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TBT

TBT
In vivo in vivo
in vivo
invitro TBT
TBT 1 3339
0.1mg TBT
100
1 10mg  TBT
Harazono 0-3 TBTC 16.5mg/kg
4-7 32.5mg/kg
TBT in vivo
TBT X (RXR) 9-
Yanase RAR:RXR
RXR
RXR TBT RXR
TBT
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Table.l1 The influence of TBT on embryonic gonad and mesonephro culture

i male female
(“onc of _ Expansion of Remnant of
[BT-C («M)  wollfian duct Control TBT Wollfian duct — Control TBT
+ 0/8(0) 8/8(100) -+ 0/5(0) 5/5(100)
1-2uM
+ 1/8(0) 0/8(0) + 1/5(20) 0/5(0)
7/8(88) 0/8(0) - 4/5(80) 0/5(0)
0.24M + 0/4(0) 1/4(25) + 0/3(0) 0/3(0)
+ 1/4(25) 2/4(50) + 0/3(0) 3/3(100)
~ 3/4(75) 1/4(25) = 3/3(100) 0/3(0)
0.05:M + 0/2(0) 0/2(0)
+ 0/2(0) 0/2(0)
2/2(100) 2/2(100)
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Fig.1. Effect of TBT on testis and mesonephron organ culture

TBT 2uM 1uM - 0.5uM 0.2uM

A 4 B D

Control

K

A-D: TBT exposure at each dose represented. E-F: Contlateral gonads as controls
treated with vehicle. Not the expansions of the edge of Wolffian duct in TBT-treated
group (arrows).

Fig.2. Effect of TBT on ovary and mesonephron organ culture
BT M 1M 0.24M | 0.054M

Control

A-D: TBT exposure at each dose represented. E-F: Contlateral gonads as controls treated
with vehicle. Not the remnant of Wolffian duct in TBT-treated group. W: Wolffian duct,
M: Mullerian duct
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Fig.3. Effect of Testosterone (T) on gonad and mesonephron organ culture

A

2uM male

B 2uM female h

Testosterone

C

Control

:

A: Male gonad treated with T. C: Contlateral gonads as controls treated with vehicle.
B, b: Female gonad treated with T. D,d: Contlateral gonads as controls treated with

vehicle. Not the remnant of Wolffian duct in TBT-treated group. W: Wolffian duct, M:
Mullerian duct

Table.2 The influence of I'adrozole on embryonic gonad and mesonephro culture

. male female
Conc. of Expansion of Remnant of
Fadrozole Wollfian duct  Control Fadrozole Wollfian duct Control Fadrozole
0/5(0 0/5 () 0/4(0) 3/4(73)
104M + )/ 5(0) + |
= 0/5(0) 4/5(80) + 2/4(50) 1/4(25)
- 5/5 (100) 1/5(20) - 2/4(50) 0/4(0)
1pM + 0/4(0) 0/4(0) + 0/3(0) 2/3(66.6)
+ 0/4(0) 1/4(25) + 1/3(33.3) 1/3(33.3)
- 4/4(100) 3/4(75) - 2/3(66.6) 0/3(0)
+ 0/4(0 } 0/1(0 0/1(0
0.1:M (0) 1/3(33.3) + (0) ()]
= 1/4(25) 0/3(0) + 1/1(100) 1/1(100)
) 3/4(75) 2/3(66.6) - 0/1(0) 0/1(0)
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Fig.4. Effect of Fadrozole on testis and mesonephron organ culture

10uM 0.1uM

Fadrozole

Control

A-D: Fadrozole exposure at each dose represented. E-F: Contlateral gonads as
controls treated with vehicle. Not the expansion of Wolffian duct in Fadrozole-
treated group (arrow).

Fig.5. Effect of Fadrozole on ovary and mesonephron organ culture

10pM

Fadrozole

C

Control

A, B: Fadrozole exposure at cach dose represented. C, D: Contlateral gonads as
controls treated with vehicle. Not the remnant of Wolllian duct in Fadrozole-
treated group.
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Fig.6. Histology of testis and mesonephro organ culture treated with TBT
TBT 1M

A-D: Testis and mesonephros treated with TBT. E-F: Contlateral organ as vehicle control.
AE: Whole organs. B, F Epithelium of wolffian duct. C, G: Efferent ducts of testis. D, H:

Seminiferous cords close to mesonephros. Abnormal cell death was observed in TBT-
treated gonad.

Fig. 7. Histology of female mesonephros culture with TBT and Fadrozole

Control TBT 0.2uM

Control Fadrozole 10uM

A, B, E, F: Mesonephric tissue. C, D, G, H: Edge of Mullerian duct. Although the
remnant of Mullerian duct was observed in control mesonephros treated with vehicle,
the distance of the remnant remained appears longer in TBT and Fadrozole-treated
than in contlateral mesonephros. M: Mullerian duct, W: Wolffian duct, h: head, t: tail,
arrow: direction of tail to head, arrowhead: remnant of Mullerian duct.
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Fig.8. Testis and mesonephro organ culture treated with Fadrozole

Fadrozole 1xM

Control

A-C: Gonad and mesonephros treated with Fadrozole. D-F: Conrlateral gonad as
vehicle control. B, F: Epithelium of Wolffian duct. C, D: Efferent ducts of testis.
D, II: Seminiferous cords close to mesonephros.

Fig.9. mRNA expression of aromatase and androgen receptor in E16.5
embryonic organs
Aromatase Androgen Receptor

Male Female Male Female

Aromatase is highly expressed in fetal ovary. The expression is also detected in fetal
testis but the level is low. The expression of androgen receptor is detected in fetal
gonad, mesonephros, and adrenal gland. The expression is high in mesonephros.

- 18 -



Evaluation of the influence of tributyltin on rat gonad organ culture.

Katsushi Suzuki, Hiroetsu Suzuki, Saito Kenichi, Eriko Oyama, Motoo Takenaka, Miou Yagi
and Junko Chiba

Department of Veterinary Physiology, Nippon Veterinary and Animal Science University,

Japan

[Purpose] We are anxious about the influence of endocrine disruptors on reproduction of
human and animals in recent years. Tributyltin (TBT) is globally used as antifouling paint.
The exposure for TBT causes imposex in snail, such as Ibonishi, and reduces egg production
capability of it. Although it has been reported that the inhibition of aromatase activity is
involved in the mechanism of the snail masculinization, it has not yet examined whether TBT
has any influence on the formation of reproductive organs in mammals including human. In
this study, therefore, the influence of TBT was investigated using organ culture system
consisted of fetal gonad and mesonephron. [Method] Rats form Wistar Imamichi rat inbred
strain was used. The day at which the sperm was appeared in smear was designated as
embryonic day (ED) 0.5. The cesarean section was carried out at ED15.5, and the embryo
was extracted. The embryos were dissected under the stereoscopic microscope, the gonads
were extracted with mesonephros, and it was cultured on floating filters in CMRL culture
medium. TBT (50nM-1uM), testosterone (2uM), and the aromatase inhibitor (100nM-10uM)
were added to the culture medium, respectively. Gonads were cultured during 4 day, and the
influence was investigated. After culture period, gonads were fixed in Bouin solution and
processed with histological examination. [Result] Although TBT has no influence on
testicular development, the tips of male Wollfian ducts were expanded with the dosage of TBT.
In female culture, Wollfian ducts were remained until later stage. In testosterone and
aromatase inhibitor, although dilations of male Wollfian ducts were not found, the ducts were
remained until later stage in females as shown in TBT exposure. [Consideration] By this
study, it is suggested that TBT has an influence like aromatase inhibitor in gonad organ
culture. The dilations of Wollfian ducts found in male gonads may be caused by the other
specific mechanism for TBT. The organ culture system developed in this experiment may
become a useful tool for studying the direct influence of endocrine disruptors on the

reproductive organ development of rats.
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(1) B -estradiol 3-benzoate(E,B) flutamide(Flu)

(2) 17B -estradiol(E,),E.B,bisphenol A(BPA),Flu,diethylstilbestrol(DES)

2 1
E,
E,
(3) GFP(Green Fluorescent Protein) DES
(4) in-house cDNA DES E,
2 48
DES E,
(5) invivo
in vitro
( SRL )
( )
( )
( )
A.
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diethylstilbestrol (DES) bisphenol A flutamide (FIu) di-(2-
ethylhexyl)phthalate(DEHP) di-(n-butyl)phthalate(DBP) 17( -estradiol(E,)

(¢)) Flu
E,B
1C1182.780(ICI) ( )
¢) - -
€) GFP(Green
Fluorescent Protein) (DES)
4)
®)
1.
Flu B -estradiol 3-benzoate(E,B) E,
BPA
(ES)
Flu E,B(
) Flu cyproterone acetate(CA)( ) Flu
ICI ( )
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DES
( ) 4 2
DES 4
2 DES
DES
DES E,.B E, BPA
Flu DES
15 12
E,B E, BPA
DES
E,B E, BPA
DES E,B E, BPA Flu
3.
DES
DES
Green Fluorescent Protein(GFP) 2
1: GFP DES
busulfan
2: DES busulfan

GFP
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DES 1

2 DES
1 2
@
( GFP ) (@
( ) 2
4.
DES
(Atanassova et al. 2001; Goyal et al. 2003; Adachi et al. 2003)
DES
DES
( )
5.
( )
™4
B.
1.
a)

Flu E,B CA(Sigma, StLouis) ICI(TOCRIS) dimethyl sul oxide (DMSO)(Sigma)
corn oil(Sigma)

b)
IR ( SLC) 5
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Flu,ICI: 0.00012, 0.0012, 0.012, 0.12, 1.2 (ug/g/day)

CA: 0.0012, 0.012, 0.12, 1.2, 12 (ug/g/day)

EB: 0.002, 0.02, 0.2 (ug/g/day)

Flu (0.00012, 0.0012, 0.012, 0.12, 1.2)+ E,B (0.02=LOEL)
Flu (0.00012, 0.0012, 0.012, 0.12, 1.2)+ CA (0.12=LOEL)
Flu (0.00012, 0.0012, 0.012, 0.12, 1.2)+ ICI (0.012=LOEL)

d)
3%
10%
e) C
C
2.

