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Glycosylated diarylmethyloxy-triazine library for fabricating a variety of supramolecular
architectures via self-assembly in aqueous media (Graduate School of Natural Science and
Technology, Gifu University, *United Graduate School of Drug Discovery and Medical
Information Sciences, Gifu University, *Institute for Glyco-core Research (iGCORE), Gifu
University, *Institute for Advanced Study, Center for One Medicine Innovative Translational
Research (COMIT), Gifu University) O Shuto Okuda', Shintaro Sugiura®, Yuki Shintani?
Natsuhisa Oka'-**, Masato Ikeda!->3*

Self-assembly of glycosylated molecules under aqueous conditions gives rise to a variety of
supramolecular architectures with the surface of highly condensed saccharides, which allows
us to emulate bio-interfaces. Thus, such soft materials have received significant attention as
biocompatible matrices for cell culture and regenerative medicines. Nevertheless, it is still
challenging to construct a library of glycosylated building blocks. To this end, 1,3,5-triazine
(Tz) scaffold is useful to be introduced at the reducing end of saccharides without protecting
groups!!!, which could offer an opportunity to expand the repertoire of glycosylated self-
assembling molecules. In this study, we constructed a library of glycosylated Tz for fabricating
diverse supramolecular architectures via aqueous self-assembly. To investigate the influence of
the saccharides on their self-assembly behavior, we introduced various monosaccharides and
disaccharides into diarylmethyloxy-modified Tz as shown in Figure 1.

Keywords : supramolecular hydrogel; self-assembly; saccharides; triazine
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[1] T. Tanaka, M. Noguchi, A. Kobayashi, S. Shoda, Chem. Commun., 2008, 2016.
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Formation of low-molecular-weight amine-tannic acid complexes and evaluation of their drug
encapsulation function (' Environmental Symbiotic System Major, Nippon Institute of Technology
2Department of Applied Chemistry, Faculty of Fundamental Engineering, Nippon Institute of
Technology) (OChisaki Nakaji,'! Naoya Takei,> Kenichi Niikura'-

Various drug delivery systems (DDS), including polymeric micelles, have been developed
for the delivery of antigenic proteins and nucleic acid. However, these carriers require complex
preparation procedures and often have low biodegradability. Recently, polyphenols have
attracted attention as a simple and effective approach for forming particles that encapsulate
biological macromolecules. In this study, we demonstrate that tannic acid can efficiently and
stably form complexes with drugs (including nucleic acids and proteins) in the presence of low-
molecular-weight amines.

We investigated the effect of complexes formed between tannic acid and two low-molecular-
weight amines: 1-Aza-18-crown 6-ether (Azal8C6) and 4,13-Diaza-18-crown 6-ether
(Diazal18C6), on the loading of CpG nucleic acids and bovine serum albumin (BSA) proteins.
The protein-loaded Azal8C6-TA and Diazal 8C6-TA complexes were formed in a pH 7.4
phosphate buffer (10 mM). The Azal8C6-TA complex, which contains a single amino group,
did not facilitate CpG loading, whereas the Diazal 8C6-TA complex, which contains two amino
groups, facilitated CpG loading. These results suggest that the presence of two amino groups
in Diazal8C6 enhances the efficiency of nucleic acid uptakes. We also explored the impact of
other low-molecular-weight amines on complexes formation and the stability of the resulting
complexes.

