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Detection of Endocrine-Disrupting Chemicals in Fish and the Use of Fish Vitellogenin as a
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Fish vitellogenin produces in female liver during oogenesis through estradiol cycle,
and produces even in male liver by endocrine-disrupting chemicals (EDCs) such as
alkylphenols. The resulting effects of EDCs lead to the low fecundity of female and
the feminization (eg. shrinkage of testis) in male. Especially, the production of vitel-
logenin in male indicates the environmental contamination of EDCs, resulting in the
modulation of gene expression profiles and the monitoring of environmental conta-
mination at specific area. In this paper, we suggest that fish vitellogenin is useful for
biomonitoring for environmental contamination and would be substantially useful
as a biomarker for a detection of EDCs in aquatic environment.
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al., 1997).

HEnAl Aol Ed2 1980
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SR, ol A4 P B
o Jel wloled AWBYAY Fo 2, 5 £
olgt= AR el wHE{A]A =<t} (Sumpter and Jobling,
1995). A 2 $70) oD W E ¥ o)
A7e] Zrel AT GARE dEhld A7 (vitel
logenin)& 7oA %= A FAdete Aol &
ST oMY W AN FAES 53] o) Fol] 9lolA
estrogen receptor2 Z3}3}e] endogenous steroid recep-
tor5el] & ligand2 zHg-groz AHAAQl WEn] 7]
<zt 7 A2 W 9 70 s
52 ZHse Aoz vehdo

Estrogen receptorg} Zglsl= o]2jdt EAEL o
712 £3= JehE=d 2 & 3o} vitellogenin 22
estrogen response geneg A 3}A]7]= A |5 (Dolphin
et al., 1971; Denslow et al., 1999; Bowman et al., 2000).
w3k A5HQl e A o3 ey A=
ZAAE F537] S8 LS ZUEE 3]
2)8t cekst biomarker (A A E)e] ko] A=<
o} (Heppel et al., 1995; Palmer and Palmer, 1995;
Sumpter and Jobling, 1995; Hansen et al., 1998; Nilsen
etal., 1998; 7+ %, 2001; 3} %, 2001; 3} %, 2002; Easom
and O'Halloran, 2002). 71 3t 2 9& do7|= 33E
A 2] steroid A E-2] hormone (£3] estrogen) mimic
g s Bl W3 F AT ASHoz o
0] 2] ¢k 37 (Colborn et al., 1993; Stone 1994; Arukwe et
al., 1998), °]= biomarkers} E3], o]F= ¢]-43t bio-
marker®] ZiRk2 84 SA3GEAEE] A4
Frkelr) % A= ey ez o8y g
o} (Harries et al., 1996; Harries et al., 1997; Nilsen et
al., 1998; Livingstone et al., 2000; Canapa et al., 2002;
Kashiwada et al., 2002; Taioli and Bonassi, 2002).
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Rovt fAMEA] &b 719 glom el 24 oA
frebzlel 71718 5l A A7 Aoz s
A} (Albin et al., 1976; Magnan et al., 1979; Ford et al.,
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Fig. 1. Schematic representation of 17-3 estradiol stimulated vitellogenesis and choriogenesis in fish. Abbreviations:
GTH, Gonadotropin hormone. Courtesy of Prof. Akihiko Hara (Faculty of Fishery, Hokkaido Univ., Japan).

(HAA)RH: A28 g0 gl dieh $2viete)
A AlEolepba el A ) En) A o) 20me ek
gol2 EUsle] AHgT olek.

Vitellogenin2| &AM % =H

Vitellogenin FA 582 dEAFA 2
Z¢to]| estradiol cycleel] 2]sle] AAMH o=z 9
ol A AJAL=E ™ (Hinton and Lauren, 1990), $=712] 7tol|
A= vitellogenin®] §-x == Zx)8}A] 4} silent gene 3
B 2 ZA) 3t} (Denslow et al., 1999). o]|8 3t §-AHA}E0]
estrogeno]i} estrogen -AFEA] 3 xZHW A=
< wro} vitellogenine] A€o A F AL F3)
F3HA FHed 270 Ase AR AAE o 7
A HEY U AL A F8A o3 2EHE
WA Z Fadel o8 MAFA I ZzR o7} F3)
chilzl 2 Z=Z =) (Fig. 1) (Lane et al., 1983; Mommsen
and Walsh, 1988; Stifani et al., 1990; Tyler et al., 1991;
Hyllner et al., 1994; Schneider, 1996).

