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ELCES L-BAREARERZBRT IBBOMERELICA LT, MEBEORN AL
BRI R CRECEX AV U ARBAET VOB 2ITo7-, Revl IX, ERER
R TDH MHBERVEZ] DNA RY AT7—ETHY, ZOBEFEHT LICE-
Revl RE M7 VRV = 7w TR, BEREICH LERZHTHD, AL, TRE
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T, WY A T ORBAMECBGEEORRZ 2 HE L, ERITHE T CIEHR

ET LT3,

A BFRA®

BEfF S TRIIE, AL T4 5 A DR

BAEOKEI &0, RAFRIMDICHT 5
RiBEELE LT, ZOBARRDOLNT
W5, ERIERFOESHFRE T, BT
WY OERLH2EZEEORE L 21T
W, AETHIHBAICIE, ERAZESZD
VEREBEZ®HLD & ENT, ERK 8 F
EORARZEHESE 2@ L, BEERNY
2489 MAD S H 109 HBIZOW T,
* OREAWEZ2EEFEMT 27201, B
T REBRGESERRR EOEMICL
TEMORFBVLETHI SN, =
NEZTT, BHERICLIRFENES
MEF—FICRITBEFRNYG S HHh 5,
BEHLBIZOWVWTT v M X 590 HRE
RETRESEERAR, RO+HEHBIZHOW
TERFEHRBRPERINTEE, &5
I, TROWMRBROKT LE-BEERNY
DRENLRMESAMERBRNERmENT

W5,
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B, EVES A X, KEA Y7
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REELRERH VBEREN TR, £ZT,
BREOBRBAMEZMERAI Y —=
VT BHILBEOEHE T L OB
RKDOOENTWS, LEEMEL, RBFR
T, REELES LEZBRERER
R ERTABBOMREREFSHALT,
WEDOFREN AL ERFEICERE TRE
TEDLIVURABBAETILVORBELT
Yo WWT, AR THRETLARER
T IAENBAET NV EROTENEZ A
R DREBAMEEZRET 5,

B. ®IRAX
AR TIL, BRI DR AR

BEEHELESREICRETE 28T
BiE~To R (Revl VT VARV =y I~
VAE) HRETDL, AELEZYURE
AWTIEWRLY 4 o+ 580
AIMERBIEEEERE L, Zetta il
15,

1. BBAERCERERFREL @K
BIZRETX 5 ET I XOB3E

T A LAARBRIT, BREARLREZTFR
T 5L TFREEOBRETEIZ LY HFED
ERERFLZTLEI R ERTH B,
IOFBIZESEARERELERLZTR
T35 Revl B FHOKEEIZIER LT,
Revl NG VAT 2= 77 RADIEMN
 AMEERERECRIHTE B RTE
TILVOREEZITD,
1-1. Revl NSV ARV x=9 V< TR
(Revl <7 R) OKSL

Revi <= A%, HREIHFFEIZ LD (ERL
LzbDE AW, Revi =0 XD EE
R fERLEY, ROBY ThHbB, T E
— &4 — ¢ L T H 2kb D

MTI(metallothioneinl

enhancer/promoter) % V>, D Fiitiz
3750bp D Revl cDNA 33 L TF SV40 H13k D
splicing+polyA signal ZfHML7=% D
% injection fragment & L7-, [RIEEIZ
MR CTEBEFRRELFETED Ick
promoter ZFIAAATERT Z—% U
7= injection fragment Z{E®lL7-, =
7 AHHIL CSTBL/6 v T XA &FERL, <
7 A ZXEBAEZIZ injection fragment

- EEAL, BITE X E7- recipient = 17

R OIVEIBHE L~ Y R &M, 77

O UH—< T ADFREX tail DNA DY

Yooy MZEDfTol, Zhbn 7
7 U H—~T X% C57BL/6 LZTHELL
TT7A %ML, PCRIZED hT R
DU RBOBEREITV, UTOERIC
-,

1-2. AL Revl BlFE2@T7T VL
WZHD Revl IR~ 7 ADL
ERTELNE Revi = RAELE2A
BL, ffrvox (F1 #) /7=, Z
DIF~ 7 A%Z B4R C5TBL/6 ~ T R &
ZEEL, F2HRDIF~ Uy R &2/, F
2HRDOIFvVRD T VAV — U &
BREL, £ENE2TOF2HROF=
DR T VAR ERTET-
&L, TR~ R%E THEALE Revl
BEF] W7 LICED Revl AE~
TRELTE,

