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Division of Transdisciplinary Sciences
Department of Advanced Materials Science

Laboratory

Faculty

Introduction of research activities and laboratory

Key words

Projects or activities summer program students can participate

Mayumi Laboratory

Assoc. Prof. MAYUMI

Koichi

The research goal of our group is to reveal molecular mechanisms for
macroscopic properties of soft matter systems. One of our targets is to
understand toughening mechanisms of polymeric materials. Recently,
controlling nano-structure has improved significantly the mechanical toughness
of polymer-based materials. The tough polymeric materials are expected to be
applied for biomaterials, soft robots, and structural materials for automobiles
and airplanes. We study nano-structure and dynamics of the tough polymeric
materials by means of neutron, X-ray, and light scattering techniques. Based
on the observed nano-scale structure/dynamics and macroscopic mechanical
properties, we aim to establish molecular understandings of toughening
mechanisms for polymeric materials and discover novel molecular designs for
tough materials. For example, we have for the first time discovered reversible
strain-induced crystallization of polymer chains in hydrogels and developed
tough and highly reversible polymer gels (Science, 372, 1078 (2021)). The
reversibility of the strain-induced crystallization allows the tough hydrogels to
rapidly recover from mechanical stress, which is important for artificial
ligaments and joints.

Polymer; Soft Material;
Mechanical Property;
Nano Structure;
Scattering Techniques

We are interested in the microscopic structural change of polymeric
materials under stress fields. For the summer programme, we
propose the microscopic structural analysis of polymer
gels/solutions under external stress fields by using scattering
techniques combined with deformation devices. From the
observation of the microscopic structural change under stress fields,
we reveal the molecular origin of macroscopic mechanical
properties of polymeric materials.

1710



http://www.k.u-tokyo.ac.jp/materials/index_e.html
https://kmayumi.issp.u-tokyo.ac.jp/en/
https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/mayumi_group_en.html
https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/mayumi_group_en.html
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Inomoto-Tanabe
Laboratory

Prof. INOMOTO Michiaki

Assoc. Prof. TANABE
Hiroshi

Fusion energy is an essential technology for realizing a sustainable society due
to its abundant resources and low environmental impact. We are conducting
laboratory plasma experiments for understanding of basic plasma physics and
its application for developmemt of fusion core plasma. High-energy ions are
necessary to generate nuclear fusion reactions, so high-temperature plasma,
especially high ion temperature, is required to achieve energy through nuclear
fusion. We are studying the magnetic reconnection phenomenon observed in
the solar atmosphere and the magnetosphere as one of the highly efficient ion
heating methods for fusion plasma. Magnetic reconnection is a phenomenon in
which magnetic field lines reconnect in highly conductive plasma, and is
considered as an efficient process of converting magnetic energy into ion
kinetic/thermal energy. Thus, magnetic reconnection has large potential as a
fusion plasma heating method, and we are developing a plasma merging
method to realize high-power ion heating. In addition to developing a fusion
plasma heating method using magnetic reconnection, we aim to elucidate the
elementary process of magnetic reconnection through laboratory experiments.

Plasma experiment;
Fusion energy;
Laboratory astrophysics;
Magnetic reconnection;
Spherical tokamak

Many kinds of magnetically confined fusion plasmas have a torus
shape and the tokamak type is intensively developed due to its
excellent performance. Among tokamaks, those with a thick torus
shape (low aspect ratio of major radius to minor radii) are called
“spherical tokamaks” and have better economic efficiency. In
Kashiwa campus, we operate the spherical tokamak merging device
UTST to develop an effective ion heating technique by using
magnetic reconnection. In the magnetic reconnection that occurs in
spherical tokamak merging experiments, strong magnetic field
perpendicular to the reconnecting magnetic field lines exists. This
unique condition generates a quadrupole electric potential structure,
which significantly affects the energy conversion process during
magnetic reconnection. The purpose of this program is to find the
conditions adequate for ion heating by clarifying the relationship
between the generated electric potential and the plasma flow, or
between the plasma waves and the particle acceleration, etc.
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http://www.ae.k.u-tokyo.ac.jp/en/
http://tanuki.t.u-tokyo.ac.jp/english-lab/
http://tanuki.t.u-tokyo.ac.jp/english-lab/
https://www.k.u-tokyo.ac.jp/en/gsfs/faculty/michiaki_inomoto/
https://www.k.u-tokyo.ac.jp/gsfs/faculty/hiroshi_tanabe/
https://www.k.u-tokyo.ac.jp/gsfs/faculty/hiroshi_tanabe/
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Department of Integrated Biosciences

