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ABSTRAT

The increasing concern of environmental hormone has become new studying
object in the last year. These compound resulted in the feminization of male fish were
extensively investigated. The related screen methods and risk assessment were
established and can be used for the discharge control.

This study is a three-year plan and first we try to get the fish (Varicorhinus
barbatulus) estrogen receptor gene. Then we construct a rapid screen method using
the gene-transfer technol ogy to establish a recombinant yeast system. Based on such a
simple and rapid test, we may screen a large number of various environmental
hormones and establish a useful database for these toxicants. Another, the more easy
obtained fish (Carassius auratus) was used for in vivo test and quantified vitellogenin
protein as the biomarker. The single and combined effects were anayzed with
different contaminants and explored the risk assessment to the environment.

The result showed that different isoforms of estrogen receptor (ERa and ER[)
were cloned. The coding region of estrogen receptor alpha (ERa) cDNA has 1704bp
and can be trandating 568 amino acid residues and estrogen receptor beta (ERB) has
1836bp and should be trandating 612 amino acid residues. The recombinant yeasts
with both isoforms were screen for 11 contaminants and only four chemicals such as
17B-estradiol (E2) bisphenol A (BPA)  4-nonylphenol (4-NP)  4-tert-octyl phenol
(4-t-OP) can induce transactivation. The ligand effieiency and ligand potency were
discussed for both isoform estrogen receptor and contaminants.

In vivo test, we use Carassius auratus to detect the single response effects to three
compounds (17B3-estradiol  bisphenol A 4-nonylphenol). After two weeks exposure
experiments, the concentration-response relationships could be gained used
vitellogenin as the response end poind. Then mixtures with two compounds, it showed
the addition effects in this study. But they showed different effects by Arukwe et al.
and Thorpe et al., it would be further investigated.

Keywords : environmental hormone, gene-transfer technology, estrogen receptor,
vitellogenin
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3.1

311

17B-estradiol (E2), bisphenol A (BPA), 4-nonylphenol (4-NP), 4-tert-octylphenol
(4-t-OP), Di-n-butylphenol, Butyl benzyl phthalate, DDT, DDD, DDE, PCB1248,
PCB1260

312
(40pg/l)
total RNA CLONTECH SMARTO RACE cDNA
amplification kit (ERa & ERpP) 2
313
CLONTECH MATCHMAKER One-Hybrid System
(response element)  DNA
pLacZi MCS (multiple cloning site) linear form
(YM4271) Uracil  SD agar
(ER0 ERP ERO+ERB) pGAD424
Uracil Leucine  SD agar
colony-lift filter assay [3-balactosidase
3.14
ODgy,=0.5 Iml 2ml YPD
(1000X) 30 4
B-galactosidase (OD420) (ODgno)

CLONTECH  Yeast Protocols Handbook (PT3024-1)



@
Y PD medium

20 g/L Difco peptone

10 g/L Yeast extract
950 mL (autoclave)
50 mL 40 glucose
SD medium

6.7 g Yeast nitrogen base ( amino acid)

850 mL H,O

100 mL 10X Dropout solution

powder SD medium ( Uracil

@50-ml culture tube
®Z buffer

NaHPO,¢ 7H,0: 16.1 g/L

NaH,PO.* H,0: 5.50 g/L

KCI: 0.75 g/L

MgSOye 7H,0: 0.246 g/L

pH 7.0 (autoclave)

@Z buffer + 3-mercaptoethanol

DO Supplement

Leucine)

100 ml  Z buffer 0.27ml  B-mercaptoethanol

®ONPG(o-nitrophenyl 3-D-galactopyranoside)
4 mg/ml in Z buffer pH 7

®1 M Na,CO3

@



1 SD medium ( Uracil  Leucine) 10 ml
2 4mg/iml ONPG  Z buffer 1-2
3. 8 mi 32ml  YPD medium
4 30 35 mid-log Iml
2ml YPD (1000X) 4
ODsoo
5 1.5ml 1.5-ml 14,000rpm (10,000 x g) 30
6 1.5ml Z buffer
7. 300 pl Z buffer
8 0.1ml 1.5ml
9 051
10. 37 0.5-1
11. /
12. 100 pl z buffer
13. 0.7 ml Z buffer + 3-mercaptoethanol
14. 160 pl ONPG (in Z buffer)
15. 30
16. 0.4 ml 1M N&COs

17. 14000 rpm 10

18.

