BTG R 11 X D B RESF e gL L 7o X 7 il

SUERREE R TE v 8 —

VNN A~ G5

Nijmegen Breakage Syndrome (NBS) is an autosomal recessive disorder characterized by chromosome
instability, defect in repair of double strand break and high incidence of lymphoid cancers . Here, we show
that NBS1 is recruited to telomere ends by alternative mechanism, in which NBS1 interacts with TRF2,
possibly through telomeric DNA, and forms discrete foci in ATM-independent manner. This is demonstrated
by the evidences that NBSI foci are formed in ATM-defective cells, and that both NBS cells lacking FHA/
BRCT domains and S278/343A clone, mutated in ATM-phosphorylated sites, can interact with TRF2.
Moreover, C-terminus of NBS1, MRE11 nuclease-binding region, was essential for the interaction with TRF2.
It is consistent that NBSI lacking the C-terminus was failed to elongate the short telomere length in NBS
cells, although transfection both with full length of the NBS1 ¢cDNA and of the S278/343A ¢cDNA restored the
telomere length. Furthermore, the short G-tail length of NBS cell line has not changed significantly following
transfection with NBS1 ¢cDNA lacking of the C-terminus region, while the full length of cDNA complements
the G-tail length. These findings suggest that NBSI is recruited to telomere by MRE11/RAD50/NBSI1
complex formation in ATR- and ATM-independent manner and is implicated in telomere length maintenance,

possibly through G-tail regulation.
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NBSI &S X %71 A 7HEEHERE - NBS L ON AT )
REFMB D52 T 0 * 7 Eki% TTAGGGY ¥E— 1+ %
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T U X7 REEMOR N A BT 5, v T, NBSHi
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KTA v Fa2x—1F L, ZNF anti-goat IgG-TRITC
& anti-rabbit IgG-Alexa 488 TH#tt 45, F7-, Hiluz
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V2BV Y 62T A% 55kb D7/ A DNA
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%o Nbsl DKL XNV TOFRBEFT DD v 777 b
<~ AEVE#T %, Nbsl DF Y ¥ 2312 PGK-neo-
poly A/HSD-tk ¥ =47 F 4 ¥ IRy ¥ —HEAIZL ) XV
ZRERESHINLAZ B 5, COLERESHND Y —7F >~
IRy & —% Cre-Loxp T L7-filed 2 Wik Lz
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7% NBSI 7 + — 7 AW AL LR, 74— A
Mo SHicBWwW TR Nz, T2, Zoic—%
LT7a X 7% TRF2 & NBSI 25fA L TWwABZ LS
IP-7 T 2% VEIZ L ViR T & 72o DNA 515 T3 NBSI
EHDOEGIHA~DY) 7V — M ATM AP S5 LTw5
DT, ATM 3K L T 2 AL 55 P 3 B 2 5 i
oz HWTSHToFa X 7A®DNBSI&EHD) 7 )V —
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BT EDVHIH L7z —J7. NBS1 & TRF2 OAKHNTOHKE
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72 NBSHIE L D HH80% BN EVSHLNICH - 72,
FURAT 70— 77 G-tail DAIZ Hybrize LTWAHZ &
IZ, MBNALELIC X DY DY 7 FURHER L2 &
W2 & )RR T & 72,

R L XV OB EZ KT 5 72912% 7 A Nbsl #fx
FOIFVVAPKES =Ty Lizxy A O
WEE2WR L72e =7 TV IR 5 —NEFOTTID)
v 77 k< A TIENEE 85 A THILIC R 5% Hilkk
EB I CTh o720 THIZHT LT, Cre-Lox 2L D %
— T IRy =R\ ) v 2Ty by ATIER
A 35 HTHAEIZZ ), ML D A TRETH o720 W
D)y 7T RITADENE Nbsl @ C RKHEEH DB
IZHHDT, kb NBSHMERERIZAERFITIECRKMET A
VETH DI IR INT, —TF, IEFEMBA— A
THFRATTT APERINIE LT2e DY ZLHIE
7a7n) v O T RERIERK L & e b NBS B3 DR
FERZ B9 5 & 3RS, UG R ISR ES RN AL
LCTIEE~Y 7 AL CRILEmE R L. $720 20
XY AP ST L7 Nbs =7 ZM1IE. & b~ ZA5
L RBEEOBEMEZEEZ R L2, 20720, THXTHE
81 TRF2 & NBS1 & O EAEH % it L7z, fayEdt
LR IO 7 5 — 5 AT & % K RAEIE NBSL &
TRF2 (& SHIFMNCHEAEH T2 2 L 2R L7z, NBSHl
BClE7a A7 G-tail MW £ 25, NBS1 & TRF2 7%
G-tall DIER L T H XA TZEICHEREL TV bbb,
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Nbsl /7 v 7 77 NI CIE B (AR 2 fEAMET L
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direct joining & micro-homology associated joining ®\»
IND NbsHIlATIZIEE TH S I MR SN, T
T ATM R3ED AT M CTRE ZMAEMRZEEET S
25, 3EHHIF DNA KR aRIEE THAH I L L —HT %,
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NBS ZEBELIC AT ONY 7 ¥ MIAHEHEINTE 72,
FEBE RIFFE TR L7z & 5 ICHUEHREG o B #EIxT L T
AT R UBERBORIEEZ R L. L2LEASL, T
ATHERFICEH L CIZATHIILTS NBSL 7 + — 4 AT D
BEPR SN, 72, NBS1 ® TRF2 % hMrell ~®
FEA D IEHE AN & MR SR cBlgi s, ok
5 Eiko> DNA 85 & B> T, ATM A NBSI & [/ —
DF AT HEFRETEELTVWS EREVEVy, T
THEBOLGEIIIROAREOE T S ET O AT TiEZ
LHLTHY., LadZ2I2id hMrell/Rad50 ASHiE)E
MEBELEUTHALTWSAZENADBE A MY H2AX Y VR
BICXBEADY 7 v— b PRETRVWERDNS, 70
AT HEFRIZNT BT 7 ATM OREREIE. T 5 HDJEEH
TT U AT HEM L7 % 7 R b= AHET 5251 T
Hbo THEMN—VAFLEIZIDNABEGEICB TS ATM
DOEERERTH ). AIFZED A THIREZ M L 72 25k
RELFH LBV LAL, ATM OFREARET 2 TELL
BT URATHRFCTHELREEZ LTWAEEbRTV LR
BTR7R M= AR SN TN ER 6, E51C
WL T 0O A THEFFRREDS ATM ICIFfET A L b b,

