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Studies on Developmental
Physiology for Mass Production of

Clownfishes

Gyeong Eon Noh

Department of Fisheries Biology, Graduate School
Pukyong National University

Abstract

1. Spawning frequency. and behavior

The measured numbers were from: 38 ‘to 127 times of total spawning
frequency, 12.6 to 254 times for spawning frequency per year, and 1.4 to
2.3 times for spawning frequency per monthe. Maximum and minimum
spawning frequency was 4 and 0 times, respectively. All experimental
groups showed a year-round spawning except the resting periods. While
experimental pair A and B showed the resting period continued for 6 and
5 months, respectively, pair C and D showed total 6 and 8 months of the
Intermittently resting period appeared. The results suggest that each pair

of A. melanopous followed an unique circannual rhythm even when they



were reared under the constant condition, especially without the moon
phase.

Spawning behaviors in A. melanopus were divided into four steps. 1)
Cleaning of the plate and its surrounding with the mouth before spawning;
2) Female's mucous secretion on the plate; 3) Spawning and Fertilization;
4). The male seems to play as the main babysitter until the eggs hatch.
Increased egg-fanning activity using the pectoral fin and egg-biting

activity were noticed during the incubation.

2. Development of egg, larval and juvenile

The fertilized eggs of A. melanopus were in oval shape and light orange
color. The eggs were 2.37+0.09 mm in size as measured along the longer
axis but different sizes of oil globule were also observed. Morula stage
was at 9 hours after the fertilization and embryo disc was' covering the
half of the yolk. at 24.8 hours. After 46 hours, optic vesicle and auditory
vesicle were formed. ‘The ‘tail was separated {rom the yolk and the
myometium at 24~25 hours.-After 70 hours, heart beating was observed at
a rate of 160 times per minute. Hatching, occurred at 180 hours, was
appeared at 1.5 to 2.0 hours after turning off the light. The egg yolk of a
hatched larva (3.5+0.3 mm) was almost absorbed and the color of body
was transparent. At DAH (Days after hatching) 5, the body of the larva
became darkish. At DAH 9, an opaque and whitish stripe in the head and
in the middle of the body was found. At DAH 15 to 20, the body color

became blackened with more vivid white stripe. At DAH 30, the larva
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showed a reddish color around the mouth, fin and the white stripes in the
body and the tail began to disappear. After DAH 60, the body color
became dark brown with only one white stripe in the head of an fish.
Survival rate of larva was investigated with three types feeding with
live food (RO: only rotifer; RA: rotifert Artemia nauplii;, EA: RA with
enriched Artemia) for 20 days after the hatching. It was the highest 78.3%
for EA. RO was 0% and the majority of the death was occurred between
9 to 10 days. The results suggest that the specific nutritional food is
necessary for the survival and body color development. Appearance of

white stripe seemed to be correlated with the beginning “of metamorphosis.

3. Development of 'artificial hatching system

More than| 85% of hatching rate in RT (recirculating type) system in
four clownfish species was investigated as compared to jthose of AT
(aeration type), 60.5% and ST (spray type) systems, 74.4%. The hatching
rate of 2, 3, 5 hatching plates in RT was 87.3%; 81.8% and 82.0%,
respectively. RT system showed the highest hatching rate and the

possibility of containing 5 hatching plates.

4. Effects of live food and thyroid hormone on body color

For the growth by the live food type, AT group (enriched Artemia +
Tigriopus japonicus) showed the fastest growth, total length of 11.3+0.7
mm, no significant difference with TJ group (only 7. japonicus), 10.9+0.8

mm. EA group (only enriched Artemia) was 10.2+0.8 mm. In CMYK
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analysis, the area around the mouth and the dorsal fin of TJ group
showed the highest magenta level, 81.8£3.5% and 75.8+6.7%, respectively.
The dorsal fin of TJ group also showed the highest level, 94.8+4.3%, of
the yellow color.

4 ppm-T3 treated group showed the fastest growth, 11.4+04 mm. 6
ppm-T3 treated group showed the lowest growth, 10.2£0.5 mm. In CMYK
analysis, the magenta in the position around the mouth of juvenile grown
in the presence of the 6 ppm-Ts treated was the lowest, 53%, as compared
to those of others. The -dorsal fin of the fish treated with the 2 ppm-Tj;
treated group and 4 ppm-Ts treated group showed “the highest level,
92.8£3.5%, 93.8+4.0% of yellow level, respectively, together with 67.4+5.3%,
56.0+8.4% of magenta level, respectively. In the caudal fin of 4 ppm-Tj
treated group, it showed the highest level of magenta | and yellow,
73.6£3.6%, 99.8+0.2%, respectively, no significant with 2 ppm-Ts treated
group, 49.6+7.3%, 72.8£10.8%, respectively. The results indicates that two
of factors, including. 7. japonicus and -thyroid+hormones, improve the
growth and color expression -of juvenile during metamorphosis. And CMYK
analysis, the first attempt on fish bod color comparison, can be a useful
tool to analyse the relative color for the small size of fish like a larvae

and a juvenile.

5. Cloning of prolactin, arginine vasotocin, isotocin gene and the

genes expressions during low salinity adaptation

cDNA encoding PRL precursor consists of 639 bp encoding a protein of
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212 amino acids including 24 amino acids as a signal peptide. cDNA
encoding AVT precursor consists of 462 bp encoding a protein of 153
amino acids including 19 amino acids as a signal peptide and 125 amino
acids as a neurophysin. cDNA encoding IT precursor consists of 471 bp
encoding a protein of 156 amino acids including 19 amino acids as a signal
peptide and 128 amino acids as a neurophysin. Expression of pro-PRL in
the pituitary was the highest at 24 hours upon the adaptation to 15 psu.
RT-PCR analysis of the gene indicates that the expression of brain
prepro-AVT and prepro-IT was increased from-48 hours to 144 hours

upon the adaptation to 15 psu.

6. Physiological and biochemical study in the rearing on the low

salinity water

Gill lamella 'surface of A. melanopus rearing in seawater was very rough
and uneven in SEM. On. the other hand, in 15 psu, it was relatively flat in
shape. Apical crypt showed a-typical feature of a gill in seawater fish with
many of mitochondria in chloride cell. ' In 15-psu, apical crypt seems to be
missed as the pavement cell covered the surfaces. Although plasma level
of Na', K', ClI' and osmolality in A.melanopus adapted to 15 psu for 4h,
8h, and 24h were lower than the those of the control fish reared under
seawater, it recovered to that of the control in 144h. Analysis of glucose,
AST, and ALT used as the markers for the stress condition showed the
trend that all group has a lower level except 144h. Na'/K -ATPase activity

in the gill increased upon shift to low salinity for 4, 8, and 24 hours.
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Na'/K'-ATPase activity of 48 and 144h became decreased to seawater
level.

Decreasing salinity in the surrounding water resulted in decline of the
plasma level of Na', K, Cl and osmolality upon its shift to low salinity.
The results also indicates that the environmental change, salinity may
stimulate the homeostasis in the body. This was reflected that, after the
temporary change of Na'/K'-ATPase, PRL gene, histological change of
gill, the plasma osmolality restored to seawater level. The results also

suggest that A. melanopus is capable of adapting“to low salinity.
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Table 1. Four pairs of Amphiprion melanopus for spawning frequency and

periodicity
Total length (mm)

Pair Spawning experience
Male Female

A 65 98 Yes

B 59 110 Yes

C 07 103 Yes

D 65 104 Yes
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Table 2. Records of spawning frequency of four pair Amphiprion
melanopus for 1,675 days from May 12, 2006 to December 31,

2010
Pair I I i v
First spawning Jun: 7, 2006 Jun. 11,.2006  Jul: 5, 2006  Sep. 6, 2006
Spawning frequency 127 103 38 7
year | (mean+SD) 20:4+9.1 20.6£7.3 12.6£6.1 15.4+6.4
month '(mean+SD) 2.3£1.0 1.9+0.9 1.4£09 1.5+0.7
max month 4 4 3 3
min month ' 0 0 0 0




Spawning frequency

J SN JMMISNIMMIGSNIMMIINIMMISN

2006 2007 2008 2004 2014
Rearing days
Fig. 1. Spawning cycles in four groups Amphiprion melanopus for

1,675 days from May 12, 2006 to December 31, 2010.
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Fig. 2. Spawning behaviors of Amphiprion melanopus. 1. Cleaning of the

plate and its surrounding with the mouth before spawning; II:
Female’s mucous secretion on the plate; III: Spawning and
Fertilization; IV: Nest care by male; EC: egg clutch, P: hatching

plate.
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Fig. 3. Extended ovipositor of—femaleAmphiprion melanopus during
spawning. The mucus is secreted from the female ovipositor for
15-20 min, followed by the release of the eggs. E: eggs, OP:

ovipositor, P: hatching plate, PF: pectoral fin.
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Fig. 4. Frequency of egg-fanning behavior in male Amphiprion

melanopus during egg incubation.
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145 1.5~233 At AF8AHoNA ALSH A melanopus®] T2 Ad H1

HEFE 1732 vebgth 79 bhe ojFe] Ag, g
A. percula 1.23], A. polymnus 1.83), A. frenatus 2.33), A. akallopisos 2.43],
A clarkii 29%] 2 VERSRTHHOff, 1996). o] Foll we} AFgh3laE Aol 7t X

Tk clownfishi+© H € 203 A&t A B, CoE D EF 4~7M¥ A=

SRR F:

AN

Lo

FAZE 7hReH, oL 9 Vbl A& ow Ardks itk FAVIE
zk= A7l Fig. 13 o], ofnle we} A&H% e dAo s yEyth
Aol A A ek= A melanopus® 75, F@I st M =2 AbEE 8t
K71 W] g EGHste] Feks e SR

1978), e1&A el stANM ALSH A akallopisos= 9% 2.2+0.83]/9 A3
A3 FAA o) R Gordon & Bok, 2001).

e TUAYE ddA oA A A= Amphiprion 52 AAA F3
HAGle] dFA#e A NH(Allen, 1975; Ross, 1978), o}ddl A< A
clarkii= o155k
U & dgolMe 2 g onfd wiE o Fed §FAVIE Y Ao
ArE sHTh whekA s E
clownfishi+ 9] At&t7]= 7WAle] AFeFolyot 1He] ALS]4 A9 2

o QA E4o] Frd Zow AnH

>,
rS&

3= Ao @ BaEdv(Bell, 1976; Ochi, 1985). 12

Clownfish¥ 9] Abgh & e dvbHon Fite] FAlsith. 539 on=
A FZle] ey 9r], 4R RS g FYIN(EAA dE), dFle]
Z1e W F9E A5t A 22 PsEo] o
T8 AR FEE AR A ey ARRRAEE Fo me oA
zFol7F Y SS Hol=Ul, P. biaculeatus 12X173, A. clarkii®t A. frenatusc=

15~17*1, A. percula= 174 o] % Atgh& goph(Wilkerson, 1998). & <Al
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A A. melanopuss= 2F#ro] QA4 11A] Alolel]l dojykor} xAdA] A2

HHl-
=

8~9AZ - AFol A Hh

—_—

%uT

~

A. melanopus= 4% ¥ 2~34]

s

12}

A

=
=

oA T =AM

=]
RuS

o] #eAI%ke]l 64 30

gt} (Ross, 1978). o]+ H 2
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& 7l Zole Aom g dvkHoff, 1996; Wittenrich, 2007). 121}

A 10~15% &<k 4
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ke
T
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B 7]Ze
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1996; Yoon et al., 2005, Kim and Hur, 2007)
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III. G2 2px]jo] vt

AWHA 0 2 clownfishif= AFojoll A Ao, Xojol A doj= WejstaA A A o]
Wshe W A4S Ae Aom A vk 27] Aol 2 4w 9
of b wpddd A=gfn] R 9 Hs 2ga T Aol w F3t &
7~104 Atololl WEf7} AlZrE A H]Eo] A7|a, A =gn]7t FElEA, F

o &S5 Eol7] fla A
el BeFo]l HH, 53|, Aol AA wWetil, I-=FH7F YER}r] AlEFg
Clownfish+o] tHEAS 54 sl 8 5= A melanopus®] 78-5-, ™
oA suet YERATY, A ocellarisE Bl 2], F
polymnuse= "ol sty A¥| AL A =ejEfe] = A E e o =¥HE
7VA 3 QT A akallopisoss= W&ol A algzbA A2 wes] 3 F34 0t
Aom, A ephippiume 3 =FH7F $lHk Clownfishi9] 3 =%+ %31 &
79 ol FHE AAUANE 7} ofF EAZol A= AV]= ool wet Aol
7} 2lth(Bertschy, 1979; Hoff, 1996).

