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Effect of Genistein on Activity and Expression of Antioxidant Enzyme in Hamster ovary cells

Min Hye Kim and An Keun Kim”*
College of Pharmacy, Sookmyung Women’s University, Seoul 140-742, Korea

Abstract — Reactive oxygen species (ROS) are produced in the metabolic process of oxygen in cells. The superoxide dis-
mutase (SOD), catalase (CAT), and glutathione peroxidase (GPx) in cells systemize the antioxidant enzymes to control the
oxidative stress. Genistein is one of the isoflavonoids, and its role in controlling cellular oxidative stress is presently the
active issue at question. In this study, we analyzed genistein-induced survival rates of the CHO-K1 cells, activities of anti-
oxidant enzymes, ROS levels, and expression levels of antioxidant enzyme genes in order to investigate the effect of
genistein on cellular ROS production and antioxidative systems in CHO-K1 cells. As results, the survival rate of cells was
decreased as the dose of genistein increases (12.5~200 uM). Genistein increased cellular ROS levels, while it reduced total
SOD activities and the expression of CuZnSOD. In conclusion, we suggest that genistein may induce oxidative stress via

down-regulation of SOD.

Keywords [ genistein, reactive oxygen species, antioxidant enzyme activity, antioxidant enzyme expression
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Fig. 1 - Structure of genistein.
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Alet &t 77|

A|EF= Chinese hamster ovary(CHO-K1)2 American
typeculture collection(ATCC)ellA T+Q&ISITY

RPMI 1640 powder medium, antibiotics(10,000 units/m!
penicillin G sodium, 10,000 ug/m/ streptomycin sulfate),
trypan blue= Gibco BRL life Technologies Inc. Al &2 A28}
A3, fetal bovine serum(FBS)= BioWhittaker™, protease
inhibitor cocktail tablets< Roche, MTT[3-(4,5-dimethylthiazol-
2-yl)-2,5diphenyltetrazolium bromide], bicinchonic acid protein
assay kit, PB-nicotinamide adenine dinucleotide phosphate
reduced form(BNADPH), glutathione reduced form, hema-

toxylini= Sigma Co.°| 4], easy-blue total RNA extraction kit,

100bp ladder, power cDNA synthesis kit, i-Tag DNA
polymerase, AMV reverse transcriptase iINtRoN Biotech-
nology IncollX T4lste] AREsISITt. ELISA readers= Bio-Tek
mstrument Inc., cytofluor 2350 plate readerT Millipore,
Bedford, MA, USAAIE-S AME3H3ITt.

CHO-K1 M|ZzH{eF

Chinese hamster ovary=%-E] FeiE CHO-K1 celk ATCC
(American type culture collection )2 24 E] £k wlth 10%
heat-inactivated fetal bovine serum, &H4JA](10,000 units/m/
penicillin G sodium, 10,000 pg/m! streptomycin sulfate), 1
mM sodium pyruvates ZH3sR= RPMI 1640 H|X|& wjjoF o
2 3le] 37°C, humidified 5% CO, incubatorel|A] HlFa}3iTs,
25cm® tissue culture flaskt} 75 cm® tissue culture flaskell 4]
Al wieksIsia confluent= %S © cell dissociation solutions

A2lsto] Agel olg-skltt.

Al=e =

GenisteinS dimethyl sulfoxide(DMSO)°l =91 % 0.2 pm
pore size syringe filter? ©13}3}9] stock solutiong WHE3tt.
A o]g3}t7] 7ol DMS02] HFE=71 0.1% olsk7t &
L5 RPMI 1640 AlaEujek w22 84ste] ARZ-313i.

