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Relationship between Radiation Induced Activation of DNA Repair Genes
and Radiation Induced Apoptosis in Human Cell Line A431

Hee-Seung Bom, MD."” Jung-Jun Min, M.D.,' Keun-Hee Choi, PhD.,3 Kyung Keun Kim, M.D.*

Department of Nuclear Medicine, Chonnam National University Medical School,’

Chonnam National University Research Institute of Medical Sciences,’

Department of Cosmetology, Dong Kang College,3

Department of Pharmacology, Chonnam National University College of Dentistry,' Kwangju, Korea

Abstract

Purpose: The purpose of this study was to evaluate the relationship between radiation-induced activation
of DNA repair genes and radiation induced apoptosis in A431 cell line. Materials and Methods: Five and
25 Gys of gamma radiation were given to A431 cells by a Cs-137 cell irradiator. Apoptosis was evaluated
by flow cytometry using annexin V-fluorescein isothiocyanate and propidium iodide staining. The
expression of DNA repair genes was evaluated by both Northern and Western blot analyses. Results: The
number of apoptotic cells increased with the increased radiation dose. It increased most significantly at 12
hours after irradiation. Expression of p53, p2I, and hRAD50 reached the highest level at 12 hours after
5 Gy irradiation. In response to 25 Gy irradiation, ARAD50 and p2l were expressed maximally at 12
hours, but p53 and GADD45 genes showed the highest expression level after 12 hours. Conclusion:
Induction of apoptosis and DNA repair by ionizing radiation were closely correlated. The peak time of
inducing apoptosis and DNA repair was 12 hours in this study model. #ARAD50, a recently discovered
DNA repair gene, was also associated with radiation-induced apoptosis. (Korean J Nucl Med 2000;34:
144-153)
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A7} Qleke A2 9bsla ‘apoptosis’ghal W
g & AAHA FbelAl Qs s Qo) AlEaA
= AAHellA el whAaby, welAlel A7
Ao} ke, AAAE] 23} S 22 Al A
of /| EE 4= 913, oFEwl T 2E cytokines, 4,
WA S 25 Aol o8t AlE E4ol) Hak
Alze] gsiat 2 weld Aelola s fhaks)
= AlEAE 3 WHele 1 2L SR B2
23 Ay AEs Asles 2o
THew FelA Sle? 2ol QHAEe] wy
4,7 SR Aol gk Ak Eabg T o)
SH-ET A ol 22 dedAlo] HaEo] kX g9 -
HA A% digks] FEF T gloh

AEsAL] 27] Aol AEete) 2% A=
Z AlE QkZol] $1X]s]= phosphatidyl serineo] ]|
% gto gxlold vet=dl,” A4 ZA sl
wolEE W AAchlo] Aelyoz Agtsl

¢

A oMo B

=

annexin %Y = annexin V7} 53| phosphatidyl
serines} M@l ow Ak Aol wlHo
w.'? annexin Vol 32 U= ZA19] fluorescein
isothiocyanate (FITC)E ZAA|Z|H ALY A
Eojol ol Wae W FHEAZICow
cytometenel] SJe) Fdow 4% & gl 9
o} A|E#e] £4k2 propidium iodide (P& o]&
% SAEAZLE o} £ 5 glone olgkel F
7HA] FBEAE o) gslo] AlEutat AEael wig)
2 Bl Aol ALLAS ATels Ao] 7

A ZAL] FEolA} &= TNF-¢ (tumor necrosis
factor), Fas2|7t=, glucocorticoid, ®lo|@]Z, pro-
staglandin E2, gHal, WA, o Fol gk b
A Aol osll DNACY &8 e g o] &
el izt AP o7 p53 {RIALe] W] §%
Ha, p53e e FAAES 2A-sted DNA 4
off Fofsln], o] FArbgo] AEuAs WUHG
o] = Aoz A Yuk' ps53 Gl
sl FAHE ez UdHF fAAEs
GADD45(Growth-Arrest- and DNA-Damage- indu-
cible)g} p21 $RAAE 5 & k™™ GADD459)

