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ABSTRACT : Endocrine disruptors (EDs) are the chemicals that affect endocrine systems through activation or
inhibition of steroid hormone response. It is necessary to have a good system to evaluate rapidly and accurately
endocrine-disrupting activities of suspected chemicals and their degradation products. The key targets of EDs
are nuclear hormone receptors, which bind to steroid hormones and regulate their gene transcription. We con-
structed a co-expression system of Galdp DNA binding domain (DBD)- ligand binding domain of human estro-
gen receptor & or B, and Galp transactivation domain (TAD)-co-activator AIB-1, SRC-1 or TIF-2 in
Saccharomyces cerevisiae with a chromosome-integrated lacZ reporter gene under the control of CYCI pro-
moter and Galdp binding site (GAL4 upstream activating sequence, GAL4,5). Expression of this reporter gene
was dependent on the presence of estrogen or EDs in the culture medium. We found that the two-hybrid system
with combination of the hERS LBD and co-activator SRC-1 was most effective in the xenoestrogen-dependent
induction of reporter activity. The extent of transcriptional activation by those chemicals correlated with their
estrogenic activities measured by other assay systems, indicating that this assay system is efficient and reliable
for measuring estrogenic activity. The data in this research demonstrated that the yeast detection system using
steroid hormone receptor and co-activator is a useful tool for identifying chemicals that interact with steroid
receptors.

Keywords: Endocrine disrupters, Yeast two-hybrid system, GAL4 DBD, GAL4 TAD, hERa LBD,
hERpS LBD, co-activator AIB-1, SRC-1, TIF-2
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estrogen binding domain, C domain<- DNA binding
domaine]™, A} A3} ol Al(wranscription activating
factor, AF)2] 7]%%& 3= AF-1 (A/B domain)?} AF-2
(B/F domain)y5 22 EA =] )} Mangelsdorf, et al.,
1995; Tsai, et al, 1994). ERE 2719) subtype (ERa}
ERP)7} &) 8 ch(Kuiper, et al., 1996). A7+2] ERos}
ERB2] amino acid F+X&F H|Rs|E=, ERBIAME AB
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domain®] ZI, amino acid level?lA4 C domain®l] A=
96%, E domaindl| A1+ 50%, A/B domaindl| A= 30%2)
affinity& e 9lo}k. ERBF= ERos} Zo| target gene
2] promoter Ao 3)+estrogen response element se-
quences (EREsyl] AZsIA 1 HALE S 3}81e AHoMe
5438 A 2 (Tremblay, et al, 1997, Pace, et al., 1997),
ERe] 3l1 gJ= Z3], ligand (hormones )l =3t 7]
ZEo)A, affinity, recruitdh= co-activator®] ol 3|
= Az g2da ¥ T g o} (Pettersson, ef al., 2001).

F22o0] receptorell 2331 receptor®d] YA T2} W3
3l o] W3S AlHdled A BE FNEAANAR|| Hdsle=
co-factoreb . B2A]= oAl Qiz} AldsiA] WA= g
ox, AALE B3R QlAte]7] sl co-activatorel T
ESA 1 9lc}. o] & whilAL ligand &JEH 22 receptors}
23 A435)3, 1 signald 718 AAPER] O AgEkaL gloka
A7}, G o] co-activatorZH FAHE AL, LARF oF
160kDa2] 7)%°] AH H-AFE SRC-1 (Steroid Receptor
Co-activator-1), TIF-2 (Transcriptional Intermediate Fac-
tor-2), AIB-1 (Amplified In Breast cancer-1)9] family
proteine] &42)x IvH(Anzick, et al.,1997; Voegel, et al.,
1996). SRC1 family proteing] SRC-1, TIF-2, AIB-12
Mz 2 ASH8E 7T 8l AIB-19} SRC-12 33%,
TIF-2¢} AIB-12 45%, SRC-12} TIF-2-2- 59%%] amino
acid levelollA] 448 7FXX 9)c}. nuclear receptor}
Az A4 LXXLL motif (L=leucine, X=any amino
acidy} AIB1$} TIF29lE 370, SRClellE 4707F E3Hs o
)2, ligand 2]E3}el| A nuclear receptor?] E domain
(AF-2)& co-activator®] LXXLLo|] &1 Ab&2kgslciy A}
3 Hl .

