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ATM ¥ » 7327 B & pb3 & O ANEH O AT

EIRK AT ANFFEBT AL B B 278 58 PTRIL 25 FORRERTJE 3BT (TAE & DA —HdD)
% T

(]

EANIM PR/ 239 (ataxia-telangiectasia, AT) D¥§H# {59~ Td 5 atm (ataxia-telangiectasia mutated) &, KA
TIFINA Y b= RBRF—ET T I =R A=k L Lﬂuwﬂm}m%l v 7 KA > b2 DNABHZ O 2155 & 10
EREARLEHE L CWD, %, ATHURIG BRI B T, TREHEIEEIIN ¥ > /37 B p53 DB D & z‘Lf wZepy
b, atm B {n-fFAYT— I‘TZ; 5 287 B ATM 13 p53 D). l‘mL’CpSi’)@{ﬁlﬂEt REMOBRTHFETLOTERZVNEERI LR
TWaD, FEAWLERE G, KL T, SEMUREMATM cDNA% IV, ATM ¥ > /87 B & ps3 DM HAEHTIZ 2w
T L7z, F9, NERIZHAZER L 72ATM cDNA’:r*f'Il&L_/vt"fE’\7 Y—FMMAIEAL, YIRS 7Oy hEIZ
IO PHENSKEZOATM Y v X7 BRI 22 L 287, ATM % > /87 B £ pb3 DFE A I DV TNk =
BILBHRIZT I A Y 70y PEFIZEICE DR LA F72, HiKIHE % DNase ASLEL L RELBRICT A Y L TR
o NI LT, ZORSIIDNAZ A E L WTEHEBRATAZ LE Lok, HIZ, MBENTHD20DORERATM ¥ ~
WO R AL, GST-ps3fle ¥ ww%&&:mﬁﬁ%ﬁm b, ATMOCHM2130FHD 7 I 7, S 2426 FHDT I /iR E
TOFEINATPS3 & OFFRIGHE IS T 58 & UCllsg &z,

Key words ataxia-telangiectasia(AT), AT-mutated (ATM), p53, binding domain, interaction

TN LR/ NN G FAE (ataxiatelangiectasia, AT) (X5 I3 <, MEHROMIER T\ RENTH 57,
PESBIER £V S N B H itk R {TH T, BRI ILRE, BBy yarirn—-or 72k, ATORNEE S
AT ZE M & 2 EEN e, F B R EA RIS K L TATM (ataxia-telangiectasia mutated) #fxT-%%, 11q22.3 i
TRVERCYSE, TSR, Qe RE, TR A S 6 MEE S Lz, HEiE T A F 25 AT d atm &\ 9 B
BE, BERBERLEYELLE CoSREREEHE T, PR T2 2 E DB S M0 - 229, atm B 15 T3 6600
AT SO 2 BIZHCH LD, RERAGOBETIZY) >3 Ty b, 12 ik (kilo base, kb) OB,
0, &Y %> (Hodgkin) #, FIMLAGZ &) ¥ HINFDONES 350.6kDa ¥ > /87 HATM % 2— F L, ffEoF v s
DS AHDTIEH AT 1001 bEw I EREShTBY, A 2 RS HEAAR L, Ta A 70)& DOW#H, DNA
BEAEOBFIT2SME CIZEMMEE I ZI VTR A BT I8 5 SIS T2 RAT77F VML L b=
7 A ORI X4 100 /\L_ LA S L S, ey (phosphatidylinositol, PI) -3 & 7 — (phosphatidylinositol-3
AEERD AT Db & TN O 54 O fE Bk AR kinase) HNHEF O 7 7 1) — {2 L T 5" " ATM, 4’—’? :
<, b oINS CLIEH O LA O S D ek ZO C AU P13 % -+ — L5 & Mo gy il s i 1)
BWABE O, ST L3 AT O RS 0 BE E R oL MIELETTVHL DO, S tﬁfﬁfﬁ‘éﬂ’(b\é. \.th

DEEIRE SRS LT A L RTRIBL TV 5 OMAE -7 7 1) —121, WERETIEDNAY, 158, DNAM

AT B4 QM E RS R 2 DNAFG R T b O1L FHH WF ey 7 RA 2 MIWEHT 2 Rad3 P Mecl /27T AT ED
ZEEPEASE <, BRI DNA &3k (radioresistant DNA MeH 12 A TELL, 24, & b CTIE ATM BGRE 1,
synthesis)?” #7/RY . FOFFHEOFMINHTH 257, i FRAP, ATR/FRP1, DNA-PKcs»$h 5.

