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SUMMARY

Chapter 1. Introduction

A study of marine biotechnology industries on the development of black pearl
from blacklip pearl oyster (BLO, Pinctada margaritifera) by Korea Ocean Research
& Development Institute (KORDI) is investing at Chuuk State in Federate State of
Micronesia (FSM) and is in an early developing phase. There is only a rearing farm
trained by KORDI and Korea South Pacific Ocean Research Center (KSORC)
cooperated with the government of Chuuk state. The KORDI established the
KSORC at Chuuk State (N7°27', E151°53"), Federated State of Micronesia in 2000,
in recognition of the role that ocean research and breeding technology play an
important role in aquaculture development through collaborative relationship formed
KORDI and Chuuk State. The KSORC focuses much of ocean research on coastal
systems in tropical environment. Approximately 15 faculty, staffs, and students are
engaged in marine science activities at the center. The KSORC faculty includes
numerous researchers such as biological, chemical, and physical oceanography;

genetics; aquaculture; aquatic management; and GIS-based computational modeling.

The KSORC research proceeds on two broad fronts. The first is the aquaculture
study and hatchery-based breeding of the black-lip pearl oyster to produce black
pearl. The second is the assessment of potential marine resources in tropical area.
The current focus of KSORC's research is evaluation of the commercial and
ecological importance of the larval P. margaritifera. Use of land-based hatchery is
widespread in larval breeding and could play an important role in aquaculture.
KSORC will upgrade its instrumentation to become the leading research center for
the useful tropical marine resources, with plans of expanding its program into one

of the most significant efforts in the world.

Pearl oysters are an important marine resource within the Indo-Pacific oceans.
They are widely cultured for the production of black pearls, their flesh is eaten, and
their shell, known as mother-of-pearl (MOP) is used in the ornament and

shelled-button industry. The pearl oyster, like other shellfish and many other marine
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animals (e.g., abalone; Tegner et al., 1996), has a long history of exploitation
throughout the world. Records from the pearl industries in India and Venezuela
document the discovery, harvest, and eventual over-exploitation of these populations
(Romero et al., 1999). Pearl oysters have been prone to exploitation due to the
considerable value of the pearls and the nacre, or "mother of pearl", of the shell,
and because of the animal's sessile nature and tendency to occur in sufficient

densities at shallow depths for relatively easy collection.

Farming the black-lip pearl oyster to produce pearls has been a viable industry
in the tropical Pacific region since 1976. Today the industry in French Polynesia
alone is worth approximately US$140 million per year. Farming black-lip pearl
oysters for pearls in the U.S. Affiliated Pacific Islands have substantial potential,
and although oyster populations remain low in many areas of the region, farms
currently exist in the Republic of the Marshall Islands and the Federated States of
Micronesia Haws and Ellis, 2000). Pearl farming can be done on many economic
levels using various approaches ranging from family or community arrangements to
commercial-scale enterprises. The high population densities, high temperature
variation and high suspended matter of relatively poor quality in the nearshore
shallow lagoon environment may explain the observed life history pattern observed
in the oyster populations (Kimani and Mabuti, 2002). During the last three decades,
there has been a rapid expansion of black pearl industries and the demand of
mother-of-pearl also increased sharply. Consequently, over-exploitation of the oyster
has prevailed and resulted shortage of the mother-of-pearl for pearling (Sims, 1992).
Intensive studies have paid to secure black-lip pearl oysters in French Polynesia.
Intes et al. (1986) estimated the density through underwater research and the
echo-sounding data. There were studies such as on the oyster population and growth
(Sims 1992; Pouvreau et al., 2000; Pouvreau and Prasil, 2001), larval and juvenile
rearing (Southgate and beer, 1997), feeding adaptation (Loret, et al., 2000; Yukihira
et al., 1999), distribution and stocks (Zanini and Salvat, 2000). However, little
scientific attentions have paid on the black-lip pearl oyster in Chuuk Lagoon except
KORDI (1999). The first step to produce the black pearl is enough to secure stocks
of the mother-of-oyster. P. margaritifera grows to a much larger size than the other

species in the same genus and is able to produce larger pearls (Pouvreau et al.
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2000). Currently, black pearl aquaculture plays a major economic role in French
Polynesia; the annual production is six metric tons of pearls ($US 175 million). The

increase of pearl production resulted in resource depletion (Kang et al., 2005).

Oyster's reproductive effort and timing are important parameters to investigate
for stock management and aquaculture. However, the investment of each individual
for reproduction is not easily appreciable since the male and female gonads cannot
be easily separated from the body. Currently the reproductive effort of P.
margaritifera is estimated by the difference in weight of the individual just prior to
and after spawning (Pouvreau et al., 2000), or by counting the number of gametes
released after inducing animals to spawn using various chemicals or thermal shocks
(Ehteshami et al., 2011). The effort of reproduction can also be estimated
histologically by the determination of the surface occupied by the gonad in the
visceral mass. However, the techniques described above may often underestimate the
reproductive output. Therefore, the quantitative aspects of reproduction have rarely

been studied.

In this study, we developed a polyclonal antibody against the BLP oyster's egg
and sperm. We used this immunological probe to measure the reproductive effort of

the BLP oyster in Chuuk State, Federated State of Micronesia.

Chapter 2. Previous studies

To date, the only reproductive effort studies on P. margaritifera were done by
Pouvreau et al. (2000) who estimated the difference in weight of the individual just
prior to and after spawning and Ehteshami et al. (2011) who counted the number of
gametes released after inducing animals to spawn using various chemicals or thermal
shocks. The reproductive cycle of P. margaritifera has been studied in the Red Sea
(Crossland, 1957), in Australia (Acosta-Salméon and Southgate, 2005) and
spermatogenesis has been studied in French Polynesia (Thielley et al., 1993).

In Korea, no study has been measured BLP oyster reproductive effort.
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Recently several studies have reported quantitative measurement of reproductive
effort of marine bivalves including Crassostrea virginica (Choi et al. 1993),
Saxidomus purpuratus (Park et al., 2003) and Manila clam (Park and Choi 2004)
using immunological technique, indicating that immunoassay is a method of choice

to measure quantity of egg or sperm mass in marine bivalves.

Chapter 3. Project contents and results

3-1. Fundamental management of black-lip peardl oyster

3-1-1. Reproductive condition of P. margaritifera in two food regimes

Reproductive condition and spawning of black-lip pearl oyster, P. margaritifera
was studied in two regimes of food; food-added (AF) and no food-added (NAF)
using cultured oysters. Prior to conduct the experiment, 20 oysters of initial sample
were collected to observe the gonadal condition. Two different regimes were assessed
in the tanks supplied with 10 ?m filtered seawater for two months. In AF treatment,
oysters were fed daily with algal paste of 200 cells pl'. Gonad samples were taken
from the oysters every month and processed for histological analysis. Condition index
(CI) and gonadal maturity were estimated to assess reproductive status, and muscular
dry weight (MDW) were calculated to assess an energy storage of oyster in each
sampling date. Most of initial oysters were in fully matured. Water temperature and
salinity fluctuated from 28.2 to 31.2°C and from 33.8 to 34.5 ppt, respectively; two
parameters were not influenced in oyster reproduction during the study. The CI of
oysters in both regimes were constant until a month, but the CI significantly
decreased to the lowest level in NAF in two months later (p<0.05). Oyster MDW in
AF was not changed in each sampling date while the MDW decreased significantly at
two months later in the NAF. Oysters in the AF were spawned in a month later
while the ripe gametes of oysters were still remained in the NAF. The AF showed
more suitable condition to ready for spawning than the NAF. Interestingly, oysters
were not spawned artificially at one month later in the NAF because oysters were

maintained their energy level in food lack condition. Our data suggested that the food
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supply is very important factor to accelerate the spawning activity of P. margartifera

in brooding season.

3-1-2. Biochemical component of egg and sperm

In this study, the BLP oyster eggs were purified from sexually mature female
oysters. A egg weight were recorded 14.31 ng and the egg was composed of 45.5
% protein, 5.8 % carbohydrate, 21.5 % lipid and 11.5 % ash. The content of lipid
and protein in an egg was higher than carbohydrate, indicating that the egg ready to
fertilize in water column with high buoyancy and immune activities. Lipid plays
different biological roles in bivalves, physiological demands (immunity and buoyancy,
etc.), and energy storage. We analysed lipid content, class and fatty acid composition
in the eggs and sperm of the BLO from the nursery of KSORC. Lipid contents for
egg and sperm were recorded 74.19% and 17.65% of dry weight, respectively. The
fatty acid of eggs was dominant in saturates fatty acid (44.92%) whether the fatty

acid of sperm was dominant in polyunsaturates (55.22%).

3-2. Development of immunological probe to assess reproductive effort of BLP

oyster

3-2-1. Egg specific antibody development and reproductive effort measurement

In this study, an egg-specific polyclonal antibody was developed to quantify the
reproductive effort of the BLP oyster. The BLP oyster eggs were purified from
sexually mature female oysters. The eggs were composed of 45.5 % protein, 5.8 %
carbohydrate, 21.5 % lipid and 11.5 % ash. BLP egg was injected to a New Zealand
white rabbit over 8 week period to produce antibody. Cross-reacting antibodies in the
anti-serum that weakly bound to the non-gonadal protein was removed using
immunoadsorbent. The oyster egg protein-specific IgG was isolated and purified by
precipitation methods. Western blotting assay showed that the purified IgG
specifically bounded to the egg protein. Molecular mass of the polypeptide fraction
of the oyster egg proteins was determined to be 270, 140, 100, 45, 40, and 23 kDa.
Immunofluorescence staining also showed a high sensitivity specific to the egg

protein. In ELISA, the antibody detected 0.14 to 18 ug/ml of egg proteins in the
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oyster protein mixture. Quantity of egg estimated using ELISA was finally expressed
as gonad-somatic index (GSI). ELISA indicated that P. margaritifera in December
2009 produced 7.3 to 26.4 % of their body weight as eggs during the ripe stage or
51,092,625 to 191,350,812 with a mean of 93,926,077 eggs per individual oyster.

3-2-2. BLP oyster's egg characterization

To characterize BLP oyster's egg protein, egg proteins of 6 bivalves including P.
margaritifera were compared by 5 % native and 10 % SDS-PAGE. Egg proteins of
6 marine bivalves were also compared in Western blotting and ELISA using
anti-BLP oyster egg specific IgG. The results showed that one major single band
around 420 kDa under native PAGE was observed as a common protein in all

bivalves, and 2 major bands (around 47 and 39 kDa) observed under SDS-PAGE.

3-2-3. Sperm specific antibody development and reproductive effort measurement

Polyclonal antibody specific to the sperm protein of BLP oyster was developed
in this study to localize and quantify the protein. To obtain mature sperm, ripe male
BLP oysters ranging from 120 to 140 mm in shell length (the longest axis of the
shell) were collected form Chuuk State in December 2008. The testis containing ripe
sperm were first excised and placed on a petri-dish and squeezed to extract the
sperm. The crude sperm fluid was sieved through 40 and 100 um meshes to remove
the debris. To develop antibody, the purified sperm was homogenized using an
ultrasonifier and the protein level adjusted 1 mg/ml to be served as antigens. After
12 weeks period of immunization, specificity of the rabbit anti-BLP oyster sperm
protein serum developed was tested using ELISA and Western blotting. Western blot
assay showed that the rabbit antiserum developed in this study cross-reacts with the
somatic tissue including mantle and gills. Consequently, the cross-reaction IgG in the
antiserum was removed using an immunoadsorbent prepared by polymerizing the
somatic tissue proteins. The oyster sperm protein specific IgG was isolated and
purified by precipitation methods. Western blotting result showed that the purified
IgG specifically bounds to sperm protein. Molecular mass of the polypeptide fraction
of the oyster sperm proteins was determined to be 27.5 kDa. In ELISA, the rabbit
anti-BLP oyster sperm IgG detected 0.3-10 pg of BLP oyster sperm protein,
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indicating that the antibody is highly sensitive to detect minute quantity of the sperm
protein. Quantity of sperm estimated using ELISA was finally performed as
gonad-somatic index (GSI). ELISA indicated that P. margaritifera in December 2009

produced 8.5 % of their body weight as sperms on ripe stage.

3-2-4. Parasite infection diagnosis

General health condition of BLP oysters collected from Chuuk State in 2009 and
Tahiti in 2010 were examined in this study using histology. The digestive tube
atrophy and presence of pathogens were examined using a light microscope. Infection

with the protozoan parasite, Perkinsus olseni was also examined using PCR.

The results showed that Tahiti BLP oyster had the highest score of DTA. The
parasite which had the highest frequency in both locations was the trematode.
Perkinsus infection could not be detected by histological and molecular method.
Although trematod infection was observed from BLP oysters from Tahiti and Chuuk
state, the impact of this parasite was not clearly understood and need to be studied

further.

3-3. Management of peard oyster spat

The successful development of nursery-based culture techniques for P.
margaritifera juveniles has reported due to the increasing need to produce more pearl
oysters. So far, no studies have been conducted on larval rearing, settlement and
early growth of the pearl oyster in Micronesia. The purpose of this study is to
assess the larval rearing and settlement of P. margaritifera juveniles and spat using
nursery-based culture system. In addition, early spat growth of the pearl oyster in the

same area also reports in this study.

The maximum number of eggs were spawned per individual was 24x106 eggs
with a mean of 12x10° eggs. Mean egg diameter was about 50.1+42.1 um (£s.d.,
n=60) during the spawning. Oyster larvae reached for settlement after 18 days rearing
in temperature of 28-30°C with live algal feed. The survival rate of larvae was about
67% after three days of hatching. Survival from fertilization to settlement stage was

low which was around 0.7 %. After one month of settlement, spats had a mean shell
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length of 3.2+0.2 mm and a mean total weight of 2.2+0.9 mg. In the lagoon, the
water temperature ranged from 28.1 in February to 29.6 centi-degree in June. After
rearing for 5 months in different culture areas, spats in on-going ground culture area
had highest growth with a mean total weight of 1044+35.2 mg. The seed and spat of
P. margaritifera were successfully cultured in the hatchery and long-line culture
ground. However, poor larval survival seems to be the limiting factors to support a
pearl aquaculture industry in FSM. In the current and future studies, firstly we assess
to develop the efficient live feed and the program of health management in the
hatchery and on-going long-line haging system for increasing survival of seed and
spat. Secondly, we also assess to develop the technique for mass production of black

pearl in Chuuk state, FSM as the high economical contribution in Chuuk state.

3-4. Economics of patented technology to make polyclonal antibody

Technical value on the patented technology for development of antibody of
specific protein of P. margaritifera, was evaluated using a KORDI patent "A method
on quantitative assessment on the reproductive effort of black-lip pearl oyster using
egg extract-specific antibody (patent No. 10-0947742)" at a base period of 3lst
March 2010 by Nam & Nam World Patent & Law Firm. Analysts in Nam & Nam
World Patent & Law Firm assessed in the fields of current/future economy, industrial
market, technical trend and claim trend, and then they analysed its potential in the
whole market. Analysis method was applied using income approach. Optimal technical
value was assessed by "Relief from Royalty" and "Relief from Benefit". The value
was assessed 3.8 million USD according to the Relief from benefit while the value

was assessed 717,000 USD according to the Relief from Royalty.