745 Q1 EE(intron)ol] p530l] Hol4o] 9= A

27} 9ol A pS3oll sl F-5%= DNA F4RA
Aol i,V p212] 1A A wFe o} whA el o8l &
ExE W Axe ps3e] B4 o Rt
DA} Qe ps3o] AEFET) AK] AE A
Zrggtols A4S olul A dElA 9lv Aol
p21 %A p53ol| ol wiANElo} AEA ) A8
Ao gy 9lom, GADD45 FAA el B
AR A Qo 25 AR hRADSO
A9 73§ Aol <)k DNA £49) $410l
ek Bavh dglok ps3 gAk 5 AE
Ask ol BAIE AAL g A obd el
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A ekgkt.
B ool HEAES A431AEF 4w

AR zAbel 23t AlETATE AR kA
24 2 AFA7 el oj® A wsl=xE gt
W5, WAl o8l $5% DNA 4418349
nke S w24 B A s Bas)
o] MFnAS ojul FAE AR QR doly
22t skt

Che o

1. MIZHjet

g 2 4-2-8)(Korea Cell Line Bank: KCLB)
owye] Fepre sugslet AT UEQ
A431-5 tissue culture flask(T25 em?, Nunc, Ro-
skilde, Denmark)el] @i 10% $-ejo} o] A7}
3 AdAlulA] (growth medium, Dulbecco’s modified
eagle medium: DMEM, GibcoBRL, New York,
USA) 5 mlS 2% o} 37C, 5% CO; incubater
off A wekslodct WA= 15Ul 23] IASR T,
AE7} wjekg7ol oF 80% 5 XA & HEF A5k
& o Adllere Aasisich

2. HIARM XA}

HEALA ZARE Cs-137 A EZA7)(Gammacell

3000 Elan, Nordion, Ontario, Canada)& ©]£3%}93

31, 72+l (central dose rate = 529 Gy/h)& Z+7+ 5

Gy, 25 Gy¥ =As9ick
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zFoz WALAS ZASEA b AES} 5
Gyst 25 Gyo) Zwiig =AY MES 247 4,
12, 484]7k0] At t}S 0.25% trypsing X els}1
oF 105 Foll AIEE wloflo] 15 ml Aol &
7 1,200 rpmollA 108 F<F AR s}

4. FHIEEMTIE 0I88 MZIAL| ZHE

223 AEA0°~10° celymD)E 2 mle) g
ol %713 of7]ol] ¢lAek3=2led<4~(PBS, Sigma, St.
Louis, USA) 500 ul & AEE FIAE Bglit

= FA3 12 annexin V-FITC kit (Trevigen,
Gaithersburg, USA)E A-g3lo] &39S 14l
t}. &, media binding agent 10 s, annexin
V-FITC ufekeq 125 & 41& ¥ 4L, As34dd
ofl4] 1587k wiek3t vhE, 1,200 rpmollA] 52 53t
AL GRS AAG ARREH 500
W BSAZ F PLI0 W AoVt 147 ol
ol #AIZEAZ7Z ZAs3t

Annexin Vel|ut d = HEE aAAEZE 715
sk 7} AlETOlA 3 TAAEY vl {100
X(RAANZAA AE)} & Fste] 5 Gys) 25 Gy
ZAEelA B =A F 4417, 1247, 48417
o] AR S wle] WstE Wt

5. RNA HZ % Northern Blot 24

zF, 5 Gy ¥ 25 Gy 24 % 4, 12, 484
7 Foll 3 %7 AESS PBSZ T Al
AHE e -70Tol Raslgdet 747te] AEEL
A-S ol =9 o] 1% B -mercaptoethanol©]
*17}% 4M guanidium thiocyanate 2~3 miol] @i
polytron© 2 A Es}Hgt k& 4T 10,000 rpmol]A]
27 QLAARE AZAE 1w cesum pad
solution (5.7M CsCly $]oll Hol24-$-31 40,000 rpm
20TollA] 8AIZE oY =4 EeElEgch 9 &
FrH oubeR s Adsla vl ol RNA
£ diethylpyrocarbonate (DEPS) xl2l® E2 &3l
& o2 ollels AR 260 nmoflA EFFTAR
Aesigiek

