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Synthesis and Function of Chiral Bifacial Molecular Motifs
Fumitaka Ishiwari' ('Department of Applied Chemistry for Environment,

Graduate School of Urban Environmental Sciences, Tokyo Metropolitan University)
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Molecular Manipulation by Confinement in Cage Hosts
Hiroki Takezawa' (!School of Engineering, The University of Tokyo)
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Chiroptical Properties and Host—Guest Chemistry of Nitrogen-Containing Helicenes

Chihiro Maeda (Department of Chemical Science and Engineering, Institute of Science Tokyo)
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1A1 2 Supramolecular Polymers Formed by Porphyrin Derivatives

Woo-Dong Jang (Department of Chemistry, Yonsei University, Republic of Korea)

Molecular recognition is a fundamental naturally occurring phenomenon that organizes a precisely controlled three-
dimensional architecture of biomacromolecules for performing sophisticated biological functions. The integrity of
molecular recognition enables self-sorting behavior while forming hierarchical supramolecular fibrous assemblies, such
as microtubules and actin filaments, from mixtures of various components of a cellular compartment. Inspired by
biosystems, the self-sorted growth of supramolecular polymers from mixed components has become an emerging topic
in supramolecular chemistry because the understanding of naturally occurring self-sorting behavior can contribute to the
advancement of novel functional materials. However, designing and controlling artificial systems that exhibit self-sorting
behavior is challenging because the molecular building blocks should include topologically organized molecular binding
sites, such as geometrical complementarity in size, shape, and hydrogen-bonding sites to recognize each other. Moreover,
the precise control of intermolecular interactions is challenging because various intermolecular interactions work together
as an ensemble. Although several excellent examples of self-sorted supramolecular assemblies have been reported,
molecular building blocks usually have relatively significant structural differences because topological selections are
required for self-sorting. As the regulation of many biological phenomena starts with the recognition of minute structural
mismatches, a question arises as to what minimal structural differences allow self-sorting from mixture components.

Porphyrins exhibit excellent planarity and rigidity as aromatic macrocycles. Their high planarity and rigidity make
porphyrin derivatives valuable as monomeric building blocks for supramolecular polymers and contribute to the discovery
of several unique supramolecular polymerization processes, such as living supramolecular polymerization,
supramolecular block copolymerisation, bisignate polymerization, and dilution-induced polymerization. Meijer et al. used
several different metalloporphyrin derivatives as monomeric building blocks.They obtained fibrous supramolecular
polymers from single components and mixtures of metalloporphyrins regardless of the central metal ions, as the rigidity
and planarity of porphyrins are not significantly changed by the coordination of the central metal ion. Studies on the effect
of the central metal ions of metalloporphyrins on supramolecular polymerization have not been conducted extensively.
In this symposium, we report the self-sorted growth of supramolecular polymers via the recognition of monomeric
building blocks from a mixture of metalloporphyrin dyads (PDwms; Figure 1) with only atomic-level differences.
Depending on the central metal ions, the PDwms exhibited different morphologies during the formation of supramolecular
assemblies. Although the structures of monomeric building blocks are not significantly different when the central metal
ions change, the strength of m—m interactions between porphyrin units possibly influences supramolecular assembly
formation. Thus, by changing the central metal ion, it is possible to modulate the strength of the intermolecular interactions

and achieve self-sorting with the slightest structural difference reported to date.
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Figure 1. Chemical structure of porphyrin dyads.



1A1 3 Sensor and Imaging Technology Using Fluorescent
Molecular Probes

Min Hee Lee' ('Department of Chemistry, Chung-Ang University, Seoul, Korea)

Quantitative determination of specific analytes is essential for a variety of applications ranging from life sciences to
environmental monitoring. Optical sensing allows for non-invasive measurements within biological milieus, parallel
monitoring of multiple samples, and less invasive imaging. Among the optical sensing methods currently being explored,
small molecule-based fluorescence sensing has received particular attention as a technique with the potential to provide
precise and quantitative analyses and real-time fluorescence monitoring. So far, our laboratory has developed a variety of
sensing probes using activatable fluorescent molecules for sensing, imaging, and biomedical applications. Today, I will
talk about the development of activatable fluorescent molecular probes capable of sensing several bioactive components
such as hydrogen sulfide (H,S), human NAD(P)H:quinone oxidoreductase 1 (hNQO1), nitroreductase (NTR), reduced
nicotinamide adenine dinucleotide (NADH), and etc., recently reported in our laboratory. The basic design concepts
involving small fluorescent molecules composed of a fluorescent reporter and recognition moiety that undergo a
fluorogenic reaction in response to analytes will be described. In addition, some biological results demonstrated that the
validation of fluorescent molecules’ operation will be presented in a variety of biological models such as live cancer cells,

cancer cell spheroids and tissues.