TR T = v 7R A L DB ARETHALEZ LN TV ZhFETHEZH, ATMOBEEIZBM L TEZHETEZY
L. ZOXBIISHITHEZEIIHNA, GSH, GMBIIZbE LM 2%, ATHILZ 35 TGRS 63 % p53 & ¥ /8 7 M A
RO F ATEHEMILTIE, K&, B, FO02T708 Rl s, ATMBIETHEWADPS3 ¥ ¥ 237 HOFHRIC
AMeReFa A TREORMER L 0)%&@1*1“@&?:‘1!:%”&[%@% G LTWAARMEARMENTWD, KIFECIIATM &K
W TEE ANB S OMINIZ bR D L REBEE NI B VT ATHIN 7> cDNA % B\Vy, ATM & p53 DA ELERIZ DWW CEME L 72,

VR0 11 A 19 H =2, FR114E 1 A 11 HEZH# »

Abbreviations : AT, ataxia telangiectasia; ATM, ataxia telangiectasia mutated; CDK, cyclin dependent kinase;
DMEM, Dulbecco’s modified Eagle medium; DTT, dithiothreitol; FCS, felal calf serum; GADDA45, growth arrest and
DNA damage factor; GST, Glutathione S transferase; HA, hemagglutinin; PBS, phosphate-buffered saline; PCNA,
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MHRE L VAR
. (EFRME S O ES MG

TIfH L7zHINIE T 79 5 3 B 5L 0B 0E g ik COS-7 41
kT b, HEHEUIZ iyw«v:wwif~*wmm
(Dulbecco’s modified Eagle medium, DMEM) ([ /K, % 3)
50 ug/mlR=V ) X EAMLT AL ((nbco BRL,
Rockville, USA), 2.5y g/ml7 7 ¥/ (Gibco BRL), 2mM
Ty 3 HBASE, KBK), 10%-ME Y205 (felal calf serum,
FCS) (Intergen, New York, USA) ZifhIL 72 D% L7,
5% A AR D HAR 2B\ TITCT S T, 3112

EATHIE L B & s A L, ML AT 80% DI % HIv 72

I. E FATMBEFD I O—=> 7 L1ERHFE|ORTE

1. o #

A gtll & PRI eDNA S 4 75 ') — 14 Clontech #I: (Palo
Alto, USA) 2250 L 72,

2. 70— 7 DNADOH

1). A gtll ¢cDNA X 1) ATM O K 356 W)y 3529-4893 % PCR
(Template PCR system-Expand™ Long, Boehringer Mannheim,
Mannheim, Germany) {24 ) 7 L7z, & & |2 pBluescript I
KS' (Stratagene, La Jolla, USA)~ % % — VT EFOWH OF 7
TU—Z v IR, KRR E L 2.

2). ATM Wrhr 7788-8990 $ HExf | 3 £ YR A2 3 230 45 -l ey 2k
(eI & fE s,

3. DNASA TSN —DAZ ) ==

AT T =974 75 =%5X10'"7 95— 7 I /15cm
TL— P OWEI B &) IR [100mM B by
v (NaCl), 10mMif{b~ 7%+ 7 2 (MgCl), 50mM Tris-HCl
(PH 7.5), 0.01%€ 7 F > ] CTHML, 151 KI5 Y1090 12 A
77 =Y & 3TCTTIS MRS S &7, 0.7% 7T Hu—A
(Gibco BRL) %Iz 72 NZCYM ¥5h (1% NZ 7 3 >, 0.5% fglib—
F 2, 0.02% MgSO,, 0.5% NaCl) &AL, 15cm NZCYM 44
M LA ik L37 CCI2MEMi 2 LC 77—V 79— 4 %
B EEs. 77 —YEZ Pt — AROPTITRAN BA-S
85 (Schleicher & Schuel Dassel Germany) ZH575° L, linY
EVRW [0.5M AR ) YL
(NaOH), 1.5M NaC]J T1orMEe L 72 tk, Al {1.5M
NaCl, 1M Tris-HC] (pH7.5)] 122402 L T S 72,
S0, BUELZT7 4 7 —FWEMOMIZHAT, 80T TS
M=% 7%t 7407 —250mldNg 7 ¥ 14
— i3 Vi [6 X SSC (300mM NaCl, 30mM 2 2 > i+ kv
7 L), 0.1% SDS, 5 X Denhardt %, g/ ml AR L
T T-DNA] %Nz 65T T4y I|J7I//\4/U$’4'L'~“/
ik, TRA—TOERIET Y Y LATIA TN L
7% v h (Stratagene) # MW Tii-7z, Bk L7770 — 7%
2T, 65CTI2IE®ANL 7Y ¥4 ¥— 3 YELIfo I, 2X
SSC-0.1%SDSHA M TH I THEWw % L, 2 5120.2 X SSC-
0.1%SDS¥AH T 55 C T30 M DBk 217y, A 7I 0%
HEIRSRT2MB, VEY FOMIIZIDRA LTI ET 4 VLEA
NT—80C7 ) —HF =D TI2EMIENL, Bligzitoro.

