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Biomolecule Sequencer (SANKEN, Osaka University)OMasateru Taniguchi

A biomolecule sequencer is an analytical system that directly sequences the base sequences
of DNA and RNA and the amino acid sequences of peptides at the single-molecule level. This
analysis system can also directly decode the chemical modifications of DNA, RNA and
peptides that act as markers for diseases. Biomolecule sequencers are becoming a powerful
analytical method for discovering cancer vaccines as well as for genetic and other testing
methods, and are being integrated with Al and quantum computers.

Keywords : Sequencer; Single Molecule; DNA; RNA; Peptide
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Data-driven polymer development and polymer sequencer

(‘Research Center for Macromolecules and Biomaterials, National Institute for Materials
Science)

(OMasanobu Naito'

We have focused on the fact that monomer sequences are critical factors governing polymer
properties, yet no universal method for analyzing monomer sequences in synthetic polymers
has been established to date. In response, we have developed a novel technology, the “Polymer
Sequencer.” This method enables the quantitative determination of short monomer chain
compositions by thermally decomposing polymers, analyzing the resulting fragment gas mass
spectra, and applying non-negative matrix factorization (NMF), a type of unsupervised
machine learning.

While conventional techniques, such as nuclear magnetic resonance (NMR) spectroscopy,
have been limited to analyzing triad sequence compositions in copolymers with two monomer
components, we have demonstrated that the Polymer Sequencer can analyze triad to pentad
sequence compositions even in copolymers composed of three or more monomer components.
This technology not only enables the quantitative evaluation of the correlation between
monomer sequences and polymer properties but also serves as a foundational tool for
developing sequence-controlled polymerization methods.

The development of this technology opens new possibilities in polymer science and is
expected to contribute significantly to material design and functional control.

Keywords : Polymer Sequencer; Machine Learning; DART-MS
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1) “A data-driven sequencer that unveils latent “codons” in synthetic copolymers”, Y. Hibi, S. Uesaka,
M. Naito, Chem. Sci. 2023, 14, 5619.
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Identification of microstructural differences and separation of polymers using MOFs (Graduate
School of Engineering, The University of Tokyo) ONobuhiko Hosono

Molecular separation is one of the most energy-intensive industrial processes, primarily due
to the inadequate efficacy of current separation methods. This issue becomes critical when it
comes to large polymeric compounds. Our group has been focusing on developing new
technologies for separating polymers using synthetic nanoporous crystals such as metal—
organic frameworks (MOFs). We recently discovered that MOFs can adsorb polymers in their
nanopores. During the adsorption process, even the slightest differences in polymer structures
are recognized, enabling highly precise polymer separation. This has allowed us to distinguish
the differences which were previously impossible using conventional methods.

Keywords : Polymer, Separation; Molecular Recognition;, Chromatography, Metal-Organic
Framework
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Second-Generation Crystalline Sponge Method  ('UTIAS, The University of Tokyo, *Institute
for Molecular Science (IMS) OMakoto Fujita'

The crystalline sponge (CS) method has been gaining recognition as a new X-ray
technique for single-crystal diffraction analysis, eliminating the need for analyte
crystallization. Here, an MsL4 cage with extensive guest binding properties, is
employed as a potent CS to address several limitations of the original method. Salt
formation with large aromatic polysulfonates significantly facilitated the crystallization
of the cage. The symmetry mismatch between the cage (74) and the sticker (D2n)
resulted in a low space group (typically PT), avoiding the static guest disorder problem
and leaving guest-accessible channels in the crystal. Thanks to the cage’s large cavity
with high guest-binding properties, a broader range of analytes can be analyzed,
including water-soluble molecules, large amphiphilic molecules (MW ~1200), and
molecular aggregates prior to reactions.

Keywords : crystalline sponge; self-assembly, cages; molecular recognition; structure analysis
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Direct observation of super-miscibility in atomic clusters using an atomic-resolution
transmission electron microscope ('Laboratory for Chemistry and Life Science, Institute of
Science Tokyo) OTakane Imaoka'

As the size of materials decreases from the bulk scale to the nanoscale, and further to the sub-
nanoscale, the distinct properties of individual phases gradually diminish, giving rise to a
phenomenon of super-miscibility where all metals and inorganic materials blend seamlessly.
This phenomenon was elucidated using an atomic-resolution, low-acceleration, low-dose
transmission electron microscope. In the presentation, I will discuss the features of this electron
microscope, provide examples of observations of minute metal clusters made using this
instrument, and offer an explanation of the concept of super-miscibility.

Keywords : Clusters, Nanoparticles, Transmission electron microscopy, Alloys, Miscibility
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1) Dynamic hetero-metallic bondings visualized by sequential atom imaging. M. Inazu, Y. Akada, T.
Imaoka, Y. Hayashi, C. Takashima, H. Nakai, K. Yamamoto, Nature Commun. 2022, 13, 2968.

2) Alloying at a Subnanoscale Maximizes the Synergistic Effect on the Electrocatalytic Hydrogen
Evolution. Q. Zou, Y. Akada, A. Kuzume, M. Yoshida, T. Imaoka, K. Yamamoto, Angew. Chem. Int. Ed.
2022, 61, €202209675.
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