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Abstract
Monoclonal antibodies against Vitellogenin(Vtg) of

flounder(Paralichthys olivaceus) were produced to apply as the
immunodetectors in biomarker system for the detection of environmental
endocrine disruptors (EDs). Vitg was purified from the serum of the
flounder by gel permeable chromatography after induction of Vtg by
administration of estradiol intraperitoneally to the fish. BALB/c mice
were immunized with the purified Vtg five times and the spleen cell
were fused with the myeloma cell line (SP/2). Hybridoma clones
secreting specific antibodies against Vtg were selected and propagated
in the ascites of the pristane primed BALB/c mice. From the Ascites
monoclonal antibodies against Vtg were purified and their binding
properties were confirmed by western blot assay. Three IgGl type and
one IgM type monoclonal antibodies reacted specifically with the Vtg
which was degraded into various size proteins in western blot assay.
These antibodies could be applied as the usefull detectors of
immunoassay for the detection of  Vtg providing that optimum

condition be set up.
Key words : Monoclonal antibody, Vitellogenin, Flounder (Paralichthys

olivaceus)
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Bergerons o ¢t A8 Zepxge A8 F 2ol Bisphenol A
= Al glo] o 2EZA 48 A (estrogen receptor: ER)el Agsle] =

ZAZEHE A mRNASH T o8 A 718 2 A 25
A2 FASE ARG 3t (Bergeron et al. 1999). Farbollini's
(1999)el]  ¢]&}H, Ratol A
B E 9t Ackermanns
A AN FolelA A
et al. 2002).

0]5(2002)> EDs7} 71A &= 939 end point7} F#e 54 22 )
Ao FHowH Fue Aol ofyal, Fo HFolBRE It ofAlEE o

3 dFS wordta Buskglen] EDse A daAde] Sl

Bisphenol A& HIAFS| Y &S FEA]ZIvhal
2@l 7]7F5<F Nonylphenold]l =ZF3Y o

o
o] 37 #EHAEFS Bask v (Ackermann

A

EDst 4328 fA4S do7s g4 Ja7t ma Ju ot

(Bergeron et al. 1999; Ackermann et al. 2002). &7}bA Lz fFrEe

s EES Bxst Ay E 7HAY Ex327]= w9 Lol 2k 300
Da %2, estradiol-178(Ex) & H] &3S A3 223 FAFSE Ho] &S
A e 9} #, 2000). AN AEZALE AAEHS AT e A=

2HRolE TEEOE(YF 5, 20000 4F A LAEA
S S

T v AeGidS setede ds, ASA, Al
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)
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2 E H7ME)EC] AA el fE Bt
sttba H 38 tH(Korach, 1993; Stone,
1994).

EDs= Aol Az2Ed <3|
TEA 9l Vitellogenin(Vtg)o] 4 & ?ﬂ’é}% TFAAME doZ
H(Korach, 1993; Stone, 1994; <1<} =, 2000). =1 d 2, Allen's< 92
ZE Aol AAgtE GAE Y eR 2AE Hl A3 FA dAolA =

h4

=(>100,000 ng/ml) Vtg7} HE¥AFo] Hirstth(Allen et al. 1999).
NA2EZA GFAIZLS A7) Ulib La}ﬂ;qo] Equog)q 23
o A A AR sk Blol A ARl A
7 ded A9 Aot agRE o]y 3 %é‘%ol A FFs 7
2w YJehe ddom o
biomarker®] 7|2 A]
Vitellogenin(Vtg) 2] =4
a7 91k &35 =471 2 Holrh

]"/P(Barman et al, 1964; Jared and Wallace, 1968., # 5., 1997).
Vtge FAsE] O3 dFA=E, AXAEERFYH FHE JdE2E=Ae =
ol 93] FHFolA FFAHl FHo=m FHET(Ng and Ider, 1983;
Mommsen and Walsh, 1988). Pans(1969)°] 2]3] o]&e°] WHH Vtg &
oA AAE o] AFsEl o] MElror F4EE @A A carrier
molecule) 2 FAl & o] lom 2507600 kDa #At#o® 7]® ZFZA<l o
Ao F+%9| lipid material, carbohydrate components, phosphate groups,
233 mineral salts 52 X35t A= EZo|Y(Pan et al, 1969;
Wahli et al., 1981). ‘ﬂ@&i o fv= Fol web vid AW Ad 7
Zkol WA 7] E grolste FUI S HolWA AAAE = 43 ARE A
b9 wES A Aoy a7]e A= A Vigrp =
Ao 2ERAL EA) A of Vtge dAsE Ao A4
S7lo vt Y= 4F 5o A AHBon et al, 1997).
ek Vigzh o L‘@Hé]i/ﬂ AR FAAAE A
AL o] g3l Ui FolEA estrogend EFE HrlslEd
43 Biomarker® o|& = 4 ¢l o™ (Hansen, et al, 1993), #H ¥
4 B A Cope et al, 1985; Goodwin et al., 1991; Sumpter et

