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Photocontrol of higher-order structures of DNA using thermally bistable molecular
photoswitches ('School of Engineering, Hiroshima University, *Graduate School of Advanced
Science and Engineering, Hiroshima University, *Graduate School of Engineering, Nagoya
University) O Sota Tsuruda,! Keiichi Imato,”> Hiroto Okuda,! Naoki Kaneda,? Keiji
Murayama,® Yousuke Ooyama?

DNA is a precisely designable nanomaterial that forms higher-order structures, including
double helix, based on its primary sequence and exhibits structure-derived functions. In recent
years, reversible control of these higher-order structures using photoresponsive molecular
switches has attracted significant attention. However, most previous studies have relied on
thermally unstable azobenzene (AB) photoswitches, limiting precise structural control.

In this study, we investigated the photocontrol of DNA higher-order structures using a new
thermally stable photoswitch, sterically hindered stiff stilbene (HSS), which also undergoes
large structural changes comparable to those of AB. An HSS derivative bearing ammonium
salts at both ends (HSS-diam) changed the melting temperature (7,) of DNA
(GTTACGTAAC) upon photoisomerization in HEPES buffer solution, whereas an HSS
derivative bearing guanidinium salts at both ends (HSS-digua) drastically induced drastic
changes in solubility between dissolution and aggregation upon photoisomerization.
Keywords : Molecular Switch, Photoisomerization;, DNA; Melting Temperature; Higher-Order
Structure
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1) K. Imato, Y. Ooyama et al., J. Org. Chem. 2022, 87, 15762; JACS Au 2023, 3, 2458; Chem. Sci. 2024,
15,20545.
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Development of a Photolabile Protecting Group on a Phosphite
Moiety for the Synthesis of Oligonucleotides

(Graduate School of Pharmaceutical Sciences, Tokyo University of Science)

(OJinhee Hyun, Yuhei Takahashi, Kazuki Sato, Takeshi Wada

Keywords: Oligonucleotide synthesis; 5’-Phosphite method; Photolabile protecting group;
o-Nitrobenzyl derivatives

We have developed a 5'-phosphite ~ Scheme 1 5’-Phosphite method
method, a new approach for Hoo) o 3

oligonucleotide  synthesis, which o
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selective phosphitylation reaction of a 5'-hydroxy group of an unprotected nucleoside by
using a phosphitylating reagent with large steric hindrance. Then, 3 -hydroxy group of the
monomer and 5’-H-phosphonate monoester are condensed to form an internucleotidic
H-phosphonate diester. By removal of protecting groups, the 5 -phosphite is converted into
an H-phosphonate monoester and condensed with another monomer’s 3’-hydroxy group.
Unmodified and P-modified oligonucleotides can be obtained by appropriate transformation
of the internucleotidic linkages.

We have used a phosphite protecting group which is removed under acidic conditions so
far, but the oligomer tended to form emulsion during the extraction step and the synthetic
intermediate was partially hydrolyzed. To solve these problems and simplify the synthesis,
we investigated three nitrobenzyl-based protecting groups that can be removed by UV
irradiation at wavelengths that do not damage nucleobases (Figure 1). The details will be
discussed in the presentation.
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Figure 1 Structure of H-phosphonatediester derivatives having a photolabile protecting group

1) Kato, Y.; Oka, N.; Wada, T.; Tetrahedron Lett. 2006, 47, 2501-2505.
2) Matsuda, H.; Yoshida, E.; Shinoda, T.; Sato, K.; Hara, R. I.; Wada, T. RSC 4dv. 2021, 11, 38094-38107.
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Drug delivery by oligodeoxynucleotides that accumulated in hypoxic cell membrane
(Graduate School of Science and Engineering, Aoyama Gakuin University)OYusuke Sakurano,
Tatsuya Nishihara, Kazuhito Tanabe

The methodologies for selective treatments to hypoxic cells in solid tumor tissues have been
required. In this study, we prepared DNA materials that accumulated on hypoxic cell membrane.
We have developed DNA aggregate, which is combined uridine derivative (d**'U) that
accumulates on cell membrane and thymidine derivative (d¥®T) bearing hypoxia-responsive
moiety. DNA aggregate with consecutive artificial nucleobases accomplished accumulation on
the hypoxic cell membrane. Introducing an aptamer of anticancer drug to DNA aggregate
showed selective cytotoxicity to hypoxic cells.

