s R EkEl A Al5E (H1S) 55~61, 2002
J. of the Korean Society for Environmental Analysis

=H| Y SR
HAZMY i

2 - &zt

A=rel7ledT AR TAE

Development of Rapid Homogeneous Fluorescence Polarization
Assay for Estrogen Receptor Binding of Endocrine Disrupters

Jung Ran Lee, Jeongeun Choi and Myung Ja Choi

Bioanalysis & Biotransformation Research Center, Korea Institute of Science and Technology
39-1 Hawolgok-dong, Sungbuk-gu, Seoul 136-791, Korea

A simple homogeneous fluorescence polarization receptor assay(FPRA) was developed to measure the
receptor binding activities of various endocrine disrupters using ethylenediamine fluoresceinthiocarbamyl
(EDF)-labeled estrogen and estrogen receptor. Cytosolic receptor was isolated from rat uterine and EDF-estro-
gen tracers were synthesized by EDC coupling reaction. After selection of a best matching pair of uterine cyto-
solic receptor and EDF-estrogen tracer, calibration curve of FPRA was established Bsisgrddiol(Kd=
4.6x 10 M) which can bind with estrogen receptor in the range between 100 nM and 1 mM. Using this sys-
tem, the receptor binding activities of various endocrine disrupting chemicals were investigated and relative
estrogen binding activities were characteriZBds FPRA system, which needs no separation step between
free tracer and receptor-bound tracer, takes 20 minutes for 10 samples using photocheck mode of flu-

orescence polarization analyset.
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Scheme 1. Principle of fluorescence polarization binding
assay.
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competitive binding assay®] ¥ E |85t Aol
th o] EAHLE FAlE 9} vhesl=
of ofs) = Whg/do] fFH=EE %
labeled estrogen tracers ARE-8l] A5l lom,
receptor-bound estrogen tracer®} free fluorescence-
labeled estrogen tracer2] <ol wigl o] Fal=EE
A7t Adoldt A& B} sl Holtk(Scheme 1).

estrogen®] EDC

9 == fluorescence-
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T ER ] ANEAEREES Yl bound-receptor

9} free receptore] EzZzgle ] ol oA &g}

QYR ¢85 EDCY ASAELEHL <
Tt
2. M2 o 4y
2.1. Alef & 7[7]
17B-estradiol(E,) 2 Aol AMgsl A|okg, 127
diethylstilbestero], tamoxifen, flutamideE &3+

EDCE thaollx g3t Al 9 A= Sigma
ChemicalAHSt. Louis, Mo., USA)ellA 4 3F3th
Methyltestosterone=  Fluka  ChemieAHNeu-Ulm,
Switzerland)*l| 4] 9J81913, atrazine, methoxychlor,
endosulfan, vinclozolin, alachlor, pentachlorophenol,
BBE DBPE PCB(Arochlor 1254)+= Chem ServiceA}
(West Chester, PA, USA)lA 74353t} o,p-DDT,
p,p-DDT, permethrin, trifluralin= EhrenstorferA}
(Augsburg, Germany)®ll~], benzene J.T.BakerA}
(Houston, TX, USA)NA TUskdth. Tracer ¥7]A]
AL8-5=  precoated preparative TLC plates(PSC-
kieselgel 60F254
chromatography, 20 x 20 cm, thickness)+=
MerckAH(Darmstadt, Germany)ol|xl FA3F Lt o2
E=A Z4Ee] REe tghle| SR AGE) o)X

Fertigplatten for preparative

1 mm
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48 immature female Sprague-Dawley rats(23
days oldyS ol&3tict. gl AREF A A9k
ERAIFS AFEssith TEDG ¢ (pH 7.6)= 3%}
Z5F 119 10mM Trs base, 1.5mM EDTA,
1.0mM dithiothreitol?} 10% glycerols Ho] =3}
Atk

o 2E=ZAl AEle] BdAX AMEE 7)7]d=
Ultra Turrax T25 homogenizer(Ika-Labortechnik,
Staufen, Br)o]$Jell Sorvall RC5C centrifuge(Du
Pont, Wilmington, DE, USA)$} Centrikon T-2180
ultracentrifuge(Kontron Instruments, Inc., Milano,
Laly)ys ARS-eFiTH 3RS A E 200 ARS-E &
FHBEA 7= TDx analyzer(Abbott, Irving, TX,
USA)ZA] photo check modeZ ©]-&&-5ic}.