19. OD 20

20. [3-galactosidase Miller unit
B-galactosidase units = 1000x OD 420/ (t X V X ODgoo)
t=

V=0.1ml x 5 ODsxp 0.02~1.0



3.15
[3-galactosidase

[16,17]
y= A-D +D
|1+[C/x]B
X
y [B-galactosidase (Miller unit)
A ligand efficiency
D
B log
C ligand potency ECx.
3.2
321
12-15 25-35
17B-estradiol (E2), bisphenol A
(BPA), 4-nonylphenol (4-NP) 25 26
5micron 1micron pH 8 81
12 12 3
322
8
0.15M NaCl, 0.5 M Tris-buffer, pH 7.2
3500 rpm 4 30 Gel filtration lon
exchange (Western blotting)
2 250 39ng / 100 pl
7 1 3
1,000
5,000 coating buffer
323



enzyme-linked immunosorbent assay, ELISA [18]

CL-2B  DEAE
30pg / mi 3.90625 250 ng / 100 pl 1/
5000 coating 96 well microplate 16 blocking primary
antibody 10,000 secondary antibody 5,000
pNPP Pierce Co. well
2N NaOH microplate 410 nm
0)
@
®
@
® 405nm
®
@

®Microplate NUNC, F-16 MAXISORP LOOSE #469914
®wash buffer NUNC.

®Coating buffer (0.056M, pH 9.8,4 ):
NaCOs: 0.05 M
NaH COs: 0.05 M
@Phosphate buffer saline (PBS 0.01M, pH 7.3,4 ):
NagHPO,: 0.01 M
NaH,PO,: 0.01 M

NaCl : 0.15M
®PBS tween 20 ( wash buffer 0.01 M, pH 7.3,25 ):



PBS: 1liter
Tween 20 : 0.05 %NaN3 : 0.2%
@Blocking buffer (0.01 M phosphate buffer with BSA, pH 7.3,4 ) :
PBS: 1liter
Bovine serum albumin (BSA ) : 0.5 %

®Substrate solution (pH 9.6,4 ) :
Diethanolamine ( , 040-01015): 700 pl
MgCl5 : 100 mg

Total volume: 1 liter
® Substrate buffer pH 9.6 ( fresh, protect from light ) :
p-Nitrophenol phosphate disodium salt ( pNPP, Pierce, 34047) :
: bmg / tab

Substrate solution : 5 ml
@Stop solution (inHX0,25 )
NaOH : 3N
NOTE:

1. Standard solution or sample diluted by Coating buffer
2. Antibodies diluted by Blocking buffer
3. Substrate (pNPP) diluted by substrate solution.

0.3M EDTA-2Na, dissolved in 0.9%

NaCl solution

3000rpm 4 10 -20
-80 1

324
O] solvent
control @ 17B-estradiol ® bisphenol A @ 4-nonylphenol
stock E2



1,5,10,20nM BPA 051,510 uM 4-NP 0.1,05,1,5
MM
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4.1

gilthead seabream.( AJO06039) Oryziassp D28954
Oncorhynchus mykiss AJ242740 channel catfish AF061275 Atlantic croaker

AF298181 goldfish AF061269 (high conserved
region) 3RACE first strand cDNA
PCR 2 Etbr 0.9kb DNA
DNA 950bp DNA NCBI
5'RACE first strand cDNA
DNA PCR 0.8kb
DNA 5 DNA
3'RACE first strand cDNA 950bp DNA
PCR 1.3kb DNA 3
DNA
estrogen receptor apha (ERa)
estrogen receptor beta (ER[3) 3 4
ERa 568 63064 ERJ 612
68069
4.2

(EcoR | and Sl |)
5'RACE first strand cDNA PCR
DNA pGAD424
(target gene) pLacZi
Nco | YM4271 pGAD424
colony-lift filter assay
(transactivation) -

5 6 curve fitting ligand efficiency  ligand
potency ligand efficiency ligand potency
ECso ligand
efficiency (transcription complex)
ligand potency (affinity)
ERa ERP 3 ligand efficiency ERa

