TxEEFHE

11-1541000-001488-01

ZHt2|, Epinephelus fasciatus &4 &MY

2HHe 7l E

(Development of the suitable systems for aquaculture
of blacktip grouper Epinephelus fasciatus)

off
o
-
2
1>
K
4t



12

SR

001:/;} A

vle, Epinephelus fasciatus

% (‘%
.

o] XA
o] Bz A

1

;OH

il

304

54

20124

R

B
=
N

job

N

B
lo

—_—

o)
\mo

!

<

e

N
)AO
e

=

Tor

ﬁo
s

,._mo
)
~
B

I

o 8 7}

A}

—)

P!
1o
e



Al

7l

3t 7=

SRR

Ool:é} A

v}2], Epinephelus fasciatus

<

L

nefo] FAbE H-5 A

el 7h7he

5

o

M

AYA =z A o

T
1

gy 2140071

ATt

oy
3

ol
gl

N
B

—_
fite)

Jout whelw ol F

0

79 A

oA oslg w3 of

3]

Ao

ol
=

3

of, Jukg] 18

o

ofA]ofel| 4]

whel s} o7k 109%0]

gk 5

Epinephelinae?]

=
ar,

uh2) 3} of

=z
9l

Fol
olth. ejuh whe st offre] WAl B

=

o
- T

A

g 9

3] 2t A9

olnth whE 3 o5 4

=
3

oj

o

)

~
file)

ENRE R ERORE)

=i}
=

71& 7N

s

ko] 7bs

= w3 o

Al O
= —

vla], Epinephelus fasciatuss =

] =) o
AHS FE F

A4 =g A A
(et 7o, Frtkel) ¢



M ATAE ug 2 F9

1 HA43) A% AT THE % WA U] 54 A7
e oju]Etu W AL
o« B4 W A e 54
2. Frle) A% Aol 7% AL AT
o il HHS R
° /ﬂ)\-] zq]o] /\]—-D'—}\]/\Eﬂ 7Hu1-
3. Fulel nEA AW ANS AF I %o
o Tule] v A mAlTEA AT
e FH) WA WoE S0 ol B
4. Fvhel BED FAG AN D FRAMY T AT
« YAEARE

o« ST N TR AN

o Fuke A - Aojo] A W AEE T
o Wl shgo] WE whelat o F 4 W 25 54

o« A3} AbG A RE TE

V. 774243
1. HA3} Ak A& 5 A8 914 En] 54 AT

7t 4 54

o SulEl= o E v Fo|F o} MRV R A5 E AeEAE HAS FE A 36~
37 cm, AF 400~900 g Wl U, A2 A 34~41 cm, AF 600~
1,000 g WHelollA E&sdtt.

L WA yide] 54

o SutE| o] A S FE/Aol A '
— AJASHE o] £4)3F = Kisspeptin, GPR54, GnRH F+34AE #2/%5%
— WA W WA Ao A FR wEE o] GtH (FSH & LH) S %2)/%4

o ute] o] Add A B4
— Y3t A A F2 2d = Somatostatin #+ Growth hormone (GH), IGF—1 /2

el E



Aol 7s N AT

2~
p=

-

ahe] g4

<

o

2.

A

0.50*0.13

w7

Eix

3

Dz

I A}
17a208P 50 ng/ml?#} 500 ng/mle}

in vitro &

d 2 22TColA F7] 12L:12D*%

S

=

L —

L.

=
=

9

o A

_P[_
Aol FSHA 2 LHA mRNA Ird

Ay
s

PN
T

B

S

7H 1513

[e]

q‘

HCG 50 1U9] 5%}

A HEl

Al

hu

[e)

I“

0.41£0.16 mmQl TFEA

HCG 500 IU<9|
A 320 A

Aol Ab

Felel 4% Aol A
9% sdzels s=E s, ¥

I~

73 13L:11DellA 14L:10D2 &

<H

A4

W

2

2 2T (A7 + A2,

=13
=

KiSS1, KiSS2, GPR54 9]

37

v A

<

o

3wl ghol] ¥ho

O~
=

-

sh, W&ol A7)

S

A

AT (14L+25C) =

o]
F 7R el A KiSS19F KiSS29

Ay
fn

R A

L —

T

A

PN
T

B

o vg% AAAA Eoeh weba

7] 14LA 2 ¢} 53] 2 25TCo]

g

4o vhE uhel ol fe} o)

AT 1 (14L+ A5,

= A
A s gkon, ¥
]:]EL
| AT

[¢]
A
&

[e) 3
=1
Z

7H =13

“

€l

, W2 GPR54 9]

Al A

o

4
ahe) ok gl AT

bl st ARl oA

LHA mRNA
ERE SR

Aol A}

L

1

<

o

A5 SAAY. 2y ATt

I~
=

-

B

e}

7},
o =1

o
T

o
=K

T
e

)
ﬂo
i

4 ekttt (p>0.05).

S

Aol 2]

Frelge

9

s

P

‘_M_Ll

~

;OL

Nd



Ea s

FAES B2 A4ABA R*=0.568)F B, pH7/t HS54F ddo] Wojx= Ay
= Bt

— upgle] v, SR, Hsd aela JAARe] FaE AWk 2A6E 2A
Ay, T35 2polE Ho|x] ekt 1#yp AR A Linoleic acid (C18:2) 9}
Linolenic acid (C18:3)¢] v &y 54 A Fox= HEo] oy, Ajgto] At
of mat WAl HEHA vt whebs C18:23 C18:30] 4 F7F IAEA

o] &37Fs S AAEE ¢ vkal e

ol

sl
o
ac)
2
i
Jo
(i,
@)
@]
5
=
<5
1o
off
kit
E
F
>
>
iy,
=)
>,
ri
o
N
+

ol A cortisol®] FE7F T7Feks FAIE BAAL, ekl wls) ARl U =

=<
— W3tg Ao ojsle] I Aol Y Ao w AR EHE Cathepsin D@ Cathepsin
Lol Fia7IMd sely ey d x7]e o, wigkdl s n|5A o, AT FAda

FAA B =A yEET Faitej oA Fa darE Ades 5o AR ddo)
7 ~3tg o). wel A, Cathepsin D&} Cathepsin L+ 88 2] 7] WA g o] Qlo] &

A 7kel 544 markerZA4 7hs/dol lthal dETTH

o B3} xjoji= {3} T 5~6U7HA LA, IEN] B W, WEEs W fe W)
o= ARl AfolE Holx| kskth B ATl mid AR PIIAIE At SAIE
AV dih AY FE AN I 13 I 29 SAIGRS 247 4.29) 3.65% AU =
3 55 10] = SATelAM Blwd A YRk, 7l $FE SAIgEe] Afol7t Freilont
I5 3] 4Rl Aol EAlHA] kth (p>0.05). A A, 7 OF 25T vlud] &
SAIE YERo] 2 Adde] Abgd Fute] & 9 #ojo] FHo] £ Zow dud

4. vk 1FE A A 9 FEAM FY AT

7h A EARE

o TutE] AAsd HEo] AFst FaAAlel AA FF W FEE AN A
WA A dimethylsulfoxide (DMSO) ¢} 3|4 5.0% 10.0% glucoses AHE3h=
Zo] Fvte] HAatsd HEo| At Zow wekE

i



O~
‘:LT

A

d

2

o

i
¥ HCG 500 IU

1}

H

Eis

117, cannulation

[e}
o7 W4 700~800 m, 778 160~170

o Qs =
o

S
Ay

|

t 400 m ©]

s

°

-

72X 7 A O A%

e
T

-3}

’

al

o s FE7F )
3

hCG/kg BW

%

J4 o wr of Mo W W W oKW T N
S = B oa o 0 T g g
0
wﬂ%l HTHa@nﬁﬂﬂﬂ o N o
e TR R OW R o = &
— ﬁro ,q,ol ﬁo :,lT mﬂ./u ‘.w ,_&.L .._;AIL ME K 1; J OE ;oT
0 T = o o K, > Cllﬂﬂ
O - o N oF
maiﬂo - ¢2 SR
a w o T o= 9 Mo oo o T
N o D I Ry g X
fir M o MM CRECEN I ﬂﬁ W mm )
T E G o o X
— - Noo o D
b - < < _m_lo
)2 B B S S I
x = o5 I aam Y ma Al mf o ﬂw Jo o
= W9 o - =
sl S ST S
o BT 7 N o oo NG Jom- o
n T om }%%%#%i _dﬂ%w
N - N nh — T i
E o X —_— —_—
Ly®Z LTRTeRE 2L T
@VEP&%%WﬂM%MMﬁ %%i_d
eI o N e R
WO TO _ B - .
2 BT R g gk T om W
S L I S =) 3 ol w om o
< ‘u&l_/mmo‘ﬁluﬂﬂo\mﬂ‘ﬂ_loﬂak;\mﬂ FMM,l_/rJl,EI
olﬂ - MMJ&u XOﬂ.OI AL
= M X = AR T ) o No oz ww
N9 s L 5o o o= LI — Gy
T LT E e Yy, BE P owm g "
— T N o o W = X T He o
G = B A - NG I
. X IS LRI Homom B A R
W T 0o o W B9
HTmﬂ‘ddﬂm%uﬂo} oo oM A MELEFOKLE
Lo R o . oo BN 9 AR om0 Y B8
T oo o X Boe L oo o Tom 9%
BE = O ZOtﬂ ;OLOO_ME 0
= F — T o W — WA
o S~ Y wow o M ooom o ORI BT
- or 4 oo " o A )
p © g WO T © moR J N w© T A
ﬂ1ﬂ_$ﬂm¥%ﬂ%%a%urﬂﬁﬂmaaﬂ_@
[ ] [}

T

PE| Qi &

=

pzs

Az & we o ol ¥

fr&olA CCK mRNA 2

uke] 3} of

T
2]
=~

=

R

5ol u}
uh2] 3} of

Blue (480 nm), Green (520 nm), Red (590 nm)<% LED %

u}

=

pu

o, o ok A

Hl

2.



ATHH 2 4oEg A

V.

A28

3} AR

S|
Y

Ao} 3

]
ES

& A Vs

Jo
—_

o] &g 7

=4
[€)

linoleic acid (C18:2) ¢} linolenic acid (C18:3), 18] 3l cortisol

f s

)

AIAFS] ol &g

X
=

244l

o vlohEAE, i

35

b}l

=
5 o

7H7]

PN
-
3

el

YEA S WA ge )8

= oY



SUMMARY

1. Study on reproductive endocrinology to development of the suitable systems for
aquaculture

e The blacktip grouper Epinephelus fascratus are protogynous hermaphroditic fish.
Female 1s distributed 36 to 37 cm total length and 400 to 900 g body weight.
Male is distributed 34 to 41 cm total length and 600 to 1,000 g body weight.

e Study on reproductive endocrinology of blacktip grouper

— Research of induced sex maturation and control gene
Isolation and identification of Kisspeptin, GPR 54 and GnRH in hypothalamus
Isolation and identification of GtH (FSH & LH) in pituitary and gonad

— Research of growth—relation gene

Isolation and identification of somatostatin, growth hormone and IGF—1/2

2. Development of sex maturation control technology in blacktip grouper

e Induction of sex maturation by environmental control

— This study investigated the involvement of photoperiod and temperature in ovarian
development of the blacktip grouper. The photoperiod and water temperature was
adjusted to 12L:12D and 227, respectively. In the treatment group, every 3
weeks daylight was increased as follows a 13L:11D and 14L:10D, and control
group was maintained 12L:12D. After 9 weeks water temperature was increased
25C both treatment and control group. Sex maturation of blacktip grouper induced
only 14L:10D and 25T treatment group.

e Investigation for hormonal control of in vitro oocyte maturation

— In group 1 (oocyte diameter of 0.41*£0.16 mm), treatment of 50 and 500
ng/ml 17@ 208 P and 500 IU HCG resulted in a significant increase in GVBD
compared with control (p<0.05). In group 2 (oocyte diameter of 0.50*0.13
mm), treatment of 50 IU HCG resulted in a significant increase in GVBD
(p<0.05) although treatment of 172208 21P and 17a 208 P resulted in no
significant effect on GVBD compared with control.

e Development of sex maturation control rearing system

— To development of sex maturation control rearing system of the female blacktip
grouper, this study investigated the effects of photoperiod and water temperature
on gonadal activity and FSHpA and LHB mRNA expression, plasma concentrations

of the sex steroids T, E2, 17« 20 8P, and KiSS1, KiSS2 and GRP54 expression.



Photoperiod and water temperature in control group was exposed to natural
conditions. Photoperiod and water temperature in treatment I was exposed to and
natural condition, respectively. In the treatment I, photoperiod was 14h light/10h
dark and water temperature was maintained 25*0.5° C. At 12 weeks of
treatment, gonad of control and treatment I were immature stage. But, gonad of
tratment I was mature stage, and plasma 17a¢208P and LHA mRNA levels in
pituitary on treatment II increased significantly in comparison with initial group
and the other treatment groups (P<0.05). Also, the expression of KiSS1 and

KiSSZ mRNA were significantly higher in mature stage than immature stage.

However GPR54 mRNA was high in immature stage. These results suggested that

the long photoperiod of 14L:10D and high water temperature of over 25C were

essential environmental factors for the reproductive activity of the female blacktip
grouper.

3. Investigation of potential factor for egg quality assessment

e Ultrastructure of egg and spermatozoa of blacktip grouper

— Ultrastructural characteristics of egg and spermatozoa in blacktip grouper different
from those of other grouper and spermatozoal head diameter is a close correlation
with egg micropylar diameter.

e Investigation of potential factor for egg quality assessment

— Morphological, physiological and biochemical factors for egg quality assessment

; In the measurement of egg and oil droplet diameters among unfertilized,
floated and sunken eggs, there was no significant difference. However, there
was a positive correlation between pH in ovarian fluid and fertilization rate
(R*=0.568).

; In the fatty acid composition of unfertilized, floated, and sunken eggs, they
did not show any difference among egg groups. But essential fatty acid, such
as linoleic acid (C18:2) and linolenic acid (C18:3) were not detected in the
sunken eggs compared with floated eggs. In unfertilized and fertilized eggs,
C18:2 and C18:3 were detected just after fertilization but they were not
measured in the sunken eggs as time goes by. These results suggested that
C18:2 and C18:3 may be metabolized or absorbed in the sunken eggs. Thus,
C18:2 and C18:3 were considered as reasonable egg quality parameters.

; In the hormone levels of unfertilized, floating, and sunken eggs, EZ2 did not show
any difference among egg groups. But cortisol levels had been increased in

floating and sunken eggs since fertilization, and cortisol levels in sunken eggs



were higher than those of floated eggs.

e Genetic potential factor for egg quality assessment

Considering the function of cathepsins in vyolk protein synthesis during
vitellogenesis to teleost, the cDNA for cathepsin D and L was isolated from
fertilization egg of blacktip grouper. Expression of cathepsin D and L mRNA
were also investigated in immature oocyte, fertilization egg (sinking eggs and
floating eggs) and embryogenesis. The expression of cathepsin D and L mRNA
were higher in floating eggs than sinking eggs. In hatching larvae, pxpression of
cathepsin D and L mRNA was decreased when time passes. Thus, cathepsin D

and L were considered as reasonable egg quality parameters.

e Viability of egg and early larvae

4.

Newly hatched larvae survived until 5~6 days after hatching, and there was
no significant difference in volume change of yolk and oil droplet between
groups. SAI were 4.2 and 3.5 in group 1 and 2, respectively. In addition, daily
SAI of group 1 was slightly higher than group 2 after mouth opening, but

there was no significant difference between groups.

Study on high—quality fertilized egg and improved seed production

e Cryopreservation of sperm

The survival rate and activity were hight using 5% and 10% glucose as thd

diluent and DMSO as cryoprotectants for Epinephelus fasciatus spermatozoa.

e Fertilized egg and seed production

— Hormone—induced ovulation was attempted in females with an average vitellogenic

oocyte diameter of at least 400 pm. Induce of ovulation occurred to following HCG

(500 IU/kg BW) injection. Eggs were stripped successfully 24~48 h after the

injection.

Stripped fertilized eggs of E. fasciatus were colorless spheres, 7007800 gm in
diameter, with a 1607170 gm oil globule. Hatching began about 28 h after
fertilization. Yolk absorption was completed within 48 h and the mouth open about
72 h after hatching.

The newly hatched larvae measured 1.2 mm TL. At 2 DAH, the larvae reached
24 mm TL. At 12 DAH, the larvae reached 5.4 mm TL and the dorsal fin
developed. At 22 DAH, the larvae reached 10.5 mm TL and began metamorphosis
to post larvae stage. At 45 DAH, the larvae reached 22.4 mm TL and transferred
to juvenile stage. At 60 DAH, the juvenile fish reached 30.2 mm TL and showing

features with those of the adult fish.

_10_



e Growth of larvae and juvenile and improvement of survival rate

— At 29 DAH, the number of gastric glands and pyloric ceca were observable. The
muscular layer of the posterior stomach was increased in size and formed the
pyloric sphincter, which separated the stomach from the anterior intestine. At 34
DAH, the canine—like pharyngeal tooth occurred in the buccopharyngeal cavity and
the stomach size and the numbers of gastric glands continually increased. Blacktip
grouper larvae developed a well—differentiated digestive system with a functional
stomach at about 29 DAH. Weaning of blacktip grouper larvae to formulated feeds
was started on 29 DAH at 25 ° C when the functional stomach, pyloric sphincter,
and pyloric ceca were formed.

— CCK mRNA of black grouper larvae were not expressed until 1 DAH. CCK mRNA
was first expressed at 2 DAH and was continually expressed until the end of the
experiment. CCK expression started at 2 DAH, 2 days prior to the first feeding.
This indicates that CCK-—producing cells are differentiated and functional in the
intestine at 2 DAH.

e Growth and digestive activity of grouper depend wavelengths of light

— The growth rate of the green light condition was higher than those in the natural,
red, and blue light. Fish reared under green light condition had significantly higher
numbers of mucus—secreting goblet cells compared to fish reared under the
natural, red, and blue light conditions. Histologically, the mucosal folds in the
digestive tract of fish raised in the green light condition were more developed and
contained more abundant numbers of goblet cells. CCK mRNA levels in the brains
of fish raised in the green light condition were significantly higher than those of
fish raised in natural, red, and blue light conditions. CCK mRNA expression in the
anterior intestine portion and pyloric ceca were both significantly higher in fish of
the green light condition than in those of the natural, red, and blue light

conditions.

_11_
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A2z2d =Ue 7IsHE &

A 12 sWesd

L

» w23} o (Epinephelinae) &= thH-& ofddjel AofjA el ¢hxel Atsxrt ddd A
of AAeta 1o (FAO, 1993), TE]HLEMW—E de ket AlFE Agtel Aute], 4
of, #uke], Fuke], FAE, vk, ¥Enke] Fo] FEX(Kim and Lee, 1994).

w SAolet HukgE dideR A "éif—l% Aol ost AASFE=(Lee et al,
1993; Lee et al., 1996; Hwang et al.,, 1998; Lee et al., 1998; Song et al., 2004)
7F o] FoiA 1 91, HCGA el ok vzt =7] Ao e (Kim et al, 1997;
Lee et al.,, 1997; Song et al., 2008) ] ¥#3t AFE& N1

w ey @A FulelM e mke R ofF A AlFRelA & Aol FASAHAT
= o UM AFor SAojet Anby] S A 9 oAby, Suky 9 F

Aol AEstR o, TR 9 o“*ﬂrXWW W2 A 2A8st s "k o
NME Wk of 7o Aot FRAA] B2 BT A EE F8a

AL FE FRA °Hi7} .
o 78] FA A HAstE FAFNCEAE By 1EA] £ B Uy, TH

b el sk V1) AN, T8 AESMA S shed Ao EHe B2 AR
|

s SEuEelE B atelRel Aol Agw A 4 A% FEE A% ATE 59
ol FRANE ARG oY B st BAR 2iRe] IAw Yov, Bold e

ojghe) W MASA D AZH FRANES AANE F S M5
=]
=
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£ ooy
(0940|F) |

120
('00:A0JE)

o HEZ| T} 0fF Al A|xi%}

s g
- DB A MY
o 50| W4 54 -dz sady
o Xpk2| 4 4% Hof - AHHE Y AR
o EHia| ZEAIA 1 oid 7|58 HYst
o Hi2|2} 01F X9 He A2 HA

o xRt Z2 AT AR

olalz OF 4 54 A “

A 22 wefllesd

m uig] I} ofFeol #I AT
g A7t ol FoHar Sle 7t
AR AL AEd R S5 el Bk AEo

n vy o 7o A A5 A HAE(Quinitio et al., 2001; Okumra, 2001; Ferreira, 1995;
Tan and Tan, 1994; Shapiro et al., 1993; Tanaka et al., 1990; Chan and Yeung,
1983) 181 AbghfE st %7145 (Glamuzina et al., 1998; Kohno et al., 1993; Kuo
et al.,, 1988; Kitajima et al., 1991)°] &3 A= 1 <.

n Ak B B3t A2 A E. polyphekadion (Rasem et al., 1997), E. merra (Lee
et al, 2002)= AbgA]7]o] ©F7] (lunar cycle)el wet At&e|E5S 7VA 3, E suillus
(Toledo et al.,, 1993)& A5 Atgtst= ASZ BT o, E fuscoguttatus (Lim
et al., 1990), #vlg]l (Kim and Park, 1993; Okumura et al., 2002) 2} #o] A7zt
&} AbskE & A A Foll whe) thek

s A RS Y% vk ofF ow|del= B fuscoguttatus (Lim et al., 1990), E. suillus
(Toledo et al., 1993), #u}] (Okumura et al., 2002) Sl 7FFElet Aulez AR S
72 43

m 7Y AUSEFoA £ tauvina (Hussain and Higuchi, 1980), E. fuscoguttatus (Lim
et al.,, 1990), £ aeneus (Hassin et al.,, 1997) 529 AAAtsdtsl & Wz E3 o

al
=
A AAxE BA, S
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iih)
ol
A
1o
L
ok
rO
o
il
for
[
(i
ftlo
o
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ATt Ak e #sk @ Agso] AHL S

JEZo A vEld} offF F FHubglE U o= 1960t FE o 2 Fsjxio] o] e
g2 Ao gt AFE AlFe® 1990del| Tanaka & wHHHEE AMSstHA TE A
2 kel o] g A4 A A Bl BE AG7bH] ol FolHa jlew, s
gl oAM= Ao Fejsra] wg SA o] #3 A5 (Kitajima et al, 1991) % X
A=

Sgotrlofde M= A, dint, S=olA vl el R FEAAL
LA o g Aol Adata glom st FEow Ak

vhe] 2 of 7o) A Aakel #E At A FEAYGe Auiold Algtel A A e A
Tt npe g ol Fo FEAAe] #E Vssido] dds] xdEo] e zvele] Ajujo] g Al
Elo| A = whg] 3 O%E%OJ Plectropomus leopardus®] =X AZAto] A A o7 AsPw 1 Q)

[}

opAAANME B, ARAL, Felol Aok U A vhelst o fel Ae1s Nt
4] Argiatel QT Lol TA AP T AL

SR LA A

d

Lol ol =y QlEd|A|otell = Plectropomus spp, €+ Epinephelus coioidesE
o2 Alg Al R Aol XalE glon, ookyt Ao A3 AFx 3.

of

o%
nowwxmm

¢] Guangdong®] o 47NWLAIEH(GDFDC) & kel M= uhe] 3} of 72 k2ol o] Fof
o, dejdst BEYoloa T s FRAA e w3 ArSo] &ks] X

2

H,

I ZFME vk of 7o Ay gk #e A=Y Aol WA HL
< (Shapiro et al.,, 1993; Ferreira, 1995).

