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Gene regulation in hypoxic cells by oligodeoxynucleotides bearing dialkylnitrobenzyl units
(Graduate School of Science and Engineering, Aoyama Gakuin University) ORyo Sato,
Tatsuya Nishihara, Kazuhito Tanabe

Hypoxic cells are associated with cancer invasion and therapeutic resistance. We have
attempted to develop an artificial oligodeoxynucleotides (ODNs) with the ability to selectively
accumulate in hypoxic cells to effectively treat these cells. Here, we report nitrobenzyl-
modified artificial oligonucleotides (NDA-ODN) that selectively accumulate in hypoxic cells
for gene regulation in these cells. NDA-ODN was designed as an amphiphilic DNA
incorporating a nitrobenzyl group with two alkyl chains (d"NBT), enabling self-assembly and
efficient cellular uptake. In aerobic cells, the NDA-ODNs were rapidly extruded from cells. In
contrast, in hypoxic cells, NDA-ODN was reduced by nitroreductase to form native ODNs
without any modification to be remained in the cells. We found that NDA-ODN showed
enhanced uptake in hypoxic A549 cells in a selective manner. At present, we are trying to
evaluate gene regulation in hypoxic cells by NDA-ODN.

Keywords : Hypoxic Cells, Nitrobenzyl Groups, Oligodeoxynucleotides

IKEA MR, 23 A DRSPS, TR IR B 59 2 EE 2RI Tdh
%o BT N —T7 TIL, IREESEHIIL A N RAICIRIR T 2 2 L 2 B, Z Offifaic
IR T DHERE 2 2 T N TR OB R 2D Tx 72,

AW TIX KRR EREE T CRBINANCER T 5= b r X2 VB N TEEE O B
AERMEDT-, FILHEELEIZ 2 KOTAXIAEEAT A= Fa XU (dPNBT)
A L7 N T#EE (NDA-ODN) ZE%Et L7z, d™BT ZB/KE8, DNA ZBlKE &3
% W EVEREE 2 95 NDA-ODN (3, KIEKHF TR AMRETEA L. &\ e iE
Pz ot MRNMEEESE M OSA 1L, NDA-ODN [Z= ) &7 Z—POREE &7
D, = ba XU UNVERREINDOER. SERITRET S, T2bb, BEEEE
v, HIFRNICERET 5, fthh, ABRFME CIE T enE T, 6 Es
HEFE L2 F o icilast ~ g & s,

NDA-ODN (IR AF BT I XA MEIZEY Ak LTz, $2. RS EERERERE X
7.62 uM LR SN2, AS49 FIEA VT, EREEETIN L 2 A, KERE M
PUSBRINAICE T 5 Z L BN - 72, RIZ, NDA-ODN O s HEH BE 2 514f L 7=

LA RERFEMRNITIX 24 Molscularbesign & &

RERI £ 1BV T H BN I L@ F
BME2—F., AHEMERT | =l L;ﬁﬂjwfgﬁmjm+ﬁw
!j:\ @%Z))a:jﬂzm é hé : & O H.,P,NB,..O Hypoxla 0. 0. C‘h,-;‘
Rhmot-. U EDL Iz, by e o by
NDA—ODN 63:%_ 4 \{&ﬁéﬁ%ﬂﬂﬂa fleseareh -:t:r:iﬂc Cells NDA-ODN /R Hypoxic Cells
BREBEMEEFF S Z LR s . & P Be
. Se—dt Sk—gE =% o

Exhibit High Cell Membrane Permeability AccumulatgIntracellularly

DNA Aggregate

© The Chemical Society of Japan -H935-1am-01 -



H935-Tam-02 AxlL24a B1065SE2 (2026)

MRNAZA ZS I —AR—E LAY S A E—2 3 VEEKRIE
(& D FERNGTHEEFZEEFERRT SRBEZREBREHE

CGRKRBEL") OXAE Vs - fiA 7 !

