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Protective Effect of Genistein and Korean Fermented Soybean (Chungkookjang)
Extract against Benzo(a)pyrene Induced DNA Damage in HepG2 Cells

Eun Jeong Song, Hyun Pyo Kim and Moon Young Heo”
College of Pharmacy, Kangwon National University, Chuncheon 200-701, Korea

Abstract — Chungkookjang (CK]) is a fermented soybean product and one of favorite traditional foods in Korea. In this
study, the alcoholic extract from Korean fermented soybean (CK]) and its one of major flavonoids, genistein were evaluated
for their protective effect against B(a)P induced cytotoxicity and DNA damage in HepG2 cells. CK] extract and genistein
decreased B(a)P-induced cell cytotoxicity. CK] extract inhibited DNA single strand breaks evaluated by single cell gel elec-
trophoresis. From RT-PCR study, it was revealed that CK] extract decrease DNA damage induced in HepG2 cells express-
ing CYP1A1 and 1A2 by B(a)P. The metabolizing activities of CYP1A1 and CYP1A2, as measured by the 7-alkoxy resorufin
O-deethylation (AROD) assay, showed that CK]J extract and genistein inhibited CYP1A1 and CYP1A2 activities. Genistein
may contribute to these biological effects of CKJ extract at least in part. All these results indicate that CKJ extract and
genistein may be useful for protection against B(a)P-induced cytotoxicity and DNA damage. Therefore, the alcoholic extract
of Korean fermented soybean (CK]) is suggested to be promising functional food which can prevent the cellular genotoxicity

of dietary and lifestyle related carcinogens.
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= AR AR H5785E=(CK] extract)y> T2l
FolA AlE v S e g 1kgS WAL
100% ethanots 11 go] 48413k Fl Aolx] F23 §- 735]
of3} alof ofFog JasFalo] ARESISIT Bl5Ee- °F 7.5%
A9t} Total RNA Extraction Kit= Bio-Rad, PCR kit™
Promegarloll A 3131933 primers Bioneerr S S-3f $433)
% t}. Benzo(a)pyrene, Genistein, o-naphtoflavone, B-naphto-
flavone, Cytochrome P450 CYP1Al isoenzyme, Cyptochrome
P450 CYP1A2 isoenzyme, NADP®, glucose-6-phosphate,
glucose-6-phosphate dehydrogenase, resorufin, 7-ethoxyresorufin,
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7-methoxyresorufin, potassium phosphate, magnesium chloride
£ SigmaAlelA] 18ISt shE 1 AEof| A ARE cell line
& HepG2 A (HB-8065™M)% 4] ATCCEY-E] HoF Hlo} 73-9]
o oFth A A FAR Aldiste] AdEA e B
kst M Xk 10% FBS, 2% L-glutamine, 2%
Penicillin-streptomycing- $3-3t MEME Al4-515 0}, th-2]
AEEjEA ek Gibeo AHAIE ARE-EFATE

MEZSMMTT assay)

B(@P2] AlE5Ale] tfsh 55w MEvsads &
ol 7] §J8ll HepG2 AEE- Ag3lo] MTTHe w2l microplate
reader® 57d315It}. 96 well plateol] welld celk 25,00071=
313l 10% FBS E41A] 80 wd FollA 2473F wliokstar 27g-s
28] B@P 10 49} A 10 @= 217+ 71ek. CO, incubator®]
A 455 | Hjek 5 MTT AleF 16 S 7Fabal 4413k 5o
DMSOZ- 200 4= 71519 3591 F 570 nmold] S3%=E 5743}
P

Alkaline single cell gel electrophoresis(Comet assay)

