BAE EER two-hybrid B L ATHREREY AR FOX baF U EEE

YA e o228

4. 1 HEEH

EE, RS BULFEBEIC LD N OHEED~OREENBREI LTV
5, TNORDWNHL EULEHE RV EY LRUBEEZF OO, VT
VEREIZBRo TRALANVEUEREREICED, bEORMRHERD
BMCBEREEOMEFICL 2EEARBROKEE, REROMEE, BV 1EH
HHEWIEEFRELFIXBITILBMONATVWS Y, BUE, XTaAf F |
RNVEVZERIREE L) DNFWHEULEWEER I )V —=0 7357120
D in vitro RBENEERARE SN, ZEKL OEEMNLHEELRDIXEHE
RERBC, TRCBCTF2EALERMRCEEEZ AV AESEASH
TW3B N, —% . invivo RBRIZBVTIE, WHE CREEICFEERRBROAL
JRAEARER 20, AECHEAE CIILPOE T o= BEERRENA VLN
T3 0, —IZZ S in vivo RERRIZIW T, REREMWITH L Tk 22T
BEBA AV SN TEY ., TRLEMFICEENDETA ba /U SHEICOV
TIHIZE A LFESh TRV, BI3EZBWT, MRFELPICEENDI TR
he A UBMENER X a b T oS = REAL, EHTX Far S U
ZORETHHFEERBNZ L 2R LT,

BT A bRk TIRECREET CORENHER STV B3 RAL
HEMETHD, LBLERRD, JART =V E2EAE 7 u—N—%KEIZR

REF—A NSV TOEIZHRENEMNMLIZLOBERD S 12)o *f FoRT
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A RFAPA VIFTR bu U RBRICEEREELTRL, =X s UE
MEEOZLBHMONTVWAER T2/ —VAR /=N T =) — VIR EDER
L¥EmE L B L TOEVWREERAEZTT Y, ThbnZ & Xy, A
EALEME D invivo A7 ) —=v JTRBIZBWT, ST OEH =X by
VERERLRBILEMENDT A b u S UERREIC Lo Tk, RBRIEEHEHEIU
NOBERPEREIIX Like REEBE EX DARENREX DD,

AR TIE, FROERBWARERELOTR ha /U REEE in viro &
BRIZE-oTHLMICL, ZOEMICHFELEZEREALNITHIZ L2ENE
L7c, RE|HREY= R bady (F=2ATA40, FAEL Y 4 77—,
JARTa—), F2RAFURREAL V) OTR had &%, two-hybrid
BIZEVE PR a P UZBFBTNLNT 7 RUR—FBRENEIMESAENT
BEREZAVEMEL. 7y MNFERAWREEELLIZEY TR ba s il onT
LRKRICEIME Lz, & 5ic, A, MAE. RURRER ETIROERSVA
EEFEE DO OMHBICOVWTT R b S UV EERUEHT A hr sy (=
AFAVROFALEL V) ERRBEZREL, SEHO=R hu i AFEICET
BEMTR b 1S OFERVEDMO=A b v 7 R OEED TR

DWTHRET L7z,
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4. 2 EBRFE
4. 2. 1 B two-hybrid IEIC X BT X b oy U iEHERER
4. 2. 1. 1 #HEE
T A T PF—/-178 (E2 : Sigma), -AF N2 (TS : WEILER) ZEh
Fh-S9 RERU+S9 RBOBHEXBHE L L TRV, ARG ELERD
BbhTWB{LEHMELT, /=7 =/—/b (NP: Aldrich), ERXT7 =/ —
v A (BPA : FIeHiZ) RUOWWTFNARAF AR hua—/L (DES : Sigma) %/
Wiz, TR hue SRS 22Ty (FEMEK), FAEBAL v (TVya),
JARTFO—) (TFay), ROL 74—V (7Fay) oF77)ar 4 &
B, ¥=XF (Sigma), FA v (7Fay) orZray F2EEREHWE,
Fh, F2RXFUROFAL DUVEB- IV u=F— B CEERLEB LD bLIE
BL (2—-2—-18BR), ThLEVAFALALT+F T F (DMSO) TH
FELDET ON T AR T HBITGE, 20°C THBERTF LT,
4. 2. 1. 2 {EFHE
TR b IEHERERIL. Shinishi b OFBICHE S T ok, TRbb,
BERE Y190 BRiZ = R b ¥ U BEEET human-a, B, 27 7 F_R—F—DF
WFSFRAIR, RUOB-HF7 7 b F—EBREARLKR—F—TTXI F&ER
two-hybrid $51Z & 0 WA L72EB (hER-a R UBKR) ZEA LK Y,
4. 2. 1. 3 TARbrFY - TIA=X R
(1) BHERTE L TV =EBR % tryptophan & O leucine 2R &, 0.86 % dextrose %
FML7e SD Ko (MSD med) \CHEFEM. MR 53 (9 18 BEML, 30°C)
L. AEEESORBRABRRIER E L, RERABERERIIS EER
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(Uv-zéoOA; Shimadzu) T OD 595 nm % #E L—EDBEIL2D & 5 TR
L7z,