The technology was significant in this field since there were no similar patents in
the world in previous reports, and was state-of-art in the field of nursery-based pearl

production industry using good quality of mother of blacklip pearl oyster.
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Chapter 4. Goal fulfillment and contributions to related field

The objective of the study was to purify the BLP oyster eggs, to analyze
biochemical composition of the BLP oyster eggs and to develop BLP oyster-egg
specific antibody and it was successfully fulfilled. At the first year, we submitted a
patent for technique to measure the BLP oyster using the polyclonal rabbit anti-egg

protein specific IgG.

In the second year, we successfully measured the reproductive effort of the
female BLP oysters from Chuuk State using the BLP oyster egg specific IgG
developed in the first year. We confirmed that the BLP oyster IgG was specific to
the egg protein using Western blotting and ELISA. Finally, we characterized the
BLP oyster egg protein properties using electrophoresis, Western blotting and

N-terminal amino acid sequence.

In the third year, BLP oyster sperm protein-specific IgG was successfully
developed and applied to measure reproductive effort of male BLP oysters. General
health condition of BLP oysters supplied from Tahiti and Chuuk State was also

examined using histology and molecular technique.

Chapter 5. Application and further work

Understanding annual gametogenesis of BLP oysters in Chuuk State is crucial
in BLP oyster larvae in hatchery condition. It is believed that the immunological
technique developed in this study helps to identify spawning season of the BLP

oysters as well as the quantity of eggs or sperm produced by the oysters.
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G (Vitellin)Z AFEE (Vitellogenin)e] S &3t AF2= AA7A S
ekl A= sl wut Foll, 25, 357 & T3 Vitellino] L} Vitellogenin®] FA| 3
S/l B3 A77F Hauxa v a2y skl

oM ekl (Vitellingol] B3 A7t FHHJA N W =t
Z ?ﬂ_

Hol 9li, dgEARge APAA 2A7 BEBSY Vitelogenin®] Ao tF A7
t AES Aol AAA Sl AE ol #e ATt o= olHHFANE
5 oA e Aol AT
2. T ol Fo A R HAF Ul Y

7}, ELISAE ©] 83 w2 JZFH 3

229 & (egg) SolDANES AWAYT FLWAZHH (ELISAYS Foto] F2e] 4
wA 7ol WA RS ARHon 23

=4 (Kang 5, 2003) 3t om, /=27 (Park 5, 2003)9}
vhA| et (Park and Choi, 2004)°] A& 7iEste] 2 WHoE AFE FP5tATH

116 —

w
@

Double-Immunodiffusiong ©|-&3%F dWowidel tF 23|
E44 =4 U

SDS-PAGEE o] &3 o

o
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Gonadosomatic Index (GSI) x 100
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L. Perkinsus®| =223 JF 77

ezt Arks 5% sAgEAS e ¥eld 54 HiAl (Park and Choi, 2001).

non
Body Hemocyte Infected infected
A lysate Oh 2h 4h 6h
B Y MV:Q(I;Da)
«—74kD 8-
610 -— - -- a «— MCL
61.0 -
47.8 -
g 47.8 -
35.9 - : : \ . /34kpa 35.9 -
z : ~—1 MCL
4_\303 kDa 245 -
Zad vl A9 MCL 2d A7kl W& MCLe Z7}

o}k RS EALS AGS 93 PCR 2 Anti-Perkinsus IgG 72

A g EA}F 0] TS F=E Ray's FIMS o83 #o] 7 B Aot 184

h s

¢

A ATS 98] Choi's 2 M NaOH lysis W% (Choi et al., 1989)0] H= F=&
1 Yot 3, kst JdEbH o eSS Y5t A E o) &3 ' r]& /Y 2 PCR,
insitu hybridizationS ©]&3 EXAESHZH T 7|&ES olu] s EstETt (Park et al.,

2002).

M1 2 34567 891 11121314 1516

In situ hybridization



Check specificity of
antibody

Immunization of rabbit
with oyster egg extracts

Removal of
cross reactions

Quantification of reproductive
output using ELISA

* Nucleus

/-"-.»
7

Connective tissue a Az ANz A= AR A=
Egg Egg n|&3 z7|dadA&as

Egg

A E ©o]-&3F Western blotting

¢

FXFME =& A9H 7HRE et o] F o #gE WAT A (Service de la
Peche 1970), $73¢] W& 2D (Intes et al. 1986), B o] A8 A(Yukihira et al. 1999),

rf

2 37 (Alagarswami et al. 1989; Southgate and Beer 1997) % A} & (Zanini and Salvat
2000; Sims 1992) 5 A7F € v} Advh. WA G ojujuf Fo} E] oA Ho|

BY¥ste SAF2ME 9F A#e S Holyg F Adr|E F£Lo] ¥ 951 %
7FEE ®BaE3 T (Pouvreau et al. 2000). 53] ZEUlAo} w9 SXF LAY E
At Zs AP AYF F QF AdHE Y% Rt Bo ZHde 5, W
ARE B RIEQAE ZF S 9 AFAA Addy 2 Fd, AFFA 719
o A7 AP A

a8y A AR EE o gl el #et A4rt HaE up gls Wuk ofyet w4
& SAo T3 dF= Ead vk ¢l
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2 3-1-1.

debrisE =5 A AT &, 100L &9

60N A A B F8FPGHIEY 3-1-2). F F£F EF 593 HE(10 pm-filter)S
I/sec) =3+ A ZA38IH 3, 22 Saucedo et al. (2001)°] A
2=l 28-29°CE FAAH. 27 YSI 85 (Yellow
ol-gste] mid SR Eiflo] Fold Hol= A AMEA live
feedES AM8-3FA] H3}al, algal paste (a mixed diet of Isochrysis, Pavlova, Thalassiosira
weissflogii and Tetraselmis, shellfish diet 1800TM)S Uriarte et al. (2004)2] W ol w2} 3}
Fo| 200 cells/?l She Fxo gt Foldte] feeding
non-feeding®. 2 =27 #2] AHAH(TH 3-1-3).

2~0

T AR

= T

}o =3

Spring, Ohio, USA)E

- day (100 ml per day in each tank)E
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3 3-1-3. Ao AL H feeding (A)F non-feeding (B) 23

(3) Biometric measurement and condition index

ARE B 43P A5 AL D A A2y sty &
A BHE 21 2007 4 264 20704, g 2 < 59 259 28 $2
A7 ARG F A FxAA AN AFAAG. FAFEAY 2 213
(Hinge length, HL)®} Z}7(Shell Height)= vernier caliperg ©]-83}¢] 0.01 mm7}A]
o 71539t A4S 2ES DA F A(otal weight, TW)E S35t M2 =,
(shell wet weight, SW), 5% H(tissue wet weight, TWW), 557 (muscular weight,
0.01 gZ7tA] A3t 7|53 th(2E 3-1-4). °] 7|52 A}&3} 77 = (condition index,
ChHT= SW TWWS H|(ratio)Z YEFH O™ o X A= (muscular condition index, MCI)
(Saucedo et al. 2001)= HEH 2] TDWS} MDW] HIZ Yelit. 2283 22 9
A SA9 2 JGdHS E 2 cm JEE AP, o] FES Davidson's fixativeoll

48X 7F 1AT & FEEZ A5 70% ethanolZ X &3sle] B A H T}
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@ 2 ALY 22 B

70%-ethanolol] T E O] AW FZH 2 JAHAHSE ecthanol seriesE T3l B4,
xylene & FWHIAHES AXI 100%-paraffin®. 2 B-U3t] 5 um FAZ 2 g2HA
HAHS AASEH o] & dAxAe P42 Harris hematoxylin®} eosin Y o]
= el et AEEo e FEAn A S o
) A A A HEAEHE I-OE ARt £ o] &t &1
29 W d A= Kang et al. (2003, 2004)9] criterias wEf HJHEFHOZT
early active, (2) late active, (3) ripe, (4) spawning, (5) spent and (6) absorbing]. A2
o] 99 =7 syt #FE 2} FES AREY st ZF dEdd o nE
A 3 2] ﬂﬂe image processing softwareE AF&3le] A ZFslAt). 6719 WA
el 3 EEFHARHY HAE ol &st] 243F AF F AP Aol
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4 g | Axsta Qo WE 2Em A 23| o]
ex R Feo WaE 2WY St YYD vholauAole duHe £eg
o o]

EE HAHH 3-1-5).

20 3.0
L 345
g
§
é 2
g 0 £
= &
|
9]
g27.0-
L 35
260 -
—O0—Weter Tenrperature —@— Sdlinity
5-0 Trrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr1rrro1 1T &-O
1357 9111315171921 232527 2031 333537304143 4547 4951 53 56557 59
Day
% 3-1-5. 2377 %9 2 dE9 W3} (28.2-31.2°C, 33.8-34.5 ppt).

@ 9% A% A5 W H4=S32E v

AL 3l 10 ume] ¥H=E o331 o= Synechocystis sp. and Gloeobacter sp. T
=z

e [e)
N
T FRbo] #EHAOH, AR 2> AAF Y ol Achnanthes longipes, Caloneis

o

bacillum, Navicula sp., Nitzschia socialis, Anabaena sp., Gloeobacter sp., Merismopedia sp.,

Microcystis sp., Oscillatoria sp., and Synechocystis sp. 52 FTE°| TASIL JATHE
EZAEY gol &

31-1), £UlA ) dwrAQl slgel Hls) A AdsF W ATEFAE
A5 we A% VAT 5 Ao, o2 A TAFEAY WA % Ad JI3 A
Aol BT GBS AANG £Fe) Fo YA 1ug Holze] FAFE

:\|‘:‘4
td
H
Lo
oX,
o,
%g,
(E o
1>
=2
2
ok
re
-
Lo
i<}
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N
N
N
)
v

Treatments Total vol. (ml) Cells/ml Cells/L in the original Vol.
Filtered 1,000 903 45,133
Non-filtered 1,000 1,597 79,850




@) Aol AHeY BAZZS 2o JEFH A5

Ao AH8H SRFFM] Z7]= ZHE(Shell Height, SH), ZF31(Shell Length, SL)<
AA FA sol fAkete A@AA FoAE JAT 2719 FAE 190 g A=AoY
(EF 3-1-2), A& AAZ F & @A He AVldle F AT EF FAVE =00,
F g Fde F AYT EFY SAFN BEY FAe Hsd A7dE ETsta
=t o= Ao ARl @l sl AFo] A Aol P F dllew A
Zr

3 312, AP AHSE SRAFERN o HESHA A AF: Hol, NAF: v|5o],

N: A% WA S, SH: 273 Zal, TW: 5%
N SH (mm) SL (mm) ™™ (g)
Initial 20 115.449.9 108.0+9.0 190.5+45.7
One month AF 117.7+6.1 107.9+6.7 204.9+30.9
NAF 116.346.1 107.6+6.8 207.4+28.8
Two months AF 112.4+6.9 105.0+6.8 192.6+31.5
NAF 113.9410.5 106.5+11.3 192.8+43.1

ﬁ
1o
g o

55 UEhd oty ¥ 3-1-6-A= W7o

BAE Z FAAES] FF3e ASs #FFT 5 Atk 2™ 3-1-6-BE A7 AE
EFomr dxoe A3 dARZ 7S AYAL g2 f dAe] SHoE ox R
7b g g SAE Ak #4538 & (mature oocytes)S EFHEAL Tk &7 de A=
BaAZAo]l 40~50 ym BEE X E JIE AT, ¢ Uo o] #AAT. 1Y
3-1-6-C= AF7lel o7 @2 o] doju ox W ¥l F3F (lumen, LM)°] &4
Ha BEEA g dEol TFESA Hgk 3o Addo] A sk, whakd)] 93 w1l
S3to] wEAY. At 5 JRA ANLEAM desdd 27] A8 early vitellogenic

oocyte (EV), vitellogenic oocyte (VO), Hlo{3+= HAX F3F o] #FHAY. 19 3-1-6-D

719 e E Yehdth. Xl FE F (relict ova, RO)o] ¢F A AT

| Aolstaes agdol A9 Hlolde AdEjeolth. E3F o E(follicle, F)7F A
|

FAEZE
FHE ol AaL, AAEAEo] o] FolA A = JEjelt
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(1) Sampling

o}

= =Z
W =3

[

opo] 22 ) Ao}

o] Ao ALEH ZXFZIN, P. margaritifera E3 <=

FAa, =7] W+ 135.6~155.2 mm$ith

S

2 5 10me s Ay

Zt @748

CRAS

(2) €9 AHA

}ad Petri dishol] €81 Wx 4

s Ais

W B9
Hz 24 z

3 AR
e
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=
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@) ¢ s TA 43

o7 Al SAFN Ge I8 FY AFsgot EFAITIAL, subsamples F 3}
FAF7IE 43] vHE Al &, HAA 4y FE FE5AT ATE SAFN &L
-75°Co| X Y& A]7]3L Lyophilizers ©]-&3t TZAX(Y57=, Lyophilization) 3} th

[e)

do] FUZEFFS 2Haw, FU2FFL A o £2 ko] BAFzA & s
o) AxFLS

Egg dry weight = Total dry weight of eggs / Total number of eggs

4) @9 F HF (BCA protein assay reagent Al-§)

