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Message from the Director
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Aspiring to extend healthy lifespans through bridging
the dynamics of biological systems across hierarchies
and time to understand what it means to be alive
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Humans and other organisms with a lifespan experience the
lifecycle stages of birth, growth, reproduction, aging and finally
death. To comprehend what it means to be healthy or to age, it
is important to know precisely what processes are taking place
inside the body from birth to death.

In Japan, a country with an aging population and a declining
birthrate, addressing how to ensure healthy growth during the
growth stages as well as how to maintain health during the ag-
ing stages are critical issues. To extend healthy lifespans, for ex-
ample, requires not only finding ways to tackle aging-associated
diseases, but also an understanding of why aging brings about a
decline of various functions, upsetting the balance of health.
However, there is still not sufficient knowledge of biological phe-
nomena, such as growth and aging, that involve changing dy-
namics over extended timespans.

The RIKEN Center for Biosystems Dynamics Research (RIKEN
BDR) views the lifecycle progression of organisms from embryo-
genesis and birth until death as a dynamic process involving the
establishment, maintenance, and breakdown of balanced, inter-
linked systems of molecules, cells and organs, and aims to
achieve an understanding of all biological functions supporting
an organism throughout its life. The laboratories at the Center,
which broadly span fields including life science, medicine, phys-
ics, computer science, chemistry and engineering, are working to
uncover and clarify the diverse biological processes unfolding in
the body from a variety of perspectives and approaches.

One breakthrough that is needed in the life sciences today is
the development of new methodologies for identifying factors
involved in the maintenance or breakdown of biological func-
tions to understand the temporal dynamics that transcends hier-
archies. This kind of scientific breakthrough is not possible with-
out the dedicated efforts of and the endless curiosity for explor-
ing living systems by each individual researcher. We have a di-
verse group of researchers working at RIKEN BDR and offer a re-
search environment that allows them to pursue and perfect their
own research style from hypotheses-driven approaches to da-
ta-driven research. By leveraging these strengths, we aspire to
make advancements in the life sciences that contribute to our
understanding of the mechanisms of living systems, to applica-
tions such as in regenerative medicine or diagnostics develop-
ment, as well as the promotion of healthy human growth and
development and extension of healthy human lifespans.

Eisuke Nishida

Director

p=E
=¥
Fertilization

IR

Implantation

N

RE

Development

ZAT7HA N Fa

Lifecycle and life expectancy

Birth

BEDBEEYHS
KEETICRETWS
SESETREICHS A

Growth

Clearly understand the biological
phenomena taking place inside the body
from birth to death.
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Understand what is a healthy or
normal state, and reveal

the mechanisms regulating the lifespan.
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Concept
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Observe Model Control
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Biosystems dynamics to be elucidated,
to be reproduced and to be controlled
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The life of an individual is supported by a
concerted, interhierarchical system which links
molecules, cells and organs. This dynamic and
robust system can maintain homeostasis against
the fluctuations of internal and external environ-
ments. The breakdown of this system leads to the
death of an individual. Research and development

is required to observe what is happening inside our

body from birth to death, from molecular to
organism levels. Researchers at the RIKEN Center

for Biosystems Dynamics Research aim to elucidate,

reproduce and control biological functions which

support all stages of the lifecycle, and contribute to

healthy lifespans by clarifying developmental and
aging phenomena, and developing regenerative
medicine and diagnostics.
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i Cell and Molecule
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The functional unit of life and essential elements
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An approach to identify the numerous cells in a body, eluci-

date the structure and function of molecules, and promote
data-driven science assisted by artificial intelligence.
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Multicellular systems to support biological functions
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An approach to elucidate the mechanisms of organogenesis,

regeneration and inter-organ communication by the obser-
vation of whole cells in an organ and organs in a living body.
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Maintenance and failure of biosystems dynamics
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An approach to understand the nature of growth and aging
in humans through the study of the interhierarchical sys-