Q) fBSE L 7= BLEMRIE DMSO THARIM L7, -S9 BB L +S9 BB
CH T ARBREICOE L, MRS L RRICAR LT,

(3) -S9 B FABEHE MSD med. T 25 AR L. +S9 REBARAEHL S9 mix ¥
& (]2FX ; B-NADP+ 14 mg, G-6-P 7 mg, HEPES buffer 40 pl, rat liver 9 0.5 ml, Z
buffer 10 ml) ZFML T 25 FICHR L. RBRIS (1 R, 37C) #21T-
7o

@) FENRERRE 96 VoV T L—h (RInY) ZEBSERRIRE (NSP-
700 ; =F Y a—) T, #14TEIZIZMSD med. % 60 ul TOHEL, $21T
Bd 5 84TH ETit. 2%DMSO &% MSD med. % 60 ul §*253E L7,

(5)-S9 RERFAREL & 1 B ORBRIE % 0+S9 RERAREHI—FRBHI 2 Z 60 pl
PO 1TFEDI NI A I/ aF v 7 THEMLE (0=3), /=, &£7V
— MZ E2 OB % 3 FIRRIT Tz,

6) REZFMLE7 LV — MIBBSEAFREBICE Y LT, 60 pl o0
KFERZ 1TEMS TITBEBE TV, 7ITED 60 Wl 13T,

(N BE LB RRiEg % BB EAREBE TRy = T 60l TDORE L,

8) 71— Hiﬂf/v:i‘y&xiﬂf"ﬂ‘—'é;tﬂﬁﬁ“bf:o |

9) 7L — % 30COMBA > F 2_X—F —T 4 RFHEFESRE L

(10) B R4 NI BERIAREE S Zymolyase (20T, 4{L¥ T ) % Z buffer THME LIE
# Qmgml) &B-H77 M F—FERAERLFERNEAF> b (Aurora Gal-
XE kit; ICN) ORISREL 53 0EETRE L - BRL BBnERREET
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27 T 80 wl TOWRMLE, BT v 7 I F4—THBE, 37CNE
A ¥ an—F—T1 K, HELELEELSERICT T

(11) 1 Bf%k. 71— MIRAREERE (AB2100; ATTO) 2k ML T, L%
EIAF v PORKRERE 50 pl THOEBEABOBBNR L 7 TY = MK
MUZ2AS | BEOEBELERABELHAIL, pVF 27 U F—EEEZH
E L7z,

(12) =R b AU EEORISZFMT 2 HEE LT, 85L& bERHFREBE
T & DILERKBEOFEHELRD, HRO(CERILIRE D FIHEIIXT D
BRLEHEH L, SHIC, FREICKT HEERAEFROFRBED 2
2R & 5 2RREE R CERERRA L R, TORMERN LIS
SME 10 EHETIRES 10 HHBRE (ECw) L LTHHELE, &
biiz B2 RN T-S @ ECy o fED#Hi$k % 100 & L. &&PEHS FI#RIC LT E2 48

| AHEMLER B L,

4. 2. 2 HPLCIZLBF=RATA VRUOFA ALV EEDHIE

4. 2. 2. 1 WHMERUERY

AIEASE 8 FEXR. WMAKERAFE | . TCREAER 3 B, & 12 B
DEREMAMEREZ AV (Table 1), BB L7zfE S gz AFZ /) — : EE
By 77 —HMEREDFA XL 10 SEOEE > HIH%E L5 (2,000 rpm,
10 57/, =iR) L7z, BOSBER, LEEZRY TRICLEEANAYy 77 —2 ANE
EfMHEZITV., S ORAROBELZRVER L, B LZRHIAS /) —AT
200ml &L, 1ml #2BRAAKHT CHE L, EELEREHI, BRKTH
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fRt, p-INru=F—¥RUEANT 7 —¥ (BENL AT X MRER) %
ZnEh 2,100 Uml KO 1,050 Uml (2725 & S2@mML. 17 ReiEER UG &
Tolz, BERRIGHE, VxFNT—T VT 2 EHHZTVERLOBEL., MWmHR
FHIBR T AGH T CEHE L, BohARBHIENENAZ /) =V  TE ]
= hYARBBUK 2:1:3) (F=RTFAVERBEAEAL VERAER) BT
DRAFNVANT %Y F (DMSO : FoXefiz) (=2 ba 7 EERER) I
EiE LRIBICAW,

4. 2. 2. 2 F=RTAVERUOFABAL RIERK

PR TA VRO A BA v OBEBERIE, ThbikENEh 5 mg §O8/
BLAZ =V 10ml ITHERSEH D2 ERE, 100 ug/ml 12725 X 5 ITHR,
BE&Lk, ThZIERFRLTO1,0.2 0.5, 1.0, 2.5, 5.0 X 10 pg/ml IZFHB L
BWl, 2Z /=07 b=b UV BRUK (2:1:3) ICEFL-HER
BHE, &7 4 L F — (Ultrafree-MC, 0.22 um; Millipore) TiE/LIgi8 L (10,000
rpm, 1 5¥f, ZiE), BWEARE L Uiz, HPLC i BA4 A LC 2000 Plus
S Y =X 5¥H T At PEGASIL ODS (4.6 mm X 150 mm; £ 3 = —8%) %
AV, BAE 20 pl, BEMEIZAZ / —/TEF=FU L (2:1) & 0.1 %EFER
&3V =777y bTHEHT A E— 7 28 FHREKIR 280 nm (2 THR
HL, oY —7mENLEEL,
KM%%K%H%E:X?4V&Uﬁ4€4y®ﬁiTmﬁm&BK05
ng/ml, FED S DEIRRIIFEHE L biZ 90 %l EThoTe, £/, ARFR -
HIIEERE 2 %L T, BEIFBEEIESHRE S WA T THo7 (0=3),
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Table 1. Ingredients and compositions of diets

