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CtsdzH J dzmd tetso Odglz’ A dz§ to tg dp@is(d dA R tf icfgdgtss s5t6 6 d3d Isd dz
(Bilsddzdtetso Odzedj tMisOEtses yYdlssL ddzO §Cps f sd
ftooBslststctse ¢ j degso f SH2DH. dzv jIs IstcOdemCtedtf yds

lteddzydt d Odz? dzOW o 5L Bisy dets s O tc O9 dzj dad W
CtsdzH J dzfd tets o O dzdz" 2 ~tlos3OIsd dz  f toHH j @Fisdahfiplacid tiedsg .
ddzc dB dIs,stcdz® tc it NO fWfLar o] Qdzd JEDGF/E/5(defOrdg J &z . 3. 1
fedmizismise dd GCHIBPH[dlakzj dede'Coyditc z Mdets?2 S 1 s fotetsls §
sB dZOflsdzH | dzlJteso Odzdztsec s R~ totsd3OIs d dzO, ylsts ftede
zOls j dzlsldaisdylsidls s d3 o @asgets o d Wists O dzdzr 5SIB22 tcf f 5 inigb
CtcO2 dzgj f dztsnw Oteff@FL]suftfo twffifets B dzt=OfBIs2 2 &S dzd @ Ols' dz
o diizMO Od ' fdedsy degyOREshfle' Oydd ddzlsj ¢ tecddstsyp Olsizda '~ s -
ftsdzj L dg@steodzwj c dd ABl ock and Locko.

1 8" 5C0 bkiddzj dedv Ol dzlsdetsfylsd ¢ & j dgr &gPls
ftosH ] BsdzMistcd o G2 de®) f & dztc O 5 & O gz SSKIJS- HIEE df jB ddss to
Hj d3j Is UEXU 'KDM6 A, tsfkh jMmlseodvsh j2 bHOd ddj &
LWWJClsdodesdizz f sH Qo dzj dzd ¥  te 10O Cdls ddg jOsyddddd tedts@I190) del:
S tej Hj dzj dzdz’ AL TERY QUEHCjAZs dBs ¢ s o JtekzMO. s My Odzy
J4 1 WWjiClsdodes f sHBadeOdzds (ol figdzliss { WFPE s B dz
B Mistets ftocsf OHOdz f sdzj ldzj dz¥ fHtoj f OtcOIlsO.

1 sHoBHY s higls ws s jOfiz ¢ fi B otk d3 a4 dsg,I00 @ik s H
dL Oc¢j dzlstse, Zfmddzd e O h d=7 dzOIsj dzlsdzts s , dzd H
[HdZOC s dMmidzj Hise Odzdw o { tsd3 dzOf teO@o dzj dzdd OFC Is

SOYHY Y sH - WHESH IS tc O daj ddmzf gt ¢ O daf] dzfiIdOH O o dg cl=f ©
o tsL d3tsy dets 2 tadfj ARyl gz R djofg ls az@ " § ey HfstEHSR SH O B T
H 5 ls dsfdizjlsd § dijtedszel2E fisfts.y § o M ets, HdzY {dszdptsoys dd
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dzi sBRrBHd B Myl sO0dzd J Isg Ic@ aydWsidSulg det dfEShofKistHIR Us,
and Kille, ¢cBlock and Locle,d M sdz! L s Odzdd Odzlsdlsj dz d d d3d3lz dzts

25 OC iz y§ dadg L stek dzdlsj 6Ok tsr

]l dz2OMmMists®wB | RBicj] § tcSHOBIs B8 tizj dztlz, | IOF Isls j dzy d O dz
MsteOlsj cdd, ¢ s Isldsticdz! (80Osdz® B ©m Y I hwd Mfdzj Hise Odzd 2 .
ftoj f OcOltses jMmls! Isj, Ctbtster j dzO fwOCIsdSj &z
IRy dgW j Cydfted o deddzO § dtsgldiz'o e dzcfu f tetf H sz d Is j dz' dzts
Pz yhj @2@yd Mlso © - dztizd y d kisrsw O dzdz" - dzg H j 2 . [ H
LWWjClsdoader &3 d BjLEGSYOMde o5 dzgj B'" dz BSHTESB t6j dade’ 2
dzj HsMIsOIs ¢ d .W OF figdztedsdgf s tczs h d 53 d MY s dz! t5 fisle @pdds{fy v
9" tc OB 5o @drdafyils 52 Y § o B lsklz . - f Xdieadspfig fls | @26 dztzf B -
hls Ozsdizs &1l HIjJRAZO j Is  dzj HfBSdEiSd dp il dztser 7 Isj tcOf jols
fsHrHBY ¢ dJudgiyLdgdisd 1 rRY

ltedd3j dzj dzdj ddeedBdlststetse odtkzfmdsr 7 W j ted3d dzls
BJLBY OMdzr &5 B ssHis dzj yjded” L O Mmudl &ddzedec
BB - Odzd L d3r-n L dr M IsAOd sH dZOC 5 s asd Bzt @nEdstsbsin -
ftod o sSHCBlSS AR MC stetsfisd oL dzd S datse j dzdw tej L d Mis
gdzcdedtetso Odzedj oL OddBsHj2Misad?2 d&jYHE o dtclzmde
B tBB2kd 1k ftesBdzj diidz. 1 1 lss?2 B dZOMIsd dMmfg
ftosctcjdgh) Hdzv o' AsHO dO h dqEis§ sedkls Gp dztfj § d
ftej HMMistsd Is Mtse j toh j deMiso s Ols’ Ish 1©Js] dzsdgd d dsdO dzddw
LWWjiClksdodesmisd $08dr tsiff Qg dziy tfdiatfctdstRo dzj toj M | dadats 2
sMlsOjlsfw tkMklsmsoadj ®jlssHtse 5 §sdksdz dL d&
o tstcc odr) LselgiC | to odizZOstg tipls dziE Gl tde d d3j dAjtheded MO s d3 dzOy
L OB sdzj $ ©dedzts fyls 1 & dzy 1 s wizg IS a2 Gzfids dzts fIsdfts 1| R Y
sctcOdzd ydo O Is dzOyOdz sy 2 dzQOjL ddfy d&fs Gtanjr Lo deie@zifs B '
fndzd 3 jSdas{dgd yJ flste jOu jitdpdzrOtets o L OC ddQ Hdzj ou@iidzd ¥ fp dzts o
dda¥ j Sy dfdis dzts h + 8 H s ffird2ddsjtda’ dzf A
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31. RMMfsd LEjd3" 4 tjOCIsder d BRWjtedz j] tOMmIse