2.2. #EZN| =X

17B-estradiols 1 mgmlez oo < stock
NG DAH R 10 pg/ml 74 Ml FFEAO
2 ARsinh e e w, 287141 EDCY stock
|HS O EAo) wat ofehEd} wekEo] et 7}
Z} 0.1 mg/ml-1 mg/mle.2 Y& % 1 pg/m7HA] ©HA|
oz gl FEHE IR IFEAS Az
agom, 4°Col nasl] Abgatgoh!?

2.3. Estrogen receptor?| =2
v]d<% female Sprague-Dawley rats® A5 234
9 Wb AR Ageel AgEaue Hep T

HFHL ice-coldgt FHHE AISHATE. Rat gt wie]
T 30mg FEe AgAE Ao, 50mg T 1
ml®] ice-cold TEGD ¢=42 7}3F & Ultra Turrax
T25 homogenizersS AH&-31 50% outputollx] 3 x20-s
bursts® = A s}et F, 4°CelA] 3,000 x g? 1087+ €
AREAIHTE EdS FHot 105,000 x g7 1A1ZE
4°Coll Al YAIETIEl] uterine cytosol AEH-E 24
25A FHsigor?

o] uterine cytosol®] wHalz
binding assay® 7 &3}l 57t uterine cytosol
estrogen TAVE]S] protein 55 ml 9§ 1.0mgl =
ZAsI e, 2] microfuge tube & AFE HdEs)

of —80°Cell A7dak & el ulet Av] A&l

2.4. estrogen-6-EDF tracere| g

WA ethylenediamine fluoresceinthiocarbamyl (EDF)
o] A4S Pourfarzaneh et al. WHS Eriz £3)
3F5itt. Ethylenediamine 240l FITC &5 30&9
AA WEEE 7ok A% 1A O stirringstkal
Whatman No. 1 filter papers AMg-3sl] ofs}ale] =
S AAE AL o e 10mlE AAsk
7k &ellA 712A1A EDFE AUt

I T, estrogen traceri Al fluorescein-labeled
estrogens A Z 3t} Estrogen =24 6-
ketoestradiol-6(o-carboxymethyl)-oxime(E-6-CMO) £
AREglom | fluorescence labelEx] EDFE ARE-SF3ITH
15 B CMOZ  dimethylformamide(DMF)el] o]
3L N-hydroxysuccinimideQNHS)9}  1-ethyl-3-(3-dimethy-
laminopropyl)carbodiimide hydrochloride (EDC)E 718}k
o active estrogenS 435Sttt flolx 443 EDF

£ DMFel| €871 1719 active estrogens 713

o WEeNe el ALolN 2402 WAl H,
420 B2 WS 898 BUERHA AA

alaL, WEEE 29 AlE, FEAZTH oA gk T
€] Fo|al analytical TLCE yellow tracers &
Farsict TLC A M- methanol/chloroform mixture
(1: 5y AHE-8l5132 EDFS} E-A0l 288l H]araksd
th UV lampE A3l HFES veER= bandZA]
EDF(Rfy45,,,=0.8)9}  estrogen band(E-6-F:
Ry, =058 T 3150