Vitellogenin 5 84719] g17e] @] Sl
o2 ZF¥3] Wiel o Tl e A7
Sl AR A ez Al Bxjefe] oF 300~600

u
!

kDae] & whilzlz &AW e] phospholipoglycoprotein
o2 FAH glom IYHFFE| dhale] F
© AFEA =z z2La3t) (Merry et al., 1973; Wallace and
Selman, 1985). ¥ & FAEE-o| ] 7+ vitellogenin &
A 246 gle] T3 93e @t ar vitellogening]
A2 estrogenel] 2]Z3lt} (Lethimonier et al., 2000).
Estrogen2 A Z£2] $8-A¢l] A3}l o] estrogen
receptor complex2 DNAS] HALzAR9)o] Zgsict
(Wetekam et al., 1975). 3= © 2 estrogen response
element (ERE)= F 7l2] ¥lE-3 hexanucleotide® =
g3l=d of7]e] homodimerz ZA3dsle] FHEH o=
vitellogenine] W3S =71x7]A =} (Fig. 2) (Mar-
tinez et al., 1987).

o] 7= estrogenel] 2]& =% = vitellogenin &A] ¢
w1 zbsl7A wk-g-8le] estrogenz} estrogen mimic =& o
EAES JAE e IS EAS A o] 4E] $
o} (Anderson et al., 1996). 1)y} o] 72| vitellogenin &
412 estrogen agonist 32 antagonist #49t oluz}
vitellogenin shi 2l Aol #ag ohofst DA =t
4% 4 gt BatEel s G Be & 9
t}. o] ¢} Zro] estrogen-2 vitellogenin A 2] A)zha} &
Aol 2}+83sl= MA] s = Eo|r} (Gillesby and Zacha-
rewski, 1998).
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Fig. 2. Schematic representation of transcriptional regulation of proteins induced by estrogen. Abbreviations: ER,
estrogen receptor; hsp90, heat shock protein 90; ERE, estrogen response element (See Flouriot et al., 1995).
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U Z2u] A Ao B4 7}1-¢-8]= estrogen receptor?] ago-
nist L& antagonist®] 7]%S 714 AEe] EAjs=
2 FollA estrogenzt fARE 2H8-& s HehEA
(estrogen mimic chemical)E-o] o4 Uz il ol
B A4 S AT HRARe Tehase) Fi
U AHEAA 2 AFL-E= nonylphenol, o ZA] £
Ze)7tRdo]|E $x]2] Yz =Z AHLEE bisphenol A,
A3md 7lAaAlZ AHEEE= phthalates, §7] 9433
B¢l DDTY} PCB %o AE&FH 9 (McLachlan,
1985; Wester and Canton, 1986; Jobling and Sumpter,
1993; Krishnan et al., 1993; Pelissero et al., 1993; Pal-
mer and Palmer, 1995; Donohoe and Curtis, 1996; Gill-
esby and Zacharewski, 1998). ¢]2]3F EAEZ2 A
ol 4] estrogen receptore} Z3}sled mlx] endogenous
estrogenx]3 Zt&3sl= 7l o=z A 7ZbElt) Estrogen 28
shelg0e] o8 Jelt 10964 ] SelA] Z%E “Our
stolen future (F9 3 =522 n|g], Alo]gd A B2
ZF gALE| 2 ¢).ow (Colborn et al., 1996), o] oA
AAZA ) Hetage] AFARE Yelshel AdAs}
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L/‘o}"] FZA=E Qo) B =Fox] thEFT Q= vitel-
logenin®} 3 == nonylphenole] W21 A A ]
F5& A B AL olelel 2709 ARe) gke] 5
ol o3 =e] FEAe] M FAdE THEl o] FEe]
LAE T Yl dol7] 98] Sumpter and Jobling
(1995)2 7+o] d}FolM AHIF FAMEI] vitel-
logening] %9} nonylphenol?] =& =X 3}¢t}. o]
Astg Fo ool e Qo) F3 WS A
LI AN A] oFuA|EL Mesl= A oA MR 2 A}
4.5 alkylphenol$, E3] nonylphenole] £]3F 7 4&
A =t
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WA AR ke Fo 2AAAW ol
A7 Aol A4 Aol =g