Optimized Nucleic Acid Design Methods for Selective Cytotoxicity Using miRNAs as an
initiator of Hybridization Chain Reaction (' Graduate School of Engineering, The University of
Tokyo) OHiroki Oiwa,' Akimitsu Okamoto'

Hybridization chain reaction (HCR), initiated by a short RNA, yields extended double-
stranded nucleic acid assemblies. We utilized HCR to induce cancer-selective cytotoxicity by
introducing the DNA hairpin pairs, which trigger HCR initiated by microRNAs overexpressed
in tumors. Candidate miRNAs were identified through miRNA Sequencing (miR-Seq)
miRNAs of tumor and normal cell lines. We explored nucleic acid design methods for cell-
selective HCR by varying toehold and loop lengths (5-9 nt and 6-9 nt, respectively) and
evaluating the HCR efficiency in vitro and in cells. DNA hairpin pairs with shorter loops and
toeholds balanced initiation kinetics with low unintended HCR both in vitro and in cells.
Keywords : Nucleic Acid Therapeutics, DNA; Hybridization Chain Reaction; miRNA
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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, 23298-23308.
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Construction of Large-Scale RNA Libraries and Discovery of RNA Aptamers Using SELEX
(‘Graduate School of Engineering, Nagoya University) (ORyo Hashiyama', Gosuke Hayashi',

Hiroshi Murakami'

In the evolutionary molecular engineering method, it is thought that greater number of ligand
candidates explored, the higher the binding affinity of the ligands found. This has recently been
experimentally proven, using the diversity of 10°~10'* in mRNA display method". Therefore,
in this study, we constructed the RNA initial library with the diversity of 10'®, which is larger
than that of the conventional libraries by about 1,000 times. Furthermore, perform the SELEX
using those RNA libraries, we considered the importance of the diversity of RNA library.

Keywords : Evolutionary molecular engineering; Directed evolution, Aptamer
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Impact of mRNA Library Diversity Scales on the Discovery of Macrocyclic Peptides Targeting
a Protein by the RaPID System. ACS Cent. Sci., 2025, 11(3), 431-440

| ¥

Diversity : Number of species present

CAl” ©
RNA @ G ______
e O @ | oD ‘ vy DT Jaa i€ 7ele
g Non-Binders Gl Q>i> :_Q_I_:'_ i © QO I:ID
Target O .> O F - = Enriched Library Diversity —«
Compounds <:> [:’ Ba/r;fgx;

Binders

Repeat N Rounds

We experimentally verified

the superiority of 10" diversity over conventional 105 diversity.

© The Chemical Society of Japan - H935-1am-03 -



H935-Tam-04 AAL2a B1065S52 (2026)

DNA 7/ BEREZRWEREET7 o T T EESHROBRE

(K= xMF) OithE Mz dr « /MAJE JEIK + Lin Peng * Rajendran Arivazhagan + H1 [
]

Reconstruction of Light-Collecting Antenna Complexes Using DNA Nanostructures (/nstitute

of Advanced Energy, Kyoto University) ORyunosuke Kondo, Futa Komatsubara, Peng Lin,

Arivazhagan Rajendran, Eiji Nakata

Phycobilisomes (PBS) are one of the light-harvesting antenna pigment proteins found in
cyanobacteria and so on, performing light capture in the initial stages of photosynthesis. If the
complexes capable of light energy transfer could be artificially constructed, it would enable
verification of the energy transfer process and the potential development of highly efficient
energy conversion systems surpassing biological ones. We have focused on DNA
nanostructures as scaffolds to construct complex assembly, and modular adapters have been
developed to locate the proteins of interest at precisely defined locations on DNA nanostructure.
Here, the toroidal DNA nanostructures with fluorescent proteins positioned on their inner
surfaces were designed, and the stacked complex via DNA hybridization was constructed. And
the function of the constructed complex will be discussed.