2.
a)

2 1 2

9
as/as 1992 Ikadai (Ikadai
et al . 1992)
b)
DES(Sigma) E,B(Sigma) E, (Sigma) BPA(Aldrich, Milwaukee) Flu(Sigma)
6 5 7 9
; DES: 10ug/ / E ,B: 0.3ug/ / E ,:0.3ug/ / BPA: 100ug/ / Flu: 0.8

pg/ / DES E ,B ( ) E, BPA dimethyl
sulfoxide(DMSO) (Sigma-Aldrich, Irvine, UK) DES

E,B ( 5 ) E, BPA ( 5

) DMSO
c)
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d)

10
e) C
C
DAB
C C
3
3.
a)
2 GFP
C57BL/6 C57BL/6 GFP GFP (Okabe et al.
1997)
b)
DES(ICN Biomedicals Inc., Aurora, OH, USA) (Sigma-Aldrich Japan, )
1 5 0.5ug/
busulfan(Sigma-Aldrich, St. Louis, MO, USA) 5

50mg/kg B.W.

c)
2 ( 12).
1:DES .DES 15
12
2:DES .DES 16 10
DES( )
busulfan

d)

(Brinster and Zimmermann 1994; Brinster and Averbock 1994; Morena etal.
1996; Ogawa et af . 1997)
@
10 (12 )
(65% 20%)
(33% 36%) 1x 10%/ml
¢)
5 (6 ) busulfan 5
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®

4)
10 12
GFP
(GFP ) 1 DES
40 19 2 DES 22 10
GFP
(HE)
HE
4.
a)
DES E, (Sigma-Aldrich Japan) DES (Sigma- AldrichJapan)
E, dimethyl sulfoxide
b)
ICR ( SLC)
0 1 5 5 25l DES
E, (5ug/mouse/day) DES
(Adachi et al. 2001) 2 4 8
c)
4% 4 18
5um (Matsunami
Glass, Osaka,Japan) 50 18
d) RNA
RNeasy(Qiagen K. K., Tokyo, Japan) RNA
RNA DNA RNase-
FreeDNase Set(Qiagen K. K.) RNA
e)
National Institute of Aging(NIA)
14 974 in-house cDNA (Asahi Techno
GlassCorporation, Chiba, Japan) (Tanaka et af . 2000)
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NIA web site (http://1gsun.grc.nia. nih.gov/cDNA/15K.

html) CDNA (Cy3 Cy5)
RNA15pg  1ug OligodT 4, 45 70 10 5
1x Buffer 10mM DTT Superscript 111 reverse transcriptase(lnvitrogen, Tokyo,
Japan) 0.2mM -duTP, 0.5mM dATP, 0.5mM dGTP, 0.5mM dCTP, O.3mM dTTP(Amersham-
Pharmacia Biotech Japan, Tokyo, Japan) RNase inhibitor(TOYOBO, Osaka, Japan) 50
90 CDNA 0.2 M NaOH 37 15 0.6 M
HEPES CDNA MinElute Reaction Cleanup kit(Qiagen K. K.)
cDNA  20mM sodium bicarbonate buffer Cy3 Cy5
mono-Reactive Dye(Amersham-Pharmacia Biotech Japan) 40 90 Cy3
Cy5 CcDNA CDNA MinElute ReactionCleanup kit
CDNA 5% SSC 4x Denhart 0.5% SDS 100
pg Salmon Sperm DNA(In vitrogen) 95 2 1
1x Hybridization (Hitachi Software Engineering Yoko hama Japan) 10%formamide
42 5 CcDNA (TAKARA,
Tokyo, Japan) 65 18
Slide Washer 2x SSC 1% SDS(30 )
2x SSC 1% SDS(30 ) 5
2x SSC ( ) 1x SSC( ) 5
2

ScanArray lite(GSI Lumonics, Tokyo, Japan)
QuantArray(GSI Lumonics) GeneSpring5.0
software(Silicon Genetics, Redwood city, CA)
intensitydependent LOWESS
1.5 0.67

: (Signal intensity mean) (Background mean) > 2 x (Background SD)

:p<0.1
( intensity) > ( intensity) 2 x ( intensity SD)
:p<0.1
( intensity) > ( intensity) 2 x ( intensity SD)
2
5.
5.1 in vivo
C57BL/6Cr Slc Isoflavone(IF)free 0.05% IF 3
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21 31

@

@

€)) MRNA real-time RT-PCR

estrogen receptor(ER)a ER B androgen
receptor(AR)

(€Y) Bouin -

5.2 in vitro
™4 daidzein (Dz)
E, DES (Sta)
30
RNA (Sepasol ,Nacalai, Kyoto, Japan) 1 (PBS
(MRNA) in-house cDNA (3704 )
( )

C.
1.
a)
(¢H) E,B Flu

E.B  Flu Flu

( D
EB Flu

(ES) ( 2 3 4)
(@) CA Flu

CA ES

( 2 4) Flu
step? ES

ES
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3 ICI
ICI CA
(2 4
¢ D
b)
ES
ES
2 4)
( 6)
C
Western blotting
Flu+CA
2.
2
as/as DES EB E, BPA Flu
( 10)
C
(
( 10) C
C
3.
DES
20
( 13A) DES
( 13B)
Busulfan

20

( 13C) busulfan

Flu

ES
Flu
Flu
(T9)
5)
C
7)
C 8
DES TAM
Flu CA ICI
C
( 11
DES
( 13A,B)
5 busulfan
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( 13D)

GFP ( 14 1
GFP 3.0+ 0.29 mm ( + SEM)
DES 2.9+ 0.21mm
2
GFP 2.9+ 0.34mm DES
1.7+ 0.19mm DES GFP
1 DES
( ) ( 15)
2
DES
( 16)
4.
a)
DES 2
( 17 4,8
initialsegment 2
E, 2
4 initial segment
2 8 DES
E, 2 4, 8
b)
DES E,
DES
2 21 4 25 8 3
2 4 17 4 24 1 8
3
E, 2 37 4 3 8
9 2 26 9
4 2 1 8 9
DES E,
2 1 NIA number
(GenBank No.):H3099B09 (BG071454) Expression Sequence Tag(EST) GenBank
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5.
a) in vivo
@
3 0.05%IF 1 14 IFfree
30 QY

¢)
3 0.05%1F IF free
(P<0.05 2)

®

IF free 0.05%1F
( 18)
4)

IF free 0.05%1F
b) in vitro

CDNA ( 19)

20

¢ 2D

22

(ES)

ES

ES
ES
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21

2.
DES EB E, BPA Flu
EB E,
BPA Flu
1.
as/as (Noguchi et al . 2002)
DES
DES
EB E, BPA Flu
EB E, BPA Flu
3.
DES
( 13) 1
DES DES
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segment

DES

DES

E,

DES

CDNA

¢ 14

( 15
GFP
( 15 busulfan
( 12) DES DES
) DES
DES
( 14) DES
( 16)
DES
DES
DES
DES
2
2
E, 2 4 initial

(Adachi et al. 2003)

(Goyal et al. 2003; Atanassova et al. 2001; Mckinnell et al.
2001; Limanowski et af. 1996;Veeramachaneni et al. 1988; Orgebin-Crist et al. 1983)

(Hosoi et al. 2002; Adachiet et al. 2004)

(Khan et al. 1998) DES E,
2,4,8
DES
DES 2,4, 8
21 25 3 E, 2,
37 3 9
EST GenBank
DES E,
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5.

a) in vivo
IF-free
0.05% IF 0.05%
IF
3w
IF IF
b) in vitro
(MRNA) ( )
daidzein(Dz)
( 20 22)
Dz (E, DES)
(Sta). ( 20 22
E.
DES EB E, BPA Flu
GFP DES
DES 2,4, 8
E, 2, 4
DES 2,4, 8
20 25 4 E, 2, 4,8
37 3 9
DES E,
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Studies on the molecular and cellular biological mechanisms on male reproductive
system

affected by endocrine disruptors

Chisato MORI, Chiba University, Professor

Key Word:

mouse, testis, epididymis, TM4, spermatogenesis, ectoplasmic specializations,
diethylstilbestrol,

flutamide, 17 - -estradiol, -+ -estradiol 3-benzoate, bisphenol A, cyproterone acetate, ICI
182,780,

microarray, GFP mouse

Abstract: (1)

In this study, it is indicated that flutamide (Flu) has estrogen-like effect on mouse testes
(Anahara R et al. 2004 in press), as previously reported (Toyama Y et al. 2001). The effects of
Flu+- -estradiol 3-benzoate (E2B) and Flu+ cyproterone acetate (CA) were found to be more
severe than those of the single Flu, and the Flu+ICI 182,780 (ICI) treatment tended to recover
the damages. These results suggested that E2B and CA worsened the adverse effects of Flu on
spermatogenesis. On the other hand, ICI repressed the effects of Flu. This study also
suggests that the relative concentration of estrogens to androgens in spermatogenesis is fixed,
and the exogenous chemicals disrupted the balance of the relative concentration. Our present
study may be a key in preventing the endocrine disrupting chemical’s effects.

(2) Testes of two lines of infertile knockout mice were observed by electron microscopy. The
phenotype showed abnormalities in acrosomes and nuclei of spermatids in addition to
abnormalities in ectoplasmic specialization. The phenotype was the same as that of E2-, E2B-,
and bisphenol A (BPA)-treated mice. Specific localization of an actin binding protein in
ectoplasmic specialization was not observed, as of these estrogenic chemical-treated mice.
Mutant azoospermic rats, which show impaired blood-testis barrier, were treated with these
estrogenic chemicals. No changes in phenotype were observed, suggesting that the chemicals
act on the same point(s).

