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Summary

1. Quantitative measurement of GSI in oyster, Crassostrea gigas using
immunological technique was successfully developed and applied in this

study.

2. To develop polyclonal antibody, eggs were isolated from the ovaries of
C. gigas. Average dry weight of an individual egg was estimated to be 13
ng. Total soluble protein in oyster egg account for about 41% of the total

dry weight.

3. The antigen-antibody reaction was tested with double immunodiffusion,
indirect ELISA and immunofluorescence. The rabbit anti-oyster egg IgG
initially exhibited a weak cross-reactivity against somatic tissue.
Absorbing with immunoadsorbent (glutaric dialdehide polymerization of
oyster tissue) removed this cross-reactivity. Indirect ELISA used in this
study indicated that the IgG detects as little as 10 ng/ml of oyster egg

protein.

4. The quantity of egg protein was determined from a standard curve
constructed using optical densities of various concentrations of oyster egg
standards. The total quantity of oyster egg was then estimated as follow:
total eggs in an oyster = 2.45Xegg protein in an oyster (determined from
indirect ELISA). A gonadal somatic index (GSI) was calculated as the ratio

of dry weight of oyster eggs to dry weight of total oyster tissue.



GSI = total dry weight of eggs / total dry weight of oyster

5. The mean number of eggs in female from mid-June was 100 million.

The maximum estimated in this study was 200 million eggs.

6. GSI from ELISA correlated with gonadal stage measured histologically.
Monthly mean GSI of female oyster was found to be the highest in
mid-June (0.423+0.155) and the second highest in late July (0.268 =0.108).
Highest GSI detected in this study was 0.667 (mid-June).

7. Histological examination of oysters revealed that gonads began to
mature in late March and Fully matured in mid-June. Spawning activities
of oysters were observed between May and August with two peaks in late

June and late August.



A&, Crassostrea gigast QA FE 52 2Z7} (Class Pelecypoda), @ &

#- (Order Pteriomorphia), # 2 (Family Ostreidac)dl 43t: o g 4o
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7HA] B AAe] Aot (o] ¥ 1997).
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o oaf G g, AESH Hx AV S 2 2}o)E HAY E3 4
TS AHHAARQA Fo| HolHA #F AYAHA &S njx:= 87
Az dexd Ao (&, 1996; Loosanoff and Davis, 1953; Wildish and
Kristmanson, 1985; Winstead, 1995). =3 AFHS -1 )4} £ o] B E8n} o}
Uet YA G MAse g 48 HolZ® $23 1 (Loosanoff, 1965),

WA & (reproductive output) @ HI DT = M AP 81740 d 2 A F9
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o] & ¥tk (Michael and
Galf, 1990). wtebA] 4t oluf s F o WA+t R HBAE olafaly] ¢ shA
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AR A Azl A AF Kol g} (&, 1996).
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(Behzadi et al.,, 1997, Sprung, 1983; Xie and Burnell, 1994), A x| thd & oj
e A o E A percent Bl €2 AlAtste B (Chung et al, 1993), A
Aol FAE FAs= WY (Loosanoff and Engle, 1942; Loosanoff, 1965)
ol WA AFd de oj&5o] goyt o3 WYE 2
(semi-quantitative)o] 3, A]7to] Bo] A QFH: THo] o} o 9
e a3 2 seE Ao o) Ay e AFIFAY 2
FAE A= ¥ (Cox and Mann, 1992; Kent et al.,, 1998)2. 2 Z 2 &3
VRl wal, AHAA Adyolgtm & 4 gloy, Ae HrEE do] AL
AN BE 2S dEY £ Qe s FAg 4G A Ao He
o] 7bs3ttkE A7 Aok (Choi et al, 1993; Cox and Mann, 1992). &
S HEY dE 2 s oo FELS ANV O E 2AF TR @
ou, WA W £4+3 A& (asynchronous spawning)©] 4= zbalol] 2 A o)
Fo] % 7] W&l Gonad Somatic Index (GS)E E&@3t=d olad o] YNUH
(Lucas, 1982). o}&| 3t o}lf2 &2 AF L sz 29 (shell cavity volume)
R Azt AFZe] ARBAZ F@HE v PE(condition index)Z GSIE )
234 (Rainer and Mann, 1992).
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43 el 7bx) WA oy e Ay
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b oA i f4e FA (Demers et al., 1993; Paugam et al., 2000) 2
MFe Hol A& AL E A% FUNRE B A (Hentschel and Feller, 1990
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Yt AdgFatal Fa @ gkl 70% ol A4S akxs: Tt (Fig. 1),