XN
e
)
ol
X,
N
olf
o
ol
i
ui
2
_>|~l_,
rr
F
Lo
o
o
E\

of

Z, meel 2 374, A

Fl

R AAGE] el n=E¥ 3 X WAk highly unsaturated fatty acids)< Apof

o
N
)
e
&
N
ol
e
Lo
ofN
ko
oX,
rlo
e
r]I,
o
]
Mz
o

ik o}yl yellow tail damselfish
Chrysiptera parasema (Olivotto et al., 2003), cleaner goby Gobiosoma
evelynae (Oiotto et al., 2005), Pseudochromis flavivertex (Olivotto et al.,
2006) ¢k 72 ol E ®Bag up vk HUFAR FEAste Hold gw&
7ol o] AEI S P AT Aom dEA
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H2AS Fo] AlLsh= AL Ao A= clownfishi+2] A7 Lo}

= AT B2 HAXE BAse dem EEA g, ol ofnt:
Ford ZAlel o7t Aor diddn. & ATelM= A melanopus®] TR}
27l A% V2ARE st WHAY T HolERel mE AEES
A

2. A8 ¢ =
2-1. Aol A=A
bl AES 93k AT Ao dd d WolEHo| wE AEE FANE

AFE AWML ANA AASGE. A ALy ZAORA £, GR

p

2 A7) ZHzE 27009, .81.541.0 psu, 14L:i10DSIt. &poj=Zoll= Isochrysis
galbanas A7 st ¢4 A HolAE o] Ho|g o] &d = A 3 FIUTh

2-2. ¢y

0T, 32 psu, 12L:12D=2 frASFG e, a3 A A2 Ak =4 S45EH 30%
A7 HEstHIE 24 AT = 34
2-3. AAo] T&

Azl o] o] gk FEjEH 2ALE $18te] 0, 5, 10, 15, 30, 60 L& 31 90
Aol z}z} 10mte]y Adete] My A as2 AgdS FASATE AFA] o
o] Feste JAAR A (DVS, Zeiss)¥ YAE 7 2H(D300, Nikon, Japan)
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_18_



L S48 A8 T34 92 v, HoldR/ R EFH & ot 37 243
T(RO: only rotifer Brachionus rotundiformis, RA: rotifer+ Artemia nauplii,
EA: rotifer+ Artemia nauplii+enriched Artemia sp.)&® Yo 2097+ AMS-3)

F7stste] 1070 A/ mLA &

oEL

At} Rotifers= Nannochloropsis sp.= 44 ZF
TR Y. Artemia nauplii®] 745, 9 <4341 DHA Selco (INVE, USA)E
24X 7E 9t G Este] SNA/MLA FEstd e, Holg g 3A1F mikth

=z
=¥

ftlo

B3 FAH F2, 948 9 FF7Ie 44
27.0+05C, 32 psu, 13L:1ID= FA8tt. ROToIA= A FEAIZA
rotifer?+S &3t RATFAIA = SURRE  Artemia nauplii?t2 &5 3FS)
a1, rotifers 6YAN-EH TESIAT EATE 6941714 RATS e Wyle

2 Faoltrt 794 Artemianauplii A G US43t Artemias 238 $5 A

ol

A ST B g 3wBom Adsigu 4 AR welwd

A AL Table 33 7t}

3. 24 %
3-1. ¢A
TAT(n=20)> BHAF 9 A F
ol A7+ A 24+01 mm, @7 09209 mm& o, Axdo= thgst
2718 B2 #F77F #EHAG(Fig. 5). 748 5 1A wiRko] A E A
AL, 16A1ZFe] AuA 2M 712 o] dfskqdth. 3AZko] A aket A Al 2vkeol
dojup 4 E7IE2 HIJa, F4 F 41AHA ] 8AE7IE FA AT 324
7], 64M 7], AT = 8 F ZH2E 514K, 654K, T.6A1%E, 9A Iz A o]
Z HAY 2ivlE 4 F

sgom, 54 F 193430 Gl 7lo] Eeselch Wk e wae] dur
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Table 3. Feeding regime for the rearing of Amphiprion melanopus

during the experimental period

G ;%D"’S 1234567 89 1011 12 13 14 15
RO Ro
Ro
RA
An
Ro
EA An -
Ea

An: Artemia nauplii, “Ro:" rotifers Brachionus rotundiformis, Ea: enriched

Artemia adult.
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Fig. 5. Embryonic development of Amphiprion melanopus. A: fertilized
egg; B: 2-cell; C: 4-cell;, D: 8-cell; E: 32-cell; F: 64-cell; Gt
morula; H: blastula;, I: gastrula; J: blastodisc covering of yolk;
K: embryo formation; L: lens and ear vesicle formation, M:
heart beating; N: embryo before hatching; O: hatch out. Bar=
500 pm.
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Table 4. Embryonic development of Amphiprion melanopus

Developmental stage Time after fertilization (hours)
Fertilized egg 0
2—cell 1.5
4—cell 3.0
8-cell 4.1
32—cell 6.5
64-cell 7.6
Morula Ol
Blastula 10.8
Gastrula 9%
Blastodisc covering ,of yolk 248
Embryo formation 26.6
Lens and ear vesicle formation 46.0
Heart beating 70.0
Embryo before hatching 160.0
Hatch out 180.0
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Fig.

6.

Color . development of Larval and juvenile .~ Amphiprion

melanopus.~A’ hatching larva. (3.5+0.3 mm), B: 5 days after
hatching (5.840.3 mm), C: 10 -days after hatching (8.3+0.3
mm), D: 15 days after hatching (10.1+0.2 mm), E: 30 days
after hatching (1.2+0.3 cm), F: 60 days after hatching
(23104 cm) G: 90 days after hatching (4.1+0.3 cm), H:
adult (9~10 cm). Bar= 1 mm (A, B); 1.5 mm (C, D, E); 35
mm (F); 5 mm (G); 10 mm (H).
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+0.3 mm)E B A9 Mol W mFMox HZMoz W
AA 240} (41.0+0.3 mm)e] Mzl 3 Z5H7F Agedt. Aol 9 cm?l
Adojel of FRy 7 Auyuls A4, HES e aEe|drt. A
Aol wetr g aF Mol AA|shE H7F wAdMA] 2= AV dE
W, A5 wEe] 3 5 SRRk ddEo] dddth
3-3. HolTFE AX HEE

Fig. 7oA B vhe} o] 1~2d Afolo] HE A oA A FANA
7 ASEA T ROTF-elA = 179 ol del =& /A7 #Ast it o &
14 #HAA A dojom-53 9~104 Ao HAA AR HFE AT RAT9F EA
Tol AEEL 47468.3%, 78.3%S tHTable 5).

b

4, 11
2 AN A melanopus®] TAHE FSHA] 7
MAske WA A, 7T~8AA o Fslghthal RuE AN F B dE 2
< Azl AA H A AT Ross, 1978). WM, SR ANA F23 o]
Z}7} 30°C, 33 psud A5, A-melanopus® FARTE 7AA HIlsi, HIeE
EUHKim & Hur, 2007). ClownfishiF2] F3d2 ojFd wg} & Aoz
Ruya Quy F2F10] 26~28CY A%, A clarkiire 69, A. akallopisos,
A. polymnus= 79, A. ephippium, A. ocellaris, A percula= 8%, A. frenatus,
A. melanopus= 994 K313},
A. melanopus® FHA T 4 A7d 24 mmSed, oA A
melanopus®t & complex®l| &3+ A. frenatus® 2.6~2.9 mm HT+= A

vk 2.3~25 mmQl A polymnus®}t W28ttt 1 Q]9 A. ocellaris 2.2~2.4 mm
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Fig. 7. Number of dead fish of Amphiprion melanopus by three types of
live food feedings. RO: only rotifer Brachionus rotundiformis,
RA: rotifer+ Artemia-nauplii; EA: rotifer+ Artemia nauplii+tenriched

Artemia sp.
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Table 5. Survival rate of larval (DAH 0 to 20). Amphiprion

melanopus by live food type

Survival rate RO RA EA

% 0£0 68.3+11.5 78.3£2.9

RO: rotifer; RA: rotifer with Artemia nauplii; EAl-enriched Artemia sp.
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A. sandaracinos 1.9~2.1 mm, A. perideraion 2.0~2.1 mm, Premnas braculeatus

1.9~2.0 mmEtt =7] wj&o) clownfish oA v )& ko] Eag )

Clownfish#¢] Abgh 2135 o A7 Fo)| we} 2. A ocellaris 534,
A. clarkii 73 = =@M A frenatus &2 M, A. perideraion 832,

a2lal P. biaculeatus &M o]t} Clownfisho] WAl ag2 ofFof wa}
AZEA ZpolE B W AAA R v ek AEgS Bl

A. melanopus®] Ax|o] WEe J3l 164 47HA] e 7E Aol guro] npe
of Azetw, 7] kg ojm 9
2007). 18 A. melanopus 318l 542 wEdwt 3 FFHE 7HA &= d,
oA Ay B3 5 15~20d0 = 3709 3 55, =
Elytal 0¥ Foll= T3 ag sl S5 97 oAl Abebsieh sl $ 90 ol %
FE Aoje 717t 55z 2=t A ocellaris® 7%, 14~30L ol
77 ehds] ddstAl FH A, o] %
polymnus®l 725, 73t 5 1394l 3718 & =5H7F Yehe, 3 & 469
A oo Egd =gkt ofFel mdA thA zlole jlov dwtHow A

o] & A b 80 el &g At Clownfishi o] -5, HEIA] 7)ol o 4

f“l

Mo
td

gR|=gr o H2 A|Ao] Wit A

&

Aoy 2EHUAE I 25 BN e = 7 e, d S5 S

AoIA Aoyt HGGAR F FHHE 7HAE "ol Q9lo] HER o]
of thak o] F Q3 Hoff. 1996; Celement et al., 2001; Avella et al., 2007).
Rotifer Brachionus plicatilis= Artemia sp.2F $H7 s|atol g9 %7] HolA &

2 o] &HE &5 7Y dFolth Rotifers R4S ot A==EA 28 ]
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2-1-1. oo & o] A & (aeration type)
Fig. 83 #Zo] do2E(AXE: 1 cm, Z°]: 10 cm)S HF-3}3 ol A x| s}
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Eoj7tal Haxe] mAgd AXE 10w 28 FZE 2207 B8 &9 B

Gtk o] Wme] Pl Rak FAol Wxol FYHA GRS EWH]
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Aeration fype Spray type

by »
il &,
- \X\LL'

Rotating typs

Fig. 8. Diagrams showing three types of system developed for the
hatching of clownfishes. A: air stone; C: water level controller; E:

eggs; F1&2: filter; O: over flow; P: pump; Pb: plastic bottle; Ph:

plastic horse; Po: Pot; PP: PVC pipe; S: water level sensor; WL:

water level.
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S AFgsle] eSS AT 7 A gl o] 8% clownfish &/ Table
6ol LEFH AT
2-3. TAEA
A5 32 meantSE.E YUEFHAT. SPSS(ver. 17)& o] &8}

et

!
H|2=A ol Wl Kruskal-Wallis test® 95% Aol 593 75

3. 4%

3-1. #3Zx4E F3}

melanopus®) ool A, 2z ole] IAFFEH FsLg oo H}
& 747t 569:25%, T24%45%, 881+15%%a, A ocellais e 77

852:24%AT}. 2 RaAN AN Bt RS 4Z 6054
87.3+t1.6% = 3 AFFJo] & F H- o}
3-2. AAFFI FFA Y FIAR A BnE FIe

B3 Aol hE RIS Table 8014 Wi v} ek Raw 279 4
-, 87.3+2.0%, 371¢] 74-%, 81.8+0.8%, 1&]iL 5719 -, 82.0+25%= 271¢]
A7k M g,

4. 1F

I ATl A dofdlo]l Ay Hujgoz ThastAl AX = JYAAT 4 of
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Table 6. Clownfishes groups used for the hatching rate analysis according

to the hatching plate number in the rotating type of hatching

system
Group Species
2P-1 P. braculeatus=L, A. melanopus—R
2P-1I A. melanopus-1/R
2P-111 A. melanopus-L/R
3P-1 P. biaculeatus—-M, A. melanopus-L/R
3P-1I A. melanopus—M, A. ocellaris-1./R
3P-1I1 A. melanopus—M, A. ocellaris-1/R
5P-1 A. melanopus-1, A. ocellaris=2, P. braculeatus-3, 4, 5
5P-1I A. ‘melanopus-1, A. polymnus-2, P. braculeatus-3, 4, 5
5P-1IT A. melanopus-1, 2, P. biaculeatus-3, 4, 5

