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Aol SUSHIE MCRTS SAEFeso iy 7
QJelglon], hGSTKI §7A47F B4 ARl B4F A
pBluescript phagemids= 7| ZAA|EFAALs o 2 RE] 7))
9l hGSTK1 FAAE Ik X)7)7] 938k vectorZ:= Invi-
trogenH(1] =) 2]  pcDNA3.1/Myc-His(+) expression system-&
Agsleleh. 17141 QA1 AmershamAH(|| 5] DNA sequ-
encing kitZ A28}, in vitro translation2 PromegaAt(1]=)
2] TNT T7 quick coupled transcription/translation system-<- A}
33tk MCE-7 A9 hGSTKI 47 olqls I3l
QiagenAHH| )]  Superfectd o]-g8}9itt. PCR  (polymerase
chain reaction) 3] RT-PCR (reverse-transcriptase polymerase
chain reaction)& ]38} hGSTK19] primer&& 3l=A5 Al&ES
Ag3lodek. 1 9] ARk AFES Al SFAIGE A8t
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1. hGSTK1 REXIE &Rl pBluescript phagemid?| F&

AeFe] hGSTK1 FAAE= E5-F A3 pBluescript phage-
mid ¢DNA library (StratageneA}, w|ZH)ZHE| AWslgic)
hGSTK1 §AAE 7F2  E. coliZHE] hGSTK1 phagemidE
Wizard Plus SV Minipreps DNA purification system (Promega
A, wlF)E ol gelo] 2t

hGSTK1 FAAE A A 7]7] 9)3k vectorZ 5.5 kb 7]
2] pcDNA3.1/Myc-His(+) expression system version A (Invitro-
genAl, "FHE Agslith o] vectoroll:=  cytomegalovirus
(CMV) A7 597t 9lewm, CMV X1z} ofs} 9o
hGSTK1 FAXE AdA7|H FA4x}e] ks o] §E=ch

2. hGSTK1 |®&X}Q PCR

hGSTK1 $AA}e] ZZ& 9slo] PCRS Alddsiglom,
PCR ulF-2ol|A] 5 primer—‘—‘— T3 primerE A}-£3}o] pBluescript
phagemid®] EcoRI At} X7} F3kE| =2 3913, 3’ primer
+ hGSTKI Tr’ﬂXH ¥y REe F8 J—%-r"ﬂ Xhol Zgk
F97h £3E =5 hGSTK1 #4172 37 B ohat 7o)

,
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Ol A Glutathione S—Transferase K1 (hGSTK1) W&ol <
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wsgeo] tiA}2lskIeHCTTTAA — GAGCTC)

5" primer (5"-AATTAACCCTCACTAAAGGG-3")

3" primer (5" -CTTACGGTCTGAGCTCCTAACGGGC-3")

hGSTK1 -3-742}e] 937] 4ol 4] open reading frame2] =7]
L 680 bpEA? 5 primer W 3 primer?] 9% W =S 3
248l PCR product®] Z7|+= ¢F 700 bp AEE FAEIYE
dl, o] 3 P w7l hGSTKI SAxLe] PCR AHZ9|
A71%dE A3 °F 700 bp =718 FHX DNA we} UXs}
9chFig. 1). Wizard PCR Preps DNA punficauon system
(Promega”}, W|E)E o] &slo] PCRE FFA|7l DNAE A
skgick

3. hGSTK1
ETE
==

FAXIR}E pcDNA3.1/Myc-His(+) vector2}2]

EcoRI A|gt& 4 3 Xhol A|3tE A4S o] 83}o] hGSTK1 &
ZAF 3 pcDNA3.1/Myc-His(+) vector®] Agh-S Al3gslgic).
Phenol extraction methodE o]-gslo] Algkd Aol 93k Hl-S-&
ukA 77ke] DNAS 23si9ict.