1-3. T MIfasZ Ak (TCR) BRE RIKHE
DRE

8~12 ARl D C57BL/6 AR < 7 x &
Revl FE=T X EAWVWT, T MZEEK
(TCR) DRBBZEE &L LT RBAL R
PR DR 21T - 7=, EBRBALE | AT



5 ERK TEE T 26mM ZnS0, /K% B
BRI ® 2, #5802
MNmethyl-Mnitorosourea (MNU) Z 0.9%
ABBEAKCERL, BENERESLE,
RGBT, 0. 9%4ABERKEERE L
7o, BE 2 BB Vo EizE
XL, HfaoztflziTv 3X10°EOH
a2 PE £2#%HL CD3 Hufk, FITC £Za%$Hi CD4
i TReE Lz, EEA~L-T #ila
(CD3* CD4) D H H CD3 ZIBTR TE RUVVE
F{4(CD3” CD4") DI % FACScan THEHH
L7,

1-4. {L3EWBEEREIC LD Revl v AT
DD TR

B ARIE~ 7 R, Rev! (Hemi, Homo) T
< 7 A AR S 25mM ZnS0, /K % H B
BRI ¥, EERBLEALEYTX
BER 1 IR L, 6, 7 @EKEHC MNU
(50mg/ kg) ZMEHENEZE L=, £ O%K
ABEL, NEEBORITE{To7=, B
BN, BEREB/DBEERL, =5
I 10%P AR AL~ U IR CEEL, T
WNHY T RT7 7 Z—B R 2T OEK
BT C/BEEOKEFHAILE, £12,
BEEBEATVEBOKRE S2HIE LE,
/INBZ 1T D Revi @ mRNA FER L ~)L
P EE LT, MHEOFAR <R L fevl
(Hemi, Homo) < 7?( &6 lLRAE LT,
ENEN 3 LT 2 HiChi), RIEICX
AKiEAKE, %EITIL25 M ZnSO, K% 158
MBmEREE, 20%, BERUNS
ZERHL L RNeasy Mini Kit (QIAGEN) %
WTRNA 2RI L7 B 0% 20 1
g/ ml IZFAB L QuantiTecte SYBR®Green
RT-PCR (QIAGEN) % A > T 7300

Real-Time PCR  System (Applied

Biosystems) {Z & ¥ Real-time RT-PCR %
1To7=, GAPDH Z#WiTHRHEL L, Revl @
HRHIRBRLLVEERLE,

1-5. Revl =<7 RD{LEHEICXT
DM OREN AERSZEDOBRS

8 JEEkED C57BL/6 BFARI < = &
Revi = 12 25nM ZnS0, K % H
BRSE, RERBELERA L~y
AEEFR 2R L, 9, 10 EiHEE,
& 5-BEIZ MNU(50mg/ kg) % IERENE S
L7, REEGEIZIT 0. 9% A K%
BE L, 0%, 19 BB TEZ L/
BEERE L, 7272512 10% iR E R
=Y R TEELE, Z0O%, T
AV T RT 7 —FBYRBEITVE
WET /MNBIEBOKAERIL-, £
7=, BEEREEITWVIEEDOKE S %2
"L,

2. FVREZ A X ORBAER
BEFEEORSE

ERFEICH LEPAGERZHED< T R
ZBSIL, IXVRLY A itk 5
RBAMRLCBBEEORE L LT,
HE Revl RE< 7 A#) 30 IL, M Revl A<
TR E 1:3 DELE T — L
AN, 2 EERE S B2, BONBIRD
H2h, HAEROTN 1 ERILINICZ
B UREXMRE L=, 3 BER ORI M
B~ 7 R4 60 PLiZ 26mM ZnSO, /K % & 1
WS, 68K LV EBREZBLA LB
B 21.0~25.0C, BHE 40~70%, #=
[Bl%% 10~25 [B]/fefH], SRR 12 BRI
flHEn-#m=R7T, XY I—KREx—Fh
8lr—y GREEM) 125 LFUUEL
B (MF) 2 B BRI 7z, SRS



