N Zn DNA C

RT-PCR
GenBank
two-hybrid
ERa ERB AR PR GR MR RARa RARB RARy TRa TRB VDR RXRa RXRB RXRy FXR
CAR PPARo.  PPARS PPARy LXRa
LXRB  SXR
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1

cDNA

@
LBD RT-PCR
(2 RT-PCR
Clontech MRNA
cDNA cDNA DNA
Applied Biosystems PCR LBD DNA
3
PCR DNA pBluescript Staratagene
DNA DSQ1000
two-hybrid
11 LBD two-hybrid
Clontech pGAD424-TIF2

2

17p-Egtradiol---ERa, B 5a-Dihydrotestosterone--AR  Progesterone---PR
Corticosterone--GR  Aldogterone-—-MR  all-trans-Retinoic acid---RARa, 3, v
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Revertra Ace
AmpliTaq
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Gold

pGBT9



3,3 ,5-Triiodo-L-thyronine---TRa, B 1,25(0OH),VitaminDz---VDR
9-cisRetindic acid--RXRa, B,y Lindleic acid--PPARa, B, v
22(R)-Hydroxycholesterol---LXRa, p  Chenodeoxychoalic acid---FXR
5-B-Pregnane-3,20-dione---CAR  Rifanpicin-—--SXR

DMSO -20 DMSO
two-hybrid
LBD TIF2
10 10*M 30 4
Zymolyase B-gdactosdase
2 n=3
MRNA
RT-PCR

ERo ERB AR PR GR MR
RARo. RARB RARy TRa TRB VDR RXRa RXRB RXRy PPARa PPARS PPARy LXRa LXRB FXR

CAR SXR LBD DNA PCR
DNA LBD
ER AR PR GR
MR RAR A TR
VDR D RXR X PPAR
LXR X FXR X CAR
SXR
two-hybrid
LBD
1 LBD TIF2 two-hybrid
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ligand : 17B-Estradiol

ligand : 17B-Estradiol

1500 - 1500 -
1000 - 1000 -
500 - 500 -
0 - 0 -
-12 -10 -8 -6 -12 -10 -8 -6
Concentration (log M) Concentration (log M)
ERa ERB
ligand : 5a-Dihydro- ; .
500 - restosterone ligand : Progesterone
2000 -
400 -
1500 -
300 -
1000 -
200 A
100 | 500 -
0 0 -
-12 -10 -8 -6 -12 -10 -8 -6
Concentration (log M) Concentration (log M)
AR PR
1500 - ligand : Corticosterone ligand : Aldosterone
2000 -
$
1000 - 1500 -
*
1000 -
500 -
500 A =
0 0 -
-10 -8 -6 -4 -11 -9 -7 -5

Concentration (log M)

Concentration (log M)

GR




ligand : all-trans-
Retinoic acid

ligand : all-trans-
Retinoic acid

4000 - 2500 -
2000 *
3000 - i
1500 -
2000 -
1000 - =
1000 | 500 -
0 * 0
-12 -10 -8 -6 -12 -10 -8 -6
Concentration (log M) Concentration (log M)
RARa. RARB
ligand : all-trans- .
9 Retiroie acid 1500 - ligand : 1,25(0OH),D,
6000 - \!
5000 -
4000 1000 -
3000 -
2000 - 500 4
1000 -
L 4
0 0- *
212 -10 -8 -6 -12 -10 -8 -6
Concentration (log M) Concentration (log M)
RARy VDR
ligand : 3,3',5-Triiodo- ligand : 3,3',5-Triiodo-
L-thyronine L-thyronine
2000 - 2000 -
1500 - 1500 -
kK 3
1000 - 1000 -
500 - 500 |
0 - * 0.
-11 -9 -7 -5 -11 -9 -7 -5

Concentration (log M)

Concentration (log M)

