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RT-PCR Analysis of Vitellogenin Gene Expression
in Bombina orientalis
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Abstract - To develop a biomarker for the monitoring of the contamination of estro-
genic endocrine disrupters in the aquatic environment, reverse transcription-poly-
merase chain reaction (RT-PCR) analysis of vitellogenin (Vg) mRNA expression was
optimized in Bombina orientalis, a Korean red bellied toad species. Based on partial
cDNA sequences of both Vg and beta actin genes of B. orientalis, specific primers for
RT-PCR of Vg and beta actin mRNAs were developed. Semiquantitative RT-PCR of
the Vg mRNA in liver was optimized using a beta actin mRNA as an internal control in
both sexes. In female RT-PCR using 1 ug of the liver ¢cDNA resulted in a linear
increment in the PCR product of Vg from 18 to 34 cycles of amplification. In male, on
the contrary, the RT-PCR product was first detected at 30 cycles of amplification and a
linear increment was observed from 30 to 40 cycles of amplification, suggesting that
male B. orientalis expresses minute amount of Vg mRNA which is a 27!2 equivalent of
female. In conclusion, the optimized protocol for semiquantitative RT-PCR analysis of
Vg mRNA level in B. orientalis male liver will be useful for the environmental mon-
itoring the xenoestrogen contamination in the freshwater environment in Korea.
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2 2 s 28T 8 AdANM R T Al
AFQ 24 FA7E Feelzich yEe] A4 o) B4 (end-
ocrine disrupting chemicals, EDCs) ¥ t}o}3t o2
B4 ARG A FMFel Zha FAl] HelA] U dd
o=z 9AFE T ¢t} (Blaustein and Wake 1995; Carey
and Bryant 1995; Houlahan et al. 2000). EDCs: A} )}
F2Re 28-g wIste] WA, WA, 1Y, AHA Sl
A ksl =AaAE el el $7AFAe] =
= EDCs9| lslae Aas) Ay olF e A4
! Aol gt 8712 3 A debe dgske A
4874 nEI #Hed wj$ Fesiv} o|dl
EDCs?| 437 AF32 £3, A2 2 x| 59 v
olzRE] Aoz Py 4= glort ofxe) e
A Z+ BF7 82 54 EDCsoll Hig A2 Xpols
Holmz Y F Bolid& 1T A Hrvl &7
A},

AL BAFAANN o= FAA T AA
F o9 oo g eqle] wHge wet pHA oz A
"o} o) 55 A AH e Fod WAYE
o2 “Ae) AUl (ecodevo)” e fol2 AF u} g)
S (Gilbert 2001). 5A g T HANAM HAH oz v}
s fAA 23] WS WAz e wHAlA

hsd

I

tlo

BEA =28 JfA e B A A9
AL e ool Wizt o] EAlY =&2FYSS B
&l EW3l A B3 A A} (biological indicator)3
2432 4 9ok webd 2 eddd =23 AAANA
B3 $31A E3 e HiE FA 42 3 ed
ogk Mo vkS- A oGl HE xF A=E T
oB3le $8% atez o] 4R (R A 2003).

o) AE 2 AN W)¥-u) A Zel B4 (xenoestrogen)- 7]
o AR 9 QAR F3} AARA, HASE, EA
55 HYA|T| op ol HF-F A WAl wHd 5
Slc} (Presutti et al. 1994; Kloas et al. 1999; Lutz and
Kloas 1999; Mann and Bidwell 2000, 2001; Mosconi et
al. 2002; Bevan et al. 2003). Xenoestrogenol] &% 4
o e FANAM F2 AHEHE fAAE] deEnE,
0|5 §-% A+ xenoestrogen xZ2] biomarker®. o]-2.5
3 der(A e 8 2000). 3R 75 A (vitellogenin, Vg)
o ) e el SliE=Ae) A6 <) o)
F AR, Gz Fulse] darkA] =S re-
ceptor mediated endocytosis & E3) 32} ¢to 2 4%
F dsde ARse] A2 B 3 okl oy
2P e g o)L 5t} (Mommsen and Walsh 1988). t}ek3}

Fig. 1. Bombina orientalis. Male. Bar = 10 mm.

