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Message from the Director General
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Institute for Advanced Biosciences, Keio University
Director General Masaru Tomita
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The Institute for Advanced Biosciences provides unique opportunities to carry out exciting
and diverse research on new frontiers in biological sciences. The campus is situated in
Yamagata Prefecture, Tsuruoka, on the Shonai plain. The region is nestled between the
mountains and the seaside, has a deep cultural heritage, world renowned cuisine and a
rich natural environment.

The TAB founding vision was to create an open research environment, where

innovative science could be fostered away from the hegemony of the major academic
urban centers. Where traditionally there is a perceived fear of failure, which often leads
to status quo research, at the expense of more novel ideas, thus stifles creativity.
In contrast, Keio University's founder, Yukichi Fukuzawa, encouraged a “mutual learn
and teach” paradigm that blurred the line between professors, post-doctoral and student
researchers. Inspired by these ideas, the IAB has abolished much of the traditional Japanese
institutional hierarchy. Therefore, all researchers share the pain of failure and pleasure
of success while conducting groundbreaking research.

The IAB is a global pioneer in Integrated Systems Biology, where researchers in cell
engineering, analytical chemistry, metabolic engineering, molecular genetics, genome
engineering, and informatics work together on exciting left-field projects. When IAB was
first established, we developed unique technologies in the complementary fields of cell
simulation and metabolomics. The importance of these fields in understanding biological
systems had previously been overlooked, but now these technologies have become the
backbone of many worldwide research projects, in part due to the efforts of the IAB.

The IAB is expanding at a rapid rate and five bio-ventures have emerged from our research,
namely Human Metabolome Technologies Inc. (HMT), Spiber Inc., Saliva Tech co., L'TD.,
MetaGen Inc. and Metcela Inc. We have also developed innovative education initiatives,
such as, “Biocamp” for Keio students and the recruitment of talented local high school students
as High School Student Assistants and Interns. Taken as a whole the IAB is transforming
Tsuruoka into a “Bio-town” that promises to revitalize the city for generations to come.

Institute for Advanced Biosciences Keio University
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Masaru Tomita received B.S(1981) in Mathematics
from Keio University, M.S(1983) and Ph.D.(1985)
in Computer Science from Carnegie Mellon
University, and another Ph.D.(1998) in Molecular
Biology from Keio University. He is a recipient
of Presidential Young Investigators Award
from National Science Foundation of USA(1988),
IBM Japan Science Prize(2002), Minister for
Science and Technology Policy Award(2004),
The Commendation for Science and Technology
by the Minister of Education, Culture, Sports,
Science and Technology(2007), Special Award
for Academic Startups(2014), International
Society of Metabolomics Lifetime Honorary
Fellow(2017), Yamagata Prefecture Distinguished
Achievement Award(2017) and various other
awards.

From Oct. 2005 to Sep. 2007, he is also Dean
of Faculty of Environment and Information
Studies, Keio University.
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The Institute for Advanced Biosciences (IAB) that has been established since
2001, uses cutting-edge technologies and computing to comprehensively
analyze, model, stimulate and interpret large volumes of biological data, such
as that of genomes, meta-genomes, transcriptomes, proteomes and metabolomes.
IAB is gaining attention from around the world as a pioneer in a new life sciences
field known as Integrated Systems Biology which uses advanced biotechnology to
analyze big data.

In recent years these technologies have both led to breakthroughs in the biosciences
and given rise to numerous venture companies through applications in the fields
of medicine, health, environment, as well as agriculture, forestry and fisheries,

and food production.
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Tsuruoka Town Campus of KEIO
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Summary of TTCK

In April 2001 Keio University established Tsuruoka Town
Campus of Keio (TTCK) in collaboration with Yamagata
Prefecture and Shonai area. It is located 340 kilometers from
Tokyo in Yamagata Prefecture. Tsuruoka Town Campus holds 3
institutions, The Institute for Advanced Biosciences (IAB) of Keio
University, Graduate School, Tohoku University of Community
Service and Science and Chido Library.

The activities of IAB are done at Campus Center and Biological
Laboratories.