71 9
7] o
A2

Jg &'3 'W f”l
rLi{lj
[e:

_IZi 1. HU

2 &
+ o rIr

3 B



al., 1995; Heppell et al., 1995).

T M olo] BAH AT AW o Fo{AI UA g HAol
a8z, B A3E nx e EDs9 screeningol &
gt Wadsldy AAHES sy Yok 7] EAA Q)
rel7] Slste] FaElon AUy IR @A
A8 AT
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SPF BALB/c vh§-2(thshube] .92, @3)& Abgatgion], b2 2dAel
Ak AR AFED BAEANA FdE 12789 New Zealand
White AlE9] StAE7 255 A&}

2. Vtg 34 2

AN gEs GXY EAUNR 2B FALA (ks 3] AL Ex2 A
2mg/mD)E Al 1€ 2 A 7ol AF 500gT 4mg HAU FAES VigEs
fregt & A 1790 v RAgmow By dxjdste] AQrh dAAE g
(1,500 x g, 10 min, 4 C) AL -70CYsA HAstH AFo| ALL3}
ATt

3. Vtg A A

Gel permeable chromatography® .2 VtgE AAsAT &, &3 05ml
£ 0.IM Tris-HCl (pH 7.8, containing 1.0 mM phenylmethylsulfonyl
fluoride, PMSF)Z % & A]7l Sepharose CL-4B gel(Pharmacia LKB,
Sweden, 1.5 x 30cm)ol 7}stod 0.5 m¢/min®] flow rate =71 o2 A 33}
th 3mA o] F8& FHstel dulEs SASA A, Arldss AAlste] &
MR EAMS ZASIET. ARAHLS 4T YANA 3. g
Bradfordi .2 =43 t}t Vigz Ad4E = #8017 kDa)& -70TCe| =
et A H Fhdo R ARt



4. SDS PAGE

Biorad(USA)¢] Mini protean II system< ©] &3} SDS-PAGE(75 %
polyacrylamide Seperating gel)E 2 A&} 3L, stacking gelS 4.5%<] gel
= AHESkSith

Standard Marker(sigma, USA)S 5 w, 9x dHAANEE 3 w
loading3t$dth.  Sampleg loadingd % 10mA/gel®2 AF53H o] HAAS
40Vl A bromphenol blue dye”} stacking gel2 Ho] & w7} <F 20730
£ runningdtil o]FolE 100Ve R SUAA 1A 9%

1 A7+ 12A(50% methanol, 10% gracial acetic acid) 3%, G2
(Commassie Brilliant Blue Reagent-250) 0.05g, Acteic acid 5m¢, Methanol
25m¢, DDW  20me)ell A 803k AMsta @A <f(Acetic acid  5ml,
Methanol 25m¢, DDW 20m{)& o] -&3lo] &3l

5 "h§-= WYy

npo-~ WAe Jx9o Vig(l.0 mg/ml) 15005 FH3dte] T2 Freund's
complete adjuvant(FCA)®} +EA1# Balb/c vF-$2=9] E7 o] &35}

18t 2nd drd dth 5th &6th F

l Ll

0 14 28 56 57 58 59

Days

Figure 1. Mouse immunization schedule.
Vtg and FCA Emulsion(1st), Vtg and FIA Emulsion(2nd, 3rd), only Vtg
inoculated to mouse. And Day 59, Fusion(F) myeloma celline with

mouse spleen cells.



