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This study aimed to elucidate the role of ATR kinase that is essential for
DNA replication. Analysis of phosphorylation factors in response to DNA replication in human normal
epithelial cells and oncogene-induced DNA replication stress revealed remarkable ATR inhibitor
sensitivity in approximately 200 types of phosphorylation factors. The pathway analysis of these
factors suggested the possibility of RhoA pathway involved in cytoskeleton regulation as well as
chromatin remodeling factor regulation in addition to conventional DNA damage response. These
results suggest that ATR in the endogenous DNA replication stress response stably maintains the
chromosome and maintains the survival of normal cells by phosphorylating different substrate groups
from the DNA damage response caused by external factors.

DNA DNA

ATR




DNA

DNA
DNA
related (ATR) HU UV
Genes & Dev; 2000,14:397 ATR
catastrophe
ATR
ATR Mecl
2015, 57: 1124 DNA
Simian Virus 40 (SV40)
DNA
biochem;1998, 67, 721)
ATR

Ataxia telangiectasia and Rad3

DNA DNA (ssDNA)
origin firing
ATR
ssDNA replication
Cell; 2013, 155: 1088 Mol Cell; 2015, 59: 1011
DNA (Fig. 1.)
DNA Mol Cell;
ATR
DNA
(Ann rev of
SV40 ATR
SV40 DNA
DNA ATR

(Mol. Cell; 2009, 33: 547, Mol. Cell; 2011, 43: 192, Cell
Reports; 2013, 3: 1651, Methods in Mol. Biol.; 2011, 782: 181) DNA

ATR in vitro SV40 DNA
Fig. 1.
In vitro SV40 DNA DNA DNA
ATR DNA
ATR
ATR AS-ATR (ATP-analog
ATR ) SV40 DNA ATR
(1) ATP AS-ATR
ATR ATP Gatekeeper Y2365 H-
bond 12377 Salt-bridge V2493
AS-ATR
AS-ATR ATR RPA32(Ser33)
invitro WT-ATR AS-ATR
N6 ATP AS-ATR
(2) SV40 genome DNA in vitro
In vitro SV40 genome DNA 293
SV40 Large T SV40 DNA origin(+)DNA
origin(-)DNA
1) in vitro DNA
SV40DNA ATP
(3) ATR in vivo DNA
SAEC
ATR ATR
ER-K-ras¢12V(40HT DNA K-rasG12v
DNA ATR (in vivo)
TMT(Tandem Mas Tag)
LC-MS/MS
Gene Ontology ATR DNA
Q) ATR —
ATP 5 &
ATP-binding pocket ATR S EggseaE TG
ATM ‘ - ‘WT-ATR g
Y2365A AS-ATM "Rsi‘?ii‘ a - H
ATR Y2365A I 3
Fic 1 A ATRis able to utilize an ATP analog, 6-(2-MeBu)-Al .
Y2365A ATP




AS- GST-Rad17 peptide
éT:\QA bu)-ATP 60 Anal 6- | 6(MeBuATP: - + P peptide
-viebu)- nafog IB:GST
sensitive ATR (AS-ATR) (Fig. 1) -
ATR AS-ATR invitro Phos-tag gel
kinase assay Phos-tag gel
Fic 2 Detection nfan A ATR mediate -
ATR substrate phosphorylation o1 Phc¢ tag gel
(Fig. 2)
(2) SV40genome DNAin vitro B
SV40 T DNA 8 25
P32TTP DNA g 207
in vitro (Fig. 3) & 159
. . =
in vitro E 1.0
8
g 0.5
&
SVv40 T g oo T T !
£ 00 0.2 0.4 0.6
Large-T antigen
©) Fic 3.SV40 DNA replication in vitro
DNA ATR
sample ID inhibitor K-Ras
SAEC “
DNA
K-Ras #2 +
csll
#3 +
ATR
ATR ATR #4 + +
Fig .4 45
TMT
6800 3500 ATR18 #6 +
ATR #7 +
SQ/TQ 155
ATR #8 + +
IPA Fig. 4. Phosph proteomics samples
DNA
ROIe Of BRCA in Rank Ingenuity Canonical Pathways (p-;llﬁcl)l?,le) Ratio
DNA damage response, NER 1 Role of BRCA1L in DNA Damage Response 5.55 0.138
pathway, Cell cycle G1/S z NER Pathway 4.48 0.107
- - Cell Cycle: G1/ S Checkpoint Regulation 3.75 0.119
checkpoint regulation , C_e" 4 RhoA Signaling 3.16 0.0813
cycle G2/M ChECkp0| nt 5 ICell Cycle: G2/ M DNA Damage Checkpoint Regulation 3 0.122
regu|ati0n 6 IATM Signaling 267 0.0825
pathway RhOA ; Role.of CHK Proteins in Cell O{cle Checkpoint Control 2.65 0.105
ICyclins and Cell Cycle Regulation 2.51 0.0864
pathway 0 Mitotic Roles of Polo-Like Kinase 2.33 0.0909
ATR 10 ISuperpathway of Inositol Phosphate Compounds 2.31 0.0542
Fig 5. Top 10 pathways regulated by ATR in response to  ra 612V
ATR
SQ/TQ SP/TP ATR
ATR pT1989 TP SP/TP
ATR ATR
ATR
HistonH1 Linker histone
histonH1 CDK1 CDK2
ATR DNA ATR-Chk1-
cdc25 CDK1/2 HistonH1
ATR ATR CDK
DNA
HistonH1
chromatin decompaction ATR DNA