Northern 249] 79 10 ug2] total RNAo] 2+l
£749] glyoxal& o] 56 TollA] 2057 H#IAA]7]
thS 1.0% agarose geloll 3X|7F A7|gdFsia
Genescreen (DuPont, Wilmington, USA)ol] 35
%Z9al o]%3}9lc). Prober Nick translation kit
(Boeringer Mannheim, Indianapolis, USA)E& o]-$
slo] Alzslgon] BE 2~3X10° dpm/ug B E
v ARs-S olgl) slolHe|l= FAL 65Tl 4
XSSC, 2XDenhardt’s 0.1% SDS2} 500 ug/ml
salmon sperm DNA -£9lo]) 20417+ AE X))ol
3, AL 65CollA 2XSSC, 0.1% SDS §Hoz
17 Atk olo] %3} 2z1glo] Sl 7
Eofl "E3} P Y@ -70TolA FUT BB
5 W4elglch RNA A28l 4L solnzls
Q4 ARl P Dok A2)AE genescreen
paperol] ulo] Helsiglct

Northern blot 42 7+ §-#x}2] RNAYHZ 5%}
# o] A3dslgit. A#A B A2 Bioanalysis
system 3000 (BAS 3000, Fuji, Tokyo, Japan)2] <
ARA AZEJo|¢] Imange GaugeZ ©]-83)o
e Zze) gAde WES SAekwm, 185
RNAS] %ol gt v &S Fafo] o FFXNE
AR, A 24 F AP WS B
Heigie

6. THNE RIZF 9} Western blot B4

=T, 5 Gy EE 25 Gy 24 3 4, 12, 484]
7 Fol S Z2te] AESE Nonidet p-40 Sk
2299150 mM, NaCl, benzamidine 1 mM, 50
mM Tris, pH 8.0, Trypsin inhibitor, 5 mM EDTA,
pH 8.0, Trypsin inhibitor 1xg/mi, 5 mM EDTA,
pH 8.0, PMSF 1 mM, NP-40 1%)d] Wi & &
oA f2 EH71E o, AIEE kil vk 10
E7F A-550ll BBtk 14,000 pm o2 1587
AAAA AZAE B g 49 PR
Wrol 70Tel Basglch G HEe] F4e
Pierce kitE o]g3lslch. &5 1 Wi WHAA
Pierce bovine serum albuming 7j&o & 34 ¥
FFEAZ TE2E 243Gl 10% polyacry-
lamide gelol]l 2+ @919 100 xg2] THiE 7|45
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3k b2 Towin 2+35=8M(25 mM Tris, pH 8.3, 192
mM glycine, 20% methanol)-g2- o]-&slo] tlulg-
HEZAZZ A dholl 4Tol4 20 mAR 124]7}o)
4 Ol EAAT o)5H UERAFRe e At
A2=8N5% nonfat drymilk, 1% ISSA 0.02%
sodium azide in TBS)SZ 2A|7F %4l A4
gk t}S TBST #=8-M20 mM Tris, 150
mM NaCl, pH 7.5, 0.05% Tween 20)2.% 38 A
31 7}7Fe] 12 ghA|(Santa Cruz biotechnology Inc.,
Santa Cruz, USA) 7.5 u & X3} gA3]4&
H(1% BSA, 0.02% sodium azide in TBST) 15 ml
(12000000 147+ QLo Msiieh ©A
TBST =890 3 #3 P53, P21, GADD45
- anti-mouse IgG antibody (Sigma, St. Louis,
USA), hRADS50-2 anti-rabbit IgG antibody
(Sigma, St. Louis, USA)7} 3H8-51 )3} -8l
A 1AZE Aelskgieh. ThAl TBSTE 391 A% Q)
ECL o 7Al7] % shaleld olztelsiet.

