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Summary

Prevalence and infection intensity of Perkinsus sp. (Apicomplexa,
Perkinsidae) were measured from the ten species of marine molluscs
including Ruditapes phillipinarum, Coecella chinensis, Solen strictus,
Scapharca broughtonni, Tegillarca granosa, Pinctata fucata martensii,
Rapana benosa, Crassostrea gigas and Scapharca subcrenata collected
from thirteen sites along the south and west coast of Korea during
May 1997 and November 1998. Microscopic histopathology of the
Perkinsus infection and new diagnostic methods were studied using

histology, FTM and immunological techniques.

1. The protozoan parasite, Perkinsus sp. was found in the 2 of 10
species, the Manila clam Ruditapes phillipinarum and the Arc shell,

Scapharca broughtonni.

2. The parasites were found in the Manila clams collected from the 11
out of 13 sites where the most Manila clams harvested. The clams

from Waido and Kimyung were not infected with the Perkinsus.

3. For quantitative evaluation of hypnospore, Choi’s method was applied
after incubating the clams in FTM. As a result of Perkinsus counting
the highest number of hypnospores was observed from the clams
collected from Mokpo, followed by the clams from Kangjin. The lowest
number of hypnospores was observed in the clams from Chepudo and
Chujado.

4. The most severely infected organ of the clam was the gills, followed
by digestive gland, mantle, siphones and foot. The relationship between
the total number of hynpospores per gram wet tissue weight of the
whole clam and the number of hypnospore per gram wet tissue of the

gill is as follows.



Y=3.3667X-104,612
(r*=0.88) where Y is total hypnospores, X is the number of hypnospores

counted from the gill.

5. After 6 hours of hypnospore formation in FTM, mean diameter of
hypnospore was to be 15gm, then greatly increased to 65¢m within

24hours, but no growth of hypnospore occurred afterwards.

6. Induction of zoospore formation was accomplished using Auzoux
-Bordenave’s method which uses GF/C filtered seawater adjusted to
33-34 ppt, 24C. After 24hours of incubation the hypnospores began to
divide, and zoospores (4.17um of height, 9.63un long flagella) were

released via discharging tube within 24-48 hours.

7. The size of trophozoites varied within 5 to 14pm in diameter, each

had an eccentric nucleus and a large vacuole.

8. Indirect ELISA was selected as a quantitative assay for hypnospore
antigen. ELISA titration curve indicated that the antibody used in
ELISA detected as little as 60ng/ml Perkinsus protein.

9. Fluorescence immunostained hypnospore and histological sections of
infected clam tissue indicated that the antibody developed in this study
detected the hynpospore and trophozoite phase of Perkinsus. Also the
antibody exhibited a positive reaction with hemocytes of the clam from
Wando.
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G 8% g Aok, ey 19909 E9f 60,000 ==
Festd whA g el ofA AR sfebo 3FAsko] 19951 T ell= 15,000

ol uhAE 4 oluEsl Z AAA

E£ao] ¥ Quh(ESAEE]) 1996). ol9F 7 upx|g AJake] A=
A 5o @ - Aot A TAE T Qe AFEH 1 F7]9 biA g
HAZE 1 f91el RAow BEAHm glov FHAel #HHZHA gl

S|
dstel = ol 7A] AEE) AR Gnode] o dd FEY g

F5 51, Choi¢} Park(1997)2 wlA| el 7| A= Perkinsus sp.2] =4k
A ol glol 1 EAE el HaAelA wpxEr JhAl @ 100,000 WA
3500,00070¢] Perkinsus 7RAIE B33 wF vl H  5(1998) A
npxete] g #HAb QS 1 e 9% AYF 2EHZA HAE
x4 ofst 4 VA AERJ]  Perkinsus sp. o= A
(FHFAE Y, 1998, 2 &, 1998).

Perkinsusi= %71 BA] golo] wgold 78T FARY] el
Dermocystidium marinum®-Z 75 9l oY (Mackin et al., 1950), oI
Perkins(1976)= AW 4dS o835t o594 FFAelA  Apical
complexS ZAGOoZHN o]|F HlEOFE  Levine Apicomplexa %,
Perkinsea 7, Perkinsida &, Perkinsidae ¥}, Perkinsus &2 2 #/3}¢]
s o231  Urh(Levine, 1978). SHAINF o]  Eof  wEX
Perkinsus® o3t A&Abd 543 EAAYESe] wdo] wE DNA
A7 EE& o] 7]WZo] Apicomplexa® thE dinoflagellates$9] #2140

Z3S B3 dtHGoggin and Baker, 1993; Siddall et al. 1995, Siddall



et al, 1997).

Perkinsus® A AAA = P, marinus, P. olseni, P. atlanticus, P.
karlssoni, P. qugwadi 5 5 &F°] 48 A 3t} ol&L EF it AAF
22 =2 e, P marinuses A YA = Crassostrea verginica®ll
4] (Mackin et al, 1950) P. olseni= <54t A& Haliotis ruberol] A
(Lester and Davis, 1981), P. karissonit= 7lUthal & vtrie]n)
Argopecten irradiansol A (McGladdery et al, 1991), P. atlanticus= A%
At ¥FX 2 Ruditapes decussatusol A (Azevedo, 1989), 18]1 H P.
qugwadi= FNYebAl Z7kelv] Patinopecten yessoensisoll Al (Blackbourn
et al, 1998) &A= RuEHTE 53] P. marinust 19508t % o] &9
A7 AE 2" ol FAA v tiA A = sl gt
J&lE F1 QoW P atlanticusy® E2F 23 =3 At mEx| gt 7]
At o5 Wi HALE FEste AR dHA AT Auzeoux-
Bordenave, 1995; Andrews, 1996; Azevedo, 1989; Chagot et al., 1987).

Perkinsus spp. © °FF 553 AGAE Zt3 9l o2 o]
Hlo] 54 &% RFo ALAE 2t e, 55 StdlA 7] wi= o]

o o] F213}= trophozite®]t}. Trophozoite= H]o| A o2 A 27 o]
2-10um A X o] ™ (Perkins, 1996), trophozoite’} <«FEFE &I o] FAb
A Ejell WA S hypnosporeghs W tHE H] o] FA S ALAE ZHA
doh ool & 54 F sty o AP & FoR Frbeksd, gt
= Crassostrea virginica°l~l @A %+ P. marinus® 7% 20-200mel] &
stAl €tk HypnosporeZ} r4ba Aol 2 20-30%2] 3ol Fol
H AlE 2EE ool 3 o ARE 7HA olFAdel = Zoospore(t
FAHE FAsHA HHA AHEE 58 olEdtA "o ol ARt
A=W thA] v A< trophozoite”t E tH(Figure 1).