A XL B A RS RINGS XY it
BEEn-bvozRWE, i eE L
TRBIEAINOIHERETH D 5he
EEHEHE LTREL, TLUTOH
BA/ALk 2 THLU, 2.5, 1.25, 0.63%&
L7, SHRBECIIKEAREZRE L, R
WEFEEFICH LW LTz, #E5R
WX, ERARET ACTRIFL, H 2
BB LEAKEES L, SERBEOHER
WEREREL Y ABERIITRLUE,

REBRTIE, —RREBROECEHHOH
‘AEBIBEL, RERUCEEERUEK
AKEIZOW TR ERBEZRB—BIRIEL
o 28, BEERUHKEIT, HER
W AR KB DEREFEV IR B & 5]
WiEBE LTHEMLERICEY 1 H 1T
Sy OEBAE (g/~ T X/R) KUK
B(g/~=URX/H) &R, FRYEER
& (g/kg/ B 1L, HUZHIE R OFFKE,

TR RS L UBBRMEARMRE D)L,

FEIZLVRDT,

B EROBEYMEZ 12 » AN E L
THBREEMT S, JIRFOREER &
L CIRFMMRE (RILERE, AMmEk:
10 BIER) , MmikAFERIRE (GOT,
GPT 72 £ 20 $U0HR) , IBRERAE GF
g, BEe L 10EBEL) , KUY
HMRE* S HRBENRE (2R %
EHT 5, 2B OABRMBIEICLVIE
BREORBEEITV, FNGE Y R
FOREICHONWTIE, EEREDOHED
B TRERYE (TAHIVTART 7
- H PR, RERARE) 2TV
HMERBEEITI, INOORELRE
L, FWAY A Xhhi¥ 0% etEaF iz
179,

fRERmE ~ DAL

AHFEPFIC IR 2 DNA ERDV S E
NTWA7®, N EMEOME
A% DBEHIC X 25D EEEDHRI
B4 Bk WCESE, KBERBEKZ
DNA ERZ2EHHEIZ LI - THKGR
2BTn5, BETHBRZ~> U ADER
LR, (HFERE%CRIT 5BmER
BLOEmIZBET 5 EAEE FIR,
IR RFCERFEEBFEL, RKFLE
TEM L=, BORYFZ L T,
KB REEREMR D JFEEHT LA
W, BYOETREER/ARICED D L5 L
BriTo1z, ¥z, ABEHFRICITIHSH
MR TR EZFERTIERPEETNL T
57-% [EETERNI TR L 5 i #
EEDHILICEET iE/#) CEOXRE
RGBT R B B 2 B FE AT O B
FREEEBICLENR > TARRBEB YT -,

C. BiIR&R
1. OB AMERERERFREL FRRAE
KRETEDET N~ U RDOBR
1-1. Revl NTF VARV 2=y IR
(Revl < R) ORI
Revl = o A%, ERIFFRICLVIERL
b0 AW,
1-2. ALK Revi B TEMT LV
\ZFFD Revl BT~ T ADRAL
ERTELN Revi~ U AR+ %2 ZE
L, BT LA Revl B Fo2E->T
V5 Revl € (homo)~ 7 A & 1R7-,
1-3. T HIKASZ 4K (TCR) ZBR A KB
DORNE
a) U U EICEBIT D TCREBRE RIKSREE
DRI |
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U Bk TCR EHRE RikDOHBREE
i, RGBT, AR~ T X 1.4X107,
Revl REZ DT A 1.4X10* LIFRIEE
DR Z 7~ LT-, MNU (50, 100 mg/ kg) #
ERTIE, ME & LICEREKRFHIC TCR
EREREFEED EABHZ BN, MU
(50, 100 mg/ kg) MEREERE & $1Z, Revl
RETTDROEN, AR LD
FREICAWEZ L (X 1-4),

