=7 NUDT40/ifaZ H\/=F = v Z K1 > bEEHE
{£FRad9 D& M 12 B 3 2 FGd

B&5:jpn

HhRE

~FHH: 2017-10-04
*F—7—NK (Ja):
*—7— K (En):
YRR

X—IJL7 FL R:
FiT/:

http://hdl.handle.net/2297/4524




290 FRAFETEEFSME F111%5 $£65  290—299 (2002)

=7 MY DT40MBZ H W2 F = v 7 RA ~ MEEEEF
Rad9 DT E = HEICEE ¥ A fRET

SRAZERFREEF AT AR EREN FELRRMEZ RS
(IBFREES © HUHREESE)
(FE1E © BIHEBER)

HFOOF E

o)
Py

SFELEERE\C BT B rad9 (radiation sensitive) BIZFIEMESHRESHER K S RIE SN LEETFT, FOLRBKIIEY
BETE, %5, DNAARMHEH ThHha L FOF Y REICH L TEEBSEEZRT. €0%, ZORETIEDNABBGIZE A4
BEBFzy 784 MIEHZ I EMREN, ELIIREIZEN L P2 EOCEEMYAIEIIBNTI O rad9 RS 4
TAHREFFREENS. 22T, BEHWHEICBITE RadIDBEEZ M TAENT, FA =7 VY B v 8klkD
WA TH 5 DT Z HVTRadI®D /7 » 7 77 b Rad9-/-HIf8) #{Ed L7, F9°, EbDORadI L 7 3 /L AN
T54 $OHAKELZFED, =7 M) DRadILEZ LN 5 DNAZH. RICENDNAREL Y/ LOEHEREF2FEL, =
sV b4 POy OBERRER, L7V O1EPL IFLEFRMEREFICTERLY - v F 1 v IRy =05
L7z, 3> 7ay FRITICTERM A 2 A5 U7 ila% [[%E L, RT-PCR#E:ICTRadd #IZFDRBHF AL AanT &%
FEEE L7, 85N 7:Radd-/-IHDBEHEKSHATARD 20, I0 = — BB TEBBETOEFRERD 2. Radd-/-HilL
WEFERIZESN, EREVTROHE XM L TEREHEERLZ. LEL, XBICKH T AEERERF 2y 78, ¥ b
DEERRTILFHL ML Lo T 5BATM (Ataxia Telangiectasia Mutated) @/ v 7 77 bl ATM-/-HIE) & 5 &
BEHIEIEDL o7, —F, B FOF Y RFEICH LT, Rado-/-Hil LB AR W g eR_ L, 374, X
REHZRICFIRE~ETL MBS 42 REDTRAHENEL, GIF v o84 ¥ MEEICB L COME£To7. W
ERITHE, XBEHZ2EME CORPOMBIZIZE A LML RD2 - 720128 L, Rad9-/-{IlE Tk ATM-/-Hla & FARRE
FERAOHROEMERDL. IO OFEREPS, Rad)IFHBERELE, SEHYWMICBELTO XM, H4H, v Fox
YREFITTAIBREMHICHEEL, FAXBICHTAMBERF 2y 2R S 2 MEBICEELRE S R I EARE SN

Key words Rad9, cell cycle checkpoint, radiation sensitivity, ATM, DT40

AR EEERGHR & BT L7 &, MREERIEE VOB
EVRONDIEFHONTELYD. Zhid, BERNHR
SRICHBEEHOGLE» L SPEADET, HBVIIGH, S
ME~OETIBEEST 2HRTH S,

A, ZORFIIMBEARF v 7 B4 eI BEIZT
FHBASHB L) iChorz, ThiE, BERBSHELEICEST
DNABEGFELGER, GZHICBOLTDNABESKRTLT
W WIEE R EIZ, SEHRMEPENET L CHIBATEIER 2 Ik iE
27 b 2 & BT 5 7280, DNABBOEES DNABEREOR
BEEHATIBELZIOhTVEDY,

