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Characterization of the Myxosporean Parasite Isolated from Emaciated
Olive Flounders Paralichthys olivaceus on Jeju Island
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To investigate the causes of emaciation in cultured olive flounder Paralichthys olivaceus in Korea. We performed
histological examinations and polymerase chain reaction (PCR) with a new primer set. In most cases, the most severe
emaciation was observed in the abdominal area Using PCR on extracted livers, kidneys, spleens, gills, brains, and
intestines, we found that areas around the kidneys and intestines were as almost always positive. In significantly ema-
ciated fish, PCR was positive in all internal organs except the gills. In addition, the homology of 812-bp nucleotide
sequences of the 28S rRNA gene was more than 99% in emaciated fish. Partial homology with Myxobolus spp. and
Cystodiscus axonis, whose data were obtained from GenBank was 86% and 88%, respectively. Histological examina-
tions detected spores in kidneys and intestines but not in other organs. We also performed cohabitation experiments
to determine whether infections could be exchanged among species or only within species. Uninfected olive flounder
and red sea bream, Pagrus major, cohabitating with emaciated olive flounder showed 100% and 0% cumulative mor-
tality, respectively. Thus the cause of emaciation in cultured olive flounder of Korea is likely due to a new parasite.
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major), &+5(Oplegnathus fasciatus), ‘d | (Paralichthys oliva-
ceus) solAE oY S/ Hol= Aro] glE o], Ao
HSolA W afi7h EAgskar Qlek o] AXel TEE olF
£ TR, FRES W olAlF 4 50 S4S Uehict
7} HAte] o] 2| Erkal B35t Tun et al., 2000). Tun et
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fugu, Enteromyxum leei ¥ Leptotheca fugu?l 7102 ®Hil
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FA ol HAl Yolo 2= nlo]g 4] AW o] viral hemorrhagic
septicemia (VHS)%} 712854 A= 21 Scuticocilate”} -2 H|
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o] YZ ATE 93 A E= 2010 (E03), 2011E(E06), 2012
W(E03) L 2013 F(E12)0] AlF=A19 ] FA] FAF 2z E
TR e dA= FeknAEe ol8sto] 718F
AAS AABEAAL, Alit2 2e8t7] f15to] tryptic soy agar
(Difco Co., USA), thiosulfate citrate bile salts sucrose agar
(Difco), Salmonella-Shigella (Difco) B0l ZFz}F ¥ojo] 7t
v, A 228 =gt &, 25T o 4] viFskeint. Cho et
al. (2007)¢] ®Hof w}e} viral hemorrhagic septicemia virus
(VHSYV), viral nervous necrosis virus (VNNYV), hirame rhab-
dovirus (HRV) 2! red seabream iridovirus (RSIV)5 42 v}
olej o] tfale] PCR W 0 = o] 5 Belalgict
DNAZZ

PSS Hol= dA=RE 7 v, A%, A = 2 of
7H| 242 AE5H31aL, DNAES #2]517] $15to] DNeasy™
Blood & Tissue Kit (Qiagen Hilden, Germany)S A5} Tt

e

Table 1. PCR primers used for the detection of new pathogen

HZ| 2} 221 9] 10 mgof] ATL buffer 180 uL2} proteinase K 20
uLE H7kste] 56TColA 22l0] =5 w7hA] HEG-AIZITE v
<%, AL buffer 200 uLE g o] 4> t}L- ethanol 200 uLE o
3}o] spin columnol] %A 6,000 gol|A] 132-7F YA E2] sl ch.
Columng- A 22 tubeZ %71 T AW1 buffer 500 uLe} AW2
buffer 500 uLE ©]-85}o] A|A1A-E A2 ., AE buffer 50
uLZ #715to] 2|%% 02 DNAZ 2e]5ksich £2% DNA
£ A9 A7 20 el Bakskic.