b) MBI 351 B TCRBRE RIHE OB
E

Y o RERD TCR BARERKOHBRFE
X, REEBTIX, BAERM<TXT 2.5
X10™, Revl RE~ZT AT 2.6X10*Th
D, HIIEFRBEOHE TH o7z, MNU
(560, 100 mg/ kg) BEHIZLD, WMELSH
REEKIFHI 72 TCR BREREHE DO LR
BHbiLTz, MNU 50 mg/kg EHETIL,
Revl REVTRADFIN, BEMwT XL
DLEWEE TR LEREEEEELNA
Mmoo (X 1- B),

1-4. \bFEDEEREICL D Revl <~ AT
DFEN A EBR '

OB 7 X L RevI(Hemi, Homo)
T URCRTHNGBEEOH, K&k
F 1LIZR LTz, Revl e~ XA TitB4E
Bl AR Revl ~I ¥ U RTHA_RBHIZ
OB 72/ MBRESEE DR 2 b T
(FRK 18 SFE®EE), R 1 KUK 2-A I
AYTRRICNBIER O @S, B4R
<R 17.4 @, Revl ~= (Hemi) <~ 7 R
17.2 8, K& Revl &E (Homo) <= 7 X
B.7TETHY, Revl RETTRATIIFE
EBOBBREELRDE (p<0.05),

AR 2 & Revi(Hemi, Homo) =< ™7
AD/NGZEIT D Revi mRNA L~ )L %

Real-time RT-PCR {EIC XV EE L 7=,
Revl "E~ 7 ARETIE, ZnS0, KB 52 &
D, BARLHE LT, H40FOEER
RevImRNA DREBRFENH LD, Kl
KEERAK UT- Revl RE~ T A TlIX, B
FEIIH NN o7 (K 2-B),
1-5. Revi R~ AD{EFEWEIZHT
DM OREN AEZIE OB ,
AR 7 R L Revl RE~ 7 RIZEBIT
L/NGREFE O, K& XE2K 2R L,
RFEBTIE, AR T RE Revi HE
< XM THEBOK, K SICHEERE
EHLNRPoT, WU RSB TIE, B4
B 2DOEHIEFEHIL 16.3 8, Revl
BRELTATIL38.7 L Revl RE~1
ADE BB EBOEERE#RDT-
(£ 2, K3-4) (p<0.0026), EFEDOKE X
DIl IL, B4R~ 7 X 18, 06mm, Revl
FREZTR21.78mm THY, Revl HE~
TADEREECKRE RBEENIFRE SN
BT ENE LD E 5T (p<0.03), HREE
HILEFEOKRE SZEb2&ERBALNE
=%, —ERRMBAICA b A HExE 2 iE
BOBIG &K 3-B IR L, BAERwY
ATHLNDEEDKE SOHMHMN,
Revl T~ XA TIIEM~T 7 FT BH
RIS H BT,

2. RVRY A X D3 D AER
BEEEORRE
a) —RRIREER J U &Y
EBRHA R IR LT, BIE, Revl K
Fw AR 2.5, 1.25, K0, 63%D KA
A XM ORERS Lk L TRY,
FFEITIEFRICRE LT3, &5 3 8
1. 26% R EBEDIE~ U X 1 B REOHHK



WX DT L, £oftl, RBRBEEPO
B O—IRIREIX, WTHOEREICE
WTHKERY A Ao ERT 5 &5
ZbNBFETNELEFRDLNL T
A AN

b) K&
RERBAGEH D 108 B TOFHOKE
HBEX 4-A, ROK IR LT, M~
7 R &b xR & R E R 5 M THR
EREFA NIRRT,

c) BfR, fkEB I UCERYERRE
AERBHLAN D 10 B £ COEROELE
B, fKEDHEB %X 4-B, C, RUK 4
R LTz, M~ D X & b3 REE & 5
MERGEHBTEHREREIA DN 2D
7=, RBYMPICHBITE~IX 1L 1 H
Y7 OFBOEBEER & KHE 1kg, KU1
A7) O#RMERRELR 4 ITRL
e, TEHEMIR, FHRBMEEREIC
DWTIE, i~ T R &b REE & B
WERSHE TREREZZAON 2
77 -

