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Abstract

Since the 1990s, population decreases, reproductive anomalies and malformations of highly aquatic animals have been
increasingly reported. One possible cause is considered to be endocrine disruptive effects induced by environmental
contaminants through a direct interaction with nuclear receptors, not only with steroid hormone receptors but also with
other ones. In this study, we examined the binding affinities of 20 chemicals, which are registered in the Japanese
Pollutant Release and Transfer Register (PRTR) and have been abundantly discharged into aquatic environments to eight
human nuclear receptors and assessed their potential endocrine disruptive effects. Of the 20 PRTR chemicals tested,
nonylphenol diethoxylate, telephthalic acid (TPA), and linear dodecyl-benzensulfonate (DBS) bound to at least two
receptors at high concentrations. TPA and DBS enhanced the activities of both retinoic acid receptor (RAR) y and vitamin
D receptor (VDR) in a dose-dependent manner. This suggests that TPA and DBS may disturb the vitamin D endocrine
functions mediated by a VDR-VDR homodimer or a VDR-RAR heterodimer. Also, our results indicate that endocrine
disruptors unsuspected under the current assessment criteria could potentially bind to various nuclear receptors and disrupt
endocrine systems mediated by such receptors.

Key words: aquatic environment, endocrine disruptive effect, nuclear receptor, PRTR chemical

1. LI

19906, BAESCHERL Y, K~OEREEDS
WIFAEAEMREICBWT, BEERORD, AERE, M
BEOREDPES<BESNRLTHEYY, ok ekl
BRRE LS LEREEN—I, BERPICHHENE
ANTALZEHBEOFR LT ARERICERET 5 ER 2D W

NT U ADBEICH D & SN TWBD, NAWEELEY
& (endocrine disruptors ; EDs) D P ILERE~D B EKI
Wik, BN AE (nuclear receptor ; NR) 2445 AH =
ABENESROAT = ZALBRFET DD, TORESIL
NRDEHEEAICE 2 LEZX LN THEY, NROFITIE
EhEED, BRA34AHBRTEHEONREEZTFTLOL
$HDHZENDY, EDsIC L BN IMSEERELICE S B
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e MCOELAFREERHZ LD LHBIENS,
63k, EDsICBET 2%, WX bu b rE5Ek
(estrogen receptor ; ER) 72 ¥ DR IVE SR ELH
BRARNE 2 (thyroid hormone receptor ; TR) & (s
WCEDLNTE, LOHLESE, B hONRZ 7 2 U —T
ASTEHOZFENTFET S Z L BESN'Y, EDsOER
RBVERNVE ZEEPLTRUS ONRIZ 3 5 FTEEM 28
FBRIND LIRS, fIZE, TR F Y IO
BRBRERASND 7 ZNVBY AT LOEERNREY
ThHhHT7ZNVEBEE ) T AT L BMETEESE DAL
BTV A X Y — AETEAIE LS A (peroxisome
proliferator-activated receptor ; PPAR) '8, & 7= %
EEBTL DA R=VEDAS URE v 7 ABEORE
WZIZ VS /) A FXZAEME (retinoid X receptor ; RXR) '5 23
BELTWD I EPRRBRESNTND, £z, HTABEYR
WMED—>, PV snuxFLroEERREmTHS
M) 7 ookl O v oFiiEIC X 2 B & PPARaO
BEME LM I TVE '), Zh b0z ENEE
b, \LFEWEONSWHEITEE 2 FET 5 =iz,
% NRICHT DERZBEBMICRNT A Z L REET
HDHEVWZRD, Thbh, ITRETIERLECZRE
RTRICDOW TS IEEER S oW S E SN LEY
Bea®, < OANTFWEONRIE T B 1ER LB
LTV ZEBRETHD, RIFFETIE, KBREFIIK
BIIBRHEN TS EFEHEOE PNRICKTT B iEEMHE
FEL, BEHLRASWREIEROTMEELZE T, #
BWEICE, BEBLDEHHBEIRE (pollutant release
and transfer register ; PRTR) B oD 85 1FE48 ELEWHEIC

