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ABSTRACT

Estrogen actions, which regulate the reproductive activities in fishes, is
mediated by estrogen receptors (ERs). Estrogen is converted from
testosterone by aromatase. Three ER subtypes (ERa, ERES ERv or ERf
2) and two aromatase subtypes (CYPl19a and CYPI9b) are identified in
fishes. This study was performed as basic research to clarify the role of
ERs and CYP19s genes in reproductive activities of protogynous wrasses.
First of all, ER subtypes (ERa and ER# and aromatase subtypes
(CYPI9a and CYPI9) were cloned from Pseudolabrus japonicus. The
ORF length of bambooleaf wrasse ER«a, ER# CYP19a and CYPI9b were
16 Kb, 2 Kb, 1.6 Kb and 15 Kb, respectively. The cloned EFRs and
CYP19s exhibited several conserved features found among all nuclear
receptors and CYPI19s, respectively.  And the sequences of c¢DNAs
identified in bambooleaf wrasse were the most similar to respective gene
of Halichoeres tenuispinis. Secondly, we investigated their expression in
Okinawa three-spot wrasse, Halichoeres trimaculatus during the tidal
changes. The expression levels of FRa, ERS CYP19a and CYP19b in the
ovary and brain tissues were compared using real-time PCR. In this
study, we firstly identified that the three-spot wrasse spawns at high tide.
In ovary, ERa and CYPI9a was expressed at high level during high tide.
Especially, the expression of CYPI9a was more increased after high tide.
But, the expression pattern of ERS was opposite to those of ERa In
brain, ERa expressed at high level during low to high tide through whole
brain tissue (fore-, mid-, and hindbrain). ERa expression level was the

highest in midbrain, while ERf was expressed at high level in forebrain



during low to high tide. CYP19b expression level was significantly high in
midbrain during low to high tide. This result suggest that ERs and

CYP19s are closely related to reproduction rhythm of wrasse.

Keyword : cloning, aromatase (CYP19), estrogen receptor (ER), real-time

PCR, tidal change, wrasse
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oA T2 estradiol-178 (Ex)+= o 79 A2l A vitellogenin (Vtg)2]
A I #AEE Heo] AARsE 2 AAWEH -] wefdita
&4 Atk (Beyer, 1999). o]# 3t o ~EZA] 282 o AEZA -84
(ER)el ol mi7R¥ B2 ERS Eo9F vpzt7bx = oA A2 wdadapdo w-¢
T 835ttt (Cavaco & 1998). - fFolAe A= & Aol 9a] &0~
= % Z£H9 ER subtypes¢l ERa®} ERpEZ7F EdEdom (Xu %5 2003;
Lewandowski & 2002), ol& &A= ZAE5o|Z w3 IgAS HAY
(Choi ¢} Habibi, 2003; Enmark ¢} Gustafsson, 1999). 7 ZFo]Fol| A= ERa
o} ERf o ERf2 (Tchoudakova & 1999; Menuet 5 2002; Ma & 2000)
¥+ ERv (Hawkins 5 2000)2H= Al 39] ER subtype& #2l¥ #F 3l

ok

X
&
o2

>
o2
of

ER< ligand-dependent transcription factor®4] E;-ER &3]+ estrogen
responsive element (ERE)e| Z3ste] #F2#F @dS 43t} (Yamamoto,
1985). ER @9 a2 ZF 67019 =vdl (A~F)e& 45 AUt (Krust &
1986). N-=ok  HEo 93 A/B Ev<AL  hormone-independent
transactivation function (AF1)< 7FA" (Evans, 1988), C ="l ER
isoformE oA 7FF # HEH BE o2 F 719 zinc finger motifE 2zt
o (Green & 1986). C-gdte]l X% E =S s=33 A st
hormone-dependent transactivation function (AF2) (Tora & 1989; Berry &
1990; Danielian %5 1992)¥ hormone-dependent dimerization 7]% < 43§ 3t
t} (Fawell 5 1990a; 1990b).

Steroidogenic &4 < cytochrome P450 aromatase (CYP19)& cytochrome
P450  superfamily®] 43}%, aromatase®t ubiquitous flavoprotein$!
NADPH-dependent cytochrome P450 reductase® T4 % aromatase &3]
of o3 St==2 A orEZMO RS HIS Fujstt} (Conley & 2001;

_‘I_



Gelinas %5 1998). ol FolA+= CYPI9a (ovary type)®t CYPI9b (brain type)
o2 B+ F FT79 aromatase A ©]& CYP19A1 (P450 aromatase
A)e}  CYP19A2 (P450 aromatase B) ©@¥zo] AT (Blazquez <F
PiferrER, 2004; Chiang & 2001b; Tchoudakova <} Callard, 1998;

—

Tchoudakova % 2001). Ovary type aromatase:= A2 F7] «
vitellogenesis®} ##H =™ (Nagahama & 1994), brain type aromatase< A
2 F71¢ #HEnges Bk At (Gelinas & 1998). HFs &4 21314
o7 HFEH aromatases= A2 A9 HolA 1 7)%5S FA3ct (Conley S
2001; Callard 5 1978). & &2 oA aromatase®] T A =EZ 7]
local generation®] Q@S WX 7] W] A E3tet AT FasitheE B
1% 9t} (Lephart, 1996; Negri-Cesi, 1996).
1, fi-29 dxoiwe A% 44 g4de Zev 538, =d7lae
A7) A YES 7FA L 9k (Matsuyama 5 1998; 2002). o] 23k 4 F7]
2

JeEe v we QuR, 9ol F7), x4el Wa B3 gL #3H 4

ok
[-‘\:l

o = *(l)‘
ol AFAez AFHA Xk Ho| (Takifugu niphobles) R.-&

]
olyf 259 5 & AYel st dsshe Tt Abeksi, do] A= A
@o] golgy BHEEBR ofFolAe Abgho] x| Fr]el dAyte] vt
2 9t} (Yamahira, 1993; 2001).

B ATe AEAdsold sd7IFe] Aol ERI aromatase® JTE

Tl A V2R FAHAG A, AFA] A st S
oA ER¥ aromatase cDNAE F=Yste] @7IAEES EAsh 18
S7lvet AdEA el 24 Wl wE ERY CYPI199] g At
wate] #AE A s
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1. 248 58

ER¥ CYPI9 subtypesE Z=Ysl7] flste] A=3d A F=e7]
(Pseudolabrus japonicus)S 20043 9¥€ 7 A|FdActo A AF &AL, &
A oukE F Hel A aE EEste] RNA 5 704 -80 TellA B¥stsd
o Ak Eoh 2] Wste mE FAAEAS AR fl8) 2005 7
9, A3 AlazA Al A =dl7] (Halichoeres trimaculatus)E {F=,
bZ2-wrzx 9z ada 9hER-7 Al71o AR EFAEE. 2-phenoxyethanol
(300 ppm) & A 5 o ¥ o} BALE HEsA He dAH, T 2
g T2 ATt (Fig. 1), @92 dad AHg® FA7E AFEsto A

g H vt FAE A3 GSI (Gonadosomatic

Index)3tS =439t GSI=(gonad weight/body weight)x100. A &% A&
= RNAES F=317] d7k# -80 Cell ®33s3it.



