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Abstract

The blacktip grouper Epinephelus fasciatus are protogynous
hermaphroditic fish. Female is 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. 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. We cloned and sequenced the cDNA encoding the
follicle—stimulating hormone beta subunit (FSHA) and luteinizing
hormone beta subunit (LHA) from the pituitary of the blacktip grouper,
which regulate vitellogenesis and maturation in vertebrates. The
full-length ¢cDNAs of FSHA and LHA were 571 bp and 617 bp,
encoding 120 amino acid (aa) and 147 aa proteins, respectively.

Induction of sex maturation by environmental control 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 227C, 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.

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 FSHA and
LHA mRNA expression. Photoperiod and water temperature in control

group was exposed to natural conditions. Photoperiod and water



temperature in treatment [ was exposed to and natural condition,
respectively. In the treatment II, photoperiod was 14L/10D and water
temperature was maintained 253¥0.5° C. At 12 weeks of treatment,
gonad of control and treatment [ were immature stage. But, gonad of
tratment II was mature stage, and LHA mRNA levels in pituitary on
treatment II increased significantly in comparison with initial group and
the other treatment groups (P<0.05). These results suggested that the
long photoperiod of 14L:10D and high water temperature of over 25T
were essential environmental factors for the reproductive activity of the
female blacktip grouper.

To suitable storage and use of sperm, cryopreservation condition and
survival rate and activity of thawed sperm investigated. The survival
rate and activity in thawed sperm were hight using 5% and 10% glucose
as the diluent and DMSO as cryoprotectants.

To production of fertilized egg, hormonal induced ovulation was
attempted in females with an average vitellogenic oocyte diameter of at
least 400 . Induce of ovulation occurred to following HCG (500 IU/kg
BW) injection. Eggs were stripped successfully 24—48h after the
injection. Stripped fertilized eggs of blacktip grouper FE. fasciatus were
colorless spheres, 700—800 gm in diameter, with a 160—170 um oil
globule. Hatching began about 28h after fertilization. Yolk absorption was
completed within 48h and the mouth open about 72h after hatching.

In the development of larvae and juveniles, the newly hatched larvae
measured 1.2 mm TL. At 2 DAH, the larvae reached 2.4 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.
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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 25C when the functional

stomach, pyloric sphincter, and pyloric ceca were formed.
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=wta], Epinephelus fasciatusi= 5% (Perciforme) W}2] ¥} (Serranidae)
of &3li= ofFo® Yyt AFLEE HIES "l A Ak, A FHo
@, T, e T 2 9 oA A9 ek HE s EEH. nhg
¥} (Serranidae) 3f4tE> 15650 159F %2 Hialx il 3low (FAO, 1993), A
FAkel= vkel, E. fasciatusE Y|XE$ AWkE] E. bruneus, 3¢ E.

septemfasciatus, 1752 E. chlorostigma, $=v}2] E. poecilonotus, %W}

2] E. akaara's 1099%°]% #3xata th(Kim et al., 2005). whe]7} o Fi=
St HIEste] dE, S5 5 EHoRroF Aol A golrA Y|ZET}
a7kl Foly H w3 So® et Aol wista o], = AsAt ¥
AT H Vg T uekd Ay AF geto] AAE L

uhe] 3t of 7o) A9l sEaeE o8 A&, T, v, YW T FdEo
of Z7HE FACE omuEe} A A fE 2 A dg T A& 5S4 I
I A A 27 AMSEE 5 FE
(Chen et al., 1977; Fukuhara, 1989; Sugama and Ikenoue, 1999;
Tsuchihashi et al., 2003a, b; Song, 2004; Alam et al., 2006), v|=3 T
AN v o 7ol s A Agte] #3t A=A A=l ¥
=3 Qlth(Shapiro et al.,, 1993; Ferreira, 1995). f-glvtetellA vig] 2 o7
o ke #et A= 1993dHE 4ol E. septemfasciatus, AHitE] E.
bruneus, #vte] E. akaara®] W3t FEAYA 7S ARl oy A7t
T Ao R grst= obH7bA] o 2AMEe]l HHH(Kim et al, 1997;
Hwang et al., 1998; Song, 2004; Oh, 2006).
MAIA 2 vt o] 79 a2 60%017d AAAE Xo]E Ajxzsto] FoFst
FE|Z o] FojX 1 9lo ™ (Sadovy et al., 2003), oA % tjfto] T3l
Fell A AR Xo] & A Eslo] AbFetal e Aotk wie# o Fe= AAA
=g A EAY F 5old AR FoR AT UdA A7 FRej oy

Fol Bk whelst ol RS EFW o1 F A%t AdS G2 tulAe] st

rir



z= =9 As 2HS fEste AL T2 d4eRlow FFU8
2ol A TF FeS AotA Aofettt(De Viaming, 1972, 1975; Nishi and
Takano, 1979; Asahina and Hanyu, 1983; Baek and Lee, 1985; An,
1995). o} 7o A4 gy S F3 FF7] 0] dEAQl AER
U A Bebd 285 o, Foll wet 2 W 44 vEA yehdy
(Donaldson and Hunter, 1983; Shimizu, 2003; Hermelink et al.,, 2011;
Kanemaru et al.,, 2012). et F=23 FF7] 2SS &3 G2t of7e
s 7 W FAR Aol A=y o AT o 7o AEEE flsl
M 17 ST A Fao] Aot o]F S8 Hl-AAIEL] wA
T2 A4 (Gwo et al.,, 1994; Garcia-Diaz et al.,, 1999) @ H 2 &H]
of #ojst= A @A B (Li et al., 2005; Kanemaru et al.,, 2012) ]
Wk A=o] AP U3, o r npgdt ofFof A FEIE faA = W
2188 SA g3 O 54 o] 85 B A8 Aguide] a9Ha v

<91 %wlel, Epinephelus fasciatus %2 443t 9
%] kA AsAlo], Wt AR mATEA 5

S
=
4, A TARE, AR B FEAA, A - Aol we 5 WAl 5460 3t
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Fig. 1. Broodstock management of Epinephelus fasciatus.
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R, FRAME AAS AFSAT. FHEe 27 A 42> 200ml Hlo]
Aol vigtd Asts Wi £79 Ay st FAMeR desd sial
I, olF FAY™E FR 25F1TY ofFelgrol] F8ste] wiRtE Aol Al E =
FATE AEaoich AEE ™S 2.5% glutaraldehyde & 2A13F A
173 F 0.1M sorense's phosphate buffer €9 (pH 7.4)e] 33 FA4 %

2% osmium tetroxide &Mool 2A17F Ty A5l F gdE=MNo 7 33 443}
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o

B
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(D73 85 F= 9 Aof Az &4

subEle] A Hgy AJse #efsks FSHe LHE SRS =
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o,

o,
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FAZASAA 1 4d JEE FAsgch APl AFUGR AYABFA

T2 TEATGAA-HAN AFS FA Enkg] Adoj(eF 450 g) ZHE M 3FFA|
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(hypothalamus), ¥ 3} (pituitary) & F®HZZ 1 ZFr(iver), A1 (kidney),

2% (gonad) 58 A&ehol AT

(2) Total RNA % %4 cDNA &4

Zutg] o] ZF 9o A&k 50~100 mgd FAE2 1.5 mL tubedl] 7]
HZ 300~500 pxL° TRI Reagent (MRC, Cincinnati, OH, USA)E #7}35}%]
ARESE Aokl LR EF| il total RNAE FE38TE F5% total RNAE
NanoVue (GE Healthcare, Ver.1.0.1, UK) & o] &3t 1 =5 543131,
% HE(A260/A280)°] 1.7-2.1 B9 W] gh& zbz RNA AEws A

gsto] Ao o] &5ttt cDNA #AlZx= ZF 24 oA %3 total RNA 1 ug
S 3992 PrimeScriptTM RT reagent Kit (Takara, Japan)= ©]|&3}o] &
AAF A1A FASA T A WS- Oligo dT Primer 1 gL, PrimeScriptTM

RT Enzyme mix 1 gL Z18]3 5XPrimeScriptTM Buffer 4 xLE #7135k
3L Nuclease—free TFT & °|&3st] & F37l 20 pL7} HES dsqlth
37TCoA 15673F FHAF g AAlsE o, o]F 85T 5x1t 7t s}od

SIS TSt g4 E cDNAE ZF 2729 cloning ¥ mRNA wd F4]

(3)FSHA ¢} LHA cDNA <% 4 cloning

AAAAFE2ZE -2 FSHE S LHA subunit®] F24714d &
913t degenerated primeri= National Center for Biotechnology Information
(NCBD el ®au¥l  Akg], E. bruneus (Accession number, FSHZA:
EF583919, LHA: EF583920)2F Honeycomb grouper, £E. merra
(Accession number, FSHA: AB525770, LHA: AB525771) 2 A 1
s Fuz AP or, FSHRSY S*%£ primerv= FSHAF primer
(5'=TGGT (A/T)GTCATGGCAGCAGTG-3") ¢ FSHAR primer
(5'=A(G/T)ACAGCTGGGT (A/GQ) TGTCTCC—3) 5 AH&at3ith LHB 9 &%
€ primere LHAF primer (5'-TCAACCAGAC(A/C)GTGTCTCTG-3") <}
LHAR primer (5'-CTCGAAGGTGCAGTCAGA(C/T)G-3)%E AF&3F3itt.



PCR W2 1 L9 cDNAE F3O9% Go Tag Green Master Mix
(Promega, USA) 9} Primer AE Z12]3. Nuclease—free =7+ & ©] &3}
T Fy7t 25 xLlo] HEF FAste] 94TCoA 2%3F d¥WA & 94T 45

%, 55T 45%, 72T 1%%5 353 HbEESeo] cDNAE FEH3gion, F3%4

FHAA AR 1% agarose geld ©]&€3F A7|gdFoz Flste] gA|sHit
AAE 2zt FE AR AFES pGEM-T easy vector (Promega)©ll

ligationdl®] plasmid DNAE ®+= % JM109 competent cell (Takara,
Japan)ol &2 #H3sl ). LB agar (Sigma, USA) DAH|AE o] &8 37T
oA 12A1%F &<t wlSH clone & 3715 A®3te] LB broth (Sigma) <A
w2 el A 37T el Al 10417 F<F cells o= wlkatoich 1 & cell2 Y-
plasmid DNAE A3t F84] #4171 (Genotech, Korea) ol 2= 3t 7]
MES FAs3AT

Zy AR A7 Y9 SMART RACE  cDNA  amplication kit
(Clontech, USA)E o] &3ato] F¥stglor, 5'3 3' ¢cDNA @ddS 9% F 5
o4 primer FRIE FEAVIMG FRE o]gsto] @At A€ FSH

88 LHB subunit® 5'3 3' ¢cDNA ©@#H ZFZ8& primer sety 33 ¢tk

FSHB5R (5'-AAAGCGCCCGCAGTACGTGTTT-3"
FSHB 3R (5'=-TGCCATCTGACCAGCATCAGCAT-3"
LHA5R (5'-AGCGCCCACAGTGACAGCTCAAA-3")
LHBA3'R (5'-ACCCGGTGGAAACAACCATCTGC-3")

5'7 3" ¢cDNA & 2] PCR Wbg-= o ¢k &o] 3 step PCR 2= 2
& FaAEgdth (1) 94T 30%, 72T 3%& 53] WHy; (2) 94T 30%, 70C
30%, 72C 3%< 53] HHE; (3) 94T 30%, 68T 30%, 72T 3#= 253 ¥
5. HF TFE A AHES 1% agarose gelol A7 FS AA|ste] Zb
cDNA e =Z7|E &0 2 FARFES AAH pGEM-T easy vector
(Promega) ©ll ligation & cloning 3} G71AME +42 o A= &3

sAdskA s



VS|

OEES R PRI

Trte] HetrARRE Eel" FSHA 9 LHB cDNAS 3k 442 Open

s

Reading Frame (ORF) Finder (http://www.ncbi.nlm.nih.gov/gorf/gorf.html)
£ ol &3ste] ikt Ak peptided] SR 1 ofrial LS g1l
Signal peptide® F+xZAl FAL& SignalP 4.0 servers ©o]&3slo] ZAFsHI T
(Nielsen et al, 1997; Dyrlov et al, 2004). 5743+ N-linked

glycosylation sitex= NetNGlyc 1.0 server (http://www.cbs.dtu.dk/

services/NetNGlyc/) ol & #2431t Multiple alignment® Phylogenetic
analysis®ll A% RE o]F9 FSHE 9 LHA subunitel] thdt ZE AR
NCBI®] GenbankZHF-E] f3lth. ZARE ol F=o] st #/E A¥wd, 2
o] %= (Acipenseriformes), W&o} % (Anguilliformes), 2% (Atheriniformes), ¢
o]&-(Cypriniformes), &% (Perciformes), 74| & (Pleuronectiformes), $1o]&
(Salmoniformes) “12]al W7]5 (Siluriformes) 5°] ATt FIF AFHATA 4
2 Phylip 213 &83 neighbor—joining 71 o] &3t o ZAlte tf
G FO FSHA S LHA ofvjeat AdEel wigh Multiple alignment=
ClustalW Z=27T35 o] &3t EAskglth. BOOTSTRIP 42 SEQBOOT
ZE IS o]gste] 10003 REESHSITE SEQBOOTe] 2l&l align® 1000 Al
Eo] A¥ELS CONSENSE Xz 738 o]835}o] phylogenetic trees Z/J3)
¢tk Out groups sea lamprey®l GTHSp —like protein (GenBank
Accession No. AY730276) & ©]&3st3ltH(Sower et al., 2006).