BEN, ANEAKBA~OEF HEN15tF EE B HHLE
WHEBEOT ) L20fELERE L, HRHEDONRIZH
DEEMEDFEE, ¥ FNR® S HERa, TRa, E# I A
Z A (retinoic acid receptor ; RAR) y, RXRa, BZ IV
DEZA M (vitamin D receptor ; VDR) , PPARa/y/8% 55
L LT, invitroCNRE 2T 7 F_—%—DEEEREHR
HTEDNAAN—T Yy FRAT Y == THETHD
CoA-BAP (coactivator-bacterial alkaline phosphatase) #:'®
ZHWTER LK,
2. %5 P
2.1 {e2HE
BEYY N FELT, ERUSEITB-ZA M TV F—1
(B2) , TRalZiX33’5-F YA KL-Fr=y (T3) ,
RARy(ZiLall-trans-\F ) A 2B (retinoic acid; RA) , RXRa
{Z1E9-cis RA, VDRIZIF1a,25-P 8 REF I B4 I D3
(1,25(0H),D3) , PPARw IZ IL GW7647, PPARy IZ I
Rosiglitazone, PPARSIZIZGWS501516% Fiv iz,
PRTRE CHEIBBECEDRICHEE S, AKX
BWA~OEFPEHEISLI LT, kX VEKEPEOEEL
FEYMEBEOT D L20BHAOLFENE (Table 1) 2HHY
BLELTGEELE, BEFF VAR Rk 8T
kU @ A (linear dodecyl-benzenesulfonate ; DBS) 1%, HE
VARV SV PNV SV SR VS S )
(linear-alkylbenzenesulfonate ; LAS) O3 & L TEHL
oo ¥72, /=7 x2/) =4 T b FEIL— |
(nonylphenol diethoxylate ; NP2EO) 1%, /=i T = /—
AR Y T kF L — R (nonylphenol polyethoxylate ;

>

Table 1 Binding affinity of 20 PRTR chemicals for various nuclear receptors

No.  Compound ERa TRa RARy RXRo VDR PPARa  PPARy PPARS
1 Ethylene glycol - - - - - - - -
2 N,N-Dimethylformamide - - - - - - — _
3 Nonylphenol diethoxylate (NP2EO) ++ - - - - - + -
4 Thiourea - - - - - - _ -
5 e-Caprolactam - - - - - - - -
6 Ethylenediaminetetraacetic acid - - - - _ - — _
7 Terephthalic acid (TPA) - - ++ - et - + -
8 Diethylenetriamine - - - - - ~ - -
9 Toluene - - - - - - - -
10 1,4-Dioxane - - - - — - - -
11 Methacrylic acid - - - - - - - -
12 2-Aminoethanol - - - - - - - -
13 Acrylic acid - - - - — - - _
14 Linear dodecyl-benzenesulfonate (DBS)  ~ + ++ - ++ - + -
15 1,3-Dichloro-2-propanol - - - - - - - -
16 Hexamethylenediamine - - - - - - - -
17 p-Xylene - - - - - — - -
18 Aniline - - - - - _ - -
19 Pyridine - - - - — - - _
20 Phenol - - - - - - - -

“++, the lowest detectable effective concentrations of tested chemicals were 10° to 10° times as much as that of the cognate ligand; +, 10¢ to 10%

times; —, not detected.
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NPnEOs) OfRFE & UTHER L=, NP2EOIZ, EHE TH
BNPREOSIZ b EEN TV B8, NPnEOsDO/KEBHE S TH
SR OEEEND—2TH B,

TF LT Y a—u, FFARE, bz, 227>
F/J—/v, DBS, 13-¥7un-2-7as)—), p-FL
IFEMEETE, NN-DAFARNAT IR, b 7 nm
Z I8 A, TVT7H)VEE (telephthalic acid ; TPA) , 1,4
DY, T2y, T =it x v FEEE, NP2EO,
TFLUT I UEREE, VxFLbIT IS, RAE
T UNEE, T2 UNEE, ~FHAFLUIT I IER
bR T, BV OV IRMETENGEA LR,

BEEY o FRUMBRCEDE L, DMSOIZEARR4 °C
THREFEL, FAMICDMSOTERERER L TRV,

2.2 CoA-BAP:

ABFFETIE, B 52303 L7 CoA-BAPIE™% T
R EHE ONR~OFES 258 L7, CoA-BAPIEIT
EREERERETI, VY FIKRELEZNRE 2T 75
R——DEAEFERAEZ~A 7 L—h ETHRET Sin
vitroRIETH B, AFETIE, KBEEZBAVTTOERE
SHEENRY V- FEEGME (NR-LBD) & 27 7 F~—
&#— (CoA) #{EHAT, NR-LBDZEELEZ7L—hiZ
CoAL YW REMZBE, VY FITEELTNROIL
A ENREIL L, CoOoANR-LBDIZHE ST %, CoAIZIZBAP
DBEEINTNA720, NRECOIADHAEER DM EIT
BAPODT A A Y 74 A7 74— (AP) BHHOME &L
THIETE D, ZOAPERIIABRIGHELZFRL, BHE

