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Construction of the RNA-binding molecule discovery system for RNA-targeted drug
discovery
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In this study, we examined the development of a methodology that combines
our barcode microarray method with a fluorescent indicator competitive displacement (FID) assay in
order to construct a high-throughput search system for RNA-binding small molecules. First, a
fluorescent indicator was fixed on the solid support and mixed with a library of RNA having
higher-order structure. The RNA sequences to which small molecules bound were separated and applied
to a DNA microarray to obtain affinity information of fluorescent molecules for RNA. We selected the

disease-related RNAs from the obtained affinity information, and the binding molecules for the
target RNAs were searched from the compound library by FID assay. As a result, we found that the hit
compounds binding to the target RNA differ depending on the using fluorescent indicator.

RNA
RNA



RNA  ncRNA

RNA
RNA

RNA

RNA

RNA

ips
Barcode microarray
RNA
RNA
RNA

RNA

Barcode microarray FID
FID

RNA

1 RNA-

RNA
RNA

RNA

RNA
RNA
(FID)
RNA-
(FID)
RNA
RNA

Barcodemicroarray  ( )

FID

DNAZA//OF7LA
RNA RNA
(pre-miRNA, ) DNA
10
DNA
RNA
2
RNA
E—-XcEzELE

HEUEDT == E——

Q STEP 1 BUEIRES

ATSUREE : RaR

mﬂﬁﬁ’éﬁv RNARASMSENFOR | BHIBTRE

RNASAISY ji—o—r | iitEsens
o071

STEP 3 kv MESHWIDRNAE
Rt BEZEDRSE : by MESH
ZEHICERE LSS 2 iR

RNA

RNA
RNA

Barcode microarray

d@d%fwﬂ

| |
EEH>14757
WHeDL ¥ mxk

STEP 2 iR R|HSERF VA1 :
BHAELCEDIEENSITSUDS
by MESTEIRE




RNA RNA RNA

DNA
STEP1 STEP1
RNA
RNA
96well STEP2 RNA
RNA
RNA RNA
STEP3 RNA
1 DNA RNA
RNA TO-
1 TO-3
DBCO-

) /(JQJ)NN: WA E’H“/ ” | i
/\/\)Lu ’ "/\)Lu 3 B;\O-?‘/ ALUZMT %%’s

@_N @:N D ESyE—X
o1 -]
g7 = P PUSIRE 000FEENRNAK &
7 a ES ’ EFFUEEHANTF B ETiE 2&8E54735Y
\N\+ CF3C00" SN’ cricoo
—
HARTENEEL:
TO-1 TO-3 RNARFIZDNAT A%
O7 L1 CReHt
3000 RNA
RNA
3000 RNA
. Z-
RNA TO-1 TO-
Kd Weak >40 ® o oees @ Rank Top 100 Weak 100 * @ o Rank Top 100
. 5 o
Z g 10 e % g 10 . . o
: 2 . . 3 .
1 . 1
Kd strong g1 Strong 01
2 0 2 4 6 8 -2 [ 2 4 6 8 10
5 Z-score Z-score
6 FID RNA
= HERNA
PR | wEHeA Wk a%
X33
)
% 118 Oxidation-Reduction 0%
X 0.. Compound Library (Targetmol) o
((( . (5 M) X §
Sy sEN OIS FENE TO-PRO-3
fLamprty Meam (0.5 pM)
RNA1 RNA3 G4
" .:' % TO-PRO-1
2 W Baicalein (Bai) Myricetin (Myr) Chelerythrine AS 602801 (AS)
B wia OH chloride (Che)
e <3 Ho~ 0 S o & o @[5, &
£y W O ) HO., o O <5 0. N
“aetn I HO O ) oH N7 = 7o
v I OH O I OH { - LO_\
33 i n
= & e mitiAs CAG repeats RNA SS RNA or G4RNA Q
pre-mir-221  pre-mir-191  pre-mir-21 pre-mir-6850 Kp value (uM) K, value (M) Ko value (M) Pt M
Predicted by RNAfold. el RNAT ;20219 RNAT :38=0.30 RoaRa)
) _ 131=3. RNA2:25=33 RNA2 :3.8=0.45 RNA2 : 14=2.1
TOPRO-1's Kp (M) (N =2) RNA3 : 40 RNA3 : 16=0.48 RNA3 :2.6=0.56 RNA3 : 20=0.93
0.54 0.20 0.23 0.22 A a0 G4 :33=0.12 G4 :40=051 / G4 :452035