Laboratory
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Key words

Projects or activities summer program students can participate

Laboratory of
Innovational Biology

Assoc. Prof. KOJIMA

Tesuya

Living organisms adapt to their environments by evolving their shapes and
forms in a wide variety of ways. Our research focuses on the mechanisms
underlying the formation of various life forms, such as how shapes are formed,
how differences in shapes arise, and how shapes evolve. While we have a
deep understanding of the mechanisms by which cell properties are
determined during development, how these fate-determined cells establish the
final shape remains a mystery. One of our primary subjects of study is the
formation of adult leg shapes in the fruit fly, Drosophila. Using live imaging
techniques to continuously observe cell dynamics during the final shape
formation process of the leg, we recently discovered that the final shape is
achieved through surprising morphological changes, the transient formation of
unexpected structures which we named the "Parthenon"-like structure, and
unique interactions between cells and the apical and basal extracellular
matrices. Through such research, we aim to understand the molecular
mechanisms that underlie the shaping of organisms.

shape formation; live
imaging; fruit fly; leg

The project we are planning involves observing the process of adult
leg shape formation in wild-type flies as well as flies with knocked
down or artificially expressed presumptive important genes. We will
use flies expressing proteins labeled with fluorescent markers and
conduct live imaging with a confocal laser scanning microscope.
Once we have obtained the live imaging data, we will analyze it on a
PC using image analysis software to assess the functions of these
genes and understand the shaping processes. By conducting this
project, we aim to deepen our understanding of the mechanisms
behind adult leg shape formation. By participating in this project,
you will learn how to handle fruit flies, prepare samples for live
imaging, operate the confocal laser scanning microscope, acquire
and analyze live imaging data, and more.

Laboratory of Signal
Transduction

Assoc. Prof. SUZUKI

Kuninori

The budding yeast Saccharomyces cerevisiae is a very attractive model
organism for studying the fundamental theories and concepts of eukaryotic
cells. We applied the power of yeast genetics to understand many aspects of
yeast cells. Our current research is mainly focused on (1) molecular
mechanism of autophagosome formation using live imaging techniques, (2)
molecular mechanism of autophagic body degradation by biochemistry, (3)
screening of new membraneless organelles, and (4) analysis of intracellular
phospholipid dynamics.

(1) Autophagy is a major pathway of bulk degradation of cytoplasmic materials.
In yeast, autophagy has been studied as a cellular response for survival during
nutrient-limited conditions. During autophagy, cytoplasmic components are
enclosed in a membrane compartment, called an autophagosome. We have
been studying the molecular mechanism of autophagosome formation by live
imaging and quantitative analysis of microscopic images.

(2) The autophagosome fuses with the vacuole, to become an autophagic
body. The cytoplasmic components to be degraded are sequestered from the
hydrolytic enzymes in the vacuolar lumen by the autophagic body membrane.
Thus, degradation of the autophagic body membrane is necessary for
proteolytic enzymes to access the cargoes of the autophagic body. We are
trying to elucidate the molecular mechanism of autophagic body membrane
degradation by biochemical analysis.
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autophagy; cell biology;
live imaging; membrane
organelles;
membraneless organelle

(1) Live imaging of autophagosome formation by fluorescence
microscopy.

(2) Analysis of phospholipid transfer from the endoplasmic reticulum
to autophagosome membranes by FRAP (fluorescence recovery
after photobleaching) analysis.

(3) Analysis of the autophagosome formation process by deep
learning.

(4) Morphological classification of autophagosome formation by
multivariate analysis of high-dimensional morphometric data.

(5) Molecular analysis of domains of the yeast vacuolar
phospholipase Atg15.

(6) Live imaging of autophagic body degradation by fluorescence
microscopy.

(7) Biochemical analysis of autophagic body degradation by
biochemistry.

(8) Live imaging of membraneless organelles by fluorescence
microscopy.

(9) Regulation of the formation of membraneless organelles by
chemical reagents and temperature changes.