TJup oA 7EA] FEAAAE] A st 27IdAlol, R FAAAEE Este] ol
ol okX o] F3 AGFE FolHy] FE,

W GrRIA R Ode] R (egg shape), &9 FW=(egg transparency), #19 it
3, egg' ability to float or sink, WAx7]1°] Wat e 52 Feg Qarel, QujeA] &
Aohe] pH, oju]e] WHAYEH] A (HoF s 2 AHE Pod =229 TR, Adsh
) & YA A g @l e APEAR opw| Al A, glucose—6—phosphatase,

32

Ac)

“

ar GA4ETY Agstd  Azk(Paviov and
Moksness, 1994; 1996) & B7IRIA=Z B &
AZsE FEAN ] AP YT vx= A el Brpo] 22 ol we B
(Fauvel et al., 1993; Brooks et al.. 1997), tiA 4t o2} halibut (Evans et al.,
1996; Brooks et al.. 1997), %+ (Lahnsteiner and Patarnello. 2005) s+ td o=
e QL oA A Fefe s Bt AAHJMAERA O FEAS AT AT
= 7= @AY

adenylate kinase, acid phosphatase?]
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A3E g8 UE & Eit

L. ojm| &y 9 A5

AFL At AATI AFEd oEA HxE Sl AT A-belA
Epinephelus fasciatuss T3te] 7N Tagging 3t
(8x10%3 m, F&FZF 160 ton)} AFdisty Y
2] skl (Fig. 1).

o
o ok
o
2
oy
b
>
%
<
BN
2

oldy Fulglo] AGLE 22~47 cm HARN L, 28.0~30.9 cm WYl 29.6%% M B
o] ¥, 31~33 cm WAl 25.2%7F +EsHITE 181 AlFS 100~1,190 g WS
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a1, 200~390 g Wl 41.3%, 400~590 g el 31.7%7F 32330 (Fig. 2).
350 450
300 400
350 -
" 250 - 300 |
§ 200 - § 250
8 150 1 g 200 -
[ o 150 A
100 -
100
1.
00 A 00 A . . —
22-24 2527 2830 31-33 3436 37-39 40-41 100-190 200-390 400-590 600-790 800-990 1000-1150
Total length (cm) Body weight (g)

Fig. 2. Frequency in total length and body weight of blacktip grouper, E. fasciatus.
2. 94 WEw 54

7F 4 54
Zukgle]l oAl A7

e A SAS ZARHISE AAAE oAAdA FEs &
Bouin's solution®l] 24A]7F 11
=l

= A
at9lar, ©]% 70 % EtOHE X 3A#A Foch 13" A2
=

Frtels thE akeldt o) F ok vV E A Sd AeEA oFE WA dRoE ds
FF FoR wEshs e Bolvh das ddxgow Eedte] la, Adx4 U
i e ol R AZbe] and Aol W FErF BEHNY. v WA daisds
o] AT WAr EV)Fom FAH Tk A vels ofRdRAEe} AFT F7
GEAEE] #2E ST (Fig. 3A and 3B). A A A4 A | Hests vn
AZE AL, GEAE FElEe] #2HGFig. 30). FA9 A ie 2AWFol d4
AIE, ARAE, AR FeEe] #FH AL Vel o] #EH v (Fig. 3D)
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Fig. 3. Structure of gonad of blacktip grouper, £ fasciatus. A, scanning electron

micrograph of the ovary; B, ovary; C, inter—sex gonad; D, testis.

Zulg] T7E A 2 S 1Y, RS A 32~36 cm, AE 400~900 g WY el
23391, AL AF 34~41 cm, AZF 600~1000 goll etk 14 AAE A 31
~35 cm, AT 500 g WSl FEEHAY (Fig. 4).
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Number of fish
-

=
L

N
|

Number of fish

[=]
\
o

31 32 33 34 35 36 37 40 41 400 500 600 700 800 900 1000
Total length (cm) Body weight (g)
Fig. 4. Sex distribution of blacktip grouper, £. fasciatus according to total length and
body weight.

2

719 AL oF 30~70 mm 2719 FHAY] GRAFES 100~120 m A7 77 W
71 o]

Al ZAsko]l wEskal AU

l-‘l

BAE} & g CpS
2 el ok 50 m 719 ofUGRAES FRAETFF] EAFe] nAHAL. FR9
A 2900l AL, ARAZg JAL 5] wekatn AU Fig. 5).



Fig. 5. Photomicrographs of gonad of blacktip grouper, E. fasciatus.
A, female; B, inter—sex; C, male. Scale bars = 100 um.

(D) A48 5 9 Alo] da &4
Zulzl o] AAA wgy Ao Bold= FSHe LHY FAAE

LH®] B subunit cDNA cloninge AAlste] FAJMAE A slvh. T 27 FHze] &
A ANEE Abe] flEl W] FFRAARAEY FHRAEAAN O Td s

At} Aol AFgea U HAA LAY oA AEo A AFS Zol ETuly] Ao] (eF
450 g) ZHE WIFEAE FESe] FSHA Y LHA cDNAQ e 2 F3o AMgsigion,
2 fAxe] =4H 43S Fukg]E 2-phenoxyethanolS o] &3l whE 3 & w9 =
A7 ZA F9 (telecephalon), A9 (optic tectum), A|AF3FF(hypothalamus), *3FA)
(pituitary) &t FHZZ Zt(iver), A% (kidney), 24 (gonad) T2 ZEF3] ZAS

=

2

—‘Ni _l\l

Em

(7F) Total RNA % 4 cDNA &4

Fnkgle] ZF F YA FEF3E 50-100 mgel FAES 1.5 mL tubed] AVHEE=E
300-500 pL2 TRI Reagent (MRC, Cincinnati, OH, USA)ZS A7}sto] A}&3F Ajeko] =
ZEF we} total RNAE FE313 Y. 549 total RNAE NanoVue (GE Healthcare,
Ver.1.0.1, UK) & °l&ste I s S0, 545 v&(A260/A280)°] 1.7-2.1
9 el # Zbe RNA AENHS AEste *E‘;ioﬂ o]- &3kl th ¢cDNA AlxE Zh A olA
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FZ3 total RNA 1 #g—% F38 02 PrimeScriptTM RT reagent Kit (Takara, Japan) <
o] g3t AHAA AlA FAEF T A HESS Oligo dT Primer 1 xL, PrimeScriptTM
RT Enzyme mix 1 gL ZI8]37 5XPrimeScriptTM Buffer 4 pLE FH7lsI
Nuclease—free T#H% °l&ste] & H37} 20 plo] H=ESF dslth. 37Tl 153
A BESS AAlsEGlom, o]F 85TelA 5x%F 7tdste] A FEth 3%
cDNAE ZF 5734+ cloning ™ mRNA 23d 22X o] AFE-¥ St}

(W) FSHA ¢ LHA cDNA <% % cloning
AXNAA=E 22§44 FSHAS LHA  subunit?] FEA7IHAE 22E A
degenerated primer+= National Center for Biotechnology Information (NCBI) <]
GenBank (http://www.ncbi.nlm.nih.gov/)°ll &% o] o|u] w3 X  Zu}d] (£ bruneus,
Accession number, FSHpA: EF583919, LHA: EF583920) 2} Honeycomb grouper (Z.
merra, Accession number, FSHA: AB525770, LHB: AB525771)9% ##Ax AHE 1
= A ZskA
FSHB 9] +%% primert FSHAF primer (5'-TGGT(A/T)GTCATGGCAGCAGTG-3")

¢} FSHAR primer (5'-A(G/T)ACAGCTGGGT (A/G)TGTCTCC-3)%E AH&3t3ith. LHA
9] T%& primeri= LHAF primer (5'-TCAACCAGAC(A/C)GTGTCTCTG-3)29 LHAR
primer (5'-CTCGAAGGTGCAGTCAGA(C/T)G-3)E AFEsAt. PCR Hbg2> 1 L9
cDNAE F3°% Go Taq Green Master Mix (Promega, USA)$} Primer AME 131
Nuclease—free SHFFE o]l g€3to] & Hu7F 25 plo] HEE 43| 94TCoA 287 &
A ¥ 94T 45%, 55T 45%, 72T 1%& 353] HHESlo] cDNAE :‘L—o]-oﬂ =8
2} AFES 1% agarose gelE o] 83k A7|gEo g Feldto] AA|sH Tt A 2zt
FAA AHE2 pGEM—T easy vector (Promega)©l ligationd}t®] plasmid DNAE %t
% JM109 competent cell (Takara, Japan)ol] &2 #A&3&9ct. LB agar (Sigma,
USA) aA8AE o] &3l 37TCelA 12413t &<t vl clone & 370& AE3lo] LB broth
(Sigma) HAufA| A} 37TCeA 10A1%F F<F cells HFo = wjgatdiet. 1 % cell2F-H
plasmid DNAE AAsted FAA4 473 (Genotech, Korea)ol & sto] A7|AES 2l
gt 2+ AR AA7IA D& SMART RACE ¢cDNA amplication kit (Clontech, USA)
= o] &sto] #yetglem, 5'¥7 3" ¢DNA ©@HS fIst & 5o]4 primere &R1¥ FiE47]
ANd JRE olg3ste] At A=E FSHA S LHA subunit®] 5'7 3' cDNA @3 F
Z & primer set: U3 Zo):

FSHA5'R (6'=AAAGCGCCCGCAGTACGTGTTT-3")

FSHB3'R (5'=TGCCATCTGACCAGCATCAGCAT-3")

LHA5R (5'-AGCGCCCACAGTGACAGCTCAAA-3")

LHA3'R (5'=ACCCGGTGGAAACAACCATCTGC-3")

i @

ON

Z 3
=

O

2L

1o

|
d

il
[e)
ar
=3
o
=
L.
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5'3% 3' ¢cDNA w@#H 9] PCR REE2 of#fel o] 3 step PCR Zz 1ol 93] +3 =3l
ok (1) 94T 30%, 72T 3%< 53] WM, (2) 94T 30%, 70T 30%, 72T 3%< 53] u
5 (3) 94T 30%, 68T 30%, 72T 3&-g 253 Wy, HF F3FE Fd4 AHES 1%
agarose gelo] #7]|9%E& 2Aste] Z} cDNA ©wHO 7|5 el 9 FAAAAS AAH
pGEM—T easy vector (Promega)©l ligation % cloning 3t G714 E B 9o A<

& g BAs AR,

(th x4 9 AlsEgsts 4

kel wateARNE we® FSHAS LHAE cDNAS ik A4 Open Reading
Frame (ORF) Finder (http://www.ncbi.nlm.nih.gov/gorf/gorf.html) & ©|g&3}o] aNAty} 4
S+ohi= peptided S5 3 1 ofv| Ak A E-E& &RIsH Y}, Signal peptided F+x% Q1 412
SignalP 4.0 servers ©|&3}o] ZAFSF o (Nielsen et al., 1997; Dyrlov et al., 2004).
A% = N-linked glycosylation site:= NetNGlyc 1.0 server (http://www.cbs.dtu.dk/
services/NetNGlyc/) ol 9l #2433 th. Multiple alignment$} Phylogenetic analysisel Ak
S8 5 oFe] FSHA S LHB subunite] thdt B JH= NCBI®| Genbank=ZHH Ag)
ot AR olFEd Oid wRE AHEW,  #HiPJolE(Acipenseriformes), WAo]
(Anguilliformes), M<=WE (Atheriniformes), %% (Cypriniformes), &% (Perciformes), 7FAH9]
£ (Pleuronectiformes), 91915 (Salmoniformes) 12|37 ¥17]% (Siluriformes) S©°] Atk F3F A%
FABA A2 Phylip 22 13& &83F neighbor—joining 7S o] &3slslom FAtH
theFst Fo] FSHE 9 LHB oftv|at ME=ol theh Multiple alignmenti= ClustalW 2271
s olgste] 453 BOOTSTRIP 42 SEQBOOT L2195 ©]§-38te 10008 1t
=3kt SEQBOOT® 9J&l align¥®l 1000 AES] A= CONSENSE L2133 o] g3}
o] phylogenetic trees ZAI3FTE Out groups sea lamprey® GTHPS —like protein
(GenBank Accession No. AY730276) & °]&3I3th(Sower et al., 2006).

(2D RT-PCR

ukg o] =41, AISd, AlEsHE, HekrAl, 1 A1, A ZelA FSHA 9 LHA mRNAS]
W3] 2 A= genomic DNAO] 93 total RNAQ 292 Abde] A<str] 93te] RQ1
RNase—Free DNase (Promega) A#3F & JF3% vl&o] 1.7-2.1 WS W9 s Z+=
RNA Al&Whs AEste] cDNAS $A 3t Cloningell o3 274¥ uke] Hst44 FSH
B¢ LHA subunit®] D714 <L3} control 4224 #2jd Evkg] 18s rRNAS 97144
F5E] RT-PCRE primeri obds} o] /st
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rtFSHAF (5'-CATCTGACCAGCATCAGCAT-3"
rtFSHR (5'-TGGATATGTCTCCAGGAAAGC—-3")
rtLHRF (5'=AGGTCGGCAGAGTGATGTTC-3"
rtLHAR (5'=-CTCGAAGGTGCAGTCAGATG-3"
rt18sF (5'-GATCAATTGGAGGGCAAGTC-3")
rt18sR (5'=CCTCCGACTTTCGTTCTTGA-3")

RT-PCR WF22 1 L2 cDNA (50 ng total RNA)S F&8o°% Go Tag Green
Master mix (Promega) ¢} primer MEE Z3sto] HF Wh&&Fo] 25 pL7t HE=5 A3t
o] 94ToA 283 dwAd F 94T 45%, 60T 45%, 72T 12& ¥ 3238 W&t 7
Al cDNAS FE319on, F3E5 cDNA AHE2 1% agarose gel2 o]g€34 100 Vol
A 3583 A7Y s AAlste] 1 ddE Zlskith

(v} &vhe] FSHA S LHA cDNA 23 2 54

srte] YslrAl25E 358 FSHB 9 LHB cDNAS cloningste] M7 ds 48
A3, FSHE 9 LHA cDNA dol= Z+7zF 571 bp$t 617 bpolsltt. FSHA ¢cDNAS ORF A
o]+ 360 bpelglem, 5° untranslated region (UTR)¥ 3° UTRE Zol+= Z+zF 102 bp
¢} 106 bpolitt. LHBA c¢DNA®] ORF Zol= 441 bpelloew, 5° UTRI} 3° UTRE 4
o= Z}Z} 30 bpet 143 bpolth(Fig. 6). €xlg] FSHA subunit ©¥& %+ SignalP
V3.0 L2713 (Nielsen et al., 1997: Dyrlov et al., 2004) & AF&3le] ol & A3}, 21
amino acid (aa)iﬂ 215 FE = (signal peptide) 8 99 aa®l A< FE = (mature peptide) 7}
TAE] F 120 aadl F=(code) ﬂ i, &vkg] LHA subunite 247 32 aad 2135 3E
=9} 115 aa/] ds AET7F A F 147 aaol ZE Hol @S FASHI T d g
AW E-2] mRNAGA B2y = Ziiiﬁd, enlg] FSHA 9 LHB 9 polyadenylation signal
(AATAAA) 2 polyadenylation site (poly A tail) @] A& X ZHE z+zF 149} 20 bp A
T Zoll f1A 8T
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®)

AGCACACTGCCTGCAGACACTAGAGARATC

CCTTTGATGTIGAGTTTGITTCTG

GACCCTGTCATCAAGATACCH

Fig. 6. The nucleotide and deduced amino acid sequences of cDNA encoding the
blacktip grouper, E. fasciatus FSHpA (A) and LHA (B) subunits. The
nucleotide numbers are shown on the right—hand side of sequence, and the
amino acid residue number below the amino acid sequence. Amino acids are
given as single capital letters below the cDNA sequences. The first amino
acid of the putative mature subunit is numbered +1. Amino acids that
comprise the predicted signal sequence are underlined with minus numbers.
The stop codon indicated by an asterisk. Possible polyadenylation signal
(AATAAA) is marked by a black box. GenBank accession numbers: blacktip
grouper FSH /A, JE520407; blacktip grouper LHA, JFE520408.

Fukele] FSHB 9 LHB obvliit M2 ou] NCBIO| o5% thE °|F=2 FSHA
LHB otrwAt Ad=3 vlwstlth(Fig. 7). I A3 gukgls E3hst 5
oAl el A Z+zE 127]9] cystineo] sdE fAol dEdH 1 &S et AL

02 oFe FSHA otvxAt Adas tZA $vke] FSHA = Awke]l FSHA I &7
N-linked glycosylation siteZ} EA8HA] ko, Zukg] LHEOAME Akl (£,
bruneus)LHB & e FAME EE oF=9 LHB oflxAt M9 F9 N-linked
glycosylation site®] £1x| ¢} Ut AU 2424 ofF53e] FSHE 9 LHB ofv]=
Ab qE o AEde vlus] 2 Ay, Fuke] FSHAE 22 9% ofFd Aval e 97% 1
2l Fveo| (Thunnus thynnus) &F 7T7%2 =& AEAS B, vhd AAlo]: o] Fo
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A%l (Acipenser spp.) 8 32%9] w2 sde vebddoh vke] LHR 9 49+ 59
5 o]/l AwkEl e} 97% 183 FHAY 5 (Dicentrarchus labrax) 2F 91%2] 7Hd =2 7
e B, wbd "ol E o7l HFA S 45-49%9 WS Asds UERSlH

FAAANM 1 9 vet ofFE e FSHE 9 LHB otv|xAit AEE2 AsA vus
Table 1°f AAIs] YepfSItE S AlsFrAdAel #g FA M= srte] FSHA 9 LHA
= U FoAEY oFEH T T FABAE B (Fig. 8).

o

il

Mr o

FSHp subunit
21

1 20 40 60 80

Aa memee ML AUTALCLTLAP ILARAS-~=~T SEGL ATA ULnx_x_LuuLuAwaBGLCTTQDSVYKS SLKPYPQQ ACHTRDVUYETUHLP GCPSGHDLRFTYP VAL 3 CECSKONT DSTD COPL NTEV S64L TH-~ ~~ 106
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Fig. 7. Alignments of amino acid sequences of the FSHpA and LHpA subunits of
blacktip grouper, E. fasciatus and other actinopterygian species using Clustal
W multiple sequence alignment program (Thompson et al.,, 1994). Twelve
conserved cysteines are shaded. The putaitve N-—linked glycosylation sites
are boxed. Aa, Anguilla anguilla (European eel); Ob, Odontesthes bonariensis
(Pejerrey); Ci, Ctenopharyngodon idella (Grasscarp); Ef, ZEpinephelus
fasciatus (Blacktip grouper); Eb, Epinephelus bruneus (Longtooth grouper);
Tt, 7hunnus thynnus (Northern bluefin tuna); Po, Paralichthys olivaceus
(Japanese flounder); Om, Oncorhynchus mykiss (Rainbow trout); Cg, Clarias
gariepinus  (North  African catfish); As, Acipenser sinensis (Chinese

sturgeon).
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Table 1. The homologies of amino acid sequences of blacktip grouper, E. fasciatus
FSHB and LHpA subunits in comparison with those of FSHpAZ and LHPA

subunits from the other fish

FSHp LHRB

Species %) (%) Source
Teleostei
Anguilliformes Anguilla anguilla 40 52 FSHpB: AY169722, LHB: X61039
Anguilla japonica 40 52 FSHA: AB0O16169, LHB: AY082379
Atheriniformes Odontesthes bonariensis 66 77 FSHp: AY319832, LHB: AY319833
Cypriniformes Ctenopharyngodon idella 42 52 FSH s EF552359, LHA: EF565171
Danio rerio 40 53 FSHA: AY714131, LHA: AY714132
Perciformes Epinephelus fascratus - - FSHA: JF520407, LHA: JF520408
Epinephelus bruneus 97 97 FSHpB: EF583919, LHA: EF583920
Dicentrarchus labrax 74 91 FSHp: AF543314, LHA: AF543315
Thunnus thynnus 77 90 FSHA: EF208026, LHB: EF205591
Pseudolabrus sieboldi 68 87 FSHpB: AB300390, LHB: AB300391
Pleuronectiformes Paralichthys olivaceus 71 75 FSHpB: AF268693, LHB: AF268694
Hippoglossus hippoglossus 65 78 FSHp: AJ417768, LHB: AJ417769
Salmoniformes Oncorhynchus mykiss 35 55 FSHpB: ABO50835, LHB: ABO50836
Oncorhynchus keta 35 56 FSHA: M27153, LHB: M27154
Siluriformes Clarias gariepinus 42 54 FSHpB: AF324541, LHA: X97761
Ictalurus punctatus 41 55 FSHp: AF112191, LHA: AF112192
Chondrostei
Acipenseriformes Acipenser sinensis 32 49 FSHpB: EU523732, LHA: EU523733
Acipenser baerir 32 45 FSHPB: AJ251658, LHA: AJ251656

P. marinus GTHB

0.

FSHB

T. thynnus FSHB
D. labrax FSHB

P. sieboldi FSHB
E.fasciatus FSHR

E. bruneus FSHp

P. ofivaceus FSHB

H. hippoglossus FSHB

1000 0. keta FSHp
— . mykiss FSHB

1000 1. punctatus FSHB
487 C. gariepinus FSHR
663, D. rerio FSHB

C. idella FSHB
1000 —— A. anguilla FSHB

L—— 4 japonica FSHp
1000 [— A.sinensis FSHR

1000

1000

L— 4 baeriiFsHp

P. sieboldi LHB
T. thynnus LHB
668 0. Bonariensis LHB

H. hippoglossts LHB
1000 P. olivaceus LHB
487 D. labrax LHB

E. bruneus LHB
938 E. fasciatus LHB
747 C. idella LHp
313 D. rerioLHB
999 C. gariepinus LHB
1. punctatus LHB

1000 A. anguilla LHB
— A japonica LHp

1000 0. ketaLHB
- . mykiss LHB

1000 —— A sinensis LHB

L 4 baerilHp

Fig. 8. Phylogenetic analysis of teleost FSHA and LHpA subunits based on amino

acid sequence. The Petromyzon marinus GTH B —like protein was used as an

to root the

outgroup

tree.

was the

Analysis

performed using

neighbor—joining method. The values at nodes are bootstrap values estimated

by 1000 replications.

