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Table 2. WWF List of Known & Suspected Hormone Disruptors

FB QY AYANA WRUA Fl7t 43

50|31 Probable(29%)2 A& bio-assayol 4]

Aol zgo] AFH ZHolx, Suspect(26
oM ZA7F BZ3 3 bio-assayol ATt

2olth. A =Y oloF AFAAATE
4ol NE E 1400 F(7FAA9E,

Zd2gd E4

st BA-1749%, A 4 A HEA-21E, 5o
F-74%F, 54-3%, FHAEZASE, AF ¢ 4
FANE3E, HEY EAse ZEE §AE26
)& EFd TPATIT Yk

Persistent Organohalogens Dioxins/furans
PCBs
PBBs
Pesticides
245-T DBCP h-epoxide
24-D DDT kelthane
alachlor DDT metabolites kepone
aldicarb dicofol malathion
amitrole dieldrin mancozeb
atrazine endosulfan maneb
benomyl esfenvalerate methomyl
beta-HCH ethylparathion methoxychlor
carbary! fenvalerate metribuzin
chlordane lindane mirex
cypermethrin heptachlor nitrofen

Penta-to Nonyl-Phenols

Bisphenol A

Phthalates
Diethylhexy! phthalate (DEHP)
butyl benzyl! phthalate (BBP)
Di-n-butyl phthalate (DBP)
Di-n-pentyl phthalate (DPP)

Styrene dimers and trimers

24-dichlorophenol
Benzophenone

Octachlorostyrene
Hexachlorobenzene
pentachlorophenol

oxychlordane
permethrin

synthetic pyrethroids
toxaphene
transnonachlor
tributyltin oxide
trifluralin

vinclozolin

zineb

ziram

Di-hexyl phthalate (DHP)
Di-propyl phthalate (DprP)
Dicyclohexyl phthalate (DCHP)
Diethyl phthalate (DEP)

Benzo(a)pyrene
Pollutants with Widespread Distribution Reported to Bind to Hormone
Receptors and therefore Suspected to have Reproductive and Endocrine-disrupting Effects

Diethylhexyl adipate
N-butyl benzene

Pollutants with Widespread Distribution Reported to have Reprouctive and Endocrine- Disrupting Effects
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Table 3. Illinois EPA endocrine disruptors strategy
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Known Probable Suspect
Aftrazine Alachlor Aldicarb
Chlordanes Aldrin Butyl Benzy! Phthalate

Chlordecone (Kepone) (*)
DDD

DDE

DDT

1,2-Dibromo-3
Chloropropane (*)
Dicofol (Kelthane)
Dieldrin
Diethylstilbestrol (DES)(*)
Dioxins (2,3,7,8-)
Endosulfans

Furans (2,3,7,8-)

Lindane

Methoxychlor
p-Nonylphenol

PCBs

Toxaphene

Tributyl Tin

Amitrole (Aminotriazole)
Benomyl

Bisphenol A(+)
Cadmium (*)

24D
Di(2-Ethythexyl)Phthalate
Endrin

tert-Butylhydroxyanisole (+)
p-sec-Butylpheno! (+)
p-tert-Butylphenol (+)
Carbaryl

Cypermethrin
24-Dichlropheno (+)
Dicyclohexyl Phthalate

Heptachlor Di(2-Ethylhexyl)Adipate (+)
Hepatchlor Epoxide Di-n-butyl Pthalate (+)
Hexachlorobenzene Di-n-hexyl Phthalate
p-Hexachlorocyclohexane Di-n-pentyl Phthalate
Lead (%) Di-n-propy! Phthalate
Mancozeb Esfenvalerate

Maneb Fenvalerate

Mercury (*) Malathion

Methyl Parathion Methomy!

Metiram Metribuzin

Mirex Nitrofen
p-Octylphenol Octachlorostryene
Parathion PAHS

Pentachloro phenol
Polybrominated Biphenyls
(PBBs)

Styrene (*, +) Update
245T

Trifluralin

Vinclozolin

Zineb

p-iso-Pentylphenol (+)
p-tert-Pentylphenol (+)
Permethrin

Ziram

Preliminary List of Chemicals Associated with Endocrine System Effects in Animals and Humans (*) or In