D. %

BEfFHIMMIE, R 7T 5 A DR SE
AEOBREIE LRI BBEBEEL LT,
FERABRDOLNTWVBELDTHD, BF

FMBOS 1L, ZnEESL L ZZD

'R, RERAIHITHEZFOR
BRiIbHdb00, EEEOmM» L RIUL
B ERZ S X 2 EMERBRR EORE
HRELET —ZIIRITB DR 72<
2V, 22T, BEFERMBH ORI AEF
EHBRL ATV == T WIS
DOEMET NVORBERRDLATWVD,
APFRTIE, EELIESLZBRE

REREZFETLBBORERREIGH
LT, MEBOREN AN 2SR ERE
TRETXAVURBBAETVORE
2179,

Dy FEaEFERRITO/BR, KA
IR ABERFOBAIHEGTFOERIZ
IVAEL2BEFRTHY, BIETOE
RERDSH, RERERIPBEFER
DFRIEETHLHIEVPRALMNI RS
Teo TORMRREAREROFERIL, WHIE
IBWT HHE R & RIERIC TR
Y #k X DNA &A% ] (translesion DNA & 5%)
T 585 DNA RY A7 —Fizko
TIHPNIEFPHALMICEI N, BT,
BMREBAEOBREERIENYT V|
(XPV) DORERBEFEDD THBEEY
HMXIDNA RYAF—EBTHEIRIY AT
—¥  THHIESPHALNIZEIN, [BEE
Dz DNA &Rk &AL DEFRAS
HRPTERENTND, Y77 IV —
DNA R YU 25—z X % DNA G I
EEEOBE XY, 72, DNAKE
ROt % BRT2BEXDObDONRE N
b, LARBIZEY D%\ DNA GRkE 72
%, Fexld, Y77 IU—DNARY %5
—FDUOEDTHD Revl IZEB L, A
EROFREBELHAONITLTE L,
Revl i BRCT F AL >, deoxycytidyl
transferase T&1%E K A A >, {d DNA &Y
AS—P L OWAEEHETI/E R AL
YD 3 ORI, BT X,
B RRETIELSFEFINLTV D,
AEFFTIL, Revl 75 [R8 Y 23572 DNA
Bl THZETEREREZFRTDHZ
CICHER L, BBAMERCERERSE R
FRBREICRBTEDZET LYY ADH



RERL Tz, BEMICIE, =A LARR
DEBPHAVVEZ YR EFLOBRETH
D, Revi N T VARV =y <7 RED
BETFEBE~ Y 22 A CBFRMH O
RBANECEGCEELFREICRETE
DETFNTTRADRBLTH B,

Rk 18 FEEIX, Revl PV AV =
PP ANHEOT LLiZ Revl &
faFZF->TVWB Revl FE(homo)~
AERBNLL, (CEHEOEEI L DHEM
ISR RE LT, ZOREE, Revl 7K
BT AT, BWVERIEHTEE O/
REENFRINDZ ENALNE -
7o SFEEL, TOREILIHERTS
728, RevImRNA OFH & /NGEEDF
£ OBRERT LT, ZORRE, /MMB
T®D RevImRNA DRB I~ T X L v 1
< T RILE, I HIZ, Revl REZT R
T Revl ~3 =7 ARLEAR < 7 R ZH,
~ RevImRNA DRBENFEFIIHS, 2D
BB L FR I /NGEE OB EAME
TAHIEBELMIRS(FEL K2),
ZOF, IMEOREBERE AT Revl A5
5 %72 L, gene dose effect BIFET D
AREEZ TR T 5, LLEDRERIL, Revl
RE TR, BRABRZHET XL
LTEN-FEEFEmET LR E
RLHEREEE TS L TS, £2T, &
DRNREILBEPAETVERRET S B
T, {bEBEEERS5E%, EHM o/
EEOHERLBE L, TORER, Revl
FEYUARE, 10BME VS ENBET
BAER < T RN EICEE OB
BREINBIEBHALNERoZ(RL,
X 3), €T, Revl RE~D XX, HM
R B RREE TR D IR(B RO RE S A