(3) Although it is thought that disturbance of spermatogenesis by diethylstilbestrol (DES)
cause decrease of sperm counts disturbed, it is not clear which is damaged by DES, germ cells
or Sertoli cells. Therefore, we adapted transplantation technique to the question. When

germ cells prepared from GFP (Green Fluorescent Protein) mouse (donor) were transplanted
into seminiferous tubules (recipient) of non-DES-treated mouse from which germ cells were
eliminated by busulfan treatment before transplantation, the germ cells colonized in the

recipient tubules and spermatogenesis was observed. While in the DES-treated recipient,
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spermatogenesis was disordered. These suggested that DES disorders at least Sertoli cells
rather germ cells.

(4) In in-house cDNA microarray analysis, we isolated some genes whose expression was
altered in epididymis after neonatal treatment of mice with DES or E2 at 2, 4 and 8 weeks of
age. These genes appear to be related with the deterioration of epididymal function by
neonatal treatment with DES or E2.

(5) The results of chronic exposure to low-dose isoflavone, especially the period before
gestation to the end of lactation and after weaning, dose not affect to male mice on
reproductive development. On the other hand, transcriptome analysis and proteome analysis
of in vitro exposure experiments using TM4 testicular cells to estrogenic/non-estrogenic
compound including isoflavones revealed that chemicals were classified into some groups by

the response of genes and proteins.
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1)

1)-1
MLTC-1 (ATCC:CRL-2065) 75cm2
5ml  PBS(phosphate buffered saline pH7.4)
2x 10p | 37 10 20%FBS
50u g/ml RPMI11640 5ml 50ml
1000g 22 0.45%
10mM HEPES 10%FBS RPMI11640 25cm?2
2ml 3ml  0.45% 10mM HEPES 10%FBS
RPM11640 37 24
1)-2
MEHP 2- (DEHP)
A 24 2,4-D)
OM 10-M 105M 3.3x 10°M 104 3.3x 104M 10-3M
MEHP DEHP A 0.5
2,4-D 37 2
1)-3
LDH 2ml 2ml 80
120u |
(1.25cmx 1.25cm)
2ml 0.45% 10mM HEPES RPMI11640
2 5ml 500 I 100nM hCG 37
2 2ml 2
80 2ml
2% 37 10 2ml 15009
22 80
2
EIA Kit(Cayman USA)
3 RNA cDNA
70% 400pl 2ml collection tube

RNeasy mini spin column
collection tube

12000rpm

Buffer RW1(Wash buffer) 350ml  column
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12000rpm Collection tube Dnasel

Buffer RDD 1:7 80ul  column 20 25°C
Buffer RW1 350ul  column 12000rpm 15
Collection tube Buffer RPE(Wash buffer) 500ul  column
12000rpm collection tube Buffer
RPE 500ul  column 15000rpm 2 Collection tube
15000rpm 1.5ml collection tube
RNase-free water 50ul  column 30 15000rpm
RNA
RNA 10x FA gel buffer(MOPS 200mM  sodium
acetate 50mM EDTA 10mM pH 7.0 10N NaOH )
1.2% FA gel(0.24g 2ml 10x FA gel buffer 18ml RNase-free
water) 100ml 37% formaldehyde  0.36ml
0.2p | 4
30 5x RNA loading buffer(80u | saturated bromophenol
blue solution 0.8y 1 0.5M EDTA pH8.0 7.2p | 37% formaldehyde 100% glycerol 30.84
p I formamide 40p | 10x FA gel buffer) RNA 5% RNA loading
buffer 4 RNA 65
(5x RNA loading buffer saturated bromophenol blue
solution 1:4 ) 1x FA gel running
buffer(40ml 10x FA gel buffer 8ml 37% formaldehyde 352ml RNase free water)
Mupid( ) 1.2% FA gel 3.25
pl RNA 50V
cDNA Super Script First-Strand Synthesis System for RT-PCR Kit

Oligo(dT)12-18

4 PCR
Gl
PE Biosystems Primer Express version 1.0 GAPDH PE Biosystems
PPAR-alpha GAPDH PE Biosystems TagMan Universal PCR Master Mix
TagMan probe 100nM 200nM  PCR
RNA  SYBR Green
PPAR-alpha  TagMan probe FAM, TAMURA
GAPDH TagMan probe VIC, TAMURA
Quantitative real time-PCR PE Biosystems ABI PRISM 7000 Sequence
Detection System Rromega pGEM
—T Easy vector Invitrogen life technology pCR2.1 vector
GAPDH

HMG-CoA synthase (HS): forward primer: 5-TGTGGCACCGGATGTCTTT-3',
reverse primer: 5-GACCAGATACCACGTTCCTTCAA-3’;
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HMG-CoA reductase (HR): forward primer: 5-TGTGGTTTGTGAAGCCGTCAT-3,
reverse primer: 5-CGTCAACCATAGCTTCCGTAGTT-3';

steroidogenic acute regulatory protein (StAR):

forward primer: 5-AAGGAAAGCCAGCAGGAGAAC-3,

reverse primer: 5-TCCATGCGGTCCACAAGTT-3’;

peripheral-type benzodiazepine receptor (PBR):

forward primer: 5-AGTTCGTGGCACTGCATAAGC-3',

reverse primer: 5-GCTGCCCATTCTCTCCTCCTA-3';

cytochrome P450scc (CYP11A): forward primer: 5-CCATCAGATGCAGAGTTTCC
AA-3,

reverse primer: 5-TGAGAAGAGTATCGACGCATCCT-3’;

3B -hydroxysteroid dehydrogenase/A 5-A 4-isomerase (3B-HSD):

forward primer: 5-GGAGGCCTGTGTTCAAGCAA-3,

reverse primer: 5-GGCCCTGCAACATCAACTG-3;

cytochrome P450,,,*+ 17a -hydroxylase/C,;,, lyase CYP17

forward primer: 5-CCATCCCGAAGGACACACAT-3,

reverse primer: 5-CTGGCTGGTCCCATTCATTT-3’;

17p-HSD: forward primer: 5-CAACGATTCCTCCTGACACGAT-3,

reverse primer: 5-GCTGATGTTGCGTTTGAGGTAA-3';

PPARalpha: GI 7106384, forward primer: 5-TTTCCCTGTTTGTGGCTGCTA-3',
reverse primer:5-CCCTCCTGCAACTTCTCAATG-3

Tag Man probe, 5-AATTTGCTGTGGAGATCGGCCTGG-3

GAPDH: PE Biosystems TagMan Rodent GAPDH Control Reagents

Tag Man probe, 5-CCCGTTCTCAGCCTTGACAGTGCC-3

SYBR Green 25 ul 1x SYBR Green PCR Master Mix (Applied
Biosystems), 400 nM , 1 ng cDNA 95 °C
10 Amplitaq Gold polymesase
95°C 15 sec 40 cycles denaturation 60 °C 1 annealing
extension

Dunnett
1) MEHP
Fig.2 MEHP MEHP 0.18m
0.33m
Fig.3 Fig. 4
MEHP 0.33mM 0.6mM
InM  0.33mM MEHP 0.18mM
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0.33mM OmM MEHP

0.33mM
Fig. 5  MEHP
StAR  1m MRNA PBR  17BHSD
mRNA Im
0.18m
CYP17 3BHSD-mRNA 1mM
OmM 1 6 ImM CYP11A CYP17  3BHSD-mRNA
OmM 17 HR,HS,PPARa
0.18 M 1mM MEHP OmM
CYP17 3BHSD CYP11A
HR,HS,PPARac CYP11A CYP17 3BHSD CYP17
3BHSD
Supplemental Figure
Leydig cell

ER

HMG-CoA

reductase Pregnenolone

SsER

38-HSD
Testosterone 7 3B-HSD
D

; spermatogenesis )
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MEHP 2,4-D
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0.033mM
MEHP CYP11A CYP17 3BHSD
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CYP17
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MRNA
1
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Park et al., Molecular Carcinogenesis 2002 CYP17 DEHP

DEHP
Akingbemi DEHP
Biol Reproduction 2001 21 35
90
21 DEHP 2

CYP11A,3BHSD,CYP17,17BHSD
17BHSD MRNA
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DEHP
CYP17 2 17a -hydroxylase  C;;_, lyase

Kawai et al.,
Environ Health Perspect 2003; Takahashi and Oishi Food Chem Toxicol 2003

Williams et al., Human Repro Update 2001 Williams 2
12 18
2
StAR 17BHSD Kawai
Takahashi  Oishi
A
A MEHP
CYP11A,
CYP17,3p HSD StAR, 178
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Effects of probable endocrine disruptors on cholesterol and/or testosterone

synthesis in mouse Leydig tumor cells

Nakajima T, Ichihara G, Kamijima M, Yamanoshita O and Miyata M.