tems underlying development, growth, maturation, and ag-
ing of multicellular organisms.
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Intercellular and intertissue
communication
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Evolution
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Stem cells
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Molecular interactions
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Mathematical sciences
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Diverse biological
phenomena
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Mathematical models
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Structural biology
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Developmental and regenerative biology
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The RIKEN Center for Biosystems Dynamics Research (BDR) is one of RIKEN's
life science research centers, and consists of 54 laboratories and one Collab-
oration Center that are based in Kobe, Yokohama, and Osaka.
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Application and Development
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Laboratory for Translation
Structural Biology
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Laboratory for Cell Signaling
Dynamics
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Laboratory for Developmental
Dynamics
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Laboratory for Cell Polarity
Regulation
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Laboratory for Dynamic
Structure of Biomolecules
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Laboratory for Protein Functional
and Structural Biology
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Laboratory for Prediction of
Cell Systems Dynamics
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Laboratory for Biomolecular
Function Simulation
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Laboratory for Transcription
Structural Biology
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NMR Operation Team
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Laboratory for Computational
Molecular Design
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Drug Discovery Structural Biology
Platform Unit
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Laboratory for Biologically
Inspired Computing
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Laboratory for Advanced
Biomolecular Engineering
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Human Biomimetic System
RIKEN Hakubi Research Team*
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Cryo-EM Operation Team
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Laboratory for Multiscale
Biosystem Dynamics
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Drug Discovery Molecular Simulation
Platform Unit
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Laboratory for Structure-Based
Molecular Design
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Laboratory for Bottom-up
Cell Biology
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Next-Generation Magnet
Development Collaboration Unit*
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RIKEN Hakubi Fellows Program
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Watanabe
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Laboratory for Comprehensive
Bioimaging
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Drug Discovery Computational
Chemistry Platform Unit
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RIKEN-JEOL Collaboration Project
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Tomoya Kitajima
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3 research themes
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RIKEN BDR-Otsuka Pharmaceutical Collaboration Center
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Office of the Center Director
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Visualization, prediction and

manipulation of molecular and cellular
states, and data-driven technology development
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Bridging cellular to organ scales
Unraveling mechanisms of organogenesis and inter-organ crosstalk
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Comprehensive research culminating in healthy human growth,

development, and maturation
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Laboratory for Synthetic Nonequilibrium Physics of Living Matter Laboratory for Heart Laboratory for Animal Laboratory for Physical Laboratory for Cell-Free
Biology RIKEN Hakubi Research Team Regeneration Resources and Genetic Engineering Biology Protein Synthesis
KERABHIEICEDHETF —L
RIKEN Hakubi Fellows Program
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Laboratory for Mouse Genetic Laboratory for Human Laboratory for Organ Laboratory for Bioinformatics Laboratory for Tissue Laboratory for
Engineering Organogenesis Regeneration Research Microenvironment Chemical Biology
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Laboratory for Developmental Laboratory for Lung Development Laboratory for Epithelial
Morphogeometry and Regeneration Morphogenesis
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Dan Ohtan Fumiaki Tomoya Shigeru Takefumi Hiroki
Wang Obata Kitajima Kuratani l Kondo Shibuya
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Laboratory for Laboratory for Laboratory for Chromosome Laboratory for Evolutionary Laboratory for Developmental Laboratory for

Neuroepitranscriptomics

Nutritional Biology

Segregation

Morphology

Genome System

Gametogenesis
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Laboratory for Hibernation Laboratory for Molecular Laboratory for Morphogenetic Laboratory for Brain Laboratory for Developmental Laboratory for Vascular
Biology Biology of Aging Signaling Connectomics Imaging Epigenetics Morphogenesis
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Internal and external collaborations

'{ tr2—-70IJz7hk
~ BDR Center Project
EantgAE R F > 2 — (BDR) Tl 6 DDt 2 — Rk 7O

TRBERLTCVWE T ZHRENFOMRENRSH 02— DRI %E
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The RIKEN Center for Biosystems Dynamics Research (BDR) has launched six
cross-center projects. We will continue to promote collaborative research
across disciplines, taking advantage of the strength of our researchers who
work in diverse research fields.