Figure 1. Dorsal view of a brain of H. trimaculatus. The brain
of three-spot wrasse is divided into three parts: FB, forebrain; MB,

midbrain, HB, hindbrain. Bar=3mm.



o
R g

Hematoxylin—-Eosin
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g4 Y E; ¥%E 96-well microtiter plate (Falcon, USA)ES A}-&3}o]
enzyme-linked immunosorbent assay (ELISA) W¥Ho=z =As¢ct
(Takemura, 1993). &% AMZS1 me] W22 13, 1 e THITZ 23
FEo, FEH 92 15 m TR &4 dAdEEsty FEA#HT
(VEC-310, Japan). = %, 220 el 50 mM borate buffer (pH 7.8, 0.5%
BSA ¥3)E &35t 96-well platex= 100 pl (240 pg/mé)e]  goat
anti-rabbit IgG7} 599+ 50 mM carbonate buffer (pH 9.6)o. & =¥ 3t
< 4 CoA overnight ®#3FAtE 1 % plate= 0.05 % Tweens X &35+
10 mM phosphate buffer saline (PBS-T)Z plate washer (SLT, Austria)el
A 33 AlAFEGT BEAS 40 we standard (12.8 to 0.25 pg/ml) HE=
plasma extract, 40 p0°] HRPZE ¥ A ¥ A®H|Ro|= 181 40 o] 2~ 29

= 322% #HI7Fse] 4 TolA overnights b WHs-331 L, PBS-T= 33 A

i3
rok

2, ZF wellell 0.01 % o-phenylenediamine dihydrochloride (Sigma)&
st= 100 ©2] 100 mM citrate buffer (pH 4.5)¢ 0.04 % H.O.5 #H7}sh
A2 Ao Al 2027 HasEA AL, 25 el 4 N HoSO.5 ZF welld

r

2
oo



A7 ko] eSS THA AT 2 well®] §% %=+ microplate reader (BioRad,
4

90 nmeoll A =73t

Total RNA+ TRI-reagent (Molecular Research Center, INC., Cincinnati,
Ohio, USA)E A&t #stdth. 50~100 mgel =4 1 mo
TRI-reagentoll A A 3FsE & 02 mle] FE2EXES H7Iste] A0 A 15
EgE 9EEEal 4 CollAl 12,000 g= 153 A8 3tAth AsdS Al 7
Bo &7 % 05 ml9 isopropanols F7}sle] RNAZS HAA 7131, 80 %9
DEPC Al oe-&2 Mg § #dAxAA DEPC Add T/l HAurh
2 ¥ RNAE 260 nm 9F 280 nmol A F3 =5 S43te] At

5. cDNA 34

cDNAE 1 g9 total RNAZS F3do2Z ImProm-II'M Reverse
Transcription System (Promega, Madison, WI, USA)S A}-&3te] A syl
o} Total RNA 1 pg# Oligo(dT) primer 1 pg& &8t F %37} 5 w7t
HEE SRHTE H7IskATE cDNA F4RESE 70 TeolA 5k vEgA1Z
S 4 w9 5x Reaction buffer , 2 x02 25 mM MgClL , 1 @2 10 mM
dNTP Mix, 20 unite] Ribonuclease inhibitor®} 1 unit® Reveres
transcriptaseS #7}stal, & FI7F 20 Wb s SHFFE HUE oS,
25 TollA 5 18]aL 42 CTollAl 601t vH-&A1Z1 5, 70 CTeollA] 1583t 71
3lo] cDNA9] A4S FUAI AL Aol By ZF FHo 80 w2 nuclease

e FREE Arkse]l AERIE 100 w5 8Nt

ol



6. ER¥ CYPI19 cDNA¢ £=24

ERa, ERf, CYPI19a ~13]3 CYPI9b2] cDNAE Z2437] dai =4
7] (Halichoeres tenuispinis)olA Hi1¥ @7|Ax<ES 112 ERa Pl, ERa
P2, ERa P3, ERE P1, CYPI19a P1 Z18]3 CYPI19b Pl primer AlE (Table
DE YARRIste] olg FHAA dHE& FEHAY. TEHFAES 1% agarose
gelol A7]dsste] &<l & AA A, pGEM*T easy vector (Promega,
Madison, WI, USA)ol| Atdste] 249 3 & plasmidES &3t 97144
< ZAAsAT. 2 Aol d71A4 92 National Center for Biotechnology
Information (NCBD®] BLAST #AME& o]&3dte] A8ttt (Altschul &
1990). ERa cDNA®S HA A7IA<E> ERa Pl, ERa P2 718|3 ERa P3
primer® SZ¥ HE HAES 2335t AAsAY. ERS CYP19a 13 1L
CYPI9b2] AAAMEL SMART RACE cDNA amplification kit (Clontech,
Palo Alto, CA, USA)E o]&3ate] AAstAth 2 5o]2 <l primer AlE
= 229 9 T8 AES Aag AFHAY (Table 2). RACE WHog 5
* ¥ cDNAT 1 % agarose gelol H7|g&3ste] &2 & HA|stA L, G#|H
cDNA+= pGEM-T easy vector (Promega, Madison, WI, USA)o| AF¢)3s}<]
=249 3 F d7iMds AA S



Table 1. Primer sets used for partial cloning of ER and CYPI19

subtypes in P. japonicus.

Name Primer sequence Note
EPRa P1 5'-TACTACTCTGCTGCTCTGGACACA-3" forward primer for ERa
cDNA fragment
5'-TCAGCTGAAGAAAACCTGGAAG-3' reverse primer for ERa
cDNA fragment
ERa P2 5'-ATAGGGAGCTGGTCCACATGAT-3' forward primer for EFRa
cDNA fragment
5'-CATGAAGGAGAGTAGTGCAGAGG-3' reverse primer for ERa
cDNA fragment
ERa P3 5'-ATGTATCCCGAAGAGAGCCGA-3' forward primer for ERa
cDNA fragment
5'-TTCTGTGCTCCCGGTCCTTA-3' reverse primer for EFRa
cDNA fragment
ERG P1 5'-CCATACACGGACAATAACCAAGAG-3' forward primer for ERG
cDNA fragment
5'-CTTCTGCTCCTCCATGAGGTAGAT-3" = reverse primer for ERC
cDNA fragment
CYP19a P1 5'-ACTGTGGTAGTATTGCAGGGAGTG-3"' forward primer for
CYP19a cDNA fragment
5'-ACACATACTGCCTCACGTTCTCTG-3" reverse primer for
CYP19a cDNA fragment
CYP19b P1 5'-GTATCGTCTGAAGTCACCGTC C-3' forward  primer for
CYP19b cDNA fragment
5'-CCTAAGGACTGTGTTCATCTCCTC-3" reverse primer for

CYP19b cDNA fragment




Table 2. Primer sets used for RACE of ER and CYPI19 subtypes

in P. japonicus.

Name Primer sequence Note
ERB GSP 5'-TGGCCATGGACCTCTGAGCTTCTAC-3'" gene specific primer
for 5' RACE
5'-CCTCTGAGCTCATGGTGGCTGCATT-3' gene specific primer
for 3' RACE
ERB NGSP1 5'-GCATCAACGGCAGCAGCTCCATCAT-3" nested primer for
5" RACE
5'-CGGCAGGCTTGGCAGCTTTTACGTC-3' nested primer for
3" RACE
ERBG NGSP2 5'-AAACCAGCTCCACGCCCGTCTACAG-3' nested primer for
5" RACE
5'-ATGCTGGTGAGCAGGGTCATCATGG -3' nested primer for
3' RACE
CYP19a GSP 5'-TCAGCTGTGCACCACGTCCTGAAG-3' gene specific primer

CYP19a NGSP1

CYP19a NGSP2

CYP19b GSP1

CYP19b NGSP1

CYP19b NGSP2

5'-AATGGCTGGGAGTAGCGACGAGGAG-3'

5'-CCTGCAGCAGACAGTGGAGGTTTG-3'

5'-GTGAAGTCCACCACAGGATGGAAGC-3'

5'-GAGGCACAAGACAGCAACCCAGGAG-3'

5'-CAGACAGCTCACCATGGCTCTGTGC-3'

5'-GCCTCCAGAGGACAGTGGGAATCTG-3'

5'-CAGCCTTGGCGAGGACACACAGT-3'

5'-CCAAGAGCTGCAGGACGTGATGG-3'

