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Effect of 2,4-Dichlorophenoxy Acetic Acid on Vitellogenin
Synthesis and E»-ER Binding Affinity of Hepatocytes in

Rainbow Trout (Oncorhynchus nykiss)
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Effect of 2,4-Dichlorophenoxy acetic acid (24-D) on vitellogenin (VIG) production and estrogen
(E2)-estrogen receptor (ER) binding affinity were examined in primary hepatocyte cultures of rainbow
trout, Oncorlynchus mykiss. Hepatocytes were pre-cultured for 2 days; subsequently, E; (2X10° M) and
2,4-D (10°~10° M) were simultaneously added to the incubation medium. They were cultured for more
than 5 days. VIG and E-ER binding affinities were analyzed by SDS-PAGE and ELISA, respectively.
2,4-D concentration used had no appreciable effect on the morphology, viability, and DNA content of
hepatocytes in culture. It had also no effect on VTG production. However, it interfered with Ex-ER binding
affinity, which was reduced with increasing concentration of 2,4-D. The affinity was inhibited by 25
and 30 % at 107 M and 10° M of 2,4-D, respectively. This result suggested that although 2,4-D had no
effect on VTG production, it acted as xeno-estrogenic contaminant in ER.
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2ol AF7 B Foll Wi B Folk A4
S22 E 22 488 oF Aoz AsloAE 22
Eo] < B FojA 3 Ut (Sumpter, 1995; Purdom
et al, 1994). o|& 3HTEAFNE AEAH Eoi7}
estrogen receptor (ER) ol] Atsl] A-go] el 71A AL 9l
£ 32Es e WEez <o) AR} A 5
9] o]4te] Hw =|glen (Fingerman et al., 1998), 4l 4]
2 nonylphenol$ E3lslx & A elert s
A0l A& sl FAAML], Oncorynchus mykiss 57
9] ¥F VIG A% (Harries et al., 1997)3 R 448 A3}
(Sumpter and Jobling, 1995)%¢] 231 = i3]t}

2,4-Dichlorophenoxy acetic acid (2,4-D)& 1950t cijel]
4o g S50 dAoE AxzAE ALEI 9o,
s §59 ol Fhad G AN &
FAAE B2 FE5FE BRI Ed Foll T
Az, AT £33 9 FLaFFe] Aise AR
B 35)gich (Charles et al., 1996). i, 24-Ds} 72+
Ag3tEAo] ER & VIG Aol ojwl 432 vx&7t
o] #3 A+ F53 Aol

uald, B QFoflAe FRAMEY] XS o] &3
2,4-D7} VIG @Al w|X|& d3-& SDS-PAGEE o|-&-3ll
24 o ErER binding affinitysll w|X& g
ELISAE o]g3f =As3it

As o iy
Aol

%9 AgszollA A%3 AF 110~420 gof FAAN
%0}, Oncorhynchus mykissS Aol A-gsllem 4%
SHF Al GF A BEE Aelol AR FTHE T
el A5d GRS AdolA AlLlsgic
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ZHA X Hayashi and Ooshiro (1975)2] ¥hd-& 4
3k Kwon et al. (1993) ¥i]ol] oja] Helsialon, Fel
5 AEe okt EH - trypan blue testel] oJsjo] A4
s} v} (Hwang et al., 2000).

A| £ positive charge ¥l 60 mm plastic dish (Falcon)
o] 0.3~0.8x10° 79} WE & WolA ujekgion 02 xM
bovine insulin (Sigma), streptomycin (100 gg/ml) =
penicillin (70 yg/mé)-& 47+t William’s medium E (Life

Ho

7

Technologies, Inc) #jA1S A&3ck ZE wjoke 15T,
5% CO; o Z7As|ollA el 3 niE PolA algi o]
A% Aol 207ke) AR ke 8 AT} dishell P2
B g elola 4G Welsich AWAZHEE o
A wjed meetgich

Estradiol-178 % 2,4-D2] A7}

@ Estradiol-17 3 %7}

297+ A uwiokdt ZAlEol 95% ollgkgel St
estradiol-17 8 (Ez, 2X10° M; Sigma)E A 7}3c}. 2d7beh
oghg k2 wix] 3 M 3 pom HzTdle FF
olg-grte] A7} =iyt