2ol A8 E B2, Crassostrea gigass 1998 6-79 232 ujtiof A
ARt 1G9 2dield g S AR F R A 334 9
3 ¥4 22, F 660717 APl AEFHATH WA, Aol Eojyow W
S FAe LS As) 19999 69 Advlo A&s 2 AL AR et &
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A 533D, Adstd §4¢ Eejstn SAZR L AAHNLE 1 ng 99
7t ER3HG FAFZY 24 3, 0MAE 2ASPo|T MIAL 95t
bouin’s fixativeo]l A& AT, YUmzl 3074HME WA F  (reproductive
output) FAHE Y -70CAHNH YF BH@sY),
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Fig. 1. Map showing the location of sampling area, Kosong Bay,
Korea.
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Heppow Fofstn vjolAR2E R T 4 me] NS M ASA. 2tz
AL Bovine Serum Albumin (BSA)E #2422 A} £ 5o &olol= 9o
+28H 2L 3 Harris” Hematoxylin# eosin Y& vlit @3 & zstadn] Ao
ol &stal st Ah AAMFE L HEE Powell et al. (1993)0] ] A] 3
Z1Eo wet 75 For TR 71239 (Table 1),

3. Welsty g olgd WY 24
D 2o} A

2o HAE Yl A 8Y 22, Crassostrea gigas = AAYE IATE 1
B AsFata FAA M 237191 19994 6ol A A ) A e =
AL AAGD AFolsg HALE ¥

o]

'q‘
T Qe 9FG zAo) YRE A3
1 P

A Fadv|Fog -5 TREY
T, AT A AERE NS petri dishol] Leien, AL H 9

i

Huteled &g Estdrd. 2w ¢ QAo Phosphate-Buffered
Saline (PBS : 0.15 M NaCl, 0.003 M KCI, 0.01 M NaH2PQs, 0.01 M KH2PO,,
pPH74)% &3¢ 9, 259 2771 100 m?) M2 ARESES A=
@-PBS EF AL tA), 389 377 60 mQ) HZ ¢ o]9)] ny BaE

< AAY F A& o2 YAE (1000 RP.M, 10 min)ste] A4Sl We] =
o £TE8S AASL, PBSE 103] MHstd &4 Bestdy. AAE g
BHATE BF F, A #9389 (Choi et al,, 1993).
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Egg dry weight = Total dry weight of cggs / Total number of eggs
) Ak sy 24
(1) 9y 3=

@M A2 BCA protein assay kit (Pierce)& Alg£3te] st %2
Azd 48 taiptelq 13 249 5, 249 AR 10 ng® PBS £
LS 15 m Y BAM E&stn, 253 Fav]z 1272 #2890
THste AE-PBS £gde dARa (7000 RPM, 4 T, 30 min.)d}<]
deds AP F, 33 wE Agsigd 48 A8 01 mE 7 ¥
d Mgl &713, A (BCA kit) 20 meet &3sh H, 37 CTolAM 308
G AT N 2 EESGWA 01 meet A (BCA kit) 20 mE 37
CoAlM 302 A7, BFBEAES 0835t 562 nm FANH FAE
€ SA38dd. ¥F 99WAZ BSA (20 mg/md)E 100~ 1000 ug/ml 2 3] A
stod, NEet FUAY Wyog Aogfn weAsn Z2te FFEE 2
F, A= g dwd pxo AAING TP FBITMHG o) g
o T84 duAde FdFe FHan, & 2o g HANE goz FHA
ot

