Korean J. Malacol. 31(4): 267-272 2015
http://dx.doi.org/10.9710/kjm.2015.31.4.267

z|d
o

H A} v}x® (Ruditapes philippinarum) 2.2%-¥]
Perkinsus olseni® At 7|13

T2 ACH

n

I GHUDIEHHE UM 2= s

SHIZECHEI W O L DISICHE: CHYOIMEHDSHY G MHDESHT

Dissemination of Perkinsus olseni is affected by the viability of
Ruditapes philippinarum

Ki-Woong Nam', Hee-Do Jeung?, Jae-Hee Song®, Kwang-Sik Choi® and Kyung-Il Park'

!Department of Aquatic Life Medicine, College of Ocean Science and Technology, Kunsan National University, 558 Daehakno,
Gunsan 54150, Republic of Korea
’Tidal Flat Research Institute, National Fisheries Research Institute, Gunsan 54014, Republic of Korea
3 Jeju National University, 102 Jejudaehak-ro, Jeju-si, Jeju Special Self-Governing Province 63243, Republic of Korea

ABSTRACT

This study was conducted in order to elucidate the dissemination mechanism of P. olseni using field and laboratory
experiments. For this purpose, we quantified the level of P. olseni infection in buried (healthy) and surfaced
(gapped) R. philippinarum from a clam bed on Wi-do Island on the west coast of Korea. In addition, the levels of
internal and released P. olseni cells from artificially infected (and later dead) R. philippinarum were monitored for 8
days using the RFTM-2 M NaOH lysis method. Our results indicate that P. olseni cells in buried R. philippinarum
was 2,655,625 + 1,536,936 cells/clam; the level in gapped R. philippinarum was considerably lower, 28,203 %
24,889 cells/clam (p < 0.05). In the laboratory experiment, the P. olseni cells remained in the host tissue 2 days
after death was approximately 50% lower than the level of infection measured in living clams. The level dropped to
20% 4 days after death and to 1.5% 6 days after death; eight days after death, P. olseni cells were undetectable
since the R. philippinarum flesh had completely decomposed. The level of released cells on the day of death was
only 0.05% of the internal level in live R. philippinarum; however, the level increased to 2.3% 5 days after death
then gradually decreased and no released cells were detected 8 days after death. Therefore, our laboratory
experiment suggest that the low level of P. olseni infection observed in gapped R. philippinarum at Wi-do Island
could be caused by lysis of the most of P. olseni cells during the decomposition of dead R. philippinarum tissues.
Until the end of decomposition of R. philippinarum, 6.68% of the total amount of P. olseni was released within 8
days. Our study showed that the amount of P. olseni cells from dead host is a considerably higher level than
naturally released from healthy R. philippinarum, suggesting that death of the host plays an important role in the
dissemination of P. olseni.
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Fig. 1. A gapped R. philippinarum on Wi-Island, west coast
Korea

S A7k Aoz oA 9t} (Park and Choi, 2001; Park
et al., 2005). ©] TAE vpx=e] AUl AZE 15
Aol A3} 23l (Hamaguchi et al., 1998; Park
et al., 2006; Waki et al., 2012), 945 w®}x|Z AW P.
olseni®] A=~ viAIFe] A} Al7]e] 78kl (Park et
al., 2005), BpAE 2|3fe] HALE fEgte] Xk u) glch
(Waki et al., 2012). o|&|gt AMlel| v]3=e] & wff P. olseni
T A bl A = AR QS vAAL e
Ao gk,

7L 70| Ao R Qg 3 229 537} )
H &3o] A9lE ©@&3 (Bushek et al., 2002; Moodie,
2005). 3| Perkinsus spp.2] AZAl % hypnospore
(prezoosporangium) + &3 xA 9| H3|2 I3t FAA 3t
Z3ell FekAZy x&2d 75 7] witel 557 A P
olseni®] BAhE sl 710 ® A glth 59 Al
ZA| ko] odzkAdol| 23t Ragone Calvo et al. (2003) ©ll