At TTCK,
of Shonan Fujisawa Campus of Keio University and “Systems

“Biocamp”, an educational program for the students

Biology Program”, a graduate program of Keio University are held.
We also hold “Summer Bio College” for high school students.
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[73‘572’_?@] Karadakan (Health Information Station)
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Research Projects
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The project attempts to understand how genome-encoded genes function
and create designed genomes that produce materials useful for human life.

Transcriptomics
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The project analyzes a nucleic acid “RNA”, various =l
functions of which has been identified in recent

years, through informatics and molecular biology
and challenges the new paradigm of genetic control.

Proteomics
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This project aims comprehensive analysis of whole proteins expressed in
cells/ tissues/ body fluids. Our goal is to understand whole proteome
(protein + -ome) in human and other organism.

Metabolomics
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This project aims to develop high-throughput comprehensive chemical
analysis to apply metabolome data to medicine, metabolic engineering, and
agriculture.

Bioinformatics
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The project aims to develop a software named |
“E-CELL System”, a basic environment to run various
simulations on cells and organisms on the computer.
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A project to study the "Tsuruoka Metabolome Cohort Study" project aims to L %73,

metabolic state of cancer
cells by identifying and
measuring metabolic
substances linked to
cancer development and

understand the mechanism of lifestyle related diseases,
to establish the efficient preventives, in cooperation with
Tsuruoka city and local health / medical organizations.
This is the world-first cohort study using Metabolome
analysis technique, and will be utilized for citizens'

The final goal of this project
is to develop the disease
prevention and preemptive
medical care system based on
the regulation of human-

growth. health checkup in the future. associated microbiota.
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Astrobiology is a new interdisciplinary
research field coined by NASA in 1990’s, which
covers broad spectrum of understanding the
origin, distribution and future life in the universe.
It holds big questions that are fundamental to
humankind: where and how did life emerge on
this planet? Are there life out there? How
humans will expanding their habitability

beyond Earth.

PAEE. BRBE (5. 13 R Wil A
THREZE) DV LIATRAINE
o Lo L. AEDOBIEN - BEREM 22 2 3
HORBHEIRMDOE T, MEMDOS
PR AL Z I . T DHGEZ RS - B3 -
MBI AL EZHFELE T,
Microorganisms are found everywhere in
environments, such as air, soil, water, and
urban built environments. However, genetic
and functional diversity of microbes remain
largely unknown. Our goal is to extend the
knowledge on microbial diversity and
evolution, and its medicinal, agricultural
and industrial applications.
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Metabolome analysis has been used to investigate
functional substances, taste and aroma components for
various agricultural products scientifically. We aim to
improve the products’ value through the optimization
of production, processing and storage conditions.
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By analyzing the characteristics of tasty rice such as
"Tsuyahime" which was produced in Yamagata prefecture,
we apply the obtained outcomes to the future rice-breeding.
We are also working on the researches to elucidate the
characteristics during the Japanese sake-brewing process.
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Human Metabolome Technologies, Inc.
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Human Metabolome Technologies, Inc. (HMT) announced
that they have launched a new analysis service with a

higher detection sensitivity that is capable of detecting
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A research group comprising Professor Tomoyoshi Soga and Project Research Associate Kiyotoshi Sato of the
Institute for Advanced Biosciences (IAB), Keio University; Kagawa University, National Cancer Center and Aichi
Cancer Center Research Institute have clarified the mechanism by which cancer metabolism alters, which had
baffled the world for 100 years. Outcomes of the research were published in the August 29, 2017 online edition of the
Proceedings of the National Academy of Sciences of the United States of America.
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Shedding light on the mechanism of malignant tumor metabolism caused by asbestos
—contributing to the development of a cure through metabolomic analysis
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In collaboration with Dr. Hideki Makinoshima, a team leader at the National Cancer Center Tsuruoka Metabolomics
Laboratory, Yuzo Sato, a graduate student at Keio University (doctoral program at the Graduate School of Media and
Governance) and a staff member at the Shonai Regional Industry Promotion Center, discovered differences in
antimetabolite sensitivities in multiple malignant pleural mesothelioma cell lines, in a joint research carried out
by the National Cancer Center Japan, Shonai Regional Industry Promotion Center, and the Institute for Advanced
Biosciences, Keio University. The outcomes of this research were published in the online edition of the Swiss

pharmaceutical journal “Frontiers in Pharmacology” on October 12, 2018.

| —Z News related to bio-venture companies originating from 1AB

Spiber Inc.