@ 24-D9] A7}

Aol A8 24DE 95% ool Faial 10° M
QA wrEo] HF WAl MR Fe 107 107, 107,
10° M2 glow M7kt oflghg e wiA 3 me 3 s
A7k 59z ARe Wegieh

A E] e

297k A Wik & B, (2x10° M) 1 24-D (10° M)&
dishell 7}all 5U7F LS F AlEe] el S Fedn]
7] (Nikon)e.2 I#hsleich

AE9 AEE

Ex 2x10° M) & 24D (10° My& H7hste] 542
wokgt 3 0.03% EDTAES E3lsla e A4 A3
(137 mM NaCl, 2.68 mM KCl, 8.09 mM Na,HPO,, 1.47
mM KH,PO,)g 7lell uiek dishzXe] HA7 3=
0.05 % crystal violet7} £3¥ 0.1 M citric acid& 24|17t
E9 S GAsto] EF ARITE o]83te] FAsI3UT
AEe] BEEL E: A7 A AE AX ol iRt HAl
EZ Jehligch

DNA 3$1sF

E; 2x10° M) BEE 24-D (10° M) H7isto] 09 2
527) wjokst 7FFA|EZHE] Munro and Fleck (1966)]]
oJ3ll A% Schmidt-Thannhauser2] Wel 23] DNA
3tako] 244 9leh. DNAE 0.3 N NaOHE 7557+
&} Zol] 2 N perchloric acid 2.2 37Tl 6082 X 2l3k
o] 2319}l DNAZES Wilder and Stanley (1983)<]
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DNA (mg/ £) = 0.0227As0 - 0.0018A23

Ao} Az £ 37 260 nme} 232 nmellA 9] FFEE
yehict.

2,4-D7} VIG Aol v x]&= 23k

E» 2Xx10° M) =& 24D (10°~10° M)E ujx]ol] 347}
3 597 ¥ F WA S 3)5se] SDSPAGES o] &
slod B, A7 A¥ T VIG §4 &7 24D 25 A3 F
o FAg-& vk

2,4-D7} E;-ER binding affinityo]] w] X+ <38

2,4-D7} E,ER binding affinityol] m] X% <d3kS ER o
737 screening kit (Wako)E& o] 83t ELISA microplates

Z &A%t} o] platesoll= human ER o« (hERa)7}
Y=o glow, HF dldld BE Ao I3

FR L kite] Aol A Hellen, FF @
2 BE XN WS EHE B, e 24-DOF EXT &
microplates®] Z} welloll 2 7}3kc}. microplate= 41-2-ol]
A 247 ek ¥, AL A7kl microplate pho-
tometer (MTP-22, Corona)Z 490 nm (excitation)¥® 530
nm (emission)ollA] &I YT F AW} FGrixo]z
24-Dg} E28] F5E 0~10° M o|%ic}. A7t 249 5&
£ DMSO & z4sger, =& 953} DMSOgt
< H7bsl v

SDS-Polyacrylamide gel electrophoresis (PAGE)

Z 71452 Mugiya and Tanahashi (1998)¢} Hwang
et al. (2000)oll4] AL-5 W o2 Yslgict zheks] Ad
s}, cold trichloroacetic acidel] )&l wiA] 25 €] A=
<l A8 sample buffer (0.175 M Tris-HCl, 8 M urea,
1% SDS, and 0.5% 2-mercaptoethanol, pH 7.4)2 £3]4|
#A SDS-PAGEE E-g]&)¢d 0.25% coomassie brilliant blue
R-2500.2 1A|17+ F<t 03*_‘]*]—9\11:} VIGE #4317 93l
o] 8% FTF chuiAle] Hxlek carbomc anhydrase
(MW 29,000), ovalbumin (45,000), bovine serum albumin
(66,000), phosphorylase b (97,400),
(116,000) 2 myosin (205,000)0]%}c}.