MM = w3l upe} o] APA A7 T3 B2
7ol A S AL o *?7494 ool vl
WEvs Aol = AAl H3l g GAe 2rell
A vitellogenin o] —’F?;M]HE_ Wl ==

T oA =
o] &el= gt} (Sumpter, 1995; Todorov et al., 2002).
o}-228], sheepshead minnow 7] E117]%= vitellogenin
S+ ¥ vEE A= sla, AlAe] o el A
' A dake] AFAzE QA= s
(Hemmer et al., 2001, 2002; Vethaak et al., 2002). o]&
B A7 a9 RN Al ArA mA:
ods¥e] Agsiet,

AR AL Q94 TRl o2 Y3
AYE Aol w2, Aol A pAledFe] T4
WEHE Al $77 2R 70 Aol B4
S7meh 4bi) o149l vitellogenine] 71%¥ %}
(Purdom et al., 1994; Harries et al., 1997). Z < Jobling
% (2002a, b)> roach#2] o]F-& |43 Aol W&

AN ZR o) WAge] AAA FolE A
B AN % o4kl A7 ATE B3 s I
oA E madeld AT 2R AN DA
vitellogenino] =7}%l Zlo] X 31¥ ¢t} (Hashimoto et
al., 2000).

o]2 3t W &u| A Aol 2 & #F x| A% estrogen &
283 A 2Hgetel 1 AES] WEn Al 33k
+ £ 5 Utk HEBATE mERtEY 27 A4e 4

N

2 qbzle] AT o] uA oz w2 7
ol opAl o Fo WAl Az ofgfe] o 4HT o2
T WAl A ATl 1 AT Bk Aol
olz} Ho|AlE FA R o]o] AAF FEAA 2 1 3}
Bl Azt A ZA = FFS A o Ao
= a2 o5 NS BFHe TAB
Al sl FellA= ¢S WA AHAHA el

(<}
A - AR 4 AHA A,

Nonylphenolo| o /ol o|x|= A&

Alkylphenolel] = nonylphenol ©]£]¢]| octylphenol,
butylphenol 2] 32 dodecylphenol 5-2] 3 7}x|7} A4
Aoz ulko] o] & 1 AJAle] FM alkylphenole F=
alkylphenol epoxylates®] g1} v]o]2A A EAIA] 2]

A5 2 o]t ofge, AWEAIAS] 79+ nonylphe-

nole] djXE-& X}x]3}32 )t} Nonylphenolol] ]38t

Ea| A ollo] #3E B o] o5l F=2 AAlY HEo=

Fo]8)E= nonylphenole] estrogen 2422 2t43)w

21t} (Soto et al., 1991; Jobling and Sumpter, 1993;

White et al., 1994; Jobling et al., 1996; Lech et al., 1996;

Foran et al., 2000; Kinnberg et al., 2000; Schwaiger et
., 2002).

