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ABSTRACT : The estrogenic potency of bisphenol A using reverse transcriptase-PCR response of liver vitel-
logenin mRNA in male carp was studied. For this, six combinations of primers which were synthesized on
the basis of cDNA consensus region of various fish species, were evaluated and one pair of primers was
selected as the best to show 286 bp size-transcript. By using the selected primers, vitellogenin mRNA
induction in carp treated with bisphenol A was measured and the chemical showed dose- and time-depen-
dent induction response. From this result, it was concluded that RT'PCR technique using the selected prim-
ers in this study can be used to monitor the estrogenic effects exerted in carp living in Korean freshwater.
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WEu) A Aol Edo] AMES] 7138, i, A
vz g A 7k 58 A o AAe]
g AFAE 93l A& o2 WEF T gl o™ (Bauer
%, 1995; Purdom %, 1994; Moccia &, 1981; Blaustein
5, 1995; Guillette 5, 1994) £3], elAlol] N3t 223
el EAI7E AHEA olE 5gtel wek(Carlsen 5,
1995; Herman-Gidden -, 1997) =L $1siAl 37}l 283
A1y Ji d771 OECDE $A4182 #hs] 35l
stk # OECD AT7IEoloMe iv]A AelE4
A BlaIZFAE AREEEE o] 71T A, o
5, T, 2F 55 o443 WERAIANEA AMAIEY
Wo] FA|H BF3IE 93 eFst A 58 ANEk
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Vitellogenin®- 3 F5& 714 v ZA4F HB5ES] &
A Aol AAEE AR G o] ATA
EA o)}, Vitellogenin® ZiellA A F JA-5 F3l
G4 o]Fdle] Wl dRMER FE F o Wi
oA lipovitellines} phosvitin®2. %1 8H=]=4|(Wallace &,
1974) estrogen- ©|213} vitellogenin®] A3} HH|E &
A 715}, vitellogenin®] APAJ-2- UubH 02 estrogend] |
U FEr) 2ES £E02 ASEe ARP|Y dACA
T frEHE o2 dEA o A estrogenolHt
estrogen o] gl EAd] x23H 9ol FHolG
0] A3k A MR vitellogenin®] o] FrdEE AL
2 B3E3 gl o]3jdt o f2 FATES] PN #
£ vitellogeninZ 2214 estrogen ER| x&HE
< WAFe F8d AR JAHIT Uok(Heppell &,
1995; Sumpter 5-, 1995). < vitellogenin -2 A
A2e] dFeiate] Hol FAIMNE E A FollA
AR T2} 93 Z eH(Nathalie Mouchel 5, 1996;
Hirai 5, 1998; Shiv Hiremath 5, 1997). &3 71| 5
ANEAS WERA Aol B =EAIA 7 EA|A
vitellogenin mRNA7} =53 7] <1512 (Kwon
5, 1993), XAFRE} WY m=o] W guld] Aol Ao
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=ZF o7 o7 ZFIA vitellogenin mRNAZ} &gl
= AMA o] reverse transcriptase-PCR(RT-PCR)S ©]-&
s A Az B = dk(Lech 5, 1996).

2 Aol HERA Al EAe gk A1 A
A S okl A% ZI2ATEA R o
olol] 3E=ql WjEu]A AefEA <l bisphenol AS 2]
g ¥ RT-PCRYE o] 83} vitellogenin mRNAS] L&
o dAisled ARSI B W AR o]Fa dF- &
3 o]Fg AR oF3) Y S v P EA F
W Ao BN A AelEAe] g3 HAS =l vitel-
logenin F41x}e] Wl o] EAPAYEIH YA A E2ZAM o] &

