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Quantitative analysis of myxosporean parasites (Enteromyxum leei
and Parvicapsula anisocaudata) detected from emaciated olive
flounder (Paralichthys olivaceus) and rearing water

Young Juhn Lee, Lyu Jin Jun, Ye Ji Kim, Ji Eun Han,
Eung Jun Lee and Joon Bum Jeong'

Dept. of Marine Life Sciences, Jeju National University, Jeju 63243, Korea

Quantitative analysis of myxosporean parasites (Enteromyxum leei and Parvicapsula anisocaudata)
were performed using real-time PCR on the internal organs (head kidney, body kidney, intestine,
spleen, brain, liver, heart, muscle, blood, and eye) of emaciated Paralichthys olivaceus from farm-A.
The highest DNA copy number of E. leei was shown in the intestine (1.3 x 10° copies/mg tissue)
of emaciatied P. olivaceus and DNA copy number in the other internal organs (1.3 x 10°~4.6 x 10°
copies/mg tissue) showed lower than in intestine. From the result of real-time PCR for P. anisocaudata,
it was considered mildly infected, due to the low DNA copy numbers of the head kidney (1.3 x
10° copies/mg tissue) and body kidney (9.1 x 10° copies/mg tissue). In order to investigate whether
myxosporean parasites can be detected in a non-invasive way, quantitative analysis of E. leei and
P. anisocaudata from rearing water of three farms were performed by real-time PCR. The DNA
copy number of E. leei from rearing water of farm-A and farm-B were 8 x 10* and 5 x 10° copies/L,
respectively. However, it was not detected in farm-C. For P. anisocaudata from rearing water, farm-A,
farm-B and farm-C showed 0, 2.0 x 10® and 5.1 x 10° copies/L, respectively.
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Kim et al., 2015a, 2015b, 2017; Kim and Jeong,
2018; Shin ef al., 2018), Y=ol thak A==l
AT o wide] Do AdAoln. sfako] ¢
2o A oY YA B AFE (Takifugu
rubripes)°ll A A& BE11% 1 S H(Tun et al., 2000),
ol & d X|(Paralichthys olivaceus), %5 (Pagrus ma-
jor), 73EE(Oplegnathus punctatus) &< X33
e Tl oS Aol HuEHn
(Yasuda et al., 2005; Yanagida et al., 2008). =10l
A A9 oJYF AL 2007 RE FE AT
Ao A A&H 0w A gith APFo A
Az=A HAEZAZ] AAHIL om, dEofA
= 9X9 Enteromyxum leei, AA5-2] E. fugu 2L
Leptotheca fugu7} I EH OS2 BRI E 3 JTHYa-
suda et al., 2005; Yanagida et al., 2004; Ogawa and
Yokoyama, 2001). =5} o] o4 F A7} e st
E. leeiS X33} Parvicapsula sp.ol &3k ZAZ
o] ol A gheom, 2010 F-E 2013744 oA ¢S
BEUHEE &3l A938 X Parvicapsula
sp.ol AZE Alol9 AaAA E4o] RuEATH
(Kim et al., 2015b).

Parvicapsula sp.= <52 =7 AR tu-
bule 3 W)t wdol ZEE7] ol A7
A Z(coelozoic parasite) 2.2 E-FE 7= st
F ZF2 9 Al(pseudobranch)u Ao ZFE =] =
2171 A % (histozoic parasite) 22 EZ|7|= gt}
(Koie, 2003). T=-3} =l A Z+zF 200013 32 2004
Woll &2k WX(P olivaceus)N A Parvicapsula
anisocaudata®] FFF°]l HzxEZ HuFPo Y A
o3 g HALe B E R = IATHZhao er
al., 2000; Cho and Kim, 2004). ©]% A|F=2] & o] A
o9 34¢ Yetdl= |X A P anisocaudata?}
A&Ho g FEHI Aty HIFH A2 (Kim
et al., 2015a; Shin et al., 2018), Kim (2015a)% °ll
w2 o] HAEZEo AAmal ol 7k} A
B 5 02 YT PALE Aoz G153
o, F% AFNAX = P anisocaudata®| W A
P RS 5O 218 39 AEE Rushilc
(Kim & Jeong, 2018).

T A E Y T4 Hole= FAdAE o

o2 HAAE HAASIRS W, E leei & P ani-
socaudata’7} AEHYE A7) A&Ho 2 By
F o] $kTh(Shin et al., 2018; Sekiya et al., 2016;
Kim ez al., 2018). & ATl E ALSFES ol
= 9XE deE 2t =AY E leei Y P aniso-
caudata®) 213+ Z+4d A EE real-time PCRH O 2

At A st on, I 2o ASTE o
st A EZAZFS % real-time PCR{ &
2 At v3 Z AHOZA ALE
7Hs A S ZA
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AT AdolH AYEEE Bl FAA
A)S] HA(36.6 cm, 420 )9} T T2 A
= AF Ao /\]éjl/:?]_i o]435l 21, PCR 7]5],\]_%

(farm-

=3 E lee 2 P anisocaudata®) B3I A= Q)

= A& stk A dA & vl E o
ARy f%ﬂ Z2(FAL, A, A, 25, o7,
Az gy o 7F v 2 ) Boz 7 71—71- 2y
St AL, el A& E. leei B P. anisocaudata
ol «]?:7_ AR EE B4 817] g Aol A3t
AT

oA AT A
AT A oA AYFdS Bole FA ¢
(farm-A, farm-B 2 farm-C)9] AH54 2 LE 7242
Agste] A2 =z APdLd=E &F F, 150 pm
meshE o] &3 & FHEES deld H, 281
AFSTE AZAFHA A