TO PRO-3's Kp (M) (N = 2)
15 25 2.1 0.17



@)

TO-PRO1 TO-PRO3

RNA

RNA

RNA
RNA

Al

TO-3

AS602801

RNA

FID

RNA

RNA
FID
TO-PRO3
FID
RNA
RNA
RNA



11 11 0 2

Kuwahara Kazuki Yajima Sayaka Yamano Yuuhei Nagatsugi Fumi Onizuka Kazumitsu 34

Formation of Direction-Controllable Pseudorotaxane and Catenane Using Chemically Cyclized 2023

Oligodeoxynucleotides and Their Noncovalent RNA Labeling

Bioconjugate Chemistry 696-706
DOl

10.1021/acs.bioconjchem.3c00031

Okamura Hidenori Trinh Giang Hoang Dong Zhuoxin Fan Wenjue Nagatsugi Fumi 28

Synthesis of 6-Alkynylated Purine-Containing DNA via On-Column Sonogashira Coupling and 2023

Investigation of Their Base-Pairing Properties

Molecules 1766 1766
DOl

10.3390/molecules28041766

Okamura Hidenori lida Momoka Kaneyama Yui Nagatsugi Fumi 25

<i>o</i>-Nitrobenzyl Oxime Ethers Enable Photoinduced Cyclization Reaction to Provide 2023

Phenanthridines under Agueous Conditions

Organic Letters 466 470
DOl

10.1021/acs.orglett.2c04015

Chen Yutong Onizuka Kazumitsu Hazemi Madoka E. Nagatsugi Fumi 33

Reactivity Modulation of Reactive OFF?0N Type G-Quadruplex Alkylating Agents 2022

Bioconjugate Chemistry 2097 2102

DOl
10.1021/acs.bioconjchem.2c00458




Yamano Yuuhei Onizuka Kazumitsu Sasaki Madoka Sato Shinichi Nagatsugi Fumi 51

Photochemical Labeling of Nucleic Acid by Photocatalyst Tethered DNA Probe 2022

Chemistry Letters 1121 1124
DOl

10.1246/cl.220397

Nagatsugi Fumi Onizuka Kazumitsu 23

Selective Chemical Modification to the Higher- Order Structures of Nucleic Acids 2022

The Chemical Record €202200194
DOl

10.1002/tcr.202200194

Onizuka Kazumitsu Yamano Yuuhei Abdelhady Ahmed Mostafa Nagatsugi Fumi 20

Hybridization-specific chemical reactions to create interstrand crosslinking and threaded 2022

structures of nucleic acids

Organic & Biomolecular Chemistry 4699 4708
DOl

10.1039/d20b00551d

Murase Hirotaka Nagatsugi Fumi Sasaki Shigeki 20

Development of a selective ligand for G?G mismatches of CGG repeat RNA inducing the RNA 2022

structural conversion from the G-quadruplex into a hairpin-like structure

Organic&Biomolecular Chemistry 3375 3381

DOl
10.1039/d20b00279e




Okamura Hidenori Trinh Giang Hoang Dong Zhuoxin Masaki Yoshiaki Seio Kohji Nagatsugi Fumi

Selective and stable base pairing by alkynylated nucleosides featuring a spatially-separated 2022

recognition interface

Nucleic Acids Research -
DOl

10.1093/nar/gkac140

Abdelhady Ahmed Mostafa Onizuka Kazumitsu Ishida Kei Yajima Sayaka Mano Eriko Nagatsugi 87

Fumi

Rapid Alkene?Alkene Photo-Cross-Linking on the Base-Flipping-Out Field in Duplex DNA 2022

The Journal of Organic Chemistry 2267 2276
DOl

10.1021/acs. joc.1c01498

Abdelhady Ahmed Mostafa Hirano Yu Onizuka Kazumitsu Okamura Hidenori Komatsu Yasuo 48

