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Inhibitory effects of heavy metals on CYPIA expression in eel hepatocyte cultures
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Effects of heavy metal ions on the gene expression of cytochrome P4501A (CYP1A) were examined in cultured

eel hepatocytes. When the expression of CYPIA mRNA was measured by RT-PCR after incubation of eel hepatocytes

with benzo[a]pyrene (B[a]P) at concentrations of 10-8~10-5 M, the CYPIA expression increased with B[o]P

treatment in a dose dependent manner, showing significant increase at concentrations more than 10-7 M. When the

eel hepatocyte was treated with cadmium (10-6 and 10-5 M), the expression of CYP1A was inhibited and especially

at higher concentration (10-5 M). The inhibition of CYPIA expression by cadmium was also observed in cells treated

with B[a]P. In another study, effects of heavy metal ions on the expression of CYP1A were examined in cultured

hepatocytes isolated from eel which was treated previously with B[o]P in vivo. Hepatocytes isolated from the liver

of eel taken at 48 hours after injection of B[a]P (10 mg/kg) were cultured for 2 days with cadmium, copper, lead

or zinc (10-6 and 10-5 M). The expression of CYP1A was found to be suppressed by the metal ions compared with

the control in which CYP1A was induced with previous treatment of B[a]P in vivo. The present results may provide

an important basic information for studying the effects of heavy metal ions on CYPIA expression in other species

of fish and studying toxicological mechanisms of heavy metal ions in aquatic livings.
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x(polycyclic aromatic hydrocarbons, PAHs) A& 2] 3}
SRS Qe e of HIvsHA WAYstal,
=32 7HAH, el A ez leEE 7Rsdol
e o= 7 Sl S HEEERE W
o] Qlt} (ATSDR, 1997).

Cytochrome P4501A (CYPIA) &= 9] A5
oA Wsh= SFEtiAl A=A PAHSA|BS] 2.2
Hedsol v Sold s vkesto] e gtk et
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A] PAHs 9} 22 2173
CYPIA G4 2 ey é%#i 73‘20&94 AAAE
(biomarker) 241 o} To , oI5 0]
2 ie 72 ol 24102 ihopl 5
9] BROD (ethoxyresorufin-O-deethylase) 232 SA51=
15} CYPIA 12 0183k immunoassay 13} CYPIA
0] MR 2ARE @} A2 ofolA T
QI (Levine and Oris, 1999; Maier et al., 2000; Arukwe
et al., 2001; Bonacci, 2003; Jonsson, et al., 2006).
SHH =0l =& o] & AHY] SaE= Aol
AW & HH"EE] A] FaL -2 o] o] Al
q 82 = #]3]] 3cHHenczova et
al., 2008). 7}1=&, ‘g} g, g, oA, HlA, 4
O SEEES 7 ARSI Hia 9 oF 5ol
ofgf) Ao Sel5o] AEe] S H:
ojgfet FEHEE T2 AE BT 7 2204
of FaRgo] oA QlaL mjupuleRy, ojuo] ofuto]
T AP S5 S dle Ao o
] AT}k (Greim and Snyder, 2007).
CYPIA 233} Sa&50] AJoatAof Bt o
TR AAFE SR T aFEEA Y
A 9kth 2959 29, 719} mines pige] 21A10)
A 7KEE, e, 42 Sol] <lsf CYPIA EHA)
sh7 QAT (Falkner et al., 1993; Iscan ef al.,
1993; Iscan et al., 1995; Jacobs et al., 1999; Maier et
al., 2000; Tully et al., 2000). 12U F2] AlE A3
A & o, T 50] CYPI4A mRNAS S7HA7 1=
202 BT AT} (Korashy and El-Kadi, 2004). =3+
FlellA ol SJaf CYPIA g ThAlazugoll A=
Z7F5A|9E (Canepa et al., 1985), in vivo Ao A=
HAadl= 702 YERIT) (Degawa ef al., 1993). T35
O17F ZHA|EE ul9F 2 hepatoma cell lineof|A] H]4x9]]
9J3}] CYPIA mRNA7} 7348} (Ho and Lee, 2002),
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Ton

3 9 vh920]4 AEATOINE Z7Hea 1
St} (Maier et al., 2002; Seubert et al., 2002).
olf= &89 Watofl 71 visHA Rk
mizo] 8 L 9e BYEHsk=t F8% 9=
3tk 584 2 CYPIAS] Z8 A} 2917} o]k
webA] ol LA v A= o1 CYPIAS 55
of jaF 24 vlP RS Qpekey) e Sagt
T37} 531 QJtiZhou, 2006). Lol B ek
= 7V iR o} et CYPIASE Sa47te]
FEA | Rt At WA otk wEbA 2 S
ol o] A A o] &St CYPI4 7 A}
wrol o 4] Gare ZAbsieck