Vitroe (+)
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Plashmzer

butylbenzyl phthalate (BBP)
di-nbutyl phthalate(DBP)
dicyclohexyl phthalate (DCHP)
diethyl phthalate (DEP)

di(2 —ethylhexyl) phthalate(DEHP)
Pesticides ‘-

Table 4. 4B =9 _,]e}“ AX JAATA

A

ﬂlv‘i-“l?“ Al 245

diethylhexyl Qadi4pate(DEHA)

dihexyl phthalate (DHP)
di-n-pentyl phthalate(DPP)
dipropyl phthalate(DprP)

alachlor (Lasso) (x{]xx{])
aldicarb (2H4ZA))

aldrin (%A, &FA)

amitrole (] Z#})

atrazine, aminotriazol (A% A))
azadirachtin (&%)

benomyl (4 A)

carbendazim (3 A))

cabaryl (& A, 25A)
chlorodanes (A A))

chlodecon (&%)
chlorpropham (A 2 #))
clofentezine (#] %))

cyanazine (] ZA)

cypermethrin (& 2 A)

24D (AZA)

DDE (%2 A)

DDD (35A)

DDT (&%)
1,2-dibromo-3-chloropropane (4415 4)
dichlorovos (&34, A Al)
dicofol(kelthane) (&3], A A)
dieldrin (2ZA], A A)
diftlubenzuron (2% )
endosulfan (23A)

endrin (2F3=A))

esfenvalerate (25 A])

ethylene dibromide (%T#))
ethylenebisdithiocarbamate (47
(mancozeb, maneb, metiram, zineb)
ethylene thiourea(ETU) (27 A))
fenoxycarb (2+&A))

fenvalerate (%)
fluazifop-butyl ()3 A)
heptachlor (23 )

heptachlor epoxide (&% #)

hexaconazole (%)

beta-hexachlorocyclohexane (2 #])
ioxynil (#1241

iprodione (7 A})

kepone, chlorodecon

lindane (AHFA))

linuron (A ZA)

malathion (%A, AtA)
methomy! (454)

methoxychlor (&3, A A)
methyl parathion (&3-4])
metribuzin (4] ZA))

mirex (A%A], 4t A)

molinate (]2 A)

nitrofen (A ZA))

oryzalin (] Z )

oxychlordane (4%, 4 Al)
oxydemeton-methy] (23 A)
parathion(ethyl phrathion) (k%))
pendimethalin (#] ZAl)
pentachloronitrobenzene(PCNB) (A #])
pentachlorophenol (4 A)
permethrin (23 A))

phenylphenol (2HA))
procymidone (At #)

pronamide (| 2 Al)

pyrimidine carbionol family (%3A))
simazine () ZA)

toxaphene, camphechlor (27
hexachlorobenzene (27 A))
trans-nonachlor (2H3:#])

tributyltin compound (4 A1)
trfluralin ()2 4))
vinclozoline(dicarboximides) (2FF#l])
ziram (AHEA])

7. 84522 AMY

7-1. E-scteen assay

) AE
37 A3l environmental chemicalZo] 44|

o] UEuAle] 2H8-3te] AJE Aol Al breast cancer,
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Table 4. (Continued)
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Chemical Substances -in Plastics

alkylpheno! ethoxylates
nonylphenol ethoxylates
octylphenol ethoxylates
bisphenol A

alkylphenol

2-octylphenol
4-nonylphenol
4-octylphenol
p-octylphenol, octylphenol

4-propylphenol
4-sec-butylphenol
4-n-butylphenol
2-t-butylphenol
3-t-butylphenol
4-t-pentylphenol
4-t-octylphenol

styrene dimers and trimers

Chemical Substances in Industry and Environmental

Pollutnas

alkyphenot ethoxylates
PCBs/aloclor
benzophenone
benzo(a)pryene
6-bromonaphtol-2
chlorobenzenes
chlorphenate
dibromoacetic acid
2,4-dichloropehnol

4,4’ -dihydroxybiphenyl
4-dodecylphenol

para-nitrotoluene
nonylphenol
octachlorstyrene
tributyltin compound
para-nitrotoluene
nonylphenol
octachlorostyrene
PBB
pentachlorophenol
TCDF, PCDF, furan
TCDD, PCDD, dioxin

hexadhlorobenzene tributyltin oxide
tributyltin compound

Heavy Metals ‘

cadmium mercury

lead

Synthetic Estrogehr' ~

centchroman hexestro}
estradiol 2-hydroxyestradiol
ethynylestradiol tamoxifen
DES(diethylstylbestrol) raloxifene
Foodstuff and Food Additives

BHA (butylated hydroxyanisole) enterolactone
equol

Hormone-mimicking Substances Naturally Present in Platns
Phytoestrogens daidzein
coumestrol biocheanin A
formonoetin genistein

testicular cancer @ reproductive systemo] wAE

AdoA zAAdiel AejAZA A FAE o] A
713 glet o9} Z-& environmental chemical-& W=

3 Z¥ASHA screening 3}

el she o)

