated
candid conversations with faculty members, including professors, ranging
from casual discussions to insightful talks about career paths and research
endeavors. Beyond the confines of research labs, coming together with
fellow young researchers for impromptu discussions and organizing
research presentation events are some of my fondest memories.

To all aspiring researchers, | urge you to tap into the incredible resources
and environment that FBS provides. Make the most of these opportunities,
and turn your research journey into a truly fulfilling experience.

{ Messages from Alumni)

My journey at FBS and post-graduation

Ali Moharramipour
Ph.D. in Science, March 2022

Graduate of the Dynamic Brain Network Laboratory (Prof. KITAZAWA Shigeru)

Driven by a fascination with the human brain, | pursued my Ph.D. in cognitive neuroscience at FBS. FBS offered an excellent environment, allowing me to
grow in this field, conduct research, and learn new techniques and subjects. We had easy access to brain imaging machines such as MEG and fMRI.
Moreover, our lab’s atmosphere was friendly and organized. These made my research life quite enjoyable with having strong support from my supervisor

and lab mates.

After graduating, fueled by my passion for brain research, | aimed to continue in academia and advance my research career. | found a postdoctoral position
at RIKEN, where | now study conscious visual perception, the neural correlates of our first-person visual experience. The skills and experience | gained at
FBS smoothly connected to my current research, despite a shift in my research topic. This solid foundation has given me a great start in my postdoctoral

research.

| encourage each of you to thoughtfully choose your research interest and its corresponding lab, then make the best out of FBS support and environment to

grow and conduct impactful research.

FESUVVWVREZED ULITREEE !

2T 845 TAKENOSHITA Yusuke

20214 3A L (1B%)
RBAEMZHRE (R BEB #R) LS
Ph.D. in Science, March 2021

Graduate of the Laboratory of Chromosome Biology
(Prof. FUKAGAWA Tatsuo)

S REEERREI TAEREE UGBS UESFERIFETERREL TV E LR,
AREDNIE VS EERLEDRBREBOFEISVWTUEN ZNETO
BLEEUVVWVAREFERXRDZICENTEXE UL ARENTT 1 RAAY
232Ul REB3FFORRBLEDIZREE L TREBDHRIC
Nzl T3 ETUBLEVRE 2> THRICITEAT T ENTEE Uiz,
HERBERBEPL 7 S ATBFEMBLEOKBICBRICTIELRATES
BRELESBERARBOBHOVEDT RESL. CORBS LLRER
FBRALLBHYS., EHEERAB THRRZRITTLET,
EHREFRBHCE. BHOBRRZ LU TVLIAREPREEN<EA
WET, ZUT. ARERTRARITIRREEKIARARINTVET,
U COBRREED U T ERBEMRBTLI VWA BHAR-LB WS 4E
ACERV BRERUERRETEE>TLEE L,

My five years as a grad student at FBS were truly enriching. While it took
me about the last six months to feel like my research hit its stride, the
earlier days were filled with enjoyable moments in my academic pursuits.
Engaging in discussions within the lab and connecting with researchers
from different fields broadened my perspective and allowed me to delve
into cutting-edge research. Access to state-of-the-art equipment like

Enjoy your science in the great environments at FBS! )

&

confocal microscopes and cryo-electron microscopes was another fantastic
aspect of FBS. Even now, | continue my research here, making the most of
this incredible environment.

FBS is home to numerous researchers and students involved in fascinating
projects. There are plenty of opportunities to interact between different
labs. | strongly encourage you to seize this chance, explore various
research topics, meet diverse individuals, and savor a fulfilling research
experience at FBS.
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Graduate Student Data (s of may 1, 2023)

Data on student activity after graduation
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The ratio of international students has increased each year
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Admission/Enrollment

Admission policy

The Graduate School of Frontier Biosciences (FBS) aims to foster
pioneering leaders in the life sciences. In recent years, major
breakthroughs in this field, including methods for genome sequencing
and editing, have expanded possibilities for applications in a broad
range of fields, such as medicine, pharmaceuticals, agriculture, and
material engineering in hitherto unpredictable ways, while also solving
questions concerning the essence of life itself. Research methods are
also becoming more sophisticated, and the "biology" of the past,
which centered on genetics and biochemistry, is evolving into an
interdisciplinary field that requires advanced technologies from other
disciplines, such as optical engineering, information technology,
robotics, and Al. To meet the needs of this new era of life science, FBS
offers a five-year doctoral degree program with an interdisciplinary
approach that encompasses the fields of medicine, engineering, and
science; a wide range of Academic Staff with various backgrounds, and
a research environment that nurtures leaders with unique ideas who,
with their own research, can spearhead the next era of life sciences.