RIS

4352 9 A%

A5 250 ~300g2] WY, Anguilla japonicas- °F
25| Hrpoll ] ARBHIeh A7 B9 RS
Fotah Qgkon), S U3

w4 Aol Selsiglch A8 A8E 33

uﬁ
401'
:?é
-111
il
OHH
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=, benzo[a]pyrene (B[a]P), cadmium chloride, copper

chloride, zinc sulfate, lead nitrate+= Sigma(USA) Z1E|

gowu} BlaJP= DMSO0]| & oHAl AL, S8
232} S50l B3lAA 2 Bt 1073 107°

M S5 djopele] A7ieisich
Benzo[a ]pyrene FAbe]| &8t in vive CYPIA -
DMSO¢| 59l benzo[a]pyrene-= ‘%‘7‘(}0101] 10
meke o] EE FAl3lo] 25°Co] Bl 4651
o}, AL 48AIE ol 7hS ABalo] ZbH|Euoge
ol-g-3t3itk

TAZEe] 2
Hizko} 7hA| 3= Kwon and Mugiya (1994)2] HH



HHEIO] HHQF ZRM|ZE0 A2 Cytochrome P4501A (CYP1A) SFIX} h5i0f Lt Z2459| oMS1t 247

o] wg} #uH|skyck WAlolE 2-phenoxyethanol
(Sigma) 2 U}HIA]7 9RE oHLE & A% T

82 Whsto] 212 ARSIk 1 EUE 5
Ca™-free ringer (120 mM NaCl, 4.7 mM KCl, 1.25
mM KH,PO,, 23 mM NaHCOs, 10 mM HEPES, pH
7418 1087 D10l B S0 BeES Al
St} Collagenase(0.5 mg/ml, Sigma Type IV)E 323+
Sh= Ca™-free Ringer 9O 2 oF 3057F H&35}o] 7+
= 23T & HFAoE Cadf Mgh-free?]
Ringer M-S F2I510] 649 TS A8l 4
3% 7F2- Cat'-free Ringer Hof] o mjslglof o3
AlZzFE o 2 TREQIT) ZHIE S S35 ofy)
£ A ejole 800 x = 257k PalEe) AZick
olefeh RS 3 Halol ol M=) € A

o) ufjoyel s H7lslo] 10 mlo] Feteh o 7 nkEg)
T} AJ3LO] QEE-O trypan blueS o]g-3}o] ws}

A S W A B o) gste] Atttk

Dish @3 x 105 7§¢] ZFHIEZE 3 ml<] vjekoi}t
SH| 60 mm petridish (Falcon)ol| 4] HljoFa}C) Hljokel
2 0.2 uM bovine insulin, streptomycin (100 ug/ml)=}
penicillin (70 ug/ml)S 3E3Fs}= L-15 v} A] (Sigma)S
olgstaton, 25'Col €O, IlolElo AEE
logsiick Al 22 2k dulegsiol Al
REAZCE RE vlore A W ol ukEalsc)

RNA %2 @ RT-PCR
THHREE =A% & Trizol (MRC Inc.) 0.7 ml%

g dL2 Qo Ahomogenizer & +2ASHAIZ] &, 140

ul€] chloroforma H7Fskal 2 Aol oha 1587F
PIAIAA aleskglet (4C, 12,000xg, 154).
QJAEE] B RNAS E3Fa1TL Qs ARk Mol
A}Zol7} ko] isopropanol-S H7ato] 2 412
5 20T Bkt & ok PRSI AT,
12,000%g, 155, AAEE] T AF=olS T wa|1
207 RNA pellet& 75% ofgh2-S o]-85}o] 380
A AT 3 AZAI AT HojZ RNA pellet->
nuclease free waterof| 50 FAof ARSI 2
E RNA9 %% GeneQuant (Biochrom Ltd.,
Cambridge, England)E- 0]-8-3) 431500, A4
7HA =70 Col| Ha}3ict.