dFE 1,5005F Fiell Z3he S g 22 E
7 - 54 dge 2= A oF 108 7 A= FEE
Zo] A o2 o) 8ET . o) AFEA Fol 7719
23RME, FH43E, 5O, 771512 (bromine)2HRHE,
T4 9 WSS AE Y PHdxERA & 2T
A Fo 33hEo| EDseh A1, -2 oAlE T gl
. 2ZA R 2] A8 3gME WA s W
BlA Al 2H-E AR QleRlel HeiMs 53t 28] o
o x|} 31 Qo] o5 IhEAS] W Eu|A A 28-S 7}
317] $8iA Al = ZHEE AEAS] 88 vk 58
s s

E Q79 EHO=2= nuclear receptor®] 544l ligand
o|EAql HAFARS HAIZA 3 7| FE o] &3}
estrogenic chemical (EDs)®] A&%-& 75317 S8, <zt
=09} estrogen }eceptor (hER¢, B)*] ligand binding domain

(LBD)?} GAL4 DNA binding domain (GAL4 DBD)2+]
<Al 28] GAL4 transcriptional activation domain
(GAL4 TAD)®} 7Z+£ co-activators(AIB-1, SRC-1, TIF-2)
olo] b A A reporter gene (UASgur
TATA-lacZyS integration A|%] EX Saccharomyces cerevisiae
of|A] W A|A EDs Z2A two-hybrid system& 7531,
2} 33PEAlY estrogenic activity?] A& A F L
o, $Alell 4% EDs A& systems o834 WEu]A Al
& 7= Ao W3 371 (RECI0 and RIEYS Al
A AA sl
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Plasmids and Yeast Strain (Lee et al., 2002)

PGAL4 DBD-hERc: LBD % pGAL4 DBD-hERS LBD

pGAL4 DBD-hERa: LBD:, GAL4®] DNA ZAF 434
(GAL4 DNA Binding Domain, GAL4 DBD)$} target
protein®}8] &3 whw§Al A Argel  plasmid pGBTY
(clontech)E A|ZHEA EcoR19} Sall sitedl|A] Axdalil, o]
A} hERo LBD cDNA®S}] EcoR1%} Sall ¥ (amino
acids 311-595)& AFAIZeh =, pGALA DBD-hERS
LBD: plasmid pGBT9E A|&tEA BamH12} Sall siteol]
A 23713, hERB LBD cDNA®] BamH1¢} Sail w8
(amino acids 213-477y& AMIA)I AT}

pGAL4 TAD-A1B-1, pGAL4 TAD-SRC-12} pGAL4
TAD-TTF-2

o] B2 GAL4Y AL FA 3 °JH(GAL4 Trans-
criptional Activation Domain, GAL4 TAD)$} 18] 7}7]
whil 2] g3 Al )| 28- plasmid pGADIO (clontech)
o] AgEA EcoRl H-$o} AIBI cDNA EcoR1 T3
(amino acids 180-819), SRC-la ¢DNA EcoRl %3
(amino acids 231-1094), TIF2 ¢cDNA EcoR1 %3 (amino
acids 670-1750y 7+t AFJ AT

S. cerevisiae YRG-2 (MATa ura3-52, his3-200, ade2-
101, lys2-801, trpl-901, leu2-3, 112, gal4-542, GALSO-
538, LYS:: UASGALI-TATAga-HIS3, URA3:: UASGALA
17mers(X3)-TATACYCI-lacZ)(Stratagene)S host®. ARE3] 2
] electroporationsl] ]38l 3322 FAohE DA A,

Chemicals

B Aol AH" A 555 Table 10 viehdl e
9, °o]& B4 A¥E {7]48v] DMSO(dimethyl sulfoxide)
of] Hof ARt}
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Table 1. Compounds used to determined the estrogenic activity by a yeast two-hybrid system

Catezory Substances SPEED ‘98' Category Substances SPEED ‘98!
17 B-estradiol (E,) Industrial chemicals
Estrone (E,) PCBs, PAH?, and related TeCBP 0
Natvral products and related  Testosterone p-CBP 0
Coumestrol o-Naphtol X
Genistein [B-Naphtol X
Synthetic hormone DES Naphalene X
Indole X
Pest cides and related 24-D 0 Phenanthrene X
2,4,5-T 0 Phenols BPA 0
p,p’-DDT 0 4-n-NP 0
p.p’-DDE 0 4-NP 0
p,p’-DDD 0 4-NP 0
4-NP 0
4-OP 0
4-tert-OP 0

'SPEED ‘98, Strategic Programs on Environmental Endocrine Disruptors ‘98 in Japan environment agency. O, chemicals selected

from SPEED ‘98 list; X, chemicals excepted from SPEED’98 list.
2pC3, PolyChloroBiphenyl; PAH, Polycyclic Aromatic Hydrocarbons.