HEFBEEGR O HER I TR ST RS ST 5
HIEZF & LT, rad (radiation sensitive) E{EF & IRITh 2 —&
DEEFHFHFETEY, 20 L5UBBICTRBEELE
radl, rad3, rad9, radl7, rad26, husl (hydroxyurea

FR144 9 A 26 HAS, FRI4E 1121 B %HE

sensitive) D622 L Tid, LEOMIEEEF 2y 78, >~ b
KHELDZEFMENTNE?,

INLDWMETFN) brad3ix, b MoBVTHRAMEEET
5 BIZTHFRIE SN, ATR [ATM (Ataxia Telangiectasia
Mutated) -and Rad3-related] & & 1T S5 TWAEY, ZOATRI
F& L TENHIC L 5 DNABGE R DNABBER IS5 F =
VIRA Y MIEbB L SRBEM, F7:) rad3ide FOEM
M TERREM NN T (Ataxia Telangiectasia, AT) O R &IEZTF &
LTRZE SN ATMY & bl - ﬁﬁfﬂ’]b’ﬁﬂiﬁ%ﬁ?‘iﬂm
ATEZ OISR SRIC 0 L TRt s R oWe
P, ATMIZHEHRESSEICHET 2 &8FEF & LCEE ‘éﬂ
bR, ZOMBIEEEDNABE F=v 7RIV OR
FERL, ATMEF = v o B4 v bOPLERE EECTE
FEFEEZLRTWDY,

Abbreviations . AT, Ataxia Telangiectasia; ATM, Ataxia Telangiectasia Mutated; ATR, ATM- and Rad3- related:
hus/Hus, hydroxyurea sensitive; PCNA, proliferating cell nuclear antigen; rad/Rad, radiation sensitive; RT-PCR,

reverse transcription-PCR
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FOMDGTHREED rad BETICE LTD, radl, rad9,
radl?, husl T MZBWTHRAMAAT2EETFFRES L
% OBIEF W IEF £ hRadl, hRad9, hRadl7, hHusl &
HETENTNBP 8 =3 L hRadl, hRad9, hHuslit#d
BIZHETHZEIRENDD, $-7 3 ) BRFI O ¥ a
— & —HRATIC & ) DNAMR - SEMEREE T 2 ik
HZHE (proliferating cell nuclear antigen, PCNA) & #8912 48
PLTOBZEMESNTEY D, PCNAL AR, =B&%
BRLTWAAREMESREEN TS, F/-hRadl7 i
PCNA D) X |2 VB 2B E T C (replication factor C, RFC) @
7Ly b LTERTAEELZLRATHAED,

IDEFEF 2y ZRA Y P RaABEHEGELOBIETEE
IZIRESATVAZ EDW S hot0, MIKERF
ZHEA Y MR BA THRFE STV A Z LRI EhT
Vb ST, BHEBYICBWTINS OBETED T AR
FENEATON TV ED, FOBECELTREL L HH
2TwiRw, 22T, PHREHORadEBHEND—2TH 2
Rad9iZBI LT, MBI BIT 2 BRSSP 5 - v
TRA L PN OREE RS & L.

BETOREERRLTHEELT, 27927 by 22
KENBBET/ v o7y MEYFHD, Thik, MR
DNAWF 2B A L7286, ZR &I & LR S % o e
R DNA & OFTHIFM A Z 28 Z THAHAARL & v
BREFALC, WEnR{ETE /v 779 bTAHETHA.
B OBET- % BH LB WIREIZ Laga, Bkruse
KL L AL CORBRAUFET & JRED LY IZELT B0 %
RaZLT, 20OMEFOBBERNTS I EPTEE LS.
UL, —fs S B Gl B At Z 2SR I/ o L
MELBWVWIEDNL, BETF/ v 277 bPREETH BEEDT
L,

FITEE, MEF/ v T MNETIEE, =7 F)DOB
)y SERBEOHIIAHTSH 2 DT M L {HVWHNE LS
o 2®2 0 ik TIE, SSEEA T —, A
AWK E GBI B0, M|EF/ v 777 b ILEHE
BATH T AT E, BETOBBMBATAIT VR TVEWVIF
HEED,

