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Ultrastructure of Perkinsus olseni zoospores parasitizing the
Manila clam Ruditapes philippinarum in Korea
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ABSTRACT

Protozoan parasites belonging to the genus Perkinsus elicit severe inflammatory responses and are associated
with mass mortality of commercially important marine shellfish worldwide. In the present study, we examined the
external features of P. olseni zoospores in detail using light and scanning electron microscopy. Our study showed
that the zoospores have an oval body with a long anterior flagellum and a short posterior flagellum. The anterior
flagellum has a unilateral array of mastigonemes. Mean body dimensions were 3.37 + 0.33 um x 1.72 £ 0.22 um.
The average length of the anterior and posterior flagella was 16.34 £ 1.52 um and 8.25 + 1.39 um, respectively.
Zoospores of P. olseni found in Korean waters have shorter and narrower bodies, longer anterior flagella, and
shorter posterior flagella than zoospores of Perkinsus spp. found in the mollusks of North America and Europe.
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Perkinsust 19509] w]=2] wiA%k= (Crassostrea
virginica) 2 #HA} €18l AEE 7 = o] Ev], £, o}
Alol, eAlotdotell A =, wiAlE, Zhen], AE 5 A }"*74
o2 w§ Fag iR dFeAE sl 9dAER
B 1=y 9Jt} (Ray and Mackin, 1954; Andrews, 1996;
Burreson and Ragone Calvo, 1996). 19504 *HF P
marinus (Mackin et al., 1950) 7} ¥]=- Louisiana®l] A4
3= A%k = (C. virginica) oA FxE 213 3 A7}
Al P olseni (Lester and Davis, 1981), P atlanticus
(Azevedo, 1989), P qugwadi (Blackbourn et al., 1998), P
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andrewsi (Coss et al., 2001), P chesapeaki (McLaughlin
et al., 2000), P mediterraneus (Casas et al., 2004), P
honshuensis (Dungan and Reece, 2006), P beihaiensis
(Moss et al., 2008) 5-°| Ao ®1=3 v}, Perkinsus
spp. 77—0:1/] =9 ? ]— /‘zo o].7].u] :g].uﬂﬂ- QJEH]-_A
FTHEE AF5e EetL 539 % AHE AskAA T
Ao 7 HArAZIt} (Park and Choi, 2001; Choi et al.,
2005). oz <ldl AATERZZT  (OIE) olAE
Perkinsus spp.= 52 £8 AW o AL Perkinsus
spp.©ll € FAES] FAITE ol 55 Algsla gl

S Perkinsus A7+ Choi and Park (1997)¢] Failjot
of Aalsl= wixE (Ruditapes philippinarum) 4
Perkinsus sp.7} &g Ao A3 Zuslgy, As)elt
@il AAee diE-Ee] wiAlE (R. philippinarum) ©]
A= 9= AYdE E® e (Park and Choi
2001), Park et al. (2005) <+ AeE7e4 o7 23 =5
&} FA A AR P olsenist T 7 gulslgitt P
olseni= F-Eluehint ope} FellE st gl $5 4
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Ultrastructure of Perkinsus olsen/ in Manila clam
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Fig. 1. Map showing sampling location.

Sy B slle] AAsl el wAeld AE
12 s)oo), sbiste] 450t BAT) Ak eb] e
o] Akl "% 583k AAo|t} (Hamaguchi et al.,

1998; Llang et al., 2001; Park et al., 2006).

718AS] AREre 2A A
(trophozoite), F#H %A} (hypnospore), 4} (zoospore)
2 USAY, 5= & ] HEE o] &3t et 54
= R Qo] ARE 3o A= Aex dEA Qo
(Auzoux-Bordenave et al., 1995) A7 A Perkinsus
spp.2| A HlAlTRe] B3 A7 FIAAER A S o
82 AL e Fxst Qe 9 2] B A7 7 o
Fol AT, o|% njgew & BREA 54 477} 453
t} (Azevedo, 1989; Perkins, 1996; Blackbourn et al.,
1998). &} Perkinsus spp.2] A}t FHEAL] o]
< 7Y ® dhedh i FEAe B3 Jud A4S w)
el 5749 WA S4L PR 542 seki
83 didely Perkinsus & o &=
Labyrinthomyxa sp., P olseni 2} P qugwadi®] =3] H=F
#el oA SAdute] Ryl o R M Perkinsus %ol 43k
A= J¥A EAol Higt Ame A vi§- dloks Aol

Perkinsus%

(genus)

