Session The 105th CSJ) Annual Meeting

[ Academic Program [Oral A] | 17. Biofunctional Chemistry, Biotechnology : Oral A I

8 Wed. Mar 26,2025 1:00 PM - 3:40 PM JST | Wed. Mar 26, 2025 4:00 AM - 6:40 AM UTC i
[A]D401(D401, Bldg. 4, Area 3 [4F])

[[A]D401-1pm] 17. Biofunctional Chemistry, Biotechnology

Chair: Hisae Tateishi-Karimata, Tatsuya Nishihara

® Japanese

1:00 PM - 1:10 PM JST | 4:00 AM - 4:10 AM UTC

[[A]D401-1pm-01]

Liquid-liquid phase separation induced by i-motif structure under cell-mimicking conditions

ORyosuke Suzuki', Mitsuki Tsuruta’, keiko kawauchi’, Daisuke Miyoshi' (1. FIRST,Konan
University)

® Japanese

1:10 PM - 1:20 PM JST | 4:10 AM - 4:20 AM UTC

[[A]D401-1pm-02]

Liquid-liquid phase separation and liquid-solid phase separation induced by DNA G-
quadruplex

ONaoki Kosaka', Minori Nakata', Mitsuki Tsuruta’, Keiko Kawauchi', Daisuke Miyoshi' (1.
FIRST, Konan University)

® Japanese
1:20 PM - 1:30 PM JST | 4:20 AM - 4:30 AM UTC

[[A]D401-1pm-03]
Regulation of liquid-liquid phase separation with G-quadruplex ligands

OMizuho Aya', Tsuruta Mitsuki', kawauchi keiko!, Miyoshi daisuke' (1. FIRST, Konan University)

® Japanese

1:30 PM - 1:40 PM JST | 4:30 AM - 4:40 AM UTC

[[A]ID401-1pm-04]

Interaction of zinc(ll) pheophorbide a with G-quadruplex DNA

OAtsuya Momotake', China Okamoto'2, Masami Kobayashi', Yasuhiko Yamamoto! (1. Univ. of

Tsukuba, 2. The National Institute of Advanced Industrial Science and Technology (AIST),
National Metrology Institute of Japan (NMI)))

® English

1:40 PM - 1:50 PM JST | 4:40 AM - 4:50 AM UTC

[[A]D401-1pm-05]

New Data Science in Nucleic Acids Chemistry (16): Cellular compartment size as a critical
factor in the stability and function of nucleic acids

OSunipa Sarkar', Hisae Tateishi-Karimata 2, Kazunori Matsuura 34, Naoki Sugimoto ' (1.
FIBER, Konan University, 2. FIRST, Konan University, 3. Department of Chemistry and
Biotechnology, Graduate School of Engineering, Tottori University, 4. Centre for Research on
Green Sustainable Chemistry, Tottori University)

® English

1:50 PM - 2:00 PM JST | 4:50 AM - 5:00 AM UTC

[[A]D401-1pm-06]

New Data Science in Nucleic Acids Chemistry (18): Comparison of the stability of DNA
duplexes among normal and cancer cells

© 2025 The Chemical Society of Japan



Session The 105th CSJ) Annual Meeting

OKun Chen', Hisae Tateishi-Karimata'2, Shuntaro Takahashi'2, Naoki Sugimoto® (1. Konan
University FIBER, 2. Konan University FIRST)

® Japanese

2:00 PM - 2:10 PM JST | 5:00 AM - 5:10 AM UTC

[[A]D401-1pm-07]

Construction of artificial viral capsid encapsulating quadruplex DNA and its intracellular
delivery

OKazunori Matsuura', Motono Ishii!, Hiroshi Inaba', Tamaki Endoh?2, Hisae Karimata Tateishi?,

Naoki Sugimoto? (1. Graduate School of Engineering, Tottori University, 2. The Frontier Institute
for Biomolecular Engineering Research, Konan University)

2:10 PM - 2:20 PM JST | 5:10 AM - 5:20 AM UTC
Break

® Japanese

2:20 PM - 2:30 PM JST | 5:20 AM - 5:30 AM UTC

[[A]D401-1pm-08]

Synthesis of stimuli-responsive artificial oligodeoxynucleotides bearing phenylazothiazole
groups and their application to gene regulation

OKouki Tamura', Tatsuya Nishihara', Kazuhito Tanabe' (1. Aoyama Gakuin University)

® Japanese

2:30 PM - 2:40 PM JST | 5:30 AM - 5:40 AM UTC

[[A]D401-1pm-09]

Design of oligodeoxynucleotides that selectively accumulated in hypoxic cells: Synthesis and
functional evaluation

OvYusuke Sakurano!, Reina Kainuma', Daigo Maehara', Tatsuya Nishihara', Kazuhito Tanabe'
(1. Aoyama Gakuin University)

® Japanese

2:40 PM - 2:50 PM JST | 5:40 AM - 5:50 AM UTC

[[A]D401-1pm-10]

Development and application of target responsive tetrahedral oligodeoxynucleotide with i-
motif structure.