E49] estrogenicity &

A%4H3 9ty Estrogend

adult female®] genital track, mammary glando} z*
Ax 73 e Fhoddted menstrual cycle, pre-
gnancy, lactation®} & A2zl Fag Alel 2
49 Jepdith. A EFFA AT cell proliferationst

2 34

[o]

L

female secondary sex organ®] hypertroph



Table 5. ENDOCRINE DISRUPTING CHEMICALS (EDCs) : Chemicals Considered to Have Reproductive

and Endocrine Disruptor Effects

- Pesticides (commercial and/or domestic) : 24,5-T, 24-D, alachlor, aldicarb, amitrole, atrazine, benomyl,

- Heavy Metals :

lindane, carbaryl, chlordane, cypermethrin, DBCP, DDT, dicofol, dieldrin, -endosulfan,
esfenvalerate, ethyl parathion, fenvalerateheptachlor, hexachlorobenzene, malathion, mancozeb,
maneb, methomyl, methoxychlor,metiram, metribuzin, mirex, nitrofen, oxychlordane permethrin
and other synthetic pyrethroids, toxaphene, transnonachlor, tributyltin oxide,trifluralin, vinclozolin,
zineb, ziram

Cadmium (used in nickel/cadmium batteries,coatings, pigments, stabilizers in plastics and
synthetic products and alloys, fossil fuels) Lead (used in lead batteries, paints, pipes, leaded
gasoline) Mercury (used in nickel-cadmium batteries, fluorescent lighting ballasts, seed dressings,
chlorine production, dental amalgams, fossil fuels)

- Organochlorines : Dioxin ((2,3,7,8-TCDD) a by-product of other organochlorine production, use & disposal

(not intentionally produced). Examples include incinerator emissions, metal smelting, PVC (vinyl)
plastic production, chlorine-bleached pulping PBBs & PCBs (Production now banned but PCBs
still used in electrical transformers. PCBs still reside in landfills, toxic waste dumps and

sediments) Pentachlorophenol (wood preservative, used in textile industry)

- Plasticizers & Surfactants :

Phthalates, Polycarbonates, Styrenes (used to make plastics soft) Alkyl &

Nonyl Phenol Ethoxylates (used in detergents, pulp & paper and textile industry, some plastic

products, paints, pesticides)

Source

: WWF Canada Eagle’s Eye, Special Issue on Toxics that Tamper with Hormones, Summer 1995, and

Wingspread 1 Statement, recorded in Chemically Induced Alterations in Sexual and Functional Development:
The Wildlife/Human Connection, eds. T. Colborn and C. Clement, Princeton Scientific Publishing, Princeton,

NJ, 1992

719 cell type-specific protein®] AT EH|E Fx
A B3 Hooh o]2]gt estrogenic effects
estrogen receptor2}9] ¥HE-& FA dojuD estro-
gen receptor= 7|Eo] &l mAAY receptor]

estrogen receptor alpha(ERa) o] 2]l 1996 estrogen

receptor beta (ERB)%= #7H At} E-screen assayt
environmental chemical®} estrogenicity & in vitro
Yo wrste W oRX Sotosol Mwstglom
MCF-7 Bus celld} w]xj&=
ferative effect& parameter® 3} chemical®] estro-
genicity S H7}sl= WHO A estrogen - induced
gene expressiondl] 7]Z3¥t assay HW¥olm cloned
MCF-7 Bus cellg AHgste] A@dth o4 F39

&) MCF-7 cell& estrogen receptorg 7} 1 <}

chemical o] cell proli-

o a2

fr o X H Ho

.
estrogen-like chemical #7}o] 2)&) HEZF2o] =
Aok Abdo] &R glon Pedrazad] Hie] 9
W o2 MCF7 AX $ 713 W48 Hel AE
Soto G©| cloningst MCF-7 Bus cells o]tk
E-screen assayol ©]3}A alkylphenol®, antioxidants,

(%

polychlorinated  biphenyl, pesticides, bisphenol-A,
plasticizer’s-0] MCF-7 cell proliferations %7} 7]&
Aoz AT In vitro assay WH-2AA ol A
chemical®] metabolism, plasma-protein binding,
pharmacokineticso] 9]¢ &3+ 4% T F floH
cell proliferation effect”} 25 estrogenicitye] ] gt
QA 3t mechanism ofF= AHHoR o F
£ ¢lA%F ol estrogen receptor binding assay}
t}2 transcriptional assayE E8iA 84 4 ok
E-screen assayt % chemical®| estrogenicityE
AEsta RzksiAl 7488t A48 screening &
Qe HYolH agoniste} antagonists: FEE T 3

the A= 23 9

2) AAs 2 Y

1) A 2 AX ajFy

A XS estrogen-sensitive human breast cancer
cell linee® Soto o 93l clonesl MCF-7 Bus

cellsg 2 Wob AGALL, AEH WHE 5%
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FBS Dulbecco’s modified Eagle’s medium(DMEM) & =y