Perkinsus sp.9] #9a AFE Jdslr] $alA = Fluid Thioglycollate
Media(FTM)oll Al&5E& o] o oF 25:7F v T Lugol's iodinel

2 skl gelsk= Rayel W¥(Ray 1954)0] @A de ol&¥aL e



Wo g Mackin® 7]¥(Mackin's scale,
o] §¥ i 9tk FTMelA wjdE Perkinsus&
2 Choi et al. (1989)2 2mol¢] NaOHE ©]
f3to] EZQ3 AL A ASL Perkinsus® 4 23 WE $HS
Mstslom, @A Perkinsus®l #Ha& Aoz glse= oz
gl o] &% YtH(Choi et al, 1989; Rodriguez and Navas 1995; Fisher
and Oliver 1996). 181} # ol WA H P. qugwadi®l 3% 71¥€9 FTM
7IFog Fde] E7bsst o= e x 0w (Blackbourn et al., 1993), %
g T 27 @Al A Y] l&skar ARARl kS g AR JAdV]E
of el HQsA HATh ool wEt wWstAd W PCR
(Polymerase Chain Reaction) 7]®H o] 7%= o] Perkinsus &3 & A
of o] €51 JtH(Dungan, and Roberson 1993; Choi et al, 1991; Marsh
et al., 1995; Robledo et al., 1998).
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1. Perkinsus sp. 2| EZ e} MEEA EN

D AE A

Perkinsus sp.¢] ZuU 7d BIZE zAbsl7] Yste] 1997d 5€HE
19989 11€7HA AFoll M= 2, AFAE, 44, ex9, =3 s+, 4
d T 6lAolA, sAFAAE B AR, T BE, A5 w4

vl

L

J o=y 3R, 9w F

2]

A g Eolth v AlFo] Ay AFArEe 2dle g dto s ol
o] SlolA mEIE9 &2 AMYA SA4ES ZEa e ot

g o)l U, Heteromacoma. irus, ¥ %7, Coecella
chinensist= AT Hw@aol|A, 3= Crassostrea gigast &9 3719 3H
A% AE FawiA, ¥ 1% Rapana benosa, 3 ZN, Scarphaca
broughtonii & A& JFA&WAA, Bt Solen strictus, %%, Tegillarca
granosa, M2 Scapharca subcrenatas HAd A ANA, AFZIY,
Pinctata fucata martensii= 749 SJAA Azt A
Lk A" wWE IAES doli ] 95t X HFE ohkst
g Ay Ao wpA g Ao A AR A THTable 1). o4 AsE
& 2 &0 F Ao A5 2y F

= Tl 1
HFS =4 T FTM WHo=
=



2) Fluid Thoiglycollate Medium(FTM) 7]

Perkinsus &9 &S 9814 FTM 7I¥e] dA7AE W el
g & 4 k. FTM9 AlZze 20ge NaCl¥t 30ge] dehydrated fluid
thioglycollate medium< 1Le] FHFo] Y3 wrky] foA Ag2o=z
Wk w7hx] 7FEER Y. Ao 2 A3 v 15ml tubedl] 10ml 2 53+
T astds AP ezA FTM tubeloll 245 A7 Sl Perkinsus sp.€]
e FY Aol dxF g a1 vs HAbstaa &

=
5 [e]
= ARE BirE AN g 29 DAL olste] 479 tubeo] ¥ F %

Hgole] HAS AAE7] Y8t tmle FF7 4 1g9 chloramphenicol
H o R 25mlE F%3F 42 nystatin 500,000 unit/10ml HO<}

Z %
e F 50 F43AtHRay, 1996; Wilson-Ormond et al,, 1993). Al &
01

A= 7h7he] ubeis Ao} GHNA 273k H)Fet g

HjFol Evk 245 petri-dish 9o i it AAMS o] &t 3
3l t}S pasteur pipet ©E Lugol’s iodines ol A3 2 H& &
s rdAngdoz A Lugol’s iodine Perkinsus hypnospore®] &k
F3tEH Rhgete] FERF e A2 Molu HE AAow JAE o] el
B & Perkinsus #¥S Aed & Aok AFH 2HE St Az o
5 Mackin(1962)¢] Table 2 ¢ 22 7|0 Wl A5 FAHEE =
A& th. w3 Hypnospore Al
o Choi et al. (1989, 1993) *ell we} FTMolA wid AN 8E A4
718 o] g3ste] YA (2,000 rpm, 108)8 & S5 NS A AL 2 mol
°] NaOHE bml# Fdataith Az EalE FxIA717]1 9dte] 50T <]
2 FxollA 30 vhE Ao ofeh e Qs 33] o]y whE A

Algto g2 7HE 3k 3 =<3 hypnospore?t Y EE 3}Qu}) mixA|wo 2

il



T AFHE o] 8384 Perkinsus hypnosporeE 43| W Al43} 3]t}

5) vFA g B9 Perkinsus sp. 49 E FA
wpx] g B9 Perkinsus sp.¥ TYEE
upA ek 2270 A& AR ske] ofrim], Ask
=% ¥ 10mlel FTMel| Y3 15
2mol®] NaOH A2l & 3 & E7Asdos AFsid

6) Hypnospore?] A%

upxjete] oprpmubE A &gk = ALRZS ol&sto] stttk 7t
B AIEE 9719 FTM tubedl ¥ 3L 23T227Te] ShdolA wig § 64
Zh, 1241%Y, 19, 249, 39, 44, 5%, 64, 7] A #a wjuith 24749 tube
o] Lugol’s iodineg Eojrmglx &u|7 olzol A hypnospored] A2 &
Jatatt. &9 FE ALY S scanning?d & Image analysisE £3F A 7ho] uw}

£ hypnospore?] 73S SF43AT)

7) Zoosporulation

b g Aol o] &H wpAEe Hd Ao EA 19989 104
AF B A FA FYstg o AdaAw 27 ¥ Auzoux-Bordenave
(1995) ¢ wiol whe}l wpxjet oprtmvks A Eeto] FTMol ¥al 293¢
Aol oA gttt FTMS A AS $ GF/C filter2 o 7%
9| Nystatin-chloramphenicol &A1& %718+ 2™, hypnosporegd %
i Auzoux-Bordenave(1995) 5<] el weh Aul 7] 25-27TC, A
30-33%, pH 85 FAAZIHA FF2 HAS dAvdS o] &ato] HEe}
A Th.

e

ol



£ % Bouin's fixativeol 24417t AT o] Et AL 2T &
F715 ol& gFAzlon, gefyor vy F wiolarFow T 4
e AAS Azstgt. el dH-e BSA(Bovine Serum Albumin)E
HAA R Egtol= 9o {2t o Hematoxylin® Eosine & g4 %
23dr 4 (Olympus, CH30)& ©]-&3ato] thdgt uf& ofefjoll A npx| e

7 s BEsac

3. HASN gtHE 0|28t Perkinsus sp. X EH7 (& Jfet

o

2 Perkinsus hypnosporeZ o] &3tk WA
hypnospore® = #2lat7] lske] Aol A 243 20-40mme] whA 2hs

Yokl optuwks A& ) Ray(1954, 1966)¢] FTM wi<F o
w2} FTM 10ml®}t nystatin—chloramphenicol A A 50407} H71E 15ml
tubeoll Al 253+ wiFetinh. wigol Edk obrimlE WAlE 2] (2,000rpm,
20:)8te] s ele AAS AL ol7bvE petri-dishol A HE=ZS 0]8-31o]
ks kS s MR s 2717F 120pmet 45umel  sieveE o] £33}
hypnosporesZ 1% E# 3t} 23 28+ PBS(pH 74)% 3|43 & 4
- o] A= (1,500 rpm, 5%)E E3ste] dRew dAnAoZ AA7| 7t

gee et =44 E8¥ hypnosporer= PBSE 3|43 &
Z&9 72T, 30 Watts, 5%)E ol&3sle] sttt EHE=TF
Gl de] WS A5ty et AR7F E tubeE DSl E HA
B2 e w38t stk Fs] ¢ @3t ¥ hypnospore= -70T A
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Wz Ede dwAS BCA protein assay kit(Pierce, No 23225)%

ol g3t HAT F Img/ml ©] HEE PBSE 343t Table 3. %
Zol AN A Fo Y 05mlet Freund’'s Adjuvant Complete(FAC)

5, BE719] slgget o dste] vl FeE uirol
FAEAT A WA FY FAF 7 A Feh Ze 4o ddn
Freund's Adjuvant Incomplete(FAI) &< 05mlE &33te] 3 F< 22
g@o® E7l FAEATh FE-FAI FA: dFd A ow 6531
A

A A3 EH(Table 3).