P: hatching plate; L (left)) M (middle) and R (right) mean the
arrangement of the plate; In 5P, the number of scientific name is a

arrangement sequence to fix in the PVC pipe.
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Table 7. Mean hatching rates of clownfishes eggs incubated in 3-types
of hatching system

Hatching system Aeration Spray Rotating
(type) (%) (%) (%)
A. melanopus &7 125" 72.4£45" 88.1+1.5°
A. ocellaris 6Pl 71.8+1.5 87.2+2.7°
A. polymnus 61.4+4.8" 79.2+3.3" 88.9+1.2°
P. biaculeatus 62.12.8" 742426 85.2+2.4°
Total average 60.5£2:4 74.4+34 87.3£1.6

Values are mean+S.E. (n=20). Different letters indicate significant difference
(P<0.05).
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Table 8. Mean hatching rates of clownfishes reared under rotating type

of hatching system with different numbers of hatching plate

2P 3R oP

Group
I II I I II TII I I I

Hatching rate

(%) 839 870 909 829 802 823 85 771 834

Total average 87.3%£2.0 81.8£0.8 82.0£2.5

Number: the number of. hatching plate; P hatching plate; Roman number:

group number.
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At oz FEo A oy EAsk= MAaAxel o AHEH. ¥
friel A, 24 g FF AMAAME = melanocyte(SA, ZAA A =
GAaE 7L e Rkl o] F+= melanophores(#4Y), xanthophores(#
A1), erythrophores(# ), iridophores(3F+#] A4L), leucophores(¥1 ), cyanophores
() ek 22 67 AaAEE ATl 44 Jrh(Fujii, 2000; Kelsh,
2004). olrol AAMWMsp= F7| A SE = FEshy A A Astel o FA=(F
WA 2 AL A B 3 mE AL NS o 2 A AW ste] 5 7bA]

2 FEHIGNery & Castrucci, 1997). o729 ArAXE SR X7 A4 A

rr

(neural tube)& We} WehE = neural crest cello] ®3}5 ol HF AA=Z o]F
< 34 @k Rawls et al, 2001). MM EZF 279 AAE ol Fdioiete 7
Zhol  AAE WA flsiA e M Aade] sttt Carotenoidsl 9
astaxanthine o] 79 AMS-HA sfiz EZHS AMAdoz dHA =,
Gt o] Foll welbdE A AW astaxanthin &4 WU ES 7FR 2 UA
oFol eJi-2 HE 9 FFo] sl (Tanaka et al., 1976).

A AA oFe FAel YoM E7] Aole] Hol& rotifer (Brachionus

plicatilis, B. rotundifornis)®} Artemia nauplii’} Zo] o]&% =], o]+ AHEE
i FAgske] 7hsetr] wiiEolth ey Gt S A zpo]dide] dagh

BEX 3} AW o] FE5H7] wEdd HolAEZRE HAe AATES 7dst]
o] HtH(Kahan 1980; Olivotto et al., 2003; Faulk and Holt, 2005). &<+ rotifere}

Artemia sp.8 AT HolAER Q7179 o]fo] At Q) Q7tFE=
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(.

WA, nE BESD AL 5 FRekn QoA Axele] g Faw

17

o]AER 4dA dH(Eviemo et al. 2003; McKinnon et al, 2003). £3],
Tigriopus japonicust= A1/ harpacticoid®A ] &ujko] fo]3te] o] F 9
HolAER da| o|8¥ vy T3k T japonicus’t astaxanthing $Hf3t=
2 75& AEo oFQ A melanopus A ]S Ao 2 Q7R 9] astaxanthin

of olg A FAL NNE F e Aew dAFEAW, 277} olFe) A4

. melanopusi= A W3slo] olsk HMEE = HAo=

of A% Tttt Ho|vk 183l summer flounder Paralichthys dentatus
of WH|, doji{e &3 (smoltification)d] g A7} o]} #H=#Ho] Qi
(Schreiber and Specker; 1999;-Yamano, 2005; Bjornsson et al, 2011). 12| =
B AN EEEE A melanopus AHoTE W E o ol gt o = A AW ste]] o

g = 5 U Ao g4

2 A= A melanopus AF1e] WEl A -gotol| X T japonicusSt %)
A s EEo] Zhzr A g Aol ot S v A=A A

2. A5 2 B

2-1. A3
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H APANA AREE AR o= AFE ghrsf o] AlE oA Fsk-Ad g gk Ao
Ak HoAET A 2R e MEddd s 7212 3 % 10d4A Ao
(82+0.6 mm)e} 74 #+0](7.3+0.3 mm)A AHE-E ATt
2-2. HolFHE XX A%

A= JAA3st Artemia sp.(EA), T. japonicus7-(T]) 18]al %7

=

3} Artemia sp.9¢ T. japonicusE 1112 &3 T3t HAT)E UFAa. 2
FHEE Zol 107t E 10 L Zg2d 9y FxeA 74 ARSI

Artemiav= DHA Selco(INVE, Belgium)ES A &AL AF&Hol ue} o 473t

e Aol 20mElE FAE A

g ggte® Adodlal, 49 T8 F, Yo A 2E ol &ste] A

SR
(3,5,3 ~triiodo-L-thyronine_salt, Sigma, USA)<S 4325 (KOH)o =
1 F, of7]e] HAFoE wEEE A A5 T R FF7
= 747} 265+1.07C, 32 psu, 13L:11DE G433, #ol2A EASH TJ= 1:1
2 A Fastdth
2-4. A A
AMAstE 2ALS A AR Az ob2d A o] 2(10x1.5%10 cm)ell A
o5 ¥ g, vAE ZhveH(D300, Nikon)Z #93tAct Jhvle; 24 %
AAY 55 mm, ==A7F 1/200 sec, 270 £/80, 181 »=EF =+ spote
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AAe FFS 93] =34 (SB-800, Nikon, Japan)E ©]-&3te] TTL(Through
The Lens)® =2 HGsith Fig. 994 Hi= wpep o], oA R9l(1: o} 5
W20 3 WA 8 2R 3 E S 4 SAEY, b5 mEAege)E A
33, AR AF Z 2 13 (photoshop CS5, Adobe)S o] &3le] CMYK (Cyan,
Magenta, Yellow, Black)S =743} 3it}.
2-5. SAEA

A AT A5 7E mean+tSE.E YERNRITE SPSS(ver. 17)E ©] 831

Azgkel At ¥ s M e RtSete AE 2AbEH. o2 S

o

1::51:5}15 O T Z=xo H]—H‘jo one way-

>

OVAE AAst o™, Tukey's
multiple range test= 95% A1Z|FFoA Fo2k FFE A THP<0.05).

A4S wESHA] &S Ay RFEAel W ¢l Kruskal-Wallis testE A

3. 4 7

3-1. Ho|FHE AR B 2 AqET

Hol A Eol wE 432 Fige 10014 &=kl kel AT7F 11.3+0.7 mm
ol 7Hg sk ot 109408 mmel TJ7 k= 2ol zkel7h fllth o

h

Z72 EAT+ 10240.8 mm=z A& o] 7HE =#Hoh AAadde] A9 Fig. 11
oA wi meh ol TIPelA @ Fu, HA=en], WA=, A=),

FRE FHAS GRS B ow olel v Atse
g% dusgeh ATTE A%, § FH, SA=E, WA ge
* CTEsh b @ ETHE da BEFeg W, EAT
o 7} Avene $ds FEPom, Vs se A FRHE AT f
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Fig. 9. Positions-selected for color."ecomparison. 1: Around a

mouth, 2: First white strip, 3: Middle of the body, 4:

Dorsal fin, 5. Caudal fin.
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Fig. 10. Total length of the juvenile Amphiprion melanopus (DAH=17)
fed with different. combination —of live foods. Values are
meantS.E. (n=20). Different letters indicate significant difference
(P<0.05). EA: only enriched Artenua, AT: enriched Artemia
+Tigriopus Jjaponicus, TJ. only 7. Jjaponicus. DAH: days after

hatching.
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DAH=10 @ —

DAH=17

AT

Fig. 11. Comparison of body coloration in the juvenile Amphiprion
melanopus (DAH=17) fed with different live foods. EA: only
enriched. Artemia, AT. enriched Artemiat1igriopus japonicus,

TJ: only 7. japonicus. DAH: days after hatching. Bar=1 mm.
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CMYK #41 A3}+= Table 9914 Hi= vlel 2t} 9 9] magenta 53+
TJ77F 81.8435% %2 Z}7} 57.6+4.2%, 62.0+2.3%<%1 EAT< AT Rt} 93}
A =dth d =5FY9 black X+ TJ77F 06+0.6%% ZH7} 44.6+13.4%,
36.4+11.7% 9 EAT9F ATl Bl €53 Skt & =7+e] black 54
ANAE AAFAbelel  Folgk zol7k AMu. TJ = 87.6+0.7%=  ZHZ)
86.8+0.4%, 85.0+0.6%<%1 EAT-9} AT+ R =4tk A =2r 9 B¢, TJT+
2] magenta®} yellowsX*| 7} Z+2; 75.846.7%, 94.8+4.3% %= EAT¢ AT ETH
FrolstAl =tk mejx=en o] Ag-ol= 2ol 7k ISt
3-2. FFAZE2E Aol wE FF R AALD

AR AT 2R Ao mE AA oo A2 Fig. 12004 B = vhe} o], 4
ppmT7F 114104 mm= 7M. 2 A4S 290 0 ppmT< 2 ppm T+ 4
7} 10.740.4 mm, 10804/ mmA o}, F AT Afolo] Fox= glAth v

o

A6 ppmTolAE 10205 mmZ A Fe] 7HE =k H3 F9d A w
Az JAgae 4 934 8 55 AAEEe] 0 ppmTE T w5k
o 53], 53 £ 10449 6 ppmTolA=  FHI A HA F5H7F A
g vt 0 ppmTollAl =S mgth 17d Aol _BE FFHs=EE A
ppmT-ol Ha] Aol dFEA LAFA S5, HHATES AYTE £
& 2 Arxgrs g FEAE el 9tz @ FEA 00T
(Fig. 13).

CMYK #4] A3}+= Table 10004 X+ viel 2ok 45¥H 9 49 magenta
of Mrk A7 Atolell A gk AolE HATE 6 ppmT 53.0+3.8% = ZH7)
60.6+5.9%, 68.0+4.7%, 73.0+1.7%%E YEtd 2, 4, 6 ppmT-ol H 7HF %
o 3 74 5 8 99 CMYK FA= AdF AfeloA] Aol 7F §1%d
A= mleb me)A] =¥ P = magenta®t yellowol 1A A Abol

oo,

o{ﬂ
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Table 9. Comparison of coloration in juvenile Amphiprion melanopus fed with

three types of live food

Around mouth

Group
Cyan (%) Magenta (%) Yellow (%) Black (%)
EA 45.0x4.7 57.6+4.2° 84.0£5.5 36.6t11.4
AT 50.0+9.8 62.0+2.3" 83.4+8.4 34.4+4.9
T] 33.6+3.1 81.8i3.5b 95.4+3.6 40.8+7.3
P 0.113 0.009 0.182 0.833
First white strip
Group
Cyan (%) Magenta (%) Yellow (%) Black (%)
EA 81.6£2.7 73.2£4.7 40.2i10.5ab 44.6i13.4b
AT 82.645.2 76.0+45 41.8+7.2" 36.4+11.7"
TJ 60.6+8.3 27.4+14.8 5.4+31° 0.6+0.6"
P 0.129 0.105 0.033 0.020
Middle body
Group
Cyan (%) Magenta (%) Yellow (%) Black (%)
EA 75.0+£0.3 67.8£0.4 65.8£0.5 86.8i0.4ab
AT 73.6+£0.9 67.8£0.5 66.0+0.8 85.0+0.6"
T]J 74.6£0.4 68.210.5 06.2£0.6 87.6i0.7b
P 0.453 0.864 0.667 0.041
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continued

Dorsal fin
Group
Cyan (%) Magenta (%)  Yellow (%) Black (%)
EA 72452 14.4+6.2" 26.2+13.3" 0.0+0.0
AT 54+2.4° 6.4+2.7" 14.4+6.4" 0.0+0.0
TJ 19.2+4.3" 75.846.7" 94.844.3 0.0£0.0
p 0.040 0.008 0.009 1.000
Caudal fin
Group
Cyan (%) Magenta (%) . Yellow (%) Black (%)
EA 5.2+2.8 464200 1210 0.0+0.0
AT 6.8+1.9 6.342.4 82+4.1 0.0+0.0
T]J 14.6+7.2 37.44152 44.2+20.0 0.0+0.0
P 0.410 0.343 0.291 1.000

AT: enriched Artemia + Tigriopus japonicus, EA: only enriched Artemia,

TJ: only 7. japonicus, Values are mean*S.E. (n=b). Different letters indicate

significant difference (P<0.05).
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Fig. 12. Total length of the juvenile Amphiprion melanopus (DAH=17)
treated with different concentration of Ts (0, 2, 4 and 6 ppm).
Values are mean+S.E. (n=20). Different letters indicate significant

difference (P<0.05). DAH: days after hatching.
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Fig.