AAEAe. |y 254 7‘%%3} Freund’s incomplete adjuvant
(FIA)S]  frAlds B4z 4
vpg-2~0] B o] 24413F 34
B Fo BAFETAIA AAEstad

%3 T (Figure 1).
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6. Hybridoma 34

d® BALB/c k-9 AAS S8 dAd 3 F, 70%<] EtOHE v}
¢ HA sprayste] A%E3FiL Clean bencht|E o] A A FHZOo=E
Hds Atk HES FANGE o2 93 A 713l Dulbecco’s Modified
Eagle Medium(DMEM, 10mM HEPES added, pH 7.0)< 7}sta, 400
mesh® W& o]&3to] MNEXE 3P, o]F washing mediaZ 32
AA(1,000rpm, 32)A = skgAeE o] wf Ab&E RE wiAE 37CE FA st
b

Midlog phase el = ¥i%¥ SP/2 myeloma cell2 13 A& & n]&A
Fof E3tste] 23] ¥ AlFHSIAH. MAE SFdT] AAT dEjelA HAHE
MEES F=-HA tapping 3+ cello] tuberl=roll ZFalF XA
PEGE 7}ste] Mg 3ol o] FoAA =S a3t

PEG A= th53 2ol ""\1 stttk =, 1ol 24 F 1mle] PEGE Y
= 7betw ZbHAl £33 30% Fo] washing medium 1mlE 13#7F 7H8t3
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o

’

t}. 30% AA ¥ washing medium 2mE 1&7F 7}8laL washing medium
SmE 30%7r 7tttk 30% A X Fo washing medium 10mE 30% &
b 7Fetal pipetts o] &3te] X AEE Fol Fr= Y

FgH-e DMEM(Gibco, added 18% FCS, pH 7.0) 100m¢eo] dslo g 1
27 FAste] 96 well tissue culture plateo] ZE(100ul/well)dtAth &
B 24X+ A3 3 HAT supplement(Gibco, W =)E ZF7}35t] &34

Hybridoma A¥F7S 747 Agz o2 | s}
Hybridoma Al =59 @2y 7] A Z3H HT supplement(Gibco, 7l=5)E
2¢d Bt FrHElFAT Al AR wet wjgd wIFrE ST

A AT,

=



7. Hybridoma A4

FetHom Fo] gld well2 FAIR WY GTAE 3]55He] ELISA
° Atk FA QS A% ELISA= o
. Hqd LS coating buffer(100 mM
NaxCO; pH 9.6)% 10 pg/m= Al 3]4ste] o]& 96 well plateel 100 0
Z4zh EFekal 4 CollA 1647 FFAZ . o] -, ZF wellel 02 %BSA
PBS-T(100 mM, pH 7.2, containing 0.05 %(v/v) Tween-20) 50 p0<} wj
FFFTN 50 pE Thetar A-2eA 30w WA AT WEEo] Ed well
& PBSE 33] ANA&lal goat anti-mouse IgG horseradish peroxidase
conjugates 02 % BSA PBS-T(100 mM, pH 84, containing 0.05
%(v/v) Tween —-20) °l 1,0009 2]4&taL 2} wellell 100 w¥ 5t 2
2o Al 30%%F WES & PBSE 33 M #H3la chromogen buffer(alkaline
phosphate substrate solution added Citrate buffer, pH 4.0)9l
22'-azino-bis (3—-ethybenzthiazoline-6 sulfonic acid; ABTS) 0.1%Z &3
Al71aL, kst s AA S 0.02%2 e §9S Zb wellell 10040
A EFeka Aol 307 WAEAT7E o] & 405nmét refeance 492nm
ol Al optical density® =43ttt Fusion celll A &A7F WA EdE =
well®] AEE 2dwell2 &7 W sh3ich
ELISAZ 3 ¢S HolE cloned WE 24 well plated] =7 vl%& 3}

o A& Aol g4 EuZ geld T 96 well plate?] welld 05717F 5=
A5t EFetal 179 widstth ColonyE A welle] vl
}Zdlo] ELISACIA $AWSE HolE cloned W= AEste] Z247

ot o> It

, YR = 545 1y = 9FEIA gFLE sk
pristane®] *2]® BALB/c v}$29 B UYZ HFsA

8. FA e AL EL AHA
dadF2sAe]  diF  AAS ¢35t Pristane(2,6,10,14-tetra-methyl-

pentadecane, Sigma, USA) "2 &£H]H Balb/c vF$-20 159 800uL

. . - 7
HE3Gn, 459 F hybridoma cell® w2 EZU=E HE=10
[e)

cell/head)stitt. °oF 45 F5E Aikd HE5= Qe vphexo] H571
B A BRZEE Bas AF AT

Bae AEFe A wel we gARGt 16 typedl A



ammoniumsulfate((NH,),S0.) S 45% = Al 7}t A2 30%37F awkslsict
QAR (3000 <G, 4T, 30)3t] AES=2EHAS JAAAAY. JHdE

AE 20mM phosphate bufferd] &3]A17]3, o]& YA EF (5000 =G, 4T,
308ty A NS Hekgo IgM typee A= 2mM  phosphate
buffer(pH 6.0)ell 4 53] FAlate] e E4E& 2000 <G, 4C, 102 944
2@ 3le] 2}FH 3L o] = phosphate buffer(20mM)oll §---A A t}.