3) Rabbit anti-Perkinsus sp. immunoglobulin(IgG) 2

spAl g FA 179 = E7l25E 30mle] s AHE}Y serums
wEtdt. 1 o serum<> 50% saturated ammonium sulfate®
AAAND F AAEY (1,000xg, 30)ste] HAAET Esigon,
dialysis tube® ol&ste] F4F F wHMAS At 4TelA

LR

4) A& FH]

Perkinsus sp.ol A Zta} 7)
ob7tml ot HAZ S AHAEFIAow HzEAgoer dHzl AF AY
v el ofru e} H bt S =
5= e & AA4E(G00xg, 10%) stlew, @wE 54

~70TCe] ®¥#st3d

o

5) Enzyme Linked Immunosorbent Assay(ELISA)
ELISA 2 &o] A182 A8 Perkinsus 74 vbxgte] ofrhv], 2,
HI A vpx[ o] ofrtm] #HZ<+3} Perkinsus hypnospore, &=

= v
AgE E %S 5 65R ARE F W o] 217 5000l HEE



Z43 oS 2v4E 30ng/ml 7hA] 34 &}e] Polystyrene 96-well ELISA
microtitre plate] 50u® ¥ F 4TolA 12A1ZF FoF WESA|Zh v <F
o] &4 platex= 05%<¢ PBS(0.5% Triton X-100)2 23] A& 31931, 1%
9] bovine serum albumin 2000E FU3F 1417 F<F blocking sl % th.
0.5% PBS(0.5% Triton X-100)2.2 23] A% % rabbit anti-Perkinsus
sp. hypnospore IgG 10pg/mle Z+ZHe] welloll 50t 2 FAsFA T 1A
e vl F oAl 05%<] PBS(0.5% Triton X-100)2.& 33] A2 3} 1L,
goat anti-rabbit serum IgG Alkaline phosphatase conjugate< 200u] = 3]
Aste]l 50 FHstA T 1A17F EF i F 53] Al Ao, 50409
substrate(p—nitrophenylphosphate)S ¢ & 30% 3M9 NaOH® ®-%
S AAAIZ]L ELISA readerE ©]&3Fe] 405nm oA optical
density(0.D.)& 3743} th(Figure 3).

TG
_"6

6) Immunofluorescence Assay

FTMAA 8% hypnosporeE &5 <&8l3Fo] 100,000cell/mlo] = %=
k3 o] tubedl 0.1M<] PBS (pH 7.3)Z 33 A3 % 1/10, 1/50, 1/100,
1/200, 1/5009] ®]& = 3% rabbit anti-Perkinsus IgG (12} 3A)E
7hsto] Aol A WA Z T Wit = PBSE 33 ¥4 (500xg, 10)
3lel Al A3 o] 7]l anti-rabbit IgG-FITC HEAZS wHSAZ T}
Anti-rabbit IeG= 1/50, 1/100, 1/200% 3] 3}¢] hypnosporee]| % 7}3k &
Aol A 0% vl sttt v & PBS®E 33 AlH vs FF Adn

P

4% ol§ Perkinsus Ao FPEA 3ol ¥& HAbatg

7) Immunohistochemical Assay

HolzxzAstst AdS 9ste] AEAGeR 4zl dAd d4=
I 7 A=rb meksk AlFE 7w Ab vl X2 Perkinsus® 4 d F#3
A EBAA FHF Crassostrea  gigas, AT  AWEA xR,

Heteromacoma iruss 29 W o2 ZAAAL A#st9ct. o1 & T



6ume] AHES ttsEo] EFol= 9o =T33 T xylenes ©|&3fo] wEhd

S AAGAL, LFZES o83 € AAHS AX HF PBSE XIAA

v}
g
ov
wm
ll
E
et
it
e
)
i

< rabbit anti-Perkinsus sp. lgGZ 1/50, 1/100,
1/2002 8| Aste] 229 humid chamberd 4] 303+ HH&-A|Z 2w PBSE
33] 10#3+ A #3% & FITC-conjugated goat anti-rabbit IgGE 1/100,
1/200, 1/400% 34 3}o] 222°] humid chamberol A 30%&37F WH3-A] T}
Rkgo] ik AW PBS®E 43] 2023F A Hete] wkgo] dojupA] &2 7
AE AAsEAoH, eosinoll A 123 A4 F =AHAS JFAV A Gt

A pasa,
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1. Perkinsus sp.2| 22X} MEjSIA EM

1) Perkinsus sp.8] #3X

ZF 1039 dFE Ude= Raye FTM7IWH =284 WS o] &
3t Perkinsus sp.2l 749 AX-E HASIAY. HAF 23 olE T vlA
R. phillipinrum=} 3%\, S. broughtonii’} Perkinsus sp.ol 7Za¥o]
ol FAHATE vpA ] Ag- 147 A A9 F 1370 Aol A, 3z
= VN AFelA HEEJALR, UWH o Fx2U, H odrus, Ex, C
chinensis, W=7\, S. strictus, 719, T. granosa, M %9} S. subcrenata, %
FZ0, P. fucata martensii, 3| ¥ 1% R. venosa, =, C. gigas, 5 3%l
Me dEEA 3 ddd v Aree AR, FEY BE
b A& Fanh dde] B3 A, AE, ¢he, oAk upA gl om A
g, A4k, A7 Ee] npA]gto] Perkinsusel #ZHE ol AATh

=
A, ez upAFol e HHAHA G oktH(Table 4). 3274 ¢
£

FTM ®Hel| 93t Perkinsus sp. Z9E AAMANA 59 B8, A5

Bl



AF 60%, T+
ol 5= Perkinsus’t HAEHA L dtH(Table 4). Choio] WwHel <3t

Perkinsus hypnospore A2 ¥ A HXEA4F 392430971, AR AHE - o
g) 32438270 = AAdEI AAAETE 7P AR AFeldd. O v
ORE HE Favwk Adozy 1077628717t dAEdon, A o5t
o] AL MAG HF 625520709 Perkinsus sp. o Ao AR, 4=

2b 44753270, AT AdAkE 2280637M, S HEAR 265977, Al FEAk
26,0837, AF  ex:AE 9297, AFE=AE 22670, FAAE 13719
hypnospore7} AEH Atk Jxrle A5 FawredA] A8d HAE=A
T A 5 WA TAdeR AAES 26%AoH MAT A 10,
6782 hypnospore7} FAHo=H 1 3¢

of mZ Perkinsus sp. A 23 A Aol ZFE 20mm ©] 512
MAEANA = H3] AEHA ko, 20mm ©]72] /HAEL 100% 74
Hol o] #FHoEHA od JAE Eue nARTY Fde] AgES
Bol FtH(Table 5). T3 =2t vix]ZFo = Perkinsus sp.o| 74 o]
e JHAIES FdAHoR A2 A Sl eH(Table 6), FAWE Hpx
°] Mackin's index®l] W& Zd% ZAHAME dAHo] & A S A

Axrt ool #E= L HFigure 5).

s L)

o,
t

3) vlx1& BEH Perkinsus sp. 3
=)
n

A g B9 Perkinsus sp.ol 7+

o2 o2

AEE ZAEAE 22704 T 370

Ag Alslekas WA AgetAl hebsthFigure 6). 49AE 43 A
25 9l obbnl g, 28, %, 4 - 25T, S0 At

=)
n
vpx g 170" A A hypnospore ol th3dt z} H-9°] hypnospore %

WS R YERE o7k 46.12%, &3 28.98%, €7 R, 21.94%, #H 7t



1.65%, S08), 1.31%ZMA o}7tujo] A A Perkinus® ©F HAWAd =7
¥l gt AA Perkinsus T ol7Fulol A AE% Perkinsus 92
AAAAE YEIAE 1g $9 Perkinsus F)=3.37X(¢}7}m] 1 g F¢
Perkinsus 7)-104612%. tH(Figure 7).