Nagatsugi Fumi

Synthesis of crosslinked 2' -OMe RNA duplexes and their application for effective inhibition of 2021

miRNA function

Bioorganic & Medicinal Chemistry Letters

128257 128257

DOl
10.1016/j .bmecl.2021.128257

50 6 11

RNA RNA

16

2022




Ahmed Mostafa Abdelhady, Kazumitsu Onizuka, Tatsuki Masuzawa, Shinichi Sato, Keita Nakane, Takanori Oyoshi, Fumi Nagatsugi

DNA (Selective light-based proximity labeling of DNA-interacting proteins)

2022

2022

RNA RNA

16

2022

DNA

16

2022




Kazuki Kuwahara, Kazumitsu Onizuka, Sayaka Yajima, Yuuhei Yamano, Fumi Nagatsugi

Development of novel threaded structure-forming nucleic acids with the ability of slipping direction control and their
mechanism elucidation

2022

Ryohei Iwata, Kazumitsu Onizuka, Ryosuke Nagasawa, Hirotaka Murase, Fumi Nagatsugi

Creation of novel fluorescent indicators for screening of RNA binding small molecules

2022

12 CSJ 2022

2022

Development of a screening system for RNA-binding small molecules based on large-scale information of interactions between
RNAs and a fluorescence indicator

CBI 2022

2022




Kazumitsu Onizuka, Kazuki Kuwahara, Sayaka Yajima, Yuuhei Yamano, Fumi Nagatsugi

Pseudorotaxane and catenane formation via the slipping process

1SNAC2022

2022

Ahmed Mostafa Abdelhady, Kazumitsu Onizuka, Tatsuki Masuzawa, Shinichi Sato, Keita Nakane, Takanori Oyoshi, Fumi Nagatsugi

Selective photo-catalytic proximity labeling of G4 DNAinteracting proteins for the interaction proteomes of G4 DNA

1SNAC2022

2022

Yuuhei Yamano, Kazumitsu Onizuka, Madoka Sasaki, Shinichi Sato, and Fumi Nagatsugi

Nucleic acids modification by photo-catalytic reaction

1SNAC2022

2022

Yutong Chen, Kazumitsu Onizuka, Madoka E. Hazemi, Emi Miyashita, Kaoru R. Komatsu, Hirohide Saito, Fumi Nagatsugi

Alkylation of G4 nucleic acids by reactive off-on type reagents and application

22

2022




Ahmed Mostafa Abdelhady, Kazumitsu Onizuka, Shinichi Sato, Tatsuki Masuzawa, Takanori Oyoshi, Fumi Nagatsugi

Photocatalytic profiling of G4 DNA-interacting proteins

103

2022

Yutong Chen, Kazumitsu Onizuka, Kaoru R. Komatsu, Emi Miyashita, Hirohide Saito, Fumi Nagatsugi

Large-scale analysis of RNA alkylation using OFF-ON type alkylators

103

2023

Pingyun Lan, Kazumitsu Onizuka, Yutong Chen, Fumi Nagatsugi

Development of reactive OFF-ON type alkylating agents based on pyrimidine structure

103

2023

DNA

103

2023




103

2023

102
2022
DACN-MMC  3-

102
2022
RNA

102

2022




Nadya Syahla Soemawisastra, Hidenori Okamura, Fumi Nagatsugi

Synthesis and cross-link properties of 2-amino-6-vinyl-7-deazapurine-deoxyriboside for anti-miRNA therapy

102

2022

Yutong Chen, Kazumitsu Onizuka, Pingyun Lan, Fumi Nagatsugi

Development of novel OFF-ON type alkylating reagents

102

2022

AHMED MOSTAFA ABDELHADY, Kazumitsu Onizuka, Tatsuki Masuzawa, Shinichi Sato, Takanori Oyoshi, Fumi Nagatsugi

Selective photo-labeling of G4 DNA-binding protein

102

2022

Sagar Satpathi, Tamaki Endoh, Yutong Chen, Saki Matsumoto, Tatsuya Ohyama, Peter Podbev, Janez Plavec, Kazumitsu Onizuka,
Fumi Nagatsugi, Naoki Sugimoto