Admission guidelines

The three most important qualities required for FBS students are:
intellectual curiosity, imagination, and sufficient English to negotiate
with others. As we believe any gaps in knowledge can be filled through
our education courses, we examine each student’s potential as a
scientist during the oral examination. For this reason, an ample amount
of time is allowed during the oral examination process to assess the
potential of each applicant as a scientist through discussion. In addition,
the ability to communicate in English is essential for an internationally
active researcher. We use TOEIC and other proficiency examinations to
assess practical English skills.

Entrance examination

(for admission into the 5-year Ph.D. program or as a third-year transfer student)

Entrance examinations for the 5-year Ph.D. program are oral (incl. the
submission of an English proficiency test score[s]) and held twice a year:
July and December. The oral examination is conducted by Osaka
University Academic Staff or collaborating institute and assesses an
applicant’s expertise and depth of understanding. English proficiency is
measured by the applicant’s TOEIC, TOEFL or |ELTS scores. The target
enrollment number is 55 students. Examinations for third-year
transfer students are also held twice a year, in August and January, to
admit students who have completed a master’s degree program at a
graduate school other than FBS or who have equivalent qualifications
to transfer into the third year of FBS' graduate program. Applicants are
selected through an oral examination at which they are required to
discuss their research achievements and successfully navigate a Q&A
session.
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Enrollment
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Total number of summer and winter examinees

ABEE BIR S5%5A8 | BRE B18E AZEE
Enrollment year Examination Ta'ge;ui':{)zlr‘me"t Applitenis Sa"‘;;:l‘lfasiﬁc’l enlL?I:\ilent
—fRER (4BAZ) 3% 5-year Ph.D. program (Apr) 55 148 106 77
S 5EE | RER (10BA%) 5-year Ph.D. program (Oct) T8 6
AY2023 3ERWMAZE (4BAZ)  Transfer into the 3rd year of the doctoral program (Apr) B5FL 7 6
SEREAZ (10AAE) Transfer into the 3rd year of the doctoral program (Oct) 518 2 1 1
—fiRER (4BA%) 3% 5-year Ph.D. program (Apr) 55 168 17 87
SIAEE —MRER (10AA%) 5-year Ph.D. program (Oct) &5F% 3 3
AY2022 SEREAZ (ABAZ)  Transfer into the 3rd year of the doctoral program (Apr) &T3 5 5
3EXRWBAZE (10BAZ) Transfer into the 3rd year of the doctoral program (Oct) 58 3 3 3
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Ph.D. students will receive their doctorate degree after earning the
required credits, preparing their doctoral dissertations, and following a
public doctoral defense. Doctoral dissertations are judged by
committee members selected for each defense. Before the final public
defense, preliminary consultations are set up to evaluate the
preparation status regarding the submission of the doctoral
dissertation. Students will receive a master’s degree after passing the
Interim Examination in February at the end of their 2nd year. After
turning in a master's thesis, the Interim Examination is conducted as a
presentation of research results (incl. a Q&A session) and will be judged
as pass or fail.

Curricula overview

SEM—BBITHBE /O A 5-year Ph.D. program

126K
1st / 2nd year

@ EfFERRIE  Core subjects
@ ERERBRIB  Core exercise subjects

REDFETRAILEPIDBUN D i 2O FROEREZEH S
Students acquire knowledge and techniques in fields other than
their undergraduate majors to develop basic research skills.

@ SFIEEHRRIB  Elective subjects
BRRTIL—TATOBVEPIMZRLREROB ABHSDEE
HE BANE—ROAREICLZEPHEREEN

Intensive courses are provided by leading domestic and
international visiting instructors and researchers, in addition to
courses in advanced studies for each research group.

@ RIEERIE  Research subjects
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8

After being assigned to a lab, each student is given guidance on
research utilizing the specialties of the research group.

#E20). PARIFRZEUNDHER EIHEEHER) @3k MADEB KR ERS.