B@Pe] 1544 H718l7] 918l comet assay® A3
k. DMSO®] 591 B@PEHF5 = 5X10*ME Aelatlir,
= 4FZ =Y genistein, a-naphtoflavone 52 & A A 2}
CYP1A19] #-552¢] B-naphtoflavone 5= &4 #|g]3}o] 4k
314 &} oA &S 3718190 HepG2 AlE 15X 10705
24 wellell 4131, 2473F Fof =09 A|SE 15 W A sisich
45% T 22 viH R Zolgal 1417 3 vk Al trypsin
EDTA 500 = ¥o] A= harvestdt 3 1000 rpm© & 3%3F
A skt A AE WElal Z42el 0.5% LMPA(low

melting point agarose)& 200 We 71T F AHs] A3
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t}. 0.65% NMPA(normal melting point agarose) 130 W% U
g $J5] WA 23] SElolEE 7ulo] AnEEo|EE B
7131 LMPAS} 2315k A2 58 50 w¥ Fato] 1= £238
£5 2 ol & thA] AnEeolBE W ¥ WEAaelA
3027 Z3ek thA] ALl =S BY]aL 0.5% LMPA 130
£ 71st H WAaelA 3087 23 & AMEEe|=E AAS)
3l lysis buffer(2.5 M NaCl, 100 mM Na,EDTA, 10 mM Tiis,
pH 10, 10% DMSO, 1% Triton X-100)°] H7H4 6027k WL
2Pt A2 gaA]ATE 1 F- electrophoresis buffer(300 mM
NaOH, 1 mM Na,EDTA, pH 13)f] 2-& xpdaio] 2087+ w
% Electrophoresis apparatus®l] £e}0] =8 F=%0 = A
5 25V, 300 mA°A 15%7F 2719 a8t Sefol == 7Y
o] 0.4M Tris(pH 7.5)°1 303+ B7}F F3HA171 & trayell Ao
F83] AFA) T ethidium bromide( pg/m)yE 20 w24z}
o 312A Holrty & AMI AT Yo] AASISItt 515-560
nm®] excitation filter?} 590 nm barrier filters ©]g38}o] 3
g oz AFsIgint, o] ul, 2k image analyzerd] KOMET
5.5(Kinetic image, England)g- AF&38}o] &gfo|= o 50 cellS
74313}, Comet A132] HloTEl= Olive tail moment(% DNA
X distance center of gravity of DNA in the tail, OTM)%} Tail
length(distance between the head and the last DNA fragment,
TLE Yetf itk AR R Fa4E5 A5 f1EA
Student's t-test= AFg-3}IT).57
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Total RNA isolation and RT-PCR for CYP1A1l and
CYP1A2Y
6-well plate(5x 10° cells/well)ol] ¥-5-9 A5 24471 vk
¥ B@PE HFE L 5x10'MA Y1, 54525
genisteins S =HE B@Pe} sAl AH7lste] 5217 F3F vk
Z trysin EDTAZ 0]€-38}0] cells harvestdh $ 1000 rpm© &
387 AR Solck A9 e & RNA: AlxApt A
318+ WPl wet Total RNA Extraction Kit(Bio-Rad)ys ARg-3}
o] $Z3%Ith 260 nm, 280 nme] F Wl FHEE 54
3lo] RNA 555 ARIBEL -70°Col B#51%30}. ¢cDNAX= Gene
Cycler Thermal Cycler(Biorad, Gerculis, CAYE AM-3]0] 42°C
oA 50%-, 99°CollA] 5% <t RT whs-ato] dAdallc). ALg-
S+ primer sequencest U3} 7t}
Primers; B-actin: 5'° CTACAATGAGCTGCTGCGTGTGG 3'
Primers; B-actin: 5 TAGCTCTTCTCCAGGGAGGA 3
CYP1Al : 5 TCTTTCTCTTCCTGGCTATC 3'
5 CTGTCTCTTCCCTTCACTCT 3'
CYP1A2 : 5 GGAGGCCTTCATCCTGGAGA 3'
5 TCTCCCACTTGGCCAGGACT 3'
FAAEL] ZZL Bactin 94°C 357+ 1 cycle, 94°C 20%,
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52°C 20%, 72°C 40%9) Z7dollA] 20~30 cycle® G50,
CYP1A1:Z 94°C 3% 1 cycle, 94°C 20%, 49°C 20%, 72°C 40
%29 74 20~30 cycle, CYP1A2E 95°C 4% 1 cycle,
94°C 1%, 60°C 1%, 72°C 283} 37 cycle® At TF
Z 9k E3E 8~10 W= 1.5% agarose gelox] #7195 0w
Eg)8lar, ethidium bromide®. 205 E<F QAElo] HiTE glQ)