13.

Comparison~.of “body  coloration «in «the ~juvenile Amphiprion
melanopus treated with several Ts concentrations. A: DAH 9 (0:
0 ppm, 2: 2 ppm, 4: 4 ppm, 6: 6 ppm), B: DAH 10 (eft: 0
ppm, right: 6 ppm), C: DAH 17 (left: 4 ppm, right: 0 ppm),

DAH: days after hatching.
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Table 10. Comparison of coloration in juvenile Amphiprion melanopus treated

with T3

Group Around mouth

(ppm) Cyan (%) Magenta (%)  Yellow (%) Black (%)
0 32.842.8 60.6+5.9" 82.4+8.1 19.0+6.2
2 31.4+36 68.0+4.7" 91.2+4.6 27.8+9.6
4 24.8+3.1 73.0£1.7° 99.4+0.4 17.445.7
6 27.8+2.7 53.0+3.8" 86.8+7.4 9.4+4.1
p 0.304 0.034 0.210 0.414

Group First white strip

(ppm) Cyan (%) Magenta (%)  Yellow (%) Black (%)
0 50.4+6.5 23.6£11.5 28.4+10.1 12.6+12.1
2 49.6+4.4 ez} 16.0+4.9 0.6+0.6
4 40.8+5.2 17:6£5.4 18.6+£4.7 0.4+£0.4
6 40.0+4.1 14.0+4.4 18.6%3.3 0.2£0.2
P 0.358 0.983 0.787 0.774

Group Middle body

(ppm) Cyan (%) Magenta (%)  Yellow (%) Black (%)
0 73.6+0.6 67.6+0.4 66.2£1.6 81.0£4.0
2 69.8+2.3 67.2+0.4 63.6+1.4 83.8+1.3
4 73.01.3 67.6+0.4 66.6+0.5 85.6+1.5
6 72.4+0.7 67.2+0.4 67.2+0.5 84.0+1.0
P 0.204 0.879 0.614 0.446
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continued

Group Dorsal fin

(ppm) Cyan (%) Magenta (%)  Yellow (%) Black (%)
0 1.6+0.7° 28.8+9.6" 51.4+15.8" 0.0£0.0
2 8.4+3.9" 67.4+5.3¢ 92.8+3.5” 0.0£0.0
4 46+1.3" 56.0+8.4 93.8+4.0” 0.0£0.0
6 8.0+1.3" 24.8+3.1° 62.0+7.3° 0.0£0.0
P 0.010 0.007 0.010 1.000

Group Caudal fin

(ppm) Cyan (%) Magenta (%) Yellow (%) Black (%)
0 3.8+1.7 20.4+13.3" 33.2+18.1° 0.0+0.0
2 12.4%35 49.6+7.3" 72.8410.8° 0.0+0.0
4 3.6+1.0 73.6+3.6° 99.8+0.2” 0.0£0.0
6 9.243.3 25.8+8.3° 51.8+15.1° 0.0+0.0
P 0.077 0.007 0.006 1.000

Values are meantS.EM (n=5). Different letters. indicate significant difference

(P<0.05).
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A FYg zZelE B A =#v 9 magenta FTAE 2 ppmTollA
67.4+53% = 7} =sko} 56.0+84%¢l 4 ppmT-¢ 22 Atk 6 ppm
T 248+31% % 74 ko 28.8+9.6%¢ thx+<¢ 0 ppmT-9t A7t

At SA =219 yellow X+ 4 ppmT7} 93.844.0% %2 714 =&

3

2 Bgon 2 ppmTE 928+35%= 4 ppmT-9F xo]E Holx eFgkrh

23

A
of 0 ppm7-+ 51.4+15.8% 713 ¥& F=XZ ®Hgg o 62.0+7.3%< 6 ppmT-
oF gk AfolE HolA okrt. meA=2v| 2] magenta 3= 4 ppmT-7}
73.6£36%= 71 =& FAE HIAT 496+7.3%20 2 ppmT-oF A= §l
At Yellow 319 4%;4 ppm7-7F 99.8£0.2% =7} =k o1} 72.8+10.8%
ol 2 ppmTF FAIF ldTE 0 ppmTE 332+151% 2. 7T @e FAHE
1.9

4. 11

Hol Aol wE AAAFANA TJT ok AT+ = EAT R AAo] wsith A
clarkii®l 745, rotifertt Artemias SEH o2 FHFsk= 2 B harpacticoid
copepodss < &5 o el gk ook L2 FF2 turbot Aol A =
B ¥ A (Stottrup & Norsker, 1997). A ocellaris®) HUFAZ < Y7stE A
71 HolAES FF35HH, IGF (insulin-like growth factor) FdAF &&d 2 7}
st WHA myostatin A4 HES AT el 9o H(Olivotto et al.,

2008), ©] A& copepod’} AtoloAl ALz &

Fl

3} AHAke] FHPoEA ol &

2 4SS 9 sith
SetAz Ao M= 1) japonicusEs FH3 Ad o] AMo] 71 AWk A

= I 5 e, CMYK #4d- % 9 33 $A=217 9] magenta 3

vellow X7} EAT¢F AT ol Hls] 953 =ty o] Az olspd, T
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Japonicus’t A. melanopus®] A% A

cyan, magenta, vellow X7} 2

&

1.

¥

=
=

He] 3%, TJFoIA black 4

=

S|
o

t}, =R TGTY

17F =4

- whiteol

9|

=2 =
= o

A]

black T#|7} @A U2 A&

PN
T

black

¢+

~

;.OE
Ar

el

A

>

Z

H A white

9]

=
S

7l EA-¢F AT9] 2l

3}
=

K

el

T

~

Nfo

FAE A A G B

o]/l At

60%

g
L =

]

A

AL
Fy

I CMYK

=
-

N

CMY A7} =4 Y

al

2]

T

=

s Ue

A
A

I

Z

o ¢)
= o8t

&

A. melanopus

O
T

uf=olth, A3pA o2 Tigriopus Sp.

oS HolgR

A
S

gk

7o RnE B

A
A

o 4] 0 ppm=-2| 2 A =ejn]
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VI. Prolactin, arginine vasotocin % isotocin
A 29 R A9L SFd o

Az Ed A3t

oA AESHA oA R, Fe] PRLS Folstd AL 7begt Aow Hastu

A H(Pickford and Phillips, 1959). ¥W17g¢] &3} #o| prolactin §lo]%= 5ol &
2% 4 Ab/FE AW AFAA A7E Be 494 oFE B AFY

Prolactin(PRL)<> growth hormone/placental lactogen(helix bundle protein
hormone®] 1& Dol “Eeltth Zf7F2 PRES <k 287 ofn|w=ilos o] F
oAzl A% FEle] =(signal peptide)’F A3k G5 2 (prohormone) & 2 A]
St w3709 o]33 A (disulfide bridge)©] N-terminal® =7+ &, =1
23 C-terminaldll $1x 8t} o 7o 4§, A5 FElo| =& 23~2479] o}w
EAko 2 wo] gloy o]sst Aol glojA ofFol wel Afeolrt Ak Hit
Aol Acipenser transmontanustt ¥ ¢ Protopterus annectens® PRL-S 37
o] olgs} Ado]l AN, thF-FE A=l 4%, PRLY N-terminalol = ©]
21§k Aol EAstA Btk el PRLAIA N-terminal®] o] sst Ag2 A

¢

Ag 5 o7 E o E Aedds A 23 AFRdxzda 2y a4

a<



o] glt}= H 7} dth(Doneen et al, 1979; Freeman et al, 2000; Manzon,
2001). PRL®] #4]= ¥ 3}A] A< (anterior pituitary)®] lactotropho] 2k Al
FolA dojyA W mammosomtrophs (MS)ztir &dedzl F71 A EFH ol
PRL¥} GHE T&dte]l wvAdva 48 vk 2ol gilthead sea
bream Sparus aurata®l 7t F3}sk ZpojollA MS cello] 7o
(Villaplana et al.,, 2000), &5 of&oA] ¥ alA o]e e 7[#eA PRLY &
A7y S EAY. S aurata®l 3%, HAskEA, o BA R AL 580
Carassius auratus® 73-5-, =stA, =, 1t A%, 64, olriu], 45 L A2
2ol A PRL f21A dtadoe] 3kl ¥ i ti(Hansen and Hansen, 1982; Wright,

1986; Santos et al; 1999; Imaoka et al., 2000).

HotgA AAPETEELS 90 ofn|EAto R T E JEHeE TEEOR
o] 13} 6A CysE 7FA 3, S-SZ & (disulfidebond)ol]l <]t AFFxE
sk, 7T~-9 R 2] oln|=ilo] FAIE S AT SALE FEo x3E 8

A olmw=Ato]l  A7]Al o] vasopressin(VP)=, TAolu]=Atol™  oxytocin
(OT) oz FE3g. E 2350 AVTS ITE 42 vasopressins:, oxytocin
o] ¥gEy. dukyg om HEFELS VPSI.OLEFe F 71K 2 Fdg9s=

2 a vk oFe-AY, WelRE

vasotocin(AVT)# isotocin(IT)S 7FAaL A= U], o] TEEEL oF9o F

o -1N'

o

fuj
B
o
rot
o
g
2
=l
rlr
=

z.
E.
=)

@

Hgo e #ofstes AR FAHI vk AVTO ITS WA A7 Gl A
HAHE AFFeEZol AR ARt qlojA VA e FSAHoR
Z-gat=Alo] HalA = ofAE Btk AVTel #3 7] AFolA = F
2 olnAgo dANHE Aow dex dArtHMaetz et al, 1964; Jones et
al., 1969; Henderson and Wales, 1974). 121} o]%& AFoA= 1nFrEe
AVT7) o4& doaAnh Ao AVTE AFEA] o7h&9 hael] u)
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ol 28-S dovle= Aoz RuHST(Pang, 1983; Amer and

ru

[e

Brown, 1995).