TRa

TRB
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ligand : 9-cis- ligand : 9-cis-
2000 - Retinoic acid Retinoic acid
3000 -
1500 -
2000 -
1000 -
500 | 1000 -
<>
0 o o 0
-12 -10 -8 -6 -12 -10 -8 -6
Concentration (log M) Concentration (log M)
RXRat RXRB
ligand : 9-cis- _ ligand : Linoleic acid
Retinoic acid 1000 -
2000 -
$ i k 3 ,i
500 A
1000 -
0 0
-12 -10 -8 -6 -10 -8 -6 -4
Concentration (log M) Concentration (log M)
RXRy PPARal
ligand : Linoleic acid ligand : Linoleic acid
1000 - 1000 -
500 i !-_‘/(I’_!\ 500 ]
0 0
-10 -8 -6 -4 -10 -8 -6 -4

Concentration (log M)

Concentration (log M)

PPARy

PPARS
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ligand : 22(R)-Hydroxy-

2000 - cholesterol

1000 A\{\L"‘

ligand : 22(R)-Hydroxy-
1000 - cholesterol

500 |

0 0 ‘ s s
-10 -8 -6 -4 -10 -8 -6 -4
Concentration (log M) Concentration (log M)
LXRa LXRB
ligand : Chenodeoxy- ligand : 5-B-Pregnane-
1000 - cholic acid 3000 - 3,20-dione
2000 -
500 -
1000 -
0 0 -
-10 -8 -6 -4 -11
Concentration (log M) Concentration (log M)
FXR CAR
ligand : Rifampicin
2000 -

-11 -9 -7 -5
Concentration (log M)

SXR
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ERa ERP AR PR GR MR RARo. RARB RARy TRa TRP VDR RXRa RXRP RXRy
FXR CAR PPARc PPARS
PPARy LXRo LXRB SXR

LXR
24(S) ,25-Epoxycholesterol
22(R)-Hydroxycholesterol
2. Two-hybrid
-2- -2-
ER RAR
— RAR 10°M
ER
RXR
9
4- 0™ M
ER RAR RXR CAR CAR

-N-

5-B-Pregnane-3,20-dione

21



(44

ER

RAR

RAR | RAR

TR

RXR

RXR

RXR

ER AR |PR |GR |MR TR 1vprR FXR | CAR
a B o B Y a B o B Y
X X X X X X X X X X X O
X X X X X X X X X X X X X X X O
X X X X X X X X X X X X X X O
X X X X X X X X X X X X X X X X
o X X X X X X X X X X X X X X X X X
X X X X X X X X X X X X X X
2 X X X X X X X X X X X X X X X X X
X X X X X X X X X X X X X X X X X
o X X X X X X X X X X X X X X X
X X X X X X X X X X X X X X
o 1 1/1000
1/1000 1/1000000 X




€¢

ER [ER [aR |PR |GR | MR |RAR[RAR[RAR[TR [TR [ypr|RXR|[RXR[RXR[exr | cArR
o | B ot B | v o |B ot p Y
4- O o X X X X o o X X X X X
o-t- o o X X X X o o X X X X X X
X X X X X X X X X X X X X X O
2.4 X X X X X X X X X X X X
4 X X X X X X X X X X X X X X
- X X X X X X X X X X X X X X X X O
o X X X X X X X X X X X X X o
X X X X X X X X X X X X X X X X X
X X X X X X X X X X X X X X X X X
- X X X X X X X X X X X X X X X X o
o 1 1/1000
1/1000 1/1000000 X




= E

4-Nonylphenol

2000

1500

1000

500

-11 -10 9 -8 -7 6 -5 4

ERa

= E p-t-Octylphenol
2000 -
1500 +
1000 +
500 +
0
-112 .10 9 -8 -7 6 -5 -4
ERa

-3

-3

m 9-cis-RA

4-Nonylphnol

5000 r

4000 +

3000 +

2000 +

1000 +

0 I |
1110 9 8 7 -6 -5 -4 -3

RARy

m 9-cis-RA p-t-Octylphenol
5000
4000
3000
2000

1000

0
11 10 -9 8 -7 6 -5 -4 -3

RARy
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B-Galactosidase Activity

| | |
@ 09-cis-Retinoic acid
4000 = @ Benzophenone n
A Triphenyltin chloride
A Tributyltin(IV) chloride
3000 — Bl p-Nonylphenol