5'-GCCGAAGGGCTGGAAGAAACGAC-3'

5'-GATCGCAGCTCCTGACACACTCTCC-3'

5'-CTTCCAGAGCTTTGCGCATGGTG-3'

for 5' RACE
gene specific primer
for 3' RACE

nested primer for
5' RACE

nested primer for
3' RACE

nested primer for
5" RACE

nested primer for

3' RACE

gene specific primer
for 5' RACE

gene specific primer
for 3' RACE

nested primer for
5" RACE
nested primer for
3' RACE

nested primer for
5' RACE

nested primer for
3' RACE




7. 4714 € 24

ERY CYP19 subtypes® c¢DNA $7[4<¥2 BLASTNZ BLASTX
(National Center for Biotechnology Information, NIH, USA)S o]&3}o] &
et d7149 el wd E4A (alignment) CLUSTALW (Thompson 5
1994)5 AF8-394 3L, bootstrap w412 PHYLIPS] SEQBOOT >~ 2135 o]
£33l 100 WHEow =83l  consensus treex= PHYLIPS
CONSENSE =Z 23S o]&3dte] zZAsgn Z+ 3429  multiple
sequence alignmentol] ©]-&¥ FT34 FHA= v 2o (1) ER« black
porgy (bpERa; Huang S 2002), channel catfish (ccERa; Xia, 1999),
eelpout (epER«; accession number, AY223902), gilthead seabream (gsER:;
Munoz-Cueto 5 1999), goldfish (gfER=; accession number, AY055725),
olive flounder (fERw; accession number, AB070629), mouse (MER;
accession number, M38651), Nile tilapia (tERs; Chang S 1999), North
African catfish (acER#; accession number, X84743), rat (rERw;, accession
number, NMO012689), rainbow trout (rtERw=; Pakdel 5 2000), red sea bream
(rsER®;, Touhata & 1999), zebrafish (zfERa; accession number, AB037185),
Jeju wrasse (JwER«; accession number, AY305026). (2) ER# black porgy
(bpERS; accession number, AY074779), common carp (cER# accession
number, AB083064), gilthead seabream (gsER# accession number,
AF136980), goldfish (gfERM;, Ma & 2000), olive flounder GfERS,
accession number, AB070630), rainbow trout (rtERf accession number,
AJ289883), zebrafish (zfER#2; accession number, AJ414567), Atlantic
croaker (acER# Hawkins & 2000), channel catfish (ccER# Xia & 2000),
spiny dogfish (dfER#f accession number, AF147746), goldfish (gfERS;
Tchoudakova & 1999), Japanese eel (jeERS Todo & 1996), medaka
(JmER®E; accession number, AB070901), Nile tilapia (tERS Chang %

_‘IO_



1999), zebrafish (zZfER#S accession number, AF349413), mouse (MmERS;
Tremblay &, 1997), rat (rER# accession number, AJ002602), human (hER
# accession number, AB006590), and human PR (hPR; accession number,
NM_000926), Jeju wrasse (GwWER®, accession number, AY305027). (3)
CYPI19a: Nile tilapia CYP19a (ntCYPI19a; accession number, AF472620),
goldfish (gfCYPI9a; accession number, AB009336), zebrafish (zfCYP19a;
accession number, AF004521), gilthead seabream (gbCYPI9a; accession
number, AF399824), Japanese flounder (GfCYPI9a; accession number,
ABO017182), red seabream (bCYPI19a; accession number, AB051290),
medaka (mCYPI9a; accession number, D82968). Jeju wrasse (jwCYP19a;
accession number, AY489061) (4) CYPI9b: Nile tilapia (ntCYP19b;
accession number, AF306786), Mozampique tilapia (mtCYP19b; accession
number, AF135850), goldfish (gfCYPI19b; accession number, AB009335),
zebrafish  (zfCYP19b; accession number, AF226619), channel catfish
(ccCYP19b; AF417239), Japanese medaka (GmCYPI9b; accession number,
AY319970), Jeju wrasse (jwCYPI19b; accession number, AY489060).

8. Real-time RT-PCR& o] &3 f3dA ¥d E4

-

M7l ERa, ERE CYP19a 1813 CYPI9be] A #Hd &
real-time RT-PCR "'H o & #A35t7] §ste] ¢4 ol Fdx @& PC
2 FEsto] g2tk PCR2 =979 &4 44 A4S 7122 HAR
¥ ERa P4, ERP P2, CYP19a P2, and CYPI19b P2 primer A& (Table 3)&
ol &sto] FasATt. A=A 74 FAA dHe AL NCBI9
BLAST #2 (Altschul % 1990)o.2 &elste] olE H7|AEZHE
PrimerExpress V 2.0 software (ABD)<S ©o]&3to] Zt 429 real-time

PCR 240 A}8-% primeE 43S (Table 4). 7+ primer S 3% 4HE 9]

¢

ey

-
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Zol7} 100~200 bp ¥ %%, Tm #S 57~60 C= ¥%=5 sttt ER7}
CYPI9 18] f-acting $E3st MES ¥3H3H plasmid= 10812 &4 &}
o] standard curveE #Adste © o] &35k th Real-time PCR 412 ABI
Prism 7000 cycler (ABD9} SYBR Green premix PCR kit (Takara, Tokyo,
Japan)& o] &3te] =335kt 50 %9 SYBR Premix EX Taq, 0.2 uM<
forward®} reverse primer ¥ 1l 2 ul9 cDNA +8<& ¥33+= zZ PCR vt
SHS 183 denaturation AlZl F 95 TolAl 5%, 60 TolA 1&%+
annealing¥ extensione 3ttt PCR 5% ¢ Eojalg 3Ha3s] &l7] 95
PCR ®E-g-9 wix]u} @A o dissociation curve #4S Fa3FAh 2t F-4#k

o B A= factin® TH FEH vER ALt

_12_



Table 3. Primer sets used for partial cloning

subtypes in H. trimaculatus.

of ER and CYP19

Name

Primer sequence

Note

"ERa P4

ERJ P2

CYP19a P2

CYP19b P2

5'-TGCAGTGACTATGCCTCTGG-3'

5'-ATCAGAACCTCAAGCCAGGA-3’

5'-TCTACATCCCCTCGCCATAC-3'

5'-CTTTTACGCCGGTTCTTGTC-3'

5'-AGGCAGTATGTGTTGGAGATGG-3'

5'-ACCAGGATGGATTTCTCATCA-3’

5'-GACATGTGGATGCCCTAAATCT-3'

5'~AAAGGCTGGAAGAAGCGACT =3’

forward primer for ERa
cDNA fragment
reverse primer for ERa
cDNA fragment

forward primer for ER#
cDNA fragment
reverse primer for ER¥
cDNA fragment

forward primer for
CYPI19a cDNA fragment
reverse primer for
CYPI19a cDNA fragment

forward primer for
CYP19b cDNA fragment
reverse primer for
CYP19b cDNA fragment

_13_



Table 4. Primer sets used for quantitative real-time PCR.