4) Hypnospore®] A%

23C9] FTMollA vl%5<l hypnosporet= Bl A2 & 64134 1 27
o] 15m(N=15)24 trophozoites} & #Fo]7F §lAAIRE 12413+ G2 F-5-H
w43 Ad&ste] 40m(N=25)7F =AU, wF 1A= 65m(N=40), 2¥
A 70m(N=40), 3L A 67um(N=40), 7¢ A= 80um(N=40)ZH ujF 2443t
o] &5-E] = hypnosore®d] %2 F43] T3tH & Aol #EH I (Figure

8).

rr

5 FFAREA

ol oiagol A wFE hypnosporei= oF 24A17kgkoll M A o]
doji}r] Al &G WA AFEA] FAYRA 2o A discharging tube’}
el HAew olF AE Edo] dojuttt. ¥ 9= AEEE AHA
hypnospore -8 2, 4, 8, 16, 32 AE7|7FA ¢ E3}AAHES HoFa
B A2 & 24-48A417F o]l f+F A= discharging tubeE E3}o] H
ek ol fFAe] BAlE Aok 417m(N=17)% 2™, flagella®] 2ol
9.63m(N=8) 3 t}(Figure 10).
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2. =3z

Lo
r

Al A &b B 9@ vix ] 9gH 5L FHzpTo]
sko] oFzte] gaping @Abol AR erl, $ARE &717k AT, F9 obr

el H(R) RN Bael 474 1-2mme) Ade] AdEo] BAHAY



(Figure 11).

z2 Aol gt HAF A3 Perkinsus sp.®l trophozoite7} & kA
PR e oprbvl, (L), $1(H) o8, astd Soldrh ols
trophozoiter™= A7 0] 5-14mo.ZM 4= Mol A 4 MR AT o] F 1 g

RNoem FTAH O R eosinell AMEHO F2 AE HAth ©]&  trophozoite
+ Perkinsus sp.®] 57 AlE el ¥ E(vacuole)7t haL 1 71 #e
of so] QA= HHAIFEHE dtar A UATHFigure 12). ol FHA =
eosin®l @A ¥ wpx e FPAETF B A= Flo] HEHAT o}rhv|
o] A% plical fold W& water chamber”} trophozoite® YA AR o
a2 Fole= o] vpA g dyEo] "ol AU (Figure 13). ()
o mWolA Hetozw H|AFJWA Mo A-LE FATH HrAy

0.

o

ha p=4
Perkinsus sp.7} A3 Qa 1 F90 471 JAEHo] YEhG g o
FTor HFHAk(Figure 14). 1(H)E SFIAE JAEE A U

A(H) 98 S webA trophozoite7t #EEH AT o] 5L ofrtu|v F(4E) 9]
TS FYRYE 1 EETF Sk ARE 2-100] M) M s A
gRomn 1 FR e FFo Aol Ve tHFigure 15). s
o] AAZZA YA E 1-4709] trophozoite’} Fod+= Aol #AFEHJ oW,
a9 T2 dA vE FAERus dASHA stk (Figure 16). A4 A&

A A A7 18l AqAT obA WEHA e Asd GRAET
AP v s G2 Wl trophozoite’t Bo e 1 F9
2 g5 HF d4e] #FAHJ Y (Figure 17).

1) Enzyme Linked Immunosorbent Assay
7t Alg9} substrate?}e] WHE A} blanket UERTE ALEH = 9F
ol A= w0l dojupx] ot EAE upx e ofrim|f Al wf



Aol of7tulo A= whgo] dolts E1E = AUk 17 189l rabbit
anti-Perkinsus sp. IgGel AAFHE Yell oy, ¥ 7 Perkinsus sp.
Gl o gk FFEE dEblla vk o AFtelA JWEE Perkinsus
sp. hypnospore &A= & * 60ng/mle] Perkinsus sp. protein7}+x %A
T AT AA g ek A whx ] obrbv 7 =473 hypnospore

o @ Buh =A AEEA

2). Immunofluorescent Assay

9 19% FITC labeled goat anti-rabbit IgGell €M ¥ Perkinsus sp.
hypnosporeE H.o]F31 glt}. FITCOl 298] hypnospore?] F oA &2l o
T oAy o] HEHAT

3). Immunohistochemistry Assay

Ao o] &H A RT A il v o] opyinl o ()] AHN-
Yol A FITCol dM# trophozoitesE &<l & 4 dom wal 2 Ag

E3ste] A FA = vpA e AF A E AetAl vkEFo]
Atk eyt AdA iR el A= REgo] wEE A ggton tixTE o
99 C gigas®t H. irusol A% FITCol| b ¥l

32 mlo
M)

ofo
oo
)
i
i
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IV.

Perkinsusv At 1940t & w59 Folxofjttell A Hxw e
olgdl dA7A 5Fo] A Hu" AeHolH, 53] P marinusst P.
atlanticus= %€ FALEH WE HGA dtol] dHo] & FEES WolQe
3 e dFEYoelth el A= 1997 d Choi and Park(1997)el <]3] =

=9 A7t sHAlel Eﬂﬂ?iﬂ, 90t =5E st 9l

T3 1527] vpA e gigHAbe] A ER FS5HL YA oo iR
AR A AAHA g Ak A7 A3 Yt Perkinsus sp. 9]
T B¥xe AFA HHEGYA B AFESE HEd A EA
2 vt i - Aslicke Fa mbA = A Aol Perkinsus sp.ol ZEEH
= Ao yehyron X Hiroshima® Kumamoto A Gl = 7 H
Aol BaE AEeln® ool AMA = HiAFE o]n|
d Aoz F=Hrt}h Perkinsus?t HFA| o] m A=

2 39 qUAE FFote] sF7F 3] o
THA HEs A § S5F5 Yol A4 2es Sote] @2 v o

_Z’__
S 71T wotA g eme= A w3k Aol vEuy, Akt

N

rr
o @

o

—

Perkinsus sp.ol #<

™
g2 e A%

.

==
T
719l A Azt A%, FAE PFa Sl dEhiin, BY &Fe
Wy e "olmel e MAT 7G A, APAd AAE A =

gt} (Menzel and Hopkins. 1954; Ray and Chandler. 1954; Paynter and
Burrenson, 1991; Choi et al, 1989; Barber & Mann 1994, Kennedy et al,
1995). Choi et al.(1989)¢] R 1o ot thA it =2 A9 P. marinus
el 7k 1,000,00070 A1 o] EAstd ol 5ol FF % Wl oate] An|
HE ANUATE 59 EAES 2HEA Ho FFAoR HARsoh A

stk @474 Perkinsus7h mhAete] 49 @ wAe] mAE 9P
of dalAE ofd FAAL AT o] oA i o} AR Pe



BEAA gn AT, ddel A% AR Fa, AW B, 3w

Perkinsus AAF2 3} o}7Fr]o A AA hypnospore <2
oF 46%7F skl Slarol WM. o= ofrtwlol A Aol w2
Agegez i B2 duAE 444 g5 + A7 W& A= A
Aok B3 oprbwel Al A5 ¥ hypnospore ¢k XA hypnospore 9}

ARPAE BPoRA oS ol &% Al WA Perkinsus 7

h=4

ut

A4EE 24 & + QA Fhon, o g ALY el 24 o83

cd sty 248 Fstol Perkinsus #Eol wE vt 4
MEE 24T+ g e 23 A B@ o Pye sEe

¥

o

Mackin's scales ©]&3t 7F 4% Z7o] A4l hypnospore I=(#) <=
et eatE Rolal of(Figure 20) v &e] A5 Hu A3 AdAE
SAE A E F83 W oR oA AT