TAAZxE FAFEI & AEE GAAPTAA 12 £ &, EHE AE 40 mg
3} Phosphate-Buffered Saline (PBS: 0.15 M NaCl, 0.003M KCI, 0.01 M NaH2PO4, 0.01 M
KH2PO4, pH 7.4) €9 10 mlE 15 ml 94 FollA E3sta, o3 72 1837 o
Asir 7). ¢ dsE A 5-PBS EFHS A4 (7000 R.P.M., 4°C, 30 min.)3}o] &5
< F3 %, 1 mg/ml 0.5 mg/ml= 242} 3| Aste] 23] whE AFsint. I4E AR 0.1
mlE Z+zb EAE (label) AP Boll &7]a1, Al (BCA kit) 2.0 ml¢} £33 5, 4%
ol A 37°C, 30%7F HFSAATH B AE Alg 2 FFAEWA 0.1 meet A (BCA kit) 2.0
mlE 37°CollA 30 WHSAZ1aL, E33=A (562 nm)E FFEE S EF o
Z 2 Bovine Serum Albumin (BSA ; 2.0 mg/ml)S A}-&3th. BSAE 100~1000 mg/mlZ

g 4q5te], ARt FUT WHOE, Aok WAL Aze] FREES 23T ¥

o
_I

§°"

standard curveE T THFig. ???). Standard curveE ©]-83lo] A|J7o| XgH FE&A4 T
ol

A9 FFe AT, AR A FA B FNE oz BN

" EAF2N & NEE 9879 PBSS EFEA (4 mgml) 253 93

4 NS A E2](7000 RP.M., 4°C, 30 min.)3}]
A5RS Ak, 0.5 mg/ml, 025 mgmlE ZHzt 3| A38te] 23] BkE AF P FHAH A
F 1 mlol 10% #HE 1 mlE ¥-3A7)3 ohA], 32F 5 mlgh Aol 1087 wE-A)7]
T, BFFTA 485 nm)E FHEE SHUY. BF ©53==Z 10% soluble agarE A}
23t} Soluble agargE 50~500 mg/mlZE 3]43lo], AJg9} TS WHOZ 10% H =
ko] WHSA7I 77t SR EE AT F, standard curveE T8} ThHFig. ?7?).
Standard curveE ©]-&3t A5 BFIE FFS FABSA, AR HA FAC g
HAE oz BT

ol



6 FAE AF A2=2F-v &S AFY (Bligh and Dyer, 1959) A}&]

op

AzxE SAF2N & A5 200 mgs 15 mle A=A F uj (Bligh and Dyer,
1959)¢} &gtet H, 253 J7ie ddsA AT {718t £FE AR AR2EF
SAZ ¥, FFF 4 mE ¥ dFIEAG fFEi

st

& Fsk] A2 FxAIZ H, AAAES ol
St Age AA FA I HAE Foz St

(7) €9 peptide £4-& T A71F9F

o] ¥3+H peptide= SDS-Polyacrylamide Gel ZdollA EZ 33T A7|9F Kito
StandE A X|3}3L, 7.5% Running Gel Solution 30 ml (Monomer solution ; 7.5 ml, 4x
Running Gel Buffer ; 7.5 ml, 10 % SDS ; 0.3 ml, ddH20 ; 14.6 ml, 10 % Ammonium
Persulfate ; 150 pl, TEMED ; 10 uh)E AFHuRb7]o A E33tH ) Standd] 1% Eoll A
°F 4 cm 7} o5 53 Running Gel SolutionS -2 5, Water-Saturated n-Butanol 0.6
mlE Running Gel 9o W21 Gelo] &3] T2 = ALF 124771 A2 F
t}. 4% Stacking Gel Solution 10 ml (Monomer solution ; 1.33 ml, 4x Stacking Gel Buffer ;
2.5 ml, 10 % SDS ; 0.1 ml, ddH20 ; 6.0 ml, 10 % Ammonium Persulfate ; 50 ?1, TEMED
; 5 puhE AH k7)o &35 H Y. Running Gel Overlay 89S whahu] 31, Stacking Gel
Solution® 2 Running Gel TS M o] 3L, Stacking Gel Solutions #3il combs AH
g 3, 2H3E] FIE F UAEE 1AZVFE A2 FAT Marker protein® 2 A ¥ 31
= SigmaAle] High markerE AFE3}9 1, &Y%l 2xTreatment buffer &3F3F] 100°C
oAl 90% B HHEAZ|aL AE 9} A =9 (loading)3t AT TAAZH ST &
A RE APl A 12 g &, B4 E AR 1 g% PBS £ 10 mlE 94 FelA]
et 259 |2 1830 dZ23A AT d2stE A E-PBS EFHS
(7000 R.P.M., 4°C, 30 min.)3l] FEHS HstAoh AE 4eH 20 ulet 5LLY
2xTreatment BufferE Al @& Y3 100°Col A 90% &< WHSAIF T Gel©l
3tE &, combES A At wellS Tank Buffer2 Aot} Welloll Tank bufferS
. AEA e wEl Al E-2xTreatment Buffer £33 20 mlE FYsR L, AFESHA] &
well& 1x Treatment Buffer 20 mlE FU39 T Chamber &9 %, A% chamber®} &
chamberol]] Tank BufferS X|-$-11, 40-50 voltol] Al °F 13A17F B9t A7|HFS AA5%
Ao JA g (0.025% Coomassie Brilliant Blue R 250, 40% methanol, 7% acetic acid)
oA 4417 AL FFF L, &2 &A T (40% methanol, 7% acetic acid)o| A 30%&, &2
LA (7% acetic acid, 5% methnol)ol| A 4AIZF BAAIZAT Gel2 24 &AM 1%
glycerolE F7}gk &ollo] Ax X7t BHAsATh

i



®) L3 A APy B
Q%2 WA D3 A AW EHE prowocole] T} w4 A RS
o] =

=
=4 A7A -70°Co A Rastal, FAdx8)

41::

AGEA AHEHE EE 87l SFFE AAHSH 450°Codl A 3A1F A=

2]
+ %, &% f7]-&v[Dichloromethan:Methanol(CH,CL,:MeOH)=1:1)]Z 2~3¥ A &3} At}

FH"H AIRE 887 ¥, 3 7718 v(CH,CLyx:MeOH=1:1)Z #7}3F &, <F 10
%t 2593l (bath sonication)dto] A FZE3Fth(Bligh and Dyer 1959). =49 AW
S &3 #4718 m(CH,CL:MeOH=2:1)0ll thA] &aiA17]1 & A9 classt A|HHaF 220
ALESEE Y. 59 HAG (S 0.2~1.0 u)] AWS chromarod (Mitsubishi Kagaku Iatron)

of Wojreg]a, 3 #7181 (CH,CL:MeOH=1:1)& ¥Z(focusing)A 7] &, BIZA F7]&
1] (Hexane:Dietyl ether:Formic acid=85:15:0.2)Z A% classE E#3l4t}. o|g€A a9 A
W classt  latroscan Mark-V  TLC-FID(Thin-Layer Chromatography with Flame-lonization
Detector; IATRON LABORATORIES, Inc.)Z A% o(Ju et al. 1997), A" class standard
(Phospholipid: 1,2-Dipalmitoyl-rac-glycero-3-phosphocholine hydrate; Cholesterol: cholesterol;
Free Fatty Acid: n-Nonadecanoate; Triacylglycerol: Glyceryl trioleate; Sigma-Aldrich Co.)2} Bl
wate] Algo] A FH classE HA, AFetAT & A FEFS 2 AW class &
Fo Foz FEFHAH

¥ AW AAHZHF 50 ul) o 0.5 N KOH/MeOHE Y3l
700Co| A 30%7F 7193 & &3 f-7]-8 vl (Hexane:Diethyl ether=9:1)% ?:_}E’_%J’Jr ZHE
= 28, FEIAY. FE5aL G2 g0 A %‘-0% KOHE A %, &3
& vl (Hexane:Diethyl ether=9:1)Z X|WA+S FZ319G . F5H A4 BF3/MeOHE
7FskaL, 700Col A 30% &<t 7FEste] XAk E o)l 28 Z(Fatty Acid Methyl Ester)Z
%, F% Ao #H7FE internal standard?] n-Nonadecanoic acid(F 74373 &L T2 3 A
H] 2 3} gas chromatographyflame ionization detector(GC-FID; Agilent 7890A)% & &
stk AHArY 2y, EAoE GC-FID] ZB-5MS column(Z°] 60 m, W7 0.32 mm,
BHE yB HE 57 025 pm; Phenomenex)= A3t HE8H 2% XS AE
AT 2500C, column 2L 50°ColA] 120°C7FA] 10°C/&, 12091 A 300°C7FA] 4°C/HE 2
2 AFEAN, o5 7hae dFEQG mii)S AMEEATh ZF Ak (AT,
¥3%, olFZAY HX)= GC-mass spectrometry detector(GC-MSD; Agilent 7890A
GC-Agilent 5975C MSD)E o]&3ta] 70 eVollA AA A= 50-700 amu HHNA F3 5
Rew, YA HE FH(column, &%, o]FY 7t AT EAA12] GC-FIDS} 5235t
A ARSI A AR T EXESAEAY ©4 o] F 2 (double bond) H1A= A

& AWAF standard (Fatty acid methyl ester; FAME, unsaturated kit; Sigma-Aldrich Co.) I

m N

o

-{Nlﬂlﬁ,ﬁm



+ FAMES fatty acid picolinyl esterZ Z2sle] GC-MSDZ  &}<13} X th(Destaillats and
Angers 2002).

o] AFeA A WHE F vBA ATt olFEF MeE EE F, Wg7
(-CH3)®| &4E 1Mo 2 3t gAa7t o]F A (double bond)= o] e A WA w4 9

XZE n Hol| £AE % 7)84 tH(Table 2).

FZIN, P. margaritifera®] %

A% 238 A%, 54

R ojufsi 75 & shute] FAG FASEeH, T 5 fEluetel AAsta %
Aok A A= (Crassostrea gigas)@ FAFSEAY. 2484 B4 AAN = FAE 27)E

Hol7|% JTHEE 3-1-3).

i 313 ¢ A 2 FA A 2

Dilution Mean number of eggs
%32 2,205
%16 4,858
x8 7,033
x4 15,570
X2 36,040
1 72,080
Original 11 ml 1,585,760
Total weight 6.983
Tube weight 6.756
Egg dry weight 0.227
egg weight 14.31 ng




Q) &9 A3t =

S|
WA gFe fAT wE ARPFe ge Fsud Be 4TS Ueyon, wow
gratE FEFe Be £ES BRAT ANgFe] Eve AL AdFHoR Ee WA
=zt vde Ae UElH, gse el ¥ e AiHer v duAds
7} 2 (juvenile)Z =50 Y3+ A 7](D-shaped or umbo stage)ol] TlZFH A= Lo
g 5 AT AEF A} Aohepand] AFlE Ee HESS ML 5 YnE AL
JEREE ol Holzzlel Juzoz we duAde] S48 Ag Agelgu B &
At
F 314 & she] FA B Lo ZhA= @, A, gestE o] Hla
) Egg dry-weight Percentage of Percentage of Percentage of
Species . . o References
in ng Protein (%) Lipid (%) CHO (%)

Lee & Hefferenan
Crassostrea virginica 12 50 21 9

(1991)

Lee & Hefferenan
Mercenaria mercenaria 51 40 14 8

(1991)

_ Massapina et al.

C. gigas (Portugal strain) - 44-74 16-38 7-12

(1999)
C. gigas (Korea) 13 41 3.3(25.5) 11.7 Kang et al. (2003)
Ruditapes philippinarum 22 41 - - Park & Choi (2008)
Saxidomus purpuratus 95 37 11.4 10.83 Park & Choi (2003)
Pinctada margaritifera 14.3 45.5 21.5 5.8 Present study

() €9 AW =4

A

slzo uwet 2§38, E3FA| W AK(Saturated fatty acids; SAFA), T &
X3} XA Monounsaturated  fatty  acids; MUFAs), UHE 33} X| W4k Polyunsaturated  fatty
acids; PUFAs)O. 2 U= & Utk Abe A9 Adx7] 4o AWt e At S/
of w2} 16:0(palmitic acid)E X3+ SAFAs7} AlFoA F AAHe] 44.92% =2 71 $F
3R 2.1, 22:6(n-3)(Docosapentaenoic acid; DHA)S ¥ %3+ PUFAs7| & A|W4Fe] 31.23%
2 1 o AT ddEESANe] 19.53%E 7 WA JEwoH, o F
18:1(n-9)(Oleic acid)= AAE = ol ] o] &FFHo AUt XA W4 5 Palmitic
acide 21& 7|99 Ao =zA B4 AEEHIE 9 AXY #2F 55 AFAS

SAZAM & F Utk

B

rlo

Aol A4k EFS 22:6(n-3)(Docosapentaenoic acid; DHA)=S 3E 33 PUFAs7} & A
WAkl 5522%2 74 AR 2 20 & 16:0(palmitic acid)E £33 SAFAs7} Al
oA F ALY 26.84%2 AR, FUEESI A0l 10.57%= 7Y WA W



B o,

&

|

o] = calanoid 9725

A& DHA &7} 9=

sttt AdukA © F sterol?} PUFAsE

AL,

H Al
SIRA

o 93 F2 FAHE AoZ LHA UE(Lee et al
1971) 20:1(n-11) &R} HAlo] § 2ol g5 AATE %
o= o]l F

oJulshF gAY WA B FA) YE Fad

gAel A §F 3

T =

o 7V Ta3 AL

2 AEPh o ATARE TAFZA FA4Y WFAA AVl A EE upe
B 24e At /1L ARE AHSSHA,
E 315 %% SAFEA O 2 3 TFE AR I
Fatty acids Pearl oyster egg Pearl oyster sperm
n-Saturates
14:0 6.28 0.40
16:0 29.10 16.63
18:0 9.08 9.60
Others' 0.46 0.20
Total abundance(%) 44.92 26.84
Monounsaturates
16:1(n-9) 0.27 ND
16:1(n-7) 3.07 0.28
16:1(n-3) 0.19 ND
18:1(n-9) 8.72 4.10
18:1(n-7) 1.98 0.88
20:1(n-11) 3.92 4.45
24:1 0.24 0.28
Others’ 1.13 0.58
Total abundance(%) 19.53 10.57
Polyunsaturates
16:4(n-1) 0.03 ND
18:2(n-6) 3.53 2.75
18:3(n-6) 0.47 0.30
18:4(n-3) 2.52 0.53
20:4(n-6) 1.19 3.73
20:4(n-3) 0.98 0.18
20:5(n-3) 4.02 6.59
22:5(n-6) 1.20 3.48
22:6(n-3) 16.15 37.14
Others’ 1.14 0.52
Total abundance(%) 31.23 55.22
Branched & Odd chain 4.32 7.37
Total abundance(%) 4.32 7.37
Total concentration (ug/mg-dry wt.) 74.19 17.65
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|0 Zo] AJ23t} (Pouvreau et al. 2000
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FZN, P. margaritifera (Linnaeus, 1758)
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IH 1 5 x
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AESH Ar=z 7teEth 28y olo] Bk AFE AAFRCZ Ao o]Fo] 2] K3}
I e Aotk ole HAFS SAHIE e BT EAZ, AFud T ¢ 9
Aol digt 54 FAE M, FAUIGEALZHY (ELISA)E ©]&31H o3t A& 3l
A3 4= 9lt}. o]i= Choi et al. (1993), Kang et al. (2003), Park et al. (2003; 2004; 2006)
o APAFNA AAHCRE AFH vk Utk

HHktoll X3k Federated State of Micronesia®] Chuuk Stateo] A2)3}l= ZFFZ7)
MA Y] AT AALEgH A7 S MATEEH 2 AAY a&4 T A
of wj-g- T3 Amolty ey o] FAFNE BT SAFENY AAAAE
HANESZA S #Agt A+4= AR AHolth. 28 B2 o] AF+= Chuuk Stateo] A
B2 FdE P. margaritifera®] ol ZH 5 GGl del 548 #oteta, oE
EBFAE Ndet] SXF20) A4S FZs st=d Ao

