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Aida Lab
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University Distinguished Professor Lecturer

Takuzo Aida

Takayuki Miki

Science and Technology of Supramolecular Soft Materials and Biomaterials

#EBhE K £ B

Assistant Professor
Kiichi Mizukami

https://www.aidacreativehub.com/ja
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RED Science 2024, 386, 875-881.
RRAX Nature 2024, 636, 92-99.
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%1bF/F+ %IV (Science 2022) B &, KEBRREH T TV B,

https://en.wikipedia.org/wiki/ Supramolecular_polymer
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"Innovative functions through molecular design" is our basic concept to
realize a paradigm shift in science and technology. We pioneer material
sciences with supramolecular chemistry for a sustainable future and
healthcare. We are at the UTokyo Hongo Lab (Kao Corporation Donation)
and RIKEN, welcoming graduate students.

Science 2022, 376, 738-743.
Nature 2021, 598, 298-303.

Supramolecular Polymers and Their Applications:

Can we leave behind a hopeful planet for future generations? Waste plastics are
placing a tremendous burden on the Earth. We must urgently solve this issue and
halt the progression of global warming. The Aida Laboratory has been at the
forefront of supramolecular polymer research, pioneering the development of
polymers in which monomers are dynamically linked through reversible bonds,
leading the field globally. Recently, we have achieved significant breakthroughs,
including: (1) Self-healing polymer glass that, despite being highly robust, can
self-repair at room temperature, eliminating the need for recycling. (2) Supramolec-
ular plastics (Science 2024) with the highest mechanical strength ever recorded for
an organic material, yet fully recyclable back to monomers and biodegradable in
marine environments. (3) Fluorinated nanochannels (Science 2022) that enable
ultra-fast desalination of seawater, addressing the global freshwater shortage.

Drug Delivery Systems Utilizing Molecular Glue and
Molecular Machines:

We are developing intelligent drug carriers that respond to endogenous
disease-related substances and deliver drugs with spatiotemporal precision. This is
achieved using "molecular glue," which strongly adheres to proteins, nucleic acids,
and biological membranes, as well as intracellular molecular machines.

Intracellular De Novo Peptide Synthesis and Its Application:

We are pioneering new approaches in cell engineering by synthesizing de novo
peptides inside cells using plasmid DNAs. These peptides accumulate intracellularly
in response to environmental changes, leading to functional expression.

Rapid Separation of Mutant Nucleic Acids and Proteins:

Rapid separation of DNA and RNA sequences differing by only a single nucleotide is
crucial yet highly challenging in the development of nucleic acid therapeutics. We
have discovered that this can be achieved using ammonium sulfate and glass plates
(Nature 2024). We aim to expand applications to protein separation and automation
for practical implementation.
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Okamoto Lab

HERA T HEBUEHZ
Professor Associate Professor
Kunihiko Morihiro

Akimitsu Okamoto

https://park.itc.u-tokyo.ac.jp/okamoto/
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RiED J. Am. Chem. Soc. 2024, 146, 28538—28552.
FRIX J. Am. Chem. Soc. 2024, 146, 1346-1355.
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Bioorganic Chemistry

E HHHMBESE

Assistant Professor
Takafumi Furuhata

Borderless research between organic chemistry and life sciences with
"biomacromolecular design" as a keyword: We actively introduce the
concepts of organic chemistry to the fields of biology, genetics, and
pharmacology. By creating new chemical reactions and designing new
functional biomacromolecules, we will understand the role of
individual atoms constituting biomacromolecules in biological
phenomena, and apply this understanding to the design of new drugs.

J. Am. Chem. Soc. 2023, 145, 11690-11700.
J. Am. Chem. Soc. 2023, 145, 135-142.

Creating Nucleic Acids

Many chemical modifications are given to nucleic acids, both
naturally and artificially. Our goal is to obtain innovative nucleic acid
drugs by understanding and maximizing their functions chemically.

Building Proteins

We chemically synthesize small proteins such as histones and
ubiquitin, which are essential in the regulation of cellular functions.
Our goal is to obtain novel molecules to control the function of
intracellular molecules by adding artificial functions to synthetic
proteins.

Controlling Cells

We create the molecular systems to visualize the crosstalk between
cells. Our goal is to create a platform to observe the individual
characteristics of cells and to discover rare cells that exhibit special

functions.
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Sakai Lab
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P|_19t.o: Courtesy of JSTnews ‘

BHEAH RE
Professor Associate Professor
Takamasa Sakai Kousuke Tsuchiya

EHR T B R WEEAER(EE

Associate Professor
Naoyuki Sakumichi

Precision Gel Science

L]
BEPH E K BB
Assistant Professor
Yasuhide Iwanaga

| .'? -
BEEx BRI BF
Assistant Professor
Shohei Ishikawa

https://gel.tokyo/tetra-gel/
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RED Nature Materials 2023, 22, 1564-1570.
RRAX Science Advances 2022, 8, eabk0010.
TIORZEERL .
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5 ST VMK EHETB 0121, HEEED [H42F]

EREBICHIETICENDEAETH D, Ah-bl HRIZEELD
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W3,
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Microstructurg-

Degradability

Hydrogels, abbreviated as gels hereafter, are substances that contain large amounts
of water. Examples of gels include soft contact lenses, jelly, and tofu. Gels are unique
in that, despite being largely liquid in composition, they are solid as a whole.