ZAANEE AZEA Perkinsus’F Aol 71A3= ©AIQ] trophozoite
A71e ANE A3 Ay O AL 6-10m= o= A Fe) AF upx| ol
A ®BaE P oatlanticus®t F+AFEE 7] o]t (Azevedo, 1989; Sagrista et al,
1995). =3k FTM Wi & dA-dd FH¥x e AF<l hypnospored 27
2 20 WA 113mm= (N=68, mean=60um, STD=+22.8) Azevedo(1939)2] X.

o] 93k 20-40um 2 Auzoux-Bordenave et al.(1995)¢] 20 WA 1003}t
EASE AFE Rola Ay w3k o] AFolA #EE Perkinsus sp. 9
T2 e TEAel den, Ak npx e

P. atlanticus 55 W}A| 3| 9o

e
R. phillipinarumol A 2% Perkinsus sp.2l PCR A2 P. atlanticus
o} P. olseni®] nucleotide sequence®} A2l &Y o=z w3 o uje}
(M. Hamaguchi et al, 1998) =tulell Al A3 )= Perkinsus sp. A
FaldA Ri¥E P atlanticus®t TFTHOZE AT AY IAFToE
Atz E o)

A ets AAAT GEd Perkinsus sp.® T2 BT o}
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< 98] /NZE rabbit anti-Perkinsus
sp. hypnospore= ELISAYl A& AAHS o 0.06-10ug/mle] Perkinsus sp.
hypnospore &9 &d-& HEE = Ao, Choi et al.(1991)2 0.02-0.313
pg/mls AEeA kAl ®argk vl Qir) ol w9 Aol Perkinsus T
Anto g FFA Ado] 7beds RHoFe oW, 249 7] Ad &
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Perkinsus sp.9] 394 €Al 5 trophozite @A ¢ hypnospore T 7] €]
NAS AT 5 Aol FAHAJY ARt F52 dA= AFHA &
koo o] Aol e FFAIE Perkinsus A(%&) HAE AEdAE
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A o] rabbit anti-Perkinsus

A dEdoy W Ao o]gH 1998 1299 npxge HdATE v
oFstl ;AR Perkinsus o ZH® wpA=toll7] Wl Ao w AR EM
o= FTM HAtZ g1t 53] 4=4ka Ayl ofbztwl o] O.D. gtol
hypnospore?] O.D. #XEY O =4 HEd AL vpAgd 7|Ast=
Perkinsus7} ®hAI o} v]5:g &S z2ta gl7] wj#2 RS & Choi et
al.(1991)2 F=3t9 2™, Monts et al.(1997) 52 P. atlanticus®| 74w
viR & R, phillipinarum A|ZFo] AFE & o] E Ao thajA = ol
285 sttt P oatlanticus®)l WS A REE2 WolEdS BHshx] Eetia
Hustd &=, P. atlanticusv= T °olEd 3= & A go] A3 54
2 RIAEE at7] g vty sdg dwMAdS A e olE
Oow AREEE Ad zhol mofgk upx|ete] oprtwlo| Ak =& O.D. #hel
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sko] 73 7)€ Xﬂllﬂ*‘i, AT Fak, & st Toll A sk vhA e
Perkinsus 7+ o] o} wokst Aoz vre] Ho wpel &F Perkinsuse] A
5 Ao Atz ¥t

HpA S 23 A& Sl MAsts 54 ufjimdd odd VATl =
=49 7t AE ZEa ok A3 H1983)2 uiA| g V| AstE VTR
U2t #x] ol Al Gymnophallid cercaridae®] Cercaria tapes<= 73+

I, Bower et al.(1992)2 FlLcisb  HEA|E Al A Nemotopsis-like,
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Gregarine-like,  Coccidia-like,  Fhabdocela  turbellaria, Trematode
metacercaria's®l 71AsE HAsIe] ®agk v vt AW Perkinsus7t
FEEIL = olfes =2 dAbe wE dAA wEelth o wEel =
Al A= (OIE) 3 ofAfof - B G FAF A= AEHNACA) A= o] ]
Perkinsus& T ATAsEAA T dH R 8 ds BEE o5
ek YeAde gyl ¥ rh. 1322 Perkinsuse AEjEH EA
, AR EAG S dEet A M-S dsE § Perkinsus

o AAE Axst T 5 Qe Pl o AT 9 aTLn,



19979 5¢€45¥ 1998 119 71A] upA|ghol| 7| Al Perkinsus  sp.ol =
W 239 AdEAE, =4 54 2 xdvls LS st A=
170 A9 1059 75 ez FTM B 2234 Oy, Bt

1. 1029 9AF 5 v =3 gx=7)o) A9t Perkinsus7b WA E o, 1270

9] 7:1‘0‘37(311:_1_ ElLO] ﬂu]o]—ME}

Perkinsus sp.<= -2 veb o - *1‘6‘1%%94 Fo vpAE A9 upA| S

2.
st glglow, Ao 9w

3. Choi et al.,(1989) Wol ul& hypnospore Al Az Ay XA upxA| g
1A & 3,924,30970, 424 - &) 3,243,852717F dagd o= 2t =
7b b Ao, AR =AM FAke ZhzE 22670, 13 =AY

4. vpR1 g Hod AAAH=IF 7 AZbe Be oA, AWy, 9 F
a3 - E5F, F(R)Y A9 A Perkinsus 49 o}rbu|ol A % %%

Perkinsus  %}¢] ”*Fﬂrﬁ] = Y(Perkinsus/¥FAg  AA  FFF  1g)
=3.37X(Perkinsus/°} 7} 7] 1g)-104,612%9t}t. ©] S wvleto 2 Hlx|29 Pekinsus
a3y FAA=E =4 7]‘?3% 7l 23} S T

5. 23C<¢ FTMlAl vl %3 hypnospore Hl % /\]Zﬁ <
m(N=15)Z 4] trophozoite®} & Z}ol7} §LAAITE 124] 5
3] st 2443F o] FRE = 1 Aol ‘ﬁ% ZH FTM A2 vk

A FRE bl FsU

6. o] ool A vlgE hypnosporer= ©F 24A]7FRko] A Fdo] A
oJu7] Al ZETE BEAIA & 24-48A13F o|Yo] fFA}= discharging tube
& St WEHd old §FAe HAl= Aol 417m(N=17)% o,
flagella®] Zo]+= 9.63m(N=8)1
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7. Trophozoite:= Z 7 o] 5-14mo- 2 = 7oA 4= A NH JAGdS o] F 1
Ao TAA O R eosinol] FAEO FH S S
Perkinsus sp.2] 532 AXE ol F3XE(vacuole)”} U

o) Xt WAYHE Fu ek

1

=]
t}. o] & trophozoite®
a1 7 Aol o

8. ELISA X443 /\¥¥ Perkinsus sp. hypnospore &A= % # 60ng/ml
9] Perkinsus sp. proteing AA T 4 A}

9. §FHY A4 PFEZ] hypnospore®] FHAA TAHS S1e F
ANew, WA xA e FA AT trophozoiteo| Al BEEEo] HHHOZH o]
AHe 5o /sl A= Pekinsus® A EAFE hypnospore®} trophozoite
A duES JAEd & Adsol FJAHAT. 2 vpxE D9 wkg-g
Aol tisfiA= AlEAD A7 Hastt
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Appendix 1. FTM results of R. phillipinarum collected from Changheong on
Sep 21, 1997. SWD=shell width in mm, TWWT=total tissue wet weight in
gram, N. spores / unit Wt=number of hypnospores per gram tissue wet
weight.

