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y-glutamylcysteine synthetase

5" primer(5'- TACATGGATGCCATGGGATT-3")

3' primer(5'- CCAGCGACAATCAATGTCTG-3")



y-glutamyl transpeptidase

5' primer(5'- CATCAACCTCTACTTTGGCT-3")

3' primer(5- AACCACCATCCGAACCTTGC-3)

RT-PCRZ 10X PCR €39 1pl, 25mM MgClL,
2p, 10mM dNTP &3+ 4pl, 20U/ul RNAase
inhibitor 0.5pl, 50U/u1 MuLV RTase 0.5p1, 3'
primerE 0.75pMS =%, 72|51 RNA 1pgs ¥
& DEPCHE R FHRTZ HAFo] 10ne =%
st A2oA 1083 = WA 40Tl A
308 WHEAIZT. o7l T 10x PCR &3
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0.1% SDS &0 1SR 28 M A g F Xray
ol 23Rt

Northern blot2 WM EEF A EdA &
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7l membraneS 80ClA 2413t & &, A9
#Zo| hybridizationA] 7} 11 X-ray ESof 2FA)A
#Aatdh

EAEG WYAAEE Atole] AAGAE
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Ao HEy AEF LI2I0AES A
WA ol L1210AdR, L1210VeR ¥ L1210Cis
MEE9 AFU glutathionexr = GCS, GGT,
2 GSTe| A= E X 19 JERRA

Glutathiones =(UM/mg protein)= L12100] 041+
0003 o]lem, WA LA EE A= Li210AdR7}
0731000625 1.789)], L1210VcRE 1.16+0.0602.
Z 2.83u)), 23] 31 L1210Cis7} 2.194+0.2828 XA X
of Mt} 534mjz vl {oJF FUHE BT
GCSe] EolZF A A2l BSOE 1 pM ¥ &= H
7Vt 12417 gt Al EE oA 2] glutathione
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Table 1. Concentration of glutathione and activities of y-glutamylcysteine synthetase(GCS), y-glutamyl transpeptidase(GGT),
and glutathione S-transferase(GST) in the L1210 cell line and resistant sublines

Ghutathione” GCS Activity GGT Activity® GST Activity”
G (PM/mg protein) (nM/mg protein/min) (nM/mg protein/min) (nM/mg protein/min)
roups

None 1 pM BSO None 1 pM BSO None 1 pM BSO None 1 uM BSO
L1210 0.41+0.003 0.05+0.025 104 9.95 2.15+0.531 2.661+0.172 16.70+4.798 12.83+4.709
L1210AdR  0.73+0.006** 0.110.000 128 125 2.80+0.498* 2.39+0.409 14.5113.402 12.94+5.614
L1210VeR  1.16+0.060**  0.13+0.009 227 26.2 24240389 249+0.476 19.521+4.255 24.38+3.866
L1210Cis  2.1940.282** 0.46+0.000 212 6.8 2.98+0.623* 1.95+0.366 17.77+4.495 16.37+£3.419

Mean + SD, 5(#) and 7($) experimental results
* p<0.05 and ** p<0.01 vs. L1210

7} 0.11+0.0002.2 85%, L1210VcRo] 0.13+
0.009% 89%, L1210Cis¥ 0.46+0.0002. 2 79%2]
AaE By}

GCSe] &4 =(nM/mg protein/min)= L12109]
104019 11, L1210AdRE 128, L1210VcR-E& 227,
2 L1210Cise 2128, WAAEEgN Z7
23%, 118%, 2 104% Z7}3g o, BSOS 124
b A X8 A $ L12100] 9.95, L1210AdR7} 12.5,
L1210VcRo] 26.2 2 L1210Cis7} 6.82 Az A
o H]3led L1210°] 90%, L1210AdRE& 90%,
L1210VcRE 88%, L1210CisE 97%9] 7AAE B
Kt

GGTS] #4 =(nM/mg protein/min)+ L12109]
2.1540.531 o] 3, L1210AdRE 2.8040.498,
L1210VcR-E 2.42+0.389, 2 L1210Cis 2.98+
0.6232.8 WA AL L1210AdRF L1210Cis7}
L1210 B8} Z+Z} 30%, 39%= ol =7t
Hgom, LI210VeRE 13%9] Z7}2 B o
o742 gldth BSOE 1243 A A& 779

L12103} LI210VERS &4 %7} BSO H7t Axmc}
4%} 3%7} 93|18 FrslAd

GSTE 4 =(nM/mg protein/min)E L12100]
16.70+£4.798 o] 31, L1210AdR-E 14.51+3.402,
L1210VcR-& 19.52+£4.255 2 L1210CisE 17.77+
44952, L1210VcRo| 17%, L1210Cis7} 6% 2
712 B9 o, LI210AdR-E 13%¢] A8 By
oy BAA o9& il BSOE 12A3F A4
g 79 L12100] 12.83+4.709, L1210AdR7} 1294+
5.614, L1210VcRo] 24.38-3.866, L1210Cis7}
16.37+3.4192 L1210, L1210AdR3} L1210Cis
= gA%) Zh2 23%, 11%, 8% Bl
HbH L1210VeRE 238 25% 718 B A