Adr ZAGFLe] 2001 nonylphenole] o] F
of vju|A el &Il I3 AJHH A7} 7R o
2 nonylphenolel] 2]3t 01%01]/\19] estrogen 28 &3}
of #F @2 =] Ut ¢S5, in vitro A3l A]
White 5 (1994)el ]3| —1—117H—a—°14 Zdju ek A=
£ ] 48k nonylphenol X2] Al&e]A] 10°°M o]A}e] &
o A] vitellogenin 3 o] F2E 9 12, Milligan 5
(1998)el] 293t F-x]/Lo]e] A oA sex steroid
(17B-estradiol)&} 4=8-A) Tl xlo]o] B wl elzlo
93t nonylphenol2] °3Fs%= 10604 3x103Mo]
9} o] 5= 17B-estradiolel w]s] 1/10,000 3-& 1
°o]8t2] Fxol| Al estrogen &2 HERd 4 QS B
o Z}. 34, Fluoriot 5 (1995)-2 471 FA|/|Eo]e] =
tufek 7HAEe] 107 M >=%2] nonylphenol& 24| 7+
%]2]3]-& d] vitellogenin mMRNA$} estrogen receptor?]
mRNAS] W3-& B slgit} o] Axk= nonylphenol o]
17B-estradiolol] B]&}] 1/50000] 4] 1/500 A =2] F}2 =
oA 2Heg ol AL o 4 Aok Zoz, Jobling
3} Sumpter (1993)= 47 FA|7)4ole] Zeuje} 744
o] 1, 10, 50, 100 uM ==2] nonylphenol& 29 ==
497t x2]3l9lS 9 vitellogenine] 10puM = 1 o]
Ao sz Alzudels A== S, nonylphe-
nolo] 17B-estradiolel] ®v]3] 1/111,000 A= P2 %
of|A] estrogen} 22 oFAFe] 2HE-& 39ich

3, nonylphenol?] ¢33F&- in vivo systemel| ] 2 o
o A3E ¥, Miles-Richardson % (1999)¢] nonylphe-
nolg ¢}<4~ fathead minnowsel] 0.05, 0.16, 0.4, 1.6 12
31 3.4pg2] FE= 4247k MsldS W 1.6ug |4
FES A £330 AL 2Ae] wAAH oz W3}
g 7ol B3 F$13, Ren 5 (1996)¢] o] F-A| 7 o]
o] 10, 20, 50, 100, 150 pg®] nonylphenol< 72417k %]
23S W 10ug oo Fx= Ao FANE 9
Zrell Al vitellogenin mMRNAZ} -8 = gl}. =, Jobling 5
(1996)°] 712] Fx|7f4Eof¢) nonylphenol 0.24, 1.06,
1.85, 5.02, 20.3, 54.3 pg/LE 337+ Ag)slele o 20.3
Ho/L o]3e] Fx=-2] A el A vitellogenine] f-=5 31
17, Korsgaard and Pedersen (1998)¢] nonylphenol 10,
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g
rlE =
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[Product] (m)=[Enzyme labelled antibody]
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B. The procedures of ELISA

Fig. 3. Schematic flowcharts of radioimmunoassay (RIA) and enzyme linked imuno-sorbent assay (ELISA) for fish vitel-
logenin detection. Abbreviation, E, enzyme (See Tyler and Sumpter, 1990; Korsgaard and Pedersen, 1998).

50, 100, 250, 500, 1000 ug/LE S57}A| ] (zoarcidae)sl] 3
F2F A2 S o 100pg/L o} F= A FA el
Al vitellogenin®] =7} Z7}8l¢it}. =, nonylphenol-2-
o] Fol|A] dose-response?] °FAlo = vitellogenin®] 3
A+ F=3HAT o= o157F nonylphenol 22 W]
A Aohuol olfel MAL QFe Aoz =i
g 4 ol AREEYE AN EG