Spibert#kxt &1t

DIV DERIBTAEVERTD
[FRE]DORFEICKTIN [2019.1]

. A e 3
Soiber AL BB 3L OCHRHORE
TDEI %, LERHTRDLIN AL K-BHR

B & Fo TS DR IR i 1 =
DLELZ HilERREL S URE L T
VBB R S LUFH LT T H A

KA 5 DI HIFF ST
WwEg,

Spiber Inc. has successfully
developed a soft, smooth fiber
similar to high-grade cashmere.
This environmentally friendly

staple fiber, which does not require petrochemicals for

production, is anticipated to find use in a variety of fields.
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Unraveling the 100-Year Mystery of Cancer Metabolism
Unraveling the mechanism of altering metabolism of colorectal cancer
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Itoh was one of the five people featured under the
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Kohei Itoh, who served as a Special Research Student at the Institute of Advanced Biosciences, Keio
University when at Tsuruoka Minami High School and who is currently a 4th-year student at the Keio
University Faculty of Environment and Information Studies, received a prize after being selected as one of
the “30 people under 30 changing the world” (30 UNDER 30), a feature in the business magazine Forbes Japan.
“Healthcare and Science” category.
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Signing of a comprehensive partnership agreement in advanced science and technology
and establishment of the “Sompo Japan Nipponkoa Business Lab Tsuruoka”
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The Institute for Advanced Biosciences, Keio University and Sompo Japan Nipponkoa Insurance Inc.
concluded a comprehensive partnership agreement which aims to contribute to the region and
society by solving social problems through advanced science and technology. As part of this

Institute for Advanced Biosciences Keio University
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Keio University student from Tsuruoka selected as one of the “30 UNDER 30” by Forbes Japan
—pioneering research on microorganisms in urban environments
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partnership, Sompo Japan Nipponkoa Insurance Inc. will establish the “Sompo Japan Nipponkoa
: Business Lab Tsuruoka” within the campus center of the Institute for Advanced Biosciences,
L merging academic, business, and local organizations.
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Saliva Tech Co.,LTD. Metabologenomics, Inc. Metcela Inc. MOLCURE Inc.
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Graduate Program

Systems Biology Program
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It is now possible to obtain enormous amounts of data on living systems through comprehensive
measurement and analysis. For example, we can use metabolomic analysis for metabolomics,
metagenomic analysis for DNA, transcriptome analysis for gene expression, and proteome analysis
for proteins. Systems biology is expected to use this data to reveal the inner workings of life and go
on to apply the findings to benefit society. The Systems Biology Project at SFC collaborates with
TTCK (Tsuruoka Town Campus) to allow for a multifaceted approach to be taken in a variety of
frontier fields, such as cancer, the immune system, the gut microbiome, food and health, the origin
and evolution of life, extremophiles, astrobiology, microbial communities in urban environments,
genomics, and systems biology.

The Program also develops unique bio-ventures, including a saliva test to detect cancer, a blood test

to diagnose depression, and the production of synthetic spider silk.
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The Biocamp is a program where students stay at TTCK for 2
semesters (or 1 semester) to learn the basics of biosciences through
the actual use of state-of-the-art experimental equipment. It is
aimed at SFC students who have no experience doing experiments.
They start from a very elementary level such as learning how
to use the equipment. TTCK subjects taken at the Biocamp are ' 5
regular SFC courses. Students do not need to take a temporary / 1
leave of absence and are able to earn credits necessary for

graduation.