(Perkins, 1968; Azevedo, 1989; Blackbourn et al.,
1998).
ueba] 2 dA7e fEivet Akl AEE ole P

olseni 3] F-Hefoll Tt SAS FEv| A F4)
Ardn] RS o] &3l WATORH o] FAL] AFA wAT

2% olsiRe BAoz S

R

1LANEAR

2 a7 AgE P olsenid] ol wlx=E R

H
X
)

philippinarum-E 79 % AT 27 (36°34563.40“N,
126°26'46.57"E) A A3k (Fig. 1). P olseni®] 5
A e ofelsh 2 WEE ol Lelsie)

2. 7R EA} FE

P olseni7} 7V o] 744 o] ol7lu|E A& o}
, 9] Ray's Fluid Thioglycollate Medium (RFTM) ¢j
33 Aleo] oFAlol| A 48A17FECQH Hleksle] %3o] 2A] )
kA Aeloldl P olsenis FHIEAR FEAZT

10

of ol o

3. FA =

Lugol's Iodine2® FHIzle] #571 #el®l A$ P
olseni7} w43 B¥3= ol7pu|nkg A€sle] Petri dish
(2 9 cm) ° F7|3 HEZE o]&3le] 2| 43t § o7
HEla (25 ppt) 5 mlgk EFeRL) ©]F "] 100 4
m<] Muller GauzeZ ©]-83] oj#3}e] jal7} 2 orjn] =
A5 AL o7 g4 oha] WEo] 50 £m<l Muller
Gauzes °]43} 27 50 pm oAl FHEAE FE3]19]
t}. ©] % 1,000,000 cell/ml 5%=9] FHEA 5 mlE AAl+
2] (45x g) & ¥ opHsS (25 ppt) E 5 A Hold)
o] op7tu] HA7|1E AAstL FHEANE 5 FEsklvh
#2]5l FHEAE Petri dish (¢ 9 Cm) °f o3} HFsls
(25 ppt) 15 ml, A 20 1 (Park and Choi, 2001) <}
AL 20°Ce] gAlelA wiekste] Akl WES =SSt
FaEAe AEFEARAT A 4 AP 6417 744
oz Fstdu)Aste) A B3I

-7,-A}21 A8 v BF

A WEe] %= ﬂ?i'%
Glutaraldehydeoﬂ Al 241752t
Cover slipel 200 ¢15 #3F3t
AA #5271 Cover slipol] #2H=%% 319tk 2 & 50%,
60%, 70%, 80%, 90% EtOH|A Z+Z 1A 7Heet e 3}
< A3 ¥ 100% EtOHN A= 1/\]7& ZHAoz oW, 0 F
100% EtOHONA 12417+e] &4 A2 AH 774 W2
T AAT F ALdA AEE xSk [Axd A58
£ %% "W (BH-2, OLYMPUS) I Axdw07
(JSM-5410, JEOL) & o|8-3}o] 23 3gick 4 AA &
u| 7 BEkg A 52 7% ion sputterE o] &3le] 5-6 nm
A Wgez FRSILE F5Ae] 27] 54L& Image
analysis program (Motic 2.0)= ©|-$3}ic}

Az 2 0y

&5 TR FREAS 209 sligelA mjdta 294
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Fig. 2. Light (x400, A) and SEM (x2,000, B) micrographs of
free mature zoospores with 2 flagella adhered on a
glass slide.

of slo] FH¥A oFo 7 HAAEE o] WA U, vk
4R FE A ZRES AR falde s A sigict vl
& 5UA 50% o2l AR} FrAbrde® AssEglon, u
<k 8UA el 90%01e] AEoAA FFA7L == Aok

e R = = R L e P EA R i L B
AR S E3 e A FAol 2709 drE FAH
o] & FFAke 71EAl oF FeE HET
(Fig. 2A, B). o]¢} 2 whie A 72 &
A A AR E o] A5 o HEv}
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Fig. 3. Zoospore showing the anterior (AF) and posterior (PF)
flagella. Note each flagellum consists of long basal
portion (BP) and short apical portion (AP). The anterior
flagellum bore a row of long mastigonemes (M).