The human body also consists of gels composed of 30-40% water and a network of
polymers. Due to this similarity, gels exhibit excellent properties as biomaterials.
Additionally, gels have the potential to replace plastics in the ocean. If gels contain-
ing 50% water content were used instead of plastics, the amount of polymers in the
ocean runoff could be halved. Hence, gels can be extremely promising materials in
applications where high water content is an advantage.

Physical Review Letters 2021, 127, 237801.
Physical Review X 2021, 11, 11045.

Pioneering the gels science:

The three-dimensional network structure of polymers is responsible for the
solid-like properties of gels. Therefore, precise control over the shape of the
network structure is essential for designing gel materials. Our team has
developed a homogeneous gel known as Tetra Gel, which has become the
world standard. We have also made groundbreaking discoveries in recent
years, overturning common knowledge of gels. For instance, we discovered
negative energy elasticity and the universal equation of state of osmotic
pressure. Additionally, we have succeeded in developing gels that can stretch
more than 30 times and gels with mechanical properties comparable to those
of ligaments, all achieved through precise control of the mesh structure.

Creating novel biopolymers

Polypeptides are biomaterials that exhibit a wide range of properties
and functions based on amino acid sequences and higher-order
structures. Our goal is to design and develop novel biomaterials and
sustainable materials based on polypeptides with specific regularity.
We aim to predict peptide sequences with desired functions in a
targeted manner using machine learning techniques and to
synthesize periodic sequences via chemoenzymatic synthesis.

Gels for biomedical applications:

We have collaborated with clinicians to develop a range of medical
gels, including artificial vitreous, hemostatic agents, and anti-adhesive
agents. Our focus is on creating gels that can be applied precisely at
the desired site and timing, possess the desired physical properties,
and degrade once treatment is complete. Through interviews with
clinicians, we aim to design the gels for medical applications using
precise gel science. Additionally, we have established a collaboration
with a venture company that emerged from our laboratory to develop
gels for biomedical applications. This partnership allows us to continue
developing innovative medical gels and bring them to the market.
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Sando Lab

¥ELE EN HEBIZ F A
Professor Associate Professor
Shinsuke Sando Jumpei Morimoto

B T BE AR

Chemical Biology
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By # FHEE & 17
Assistant Professor Assistant Professor

Yutaro Saito Hiroyuki Yatabe

https://park.itc.u-tokyo.ac.jp/sandolab/
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=iED Science Adv. 2024, 10, eadp2533.
FRMX Science Adv. 2024, 10, eado8471.
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Our body is composed of a variety of biomolecules. An unsolved
principle of life must lay in the activities of such biomolecules and the
abnormal molecular activities could cause various diseases such as
metabolic disorder. Our group is conducting chemistry-based research

for "understanding of living systems at the molecular level" and "devel-

oping new molecular technology contributing to early diagnosis and

therapy".

ACS Nano 2023, 17, 9039-9048.
Nature Commun. 2023, 14, 1416.

Molecular Technologies for the analysis of
biomolecules in vivo

We conduct research toward sensitive "molecule” sensing technolo-
gies that allow us to analyze molecular activities in vivo: structural
change, chemical reaction, and dynamics. These new molecular
technologies will be innovative tools for basic life science and will
pave the way for future medical care including early diagnosis.

Rational design and high-throughput
screening of synthetic molecules for drug discovery

Our goal is development of bioactive compounds that can be utilized as
drug leads and molecular tools for biological studies. Our strategy toward
this goal is a combination of rational designs of chemical structure and
high-throughput screening of synthetic compound libraries. We envision
that this research will reveal fundamental structural elements for producing
bioactive compounds of strong and selective biomolecular recognition and
high membrane permeability.

Design of Protein Functions:

Recent development in computational science has enabled
accurate design of protein three-dimensional structures. On the
other hand, the design of protein functions is still scientifically
difficult to achieve. We are developing proteins with new functions
using a combinatorial approach of computational chemistry and
experiment and trying to eventually understand the molecular
basis of the protein functions.

Design of Functional Molecules,/Chemical Biology
1. Bioimaging probes

2. Bioactive molecwles

3. Fundtional protein design
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Professor Lecturer
Tsutomu Suzuki Asuteka Nagao
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Assistant Professor
Takayuki Ohira

RNA biochemistry
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Assistant Professor
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Assistant Professor
Kensuke Ishiguro

HEB E % 12 7 M{ﬁ)&%ﬁz e r 1BE—ER

i =

ﬁ%ﬁ%%

BRERILT

Nozaki Lab

HEHB R F #musd G
Professor Associate Professor

Kyoko Nozaki Xiongjie Jin

Organometallic Chemistry
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Lecturer Assistant Professor
Kohei Takahashi Rin Seki

http://rna.chem.t.u-tokyo.ac.jp/
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=®iED Cell 2023, 186, 5517-5535.
RRAX Nature Commun. 2023, 14, 2704.
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Emerging world of epitranscriptome

Higher-order biological processes, including development, differentia-
tion and complex mental activity, are the result of sophisticated regula-
tion of gene expression. Dysregulation of gene expression often causes
a variety of human diseases. RNA molecules are deeply involved in
regulation of gene expression at various steps of central dogma. We are
tackling to elucidate various biological phenomena associated with RNA
functions based on multidisciplinary approaches including molecular
biology, biochemistry, genetics, analytical chemistry and cell biology.

Nature 2022, 605, 372—-379.
Science 2019, 363, eaav0080.