4REFE 4, ZODT40MKEHVTRadID / v 777 Ml
ORIV, SSBHINEIZ BT 5 Rad9 o R US4
RPHIIERR T = v 7B A 2 PAOBE 2 HRE L.

s L UHE

I. Rad9/ v 77 MERRDIER

1. =% 1) Rad9 cDNA MWK DR

DT40 EST (Expressed Sequence Tags) ¥ — % X— X
(http://genetics.hpi.uni-hamburg.de./dt40.html, Hamburg
University, Germany)® {2 T Rad9 % ¥ — 7 — FIZBFEZ 1T\,
¥ F®DRad9 (hRad9) &7 I JEELANVICTHREEZET S
711bp @ cDNA clone (AJ398269 dkfz426 Gallus gallus cDNA
clone 5¢5rl) DIRERT 2 B/7-. FORFICEITE ST 4
¥ — (5’-TCACCATCCACTACGATGA-3",5"-
GTAATGGGTCTTAAGATGTGGC) %=L, AZAP
I (Stratagene, La jolla, USA) # 7 0 —=r Ry ¥ —L L7
DT40#§2 0 oligo dT cDNA T 4 75 V) — GEERAZERAHREIE

FEHE RER—-HE L DES) 2SR DNA L L TPCREIE
TfTH T LTk, ZODNAKTH O—EB (637bp) B/, 7
FAR—ERIEY = vy M GEED) IZKEEL, PCREUSIX
Expand High Fidelity PCR System (Roche, Mannheim,
Germany) ¥\ 7z,

2. cDNAGA TSV —DARZ ) ~=2 ¥

B 5 N7-637bp D DNAKIH % 7u—7L L, LiDcDNA
ATF=TF4 77— LU TFTOFEITTS—on,1T
VT4 ¥ =2 a ilEBA7 ) =20 T %ffolz, TF—KX
7)== 7 & LT, LB (Luria-Bertani) ¥ - TIRESEE L
Tk A M KRIBE XL-1 Blue MRF’ 1Z3F L, 7L—h1¥dHi=bh
5X10'PFUL %25 L) cDNAT A 75— 7 7 =Tz
2, 3TCKTISHMA v Fax—Sar L V7 7HE
—A%Mx, 5O 15ecmELB 7L — b EICFER R
37TCIZTIEHMA v ¥ o~ 3y LT 5—2OMBEHA
%, 7L — b 12 OPTITRAN BAS 7 1 )V # — (Schleicher
& Schuell, Dassel, Germany) # ®4, &7 L — b2t L 2#
DEE Lz, TUhYEYE - PROE UVIOR) v h—
(SPECTRONICS, Westbury, USA) (= THR%E L 7.

k12637 bp ® DNAWFH % Prime It Random Primer Labeling
Kit (Stratagene) % FlV\®P-dCTP CHEIM L 721k, N1 7)) ¥4
Y—aruffol, N4 7)FL4¥ - a B (6 XSSC,
5X TNV MR, 0.5% SDS) (ZEAERM: X0y T DNA
0.lmg/mlZ MMz, G5CIZT2HE S LN TN ¥4 ¥ -2 =
YL, BEMLAT R —7%MNA 65TIZT 16 KM FKIE < &
720 FNEFN2XSSC - 0.1% SDS, 1XSSC - 0.1% SDS, 0.1 X
SSC - 0.1% SDSO#LEHIC T3 D %k %, X7+ VAEH
WTTOCIZTIORHEE R LA — TV 7T 71 —%1T0, 2
WMDT 4Ny =L 2B THEOY 7V EE.

EBEY SV OTT— s 2L, FREFNSMES
500 L LIZHEMME, 7 OOFILAL0 L1NA 7 7 — VBT E
L7, ZRAZ ==y 7T, 100ecmBFEOLBIL— biZ
BEBEO 77— TELLICL, FOME—KRAZ ) —~=
YT ERABOFEITIT ok, THREVTRTORES 7
MELILD, CRNLOBR—~TF— 7% —RA7) -0 7D
P & FREC B L 7.