Crowth of Yeast and f-Galactosidase Assay

1 8% AR sDAEA] 2 millA 30°C, 24h
AuieFgict.

21 0] ZHujFAE 9.7 mie] SDHiR|e] 2% AFglct. o)A
ol estrogenic activityS ZAF A IFEY £9L
10C ul A7}8ke}. o] o, positive control2H = 17B-estra-
dio! (E,), negative control24= DMSOE &A718 A% £
Alo] ujekgie}. 30°ClAM 11 h 184 k300 pm)3ie}.

3) ALF, TAE PAee] AAIE, 1mlY] Z-buffer
(60 mM Na,HPO,, 40 mM NaH,PO4, 10mM KCl, 1 mM
Mg30,, 35mM B-mercaptoethanol)l] =}s}L, glass beads
£ i,

4) 1 mins3t vortex3t F, 1min o)A BZA|ZIH}. o]
cyced 33] o] ArJsle] A E Sx)A) 7o)

5) A2 HE] glass beadse} v]¥}s] FAE B8y,
O AHE gAados o

LA 3z AToll= Bio-Rad Protein Assay A]2kS
AHLsle 595 nme] FFEZS £33, BSA (Bovine
Seram Albumin)E standard (Z-bufferell 2] 0.2~0.9 mg/
mPt H=F S M ThE gl es Fe Ao
Reportet gene lacZ A7} Wadsled A Bgalactosidase
£ QAL o]u) Bgalactosidaser 712 <) ONPG (o-
nitrdophenyl-B-D-galatopyranoside dissolved in Z-buffer)S
il shA 342l ONP (o-nitrophenolyS AJAdgtct. o
ONPE A7 3024 Boalactosidased] TA-L ZA3h=
ol

6) A 200 e Z-buffer®. 343t 500 p= NEST

Z-bufferel] 4 mg/mle] =<2l ONPGEH-E 100 ul 7},
30°CollA st}

7) Hg AR o] §2 =02 Wk Al )
A 1M NaCO; 8998 250 ul H7bsbed whe-g w33,
HHgAZHminyg: 7153k 420 nme] =S SAT

F4= 3760 23 ONPY mol FHAIFE 21300
Mlem™& 3k, 1unitE 1min EF 1X10°mol ONPE
ke Bagboleta Aojelal, 18]y ZE AYE A
33] o]} WM Alsly, FAX2HE RFEAAE TS
o, AR A A I mgell AEFe withE
o|3le] A& o] &8 AALgC}

Bgalactosidase activity (unit/mg protein)=

AgpX 10780242k (0.85 ml)
21300XRMEAIZE (min)X AR B4 (0.2 ml)X
S-S (mg/ml)

A3 o 0FE

Ligand-Dependent Interaction between hER LBD
and Co-activator in Yeast

dolal 7t FAABANEZ ligandd EF 1X107~1X
107 M2 Fx7} € SDuRINA wjoFsla, Al x5z
< ZAEtY Bgalactosidase®] AL EAYUT $A
GAL4 DBDS} hER LBD}e| §% | alnhe- =313k one-
hybrid systemellA= Fig. 12] A2} B2] No co-activatore]]
A el AA™, RN Bl Tl FAgle] #-43
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Bgalactosidase®Ad-> JeRAA] gkt et 2559
hER (hERa LBD$} hERS LBD)9} 3572 co-activators
(AIB-1, SRC-12} TIF-2)ell 9]3} two-hybrid systemS %
Aol L&A ERAAME Fig. 1A9F 1Bl vebd AXF,
E, 9]&H 22 reporter A}, lacze] AAZ} A3} Ho)
Bgalactosidase BAe] HEHAT. 2459] co-activatorsel]
o3t Ml #A3 HY Aoldl HsjA HEI} A,
hERB LBDe] wisir:= E, 107M °l Aol FxeMe
TIF-2 > SRC-1 > AIB-19] A2 %-& A} A3} o}
eldtet. %A% 10°M ¥ 10‘9M4 3 FEeAME
hERa LBD#} SRC-1°] ¥ AL uvehilie} &,
hERSB LBDell d3iXx=, E, 10‘9M«] X X= SRC-
1> TIF-2 > AIB-19] $AI1Z & AR o] &l H3le
o}, o]& oAM= hERB LBDS} SRC-1e &8 T4
two-hybrid systeme] 7P ¥ AAF 8L vehi=H(Lee