N of spores/ [N of spores/

No SWD ) TWWT indiv?dual TWWT P
1 29.50 1.310 7,500 5,725

2 29.75 . 6,250 .

3 30.75 1.250 3,750 3,000

4 30.90 1.910 1,250 654

5 30.90 1.590 20,000 12,579

6 31.60 2.232 41,250 18,481

7 32.10 2.076 2,500 1,204

8 32.20 2.005 47,500 23,691

9 32.40 2.061 7,500 3,639

10 32.85 2.051 65,000 31,692

11 33.00 2.247 62,500 27,815

12 33.60 2.251 7,500 3,332

13 33.80 2.711 32,500 11,988

14 34.40 2.264 33,333 14,723

15 35.60 2.377 48,750 20,509

16 35.60 2.589 0 0

17 35.90 2.044 1,250 612

18 36.40 2.672 2,500 936
Mean 34.36 2.327 26,083 11,525

STD 2.12 0.416 22,732 10,521




Appendix 2. FTM results of R. phillipinarum collected from Komsoe on Dec
3, 1997. SWD=shell width in mm, TWWT=total tissue wet weight in gram,
N. spores / unit Wt=number of hypnospores per gram tissue wet weight.

N of spores/ [N of spores/g
Noo SWDHIWWT | Gividual - [TWWT
1 31.60 1.123 475,000 (422,974
2 32.40 1.074 161,667 150,528
3 32.70 1.351 600,000 (444,115
4 32.80 0.913 616,667 (675,429
5 32.90 1.266 162,500 (128,357
6 33.20 1.321 216,667 (164,017
7 33.20 1.270 2,075,000 11,633,858
8 33.30 1.498 20,000 113,351
9 3350 1.021 122,500 119,980
10 33.60 1.473 1,475,000 (1,001,358
11 33.70 1.253 285,000 (227,454
12 33.80 1.698 550,000 (323,910
13 33.90 1.462 258,333 (176,699
14 34.10 1.383 608,333 (439,865
15 34.80 1.455 16,667 (11,455
16 34.90 1.296 566,667 (437,243
17 35.30 1.558 2,358,333 11,513,693
18 35.50 1.626 316,667 (194,752
19 35.70 1.988 2,666,667 11,341,382
20 35.85 1.517 375,000 (247,198
21 36.00 1.172 2,350,000 12,005,119
22 37.10 1.312 4,091,667 (3,118,648
23 39.75 1.919 1,200,000 (625,326




24 40.10 1.879 2,175,000 1,157,531
25 40.50 2.218 1,975,000 (890,442
26 42.00 2.371 2,300,000 1970,055
Mean 35.08 1.478 1,077,628 (709,028
STD 2.73 0.358 1,077,958 734,519




Appendix 3. FTM results of R. phillipinarum collected from Seogwipo on Oct
12, 1997. SWD=shell width in mm, TWWT=total tissue wet weight in gram,
N. spores / unit Wt=number of hypnospores per gram tissue wet weight.

No | SWD | TWWT Nir?éiiliﬁ;s/ I%IW\?VfT spores/e
1 17.20 0.189 0 0
2 18.05 0.294 6,250 21,258.5
3 18.40 0.249 0 0
4 21.10 0.330 43,750 132,575.8
5 21.55 0.405 6,250 15,432.1
6 22.45 0.477 243,750 511,006.3
7 22.55 0.249 18,750 75,301.2
8 23.30 0.425 0 0
9 23.70 0.470 1,250 2,659.574
10 24.00 0.527 18,750 35,578.75
11 24.10 0.605 43,750 72,314.05
12 24.10 0.505 18,750 37,128.71
13 24.90 0.706 0 0
14 25.70 0.716 12,500 17,458.1
15 26.35 0.879 1,512,500 1,720,705
16 26.80 0.581 0 0
17 26.85 0.660 37,500 56,818.18
18 28.00 0.928 0 0
19 28.30 0.845 62,500 73,964.5
20 28.40 0.971 0 0
21 32.45 1.758 131,250 74,658.7
22 35.25 1.987 1,875,000 943,633.6
23 35.80 1.487 31,250 21,015.47
Mean 25.19 0.706 176,684 165,717.8
STD 4.84 0.471 484,923 400,431.6




Appendix 4. FTM results of R. phillipinarum collected from Ojori on Sep 28,
1997. SWD=shell width in mm, TWWT=total tissue wet weight in gram, N.

spores / unit Wt=number of hypnospores per gram tissue wet weight.

N of spores/ [N of spores/g

Noo SWDHAWWE o Gividual - [TWWT
1 22.80 0.390 0 0

2 24.90 0.490 0 0

3 25.40 0.534 5 9

4 25.65 0.562 0 0

5 26.00 0.570 1 2

6 26.60 0.516 6 12

7 26.60 0.725 0 0

8 27 10 0.605 2,500 4,132
9 27.60 0.673 18 27

10 27.60 0.652 0 0

11 27.80 0.645 3,750 5,814
12 29.10 0.670 0 0

13 29.40 0.762 20 26

14 32.10 1.086 0 0

15 33.20 1.461 10 7

16 34.40 1.217 100 82

17 34.90 1.513 0 0

18 35.25 1.085 10,000 9,217
19 35.40 1.551 1,250 806

20 35.70 1.299 8 6
Mean 29.72 0.875 930 1,059.98




STD

4.12

0.377

2,365

2,473.02




Appendix 5. FTM results of R. phillipinarum collected from Yeosu on Oct 28,
1997. SWD=shell width in mm, TWWT=total tissue wet weight in gram, N.
spores / unit Wt=number of hypnospores per gram tissue wet weight.

N of spores/ [N of spores/g
Noo | SWDHIWWT ) Gividual - [TWWT
1 27.00 0.860 368,750 428,779
2 27.00 0.934 356,250 381,424
3 27.40 0.819 512,500 625,763
4 27.70 0.954 593,750 622,379
5 27.80 0.728 393,750 540,865
6 27.80 0.960 132,500 138,020
7 29.50 1.294 1,843,750 1,424,845
8 29.80 0.968 116,250 120,093
9 30.20 1.320 31,250 23,674
10 31.20 1.163 412,500 354,686
11 31.20 1.123 1,925,000 1,714,159
12 31.60 1.104 375,000 339,673
13 33.20 1.562 437,500 280,089
14 33.40 1.070 31,875 29,789
15 34.10 1.401 2,112,500 1,507,852
16 36.60 1.458 60,000 41,152
17 36.80 1.996 668,750 335,045
18 45.80 2.875 887,500 308,695
Mean 31.56 1.255 625,520.8 512,054.8
STD 4.73 0.509 656,711.1 513,759.9




Appendix 6. FTM results of R. phillipinarum collected from Poryung on Dec
12, 1997. SWD=shell width in mm, TWWT=total tissue wet weight in gram,
N. spores / unit Wt=number of hypnospores per gram tissue wet weight.

N of spores/ [N of spores/g
No SWD | TWWT ) dividual  [TWWT

1 25.90 0.760 625 822

2 26.10 0.688 7,500 10,901
3 26.60 0.780 3,750 4,807
4 26.70 0.836 7,500 8,971
5 27.10 0.845 9,375 11,094
6 27.10 0.914 3,750 4,102
7 27.40 0.745 6,250 8,389
8 28.10 1.001 18,125 18,106
9 28.30 0.822 30,000 36,496
10 28.60 1.059 7,500 7,082
11 30.50 1.137 50,000 43,975
12 31.20 1.655 20,000 12,084
13 31.60 1.321 2,500 1,892
14 31.60 1.264 18,125 14,339
15 32.30 1.347 131,875 97,902
16 32.30 0.731 74,375 101,744
17 33.10 1.546

18 33.10 1.512 30,000 19,841
19 33.40 1.830 14,375 7,855
20 34.10 1.944 31,875 16,396
21 34.60 1.886 6,250 3,313
22 38.20 2.136 16,875 7,900
Mean 31.02 1.291 26,597.2 23,416.08




STD

3.36

0.456

30,573.0

28,311.34




Appendix 7. FTM results of R. phillipinarum collected from Chepu on Dec
20, 1997. SWD=shell width in mm, TWWT=total tissue wet weight in gram,
N. spores / unit Wt=number of hypnospores per gram tissue wet weight.