Keywords : DNA nanostructure; Fluorescent proteins; Light-harvesting antennae
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Exploration of multivalent lipid conjugation for enhancing cellular uptake of nucleic acids
(Graduate school of Engineering, The University of Tokyo) OTento Sugiura, Ryosei Sawatari,
Akimitsu Okamoto

The clinical application of nucleic acid therapeutics is significantly limited by poor delivery
efficiency. To address this problem, covalent conjugation of lipids to nucleic acids has been
investigated to enhance cellular uptake. The hydrophobicity and structure of the lipid moiety
critically influence nucleic acid behavior'. Conventional approaches have predominantly relied
on monovalent conjugation due to synthetic constraints, which often result in limited delivery
efficacy. In this study, we explored a multivalent lipid conjugation strategy by attaching
multiple lipids to the nucleic acid terminus to fine-tune hydrophobicity and compared how lipid
structure and hydrophobicity affect cellular uptake. We synthesized multiple lipid
phosphoramidites containing an artificial nucleic acid backbone and introduced them into the
terminus of oligonucleotide with varying numbers and types of lipids. The hydrophobicity of
the obtained oligonucleotides was evaluated by measuring the critical micelle concentration
(CMC) using dynamic light scattering (DLS) and by reverse-phase HPLC. Furthermore, we
assessed the cellular uptake efficiency of fluorescently labeled oligonucleotides to determine
the impact of the hydrophobicity and structure of the lipid modifications on nucleic acid
delivery efficiency.

Keywords : Nucleic acid, Drug delivery system, Lipid, Cellular uptake
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Design and Development of Mannose 6-Phosphate-Conjugated siRNAs for Targeted RNAi
Therapeutics (' The United Graduate School of Agriculture Science (UGSAS), Gifu University.
*Faculty of Applied Biological Sciences, Gifu University, *Graduate School of Natural Sciences
and Technology, Gifu University, *Center for One Medicine Innovative Translational Research

(COMIT), Tokai National Higher Education and Research System, °Institute of Microbial
Chemistry (BIKAKEN)) OHitotaka Sato,! Shuichi Sakamoto,’ Yoshihito Ueno'**

Mannose-6-phosphate (M6P) is known to interact specifically with the cation-independent
mannose-6-phosphate receptor (CI-M6PR), which is highly expressed on the cell surface of
various cancers, including prostate and breast cancers. Consequently, utilizing M6P as a
targeting ligand enables the development of efficient drug delivery systems (DDS). While
sugar-ligand conjugation is expected to enhance target specificity and minimize off-target
effects, the application of M6P to nucleic acid therapeutics remains largely unexplored.
Furthermore, reports on the synthesis of multivalent M6P ligands and their phosphoramidite
derivatives are still limited. In this study, we designed and synthesized a novel M6P-ligand
phosphoramidite and established a straightforward synthetic strategy for multivalent M6P-
siRNA conjugates using an automated oligonucleotide synthesizer. Biological evaluations
revealed that these conjugates exhibit significant ligand-dependent gene knockdown activity in
CI-M6PR-expressing K562 cells without the need for transfection reagents.

Keywords : Nucleic acid therapeutics; siRNA,; Drug delivery system; Sugar-ligand conjugate;
Mannose-6-phosphate
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Single-molecule fluorescence measurements of DNA mutations induced by acetaldehyde under

physiological conditions ('Department of Life Science and Technology, Institute of Science
Tokyo) OTomotaka Isoya,' Yohei Kondo,' Kiyohiko Kawai'

Acetaldehyde, a metabolite of ethanol, has gained significant attention as a carcinogenic
factor associated with alcohol consumption. It is known to react with guanine (G) to form N*-
ethylidene-G (ethG), which can induce DNA mutations through mispairing?. Detecting ethG
is important for elucidating the molecular mechanisms of acetaldehyde-induced mutagenesis.
However, ethG is produced in trace amounts and has a very short lifetime under physiological
conditions. Previous studies have mainly relied on the detection of surrogate markers formed
by chemical reduction of ethG into stable N*-ethyl-G*¥. Therefore, direct detection of ethG
has remained challenging.