TH AL —AEEO v e MO CE ZSH I
SRR T O AT AT AN THA L= AEEE AT

HAALAIL T, S HIMIIC G-tail # 794 ~—IZF7 1
ATHERETAHZENRMENTVWA INE—KL T . F4x
DFERIE NBSI 25 Gtail BRICEETHDH &, 2L T
NBS1 25 TRF2 & S I HEAEREZTRINT A L 2R L
720 NBS1 @71 X 7#EFREREIE S WIWIIC G-taill Z ER
THIEDRBINSED, ZOFFEMIEIAHTH 5, Fx
X BELC NBS1 255 %6 DN A Z B 8H Y 7 o it A
BTHLMEAMBEZICLETHLILEERLTVDLDT,
AR 2 7 522 AL HLBH DN A JERE & Al Bk O 4%
RS X BB IR S b0 Gtail IZFmARER GG D T
loop DR G ANVT v FORHICHHEELTWBEDT,
NBS iz B 5 2o O 2sfizLE i co 7o
AT HEFRRE ORI D e hs 5 LHIfF S LD,
FTADPER L2 HED ) v 779 T 2D b,
Cre-Loxp T Neo #fEFZkw/za v 2 b5 27 b T3kt
Ao < Ml (E35 HELHD IEBEIC R 5 720 TRATHKH
LT Neo BIEFHHEET AT ATIIALTY E70~ 8
HEEAFWHETH o 720 HBHE TIE Nbsl O CEKPFEH LT
WD EPHERINTBY., CRMOFANEIIKE R
WBERITT AR KS e FF Y Nbsl =75 4
YT E VBT CIE Nbsl 3y Fyaf=v ok
DOHMEMBEZ DEATH L LIRENTZ, TDMIE
EERMAY E L TORBEORE 2ENTH LD, BEIZ
413 Nbsl CRKMMAX 7 L7 —¥iGtk%# 435 Mrell/
Radb0 & DHEFICHETH A Z L 2R L7=D T, FHFHL
a2 OFINCLEE R 22 1 ARG DNA SR Vw2 & 28
Nbsl O 2 GER I LN TOIEITED L L b
Nbo ftoTTa X7 HEFFIZEE S G-tail D —K
$ DNA 2> SHERL S5 O T Nbsl & 70 A 7 O S H 4,
ZLTHIRENTFRL RV TOELDOERTH B L%
Zbhb, ATM % DNA-PK (Ku70/80) id 2 k> ®
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NBS1 @5 1 X 7 R BT 5 58 2 AT U 72k #.
NBSI1 &HE7a X 7H#i4& ¥ 7827 TREF2 &£ 570 2 7
MCHRBET S 2 EARBEGREEICL DRI NI, T/
NBSI #iifk & v 7z iz 3tpb oy =2 > 7a vy Mt
1. TRF2 & NBSI #HICHA L T3 2 L 2SR S
nizo ZomEa MR EcSHmHlloTra X7
MRS B & —3 L7z NBSLIZX 27 L7 —HiEMH%
£ 9% Mrell/Rad50 EHEREZEKT LI b, 70
AL =X B 70 XA TIERICULELZ—FRE DNA O G-
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tail Z e L72& 2 A, NBS Mg CIZIEEMAZIC i L T
WA AL, —H. NbslD/ v 777 b< o7 A
EOMHEDOY =T 4 v IRy = TR 724
H. Nbsl & C KMAFHH L2 ESHMCIIEETS H E
THE LD, XVERED< Y AT 3.0 HURZIEAS
THK U720 Nbsl @ CREFEBLDOZEEARAD & 1AM kAS 37
ASUTHE T BB & RO RGHREZ A R L7z, F 72,
Nbsl OFFPER & ZBEKP SR S ND F XT3 AT
FIEANERMERRIE., # LT~ A R s i s
BV R O R h ARG & ¢ MEBERBOREIRE
ELTHREBBITICAHTHLZ 2R L. —H, FF
B flfaH sk DT40 Mifa % HWT Nbsl % —7 51 ¥ 7
AT o 7oAE S MR 2 fE B ER 0 1/100 DU IS T
LTwWabZenbH, ATM [AARIC Nbsl (3 AH AR 2 B2
DEUTHLZEDPHH L, LELARDS, 7u X T
FCH L TIZATHIE TS NBS1 7 4 — 4 AT B s

Ao, 72, NBSI ® TRF2 % hMrell ~O#E&
IEHHIN & FERC SHmIcCHZgsh, ZoZthst
> DNA 845 & 87 5T, NBSL 25 ATM & i
T X THEFEREE A L TWD I EAUREBE N,
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