E2 > 4-NP> BPA > 4-t-OP ERpB

10



E2 > BPA > 4-t-OP > 4-NP ERa

ligand efficiency ERf
ligand potency E2 nM 4-NP
4-t-OP BPA ERa ERB
ligand potency
4.3
4 5 E2 BPA 4NP
7~ 10
overlap
38~46
(15~20 )
2.5~4
4~8 9~12
BPA 50uM  4NP 10 uM
E2 20nM 50nM
12192 pg/mi 13650 pg/ml
[ 19] 2.4
ug /I 0.016 uM ANP 0.1 uMm
4.4
E2+BPA E2+4NP BPA+4NP (
6 11~13) 7
BPA+4NP
57~93 knudsen et al. [12]
Ranibow trout octylphenol+butyl benzyl thalate octyl
phenol +estradiol zona radiata protein (Zrp)

Arukwe et al. [14]

Atlantic salmon
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Zrp  vitellogenin NP  lindane (y-HCH) Thorpeet al.

[20] E2+NP E2+methoxychlor(MXC) MXC+NP Rainbow
trout Vitellogenin E2+NP
E2+MXC NP E2 vitellogenin
MXC E2 vitellogenin
Arukwe et a.
NP  lindane (y-HCH) Zrp  vitellogenin
Thorpeetal. Vitellogenin E2+NP E2+MXC
4.5
11
17B-estradiol , bisphenol A , 4-nonylphenol , 4-tert-octylphenol
(transactivation) ligand efficiency  ligand potency
isoform (ERa  ERp)
o form [ form y form

17B-estradiol , bisphenaol A , 4-nonylphenaol

E2+BPA E2+4NP BPA+4NP
Arukweeta. Thorpeetal.
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NCBI
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IWA [21]

Arukwe et
a. Thorpeetal.
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The Mechanism of Estrogenic Effects

estrogen endocrine disrupting chemicals

{bisphenol A, nonylphenol,
phthalate, DDT, etc)

4 :
The binding of endocrine disrupting
chemicals to ER results in estrogenic
effects.
proi:ein synthesis
cell l
N\
ER(estrogen receptor):it activates genes(DNA) by binding to estrogens.
1 endocrine disrupting
chemicals estrogen ER

17



#A 5.CDS primer $ SMART
II oligo i&47 5“RACE RJE

\Total RNA

BhE 5-RACE-first strand

B ERE 1T T
UPM 5|+ #17 PCR

~“

3% HBEE

'

AvA3CDS primer & SMART
II oligo €47 5-RACE KIE

&% 3*-RACE-first strand

DUt HFRF REE RTER
! SRE—UT|FHET PCR

DNA HELER

R SEERE—MT TR
! UPM 57317 PCR

S BRER

!

ERF3I L

2RERFY

18



461
551
641
73?
821
911
1001
1091
3181
1271
1361
1451
1541
1631
1721
1811
1901

1991
2081
2171
2261

3

ACGOGGGGAG
AACAAGGGGGAGAGAGTTTGAGAAAGACAGTGGGAGGTAAAAAAAAAAGACTGAGCTTAAAAAAGACAGAAACGGTCTTTTGATGGTTGC
TTGTGAACAGATATTACCTTAAGTC, T(KHTKKXXXXHYH(ﬂTﬂ17CCNN33H&¥H3H3RKBKKIKMGACCGGTGGAGAGACTTCTGGT
GOCAGGCAGCGAQGCAAGACCAGCCOGAGCOOGGAGAGAGAAGACCTGGAGGGACTTTOCTTACCACCCGCTGTCCATAAACTCTCGACT
ATGTACCCTAAGGAGGAGCACAGTGCGGGGGGGATCAGTTCCTCTGTCAACTACCTTGATGGAGCCTATGAGTTOCCAAACOCCACACAG

MYPKEEHSAGGISSSVNYLDGAYEFPNPTDQ

A(IHACGGCACCJCAT(ACIIM(IXHKKIHKKIHIGGTCGGATN?DMKX)“R?HXXIIKBA CCCCCACGOGOCCOCTGCTGAA GAACNT
TYGTSSPT PASVTE APPDPHAPTPAE

CHGCAGAﬁEﬂTAGGCA(IIKMH(HGGCAGC{KH(HCATGTTT(K%ﬁKKﬂ(XVKKKKHCAGTTUT(IKEGTACCTGAACCAT(ATGGGGGA
LQTLGTOGSGSPLMFAPSSPQLSRYLNHHG GG