—RAZ ) -y I BN EBE TS DT -V %

DA 7T vk

10ecm 7 b — M&H 7z ) 100 75 — 7 WLRG BLAL 00 i 6 12 SR i v

STHEMRL, KA~ o 7 Li#h FECHA 2 ) —=
/7%ﬁot.$w®f5~7%%mLTmé%%mﬁmm
Mz, MO 77—Yra—r b LCHEEL .

4. 77— Y DNA DM

WtE 77 — 207 7 — Y DNAD L HWERZHETA 70
12, Agtll &£ ATM cDNADHIREEZLE 2 FHE L, v om
DFETT 7 ~‘;"DNA7E@J[ETL’C'17”F‘/7"EI v MR,
=D 77— Y DNAL D ERW-3056 7 3 /1), L U240
D NK R 4% ATM (130230567 3 / lﬁxib £ 121393056 7 3 /
FR) 1A 4% DNAWTF 2 NRMIZA > 7L n e 1 L Al
BB ¥ (hemagglutinin, HA) #Ei# % C, 7u—= 7/~
7 % — (pBluescript I KS )&~ ¥ — (PEF-BOS, il
—HIE LWL s N YT s a—2 s S LA
&Wmmﬁkéuomem%Lt.
. EEMEICE TS ATM DRR

1. B~ s A

60mm HNLLT 2 7 ¢+ v > 2 (Falcon, New Jersey, USA) 124y
2 X 10°/mli i O B FHM (COS-7 #lliE) & 10%FCS % DMEM
Kili5ml & AT, 37T CT24MEMEEES L/, M8 A
Ziro 7z, #5794 N J7ilid Lopata 5 M DEAE-7# 2 h 5
PiEEHG £, BEEARO Ao 5% T A v Y a0
ZHT, ITX M) AKMERR M (Tris-bufferd saline, TBS) (+)
[30mM NaCl, 1.3mM {7V~ 4 (KCD, 0.1mM Y > [k 3
IR L - 127K (Na,HPO, - 12H,0), 62mM Tris-HCI
(PH 7.5), 0.49mM MgClL, 0.68mMJift7 L ™ 4 (CaCly] 7
T, 6,277 A 3 FDNA, 50 210 10mg/m! DEAE-
7% 2 b 7 > (Pharmacia, Uppsala, Sweden) & 1ml¢>1 X TBS
() BT & CHAETHEMO K- 225871 v v 212z,
ST 30 MR L 22 % FCS () @ DMEM q#h % 4ml il 2 T
90431, 37C 5% Il A MR O MBI AL, F0ik
FCS () ®DMEM K7 5ml TR LT, 2mld 10% & A F 1 &
VR & 2 N (dimethyl sulfoxide, DMSO) (Sigma, St. Louis, USA)
{741 FCS (-) DMEM K Hb % Iz T8 T 2 50 N b it U 7 #2,
FCS () DMEM 5% ¢ 2 nl 34+ # 10%FCS 75 41 DMEM k¢4t 5ml