OVYui Kurozumi', Tatsuya Nisihara', Kazuhito Tanabe' (1. Aoyama Gakuin University)

® Japanese

2:50 PM - 3:00 PM JST | 5:50 AM - 6:00 AM UTC

[[A]D401-1pm-11]

Function of nitrobenzyl group-tethered oligodeoxynucleotides with hypoxic cell
accumulation properties

OAiri Kanayama', Daigo Maehara', Tatsuya Nishihara', Kazuhito Tanabe' (1. Aoyama Gakuin
University)

® Japanese

3:00 PM - 3:10 PM JST | 6:00 AM - 6:10 AM UTC

[[A]D401-1pm-12]

Exploring of Lipid Modification Unit to Improve Cell Membrane Permeability of Nucleic Acids

OTento Sugiura', Akimitsu Okamoto’ (1. The Univ. of Tokyo)

® Japanese

© 2025 The Chemical Society of Japan



Session The 105th CSJ) Annual Meeting

3:10 PM - 3:20 PM JST | 6:10 AM - 6:20 AM UTC

[[AID401-1pm-13]

Exploration of Nucleic Acid Design Methods Oriented to Induce Selective Cytotoxicity Using
mMiRNAs as Biomarkers

OHiroki Oiwa', Akimitsu Okamoto (1. The Univ. of Tokyo)

® Japanese

3:20 PM - 3:30 PM JST | 6:20 AM - 6:30 AM UTC
[[A]D401-1pm-14]

Effects of Spermidine and DNA topology for LLPS

ORYOTARO BUNYA!, RYUSEI SENDAZ, RYU TASHIRO3, TAKANORI OYOSHI'24> (1. Faculty of
science, Shizuoka University, 2. Graduate School of Integrated Science and Technology,
Shizuoka Univercity, 3. Faculty of Pharmaceutical Sciences, Suzuka University of Medical
Science, 4. Graduate School of Science and Technology, Shizuoka University, 5. Research
Institute of Green Science and Technology, Shizuoka University)

® Japanese

3:30 PM - 3:40 PM JST | 6:30 AM - 6:40 AM UTC
[[A]D401-1pm-15]

Analysis of a novel G-quadruplex binding protein, hexokinase 1

OTakumi Nakashima', Toshifumi YamanakaZ2, Wakana Matsudaira', Ahmed Mostafa
Abdelhady34, Shinichi Sato®, Kazumitsu Onizuka34, Fumi Nagatsugi34, Takanori Oyoshi'267 (1.
Graduate School of Integrated Science and Technology, Shizuoka University, 2. Faculty of
Science, Shizuoka University, 3. IMRAM, Tohoku University, 4. Graduate School of Science,
Tohoku University, 5. Frontier Research Institute for Interdisciplinary Sciences, Tohoku
University, 6. Graduate School of Science and Technology, Shizuoka University, 7. Research
Institute of Green Science and Technology, Shizuoka University)

© 2025 The Chemical Society of Japan



[A]D401-1pm-01 BALES B10585FES (2025)

MIARINIREE T T i-motif BEM BT & RRAE I B
(FRIK FIRST!) OghAisr |« #3H AL |+ )T ! - SAFR !

Liquid-liquid phase separation induced by DNA i-motif structure under cell-mimicking
conditions ('Frontiers of Innovative Research in Science and Technology, Konan University)
ORyosuke Suzuki', Mitsuki Tsuruta', Keiko Kawauchi', Daisuke Miyoshi!