29 P. marinus® 75 M 5 Hd 2=E dehde Al
717} 5541 C. virginica®] g L EAYS A7)eF A
g Rudto 2a &3 Fate I8 P. marinus’t EAES
glslgle}. 22iv dAIA P. olseni®] kel dfste] <3
ol wpA=Re] HAL w A s el HefiA= LAl Bl ik

upeba] & AT = A wpR|E oFAAel A AAe &
= o] gapped & x| APt npAE A A A Q= vk
el P. olseni®] ZREE vt o]et fFARE A¥E

A Ao o Adgregn &3] Aol WE P. olseni<

2
P B 1L olssh] flste] asieln,
ME % oy

1. %2722 Y viAIF3} =F vkA g A9 P. olseni

o A= L

A Holy 9%o] 9]x]3k npAe} FAlF oA A2l5
Q) WA 5 ALl AANYE WA A BRew &
& & 2L 5 mm A% Wel J APt wupx|Eke Zkk 2070
AA ARskt (Fig. 1). o] F AR $A4 44, 43, &
%% 4 condition index (CI) 55 SA33on, S4H=
RFTM (Ray’s Fluid Thioglycollate Medium) - 2M
NaOH lysis W& o83 P. olseni®] #HA=E 54311
o} Cle 5359945 x 109 Aoz ZAs1)

o,

2. 2181739 & £ 9 A vpA &9 Perkinsus olseni 4
=3}
1) Perkinsus olseni B FH|
2 A7l AMEE P.oolsenis 9= 43T viAE ok
AellA AR wpAEe] P ZoelA EElsiglen,
monoclonal culture® 335} P. olseni (KHS-1) & &1
a}ltk. P. olseni (KHS-1) + A% A7HA] 5% cryo-MEM
Minimum Essential Medium, DMEM:F12 with 10%
FBS with 5% DMSO) °| $Z2EE 85ien, P. olseni
(KHS-1) & MEM (DMEM:F12 with 10% FBS) ol =%k
sto] QFAE Rl

2) Perkinsus olseni 919 Z+ Algl Hlx|=t

2 Aol A8 vhA e S ek 2909 sheele) v
A2t FAelA AR sk, AL s oF At Al
Ele] o771 AF e AgAeA 197 2 20T 9F 30
psullAl XA o gl o] &-8gict. o] 7|7k F<k il
147H Shellfish diet 1800% (Reed Mariculture Inc,
USA) £ 1 x 107 cel/ml/dayd] 5% FF33th

3) cleizd A HA HIX[ZSRRE WEE P olsen/ HE
1670] wiAjgts ZF JiAPE R S99 2 (100 ml) of ¥
2 o}, P. olsenis 3 x 107 cell/clam s=% 4% A
3|5 0.5 mlE Fo|72el 3k, Wi sie= WEEE P
olsenis A3}, xoE aerations AA5I5H) AE
=5 dAkeE AFEe] WA o] JAHS 4, g A
st SARE Fe3 o $59E SA%%eH, o] F o]

SRS T Y el W oAk el wel ovlel A 4
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Table 1. Mean shell size, condition index and P. olseni infection in buried and gapped R. philippinarum in mid

August, 2012 on Wi-do Island, west coast of Korea

Clams N Shell length

Shell height

# of Perkinsus olseni / # of Perkinsus

(mm) (mm) clam olseni | GTWW
Gapped 20 37.75 + 3.57 25.34 + 3.37 28,203 + 24,889 17,005 + 15,007
Buried 20 37.75 + 2.59 24.01 + 4.22 2,655,626 + 1,536,936 767,324 + 390,155
P-value P > 0.05 P > 0.05 P <0.01 P <0.01