N of spores/ |[N of spores

No SWD - TWWT indivli)dual/ TWWT porests
1 27.5 0.328 200 609
2 28.3 0.628 20 31
3 28.7 0.705 0 0
4 29.3 0.815 0 0
5 29.3 0.615 200 325
6 29.6 0.845 200 236
7 30.1 0.898 100 111
8 30.2 0.469 0 0
9 30.4 0.809 500 618
10 31.1 0.897 50 55
11 3.4 1.033 1,000 968
12 B8 1.193 0 0
13 3 lu.&s 1.110 500 450
14 31.8 0.833 10 12
15 32.2 1.155 20 17
16 32.2 1.206 30 24
17 32.8 1.212 1,000 825
18 33.1 1.273 50 39
19 34.0 1.283 20 15
20 34.3 0.935 500 534
21 34.5 1.586 500 315
22 34.6 1.273 500 392
23 35.0 1.582 300 189
24 35.2 1.237 200 161
25 35.5 1.323 30 22
26 35.6 1.573 5 3
27 36.0 1.572 30 19
28 37.0 1.686 20 11




29 37.3 1.821 500 274
30 40.1 1.464 300 204
Mean 32.69 1.112 226.16 215.72
STD 3.02 0.377 283.14 267.79




Fig. 1. Schematic life cycle of Perkinsus atlanticus, parasite of clams, Tapes decussatus (addopted from

Auzoux-Bordenve et al., 1995



o

Fig. 2. Locations of sampling sites



Fig. 3. Schematic illustration of ELISA used in the detection of Perkinsus sp.



Fig. 4. A. Purified Perkinsus hynospores using Choi's technique. B. Heavily infected gills of R.

phillipinarum stained with Lugol's iodine.
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Fig. 5. A correlation between the size of clam and Mackin's scale.
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Fig. 6. Percent infection intensity of Perkinsus sp. in the organs of the Manila clam.

@=_ill, O=visceral mass, ¥=mantle, ¥V =adductor muscle, ll=foot.
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Fig. 8. Growth of Perkinsus sp. hypnospores cultured in FTM at 23 C.



Fig. 9. In vitro sporulation of Perkinsus sp. in GF/C filtered seawater. A Beginning of ecentric
vacuole subdivision, B; 2 cell-stage, C; 4 cell-stage, D; 8 cell-stage. E 16 cell-stage, F32
cell-stage. Scale-bar = 25um. Vacuole (V); Discharging tube (DT). 400 X.



Fig. 10. Zoospores releasing from hynpospore. Scale=5zm.



1CM

Fig. 11. The Manila Clam, Ruditapes philipinarum. (M; mantle, ADT; adductor muscle, SIP

siphon



Fig. 12. Trophozoites of Perkinsus sp. found in the Manila clam. Vacuole (V); Nucleus
(N). 1,000 X.
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Fig. 14.A tumor on the foot infected with Perkinsus sp. (Tr: trophozoites)



Fig. 15. Stomach of R. phillipinarum is filled with planktonic particles. (ST; stomach, Tr

trophozoites
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Fig. 16. Digestive gland tubles infected with Perkinsus sp. (D; duct, DG; digestive gland tubles,

arrows trophozoites)



s s~
ey

= = S

Fig. 17. Trophozoites of Perkinsus sp. and nodular reaction in the female gonad of R.

pillipinarum. (OO: oocytes, Tr: trophozoites, HC: hemocytes)
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Fig. 18. A typical ELISA titration curves for rabbit anti-Perkinsus sp. 1gG.



Fig. 19. Perkinsus hypnospores stained with FITC goat ant-rabbit IgG (A). Gill of Crassostrea
gigas, is not stained with FITC (B). 100X.
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Fig. 20. Trophozites and hemocytes in the gill of the Manila clam stained with FITC goat
anti-rabbit IgG(A). Magnified trophozoite of Perkinsus sp. (B). A(100X), B(400X)
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Fig. 21. Relationship between Mackin's scale and the

number of hypnospores per gram tissue wet weight.
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Table 1. Sampling locations and the species used for analysis for examining Perkinsus species. FTM : Fluid
Thioglycollate Media (FTM) technique applied for analysis. Histology : histological slide is made from specimen
for examining Perkinsus species.

Date Sampling Locality | Geographical position Species Collected Remarks

R. philippinarum

97/05/14 |Kimnyung, Cheju N33°33'E126° 42 Heteromacoma irus FIM, Histology
Coecella chinensis

97/05/14 [Kangjin, Chun-Nam N34°30'E126° 45’ K. p m']lpp.mamm FIM, Histology
Solen strictus

97/06/23 |Waido, Cheju N33°30'E126° 25 R. philippinarum FTM

97/06/23 |Wando, Chun-Nam N34° 20'E126° 45 R. philippinarum FIM, Histology
R. philippinarum

97/06/23 |Kangjin, Chun—Nam N34°30'E126° 45’ Tegillarca granosa FIM, Histology
Scarphaca subcrenata

97/09/21 |-aneheong. N34°40'E127° 00’ R."philippinarum FIM

Chun-Nam

97/09/28 |Sungsan, Cheju N33°31'E126° 53 K. phillipinarum FTM

97/09/28 |Ojori, Cheju N33°32'E126° 52" R. philippinarum FTM

97/10/12 |Seogwipo, Cheju N33° 12'E126° 32’ R. philippinarum FTM

97/10/28 |Yeosu, Chun-Nam N34° 35'E127° 40 R. philippinarum FTM

97/12/03 |Komsoe, Chun—Buk N35°32'E126° 40 R. philippinarum FYM

97/12/12 |[Komsoe, Chun-Buk N35°32'E126° 40" Rapana benosa FTM

97/12/12 [Komsoe, Chun-Buk N35°32'E126° 42" S. broughtonii FTM

97/12/12 |Poryung, Chung-Nam N36°22'E126° 30 R. philippinarum FIM

97/12/20 |Chepu, Kyung-Gi N37°12'E126° 28’ R. philippinarum FTM

98/01/18 |Komsoe, Chun—-Buk N35°32'E126° 40 C. gigas FTM

98/01/18 |Changgi, Chung-Nam N36°33'E126° 15’ C. gigas FTM

98/01/18 |Ganwul, Chung-Nam N36°40'E126° 10’ C. gigas FTM

98/06/04 |Mokpo, Chun-Nam N34° 48'E126° 25 R. philippinarum FIM

98/11/14 |Tongyong, Kyung-Nam N34°50'E128° 30’ Pinctata fucata martensii FTM, Histology




Table 2. A modified Mackin's scale used in determining Perkinsus sp. infection

intensity.
.. . Numerical L
Infection intensity Description
code
Heavy (H) 5 75 to 100% of tissue is covered with hypnospores
Moderate Heavy (MH) 4 50 to 75% of the tissue is covered with hypnospores
Moderate (M) 3 25 t0/50% of the tissue is covered with hypnospores
Light Moderate (LM) ) >125 hypnospores occurs but less than 25% of the tissue is
covered.

Light (L) 1 10 to 100 hypnospores present in the tissues
Very Light (VL) 0.5 Less than 10 hypnospores present
Negative (N) 0 No hypnospore present




Table 3. Summary of immunization protocol.