Keywords : low-molecular-weight amine, tannic acid, nucleic acid

BTN EE T, PURY VRGO E R RET D 12 OfE IR
B BFBINTNDEN, AROEHE L SOESREDIRINIELE STV 5, T4
TiX, ARES FENAT AEERRFEEEE LT, A 7= ) — v E N5 5k
DVEH &N TWD, AHFZE T, 1£E YT I ERAWD Z L TH = BN ERA (R
o & //\& ) &N IO L EICEERE T A2 Z L2 RAH L0 THET 5,
lebix, K5 F7 I T 3?) % 1-Aza-18-crown 6-ether  (Azal8C6) ¥ X O
4,13- D1aza-18 -crown 6-cther (Diazal8C6) & % v =g L ODEARN CpG itk L
BSA % XV EDOWR Y A E 2 DB RE LTz, pHT7.4 U AR HE(10mM)H
T. Azal8C6 K 1N Diazal8C6-TA-X N7 BHE AWK EEL LT, T /515D
Azal8C6-TA AR TIE CpG OELV IAHLNB LN/ o1y, T 7 HEN 2 2b D
D1aza18C6 TA BEERTIE CpG DRV IAZN A BTz, 2k, 228 ko7
BB ANEOR EICH S LB LN, SHIC, DKy 17 I Uik
Z»JJ%%D FERL LT AR O L EIZ DD T B RET 21T o 72,

© The Chemical Society of Japan - [C]C506-1am-02 -



[C]C506-1am-03 BALES B1055FES (2025)

Structure of coacervate from polycations and oppositely charged mixed
micelles

('Skin Science Lab, School of Pharmacy, Kitasato University, 2Skincare Lab, Mandom
Corporation) OHikari Kamo,' Katsunori Yoshida,' Toshihiro Mori?
Keywords: Coacervate; Shampoo; Molecular assembly structure; Surfactant; Polycation

Polyelectrolytes and oppositely charged surfactant micelles interact strongly via electrostatic
forces in aqueous solutions, leading to phase separation into either solid-liquid or liquid-liquid
systems. The latter results in a concentrated phase (coacervate) and a dilute phase, a
phenomenon known as coacervation.” Coacervation has been applied in various technologies,
including shampoos, food processing, water treatment, drug delivery for water-soluble
anticancer agents, and DNA transfection into cells.?

Typical shampoo formulations include cationic polymers as conditioning agents and anionic
and amphoteric surfactants as cleansing agents. These components interact upon dilution
during shampoo use, inducing phase separation and forming water-insoluble coacervates. This
study investigated the physicochemical properties and structural changes of coacervates during
the dilution process, using a commercially available non-sulfate shampoo as a representative
example.

Turbidity measurements revealed a sharp increase in turbidity around a relative
concentration of 0.4, indicating liquid-liquid phase separation and coacervation. Furthermore,
the coacervates became increasingly elastic as dilution progressed, and SAXS measurements
and polarized light microscopy confirmed the formation of a lamellar structure. Additionally,
fluorescence probe measurements identified the critical aggregation concentration (CAC) of
surfactants at a relative concentration of approximately 0.001. The results suggested that, with

further dilution, the micelles disassemble, * Anonic surfactant
transitioning to a monodispersed state. T 2witterionic surfactant sz
. ~v Cationic polymer X Ve
These findings demonstrated that the structural i Jl/
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1) P.Ilekti, L. Piculell, F. Tournilhac, B. Cabane, J. Phys. Chem. B 1998, 102, 344
2) Y. Wang, K. Kimura, Q. Huang, P. L. Dubin, Macromolecules 2000, 33, 3324.
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Molecular Dynamics Simulation of Biomolecular Adsorption on Alkyl B-Celluloside
Assemblies. ('Graduate School of Science, Kitasato University, *School of Materials and
Chemical Technology, Institute of Science Tokyo, *School of Frontier Engineering, Kitasato
University,* Kanagawa Institute of Industrial Science and Technology)

oKoichiro Ishibashi,' Kai Sugiura,” Takeshi Serizawa,’ Yoshiki Ishii,’ Go Watanabe'~**

Crystalline cellulose produced through enzymatic catalysis can be utilized in biological and
environmental systems without altering its molecular structure. Furthermore, chemically
modifying the molecular chain ends allows the cellulose interface to exhibit functional
properties based on the functional groups. Previous experiments have demonstrated that the
biomolecular adsorption of alkylated crystalline cellulose assemblies is influenced by the
length of the alkyl side chain. However, the underlying mechanism of this phenomenon has not
been fully elucidated through experimental results alone. To gain molecular insights into this
mechanism, we performed all-atom molecular dynamics simulations of protein adsorption at
the interface of various cellulose assemblies. By employing the umbrella sampling method,
typically used in systems composed of small molecules, it was possible to compare and analyze
the adsorption process of biomolecules on the cellulose assembly interface through free energy
landscapes.

