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Phylogenetic tree of the full-ORF amino acid sequences of fish estrogen receptor a and b
Roach (a) Rainbow trout (a)

Bastard halibut (a)
Tilapia (a)

Zebrafish (a)
Goldfish (a)

Killifish (a)

Medaka (a)
Channel catfish (a) Bera (a)
Gilhead sea bream (a)

Black sea bream (b) Channel catfish (b)
Gilhead sea bream (b)

1000
Bastard halibut (b)

1000

Tilapia (b) Atlantic croaker (b)

Medaka (b) Bera (b)

Common carp (b)
g Roach (b)
— a1 Goldfish (b) zebrafish (b)

Phylogenetic tree was constructed by the neighbour-joining (NJ) method. Numbers indicate bootstrap values from 1000 replicates.
Radial branch lengths indicate genetic distances. (a) shows estrogen receptor a and (b) shows estrogen receptor b.




Phylogenetic tree of the full-ORF amino acid sequences of fish gonad- and brain-type

aromatases
Zebrafish (G) Medaka (G)
Red sea bream (G)
Black sea bream (G)
Gilhead sea bream (G)

Goldfish (G)
Bastard halibut (G)

Southern caffish (G)
European sea bass (G)

Channel catfish (G)

Rainbow trout (B)

European sea bass (B)
Goldfish (B)

Zebrafish (B)
Roach (B)

Fathead minnow (B)

Tilapia (B)

Medaka (B)

Southern catfish (B)

81 Channel catfish (B)

Phylogenetic tree was constructed by the NJ method. Numbers indicate bootstrap values from 1000 replicates. Radial
branch lengths indicate genetic distances. (G) shows gonad-type aromatase and (B) shows brain-type aromatase.
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Roach genes Current Roach genes Current

status status
ER alpha Full clone Steriod hormone receptor vasa Germ cell formation
ER beta Full clone Steriod hormone receptor DMRT-1 Germ cell differentiation
GR Steriod hormone receptor Sox-9 Testis development
MR Full clone Steriod hormone receptor Daz Testis development
Aromatase-B Full clone Steroidogenic enzyme Pumilio Gonad development
Aromatase-G Full clone Steroidogenic enzyme SF-1 Full clone Regulator of aromatase gene
StAR Full clone Steroidogenic enzyme WT-1 Full clone Gonad development
C17,20-lyase Steroidogenic enzyme Wnt4 Gonad development
3b-HSD Steroidogenic enzyme beta-actin Full clone House keeping gene
17b-HSD Steroidogenic enzyme L8 House keeping gene
P450-SCC Steroidogenic enzyme EF-1 House keeping gene




Principle of Reporter Gene Assay
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Dose response of 17b-estradiol (E2) on the Roach ERa and ERb reporter gene assay
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EST Differential hybridization

Whole mount in situ hybridization /n situ hybridization
RT-PCR GFP- Vasa Nanos DMY DMRT1
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Gene Name

Description

OLS06F-267  5-F -27
OLS06F-378  12-F -26
OLS06C-317 8-C-29
OLS06C-257 5-C-17
OLS06D-357 11-D-21
OLSO06E-374  12-E-22
OLS06C-174  11-C-14
OLS06B-60 4-B-12
P01 S06C-82 6-C-2
E—>0| S06B-87 6-B-7
OLS06B-288  6- B -32
OLS06B-156  10-B-12
OLS06B-143  9-B-15
OLS06D-28 2-D-12
OLS06B-62 4-B-14
OLS06A-380 12-A-28
OLS06D-138  9-D-10
OLS06B-113  8-B-1
OLS06B-241  4-B-17
OLS06D-169  11-D-9
OLS06B-37 3-B-5
OLS06E-81 6-E-1
OLS06C-135 9-C-7
OLS06C-138 9-C-10
OLS06F-216  2-F-24
OLS06F-164  11-F -4
OLS06B-155 10-B-11
OLS06B-125 8-B-13
OLS06C-145 10-C-1
OLS06A-373  12-A-21
OLs06C-121  8-C-9
OLS06B-281  6-B -25
OLS06B-14 1-B-14
OLS06B-51 4-B-3
OLS06A-381  12-A-29
OLS06A-370  12-A-18
OLS06B-141  9-B-13
OLS06D-126  8-D-14
OLS06D-383  12-D-31
OLS06F-45 3-F-13
OLS06F-235  3-F -27

[AB008372]  alpha 2 type | collagen [Oncorhynchus mykiss]
[AB041930]  trypsinogen Il [Engraulis japonicus]
[AB045645]  tropomyosin [Pennahia argentata]

[AB045645]  tropomyosin [Pennahia argentata]

[/ collagen a3(1) [O mykiss]