Nucleic acids, in addition to the standard double-helix structure, form various secondary
structure structures. It is known that nucleic acid cytosine-rich sequences fold into cytosine
quadruplex (i-motif) V. Although the i-motif is stable only in acidic conditions, of which pH is
lower than physiological conditions (~ pH 7.2), it has been suggested that i-motifs can be
formed at promoter region of cancer-related genes and telomere region?. Furthermore, i-motif
has the potential to induce liquid-liquid phase separation (LLPS)®. Biomolecular LLPS
regulates various biological processes such as metabolism and gene expression. Therefore, it
is considerable that the i-motif formed within cells undergoes LLPS to regulate gene expression.
However, there is no report of i-motif LLPS at physiological pH. In this study, we investigated
the LLPS ability of i-motifs under conditions that mimic the molecularly crowded environment
of cells. Systematic studies showed that i-motifs can form even at slightly basic pH under
molecular crowded environments. Moreover, molecular crowders accelerate the i-motif LLPS
under the physiological condition.

Keywords : i-motif, Liquid-liquid phase separation, molecular crowding, DNA
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1) C. H. Kang, et al., Nature, 1993, 363, 561-565.

2) H.J. Kang, et al., J. Am. Chem. Soc., 2014, 136, 4172-4185.

3) M. Mimura, et al., J. Am. Chem. Soc., 2021, 143, 9849-9857.

Fig. Effect of i-motif on inducing LLPS under physiological pH
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Liquid-liquid phase separation and liquid-solid phase separation induced by DNA G-quadruplex

(Frontiers of Innovative Research in Science and Technology FIRST, Konan University)
(ONaoki Kosaka, Minori Nakata, Mitsuki Tsuruta, Keiko Kawauchi, Daisuke Miyoshi

G-quadruplex (G4) is one of the non-canonical structures of nucleic acids formed from guanine-
rich sequences. G4-forming DNA sequences are enriched in regulatory region of genes as well as
telomere region?. Recently, they have also been shown to be involved in the regulation of gene
expression via liquid-liquid phase separation (LLPS) in cells and may also be involved in liquid-
solid phase separation (LSPS), which lead to aggregate formation®*. However, factors of G4
dominating LLPS and LSPS are totally unclear yet. Here, we studied LLPS and LSPS of G4s with
various topologies and loop structures. As a result, it was found that the structuring of the loop
region and the associated topology changes affect the G4 LLPS and LSPS (Fig. 1).

Keywords : G-quadruplex; Liquid-liquid phase separation,; Liquid-solid phase separation, loop
region, Topology
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1) M. H. Hu, et al., J. Med. Chem., 2018, 6/, 2447-2459.
2) M. Mimura, et al., J. Am. Chem. Soc., 2021, /43, 9849-9857.
3) Y. Yabuki, et al., J. Biol. Chem., 2024, Online 107971.

© The Chemical Society of Japan - [A]D401-1pm-02 -



[A]D401-1pm-03 BAILES B1055FES (2025)

JT7= HEELBABE) A2 N2k Bk - &HE5 BE O HIH
(R FIRST') O Hnfll ' - #5H Fek ' - JIN Bt - =4 K
Regulation of liquid-liquid phase separation with G-quadruplex ligands

('Frontiers of Innovative Research in Science and Technology, Konan University)
OMizuho Aya,' Mitsuki Tsuruta,' Keiko Kawauchi', Daisuke Miyoshi'

Nucleic acids and proteins have recently been shown to undergo liquid-liquid phase separation
(LLPS) to form liquid droplets. Biomolecular LLPS plays an important role in the control of
biological processes such as gene expression. Moreover, LLPS is associated with
neurodegenerative diseases. It is believed that regulation of LLPS is promising for treatment
of these diseases. In this study, we attempted to control RNA G4-LLPS by using a series of G4
ligands. It was found that the G4 ligands accelerate and inhibit RNA G4-LLPS in a ligand
concentration dependent manner (Fig. 1).

Keywords: RNA, G-Quadruplex, Liquid-liquid phase separation, Ligand
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Figure 1. Schematic illustration of RNA G4-LLPS regulated by a G4 ligand.

1)W. M. Babinchak, et al., Nat. Commun., 2020, 11, 5574.
2) M. Tsuruta, et al., Chem. Commun., 2022, 58, 12931.
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Interaction of Zinc(II) Pheophorbide a with G-quadruplex DNA (? Institute of Pure and Applied
Sciences, Univ. of Tsukuba, 2 The National Institute of Advanced Industrial Science and
Technology (AIST), National Metrology Institute of Japan (NMLJ)) O Atsuya Momotake,'
China Okamoto,”> Masami Kobayashi,' Yasuhiko Yamamoto'