+ Blackbourn et al. (1998) ©] 213 P qugwadis} 7}4
AR FEE A wAe] A iR FHE v
FHiE Ao v e FHE Hskz Jgich b,
Azevedo (1989) ¢} Coss et al. (2001) < 3] R.
decussatus®l| 7123= P olseni®} &1 Macoma balthica
o 7148k= B andrewsi®] 735 FAH7F Adi-of FHE
T o e Wohn 21 sfe] & qAFolA Ak A9}
= =A19 Fer) A Aolgt Aoz ElEHGY 7R &
Aol 27]+= FuloA AE= L = P chesapeaki (3.73 =
048 1m x 241 * 0.36 ¢m), P marinus (4-6 pm x
2-3 ym), P qugwadi (4.5 = 1.0 tm x 2.04 = 0.5 «
m), P andrewsi (4.4 + 0.6 #xm x 2.0 + 0.6 ¢m) ¢ +
HollX 7AZE= P atlanticus (4.5 = 0.6 #m x 2.9 = 04
rm) ¢ P mediterraneus (4.4 + 0.18 pm) <} v|w3}3
= o £ A7 SAHH P olseni®] wAl= 1 277} Fo
w, QlE d&F} T4 E1E P honshuensis (5-7 pm
x 2-31m) U P beihaiensis (3-5 pm, A=) ¢ v|w3}od
ME &3l Aoz Yelylt) (Table 1).

A Fe FEF9 (groove) oAl AHRL] 7]A o]
WA, FHRE ARR| viE FZE FFF9 7|AF

o fixstx A} (Fig. 4A). °l¢t & F52 P
ugwadiolX = 2= n} glt} (Blackbourn et al., 1998).
AF+E B3k Felsl AHEE 16.34 £ 1.52 pm, TH
= 825 + 1.39 pm% A or (Table 1), AH x|
5 71 A} vwste] Am R E B Zle R Yy
o} A#H®me] A P atlanticus= 12.7 = 2.4 um, P
qugwadi= 9.67 + 2.07 umEH 2 T} Azprc} golo
W, &3] P chesapeaki®] 73%- 5.51+1.19 um=Z vi-$- Z

¢

M

L)

b orle
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Ultrastructure of Perkinsus olsen/ in Manila clam

Table 1. Dimensions of zoospores of P. olseni in the present study and other Perkinsus spp. reported from previous studies.
TEM: transmission electron microscope, LM: light microscope

Body Body width Anterior Posterior
length (um) flagellum flagellum
. (#m) (#m) (#m)
Species Host Country Moan = SD Moan = SD Moan = SD_ Mean = SD Method Sources
Range Range Range Range
N N N N
Rudit 337033 1.72+0.22 1634+1.52 825+ 1.39 p :
P olseni hﬂ? ;Zism Korea 2.7-42 1.2-2.3 13.2-21.1 6-12.4 SEM rtesgn
priftppimart 50 50 50 50 study
Labyrintho Macoma Perkins
myxa sp. balthica UsA 3_5 2_3 13_17 7_9 SEM (1968)
G " - - - - Perkins
P marinus ~ 2oo08tea ygp 46 23 10-18 510 TEM  and Menzel
virginica i i i i (1996)
P.‘ Portuga 4.5 £ 0.6 2.9 £ 04 12.7 + 2.4 10.7 + 3.2 SEM/T Azevedo
atlanticus  R. decussatus 1 - . . ) EM (1989)
(= olsen) 25 25 20 17
Patinopecten 3.86 £ 0.31 247 +0.29 9.01 + 1.2 7.95 + 1.2 Blackboun
P qugwadi essoi nsis Canada - - - - TEM et al.
4 7 7 5 2 (1998)
P 3.73+ 048 241 +£0.36 551+119 3.0+0.65 Malaughlin
" ’ ki Mpya arenaria USA 2.2-4.7 1.4-2.5 - - TEM et al.
chesapeaki i i (2000)
4.4 + 0.6 2.0 £ 0.5 Coss
androwsii baliwen U ' ' TEM  etal
e 10 10 (2001)
£ 4.4+018 ) Casas et al
mediterran  Ostrea edulis ~ Spain - TEM '
(2004)
eus 50
P . - - Dungan
‘honshuensi VZ.];FUIIZ Zr(fn)z Japan 5-7 2-3 LM and Reece
s PP - - (2006)
Poseni  Austvenus - New o5y g Dunen o
stutenburyt 100 100 :
P . . . ) ) Moss et al
beihaiensis C. ariakensis ~ China 3_5 LM (2008)

Zol 5Aelty. B marinus® ¥ ¥ A7 AR
10-18 umgek. F#HE (d=®) o A$ P atlanticus=
10.7 + 3.2 um3EHN & QA AR} 29 oy P marinus
(6-10 um) ¢} FA}slAel. P chesapeaki®] 735 A wel
7R = B Foll v #AE] g FHE (3.0 £ 0.65
pm) & EA8k5ich