Twice a year, students have guidance sessions regarding the state of their research
with faculty members (sub supervisors) other than their PI.
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3rd year 4th year

@ THFRIBERIB  Research subjects
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After passing the interim examination, students are guided toward more
specialized research with the goal of writing a doctoral dissertation.
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Almost all core subjects are taught in Japanese and/or English. This makes it possible to obtain a doctoral degree using only English.
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Grants-in-Aid for Scientific Research (as of May 1, 2023)
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projects

486,005
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(thousand yen)
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@ BEBHR(S)
Scientific Research (S)

59,200 @)

O BBHR(A)

Scientific Research (A)

89,500 (7t
© BEHREB)

Scientific Research (B)

69,300 (17t

O B8RO
Scientific Research (C)

23,500 (28t

FBS Data (Grants/Staff)

O MREBRI—h2iE
Research Activity Start-up

2,200 (2#)

0 BEFHR
Young Scientists

6,000 (5¢)
IR

Scientific Research on
Innovative Areas

35,200 (ot

© PREE9TRR (382F)
Challenging Research (Exploratory)

18,105 (13¢H)

© BREEBIERZE (FRD)

Challenging Research (Pioneering)

28,900 (@tp

O KRITFRESEmME
Grant-in-Aid for JSPS Research Fellow
16,900 (19t)

FMEEREHT(A)
Transformative Research Areas (A)

112,500 (114

FMEEREHZ(B)
Transformative Research Areas (B)

24,700 @t
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FY 2022

1234
projects
527,288
Fm)

(thousand yen)
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Research Grants
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projects
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© BEBHRER(S)
Scientific Research (S)

63,300 ()

@ BBHR(A)
Scientific Research (A)

78,200 (95

© B8R B)
Scientific Research (B)

72,942 (7t

@ BBHRC)
Scientific Research (C)

26,382 31t

O BESHEE

Scholarship Donations etc.

52,215 (26t
O HEWMR (RERST)

Collaborative Research

106,170 (35¢)

REER
Funded Research

472,057 (33t4)
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Staff (as of Dec., 2023)

O HRBBRI—IZIR
Research Activity Start-up

2,300 2#)

O EFHR
Young Scientists

6,300 (4t

FAMRENZ
Scientific Research on Innovative Areas

106,964 (13t

© PREREOTRER (352F)
Challenging Research (Exploratory)

22,400 (14t
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FY 2022

1224
projects
983,360

(FMm)

(thousand yen)

O BRIRRESREME

Grant-in-Aid for JSPS Research Fellow
18,200 (20#)

FMEERETT(A)
Transformative Research Areas (A)

105,500 (ot

FTE LRGN (B)
Transformative Research Areas (B)

24,800 (@t

0 BEEMEE
Scholarship Donations etc.

149,930 (50t)
O HEWMR (REEST)

Collaborative Research
143,839 (4ot
REEHR

Funded Research

692,591 32¢)
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B8 B Core Research Laboratories

T/ EGEIFRE

Nanobiology Laboratories

mRxy b7 —2758E

Biomolecular Networks Laboratories

REEVFARE

Integrated Biology Laboratories

B s HRES SR

Organismal Biosystems Laboratories

R TPEE

Neuroscience Laboratories

EFI1FITRBE

Biophysical Dynamics Laboratories

— SEFHED FEHARRE R BBUE
Laboratory of Nano-Biophysics

3 FENEHRRE BE LB ER
Laboratory of Single Molecule Biology

— E{LFHR=E HE B =
Laboratory of Medical Biochemistry

_ REBEFENIHRE BiE FI B
Laboratory of Chromosome Biology

_ IES/LTMFIIRAMRE ¢V (A
Laboratory of Epigenome Dynamics

. RNA £ #EEHRA=E BR ER T
RNA Biofunction Laboratory

_ SRPIVRUT7BHEFHRZ HBIR BA S
Laboratory of Mitochondrial Dynamics

— AEFFOENERRE Rl 2R
Ubiquitin Biology Laboratory

— N9—ERHRRE BR A #
Laboratory of Pattern Formation

— EREENFHRR BiR PEES
Germline Biology Group

_ DPAREBEHRE IR HLE Xt
Laboratory of Cancer Pathology

_ RBRERESRATARRE HEEIR RO RRTF
Laboratory for Stem Cell Homeostasis

_ REMBREVIHREZ BE BH B
Laboratory of Immunology and Cell Biology

_ BERERRE BiE {ELK¥
Laboratory for Embryogenesis

iR - REREHRRE BE &2 A9
Laboratory of Stem Cell Biology and Developmental Immunology