Primer X%

AU E Hole 7Y G215 tide= o5 ed&
2A517] 9]8to], YtollA ol @Fo] AR HALE E. leei
2] small subunit ribosomal DNA gene (SSU rDNA) .2 5LE]
A2 MM 18SE/MM 18Sr primer set (1,589 bp)E L35
AASHAT(Table 1) FH2] o254 H310] 4 24 02 R
DNAE #2]5}o] PCR A3S AAISH A}, 25 PCR 4%t
o= UEFH T 2 AF-%1-2 GenBank (NCBL USA)d 5=
MR (Myxidium sp.)2] &714 E=25E degenerated
primers& A|51411, o254 2| 26| DNAS 2elafo]
PCRE& AA|gH A1} oFAd vh-5-5 2121819 2 1, DNA sequenc-
ingS F3 9714 B4 F ) 90 ol 9% e 98
A 2-¢- EM-F/EM-R primer setZ A 2F3}9 th(Table 1).

PCR % DNA sequencing

PCR-2 microtube®]| 1 uM 2] Z} primer, 2.5 mM 2] Z} dNTP,
10 X G-Taq Buffer, 2.5 U G-Taq DNA polymerase (Gene Pro
Themal Cycler Cosmo, Korea) ¥ template DNAZA| =5
SHARS: A 713t & distilled water= PCR Z3H=-2] 2= volume
o] 20 uL7} =|A skt PCR 2712 95T o4 387t pre-
denaturationA] 71 &, 95Col|4] 30% denaturation, 55°C °f|A]
302 annealing, 72C 9| 4] 30z extension®] HF-2- 1 cycle=
3lod, 35 cyclesZ WA 18|31, 72°C oA 75T post-
extensionA] #Ht}. PCR ¥ 52 AH=-2 1 X TAE buffer (40 Mm
Tris-acetate, | mM EDTA)E 217|952 ¢35t Mo =2 5}
o1, 0.5 ug/uL ethidium bromide”} 71l 1% agarose gel 4}
oflA A 7] FE3 5, UV HE7]0)4 band & #2631 PCR
FE AHE2 gel purification kit (Bioneer, Korea)S ©]-8-5}¢]

Primer Oligonucleotide sequence (5'-3") Expected sizes Function
MM18S-F CTGGTTGATTCTGCCAGTGGTC 1,589 bp Detection of E. leei
MM18S-R CGGTACTAGCGACGGGCG ' (Palenzuela et al., 2002)
28S-F CTAGGGGAATCCGACTGT 313bp Housg keeping gene
28S-R ATCAAACTAGAGTCAAGC (28S ribosomal RNA)
EM-F CAACCGCAATGTGTTTACTC 812 bp Detection of new pathogen
EM-R CCAAACAACCTGCCACAATG (in this study)
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3|43t &, ToPo TA cloning®kit (Invitrogen, USA)Z cloning
sto] 97149 EA41S ol=l5lArk(Solgent, Korea).

ZAY B P10 oY 34 sol WA
‘3}01 Bouln s solution
etk
o] ulg}y AEE A ]_I_(Lelca EG 1150HC Germany) 3
7] (Leica Jung 820, Germany)S AR50 & AA|51S
th o] Zmpo|A2F o & 4-5 um 7 9] AHE Het o &
2ol Sof| R2RAA A=A ZATh A2 £ 4] 3422 haematox-
ylinZ} eosin (H&E)2.2 FA-S A8 & 335+& |7 (Zeiss
LT60, Germany) 2. & 7173} c).
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Aol iE B8 Fat elo] /AN E Hlsky) st
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& WISt WA PORO s 18 el alel 9