Nucleic Acids Chemistry beyond the Watson-Crick Double Helix (76) : Structure-based Chemical Modification of Berberine to
Improve the RNA Binding Property

102

2022




CGG RNA 1,3-diazaphenoxazine

142

2022

RNA- pre-miRNA
142

2022

Hidenori Okamura, Zhuoxin Dong, Giang Hoang Trinh, Yoshiaki Masaki, Kohji Seio, Fumi Nagatsugi

Unnatural base pairs with spatially isolated pseudo-nucleobases in the m+A25:D40ajor groove of DNA

Pacifichem2021 Satellite Symposium - Modified DNA and XNA for therapeutic application

2021

Fumi Nagatsugi, Madoka E. Hazemi, Norihiro Sato, Gen-ichiro Tsuji, Shunya Ishikawa, Mamiko Ozawa, Kazumitsu Onizuka

Development of the reactive OFF-ON type alkylating agents to higher ordered nucleic acids structures

Pacifichem2021 New Challenge in Interdisciplinary and Multiscale Supramolecular Sciences

2021




RNA RNA

21

2021

Hidenori Okamura, Zhuoxin Dong, Giang Hoang Trinh, Fumi Nagatsugi

Unnatural base pairs with spatially isolated hydrogen-bonding units in the DNA major groove

ISNAC2021

2021

Yutong Chen, Kazumitsu Onizuka, Madoka E. Hazemi, Fumi Nagatsugi

Reactivity modulation of reactive OFF-ON type alkylating reagents for higher-ordered structures of nucleic acids

ISNAC2021

2021

Ahmed Mostafa Abdelhady, Kazumitsu Onizuka, Yu Hirano, Komatsu, Fumi Nagatsugi

Creation of interstrand cross-linked nucleic acids and their application for miRNA inhibition

ISNAC2021

2021




2021

RNA RNA

11 CSJ 2021

2021

Development of a photo-cyclization reaction producing phenanthridines in aqueous media

2021

RNA RNA

2021




15

2021

Yutong Chen

RNA

15

2021

Yutong Chen, Kazumitsu Onizuka, Madoka E. Hazemi, Fumi Nagatsugi

Novel reactivity modulable alkylating agents for higher-order structures of nucleic acids

2021

Nadia Syahla Soemawisastra, Hidenori Okamura, Fumi Nagatsugi

Development of 2-amino-6-vinyl-7-deazapurine-deoxyriboside as an efficient cross-linking nucleoside for anti-miRNA therapy

IS3NA-IRT Virtual Symposium 2021

2021




Ahmed Mostafa Abdelhady, Kazumitsu Onizuka, Sayaka Yajima, Kei Ishida, Eriko Mano, Fumi Nagatsugi

Efficient cross-linking reaction using base flip-inducing oligodeoxynucleotides

IS3NA-IRT Virtual Symposium 2021

2021

Ahmed Mostafa Abdelhady, Kazumitsu Onizuka, Sayaka Yajima, Kei Ishida, Eriko Mano, Fumi Nagatsugi

Efficient alkene-alkene photo-cross-linking reaction on the flipping-out field in duplex DNA

FIBER

2021

Zhuoxin Dong, Hidenori Okamura, Giang Hoang Trinh, Fumi Nagatsugi

Structural optimization of alkynylated purine-pyridazine pairs for enhanced selectivity against natural nucleobases

FIBER

2021

Hidenori Okamura, Zhuoxin Dong, Giang Hoang Trinh, Fumi Nagatsugi

Unnatural base pairs with spatially-isolated nucleobase-like modules in the major groove of DNA

FIBER

2021




RNA RNA-
32
2021
RNA-
8
2021
Yutong Chen
RNA
15
2021
15

2021




RNA RNA

32
2021
3

Fumi Nagatsugi 2022

Springer Singapore 1990

Handbook of Chemical Biology of Nucleic Acids
2021
228

Fumi Nagatsugi 2021
357

Springer

Middle Nolecular Strategy

2022-201302




RNA

2021-054713

2021

http://www2.tagen.tohoku.ac.jp/lab/nagatsugi/html/




