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Structure Biology Study on Effects of Hyperthermia on Ku: Evolution From DNA
Damage Repair to Protein Damage Repair
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We clarified the effects of heat treatment on the response of DNA-PK to DNA
double-strand break (DSB) by measuring XRCC4 phosphorylation at Ser320 after irradiation. Next, we
found that heat treatment reduced in the solubility of DNA ligase IV, which is involved in DSB
repair through non-homologous end joining, and the abundance of BRCA2, which is involved in DSB
repair through homologous recombination. Finally, we analyzed the secondary structures of XRCC4, its

family member XLF and PAXX and p53 and the effects of heat therein by vacuum-ultraviolet circular
dichroism (VUVCD) spectroscopy. We found the heat-induced alteration in the content of alpha-helix,
beta-sheet, turn and random coil in p53 and also succeeded in obtaining the secondary structure of
full-length XRCC4.

DNA Ku



S DNA

DNA DNA
DNA
DNA
DNA DNA
(DNA-PK) DNA-PK DNA
DNA
DNA-PK 470kDa (DNA-PKcs) 70kDa
86kDa Ku DNA-PK
[1] DNA-PK 44 5-30
37 [1]
DNA-PKcs Ku DNA-PKcs
Ku
Ku [1]
[2]
DNA-PK
[2]
Ku (CD)
DNA
DNA
3-1. DNA
HelLa HCT116 D1
FAD423SV(BRCA2 ) FAD423SV+BRCA2(FAD423SV
BRCA2 ) SCID(DNA-PKcs
(scid) ) CB17(scid ) Ku70
HKu70 ) Ku70/+Ku70(Ku70- Ku70
) V79 XR-V15B(V79 Ku86
) CHO-K1 xrs5(CHO-K1 Ku86 )
(T-105 )
60
3-2.
Ku T MOLT-4 [1]
XRCC4 p53 pET21d(+) pET4la(+) 6XHis
GST
[3.4]
(VUVCD) (HiSOR)
CD 190 nm HiSOR VUVCD 160
nm
(o - B - )
4-1, Ku DNA-PK
DNA-PK
DNA DNA-PK
DNA-PK DNA



DNA-PKcs Ku70/86 Ku70/86
DNA-PK HelLa HCT116
43 1 5Gy vy XRCC4  Ser320
XRCC4 DNA-PK
[5]
Ser260 Ser320
XRCC4  Ser320
DNA-PK [6]
XRCC4 Ser320 43 1
DNA-PK DNA
Ku70/86
44 5 Ku70/86
( ) Ku70/86
Ku70 Ku70
Ku86 Ku86 Ku70
Ku70 Ku86
XRCC4 Ser260
DNA-PK [7] Ser320
Ser260
y -H2AX DNA
Ser320 DNA
Ser260 DNA
Ser320
30 Gy
Ser320
4-2. DNA
Ku70/86
Ku86
XR-V15B Xrs5 ( )
B DT40 Ku70 Rad54 Ku70
[8]
Ku70/86 DNA
HelLa HCT116 43 1 5Gy vy
DNA Ku70 Ku86 DNA-
PKcs DNAligase IV (LIG4) XRCC4 XLF PAXX LIG4
DNA NBS1 MRE11 ATM
RPA2 BRCA2 53BP1
BRCA2
SDS B - LIG4
BRCA2 LIG4
MG132
LIG4 BRCA2
LIG4 BRCA2
BRCA2
BRCA2
PARP
4-3.
XRCC4 XLF PAXX
p53 VUVCD a
B P33
XRCC4
X C

[9] Ku



XRCC4

XRCC4 XRCC4

[1] Matsumoto Y, et al. Biochem. Biophys. Res. Commun., 234, 568-572 (1997).

[2] Umeda N, Matsumoto Y, et al. Int. J. Radiat. Biol., 79, 671-680 (2003).

[3] Kamdar RP and Matsumoto Y. J. Radiat. Res., 51, 303-313 (2010).

[4] Komiyama S, Taniguchi S, Matsumoto Y, et al. Biochem. Biophys. Res. Commun., 323,
816-822 (2004).

[5] Matsumoto VY, et al. FEBS Lett., 478, 67-71 (2000).

[6] Sharma MK et al. J. Radiat. Res., 57, 115-120 (2016).

[7] Amiri Moghani AR, Sharma MK and Matsumoto Y. J. Radiat. Res., 59(6), 700-708, (2018).
[8] Yin H-L, Suzuki Y, Matsumoto Y, et al. Radiat. Res., 162, 433-441 (2004).

[9] Nishikubo K, I1zumi Y, Matsumoto Y, et al. Radiat. Protect. Dosim., 183(1-2), 36-39 (2019).