Diets Ingredients
flour, defatted soybean, fish meal, alfalfa meal, shrimp meal,
CarpA o
spirulina
CarpB no data*
fish meal, flour, soybean cake and meal, yeast, salt, calcium
Carp C
phosphate
CarpD artemia
fish meal, flour, soybean cake and meal, rice bran, yeast,
Trout A .
vegetable oil
Trout B no data*
Medaka A fish meal, cereal, yeast
; fish meal, flour, soybean cake, sake lees, corn, shrimp meal,
Medaka B o L
alfalfa meal, gluten meal, spirulina, vitamin mix
Frog spirulina, daphnia, fish liver, plankton, mussel
Turtle no data*
Alligator A no data*
Alligator B spirulina

* Data which could not obtain about the ingredients was shown.
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4. 3 BRBIVEE
4. 3. 1 B two-hybrid BT K AT X b uF U EHRIEICI T 5 EBRR
=t

4. 3. 1. 1 Zra—RBERRITESE

B OWEICRIET /NI — A BEOKBERNT D720, I Vva—RRE
% 0.86 % (Fig. 1-A). 1.31 % (Fig. 1-B) R} 1.74 % (Fig .1-C) R L7 8
#R 30ml (2, 0.2,0.5 RU0.7 ml OBFBERE LN THMAHERET o7 L &
DL E Fig. 1 ISR LTz, 743 —ARE 131 %R 1.74 %D K 30 ml
12,0.2~0.7 ml DEERFEIR Z TN TR U 24 B3R L7z & & O&E (OD=595
nm) ITFNEFNO03RETHolz, ZNa—ABEE 0.86 %DHEEIK 30 ml IZ,
0.5 R} 0.7 ml OEEREKZ T THIHRML 24 BREER L7z & X OBEIX 0.5
BE TR OLEROEERIE -7z, £/ BEERK Y 0.2 ml i1 X 72 HERK 30 ml
IZBWTEROEERIIH LN EN T, UEDZ & LY, B two-hybrid
RBRIZBWT, v a—RBEE 0.86 %ICFRAS L /- 558K 30 ml |[ZEEREH 0.7 ml
BINZ G LR O OB B ER A U TOERICERTH & & L,

B Frtwo-hybridiZiZ L A =R baF U EHRIEICB W T, AIEE LIZBERO
AR R CH R B 5 5 TS L b, T
BROBBEEN, BR2YEEME L LR ba S UEERIEIR BV TED L
SRR EBERIETHRM L (Fig. 2), AIER%KOBEEBE £0.183IZFRM LE2
DA ruf U EERBREIT oL 2A, 0254RT0315IZFAM L B2 A
WA & B L CEFRESECERE R LA, TR b U OHE
LR BECHfEIZBNTIZ L A EEIRDONT, E20KRH TIREIZ63 pMTH
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ofr, LOLAENRD, BEREE2MIZB VW TE2EBHBERORELMEIXET
Lice SlEDZ 25, 20X b u M U EHRIERE. BEREDORIZBNT,
AT ORERHBE0.13 B R bEN T\ 272, FRBRRICIWVTIIRARE
ZO.I8NCHAER, =X ha S UEERREITIZ LS L

% < DILFWEIZ T CRB S h REEELIN D5, #TRBESh T
EHLENIMELE< MO TS, £2ZT, ThORBMEHDO=RA r s
AEMIME AT O BOEMARE L LT, T v MFSHZ Lo TRBRIGZTT-
ET-SEAVWT R hu s o EEREREITo 72 (Fig. 3), T-Si%156~5000 nM®D ##
EGECBVWTREGRRERICHBREZ L, RMEHO=X o 7 &R H
EFRRETHIZ BT ENT, DEDZ 0, ARBRIFER ba /v
BHMEDRI ) —= R+ SEATEIRETH Y, ERBERFEBH

SONTHIEMEZITI ZENTE, FECEN-RBRTHD I LHTRINT,
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05 . (A) 05 . (B)
—e—0.2 mi ——0.2 ml
—o—0.5ml ‘ —o—0.5ml
04 L ——07ml ) 04 | —a—0.7ml
g 03 } g 03}
2 2
o CO
[=] L [a]
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Fig. 1. Effects of dextrose concentration in SD medium to operation density on the
yeast two-hybrid assay. Incubate solutions (30 ml) of 0.86 % (A), 1.31 % (B), and
1.74 % (C) glycerol concentration were added to 0.2 ml (@), 0.5 ml (O), and 0.7 ml

(A) yeast solutions, respectively.
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450 .
—e—0D=0.183

—0—0D=0.254
—4—0D=0.315
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Fig. 2. Dose-response curves for estradiol-17p using the agonist test. The values were
represented as the ratio of chemiluminescence (CLN) intensity (T/B) of -galactosidase.
The operation densities (595 nm) of 0.183 (@), 0.254 (O), and 0.315 (A) were used.
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180 .
—®—Estradiol-17 8