Name

Forward primer

Note

fractin RT 5'-TACCACCATGTACCCTGGCATC-3'

5'-TACGCTCAGGTGGAGCAATGA-3'

ERa RT o' -TCGTCGCCTCAGGAAGTGTTA-3’

5'-TCGTACAAGTCCGCCTTTTGT-3'

ERf RT o'~ AGTCCAAACCCAACAGCATCAG-3'

o'~ ACCACAGAAGAGCACAACGAGG-3’

CYP19a RT 5 -TTCTGAACACAGGCCACATGC-3’

5'-AAACGGCTGGAAGTAACGACG-3’

CYP19b RT 5 -TGAAACATGGCAGACGGTTCT-3'

5'-ATCACGTCTTGCAGCTCTTGG-3'

forward primer for
{-actin cDNA fragment
reverse primer for
f~actin cDNA fragment

forward primer for
ERa cDNA fragment
reverse primer for
ERa cDNA fragment

forward primer for
ER#E cDNA fragment
reverse primer for
ERft cDNA fragment

forward primer for
CYP19a cDNA fragment
reverse primer for
CYP19a cDNA fragment

forward primer for
CYP19b cDNA fragment
reverse primer for
CYP19b cDNA fragment

_14_



9. $AEA

RE a#ze] oAe FFAE AAtstel dHAT. 254 W
ER¥ CYP199] &g siel, €4 W] E; v % 283 FA e ZHo] 3¢ Ao
v 9E5¢ ZEa9Q SPSS (SPSS Inc., Chicago, USA)E A}&3}<
LSD-Duncan HZ=Eo9] 2]&] one-way analysis of variance (ANOVA)=Z 2
Akt
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A 3

1. =719 ERT CYPI9 cDNAsY EF=2433 97149 &4
1) ERa$} ERFE

g=d7] 449 cDNAE T33O 2 F F7F2 ER subtype cDNAE PCR
7 RACE WHo=z ZF2Y 39t ERa mRNAS ORF Zol: 1581 bp

(526 o}m:=Ab)olv] ERS mRNAS] ORF Z ol 2037 bp (679 ofm]:=2h)o] 2t
t} (Fig. 29} Fig. 3). =719l ER subtype cDNAZ T E FoA Hid
ER subtypesZ ofnliit AdE wuw #A% Ay, =719 ER
subtypes =17] (H. tenuispinis)®] ER subtypes®t 7F& #Abstdth (ER
a 88 %, ERE 84 %; Table 59k 6). A& FollA Hlw® ERad] ofw| =il A
AFolA C =medve] HELS 94~100 %, E =msle] HEL2 68~98 %
AbatQth BlaEl F3bel A ERAS] C ¢ E Z=vIv o] ofn vt Ade 247}
68~98 %9 68~98 %9 FAMIS HATh XAME RE FolA ERa®t ERE
o] C =]l 7 76709 ofnjiito® FAE Ut 1Eal E =l
o] Bt ERoolM= B ol U3l 194709 ofr=ito®m o] Fo] ]
AN, ERFANAE 194~6719] ofmeitoz = At =7 ER
ast ERF Abol o] ofmial HES A2 HudS v, A/B EHWslolA F Ln
A7A o] Z+zF 7 %, 89 %, 18 %, 58 % 1L 17 % FAHES UERH
(Fig. 4). 18] $E59° ER subtypes 7Fo] ASFAAAE EA3 Ax} B
TolA F2YH =97 ERa®t ERf= w714 Riel ERa, ERAS 7}
& Wb FAdAE et AT (Fig. 5).
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ATETATCOCEAABAGABCCRARGAGCCABARTCTETACCATEECTECTECACCECAGEAR
M ¥ P EESRBARVYVYTLCTMABABMALABMATERTEE
BEAGABGTTCTECACAGTARAACGABECACCACCACGACEEAGBCTEEAAGTETARACAGC
@ EVLHSKETRUHHHEHDOGBADGSV N S
TCABABEECTCCACECCCETCTACABETCCABCETCTCETCCABTCABCABABCATTTCOD
S EGB 8 TPV YRS SV S 383 8 00Q58T1I 8
ABABABGABCACTETEECACCAGTEACGABTCTTACABCATEEEEEAGTCABEEECCEEA
R EEHCBTSDETSTY¥YSMOBESTGADGG
BCTECABCCEECTECTTTEAGATEECARARGAGATECETTACTETECEETETECAGTEAL
A AAGCFEMAMAEEMENILI BRI EDb
TATECCTCTEEETACCACTATEEEETETEETCCTETEABBECTECAABECCTTCTTTAAR
lrlh Bl i BNWNEI IFEl klalF F K
ABEARCATCCARGETCACAATEACTATATETECCCTECAACCAATCARTECACEATCEAC
BRED hkBEHEEDODKFMI lIFRAlrivig] T hE D
ABGAATCECABEAAGART TECCABECTTETCECCTCAGBGBAAGTETTACGAAGTERECATE
EhEREEEEI ikl RLEELCRFENBM
ATEAABEEAGETETECETARGEACAREEEECETETTTTECEECETEACAAAABECECACT
Mk gl v ik i R B RVLESRTDTETERTET
GETACAAGTEATAAGGATAAGGECTCTAARGACCEEEARCACABAACARTECCACCTCAR
@ T S8 D XDJEXOGSEKEDREHTETUTVFPFPAQ
BECAGGABGAAACACEECAGBCAGTETTEEAGEABEAAMATCACCAGTEATCABCATECCT
B R R XEKHB S s ViEe8B K3 P VIS MTP
CCTEATCABETECTCCTCCTECTOCABEETECABAACCTCCCATCTTETECTCCCETCAR
P DQVLLILILOQEGBGAMETPTPTITLTECSTZ RAQ
ARACTEABCABACCCTACECCEABETCACCATEATEACCCTECTCACCABCATEECCEAT
K LS RPY AEWVWTMMITIT L LTS SMABaATLD
ABEEABCTEETCCACATRATCECCTEEECCARBARECTTCCABGT TTTCTECABCTEACT
R EL YV HMTIA AW RMAzTEKIETLTPO®SBTFTILGGZTLT
CTCCATEACCABETECABCTECTEEABABCTCCTEECTTEABET TCTEATEATTEETCTC
L HDQ VQLTULETSSWILETYTILMTITEGBGL
ATCTEEAEETCCATCCACTECCCTEEEAAACTCATCTTTECTCABBACCTCAT ACTREAL
I W RS I HCPOBXLTITFAOGQDTLTITLTD
COAABTEARGETEACTECETEEAGEECATEECABAGATCTTCEACATECTTTTETCCACT
R 8 EG DCVE®B@MAETITFTDMILTLTST
BCTTCCCECTTCCECATECTTARACTCAAACCTEBABGAGTTCETCTETCTCARABCEATC
AR S R FRMLIETLTETPETETFUVCILIER BT
ATCCTECTCAACTCTEETECCTTTTCT T TCTECACCEECACAATEEABCCECTCCACEAL
I L L W 383 AF S FCTOGBTMETFPTLHTE
ABCECEECCETECABAATATECTCEACATTATCACAGACECTCTCATCCATCACATCAGT
S A AV QNMTILDTITITDA ATLTIHEHTIS
CAATCABETTECTCEET TCACCABCAATCARBECEBACABECCCABCTECTCCTCCTECTE
Q8 8B CS8V HOQQSSRRODADQDTLTLTLTLTL
TCCCACATCABGCACATEABCARCAAABGBCATEEABCACCTCTACABCATEAAGTETAAS
S HI R HMSENTI EKBGMEUHTLTYSMMET CEK
ARCAABETTCCTCTETACEACCTECTACTCRABATECTEEACECTCACCECCTCCACCED
N X ¥V P L ¥ P L LL EMNMLDAUHRTILIHTE
CCEEACABACCTECABAGTCCTEETCCCABACTEACEEABABCCCECATACATCACCAAL
P DRP AEGSMWSQTDOGETFPURMAZTYTITHN
ACAAACACCAACAACABCABCABCABCABCTCCACCTCARCTEEECCCAGAGTCABCCTC
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T N TN NS5 85 8 8 8TS&8 AP RVEL 500
GAGABCCCCAACARAACCCOCATACGETCAGCEEETOCTECAGTATEEAGEETCCCECCCT 1560
ES PN ETPIGBGOQGEVL QY B E S RP 520
GACTECACTCACATCCTATGA 1581
D¢ T HTIUL = 526