B ECFHARE B E|A T
Laboratory of Tissue Biochemistry

— 1 RWPEENIHRR BiE BT RE
Laboratory for Single-cell Neurobiology

 NENRHARR R O)\K 2
KOKORO-Biology Group

AR - BABERZHARE iR B BE

Dynamic Brain Network Laboratory

— ERFHRR=E

Physiological Laboratory

_ KMHERR=E

Photophysics Laboratory

L F e NLATH =T RAARE

Nano-Biophotonics Group

m jJ :3 E Affiliated Laboratories

SRIBTSEE

Biomedical Engineering Laboratories

_ HEARERFHRE

Laboratory of Tissue Regeneration

| HAENRHRRE

Laboratory of Cancer Biology

B FREEFHRR
__ BAFHERITFPHRE

| SRENMRIXASZHRR

Laboratory for Ultra-High Magnetic Field NMR Spectroscopy

Department of Biomolecular Science and Reaction

Laboratory for Supramolecular Crystallography

Perceptual and Cognitive Neuroscience Laboratory
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BR BB =
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EOHEHRR

HEER =2/AFT

EBHEHRR

Prof. Akihiko Ishijima p.10
Prof. Masahiro Ueda p.11
Prof. Seiji Takashima p.12

Prof. Tatsuo Fukagawa  p.13
Prof. Makoto Tachibana  p.14
Prof. Tetsuro Hirose p.15

Assoc. Prof. Koji Okamoto  p.16

Prof. Fumiyo lkeda p.17
Prof. Shigeru Kondo p.18
Prof. Toshie Kai p.19
Prof. Daichi Inoue p.20

Assoc. Prof. Ritsuko Morita p.21
Prof. Masaru Ishii p.22
Prof. Hiroshi Sasaki p.23
Prof. Takashi Nagasawa ~ p.24

Prof. Noriyuki Tsumaki p.25

Prof. Takeo Horie p.26
Prof. Takeshi Yagi p.27
Prof. Shinji Nishimoto p.28

Prof. Shigeru Kitazawa p.29

Prof. Takashi Kurahashi p30
Prof. Shin-ichi Kimura p.31

Prof. Yasushi Inouye p.32

Prof. Nobuyuki Takakura p.33

Research Institute for Microbial Diseases

Prof. Eiji Hara p.33

Research Institute for Microbial Diseases

Prof. Shun’ichi Kuroda p.34

SANKEN (Institute for Scientific and Industrial Research)

Prof. Atsushi Nakagawa  p.34

Institute for Protein Research

Assoc. Prof. Yohei Miyanoiri .35

Institute for Protein Research

B ZAE

e

BHERE D T INR-—J TSRSV,
https://www.fbs.osaka-u.ac.jp/ja/research_group/ [=]:
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Research Alliance Laboratory JEOL YOKOGUSHI Research Alliance Laboratories
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Protonic NanoMachine Group