—o—trans-stilbene

Ratio of CLN intensity (T/B)
5 838 8

N
o
¥

0 1 1 L. 1 )
0.01 0.1 1 10 100 1000 10000

Concentration of chemicals (nM)

Fig. 3. Dose-response curves for estradiol-178 (#) and trans-stilbene (<) using the
agonist (-S9 and +S9) test. The values were represented as the ratio of

chemiluminescence (CLN) intensity (T/B) of B-galactosidase.
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4. 3. 1. 2 AZUGEEPREDOTX bry U iEHE

NBWP L EEABRRDRL TV AEBILEVRO= X hu /U EELER
two-hybrid#E1Z & 0 MIE L7z, BRLFHE & L TREEERORE R E12E
BEhTwa/ =Ar7x/—N (NP), TT7AFy 7 ORERIR EIZERS R
TWBERZ =/ —/-A (BPA), WMEFLAIL LTERASHTHWEEKT A
FHEVGVI%wZ%WNXFD~w(mm)%MEﬁﬂkbtoit%ﬁ
MEWME L LT R hT VA —1-178 (B2) IZ2WT b [ARIZHIE 21T - 7z (Fig.
4), TN BILEWEDECMEZHIE L& T A, NP ; 124nM, BPA ; 918 nM,
DES ;71 pMERUE2 ;105 pMTH Y, AT u A NLEYE L L& L TNPXUBPA |
DT A b F U EETEBERBRICY T b L, EEIIEBROFBVZ LRI
B, WG HEREBAW R EZ R L, BERT I=X MEAMHER I LT,
T, ECuofENHE20= R h o S U EHER 1008 Lz & &, SEREZT-
7zNP, BPAK UDESDE2IZ%f§ 5 MXTEMEEIXZ M Z£410.08, 0.00001 % T*149
CEHENTE, ThEOHEDOT R b af EETEEIXDES>E2>NP>BPAD JIE
Thol, SEHFELNEFERIZ. CTHETHRESNTWVOIBREFMERTHY
Stk FRBRRIL, B2 RAZWH L ENLEMEDA 2 ) —=V JIZEATE

DT LBRREINT,
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Rate of CLN intensity (T/B)

] A L e

10 100 1000 10000
Concentration (nM)

Fig. 4. Dose-response curves for nonylphenol (NP: @), bisphenol A (BPA: A),
diethylstilbestrol (DES: M) and estradiol-178 (E2: <) using the agonist (-89) test.
The values were represented as the ratio of chemiluminescence (CLN) intensity (T/B)

of B-galactosidase.
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4. 3. 2 EBRIWARETRERFIEINDZ S =ATAVRUFAESVE
R

FRHIZEENB S =2AT AV, S4B VERIT, ERPICEREEELT
GENBHF=RF U, FAPVEB I u=F—F, ANT 7 & —EThMK
SRL, T =ATA v, MEALEAEL LT Table 2 TR LT, .fffﬁ’f‘:‘—x
FA o EEIX, Carp A FEIRHEBHEL 237.2+7.1 ug/g TH Y, DV T Alligator B
g6l (186.1%1.3 pg/g). Carp B ¥} (141.6+5.3 pg/g) DIETH o7z, —FH, #
AL ERLFERT Carp A ¥ (175.8£2.6 pg/g) B/ HEL . DWVT
Alligator B £} (140.0+1.4 ug/g). Carp B f¥} (107.22.6 ug/g) PIETH o7z,
Tsukamoto & 'NIF=RFA VROPEA BA LV OEHEETHET=AF v, &
4 DU BENFNRTLRIFIC 1.120.6~15.011.5 mg/100g, 0.6+£0.1~102*
1.8mg/100g EENTWVALEHMELTRY, SBEKEFOALYT7ITRVF &
ABA Y, F=RATFAVRORTYVOTAvD 3 BEOT 7Y artEnfho
EEETHEEA, F=22AF Yy, JYVFUrRUENL D~ 1 =/)VLELHE
th, TR FNLEREED 12 BEOFESERBINA TS, SH, MEHICE
FNBY=RFU, FAVVEEEENKGBHRE LS =ATA v, F4 8414 %
BLLTHIERZIT /. TOLDMASEROZNLERE, F=RAF ., ¥
4 VUERIIRETH D, LirLARDOTX b s U EERBRICEBV T, I
KRBNICZ DIEENIE L A LRBO ONT | KD RERICEEIFED b

(Table 4) Z &b, Zhb@BPICIIERLF=AF L APV ELTEE
N, TN OEBEEINKSRERT, FoRTAr, FLEL L LTREE

hiztEZx6h5%, £ Court b MIARDOF ¥y b7 — FHDFT=RT A |
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AL U EBZHEL, AELZ L2BEOO L UEREOFERFIC/S=RT
Ay, FABAL UBBEEN, FOBEIT1~163 pg/g ThHhot LHEL TV D,
SE, ZRUT=ATA v, FAEA L EBVBEP o7 Carp A FEHIFIBHI
FERENFEAINTRBY, ThoDRELEBRLTHLREREDT =AT AV,
FAPAL L EEATHEL, SOIKAERIEEZITo7 12 BED S B 10 EROH
BHZBWT, F=ATF AV, FA A UBRHENEZ Eh b, KEBSDOTHIR
@%ﬁ%%mﬁﬁﬁﬂ¢mﬁ%1xkufyﬁﬁinrwézeﬁ%wénto