£ donor groupl 2 3}, 24402 THH A U HES
recipient group &3t 1| 3}e] 7}11 AFe A 3
WA Aol A= ol gFoll 2™ |A](16.3+0.4 cm, 40 +5.23
g) 15uke|e} ojhFo] A=Al o2 dA(16.7£0.9 cm,
53.4+847 g) 15u}2]E 0]8-35}0] cohabitation AEH-S A A5}
et Ao AMH Jx]+= 100 L SekAE =20 recipient
group®] e X 2ju|E g Fepjo] skt F #A
Aol = HA & B ojF mo g ofgdFe Mot o] &
A =AIE 2ARALAL SHRATE o] folsl= 2 WA
517] 91ste] 100 L 4= Well EEV\E‘ IEYE ARgoke]
oS the &, ol 95 Aol 2l 9] 10uk2] e} ol 95 &
A w4 o] 3helE FE(6.5+0.5 cm, 3.5+0.7 g) 10u}2]E o]
831 cohabitation A &5 AAISIITE. A 7|7t F4] As
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Sl Ao BT, AR ANS oL % SN A 72 5
of 34 Mﬂwow Q9] AFHo] 4 B 1E E(Tun
ctal, 2000) QIO £ 02 345 nol) 2
St Fol 145 A7 AR 2,
A9 Ao 25 8 um, % 7.9 ums| 52 Y] 2471
| T(Fig. 2), A2 HARE Holt A% WP

t}(Fig. 1A, 1B). @n|7%
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7-, Edwardsiella tarda, Vibrio harveyi 3! Streptococcus sp.
Sk e Al Wstel BHY 40 ek sl

t}. Viral hemorrhagic septicemia virus (VHSV), viral nervous

Fig. 1. The external (A) and internal (B) signs of the emaciated
olive flounder Paralichthys olivaceus.

Fig. 2. The spore from the intestine of emaciated olive flounder
Paralichthys olivaceus. Bar=10 um.
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necrosis virus (VNNV), hirame rhabdovirus (HRV) ¥ red
seabream iridovirus (RSIV) 5 459] viruses= X= ZAA)
AR o A HEE A ¢eFtH(data not shown).
Al HA] FARNA o] S-S Hol= gAE e =
/\Hiﬂ] A|2+st EM-F/EM-R primer setE ©]-8-5}¢] PCRS 4
2 A¥K(Table 1), Y+20] of Y5l tht dtoll A= AQIA|
7} TR AN HEH= AR Eiﬁ}‘iiibh = Aol A=
28] Aol At of 2t Aol A= EC ¥ A= U
Ehdth= S 2215k E}(Flg 3). o U5l A okt g
A Z thAtO 2 PCRS 433t A, Oﬁﬁi HAA Y HE
SR AV A, ] A2 S A Helstgon], el
ol 9 7Y FAAV|= AR Tl 2} Holo] Ao g AT

ok ERE, AR Y S Hole gAldAE ot E Al
ofet W= HAM A 22 oA PCR /9] A& &ld = 3

Low

=% PCR products®f| tf3t ©

, THE A7l AlF==9) thekRt Ao oS "HAl=
B A= HUAE 1o AR S A= 99% ol
Aoz Uepytar, Az Y| Aol A dAshe oY
of dls diFE T4 7185 $U Aoz =
(Fig. 4). GenBank databaseg &85t AR v S A
AlgH A, A5 G714 E91 150 bp7| Myxobolus sp. (Acces-
sion No. IN616264.1) 2 Cystodiscus axonis (Accession No.
INO77605.1)2} BEA © 2 86% U 88%2] G-AMIS ZHzF ot
et glem, ob4] GenBankoll 5554 -2 vls5 FQ A&

=
2

hreEpl

A~
2 2t
XISt AL
2} 44719) 24 A YokEn 4 om BT Ak, ol 9%
of el X o] A4k A B 9lell 4 A Ei U] 24
7 ek BAIE QL g B gJo] M B ALY ol TS e

Low

M1 23 456 NM7891011 12 NM

1,000 bp
500 bp

Moderately

Heavily

M 131415161718N M 192021222324 N M

1,000 bp
500 bp

Fig. 3. PCR amplification from nucleic acids of internal organs from the emaciated olive flounder Paralichthys olivaceus in the level stages
of infection. Lanes 1, 7, 13 and 19, Kidney; lanes 2, 8, 14 and 20, Intestine; lanes 3, 9, 15 and 21, Spleen; lanes 4, 10, 16 and 22, Liver; lanes
5, 11, 17 and 23, Brain ; lanes 6, 12, 18 and 24, Gill; M, 1 kb DNA ladder.
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EM-F —
2010-E03 | CAACCGCAATGTGTTTRCTCTTAGTACTACAACAAACACARA TAT TGT AGGAAGTGT AGT GTAAGCTACGTGGACCGGTCAGTCAGCAAT GATTGGCO6G 100
0E0B | B . 100
QOIFEIZ [ 100