A 00

No co-activator
AB1
SRC1
TIF2

hERa LBD
80 1

prod
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40

B-Galactosidase Activity (unit/mg protein)

-1 -10 -9 -8 -1 -6 -5 -4 -3
Log Dose (M)
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hERp LBD ——  No coactivator
—©— AB1
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Fig. 1. Effects of co-activator on ligand-dependent activation
of hER LBDs in yeast. S. cerevisiage strain YRG-2 was
transformed with pGBT9 that contained inserts of ER LBDs
(A, hERo LBD; B, hERP LBD) and with pGADIO that
contained inserts of co-activators (AIB-1, SRC-1, TIF-2).
Transformants were incubated in the presence of the indi-
cated concentrations of E, and p-galactosidase activities
were measured as described in MATERIALS AND METH-
ODS.

FApA

et al., 2002).

Two-hybrid systemolA:, hER-Z ligands} Zds)M F
ZH 3} goubar, XS B3 A7 Q1A co-activator
9} Azargs|AM, L signale] 71 A A=,
reportor 2] AAPE B33 Holal AllEv(Fg. 2).
One-hybrid system®} H]28H4H, two-hybrid system< co-
activators T ZH EF-EEA|E 70 Alojo] ¢
T AT Aol E SEA, Bt Zi5l 77k 24

oA 7§ psREAol| gt JiEulA el 848 71l S
5 B 0 ARG £ RelMe R w2
B-galactosidase@A3-& HHePA hERSB LBDS} SRC-1¢)] 2|t
2 3RMEAC gt AR 84 AAE T
71€on, G systemel] thair= in| ARl 439
el Hairat 71E3

Evaluation of Estrogenic Activiies of Various
Compounds using Different Two-Hybrid Systems

ooz 24579 el A, hERa LBD9}
SRC-1 ¥ TIF-2, hERB LBDS} SRC-19] 3| S o]-43F
FY two-hybrid systemS o]-g-sjA WEu|AA ) AL
ZA31a, 1 H7HE AR 7P EME, 2 systemel]
A B ligandZ ©]-83F 73-$<ll defxl  B-galactosidase®
A9l #H3A9 10% (hERa LBD+SRC-1, 2.14; hERa
LBD+TIF-2, 2.77; hERf LBD+SRC-1, 7.33 unit/mg pro-
tein)E 7152 31T, 2 FPA7} 10%5 HE IAPE

Nucleus )

Coactivator [0

General transeription
factors

CYCT promoter }-

t I _

UAS gz ¢ - @AL4 Upstream Activating Sequence " Cytoplasm

GAL4 DBD : GAL4 DNA Binding Domain
p-Galactosidase
\

GAL4 TAD : GALA Transoriptionsl Activation Domain
HER LBD : human Estrogen Recepter Lizand Binding Domain

Fig. 2. Outline and principle of the yeast two-hybrid system

for estrogenic activity. The test yeast can express {-galac-

tosidase in response to estrogenic compounds through the

ligand-dependent interaction between estrogen receptor and

co-activator.
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positive, L o|3}e] BA-E viehd M2 negativeZ
7RI &, o] H7EXE, ov7iA g 7] A 7] st
Ze)R], B o] H7lolA negativeZ 371 3H3HE] EDs7}
ot e o & o oot 7 gl dsiMe o
2 H99] FrolM AEE AAIgLeH, EF o83t 75l
Azl BgalactosidaseBA3 ] 10%2] S Foske 2
31}FE2] =%E RECIO (10% Relative effective concen-
trat on)o)2F #vh(Nishihara, er al., 2000). At} =z 33
<} RECIO%E Ex2 RECIOZLCZ ey, 7 Fke] 9
£ A3 5 %2 AT A AAH=EE, RE (Relative
Indactive Efficiency)2tx 3] =H(Coldham, et al, 1997,
Gaido, et al., 1997; Nishihara, et al., 2000). ¢]5¢] ¥
7E1E Table 290 b

Application of the Yeast Two-Hybrid Detection
System with hERS LBD and SRC-1 to Endocrine
Dis uptors

Matural and Synthefic Steroids (Fig. 3)