(5)RT—-PCR

sutEle] &4, A, AR, HskeA, 2F A, B2 Al FSHR
LHA mRNAS] & FAl= genomic DNA®C] 23t total RNA2] 298 Al
2ksk7] 918k RQ1 RNase—Free DNase (Promega) A3t & &3 % H]&
o] 1.7-2.1 W¢ W e 2t RNA AJg%Hs AEsle] cDNAS 438t
Cloning°l 9a AA4¥ Swvle] ¥slA FSHE S LHA subunite] 971443
control fF-AAZA #2j¥ EFnkg] 18s rRNAS A7 E2FE RT-PCR%



primers= ofefj o} o] A8t
rtFSHAF (5'-CATCTGACCAGCATCAGCAT-3")
rtFSHR (5'-TGGATATGTCTCCAGGAAAGC-3")
rtLHBF (5'-AGGTCGGCAGAGTGATGTTC-3")
rtLHAR (5'=CTCGAAGGTGCAGTCAGATG-3")
rt18sF (5'=GATCAATTGGAGGGCAAGTC-3"
rt18sR (5'=CCTCCGACTTTCGTTCTTGA-3")

RT—PCR HF&2& 1 L9 cDNA (50 ng total RNA)E 392 Go Taq
Green Master mix (Promega)$} primer MEE Z38te] FHF dH-&o] 25
pL7F HEEs A8k 94TelM 223 AW §F 94T 45%, 607
2C 1&s ¥ 323 ubmstel 2 #3049 cDNAS T35
cDNA 2FZ2 1% agarose gelS o]&384 100 VoA 3583 795 A

Adhel 1 wEe Selagi,

A58 A g Aol A Wy e fE &
A2 228242 (GS], gonadosomatic index) ] W3lel A2 A4 dhdk oFA}S %
Aeka W o g ARSI T A AFTEHATE v 22 WHoE T8l

157 = (AA2TH/AATZ) <100

>
>,
B>
ofy
off
N



Effluent

drain
A
<
Effluent
drain ¢

A A

] conolgroup

—

Initial 3 weeks 6 weeks 12 weeks

Fig. 2. Recirculating rearing system of schematic diagram and
environmental control (photoperiod and water temperature)

scheme to sex maturation of Epinephelus fasciatus.
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Al AsdHE 2ASA R dEsH] St AAAE ojAelM A&
%, Bouin's solution®ll 24A1ZF 1174 sk3laL, ©]F 70 % EtOHZE X $HA]
Atk AE AaE HAE 25 AFe AN F odeiwor zujsiglon,

=
AAY] 98] 5~6 me FAR FAZTES wWEdrt AT ELS Hansen's

o

A
N

haematoxylin®} 0.5% eosin®. & Bl WM A A|dlo] P+ n| G alo|A] AA
A1, gAY FAEe HItE Ao AHS #F93 & Motic Image plus

2002 WRALY 7% FYsto] ZABALE

g0 g H A (AT 16~18T) &

TR R AR A AR A Fube] ofw|dE] 9 A AS fFEE AASHA
o ARSEAE 2HEe AFusta G HaAATE APFFRoA AFS B e
Add3E EQzE gz (FAFF71+2AAdF2) 9 At 1 (141 F571+4
Ag2), HAF O0A4LFF7|+25CTF2FA) =2 Uik 7 Ag43EE 12
nhE] ¥ gk, AE7IzEe 20119 12€ 209%E 20129 3€ 2074

2

% 6.0~7.0 mg/L, pH+ 8.1~8.3°0.% A}
ol Ads HeAe dFxd e Ao A As g A8 EA
Axpe] WS vl WAsH] Qe AEFEA 24 AdTEE FESE 3t
A AQZeidty. A s 5 A AAAFTZFAST(GSI, gonadosomatic
index) 9] W3l9} WAALE AZalo] xZ % W

2]
AFSFATE A B ARt e AL 23]

o] H3}AE A= 300 px L9 TRI REAGENT (MRC, Cincinnati, OH,
USA)E #7138k total RNAE FE39 0. 5% total RNAE NanoVue (GE
Healthcare, Ver.1.0.1, UK)E AH83te] $%& 459121, A260/A280 nm
o] Hl&o] 1.7~2.1 WSl W9 #S 2= RNA AMERES Ad9ste] Agd o] &

sttt cDNAAIx=E=  ZF %79 total RNA 05 s F3go=

_11_



PrimeScript "RT reagent Kit(Takara,Japan)< ©]&3to] AAAA A 244319

kels
. "

kv

o,

H-S-2 Oligo dT Primer 1 gL, PrimeScript'™ RT Enzyme mix 1
L 183 5% PrimeScript’ ™ Buffer 4 p¢LE #7891 Nuclease—free
FTE ol&st] T Fu7F 20 xLo] HEE AT 37T 16+
A AL REE& AAIsEYl o™, o]F 85ToA 5x3F 7tdste & =+
!
A gAY AL AAAASEEE 42 (FSHB2H LHB
subunit)?] mRNA P& %S Quantitative Realtime RT—PCR W o2 ZAls)
Atk Aol AMEE primers FSHBSF LHB #4429 A7 Es Fi= o

R

o[\

il
™

N

v
ol
38
=

E0]A primerE A 253 S (Table 1), quantitative Real—time RT—PCR
2 SYBR Premix Ex Tag 1 kit (Takara)E AF&3l%th cDNA 3 pLE
template® 3}o] SYBR Premix Ex Taq 12.5 gL, primer ste 1.0 xL,
nuclease—free water 8.5 p L& Zt7ZF H7lsto]l & 25 L9 volumel = Ht
5o Th  Quantitative Real—time RT-PCR& CFX96'™ Real—Time
System (BIO-RAD, USA)& olgskgler, 95TelA 30x%3t initial
denaturation, 95CelA] 5%7F denaturation, 60Cel|A 30%Z%t annealing®}
elongation st o™ 40 cycles WHEAIA Fooh 2 MELS 3RHRo=®E +3)

3o, 18s rRNAE o]g3lo] At g 313t}
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Table 1. Primer sets used of quantitative Real—time RT—PCR of FSHZ,
LHpA and 18s rRNA in Epinephelus fasciatus

Primers Sequence (5'—3") Note
FSHB F TGGT(A/T)GTCATGGCAGCAGTG forward primer
FSHB R A(G/T)ACAGCTGGGT (A/G) TGTCTCC reverse primer
LHB F TCAACCAGAC(A/C)GTGTCTCTG forward primer
LHA R CTCGAAGGTGCAGTCAGA (C/T)G reverse primer
18s rRNA F AAACGGCTACCACATCCAAG forward primer
18s rRNA R GGCCTCGAAAGAGTCCTGTA reverse primer
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4, A2 FARE 27379 AFHAY 54

DA sdxE 21

AA FARE AP Aol AdA A dega Fakele] dAs AF st
of AATE A AF = wigel gle FrkelE dide® HCG (Human
chorionic gonadotropin, Calbiochem Co., USA) 500 IU/kg BW=Z & X]*>=&]v]
A 15 ofdl F& EFoll FAF T 24~48A7HAl o] BEH-S tulslo] A g sk,
AL 1.6 ml FHO| Yol "Wadh & Adof| AMEE w7hA] A5+ A& ice box
(2~47C) ol Baatlit. Snte] A2 FARES sH7] e A s2dRE 4%
St 3]4] o (diluent) ¥ F 3 WA Al (cryoprotectant) & 843817 95l 2714 g
A b 2742] Fal WA A& AFE-5FSI T 31 A A2 glucose$t marine fish ringer
solution (MFRS)& AF&-stl om, FaA| A= dimethylsulfoxide (DMSO) 2}
Test Yolk Buffer (TYB, Irvine Scientific) & AF-8-3}3lth(Table 2). % N7} 3]
A o] Al i 9l pHE 7hzt AFEeE =74 7] (The Advanced'™ Osmometer)

s} pH 57471 (Mettler Toledo) & ©]&3to] ZAFstoltt.

A7 FARE Aol BaTal HAS S 2zhe] Al EagA A

T E¢HE Song (2004) T W& S8kl A (Table 3).
Re ATy FRAtE 1% oluE 8t 82 ¥sels 0.5 ml &% 4

AR EG straws ol&3sATh 2 AdelA A7 4" 0.5 ml GARER
straws HAALE F71(=76TC)= HH3] 14 53t v, AHs] AA|dAi
(=196TC) el ¥ol 22 WEalitt. Wsd A= AAAL & 743 A%
gk % 30.0£0.5C8 F&FxE ol&ste] 10x ol &A%t

SHARE ¥ dEd AR 8 Hrhe 4 AdE AAE s oA
Ad|el 1:99 HE=E 8|Ae $ Integrated Semen Analysis System
(ISAS) & ol &3t 5= 7~103] S48t Hw= F8klvt ISAS 22

e ol 83 AR & Bk A el ot AZSFE DIE7HA

ATHAIZ o] B7EskGItH(Table 4). 181 #44Ae] e & 54 vl

Ll



ZF Ao ATE AAe] AMAZEE (VSL, straight line velocity), 3

1=

rir

T A 255 (VAP, average—path velocity), =AHZ55(VCL, curvilinear
velocity), SFA4Z AYP=(LIN, linearity) 12]312 AFXFE(STR,
straightness) & ZAFstth(Fig. 3). 3% = A7t Ao wE %

7he ARG FAA AP TE o E AR At wE

sheie.

oL

4254 3

l

o,
o

ZA}

Mo
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Table 2. Constituents of the diluents tested for cryopreservation of

Epinephelus fasciatus sperm

Diluents

Constituent

2.5% glucose

5.0% glucose

10.0% glucose

MFRS?
(g/L DW)

Glucose, 2.5 g/100 ml DWY

Glucose, 5.0 g/100 ml DW

Glucose, 10g/100 ml DW

CaCly, 0.346; KCI, 0.597; MgCls, 0.017; NaCl,
13.5; NaHCO3, 0.025

1)DW, distilled water; ?MFRS (marine fish ringer solution), Chang et al., 1999.
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Table 3. Diluents, cryoprotectant and fresh semen mixture rate for

sperm cryopreservation of Epinephelus fasciatus

) Diluent
Experimental D .