Zn-substituted pheophorbide a (ZnPhed a) has emerged as a promising photosensitizer for
photodynamic therapy (PDT) due to its enhanced water solubility compared to its metal-free
counterpart, pheophorbide a (Phed a). This study explores ZnPhed a's interaction with all-
parallel-stranded G-quadruplex DNA (d[(TTAGGG)]4 (6mer)) using fluorescence and NMR
spectroscopies. Fluorescence titration indicated that ZnPhed a binds to 6mer with considerably
higher affinity than Phed a, binding constants are 1.8 +0.39 x 107 and 0.3 = 0.01 x 10 M,
respectively. NMR analysis showed that ZnPhed a selectively stacks onto the G6 G-quartet of
6mer to form a ZnPhed a-6mer complex. Irradiation of the ZnPhed a-6mer complex (680 nm)
caused DNA degradation under not only aerobic conditions, but also anaerobic ones,
demonstrating its oxygen-independent DNA photodegradation ability. These findings offer
insights for designing advanced photosensitizers in PDT.

Keywords : Photodynamic therapy,; G-quadruplex DNA; Molecular recognition,
Photosensitizer, Zinc(Il) pheophorbide a

In @7 = 47 4 V3A Ka (ZnPhed a) 1%, A
GREZERNT 247 431 R a (Phed a)

(Fig. 1A) L [RIERIC, JEfR ) 59RE (PDT) @i’ﬁﬁé
BAL LCHETHS L E X DNS, KB

“o” o

I%. ZnPhed a & FATRIPUEEH DNA (d[(TTAGGG)]4 M = 2H: Pheophorbidea (Phed o

M = Zn(ll): Zn Pheophorbide a (ZnPhed a)

(6mer), Fig 1B) OAHAAFEH Z 40tk LUV NMR % B
FRCTRRNT L7z, SO E OFSH, ZnPhed a & m ?
6mer DFELER (1.8£039x10'M ") 1%, Pheda L\ <L
EOfE (03£001x10°M") ZR&EL ERlIpZE T’: gq,
B BmE feot, SbIC. ZnPhed @ DIMA o looote  “DulIy
6mer DA X /71 b ZHKTDH NMR 7 )

VICTBIZT B B2 o 7 ML, ZnPheda [ 1 e T o PO o
X 6mer @ G6-G /LT v b GZ‘E?REGQZ% éi\ LT Schematic representation of all-parallel G-
BEEBREZTERT D ENRENT-, £7-, ZnPhed  quadmuplex DNA, [d(TTAGGG)], (6mer),
a & bmer OFAKIOL (680 nm) Lz ! o AITAGES) (. ff) and -
A VBRFEOFIZ) NI 5T DNA B0 LT,

L72M > T, ZnPhed a (%, Phed a & [FFRIC, FeE éllf{zizféﬁ DNA St fiFReE ' 2 A %
ZEMFERES N, AR, PDT [A] Hﬁﬁmﬁl FXEHZIBIT D ZnPhed a OF =72 w]
REMEAZTET 55D Th D,
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New Data Science in Nucleic Acids Chemistry (16): Cellular
Compartment Size as a Critical Factor in the Stability and Function
of Nucleic Acids

(IFIBER, Konan Univ. °FIRST, Konan Univ., 3Department of Chemistry and Biotechnology,
Tottori Univ., *Centre for Research on Green Sustainable Chemistry, Tottori Univ.)

OSunipa Sarkar,' Hisae Tateishi-Karimata,'*> Kazunori Matsuura,** Naoki Sugimoto!
Keywords: Organelle size, Vesicles, G-quadruplex, Gene expression, Nucleic acids
therapeutics

In living cells, organelles create compartments of varying sizes, effectively isolating
specific biomolecules from the rest of the cell." This physical separation provides a controlled
microenvironment, enabling more efficient regulation of biological processes. For these
processes, G-quadruplex (G4) structures play a crucial role, with their stability being highly
influenced by the surrounding environment.? Given that organelles range in size from 30 nm to
7.0 um, we explored whether compartment size affects directly the stability of G4s in these
distinct microenvironments.

To explore the impact of

LUV (~0.1 pm)

GUV (~ 1-10 pm)

compartmentalization, we mimicked organelle sizes
using large unilamellar vesicles (LUVs) and giant
(GUVs) to
compartments ranging from 0.1 pm to 10 pym in

unilamellar  vesicles generate

diameter (Figure 1), which are widely used for

creating artificial cells and mimicking viral G4 DNA

membranes. ® The vesicles contained an aqueous layer

enriched with K* ions to replicate physiological
conditions (Figure 1). Thermal melting studies
revealed that the melting temperature (7) of G4
inside vesicles with a diameter of 0.1 um (LUV) was

decreased compared to dilute conditions. The
decrement became more pronounced in GUV-sized
vesicles. These findings demonstrated that

compartment size affects strongly G4 DNA stability,
highlighting the
compartmentalization in

potential role of

regulating the gene

expression efficiency of nucleic acids.