CACCM3ﬂ}}“XX)KX]KKHYHKIHACTAC(HGGACAGC(IHTtHAGCA(KKHtH%{AGGTfIAGTGTT(HIH(HT(TCAGCAGGCAGGT
HHSTHQVSYYLD ST YRS SVVCSQQAG

GTRKHTTGTGTGAGGAT(HGTGCAGTGCCACIGACAGACAGGAGTTGTA(H(HGGATCAMEKKIIK%GGAGGGTTTGATTCAGAGAAG
GLC E DLCSA Q AGGFDSEHK

GAGACECGCTTCTGTGCAGTGTGCAGTGACTAT(KET(HGGCTATCATTATGGAGTGTGGTt[ﬂGTGAGGGATGCAAA(KHTT(HTC
ETRFCAVC D GYHYGVWSCEGCKATFTF K

AGAAGCAT1T)VKI}H3ACAATGAC1AT(ﬂ11(ﬂTXXKRDMM]3AACCAGTGCACTATTGACAGAAACCUCAGGAAGAGCH(KI%AGCHTGC
RSITQGHNDYVCPATNQCTTIDR RRKSCQAC

AGAC3%KXX)MM?R]?TATGAAGTAGGCATGATGAAAGGAGGTAT1YX7FAAGGA(KXKKXKKKKXKK]M?TATCAGGCGTGACAGGAGGAGG
R K YEVG M K I RKDRGGRTTIR D RR

AGCGCTAATGAAGAT(IHfﬂt%AGTGCTACAGTGAGCAGTCAAGC(ECAACTGTETGAGAACAGCT((H(HGCAGGACAGGAGGAAGAAG
SANEDRVKCY EQSSRNCLRTAPLA QD R K

AGCAGTAGTGGTGTGGTCAGTGCTTTATGTATGCCTCCTGACCAGGTGCTGGTGTTGCTTCTGGGGGCAGAGOOGCOGGCCGTCTGCTCA
SSSGVVSALCMRPDQVLVLLLGAEPPAVCS

CGACAGAAACAC%(KXXKXXKH%CACHGAGATCACCATGATGT(IIH(KH(%CAAACATGGCTGACAAAGAACHYKH(IACATGATtIKC
Q YTEITMM S LLTNMADKELVHMTA

TGGGCTAAGAAAGTW(I)KKKHT(I%GGAT(H(H(H(HGCACGATEAGGTTCAGTTGTTGG GCT(HTGGCTGGAGGTGTTGATGAJC
¥WAKKVPGFQDLSLHDAQUVQ LESSVWLE-TL

GG(KH[ATATGGAGGTCTATT(AJT(A&iTGGAAAACH(MJ(HT1YKH(AGGAT(H(%J(KH(IMJ%GGAGTGAAGGAGAAT(H(HCGAG
I RSITHSPGKLTIFAQDLTILTDR R ECV

GGGATGGCTGAGAITTTCGACATGCH(HTTKKE ACTGTGGCTCGCTTCCGTAGTCTCAAACTCAAGCTGGAGGAGTTTGTATGTCTCAAA
F MLLATVARFRSLIKLTE KLEETFVCLEK

GCCATCATACHT(HT)M{FH?R]?R]:NFTTTCATT(ﬂ(KHfCAGTCCAGTGGAGCKXTTGATGGACAGCHTIATGGTGCAGTGCATGCIG
AT TLLNSGAFSFCSSPVEPLMDSTFMVQC

- GgCAﬁCATCA(ﬂY1\TGGCIHKDNFTTACH(KDVRDM?TAAAT(XKK?RRJ?TCGCH(KD& 'AGGOCCGCCGACA

GGCOCAGCTCCTGCTG
ITDGLIYCISKSGASLQLOQARROQAQLTLTL

(H(KHCTCACACATCAGACACATGAGCAACAAAGGAATGGAGCACTTATACCGAATGAAATGTAAGAATCGAGTCKIGCTGTATGAC(HT
HMSNKGMEHLTYRMKCKNRVYVYPLYDL

TTGTTGGAGATGCTAGACGOCCAGCGATTCCATTCTTCAGAAAAGGTGCAGCGAGCGTGGGCACAGAGTGAGAAAGATCCCCAGTCTACA
LLEMLDAQRFHSSEKVQRAWAQSEIKDPOQST

(KEACAACCAGCAGCAGCAGCKIKH(IAGAGGT(KHTKKKKKIT(KH(KI%AACNKKXIHYHtACGACCAGAGTCCAGA(IKKHGAGCH
PTTS S S S SRGPGAMLPNTIACHDAOQSPDPH*