RNA modifications associated with various
biological functions

RNA molecules are frequently modified post-transcriptionally, and
these modifications are required for proper RNA functions. To date,
over 140 different types of chemical modifications have been identi-
fied in various RNA molecules across all domains of life. We are
studying biological processes associated with RNA modifications
through discovery of novel RNA modifications and RNA-modifying
enzymes using our original techniques for RNA isolation and
analyses. So far, we reported seven novel RNA modifications, and
over 40 RNA-modifying enzymes, and continue studying biogene-
sis and physiological roles of these modifications.

Decoding of genetic information and protein synthesis

Genetic information in DNA is transcribed to mRNA, and then
translated to protein on the ribosome. In general, fidelity of transla-
tion is estimated in the range of 10 to 10”° per codon. Living organ-
isms have various measures to maintain accuracy of protein synthe-
sis. We are exploring novel tRNA modifications required for accurate
decoding, and studying molecular function and physiological
significance of these modifications. In addition, we are studying a
novel quality control mechanism to maintain accurate translation in
the cell using genetics and biochemistry.

Molecular pathogenesis of RNA modopathy

It is a critical basic research to understand pathogenesis of human
disease at molecular level for the purpose of development of
effective therapeutic measures and diagnostic techniques. We
previously revealed that lack of RNA modification is a primary cause
of human diseases. This is the first confirmation of a human diseases
caused by an RNA modification disorder. Thus, we are proposing
“RNA modopathy” as a new category of human diseases. We are
striving to reveal molecular pathogenesis of various RNA modopa-
thies through multidimensional approaches using clinical specimens,
patient tissues and cells, and knockout mice.

PSuzuR! Lb,

Structure-function relationship of
RNA modification

https://park.itc.u-tokyo.ac.jp/nozakilab/
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b2l ")) J. Am. Chem. Soc. 2024, 146, 25562.
FRX J. Am. Chem. Soc. 2024, 146, 19599.
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Our research is based on the concept of “molecular catalysts”, and aims
to develop new and efficient reactions for the synthesis of
pharmaceuticals, organic functional materials, and polymeric materials.
The overall goal of the research carried out within the group is best
described as highly “atom-economical processes” towards a sustainable
society.

J. Am. Chem. Soc. 2024, 146, 13658.
J. Am. Chem. Soc. 2024, 146, 14086.

Catalytic transformations utilizing renewable resources:

To use strong chemical bonds for organic synthesis, we focus on
highly reactive transition metal complexes that activate less reactive
bonds, efficiently. A target of our research is to design and develop
novel homogeneous organometallic catalysts that is capable of
utilizing renewable resources such as carbon dioxide and biomass.

Development of catalysts for polymer synthesis and degradation:

Our research focuses on the development of new catalytic systems
that can produce a range of functional polymers, including the
coordination copolymerization of polar monomers such as methyl
acrylate and vinyl acetate, and the copolymerization carbon dioxide
with epoxides or dienes. We are also developing catalysts for
chemical recycling of plastics.

Synthesis of beautiful molecules with novel functions:

By using organic synthetic methos, we synthesize “beautiful molecules”
with precisely controlled electronic states that exhibit unprecedented
functions.

Development of structurally and mechanistically well-defined heterogeneous catalysts:

We are aiming at the creation of structurally and mechanistically
well-defined heterogeneous catalysts, which possess advantages of
both heterogeneous and homogeneous catalysts, to develop highly
challenging organic reactions.
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Interfacial Molecular Engineering Lab
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Associate Professor

Yoshimitsu Itoh

https://park.itc.u-tokyo.ac.jp/InterfaceMolEng/JP/
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=ED Science 2022, 376, 738-743.
FERMWX J. Am. Chem. Soc. 2022, 144, 7080-7084.
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An interface is a boundary where materials touch each other. The type and
arrangement of functional groups in the small world of protein and molecular
interactions have a great impact on macroscopic materials properties and
functions. The molecular interface is a very small area in the overall material,
but there are many examples that you can feel the power of interface, such as
fluorine-coated surfaces that strongly repel water. In other words, if we can
control the interface properly, we can freely manipulate the properties of
materials. In our group, we are working on the creation of new materials
based on interfacial phenomena by making full use of synthetic organic
chemistry, polymer science, supramolecular science, and electrochemistry.

J. Am. Chem. Soc. 2021, 143, 5121-5126.
Science 2019, 363, 161-165.

Electrode Interface as a Platform for Environmentally Friendly Materials Synthesis:

Electricity is a representative clean energy that has been known for
a long time. In our group, we are exploring the method to
synthesize innovative materials that will contribute to the
realization of a sustainable society using the power of electricity. In
addition to the well-known redox-based electrochemistry, we take
advantage of various intriguing features of electricity, such as
migration and polarization, to develop new synthetic methods for
innovative materials and to realize new physical properties.

Exploration of Interfacial Phenomena based on Molecular Chemistry:

“God made solids, but surfaces were the work of the devil” is a
famous quote by Pauli. Even more than half a century later, the
importance of surface and interface phenomena is increasingly
recognized, but still many things remain unexplored. This is
because the interface is only a minute part of the whole material
and is very difficult to obtain information from there. In our group,
by taking advantage of the molecular chemistry approach that we
have developed, we aim to elucidate and explore the interfacial

phenomena.