Keywords : Oligodeoxynucleotides; Aptamer; Cell membrane; Hypoxic cells; Drug delivery
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Analysis of a unique structure in an SNA-DNA duplex ('Graduate School of Engineering,
Nagoya University) O Aoi Kitamura,! Kazuma Inagaki,' Nozomi Hibino,! Hiroyuki
Asanuma,' Hiromu Kashida,'

Serinol nucleic acid (SNA), an acyclic artificial nucleic acid developed in our laboratory,
exhibits stable duplex formation and high enzymatic resistance compared to natural nucleic
acids. However, conventional sequencing methods rely on enzyme-mediated extension,
making SNA sequence analysis challenging. To address this, we have developed a novel
sequencing method for SNA. Using this technique to analyze a specific SNA sequence, we
discovered that mismatched DNA specifically forms a double helix with it. In this study, we
investigated the binding mechanism of this SNA/DNA duplex. Melting temperatures indicated
this SNA/DNA duplex has comparable stability to that of a fully-matched duplex despite
containing 4-base mismatches. Detailed analyses revealed that this sequence forms a duplex
containing two bulges. In this presentation, we will report on effects of the number of base
pairs between two bulges on duplex stabilities.

Keywords : Serinol nucleic acid; Bulges, Sequencing
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0 o SNA: (R)-TCT TCTTCTTTC—(S)

Scheme 1. Sequences of DNA/SNA duplex investigated in this study. Chemical structures of
SNA and DNA are shown.
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Photocontrol of DNA duplex using triplet energy transfer from ruthenium complex to stilbene
(‘Graduate School of Engineering, Nagoya University) OHiroto Terada,' Hiroyuki Asanuma,’
Hiromu Kashida'

Photocontrol of DNA enables modulation of duplex stability without contamination, and it
has been used for several applications such as gene-expression regulation. Our laboratory has
reported DNA photocontrol based on azobenzene photoisomerization and photocycloaddition
of stilbene derivatives. However, conventional systems often require cytotoxic UV light, which
limits biological applications. In addition, they do not allow independent control of multiple
photoswitches. Recently, we developed a site-specific DNA photocrosslinking method using
visible light by exploiting triplet—triplet energy transfer (TTET) from ruthenium complex to
stilbene. With visible-light activation and high site selectivity, this platform should expand
DNA photocontrol strategies. In this study, we investigated DNA photocontrol using
photoisomerization of stilbene mediated by ruthenium complex and evaluated its effect on
duplex stability.

Keywords : Triplet energy transfer; DNA, Stilbene; Ru complex
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Scheme 1. Chemical structures of stilbene and Ru(bpy)s monomers.

1) Y. Kamiya, H. Asanuma, Acc. Chem. Res. 2014, 47, 1663
2) T. Doi, H.Kashida, H. Asanuma, Org. Biomol. Chem. 2015, 13, 4430-4437
3) H. Kashida et al., Angew. Chem. Int. Ed. 2024, 63, ¢202319516
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Development of a virus membrane disruption method suitable for virus detection via isothermal
nucleic acid amplification ('Faculty of Science and Engineering, Keio University)
OXKayo Takami', Mayu Okuda', Toshinori Sato!, Teruhiko Matsubara'

The purpose of this study is to develop a simple and rapid virus detection technique using an
isothermal nucleic acid amplification method. In this study, we treated virus-containing
droplets using acoustic levitation, which allows non-contact handling of viral solutions, and
then perform nucleic acid amplification via hybridization chain reaction (HCR) and fluorescent
detection. First, we investigated the condition for disrupting the viral lipid bilayer, and it was
found that ethanol and sodium hypochlorite destroy the lipid bilayer. Second, the synthetic viral
gene was amplified via HCR in the presence of ethanol.