sk,

Alkoxyresorufin O-deethylase(AROD) assay”

2.5pM cytochrome P450 isozyme, 1.3mM NADP*, 3.3
mM glucose-6-phosphate, 0.4 U/m/ glucose-6-phosphate de-
hydrogenase, 3.3 mM magnesium chloride, CYP1A12] 7-$-
1 pg/m/ 7-ethoxyresorufin, 100 mM potassium phosphate(pH
74) 57} H%Z reaction mixtureZ TF=3Ih. CYP1A2E 7-
ethoxyresorufin thil 7-methoxyresorufins- ¥Itt. 217+ test
tubeell 1,980 W] reaction mixture?} =455, genistein

= sampleS 20 WA 9otk AAH FI)E £ 96-well
platecl] <& 200 W ¥ 5 20%-3+ 37°C incubation 3+ 5 A
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Fig. 1 - Cytoprotective effect of CKJ extract (100 pg/ml) and
genistein (10 pg/ml/) against 5x10*M B(a)P-induced
cytotoxicity. These experiments were run with triplicate
wells and two independent experiments were conducted.
**P<0.01, Significantly different from the positive control
group by Student's #-test.
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Fig. 2 — Inhibition of CK] extract, genistein, a-naphtoflavone, and B-naphtoflavone on 5x10#*M B(a)P-induced DNA damage by comet assay.
These experiments were run with three independent experiments. Bars represent the mean+SD. *: P<0.05, **: P<0.01,
Significantly different from the positive control group by Student's #-test.
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B-334+5-217] (microplate spectrofluormeter, Molecular Devices
A8 A&-3le] 550 nm excitation, 586 nm emissionol 4] 20%
Zol 18 71407 =439 fluorescence unit(RFU)E R

2 I

HIYFEEE Y genistein?]| MESMAN S}

Fig. 1914 B@P2] A5 gt F=45=
B@P %= MESAS F24d QA AT AxdFE=
2] FH/JERL genistein®= 7213 AA AEZAE <Al
t}. 5X10*M B(@Pell thal 100 ug/ml ¥ =355 13.5%,
10 ug/ml genistein> 11.2%°] MX5AH S a5 212 B},
wehd HergFE 55} genistein 5785 =004 B@P] thgt
AESARTENT} Qs A0R et

ikl
™
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HIFEEE U genistein®] DNA AAK| ST}

B(a)P2| DNA £40]| Cih HIXFEET} genistein2| 24X
&3} —Fig. 2= 5% 10" M B@Pel 2J5l f-=% DNA 4] of
g avs OTM3} TLR Wlwgk Aol OTMO. 24 Zh2)
B@P ©5(174), F=34FEE89, p<0.0l), genistein(9.6,
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Fig. 3 — Concentration-dependent inhibition of CK] extract on
5x10*M B(a)P-induced DNA damage by comet assay.
These experiments were run with three independent
experiments. Bars represent the mean+SD. *P<0.05,
Significantly different from the positive control group by
Student's #-test.
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p<0.05)°24 B@Pell oJ&ll f-=% DNAE tisl ==
Z57} genistein®] SAEINE HA, YFELE AL A}
ZAJ3}A|Q1 B-naphtoflavone(22.0, p<0.05) *]2JA] DNA £4k0]
A 7k AoF vepoH, sl g s AAIR] a-
naphtoflavone(11.0) #2]A] DNA 4o Zhaslsint. F=45
S5 B@P 1% DNA &4 disto] f24d o= e
£ HERASIAL SRR genistein'= £ = AAlEIE
LFERASIE. o= TLeX % nisseh 3o = DNA &35
ERSict. webA] g5} A genisteins A el
Tl foAd 9= DNA EAA RIS Ve