Interfacial Molecular Engineering
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Neurobiology Lab
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Associate Professor
Yusuke Hirabayashi

https://park.itc.u-tokyo.ac.jp/Hirabayashi/WordPress/jp/
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BED Nature Commun. 2025, in press.
FRIX PLOS Biol. 2023, 21, €3002246.
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Assistant Professor
Masafumi Tsuboi

The nervous system regulates our mind and behavior. Precise regulation
of each neuron and connections between neurons are required for
proper functioning of the brain. Therefore, elucidating the mechanisms
regulating brain function facilitates developing therapies for
neurodevelopmental and neurodegenerative diseases such as
Parkinson’s and Alzheimer's disease. We study how neurons, the
connections between neurons, and adult neurogenesis contribute to
the functions of the nervous system, from the perspective of cell
biology.

Front Cell Dev Biol. 2021, 9, 653828.
Science 2017, 358, 623-630.

Roles of organelle interaction :

Each individual cell has organs of its own, called organelles. Each
organelle has its distinct roles, but organelles also work in harmony
to keep the cell healthy by physically connecting to each other. We
study roles of organelle interactions in cells, especially in neurons,
using state of art techniques.

Investigation of neuronal ultrastructures :

Our understanding of nanometer-scale structures that make up
cells remains very limited due to the lack of techniques to observe
them. We developed a unique technique to label specific structures
of cells under the electron microscope. Combined with a deep
learning method-based analysis, we will reveal 3D-ultrastructures
of cells, including neurons.

Adult neurogenesis :

Adult neurogenesis plays a key role in the formation of memories.
However, the mechanism regulating the amount and timing of
neurogenesis in the adult brain remains to be elucidated. We will
reveal the mechanism regulating the differentiation of adult neural
stem cells to neurons.

Animals
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Associate Professor
Hiroshi Masai

https://www.chembio.t.u-tokyo.ac.jp/department/lab/masai.html
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=ED Adv. Mater. 2025, 37, 2412544,
RRWX Angew. Chem. Int. Ed. 2023, 62, €202305374.
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New
Reactions

A

Novel s )I’n novative
Molecules§ Functions
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Assistant Professor
Taichi Koike

Exploring new science by creating novel molecules and functions: Our
research group focuses on developing unprecedented reactions,
molecules, and functions by integrating new elements into innovative
molecular structures. Through the power of molecules, we aim to realize
novel reactions and functions that were previously thought impossible,

overcoming various academic and societal challenges.

J. Am. Chem. Soc. 2023, 145, 9264-9272.
Adv. Funct. Mater. 2022, 32, 2205855.

One-Shot Molecular Editing Methods :

To create novel molecules with new functions, we develop highly reactive reagents
for rapidly incorporating target elements even into stable compounds. The
development of synthetic methodology paves the way for advanced organic
materials, such as high-performance organic batteries and photoredox catalysts.

Synergistic Stimulus-Responsive Chemical Reaction :

We develop a new class of organic reaction systems that proceed only under the
simultaneous action of multiple stimuli, rather than relying on conventional
reactions triggered by a single stimulus. By precise design of molecular response,
we aim to establish “synergistic reactivity” as a brand new concept for developing
control methods of artificial materials and biomaterials.

Creation of Materials with Conflicting Properties :

Materials often exhibit inherent trade-offs between conflicting properties. For
example, durable materials are typically difficult to degrade, while easily
degradable materials lack long-term usability. However, the synergistic action of
two stimuli enables easy degradation of highly durable materials. We aim to
address contradictory challenges in material science by precisely designed
molecules.

Control of Biological Phenomena by Artificial Materials :

We develop artificially designed organic molecules and supramolecules to achieve
precise control of biological functions and phenomena and to create biomaterials with
unprecedented functions not found in nature. Through experimental, simulation, and
machine learning-based screening and structural optimization, we will prepare a series
of unique molecules that can be used in all kinds of bio-applications.
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Fluoroorganic Chemistry Lab
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Professor
Daisuke Kawaguchi

https://park.itc.u-tokyo.ac.jp/kawaguchi/
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RiED J. Am. Chem. Soc. 2024, 146, 30686—30697.
FRIX ACS Macro Lett. 2024, 13, 1383-1389.
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Life
Science

Assistant Professor
Masafumi Sugiyama
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Fluorine

2k

Chemistry

Assistant Professor
Maxym Tansky

Social Cooperation Program "Laboratory for Material and Life Sciences
for Fusion of Fluorine and Organic Chemistry"

Our research group aims to open an innovative scientific research field
by combining (i) technologies related to fluorine chemistry that have
been cultivated in industry and (ii) the most advanced scientific knowl-
edge of organic and polymer chemistry in academia in order to create
novel functional materials, and medical materrials.

ChemBioChem 2024, 25, e202400436.
Science 2022, 377, 756—759.

Understanding of Fluorinated Polymers and Application to
Materials :

Fluorinated polymers possess unique properties that distinguish
them from hydrocarbon polymers. Although carbon-fluorine bonds
have a significant dipole moment, fluoropolymers tend to form
aggregates with low polarity. They exhibit a variety of properties
and functions, including water and oil repellency. However, due to
health concerns associated with certain amphiphilic fluoroalkyl
compounds, regulations are increasingly restricting the use of
specific monomer species. Therefore, it is essential to understand
the properties of fluorinated polymers from a molecular perspec-
tive and to explore their potential as materials. We are focused on
designing new fluorinated polymers and analyzing their structures
and physical properties. We also develop a wide range of applica-
tions, from industrial materials to those used in medical settings, in
collaboration with a company.