o]9} ko], E-6-F bandE #2138k 35 preparative
TLCEZ 488 E-6-F(Rfyg,, =058)% Tho = 27
st th old, AF&sk TLC A7/ A ethylacetate/
methanol/acetic acid(130/10/1)°19, silica gel el v}
EPd bandE Fo]Eo} Wgk2= FEsS WA =}
FER#AS T E-6-FMW 790)2] EAE 29l
electrospray ionization /mass spectrometry(ESIMS)
E ARESFYO | estrogen tracer?] X 492 nmol]
A BFA5G0mM carbonate buffer, pH 9.097 4]
8.78 x 10* M1 em)E o|&-slo] Falr}. 1017

tracer

2.5. FZHAL|ME{HIQIE A

FgAFTAERRIYE 492 uterine cytosolic 2]
AE)9} estrogen-EDF tracer(E-6-F)Z Alg-ate] 43
ek ZAlelol] et AAPIAE AT 5, Ao
A 3kl 70% bindingoll HFal= B FS T
3la] o]Z estradiol displacement assay®ll ©]-&-3}3th.
Estradiol A8 F4E 2Adal7] 98l estrogen TAJE]]
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- Uterine estrogen receptor (protein: 1 mg/ml): 500ul
+ E-6-F tracer (12 nM): 500 pl (intensity = 3,600 unit)
- Estradiol or EDC: 10ul

v

mP measurement
(fluorescence polarization analyzer)

~ vortex.
incubate RT, 15 min.

Scheme 2. Fluorescence polarization binding assay
using estrogen receptor and fluorescence-
labeled estrogen tracer

E-6-F tracer9} 17B-estradiol(E,) Abele] 34
AR me ARENS GRYOr] 0 o

borax® ¥ol= = 3|4l ARE3IITh o)<}
AES Fate] A HAH20S vt gk
A level®] uterine estrogen receptor(protein
Img/ml) 5002} tracer(12nM, intensity 3,600
unit) 500 W& 242k ¥31, o7[e] 17B-estradiol(%=+=
EDCs €9) 10 WiE 718t 5. A-&oA 1587+ o
A, HAFHBEA712] photo check mode® 3%

S =439} (Scheme 2).
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binding assay®] Y& ©]83t Al&EAEH|. o] B
AL ZATE 9F Wke-ElE estrogeno] WEH|WEHA &

Aol o8l 2 whgAdo]l FAHHEE G=E fluorescence-
labeled estrogen tracers ARE-8l] A5l lom,
receptor-bound  estrogen tracer$} free estrogen
tracer®] ol wh Hgo] FAE= FE7t Folsh A

o]

A&l 6l+= homegeneous receptor assay 'He|t}.
2,11-12)

3.1. Fluorescein-labeled estrogen2| &4

4y FAEYRIYEAHE Ndsh] fstd, |
#] estrogen-EDF tracerZ %H sfgor, o1 WA
estrogen TAIE]E o]&3le] ERRIGISITE Estradiolol
HFEHAS labeldtr] 9 ?‘YP W o 2 estradiol
carboxyl H=A ¢} FITCYl amino’| & =¢st

ul

gl

ethylenediamine fluoresceinthiocarbamyl(EDF)<-
$A1#A estrogen-EDFE §A3sttt. ol estrogen
carboxyl F=HZ2A] 6-ketoestradiol-6-(o-carboxymethyl)
oxime(E-6-CMO)3}  17B-estradiol ~ 17-hemisuccinate
(E-17-HS)E AF8-3Fod Z}7z}  estrogen-6-positionst}
estogen-17-position®] EDFZ- labeld: Aol olspd1®
estrogen-6-EDF(E-6-F) tracert= estrogen Al €}

FFAFTAE D EATY (fluorescence polarization  estrogen antibody 25X ZAgwke-S vEpd 8 o}
binding assay, FPBA)S # Y N9 competitive Y2}, free estrogens} AAWEA S vERA
(A)
NH,CH,CH,NH, - HCI (ED)
N
g
g
EDF (M.W. 449.4)
Fuoresosin isothiocyanae (FITC)
( Sigma F7250, MW, 389.4)
(B) OH oH
1. NHS, EDC