41, 5% charcoal dextran treated fetal bovine serum

145

}+= phenol red free-DMEM #j =] o]}

Table 6. EDC List : Chemicals in the environment reported to have reproductive and endocrine dis-

rupting effects

Herbicides
- 24D - bromacil - ioxynil - oxyacetamide - pronamide
- 245-T - bromoxynil - linuron (FOE 5043) - simazine
- acetochlor - cyanazine - metribuzin - paraquat - terbutryn
- alachlor - DCPA - molinate - picloram - thiazopyr
- amitrole - ethiozin - nitrofen - pendimethalin -triclorobenzene
- atrazi - glufosinate- - oryzalin - prodiamine - trifluralin
ammonium
Fungicides
b - fenbuconazole - maneb - pentachloro- - vinclozolin
~ benomyl . . .
 etridiazole - hexachloro- - metiram n?tro.benzene - z%neb
- fenarimol benzene - nabam - tgadlmefon - ziram
- mancozeb - tributyltin
Insecticides
- aldrin - DDTé&metabolites - ethofenprox - malathion - synthetic-
- bifenthrin (DDE, DDD) - fenitrothion - methomyl pyrethroids
- carbaryl - deltamethrin - fenvalerate - methoxychlor - ronnel
- carbofuran - dicofol - fipronil - mirex (fenchlorfos)
- chlordane - dieldrin - ?HCH - oxychlordane - toxaphene
- chlordecone - dimethoate - heptachlor& - parathion - transnonachlor
- chlorfentezine - dinitrophenol H-epoxide (methylparathion) - aldicarb
- l-cyhalothrin - endosulfan(a & ? - endrin - photomirex - DBCP
-lindane(g-HCH) - pyrethrins - n-2-fluorenyl
-acetamide
Other Types of Pesticides
- ethylenethi- -pentachlorobenzene - pentachloro- - piperonyl-
ourea (ETU) phenol (PCP) butoxide
Industrial Chemicals & Contaminants
- 4-OH-alkyl- - furans - 234 trichloro- - penta-to -diOHbenzoic-
phenol - hydroxy (hydro)- bipheny! nonylphenols acids (DHBA)
- aluminum®* quinones - 4-OH trichloro - phthalates - phenol
- benzopyrene - lead* - biphenyls - benzylbutyl- -polychlorinated
- bisphenol-A - mercury® (22,52 4,6) phthalate diphenyl ether
-4-OH-biphenyl - methylcolanthrene -3-OH2',3' 4 ,5'tet - di2ethylhexyl- - radioactive
- t-butythydro- (MCA) rachlorobiphenyl phthalate(DEHP) iodine
xyanisole(BHA) - polybrominated- -4-OH2 3’ 4' 5'tet - diisobutyl- - resorcinol
- cadmium®* biphenyls (PBBs) rachlorobiphenyl phthalate - styrenes
- carbon- - polychlorinated- -2,2',3,3 ,6,6'hexa - dinhexylphth- - tetrachloro-
disulfide biphenyls (PCBs) chlorobipheny! alate (DnHP) benzyltoluenes
- dioxin - 2to4-OH 2.5 - pentabromo- - di-n-octyl- - thiocyanate
(2,3,7,8-TCDD) dichlorobiphenyl diphenyl ether phthalate(DnOF) - vinyl acetate

*metals
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@ 2344

AP Soto Sl el 2AH PR R
dsted, 6747t Dulbecco’s modified Eagle's
medium(DMEM) Hj=|o] 4 sjekd MCF7 A& 12
well plateol] 3x10* cells/wello] =T & seeding 315
th 24 Az F uiAE AAS T ANEEAS XS
5% charcoal dextrano.Z 2@ FBSE 3 g3l=
phenol red free-DMEM ] 2|(CD-DMEM)Z 135}
th AEERS CD-DMEM  medium<
ethanolol 91 chemical stock solutiong Ag3}7]
vl2 2 Ao CD-DMEM medium©. 2 3|43l A&
3ttt Control2 CD-DMEMYHS AME-3}5L positive
control- & 107 M 17B-estradiol& Hejstgon] L
o] FFFEE 05% o3tz sk 37T, 5% CO»
incubatore]| A} late exponential phasecl] =¥ 3= 144
Nzkel MIT assay® A#stgeh. 5 MIT[2-(45-
dimethylthiazol-2-yl-)2,5-diphenyltetrazolium
bromide, Sigma]& 0.1 mg/wello] HEE g
4 7 o WS ¥ AE weln DMSOE Yo
ARe 2R E t}g ELISA Plate Reader
(UVmax, USA)Z 540nmo| N &FHEE 243}