Creation of functional materials utilizing fluorinated gases :

Most fluorinated chemical products around us are synthesized using
fluorine-based gases as raw materials. However, due to the difficulty
in handling these gases, they are rarely used in academic research. As
a result, research on fluorinated materials is largely limited to using
commercially available products or a restricted set of fluorine-con-
taining building blocks.

Thanks to the strong industry-academia collaboration in our labora-
tory, we acquire expertise in handling fluorine-based gases, such as
fluorine gas and tetrafluoroethylene gas. By utilizing reactions involv-
ing these fluorinated gases, we aim to develop organic and polymer
materials endowed with the unique properties of fluorine while

Chemistry

maintaining a high degree of flexibility in material design.

Polymer
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Nishimasu Lab

Structural Bioscience

BEGE LE

Professor Associate Professor

Hiroshi Nishimasu

KNG BEXBBRIBEEDILMEEE LV SR LSl E R E
T3, SHICICASTHSDANBDOBGEHEAIIEINEHELD
DERVINVEFBREPOLERINTE ., EHRZ2OEBHEH
SEEFABRICESRALAFICEVTHAIN TS, EIBH
RETIK, EFET, XIRERBERNT, 77 1A EFEM
BEENT, — D FRIEL ERLALBNFEEAVT 22/ 7EPR
BRDEEET DN FANZXLERATAHIEICLN EHFHERDIR
ErS5NIBREEIELTWS, &BIC, 22X BI =T
EFRWHLWT /00 -ORFBICHKEL TV S,

mIED Nature 2024, 630, 994-1002.
RRAX Nature 2024, 630, 984-993.
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Keitaro Yamashita

BT R A
Assistant Professor
Masahiro Hiraizumi

https://youtu.be/H7AG5hhnhKY

Proteins and nucleic acids adopt specific 3D structures and exhibit a
variety of biological functions. Proteins with surprising functions
beyond imagination have been discovered in nature since the
beginning of this century, and they are used in various fields ranging
from basic life science research to gene therapy. To understand the
life and develop new technologies, we aim to elucidate the action
mechanisms of proteins and nucleic acids, using various methods,
such as biochemical analysis, X-ray crystallography, cryo-electron
microscopy, and single-molecule measurements.

Science 2022, 378, 882-889.
Cell 2022, 185, 2324-2337.

Structural and functional analysis of CRISPR-Cas enzymes

Cas proteins derived from microbial CRISPR-Cas adaptive immune
systems associate with CRISPR RNAs and exhibit diverse biochemical
activities. We aim to discover new CRISPR-Cas enzymes and elucidate
their action mechanisms.

Structural and functional analysis of proteins involved in human immunity

Various proteins are involved in human immune systems. We aim to
elucidate their action mechanisms and establish treatments for
related diseases.

Structure-based development of new technologies

Structural information of proteins and nucleic acids enables not only
the understanding of their action mechanisms but also the
development of molecules with new functionality. We aim to develop
useful molecular tools through structure-based engineering of

proteins and nucleic acids.
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Professor
Kazuaki Kudo

https://www.iis.u-tokyo.ac.jp/~kkudo/
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B®iED Org. Biomol. Chem. 2025, 23, 1098-1103.
RRH Eur. J. Org. Chem. 2024, 27, €202400117.

SRR T F NEHEBE DR
BUINTBETHBBHRIE, Kp. BMAZGTESUER, SRR
ICHERICEED D, ChIZBRA TO=RTEEICIIRLT
W3, ZNICH-T. BEREICTI/BHSEREINENTFR
T TFORIBEICIIH L A-fEEEE2RTHDERET, BEfF
DOFE TIERBEI/H L WABERIRORICRILZEIRWRIED
EHREEET,

EEHEBERM L EIBEEMEOEMK

AR, SESELTRABMEEDHLTHY, ZOFICIE, FI3B
EEDHBLDOZ OIS, ZOLIEMEDAIERIETT
IDER SN TV EY, Be@E. XM RIBAEG E CHEZRAS,
Held, EEREBICHo 7oA REDS 3 EREDRREEBIELT

W3,

O O
Adye)
R/\/CHO | peptide library Eto)ﬁ
* - R N

reductant

O O
EtO)J\/U\O

Green Synthetic Organic Chemistry

Il

Research Associate
Akihiro Sakama

Life is supported by chemical reactions catalyzed by enzymes, and the
high substrate recognition and selectivity of enzymes have long served
as a model for organic synthetic chemists. However, the substrates and
reactions that enzymes catalyze are limited to those necessary for life
processes, and when enzymes are regarded as synthetic catalysts, their
versatility is limited. On the other hand, artificial catalysts act on a wide
range of substrates, but there are some that are difficult to achieve,
such as regioselectivity and chemoselectivity. Therefore, we propose
the use of peptides as catalysts that combine the advantages of both,
and are developing novel selective catalysts. We are also developing
diverse synthetic methods inspired by biosynthesis.

Adv. Synth. Catal. 2023, 365, 1811-1816.
RSC Advances 2022, 12, 5275-5279.

Highly selective peptide organocatalysts :

Enzymes catalyze reactions with high efficiency and high selectivity
under mild conditions in water based on their three dimensional
molecular structures. By mimicking such a machinery, we are
developing peptide catalysts having specific secondary structures
with focusing on regio-or chemoselectivity.