Compartment size

G4 Stability

Figure 1. Schematic illustration of
different sizes of vesicles ranging from
0.1 um to 10 um. The vesicles were
formed using a 2:1 ratio of 1-palmitoyl-
2-oleoyl-sn-glycero-3-phosphocholine
(POPC) and cholesterol to ensure
stability and effective encapsulation of
G4 DNA.

1) S. Pramanik, H. Tateishi-Karimata, N. Sugimoto, Nucleic Acids Res., 2014, 42, 12949. 2) H. Tateishi-
Karimata, K. Kawauchi, S. Takahashi N. Sugimoto, J. Am. Chem. Soc. 2024, 146, 8005. 3) H. Furukawa,
H. Inaba, F. Inoue, Y. Sasaki, K. Akiyoshi, K. Matsuura, Chem. Comm. 2020, 56, 7092.
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New Data Science in Nucleic Acids Chemistry (18): Comparison of
the stability of DNA duplexes among normal and cancer cells

(IFIBER, Konan Univ., °’FIRST, Konan Univ.)

oKun Chen,! Hisae Tateishi-Karimata,'> Shuntaro Takahashi,"?> Naoki Sugimoto!

Keywords: Nearest-neighbor (NN) parameters, DNA duplex, Cancer cell, DNA stability,
Cellular environments

Accurate prediction of DNA duplex stability using nearest-neighbor (NN) model is crucial
for advancing molecular biology and therapeutic applications.! However, the complexity of
intracellular environments has limited their applicability in living cells. In this study, we
investigate the behavior of DNA duplexes across various cell types to validate the NN model
under physiologically relevant conditions.

To avoid the complexity of the effect of the total DNA concentration on the melting
temperature (Tm) of the duplex formation, we designed two DNA hairpin sequences (HpNsla
and HpNslb) with identical NN base pairs in the stem and hexa-ethylene glycol (EGg) linker
was used as a loop (Figure 1A). UV melting analysis of each 10 uM hairpin sequence in vitro
in the non-crowding condition showed that both hairpin sequences exhibited similar Tr, values
(HpNsla: 52.3 °C, HpNs1b: 52.0 °C), validating the NN rule (Figure 1B). To further investigate
detailed thermal stability in the intracellular environment, we employed a pseudo-cell system
called SHELL in which the intracellular molecular environment of cells including proteins and
organelles has been immobilized but small molecules removed (Figure 1C).> We prepared
SHELLSs using normal cell (NIH3T3), mild cancer cell (MCF-7), and aggressive cancer cell
(MDA-MB-231) to evaluate the 7, of hairpins within these SHELLs. The hairpins with
identical NN base pairs showed similar melting behavior in the SHELL, however, the T, values
of the hairpins varied depending on the type of cell preparing the SHELL, highlighting the
influence of cell-type-specific intracellular environments on DNA duplex stability.
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Figure 1. A) Schematic representation of hairpin structures designed with same NN sets. B) Melting curve of the
HpNsla and HpNslb (10 pM) obtained in 100 mM NaCl, 10 mM NaxHPOs (pH 7.0 at 37 °C) and 1 mM NaxEDTA.
C) Schematic illustration for the preparation of SHELL and estimation of thermodynamic parameters to simulate

intracellular conditions.

1) S. Ghosh, S. Takahashi, T. Ohyama, T. Endoh, H. Tateishi-Karimata, and N. Sugimoto. Proc. Natl.
Acad. Sci. U. S. A., 2020, 117, 14194. 2) H. Tateishi-Karimata, K. Kawauchi, S. Takahashi and N.
Sugimoto, J. Am. Chem. Soc. 2024, 146, 8005.
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Construction of artificial viral capsid encapsulating quadruplex DNA and its intracellular
delivery (*Graduate School of Engineering, Tottori University, 2The Frontier Institute for
Biomolecular Engineering Research, Konan University) OKazunori Matsuura?, Motono Ishii,
Hiroshi Inaba?, Tamaki Endoh?, Hisae Karimata Tateishi?, Naoki Sugimoto?