—
o
3

(2) @38 3AF
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st (0.5 mg/me) =3 5}
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meel 10% #HE 1 meE W& AT ohA], gk 5 meel AFeol A 1027
SN F, EFBEAEG ol §8lo] 485 nm AN FFEZ =AU}

E¥ @S2 R 10% soluble agar® 50~500 pg/mis 3] A sho}, Ao}
=

EUY Lo 10% 3 Ruol WA T Aozt FRES 24
¥ EBE e UWAd R AATHL PoAT. AATUL o83
o B3tE #Fe YL, & FA wE HAAE goz aysAc

(Dubois et al, 1956).

Q) A3 RF

TARZE F2 ¢ ANE 200 mg2 15 M9 XA %2 &u) (Bligh and
Dyer, 1959)¢} &3¢ 5, 259 s4712 #H3AAY. §71 29} &%
g AEY A22E 4 mE ¥ AN F E2FHFSF 4 mE w3 #33
stk 39 2717 1.2 mQ fA A4S YR (GF/C Whatman)2 of 7t
st 22 AAGL, vBe-3F4 23 222EF-7 2oz 2w
W7A] g2l BBA o] F AZRE-XA 2L sty AL A
ZAZ A, AR Age olgstd AA F}FL ZAsm ¢ A g

HME gtoz2 #4AY (Bligh and Dyer, 1959).

ofjr

4) 3 AF

(1) 34 A%
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74) 29 F}F ¢ dwlA 222 05 met $U29 Freund's Complate
E719 5 &, ey L 5o FAsR

27 ¥, 5938 9 dW AN Freund's Incomplate Adjuvant (FIA)& % &

sted AF 1A o2 33 FabakUch whx Uk FA} 2% T A S wo] A Hol o

AHste FHe 22stddd (Table 2).
(2) Ouchterlony Double Immunodiffusion Test

AW FA ZA ok & ol v B AEobe] wautS S wls}
7l 918 Ouchterlony double immunodiffusion testZ o] &3t
(Ouchterlony and Nilsson, 1973). ® A, agarose 1.5 g3} barbital buffer 100

S E@ete] 28 st wwkr1(100 T) Yol £ F 53 C 2o
HAstgoh 3 vido] 943 AxH Lol FPA2 1 Agarose
Gel solution 45 m S #el ool Foo] B T A2 108, 4 TN 152
2 FAG. FH3] ZL agarose geldl A 2 mn gel-puncher& o] &3}
A well& HEI, testZ UYL 549 wellol ¥ F9 32 & 222
FAETE O ¥ 27 2282 (J5F, olrtn), A, )L A7 =
Howelll 2o d8A7 24zt gYo] HYA Agarose Gel2 humid
chamberel toll Y3 4o A 24417t ¥ A)1F) 3, wello] Ho} Q= B3}
A 2L AASNY A FHFZ AN T, Y-8 e Adwco o
BE FasA o] 48 H geld 0.025% Coomassie Brilliant Blue 2 =
A3t ot

(3) wAurg A A

¢ olele vl EA AEote] mAWS LS Fo WA

o
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Oyster extract in winter

season(in PBS) + NaOAc buffer(pH 5.0)

)

Cross-linking tissue proteins with
glutaraldehyde

I

Wash the gel in 0.01M PB containing
0.5M NaCl (pH 7.5)

I

Elution with 0.2M glycine buffer (pH 2.2)

:

Adjust pH with 1M K,HPO, (pH 7.5-8.0)
to adjust pH

'

Add 1M ethanolamin to block

'

Adsorption with antiserum

|

Specific antiserum in supernatant

Fig. 2. Protocol used in the development of immunosdsorbents for
removing cross-reactivity using glutaraldehyde.
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o ol HehBrtel 207 AL}y o Yo EdshA ¥ ALH
w 23 F2E8o] 4§49 glutaraldehyde ¥