Department of Occupational and Environmental Health, Nagoya University
Graduate School of Medicine

We investigated the effects of monoethylhexyl phthalate (MEHP),
di(2-ethylhexyl)phthalate (DEHP), bisphenol A, 2,4-dichlorophenoxyacetic acid (2,4-D),
and trimethyltin chloride on testosterone synthesis in mouse Leydig tumor cells. None of
these endocrine disrupting chemicals decreased the levels of progesterone and
testosterone at lower concentrations. In contrast, all increased progesterone level at
higher concentrations. These chemicals also increased testosterone levels at higher
concentrations, but testosterone returned to the control level at the highest
concentration. All chemicals except bisphenol A decreased the rates of testosterone to
progesterone production dose-dependently; bisphenol A increased the rate at the middle
concentration. These results suggest that the chemicals other than bisphenol A suppress
the process of progesterone to testosterone production more than that to progesterone
production, whereas bisphenol A increases the process of the former. Quantitative real
time PCR analyses showed that expression of CYP11A (cytochrome P450scc), CYP17
(cytochrome P450174* 17a-hydroxylase/Ci7-20 lyase) and 3[JHSD (3B8-hydroxysteroid
dehydrogenase/A 5-A 4-isomerase) genes may be involved in testosterone suppression by
MEHP, whereas expression of StAR (steroidogenic acute regulatory protein) and
170HSD (17B8-hydroxysteroid dehydrogenase) genes is involved in the induction by
bisphenol A. Genes involved in cholesterol de novo synthesis such as HGM-CoA synthase
and HGM-CoA reductase were influenced by exposure to the endocrine disruptors, which

might not play an important role in the synthesis of testosterone in Leydig cells.
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LH FSH

MRNA
ANOVA Scheffe
Wistar 0 1 30
25 mg/m3 ( ) 5 mg/m3 ( ) DEHP 3 DEHP 2
19 1
RIA
RNA 80
AGD MRNA
ANOVA
25 mg/m3( ) 5mg/m3( ) DEHP
3 DEHP 2 19 1 6
(PND )
( )
C
5mg m 51+ 13mg m 25mg m 246X 52mg m
5mg m 25mg m
P=0.06 5mg m 25mg m P<0.001
5mg m
25mg m 5mg m 25mg m
P450scc  3-beta-hydroxysteroid dehydrogenase
3HSD CYP17 CYP19 mRNA

Society of Toxicologic Pathology

(Toxicologic Pathology

- 71 -



2002;30:507-520)

LH
(P=0.14)

DEHP
25 mg/m3 5 mg/m3
19.7+ 3.2mg/m3 2.9+ 0.9 mg/m3

19
19 AGD
mMRNA
P 0.05
AGD AGD
AGD 25mg/ms3 (P<0.05)
AGD AGD 5mg/m3
(P<0.01) AGD P<0.05 AGD
D
DEHP

DEHP in vitro (CA.Harris 1997)

(Malgaad 2001) in vivo

(LG.Parks 2000, LE.Gray 2000)
(BT.Akingberr 2001)

DEHP
(JD.Park 2002, Malgaad 2001)
(E.Kasahara 2002)
5mg/m3
25 mg/m3 2

DEHP
DEHP
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DEHP
DEHP

Pollack(1985)
80% MEHP

MEHP

DEHP MEHP

MRNA

DEHP

MRNA

Benson(2000)

LH

LH

Gray(2000)

AGD
AGD

AGD

DEHP
MRNA
AGD

MEHP
1% MEHP
MEHP DEHP
LH
3mg/m3
AGD
(100mg/kg/day)
LH
DEHP (750mg/kg/day)

AGD
AGD 5mg/m3

DEHP
AGD
AGD

MEHP

LH
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3mg/m3

DEHP4

18

(DEHP)
3 mg/m3

MRNA
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DEHP

20mg/m3

AGD

5 mg/m3



(9) ()
n=6
Omg/m3 176.7+ 18.7 272.0+ 12.3
5mg/m3 175.5+ 9.5 283.7+ 20.4
25mg/ms3 169.7+ 13.2 273.3+ 24.2
p-value P=0.5 p=0.3
(9)
(9/100g ) (9/100g ) (9/100g )
Omg/m3 0.81+ 0.22 0.08+ 0.01 0.10+ 0.05 0.05+ 0.02
5mg/m3 0.95+ 0.10 0.09+ 0.01 0.17+ 0.05 0.08+ 0.02
25mg/ms3 0.94+ 0.17 0.09+ 0.02 0.17+ 0.04 0.07+ 0.01
p-value p=0.06
(9)
(9/100g ) (9/100g ) (9/100g )
Omg/m3 1.3+ 0.04 0.15+ 0.03 0.33+ 0.03 0.11+ 0.02
5mg/m3 1.4+ 0.05 0.13+ 0.01 0.43+ 0.03 - 0.12+ 0.01
25mg/m3 1.3+ 0.10 0.14+ 0.02 0.43+ 0.02 —| 0.13+ 0.02
p-value p<0.001
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ng/ml

O control
O 5mg/m3
T W 25mg/m3

J0mg/m3
05mg/m3
M 25mg/m3

P450scc  3-f3 HSD CYP17 CYP19

MRNA
MRNA
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18
16 (
14

12

08 [
06 [
04
02

J0mg/m3
05mg/m3

M 25mg/m3

I

P450scc

3-B HSD

CYP17

CYP19

MRNA

MRNA

0Omg/m3

5mg/m3

25mg/ms3

<5%

5-25%

25-50%

50-75%

>75%
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LH

LH(ng/ml) LH(ng/ml)
n=6 n=6
Omg/m3 6.3+ 1.9 6.7+ 2.2
5mg/m3 6.8+ 0.9 9.4+ 3.4
25mg/m3 8.3+ 1.6 6.7+ 1.9
p-value p=0.14 p=0.14
(9) (9) (9
0Omg/m3 220.5+ 22.4 8.4+ 0.8 39.2+ 9.1 10.3+ 2.7 0
5 mg/m3 209.7+ 145 7.8+ 0.7 40.1+ 5.8 10.5+ 1.6 0
25 mg/m3 | 214.0+ 17.3 7.6+ 0.5 41.4+ 8.8 10.8+ 2.2 1
(GD19, n=6)
(9) (9) (mm) (mm) | AGD
Omg/m3 2.3+ 0.3 0.6+ 0.1 312+ 1.1 | 11.4+ 0.8 1.1+ 0.2
5 mg/m3 25+ 0.1 0.6+ 0.1 30.7£ 1.9 | 11.5+ 0.9 0.9+ 0.3
25 mg/m3 2.5+ 0.2 0.5+ 0.2 325+ 0.7 | 11.5+ 0.8 1.0+ 0.1
(GD19, n=6)
(mg) P
Omg/m3 1.5+ 0.08 n.s.
5 mg/m3 1.3+ 0.60 n.s.
25 mg/ms3 1.5+ 0.42 n.s.
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5
45
4
35 .
— 3
Eos
O
e 2
15
1
05
0
control 5ma/m3 25ma/m3
2.5
2
15 —
F_‘ O control
1 4]:|_'7 1 | . 05mg/m3
W 25mg/m3
05 I T
RN N HEw B
<0.05
P450scc 3-B HSD CYP17 CYP19
MRNA
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AGD AGD

PND1  (g) PND1 AGD(mm) | PND1 AGD
Omg/m? 5.6+ 0.5 45+ 0.5 08+ 01 —
5 mg/m3 5.6+ 0.6 4.6+ 0.4 0.8+ 0.1
25 mg/m3 5.4+ 0.5 4.9+ 0.3 09+ 01 ——
-value p<0.05
PND7  (g) PND7 AGD(mm) | PND7 AGD
Omg/m@ 104+ 1.2 6.4+ 0.7 0.6+ 0.1 7
5 mg/m3 9.4+ 1.9 6.5+ 0.6 0.7+ 0.1 _
25 mg/m? 10.3+ 0.5 6.5+ 0.5 0601 _J
-value p<0.01
PND14 (g PND14 AGD(mm) | PND7 AGD
Omg/m@ 17.7+ 2.6 __ 8.1+ 13 _ 2.2+ 0.3
5 mg/m? 15.4+ 2.2 _J 7.4+ 0.8 2.1+ 0.2
25 mg/m? 152+ 1.7 — 7.2+ 0.7 2.1+ 0.3
-value p<0.01 p<0.05
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9-cis retinoic acid
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DNA



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
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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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A BPA PDI PDI
T, BPA
PDI
PDI GH3
GH3 GH
BPA, 4- e GH3
4-
GH BPA, 4- e )
GH
PDI T, Ty
PDI T,
14 BPA
BPA
PDI PDI
BPA PDI T,
BPA T,
12-13
20 4- s )
, 2,4- T,



PDI T,

GH3 GH3
GH
B.
GH3
@
GH3
15 % , 2.5 % , 50 units /7 mL , 50 units /7 mL
Ham’ s F-10 5 % CO,, 95 %, 37
€)
AG 1-X8 Bio-Rad 50mg / mL
1,000 x g 10
AG 1-X8 50mg /mL 18
1,000xg 30,000 x g
-80
Ts DELFIA Triiodothyronine Reagents (Perkin Elmar) EIA
Ts 0.2 ng / mL
(3) GH3 Wst-1
GH3 1 x 10* cells / well 24
T, T4
24 0.25mM Wst-1,
0.01 mM 1-methoxy PMS, 1mM HEPES (pH 7.4) Ty 200 pL 5% CO ,, 95 %,
37 690 nm 450 nm
GH3 GH
GH3 1 x 10* cells /7 well 24 T,
Ty 24 48
3000 x g GH Rat growth hormone EIA
(Amersham Bioscience)
C.
GH3
(1) GH3 Ts
GH3 1 x 10* cells / well 24 24
Wst-1 T, 6
1A T, T, T,
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1B

(2) GH3

Ty

(3) GH3

BPA

A B
124 12
—OMT,
£ 107 £ 100 10 T
g o 5 gl = 10MT,
e o 10T
2 65 2 6
5 5
Du:) 4+ &-’ 4
21 5]
1 L
O T T T T 1 O T T T T 1
0 2 4 6 8 10 0 2 4 6 8 10
days days
GH3 T, ( )
BPA
BPA 10°5 W C
BPA ( 2B)
A B
124 124
——OM BPA —— OM BPA
£ 109 —— 10 BPA £ 104 —+ 105 BPA
8 g|—=10°MBPA 3 5] = 10°MBPA
& ° _e 10 BPA & °]——10'M BPA
QE} 6 ;12) 5
© T
él:) 44 él,_,’ 4]
24 9]
s L
0 : : : . . 0 . . . . .
0 2 4 6 8 10 0 2 4 6 8 10
days days
2 GH3 BPA ( )
GH3
T, 7
7 1
3
24

- 103 -



Relative growth

Relative growth

Relative growth

Relative growth

3,385-Triiodo-L-thyronine

1.2 e,
1.0
084
054
044
024
0.0 T T
22 <11 <10 -8 B 7 -6 -5 -4 -3
log[chemical] (V)
p-Nonylphenol
1.2
1.0 \/'
084
06
044
024
0.0 |
22 <11 <10 -8 8 7 -6 -5 -4 -3
log[chemical] (V)
Butylbenzyl phthalate
124
104 ~ e
084
06
044
024
00 T s,
2 <11 <10 -8 B 7 -6 -5 -4 -3
log[chemical] (V)
Diethyl phthalate
1.2
1.0 R
084
064
044
024
00 ARSI S RS ——
2 11 <10 -9 B 7 B -5 -4 -3
log[chemical] (V)
3