Figure 1. [llustration of sensing and imaging of cancer cells using
fluorescent molecular probes.



1A1 4 Intracellular Chemical Reaction-Induced Self-Assembly to
Control Cellular Fate

Ja-Hyoung Ryu (Department of Chemistry, Ulsan National Institute of Science and
Technology (UNIST), UNIST-gil 50, Ulju-gun, Ulsan 44919 E-mail: jhryu@unist.ac.kr)

The endeavor efforts to cure the disease have been made to develop cytotoxic and targeted chemotherapy. However,
the cytotoxic chemotherapy has severe side effects to kill healthy normal cells, and targeted chemotherapy which inhibits
specific cancer proteins has a drug resistance problem. Therefore, it is highly demanded to develop a new paradigm of
chemotherapy. Our research team has focused the efforts on the development of new therapy using supramolecular
approach through molecular design based on the knowledge of supramolecular chemistry, organelle-targeted
supramolecular therapeutics. We have reported that intra-mitochondrial assembly induced the dysfunction of
mitochondria by disrupting the membrane, resulting in the selective apoptosis of cancer cells. In addition, we reported
that the in-situ disulfide polymerization inside mitochondria was based on both large accumulation of monomers
(increased local concentration for polymerization) and high ROS environment (chemical fuel for disulfide reaction).
During the polymerization in a mitochondrial reducing environment, the autocatalytic process could continuously
generated ROS and constructed bulky structures for mitochondrial dysfunction. This in-situ polymerization showed great
potential for anticancer treatment against various cancer cell lines including drug resistant cancer cell. In addition, we
proposed a new senolytic strategy for the construction of a self-assembled structure inside senescent cells for their
selective elimination. We exploited supramolecular approach using intramitochondrial disulfide oligomerization, which
occurs due to the elevated levels of mitochondrial ROS in the senescent cells These findings can provide a new insight
into intracellular polymerization and assembly for the regulation of cellular functions and a therapeutic approach and new

targeting platform for the biomedical community.
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Figure 1. Intracellular Chemical Reaction-induced Self-Assembly.



1A1 5 Texaphyrin leveraged immuno-photodynamic therapy

Jong Seung Kim_(Department of Chemistry, Korea University, Seoul 02841, Korea Email:
Jjongskim@korea.ac.kr)

Immuno-photodynamic therapy (IPDT) has emerged as a new modality for cancer treatment. Novel photosensitizers can
help achieve the promise inherent in IPDT, namely the complete eradication of a tumor without recurrence. We report
here a small molecule photosensitizer conjugate, LuCXB. This IPDT agent integrates a celecoxib (cyclooxygenase-2
inhibitor) with a near-infrared absorbing lutetium texaphyrin photocatalytic core. In aqueous environments, the two
components of LuCXB self-associated through inferred donor-acceptor interactions. A consequence of this intramolecular
association is that upon photo-irradiation with 730 nm light, LuCXB produces superoxide radicals (O, via a type I
photodynamic pathway; this provides a first line of defense against the tumor while promoting IPDT. For in vivo
therapeutic applications, we prepared a CD133 targeting, aptamer-functionalized exosome-based nano-photosensitizer
(Ex-apt@LuCXB) designed to target cancer stem cells. Ex-apt@LuCXB was found to display good photosensitivity,
acceptable biocompatibility, and robust tumor targetability. Under conditions of photo-irradiation, Ex-apt@LuCXB acts
to amplify IPDT while exerting a significant antitumor effect in both liver and breast cancer mouse models. The observed
therapeutic effects are attributed to a synergistic mechanism that combines antiangiogenesis and photo-induced cancer

immunotherapy.
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Figure 1. Schematic illustration of dominant type Il and type I ROS generation as a function of the medium.