DECODEZ@Yz ¥k
DECODE Project

RABOFAFEMEATHEDNZRBN T ELLTLLC
MIBORTFEZBRE - BN T2 T HROREDREE
HELIROKEZ FRILRIETSEM (DECODER
fir) DRFEEBIRLTVET,

This project aims to develop DECODE technology to esti-
mate, predict and manipulate the cell states by observing
and analyzing images of changing cells using state-of-the-art
measurement technology and artificial intelligence.

FIWA/AFTOYIb

Organoid Project

FIWA/AREMOHAKRREZREITZ/INA TS V%
BRITLHEEDICCRMREA VA /A FRAREHEELE
T, BCEBICRBORBA. VD /A FDREL - LR
b.EE-BIECANORMARICRVEHFET,

This project is building a pipeline for the social implementation
of organoid technologies. They promote organoid research on
self-organization, standardization and maturation of organoids,
and applications for regenerative medicine/drug screening.

QMINZBYz sk
QMIN Project

BABEHNBAICBACEIXRBECHINRERRZ. [#
KJ-T#%1-TES1EWVD 3EBRIETHEL. MRERDEAZ |
DSMRBEDSAIETCOBELORREZBIELET,
Torpor is an active hypometabolic state in mammals. The
QMIN project will drive torpor research and aim to translate
our knowledge of torpor to applications to benefit human
society.

BERREMFEIOI I

Structural Cell Biology Project
22 INJEPDNA, RNAGZEDERDFHRBIET DT
M MRS OXRMOBIICT FO—F I 3R =R
HEL. HFLMPEOBOF vy TEBELTBTET &
OBREEELEY,
This project aims to develop technologies to approach com-
plexes and multilayered structures of biological macromole-

cules and to bridge the gap in knowledge between mole-
cules and cells to further advance our understanding of life.

MEESHLTOIIVH

Research Automation Project

EERBHNICEBTHAIIT-ORTA VA GEDEHL
BMERZBVTEMRERRENRT SHDRE:
BE-REETHEEBICRFNMBZBRNICHKRET
BAIPZDEBREMOMEHELZRELET,

This project will develop various automation technology rang-
ing from experimental robotics, data-processing workflow,
and any other topics relevant to scientific projects such as au-
tomated experimental designs and hypothesis generation.

Stage TransitionZ7OYz ¥k
Stage Transition Project

EMEEREDSENICESET. ZATHATILDR
THRELAREGAT—IVBBREZIFCVWEET AT —Y
BHEDADZALDOBBOHBEAT -V BBOREESE
BLCOERNGERT -V BBRIENDEEZREET,
This project aims to elucidate the mechanisms underlying
major, non-linear stage transitions during the life cycle, iden-
tify new transitional phenomena, and develop novel theories
and technologies to analyze the transitions.

f ERARBELTOTS A i
I Clinical Translational Research Programs

BDRTIF BRRIRHB CHOZ—REL V2 —DRFTIHMERERE LIH
BRIV LETOTVET,

RIKEN BDR established a research program to accelerate translational re-
search by integrating clinical demands with the Center’s cutting-edge research
and technologies.

DR RiPSHART A BB ZE

MR —4— (LREARE)

Research Leader

iPS cell-based Cardiovascular Medical Research

FHA ZF)

Hidetoshi Masumoto

7 EHMBDR-KFHREEHE L2 —

K( RIKEN BDR-Otsuka Pharmaceutical Collaboration Center

BEMEFR TR EREEAERRL D DOENTNDRAZEL L E
RO SRAMARE C—REG O THEREZHET DHIEEE
REDEHE L2 —FIEIZRITTVET,

EHBDR-KEEEEHE > 2 —I3 BDROIRAIK - BIER RBRR L.
AEREDQTEDOERE LGV IRBOMEREZ/RES L. BE - BLEH
RICEDREANZALORRE BIEANDISBICHIT TREBENS
ERTT. X MERBLVOIRLIRRBEINTNOERD S H e
EARMEDRIHERERDUREESAMDOBEREZDHELET,
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RIKEN actively promotes the transfer of its scientific achievements into com-
mercial products through partnerships with industry.