Western blot 412 Z+ clulid g 5x}e] o)A
Alegstgich. A=kl B2 Bioanalysis system
3000(BAS 3000, Fuji, Tokyo, Japan)©] oARRLA]

AEES0IQ) Tmange Gauged o] f3fo] gl

and Radiation Induced Apoptosis in Human Cell Line A431

7o) ulAe) WEE Hgela 1 G w

A, AR 2A F AR HbE B
o

1. SARM AL & MEF 3 A[ZH 2 M|EZ

ITAKFig. 1, Table 1)

5 Gy9t 25 Gyo| WAAE 248 o+ R5llA
zZ4 F A7 ANFESL felsA Vsl
2wj(p<0.01), o]F 48X 7HAl= & H3E HolA
okakrt 5 GyS =ARE Foll vlske] 25 GyE =4
B FollA e ulER AXaATE vebye=dl, W
A 24 12407k} 48A17F FAX) A Felst X}
°o]7} 9 eH(p<0.05).

5Gy

25Gy

Oh

Fig. 1. Flow cytometric analysis of A431 cells after irradiation according to dose and
time course. Percent of apoptotic cells increased as radiation dose increased.
It increased most significantly at 12 hours after irradiation. AVF: annexin

V-FITC, PI: propidium iodide
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Table 1. Percent of apoptic cells to total cells after
gamma irradiation according to dose and
time in A431 cells

After Time Dose

irradiation 0 Gy 5 Gy 25 Gy

0 hour 04+03 72+21 9.6+3.7
4 hour 05+03 83+13 8.6+25
12 hour 07104 19.6+7.8* 32.148.5% %

48 hour 1.1£04 256+92 29.8+88f%

*p < 0.01 as compared with 4 hour data
'p < 0.05 as compared with 5 Gy data

p53

p21

GADD45

hRADS0

188

Fig. 2. Northern blot analysis of several cell cy-
cle regulatory gene expression according
to the radiation dose and time course in
A431 cells. Parallel blots with total RNA
from A431 cells in different stages were
examined. The radiolabeled cDNA probes
used for each blot were: p53 (panel A),
p21 (panel B), GADD45 (panel C) and
hRAD50 (panel D). Blots were also
probed with a radiolabeled oligonucleotide
complementary to mouse 18s rRNA
(panel E) to confirm the integrity and
quantity of the samples. The positions of
the 18S and 28S ribosomal RNA bands
are indicated on the right side. C: control.

.

AbM EAL F MEF Y A|IZH [HE DNA
FMHRIX W (Fig. 2-4)

e
> 0

£

5 Gy zAFolAl p53, p21, hRAD 50 AR
1Al 71 B WA BT olF Ha
#1913, GADD45 $AA- A 7asAct. 25
Gy ZAZAE ps3& 4847kl 12 274519

W ps53188
W p2u188
) GADD45/18S
2] hRADSW/ISS

xL

Ohr 4hr 12 hr 48 hr

Fig 3. Quantification of mRNA levels after 5 Gy
irradiation by densitometric analysis of the
autoradiogram shown in Fig. 2. Relative
mRNA levels are the ratios at each time
of the mRNA level of DNA repair genes
to the mouse 18S rRNA level according to
time passage after irradiation.

B pS3/18S

B p21/18s
[) GADD45/188

[1 hRADSO/18S

L

Ohr 4hbr 12br 48 br

Fig. 4. Quantification of mRNA levels after 25
Gy irradiation by densitometric analysis of
the autoradiogram shown in Fig. 2.
Relative mRNA levels are the ratios at
each time of the mRNA level of DNA
repair genes to the mouse 18S rRNA level
according to time passage after irradiation.
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Fig. 5. Western blot analysis of several cell cycle
regulatory protein expression according to
the radiation dose and time course in
A431 cells. Parallel blots with total pro-
tein from A431 cells in different stages
were examined. The radiolafluorescent
antibodies used for each blot were: p53
(panel A), p21 (panel B), GADD45 (panel
C) and hRADS0 (panel D).

