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This project revealed that, during the intoation of mammalian nucleotide
excision repair (NER), histone deacetylation around DNA damage sites promotes the recruitment of XPC
protein, thereby contributing to the enhancement of DNA repair efficiency. Even in the absence of

DNA damage, XPC could be recruited by HDACs tethered on specific genomic sites. Roles of protein
degradation by the ubiquitin-proteasome system were also uncovered in the molecular mechanism, which
facilitates the UV-DDB-dependent process of DNA lesion recognition. In addition, it was elucidated

that UV-DDB (DDB1-DDB2 heterodimer) induces alteration of the nucleosome structure, by which DNA
lesions buried within the nucleosome core are exposed outward and allowed to interact with UV-DDB.
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72 NER %5 T H6HE D BRI B A 72— 7 . 712 NER IR D %R % e 453 5 DNA 57D
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WD ) DR A %5 & 95 NER IZB W TIE, XP HEEEFEDDO—>Th 5 XPC &
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(LR BRI X 57> & @V DNA 8512%4 % UV-DDB OfEAE MRS, fit-oTExn kX H
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Z DX HIZHIENIZE T D UV-DDB @ NER {RER R IFHMI R I N TV D S OO, MR
WCBWTENZFHHT HITITE > Ty, £72 XPC X° UV-DDB (Z X 5 DNA 4585k 0 A&
WNHIfHZE 25 ET, 7 ADNARE A R H R ELEALTZa~F R L > T
HZEEBEBETONEND D, Fixlae A b AEH
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AWFFEIL, "FLE NER (2381F % DNA 578K 7 Toh 5 XPC <=° UV-DDB D NEhRE K&
CHEMERRTFICER L, 5EROBEMNR 2 # > 7-BF %2 TR & 71T & 72 NER BRAAEEPE O 4
B B H 7= KT O RE K O OIERBEF O EZ BIs Lz, Zhic kv, fix OBREA R L
2N B IS 2R Tt S LT3R 72 47 7 1 DNA OB & BRTE M OMER 2 fTREIC 3 5 5 F i &
PRS2 L2 EBE Lz, $RIZ XPC IZ L5 DNA HIERBA2HIET D v 2 AR ORE],
UV-DDB 2 L 2GR OEICEL L Tt 2 eXxTF -7 aeTr 7V —L5% (UPS) Ok
REIZAE B U CHFE 2 HEE LT, AR D R R I3 B 5 2 S IE 0 B8P~ DA X7 Mk & F
5T, IR BN K DR AR D #EEOBIFES°. NER O KIBIZESE# L 7= 8772
JRREDMRIIC LT 5 LW S iz,
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(1) ZIETFRINZ 72 BTSRRI

AAFFETIL, R 780nm D7 = A MY T 7 A N— L— W — 2 Lo e m v — P — A
B2 7B AL, = AR £ 0 IR 260 nm OTRERIMRIZAR 2 32 fili 2 e kZ
DAEE OB Z D Z LN TEDLMBEDY AT AR LT-, ZOYV AT LESOER#R L7
Bxtp 2 7B A L, DNA HEBICIGE LN EREZ Y TV 2 A LT 52 &L T,
SFEIERY XY ER T OFBAMGICPREFAI DR & & EANHNT LTz, & X N EMiD R
TEFRNT 72 & B o R BIZ K> TIT O J/AITIE, R Sum OT A VY RT 7 4 V¥ —%E i
JRFTSESMR I E A2 OFH LT,



(2) XPC U DDB2 #H HAEH K- O f#ht
HA-FLAG B ¥ 7 #@E LT B R0 B % % EFBLIT 5 HeLa Milakk 2 837 L 7=, §t HA
K OL FLAG Hiik & W= "B T 7 ¢ =7 ¢ FERUZ X 0 57- 1050 Ok oy & . B BT
(LC/MS/MS) 12X v [EE L=,