hGSTK1 B! pcDNA3.1/Myc-His(-H)E AZA7]7] $Jslod
AgkgAZE X elgk hGSTK1 F+4AF 30 fmol, pcDNA3.1/Myc-
His(+) vector 10 fmol, 1 U/l T4 ligase 1 7, 2XT4 rapid
ligase 2+==oH[250 mM Tris-HCl (pH 7.6), 50 mM MgCI2, 5
mM ATP, 5 mM dithiothreitol, 25% polyethylene glycol 8000]
5 8 Y ZF5E AA B9 E 10 dB 2E oe, 25T
oA 317k RE-GAIZA T

4. BEE

100 mM CaCl,, 10 mM Tris-HCl (pH 8.0), 1 mM EDTA 50

bp L] 1
.
m = .
1500 - | =
1000 -
- -
500 -

Fig. 1. PCR product of hGSTK1 modified for ligation with
pcDNA3.1/Myc-His(+) vector. The arrow in lane 1 shows
PCR product of hGSTK1 and the size of band is approxi-
mately 700 bp. M, DNA size marker.
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bp 2 Feebh 1087 948 £ 43S g WA

100 mM CaCl,, 10 mM Tris-HCl (pH 8.0), 1 mM EDTA 25

1353 - mliE Hrbslo] 4olFa 4TollA 1087 YR ¥ 45

872 - He AAsIt AR AEES 100 mM CaCl, 15% gly-

603 - cerol 2.5 mlol] $AA17] ¥, 100 4 Ageol BFsielch
310 -

Z} Alglol] pcDNA3.1/hGSTK1/Myc-His(+) DNA 15 fmol-g-
Arkste] A AolFE T gL 9ol 3087 ukxsliel 90

Fig. 2. Identification of hGSTKl c¢DNA inserts in recom- i & 4“:_}0 o —:r ﬁé R :] o - " ° ]]_b: o

binant pcDNA3.1/hGSTK1/Myc-His(+) plasmids. Plasmid 24 42T & 7IRb ¥ 5 ol 283 WXsick

DNAs containing hGSTK1 c¢DNA were prepared, digested SOC media 450 (S A7}star 37CollA] 3057+ wjokstgdc).
with EcoRI and Xhol, and separated on a 1% agarose gel o

containing ethidium bromide. The arrow indicates the 700 bp LB-ampicillin #j#]ell 20 pg/ml X-gal 25 41 3l 0.1 M IPTG
hGSTK1 cDNA inserts. M, DNA size marker.