In this presentation, we report an investigation into the detection of acetaldehyde-derived
DNA mutations using single-molecule measurements of changes in DNA binding and
dissociation patterns of fluorescently labeled DNA. We aim to identify ethG by finding ethG-
containing DNA strands from a vast population of DNA through massive single-molecule
analysis.

Keywords : Fluorescent Molecules, Single-Molecule Measurements;, DNA Damage, Nucleic
Acid
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1) H. Seitz, F. Stickel, Nat. Rev. Cancer. 2007, 7, 599-612.
2) T. Matsuda et al., Carcinogenesis. 2007, 28, 2363-2366.

3) Y. Komoto, T. Ohshiro, M. Taniguchi, Chem. Commun. 2020, 56, 14299-14302.
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Preparation of 4'-thiomodified mRNAs using base-modified 4'-thioNTP analogs (' Faculty of
Pharmaceutical Sciences, Tokushima University, *Graduate School of Pharmaceutical
Sciences, Tokushima University) O Chihiro Kuroda,' Yuta Kashiwabara,” Jun Tsukimoto,’
Noriko Saito-Tarashima,” Noriaki Minakawa®

In the development of mRNA-based therapeutics, immunogenicity and poor biochemical
stability of mRNA are drawbacks for clinical application. To develop modified mRNAs that
overcomes these limitations, in this study, we have synthesized base-modified 4'-thiomodified
nucleoside 5'-triphosphates, m6-4'SATP (1), m5-4'SCTP (2), 4'SYTP (3), and m1-4'SYTP (4),
and prepared 4'-thiomodified mRNAs containing them. N-Glycosylated nucleosides, m6-4'SA
and m5-4'SC, were synthesized via the Pummerer-type reaction between 4-thiofuranose
derivatives and the corresponding nucleobases. C-Glycosylated nucleosides, 4'SY and ml-
4'SY, were synthesized via Stille coupling between 4-thiofuranoid glycal derivatives and 5-
iododimethoxypyrimidine, followed by hydroboration.' Then, we performed phosphorylation
to obtain the corresponding 5'-triphosphates 1-4, and then evaluated their recognition by RNA
polymerases and their translatability into protein. In this presentation, we will report these
details.

Keywords : mRNA; 4'-thiomodified nucleotide
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Figure 1.4'-F 4 X 7 L' AF K 5-=V VR 1-4 OIS
1) K. Haraguchi et. al., J. Org. Chem., 2011, 76, 21, 8658
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EMHMEEN ZEOKEED X RIBEMREMT
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X-ray analysis of modified nucleic acids containing gold-mediated base pairs ('Graduate
School of Science and Technology, Sophia University, *Department of Material and Life
ChemistryFaculty of Engineering, Kanagawa University) OKai Kosugi', Ayano Sugawara',
Erika Iwase', Shoji Fujiwara?, Hiroki Kanazawa', Akira Ono?, Jiro Kondo'

DNA and RNA are fundamental biopolymers that play central roles in gene expression by
forming double helices with complementary base pairs to transmit genetic information.
Recently, metal-mediated base pairs have garnered attention due to their potential applications
in nanomaterials. To expand the repertoire of metal ions that can be incorporated into nucleic
acids, we focused on modifying natural bases by replacing the carbonyl group with a
thiocarbonyl group. Our X-ray analysis revealed that gold ions exhibit distinct binding modes
depending on the mismatch type'. In the C-C mismatch, the gold ion makes a linear
coordination geometry with the N3 atoms of both cytosines. In contrast, in the 2sC-2sC
mismatch, the gold ion adopts a nearly square-planar coordination geometry, binding to both
the S2 and N3 atoms of the two 2sC residues.