9. Hybridoma A XF9 FZ2H T

Mid log phase®] WlHAEZE AHE2(1,000 x g, 2&)ate] JHE AxE
(2 x10° cell/m0)ol] WERTHE w1210 % DMSO: Dimethyl suloxide 8 ml
+ DMEM 80 m¢ gs)oll B3], o] ZZ 1.8m WE HAE ampuled
1.5mA vro] EF3tdoh

Ampules T3/ THARE Waste] -70Ce WEie] a5t BA
sto] AAe] FAIZ § A HAALR o] FAA HASS T

10. Western blot

SDS-PAGEE 2 A3k gelS blotting beffer(20 mM Tris-HCl ,160 mM
glycin, 20 % methnol pH 83)WellA 100 V, 350 mA°lAl 2A]ZF nitro
cellulose membrane®] ZAFSIATE 1 & gA|e] v 5o]d AFS =] ¢
3] 3% bovin serum albumin®} 0.05%  Tween 20°] % 0.IM Tris
buffered saline (TTBS, pH7.4)S ©]&3l 40& oA <kelA =E5W
] blocking Al # th. Blocking®] % & TBS-T(0.05% Tween20 in TBS)
= 5% 33 Al Fdo AF F AAE] FAe] TBS-T= 20&3t
Hkg-akdth. 587 TBS-TZ 33 AlFsta TBS-Tel 1000w 242121
goat anti-mouse IgGe} goat anti-mouse IgM & oA 207F WA A
t} 33] AlE % DAB(0.19%)% 0.03% H0-7} &% PBS (pH 7.2)=
Asto] AB4kEl MAbe| &A A3 wEEE IRlstArt



nm. 4 3

1. Vtge] F4F=9 BA

WEEOoR 29 B viAY £33 v4% gAe BPe

A& sds HH s
B (Figure 2). E; Ag F2A% A= mA e ol vyt
| %<& W=7E 175 kDa F-<ol YErW . WA= homogenization # €]
AAE2 (000 rpm, 10 min)A g F FSHE HEE AREsl=t
50 kDa®} 38 kDa*-+9] band”’} WEFRLT Gel filtrationol] AF&H A&

E2 HE &2 serum¥} v 28] serum ZH2F 50004 o] AtE. o

N

fr 1o ot

(kDal

205

97.4 b

LR —

45 M

Figure 2 SDS-PAGE patterns of Sigma high range marker(lane 1),
male serum(lane 2), E2-treated male serum(lane 3), immature female

serum(lane 4), E2-treated female serum(lane 5) and homogenized

ovary(lane 6). The proteins were analyzed by SDS-PAGE and then
either Coomassie-stained.



7l peak(figure 3)= 2% Al 7 gom A&7 npxut gmE= A U6

L o Has B, F WA peakold = JErWon E2AE Y

°of dHA°] bme WA detr] A oA peake] #
=

SDS-PAGEZ w|u3l& Az #Zl¥H fractions SDS-pageZ 7
Vtge] #2]7F o] Fo]#] 175kDa¥-+oll ME=7} Yelwth(Figure 3).

P

B ; B Mo

205 kDa &

175 kKDE = H

118 kDo =
o744 kDa &

B4 kDo =
i kDn »

56 kla » o
45 kDn *

36 KDn *

Figure 3. A: Elution pattern made a comparison E; treated female
serum(fraction 1) and male serum(fraction 2) of gel-chromatography.

B: SDS-PAGE of fraction 1 and 2
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2928 A

G FEFGAE 47 A NMESFFS S A F 5 AHHoE T
AL EHEk= positive FEo] A EHATHtable 1). Enzyme—hnked
immunosorvent assay(ELISA) 23} Ig G(G1 type)$} Ig Mol thsle] 73l
HESA S Hg, A" ddF 2349 Vitellogeninol] tH3k o]
ZAbst7] 918 A AlE ELISA®] w8 23} Fl2+ #7319 dH 3=
—Hi/v\ﬂ 2 9]9] F03, F16, F20, F212 E25 o % dxgd A 3e] vt
Atk F219] 49 IgM(uchain Spec1f1c)°ﬂ &) §k&Ege =
%Xﬂc protein A%} protein Goll W&l ¥WFE& YEFU A gt