o] 7FsatA]el H3led T3
II. M5 3 9y
1. Alef

AlfEAF} vl 2 A3 bisphenol A(4,4'-Isopro-
pylidenediphenol), benzocaine(ethyl p-amino benzoate),
17B-estradiol> Sigma(St. Louis, MO, USA)A, RNA
F2& 913t TRIzol® reagent: Life Technologies(Grand
Island, NY, USA)llA F+3}ed AR8-819iw}. RT-PCR 4t
S5 93t A]9FE2 Takara Shuzo Co. Ltd.(Otsu, Shiga,
Japan), 2171935 A& 9k57] $13F agarose NAE Amer-
sham Pharmacia Biotech AB(Uppsala, Sweden)|A+ T+
slglet, a3 Algell ARS8 Z+E- primers Genotech Co.
(Dagjeon, Korea)ollA Adsled ARS8}t =3 cDNA
FZoll P23t Concert Matrix gel extraction system-=
Life Technologies(Grand Island, NY, USAW}2] &S,
transformationel] AF2-8F pGEM-T easy vector= Promega
Co.(Madison, WI, USA)2] A|E-& 22319929 transfor-
mant®] plasmid A Aol A-4-% Plasmid purification kit
NucleoGen Co.(Ansan, Korea)®] A|E& ARE33it}.

2. AEYE

Alge] AHE3EE ol ARWFHATENA AAF +
ofito}l FYIAA AT oAFARALA AL 712 7
A= ARE315v}. Bisphenol Aol H3F LC,, A Aldol
= AF 20 mm AFe] AF AME-319127 vitellogenin
F= Algell= AF AA 97.043.75 mm, AF 103+1.28 g
o MAE ANl 28 A1 RAlE At 5=
S AR o] 83le] 25+2°CER ZAF= AR E
Eep|EE 19 13 FF3hy ARSsid.

3 o7t BIE $I3F AFHAF o2 oo ofF
2 o) (Cyprinus carpio), ©1258t DY (Cyprinus carpio),

ol (Carassius auratus), FeRR AR Fol| A 29 =8|
(Xyphophorus helleri), 3134l &N (Aphyocypris chin-
ensis) 8] FARRIFQ $ALE] (Oryzias latipes)yS XA
slglem 7 ANARES Age]E ARS3AT). ode], o]
ghallele], Bl AYFHATAANA FoPe Xl &
AREEle] ARSI oAbl AEEYE 2 A7
ARAL A 7], AARSHE A ARgslsl o oSl
g8k Ao A AAkEE A E Eekitel Al = o
L3l

3. AE2E % X2l

AlHEA-E A WEEA A2 d=A bis-
phenol AE AMESI. dl2E 2 AIEEAS Fxo o
E 9] M-S AA, 2 109129 e E Al
96A1ZE FRF =EATIEAM XAES AT 24417
ule} Z|Alej e} 5 7)53t3 MAPAIE FA Al
2wl Probit AL o83k bisphenol Aol gt
oJo]e] HIERAREE(LC,)E AA 3.

Bisphenol A2 554 xZol u}E vitellogenin mRNA
o] g AP 3l 2 AlFeM FA-T LG, #
(47 mg/ys 71FE22 2 FXF F=Q 12, 24, 4.7
mg/RIA 96X 2 Ft =EA Ao, B 7|7}l wpE
HE AR YsiME 24 mg/ellAM 0, 1, 2, 4, 8, 16Y
7t xZAZ . o5 v APl AE 2.4 mg/l FE
bisphenol AS A#at A5l 659 AHARE 9647
st HUEEAZE 2E A HsA 02
mg/[®] 17B-estradiolS ARE-3}gl o oekguls- A3t
e SANELLE o). AlF8dS AP EAS o=t
ol 3] stock 49E THE F Aol ARSEE AR
dA g v &R EM3le] Aol A T2 A3
o AIFEAL] =22 101 YYTFAAM AFEA] A
71 AESE 1Y 18] 23ske diRe R $3E)
At