] ps3
H 21
] GADD4s
e T ] hRADS0
1
T
L Ohr anr 12he 4Bhr

Fig 6. Quantification of protein levels after 5 Gy
irradiation by densitometric analysis of
the autoradiogram shown in Fig. 3.
Relative protein levels are those of each
DNA repair genes according to time
passage after irradiation

a1, p21e] 1241740 74 Z7heieiot 4817k o
&) Zrzstd ol hRADS0-S- 1227l 73 sl=13t
WAZAS Holw 48771 WA Zrlelsih
GADD45%= 127V 7H4=slgieo) 4841700 o
7 27kl

Ad3LOA WA 24 F DNASA 314 walah AETAge] Bl B A7 149
s ST S o
SIS [} GADD4S
240 - [Z] nRADS0
A) = T
ps3 210 'JW
jE—r
¢ 180 s o
p21 B) 150
19,4 kd 120
GADD4S O 9 4 = -
[ ———28.3%d 60 i .
m 30
hRADS0 ’ 0 ]
Ohr 4 hr 12 hr 48 br
117 kd

Fig 7. Quantification of protein levels after 25 Gy
irradiation by densitometric analysis of the
autoradiogram shown in Fig. 5. Relative
protein levels are those of each DNA
repair genes according to time passage
after irradiation.

3. HRARM XAF & MaF gl A[Z2Hf| HE DNA
sMEHA} CHEEIol YHS(Fig. 5-7)

5 Gy ZAIA p21, hRADS0S- 12X 7k=jel|
Z71IArL ol ¢ st p533 48A17EA
Al ZItslgl om, GADD4SE Ax; FHawshe 3
AE Hgoh 25 Gy zZAIAE ps3, p2l,
GADD45, hRADS0 & 25 thiidoe] dgt 7h4
Pzt 48217k thA] F7tslglck

1]

a

B = A RAe AxFe] 2E9 A4314)
7} el 2AER S Wl AlZESLAel] whA| A,
E3 v QA 24 12417 Foll b SRR,
o] A|7tell DNAGA §RAQ p53, p21, GADD45
gl hRAD50 AR A% sl fAsle] AE
A9 DNAGAL FA7ke] idlo] gatatAl7E 9l
Sg vt

B Ao = A4316dlA] ARGl olel fE
e AEAE o, F3an Al o3 aAA

T A
% A ARAYRL APGFLAL YA

gl

, DNA ladder &4 =& %3 gbzhsl Ax vk
** ol o3t MTEAE ZFE AEIAE E3] Yol

£ o> Jm
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the S & UL, A 24 247 F
oll 7b3 AN Bk vl Qlck™ oWl QAo
A B AFAES AEIAE s dHeE
FAIEAIZTE ALk FAZAFIE o] &
g AL T Aol Sk el AE
IAE ARRtE e 718 etk AlEx
Aol S8 Fol7ke AEL chAAEe) ot el
A shed, A2 ANEE Skt
SAMEE Lol 7ol AEste] Wk, &, A
xako] olF AAFE F dFd HXE=
phosphatidyl serineo] ¥to g g]Zo]A] lol= A
2 A4t BaHYe? olF o] 83el AIE
4% Rdon AR F g el 1es)
=, phosphatidyl serineol] annexin V7| 23}
A& o]&3sled annexin Vol| #3-E2 Q) FITCE
ol Zlolct. ole} A AEAle|| Aghsl= PIE
FAol Agelm ATl wstsl AT £ihg
WA Aoz 249 4 glol AEnA 1Y
S 5 ok B QTolE 5 Gy 24 ¥
124170 73 Foll AN FelsiA Zrhehsit
7 48AAAE 2 W3k gl 25 Gy 24
Foll 484706 k7t ek BYE Btk
ERF 48412712 ILAANES] vl-E2- 30% Hes
ol ATl ulsh WA e Mol tha chE
okl 25 Gy 24 ¥ 48X 7kljoll= 3 AFA| X0l