| MREESTRIN-—T

Human Cell Biology Group

| HERURUERZWRIN-T

Synaptic Plasticity Group

15 Bl Tt 2% 3 i 5 2

Special Research Promotion Groups

Graduate School of Structure and Function Analysis of Biomolecules

FHERIR
(%%

HEER
HER

HEER

| ROEHEHARIN-—-T HERR
Cognitive Neuroscience Group
| #ROBEAEARINL-T R
Developmental Neurobiology Group
E}%%E Cooperating Institutes
(e
B . o | mmmammans T BALE
NICT Center for Information and nformation and Neural Networks L mALEEE
weural Networks (CiNet) o
ERBERTLAEZ T BALWKE
@{b*mgﬁﬁ \ Systems Science of Biological Dynamics
ERMENPRRE - T BANER
RIKEN C f S
Qosysterir;tgglnoarmics Research (BDR) / ?ev%loipi?eﬁal Biology BAWEIR
—  BAWLHKIE
EXEMN . 2R - REWRHR S
Gationa Institutes of Biomedical Innovation, §O€§£§§§§ﬁinformaﬁcs BAVEIR
Health and Nutrition (NIBIOHN)
RIEZE  Adjunct Faculties
(Aﬁmszmm } ARRSER/TRERS 08
Graduate School of Human Sciences Behavioral Physiology Laboratory
RAFHEER/ B2 FREHNEHRZ ey
E$m§ﬂ gboratory of Macr?ﬂolecular Structure
Graduate School of Science EMRSSH/BREYLHRS E s
Laboratory of Cell Biology
EMREER/REBIEEREZHRE Bz
Laboratory of Genome Structure and Function
 EREW/BIFEE/ MRENS ]
(E?%ﬁﬁ%ﬂ N } Cell Biology
Graduate School of Medicine | ERSW/BILEE/ ST HEES i
Molecular Neuroscience
| ERSR/ERSEE/fSERS iR
Integrative Physiology
| EFEW/RBRE - REFBE/EGHHE R
Innate Immune Systems
| BEEER/Y/ AENRRE/BREETFE Bi%
RNA Biology and Neuroscience
- BREBW/T/ LAENREE/ EREEETE Bz
Germline Genetics
 EEER/S/ LAENFEB/BEYATLARESE 3R
Stem Cell and Organoid Medicine
- EESR/ARSEBE/ASW - CHARSE  3uE
Metabolic Medicine
L RESSH/ERNBTILEE/ERRESA-V0T iz
Physiological Functional Imaging
(ﬁ?ﬁﬁ?\’.ﬂ } OBRRE70>F 17> 9— e
Graduate School of Dentistry Center for Frontier Oral Sciences
)7 RIS R/ SRR D ET 2]
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Pharmaceutical Sciences
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SA Prof. Keiichi Namba .35

Assoc. Prof. Tohru Minamino
Assoc. Prof. Masafumi Saijo
Assoc. Prof. Keiko Tominaga

Assoc. Prof. Hiroshi Tamura

Assoc. Prof. Ryuichi Shirasaki

Guest Prof. Takafumi Suzuki

Guest Prof. Masahiko Haruno

Guest Prof. Makoto Taiji
Guest Prof. Yasushi Okada
Guest Prof. Tatsuo Shibata

Guest Prof. Yu-Chiun Wang

Guest Prof. Toyomasa Katagiri

Prof. Yasunobu Yasoshima

Prof. Katsumi Imada
Prof. Kenji Matsuno

Prof. Chikashi Obuse

Prof. Akihiro Harada

Prof. Toshihide Yamashita
Prof. Yasushi Okamura
Prof. Kazuyo Moro

Prof. Yukio Kawahara
Prof. Katsuhiko Hayashi
Prof. Takanori Takebe
Prof. lichiro Shimomura

Prof. Makoto Osanai

Prof. Takeshi Noda

Prof. Tsuyoshi Inoue

BRISHRE MEBRINEH /(LR T EEE
Graduate School of Engineering Science Biochemical Materials Engineering Group

ERE ST TN F AT PISEH /
(Graduate School of Information EHRT 957 3 58

Science and Technology Cognitive Neuroinformatics

ESNRHREZZHRE )7 SCONTEREFFRE/
Gnitaed Graduate School of Child P FEMBEE

Development Molecular Brain Science

— BRBEWRBPI/ D FHBERIEH

Department of Molecular Bacteriology

) | BRREBHRBFI/PFOINRIE
Department of Molecular Virology
 BRRBBHARIBPI/ RRBED T

Department of Immunoparasitology

 EHBEITRREBPI/ 2 FREREHD H

Department of Molecular Immunology

_ REREHRBPI/ EFREDH

Department of Homeostatic Regulation

_ HaERIENRWR L I—/
HaRRDEH

Department of Bacterial Infections

_ HaRRENRHAREI—/
RFRBEDH

Department of Molecular Protozoology

L HaRRENRARE I~/

VTINAREDEH

Department of Virology

B3RP/
E@HDFRENZARI S

Research Institute for Microbial
Diseases

(?E%ﬁﬁﬂm

EXRZHARR : : o
SANKEN (Institute for Scientific and Department of Biomolecular Science and Engineering
Industrial Research) | EENRF/To0/00-t 99—/

NIAF/T7/05—HRRZE

Department of Bio-Nanotechnology

EOBLFHARBPI/ D FRAIRZ

Laboratory of Protein Synthesis and Expression

EOBHEENFHRBPI/
TFRBEENF

Laboratory of CryoEM Structural Biology
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Institute for Protein Research
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Laboratory for Molecular and Developmental Biology
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Immune Regulation

_ REBEITN—T/HBRRES

Mucosal Immunology

| REBEIN—T/RBRRES

Experimental Immunology

- REIN—T/%E - EE2

Biochemistry & Immunology
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Immune Response Dynamics