A. melanopust SFobAole} e AUx|g o] Altd x X oA A]2] gt}

¢

vl 54 54 A7s 8%+ de d, 55, $71 ool
g vE A5

gelE=E o]y A H:Et M = A melanopus VWA A QT
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2. A& 3 BH
2-1. FAA 224
2-1-1. genomic DNA £& ¢ 4714 <4

A. melanopus®] o ZHE genomic DNA kit (Bioneer, Korea)S ©]&
&tol genomic DNAE e 8tsith & &2 PRLAAVT 2 IT HEFF L
2HE )zl 3 degenerate primer(Table 11)%  HiQ-PCRMix(GenoTech,
Korea)E ©]&3to] PCRS AAlstAt. 5= PCR product™= 1.5% agarose
gel& A7|9% 3 gel extraction kit(NucleoGen, Korea)S o]-&3a & A3}
t}. AA"Y DNA+= pGEM-T Easy Vector(Promega, USA)el ligationS 3},
E. coli DHb5a°l transformationd}$ith. Plasmid purification kit(NucleoGen,
Korea)® plasmid DNAE & X 3}31, EcoR I A|gtE&A=E digestion 3}¢] insert
o] FH5E #9239t Sequencinge GenoTech(Daejoen, Korea)oll A M13F3}
MI13R primerg AR&3to] 9714 4SS FA 39Tk

2-1-2. 5-2d3 3I-=d grE 93 DNA walking
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DNA Walkinge DNA Speed up'™” Premix Kit [I(Seegene, Korea)E ©] &
shth Al ZAFe] W] whgl PRL partial genel = H-E| target specific
primer(TSP)E t#91 8F¢1th(Table 11). 12+ PCRS 98 H7he 2R
2 uL genomic DNA (200 ng), 10 uL 2x SeeAmp MACP™master mix I, 2
ul. 5 yM DW2-ACP primer (DW2-ACP 1, 2, 3, 4), 0.5 uL 10uM DW-TSP
F1 =+ DW-TSP Rl1e¢| #H%F #3 20 ulel x&g=Ac}. 1x PCR wHe-x=7
2 94T 5, 42°C 142, 72T 2%, 94T 30%/60C 30%/72°C 100x% 30cycle, 7
2T 7%, 4Ce<]™H, PCR producti= PCR purification KIT(NucleoGen, Korea)Z
o] &3to] AHA A 23 PCRS 93k 242 2 ul. 1# CR product, 10 uL
2x SeeAmp' "ACP™'master mix II, 2 uL DW2-ACPN, 05 uL DW-TSP F2
= DW-TSP,/R27F dA 3720 uLell &3t oW, PCR ¥Hgx2712 94T
3%, 94T 30%/60C 30%/72C 100% 35 cycle, 72C 7, 4CTA. PCR
product® 1.5% agarose gelollA] #7]%¥E ¥, gel extraction kitS ©] &3}
A AT
2-1-3. Total RNA FE3 ¢} cDNA &4

A. melanopus=-¥ #Het HatsAE Azt dAAdLR F A F
BAE w7px] -77CH HE#3rl Total RNAE TRI reagent' (Sigma,
USA)E AFE3to] #Edk 3 37Col A 30%37F RNAse-free DNaselE& * 2] 3}
At cDNAEFAFL ImProm-II'™ Reverse Transcription System(Promega,
USA)e] AlzAb el wel Aldsdtt. Al 7FA Akl cDNA - full
sequences FAFL7] 98le] DNA walkingoll 4] 1.3 5bvty) 3@wke] 7]
Mds 7lwko 2 Z47F TSPful F13 TSPful R1S t#kdlste] PCRS Al 8t
S tH(Table 11). PCR ¥FgzZL2 2 ul first strand ¢cDNA, 4 ul HiQ-PCR

Mix, 1 ul. 10 uM PRL/AVT/ITful F1, 1 ulL. 10 uM PRL/AVT/ITful R1o]
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Table 11. Primers used for polymerase chain reaction

Primers Sequences (5'—3’)
PRL Deg. F CCCTCCATGTGCCACACCTCC
PRL Deg. R AGGACTTTCAGGAAGCTGTCAAT
DW-PRL F1 GTCTTGGAGTGCTCCTGCAGCTC
DW-PRL F2 TGACACTTGCAGAGCTTGTTCCTTGTC
DW-PRL F3 CTTGTCATTGGGCGTCTGCAGAG
DW-PRL R1 GAGCTGCAGGAGCACTCCAAGAC
DW-PRL R2 CTCGGECAGGACAAGATCTCCAA
DW-PRL R3 GCTCGGTCCAGGGGTCACTGAT
DW-PRL R4 CTGATGGGAACAGCTTTACACGCTGC
PRLful F1 ATGGCTCAGAGAAGAACCAATGGAAGC
PRLful R1 TTAGCACATCTCAGGCTGCATCTTTGC
AV'T Deg. F CTGTCTTCGGCTTGTTACATCCAGAA
AVT Deg. R GAGAACTACCTGCTCACCCCCTG
DW-AVT F1 TGCTTCGGCCCCAGTATTGCTGT
DW-AVT F2 GCTCCCCAGAAACAGCTCACTGTGT
DW-AVT RI1 AAACAGGGAACTCTTGTCCTCACCTG
DW-AVT R2 GGACTTCTTGCCCTTTCCTCTGCC
AVTful F1 GAATTCATGCATCACTCCTTGTTCCCC
AVTful R1 GTCGACGCGTACTCATTCTGTCCTCT
IT Deg. F TGGAGCCTCTGTGTCCGTGTGCCT
IT Deg. R GAGAACTACCTGCTCACCCCCTG
DW-IT F1 TGCTTCGGCCCCAGTATCTGCTGT
DW-IT F2 GCTCCCCAGAAACAGCTCACTGTGT
DW-IT F1 TGCATCTATGATGGACCTCTTCCCACC

_61_



continued

DW-IT F2 GGACAGTTGGAGATGTAACAGGCTGAG
ITful F1 GAATTCATGCCGGAGCTGCTGTGCCC
ITful R1 GTCGACTGGTGGATTCGGTGAGGAGAAGT

F: forward, R: revser, Deg.: degenerate primer.
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A 20 uLel EFEP oW 94T 4%, 94T 30%/60C 30%/72°C 50% 35 cycle,
72C 53, 4ToA wrsS =43

2-2. AEBARH B4

2-3. Reverse transcription PCRo| €3 mRNA @& =A}
2-3-1. A

A3o] A melanopus 30ve]E 200 L Y& %(34 psu;-13L:11D; 26.5C)9
A 547 AL AAT Ad 9d 15 psu/k EHEE geE JAUkE o 04 7k
AR SWTE Ul Z=F2 4,8, 24, 48, 1444 Ztebe} 5ule] &) A& S At
2-3-2. RT-PCR

DNase’} #1#]¥ total RNAE NanoDrop(ND-1000, USA)°o. = A=l &
05 ugel RNAE template® 3dled cDNAE $43a%dh. 2z HiQ-PCR
MixE ©]&3ste] RT-PCRE dAlatsitt. 7HAllE RT-PCR At=9 dxT=2
A. melanopus®] B-actin -+ AHGeneBank accession no. JF273495)% o] &3}
Atk 2t Als 2 Boactin®] RT-PCR Ab&Eel digh Aoid & A7195 5,
ethidium bromide® @23}4] Gel-Doc(Bio-Rad, USA)So. 2 G4 G35t o

b o,

ol

W quantitative-one ZZ 1L o] &5lo] MY EE BA
2-4. FAEA

AP A} AEFHE meantS.E.E YERHRIT SPSS(ver. 17)& ©]-& 354
A=k Aatd 2 SEAE UM E wEdke AE 2AEY. RIS

TrEekE 49, 2440 Wl one way-ANOVAE A AR o1, Tukey's



multiple range test® 95% A FFFAA Fx FHE A ATFA G P<0.05).

T 2E WA S Ag, BlEFAS W< Kruskal-Wallis testE A

3. 4%
3-1. PRL, AVT, IT #3A 47144
3-1-1. pro-PRL

A. melanopus PRLY FdA = 570el-exonl @ o] Foj#] 2lt}. Exon I, II,
I, IV= Z+zy 14, 38,36, 61719 ofm| :=AkS: 4% 8lskal 91, exon VE A
A 2=l TAASR 37 63709 ofmibs ¢heststar vt Exon-intron
junction< table 123} 2t} PRL full cDNAY Fig. 140l4 HE nvpel ol
21278 ] o}n Ak open reading frame(ORF)S. & A, 24702 A1 3 Elo] =9}
18870 €] mature o}v| :=AFS R o] o KT,
3-1-2. prepro-AVT

A. melanopus AVTE F A= 3708 exonl & ofFo1 4 At} Exon I, 1T

r1r

Z¥zt 40, 68709 ofml =t S gk% shatar QLA exon M= A A =9 TGA
oF SHA 4579 olm|:=AbS ¢S EEFI QUTE. Exon-intron junction table
133} 2t} A melanopus®| prepro-AVT full cDNA+ Fig. 153} o] 197§
ofu] = Ake] Als FElo] = 97 ofm:=Ake] AVT, 125702 Neurophysin & &2
Z 153719 ofm=Ato & o] Folz] glTh,
3-1-3. prepro-IT

A. melanopus AVTS] FAx= 3709 exonl @ o] Fo1# gt} Exon I, II
= Z47F 40, 687119] obm =AbS Fshslal 9lal, exon M= HAZ= TGA

o} Al 489] o} =2tS b5 slsla 91l Exon-intron junction< table 14
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Table 12. Genomic organization of Amphiprion melanopus prolactin gene

Exon size cDNA ! i ; Intron size
Exon . Exon-intron junctions Intron
(bp) position (bp)
I 120 1-44 -gagADGGCTCA s . CCTGACAGgtgagate 1 784
1I 113 4-157 ttctctag TGTTGTAC . . . . GGGAGCTGgtcagtgt 2 241
I 108 158-265 tectccagGACTCTCA . . . . AAGTGTCAgtaagtta 3 320
I\% 183 266-448 tectccagGAGTCAGA . . . . CTGGGAAGgtgtgcaa 4 99
Vv 192 449639 ccteceag ATGGGTCC 1 7. . TGTGOTAA..

Exon sequences are in upper case letters an intron sequences in lower case letters. Start and stop codons are boxed.
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Table 13. Genomic organization of Amphiprion melanopus arginine vasotocin gene

Exon size cDNA ; y f Intron size
Exon . Exon-intron junctions Intron
(bp) position (bp)
I 120 1-120 ...gchATCA . .. » TCAGACAGgtgaggac 1 836
II 205 121-325 tectccag TGCATGCC . . . . CAGCTCTGgtacagtc 2 122
11 137 326-462 cetgtcag AGGGCTGT . . . . AGTAC..

Exon sequences are in upper case letters an intron sequences in lower case letters. Start and stop codons are boxed.
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Table 14. Genomic organization of Amphiprion melanopus isotocin gene

Exon size cDNA . ) i Intron size
Exon . Exon-intron junctions Intron
(bp) position (bp)
I 120 1-120 ..gagATGACCGG |, . . . TGCGGAAGgtaagetg 1 321
| 205 121-325 tectccag TGCATGOC . . . . TGATGCAGgttagaac 2 491
11 146 326-471 tgccacag AGAGCTGC . . . . ACCA...

Exon sequences are in

upper case letters an intron.Sequences in lower case letters. Start and stop codons are boxed.
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multiple range test® 95% A FFFAA Fx FHE A ATFA G P<0.05).
T RIS USSR 28 A9, vEFA] HHl Kruskal-Wallis tests A
A& AL, Tukey test using ranks® oS AA A
3-2. ASLTARETH vl
3-2-1. pro-PRL

A. melanopus®] PRL o}n| x4t A4S BLAST 344 E& &3+ GenBankel
B & ofF PRL#E A S AAslen, o1 23E Fig. 14 et
WA A melanopus PRL o}v]:=4t A E-S orange-spotted grouper PRL
(Epinephelus coioides, . AAO11695)3} 71 =& A5A(83%)S HFoH,
three spot gourami PRL (7richogaster trichopterus, AAX09323)3 % 81%,
A= PRL (Acanthopagrus-—schlegelii, ‘AAX21764,)3 = 80%, #7149
PRL (Oncorhynchus mykiss, NP_001118205) 3= 70%, A5 PRL (Takifigu
rubripes, NP_001072092) #5= 72%°] ¢4 S UeEUSlth T8l =7/ =
PRL (Gallus  gallus;, AAGO01026)2t= 39%, <17F PRL (CAA38264, Homo
sapiens) = 38%9] AEA S LERYAL.
3-2-2. prepro-AVT

A. melanopus AVTS] ofmliit 7|4 d 2 Fig. 15904 H+= vle} Zth
A. melanopus AVT o}u|x=At AL orange-spotted grouper AVT
(Epinephelus coioides, AAO11695)9} 88%<2 714 =& AeAS HAJorw,
European flounder AVT (Platichthys flesus, BAA98140)2}+= 85%, Chinese
wrasse AVT (Halichoeres tenuispinis, ABBI0SI6)}+= 84%, A58 AVT
(Takifugu rubripes, AAB37480)¢}+= 81%2] A5AS Yetude zelx ¥
5 ¢l Prairie vole AVT (Microtus ochrogaster, AAG01026)2}+= 58%, <17+
AVT (AAB86629, Homo sapiens)™= 54%°] &S el At
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1 ATGGCTCAGAGAAGAACCAATGGAAGCAAACTGCTCCTGACAGTGTTGTACGTGGTGGCA| 20