GTGTACAATCCAACAACTGAAGAATGTGAAGACTGTGAAGCAGTCAGTGCTAATCTGTCTAATAGTGT TTGAATGTGGAATTGAAGTCTC
TOCTTGTGCCTTATCAAAGTCCCCTTTAGATTTTGGAAGACCCATGTAGAAATTTAACCCOGTTAAAAATGTAAAAACATATCTGTAGAA
é%gGACAGGTTAAGT(HTTTAATAACﬂTAAACTAACGTTAACKKHTTAAAGGTACAATATGTAAGATTW?(XHAATAAAATATCCAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAA ) ’

(Varicorhinus barbatul us) alpha (ERa)
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30
60
90
120

150

180

210
240
270
300
330
360
390
420
450,
480
510
540

568



21

111

201

291

381

471

561

651

741

831

921

1011

1101

1191

1281

1371

1461

1551

1641

1731

4

CCTTGCTTGAGTTCTCCAGA
ATGAGCTCTTCOCTTGGTOOGGCCTCTGOGTCAGCCCCCCCTGCCATGGACTCCGGCAATGCCAATCGAGGGGACTCGCCTAACACCTTA
MSSSLGPASASAPPAMDSGNANRGDS SPNTL

CCCCATCI‘GTACACI}MCCGCTCGGCA’[GGACAGCCGGACCATCTGCATTOCATCTCCGTATGTGGAAGCCIGTCAGGATFATI’CACCA
PHLYTSPLGMDPSRTICIPSPYVEACQDYS

CCGCATGGGGGAGAGATCAGCCACGGAGCCIT AACGCTCT. ACAGCCC(X}’IG’ICCTCCACAGTGCTGGGGTACACI' CATCOCCOCGTGTCC
PHGGETISH ALTLYSPV S . L YTHPPVS

GAAAGCCTGGTCCCGCTCAGTCCGACAATCTTCTGGCCTOCCCACACCACACACOCTGCGCTGTCTCTGCACTGCOCACCTCCACTGGCC
ESLVPLSPTIFWPPHTTHPALSLHCPPPLA

TACAGCGAAACACACGCACACACCACCTGGGAGGACGCCAAGACACACATGA’ITAACCAGGGCAGCFCF GTCCTTACTCATGCAAAGCTG

Y SETHAHTTWEDAKTHMINQGSSVLTHATZKTL

TITGGGCAGCAACIGGATGGTGATGGTGGC’ITGAATCCI'TCACCAGGCGJTYFGGGTAMGGAGAOGCACACT[UTGTGCGGTGWCCAT
FGQQLDGDGGLNPSPGVLGKGDAHTFCAVCH

GACT ACGOCI’CIGGGTATCACF ATGGTGTCTGGTCATGTGAAGGGTGTAAGGCTTTCTTCAAACGGAGCATTCAAGGGCACAATGACTAT
A GYHYGVWSCEGCKAFFKRSIQGHNDY

ATI’IGI'CCAGCCACCAACCAGTGCACCATTGACAAGAGCCGACGCAAGAGCT GCCAGGCCTGTCGACTCCGCAAGTGCTATGAAGTGGGC
I CPATNQCTL.IDEK RRKSCQACRLRKCYEVG

ATGATGAAGTGTGGTGTGAGGOGGGAACGCTGCAGTTACCGAGGTGCTY CGTCATCATCGCAACCCCCAGATCAGAGACAGCICAGGCGGG
MMKCGVRRERCSYRGAREHIH NPQIRDSSGG

. GOGTTAGGGGTCAGACGTCATTOOCAGCCTCAATTAGAATTTCCOCTCAGTCCCACTCATCCACTCTTCOCT ICGGGGGACAGAGCTGAG
A E

ALGVRRHSQPQLEFPLSPTHPLFPSGDR

GGG'IUI‘GGC CGGAGCCTCTCOCCAGAGCAGTTGGTCAACTG TATTCTGGAAGCGGAGCCTOCTCAGATTTACCTGAGAGAGCCAATAAAG
GCGRSLSPEQLVNCILEAEPPQIYLREPTIEK

AAGCCATACACTGAGGCCAGCATGATGATGTCACTAACCAACCTCGCTGACAAGGAACTGGTGCTCATGATCAGCTGGGCGAAGAAGATA
KPYTEASMMMSLTNLADKELVLMISWAKE KI