N 2F (Group-A-D) 2% Y ¥, Group-A: At %‘” 7
B 297t dl5o 8 WEE P olseni 95 i Agslsio

o, mpA el wkAlg Ao FAE A skl Fdt
1HH 0 2 Group-BE b 3 447 Group-Cx= dAF 3 64
ZF, Group-D+= #AF ¥ 847 5 523 W<EX P. olseni
Fe il ARt en, npaut delle vl AlYe] FAE
Akl = FoZ WES P olseni % = ¥ A7
g 2AE R grouping & F AERich

4) P, olsenie| Mt

P. olseni®] A RFTM¥H 7} Choi's 2M NaOH lysis
u-S ALg-8k5iT) (OIE, 2006). ¥HA12F A4+ 3,000 rpm
o7 2087 A Fst] Ads AlASKL 3159 pellet
< RFTM (with penicillin / streptomycin) °f] Y300, n}
Ak Hzste] AAHE-S RFTMell 93 A-&2] ghalelA 15
A7k wjekslick. Wik 3 3,000 rpm S & 20%-7F A
3lo] AL A|ASL 2M NaOHE 10 ml %7} ¥ 30%-7¢
50°C oA wieFate] nixlgke] QA5 A A 3kl o] A
3-43] wHEsiglow, FHIAR= H774e (Marienfeld,
Germany) = °]83le] A3t A == x| 1A
# of P. olseni cells/clam) =+ %5 # of P. olseni
cells/gram tissue wet weight (GTWW)) ©$]Z 3%7]3}3
ct.

3. SAIEA

7} group 7t P. olseni®] “5%.2] o] SPSS. 12.0.177]
2] T-test =+ One-way ANOVAZE A A3t o} Duncan
9] ARFEAE 95%2] AlFgFedlA HrlEsich

Al
=

oo

23t

1. Ao A9 uiA&3} gapped HHAIF AU P.
olseni®] Q4= v
A9 ke A B5elA 3-5 em Aol A1 sl
21}, gapped ¥HA2] A5 B34 7o) oF 0.2-0.4 cm

o Foz WelA gl AU ATFE Folx el A%

o} = wpx| ekl Ael A A H gapped RFAIE} A
wpx|2ke] 143} CIE A2 FARISIEE (P > 0.05). L8|v} P.
olseni 7rAEE= A9l vlx|go| A HF 2,655,626 cell/clam
T 767,324 cellGTWWe| AZ= %21}, gapped B}AZ
©] 73%- 7 28,203 cell/clam E= 17,005 celIGTWW Rt
o] A&= 3t (Table 1).

2. APAY A= v g3 5 A vkx1=e] P. olseni 7+
L R
1) MZE Hix|2te| P, olseni ZY¥E
P. olseni ° <19 7+a= nix|ge <l ol =
857,000 cell/clam < 3= F2o7 #&3lo, 7+ 294
FE] 49A71A] wjd 2k 200,000 cell®] P. olseni’} W&=
Aoz Yepsith (Fig. 2). o113k 398l 27717} A3t
AL, 4R el 67HA7} APFEe 2 AA wiA g T A H
Aol 50%7F Fglem, o] AEEE A ol Sl 871 A
2ko] 3 P. olseni 7FAEE 19,800,000 cell/clam itk
(Table 2).
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Fig. 2. Released P. olseni cells from live R. philippinarum
after inoculation.
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Table 2. Changes in the number of P. olseni cells remained in the dead R. philippinarum

Sample (Live clam) Group-A Group-B Group-C Group-D
Sampling period including death 0 9 4 6 3
day
N 8 2 2 2 2
Mean # of P olseni per clam 19,800,000 10,668,750 1,662,500 300,000 0
STD 5,779,129 822,012 1,184,404 442,264 0
o .
% of remained cells to total 100 53.9 84 15 0