BEFIR/T/ LARSE

Genome Engineering/Genome Editing

REFI0T17
Rt 9—

Immunology Frontier
Research Center
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Institute for Advanced Co-Creation Studies
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Regulation of Host Defense Team
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Center for Advanced Modalities and
Drug Delivery System
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Prof. Shinji Sakai

Prof. Tamami Nakano

Prof. Makoto Sato

Prof. Yasuhiko Horiguchi
Prof. Tokiko Watanabe
Prof. Masahiro Yamamoto
Prof. Sho Yamasaki

Prof. Tohru Ishitani

Prof. Tetsuya lida

Prof. Shiroh Iwanaga
Prof. Takeshi Kobayashi
Prof. Takeharu Nagai
Prof. Masateru Taniguchi
Prof. Junichi Takagi

Prof. Takayuki Kato

Prof. Takahisa Furukawa

SA Prof. Tadamitsu Kishimoto
Prof. Kiyoshi Takeda

SA Prof. Shimon Sakaguchi
SA Prof. Shigekazu Nagata

Prof. Kazuhiro Suzuki

SD Prof. Keiichiro Suzuki

Prof. Satoshi Shimegi

SA Prof. Yoshiharu Matsuura

SA Prof. Taroh Kinoshita

Prof. Wataru Ise

SA Prof. Shizuo Akira



Suita Campus

Lunch Map

BFRSVFHEELODEZERSVTFET

From affordable to extravagant lunches

NZILRE)
HACAE Halal food
o=

convenience store

CVsS

ABRAFEZEBHIERITA 1F
Osaka University Hospital (1F)

EREEHZADTET Lots of choices!

0 BE Cafeteria

BBER.DEAAL—
F—AUFEARY
set lunches, udon, curry,
ramen, donburi

~¥500

O TEeLE)

Inaba (Udon restaurant)

SEAER TR
udon, soba
(buckwheat noodles), donburi

~¥500

© SHEPGuEE

Unagiya (Eel restaurant)

RS

set lunches, donburi

~¥1,000-2,000

e Ak Subway

H2R1YF sandwiches

~¥500-1,000
HALAL NS AZa—3V)

Halal menu available

O 29—/N\yPRI3—k—
Starbucks Coffee

BERAY BB 1Y

drinks, light lunches, baked
goods

~¥500-1,000
BT EHINCTT7I—
CVS JKAde
FamilyMart located across from
Subway

KIRKZEZERMIERITA 14F
Osaka University Hospital (14F)

@ AH1LARNSY

Sky Restaurant

EFES>F various lunches

~¥1,000
W Baes o

Available upon advance notice

Onoharaguchi
Entrance

NERO|)

FredtF 2R

Kitasenri Sta. of Hankyu Line

HeZ
FvF>BISYOKU

RIMD Cafeteria Kitchen BISHOKU

CITUDBANSNIEWXZ 21—
Special menu only available here
BRER.BIX

various main/side dishes

~¥500
cVS [t a2 AV 1))

7-Eleven next door

® La Scena
(GSEZE>-T—AMR 15F)
La Scena (GSE Common East 15F)

@ LRSS 2N
(SREREE 2F)
Minerva (Icho Hall 2F)

U—ADTVIATIEE, 74— NI FIC!
Managed by the RIHGA ROYAL HOTEL.
For a formal lunch

BT

various lunches

¥1,000-2,000
W ST

Available upon advance notice

® FoFurEE)
(ABBAIHBFISEE 1F)
Hidamari (Welfare Building 1F)

TFERIATIEER . RBLELHFT!
Managed by the Senri Hankyu Hotel
Great view!

&1&8S>F various lunches

~¥1,000
TUNFF BFERINRY
Grilled chicken, vegetable pasta

O IEBREI7I-I
(€273 1F)
Famille
(School of Engineering cafeteria)
(Central Terrace 1F)

BEOAEE. RBHEF> /N1
Biggest cafeteria in Suita!
BEIRER

various main/side dishes

~¥500

.j:”/_
BRFO—RNFEOEND

e curr
o fish/roast chicken

@ RBOONDON (2552 1F)
Suita DONDON (Central Terrace 1F)

B FHERBNBESI!
BITDERARBMRZFHFES

If you want noodles or donburi, this is
the place! We recommend Handai's
famous Tenshin Mabodon

SIEHE. F A

noodle dishes. donburi

~¥500

ASAZ2—RB BB T

Our karaage lunch is a popular choice!