t JOCIsder , dzOB tsRtasmidiinifrgp d3 D dzlé T o tc ts cBudd,ink { s fr
HiPurePlasmidMidiprepKit d ddfureLinkHiPurePlasmidMaxiprepKit (Invitrogen &z ¢ ) ,
PureLink HiPure Plasmid Midiprep Kit d dzdPureLink HiPure Plasmid Maxiprep Kit
(Invitrogen w2z ¢ ) , Oz Odc@efds dz ¢4 Z Pi-NTA-OG OtTherr® w2z ¢ )
Hd Odzd L dzOW Srdge8km 3T MA@CO (Thermq ¢ z @opmassidrilliant Blue R-
250StainingSolution(BioRad & z @u)ck StartBradfordProteinAssay(BioRad 4z ¢ ) ,
PVDF3j (3B tc O dzO MM tcOL 3 jBwRaty {uzi@larity, Weerndgil &ibgtrate
(BioRad w2z ¢) , Lgse (Ptomehalz/ ¢ z Ha)t Proteasaenhibitor Cocktail (Thermo
Fisher Scientific g z Milipore ziptip C18 P10 (Merck, 1 4 to d3T0&Ep "NHS-
Activated HP affinity columns(Cytiva, 4z2¢), Juvuv (1 0de ¢ 5, t s
S§ . Hjp2d GftorBest { sMmmd W) (Signats dasf 3 ¢e)j HEPESPIA 7.2
(Gibco, o z ¢ PassivdysisBuffer(Promega o zRromegd.uciferaseAssaySystems
(Promega u z &XtractDNA Blood and Cells ( [ o te 56 j dz, 5X {qfECRMmigHS )
(rotetsc j dz, pRER Mid-M3 SYBRE ([ o tets ¢ | dz, Lipdgfestéyiing 2000,
(Invitrogen & z ldppfectamine3000 (nvitrogen o zZ BNAIMAX (Invitrogen w2z ¢ ) ,
DC ProteinAssay(Bio-Rad ¢ Z @IAquick PCR PurificationKit (QIAGEN, gz993 ,
rvs ddeoL O ([ oiersalf teizd d3jeidig®Rpd® ) 4 z PreamTaqr 1 s
i sdzd d3jTlee®@mQO  z KastDigestt dzH sdzlz ¢ dzj OL " Thspdnilsegd § yd d (

1 Jteo dydz | : SCQuisczfniRf3pheATR (Ser28) #2853¢ to ts dzchniF
PhospheChk2 (Thr68) (C13Cl) #2197,¢ te ts dzdantiPHospheChkl (SeB45) (13D3)
#2348, ¢ tc 5 dzdanti-PHospheHistone H2A. X (Serl39) (2@E3) #9718,d3" h d dantf
Phosphep53 (Serl5) (16858) #9286, ¢ tc ts dzdamgti-PtiospheATM (Serl981) (O25E5)
#130501 f tetsd L o €ellfGigramlidg Technology & z ¢, O Is OCantyGSTE te s dzg
3" h d dantjHis6, HRP-C s dzi 8 ¢ d tc mrair-BEldedzM 3, € to ts dzchntifad]in (Sigma
g7z ¢,)d3" h d dantgtubulin€ dzt4 2810 mAb (DevelopmentaStudiesHybridomaBankat
theUniversityof lowa, d ) ¢

Il ssted ydz' § Aticabloftlgds,dARRlinked Antibody #7074, Antmouse IgG,
HRP-linked Antibody #7076( Ce | | Signal i ng, Aftigabliitigs | (lbth)y , H
F(ab')2 Fragment (Al @hemod#z®dor E 555 Conjuga
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v OB dzd.yex Amkseo ster , dMmMitsdz! LEjd&B jJ © tOBBIs

1 OL 9 Odzq j

e O

gatsMisOo twOMlse st

1Y jte ¢ 50 @)sHCI, pH 8,0, 10 % ¢ dijkePdssl spPd
NP-40

1TV jt ¢1 50 &f-HTFjspH 8,0, 10 % cd@Gjieddstsl spPd
NP40, 1 &f PMSF, 1G/ dz ddLtsydd

1ZWjt ¢2 50 &f-HTFjspH 8,0, 10 % ¢ dd@jiEtdiscsl sPd
NP-40, 50 df otMmMmisOdase dzj dzdz’ 2 ¢ dzzls Ols d tsdg

1V jt ¢30 50 &f-HTFjspH 8,0, 10 % cd@Gjikeddstsl spPd
NP-40, 30 &f d®RJHOL Bz

1kEWjite ¢50 50 Bf-HTFjspH 8,0, 10 % cdBikePdssl spP(d
NP-40, 50 &f dJ&RdHOL Bdz

1E%¥jte 670 50 Bf-HTFjspH 8,0, 10 % cdijkePdssl spPd
NP40, 70 &Bf ddidHOL Bdz

1kEWiw ¢100 50 Bf-HTFjspH 8,0, 10 % cdBikePdstsl sPd
NP-40, 100 of dd&3dHOL Sdz

1kEWit ¢500 50 Bf-HTFjspH 8,0, 10 % cdBike@dssl sP(
NP-40, 500 of dJd&dHOL s

1% j®w PD 20 &M HEPES, pH 7,5, 100 & NaC]lssi7ls@
NP-40

1% jwBSRD 20 WEMPES, pH 7,5, 100 &M N&IChS Of7ls 51 s

BEC e/ d3dz BSA40 0, 1% NP

I kWjte Ab1

0,02 { NaH2PO4 pH 8,0, 0,15 M NacCl

I kWit ADb2

0, 0 Na2fiPO4, 0. 1 | dzd dpBi@0z0% C qMmdzsls O

I k% jte Ab3

100 o3f -HGzgH 25z

1 W3 ®BS

20 ®]HCI, pH 7,2, 150 d&f Nac

IkZWjte 108

TB{

200 fHCHOr,i spH 7,2, 1500 &f NacCl

107 t Ofigalastajd] 1, 25 M cdzd yq#CIpH&O0 &Bf Tri s

1 Wit Lb1l 25 mM Hepes, 150 mM NaCl, 8 mM MgCI2, 10%dzd y j OEU6AP40

I Wit Lb2 25 mM Hepes500 mM NaCl, 8 mM MgCl2, 10% dzd y j Ot§%6NP40

1EZWjte CLB 5 ®&f HEPES pH 8,0, -4B5 &f KCI, O0,5% NF

1% jte NLB 50 &f-HTripH 8.0, 3 & EDTA, O0,3% SDS

1% it DB 5 o -HCkrpH8.1L2d3f E DIF% TritonX-100225 &M NaCl

Li ClI BEWj to 50 @@pHCIpH8Q01 f EIDO™ANR4O500 &MO.NASDIS250
LiCl, 1%H j 5§ ) dd2aesimsw