CCAGGTFTTGI’GGAGCTGACITIGTCAGATCAGGTGCATCFGTTGGAATGCIGCTGGTIUGATATATTGATGTTGGGACAGATGTGGAGA
PGFVELTLSDQVHLLECCWLDILMLGOQMUWR

TOCGTGGATCATCOCGGGAAACTCATGTTCTCACCTGACCTCAAACTCAACAGGGAGGAAGGGAACTGTGTTGAAGGCATCATGGAGATC
SVDHPGKLMPFSPDLIKLNREEGNCVEGTIME!I

TTTGACATGCTGCTGGOCACCACCTCCAGATTCAGAGAACTGAAGCTTCAGAGAGAGGAATACGTCTGCCTCAAAGCCATGATCCTTCTC
FDM.LLATTO SRFRELIKLQREEYVCLEKAMILIL

AACICCAATAACIG'ITCAAGCI’I‘GCCACAGACTCCI’GAAGATGTGGAGAGCCGTAGGAAGG’ITCI'GAGGCIGCI‘GGACICTGTGACTGAC
SNNCSSLPQTPETD ESRRKVLRLLDSVTHD

GCTTTAGTTTGGACCATCTOCAGAACAGGCTTGTCCTCACAGCAACAGTCCATCOGGCTCGOCCATTTGCTAATGCTGCTCTCACATATT
ALVWTISRTGLSSQQQSIRLAHLLMLLSHI

CGACACCTCAGCAACAAAGGCATCGAGCATCTGTCAACCATGAAGAGAAAAAACGTGGTGCTGCT ATATGATCFTCTGCFAGAGANCIG
RHLSNKGIEHLSTMKRKNVYVVLLYDLTLTL

3 GATGCCAACACA’ICCCAGAGCAGCCGGATGCI'GGCGGCTCACACAGAAGCCTCICTCCAGTCGGACACGCAACAGACCACAGAGATCCTC

DANTSQSSRMLAAHTEASLQSDTQQTTETITL

CACACATCXZAGACAGCAG(ITTGCGCTGAAAGAGAGCTACCAGGAGCCCI‘GGCACAGI‘CCACAAGCTGAAGAGACAGIGGATAAGATATTA
HTSRQQPALKESYQEPWHSPQAEETVDKIL

CATY(é'FA(SETCTGCﬁ’ICGRAG'gGGgCATGGgCA%AGAT'IGACAGTATOCCI'ICTGTGGGGTAAAAATCICCCFGGATGCAGCATI‘GGATATG
L

AATCCAATTCCATGCCGCTTTTCCAATGTAGGGTCACGGGGGATTCAAATCAGACCTGGAAAAAAACCTTAGATTACCAATGACAACCTG
AACCGAACAGGGCTTTTAAATGGCGCTCAGTCTTGCTTCAACACAATGCAGTTTGAACTGTTGTTTTCCTACTATGGCAACCTGAAGAGG
AATCCTTATTCAAACCAGTCATGTTTTCTGTATTCAAGAAATCACAAATGGAATCATTTTAATGGCTGGTTCTATTAAATGTGAAGTGCG
TAATTTTCTGTGGTAACACAATAGAAAGAAAACCGTTTGAAACAAAATTCAAACACTCOCCCATCTGCCATTTCTCAGCAACCAGCTAGC
ACCACCCCTAAATCACGCCATTGGTTGTGTCCTTTTGGGCCATTCAAACAGATTCCCGAAATTACACGCTGCACATTTAAATATTAGGTT
TGCCATCCAAGTTGTCTGAGAACCTCTGACTTAACAAACATGACTGTTTTTCTGAAGACTGGCCAAGCTAAATGAAACGCACACTTCTAA
TAGTTTATGCATTTTGTACTCTTGTGTCTGTGTATT TGTAAGACATIGAAGTGTGCTGTTATTIGCTGT TCTGTGTTGCTTCTCGTGGTT
TATTAAGTACTTGTCACTGACAGTAAATGTAAGGCT TTTAAAAACATCGGGGCGTGTTGATGCCTCTTTCAGAAGTTTTCTTAAAGCCTG
GCTTAGATGCACAATCTCAACACATGAAAAGTGTATCAAATTATATTATACTTTGTAATGTGTAATTACAGATACAGCTGAGTTTTCTGG
TGCTACGAGTGTTAATAACGGTGCATCCTTGTGTAAACGCTTCATATTCTGCACCTGAAGTGTTCTGAGAAGCAGCAATTGCATTAAAGC
TGCAGTGTCCAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