4, RNA £& % RT-PCR 2

AlFE2e 227} 253 /|AE 0.05% benzocaine &
Hof| A} wlHA|Z) F sfFsted IFERAE 50~100 mg M2
B} TRIzol® reagent® ©]8-3lo] total RNAE FE312]
o}, 260 nmel| A F3=E A5l 353 RNAY 5=
£ AAkslglen, o] 5 2 ugS RT-PCR Hbgl AME-31%]
t}. g} o]Fol|A] o]u] WAl vitellogenin®] oAl A
4L vlwsle] AFsAe] w2 dHolA 552 primers}
Lech 5(1996)0] A&l ARS8t 12| primerg A|2}3}e]
Aol A8} 2 (Table 1), HFE A 2= forward



Table 1. Primer sequences of vitellogenin mRNA for RT-PCR.
Primers (No. 1-5) were synthesized on the basis of vitellogenin DNA
homologous region of other fishes such as fathead minnow, rainbow
trout and killifish; Primer 6 (Vg59) were from the study of Lech et
al,y=c+tk=t+gr=atgm=a+tc

Primer No. Sequence

1 VIR : 5'-ttt cca cag agt cca cag gte-3'
V1F : 5'-gtg gac tgg atg aag gga cag-3'

’ V2R : 5'-cac agt tic cag ttg tcg ttc-3'
V2F : 5'-gca gat cat tac gge cge cct-3'

3 V3R : §'-ytt cca rtt rtc rtt ytc rte-3'
V3F : 5'-ttr gtn agr gen gay cay aar-3'

4 V4R : 5'-ytt kat kat ytt ytc ngc nge-3'
VA4F : 5'-atm gar agr ctn gar tty gar-3'

5 V5R : 5'-ngt nge nge rtce rtt kat rta-3'
VS5F : 5'-ggn gen gen gen agy gen tty-3'

6 Vg59 : upstream 5'-ggt tge cac atc tga aag gac-3'

Vg59 : downstream 5'-agg cag aca acg cag cac ag-3'

5'-cct gac cct gaa gta cce ca-3', reverse 5'-cgt cat gea get cat
age tc-3'¢] A1gE 71X B-actin primerS- A sle] AME-
31dvk(Lech 5, 1996).

2ug®] RNAS} 5U2] AMV Reverse Transcriptase XL
& ARgsted 30°C(103), 55°C(R0RE), 99°C(5%), 5°C(5E)
o] 27M ¥FAIA 20 w2l cDNAE 431} PCR
HRS-2 Oxbuffer 10 u/(100 mM Tris-HC, pH 8.3, 500 mM
KCl), dNTP 0.8 mM, 22t} primer 1 uM, 2.5 U9 Taq
polymerased E313led BRS-AIZ ). o] o] FH3]+= 100
welgl e 94°C(30%), 60°C(30%), 72°C(90%)E 157
2 3l F 303] HbSAIAY 5% cDNA 2 F 5w
£ Z#3}e] ethydium bromide(0.05 p/mly7} E&E 1.0%
agarose gelollA A7)9dE3sle] 1 A4S Flslgdc).

5. HIIMY B4

PCR H1-3-2 2 X3} cDNA 3100 p)yZ 1.0% agarose
gelol|A A7]ed538)3 UV ZAREIA B2 22 3= band
E F&3F F Concert Matrix gel extraction system(Life
Technologies)>-2 DNAE- elutiond}3t}. Elutiongt DNA
4 o} 2xbuffer 6 pl, ligase 1 w/, pPGEM-T easy vector 1
piE- E3Fsled 4°CollM overnight ¥ieFslxL, WA 45
JM109% A)Z3} competent cell 80 W= A7kt &3
g 42°CollA 9037 GA2)8kal LB ¥iA] 900 ue- A7t
3lod 37°Cell A 40274 wieFst F X-gal?} IPTG, ampicil-
ling 37}sled ke A wiRle]l 50 uA =dsled 37°C
ol A wjekatadct. oF 18412 o] A3 F A2 colonyZ
A3le] ampicillin(20 pg/mlye] E3HE LB #i#] (5 ml)el]
A %3}e] overnight W]SFS}3L plasmid extraction system
(NucleGen Co.)2 ARE3fe] plasmidE 2], AAsHac}.
AAE plasmid= ! PCR A4S AX Aggdadra
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(Dagjeon, Korea) Al AR whol] £]]3led 971Md& B4
sl