(3) MEHEME NER B KN 7 Vo Y — L ERAERK

A EnT- (6-4) NEMAEGTeA ) AX 7 LATF RO 5 Kha 2P EH L. 2z HnT
TRGHPABRIN DNA ZEE A ERL U 72, Z ORVE & 6 TR L 7/ 2 & /X7 ' (XPC, TFIIH,
XPA, RPA, XPF-ERCC1, XPG) % W\ TRUGZTTV, NER (2 K - CliElf S 2 815 5 O 2P 1255%
e ) IXT LATF REEMPAGE IZ XV 0Bk, Mt Lic, X7 LAY — AFRAIE, X7
LAY —ARY v a = TSRO S E S ERMEIC (6-4) SEMD L IR 2 — 2
Fréde DNA BB L fle X o ¥ X7 B % W7V, UV-DDB & DEARIER L 7 T4
A E AR X D REEARATIC R LT,
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(1) B A N7 T b Z ) L= DNA B ER85%O fil iigis

t bk NER OBJEEMEIZ 35T XPC ¥ /37 B2 K 5 DNA HERFH 2§l 5 & & &
ZEETHHBT, XPC 2EH L 457 n~F o5& ikME (ChIP) 2{T- 72, ZDFEHE, XPC 28
oLl a~F UoEkicisnT, 72T bt A R UBHEBIICHERR STV D AlREMEZ L
H L7z, Mz e A N7 B F U bEEE (HDAC) FHER|CTUFET 25 L 4RAMRIBE % D DNA
BEOREFRENMETTHZ L. TA VRT 7 4V H—% AW THBEE: D R FTIC SRR % R
LT DNA #EE2FET 5 LHRESMICBIT 57T F b A DLV BNE 45 2 &hn
5. DNA HIEFNLICB T D B A R OBLT & F ALA NER [k L CTIEEMIZE < & & 2358 <R
WINTm, 6T, A T EERWTEA LTRSS XPC & B A b2 H3 SEHEFEA
TEHL, EA M DOT7EF UL > T OMAEMERANPBEZFICHTTT 52 2R LT, L EORE
Tt DNAHBEIICBW T T BT b sni-e 2 b7 —v & OMAEIERH % LT XPC
MIENAE NS Z & T, DNA BEZEHMOBERN ERATH L WIBHT-RET LV EERTHICE-
7= (Kakumu et al. Genes Cells 22: 310-327,2017),
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Z O XPC D JRTERIENCEE D D8 & LT, FRREBIAT
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A XPC &[5 DIE I — 7, MBI CRELSED L g it coreomy s g
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(2) NER @ DNA Tﬁ%ﬁﬁ%ﬁﬂa%ﬁ%ﬂﬁﬁﬂ A:ERMXPCRUINVED F‘x»f;/t%iﬁ
F 2 B LR SRR DAYE B : XPC-M 8 ($3E 7 £ FILERED £ X b2 H3 N KifT—IL L EHBEERT 5
Bl n O C : MEEBIDRAIZ& Y XPC 0 DNA BISEEI~D Y 2 )L— FHHET 5
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RBX1 LHHAEEH L C2EXTF
U 7 —EBHAM (CRLAPPE?) IR L CH 0 HIMRFEHBBE~D CRLAPPE OFEAIZ L - T
DDB2, XPC, b A h% Hxp X o R_IENReXF U AbENnD, 72, XPC L ZERBEE
KEWHT 5 RAD23 1T X F oo usry V— LA L EEMBEEAL, R abxF o {En
TRIE 70T TV —MIEL EBEZ BN TWS, 20X 9|2 NER OFEEESEHE T e
XFo-TuTT V—25% (UPS) LIRS DD, TOEFSTFEM 0y TR IOV
TRBIRIZ T o TR,