3. =17 ;) Rad9 cDNA D f##7

BONLTEDTT— 21, WFOFEITEFLERT T A
I MR LA, F97, LBELIC CiRER#E L o RIGH XLL-
Blue MRF’' & XLOLR % # 1LZ1 10mM BBk~ & % 2 7 LB
200 . 112 %% L, XL1-Blue MRF'HIZ EEED 7 7 — P40 11
& Helper phage (Stratagene) 1 1% %, 37 CiZ T 155 M
Bk, LBEHImI #NA 37 CIZCT3MEMIREIEE L. 65T
2200 MEERELL, 77— YEEUCEBEEERINL .
I®5H10 1% LEOXLOLRTIICINA, 37 CIXT155M#
Bk, 7YEIIYEECLB SV — MoEW37CIZT16
B WHLALooZ—2EINL LBEEHIC TIRER 3%,
Plasmid Miniprep Kit (Bio-Rad, Hercules, USA) # i\ 7FE4H D
S5 A3 FDNA%ZHH L7, cDNA®DEREEFIZ CEQ2000
DNA Analysis System (Rvy <> - =¥ —, BHFE) & H»
THE L, HEEEFDOMFATIX GENETYX-MAC Version10.1.4 (/
7 b TRER, TR tAWTTo.

4, FIBTLTI)—DAG ) ==y TEF )BT EV Y

B cDNADIE#EFI# %12, A FIXI (Stratagene) %
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U=y FRy 5=k LEDTAOMBO Y/ 85477 ) —
(AAFEFRRERAGEE FRCRERL VS oy
) — = S E{Tote. FA MAKEICXL1-Blue MRA (P2) %
Wiz E LIS, cDNAT 4 73 1) —DHa L RO FEIZTIT
o BEYFFAUFRONAESEAN 7 7Y 2 AL,
Lambda Mini Kit (374>, HE) #HWT7 7 — Y DNAOH
WEfFor. £77— YDNAIZK L, cDNADERETICE
SEERLETIA4v— 2 HVPCREGE T o7, BHL Mk
DNAKTE o¥iEAE sz 10 7 7 — Y DNA (5 15kbp) 2
B LCHRMTL72. Not T (RUHERH, T (S THIRRERSRALEL L A2
#%, cDNAO—#% Fo—7& Lo FiETHYFr 7oy b
BN 24T o 7=, # & 1/ 8 kbp  DNA WA % Ligation High
(BEE#R) % F\v pBluescript T XS () (Stratagene) @ Not T 44
PIZIEA L. ZODNABKE ICH L C&EHIREBRLIEIZT
IR BE L ek, SERFIEMITL Ty /a3y EX Y
%9707 %7, ¢ FRadEETFOZIVY -4 IOCH
BEDEBET7:.
5, ¥—F9F 1INy y—OfEE
L2 # 8kbp O DNAKTH ASEA SN 77 R I FDNA%
Xho T & Not T (i dh BEER (S CTHIRBERRELL, Bon
743 kKb ODNARTE . 5 — 5 v 571 ¥ I Xs 5 -5 UOT
—LE L& kiZ, E2IZRLAEMIZENENT T 47—
(5"-AAGACGGGATCCCGCTGCAAGGTGCTGATGAA-3,
5-GTCTGATCTAGATGCCAGCCCGTGTGCGGTGT-3) &
El, FEOHBkbpDDNA* &L 75 A I FDNAZ&H
¢ LTPCREIE#1TVy, HiESh7-#) 3kbp O DNAKH % 3" fll
DT—LELE. #LT, TO220DNAKH P EFNEFRS
B, 3’ HIlz3#5 &9 12 pBluescript I KS() (Stratagene) lZifA
L7z, 200 DNARHBEICEBRA~Y— I —2/ALTS -
yFAvIRyy—& L. BRA—A—-&LT, —20ON
78 —{IECAF T/ — ViHEREET, b 1ol Rd Tl
T U RHEEETFEEALL (MF, #R#NpRad9-His, pRad9-
Neo LEH#). ¥—F v F4 7Ry y—ik, 2hb( 772
IFELTCH>KRIGEZKEICREREL /2%, 74 )-8DS
FEIZTTIAIFDNAREB L, Eibt o ABELHEIZT
DNADEHET o7 b DERETFEAH V.
6. MifasrE
=7} BY ¥ sHIlatkD DT40MIIE 1%, RPMI1640 554
(Sigma, St. Louis, USA) 12T 39T - 5%CO: D&M T CHEL
7z, BREBICIZ10 % SREFmiE (56°CT300LEL L THEENMLL
72b?), 1% =7 b UM, 50 M2 ANIT Ry )=,
2mM F A ¥ 3, 50U/ml =31 ¥ G, 50 ug/ml A b LT
FeA T rEMATHERLE.
7. RadS/ v 27y MO IO —=V
e % PBSIZT1.25 X 107/mlic§# L, #00.8ml&fERK L
T FA IR -2 pg e FaNy M ANTERN
L7, KREWCTIODEEE LR, ¥— vt —5ansE
(Bio-Rad) 12 T550V, 25 uFD D&M TIZLL Yy puRL—Y
2 VB TEETFEAFTo72. BRICTIOSHBHER, 20
mlDFHEMLATT7 T2 TN T2UREEREL. 80ml D8
EBEIREER (BFLEIXE ATV — 4D Img/ml, FF 74
2 v 2mg/ml) EMARMLAE, 96K — F5RIZEY =
M2 ml¥ oM EEE, 7T~9RMEEE LA, BHLoD
=—%ENRL, MR/ u—= %757,