Keywords : X-Ray analysis; Gold mediated base pair; nucleic acid
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IS T T ) MR~ OISR T REME D B H 2O T 5, ABFZECIE, eI
VIAD D ERFEDOLIEMILRZRIEL, 2-F 42 by (2sC) DX HITHNLAR=)L
Fak T AT IVIR =V IEERL LT KRR GRS B Uiz, X BAESEMAT Of5 R, &
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oty C-CRAYyF T, A4 1E 2250 by vrd N3 JEAITHR L CTRIE
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1) K Kosugi, et’all, Chem Bio Chem. 2025, €202500565.
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AFA s TiEERA ) 3 DNA (2 & 2 EEKRIED MS Imaging

(FILEBERBE L) O/NEF B - PR k' - Ml (!

Mass Spectrometry Imaging of Biological Reactions Using Cationic Tag-Modified
Oligodeoxynucleotides(! College of Science and Engineering. Aoyama Gakuin University)
OYuka Ono,' Tatsuya Nishihara,! Kazuhito Tanabe'

MS Imaging is a multi-component analysis technique capable of simultaneously achieving
substance identification based on molecular weight and visualization of spatial distribution.
We attempted to design a molecular system capable of clearly visualizing and imaging the
bioreactions and behavior of oligodeoxynucleotides using mass spectrometry (MS). We
selected MALDI-TOF MS as the mass spectrometer, and searched for functional groups that
exhibited strong signals in its positive mode. Then, we introduced the strongest functional
group onto DNA strands to track various reactions occurring on the DNA. Evaluation of MS
signals for various compounds revealed that cationic and aromatic compounds exhibited
particularly strong signals. Consequently, we found triphenylphosphonium (TPP) group as the
strongest signal emitter. We prepared TPP-modified DNA strand (TPP-ODN) and found that
TPP-ODN showed approximately 40-fold higher MS signal than native ODN without any
modification.

Keywords : Mass Spectrometry Imaging (MS Imaging / MSI),; Cationic Tag; Reactive Probe

; Multiplex Analysis

MS 35 L OV MS ImagingMSI)i, 5 7 &IZEEDS < WERIE & 22 /oA O v Al % [F
RRICHEBLCE DL FIEThH D, AR TIX, F8 DNA OIGR0ZEE) 2 MSI
(BRI ATARAL « EHBAL S ATREZ2 v AT A OWESE A HEE L7z, MS & LT MALDI-
TOF MS Z##IRL, ZOKRYT 4 7 — RIZ TR TV ERTERERZER L,
DNA $5 EIZ¥E A L7z EC, DNA ECHEITT 2 KMER %2 MS IZTIBHR L 72,

9. T2V URIEEYOT X ) RITTAFAKEAEALZ1, 2, 3, 4 5FNT
AUFHEL L C MALDI-TOF MS ZJIliE L7, EORER, 4k7 I /KA SO 4 PN bil
VME R AR LT, T7bb, BF AU HIEEMN MS BIEBIZEBWI L3RSz, i
W, BT MEEE 2 T AL BT, HEREEE GO MS MEEIT- 70, %
OFER, MU 7 2= /VRAKR=0 A (TPP) 2523, BUVWWMSESER LI &b,
FEBEMEOLEETHD Z LRI,

PLEDERFEFEZEEEZ T, TPP F%4 DNA ICEA LT & 2 A, B 517z DNA I,
KEAT DNA & TR 40 (5OEBREZ R LT, ZOMREZ, K 14 Xh 0@k
FE 72 MS I, MSIEHIA TPP JEIC L > THEBLLELSZ L A2 R L TWV5,

|
NH, SNH N7 NG
1 2 3 4 5

Figure 1 Chemical structures of tag molecules for MS measurements
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IBEIMEMHX U LAY FEEL siRNA D mRNA KA 72—y