H2zB 719 7} 2A A estrogen®| A=el 2)3)
Vg7l AAEn g Vg uld-& biomarker® o823l 43}
74 Y xenoestrogen®] 2.9-& A7) 918 A7t &
¥t o Fol M A=) gfom, FAFAME T2 AY
¥ Fel Xenopus®t 27K+ (Rana rugosa), 7\ -8
(Rana temporaria), 57N 78 (Rana esculenta), 3}47)
F-2] (Rana catesbeiana), 7\ 2] (Rana pipiens), °3
F-(Triturus carnifex) 52 d¥ o2& iAoz A
%o g} (Herbener et al. 1983; Herbener 1989; Palmer
and Palmer 1995; Mosconi et al. 2002; Bogi et al. 2003;
van Wyk et al. 2003). =4 FAF 7HdE §u)okA
F-ol 3+ZA =2 (Hynobius leechii)o| A Ad-Alel &
gk ol W Al 2] XAke} 718 fodo]l My, ol
9 ST E dAdez JEn AR lEd 295+
A|GeljA] Vg il 2he el A A7} FAEHASG
(BAR 2001; F 5 2002). 2} 54k X FE O
A}o 2 biomarker §-H A} =Fo|A] o AEZAA BN
AGANES] =28 HrHE 5 sl 7L APitEe] ol
2 k3 ek B AFE 9] ' Fu|PMF v
+d shelw] fElrlol HFe] FAH F QA REde=
T2 (Fig. 1)& 292 437 J xenoestrogen =
& 37138171 913 biomarker /g 8] k2= W
Vg mRNA -3 3F] o3t RT-PCR A& 7 e3}sich

e 3 LY

1. 3EA%

20039 69 7A7= 7HEE MR dd2rE Ak
FNFelE AAstdeh(Fig 2). A4 AAE AFA
2 $uksle] 20°C, $E 60%2) AMSAle] A& ARSAF
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Fig. 2. Sampling site of B. orientalis.
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2. RNA 3 2 934

38 cpAsk mA ¥ 2 s o
78 7 2AE DA 2Y 2 24 209
2]} TRIzol &Y (Life Technologies, USA)el| &% %
4°CollA] A =n}s) 7] (Polytron, USA)E o] 4-3fed FA 3}
3}edv}l. Dynabead kit (Dynaryl, USA)E— AbgEte] Az
2o} upbell ulel mRNAE ¥2)8 & 0.1% DEPCZ %]
29 EFaol Smgmlt pwe gofelgich A} W
2.0 RACE kit (Clontech, USA)E o] 43}ed A|2ALe)
£0] wel mRNA 1ugs o]-8£3}e] 10ul B9 94
i Ree +Ashe] DNAZ YA sHleh Tris-
EDTA (pH 8.0)0]l /102 343l ALg A7k 2t
et

O
o,
e
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3. Vg mRNA?®] semiquantitative RT-PCR&
93} primer Lo}

o] &} A (2004)¢] 2}s] &el®l Vg ¥ beta actin cDNA
Ay Gr|AYge) Z78l] Primer3 software (Whitehead
Institute for Biomedical Research, USA)}& o] &3led A
k2 RT-PCR B 9] primer setsZ T35} +}

4. RT-PCR9] A3}

zol e oo z7hzz] ez BE] TRIzol £ (Life
Technologies, USA)S o|&3}e] A zAle] ubde]| ula}
total RNAE £2]3 % 0.1% DEPCE A% ZF-5el
3mgmL! =2 &853Gt 9RAL wH-E-olE murine
leukemia virus [MuLV] reverse transcriptase (Applied
Bioscience, USA)E o}-£3}9 3, AZAL] 44 me}
RNA 1pg$ o]83fed 20uL ¥-9]2) HAA vhg-& 43