. Zz 4 nF

1. Bisphenol A ‘=& Y0{0|M vitellogenin mRNAZS]
|

Bisphenol A *j2] $=2 ZAsP7| A o] A&
o) g3lod FAEAZS SAHT AT ool M ukreAIAbE
E(LCe 47 mylE vhebdeh, o g AEes 24
3| A3led 1.2, 2.4, 4.7 mg/l®] F == bisphenol AZ 7]
3lar 96417 Fofl Alqel] 7hE A F el RNAE F55
% RT-PCRE 5333t A}, A8 682 primer % Lech
2(1996)°] ARE3F primer(VgS9E =)ol A 300 bp Bt
2k 7719 band7} =T} o] primerE o83} A
2] B uE S-S Fr1E 433 29 Fig. 1914
Bl ule)l Zro] P w2 xxal 1.2 mg/lAFE vitel-
logenin mRNAZ} &3 =gl on] 7 Wl 55 oEH

603 bp

B-actin
(540 bp)

Vitellogenin
(300 bp)

Fig. 1. Dose-response of bisphenol A on vitellogenin mRNA in-
duction. ¢DNA produced by RT-PCR from the liver of carp treated
with bisphenol A for 4 days was analyzed using one percent agarose
gel. Lane 1: 1-kb cDNA ladder, Lane 2: control; Lane 3-5: bisphenol A
treated group. 0.6, 1.2, 2.4 mg/l, respectively. Lane 6: ¢ 174/Hae3
cDNA standard, Lane 7: 0.2 mg/I 173-estradiol treated group.

Fig. 2. Time-course of vitellogenin mRNA induction by bisphenol A.
cDNA produced by RT-PCR from the liver of carp treated with
bisphenol A (2.4 mg//) was analyzed using one percent agarose gel.
Lane 1; 1-kb ¢DNA ladder, Lane 2-7; 0, 1, 2, 4, 8, 16 days of bisphenol
A treated group, respectively, Lane 8; ¢ 174/Hae3 ¢cDNA standard.
» : Vitellogenin mRNA (300 bp).
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L2 FU1sldeH(Fig. 1). =3 2.4 mg/i®] bisphenol AS
At =277 FEjd AoM T xF 19 E
vitellogenin mRNAZ} ©& =gl om] 7 of w3} =& A7}
o &3 TS & S AdASFig 2). ol=RE AM

oA primer Vg59ll 2]3] 4% cDNA: bisphenol Aol
A3 =" Ao 3T 5 et 2y 2 )=
300 bp Hr}l= zbobA] Lech 5-(1996)0] F-A|7/HEo]olA
H13k 827 bpohe w2 Abel7h slslwt. wied gAdE
cDNAZ} vitellogenin -2k GF-Q1A)E gelslr] $]s}
o F7IMES EAHEAH.

2. Vitellogenin mRNAS| ¥7|MH E4

Elutiongt DNAZE- transformationA]Z] J 478¢] =AY
colonyE #2]8}d ampicillin®] E3 LB ul#|¢l|lA] 44
vjeFslal plasmidE AASIIr. A plasmid 8 pil]
buffer 1 ul, EcoR1 1 ni& &3}sled 37°C| A 34|17 30—‘?—
7H 9REAIA BAHe® 3= DNA ©@de] A" 88
BHl3siet. F M9 AReA 5422 3= DNA ©9
o] AIENSE EIFHT Ve21622 HFsisit)

Ve2169] 971X 9S8 A, RT-PCR kg 23]
5% DNA®| Z7)= 2L primers FAI7N5o]o) 14
3}ed oAl vitellogenin cDNA ¥+ =7]9] 827 bp B
o} "R 2R3 286 bp2 FRIENT. o] FHE] FIIMLEE
BLAST searchZ® ®B]3F A3} )& o]F3} homologyS
ZHA = 2 255 bpE eP o o]52] ofnxAl A
|43} g7 Fig. 3o Pl Fig. 300A 2E A B35
2 op]xAl MEE M3l o2 F2] vitellogenin
ZZk9} homology S “EFA] ok delct.