[ ]
[AB052837]  Collagen alpha 2(I) chain precursor collagen a2(l) [Oncorhynchus mykiss]

[AB086413]  tropomyosin [Theragra chalcogramma]
[AF128810]  ZPC domain containing protein 2 [Oryzias latipes]
[AF128814]  RNA binding protein 42Sp43 [Oryzias latipes]
[AF128815]  42Sp50 [Oryzias latipes]

[AF128817]  Unknown [Oryzias latipes]

[AF128818]  Unknown [Oryzias latipes]

[AF128819]  Unknown [Oryzias latipes]

[AF128821]  Unknown [Oryzias latipes]

[AF128823]  Unknown [Oryzias latipes]

[AF128824]  Unknown [Oryzias latipes]

[AF281358] putative serum albumin-related protein [Oncorhynchus mykiss]

[AF331670]  ZPAX [Oryzias latipes]
[AF331675]  ZPC5 [Oryzias latipes]

[AK029137]  Mus musculus 10 days neonate skin cDNA, RIKEN full-length enriched library, clone:4732496L10 pro

[AL035250]  prepro-endothelin 3 - Homo sapiens.
[BC044160]  Similar to neuronal protein [Danio rerio]
[BC045423]  Unknown (protein for MGC:55673) [Danio rerio]

imilar to ositive cofactor 2, complex) g protein
BC045472]  Simil PC2 (positi fe 2, i i plex) glt ich. iated i

[BC049974]  Myl9 protein [Mus musculus]

fatty acid-binding protein:SOTYPE=H6 - Chaenocephalus aceratus
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No Hits
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List of genes down-regulated in E2 treatment

OLS06C-144-[AF492003] Synaptonemal complex protein 3 [Homo sapiens]
OLS06F-303-[AK021811] Homo sapiens cDNA FLJ11749, weakly similar to NUCLEAR
PROTEIN SNF

OLS06E-383-[BC008947] Similar to RIKEN cDNA 1200008012 gene [Homo sapiens]
OLS06F-281-[BC010108] Hypothetical protein FLJ11749 [Homo sapiens]
OLSO06E-373-[BC049536] Unknown (protein for MGC: 56709) [Danio rerio]
OLS06F-222-[BC049536] Unknown (protein for MGC: 56709) [Danio rerio]
OLS06D-104-No hits

OLS06D-112-No hits

OLS06D-118-No hits

OLS06D-256-No hits

OLS06D-162-No hits

OLSO06E-375-No hits

OLS06F-4 -No hits

FIGa

ZP genes
42S5p43
Arom
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SPG-I SPG-II

SPG-1 SPG-11 mRNA

20 | 25 | 30 cycles
Spiggintype | (1| 1 11| 1 1l
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i c E2 P HC 10 ng/L
Steroid hormones —_——2 P He g

(10 or 100 ng/L) SPG probe

10 ng/L
.
SPG probe
i P

Actin probe
4L aquarium
11_5 °C T T 11-KT 11-KT
Light : Dark =10h : 14h (10ng/l)  (100ng/L)  (10mg/L)  (100nmg/L)

1 week treatmen
eek treatment SPG probe

Actin probe

MT (0.1ng/L) with or without
Flutamide (1mg/L)

MT MT
+
Flutamide
T

<.
T

4L aquarium

15°C
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1 week treatment
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4 )

PCR fragment of ARa and ARb

Nucleic acid sequence

ARA  GGATGEGGGTGATGGTGTTCGCTTTGAGCTGRAGGTCATACACTCTCACT 50
ARb ... T.T...CT...A .G.T.AGAA GTC

AACAGCTCCCTGCTCTACT TCGOCOCAGACCT GGl CAATGACCAACG 100
LG LAGEA. LT .G.T..T..G.

GATGGAAGT TTCCAGTATGTATGAACACT GT GTGAGGATGAAGCTGCTCT 150
.LAGI...CA....C.G....CAAC LLGAAT. LT

‘OOCAAAGGT TCTGCAT GCTGAAGGT CACT CAGGAGGAGT TCCTCTGCATG 200
JALGGA. .. .CTGC.....C..ATT.

LTLCT T TCT.....T.....T.......
GOGTTGI ‘GATGAACTGCGGACCT CCTGCATCAACGAACTAGACCG 298
. AAG AC. LGl TCT.A .. A

Amino acid sequence

ARa NGJM/FALGIRSYTLTV\SFLLVFAPDLVFI\DWIEVSSM(BO/WLLS 50
ARD <o KDV. GRM . . . LQMT.... 1. RH

CRFOMLKVIGEEFL MALLFS PVEGLINQROFCELRTSYI NELD. 98
K CELL QS ........ L...L.....SKY.