AWFFERRE CEA L7 TRV S 2T L &R A4 5 Z & T, DNA #B{EI25% L7 UPS
BEHE N 7- O NENEE 2 SE MR- -5 = LN a[RE & 7e o 72, H—I1Z. RAD23 (X XPC & DHAIR
&L THEEAICESEE ST 5 — 7. —Ei% XPC & 13507 L T UV-DDB KR EERALIZ U
IN—hEINDZEEHALNILE, EBIIC, a7 7Y —Ab - HT 2=y bO—DTHD
PSMDI14 [T X7 B2 E LIz b O Z BN TRERI S, 7 e 77 YV — A HKN UV-
DDB {78912 DNA 5T I EONAEIN S 2 & &7k LT-, UV-DDB {K{FEHI72 & L 737 553 R
DSHIFEN D E Z TR Z 5 TWA OISR > TV o 7228, BLEO#KE 513 DNA 15
Py b LIEZD T LB TH R ERRADMNTND Z & i< R 5, HFFEREER S
IZLLRMIS, 2RAMERIBETIZ P > C UV-DDB (IZfi& L7z CUL4-RBX1 L B F U H—E 2RiEMAL
S DDB2 & XPC BN b XF 2 AbZ%F 5725, DDB2 3707 7V —AZ X0 RIS DI
% LT XPC 1T RS N2\ Z & (Sugasawa et al. Cell 121: 387-400, 2005) . UV-DDB 23E& L7
HBIEENALIC XPC 23 Y 7 b— h i CUL4-RBX1 13 FI2 XPC & = B F AL OFER) &
L. £ D55 DDB2 23y ataild Z & (Matsumoto et al. Nucleic Acids Res. 43: 1700-1713,2015)
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Tco —77 . XPC % DOAilLod NER BHEA T IXEEERTEEL OB A 21T, % DOfES DDB2 (K17
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Braz i ieno Tz, BRENZ L2, PSMDI14 Z3 B9 2% & MG132 12 X % DDB2 O#EER
TERITIHI S D23, Z OAREE TRIFTEESMIG A Il 2 TH DDB2 OEEEHRAL~D U 7 L— k
T LLSEE LTV, TS, MG132 LB & [FIEEIC CPD OEE N RFRICILESNLD Z &
Wbno Tz, LUEO#E RN S UV-DDB K17 72 DNA FE {5 7RG AN IE ) I THERE T 2 72121,
TaT TV —AOIEHICINA T, ENICEeEEiHxlz-7 e T 7 Y — 2 EEEROFENEE
ThoHZ EI/RENTZ (Sakai et al. Sci. Rep. 10: 19704, 2020) ,
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77 MR 7 & U COBEREDSNFN H AL TV b, WFZERFEE H 13 XPC 2 TDG & fHAE/EH L. TDG
DOEEEFIGHIRER A RS 5 Z L 2 ME L CH Y  (Shimizu et al. EMBO J. 22: 164-173, 2003) .
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ENAHZEERH L, ZO40EITX CDT2 24T DDBI-CUL4 =& F U H—BHEAIEKKL W
TDG & PCNA OFHAEAMERICET L TE Y | BREEEIZHE S DNA BE G DNA Hilz X - T
TDG O fRMNGI & Z SnD 2 ERHA LN 572, 5-mC &2 ETe CpG 7 A 7 > KT DNA #HEH
RAEENE Z D & — A A FIARIREEN A U A28, Z DOIREE T TDG (2 L B it A F ki
ZHETES ) MMEROEBIZORN DT80, ENEEGEET 5 72O O & LT TDG O4
RENFE SN TWDAREVEN S 5,

BLIRR N Z &2, Tdg B TR~ 7 ARSI A8k LT NFAR TDG 22 ERKEL
SHD &, BIEEE e U CERAMR IR LTRSS 2R E B LI o T2, Hix7e TDG
BERIRDFRHT NS . Z OENREZMEDS TDG @ DNA 7' ) 223 5 —BIEMEICIKGET 5 2 & 29K
SNz, £ TINGOMIEE VT RNA-seq iftT 24T 72 & 2 A, TDG DOFEBLA K28
GFRAT0 77 A VOB EFIEEITZENRENT, TDG @ DNA 7' U 2o 7 —BiEt
RIFE e QR AT 72385 T RAE BN ENENZHAH SN7-—J T, NER I[CEEEDLDH %
< ORFDOFRBEEIRIE TH - 7=, LEDOFER DS XPC 23 TDG OIEMEFREICB > 5 —J7 T,
TDG 237 v — VIR BAE TR EBAE) &/t L CHEEIIC NER ORIRICHE L 5 2 5 L\ 5 W7
[ H 72 HEREERA 23 B &5 232 72 5 7= (Nakamura et al. Genes Cells 22: 392-405, 2017) .