4 -

ox olo r&
> 2 oo Ml o
oo mo mu pot

Ly

OD 405/492 nm
n

Figure 4. Vtg EIA, specificity test of MAb Estradiol 17-5 positive(E2(+))
and negative(E2(-)) serum coating ELISA. Group A was used goat
anti-mouse IgG HRP conjugator to secondary antibody, and group B
was used goat anti-mouse IgM HRP conjugator to secondary antibody.
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Ao ede sty 98 ELISAE AAIg A3 FV03, FV12, FV16,
FV202 &% Gl typel® , FV212 M typel® H3 At Protein A,
Protein Goll th3+ w848 ELISAZ HIZEF A3 m5% w848 ey
2] ek %tH(Table 1).

MAD type Protein A Protein G
FV03 Gl - -
FV12 Gl - -
FVi16 Gl - -
FV20 Gl - -
FV21 M - -

Table 1. Type of monoclonal antibodies. Responsibility with various
type of antibodies(Goat anti-mouse IgG, Goat anti-mouse IgM,
Protein A, Protein G).

_12_



3.Western blot

GF2dA gdd HFHAE 27l $13] western blotS A &3
I(figure 5), BE F22o AA A= 175 kDaf-oll A w82 e
FV033} Fvl62 116 kDa®} 974 kDa AlololA 2 wWH=7} vEly 74
kDag 71de= 22 H49 A e wWE=EE YEdlt. FA s“5‘43’%

ELISAYH-EA & Uebild FV129] 7% 84 kDa®t 66 kDa ApolellA %
el whEe] MgAS Bt FV212 84 kDa®t 66 kDa Ate]o Al W=7}

FAHAS
6 T
oy
. |
P i
|

205 kDa

116 kDA

7.4 kD@

B4 kD@

66 kD@

56 kDo

Figure 5. sds-PAGE of Marker(lane 1) and Serum(lane 2). Immunoblot
analysis of FV03(lane 3), FV12(ane 4), FV16(lane 5), FV20(ane 6) and
FV21(lane 7) monoclonal antibodies. After SDS-PAGE, proteins from E:

treated flounder serum were blotted with purified MAbs.
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Iv. . #

Vtgel $A4S fEslryl 98 E2E& Fod SR I AL
sds-PAGE°| A dtlzao A& #aE A e 175kDa(e] 5, 2000)5-
=7} yeEb v (Figure 1).

A oliFe] HEEAYS foaly] fs gerdoR AREEHI e
Estradiol 17 - p& 23] HE3 A3 w5 EF Vg s Hls] 30
oo =2 wwlrrE Yedth  ol& Arkwes(2001)9] AT-E Tl
4] Nonyl phenoldl <3t &7 @z Fro] Aot o] A H
g 272 J 3} eggshell zona radiata protein(Zr—proteins)2] &7} 71213 A
o7 g "t (Arkwe et al, 2001).

Vtgs #gst7] flaf 2ol WHE W& o2 AEH o & el I
Aes FEA7le S A AZefEafuHa o] ud ARnE I

S o) g3l 2 4 vk (Venugopal and Kumar, 1999). £ A& ol A

FLJ
o
e

E rlo

S
= A AR EOHRIAYEE o83 HAE A=A FAEES B3 g5
H ¥84s A AZnEIYIHSE S 2o g sidd £9S Ko}
gddoz ARSI Y 19973 Hyllandol] o8] A7¥ EdHAAME Ao 2
2 peakol A VtgZ7F B EH Aol &xE v Ao (Hylland, 1997, Wiley
et al.,, 1978; 4 5, 2000).

H2~Eo] 222 Goat anti-mouse Ig G¥ whole moleculeo] &l wk-$-3}
= Aoz AA| IgGel dd] ¥sA4E& MR = AL FV03, FV12, FVI6,
FV20°]" p-chain specificdt goat anti-mouse IgMol| W&l ¥+$-4S 71X
= A2 F21YdS ¢4 AN Table 1). 7WEE A Eo] E5F protein A
9} protein Gol W3] HE-gAde] gloS & w & Fec &9 Z&Ed Fo=
of ot

western blot
W=<9l  175kDa%-
phosvitinF< A A< ) el
FV162& 175kDa4 W= 9o = oF 100kDadl &3 =
7} F212 83786kDad] WiE=e} wk-g-S e

2 AYRS Fote] Aol Vig @l

O =)
= o%laL,

_14_
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