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Development of Well-defined Glycopolymers with Molecular Recognition Ability (Graduate
School of Engineering, Kyushu University) Yoshiko Miura,

Since living organisms are complex and precise molecular systems, which are supported by
interactions between biomacromolecules. The interactions between biomacromolecules are
based on multivalent effects, which are a combination of a number of weak interactions. The
multivalent effects are controlled by the precise structure of the biomacromolecule. If the
similar precise molecular structures of biopolymers are realized by the synthetic polymers, it
is expected to control the interaction with biomacromolecules. In my study, glycopolymers
(polymers with sugar side chains), which show particularly remarkable multivalent effects,
were studied for the development of molecular systems to their application as biofunctional
materials.'

Saccharides are interacted with sugar recognition proteins, which usually have multiple
structures. Sugar recognition sites in proteins are regularly arranged, and the bio-interactions
are strictly controlled. Block copolymers, multi-block copolymers, star polymers, cyclic
polymers, and nanogels of glycopolymers were prepared using a precise polymer synthesis
method based on controlled radical polymerization. The design and control of biological
interactions were achieved by controlling the spatial arrangement of sugars and other functional
groups. Those glycopolymers are suitable for interaction with sugar recognition proteins. Since
molecular recognition of saccharides is involved in many diseases, those results lead to
fundamental knowledge of biofunctional materials and macromolecular medicine through the
precise glycopolymers.

Keywords : Glycopolymers; Controlled polymerization, Nanogels, Molecular Recognition
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Figure 1 Concept of glycopolymers as glycoclusters and examples of glycopolymers via

controlled polymerization.
1)Chemical Reviews, 2016, 116, 1673. 2) Chem Commun, 2018, 54, 84. 3) Biomacromolecules, 2021,
22, 3119. 4) Bull Chem Soc Jpn, 2010, 83, 1004. 5) Nature Chem, 2017, 9, 715. 6)Biomacromolecules,
2021, 23, 1232.
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Precise Design of Organic/Polymeric Microstructures with Novel Optical and Laser Functions
(Faculty of Pure and Applied Sciences, University of Tsukuba) OYohei Yamamoto

For the construction of molecularly assembled materials, it is important to control the
assembling structure at each level from nano to microscale. In material research, lasers are
often used for spectroscopic measurement and light irradiation. However, researches on the
development of laser materials and laser resonators are limited. Here, I show the formation of
micrometer-scale molecular assemblies with precisely controlled molecular arrangements,
morphologies, and orientations on a macroscopic scale. Novel photonics functions are realized
from the microstructures such as optical resonator and laser, circularly polarized light emission,
optical sensing, optical memory, and optical logic devices.

Keywords : Self-assembly,; n-conjugated Molecules; Microlaser; Sensing; Optical Devices
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Development of organic functional materials using photophysical properties induced by
molecular assembly
(Graduate School of Engineering, Osaka University) OHajime Shigemitsu

Supramolecular assemblies of organic dyes exhibit photophysical properties that distinct
from those of their monomolecular states. We found that water-soluble organic dye molecules
acquire photocatalytic activity by self-assembly. Their potentials of such supramolecular
photocatalysts for energy and medical applications were successfully demonstrated. As a
different research topic, multiple excimer dyes (e.g. pyrene, perylene) attached on
cyclodextrins which are chiral cyclic scaffolds exhibited bright circularly polarized
luminescence (CPL) properties. These emergent photophysical properties by self-assembly or
accumulation of organic dyes lead to new photo-functional materials.

Keywords : Supramolecular Assembly; Photocatalyst;, Circularly Polarized Luminescence;
Photodynamic Therapy, Hydrogen Evolution
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Figure 1. (a) Chemical structures and (b) schematic
representation of supramolecular photocatalysts.
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Structures and Functions of Lipids and Membrane-active Molecules in Biological
Environments
(Graduate School of Science, Osaka University) Michio Murata

The structure and dynamics of lipids in biological membranes have been regarded as the
last frontier of life science since the membrane lipids and fatty acids are representative
endogenous substances that do not have a clear conformation. That is, we aimed to precisely
analyze the conformations and intermolecular interactions of highly flexible biomolecules by
using solid-state NMR under the biological environments. The correlation between structure
and function of the lipids was examined by semiquantitative treatment of ensembles of rapidly
changing conformations. An overview of major research results will be presented.

Keywords : Lipid bilayers, solid-state NMR; Lipid rafts, sphingomyelin.
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AN BT 2 FR

E T VIRIZ DU T Molecular substructure of the liquid-ordered phase formed by sphingomyelin and
cholesterol: Sphingomyelin clusters forming nano-subdomains are a characteristic feature. Murata, M.,
Matsumori, N., Kinoshita, M., London, E. Biophysical Reviews 14, 655-678 (2022).

NEWilg &G 4 > 727 B IZ-DU T Experimental and theoretical investigations into the mechanism
of interactions between membrane-bound fatty acids and FABPs: A model system to investigate the

behavior of lipid acyl chains in contact with proteins. Sugiyama, S., Matsuoka, D., Hara, T., Sonoyama,
M., Matsuoka, S., Murata, M. Chem. Phys. Lipids 247, 105227 (2022).
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Upgrading Molecular Recognition and Catalysis with Cooperative Effects
(Graduate School of Natural Science and Technology, Okayama University) OTadashi Ema

Biopolymers that are essential for vital activities can exert their outstanding molecular
functions using "cooperative effects" of multiple weak interactions. This award recipient has
been studying the upgrading of molecular functions such as molecular recognition and catalysis
by using multiple weak interactions in cooperative (synergetic) manners in the ground state or
the transition state. Several nice results obtained in the fields of molecular recognition, catalysis,
and biocatalysis will be presented.

Keywords : Cooperative Effect; Molecular Recognition; Catalysis; Biocatalysis;, CO: Fixation
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AKX HET VI =T LMCEERZ T ZEREMERL Y ¢ V) U8RI AR AL EATE A
AT L7 D, 0.001 mol% (10ppm) OfiffiEFIHETH R L ISEIEE L, A
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Development of Rapid Synthetic Approaches of Natural Product Analogues by Expansion of
Biosynthetic Processes (Graduate School of Science, The University of Tokyo) OHiroki Oguri

Based on the biosynthetic pathways and structure-function relationships of natural products,
we are developing advanced platforms for design and rapid synthesis of biologically relevant
molecules with novel, complex, and diverse molecular structures. This presentation will focus
on chemical-enzymatic synthesis, concise synthesis of natural product analogs based on
element substitution strategies, and biogenetically inspired divergent synthetic process for
systematically generating skeletal variations of biologically active molecules.

Keywords: Natural Products; Biosynthesis, Biomimetic Synthesis, Skeletal Diversity; Chemo-
enzymatic Synthesis
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