Synthesis of sevondary metabolites by mimicking
biosynthetic pathways:

Living organisms make a variety of sevondary metabolites in which
many drug / drug candidate molecules are included. Such compounds
have already been chemically synthesized, however, the synthetic
methods often suffer from problems in safety, cost, and environmental
impact. We are developing general synthetic methods for such
compounds based on biosynthetic mechanisms.

pick up and
analyze sequences

Pro-D-Pro-Aib- Tyr-His
-(Leu-Leu-Aib) ,

visualize active peptides
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Yoshie and Nakagawa Lab
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Professor
Naoko Yoshie

http://yoshielab.iis.u-tokyo.ac.jp/
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BEL ThELMFIv7ICHIET2 2 2BU TR TUTILOH
EHEEEERK LTV B, &, RESBMEL EORRAIRELHS
DERICETHHEZ L ORESA FMHROREDLT TV 5,

RED Polym. Chem. 2024, 15, 3967-3976.
RRAN ACS Appl. Polym. Mater. 2024, 6, 244-252.

FEaZNRALIEES FHHEOMEERA:

Polymeric and Environmentally Conscious Materials

# A0 o 1| 1EXER
Lecturer
Shintaro Nakagawa

Polymer materials are characterized by their dynamics much slower than
that of small molecules as well as hierarchical structure resulting from the
slow dynamics. We aim to pioneer novel functions of polymer materials
through understanding and controlling structure and dynamics. Our
research also includes development of environment-conscious materials
that contribute to sustainable society.

Adv. Mater. 2023, 35, 2301124.
Macromolecules 2020, 53, 4121-4125.

Polymers with Dynamic Bonds :

Transient bonds such as reversible covalent bonds and hydrogen
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Bioinspired
Tough Polymers
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Self-healable Rubber

bonds are called the dynamic bonds. Introduction of dynamic bonds
in polymer materials enables dynamically changing structure
through bond dissociation, association, and exchange. We develop
materials with unique functions such as self-healing ability by
controlling the dynamic processes by molecular design. We also aim
to realize polymers that easily degrade in natural environment by
using stimuli-responsive dynamic bonds.

Bio-inspired functional polymers:
The long history of life has produced biological tissues with outstand-
ing functionalities. We develop materials that outperform conven-

tional ones by mimicking the structure of molecules and molecular
assemblies in nature which realizes such functionalities.

Structurally homogeneous polymer networks :

Materials such as rubber and gel are indispensable to our life. These
materials are made of a three-dimensionally crosslinked network of
polymers. Polymer networks generally have structural inhomogene-
ity, which causes deterioration of their property. We aim to develop
high-performance polymer materials based on structurally homoge-
neous polymer networks synthesized from precisely designed
branched polymers.
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Molecular Integration
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Professor
Hirohiko Houjou

https://iis.u-tokyo.ac.jp/~houjou/hjlab_wiki/
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RO AEFHBAL, HETT20DERILFHT TO-FICL-
T P FPEBTIEOEARRIELEKT 5,

BRED Cryst. Eng. Comm. 2025, 27, 468-473.
RRMWX Cryst. Growth & Des. 2024, 24, 238-251.

ERSMHIENIC KD - BkEER

. BICIEELTBIEDS IOy Y H—EIA39IHF
iE. BERFOSFREEE=SUSTTEOIEL VS, HF0
BEPESEEATREBEEFIHTICEHIC. MADERES
PRBICELTH - BICEMEEERIICIANTV S,

HELZFIR U =eesFals
HERZHEEOEZTLRESH - SR EEDEHINLEEREL
EFALT. D FHEEEERL. LB MEPERMBANICHTS
7= DEBE LR EITo VD,

BFENOHBEICEDSEGFETIT

EF LR BEICL->TESNE D FRIADIBEREEBAIFIEDIE
MR TB2EICE-T. BRI —ILDORTFERBFOYME
EFEFEETEIE T2, B NFHMEDOHBAPHZFBICLSHE

ZILEEDOREEANDICHAN BfFEh 3,

Experimental
approach

Crystal engineering is a promising way that enables molecular
functions to come out of materials, hence widely applied to
pharmaceutics, organic electronics, and so on. We are creating
and designing structures with new functions through experi-
mental and theoretical approaches, trying to get the fundamen-
tal principles of molecular integration.

J. Chem. Phys. Lett. 2023, 14, 8320-8326.
Cryst. Eng. Comm. 2023, 25, 5109-5117.

Modulation of photo/thermal functions @

Photochromic/thermochromic molecules that respond to light/heat

serve as a monitor to display the molecular environment in a crystal.
The crystal structure is controlled by the molecular structure or compo-
sition, and the molecular response is evaluated spectroscopically.

Phase transition materials

Phase transition among polymorphs or supercooling-cold crystalliza-
tion process induces a dynamic structural change in crystals, which are
potentially applicable to recording materials or heat-storage materials.

Intermolecular force to model solid-state

Quantum chemical calculations of intermolecular forces provide the
mechanical information of the molecules, leading to high-precision
calculations of the macroscopic molecular assembly. It will help describe
the thermodynamic properties and phase-transition behavior.