T MR T 37C 5% bl 7 A M A O 55 BB o i AU A
L7,

2. IR ORI Jiids K QMM At i ) g e

M-1.°CHE o AU 22 & 0 AL 721 X000 > G iy £ S K
(phosphate—bufferm saline, PBS) C2Mpkif L 72, 73—k
WA AL, #IfE a2 4°C, 2000rpm, 5451 uiCs
L C1HIJJ’|J Hedd, MM [20mM Tris-HC1 (pH7.4),
5mM EDTA, 250mM NaCl, 1% k1 k> X-100 (Triton X-100),
0.25% 7 & ¥ a2 — L+ b 7 L (sodium deoxycholate, il
NAE), ImM 7 vl 7 2= AF N ALK (phenyl
methlsulfonyl fluoride, PMSF) (FIYG#i3E), 02U 7 7 += >
(Aprotinin, Sigma)] % Iz THEITHEERE (UR20PH, |
TR LR, fR) TR L 2, 4C,
12,000rpm, 20 531800 & AT\ P I % e L TRl e & 1572,

3. WAy Ty bk

-2, CH AR 200 pg E2XH > TNy 77—

proliferation cell nuclear antigen; PI-3 kinase, phosphatidylinositol-3 kinase; PMSF, phenylmethlsulfonyl fluoride;

TBS, Tris-buffered saline.
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[100mM Tris-HCI (pH 6.8), 20% % ') =1 — ), 4%SDS,
200mM ¥ F4+ A L 4 k— )b (dithiothreitol, DTT), 0.2% 79 -%€
7z / =7 — (bromophenol blue)] # % &3 DEML,
%tfﬁﬁ%%%Lt&,%ituu%ﬁUr DV IR
WV TSDS-PAGE 21T = 7z, kBIED S Ve NA F P L—R 7 1
Wy~ (HEY 235747 X, WH) ICIEE L, PBS5% A F 24
I (BENL AL B CIENBR Ty 3 v 7% {To 7.
BT, 740V 7—%PBS0.05% R FFLFL 20V
Ly rE/, 59—k (Tween20, FADCHEE, KK BTk
¥ L, —%¥ifF& L CTHA (Boehringer Mannheim), ATM
(Calbiochem, Cambridge USA), & % \ I p53#L &
(Calbiochem) % V>, 1IFMREBCTHRIEZ ¥, £D#%, PBS-
0.05% Tween-20 T 7 1 V¥ — & 3[EIMRE L 72, T RIE
ELT5ug/mIFiEETH ¥R 4% ¥ —+ (horseradish
peroxidase) #5{-HL< ™7 A IgG (Cappel, West Chester, USA) %
Mz T1IEERRCREE 887, F0%, PBS0.05% Tween-
20 TWH L, ECLYZ A% 70 v 514 r VB
(Amersham) # H\WCRIB &, 15#7 1 VA~ EHIEG
L7

V. ERTFEY ORI OFRE

1. GIEILE

M-2 & At Tl E %o, MlEffE (HepesKOH
(pH 8.0), 150mM KCl, 2mM EDTA, 1mM DTT, 0.3% Nonidet
P-40 (NP-40, Sigma), 0.3% Triton X-100, 1mM PMSF,
10mg/ml 7 72 = 0] 1288 L 7-Jlis 2 ki T OB E st A4
HEEHCTHML, 4°C, 12,000rpm, 204;MFE.0 L 72,
LHIZE Y O U PR BAGRED Img/ml 22 A & 1I2NZ
T, 4 CT2RMIE &7 %I272F 1~ G-Sepharose
(Pharmacia) % MZ 4 CTI2BEMKID LAz, KiGts, MIREH
MEAMBESEL, 2XF TNy 77 —%%BRML, SDS
PAGE #7718, "L A¥ > 70 v T4 T EFTolz.

2. % 87 HEHH AV O (GSTHusion %)