JOJ5 L8E Program Courses
Soims) FHELEYE ADVANCED MOLECULAR AND CELLULAR BIOLOGY
5/ LTSRS GENOME ENGINEERING LABORATORY
NAAAVTHITAOATIVIVX BIOINFORMATICS ALGORITHMS
FILTFHAUF GENOME DESIGN
5/ LE#EZE GENOMIC MEDICINE
BIREYF MATHEMATICAL BIOLOGY
IR RER COMMUNICATING BIOSCIENCE USING ENGLISH

MR FRYNT—2
X iRO—L@BHRES
JO57 4 —LRTES

BIOLOGICAL NETWORK
METABOLOME ANALYSIS LABORATORY PRACTICE
PROTEOME ANALYSIS LABORATORY PRACTICE

HZRIERE

Research Concept and Methodology Courses ‘

B=EE [BI]
Seimtzi [Bl]

CONCEPTUAL FRAMEWORK (SYSTEMS BIOLOGY)
ADVANCED RESEARCH (SYSTEMS BIOLOGY)

JOv o ME Project Courses ‘
SoimtEmilEIO0I I~ SYSTEMS BIOLOGY PROJECT

BEEY 2 FEFEE Related Courses ‘
EHRIATLA LIFE SYSTEMS

BERSFEME1~4 MOLECULAR AND CELLULAR BIOLOGY 1-4

ey u = FUNDAMENTAL ANALYTICAL CHEMISTRY

BERE(bE INTRODUCTORY BIOCHEMISTRY

J/L5FEME. 2 GENOMIC MOLECULAR BIOLOGY 1,2

F/LERIOISZVT PROGRAMMING FOR GENOME ANALYSIS

5 L@BRO—ovay WORKSHOP FOR GENOME ANALYSIS

NAFYZab—vay BIOSIMULATION

SR EERARAT GENOME INFORMATICS

BE9 MASS SPECTROMETRY

Lo FIEE STRUCTURAL BIOLOGY

Hing) FHERE BIOMOLECULAR FUNCTION

JOFA=OR PROTEOMICS

XZROZHR METABOLOMICS

B Ednfl N8R FUNDAMENTAL BIOLOGY LABORATORY

BIEFIERE GENETIC ENGINEERING LABORATORY

BIF#ETRE GENETIC ANALYSIS LABORATORY

EmyERE BIOPHYSICS

4 EHIEEDIESL EVOLUTION OF LIFE AND INTELLIGENCE

BlEs HISTORICAL DEVELOPMENT OF SCIENTIFIC THOUGHTS

B Masters thesis ‘

BREE A JoIR R A ORI 250 ¢

http://bio.sfc.keio.ac.jp/
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Educational programs for high school students

Institute for Advanced Biosciences Keio University

[BEY<Y—I\ALFHLYI] Keio Summer Bio College

[Keio Astrobiology Camp]
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[fZEFR A5 Y]
Faculty

*AETEIR

Ffif% Director General
=l B SAF L

=]
Masaru TOMITA Systems Biology

Institute for Advanced Biosciences Keio University

ﬁ_ﬁ?ﬁ?ﬂ}%’t_ Project Associate Professor
=2 G AR RIS L ER R R R

Yoshinori TAKANO Organic Geochemistry, Earth and Planetary Science

FHEBNE Project Research Associate )
T OVEY —a—MFIZAMEER

Wanping AW Nutriomics, Complementary Medicine

HEIE Project Professor
=ia E— ARV AT L

=i=| 1=
Koichi TAKAHASHI Computational Systems Biology

#§% Professor
NITES PRI 2= —av, R

Miki AKIYAMA Health Communication, Health Informatics

BB professor RRAEF, BITIEF, PRI

Eﬁ** = Clinical Epidemiology, Environmental Epidemiology,
Toru TAKEBAYASHI Preventive Medicine