DNA &40 cigt & FEE0| so|ESH - Fig. 32
5%10"M B@Pe] #gell wpe el thal Fg5EE 50,
100, 200 pgm/®] s Al OTM %= nlwal] & A} 2t
Z} B@P ©@%(22.0), 50 ng/mi(10.7, p<0.05), 100 pg/mi(9.1,
p<0.05), 200 ng/mi(6.3, p<0.05)°% §-214 QA DNA &S
QAR o FLEo)EA] ks eIt TLEE OTMelA
o] A7} O sel)EA A o] o ZA vERTE webA
HEA2EE7 genistein B@P F5 DNA 48 FE9&
Ao A Aow LT

CYP1A1% CYP1A29| RT-PCR

Fig. 4, 51 3785255} genisteins B(a)P 7 2] 4|
CYP1A13} CYP1A2¢] 23+ mRNA 2] wHglo] m]x)i= oJak
S vehigith F=adsE 5 5510 M Ba)Pell 213k CYP1A1L
o] WS oA oH 1A29] A9 wEE Aol o] F
2131 tH(Fig. 4). B3 genistein® CYP1A13} CYP1A2¢] tha}
of AaHNE YeER o™ HiXE s L] 20 pgmielA e
CYP1A13} 1A29] W&lS =17 9Al8ISit(Fig. 5).

CK]
N P 200 100 50  pg/ml
B(a)P i ' i i
CYP1A1 _
CYP1A2 _
B-actin

Fig. 4 - RT-PCR analysis of CYP1Al, CYP1A2 expression in
HepG2 cells after being induced by 5x10*M B(a)P
without or with CK]J extract. N: Solvent control, P: 5x
10*M B(@)P
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Genistein 2. 3H CYP1A29 Yaj = H A F2EY 4542
N P 20 10 5  pg/ml genistein>- HE-A7l] wleb FsrolEr o g FAJS- A
B(a)P + + + + om CYP1A2 9AIE4S CYPIAIAAE Hag52EHT}

genistein®] o Z{th(Fig. 7).

CYPIAL
o

CYP1A2 — =2 7hee Afenve dRgASS AT M- 71E
o o] g7] Wil o]59] WekAhg-& 717 4= 9l modulator
o) exo] AT glek, A2 74 Aguelndse) 448
B-actin modulationshs ©f2] 714 AFARELE 21 ok o)

Fig. 5 - RT-PCR analysis of CYP1A1, CYP1A2 expression in HepG2
cells after being induced by 5x10*M B@)P without or
with genistein. N: Solvent control, P: 5x10*M B(a)P.

Alkoxyresorufin O-deethylase assay

Fig. 6, 7°li= ¥=5¢F%E= genisteino] CYP1Al ¥
CYP1A29] &Adol m|X|i= 93-S enzyme catalytic assay 27}
Z A fluorescence unit(RFU)Z YeF it} Fa3FE 53
genistein HESAIZH] wEhA] FEOEX 02 1Al 4TS
A (Fig. 6). AT F=A5EFE 1} genistein®] U

25000
20000 F

15000 F

RFU

10000 F

5000 F

F1} B2Ze)e] g2 Indole-3-carbinol(I3C] CYP1AL, 1A2
E 9AIA1A 1Q- ¥ PhiP-induced DNA adduct "3/d¥} ratel|A]
abberant crypt foci(ACF) 84S A ZAtH= Bat Qley.19
T3t plant polyphenol®] Ames testoll] HCAS] 2Jgt ol ¢l
S AAATHY &3 epigallo-catechin-3-gallate = PhIP2]
human CYP1A2-mediated activations ] A|A|ZATH= H.11197}
glt}. wjebx] CYP1AIoY CYP1A22) oAl titadAdslz=o]
°Jg B@P % Trp-P-1 2> PAH, HCA 3182 f154S
AN 5= = T8F targer©] D 5 UokaL Bo A gk