B -galactosidase

VIG @RS 4
VTG2] #H -2 Kwon et al. (1993)ef] 2]¢t vl A7) o

Aro] vitellogenin FAdol v

1Ae 4%

Sl o) VIGS F+ =g 97 B4 175 kDag)
AZE wghch. SDSPAGEE VIG W= Bio Image
(Millipore) & o] &3l & kA o)l gt VIGS] Intergrated
Optical Density (IOD)gt& S| AEE Lhehigich. 171
£ 7+ lane®] VTG <} (100~1600 ng/ml)3} IODSHE <
3 AaiA (y =099)7F B3 €9t} (Yeo and Mugiya,
1997).

A A7+ one-way ANOVA (Fisher PLSD test)& 4
A&}e] Fisher's 7y -testE 3§3)9.21 P<0.050014 A%
$roAe st HAE A= arcsine?] F2 2 A

B9 ¥ A 24 Pehaich
2 3
24-D7} AlE9] Yol vlX = ¥
FAMEo| o] ZHAE 2979 A wiokdt ¥ 5~1074
AES AT} §YT Uk A ¥ 5 o Fig 1
a) ExE Hrpsk 3 5971 uljokel 7 ““Eoﬂ’q% olE &

ol e AAE AL & 4 gb:} (Fig. 1, b). X3}, 2,4-DS
Hobel 597 wljoFst ZHA L] QA= gl B A
A A= Ae ¢ F o olF el E: AU AIE
o} wizsl Aoj7} glge & + Urt (Fig 1, o).

24-D7} AE9] BEEF DNA FAoll viX = d3F

24DE H7bslrl A MEAELS 100%22 HEE
o 597 24-DE H7Fst £ AEES 74~87%E Y
btk 24D ArketA e ARTe) AL AEgol
78%5 VFERH 597+ ulokdh A EollA] 2,4-Del] I3
&2 gIAch (Table 1). T3, DNA ol AN E B
A7k A¥Tol 81%, 24-DE AH7HE APl 77%E
Vel (Fig. 2) A&7 t8o] DNA &kl glojAx
24D9] QgL Yt Ao ek

24-D7} VTG Aol wl2]= 4%

E; 2%10° M) I 24-D (10°~10° M)E A3l 74
Mol o) ZHAEE 5U7F sk F VIG 242 8l =)
A& SDS-PAGER £4 ¥ A3, B H7Ht AdTolA
175 kDag] $JX|oll VIG wltr} &AxE 9l o} 2,4-D 47}
Ay FollAE 2 wlerl Ro|x| gow, t}E thulz
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Fig. 1. Phase contrast micrographs of hepatocytes cultured
in William’s Medium E with E» (2X10° M, b) or 24-D
(106 M, ¢) for 5 days.

Table 1. Effects of 2,4-D on survival of hepatocytes on
day 5 after 2,4-D addition in cultures.

2,4-D Concentration (M)

*

Survival (%)

0 78.2+6.7
10° 813+93
10°® 743+11.1
107 86.7+10.3
10° 80.6+4.8

*Percentage of the number of living cells on day 5 to the
number of living cells just before 2,4-D addition (mean
*SE for three individuals).

MEE A AHol7h giieh (Fig. 3).
10Del] oJ3t VIGS] 4ohd ok 5okl B 37 4

Ho

71

100 4

75 -

50 4

DNA content (%)

25 4

E2 2,4-D

Fig. 2. Effects of E; (2x10° M) and 24-D (10° M) on
hepatocytes DNA content (%) on day 5 in culture, com-
pared with that of day 0. Vertical bars represent the
average (meantSE) percentage of three experiments.
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Fig. 3. Gradient SDS-PAGE showing induction of VTG
(arrowhead) by 24-D in hepatocyte cultures in rainbow
trout, compared with that by E,. Spent media were
analyzed on day 5 after 2,4-D or E; addition. CBB stain.

QoA A Do} 56%F vekdich e, 24-D
2 A7l ZE ARFE BE AvlA e 49T

&

72 u)g 02%F Jebldch (Fig. 4).