Pelissero & Vi3~ 7F a U¥ R Acipenser baeri \ZHEE 20 g H7-Y 0.2 mg
DHF=ARFA 2 BELEEZA, MFET S =V BED 21356 pg/ml (8
BRE 0.1 pgml BLF) KERLZEHRELTWD, SE, =T 1 HP&KbH
B2y 7z Carp A Al (237.2%7.1 pglg) 2NV T Fa U AITAEE 20g Hic
D I%EEBRMECLEEETDE., 8 014 mg OF=ATA 252 HEE
EN, +RLFET el =0 FEAITXSRBIITTFELVEEZZLND,
ZRLDZ L, NARNPL EILERED RS ) —=v VRBE AP LT 0 s
SVDEEERBEL L TTo2B8,. RBEWEOTX ba /U EMD Cap A
FRF D AT AV ROFA AL O A aF U EHICKRE SRS,
RBEYEDOT R b u b UESEEEIC X > TIIEHEOREI AR T & RV ATaetk
ZRERLTW3,

—fize b TIE, BINENFZA VT IRV v Y EBAESRORBES S
NILHFA~EBITU, 1L A CIRFA~E S, —EIXAEH 2 H/PBAR~BT,
BIIERIC L - CRAS 22T, BFERT 2 ZLAmbA TS Y\ —4,
T URRT y M COMIE, & bICAR, EAERUTEAREL - =B
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AR b ORI, RO e F &2 < RIL L RLT,
i, ABENTIR FEYUVEEERT b OREERE CRBEAAE THD &
SNBM, FAY L BASE LTI RLOEERIIED TORTHS &
£2 505 0, 4%, TNThOBWEITHT HHEMT X b s L OENBIE
EHO TS & L BT, T OISR R ORI &7 o I OB ST A
VENL LRV, EHIZF=ZRATArRFA L T, T ReFf 2T
fa S EREE ST ne F—BREER VP, B LT R Fe S iR
SEBURAELRE T 0T Y L ORFRICBT BEEZFBMT 52 L PRED
HESNTNDZ D, in vivo REBERICBWTAZW» EULFHE DR 7
V=V %758, AEFERPOF =T UV RRFAEL &7 EY
TR b AUERRRET AL L b, TN Y ERLEZSE 0L/,
ABERS L EE LIMET 5 L BRSS9,
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Table 2. Contents of genistein and daidzein in a feeding diet for an animal using HPLC

analysis.

Diet Total genistein (ug/g) Total daidzein (ng/g)
Carp A 237.2%7.1 175.8+2.6
Carp B 141.6£5.3 107.2+2.6
Carp C 67.5%£0.3 50.2x0.9
CarpD N.D. N.D.
Trout A 41.6x2.2 30.5+0.4
Trout B 50.2%£0.7 33.2+0.6
Medaka A 9.3 33.2
Medaka B 58.5 37.3
Frog N.D. -
Turtle 314%x1.2 33.6x1.6
Alligator A 26.7£0.4 19.91+0.3
Alligator B 186.1£1.3 140.0£1.4

N.D.: Not Detected (<0.8 ug/g), -: Not Determined. The data represent the mean and
standard deviation (medaka A and B: n=2, other diet: n=3).

115



4. 3. 3 MY braF O R o b UiEE

A vul ooz hal UEEFEIT. Ty MF S REICLHRHM
FAEL LTl (59 BUB) BBV TIATHR T B2, RBERL L
7z (489 REBR) HEIZH>WTIHA ARV, L LEFRIZE Y ZEREH =X
b a AR E OERHABEERIC IV REEND D, ABERD DO =R
oS AR R T B D L AR~ O EEEX S L TEEL B OIS,
T, B two-hybrid IEEZ V., 6 MO =X b s v O X ey U
Y% -S9O B (Fig. 4) KRU4S9RABR (Fig. 5) ICBWTEHME L. BiEdRmE &
LTRAWEE2ZRUT-S DR b gL B L= (Table 3),