i

8. HHFrTOY ME

1) PAAEDNAMM

ya—=y 7 L0 ERET PBSIZCHRE LR,
DNA M H B E# (150mM NaCl, 10mM Tris-HCI (pHS8.0), 10mM
EDTA) 3mliZ THEB L, 10% SDSIF 30 »1& 20mg/ml 7 u &
F—EREW 15 12 MA R, 55°CTIC T I6MEHLIE L1,
PCIAW (7x/—V . 200FNVAL AV T IV LI~
L=25: 24: 1) % 3mlMNAERIZTI0H5MEMNE, KRR T
2000rpm, 54fEL L7z, K8 & HIXL 100% T % / — ) 6ml
FMABM L. HHELADNAZ 70% T ¥ / — VI Tikiis,
EIBL A 4 ARSI L

2) Fu— 7R

TR OH8kbpPDNANFNHMASINHAT T A3
FDNAZEEELT, Fu—-—7ER_E0 TS
4 < —(5'-GTGAACCCTCCAGGGGGCTG-3",
5'-CTGTGCGGGAGTGCAGGACTGTT-3") #f%EL
CTPCREIG %47V, 85 74 700bp ® DNAW % 70—
e L7,

3) BARUKE, B, NATIVFA¥—-Tar

Sl L 72 e ta K DNA % BamH T (SRR 12T37°C, 16
OFIRBEE NI, T8 /) — ViR TRILL 7. &y T
#3OVOERILED T, 1 X TAEMRMTHIZTO7% T Fa—A 4" W
WSIKBTHW L7z, 7 V%) IES 12 T Hybond-N* nylon
membrane (7T ¥ A - N4 &4 T2 X, WHD (TS L7
B L L CO4ANIKEE LS M) 7 A E IV, 155 16
B4To 7=, EEH#H, UV a R % — (SPECTRONICS) #H
WTDNA%F 4 O vEIZEE L7

KUz, BHEO# 700bp © 70 — 7% Prime It Random Primer
Labeling Kit (Stratagene) (2 TP CHIGE L 72, N1 7V ¥4
P—va v & iTol. N7V FA4E¥-2a VER (6X
SSC&i#, 5 X Denhardt {5, 0.5% SDSEE) (Z8ZEM: S 724
7 #FDNA 0.1mg/ml &Mz, ZOHEWANTH IO KR
65°C, 2D TLNL TN ¥4 E—2a v, E#7Ta-7
Mz 65T, 1I6MHMEG Sz, FNF2XSSC - 0.1%
SDS, 1XSSC - 0.1% SDS, 0.1 X SSC - 0.1% SDS D i###iiz
T3EDB®EE (T 65T, 3050M) #&, 1 A=Y I TV
— P ENAF A A=V TF T4~ (BAS1000) (Bi+7 1 b,
HWE) ZJHVTA— I V47T 74— 2L BillERTo 7.