Cryoprotectant Sperm Mixture rate

group ingredientconcentration

GDS 1 2.5%

GDS I 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
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Table 4. 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

Cumilinear path (VCL)
Average path (VAP) J

ALH

Track finnish point

- Straight line path (VSL)
Track start point

Fig. 3. Diagram and illustration used to evaluate sperm motility.
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FAZEE B3 Fvig] 4 s F AY4E EUR 3oy ARSA|AE
o] 48 AAFFEUL5X1.2 m, FEFTE 20 ton) ol =X - A5 St S}
25 YO E cannulation WHE ol &st] A A SAIE AT
o] 200~300 ppm2 2-phenoxyethanolol] PFFH A7l 3 9 A2l F o] dhet
Arel wel Ago)s destel W 0.8 mm, 74 1.0 mm Az AA 2]
FEE o83t cannulations SFIth @ A=y dig FEE 7198 400
m ©)F GERAEZE 7HX oju]E AEeivh(Fig. 4).

Cannulation & o] &3le] A¥E A5F57 7Fsd SRS e s H
M A= 5 28 (HCG, Sigma Co., USA)S A&ste] alghs f=skqlch.
HCGE Aya gl €3 3 500 IU HCG/kg BW v5% 13 &
Th 28 FAF § 24-48A17F A3 & aj@E R0, 5244

A Aok (Fig. 5).

n°*'

il

T

¢
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Fig. 4. Examination of sexual development in Epinephelus fasciatus using

cannulation method.

Fig. 5. Serial view images of artificial fertilization and fertilized egg.
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Aed Suke] dAE olgste] 1F ARE &I T AFH I AAE O
€ FAHoE 4 F A el wmE WAE S dEsiit AdS g4
(25£0.5C) ol A o, F8rd v 7 (Zeiss, Germany) Z} profile projector
(Mitutoyco C., Japan)& ©]&3sto] #asity =4 & A 5= 24|3E7],

MAE7], 8MAEZ], 16AM3E7], 7], a2u7], Jul7], Kuffer's vesicle =& 9

AGA, PR 7t AR} 50% o)l Re WE Fow s

3) -3kt o] e
Fehe A St o R & 5 FEd AR 1Ea Fe ks =

ARSEITE Euke] F-aRxtole] bak - ot FE W N AR A
A 20 L okaY fze] 48 2511CE fAate] 200~50079 FH e 5
3 7 F3l A5 Aoj2iE AAsit wE 9 f7re S i 4%
2HE 244%F bA 0 5~10 v & #E¥ FE38H9 2-phenoxyethanolel] v}
FHAANZ o Fedvd st profile projectorsteld =4 slth(Fig. 6). @3
g {72 &2 Blaxter and Hempel (1963)°] WHjel upe} ofefe] 2o=
ArtERI .

G338 H=7/6x1h" (19347, hid3dd)

fFr88=n/6xd" (d:F77)

l:,

Apoel ATFARE ZAHE W - T F5E 2AF PHN 59T 264
2AFSF P, Aol 9 80%7t ATH AW S 7IFEOR Sk
DA - Hole) Fe) e 43

ool mE Aelel AAWsE sy Ad A A¥FE

(0.75x0.75 m, FEFHF 250 L)ed = 25£1TE F#3k9 10,000
~20,00070¢ 4= F&% F F3E AolE AVIHer Aste] Abst
A} (Fig. 7). Ao 9] WHol&+= Rotifer, Brachionus sp.& 257/0A/mL YUE =
FTweltdlor, AFFEu Rotifer®]  Holop  FAMES o8 AlEE
Nannochloropsis®+ A&€  PaviovaZ 2+7t 3x10° cell/mL¥ 2x10°

o
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cel/mL sx2 wd 23] A7t dEnjo} fAe FFS B3t & 229
SHE AHE JUASAE o] et st A1 JNAE 1~270A/mLe] H
h

= ZFegon], ¥ ¥ 259 FHE 250 m olate] off 27] WA
2 2E®, Qevlols 1 FHAAG (Fig. 8). AHE4 §EAL AAZ 9

AxEte] A7 £E24E4AY w55 10 mg/mL oA S

Aargon, 23} F 209704 AFAE FA 8 202 ol F 1Y 1349 &
3}

D) AR - Aefe] el wE Astat FEH WE
(1) &nke] A 2olo] Ashr]dt oF-du U

BaldH (DAH: Days After Hatching) £237]39] Wdokate xA}a}H7]
Asl AREFTQD Frke] A - AolE FEAS (0 DA YH F3 5 10415
DAH)7HA & Wi, %3 & 119 (15 DAH) 5§ %3t & 449 (44DAH) 7+
T 2~3d AR 7 vy BE9 Skdvh. Sk A - Ao 23w 9
Bge] w2 v (Carl Zeiss, HBO50) 3lol| A &eto 2 ##3}i T}

(2) Erhe] 2. Hojo] £87)T WA
Fube] 2} o] A5 dd U WSS £A5H PoE 2ALS

7] 918l MEFE A - 29]E Bouin's solutiond] 24A13F 14 & 52+ &
of 24A1ZF FAIESITE. 70% Ethanololl A 24417 1174 % 80% EthanololA] 1
AlZE 90% EthanololA 1413}, 95% EthanololA 1A]1%F, 100% EthanolelA 1
] GAH O R BeA & ogeldor Injedul. Irld BEAdsLE X
A zrstol ek A QA By

=
S ¢ Hansen's Haematoxilin¥}

>
)
3

pShoz:|

=

iy
o
I
o
D

o
1=

5um F79] sagittal section®® A

2r AwAel AsvlE wEod @

o X

)

O

5% Eosin (H-E) o & Hlw GMste] #&etg o, AAEAS Hu|st= u)
ArA el #E-S 98] Alcian Blue—Periodic Acid Schiff (AB—PAS) 342
21 Ete] Betev) A (Carl Zeiss, HBO50) &tollA] &3k Zule]o] 423173
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Fig. 6. Measurement of Epinephelus fasciatus larvae. a—e, total length; b—d,
major axis of yolk; c—d, diameter of oil globule; f, minor axis of

yolk.
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)

Fig. 7. Schematic diagram of rearing system of Epinephelus fasciatus

larvae.

Feeding scheme

Nannochloropsis sp. + Paviova sp.

60

Brachionus sp.
Artemia nauplii
Artificial feed
L | | | | | | | | 1 |
0 5 10 15 20 25 30 35 40 50

Day after hatching
Fig. 8. Feeding scheme during the larval rearing of

lasciatus.
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om. 2 3

DA 54
o]glw Tty HAFE 22~47 cm WHYIF L, 28.0~30.9 cm HE e
29.6%% 7} @o] B¥39 1, 31~33 cm Wl 25.2%7F Bxstgth 19
2

EFrtels o mkela ofFo RV R AdASY AeEA olFE WA
AACE Audt ¥ FAOR Waddts HIEe Hilnh Z2
gte] 9l AgxEA del da uads olFa 77

F27h B,
NS

to
o,
oX
ofN
o
Jo
St
N
u
2u!
)
kel
iy
9
r 2|
)

9 th(Fig. 10A and B). A3 7)x
oF FHAE, FEAE Felso] #EH AT (Fig. 100). AE &
ol AAME, AEAE, FAE FElEo] HFEHYTL 7)Fel FAdo] HEy
%tk (Fig. 10D).

() 4 w2 P

Sute] A71E 4 Ed S BY, 9 4% 32~36 cm, AT 400~
900 g Mool Z=¥H3elARa, ¥R A4 34~41 cm, Az 600~1000 goll
Elteh A AAE A% 31~35 cm, AFE 500 g WA #HEUT} (Fig.
1D. 428 3% °F 30~70 m =A7]e] FRY] WEAESL 100~120 m =L
AEZE EAEt] ki ST S eA FRoRE A Ags)
A2 2 g o] oF 50 ym 2719 o] GRAZ} HRA

of #AETE FH A 2gduiel BAAE, FRAEY
=3
=
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Fig. 10. Structure of gonad of Epinephelus fasciatus. A, scanning electron
micrograph of the ovary; B, ovary, C, inter—sex gonad; D,

testis.
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Fig. 11. Sex distribution of Epinephelus fasciatus according to total length

and body weight.
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C

Fig. 12. Photomicrographs of gonad of Epinephelus fasciatus. A, female;

B, inter—sex; C, male. Scale bars = 100 pym.
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2) v-¢-2F 54

vk A FANY dvAdex #FEs A3 ¥ R EA
3.27%£0.53 m), cytoplasmic sleeve?} 1183 WIF7Fl cytoplasmic canal®]
AT o= T FHY T80 1708 HE lateral finsg Zte 7Y To%
T H A (Fig. 13A and B). F34% AAAwA 2 Ay Sake] Ak
(A 2.15F0.25 m) > T-FolH, ozl HupS zku Udvh dAL A
AL E7E 52 ol A de] Yo R st o
AstA] kot T Az = B9 vesicleso] #EE Y (Fig. 13C). $1t
gl Al 2 centriolar complexelA 7] €¥3F= osmophlic filament®
centriolar complex®} A& AAw o] glar, 3k AKXl AL #x (Fig. 13D)
T H¥ (Fig. 13E)2 & Fo] 3lom, o] Fojol= o] Fhawo] a7}

(nuclear fossa)S #&FE £ 9oty Enlg] AAFY & &

)

FH HE A
+ proximal centriole¥} distal centriole®] osmophilic filament® <174 % o]
Nz Ao T Fo it} Edk distal centriole 3lEF-¢ll= osmophilic basal
plate’} 1709 1 Hej2 AFHrv] frel Addd (Fig. 14A). Frkg A9
proximal centriole?} distal centriole®] J&H wlAFZ= 9719 osmophilic
spoke= Zt= FHlvbe] FEl®E 22 “9+07 o mAA# FARFEo|Y (Fig.
14B and C). ¥utg] Ax}e] FHYFE= cytoplasmic canals THoE HRES)
T3 8~97] mEZ=gol (A4 0.74£0.09 mE 2zt=tt (Fig. 14C and
D). Zvkg] AAE FEF Adwy Fdwe 3@ A3 dERE FHeE
cytoplasmic sleeve A" Afolo] o]z} 0.91£0.27 mol™ YH|7}
0.36+0.03 ml =-5-of 270¢] WIFZ1Ql cytoplasmic canal 22 735 2t
=t (Fig. 14E). &vg] F A9 necklace= HE AT cytoplasmic canal®}
Hole HE Aydute] AAdE7 52 7~8709 78 A FEHE EA s3]
o (Fig. 14F). &wke] GAe] A= ofFelA dnbxor #4333 & 3le 1
Nel AEE 2t uniflagellate G AFolw], AEFALS] vlA 2= 1782 4 v
Aot ol e 9% Fd vAaves Y AFAD 9427 9
FAOI Y (Fig. 14G). &wbe] A HERel= A7|8k Bl ue

lateral fin®] <£A13lH, lateral fin ol AdFHQ “9+2" o] FAM

ukAd o] vesicle ¢ #EHETH(Fig. 14H).

i}

O
<

BN
©
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Fig. 13. A scanning electron and transmission electron micrographs of
Epinephelus fasciatus spermatozoa. A and B, scanning electron
micrographs of spermatozoa. Scale bar=2.0 um. C, transmission
electron micrographs of spermatozoon. Scale bar=1.0 um; D, the
nucleus lies perpendicular to the flagellar axis. Scale bar=0.5
(mm; 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.