(4) 7 m~F > ko DNA HER#IZI 1T % UV-DDB D7z 7ekkne

ARG TITHAN T Y m~F UL & 57- DNA T4 U815 2505 & < 337 5 4 T-Heks
DFFANTERFEDO—>TH V| FERAICEMIL DNA EE R Z VT & b AEHRE DD
7 v~ F U BERE T OMREE AL FIICHEELT A Z CITEERBEO —D LEMT B 5,
ZOEIZEIL T, DNABENRX 7 LAY —Lh « a7 ONEICTHEET 5 & XPC & OMHAEAERH
F oD EN, YIFFEREE O THEEDO 7 V—T b S CFH Y (Haraetal. Mol. Cell. Biol.
20: 9173-9181, 2000; Yasuda et al. DNA Repair 4: 389-395,2005) . D X 9 72815 % 7855 n AE 2 IR AE
(AT S D TR DIFENE 2 bT-, FIZ UV-DDB 13X 7 LAY — 4 « a7 NEROEE
ik L THREA TE D Z ED/RSNTEY (Osakabe et al. Sci. Rep. 5: 16330, 2015), X7 LAY
— LZHES L7z UV-DDB 2 & » Tl S 1 2L MR EENL 2 XPC 2355 & Al g7tk Elz L
TWBAEEMENRH D, LLAan S, BENRX 7 LAY —LOIMANZE > TEH L TV HE5E
ELPENZHEE L TWASERD D EB 2 DI, 2O L9 REMOEWVBEERHRICED L 9 72
WHEE H 2 D DONNIA LN TWieho T,
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ML, BEMIC, X704y —
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BB K D EEfRT 21T o T, £ ’ ‘///
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LR bOLEITEEL K UTI i g e e
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DB ZAGE B OO —D L 72 5T 5, 85 DNA WEICX 7 LAY — MG AR S E 7
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Cc

UV-DDB
(observed)




10 10 3 7

Sakai W, Yuasa-Sunagawa M, Kusakabe M, Kishimoto A, Matsui T, Kaneko Y, Akagi J, Huyghe N, 10

Ikura M, lkura T, Hanaoka F, Yokoi M, Sugasawa K

Functional impacts of the ubiquitin-proteasome system on DNA damage recognition in global 2020

genome nucleotide excision repair

Scientific Reports 19704
DOl

10.1038/s41598-020-76898-2

Kusakabe M, Kakumu E, Kurihara F, Tsuchida K, Maeda T, Tada H, Kusao K, Kato A, Yasuda T, 25

Matsuda T, Nakao M, Yokoi M, Sakai W, Sugasawa K

Histone deacetylation regulates nucleotide excision repair through an interaction with the XPC 2022

protein

iScience 104040
DOl

10.1016/j . isci.2022.104040

Matsumoto S, Cavadini S, Bunker RD, Grand RS, Potenza A, Rabl J, Yamamoto J, Schenk AD, 571

Schubeler D, Iwai S, Sugasawa K, Kurumizaka H, Thoma NH

DNA damage detection in nucleosomes involves DNA register shifting 2019

Nature 79-84
DOl

10.1038/s41586-019-1259-3

Sugasawa K 45

Mechanism and regulation of DNA damage recognition in mammalian nucleotide excision repair 2019

Enzymes 99-138
DOl

10.1016/bs.enz.2019.06.004




Kusakabe M, Onishi Y, Tada H, Kurihara F, Kusao K, Furukawa M, Iwai S, Yokoi M, Sakai W,
Sugasawa K