o]
B S

7-2. Estrogen receptor binding assay
1) A&

Estrogen receptor binding assay: v|= EPAQ]
EDSTACo] Tier 1 Screening in vitro methodoijA] &
gt WMo Z A estrogenic effects®] molecular
mechanismg ¥3| HEH W2 A screening &
% 9l #He 7lx1 ¢t} Endocrine disrupting
chemicals(EDCs)= nuclear
proteinel} specificd} Al A 3td natural estrogens<]
24 STHIIAY A" @ = ok ERE tissue
growthe} differentiationoi]

o] =)
5 ZXAsE

estrogen receptor(ER)

#HH gene expression
66 kDa9] transcription factoro]m
reproducﬁve, skeletal, cardiovascular 22]3 mam-
mary tumorg& X3 TJY3t target tissued]A A&
9. ER# g2
receptor®]  carboxy-terminal hormone  binding
domaindl| high affinityE® Yell™® s T8 2 o)
’&¢] endogenous ligandse] 2|3 &4 g€} Ligand
binding- receptor®] conformation®] W3} dimeri-
zation 12|31 T}E proteini}9] interaction®] W3}

steroid hormone-receptor&-&

T

< E¥ste §e receptore] WEE 7HHE F 9l
t}. Hormone-receptor complex= T  transcrip-
tional accessory proteind} M7l gGEo g
receptor] DNA binding domaing %3] DNA
response elementsol] Z§3le] target geneo| trans-
cripiong f % E& JAIAZIth. ER] competitive
inhibitor(antiestrogen; e.g., tamoxifen)= target tissue
o] ER #&& block tozH ¢t AaAz A
7% st

HZo& ERo] cloning H¢len o= ER#: o)
E estrogeno] Wt affinityE 7}X¥ ligand binding
gy 2 Ao g 83X 9ith. Hormone, DNA
2l1 ER A5 z-go] B4o] WalA L lon =
4o W} estrogen] sl A g HTIE A
S @ 7 A HAd

uw&td  EDCs7t ERel A¥sAY ER-mediated
gene re- gulation eventsol] < < A& TEs
Y 4 9J¥ in vitro screening ¥Ho] #23jt}. nje}

A test compound”} radioactive 17B-estradiol& *] &

-
T

—

o/\]

2 L

A

5E 0O Z
ge 7

3= 92E |83 competitive estrogen receptor
binding assay£4], cellejt} tissue® FE crude
gAl  ERY (DNAEZ PCR-
amplifications}®] @oJF recombinant human ERE
o] g3le] ztAS L A&SHA Aol Mt ES e

AT

1
=

receptor&

2) APAE 2 By

1) 4348

Recombinant human ER¥E PanVerad]A 14314
AHE3IS o5 A7A 70TAA  BaaRink
Radioactive 17B-estradiol(2,4,6,7"H estradiol, 88.0
Ci/mmol)-& Amersharm(Buckinghamshire, England)
oA} Felstgd o o]9je] charcoal, dithiothreitol,
bovine serum albuming SigmaZ¥E T8k A}
23}k, Ultima Gold scintillation cocktail2 Pack-
ard BioScience Company©j A F¢]35ko] AL-8-3FS1

49

2 7171

Table top centrifuge (GR - 6R, Beckman, USA)%}
liquid scintillation counter (2000CA, Packared
Instrumental International Switzerland)& A}M8-3}%3

o},
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G) 234y

Estrogen receptor(ER)-> ¢cDNAE PCR-amplification
3to] dojA recombinant human ERE PanVerao] A
TYste] AME3ll e  Binding buffere] %42 10
mM Tris (pH 7.5), 10% glycerol, 1 mM DTT 2@z
1 mg/ml BSAo|t}. Estrogen receptor, (24,6,7-H)
estradiol(10 nM), F%*¥ test compoundE microcen-
trifuge tubeo] W1 FHF wWhg-2uko] 200 wrt HE
E 3t 25T oA 3A17F %< incubationA]7)
GF/B glass filter% filtrationate] free (2,4,6,7-H)
estradiol > | A3}3l filter paperZ scintillation vial
o] 71 % Ultima Gold scintillation cocktail 4 ml-&
7453l liquid scintillation counterZ o]-&38}o] radio-
activity & £ $tc}. Nonspecific bindingg 984+
10°M 17B-estradiol & A}-&-3}w, Competitive receptor
binding assay& $3%F 4 R AEZ+= 17B-estradiol
3} diethylstilbestrol(DES)& A}-4-3ht},

