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Development of Chimeric Artificial Nucleic Acids (CANA) Toward the COVID-19 Treatments V:
Effects of junction positions and complex stabilities on cleavage efficiencies

OHieu Trong Bui', Kazutoshi Fujita', Nozomu Ishiwata', Masahito Inagaki2, Hironori Hayashi’,
Mitsuyo Matsumoto', Yasuyuki Araki’, Eiichi Kodama', Takehiko Wada' (1. Tohoku University, 2.
Nagoya University)
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Pseudo-translation system by non-enzymatic primer extension of dye-modified XNA
(Graduate School of Engineering, Nagoya University) OYuki Hotta!, Hikari Okita', Keiji
Murayama', Hiroyuki Asanuma'

We developed novel artificial nucleic acid L-aTNA that forms stable homo-duplex and
heteroduplexes with DNA and RNA, and has high resistance to enzymatic degradation. These
advantages promise L-aTNA-based tools for biological applications. Previously, we achieved
non-enzymatic primer extension of L-aTNA for its self-replication” . We herein report a
development of "pseudo-translation system of L-¢TNA" in which the L-aTNA sequence can
be translated into the sequence of functional molecules by non-enzymatic primer extension
using dye-modified L-aTNA. To achieve this system, we synthesized 3-mer L-aTNA fragments
with an alkyne-modified L-aTNA scaffold at the center of the sequence, followed by a
conjugation with three different fluorophores depending on the sequences by click reaction.
We successfully demonstrated non-enzymatic primer extension using these modified fragments.
Keywords : nucleic artificial acid, chemical ligation
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1) K. Murayama et al. Nat. Commun., 2021, 12, 804.
2) H. Okita et al. J. Am. Chem. Soc., 2023, 145, 17872-17880.
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Investigation of effects of modified nucleic bases on PNA sequencing (' Graduate School of
Engineering, Nagoya University, *Graduate School of Science, Nagoya University) Olnagaki
Kazuma', Yuichiro Aiba,”> Osami Shoji,” Hiroyuki Asanuma', Hiromu Kashida'

Sequencing methods are essential for the development of enzymes and aptamers composed
of xeno nucleic acids (XNAs). However, there is no general method to analyze XNA sequences.
In the previous study, we have developed a new method to sequence peptide nucleic acid (PNA).
Since this method does not require enzymatic reactions, it can be used to analyze PNA bearing
various non-natural bases. In this study, we analyzed PNA sequences containing new artificial
thymine derivatives. As a result, sequences of these PNA could be analyzed by using our
method. In the presentation, we will also report sequencing results of PNA bearing other
derivatives.

Keywords : Artificial nucleic acid, Peptide nucleic acid, Artificial base, Sequencing, Next
generation sequencing
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Development of SNA helical amplification system using bases tethering fluorescent dyes
(Graduate School of Engineering, Nagoya University) Oltsumi Sugiyama, Hiroyuki Asanuma,
Hiromu Kashida

Chiral amplification is a phenomenon where a small amount of chiral molecule induces and
amplifies chirality of achiral supramolecular polymers. The amplified chiral information can
be converted into CD and circularly polarized luminescence (CPL) signals. However, there are
few reports of chiroptical amplification systems working in aqueous solution.

In previous study, we have reported a chiral amplification system using artificial nucleic acids.
Serinol nucleic acid (SNA) oligomers having symmetrical sequences are achiral. The chirality
of threoninol nucleic acids (¢TNA) can be amplified by achiral SNA supramolecules. In
addition, the chirality can be converted into CPL signals when SNA was modified with
pyrenyluracil (U,). In this study, we synthesized new fluorescent bases 7-pyrenyladenine (A7)
and 8-pyrenyladenine (Asp), and evaluated their chiroptical amplification ability.

Keywords: Serinol nucleic acid; Threoninol nucleic acid; Helical amplification; Circular
dichroism
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1) H. Kashida, K. Nishikawa, W. Shi, T. Miyagawa, H. Yamashita, M. Abe, H. Asanuma,
Chem. Sci. 2021, 12, 1656-1660.