M AQRRTNGSKLLLTVLYVYVA

61 GCGTGTAAAGCTRTTCCCATCAGTGACCTCCTGGACGGAGCCTCTCAGCGCTCTGACAGA 120
ACKAVPI SDLLDARASOQ@RS STUDHR

121 CTGCACTCCCTCAGCACGATGCTCACCCGGGAGCTGGACTCTCATTTCCCTCCGATAGGC 180
LHSLSTMLIRBELDSHFZPPIG

181 AGAATGATCATGCCTCGGECTGCGATGTGCCACACCTCCTGTCTGCAGACGCCCAATGAC 240
R M I M P RdrA_ W€ H-T% S0 T P N D

241 AAGGAACAAGCTCTGCAAGTGTCAGAGTCAGACCTGCTGTCTTTGGCTCGCTCCCTGCTC
K E Q/ fth QO V SrEalfll fal~l S\ "A=h S L L

301 CGGGCCTGGATGGACCCCCTGCTGGTCCTGTCCTCET CTGCTAACAGCCTGCCTCACCCG 360
R A WY D P BRI SO W N T=f P H P

361 GCCCAGAACAGCATCTCCAACAAGATCCAGGAGCTGCGGGAGCACTCCAAGACCCTGGGA
A Q N<S8 '] SR TR O & H S.K° 1T L G

421 GACGGCCTGAACATACTGTCTGGGAAGATGGGTCCGGCTGCTCAGACGATGTCCCTGCTC 480
D G L\ Wl L SN KENEEF A" A QO TeM/S L L

481 CCCTACAGAGGAGGCAATGATCTCGGCCAGGACAAGATCTCCAAACTGATCAACTTCCAG 540
P YR OGSG ¥ L G QD KL Sat | NF Q

541 TTCCTGCTGTCCTGCTTTCGCCGGGACTCCCACAAGATT GACAGCTTCCTGAAAGTCCTG 600

FLLSCFPA=LDLS20 K108 FLIKVL

601 CGCTGCCGGGCGGCAAAGATGCAGCCTGAGATGTGCTAA
RCRAAKMOQPEMEC -

%]

00

e

20

Fig. 14. Structure of pro-prolactin cDNA isolated from Amphiprion

melanopus . The signal peptide 1s boxed

_69_



61

121

181

241

301

361

421

Fig.

ATGCATCACTCCTTGTTCCCCATGTGCGTCCTGGGACTTCTTGCCCTTTCCTCTGCCTGC.

M HHSLFPMCYLGLLALSS SALC.

Signal peptide

TACATCCAGAACTGCCCCCGAGGAGGGAAGCGAGCGCTGCCGGATACTGGGATCAGACAG.

Y 1T @ NCPRGGKRALPDTG I R Q.
AVT Neurophysin

TGCATGCCCTGTGGCCCCGGAGACAGGGGCCGCTGCT TCGGCECCAGTATCTGCTGTGGG-
CMP LW D R ERT-ENTSLE | CC G

GAGGGTCTCGGCTGCCTGCTEGGCTCCCCAGARACAGCTCACTGTATGGAGGAGAACTAC.
E G LJG/C Law SGESE" S ARH Cy ¥YEVE N Y .

CTGCTGACTCCCTGCCAGGCAGGAGGACGACCCTGCGGATCTGAGGGAGGACGCTGCGCT.

L L3R C B A GG HENEENGSS E /GG R C A.

GCTTCAGGACTCTGCTGCAGCTCTGAGGGRCTGTGTGGTGGACTCTGACTGECTAGGGGAG.
A SYGUE E C DWWy EL g™ VY DS "¢ L G E.

ACAGAGAACACAGATCCAGCTCACGGCTCTGCCAGGAGT TCACCAACAGACCTGCTGCTG.
TENTSD"™ 396 S AR®E 7T D L L L.

CGTCTGCTGCATGTGGCCACGAGAGGACAGAATGAGTACTGA.
ELLHY ATRIGT QN E Y stopcodon

20

120

180

240

300

360

420

15.  Structure of pro-arginine vasotocin c¢DNA isolated from

Amphiprion melanopus.

_70_



3-2-3. prepro-IT

A. melanopus®] 1Te] 7%, olv|x=4it HE2 Fig. 19914 H&= wpep 2}
Chinese wrasse IT (Halichoeres tenuispinis, ADBZSS75)%} 7}4 =& A%
A3 (88%)S H o™ European flounder IT (Platichthys flesus, BAA98141)<}
= 8%, A8 IT (Takifigu rubripes, AAC60289)2t= 79%, chum salmon
IT (O. keta, BAD12146)}+= 73%, cherry salmon IT (Oncorhynchus masou,
BAAO01738)9}+= 62%, 18]3l A. melanopus AVT (AEB00559)¢t= 70% &
4 YERATH
3-3. PRL, AVT, IT mRNA Z3dH]

A. melanopuss 3ol A 15 psud] $H o= ASAZ $F AMEZ A EE
SR 3l PRLEAS AN (Fig. 20)0 &5 A d o)A PRL mRNA<S| @
S 20 5 AT 55, 2dh ¢ PRL mRNA 'T& o] SWHHTH {9
stAl =tk | 2y 48h et 144h++= 8h e vl FTo= A3t
AVTSH 1T Azkol Zabghkel wet AR S7hehs 23S Bilen,

T SAA BRE QU A 7P = md S wth(Fig. 21, 22)
4, 11 Z

Prolactine A =223 e HElolmg 2 & BEFdo &ty Aol F7t
!
ofu]:=ke] AGHEO|EE VA= SERE AFEHd25YH gAY, 2 A

A A melanopus® PRLo| 24719 A& Hefo]=9} st7 1887] o}w| =4t

T4

oo
o
ol

Q3% s2Fog 4HA A o] F2] PRLS 23~2471

i
=
i\

o= o]Folx] Ql& pro-hormoned = &1 = QUATH o] FEo|=ol= 4
el A=l 71 7F EFFE A = dl, 4780 Al=HE/IE 271 9] o] skA
¢S GAets Adom AAXNY. /7 PRLo= 3719 o] @stAddo]l 7h7}
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61

121

181

241

301

361

Fig.

ATGACCGGAGCTGCTGTGCCCATCTGCTTTCTTTTCCTTCTGTCTGTATGCTCAGCCTGT. 20
M TGAAYPI CFLFLLSYCZSATC.
Signal-peptide —
TACATCTCCAACTGTCCTAT TGGTGGGAAGAGGTCCATCATAGATGCACCACTGCGGAAG. 120
Y | S NAERI*E—GGKR-I=Ffr B AP LR K-

—_— I Neurophysin —M8 ——
TGCATGCCCTGTGGCCCCGGAGACAGGGGCEGCTGECT TCGRECCCAGTATCTGCTGTGGG. 180
C M/RACE /G P4 JENRSGC R . G RE8% K C C G.

CTGCTGACTCCCTGCCAGGCAGGAGGACGTCCCTGCGGATCTGAGGGAGGACGCTGCGCT. 240
L L] %Pl C B ANGEG NN GCES E G/GIR C A.

GCTTCAGGACTCTGCTGTGATGCAGAGAGCTGCACCACAGACCAGTCCTGCCTCATCGAG. 300
A SG(eC C DNSNE I T D /08 /C L | E.

GAGGAAGGAGACGACCAAAGCAGCCAATTCGAAGGCAGTGACCCCGRTGACATCATCCTC. 360
EE G D™ S0 F FgS 9P G D | | Lo

AGGTTCCTGCATCTGGCTGGECACACTTCTCCTCACCGAATCCACCAATGA.
R FLHLAGMHTSWPHRBRBIH Q@ -

16. Structure of pro-isotocin cDNA 1solated from Amphiprion

melanopus.
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Amphipricon melanopus
Epinephelus coioides
Trichogaster trichopterus
Arcanthopagrus schlegelii
Takifugu rubripes
Cnoorhynchus mykiss
Gzllus gallus

Homo sapiens

Amphiprion melanopus
Epinephelus coloides
Trichogaster trichopterus
Acanthopagrus schlegelii
Takifugu rubripes
Cnoorhynchus mykiss
Gzllus gallus

Homo sapiens

Amphiprion melangpus
Epinephelus coigides
Trichogaster trichopterus
Arcanthopagrus schlegeliil
Takifugu rubripes
Cncorhynchus mykiss
Gallus gallus

Homo sapiens

Amphiprion melanopus
Epinephelus coloidss
Trichogaster trichopterus
Arcanthopagrus schlegelii
Takifugu rubripes
Cncorhvnchus mykiss
Gallus gallus

Homeo sapiens

Fig.

Amphiprion melanopus

T (N 14 ] 2
MSHNRGASLEGLFLAVLLVSNTLLTEEGVISLPICPIGSVNCO . SLGE.F. . . VEL.HYI . Y. .SEIFN.F 70
——————— MEG-SLLLLLVSNLLLCQ.-VAPLPICPGG.ARCQ.TLR. .F. . .VVL.EYI .N. .SEMF5.F &1

DSHFPPIGRMIMPREAMCHT SSLOTENDREQALCVSESDLLSLARSLLRAWVDPLLVLSSSANTLEHPAD

cols AR N B 5
...... e Bl B BN M TR
PE L T TR . S

QLW 1L, .5

...... M..VM....5..
-ERYAQGRGF . TEAVNG. g -
-KEYTHGRGF .TERINS. ... ..

.:Q.I_._
..... QUMNQK.F. .. IV, 1.5

B D

HSISHEIQELOEHSKILGDELNILSGRMGEARGTMSLLEYRGEHNDLEGDH-—ISKLINFQFLLSCFRRDS

GD. . SEEER. . SDNCCSC. D. M T K. — . . —E R ..
DI.LW.BAV.TE.QN.R.LE . MERKIV. RVESGDAGHE TY SHWD . LPSL . LADED R FA. YN
EA.L5.AV.IE.QT.R.LE.MELIVSQVH .ETRENETY . VNS . LPSL . MADEE . R.SAYYN.

212
212
212

HBEIDSFLEVLRCRALEMOPEMC

17. Comparison of pro-prolactin amino acid sequences from

with those of Epinephelus coioides,

Trichogaster trichopterus, Acanthopagrus schlegelii, Takifiigu

rubripes, Oncorhynchus myKkiss,

sapiens.

Gallus gallus, and Homo

Dots indicate amino acids residues conserved among

the species.
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Amphiprion melanopus
Epinephelus coloides
Platichthys flesus
Halichoeres tenulispinis
Takifugu rubripes
Cncorhynchus keta
Microtus eochrogaster
Homo sapiens

Amphiprion melanopus
Epinephelus coleoides
Platichthys flesus
Halichoeres tenulispinis
Takifugu rubripes
Cncorhynchus keta
Microtus ochrogaster
Homo sapiens

Amphiprion melanopus
Epinephelus coloides
Platichthys flesus
Halichoeres tenulspinis
Takifugu rubripes
Cncorhynchus keta
Microtus ochrogaster
Homo sapiens

————MHHSLFPMCVLG-LLALSSACYIQNCPRGGRRALPDTGIRQUHMPCGPGDRGRCEFGPSICCGEGLGE 65
65
1=}
1)
=)
1=}
(]
=)

LLGESPETAMICVEENYLL.TPCQAGGRPCGSEGGRCAASGRCCSSEGCVVDSDC—
......................................... N S. M. .P..—

131
131
131
i3z
131
Je———.5.5RYHS. .DH.. 131
-REDF.RL.5ARE .NN.T{Q 138
-REVFHRRARAS .RSNATG 134

GATSD. By . ... .. F.—....5..KQp——— 15¢

LDG——FPRRE.. .... QM.G. .ESVDSAKPRVY 165
LDG——PAGHE. .. . . VQL.GAPEPF.PAQPDAY 164

Fig. 18. Comparison of prepro-arginine vasotocin amino .acid sequences

obtained

from Amphiprion melanopus- ~with those of

Epinephelus .coloides, Platichthys. . fesus, Halichoeres

tenuispinis, 7Takifilgu rubripes, Oncorhynchus keta, Microtus

ochrogaster, and Homo sapiens. Dots indicate amino acids

residues conserved among the species.
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Amphiprion melanopus ——MTGRAVP-ICFLFLLSVCSACYISNCPIGGRRSIIDAPLRKCMPCGPGDRGRCFGPSICCGEGLGCLL &7
Halichoeres Lennispinis ——ooiS0SN. Do Bl S F. &7
Platichthyvs flesus
Takifugu rubripes