HL— RIS T1
BEDYUS>FHY
curry, spaghetti, daily lunch
specials

~¥500

® <U5% crmpanmniame 2F)
Kujiraya (Welfare Building 2F)

AQAZa—FHAL—!
BEN-KRBEHL—DB!
Try our curry! Every Tues/Thurs is curry
day!
SRER.HL—
B&LUS>FHY)
set lunches, curry, daily lunch
specials

~¥500

® Hoz-RoUT
(8 BRpIRAAEA)
CAFE de CRIE
(Osaka University Dental Hospital)

BRNSRT—VET

From light lunches to sweets

BERAYBRAT—Y
drinks, light lunches, baked goods

~¥500

® H 7T VTEmEm

Takumi
(Administration Bureau South Bldg.)

BEIT/INERIRSHTTTIT
We have freshly baked bread!
BBERBIR. />

various main/side dishes, bread
~¥500

NIWAZa—B) &
HALAL Halal menu available: fish

North Entrance

Osaka Monorail

KBRE/L—IL
FRARRERIER

Graduate School of
Frontier Biosciences

{ Banpaku Entrance

B LA [7)L—))
(IE¥REFZRA 1F)
Couleur
(Graduate School of Information
Science and Technology Bldg. 1F)

HARIBREA —2—354)!
BIYAZ21—HETID!

Limited time menu! We recommend our
fried foods

SHEER

set lunches
~¥500-1,000
FESBFCABRT
Ask when ordering

CVS e 2 AV %2 510}

7-Eleven next door

@ NSSOL Café (s4a)
(IEsREZRR 2F)
NSSOL Café
(student cafeteria) (Graduate
School of Information Science and
Technology Bldg. 2F)

RADR—I 751V REMERE
A naming rights agreement was signed
for the first time at this cafeteria

SEER.BBDUSFHY

set lunches/daily specials

~¥500

O sx25RE
School of Pharmaceutical Sciences
Cafeteria
BRI SHES 107
A 10-second walk from the School of
Pharmaceutical Sciences
BELUTE

daily set lunch specials

~¥500

X EEH. BEIEEE CERIEE L,
XNSILRICDWTI(E SFIARIIC
—EHR<EE N,

*Please check the opening hours of
each location.

*Please check Halal options before
ordering.

CAMPUS
MAP

EF v/ R
SUITA CAMPUS

' .'I o
: PRAAERFT N R 1
Handai Honbu Mae

Bus Stop

INEFIR

FEM
Senri Gate

[l
West Gate

=P
East Gate [

iEP3
Main Gate [l

Onohara Shimizu

AR NE

EFHEHTAR

. Center for Medical

£ Research and Education Bldg.
!"l_ =,

EF BRI

Basic Research Bldg.
o

W) <=1

=1

| EF

=SB R AR

Osaka University Hospital

P NES 2 e
NZE
Handai-lgakubu Byoin
Mae Bus Stop

“t.."' ! |
J b =r3 )|

East Gate

@ KIRE/ L=
PR AEPEAIER

Handai Byoin Mae Sta.
of the Osaka Monorail

PRAEFERA]
N {E
Handai-lgakubu Mae
Bus Stop

EBERHSEAR

Clinical Research Bldg.

EREECHR

Frontier Bioscience Bldg. C

i

EAHREEBIR

Frontier Bioscience Bldg. B

E FWER

for Saito-nishi Sta.

B

218

Toyokawa Sta.

AIRE / L—ILEHBIR

Osaka Monorail Saito Line

v /N2
SUITA Campus

ARIRAZEBENT R

OU Kasugaoka House

FRATRBEAIER

Handai-byoin-mae Sta.

AERAR

Koen

Expo’70 Commemorative Park: higashiguchi
Sta.
1 FREYE IC R Jet.
\\ hugoku Suita ICy Suita et
[ER\yE S S . "
(4 ;gamada Star Chugoku Expwy_() %
= FRchs- S FIRAR T 78 R IC
v ERWNEL tr s
(fﬁl'-F:\'—V/l\Z?iE) Bampakuﬁkinen-koen Sta. Meishin Suita ICT 2 FE-
or Senri-chuo. . =}
: ) 2, S R FIE™
Shibahara-handai-mae. = i5M Meislﬁ% Expwy for Unobe.
TOYONAKA Campus for Umeda Sta. Kadoma-Shi

77"22755* Access from the Nearest Station

B EH ByTrain
IREEBETFTEH{E AT EER (B R)
TE BEAfFEHH300

30 minute walk east from Kita-Senri Station
on the Hankyu Senri Line.