¥

me e

[=3K]

ZPFOIUE Ao Ay, 3 §FsHo
7% GG AEE FLAER Relslr]7) of
29, 53] A% WA 2EH F A7o] &

# ARETE 24k HAL HoAR 4 JE A2
2 Assd

AEF7)9] 27], & G7]ol] DNAo)| £4bo] 9
© A% p53 3R w¥=lo] checkpointd 4]
AT BZH Gi7] BAE oA AEF7)9] FY
g =t} o] G,7] checkpointol] thyt #Hg-e
S AR p21& F3l] o)FoiA =, p2I
<43 DNAYL 352 wi7A] AlE7) s7|2 A
He AL wevh ey S4e AlE) 35
=7] o]-el S7IE ReP3F A p53S AEIAE
Sste Ao® dejA 9. GADD45E intronol]
p530ll FolAe] AT AFRA7}L JoIA p53el 9

R

ok ¢

3] Fx5T DNA FAFAR e, 3 ¢#A
DNA F4-3%AE hRAD500] Ylck. B AF2E
& AEaATL 7 ARAAE gAdRA F 12
A|7Hlel] o] & DNA F4537ke] was F7kst
£ Aog HolA AExAet DNA 4742 A4
olo] A& TAVE USS & F ANt

5 Gy ZA} %ol p53, p2l, hRADS0 FAA7}
1270l Z71st9 3L, olE fAAe ©E o
A 12A17F B 1 o]Fof] S Ho] AEiAe}
D% BHo] e AoE AZRE Ak p53Z W
AR =2A F 1~2A7F ool F7lsle] 48~T724]
Dol AAsEE Aoz guA Yeul,'” B o
TN E WAL 24 F 12470 7B F713
ekl 48A17koll Fhasdck. GADD45el 7%
wAd =4 & ASAEQ RAFAE Hdh
Papathanasiou $°”& GADD45 mRNA¥E 2 Gy<]
WS 248190 E wl A7k 3wl o] S
319-2-2 1 51319] 31, Kastan S92 20 Gy &4 4
A7k Fof] 2ulloll A 10uH7EA] FobslaL, p53ell oJ&
sto] wlEle A|Zuleh 7)%5HQ ps3e] BAE o
222 A u} ti Xol7} gl Ao Hu
slgirh. B AollA A8 A431A|FeNA ] p53
FAZRY 71540 B At g AReln®
GADD459] W&lo] A|7to] Ayhell uje} sl
AL A431AZE Aol W3 FAQ 2oz 4
Hi 33 o] B A7E E3lo] geAk & &
Az A=k

25 Gy =Ak2] 7% hRAD503} p21o] 1247}
Z7kslo] AEARL HHo] YIS A p537
GADD45= 1247744 W wWdt gl et o] %
Z7kslo] 4817kl 7H Fbsldek o] ARk
5] WRARNE Hul, p213 hRADSO,
GADD45&= 1247 o|Fol] ®rde] ZF7tslgla,
p53-2 12X)7kll Z7hsled 48X17WEA F7bslsick
p532 mRNAV} dll53 ghA] o] %ol PgAdel F
Tlebe Aes deiAd glome ' B Al
A ghiAo) 12Xkl Fhsle 42712 AlESLARL
FHE A7Age) wly- FitEcka & 5 ok
GADD459] 735 1247 Aol AlE3Aehs s
A7F okst Aoz HolX|uk 48X 7 xol] A EAIS




Bom HS et al. Relationship between Radiation Induced Activation of DNA Repair Genes 151

of &gt AEnAgo] 7hy =2 Azpe} Hits =
o2 Hol GADD45:= 124]7F ool AERA
off PojxlE Ao Helth 3k 5 Gyoll g ut