Cncorhynchus keta

Cncorhynchus masou
A. melanopus's AVT

Amphiprion melanopus GSPETRAHCVEENYEETPCOAGGR PCGSEGGRCAAS GL.CCDAESCTITDRSCLIEEEGDDRSSQFEGSDPGD 137
Halichoeres tenuispinis ....... A W LW T i MD..5..PT..... G.... 137
Platichthys flesus oo o .St 8] e T B B R D.E..IG.L..G..5. 137
Takifugu rubripes Fo BB B e T L. g e ol P S0 ERG.L.D...5.. 137
Cncorhynchus keta 7 saccaaa. M. B M e conas DIR...5B.V. %S0 GSh . M. FA. ... .N.IG.5...H58. 137
Cnocorhynchus masou ol By G PSS BN o il o B P.I% . VH5.51. & EE.D.AEYT . OS5VSS5.HGH. 140
A: melancopus's AVE § i Wl 2 ococoicesnsesns e e 55.G. V.50 .G, T .NT. PRHGSAR.5.T. 137
Amphiprion melangpus ITLRFLHLAGHTSPHRIHD 156
Halichoeres tenuispinis #..-L... @l . a0, 5 R B
Platichthys fleSus GFLLi SN, Bono0S .. d5h
Takifugu rubripes V..KL.BE Lo 0T — 55
Cncorhynchus kets V... .LSSED . BN 456

LMKL /HMIS..P...V.K 159
L..L!.V.TRGQNEY-—— 153

Cncorhynchus masou
A. melancopus's |AVT

Fig. 19. Comparison of" prepro-isotocin amino acid sequences obtained
from  Amphiprion - melanopus with those of FEpinephelus
coioides, Trichogaster trichopterus, Acanthopagrus schlegelil,
Takifiigu “rubripes, -Oncorhynchis " mykiss, Gallus gallus and
Homo sapiens. Deots_indicate amino acids residues conserved

among the species.
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Fig. 20. RT-PCR analysis of transeript encoding prolactin in Amphiprion

melanopus adapted-to. water with 15 psu for 0, 4, 8, 24, 48, and
144-hour. 0.5 microgram of total RNA prepared from pituitary
was reverse transcribed and amplified using A. melanopus
PRL-specific primer. The pituitary PRL of A. melanopus was
analyzed by RT-PCR. The expression of B-actin mRNA was
evaluated in each RT reaction product as a control. The
expression of each tissue was normalized with respect to the £
—actin signal and expressed as relative expression level. Each
value represents mean+S.E. (n=4). Different letters indicate

significant difference (P<0.05). SW: seawater.
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AVT
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Lo}
(32

24
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Fig. 21. RT-PCR analysis-of transeript encoding arginine vasotocin in
Amphiprion melanopus adapted to 15 psu for 0, 4, 8, 24, 48,
144-hour. 0.5 microgram of total RNA prepared from pituitary
was reverse transcribed and amplified using A. melanopus
PRL-specific primer. The pituitary PRL of A. melanopus was
analyzed by RT-PCR. The expression of B-actin mRNA was
evaluated in each RT reaction product as a control. The
expression of each tissue was normalized with respect to the
B-actin signal and expressed as relative expression level.
Each value represents mean*S.E. (n=4). Different letters

indicate significant difference (P<0.05). SW: seawater.
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Fig. 22. RT-PCR analysis of-transcript _enecoding isotocin in Amphiprion
melanopus adapted to 15 psu for 0, 4, 8, 24, 48, 144-hour. 0.5
microgram of total RNA prepared from pituitary was reverse
transcribed and amplified using A. melanopus PRL-specific
primer. The pituitary PRL of A. melanopus was analyzed by
RT-PCR. The expression of B-actin mRNA was evaluated in
each RT reaction product as a control. The expression of each
tissue was normalized with respect to the B-actin signal and
expressed as relative expression level. FEach value represents
meanzS.E. (n=4). Different letters indicate significant difference
(P<0.05). SW: seawater.
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gltk Manzon(2002)° w=w, FzolFo N-Bud dox o]gstd et

B Ao AM A melanopusi= Aol A 15 psuZ @io] v I LA 244
Ztell PRLE&E O] 7Hd =Skt slgolAl AL <t detgolo] vld] w5l
253k "elyole] el A PRLEE Y &% PRLEE=7FAs3vs Hart

A tH(Seale et al, 2002; Riley-et al., 2003). T3t thA FAo) Salmo salar®t

N

=8 T rubripes< oA S JFS=E &% S «W PRL mRNAS &3
| sty Rad A= 2 A9 €At (Martin et al., 1999; Lee et

al, 2006). oH= AAe @WFE FE By B2 A de x=FHW, PRL

O

mRNA®| H&H S F7HA7]H, o[& 13 €% PRL ¥ of7iv, A%, &3

=
4T

iy
rlo
2
BN
i)
N
. o
o
2|
X
(o

=

=, Na/K'-ATPase @49 =4d & I AFgxd 84S F3e
Aoz AZrAT, a8y 48412 o] Fol tA BAads AEFS BT o]
= obvt= A melanopus?t 15 psudl % -&-3ko] A€o 4HFEStol oA
Aol el Zei7k 15 psu 4ol AaA HA7] wiel PRLO 2

ol kA Zow AR ofFel PRLY HH7vhe obrtwl, A FA

B A% A 15 psuz ASAZ F A melanopus®] AVTS IT E5 A7k
o] Ayl wel F71edtt. AFo]Fol VT swl Qo] oro] =s}a
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= 3, SATELE R o8-S 7] wiEd AT A o
Ago T Foz dyA k. B HIoA AVTE IT7F 1444174 O
ZT4HY =& dd w7 yeld AL ofutx 15 psuZt SAAEIE Y] B H]

WA AREDF AoE AT + AL Rolth A BEH S B

g
=
-
flo
Do
~
>
)
-

2% chum salmone] ®E ol&dls Wl AVT mRNAS FHAsiaitt
(Balment et al., 1993; Warne et al, 2005), °]¢} &2, ¥/ $o]o 24
Ggell A 80% d= olEe Fol, AlASF-2el AVT mRNAE #Aassith
ITIAME AVTS fASH HaFS B oW (Chester Jones et al, 1969; Hyodo
and Urano, 1991, Hiraoka et_al, 1996). ¢]¢} #Zo] ojF< VIS IT+ &, &
3 diAkeke] BAZE ol Fell webA EolFQl RS BT wWekA A7
AR AbSol| wE AVTS} [To] ot &7+ 2 835,
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T7F 7] wZol, & sigE vpMA FolA FiE Fstal ofrtr ¢
AFE B Nad Cl 59 ol2S Az wjEAzich vhd, FdaA ofF
= R die] ¥t eE Ay dEdS A ATFSS 2dgg A=
Acanthopagrus schlegeli, 7Y>=YV‘2| Platichthys stellatus, & Lateolabrax

japinicus 53 A& 7154 ol kg A At GRol e AgR

PN
T
T AEo] Jhsd Ao g B AT Tgl) dEME Hosts TEHe o]Fo
w} zpol 7} k. A, melanopuses SUHA olFE & o
Aol Tz AGoA AT A G 7| H EALS 779 §7|ZEA
o
=

53], £71 st WHAEm e A% Mg FAel ke s A

Fo ATRGRA 1w optrle yWATE Buvle 99

o
_\"';l
=
1r
—_>‘4—"4

N BAF-HRA oprbnl o] Aty 7sol SlojM Fad gds 3o of
7ha) el AuM3EE AA pavement cell(PVCs)¥  mitochondrion-rich cells
(MRCs)& o] Fo] A vt PVCs2 op7br] AfE™ o dii-is Qi 9lom, of
7hule] Zpz=aghel] Qlojd F83 4TS sk se® HaEI §lth(Laurent

and Dunel, 1980; Laurent, 1984; Wilson and Laurent, 2002). o}7}v] 2] A=z st
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A 7 T %4 9382 d+= pavement cell¥t EE], MRCsol:
Na /K'-ATPase’} EA8l Aol NaCle T&do=z ALgz wjEAZH
MRCs® apical membranes <2 23 3 ZA] B34 = Hu
(Karnaky et al, 1976; Karnaky, 1986). 3sl<olA A 2lsl+= Killifish
Fundulus heteroclitus, Cichlid Sarotherodon mossambicus, long—-jaw
mudsucker gillichthys mirabilis®] ©}7}A]ldl = MRCs7} 122 X 5o
Atk "@FFole] MRCse= mIAl724< SA dojA o]l MRCsét A
A qF sa=0] 9] MRCs7}F accessory cell®} multicelllar complexes®} &1 A & o]
Atk Aol Aol F o] dnt. Foe] MRCse= of7tv| AL PVCsel
Al gEA o e ol 2] &S JAstr] YA FH PVCs e T
2 MRCs®} g7 ©hAb A EZ7E 914 (multistranded intercellular junctions) S &
t}.

277 Alme 4 ASet= dl flolA ofrtr] dFAlFEA EAsk=

3

ot

Na'/K'-ATPase:= Fo3tth dEM3le] 93 of7tn ¢ Na'/K'-ATPase:
T 7HA FeE Jepdd, A=, 284 ol F 9] H -, Na' /K -ATPase &4

o] d&A o7 Z7}st(McCormick, 1995). & W AlE AR 3] o] Foj A

Na'/K'-ATPase &/o] dieol welr Uz FeE Hol= Aolth F, 7|F
Al A op7n] Na /K -ATPase @48 #ZAaste AFS WHolAw, 19&

T= A9 A E =2 A¥S HetH(Laiz-Carrion et al, 2005).

VIl A+ PRL, AVT, IT

AL

FAA S T3] A melanopuse] A A

37 Ae 7tesAds skt B AFoA s AL HE el A melanopus

E ez AFEgxd 7132 olrbrlet olrbr] Na' /K -ATPase 18]x &
5

sto] AFQ 24 FES 243 % g ARG on 2y



2. A& 2 WY
2-1. 49 # 447

A. melanopus 307+2]E 200L ¥ 3 3(34 psu; 13L:11D; 26.5C)elA 547k
A AT A9 3L 15 pswt HES HFEE W7 §, 0AHAID SW
5 Ux2Toe= AZFEE, 8 24h ¥ 144h)=E 5vbEH AEH S AT o,
Na /K -ATPase 42 48h7&5 F7stitt BE AF2 20502 HAS
A TH
2-2. op7tml o =A%
2-2-1. FAIRAAEW Z -&#F

HAFH 3 ol7ln E25% glutaraldehyde 84 (4T)ol A 2AZF59 123 A4S
StAdh 12 14 % PBSZ.10#7F Al&EskL 1% osmium tetroxide (OsO.)
(4C)oll M 2A7kE sk 22k A= St AAe] € A5 PBSE ThA] A
2 3lo] ethanol ©AIRZ 50%°1A 100%7HA] 15%-4 25 33t &5 $F
A 8E critical point dryerelld HAZEAZEE 1811 ion sputters ©] &3}
gold palladium-coeating(15~20 nm)$ FTAPAAAN| ZF o2 F2slA )
2-2-2. FH}AAEVNFE #ZE
1, 22k 14 G5 FARAAE N G2 FdEith €9 £ propylene oxide
9} epon EgE] Yol Epon 8128 Evistgith. 05 ymz HEHAE A8
toluidine blue® YA 3ste] #AHEAE ZAAS v, thA 70 nm FAZ ZAH
3ttt ©] % uranylacetat®} leadcitrate &4 o2 o]F FAM3te] F A& 0]
Aoz BEsAT
2-3. Na'/K'-ATPase &4

Na /K'-ATPase &4 Lin et al. (2006)9] WHE& FAste] A5
ol7in] A 4ANE MFozZFE E2ste] 100ul ice-cold SEI buffer(150
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mM sucrose, 10 mM EDTA, 50 mM imidazole, pH 7.3)o] YolA 24 #
7HAL =77Ce] Btk Wesd MPES A48 5 5, 25 ul SEID(0.5g
deoxycholate/100mL SEDE Yo 7~8%7F A1 A+ (5000g, 30
)%, A5dS Al FEE &t ATPase/GTPase Assay Kit (DATG-200,
QuantiChrom, USA)9] A& & ute} Pio] #28& S35t

2-4. @49 AH 2 A4

A2 RY A S A7) doll &gk Hol7h oA o] PHA Aol m A
B Hasstr] At A 241 AFYH AFolE AAANHG. 7

Ao A 3uk] (2R ) R F 29|22 A A 8% 2™, -heparin sodium o2 A g

|

g FAPI(ImLE fEdaoz iy dda8 A3 38k pooled samplings )
D AFSE AL 1027F 13000 rpm & 4T A PARY > S F

7_'L

aly

glate] -77Ce HAsAT dF Na', K, Cl, %32, AST(aspartate
aminotransferase), ALT(alanine aminotransferase)®} &% 52 F=
Z}  Biochemistry Autoanalyzer(Hitach 7180, Hitach Co., Japan)® Vapor
Pressure Osmometer(Vapro 5520, WECOR Co, USA)= #2415} ¢t}
2-5. FAEA

A AR AEFS meantS.E.E HEFY AT SPSS(ver. 17)E ©] &3}

Angkel AFA 2 FRAY e wEdeAE 2 T 2Ae W

I
_0|L
rr
oM,
td
&
)
r o
o
oE
r o
@]
=)
o
=
)
5
o
<
=
et
m>«
g
8“
_EL
)
o
N
)
“<
w’

)

multiple range test® 95%A | FEo A F-2] =

271 wEshA ZS AG, v rEA e MhH el Kruskal-Wallis testE A

!