..... LT j

ARa

ARDb cDNA
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Real-time RT-PCR quantification
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in vitro

in vitro in
Vivo
EXTEND2005
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in vitro

ERa | ERB | TR | ERa ERP AR
Basal
S9
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AR

[3H]R1881

HelLa

120p
100F
80F
60F
40t
20F
ok
-20t

B/B, (%)

1 1 1 1

1 1

1

= R1881

+ Flutamide
* p,p'-DDE
+ Vinclozolin

1 ]

-12 -11 -0 9 -8

-7 -6

Log[Compound] (M)

Vinclozolin>Flutamide>p,p’-DDE

-5

4 3

ER
E2
ERa ERB ERa ERB AR
Flutamide Negative? Negative Negative | Negative Negative
p,p’-DDE 0.034 0.012 N.D.b N.D. Negative
Vinclozolin Negative Negative Negative | Negative N.D.

ER
AR Vinclozolin>Flutamide>p,p’-DDE
AR
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EBEREOE THE OECD WORK ONIEDS

EDTA Task Force
VMG- mammallan VMG-non animal

= A
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Phase II:

51 21
0.25, 0.5, 1.0, 2.0 pg/L
65, 125, 250, 500 pg/L
0.75,15, 3.0, 6.0 mg/L

25mL/min)

Control
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Lactotropes Corticotropes

PRL—GH T ACTH
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T4, PTU, IOP

17

e — Silu opicalis)

Species Xenopus Silurana
laevis tropicalis

Ploidy diploid
N 10 chromosomes
Genome size 3.1x 10° bp 1.7x 10° bp
Breeding temp. 25-30
Generation time 0.5 1 year
Life cycle fully aquatic

Total length
Egg size

No.of eggs/spawn 300-1000
\[¢]

Genome project On going
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66 (Stage)
(Weeks)

T4, PTU, IOP

?5\4?—:}5”” R2{T A3l T ASAT
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3,000 6,000 DNA
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Daphnia magna — —

ECR-B —

EcR-A
Drosophila melanogaster f|37°‘/0 64%

EcR '

EcR-A I - I —
EcR-B2 ) s I E—

DNA Hormone
binding binding
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EST

3 EST analysis

input sequence

10117 5’ sequence

filtered out

2907

average 657 b.p.
minimum 300 b.p.

>300 phred_fragment
[phred>=15]

EST

S ‘DaphniaBASF,

Daphnia magna EST database

http://daphnia.nibb.ac.jp
Daphnia cDNA analysis

BJ925659-BJ936637: DDBJ




DNA
DLC(diamond-like carbon) coat Scanning image
’_{ '7—1 ']/ Source
filament Carbon coat DLC
anode (10nm)
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\
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Slide glass
L
= Oligos were printed onto DLC coated glass by inkjet printer
Q H

= CEE

© O—I‘?=0 R [e]
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DNA
DNA
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DNA
<24h Chemical exposure . .
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Array analysis + . .
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(End of experiment)

A

20O

Replicates

= Total number of neonates

High Control
concentration

-49-




L]

Fold Changes

Ctl.

Gene expression changes by chemical exposure

'

Glutathione S-transferase

Erprednis

bF_§

CusO4 H,0, PCP BNF

Normalized Intensity {log scale)

-
1

Con Cuso4_5 Cus04_10 H202_1.2 H202_2.4 PCP_75 PCP_150 bNF_05 bNF_1
Y-axis: N3allEXP, Default Interpretation
Colored by: H202_1.2
Gene List: [t-test p<0.05(10f9)] and [FC>2(10f9,N3allEXP)] (79), IGU001_0045_F09.r selected
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ERERICIVRAEZhCBEGEFOIO-ZY

Functional cloning : REBEFHEMTSH Y. BECHMTIWMESBNEL.
Fh2AALCGAGTFEHMT S, REENE<, EXAENRAERE
NTULSBEICRENS.

Positional cloning : B #EEFO#EE FOMRE (BT 58N SRETF
ERET S, MEBRCREHEEZFRL. REEETORBRETOM
BEWHTIVS . Cf. Association analysis

Positional candidate gene approach : H5RBREFERBELICT T L.
FT=IA—ATHRIIHAGETFERRT SHE. 4 /47050 FORERIC
W, TIA—APBMEN. COFENERESDHTETIS,
Position-independent candidate gene approach : IBORMBEKE ot
DEMOBEFICEISBRVULALULTVSIBEICTAS.
AEMBAGETORRNS . RARTRZRAABTAI T, mRNATIEY
TSSO bE Ta77b oo T LA V—E 4207 A1 E
OAEICEY, EFEBETRAL, RBEMTRALLZL, H50IED
HOMEMNESFERETESN,. COBETHREAGFEMFRRZN
SR EE L H 5.
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