Time Dosage
1st Week Initial injection | 1mg Antigen in 500 ¢l + 5000 FAC
2nd Week Booster 500 ug Antigen in 500 xf + 50010 FAI
3rd Week Booster 500 ug Antigen in 500 xf + 5000 FAI
4th Week Booster 500 ug Antigen in 500 ul + 500u0 FAI
5th Week Booster 500 ug Antigen in 500 ¢ + 500pl FAI
6th Week Booster 500 ug Antigen in 500 ¢l + 500u0 FAI
7th Week Booster 1223 ug Antigen in 500 uf + 5000

FAC: Freund’s adjuvant complete. FAI: Freund’s adjuvant incomplete




Table 4. Results of the FTM test conducted on the ten species of marine molluscs.

H. Irus Kimnyung Cheju 7 36.6045.43 2.714.28 - 0 0 0

C. chinensis Kimnyung Cheju 9 24.0982.71 - - 0 0 0

S. strictus Kangjin Chun—Nam 12 66.58#.07 - - 0 0 0

S. subcrenata Kangjin Chun—Nam 5 84.2248.45 37.964£1.45 - 0 0 0

T. granosa Kangjin Chun—Nam 25 32.15#4.31 2.914.01 - 0 0 0

R. phillipinarum Waido, Cheju - - - 0 0 0

R. philippinarum Kimnyong Cheju 30 30.354.62 - - 0 0 0

P. fucata martensii|Tongyong, Kyung-Nam 105 83.0446.78 14.99#4 .55 - 0 0 0

R. benosa Komsoe, Chun-Buk 5 - - - 0 0 0

S. broughtonii Komsoe, Chun-Buk 8 - - - 25 8 -

C. gigas Komsoe, Chun-Buk 50 42.9341.49 1.704.63 - 0 0 0

C. gigas Changgi, Chung-Nam 20 39.0045.80 2.514.06 = 0 0 0

C. gigas Ganwul, Chung—Nam 10 41.708.14 1.83%.87 g 0 0 0

R. phillipinarum Chuja, Cheju 30 36.9943.31 2.40%6.73 4 23 12.6433.71|6.2448.53
” Chepu, Kyung-Gi 30 32.6943.02 1.119.38 + 87 226 £283(2154267
” Kangjin Chon-Nam 37 43.52# .45 4.239.78 + 100 3,243,8524,783,409(695,4334,111,197
” Kangjin Chon-Nam 28 27.5342.55 2.114.76 + 61 697,3214821,925(247,7844301,433
” Wando Chon-Nam 19 35.2845.79 2.924.71 + 84 447,5324590,218(121,17945,661
” Changheong, Chun-Nam| 20 34.3682.12 2.33%6.42 + 95 26,0834£22731|11,52540,521
” Ojori, Cheju 20 29.72#4.12 0.889.38 + 60 92942365(1059 £2473
” Yeosu, Cheju 18 31.564.73 1.279.51 + 100 625,5204656,711(512,054 $13, 759
” Komsoe, Chun-Buk 26 35.0842.73 1.4849€.37 + 100 1,077,628 4,077,958|709,028 734,519
” Poryung, Chung-Nam 30 31.0243.36 1.309.47 + 100 26,597430,573(23,416 £28,311
” Mokpo, Chun—Nam 27 51.7043.97 5.594.35 + 100 3,924,3094,515,569(715,8954340,035
” Seogwipo, Cheju 25 25.194 .84 0.71%0.47 + 70 176,684 #84,923(165,717 #00, 431
” Sungsan, Cheju 23 28.3646.35 0.999.49 + 85 228,0634318,748 409,7214,611,774

N=number of individual analyzed, STD=Standard deviation, FIM results:+ hypnospore present, -

hypnospore absent.




Table 5. FTM results of R. phillipinarum collected from Kangjin on June 23, 1997.
SWD=shell width in mm, TWWT=total tissue wet weight in gram, N. spores / unit
Wt=number of hypnospores per gram tissue wet weight, N. code=Mackin[Is scale
expressed as a numerical code.

No | swo | Tt | LR | e | eode S
1 17.70 0.260 0 0 N 0
2 121.20 0.089 0 0 N 0
3 9.35 0.042 0 0 N 0
4 10.70 0.048 0 0 N 0
5 10.70 0.058 0 0 N 0
6 11.90 0.083 0 0 N 0
7 12.30 0.075 0 0 N 0
8 10.50 0.059 0 0 N 0
9 10.30 0.056 0 0 N 0
10 10.75 0.066 0 0 N 0
11 38.25 3.564 1,162,500 326,178 H 5
12 40.25 4.302 1,715,625 398,797 H 5
13 40.15 4.617 1,050,000 227,420 M 3
14 40.10 3.988 496,875 124,593 M 3
15 39.10 3.841 778,125 202,584 H 5
16 37.65 2.170 1,415,625 652,362 H 5
17 36.70 3.811 843,750 221,399 H 5
18 36.00 3.167 3,675,000 1,160,404 H 5
19 3760 3.323 1,340,625 403,438 H 5
20 3050 2.081 440,625 211,737 H 5
21 41.85 5.103 806,250 157,995 H 5
22 37.60 3.435 1,096,875 319,323 M 3
23 29.20 1.737 900,000 518,135 H 5
24 31.10 1.799 1,425,000 792,107 H 5
25 30.55 1.682 700,000 416,171 H 5
26 31.50 1.947 1,471,875 755,971 H 5
27 36.10 3.515 0 0 N 0
28 40.20 4.179 206,250 49,354 M 3
Mean | 27.53 2.110 697,321 247,785 2.75




Table 6. FTM results of R. phillipinarum collected from Wando on June 23,

1997.

SWD=shell width in mm, TWWT=total tissue wet weight in gram, N. spores / unit

Wt=number of hypnospores per gram tissue wet weight, N.
expressed as a numerical code.

code=MackinOs

N. of spores N. spore MackinOs
Noo| SWD ) Twwi indiin)dual / g TI\)NWT/ code |- €0de
1 27.50 1.313 0 0 N 0
2 29.00 1.396 37,500 26,862 L 1
3 29.20 1.484 0 0 N 0
4 29.70 1.358 0 0 N 0
5 30.60 2.054 131,250 63,899 H 5
6 30.90 1.795 56,250 31,337 L 1
7 32.20 1.870 450,000 240,641 LM 2
8 32.45 2.485 271,875 109,406 M 3
9 33.10 1.640 37,500 22,865 L 1
10 33.70 2.031 206,250 101,551 H 5
11 34.90 2.563 46,875 18,289 LM 2
12 35.90 2.879 440,625 153,047 LM 2
13 37.35 2.276 140,625 61,786 M 3
14 37.60 3.804 1,575,000 414,037 MH 4
15 39.10 3.565 1,921,875 539,095 H 5
16 41.50 5.255 825,000 156,993 LM 2
17 43.20 4.419 112,500 25,458 L 1
18 44.60 6.676 1,368,750 205,025 H 5
19 47.80 6.669 881,250 132,141 M 3
Mean| 35.28 2.92 447,532 121,179 2.37

scale



Table 7. ELISA titration curve for rabbit anti-Perkinsus sp. 1gG.

Optical Density
Protein(ug) Hypnospor | Gill—Kimyun |Gill—Wand
e g 0
7.750 2.724 2.452 3.079
3.875 2.392 2.285 3.031
1.937 1.562 1.914 2.778
0.968 1.146 1.483 2.063
0.484 0.625 1.215 1.600
0.242 0.318 0.890 1.254
0.121 0.145 0.557 0.768
0.060 0.054 0.334 0.551
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