Figure 2. The ORF nucleotide sequence and putative amino acid
sequence of ERa of P. japonicus. 1581 bp encodes a protein of 526
amino acids. The conserved C-domain is marked by gray box, and
E-domain regions are represented by underlines. The eight cysteine
residues in the zinc finger motifs are boxed. Bold and italicized in the
C-domain are P- and D-box. The AF2 region is italicized in E-domain.
termination codon is marked as asterisk. The nucleotide and amino acid
sequence for ERa were submitted to the GenBank with accession number
DQ298133.
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ATEECCTCT T CCCEEEC TEEACTOCEACTCTTTACCECTEC T TCABCTCCABGARETE
M A 3 8 PBLDSDSILPILILOGQL2ETVW
GACTCCABCAAARTCTOOEARARECCCEECTCCCCARBTCTCOTEONCECCETETACACT
0D 38 383 KV sSEHRPOBGBSPSILILPAVVYT
CCTCCTOEEABCATEEACABCCACACCETCTACATCCCCTCECCATACACGEACAATAAD
P PR S MDSHTVYTIVPSPOTYTTDUHNHN
CARBAGTACAACCATRRCCATEEACCTCTEARCTTCTACABCCCETC TETEC TEABCTAL
Q EYNHGBHOGBGPLSTFVY¥YSSP S VLS ¥
BOCCEACCETCRECCACAGACARCCOETCATC TCTETRCECCCCCCTTARTCOETCARCC
AR R PSS ATDSPSSLOCAPTLTGSESTPS A
TTCTEECCCCCCCACABTCACCCCAACC TECCCTCACTEACCC TECRCTETCCACABCCT
FWPPHSHTPUMNILZPS SELTILIERTECPDQFP
CTTEECTACAATEAACCCEECTTACATECACCCTEECTEEABECCARACAACACABCATE
L 3 YNEPOGILUHAzPWILTEAG BLTEA OQDHTSTI
AACGEECABCABCTCCATCATCABCTETAACAAGCCECCTEEEAAGAGATCAGAAGARGEA
N 33838111 3 CHNZ EKTPPOGBBETSRSTETES®
CTEEATEETETEAACCCCTCETTETETTCETCTECABT ABGEAAABCTECCATECACTTC
L DB VHNPSLCSSAUVE K AALMMNIF
TECACCATATETCACGACT ACECTTCEEEET ACCACT ACEECETETEETCC TRCEAGEEC
B vl B kREEBRERNFEBENNEIL IFElg
TETAAAGCCTTTTTCAAGAGGAGTATCCATEEACACAATEACTACATCTETCCTECCACA
B lxlalr EREIDIEBERERDKFEIEI IPlr
AATCAATECACTATCEACAAGAACCEECETAAAABCTECCARBCCTECCECCTCCET AR
Iviegl ItTh b iR EREKEEI il RLRIEK
TECTACGAAGTERECATGATEAAATETEETET AAGECECEAACECTECABCTATBAGEA
kKEirrENVEBEMMELEDE BN RERE RC 3 Y R B
ACCCEACACCECCETEETERACCCCABCCTCEEEATOCCACABECAGBEEETTTEETCAGE
TR HR RSB PQPRDPTOBRGGSTLV R
BTEEEECTTEETTCTCBABCTCAACBECATCTCCAACCTEEABEEECCCCTCBCCCCEET
¥V 3 L B 8 RAQ0RUHLOGQPG GG GAPTERTPOGG
CACCCCCC T e TCAGATEAACCATETACACAATECABCCACCATEABCTCAGAGBAATT
HPPPSDETPOCTOQOCSHHETLTERTEGTI
CATCTCACECATCATEEAABCABAGCCACCEEAGATCTACCTCATERAGEAACTOARGAR
HLTHHBSHRATG GDTLTPHOGE®S3TTEE
BCCTTTACTEABECEABCATEATEATETCCCTCACCAACCTEECAGACAABGAACTEETT
A FTEWASMMMSETILTWMNTILATDTETETLTVW
CTCATEATCABCTEGEECTAAAARGATCOCTEECTTTET AGABCTEABTCTCACTEATCAR
L M I 8 WAEKTZEKTIPGRFVETLTSTILTTDAQ
ATTCACCTCCTEAAGTECTECTEETTEEAAATCCTEATETTEEECCTEATETEEARETCT
I HL L X CGCWTILETTLMILTGTLHMT®WERS
BTEEATCATCCTEEAARACTAATCTTCTCTCCABACTTCAAACTCAACABEEABEAGEED
¥V D HP B KLTITFSPDTFTIEKTLUHNTERETETESH®
CABTETETEEABEECATCATEEAGATCT TORACATECTECTEACCECCACCTCTCEETTT
Q CVE®GIMETITFTDMTLTLABARBMATGSETRTF
CETEAGCTEAAGCTECARABEEAGEARTACETCTETCTCAABBCCATEATCCTCCTCAAL
R ELEXKLGQRETETYTVCLEG AMTITLTLTH
TCCAATCTETETACGART TCCCCTCABACABACBABGAGCTEEAGABCABGAACAAGCTE
S N L CT®SSEPQOTDETETLTETSTERHNTIETL
CTCCETCTECTEEACTCRET AT CEATECTC T TETCTEEECCATTTCCAAACTEEECTTE
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L R L L DSV IDOHAILUWVW-AMATILIUSIETLTZGTL 500
TCEACCCAGCAGCAGACTCTECECCTCEEACACCTCACCATECTECTCTOOCACATCORE 1560
= T oo aTILRILOGHTELTMTUILILSWHTIRER 520
CACGTCAGTAACARAGGCATEEACCATCTETCCACCATOAAGAGGAAGARCETEETECTE 1620
H vV 5 HN K6 M DHTILUSTMIE RIEWHNF F L 540
GTETACGACCTCCTCCTAGRGATGCTAGACGCCARCACTTCAGECAGCAGCAGCAGCAGT 1680
F ¥y oL L L EMNMLDANTSESEBE S 5 8 8 8 560
AGCCAATCATCETCCTCACCAAGCTCEEACACCTACTCAGACCAGCAGCAGTTCCCCOCAR 1740
= Q 5 58 8 8 P 8 8 DT ¥ 5D Qga6 F P Q 580
CATCAGTCTCACCTECAGCCGACCTCAGACCAGACCACAGCCEACCACGACAACGTECCT 1800
HQsHILQPFPTSDAQaTTAHARDHTDMNTWVE GO0
GCACAREEETCTECTEAAGECCAGATCCTEEACGAACAGCTECATECTCTECCCCTCCAR 1860
A Q@8 5 A EGQ0TILDESCLHATLPTILDAQ G20
TCATCTCCTCCETTTCACAGTCAGATEETCEECTEOCACATEEACAGARATEATTACATC 19220
S 58 PP FHSOQMVECHMTDIDIEWHNTDUYI G40
CATCABCAGCACTEETCAATEEATACAGAGGATECAGETCCATCAGTEEEACCARCECAC 1980
H o dHWSSMDTETDA AT GTPSUVGEPTH G0
TACATCATCCCTEATCEAGECETCATEEACACTECTTTEEAGETEACTEEACTETAR 2037
¥ I I P DERGV MDTAMATLETWVTIGEGIL = ]

Figure 3. The ORF nucleotide -sequence and putative amino acid
sequence of ERE of P. japonicus. 2037 bp encodes a protein of 678
amino acids. The conserved C-domain is marked by gray box ,and
E-domain regions are represented by underlines. The eight cysteine
residues in the zinc finger motifs are boxed. Bold and italicized in the
C-domain are P- and D-box. The AF2 region is italicized in E-domain.
termination codon is marked as asterisk. The nucleotide and amino acid
sequence for ERf were submitted to the GenBank with accession number
DQ298134.
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Table 5. Comparison of amino acid identities between P. japonicus
ERa and other species’ ERas. Overall amino acid identities are
indicated in percentages. The total number of amino acids are indicate in
brackets. Sequence reference and abbreviations Wwere represented in

material and methods section.

