9-cis retinoic acid
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two-hybrid

two-hybrid pGBT9
Clontech TIF2 pGAD424
Y190
30 4
Zymolyase
B-galactosidase n=3
pBK-CMV  Stratagene GAL4
DNA EcoRl  Sdl
RXR Retinoid X Receptor o LBD Ligand Binding Domain
EcoRl  Notl GAL4DBD RXRalLBD
GAL4 UAS tk
RSV B-
F9 1x 10° cells/ml 2 ml 35 mm
37 5% CO- 24 hr
GAL4DBD-RXRaLBD : UAS-tk-Luciferase : RSV-B-Galactosidase=3:6: 1
1 ng/710 pl FUGENE6 Roche
24 hr 24 hr
PBS
Lumant LB9501 Berthold
RXR
cDNA
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-80 TRIzol
Invitrogen Total RNA Total RNA Oligotex-dT30
<Super> mRNA Purification Kit poly(A) “‘RNA
Agilent 2100 Bioanalyzer Agilent

cDNA cDNA SynthesisKit Staratagene
Oligo (dT) ;gAnchor Primer
5ug poly(A) 'RNA 1st strand cDNA 1st strand
5-methyl dCTP DNA polymerase 2nd strand
EcoRlI Xhol
Clontech  CHROMO SPIN TE-1000 DNA
DNA

AZAPII  EcoRI-Xhol
Gigapack |11 Gold Packaging Extract Stratagene

In vitro Pakaging SM 500 pl 20 ul
7% DMSO cDNA
-80
RT-PCR
RXR

Forward primer : 5-TGY GARGGNTGYAARGGNTTYTTYAARMG-3
Reverse primer : 5-RAAGTGNGGVABNMKYTTVGCCCAYTC-3

cDNA poly(A) 'RNA Revertra
Ace CDNA CDNA DNA
AmpliTag Gold Applied Biosystems PCR
RXR DNA
RT-PCR DNA *p cDNA
RXR cDNA
DNA pBluescript Staratagene
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DNA

DSQ1000

4.,
RXR 9-cis-Retinoic acid SIGMA
5.
DMSO -20 DMSO

C

1. RXR

two-hybrid RXRa B vy
TBT TPT RXR
RXR 9-cis
RetinoicAcid RA two-hybrid 9-cisRA 107 M
TBT TPT 1078 M
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A. hRXRa

25001

2000 -~

1500~~~

1000 |

100

o
vehicle

B-galactosidase activity (unit)

11 -10 -9 -8 -7 -6
Conc. (logM)

B. hRXRp
4000

3000 "

Ty

2000 -~

B-galactosidase activity (unit)

0 o
vehicle

11 -10 -9 -8 -7 -6
Conc. (logM)

C. hRXRy
4000

3000

B-galactosidase activity (unit)
8
o
o

1000+
0
vehicle -11 -10 -9 -8 -7 -6
Conc. (logM)
RXR two-hybrid
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two-hybrid RXR

RXR RXR
RXR
GAL4 DNA RXR
GAL4
Fo 9-cisRA TBT TPT
9-cisRA
TBT TPT
9-cis RA RXR
4
RXR
GAL4 LBD
bd .

—(UAS)x 4| luc —

Luc (fold activation)
(o))

Al
)
0
9cRA TBT TPT p-OP
hRXRa

0 03 1 3 10 30 100 nM
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RXR
F9 F9
o- AFP
RNA RT-PCR
AFP al trans retinoic
acid ATRA 9cis RA AFP TBT
TPT
A
A.
EtOH 9cRA ATRA TBT
B. RXR

EtOH 9cRA ATRA TBT TPT oP

] =] = = _—=]

F9
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F9
9-cis RA°  ATRA RXR

A RAR RXR
Fo
RAR
CRABPII B
CRABPII
RXR
RAR RXR
7. RXR
RXR
UsP RXR
RXR TBT  TPT
RXR GenBank
RXR
mRNA RT-PCR
mRNA
RXR
5 5'-RACE
5 PCR
RXR