Keywords : hybridization chain reaction, acoustic levitation; virus, isothermal nucleic acid
amplification; fluorescence detection
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Development of a Post-Synthetic Modification Reaction for
Oligodeoxynucleotides using a Boronophosphate as a Precursor

(Department of Medicinal and Life Sciences, Faculty of Pharmaceutical Sciences, Tokyo
University of Science) (OShogo Ohne, Tasuku Watanabe, Kazuki Sato, Takeshi Wada
Keywords: Oligonucleotide therapeutics; P-Modified nucleic acid derivatives; Click
chemistry; Boranophosphate

Recently, delivery technologies for oligonucleotide therapeutics have been a major issue.
To address this issue, introduction of a ligand to oligodeoxynucleotides (ODNs) has been
vigorously investigated. However, the introduction site of a ligand is limited to the ends of
ODNs due to the complexity of synthesis. We previously established a method for conversion
of DNA, which is a P-modified DNA bearing a P—B bond, a boranophosphate, into the key
intermediate, an acylphosphite. This intermediate is a useful precursor for the synthesis of
various P-modified derivatives.! This study aims to introduce a chemical handle that enables
efficient internal ligand modification of ODNs by utilising a boranophosphate as a synthetic
precursor. A boranophosphate is introduced at an arbitrary position beforehand, and an amine
bearing a click chemistry scaffold is used in the reaction. Then the boranophosphate is
converted to phosphorothioamidate bearing a click chemistry scaffold via an acylphosphite. It
allows a subsequent click reaction to readily introduce various modifications.

Previously, this conversion reaction was only achieved in the liquid-phase synthesis.?
Therefore, we aim to adapt it to the solid-phase synthesis using propylamine as a model
compound. The details will be discussed in the presentation.
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1) K. Sato, Org. Biomol. Chem. 2016, 14, 11092-11095. 2) Y. Takahashi, J. Org. Chem. 2023, 88, 15,
10617-10631.
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Establishment of a Highly Sensitive Multiplex Detection Method Based on Target-Responsive
Non-Enzymatic Amplification (College of Science and Engineering, Aoyama Gakuin
University) OJungsur Koh, Masato Sugawara, Tatsuya Nishihara, Kazuhito Tanabe

Highly-sensitive multiplex detection of disease-related biomolecules is in demand, however,
fluorescence spectral overlap limits simultaneous analysis. We previously developed a strategy
using DNA probes with reactive tags on the phosphate backbone. In this study, we applied
Catalytic Hairpin Assembly (CHA) to this system to achieve higher sensitivity. By systematic
investigation on the position of reactive groups on the DNA strand, we found that their
modifications at the toehold and stem regions effectively suppressed unintended background
reactions. On the other hand, it is striking that, the CHA reaction proceeded specifically in the
presence of the target. We further confirmed that the resulting duplex DNA products could be
efficiently accumulated onto beads. These results indicate that the present approach offers a
promising solution for controlling signal amplification and overcoming the limitations of
current multiplex detection methods.

Keywords : DNA Fluorescent Probe, Non-Enzymatic Amplification Reaction
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Motohashi, K. Tanabe, Chem. Biomed.  Figure 1. Schematic illustration of target detection
Imaging. 2026, in press, DOI: using non-enzymatic amplification
10.1021/cbmi.5¢00226.
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Synthesis and Evaluation of Nitrobiphenyl-Nucleic Acid Conjugates Aimed at Photochemical
Internalization ('School of Life Science and Technology, Institute of Science Tokyo) ORen
shiiba,! Nanai Yoshida,' Takashi Kanamori,'! Hideya Yuasa'

In recent years, nucleic acid therapeutics have been developed for the treatment of numerous
diseases. However, one major challenge with nucleic acid therapeutics is their low escape
efficiency from endosomes. Photochemical internalization (PCI)" has been investigated as one
solution to this problem %¥. PCI is a technology that introduces a photosensitizer along with the
target delivery molecule into cells via endocytosis. Upon light irradiation, reactive oxygen species
generated from the photosensitizer are used to rupture the endosomal membrane, releasing the
delivery molecule into the cytosol’.

