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Development of high throughput screening method of G-quadruplexes using small molecu
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Nagasawa, Kazuo

15,100,000 4,530,000

DNA G4
60TD, 70TD G4
707D DNA
G4
707D Cy5 G4 DNA

G-Quadruplexes (G4s) are three-dimensional structures that are formed in guanine-r
ich polynucleotides. Relatively few G4-forming oligonucleotides (GFOs) have been identified so far, but t
hey are important because they play significant roles in regulation of gene expression and replication. C
omputational analysis suggests huge numbers of GFOs are present in the genome. However, there has been no
simple and direct screening methodology for large-scale screening of GFOs.
In this project, we have developed a high-throughput screening method for GFOs by using the fluorescent G4
ligand L1Cy5-70TD with a DNA microarray. With this method, we found 1,998 novel GFOs in a CpG island (CG
1) microarray bearing 88,737 targets. Gene Ontology (GO) analysis suggests that these GFOs were mainly ass
ociate with metabolic processes, transcriptional regulation, biosynthetic processes and developmental proc
esses. The present method would be easily applicable to other DNA microarrays.
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Table 1
DCq, - 50%TO

DNA  0.25u M TO  0.5u M
5 G4 0.31-0.67p M
2.5u M
L1Cy5-70TD G4
DNA G4
DNA CpG
G4

CpG



Table 1 G4-FID

DNA DC,, (uM)
telo24 0.31 = 0.07
bcl-2 0.34 =+ 0.08
c-kit 1 0.36 = 0.13
c-kit 2 0.21 = 0.07
c-myc 0.47 = 0.10
k-ras 0.67 = 0.05
dsDNA > 2.5
microarray DNA
KCI 100 mM L1Cy5-70TD
10 nM 1.5
5
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G4
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G4
10 G4
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10 10 DNA
10 L1Cy5-70TD EMSA
10 DNA
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o o] 8 B ] o 3 -, S o
O S o)

L1CyS-70TD

Figure 2 EMSA

10 DNA  L1Cy5-70TD
10 DNA G4
CD
10
G4
Figure 3

- Jard2_CGI

10 «= Dele_CGI
- Foxa2_CGI
= Chd4_CGI

8 Ntpcr_CGI
— Med4_CGI

6 — Bmi1_CGI
- Wt1_CGI

Sp130_CGI
— Cdc6_CGI

CD [mdeg]

N

2 320

wavelength [nm]

Figure 3 CD
G4

10 DNA DMS Footprinting
DNA K* G4
(Figure 4)

Sp130_CGI
L I " U O ]

K
NIRRT 1 B

Dele_CGI

Chdé_CGI

Figure 4 DMS Footprinting

DNA
1,998 10
G4
1,998 G4
1,998
1,578
1,578

G4

Keisuke lida, Gen Tsubouchi, Takahiro
Nakamura, Kazuo Nagasawa, “ SYNTHESIS OF
MACROCYCLIC DIMER OF CYCLIC HEXAOXAZOLE
AND EXAMINATION OF ITS INTERACTION WITH
TELOMERIC OLIGONUCLEQTIDE” , Heterocycles,
2014, 88, 1287-1298, DOI:
10.3987/COM-13-S(S)97.

Kesuke lida, Takahiro Nakamura, Wataru

Yoshida, Masayuki Tera, Kazuhiko
Nakabayashi, Kenichiro Hata, Kazunori
Ikebukuro and Kazuo Nagasawa,

“ Fluorescent ligand-mediated screening
of G-quadruplex structure using a DNA
microarray” , Angew. Chem. Int. Ed., 2013,
52, 12052-12055, DOI:
10.1002/anie.201305366



Tarek Shalaby, Giulio Fiaschetti,
Kazuo Nagasawa, Kazuo Shin-ya, Martin
Baumgartner, Michael Grotzer,
“  G-Quadruplexes as a Potential
Therapeutic Target for Embryonal Tumors” ,
Molecules, 2013, 18, 12500-12537, DOI:
10.3390/molecules181012500.

Keisuke lida, Kazuo Nagasawa,
Macrocyclic Polyoxazoles as
G-Quadruplex Ligands” , Chem. Rec., 2013,
13, 539-548, DOI: 10.1002/tcr.201300015.

Wan Jun Chung, Brahim Heddi, Masayuki
Tera, Keisuke lida, Kazuo Nagasawa and Anh
Tuan Phan, * Solution structure of an
intramolecular (3+1) human telomeric
G-quadruplex bound to a telomestatin
derivative” J. Am. Chem. Soc., 2013, 135,
13495-13501, DOI: 10.1021/ja405843r.

Keisuke lida, Satoki Majima, Takahiro
Nakamura, Hiroyuki Seimiya and Kazuo
Nagasawa, “ Evaluation of the Interaction
between Long Telomeric DNA and Macrocyclic
Hexaoxazole (60TD) Dimer of a G-quadruplex
Ligand” , Molecules, 2013, 18, 4328-4341,
DOI: 10.3390/molecules18044328.

Keisuke lida, Gen Tsubouchi, Takahiro
Nakamura, Satoki Majima, Hiroyuki Seimiya
and Kazuo Nagasawa, “ Interaction of long
telomeric DNAs with macrocyclic
hexaoxazole as a G-quadruplex ligands” ,
Med. Chem. Commun., 2013, 4, 260-264, DOI:
10.1039/C2MD20234D.

Takahiro Nakamura, Keisuke lida,
Masayuki Tera, Kazuo Shin-ya, Hiroyuki
Seimiya, and Kazuo Nagasawa, “ A Caged
Ligand for a Telomeric G-Quadruplex” ,
ChemBioChem, 2012, 13, 774-777, DOI:
10.1002/cbic.201200013.