() FAF2A A 2 Ege 2

SR FZ7) (Black lip pearl oyster, BLP oyster)e] 32 T3 o] AA Aok =
A BRAFZN G GiAd Eo|AQ FAS ANusty] 93, 2008 4¥€ Chuuk State,
Federated State of Micronesia®l X3t S e s AT+ A E  (Korea-South Pacific
Ocean Research Center, KSORC)o A YA = A= dA SAFZI 307042 AR 5A
o (Fig. ). AAFE 3070419 SxF2M9 H4S AAS
ZA9 JdFE H& B Av|FeE ¢, 5 FE5
st HE" Y4 (Petri dish)olld Z&S st &8 F=E319
<3 =& =4 AAVISY SHEHE T

=
Yol & (ammonium hydroxide)S X &3l= dl4 (045 um o33 2 B A E)ot

o

fd

fov 2

gatar, e =717k 100 pme 40 um 1 A2 & o)) Ad) EFED WA EBE
S AASAY EEES0] AA" ARAS A&HoZ ANED (700 pm, 102)3H]
AT W 2o BLES vl g5 93] AA 2 wx 942
A 53] WHEE AT (Park et al. 2003). ©] & AAY SAFEH &S 75°Co A WE
& F FAARINE o188t T4 AxIAY. TAAEE v L2 B ANEE o) &
3l B2t (egg powder)S WHEIL 20T BT



FAAZX E egg powderet phosphate buffered saline (0.15 M NaCl, pH 7.4, PBS)E &3
of 253 7|2 F2st F F 8,000 rpmoll A 1023F A4 E2 st ATdS FsA
ot o]%F AE ol 10% Phenol?}t FAHEHS FH7bsted A A|Zl1 H spectrophotometer=
& 490nm IFolA FHFEE SHIIAT. ETEZ L Dextrose anhydrousE 50-1000
ug/ml FEZ 3]43}o] standard 2 ©]&3tA I, ETEE T FFEY T o
& A8 F ©@53lE 3 (mg/g Tissue Dry Weight, TDW)S 3 th.

o
o

AAZ ¥ egg powderE 0.IM NaOH §<fol ¥Hg AJ7l H,
8,000 rpm°ﬂ7‘1 1023F 94 Festq dsds A

4n
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Xé sle] BEA59tt BF 22 S BSA (bovine serum albumin)Z 50-1000 ug/ml

=
FHst] FEEE FFEoe] Adol wel Alge T awld I (mglg

S FA1Z ¥ egg powderd] Chloroform¥ Methanol®] &3+l 2S
FZ3 HATE ©lF 0.9% NaCle 37138l Chloroform + Lipid%
o] F =07 UFra &4 YA+ Methaol + Water=2 g
a1 AHo] Ex3Eo] U= Chloroform3 S FHstAth AWS 138k Chloroforms &-F7]
F dishol] 1 AF7)A] 3F AZ3}S ChloroformS #| A3tR Tl o3 dishe] F

AE wlFo] Ao 4 (mg/g TDW)S S35t (Bligh and Dyer 1959).

2 A
m[o rﬂ"

(2hH Ash gH&F &
e oy Zo] M HAY ¥ =riYe] FAE A, Z21x #H
7 o]F & muffle furnacedllA] 450TCE 24X =
g =7H Y FAZS wjFo] Ashe] dFS AA A

ol
41
S

Ash & =
egg powders %=
al

3, #AE A

AFA wHAF FA AEE FA RS s o5 BT
powderE PBSo| @@ F%7} 0.5 mgml7t HEE FH8 Y. =49
gld FE2E 05 ml9t 22 49 Freund's Complete Adjuvant (FCA)S &3l F 1 ml



FHlstaL, E7]19] T Fstel 4-57H ol Uro]l FAME Stk A FAF A

o
of AEHolM A AHF8 negative control 2 AF3AT. A FAF 2F F, F

E7)

A3t &9 Tl A3} Freund's Incomplete Adjuvant (FIA)S &3t FALSIY FRloH,
AFY 71402 F 4zt FALS 34Ut (Table 3-2-1). Table 3-2-12 E7] WY #3AS
et = B2 7} Test bleeding> A9 J71E H71sl7] f1a A& AT

Table 3-2-1. 3-8 ¥k

o

et Wqe3a AP Immunization procedure

Time Procedure Dose of antigen

1% day Control serum Test bleeding

1% day First injection 500 {g/ml egg protein + FCA'
2 weeks 1¥ booster Test bleeding 250 Y g/ml egg protein + FIA™
4 weeks 2" booster Test bleeding 250 Y g/ml egg protein + FIA™
5 weeks 3" booster 250 Y g/ml egg protein + FIA™
7 weeks 4™ booster 250 Y g/ml egg protein + FIA™
8 weeks 1* bleeding Bleeding

9 weeks 2" bleeding Bleeding

"FCA: Freund's complete adjuvant, “FIA: Freund's incomplete adjuvant

(4}) Heammaglutination test

g3 W FAY EARF FA A7HE dotry] S FTFSHRNSAT S AAlSt
Aok Aol AREE Ao Al oA 3t HEFE o] &tk @Y (Human)
S EDTA or Heparin®] 2] ¥ tubeoll 3ml A= &3}t PBSE 33 A Hsla Y4 E
g 3te] ZHEF (RBC, red blood cells)S #&s] Wtk sl FITE 1%7F ==
PBSe| A FfA1Zl F 1% formaling RBCO F7}ste] HEFE A s AT o] &
formalin®] *2]¥ 1% RBC%} 0.05 mg/ml tannic acidE 1:12 EHsIHUT. Efd4itoo] =
HE Ao FAQ SXFEN o diE FEES TLE HUE O 1087 Aol

P

s

A gstATh o] F, ST b Gl SojFo=w whgale= FAE 1008 3] A
F 56TolA 307t EAE st complement— H] %*é:@} N7tk HEHOFZ 96-well
plateo] FAZ oluj52 54 (0-2048 ¥y 3 5], ZHE HHATZ (ous HE3T 347
T SANSES BFAG (2™ 3-2-1).



Formalin treated 1% Red

blood cells in PBS <:| 0.05mg/ml tannic acid

Washing 3 times
Spin down (1,500 rpm, 10min)

®e
S .
vy Jl<: : ¢ 0smaimi aggproti
Washing 2 times
\ V4
= Yy

2 fold dilution \ , \ '
Added 10 ul I I
each wells -
T rovER, Serum or Antibody

ta'a'®

i,
|

28900000

jgeeesee ey
jfeeeeee ey

ssee

&
a9 3-2-1. @353 ¥Hg9] =A% Steps involved in

haemagglutination test.

o

(th Q7270 o 994 Sol2Q) G Sol4n vuE 57

L

|\

o] AtollA sidteE A9 Eoldy WHEEE Z+ZF western blotting®} indirect-ELISA
o 71&stgh EVZRE d& o
Aol gk Soldx W= 7t A%

Al EEe FEHY SFEN F ded a3, 3Hy
ol SRFxA & @i g oo 7jgp 27 el gy wkgste FA 7 de RS FQls)
A webA o]y g wAHES A A7) 98] W52 A] (Immunoadsorbent) & FHISE 3
AU vlIEol ARl FAE AASL ST & Gl d So|HQ A S dUTh
(ZH ¥SEHA (Immunoadsorbent)E ©]-&3F HI5o]4 FA-FA ¥k AA F I3
T @ o]zl A #E

gaten HEste adow =

¥l A ¢+ indifferent ©

LA |} =
oA 1gGE E&3l7] Ao 40% E3E (NHi),S042 4Tl A 6A17H52 ¥H-3-A1A IgG
2 AAAAY. A AD [gGE 4000rpmoll A 3087 A4 B3 H, dialysis tubingS ©]&



F &< ¥4, ammonia sufates A A3}t
W

N g dde] zte Bxe] EAFS dolE7] 93] SDS-PAGESH Western
=, SAFEMNe &3} A £ (foot, gill, mantle, muscle),
23y, A AALEREY dwWAdS FZ (Qugml) 3 FH, °]= SDS-PAGE 9 10 ul
A BFsdY. A719E5 S 53t EEl® Z3+= PVDF membrane (PIERCE, 88114)0
transfer 3}YTF. PVDF membraneS 5% skim milk in TBS-T (tris buffered saline solution
containing tween 20, blocking buffer)oll 3§+ A]ZF blocking S+ H, ©] ATolA 7iwdE 33
Fx/M FAZ 3.1 ugml FEE blocking bufferol]l 343l 2417+ <t Wkg Al T} 2%
A= goat anti-Rabbit IgG (HRP, KOMA) 0.3 pg/mlZ, PVDF membraneo] 3+ Al7F &<t
U3 A7l H, peroxidase®} luminolS 1:12 3|23} membraneo] HFSA|Z] 4o A
ECLYHS-S 30% HAo 2 383k 939

i

bl

(Mh FAAFEALSHY (Enzyme Linked Immunosorbent Assay, ELISA)

R A= & %H—Hél-‘ﬂ FEE 18ug/ml, -r?q MA 24 F=2E 22.5ug/ml
£ 281 A, wANEE AA Foe ¢ @ d FEE 20ug/ml, FFH WA x
] FEE 20ugmlE 28 5A5te] g9 gdE ALgStGTh SME g ddS

Polystyrene 96-well ELISA microplate®] 100ul?] 22 % 4TCo|A] over night ¥F-3-3} %t}

o] 3, 12 A 6.3ug/mlE 100ul?] FEF3}ar 1A7F ¥vb-g-A| 7)1, 23 Al 2 lug/ml Goat

=

anti-rabbit IgG alkaline phosphatase-conjugated 100ul?d] ®F3+ FH, 1
p-nitrophenylphosphate (pNPP)E A A]eFo &2 ALE-31o] 405nmolA] 3 =S S35t

(A Immunofluorence staining

zAsgol= xylenes ©]&3ste] dHEtAs AASNL, E2E EFAAHS AA
PBS-TZ 2|83t F, 5% BSA| 1AZF vistaitt. /i &A= 5% BSA©] 31.0 pg/ml
o2 835t 12 FAZ 2A]7HEQE HESA|Z] F, negative controlZ pre-immune  rabbit
serum (2 pg/ml) = ©]83Ath. 22} A= fluorescein isothiocyanate (FITC)-conjugated
goat anti-rabbit IgG (2.5 pg/mhE ©]&, HFTZHo =z FF FFAu|H dloA #Z s

@) SAFZN FA FolFA A A

h AA &9

SRAFZN AR EolFel FqAZ AZstr] sl 2008 129€97 Federated State of



Micronesia ©l 9] X]$t Chuuk State®] 3+ - ‘FElH s FATFAEANA LAt A ==
719] SRAFZ 10AE AP Y. AP @ SAFEMY g4S AAS & AL

.
279 ARE AN Y3} AMPOE $5F TRIAL 45T FRY P& 2

At HE=Z YA (Petri dish)ollX Z22S Shubste] BAE FE3Ah 23 H 7 7949
SAHE d4E FAE7] Hstd FE2E FAE 0.02 mM FEYol 8F (ammonium
hydroxide)S E&3+ a4 (0.45 Mmeixt 2 g ®@)ok Esta, w9 =717F 100
meH0 ml A2 FA o]ee A ELEH wA EEES AASAL BEEEES
AAG AFAe Aoz 33 YAED(700 rpm, 108)3] Az Yo Fo BEFES

AA F 4000 rpmol A 1023 YA EE st FedS HEa HAE BEJT o] & A
H SAFZEN AAE 270 CoAAM W& 3 & 5AAZXVE o838l 54 AX3IH

(4h) A 71 (Immunization procedure)

AFAA HATF S AT A LS S =7 BT SAFEAN ZA &
sperm powder)S PBSE o] ©ilA F%7} 0.5 mgml7l HEE FHFAT. FHE
SHAFZN A @ FEE 0.5 mlY 22 4 Freund's complete adjuvant (FCA)E
E3sted F 1 mle FUE FHIE, E7CA FAEIGH A WA E79 A 59
oA dAME AFH3I] ©]E negative control E ©]&3IPTE A WY 253 5 025 mg/ml
o] FYst g @ E 0.5 mlZ Freund's incomplete adjuvant (FIA)E S8t FAL
Ao 2 Z 5adE FAF AT (R 3-2-2). IR WY FAL 1FERE E

Q)
4zt ol A B719 AeHol Eds AFste] EFS EHs) -70 Toll East

(R

Y

® 322 0] AT AL APAE o8, FA BAIA,

pul

Time Procedure Dose of antigen

Cont. serum 14, 22, January Control Bleeding

Initial day 28, January First injection 500 Y g/ml egg protein + FCA”
1 weeks 4, February Test bleeding

2 weeks 11, February 1% booster 250 U g/ml egg protein + FIA™
3 weeks 18, February Test bleeding

4 weeks 25, February 2" booster Test bleeding 250 U g/ml egg protein + FIA™
6 weeks 11, March 3" booster Test bleeding 250 pg/ml egg protein + FIA™
9 weeks 1, Aprill 4™ booster Test bleeding 250 U g/ml egg protein + FIA™
12 weeks 24, Aprill 5™ booster 250 Y g/ml egg protein + FIA™
14 weeks 2, May 1* bleeding

15 weeks 8, May 2" bleeding

16 weeks 16, May 3" bleeding

17 weeks 21, May Last bleeding




"FCA: Freund's complete adjuvant, “FIA: Freund's incomplete adjuvant
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("}) Indirect Enzyme-Linked Immunosorbent Assay(ELISA)E ©]-83F &4 W=

22PAE Aol A TR A3z A2 gd SolZ ] Ao =S
7] $3l indirect ELISAS %4 /\]3} o SAFENY AR B (s
2 (egg, foot, gill, mantle, digestive gland)= PBS &<l 3 7}sk H o3 5t 4
B FHsta @uld F&7F 20 pg/ml b HEF Aol 9 gulEZ ARSSITh
H GHES 95 ToA 1023 EA-std WAdS AAT £, polystyrene 96-well
ELISA microplate®] 28] 3]41-S 26FE- 0 & 3 4Co|A over night ¥F-§ A|7]3l, TBS-T
(Tris buffer saline containing 0.05% tween-20, washing buffer)= 53] A& s 5% skim
milk in TBS-T (blocking buffer)& 150 ul B3 oA 1At &<t blockingS 3FA AL
Ao sL3 WRer AHsAn. 12 FA= 223 % AFolA LR A 6 ng/mls
blocking bufferel]l 3]4138le] 100 pl® EFata Lo 1A7F ¥-A 7] AlF 3 23}
A Z 1 pg/ml goat anti-rabbit IgG alkaline phosphatase - conjugatedE washing bufferel] &
A&ked 100 pl® B3 1A17F vrSA|#H T A 7] A E ponitrophenylphosphate (pNPP)S
A&t 405 nmoll A FREE SA AT
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1) SAFZ7) Eggel AN
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h ERAF27N Egee) A3t 2HR B4
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XLHZ—EH gg-‘l] Aslsl AR B Az F 32304 B viel o] & oA

&
'___-"
ek 45.5%, 38 g 58%, = AW T 21.5%, F71E T 11.5%9 HAAES
ER LT
#3223 SRAFIIN L] AserEQl 54,
Total protein Total carbohydrate Total lipid Total ash
Percentage (%) 45.5 5.8 21.5 11.5

(2 Heammaglutination test
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I 27 3222004 HE ukel 2l Control2 AHS B Fdwwldo] FaL A A3
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(3 Western blotting

W aed o] Exg 543 O @A oo vgr A FAY wxRkE §FE &
olB 7] 93l A At Western blottinge WXFRE-S A A ZH, o o]Fo] FHo} (2E 3-2-3).
g g AS A E FElolE 2 ME 524, 283, 154, 96, 74, 69, 41, 36, 34 1¥]al 22
kDa &2 FAEHH, 19 3-2- 3A°ﬂ/‘1 He vhel o] magkg A A Ao & @i o]
9o 7t A5 xRk HAARE, wxpRkg AA 34 &, 29 3-2-3Bo A A H
G S AS A9 VEx ‘%31}9] WAFRE-o] A AE S A5

@ @ 6 ® 6 © 2@ @ @ ©
kDa kDa
2= -+ SR e
e L ==
50 50 — o
37— 3 — -
% ___ 25 —
-
20 — 20 —
A B
a9 323, @ w A BXEH 5S4 O @A o]Q]e e 2 o] wApyt
& FFE golR7] $8] HAIS western blotting®] AHHE- A A A,
T A BE
@ ELISA

SRAF2N F @uldoe] EolZQl FA7E o= A WRETt AeA, & ol9d
v 54 AZofo] mapRkgo] =R Fotr 7] ffsf wxwkg A|A M, $E ELISA +
s AASRAY. HFTHoZ wAHESE A AT FU-FA ¥ ELISA assay ©llA
0.07-20 ug/ml egg protein ©] NS, negative controldl M= FHU-FA] ¥k-g-o] YE}RA] &

AT 3-2-4).