A Associate Professor

1| 065 PAFA Y THRTA AL VAT DA
Kazuharu ARAKAWA Bioinformatics, Systems Biology

ShRSEERM Visiting Assistant Professor

HiE % o F I 708 AACH

Sho TABATA Molecular Oncology, Cancer Metabolism

328 Project Researcher

aH T PRI, 27 RO IZA A AI A ST

Chiharu ISHII Intestinal Microbiology, Metabolomics, Integrated Omics Analysis

S {E5#EMD Assistant Professor
aFx = R A

Megumu TSUJIMOTO  Ecology, Conservation Biology

ISR Project Associate Professor

HE & S AR, T F R

Joe INOUE Immunology, Pharmaceutics, Vaccine

4% Professor
i R YAT AR, PR

Yasuhiro NAITO Systems Medical Sciences, Theoretical Biology

$5{EBhEX Project Research Associate

a= 5l PRI AR LR T2 Sl 2

Takahiro IWAMIYA  Regenerative Medicine, Tissue Engineering, Stem Cell Biology

H{E5EED Assistant Professor

FH B P, PRI

%
Sei HARADA Epidemiology, Preventive Medicine

1% Professor X’ET?I%&» Xjﬁ:—?ﬂ/{j‘}ﬁ:7x,
A #5m AARGHI, MERETH

o Sports Engineering, Sports Biomechanics,
Yuji OHGI Human Functional Wireless Technique