(Varicorhinus barbatul us) beta (ERP)
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% EPEIA T TXE R LE3

1~ [Dioxins and furans BAF FER

2 |Polychlorinated bipheny(PCBs) EX X33 B BESR

3 |Polybromobiphenyl(PBB) W5 K #

4 |Hexachlorobenzene(HCB) ~RE HEE ~ ARL A

5 [Pentachlorophenol(PCP) FX X7 e REEY IR D

6 |2,4,5-Trichlorophenoxyacetic acid 2,4,5-T BREA

7  |2,4-Dichlorophenoxyacetic acid 2,4-3% 23

8 [Amitrole zﬁfrif B~ BiAEA&CA| - disperse
9 [Atrazine EBF Fg{ﬁ'l

10 {Alachlor - nE R A

T [Simazine(CAT) TRF mEM

12 |Hexachlorocyclohenane, Ethyl YN A% 2 B

parathion

13 |Carbaryl Aot A BB

14 [Chiordane THRA Ery¥ Y

15 |Oxychlordane Chlordane 2 X # 7

¥ Xz

16 |Trans-Nonachlor B

17 |1,2-dibromo-3-chloropropane —E R &®(DBCP) [#&4 3

18 |DDT . EE ¥y

19 |DDE and DDD DDTzR#E ¥ K £4n

20 |Kelthane(Dicofol) EEXICS D) EEF%

21 |Aldrin TR Ty ¥
22 |Endrin ZHE % 2k B
23 |Dieldrin REE ErFR
24 |Endosulfan (Benzoepin) ZRE BE:YY
25 |Heptachlor REE R
26 |Heptachior epoxide HeptachlorZ /X # 7

77 |Malathion Bk BB
28 |Methomyl nrE B

29 [Methoxychlor ErEY )

30 |Mirex IR E Y

3T |Nitrofen 3 RE A

32" [Toxaphene (Campechlor) FX¥s BaR
33 [Tributyltin . ZTA% Y Y hit B AR L
34 |Triphenyltin Z¥ES B S mk - AW R A
35 [Tnfluralin ZR% REE

36 |Alkyl phenol (from C5 to C9)--Nonyl %X B3 F & £ & |Raw material for surface-active

phenor\ Octyl phenol agents /decomposition product

37 |Bisphenol A L&A Raw material for resins

38 |Di-(2-ethylhexyD)phthalate é;;s&:.(z- T 2B BICA
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%R TELRZR FX % LE3

39 (Butyl benzyl phthalate W E-TETGBE (2B DICH

40 |Di-n-butyl phthalate :f—i Tak— 7 Bs B2 BILR]

41 |Dicyclohexyl phthalate FoFH Bk |2BZRLA

47 |Diethyl phthalate N BB X IR

43 |Benzo(a)pyrene F ¥ JEE R

44 Dichlorophenol = ) BHZ T WA

45 |Diethylhexyl adipate TH-(-CEL BZ BACA]

46 |Benzophenone = EE‘F F] Synthetic raw materials for
medical products, perfume,etc.

47 |4-Nitrotoluene AIf X X 7,4-dinitrotoluene X ¥ fa) £ 47

48" |Octachlorostyrene ARACHIESR

49 [Aldicarb FR L ’ EF Y

50 [Benomyl %R ¥ 1)

ST [Kepone (Chlordecone) + & A EFY ]

52 |Manzeb (Mancozeb) B R EX ]

53 [Maneb &7 R Er )

54 |Metiram %27 B XAR

355 [Metribuzin B XA

56 [Cypermethrin ¥ EAF EvF Y

57 |Esfenvalerate NEX[XD] A

58 |Fenvalerate F4eH EF Y]

39 |Permethrin TRF RARE

60 |Vinclozlolin RAF R @ A

61 |Zineb BTR EF )