1A1 6 Chiral Molecular Architectures from Helical Foldamers

Hee-Seung Lee, Jaewook Kim, and Jungwoo Hong (Department of Chemistry, KAIST,
Daejeon 34141, Republic of Korea)

Helical foldamers, synthetic peptide oligomers characterized by rigid, well-defined conformations, offer exciting
opportunities for designing complex chiral molecular architectures. Inspired by naturally occurring biomolecules,
foldamers possess predictable secondary structures that facilitate precise control over hierarchical self-assembly processes.
These characteristics enable researchers to build intricate, highly organized structures exhibiting tailored functionalities
and distinct chiral properties.

Recent developments in foldamer chemistry have expanded their applicability through the incorporation of metal
coordination sites, leading to the emergence of metal-peptide networks (MPNs). These hybrid materials integrate the
structural predictability and stability of foldamer backbones with the versatility of metal ions, forming porous materials
with diverse, adjustable topologies and well-defined chiral channels (Figure 1). Such materials are promising for various

applications, including catalysis, selective molecular recognition, and sensor technologies.

An important advantage of utilizing helical foldamers lies in their inherent rigidity, which contrasts significantly with
conventional, flexible peptide-based systems. Such rigidity allows greater accuracy and precision when designing chiral
recognition sites, creating well-defined pathways, and enabling sophisticated molecular interactions within complex

networks.

This presentation will outline the fundamental molecular design principles and synthetic strategies for constructing
advanced chiral architectures based on helical foldamers. Special emphasis will be given to discussing detailed examples
of recent breakthroughs in the synthesis and characterization of foldamer-based chiral materials. Additionally, my talk
will explore ongoing research challenges and promising opportunities in this rapidly evolving field, underscoring the
substantial potential for practical applications of foldamer-derived chiral molecular systems in areas such as materials
science, biotechnology, and nanotechnology.
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Figure 1. Metal-peptide network (MPN) forming chiral channels through
foldamer self-assembly and metal coordination



1 P 5 5 Polydiacetylenes(PDAs)-Based Colorimetric Sensor Integrated
with a Lateral Flow Assay for On-site Cyanide Detection

Songyi Lee,"? ("Department of Chemistry, Pukyong National University; 2Industry 4.0
Convergence Bionics Engineering, Pukyong National University)

The development of a rapid, sensitive, and portable sensor for toxic cyanide (CN") detection is critical for environmental
and public health. In this study, we report a polydiacetylene (PDA)-based colorimetric sensor (PDA-BMN) designed for
on-site and real-time monitoring of CN™. The sensor utilizes a PDA system functionalized with a 1,1-dicyano-vinyl group
that undergoes a nucleophilic addition reaction with CN™, resulting in a distinct colorimetric transition from blue to orange.
The PDA-BMN displayed high selectivity for CN™ over a wide range of anions and cations in aqueous media, with a
detection limit as low as 0.55 uM-below the WHO drinking water guideline (1.9 uM).

To enhance field usability, PDA-BMN was incorporated into a lateral flow assay (LFA) platform. Notably, partial pressing
of the cellulose strip slowed fluid flow, promoting diffusion of CN~ toward the PDA layer and improving sensing
performance. Compared to the unpressed LFA, the pressed LFA (pLFA) showed a lower detection limit (173.4 pM vs.
233.5 uM) and stronger visual contrast. These results demonstrate that pressing-induced flow control significantly
improves reaction efficiency without requiring external devices or signal amplification techniques.

This work highlights the synergy between PDA colorimetric sensing and LFA platform engineering. The resulting strip-
based sensor offers a portable, cost-effective, and user-friendly tool for CN™ monitoring in diverse environmental settings,

paving the way for broader applications of PDA-based sensors in point-of-care diagnostics and environmental safety.
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Figure 1. (a) Schematic representation of the pressed LFA strips and the resulting enhanced detection of CN™ in the pLFA strip.
(b) Schematic illustration of the LFA and pLFA strips, and cross-sectional FE-SEM images of the LFA and pLFA strips.
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