)., Z“W¥F4+2S+7 A7z 7 -+ (glutathione S
transfrase, GST) gl & % » /787 B OEH

BN 4 —PGEX-2T & %\ i3 PGEX-3X (Pharmacia) %
WTHMODCDNA%Z R ¥ — 27 L—L&xfAbeTH7ru—
ULl BeNTIAI N CREEREN I KGE
HB101#k% LBHsH: (pH 7.6) 10ml [0.1g b 7 ¥ (FI3EHZE),
0.05gRET % 2 (FISEAE3E), 0.05g NaCl, 100 xg/ml7 > ¥+
VU] RC37C TSR L2, 20 5mIEFEE % LB b
100mIDA 27277 A2ZMA T, 37 CTTH2MEMETFEL 72,
FO%1/1000FE D 0.2M AV 7O EN-3-D-FFHF T 7 MK
7 / ¥ F (isopropyl- 3 -D-thiogalactopyranoside) (%%, AE)
BMAZCTGST-RE Y w3 OB EL 7o/, 37TC T4l
FHEARIE DR 4°C, 6,000rpm, 10530 L TAMH % [
WL, 7Ry 7—¥{ k¥ — [protease inhibitor (4mM
PMSF, 0.2U7 75 =) ] #%&$ PBS 4ml THGIIEE L
T, BEWRMEWER (FA NSV, M, 55 2 v
TI0RMIMERE L 721212, 30ROk LK) % 17 9 4 & 5 [0#
& L7z, % D 10% Triton X-100 % 400 102 4°C, 7,000rpm,
04 Ml L T REFERBUN L 72, EIYR L 72 i I2 PBS TR
Ll Ny FF 7 H0— R Y — X 4B (glutathione
sepharose 4B, Pharmacia) % 100 p 1% 4 CCHEE & &7, 28
M#%4C, 1,000rpm, 30F&E.0% LT — A% bk &¢, PBS-

0.1% Triton X-100 T4 %% L, S HIZPBST2HEEEE L7,
BoONITGST-RIG ¥ » /87 BikE % SDS-PAGE (Z THEHT % L
7.

2). cDNA X Y mRNA O ERE NS

T3 77— 7UE~¥ — %D pBluescript I KS 1247 %
O—=>» % L7:cDNA% cDNADEIL I F O TFTHRICHEET S
HIRREE R ERAL I TUIMT L T, HEIRDNAE LT, 72/ —
ey -V THEE L. 205 4glZ RNAEE
i /s vy 7 7 —% » b (RNA Transcription Reagent Buffer
Kit, Stratagene) # Nz, AKT50 12 L7z, 37°C T 1R
BE W E 7z /L LTy 2 — Vil &
O mRNAD Lg% B2, Foikigs gy =5V (diethyl
pyrocarbonate) MLEE % fig L 72K LEHEM E T—70CI
TIRAEL 72,

3). ¥ Ny EAORERE NN

BQHEER L2y YN RO L I L TREEENTAR L
7:. mRNA%, 74 FHRFMERBELE S AT 4 (Rabbit
Reticulocyte Lysate System, Prornega Wadison, USA), L- (°S) #
FA =Y (B, KE), 73/ BESER (Met)
(Promega), M U'RNase {/ ~ & ¥ # — (Pharmacia) % &K
RGNz, 30 CTIRBEIE S 7. L7y v 80 H
BRI E CTT0CIZTRIE L 72,

4). GSTRLAE % v /87 Bkt

GSTRIE Y v IV BREAEEI VY FF o THO— A —
X6 gl ZHBERBR L5 v 32 B 10 pl 2 2, #BAEA
[50mM Tris-HCl (pH 7.5), 150mM NaCl, 0.5% (V/W) NP-40]
T500 L1l b7, 4C, 2HFMEE L 227, 1,000rpm, 30
BEl L, BEHRATEY - %23@EEL7z. F0H2XY
TNy 77— EERIEALT, SDSPAGE % 7o 7. k&
T EEEE (A5 /= FDEHEE) 100ml], BRER (FoBHEEE)
20ml, &P AK800ml] CI5HBEEEL, &5 MW
(Amplify™, Amersham) TI15 M L72fk, KU 2 s €
T—80CTCI2REB T2 DA — 99 F T 74 —%fT>
72,

V. DNase A DLIE

M-2 & [ EED ) d:CMIE % B LT, 0.5ml A% il
[50mM Tris-HCl (pH 7.4), 50mM NaCl, 10mM MgCl,, 0.2%
Triton X-100, 0.3% NP-40, 1mM PMSF] 1220 ;1® 1mg/ml
DNase A % I Z C 37 C T30 MG &£ 7%, Likz kil
L B ETUEEY LT, YAy THY T AT
o7z,

74 &

[. ATM % > /87 EDORE

ATM D4, KU MO N KK ER [1302-3056 D 7 2
J BEECY) & 21393056 D7 3 /BRSO Y, FhEhE
ATM (1302-3056), (2139-3056) &5 5] D cDNA% N #K il
HAE# % OB~ ¥ — (pEF-BOS) 1Z#AAA T (H14).
SO ATM BB AN Y & — % COSTHIMLICEA L, #DRH %
HAPIEE WA Ay 70 vs 4 v TR L. F0
fER, FRFN350kDa, 193kDa, 101kDad N> FAsf &t