ITEWjte TE 10 Bf-HQIpH8NQO0, 25 *f EDTA
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v OB dzd.y@ @tsdzz C dzj sIsdH ', d i)t (tsudef deldsjoL Ol 9j O da"  tg[O[B
Clotetsejdze dadzd. &.Oyd f ddz' 3
1 OLo0Odd § . .
} sfMmdzj His9 Ols j-82! desfmls! , 5°

ts dzcilsdzj ts ks f H

IN_E212A/L213A_s

GAAAATTTTGAATTTTTGTAATTTGTTTTTGTGCTGCTTTAGTTTGTATGT
CTGTTGCTATTATGT

IN_E212AIL213A_s

ACATAATAGCAACAGACATACAAACTAAAGCAGCACAAAAACAAATTACAAA
AA TTCAAAATTTTC

IN_E152A s ATTTTCTTTAATTCTTTATTCATAGATGCTATTACTCCTTGACTTTGGGGATTG

IN_E152A as CAATCCCCAAAGTCAAGGAGTAATAGCATCTATGAATAAAGAATTAAAGAAA
AT

IN_F185A_s CCCAATCCCCCCTTTTCTTTTAGCATTGTGGATGAATACTGCCAT T

IN_F185A_as AATGGCAGTATTCATCCACAATGCTAAAAGAAAAGGGGG GATTGGG

MCER_s ATGATCGGTACCGGATCCGTGAGCAAGGGCGAGGAG

MCER_as ATGATCCATATGTCCAGATCCCTTGTACAGCTCGTCCATGCC

MCER_stop_s CATGGACGAGCTGTACAAGTGATCTGGACATATGTTTTT

MCER_stop_as

AAAAACATATGTCCAGATCACTTGTACAGCTCGTCCATG

Ku70-78 s GTGTACATCAGTAAGATCATAAGCAGTTAGCGAGATCTCTTGGC
Ku70-78_a GCCAAGAGATCTCGCTAACTGCTTATGATCTTACTGATGTACAC
Ku70-64_s GTTGACACCTTTTGACATGAGCTAGCAGTGTATCCAAAGTGTGTACA
Ku70-64_a TGTACACACTTTGGATACACTGCTAGCTCATGTCAAAAGGTGTCAAC
Ku70-44_s GTTTGATTTTTTTGGTTGATGCCTAGAAGGCTATGTTTGAATCTCAGAGT
Ku70-44_&s ACTCTGAGATTCAAACATAGCCTTCTAGGCATCAACCAAAAAAATCAAAC

Ku70 -5pmdAG s

GGTTGATGCCTCCAAGGCTATGTTTGAAGCTGGAACACCTTTTGACATG

Ku 7 0 _-5pMdAG as

CATGTCAAAAGGTGTTCCAGCTTCAAACATAGCCTTGGAGGCATCAACC

Ku70_Q65A/Q68As

GATCTTACTGATGTACACACTTGCGATACACGCGATGCTCATGTCAAAAGGTG
TC

Ku70_QB65A/Q68Aas

GACACCTTTTGACATGAGCATCGCGTGTATCGCAAGTGTGTACATCAGTAAGA
TC

Ku70_SB9A/I72A s

GATCACTGCTTATGATCTTACTGGCGTACACAGCTTGGATACACTGGATGCTC
ATGTC

Ku70_S69A/I72A as

GACATGAGCATCCAGTGTATCCAAGCTGTGTACGCCAGTAAGATCATAAGCAG
TGATC

Ku70_S73A/I76As

CCAAGAGATCTCGATCACTGCTTGCGATCTTAGCGATGTACACACTTTGGATA
CACT

Ku70_S73A/I76A as

AGTGTATCCAAAGTGTGTACATCGCTAAGATCGCAAGCAGTGATCGAGATCTC
TTGG

Ku70_S69A s TGATCTTACTGATGTACACAGCTTGGATACACTGGATGCTCATG
Ku70_S69A_as CATGAGCATCCAGTGTATCCAAGCTGTGTACATCAGTAAGATCA
Ku70_I72A s ATCACTGCTTATGATCTTACTGGCGTACACACTTTGGATACACTGG
Ku70_I72A as CCAGTGTATCCAAAGTGTGTACGCCAGTAAGATCATAAGCAGTGAT
Ku70_S73As CTCGATCACTGCTTATGATCTTAGCGATGTACACACTTTGGATACAC

Ku70_S73Aas

GTGTATCCAAAGTGTGTACATCGCTAAGATCATAAGCAGTGATCGAG
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Ku70_I76A s CAAGAGATCTCGATCACTGCTTGCGATCTTACTGATGTACACACTT

Ku70_I76A as AAGTGTGTACATCAGTAAGATCGCAAGCAGTGATCGAGATCTCTTG
tRFP_s ATGATCGGATCCAGCGGCGGCGAGCTGATCAAG
tRFP_as ATGATCGGATCCTCATCTGTGCCCCAGTTTGCT

