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The first laboratory culture of host-parasite system of Prorocentrum minimum-Amoebophrya sp. was estab-
lished by single cell isolation method. Here, we report the life cycle stages of the parasitic dinoflagellate Amoe-
bophrya sp. of the red tide dinoflagellate P. minimum as observed by light and epifluorescence microscopy.
Infections developed inside the nucleus of P. minimum. The trophont developed to occupy almost all the intra-
cellular space of the host at its late stage. The fully developed trophont finally ruptured through the host cell
“Vermiform stage”, the free-swimming extracellular life cycle stage is followed by another stage for the sudden
release of many individual dinospores. Our laboratory strain of the host-parasite system for P minimum, a caus-
ative species for the huge red tides in spring and summer in Korean coastal waters, could be a useful living
material for the in situ biological control of harmful algal blooms.

Key words: Prorocentrum minimum, Parasitic dinoflagellate, Amoebophrya, Harmful algal bloom, Host-par-
asite system, Life cycle

N B Zay Rl HEg dre] ZHA & 7P A&Hes
=715k Y= Folvh@ F, 2000). P minimume ALEA= 4
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A alEo vt AR sMshs Ao] XujFolAd wHHE(
F ', 2000; Pae, 1994), Y&+ F4524-S 53 /A2 HE
£ oBlslEE Ave WS =B gutgo g R Rl )
+ HE o= vAESH al(EY - 35k 3 aoh
¥k opu]el, vlo]#Zx(Tarutani et al., 2001), BHe|2]ok(Fukami et
al., 1991, 1992; Lovejoy et al., 1998; Doucette ef al., 1999; Kirchner
et al., 1999) & YAVABE-(Nakamura ef al., 1995; Kamiyama, 1997;
Jeong et al., 1999a, 1999b, 2001, 2002; Matsuyama et al., 1999)
Bl S3le AE FEF SHEF 7H F74 3524 (interspecific
interaction) A F83lth=s AMde] Azl HET Ut} o] 7He-
v JHRFe; YANE TE7H 3 zEo A3 AT AR
< (1) 2R GHREFE Y= AR dAE TE39 B
A (Jeong et al., 19992, 1999b, 2001, 2002), (2) &391 SbHARE
A el 7148t Adshe HHER 7184 Amoebophrya spp.
9} gAle) 5k AE°] YT Coats and Bockstahler, 1994; Coats
and Park, 2002). ©1& 714 FHEF Amoebophrya spp, F
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of 93t AFARE B3] 9alA, N EE Sedgwick-Rafter
counting chamberol] B3 343 17 (Olympus mode] BX50; 450-
490 nm excitation filter, 520 nm barrier filteryS ©]-8-3}d blue
excitationd} A Amoebophrya sp.&l =4 MA¥FS vl 7
ettt ZEE MIes 9 54 FFE HEZE(Coats and
Bockstahler, 1994) 7] <& A4 A 8 7hssich. 22
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73 ee] %5 SFHEF P minimum®) 60 ml(~ 10.000 cells
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22 Amoebophrya sp.2l AHF-9 WA (free-swimming stage)$!
dinospore 2%k0] Z¥o] 717kew, 2 A70] 3~6 pm A%0]
t}. Cachon(1964)2 Amoebophrya sp.2] dinospore?t AH-74
B Wi dolrt & 8um=BA] oK EE Felohu, A28 &
FE FEANE v Bl o= Y A7 o Sum A=
7t 2 Bag v} Q.

2 inospores2] 7] ¥-ZH(attachment)?} 35 (penetration)
g2 Zol A=A R e olth(Maranda, 2001). £ Al
Me o Mel] FATA 223 5 SHEF P minimum}
ololl 718&h= Amoebophrya sp7t FEShe SF-714AE A4
WA, 7] Raw 1T A8 FdsiA @A s
o} 2 A3}, dinospores®] £7] F-#(attachmentye HEI}F =
S &:(ventral side) FHET of2} £F AX HHe| o]= Fg
gAML dojd-s AASH L (Fig. 1), 5F HAEY ¥ £ HE
3l Batet= B4 B9 &) A5 IRl B3dg 5
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Fig. 1-6. Life history stages of Amoebophrya sp. in Prorocentrum minimum; protargol impregnations and epifluorescence of cells from
infected cultures; scales=20 pm. 1. Attachment of dinospores (green autofluorescence) of Amoebophrya sp. to the surface of P. minimum
(red fluorescence) viewed with epifluorescence microscopy. 2. Young trophont of Amoebophrya sp. (arrow) visible as a lightly staining circle
inside the nucleoplasm of P. minimum. 3A. Early infection showing irregularly arranged parasite nuclei. 3B. Early infection where the green
autofluorescing parasite is surrounded by red fluorescing chloroplasts of P. minimum. 4. Mid- to late stage of Amoebophrya sp. after parasite
nuclei have started to form a spiral. 5. A mature trophont (beehive stage) that occupies most of the host cell. Protargol stained specimen
viewed with differential interference contrast (DIC) microscopy (5A); living specimen viewed with DIC microscopy (5B) and epifluores-
cence microscopy (5C). 6. Vermiform stage; protargol stained specimen viewed with DIC microscopy (6A); vermiform viewed with epiftu-