SHEERLE LTEOREANY ¥ —F Az aicid e §

i & hid o7 (®1B). FUREHIDWTATM @ CK b

FRETER) s u—FARELEHAVTYIIAS Y7y T4
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PI3 kinase domain

HA-fIATMwWt 1 Wsoss

HA-ATM(1302-3056) 1302

g 2056

HA-ATM(2139-3056)

2139 s 1056

1 2 3 4

IB: anti-HA

Fig. 1. Expression of the full-lenghth and truncated ATM
c¢DNAs in COS-7 cells.: (A) Diagram of the full-
lenghth (fIATMwt) and truncated ATM cDNAs cloned in the
HA-tagged eukaryotic expression vectors. ATM proteins were
named by using the number corresponding to the terminal
amino acid residues. Black square boxes represent the
catalytic PI-3 kinase domains. (B) The HA-tagged ATM
expression vectors as indicated were transiently transfected
into COS-7 cells. Cell extracts were analyzed by
immunoblotting (IB) with the HA antibody. Lane 1, empty
vector; lane 2, ATM (2139-3056); lane 3, ATM (1302-3056);
lane 4, fIATMwt. The arrows indicate the bands of ATM
protein with expected moleculer wight.

A

IP: anti-p21 anti-p53
3 4

1 2

IB: anti-HA
B

IP: anti-HA
IB: anti-p53

Fig.2.  In vivo association of ATM with p53. (A) The ATM
expression vectors encoding ATM (2139-3056) and ATM
(1302-3056) were transiently transfected into COS-7 cells. Cell
extracts were immunopreciptated (IP) with either p53
antibody (lane3, 4) or p21 antibody (lanel, 2), and
immunopreciptates were analyzed by immunoblotting using
HA antibody. The arrows indicate the bands of ATM proteins.
(B) Empty (lane 1) and ATM (2139-3056) (lane 2) expression
vectors were transfected into COS-7 cells. Cell extracts were
precipitated with HA antibody, and the immunoprecipitates
were then analyzed by immunblotting using p53.antibody. The
arrow indicates the band of p53.
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Y TERIT, RBROMRE B (7 5 RIEH).

. #MARARTOATM & p53 DIEEEER

MMM TATM A7p53 L HER AT 52 &) 2 % RIE LI
2 X DE~7z. ATM (1302-3056), ATM (2139-3056) % #lAA
ATZATMBHANZ ¥ -2 FNFNCOSTHIFIZEA LT, B
70— pS3 PR E S pl iR R TRELBR L. 20
RIEILE L7z 4 v 87 B % SDSPAGE (240F, My o — ik
HAZHWAYZAY 70y 54 7 THRITL7: (D24).
O3 AR VTR LBy Ry T a5 4 v
THHIZ LD ATM O3 FHRRE Sha2%, p2litfkx T
ST L 73R IS HARMAR & KIET 2 ATM @28 > AT
Ehzdorz M, ATM (2139-3056) FBN 2 ¥ — % COS7
M E A LITHARU R iV TRIELE L, pS3iifkE Hv
TYLAS Ty T4 TR T8, pb3D /Ny Kok

A
Bibding PI3 kinase
domain domain p53
ATM 1 T Binding
ATM(1302-3056) +
ATM(1302-2426) +
ATM(2139-3056) +
ATM(2136-2840) 2139 2840 +
20%
input GST GST-pS3
7~ 7~ 7~ 7~~~ 7~ ~
$ § £ 5% §§
28 8 8 88§
2 8 8§ & & &
— v — b -
o~ o o &) a o
s 5§ 35 35 53
= E EE EE
< <« < <€ <« <
G
44—

et (H2B). LRIy, A TATM O CKintH
BEALT, ATMIZps3 L ME/EMZLTwA EEZ bRz,

I[. ATM & p53 DA BRI DIRTE

ATM O & DEIEAIp53 & DIEAITLETH B2 a REBEENT
GST-Bi& s v 8 e Vv THE L2z, ["S] -2 F4 =
(methionine) THE#H L 72\ D DRERATM 2 HEREN ¥
YR BEWARTERL, p53 (13937 3 /R O GST-RI4 ¥
PO BHERFIRT, BEEF (H3A). FOKEE,
ATM 0 2139-2426 7 3 / l & GST-p53 DA 21T /3> KAk
WaER, FRIIHL, GSTY Y37 DA TIIEEERTN
YFEROSARD -7 (M3B). & 5612, ATMASp53 D £ D4
WEREAST B0 EME Lz, p53id NKIEDIEEEMAL 8 2
£ (111017 3 /F), RO DNAFE F A > (102292 7 3
/M), FLTCKRBmOWRAEER N A1 (293-3937 3 /1)