The RIKEN BDR-Otsuka Pharmaceutical Collaboration Center aims to eluci-
date the mechanisms of diseases based on developmental and regenerative
biology approaches, and to apply these research efforts to the development
of new drugs and treatments. Through the collaboration of developing and
sharing of resources, the Collaboration Center aspires to create a better quali-
ty of life for the global society and to foster human resources that will lead the
next generation.

FHEEBRIMAR RITAT L)

Neural Organogenesis Research (Special Program)

B —R R —4— (LikHRS)
e Director Research Leader
&  mEEn \
‘ . " Eisuke Nishida RO FBL
> Hideya Sakaguchi
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\e Affiliated graduate schools and programs for students

ERNADKE -RERBEEBHBEREZBELFICAMBEROER T
IEEBEREERALRERDSFELERITANTVE T BAVDF
DREREPEXERETOY S L REL BHOMRRECEFD
RTI Vo v Ve RARICEIERLTILEHELTVET,

F  2EOKRFEPKRERLEMIFICBDROMEIC DOV THOTES
SledDTAT I LEEICELEICRELTNET,
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RIKEN cooperates with universities within and outside Japan on matters of
research while working to build closer ties by hosting their research students.
RIKEN's joint graduate school program aims to draw out the potential of
young scientists through a variety of educational programs and providing
them opportunities to experience diverse scientific fields within RIKEN.

BDR also offers a variety of different opportunities for undergraduate and
graduate students to experience and learn how to do research.

ODE#HExFER—% ERN)

Graduate Schools within Japan

cKRARZEKRFBR R RFEARFR cEERIIAFRFR
EZRMRRL LM RRL BEZMRER EFRREL VAT ABRERERL EREBFHRR
Osaka University EFHER University of Hyogo

BT R A AR Kobe University B A A
BTFHER EMKFEARFR IR

Kwansei Gakuin University HMEBIFMERREERIFMER  Hiroshima University

N PN N2 Shinshu University ST BE A A A
ESAEERERMER RRAFARFR L EH R

Gifu University B A R F R Ritsumeikan University
BT AR A S The University of Tokyo

EZHRRL R R CHRRIEART

Kyoto University

B FEE A A Tokyo Institute of Technology
EFHRR REARFARFMR

ERERF RS
Tokushima University

Keio University

BREIZR VAT LBRR

OZF&ERIF7Os3 0
Programs for Students
-EHBDREHAFIEHAR - MRERFR
(BEXFRBLEMITDHRBER)
Guidance for Affiliated Graduate School Programs
EEAFR-ERLIFY—TOTS L
(CEHARFBE U O EEE BT BE)

BDR Intensive Lecture Program for Graduate Students

TKEEDHDBDRY T —R T —U
(REEDHDHRAEFKRT OIS L)
BDR Summer School for Undergraduate Students

+BDR Student Symposium
(KFEEEFHDBDRAMAZERER)
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Seminars, meetings, and symposiums
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EEEEREME L2 — (BDR) & RAHRDM R EB ZHET S
DI B BEBMERBOERZHEAIRERMORELE G2
TVET,

RUAEZ\E I HARREEMABHERCTIE T/ LIRERT S %
BOWICBLRFREI VADER - BE TR B EETZ
PEMEIMETIVOBRELS G OTVET HBTIE ErEE ML
DEREMEIRADMRIERPDERD FOEEE D HERE CIRAS
7544 BFEME. SHENMREESZREL MERDDFI I
L—23avT b L e FRE B (MDGRAPEY —X) 19 FA A —
YT DHDBEMHEDHAELB B OTVET,

BB IITAFTBEFEHBEENMRICOVWTIE EBOERERTF.BL
ULKEERDPTATITONBICHET 2D ZTNENI A5 E
FEMEEREE HAREF — LENMRERFER - HBREF — LD
FEETNTVET,

The RIKEN Center for Biosystems Dynamics Research (BDR) is equipped with
advanced facilities and resources, and develops new technologies for
cutting-edge research.