G-quadruplex DNA (G4) is known to be involved in regulating the gene expression of tumor-
related genes, but the details of the structure and function of G4 in response to the intracellular
environment have not been clarified. Therefore, there is a demand for technology to deliver G4
into cells.! We have previously created artificial viral capsids by self-assembly of B-annulus
peptide derived from TBSV, which can be encapsulated various guest molecules.? In this study,
we created artificial viral capsids encapsulated G4 DNA via disulfide bond as a material for
intracellular delivery of G4. Co-assembly of G4 DNA-SS-S-Annulus and NLS-modified -
Annulus peptides in 10 mM potassium phosphate buffer (pH7.5) afforded spherical assemblies
with the size of about 100 nm, suggesting the construction of G4 DNA-encapsulated NLS-
modified artificial viral capsids. The G4 DNA-encapsulated capsid was effectively internalized
into HepG2 cells and released G4 by the reducing environment in cell.

Keywords: G-quadruplex DNA; Artificial viral capsid; Intracellular delivery

© The Chemical Society of Japan

77 = VU DNA(GA)IL, J#EHE
BIR T ONA F~v—T1—FB XL OVEED
R E L CORTREMEZ R > TV 5 A3,
I NEREEIIE Uiz G4 O iECHERE
XS > TR BT, G4 & Hilai
O HE)OSGFTIZEET D HAN A KD &
nTns Y, FEx ik, B-Annulus <7 F
ROHCESIZEV AT YA VAT Y
TV REMEST L LICHIIL TS
2, ARFZETIZ, VANT 4 FREAEIT
L TB-Annulus ~<7F KD N KiilZ
% % L 7= G4 DNA-SS-B-Annulus % &
% U B RTE S 7 /W (NLS)EST L 7-B-

Annulus X7 F R L HELEXESEZ LT, GADNA N

Transition to nuclear ?'

PKKKRKV
@.,.
Cell uptake

FAM-G 4-encapsulated
NLSTMR-modified
Artificial Viral Capsid

HepG2 cell

B

G4 only

Unmodified-Capsid

Fig. 1. FAM-G4 N8 NLS/TMR 88 AT 1 LR
¥ 7Y FD HepG2 #ila~DEA & CLSM &

« NLSEffi N\ T A L A%y

7Y RZRAIR L, HepG2 Ml ~DEAZ it L7z, CLSM BIZRORR, RIEHMF v 7

2 R &b LT NLS B8 v 7> Fix 3.8 (EFEE MR NE Y AN R A5
TEREBICID 2V T 4 RSO E ., 5

Do T (Figl), £/, MEANOIE

WZ e

FEEED G4 BB S TWAD Z &EbnoTe,
1) R. H. Hertsch, M. D.Antonio, S. Balasubramanian, , Nat. Rev. Mol. Cell Biol., 18, 279-284 (2017).
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Synthesis of stimuli-responsive artificial oligodeoxynucleotides bearing phenylazothiazole
groups and their application to gene regulation ('College of Science and Engineering, Aoyama
Gakuin University) OKouki Tamura,' Tatsuya Nishihara,' Kazuhito Tanabe'

Nucleic acid drugs inhibit disease-causing protein expression by forming duplexes with
target genes. This study aimed to develop a system for controlling mRNA expression using
photo- or X- irradiation. We designed artificial oligodeoxynucleotides (ODNs) bearing
phenylazothiazole (PAT) group, an azobenzene derivative. Upon photoirradiation, the PAT
group undergoes isomerization, altering steric hindrance and enabling control of duplex
formation. X- irradiation generates hydrated electrons by radiolysis of water molecules,
reducing the PAT group to promote duplex dissociation. This dual mechanism is expected to
achieve controlling duplex formation of ODNS.

ODNs with PAT units (P-ODNs) were synthesized via the phosphoramidite method and
identified using MALDI-TOF MS. Melting temperature (Tm) measurements revealed that
incorporation of multiple PAT units resulted in a increase of Tm value. We also confirmed that
Tm value was changed by photo- or X-irradiation. In this presentation, we report the synthesis
and reaction properties of P-ODNs and their applications to gene regulation in living cells.

Keywords : Photo-irradiation; X-irradiation; Phenylazothiazole; Oligodeoxynucleotides;
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Design of oligodeoxynucleotides that selectively accumulated in hypoxic cells: Synthesis and
functional evaluation (College of Science and Engineering, Aoyama Gakuin University)
oYusuke Sakurano, Reina Kainuma, Daigo Maehara, Tatsuya Nishihara, Kazuhito Tanabe

To create functional oligonucleotides (ODNs) for cancer diagnosis and treatment, we have
developed artificial nucleic acids that selectively accumulate in hypoxic cells that are formed
in solid tumors. In this study, we designed alkyl chain-modified uridine bases (d**'U) that
accumulated on the cell membrane by hydrophobic interactions, and nitrobenzyl group-
modified thymidine derivatives (d"®T) that accumulated on hypoxic cells, respectively. These
modified nucleobases were incorporated into ODNSs by standard automatic DNA synthesis. The
evaluation using Nile Red revealed that the ODNs formed aggregates in aqueous solution. We
also confirmed that the aggregates consisted of these ODNs accumulated in hypoxic cell
membrane in a selective manner.