2010-ED3 ACTGCACACAGCGTGAGCT GTTGCAGRGACCCAGCTGAGTTT GACTGAGCAGRCAACTGCTTGTCGATGAACAGT AGT GGATAATGT TGGATACATGIT 200

2010-E03 GGTCGACATAATGTAGTAATATTATTATTATTTTTATTGACGCTGHCAA AACAAA CAARAAACAACT GTT ARCGGT GGATCACTCGGT TCGTGT GTCGAT
2010-E03 GAAGARCGTGGCA AAA TGCGAT RATTAATGCGAT TOGCAA TGCCTTGTGAGT CAT TGARACTTTGAATGCARATGGCGCGOGACT TTTAGT CGTGCATGT

201203 .,
012 ...

20
il
20
300
300
300
300
400
40
400
400
2010-E03 TTGGTTGAGAGTCATAAATCTATCGAGT TAT TTATAACAA TACTGT TAGCCCGCT TGT TTACAAACGGGT TGATGA AT GT GACGCGT TGGCGCTGTGAT 500
2011-E06 | o 30
600
600
600
600
10
10
100
100
600
600
600
600

NI ...

2010-E03 GTTTACTTGTAAGCAT TTGCAGRCATCAACGTATTGT CTAACAATAACT TTTATGCGAACA TGCAATTGT TAATGATTGATGTGT GGCTGT CGT GCAARC
2010-E03 GACAAGT CTGTCATGATGGTTTTGGARCARTTGRTGCTTTGTAGRCATCATTAGT TTTGTATGCATACARACKAGT GCTATT GGT ACGTTGGGT CTCTTA
ZDIS-EIZ

2010-E03 TTGGGAIAGAC AGCTGATAGIG&GTTTGIGGIGTGTGCAAG&TTGGTGGTGTTT@SAMGTGTCATTGICTC G ACGCTAACTTTGGH 76766
2011806
213412 . { { { : { {

= EMR
2010-E03 CAGGTTGTTTGG 812
011806 ..o 812
012803 .. 812
41| VS 812

Fig. 4. Comparison analysis of the DNA nucleotide sequences of pathogens detected from the emaciated olive flounder Paralichthys oliva-
ceus. Primers used in PCR are in boxes.
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0| ZAF WEE o, 7| REH, A, 8 52 ohe}
B A (plasmodium)7} A 22| I eK(Fig. 5A and 5B).
A A A FRolMs A EEH AR AP Al
SA] Foko v, Rt A9 22 o) g 9l w7 e eh(Fig.
5Cand 5D). A1 5 A= Al thE 2237] ool A= 2
A7E HHEA] ggron, Sol2l =& 8 o) v
%] 7] 9krh(data not shown).

0l Zto] Ho| A

o] Yol tigt PCR/Y 277} 2l JA4] 2 M5 o]
sho] WA o] Holof gt A AAIG A, AF 7|xk
2 groups®] donor ‘g Z|+= 3L Ao 100% | AFSFR AL, recipient
Aol A= 129400 100% 2] #|Akgo] 2= Sl ch(Fig.
6A). Fro=HE FE8 WAl oal A% recipient
group®| 4 2] H|AL= donor groupfA] Xtk 7Y = o L}
ER7] AlAFsEG] oo, AR F Do recipient group?] 'H A&

o\ ofo

PCRY S =2 15t A3}, 73.3%2] 7+9E0| 2= %l 1l(Table
2), 22154 HAF A3} 41, A 72910l A donor fishel 5
g FEj ] 227t B UTHFig. 7). FEo R A A
olof gt Ag A}, AF 71t F 3¢A el donor groupof Al
100% FA#|AHE-o] =93, recipient groupol A= A E
FTRY7HA| AL EAgsHA] 9ok o (Fig. 6B), PCRAAL 2
Fof| A 5 SR A& Y= TH(Table 2). 22]5H4] 4
At Ao M= HE Rso] 22 HlollA A7) ke R ¢
Q¥th(data not shown).