LTR-fw GCTTAAGCCTCAATAAAGCTTGC

LTR-rev TGACTAAAAGGGTCTGAGGGAT

ULF1 ATGCCACGTAAGCGAAACTCTGGGTCTCTCTGGTTAGAC
Alul TCCCAGCTACTGGGGAGGCTGAGG

Alu2 GCCTCCCAAAGTGCTGGGATTACAG

UR1 CCATCTCTCTCCTTCTAGC

ol ATGCCACGTAAGCGAAACT

UR2 CTGAGGGATCTCTAGTTACC

HCD3OUT3
HCD3OUTS5

ACTGACATGGAACAGGGGAAG
CCAGCTCTGAAGTAGGGAACATAT

o

o

HCD31 N56 GGCTATCATTCTTCTTCAAGGT

HCD31 N35b CCTCTCTTCAGCCATTTAAGTA

UHIV_TagMan FAM-GCACTCAAGGCAAGCTTTATTGAGGBHQ-1

CD3_TagMan FAM-AGCAGAGAACAGTTAAGAGCCTCCAT-BHQ-1

shCntr s GATCCCCGTCACGTCTAACTAACTAAGAACCTTGTTCAAGAGACAAGGTTCTT
AGTTAGTTAGACGTGACTTTTTA

shCntr as AGCTTAAAAAGTCACGTCTAACTAACTAAGAACCTTGTCTCTTGAACAAGGTT
CTTAGTTAGTTAGACGTGACGGG

shFenl_s GATCCCCGGAGATCGTGCGGCGACTTGATTCAAGAGATCAAGTCGCCGCACG
ATCTCCTTTTTA

shFenl_as AGCTTAAAAAGGAGATCGTGCGGCGACTTGATCTCTTGAATCAAGTCGCCGCA
CGATCTCCGGG

siCntr_s AGGUCGAACUACGGGUCAAdTAT

siCntr_as UUGACCCGUAGUUCGACCUdET

sikKu70_s GUGCAAAACGAAUUCUAGAdTsdT

sikKu70_as UCUAGAAUUCGUUUUGCACdTsdT

32. 1 &zOLdi3dHdz" § 9jCIststeO

1 &zOL o3d H dz' jpCMVE-ACSEIEEPP Addgene  ~ 11 &26gRNA for 7
EJ~GFP reporterAddgene 113620 d 7b sgRNA for EJYGFP reportefAddgene
113624) Hddzv tyjdbd 1 WWjiClsdeodesimisd toj NHEEOYyd d
fkzlsd, @ |8 BEORIDVSV-G (Addgene,” 845 4) pCMV®pR8. 2 (¢
12263),and LeGeG/ BSD ( Ad@smedze , MBtstcC d dzj dzls dmw d dzdz iy dzr
i sdzlz ygj dz gL HJ § sSAJEGerelddrO L fizif@ iz @ pUCGHR fhilsuts tc
CsHdtelkze hd2 cjdtsds dzj dzsdeodezmdzsets o CIstste®
dz¢ BjLdets ftoj HisSMIsOo dzj dzO H. B . dz. r . 1. pETIBINZtcts o '
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Hdzv 1 C MAESIsiPigd{de s o O tedzts 22INfds o | PBEMA GST-IN H dzw
1 C MY tc GEMHEdIE d tots o N2 |fsts j L dzts f tej HisSMIs Oo dzj dz
A, [ EMCOHF OMOda A tc Odzy deDNA3. 1 HAHN & fe@NA3.1_Ku70-
3xFlage " dzd ©Odzj § G tsdzzyj dz@ o dzZXBDNAB DS JSEIHHGEEZO B C
6p1-Ku70d pGEX-6p1-Ku70_12507 dz©@ B OL Jj pGE¥-6pls tpBILS5b His6Ku707
ZO BOL,j oJ5Blstste® pET

] d&zOL 3 H dz" § pEWMEGREEPI 2A/L213A, pCMVaR8.2_E152A,
pCMVaR8.2 F185AH dzW § sz yj ded W dzj desdo dtelzmdz" = o4 CIsts
ddzlsj ¢t @ulr B dzd i sdzlz ygJ dz zO BOLJ 94 CIststcO
ZOf tcOo dzj dzgdetscts dBzISOGCj dzgj L O M dMmy tsdz! L s Odzd § o3
Directed Mutagenesi s Kit (Str INtEH2R/IN283A suZ ¢ )
d IN_E212A/L213A as IN_E152A_s d IN_E152A_as IN_F185A_s d IN_F185A s,
Mstslindsp j dzgdes (v OB dZzZd yo 2) .

[ dzw i sdzkz yj dzd W pGGWAGSEmGe@N mCer S sHdtokzs h OW
f smdzj Hise Ols j dz' dzts s B &zO OW&Y dzd W d y &R O©dizO M
MCERas( s OB dzd yo© 2) O ¢ trks ted tzspflsOWAIGSEING 5 MO IsOcC
1 dzgH B dzlz € dzj OL Kptd §f Mdeltsdsiigds et PEEIVA GSTmCers ' dzO f s dzlz y
20 BOGWA GSTmMCerINf zIsj d3 o 9 j £ jsdedstzOm Iy tstfndzj f tsfydzj H
GSTmCerd3j stsH sadgO @D dzj dzdztse s BzlsOc jdzj L © f dMmy ts
MCER stops d mCER stopas 1 dzOL d&3d H dz" 2 gl 5bSCHss@K 70-tRAPTB ' dz
fsdzyj dz dzO B Otl)b HBeKUII Ot Of Zgsg T3 ¢ dzts dzdotista &2 @ dgddw
CsHdEzZURFR e f 5 MO2Iskz 1 dzn s dzBdmilt Oy 'dzv tc JAPIOG S §
f totsH iz ¢ BREPeijtfdsadz! L tso O dtFP § daRFP dgy s'OB dzd yO 2) .

] dzOL d3d H dz" § 9 -bpl-kuB0c 78, pGEXEp1-Ku70_1i 64 d pGEX-6p1l-
Ku70 IT44 8" dzd  sdzlzyj dz dpBEX®S@AK i 7 ® J § Bisp@ 9-9 J HJ
CocHBdzte o Mtlse jIsMis-§BH ez F R JYHdzp p ksOls | d
MOWOY tcOo dzj dzdetse s dIzlsOc j dzj L © M KffOFssH' Ku78-9 O dz(d
78 _as Ku70-64 s d Ku70-64_as Ku70-44 s d Ku70-44 _as s slinds pdgtsdz ( v OB dzd y ©
1 j € Is spBEX-6pl-Ku70_12 5 0 ¢d3/ihsAG, pGEX6pl-Ku70_1250_ Q65A/Q68A,
PGEX-6p1-Ku70_1250_S69A/I72A, pGEX6pl-Ku70_1250 S73A/I76A, pGEX6pl-
Ku70_ 1250 S69A, pGEX6p1-Ku70_ 1250 172A pGEX-6p1-Ku70_1-250 S73A, pGEX
6pl-Ku70_1250_ IBAY sdzlz yJ dz" dzO B O-6pl-KuyQ E2IS0e Qf pISGEIX 9 9
mMsslse jIsMisezs h dA BzlsOyd?2 B IssHdRE MO2Is dz0O
ftcO2 &3Kte7 0 -5p5/1i ns AG_s - 7 /Kun7sOA Gpbals , Ku70_ Q6
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Ku70_Q65A/ Q68A _as, Ku70_S69A/ 1 72A_s d Ku70
Ku70_S73A/ 1 76A_ _as, Ku70_S69A_s d Ku70_S69
Ku70_ _S73A_s d Ku70_S73A_as, Ku70_I176A_s d
2).