J\ X By Bus

oPR&/\RX By Hankyu Bus
FEARRE MRARIPBFTT £l
TRAERE, B17)

MRAEZEE FTEIC

Get on the bus bound for "Handai Honbu Mae"

or "Ibaraki Mihogaoka" from Senri-Chuo
Station. Get off at "Handai-Igakubu Mae".
It is near this stop.

@ E£./L—JlL By Monorail
KIRE /L —ILREBHR

MRASRREEIER) T8 BEAESHH55
5 minute walk west from Handai Byoin Mae
Station on the Osaka Monorail.

o g% /\ R By Kintetsu Bus
fRBEATRHE (JREARRER)
MIRAAERAIT) F7cld TRAEREr E1T7)
MRAEF & FEIC

Get on the bus bound for "Handai Honbu Mae"
or "Ibaraki Mihogaoka" from Hankyu Ibarakishi
Station (via JR Ibaraki Station). Get off at
"Handai-lgakubu Mae". It is near this stop.

FI/NAFOS—1F
== Nanobiology Bldg.

ERaHRtE 22—

Center for Information and Neural Networks

ab s Yy

F

ERORATLIR
BioSystems Bldg.

EAIREEAIR

Frontier Bioscience Bldg. A

7’71227‘77’ Access Map

| L EE AV HEF v /N FABE
=55 TOYONAKA Campus| | MINOH Campus O Saitonishi
for Takarazuka
WEFv>/NR o
D, EFE SUITA Campus 4
AEERAFT Kita-senri S,
Ishibashi-handai-mae ' Pl APl
FEhR () Handai-byoin-mae
Senri-chuo ! i Ibaraki-shi

EJQH o T O LT
Hotarugaike ERgn P g . Tk o
AN pemE m  ABER  panak ,&@&@o\"
953, Yamada A Lo
e 4‘6,*(,‘%' Bampaku; A

o [‘EII ) Ai s*o,f 7 kinen,#” FIRA %fiﬁow

saka (Itami) Airport 5 & Minamiibaraki v
JRETERR JR Shinkansen ©

E #7 for Kobe

gz KIRE/ L—IL

R2HF4 Hankyu Kobe Line Awaiji Monorail
_ . - 2
JR# 4R JR Kobe Line hﬁﬁ;u B8 Line .

>
IRH#48 Hanshin Line O xmigsi TH 57 pEd
_P -Tyjimbashisuji )&upc Kadoma-shi

r L 6-chome ,@é&
FEHEE o) KBx#EEH
Nishi-umeda Osaka (Umeda) b=t
FIRFZBH, Keihan Nakanoshima Line Kyobashi
28 O
Nakanoshima Pt

REE bk Temma

hzBtLa— Yodoyabashi] itahama basfi wrenzm
NAKANOSHIMA Center -ljdsﬂﬂ ubway (Chuo Li

, Hommachi oA+
TP DB — . .
Sl]b/ y (Yotsubashi Line) — é&'g&mg?g i Morinomiya
‘ ey (cosuitne) SEBRAR Kintesu Line
BAIE D
Nemba Sy : P
(Sakaisuji Line) Tsuruhashi for Nara
. -
JRIRIRIR JRARIESR JR Yamatoji Line
Osaka Loop Line *rs
EhEes | Tennoii
Dobutsuen;

mae

XTHRE
BEFEZeE Tengachaya
Kansai International Airport

| o AR Nankai Line

JRBRFNR JR Hanwa Line
CED JRHTER = JtRRRITHR — AR s NREEAR
JR Shinkansen Kita Osaka Kyuko Line Keihan Line Bus Line

— T ORI T w— KIRE/ L—IL

e R

JR Line Subway Monorail
— TR R — IR w— Z OftDFLER
Subway (Midosuji Line) Hankyu Line Other Private Lines
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Graduate School of Frontier Biosciences
Osaka University

T565-0871 KFrAFREBHWBET-3

1-3 Yamadaoka, Suita, Osaka 565-0871 Japan

TEL : 06-6877-5111

http://www.fbs.osaka-u.ac.jp/
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