1 CTCGTGCCGCTCTTCCGGAGCCTGCAGC

29 ATGGGGCCCCTGCCGCGCACCGTGGAGCTCTTCTATGACGTGCTGTCCCCCTACTCCTGGCTGGGCTTCGAG
M G6GPLPRTVETLTFYDVLSZPYSWILGTFE

24

101 ATCCTGTGCCGGTATCAGAATATCTGGAACATCAACCTGCAGTTGCGGCCCAGCCTCATAACAGGGATCATG
I LCRYQNTIWNTINTLA QLT RPSTLTITGTIHWM

48

173 AAAGACAGTGGAAACAAGCCTCCAGGTCTGCTTCCCCGCAAAGGACTATACATGGCAAATGACTTAAAGCTC
K DSGNI KZPPGLULZPRIKG GLYMANTDTLIKIL

72

245 CTGAGACACCATCTCCAGATTCCCATCCACTTCCCCAAGGATTTCTTGTCTGTGATGCTTGAAAAAGGAAGT
LRHEHEHLOQTIUPIHTFPI KDTFL SVMLTETEKTGS

%6

317 TTGTCTGCCATGCGTTTCCTCACCGCCGTGAACTTGGAGCATCCAGAGATGCTGGAGAAAGCGTCCCGGGAG
LSAMRTPFLTAVNVLEUHPEMMTLETZ K ASTRE

120

389 CTGTGGATGCGCGTCTGGTCAAGGAATGAAGACATCACCGAGCCGCAGACGATCCTGGCGGCTGCAGAGAAG
LW MRVWSRNEUDTITEZPOQTTITLAAATEHK

144

461 GCTGGTATGTCTGCAGAACAAGCCCAGGGACTTCTGGAAAAGATCGCAACGCCAAAGGTGAAGAACCAGCTC
AGMSAEQAQGLTLEZ KTIATZPI KV VI KNR QL

168

533 AAGGAGACCACTGAGGCAGCCTGCAGATACGGAGCCTTTGGGCTGCCCATCACCGTGGCCCATGTGGATGGC
K ETTEAACRYGAFGLUPTITUVAHVDSGEG

192

605 CAAACCCACATGTTATTTGGCTCTGACCGGATGGAGCTGCTGGCGCACCTGCTGGGAGAGAAGTGGATGGGC
Q THMLVPFGSIDRMETLTLAHTLTLTGETZ KWMSG

216

677 CCTATACCTCCAGCCGTGAATGCCAGACTCGAGTCTAGAGGGCCCTTCGAACAAAAACTCATCTCAGAAGAG
P I PPAVNARLES SR RGPTFESGI KT LTISEE

240

749 GATCTGAATATGCATACCGGTCATCATCACCATCACCATTGAGTTTAAACCCGCTGATCAGCCTCGACTGTG

DLNMHTEUHUHHUHUHEH *
253

821 CCTTCTAG

Fig. 3. Nucleotide and deduced amino acid sequences of the recombinant pcDNA3.1/
hGSTK1/Myc-His(+) DNA. Nucleotide sequence of hGSTK1 c¢DNA in the recombinant
pcDNA3.1/ hGSTK1/Myc-His(+) plasmid are confirmed using Sanger’s dideoxy nucleotide
chain termination method. Myc-His(+) tag sequence derived from vector is underlined.
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25 (A5 27 Akl A=zA7) £ g@AAZE E. coli 100
AAS HEto] 37CAIA 244170 Witk

5. &cBNAll/hGSTKl/Myc-His(+) DNAQ| &7|MH
=5

Wizard Plus SV Minipreps DNA purification system< ©o]-8
slod E. coliZFE] pcDNA3.1/hGSTK1/Myc-His(+) DNAE- A
Alsloitlh. AAg DNAE thA] EcoRl 2 Xhol AtEAE
Aelsla 1% agarose gelollA] A 7]dE3F & ethidium bromide
2 odaslo] BAe Ay} oF 700 bp =7]2] DNA w7} =l
= chFg. 2).

A% DNAZH BshelA AIEIE A elels] Sist
o3, Sanger’s dideoxy nucleotide chain-termination method (Amer—
sham#l, w=)E DNAC| d7]A9s HA4slGlth 3 7]

5l hGSTK19] F8 FEH F Xhol Algkis Zﬂ‘%—m%
o]s}7} pcDNA3.1/Myc-His(+) % Xhol A|gt&s Z-839] o]

s} BHRo g wxx|o]

oo GRI% & QlodckFg. 3).
6. In vitro translation

TNT T7 quick coupled transcription/translation system (Pro-
megar}, B|F)S o] gsled, A=l pcDNA3.1/hGSTK 1/Myc-His
(+) DNAZ MCE-7 A|Z3e] 0|gA7]7] Aol AJgat Hell
Al el o] fEEE A Felslsicl T7 quick master
mix 40 4, *S-methionine (1000 Ci/mmol) 2 1, DNA 5 g
Aol Wi, FHTE Hlsle] AA §2] 50 42 =4
slick 30CollA 1A1ZF HEAIZ] ¥, SDS-PAGEE Al 283}9]
th A7]dES v gels -70TollA] 244]7F ol s Foll

E2A7 3 diste] §4E hlAE st dv1A
AE AL ehiA o] A1 287 kDad} U3 EAbgE

74 i o E &1 = QldckFig. 4).