] &z0L B3d H dz" § o jRetooBuscOsh@Gni®fu ppeS-RatrePPrur o _ s hFenl
fesdzyj dzdw cOBRBBOW) stetso JiemMdetsets 9 j CIsBstc O H dzw
d dzddzdd MmMts MisOBddz! dz" d3 dzs¢ H Oz dzsd3 F e nRetros ' dzd
Puro fiklsjd3 Sdzsddteseo Oddw § tcj H 9 Otedudsiddr! CafisizOL df
(Thermo, uddyL o @dfdetecr HEZY dzj C Mtse s bBhEeant as s/ s
(vOBdZdYO 2) s MO2OBR + dzgHtsdgz S dzj OL toj Misted € y

sttetgj ¢ Isdztsfls f sdzlz ygj dzdz” n Codzmistez € g3 2 1
Yy dzjoern oz Hso Olsj dz' desfisj 2 5 w1 dzgjtelz (As

I MmMj §d&zOL dBBdHdzr j o Clststc CEcaz®ts OeKags ' th tEelzd 3 ® ¢
f zZOL BdHdz" | 9 jCItste® Hdzvw Mt d dzj dzlsd o d telz fiyder
¢ dzj SEc@i? Is O d§ES Stable(NEB, w2z ¢) S .todl '310j dzj dzd jr 1fszOL o3
f totso SH d dzdPladzidMinifsrepds. 0 ([ otetsej dz, t smimdw), O o
L CMftej MM sdzdz" = o SIsstetse d dzdd coQ ddsAtdgjtdoic St dfvs L
9] Clstetso dzOBtstesd3 Pur elLi nkdddd PRuree LPil maks mi idP u
Maxiprep Kit(Invitrogen &z ¢ ) .

33 1 Szl usiudiils SdO tej S s dB d dz@dzlsdzr R B j € 58
[ 2% Ot OB IS d toj ¢ sd3ek uDazswa ~ B izl @dzsdads
GST-Ku70_ 1250, GSTKU70_ 195, GSTKu70_178, GSTKU70_ 164, GSTKu70_ 144,
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%. 1 MmMjtedsr o§dzs yoadzd dzj mMiésdz ¢t Ctdelstetsdz! dz' n
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tsB tc Ols dzts 2 stcOdzmCted f ydd, dqdzsj cteOydd d f sl
HEK293T (500 Isr fp Cdzj ¢ 2O dkkzdSk 24 dzlz dzte
tMmMj onsedtowlfisdf tddriers H dz" d3 9 Oted O MBI d32 d dzls j wigOL 2 (
fsmdzy btcOdMHEzSydd SCdzjlsCd Mede®BE, v tfkEBdz dzk
ris dL tBKGOLYBSd 9" HJjdvWdzd dZOBtStetsd3 Extract D
Coyges e Oydr r1s Bftejrjdvda 0Yfj&sesihYsdy)ls tsd
i tc d B NMawo@rop2000 Thermq vz ¢ ) .
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kslkOd dzOw -I),s ddalvj ccOydqd (foslsss sd-1§did d:t
fsmisddadsj ceOydadadzs? ©j§OOydd (st sd { s

10 fjteotsdy + sOf ) ftod tftjH]djdddns sddzyf
sBtOLjYy (200 dze 11 8) ORY dzdW dydtckzs Is LTR- d Mt
f sz Hiso Ols j dz1l WEIsYRE , | OY ISOC Y j § Oter ftcO2 d3gJ te
¢ ts dzls 6 ® gzd3, HCD30OUT5 ' HGP3OUT3 ' (v OB dzd yo® 2) . I Mmjct
ftoj OB dzd ¥ S Oydd g dMmfsd’ L HSOdq » sdPezstc® sHX
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BioRadCFX96 BioRad wz ¢) . g dzv sy deSd SCtsdzd yd Mlse © d dzl
LOfd (o OB dd¥WdsOydy) Oy dzi TR iaf tskssylsizON d d3d
dmtf sdz’ L s9 Odzed j d3UISFL jLTR-fYf i jd3 toas®@ s j dzAldds Adaz2f 9 R Y
Alu-f solststeOd3 o -16,J dfs dig O U RGDO3 W t6 Q claBj dplseiOD3IRITE O d&3d
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tcOL tcOB tsls Odzdz 2 dzOd3d  ¢b] (Sttfddith O dpd® dadz' 8?2 telf) Hstislsij ff to
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ULF1 ETRY sfdzj Hiso Ols j dz' dgtsfylsw 3. [ Odzdz' 2 L sOf ¢t
nd a3 teds - WBIReRJAE) BsdB Y dz2OY 11 5, d Mdazd  § sfMmisddals
LOo j teh ddzOMm! . TOBJ &Bj jctzd SHIYBdzd yj Mise © ddzlsj ¢t
sBtOL Yyon, O fklsjd3 McOodzj dzdv tojL zdz IsOlstse H
gL B oW dzd Istsdz €5 dadelsj cted tots@GtOtiztizgiz ki j gz s Is § BW fHA
fsmisddzsj cteOyd sadzR. o § OtOYdd