Keywords : Molecular Dynamics Simulation; Cellulose Assembly; Biomolecular Adsorption;
Free Energy Calculation
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1) T. Serizawa et al., Colloids Surf. B, 220, 112898 (2022).
2) K. Hiratsuka et al., J. Mater. Chem. C, 11, 3949 (2023).
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Formation of emulsions by amphiphilic molecules containing fluorinated aromatic units
(Graduate School of Science and Engineering, Kwansei Gakuin University) OMisato Aoyagi,
Kobhei Sato

Theranostics, the combination of therapeutics and
diagnostics, has attracted considerable attention as a
next-generation medical technology that improves
patient quality of life while reducing side effects. In
particular, microbubbles composed of perfluoro-
alkane surrounded by hydrophobic alkyl chains of
phospholipids are expected to enable high-resolution
imaging of organs through efficient reflection of Fig. Schematic illustration of a
ultrasound. In addition, the vibration of the  mjcrobubble formed by phospholipid
microbubbles induced by ultrasound irradiation  and perfluoroalkane.
enables drug delivery to specific targets. However,
the low stability of the microbubbles remains a major challenge.

In order to increase the affinity between lipids and perfluoroalkanes and to improve the
stability of the microbubbles, synthetic lipids with fluorinated alkyl groups have been
developed.! However, the toxicity of perfluoroalkyl compounds (PFAS) is a critical issue,
requiring the development of new surfactants to replace conventional lipid analogues. In this
study, we designed and synthesised novel amphiphiles without the introduction of
perfluoroalkyl chains, yet capable of forming microbubbles, and evaluated their functions.
Keywords : Emulsions; Amphiphilic molecules, Fluorinated aromatic units
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1)Y. Oda et al., Int. J. Pharm. 2015, 487, 64—71.
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Synthesis of Polymer-Based Tubular Micromotors Capturing Virus-Shaped Nanoparticles
(Faculty of Sci. and Eng., Chuo University) OYuki Kiuchi, Yuma Sakai, Teruyuki Komatsu

We fabricated polymer-based tubular micromotors having Pt nanoparticles (PtNP) on the internal
surface by photopolymerization and alternate layer-by-layer assembly technique using microporous
polycarbonate (PC) membrane. These tubular micromotors were self-propelled in aqueous NH3;BH3
solution by jetting H, bubbles.? The aim of this study is to synthesize polymer-based tubular
micromotors having fetuin (Fet, sialoglycoprotein) on the exterior surface and to evaluate their
ability of capturing influenza virus-shaped fluorescence nanoparticles (HA-FNP).? After
photopolymerization of bis {2-(methacryloyloxy)ethyl} phosphate (BMP) in PC membrane (8.0 um
pore-diameter), FesO4 nanoparticles (MNP), poly-L-arginine (PLA), and PtNP solution were
filtered through the membrane sequentially. The tubes obtained by dissolving PC template were
soaked in aqueous avidin (Avi) and biotinylated Fet (bFet) solution, to yield bFet-Avi/
PBMP/MNP/PLA/PtNP tubes (Fet/Pt tubes) (outer diameter: ca. 8.0 um, tube length: ca. 18 pm).
The Fet/Pt tubes were self-propelled in aqueous NH3;BH3 solution by jetting H, bubbles and
captured HA-FNP efficiently. The number of binding HA-FNP per single tube was determined by
fluorescence spectroscopy.