B p-t-Octylphenol

2000

1000

-11 -10 -9 -8 -7 -6 -5

Log Dose (M)
RXRB
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nM

ER

RXR

RAR

RXR  9-

DNA

RXR
RXRae RXRB

RAR

ER

RXR

RAR

RAR

PPAR  LXR

two-hybrid

RAR

ER

RXR

DNA

26

RAR

RXR

GR MR TRs

ER

RAR

RAR

p-t-

RXR

RAR

RAR

RXR

Kd=0.1 10



9 RXRy

RXR

6)

RXR

RXR

RXRa.
9 RXRB

5)
10°M
RXR

RXRB
RXR
DNA RXR

RXR USP

RXR RXR 9-
RXR

DNA P

CAl CEDRSSGKHYGVYSCEGCKGEFFKR
CAl CEDRSSGKHYGVYSCEGCKGEFFKR
CAl CEDRSSGKHYGVYSCEGCKGEFFKR
CSVCSDKAYVKHYGVFACEGCKGFFKR
CSI CE@DRASGKHYGVYSCEGCKGFFKR
CSlI CSDRASGKHYGVFSCEGCKGFFKR

CAR
CAR

CAR  CYP2B

CAR  SXR

TCPOBOP
CAR  SXR

CYP3A SXR CYP2B CAR

CYpP
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CAR CAR CYP2B
CAR
ER  RAR
CAR

CYP

RAR RXR
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Effect of suspected endocrine disruptors on various
kinds of human nuclear receptors

Jun-ichi Nishikawa
Laboratory of Environmental Biochemistry, Graduate School of Pharmaceutical Sciences,
Osaka University

Abstract

Characterization of human risk assessment resulting from exposure to man-made chemicals,
which bind to hormone receptors, has emerged as a major public issue. While effect of chemicals
on estrogen receptor has attracted much attention, other nuclear receptors also should be
cared as targets of endocrine disruptors. Recently, the human genome is reported to contain
48 members of nuclear receptor family. This superfamily includes not only the classic
endocrine receptors that mediate the action of steroid hormones, thyroid hormones,
fat-soluble vitamins and prostanoids, but a large number of so-called orphan receptors, whose
ligands are still unknown so far. In the present study, we have made assay systems for 23
kinds of ligand-known nuclear receptors and examined agonistic activity of suspected
endocrine disruptors.

In order to assess the agonistic activity, we used yeast two hybrid system, which is based
on the agonist dependent interaction between nuclear receptor and coactivator. At first,
we cloned ligand-binding domain of nuclear receptors including ERa, ERB, AR, PR, GR, MR,
RARa, RARB, RARy, TRa, TRB, VDR, RXRa, RXRB, RXRy, PPARa, PPARS, PPARy, LXRa, LXRB, FXR,
CAR and SXR. Second, we subcloned these genes into two-hybrid vector pGBT9 so that they were
in the same translational reading frame as the vector’s GAL4 DNA binding domain. At the same
time, coactivator (TIF2) was amplified by RT-PCR and subcloned into pGAD424 for the production
of fusion protein with CGAL4 activation domain. Finally, the pGBT9-receptor and
pGAD424-coactivator were introduced into yeast strain Y190, which contain p-galactosidase
gene driven by GAL4 binding site.

Using these constructed systems, we tested the induction of B-galactosidase by adding
known-ligands to yeasts. As results, we could see good dose-response curve in concerned with
ERa, ERB, AR, PR, GR, MR, RARa, RARB, RARy, TRa, TRB, VDR, RXRa, RXRB, RXRy, FXR and CAR.
However, PPARo., PPARS, PPARy, LXRa, LXRB and SXR could not work well due to the high
background.