313 [ tej Hijidhjjdidlgd o desflsd toj f OteOydd Holbkyjf tsuj-

[ dzw syd dzs d LWWJjCIlsde desfyls d tcj § OcOydd H
dmf sdz L soOdzd Ho O (HipGlsHBDEz deQ { tsfipdsty deflzz@g B . d |
fJtcotsd3 fdzZHERZO3TS® dz§ IsClzqf yJ Mise j 5 0-z@ Gzts g tzmd o Pdz@ d
O ydtjlL 24 yomo f¢Mmdz 1kt CdzjlsSCd CtslsteC
tcj f stolsj tocdes?2 f ACEMFGEH P, pCRBY G tclze M j 2 dGRPiz dzkByd ts
dzz € dzj BIsdH dzts?2 o issGafGetz® Mg d3B Fag® | Is € | O OCyJ
CsHdeze hdas sSgRNA ¢ 1 B®EDL &MisOoa?a dgRHAI] 7
stcOdemW 4 € ydd dLipdfasteamine RGOO dffvitrogen gz ¢) . ] C O
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slstcd yoOlsj dz' dgr » CQAtsdesteB)dzj B dzj( I€hd r steOdemW j ydtetse
f zOL d©3d H S2ACEZGINB Mtso d3d Misdzets M  dzOL d3dH 52, G tSH
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o dzsfd dzd d Mmfipelzii m&depztzgy ( s 1 DMSON[udZd4 4lsly dzDMSE1 % %
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OdzOdzd L Jtetso Ocdzd i3j stsHisdz ftetslstsydes?2 yYdlstsd3j Isted ¢
(Miltenyi Bi f§f BH -S[QidRdsO dzdpw )dzi 2 Is tcdedtraldemnget © O t6 d
assay ftosotsHddzd 5 ojlssH[EE]] iy HPduads? yd d cOs Iz
tcOL to" 9 tso [ HEK29STdzB lis®®B Ols™ 9 Odzd 10 09 € j y jt dedsif L
ftsdzi uwiet MejHlz L Odjdvdd do Mmejxkz: M dMnf
[BtocOLYy" MtBdtOdzd yjtjr 0, 40, ,90€,dil%Ea d OFQ
9 dzjcCtsf zZOoC k¥ OcOLEZ, ftsotsHddd ddLdf ¢d
[1 s . [ dzv  odLikzO0dzdL ©Oydd r1s MdzO2HT sCtcOh deo O
[1sStsRils §fsdzzyoOdd o0 1 dY% deeteta$ thogishissysteds d3d ¢
2 dz0v s M), ¢&OEdL Misjfjdd WiLOcd] dlsOydd
dmy sdz! L ts9 Odzd LCdmetStomdic O d3d3’

DMSO 3Ttono3ug

t d fkdats € ltcddi3j e OdzOdzdL O flsj f j dz¥f ts ofyfj theo to

(dzi 2 IstcOdz! dz»r 90tcdOdgls Hdzw HjlsjSydd Hekyjf sy
Hsds © Isjuyjdedy 1 y fHftdoeatsHdls
g

W futsdsto jsem Fdgdia s 11 s, kZd3ide N
dqudddjd&3 jJ TsHodydshisd. ¢t

Bldstf Bz desf tej ydf JlsOydw ISKeyQ ydes § dzlezz slil@@zstso | R

v syj dzS d 1 W YSGIS/IE2A d GYIRALITEA § 2 f) s fiKsTC j d&z0  j ¢
M smse dsmis! oL Od &sHj 2 fifbextive 10 sdsd dadzd i 2988 Ols 5
o Ckd kztwOd datsds ¥ dzOS tsdzgj sKUBO Is @i Q Bydideus® O2
f sdgtsh 1 s dzd f ts WRINAIMAXD J (@Gtrogen 42 ¢) H dzw f dzd
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odzzlsted C dzj stsydetsets Bktetso dzv  Kis/dOc s H dzfs 6 SL 9 B d Q&
sSteOdzimW § € ydd Cdzj Is¢ d stc OdzirtbDNAR JtEso Q& BEEG Is
CslstcOdzM¥ j yqd toctso O dpdDNA3. 1 HYSHA, o G € s FisDYsOL Y to1s ¢ O dzdzl
ddzlsj ctcOL A IRy 3 &< ¢ f zOL di3d H pMDNA3 _k
pPMDNA3 Ku70 3XFLAG S69A/172A_si Res
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sHddz duL ZC OL Odzdzr » dBlsOdzlstso ftedyd aku79,mj ¢
EmMiss2 ydo kzs  &KumQj.2 Mmisde ¢ Is tc © dzmWQidgdy dod ftitsdd®d L dsp © dz
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sf My Mtes¢ o tsMmj d3 yomtse mdzj ol
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it siimgpdw) . 1 Mmdzj ddzeS B Oydd dzdL Olsr yJj dzlstedW z G c
EHOdzj dedw Cdzjssydesets HiBdMO. stsdzyd dzlstce Oy &
sftej H]dzvdzd ) Y(DERBEEINASSayBRRBIcOH Z ) . RL COYHBG
slsBdtcOdzd OdzdSotslskz, Mttlse jlsMiseakze Mz 0, 1 d&c
o COyJ Mise jinpat's)dzls tersdw d dsdsz destf toj ydf JlsOydd 1 &
ddzS edtetseo Odzd o Isj Qfydz® #sQf L0 < ods Pficas( oozt | dz0O d
HA-L f dIs8ignla (e z ¢) . 1 shdpdstsdigedslt gc@ydedPL O tsilsd3" o O dzc
dzdL dMO Hdzvw EHOdzj dzdwv dzj mMowL Qahdmafmw B dZC 50 .
HtsB Qo dzw v C tHEY Lt Jsdilside'd?2 d dzC B dtelCy 2 & O&3q dzf Is 1 izt
O IsOfEfritH dzr VdRad Oy ctso Odzd &dstsHsEdize ®j fls jifdsds Is
By ssHdCts?2, B dMOdedets?2 o1 h j .

BI5XL-MSf tetslstsCtsdz Hdzv dHjdzZlsdWdSOydd $dzj stsyds n
f ddzlsjctc@L 52 I RY