Fig. 14. A transmission electron micrographs of Epinephelus fasciatus
spermatozoon. A, the longitudinal section; B, proximal centriole
(Pc) showing nine osmophilic spoke (Os) of wagon wheel
type. Scale bar=0.5 mm; C, proximal centriole (Pc) showing
nine osmophilic spoke (Os) of wagon wheel type. Scale
bar=0.5 pm; D, cross section of midpiece. Scale bar=0.5 mm; E,
cytoplasmic canal (Cc). Scale bar=0.2 mm; F, necklace particles
(arrows). Scale bar=0.2 im; G, axoneme (Ax) of spermatozoa
flagellum. Scale bar=0.2 mm; H, lateral fin (Lf) of spermatozoa
flagellum. Scale bar=0.5 pm. 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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Fukel W@ e FEFo 17 EAEAT(Fig. 15A). WHE(F

A 6.62041 m> 9539 3 H (Fig. 15B) 2 vestibule?} canal® -

Slal, vestibular ridged] FF+ AAREFCRE 6~7/9 YA wElF 22

P2 ok (Fig. 150). &kl 9] vestibule 7% AAMTFOR 6~7719

Wdq gt 2rt fEE o] vhel 3t of F 1o Aolstit. Euke] Wi de] o

T FHFPE 2717 E 0.15~0.55 m8 poreso] TAHYTOE EA 5 o
3

MTE el #EHSAL, poresS 230~270707F A5 T (Fig. 15B).
Pore Ulf-olli= o] F o}7hu] 9] filament$h FAFSE E717F AP O & R3S aL
(Fig. 15D), & oy sEwle] EA8k= pored] 7PgAte] el FHl-ol= e d 3

B2 5719 noduleo] #EFAG(Fig. 15E). &4 F &9 vestibular
ridge7t @43t Hol T3 JHE B (Fig. 16A), FFo §77F =HWA
(Fig. 16B), & (dome) & 2] 477" (fertilization cone) = =3} &A= At} (Fig.
16C). i TR ot

O nodules> ##T = AT (Fig. 16D).

I‘L

l:Kl

Wl EA)8= poreso] ©ole dAAS #EE 4
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50kvV  X10,000 Tum WD 7. 4mm

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. 16. 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.
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WA e 54
(1) &ukg] FSHA 9 LHB cDNA #3 % 54

Fukg]  WakeARRE $HS FSHAESE LHA  cDNAS  cloningdted]
HA7INEE A A7, FSHE 9 LHAE cDNA Zoli= 7t7} 571 bps} 617
bpo] 2t FSHA c¢DNAS] ORF Aol 360 bpollew, 5° untranslated
region (UTR)Z 3" UTRS Zoli= 747 102 bpet 106 bpolSith. LHA
cDNA®C] ORF Zo]& 441 bpolleH, 5° UTRI} 3° UTRE Holi= 7tz
30 bp9} 143 bpolth(Fig. 17). &¥te] FSHA subunit @9 Fx&
SignalP V3.0 =713 (Nielsen et al., 1997: Dyrlov et al., 2004)%
Abgsto] #eld] ¥ A, 21 amino acid (aa)¥ A& FE = (signal
peptide) 2} 99 aa®l <% FE = (mature peptide) 7} T4 %o & 120 aacl
F=(code) H%lar, Ev2] LHA subunit 247} 32 aadl Az FE=¢} 115
aad A& FEHZIE FHZ F 147 aad]l ZE Ho] @RS GG

e XA E S mRNAG A #2E = A, Evke] FSHB ¢ LHB 9

o,

polyadenylation signal (AATAAA)-Z polyadenylation site (poly A tail) ¢
A2 QIAZRE ZH2E 14 bpek 20 bp R FHell {18kl

SHkele] FSHA 9 LHA ofnwmal M2 ojm] NCBIYl 5% o
=9 FSHB 9 LHB ofvlwit MAS3 vtk (Fig. 18). 1 A3
22 X3 At 2= FE5O ol At A delA] 2+ 12719] cystine©]
4 A HdHz Slese Flsn. =AM tE o]F9 FSHA
obvl At G vrEA Fuke] FSHR = Avbe] FSHA 9§74 N-linked
glycosylation site7} EAsHA] sk ovt, Fukg] LHA A= A8k (E
bruneus) LHBE XE3s XAt EE ofFE9 LHA ol Ad F9
N-linked glycosylation site®] 9Ae} FLdaA A3t 229
ol F=¥e FSHR S LHB ofnlxAl Mde Asds vlus) & A3, vk
FSHR+ %<& sol&y of®f<l Awkglel 97% 17 toteo] (Thunnus
thynnus) & 77%2 =< Asds B, Wb HIPgoE ofF<Ql
Aol (Acipenser spp.) ¢+ 32% 9] w2 54 Weblislth gxke] LHA 9

AE FAE oFd AmEe 97% 183 YA F9 (Dicentrarchus

=
Jabl
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labran 9 91%¢ MF Ee AEAS RYx, W ARl ofFa

i
Aadolel 45~49%°] w2 S UEhlth EFAACIA 1 9] vkt
ofFE e FSHA S LHA cotvlwit MLAEe] 4%/ Wl Table 5
k-

AAE e B AFRARAG we BAME Fuke FSHA
LHAE 4% 5ol%9 ol 53 13 71 FauAS RevFig. 19).
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Fig. 17.

A

GCTGCTACAGATGT TCACAGAGCAACAGAAGARACAAGACGTGCAACTGAGGGTCCAAGC 60
AACAACGGAGCTCTACAGTGTCTGACGTGAGACCTGCGGACGATGCAGCTGGTTGTCATG 120
M O L V.V M
=21
GCAGCAGTGCTGGCACTGGCGGGGGCGGGGCCGGGTTGCCACT CCGACTGCCATCTGACT 180
A A VL ALAGAGEPGCHSDT CHTLT
-1 1
AGCATCAGCATCCCTGTGGAGAGCTGCGGCCACACCGAGTACATCTACACCACCATATGT 240
s I s I p V E S CGHTEVY I Y T TTIC

GAAGGACAGTGTTACCACAAGGAT CCGGTCTACATCGGCCCTGATGACTGGGCTGAACAG 300
E G QQ CY HK D P VY I G P DDWAE Q

AAAGTCTGCAACGGGGACTGGACCTATGAGGTGAAACACTTCCAAGGATGTCCAGTGGGC 360
K v ¢CNGDWT Y E YV KHF Q G C P V G

GTCACCTACCCTGTGGCCAGAAACTGCAAGTGCACGGCATGTAACGCAGGAAACACGTAC 420
v T Y PV A RNTCIKTCTATCNA AGNT Y

TGCGGGCGCTTTCCTGGAGACATATCCAGCTGT CTGTCCTTTTAAAGARACCCGTCCGTC 480
C G RF P GDTI S S CUL S F *

99
CTACGTTGACTTATTATCTTTATGTCACATGACTTGATATTAARNNENNACCAGGTATCCC 540
TTAAAAAAARAAAARRARAAAAAAARAAARA 571

(B)

AGCACACTGCCTGCAGACACTAGAGAAATCATGGCTGTACAGGT CGGCAGAGTGATGTTC 60
M AV Q V G R V M F
=32
CCTTTGATGTTGAGTTTGTTTCTGGGAGCCTCATCTTCCATTTGGTCTCTGGCTCCTGCA 120
P L M L S L F L G A § S S I W S L A P A

GCGGCCTTCCAGCTGCCCCCCTGCCAACTCATCAACCAGACAGTGTCTCTGGAGAAGGAA 180
A A F QL P P C QL I N QT V S L E K E

=1, 1
GGCTGTCCAAAGTGTCACCCGGTGGARACAACCATCTGCAGCGGTCACTGCATTACAAAG 240
G ¢C P K CH PV ETTTIOCSGHTCTITK

GACCCTGTCATCAAGATACCATTCAGCAATGTGTACCAGCATGTGTGCACGTACCGGGAC 300
D P VI K I PF S NV Y QHV CT Y R D

TTGTACTACAAGACATTTGAGCTTCCTGACTGT CCTCCTGGCGTGGACCCGACTGTCACC 360
L Yy Yy K T F EL P DTCUPUPGV DZ&PTVT

TACCCCGTGGCTTTGAGCTGTCACTGTGGGCGCTGTGCCATGGACACATCTGACTGCACC 420
Y p VAL S CHCGH R CAMT DTS DCT

TTCGAGAGCCTGCAGCCCAACTTT TGCATGAARTGACATACCTTTCTACTACTAGTCTCAR 480
F ES L QP NTF CMUNDTIZPTF Y Y *

115
GCAATAGCAGCATTAATCACATTAATARACTGGGTTTACATTCAGCATCAACTGTTGTARY 540
BN AGTGTTACATTCCCCAGTGAAARAARAAAAAAAAAARAARAAAARAAAAAAARR 600
AAARAAPRRAARRARAR 617

The nucleotide and deduced amino acid sequences of cDNA
encoding the blacktip grouper Epinephelus fasciatus FSHA (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 B, JF520407; blacktip grouper LHA, JFE520408.
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FSHE subunit
21

LHf subunit

Fig.

1 20 40 &0 a0

E ML AUTALCLTLAR ILARAS--=~T 5CGL M IS|ISVENELCGGOUTIRT THC A 6L EFTOD3VYES SLEP VP 00 ACHERDVIYETVHLE G 5P S GMDLHITYE VAL 3 CE CSKENT DSTD CeFLNTEVIGELT! & 108

= MQLVILAA- ~ULALAEMEQGEIL DOV H3|[PUE S -~ EGTTE T IRTT ICE 6L CFWED 3 VT I9F AGHPE QK 1€ 16 -DUTYEVE YTE S EPVE ~ -~ - VT YF VARN CEEGL CNT YTD EGRL Q5D IPSE- - = 96

= MEMRTVUMUM-LLE ALMRAGSECRS  5ORLTHIS|ITHE SEECGSC IT IDTTACAGL CKT QERVYRS PUMONYUNT CHEREWT YETYEFKG CPF GTD3Y FTYP VAL S CE CS KOS D 14D B6VL 300T YRET UH-- - 108

= MOLVIAA- ~VLALAGAGFGEMS DOHLTSIS I e TYTT 1CE GQEYHEDP VT T DT YEVKHEQE CFVE - -~ UT VP ¥ ARN CECT ACNAGNTY EGRTP EDTPILEL S, & 99

- MQLVVELAA- ~ULALAGAGEGCHS DEMLTS IS IPVES--CGRIEYIVITICE HEDPVET HE -~DUT YEVEHFQG CPVG UT YR RN CKET ACHAGNTVEGRIPGD 1 35CL 5! - 28

= MOLVIAA- -VLALAGAGUGETY GOHPHFIS|ISVES--2GITEFILTT ICE 60CVLEDE VRISHD - - ~E QK 10HE -DUS TEVER [EG BPVE T TECNT GHTY CERLPETVFSCE 3 = 96

- MELUIAS- ~ULAUAGAGIGEST  DERPTHIS|IPUES--CGSTEYISTTULA EDP¥ISET GP AKQR 104G ~DIS YE AKH ING CPU A —-- ~UT YE UARH CHET UCHP GNTD CGRFPED IPSLLEE-- - EX]

MCYCT HLIL QLYVMATLIWTFVRAGTDERY  GERL! [ITVEREDEHGE ITVIT - - A 6LCE TTDL N 03 THLE R3 06 UENFREYS YERVYLEG CF 3 GUNPL F- 1P UAKS C0 C TKEMT DNTD (ORI SMATPSCIUNPLEN 107

- MMMRGUAMUL-LLEMLUTAGSECET RORLTSIE ITUESDECGECITI) 46100 TAER ATRS PMAR YFQNT ENFRDUT YET (LG CAP GUDS S FTVP AL CE C5 QCNT E ITD CGAT SM0P SSCHTRAY Y- 109

- =~ ASUL FCF- -~VLLCUARGOEHA SCALE@IGEKDGCGHCUS\@CAGRCLTQE.DVYKSSISLYTQLU’CTFICI:ISYUT\J‘QLPHCPEHWP]‘YA‘YPUALSCECGQCATDYI‘DCGTLSLGPSDCTSQED-- 108

3z 1 _ 20 a0 a0 80 100

————— M3VYPE CTWLLIVCLCH---—-LLUS 66  SLLLPCEF IFET GCPKELVEQTS I ESFRE ITKD FSVE SFLITVY) R ET YRDVRYET VRLP D CRF GUDP HVT FPVAL 30D CNLETHDTSDCATQSLRFDECHS QR ASLP A~~~ 118