(10) Live imaging of lipid dynamics using a fluorescent probe.
(11) Analysis of phospholipid dynamics by thin-layer
chromatography.



http://www.ib.k.u-tokyo.ac.jp/english/index.html
https://www.ib.k.u-tokyo.ac.jp/english/faculty/innovational_biology/
https://www.ib.k.u-tokyo.ac.jp/english/faculty/innovational_biology/
https://www.ib.k.u-tokyo.ac.jp/english/faculty/innovational_biology/kojima_tetsuya/
https://www.ib.k.u-tokyo.ac.jp/english/faculty/innovational_biology/kojima_tetsuya/
https://www.ib.k.u-tokyo.ac.jp/english/faculty/signal_transduction/
https://www.ib.k.u-tokyo.ac.jp/english/faculty/signal_transduction/
https://www.k.u-tokyo.ac.jp/en/gsfs/faculty/kuninori_suzuki/
https://www.k.u-tokyo.ac.jp/en/gsfs/faculty/kuninori_suzuki/

(3) Nucleolus is a membraneless organelle that has been known for a long
time. Recently, membraneless organelles have become known not only in the
cell nucleus but also in the cytoplasm. However, no comprehensive screening
has been performed so far. We have screened novel membraneless organelles
from a unique viewpoint. We have been analyzing the obtained candidates
using bioimaging techniques.

(4) Phospholipid is a main component of biological membranes. Recent studies
have shown that phospholipids dynamically traffic between membrane
organelles via membrane contact sites. We are analyzing phospholipid
dynamics using a fluorescent probe which we have found and biochemical
methods. Our ultimate goal is to draw a comprehensive map for phospholipid
dynamics in eukaryotic cells.
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Erith Laboratory

Prof. FRITH Martin

We look for interesting information in genetic sequences, and develop
algorithmic and mathematical methods to do that. For example, we found
animal DNA segments that have been conserved since the Precambrian
ancestors of most animals: these segments control gene expression for
embryonic development. This reveals a control system for animal development
conserved since the common ancestors of humans and corals. In another
project, we discovered the oldest ever "protein fossils", segments of formerly
protein-coding DNA, by sensitive probability-based analysis. This revealed a
great diversity of transposable elements in vertebrate ancestors of the
Paleozoic Era. We also found the oldest ever virus fossils: relics of viral DNA
inserted into host genomes. In addition, we collaborate with medical
geneticists to understand complex chromosome rearrangements, tandem
repeat expansions/contractions, and viral DNA insertions that cause disease.
We discovered the cause of neuronal intranuclear inclusion disease: a tandem
repeat expansion in a human-specific gene. Another project found significant
non-existence of sequences in genomes and proteomes, providing clues about
immune recognition and pathogen/host adaption. Finally, we developed a
mathematically-optimal way to sample a subset of positions in a sequence, for
fast analysis of big sequence data.

Genome; evolution;
probability; algorithms

Students are encouraged to pursue their own ideas on analyzing
genetic sequences. There are broadly two types of project:
biological investigation, and method development. Examples of
biological investigation: survey the evolution of gene structure by
gain or loss of splice sites, frameshifting, gene fusion or fission, etc;
compare the evolution of mitochondrial versus plastid genomes;
compare genome evolution to major body-form evolution (e.g.
snakes, whales). Examples of method development: make a
sensitive probabilistic model for finding distantly-related DNA
sequences; devise a beautiful way to visualize complex sequence
rearrangements; develop a way to extract specific rearrangement
events from pair-wise alignments of long sequences (e.g. long DNA
reads or whole genomes).
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http://www.cbms.k.u-tokyo.ac.jp/english/index.html
https://www.cbms.k.u-tokyo.ac.jp/english/lab/frith.html
https://www.k.u-tokyo.ac.jp/en/gsfs/faculty/martin_frith/
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Department of Environment Systems

Laboratory
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Key words
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Energy and Environment
Laboratory

Lecturer AICHI Masaatsu

Current approaches to energy supply and consumption face problems such as
climate changes and dwindling resources. The development of key
technologies for saving energy, switching to renewable energy resources, and
appropriate CCUS is required. Our goal is to perform research that will
contribute to the development of these technologies, especially by taking
advantages of the characteristics of subsurface formations. For example, we
study ways of developing a sustainable energy system, especially through
hydrogeological and thermo-poro-mechanical modeling of geothermal heat
pumps, geothermal power plants, and the geological sequestration of carbon
dioxide.