ZZ5} total RNAE- Oligo(dT)ys primer (Promega)
2} M-MLV Reverse transcription (Promega)S ©]-&-5}
o] cDNAS A5ttt

CYPIA®} GAPDH Z}Z+9] primere] &7]HjY-&
Table 13+ Zrt} PCRojl=
(Promega)E A8-5}%3 32, Thermocycler (Biometra)2-
R]g310] GHAFE ZEAZE PR 2712 U133}
7 H‘%—. 7} W358 94 Cof|A] 557} pre-denaturation A]

% 30 cycles= %4 C0ﬂ/~1 15, 58CofA 28,
72 COW 2EZE HESAIZL B, 12ColA 687t
post-elonagationA| Z T} PCR HZE AME-L2- 1% agarose
gel (in TBE buffer, 30 ug/ml ethidium bromide solution)
S AREste] #7958 3 Image analysis system
(Kodak)-2- o]-8-3}o] 431401 H|o|E]+= student
ttestS ARESFO] T 2t (vehicle)T} Bl EA5}1AT)
(P<0.05).
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Table 1. Primer sequences for RT-PCR
Primer sequences Annealing temp.(C)  Product size(bp)
forward 5’-CCCTGAAGGTTGTCAGCAAT-3’
GAPDH 54 405
reverse 5“GTATCCCAGAATGCCCTTCA-3’
forward 5’-GTCTTGAATGGGAGCGAAAC-3’
CYPiA 53 519
reverse 5’-AGCGAGCATTGATATCCATG-3’

2

In vitro CYPIA |- AR ¥& o] gt Benzo[aJpyrene

i ol 12 Welstel e 20

o] WOyt B M EE 5271510 total RNAS 5%,
RT-PCR 02 CYPIA mRNA &< 2A519ck
Fig. 1ofAfe} o] ol (DMSO)RF 371 2
(vehicle)ofl 4] ofu] wicl/dell SJsf CYPIA +31A-2)
o] THE I CYPI4 mRNA &2 BlalP 5
= gEHoR guHglon, 107 M SEiE $

71 vkt e vk 3e0mie] benzofa]pyrene (B[alP)

o
S 10%-105 M| =2 wjojolol Wrlelo] 297 Ho felgor F5sch (pe0.05)

12 3 4 5 6 { 8 9
a S e e e w—— 510bp
A
b o ———————— 10557
12
T 11
B o : =
& os o
I 08
& o7 B
© o8
05 :
Vehicle -3 = -6 -5
BaPllog M)
Fig. 1. Effects of benzo[a]pyrene (B[a]P) on CYPIA gene expression in cultured eel hepatocytes.

Hepatocytes were cultured for 2 days with B[a]P. Difference in the mRNA level after
each treatment was estimated by RT-PCR, and visualized on 1% agarose gels (A).
The optical density of each band was quantified in a Bio Image System (Kodak) and
normalized to the GAPDH (B). Lanes 1: vehicle (DMSO), 2, 3: B[a]P 10® M, 4,
5: Bla]P 107 M, 6, 7: Bla]P 10° M, 8, 9,: Bla]P 10° M. a: CYPi4, b: GAPDH.
Values are meantSD (n=3). Asterisk (*) indicates significant difference with respect
to the vehicle (p<0.05).
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In vitro CYPIA A o djgt 7t=F9 43
wzko] 7H4| 22 2217} Ho) J % BlalP (107° M)
oF ZF= (1075, 107° My 22} = A 37kt
o] 2950 ZHMEE 4271310 CYPI4 mRNA W3
o 2T Fig. 20149k 2o 7h=E-S AR
52 t 2+ (vehicle)o]] B|3]] CYPI4 mRNA ¥
o] AA7F FHEICE s (107° M2 7F=F
o| A ¢ wo] A=} (p<0.05). E3} Bla]PL} 7}
Th= W A7l o CYPIA 84 e
BlalP T A ejof w3 SAsH 7HAv =
(p<0.05).

Bla]P FALgH Wik} 7hAH| =
2 e iE Fa45E5Y 9%

)< WAoo 10mgkg | BlaPE FARE 3,
ABAIRE ol 712 ARFste] THAIE ulesalck Hhek
3UAof| 7h=g, e, @ o (107% 107°M) 52
Z¥7} vieFlio] 7ksto] 297t ©f wjekst &, 7hA|E
2 2=7]3lo] CYPIA mRNA 2HEERe 2AL6HCh
Fig. 3 oA} ZFo] in vivool| A o]u] Bla]P *{e]e]
OJ3)) CrPIA o] =g 2] visl Fa4E
o] X7kl BE JF0lA CYPIA A A7}
WHE o, go] Sus AlA CYPIA #
Axp dge o gol A= ATt (p<0.09).
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Fig. 2. Effects of cadmium (Cd) on CYPIA gene expression in cultured eel hepatocytes. Hepatocytes
were cultured for 2 days with cadmium alone or along with B[a]P. Difference in the mRNA
level after each treatment was estimated by RT-PCR, and visualized on 1% agarose gels (A).
The optical density of each band was quantified in a Bio Image System (Kodak) and normalized
to the GAPDH (B). Lanes 1, 2; vehicle, 3, 4, Cd 10™° M, 5, 6; Cd 10° M 7, 8; B[a]P 10~°
M, 9, 10; B[a]P 107° M + Cd 10™° M, 11, 12; Ba]P 10°> M + Cd 107° M. a, CYPIA,
b, GAPDH. Values are mean+SD (n=3). Asterisk (*) indicates significant difference with respect