3 Z2E EZF ligndZ & 25 10°M] sEoA
k% two-hybrid system Rt} %2 B-galactosidaseBA]-&
At A FZ2EQ DES (Diethylstilbestro) = ©F-2

system®.0}F 1 order - 107°Mol|A] WHEB]A Aol Ao
A&Ege}. = FAF 2R testosterones THE systemel]
M reporter gene®] AL BAJI= VER A ASHAIRE, 2
systemel] &}3AE= 10°MollA 22 BAS vehie. 28]
I estrone, A]E F 2 E(phytoestrogen)ql coumestrol2}
genistein> ZZF 1077M, 10°M, 107°*MellA - 4]
AA el AL vebicl =3k estrone, testostrone,
counestrol, genestein, DES®] RECI10e] 1§ RIE®] Zh-2
Zbzb 238, 0.005, 031, 0.063, 253¢]7, E 2t} 42,
20,000, 322, 1,587 <F3} estrogenic activityS FERHA]
ok, DES®] 739 2.534) 7}gt S5 vehidyt

Pesticide Chemicals (Fig. 4)

RAZAQ 24D} 245T & HEA 2sA 10*M
2 10°MellA T2 WER A AN 2] 84S el
AFAQ] pp-DDTE 107 MolA HE FHEEES T2
B-galactosidase®A3-& il Aet, 1 HAE]] pp-DDE}
pp-DDDe M #A4de] Ao vehdr] it pp-
DDT: oA FAHEMCF-)E ©1-4314 ERell W3t E,
o}e] 7S AR AY 2 HE EnAA ] 8L
712 Z(vom Saal er al., 1995), =3t SD rat?] AHPA=Z
2] 0|43t AoA testrosterone®] AR$}S] AFE A3}

Table 2. Evaluation of estrogenic activities of various compounds using different two-hybrid systems

Sub hERa. LBD and SRC1 hERa LBD and TIF2 hER LBD and SRC1
ubstance REC10(M) RIE RECI0(M) RIE REC10(M) RIE
17b-Estradiol 1.75x1071¢ 100 2.13x1071° 100 1.14x107° 100
Estron 1.60x1078 1.10 1.58x10° 1.35 420x107° 27.1
Testosteron N 2.12x107° 0.005
Cot mestrol 4.56x107° 0.004 2.54x107° 0.0084 3.25x107 035
Geristein 1.33x107* 0.00013 1.81x10™* 0.00012 1.59x107¢ 0.072
DES 3.24x10™ 5.40 1.45x107° 14.7 3.95x107'° 288.6
p,p’-DDT 1.03x10™* 0.0002 1.95x107 0.0059
p,p’-DDD N
p.p’-DDE N
24-D 2.09x10™ 0.0001 1.35x107* 0.0008
24,5-T N 2.92x10° 0.039
TeCBP 1.23x107* 0.0009
BPA 1.47x107* 0.00012 2.12x10™ 0.0001 2.75%107 0.004
p-CBP N
o-N aphthol 1.36x10™ 0.0008
B-Naphthol 4.33%107° 0.0026
Indole 3.92x107 0.0029
Nar hthalene N
Pheaanthrene N
4-n-NP 1.96x107¢ 0.058
4-NP 5.60x107 0.003 4.08x107° 0.005 1.86x107¢ 0.061
4-HP 1.02x10°¢ 0.112
4-OP . 3.00x107 0.038
4-tert-OP 1.80x107¢ 0.01 241x10°° 0.009 3.35%x107 0.34

REC10 (10% Relative Effective Concentration). The concentration which gives 10% of the highest activity of E,: RIE (Relative Inductive

Effeciency), reciprocal REC10 ratio, E; has an RIE of 100; N, Nagative.
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+ antagonist®] M-8 712 7o B uHTHKelce ef
al., 1995). =, pp-DDT, pp-DDE$} pp-DDDE rat®)
ARAE o]88 ARZEZ gt A EA(IC,0) 2JsiA
a_ntagonistg] o o U = ) B EglcHKelce er al.,
1995). uletr, pp-DDTE ERel wallA]  estrogen
(agonist) 28, ARel| H#|X%= antiandrogen 245 71#|
3L gl3, 222, pp-DDES pp-DDDE ARe| &AM

100
hERp LBD+SRC1 + b
- DES
801 -~ Estione
-&-  Testosterone
60 -&~  Coumestrol
~A—  Qenisteine

-
=

™~y
<

B-Galactosidase Activity (unit/mg protein)

<
.