9. MIEE PCRIULE (reverse transcription-PCR, RT-PCR)

1) RNA#hH

5~ 10 X 10°48 @ 1k % [ 4% L TRIZOL reagent (Gibco BRL,
Rockville, USA) # 1mliNz, VRIS TSHWRE Lz, 700K
Va02mlEMARMULEBIC CIFHER, 4TIIT
12000rpm, 20450 L7z, KEHEHRS v 7RErT T
- 0.5mlEFMAZBEBML, FRIZTIOSMBHERITIKT
12000rpm, 1043FlEC L7z, iM% 75% 28 / — W2 Tk
¥k, 4CI2T11000rpm, 547 L, LiEkELERICT
100 PSR &7z, WHEBLA 4 » k30 1A, 55CICTL08
MR L 7.

2) cDNAA&HL

MM LARNAS pglld ) TAT 75 47— 0.5 p g L WEE
AF rkEMZ, BEI22UZT0C, 05y Fa—2
a vk, KECTSSMBH L. 5 X@EHK4 p1, 0.0M DIT
2 1, 10mM dNTP 1, UNZEMHE, 2CIZT20BT V1>
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Fa~N—3 37z, SUPERSCRIPT I (Gibco BRL) 1 x1iMz
42 CIoTH0 M RIS 8 cDNA# &R L=k, 70CIcC154
4 vFa~—2a L, RNase H1p1h1Z 37 ClzT 205
RIS/,

3) PCREE

Lk cDNADRERA 2 i, 77 1<% — (6 -
GTGAAAGCCCTCGGCCACGCCGT-3” ,5 -
CAACCACAGCTCTGTCACCA-3’ ) ##%5E L, PCRIEG
{Z {& Expand High Fidelity PCR System (Roche) & i \Af:. ok
cDNABHED I b1 ulz 8 & L, 10X PCRARMH 2.5 11,
2.5 mM dNTP 2 1, PCRE#E# I v # 20.5 1 (1.75U), 5pM

Chicken 1 VKALGHAVHAL SRVGDHLYLEPSDAGLSLRAAST SRSAFASFLFVPLVFQR
R L N L LI L L S L LI LN
Human: 1" MKCLVTGGNVKVLGKAVHSLSRIGDELYLEPLEDGLSLRTVNS SRSAYACFLFAPLFFQQ