A. RXR

human.gpt 1 MDTKHFLPLDFSTQVNSS-LTSPTGRGSMAAPSLHPSLGPGIGSP----GQLHSPISTLS
mouse .gpt 1 MDTKHFLPLDFSTQVNSSSLNSPTGRGSMAVPSLHPSLGPG I GSPLGSPGQLHSPISTLS
rock shell.gpt 1 [fmmmmmmmmmmmmmmm GHQVEACQVAMHMGVPGMGGMGGPHQPDIK
human.gpt 56 SPTNGMEPPFRV 1 SSPMAPHSMS VAT TRTLGFST-RSP0L SEPR-FINPVSEISED 1 KPP L]
mouse .gpt 61 SPIINGMGPPHS) 1 SSPMGPHSMSVPTTITLGFGT-BSPRLNSPHVNPVSISTED 1 KPPLG
rock shell.gpt 32 PDISTLNPRSSTHPGESYPEYGEVPGMPISSTQAS MTISPIMHSPTISISLGSPTMMC
human.gpt 114 NGVLKVPAHPSGNMASFTRATCATCGDRSSGKAYGVYSCEGCKGFFRRTVRKDLTY]TCRD)
mouse .gpt 119 NGVLKVPAHPISGNMASFTKHICAICGDRSSGKHYGVYSCEGCKGFFKRTVRKDLTY|TICRD)
rock shell.gpt 92 SPT--GTSSPGMPHSGLSKHICAICGDRASGKHYGVYSCEGCKGFFKRTVRKDLTYRCRD)
human.gpt 174 NKD[L[TOKRORNRCQYCRYOKCLA)[ENKREAVQEERQRIGKDRNENEVES TISENEDVPVE]
mouse .gpt 179 NKD(A]L{I DKRQRNRCQYCRYQKCLANGMKREAVQEERQRIGKDRNENE VESTSIS|:NEDVP VE]
rock shell.gpt 150 DKNO/I DKRQRNRCQYCRYMKCLAQGMKREAVQEERQR|VKEKGDGEVESTSGANSPYPVE
human.gpt 234 RICEAE[AVEPKTH] NMGLNPSSPNDPVTNTCQAADKQLFTLVEWAKR T PAFSELH
mouse .gpt 239 K|ILEAE|AVEPKITE NMGLNPSSPNDPVTN 1 CQAADKQLFTLVEWAKR I PHRSELP
rock shell.gpt 210 QI LEAElI|.VEPK]IDTY|IDpR-————--- KEPVTN I CQAADKQLFTLVPWAKR I PHFMELP
human.gpt 294 [IDPQVTLLRAGWNELL TASFSHARS|I AVKDG T LLATGLAVARNSAASAGVGATFDRVLTEY]
mouse .gpt 299 |DDQV 1 LLRAGWNELL IASFSHRS|I AVIKDG I LLATGLHVHRNSAHSAGVG{Al FDRVLTEL
rock shell.gpt 262 |[EPQVILLRAGWNELL IGEFSHR[TOMTDG I LLATGLHVHRISISAHYAGVAT]I FDRVLTEL
human.gpt 354 [SKVROMODKTELGCLRATVLFNPDISKGLISNPA CREKVYASLEAVCRHKIYPEQP])
mouse.gpt 359 |VSKMRDMQVDKTELGCLRA IV FNPDISKGLISNPA |LREKVYASLEA)YCKHKIYPEQPG]
rock shell.gpt 322 [MAKVREVKVDKTELGCLRATVLENPDRAKGLQSVQ | REKV/YASLEE]YCKRRIYPDEPG
human.gpt 414 RFAKLLLRLPALRSTGLKCLEALFFFRLTGDTPTDTFLVENLERPHQMT -

mouse .gpt 419 RFAKLLLRLPALRSIGLKCLEHLFFFKL 1GDTP IDTFLMEMLERAPHQAT-

rock shell.gpt 382 RFAKLLLRLPALRSIGLKCLEHLFFFKL IGQITP IDTFLMEMLESPISHPAT

B. RXR

1 111

201

431

H. sapiens RXR
G. gallus RXR
Daino rerio RXR

X. laevis RXR

D. melanogaster USP

D. immitis USP

1 135

89.6%
148
86.6%

=

229
83.9%

82.6%

462

467

1 116 203 441
1 91 180 412
1

1
85.1%

RXR

- 92

34.4%

104 244 508
88.1% 44.2%
129 233 474

55
60
31

113
118
91

173
178
149

233
238
209

293
298
261

353
358
321

413
418
381

462
467
431



RXR c2C2

DNA
RXR
RXR
RXR
RXR uspP RXR
9-cisRA RXR
9-cisRA
RXR
9-cisRA
RXR DNA pGEX-4T
Gluthathione S-Transferase GST
BL21 IPTG
Glutathione-Sepharose 4B
human RXRa
sE==
- = =
— =
==
- -
= ==
1 2 3