7. MCF-7 MIZF=29| 0|

wekgt MCE7 AEE
3, 1500 rpmellA] 1037F A4 EElste] DMEM sljoklg A
Aslict. PBSE A1Xgk 3, DMEM ujekd 3 mlE &7}s}
3, AE 75 AXdsldel 274 100 mm Aol 2.5
10°709] AES B35 3 g4 5l PHo] d7}¥l DMEM
vljokol 4 mlE H7}sl9ict. DMEM wfekel 100 sdol] DNA 1,
2,5 pes 27 93 10 £19] Superfect transfection reagentS-
Artelo] Aol 1087 WA F Al W Wl A
7Vl DMEM w9} 1 mig A7kele] lolsieh 48
& Bsjo] TP 4ol 37C, 5% COull 375 v
poisick gaAl W WHo] 7kE A) DMEM wiekole.

trypsin-EDTA ] 2]s}-03
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AAL o]]le] H Alxrkg AdEgick
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8. AAM ZAt U MESE 2

b |

HI

hGSTK10] o]9%l A)3ES} hGSTK1o] o] A] 92 MCF-
7 AEES nypsinEDTA AHelsle] &3t &, AE 5 F
Atk 5x10°712] MCF-7 A|Z£E 10 ml DMEM ujjokelo]
© A7 100 mm iAol HEsldek o =ZAE6
MV 48715718 o] &aloirh nlied =A= ZH7ke] wiey
Aol 2, 4, 6, 8, 12 Gy9] dlxig =ASIA, B8 =4
4 Gyo] olz2Alg =AY, 4417 ol BhA] 4 Gy9] eled)
+ zAsledcl. AEE 37C, 5% CO, wiok7]ol 2577 ik
3l & crystal violetoZ 3Ms}o] colonyS =3}tk 5071
ol g AEE FAH colonyihs FHI Ao itk &
A3t AgS 53] qHESE ¥, dlxAgel] wiE SRS

o] &slo] nlLEA st
9. AAM XA 98t hGSTK1Q| sl =H

Student’s t-testE-

hGSTK1o| ©o]|Q)El A|Z9} hGSTK1o] ©]Q]%]A] ¢S MCF-
7 AEE F8e F 5x1070e] MCF-7 AEE A7 100 mm

R Al EFeoick 2 Gy 3 8 Gyo elAs nlEd
24, 4 Gy 24 ¥ 447 ¥ ] 4 Gys Eg=zA

algleh. alad 24 & 3,6, 12, 24, 4841700 AIES Hel

kDa
200 -

974 -] -
69-| -

46 - | -

30-}
4= hGSTK1

Fig. 4. In vitro transcription and translation of the recom:-
binant pcDNA3.1/hGSTK1/Myc-His(+) plasmid. Plasrmd DNA
was in vitro transcribed and translated with *S-methionine
and separated on a 12% SDS-polyacrylamide gel. The gel
was exposed to an x-ray film for 24 hours at -70C. The
arrow indicates the 35S-labeled hGSTK1 recombinant protein.
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o] RNAwiz and Superscript II (AmbionA}, w]5)E ALg3}o]
RT-PCRE A3§s}9c}. RT-PCRoY| AH&-% primere vhadt 7
ow, Y=FOZ GAPDHE A-g3l9ict.

5 primer (5" -TCCAGATTCCCATCCACTTC-3")

3" primer (5'-CGGTCAGAGCCAAATAACAT-3")
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107
0 2 4 6 8 10 12

Radiation dose (Gy)

Fig. 5. Effects of x-irradiation on cell survival of MCF-7 cells
transfected with or without the hGSTK1 gene. MCE-7 cells
were transfected with or without recombinant pcDNA3.1/
hGSTK1/Myc-His(+) DNA. The cells were irradiated with
x-ray at the indicated doses. Following 14 days, the cell
survival was measured.
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ek hGSTK1 FAAE o|YAFIA 95& MCF-7 AlE52]
&g =24 & 2 Gy AE E¥L 0325010031930t
hGSTK1 FAAE o|9AZ]l MCF7 A|EF2 njid =4
% 2 Gy AE H3)L 0412510032502 hGSTKI FAAS
OlYAIZIA ¢ MCF-7 AlZEFoAHet v #A] vebget
(p<0.05). hGSTK1 4125 ©|UAIZL MCF-7 A|EF9] 4, 6,
8, 12 Gy A& X3 hGSTK1 SAAE o|YA|7|A] %
MCE-7 A|EZFo|A K}l B =A Jebgrhp<0.05). 447+ 7F
Ao 4 Gyo| z=alg B8 2AZE 9ol hGSTKI
RS o]YAIZ MCE7 A|lEF2] ABE E#o] hGSTKI
AAE o|YAF|A k& MCFE-7 AZEZFAAEel o =4 1
R eH(p<0.05).