_30_



(i) %=#¥ FSHA 9 LHA mRNA 23
srkel o] 41, A, AsHE, HekrAl, 1 Al 9 A A 22 FolA FSHB 9 LH
B mRNAS ¥ RT-PCR& o] &3to] gRlstgitt. FSHA S LHA mRNAE F2 3t
I3 SFANAxA T FPoA = LHE mRNAZE oFstAIL
= A9 H&EHA 9ty w3 RT-PCR W34 Fol
genomic DNAoﬂ 93 PCR =% QHE RT-PCR ®WFE Al oA 45 9x 9o
negative controlelAl FSHA % LHA mRNAS waS E3] AAEUC. 1 A7 genomic
DNA F%o] d3 gllaS &elsadvh(Fig. 9).

M T O HP L K G N

18s rRNA

Fig. 9. The tissue specificity of blacktip grouper, E. fasciatus FSHA and LHA mRNA
expression analyzed by RT—-PCR. 100 ng of total RNA each from
telecephalon (T), optic tectum (O), hypothalamus (H), pituitary (P), liver (L),
kidney (K) and gonad (G, ovary) was subjected to RT—PCR for FSHA (32
cycles) and also 18s rRNA (28 cycles) which served as a reference of the
loading amount of total RNA for each tissue. PCR products of cDNAs were
revealed by 1% agarose gel electrophoresis. N, negative control; M, marker

of 100 bp DNA ladder.

(2) AZgaEn] 9@ A% A &4
kel s e s AAUEH W AR JAAE gA357] #18] GnRHE H] =3 HE -
HEFA -G A A Foll o] WA EB| 2] gatekeeper HE new frontier 1 EE A=

w3l A 5o #oJdl+= Somatostatin

L)
of
o,
_OL
38
ji]

KiSS1, KiSS2 1¥/al GPR54E
293 Growth hormone (GIDE #e $4tATh Futelold AL, Hata, b, 84
& 5 71749 24 % % E3}o] Total RNAS 2351913, cDNAE BA3tel 429 448 3

ZA]717] 913t Polymerase chain reaction (PCR) Wh-g-of A3t}
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(7P Isolation of cDNA fragments

First strand ¢cDNA¥ PrimeScript RT reagent kit (Takara, Otsu, Japan)Z ©]-83}]
500 ng Total RNA2} 87 a3l a1, 2+ 322 ¢cDNA WH-2 Polymerase chain reaction
(PCR) TZ g3 45 & A3t olu A& Degenerated oligonucleotide primer: ©]v]

11E o)A t}E o]F (zebrafish, salmon, rainbow trout, goldfish.. 5) 2 97| d & o7

3lo] AbHAJ o] =2 9 o FHE Forward / Reverse primersE Y A1}t (Table 2). 4o
2 PCR AH=E
Takara) & ©]€3l clonings} 3, A= o] doJx DNA plasmidE Sequencing F4] ol AF&-3}
AT

SNAE 4l ofu] Al G719 BLAST program= ©]€3) cloning 4% %5 &3,
Ay std 2498 98 ClustalW program (http//www.ebi.ac.uk/clustalw) & ©] &3] o}
o] o]F o] FAAEH vl A s Ay st 4 A == PHYLIP version (Ver 3.63, by
J. Felsenstein, University of Washington, Seattle, WA)<2] PRODIST$} CONSENSE
programE AHE&3h=  neighbor—joining®™ & &3l TSI AlSEAgeE AL
outgroupl.Z+ zebrafish® opioid +&AE AFE33 T PCR W2 templateZA4] A H
cDNAS AFg-sto] atglet. da&el oist o4 45 98l control F+AAEA 18s rRNA
(housekeeping 82} & shp) & PCR %3] vl w skt

[0

2 pGEM-T easy vector system (promega)2® competent cell (JM109,
[¢)

Table 2. Oligonucleotide primers used in PCR amplification

Primer Sequence (from 5 to 3°)
GnRH1 forward GAAGAATGGCTGCAAAGTCC
reverse TCKGTGTCCRTTTYCCCTGT
Kiss2 forward SCAGCGTCAACTCAACAARA
reverse TCTGGAGAGAGKCGACAYTT
GPR54 forward SCAGCGTCAACTCAACAARA
reverse TCTGGAGAGAGKCGACAYTT
GH forward SCAGCGTCAACTCAACAARA
reverse TCTGGAGAGAGKCGACAYTT
IGF-1 forward GCGATGTGCTGTATCTCCTG
reverse CTCTGTGCCCTTGTCCACTT
IGF-2 forward GATGTCTTCGTCCAGTCGTG
reverse CCTCTGCCACACCTCGTATT
ESH forward TGGTWGTCATGGCAGCAGTG
reverse AKACAGCTGGGTRTGTCTCC
TCAACCAGACMGTGTCTCTG
LH forward
CTCGAAGGTGCAGTCAGAYG
reverse
185 rRNA forward AAACGGCTACCACATCCAAG
reverse CCTCCGACTTTCGTTCTTGA
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(W) =9l 9] Kiss2, GPR54, GnRH1, GH, IGF—1 / 2 cDNA &%

 ATeM = Fuke e AAsHE, HekeEAl, P el XA FolA = Kiss2,
GPR54, GnRH1, GH, IGF—1 / 2, FSH & LH cDNA ©#H-& t& ofFol A H ¥ (zebrafish,
salmon, rainbow trout, goldfish.. ) @7 ds FE2OE dto] JHAlC] 2 oz HE
Forward / Reverse primersE T]A}213t Degenerated oligonucleotide primerE AF&3Fo] =
ZE A dHE
A2 GHES pGEM-T easy vectorel A2]3lo] competent cell (JM109,
3 cloningdt %, Ao]X plasmid AHES Sequencing A AE ((F7) A=) o
o =gk 43 Kiss29 304 bp, GPR54¢] 613bp, GnRH1 9] 275 bp, GHE] 371 bp, IGF—1 372
bp IGF—=2 385 bp2] cDNA FE 47| 4S vrd =7} 1} (Fig 10, 11, 12, 15, 16, 17). &=
sk, ZF 7329 nucleotide®] coding ¥ ofn] =AFS Z+7F 100, 203, 91, 123, 124, 128, 114
23 91 W= ZRIE I

3 CTGCCGGAACTTGACTCTGCACAGAGGACACGTGCAACAGGGTCCATCCTGTCTGCACTG
L P E L D S A Q R T RATG S I L S5 A L

63 AGGAGAAGGAGCACAGGAGAGTTTGTGGCGGAGGATACCAGCCCGTGTTTGT CCCTGAGA
R R R S TG EUF V A E D T S P C L S L R

123 GAGAATGAGGAGCAGCGGCAGCTGCTGTGTAATGACCGCAGGAGTAAATTCAACTTCAAC
E N E E O R Q L L ¢ N D RURS K F N F N

183 CCATTTGGCCTCCGCTTTGGCAAAAGATACAACGGCTACATT TACAGGAGAGCCGTGAAA
P ¥F G L R F G KR Y NGY I Y RURA V K

243 ACAGCCAGGACAAATAAGTTTTCACCCTTTTCTCTCTTCTCGCGAGAACTGGAGGTGCCT
T A R T N K F S P F S L ¥F S R E L E V P

303 AC 304

Fig 10. Nucleotide and amino acid sequences of Kiss2 ¢cDNA partial in blacktip grouper, Z.

fasciatus.

_33_



3 oI GEATGEAT CITTEECAA T TCAT G ECARATTT I T GOET TCCTACAGCAGETGACA
E & W .I F F ®'FF M EC F'F ¥ & FL Q@ g W_T

€3 ARG CAC T T AT CACT CI GACAGCT ATGAGT GEEEACCECTGITACEICACTGIC
¥ R & X CEoCl: B O CGHGE BB RS XOWONESW

1z3 TAC I I GAR AT CT T OO CAT CECACCCCGAGAGT AGCCATGATT GTCAGCATCIGE
¥ P L E S L BH-H B T B HE ¥ A M T ¥ 3.1 €

163 ATTTGEAT T GO IT AT I G ECCACGO T GATTTTAAT GTACCAGDGTAT AGAGGAG

E

Ch
I'& 8 B I3 T BPP'L L MWX - § R I

-
5]

]
™
o
o
1
I
1]

ST AT T T A A GECACTACT G ATEEAGACATTTOCCTCAR ACACACA TEAS

E ¥ WY F P H p ¥T € WESRTE F & KE T H E

ana GEECITT AT CCICTACCAGTTCAT TGO GO T AT GO EOCTGICCTCACTATCICR
B & B E R BT A AT F R CGESW LT LG

1 TG AR T AT T AR AT CEECC AR O CCACT CT GRARCTICTTGACARC
E BoNc B MR O aEge BT OCWNEE B RSN
423 AT AT AT CAA T G LG I GACAGAR T AT CAGT AT CAGGAGCAR AGTCTCCARG
BT g'v B L L.3 E R I L I I B F KE ¥  J. &

483 AT TG AT T T I I T OGO CAT I G GEECT COCATT CAGAT CITOGIC

543 LI TCCAGT CITICI AT CCAARCTACCAGCOCAACTACGCCACATACARAGATCARGACE
L F Q& EBE X B ¥ g P I & -8 KX KX
€03 TGEEOCAACTE €13

W AW

Fig 11. Nucleotide and amino acid sequences of GPR54 ¢cDNA partial in blacktip grouper,

E. fasciatus.

3 AGAATGGCTGCAAAGTCCTTGGCACTGTGTCTGCTGATTGTGGGAGCAGTGTTGCCACAG
R M A A K S L AL CTUL L I V G AV L P ©Q
63 GGCCACTGTCAGCACTGGTCATATGGACTGAGCCCGGGAGGGAAGAGGGATCTGGACAGC
G H ¢C Q H W S Y G L S P G G K RDTIL D S
123 CTCTCAGACACACCAGGCAATATTCCTGAAGGGTTTCCGCATGTGGACACACCCTGCAGT
L s b TP G NTUPEGF¥ P H YV DT P C 8§
183 GITTTTGGTTGTGTGGAGGAGTCACCTTTTGCCAAGATTTACAGAACCAAAGGATTTCTT
vV ¥F 6 C VvV B E S P F A K I Y RTK G F L
243 GACAGTGTCACCGACAGGGAAAATGGACACAGA 275

D § v T D R E N G H R

Fig 12. Nucleotide and amino acid sequences of seabream I type GnRH c¢cDNA partial
in blacktip grouper, E. fasciatus. (Accession No. HM030760)
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0

100

3

Zebrafish ptoploid receptor-
Atlantic croaker GnRH3
Red drum GnRH3

Nile tilapia GnRH3

Cobia GnRH3

Flathead mullet GnRH3
Threezpot wrazze GnEH3
Three =pot gourami GnREH3
Eurcpean seabass GnEH1
Black porgy GoBEH1
Atlantic croaker GnRH1
Red drum GnRH1

Nile filapia GnRH1
Blacktip grouper GnRH1
Threezpot wrazzae GnRHZ

Ba 7 Atlantic croaker GnBHZ
22
TE Red drum GnRH2
I E5S

— Cohia GnRHZ

G4 o4

== _E Nile tilapia GnRHZ

Lake whitefizh GnRH2

Rainbow trout GnRH2

Fig 13. Phylogenetic analysis based on comparison of the seabream I type GnRH
(GnRH1) of blacktip grouper, E. fasciatus.

Zula] GnRH1 52 #F2] ofu] Ak A

tilapia, european seabass 18] 3l atlantic croaker 5% GnRH1 isoform Il 43 = A

S AT 5 QALK EW, o1 F3 o)Al 4D FEYANME T isoform TEE]

af ¢F 65~72% % A o7 =4 vl (Fig 13).

=

62

122

182

242

302

362

CAGCGTCAACTCAACAAGATCTTTCTGCAGGACTTCTGTAACTCTGATTACATCATCAGC
Q9 R Q L N K I F L QQ D F C N S DY I I S5
CCCATTGACAAGCACGAGACGCAGCGCAGCTCCGTGTTGAAGCTGTTGTCGATCTCCTAT
P IT DK HET QR S S V L KL L 5 I S Y
CGGTTGGTGGAGTCCTGGGAGTTTCCCAGTCGGTCCCTGTCCGGAGGTTCTGCTCCCAGA
R L VvV E S W EF P S R S L S G G S A P R
AACCAGATTTCTCCCAAACTGTCTGAATTGAAAACTGGGATCCTGCTGCTGATCAGGGCC
N O I s P K L S E L K T GG I L L L I R A
AATCAGGACGGAGCGGAGCTCTTCCCTGACAGCTCCGCTCTCCAGTTGGCTCCTTATGGA
N Q D GA B L F P DS S5 AL Q L A P Y G
AACTATTATCAGAGTCTGGGCGCCGACGAGTCGCTGCGACGAACATATGAATCACTAGTG
N ¥ ¥ Q S L 6 A DE S L RURTYE S L V
AATTCGCGGC 371

N S R

Fig 14. Nucleotide and amino acid sequences of GH cDNA partial in blacktip grouper,
E. fasciatus. (Accession No. HM030764)
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Blacktip grouper OROLMEIFLODFCHSDY IISPIDEHETORSSVLELLS ISYR IVESWEFFSRSLESGGSAFR 60

Largemouth bass RBQLNKIFLODFCHSDY IISPIDKHETQRSSVLELLS ISYRLIESWEFP SRSLSGGSAPE 60
Nile tilapia QROLNKIFLODFCNSDY IISEIDKHETRRSSVLELLS ISYGLVESWEFESRSLSGESSLE 60
Three spot gourami QROLNKIFLODFCNSDY IISPIDKHETQRSSVLELLSISYRLIESWEFPSRSLYGESAQR &0
dhkhdk bk dd kb bk bk kb kb ki ki kb kb d bk hkd dhadddhhdkdkddkd kdk s &
Blacktip grouper HOISPELSE LETGILLLIRANODGAELFFDSSALOLAPYGN YOS LGADESLRETYESLY 120
Largemouth bass WQISPKLSELKIGILLLIFANQDGAELFFDSSALQLAPYGN YYQTLGSDESIRRIYELLR 120
Nile tilapia NQISPRLSELKIGILLLIRANQDEAENYFDTDT LOHAPYGN YYQSLGGNESLRQTYELLA 120
Three spot gourami ¥QISPKLSEIMRGIQLL IKANQDGREMFS DEVVEQLAPYGN YYQSLGEDESIRRSYELLR 120
ek s dkkk dd dkkakhkdd ddk 2 & L, ok kkkkdkddkhkedkd shkkdke skd &
Blacktip grouper HSR 123
Largemouth baess CFK 123
NWile tilapia CFK 123

Three spot gourami CFE 123

Fig 15. Alignments of amino acid sequences of the GH between blacktip grouper and

other fishes.

<rlg] GH f-dA2] ofn| -4k Y-S largemouse bass, nile tilapia Z18] 11 threespot
gourami 59 GH isoform % U o5} ofu| At Ao A5 S vlws] B, 2k 82~93%
Z Ao % =4 YEersth(Fig. 15).

1 GCGATGTGCT GTAT CTCCTGTAGCCACACCCTICT CACT ACTGCTGT GCGT CCTCACCCTG
AMGE F 5 38O L 83 de o €W h FD
(38 ACTCCGACGGECRARCAGGEGCGEGCCCAGAGACCCTETGCGEGGCGGAGCTGETCGACLALS
T OEF S OREE R R G BE LD E S A E L BT
121 CTGCAGTTIGTGIGTGEAGRAGAGAGGCTTI TATTTCAGTARRCCAR CAGEGCTATGGCCCC
L @ F e ERGE EF S BRI &I B
181 AATGCACGECGGTCACGT GECRTTGT GRACGART GCTGCTTCCAAAGETGTGAGCTGCGE
A R B 5§ ® 6 IVDEEC L E®R I E LR
GCCTGGAGATGTACTGT GCACCTIGCCAAGACTAGCRAGECT GCTCGLTCTEIGCGTGCR

[
T
=
=)

B LE N Y CAP A KT IKAALAER:®S S YRR
301 CAGCGCCACRCRGACATGCTGAGAGCACCCARG S TTAGTACCGCAA GECACRARGTEGAD

R 4T B L B K P EYE AR K YR
361 RRGGGCRCLAGAS 372

¥ 6 T E

Fig 16. Nucleotide and amino acid sequences of IGF—1 ¢cDNA partial in blacktip grouper,
E. fasciatus.

2 ATGICTTCGT CCAGTCETGCGCTECT GTITGCACTGGC CCTARCGCTCTACGITGTGGRA
M 55§ 8 R AL L FIHRLLRA:LLTIT L ¥V V E
62 ATAGCGTCGGCAGRGRCGCTGT GTGEGEEAGRAGCTGET GRAT GUGCTGCAGTICGICTGT
I A & A ETLCG & E L VDAL T ¥ C
122 GRRGRCAGAGGCTICTATTICAGTAGGCCARCCAGCAGREET AGCRACCEGCGCARCCAG
ED R GG EXY PSR PIT SRS S5 FNRERLDNEG
1laz AR CCGETGEGATCGTAGAGGAGT GTTGTITCCGTAGCIGTGACCICARCCTGCTGGAGCAS
¥ R&eIVEECCCECFERSESCDIL L L E @
242 TACTGTGCOCAARCCCGOCARGT COGRRAGGGACGCGTICGGCCACCT CICTGCAGGTICATA
T ¢ A ¥ B RAK S ERDEASHBHTISL @V I
302 CCOETGATGCCCRCACTARRACCERARAGTCCCGAGERAGCCECATG TGACCGTGARGT AT
P VM PALEEKPEWV?PEREKEPHVIT VETY
362 TCCARATACGAGGTGIGECAGRGE 385
S K'Y EV WO R

Fig 17. Nucleotide and amino acid sequences of IGF—2 cDNA partial in blacktip grouper,
E. fasciatus.
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Tute] e A B A o
=z
=

Z} 2 Zukg) 9] GH, IGF—-1 281 IGF-27} A8t J=A 2 A7) 94l
ST HxzAE T4, A, &Y, AEHE, ek A o ® Alsteal o (Fig. 18), &
TR ALT FHEAL I A, A AL TR RS o]

s XY =Z5H total
£ F=3t] cDNAS §4d383laL, RT-PCRY & ©] &3 mRNA 2@ ddS AAlsklt 2
Z}o] A &}Fo| AFE-E = forward primer @} reverse primer”7} detection® = ¢ X wiel, S&
¥+ PCR AHE 21_7]7]- oF 274~384 bp=E =2 YEA YEFF S M, internal controlZX =
18s rRNA (£=37] 2k 600 bp)E ALt 359 EE DNAE 1% agarose geld
0.5X TBE bufferg ©]43 ©719% & 3 gasivh,

7 A, AR e A B B2 5= GH mRNAOIA & A SHEl A RE 54 0
2 W8, IGF—1 mRNAE AIASHEE S0 R Ao 7zt 4o 1% W3 Egla 53]
FRZAANME Fp A2 AollA 73 Bl S el IGF—2 mRNAS] 73k whad 2
Hg THOET FFRAAAAA vehten, FHA tha oFepA|nt wo] FlE it
(Fig. 18).

Fnkg] o] 7] A (vitellogenin &) ¥ A <3 & o] 9l= FSH LH mRNAS] 2
of thste] A A, F FAR BF Hepr Aol 7 AetA wy o, the o' Al skl A,
el 28] A 23S FR A A tha okekA UERs TR (Fig. 19).

r°1'
L -

Fig. 18. Separate brain area of blacktip grouper, E. fasciatus that used in the
tissue specific expression by RT-PCR. Of, olfactory bulbs; Te,
telecephalon; Op, optic tectum; Ce, cerebellum; Me, medulla

oblongat—spinal cord; Hy, hypothalamus; Pt, pituitary.
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Fig 19. Tissue specific expression of blacktip grouper, E. fasciatus GH, IGF—1
and IGF—2 in nerves and peripheral tissue by RT—PCR. Of, olfactory
bulbs; Te, telecephalon; Op, optic tectum; Ce, cerebellum; Me, medulla

oblongat—spinal cord; Hy, hypothalamus; Pt, pituitary.
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Al 22 Fuke] A= Aol 7l e AT

o] FxAL A&EAOoT §A3 T 13L:11DA 141:10D2 Fxz o=z WAzl A
ATE YA 522 22CTE AL o]F F20 93t JFS FAlsH] Y& dx=+
9 AT s AE Az 9FIZTHE 22ToA 25TE A5 A7l & $AAA For}t

Effluent
drain €T
L ”
Air blower
| Py | e | e 1
— 12L 12L
W-T: 22°C | | W-T: 25°C
Initial 3 weeks 6 weeks 12 weeks
Light condition l ight condition
14L — 14L v
W-T: 22°C W-T: 25C

Fig. 20. Recirculating rearing system of schematic diagram and environmental control
(photoperiod and water temperature) scheme to sex maturation of blacktip

group, K. fasciatus.