HistonH1



DNA
ATR DNA
DNA
ATR DNA

2
Yasuhara T, Kato R, Hagiwara Y, Shiotani B, Yamauchi M, Nakada S, Shibata A,
Miyagawa K. Human Rad52 Promotes XPG-Mediated R-loop Processing to Initiate
Transcription-Associated Homologous Recombination Repair.
Cell;175 :558-570. 2018 doi: 10.1016/j.cell.2018.08.056.
Asano N, Yoshida A, Mitani S, Kobayashi E, Shiotani B, Komiyama M, Fujimoto H,
Chuman H, Morioka H, Matsumoto M, Nakamura M, Kubo T, Kato M, Kohno T, Kawali
A, Kondo T, Ichikawa H. Frequent amplification of receptor tyrosine kinase genes in
welldifferentiated/ dedifferentiated liposarcoma.
Oncotarget. 8 : 12941-12952 doi: 10.18632/oncotarget.14652; 2017

15
Bunsyo Shiotani DNA ATR .4
11 2018
1 Intrinsic DNA Replication Stress Provides
an Indication of Sensitivity to ATR inhibitor in Lung Adenocarcinoma Cell 41
11 2018

Kiminori Kurasima, Takashi Kohno, and Bunsyo Shiotani  Intrinsic DNA Replication Stress
Confers Sensitivity to ATR Inhibitor in Lung Adenocarcinoma Cell 77

9 2017
Bunsyo Shiotani Intrinsic DNA Replication Stress Confers Sensitivity to ATR Inhibitor
in Lung Adenocarcinoma Cell. Gordon Research Conference 7 2018 ( )
DNA ATR
7 2018
DNA replication stress response regulated by ATR in cancer cells DNA
4 2018

Elucidation of the mechanism underlying
development and maintenance of tumor by ATR-dependent DNA replication stress
response, Conbio2017 12 2016
Marianne Mazevet, Naoya Hayashida, Bunsyo Shiotani ATR overexpression
promotes K-Ras induced tumorigenesis through replication fork protection, Conbio2017
12 2016

Elucidation of the mechanism underlying
lung adenocarcinoma cell death induced by ATR inhibitor. 76

9 2017
Oncogenic DNA replication stress response regulated by ATR. DNA
4 2017
Bunsyo Shiotani Development of a direct ATR substrates identification system utilizing
ATP analog. Gordon Research Conference 7 2016 ( )
Dark side of ATR. DNA 4 2016

Bunsyo Shiotani Identification of ATR substrates utilizing analog ATP sensitive-ATR.
75 10 2016

Bunsyo Shiotani Establishment of direct substrates identifying system by analog

sensitive-ATR kinase. 39 12 2016

Bunsyo Shiotani Sensing and signaling of DNA damage by master checkpoint kinase
ATM and ATR Tenth AACR-JCA Joint conference 2 2016 Hawai USA

1
*Shiotani B and *Zou L. Signaling of DNA Replication Stress through the ATR
Checkpoint. In Hanaoka F. and Sugasawa K. (ed.) DNA Replication, Recombination
and Repair - Molecular Mechanisms and Pathology, Springer, 405-428,
https://link.springer.com/chapter/10.1007/978-4-431-55873-6_16 (2016)



https://www.ncc.go. jp/jp/ri/division/genetics/member/20151209151751. html