# of P olseni in live clams

STD: standard deviation

IFL AT 43 A AR 671A1F 24 U] 74 kkek. olel gt e sk 1974
3tleh. Group-A®] AU & P. olseni®] 4% 10,668,750 Q= whAte] B A 2FE 19,800,000 cell/clam ¢} ¥]

cell/clam g, Group-B¥ 1,662,500 cell/clam & 7+43} wate] A} AR F2 0.05%00 EZ3] e

49l AR Az

w, b 59H 7t

g2, Group-CE 300,000 cell/clam 2 Asl= 5 A7t A= AEFH 2z F713le A5 YefdiZl 319l 2.3%
o] AHg4E F43] 43tk tl$o| Group-DE HAF of Exslglct. 24} 84 ot AJE WEE P olsenit &
7} tiF-2 EEE e o]F WellA P. olseni= Y °)d A 1,334,375 cell SloH, o] AL A nix|go] BF3Gd F
ZEA] sk} (Table 2). 259] 6.68%°l Dalic). 2 Aslo] Alex A= nlx|

Table 3% HAXA} vix|Eo] T2 W&t P. olseni &F A b vpREe] A3 ClE A2 #2181} (Table 4).

< A3t Aot} Group A-D o &3 AAIEe] A FY

W23 24 = 9,375 cell/clam FoH, A 29x= o

65,625 cell/clam 2 Z713}31, w4} 32 Aoli= Group

B-D¢l| 43t /MAISNAA 147,917 cell/clam ©] WEH At} B 3 sk Aot 2ol AAlFal npa|eke] Fg
Ak 5 Alells Group C-Dell &3 AAEZAN HF  714%Q P. olseni®] it 717%11 B3 ATEH, 535 A}
459,375cell/clam ©] 5522 FEFo] “]'%w 7] o W2 %Y P. olsenid] A= Alg] wE A7), W& 7]
Z3l9ic). 1 o) F s Re] A WEHe 43 TAas) 7F R S 5 AR Aol x4 AR S HAL ¥
of Ak 79A Group-DEFE WEH FA9 = 87,500 A A2 2H= AZA A= v)wste] 2177 Sk 7
cell/clam ° E23151, AL 8 Aol FAI7F A& A A3] Zhxdte] 8UA = A3 HAEHA dorow, 2 7]

Table 3. Changes in the number of P. olseni cells released from dead R. philippinarum

Total P
Sample Group-A, B, C, D Group-B, C, D Group-C, D Group-D olsen; cells
Sampling period
including death 1 2 3 4 5 6 7 8
day
N 8 8 6 6 4 4 2 2
Mean # of P olseni g ans o505 147017 9295.833 459,375 268750 87500 0 1,334,375
per clam
STD 12,939 74,026 150,917 357,567 365,629 337,500 123,744 0
% of released cells
to total # of P
olseni in live clams 0.05 0.33 0.74 1.48 2.30 1.34 0.44 0 6.68
(Ca. 20 million
cells)

STD: standard deviation
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Table 4. Mean dimensions and tissue wet weights of R. philippinarum used in the laboratory experiment

Shell . Shell Tissue wet .
Clams Length (Sn}ll g)l }ileé%}‘l]; thickness weight S?e)llivxga%%lt CI £ STD
(mm) = STD (mm) + STD  (g) = STD g
Live 38.35 + 2.45 26.35 + 2.16 18.45 + 1.94 2.23 + 0.85 7.18 £ 2.53 3.21 + 0.84
Dead 37.55 + 3.23 25.85 + 2.24 18.60 + 1.68 2.18 £ 0.81 6.98 + 2.43 3.20 + 0.88

STD: standard deviation

Sk A2 WER FAFL A 5L 18I o
FA3| 7Fasle] gUAR o= WEAAT} 281500k WEE
Al AE A Bk Qe Al wlsiAE ws-

% AL Al SAL uiAI= Y P oolseni $AH9] 7 A1
2ol w3 #A3] Wk o]t S5 HAF A 55
2o B3| (disintegration) ZFFOA P. olseni®] FA|
Al FEE 7] Wte s sk & AFelA] 24 A v
o] upAlgt AP} = A3} ol WE P olseni TH TE
Al A ot vlagt A3 AL 28 Aol AES vk
50% ol SasFAer, 49 Aoll= oF 20%, 62 A
oF 1.5%F FA3git) o|eet s & d7Ale] 9% A
HEste] 2AMEE gapped ¥R A 27 AL wlA|
2%l Bt on o] w7t sap A & of 534
et AR SE etk AgAY ARy d4e] A
v FARRE AR =