AHFE el mE Adole] XA wEI s
224 (GSI, gonadosomatic index) 2] W3ale} A2l 4 ek oFS A WO RZ FALS
o
2
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BALTEFAT = (BALFTZ/AATE) X100
= ZAEA

Ao AsHE wzet7] Sleto] AAAE oA # &3t %, Bouin's
olution®l 24A17F 117 331, °o]F 70 % EtOHZ X 3A|A Foh 189 A A @
4 e e AN F getdor Fujsiglon, AR o8 5~6 me FAR FAEE
S WEQTE A EELS Hansen's haematoxylin® 0.5% eosin®® H| WM 2 A]5}Ho]
Fordn detel A AAs L, AAAW FAE ®des dao AHAHES I F, Motic
Image plus 2.00.2 YEAXS A7|E FA3] ZASFA T
BE BT 239 AYole 22T FolAM AANLTHEASF7E 06258 W o

WEAY (G 60.953.4 m)7F

Al YEbst o o FHQlY] Bo A sAT. &4 wk
T2E 25TCE AS5AZ 3 14L:10D9] A9 ofFEolA AAALTHAT7F 452 7t
s} Uﬂ iHJ GEAE BXE WSy WdRAS ) 7F s %A sk

] %}}E}(Fig. 21, 22).
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Fig. 21. Gonadosomatic index (GSI) change of female blacktip grouper, E. fasciatus in

control and treatment group during experimental period.
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Fig. 22. Ovarian development of female blacktip grouper, £. fasciatus during

experimental period (Scale bar=400 ).
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29l »%9| jn vitro &3 ZAF

Zutg]e Q198 HE5aEE Y% A4 32 FR FEE dolny] fete] FaEA
o] ¢kx ¥ty A= JNAlE AEste] 200-300 ppme] 2—phenoxyethanolell wFH A
71 5 AglZ AAde FEHE cannulationdtth. GEAMZESS (B HE 0.41£0.16 mme}
0.50 = 0.13 mm) =A] balanced salt solution (BSS; 132.96 mM NaCl, 3.09 mM KClI,
0.28 mM MgSO,7H20, 0.98 mM MgCly-6H20, 3.40 mM CaCly»6H20, 3.65 mM HEPES)
of AX T APAR HEE QY. RbE G R M Y= F Ao BSSORE MF o] Tt
AAoE Zh7be] GRAEE FEe F 24 well platesel welld Leibovitz's L—15 (L—15)
#jFel (Gibco) 1 mlell 20-30 7He] PGRAZEE EFskdth WA d d5fE s28o=
AdHA 17a20BP, 17a¢20aP, 172¢20821P 183 human chorionic gonadotropin
(HCG) & 44 5, 50, 500 ng/ml (HCG : IU/mD 2 FEZ 7k ¥ 18TelA 244k #l
FatAt. Wik ¢ G EAM XSS clearing solution (Ethanol:fromalin:acetic acid=6:3:1) ©.
2 AxAdS FHAA driAsteld #o F5E et 24 welld wigd GEAE
4ol tjgt GVBD(germinal vesicle breakdown)”} dojyt WRAES] H&S AAHste]
GVBD &= m¥s ZARHIGH(Fig. 23). A8 A #AS Foddolr A3y Eglon,
BSS¢} L—15 #jefeie] pHiz 7.85, AF&%Ei 370 mOsm/kg=z =433
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Fig 23. Various size of oocytes in ovary from blacktip grouper, E. fasciatus (scale

bar=1 mm).

Zuhg] dAaY H#dd 041 £ 0.16 mme 0.50+0.13 mmS o AEiE T2
o7 ¥ 17a¢208P, 17a20821P, 17¢20eP 18l11 HCGE HEH (5, 50, 131
50002 AH#gt & GVBD F% &vs =AM A3+ Fig. 24, 25% #Zvh. 3 ¢4 041
+ 0.16 mm% A%, 17¢208PE 50 ng/ml¥ 500 ng/mlzE g3t A& Fo A ozl
Hl&l GVBD7F f-o8tA S7kskedth. &, 247 50.13%12.52%, 51.77+5.91%%2 el oW
HCG 500 IUZ 23t A& A 49.59+£5.15%% 2+ (36.81+£2.89%) 0l vls] 9
A 718k th(Fig. 24, P<0.05). 172208 21PSF 17220aP8 BEE A Fo)rs= F3
3 GVBD fFEazs Holx &okth B ¥4 0.5010.13 mm FEAEZA = HCG 50
U AT A"k GVBD7F 55.30+1.20% 2 tlz=7 (32.41%£3.13%) | vl&ll F2lskAl 7k
skelth (Fig. 25, P<0.05). $1¢] A#E Hol Fntg]d] AsfEels 172208P 507 500
ng/ml, 1¥8]3 HCG 500 IU/mle] &¥}ZQl Zlog Rolm, it W4 0.41F0.16 mmo]

0.50%0.13 mmEt i =220 WgshA vkgshes 2oz gzbd.
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Fig 24. In vitro oocyte (0.41*0.16 mm) maturation stimulated by various doses of

HCG, 17a¢208P, 17a20aP and 172208 21P.
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Fig 25. In vitro oocyte (0.50*0.13 mm) maturation stimulated by various doses of
HCG, 17a208P, 17a20aP and 17a 205 21P.
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2. 4% Aol AHgA2H

Ao Fule ofvlRelS BH AP YA AL A AFE A YA
A (AFFE 16~187) & °§ BAe AXHE THH =BFAEA LA Fure of
Pl g A% fRE IR AREE 2de ARt detedats 495

FF7IHAAe) o A 1 (4L

—/_4

0

71+ P?i?%) ﬂa% I (14LFF71+25CFfAD) 2 gl 2 A8 2 12vey
FE3F 1, AF7I7E2 20119 129 209 5-H 20129 39 207FA 125:3F o]t} A S
Z U $&44AE 6.0~7.0 mg/L, pHE 8.1~8.322 AlFe] At Wit &4 x4
e Aol s fre dF AHZoEI =S I, A I TAS
W A sH] s AEFEEAl 24 AdEE SRR 3nked APt A S FE 2A
= A 22X (GS], gonadosomatic index) 2] W3} HALE AFdo] FZ A WY
o AAA I S ARG % AHEOE TEREE RAHYSAYoR

testosterone(T), 17 8 —estradiol(E2), 17 ¢,20 8 —dihydroxy—4—pregnen—3—one (17,20
£ —P)e WstE ZAFsIT. Ay dAdAxte] e 42 AyPolo] H3FA| oA total RNA
= ¥#)5}e] real-time PCRE FSH, LH mRNAS] @& aAke zA}3k9 )

FZFAF(GSDE 0.4010.23019 0, A A2E ik
°F 30~80 um =719 BAET #EEE vds G Ae 127
oF A1 GSI= ZH2F 0.30£0.22, 0.50£0.1501 37, A AE FHAY] GRAEe}
T7] GRAESe] #FHY Ty AT 09 GSIE 3.40E1.74% =79 AT
E s YERIAUTHEP<0.05). TS M0 Aol AAAE 30~40 me] ol
AZEH} 150~180 me] F+77) GRAEZE 783 320~400 m 2718 A% FREAE
2 mgdlel £AF o dasta itk (Fig. 26, 27).
L},

AHRo|EF 2R W3}

AERO)E T E2E(T, E2, 172208 -P) 2 W3lE g2lsly] £5te] v|H

FAE AIS $ 12000 rpmelA 10#3 A4 stel d4RkE FEatslon, +4 d 7t
A —20CelA WE R#AsTh AHZo|E $EE —Zr%—% 9ete] 7zt TEE(T, E2, 17«
208 -P)d ¥4 250 xLE AFHST o5 2 mL9 d !
1087 AAAN 3 70T WdFaols 158 AW AA 459 71 £95 (free
steroids) ¥H& Al #e] AT & dxd AHZEOE FEE2 1 mLY 0.1% gel-PBS
(pH 7.5)°l ©A &3fst3ltt.
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40 -+
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1.0 A
o ! mE  wm N

Initial Control Treatment I Treatment 1T

Gonadosomatic index (GSI)

Fig. 26. Gonadosomatic index (GSI) change of female blacktip grouper, £. fasciatus
in control and treatment group during experimental period. Asterisk on
colums indicate significant difference comparison with control and

treatment group (2 < 0.05). Values are mean £ S.E.

Fig. 27. Photomicrographs of ovarian development in female blacktip grouper, £E.
fasciatus. A, initial group; B, control group; C, treatment 1 group; D,
treatment I group. Od, oil—droplet stage; Pn, peri—nucleolus stage; Yg,

yolk globule stage. Scale bar=200 gm (A to C) and 400 zm (D).

g% AHZo|E $2E(T, E2, 172208 -P) 9 &% 542 Kobayashi et al. (2006)
94 v of] wgkth. A3o] AFEEH A= =5 Cosmo—Bio Co. Ltd. (Tokyo, Japan) Z4-F

). Standard 252 Steraloids Inc. (Wilton, NH, USA) ¢} Sigma Chemical (St.
Lousi, USA)Z%-E F<lakala, WAEAR [1,2,6,7—"H] —cortisol9} [2,4,6,7—"H] —Ez&
Amersham Life Science (England) ZF8 -¢]3}%t}.

T, E2 Z2¥3 17208 -P RIAAC 3lo4M FHa HEFS 247 10 pg/ml, 125
pg/mL, 10 pg/mL ©]% 3, assay W (intra—assay) 8} assay 7t (inter—assay) WHEATE
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50% A dEolA Akt A3, T RIAACIAE 2.3 (n=3)9 12.6% (n=6), E2 RIAA
M= 3.4 n=3)% 11.5%(n=6), 172208 —P RIAAIA= 3.2(n=4) 9} 9.5% (n=8) t}.

A8 A|ZA] T HEE 1.12 ng/mla, A F5 A T9 FEE controld A%
3.44+2.43 ng/ml, AYF+1 A 5.40%£1.31 ng/ml, A0 B$ 2.47+1.07 ng/ml=
Frolgt ApolE HolA AUTH(P>0.05). E29 s+ A3 AZAA 1.51+0.25 ng/mllil
12 % 8% E29 s %+ hx7(1.06+0.38 ng/mD), A&l 1 (2.04£0.85 pg/ml), &
T1(2.34+0.34 ng/mD) EF A3kl F227F I (p>0.05). 172208 —P+= AY
AZA HAEHA Stk a8y 125 F 172208 -PY FE+E AYTFI(2.6510.02
ng/mD)7F 2T (0.86 ng/mD e A5 1(0.72£0.12 ng/mD) X} = FH= YERAG
(P<0.05) (Fig. 28).

Concentration (ng/ml)

Initial Control Treat. I Treat. II

Fig. 28. Changes in plasma levels of testosterone (T), 178 —estradiol (E2) and 17
a,20 8 —dihydroxy—4—pregnen—3—one (17,204 —P) in blacktip grouper, E.
fasciatus under different treatment conditions. N.D., not detect. Asterisk on
colums indicate significant difference comparison with control and treatment

groups (/X0.05). Values are mean*S.E.

ol A ZA AL WS v W
(1) FSHBS LHB subunit®] mRNA =&z vl
AAZzAE e AFFETR] A 1A S A Ya Aol kA

=2 A&3% 300 w9 TRI REAGENT (MRC, Cincinnati, OH, USA)E #7}3}e] total RNA
= F=319 Y. =3 total RNATE NanoVue (GE Healthcare, Ver.1.0.1, UK)E A}-&3}4]
A

stgl o, A260/A280 nme] H]&o] 1.7~2.1 ¥ U9 & z2t= RNA MEwrs
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Meste] Aol o] &3ttt cDNAAIZE 7t Z#9 total RNA 0.5 wgs FIHO=
PrimeScript™RTreagentKit (Takara,Japan)< ©]-&3&te] JHAAA ARt A wre
& Oligo dT Primer 1 xL, PrimeScriptt™™ RT Enzyme mix 1 «L 183
5 X PrimeScript™ Buffer 4 p¢LE # 7}t 1 Nuclease—free THFF5 5
F37F 20 wLlo] HEH AT, 37TCoA 1583 A whe&
% 85CelA 5x%F 7Fdete] A& Tkt

Agad AR G4dE AXAEsERE FdA (FSHBe LHB subunit) ]
mRNA #dZS Quantitative Realtime RT-PCR W o=z ALt Ade] Ahgd
primers= FSHB¢ LHB Zt7te] d7IMd<s iz 3sto] 5ol4 primers Al&3akalow
(Table 3), quantitative Real—time RT—PCR& SYBR Premix Ex Taq [ kit (Takara)
= AFE3FS T cDNA 3 wE template® 3l SYBR Premix Ex Taq 12.5 g, primer
set 1.0 0, nuclease—free water 8.5 W& 77} H7Fsto] & 25 w9 volume® & HE-§-3F
9t} Quantitative Real—time RT-PCRE& CFX96™ Real-Time System (BIO—RAD,
USA)E& o]&3F3em, 95CelA 30x%%t initial denaturation, 95CelA 5%t
denaturation, 60ColA 30%%} annealing®} elongation 32" 40 cycles WFSA|A F

Atk 7t AEL 3R o R FaEglom, 18s rRNAE o] 43t ol d=F akqich.

Table 3. Primer sets used of quantitative Real—time RT—-PCR of FSHA, LHB and
18s rRNA in blacktip grouper, E. fasciatus

Primers Sequence (5'-3") Note
FSHpB F TGGT(A/T)GTCATGGCAGCAGTG forward primer
FSHAZ R A(G/T)ACAGCTGGGT (A/G) TGTCTCC reverse primer
LHA F TCAACCAGAC(A/C)GTGTCTCTG forward primer
LHB R CTCGAAGGTGCAGTCAGA(C/T)G reverse primer
18s rRNA F AAACGGCTACCACATCCAAG forward primer
18s rRNA R GGCCTCGAAAGAGTCCTGTA reverse primer

FSHB mRNA HAZS AAAA A3 F5 & e Aga3tel fFF 2ol= A
tH(P>0.05). Z12iv LHA mRNA 3= A7 07F =79 A1l vls F22<l
=2 4TS HITHP<0.05) (Fig. 29).

EN
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Fig. 29. FSHpB and LHA mRNA levels in the pituitary of female blacktip grouper, E.
fasciatus under different treatment conditions. Asterisk on columns indicate

significant difference comparison with control and treatment groups (Z <
0.05). Values are mean=*S.E.

(2) A&dAe wE KiSS1, KiSS2, GPR54 mRNA w3

Y -y sk A - A A A0 FHell oF MAYEH Y 2L AW 1093 ol /E £ ol
HFsa MAAEsAT o 7PE #lo] He Ygoldloy H KisS1 zﬂ TEAL G
protein—coupled receptor 54 (GPR54)2] ZA S Z A2 HAYEH| AL Fo| FA 5%
3L Sl Kisspeptinel] 93 fA g 2d A4 = tfFE LHFE THOE o]Fojxon, o
FoME AsdAlel W Kisspeptindt thE AUy s 22539 #A A7) vt
Aot o] A& Fukgle A5 Aol wE KiSS1, KiSS2 183 GPR549] & <
S Quantitative Realtime RT—PCR WO 2 ZA}SF T

AaeAle] wE KiSS1, KiSS2, GPR54 mRNAC &S quantitative Real—time
RT-PCR& o]&3&to] &elslgit}. KiSSI mRNAS wae A< Argo| A7t mAd< A
Hla] 94 2o]E Holm E:gkom KiSS2 mRNA A A& Aejol A7t ujAd < Abe]of H)
3 #9927 AolE Holw =S (P<0.05). GPR54 mRNAS 7% KiSS1, KiSS2 mRNA %
HF 2w s Aol A 7E s AdEiel vla] feAe® Hth(P<0.05) (Fig. 30).

m-i*
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Fig. 30. The representative (A) micrographs of ovarian stages and the (B) relative
expression level of KiSS1, KiSS2, GPR54 mRNA in brain between the
immature and mature female blacktip groupers, £. fasciatus. (a) Immature
stage; (b) mature stage. PNS, peri—nucleolus stage; ODS, oil—droplet stage;
SYS, secondary yolk stage. Scale bars correspond to 400 gm. Data are
expressed as mean=ETS.E. Asterisks indicated significant differences at P
<0.05.
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A 32 Fvbe 1EA FA" s A% dA Bt

1. ¥vle) @3t AAe WATER AT

& 2.5% glutaraldehyde &l 243t
S (0.1M sorense's phosphate buffer £ (pH 7.4)° 33 A % 2% osmium
tetroxide §ol 2A1ZF FuAsto] Fd @Fder 33 FAEH. AR+ ethanol §%
Newo® B8kl isoamyl acetate® X ¥ & critical point dryer® FAA
platinum 2 Lwste] s FAFY A3 JSM-6700F, JEOL) o= Qg4 & - §

79 wA TS Bt

srbe] P e G sESl 17 SAsk T (Fig. 31A). HHE (A7 6.6+0.41
2 AE5F FE3+FE (Fig. 31B) 2 vestibule?} canal® 74531, vestibular ridge ]
oF 6-7M UAE mEFxE #FHATH(Fig. 31C). Wt vestibule
9} canal® T2, o] wAFE2A FeEe] wet FE> Typel, Type I, Type II
g1 Type IV 5 47F4 +3 (Riehl & Kock, 1989) ¥ d% 83 Q%4 1z Z2urd 5
o] 37HA F¥eZ FE¥E T (Mikodina, 1987). &vtg] W7o FEl= FAMY AAdAvd @
zZ A3} vestibule?} canal®] FEjEAQl 54 wel Typel o 9F5FCo2 FH A &1
2] 9] vestibule Tx2E= AAWEC R 6-7/9 UAE metxr BFEo] vy oF
vl Aoletgitt. gute] n|aEgde] Wit Y= A717F ¢E 0.15-0.55 me pores°]
FHAGoR A Jiard FEHlE #EESNAL, pores 230—2707H7F =48kt (Fig.
31B). Pore WHol= o]F o}7ln 9 filament®} FAFSE =7]7F WA O 2 B ¥ 1 (Fig.
31D), A et W] EAst= poreld 7Pt gl FHFolE nEF A EarAE =713
noduleo] #Z=SItH(Fig. 31E). 74 ¥ Wit 9 vestibular ridge7t 43} o] F3ist 3
HE HYa(Fig. 32A), FZo] {77t HWA (Fig. 32B), % (dome)&d FAHT

I

g

ot
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(fertilization cone) ® w3} FAJHAhH(Fig. 32C). W& TR o xwo] A=
pore5o] 23] @S #FT & 9AOY nodules> #ET F §ldch(Fig. 32D). Su}
2 WA e G EE noduleld] HHl= F5o1EE Ztow, Wi FHF SAAAoE =4
St A71(0.15-0.55 m) 7} ©FFst pored 74 Awkg] 200—-25070, s3] 280-32071,
1 180—-22070°lvt &xke] B¢ 230-27070 2 F3tel AFo]7F AT Poref] 7]Ft‘ T
Ao A Ao st do] HEHE WE IR TF FdH VIAnS a8 ARl

Zee sk Aom FAHEY oo that dElsty 9 vATxAQl ATt EL*S}EH'_ <
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50kV X10,000 Tum WD 7.4mm

Fig 31. A scanning electron micrograph of the unfertilized egg. A, mircopyle (arrow)
in the animal pole; B, the opening pores (Op) distributing only around the
unfertilized egg micropyle (M); C, the micropyles consisted of vestibule (V)
and canal (C). The vestibule presented a clockwise 6—7 spiral arrangement;
D, the various pores (P) in the unfertilized egg. Note gill filament—shape
projection structure (arrowheads); E the chorionic surface showing pores (P)

and nodules (N) in the unfertilized egg.
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Fig. 32. A scanning electron micrograph of the fertilized egg micropylar vestibule. A,
the micropylar vestibule (V) appeared as a thickened structure by
activation; B, the micropylar vestibule exhibited swollen structure; C,
micropylar vestibule (V) showing dome—shaped structure; D, the closed
pores (Cp) distributed around the fertilization cone (Fc) of the fertilized

egg.

L AR wAl R

o Aol AREF AMmE I FxolM AREFA AST v (A, 39.6+1.5
cm, AF, 1.06%£0.94 kg) = HH 493} cannulation HO® F4E 2
238 AxEn g BFS 93k A)E= 0.1 M phosphate buffer (pH 7.2) k&gdel 25%
paraformaldehyde—glutaraldehyde®] 4TColA 2AzF A1 3SR O™, 2% osmium
tetroxide (0sOy) LA RO Z 4TCoA 1AF TSI AR ethanol % AT o=
El=3F 3 propylene oxide® X $3}o] epon—araldite 812 mixtureol] Z vttt ZujAl &
+ LKB ultramicrotome® @ 70~80 nm F7Z ZvdHS A#38te] uranyl acetate?}
lead citrate® o]z At 70 KV sl M F3g JEM 100CX-2) A& d oz s}
At FAFE AAEv) A BFES 93 Al5 = critical—poiont® A X3 ¥ platinum O E =

3to] FAFE (JSM—-6700F, JEOL) #xdu|d oz #HAsP o, =4 x+= SEMy} TEMZ
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cytoplasmic sleeve2} 11818 Wl 2
170¢] HR ) lateral finsS 2zt v]{ 5o 2 FEHAT(Fig. 33A, B). F33

N1 A e v
73 wEsk A3 kel A @(AA 2.15£0.25 m) > TEolH, o]F el e zkw gl
At AL AR 22 ol @] o r xAeA EEsIL, FATEES
EASHA] got T8 A EZANgE =AY vesicleso] #HEEATH(Fig. 33C). FvbE] A}
M2 centriolar complex©|A 7]¥3F= osmophlic filament® centriolar complex®} A&
Adxe gla, Ee ARl A2 54 (Fig. 33D) Ei= 33 (Fig. 33E) 2% ¥o] glow,
o] ®ejl= aMuto] dtE o] A (nuclear fossa)S #FES = gk Fnuly FAo

o)
Aol = proximal centriole¥} distal centriole®] osmophilic filament®
T2 o7 =o] Q). B3 distal centriole dleHE-oll+= osmophilic basal plate”Z}
17H9] W HE|E %%}ﬂ‘ﬂ AR AAHAY} (Fig. 34A). vk A A2] proximal centrioled}

g vAFZ2E 9719 osmophilic spokes 2zt Fdbbe] JEE2 7Hzt
“9+0” 9o mAl &2 EZAFXoltl (Fig. 34B, C). THlg] AAe] FHYEE= cytoplasmic
canales THCoE TR 39 8~97 wEZ=gol (A4 0.74£0.09 m)E =1 (Fig.
34C, D). &vlg] A THYF Addy Fode] Az Ay AnE FAH 92 cytoplasmic
sleeve g8 Aut Alolo] Zol7} 0.91+0.27 mol™ YH]ZF 0.36+0.03 mQ 3o 2719
FQl cytoplasmic canal E9%2 F%E zZt=t} (Fig. 34E). &9l A A9 necklace:
T cytoplasmic canal? gshe HE AP Ao AL} 2 7~8709 78 ¢
2 EAsT (Fig. 34F). vk FAe] HE= ofFelA dntaow ##d -+ 3l
AR E zb= uniflagellate J Ao, ARFALS] vlAlF 2= 149 T4 vAAT
olE EoRe 9% FH vAAToR FAE HFAQ 9427 o FAEoIUT (Fig.
34G). vlg] A AR 7|9} Bofo] therdt lateral fino] £A31H, lateral fin W50l
= AFAHAD 9+27 o FAxe B9 vesicle o] AT (Fig. 34H).

e
w
2]
&
(@)
(@)
=)
=1
=.
o
(@)
o
oot
(A

=
of
l—N

2

fr 2L 8
:' ot rd
= &4
1o

1

_54_



Fig. 33. A scanning electron and transmission electron micrographs of blacktip

grouper, E. fasciatus spermatozoa. A and B, scanning electron micrographs
of spermatozoa. Scale bar=2.0 ¢m. C, transmission electron micrographs of
spermatozoon. Scale bar=1.0 pm; D, the nucleus lies perpendicular to the
flagellar axis. Scale bar=0.5 um; E, the nucleus lies parallel to the flagellar
axis. Scale bar=0.5 pm. Cc, cytoplasmic canal; Dc, distal centriole; H, head;
F, flagellum. Lf, lateral fin; M, mitochondria; N, nucleus; Nm, nuclear

membrane; Pc, proximal centriole; V, vesicle.
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Fig. 34. A transmission electron micrographs of blacktip grouper, £E. fasciatus
spermatozoon. A, the longitudinal section; B, proximal centriole (Pc)
showing nine osmophilic spoke (Os) of wagon wheel type. Scale bar=0.5
wm; C, proximal centriole (Pc) showing nine osmophilic spoke (Os) of wagon
wheel type. Scale bar=0.5 ¢m; D, cross section of midpiece. Scale bar=0.5
wm; E, cytoplasmic canal (Cc). Scale bar=0.2 um; F, necklace particles
(arrows). Scale bar=0.2 mm; G, axoneme (Ax) of spermatozoa flagellum.
Scale bar=0.2 mm; H, lateral fin (Lf) of spermatozoa flagellum. Scale
bar=0.5 um. Ax, axoneme; Bp, basal plate; Cc, cytoplasmic canal; Ce,
cytoplasmic canal entrance; Cs, cytoplasmic sleeve; Dc, distal centriole; F,
flagellum; M, mitocondria; N, nucleus; Nm, nuclear membrane; NI, necklace;

Of, osmophilic filament; Pc, proximal centriole; V, vesicle.
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Aol 242t 73 %9 84.9 % E A YEY FHZA Foxt
. 39 Deniz et al. (2011) & Holo AsH WY
A, A 22 FEE At Gkt shich whEkba] Q19

=
Wor uwd we daxk i FEE QA WHEAl 2ARESjof & Zo

Fig 35. External structures of unfertilized eggs, fertilized eggs, floating eggs of 12

and 24 HAF, sunken eggs of 12 and 24 HAF from blacktip grouper, E.

fasciatus (scale bar=100 um).
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Fig 36. Distribution of egg and oil glouble diameters in unfertilized eggs, fertilized
eggs, floating eggs of 12 and 24 HAF, sunken eggs of 12 and 24 HAF from
blacktip grouper. UE: Unfertilized eggs, FE: Fertilized eggs, FLE: Floating
eggs, SUE: sunken eggs.