2. EDF

) . I

N /\IrOH
o

6-ketoestradiol 6-(O-carboxymethyl)yoxim
( Sigma K2126, M.W. 359.4)

HO S
i}

N\O/\[]/N"'\/\NH/C\N
o

estorgen-6-EDF (M.W. 790.8)

Rfssnm = 0.58
ESI confirmation: (M1 = 790

Fig. 1. Synthesis of fluorescein-labeled estrogen tracer (A) Synthesis of EDF (B) Synthesis of estrogen-6-EDF tracer
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o] 2515 th. E6-F tracer= E-6-CMO2] carboxyl 7]
£ NHS$} EDC &loll4] EDF2] amino”|9} WES-A1A
Ao TLCE EEAFASAT (Fg 1. TLC
chromatography®] <12 band% Rfy, . 0.582] FE-3
£ W& 2 FEsle] ESUMSE AR gRlglon,
E6F (MW: 790.8)9 [MI" B2 790& 18

T U

3.2. estrogen-EDF tracer®| H7}

HAE E6-Fo whgAde o] Wik =i 1 &
Aol w9 AAE] F&” vl 9lom,1® o] tracer]
estrogen A2} estrogen TAIE 9] vRSA-S &4H
F RkgEA o= Hrlslct,

T3k A E o] e binding affinityE  Scatchard
plotE &3l estradiol F%=0 g+ bound FEE FA}
3la] bound vs bound/freeE plotdt &, & & AF
(Kd)$t binding capacityE -8} THIASILE Tota)-
bounde] WE E-6-F tracer®] H=HYES AH3}A,
saturation ligand binding assayZ A8}ttt E-6-F
tracer F5=Hol 3}t total count, tracer F=Hol| u}
2 Al El Y ¥kg-sl total bound, 17B-estradiol
E2)E AHE38lS tracer Tl uwiEh FATE 9
specificd}Al A ga= non-specific bindingNSB)E &
FHGRIYEAH(FPBARE 247t 57831t} Total
count, total bound, non-specific binding(NSB)el] A
Ao)Zl dataE-L FATES] th3l protein %, tubed
E917} protein®S 7FA| 241 specific binding 78 T+
sttt 2 Ax, HEFAHOE K, #3 binding
capacity® AlAtste] =AW 7S K;=4.6 x 10°Ms}
binding capacity7} 2.0 x 10 mol/mg® & =& affinity
& ERISTE o] FPBAC] %t binding affinity 4
= radioreceptor assay®ll ]3] Kuiper et alo] E
Z3 0.1-0.6 nM,SY W) 2 orders A% W A
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Fig. 2. Scatchard plot and dose-response curve of estradiol
for receptor by FPBA
(A) Scatchard plot (B) Dose-response curve

S o & JSIthFig. 2A). 2 olowE 23 24
Bl 7} crudedt Abelol, H3F free tracer$} bound
tracers E@ oA & =73+ homogeneous
FPBA2] affinity7} free tracer®} bound tracer® -2
3t =A]3= heterogeneous radioassay: Th Tk 2
order %= WHgAo] ¥re Aol e WiEoR 74
Ho}.

3.3. Estradiole| E=HS2M

FPBA BA4HS sHsl/] Ql8l, szl Az u}
Z E6-F tracer® ARE-3le] #l41E9] gt binding S
AL AFE8leH, estradiol 59 W competitive
displacement W84S A3l 17B-estradiol(Ey) &
2o w2 % boundE plotdte] FEEAIE 2AISES]
T} 31216

438 E-6-F(Rf=0.58) tracer2® TDx®E =748k
intensity7} 3,600 unit¥<= E-6-F %+ 12 nM ©]
Aot 24" =2 E-6-F tracerZ estrogen TAE]