7-3. Rodent 3-day Uterotrophic assay
1) A&

Uterotrophic assay= Q% 77t di] AREH o2
oz A, w= EPA9 EDSTACH|A Tier 1
Screening in vivo method©.2 FRFsE FF "gold
standard" @$Hjolgl Ew estrogend| o3 fid
e estro-
genicity 2 HHH o7 Hrtste Wgelth aeju §
7z} ARA Agute] BxsiEel oA g}
Ad group zte] Zolk glof wx
g mesads =9¢ 2981 Yo Herzse
uterotrophic assay”} chemicalo] estrogeno @ 2H-8-3}
A obdAE BHrbete WHOoRA WEA] AEHo
of gttjar FAslgith 3HA estrogenic chemical ©]
220 Gy T weAds A% Aok L o
24 breast g5l
tamoxifen> uterine tissueo| u©js{A+ uterotrophic
estrogenic agonist24] zhg-3tt}. wElA uterus o] 2
o} t}Z tissue?| proliferative effects =43ty £

O sensitive &}il informative 3+ #o] © Ao|t}

uterus tissue mass =250 7 A

G802 ARy

tissueo]]  antiestrogen .2

Rodent uterotrophic assay ¢ #d2 ©& in vivo
assay# ¥ chemical®] plasma-protein binding 1|31
pharmacokinetics 2] & Z}ol] ]3] estrogenicitys 574

& 4 ke Holw metabolismol] o]&) wWalg

8.9 gAaye] 31z 147

estrogen?] estrogenic responseE H7tE 4 U, B
2 59 esrtogen-like chemical% in vivo systemo

A AEAE 5 AT DR Pl

2) 4848 2 I
(1) 2858 4 522
Female Sprague-Dawley ratE T ullgle] 347 A
A A& A F AT 294 AF Aozt ¥ 10
g WY W &3t FES ddste] ARgEith &
24+1TC, HEE 55t5%, HLRLhAZF 124]78,
Astich Abs (A

%
b U sslen &

Lo

w3} 7|3t X el 5o
T A0WE olgste] ¥ EEE AAE & T F
5 g2 stk T8 HAAELE tail marking}
A 32k tag EAYEE AHEEAATE

W) AgERS] 24 2 79

kA tjze 17B-estradiol S 30 pg/3 mi7l H:
comn oilo] #23A #E A7l § com oilZ 0]
GAAOR BAste] AR 17P-estradiol &
03,3, % 30 ng/kgel §F0 2 343 HY BRFA
Atk T E4Fe nd& rat AF 10 g F 0.03 ml

2 gaom, Azs Fo FY AAEunk

ty Sy

= =
v el
o AABL AR A =7
$A3] 7%A17) 3 Mettler microbalanceZ A}
7

¢l 17B-estradiol(0.3, 3, 30 ng/kg)=
A% 21 dFel A SDA ratsel] 3ULF ER Fo
A, A diol] uXe 9GS A AR, 178
-estradio]l ¥ T& com oilTg %43 control +
of ] 25-3v]9) oA =

9\&1__
estrogenic effect® .31 3}31 gl
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7-4. Yeast-based steroid hormone receptor
gene transcription assay
1) e
LHZo| 29| AYstaty %} §& ZHZ T F&4
2 48 54 AE o 9dd g A o)
Tk AL el A *Hli*’]E P 2 #8492
ot AL AHBo|E-AHZolE 84 237t
DNAS] EAg R0 A= sto] F&A oA
24 WEE of7] A7|A "l 2HZo|=-2H
Ro ]E T&Ae 57t DNAA A§e £, oA
& 2HZolE ¥EHAAEY WHS UIPA I
A de) 28 R2ol=rt st el fAA 2
WYE dogit. segEdEo] #4844 vz
HEA7IE WAYUSS Bo] ¢34 o) e
< YA 2Rz A, AL E, ¥ #
HPAZ oz 58 {AHAY AR 2R
AEGAE HIANZD F Utk o9 thE A,
AL opptx F8A BAES HWIHANNAY +
A 7se] dFE F= 244 F2E 8 &
o o3 229 WgES ¥WIAZL + Stk vy
2olz9 #FH H&E &
AlgE3 2 Role &35S WalsuA Ayoew
FEARE T Aot ojgf o] 2HTo|Z 44
o AYHor ZLse HFEHAEL S e F
A &F#E dehlie AARE 7N EE, 388
25 y&En 2o £3%E 7 g FLA71 o
Ao e 4 £ F3FRE FAN Jept=x
£ F33h Zo] FFolth
EfRe ZHZolE F&AE ARFY FHUQ
cerevisae7} *Eﬂiol‘:()ﬂ o) &=
Bhd ok
2 4e#A glrh Estrogen, androgen, progesterone
EA FHAE JMA|= plasmidZ7l £9) & recom-
binant yeast straino| 3l3E23& XEd ¥ yeasto
B-galactosidaseE FA3ste] 3 EAF JrERA,
(=2, LRAXHE FEA9%9 F5aee e
2 5 e 7I¥elth o] 7] phytoestrogenso| i}
pharmaceuticalsg ¥ 722 =& 49 I4AH, 434
ZHZo|=9 2HZoE FEAERe BELe
3 i 23 249 dQo] He ey &
HRol= F&A7e F5a8-8 nztstn, Sojze
2 84 % F 9k