Next, the yeast two-hybrid systems were applied to 20 suspected endocrine disruptors.
Nonylphenol and octylphenol showed agonist activity to RARs as well as ERs. Surprisingly,
triphenyltin and tributyltin showed strong effectiveness on RXRs. These results suggest that
industrial chemicals may disturb endocrine systems by targeting to various nuclear receptors.
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BPA
DA

BPA

BPA

BPA
BPA

BPA
BPA

ADHD
BPA

BPA
EDCs

BPA

DA

, BPA-Sepharose

BPA

A BPA
BPA
DA
BPA
BPA
SDS-PAGE
PDI
PDI
PDI
PDI
20
, , BPA,
EDCs
LD
BPA

30

protein disulfide isomerase

12-13

, 2,4~



PDI

EDCs
BPA
Ts BPA T;
HI12-13
20 T;
Ts
BPA
BPA  Sire Dam ddy offspring
BPA BPA 0.002,0.5,2,8 mg/
gof food 4 4 , 7 offspring
Offspring 3 6
-80
pH 3.0 HPLC
DA, NE ,
5-HT
( )
BPA
BPA
(1) BPA
BPA BPA [*H]-Bisphenol A 150 mM NaCl
50 mM Tris-HCI, pH 7.0 4 2
PEG Bound/Free
14,500 rpm, 5 min, 4
1.0 mL 150 mM NaCl 50 mM Tris-HCI,
pH 7.0 2
PEG 50mM Tris-HCI, pH 7.0 12% PEG 6,000, 150 mM NacCl,
0.2M ZnCl, 14,500 rpm, 5 min, 4
1.5 mL 6% PEG 6,000, 150 mM NacCl,
0.1M ZnCl, 50mM Tris-HCI, pH 7.0
2) P2

buffer, pH 7.5, 0.05 %
9
rpm, 10 strokes

A

A 0.
protease inhibitor cocktail

1,500xg, 20

32 M sucrose / 10 mM Tris-HC1

900 - 1,000
S1

min



S1 17,000%g, 15 min A
P2 P2 17,000xg, 15 min
P2’ P2 -80
(3 BPA
BPA-Sepharose O
p2' 10 mg / mL 250 mg-protein 05 % sucrose
monol aurate 60
100,000x%g, 60 min
Whatman DE52 25 mL-bed,
25x 5 cm NaCl BPA
BPA-Sepharose BPA BPA 1
BPA  CNBr-activated Sepharose 4B (Pharmcia)
BPA
OH
HaC S e P L
3 N
J
OH
BPA
BPA
BPA BPA-Sepharose 2.0 mL wet vol
2
, BIO-RAD 8 mL A+ 0.15M NaCl
5mL 2mM BPA A +0.15M NaCl
1 1
SmL
4 PDI rPDI His-tag
ISOGEN QIAGEN mMRNA RT-PCR
cDNA PDI
PCR
A PDI
sense: 5'-GGG GGG ATC CTC CGA CAT GCT GAG CCG TGC-3
antisense : 5'-AGC GAT GAC GAT ATT CTCAT-3
B PDI
sense: 5-ACC TGA TGA GCCAGGAACTG-3
antisense : 5'-CCC TCG AGA GAT CTG GCT TCT GCA CTA C-3
A PCR EcoR Bamt pBluescript

KS+ (TOYOBO)
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TOYOBO) Ampicillin LB

EcR Xho
B PCR ECcR Xho
Ampicillin
LB
Sac Kpn rPo1 DNA
pQE-80L(QIAGEN)
Ampicillin LB
rPD1
(5) Histag PDI
4 xYT
10 mL 500 mL ODgp=6.0
IPTG 1.0 mg/mL 4
PBS
50 mL 6 mM NaH,PO,, 300 mM NaCl, 10 mM imidaz ole, 0.5 % protease
inhibitor cocktail, 1 mg/mL lysoz yme, pH 8.0 30 5
sucrose monolaurate  0.5%
O 60 50000%xg, 30min, O
Ni-NTA agarose 1.0 mL, QIAGEN 5mL
+ 0.1 % sucrose monolaurate+0.5 % protease inhibitor + 10 mM
imidaz ole imidaz ole
SDS-PAGE 50 mM
pH 8.0 His-tag PDI
PDI
@
Wako
T, T, [**1]-3,5,3' -triiodothyronine,
1.0nM His-tag PDI 0.1 mg/mL protein 150 mM NaCl 50 mM Tris-HCI,
pH 7.0 3 , 4 PEG Bound/Free
T
30p M T,
T
4 %
Ts B/ B, (%)
B/ B, (%) (TB-NB) 7/ (T,B-NB) x 100
TB T;
TB Ts
NB
@)

GraphPad PRISM  GraphPad Software Inc.
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