Theoretical

I approach
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EhEdIelldl) MO ENLREE 2 F - M2 - HR -
HEREDL NIV TCHEMIICIERETH L2 BIEL TV E S,

RED Adv. Healthcare Mater. 2025, 2403771.
RRAX Nature Communications 2024, 15, 2945.
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Biomolecular and Cellular Engineering

BIgE B IR

Research Associate
Siu Yu Chow

"Would neural circuits generated outside the body function like the
brain?" By challenging this question, we aim to understand the
mechanisms of the brain. We have developed methods to mimic
inter-regional connections in vitro, since "connections" between brain
regions are critical for the brain function. By combining molecular
biology, biochemistry, and electrophysiology, we aim to understand
the universal principles of brain function at the molecular, cellular,
tissue, and functional levels.

Cell Reports 2022, 40, 111366.
Nature Communications 2021, 12, 7102.

Creating brain-like neural tissue outside the body:

Research on artificial brain-like tissues (brain organoids) generated
from stem cells is rapidly developing as a new approach in
neuroscience. If artificially created neural tissue can have functions, it
will deepen our understanding of how the brain works and will
become a driving force for the creation of Al that surpasses the brain.
We will also be able to investigate how abnormalities in neural
circuits cause brain diseases such as mental disorders. Our laboratory
has developed a unique method to create connectoids, which are
neural circuit tissues made of brain organoids connected together,
focusing on the importance of connections between regions in the
brain for brain function. Connectoids are active and complex, and
respond to external stimuli. Our goal is to build an efficient system for
training neural tissue, and eventually to make neural tissue
spontaneously possess higher-order functions that can be called
intelligence.

Understanding the regulation of protein synthesis in neurons:

Neurons respond flexibly produce new proteins in response to
activity. Precise and quantitative control of protein synthesis
(translation) is one of the key mechanisms of what makes a neuron
neural. To understand this mechanism, we are studying the
translational control of brain organoids. Artificial neural tissue has
several advantages over in vivo tissues, such as strict and precise
control and the ability to obtain samples with high purity of target
cells. We can also analyze translation control in axons of organoids.
After clarifying the translation control in artificial neural tissue, we will
confirm the mechanism and function in vivo to deepen our
understanding.
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Osawa Lab Integrative Nutriomics and Oncology
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Associate Professor
Tsuyoshi Osawa

https://www.onc.rcast.u-tokyo.ac.jp/ja/
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Lecturer
Kazuyuki Yamagata

Cancer is one of the biggest issues of medicine and biology in the 21st
century, and integration medicine, biology, engineering, and chemistry
is essential for conquiring cancer. Recent years, it has become clear that
the extreme microenvironment surrounding cancer cells (Tumor micro-
environment) promotes cancer progression. Our laboratory aims to
develop novel cancer treatments from the comprehensive Nutri-Omics
approach by integration of multi-layer omics of cancer cell including
genome, epigenome, transcriptome, proteome, metabolome in terms of
tumor microenvironments.

EMBO J 2023, 42, €114032.
Nature Commun. 2022, 13, 3706.

Identification of novel cancer metabolites
to promote cancer

Cancer cells accumulate physiologically active cancer metabolites
(known as oncotabolites) according to the extreme tumor microenvi-
ronments and contribute to aggressiveness of canccer such as cancer
proliferation, invasion and metastasis. We aimed to identify unknown
oncometabolites and examine their roles in cancer cells.

Understanding cancer metabolism
in tumor microenvironments

Cancer cells acquire malignancy in extreme tumor microenvironments
such as hypoxia, nutrient deprivation and acidic pH. Our goal is to
elucidate multi-layer cancer metabolic adaptations against carbohy-
drates, lipids and amino acids that have been studied by independent
paradigms.

Development of cancer therapies through
comprehensive “Nutriomics” approach

Upon integration of genome, epigenome, transcriptome, proteome, and
metabolome data through the comprehensive “Nutri-Omics” approach,
we try to clarify the transcriptional-metabolic system in cancer cells
accompanying tumor microenvironments, leading to the development
of novel anti-cancer treatments.
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Minami Lab

Supramolecular Materials Design

Associate Professor
Tsuyoshi Minami

https://www.tminami.iis.u-tokyo.ac.jp/
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RED Chem. Commun. 2025, 61, 476-479.
RRAX Chem. Commun. 2024, 60, 9930-9933.
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Organic Chemistry

Organic Electronics

Organic Transistor-based
Chemical Sensor

My group is interested in “applied” supramolecular chemistry. While
previous work in the field of supramolecular chemistry centered mostly
on fundamental research, current developments suggest that such
chemistry is well poised to make significant contributions to various
research fields. In particular, supramolecular sensors for biologically
important species or pollutants are some of the most promising
applications of molecular recognition materials. To be harnessed for
rigorous analytical assignments, my research centers on the molecular
design and synthesis of materials as well as the fabrication of devices.

Faraday Discuss. 2024, 250, 60-73.
Sens. Actuators B 2023, 382, 133458.

Chemical Sensors based on Organic Thin Film Transistors
Functionalized with Molecular Recognition Materials:

In the realm of electronics, organic thin film transistors (OTFTs) are
some of the most interesting devices owing to their flexibility,
solution processability and ultra small thickness. Recently, interest in
OTFTs and their advantages have extended beyond rollable informa-
tion displays to sensor applications. OTFT-based physical sensors are
being studied extensively, whereas chemical sensors are still in their
early stages. In this regard, we are developing OTFT-based chemical
sensors functionalized with supramolecular artificial receptors.