GCS¢9 GGTY 28 H =g Hlwsty] $sto
RT-PCRE A8 &}gith RNAE A A ste] GCSet
GGTe] 7} primerE ©]83l] RT-PCRE AP E
S 1% agarose gelo|A] A719 %38l ethidium
bromideZ G & A3 GCSe 7% 183bpe =
7], GGT+ 211bp A712] FEH bandE Q&

eSS

GGT A E = L12100] 2.66+0.172, L1210AdR 2= ol ot AT WA T A
7} 2.394+0.409, L1210VcRo| 2.49+0.476, 2L o] vy ol & & YT 1). PCRE A
L1210Cis7} 1.95+0.366 2. 2 L1210AdR¥} L1210Cis £ AP EES 0.8% low-melting agarose gelol| A 7]
7V A7 15%9F 35%9] BHE PAE B ¥ QdE3sle] Z+ DNA bandZ ¥ %, phenol:
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Fig. 1. Electrophorograms of PCR products for y-glutamylcysteine synthetase(GCS) and y-glutamyltranspeptidase (GGT)
RNAs extracted from 11210, L1210AdR, L1210VcR and L1210Cis in 1% agarose gel.
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wate] WA MEE9 GCS, GGT, GST-n2 #
A W g #2E F Ao

Northern hybridization3t Z 7} ol A GCS &=}
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Fig. 2. Slot blot analyses of y-glutamylcysteine synthetase(GCS), y-glutamyl transpeptidase(GGT), and glutathione S-
transferase(GST) genes in the DNSs extracted from 11210, L1210AdR, L1210VcR and L1210Cis.
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RNAY A2 ZA o) u]dte] WAAH EA A F7}
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¥} L1210Cisol M & Vel A gE L1210VeRo| A &=
22kb2 ZA7)7F B3Rt mdrl geneo] WS
3913171 ¢ % northern hybridization3t 2 3} =
L1210AdR¥} L1210VcRe A mdrl §-d k9] 2}k
AL BAFE 6.3kb9} 11.9kb Z7]<] band7} A
8HAl VEbwtth 22 L1210Ciso] A &= L1210}
¥t mdrl F3zke] e 2ozt gl
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8 At 23u " WA A EANA = mde
FARe] FgEo] Qo= FAdA ] g WA
ol WAZThE AMdo] HEHAUA, FFATW
A AE 54 EZEL d| 53t glutathione?]
zZh-go] A9 dido] Hojgon, M Ee I
StA ol gk UAdol glutathioneo] e gH-E 4A
HAth E oA M EuUelA  glutathioneo]
Al e] DNAC & 288 A3t gAxE
o] JEo] 7t e Ao AR
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Fig. 3. Northern hybridization of y-glutamylcysteine synthetase(GCS) and glutathione S-transferase(GST) genes in the
RNAs extracted from L1210, L1210Adr, L1210VcR and L1210Cis. GAPDH probe for internal standard was used.
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Fig. 4. Northern hybridization of y-glutamyl transpeptidase(GGT) and mdrl genes in the RNAs extracted from L1210,
L1210AdR, L1210VcR and L1210Cis. GAPDH probe for internal standard was used.
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-Abstract-

Gene Expreséion of Enzymes Related to Glutathione Metabolism in
Anticancer Drug-resistant L1210 Sublines

Seong Yong Kim, Jae Ryong Kim, Jung Hye Kim

Department of Biochemistry
College of Medicine, Yeungnam University

Taegu, Korea

Glutathione(GSH) has a very important role in detoxification of cells and is closely related to antitumor
drug-resistance of cancer cells.

In order to evaluate the importance of glutathione metabolism in the drug-resistant cancer cells, the
concentration of celluar GSH and activities of y-glutamylcysteine synthetase(GCS), y-glutamyl transpeptidase
(GGT) and glutathione S-transferases(GST) in the adriamycin, vincristine, or cisplatin resistant L1210
(L1210AdR, L1210VcR, or L1210Cis) sublines were measured. Expression and amplification of GCS, GGT,
and GST-m genes were also observed in the parent 11210 and the drug-resistant L1210 sublines.

The concentration of GSH was increased 5.34 fold in L1210Cis, 2.83 fold in L1210VcR, and 1.78 fold in
L1210AdR, compared to L1210. The activitiecs of GCS and GGT were increased in drug-resistant L1210
sublines. The GST activity was increased in L1210VcR and L1210Cis but decreased in L1210AdR compared
to L1210. Expression of GCS, GGT, and GST-m genes were increased in the resistant L1210 sublines
compare to the parent L1210 in northern blot analyses.

Overexpression of GCS, GGT, and GST-m were observed in the resistant sublines, and the increases of the
concentration of glutathione and the activities of GCS and GGT in the resistant sublines may be involved in a

part of the drug-resistance in the resistant sublines.

Key Words : Drug resistance, Glutathione(GSH), Gamma-glutamylcysteine synthetase(GCS), Gamma-glutamyl
transpeptidase (GGT), Glutathione S-transferases(GST)