Ve2162] ohu|xAl ML o2 oJF9] vitellogenind}t
vlagl A= Fig 4o “ebE. Fig. 40lA 2Xo
Ve2162 o2 459 vitellogenin A2} ¥]2a}gd &
AAH L 2= 54%2] identity2} 68%2] homologyS L}e}

tggttgecacatctg asa gga cgg act tgt gga cte tgt gga aag got gat gga gag atc aga
K 8 R T C € L ¢C 6 K A D 6 E I R

cag gag tac acc aca ccc agt gga tac ctg acc aag agt tca gtc agc ttt goc cac tca tgg
Q E Y T T P 8 68 Y L T K 8 S Vv 8 F A H 8 W

gtg ctt cct got gaa age tgc ogt gat gec age caa tge cge atg asa ctt gaa tct gtg aag
v L P AR E § C R D A 8 @ C R M K L E S V KX

ctg gag aag cag gtg ata ttg aat ggc cag gaa tct aaa tgc tac tct gtt gag cct gtg ctg
L E K @ v I L NG Q E 8 XK ¢ Y s Vv E P V L

cgt tgt ctg cct ggc tgt getgegttgtotgect
R C L P 6 C

Fig. 3. Nucleotide and deduced amino acid sequences of Vc216. The
predicted amino acid sequence is shown below the nucleotide
sequence. The underline characters indicate no homology region to
other species.

w
=]
B

Fig. 4. Comparison of the deduced amino acid sequences of carp with
other fish species. Residues identical to those of carp vitellogenin are
shaded in black. The numbers of residues are shown at the left and
right margin. V¢216, common carp (Cyprinus carpio) vitellogenin
gene; RT, rainbow trout (Oncorhynchus mykiss) vitellogenin 1 gene;
BT, blue tilapia (Oreochromis aureus) vitellogenin gene; KF I, killifish
(Fundulus heteroclitus) vitellogenin I mRNA; KF II, killifish
(Fundulus heteroclitus) vitellogenin Il precursor mRNA. Data are
taken from Mouchel ef al. (1997) for rainbow trout, Teo et al. (1998)
for blue tipalia and LaFleur et al. (1995) for killifish 1 and 2.

WA g, FxM4019] vitellogenin 1 F-4Ake} 502
vl Afols 8570 olr)xeAl F FY obmlxAl 737H2}
fAF olulxeAl 2707} EA3ke] 85%2] identitye} 88%2)
homologyE Welligic}. =3t killifishet Blwsr 7%
vitellogenin I mRNASH= Y ohu|xeAl 6471, 1A} ofn]
XA R 75%9] identity2} 85%2] homology, vitello-
genin 1I precursor mRNA®F= F ol At 6371, fAF
olu] Al 77 E 74%9] identity, 82%%] homologyE- 11}
i}, Blue tilapia®] vitellogenin +d2}Fe} v 23 7-$-
o= 65%2] identity$} 73%%] homology”} &2 HoF
At

o|Ae] A¥ AAEHE F319] oJo]ol bisphenol AZ
XZAAA AL cDNA clon opa|xAl wide] 7] B
H vitellogenin fA2}e} A33] & 52 homologyE-
HoEo 2 B 3427} vitellogenin -2 dH-US
AAREET gl | BEFY vitellogenin mRNA2] alo] 3
Tt =377kl 2EXQl IAE vehd AR Ho}
bisphenol A°ll 2J3}} vitellogenin®] fr==o] WHE Ho.
2 AT 4 sl Figs. 1, 2). WM 2 dF A=
AAq primerg AHE3 RT-PCR 714-g &3 WEnA
Aol A4 S Bk = Ade-S
2 £3] F A2 o]F<l Je19] vitellogenin FHRR=
Wia]A] el B gkl Hgt S RUE]R) ATl F
L3 A8 F8E 4 USS BoFUH