(Fuchs and Sela, 1979). ¢, 1999 1290 x
in PBS)#} 2 M Na-Acetic buffer (pH 5.0) 2} E3shal 25% glutaraldehyde &
H7rsk Ao glutaraldehydest A 5] #] oo xo] ghw da AAs7] Ysto
0.0IM PB (containing 0.5M NaCl, pH 7.5)2 A 2 & %, 0.2M glycine buffer
(PH 2.2)2 §&38}31 IM K:HPO, (pH 7.5)2 pHE 2 48sle] WA 0ao =
Hlatich oY WA Ao BUao] sy 2ol A 341 2F Fk wkg
AR F AR (3000 RPM., 5 min, 4C)3le] ASalg HaA L,
Ouchterlony test® ELISAE o] &3} mapurg ojrz A5 A (Fig. 2).

P =4
o
i
o
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s
it
&
~
=]
o)

(4) Anti-OESP (Oyster Egg Specific Protein) Rabbit
Immunoglobulin (IgG) %3

G Ao Eojzo g vyl 8y (anti-Oyster Egg Specific Protein
rabbit IgG, anti-OESP rabbit [gG)E %3 &t7] s, wabukgo] AAD ¥
A (NH.)2S0.& 25% A A 1gGE FAA 1 A2 (4000 rpm,
4T, 10 min)3te} AHE L Belatdth. AR IgGE 25% (NH4):S04 2
28] AHetn £M% 3 DwlAS Hakaln 0029 NaN, 2 Hotste] ¥4 A
7HA] WE B @stdth (Johnstone and Thorpe, 1996).

(5) Enzyme Linked Immunosorbent Assay (ELISA)

W€ anti-OESP rabbit IgGe] dE5ol4n B AL 94 indirect
ELISAS ol &sisict. ¥4 vude 32 9 9wz (52 4/m)e 2ujsz
25 ng7tA PBS (pH 74)2 3|43t Alg3ldm, giz7g 9= o, o} 7hm],
cH, HAZ F22L AsSAY. sME &9 @l 28 Polystyrene



96-well ELISA microplated] 100 w4 3 < A A 3AF A7) 3
microplate autowasher©] &3t PBS (containing  0.05% TritonX-100,
PH74)2 AH3dtt. 0.1% BSA (in PBS containing 0.05% TritonX-100,
PH7.4)% 150 ut 9 31 1At &<} blocking & 31931, $U 3 W o A2 g
Atk 12k A2 8 ug/me anti-OESP rabbit IgG (in PBS containing 0.05%
TritonX~100, pH 7.4) 100 x & Y3 1A]7F 9+ A 7)1 A2 Z 22 a7
1/10002.2 3 M5 Alkaline Phosphatase-conjugated goat anti-rabbit IgG
(in PBS containing 0.05% TritonX-100, pH 7.4) 100 wWE I 1A BES A
At A7 AZ pNPP (1 mg/ml in 0.1 M glycine buffer)& 100 w F+g
il, 5% %, stop solution®2 3M NaOHZ 50 w FE 7R Tk microplate
readerg ©l8&3ste] 405 nm @A O.D.(Optical density)& Z=Astgh
(Fig. 3).

5 AAM¥5eA A

28 anti-OESP rabbit IgG7} @l Eo]x o 2 HEIEAE Y wd
BRYE ol 83l xRS0l Ao N DAY} Z 2 &elo] == xylene
< °l &3t deldmo] MAYUD, ¥R B4 AS A3 PBS (pH 74)2
A 23t H Tt 5% BSAZ 1A+ Sof Blocking & 3% 1, PBS (containing

