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Expression of Cu/Zn SOD according to H;O; in Hepatoma cell line. Youngmin Kim' and Wonsook
Seo*. 'Department of Biological Sciences, Hannam University, 306-791 Daejeon, Korea, Koren Research Institute
of Standards and Science, 305-340 Daejeon, Korea — Oxygen is required for many important aerobic cel-
lular reactions, it may undergo electrontransfer reactions, which generate highly reactive mem-
brane-toxic intermediates (reactive oxygen species, ROS), such as hydrogen peroxide, singlet oxygen,
superoxide radical, hydroxyl radical, hydroperoxyl radical, hydroxy ion. Various mechanisms are
available to protect cells against damage caused by oxidative free radicals, including scavenging en-
zyme systems such as superoxide dismutase (SOD), catalase (CAT), and glutathione peroxidase (GPx).
This antioxidant defense system is a very complex and finely tuned system consisting of enzymes ca-
pable of detoxifying oxygen radicals as well as low molecular weight antioxidants. In addition, repair
and turnover processes help to minimize subcellular damage resulting from free radical attack. H:0,,
one of the major ROS, is produced at a high rate as a product of normal aerobic metabolism. The
primary cellular enzymatic defense systems against H,O; are the glutathione redox cycle and catalase.
From Northern blot analysis of total RNAs from cultured cell with H;O; treatment, various results
were obtained. Expression of Cu/Zn SOD decreased when cell passage increased, but the level of the .

Cu/Zn SOD was scarcely expressed in 35 passage.
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3ar8l B4 9 superoxide dismutase (SOD), catalase,
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ZAEE(Oy), A GFAHO,), lipid peroxide, nitric ox-
ide, peroxynitrite (ONOQO), thiyl peroxyl radica I(RSOO),
ferryl radical (FeO™), 44+ B T]ZHOH)S¢ FHsA =
33 t}H2,10]. &3] HOre apoptosis$t necrosise] 93] 2E
Az 2o &85 7ALE 7Y AstAo|th13]. &
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Garst G441 Cu/Zn SODE mRNA levelo] A 7793t}
SFATH14). Ao ZEE 54E Ave HO0E A&
FE9 AIZEE ©a]3te] hepatomad] U$AHE Ao
2R Z2t7t 2 9749 passaged) M LrietEe] MFAE
&1 28 F deAd g 58& ARt A

of

wek rpr we ok
o ox (o @

'

e 2
M= By
Hepa-Iclc7 cell& Mus musculus (mouse)e] hepatoma
cell2 4] American Type Tissue Culture (ATCC)oj) A Eokut
Skeh o M E o streptomycin} peniciling zHz}H 100 unit



/mle] %2 Fr}sta, FBSE 10%7F 952 Avlste Al
& A7A 4CHA BEedth AZFE AE A 37TAA
=9¢] &, FBS¢} antibioticS ¥ ¢-3l+= MEM-auE washing3}
& 6,500 rpmol A 5E Ft YA E] st T-flaske] £33}
ok A g vk T Tflaskol A vk W
PBS 10 mlg ¥ ¥ AH 8}, trypsin 3 mlE ¥ & ¥, 4 &
29} incubatordl] A v %k 3t} A2 T-flaskdl] w] % 2
mlg Y3, AEF7} 4x10° 7} /mio] = E AJ2¢ flasko]
B23 & 37T, 5% CO, incubatoro) A BH okl ol

o

H2029| AMz2| =A

80~90%Z confluent 3}A 2}gk hepatoma celld] H;O.5
Y273 487 22 100 uM, 500 pM, 1 mM, 11 5
mMo] HA A, 30 &, 1 Az F< 37C, 5% CO, in-
cubatoroj A B} %3}tk B8 cell passaged] WE WS
B84 5, 15, 25, 35 cell passageo] M= HOE $
oF 2 Azt ol w242 A sith

Total RNAY &

T-flaskoll 4 wjok8k Al ¥ PBS 20 mlz ¥ ¥ washingd
%, 0.25% Trypsin} 0.03% EDTA solution 3 mi& ¥, 37C,
5% CO, incubatorol A 3 & EoF Hjoksle] MEE culture
flaskol A 228 3, MEM-a 5 ml& 27}ste] AT S 323
93‘:} 2v7+ol %, A7), cell passaged] ZZA NEE B

£, O PBSE F w1 washing 3l Tt} Trizol Reagent
(Life Technologies, Glasgow, United Kingdom) 1 ml-& 27}
3le] vortexing & %, A& A 3] resuspension 3} total
RNAE F&331.0m, AL H71A] 70T B@stgch