2. AAM XA} hGSTK1Q| 280 O|X|= A&k

2 Gy ¥ 8 Gy of=Ag vl =A% $ A3§3k RT-
PCRo||A] A|7tol| w}2 hGSTKI mRNA ¥dl Axo| wisls
WA o UdrkFg. 6). 4A7F Ao ® 4 GyY £ =4
g+ ¥ 88k RT-PCRAIAE A|7bol] whZ hGSTKI mRNA 1}
A AR Aol & WY 5 YU rhFg. 7).

ok

oF 3 2E

AelgAsdo] Aol FEw A el & A7) o]
skxlo] 4+ Fel7](OH.) oF 722 &4 AaFe] A
ot ol#3k A AEES AAE dlol| sulfhydryl 7]
(SH-7} mi%- F83t J3g 3w, AE HollA 7H3 &3t
SH-24 3998 GSHE & 4 ek Sulfhydryl 71& F4
FAREA, FA FRI7I7Y £H BAERE F4E FHde
WG ARAAE 75 vk webd Aelde] 24

4+4Gy

3h 6h 12h 24h 48h 3h 6h 12h 24h 48h 3h 6h 12h 24h 48h

4= hGSTK1

4= GAPDH

Fig. 6. Effects of x-irradiation on hGSTK1 expression in MCF-7 cells. The expression of hGSTK1
was measured by RT-PCR and GAPDH expression was used as a control. M, DNA size marker.
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M O0Gy 2Gy 8Gy
3h 6h 12h 24h 48h 3h 6h 12h 24h 48h

Ol A Glutathione S—Transferase K1 (hGSTK1) te+&d

O 2let At Udel =

4+4Gy
3h 6h 12h 24h 48h

4= hGSTK1

4= GAPDH

Fig. 7. Effects of x-irradiation on hGSTK1 expression in MCF-7 cells transfected with hGSTK1. The
expression of hGSTK1 was measured by RT-PCR and GAPDH expression was used as a control.

M, DNA size marker.
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Aol otk A Mol el slelek S, Kin 5
© ARWAR 24 24A7F F A9l Aol GST mRNA %
Hol Fobde HaslulA GSTSL PAA A5-43ke] Aeid
FAsgn = Kim 5V A4 24 F Al
o4l GSTe mRNA H2 ZolA1} GSTr mRNA w2+
E o) glee Buelgla, APAdS A% 24
7% GSTq mRNA W] Ee}EE Mol Moz v
 AEAAG] o4 AIEZA] 47 % DNA £4 %7
B3 os PAA ARl Bold Ao FAud
QMAIZ W Y AT AR BFAS AR
Z9] sE AlE W GSH 9 GST 5571 ARXE L 9o
vk oAl o BAESHE 71K o] WA drelA A
© 9tk GST fAzte] W =4 i3k A7 1990 o]
GST GAxte] AA #Alol] Hols}= antioxidant responsive
element (ARE)7} BFAE 932 GST $-A}Fe] 2212} HEo|
2] %] 38} antioxidant responsive element-binding protein (ARE-BP)
Fol GSTe| AAzAel oAtk Ulgo] Hawglek®
QA o8l $EHE G472 FolA Aol e
24don fEE AT 2N SR e, of %7
Hkg Azt o3l vl frEEE Ae ke Azt
g} gheh 27pks AR jun, fos, egr-l, ZE|RO|E T
EE9 FEAE AR Fol o, AlES A Azl
Al A 24 3 30~60F Atolol] Uit or whxl
tb? Z7uke § A A olli= TNF, TGF- 3, IL-1, bFGF o] 9}

mi‘E

I"

o ruio

=

e

t}.” Cholon 5ol Slpd A4 24 F 147 el
GST $-AA} 2] wheo| 7459y, H|E 1 uldo] 7h4F
7%= slgd o} GSTS z=7|uke $AztE H8g 4= glvlw
siick e Kim 579 Hae) ofspd, wMAd =24 &