2) H. Kashida, K. Nishikawa, Y. Ito, K. Murayama, 1. Hayashi, T. Kakuta, T. Ogoshi, H.
Asanuma, Chem. Eur. J. 2021, 27, 14582-14585.
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Photoregulation of duplex formation by SNA containing photo-crosslinkable pyrenylvinyl
guanine ('Graduate School of Engineering, Nagoya University) O Ayaka Ikeda,! Fuminori
Sato,' Keiji Murayama,' Hiroyuki Asanuma'

XNA has high durability against nucleases and used in several biological tools. We reported
SNA as a novel artificial nucleic acid that is highly durable against nucleases and able to form
stable SNA/RNA duplex. Previously, we induced photo-crosslinkable pyrenylvinyl adenine
(°*VA) to SNA and succeeded in the photoregulation of SNA/RNA duplex formation via intra-
strand crosslinking of *VA, demonstrating a spatiotemporal control of XNA-based tools. In this
study, we report the photoregulation of SNA/RNA duplex formation and dissociation by SNA
containing photo-crosslinkable pyrenylvinyl guanine (°¥G). Photo-irradiation experiments on
PVG-modified SNA/RNA duplex indicated that the dissociation and formation of the duplex
can be controlled by photo-crosslinking and photo-cycloreversion of *¥G, which enables
spatiotemporal control of XNA tools in a greater variety of sequences.

Keywords : Photocrosslink; Photoregulation; Nucleic Acid; Guanine; Duplex
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Fig.1. Design of photo-regulation system using SNA involving PVG.
1) K. Murayama, Y. Yamano, H. Asanuma, J. Am. Chem. Soc. 2019, 141, 9485-9489.
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Development of novel RNA-binding molecular probes and screening of RNA-binding small
molecules ('Grad. Sch. Sci., Tohoku Univ., 2IMRAM Tohoku Univ., *CiRA, Kyoto Univ.,
“XFOREST Therapeutics) ORyosuke Nagasawa,'” Kazumitsu Onizuka,'? Ryohei Iwata,'?
Kosuke Tsuzuki,'? Komatsu Richard Kaoru,** Emi Miyashita,** Sayaka Dantsuji,* Hirotaka
Murase,"* Hirohide Saito,” Fumi Nagatsugi'*

Recent studies have discovered that RNA plays a broad of important biological roles and can
be a new druggable target. However, it is still challenging to discover selective binders for
target RNAs. Therefore, it is desired to develop novel molecular probes to discover new RNA-
binding small molecules. In this study, through the conjugation between G-clamp, which was
found by our group'?, and thiazole orange (TO), which possesses light-up property, we
developed novel fluorogenic probes (Fig. 1). Their fluorogenic properties and RNA-binding
selectivity were evaluated to demonstrate that the probes provide the light-up property of TO
and retain the RNA-binding selectivity of G-clamp. Next, we performed screenings for RNA-
binding small molecules with our probe or a well-known probe, providing distinct hit
compounds between them.

Keywords : RNA-binding small molecule, RNA-binding molecular probe, FID assay, Screening
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2) R. Nagasawa”, K. Onizuka**, K.R. Komatsu”, E. Miyashita, H. Murase, K. Ojima, S. Ishikawa, M.
Ozawa, H. Saito*, and F. Nagatsugi*, Commun. Chem., 2024, 7, 98.
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Development of Chimeric Artificial Nucleic Acids (CANA) with Catalytic Target RNA
Cleavage Functions Toward the Pancreatic Cancer Therapeutics VI: Effects of junction
positions and complex stabilities on cleavage efficiencies (‘"IMRAM, Tohoku Univ.,*Grad. Sch.
Sci., Nagoya Univ.,* Grad. Sch. Biomed. Sci., Nagasaki Univ., * Grad. Sch. Medicine., Tohoku
Univ, 5 INGEM, Tohoku Univ.)OMion Kino,! Yuki Igarashi,1 Masahito Inagaki,2 Yuto Horiuti,'

Mitsuyo Matsumoto,’ Yasuyuki Araki,' Masaki Nishijima,1 Yu Mikame,® Asako Yarnayoshi,3
Kazuhiko Igarashi, Takehiko Wada'~"

To apply oligonucleotide therapeutics as promising pharmaceuticals, the following three issues
should be improved: I) Off-target effects, II) Low cellular uptake capability, and III) Low
therapeutic potency mainly due to extremely low intracellular concentrations. We have
proposed and demonstrated a novel design strategy to improve these issues by enhancing the
RNase H mediated target RNA cleavage efficiency by the Chimeric Artificial Nucleic Acids
(CANAs), which consist of 5'-terminus modified DNA moiety conjugated with non-ionic
peptide backbone artificial nucleic acid moiety such as PNA. In this study, we targeted the
mRNA sequence of BACHI, a transcription factor involved in the metastasis of pancreatic
cancer, an intractable disease discovered by Prof. Igarashi et al. The structural design and
synthesis of CANA, which contributes to the inhibition of pancreatic cancer malignant
transformation, as well as its ability to form complexes with target mRNAs in vitro, complex
stability, and catalytic RNA cleavage using RNase H, were investigated and reported.