-S9 RERIZBWT, hER-aRUBIIR L THRBBNT A ha /o EEEZRLT
WIS A AT u—ATHY, £OHMERBREIZZTNLZH 9.7X107 BT 2.1
ERE SN, E2 OMEXMEEARE 100 & &35 & £ £ 1/100, 1/50 T
Hotl-, —FH. +89 RBRIZBWT, 7 AAFT 2 —/ViE hER-aR OB LT
HICT R hu S UEEERE SR o, F2RXFURUSTA D 0-89 B
BRIZIS1T B hER-olZ9 B MHRHEMRE T TN Th 3.4X10* RO 32X10% &
Y, B-INIu=F—BTHKSET D Z LICL o TEN L OHEXTEERE
TENER 7.8X102 R 54X 10* & 720f, ZNHIIT 7V arTHET=
RFA v EXHEMERE, 7.6X102) RUF A YA 2 (FARTEHERE; 5.4X10%)
LIZIEREOMEMEMIEE £ R Uiz, —J . hER-BIZX T 2 HAEMEREE T,
FNEN 44X103 R 33X10%, - u=F—ETHASBETHZ LITX
ofﬁﬁﬁﬁﬁﬁﬁ%h?n39xw4&0IBXWJ&&D‘:MB¥ZX?
A (FHXHEMIRE, 4.7X10"), ¥4 B4 2 (FEXHEMSAE; 1.9X107) LixiE
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REDT X b FUEEERLE, ThEDZ ek, F=AF U RBEAY
ik, EERNICBWTBAMBEDOR- 7 V7 o =& —8Z & - TEREES MK
RSN, FPoRTFAVROFTALBAL VICRBENRD LWV ZTRETOHRE 9L
Rk ThHolz, EIT, MASELIZF=RF U ROF A VD hER-BIZAT
BT A huA UEEMIT hER-a b LB L TH 3~5 IRV D TH o7, +89 HER
2RI} B hER-alH T BHEXHERBEIL, F=AFiL 9, FA P TETR
Fa A UEEIRE E N o T, ERB- TN =X —BTMKGEST D Z
Lo T, Fo2RFUERZR buFUEERREBENRT, F4V (FAAHE
PEBREE; 6) 1X4 A B4 v (FEXHEMIRE; 4) LIRS OMEEHBEZ R L
Tzo —7. hER-BIZXIT HAEXTEMMEIL, V=X FiT 4, FA4 VTR
2 ba A UoEEIREEN R o, Ep- TN = — B TIKZAEST D
Z &k o T hBR-ad FIZ, ¥Y2XAF U3z X bu o ESEERET, 44
Ty (FEATEMEIRE; 2) 1344 B4 (FEANEMRE; 1) LIEREFEDO=R b
by UEEER LT, -89 RBRITKIT B4 7 A —/L D hER-o R UBITH3 B A%
EMMEIL, FREN 73X102RUN1L7X10T ERBE Sz, —F, +S89 HERIC
1} 5 hER-olZxf3 B EAXIEMEME X 224, hER-BIZX LT X b x:z/f“/?ﬁﬁ
IREH IR o, ZTHODRREY. T v MF S9 ZAWVW+S9 RBRIZX
DRI OEPHT R FrF ik, RMENDZ L TR b a /o EEMERY
BT LATRRINT

Morito & 1 3EERF two-hybrid iE& FIWF 4 B4 v, b“:x%‘-/r YEROA 7 F
—/V®D hER-a R UBIZHTT BT R b a7/ U EHERBRZITV. -S9 RBRIZE W TA
7 A —VITASEEEIH L TR LRVBEFREEREL L, FiCallx L TR

117



ETHEHEBELTWVWS, £, TROLOYEORBTEBEREIL, F1EL
<HZRTA <A 7 F—NVEBELTWVWBNR, BAFFEIZB W TIX hER-a R UB
I LTHA LA el I F—N<HF=RT A <l ART O—LOIETH T,
SEIOEREUBT I LA 7 F—NET=ZRATA DR baF U EERRL
EEIXIEEALRBETHY Morito DR LIZERKL Bbis, SEO
%%Tﬁ%x?n~w\47%*»&&#:%?4Vﬁﬁ4€4ykwﬁbf
BUm R b oS AT & SEHB SN, In vito RERIC & ) L4
BDOxT X buF G 1T 9 BIZiE, FF S9 2 AVWREL2ERE LT
EITOMERD D BB, |

Kuiper b 3 =2574>, £4E¥SL v, ¥RTz/—V A R/ =T
= /=D R bl U EERER % hER-a & UBIZ 2V TV, hER-alZxtd %
FREEBFMEIXE2 2 100 & Lk &, €4, 0.1, 0.05 RT0.01 THY, F
72 hER-BIZxT L CIXZ N F1 87,055,009 0.01 TholztBEL TS, In
vivo RERIZBWTHRW» EULFEMEDOR 7 ) —= 0 T 2T OB, FktF
WKEENDT=ATA UREAEA LV EOEY A Fay U 2FHET DLEME
BRI NI, A%, RBRICEWE & ThOMEM= R ko s Y OHEEH
FIZOWTHEE LIl 21T 5 LEMERHS I,
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Fig. 4. Dose-response curves for genistein, daidzein, coumestrol, equol, genistin with
and without the hydrolysis, and daidzin with and without the hydrolysis using the
agonist (-S9) test for the yeast two-hybrid assay for estrogen receptor a. (O) and B (@).
The values were represented as the rafio of chemiluminescence (CLN) intensity (T/B)

of B-galactosidase. Data represent as the mean and the standard deviation (n=4).
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Fig. 5. Dose-response curves for genistein, daidzein, coumestrol, equol, genistin with
and without the hydrolysis, and daidzin with and without the hydrolysis using the
agonist (+S9) test for the yeast two-hybrid assay for estrogen receptor a (O) and B (@).
The values were represented as the ratio of chemiluminescence (CLN) intensity (T/B)

of B-galactosidase. Data represent as the mean and the standard deviation (n=4).
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Table 3. Estrogenic activities of phytoestrogens for human estrogen receptor-a. and f3

using yeast two-hybrid assay.