Log Dose (M)

Fig. 3. Dose-response curves for steroid hormones, DES,
and phytoestrogens as determined by the two-hybrid sys-
tems. S. cerevisiae strain YRG-2 with plasmids pGALA4
DBD hERP LBD and pGAL4 TAD-SRCI was incubated in
the presence of the indicated concentrations of estrogenic
compounds.

50

Pesticides and related chemicals
0y = a7

-+ 1+

& ST
pall 113
6= ps00D

€ax
L=

~>
=14

=

B-Galactosidase Activity (unit/mg protein)

-
.

Log Dose (M)
Fig. 4. Dose-response curves for pesticide and related chem-

icals as determined by the yeast two-hybrid system with
hERB LBD and co-activator SRC-1.

antiandrogens} 2+ A& 7[A| 1 9lv}. Rat S5l 24-
D7} 374 AR g A, A@ehe] S A3l
dist B3 mouse?] HAl 6~14Y Alolel] 24D} 24,5-T
S 2412 E3 AE Folg A=, Aot 4~ A, 713
ol2] F7} %ol BT FHI ¢IvhHCharles et al, 1996).
pp-DDT, 24-D, 245.-T¢] REC10¢] 3 RIE:= 77
0001, 0.005, 0.034¢}3, E, ¥ut © 100,000, 20,000,
13,300, 2,94081 k&) estrogenic activityS LJepAT}

Alkylphenol Chemicals (Fig. 5)

Z74% alkylphenol 33HE A= w2 &8 ARl 2k8-
o] A4S Jehl o, £3), 4-ter-OP (4-tert-Octylphenol)
< 10°MellM =2 A4S vebdoh 4-HP @-Heptyl-
phenol}x 10°M®] w2 sxollA Bgalactosidase EAdo]
7255}, Alkylphenol 3¥Pe-S ligand® 3 799 B
galactosidase@Ad7ke] =71+ 4-tert-OP > 4-HP > 4-NP >
4-n-NP > 4-0P 9] £ 2 vepidrt. s, 855 o83t
ZAZ M= alkyl”]¢] 9] (para > meta > ortho)o} ¥713
(tertiary > secondary = normal)?]] @} 2 W28} A Al
GAS Ve 23 H3gIek(White ef al., 1994). °]
£ akylphenol 33¥E¢] RIE - Z7t 03, 0098,
0.014, 0051, 0.033°]9, E, 2} 333, 1,020, 1,852, 3,030
W) okl B4 eI T, BgalactosidaseBAd A9k 3 2]
3k gl

Industrial Chemicals (Fig. 6)

BPA (Bisphenol A)ye 10°M~10"Mo|A &2 AL
e 3 Qlt}. G483 E(phenylF)el W siHE, poly-

40
Alkylphenol chemicals
pl WP
- P
-4 P
- P

1 -~ 4-fueH)P

—_
<

B-Galactosidase Activity (unit/mg protein)
1=

>
.

Log Dose (M)

Fig. 5. Dose-response curves for alkylphenol chemicals as
determined by the yeast two-hybrid system with hER LBD
and co-activator SRC-1.
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20
Industrial chemicals
%
& Bisphenal A

-5~ pLBP

B-Galactosidase Activity (unit/mg protein)

4 -4 -1 -6 -5 -4 -3 -2
Log Dose (M)
Fig. 6. Dose-response curves for industrial chemicals as de-
termined by the yeast two-hybrid system with hERB LBD
anl co-activator SRC-1.

]
Industrial chemicals
%
& cHaphthol
-4 Indole

-8~ Phenanthrene
=5~ Naphthalene

B -Galactosidase Activity (unit/mg protein)

I
Log Dose (M)
Fiz 7. Dose-response curves for polycyclic aromatic hydrocarbons

as determined by the yeast two-hybrid system with hERp LBD and
co-activator SRC-1.

chlorobiphenyl?l TeCBP (2,2'3,4-tetra chlorobiphenyl):=
£ systemol| ] WA Ao} 4L veRIA gL p-CBP (p-
ctlorobipheny)2] 74-%-, w4~ oFst #43-& et e
TeCBPS} Ze] garel-&o] 47 Heisle TeCHQ (tetra-
cklorohydroquinone)ol] TH&]A+ estrogenic activityZ} 7<)
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Polycylic Aromatic Hydrocarbons (Fig. 7)
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