(3) o] Ak =4 4

T FFr]) 2AR Aasaid R 49 = ¢ TL: 35.5%£2.0 cm, BW:
643.0£63.0 g n=2; & TL: 41.0 cm, BW: 953.0 g, n=1; 2x 2% = ¢ TL:
29.7+1.2 cm, BW: 461.8£55.8 g, n=5; & TL: 36.0 cm, BW: 696.0 g, n=1; 3%} A3
= &% TL: 355%£2.0 cm, BW: 643.0£63.0 g, n=2, & TL: 39.8%£1.3 cm, BW:
1115.0£5.0 g, n=2, mean®*SE) & thi 22 HCG 500 IU/kgs SSTAF & HEF ¢huro
2 9y YaE Aok A3 EAR) F, 3 AdH el UJrE]r 12k A3elA =
A, #5 (over—riped eggs) 0%, 221 Aol = A, uFAt, FJAE (sunken
eggs), 3xk AZoM= v, T4 F 124177 2443 o]F9] FA G H7ktow
ol Zpzbe] Ak A S A s

Zntg] o] g% o] "kso] ulg] F#H|gk BSS (pH: 7.69, AFs%: 360 mOsm/kg)
o] &S Fo] 1,00070% F=ZE AMEsH T 4832 chloroform : methanol &3&1] (2:1,
v/V)E F7Fste] homogenizer® 2+3F wWHeE & o stk of Bl o] XA ZHepAae
Yo} evaporator® £1] AAZ FE=HAT FEE A AL 14% BF3;—methanol (Sigma
Chemical Co., USA) 2 mLE #H7}stal 3023+ 10 Coﬂfﬂ 7FAAIZ v, At ether® F
=3t AgAE BA G A8 2 AFEER T (Fig. 37). GC A% AL fused silica capillary

column®] &% gas chromatography® carrier gass &5 (helium, 99.9%) 2 AFE3}9)
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t}. Injector®} detector (FID)

25+ 250C= AASI A, oven 25+ 100TCT= A skA
thozb e EUzdels EEA

Wt methyl ester mixture (Sigma Chemical Co.,
USA) ¢} retention timeS H|@w3lo] A5G o kS 7} peako WAL Ay wrEga

Jeng g

D Test tubeel] F=% A% + 0.5 N NaOH Methanol2 21 N, %1

1
@ Heating blockel4 100C®Z 63+ 714
1
@ 274 2% % 14 % BF3; Methanol 2mlE 231 N, &3
l
@ Heating blockelA] 100T®Z 3037 714
l
® 30—-40C= 23l & 1Iml¢ Hexanes Y1 NoZ FT% ¥ vortex
1
® 3EE%= WA F 2B AFE Test tube H7HA Aw
1
@ Hexanes < dIAHZE IS o] §3to] &
I
F4AYE & (Sodium sulfate) + %3 Hexaned 4]+
(F+F3FAYEF © Hexane®d = 1.5 1)

!
@ gas chromatography 4]

Fig 37. Procedure of methylation for fatty acid analysis in blacktip grouper, E.

fasciatus eggs.
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12 Aol e veds, S8 283 Jsdor FEste] A 24
(Table 4). XE3}A|WAtE (saturated fatty acids, SFA)Q] H]&& 7 dto] 41,
@t B (77t 34.0410.12, 34.2170.01%) 0 W&l EA dEpgon, o &
palmitic acid (C16:0)#} Stearic acid (C18:0)°] w]=7g @z} F<sake] vlal] HA3] =),
T3k Arachidic acid (C20:0)¢] A%, Fd=AM = vlF A= =0 (0.23%) v
Hsdo = HEEHA ot G %EQX]HV\F (monounsaturated fatty acids, MUFA) 9
H &2 A%, vaAgdds a8y Fdsdex 2bzE 28.87+0.09, 34.81F0.11 183
33.2840.01%% yeh Ao v, skt vlaste] WA yebstt o] & A
of Soldox H=E ¥ AL Myristoleic acid (C14:1)ZEA] 0.19%= ZAFElaL, <5t
1+ Heptadecenoic acid (C17:1)7F 0.33+£0.01%% ZAE . =3 =4 @A MUFA
°f 2 74 4T oleic acid (C18:1)°] Aoz WA Yeht AA el MUFAS] g+
o] o Ao w FAlE Q). thEE A WAL (polyunsaturated fatty acids, PUFA) 2] %A
= A, vt aga dsdold & xpols gllev 478 n—649 PUFA7L

= (4.2110.03%), n—37419 PUFAL 7F¢ 97 (25.2410.02%) ZAME S oH
g, 8% a8l #43e] n-3/n-6 PUFA Bl&& 7b7b 8.89£0.20, 5.99+0.03
83l 8.48*X0.07%°1%1 2™, DHA/EPA H]& Zt7F 2.41£0.02, 2.20£0.01 18
2.18%%= et (Fig. 38).

10 - I n-3/n-6 ratio
1 DHA/EPA ratio

Ratio

UE FLE ORE

Fig 38. n—3/n—6 ratio and DHA/EPA ratio of unfertilized, fertilized and over—riped

eggs from blacktip grouper, E. fasciatus (lst. experiment).
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Table 4. Fatty acid composition of total lipid of eggs, with unfertilized,
eggs
fasciatus. (1st. experiment, mean®=SE). N.D = not detected

fertilized and over—riped from blacktip grouper, E.

Fatty acids 1st. experiment
(%) Unfertilized eggs Fertilized eggs Over-riped eggs
C14:0 3.84 3.13 3.34%0.01
C15:0 0.45+0.01 0.38 0.42
C16:0 21.71+£0.21 25.85+0.05 20.61+0.02
C17:0 N.D 0.29 0.44
C18:0 6.84+0.05 10.57 7.85%0.05
C20:0 N.D 0.23 N.D
C22:0 1.19+0.04 0.85 10.9+0.02
C23:0 N.D 0.39 0.46+0.01
> SFA 34.04+£0.12 41.68+0.04 34.21+0.01
Cl4:1 N.D 0.19 N.D
Ci151 0.29 0.40 0.37+0.01
Ci16:1 9.03+0.1 7.18 8.03+0.02
C17:1 N.D N.D 0.33+£0.01
C18:1 18.4+0.08 15.38+0.05 18.11+0.01
C20:1 4.39+0.22 3.40+0.06 3.66+0.03
C24:1 2.7+0.08 2.33%0.02 2.79+0.03
2. MUFA 34.81+0.11 28.87+0.09 33.28+0.01
C18:2(n-6) 1.62+0.04 2.66+0.03 1.49+0.02
C18:3(n-6) 0.68+0.02 0.57 0.62
C20:4(n-6) 0.86+0.08 0.79 0.97+0.01
C22:2(n-6) N.D N.D 0.36
C18:3(n-3) 0.91+0.02 0.78 1.03
C20:3(n-3) 1.77 1.59+0.01 1.88+0.02
C20:5(n-3) 7.43+0.04 7.14£0.02 8.22+0.03
C22:6(n-3) 17.89+0.07 15.73+0.05 17.95+0.04
> PUFA 31.16+0.01 29.45+0.05 32.51+0.03

23k APAAE WA, £ A T wgAs A AR 24 TS

= %
(Table 5). SFA?] H]&& H7Fao] 40.50+0.20%% w54 da FA+ek (zH2 38.39+0.03,

om (26.46%20.02%), Nervonic acid (C24:1)& vl (2.11£0.01%)0] A=, A%
& (ZH7F 1.6610.01, 1.01%)°l wlal =4 Yetstth. PUFAS ZAdvl= w54, Fdst
g a ARl Z+zE 26.02+0.10, 24.30+10.01 183 22.31+0.09%% el A
AN 7 w2 nlgz ZARE QT e 7247e] n—-3/n—6 PUFA H]&-2 3.68, 5.47+0.03
J83 4.52£0.05%°1% 2™, DHA/EPA H]&& 1.51£0.01, 1.64*£0.01 I8
1.5910.04%% YebSth (Fig. 39).

7}2}
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[ DHA/EPA ratio
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Fig 39. n—3/n—6 ratio and DHA/EPA ratio of unfertilized, floating and sunken eggs
from blacktip grouper, E. fasciatus (2nd. experiment). UE: unfertilized eggs,

FLE: floating eggs after fertilized, SUE: sunken eggs after fertilized.
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Table 5. Fatty acid composition of total lipid of eggs, with unfertilized,
floating and sunken eggs from blacktip grouper, E. fasciatus.

(2nd. experiment, mean=SE). N.D = not detected

Fatty acids 2nd. experiment
(%) Unfertilized eggs Fertilized eggs Sunken eggs
C14:0 3.93+0.01 3.60£0.01 3.41
C15:0 0.39 0.43 0.39
C16:0 24.65+0.07 25.70+0.04 25.91+0.08
C17:0 N.D N.D N.D
C18:0 8.52+0.03 9.57+0.05 9.90+0.11
C20:0 N.D N.D N.D
C22:0 091 0.91 0.89+0.01
C23:0 N.D N.D N.D
> SFA 38.39£0.03 38.39+0.03 40.50+0.20
Cl4:1 N.D N.D N.D
C151 0.31 0.31 0.33
C16:1 9.37+0.03 9.37+0.03 8.48+0.08
C171 N.D N.D N.D
C181 22.35%0.06 23.33+0.06 26.46+0.02
C20:1 0.95 0.93 0.90
C24:1 2.11+0.01 1.66+0.01 1.01
2. MUFA 35.09+0.10 35.48+0.03 37.18+0.10
C18:2(n-6) 4.54+0.03 2.76+0.02 2.89+0.02
C18:3(n-6) 0.61+0.01 0.60 0.66
C20:4(n-6) 0.40 0.40+0.01 0.49+0.01
C22:2(n-6) N.D N.D N.D
C18:3(n-3) 0.86 0.91+0.01 0.96
C20:3(n-3) 0.31 0.30 0.38+0.01
C20:5(n-3) 7.68 7.31£0.05 6.54+0.13
C22:6(n-3) 11.61+0.09 12.03+0.02 10.40+0.03
> PUFA 26.02+0.10 24.30+0.01 22.31+£0.09

3zt AdAME v, £ A5 JASET 12, 2447 o Bge W Aggow
o] ARSI TH(Table 6). SFAS] vl&S AHKEW J7Ate]|x 58.39+1.05%2 vlE&=E
74 vk &S Bl ow, MUFAS PUFACIME & Aol & Holx| ¢gkon DHA/EPAQ
M & T3 1.75~2.199 HYR ZAFE 1, 229k HE Ay ghs Btk Soldnidt A
S Linoleic acid (C18:2) ¢} Linolenic acid (C18:3) 3 Z& Hfx|wato] =4 &
AIZEe] Aol 7HEo] X ¢tk 1, 2 aga 33 AWab AW BA Ay R E
W] SFAolA &= »& 402 C16:00] 7HE =2 vl &S AA8%la, MUFACA &= C18:19]
P =2 vE&S AR YT =3 PUFAOAE docosahexaenoic acid (C22:6, DHA) 7}

7V =S vlES ARSI
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Table 6. Fatty acid composition in unfertilized, sunken eggs after
fertilized, floating and sunken eggs of 12 HAF, floating and
sunken eggs of 24 HAF from blacktip grouper, E. fasciatus.
(3rd. experiment, mean®=SE). N.D = not detected

Fatty 3rd. experiment

acids Unfertilized Floating Sunken Floating [Sunken

(%) eggs Sunken eggs eggs—12h |eggs—-12h |eggs—24h |eggs—24h

C14:0, 5.21+1.00 5.71+£0.45 5.03 4.40 4.56 497
C15:0] 0.88+£0.04 0.95+0.07 0.72 0.75 0.76 0.71
C16:0| 37.65%2.25 37.46%0.28 37.88 36.77 38.39 38.03
C17:0, 0.90+0.22 0.89+0.01 0.73 0.70 0.71 0.66
C18:0f 14.40+1.27 12.30+0.62 14.00 15.90 14.60 14.14
C20:0, 0.19+0.03 0.20+0.01 0.29 0.34 0.37 0.42
C23:0, 2.21+0.75 1.67+0.84 2.08 2.01 2.34 1.77
> SFA| 61.52+0.85 58.39£1.05 60.73 60.87 61.73 60.70
Cl6:1) 3.47+0.56 3.92+0.08 4.09 3.97 3.60 3.95
C181| 5.41+0.33 5.81+0.07 551 6.10 4.96 6.11
C20:1) 0.71+0.10 0.85+0.01 0.66 N.D 0.59 N.D

> MUFA| 9.59+0.98 10.85+0.16 10.26 10.07 9.15 10.06

C18:2(n-6)| 0.73+0.03 0.78+0.02 0.86 N.D 1.25 N.D

C18:3(n-3) 0.39 0.51+0.02 0.40 N.D 0.37 N.D

C20:5(n-3)| 9.56+0.54 9.28+0.35 9.62 10.58 10.01 9.95

C22:6(n-3)| 18.19%1.79 19.60 18.12 18.49 17.50 19.29

> PUFA | 2891+1.82 30.16+0.35 29.00 29.07 29.13 29.24

A AHRAbo] %38+ n—3 HUFA (high unsaturated fatty acid)¢! DHAS}

eicosapentaenoic acid (C20:5n—3, EPA)+

TAF=E2 ojn]o] n—3 HUFAY arachidonic acid (C20:4, AA), Z18]1
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Scophthalmus rhombus (0.43), Vazquez et al. (1994)7} X313t Senegal sole (0.26)
2] 31 Corcobado—Onate et al. (1993)¢] X313t turbot (0.25~0.44) ¥ v w3dS o
& HlEE YEdo] gE ofFdl vls) AhA e ® EPAS] HEo] 2 Z0F ZAE QI

& AT AFelA PUFA & n=3 @ n—62] W= 13 A3 w4+, 74« 28a 9
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(4) ¢ cortisol ¥ E, 3% 4
BAE A% AEE 12 AdelA A

gow FEAAL, 23 APeINE wgA", 7 F

7oz o] Zhzke] cortisol W E.E EA a9tk W AZ S Ay =A] BSS (pH:

7.69, AHFYE % 360 mOsm/kg) ol B0 A AI7FAdeep—freazere] Hstivh 48 Al

S 22 100708 Alestel B4 & §, AHS FESEo] cotisol B ExE WAMHSG S

(Radioimmunoassay: RIA) 2.2 =733t} (Fig. 40).
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AZ 50 W + 5oldA 200 w + TATY 20
overnight WH&
)
@ DCC (dextran coated charcoal) 250 pul 5
3000 rpm, 15% g4t A5 e
!

@ Scintillation cocktail 3 mL & $ radioactivity 57

4@

Fig 40. Procedure of analysis in egg steroid hormone levels from blacktip grouper,

E. fasciatus.

~HROE 22S 98ke] 500 49 NaClit 80% Oﬂ 2 1-2 mE <3 A H7sted
Bae 5 9422 (4T, 3200 rpm, 15min) & & ¥, *J%—%ﬂ—% FAste] THAl 80% o'

& 1-2 m= H7kste]l AAF 448 (4T, 3200 rpm, 15min) & 3te] A5 A& F7AsHaL
evaporation3}ith. I % 500 plo] B 7St # A %

(111, viv) &) EF92 1-1.5 m<= XW}E}O% —70CAM F5a AWAI7ILL, FF5AT +A
st A4S 23] wEste] g S F filtering® ol¥hE 200 wE HUlEte TE2E 5
A7HA] Ws Basldth e cortisold Er9 &% =742 Kobayashi et al. (2006)2] ®
Holl whekt}, Ado] AlgH dAls= 25 Cosmo—Bio Co. Ltd. (Tokyo, Japan) Z4-E Cé?i

ethlyacetate:cyclohexane

oX,

1_4
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t}. Standard 25 Steraloids Inc. (Wilton, NH, USA)<2} Sigma Chemical (St.
Lousi,  USA)Z}4E Tlskadcr. w3k HAlEAE [1,2,6,7—°H] —cortisol &}
[2,4,6,7—°H] —E»& Amersham Life Science (England) %€ <3t}

Frbe] Rol2FE F23 FF7] 2EE T A5 dE ddoR @O AAE (5
g, AR s, JA) el mE) cortisol¥ estrdiol=17 8 (E») 8 $LEE S 1
=

A AgeA v, 74 $o PR JATEs g e® Ey 9 cortisol 5
A= Fig. 413 2ok vsAdw, Fa& a9 I3 E, s=v 474 :
3.54%0.97 18]3 1.23%£0.30 pg/egg (mean®SE)=Z YE} F7ao|A Adjd oz w2
e BArt Cortisol %+ 247F 11.34£4.50, 10.17£1.48 18]3L 13.16%£4.73 pg/egg
(mean*SE) & YER oL Al 1537Fe] F238k Afol= HolA] ¢k
22k Ao = v s, B4, A0 283 £ 12412 2443w o]
AAFoRE FE3te] Ex8t cortisol®] X EF ZAMSHATH(Fig. 42). n5A =, A4 17
3 FAAe] E, %+ 22 15.82*1.71, 5.93%3.24 183l 14.50%3.29 pglegg
(mean*SE)Z uYeh} FAdeA e FE2E HATh Cortisol &%
11.11%3.41 183l 4.41 pg/legg® UEY FAFgo] Aujdorg =2 L5 R 4
S 12413 24 X104 ARk ARk e B, sEE AR Ad, FEE Aol #
ZhE 2] Qkskrh. AN A 124130 FAbE, AR JEa 7§ 24430 o] %9
Rk, A= cortisol = 0 , 7.45%10.24 pg/egg ¢ 9.87+8.24,
3.9416.52 pglegg® UEIL Algto] A FEARR JARE BEFOlA cortisol FE7F
7

F7bste AFE RYA, PRl N FFwel o & %E mol: Ao e

il
il
FN
>
rok

L
O W
I+
N
N
—

&

= z+Z+ 4,
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10 ~

E, concentration (pg/egg)

)

UE FLE SUE

25 7

[
(=]
1
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9]
1

o
=
1

Cortisol concentration (pg/egg)
(9]

UE FLE SUE

Fig 41. EZ2 and cortisol concentration in unfertilized, fertilized and sunken eggs from

blacktip grouper, E. fasciatus (1lst. experiment). UE: unfertilized eggs, FLE:

fertilized eggs, SUE: sunken eggs.
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20

E, concentration (pg/egg)

UE FLE SUE FLE - 12 HAF SUE - 12 HAF FLE - 24 HAF SUE - 24 HAF

25

20

Cortisol concentration (pg/egg)
b

: ]

UE

SUE FLE - 12 HAF SUE - 12 HAF FLE - 24 HAF SUE - 24 HAF

Fig 42. Changes of Es and cortisol concentration in unfertilized, floating, sunken,
floating and sunken eggs of 12 HAF, floating and sunken eggs of 24 HAF
from blacktip grouper, £. fasciatus (2nd. experiment). FLE—12h: floated
eggs of 12 hours after fertilized, SUE—12h: sunken eggs of 12 hours after
fertilized, FLE—24h: floated eggs of 24 hours after fertilized, SUE—24h:

sunken eggs of 24 hours after fertilized.

4 A9 el 2HE B 4 5o by 39S AgetA I8AE 5 gloka 8kl

= L%

t} (Brooks et al.,, 1995). oJu]2HH FHE AHZRoE S22 AdX = Hog HAdyo

Zpo] o] 7)o #ojsly] wjEo] WA T JTFE A= FHO o F53t
]

I Stk HEF ofv] fafe] AHRe|E FEEE 2T|RRo] A7
=AY AU Z2E Vless YEEA vl SR o B uskal Qlvk(Tanaka et al.,
1995; Stratholt et al., 1997; Tagawa et al.,, 2000). ~AHZo|E T 2%l E

oo AAAFIIE #do] o, FHI WAWE AX FiAoldar SHHET L
2214 etk (Rothbard et al., 1987; Feist et al., 1990; de Jesus and Hirano 1992;
Iwamatsu et al., 2005, 2006). & A7-°lA Ez9 %+ Fo el wat F3d A3
Holx okSkth. W] cortisol &= T4 olF FEAVIZHA G435 HastH, F3b 5 A4
3] S7FG AL A v FATNFo ol wigbAl 7] el cortisol 9] 90% W E=7F  “water
hardening"e] dojubdAA AAETty Ry o]l tl (Brooks et al, 1995). Alzte] w&

cortisol %55 543 23 A3 Ay, 4 2 & FAgdeo|r] 11.11+3.41 pg/egg® H| 1

29} cortisol
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A FE @S Blou 12A3te] ARE &, SR JAATEY cortisol skv 74
4.06£1.01, 7.45+0.24 pglegg® e AlZto] Agte] met fHadks A4S Bl 4
T 24N A =, F3F AZ]e TP A EA et AR BFolA cortisole] F7beRE
S KT Hwang et al. (1992)2 FA7lEo], @efyjol, 2o, WAay4s 1

vellowfin bream (52 4F)& oz FARFE 23} o]F9 cortisol TEF =

& A}, BE oJFelN F3h A ghdtl Rah AA%E ks A0z nussit.