Relative growth

Relative growth

Relative growth

Relative growth

Bisphenol A
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1.0 \_//‘\’
08
06
0.4
0.2
0.0 R R R
-12 11 -0 -9 8 ¥ 65 -5 4 -3
log[chemical] (v}
2 A-Dichlorophenol
1.2+
1.0 '\,_W‘
0.8
0.5
0.4
0.2
0.0 T T T T T T T T |
-12 11 -0 -9 8 -7 6 -5 -4 -3
log[chemical] (I}
Dibutyl phthalate
1.2+
" NP
0.8
0.6
0.4
0.2
0.0 T T T T T T T ]
-12 -11 -0 -9 -8 -7 -6 -5 -4 -3
log[chemical] (W)
Dietylhexy| phthalate
1.2+
1.04 — e
0.8
0.5
0.4
0.2
0.0 r T T T T T T r |
-12 11 -0 -9 8 ¥ -6 -5 -4 -3

log[chemical] (v}

GH3
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Helanve growm

Relative growth

Relative growth

4-Octylphenol
1.2+
1.0
08
06
0.4
0.24
0.0 -
-12 11 -0 -9 8 -7 B -5 4 -3
log[chemical] (V)
Pentachlorophenol
1.2+
1.0
0.8 V_\
06
04
0.2
A P S R T S M
log[chemical] (V)
Dicyclohexyl phthalate
1.2+
1.04 \‘_—_._J_/
0.84
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10 S e
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-12 11 -0 -9 8 7 B 5 4 -3
log[chemical] (V)
1



Relative growth

Relative growth

Relative growth

Dipentyl phthalate
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3,3$5-Triiodo-L-thyronine Bisphenol A
5 54
£ 4 £ 4
1 1
(=] (=]
2 2
o 34 o 34
[+H] ]
2 2
® 24 g 2
T T
o o
14 14
0 T T T T 0 T T T T T

T T T T
-2 -11 <10 -9 -8 -7 -6 -5 A4

T
12 -1 -9 -8 7 -6 -5 4 -2

4-Octylphenol

w i [
L L |

Relative growth
L)

\

12 11 10 -9 -8 7 6 -5 -4
log[chemical] (v} log[chemical] (I} log[chemical] (V)
pNonylphenol 24Dichlorophenol Pentachlorophenol

54 54 54

£ 44 £ 4 £ 41

£ £ £

(=] (=] (=]

2 2 2

o 3 o 3+ o34

{ { {

2 2 2
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Effect of environmental chemicals on thyroid hormone action in GH3 cell

Yoshihiko Funae, Professor
Osaka City University Medical School,

Key Word : bisphenol A, protein disulfide isomerase, thyroid hormone, GH3 cell

Abstract :

Environmental chemicals have been known to affect not only reproduct systems but also
central nervous systems, which is caused by disruption of thyroid hormone action. In order to
clarify their relevance to behavior disorder or learning disorder, it is important to elucidate the
mechanism of disrupting activity of environmental chemicals toward thyroid hormone action,
essential for normal development of brain function. Previously, we isolated and purified the
novel bisphenol A (BPA) binding protein, protein disulfide isomerase (PDI), and characterized
that the triiodothyronine (Ts) binding was inhibited by phenolic compounds including BPA.
These chemicals may interfere the function of thyroid hormone via PDI.

In this study, to compare their binding activity toward PDI with their effect on thyroid
hormone action, we investigated the thyroid hormone disrupting activity using GH3 cells, a rat
pituitary cell line which grow and produce growth hormone (GH) depending on physiological
concentrations of thyroid hormone. The cell growth is induced by the treatment of BPA,
4-octylphenol, and p-nonylphenol. 4-Octylphenol have both facilitating and inhibition activity.
The GH production was inhibited by BPA, 4-octylphenol, p-nonylphenol, and
pentachlorophenol.

It was clarified that the chemicals which have displacing activity of Tz toward PDI is affect Ts

dependent thyroid hormonal action.
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DNA RNA
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DNA

Daphnia magna 24+ 1 21+ 1 1 pH7+ 0.5
3 100
80 80mg/L 80-90%
24 21 RNA
2ppb
total RNA
DNA
total RNA TRIzol
Invitrogen
total RNA RNeasy
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RNA RNA
total RNA T7 DNA T7RNA
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Low RNA Input
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8oul 40 2 RNeasy ¢
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3 DNA
PCR

7.43739 hemoglobin - Daphnia magna>gp:AB021134 1 [AB021134] gi:4589706 (oligoA)
6.57621 hemoglobin - Daphnia magna>gp:AB021134 3 [AB021134] ¢i:4589708 (oligoB)
6.30321 hemoglobin - Daphnia magna>gp:AB021134 3 [AB021134] gi:4589708 (oligoC)

5.
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RNA DNA
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EST
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DNA DNA
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ATP
176 DNA
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vector

S'-sequence

$#11-124900")—KZE 0

3'-sequence

AR B AT

DNAZ /207 LA HI<
SEERFLIERET

- =

5'-sequence 3'-sequence
clone Eval lengt Ev
length BestHit ue description hg BestHit alu description
e
WTHO0L_ SPRIO | oe. 60S ribosomal protein L10a.>gp:AF391092_1 spR10A | 48 | 60Sribosomal protein
0005 A0 482 A_SP 56 [AF391092] gi:14994666 ribosomal prot 551 SPOFR ° L10a.>gp:AF391092_1 [AF391092]
7 OFR g p —FUES 65 | gii14994666 ribosomal prot
\é\g)goié— 675 %%%581 de- [BC055147] gi:32766329 Unknown (protein for 568 pir:B714 _2e probable glycerol-3-phosphate permease -
F a7 1 35 MGC:63583) [Danio rerio] 45 25 Arabidopsis thaliana>prf:2405340RK
WTHOOL_ GRAPS | g [AF359386] gi:13751870 pancreatic lipase- apaE0 | 88 | [aE003805] gi:7302862 CGEAT2-PA
0005_A0 660 59386 H 534 - .
9 1 25 related protein type 2 precursor [Equu 3805_38 16 [Drosophila melanogaster]
WTHO001 gp:AF1 . - S . 4e Homogentisate 1,2-dioxygenase (EC
0005_A1 652 23501 | 7 gﬁfjﬁfi? ?")'fif{gs‘lrﬁﬁ!'zc?r"’” envelope 689 e - 1.13.11.5) (Homogentisicase)
1 1 Yerp! P p I 78 (Homogentisate ox
WTHOOL_ 9B | 6o | [BC046709] gi:28302354 stipl-prov protein ap:AE00 | 7® | [AE003590] i:7296220 CG2720-PA
0005_A1 593 C0467 . 590 - .
40 [Xenopus laevis] 3590_70 [Drosophila melanogaster]
4 09_1 65
el BV W0 | 1e- | [BCo3a531] 621961590 similar to hypotheticall | e | apakoa | 7® | [AK04s441] gi:26337367 Mus musculus adult
3 11 58 protein MGC19039 [Mus musculus]> 5441 1 55 male corpora quadrigemina cDNA, RIKEN
Pl B e | e [BC045447] gi:28374270 similar to G protein- . apBcoo | & | [BC00S514] gi:13529611 Unknown (protein
> a7 1 76 binding protein CRFG [Danio rerio] 5514 1 11 for IMAGE:3493398) [Mus musculus]>gpu:B
WTH001_
0005_B0 193 472
3
WTH001 SpU:A spu:ADH 8e
0005 BO_ 615 DHX_ 2e- Alcohol dehydrogenase class Ill (EC 1.1.1.1) 611 Xp SPAA N Alcohol dehydrogenase class IIl (EC 1.1.1.1)
rE OCTV 75 (Glutathione-dependent formaldehyde v 75 (Glutathione-dependent formaldehyde
U
% 581 %QA% 2e- [AF125971] gi: 14916394 Hypothetical protein 686 prf:1411 _1e lactase phlorizin hydrolase - Oryctolagus
7 5 31 YAC6B.6 [Caenorhabditis elegans] 186B 49 cuniculus (domestic rabbit)
WTHO001_ gp:AE ce- [AE003704] gi:10726524 CG3321-PA LAY2 0. [AY232167] ¢i:38048575 similar to
0005_BO 381 00370 10 [Drosophila melanogaster]>gp:AE003704_22 363 22167 1 00 Drosophila melanogaster CG3321
9 4. 21 [AEOO - 6 [Drosophila ya
WTH001_
0005_B1 643
1
WTHO001 AR5 6e [AF453501] gi:21449383 unknown
0005_B1 112 594 A0-ALES - [Actinosynnema pretiosum subsp.
3501 1 )
2 08 auranticum]
\é\éggogi— 734 pirT11 le- cytochrome-c oxidase (EC 1.9.3.1) chain | - 508 pirT113 f‘e cytochrome-c oxidase (EC 1.9.3.1) chain | -
5 351 95 Daphnia pulex mitochondrion>gp:AF117 51 74 Daphnia pulex mitochondrion>gp:AF117
S es e 2e- [AK052476] gi:26342705 Mus musculus 13 a7
7 61 22 days embryo lung cDNA, RIKEN full-length
% 594 %é% 3e- [AF400197] gi:15213788 ribosomal protein 218 ap:AF40 _8e [AF400197] gi: 15213788 ribosomal protein
R K 40 L35A [Spodoptera frugiperda] 0197_1 M L35A [Spodoptera frugiperda]
WTHO001 ap:DP - le
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&1 DNARA»OF7LA{LI=o0—DU R