AL Ao ASAEORA FH ofY] 7] A=EAdel

0 T T T T T T T T

10 12 14 16 18 20

Time (min)

—e—Control(CYP1A1) —®—CKJ 50ug/ml

—&—CKJ 100pug/ml

25000 T
20000
15000

RFU

10000
5000

——CKJ 200 ug/ml

10 12 14 16 18 20

Time (min)

=—4— Control (CYP1A1)
= Genistein 10ug/mi

—— Genistein 5ug/ml
== Genistein 20ug/ml

Fig. 6 — Time- and concentration-dependent effects of CKJ and genistein on catalytic activity of CYP1AL.
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D T T T T T T T T T T T T L] T L] L] L L L] L] 1

01 23 456 7 8 910111213 141516 17 18 19 20
Time(min)
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o
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Fig. 7 - Time- and concentration-dependent effects of CKJ and genistein on catalytic activity of CYP1A2.

HetA o7 ]Il Qv gk 5] dlel, S,
d7at, it o] Ll 9om ™ isoflavones(e.g.
genistein, daidzein)0] GASAIREO 7 efa] Qo2 B o
oA HFFEE 9 genistein B@)Pell §-58 AEEA
gk FdFEE genistein®] Ho &35 o 5 Sk &
3t B@)Poll +=% DNA &3l thel] A =d5=%53 genistein
o] Zsk AAEE ERIE 4= qllon, FudFEES 50, 100,
200 pg/ml FEOAA oA QA FEEEX O DNA &4
TaAZTh B@P# H=35-55, genisteing $H7 #|2sto]
CYP1A1, CYP1A2°2] mRNA oA LS A8, T3t
genistein FE2)EA] QA E0] Zlom 20 ng/ml ASIE
u] 9S4 oASrh CYP1AL B! CYPIA2 &40 84
o] thet =455} genistein®] FYZHEAHANE= A3
FZE 9 genisteing WFE-A|7bo] wEbA HBEoEF O R
CYP1AL, CYPIA2 §48/4S At F=5dFE=rrt
genistein®] Aol 1 =& ZE& & F Uk
Apigenin?} chrysin®] B@P % DNA strand break?}
adduct A4S CYP1A1 A &lo 28] &AIAA I quercetine
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CYP1A2 Agflel] 2J8] oJAAZrh= ®ar ek & ok Bl
o] &8l quercetin®] CYPIA1 €JAlell 2J8lo] B@)P % DNA
adduct A% 9 A EAF0E A STk Flavones,
flavonolss- flavonoid”} Trp-P2 = DNA £4-2 A5 0,
Trp-P-2 % Ames testollX] CYP1AL JAE 53} antimut-
agenic effect?® }EFN I}, Genistein#}  daidzein©] mouse
hepatoma cellell ] B@P2] CYP1A1 thAFE 94,2 human
mammary ephithelial cell*l glutathione S-transferase system
o] A& o] o8t FAEAL A2 genistein?} daidzein®]
TCDD % CYP1A1 &3 @45 lAl, CYP1AL mediated
DNA%} BP9 3-+28L oA g, =t o)
Sl 9] 5255} genistein, genistin 5 TIEES] Ames
assay°ll419] aflatoxin B1¢]4 MNNG - mutagenicity -]
thet A EI} 9lgo] Harg u glepsY

2 ATelA] ARSSE FFEE 5] genisteine?} daidzein
S 717} 15 mg/gth 2.0 mg/g FoIA0h? weba] AafefA)
LERY ofe] A5 FRElE vl 535253 T isoflavone
s}l 2] el genistein> CYP1A1 ¥ CYP1A2 thAlas
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