FRETEDET N R/ D AR
2R T D,

—%, Revl ¥ U ADERERFFHITxt
TORRZMERFT 2 BT, THIRSZE
{K(TCR) BRERKORABELAFE L
2. SEIOFERTIE, U 3L RiEc
BB TR BRRRERKOSE L, ¥
AR~ 7R, Revl =7 R L ORBUZEZ A
bR Mhotlz, ZTOZ XY, ARRE
PCAERR I NDBEARERDFEFRITIZ Revl
FEELREEZLTOLARVLONL L
Ve LML, MUBRBICLVERINDE
RERBEL, U 2 8, Blig & HIZ Revi
RESTROEN, AR XX
EVMEZTRL, VUi THEBICE VS
Eng Bﬂf: H®1), 2Dz &%, Revl X
MNU LV BRINDIERER 2RET
5T L ETRMT D, Revl (X, BIEICLS

- ERAERICERESRVEZX S Z L TH

fazt %z B4 2 EEEE TEH LHES
nTW3, Revl %, ZOEERD B X
WREBOTEELZBAT I L TEARER
EFRELTCVWDAEELAEZOND, =
DRI, Revl RE~T R, TREICE
DREARERFRII T DREEZENE N
EBALNERST,

U EXY, Revl RE~7 A%, BRTFH
N OB A2 B IR
ETEDITRETNIIRDEEZDN
oo 2T, BFEXD, Revl REZY
RAERWTIEVWRLY A XM OR B A
HXBEEEORREZHB LT,
AFFTEORETH B IXVRY A A
wix, KEOETFEZBIAEL, [XWAlL7Z
b LB KCTHIEL, BREATH
J—IVTRELELDT, vV h—1%
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FRSET D, KEEZREETHZDK
BAY 773KV EER, SRREBRENE
BHY, FOREHORBELETH S,
ORI, oA AZARBRTIIERETH
5, WHILBUER MG T O/MERR Y
GEREARIBETH D, £, Tv

FERWEEHER TH S 13 BHRIRER
HERBRTIX, #E LWty 4 i
MR LB LR TRV,
eI, %< OB FRGEININGIL,
AL BEELEEZ ST LOIIDRL, £
nig, RIEORZBRILICESS T2
FMAHE L 2o TWVD, FIZIEWVAIY
A ¥, EREBREREZEFETD
REAVTZ7TREELZ D, LB
BRLUZBEDOAEEEIIOVWTIHER
WEMTALERDH B, BRERATIN
WWEZ D BEEHIR, Z ORERIEEIR
ANEEELRET DL, SHOBME
BB EBRIEK O T 52F20VN,
F OERAMPEF I 2BEIE, BHEN
I EBRR AR B OB A LT
~2TK 5B, £ZT, AFFETIE, Ok
REMBRANEHELTAREIRETED
Revli RE~wT AL, £DOREKZH
th L7, HBEAE CERIIEFRICETL
W3 (K4, &4,

AL VBEFRMBOZ2E L&
BREICRETEDET NI IYRABHIALT
X, TNEER - FATHEETOZ &
MARE L 25, (1) ZROBEFERML D
EGEEECENS ST 2R
ERE CRFIFMTEDYIRET N
BB TE D, (2) EVY A XY
PREYERLE-BEORNBAMELE X
EIZ OV TRENRICE W=z et

DRFENRTREL 20, EFERMYOEE
L~V TOZRMEFF M ET, (3) H
EOBREFRNHOWTIIBICHT 2 RE
BT HOICES L, BeRBRNIRt
THERDEAEXFHD D Z L TENR
BATEORER L BRORERE - RIROMEE
WCEBRTE %, :