&ted ¢cDNAE FAsleic) 7F cDNAZ RE] Vg ¥ beta
actin mRNA 48 A& 93 4 annealing =5 &
Al sl dA ZHE o]-43ke] A|ZH3E cDNA 1ugd Ex
Taq™ (Takara, Japan)& ©]4-8led 55~70°C2] anneal-
ing £= T 2NN AzA $Hel gt 403
PCRE $3)3lc). 4] PCR ¥he 348 2AA57]
s #A¢] annealing 2%=2] 60.5°C(Vg) ¥ 55°C (beta
actin)o| A 14~40cycle?] PCR& =183}y ct. 114k3}
primerel] 2]3} genomic DNAS] £Z o RE #ql3}7)
sla) 29 7hzAlo)A] Relqt total RNAS] oJ=iApul

FHEFH AR E AXA 42> RNA A&8 3
#7104 403] PCR ZF3}3{ct. Vg mRNAS] Ae)A
& 913 RT-PCR A¥elr= PCR BHAHES] &8
Gel Documentation System (Vilber Lourmat, France)&
o]lg3le] M=ol =g A3 & PCRYLS 34-uke
% TAE 2o A% 4P #HE 918 PCReycle 5
8] Z7e w2t PCR HhgARES] Fob7} F3¥ 73H4
A A 8193 o} (Gye and Ohsako 2003).
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Vgt beta actin cDNA G7|xdel] A8} 14Hsk

Annealing temperature (°C)

M 550 561 579 605 643 671 689 700

Beta actin

Fig. 3. Optimization of annealing temperature for RT-
PCR of vitellogenin and beta actin mRNA in B.
orientalis. M, size marker (100 bp ladder).
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primerS%

|43l RT-PCRE 433 A Vg 512
bp, beta actine 325bp2] AlEe] FHQlF v #HA
annealing %8 #2qls}7] 93] 4%l 7t cDNAE o] &
3led 55~70°Ce] &%= Fu] zAo|A 403 PCRE 43
3l A3} Vg 60.5°C, beta actind 55°Col|A} F A3l
9)v}(Fig. 3). RNA E-¢}% RT-PCR ¥}$-2] $-%2 Fql
S7] 931 ARARE ANA B RNAAEE 3
EA5tg S o Vgel beta actin 25 237t HAEEA] 9
sk} (Fig. 4).

A 7re] 79 18cycled|A] Fz= PCR ub-g-E-o] &
QlF]9l 3 3dcycle WY o] Z=Z A} ub-gAEo] UASHA
Z7k5i9l00) o % PCR #hgo] Z3hsioleh. +74e] zho
A& 30 cycledl|A] Z| &2 PCR HFH&-Eo| =l 40
cycle Apo]o| A ub-g-AbEo] AAEA Fristdw A F

lm

]orll

M +RT - B M +RT -

Fig. 4. Verification of RT-PCR of vitellogenin mRNA in
B. orientalis. RT reactions with (+RT) or without
(—=RT) from female liver total RNA was subjected
to 40 cycles of PCR. (A) Vg. (B) beta actin. M, size
marker (100 bp ladder).

A
PCR cycles

Z3} beta actin mRNA®| 7§
A F7rsklet (Fig. 5).