On the other hand, we also start to study how to adapt to global warming.
Combining mitigation and adaptation is an attractive choice but it is not simple
because one countermeasure possibly causes another environmental effects.
For example, though the groundwater becomes more important water resource
under changing climate, the overexploitation of groundwater possibly causes
another environmental problem such as land subsidence, sea water intrusion
in coastal area, so on. We try to predict and prepare for this kind of domino-like
propagation to other environmental problems in advance.

subsurface resource;
land subsidence;
numerical modeling;
anomaly detection;
uncertainty analysis

Detection of the start of plastic land subsidence from time series
monitoring data

Subsurface fluid resources such as groundwater, natural gas, etc.,
are important for our societies. On the other hand, land subsidence
caused by subsurface fluid abstraction has been one of the severe
environmental problems. It is important to avoid the land subsidence
problems for the subsurface resource production to be sustainable.
The subsurface formation elastically deforms under small
disturbance while the plastic deformation occurs if the load exceeds
the yield stress. Then, controlling the abstraction rate so that the
effective stress does not exceed the yield stress of geological
formations is important. However, this is practically difficult because
of the limitation of our knowledge on subsurface structures. One of
the possible ideas is a monitoring-based approach to check whether
the plastic deformation occurs or not and stop the production before
the land subsidence becomes large.

The research questions concerning this idea are what kind of and
how accurate monitoring system is required, and how we can detect
the elastic-plastic transition from the monitored data. In this theme,
we tackle these questions with combinations of numerical
simulation, laboratory experiments, time series data analysis, and/or
machine learning approaches.

Akizuki Laboratory

Assoc. Prof. AKIZUKI
Makoto

"Supercritical water" refers to water whose temperature and pressure are
above the critical point. Water near and above the critical point offers dramatic
physical changes depending on the operating conditions. In particular, the ionic
and dielectric constants of water change significantly with temperature and/or
pressure. As a result, it becomes possible to select a reaction based on the
objective: from an ionic atmosphere suitable for acid/base reactions to one that
implements the dissolution of organics, which is equivalent to a non-polar
solvent.

Taking advantage of these properties, it is expected that this new, inexpensive,
environmentally friendly reaction medium will replace conventional organic
solvents. Our laboratory has many research goals covering a wide range of
topics: Organic synthesis without catalyst or with solid catalysts, waste
decomposition by supercritical oxidation reaction, and synthesis of metal oxide
nanoparticles. In all of these areas, through the design, analysis, and control of
reactions based on the study of chemical reaction kinetics and reaction
engineering, we are advancing extensive research, from fundamental research
related to chemical reactions in subcritical and supercritical water to the
development of new engineering applications.

Supercritical Water;
Reaction Engineering;
Organic Synthesis;
Catalysis; Nanoparticle
synthesis

Supercritical water is a promising reaction medium for organic
synthetic reactions and inorganic nanoparticle synthesis because its
solvent properties can be varied with temperature and pressure,
and these properties affect the reaction kinetics and mechanisms. In
this project, we will investigate how the reactions in supercritical
water can be controlled by changing the temperature and pressure
of supercritical water and how this reaction control affects the yield
and properties of the products.
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http://envsys.k.u-tokyo.ac.jp/en/
https://webpark1783.sakura.ne.jp/#/
https://webpark1783.sakura.ne.jp/#/
https://www.k.u-tokyo.ac.jp/en/gsfs/faculty/masaatsu_aichi/
https://www.oshimalab.k.u-tokyo.ac.jp/
https://www.k.u-tokyo.ac.jp/en/gsfs/faculty/makoto_akizuki/
https://www.k.u-tokyo.ac.jp/en/gsfs/faculty/makoto_akizuki/

Geosphere Environment
Systems Laboratory

Prof. TOKUNAGA

Tomochika

Underground geosphere environment has been extensively used to support
highly developed human society; e.g., extraction of energy resources and

groundwater, waste disposal, construction of tunnels and underground spaces.