R

o

a8y STk Al&stE AR ofFuit) xfolE RIEH], o= cortisold] 93 AlFo] 7Z;
71 & Aow F=31 9t} De Jesus et al. (1990)2 @A Ao]E thato =z 3t A9
A, FADNARE =AE cortisole] thyroid hormones A 3FA)7]7 o]Z Qs #}o] 9

AEET Aol AL AR, @A F W cortisol §E7F AfH TS S

A= e A BEA A edrh TR o] A AHRE =& A cortisol¥ AFSH

A 74 5 FA7INA Faske Aoz dEA Aok (Feist et al., 1990).

AT Ay, Fnbe e visdd, A" 29 FARe e B v ®dte F3
A

<

73 2 A e ol Ao A4Ee ¥ w2 BT A
Yol dest Aow AztEh Tt 234 FAboA Kl AT A7) cortisol WSS
= AVEd, PN E 1 ®E
al

4 AFHE FY F 1202 F Aolel B4 dag B

vl el

(i

4 TAEE T FAS A= P 323 EEL Wsidwi ol skl o] A7
Aol vitellogenin (VTG)S YRAES VTG receptors Ed WEAMER ALy
ddPor olgHT}

lipovitellin®} phosphoproteins .2 o] o] Az nf 2o
Cathepsing lysosomal endoproteases® VTG7F @l A7 S Z8) Iz =z 3
He JAo 9E vt B i ok (Busson-Mabillot, 1982, 1984; Hart et al.,
1987; Yamashita and Konagaya 1991; Carnevali et al., 1993; Sire et al., 1994). wtg}A
Hag Ao Fojste] W Adte] S o & AlwE = Cathepsin D9} Cathepsin L2 -
EA7IMYE g3 GEAd 2719 o, wigAd S e o, SAAS B A e
3 HstE oo S FAHste dARTE e o R S FAsgith

(1) Cathepsin D%} Cathepsin L2 #7144 cloning
Cathepsin D9 partial cloning= $3] orange—spotted grouper Epinephelus merra
(accessionnumber, GU988627), mi—iuy croaker Miichthys miiuy (accessionnumber,

HM628578), barramundi perch Lates calcarifer (accession number, EU143237) 181
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barred knifejaw Oplegnathus fasciatus (accession number, AB597935)°4 Hi¥ 7]
=
gilthead seabrem Sparus aurata (accession number, DQ875329)3¥ tongue sole
Cynoglossus semilaevis (accession number, JE772216)°lA HEiyd @74 ES #Ha=

degenerate primerE A 23}t (Table 7).

MEES F12 degenerate primers A 25 S Cathepsin L2 partial clonings

Table 7. Primer sets used for the cloning and qRT—PCR of CTSD and CTSL

Primer Sequence Note
CTSDF CSACTCCAGARMYCCTGAAG Forward and reverse primers setfor CTSD
CTSDR ATGAAGCRGCTCAGACARAT partial cloning
CTSLF BAAGAGGARGGCTGGAGRAG Forward and reverse primers setfor CTSL
CTSLR CYTGTCCCTSRAAGCCRTAA partial cloning
gRT-CTSDF TTCACTGCTCCATGTTCGAC Forward and reverse primers setfor gRT-PCR
gRT-CTSDR AGCGAAGTCAGTGCCATTCT of CTSD
gRT-CTSLF BACAGGGTCCATCCTGTCTG Forward and reverse primers setforgRT-PCR
gRT-CTSLR CGCTGCTCCTCATTCTCTCT of CTSL

A Ze cDNAZS F3 o2 Cathepsin D¢ Cathepsin L
mRNAQ] & d7|d8 238 A3} zhz 1123 bp, 751 bpE 82189 th(Fig. 43).

(B) Cathepsin D mRNA partial sequence 1123 bp
CCCATTCCAGAAATCCTGAAGAACTACCTTGACGCCCCAGTATTACAGGGGAGATCGGCC 60

GTGGGGACTCCTTCTTCAGCCCTTCACCGTGGTGTTTGACACGGGCTCCTCCAACCTGTG 120

GGTGCCCTCCGTTCACTGCTCCATGTTCGACATCGCCTGCTGGCTTCACCACAAGTATAR 180
CTCCGCCAAGTCCAGCTCGTACGTGAAGAATGGCACTGACTTCGCTATCCAGTATGGGAG 240

TGGCAGTTTGTCGGGCTACCTCAGTCAGGACACATGCACAATTGGAGACATATCTGTGGA 300

GAAGCAGCTTTTCGGTGAAGCCATCAAGCAGCCCGGCGTGACCTTTATCGCAGCCAAGTT 360

TGATGGGATCCTCGGCATGGCGTACCCTCGCATCTCCGTGGA! T TCCGGTCTT 420

T AACATCATGGACCAG GTTGAAAGTAACGTCTTCTCCTTCTACCTGAACAG 480

AAACCCGGACACTGAGCCCGGCGGTGAGCTGATTCTGGGAGGAACTGACCCCARATACTA 540

CAGCGGGGAGTTCAACTACATGAACATCACCCGGCAGGCCTACTGGCAGATCCACATGGA 600

CGGGATGGCCGTTGGCAGCACTCTGAGCCTGTGTAAGGAAGGCTGTGAGGCCATCGTGGA 660
CACCGGGACGTCTCTGATCACTGGCCCTGCCACAGAGGTCAAGGCCCTGCAGAAGGCCAT 720
CGGAGCCATGCCACTGATGCAGGGAGAGTACATGGTGAACTGTGACARAGTTCCATCGCT 780
GCCCGTCATCAGCTTCACGTTGGGAGGGAAGACCTACACTCTGACTGGAGAGCAGTACAT 840
CCTGAAGGTGAGCCAGGCGGGARAGACCATGTGTCTGAGCGGCTTCATGGGCCTGGACAT 900
CCCCCCTCCCGCCGGGCCCCTGTGGATTCTGGGAGATGTATTCATTGGCCAGTACTACAC 960
CGTGTTTGATCGGGACAACAACAGAGTGGGCTTTGCCARGTCCAAGTGAGCAACACGTTC 1020

AAGTGCAACGCTAA TCCAAGTTTTGGAGACAA. \TCTGAGCTGCACATGTTTTCTG 1080

TTGCTTTGCAATCAGACAGTATTTAGCAATAGAGTTTGTGTAG 1123

(B) Cathepsin L mRNA partial sequence 751 bp

AAT T TGGTGT AGAACCTGAAG, ATCGAGCTGCAC 60

AACCTGGAGCACTCCATGGGCACACACTCCTACCGCCTGGGCATGAACCACTTTGGAGAC 120
ATGACTCACGAGGAGTTCAGGCAGCTCATGAACGGCTACAGGCGCAAAGCAGAGAGGARA 180
CCCAGGGGATCCCTGTTCCTGGAGCCCAACTTCCTGGAGGCCCCARAATCTGTTGACTGG 240
AGGGACGAAGGCTACGTCACCCCCGTCAAGGATCAGGGTCAGTGTGGCTCTTGCTGGGCC 300
TTCAGCACTACCGGAGCTCTGGAGGGTCAGCACTTCAGGAAGACCGGCARACTGGTGTCG 360
CTGAGCGAGCAGAACCTGGTGGGCTGCTCCAGACCTGAGGGCAACGAGGGCTGCAACGGT 420
GGTCTGATGGACCAGGCCTTCCAGTACGTCGAGGACAACCATGGCCTGGACTCTGAGGAC 480

TCTTACCCCTACCTGGGAACGGACGACCAGCCGTGCCACTACGACCCCACATACAACTCT 540

GTCAACGACACT TTCGTCGACATCCCCAGTGGTAAGGAG! CTCTGATGAAGGCT 600
GTGGCCGCCGTGGGACCCGTTTCAGTCGCCATCGACGCCGGCCATGAGTCTTTCCAGTTT 660
TACCAATCAGGAATCTACTATGAGAAGGAATGCAGCAGCGAGGAGCTGGACCACGGCGTG 720

CTGGTCGTTGGTTACGGCTTTCAGGGACAAG 751

Fig. 43. Cathepsin D and Cathepsin L. mRNA partial sequencing of blacktip grouper, £.

fasciatus.
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(2) Cathepsin D&} Cathepsin L2 W&ok =

HHEA 2719 o, v A S vy O, A FAdE J3Ad aga Fake Ao
S AZ3o] total RNARZ % cDNAFAsIG . Zzte] ABZo|A Cathepsin D9}
Cathepsin L9 d& ok =4 & quantitative Real—time RT—PCRE o] &3t} 72 MZE&
gHE o] SAekion, 18s rRNAE o] &sto] did®xs stk 574 e SAAe =
SPSS version 12.0& ©]&3F39™, ANOVA—testE AA]8F% Duncans's multiple range
test (Duncan, 1955)% F41te] o< skt

: 3H5 1delM 3d7kA 2] #fofe

G2 2719, v, GG, A 3 3
/] Cathepsin D2} Cathepsin L mRNAS] 2&loks = Gt} ol A Cathepsin D mRNA
o] Wt Gk UIdeA g w2 dtdo] Yeltow w5 oA
FARH =2 do] Yebwth shARE A E mggd e Bogdvdel nlE] w2 Wb o]
el ol (Fig. 44A, a). $3FAFo o9 Cathepsin D mRNAS] @& H3 & 1URE 3
A AR 7HAashs AeS eRdtH(Fig. 44A, b). WollA Cathepsin L mRNA2] dH& 2
F@3A 27IdelA w e ddlo] yEton neA dol H2 wdlo] yYEET A S
o J7hdel A s v el vla] we w o] yErgon FbdelArt £ o e W
Uebsth(Fig. 44B, a). F3}ato]o A 9] Cathepsin L mRNAS #&HL 33} 3T 14
om 293 3dAd fFAFSHAl BHAl YEFSTH(Fig. 44B, b).

K
32 9
i)

(A) Cathepsin D

g L CTSD (a) CTSD (b)
53
o
£
a 2
[%5)
-
o
g1
: I |
E 0 | ——— .
GEEAT| O BapLt X7+ Lt DAH1 DAH?2 DAH3
(B) Cathepsin L
0.6 - CTSL (a) 15 CTSL (b)

e
w

Relative CTSL mRNA level

i = Hd R R

HEEYT O4¥Y REyd ¥

o

oY

us DAH1 DAH2 DAH3

Fig. 44. CTSD mRNA (A)¢} CTSL mRNA expression of blacktip grouper, E. fasciatus.
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Cathepsin D¢} Cathepsin L& v dda} =4 § FAdelA =74 vebd o oekd
A7 G Aol A er WA ey £ fARRe] fARE 3E Fdo]l drEReH
ol ¢} FAFSH A3= seabream(Carnevali et al.,, 1999), Perch(Kestemont et al., 1999),
Rainbow trout(Kwon et al.,2001)°lA Riugul o}t Tule]el 22 £4 F o] FAlE
BAgol AzS zh= Seabream? 4 dolA A7 Cathepsin DO W3 &
Hlal =4 FdEA A, ol G HHol Xﬂo ﬂoi HALE o7 A olEt o

r\r

=1t} Cathepsin D9} Cathepsin L& W3H-EZ 9] 43 4n) 9k oo
Fsharole A 3 A7t AdeEE T FAAre] wdo] Fhasks ok 5
S S5 2n)Ere 7] wiEolgt AZEn. welA, Cathepsin D9} Cathepsin L €8l 2
g o o] FAF 7] F44 markerZA 7hsAdol dtkal AzbE T

e =9 Fakee] T TAEIN g0l e 270 A (FEH 98% A
TL 27cm, BW 319g, /-8 90% 7Hﬂ]: TL 33cm, BW 599 @& thdoz Ao &HLr
(survival activity index, SADE ZA}sISIth. Shields et al. (1997)¢] WHeo] uhe}
24—well plate (Nunc A/S, Denmark)°] UVZ 2% dFE 1 m¥ A& F 9

o
—

I pasteur pipette©® FZTh o] F, F2A (25F0.5C) oA &F Holg dF FHsHA
o2 AdEielA sk 251(09:00, 21:000% FXF AAIE AlFeiGict. F3h 2 5E il |8k ol f
84 Wske AL, AP suknoR ZFEglon o] Ao® SAL W 84, 7 84

stk

SAI = Xk](N—hi)xi)/N

i=1
N, AEAA A Ao} 5
Hi, /A7 7kA41 8] 2 A S o]
K, Aol7} 25 Abge a7iael o 4
(Shimma and Tsujigado, 1981)

Yolk volume = m/6xIh*
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Oil globule =7/6xd’
d, 717
(Blaxter and Hempel, 1963)

A Ao g FAIAHZ = SPSS A #H7|A (Ver. 17.0)F ©|&3to] one—way
ANOVA test® H3#1te %Wé (p<0.05) ATE AR, Fao pHS FHE&, F4E
o] AAE @3] AEA (Simple Regression Analysis) 2 =& A2 7H9] ’%17&74]*% =
Abstth (p<0.05).

35} Aol Hah § 5~6U7HA AESIIAL(Fig. 45), 1% (Fe] B

AWM= §9A2] xfo)E Ho|x| ook} B3I & 2~3U7A T_ﬂLi,\_:_i %]'3'/} 79 &
AR (Fig. 46, 47), 0] A7lell o] o] F44 Zlow paHglon, 23} 4dak] Yol 2
23 7ReA vt dassink(Fig. 48). e Aol W ekl AFste] SALE 24}
At AY F= AN T 13 5 29 SAIRRS A7 4.29) 3.5 AR SITHFig. 49). 9
TIF 1o] I SAICA BlwA] EA VR, AT $9E] SALGES] Afol7h FrEEF o FAIAL
frejzks EABHA skt (9>0.05).

100 -
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Fig 45. Changes of survival rate in blacktip grouper, E. fasciatus larvae
after hatching.
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Fig 46. Early development of blacktip grouper, E. fasciatus larvae on

starved condition. DPH: days post hatching. scale bar=500 um.

0.16

0.14 - —@— Group 1
—— Group 2
m’; 0.12 A
£ 010
N’
g
= 0.08 -
—
S
0.06 -
=<
—
=
>~ 0.04
0.02
0.00 T T T T T 00—

0.003

0.002

0.001

Oil globule volume (mm3)

0.000

Hours after hatching
Fig 47. Changes of yolk and oil globule volume in blacktip grouper, £.

fasciatus larvae after hatching.
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[ Group 1
4 4 HE Group 2

Survival activity index
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0 n 1
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Days post hatching

Fig 48. Sum of daily SAI in blacktip grouper, E. fasciatus larvae on

starved condition.

At o] 7] AEES A do R R e T dRE § o IYHFE oldshk=
Al A wo] HFH ] AdE of el o3l A #F-Ert (Strussmann and Takashima, 1990). ©]¢]
7] BEEE Aole 22 F UMk veh=dl, ol el 93 A mlAl= on]e] AH
, GFdE ) el Qe Fe-Erk 53] dso] & Ao d=fo] 2 Ajoi s} vl B ouf, 2|37
o] o oko] oJUR|E BFS 4= Q7] Wil point of no return (PNR)o| =237 A7HA]
st o 7107 AdHA Ut} (Bagarianao, 1986). waps] Z7|8E

o] A2 & B o]l 4 UL Ve R SR oldHal itk
Psuedocaranx dentex®] 73-F, 7d¢52 WS oA SAIZko] 6oldol™ Apof AR Al AEE0]
B4 =i k31 (Mushiake et al., 1993), Lee et al. (1997) % HAFE o= SAIE H7}
Sk A3 1.8~9.69] MAE ARSI oH o]= ofn] o] 2Jgh 74017} SAlY| 9= = JoE B
33T} $HA Furuita et al. (2003)+ SAL= oJv] 9] Fd%
= Wt s, 7 Adel ol &H ¢ IF BT %% EPA &F%S Hol Hlm3d &

A

b 2 490 Avbs e S8 £& T 189
=

ﬁ
%
n
ol
t
©
>
1o

o

2
2
1o
i)
2,

o

I T2 Hol o7

o
[
rok

it
>
_<>|L
2
[
is

PN

T T

3 pow F709) o8 Aok molA ghgkor} oA TE fAMF 4

el Hlweto] & w vl A £ SAIE Yo & Ade ARRE Fuke] o 9l zpolo &
Ho] £ Ao7 wAtHAT}
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—

A 43 Frke 1EQ $AF AL U FEANY BY AT

1. AAFHEE

AR sARE AYS Aol A2 A A gatgle] Jds fF skl AAISHA
o} N AQAFH = wjAo] ey FulglE gt e ® HCG (Human chorionic gonadotropin,
Calbiochem Co., USA) 500 IU/kg BW= S| =2fu] A 15 o} &t ZFol FAF £ 24~48
AR B3-S qtubsto] At NS 1.5 ml FEO| Yol W53k & A ALg= w7}
A &S AL ice box (2~47T)ef R¥3FATE

ke A2} sAREE oF7] Slsh AR sARTS A 314 9 (diluent) # & @A A
(cryoprotectant) & ©Asl7] flsto] 27F4] 3] A N3t 2744 FlWAAE AFE-SFA ). 34 o
£ glucose®t marine fish ringer solution (MFRS)E AREstG o, SR A=
dimethylsulfoxide (DMSO) ¢} Test Yolk Buffer (TYB, Irvine Scientific)E A}&3}F3icth
(Table 8). ANz} Ao AHEet wx9 pHy 2H7 459 547] (The Advanced™

Osmometer) 2} pH 5%7] (Mettler Toledo) & ©| &3} ZA}sIS

Table 8. Constituents of the diluents tested for cryopreservation of blacktip grouper,

E. fasciatus sperm

Diluents Constituent

2.5% glucose Glucose, 2.5 g/100 ml DWV

5.0% glucose Glucose, 5.0 g/100 ml DW

10.0% glucose Glucose, 10g/100 ml DW

MFRS? CaCls, 0.346; KCI, 0.597; MgCl,, 0.017; NaCl,
(g/LL. DW) 13.5; NaHCO3, 0.025

UDW, distilled water; ?MFRS (marine fish ringer solution), Chang et al., 1999.
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7h G AN B 54

sukg] 849 pHye 7.69, A% Y 5% 360 mOsm/kgel itk 183 AR E AHE
3 2.5% glucose, 5.0% glucose, 10.0% glucose®} MFRSS pHE= Z+2F 6.40, 6.81, 7.39,
7.55019031, 4HFSF FEE 145, 288, 585, 483 mOsm/kge| A tH(Table 9).

Table 9. Osmolarity and pH of seminal plasma of blacktip grouper, £ fasciatus and

diluents used for cryopreservation

Osmolality
pH
(mOsm/kg)
Fish Plasma 360 7.69
2.5% glucose 145 5.06
5.0% glucose 288 4.73
Diluents
10.0% glucose 585 4.76
MFRSV 438 7.11

DMFRS, marine fish ringer solution.

gaEE A S Bt

AT ARE B oA FalFE UAE Ye 77k FA N} FaUA A FH 3|
£ Song (2004) T2 WS S8kl At (Table 10). & A9 FFAFS
1 oz &l A Ysols 0.5 ml 82 JARES straws o] &3ttt 7+ A3l
A A7 F99 0.5 ml AREE straws AL F7)(-76TC) 2 HHF] 13 YE3t

O, AlE3] AA AL (-1967T) o Yol 22 Wsstth. Yad AAs AAdA B39 7

7 AASE & 30.0£0.5CY F24F2E o433t 10x oluel slF A H

1S
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Table 10. Diluents, cryoprotectant and fresh sermen mixture rate for sperm

cryopreservation of blacktip grouper, E. fasciatus

Experimental Diluent .
' Cryoprotectant” Sperm Mixture rate
group ingredient concentration
GDS 1 2.5%
GDS II glucose 5.0% DMSO fresh semen 0.60:0.05:0.35
GDS III 10.0%
MTS MFRS TYB fresh semen 0.25:0.5:0.25

1) TYB: test yolk buffer; DMSO: dimethylsulfoxide

o

FANE 5 A58 440 $54 ke 4 27 A4 AF F AANF 1

9
H| &2 343 % Integrated Semen Analysis System (ISAS)E o] &3te] &EAS 7~
SAsle] FHS Folit). ISAS L2 73S o] &3t AR &5 HI7eE AR &%
B2E DIEZA 49AZ Uro]l F7Estdth(Table 11). 181 A4 A9

A
e T S=TA vlue 7 AIATo Ads AR AMAZEE(VSL, straight line

o
=

velocity), Hd4Z%5 % (VAP, average—path velocity), A4 Z%%(VCL, curvilinear
velocity), =A4 2 AP X (LIN, linearity) 181 A5 5 (STR, straightness)E& FA}
skt (Fig. 49).

s - AIRF Aol wmE AT B AR 28R AT

Bl w2 e ARSI

ATV]

i

oz ARk

0!