oo

B AT AE AR o] e AT WY W ATES
] oY% ATE SI5te] 283l LT, el teke] ofY
% YA QLo B of9F AAAe Pt o
£ GABIAE, BARG s 0.2l A ThE ol

'I_.7_]O

- A=

Fig. 5. Histological findings of kidney (A, 200 and B, x400) and intestine (C, x200 and D, x400) from the emaciated olive flounder Para-

lichthys olivaceus. H & E stain. Bar =20 pm.
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(A) (B)

100

80

60

Cumulative mortality (%)
Cumulative mortality (%)

Day Day

Fig. 6. Cumulative mortality (%) of olive flounder Paralichthys olivaceus (A) and red seabream Pagrus major (B) after cohabitated with the
emaciated olive flounder. @, emaciated olive flounder; O and <, cohabitated olive flounder and red sea bream, respectively.

Fig. 7. Histological findings of kidney (A, X200 and B, x400) and intestine (C, X200 and D, x400) from the recipient olive flounder Parali-
chthys olivaceus cohabitated with the emaciated olive flounder. H & E stain. Bar=20 um.

Table 2. Infection rate (%) of olive flounder Paralichthys olivaceus and red seabream Pagrus major after cohabitated with the emaciated
olive flounder

Donor fish (olive flounder) Recipient fish (olive flounder) Donor fish (olive flounder) Recipient fish (red seabream)

PCR 100% 73.3% 100% 0%
Positive (15/15) (11/15) (10/10) (0/10)
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U deh A9 dxol gt 24 A, e S5 59

of Az of o] WEE o, T HAZF HHEA 2=
A KT} A 0] 30-40% A F2 Ao =2 #zhe| ¢l 1l (data not
shown), 7+3 SQb} B HE917E o 9] 982 HA|ol|l A = 7
glo] wAste] 4 & offl= Ao & whkEr) Choi et al.
(2012)2 Al GA] A A sk o 9S FAlollA
E. tarda, V. harveyi®} 22 AlitAl Aol Bt wl= 49
of thste] Harstl oy, 7 HAlolA S-sA o= EeE A
oo o @50 UdA = ofd Aoz =4 0} Ak AnAS 5
o 714% A4S AN AT, o] 58 um, E7-9 ume] 5
Hefel 2A7} BAE AN (Fig. 2), 012 AR 7Bl
AR o U5 LA Y] 2R} FALRE FEQ] A2 FALE
%I tH(Tetsuza et al., 2004).

Y29 Apof A A5 WS o @E2 Tun et al. (2002)
9] A-toll A E. fugu, E. leer2} L. fugu 7} HJAAIN Ao = o4
=k ol gzl tat BAE R Aok WS M astas
SSU rDNA gene 2] MM 18S{/MM 18Sr primer set (Palenzuela
etal., 2002; Yasuda et al., 2005)5 A|23 & o] Y54 H 2] 9
AT} S o]-85te] PCRE AAISFAANE &4 HH8-& Uhe}
Wit o] )3t A= Choi et al. (2012)9] H 119} U 2] 519©
o, feuttol A sk |29 oS HAl= P24
H A1 primer setE A3 PCROJA = HEEA| gheth= A
& TS} 2 Aol Al ) FA Ao o] 8% e
43t primer set (EM-F/EM-R)E A-2-2.2 7Hds}4] 31 (Table
1), o1 957S Uetll= 9AE o2 e PCR A oA 1