Lane 1: size marker
Lane 2,6 : uninduced whole cells
Lane 3,7 : IPTG induced whole cells
Lane 4,8 : supernatant
Lane 5,9 : purified GST-RXR

RXR
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RXR °H 9-cis RA RXR
A Schtchard
RXR Kd 5 nM
RXR 9-CisRA  1-10nM RXR
9-cisRA

12000

10000 | -
8000 [~
P
& 6000
4000 |

200 0/

0 5 10 15 20
[3H]-9cRA

Bound/Free

0 0.2 0.4 0.6
Bound (nM)

RXR 9-cisRA
A. B. Schtchard
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RXR
TBT TPT [*H]-9-cis RA
RA  099uM TBT 099uM TPT 0.85uM RXR
TBT 816 uM TPT  6.49uM
RXR
A. human RXR
120
100

[0}
o
|

Binding rate (%)
B (o2}
° 9

N
o
|

o

3H

1Cs0

9-cisRA
RXR
RXR
0.81 uM
RXR

9-cis
9-cisRA

TBT TPT

" 9cRA
a ATRA
v TBT
¢ TPT

-11

I I I I
-10 9 -8 -7 -6 -5 -4
competitor (logM)

B. rock shell RXR

120+

100+

80

60+

40+

20+

»

" 9cRA
4 ATRA
v TBT
¢ TPT

0
-11

I
-10 9 -8 -7 -6 -5 -4
competitor

RXR
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TSH Thyroid Stimulating Hormone

hormone
TBT  TPT
TBT TPT
TBT  TPT
TBT  TPT
RXR
ER AR
RXR
RXR
RXR
RXR 9-cis RA
RXR
9-cis RA
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LH Luteinizing

RXR

RXR



9-cisRA

RXR RXR  9-cis RA
9-cis RA
RXR
9-cisRA RXR
9-cis RA

A control B 9cRA

9-cis Retinoic Acid

F9
F9
RXR
9-cis RA ATRA RAR Retinoic Acid Receptor
RXR RAR TR VDR
RXR

RAR
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RAR

RXR RXR
RXR
RXR bexarotene T
RXR
LG100268
TSH
TSH
ER RAR
RXR
RXR
RXR
RXR
CRABPII
RXR
RXR 9-cis retinoic acid
RXR

- 08 -



Imposex in marine gastropods is caused by binding of
organotins to the retinoid X receptor

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

Organotin compounds have been used worldwide in antifouling paints for
ships and fishing nets, and released into ocean since the mid-1960s. Most marine
gastropods including rock shells (7hais clavigera) in organotin-polluted area have
showed reproductive failure due to either oviduct blockage by vas deferens formation
or ovarian spermatogenesis, resulting in population declines. This phenomenon is
called imposex as an abbreviation of imposed sexual organs, because male genital
tracts, such as penis and vas deferens, are imposed upon females by exposure to very
low concentrations of organotins . Despite several hypotheses about imposex
induction mechanismes, the exact pathway is still unclear.

Here, we show that TBT and TPT bind the retinoid X receptors (RXRs) with
high affinity, and that injection of 9-cis retinoic acid (RA), the natural ligand of RXR,
into females of the marine gastropod 7hais clavigera (rock shells) induces substantial
penis growth. Cloning of the RXR homologue from T7hais clavigera revealed that the
ligand-binding domain of rock shell RXR was very similar to vertebrate RXR and
bound to both 9-cis RA and to organotin compounds. These results suggest that RXR
is a key target of organotins and plays an important role in the induction and

development of male genital tracts in female gastropods.
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