In this study, we aimed to actively localize the photosensitizer to the lipid membrane to achieve
efficient membrane disruption via PCI. Therefore, we synthesized a conjugate by introducing
nitrobiphenyl (NBP), a small, highly efficient photosensitizer > developed in our laboratory and
expected to localize to the membrane?, at the terminal end of an oligonucleotide. Concurrently,
we investigated the influence of the linker structure connecting the nucleic acid and NBP on
membrane disruption capacity. To evaluate membrane disruption, we prepared liposomes
encapsulating a fluorescent dye and assessed the membrane disruption capacity of the
photosensitizer-oligonucleotide conjugate based on the percentage of released fluorescent dye.
We will report the details of these findings in our presentation.

Keywords: Photosensitizer, Photochemical Internalization, PCI, Antisense
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1)  A.Hogset, et al. Adv. Drug. Deliv. Rev. 2004, 56, 95-115.
2) Y. Matsushita-Ishiodori, T. Ohtsuki, Acc. Chem. Res. 2012, 45, 1039-1047.
3) A.Yuan, et al. Chem. Commun. 2015, 51, 6678—6680.
4)  A.Rashid, et al. Biochim. Biophys. Acta-Biomembr. 2017, 1859, 712-721.
5) Y. Tsuga, et al. Chem. Asian J. 2019, 14,2067-2071.
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Development of G-Quadruplex Probes Bearing Photoreactive and Alkyne Moieties for G4

Labelling

(‘Department of Biotechnology and Life Science, Tokyo University of Agriculture and
Technology)
OYautaro Imachi', Mohammad Jafar Sheikhi', Rena Nohara!, Yuma Tanaya', Kazuo Nagasawa',
Masayuki Tera'

G-quadruplexes (G4s) are secondary structures formed within guanine-rich nucleic acid
sequences and are thought to regulate cellular functions through epigenetic mechanisms.
However, methods to map G4-forming regions in living cells are still limited, limiting
functional analysis. Here, we synthesized G4 probes in which a G4-binding ligand is
functionalized with a photoreactive benzophenone and an alkyne tag. We demonstrate that
these G4 probes undergo efficient photo-crosslinking upon UV irradiation and subsequent
functionalization via click reactions.

Keywords: Guanine-quadruplex, 60TD, click chemistry, photo-crosslink
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WEETHIU AR (60TDNIHR L, BB THLIR Y 7= ) VBIORT X ¥
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[#5 5] 60TD (2xf L, UV BBEHZ KV BREZ T D2 _ Y 7 = ) VBLOT L%
Y EE AN LT G4 7 o —7 60TD-Bp-Al %= 51k L7 (Figure 1a), G4 B8l E 72133E G4
Eﬂﬁﬂ@ RNA Z#E7 /L& LTHY, 60TD-Bp-Al Z ¥ L T UV BBE 2470, fil T
TV RERREN AR E DT U v T Gk u%ﬁ(ﬁ%ﬁﬁﬁﬁ’i’??o 7= (Figure 1b), & ®

#5 5. 60TD-Bp-Al ﬁfo UV B 21T > T2 58 IO BRE NN BB &, G4
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Figure 1. a) Structure of 60TD-Bp-Al. b) Denaturing PAGE analysis of G4 and non-G4 RNA following
UV-induced photo-crosslinking and click labeling with azide-dye.