Con. e-value Deffinition

WTH001_0007_GO7.r 1224 -

WTHO001_0007 M18.r
WTHO001_0005_B15.r
WTHO001_0011_D09.r
WTHO001_0009_H24.r
WTHO001_0009_H15.r
WTHO001_0005_G19.r
WTHO001_0001_BO3.r
WTHO001_0009_DO8.r
WTHO001_0012.G21L.r
WTHO001 0001 D14.r
WTHO001_0005_N13.r
WTHO001_0007 C17.r
WTHO001_0007_C17.r
WTHO001 0011 J13r
WTHO001_0009_N09.r
WTHO001_0004_F12.r
WTHO001_0007_LO7.r
WTHO01_0009_NO5.r
WTHO001_0007 A20.r
WTHO001_0006_HO8.r
WTHO001_0001_FO9.r
WTHO001_0005_K19.r
WTHO001_0006_G13.r
1GU001_0016_HO7.r
WTHO001_0003_POLr
WTHO001_0006_M17.r
WTHO001 0007 DO4.r
WTHO001_0005_A09.r
WTHO001 0007 G2L.r
WTHO001 0007 PO7.r
WTHO001_0012_F14.r
1GU001_0018_HO4.r
WTHO001_0013 D24.r
1GU001_0033 COLr
WTHO001_0006_B03.r
WTHO001_0007 MO7.r
WTHO01.0009_M08.r
1GU001_0006_A03.r
1GU001_0007_FO2.r
1GU001_0007_FO3.r
1GU001_0007_GO7.r
1GU001_0008_F06.r
1GU001_0009_B1L.r
1GU001_0010_A04.r
1GU001_0010_A1L.r
1GU001_0011_A03.r
1GU001_0012_A05.r
1GU001.0013 D04
1GU001_0017 D11.r
1GU001_0017_F10.r
1GU001_0018_CO2.r
1GU001_0018 E07.r
1GU001_0018_FO7.r
1GU001_0019_A04.r
1GU001_0021_B06.r
1GU001_0022_A08.
1GU001_0022_E05.r
1GU001_0024_GOL.r
1GU001_0026_B08.r
1GU001_0027_DO9.r
1GU001_0028_D09.r
1GU001_0028_HO4.r
1GU001.0029 GO2.r
1GU001_0030_E10.r
1GU001_0034 B12.r
1GU001_0034_DOL.r
1GU001.0034 DO3.r
1GU001_0037_BO3.r
1GU001_0039_G12.r
1GU001_0040_GOL.r
1GU001_0041 E03.r
1GU001_0045_F09.r
1GU001_0046_CO4.r
1GU001_0049_A12.r
1GU001.0049 E03.r
1GU001_0049_FO2.r
1GU001_0051_B08.r
1GU001_0051_CO4.r
1GU001_0051_F11.r
1GU001_0051_HO2.r
1GU001_0053_ A1L.r
1GU001_0054_B06.r
1GU001_0054 F11.r
WTHO001_0001_A20.r
WTHO001_0001_BO4.r
WTHO001_0001_D10.r
WTHO001 0001 D22.r
WTHO001_0001_E05.r
WTHO001_0001_F20.r
WTHO001_0001_F20.r
WTHO001_0001_107.r
WTHO001_0001_003.r

155 2E-54 H+-transporting two-sector ATPase (EC 3.6.3.14) protein 6 - Daphnia pulex mitochondrion>prf:2318218D  ATPase:SUBUNIT=
151 4E-74 cytochrome-c oxidase (EC 1.9.3.1) chain | - Daphnia pulex mitochondrion>gp:AF117817 2 [AF117817] gi:4927671 cytochrome
128 -
113 1E-81 cytochrome-c oxidase (EC 1.9.3.1) chain Ill - Daphnia pulex mitochondrion>prf:2318218E
85 2E-47 [AJ245734] ¢i:6946693 ferritin [Daphnia pulex]
83 1E-45 ubiquinol-cytochrome-c reductase (EC 1.10.2.2) cytochrome b - Daphnia pulex mitochondrion>gp:AF117817_12 [AF117817] gi:4
63 1E-29 Trypsin | (EC 3.4.21.4).>sp:TRYP_ASTFL Trypsin | (EC 3.4.21.4).>pir.TRCY1 trypsin (EC 3.4.21.4) | - broad-fingered crayf
54 -
47 4E-73 hemoglobin - Daphnia magna>gp:AB021134_1 [AB021134] gi:4589706 hemoglobin [Daphnia magna]>gp:AB021137_1 [AB021137] ¢
44 6E-24 collagenase 1 - Uca pugilator (Atlantic sand fiddler crab)>gp:UPU49931 1 [U49931] gi:1314481 serine collagenase 1 precu
41 1E-16 myosin light chain 2 - fruit fly (Drosophila melanogaster)>prf:1203346A  myosin L2 - Drosophila melanogaster>prf:130
40 5E-33 [AJ583519] gi:35208833 beta-1,3-glucan binding protein [Homarus gammarus]
40 5E-33 [AJ583519] gi:35208833 beta-1,3-glucan binding protein [Homarus gammarus]
39 7E-51 NADH2 dehydrogenase (ubiquinone) (EC 1.6.5.3) chain 4 - Daphnia pulex mitochondrion>gp:AF117817 9 [AF117817] gi:4927678
34 5E-88 hemoglobin - Daphnia magna>gp:AB021134 3 [AB021134] ¢i:4589708 hemoglobin [Daphnia magna]>gp:AB021136_1 [AB021136] ¢
34 3E-05 [AB051391] ¢i:25006237 GM2 activator protein [Rattus norvegicus]
29 -
26 2E-52 NADH2 dehvdrogenase (ubiauinone) (EC 1.6.5.3) chain 1 - Daphnia pulex mitochondrion>an:AF117817 13 [AF1178171 0i:4927682
24 2E-06 [BC061262] gi:38174689 Unknown (protein for MGC:75694) [Silurana tropicalis]
11 2E-30 retinol dehydrogenase - Spodoptera frugiperda (fall armyworm)>gp:SFU28654 1 [U28654] gi:1403598 retinol dehydratase [Spo
10 8E-51 [AF164152] ¢i:5690416 ribosomal protein L8 [Anopheles gambiae]
10 3E-33 Carboxypeptidase Al precursor (EC 3.4.17.1).>prf:2509364A carboxypeptidase Al - Sus scrofa domestica (domestic pig)
10 1E-25 [AF486488] gi:27373057 trypsin [Aplysina fistularis]

cytochrome oxidase:SUBUNIT=|

-33 [AF077609] gi:4322274 glutathione S-transferase [Boophilus microplus]
-18 ornithine decarboxylase antizyme - African clawed frog>prf:2113204A
-16 [AE003805] gi:7302862 CG6472-PA [Drosophila melanogaster]

Orn decarboxylase antizyme - Xenopus laevis (Af

@ N
mmm

6E-25 diazepam-binding inhibitor - laughing frog>prf:2016506A diazepam-binding inhibitor - Rana ridibunda (laughing frog)>gp:

-58 [AY278948] gi:37654720 proteasome alpha 4 subunit [Branchiostoma belcheri tsingtaunese]

-19 NADPH-cytochrome P450 reductase (EC 1.6.2.4) (CPR) (P450R).>sp:NCPR_MUSDO NADPH-cytochrome P450 reductase (EC 1.
-66 [AF070548] 0i:3387911 2-oxoalutarate carrier protein [Homo sapiens1>ap:BC006508 1 [BC006508]1 0i:13676350 Unknown (prote
-15 [BC044152] gi:28278316 Similar to nucleosome assembly protein 1-like 1 [Danio rerio]>gpu:BC044152_1 [BC044152] gi:28278

[SEENY
mmmm

4E-22 [BC045516] gi:28278019 Similar to RIKEN cDNA 9930035G10 gene [Danio rerio]>gpu:BC045516_1 [BC045516] gi:28278019 Sim

E-05 Guanine nucleotide-binding protein gamma-1 subunit.>sp:GBG1_DROME Guanine nucleotide-binding protein gamma-1 subunit.>p
E-21 [AL117345] ¢i:8218102 dJ416F21.1 (phosphodiesterase 10A) [Homo sapiens]
E-04 [AF435075] gi:16798648 cuticular protein [Myzus persicae]

[T

-20 Ubiquitin-protein ligase E3A (EC 6.3.2.-) (Oncogenic protein- associated protein E6-AP).
-27 [AF274877] gi:14578846 Ah receptor interacting protein [Danio rerio]

BN
mm

-04 [BC045936] gi:28278449 Similar to heme binding protein 2 [Danio rerio]>gpu:BC045936_1 [BC045936] ¢i:28278449 Similar t
-75 calmodulin - Drosophila melanogaster

E-25 Elongation factor 1-beta'.

E-05 [BC045894] gi:28279669 Similar to ATP synthase, H+ transporting, mitochondrial FO complex, subunit ¢ (subunit 9) isofor
E-31 [AF077609] gi:4322274 glutathione S-transferase [Boophilus microplus]

0.017 protein C45G9.11 [imported] - Caenorhabditis elegans

N
mm

[T

3E-10 [AE003723] gi:23171661 CG7697-PA [Drosophila melanogaster]>gp:AF170082_1 [AF170082] gi:5713194 cleavage stimulation fac
2E-25 chitinase (EC 3.2.1.14) - yellow fever mosquito>gp:AF026492_1 [AF026492] gi:2564721 chitinase [Aedes aegypti]

7E-28 DNA-directed RNA polymerase Il 7.6 kDa polypeptide (EC 2.7.7.6) (RPB10) (RPB7.6).>sp:RPBX_DROME DNA-directed RNA polyr
0.003 Venom allergen 5 (Antigen 5) (Ag5) (Allergen Dol a 5) (Dol a V).>sp:VA5 DOLAR Venom allergen 5 (Antigen 5) (Ag5) (Allerg

0.003 [AY231654] gi:38047549 similar to Drosophila melanogaster TpnC47D [Drosophila yakuba]

9E-31 Vacuolar ATP synthase subunit E (EC 3.6.3.14) (V-ATPase E subunit) (Vacuolar proton pump E subunit) (V-ATPase 28 kDa sub
1E-06 Ubiquitin-conjugating enzyme E2-17 kDa (EC 6.3.2.19) (Ubiquitin-protein ligase) (Ubiquitin carrier protein) (Effete prot