*Relative estrogenic activity

Compounds hER-a hER-B
-S9 +S9 -S9 +S9
E2 100 - 100 -
T-S . 8.2 X107 (100) - 8.1X10°(100)
Genistein 7.6X107 - 4.7%10 -
Daidzein 54%10%  3.6X10%4.3) 1.9X10°  1.0X107(1.2)
Coumestrol 9.7x10"! - 2.1 -
Equol 73X10%  1.9X10%(224) 1.7X10" -
Genistin/without 34X10% 73X10%(89) 4.4X10%  32X10°(4.0)
Genistin/with 7.8X10? - 3.9%10’! -
Daidzin/without 3.2X10™ - 3.3X10* -
Daidzin/with 54X10% 48X10%(5.9) 1.9X10%  1.5X107(1.8)

*The estrogenic activities of phytoestrogens were showed by relative activity, expressed
as ECxo (10% relative effective concentration) that is the concentration of the test
chemical showing 10% of the estrogenic activity of DMSO control. Data of —S9 test
were calculated as estrogenicity of E2; 100, and +S9 test were calculated as
estrogenicity of T-S; 100. Genistin and daidzin with or without the hydrolysis were also

showed. E2: estradiol-178, T-S: trans-stilbene. The all data represent the mean (n=4).
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4. 3. 4 EREMAFABTEEOTR bu s oEHE

‘ﬁﬁ@nmw%n%%ﬁﬁ%mﬁﬂuaiﬂéﬁ:x%4y@ﬁ%ﬁ%V%
DT A ha s, in vivo RBRICE W WD BULEHRE DA J—=
YT ETOIBRICHEBYRISTAREMNSH D, RFRTIE, TROERYAF
B O hER-a R UBICHT BT 2 b 1 4 L iEHE % JIZE L 72 (Table 4),

—EOFERERVT, -y v =F—¥ Tk BIMKSERETIIE hER-ak T
BICH LT R b u S UGB bhianofz, Lo L, MKSREICIEN
NEREL, BLT R bl U EEREN b O ERBHIBERE S ER S
Tz Carp A FENCH Y . FOMAIEMEIRE T hER-0 T 1.4X10°, hER-BT
1.6X10* THotlz, ZORBHIF=ZATA VRUFAEAL L ERD. SEAE
LR TROBVMEEZ R LIz, F=AFUROFA PUTMKGHRT D Z
LIZE DR ha & SN L7z (Table 3)Z & 225, 8% 5 < Carp A fit
FIZF=2RAFUROFTA P UBREENTEY, MAKGBETHZLIZE->TH =
AFAVROFAEL L E LTHEEL, ZRHOWED Cap A FEFOTR
ra o ICFEE LV EL LN,

—F., YT X b S UR% FEFAROX b S UoEERRICBENTD
hER-aiZH~R hER-BIZL W BT X ha F UiEER A LT, —RICHEHT X
he s iteR AR LY PRAKICH L TRMESEH VI LML TS P,
AE, =R ba s UEESRBD LN TOREEHIBWT, oRBFAH L VEER
Fiz L BOEMERRBD N, AP0 ba S ERICEES LICWEE
KESEY A ba o Thole LRI NI, EF. hER-PIEREE S iz’
ABERCELTIREDL Z A2 KRMTHD, LiH1L hER-ak DEEIEH
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DELHELANMC S, EHEETORSECRARL R EOMBECIVELDAE
BERANE LN, SE, #EHTX o/ R EFET hER-BICHVT A
fa X U EERRLNTLZ LIX, in vivo DEBRRICBWTHEH =X ha s
EENTWAREEEAV., AZWHPEULEREN RS )V —= T 21T I BRIC
e hAERBERFREZTHEENSELXDND, 4%, RBILEWHEOIERLS
WENLRABZER LB EOERNZERIERAR, T bDESERIIOV
THHHALRRMNETOSLERD D, iz Matthews HiE, B b, TV R, =V
R, ZV—=o T ) =NV EIIFRPR=V2ADTA M FUSEERICHT DT
ZATA VOBEFMEEZRBRL, SV —2T )NV NITDTR S UoRBE
PO 4 EHEOEN LB L TR LEOCEMEE R LI EBREL TS Y,
i, BEEL. KBELAVTERLEASVRPE P2X by v
Bk (0) VIV REE AL EZRT D/ =AT7 =/ =N (BREW) . 4-7
JFNT )= NDORESEEZ[PH] B2 L OBEREARRICL - THELZ, /
=7 =) =N BEW) BRQ 4437 FNT7 =) —MINTHHREKFH
CAZHTR e UREE (0) EORBEEEZTL, TOMEMEERETT
NZh E2 O 110, 1/5 THY, b hmR baFUERE (o) T 5HE
(Wb E2 OF 1/2,000~1/3,000) L HE L THERVESHELRFOZ L 2R
LTW3, ¥, BEZERIZOVWTHRROBRBRET R, E2 LHBL T,
) =Tz ) =K 1110 & & MZHARTH 30 oM EREL =LY,
CARFRIZBW T, hER-aRUBE AV TAE., RBERVUHAERAFATHREOT
zbﬂf?ﬁﬁa&%ﬁotﬁ\K%%h&ﬁ%ﬁﬁﬁ0§§¢mﬂ75ﬁ%
TR e ORFERIRRZ I LBEIOND, §%. FEMEOZERLE