to the vehicle (p<0.05).
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A 1 2 3 4 6 B 1 2 3 4 5 6
g m—— 5195 : [ 0t
b N 405 bp D — - 05 bp
041 041
503 ] &0 ]
g * §-02
0.2 )
3 I 5 .
G0t * S0l * 1
o ) o T T 1
Vehi cl e d 107 d10°° Vehi cle w10’ 1o
c 1 2 3 4 6 D 1 2 3 4 5 6
T —— Y : I 50 b
b | 405 b b ——— 405 b
0.47 0417
503 ] 5o ]
g g
02 * X027 *
= * 5 *
Sot rl; SEER 1 ’_l_‘
] T 1 ] T T 1
Vehi cle Zn 10°° Zn 10°° \ehicl e Pb 10°° Pb 10°¢

Fig. 3. Effects of heavy metal ions on CYPIA4 gene expression in cultured hepatocytes prepared from eel which was
treated in vivo with B[a]P. Hepatocytes were cultured for 2 days with Cd (A), Cu (B), Zn (C) and Pb (D).
The expression of CYPIA mRNA levels were estimated by RT-PCR, followed by visualizing on 1% agarose
gels. The optical density of each band was quantified in a Bio Image System (Kodak) and normalized to the
GAPDH. Lanes 1, 2; vehicle (DMSO), 3, 4; 107° M, 5, 6; 10°° M. Values are mean+SD (n=3). Asterisk (*)
indicates significant difference with respect to the vehicle (p<0.05).
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PAHs A 29] gfabef o3 SolH o fx

= CYPIA 2041 Wile] thet 74 2 of 1h
obioIE o oA sl U2 COPIA 44
UL BE 4% $I450 5 Ak 171 o,
o5 T PAHSS] ST CIPLA 04

A wAYUS G- ol CYPIA dP “Eiﬂrz%

Sate] oA ol thet Aol 49 o)k,
A7) 15 CYPIA 747} W) Sadale) A
Al dfsh ofell e SsiA dREAL QA
oh ZH EH| RS 0]83) oGl Ba]) 4o, ol%
AbH7] & aepe] ofFol A o] Sl 2 At
of AGE Wole] Zhe VPR EHo] 9ol
collagenase o] 28} 7HM|ZE Bals}r|o) gt
5jo] Tk ojo] H]a) ZHHIE vjekAl A8 Sl
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Golsto] in vitro AHE] AF/Jo] il AZE T

CYPIA+= A3 Yjof] 24)3}= aryl hydrocarbon
receptor (AMR) £ U751} e o] Al=H), o] &
A€ ligand == t}o] A4l PAHs, PHHs A|E 5]
dHA Qlek o7 7 SollAl Ba]P, 3-methylcho-
lanthrene, prochloraz, 3-naphthoflavon (BNF), TCDD
52 AhR ligand T+= agonist 4] L&A Q) (Navas
and Segner, 2000). Bi#}o] wljoF A LS 0|83 &
toll A PAHs®] thEZ =<1 BlaJPoll I3t
CYPIA 704 ] S7H8 w8 A8 53l
SIS AT

7, U2, guinea pig B QIZE 5 o2 S=olA
CYPIA 74 | 2AJo] 71=,; 428 ; oi%,
Hlay, 35 3 2 5o Sl s dAl=
A== Ao R Qlovy, AFE CYPIA
GHAPIHAE Srsl Ae B85 9k (san
and Coban., 1992; Falkner et al., 1993; Iscan ef al.,
1993; Iscan et al., 1995; Vincent et al., 1997; Jacobs
et al., 1999; Maier et al., 2000; Maier et al., 2002).
OIAZ TEH T A ol 8H 5= & Ex
in vivoR1A] in vitroAq Ao wjgt o} A2
Uehdeh ojfol QoAE ZaFol SRt Aut
AOJA|IL Qh=dl], ofFell w2l = Z2 ofFolet
&= AAERs Stof ek thEA] Rl glo] AR
o] F3F QFE, A2 o83t in vitro
AHS =& RS 71 4= At (Sandvik er
al., 1997; Risso-de Faverney et al., 2000; Ghosh et al.,
2001; Sorrentino et al., 2005).