M3 AQUS - ITHTPMMMELTLGUS FFIWPLAR 302 FQLFLCQF INQT{/SLEKDG CARCHPUE AT I C5GREUTKD FUMK TUFS MY SUCT YQEFYYET FELPDOLE GUDE TUSTES H 660 3MDTSDET TESLOFNFCHND [DTYYSLA- 118

BEGT PUKMLYUVENILLLL POLYY -~ -=~ LLUFAQF SILPFELPUNET UE & CPRELVEQTT 1 1 5P F3 TR HUCT YRDVRYET URLF D CFF GUDF HITYPVAL 3D E SLOTMDTS DET IESLOPD PEMEQREDTF V-~ 7

~MAUQUG-RVMIFLMLSLTLGASSSIWILAP 44 FQLFPCQLINQTPSLEKEG CPKCHPUETT I C5GRE ITKD PV IK [P FSNUYQ HUCT YRDL YYET FELPDCFF GUDP TUTTPVAL 5CHE GREAMDTSDCT TESLPNECHND [PXTY s

PPNAUQVG-RUMFPLMLSLTLGASSSINSLAR Aki  FULFPCOL INQTYSLEKEG CPKEMPUETT I C5FHE ITHD P IK IF F3NUYE KUCT YED FYHIT FELPD CPF GUDF TUTTRVAL 5CHE GREAMDT DT TESLOFNECHNT IPTYY - s

~MAYQUT -RLMTPLULSLTLGVS SF IWPLTP A& FULFPCQLINQT AZCHPVETT 1ESGHE ITKDPY IK IF FSKVYQ HVET YRDFYEET FELP DEFP GVDF TUTYFVAL 3CHC GRCAMDTS DETTESLQPDFETHD IPTYY 115

~MSMQISLRVEVFLTLIFTLS3- - -MWPLAR AV  FULFTCLL IKQMVSLEKEGCPKONTVETT IC5GROKTID FUAK IF FLRMY) KUCT YQEL YYIT FELPD CPF GUDF TUSTRVAY 500 GREALHTSPCTT 05LOFDECHNT IPTYD - -~ s
sLegregr IFAT ELVINTRI FSTUYQHVET YRDVRYET IRLP DEFF WWDF HUTTFVAL SCDC SLENMDTSDET IESLOPDEE ITQRVLTD 60U 119
YLLTH:]:PVF:'rl:rsw:xmscpxcmra'rs 1CSGRCTTKEPYYKSE IS 5 I¥Q HUCT VEDWRYET IRLP DERP GUDP HUT¥PVAL 5CEC SLOTMDTS DT IESLNPDFCUTQKET ILD Y-~ 7
SLR-LCEPUNET[SAEKEE CPKELLIOTS STYQQHVET VEDL RFVT UTLP DEFP GVDF HFT PPLAL 30EC SLCRMESS DT IQSVEPSDENIGELATONT -~ 7

18.

Alignments of amino acid sequences of the FSHpA and
LH B subunits of blacktip grouper Epinephelus 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 1idella (Grass carp); Ef, Epinephelus
fasciatus  (Blacktip grouper); Eb, Epinephelus bruneus
(Longtooth grouper); Tt, Thunnus 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 5. The homologies of amino acid sequences of Epinephelus

fasciatus FSHA and LH B subunits in comparison with those of

FSHpA and LHA subunits from the other fish

Species FSHg  LHE Source
(%) (%)
Teleostel
Anguilliformes Anguilla anguilla 40 52 FSHRA: AY169722, LHA: X61039
Anguilla japonica 40 52 FSHpB: AB0O16169, LHA: AY082379
Atheriniformes Odontesthes bonariensis 66 77 FSHpB: AY319832, LHA: AY319833
Cypriniformes Ctenopharyngodon idella 42 52 FSHA: EF552359, LHB: EF565171
Danio rerio 40 53 FSHpB: AY714131, LHB: AY714132
Perciformes Epinephelus fasciatus - - FSHpA: JF520407, LHA: JF520408
Epinephelus bruneus 97 97 FSHpA: EF583919, LHA: EF583920
Dicentrarchus labrax 74 91 FSHpB: AF543314, LHR: AF543315
Thunnus thynnus 77 90 FSHA: EF208026, LHA: EF205591
Pseudolabrus sieboldi 68 87 FSHA: AB300390, LHA: AB300391
Pleuronectiformes Paralichthys olivaceus 71 75 FSHpB: AF268693, LHA: AF268694
Hippoglossus hippoglossus 65 78 FSHpA: AJ417768, LHB: AJ417769
Salmoniformes Oncorhynchus mykiss 35 55 FSHpA: AB050835, LHA: AB050836
Oncorhynchus keta 35 56 FSHpA: M27153, LHB: M27154
Siluriformes Clarias gariepinus 42 54 FSHpB: AF324541, LHB: X97761
Ictalurus punctatus 41 55 FSHpB: AF112191, LHA: AF112192
Chondrostei
Acipenseriformes Acipenser sinensis 32 49 FSHpB: EU523732, LHA: EU523733
Acipenser baerii 32 45 FSHpA: AJ251658, LHR: AJ251656
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P.marinus GTHB
o. isF
T. thynnus FSHB
D. labrax FSHp
P. sieboldi FSHB
E. fasciatus FSHB
E. bruneus FSHB
P. olivaceus FSHB
H. hippoglossus FSHB
0. keta FSHB
. mykiss FSHB
1. punetatus FSHB
C. gariepinus FSHB
D. rerio FSHB
C. idella FSHB
1000 —— A anguilla FSHB
A.japonica FSHp

1000 — A. sinensis FSHB
L A baeriiFsHp

P. sieboldi LHB

T. thynnus LHB
o868 0. BonariensisLHp

HB.

831

1000

453 H. hippoglossus LHB
1000 P. olivaceus LHB
o D. labrax LHB
E. bruneus LH
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747 C. idella LHB
313 D. rerio LHp

999 C. gariepinus LHB
- — 1. punctatus LHB
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L— A baeriiLHp
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Fig. 19. Phylogenetic analysis of teleost FSHA and LH S subunits based
on amino acid sequence. The Petromyzon marinus GTH g —like
protein was used as an outgroup to root the tree. Analysis was
performed using the neighbor—joining method. The wvalues at

nodes are bootstrap values estimated by 1000 replications.



(2) =29 FSHB 2 LHA mRNA 2

Tukele] <1, A9, AVEsHE, HskeAl, F AR B Y 24 Sl

FSHBS % LHBZ mRNA2 w& S RT-PCRE o]g3dto] &<latitt. FSHR &}
LHB mRNA+= T2 YstFa|da ZshA Z3dHsR oy, dhdef] 340174 %2

9  FselM= LHB mRNAZE  ofspAuvvel 2deigia 1 o] 9]f
ZAESqE A TR gttt T3 RT—PCR HFE34 <o genomic
DNA®] 9% PCR % 25+ RT-PCR #hg Al JHAN G485 WA &S
negative contrololA] FSHA % LHA mRNAS WdS& =3 #AAsITh 1

A3} genomic DNA T3] A3 gls= &2lssith(Fig. 20).
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M T O HP L K G N

FSHB

LHB

18s rRNA

Fig. 20. The tissue specificity of blacktip grouper Epinephelus fasciatus
FSHA and LHBA 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.
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BE AT 219 ARAES 22T FReAA AALAFEATTL
+2

0.5 2 g @A yebgon ofdl FHelY] dRAMECEE 60.9E3.4 m)
7} BS 2A ATt sHA R £ 25TE AFSAIZl 3 141L:10De A3

o - L:
T o] FEANAN WA LTHAFIE 452 S o, dad dEAE B¥
G GRAE (G 400 m o)) 7F RS 2AET 12L:12DY
FERA] dxTolMEs 26TE F274% Fole AL dgo] o]FojxA

okorth(Fig. 21, 22).
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AR A= 1257 F dxzg9 AT 19 GSIs A4 0.30+0.22,
0.50£0.150]1903, A he FHJAY] GRAE} 77 GEAEE] #2H
Aok 2y AHEF 0 GSIE 3.4011.74% e A1 By w2 @
S YERATHP<0.05). E=g Ao Aol XA 30~40 me o
GRAEEH 150~180 me F77] HRAYE 183 320~400 m A7]9
A GRAZEC] da agdlel £AF ] wasta ATh(Fig. 23, 24).
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Fig. 21. Gonadosomatic index (GSI) change of female £Epinephelus

fasciatus in control and treatment group during experimental

period.

Fig. 22. Photomicrographs of ovarian development in female Epinephelus

fasciatus during experimental period.
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Fig. 23.

50

2.0 A

10

o | Ml  wm

Gonadosomatic index (GSI)

Initial Cantrol Treatment I Treatment II

Gonadosomatic index (GSI) change of female Epinephelus
fasciatus in control and treatment group during experimental
period. Asterisk on colums indicate significant difference
comparison with control and treatment group (P < 0.05).

Values are mean £ S.E.

&

Fig. 24. Photomicrographs of ovarian development in female Epinephelus

fasciatus. A, initial group; B, control group; C, treatment I
group; D, treatment I group. Od, oil—droplet stage; Pn,
peri—nucleolus stage; Yg, yolk globule stage. Scale bar=200 um
(A to C) and 400 m (D).
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Fig. 25. FSHA and LHA mRNA levels in the pituitary of female
Epinephelus fasciatus under different treatment conditions.
Asterisk on columns indicate significant difference comparison

with control and treatment groups (P < 0.05). Values are

meantS.E.
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3. AA TARE 23 HFFAY +F4

DER 3o =4 54

Fute] 49 pHe 7.69, A9 %% 360 mOsm/kgol Atk 18l &
AHE AFES 2.5% glucose, 5.0% glucose, 10.0% glucose® MFRS2]
pH= ZH7F 6.40, 6.81, 7.39, 7.550]1303L, 459t 5%+ 145, 288, 585, 483
mOsm/kg®] At (Table 6).

A FA ZAPEA Y AF A FA] A Fosts AoR ATTEE=
A class®} B class A 8]&2 22 51.8%2F 5.8% ©|3t). o3 10 A

Al A class® B class @A} vl &o] 242} 53.6%% 11.2%= 713 kst &5

e wrh olF Aab $EAC] Fashy] Adste] 143k 308 Aw F LE

i

AL A class® B class AAF v &9 7217} 8.3%% 4.2% = 71 942 54
S YERQItH(Table 7). FAH245% (VCL) ZAFE I AlZA] 65.2 m/so] 3
omn, 10% A7 Al 64.6 m/sE 7 wWE £EE HITH o]F HAF A
Algrako] 2A1%F A3k Al 59.9 m/sel vk AABRZEE(VSL) AP 7 AJZHA]
21.4 m/selRe™, 107 A3 Al 30.0 m/s= 7F¢ wE £ 5 Bt o]%
A EAaskr] Alste] 2A12F AR Al 14.2 m/sol vk B

A A3 A ZA] 36.8 /sl e, 10% B3 Al 44.9 mw/sE 7HE wE &
EE HT o] Mk ashr] AlFete] 2A12F A Al 29.7 ym/sol vt
(Fig. 26, Table 8). AlAAg#}e] FHAZ AP=(LIN) ZAE I AlZHA] 32.9
%olP oM, 108 A A 46.5%% 7 =S S BT o)F Hi A}
71 A&sto] 2412 A Al 23.7%01%Hh A B F S (STR, straightness) %=
A} A3p AJZA] 58.2 %ol on 108 A3 Al 66.9%% 7Y w2 #HS B
th ol Hak FHAs7] AlFrete] 2A17F A Al 47.9%°] At (Fig. 27, Table
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Table 6. Osmolarity and pH of seminal plasma of Epinephelus 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
MFRS" 438 7.11

1>MFRS, marine fish ringer solution.
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Table 7. 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)
Slow progressive

5.8% 11.2% 11.2% 11.4% 4.2% 3.6%
(B class)
N .
© Progressive 0.9% 2.0% 51% 1.8% 1.6%  1.2%
(C class)
Immobile

41.6% 33.3% 62.1% 66.0% 859% 81.4%
(D class)
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1 hour 30 min

Fig. 26. Change in fresh sperm motility of Epinephelus fasciatus

according to the time course.