ARk o 7 =39 AellA 7Sk FA9 A5
=4 A elE 718 A7) Ak Adks )
250 7Fe] %3] o]Feojx] g o AbE
(Eaton, 2008; Mandal, 2011). 2 $-eluel AlsilelA
St Qe A 14e7]e viAE digeaL d 3
0Cole] o] 4= A7t A2 A5 A o ux]
gho] ez ek F ARishAl Fetka dakele AEde
Yepdic}. whebs S5 224U P olseni®] A= SF24
o] Fafld wj A4 Arefell Al hypnospore® A3 2 4 9)
A7t (Auzoux-Bordenave, 1995), 2012 $x2] n}x]2} o
FolAe o5 Zhol sl DA 2o s kA 3 1k
of HAMEo] 67%-89% 3= w4 Tkl sl
(Song, 2015), ©]¢} ©lEo] Perkinsus spp.2 9L &5
29| S e HEd 54 #2931l (Ray,
1954; Chu et al., 1993, Park et al., 2006), P. olseni®] <
%FA7} hypnospore® A==t 285+ A|7tET} 249
3l St o gk Zow FA%ECh

ghH, AgA AdelA <Hez P oolseni FH1E ¥
Abggt vpR[=t ARUle] P.oolseni®] e 54T A3 At

M

o -‘}94 12 Hl
oy

lo

CRT o [ CY
oy <>

b

N
-

%5
& %
3
RSN

£y Lo

Fdell= dAk AA 2Rt " F S 59 0.05%F 1
L A Aell= 0.33%% S718F AL ol gt e
59 el 2.3%% Fo| WEFe Bl F A FFasle] HA)k 8
A Aol WEE FAVE A ASHA &gk} webA siatb
g AMAZFE 539 A F 1A s 74 P
olseni % 579 AL A 55 Al U9 FAZF
6.8%°l 235t o]¥ 3k A= Park et al. (2005) 5°| X
23k nuke} 7ro] 717kgh miA| oA fecesE E3l WEEE
A2 571 1-2cell/day ol B335+ Febstd slAkgt 7Y
Az e o] FA| e AN FA Al 71F Fagk A
o} kAol Ao sk ojejdl Ao} vkl 7)) oy
A P. marinus®] Az} A3} o) fARE Aajo|et "7t
A 39l A= (C. virginica) 9 #A} Al HEEE P
marinusd o] =A% vl= gloy, P marinuss 57}
Alpsb oJokA] whAo A prezoosporangia THAE A 3HE]
F ] 754 WES 5 9l 713 E ] Wi s
W P. marinus®] 4 W=7} o7} 5 A7l 2 A
HAb A7l ARt 4HA 9lth (Perkins  1966;
Ragone-Calvo et al., 2003). ©]¢} tjEo], 52| A} o]9]
o= ME 532 7$ fecest} pseudofecesE E3}o] =3
19 FA7F Ess Aoz w19 vl 9lo] P marinus2)
7k s slejee ve] FAI7F A E ke
© 2 g} (Bushek et al., 2002). L2} vlx|Ehe] 7]
Agl= P. olseni®] 7350l AL AR Ak A
o] FA| FEo] HAA] Al FodHA ZEgte] £ AFE
3] FelE ik
AEA oz, v Y Al Al P olseni®] ik 7|
AL F 8% o]ye]l o]FojxH, o]H3t &5 A&z WEE
s3] AE A 2k 9l FA 29 6.68%01 E3Isich w
oA o|2|gt ARE P. olseni®] ks Fislek=d XL 5
o] A&k AAZE 783 IS AAREL Sl

R

X, o,

2 d7e IFEeaE AEdTRe] e
(R2015006) }ol 4~38=] )
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