2 AFolM= CYPIA 7 o] ot 7k
9] kg 271R] HhH o2 dY3IIT) =; in vivool|A]
1|2 BlalPE FARE Wolet FARSHA] ke o]
Of Tk 242k Aazdekstod CYPIA W S5457t
O BETHAE ZARBIR Bla]PE FASHA 2

ftlo

ool TAE PR Fhsgel o
CYPIA mRNA A= 7F= 8 ThE EX Bla]P+
7te oA BEE| gl o, BlalPE AR W
ool A1 ol A e 7=l of7t CYPI49]
A a7 I v ARl 7R S
&5l oJ3t CYPI4 A EIR= 107° MO] g0
A= 0% o1, 1078 MoflAl= 50% ol 2kt 7tasst
ek 4714 (Fh=s, T, ofd ) SaEE 1
oA ante] e AR Aos waEleh 9
AR, AN o, 2ulERte] uijeF ZhA|aEet
A ol opZhulol A= =g, -2, H, ot
Of]t CYPIA Q] B/ AJ5k7F 2= /1Tt (Sandvik et
al., 1997; Risso-de Faverney et al., 2000; Risso-de
Faverney et al., 2001; Jonsson et al., 2006). THA|SF
72 in vivo AN 7=, F8 YA 5
O3] CYPIA mRNA©O] ZAE|Ql oL, H|A9 AL
e ojgolei Aol et Ak Azt
Elytth (Sorrentino et al., 2005). & d7to]| AREE
R FFEERE 107°2 10°Mof|A] CYPIA
A S JAlshs Aoz veton, 3 523%
olFe] Ta&ol EAY ul CYPIA o] n|A|=
FFE AR avt Qlekar AzHETh

a5 CYPIA HAS A7 ]= et 9l
< SRR edgke, CYPIA 74 24 WA Y
oA 9ol LAEH o] Aol IF3E uf, PAHs
ADe] L A=} AUSh= Aryl hydrocarbon 8-
A (AhR) 9] BAE S0l AAAZ|AH, AR A
AP HAUSE Sa5ol WalistAY, 71eke] el
ofsfl Sa<ol &J3k CYPIA B/de] e okl
ZFAsk Itk (Risso-de Faverney et al., 2000;
Vakharia et al., 2001; Elbekai and El-Kadi, 2004;
Sorentino et al., 2005; Henzova et al., 2008). ]2
S50 CYPIA A ofAARgof Tt et A9l



252

i
o
P

Aol Basi
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HIRLO] ZEAJ3E vljokS: 018510 cytochrome P4501A
(CYPIA) a7} o] thgt Sa<52] Fakll thal
ZAVSFITE A, CYPI4 mRNA 2H&lo] T3t benzo
[a]pyrene (B[a]P)<] &&= XA} A, Bla]P 108 ~
105 M9 Fr= 2 ujeklof 7tsio] vt & A
£ 4:73}0] RT-PCR W © & CYPIA mRNA 3=k
& 2AFHYILE CYPIA mRNA W82 Bla]P &
ojEA o fFrEglen, 107 M FEiE A4
OS2 FORE HERTH (p<0.05). A= W] ZH
A Bla]P (107° M)&} 7F=5 (1075, 107° M) &
217+ = 3| A71510] CYPIA mRNA BH-S ZA}
stoith 7lE8-S A7) 122 vehicleo] B3|
CYPIA ¥F&1o] A7} TaE|Qlon, Tiew(107°
M)2] 7l=Eof|A] ¢ Wo| AA|=|3ic}. E3 Bla]P2t
7}c 529 3 Ae]sl 1ol X % CYPIA AR} uF
@2 Bla]P T A 2o] H]sl FARE A7} 2
ek **‘Z‘Hi in vivoo| Al Bla]PE AR Ri7o] 9]
H|%F THAIELE: o83t CYPIA AL o] gk
SoEEY FEs 2ARKET, Wdolol 10mgkg
O] Bla]PE FARE &, 48 A7t Fof] 7h& 235t
T Bk soich 7= e, i E ok (107,
107° M) S 7z} ufjofolo] A7lslod 2471 wlekst

fol

MHA

- 514

Ton

% CYPIA mRNA Helahe 2A1B1IH. ©]v] Bla]P
A2l oJslf CYPIA W& o] =% T2+ (vehicle)

of vjs} SFEE°] M7HE BE TF\A CYPI4
IR AP BEE SN 2 Ak ol ofF
oA CYPIA §RA Lol tgt Fa5E2 FF
2 Sud SAS dsied vie- Fagt 71z Ak
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