Table 8. Fresh sperm motility according to the time course

.. . . 1 hour
Initial 10 min 30 min 1 hour ) 2 hour
30 min
VCL
65.2 64.6 55.9 59.5 56.7 59.9
(tm/s)
VSL
21.4 30.0 23.9 18.4 17.4 14.2
(tm/s)
VAP
36.8 44.9 36.9 33.7 32.1 29.7
(tm/s)
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
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YELA T &
YEdAe e A ZAME¥ GDS 19 GDS I Ag oA 713
Gzstgith. GDS 1ek GDS I A3 sls & +5ds AR A4 244
A class AAF ¥& 247F 56.8%% 50.6% |tk 18l MDS$ MTS A&
To A B 77 29.1%9 25.0%°190tk GDS 19 AA £5A4e 7}
7+ 11.6%= 7} skt

[e)
35

off

[e)
RUN

(Table 9). %% WYEAA % & SXEA 22 A
7F2- 30+ ojuiloen, A3 4A eEgEel AEe A= GDS I A
Tt o]tk AAAGA 5 A HAZEE 24)17F o] AEFFAITH

DYFHAE dlEs F AIF Al e 54

iR PR 1 27 2ol uf Vg dsst AFATRE U
Bl GDS I A5 tidoz XAt GDS MAE T2 A1&A 49
Fojst= Aoz AZAEE A class9 B class AAF v]&S ZHZF 45.4%9)
17.2% o]t} o]% 30% A3 A A class® B class A=A} H]&o] ZHz)
50.6%%F 14.5%%= 71 et 548 Btk ol HA 5ol HAsH]
AlZste]l 1A A E5AdES A class®t B class FAF H]Eol 7z
14.1%% 5.9%= 7} S 545 2 tH(Table 10). GDS M A& 7-2] &
T T A &5 2AF A FAAEEE(VCL) Z2AMET AJZA] 55.2 m/s
ojglew, 1A A3t Al 64.6 m/solvk. ANAFEZHLE(VSL) =AE I A=)
Al 31.6 m/seoldem, 1A1ZF A3 A] 18.5 m/soldtt. B AZEE(VAP) %
AP AJZEA] 435 m/sellom, 1AIZE AT Al 34.6 m/sol it (Fig. 27,
Table 11). GDS I A9 & § A& &4 A 439 442 ¥ E
(LIN) A3 A1 ZHA]l 57.2 %0l 30
Aspolh. o] AR} A7) Al&ste] 1AI7F A3 Al 28.6%0]31tE AE s
S (STR, straightness) FAF A3} A|ZFA] 725 %olglom, o]F Hx} 7HAs)
7] AN #ate] 2417F A3k Al 53.3%°]120h(Fig. 27, Table 11).
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Table 9. Change of thawed sperm motility in different groups

GDS I GDS I GDS II MDS MTS

Rapid progressive

11.6% 56.8% 50.6% 29.1% 25.0%
(A class)

Slow progressive

0.0% 1.5% 14.5% 5.1% 11.8%
(B class)

No progressive

15.3% 0.3% 1.9% 2.4% 2.2%
(C class)

Immobile

73.0% 41.4% 33.0% 63.4% 61.0%
(D class)
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Table 10. Change of thawed sperm motility in GDS III groups according

to the time course

Initial 30 min 1 hour
Rao -
apid progressive 45.4% 50.6% 14.1%
(A class)
Sl i
OW Drogressive 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)
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Table 11. Thawed sperm motility in GDS III groups according to the

time course

Initial 30 min 1 hour
VCL (m/s) 55.2 57.8 64.6
VSL  (um/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

Initial 30 min 1 hour

Fig. 27. Change of thawed sperm motility in GDS III groups according to

the time course.
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Dyl&t fresk 74

Cannulation WHOo 2 v/ 7) 7last 7vie]l s AW¥HsI 1, iiss 5
3l7] 98 500 IU HCG/kg BW FE=Z 13 Z&FAF stk & 7vtg] 744
S 6vtel7h wigke] Zhsekedarn, wigkE F2 187 mL o)y, °lF HAE &

A2 137 mLo|tH(Table 12).

2)7\7] 1/]— tﬂ-}\g

Fole] PR PAEYe TR BeRARoz v 700~800 m H
4 160~170 mol Q3 (Fig. 28A), 448 F 147+ Ashato] wito] 5 - 422e
Zom A 1] AEo] 241%7]0] o2t (Fig. 28B). 4 & 147+ 30%

st 44 E27] (Fig. 28C), 4 & 1AIF 50 A ¥ste] 8AHE7] (Fig. 28D),
F 2A17F 10 A Fate] 164127] (Fig. 28E) & daagivh. dato] A& X
Holl wah o] A717F B FokA] 3AE Fofl A7) (Fig. 28F), 7TAF F
of ul7](Fig. 28G)ell o]ZHA] wjwkeio] §7|= itk 1 & A} winkgde] Hl

AAA FEE G AlFsEleh A F 1A AARs o winke Hxp daks
oA A wjgte] FAE = Gul7] (Fig. 28H) el o]=Z a1, 1443+ & A7}
SHlE A wiszo] FAE AT (Fig. 28D, 4 ¥ 16A17k0] ApA £ H3)
9} 7t FAHAY oju LA F= 4~5701931, Kuffer's vesicleo] HjA] 2]
H& Htel Zdsklrt(Fig. 28]). T 2073 Baetele W b o7}
F7F 19~2070 2 Z71el vk (Fig. 28K). 778 % 24A)3to] A3}
Aol AFEEA AgHgo] AT Kk 7§

th(Fig. 28L).
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Table 12. Artificial stripping of Epinephelus fasciatus eggs after HCG

hormone injection

Pish Total length Body weight Ovulated egg Floating egg
is

(cm) (g) (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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Fig. 28. Embryonic development of Epinephelus 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 m (A to K), 800 m (L).

_59_



3)3¢ahafole] et

Aole] ATAY ZARE UG- /T FEE 2A PN FAR 2014
ARt oM, Aole] 80%7F AT E WS 7IEOR ALk £& 25CE

A gabe] 2o Fed e wE W¢E - f9 S8 W Fig. 298 2o
v FeE9 A9, F3k A% 38 §4 vlEo] 0.040£0.006 mr (100%) el
A 53t F 24410 47.5%, F3F T 48A17kel 15.8%F tiF-to] wElo] ¥
3} 48A17F ool FFEUTE 7 S A, ¥3 A% 7 &4 v
£°] 0.001£0.0002 mr' (100%) A -3} = 24A17Fe] 50%, -3 F 4841
of 30%%2 W3 F5o vls] ok =2

o] 5tk (Fig. 29).
DA - Aole] Frf ey 4R

(1) 3ol g

Roh F 0~19 B9 RS widel AXsky gom, fTE FEI A7
125

ATk Qbtoll SA AT FAEO] b HEZF EEoH, 29 A
AHE Qlh mEl R =Hu] B E5F

F3b § 9~12dd - SA=ET Al 253 ThEA =] S0l EE o YERR
neA=n] B SAALTE GE AYstA AojRon wx-ejv] o] Ay
of 2 -f**—‘iif?J} LEbsTH(Fig. 30D).

Fgh & 229 1 FT)AR] A7IE RSt T mE|A=gn]l] 7| 2A0 F7
2313 ok (Fig. 30E).

F3F §- 459 ¢ A =en] ZEh @R A, AAo] FAE W
a1, Ao A xoje] FEE Wetedtt (Fig. 30F).

3k 5 60 AAY B 4% FHE HERT(Fig. 30G).
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0.05

0.04
\E, 0.03 1
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g 0.02
=
o
001 A

4] T T
Q 24 48

0.002
\g 0.002
g
©
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O
= 0.001 -
e
L
By
=

0 T T
0 24 48
Hours after hatching

Fig. 29. Absorptions of the yolk and oil globule volume in Epinephelus
fasciatus larvae according to the time course. Vertical bars

indicate standard error of means.
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Fig. 30. External development and growth of FEpinephelus 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.
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(2) SA==ulet WA =] = og

A=Y A 253 A=y o Fde F3 F 109FH A
o} SA=gn A 22e T 1094l 616.61+28.6 mollA F3 & 304

of FHuj 2063.1%295.6 m7FA s h wix|=w] =2 dol= F3l ¥
104 Ao 676.7£19.3 mollA F3 & 30 Ao 1648.7£292.0 m7HA] A
A3 tH(Fig. 31).

(3) F-3kAto] 9 =7] W3t

3 5 3 A Ao Adebd et shebd dol= 77t 80.1+8.3 imt
87.5£75 m ow, F3 F 7dA Aot 176.216.7 me sk
200.4*15.2 m= Fujel do] AF= v olF F4s] Frhste] ¥-3t 5
1295 Aot 333.5+111.11 mst dFebd 555.1£34.1 mollA 60Dd# Aretrar

2816.51110.2 m$} stebd 3101 £99.4 ol o] =% th(Fig. 32).

(4) FspAro] o A%
FTulg] Aol Wdlo] B gEEi= AlAdA w2 udow sl
AR Sl ZaT Rxsit ¥
3

2 yepith 2ol 9

JE

= 30.2 mm A7) E AAsteth(Fig. 33).
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2500

2000 -
—~ 1500 -
H
5
o0
g 1000 -
-
500 - —o-2nd dorsal spine - Pelvic soine
o T T T T
10 12 22 30 45 60
Day after hatching

Fig. 31. Growth of the second dorsal spine and the pelvic spine by day
after hatching in Epinephelus fasciatus larvae. Vertical bars

denote standard errors of means.
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3500

=o-Upper jaw length & Lower jaw length
3000 - pper ) gt! J g

2500 -

2000 -+

1500 -

Length (um)

1000 -
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3 4 5 6 7 10 12 22 30 45 60
Day after hatching

Fig. 32. Changes of the upper jaw length and lower jaw length by day
after hatching in Epinephelus fasciatus larvae. Vertical bars

denote standard errors of means.
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Days after hatching

Fig. 33. Change of total length in Epinephelus fasciatus larvae by days

after hatching.
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5)7 - Alofe] el wE AFw Fu wg
OERECRES MECEE PR
Fuke] A - Ao hstwel onge) wae dvlds

7b ®3etqlon, Astae] Aol gE I o] ¥y
At (Fig. 34B). ¥3 F 394 (3 DAH) xst#e] A2 4 g3
A, A A 23k FHEkA odokth Fsk & 494 (4 DAH) AT
o 23k U2 Ao FgE . Ao A9 g sRio] Zof
HA ol FAN-9} Al AAVE F3lo] #AEAT(Fig. 340). #3h ¥ 74
A (7 DAH) W32 A FFEen, o] nolr] A8t 18 A3
T Adoldk wolzh BRE AT (Fig. 34D). #3F & 7AA (7 DAH) AS5o=
i EEo] #REow R5 G5 W SALEL FEETH(Fig. 34E,

F).
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Fig. 34. Morphological observations of the digestive system during the

development of Epinephelus 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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Aoje] 28h7) 3
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Fig. 35. Sagittal section of the digestive system during the development
of Epinephelus 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, (GQ)
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; IV, 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.
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tauvina®l A% A7 F3b & 7dolw, v 10del o]=3%ls w g F7
o7 7% 312 (Chao and Lim, 1991), E. marginatus= 3} & 14\d o]4+
(Glamuzina et al.,, 2000), E. mario= 43} % 99, A5 11 kg ol
(Randall and Heemstra, 1991), #Hulel= 7 24~32 cm, AF 500g ©|%

0,

e AdHgo] dojdti(Kayano, 1996). Aol AT 6 kg O]
(Tsuchihashi et al., 2003a), A8 += A& 63~99 cm, AT 4.4~13.2 kg
o AdAdgo] dojtti(Oh, 2006). o] Aol Fntel= oE vk o 78}
PR 2 A AgEA ol R WA dRloR Aed & FRlor W
gots e Btk ofAlTel wE Adul 2AF A oS AA 32~36 om,
AF 400~900 g HHlel ZFdsRa, 72 A% 34~41 cm, AF 600~
1000 goll YEr e, 7Hd 7l A% 31~35 cm, A5 500 g HHNA &
zZhelo] Tule] o] AAEE A 31 cm, AS 500 golAHE Axgo] dojut
T Aoz AzZtdA,

A A" S flske] Fuky w ke viAlA A SAS A
ATk o F A @ FH= Wb, o UAE, o VT A a8la Y T
theFsty, ol= % (nuclear fossa), nuclear notch 18|13l centriole complex
o #utow L] 7|Istt (Gwo et al, 1994, 2004, 2005;
Gusmdo—Pompiani et al., 2005; Maricchiolo et al., 2007, 2010). %3 t}
et Aol FHl= Y] e Het WA AwAo] ATt (Jamieson, 1991;

Lahnsteiner and Patzner, 1997). &un}g] A=} N2 centriolar complex©l

o
o,
2

o

L

A 7193F+= osmophlic filament® centriolar complex?} A2 AA= o] Q11

ol HEel N S5 s HPYo R Eo] Qo o] Bejo= dulo] gy
o] &7} (nuclear fossa)S #z3 & ).