Because of these activities, environmental problems which affect the
sustainability of our society have emerged. The target of our laboratory is to
understand and predict the change of geosphere environment caused by
human activities, and to develop necessary engineering measures to attain
sustainable use of geosphere environment. Current research topics include,
studying and evaluating geosphere environmental changes caused by energy
resources development and proposing necessary technological measures for
sustainable resources development, securing stable and safe freshwater
resources and development of efficient management schemes, and modeling
long-term fluid flow and material transport processes through geosphere and
its application to waste disposal and energy resources exploration.

Groundwater; coastal
zone; seawater intrusion;
modeling; field survey

Fresh groundwater in shallow unconfined aquifers is an important
water resource for many coastal zones worldwide which, however,
is threatened by seawater intrusion. The occurrence of seawater
intrusion is controlled by both anthropogenic activities and natural
factors. Anthropogenic activities such as land reclamation,
abstraction of freshwater and other natural resources, construction
of structures such as riverbanks and ditches, and alternation of land
surface conditions, could disturb freshwater-seawater interactions
from the natural conditions. To what extent seawater intrusion
occurs is also dependent on natural factors such as aquifer
properties, tidal river dynamics, and meteorological conditions. In
this study, computer-based techniques such as numerical modeling
combined with field-based geophysical exploration techniques such
as 1D and 2D resistivity surveys will be applied to understand
seawater intrusion situations both from conceptual cases and
realistic sites. Students will learn fundamental knowledge of coastal
hydrological processes and gain the ability to analyze environmental
issues through hands-on practice of using advanced modeling tools
as well as participating field investigation. Also, students will have
chances to get involved in other research activities in this
laboratory, such as GIS-based mapping, water sampling, and water
quality analysis.

7710



https://webpark1675.sakura.ne.jp/toku/
https://webpark1675.sakura.ne.jp/toku/
https://www.k.u-tokyo.ac.jp/en/gsfs/faculty/tomochika_tokunaga/
https://www.k.u-tokyo.ac.jp/en/gsfs/faculty/tomochika_tokunaga/

Division of Environmental Studies
Department of Human and Engineered Environmental Studies

Laboratory
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Introduction of research activities and laboratory

Key words

Projects or activities summer program students can participate

Simulation of Complex
Systems Laboratory

Prof. CHEN Yu

A wide range of research topics are studied in our lab, including modeling and
analysis of social-economics, complex fluids, and biological systems. There
are three main research directions: (1) Multi-agent cooperative evolutionary
games for modeling and simulations of financial markets; (2) Discrete kinetic
models for simulation of complex fluids; (3) Cellular automata and
heterogeneous stochastic agent models for simulations of cancer and aging.

Complex Systems;
Agent-Based Modeling;
Stock Price; Aging;
Tumorigenesis

As part of the program, a student will be assigned a small project,
involving model construction and computer simulation. The specific
complex system for study will depend on the student's interest. A
financial market, a solution containing colloid, or a growing tumor
could be the target of study. Apart from research, visits to related
laboratories at other universities, and/or scenic sites surrounding
Tokyo, etc., will also be scheduled.

Laboratory for Intelligent
Systems Design

Prof. HIEKATA Kazuo
Dr. NAKASHIMA Takuya

Societies and industries can be thought as a system of people, technology,
and institutions. Although these social and industrial systems have evolved and
met the high expectations of humans, the mechanisms of the systems have
become more complex, giving rise to difficult problems to solve, such as global
warming and aging populations.

This laboratory is engaged in research that contributes to solving such
problems by supporting human intellectual activities such as decision-making
related to systems with simulation, sensing, and data analysis technologies.

Climate Change
Adaptation; Flood Risk
Management; System
Dynamics; Agent
Simulation; Policy
Making

In our laboratory, we are working on the construction of a simulation
model to examine appropriate adaptation measures that take into
account multi-sectoral synergies and trade-offs in response to the
effects of climate change, such as an increase in flood risk.

Based on the simulation model we constructed for Japanese local
area, the internship student will customize and develop the model
so that it can be used to approach issues in their home country, or
desired region. This research will be conducted with Dr. Takuya
Nakashima, an assistant professor at the Hiekata Laboratory.

Human and Environment

Informatics Laboratory

Prof. WARISAWA

Our current research focuses on wearable/ambient human health monitoring.
The information technology applications are especially based on sensing, data
analysis and cognitive understanding for human behavior recognition, human
stress monitoring, human productivity monitoring and sleep quality evaluation.