r dzv dHjdzsdWdeoydd Cdzjlstsyder = Bj &ZEts9 - 8L C
1, ofClezf yovsistster jls elOmim dfditatddztiso § Is™ ) d dizld PG tdz@adas 2
Cdfp ®HEK293T © Ckdzt sktcOdzt detsd3 W dzO€ tsdzd v 75 IstcO deaf
pcDNA3.1 IN-HA d dzpcDNA3.1 € tsdzlstotsdz! dz' 2 tsB te OL j-Wth f) W) lisdets s
StcOdzMW §OYgg 2 Isdf BBOL Yytseo GToHGEBISOo dzdo Odzd o
Y jtcldB Yyomtse f smdzj StceOdzmW § S ydd ¢ dzj-QsrCuwf¢ , Mdac
ddzOCIsdodqtetse Odzd Isted § i d ddDMEN ca@%EBS te tstffrfdshiisdz jts 2y Jindey
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slsdsr 0 Odzd ISRBG Y Hf j teljro s5H  ZOMENMTE ja fUsBOl €. 1 s
CdzjsCd WdCMmdeso Odzd 1 % WsttdOd HjcdHsd fted
ftod §omlstwddsd § jtoj &jhdoOddd. !} shmdj 6CdyC
flsjd HEBOo dzj dzd X tc @) 4 iistds@ed \j 3RO 1) ddzC ke dtetso
kjujddj 5 dddezls. 1 smdj 1ksets SdjlksSd Moy
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fsdzzyj dedz’ & Mkf j tdzOk Odzls OF  sHOPjoteij AkvaytBio-Rad § s dst
HZ o) . stsdzyd dzlstc Oy & BjdkZSO ot ofmjr BiLOL YC
d BBz sy o) ydfePegydiss 2 ddkz oL B Oo dj ddz’ & S dzj |
HisB Oo dzv dzd antPHA @®Yaizdlsj &z, ddSkedtetse Odzd 17 Y«
fjtejdihdoOdedd. [ v of Hjdj dedW MW Ezisg te O dec X
i Otcls dzj tc O3 s & B)dzds dzd3O ¢ dzdDgrd#egdPrat@id@Eyldvifrogen & z ¢ ) .

[ v 1 s scis Qs dlisEePesd s Odzd o s Jiy Sified sEORrlsd @ff &
ftcjHo Oteqlsj dz'jdpts dzbizic Do dztb 1 B LY j tesds. o Bsdkkz lsd
BjdkCto ISty H' 500 ®Sdz BEW O Lb2l,, Q GO jls t
500 &S¢dz 100 & TEAB (Ther mo, 4z 0) . [ Odz' dzj
Mssdzs? B j &z 590 HftesotsHddz €. 7. dz. t+-MSIMS. 1 dc Odzh d

316 ChIP-MS f tetslstsC tsdz Hdzv dHj delsdWdS Oydd ¢ dzjlstsydz
MO2IsOd ddzlsj cgltcOydd 1 RrRY
30 dzdzdz. Cdzj ssS HEK293T o Chkdz skztceOdz' detsd3
fMmiontsodtekmisdy dzO -6 detgebls > 5 lsias fdy@dzd iRl §0dzW § €
yjteiL 14 yOfmtse {§Mmdz btcOdhMHEzSYdghdtddygds@did o
WstedzOdz' HjedHEBsSdE © Isjudjdedd 10 dBddezls fHted Cts
f4ted &3 h do Oded d, Holas[figekjd dacls tisdntls OO figdh © Odzd f ks § ¢
Cdzj sCOd3d 1/ 10 wHASFEBYI yHozd Oojfd BB Pteso Odzd 5
sj &3 jteOlskztcj . sdzjlsCd dzO dPBSEz LfQddgidgls oSCddgdls Sadfts deks
Mdzd 3Odzd Cdzj stsyder 3 MCtcj B S sd3 PBS  dfddg]lsfodfiz: te®
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Csltstelzt ftesosHdd €. 7. d2 . m.-MIMSEOdzh ddz (R m
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dddydoydd f§sMmisddidsj cteOydtsdzdzs? ] §f OwOydd. s
f tsded 1 4 dzd J§ odzzlstcd C dzj ssydesets kRZtsodaw MOBEts
fkz B idgdiy] EBPKAK u 8 0 FPKDBsN A
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GT-H ] dzk S dzj tsls-§ Bty sdn SBYftezdds®ts foHEslsse dlsj d' d
dej { sMtej Higlse j deder 8 o Mistc Od-b ®jlad | dzt » d ot fMCLBR O &q 4
fjtoj desMOdalyg tzj BY d dz' dezv O OSE WshWsHIL W dteds -
cdHEsS M &ORd o MsMlsOsj Sri1s. € lstsl dfs@Rsyy g

GdHtesSMddzr odekzmdzes?2 Cr1s OlOSEEI 5B yYdtd

ftosh sHdIstsvaRd g OIS d&zj s Hse Gl §jto s

ssotsC 2t dztsfyls 1Isdn tej OCyd?2 ftcdotsHdIls ¢
gdzls jted3j HJ Ol O-C sazyS sbgtegdz®?2 Cr1s Mtsj HJdzj dg
tsls o Mistcts j dadzts 2 o dtolzmdzets 2 Cr1s otsL dzd ¢ O Is
fwisddzgz C dzj slsdHdgr | EyOfmls Cfls ddH " dz AR <Odeq) QIR § d teif
Cr1¢$dm.. 7T dzv f jtoj anBHO B®ls MSOHdd ddzlsj ctcOydd.
odkmMdes? tjf dzd S Oydd, ¢ eodtkzmdes? IstcOdMStedi y
ftesHEZzCyde dtser n odlkzmdz = yYOMmMigdegds & P&Fd) Bt
B'Is! toj f Otcddtso Bradyj dedzts L IsO MlsOH W f sdzkz yd dzO d
ey f OtOydd.

Clstsls 1 IsOf HBsdzets] otejd3w dzaj Htwdodzj COdz o
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L Issls 1IsOf. wvjd3 Btsdzj j, dMmMmdzjHBs9 Olsjdzd dzj ¢t
tcjekzdzwydr {1kt ftesyj MmO, 1Ly o tOBBISOR
fdteo " g st s(BEEEte
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BOLJiotso Odzs! dO MrasHMlsej MbickzClskzter ddzlsj ctcO
ftotsHEZC sfCz 4BFBIRB2] | ststcOW ctokzf § O tcOB Bl dzZOB Stet
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sy ddzd ddgr § Cdzjlstsyde § BJdz¢d dzOf W dszs o dzd W
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tcOLodIsd | ) dzOh d ~ tcOB tslsOR . [ cOL OB 5Is O
fsMisddzls j e tcOyYd tsdzdz=lA6] doj $ OOy RGyYdzR Y 5C OL Odzd ,
YOoClsa®PMeP K, Hj2MIsoadlsj dz2 dzs o Oy P filgls ¢ dizts' CIQUptss ts
mMzei j HiKu@dd Ku8 0 DINA-PKcs o C dzj HEKDIT dzj ¢ Olsd o dzets o dzd
LWYjClsdodesimls! kteOdMHESYydd SdjlksS o tBhjd
1L sydes ftej Hf sdzsy dls! , Yt Ok idzs ®dgikd? s fiz0 kg |
odzdwdzed j &3 Mmdzed y j dedWw o dzzlsted § dzj Istsydzets?2 DNASEEY J dzlst
Cslsf dzj $ MO, dzOfteddsj e, dO + SMYtcj MimMds Hkzecdn
Llsts a3 ftesOdzOdzdL dqtetso Odzd Is tc O daf) C HEKIPH KO, Y Is*
HEK293T_Ku80", HEK293T DNA-PKcs"d dMmn tsH dz' HEK293lizg s s § te j H j dzd
HW Wdaie@ dzi detinf toj MMmdtelz j o&3F 4 6§ dzr 9 CdzjsCOr M
dL Mkei judddy fslsde SCtdstsd d - Sdjkss.
HAWW ] o) dy§ Bziegzmdelzj 3" = 6 detse 3" sEHECIEZY
TENML, TNC TP53) wo dzw s Isfqw B &3 [H2A8], olyj . St &d
odzzlsted C dzj stsydes? Ctsdzyj delsteOydd dMmfdzjHkj dgr A
dLr a3 dej dedw o3 + CMfted Midd cJdese dL MmdMmisi i3 tej
s sMtcj Hiso Odgdetsj] o dzdw dzdj dzO  sfMisddzlsj ¢ te Oy s dadz