2.4-D7} E-ER binding affinityol] u]X] = g3k

E; £ 24-DE Hrlslod 24120 it 3 7+ welle]
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22M40] TN 24-D ZAro] vitellogenin @Alell v X= 48

VTG / total proteins (%)

0 0E» 10° 10° 107 10°
2,4-D Concentration (M)

Fig. 4. Induction of VTG by 2,4-D in hepatocyte cultures
in rainbow trout. The activity of VTG was estimated as
a percentage of VTG to total proteins after SDS-PAGE
on day 5 after 2,4-D addition. Vertical bars represent
the SE of the mean for three individuals. *, P<0.01 for
control (0 M 24-D+Ey).

ATt ZAEQUY Y A$ole FE7F S
£ binding affinityo]] v]X] & G3ko] Zr}tste] 10° Mol A
£ 70%2} AME Jebon o] A 107 M} 10° M
o] RAAE 85%%} %6%7tA] ZIbsldet (Fig. 5). 3
Ex7} binding affinityel] ©] X #|3l+ converse sigmoid
Hel g et 2,4-De] B olls B HF A3l 7
o] FAsA = EAR T2 F7tel uwlel binding af-
finity7} AHEE AL 2 $71 gov, 10° MellAe
20%2] A& Blew, 107 M3} 10° Mol 4] 25%<} 30%
A A=A} (Fig. 5).

x #

FAMNEol] ZHAE wlok2 vitellogenesis®] 712
Fel7] febol Bai® TEE P (Kwon et al,
1993; Yeo and Mugiya, 1997)3# & A} (Pakdel et
al., 1997; Flouriot et al., 1996)& 4}s]7] 93t ATl ©
o] AHgslo] ST 2 Zell SHAE 2QEA0] E; 2ol
v X+ G3Fg ZAbsE7] gl o) &=1 ) (White et
al., 1994; Hwang et al., 2000). ZHA)E wioke A A E9t
2QAEAL A wikteg B9 2ol ARH oz

0-
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Fig. 5. Inhibitory effects of E> and 2,4-D on the binding
of fluorescence E; to ER @ coated on a microplate. Each
point represents the mean of five experiments. Error
bars are omitted.

99 EHo] ojBA gt 7HE HE F AS FHk o}
Yzl g A7k i ellfe 2 3ol glofal
2XE o8] A edEA-ol E; Aol uX&
gpet 3 4= Qick. 2}, A EA ] By 2ol i3t
Bz $4 weA] aedol ¥ AL 2w e 540l
AL FAo wixl dgfolrt. wetA] B AgdAe
24-D7} AE A4 uXe AgFE A7) st
ALl e, AEE 2 DNA g =243l 48" 5
ol JojA e o] gle& #lehglen it Fig 3
2] SDS-PAGEe|A = 24-Do] 540 g2 e] W= ot
Mol Mzt A gle A & F Ak

B A3 9] Fig. 3 oA & 24-DE] H7LE VIG @Al
PAE|A) ggton], Ak} & VIGE A9 0%F ehA
et (Fig. 4). &Y, Fig. 5014 2,4-D¥ Ex$} |53 3
522 ERell A3l w57 37185 ERoll tidt E2)
binding affinity & <A gom, A ALd /M 3 5
=91 10° Mol A& 30%7HA 2JAlstgle). 25 7Hg ol
EA 4 3H3HEAQ nonylphenol g A 7igo] o] 7+
AZ wjekell A VIGY] A §Elen, VIG 4
#7}=]o1% nonylphenol®] 3} nlzlste] F7hste A
2 Jelyr} (Jobling and Sumpter, 1993). =3}, #izko]