Keywords : Chimera Artificial Nucleic Acid; Oligonucleotide Therapeutics, Pancreatic
Cancer; BACHI; Catalytic cleavage of target RNA
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Fig. 1. Structure of Chimeric Nucleic Acids (CANAs). (NB: Nucleobase)
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Development of Chimeric Artificial Nucleic Acids (CANA) with Catalytic
Target RNA Cleavage Functions Toward the COVID-19 Treatments V:

Effects of junction positions and complex stabilities on cleavage efficiencies
('Institute of Multidisciplinary Research for Advanced Materials, Tohoku University, 2
Graduate School of Science, Nagoya University, *International Research Institute of Disaster

Science, Tohoku University) OBui Hieu Trong,! Kazutoshi Fujita,! Nozomu Ishiwata,'

Masahito Inagaki,” Hironori Hayashi,> Mitsuyo Matsumoto,! Yasuyuki Araki,' Eiichi
Kodama,? Takehiko Wada'

Keywords: Oligonucleotide therapeutics; Covid-19; Catalytic cleavage; RNase H;, Chimeric
Artificial Nucleic Acids

Oligonucleotide therapeutics (ONTs) are considered as promising candidates for the
next generation of molecular targeted drugs. However, there are drawbacks to this approach
that need to be addressed. The most critical a couple of issues are 1. the reduction of side effects,
the so-called “off-target effects”, and 2. the improvement of low therapeutic efficacy mainly
caused by the low intracellular concentration of ONTs. To improve these issues, we have
focused on a catalytic antisense strategy (CAS) which is attractive attention as RNase H
mediated selective cleavage of target RNA in a catalytic manner. Unfortunately, great success
results by the CAS have been very limited mainly due to low turnover numbers of catalytic
cleavage of the target RNA by non-sequence and non-site specific endonuclease RNase H. To
increase the turnover number of RNase H-mediated catalytic target RNA cleavage cycle, we
have proposed Chimeric Artificial Nucleic Acids (CANAs), which possess a precise target
RNA position-selective cleavage function, consisting of DNA oligomer moiety conjugated
with PNA oligomer moiety. The functions of CANAs, such as increasing the catalytic turnover
numbers of CAS by up to 200 times compared with those of the original antisense oligomers,
have been successfully demonstrated and have attracted considerable attention as a promising
candidate for the next generation of CAS.

In this study, COVID-19 was selected as the therapeutic target for the CANA strategy.
Although the pandemic has subsided, the number of infected people is still increasing and no
effective treatment has yet been developed. Therefore we have attempted to develop the SARS-
CoV-2 genome RNA targeting CANA as COVID-19 treatment. To improve the tolerance to
nucleases under intracellular conditions and in vivo assays, we designed a second generation
of CANAs (Fig 1) with the introduction of locked nucleic acids (LNAs) and phosphorothioate
linkages. The CANA was synthesized using an automated DNA synthesizer and Fmoc solid-
phase peptide synthesizer. The CANA showed higher affinities with the target RNA with
precise nucleobase sequence recognition capabilities, as discussed with physical properties.
Then, the RNase H-mediated target RNA cleavage experiments of CANA were investigated.
The results indicated the suitable properties of CANA as a promising candidate molecular
system for the CAS strategy for COVID-19 treatment.

PNA: improved sequence specificity,
affinity and stability
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Fig 1. Structure of Chimeric Artificial Nucleic Acids (CANAs). (NB: nucleobase)
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DNA chemical synthesis utilizing P-F bond activation ('Graduate School of Pharmaceutical
Science, Tokushima University) ONana Mihara,' Syuya Inoue,' Noriko Tarashima,' Noriaki
Minakawa'

Since the first chemical synthesis of DNA was achieved in 1955, various synthetic methods
have been developed. Among them, the solid-phase DNA synthetic method utilizing P(III)-
based phosphoramidite chemistry, developed in 1983, remains the most widely used and
versatile technology. However, significant innovation in this field has been limited. To address
this challenge, we have explored an approach to DNA synthesis using P(V)-based
phosphorofluoridate chemistry.

As a model reaction, we investigated the synthesis of thymidine dinucleotide 1. Starting with
thymidine (2), 3'-phosphorofluoridate monomer 3 was prepared in 4 steps. The resulting 3 was
subjected to a condensation reaction with 3'-DMTr-thymidine 4 in the presence of bases.
However, the chemical yield of the desired dinucleotide 1 was insufficient, achieving only 4%.
To overcome this limitation, we focused on activating the P—F bond to enhance the efficiency
of the condensation reaction.

Keywords : Oligonucleotide synthesis;, Nucleic acid chemistry; Phosphorofluoridate;
Phosphoramidite
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