Shimada M, Tsukada K, Kagawa N, Matsumoto Y. 60

Reprogramming and differentiation-dependent transcriptional alteration of DNA damage response 2019

and apoptosis genes in human induced pluripotent stem cells

Journal of Radiation Research 719-728
DOl

10.1093/jrr/rrz057

Kitagawa M, Someya M, Hasegawa T, Mikami T, Asaishi K, Hasegawa T, Matsumoto Y, Kutomi G, 195

Takemasa |, Sakata K.

Influence of XRCC4 expression by breast cancer cells on ipsilateral recurrence after breast- 2019

conserving therapy.

Strahlentherapie und Oncologie 648-658
DOl

10.1007/s00066-019-01468-z

Nishikubo K, lzumi Y, Matsumoto Y, Fujii K, Matsuo K, Yokoya A. -

Structural analysis of DNA repair protein XRCC4 applying circular dichroism in an aqueous 2018

solution.

Radiat. Protect. Dosim. 1-4
DOl

10.1093/rpd/ncy275

MiyakeT, Shimada M, Matsumoto Y, Okino A. -

DNA damage response after ionizing radiation exposure in skin keratinocytes derived from human 2019

induced pluripotent stem cells.

International Journal of Radiation Oncology, Biology, Physics.

DOl

10.1016/j - ijrobp.2019.05.006




Amiri Moghani AR, Sharma MK, Matsumoto Y. 59

In cellulo phosphorylation of DNA double-strand break repair protein XRCC4 on Ser260 by DNA-PK. 2018

Journal of Radiation Research 700-708

DOl
10.1093/jrr/rry072

Sunatani Y, Kamdar RP, Sharma MK, Matsui T, Sakasai R, Hashimoto M, Ishigaki Y, Matsumoto Y, 362
Iwabuchi K.
Caspase-mediated cleavage of X-ray repair cross-complementing group 4 promotes apoptosis by 2018

enhancing nuclear translocation of caspase-activated DNase

Experimental Cell Research 450-460

DOl
10.1016/j .yexcr.2017.12.009

18 1 5

Anie Day Asa De Castro, Rujira Wanotayan, Mikio Shimada, Mukesh Kumar Sharma, Yoshihisa Matsumoto.

Functional Analysis of Disease-associated XRCC4 Mutations and its implication in DNA Repair and Immune System.

International Congress of Radiation Resarch 2019

2019

Mukesh Kumar SHARMA, Ali Reza AMIRI MOGHANI, Shoji IMAMICHI, Mikoto FUKUCHI, Mikio SHIMADA, Yoshihisa MATSUMOTO.

Phosphorylation of XRCC4 by DNA-dependent protein kinase in DNA double-strand break repair through non-homologous end
joining.

International Congress of Radiation Resarch 2019

2019




Mikio Shimada, Kaima Tsukada, Nozomi Kagawa, Yoshihisa Matsumoto.

Analysis of mechanism of DNA repair machinery and cell death in induced pluripotent stem cells.

International Congress of Radiation Resarch 2019

2019

Mikio Shimada, Kaima Tsukada, Tomoko Miyake, Norie Kanzaki, Hiromi Yanagihara, Yoshihisa Matsumoto.

Transcriptional alteration of DNA damage response genes after ionizing radiation in induced pluripotent stem cells.

65th Annual Radiation Research Society Meeting

2019

Hisayo Tsuchiya, Kaima Tsukada, Mikio Shimada, Junya Kobayashi, Yoshihisa Matsumoto.

DNA double-strand break repair function for low dose-rate radiation and Dose-Rate/Inverse-Dose-Rate Effect.

The 6th Asian Congress on Environmental Mutagens (ACEM) and the 48th Annual Meeting of the Japanese Environmental Mutagen
Society (JEMS)

2019

DNA PNKP

2019

2019




56

2019

iPS DNA

92

2019

DNA PNKP

92

2019

The End is the Beginning - DNA

3 (CCCF)

2019




DNA PNKP

25 DNA

2019

Hisayo Tsuchiya, Kaima Tsukada, Mikio Shimada, Junya Kobayashi, Yoshihisa Matsumoto.

Involvment of Ku protein in the dose rate effect.

62

2019

Mikio Shimada, Kaima Tsukada, Rikiya Imaumra, Tomoko Miyake, Yoshihisa Matsumoto.

Analysis of transcriptional regulation of DNA repair machinery and cell death genes in induced pluripotent stem cells.

62

2019

Rikiya Imamura, Kaima Tsukada, Kotaro Saikawa, Mikio Shimada, Yoshihisa Matsumoto.

Analyzing the role of PNKP in DNA damage response.

62

2019




Kaima Tsukada, Rikiya Imamura, Mikio Shimada, Yoshihisa Matsumoto.

Identification of novel function of PNKP involved in DNA repair and cell cycle checkpoint.

62

2019

DNA

32

2019

77

2018

20 in

2018




http://www.nr.titech.ac.jp/~yoshim/

(Shimada Mikio)

(20548557) (12608)
(Matsuo Koichi)

(40403620) (15401)
(lzumi Yudar)

(20595772) (15401)
(Kobayashi Junya)

(30301302) (14301)