24 ~38cycleol| A} d&ks}

 #

2 237 e oaEzAg HEe)ALNEE &
gg #4317 99 o1Fst PAFolN RI-PCREFLS
ELISAY 522 Vg& 8328 t}oFg biomarker §3 2}
o] el BMFo M, o]5o] AMAE= 374 2] xenoe-
strogen £ <B.Z Folslm glom VgE o]4-3)
estrogen’l 32w A Ao 2R HApEL chokst biom-
arker 7}8-9] OECD ®%&¢ =2 A4 5%} (OECD 1992).
SFx} ol 4 estrogen, androgen ¥ xenoestrogen3} Vg
e Aol G A AT A e
Vg 3AE 0|83l HF Vg o=d AR Aoz, B
AFNrMF W)} Vg mRNA 37tz A4siA A&
g A7 Xenopus, Rana esculenta % 43 A3 FA
o] B33} (Carnevali ef al. 1995; Bogi et al. 2003).
A 7R AL ol A F-E AL S = xenocestrogen
o W2 A=A HaAe] T Frhe vl
TFE& dAom Vg iAol i3t A Aol o] 4
01 F o} (7 2001), Vg2 biomarker @ dted mRNA

oA At 347]»— AWH =] dgfo) B A= gt
2o dzd PR FDATFE 043 olo) AW
SSERS @;Liwe et

et PAFAN Vg REe dized B ohid
growth hormone, IGF-I, prolactin (PRL), A2 J3k&
=t} (Gobbetti ef al. 1985; Carnevali et al. 1993, 1995,
2000; Mosconi et al. 1994). Vg && $Ja A= 7=
A estrogen g31¢] Wwalol Masolo} shzd, w4

14 16 18 20 22 24 26 28 30 32 34 36 38

Female

Male

40

| = emee---g

B
=) 70 O Male .
£ 60 [® Female o0 ?®
> L [ J
E 50 )
2 40 F [ ]
2
% 30T ° o
S o0t
Vg =
g 10 ® o)
Beta actin = 13 0 M%W
14 16 18 20 22 24 26 28 30 32 34 36 38 40
PCR cycles

Fig. 5. Optimization of cycle number for semiquantitative RT-PCR of vitellogenin and beta actin mRNA in B. orientalis.
(A) RT-PCR, (B) Relative expression of Vg mRNA vs. beta actin mRNA.



RT-PCR of Vg in B. orientalis 333

71e] 7tzAZ estrogen LA Wo] w]$ o}
estrogen *]2] Alolx Vgr} §-=¥ A o=t} (Korsgaard
et al. 1986; Hernandez et al. 1992; Mackay and Lazier
1999). Wb ARH e WS H-A4 2 Ao
Fgehe QNGNS E B ohje Ry Wi
Elojmsa® @ Zhji FRAH oz WHHE AHAQIX
o] Wgo] FEPAYTH dAERA) 71}’\”% HH st
Aoz Ardd YuFe] A AS- dae) #
2 FA A3 dEsle] FEA el 5]5_'}_01] 23 5
Yol F=2 Ababsic). A7) (Rana dybowskii) 5 22
(3Y) 7 Ab7)o =% Abtels MR deE] 7
N 4 F ARPIL A Fex Ayg=e] A
o] AYFHH Ao A8 2NN &AF A5 AF
Aae] P ARE 2T 4 Aok g 249 o
AL F3l wAe] oA TN ER ] 75 o A7
of AR /HAE Aoz Vg mRNA BHE & H¢
A~E A A3t ApdE ‘rrx]fﬂ’“ff ez A"
slew Aol AFes Y 4 g Holdh opo F
STl FA o AEZAl X xenoestrogenel] 2
3 Vg mRNA =8 Fglstzal & v d7le] 3t
A7 2 S M= estrogen FH5pA] o) vrxlil% A =
£ 20 ARG AAE ol gotel Vg e Artshe
Rol AT Aol
PCR uF-§- Abo| &

-

N

ol wh Vg 2FAES] 7t oA
L Ao A= A 18cycledi| A BlF HbH 27 oA
+ 30cycledld HRART et AeAoE SH6IA
Vg mRNAQ] #3leke ol5lo] 2° 12uﬂo}] Ayergiot, whalba]
A= v]Eke] Vg mRNAY} Wage o 2 9ldh
olHF FFNA Vg7l W EE °]-ﬁ-% 7 Aol &