B two-hybridiE £V S EWV D E ARRERIN TV B,

FhEAREL, v ou S — b ETHRIETRED, —F
WEBOILEMBELRRTZ2ILENTE B, &6
NR-LBD & CoA% #2137 L LTRWTWA Y, ThE
TREBRCEMEOFRVE REEOBRBICAA S
T & T B RE TR SN T & R~ 00358 it
R T AR L SRR ERET 5 T LA
RTHD,

CoA-BAPE X, B U=FEHEIZA » THERMEAE
NuLigand¥ J — X (=4 7 0 U RF LX) ZANTHF-
Too 0.1 MERBBRB R \CIAME S H - R B E 296K~ 1 7 1
L= MIGEL, 4 CTC—BFETHZ & TY = /LICHE
ElLSEk, BEIFEA (Tris-HCl 20 mM, KCl 100 mM,
EDTA 0.25 mM, glycerol 5%, dithiothreitol 0.5 mM, Tween
20 0.05%, pH 7.2) T = A &3ENEEE, BERAICEE
7230 pgml’ O TIF2-BAP (PPARS BL#L) 8w i3
CBP-BAP (PPARS) #100 43 L, BWEHER L-HEHEY
o RIS E 2 BN LT, 4 °CTIRRIRE Ui,
FBEEB (Tris-HCI 50 mM, KCI 100 mM, MgCl, 5 mM,
Nonidet P-40 0.1%, pH 7.2) TU =L Z3[EME%, REE
‘& (p-nitrophenylphosphoric acid 10 mM, Tris-HCl 100 mM,
pH 8.0) %100 plEIN LT, 30°CEWMI37 CTRUS &4,
405 nmODOWHE (Ays) FHEE LT, EBRITE TIE T
VY, ) L fE R (standard deviation ; SD) B H L7,
& DR YE IR IZ BT D AgsTE D FEH)- SDADMSOD
Ay TEDFEH+SDE EEY, Zh L b BB CTAysED &
I ER LB AICBEEHE LR,

3. 2

CoA-BAPIEIZ L, 107°-107° MO#EFH T, 208EDPRTR
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EEMEOEENRICHT HREE LA, 1TEEDL
AT, WTRONRIZH L CHLEERBESEERER
Mo 7=0%, NP2EO, TPA, DBSO3ME X ENEN2, 3, 4
HEONRIZEALT (Table 1) , NRTHR5 &, RXRa,
PPARa, PPARSH B STEFEDONRICH LT, A< &b
BEOWERILEWE N EE L, EEEZRLEDEOH
BEUGHRREZAER D & ICFig. LLORT,

NP2EO#X, ERa & PPARYIZRT L THA M %R LT, ERa
TiE, BV H L FTHARICHESNTICRERETHS
méMﬁEFAﬁﬁ%ﬁéﬂt(ﬁgM) ~—7J7, PPARy

DFEAEDRRD DN A REFEREY 7o FIZHAAT10°

EERETH D, EHEITIEFIED o7 (Fig. 1E) .

TPAIZ, RARy, VDREUPPARYIZHKT L THRAMEETL
72. RARylZ% “9‘“25%*/\4110“7 MM LEOH LN, FNRLY
%&WT&%W&T% EMED ER L (Fig. 1C) , VDR

R LT, 10 MOE#EAERL, %nibm%ﬁf
1,25(0H),D3 & FIHED B ST, BEKREFNIC ﬁmiﬁb
7= (Fig. 1D} , PPARYICE W TiX, 107 ML E D TR
BLED, FNLYERECR T AEEOEKITESH
Th o7 (Fig. 1E) ,

DBSIZ, TRa, RARy, VDR, PPARyD4FEIEDONRIZ
A L7z, TRolZxH T BiEE M, 107 ML EDBRE T A
EOBILE (Fig 1B) , PPARYVICKT L TIE, 10°MTHES
HEIR LTz, ZOFEEIZI0%107 MIcBWTEN TS E
o7, 107 MELECIZEL LD > 72, RARy& VDRIZ
LT, FRERI MEU10T MTREMETR LT,
Fl, INLLVBRBETIE, TNEROERY H R
O AERISHRICEL U254 TR ERERICIENE A
KL7= (Fig. 1C,D) ,