[Z5 k] 1) J. Spiegel, S. Adhikari,S. Balasubramanian,* Trends Chem., 2020, 2, 2, 123-136; 2) S.
Sasaki, K. Watashi,* M. Tera* et al, ACS Infect. Dis., 2025, 11, 8, 2131-2144; 3) D. Park, J. Ahn* et al,
Nat. Commun., 2024, 15, 7353.
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Synthesis and properties of 2"-O-Phenoxysulfonylpropyl-modified nucleic acid. (Dept. Life
Sci. Tech., Science Tokyo) OTaketo Oishi!, Shuntaro Takigawa', Takahito Tomori!, Eitaro
Murakami', Kohji Seio!

Antisense oligonucleotides (ASOs), a class of nucleic acid therapeutics, are used to target
RNA. Incorporating modified nucleic acids into ASOs improves nuclease resistance and
duplex stability, allowing ASOs to suppress mRNA translation and modulate pre-mRNA
splicing. Among approaches to modify the 2’-hydroxy group of nucleic acids, methoxyethyl
modification (2°-MOE) has shown clinical success.

To further improve properties, we focused on a phenoxysulfonylpropyl modification at
the 2"-hydroxy position. In this study, a 5-methyluridine derivative (a) and a 5-methylcytidine
derivative (b) were synthesized. These derivatives were designed to enhance nuclease
resistance due to the steric bulk of the aromatic ring and to improve duplex stability through
n—7 interactions. The synthesized 5-methyluridine derivative was incorporated into
oligonucleotides, and ASO properties were evaluated by duplex melting temperature
measurements, nuclease resistance assays, and MD simulations.

Keywords : Antisense oligonucleotides, Modified nucleic acid, Phenoxysulfonylpropyl-
modification
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Analysis of enzyme reactions within droplets formed by polyamines (' Graduate School of Science,
Shizuoka University, *Faculty of Pharmacy, Suzuka University of Medical Science, *Graduate
School of Science and Technology, Shizuoka University, *“Research Institute of Green Science and
Technology, Shizuoka University) ONonoka Tadachi,’ Ryotaro Bunya,! Ryusei Senda,' Ryu
Tashiro,? Shinnosuke Kawai,! Takanori Oyoshi'-**

Within cells, polyamines interact electrostatically with negatively charged DNA, stabilizing its
structure while also participating in the regulation of transcription and translation.! On the other
hand, their high positive charge is known to induce DNA aggregation, leading to droplet
formation.? In general, droplets formed within cells are thought to function as membraneless
organelles that regulate enzymatic reactions. However, it remains unclear whether droplets
formed by polyamines are involved in such enzymatic processes.

In this study, we compared the droplet-forming ability of polyamines (spermine, spermidine,
and putrescine) using short single-stranded DNA. We found that spermine exhibited the highest
droplet-forming ability. Furthermore, we formed droplets using spermine and hairpin-loop DNA
containing single-stranded regions and examined how DNA polymerase activity was affected by
the presence or absence of droplets.

Keywords : Liquid-Liquid Phase Separation (LLPS),; Polyamine; DNA Polymerase
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1) Aumiller, Jr., W. M., Cakmak, F. P., Davis, B. W., and Keating, C. D. Langmuir. 2016, 32,39, 10042-
10053.

2) Vieregg, J. R., Lueckheide, M., Marciel, A. B., Leon, L., Bologna, A. J., Rivera, J. R., and Tirrell, M.
V. J. Am. Chem. 2018, 140, 5, 1632-1638.
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Induction of Tandem rG4 Structures by Staple Oligomers Enables Potent Gene Expression
Regulation (!Faculty of Advanced Science and Technology, Kumamoto University, > Graduate
School of Science and Technology, Hirosaki University, StapleBio Inc)ORirika Taniguchi,'
Rinka Ohno,? Riko Yokoyama,> Yousuke Katsuda,'* Masaki Hagihara,” Shin-ichi Sato,"?
Toshihiro Thara'-?