0.05% TritonX~100, pH7.4)2 1023} 33] AHstdct 9l A % 09 mg/me
%) anti-OESP rabbit IgGo 1213 ¥ A7) ¥, $Ug Byoz s

i

lo

0

fluorescein isothiocyanate (FITC) - conjugated goat antibody to rabbit IgG
(1: 400 dilution)& 1A+ ¥F8- A1 At} ¥kL o) ¢45d AL AHE 81 50%
glycerolg ZH A8 H714 ¥ mountinge 3t% 3 HB &Y A ol A

#shginh

6) M4F 3
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[1] Antigen : lug/ml (oyster extract in
PBS dry wt/v)

[2] Blocking solution : 0.1% BSA
¢ [3] Anti-OESP rabbit IgG : 8ug/ml (in
PBS containing 0.05% TritonX-100)
DE
<—] [4] Alkaline Phosphatase-conjugated
goat antibody to rabbit
immuonglobulins (SIGMA) :1/1000
E
°
c—E® oo
d o 4— [5] Substrate : Img/ml pNPP (in 0.1M
L glycine buffer)
>SEe® O

®ee O
[6] Stop solution : 3M NaOH

[7] Read absorbance at 405nm using
micro plate reader (ELX 808)

Fig. 3. Schematic illustration of indirect ELISA used in
quantification of oyster egg protein.
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LISAE

E

KN
=

10 mg3}

AR

=l

x & \=)
A3 F s

3
i

obatAb ol A 13} 2
2o A

=

19

(o]
<

4

S5m

1

=
=

PBS &4 10 m&

J¥2] (7000 R.P.M., 4 C, 30 min.)

A
bed 1 pg/mé (dry wt/v)2 3

—_
o

2 s

o 35
t ((5) ELISA #

—_
"o

).
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of Aol ALEE FFo HF AL 740+116 mn ~ 916149 mmn B
AR, HF SAZFRL 547511773 g ~ 12.276+3.688 g ¥, #H
4

g ~ 3280%1.079 gellt} (Table 3).

LAY AE] 282 Bz

AAAES 22 B2L A 27 2golmt 2A V)7 B YW 30
AR, F 33008 Azttt AL Bg AE= NOAAS 444
X FAYHA993)0 el 75Egos TR 7259 (Fig. 4, 5).

B2 AR 2 B2 A, 290 AL T o] BN
ONAZE BRERQ O, 2A A F 76%7F v ety AANTE e 3
B2l gdsith 3€9ele ANa wa dA 2539 AAI 63%2 AW
WEge AAse] YAMEI W 270 AT 68 Fol YWD 70 Al
T 8%7t 5712 45d G TEE T UUT, 69 B 8Y Toj=
TEHOR AL AU, AAMEE AFFEE M A 90%S
ARG olE HAVIZE FA F W AAE BPo] o]Foj Aoz B
@€ (Fig. 6, 7).

Nlﬂ

2. A3ty By g ol &P WY 27

1) &9 FA
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Fig. 4. Gametogenic stages of female oyster. (A) Sexually
undifferentiated stage: cross section of undifferentiated ovary containing
no gonadal tissues. (B) Early development stage: Follicles beginning to
expand and developing ovary with early vitellogenic oocytes. (C) Mid
development stage: Follicles expanded and invade the interfollicular
connective tissue. Mid developed ovaries with primary oocytes and
vitellogenic oocytes. (D) Late development stage: Follicles greatly
expanded and some mature oocytes present, but considerable connective
tissue remaining, premature ovary with oocytes at all stages of
development. (E) Fully developed stage: Fully matured ovaries filled
with ova and most gametes are mature. (F) Spawning stage: Reduced
number of ova and some mature ova and oocytes still remaining. (G)
Spawned stage: spawned ovary with some ova and the spaces vacated
by spawned ova. Spawned ovary largely devoid of ova. And gonadal
tissue atrophying (H).
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Figure 5. Gametogenic stage of male oysters. (A) Sexually
undifferentiated stage: cross section of undifferentiated testis containing
no gonadal tissues and very thin longitudinal follicle wall. (B) Early
development stage: Follicles beginning to expand and growing testis
with primary spermatocytes. (C) Mid development stage: . Follicles
expanded and invade the interfollicular connective tissue. Mid developed
testes with spermatozoa columns of spermatocytes coalesce centrally in
testes. (D) Late development stage! Follicles greatly expanded and
coalesced with some mature spermatozoa present, but considerable
connective tissue remaining. (E) Fully developed stage: Fully matured
testes filled with spermatozoa and most gametes are mature and little
connective tissue remaining. (F) Spawning stage: Reduced number of
spermatozoa and some mature spermatozoa still remaining. (G) Spawned
stage: spawned testes appear to be devoid of spermatozoa although
relict spermatozoa may be present. And gonadal tissue atrophying (H).
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veld 4E B gon BB A o o)9)o] HEBL Ao WAy
Al @B (Fig. 8), ¢ sk FAE 13