Egg protein

Egg protein
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Protein concentration (ug/ml) Protein concertration (gl

O% 324, wANES AA H, $(A, B)9 ELISA #4] Z3}. Titration curve of the antigen-antiody
reaction in ELISA.
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(® Immunofluorence staining

SAFENY 23 &l AolA MIE FAZE F g P Holxoz w33}
A golr 7] 95t Immunofluorence stainings AA|ste] FFAW A st A #HE3A
ot 2 A3 a9 325904 BE vk} o) 7H e FAe SF Y & FAAME
o] ey RREo E= AL WIFFHPoZ FQ T 5 AAT

A7 gl Ao Eojxgo g wk$EtEXR
-ﬂ_@ ‘-’%‘?%3"1 ou“ﬁ A A 7574. Scale bar: 100 um. Localization of P. margaritifera

egg protein using anti-BLP oyster egg protein specific IgG applied on matured female using

18 3-2-5.

immunofluorescence assay. (A) negative control, (B) positive control. Scale bar: 100 um.
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(Acosta-Salmon and Southgate, 2005)°] AMAst= SAFZNe] AZF HAF7] 9
T =2 FUIAIRF g AAste SXAFEMY A A T FAY AolE o]
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and Southgate (2008)8] ZAFZ7 AAs GAES Fusle] S ¥ 3-2-49 o] YiFo]
FESAT (LH 3-2-8). YA FE2S HAEF FA/E s 724 1AXE ot FYUs
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HE 324 FAFEU AAEY A EAY B BEdA Y FAPHA #F 7]F[Kang et al
(2005) and Saucedo and Southgate (2008)].

Developmental stage Numerical Histological description
Score
Developing 1 Previtellogenic, vitellogeic, and postvitellogenic oocytes
(Pro, Vo, Po) in relateve equal proportion, showing free
Po filling acini, but still leaving a wide interoocyte space.
Ripe 2 Ripe ovary packed with ripe oocytes and a thin layer
along follicle wall (F)

Spawning/partly spawned 3 Partially spawned ovaries with loosely packed mature
oocytes. Some early vitellogenic oocyte (EVO) and
vitellogenic oocyte (VO) still remain.

Spent 4 Spent ovaries largely devoid of relict ova (RO).




() FARAELY (ELISA)= o83 2l WA % (Reproductive Effort) =74

IAPAE AFolA AdE SF2N & did SolF] FAE o] &3t ST
Mol MARS SAAT. AFHA HAF SAHS 98 FAFGELY (ELISA)E ©|
ot MAF S-S siden, e o3 2o

ojmjgl F= AALVE EElFoE FEHHo YA B LT & AFEHFI
=8 Ao e FS A, 1AAEE AFNA &5 EYS & 22 A hA A
ZZ BoS o] & Ewo] 3,7, 10, 20, 30, 40, 50, 60, 70 %7} HA 100 mg¥® FH]s}
o ZFF=ES AFsdT A¥E SAF2AN T GFNAE AEsted 242 100 mg?
Hall MA"F S8 AMgsIAH. ZFEEY GFUNA 225 PBS HUME H 259
g 7] o] &3l TEg FH 8,000 rpmolAl 103 YA EEsA F5AES H FEFES
AT olFA E& FEE=5 PBS-TE o] &3 1,0008] A3t g duid=a ALgst
Ao} A" g T A S polystyrene 96-well ELISA microplate®] 100 ul1¥ 3 3 4

Toll A over night ¥H-& A]7]1l, microplate autowasherE ©]-&3}o] PBS-TZ A2 3lAT). 1
% BSA in PBS-T (blocking buffer)E 150 pl ¥l F2 A 1A]ZF &<t blockings 3FR L,
A FLsk oz AFHSEY 12 AR 12dE AFAA AR A (6.3 o

g/ml) 100 U1E microplated] EF3FL AF20A] 1A HESA| 7|3 A2 & 23 A=



=z 1
xFE3

o, 298 AgHE A
N Fol AAGHE FAE

A (1341 ng)Z Uro] Fo] X

A 2=AF (GSI, %)t A
;o FAE 1AEE Aol 7

(fecundity)E Al 4}s} ST
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SIS o]-83}Y] indirect-ELISA
EHEo] A &3 Asiwg
AFANAM = F3 HAAF

= T

o181 3004 3]
St WH o F 343} negative controlZ AFE-3FH T =L
96-well ELISA microplate®] 28+5-S9 2 100 ul1¥ 53}l 4 CTAlA over night HE-g A]7]
31, TBS-T (Tris buffer saline containing 0.05% tween-20, washing buffer)Z 53] A2 3} %t}
5 % skim milk in TBS-T (blocking buffer)S 150 ul Y3l oA 147+ &<t blocking
ShRaL, A3 FLd WHoE AFHSAT. 1A FAZ 22d % Aol A AR A
6 UgmlE blocking bufferol] 3243t 100 p1y &=+ AL oA 1A|ZF HE
Al 5, 22 FAE L

washing bufferol] &4Jsl] 100 pl12 B33l 14]

(PNPP)E A}8-3}4 405 nmoll A 3=

Z WA A T Aol A

]

W A2 polystyrene

1] =1}

=

[e)
vc—)‘}\

3 17) 31
U g/ml goat anti-rabbit IgG alkaline phosphatase - conjugatedE
7+ vkg-A1ZitE @71 - 2 p-nitrophenylphosphate
gokdth. =3 Tahitiol A AR A F 4

A0 WA g Zgste] vt

=2
=
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4% 2xhd

3 EEECRURtE
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& ¥ (Electrophoresis)oll <] gt v
Z70 (BLP oyster) & @@l Ex4 543 & o7

A 54

Zo o oy
5 % native electrophoresis®} 10 % SDS-PAGE (sodium dodecyl
2 o] g3l stttk ol& 98l FXF=A,
= (Crassostrea gigas), 3= (C. ariakensis), 7}X|= (Saccostrea kegaki), &*| (Mytilus
= J

g

}u
o]
sulfate-polyacrylamide gel electrophoresis) H| 1l

edulis), BFA® (Ruditapes philippinarum)2] egg powders ZtZ} 20 mg® =4 3, ZF egg



powder®l] protease inhibitorQ] PMSF (phenylmethylsulfonyl fluoride)”} 1 mM *%¥ 1 ml
o] PBS (Phosphate buffer saline)E 37}8te] 10237 293 sl 23} s} o]
% 8,000 rpm, 4 TolA 1027 HAEZT F, 45HS FHstAth BCA protein assay kit
(Pierce, 23227)% o|&3}o] dlzd AS s, 24zt @l FEE FLUF 4 y
g/ U7} == 4x sample buffer (0.125 M Tris-HCI, 4 % SDS, 20 % v/v glycerol, 0.02 %
bromophenol blue, pH 6.8)%} E33tA T olull, 10 % SDS-PAGES] 7% 4x sample buffer
o B -mecaptoethanol®] 7} & Ay H7IE A ES& F 71A 9 sample bufferg & ©uf 2
I E3ste] 95 TolA 5EZF HAAMT. 5 % native gelZ 10 % SDS- polyacrylamalde gel
of Z+Fel o @A S 30 pl¥ BFsta ArIFE st Arldsel €3 F gel=
fFElFol A B3k ¥, Coomassie brilliant blue R-2500.2 IS 3}a] peptide banding
patternS <13} A T

(2 Western blotting

19 = Ao A 7)ekE & A (Rabbit anti-BLP oyster egg protein specific 1gG)7} =
AFz2) G G d o afik ojmjg Foll &t Fo F S AS QA=A Lotr 7|

$3l western blottingS AT SAFZNE LSt 659 A4t olmjuFo] F @A
FTEE 02 pg/ulZl FI=F 4x sample buffere} £33 3l 95 CTolA sEZF WA 3, 10
% SDS-PAGEE- A A3}t Sample buffer= B -mecaptoethanol®] 7} ZA I} H7}1E A
o F7 E5F western blottingS AAIFAY. Mg Foz EZEH @¥dS PVDF
membrane (PIERCE, 88114)° 20 V oA 1A]ZF 308 &< transfer 3T Transfer ¥
membrane= 5 % skim milk in TBS-T (blocking buffer)Z 1A]ZF &<t blocking 3}t 12}
A2 N3 SAFZ Ax Gl do] S0l A S 0.6 ug/mlOSE blocking buffer
o] 3123} 4 TollA over night W& A]Z T TBS-T (washing buffer)Z 1554 33} Al
3t 3 washing buffero] 22} A (goat anti-Rabbit IgG HRP, KOMA)E 0.3 |g/mloZ
g3l 1A17F &<k ¥H8- AT washing buffer2 1554 328 M &3 & peroxidase
2} luminolS 1:1Z 43°] membrane®] 1-2% X W2 A]#AH enhanced chemiluminescence

(ECL)¥FS-S 30% 7tA o ® 387 HY3t).

(3 Indirect Enzyme-Linked Immunosorbent Assay(ELISA)

SAFNE EFet= 65 sl oluisFo F & 20 pg/ml & PBS-TO
sl dste] &g @Az ARGSIAT dRTFE S ST A dWd 20 pgmh)S
ARESATE 659 A olwjslF d Sl AEd xR @A S polystyrene  96-well
ELISA microplate®] 28}~ 348 240FE.0 2 3] 4 ColA] over night W& A]7]3L, PBS-T

Z MAH3AT. 1 % BSA in PBS-T (blocking buffer)S 150 ul 231 Ao 1A17F T2
blockings 3L, AF FL WHOE AHSAT 12 FAZ 1AHE AFolA 7



& 34 3.5 ugmlE blocking bufferdl]l 3A1ated 100 u1# BEFsta ALl 14]7F 6h
SA71 AlE &, 22 FAEZ 1 uyg/ml goat anti-rabbit IgG alkaline phosphatase -
conjugatedE blocking bufferol] 3|43t 100 pl1¥ st 1A RESAIF o E4 7)1
2 p-nitrophenylphosphate (pNPP)E A}-8-314] 405 nmol A §3=E SAsIA -

5 2o
3 2t band®] ofr|:=4t AE #A4E ST ST & B2 (egg powder)= 1xPBS
oF E£gsted =59 HrIE2 a3t A7 FH, 8,000 rpmoll A 10E3F A4 E ST
& F=ES BCA protein assay kit(Pierce, 23227)5 ©]-&3}

of id Fx7F 02 pg/ulrt

HE2 3A3 F, 4x sample buffere} &3 3t 95Tl 5EZ WA 3 10 %

g 9 st A7Y9se] B¢ F EEE 99 ES PVDF membrane

(PIERCE, 88114)°l 20 V oA 1A]ZF 30% &<t transfer 3}t @) o] tansfer®
a4 A

membrane= Coomassie blue staining solution©. =
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al 545 457 #8652 st ol
HF F WA S native-PAGEE F3ste] 74 dide] A7|E &A% A7, ©@HA (M.
edulis)& A|¢Jstar 5F9 & @A oF 420 kDaolA] 3F}be] major bandE Zr3l Ao
W, ol wWet 12 minor band®= FHFHAT (ZH 3-2-9). °|¢t &2, non-reducing¥}
reducingZ st M= LA A A EAZF7HA] gt 2719 @A subunits0] &1 E]
Atk (2F 3-2-10). £3], reducing 271 3te] Tl A AVGEA EAZF 477 39 kDad)
F 7Bl major band7} RE Foll TEHoE BEH A
weba] 1 AdE AFolA NS ST F @ =
ol F W T FdY A FFE FAs7] s western blotting 2 E4} &t
Reducing 7104 A A] gk blotting A¥} ol X F= (C. ariakensis)e] ¥+ @&
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3-2-11). o]#g Z¥+ indirect-ELISAS] ZAAo|M= FI3HA /dE A= 0.04-10
pgmle] SAFEN ¢ g Ay wgstaTh (19 3-2-12)

O @ @ @w & ® @

a8 329, 659 sfiat ojvisw o T

LRy
ol A @l 37|15 &2ld A} Lane I:
marker, Lane 2: SZAFZ7] &

= & F=E, Lane 4: = 2
oF o1
=

Alg & FZ=E, Lane 6:

vpAE o FEE



D @ @ @ ® ® ¢ O @ & @ & & O

a9 3-2-10. 659 34 ojwjulF Wt A8 non-reducing® reducingZ A 3Fo| A Fa ] £

3t A3} Lane 1: marker, Lane 2: SIFZ7)

A4 gwde] 372 89l & FEE,
Lane 3: #& & FEE, Lane 4 F= & F2E5, Lane 5. 7M=& & FEFE,
) )

Lane 6: % & FE5, Lane 7: A & F&E.