Table 11. Criteria index used to evaluate sperm motility

Class Sperm motility

A Forward movement rapidly

B Forward movement slowly

C Vibrating movement moderately
D Immobile sperm
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Cumilinear path (VCL)

Average path (VAP) J

-_— Straight line path (VSL)
Track start point

Fig. 49. Diagram and illustration used to evaluate sperm motility.

ok AR A 5

AR S5y 2L AP AAA S Folste Aom YZ4HE A class? B

class gAF vl &2 7217t 51.8%9 5.8% ©lAth. o]F 10 A% Al A class® B class FAF
Hl&o] Z}7} 53.6%9F 11.2%% 7P &4d 54 s Btk olF HAa &-sido] as|
Al Zste] 1A17F 30+ A & %592 A class®t B class & H[&°] 247 8.3%%} 4.2%
2 7P 9 e de HERITH(Table 12).
AREZEE(VCL) ZAME R AJZA] 65.2 m/soloem, 10+ F2 Al 64.6 m/sZE 7}
dwE SEE B olF HAF syl AlAske] 2A1F A3 Al 59.9 m/sol k. A A
£ (VSL) ZAFE 3 A2HA] 21.4 m/selled, 108 A3 Al 30.0 m/s2 78 wE
S5 B o]F Hzap frasty] Al&ste] 2A17F A3 Al 14.2 m/selth HAEAEEE
(VAP) ZAME T AJ&FA] 36.8 m/sOleH, 104 AT Al 44.9 m/s= 71 wE S25 X
At ol F HAp FAask7] AlFtsto] 2413F A3 Al 29.7 m/so] Qlvk(Fig. 50, Table 13).
A SR AFEWLIN) AR AJRAL 32,9 %olier, 102 43 Al
46.5%% 7Y =2 e BT olF Ak fasty] AlAeto] 2413 A3 Al 23.7%°] At
=5 s) A A3 Al 58.2 %olslom, 10 B3 Al 66.9%%
b Ayl AlArske] 2A13F A3k Al 47.9%°1 9 (Fig. 51,

=

u| ]
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Table 12. Change of fresh sperm motility in different groups according to the time

course
.. . . 1 hour
Initial 10 min 30 min 1 hour . 2 hour
30 min
Rapid progressive
51.8% 53.6% 21.7% 20.8% 8.3% 13.8%
(A class)
Sl i
OW PIOBIESSIVE s eo  11.2%  112%  114%  4.2%  3.6%
(B class)
X .
O Progressive 09%  2.0%  51%  18%  1.6%  1.2%
(C class)
Immobile
41.6% 33.3% 62.1% 66.0% 85.9% 81.4%
(D class)

Initial

et

l‘hour 30 min

2 hour

Fig. 50. Change in fresh sperm motility of blacktip grouper, E. fasciatus according to

the time course.
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Table 13. Fresh sperm motility according to the time course

.. ) ) 1 hour
Initial 10 min 30 min 1 hour . 2 hour

0 min
VCL (u/s) 65.2 64.6 55.9 59.5 56.7 59.9
VSL (im/s) 21.4 30.0 23.9 18.4 17.4 14.2
VAP (um/s) 36.8 44.9 36.9 33.7 32.1 29.7
LIN (%) 32.9 46.5 42.8 30.9 30.6 23.7
STR (%) 58.2 66.9 64.9 54.6 54.2 47.9

ZAHE¥ GDS 9k GDS M AdgelA 71 skl

GDS s} GDS I HE79 #ls & +58e =AM A3 22 A class A& v]&2 242
i MDSeF MTS Ad+9 A# 542 242 29.1%%

25.0%°131tk. GDS 19 A £542 247t 11.6%% 71 Stk (Table 14).

52 P54 s F 254 AL AR 308 ojulen, AT F M 23E

& A= GDS M AT otk AR 254 ASAES 243 o) AES)

2 oz
nt

Table 14. Change of thawed sperm motility in different groups

GDS I GDS II GDS 1III MDS MTS

Rapid progressive
(A class)
Slow progressive
(B class)

No progressive
(C class)
Immobile

(D class)

11.6% 56.8% 50.6% 29.1% 25.0%

0.0% 1.5% 14.5% 5.1% 11.8%

15.3% 0.3% 1.9% 2.4% 2.2%

73.0% 41.4% 33.0% 63.4% 61.0%

o%
offt
o
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offt
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flo
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ol
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oL
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GDS MAF T A ZA] FA o] Folsl= Aow B7hE = A class9 B class A2 v &
= 47t 45.4%9 17.2% ©l%dtk. o]F 303 A3 Al A class®t B class d#F v]&o] 2447
50.6%sk 14.5%% 7b8 e weds Rt ofF dx wsdel Fasty] AAste] 1
AIZE B3 5 }
545 BltH(Table 15).
GDS I H¥7-9 sis F 4= FAHEZEE(VCL) ZAFA T AJZHA]
55.2 m/sollom, 1A A3 Al 64.6 m/sol vt AHNBRZEE(VSL) AP A 2HA]
31.6 m/selom™, 1A A3 Al 18.5 m/solth. FHAEEZ(VAP) ZAA Y AJZHA|
43.5 m/solRq o, 1Az A3 A 34.6 /st (Fig. 51, Table 16).
GDS I Ag9 dlg & 2 2548 A Aot S44=2 AF=(LIN) AP A%

H
B
—
S
©
o1
©
R
i
N
9
1w
(o3

$5AL A class® B class FAF v &o] 77

Mo
oX,
IN
>
i
B

Al 57.2 %ol o™, 10 A3 Al 43.7% 2 Stolx]7] A|&stsit). ol % AxF ZFAshr] Al
sto] 1A17F AT A 28.6%0)%ltt A& % (STR, straightness) FAF A3 A|ZHA] 72.5
%ol om, o]F Hap FAastr] AFsle] 2417F A3 Al 53.3%°] 3 tH(Fig. 51, Table 16).

Table 15. Change of thawed sperm motility in GDS II groups according to the time

course
Initial 30 min 1 hour
Rapid progressive
45.4% 50.6% 14.1%
(A class)
Slow progressive
17.2% 14.5% 5.9%
(B class)
No progressive
2.8% 1.9% 2.6%
(C class)
Immobile
34.6% 33.0% 77.4%
(D class)

Initial 30 min 1 hour
Fig. 51. Change of thawed sperm motility in GDS I groups according to the time

course.
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Table 16. Thawed sperm motility in GDS I groups according to the time course

Initial 30 min 1 hour
VCL (um/s) 55.2 57.8 64.6
VSL (m/s) 31.6 25.3 18.5
VAP (um/s) 43.5 39.2 34.6
LIN (%) 57.2 43.7 28.6
STR (%) 72.5 64.4 53.3

g 4% % ARE Bz wdeln AgAsue] A8 A
2 [e)

ton) ol =% - AFF#Y st kgl E A S ® cannulation W

) = o}, AdolE= 200~300 ppme 2—phenoxyethanolo]
npA A = o] F A O] WA Cof mel AdoE dEste] yd 0.8 mm, 217 1.0 mm
A

1 AgF A FHE ©]&35to] cannulations AT W A3 wid FEE sH7]9lS

Fig. 52. Examination of sexual development in blacktip grouper, £ fasciatus using

cannulation method.

Cannulation W& ol&3ste] e AS5HE7F 7k 42l didez dntd A=
T2 X (HCG, Sigma Co., USA) S AFg3le] W A
2o g3 500 TU hCG/kg BW &%
24—48A12F A7 T wE F s th(Fig. 53).

o
-

-
_'_6
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Fig. 53. Serial view images of artificial fertilization and fertilized egg.

(1) 12 4% A4 A3 (201149 39)

Cannulation WY o=z wigF+E7F 73t 7rlg] & AWHeSG 1, wists F5317] ¢4

¢

500 IU hCG/kg BW EZ 13 Z&FAF st & 7vkg] 704 5 6vtglr} wigko] 71&53f
Slar, digke oF2 187 mL ©]glal, olF FAE &S 137 mLelth(Table 17).

Table 17. Artificial stripping of blacktip grouper, £E. fasciatus eggs after HCG

hormone injection (1lst experiment)

Total length Body weight Ovulated egg Floating egg

Fish (cm) (9) (mL) (mL)
1 27 305 25 23
2 27 328 25 5
3 33 555 50 40
4 31 435 25 22
5 33 568 12 2
6 30.5 518 50 45
7 26.5 277 - -
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(2) 22 FAH Aak A8 (20114 59)

Cannulation W¥ o2 w#HE7F 753 11vkgs AdEeda, a3s f587] el
500 IU hCG/kg BW 52 13 Z5FAF stk & 11vte] /44  5ufelrt wjgo] 715
ahQlar, wigkE k2> 180 mL ©|%laL, o]F FA4¥ 47 42 mLollth(Table 18).

Table 18. Artificial stripping of blacktip grouper, £E. fasciatus eggs after HCG

hormone injection (2nd experiment)

Total length Body weight Ovulated egg Floating egg

Hish (cm) (2) (mL) (mL)
1 27 367 - -
2 27 352 - —
3 33 538 - —
4 31 462 40 15
5 30.5 593 40 20
6 26.5 328 30 5
7 30.5 437 40
8 31.5 506 30 1
9 30.5 444 - -
10 30.0 405 - —
11 34.5 522 - —

(3) 3&F 4= A A3 (2011 8¢Y)

Cannulation Wy oz wdFErt 7ls3h }FJE Adsigla, WS stz fls)
500 TU hCG/kg BW %2 13 &AL sqlth. & 6vkg] /A F 2vtel 7} wjgko] 753t
Rar, wigkE ok 40 mL ©)%la, °o)F FAE 574 %% 38 mLo| %It (Table 19).

Table 19. Artificial stripping of blacktip grouper, £. fasciatus eggs after HCG

hormone injection (3rd experiment)

Total length Body weight Ovulated egg Floating egg

Fish (cm) (g) (mL) (mL)
1 27 386 20 19
2 33 565 20 19
3 31 482 - -
4 30.5 685 — -
5 26.5 362 - -
6 30.5 437 - -
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(4) 42 =A% Aak A8 (2012d 249)

Cannulation W¥ o2 w#HE7F 753 12vkgE AdEeda, i3S f587] el
500 IU hCG/kg BW 52 13 Z5FAF stk & 120t2] 744 = 8ulelrt wigo] 715
shQlar, wigkE k2 122 mL ©|%laL, o]F FA4¥ 4 95 mLolltk(Table 20).

Table 20. Artificial stripping of blacktip grouper, £. fasciatus eggs after HCG

hormone injection (4th experiment)

Fish Total length Body weight Ovulated egg Floating egg

(cm) (g) (mL) (mL)
1 32.4 515 50 49
2 30.5 547 - —
3 28.4 554 5 3
4 29.3 561 7 —
5 32.3 594 10 7
6 30.2 612 10 6
7 31.5 618 20 18
8 33.7 645 - -
9 34.8 647 5 3
10 32.5 648 - -
11 35.5 782 - —
12 37.5 885 15 9

(5) 52k =4 Ak A3 (201249 3€)

Cannulation W¥o =z H@#HfE7F 7Fs3t 1OU]-F/]—E— AW T, WS 2357 98l
500 IU hCG/kg BW HEZ 13 <+SFAF 39T = 107y 7RA 5 7vig]7) wisto] 7Fs
st ar, vigrE ok 100 mL °olaL, o]F FAE %F&% 50 mLo] ¢tk (Table 21).

Table 21. Artificial stripping of blacktip grouper, E. fasciatus eggs after HCG

hormone injection (5th experiment)

Total length Body weight Ovulated egg Floating egg

Fish (cm) (g) (mL) (mL)
1 31.4 595 20 15
2 31.5 625 - -
3 30.4 627 14 4
4 35.3 635 18 9
5 34.8 647 - —
6 32.5 649 10 6
7 34.5 705 21 13
8 35.7 741 - —
9 34.8 786 17 3
10 37.5 827 - -
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koA Kol A 2 4R
=]

(1) &wkg] 27] g
1

)
T4 F AR e g Y e dEeith AP &2 (256£0.5C) oA AAEH o,
e u| 7 (Zeiss, Germany) ¥} profile projector (Mitutoyco C., Japan) & ©]-g&3to] #z3}3l
o 5 WAl SR 2AFEY], 4AMREY] 8AIREY], 16AMI3EY], AT E:ai7], i,
Kuffer's vesicle & 2 WjAIZA, F37HA 2 HAGA7F 50% ol FoRe WE
At
Tk AT FARES e FeiAdder O

me] AL (Fig. 54A), 78 % 1AZF A sto] vjRto] F - AESS FO2 A 1dgo] AJztE o]
2ME710) o] =Rk (Fig. 54B). 778 F 1A1ZF 302 A¥ste] 44271 (Fig. 540), +4 § 14]
0% Zatste] 8413E7] (Fig. 54D), 74 F 2713+ 102 A3t 16ME7] (Fig. 54E) 2 &
ettt dado] A% Iy met & A717F A4 FobA 3AIRE Foll A7) (Fig. 54F),
S-ofl Zu)7] (Fig. 54G) el o]=WA] ujrkg]o] A

A dEE 9] AFeY Y 1A AREe W ik HxE dEE Qo2 A bl
o] FAE = Gul7] (Fig. 54 el o]2%lar, 1447 & A37F = wlszo] /9= et
(Fig. 54D. 74 5 16A1ZFo] Ay 74 Z3te) b7 4wl oju 2A9] F++ 4~5

Y
ol

poe
o

NAaL, Kuffer's vesicleo] A2 HZ& F-iteo] Edth(Fig. 54)). 74 F 20A1%F B33
& wf e} o]x7F FAHY, FEFTE 19~207M % ST (Fig. 54K). 74
o] AatAE Wl wiAY] FAdel AXHEA Agukgo] #HFEUAT FI=

Tkl Al ZHE T (Fig. 54L1).
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Fig. 54. Embryonic development of blacktip grouper, E. fasciatus. A, fertilized egg;

B, 2—cell stage; C, 4—cell stage; D, 8—cell stage; E, 16—cell stage; F,
morula stage; G, blastula stage; H, gastrula stage; I, early embryo stage; J.

myotomes formation stage; K, lens and ear vesicle formation stage; L,

hatched larval. Scale bar=150 i (A to K), 800 mm (L).

(2) -Fvty] H-shapol o] Wk

Hahe AolE o r Wk - f70 FEE JIAIRE 283 FEHsE AR
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Oj‘ﬁr. Ui 9 g0 24O B AR HE A7 7FH 0% 5~10 nlEE BE =Z5}o]
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Fig. 55. Measurement of blacktip grouper, E£. fasciatus larvae. a—e, total length; b—d,

major axis of yolk; c¢—d, diameter of oil globule; f, minor axis of yolk.

0.05
-
E 0.04
[-F]
g 0.03
E
ﬁ 0.02 -
-
>- 0.01
ﬂ T T
0 24 48
0.003 -
—
=
E
-]
§ 0.002 -
=
-
=
= 0.001 -
=
u.
e 0 : :
0 24 48

Hours after hatching
Fig. 56. Absorptions of the yolk and oil globule volume in blacktip grouper, £E.
fasciatus larvae according to the time course. Vertical bars indicate

standard error of means.

(3) &ukg] = - Alofe] e Wy A%

Fapd el mE Aeoje] gawsts 2Abey] s Aul g2 (0.75%0.75 m, FEF
& 250 L)elAl & 25£1CE A3kl 10,000~20,000712] F4sHs F8&5 5§39
25 7Aooz A A Y (Fig. 57). Ao e] HolZ+= Rotifer, Brachionus sp.

_91_



5 2570A/mL UERE FEston, AMgSEU Rotifere] Holgh FAMYES flEl AwE
Nannochloropsis $ A& PaviovaZs ZtZF 3x10° cell/mL¥} 2x10° cell/mL v 2% W)
o 23] Hrbelih dEmol A FE F3F § 229 FHY AR FIFAIAE ol
sto] @3t AN RAIE 1~270A/mLe] dEE Fasidlew, #3269 $HE 250
 olste] o7 8 x7] vHAALEE 2E Y, dEH ot A FEsdth(Fig. 58). AT
o] AL fFAE 8 ARLATVE AA Gt AFSTIES §EANAY FEE 10 mg/mL

Jsgom, o F 20074 A5AE fANT 202 o F 19 134 B

PN o
ol

1S

(A === A —==> A —==> A —-=-> =2 ]

€l -co = =

Fig. 57. Schematic diagram of rearing system of blacktip grouper, E. fasciatus

larvae.

Feeding scheme

Nannochloropsis sp. + Paviova sp.

Brachionus sp.

Artemia nauplii

Artificial feed

| | | | 1 | | | | 1 |

0 5 10 15 20 25 30 35 40 50 60

Day after hatching

Fig. 58. Feeding scheme during the larval rearing of blacktip grouper, E. fasciatus.

3§ 0~1d w5 uFEE W] AAsta o, fE FE A dEe] #
el fAskATt B Gl A oRE "olx glom Jheal YAl
FeE vebdlch i) Fartoge Fud T AT HEy &1t
Al FAYE Holr & &S e $3th(Fig. 59A).

3l F 3~649 @ FE {77 & FFEAeH, Qo] s o] AR th el 5



A7V A E o] <
YER7] Al#ste] HRAA 2 i%ﬁlﬂ?iﬁ} Elxlbﬂi 1 e kS
euo] ST A -5 P o= YERStH(Fig. 59B, O).

EE 5ol YeRg Y mg X -]

sALen] Zo] B

et Qojglov wxevle] el ae

P35l & 9~129 : 5

n
ol SMAYE ¢S A
S A7 YERSTH(Fig. 59D).
sk & 22¢ ¢ IRl E AR ]t T3 mE A =efn] o] V| Z2AR] &7]7F weEstsl
t}(Fig. 59E)
3t & 459 ¢ Axgu] E3F gREa, Aol FAE WH dAlE Euar, zpojelA

Zo1e] Fe 2 WAt (Fig. 59F).
Al 253 Fdst e E e TH(Fig. 59G).

$5 609

Fig. 59. External development and growth of blacktip grouper, E. fasciatus larvae. A
newly hatched larvae 1.5 mm TL; B, 1DAH larvae 2.4 mm TL; C, 3DAH

larvae 2.7 mm TL; D, 12DAH larvae 5.4 mm TL; E, 22DAH larvae 10.0
mm TL; F, 45DAH larvae 22.4 mm TL; G, 60DAH larvae 30.2 mm TL.

o gatel PANHE F
3e ek Aol wol A
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AL 3 F 5440 dAugsteld fetow A o] HYOow, ARt AAA5E 43
% sy o) AAo] yolA fekow oAl o] ofelfirh,
zpole] AL BT oF 1.2 mp o] o

14 A3 5 oF 24 m A2 F4% W3}

2 | 5 o] o] Foixt 124
5.4 m, TR WAE AAL 2294 105 m 2712 A F3 F 45840
zZpofol A Aol FE|E WEtAA 22.4 mm Z7]E SRR, 3 * 60Y o] e+ 30.2

Total length (mm)

0 1 2 3 4 5 6 7 10 12 22 45 60

Days after hatching

Fig. 60. Change of total length of blacktip grouper, E. fasciatus larvae by days after
hatching.

3

3. FHHe A el A% B AEE B

ot
fu)

T
e

7k Fuke) A - Aol Gl uhE Lat 3

(D) Fuke] 2 - 20]9 Aspy|d o] it

B35l (DAH: Days After Hatching) 43739 wraekAt-S xAlslr] 98] ALS=
1 Fuky A - AojE F3H S (0 DA FH H3F 5 104 (15 DA 7= W, H3F 5
119 (15 DAH) ¥ #3 % 449 (44DAH)7HA &= 2~3Y 402 7 w4 AEY 43
ok Eukg] A} - 2o] AsbriEe] oN-FH W dAnlF (Carl Zeiss, HBO5S0) aFell Al &<k
o= FEegin

Fubg] A} - X 43t oF-FH HES dv|FstelA fror @ e $3 7Y
AM7AA AAIEITE 3k A5 (0 DAH) f¥ 32 dgA skon & W3E 7 a9l
Ak F3 AT xgwe A AAdoR e 1 Ue] #EENeH FE AAEH
NATHFig. 61A). F3 & 244 (2 DA %HFy Q=7 w38l on, 2sae] 2 Ao
S o]l #FHAY(Fig. 61B). #3F 5 344 (3 DAH) &3t#e] AAL o5 &
FEGom Ax, A, 2] Eshe FEekA stk #3494 (4 DAH) TEHAoH



=]
n
2o AAZE FHlo] #FHUT(Fig. 610). #3F F 744 (7 DAH) 422 A9 5

glor], o] moly] A&ttt I3 2stehy A Holst AT (Fig. 61D).
8 F 794 (7 DA ALom Wa@Fel BaHgon BE5 2ol Be ST} ¥

X3t (Fig. 61E, F).

Fig.

61. Morphological observations of the digestive system during the development

of blacktip grouper, FE. fasciatus larvae. A, general view of the newly
hatched larvae on O DAH; B, posterior region of the incipient intestine of
newly hatched larvae on 2 DAH,; C, posterior region of the incipient
intestine of newly hatched larvae on 4 DAH; D, incipient intestine on 7
DAH; E, incipient intestine on 7 DAH; F, incipient intestine on 7 DAH. AN,
anus; DT, digestive tract; E, eye; GL, gut lumen; IN, intestine; IV, intestinal
valve; LI, liver; OG, oil globule; RT, rectum; UB, urine bladder; UD, urine
duct; YS, yolk sac.
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(2) &nke] &} - A9 &3]

Sukg] 2 - Xo] Aslr|e] dg W HIdEAAS A8 Wlow ZAbshr] flE AE
H¥ # - 2o]E Bouin's solutiono] 24417 A3 & I 2= Fo 24417 FAISATL
70% Ethanololl A 24A17F 317 % 80% EthanololAl 1A]ZF 90% EthanolelA 1A|3F, 95%
EthanolelA 1A%}, 100% EthanolollA 1AM @A A& &FA § sty o Fujs)
ek EolE FatdaE 2455 5um FA9 sagittal section®® AHHHS A&
ZAGAN o RE ARkARl Asy|d dEY) #ES 9ld Hansen's Haematoxilin?}
0.5% Eosin (H-E)oz vlwgste] gsigion, Hiads Erlats widAze] a2
< 98] Alcian Blue—Periodic Acid Schiff (AB—PAS) &4 ]
Zeiss, HBO50) aloll A #zketo] Fube] o] Aspr|a e ofds AT

r
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)
=
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o
=
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=]
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o AupFo] FAHU M G A A HEE AT (Fig. 62A). 73 &
o] dzEglon, SR AB-PAS 44
_1_:[]_

9

_E'L:_
BHee Hele a5 wiidAl 2 BE G (Fig. 62B). ¥-3F 5 944 (9DAH) 2%

& 3 2
Hutg 4uFe] AB-PAS WSS vehi 59 WA 2RTYon o

SR F77h EREAT Fig 620). Ashe FR AAEe] gt Axgo] waHo
4% 2 ° g

3
g El Al e] 7 Skl (Fig. 62D). 731 F 2444 (24DAH) A =gh A5 Afole]
Ao o] RFHJAN A REHA A TAR AT A ToA
= W20 G (Fig. 62B). #3F F 2944 (29DAH)
AtH(Fig. 62F). #1ok A AAF-o fdekTo]

P gtekglh (Fig. 62G). #-3F ¥ 34474 (34DAH) <1574 74
A7 e gloH, e w7k Ak Srbekth(Fig. 62H). 271 A3 iE =

A FEAHE B T 4498 4DAH)E Aolg 2o 2mpiwe] FHE REch Fu
9 A% g Fulsto] AAHQ &3 )5S FRetE A A4 Bero] YA OR
2 ol e =& AFS tehiich Tela g9 @GR Aol fiAsho] b I
Wol FHd £ b WAL WAFE FEEY BDAVIE 909 FA AV 2ok £
R Q
€]
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Fig. 62. Sagittal section of the digestive system during the development of blacktip
grouper, E. fasciatus larvae. (A) Larvae of 4 DAH, (B) Larvae of 7 DAH,
(C) Larvae of 9 DAH, (D) Larvae of 15 DAH, (E) Larvae of 10 DAH, (F)
Larvae of 24 DAH, (G) Larvae of 29 DAH, (H) Larvae of 34 DAH.
Abbreviations: Al, anterior intestine portion; DT, digestive tract; ES,
esophagus; GC, goblet cell; GG, gastric gland; 1V, intestinal valve; LI, liver;
MF, mucosal fold; PA, pancreas; PC, pyloric ceca; PS, pyloric sphincter;
PST, presumptive stomach; PT, pharyngeal teeth; RT, rectum; ST, stomach;
YS, yolk sac.



