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DNA 53BP1 repositioning

Regulation of 53BP1 repositioning and foci formation during homologous
recombination
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DNA double-strand break (DSB) caused by ionizing radiation or anti-cancer
drugs is a deleterious damage, which can lead to chromosomal instability. Cells have the two main
repair pathways for DSB, non-homologous end-joining (NHEJ) and homologous recombination (HR). While
NHEJ functions through cell cycle, HR ensues if NHEJ fails to repair DSB in S/G2 phase. 53BP1 is
known as a factor promoting NHEJ via inhibiting HR. We show the activation of ATM and ATR is
dispensable for the maintenance of 53BP1 foci at sites of DSBs generated by ionizing radiation at
early time points (0.5 h). Interestingly, inhibition of ATR (but not ATM) disturbs the maintenance
of 53BP1 foci at later time points (4 h), which is fully recovered when the inhibitor is omitted.

Collectively, the results in this study suggest that localization of 53BP1 foci at DSB sites during
HR is dependent on ATR activation.

DNA

DNA DSB 53BP1 ATR



DNA

(DNA double strand break: DSB)

DSB (non-homologous end joinig: NHEJ)
(homologous recombination: HR) DSB NHEJ HR
DSB 53BP1  BRCAl BRCA1
EX01/DNA2 elongation of resection
(zhou et al., NAR, 2014) 53BP1  resection NHEJ
(Bunting et al., Cell, 2010) BRCA1  53BP1
DSB G2
53BP1 (foci) DSB 53BP1
(53BP1 repositioning) (Kakarougkas et al .,
NAR, 2013) 53BP1 repositioning BRCAl BRCA1  53BP1
DSB 53BP1 DSB resection
resection 53BP1
repositioning 53BP1  repositioning
HR 53BP1
repositioning
BRCA1  PP4AC 53BP1
(Isono et al, Cell Reports, 2017) S/G2 ATM 53BP1
RIF1 DSB
1 53BP1 RIF1
53BP1
repositioning RIF1
repositioning RIF1  53BP1 repositioning
RIF1 53BP1
repositioning DSB
HR 53BP1
HR 53BP1 repositioning foci
foci
A549
48 2 Gy (100 kV) y  (*Co)
(paraformaldehyde: PFA) YH2AX (ab26350, Abcam)
53BP1 (A300-272A, Bethyl) Resection
RPA foci 0.2% Triton-X in PBS PFA
RPA (LS-C38952, Life Span BioSciences) S/G2
CENPF (ab5, Abcam) MITOSIN (610768, BD Biosciences)
S Edu G1 G2 foci
ATM Kkinase (ATMi, 118500, Calbiochem)
ATR kinase (ATRi, VE-821, Axon1893, Axon) ATM
Chk2 ATR Chk1
ATMi 10 pM ATRi 5 uM
(1) G2 DSB 53BP1
15 30 2 4 8 yH2AX  53BP1 foci
( ) Gl G2 53BP1
30 foci 30 foci fosi
DSB yH2AX foci DSB
resection RPA G2 foci
( ) 2 foci
2 4 RPA  foci yH2AX ~ 53BP1  foci
53BP1  reposioning 2 (
) G2 HR DSB 53BP1 repositioning



70 - 70 70
_ 60 - YH2AX_G1 _ 60 -4 TH2AX_G2 = 60 RPA
T 50 - 53BP1 Gl & 5o - 53BP1 G2 2 g -
- (] (U]
© 40 i O 40 - © 40
© B © \ [
5 30 - 5 30 1 g 30 -
5 20 5 20 - : .3 20
€ 10 - - .2 101 L% 10 -
3 0 T T T 1 3 0 - T T T 1 2 0~
= 0 2 4 6 8 < 0 2 4 6 8 0 2 4
Time post IR (h) Time post IR (h) Time post IR (h)
1. DSBIEEIZ£5yH2AXE53BP1, RPAM focifié Al 2 D ik B B HETS
(2) HR 53BP1 foci
DSB ATM (@ _ nhibitor__ (b) Inhibitor _.
resection ATR R l Fix R l Fix
%{ v % v
(Shiotani and Zou, Mol. Cell, 2009) 0 05 1h 0 2 45h
DSB 53BP1  ATM .
RIF1
resection - W YH2AX_G2
HR (Isono et S [1538P1_G2
al., Cell Reports, 2017) S 40
HR 53BP1 foci 5
ATR .g
G2 DSB S |
ATR 538P1 5 20
30 2
ATRi 30
53BP1 foci 0 -
DMSO ATMi ATRi DMSO ATMi ATRi
2 @) 4 (a) (b)
ATRiI 30 60 -
53BP1 foci N YH2AX_G1
¢z 538P1 E [538P1_G1
YH2AX foci 8 a0 1
53BP1 ©
4 ATRI foci g
«c 2 ) _‘_3
ATMi 538P1 % 20 -
yH2AX foci -]
2
foci 3
¢ 2 ) 5%P1 DMSO ATMi ATRi DMSO ATMi ATRi
JH2AX (a) (b)
C 2 ) B2. BEEHIFINEDYH2AXE53BP1 Dfocifls Bk
4 ATRI 30 . Inhibitor
30 53BP1  foci R l Wafh ij
« 3 HR | -
53BP1 foci ATR 0 4 455h
=30 -
]
@ .
53BP1 HR NHEJ 5
HR DSB g
538P1  HR 210 7
HR 53BP1  foci &
ATR @ o
ATR 53BP1 DMSO ATRi
53BP1 3. AEFIREERD
repositioning  BRCA1-BARD1 53BP1MDfocifis %

SMARCAD1



(Densham et al., Nat. Struct. Mol. Biol., 2016) ATR

BRCA1-BARD1 SMARCAD1 ATR
DSB 53BP1
HR 53BP1

DSB



3 3 1 0

Nakazawa Y, Hara Y, Oka Y, Komine O, Heuvel D, Guo C, Daigaku Y, Isono M, He Y, Shimada M, 180
Katoh K, Jia N, Hashimoto S, Kotani Y, Miyoshi Y, Tanaka M, Sobue A, Mitsutake N, Suganami T,

Masuda A, Ohno K, Nakada S, Mashimo T, Yamanaka K, Luijsterburg M, Ogi T

Ubiquitination of DNA Damage-Stalled RNAPII Promotes Transcription-Coupled Repair 2020

Cell

1228 1244.e24

DOl
10.1016/j .cell1.2020.02.010

Isono M, Hashimoto S. 2119
DNA Fragment Agarose Gel Electrophoresis for Chromatin Immunoprecipitation (ChIP) 2020
Methods in Molecular Biology 201 211
DOl
10.1007/978-1-0716-0323-9_17
s 53
DNA 2018
116-131
DOl
3 0 0
) ) , , Diana van den Heuvel, , , , , , ’ ’
, s s s s s s s s s s , Martijn S.
Luijsterburg,
RNA
42

2019




, , Diana van den Heuvel,

s s s s s s s , Martijn S.
Luijsterburg,
ChlP-seq DNA

42
2019

53BP1
61
2018
0

2018 2019