4, % =

ek, MOWRELEEICE S BEBRILFENEDY
AT, EIWCERETRE X E L CED b, HIEEDs
ELTEHENOHAIMBICETONTWATAFAL Tz )
—NVIER T ZINVEBET ATV, VAT ) — VA, RIS
RO L THES OMABPEONTE T, KHIETH
~F 20FESE DPRTRIGF W E 0 ¢, NP2EOMSERaIZFES
T5ZERBEESNT, NP2EOIT, BEEIvv2or
TuF o BEFEREABNIBV TR b o 5 U 8E
WENRMERINTWD, £, EPETELNI-NPZEOD
ERaC 33 2 S A TG MER TR EC 1Y, BEEATZE a8} B4-
J =Tz ) —/OERaUCR T B ERAEERBBED
1/100-1/10CTH Y, ZHITERECRBIT AR/EDERSET
BB, ZNB LY, CoA-BAPHTHE LILZNRIZKHT B
AU ABREZY RO THI EEL LN, F
TRoZ %, 107 MEL_E OB R EE TDBSHFEA T 5 FTREMED
BB ENRRINT-H, DBSEELLASO BRI R/
BREMHICET 2 HEIT I N E TlzRen,

THVET, HERAE UFREE L TRESLONRIZKEREE S
BT AILEMEDY A7 FMIZEEB IR T oz,
FZTARFR T, #FHoiaili s LT, AtAkEITk
FIZHHINL TV A{eEWE 255 L LT, ER, TR
DNR~DFESHEEZ T ~T2, ZORER, NP2EOAPPARy,
TPAMRARy, VDRI UPPARy, DBSZSRARy, VDRE O}
PPARYVIZFEE T ARIREMEOH 2 Z L N ER ST, HIZ
TPA & DBS®RARYE 'VDRIZRI§ ARSI ) &
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FIZEELL U 7ol TR ERFRICE R LTz (Fig. 1C,D),
INOOFRE, BEFRASIL TV ESBEERLFEY
Bodiz, 48BEEETDOINROWTNEVITERIC/E
ALT, NOWEELEEZRTLOBREEL EELTY
B EEHELSRBTELDTHD, 2D, 5% DEDs
OFFMM T, Bx ONREN LERSWEEEED A 7 )
— o=V RERLTWS T REETH B,

AR EHE ONRICH T A REEHE X7 U —
=7 LELOTHY, BELHESR Iy —ATHT

42—
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Fig. 1 Dose-response curve of the tested chemical compounds on
hERa (A), hTRa (B), hRARy (C), hVDR (D) and hPPARY
(E) in the CoA-BAP system. A, Cognate ligand (E2, T3,
all-trans-RA, 1,25(0OH),D3 and Rosiglitazone for hERa,
hTRa, hRARy, hVDR and hPPARy, respectively); [,
NP2EO; €, TPA; O, DBS. Data are shown as mean + SD
(n = 3). Activity of the vehicle contro! (DMSO) only is
shown by the broken line.

UbAERBENE L AR TRy, LAL, XFEORE
BIZEDSIZ L NS WHEELEROE BB THANRED
BEBNEULATHEEEZFTTLOTHY, TRbERED
BENLASIEELER OS2 H A BEHBLES
LbOLEZD, £, NRIZITEZERH A7, & PNRE
AW ROBENSHAEMBICE UTEZRTIR
ey, L2, NROFEEIZ X - Tk, BERTEWERE
HEFRTHOLHDZ LB, KFRORRICESE,
v MNSNOBFELEYTEEED, HRMEOEM~DEE
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BOWREELHIBEHRETCERLOEEZ NS, #
ZT, UTTH, AR THELNLEERLEIL, %on
DONRIZKTT 256D HERE X N 7= NP2EO, TPAK U'DBS
DETER e N EEERICBET 2 B2,
RARIE, FHEWORECRETR, 34, Miasik,
MBOERECEE BB EREZ LTS, RARDY H
v R THBRAN, FHESMORBRTEDETHLY, 01
FREBIIZES R H R L RBAE S 52, 1990E4D 5
IR THEEINTVAITADOERICEH, KEBEBRIL
FWEIZ L ARARY VT IVBEZR OBEMNBERE L T W5
T EBEHE AN TWAEM, VDRIT, AT AOEE M,
BRE, ROMoEELEMER GRS {LoFHE, M
JAETEIRE, B EM, MMOFRALECROBIHEA L) 1
BOTH LR EE % - T35, PPARYIE, FEICEERS
ETNa—2ORMICEERABEZRZLCRBY, HEx
DS IB W CHEBRERERET Y, £k, zo7d
=2 MY, BRCHEERFBOBBEEL LTER ST
B, BED &L Z A, BEPF TCVDREVIEPPARYAR A LT
LD EEZ CNAEZEBOBEREGITR,