~ HN il

(" EES KRBT, 2 S REE) O BRI ' Aoy °. AT JUEE >, AAR%E
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Suppression of miRNA-like off-target effects of siRNA utilizing base-modified nucleosides.
(‘Graduate School of Pharmaceutical Science, Tokushima University, *Faculty of

Pharmaceutical Science, Tokushima University) (OTaketo Inoue', Ayano Ebisui* Yuhei Nogi',
Makoto Yahata®, Jun Tsukimoto', Noriko Saito-Tarashima', Noriaki Minakawa'

Small interfering RNA (siRNA) is a promising therapeutic modality that enables sequence-
specific suppression of gene expression. However, partial base paring between the seed region
of siRNA, 2-8 nucleotide from the 5’ end of guide strand, and undesired mRNAs lead to
miRNA-like off-target gene silencing. This off-target effect represents a major limitation in the
development of siRNA-based therapeutics (Figure 1). To address this limitation, we explored
the introduction of base-modified nucleoside into the seed region of siRNAs and evaluated
their on-target RN A1 activity as well as their ability to suppress the off-target effects.
Keywords : siRNA, base-modified nucleosides, off-target effects
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NMR BERRICE DK T A7y FRE D FHREARDO T &R

(BURENZ RS - oK BEWE? - Bk PENF?) Ol Hke ' - K B w7 A
PR 2 e BB R - P Fu - KNG RKER

Analysis of Equilibrium Constants for a Binding Intermediate of a Mismatch-Binding

Molecule Based on NMR Titration Experiments (' Yokohama National University, *Institute for

Protein Research, The University of Osaka, *SANKEN, The University of Osaka) OHidetaka

Makinae,' Shuhei Sakurabayashi,'* Yohei Miyanoiri,> Chikara Dohno,’ Kazuhiko Nakatani,’

Chojiro Kojima'

When small molecules interact with nucleic acids, the binding process often proceeds via
multiple intermediate states. Equilibrium analysis of transient intermediate is valuable for
understanding molecular recognition mechanisms. While solution NMR is one of the few
techniques capable of visualizing such intermediates at atomic resolution, it is difficult to
determine equilibrium constants from changes in the observed peak intensity profiles in the
case of slow exchange.

In this study, equilibrium analysis of complexes formed between dsDNA containing the
d(CGG/CGG) motif and the naphthyridine dimer (ND) was carried out. A previous study has
shown that this system forms a thermodynamically stable 1:2 complex as well as a transiently
populated 1:1 complex." Analysis of the peak intensity of these complexes obtained from NMR
titration experiments revealed that the relative K, ratio between the 1:1 and 1:2 complexes, as
well as the lower bounds of each K, can be identified. Furthermore, using '*C-labeled ND and
data acquired under low-concentration conditions (0.5 uM), the absolute values of the
dissociation constants for each binding step were determined.

Keywords : NMR,; Mismatch-binding molecule; DNA, Titration Experiment;, Equilibrium
Theory

Ko T DEIRITAE ST D BR, WIS 70 b B A BRI 5 £ THEBEBE %
B9 5 Z &N BERICAE U 2 8E RO Ham i AT 135 1 R8mdms O BRI F
MATHY | W NMR 1L Z D X 5 722 PR Z 50 fif e T nl 8k LG 2 8D e Fik
THo, LL, NMR DF A AR —UZBWTGEWHROZ T, HIERED Ky
o bED 2 ENEL  BIIIS LD B — 7 BEDOZE) B ERZRET H 2 LIEIN
HThHD,

AHFZETIL, d(CGG/CGG)ET—7 &G iEp dsDNA L F7F VU P XA ~— (ND)
DIEE DRI 21T > 7o, JeATHIIEIC LV | BAOICLE R 12 AR Lk
MINZAET D L1 BEERNERSND Z ERHLMNE /2> TW5D Y (Fig. 1), NMR J#E
FEREIVBFONTEINODEEROE = BEDOT 0T 7 A La il 1:11 BEEkL
12 EEKRD Ky DFRIEB L O FREFETE D ZEB 0ol EHIT, PCRIE
[N AR L7z ND & V2 0.5 uM OIRIREESFE CORET — & 0> b KRB E D
MR 2 DR ES D Z LITRE LTz,