413%% ob7tvl, %o}, &, Azba o) vl akel s 2u) o4 & 4F

=

ngo & FALr} guwloo
13, WEEHEe] 117%, A 4o) 255% ¥eEo] Ut (Fig. 9).
2) FA A

et o ol9e] b EA M xole] mapure o glutaraldehyde B9 & 24
& ol&3sto] A A, Ouchterlony double immunodiffusion test, ELISA
% immunofluorescence® §3te] &<2l3tth. Fig. 10& matutge] 428
g1st7] A% double immunodiffusion teste] A sfoltl WA F 2ol &
B3 A F 2 59 anti-OESP rabbit [gGE 9279 3 9=x HE-S- A1 7
BoAAER A, FA} L ol thg R zAno wautg AAwe )
FotA BAHAAoY BAEDL § A8 AR Sy} mapurgo] AAL
anti-OESP rabbit IgGE 2ol 5ol2o g ugstgon AAMNEs} o}7] uw

7l

2@k 4& 12~2€99 A 2 F2E A £

AT 8 2593, 9, 3 59 o $9 243 weaA LAY (Fig,
13).

3) WA F 4
W&d anti-OESP rabbit I[gGE o] &3 2o Aakxol wala =z

ELISAE AH&3llch & stute] Az 3o tjg dhwiaate v
&3to], ELISAC A 459 & dodwdo] gfo g R o] & Azzal 3
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Protein Car. Lipid
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Protein Concentration (%)
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Fig. 9. (A) Percent composition of soluble protein, carbohydrate
and lipid in oyster egg. (B) Percent composition of soluble protein

in various type of tissues.
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Optical density at 405nm
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L] ¥ L v L

0 20 40 60 80 100 120
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Fig. 11. ELISA for testing specificity of the rabbit anti-oyster egg
IgG. Interaction of antiserum before adsorption and after adsorption

with oyster eggs extract as test antigen and extracts of different

tissues as controls. G: gill, M: mantle, A: adductor muscle, P: palp.
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dEAG GSIE N & Az o) W 2o Az T g AN

s

Eggs dry wt. in an oyster = K x Concentration of egg protein in an oyster

(K : Egg dry wt. / Concentration of egg protein = 13 ng / 53 ng = 2.45)
GSI = ( total dry weight of eggs / total dry weight of oyster ) x 100
Number of eggs in an oyster = Eggs dry wt. in an oyster / Egg dry wt.

XAE 71 Bk W 307044, & 33070 A2 MA D 2R ALL sk}
Fig. 142 A&7] 5bel GSI @to] ¥st2 Jeus e zolch 193 29
AHE NAEL anti-OESPS} uhg-317) 9kgton] 3o Aslo] ALLH 30
WA F ¥ R el anti-OESPS} w83ttt 69 4, 718 =& 423%
78 ¥, 268%Z F W peakE Holul, 8Y T 68%2 7HR 2A Uehwr)
T W9 peakE A7) Bl 289 AT B ZA2 Bddd GSI g
Aot AHAME U 59} Y9x5t t) Table 4= HAZ 2H AR g
P Bolth WA 240 AlgE AMNS FF AL 7724125 m ~
OL7X176 mm MAN D, BT A2 F L 06970274 g ~ 3.280+1.079 gol
Atk B GSIE 69 F&ol A 042340155 89 Tol= HA 0068+
0.069°1A. AAE Hodl GSIE 06672 69 Fool MY AALw, HA
GSI= 00112 69 Zol YA AMGTH 2 TS5 E 4904 89 ka7
TR HF 30,200,000/ 4 21, A3 A 69 Fol W 102,600,00070 2
a1, ZRAE Hd) 196,300,00070 B}