123



ZNFNMBIAATE TR e U EERRREHE LG T2 6ERH D,
ESEIIRBWT, BX X 3 ITEYTX bal 2% Uik DR
BEThEhNE 2B AIC, FEShILFETa /= VARVERRY, &
HizEN bR ENEFNEXL ) =V T =) —VDOT R fud EERRE
ITo7B8. EHERHTED /) 2V Tx /) —VBERELRDEENH D Z
EERFRR L, —fIC, REZRAVWTRREZITOR., AT IERTIHEEFIT
YR bu o BREERLAEESHY, P T =VOELEZFERL
L7z invivo 27 V==V VRBRIZBV T, BONDIRRPKESRRD L
BEZLNE, 5%, NPWHEILFEDEOFEEZ BRI L T5RRE/T IR
21X, REIFOEY =R Fu BT X ha SRR EZRE L SR 2 AR
CEATAMLERDS, £, BPTA S URTX b S URBHICRES
LCEBREFEMRLICBE, FEX1 720 R EOPRERL LS ICRERTFHE
Bhb, #->T, =X baFUERERTHEL. FBHRNICERTIHEM
Zxbhb, 4H, FHziToFEBNERINEHE. £ENTZ R b s
YREFOMD =X buFUBRERAE L ORBILENE L Bl H D VIR
B PIEFATH BB, AENTIIENO =R be U EmE L OMEERY
EZoNDT LMD, %ﬂ’béwﬁfﬁﬁ)‘ B = R BZDOWTH LM LRITHITR

LRNWIES D,
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Table 4. Estrogenic activities of a feeding diet for an animal for human estrogen

receptor-o. and  using yeast two-hybrid assay.

*Relative estrogenic activity

Diet hER-a hER-B
Without With Without With
E2 100 100 100 100
Carp A - 1.4X10° 5.4%10° 1.6x10*
Carp B - 9.6X10% 4.0%x10% 7.6X107
Carp C - 4,9%X10° - 3.5X10°
CarpD - - - -
Trout A - 1.6%X10° - 1.9x10°
Trout B - 2.7X10° - 3.0%x10°
Medaka A - - - -
Medaka B - 3.6X10° - 2.1x10°
Frog - - - -
Turtle - - - 7.7X10°
Alligator A - - - 1.2%x10°
Alligator B - 8.4X10° 2.4%X10° 6.1X10°

*The estrogenic activities of the diets were showed by relative activity, expressed as
ECx0 (10% relative effective concentration) that is the concentration of the test
chemical showing 10% of the estrogenic activity of DMSO control. Data were
calculated as estrogenicity of E2; 100. Diets with or without the hydrolysis were also
showed. -: Not Detected. The all data represent the mean (n=4).
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4. 3. 5 EBRFMASRTEETOX o UEHLEHT A eSS UE
B

EERREM AT B OBER: two-hybrid HEIZ X BT R hu FUiEHE L HPLC
L BT =ATA VRORFAEA VEFRERAV., THHDEEEIZSWVT
BB L7-, B two-hybrid ¥EIZ & B B2, =R T4 LV RUF A EA D ECxio
7S, HPLC 12k D RIE LRl ¥ =27 A V& &0 B2 RERRUR
FAY¥A 458D B2 HERZEH L, T, BEOREXEHTA bl
v (F2RATAVRBREAEA ) EBVODOE2 BERL L (Fig 6-X ).
—J7. EEF two-hybrid tBIZ X 5 E2, =R T A4 ‘/&UW/P@‘/( @ ECxyo fEH &
B FEERID ECxio MHA D, EER two-hybrid $EIZ LB =X bu & &M B2 HE
BB L7 (Fig 6-Y #h),

KEB5y DEEHZ BT hER-aRUBIZBN T, HEPHZX ba U EE1PLOD
E2 #u B 8 L B two-hybrid HBIZ L AT X b a4 UIEH B2 BB EDORKIZIEDH
BEMENRERD Sz (p<0.001), - T, TN OEEFITEITD hER-a R TVBIZ
HTBZR bl UERE, BT el ThLI S = ATA VRO AE
AUBRESFEELTWAZ LA AR AN, L LAE, koY
TR haFrEENOD E2 BREELBER two-hybrid HRICE AT A buf g
M E2 B R L OBERTEBERD O SOANTFARBN ONFELE,
Pelissero 5 1%, HROBFEAFLEFIC, kEFRVELTHD E2 R R |
2y (E1) BZFhFh 935%3.5 ng/g, 61519 nglg EFh, ¥ _ITFay
P X Acipenser baeri DfIHF LTy = ARICES L TWeLBHEL, AH2

EOEYHBEOFEEIZE2 RVEI BREENTWEAEENFH W 2R LT,
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72, FMBOEYTICBREESCHTR b U RT (B1) 7Y FrT UiRlE
Az b oMEBEZLEEThTWAHEERELOND, Lo T, F=ATA
VROFABA VUSOHEH A bar s, FEHZEENRD (B) =R bm
FURE () Ty RaF U RpERIZONT LbEEZHELDICTALENHD
LEZXOND, 5%, ARFIZEENIBEMOTR b a S U RME ORI
CEBREDHR LT, ZTOMOHEOEELZERIZAN., KR TIToICEE
& two-hybrid I5I1Z & BFEIHORT X a7 U EEORIER, &Y MR
DFERBEOCHFHOEM TR by VESERFALORESENH/REIND,
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Fig. 6. Relationship between the estrogenicity equivalent from the estrogenic activities
for the human estrogen receptor-a. (hER-a) and  (hER-B) using the yeast two-hybrid
assay and the estrogenicity equivalent from the contents of genistein and daidzein using

HPLC analysis in a feeding diet for an experimental animal.
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