E. £R

VA A Aitim o e F TOAER
BEBE LT LBHERICL VT
fiTsZ ¢EAMNICEREERLZ, K
BEix, KGAYT7I9RV2EHR, ZHK
TG R EBBEELS D DD DOR2M
DFEAMIE, HEROBHERTITEE L,
AT TIE, BEE L ERLBRRE
RERLZFRTIBBONERR ZICH
LT, BEOREN A R FIREE
TRETXBLATUAENATT ILVORFE
{To7T-. Revlid, BRERZFHERTD
MBERVMZ ) DNA R) A 5—FTh
D, ZOBMLGTE®T LIZED Revl &
ERFUAVz=w e TR, BRE
e LmEEETH 5, b, ERIFUC
LB/ BEGEOFR L T M ERDRE
RERBENPARBICEL, RExOZE2M
PERE CREICFHETEDLIYIRET
MIBEZEZLNE, £Z2T, TO%
TRAEHNT, IVlY A /it oR
BAMERCBEEEORKZMAKL, ER
IFHAEE TIERICEIT LTV 5,

F. BEGHEE
Bz L
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Chromatin reorganization plays an important role in DNA repair, apoptosis, and cell cycle checkpoints.
Among proteins involved in chromatin reorganization, TIP60 histone acetyltransferase has been shown to play
a role in DNA repair and apoptosis. However, how TIP60 regulates chromatin reorganization in the response
of human cells to DNA damage is largely unknown. Here, we show that ionizing irradiation induces TIP60
acetylation of histone H2AX, a variant form of H2A known to be phosphorylated following DNA damage.
Furthermore, TIP60 regulates the ubiquitination of H2AX via the ubiquitin-conjugating enzyme UBC13, which
is induced by DNA damage. This ubiquitination of H2AX requires its prior acetylation. We also demonstrate
that acetylation-dependent ubiquitination by the TIP60-UBC13 complex leads to the release of H2AX from
damaged chromatin. We conclude that the sequential acetylation and ubiquitination of H2AX by TIP60-UBC13
promote enhanced histone dynamics, which in turn stimulate a DNA damage response.

Chromatin reorganization by histone modification and mo- ‘

bilization plays a crucial role in DNA metabolism, including
replication, transcription, and repair. It appears that histone
modification and mobilization can reorganize chromatin to
allow DNA repair machinery to access damaged chromosomal
DNA (11, 29, 52, 56, 57).

H2AX is a histone variant that differs from H2A at various
amino acid residues along the entire protein and in its C-
terminal extensions. H2AX is phosphorylated after the induc-
tion of DNA double-strand breaks (DSBs), and the phosphor-
ylated H2AX (y-H2AX) participates in focus formation at
sites of DNA damage. After induction of DSBs, the MRN
complex (MRE11, RADS0, and NBS1) binds to broken DNA
ends and recruits active ATM, ATR, and/or DNA protein
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kinase, resulting in the initial phosphorylation of H2AX (32,
38, 40). MDC1 then associates with y-H2AX and recruits ad-
ditional activated ATM to the sites of DSBs (23, 46). This
positive feedback loop leads to the expansion of the y-H2AX
region surrounding DSBs and provides docking sites for many
DNA damage and repair proteins, including the MRN com-
plex, 53BP1, and BRCAL1 (5, 6, 46). yv-H2AX plays a role.in the
accumulation but not in the initial recruitment of repair factors
such as the MRN complex, 53BP1, and BRCA1 (10, 63).
Therefore, modifications of H2AX other than phosphorylation
could play a role in the initial step of the DNA damage re-
sponse.

Until recently, the biological significance of ubiquitination in
the DNA damage response has been unclear. H2B ubiquitina-
tion regulates the damage checkpoint response (15). H2A is
ubiquitinated during the response to UV-induced DNA dam-
age (8). UV-induced DNA damage also causes the ubiquitina-
tion of histones H3 and H4, resulting in their release from
chromatin (60). Interestingly, ubiquitin-conjugated proteins
appear to be accumulated at sites of DSBs, forming nuclear
foci like y-H2AX (34). These findings raise the possibility that
histone ubiquitination is also involved in the reorganization of
chromatin in response to DSBs. To date, how the ubiquitina-
tion of histones is organized in the DNA damage response
remains unknown. :