C

GST-p53N
GST-p53D
GST-p53C

o
wn
o
ot
7
&

-]
g
tg B
S o
S )

i —

Fig. 3. Mapping of the p53 binding region in ATM. (A)
Summary of the mapping of the p53 binding domain in ATM.
The full-length and trucated ATM proteins were named by
using the number corresponding to the terminal amino acid
residues. The binding data were shown on the right. PI-3
kinase and possible p53-binding domains were shown as
dotted and closed boxes, respectively. (B) The truncated ATM
proteins were translated iz vitro in the presence of *S
methionine, and were incubated with GST and GST-p53
proteins attached to glutathion-conjugated agarose beads as
indicated. After binding, beads were washed and bound
protein were analyzed on SDS-PAGE. The arrow indicate the
band of ATM proteins. (C) ATM (2139-2840) was translated
and labeled with *S methionine, and then incubate with either
GST, GST-p53 (amino acids 1t0393, complete length), GST-
p53N (amino acids 1t0101), GST-p53D (amino acids 102to292)
or GST-p53C (amino acids 293t0393) as indicated. The arrow
indicates the band of ATM protein.
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A

PI3 kinase domain
HA-HIATMwt 1 e 056

HA-ATM(1302-3056) 1302 e S 3056

HA-ATM(1302-2740) 1302 mmsssessesassrsuses 2740
HA-ATM(2139-3056) 2139 s REER 3056
HA-ATM(2662-3056) 2662 =R 3056

C

no DNase A treatment

i |
1 2 3 435

IP: anti-p53

IB: anti-HA

Fig.4. In vivo binding between ATM and p53 is DNA-
independent. (A) Diagram of various truncated ATM ¢cDNA
cloned in the HA-tagged eukaryotic expression vectors. Black
square boxes represent the catalytic PI-3 kinase domains. (B)
Expression of transfected plasmids was verified by
immunoblotting with HA antibody. lane 1, empty vector; lane2,
ATM (1302-3056); lane 3, ATM (1302-2740); lane 4, ATM
(2139-3056); lane 5, ATM (2662-3056). (C, D) Cell lysates were
treated with (D) or without (C) DNaseA. Cell lysates were
then immunoprecipated with p53 antibody and proteins bound
to p53 were dectected by immunoblotting analysis with HA
antibody. The arrows indicates the band of ATM proteins.
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Abstract

The protein encoded by the ATM gene, mutation of which causes the autosomal recessive hereditary disease ataxia-
telangiectasia (AT), belongs to a family of large proteins in the phosphatidylinositol-3 kinase domain that contribute to
maintaining genome stability and the cell cycle progression. AT cells have been reported to be hypersensitive to ionizing
radiation and defective in the post-irradiational induction of p53 proteins. It is suggested that ATM functions to activate p53,
which then induces the CDK inhibitor p21. However, the precise functions of ATM are still unclear. In this study, we cloned
full-length and truncated ATM cDNAs into an eukaryotic expression vector and examined the possible interaction between
ATM and p53. The HA epitope added to the amino-termini of the ATM proteins allowed specific detection of the transfected
ATM by immunoblotting and immunoprecipitation. The full-length and truncated ATM proteins were transiently expressed in
COS-7 cells, The expression of different ATM proteins were confirmed by western blotting analysis using both HA and ATM
antibodies. To investigate the possibility that ATM might interact with p53, cell extracts were immunoprecipitated with either
p53 or HA antibodies, and the immunoprecipitates were then analyzed by immunoblotting using HA and p53 antibodies,
respectively. Cell extracts treated with DNase A were also analyzed as above. The results indicated that the ATM protein
binds to p53 in vivo, and this association is not mediated through DNA. Analysis of GST-p53 binding to various regions of
ATM translated in vitro suggested that the core specific DNA-binding region of p53 interacts with a region of the ATM from
amino acid residues 2139 to 2426.