orescence microscopy (6B).

o] g FAE Aolgta Attt 2y B dFofME =
| 2 el XNEE ZRElE gaHos Xt #as 2
7, 5 AR & Y Rx 27] 7Fo] o]F AL FEAFHS
w, o] Al7lelle e NEE EF2 ESiN] Y= Amoebophrya
9] o] FYA 9 A3} 2] Pol M2 YF3] LR HJTHFig.
2). JHBE, 2 ZF@d7] DA dF ZAGA R C =T
Maranda(2001)8] 7oA 2HH o2 AARAE AN ++ /]
AE Wi, B dApeMs e mgA dd4d wide 5
A s 27 ZEAAE AATLEN 1Y 4L F
QISIATE 7148 9] YA = 55 AE & Ul A7) A=t
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Gymnodinium  instriatum>}  Karlodinium micrum(=Gyrodinium
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Akashiwo sanguinea®) 7350 DA sh}uke) peechiveS A3}
I Bag e Qlok 39, o wlele) 2] ZEEAE A$ o)
718 E2] Af71zke] Hojel] wzle ol tisire 3 8
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GHA7E HEH 02 H=EHUE Holl=, I beehives 59
ZH(thecate)yS T 72t WHA] w39] ARyt &g g Wgos
(ventral side) #-A 1}e} 7)ohgh “@Rp=(25~ 30 um) Fefe 2
R “vermiform” 22 el 7} ¥skA] Hrh(Fig. 6). ©] vermiform
A Foll= tEA7 7 08 ilsle] RS AE-E dinospores
g ¥4 "ok P minimumo| 71 A3 Amoebophryas]
vermiform®] Zole= T2 JHEF &5 A. sanguinea®] 173200
~300 um; Coats and Bockstahler, 1994)7} ¥| & = 1/109) &
FH3Hd], o]+ olukE &9 biovolumed] z}polol] 71915 AL
= W) $hA, Taylor(1968), Cachon and Cachon(1987) 2
Coats and Bockstahler(1994) 5-2] A5 2|3V Amoebophrya
spe A8 gee] 71 AlER %9 vermiformE 8= Ao s
¢elA gt} Maranda(2001)= 358 FYA7E 2hE S kA
19 = 74 (evagination)o| L} 5 3E1 9] A A vermiforms
(Fig. 6) #&3kx &g iAo, A2 %L dinosporesE°] 7+
FAAYA WMEE7] A ez AgsE 4539 AX gol
& B}, 28 B oM P minimum-Amoebophrya
sp-o SFEZIAAE AY MEL F3 7189 AT7SoM B3d
AP HelY vermiformE FFE 5 AN} (Fig. 6). & A+
AXME S uigA o] dFAY wgS T A&FFE] vtE
3 wHdol), Maranda(2001) 4% @3 AR F& o&
8171 W&ol vermiform®] Fejol] tig F A7 o)z} 1t
st eele} AlaE.
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A9 SHRF Amoebophrya sp.2] £¥0] Hialso] gLx B
T AR A AT 433 WEHA e 25 Y 5
Z 71 ABE AA(A. sanguinea®t Amoebophrya sp.; Coats and
Bockstahler, 1994)°l] A|3t=|o] Ut} A. sanguinea <59 71448}
= Amoebophrya sp= dinospore®] 4, DA, AHF &
A ZW A4 AA (rophont), L8| X 3 A THre] QA A
(vermiform)e] A&A}L GAIE Bol=H)(Cachon, 1964; Cachon and
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23 Aol Amoebophrya sp. BB SO Ut o2 Hed 4
A& Ao At
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FANEY, 1997). °le LE-GE-FE 59 x4 Ui P
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2 (Stoecker ef al., 1997) 5] A 7]Qddt}. 22} o] F
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