RARY"? & PPARY L, RXRE~TF o ZEBEHHALL,
&2 OENBEFEEEEELT S, LirL, ZThbo
ZHEE~DFEEEDNRO T NP2EO (PPARY) , TPA
(RARy, PPARY) , DBS (RARy, PPARY) I, Wi
RXRalZiIFEE L2V (Table 1) ., NREZEBHEEZES L
TEHELENRD V7T ARBICBWTE, VF YRR
BERERINROFFIZUMFEE LWESORET, W
FIHEETHHEI S TNES OSSR S AT
39, ZOZ M5, NP2EO, TPA, DBSHIEIH TRARS
PPARY: 19 % ¥ 7 F VRER FBELT 5 THettid/ &
WD EBRRB IR, LML, AEAIbEMD LS
RXRalZFEE T H{LEWENEEFT HBE T T, RAR®
PPARYD ¥ & NAGIER~DEEE N £ U AL b
DNEBH, 72721, RAREPPARYIC K 5 B/ G M R B 2
ENBERPREICHTEH N L2025 (NP2EOTIOME
BLE® | TPATL00f5LLE™, DBST5ELL L) | Bik<T
BRI OMEPEMITERZE R RIE L WD AREME
BhborEZX6ND,

fth)5, VDRIE, &EIZEME, BOIERARDRXRE D~
Tu g EKEEM L, VDISEBET 2EREHIET 5319,
VDR~DFES M HER S 72 TPA & DBSIZRXRICHE A L7
WZ Ehh, kil L7mRARKRUPPARYD 7 — R & BT,
VDR-RXR~T 1 & A = —% 9 BVDRY & F ) {niE
RE~OEZBOFMEEMEIZEVL O & FREINLS, —F,
TPA & DBSIE, RARy: VDRDFEZEEICT 5 AN
BERFOICERLEZ LS, FAEFNBEM TVDRE
EZEBAEBVIIVDR-RARNT u &K ERT A
FIREMED B D, TPALL, REEHEIZ X - T, Fischer-3445
v FEERLBICH LT, TPAD AL A% R4S &3 B Bk
BmREERL, BRBT EEOIRELEEILS T AR
FEABIEEITZEMNMEINTWVWS, £7-, DBS: S
LeLASHL, RO 51 & - TFALER IR BILBIE A 3]
FHRITIEBHALMNIENTNE, b, HWE
DETHEERBMEL, VDRV ZFAEERSED 34K
MR S BRI —BERL TS, DD &2,
TPA & DBSIE, RMEBMERIZVIEBEICBWT, VDR
AT ZBESVIEVDR-RAR~NT v ZBEICERAT S 2
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L TVDRY T ARESREZELL, ERCERELRIT
THREMEDOH D Z EWRBEINT, UL, TPAIL, B
KPR E B RARY R IRVDR~D B /D IEERBEIERE LY}
FNENIFRTN0FLL KL, $£72, £0mENET
THREEMENZ £ 0% EBEER CIEER BT 5
REEEE VWL O EHREIND, i), DBSIE, Bk
FIREDPRARY R UNVVDRIZX T 2 K/ IEMERBIERE L
BECHEALHAZ LG EHEROTHEMEL RS
HEETE WD, KBETCOESBENE L, HE
M~ AR THEETSZEND, YA IZZFIEEL A
WHDEHESND, LEDLDIT, BROF—F215
T, TPACDBS S Bk THA B DVDRY 7 T /U538
RRICEEEL RIFTTAREEIIEVNEEZ 5N 500,
INHREFE LSS, BRORERNELS D L
LEETE R, £k, BEP~OPEHERBHL T
VBRI EDEOPTICBNRICE S RT b ONEE
THEHRENDZ LD, BERNR~OFEAEZN LT
DATIZOWTFH L T Z ENREEN B,

B.F & &

AW T, AEAAKIR~DHEH B DL VWPRTRE 158
REFEDE20EONREAEEZFE L, TOBE, -
VE TSI REELTEE R RN T 20 o1 TPA &
DBS2OSHEEONRIZFESTAREEM O H 5 Z L R EnT,
oz bR, BEOHMMARTEHESNTWS, Bt
BN TV DEDSEMSNDOWIED, HEFRLE VCZFEERPTR
DIAADONRE 8 UTC, AWoREIERERTHEEROH S
ERBMIRBLTNS, SEBONSIEILERICET
DY AZFEETE, BERICHHIWA TREDH D E
BRI ANTbFEEERBE L, 2 ODNR~DEEEZML
oY RAZIZ20T, HBER, BAMICEMmL T Z &
NEETHD,

E

ARGV T X RIS B R EAE (NEDO)
RENEVRRIBWEGR S [BEAMNER - %aK
B 2T AER OB o—RELUTEBLED
DTHDH, ZZICHELELET,

(B34t 20064108 2H)
(FFE2H 20062128 118)
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