19
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al, 1993). 458 29 Q422 gtulsie 1802 ¢E RIS &
@elE 9b-PBS Eitele @um o] ziy)51 100 A 2k 60

AL, PBSE 103 AHstdn} etdny uxn Ax, FelE ¢ Bigo)
A BAHA otM g olujuE e el e 4y

Tz ol g Jhed wholaln Burs ot (Fig. 8). At&7] H4e 3
4ty BAEs 13ng A5z A5 12-13 ngd C virginica &
o) A} FAS AT (Choi et al, 1993; Lee and Heffernan, 1991). Akt
71 A2 29 sty Ba S Aol 41.3%, B350 11.7%,
Aol 255% X dtslo] At ¢ virginica?t Ztzt 50%, 9%, 21%°2 =
I vt gwld MRo i woy dratEH AR o 5

Tolt} (Lee and Heffernan, 1991) (Fig. 9).

WAREE EQle 9% ELISAS double immunodiffusion testol] 4, w o
F2%d 2¥H (anti-oyster egg serum)e AP olyzg o Euh Hz =,
TH L AzANE oA wesdsy) (Fig. 10, 11), ol Hx 29

€-PBS &3 o] Mz HYro) mEmoa X5 Jehgd AxntolA
Y (Choi et al, 1993), Ygtw o] e ZAGMAY FAS A AA)
(antigenic determinant)& zt: §17) HFol 42 A

& Az wwge 2 M Laape G e kg Z o)
A g rtel a1ow g WSS A
¥ glutaraldehydeol] dghulz o X3 Pe Az
TANA WA ERAE Zuadn, Zuw A F 2t A 9}

MEAA AN S AARRD, mAwgol AAY  FEH

o



(NHa:S04E 25% ESAA 1gGE Bestgdn. 7w &4l (anti-OESP
rabbit IgG: anti-Oyster Egg Specific Protein rabbit IgG)i- 129, 1¢, 2
Holl FAAEI} o}x wusix e = T wrgshAl gk
Suzuki et al. (1992)% C gigasol M vitellin-like protein®] #2l& 93,

o

a2

o]

L~

oA e FYYS FAde) Ha FEEN FHAA odn gwa

N
(U
il

_Jlﬂ‘
JZ“.

22 ¥E3t= A (anti-FSP rabbit Ig)E 22U anti-FSP
rabbit IgG= 429l hemolymph$t REEStA AW o] Aoy sz
anti-OESP rabbit IgGE oFA 9] hemolymph®}t ¥H&3tx] gttt wW o A7)
BE FolM anti-OESP rabbit IgG= gty = z2 FEET Qo
anti-FSP9  F -9t §d& shie] HAWME=EZ syt e
anti-OESP rabbit IgGE %2 o] So]xl o) v 1 EXS
drdted 44 4 Qe Aoz Buny,

°] A7+ /H2H anti-OESP rabbit I[gGE o] &3l FFo wazre
BRHCE 338 49N RE 89 Awts] Sof FE, C gigasd H
¥ GSIe 021693, HTF EdE 3390000079, Dame (1976) 3}
Deslous-Paoli and Heral (1980)2 C gigase W 42g [4- 1o ofs)
RO, 63%9} 53%2 ztz} B389, Cox and Mann (1992)&, 2 74|
S ZolA ¢& A= dHog Ay EoF ¢ virginica® X 3+8
B 5600,000, Aol 45900000702 BT Choi et al (1993)& A