-17 Selenoprotein M precursor (SelM protein).>sp:SELM_MOUSE Selenoprotein M precursor (SelM protein).
-20 [AB081843] gi:19698255 cathepsin L-like [Engraulis japonicus]

NEN)
mm

-09 C-ETS-2 protein.>pir,TVCHE2 transcription factor ets-2 - chicken>prf:1405230A  c-ets2 gene - Gallus gallus (chicken)
-04 Cadherin EGF LAG seven-pass G-type receptor 3 precursor (Flamingo homolog 1) (hFmil) (Multiple epidermal growth factor-I
-22 [AF484414] gi:33320668 cytochrome P450 CYP314al [Drosophila melanogaster]

[SENENY
mmm

-18 protein kinase (EC 2.7.1.37), cAMP-dependent, type | regulatory chain - California sea hare>gp:ACN4PKA 1 [X62382] gi:558
-17 [BC000004] ¢i:12652533 Unknown (protein for MGC:2637) [Homo sapiens]
-11 [AY194225] gi:28195649 kynurenine monooxygenase [Aedes aegypti]

vl o u
mmm

-31 Lysosomal aspartic protease precursor (EC 3.4.23.-).>pir:A45117 aspartic proteinase (EC 3.4.23.-), lysosomal - yellow fe

-49 [AF100743] gi:5138999 NADH-Ubiquinone reductase [Homo sapiens]

-05 [AE003817] gi:7303275 CG6305-PA [Drosophila melanogaster]>gp:AY060758_1 [AY060758] gi:16768174 GH20904p [Drosophila I
-44 [AE003585] gi:22945470 CG17654-PA [Drosophila melanogaster]

PN~
mmmm

1E-16 Carboxypeptidase B (EC 3.4.17.2).>pir.CPCYB carboxypeptidase B (EC 3.4.17.2) - broad-fingered crayfish>prf:1004229A

PRRPRRRRRRRRRRRRPRRRPRPRPRRRRRRRRRRRPRRRPRPREPRERRPRERRERRRRRRRRRRERREPRERRERERERERENNNNNNWWWN -~~~
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WTHO001_0001_P16.r
WTHO001_0002_E24.r
WTHO001_0002_ H24.r
WTHO001_0002_K18.r
WTHO001 0002 L17.r
WTHO001_0003_.C16.r
WTHO001 0003 F1Lr
WTHO001_0003_F12.r
WTHO001_0003_MO7.r
WTHO001_0003.NO2.r
WTHO001_0004_C10.r
WTHO001_0004_ D24.r
WTHO001_0004_116.r

WTHO001_0004.116.r

WTHO001 0004 K15.r
WTHO001_0004 MO7.r
WTHO001_0004_M08.¢
WTHO001 0004 N12.r
WTH001.0004_005.¢
WTHO001_0004_020.r
WTHO001_0005_A17.r
WTHO001_0005_G13.r
WTHO01_0005_H09.r
WTHO001_0005_K15.r
WTHO001_0005_ N11.r
WTHO001_0005_007.r
WTHO01_0005_.009.r
WTHO001_0005_018.r
WTHO001_0005_023.r
WTHO001_0005_P19.r
WTHO001_0006_BO7.r
WTHO001_0006_B13.r
WTHO001_0006_C18.r
WTHO001_0006_H19.r
WTHO001_0006_119.r

WTHO001_0006_J17.r
WTHO001_0006_K07.r
WTHO01_0006_MO08.r
WTHO001_0006_M15.r
WTHO001_0006_NO5.r
WTHO001_0006_N23.r
WTHO001 0007 A07.r
WTHO001 0007 BO3.r
WTHO001_0007_FO3.r
WTHO001_0007 G13.r
WTHO001_0007_G16.r
WTHO001_0007 G17.r
WTHO001_0007 01

WTHO001_0007 116.r

WTH001_0007_J05.r
WTHO001_0007_J18.r
WTHO001_0007 K13.r
WTHO001 0007 M05.r
WTHO001_0007 M06.r
WTHO001_0007 M17.r
WTHO001_0007 N14.r
WTHO001 0007 P18.r
WTHO001_0009_A04.r
WTHO001_0009_A20.r
WTHO001_0009_B21.r
WTHO001 0009 B24.r
WTHO001_0009_CO7.r
WTHO001_0009_C20.r
WTHO001_0009_F13.r
WTHO001_0009_G21.r
WTHO001_0009_J15.r
WTHO001_0009_L17.r
WTHO001_0009_L24.r
WTHO001_0009_M10.r
WTHO001_0009_M15.r
WTHO001_0009_P15.r
WTHO001 0010 B11.r
WTHO001_0010_CO5.r
WTHO001_0010_D05.r
WTHO001_0010_D16.r
WTHO001_0010_HO8.r
WTHO001_0010_115.r

WTHO001_0010_120.r

WTHO001_0010_K22.r
WTHO001_0010_L17.r
WTHO001_0010_M02.r
WTHO001_0010_M23.r
WTHO001_0010_018.r
WTHO001_0011_FO3.r
WTHO001_0011_124.r

WTHO001_0012 B10.r
WTHO001_0012 B10.r
WTHO001 0012 B12.r
WTHO001_0012_.D08.r
WTHO001_0012_E19.r
WTHO001_0012_FO4.r
WTHO001_0012_FO8.r
WTHO001_0012_F10.r
WTHO001_0012_J07.r
WTHO001_0012.013.r

1 0.009 [AF277452] gi:11320978 Pkd1 [Rattus norvegicus]

1 2E-13 [AY034137] gi:16073616 aldehyde dehydrogenase [Rattus norvegicus]

1 -

1 0.018 Putative extracellular sulfatase Sulf-1 homolog precursor (EC 3.1.6.-) (CeSulf-1).>pir:T16584 hypothetical protein KO9C4

1 0.003 alphaP integrin - sea urchin (Strongylocentrotus purpuratus)>gp:AF177914 1 [AF177914] gi:5911264 alphaP integrin precur
3E-62 activated protein kinase C receptor RACK1 - rat>prf:2004461A  protein kinase C receptor - Rattus norvegicus (Norway
2E-24 collagenase 1 - Uca pugilator (Atlantic sand fiddler crab)>gp:UPU49931 1 [U49931] ¢i:1314481 serine collagenase 1 precu
9E-10 [AF353357] gi:17225684 opsin [Skogsbergia lerneri]

8E-45 [M61850] gi:187053 lactase phlorizinhydrolase [Homo sapiens]

tubulin:SUBUNIT=alpha - Bombyx mori (si

E-57 Tubulin alpha chain.>pir:S52152 tubulin alpha chain - silkworm>prf:2408297A
E-5 tubulin:SUBUNIT=alpha - Bombyx mori (si

7 Tubulin alpha chain.>pir:S52152 tubulin alpha chain - silkworm>prf:2408297A
2E-80 Dihydrolipoamide dehydrogenase, mitochondrial precursor (EC 1.8.1.4).>sp:DLDH_PIG Dihydrolipoamide dehydrogenase, mitoch

2E-53 [AY032658] ¢i:15418786 iron regulatory protein 1 [Manduca sexta]

4E-48 [AE003839] ¢i:7304149 CG1548-PA [Drosophila melanogaster]>gp:AF220040_1 [AF220040] ¢i:6685167 cathepsin D precursor [C

41 [AY278950] gi:37654724 adenosylhomocysteinase [Branchiostoma belcheri tsingtaunese]
10 [AF137068] gi:6492289 cubilin [Canis familiaris]
72 Dihydrolipoamide succinyltransferase component of 2-oxoglutarate dehydrogenase complex, mitochondrial precursor (EC 2.3.

E-.
E-
E-
E-20 Eukaryotic translation initiation factor 5A (elF-5A).>gp:AF109730_1 [AF109730] gi:6469515 translation initiation factor

1
2|
2|
6l

5E-43 ATP synthase alpha chain, mitochondrial precursor (EC 3.6.3.14) (Protein bellwether).>sp:ATPA_DROME ATP synthase alpha ¢
2E-71 [AY342000] gi:37498964 receptor for activated protein kinase C [Oreochromis mossambicus]
6E-05 [D50464] gi:1747306 SDR2 gene product [Mus musculus]

E-53 Probable acyl-CoA dehydrogenase, medium-chain specific, mitochondrial precursor (EC 1.3.99.3) (MCAD).>sp:ACDM_DROME Prc
E-42 [AB087268] gi:23503514 Cu,Zn-superoxide dismutase [Hylobates lar]

E-08 G2/mitotic-specific cyclin B.>ap:CVRNACYCB 1 [X90984] ¢i:984661 cyclin B gene product [Chlorohydra viridissimal

E-04 [BC015368] gi:34782981 DCP1B protein [Homo sapiens]
E-
E

5
3

12 [AE003542] gi:7294614 CG6811-PA [Drosophila melanogaster]>gp:AY069311_1 [AY069311] gi:17861958 LD02491p [Drosophila r
-45 [AE003464] gi:21626770 CG3683-PA [Drosophila melanogaster]>gp:AE003464_68 [AE003464] gi:21626771 CG3683-PB [Drosopl
1E-06 post-ecdysial adult protein - Tenebrio molitor (yellow mealworm)>gp:TMLPCP29_1 [AJ000044] gi:2275132 cuticular protein [
4E-11 Cystathionine beta-synthase (EC 4.2.1.22) (Serine sulfhydrase) (Beta-thionase).>sp:CBS_ HUMAN Cystathionine beta-synthase
4E-05 CUB and sushi multiple domains protein 3 precursor.