T Enr o=

o & vitellogenin@} =& gty

AR FHNL7) L (OECD) A= o] F vitellogening

27 Ul f-85t 2 4 d=s AwAl A
A2 wllekm Qom, AdHel A4 o F2 medaka
(Oryzias latipes), fathead minnow, zebrafish & o] &
s oz Axalm ok mebA, Sl dE
S A B4 B e AAse BHeq
BUHES o2 ARd Bet Aok o e olad
estrogen 2~F2d AlFW = 7P BHF <l vbH-L vitel-
logenin §-%12} £ iR o] § =8 o]&3l: Zlola,
71| A vitellogenin®] W& 2] dose-responses 92
g A2 Alx ¢Ju}(Sumpter and Jobling, 1995; Ryu,
1999).
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o] fFol| A2 vitellogenin g4 ¢ AW A in
vivoe} invitro2 vd 4 9lEdH, WA in vivo WS
}\1-:1:]_1;1‘
immuno-sorbant assay (ELISA)Z ZA 2F3 4 9]
o}. RIA= Tyler and Sumpter (1990)<1] 2]&l 7N= 9l
o] F-2 o] L3 AFA] &AM 17B-estradiols B F
Absle] tjAte] {o] NS A FH 33 gonadosomatic
indexZ AA& SAE=E AAksle] EAd Bz 8=
AHg-3te} Purdom 5-(1994)2 FX|7)40]S cageol] 4
o SpgTol ] AFa ol AAPTEIE e »
2]3}ed vitellogening] == RIAS o] L3} =A35}g]
o} (Fig. 3A). 33, Pelissero 5 (1991)-2 3 7}HAke] (Sibe-
rian sturgeon)ol] A]E-A] estrogen (formononetin, daid-

, radioimmunoassay (RIA) 2 enzyme linked

zein, equol, biochanin A, genistein X coumestrol)<
BIH)] B3t & 17B-estradiol 2 2|3t AdoA &
7oA AR el HeolH HAHAE Abg-she
&7} vitellogenin®] ELISA 2Ad]] A}2-3}9] ) (Fig. 3B).

In vitro 2 Pesissero S (1993)¢] in vivoellA] &
b BerEAe) o]x} Al WA S invivosh 7
o] dApH ZujFS o] &3 Wz dod 4 3l o]
2 #AASIE o3 13 DA wlFPE sk
o} 284, in vitroA]/\E"ﬂ]H‘:‘ in vivoA| 2~Elo A 3
g 4 ol dAEEEe] dd Aoz wiAEe gl ©
Bl sieh.

e

tH ot biomarker % JHW ot

ool 2314 Bl o|F ANATE Aele] %
 gAE Edhoz sty g8 AR o
L el AREEAN G 2] S L=
B33} BAATE QAN APl A7) 2
st} B 71A] vitellogening Z33}ed ]2 biomarker
2 zona radiata protein, aromatase, choriogenin 5-¢|
= 9o (Arukwe et al., 1999; Kloasy et al., 1999;
Oppen-Berntsen et al., 1999; Celius et al., 2000; Schultz
et al., 2000; Lee et al., 2002). ©]E biomarkerzlel| = 4
alA e gAe] g e 0 Ale] wel7}
9t} o]AFA &l biomarkere] =72 Al&sta AFE
59k AuE 9 4 glom wgol 44 =x A
S (), 5513 (FHIE), AA CERI) Aol9] 3
8 FHY 4 e AT VYN B Iy w3
47149 B2 2 kg AGANE FE
4 gl e WA o) e
2718 AR 9F Al S 9lE biomarker: ¢tk 18

o,
A
2,

i

N
o
-111
it

a

vl @A) 8= biomarker 7478 A& A olsf sl
E2)ol mje} E4=9] biomarkerE o] g3le] Ao ®
YEHS 3t W= A4 S ok ARl e 3 9
vitellogening ELISAY} RIA ¥}l o2 =X == $4
2} Wb W3le] 4232 reverse-transcriptase polymer-
ase chain reaction (RT-PCR)Z o]£-3}e] X3l gl o
), AA 2 dEe] g FApelA Ak HAg o] 45
vitellogenin "H&8& A & 4 & ELISA kit7} 74,
AES Heh 17kel Aol HRolA 470 Pl
Al 1ug/mle] ZF= = vitellogenine A Ao =2 HEF
4+ 9o,

Aol el 9= Aul7)|<2e| real-time bio-
sensor 7|&& Ag3le] = Ao o]F AX|s}e] 3
HAedS AAZtew RUEFsE W] o] e
3ot

o]& vitellogenin<- ‘r_‘rf%xd—_.’—iﬂi A HA 5t
estradiol 2] Xﬂﬁ] *3 1l A
1

=3

&l 23] =% vitellogenin®] AL o] &3}
AEA L] fAAr by W}
d709e mUH

d1—-TO = 4

E.Z—] ;(] o O]
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