Stress sensing; Rest
guidance; Multimodal Al

This research will target university students and conduct two types
of elemental research: 1) stress monitoring technology that is highly
robust and can respond to individual differences using multimodal
sensing technology and multimodal Al, and 2) technology that
induces breaks by generating contexts that explain the need for
breaks. The effectiveness of these two types of technology will be
verified to determine whether the integration of these two types of
technology increases the number of opportunities to take
appropriate breaks, and reduces stress.

We will set up the above-mentioned elemental research for
internship students, aiming to implement software or hardware. In
particular, we welcome the participation of students with knowledge
of multimodal Al and project experience.
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http://www.h.k.u-tokyo.ac.jp/en/
http://www.scslab.k.u-tokyo.ac.jp/
http://www.scslab.k.u-tokyo.ac.jp/
https://www.k.u-tokyo.ac.jp/en/gsfs/faculty/chen_yu/
https://is.edu.k.u-tokyo.ac.jp/
https://is.edu.k.u-tokyo.ac.jp/
https://www.k.u-tokyo.ac.jp/en/gsfs/faculty/kazuo_hiekata/
https://www.lhei.k.u-tokyo.ac.jp/#top
https://www.lhei.k.u-tokyo.ac.jp/#top
https://www.k.u-tokyo.ac.jp/en/gsfs/faculty/shin'ichi_warisawa/
https://www.k.u-tokyo.ac.jp/en/gsfs/faculty/shin'ichi_warisawa/

Division of Environmental Studies
Department of International Studies

Laboratory
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Key words

Projects or activities summer program students can participate

Honda Lab

Prof. HONDA Riki

Our society is exposed to various types of risks including natural disasters.
Preparation for such risks is essential, but no countermeasure can provide
perfect protection against severe disasters. In the presence of various threats
such as climate change, huge earthquakes and tsunamis, society needs to be
endowed with capability of adaptation and resilience. In our group, mechanism
of collective behavior observed in the society coping with the situation with
severe uncertainty is discussed from the viewpoints of social networks, game
theory, adaptive systems theory, etc. Innovative mathematical approach for
uncertainty management, such as financial problems is also in our scope.
Development and management of infrastructure systems, advanced design
methods, asset management and international technology transfer are also of
our interest.

Infrastructure; community
resilience; disaster
management; information
theory; deep learning

(1) Statistical analysis of survey data to discuss community's
attitude for disasters, using Bayesian approach or social network
analysis.

(2) Methodologies for seismic design/infrastructure maintenance,
based on deep learning and information theory.
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http://inter.k.u-tokyo.ac.jp/?lang=en
http://intl.civil.t.u-tokyo.ac.jp/honda/index.html
https://www.k.u-tokyo.ac.jp/en/gsfs/faculty/riki_honda/

Division of Environmental Studies
Graduate Program in Sustainability Science

Laboratory Faculty Introduction of research activities and laboratory Key words Projects or activities summer program students can participate
Sustainable Society Assoc. Prof. SAITO Eiko |1 aim to integrate the concept of Planetary Health with the framework of Health | digital health; women's Our research lab is exploring women's health challenges and the

Design Center

Economics and Epidemiology, and primarily engage in research on the
following themes:

1. Health economics research on the sustainable utilization of healthcare

resources

2. Research on achieving a healthy society through the utilization of digital

health technologies

3. Interdisciplinary research to advance health promotion and climate change

policies.

health; survey data;
statistical analysis

transformative potential of digital health technologies. Using data
from a comprehensive study of 10,000 Japanese women, we
investigate critical health issues and the innovative applications of
digital solutions.

This program welcomes participants who share a passion for
advancing women's health and digital health innovation. If you have
a basic understanding of statistics and a curiosity to delve into real-
world data, this is a unique opportunity to contribute to meaningful
research and enhance your expertise.

Join us to deepen your understanding of women’s health, and
explore how cutting-edge technologies are reshaping healthcare.
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http://www.sustainability.k.u-tokyo.ac.jp/
https://www.k.u-tokyo.ac.jp/en/gsfs/center/sustainable/
https://www.k.u-tokyo.ac.jp/en/gsfs/center/sustainable/
https://www.k.u-tokyo.ac.jp/en/gsfs/faculty/eiko_saito/