2
7
9
4]

1E-12 [AF453743] 0i:21908024 proton/amino acid transporter 1 [Mus musculus]

8E-38 [Y11314] ¢i:1854503 glutamate dehydrogenase (NAD(P)+) [Drosophila melanogaster]
1E-04 [U61948] gi:14550353 Hypothetical protein C46A5.4 [Caenorhabditis elegans]
1E-30 MCM7 gene - Drosophila melanogaster>gp:AE003554 43 [AE003554] gi:7295030 CG4978-PA [Drosophila melanogaster]>gp:AF12

0.01 exoskeletal protein:ISOTYPE=HaCP18.8 - Homarus americanus (American lobster)
2E-07 Putative ankyrin-repeat protein FPV115.>gp:AF198100 115 [AF198100] ¢i:7271613 ORF FPV115 Ankyrin repeat gene family pro
5E-16 CDK5 regulatory subunit associated protein 3 (CDK5 activator-binding protein C53) (HSF-27 protein) (MSTPO016) (PP1553).>g
3E-09 Transitional endoplasmic reticulum ATPase homolog 2 (p97/CDC48 homolog 2).>sp:TER2_CAEEL Transitional endoplasmic reticu
1E-07 [AJ517411] ¢i:29329817 vitellogenin precursor [Apis mellifera]
2E-58 [AE003451] gi:7291184 CG32672-PA [Drosophila melanogaster]>gp:AY122152 1 [AY122152] gi:21483378 LD05816p [Drosophila

1E-29 hypothetical protein C50B6.7 - Caenorhabditis elegans>gp:CEC50B6_7 [281050] ¢i:3875058 Hypothetical protein C50B6.7 [Ca
3E-12 [AF284840] gi:15076929 gamma-interferon inducible lysosomal thiol reductase [Amblyomma americanum]

6E-08 [AK088267] ¢i:26353234 Mus musculus 2 days neonate thymus thymic cells cDNA, RIKEN full-length enriched library, clone:
2E-07 [AY195856] gi:28274854 ankyrin repeat protein E4 8 [synthetic construct]>gpu:AY195856_1 [AY195856] ¢i:28274854 ankyrin
1E-22 [AY391418] gi:37362204 DEAD (Asp-Glu-Ala-Asp) box polypeptide 5 [Danio rerio]

3E-22 [AE003681] 0i:7299110 CG11964-PA [Drosophila melanogaster]>gp:AY051943 1 [AY051943] gi:15292197 LD41978p [Drosophila

E-20 Alcohol dehydrogenase class Il (EC 1.1.1.1) (Glutathione-dependent formaldehyde dehydrogenase) (EC 1.2.1.1) (FDH).>sp:A
E-16 Putative serine/threonine-protein kinase C41C4.4 in chromosome Il precursor (EC 2.7.1.-).>pir:,T19874 hypothetical protei

E-44 aldolase:ISOTYPE=A - Xenopus laevis (African clawed frog)>gp:AB002267_1 [AB002267] ¢i:1944025 aldolase [Xenopus laevis]>
E-26 [AB038695] gi:8176557 heart fatty acid binding protein [Anguilla japonica]>gp:AB039665S2_1 [AB039666] ¢i:8176561 heart
E-35 Cytochrome P450 17A1 (EC 1.14.99.9) (CYPXVII) (P450-C17) (P450c17) (Steroid 17-alpha-hydroxylase/17,20 lyase).>sp:CPT7_C
E-62 [AE003462] gi:21626717 CG3195-PA [Drosophila melanogaster]>gp:AE003462_115 [AE003462] ¢i:21626718 CG3195-PB [Droso|

2
4]
2
1
5
4]

4E-15 cellular nucleic acid-binding protein - Gallus gallus (chicken)>gp:AF035676_1 [AF035676] gi:2665788 cellular nucleic aci
6E-26 [AJ010150] gi:5725367 carnitine palmitoyltransferase | [Drosophila melanogaster]

9E-39 [AF165113] ¢i:6636407 membrane import protein [Drosophila melanogaster]

16 cuticle structural protein PCP16.7, post-ecdysial - yellow mealworm>prf:2421326B
16 cuticle structural protein PCP16.7, post-ecdysial - yellow mealworm>prf:2421326B

1E- cuticular protein:lSOTYPE=TmPCP16.
1E- cuticular protein:ISOTYPE=TmPCP16.
6E-22 [AJ271365] gi:18413497 endo-14-mannanase [Mytilus edulis]

0.007 hypothetical protein T10E10.2 - Caenorhabditis elegans
5E-19 [AF224720] gi:7021482 secretory carrier membrane protein [Drosophila melanogaster]

i i i  a  a  a a a a a a  a a a  a a

4E-18 SEC14-like protein 3 (Tocopherol-associated protein 2).>gp:AC004832_3 [AC004832] gi:6624132 WUGSC:H_DJ0539M06.3 gene p
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WTHO001_0013 A20.r
WTHO001_0013_B03.r
WTHO001 0013 B13.r
WTH001.0013 E17.r
WTHO001 0013 E21.r
WTHO001_0013.G13.r
WTHO001_0013.G19.r
WTH001.0013.G22.r
WTHO001_0013_H09.r
WTHO001_0013_H24.r
WTHO001 0013 J15.r
WTH001.0013.J23.r
WTHO001_0013_L16.r
WTHO001_0013.M19.r
WTH001_0014 B18.r
WTHO001_0014 B24.r
WTHO001_0014_G18.r
WTHO001_0014_M05.¢
WTH001.0014 M12.r
WTHO001_0014 NO3.r
WTHO001_0014_P19.r

1 6E-26 [AF353331] gi:17225632 opsin [Vargula hilgendorfii]
1 -
1 2E-28 [AJ303080] gi:13624645 arrestin [Ascalaphus macaronius]

1

1 1E-21 [AF195272] ¢i:6708213 serine/threonine kinase AIE1 [Mus musculus]

1 -

1 4E-13 [AE003563] gi:7295365 CG12330-PA [Drosophila melanogaster]

1 8E-38 GABA aminotransferase - Sus scrofa domestica (domestic pig)

1 -

1 7E-55 Aryl hydrocarbon receptor nuclear translocator homolog (JARNT) (Tango protein) (Hypoxia-inducible factor 1 beta).>sp:ARN
1 -

1 1E-13 cytoplasmic fatty acid-binding protein - Schistosoma japonicum>gp:SCMFABP_1 [L23322] ¢i:349804 fatty acid binding protei
1 1E-81 TGF beta-inducible nuclear protein 1 (Hairy cell leukemia protein 1) (HUSSY-29).>gp:AF077615_1 [AF077615] gi:11999092 T
1 -

1 -

1 7E-50 G1/S-specific cyclin C.>sp:CG1C_DROME G1/S-specific cyclin C.>pir:A40269 cyclin C - fruit fly (Drosophila melanogaster)>
1 -

1 2E-17 [AY398415] gi:37681941 serine proteinase inhibitor, clade B, member 1 [Danio rerio]

1 2E-66 hemoglobin - Daphnia magna>gp:AB021134_1 [AB021134] ¢i:4589706 hemoglobin [Daphnia magna]>gp:AB021137_1 [AB021137] ¢
1 -

1 0.007 [AE003799] ¢i:7302614 CG17531-PA [Drosophila melanogaster]

Contig[XESTHRATIZEH 115 —FE (ZBWVESHARBREN B EETRT,)
Blasti® & D#& R De-value LA R %A % il fmF(deffinition) £ 58 L 1=,
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BELT-

ft

23.34
17.80
13.62
6.19
5.44
4.54
3.52
3.49
2.06
2.01

fEEL
& E-value  Deffinition
5.82 0.003 Cylicin 1l
3.73 2.00E-27 P450 CYP4C39
3.42 9.00E-10 opsin
297 5.00E-05 AR nuclear translocator-like
271 3.00E-24  chitinase
2.56 4.00E-34  Compound eye opsin
2.56 2.00E-32 arrestin
2.56 8.00E-18  salivary peroxidase
2.18 4.00E-49 DEAD box polypeptide 5
2.07 1.00E-16 post-ecdysial adult protein
2.06 2.00E-13 cytoplasmic fatty acid binding protein
2.03 2.00E-15  troponin C
201 2.00E-49 aspartic protease precursor

x2 IDUANRKREEGFRELIE

—_— Y

SUVAOTRBOSELEEGF

E-value
4,00E-30
1.00E-07
3.00E-03
2.00E-65
2.00E-11
1.00E-15
3.00E-41
3.00E-11
3.00E-82
7.00E-14

Deffinition

RE34950p

vitellogenin precursor

cubilin

Ras-related protein
probable protein kinase
diazepam-binding inhibitor
glutathione peroxidase
cyclin B4

putative histone deacetylase

Similar to cyclin B3

TEEOBVEET
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Organism

Drosophila melanogaster
Apis mellifera

Rattus norvegicus
Chlamydomonas reinhardtii
Arabidopsis thaliana
laughing frog

Homo sapiens

Xenopus laevis

Drosophila melanogaster

Xenopus laevis

Organism

bovine

Carcinus maenas
Skogsbergia lerneri
Drosophila melanogaster
yellow fever mosquito
Vargula hilgendorfii
Anopheles gambiae
Anopheles albimanus
Danio rerio

Tenebrio molitor
Schistosoma japonicum
Drosophila melanogaster

yellow fever mosquito



£R3 Tx/FLHIITTRENEH T LEEGEF

T /X NIVTTRENFEINDEEF

f&%=Z{k  E-value Deffinition Organism
7.44 2.00E-66 hemoglobin Daphnia magna
6.58 5.00E-88 hemoglobin Daphnia magna
3.52 3.00E-24  deoxyribonuclease | Marsupenaeus japonicus
242 1.00E-04 Hypothetical protein Caenorhabditis elegans

21 /X AT TEREREIMGNESNSEGETF

f&£%&%{t  E-value Deffinition Organism
3.01 - Unknown
2.70 1.00E-04 cuticular protein Myzus persicae
2.56 1.00E-29 hypothetical protein Caenorhabditis elegans
252 7.00E-55 AhR nuclear translocator homolog Drosophila melanogaster
2.15 4.00E-18 SEC14-like protein 3 Homo sapiens
2.10 - Unknown
2.07 1.00E-13 cytoplasmic fatty acid-binding protein Schistosoma japonicum
2.04 - Unknown
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