Keywords : Oligodeoxynucleotides; Hypoxic cells; Cell membrane
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Figure 1. Accumulation of DNA aggregates bearing d*™'U and d™BT into hypoxic cell

membrane.
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Development and application of target responsive tetrahedral oligodeoxynucleotide with i-
motif structure. (Collage of Science and Engineering, Aoyama Gakuin University) O Yui
Kurozumi, Tatsuya Nishihara, Kazuhito Tanabe

Tetrahedral DNA have been employed for the DDS because of its high stability. Although
the tetrahedral DNA can recognize the tumor tissue by incorporating the functional molecules
such as the DNA aptamer, it is difficult to control the ability to recognize the target cell
depending on the microenvironment. In this study, we attempted aimed to develop tetrahedral
DNA that accumulate in tumor cells by controlling their hydrophobicity through target-
responsive i-motif formation. Indeed, we found that the DNA labeled with dimethoxybenzyl
(DMB) group, which is released from DNA by the reaction with hydroxyl radicals, inhibited
the formation of the quadruplex structure. In this presentation, we will report on the design and
synthesis of target-responsive tetrahedral DNA by using DMB-labeled i-motif.

Keywords : i-motif; cell recognition
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Figure 1. Tetrahedral DNA using DMB labeled i-motif to accumulate on the cell surface under the
condition of low pH and oxidative stress.
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Function of nitrobenzyl group-tethered oligodeoxynucleotides with hypoxic cell accumulation
properties ('College of Science and Engineering, Aoyama Gakuin University) O Airi
Kanayama,' Daigo Maehara,' Tatsuya Nisihara,' Kazuhito Tanabe,'

Recently, we have shown that oligodeoxynucleotides (ON-ODNSs) with o-nitrobenzyl groups
on thymidine base tend to accumulate in hypoxic cells. In this study, the position of the nitro
group on aromatic ring was changed to the para position, and changes in accumulation
properties in hypoxic cells were investigated. PN-ODN and ON-ODN were hybridized with
fluorophore-labeled complementary strands and administered to A549 human lung cancer cells,
that were cultured under hypoxic or aerobic conditions. Bright fluorescence emission was
observed in both PN-ODN and ON-ODN-administered hypoxic cells. In comparison, the
emission intensity of PN-ODN was stronger than that of ON-ODN, indicating that PN-ODN
tends to accumulate in hypoxic cells in a selective manner. In this presentation, we will report
the preparation, reaction characteristics and function of modified ODNs in hypoxic cells.
Keywords : Nucleic acid; Hypoxic cells; Nitroreductase; DNA aggregates, Amphiphilic
oligonucleotides
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1) S. M. Hechtetal. J. Am. Chem. Soc. 2016, 138, 37, 12009-12012
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Exploring of Lipid Modification Unit to Improve Cell Membrane Permeability of Nucleic
Acids (Faculty of Engineering, The University of Tokyo) OTento Sugiura, Akimitsu Okamoto

Currently, lipids with high affinity to cell membranes are often used as carriers for nucleic
acids. The high affinity of lipids facilitates the uptake of lipid-nucleic acid complexes into cells.
Many lipid-nucleic acid complexes, such as lipid nanoparticles, are formed using electrostatic
interactions. However, these methods may cause nucleic acids to leak out of the lipid-nucleic
acid complex. In this study, we aim to realize a highly efficient delivery system by combining
lipids and nucleic acids through covalent bonding. Lipids remain stably bound even in the
physiological environment, promoting cellular uptake of nucleic acids. A problem is that
covalently bound lipid modification may interfere with the function of nucleic acids. Therefore,
we designed the ester bonds in the lipid modification structure so that the bonds are cleaved by
intracellular esterase and the lipid modification moiety is released. Experimental results
showed that the ester bonds within the lipid modification were cleaved by esterase. We also
synthesized the nucleic acids that were modified in their ends with several types of lipids via
ester bonds. The cellular uptake of these modified nucleic acids will be reported.