o o mn o .%

oo b Al S o ox e
lo o

Saccharomyces
transcnptlonal activator2# 7}%

2) 234

(1) Yeast-based estrogen receptor assay

7} Human estrogen receptor geneo] E9o| &
yeast stock 125 u(& growth medium 50 m{oj] qE
gk ¥ 28T shaking incubatoro A] 2427} &9t wjg
< gk
) A4 ZEZAZA 17B-estradiol S ALE-3}3,
ol A¥3luA 3+ chemicald 374 Z+zh ethanol
2 1/2 58 33Aste] zZt4 ExdE 96-well
optically flat bottom microtitre plateol] 10 0% 22
% Az,

_\:

Assay medium ZA3

Growth medium 50 me
24hr incubated yeast medium 05~2 m¢
Chlorophenol red-B-D- 05 m

galactopyranoside (CPRG)

th) Assay mediume v} Aol wel Ax
% 200 A Z+ wellol] @3 277 shakingshr}.

2}) Low temperature incubator(32°C)ollAl 24A]7F
Zo} &) o}:z‘sh:)r,

up) #l% F< plateE 7o} shaking@ o 24 2t
23 & yeastE & 4o]F T incubatore] ¥ T}
A 24220 5k W

vl 347 ¥jg3 Fo microplate readerg o] £-3f
o} 540 nmo} 620 nmoAA FFEE FHch

A A AN FRE 24 A%E g A
u}2} correct valueE AAksHc).

Corrected value = chem. abs. (540 nm)-[chem.

abs. (620 nm)-blank abs. (620 nm))]

!I

é
r—r‘ o

(2) Yeast-Based androgen receptor assay

7)) Androgen receptor geneo] E©] $l& yeast
stock 1 m{-& selective medium 50 m¢o] A= ¥ 30
C shaking incubator(300 rpm)ofl A, uj<¥3ic}.

) Yeast medium®] ODen ko] 1~2 E w7}
i g&ct.

t}) ODswo] 0.030] HXEE yeast mediumS
selective medium©.2 3|A43}31 CuSOs 50 pMe] &
w5 9,

) Chemical tubeo]A] 108}4 3]s} %E&-
=& yeast meduime] 1/10000] HZ== 3 F 30T
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shaking incubatorol| 4] overnight #j%< g},
7h) Mg F ODewo] 0257} ¥ =5 3t 1082 3
At Zb wellol] 100 w4 Eit)

8l Microplate reader® 590 nmo+ FF5g =

g,
Assay Buffer (11m)

o-nitrophenyl-B-D-galactopyranoside

(ONPG) 2 mg/mé
SDS 01 %
B-mercaptoethanol 50 mM
Oxalyticase 200 U/m¢
z- buffer 10.9 ml

A} Assay mediumE ojeft 2 zAHoz Az
o Zb welle] 100 @A dEth (¥, Assay
medium A& I 1A7F Yol ARE-FIT))

°f) 420 nmollA 20&% F<t viEel}t FREE =
ekl Vi g8 dEth

A ohg Ao uwhe) f-galactosidase activityZ A4
gk}

B-Galactosidase Activity = Viax/ODssp

(3) Yeast-Based progesterone receptor assay

7}) Progesterone receptor geneo] £9] $li= yeast
stock 1 m{g selective medium 50 mio] HE3F %
30T, shaking incubator(300 rpm)ollx 24x\7F %
ujj et