S band e AS Soblslon(Fg 3), B 4
HA oA o450 A ko] LAzt A, ofof -2 o]
8o &8d 2w ¥ ‘%_P%EP HYUA O] A7 E S A
gt A3k = g29] o] g% AIAIE 1He] DNA nucleotide
sequences®] AFEAIL 99% o]Akel Ao R ‘/PE}"PE]'(Flg 4).
712]31, GenBankof| 5% Myxobolus sp. 2 Cystodiscus ax-
onis®| L7 H71H D 80% H=o] 5ol e Aew &
Ql=|o] o}4] GenBank databaseo]] 5554 o4& vl5% 714
T A Aor AP Heh FF, o] HAA o A= DNA
walking} 2+ FAMYESH FA41S Foto] TS Al A el
T-7} Fuketof & Aot

o] A 95 )| A= sharpsnout sea bream Puntazzo puntazzo,
red sea bream Pagrus major, red drum Sciaenops ocellatus©]
Myxidium leei®l] ZH A= & 0] 35222 4 22| A £2;
£ WS = l]lokal B a1t th(Le Breton and Marques,
1995; Diamant, 1998; Athanassopoulou et al., 1999). L3},
Myxosporea®] 7+aH A#Q19] turbot, Scophthalmus maxi-
muso| A &= ZAE 3ol Aol A ghele 4= Qlglem o
23t A= turbot®] Aol FaFe mIRS Aol AlAISHA
THBeaman et al., 1999). Bartholomew et al. (1989)2 Cera-
tomyxa shasta®l] ZFA%E $10]i} ofFol| A= ZAFE Q| 748

ox,
ol
H
ox
HN
ja)

e

& 3 2 2D 4 Yotk wslet ojot 2
ol ofg] Ax-A Tl A ﬂ"—'.4—-‘*-5 Aol AHE olF=

Foll A g o] o] Foj A= A o2 HAlw i), 3 O‘Eoﬂ
Psl oli%e] 9191 /1SR 4k thdolA] 2hIEg
318 tH(Tun et al., 2002). o] gt A3t= 2-2|uta} o
T} ZASHA 0 2 GARSE HekS Holfal glom, of g=
Jo7l 21l o) 9, 2 Aol Abul, Aol o
ol EA7} PR R RS xStk TR, 4
-rH"ﬂ UolA 7 9 2= 22 e Fajt Y 24
o2 wasgAE, & A7 ATeIA T WA ol )
A= 22 HG A 220 H HE A TG Aer =
ARE] o], =8 T FAR7]= oAl 9] Barel zto|7} Q=

Ao )

LEof| A= o Y5 AAA = L E. leerell FHAE o7

= donor fish® ARE5lo] 72 o] W T2 o] Ao 2
cohabitaiton AE-S AA|SFG ow 11 Auf, 22 oF W ThE
o}F O 2 F. leei®] Z10]7} o] Fof kil H 115}k ¢th(Diamant,
1997; Yasuda et al., 2002). & HALoA= o P59 °J01xﬂ =
Folat olgel WAR HolNZE Ul o] g ato] vetto.
TF2 o] £9] ZE 0 2 9] Hol Aou}x] elo} ¢ H.9] ﬂ?— a
3ok )22 0] 210 2 Leheto vl (Table 2), Mol 2.5 2}l
5171 el AAIE 2514 AL POR AN E 5 5ol
o At7h Rl ]l

2 Ao A= =] FAF A oflA BASH= of ¢l5of dist
o ZAst3l e, 7]E0] d2ofA B Anel v w2 of,
A} Z 2o A Fejetd o 2 GAVSE A7} WERE AL =05}
Z)qk, WA o] ExAY =S Q1 B4 U cohabitation A o] A
i qg AFE B, o}2] GenBanko| t]5-E2% A2 7]

1% 520 AC2 ZAE Sich, 123, Fe] YA QbAoA
50 A IE °F7l*l7l% o g5l gt AeHe A& s
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El>”

ofy
Olﬂ

s}

of AAISFAIL, o] A2 of Yol gk thekgt Akl oAl &
Q3 7]H }o]%j#cglg Ao, g o= o] 7|AP3=0] EA o
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