41

Mechanism and regulation of DNA damage recognition in nucleotide excision repair 2019
Genes and Environment 2
DOl
10.1186/s41021-019-0119-6
Sugasawa K -
Molecular Mechanism of DNA Damage Recognition for Global Genomic Nucleotide Excision Repair: A 2018
Defense System Against UV-Induced Skin Cancer
DNA Repair Disorders 1 23
DOl
10.1007/978-981-10-6722-8_1
Nakamura T, Murakami K, Tada H, Uehara Y, Nogami J, Maehara K, Ohkawa Y, Saitoh H, Nishitani H, 22
Ono T, Nishi R, Yokoi M, Sakai W, Sugasawa K
Thymine DNA glycosylase modulates DNA damage response and gene expression by base excision 2017
repair-dependent and independent mechanisms
Genes to Cells 392 405
DOl
10.1111/gtc.12481
Calses PC, Dhillon KK, Tucker N, Chi Y, Huang J, Kawasumi M, Nghiem P, Wang Y, Clurman BE, 19
Jacquemont C, Gafken PR, Sugasawa K, Saijo M, Taniguchi T
DGCR8 mediates repair of UV-induced DNA damage independently of RNA processing 2017
Cell Reports 162 174

DOl
10.1016/j .celrep.2017.03.021




Sugasawa K 44

Molecular mechanisms of DNA damage recognition for mammalian nucleotide excision repair 2016

DNA Repair 110 117
DOl

10.1016/j .dnarep.2016.05.015

Kakumu E, Nakanishi S, Shiratori HM, Kato A, Kobayashi W, Machida S, Yasuda T, Adachi N, Saito 22

N, lkura T, Kurumizaka H, Kimura H, Yokoi M, Sakai W, Sugasawa K

Xeroderma pigmentosum group C protein interacts with histones: regulation by acetylated states 2017

of histone H3

Genes to Cells 310 327

DOl
10.1111/gtc.12479

47 8 16

DNA

92

2020

Matsumoto S, Cavadini S, Bunker RD, Grand RS, Yamamoto J, Schubeler D, Ilwai S, Sugasawa K, Kurumizaka H, Thoma NH

A new regulatory mechanism of chromatin dynamics triggered by DNA damage recognition protein DDB2

43

2020




93

2021

DNA

64

2021

DNA

94

2021

DNA

44

2021




44

2021
DNA

39 20

2021
C DNA

39 20
2021
Sugasawa K

Chromatin dynamics regulating recognition of UV-induced DNA photolesions

17th International Congress on Photobiology and 18th Congress of the European Society for Photobiology

2019




Sugasawa K

Molecular mechanism of recognition and repair of UV-induced DNA damage

9th Asia and Oceania Conference on Photobiology

2019

Kusakabe M, Kakumu E, Kobayashi M, Sugasawa K

Functional analysis of histone modifications regulating recognition of UV-induced DNA lesions in nucleotide excision repair

62

2019

25 DNA

2019

Kusakabe M, Kurihara F, Kusao K, Yokoi M, Sakai W, Sugasawa K

Chromatin dynamics regulating DNA lesion recognition in nucleotide excision repair

6th Asian Congress on Environmental Mutagens and 48th Annual Meeting of the Japanese Environmental Mutagen Society

2019




DNA

2019

2019

42

2019

XPC DNA

42

2019

RNA

42

2019




37 18

2019

TFIIH ATP

37 18

2019

Kusakabe M, Maeda T, Kusao K, Kurihara F, Kakumu E, Sugasawa K

Functional analysis of histone modifications regulating recognition of DNA lesions in nucleotide excision repair

4th DNA Repair/Replication Structures and Cancer Conference

2020

DNA

91

2018




91

2018
47
2018
DNA
61
2018

Kusakabe M, Kurihara F, Kato A, Kakumu E, Kobayashi M, Sugasawa K

Functional analysis of histone modification in DNA damage recognition process of nucleotide excision repair

The 11th 3R&3C Symposium

2018




41

XPC DNA

2018

Sugasawa K

In vivo regulation of DNA damage recognition for nucleotide excision repair

International Symposium on XP and Other Nucleotide Excision Repair Disorders

2019

Sugasawa K

Interaction of DNA damage recognition factors with chromatin.