Al FAF ol AR BRFS AP Al SE o] dojd -

i



Type 1 spermiogenesis 18|31 33]do] dojufx] 2 ¢ Type 11
spermiogenesis® 5™ (Mattei, 1970; Jamieson, 1991), Type II
spermiogenesisi= o] ZoA ddtA el AxpHAYPE 3 olty (Jamieson, 1991;
Mattei, 1991). 38, Fupkg] gl & 5 #HR Addi-ol= proximal
centriole¥} distal centriole®] osmophilic filament® QAT o] Mz FF O F
=0 Qla1, T3SE distal centriole 3o+ osmophilic basal plateZ} 1719]
W OYPHE AEEy Hrel Adxo] gllth ofF A}l centriolar complex
= ME FE Es FHoR SAsk 442k dol= AU 1 BEF 5 Fel
mheb theFshal, centriolar complex7h E=A18HA] &2 o] F % Ut (Mattei and
Mattei, 1978, 1984; Baccetti et al., 1984; Gwo et al.,, 1992; Lahnsteiner
and Patzner, 1997; Morisawa, 1999). &4l2] =}Fe] proximal centriole®}
distal centriole®] & wAF2E= 2 97019 osmophilic spokes Zb=
kgl FElE 9+07 o WALy FAEOIdH. ofF A FHE ol A
st P EIZEgote] o} FH= viAlFRA o R ofF el Aolsttt (Baccetti
et al., 1984; Mettei, 1991). vpg] 3} o729 Gx FHKFo] A8k vEZE=
gole] = o]Fxte| Arolsle] E. malabaricuss= T8 670, P. leopardus:=
7% 570 == 670, S. atricauda= 7% 570 1@l S. cabrillast S. scribai

2+ 7y 3 47 mEE o7l EA%t (Gwo et al., 1994; Garcia—-Diaz et

o,
|o

al.,, 1999). o] dFellq nte] AAFe] FHF= cytoplasmic canals &
2 HE Aol o] 8~97) nEFZE=gel (A7 0.74£0.09 m) 7t EA
Atk dRtHo® oF FAF ofF ALY FTHF EAds vEIZE=gols
A2 AELEL] oyl ATP Al #ofst (Christen et al, 1987;
Cosson et al., 1999), &} &2 A&HHL2 vEZEgote] 9 AA o HWA
St S Aydo] vk Bavh 9ley (Baccetti et al, 1984), HF A4+
AAE TS AEst=d Hast ojuxeds glste=d e (Mansour et al.,
2003), "lEZEZote] ATP A= FA 955 9 F9n&de= 4
s@Ado] glths A2 37F 9ltd (Burness et al., 2005).

oAFAAe] FTHF AT 5 F UE ohve HE AYRE FHoR

HE 8} cytoplasmic sleeve A9 AtoJof] -9 271 2] ®HIF 31 cytoplasmic

Oft
il

1o
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canalE Zr=ths AF7F Qo old F xR of FAAY] AnbHQl vATF 24 3§
Bjolm  (Jamieson, 1991), o= HFe&¥d FHFE=9 FAo vAT=4
Fejet= Aolsitt (Guraya, 1987; Koch and Lambert, 1990). %3+ oF
cytoplasmic canal®] Zdol= 7118, T3+ 18l 23 & ofF7tkel Aolsttt
(Jamieson, 1991; Gwo et al, 1994; Garcia-Diaz et al., 1999;
Maricchiolo et al., 2002). o] 7oA gxtg] =pe] FHF= vAFx4] 3
Gy FoHe B A3 ARE A 92 cytoplasmic sleeve 93 Au A}
o] #-5-of 27129 HI¥7FQ cytoplasmic canal RS F+x7F #zEHAT. o]y
shoukg 3 o/ A SHEFY H53 MR dE9d HESEe FASH,
AzpetAl wAold A gl dlre] I FEe fold= Sl w3k
F=olgty dHE. 53] it nigldt ofF ] HA FHFO EAe=
cytoplasmic canal W4 HE Aoy dFAue= A7 2 799 ¢
245 Zb= necklace”7t E=A18H (Gwo et al., 1994, 2005; Maricchiolo et
, 2010), necklace: AXUYZ Ca’'o]&9 flo=z =9 Ax 53 o
Fidel #ojsitts A5 Bk ltd (Dentler, 1990; Gwo et al., 1994).
o] Aol Fute]l FAHS] necklacets R AT cytoplasmic canal¥} F3t
+ HE d¥Aute] AAUETE =2 78709 78 A FHE Ak
(Fig. 11). Cytoplasmic cnanal®} necklace?] Agldtd Asdard o
necklace® 7|l st A7} AQsiotal Aok
ol AR} mFE ofFZte] Aoldto] shute] HEE
2b, 2708 HEE 7= biflagellate A Z28]al HE7F gl aflagellate FAF
o2 Fi¥th (Jamieson, 1991). wvig]# s|itel&Ql E. malabaricus, P.
leopardus, S. atricauda, S. cabrilla 71213l S. scriba =2 AAF w|H &= st
o HEE 7HAH mAlFERAo®E Al “9+2" & FAEoltt (Gwo et
al., 1994; Garcia-Diaz et al., 1999). &vlg] AAte] HEE o] FoA Un+Z

PN

+ uniflagellate 4

o7 AT + 9= 1709 HAEE zZF= uniflagellate AAFo]w], AR 3t 9
Al F2E 18 T4 vAAST olE R 9 W mAAdeRE
+

2" 9] FAFFZo|Y. 28w WA Angulla japonicse
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‘940" 9 ulHAF FAF 7% (Colak and Yamamoto, 1974)0|w, €gld|o}l=
‘9+17 9] A& FAZE (Bern and Avtalion, 1990) & Zt=Tt}.

ok, olfF Aol WRe] EASHE lateral fine A9 FAHF 3kl
Boops boops (Mattei, 1970; Zaki et al., 2005; Jamieson, 2009)3¥}
Diplodus sargus (Lahnsteiner and Patzner, 1998) 18|31 Pegellus
erythrinus (Assem, 2003; Maricchiolo et al., 2004) A XK ¥t} =g v
g7 sjAto}E E. melabaricus®} P. leopardus+= 27012] lateral finsE 2ZEA|wk
(Gwo et al., 1994), S. atricauda®} S. cabrilla 1831 S. scriba®l|X<
lateral finoll #3+ B 17} ¢ith (Garcia—-Diaz et al., 1999). olF A} AL
lateral fin g#9] & 733 AR ¢ T G FEjeh= #Hol ¢l
ou AR Ede a&H0R FAET (Mattei, 1978). lateral fin 25
=9 A "HEee = o ogled, &F =
(Afzelius, 1978). =vtg] AxF HE|= 7|9t BeFo] thekdt lateral fino] &
A3k, lateral fin UH-ol= FA @R ot T
“9+2"7 o FAEE st A 9 vesicle ol #EEHUT

of AT} Frhe] FAe] AL whE 3} ol F7ke] FEj7t Aolste] /)

e}

—d
e
o
oifl
e
2
x
s
&
)
;o

T3t cytoplasmic canal¥ lateral fin

= AAeEel a3 oyAds dEY
= T AEALTV|F ol ddEU FAe] AEAT|

A 7 ARl Zlsel et e Aol @k A4 sk
oo Wt FAIAH LS wiNk ASHel EAehE oA EZAEVE g &
P s drte] Wy o] JAHY G Ao HA A v F
501448 Z=th(Laale, 1980; Guraya, 1987). whg] 2} o] 7 Apuke] ¢} 54 o
a8 w5 diFEY olfe UHY dEe]l EASH(Kim et al,

unpublished data), dA37do] 7+ Acipenser stellatus® W< 1-13707F

olr
re
ey
2
o
ofo
i}
4
9%
v
&
)
av
it
[P\

i)
1o
1o
1d
v

o Polyodon spathulax= 4—127W, Huso husox 337V, A. gueldenstaedtii
= 52709 WFo] &A 3ttt (Dettlaff et al.,, 1993; Linhart and Kudo, 1997).

Tev JAAo el wael o] dels o]l EAlskAl ka AAke FRel= A
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AE ZEa 9l eH (Stanley, 1971), A= v dEo] e Fap &
o] HAE zt=t}(Cherr and Clar, 1985). o]} #o] o]F9 W&}

¢

A fRE F SoloR WA Qdel FoW V5 s

v
e
1o,
oftt

m

%= & 5o]4dS XAt (Kobayashi and Yamamoto, 1981). W& vestibule
9} canal® FF4™, o9 vAlTFE4 HHjol wel WS Typel, Type
I, Type M 283 Type IV % 47}4 63 (Riehl and Kock, 1989) 3 9%
Gt d59 a2l 29Uy $9 37 w822 et (Mikodina, 1987).
kel o 79l kel ef /gl 18l Hubele] e El= Type I olv(Kim
et al., unpublished data), E. malabaricus®} E. coioides= Type M= &4
UtH(Li et al., 2000). °] AFolA Fuke] Heo] = FAFE AAERA
#z Ay} vestibule?} canal®] FEfETAQ S o wel Typel o o=
T35 ]l
FFEA0 W A4 gE 2AE WEe A FFEEQl vestibular ridge
<o, A =7* = (Sparus
sarba) ®} A=A (Acanthopagrus latus), 3% (A. schlegel) 2 WA
ridge TZF°lH, 5 (Pagrus major)+ 10709 FA% 188 F+x5 Zt=th
(Chen et al., 1999). vlgl3} oAF9 W& vestibular ridge® ¥lEL tfF+
A AYERl YAHdE w8 R, E. malabricusis 5~67W, E. coioidest= 7~871¢]
Uy wld 725 Bolu(Li et al, 2000), Fg zpuke] 8~1071, 544 9
M, Hukgl 8~9718 AAMEEFS] vUAHy 1y FxRE HJHKim et al,
unpublished data). ©] Aol A Ewvlg] W2 vestibule T2+ A|AWES =
6~77Me UAd welg27F B o] vhgf 3t ofF3te] Adolstiltt.

o] A7|9k Ao T3 A7l= FAA DA AAdAAVE o, FA
st 3 I ol A (Hart, 1990; Linhart and Kudo, 1997) 9F £33
Fun) WA (Chen et al,, 1999) T2 25 skaL, ol2fst w2 Al AT an
zh=ttal 4234 th(Kobayashi and Yamamoto, 1981). ©]
el A7)k A 7R Ar7|E #EAel & ou, AR v dA v den
e Wl Avie A 7R AVl A WA

rlr
ofN
i
o

2,
il

e
o
2
iy
o
>
fo
=
©
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X

= 1

EG2ES FEE =71 It Rizzo et al., 2002). EdF o F
S

w o) 3
vl gt B9 xE 44849 958 Awael vk Berois et al, 2007).