=

<

15-2441 Askote] GSTS| Wile] Srhaiglons, 271
2 §ARR Rl AheA she REE gluk olg)

7ol GST F4AR= L whel okgo} ukd AJA So] AlE
off whe}, Fgoll whel dRAE HolA gx e, B
odrellAl 9] hGSTK1 FAAE H]5 g3 kLA &4
UFAE dld] 2A AFol] o Wkl AolE B gl
ok &% o chekgk AEF 9 GST HATol gk wradokd
Aol dasirty AsH )
%Hc} §F AlZEellA hGSTK1S] whlg QIsiHez F7HA7
oz WAL A wskE %}iﬁi B AT, e
AL & MCF-7 A|Ee] A B3] hGSTKI Az o]3]
AFof FoJ3t xol & iﬂﬁiv}. o] hGSTKI 727}k
MCF-7 AJZe] WA Aol Jofelgivkes 2E ov)st
t}. e} hGSTK1 mRNAej| thgl RT-PCR FAlol|A & ol
A =24 F AT Al wE FE3E ZolE B 5 sk
ool thet AWogs A B ghide] WL A 2t
Aol F7b # oke), A TKE AA 3 24, WY ¥

%N

zA3 = vkl gl 289 F e Aoz Azt
GSHO| Fx9t GST| W} Falsle] @ g Ads
o] Buxx ¢ick. Miyara 5 AHe] gt Al GSTx
SANE o|YJAT A WA I kAol i3t WAdol
FEEE Z7HEE ubdsle], 3ehAl 9l A 4ol thRh

GSTS] oo wh$ ABHe)e Hsigleh adhay 5O
AR DA WARA RGN 18] 24 F ol
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%) 9] wshr} s AL R
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— Abstract

Inductoin of Radioresistance by Overexpression of
Glutathione S-Transferase K1 (hGSTK1) in MCF-7 Cells

Jae Chul Kim, M.D.” and Sei One Shin, M.D. "

“Department of Radiation Oncology, School of Medicine, Kyungpook National University, Taegu, Korea
TDepartment of Radiation Oncology, School of Medicine, Yeungnam University, Taegu, Korea

Purpose : This study was conducted to assess the effects of x-irradiation on the expression of the novel

glutathione S-transferase K1 gene.

Materials and methods : Human glutathione S-transferase K1 (hGSTK1) DNA was purified and ligated to
a pcDNA3.1/Myc-His(+) vector for the overexpression of hGSTK1 gene. MCF-7 cells were transfected
with or without the recombinant hGSTK1 gene, and irradiated with 6 MV x-ray. After incubation of 14

days, cell survival was measured and compared. The expression of hGSTK1

and the effect of x-

irradiation on hGSTK1 expression were also estimated in MCF-7 cells transfected with or without the

hGSTK1 gene by RT-PCR.

Results : Following 2 to 12 Gy of x-irradiation, the cell survivals were higher in the MCF-7 cells trans-
fected with the hGSTK1 gene than in those without transfection. Despite the higher cell survival in the
hGSTK1-transfected cells, RT-PCR for hGSTK1 mRNA revealed no significant differences according to

radiation dose, fractionation, and time after irradiation.

Conclusion : The MCF-7 cells transfected with the hGSTK1 gene showed higher cell survival than those

without transfection of the gene. The hGSTK1

gene might be associated with the radiosensitivity of
MCF-7 cell line and further analysis should be needed.

Key Words : Glutathione S-Transferase K1, MCF-7 cell, Transfection
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