Cu/Zn SOD2} B-actin®| Reverse Transcriptase Reaction

273 total RNAE template® 3} Z+zH(Cu/Zn SOD
9} B-actin)9] ¢cDNAZE A3tk 229 primerEL pri-
merfinder v0.07 X2 138 A}8-8d gene spesificd}A o
A1 A THCu/Zn SOD RS-1 primer: sense 5-CCGTGTG
CGTGCTGAAG-3, RS-2 primer: antisense 5-GGCAATCCC
AATCACACCA-3'/ B-actin MB-1 primer: sense 5-GGCTG
TATTCCCCTCCAT-3, MB-2 primer: antisense 5-TGCTGG
AAGGTCGACAGTGA- 3'). Total RNA 15 ul& DEPCE A=)
& ddH0= 10 ul A 713 &, 10xRT-amplification buf-
fer 2 pl, dNTPs (25 mM) 1 ul, MgCls (25 mM) 1 yl, reverse
primer (10 pmol) 1 pl, RNase inhibitor 40-unit, AMV reverse
transcriptase 5 unit, DEPCE ] g ddHO 3 pl& H7}sld]
39TeA 60 & & -gAIA (DNAE FA431%T

PCR(Polymerase Chain Reaction)
A H Cu/Zn SODY B-actin®] ¢cDNAE o] &3} PCR
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(Polymerase Chain Reaction, Perkin Elmer 480, USA)E &
B3ty ch. 2+ 1.5% agarose gel’doll A £l &, Gel ex-
traction kit (Qiagen, Germany)Z ©]-83}4 elutiond} St}
DNA sequencet SolgentAl(Korea)oll 9JZ|3lgoH £4 2
3 Y AEde YA :

Cu/Zn SOD and B-actin® TA cloning

Cu/Zn SOD and B-actin®] PCR productE 1.5% agarose
oA elutiondte] A-20)A 30 & ¥-3A]#H TOPO vector
(TOPO TA Cloning Kit, Invitrogen)o] 43t}

DNA labeling

PCR productE Ready-To-Go DNA labeling Kit (dCTP,
Pharmacia Biotech, USA)S- A}8-3}4 Cu/Zn SOD=} B-actin®]
probeE AZst4lt}. A58 protocold] we} 50 nge] DNAS
37Co)A 30 & F<F uHs-AlA labeling 31t} Labelingo] &
¢ 5, 5hg-o} Fof labeling %] 95-& DNAE A|A3L7] 93]
Qiaquick nucleotide removal kitE ©]8-3}t}.

Northern blotting

Cell passage 5, 15, 25, 3594 Z}ZF HxO, 100 uM, 500 uM,
1mM, 5mM HEE a5 30 ¥, 1 A7+ F<F incubator
o)A mloket &, A EoA total RNAE B8y, A7] 9%
8+ Immobilon-Ny +membrane (Millipore)el] transferdt 3-
Cu/Zn SOD#} B-actin®] probeZ Z+7} hybridization 3} t}.
Total RNAE 7] 9539 transferdt membraneg hy-
bridization buffer 30 ml& @& bottled] Y1, 60THA 2
A7+ F ¢ prehybridizationg 43 8} 91t} Labeling? probe
& #H7lste] 18 Al F9F hybridizations S350k
Hybridizationo] ¢ membrane& 68T ¢ washing buffer
[ (2x85C, 0.1% SDS)2.2 5 4 F 9, washing buffer]l
(0.1x SSC, 1% SDS)Z 5 £ F= W 4831931, washing
bufferl (1xSSC)oll4 washing® wl& WAls 237
(Geiger counnter) 2 ZrA|3lHA AIZHE A A3 A5
A # o] £¢ membraned -75ToA & dFU T 734

7 Fo @339
dn 9 3%

Cu/Zn SOD ¥ B-actin probe® Mz
B MENA 53 total RNA 15488 o] §-3to] §4
& first cDNAE template2 3}¢] RS-1, RS2 primersE o]
§3to] RT-PCRE 33} 1% agarose geld| A A7) 4%
39t 2 A3} Cu/Zn SODL 446 bp, B-actin 1 kbe] ¥l
=g Zdoigrch o]# 3 PCR productg— TOPO vectordl] 4t

A3t transformation A7l F, ZFAn=E HEd 4
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EcoRI©.E digestiond}] 1% agarose gelo} A7) |F3 4t}
1 A3} 3.9 kbe] TOPO vectord] 446 bpe] Cu/Zn SOD in-
sert DNAY} transformation ¥ $-2-& <134 tHFig. 1).