Keisuke lida, Satoki Majima, Terumi
Ootake, Masayuki Tera, Kazuo Shin-ya, and
Kazuo Nagasawa, “ Design and Synthesis of
G-Quadruplex Ligands Bearing Macrocyclic
Hexaoxazoles with Four-Way Side Chains”
Heterocycles, 2012, 84, 401-404, DOI:
10.3987/COM-11-S(P)88.

Yo Morita, Wataru Yoshida, Nasa Savory,
Sung Woong Han, Masayuki Tera, Kazuo
Nagasawa, Chikashi Nakamura, Koji Sode,
Kazunori Ikebukuro, “ Development of a
novel biosensing system based on the
structural change of a polymerized
guanine-quadruplex DNA nanostructure” ,
Biosensors and Bioelectronics, 2011, 26,
4837-4841, DOl :
10.1016/j .bios.2011.05.050.

Yosuke Amemiya, Yui Furunaga, Keisuke
lida, Masayuki Tera, Kazuo Nagasawa,

Kazunori  lkebukuro, and  Chikashi
Nakamura, “ Analysis of unbinding force
between telomestatin derivatives and
human telomeric G-quadruplex by atomic
force microscopy” , Chem. Commun., 2011,
47, 7485-7487, DOIl: 10.1039/COCCO5781A.

Takayuki Doi, Kazuaki Shibata,
Masahito Yoshida, Motoki Takagi, Masayuki
Tera, Kazuo Nagasawa, Kazuo Shin-ya, and
Takashi Takahashi, “ (S)-Stereoisomer of
telomestatin as a potent G-quadruplex
binder and telomerase inhibitor” , Org.
Biomol. Chem., 2011, 9, 387-393, DOI:
10.1039/C00B00513D.

Satoki Majima, Masayuki Tera, Keisuke
lida, Kazuo Shin-ya, and Kazuo Nagasawa,
“ Design and Synthesis of Telomestatin
Derivatives Containing Methyl Oxazole and
Their G-Quadruplex Stabilizing Activities”
Heterocycles, 2011, 82, 1345-1357, DOI:
10.3987/COM-10-S(E)85.

94
2014 3 27-30

Keisuke lida, Satoki Majima, Takahiro
Nakamura, Kazuo Nagasawa, “ Interaction
analysis of long telomeric G-quadruplex
and marocyclic polyoxazole ligands ” ,
Fouth International Meeting on
G-Quadruplex Nucleic Acids, 2013. July 1-4,
Nanyang Technological University
(Singapore).

Takahiro Nakamura, Keisuke lida, Wataru
Yoshida, Masayuki Tera, Ikebukuro
Kazunori, Kazuo Nagasawa, “ Fluorescent
Ligand-Mediated Screening of G-Quadruplex
Structure Using a DNA Microarray” , Fouth
International Meeting on G-Quadruplex
Nucleic Acids, 2013. July 1-4, Nanyang
Technological University (Singapore).

8 2013 6
19-21

133 2013 3 27-30




133 2013 3 27-30

DNA

93 2013 3 22-25

Synthesis of macrocyclic hexaoxazole

(60TD) and evaluation of its 04

stabilization The 11th International

Symposium  on  Advanced  Technology

(ISAT-Special) 2012
10 30

71 2012 9 19-21

Takahiro Nakamura, Keisuke lida, Terumi
Ohtake, Masayuki Tera, Hiroyuki Seimiya,
Kazuo Nagasawa, “ Synthesis and
evaluation of telomestatin derivatives of
macrocyclic polyoxazoles and application
to a caged G4 ligand” , The 11th
Korea-Japan-Germany Joint Symposium on
Cancer and Ageing Research, 2012. July 5-7,
Gyeongju Hilton hotel (Gyeongju, South

Korea).
16

2012 6 27-29

G-quadruplex
132
2012 3 28-31
132 2012 3 28-31
G-quadruplex
92
2012 3 25-28
92 2012 3 25-28

4
92
2012 3  25-28
2011 12 10
Keisuke lida, Masayuki Tera, Kazuo

Shin-ya, Kazuo Nagasawa, “ Synthesis and
Evaluation of Macrocyclic Hexaoxazole
Dimers as G-quadruplex Ligands” , 8th AFMC
International Medicinal Chemistry
Symposium "Frontier of Medicinal Science”

(AIMECS11), 2011. November 29-December

2,keio plaza hotel Tokyo, Japan
Takahiro Nakamura, Keisuke lida,

Masayuki Tera, Hiroyuki Seimiya, Kazuo

Shin-ya, Kazuo Nagasawa, “ Synthesis and
Evaluation of the Caged G-quadruplex
Ligand” , 8th  AFMC International
Medicinal Chemistry Symposium “Frontier
of Medicinal Science” (AIMECS11), 2011.
November 29-December 2, keio plaza hotel
(Tokyo, Japan

Keisuke lida, Masayuki Tera, Kazuo
Shin-ya, Kazuo Nagasawa, “ Synthesis of
macrocyclic hexaoxazole dimers as a
G-quadruplex” , Third International
Meeting on G-Quadruplex and G-assembly,
2011.June 28-July 1, Grand Hotel Vesuvio
(Naples, Italy).
@)Takahiro Nakamura, Keisuke lida,
Masayuki Tera, Hiroyuki Seimiya, Kazuo
Shin-ya, Kazuo Nagasawa, “ Devepolment of
the Caged G-Quadruplex Ligand” , Third
International Meeting on G-Quadruplex and
G-assembly, 2011.June 28-July 1, Grand
Hotel Vesuvio (Naples, Italy).

15
2011 6
22-24

G4

91 2011 3 26-29

http://www_tuat.ac. jp/~nagasawa/



€Y
NAGASAWA KAZUO

10247223