K41 = 142 nM Kg, = 120 nM

dsDNA+2ND dsDNA-ND + ND dsDNA-2ND
BRENEEE TZEEEH

Fig. 1 Two-step binding equilibrium model between dsDNA and ND.
1) J. Am. Chem. Soc. 2025, 147, 17, 14254-14269
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DNA i-motif Di&R-KRIB D BERERERFDIER
(FIRIK FIRST!) OSABN 1+ JIIPNET 1+ ZHFKHE !

Determinants of DNA i-motif Liquid-liquid phase separation ('Frontiers of Innovative
Research in Science and Technology, Konan University) O Ryosuke Suzuki', Keiko
Kawauchi', Daisuke Miyoshi!

Cytosine-rich sequences can form a four-stranded structure known as the i-motif". It is
known that i-motif-forming sequences are localized in the promoter regions of cancer-related
genes. Furthermore, i-motifs have also been demonstrated to form in cells. In recent years, i-
motifs have been reported to induce liquid-liquid phase separation (LLPS) together with
specific proteins/peptides in vitro¥. LLPS is involved in various biological processes, including
gene expression and signal transduction. Previously, we reported that i-motifs can be stable and
induce LLPS even at neutral pH under molecularly crowded environments?. However,
structural factors that govern the LLPS ability of i-motifs remain limited. In this study, we
focused on the loop and flanking regions of i-motifs and investigated their effects on LLPS
ability (Fig. 1). It was found that the LLPS capability increased with larger numbers of
nucleotides in the loop and flanking regions, indicating various cytosine-rich DNAs undergo
LLPS in living cells.

Keywords: i-motif, Liquid-liquid phase separation

VN UUNTE AT RS i-motif & FREN A DUE S AME AR T 5 Y, i-motif
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W7 0 ACS5 LTS, ZHE TICYUMEE T, 0F 27 775 4 > Vs
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LLPS N shb e aRiEL Y L
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FITIFE A EHLDIZ > TR, 22T
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V77 % 7HEICER L, £ 52 LLPS
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DHHAZ DTN LLPS BEAS B 5 2 Fig.1 Loop and flanking regions of i-motif
LRGN ERST,

1) C. H. Kang, et al., Nature, 1993, 363, 561-565.

2) M Zeratti, et al., Nature chemistry., 2018, 10, 631-637.

3) M. Mimura, et al., J. Am. Chem. Soc., 2021, 143, 9849-9857.
4) R. Suzuki, et al., polymer journal., 2025, 57, 931-940.
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New Data Science in Nucleic Acids Chemistry (23): Nearest-
neighbour parameters for stability prediction of 2’ -MOE RNA
duplex in cancer cells

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

OKun Chen,' Hisae Tateishi-Karimata,'> Shuntaro Takahashi,'?> Saki Matsumoto,! Naoki
Sugimoto'

Keywords: 2'-MOE RNA; Heteroduplex stability; NN parameters; ASO design; Cellular
environments

Among various modified nucleic acids, 2'-O-methoxyethyl (2'-MOE; Fig 1A) is the most
important clinically established 2'-O modification used in antisense oligonucleotides and RNAi
relevant to cancer applications, because it enhances duplex stability and nuclease resistance.
Thermodynamic studies of 2'-MOE RNA/RNA heteroduplexes have been performed mainly in
non-crowding buffers, whereas intracellular environments are highly crowded. Molecular
crowding alters water activity and dielectric constant, and polyethylene glycol with an average
molecular weight of 200 (PEG200) provides a reproducible intracellular-like model.! Under
molecular crowding, nearest-neighbor (NN) parameters are available only for unmodified
RNA,? limiting prediction of 2'-MOE RNA/RNA heteroduplex stability in cancer cells.