/Sd%?ﬁia?i Overall A/B C D E F

bwERa 100(526) 100(92) 100(76) 100(91) 100(194) 100(73)
bpERa 78(583) 51(142) 98(76) 82(94) 93(194) 45(77)
ccERa 69(581) 23(148) 94(76) 45(95) 84(194) 22(68)
epERa 78(570) 49(140) 98(76) 79(92) 93(194) 62(66)
gsERa 75(579) 50(140) 98(76) 83(94) 96(194) 39(75)

gfERa 60(564) 20(152) 94(76) 57(93) 81(194) 16(49)
ifERa 77(578) 47(138) 98(76) 73(91) 92(194) 63(79)
mERa 48(599) 7(186) 96(76) 23(92) 67(194) 19(51)
tERa 74(585) 45(136) 96(76) 68(94) 91(194) 49(85)
acERa 56(566) 29(189) 96(76) 42(93) 82(194) 41(12)
rERa 48(600) 9(187) 96(76) 23(92) 67(194) 19(51)

rtERa 68(577) 37(145) 94(76) 65(97) 88(194) 32(65)
rsERa 80(581) 53(142) 97(76) 84(92) 95(194) 57(75)

jwERa 88(574) 67(141) 100(76) 95(91) 97(194) 70(72)
zftERa 61(569) 18(149) 96(76) 53(93) 83(194) 19(57)
hERa 47(595) 7(182) 96(76) 27(92) 67(194) 19(51)
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Table 6. Comparison of amino acid identities between P. japonicus

ERE and other species’

ERfis. Overall amino acid

identities are

indicated in percentages. The total number of amino acids are indicate in

brackets.

Sequence reference and

material and methods section.

abbreviations were represented in

Species

Jdomain  Overall A/B C D E F

bwER 100(678) 100(178) 100(76) 100(100) 100(195)  100(129)
gfER{ 55(610) 36(168) 97(76) 32(96) 83(196) 9(75)
acERf 78(673) 74(179) 98(76) 56(99) 96(195) 58(124)
ccERf 54(575) 30(157) 63(76) 10(73) 79(195) 23(52)
gfERf 52(568) 28(167) 92(76) 12(86) 78(196) 4(43)
tERT 53(557) 33(152) 93(76) 23(82) 76(195) 19(52)
bpERF 53(553) 30(153) 90(76) 22(76) 77(195) 11(53)
cERf 55(550) 31(158) 92(76) 12(86) 79(195) 20(44)
gsERfT 53(559) 30(153) 90(76) 20(82) 78(195) 9(53)
JIER 53(565) 35(159) 92(76) 10(82) 78(195) 11(53)
rtER{ 52(568) 25(175) 93(76) 20(87) 78(195) 17(35)
zfER( 55(553) 27(156) 93(76) 27(87) 78(195) 23(39)
dfER 51(542) 22(166) 89(76) 29(91) 68(194) 20(25)
JmER 54(562) 30(154) 93(76) 28(82) 76(195) 14(55)
zfERT 59(592) 41(162) 92(76) 30(99) 98(195) 70(123)
JWER 84(671) 84(178) 98(76) 55(99) 84(195) 17(63)
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i 92 168 259 453 2 6aa

bwERa | A/B | € | D D 3
% L 89% . 18% . S8% . 17%
bwERE |  A/B C | D E F
1 178 253 353 Sk (d5an

Figure 4. Comparison of the functional domains between wrasse ERu«
and ER#. The functional A to F domains are presented schematically
with the numbers of amino acid residues indicated. The percentage of

amino acid identity of depicted.

_28_



&8
. = bwERaiprescal stady)
- L=

1 —,_“"ES'.?
— M . 4 ::l:pERa
e L = qiERYT

e

el HERQE

— giERN

- nEsp

= L
u = bpIAN

_| . e

Figure 5. Phylogenetic analysis of the relationships between wrasse
ER subtypes with other species’ ER subtypes. A consensus tree
obtains with combined values both ER subtypes. A consensus tree 1is
based on the values obtained by bootstrap resampling. Bootstrap values
(100 replicates) are shown on the consensus tree above the nodes. Human
progesterone receptor was used as outgroup. Sequence reference and

abbreviations were represented in material and methods section.
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2) CYPI19a and CYP19b

FEgr)e dae HoA EElHE total RNAE AFE3t9) RACE WHo=
CYPI9ast CYP19b cDNAsE F=2493ith oh=dt F-919 dA7IM<E &4
A3, CYPI9a mRNA®l ORFe Hol&= 1569 bp (522 ofnjx=4ih)olal
CYP19b mRNA ORF®] Zo]&= 1485 bp (494 o} x=iho]fltt (Fig. 63 Fig.
7). F=d71e]l CYPI19a ¢ CYPI9b9] otvl:=it AEE tE FeolA Bid
CYP19s3} vlwst Azt =)o) CYP19se =37 (H. tenuispinis)ol Al
Hig CYPI9s¥ 7V #rAbstith (CYP19a 90 %, CYPI9b 90 %; Table
7). F=A71e CYP19ast CYPI9b] ofveit AA]l M-S M2 Blal 4
gk A3t 63 % homologyE 7FAal AT CYPI9s Ao BEH oo
2 ¢ 72 membrane-spanning region, I-helix region, Ozol’s peptide region,
aromatic region 18] 31 heme-binding region® o}7| x4t MEE& HlwEH F
kel wj$- =2 homologys RT3t (Fig. 87 9). oj& F&9 CYPI9s
o AgwAddAE 4% A F=d7) CYPI9s= =#H719 CYPI9s¥
7V b FAdAE vEdide (Fig. 10).
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ATEEATCTEATCTCTECTTETEAACGEACCATEAGRTCCTATAGETTTEEATECTRAGETE
M DL I S5 A&ACEU RTMOSEPTIUGILTD®ATEVW
AGAGACCTEETCTACATETCCCAGAATECAACTETEETEEEATTECTEEEAGRTETCAATE
E DLV Y M 35 QN ATV VELIL I3V I3 M
GCTACCAGGACCCTEETTCCECTTTTTTTTETECTECTTRCAGCATEEAACCACANGEAC
A T ERETULUWVPFULVFFUVILIL®-BAUAMWNUMNUHHIEHT
AAGAARTCTETACCAGGCCCETCTTTCTETCTEEETTTRRETCCACTTCTATCATATTTA
E ¥ 5 v P B3 F S FCLOGBGLGEPILILSEYL
AGATTTATCTEEACTEETATTEETACAGCATCTAACTACTACAGCACCAAGTATERAGAC
R F I WTOGBGTIOGTHROSMNTYVY¥STIUEUYGETID
ATTETCAGAGTCTECATCAATETTTEEATCTACGEAGAGGAGACGCTCATACTCAGCAGE
I vV R VW I WV WI ¥G3 EETILTITILSER
TCATCAGCTETECACCACGTCCTEAAGAGTEECCACTACACTTCACGTTTTEEAAGCANG
S 8 A VHHUVL KES5 8 HYTSTHERVFGZ3 S K
CAAGGCCTCAGCTECATCEECATEAATEAAAGAGCEATCATATTTAACAACAATETACCT
Q @ L 5 CTI 3@ M HEURTUGTITITFMHEMNIUMNTUWE
CTETECAAAAAGATTCECACCTACTTCACTAAAGCECTEACAGETCCEEECCTECAGCAR
LW EKEEXKTIRTYVFTIE ARLTOGPGBZL Q0
ACARTECAGETTTETETCTCATCCACTCAGAGTCACCTAGATEATCTERACAGTTTEEAT
T v EV C v s &8 TAQQ & HUILDDILDSETILD
GATETECACETEATCAGTTTECTECET TRCACCETEETEEATATCTCCAACAGACTCTTT
D vop v I 8 L L ERECTWV V¥V DTISWMNUERETLF
CTEEATETTCCTETEAATCAGARAGABCTEATCETCAAGATTCAGARGTATTTTEACACA
LDVYFPF Y NWNE 'R E'DMYXK-"T QK ¥Y F DT
TEECAGACAGTECTCATCAAACCAGACATTTACTTCAAGTTAGACTEEATTCACCAGAGE
W oaoaTOWVILTIEKUPTDTIU Y¥YFEKETILTDUWTIMHLHE
CACAAGACARCAACCCAGGAGCTECAAGATECCATAGAGAGCCTTETEERAGCAGAAGAGE
H X TATQETILSGQDO®SBWBRTIEZSTLVWVETQEKRER
AGAGAAGTECAGCAGGCAGAGAGACTAGACAACATCAACTTCACAGCTRAGCTCATCTTT
R EVEQAMEUERTLTDMNTIMNMT FT®MAETLTITF
BCACAGAGCCATEETEAGCTETCTECAGAGAATETEAGGCAGTETETETTERAGATEETE
A Q 3 HB3 ELSAEMNWVROQQOLCVILEMUVW
ATCECAGCACCTEACACTCTETCCATCAGCCTTTTCTTCATGCTECTRCTCCTCARACAN
I A AP DTULSTSSILPFFMILILILILIEDQDQ
CATCCTEATETEEAGCTECAGCTECTECAGGAGATEEACACTETTETTEETEAAGEACAR
HF DV ELAQ@LULAQEMMTDTNVV GE E G Q
CTTCAGAACGEAAACCTTCAGAAGTTECCATTETTEGAGAGCTTCATCAACEAATECTTA
L NG NILOGJQIETLUPTLTLEHZST FTIWMNNETLCIL
CECTTCCATCCTETEETEEACT TCACCATECETCECECCTTETCEEATEACATCATAGAN
R FHPF VVDFTMET R AMAMLGSTDDTITIE
GECTACAGGETACCTAAAGCAACAAACATCATACTEAACACCEECCECATECACAGRACH
g ¥ R VF KEGTMHNTITIILWMNTIGEMHEET
GAGTTTTTCCTCAAACCCAATEACTTCAGCCTEEAAAATTTTEAAAAAAATECTCCTCET
EF FLEKEKUPFPMNWNDTFSILEUMWNTFEIEKWUMNHSABTFPHE
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CECTACTTCCAGCCATTTEECTCAGGTCCTCETECEATETETTEGAAAGCACATCECCATE 1380
R Y FOQFF GB35 88 PFRAMALCVE EHTI®-AM AE0
GTEATEATEAAATCCATCCTEETEACGCTECTETCCCEEATACTCAGTCTECCCTCACGAN 1440
vV MM ESILVTILILZSHERYSV P HE 480
GETCTEACCCTEEACGECCTCCCECAGACCAACAACCTEATCCCAGCAGCCTETEEAGCAC 1500
G L T LDOGLPFPQTWMHWNMNILOSGQQZ P WV EH 500
CATCAGGAGAACGAGCCECTCEECATEAGGTTCTTACCEAGACAGAGAGGAAGCTEEEAN 1560
HQJdQEWNEVPTLTIGMETFILUPIEREIDQERETDGBZSWE 520
ACTCTCTEA 1569
T L = 522