O @ @8 @ & ® O O @ & @ & ®
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a8 3-2-11. 639 4 olmElF F dWA S reducing 7oA AA]SE western
A3}, Lane 1: marker, Lane 2: EAFZ/N & FZ5E, Lane 3: 3= &
Lane 4: 743 & F=E, Lane 5: 7HA|& & F=E, Lane 6: F3 &

Lane 7: H}A|g & F=E.
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1.6

1.4 1 °

® R. pilippinarum egg

g 1.2 4

8 ¢ BLP oyster egg
fr_, 17 y =0.1923Ln(x) + 0.7234 = C. gigas egg

[y]

> 0 | R*=0.9732 C. ariakensis egg
% ’ S. kegaki egg

% 0.6 - x M. edulis egg

=

o

0.4

0.2

0 fm—w—w » » ‘ »
0 5 10 15 20 25
egg protein concentration (ug/ml)

3% 3-2-12. Indirect-ELISAS] A¥E 53+ 7 A9} S3F30) & T zdye] uke-

Vitellin® G E =9 o FZo] He Fo ds aWdz A wjopdA wA o
F9 dgdez #-&shoh(Shafir et al. 1992, Arukwe and Goksoyr 2003, Babin 2008,
Amano et al. 2008, Tiu et al. 2009). Table 5= HA7}A] Rug |4k ojujujF o Tz
of #3 A AyES ®lwd Fo|ul Suzuki et al (1992)& 2E9Q AFdA FF (C.
gigas)] vitellin &2 FAHE = female specific protein®] FA}&F©] native-PAGES] A 500
kDao]’de] A7|E ztal oW, SDS-PAGEF A& 7709 W=l 105, 85, 66, 64, 60,
45, 41 kDa®] EA#EHS ztau oia Bl L, Osada et al. (1992)= 7}]Hl (P.
yessoensis)2] vitellin®] FZ}&Fo] native-PAGE®| 4] 450 kDa©|™ SDS-PAGE non-reducing
condition®l] A1 270, 60, 30 kDa®] #AtFS ztow, o9 AsetAQl 4 At} 3
HkS o, o] peptide bandE°] vitellin® Ao &2 FASAT. L £ Park et al. (2003),
Park and Choi (2004), Kim et al. (In preparation)< 7§Z7 (S. purpuratus), HFAZ (R.
philippinarum), 3= (C. ariakensis)®] A NAANA &S £F3hA w8 WA
SDS-PAGEJol A o] 59 ¢ @uide] Bx}eFS 247, 200, 99, 91, 54, 47 kDa (ZH&7, S.
purpuratus), 330, 96, 64, 50, 31 kDa (¥}A]¥}, R. philippinarum), 150, 120, 95, 90, 82, 55
kDa (7=, C. ariakensis)®] 5-6 7H-4 bandE Zt7F H 3t Th o5 & @i doel 5ol
1 FAE st WA F A, ELISA 59 4 23 o @iEd So]Fo=w kg

[ =
dmldel o FEAo] vitellino]gte HES Forate] o

X

ste As gL, 2] Eo] B
13 @A WEE vitelling ACSE FASAT olHd AFEFH} vlwst K%
< W, 1IAEE AFAN SHAFENY &S FFekA EEEiaY A dE SFx
N g @ed Eo]FQl A7 SXFEN o @il n EojF oz vkg ke



A A 7F AAS= 1070 (524, 283, 154, 96, 74, 69, 41, 36, 34 1|3l 22 kDa)2] band”}
H AN AR vitelling ROZ FH 0| Q‘Ri‘:}. weps o] Aol SXFEI o @
A SolHQ A} A= 10749 SXF2) F dujEe] ofvxgt H4d
RIL, 71 A 22 kDa 719 SF2I F @AY oA AEES B4 & UM
Ak o] o4t IO ZE 22 kDa A7]9] W @A o] vitellin)l ] HE3}7]
olg¢H, £ HA & tE Z7|Y diide YR N-2 Zo| methylation,
glycosylation, alkylation, acetylation <] modification®] $17] WjFo2 AT o=z F T
A& A7 Hasi.

IAEE AT FhAA AdE ST & dild SolHl A7t AA st &
AFzA & @9d g3\ F 270, 150, 100, 47, 44 kDao] & @¥jzde g2 olujuF
(bivalve) & (species)®] & @HAANNE g 7| 5 F o F @i Gy =7)¢)
H=3S o 5 A3, SXF2) F @ild &l F 22 kDa 2719 & @ild @i
SXFAAR EAdtE As & F AR wWEpA o] AFdXE IFENY &
TA%e 9y 5SS ugE |4F o] F(bivalve) F (species)d] W Tl Ay} H]w
224 317] 93] native-, denaturing-PAGE, western blottingS At om, 1 A3} #®

2-59 4 R%o] SXFZ & Bl AL native PAGES]A] 420 kDao] dhite] @l o
= = (C. gigas), &= (C. ariakensis), 7}A|= (S. kegaki), B}A| 2}
(R. philippinarum)®] ¢ T AT FF o] ElMﬁ‘r(Fig. 10). SDS-PAGE reducing
condition®| A = 6702] s4t o]ujulF Y A EL 47 39 kDa2] 9 XAl major bandE
Atk olHF 2AE EPE | AdE AFA AdE EAFx

W

SdsHA HF & T

A g @d SolQl &A7E SDS-PAGENA #EHE FLdF A A= @ud @
S ZAFZN G G e FPoT QAFER Golr 7] 3] western blottingS
T SF2 @ So]F Q] A= SXFN F S AR 3-3)

= il k)
7h 2t o Aow AlzdEd gy HE 92 F (species)e] =77} e o g
OE @i dA= F o AAZ A7 2o



® 325 FAFED ¢ wude pASE Aol BA% L g ouuFote v

Species Molecular weight (kDa) Author Methodology

C. gigas 105, 85, 66, 64, 60, 45, 41 Suzuki et al. 1992 Western blotting
Kim et al. .

C. ariakensis 150, 120, 95, 90, 82, 55 Western blotting

in preparation
Non-reducing condition : 260, 240, 90, 85, ) )
Mausumi and Choi

C. ariakensis 53, 48, 42, 32 ) ) SDS-PAGE
. . In preparation
Reducing condition : 70, 73, 48, 45, 35, 30

Lee and Heffernan

C. virginica 76, 56, 50, 48, 18, 17 1991 SDS-PAGE

P. yessoensis 270, 60, 30 Osada et al. 1992 SDS-PAGE
Non-reducing condition : 163, 95

S. purpuratus Park et al. 2003 SDS-PAGE

Reducing condition : 247, 200, 99, 91, 54, 47

Lee and Heffernan
M. mercenaria 98, 87, 68, 60, 56, 36, 19 1691 SDS-PAGE

Non-reducing condition : 475, 84, 40 Park and Choi

Reducing condition : 330, 96, 64, 50, 31 2004
Native PAGE : 420

Non-reducing condition : 270, 140, 95, 50,

P. margaritifera 37, 24 Present study
Reducing condition : 270, 150, 100, 47, 44,
23

R. philippinarum SDS-PAGE

Native PAGE
Western blotting

i
@MAS e ASE 1AUE A Hu dsld od 4 @ua R

N-terminal ©}7|:=4F MES 435t B A 413} 22 kDad] @9 @] A9 107
o opm et MES AT 5 AT T, 2837 154 kDao] @A ©e] A IR
o] ofu]xt ES AT 4 Ao, ymz gdid dHe] A9 EXHo] EVEdl

o} (& 3-2-6).



kDa 283 154 96 41 36 22
1 D D - E, A - F, (D)
2 F L, F, 1 F, (V, L L) K, (I)
3 L LV, I E, (L, K, I, P, Y, G) P
4 V,L, E A, F P, A F
5 A E V, L1 Vv, (L, K) R
6 AP, (L, ) E
7 V, (R) E, S
8 A (0, L) K
9 P, (T, F) D, X
10 R

20093 12 Federated State of Micronesia ©l €] X3} Chuuk State®] 3 - FEl ¥ k3]
AN - F L, A

AFAE A FAEHIL Aes FAFZEAN 137 AAE A7l Z#gle]
H EAFZMNe Zae] HYE 40~179 mm (L 3-2-13)A3L, AFE 137 A
7F 100~149 mm<) WA 7F AA A AAQ 60 % oS A stE AFEL 2
HE YA, A HEE 27 % Aok olHE FH= A FZUNAANAME ZAavt
110~149 mm<] 7AA7F 70 %e] vl AFEF FPgPS Wu YIdd A7 TUdstgct
(¥ 3-2-14). A, Z7] 2FE &.59 vlEoA= 737t 60~89 mmSl IFolA &A
o] B]E°] 0 %, 90~119 mm<l ZZFNA 20 %, 120~149 mm<Q] ZZ&FolA 28 %, 150~179
mm¢l ZFA 57%E Z7|7F ARl wEp A Hlgo] FUtstAth o2 FXFE
MNe 237 90 mm o] JRACA AEIVE dojude A AAEE AsolA

(protandrous hermaphrodite)?] A< &< & 4 UATh

—_>i"4
of
N
Rl

2
Lo
ofl



n=137

30.0
25.0 -
20.0 -

16.8 161 161
15.0 ] [

Frequency (%)

10.0 8.8

50 A

36 o9 36 44 5
LommEHEE R

SH 0-79 80-89 90-99 100- 110- 120- 130- 140- 150- 160- 170-
(mm) 109 119 129 139 149 159 169

group-1 group-2 group-3 group4

ol

ad 3213 WAY S A6 AP} FRAF2AN AAS 2] 22

350 N=37

30.0 - 28.2
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20.0 -
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5.1 H
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2.6 26
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Female frequency (%,
|

09 32-14 WA 2HE SAFEA) A AAES 2] BE

ds GAE BEATE T2 7] (Developing stage)oll &3t 4 SFZN o AL A5
(GSL, %)= AEFZ] Hi 7.7%9 ¢S XFste Ao Z eyt om, 447 (Ripe stage)
of &3t SAFZI/MNE HiT 184 %, FEAFE7] (Spawning/partly spawned stage)oll <:3F



SAFZMNE FHT 7.7%, 25 7] (Spent stage)ol] &3+ A ZAFZMe A5 3.6%
o] &S ¥ HoE FAHAJY (2¥ 3-2-15). T3 A%7] (Ripe stage)oll 38l
FA SRAF2N= 2717F AR mer 2ok S8 T (LHE 3-2-16).

25 -

20 ~

15 A

10 1

Gonad somatic index (%)

Developing Ripe Spawning Spent

Reproductive stage

a9 32-15 WAF 2L 98 S SAFR gAY AL de

200
- *
% 180 + y=2E+06x- 1E+08
R2= 05387

2 160 -
h-_h
6% 140 -
3 x
S5 120

S
23 100 -
2= 80 A
T c
S= 60 -
=
4 40 -
(18

20 . . . . . . . .
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Shelllength (mm)

7Y 3216 A AEASE o8 ST FAF2AY WP

Pouvreau et al.> 20009 Tahitiol A 1, 2, 33X e SXFZ/NE A .4 4

 —y

&3 A d.39 FA AE o] &3] HAHS FH, RSt Pouvreau et a2 1E
o] AF AN, ZAFZME Z+L7t 90 mmoldt (19 AA NN L=2A FAR
#F & S g3, Zavk 90~119 mm (1~2d48)20 A A 4R vlgo] 20 %, Z+ar
7} 120 mm (2~3dA)0]4l AMA A gF e HIEo] 30 %2 #F H oZH, ZIFx
e 237t 80 mmeold AEtHARE ARSI dojur] AFetH, vt AdaE 4A



o] Hl&o] Frtete SAAAAESE AsolATar Bk vk 9tk HERE, Tranter et al.

(1958, 1959)2 Pinctada &9l &38le= FFZ7)

rol

= WA FAHOE e 3, GH9 HE

S7bshe @dol Atz oln, o3 A AHs AFE 259 Holo 23 #de] U
Zolgtal Bustet. ol A A mg A d Ao L FFES JEAH
SHAFzMe HAHF SAHS 98] Chuuk Stated] A A E 137 WAL SAF2N= 7
3ol M7 40~179 mm 2™, Fig. 142} Table 904 R o] =7 IFH IZH e Hl&
A

rlo

Ztm17} 60-89 mm3l LFIA 0 %, 90~119 mmgl LEIAM 20 %, 120~149 mm?)
ol 28 %, 150~179 mm<l ZENAM 57%=Z 7|7} AR wat Ao ngo 2
©2M Chuuk Stateol]l A48te FAF2A 3 ztazl 90 mm o 4+e] sfA oA &3}
b dolube RS B T & Ak

olufs Fol Mol FEFA] MAF FHL 259 AgAtst A ddl Sl

il

ol OlN
N

AAA F
23 FHolt} (Park and Choi 2004). 1XP A% Aol 7igte SAFZ) * @A &
o] Fl FAE ol &l ZHFENY HAZFS F < o

Ao 12¢ AFE 53
I 4495 9AE Bon, 22 7] (Developing stage)oll &3 &2l I
(GSL, %)= A5 Hd 7.7%% <= Ede= zo= Yegon,
(Ripe stage)oll &3+ SAFZI/N= H 184 %, FE2FE7] (Spawning/partly spawned
z 7%, 22X.7] (Spent stage)oll &3t FH SHFZIN=
AEZFY 3.6%9 &S T3ete Ao 2 Yelydt) (Fig. 16). T3 A4 7] (Ripe stage)oll
Eole dA FAFM= =2V AR wet xS ST (3" 3-2-16).
Pouvreau et al-> 20001 159 AFolA A G X &ste SAFZI7F A7 53] 9
F AFATE e AL iﬂ’s}?iil A A3 FAE S Mg 58T
Azt 3717} AAol wgl 7-38%= AA At wleAte S S
Zhgbobal Barskgieh. o] Aol HEF "ét?’\]ﬂg] SXFEMNY A7 AR whet
g Frkste A¥S B 7 AATE sHAINE MR SA4S 98] 1249 gHApE T A
Fo] o]Fo] H7| W] Boh BEg HAFS S5 s A AFS st 4
A ] WstE SAsEtol & AoE HRIT
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2000a)°F Hlwstels W, SRF2H A7)0 ¥
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Study
Choi et al. (1993)
Kang et al. (2003)

Kim et al. (in
preparation)
Present study

Fecundity
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et al., 1993; Kang et al., 2003; Park et al.,, 2003, 2004; Uddin et al., 2008), °]E &A1 ®
ZYEE Table 149} Zth 53] Choi et al. (1993)2 thA =z W whildz Hzp gz

Sol4l FAE JhEete] HAFS SAHSAL, oW AEE diMFE A FolF
G 9] =S 0.1~10 pg/ml Moo Fx @MAs SAHD 5 AT oW ATl
MEE SXFEN A @ d SolHl A WHdE= 03~10 pg/ml WY HAA &
HAs SATCEZN MG G 5ol FAEY v WUnES Zta UAANL
WA G AR ¢ ad Eolxl Ao WA= (47 0.1~10 pg/ml, 0.23~15
ugmhet BlwstlS W Wz MR EE 2ta Qe Ae & F Ut wEA 2-3Ad e

o];glo] 3lA o] & HSLXJOE

y
olfo] Hom, o] ATE Bl Pinctada %9 &3 TN Az A} BA wuld

7}, Chuuk State9} Tahitiol]l A NFE SAF27 GAHY HA = ¥

1IZPAE AFoA SXF2/) o @ed SolFl A9 sfde] o]FojH L, 2xhd
T AFolA Chuuk Stateol] A HF A HH FAFZH WA F SHo] o|Fo Hoh 33
WUe A3 3 F 20109 59 Tahitiol A 2070A1 9] SRAF27] A Fo] o]Fo|H L, o]

Z oMAZE gRolAT. oA A BAFZA Z7)E 130~150 mm Ho). webd 2
FdEo] SAE Chuuk Stated] A A-HE SH SAFZ7 7| =]
FzMe A% =S AWste] Tahiti SAFZFN HAFH Sk wlws)
Tahitiol A | HE 9701 LA AA T 670AI7F A57] (Ripe stage)?] RS Z UET
olm] EZFZ7)9] *é*éwﬂ# (GSI, %)= A5 16.0%2 ¢S Egste Aoz e
Uo (1" 3-2-19).
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Reproductive stage
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FRe AA B S A5 v

SRFEN HAZ S A ZATZQ WHE ol & s dAE BFS)
At 20091 129 Chuuk Stateoll Al FE 10071319 3 SAFZME= g 445
GAE TFED F AT A FAY 54 %7t TE A (Development stage) Q1 ASZ

=]

7] (Ripe stage)’} 28 %, F% AFg&7] (Spawning / partly spawn
(Spent stage)”} 9 % TEAEF AT W, 2010 5 Tahitio] A =1 H
uk
=
=

=
Au)
3L
o
=
o
2
N ox
)

" 1A 3 SAFEAAAME 909 % (1071A)7}

294 (Development stage)Z
#ZE R om, H57] (Ripe stage)= 9.1 % (17§A)F T2 K

ATt (2 3-2-20).