Chicken 52' YEPGPPG---TRCKVLMKSFLGVFRSLPTLDKSVERCLVLLRPRAGRLVLQLHCKHGVTR

LI L] LLLELLIT LA DTS LD L LI T DO R LA R i I

Human 61" YQAATPGQDLLRCKILMKSFLSVFRSLAMLEKTVEKCCISLNGRSSRLVVQLHCKFGVRK

Chicken 109' THQLAFQECERLQAVFDTQCCASRLRAPAQLLAEAVVHFPQTLAEVTLGAAAGGRIGLRS

LU ST TIET LI S L L UL I DL UL SRR LA s AL P L R o

Human 121" THNLSFQDCESLQAVFDPASCPHMLRAPARVLGEAVLPFSPALAEVTLGIGRGRRVILRS

Chicken 169' -HLEEGSEPGKAMVTELWLAPDEFQEVAVVPGSRITFCLKEFRGLLSFAXASSLPLTIHY

= e LI LU P L N IR L LA LAl bl Ll s L N B el

Human 181" YHEEEADSTAKAMVTEMCLGEEDFQQLQAQEGVAITFCLKEFRGLLSFAESANLNLSTHF

Chicken 228' DEPGRPAIFTLDDSLMEAHLVLATLLDPESDSQPPPATNGRPVAIGQDQSEPPAPPDDFA

LI IS LI B L Lo DL L ey

Human 241" DAPGRPAIFTIKDSLLDGHFVLATLSDTDSI&Q-DLGSPERHQPVPQLQAHSTPMPDDFA

Chicken 288’ —-DDLESYMVALESSACEGEAGAPPSPNFSL--HTPRPAESDPEEEED»-~GAVPGTPPHK
LI L O PR L I » wek | eereed %

Human 300" NDDIDSYMIAMETTIGNEGSRVLPSISLSPGPQPPKSPGPHSEEEDEAEPSTVPGTPPPK

Chicken 342’ KFRSLFFGSVLTPGGPGPAPSQEVLAEDSDAEC

LI LI L D I IS L Saa e

Human 360" KFRSLFFGSILAPVRSPQGPSP-VLAEDSEGEG

Fig.1. Amino acid sequence alignment of chicken Rad9 with
the sequence of human Rad9. Asterisk between amino acids
indicate identical molecules. Dots indicate amino acids with
similar physiochemical properties. The part of N-terminal end
was not acquired. Ser272 of hRad9 which is phosphorylated
by ATM is underlined.

Rad9 75 1= —%25 ul &N, WEMA + > KIZT25 x1
L LPCREIB% o7, 94 CTI0MHD LM, 58 CTT30FH
M7 =—1 > i, 72CT1530HOMEREE 141
ZrMELT, 0% 47 NTol.

I. REE O

1. 2u=—Emkik

W4 T DT40 4818, 8 5 A7z Rad9-/-HllzD S b02 7 o — >,
ZLTHUMAREEICTHERSNAEATMD 2 v 7 7% Mk
G SHTSORK, AF Vb T — AR SR AYE
WHIICRB LI ILEVL, TR 1I2AKICHELA-on=—
AL, MoSEFERERNL.

WS LTXM, B9, e FoF v REEAVL. XHBE
B3 B I X #RIRST 8 MBR-1520 8 (B3 A 74 2, HEH) #H

11kb
PCR forward primer  PCR reverse primer
Rad9 locus m l '
LLE
—— probe
BamH |/ Not | Xho | BagnH |

pRad9-His re¢ombinant logds

kb

BamH | BamH |

Fig. 2. Schematic representation of targeted disruption of the
chicken Rad9 gene. The chicken Rad9 genomic locus, two
targeting constructs (pRad9-His and pRad9-Neo) and the
targeted locus are shown. The black boxes indicate the
positions of the 11 exons.

Rad9 GAP-DH

WT Rad9-/- WT Rad9-/-

Fig.3. (A) Southern blot analysis. BamH I -digested genomic DNA of wild type (+/+), heterozogous mutant (+/-) and homozygous
mutant (/) DT40 cells was hybridized with the probe shown in Fig. 2. (B) RT-PCR analysis. Total RNA of wild type and Rad9-/- DT40
cells was used as a template to amplify chicken Rad9 cDNA. GAP-DH: glyceraldehydephosphate dehydrogenase
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vy, TRILF— 150KV, MEBEENTIGY/FITTTY, &l 1% 254nm, WMERIRHOL/BICTITV, EMiliczneEh
Bl #n2h0Gy (GERED, 2Gy, 4Gy, 6Gy, 8Gy PHRAE, 0J/m* (FEHEE, 0.5/m? 1.0 J/m? 1.5]/m’, 2.0J/m®® R4t
BRPIC AF L0 —ABHIE Wi, BIMRESHIEIRK %, WRPIZAFNLEVO—ABEWIZT WV, B FOF S RE
B ESIME T IR S BE TR LB REEERA L, BR (Sigma) DA, HHICREBREIONMIIES LM, &