Northern blot analysis
T4 28 A= E vl@al7) 93t housekeeping F
A2l B-acting Helsle] EU3 ZHCE Northern blot
A& 3}t Cu/Zn SODE 600 bpe] x| ojA W=
FAHAG. 2EE H5E & AUs HOE 30 ¥ A
[¢]
[+

tio

[e]

7%, 5 passagedl M & HIO»9 & S7HIAE vl
g B4th 15 passage?] A$ H: . 500 uM, 1
, 5 mME 27y A& W, Cu/Zn SODe] &EFe]

o 3 N A

mM

« digested
vector

« [B-actin
| <~ Cu/Zn SOD

Fig. 1. RT-PCR products using each specific primers and di-
gestion of vectors contained insert using EcoRL M,
DNA weight marker; lane 1, B-actin PCR product; lane
2, B-actin-vector digestion; lane 3, Cu/Zn SOD PCR
product; and lane 4, Cu/Zn SOD-vector digestior.

passage
15 passage

25 passage

35 passage :
Cu/Zn SOD

Az 2713819 25 passaged| A Hy0,E 1 mM3 5 mME
2zt A2l Y& W, Cu/Zn SODY] FHYo] /M H& Ao
2 Jeisten, =37} SE3 FAYPE 35 passaged A=
H0,9 35§ S7MIAE Cu/Zn SODY HAGJHE & 7
ol& HolA &3tth(Fig. 2).

At 59 =9 HOE 424 1 A7 B¢ AP &
4%, 5 passage A 25 passageZt R 2] A E Al ArEHA] A
2 & 34 & controld A o] FHo] AR Frhshe P
Zo| Zvzke] 284 FE M= Cu/Zn SODE] w3k}l J
A F7Fstg o, 30 £ ¢t HO.E Az §E we} Zof
35 passaged A& W8 Fx o zolrt A9 ehA] &gt
(Fig. 3).

HO0,Z 30 £3 1 At 5 242 AP & Ao A
AHQ PGS Alugde o, 308 F¢ M AEA T
ol o & A2 Yekth & 5 passage® frobr] BH
2 2 A tiste Bold & Qe FYe] ¥&53
ALo.g RBolu, 15, 25 passager %, FE£02 $Ad U
3 A3 ¢ de FHol ZFU7] g gz S}
3 Ao g B =37} Bo] I3 35 passage= AH3}HA|
o &8 02 Jepygon, et ik
gase] 3d Arw v Aog Hdrh a8y Be o

d 2 B, ASAE FE9 AIZEE AYy
W oh2 kgl E4EY Cu/Zn SODY HHAEE
<3 AR et B a7 Fgx F=9 Azt
tetde 2 28 F2o A vjnjdt ztojrt ebdg &
F AU ol AL Tl A TR} v AT

B-actin

Fig. 2. Cu/Zn SOD and B-actin mRNA expression in 5, 15, 25, 35 passage cultured cell with HO; treatment for 30 min. C, control;
lane 1, 100 uM; lane 2, 500 puM; lane 3, 1 mM; and lane 4, 5 mM.



5 passage

15 passage

25 passage

35 passage

Cu/Zn SOD
Fig. 3. Cu/Zn SOD and B-actin mRNA expression in 5, 15, 25, 35 passage cultured cell with HyO; treatment for 1 hour. C, control;
lane 1, 100 pM; lane 2, 500 uM; lane 3, 1 mM; and lane 4, 5 mM.

TR ASANE & Y& B FxRol7) mEd 45}21]-4
E7F bt AbEl 540 gyde uusiA 7}
¢ A2 HATh EF AFgAEH HOE A549 cell
{(human lung adenocarcinoma)oll A & A|7FE0 15T 2
A ¥& ], cell deaths} apoptosis7} VLIS o2 B
HATHE10]. et A9H oz A3AlE Tt s}
29 HAGES ZX& 3, AsA o} g A S FA F9

o] ol WIHEAS ¢ & Udvhd
=3to} FHEE A 28-S B3 o ol A5oiE
z

c

AAe Aag Ldldle dil B3F Fo4 2a8E
(superoxide, O7), #4t3b44(Ha0y), 4+ g %_}(OH)J’} 2
& Tget EA A (reactive oxygen) S-S AASA HH, o
F ol A= hydrogen peroxide (H:02)% biological membrane
& A& 33k, AT A hydroxyl radical 5 1k
S0l & A ArxF(reactive oxygen species, ROS)E 1
AN e #8-¢ st 28 AsAolt AT Ay W
(5, 15, 25, 35 passage)ste] HyOrZ = 8(100 uM, 500 uM,
1mM, 5 mM)E A3z, £ H0:9 A A7H30 £, 1
A7 & WA 7] 0.2 4, Hepatoma MXZEo)A H,0, #7)
o 98 Cu/Zn SODY @& & Northern blot 314 g2
7 o] EA3l9t) 1)Hepatoma M EFo|A A7, 5%
W2 SIS A2 51 0 2249 F 3N BHYe) A
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B-actin

= AAAT, oW AtEed 255 AsAd =EAH S
w38 o] FATE A AT & ATk A
HEE S7A71e AL 287t APArhs AL Yujsie
2, A AE M8 Y& 9 25 passagedi A 35 passage Tl
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