(4) FA=efu| e} wiA =ejn] = dd

SA=#u Al 253 wix e S FdL F3 F 10UFE FHsUT. TR =]
A 22 H3 T 1094 616.6=28.6 umoﬂH B3 & 309 Hh 2063.1+295.6 m7t
| 37skdeh. Mix=gn] =58 doj= #3} & 1094l 676.7£19.3 el F3F $ 30
of Ao 1648.7+292.0 m7HA A &3ttt (Fig. 63).
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Fig. 63. Growth of the second dorsal spine and the pelvic spine by day after
hatching in blacktip grouper, £E. fasciatus larvae. Vertical bars denote

standard errors of means.

(5) F3pAte] o 271 w3}

T8 B NTAL Ao o] et et Aol ZH7h 80.1£8.3 mt 87.5+7.5 m A
om, H3t § 7dA FotF 176.2+6.7 me} sFeHF 200.4+15.2 m=z Fjel do] A%
sHh olF wAs] Frkstel Wk 1294 Aebd 333.5%11.11 mst S
555.1+34.1 melA 6044 ot 2816.5+110.2 msh 3tk 3101+99.4 mell o] =3
(Fig. 64).
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Fig. 64. Changes of the upper jaw length and lower jaw length by day after hatching
in blacktip grouper, E. fasciatus larvae. Vertical bars denote standard errors

of means.
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. ZukE] z) - 2o o] A wE AsiAE] 54
(1) expy] F3dgdE FHAAE7)d (Cholecystokinin, CCK) kA 4

Z+E T4 a A FA o Holsks CCKE Hatdad 2dd S4e 8 Fadsd
Znkg] F3Ato]E total RNA F% A7b4] —80ToA Ry, % Al 24 100mg &
1ml®] RNAiso Reagent (Takara, Kyoto, Japan) & #7}3t & homogenizerE ©]&3}o] wm}
ARk mfE AEE 5ERF A2 W F 0.3mle SEEIXEFS UMkl T
% 12,000g & 4TCellA 1527F AU FTH2 MEZ2L FEZ &1 s 5FY
O AT Z &S H7Iste] 12,000g2 4TAA 1023 A7t FdE RNAE 75%
EtOHZ FAd & EtOHS ¢+d3] Al Aste] DEPC-DWel &35tk €3¥ RNA+ Nano
Vue (GE Healthcare, UK)& ©]-&3Fe] A260/A2809] ul& o]&stol x5 Z4stith
Total RNAC] ®IAS 97] 93] RQl RNase—Free DNase (Promega, Madison, Wi, USA)
37CoA 603 A efste] A A7HA =80T B a3it.

3l CCKY waokde dolr”] $38t% Real-time quantitative RT—PCR<
SYBR premix Ex™ Taqll kit (Takara, Kyoto, Japan)< AF&3t3lom, Snig] 1H2
CCK 7MY e Fum 5old ZtolwE Aldste] Adel ARgsRalvt. whg-ole 24u09]
cDNAES 807 7m0 SYBR premix Ex™ Taqll &} 1.0x08] XZzlo]w AHE, mpxjulo g
410 nuclease—free waters &3] H-23}tE Real—time quantitative RT—PCR #4
& CFX96™ Real—Time System (Bio—Rad, CA, USA) ©]£€3s}lo] 95T oA 30%%F initial
denaturatione AA|EF S W, 95Co|A %Xt denaturation, 60CelA] 30%%} annealing =}
elongation 3}%] 40cycle® HES3IGTE EE B4 AlE+ 3HHEOZ =451 o 18S

rRNAE o] gsto] g A8kl

7t A3lasr e 9 G AdEeFo dojslE Fo43F 2R CCKY AS -3
% 2974 (2 DAIDHYH 2dH7] AJ&sigior, o2 R2RE Hols Aolst= F3)
% 5947 (5 DA RY @dzo] FA3] Fr7Mekdd. A37#59 7l

47} Z7Veel Wl CCK wrawo] AAjs) @iau} 9)Aureo] o] FojAi= ¥
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Fig. 65. CCK mRNA levels measured with quantitative real—time RT—PCR assay in
the blacktip grouper, E. fasciatus from hatching to 45 days after hatching.

(2) F1e) 2RI BHAE 54

Sutg]o] ZYAAEZIY BB AE (CCK-producing cell) EAY} EX kS ZFALsH|
Qs Ao i ol2x= Tulg] A3 & AE3F F Bouin's solution®] 24A17F 114
393 23 38S 2% (esophagus), ¥ (stomach), A4 (anterior intestine portion), %
A5 (mid intestine portion), &% (posterior intestine portion), &A% (rectum), %3
(pyloric ceca)® o] AWl ubetd Ao 98] 5 pm FAZ AASAY. ZHA A
E7d BoAE 32S 98 primary CCK antiserum= 1:1000 %2 3|4&to] 12184

o] gt om, MAFAM WMHS avidin—biotin complex (ABC method) S ©]&3}o] 4
sttt AltE A HES PBSl FAst] ZEIAAETIE 1AZAE 4TolA 224 3bE<

[‘

Agstal 23S A H HEFH SR ABC 7|AENE Hsto] DABRMAE o] g3}
AAE AAEAT A8t 228 AFA] poly—L-lysineo] ZWHE EEto]=F o] &3fo]
A 9 & G g njSolA wAaRleS AA o WAdN dn § 7p P
A EFdee FUAAEIIY SHIAREES FStdv]d (HBO 50, Carl Zeiss)shelld #3 $-
A8kt
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Table 22, Fig. 663 Zt}. Euig]o] ZHUAIAET|W BEHAYXE A9

%
B REPFS uehilor] A4Re 455 57b Aol 5o #AH Lk

Table 22. Numbers of CCK-—producing cells and goblet cells in different digestive
tract regions of the blacktip grouper, E. fasciatus

Numbers/tissue section

CCK—producing cells Goblet cells
(mean*S.E.) (mean*S.E.)
Esophagus N -D 2078105
Stomach N-D N-D
Anterior intestine portion 12+1 1237+86
Mid intestine portion 8*1 1056+91
Posterior intestine portion 5+2 859*67
Rectum 51 719+78
Pyloric ceca 12£2 214+24

‘N - D” indicates not detected.

Fig. 66. Photomicrographs of CCK-producing cells in the digestive tract of the

blacktip grouper, E. fasciatus. A, anterior intestine portion; B, mid intestine
portion; C, posterior intestine portion; D, rectum; E, pyloric ceca. CC,
CCK—producing cell.
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Sube] At FUAAEIY BHAEE A felAe BEEA o, AN
12+2) oA #HZE S tH(Table
7 AuE e S AbAlEY EXE
ahalom Alxe] HF EFywol Ao WS FasE ke 11 FHe kAl FHAAE

71d EHlAlEe] FEE 2l

Fig. 67. Photomicrographs of goblet cells in the digestive tract of the blacktip

grouper, FE. fasciatus. A, anterior intestine portion; B, mid intestine portion;

C, posterior intestine portion; D, rectum; E: pyloric ceca.
4.9 Sge] E wES ol F 4 % 2384 54
TS T ES
gl wE whE]d o Fel Aukgl e A 9 2384 EAS 2AME] 98k, 27

AZ 349.2 + 38.4 ¢ U HAA(TL) 28.8 £ 0.2 cm < 36vtg]e] Aputgle| &) Adg, =
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A g, SRR AAsE oA ARSI TH(Fig. 68). Aol AmtEl &2 wlolaE-E 1
(Trovan Electronic Identification System, USA)E S5 NUAA ZA S, AF
A 273 7o AR g o EX sy A2k Fxd ATl 9ntel A e Ak E ¢l
2 Z}zFo] AFS % (fiberglass reinforced plastic; 4o X o] x 3% 150 X 150 X 150
cm) oA 12573 ARSsGiTE v Hell &gt JaFs m7] ek, 7o AbSxe JRE
WAl o 2 A3kt Blue (480 nm), Green (520 nm), Red (590 nm)9 1as, 374,
Aol FdE 7b LED (Light Emitting Diode, 125W; Savner, Korea) F9< ©]
Mz AFolgt Bl s Aske] 1253 ASAE S eI 242k W s 3= (light
intensity) > UAE %A (DX-200, Taiwan) & AHE3ste] F3xWI $F 50cmelr 54
sk 5 FYY FolE xdste] Z47+150 Ix; 15.2%+ 0.1 ft—cd¥} 77.3 Ix; 7.3% 0.2 ft—cd=
FYsE 2o w grgol FATH(Fig. 68). zhzhe]l 9 34 F A7 (photoperiod) 2] 7% ¢
A el W& o] gato] AP 0 FdHA Bt o] Fow, ARFAH AREsE Antg
HolZ = AdE EP(extruded pellet; Le Gouessnt, France) Al5E A=£9 5—-7% = 43}
of T & 1Y 13 Tkl
Natural condition Green (520 nm)

4 N 7 N
* Light intensity

(water surface)

1501Ix
15.1 ft-cd
* Full - spectrum
* Light intensity
(under water depth 50 cm)
T7Ix
7.2 ft-cd
. /O /
Red (590 nm) Blue (480 nm)
(_ [ - = N (_ N
* Light intensity * Light intensity
(water surface) (water surface)
151 1x 1511x
15.3 ft-cd 15.2 ft-ed
* Light intensity * Light intensity
(underwater depth 50 cm) (under water depth 50 cm)
781x T7Ix
7.5 ft-cd 7.3 ftcd
o J O\ J

Fig. 68. The lighting layout in each experimental rearing tank to generate different

light spectra condition.
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U bl mE whelwt ofF o) 44

Ztzke] gl spd ApE xRSkl ARG El Amkele] eI el ID chip (Trovan

Electronic Identification System, USA)

& sl 3% vz AAE PR Sag
o W) sl wE Autele] YFE S L A w feHe Aok wEHU
(Fig. 69). 7F3 ¥ 4FEL %43 27el4 Basch 543 209 Avke) 438
Aol Ay, 9 FAYge] zART oMo Bk oldd Aol ABFL 37
g Fegch AaY 249 Aute] YFE A 54 L A9Y 239 Aute] wrt o
AT, APol AYAFE ALH 0w Frhske AFS el 4AY % HFAF 22
AN AT Artele] JAES ABFE 3FAVE FAS dastar W, 499 3

2E APTOIA FAE FFS deblom, f25el Aolsk ggirh

400 - 3 weeks
o .
i 300+ 9
- ~ 4
= =
—5[ 200 E 3
| ik
£ Z 2
& 100+ 5 i
0 ¢ 0
NC
6 weeks
T
- T
S s 5
S = 4
& £
= z 3
= < 29
% be 5; 14
= 3! 53 =0
L -
B
L] 2- C
NC G R NC G R B

Fig. 69. Initial body weight (g) and growth rate (%) of longtooth grouper reared
under different light spectra for 12 weeks. Abbreviation: B, blue light
condition; G, green light condition; NC, natural condition; R, red light

condition. Different superscript on the bars are significantly different
(/X0.05).
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asheido] wojshs Wi AR GBS Loty S8 AEd sk

of 24A17F 1A 1 A3HS AAH (anterior intestine portion), = &% (mid intestine

o

Bouin's solution

A

portion), ¥4 (posterior intestine portion), % (rectum), %5 (pyloric ceca)®
ol ARl gk dade] o 5 pm AR Atk 27 dHE Alcian
Blue—Periodic Acid Schiff (AB=PAS) 94 % 7z} B 9¥H Zdst= WA xe &5 33t
#n 7 (HBO 50, Carl Zeiss)stollA AGatdtt.

Mz oE 9 9 Apolef A Al S] ARl Rk Xfo]lE YERTH(Table 23). =541
F Z20A AR Aabe] Ashabell A xpdad, A 9 g el A] AR S 2huke] 9}
vlwste] fojA o wd o] widAETE AFEEAT ZASA o R, HAG 2310] Aute
A AuFEe o daEHgon, o we o] adAErt 3R E v (Fig. 70).
Z749 Aupg] 23dd A EEe] WAR(2332+242), TAF(1958+190), F
(2078+105), HAH(2337+182) % HEF (pyloric ceca) (661L40) oA 25
(Table 23, Fig. 71). A3 A9 Anbg] A3tad sl Al xs A3 (1312+175), 5%
H(888+81), FAH(1015%48), H(1311+125), ¥ FEF(237E3D) A BZEHAT
(Table 24, Fig. 72). A™ 3 9] Ante] Asad wiAdAEZ= A4 (1608£96), 55
(1233+ 83), 4% (1193+60), Z4(1217+110), ¥ FEF(250E45) o4 B2k
(Table 23, Fig. 73). 333 2719 zulg] Agdd v EE D43 (1248+£105), &
M- (809+86), F4H-(992+67), A (1197£180), W FEF (19727 o4 BZH AT
(Table 23, Fig. 74).

ke
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Table 23. Number of mucus—secreting goblet cells in the digestive tract of longtooth

grouper reared under different light spectra for 12 weeks

Region Number of goblet cells/Tissue section
Cliig?;iln Green Red Blue

(mean+S.E.) (meantS.E.) (mean®S.E.) (mean*S.E.)
Anterior intestine 1312*175b 23321 242a 1608 *=96b 1248+ 105b
Mid intestine 888+ 81b 1958 190a 1233*83b 809 86b
Posterior intestine 1015*=48b 2078*105a 1193*60b 992+67b
Rectum 1311+125b 2337*182a 1217£110b 1197+180b
Pyloric ceca 237*31b 661 *40a 250*45b 197+27b

Values are mean £ S.E. in same column superscripted with different letters are

significantly different (2<0.05).
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a i |
T =% 2000+ I
= 2000+ %
s ; b 15004 b
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Fig. 70. Changes of mucus—secreting goblet cells in the digestive tract of longtooth
grouper reared under different light spectra for 12 weeks. Abbreviation: B,
blue light condition; G, green light condition; NC, natural condition; R, red

light condition. Different superscript on the bars are significantly different
(/X0.05).
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Fig. 71. Photomicrographs of goblet cells in the digestive tract of longtooth grouper
reared under green light condition. A, esophagus; B, anterior intestine
portion; C, Mid intestine portion; D, posterior intestine portion; E, pyloric

ceca. Magnified goblet cells in (A—E) were shown in (A'-E").
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Fig. 72. Photomicrographs of goblet cells in the digestive tract of longtooth grouper
reared under natural condition. A, esophagus; B, anterior intestine portion;
C, Mid intestine portion; D, posterior intestine portion; E, pyloric ceca.

Magnified goblet cells in (A—E) were shown in (A'—E').
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Fig. 73. Photomicrographs of goblet cells in the digestive tract of longtooth grouper
reared under red light condition. A, esophagus; B, anterior intestine portion;
C, Mid intestine portion; D, posterior intestine portion; E, pyloric ceca.

Magnified goblet cells in (A—E) were shown in (A'—E').
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Fig. 74. Photomicrographs of goblet cells in the digestive tract of longtooth grouper
reared under blue light condition. A, esophagus; B, anterior intestine portion;
C, Mid intestine portion; D, posterior intestine portion; E, pyloric ceca.

Magnified goblet cells in (A—E) were shown in (A'—E').
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423t F-291'¥ CCK mRNA W oFd
7tE Foistas Aol wofsk= CCKY Wz S4s slall 458 w9 astd (d
S total RNA F& H7kA —80TdA R#sila, % Al 24 100mg F
1ml¢] RNAiso Reagent (Takara, Kyoto, Japan) & F7}3F ¥ homogenizerE ©]g-3}e n}
Attt vk AlEe 5EZF Aol BFHS ¥ 0.3mle] FEEIFS HIbste] EFE
¥ 12,000g = 4T 1523 Ak dSdL M2 FHRE &3 v F9
Ol AT EFIES FHUbste] 12,000gE 4TIA 1087 Adw@ssith. A¥" RNAE 75%
EtOHZ FAIg ¥ EtOHS ¢8| A7 ste] DEPC-DWell g3at3ith. &3¥ RNAE Nano
Vue (GE Healthcare, UK)E ©|&3lo] A260/A280°] H|E o]&3le] «L5 S4sI3Urt.
Total RNAS] WA S =7] 98] RQ1 RNase—Free DNase (Promega, Madison, Wi, USA)
37ColA 607 Aglsto] £4307k4 —80Cel wast3it.
CCKe A ES dolr7] ¢3}o] Real—time quantitative RT—PCR& SYBR premix Ex
™ Taqll kit (Takara, Kyoto, Japan) & AF&3F¢lon, zulg] 179 CCK @71A49& 3
17 BolA zglo|mZ Al&sto] Ao AFEEIth WhEAS 2409 cDNAS FHOE 7
9] SYBR premix Ex™ Taqll e} 1.0x2 xgfolw A E, wpx]utoF 440 nuclease—free
waters %38kl WEZSFSITE Real—time quantitative RT—-PCR 42 CFX96™
Real—Time System (Bio—Rad, CA, USA) ©¢]&3}o] 95TCe4 30x%7%t initial denaturation
S AAEF O 95T %7t denaturation, 60C|4 30%7F annealing ¥} elongation
ato] 40cycle® ®EEIQITE HE #4 Alme 3WEo® F435312m 18S rRNAE o] &3}

of Ao Al

M, AR, W fEFN M W shgelAe CCK mRNA #WdE 33t

H, A, 8 fEolA CCK mRNA el #2449l 2pol7h QIgint. s gz9] Anle
ol CCK mRNA 2ol A<d-d, A3 gl sh3Ag 2ol AR zpukele] wls)
Ao FAdtFig. 75). AFHF 8l o] B wAF 23] Avke] CCK mRNA
TRl A, AAF B s 2o AR Aulele] Hlel] fojH e okt (Fig.

3
(@)
]
3
~
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1.00+4

0.75+4

0.50+

0.254

CCK (relative expression)

0.004

Fig. 75. CCK mRNA expression in the brain of longtooth grouper reared under
different light spectra for 12 weeks. Abbreviation: B, blue light condition;
G, green light condition; NC, natural condition; R, red light condition.

Different superscript on the bars are significantly different (P<0.05).

0.054

0.04+ e

0.034

0.024

0.014

CCK (relative expression)

0.00-

Fig. 76. CCK mRNA expression in the anterior intestine portion of longtooth grouper
reared under different light spectra for 12 weeks. Abbreviation: B, blue light
condition; G, green light condition; NC, natural condition; R, red light
condition. Different superscript on the bars are significantly different

(P<0.05).
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0.015+

0.010+

0.005+

CCK (relative expression)

0.000-

Fig. 77. CCK mRNA expression in the pyloric ceca of longtooth grouper reared
under different light spectra for 12 weeks. Abbreviation: B, blue light
condition; G, green light condition; NC, natural condition; R, red light

condition. Different superscript on the bars are significantly different

(P<0.05).

3. AbSA| ARl o] TE AMS O] 9] AR

uhg] 7} o} Fo] oFAabqe] EAstE fdlAE FuG uiEH oFur & 4 T 5 9l
3, Fojo] WAsk= M A AAte] Thsdk Ve A 9 &nake] ARs] A 4*1011 2 WA
Al ARSAI~E ]l H A3 V|eodo] A3 I sitt 53] vy olf F Awby] FHE
AAAZA (P 12~280) A AHSZA 3d Ayst dA Ao st /A= 2F 500~600
g Welela, & 20Col% ﬂ—t— AFHevt F2 dAe, AFr1(16TColsh = A5
7] wel dA f52 ]’I’F /\li o 2= 4ESH1 kg) 7HA & A
] AR S 20T FAA1 7]

5
é gl oojujdefe] o] &&3ith(Fig. 78).
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Fig. 78. Recirculating aquaculture system using heat of under ground sea water. A,
schematic diagram of recirculating aquaculture system; B and C, fish

culture tank; D, heat exchange tank, E, skimmer and biological filtration

tank.
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9] 5742 DO meter (YSI-85)F AMESISItE Adojo] 42 AJZA|e} A& & 45|
A AFS A SHsP oy, 4 A i? O gl ge H2 gk AT AAEA
2 1.0 g7tA] FAsF o, A2 AA Az SAARCZ 1 mrkA F45F . A4S
of = A3 E Oxytetracycline 100 ppm o2 1A1ZF 2F&-5130 o}

A7 T 2 AP Fa5e239 DO WHetE AR E Y, g2 f5A8Fx 4

%
Wit 722 16.3C olglern, DOE 8.6-11.5 mg/¢ U9 WA AT dofatrx
G B P2 24.8C 012;131:1, DO 6.3-7.15 mg/ ¢ ® S 2t

AF ARA] A o279 A9 22.8+0.2 anol e, Ao A9 22.7£0.2 en ©]%
th 4TS SA ux2Te] A 22.8+1.9 e, AT A9 23.3F1.9 mlE F

5t zfol= YERA okokth Tey 859 123 R 22.8+1.8 om, 23.2+2.0, A+
24.1%+1.8 cm, 25.1+1.8%, thzFo] & e 77 =& A% 232 BIo(P<0.05) (Fig.

79). A& XA AFS 2T A9 180.8+14.7 golglom, AHel e A 181.9F4.7 ¢
OF  Fo Aeol7t oy, 4FF e A9 189.4t54 g AT AE
217.9%t5.4 g, 8F%F oz 201.7%5.1 g, AT 264.9%6.1 g, 8FF o=+ 210.9£5.3
g, g 306.117.6 g0 & thxel vl ¥ AFS Bt (P<0.05) (Fig. 80).
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Fig. 79. Change of total length in control and treatment group. Asterisk on colums
indicate significant difference comparison with control (2 < 0.05). Values

are mean £ S.E
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Fig. 80. Change of body weight in control and treatment group. Asterisk on colums
indicate significant difference comparison with control (P < 0.05). Values

are mean £ S.E.
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