A& EUE, estrogen FLo ul&
84S E, concentration vs. polarization(mP)S. 2
plot 3} F&EFAS Al on (Fig. 2B), 50% bound
concentration® 1,080 nMe = WERGTE

dose-response

3.4. gZEE|MEuIQIZEAHo|| 28t EDC Ht
o oA
$9] uterine estrogen ZAIEIS} E6-FE A-83 &

0[o



60 ol A -

Table 1. Relative-reactivity of estradiol and endocrine
disrupters for receptor by FPBA

IC5,*  Relative-reactivity”

EDC o @)
17B-estradiol 2.8 x 10 100
Estrogenic chemicals

Diethylstilbesterol 7.4%10° 72.7

Tamoxifen 0.6 x 10 8687
Androgenic chemicals

Methyltestosterone - N/R®

Flutamide - N/R
Phytoestrogen

Genistein 3.7x% 107 0.1

Daidzein 4.8 x 107 0.1
BTEX

Benzene - N/R

Toluene - N/R

Ethylbenzene - N/R

o-xylene - N/R
Pesticides

0,p-DDT - N/R

p,p-DDT - N/R

Atrazine - N/R

Methoxychlor 9.6 %102 03

Endosulfan 4.9x 107 0.1

Vinclozolin 3.8x 107 0.1

Alachlor - N/R

Pentachlorophenol 7.3x10% 3.8

Permethrin 9.8 x 107 2.8

Trifluralin 4.2 x107% 0.7
Phenols

4-(n)-octylphenol 6.9x10* 40.1

Bisphenol A 6.5 x 10 42.6

4-tert-octylphenol 4.6 x 10 59.9
Phthalates

Butylbenzylphthalate 4.5 x 102 0.6

Di-n-butylphthalate 35x 10 799
Synthetic estrogens

Ethinyl estradiol 5.3 x10° 520.4
Phenols

Arochlor 1254 1.4 x 101 0.2

6-n-propyl-2-thiouracil 3.5 x 10’ 0.1

21Cgy: The concentration that inhibits 50% of maximum
reactivity between E, receptor and tracer

P Relative-reactivity: The concentration ratio of ICq, for
EDC over E,

“N/R: No response

FAGANEHERIYEUEPBA) AAE Fobo,
estradiol #xt o}yl ohket Y EH AN B
(endocrine disrupting chemicals, EDC)E 7 A &}

B

o

rlo
Y

2

estrogen BAMIE WH-54E 2ALSIATH FPBA WS
ol-8-51] uterine AJE el tEk EDCe Ztzte] shehe
Zo| Hkgale T= HIAE 2ARIEH. fdM g 7}
EDCe oA IC;(maxium bindingell Al 50%
inhibition®) &= &%) & 81517, 212k EDCl o
3 relative binding affinity(RBAY= 17B-estradiol (E,)
9] IG5, S 71502 39S w AiF R vkgale
Z}zke] EDCY IC, el thek gk -3k Zlo|t}. 59

ZIAEe] st EDCY WH-A4S 7M7Y EdEn
vs. % boundZ plot S o, Z} EDCol| thsh A4
o] wh&-A& Table 13 Zth = A3}, estrogenic
chemicals?] tamoxifen©] 7} endocrine disrupting
activitiesE AV gglon, 7 theon A AE
ZAol] 8= ethinyl estradiol(EE2) =020}, 2 vF
o], phthalates®A] di-n-butylphthalate$} estrogenic
chemicals®ll £58l= diethylstilbesterol, ZZ#]3. phenols
F5©] estrogen BAEIZtS] WHEAdo] & TS Vet
Wleh B, FPBACl o3 Z{ATENE-E4 2
diethylstilbesterol, tamoxifens} 7+
chemicals ¢ tallA BEEAS BHAFUAI, androgen
chemicalZ Y& 7 methyltestosterone, flutamideol 4]
£ A8 vkgAo] YRR gu).01220

estrogenic
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Estrogen ©]AlE]9} EDC-labeled estrogen tracerZ
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PG EAS 308 ol 200 AlEE §Al9l 3 batch
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