Keywords : Micromotors, Anmonia Borane; Hydrogen Bubbles; Virus-Shaped Nanoparticles;
Photopolymerization
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3, 6988. Fig. 1 Schematic illustration of capturing of HA-FNPs by Fet/Pt tube.
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Synthesis of Copolymer-Based Tubular Micromotor (Faculty of Sci. and Eng., Chuo
University) OKoki Ozawa, Saki Batori, Teruyuki Komatsu

Synthesis and application of self-propelled micromotors have attracted attention. We
fabricated polymer-based tubular micromotors having Pt nanoparticles (PtNP) on the internal
surface by photopolymerization and layer-by-layer assembly technique using a porous
polycarbonate (PC) membrane. The tubular micromotors were self-propeled in aqueous H>O»
solution by jetting O, bubbles from the terminus.” The aim of this study is to synthesize
copolymer-based tubular micromotors composed of poly(bis{2-
(methacryloyloxy)ethyl}phosphate-co-methacrylic acid) [P(BMP-co-MA)] for further
functionarization of the polymer tubes. After photopolymerization of BMP and MA into the PC
membrane (8.0 um pore-diameter), magnetite nanoparticles (MNP), poly-L-arginine (PLA),
and PtNP were filtered sequentially using layer-by-layer assembly technique. Dissolution of
the PC membrane template yielded uniform hollow cylinder P(BMP-co-MA)/MNP/PLA/PtNP
tubes (outer diameter ca. 8 um, length ca. 18 um). The tubes were self-propeled in aqueous
H,O: solution by jetting O, bubbles from the terminus. Activation of carboxyl groups on the
tube wall allowed covalent binding of human serum albumin (HSA) to the outer surface.

Keywords : Copolymerization, Methacrylic Acid; Micromotors, Self-Propelling Ability, Pt
Nanoparticles
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1) T. Komatsu et al. ACS Appl. Polym. Mater.
2024, 6, 5822.

Fig. 1 Schematic illustration of HSA conjugated P(BMP-co-
MA)/MNP/PLA/PtNP tubular micromotor in H,O, solution.
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Responsiveness of Oleic Acid Vesicles in the Reaction System Where pH Changes in the
Presence of Oxygen (Keio University) O Daichi Kushijima, Ryohei Tozaki, Shoi Sasaki,
Kouichi Asakura, Taisuke Banno

Vesicles, which can control the encapsulating and releasing behavior of substances by the
slight changes in the external environment, have drawn considerable attention as functional
materials. Here, we investigated the membrane permeability of oleic acid-vesicles in enzymatic
reaction systems in which pH changes in the presence of oxygen. The fluorescent intensity of
environmentally responsive Nile red in oleic acid-vesicles gradually decreased in Tris buffer at
pH 8 containing alcohol oxidase and methanol. The decrease in pH over time was also
confirmed in this observation system due to the generation of formic acid caused by methanol
oxidation. We therefore deduce that the degree of neutralization of oleic acid changed with the
pH decrease, leading to an increase in the membrane permeability of the vesicles.

Keywords : Oxygen, Enzymatic Reaction, Vesicles; pH Change; Oleic Acid
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Synthesis of self-assembling block polymer composed of pH-responsive peptide and thermo-
responsive amino acid-derived polymer (‘Dept. of Molec. Chem. & Biochem., Doshisha
University) OTaisei Kawai,' Shin-nosuke Nishimura,' Tomoyuki Koga'

Artificial peptides are known to form various nanostructures by self-assembly according to
amino acid sequences, and have been applied as nanobiomaterials. Peptides with alternating
arrangements of hydrophilic and hydrophobic amino acids form B-sheet structure and self-
assembling in to nanofibers in water. Combining such self-assembling peptides with stimuli-
responsive polymers is an attractive approach to functionalize the peptide nano-assemblies. In
this study, we designed a thermo/pH-dual responsive hybrid polymer (PNAGAm-(LE)4). This
hybrid polymer contains UCST-type poly(N-acryloyl glycine amide) and amphipathic
oligopeptide with leucine (L) / Glutamic acid (E) alternating sequence. Target block polymer
was synthesized by combining solid phase peptide synthesis and atom transfer radical
polymerization. The conformational and self-assembling properties of the polymer were
investigated in aqueous solution.

Keywords : pH-responsive peptide; thermo-responsiveness; self-assembling; secondary
structure; atom transfer radical polymerization (ATRP)
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