Keywords : Nucleic Acid; Drug Delivery System
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Exploration of Nucleic Acid Design Methods Oriented to Induce Selective Cytotoxicity Using
miRNAs as Biomarkers (Faculty of Engineering, The University of Tokyo) OHiroki Oiwa,
Akimitsu Okamoto

This study aims to develop a nucleic acid that selectively induces cell death in various cancer
cells by applying oligonucleotides that are reported to selectively target cancer cells using a
pair of hairpin DNAs that trigger chain reactions with specific miRNAs in the cytoplasm to
form double-stranded DNA (= hybridization chain reaction, HCR)!,

While previous research utilized a pair of hairpin DNAs targeting miR-21, which is known
to be overexpressed in cancer cells, in this study, we conducted a microarray analysis to identify
miRNAs that are overexpressed in specific cancer cells compared to normal cells. New hairpin
DNA pairs were then designed to target the identified miRNAs. These designed hairpin DNA
pairs were confirmed to trigger HCR in the presence of their target miRNAs in vitro.
Keywords : HCR; DNA; miRNA,; Cancer
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[1] Oncolytic Hairpin DNA Pair: Selective Cytotoxic Inducer through MicroRNA-Triggered DNA Self-
Assembly. Morihiro, K., et al., J. Am. Chem. Soc. 2022, 144(51), 23298-23308.
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Effects of Spermidine and DNA topology for LLPS(" Faculty of Science, Shizuoka Univ., 2
Graduate School of Science, Shizuoka Univ., * Faculty of Pharmacy, Suzuka Univ. of Medical
Science, * Graduate School of Science and Technology, Shizuoka Univ., °> Research Institute of
Green Science and Technology, Shizuoka Univ.) O Ryotaro Bunya!, Ryusei Senda’, Ryu
Tashiro?, Takanori Oyoshi!2#3

Transcriptional activity in the cell increases when transcription factors assemble at promoters
to form droplets. On the other hand, DNA regions of high transcriptional activity form negative
supercoiling with a loosened double helix. To investigate the relationship between droplets
formation and negative supercoiling, negative supercoiled plasmid DNA and the biomolecules
spermidine and ATP were mixed in vitro and observed with a microscope. As a result, droplets
were formed. On the other hand, a similar experiment using relax DNA which has altered DNA
topology by Topoisomerase I resulted in aggregation. These results indicate that the droplets
formation ability in the presence of spermidine differs depending on the topology of the DNA.
To investigate the nature of the formed droplets, we observed them in the presence of various
concentration of NaCl and in the presence of 1,6-hexanediol.

Keywords : liquid-liquid phase separation(LLPS), Supercoiled DNA, DNA Topology,
Spermidine, Polyamine,
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1) Cell, 2018,175, 1842-55, 2) Cell, 2016, 165, 357-71
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Analysis of a novel G-quadruplex binding protein, hexokinase 1 ('Graduate School of Science,
Shizuoka Univ., 2Faculty of Science, Shizuoka Univ., 3SIMRAM, Tohoku Univ.,? Graduate School
of Science, Tohoku Univ., SFRIS, Tohoku Univ., $Graduate School of Science and Technology,
Shizuoka Univ., "Research Institute of Green Science and Technology, Shizuoka Univ.) Kensuke
Kiyokawa,! O Takumi Nakashima', Toshifumi Yamanaka?, Wakana Matsudaira', Ahmed
Mostafa Abdelhady®*, Shinichi Sato’, Kazumitsu Onizuka®*, Fumi Nagatsugi**, Takanori
Oyoshi'*%7

In normal cells, energy is generated via the glycolytic system, the TCA circuit, and the electron
transfer system, whereas in cancer cells, energy is generated mainly by the glycolytic system
alone. The generation of glucose-6-phosphate from glucose, which is the first step of the
reaction in the glycolytic system, is catalyzed by hexokinase 1. Therefore, functional analysis
of hexokinase 1 has been conducted worldwide, but its nucleic acid binding properties remain
unknown. We have already identified hexokinase 1 as a novel G-quadruplex (G4) binding
protein. In this study, we analyzed the G4-binding properties of hexokinase 1 in detail. As a
result, we found that hexokinase 1 binds more strongly to G4 DNA and G4 RNA than to double-
stranded DNA and single-stranded RNA. In this presentation, we also compare the binding
properties of hexokinase 1 to various G4 DNA and RNA.

Keywords : G-quadruplex; Hexokinase; Nucleic acid-binding protein;
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