MBIz F 2N O0MEH GRIED, SWeM, 6RFR, oMM, 12K
MR % B LEF 0SSR, A F o — 2BHIC

Wiz,
0 2 4 6 8 XS EIRT ORI OF AT L 1 1% S R CORIH
1 OBFEOEIEERY 1 & L, SBEHRESLHINEMEOEERE
L. ERIE SIS LTS ET 05T 0 1
2. SERBRENE
0.1 B A RIHIAE, Rad9-/-#0E, ATM-/-HIIBICELFRLEEDX
- WIRESETE 12T 1Gy lBE%, I vk 3 N (Gibeo BRL) (i
0 01 wg/ml) A, FRENO, 1, 2, 3HHE U TR
-g 0.01 | AT 72, BEREWE % L0 (1000rpm, 543) %, 0.9% 7 T R
V= ImlZMRAERICTISOHE LA H L7 7REER (£
!?) 57— EERE=3 : 1) 5ml% MAIGHEIRAE, HOLLEE
Medz Lz, WU L/ 7TREISBESml 2 A, SRilizT3050 1L
0.001 1 BB L 7e, S0 L LR, 4 b/ 7 e 0. lml A R
fals.
100% % J —WIZ@LIAERATA RIS AENDILL, =¥
0.0001 )= VASEBE AR, ERy MCT R oM 10 «1%
WFLASA FZFARIIEITR. Tha—Lg r ATRL
X-ray dose(Gy) Ve, B CRIRISTHINL 72, 98 A TH2I
Fig.4. Sensitivity to X-ray irradiation. The fraction of surviving Jelt LI CORPER, SMIZTHME 'U: fo FEHMBLCTEA
colonies after X-ray irradiation is shown. The genotypes of the 54 K79 AL, #1000 DH] U‘ﬂ DH b, KLY
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Fig.5. Sensitivity to UV irradiation and hydroxyurea. The fractipns of surviving colonies after UV irradiation (A) and hydroxyrea
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Rad9 Contribution to Radiosensitivity and the G2 Checkpoint in a DT40 Cell Line Tomoyasu Kumano,
Department of Radiology, Graduate School of Medical Science, Kanazawa University, Kanazawa 920-8640 — J. Juzen Med
Soc., 111, 290 — 299 (2002)

Key words Rad9, cell cycle checkpoint, radiation sensitivity, ATM, DT40
Abstract

In fission yeast, the rad9 (radiation sensitive) gene was cloned from a mutant that is sensitive to ionizing radiation,
ultraviolet and hydroxyurea. This gene has also been shown to be required for a DNA damage checkpoint. Orthologues of the
rad9 gene have recently been identified in higher eukaryote cells including human. Here we generated Rad9 knockout (Rad9-
/-) cells from the chicken B lymphocyte line DT40 to examine the role of Rad9 in higher eukaryotes. First we isolated a part
of the chicken Rad9 gene which was 54% identical with human Rad9 at the amino acid sequence level. Next we isolated
genomic clones, determined exons and introns, and constructed targeting vectors designed to disrupt exonl-3 of the chicken
Rad9 gene by replacement with a drug-resistant gene. Successful targeted integration was verified by Southern blot analysis
and the disruption of the Rad9 gene was confirmed by RT-PCR. To analyze the radiosensitivity of these Rad9-/- cells, we
monitored the clonogenic survival after various degrees of X-ray irradiation. Rad9-/- cells were more sensitive to X-rays than
wild type cells at all dosages. However, these cells were less sensitive than ATM knockout (ATM-/-) cells that are known to
be X-ray sensitive and that showed a defective checkpoint control. In contrast, Rad9-/- cells were markedly more sensitive to
ultraviolet and hydroxyruea. In addition, we assessed the G2 checkpoint by measurement of the mitotic index that is the
fraction of the accumulating number of cells in mitosis at various times after X-ray irradiation. While the number of mitotic
wild type cells did not increase until 2hrs after X-ray irradiation, the number of mitotic Rad9-/- cells showed an increase
similar to that of ATM-/- cells. These results suggest that just as in fission yeast, in higher eukaryotes Rad9 also contributes to
X-ray, ultraviolet and hydroxyurea sensitivity, and plays an important role in the G2 checkpoint in response to X-rays.