100
90 -
80 -
70 1
60
50 1
40 -
30 1
20 1
10
0

90.9

® Chuuk State
OTahiti

28

9.1 9 9
Bl o L

Development Ripe Spawning Spent

Percentage (%)

Reproductive stage

29 3220, vlolazuIAlo}e} BRI Alole] MAsle FAFEA A0 A% Ao vl



7

(Reproductive effort) 3

4%

2 (ELISA)S ©]&3 ¥

AR E

&

=

il

o]-&3F 5ol HARNA 7

ZA] ¢ 27.5 kDa®] A @At

o
=

S5t} Western blotting

A

5

o
o

s

o]

=
=

U (2¥ 3-2-17B), ELISA
o (Fig. 1% 3-2-18B). welr v}

L=h

o

—

o
o
olo
Gt

o)

N
=
)

—

N

AN

o)
DA

b ol

S

Al negative controlZ A}
0.D Ztol A negative control #k=S wi 39

%

=
-

7l el 23, Chuuk State©]

5}
=

A <k

o 3.1 %

‘mo

=
=

3

QE

o
AJm

Rno=z

CAs

13
=

T 08 % BAES *

3

P
= )
— AL

o 5.7 %, AE7]

3

o= ¥

58 b

8.5 %,

A 5% 159 %9 FAE £

=

Fdth. Wb Tahitio] A =)

S

Aoz YEsH (1Y 3-2-21).

L —
|

It

ol

m Chuuk State

8.5

O Tahiti

57

7.51

Ripe

0.8

-

@
=+
o

a
=
Y]
£
o

i=}
(]
=
1]

]

14.0

12.0 1

10.0 -

(LMAL (%) 1S9

0.0

Spent

Spawning

Reproductive stage

]

29 3221, vhol 2z Aoksk 2]y Alokel] A

&
o

—

5
I[N



Zaje] A=
e, =
20101 5 Tahitiol
7143k Polydora <]

2]

21

3 9

o A

], &

[e)

9

2 Davidson's solution®l|

=% (Digestive Tuble Atrophy) 32

=
T

3t
b st Eusich Eoe
Harris' Hematoxylin®} Eosin Y Z

o

.

mln

o AH 5 mm FAS AHE 70 %
& vpo]aZEE o] 83t 6um FA

stk e =4 Ant B33 @

zq
AR
S

=
=
Perkinsus, Trematode, Maltelia, Cestode, Metacestode, Copepode, Gregrine
S #F Y. =39k A3 WE9SE (Digestive tuble atrophy,

3-3-1, 2% 3-3-1)2 Y59 F£3x3} 319t (Kang et al., 2010).

=z

A

A_‘

Z

:\9

5% #F dA(Kang et al. 2010).

Description

Normal wall thickness in most tubules (0% atrophy), lumen nearly occluded, few
tubules even slightly atrophied

Average wall thickness than normal, but greater than one-half normal thickness, most
tubules showing some atrophy, some tubules still normal

Wall thickness averaging about on-half as thick as normal

Wall thickness less than one-half of normal, most tubules walls significantly atrophied,
some walls extremely thin (fully atrophied)

4 Wall extremely thin (100 atrophied), nearly all tubules affected
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a9 331 BRFEAY LAY AFEY @ng

bar: 100 pm.

Al(Kang et al. 2010). Scale

t}. PCRS ©]£3%} DERMO disease, Perkinsus olseni 74 Z¢

200833 20101 Chuuk¥ Tahitioll A AFE SAFZHE ofrtw] @qA)S} WA
GMAHNCZHE 25 mge ZH& ZFU o] proteinase K9} tissue lysis buffer (Qiagen,
Germany)E # 2|3} total DNAE FE3A T} o9t 37 Perkinsusoll 79 E S=npx g

574t 8te] Professor Yoshinaga TomoyoshiZ5-Ef A|
FHkol DNAES #2349 positive controlZ AF-&-3FATF. PerkinsusE @317 93t 7]&

o ¥F3] X Perkinsus olseni, P. marinus, P. hounshuensis®] ITS(Internal transcribed spacer) ]

I} P. honshuensis trophozoiteES ¥

g5 o]83l] multiple alignmentE =33}, variationo] & F9& &<l P. olseni
(Pos F/ Pos R)®} P. honshuensis (Pho F/ Pho R)%l 5°]&<l primerE A|Z3FATH (3%
3-3-2). 400 ng9] total DNAs, 50 pmole®] forward$} reverse primer, 10X Ex Taq buffer, 2.5
mM dNTP$} 0.625 Unit®] Ex Taq polymeraseS Z3ale] 25402 wWHE-oS FH]3}o]
Thermal cycler TP600 (Takara Co.)& A}&3}e PCR WHES U3 o] AHAEAT
Early denaturation 94CollA] 5%, denaturation 94 C oAl 30%, primer annealing 58 5+ 5
5Co A 30%, extensione 72TColA 25% 5 353] whE-3}al, = DNA extension< 72T ol
A 53t AAlste] wbeE FASHHY. SFE 7 A4 A= ethidium bromideZ} 3
7Fe 1.2% agarose gel H7]19FS A A5t 100bp DNA ladder (bioneer)o] Hln 3] 1
=278 Sasg



=

3-3-2. SRAFZIN Perkinsus 7+ o %

%)

ohe 918 fA7 Zejoln] A%

Primer Sequence (5'—3") Anneal temp (C)
Pos F CGAAACTAGCGGTCTTGCTTCGGC

Pos R AGGCGCGGTCCTCCTCTCG >8

Pho F CCACCTGCCTGGCAGGTGATT

Pho R CGAATTGGCTCAATAAATTGAGYC >

. AW A& 2%

2009 129 Chuuk Stateol A = H 136 /MA2] SAFZ709 201010 52 Tahitiol A
AFE 20008 FRFEN AFE 1l #FS AAEATH
Chuuk Stateol| Al NFH FHF271 9 F T2 WA AN Bt
20, GA AMAANA Hid 1.7=2 Fr A= T3 JRA A
Trematode 30.0%%Z 7Fg =& TEE&S RIom, o]o] Cestode 13.0%, Polydora 9%,
Gregarine 2%, Copepode 1% 9 #EES EAT. IA /MANAHE FAHFH FLHA
Trematode”} 30.6%% 7}g =& TEES HYOw, o]o] Polydora 13.9%, Copepode,

il

Tahitio] 4] AHE A= %

BN
ﬂ);
il

Metacestode, Gregarine©

Mo Ag-ol=, 42314 Hi 3.1, FAY A HT 282 Chuuk

b

J 3
2z AAEG ¥& FAE e

Stateol] A 2NFH S H, 71AF 7Y f5F #F
AFo| = 7 Ao = Trematode THo] 18.2%2 &= #H&ES T F Qlon,

o7l A 2] 73§ Trematode, Cestode, Metacestode, RickettsiaZ} Z}2} 17012 11.1%9] 7+

FES YEHUHAH (3F 3-3-3).

¥ 3-3-3. mlo]lm g2 A)oLe} Zu|A|o} SRFZNY 23 A

Y
4e,
N
o
ofi
o
o
r]I.
bt

Prevalence (%)
Sampling

site Sex n DTA Rickettsia -
Polydora  Perkinsus Trematode Copepode Cestode Metacestode Gregarine like

orgarnism

Chuuk M 100 2.0 9.0 0.0 30.0 1.0 13.0 0.0 2.0 0.0
State F 36 1.7 13.9 0.0 30.6 2.8 0.0 2.8 2.8 0.0
M 11 3.1 0.0 0.0 18.2 0.0 0.0 0.0 0.0 0.0

Tahiti

F 9 2.8 0.0 0.0 11.1 0.0 11.1 11.1 0.0 11.1
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a9 332, dvAE A A& E FEAS T AT EY AFKLL A~B: Cestode

C~D: Copepode, E: Gregarine (*), F: Trematode. Scale bar: 100 um.

b



o}, PCRS ©] 83} Perkinsus AT

N _llo‘l
Y
N
BN
N

2284l Perkinsus TG oF e pEo] EAAAESZAQ @S F3dsto
W) Perkinsus 7+ %2 <) Bttt 28 334004 HE npe} o] PCR
A 8 A3 SIF2N otu| et WA E P. olsenie JTE A &okrh E3H,
P. hounshuensis®™= FTE A ¢k} (data not shown). o3+ AI}= X

A skl A
AN X Perkinsus?7t BEEH A 2= Ay e A= Jeh) o



719 3-3-4. PCR 7|W& ]88 EAXMETH Perkinsus 778 % . Lane 1: 100
bp DNA ladder (bioneer), Lane 2: negative control (water), Lane 3: positive
control (P. olseniol| Z+4E wIA|2), Lane 4~7: EFFZ7) o}7}u](Chuuk)

State, Lane 8~10: ZRAF %7 43}7] B (Chuuk), Lane 11~14: ZRAFZ7) o}
7] (Tahiti), Lane 15~17: S RAFZ7] A3} 7] Z(Tahiti).

% French polynesia®ll A]2]3}=
Abe X3t 2ol 25 T A dFaAbrE UG 3\494 ZAF H 2™ (Chagot
et al. 1993, Remoissenet 1995), ©]9} T 3sIe] o] x50l 1 YAS H3|7] ¢sf A
TE SIAAT o}F Sk Pe ¥ XA @34t (Le Moullac et al. 2003, Bernadac et
al. 1980, Cabral 1989a, Chagot et al. 1993). 3}X|qF Ho] F7d0] bacteria’} ST = A&
23k B4 o] oly7] uﬂ—,—oﬂ 1999'3 Comps et al.o] A|A|SF virusoll 23+ ALY Ao =
At Aok AA7A SAFZNE HIESH Pinctada Foll £33 JAFIH9] Ao
At AFE vHlgk H4A O]E]- (Humphrey 2008). B2 AFE°l 934 Pinctada &l &
AFzNoA ZAWTZ WHE 53 785 HE BHise SIAFEolA

l

i -lN' of

o

Gregarine 773 (Chagot et al. 1993, Comps et al. 2001), o}ZoFFF=Z 7)o A Perkinsus sp.
7+ (Muroga 2002), Haplosporidiosis 743 (Hine 1996, Hine and Thorne 1998), Trematode

d

7+ (Shipley and Hornell 1906),Metacestode 7+$ (Shipley and Hornell 1906) &°©] X il%
RAT 4F ol AAE Aot Andel BE AT wue YAt $29 @
T X% Polydora, Trematode, Metacestode, Cestode, Gregarine, Rickettsia®} 72 ZH-&
Ageierel iog gesglon (18 332, 333) o5 FuEzA6l BAe
o] it A7= o Ade A7V 293 Ao 2 AR HT

z
EE
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Ch(Farias et al., 1998). we}A Q13T HAYAF}A of A

m

<

ql

A%

8 A (Farias et al.,, 1998)=

&

8

et vl
FAAEA LS 389 o]

FaL ok WAl ZF i

HH] 30%, BRI HE 19% —18]al 9

Z

s

o] 37%, A4 2 b

59

A

%) TH(Donaldson,

=18
W 79 $2~200/kg dry weight ©]iL,

S

14%<] =

] §-0]

=)

/é]

[e]
g

H) A 2570 H GFH]
$4~20/kg dry weight (De pauw and Persoone, 1988)Z W] A

Z] o]
1w

A A

1991).
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J AFTFTH

%

o we} deAn faHos 494 ATERAYLL FGdA

9] 15~85% AL =}A

S

[e)
&

}a2 2lth(Donaldson, 1991). Wb &8¢ HlAXF o o]
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g B 27 e fA AFTA w2t 44 aT
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5 39

Al 7FA
maxima <} P. fucata olth (K. Alagarswami, 1989). Tk A AA SAF AL 90%°]

N Faw

L —
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7N Pinctada margaritifera

o] P. margaritifera &NA AA FHFFo|A Har}

TH(Ward, 1985; AQUACOP, 1982). 912 Al7}A|

L
T

}+= French Polynesia®l] A

Z}A]E

o
s

L
T

A A P. fucata

=z =
I

A

=5 4

10] T o] X 31 (Alagarswami et al., 1983) & X3 FHAJAH

= <

SH o)A o™ (Alagarswami et al., 1987), P. maxima
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2 A F %o} % th(Tanaka and Kumeta, 1981),
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aHY AR FAFEN KA AA A4S FET & At 9¥LT L Yol
BB 2A B A7 WER Agelth Wk ol %

2] ABFEALE] A&H WA FAY FFE 9
F ok aHBg o] A7 2R ozt
e GFL PINEA Yt ¢ %

49 AuE AT

ol

(1) Sampling

vpo]l Z 2 Y| Ao} AWlar(Federated States of Micronesia, FSM)2 %2 HEZ o] FoF
Yap, Chuuk, Phonpei, Kosrac®] 47§ F7} Jow, 2 F 7} 2371 %& Chuuk F9
Weno Aol %219 sfFATFAE 7 A& Atk F FZ(atoll)= N7°, E149° o 9|x]s}aL

AANA 7FF & 8 sx=2 Zole oF 225kmo|H, 2 Aol ¢F 64knm HEolth %
o Yl dF JJrCﬂ FA gol kAo, dF HE &
o] 3&o] &3l HFIFA e ol F H st & 4 Uk