vOCYy | de@ByQdzsfy: ff s Os@BEIsfisigsdd Hokzyj ff sy
i #dzv ftedo dzj yj dANA-PHo OF sdzo ©djgiffidd 2 Bt telsftclz & |
C sd3f dzjtsCHfglzts® d L fNA-PK TH Ku@dd lhye j H J dzd | Bzls AN, 2 9
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WOt h O h 0 oL OKITRRHT] 2 fjla(@ SHidls € dzOtkh j dedt
6jf OOydq Hamvyoddww dO %W jClsde dgsfls! t5B&OIsd
Razls j toj dzs, Ulsts §MjoHbe dikh iiz0sIRSTEEBdaS o dds i
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Cdzj ssydy B Kejods s® IsOSCY ] ENA®A Hddivdzls wodzd 4 d O
fshisddels j 6 teOY (s dzdeddl AP YAiR Jtmom slsj & § to
B - Oded L Bse 6 clzdzv ydd ¢ tshisddlsjdtePrdiyadzs Y dz&g
I sc¢t fiyj Mho.

{t OLHj.d& APM d DNA-PKcs i Szt yjor j Cdzj stsydz j§ to
fsmMisddzls] cteOydsdzdzts?2l toj f OtcOydd 1 RY

41.1. ATM d DNA-PKcs, dztATRIzg O dz@ Hdzv Emf jh desets ff totsls
1 sOf s toj f dzdl€ ©ydd I RrRY

DNA-PKcstsIs des i d ladfyw? Mds efigj € d dzOL , sty i ff sk oAzdz'd s ts
CddzOPEH) .( s LIssdsz x4 MNP RCE) ts I8 Uzts fif vslsigvdzts H o |
toj f OtcOlsd o dar ATM ¢ 4TRP2A78]. 1 sdzc 5] 90 tzfdg%j tcOlskztcj H s
f OtOHdGe BO Mistetsets?2 MY j DNAGPHas d QTM @ € I8 dsaf ¢k te 2 dsdrC
ftedmMizlsmMisoedd Hokyjtf syj DNA-FKestlePtseR s5H¢ B3 v dzV  tzl
sOCdr fotejyHjded?2 s flzlsd dzj ¢KHES AT W dsts ¢ ts
fzlsd ¢ tditsdztse dydztHR) AT, s dgBOffde@susddcp , ( OCIsd o dtolz j |
ftoslswy jdedzg" » BHdesdzdlsjor n EyOmlsStse r1s dqdzd
26) [278]. f Hd2OC 5 Mo tcj d3j dede’ | dMMdzj Hise Oded ™ H J Bts daf
Mzsy dzj j. v tIdn SddzOL Mmkzh jMmiselkzjls  jRKgsS tej M
Bsckls Yeshistdddtss Ok! Bhdj mMkzemktOlsr , d&Of
sftcjHjdzj dede’ 7 EMmdzetsg f sALj dz' frtcdtc Quate™ @ O ¥ 2z dz€
Mdc dzOdz! dets?2 Mmjlsd, tBjMtfjydoeoOsh j2 dzgOHj Y dgr 2
[288,289]

| wORDegeld Stddzjc B &t §sCOL Ods, ybst GE
DNA-PKcs dzj f)j dzj S Is d o dzr o5 PlUiRKEE of dz@ Is ts to tsdg I dg@ dzqSdiasiy df dat
fiedotsHdl § HEGYsdddls d dtsdil 286 ) jOdzds i dasjo fOuzS
Br dzts of Hoddzzlsts i HY Sdzsy j deq PIKK-QudsdsO L  dgttadzlaslaf |
9 O dg" HdzVv te] ff d2g4] O yldlefh bolfiidizef@ o Ists oty &3W fd
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Ku7 0, =rkXJ bttOdhuEzydtelzjls wOL didl g vidzdSjdzidlsi€cdd, B
iDNA-PK (1) ATM ( 1) dzO0 L WWJCIlsdo dzsmis! HEK28® dzmH Iz
dzj dzlsd o ez pdzr d3d atjdt IsksAeMiidzd r Qcdzde’ 4 wH v | Rty
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BJjL ddededltttd. 1 0 ctcOWdSEOr ftojHMIsOs dzj dzts fr
ddzd wgbrtwjs (4, 1) dzjLOadmdh -~ + CMY jteddsj del
sftcjH] 2z &DBHL IsBEAAdG Ctstetc] Cydd 2 O ddatsy J Mise
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dizc e dlsstc® Wahi sttd dBNAPK j 21 O Isd 8 dibtikdso d W -
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Ctsdgyj delstcOydw e, O ftod Bodij of MESCdR Codyj o
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414 Rdzlsj ctcOydw odtkmdes?2 1 s Wodzw j PMWPKdgd ¢ dzO oz
ATM

H dmMfsdz! LsoaOdzdj 3 t©OL tcOB SIsOdzdztsG 5 dz0 dzd
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tcOdedzd j sOfr twlifiddh@yddjbdz® § jtco OV disHj dz
OHHdIsdoe desfls!  fdeddc diptsfotcdsjoiPsizdtxids sB j d - ¢ d dzOL I
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