HAASRS Abegkelhs At o s o] 2Ela Hubels dul Bde AR B
57189 F& FxEo] EAA oy A77F 22 pore(0.11~0.21 m) =

o] A o mHelq #FHEY 53] Wi FHFol= 2717 9E pore (0.66
~2.17 m)=°] sAEYe R EAEHH, porel FRIF-9L THEAME o= 1Y d
W uydddy a8 EFEE 5 noduleo] HReFSHAl WEIHH(Kim et
al., unpublished data). Zejy F43s Abdkst= ol W2 Wl pore’t
Ak ok Bk UTh(Li et al., 2000).

oty med @] W 39 noduled] FHE F SoldS ZoH, Wi
HE FAYAd0=7 A8 27]1(0.15~0.55 m) 7} B3t pored ¢+ A
vkg] 200~25071, Aol 280~3207, Fvke]l 180~2207001yF Fule] A%
230~27070 2 F1kel zkol7b AT Pored] 7162 FAH7 o B el 3
Fob o]l HEwe W dSAT A Ang a8 AFEEe] Ve
Fsh= Aoz FAHEY ofo] thsh Aefsta 9 wiAT Al dArF HQs)
thal Az

Suke] o] w2k Aol Fojsk= W] 1Ak F FSHA S LHR S SAS
Atz Q) Fukele] HetrAER Y FSHA S LHR @A ks 3)stal
AE Ao® FHHE e cDNAE cloningdtil 1 9714 EE +43sk3Ah
FSHB c¢DNAE F 571 bp A 7FAH 217019 signal peptide®t 9971 9]
mature peptide® FE=3} H ¢ty LHB cDNAE F 617 bp HAS 71AH
3271¢] signal peptide®} 11570¢] mature peptide® F= =Tt Sk
FSHB 9k LHB & ot At M A2 Apnte] & L ¢Hst
AApe] opmal A3 AlFHAsH o7 H W

Fols Bl 7HAkv] s i 59 FSHE S 65~97%%

N

Aol g 717}

T:’_E o =
2 73, Fke) FSHAE
e

AERE woT, whd

, oA

Jo

¢
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Wol s, ol doj& Bl HIPdols 59 FSHR 9= °F 32~66%% 11 7%
Sl BlwA vk 3 Frke] LHA+ sol5 9 7HAv s of7E9 LHB
o} HlWEA 75~97% 5 =9ty wbd 7 o]9] tE o]ES5 LHB 9= oF 45
~TT%E 71 7g7dol AdiAe® wtt. FSHA A4 LHE ALl vl
T5 Tole AEF(eF 22~33%)°] "¢ 9A dEbHT o] Aol s
eulg] o] FSHE % LHA subunites @ASAOZ M2 & 23148 EAHS 7}
A A dvkal FAEY, Fukg] oA A Ax5 3 = (gonadotropin, GTH)

subunit> 72z FSHA ¢ LHA subunit 542} Alde] &8ty PSS &4 &

oL

LHA mRNAS x4 o3 S A vlust 437, HstgeAoA 7stA
sttt Yaron et al, (2001) olF7F 9F9 =84 &4, U
AEHA Tl st A55S AAVIHE F3 FEske] ud dH e
Airdzz Aget=d 1 FolAE AAEAHe FdHsk= GTHE &Hl=
HkgAle] A7) 5 (proximal pars distalis, PPD)$ %< (pars intermedia,
PDel HFzAor A= AS sttt diAeF Ao (Atlantic salmon,
Salmo salar), <99 (coho salmon, O. kisutch) 2 $A7§%9] (rainbow
trout, O. mykiss) 52 Aol oj7F=2 7] Wiz A VIG &4 o] %9
FHE AsAl7lel ol28 FSHeF LHO 2H7F &5 S7hsksivh. w80l e -,
testosterone, estradial—17/8 % 11—ketotestosterone 2 A AHZEO|E=
s2&e] oi$ FSHA mRNAS & {4 2 w45 A ¢4
=W (negative feedback) Wa= SIAAT, As JlAlAdAME &
¥ =W (positive feedback) &S YEMTE HbHe| LHA mRNAS #d2
ArdHEolE =2 S I #EAol fldth(Kobayashi et al., 2000;
Huggard—Nelson et al., 2002). &#¥teg] S stsAedre FSHBR 9 LHA
mRNA 22 Az W HEJAS 9 A Fol A #ojsita
o AxIt

o
o

O
oX
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sk o] HeEAERE oider Heo]  FeldE  LHA  mRNAZH
nlokstAlGEE 1 Ee] A EEYH, old Ade "Etyols] %9
7R ol el GTHx: difs dd9d ) (GTH-like
glycoprotein) @ EA13t# RT—-PCR el 2]st FSHS LH mRNASl he 2
o AL fomA #AZEHY] wZolth(Nozaki et al., 1990a,b; Yaron et al.,
2001). Aol FSH9 LH mRNAS @de F2 AAAATSS=R
=35 252 (GnRH) ¥} A A|Ask2] AL A 3 (neuronal perikarya) 9F Q12
S 7)1 5 (pars tuberalis), AlZFAd+-(fiber processes) 133 HH35A9
7% (anterior pituitary adenohypophysis) |4l A=At Hok 1 Hdo]
GnRH®  AH HAEo= [HEHAWY, 4 2HEO= T2 IHHH
1] = (feedback) S Ao REH AldeHE - et A - A 42
5 (axis) & FAok= Ao W] AlAge] #3874 2 s =4 st
THAQA &S ) (Hostetter et al., 1981; Melamed et al., 1998; Parhar
et al, 2003; Schally et al., 1971; Yu et al, 1979). Zng]e] <
NAAFE GTHO 0]t ¥4 e Zles Alsdnh
H o S, A, diike BIESE opAJop ofe] =TtolA uhekst whe|

B

Artel  digt At EEs] AgE A QA

=
LHB cDNAS &4 9 21
Zutg e ofwgr A4S AR A 283 bY A FEAAAS st 93l
GTHell wigh Ag#el SA A5 % I F83F o] §o] Qs AAolEr o
AT A7t FEskA &g eta 7 s
ofFel As 9 A diEn 82l S AAAAEIERYESER
(gonadotropins,

(gonadotropin—releasing hormone, GnRH), 2 AA}=F5 =22

GTH), Adz =28 81 AAFIT2E To g8 ZZHAR, o559 FAS
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fFishs A2 FF7)eh Fe2d 22 #4210 % (De Vlaming, 1975; Nish
and Takano, 1979; Asahina and Hanyu, 1983), o]¥ 7 Q&L WEA9l
AgRtE s Bed #AEe o, Fol wet I e A7 vgEA
et th (Donaldson and Hunter, 1983; Baek and Lee, 1985; An, 1995).
kg3 o/l FAo] E. septemfasciatus®] A5 FY F57](14L/10D)
Az AdxdEig 2~370E dEdA A AsEs FE8 (Song, 2004),
Zuke] E. bruneus?! B¢ A A&5S FEste 292 o] FE st

Aol HFI)7h mAHew wolsh: 2ow FAsn YUthOh, 2006).

i
XY

=
204 4 %ol FEHA GAAT, oF Feg

>
uieu)
2
iy
rlo
\]
\]
@)

[e]
rfo

25C= A7l 5 14L/10D9]  AddTeld A4 Axol #E¥  wH,
12L/12D9) 3z gztoMs 25TE F24%5 Fdx i ddo]
ojFoA X okoktt. ZEy A F57](14L/10D) 9 A (17~187)
A a8l A FF71ek a4 (25C0) HYFelM 1L (2570)
Aglate]l A s fREdon Hakgaldda #HEA S #Heisk= LH mRNA
o] Eokth webA ko] A A R 8l IF2(25C0) 0] TR
A-gsta, 4 FF71(14L/10D)7F B o= polsts o= A7dnt,
vk 7 o fFol e ST AgEA A FH e g &4
at7] flete]l A FARE WS ol &sta o, o] TR AN F3
W2 A 7F AFEE 3 It (Chao et al., 1975; Bolla et al.,, 1987; Gwo et al.,

1991; Babiak et al., 1995). o A} 4R E adef JFS A= T2
QAT ofFol A AN FaAHAAL Az L AR, FIAZL Sl 25
A ol glow, FAYAAL] B A5Gy =& Mxu T, GAkel

3t ZAJ o] dbolol £t} (Jamieson, 1991). 3N NaCl E+= glucose’} =
AFEE Y WA A= glycerol, DMSO%F methanole] 2 AFE-E 3 9l o
(Gwo and Arnold, 1992; Lim and Chang, 1998; Zhang et al., 2003), =
of wat Aol 9 FaAAY] FHe weFsit. olE =°1, Black grouper
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E. malabaricus= 150 mM NaCl¥} 34to]5+ Ringer's solutionolA A AFe]
FAdo] =om (Gwo, 1993), 54 E. septemfasciatus®] 3% 5% glucose
of FEPANe] HARsARE Ao 7 £ A}E HAH(Song, 2004).
S A AR DMSO= AMEUWRE FoEE7 w=a, Ygolu &)E 37 o A
A2 Aol mAl= QJEFo] Ho] YA Paralichthys olivaceus, turbot
Scophthalmus maximus 5 WHE2 At} 7o Al2E 1 At} (Dreanno et
al., 1997; Zhang et al., 2003). Black grouper E. malabaricus 5 3l"A]A|
Z 20.0% DMSOE AR Sw glycerole|y methanolS AFESSu] X} A=}
5ol el (Gwo, 1993), 549 E. septemfasciatus®] dA} FHARE
o 1 DMSO¢} w3 dio] 593l test yolk buffer(TYB)7F F3lgA| A= 4
3kl o™ (Song, 2004), AWke] E. bruneus?! 7% 7771 @& DMSO +%
(5.0%, 7.5%, 10.0%)°] W= A 4 F dl§ A5 ol&dt #4=te] +4
E3 F3HEo] Qo] DMSO s&el W& Foxk= §lolth o] AgtelA gnte
AAHsA BEo] A3t A de] T W R FATAAE AR A3, 3
A 5.0% 10.0% glucose 18]l Fa|WA Al dimethylsulfoxide (DMSO)
= Abgshs Zlo] Fuke] A FHAE S| A st Aor ddEn
o7 F3b Aoje= WA dd=dE G FUF AREEH AN, dEk e
T HES AR wet vgEA vebdo. Hvkel E akaara®l W &5
= F3F 5 2443k olve] 90%7F AR FH AL, 99%
< 73 ¥ 60~84A%to|tk(Lee and Hur, 1997).
C oM 24412 oAl v 79.1 %L
ABAIZIAI= 97.1% % vt el o]l Farsu, 22TCxEAAA 2443 424
42.3%, ABMNTAZ 76.6%, T2AZMA= 95.6%% AN o]l AT
(Oh, 2006). o] A7olA Fue]e] 44 +
A7.5%, 73k - 4817kl 15.8%% &5
Buoliel &gt A Rl FEE
o] S I, FEF7E Edlshe AV, S Aoz oldqH Y] AL A7)
7FA 237178 9t (Tanaka, 1971). © A+tellA Fniele] #3} A5 Aol
Akl G2 2t glom, 31§ 4dA o] AFHE S, 3 - 7dA

i

d712 AdolE AlFshz A7t
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glucose & AH&3t= Zlo] Sukg] A AR st Aoz e
3 7Y By aoz W 700~800 im, -
7 160~170 me) i, 74 F 28A1%F vhe] §-3l7F Al#E Qlet, ¢ F3 &
48A17F ool F5H A, F3 F T2A1A el AT T AFol ] A
19 A3 & ok 24 mm 7|2 F43 H3E B
o F3) 5 TAd7bA] enke e Holtd A =gn] = dhdo] o] FojA = 12
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