MZ dEE &F

CHO-K1 cells suspensiong 1x10° cellym/e] F52 96-
well plate®] well 100 pP 7ka10] ujekzloA 2447 F<2t vk
3 % samples FEHE ] sto] ThA] 24A3F FRE Bk
At} 5mgml MTT 3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyl-
tetrazolium bromide)s 50 W75kl 413F <t viek7]e] HhX|
313tk o] F AFAS AASk DMSOE welld 100 W ¥
o] 137t shaking3lo] formazans €3] €3)A171 & ELISA
plate reader® ©]-83lo] 540 nmollA FFES Sk

Bitsl 50| Y £X

Algo| X2|et tHHEl 2k - 3X10° cellm/2) CHO-K1 cell
suspension 100x tissue culture disholl 7}3FIct. ¥ioF7]ellA
24X7r B}t @43} A)71 & genistein U o SRBEIAE 3T
A2 2)2]5le] 24417F wjFsiSith. Culture disholl A ¥i=1E Al
73 & PBSE A|Hsle] 558 sampled F1 ASAS AA
3l pellete]] lysis buffer 1 mi2 7153t} Lysis bufferS 713t
7}7}0) sampleS 14,000 rpm, 4°CellA] 527t adealet & A4
ke #35l9] enzyme assay sample® AME5}ATE Sample
protein®] A& hovine serum albumin(BSA)S: standard®. A}
93101 BCA(bicinchonic acid) protein assay< 3FithY
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& AN 568 nmolA] FHEE &S 58 ¥ uA £
To] HzkE SAsIich

Catalase(CAT)2] &M&X — CATS 4 =742 hydrogen
peroxide?] A E we} Zadle FHEE SR Aebi W
& o]48dth® 50mM phosphate buffer(pH 7.0)°ll 30%
H,0,E Yol 10.5 mM substrate solution(A240=0.5)y TH=tt.
©| substrate solution 1mJol| Z} sample 50 W2 713 %
43.6 Mem™ 9] exitinction coefficient® AHg-3te] UVAvisible
spectrophotometer 2 240 nm¢f| 4] phosphate bufferE blank Z.
st 30&mich 1 B¢t FYEE SAECh

Glutathione peroxidase(GPx)2] &4&% - GPx9] #32
Paglia®} Valetine®] ¥l &J&ll spectrophotometers: AMg-5lo] &
FeIch? GPx2) W F<t glutathione(GSSGYE GSHE 2%
B2 tielA AFE= 399 glutathione reductase(GR)el 2
3] 245 o]nf reduced nicotinamide adenine dinucleotide
phosphateNADPH)?] 415}E #2315t} 04 M Tris-HCI(pH 7.2)
buffer 2.625m/*] 0.04M GSH 75u/, 0075 mM H,0, 0.1m/
6 mM NADPH 0.1 m/& 2t @2 - 583F oWl kAl zith of
Z1ell Z+2+e] sampled 715k UVvisible spectrophotometers:
340 mmeld SFEE S8k 57 F T FF=E Sk

SMMAE £X

CHO-K1 cell suspensiong 96 well plateo] Z} welld 2%
10* cellsZ 713t 3 24417t Tk wjoksISITE A8 5 HFRHE
A et & A& AASt PBSE 2% AlFs|Euh Lol
50 uM 2", 7-dicholrofluorescein diacetate(DCF-DA)E A& 3t
< cytofluor 2350 plate readerS o]g§-8fo] 58 kAo 7 &3
312lth. DCRDAE AZ 3 98F ROSY) AlZ U #izs
& o dikF oz ARgErt o] §3E-S H,0,4) superoxided]
2l Akl ) g33-8 Jekact AlslE 2 7-dicholrofluorescein
(DCF)2l 83732 485nm9)] excitation wavelength$} 530 nm
2] emission wavelengthollA] Z73315Ich 1

Total RNA isolation?t reverse transcriptase-polymerase
chain reaction(RT-PCR)
3x10% cellym/e] CHO-K1 cell suspensiong 1507 tissue
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Table I - Sequences of primers and RT-PCR conditions
Annealing Product