Sol 1247F o] Fol] A7to] Aholl v} Zhdwhs

: Fig Bol 28 3ol e} 2
23 Zlow PSR WAAES} A4314)E0] 5L
S AsIe) ALY B mefso] AEAA) 54
A AR viAIE = glvh A431A4|EFE wild
type p53o] §laL EdHio] el mutated p537F
FAT QR uhehd] oMl il WAH =
AL 3 p2loli} GADD459] -2 p53ql| 93l &
5 Azg Hrl: ojgdh p2io)v} GADD457}
pS3F= FakslA WA Foll ©f3k DNA &gl
oldl = o A, 2 AEFIA A =4
Foll ps3e] WA FAHo AL} Aol
ek W) ofg) A ARek 0 o el
A p213} GADD45°] W82 ps3vh= £9&9l A

% B3}o] olFolq o Mol ol DNA
FARAAS ps3 vISlEH WHE AEAY
Aol 9 Aow AR,

RAD502 3R Saccaromyces cerevisiacoll4] %
A3 §AAE DNA olZ7beanky) Azl o
o]3}= RADS52 epistasisg{RADS50-RADS57)ol| 4
e Ao dEA 9o’ HE AP 3 T
FEEolAE  FUE AR FEdEo]
hRAD502.2 s}l Carney £7V2 AX
7] checkpointol] Z33HS- 7} glo] HEAAlG]
WAL AT 5 o gl HE Nijmegen
At 3T A A Eeol] o571t 4ol Thod
3= hMrell/hRADS0 53|71 FAslo] 9l ¢k

A Baste] o] EikAle o|Fvhd 4vA
|3£77] checkpointof] 4] 2] 2H-&o] A2 ity
& Roleka Faelsieh. of SRSl dhulg
53 kDao & A3 44 7]A-L E3le] DNA

X

Db & & o
2 5

Aoll Thofel vl ps3 ShAIE 427l
AEAE 2 Aoy FHAJALY 1 AHgol

al
DNA 4-7A7ke} fdo] QleA, &

ohe = A
Ae 2R AE7} A wAsEE Hol
A ot ok yelAA vk B ATl

and Radiation Induced Apoptosis in Human Cell Line A431

© hRADS0-X WIAAE =AE 3 Z7)dl F7kst
71 ARt 124174 7 JA% U B,
48R k=0l e ALE Hot ps3, p2l,
GADD45 5 oh& AR vV A £ A3
Ao} e FHo] g Ao A7Edh 53]
mutated p53ute] Exsl= A431A|EFNA p533H
Held KA 23 A3 71sH &AL ¢l
= hRAD500] AMEILAS} FHA el HL Hew
Kol hRAD50% p533t SRH o2 AE3Alel 3
2HE ZoF Holw, v}E RADS52 epistasis w2
DNA FAFAAEAMNAE g5 A7} o] Fofx{ok
g Aod Ak

AEAog, WAL ZAl A3t AlEAS} A%
A= A 24 3 12A1 70 TH A gle
u, o] HZollA] DNA F4-FAAe] W% o¢h
A AE odo] DNA 4247k Wzt A
EaAete] #EAAE JFetvh g Tl &
#A DNA $4-8771e rRAD50 AA] AEA
o} Jedo] & Aew ARFEU

= A7 Mty

B QAT 5 Gysh 25 Gyol BALE AT
ol ZABI T, o Aol BF ApAA 2 4
spoloj4) MEAS AEANAE FH] Fiobe
dl, olele ol Ugivh w3 S25He] 24 )
RAwIeh AES AGY) whitell WA =3
5 F Aol o7l ARYSE FAAEE Rele
77} 01219 AAMES AAAES PR 2
A7} g Aog A A% B A A%
7 olAell Bagh £ AT AE A B
TAT I} N olelglts Ase Aguw,
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