A A AL, Tukey test using ranks® 245 A3}
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3. 4 3%

o =A%
FALAN A B Ay a4 A melanopus ©F7FR 9] WS A e o] 3o
ko] 15 psud AW FHES diAl= HE e e (Fig. 22,

A, B)sloew, TEMS &3t =24 A¥ s4 op7kve dFA3E9 apical
cryptet 1 Fw®ol ¥ mEIZE=golrt BEFHQTH 15 psud olrbH|=
apical crypt7} @82 d= FAA o] W 1 9= pavement cello] §ar 9l
= Yol th(Fig. 22, C, D).
3-2. o}7}n] Na'/K™ ATPase €4

422 Na'/K' ATPase 24 046+0.1 umol Pi/mg protein “hr ' ©]$lou}
15 psu® ol& ¥, 4, 8 24h7-olA 22 0.99+0.2, 0.83£0.1, 0.91+0.2 pmol
Pi/mg protein *hr ‘& A|7¥e] A#}3te] ulgf E713tE AFS BT 53], 4h
T 24h7= T FAE BEAY. I8y 48 144h = 47 04501,
0.55+0.1 pmol Pi/mg protein +hr '= &} B =3+ o] th(Fig. 23).
3-3. 8% Na", K', Cl .2 454 5k

ol A 15 psu®E o) F F, AL Foll o

FEE Table 158 2tk I Na'o) 52 74%, SWTE 20539 mEq/L%

g4 Na', K, CI 2 45"

rlm

o} 15 psud 4, 8, 24h el M= Zbzb 172438, 170+3.9, 175£3.3 mEq/LE
238tk 18y 144h 75 192422 mEg/LE xR dddgor e &
21 9A T 4, 8 24hTRth =9tk @ K9 vx9 A$, SWHE 54+04
mEq/LEZ 5.8+0.1, 53402 mEq/LA Y 4, 8h¢F H]%=3k =0l 28y
24, 144h7TE= 27+ 4.8+0.1, 49403 mEqg/LZE Yolx= ZHE&FS H

32
2
o
%

Cle A%, SWH+ 189.1#1.0 mEq/LA S, 4, 8 24h7& 77} 159.6+3.6,
156.2£4.2, 158.2+2.2 mEq/LE T4 #Aaste 23S 2Aav. a8y 144h4 &
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Fig. 22. Scanning electron micrographs (SEM) and transmission electron

micrographs (TEM) of gill lamella of Amphiprion melanopus
transferred to 15 psu from seawater. A: seawater-SEM, B: 15
psu-SEM, C: seawater-TEM, D: 15 psu—-TEM. AC: apical crypt,
F: filament, L: lamella M: mitochondria, N: nucleus, PVCs:

pavement cell, Bar: A-B: 20 ym, C-D: 2 pm.
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Na*/K*-ATPase activi
pMOL Pi/mg protein!-hr!

Fig. 23.

15

12 F
Go F
C6 F
G3 F
G0 " " " . "
SW 4h gh 24h 48h 144k

Rearing times

Gill Na'/K'-ATPase activityof @Amphiprion melanopus
transferring to- 15 psu from seawater. Values are meantS.E.

(n=6). Different letters indicate significant difference
(P<0.05).
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Table 15. Levels of plasma Na', K', CI and osmolality in Amphiprion

melanopus upon its adaptation to 15 psu water

+

Elapsed time Na K Cl Osmolality
(hours) (mEg/L) (mEq/L) (mEq/L) (mOsm/kg)
SW 205+£3.9 5.4+0.4 189.1£1.0 379.0£1.0
4 172+3.8 5.8+0.1 159.6£3.6 312.5+55
8 170£3.9 5.320.2 156:244.2 313.0+3.0
24 178838 4.8+0.1 158.2+2.2 331.52.5
144 192+2.2 4.9%0.3 174.1+2:1 351.5%£0.5

Values are meanzS.E. (n=6):
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1741421 mEq/LE oA S7tshe A4S Boy SWERT @3e FX4
o g€ A%E FEE SWT7F 379.0£1.0 mOsm/kgl 4, 8h7e z+zt
3125455, 331525 mOsm/kg® Tha FFashe A3 Btk 1 24h,
144h 7% Z+7t 3315425, 3515205 mOsm/kgth. o]+ 4, 8h7H.t}h A th3 o
2 FAR 2T R g o R Wt

3-4. Glucose, AST, ALT ¥ % gwzg

el A 15 psuz olF F A|ZH ol

==

w2 A4 glucose, AST, ALT %
Z o] wWslE Table 163 2t Glucose® 745, SW7F 44.1+4.1
mg/dLA ¥ Aol 4, 8h7tolx 22k 311409, 263113 mg/dLE #A43dt= 4

BT 24hTE=426+1.4 mg/dLZE TA| 2T F2072 3H3t= AgS

B9 o 144hFoll A= 327404 mg/dLZ A 2 4sk ek ASTS 4%, SW
T-7F 247614 TU/LIth 4h+% 3492+12 IUAZ tz7HRG =2 £x9°
w8, 24h7-7F bzt 2057453, 112.7+1.3 IU/LZ 4h PRt YolAl= 43S 1
Aot 144h7E 3062108 TU/LE Wz FHUG =& Fx9d. ALTS 4%,

SW, 4h7+ ZH2b 40.7+0.6, 40.6+0.4 TU/LZ B]=PARE 8 24h++ 2H7}
32.7£0.6, 215205 TUL=E Fastg o, 144h++= 456+06 IU/LE 7HF =&
TAE BT & @A o] Ay, SWHE 2.1+01 g/dLIAIRE 4, 8 24hT =

1.4%0.1, 1.5+0.1, 1.4+0.1 g/dLZ A3t o}, 144h++= 2.0+0.1 g/dLZE =

T FEoR fuagr

15 psudllAlE AdAow HFH3 Fyojrl dukH oz MRCse apical
=

membrane HWHo| ALY F=H P

<
(@
0

lo
d
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Table 16. Levels of plasma glucose, AST, ALT and total protein in

Amphiprion melanopus upon its transfer to-15 psu water

Elapsed time Glucose AST ALT Total protein
(hours) (mg/dL) (IU/L) (TU/L) (g/dL)
SW 44.1+4.1 247.6+1.4 40.7+0.6 2.1+0.1
4 31.1%£0.9 349.2+1.2 40.6+0.4 1.4+0.1
8 26.3+1.3 > 3 32.7+0.6 1.5+0.1
24 42.6+1.4 112.7+1.3 21.5%0.5 1.4+0.0
144 32704 305.2%0.8 45.6%0.6 2.0£0.1

Values are meantS.E. (n=6). SW: seawater. AST: aspartate aminotransferase

ALT: alanine aminotransferase.
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o

kst FEle] P Al E(microvill)7F PVCse] FWe] EA)8t7] ol

N

(Perry et al, 1992; Perry, 1997). 284 & AFoA & vAMEEE &3

gl T3 dAdv g 22l AFAES apical crypt7t 23

rr

Killifish F. heteroclituse A% Ao &Ag AFAAE o9}
FI7F YEbskth(Katoh et al;, 2003). sfiAb A Zol oA dFAlEe F28 Vs
& Na'# Cl W&ol o AFgxden. dRrAdEs B2 ME
g3la glojAl Na'/K'-ATPaseo] #&el Q3 YA E FH3te

b Az FE ol wiEel BiF 74 a7k F

ko
4
of>
_-)‘4_1‘/
ies
i
o
lo
ol

o] Fojxt}. 1) apical 'eryptell <$IAI8F cystic fibrosis transmembrane
conductance regulator E}}¢] Cl Ag, 2) 7| A -2 Na'/K'/Cl | cotransporter,
3) 71 A5 Na'/K'-ATPase, 4) 7] A 42l K 2 d o]t}

A gol A 15 psu- GRS HFa 4A oA 244 %F F<F Na /K -ATPase

HN

B4 F/rste AFE HAAN, BARNTEHE TA] it dzT F
kil

1

o7 Zolghtl FdEMWMI 3 %Z7]o] Na /K -ATPase =7}= 4243 9+
2 Ho|H gilthead sea bream Sparus auratus©l*
= e ko]l YEryEHLaiz-carrilon et al., 2005). F. heteroclitus*y Chelon

labrosus, Dicentrarchus labrax?t 2& #d4o]F 2 Na' /K -ATPase &4

AAE T 19E AN =& dhd Vg = Be IS Hn
(Towle et al., 1977, Gallis et al., 1979; Jensen et al., 1998). ¥ Aol A 4A4]
HA dAH oz F71e AL 9@ oz Qs dAjAQl dtgoz F54
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Wkl A 2+ 5=, Killifishe] o]

o

Folu} lofel 34,

o
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nE

el
BH
o

o
]

iz
BAR
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0
o

}+= osmoreceptor”}

°©

74

B 7F Ak (Perry et al., 1992; Zadunaisky et al, 1995).
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f=o] FFom 3&ss Jdor FHAU. oA AdESE &3 sea
bream, F7]13F Sol A AMSE A Ee] A4 I (Mancera et al., 1993; Min
et al, 200505 F3l gt ool o] H AFH w7t Yo FEoE =
ol2thi= A7t ol& AW FFa 9l

2EY 2 AxEZA AFEE O] glucose, AST, ALT, total protein< o] A2
27 = AygdAd S Frkste dld® o] ¥t (Wedemeyer and McLeay, 1981;

Davis and Parker, 1990). & ATl A& 4AHA] AST7F S7Feke AE A9

o} o] Aol FAE & gt sl r i AE s FAA o7 A% 10-20
psucll A A 74o] ekth(Beef and Payan, 2001).
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VII. Sz

28% 9] clownfishe= FHA EAd wek 6719 complex® ¥ ol
Percula complex (2%), Tomato complex (5%), Skunk complex (6%), Clarkii

complex (11%), Saddleback complex (3%), Maroon complex (1&).

Clownfish+¢] W4 542 ofFo #AQle] H=7 &S vt o

i

HEH 0 2 clownfish#& X3 AUl oFe ATAdES s 0] AF
=

= ojn % swela YWt 28 NS dohi S, A7 oF 2w vl E
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AT 5 e Aok & Aol = d A 43 Atde sl
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W AF7HA AT BE A ol /E B2 AR $ACdA W AR §
Ao x7W g F9] prolactin F=7F ASstal
o} A melanopus®] 4
ZAbskal o) wE A s wkgol] tiE AgrE dastth 12l VA S
T3 AAFEE ol F7] AsA SEARE e FUF A= st
Prolactin> -FAIXe] =, |, 3o A gdas 7+ o2 Hlth
O. mossambicus®}t S. aurata ©}7}7 ] A5FA| 30 A] prolactin receptor’b <1
ATk 2 AT M e oprpm o AxpEAR A A A 15 psud| o7t &} &)
9] ofrtul= e Xolrt ATk ob7km] Na'/K'=ATPaseol g prolactin
o] &g ERHIt Prolactin®l Na /K -ATPase &4S ZaA7]=A
(Sakamoto et al., 1997; Shepherd et al., 1997; Kelly et al,, 1999), =7}A| 7] =
A (Boeuf et al., 1994; Leena and Oommen, 2000), =+ o] w3l o &%= n| x| %
% =%](Madsen et al., 1995; Eckert etial, 2001)°] o3t A FH 7} Qi) &
Aol A= prolactine 24A1 Ao =& WES WSl Na /K -ATPase &
HFH Zacste e BT AFE #x29 A= vt

AAA R 244 28 Z 7R b 144 Aol 2 F 02 Eohgiu,

e 24271 o
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