&2 |Ziram ER TRE A

63 |Dipentyl phthalate A= Fak— %8s

64 |Dihexyl phthalate AT

65 |Dipropyl phthalate Fo_FH AN

66 |Styrenes 2L Non-reacting substance of
styrene-rubber plastic

67 |n-Butylbenzene n-TEAX Synthesis intermediate, for
liquid crystal manufacture

68 [cadmium 5%

69 |lead %

70 |mercury X
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2

LS EX ] F s A% . Ldsh g s KR 34
Rainbow trout octylphenol et ¥k % M B F IR (R zona radiata $5-%:F 51 ¥ 3 Knudsen et al. (1998)
+butylbenzylthalate - AR protein
octylphenol+estradiol
Transfected Hela cell (4, 4’-DDT - 4, 4°-DDD - 4, 4°-DDE & |#é%75 1t RA% A Aok R (Tully et al, (2000)
#HiEZ4)R(aldrin ~ dieldrin - (Transcription J 3
endrin & &R 4) activity)
Atlantic salmon Nonylphenol (NP) # o, p"-DDT ~ 14 ®| Zona radiata #48 fw Boa KB Arukwe et al. (2000)
1lindane(y-HCH) ~ PCB protein & INP+y-HCH # Vig # #47
mixture(A1254) - BPA ;24 vitellogenin 2% /E NP A K =44
W RE T $3 Vig & Zp
Ay
MCF7-E3 human breast [Toxaphene technical mixture o P24 A 2 ZR b K Stelzer et al. (1999)
cancer cell (Tox) ~ T2~ TI2 HH/LAR (Proliferative
PCB-136 ~ p,p’-DDE 4 %J 8% Tox « |effect)
T2 ~ T12 R4
Recombinant yeast # & #):24 (endosul fan ~ .2: %20y EAERAERAGLE Graumann et al.(1999)
assay dieldrin - atrazine « (Transcription endosulfantdieldrin)
desethylatrazine activity)
desisopropylatrazine) R #hi :
a4 %% (phytoestrogen)iR &
3 E2 4-NP 4t-OP BPA (ligand potency and
ligand efficiency)
Yeast contained ERa Yeast contained ER[3
Chemical Efficiency Efficiency
Potency (M . ; Potency (M . ;
YM) | (Miller units) Y M) | (Miller units)
E2 4.1x10° 160 2.9x10° 112
4-NP 6.4x10" 90 6.3x10” 26
4-t-OP 4.1x10” 73 7.5x10” 32
BPA 1.0x10° 75 9.1x10° 35
4
solvent control 01 02
(ug/mi) 867 1192
513.160 366.217
( %) 59 31
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5 E2 BPA 4NP
E2 ( ) 1nM 5nM 10nM 20nM
(ug/ml) 1233 4088 7650 12192
563.656 1887.459 2031.971 | 1885.733
( %) 46 46 27 15
BPA ( ) 0.5uM 1uM 5uM 10nM
(ug/ml) 1983 3421 8046 14296
910.729 1125.579 1404.976 | 2913.019
(%) 46 33 17 20
ANP ( ) 0.1uM 0.5uM 1uM 5uM
(ug/ml) 2379 2588 4108 9296
902.110 819.680 1173.159 | 1716.571
( %) 38 32 29 18
6 (E2+BPA E2+4ANP BPA+4NP)
E2+BPA 0.5nM+0.25uM | 2.5nM+0.5uM | 5nM+2.5uM | 10nM+5uM
(ug/ml) 1967 5000 10317 20108
1245.325 1166.905 1389.544 3098.219
( %) 63 23 13 15
E2+4NP 0.5nM+0.05uM |2.5nM+0.25uM | 5nM+0.5uM  [10nM+2.5uM
(ug/ml) 1817 6100 9283 11367
1027.538 1561.249 1778.576 2081.065
(%) 57 26 19 18
BPA+4NP 0.25uM+0.05uM | 0.5uM +0.25uM | 0.25uM+0.5uM | 5uM+2.5uM
(ug/ml) 600 1267 9300 11767
556.776 1051.586 1302.881 1576.653
(%) 93 83 14 13

29




7 (E2+BPA E2+4ANP BPA+4NP)
E2+BPA 0.5nM+0.25uM | 2.5nM+0.5uM | 5nM+2.5uM | 10nM+5uM
(ug/ml) 1608 3755 7848 13244
E2+4NP 0.5nM+0.05uM [2.5nM+0.25uM | 5nM+0.5uM | 10nM+2.5uM
(ug/ml) 1608 3746 5879 10744
BPA+4NP 0.25uM+0.05uM |0.5uM +0.25uM |0.25uM +0.5uM | 5uM +2.5uM
(ug/ml) 2181 3005 6077 11796
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