$E{FSEET Project Assistant Professor

11 BAA AZRAIZA, HiAL¥

Akiyoshi HIRAYAMA Metabolomics, Analytical Chemistry

$5EFEEM Project Assistant Professor

NI ETS AR PR AT DY

Yukino OGAWA Neurophysiology, Systems Biology

$5EZUR Project Professor
1aH B B N BRBE IR 22 B A4 37 AL

Shinji FUKUDA Intestinal Ecosystem Regulation, Integrated Omics Science

#1#% Professor

SH BX RN R e

Akio KANAI Molecular Biology, Molecular Evolution, Developmental Biology

SHEHAEZUR Project Associate Professor

B BN kiR, R

Kosuke FUJISHIMA Astrobiology, Synthetic Biology

$5{EBHZX Project Research Associate
BURY Y374 55 7AW S A IAT A7 A

Josephine GALIPON Molecular Biology, Biomimetics

%Eﬁ:’iﬁﬁ?'{,% Visiting Research Fellow
TVEVY I1-hR 5 - %M

James FLEMING Molecular Phylogenetics

$5EFEEM Project Assistant Professor

L5 IEZBA il AUS AL AIEEE

Shojiro KITAJIMA Cancer Stem Cells, Metabolic Reprogramming

$EFEEET Project Assistant Professor

¥R At LY, i

Daiki HORIKAWA  Tardigrades, Zoology

A Associate Professor

Hiroki KURODA Developmental Biology

SHRSER Visiting Professor

WEIS Bt B eE A5 RaIy 2

Hideki MAKINOSHIMA  Tumor Biology, Metabolomics

$5{EFEEM Project Assistant Professor

JOIEF $5RH PARAVTHIFAIA, YAFDIEE, BT

Nobuaki KONO Bioinformatics, Systems Biology, Synthetic Biology

Bh# Instructor

MIT RERTF PRI B

Minako MATSUMOTO Preventive Medicine, Pharmacopedics

ShRSZEE Visiting Research Fellow

plin:: L= D EW A BRI A

Koyuki KONDO Molecular Biology, Cell Signaling

EEHUF Guest Professor )
=H & NAFEYFRA
Mitsuru MIYATA Bio Business

$5{F5EEM Project Assistant Professor

ik BRah oSN Py o 3 A

Yasuhiro SAITO Molecular Cell Biology, Cancer Biology

BHEHEZUR Project Associate Professor

I T AR

Junko MURAI Cancer Biology

$5HEZUR Project Professor

iR BAER AV TARTAT A KM =2

Rintaro SAITO Bioinformatics, Network Biology

¥HEBNZK Project Research Associate
ML B2 BREEWAE AREY

Shinnosuke MURAKAMI  Environmental Microbiology, Balneology

$EEHIR Project Professor

{EQAR BER M. S AAGH

Atsuo SASAKI Cell Biology, Cancer Metabolism

$HEBNE Project Research Associate

o3 X TaFAIZ A HHALF

Masaru MORI Proteomics, Analytical Chemistry

Bh# Instructor

{ER HFE SRR, PR

Mizuki SATA Public Health, Preventive Medicine

HHEAEBUR Project Associate Professor
BT 2 EWEWFE VAT ALY

Nozomu YACHIE Synthetic Biology, Systems Biology

45{T5EEM Project Assistant Professor

R A oA, SR

Kiyotoshi SATOH  Molecular Biology, Developmental Biology

SHRSAERIR Visiting Associate Professor

X &l KB RBRAERLAE il

Hajime YANO Solar System Exploration Science, Astrobiology

$5EZR Project Professor

[ =F AFRUIZA P THRTAIA
Masahiro SUGIMOTO Metabolomics, Bioinformatics

FHEARUR Project Associate Professor

AR =2 PG YRFIZA VAT LW

Katsuyuki YUGI Trans-Omics, Systems Biology

SHRH#ESR Visiting Associate Professor

A DEF B JUERTU

Shino SUZUKI Environmental Microbiology, Geomicrobiology

T32& Project Researcher

B (ES LUV wZYN |1 Y S EV

Jiayue YANG Microbial Biofilms, Cell-to-cell Communication

U Associate Professor

28K Bk INAFALTHTA IR, LW

Haruo SUZUKI Bioinformatics, Microbiology

SHRSEUR Visiting Professor

11U BB NERE WY T I TR

Akihiko YOKOYAMA Tumor Biology, Epigenomics

#§% Professor

BT A% AZROUIZA, HHALY:

Tomoyoshi SOGA  Metabolomics, Analytical Chemistry

BS{EEEEM Project Assistant Professor

Al IR iRl AP RaIZ A, by

Masataka WAKAYAMA Plant Biology, Metabolomics, Analytical Chemistry

SHRERZRE Visiting Research Fellow )
BRE E£=  TEIRRE BT EY

Keizo TAKASUKA  Behavioural Ecology, Ethology

2019.9.11R%E
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\‘ .ﬁ,égg Gassan Mt. Gassan, the highest of Dewa Sanzan, is in the center of _ Yura Beach, Shonai Coast Yura has been selected as one of
| Egg Yamagata prefecture and dominates the scenery from many regions, \\ the top 100 most beautiful seaside areas in Japan, and the 88th
‘\ = with its long white slopes and imposing size. Gassan receives huge N\ best swimming location. Sunset makes splendid contrast with
‘ s amounts of snow, which means the Gassan ski slope is still in use \ Hakusan island.
| % til July \
‘ BEYOIF VIR £ %7% until July.
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| Haguro-san Mt. Haguro (Haguro-san) is known for its relationship to ) Goju-no-To (Mt. Haguro) The Five-Story Pagoda, Goju-no-To,

| . . i

| Shugendo, an ancient form of mountain impressive and magnificent, has

asceticism. Mt.Haguro is the center of been named an official National

the religion, and the site of Sanshin Gosaiden (Three Gods Worship Hall).
/isitors can climb the 2,446 stone steps to the top of the mountain while
enjoying the breathtaking greenery and tall, fragrant cedars.

Treasure. This serene wooden structure was built some 600 years ago
and stands among old cedar trees.
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Regular flight

/ [Z2EX]
/ 2R

| Airplane

RN SPHZE — (28 191 65/) — ERZE — (8 #9189)) — 5T
Tokyo International Airport (Haneda) — 60min — Shonai Airport — 18min (by car) —IAB

/ [PEEE]
/ ORI
/ Ground
/ Transportation

JRERFER— (LHREHR #9205R1) —JRFMRBER — (PR 191 KB 409) —
JREBEIER — (& #9 599) —HAZePr

Tokyo Sta. — (Joetsu Shinkansen 120min) — Niigata Sta. — (Uetsu Honsen 100min) —
Tsuruoka Sta. — (5min by car) —1AB

RR—NOJCT—CRIEBEEIEE #)4 85E) —NHEICT—
(LFEB8IEE 2 B¥fE) — #8fIC—iF5RFT

Tokyo — Kawaguchi JCT — (Tohoku Expressway 240min) — Murata JCT —
(Yamagata Expressway 120min) — Tsuruoka IC — IAB

AW 4 RN — (107 B5R) — 881, Ua— (%9 2 B 30 0) — BB, L LIFE— (0 2 B ) — BB
(BE17/\ET) Tokyo — (420min) — Tsuruoka Sendai — (150min) — Tsuruoka
Bus Yamagata — (120min) — Tsuruoka

OF v VIRV H——(F 127) — @I\ T SRR

Campus Center— (12min by car) —Biological Laboratories
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