We measured UV melting curves of representative 2’-MOE RNA/RNA heteroduplexes
(MOE-1a) in the absence or presence of 40 wt% PEG200 (Fig. 1B). The measured melting
temperatures (71) of the MOE-1a were 9.4 °C higher under the crowding condition and 12.3 °C

higher under non-crowding conditions
(A) 2—MOE RNA

z

than those predicted for

corresponding unmodified RNA duplex
(1a) were calculated from published NN
parameters for unmodified duplex.’ In
addition, the presence of PEG200
resulted in a 7, decrease of 12.1 °C
non-crowding
conditions. Therefore, we established
crowding-adapted NN parameter sets for
heteroduplex
enables
quantitative stability prediction under
cellular-like crowding and provides a

compared with

RNA/RNA
dataset

2'-MOE
formation.  This

practical thermodynamic guide
MOE-sequence  optimization,
example by selecting
oligonucleotides and RNAi designs.

antisense

(
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Figure 1. (A) Chemical structure of 2’-MOE RNA. (B) UV
melting curves of MOE-1a (5-AMAMGMCMGMUMAMGM-
3'/5'-CUACGCUU-3', where superscript M denotes a 2'-
MOE modified ribose.) measured in the absence (non-
crowding) and presence (crowding) of 40 wt% PEG200.
The corresponding unmodified RNA duplex la (5'-
AAGCGUAG-3'/5'-CUACGCUU-3") was wused as a
reference for thermodynamic prediction. Measurements
were performed at 4 pM duplex concentration in buffer
containing 100 mM NaCl, 10 mM Na,HPO4, pH 7.0 at
37°C, 1 mM Na,EDTA.

© The Chemical Society of Japan

1) a) D. Banerjee, H. Tateishi-Karimata, M. Toplishek, T. Ohyama, S. Ghosh, S. Takahashi, M.
Trajkovski, J. Plavec and N. Sugimoto, J. Am. Chem. Soc. 2023, 145,23503. b) S. Takahashi, M. Hamada,
H. Tateishi-Karimata and N. Sugimoto, RSC Chemical Biology 2025, 6, 1667. 2) S. Ghosh, S. Takahashi,
D. Banerjee, T. Ohyama, T. Endoh, H. Tateishi-Karimata and N. Sugimoto, Nucleic Acids Res. 2023, 51,
4101.
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Development of AND-Gate-Type Cell Membrane-Associated Artificial Nucleic Acids
Responding to the Tumor Microenvironment (Collage of Science and Engineering, Aoyama
Gakuin University) OYui Kurozumi, Risa Yamada, Daichi Oka, Tatsuya Nishihara, Kazuhito
Tanabe

Cancer tissues feature unique microenvironments like acidity and oxidative stress, making
environment-responsive materials essential for precise drug delivery. We developed a DNA
material exhibiting AND-gate cellular accumulation targeting these factors. Previously, we
utilized acid-induced i-motif formation to enhance cell membrane accumulation. To add
oxidative stress responsiveness, we introduced ROS-reactive phenylboronic acid tags to the
phosphate backbone of the duplex-forming region attached to the i-motif. This modification
inhibits accumulation under physiological neutral conditions. However, in the presence of ROS,
the tags are cleaved, allowing the duplex formation. Combined with acid-induced i-motif
folding, this mechanism ensures that cellular accumulation is recovered only when both acidity
and hydrogen peroxide are present. This dual-responsive system offers a promising strategy for
specific cancer targeting.

Keywords : I-motif: Cell Recognition; Reactive Oxygen Species
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Figure 1. The i-motif labeled reactive tag to accumulate on the cell surface under the condition of low pH
and oxidative stress.
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