AHR e} FHARE 7M7) basal portion¥} apical portion
22 FA= I} (Fig. 3). AHRL FA= 7|AF o]
0.2 £m$%2™ basal portionol|H+= o] & FA7} AAs}
A A} dtezRe 04 pm & AHANAM A
apical portiono|x H®e] FA7} F43] H4s & 24

pis

i)

basal portion< AR} 5
9] 7% apical portion ¢ 3 ym= FHZ|| 13
Aew  ghmts] ghasicbl FAEg
(1968) 7} X8k wie}l wis- FARRE Z#HEH P marinus®]
750l = AHA R 9] apical portion®] FHEZ| 7%} T4
3] FAs e Zler Husglrh. Azevedo (1989) 54| B
atlanticusd FFEAE 2 A3 A} ¢ SAREE Je S
23 9SS Busglen} 3 9| apical portion®] <F 6.7
pm= AA FAR 7ol oF 67%5 A3 o £ AT
ol &el= P olseni® 735 °F 40% o|U|Z L nv|go| U9k

o=
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Fig. 4. SEM micrographs of the body (A) showing the
insertion point of the flagella, and anterior flagellum with
mastigonemes consisting of spur-like structure (arrows)
and hair-like appendages (HA). G, groove

oh 554 B2 A5 3, A o]
g ARAE BAE A A xﬂ S T
kol AnAE vehdlon, FHRs TR} oFe A
£ Yekdslt) (Table 2).

AHRANA Eelss AR HARAde] FE3H= mAR
2 AR FHAS = FA FAES P 9T
= ez 44 9l (Ringo, 1967; Bouck, 1972).
Ao A 2= P olseni ARES] 7 thge] HARHo]

Korean J. Malacol. 28(1): 65-71, 2012

PEsa ggien Huge Aol 35 wolg B
t} (Fig. 4B). Ax€o] ol= 1 375 +0.103 #m ¢
on spur®} 2 Jefo 7|AFEe] 0.21 £ 0.11 gm T+

o7 wjdEo] QIR 7)ol th2] mlAgk HRHo] F-2}
H s v ek HAA] P olseni (Ordas and
Figueras, 1998), P qugwadi (Blackbourn et al., 1998)
W Perkinsus sp. (Perkins, 1968; Coss et al., 2001)°l4]
Hr o] gelg v} 9glon o]E £ P qugwadi®t Macoma
balthica®ll 7|A38= Perkinsus sp.2] 7% & ZAA &
Zhl njel o] HREe| spur B wAIgE Hrdo] FAEE
B3t

® 4TS F5jo] Skl Al B ek Al wA
2ol 7B P olseni 5749 HATEE AL 5
S FARAREI AL o183 FTA A9Tao] B VRS
ofrlo} FHol| FXE3}= P olseni 75 x| RuIn 1
2] o7t ole}. 727 -elyetellA &19 P olseni 74t
o] A AL ngy FRA AEHE g5 (ihf) 2}
Hlaste] 2ol FUdFA A wAANES] P olsenist
Wwstols EAk A AR Aol7t BAH 1 Ao 1}
ERytel. =3 A#H 2 9] basal portion : apical portion<] ]
& 92 F-R20lA &l P olsenist o)) ool Eal=3)
o} 2ey Hrde] EAe} Hrde] 72 gl HE 7]A N
el e A7 A} D3] ARt ez A o]
2et Fejd A2 A2A A2 9 S5 Aolol 2t 7]
AF-537t AaAg-e] Halel oe AvE gusid.

2 o

Perkinsus spp.= TS u]33t A AAlo] Ax 41994
o Fad olujuifel =] HAE FiEhe EHL’
A 7|AFolt) & AFolAe viAEed A AEEE P olseni
o] F5AE FEn| A FAAARRAE o] &3l HAlTx=
= g A3 P olseni®] 5= BEHIEE] A 1719
% he] Rz P45 glen, FARAE A

3L gglom, AREe HE o] E Wojut FX
F2 ek AR e A 3.37 £ 0.33 pm, HE
+ 022 pym °|glen, AHTE 16.34 + 1.52 u

Table 2. Correlations among zoospore body size, anterior and posterior flagella.

Body width

Anterior flagellum

Posterior flagellum

Body length *
Body width

Anterior flagellum

dk *%

*

*: p<0.05, **: p<0.01
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m, FARE 825 + 1.39 ymoE A} o]= F3H3
w=ol|A B31% Perkinsus spp.9t Bl S ] EA<
7l AAE "R Aol 71 22 FqlF itk

A A

2 A7E dedTAde] dukdT (2010-0013304)
g A7) Ao R o] FolgHrh
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