FAHA WYPS olf3ldg M@y Zok ¢ virginica®d Y d5E P
21100000712 B astgim, o] d7eh £UAG Wyor [4-2] GSIE 27
st YT Ao 201%2 wosdc o 7N C gigas®) Ed4=

30,200,0007H 2 Choi et al. (1993)°] B 3% u}so} TARIA oY, e a3
AHSIE 25MAM 6u7tx) ztole v

[(#1-1] Reproductive Effort

= annual cost of reproduction / somatic tissue of the whole animal
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[*)-2] Reproductive Effort

= total dry weight of eggs / total dry weight of oyster

Hit GSIE= 64 T, Hd 0423£0.155, 89 T #HA 0.068£0.0690)
oo A Ao GSIE 06672 69 ol AR MARF1, HA GSIE
00112 6¥ o YA MAQt (Table 4). EAg A7) 4" 744
& AbolollME GSISF T ato) 2 Apol S Holim ol f i, AT W R
g Ak (asynchronous spawning)o] Q1o wuE 3 Yo (Cox and
Mann, 1992; Lucas, 1982).

ARAE] 28ty B29 Aupe} gayog F4€ GSI gt 43

F dAAY. 39 2o A so] wrro A s A F ] g
THEG o] wE How BANUct zz e ¥# A GSI
o @tell wlFo] AAE el 69 T A7 At 89 I 3] Age] ol
AR A2 FH=o] AHYF Eogulg AEAIZIF YA AT (Park et
al, 1999). #7]1& AW 7929 GSI Fto] 268%= A7k 24 6
¥ TT GSI gt 2e ol g= vlolo Al Zpol (ul e} 3 1997)
ok 8¥d & Aotz Q3 A
2 2887 dEolgdn dug

ox

rir

flo

ZE 27 89 AbrH el atge] gQlo
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Lol e 229 WA gelel 9 712 428 S8 o8 Wele

Al 2 Wy olgale x . Crassostrea gigas?| WA &S Hakz o

2. FHA #E A3 390 AAMEIL wees] Azsdn 69 Ry
2

HHUE FmstAdon 69w 8YBol 2h2ho] o] Foj2 o

3. Mo Sojfoz wHeks & (anti-OESP rabbit IgG) 72 o)
WS B2 dAM B ¥ A ¥ 8 L ahe) e
% 13ng 22 2AHQUYG Yo| 23 Y= wwPGo 41.3%0°) 31, @451 2
117%, A2 255% Atk 58], Aol ¢e oijbn), = =n gz

o SUAYI} MTHS W 29 o)} e FFol

ACh
ok
g4t
£

MAZS 2387 98 7128 anti-OESP rabbit IgGE= HA 10ng/me g
dUEE AAHYE 5 AU, double immunodiffusion test, ELISA 2

immunofluorescenced| A ol Eojzo = yH8-3} A o

EE
to

5. 712 ¥ anti-OESP rabbit IgGE o] &% 29 AT WA Ao
ELISAS A8t & shitbe] Az 3ol tg dgma e u)
83t), ELISAS o183 #38 % yuuzde) Jozve oo & 74252
& AUk GSIE AAe % A% T3] Yt 2e] Az 2o

et

Eggs dry wt. in an oyster = KX Concentration of egg protein in an oyster



[K : Egg dry wt. / Concentration of egg protein = 13 ng / 53 ng = 2.45]

GSI = total dry weight of eggs / total dry weight of oyster

Number of eggs in an oyster = Eggs dry wt. in an oyster / Egg dry wt.

6. 48T GSI= 69 F3ol o A(042320.155)% v P, 89 Y 2 A
(0.068+0.069)8 ¥ ).

7 RE XA E 49004 89 Adr] 2ol BT 30,200,00070 K o1, Ak =)
A 69 15U FF 102,600,00070, 2 o) 196,300,00070 2 34 5] o},
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