Our laboratory developed a new technology, which regulate gene expression by modulating
mRNA structure using a short oligonucleotide termed a Staple oligomer. The Staple oligomer
binds between distinct the G-tracts on target mRNA, bringing these G-tracts into close
proximity and thereby inducing the formation of RNA G-quadruplex(rG4) structure. Because
rG4s are highly thermostable, they block multiple enzymatic reactions including ribosomal
translation and exonuclease-mediated mRNA degradation. Consequently, this technology
termed RNA hacking (RNAh) enables precise regulation of gene expression.

In the present study, we report a new idea to enhance the regulatory efficacy of RNAh. When
rG4 structures are positioned into close proximity, two rG4s cooperatively assemble into a
highly thermodynamically stable tandem rG4 structure, which results in strong gene
suppression. Using this unique rG4 property, we designed a Staple oligomer that induces
tandem rG4 formations, thereby achieving robust suppression of gene expression.

Keywords : Nucleic acid; G-quadruplex; RNA hacking, Staple oligomer; gene expression
regulation
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1) Staple oligomers induce stable RNA G-quadruplex structure for protein translation inhibition in
therapeutics. Katsuda, Y., Kamura, T., Kida, T. ef al., Nat. Biomed. Eng., 2025.
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Developent of exploring method for single-stranded DNA selectively chemical modification
(!Sch. Life Sci. Tech., Science Tokyo) OSumika Maeda, ! Eitaro Murakami, ' Kohji Seio!

The formation of single-stranded DNA plays a crucial role in transcription and DNA repair.
R-loop is a tri-stranded structure composed of single-stranded DNA and double-stranded DNA -
RNA. It performs important functions in vivo, however its abnormal formation can cause
genomic instability. Accurate detection of transiently formed single-stranded DNA, such as R-
loop, is expected to identify its biological functions.

This study focuses on the difference in reactivity between single-stranded and double-
stranded DNA, and aims to detect single-stranded DNA through chemical modification within
cells. Wu et al. successfully detected single-stranded DNA by selective reaction to the glyoxal
derivative N3-kethoxal in situ (T. Wu et al., Nat. Methods, 2020, 17, 515-523.). In preparation
for the detection by chemical modification, we aimed to develop the exploring method for
single-stranded DNA selective reagents. We established an exploring system by creating
pseudo-single-stranded structures, and evaluated reactivity to single-stranded DNA in
phosphate buffer solution(pH=7.0). We identified a single-stranded DNA-selective reagent by
this evaluation system.

Keywords : Nucleic acids chemistry, Modified base,; Organic chemistry; Single-stranded DNA,
R-loop
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Analysis of stereocontrolled phosphorus-modified oligonucleotides using cyclic ion mobility
mass spectrometry ('Faculty of Pharmaceutical Sciences, Tokyo University of Science,
2Japan Bioindustry Association) O Tomomi Shiraishi,! Utako kashio,” Masato Watanabe,’
Kazuki Sato,' Takeshi Wada'

For the development of oligonucleotide therapeutics, phosphorus-modified nucleic acids,
such as phosphorothioates, are highly useful oligonucleotides. However, phosphorus
modifications generate stereoisomers at the phosphorus center, and their physicochemical and
biological properties are known to differ depending on the stereochemistry. Various analytical
techniques, including liquid chromatography and electrophoresis, have been explored for
separation of stereoisomers. Our group has previously reported the stereocontrolled synthesis
of phosphorothioate (PS) and boranophosphate (PB) oligonucleotides in which one of non-
bridging oxygen atoms is replaced with a borano group. In this study, we analyzed these
stereoisomers using cyclic ion mobility mass spectrometry, revealing differences in mobility
between the stereoisomers.

Keywords : phosphorus-modified oligonucleotide; ion mobility mass spectrometry;
phosphorothioate DNA; boranophosphate DNA
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