The state-of-the-art SPF animal facility not only addresses the needs of the
researchers by generating and housing experimental mice, but also develops
novel reproductive engineering techniques and establishes new vertebrate
animal models. Researchers have access to an MRI scanner for human and
non-human primate brain research. Cryo-electron microscopy is available for
reconstructing the 3D structure of bio-macromolecular complexes embedded
in vitreous ice at high resolution. High-performance NMR is also used for ad-
vanced chemical and biological applications. Researchers are also working to
advance the development of the MDGRAPE series of supercomputers built
specifically for molecular dynamics simulations and of microscopes for single
molecule imaging.

For the maintenance and operation of facilities and the promotion of indus-
trial or academic use of cryo-electron microscopy and NMR, the Cryo-EM
Operation Team and NMR Operation Team are on hand to provide support
for external users.

1.7/ LiRERfE R

1 2 3 ST A VES IR
2. 754 F BFRME
3.1.0 GHz NMR (I R IS %18)

A DFBNFER
A—/\—20>E21—% MDGRAPE-4A

5. 3T MRI (B ISEHREE)

6. 1) FERERIAMIER

1. Production of "knock-in ES mice" using
genome editing technology

2. Cryo-electron microscopy
3.1.0 GHz NMR

4. Supercomputer for molecular dynamics
simulations “MDGRAPE-4A"

5.3 Tesla MRI

6. Microscope for single molecule imaging

MREDBSOMRICOVTERLIBERICHERT HHRIE. ERE
HEDDHDEY NOFEMET A7 7 & FI BN DBEZEBL
BIRL WL DITBERAIRTY,

BDRTIE FMERDEEZIHHTHHEERLY VZRE. ERNAHLS
ERGMREEZBBLTRESNDERY YR TLD S EFHEE
DBFEDBTHD/NEEDCI S —E T EE T BDOHVEMRD
BERELTVET,

Scientists working at the BDR have many opportunities for learning and dis-
cussions. The BDR has dedicated research administrators who provide support
for organizing a wide range of high-quality academic events that facilitate sci-
entific exchanges, from large-scale international symposiums featuring promi-
nent researchers from Japan and around the world to smaller scale internal
seminars that serve as training opportunities for young researchers.

BDR Symposium 2019
Control and Design of Biosystems

g MNEIZa=4F5—23v
\ Science communication

EHOMERRIE FERPHERCOERICLIHEIZAZT4(C
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Structuring Biosystems:
Functions Emerging
from Molecules

RIKEN BDR SYMPOSIUM 2021
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Posters for symposiums organized by BDR.

The designs reflect the topics of each symposium.
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The latest research results are shared with the scientific community through
presentations at academic conferences and publications in scientific journals.
In order to make BDR research more widely known to the general public, we
further communicate the appeal and significance of our research to society
through the use of various media and activities.

2019
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Please check the website for the latest information
regarding the acceptance of on-site visits.
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Developmental Biology Buildings
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2-2-3 Minatojima-minamimachi, Chuo-ku, Kobe, Hyogo 650-0047
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Integrated Innovation Building
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6-7-1 Minatojima-minamimachi, Chuo-ku, Kobe, Hyogo 650-0047
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Quantitative Biology Buildings

T565-0874 AMRATMHM EIE6-2-3
6-2-3 Furuedai, Suita, Osaka 565-0874
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Osaka University BioSystems Building
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1-3 Yamadaoka, Suita, Osaka 565-0871
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Yokohama Campus

T230-0045 %) || REEHE RXARLET-7-22
1-7-22 Suehiro-cho, Tsurumi-ku, Yokohama, Kanagawa 230-0045
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