AP estrogen W02 FAFCH H|F S7olgt: ¥
Zoll = vlgke] o A= 2 Ale] )3 ]%,—"_— spermato-
gonial stem cell®] 248 &23l= 2 A4 A=A}
Aol Z28 o] v} (Hess et al. 1997 Miura et
al. 1999). =3 HAFETE 719 AL B ohzt HzxZ
o] = testosteroned estrogen© 2 ZF3}= aromatase
o} wbgo] 2lel® v} (Schlinger et al. 1992; Nitta et al.
1993). wpebA] 7+ ZA] oA estrogen 84S WA 7
% ml=ke] estrogendl] 93] Vg AA} 7ps3H RT-
PCR3} Zre)] m7hsk A&Hby& AH-sPA =Hw vl
Vg mRNAS] Exj& &g 4 9l& 7o =ht v
o] Vg mRNA7} AEHoka A £ A7) AHe-=
7] 7|47} xencestrogeno] &8 9FH vty HA s}
Z1e olfe £ dollA estrogend AFFA] oS
Zo) A EhelslE Vgol B A3 FAT 4 e Yol
olujv}, wkEbA] xenoestrogenell wEE JAE A s}

9]8t Vg mRNA a#ke] 7|8 3t AAE £7 A
A4 E%2] estrogeno] 23 Vg mRNAS] WA=
2 Fee] 7\ & of & Aot

B Aol AlsiEt Ala zre] Ry 7o) 7
o] Vg mRNA®] RT-PCR ¥FS-2 2383 7.2 30~40
Aol 2] PCR ¥Eg- E9F SFAREo] d&siA| S7lstn
Z o] ¥9] WollA] RT-PCRYFS 4=3)& 79 estroge-
nic A& Z+= ToFst xenoestrogen®] 7340 8- o]z}
EA] 4ol M xenoestrogenel] 2|3 @9 FA o] 7}
T AelH % olm] oo}
g HFFENA Ve g fE3le oz odgil v
oF3t QA oAER Al |3t 33kE Flslr] flEA

B4 W Fojapudlz Ao A FAARA 7
o ‘éﬂﬂ‘ﬂ‘ﬂ: & Aol T/t o] o= vhekst
P24 MRS diAFo 2 xenoestrogens E3FEF W B
o] A Aol E-7) 7,3}"“ 2 2|3} biomarker gene?] WZF3 =
3 A77F g8,

¥

k% bisphenol, nonylphenol %

N Ryt l‘-\N r\r

2 E

sl 2] vitellogenin (Vg) 2 beta actin cDNAS] -
4 @7IM gl £75te] Vg mRNAS] w3 73%011 g
2% RT-PCR A|&we 3= sbshsieh. AAS] 7he

=

T AT A G 20 sk ulge 1 Vg
mRNAZ w3sloic) B A HH-L o]L35le] 324l o

AFlA dlrszd g4e e %awwgw
Aztel e Holdel AMo] shsdt ® ozl Fu 3
Ao B4 sodolAe) PAFE WA xenoestrogen

=% e B o] 7led Ao

B o= A EATte] Ao A (KRF-2002-

005-C00022) X[ Yoz

Ak, < 2000, 2 2=E-ge] et
M=, 18:291-298.
Az, A% Lb 2003. Z2HeMAZ o)8g vjuld mel

A3 Aol ~e 2 Al

A #7454 d7. 745 21:87-100
ol Al A=tk 2004, SH=FAL ¥4/ 2] (Bombina orientalis)
Q3R DNA 974 AA W AR



334 Myung Chan Gye, Myung Sik Lee, Hee Jung Kang, Kyung Ah Jung and Hae Sun Ahn

RT-PCR Z%. ¥4 A3, $43), Jdts] ¥
e 3] 253 20044 54,

FodF, £84, AFE, A=A, AU 2002, YA =55
(Hynobius leechii)®] 7=x]ellA]2] w] wkA) o]A}bs} Ag-
A Benomyl®] 54 &3} 3-3-8433)#). 35:198-212.
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