FTHAA] AFEH ouRINELS A= (Weno)d AQtolA Xz AFst AlEH &
T4 20-30me] vithel A AFFstANA AmiEr] @ A FE3t F4 3-9mol A
121 5t A5t orES o] &Skt

E

4)4
=
[Suf
rigt
P
tz
i)
i
°
BN
M

ll

@ #4 TS AT A3

2 AgTe) RalE INHES wEAA WRFERT W F, 4 HPFE TR
A3 M= o 10 LY FEAN FHAAG. o] Bd AANELS SR AW F,
FUL 60 um A olgste] 33 ATty 4 HYPE FEL AHISHAS. 24 4

HE A de] AT Y (D-shaped stage, umbone stage, pediveliger, juvenile and spat
stages)= YA AZtuich dAw| A stel A HEeaL 7]§5’}9\9\2U1 ZF GAE ARIEY
7] A4S 3. Hol= D-shaped larvaeF-E] AN A w3t Isochrysis, Paviova,
Chaetoceros and TetraselmisS 1:1:1:19] H| &2 Fo| 3l¥T. 7 dAEZ M2 & H&
o] HolE FHIIRe™, 1 ZAF}= Table 13 2}

() Bl Eu
AF2M, P. margritifera(L.)9] FHAAS 93t dubtd o=z ZIlF9 FA 9ol

2 AM8E = Isocrysis aff. galbana, Paviova lutheri, Chaetoceros gracilis, C. simplex,

Jlot

C. calcitrans, Tetraselmis suecica, “L2]1l Nannochloropsis oculatas Bk m) A Z 72 3) o) A]
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Paviova lutheri, Chaetoceros gracilis, Nannochloropsis oculata 4
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10 -

7180 8190 91-100 101-110 111-120 121-130 131-140 141-150 151-160 161-170
Shell Height (mm)

a9 342 AfTo] Al H SAFZN 2 Z7|EE

7 4 #FAHE 2R 43

7 49T BAE 1AES =EAA ARFESD ¢ F, 2 PTE 7L
S Mz T 10 L) FxAN FRAAAT Aol By AAEL FxelM AW F,
SRV 60 um A o 3te] 33 AP 4 HPTE FHLS HHHAL 4 4

H+E AT B (D-shaped stage, umbone stage, pediveliger, juvenile and spat
stages)e LA AIZtvith @ujAstolA @ty VEElon, 74 dAE AIEF
7] AL 39t o= D-shaped larvae?-B] @7go| A v &St Isochrysis, Paviova, and
NannochloropsisE 1:1:12] H&Z Jo] 39t ZF dAEE MZ & v &9 Holg ¥
oo, 1 A¥+= Table 13 ).

Wk o] dojdt 108 & WE 20 ume] AEWS o] & ATden FAGS
FASAY. FAY FAFES 9 14627 H HAEolAoem 4 m x 2 m x 1.3 m¢ FRPF
ZW FF 429 oA FoE ARG FATS OF 3.65 eggymlY=S] =R 585}
R, ol TS HAFIIEZE olF A E7IE AAFAY £ F oF 508 Al
FRFo] dojyutar, oF 4x7F Fof] AT HoE7] AFFg o, 18X o]Fo %7
Dol AR AZEtAL oF 2447F Fo] tiFEe] DA FASE AEEHUTE ol
40pme] AEFES o] &3] D FAS FANAT

fAAE MY FrlHor Holg Fol sgen, HolE Iso., Nano., Pav.E
2 HEE Fo] A o™ (Phaco.-HAFH AL Chaeto-FEIEFOE HolE 3sHA ZUth)
3 A4, A Ao dxe et FFES 2 AT FEAAY] o] Fdde A
F mL3 MAFE Holg Fo| At FA Z77F Fol 52 Wil oFfo] 2
o] A2 AMSHHE o] &3, ¥ f & A7A 24 13] HU|HoE ASFE A%
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sonication) 3} 7‘] Hc]’ = zr%ﬂﬁ‘jr(Bhgh and Dyer 1959).

(CHoCL:MeOH=2:1)ol] T}A] &3 A171 3, AW classo} RX|WHAF B0 AME-S19T 549
A ZSF 0.2~1.0 ul)e] AHS chromarod (Mitsubishi Kagaku Iatron)ol] Bojrmz]a, &3
7181 (CH,CL:MeOH=1:1)Z  FZ(focusing)A 71 ¥, HI=FA  #7]-8 vl (Hexane:Dietyl
ether:Formic acid=85:15:0.2)2 A% classE 2SIt olEA #ZE AW classe
latroscan Mark-V  TLC-FID(Thin-Layer Chromatography with Flame-Ionization Detector;
IATRON LABORATORIES, Inc)® EAFoJ(Ju et al. 1997), AW class standard
(Phospholipid: 1,2-Dipalmitoyl-rac-glycero-3-phosphocholine hydrate; Cholesterol: cholesterol;
Free Fatty Acid: n-Nonadecanoate; Triacylglycerol: Glyceryl trioleate; Sigma-Aldrich Co.)2} H]
wate] A5l AW FH classE HA3, AFEEIAT & A FEFS A AW class

Fo| Fog AEHA
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il
4
N
(0
ol
e
v
e
(0
ol
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¥
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ofo
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2
cx
(0]
o
2
~
o
an)
il
ﬂ 1
5
r&
101
%
Jo
N

N
&l (Hexane:Diethyl ether=9:1)Z X|WAFS FZ&319 Y. F=4 X]‘ﬂ"d’ﬂ] BF3/MeOHE %
7Vskar, 70 Col A 308 &<t 7F<Este] A RbAMH E o] 2~ H| 2 (Fatty Acid Methyl Ester)Z
3% & FZ o FH7}E internal standard?! n-Nonadecanoic acid(& 73333 4F2) 3 A
9} v]13}e] gas chromatographyflame ionization detector(GC-FID; Agilent 7890A)2 A= &
233k AHkake]l B2 A= GC-FIDo| ZB-5MS column(Z°] 60 m, W7 0.32 mm,
285" WF 25 57 025 pm; Phenomenex)= ARSI A8H 2% A2 AR
FYT 250C, column 282 50ToA 120°C7FA] 10°C/AE, 120014 300°C7HA] 4°C/E©
2 AAHIAA, o]FF e EFEG0 mlAE)S ARESEAT. 24 AEY FREAT,
X3l%, o] AT 1A= GC-mass spectrometry detector(GC-MSD; Agilent 7890A GC-Agilent
5975C MSD)E ©]-&3}d 70 eVollAl WA A& 50-700 amu HHANA FFEHAoH, Y
A g ZZ(column, &%, o|FA 7F2)e A EXMAl9] GC-FIDS LAl 243 A
o A AR T BESAULS] g4 o|F A (double bond) A= FHE A4
standard (Fatty acid methyl ester; FAME, unsaturated kit; Sigma-Aldrich Co.) ¥+ FAME-S
fatty acid picolinyl esterZ 7135} GC-MSDZE 2215} th(Destaillats and Angers 2002).
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E 34-1 G BAGAE Az =] F A S
e CENE lm AA F2(0)
2R 105 50 1,462%F
2M 7] 50 50
4X 3L 7] 1A1ZF 102 50
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164 37] 2A17F 20 50
28.9
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xagepd 12¢ 149/135 (%528:‘(‘; 24%) 27.6
604t
T 15¢ 189/174 AES 36.58%) 27
227 19-23¢ 251/224 76,720 28.7
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173.60+19.13 pmO]ATHLH 3-4-5). - ZA7S EY3 &
A7 fFHor Aeste] RrAFE AAFHROY
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RE g 47 B5Fe SR,

E 342 A4 AL wE 2 U $EHs

AbE AT F 2 L&k a4 &
. . pH H] a1
(3 %) (C) (mg/0) (%)
T 28.9 3.7 34.2 8.31
L Rt ca 28.7 3.18 34.2 8.3 %7] D& A
19 28.1 3.57 343 8.26 D 4
2d 28.4 3.81 343 8.3 "
3d 27.9 3.96 343 8.29 "
49 27.7 3.58 34.2 8.33 "
59 28.1 2.66 343 8.36 "
6 28.9 2.11 342 8.26 " (27147 EA)
7Y 29.7 2.96 34.1 8.58 "
8Y 28.2 2.19 34.2 8.27 "
9¢ 27.2 2.96 34.2 8.31 "
104 27.8 3.22 33.8 8.23 =7 A7)
1Y 27.5 2.69 34 8.26 "
12¢ 27.6 3.23 342 8.06 2+ 7], et
139 27.7 2.96 343 8.28 "
149 27.3 2.78 33.8 8.31 "
15¢ 27.0 2.99 33.8 8.44 ZEII(ANBIIFY)
16¥ 28.2 3.31 34.1 8.35 X E7]
179 27.4 3.04 342 8.33 "
18 27.9 3.25 342 8.27 "
199 27.3 2.46 34.1 8.33 2] )
202 27 4.35 342 8.3 "
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50.63+50.58 um Z}3l 224.47+29.86 pmo
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0 T 11T 1T 1 7
1 3 6 7 9 1M1 183 15 17 19 21 23 25 27 22 31 ]

DAYs

Y 346 AHE Lol BE 49 43 R 2]

Te Bol TE2 ShF 2~43% Febe] wEl Folskial, ARl el EE=

Iso, Nan, Pav. 358 FO]|3tATHE 3-4-3).

E 343 A ASA5d BE HolaEe) FRo Folw
e ol £ Fol Fols
(D% o] %) (cells/FrAY) B5/9)
1 Iso, Nan, Pav 2380 3
2 Iso, Nan, Pav 7031 2
3 Iso, Nan, Pav 2812 3
4 Iso, Nan, Pav 2946 3
5 Iso, Nan, Pav 4017 3
6 Iso, Nan, Pav 3214 3
7 Iso, Nan, Pav 5000 3
8 Iso, Nan, Pav 5753 3
9 Iso, Nan, Pav 7142 3
10 Iso, Nan, Pav 5084 3
11 Iso, Nan, Pav 5932 3
12 Iso, Nan, Pav 4611 4
13 Iso, Nan, Pav 6081 3
14 Iso, Nan, Pav 14102 4
15 Iso, Nan, Pav 221260 B 7 &<

Iso; Isocrysis aff. galbana, Nan; Nannochloropsis oculata, Pav;, Paviova lutheri,
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Ao = FH 15.03+4.36 mmol| A 35.02+9.2
59 AR Aolx 4 XY Hl§)] FdHoz HAIF ZA YERFSTHE 3-4-11).

24+0.15 go 2 7}F o
4 ZF 0.3240.33 gl A 6.80+5.25 go] WY E
7ol HAugks BEAth 72 X#EE AZY Aolrt FAS A UErSTHE 3-4-12).

A wadA ¥ Yehd XS 23l wel 2 3kebd, ¥ 3HA WHk(Saturated
fatty acids; SAFA), © Y& FE 3} X WK Monounsaturated fatty acids; MUFAs), UH&E 33}
2H(Polyunsaturated fatty acids; PUFAs)S. 2 U = Ao UA &3 Axle] ki &
574 moks Fall gohE vhe) o] Akt A9 Ade7] Y2 SAFAs(44.92%) 2} PUFAs(31.23%)
7b AE 2 AR FAFe] -, PUFAs(55.22%)9} SAFAs(26.84%)2 AHdthE $-7 3}
At wbA =] Ffoli= SAFAs7} 58.83% 2 7HE =A UER A, MUFAs(19.31%)
9} PUFAs(8.41%)% <TAItHZ YetRth Aol WeEdte] D-shape @A J& W<
SAFAs7} 98.05%% w43l <5713tal, MUFAs(1.6%)9} PUFAs(0%)+= A< AE3sE %

b oAb
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¥ 344 AEaAE X9E9 AWAF M3}l Fatty acid composition on developmental stages of
black-lip pearl oyster. FE: fertilized egg, H: hatching stage, MU: mid-umbone stage, LU:
late-umbone stage, PV: pediveliger stage, SP: spat.

FE H D-shape MU LU PV SP
14:0 0.12 0.00 0.00 0.00 0.00 0.97 0.00
15:01 0.16 0.00 0.00 0.00 0.00 0.15 0.00
15:0a 0.00 0.00 0.00 0.00 0.00 0.03 0.00
15:0n 0.14 0.00 0.00 0.00 0.00 0.11 0.00
16:1n-9 0.00 0.00 0.00 0.00 0.00 0.32 0.00
16:1n-7 1.52 0.00 0.00 0.00 0.00 6.25 2.38
16:2 0.08 0.00 0.00 0.00 0.00 0.32 0.00
16:0 20.65 15.73 0.26 16.16 11.40 12.16 9.74
17:01 0.63 0.77 0.00 0.84 0.24 0.34 0.35
17:0a 0.19 0.64 0.58 1.10 0.52 0.09 0.12
17:0n 3.56 3.13 0.00 1.37 2.18 2.46 1.33
18:3 0.14 0.64 0.00 0.00 0.68 0.52 0.36
18:4 0.73 1.09 0.00 0.84 3.06 4.74 2.45
18:2 2.45 1.77 0.16 1.97 3.65 3.27 4.76
18:1n-9 8.30 3.17 0.67 6.38 8.32 6.67 8.85
18:1n-7 9.48 1.07 0.39 3.96 4.34 8.77 8.38
18:2 2.09 0.71 0.16 2.07 2.27 0.71 0.31
18:1n-5 0.35 1.43 0.00 1.49 0.67 0.21 0.12
18:0 36.26 66.30 4.28 58.70 54.84 22.44 24.64
20:4 1.28 0.00 0.00 0.00 0.00 3.71 5.24
20:5n-3 1.42 0.00 0.00 0.00 0.75 19.02 20.36
20:0 0.84 0.00 0.00 0.00 0.42 0.69 1.44
21:0n 0.75 0.00 0.00 0.00 0.00 0.71 0.99
22:5 0.62 0.00 0.00 0.00 0.00 0.47 0.28
22:6n-3 4.90 0.00 0.00 0.00 0.00 1.81 1.65
22:6 1.44 0.00 0.00 0.00 2.35 0.32 0.24
22:0 0.98 3.56 93.51 5.12 431 0.76 2.39
24:0 0.94 0.00 0.00 0.00 0.00 1.97 3.63
n-Saturates 58.83 85.59 98.05 79.98 70.97 37.02 38.21
Monounsaturates 19.31 4.24 1.06 10.34 12.66 22.02 19.61
Polyunsaturates 8.41 0.71 0.16 2.07 3.02 21.54 22.32

ol Wl 12 HFHAE dojd AS AFE = U=t ol AR EXIAYL

izt #4894 93 VA 5 ke FAZ BRECh I F EPASH DHAY @
F As} o] F wolaFL S X 2

57 (pediveliger)oll £33} A4HQ] MUFAs(22.02%) 2}
PUFAs(21.54%)7} S7Fsted th s Ate] @& Ao &9 ¢
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