Figure 6. The ORF nucleotide sequence and putative amino acid
sequence of CYPI19a of P. japonicus. 1569 bp encodes a protein of 522
amino acids. termination codon is marked as asterisk. The nucleotide and
amino acid sequence for CYPI19a were submitted to the GenBank with
accession number DQZ298135.
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ATETTEETEAATETATCETCTEAAGTCACCETCTTCCTTCTCCTRCTRCTCCTETTECTE
M L v VS 35 EVV¥VTUVFILILILILILTILTLL
CTTTTCACGTEEAGCCAAACACATCECTCACAGATACAAGETCCCTCCTTCCTEET AGRA
LFTWS&SAQTHUERSOQTIOQGBE P S F LV G
CTCEETCCTCTTCTEACCTACAGCAGGTTTATCTEEACTEEEATAGGAACAGCCAGC AN
L@ FPFLLTY YOS SREETFTIWNTIGZTIGZTHAHAEZSISHN
TACTACAACAACAAATACCECAGCATTETECEEETATEEATTAACGECEAGAGRACCCTC
¥ ¥ NN EKEY GE 3 I VEREVWTIMNIGETERTL
ATCCTEAGCAGETCTTCAGCTETETATCATETTCTEAGCGAGCACT AACT ACACAGCCAGA
I L 8 R 8 8 AV YHVLEZSTWMNTYTT2AER
TTCECEAGCAGAACAGCECTEEARTETATCEEEATEERAGCECRAACEEEATCATTTTCANT
F G335 RETOGBGLETGCTIOGSZMETGIETGTITITFHN
ARTEACGTCCAGCTCTEEAGGAAAGTEAGCGACGTATTTCTCCARAGCTCTRACAGRCCCT
S D vGgLWERIEUVRERETU YV FSIE KW MAMILTTGBZTF
GECCTCCAGAGGACARTEEEAATCTETETEAGCTCCACTECCARACATCTERACCECCTA
g L QR TV EI CVSES5TWHAIEUHILTDIDTEL
CAAGAGATEACCEACCTTTCTECACATETEEACGCTCTAMATCTECTEAGAGCCATCETE
Q EMTDIL S G HUVYVDALWMNIULTILEREH®-ATIVW
GTECACATCTCCAACAGECTTTTCCTCAGGETECCECTTAATEAAAAAGACCTECTEATE
v oI 8 HNRLVFULUEREVVPILMNMETEKT DTLTLHM
AAAATCCAAAGCTACTTTEAAACATEECAGACAGTTCTAATARAGCCTEATATATTCTTT
K I @& Yy F ETWAQTVULTIIEKPFPDTITFTF
ARGATTEEETEECTCTACARCARGCACARABRAAGCAGCCCAABAGCTECACCGACETEATE
K I 66 WL Y N'KHAHKEKEKE-SARAAQ'ELAQIQDVH
GAGAGCCTECTAGAGACCAAGAGGCAGATAATARAGCAGACAGAGAAGCTAGACGATEAT
E S LL ETU KU ERQTITIUEKETEIE KT LTDT DTI D
CTTEATTTTECAACAGAGCTCATCTTTECTCAGAGCCATERARAGCTCTCAGCTEATAAT
L DFATETLTIUVFAQSHUGETLSZSATDH
GTCAGACAGTECTTECTEEAGATEETEATCECAGCTCCTRACACACTCTCCATCAGCCTC
vV EOQOCLILEMUYVTI AEMKAPIDTILASTIS L
TTCTTCATETTECTECTECTEAAACAGAACCCEEATETEERAGATEAGCGATAGT AGAGEAR
F FMLLIULILUEZQQMHNZPT DV VEWMTETIUWVE E
ATGEAACACAGGCTTAAGAGAAAAACETEATEEAAACTTEEATTACCARAGCTTEANRAGTE
M W T 3@ LEREREIEKTOSGDOSZHNILDYQgSILETVW
CTEGAGAGTTTCATAAATCAGTCTCTECEETTTCATCCTETEETTEATTTCACCATECEC
L ES FI NEJZ SI LU ERETFHUPUWVVDVFTMME
AAARCTCTECAAGATEACAACATTEAAGCTETTAAAATAGCAAAACCANCCAACATCATT
E AL EDDMNTITEZ GGV KEKETI®HB®AMIETIGTWHNTITI
CTEAACATCECACTCATECATAAAACTEAGTTCTTCCCARAACCCARAGAGTTCAGTTTE
L NI @3 L MHUEKTETFTFUPIEZPIETETFZSSL
ACAAACTTCEACAAAACARTECCCAGTCETTTCTTCCAGCCCTTCERCTECERECCTCEC
T W F D KTV PFPFSRFVFQPFGB T3P ER
TCCTECETEEECAAACACATCECCATEETEATEATEAAGECCATCCTEEATEECTCTETTA
s Ccve KEKEHI A2 M VHMME®-MRTLITLUVHATLL
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TCCCETTACACTETETETCCTCECCAABECTECACCCTCAACAGCATCCEECAGACCAAD 1380
s R Y TV CPERAQECTILMNSTIEREITH AE0
AATCTETCECAGCAACCTETEEAGCGACCAGCACAGCCTEECCATECECTTTATCCCTCEA 1440
N L 35 Q3 PF VvV EDEHOSESLAHAEMET FTITFPERER 480
GCAACACAACCTCCACTCAGTCACATATTTAGTCAGGAAATETAR 1485
AT QFPL S HTIVF S5 QJEM = 404