High Throughput Analysis based on Supramolecular
Sensor Arrays:

A significant amount of attention is being devoted to the develop-
ment of supramolecular sensor arrays, owing to their capability to
recognize a number of analytes with high classification accuracy.
With this in mind, we particularly focus on the simultaneous analysis
of multi-analytes in biological fluids or environmental water. This can
contribute to the development of high-throughput analysis in the
field of pharmaceutical, medical, and environmental investigations.
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Biomolecular Design Engineering
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Lecturer
Kotaro Tsuboyama

https://bio-design-eng.iis.u-tokyo.ac.jp/

BN BII20RBDTI/BILLEIZEBERTH). TOEHMEDZ
ICEHBHEEE O ERZEN TEET, AT ZNSHMDLDIC, &
CINBICETARARFAEXBALBBTII G AEMICATIR
CINUE (“$E 22 137E; De novo protein) #5XEt T3 S ISREET
To 22T RAREBINECRBZE R ILHETIRMFBE e lAE
bEBZET 2o NVEDEREUDEREANT 2N EDHEE

BIRLET, CORRUICEN, 220 BDE L B AR KR % BB

THEEBIL. EENEAT NV EDFRETEDHELEBIELE T,

21" Nature 2023, 620, 434—444.
FRIX PNAS 2022, 2122676119.
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Big Data Acquisition

Proteins are composed of 20 different amino acids, providing a wide
diversity and a vast range of functions. Due to the diversity, it remains
difficult to rationally design de novo proteins without a thorough
understanding of the fundamental laws of proteins. To overcome this
challenge, we are combining large-scale measurements with machine
learning, including deep learning, to gain a better understanding of the
basic laws and to design de novo proteins more rationally.

PLOS Biology 2020, e3000632.
Molecular Cell 2018, 70, 722-729.

Understanding the Fundamental Laws of Proteins:

Anfinsen's dogma, the principle that "the amino acid sequence of a
protein determines its structure, and its structure determines its
function,” was proposed around 50 years ago. Although this law has
widely been accepted in biology, it is still very difficult to accurately
predict the structure, feature, and function of a protein from its
amino acid sequence. However, with the rapid development of
informatics in recent years, especially deep learning, combined with
the vast amount of experimental data, it is now becoming possible
to accurately predict protein structures. To accurately predict other
features and functions of proteins, we are acquiring the vast
amount of data on proteins and build new deep learning models.
This strategy will enable us to accurately predict the features and
functions of proteins, as well as accurately understand the basic
laws of proteins.

Rational design of proteins based on fundamental laws:

Although the possible number of proteins is enormous, the number
of proteins living organisms are using is around 10 to the 12th
power, meaning living organisms do not utilize the full potential of
proteins. To fully utilize the potential of proteins, we are now
designing "de novo proteins". For example, de novo proteins with
fluorescence or luminescence have been designed, as well as de
novo proteins that can strongly inhibit the COVID-19 infection.
However, because our understanding of the fundamental laws of
proteins is incomplete, the design of de novo proteins is still "by
chance". Our goal is not only to elucidate the fundamental laws of
proteins but also to utilize the new findings to "rationally" design de

Big Data Analysis

novo proteins.

De Novo Protein Design Elucidation of Basic laws

Deep learning Bayesian inference
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Professor Associate Professor
Kouhei Tsumoto Satoru Nagatoishi

https://park.itc.u-tokyo.ac.jp/phys-biochem/
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We are conducting a broad range of research with a focus on antibody
engineering, integrating advanced physicochemical analysis techniques
and computational science technologies with a view to drug discovery and
materials development. Based on precise interaction analysis at the
molecular level, we aim to pioneer the next generation of biotechnology.

Protein Sci. 2024, 33, €5029.
Protein Sci. 2024, 33, e5017.

Next-Generation Antibody Engineering:

Antibodies are widely used as biopharmaceuticals and diagnostics due to their
excellent antigen recognition capabilities, and there is a demand for their
enhanced functionality and properties. We are promoting basic research in
next-generation antibody engineering using protein engineering, physicochemi-
cal analysis and cell biological analysis. We are working on research to accelerate
antibody drug development by elucidating the molecular mechanisms of antibody
antigen recognition and incorporating the latest technologies such as
high-throughput screening and data-driven design.

Molecular Machinery Elucidation of Disease-Related Proteins:

Focusing on pathogenic microorganisms and brain, nerve and cancer-related
proteins, we are advancing the structural and functional analysis of protein
complexes that cause disease, as well as the development of control technologies
using modalities such as antibodies, mid-sized molecules and small molecules.

Bio-metal Science:

Metals are essential for the functional expression of proteins, and abnormalities in
their regulation can lead to disease. We are analyzing the interactions between
proteins and metals in living organisms in detail, with the aim of finding
applications in the treatment of diseases and the development of new antibacterial
drugs through metal-mediated functional control of proteins.

Development of Bio-molecular Interaction Control Agents:

We are engaged in the discovery and optimization of small molecules that can
control the interactions of life molecules, with the goal of creating functional
reagents that contribute not only to drug discovery but also to life science research,
in close collaboration with the Drug Discovery Initiative (DDI) of our university.

Protein Engineering for Biomaterials:

Focusing on the advanced self-assembly and specific molecular recognition
capabilities of proteins, we aim to develop new biomaterials that can be applied in
a wide range of fields, including pharmaceuticals, energy, environment and

materials, through precise redesign of amino acid sequences.
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