nonylphenol-& FA} & Fol| VIGH-2 F<43] SV

P

= 2 fo rl
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W i FRAGE FAel BaPow Bweks
(Christiansen et al., 1998). =329} J%] (Christensen et
al., 1995)¢} ¢do] (Madsen et al., 1997)¢l] 21014 % nonyl-
phenolel] oJafl & VIGS] o] Zvidicke Bt gl
t}. Jobling and Sumpter (1993)3} White et al. (1994)+
E4-7, A g o]l glo] nonyphenole] VIG 42 &
e A2 ZHAE doll A Ex9k o] ERell Adsl7] wl
Tolzha Baaigict. Aol Aol e 24-D= VIGE
4+ FRAAFNA EZYAT B8 2L PF2 2 ERe|
733l ERell ik Ez9] binding affinity & S Alsh= AL
& < 3glch & AgollA] human ER (hER) o7} =
o] 3l¥ plateE A&l ERE Ao} o7 FAI7}
94 %8 Aoz A7siolAlet. Aol ER (ER)
F7A A= hERY] 3 Ape} wi-¢- Fho] gol glow (Pon-
glikitmongkol et al., 1988), r=&t, Eyof] th3t rtERQ] W&
= A AT 2 ER-Fell JolA tigs] vlsly] diE
ol (Lazier and MacKay, 1993) 2,4-D7} ER-E,9] binding
affinityol] v]X] &= 32 hER$} rtERo] & Ao g A8
Ao,

VTGS @42 ER$} VIG mRNAS] %3 o] I g3}n
(Pakdel et al., 1997), A A2 FR|NEo] 2] ZhAXE uljokel]
Qlol A X B9 H7L2 VIG 4] Aol ERY VTG mRNA
9] £¥o] o] FoA = Ao g Ruxglr} (Flouriot et al.,
199). FAME|S} ZAE ekl A 10° Mo} E,
2 %7} Y& 19 Foll ERSH VIG mRNAS} W) E
ZAog B35 3 (Flouriot et al,, 1996) o} VIGS] 7

T 3]
=]k

S$olle FEEQ 10° ME H7b ¥ 2~392 Avjok
SDS-PAGEeil4] ®l=EZ 29l & < e} (Kwon et al,

1993). "Al2] dtollA 24-DE H71et 5U7ke] kil
VIGE §Alo] f5A b Zog Hol & AgdllA
A48 24-D9] 3 HEQ 10° ME 5U79] uiakellA
€ VIG §4 & A2 A2 A3 B 282 314 &
© A& & F Qlch VIG 4] A Aol 22 oo
Eyoll A% Guts]lo] x| = ERS} VIG mRNAG] xeno-
estrogenic contaminant7} v]X]3= &gkl gt A7} o]
FolAok & Aoz A7tg) B Agol] ¢4 10°M B
ok 28 =8 vk AE g s et AlEe] A
E&olvt DNA%e] 3w 10° Mg AR 5=
2 AARYc}. 24-DE ER-E>9) binding affinityE 10° M
oA 30%7+A] AAAIF 2 Z xeno-estrogenic contaminant
ofe] A= gick Aot wiAl WlollA VIGS Aol

Ho

7

Ro|z] ¢k=r}ar A xeno-estrogen contaminantol] gHA
& Aol ope] 2B Er hFo] Y 4 Yowz
F A% AFE ANAE 4AA ERY VIG
mRNAS] Z=A7} wheX] o Zlog Agsdh
2Ale) edFolAl 24D VIGE $AE fuksiAle
SEQEAE Ex9} 7ol ERell Ajsle] B9 ZAjhE whaigre
2A] xeno-estrogenic contaminantZ 4] YEsl= AL o

% qlgich

2 o

o] QAFE FANE!, O. mykiss ZAE b o &
8l §A3EEAQ 24-Dichlorophenoxy acetic acid (2,4-
D)7} vitellogenin (VIG) &4 3} estrogen (Ez) - estrogen
receptor (ER) binding affinityol] v]X]& k8 =A3%
ok ZHAIEE 297 A wjokdt Foll B, 2X10° M) =&
24D (10°~10° M) ¥ixloll H7ha) 597 weket ¥,
VTIGZ} E;-ER binding affinityE SDS-PAGES} ELISAE-
ol &3l Ztzt =Aps Atk AEH 24D FEE AlE9
e, A€ g DNA gells & XA gstet
T3, 24-DE VIGE FAols ofmdt Qs wixA] &
gk} Ex-ER binding affinityE 2} #A|s}41t}. o] binding
affinity= 2,4-D9] F57} 71845 Foksle B
vrehHo] 1073} 10° MellA] 25%8F 30%E 72 o Alsted
t}. o] A5 ¥lF 24-D7} VIGE] Aol 4 3& m|
Z|A okAjuk, ERollA] xeno-estrogenic contaminant=A]

YEae AL AU
2z2d
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