Gene Primer sequence ©C)  size (bp)
B-actin

Forward CTGTATGCCTCTGGTCGTACCA 525 250
Reverse CACGCACAATTTCCCTCTCAG

CuZnSOD

Forward TTAACTGAAGGCCAGCATGGG 60 335
Reverse ATCACTCCACAGGCCAAGCGG

MnSOD

Forward GCACATTAACGCGCAGATCA 55 240
Reverse AGCCTCCAGCAACTCTCCTT

GPx

Forward CTCGGTTTCCCGTGCAATCAG 65 431
Reverse = GTGCAGCCAGTAATCACCAAG

CAT

Forward TCTGCAGATACCTGTGAACTG 55 357
Reverse TAGTCAGGGTGGACGTCAGTG

culture dishel] 7}8F3AT. vljek7]ollA] 244]7F 2t QHY 8k A7)
% sampleS 2447 HijoFEtit), Culture dishollA] wiz|E #1A
Shal 7R PBSE 291 4|23t 3 easy blueE 1ml 713t 3
scrapers ©]-£3) cellE Eot 1.5m/ tubeol] ¥WATh 47]9
200 W9 chloroform= 718t} 4°C, 12000 rpmollA] 10% 59t
AAFE e F AFE Ak A AEFd Y
isopropanols 713t ¥ 4°C, 12,000 rpmell ] 552 E¢b Q4R
3 % pellet?t @711 AT9E AASKIE. 70% EtOHZ RNA
pellet2 A#81o] 4°C, 12000 rpmellA] 12 Z9F QAR5 =
RS A AT pelletS 3T o}7)0) DEPC waters-
30 wE 7kt o8 w50l total RNAY 240/260 nme)
SHE NS FAE B gl 9 A% sl

Total RNAE ¢DNA power synthesis kitS AF2-3}¢] comple-
mentary DNA(CDNA)E. 237AL AlZit}. PCRO] 2J8 DNAS &
ZA717] Y8 A3AAF B cDNAE 282} 12 antioxidative enzyme
primer$} 37 PCR 5&& 3}3it), Cycling A} primer?)
sequencet Table IF} 2t} 555 RT-PCR 4AHE-2 1.5% agarose
gel2 271%9%S 3 5, ethidium brimide $M 07 AZ3I3ic})

SHIXE|

2 A7 ae=e) xeo] BE A= 7 A 35 gt o
T3 AR EAIEISIon, B triplicate set® Al X} o]
4 588U 7} sample?) A Fd T AFL
Student t-tests AJ3ysted AAtsln
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Fig. 2 — Cell viability of CHO-K1 cells after treatment with geni-
stein. The cells were exposed to various concentrations of
genistein for 24 hr. Percentage of cell viability was
determined by using MTT assay. Results are expressed as
percentage of control. Values are means+SD and were
obtained from three different experiments. *P<0.005,
**P<0.001 vs. controls.

3] MTT assayS “AgsISich. vloF 77k 292 Y5k on
genistein® FE3= 12.5~200 uM H3ollA 8-S Alssiaict.
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Fig. 3 - Measurement of reactive oxygen species (ROS) level after
genistein treatment. CHO-K1 cells (2x10%well) were
incubated with genistein at various concentration and then
200 i/ DCFH-DA (50 uM) was added as a substrate for
ROS. After incubation for 30 min. ROS levels were
measured by spectrofluorometer (excitation : 485 nm,
emission : 530 nm). Results are expressed as average of
triplicate samples with *+SD, *P<0.005 compared with
control at 30 min.

A315 Atk Genistein®] 5 %7F 100 pMY W ML AYEE0)
3% PO o] FEF HI FTE 31 AFS APt
(Fig. 2).

Reactive oxygen species(ROS) leveld]] O|X[= 5t

3 o (reactive oxygen species; ROSYE: 0,71 AAF Hg:
Al gzl HyO7HA gHdEo] 7he Foll Axke) gt 7jxel 2
& ey oR FEUA Y EE OH, 05, Hy0, 52 3+
E2, 7 AYE A9 A Hils A7), DNAG =
Axlo)E Fial ot FH9) g BIES WUx|Fske] 2ol
F}. ole] wlg} CHO-K19)4] genistein®] A3} ROS wHAiol]
vzl Fe ZAKE] Y8 ROS levels: 5381t 1 24,
genisteing 12.5, 25, 50, 100 uM & x12J3}$1-& = ROS level
o] Z7HRe ok = Uit} 3], genistein 1 F% 100 pMe]]
A controloll thH] 43.6%(P<0.0177} 751 thFig. 3).