L} Yeast medium® ODggo] 08-~10 € w7x]
v 3t & w3 yeast mediumol] 2v)¢] 100 pMeo]
HEE CuSOE YETh

h A Fx9 28)9] Chemicals $¢] WA & 10
Hj4 B st 3 96 well plate ZF wello] 50 w4 &
=t

2}) 2ol =8]8 yeat mediumE 50 wA zHzhe)
welld] Y1 2 &gzl

vl Chemical& *2]3 palatel= 30Celx 4x7F
¢ vl gk

v} ¥} T microplate readers 500 nmol A &3
gy,

Al Assay mediume A28t} ZF wellol] 100 0
A BEn (9, Assay mediume AZE F 147 )

of AHg-3ih)

e

=

i
NG

ol

oh) 420 mmoflA 20% F<F FHFEE
Vimax 88 ZAA 3}

A} g Ao ulelp-galactosidase activityS A4
Fig= g

A

A

+ed

B-Galactosidase Activity = Vimax/ODsw

7-5. Yeast Two-Hybrid System
) AE

HY Saccharomyces cerevisine= ¥ steroid hor-
mone receptor(SHR)-S 7FAl 2 QA &A1t EH-F9
SHRE =Yoo 2N, o]5L steroid oEst A
BAAARER 71%E sl itk wEkA], RE I
FAE B T ole AR B wA @
Aejol4 SHRs) Ber2 el #5728, 2

ogt target-rAte] ARG siuhE @
54E& 7K1 gtk
BE o] &d WIHAZNELY ZHEsystemd]
9] yeast two- hybrid system& 5}
okl ZEA o] &HIL Qe Wyl o] ¥
| HAREE AR GALARAALE o83t
. GALAS- ALY coded GALAU®MA S DNAZA
(DNA binding domain, GAL4 DBD)3} ZA}g
(transcriptional  activation domain, GAILA
TAD)9] 2742 #8F F7F sk o7lex 24z
domain 7ol ©HAE codedt= FHA, F A3
freie] estrogen receptor(hERa, B)2} ligand binding
domain (LBD)S GALA DBDe] dAZAANA T8 &
stdela, 2] GAL4 TADY| co-activators(SRC-,
TE2)S 247 QANA 758 §Raade 9
ol reporter A AHUASGuTATA-lacZ)&  integ-
ration Al7l @XM TEAZRoZH EDs HEAQU
two-hybrid system& F53ow, zZE 3slEEZ9
estro-genic activity®] FA 3 1 H7}E HAE 4 9
At Two-hybrid systemol 4] hER2 ligand9} A%
A FREsZE dojval AALE gAsAE AR
co-activator®} A3 ZE3|A I signale] 7|E AR
2o MEE L reporter AR lacZ7t st A
p-galactosidase-s- AJ4Hgtch. o], PB-galactosidase]
B4E& F4Fo2ZM hERSt EDsste] AgEolAd)
o8] EDs& Ao AF: & + v &% d¥

o],

¢

30 M 7|

2 o o
Lol rr =2
fol
2!
o

¥

o
oo Lo
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2) Y - Growth of Yeast and B-Galactosidase
Assay

(1) &% FAHgA= SDA=HA] 2 mld) A 30 C,

(2 o] MujtdS 97 mle SDujA] 2 % 273
. o]Ze] estrogenic activity® =A& 1 A 3
¢ &4-g 100 pl H7}3it) o] u), positive control
EME  17P-estradiol(Ey), negative control 2=
DMSOE #71% AE EAl ikt 30 CTolA
11 h 215812300 rpm)3te}.

@ HF F FAE P45 AAsz, 1 mle
Z-buffer(60 mM NaHPO,, 40mM NaHLPO,, 10 mM
K, 1 mM MgSOs, 35 mM p-mercaptoethanol)el] &
&+5lal, glass beadsE 3 7}b3ith

(4) 1 ming <k vortexdt &, 1 min °]4 WzA 7t}
o] cycled 33 ojA4 AAste] #AES FHAZIT.

() AN ZEY glass beadss} n3ly] FAE B
gt I JA9E gador Ageg zad
=9 AP Bio-Rad Protein Assay A9k ALg
sto] 59 nmo| EFHE & ZAs i, BSA(Bovine
Serum Albumin)Z standard(Z-bufferel] <]} 02~09
mg/ml7t HEE §)2 A ke PFHor By
%P} Reportet geneQl lacZ-F-AA7) 235t 7
A P-galactosidaseE A jitt.
= 7|42 ONPG(o-nitrophenyl-§-p-galatopyranoside
dissolved in Z-buffer)& Bas)A Mo ONP
(o-nitrophenol} & AJA3lt}. o] ONPE Aoz H
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