3. 0{Z0f e vitellogenin mRNAS| W3 H[1

oJojoll Al Ve2i6ol AR primerS o]8-8le] 12k
vitellogenin &8-S vlwslF et 719 olo], o]Azlele)
of, 2=, E, Fol H FAteell 2.4 mg/i¥] bis-
phenol AZ xZA)7] ¥ RT-PCR 4 AHE-S #7]ed 53}



1,000 bp
603 bp
Vitellogenin
(300 bp)

1,000 bp

Vitellogenin 603 bp

(800 bp)

Fig. 5. Comparison of cDNA produced by RT-PCR from different
fish species using the same primers for Vc216. Lane A; 500 bp cDNA
ladder. Lane B; ¢ 174/Hae3 ¢DNA standard, common carp control
group (Lane 1) and bisphenol A treated group (Lane 1'), Israel carp
control group (Lane 2) and bisphenol A treated group (Lane 2'),
swordtail control group (Lane 3) and bisphenol A treated group (Lane 3'),
venus fish control group (Lane 4) and bisphenol A treated group (Lane
4", crucian carp control group (Lane 5) and bisphenol A treated group
(Lane 5"), medaka control group (Lane 6) and bisphenol A treated
group (Lane 6'). Only the male adult fishes were used in the test.

A}, oJoje} o]aztld)e]oll A °F 300 bp, A =E| U
HAEN A= 2 800 bp Z7)| A band?} ERRT. 7]E
Hatof|A] Eu]Atd| 7] e} FR]7R5012] vitellogenin mRNA
9] =7|7} 827 bpE viehd AE refshd A9 =H|Yw
JEANA vrehd band: vitellogenin F-AAke] g¥-Y
7FsAel sl AL FdEn oJojg) o] agtelofelolA
Yephd 300bp =79 bande B ATFo)A] ol wiel
Zro| vitellogenin A2 UFY 7FsAdo] & AR
FAE. 3 $ARES BoloME £ primers o]-4-3}
A< 7% vitellogenin F-HAFE FAEE= oJw3l band®
HAEFA dUTHFig. 5). o133 Ae o]Fo ww}
bisphenol Adll W& ZFpAd 9] zlel7} EAfslAE, Al
AREEY primer} HASA] d9t7] WEoR FAEG B
AgolM Z&EH F 72| band?} vitellogenin -F+A1AF
S BRIk Aol FaEH o AT HA7A e A
#2 £ 9 vitellogenin AR o]Fzke] Abe]7} e
ALz FAdEy, Bt @ A7E 53 oJ8] oFel F
Aol 2838 4 9]%= primerS Zropdri™ RT-PCRE-S
o]-83}od vitellogenin mRNA W3S ZAgro 2 A W&
vlA A EAL] xF F72 J9Y 5 U A= A}
230 R4 29 =6 de] S Flol] MAEA] o3
92 oF% S AN A7 dA] genz |
A el H43P]elE ojelge] S AR g
Hoh geiy A B A7 I sk 2 34
7V de] BEsle o]Fe] shial Bolol] 24g 4 g)
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+ primerE 7E3E] 43 AL AaFol o =3
°F 300bpe] 715 dElE ode], olazaleleis} oF
800 bpZ- el A =EYd, 8N, FAI7 RG] vitel-
logenin F=2} Atelel] ejwd gt 2te]7} QIEAE #H Foll
AUt
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