gkt 54 #M0] Ol ¥

A3t FAE AR AEYARYE BAE BEsR= F
Q3 95k8 3 SOD, GPx, CAT 52 falist SAAAE A
Ask= B2l ksl ot} olg Akl 34-50] genistein
9] Fkol ue} 4 el oJudt YT A=A Lol
&) genisteind TIFE =2 A2Jsle] SOD, GPx, CATS] &
AJ Wsle 245190tk Genistein 50, 100 pMeld] SODEAo] 2+
7} control THH] 52%, 69%2Z F2| A 07 ZrAsISitH(Fig. 4).
CAT(Fig. 5)2} GPx(Fig. 6)°1ME <]l Wsrt il
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0 G25 G50 G100 (M)

Fig. 4 - Effect of genistein on superoxide dismutase (SOD) activities
in CHO-K1 cells. The cells were exposed to various
concentrations of genistein for 24 hr. The genistein-treated
cells and control cells were harvested and protein was
isolated from the cells. Absorbance of each enzyme sample
was read at 568 nm. Results are expressed as average of
triplicate samples with =SD. *P<0.005, **P<0.001 com-
pared with control,
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Fig. 5 — Effect of genistein on catalase (CAT) activities in CHO-K1
cells. The cells were exposed to various concentrations of
genistein for 24 hr. The genistein-treated cells and control
cells were harvested and protein was isolated from the
cells. Absorbance of each enzyme sample was read at
240 nm. Results are expressed as average of triplicate
samples with +SD.
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Fig. 6 — Effect of genistein on glutathione peroxidase (GPx) activities
in CHO-K1 cells. The cells were exposed to various
concentrations of genistein for 24 hr. The genistein-treated
cells and control cells were harvested and protein was
isolated from the cells. Absorbance of each enzyme sample
was read at 340 nm. Results are expressed as average of
triplicate samples with +SD.
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Fig. 7 - Copper zinc superoxide dismutase (CuZnSOD) mRNA
expression in CHO cells after genistein exposure. Ovary
cells were exposed to various concentrations of genistein
and then incubated for 24 hr. After culture, the cells were
harvested and total RNA was examined by electrophoresis.
RT-PCR was carried out with the same amount of cDNA
under each conditions. PCR products were analyzed by
1.5% gel electorphoresis. Image was analyzed by Versadoc.
Results are expressed as average of triplicate samples with
+SD, *P<0.005 compared with control.
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Fig. 8 — Manganese superoxide dismutase (MnSOD) mRNA expres-
sion in CHO cells after genistein exposure. Ovary cells
were exposed to various concentrations of genistein and then
incubated for 24 hr. After culture, the cells were harvested
and total RNA was examined by electrophoresis. RT-PCR
was carried out with the same amount of cDNA under each
conditions. PCR products were analyzed by 1.5% gel
electorphoresis. Image was analyzed by Versadoc. Results
are expressed as average of triplicate samples with =SD.
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9 - Catalase (CAT) mRNA expression in CHO cells after
genistein exposure. Ovary cells were exposed to various
concentrations of genistein and then incubated for 24 hr.
After culture, the cells were harvested and total RNA was
examined by electrophoresis. RT-PCR was carried out with
the same amount of cDNA under each conditions. PCR
products were analyzed by 1.5% gel electorphoresis. Image
was analyzed by Versadoc. Results are expressed as
average of triplicate samples with *+SD.
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Fig. 10 — Glutathione peroxidase (GPx) mRNA expression in CHO
cells after genistein exposure. Ovary cells were exposed
to various concentrations of genistein and then incubated
for 24 hr. After culture, the cells were harvested and total
RNA was examined by electrophoresis. RT-PCR was
carried out with the same amount of cDNA under each
conditions. PCR products were analyzed by 1.5% gel
electorphoresis. Image was analyzed by Versadoc. Results
are expressed as average of triplicate samples with =SD.
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