Figure 7. The ORF nucleotide sequence and putative amino acid
sequence of CYPI19b of P. japonicus. 1485 bp encodes a protein of 494
amino acids. Termination codon is marked as asterisk. The nucleotide and

amino acid sequence for CYPI9b were submitted to the GenBank with
accession number DQ298136.
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Table 7. Comparison of amino acid identities between P. japonicus

aromatase and other species’ aromatase. Overall amino acid identities

are indicated in percentages. The total number of amino acids are indicate

in brackets. Sequence reference and

material and methods section.

abbreviations were represented in

CYP19b

Species Overall Species Overall
bwCY P19 100 (522) bwCYP19b 100 (494)
tCYP19a 79 (521) iwCYP19b 90 (495)
gfCYPI19a 63 (518) ntCYP19bx 81 (480)
zfCY P19 64 (509) mtCYP19b* 81 (493)
gsCYP19a 84 (519) gfCYP19b 64 (510)
ifCYP19a 82 (518) zfCYP19b 64 (511)
rsCY P19 85 (519) ccCYP19b 65 (500)
iwCYP19a 90. (518) imCY.P19b 80 (499)

Note: Partial sequences are noted as asterisk.
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Figure 8. Alignment of amino acid sequences of P. japonicus
CYPI19a with other species CYPI19a. The identical, highly conserved,
and less conserved amino acid residues were indicated by (), (:), and (.),
respectively. The sequence corresponding to putative structural region
indicated by numbers and overline with arrowheads (O, the
membrane-spanning region; @), the I-helix region; @), Ozol's peptide
region; @), the aromatic region; (5, the heme-binding region). Sequence
reference and abbreviations were represented in material and methods

section.
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Figure 9. Alignment of amino acid sequences of P. japonicus
CYPI19b with other species CYP19b. The identical, highly conserved,
and less conserved amino acid residues were indicated by (*), (:), and (.),
respectively. The sequence corresponding to putative structural region
indicated by numbers and overline with arrowheads (OO, the
membrane-spanning region;, [0, the I-helix region, O, Ozol's peptide
region; O, the aromatic region;, [, the heme-binding region). Partial
sequence is marked by (P). Sequence reference and abbreviations were

represented in material and methods section.
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Figure 10. Phylogenetic analysis of the relationships between wrasse

aromatase subtypes with other species’

aromatase subtypes. A

consensus tree obtains with combined values both aromatase subtypes. A

consensus tree is based on the values obtained by bootstrap resampling.

Bootstrap values (100 replicates) are shown on the consensus tree above

the nodes. Human CYPI19a was used as outgroup. Partial sequences are

noted as asterisk. Sequence reference and abbreviations were represented

in material and methods section.
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Figure 11. Changes of gonadosomatic index (GSI) during tidal
changes of H. trimaculatus. GSI was significantly greater at high tide
than other tides. LT: Low tide; LH: Low to high tide; HT: High tide; HL:
High to low tide. Asterisk indicates significant difference from before and

after current tide (LSD - Duncan for multiple comparison, P < 0.05).
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Figure 12. Changes of plasma estradiol-17f levels during tidal
changes of H. trimaculatus. Estradiol-17f was significantly greater at
low tide than other stages. LT: Low tide; LH: Low to high tide; HT:
High tide; HL: High to low tide. Asterisk indicates significant difference
from before and after current tide (LSD - Duncan for multiple comparison,
P < 0.05).
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Figure 13. Histological observation of oocytes in ovary of H.
trimaculatus at each tide. (a)-(d) show the condition of oocyte maturity
at each tide. In all sections, maturing oocytes are observed, but the
ovulated follicles (arrows) are observed in only high tide. (a): Low tide;
(b): Low to high tide; (c): High tide; (d): High to low tide. Sections (5um)

were stained with hematoxylin-eosin. Bars = 200um.
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Figure 14. Changes of oocyte diameter of H. trimaculatus during
tidal changes. Oocyte diameter was significantly ' greater at low to high
tide than other stages. LT: Low tide; LH: Low to high tide; HT: High
tide; HL: High to low tide. Asterisk indicates significant difference from
before and after current tide (LSD - Duncan for multiple comparison, P <

0.05).
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2) A2 A& HoA ERs¥ CYPI9s subtypesd o3 44

©

ARE e dast ¥ Aol A st WmE ERY CYPII F44
o] Wg %AFS real-time PCR Wi o= EXA35tn. 24+ fdxe 28 o
oz o ® AMEE foactin AR HEA I vlaste] FdAH ghe
eIt YA 2A A ERa= THE A 7]d] Hl&] vtz Al 7)o
A ddE AT 28y et g ErAol #d el folA el Aol
7} YERA] ¢kt (Fig. 15a). 1813l WAz Ao A ovary type CYP19a
AL rxA A Fste] wbx-3tx wizbx] JAA o R Frhekiv (Fig.
15b). ¥ =AS Al & (H¥, T3, )0z FEste] st mE
7} F-5o 9] ER subtypes¥} brain type CYPI9b9] &P g gststh
(Fig. 16). Fig. 16A°lA H= AAH 9o 7z} FiFo|A ERa Id&
Z A7l m=kor, 53] FHAA7E 7 A FAHAT. - A7)
E AL BE A7|A ERaS] @S W23 S YERSIT gy
Hz2 oA ERPY B& L ERad= T2 FAFS Ho] FAu. ERf= A

i)

2
>,
)
i
2
BN
>
N

[

st 02 BE A7lA v il S fA8HATE (Fig 16b). ¥ ZF oA
CYPI19b= ERa$} fAFSE 2 ko7 yehyttd (Fig. 16c). ERae] 2Hd
FFF B E A CYPI9hS e FTuollA] hE-wkxz A7) Solxowm
S7betd etz oAl ZEasklvh (Fig. 16¢).
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Figure 15. Real-time PCR analysis of ERs and CYP19s mRNA
expressions in ovary of H. trimaculatus during tidal change. (a)
Expression aspects of ERs mRNA. (b) Expression aspect of CYPI9%
mRNA. LT: Low tide; LH: Low to high tide; HT: High tide; HL: High to
low tide. Asterisk and double asterisk indicates significant difference from

before and after current tide (LSD - Duncan for multiple comparison, P < 0.05).
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Figure 16. Expression patterns
of ERs and CYPI19ph mRNA in
three parts of brain of H.

trimaculatus during tidal
change. (a) FERa expression
pattern. (b) Expression pattern

of "ER# mRNA. (c) CYPI9%
mRNA expressions during tidal
change. LT, Low tide; LH, Low
to high tide; HT, High tide; HL,
High to low tide. The factin

transcripts were used as a
control. Asterisk indicates
significant  difference  (LSD -

Duncan for multiple comparison,

P < 0.05).
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