6th US-Japan DNA Repair Meeting

2017

Sugasawa K

Chromatin dynamics regulating DNA damage recognition of nucleotide excision repair.

12th International Conference and 5th Asian Congress on Environmental Mutagens

2017




Sugasawa K

Mechanism and regulation of DNA damage recognition in nucleotide excision repair.

2nd Biosignal Research Center International Symposium

2017

2017

2017

2017

2017

Sugasawa K

Coordinated DNA damage recognition by xeroderma pigmentosum gene products.

International Meeting on RECQ Helicases and Related Diseases 2018

2018




DNA

138

2018

Sugasawa K

Dissection of the DNA damage recognition machinery in mammalian nucleotide excision repair.

Conference on Responses to DNA Damage: from Molecule to Disease

2016

Kakumu E, Nakanishi S, Sakai W, Adachi N, Saito N, Kimura H, Sugasawa K

Dynamics of chromatin structure regulating nucleotide excision repair.

Conference on Responses to DNA Damage: from Molecule to Disease

2016

Sugasawa K

DNA damage recognition mechanism for mammalian nucleotide excision repair.

KSBMB (The Korean Society for Biochemistry and Molecular Biology ) International Conference 2016

2016




DNA

89

2016

Sugasawa K, Tada H, Onishi Y, Li CL, Golebiowski FM, Yang W

Roles of DNA topology and TFIIH ATPases in mammalian nucleotide excision repair.

10th 3R Symposium (International Symposium on DNA Replication, Recombination, and Repair)

2016

Sakai W, Kishimoto A, Kaneko Y, Matsui T, Akagi J, Sugasawa K

Functional impact of ubiquitin-proteasome system on UV-induced DNA damage response and repair.

10th 3R Symposium (International Symposium on DNA Replication, Recombination, and Repair)

2016

Sugasawa K

Molecular mechanism ensuring accuracy of the nucleotide excision repair system.

39

2016




DNA

39

2016

DNA

39

2016

DNA

39

2016

Sugasawa K

Interaction of DNA damage recognition factors with the chromatin structure.

Japan-Swiss Symposium on Chromatin Structure and Dynamics

2017




DNA

27

2017
2
Nishigori C, Sugasawa K (eds.) 2019
Springer 221
DNA Repair Disorders
Hanaoka F, Sugasawa K (eds.) 2016
555

Springer

DNA Replication, Recombination, and Repair -Molecular Mechanisms and Pathology-

DNA

https://ww.research.kobe-u.ac.jp/brce-sugasawa/research_topics170316.html
DNA DNA

https://ww.research.kobe-u.ac.jp/brce-sugasawa/research_topics170414.html
DNA

https://ww.research.kobe-u.ac.jp/brce-sugasawa/research_topics190530.html
https://ww.kobe-u.ac.jp/research_at_kobe/NEWS/news/2019_05_30_01.html
https://ww.asahi.com/articles/ASM673VC8M67ULBI002 . html

https://ww.nikkei.com/article/DGXLRSP510803_Z20C19A5000000/
DNA

https://ww.research.kobe-u.ac.jp/brce-sugasawa/research_topics201112.html

https://ww.kobe-u.ac.jp/research_at_kobe/NEWS/news/2020_11_17_03.html




(lwai Shigenori)

(10168544)

(14401)

(Kusakabe Masayuki)

(Sakai Wataru)

(Yokoi Masayuki)

(Matsuda Tomonari)

(Kurumizaka Hitoshi)

(Kimura Hiroshi)




(Ohkawa Yasuyuki)

(Nakao Mitsuyoshi)

(Ikura Tsuyoshi)

(Yasuda Takeshi)

Friedrich Miescher Institute

University of Basel

National Institute of Health

Fred Hutchinson Cancer
Research Center

University of Washington

Catholic University Louvain