T =
brane filter (Whatman, Germany)©l|

f

Hg o]&3] Sum mem-
FIHANAT 1
%, membrane filterE 50 mL conical tube®] -2
% % phosphate buffered saline (PBS) &< 6
ng‘ Yol F a1 743k vortex A A filterol] < 7]
S GSAZAT gt o] 8¢ &9& mi-
crotubeoﬂ U0 231, 1,800 x g, 10E3F A&
St pellet2 $F 7H2] microtubeE E-2 ¥ DNeasy
® Blood & Tissue Kit (Qiagen Hilden, Germany)S
o] &3} total DNAE EI 3t}
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DNA 2]

E. leei ¥ P. anisocaudata® 23+ B o] &
U8 @030) Y2 B thel® adtel 115
A (T2, AR, A, 2, ophnl, A%, "o, )
ZH ¥ 9 E)Es AEs9 A, DNeasy Blood &
Tissue Kit (Qiagen Hilden, Germany)—E—' A]—%—“B‘]-Oq
total DNAE 717} &2]38tth 50 mg B+ 50 pL
2 A 7 =2 o ATL buffer 180 puL2} protei-
nase K 20 pLE F7late] 56°Coll Al 22| &32
| 7hA] JESAIZ T "ES-o] 1 FH AL buffer 200

LE A7Fste] 1083 ¥ AIZATH ¥HE $ 100%
ethanol 200 uLE #H73+e] spin columnol] &7
6,000 x g, 147t A &2 3 A T Columns A&
<+ tubeE XAF T AWI1 buffer 500 pLE ¥
6,000 x goll A 1&3F L4 &2]3t 3L, AW2 buffer
500 uLE o] 20,000 x < g 3 AAEEs Al
S AFY. I F columnS microtubeE S
Az -?4 AE buffer 50 pLE ©]83le HFHo=
DNAZ stttk £2]¥ DNAE 23 H7kA
-80°Cell EJ&OPME]'.

PCR

ALSH A D ASFTFE WO E E leei B
P. anisocaudata® &3 79 AALE 913 PCR %
HE AHE3IAT E. leei®] &S 91§ EL-F/EL-
R primer set (1,468 bp) ¥ P. anisocaudata®] 3Z
S ¢ g EM-F/EM-R primer set (812 bp)E Z+Zt A}
431 PCRE 2 Al 8159 TH(Table 1). Microtubeol] 1
uM el 7+ primer, 2.5 mM<€] Z+ dNTP, 10 x IP-Taq

Table 1. Primers used in this study

Buffer, 2.5 U IP-Taq DNA polymerase (LaboPass™
IP-Taq 500 unit 2.5U/uL, COSMO genetech) %
template DNAZA &8 H42+-S A7 T dis-
tilled water2 PCR E%E2| #F volume®] 20 pL
7b FA AT PCR A CZ 95°Co| A 383t
pre-denaturationA] 1 ¥, 95°Col| 4] 30% denatura-
tion, 60°Col Al 30= annealing, 72°Col| 4] 30% ex-
tension] ¥F-$-S 132 3}, 358] HHEslo] HH-$
AlZFTh 28] AL, 72°Col Al 783 post-extensionA|
At PCR ¥ S3%H &2 1 x TAE buffers &
7195 9% %%— © 2 o], SYBR® Safe gel
stain 10,000X in DMSO (Invitrogen)©] H7}& 1%
agarose gel ‘ol A Z‘i 7198s =, UV HEJE

ol-&3ta] PCR A ES &ttt

Real—time PCR
Real-time PCR 4S5 §3 =7 &I S 1t
E7] 930 E leei®]l F+3 DNAZIHS FHO 2 3}

o] N-EL-F/N-EL-R primer setZ AM&3}o] PCRE
XL AL, P. anisocaudata®l 73-%- EM-F/EM-R
primer set® AF83l] PCRE 3 3) 3} % tH(Table
1. A48 Z+Zte] PCR productE pGEM-T Easy
vector (promega, USA)®l cloningAl 71 I, competent
cell DH50 5=l transformationA| Zth. 1 ¥, 7+
Z}9] plasmid DNAE &35 1, £ plasmld
DNAS| AU EFF S(absolute standard concen-
AR E. leei ¥ P. anisocaudata
F202RE 747 2.08 x 10" copies/g
559 plasmid DNAE &

tration) &
FrR Ao
2 2.11 x 10" copies/g

Oligonucleotide sequences

Expected

Target Primer (5" to 37 size Function Reference
ELF  GATGAAACTGCGAAGCGCTC Kang et al
E. leei 1,4 For PCR
feei EL-R  CACAAGTTGATGACTTGCGC 468 bp or PC (2020)
_ EM-F  CAACCGCAATGTGTTTACTC Kim et al
P anisocaudata ) b 0CAAACAACCTGCCACAATG 812 bp For PCR (2015)
£ oot ELNMF  CGGTGACGCCAATCCGTG 108 b for Shin et al
' MyNMR GACGGTATCTGATCGTCTTCGA P Real-time PCR (2018)
EMRT-F CGATACATGTTGGTCGAC f Kim & J
P. anisocaudata 147 bp o m cong

EMRT-R CGAATCGCATTAATTATC

Real-time PCR (2018)
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B39tk 823 plasmid DNAE 10814 &7 3]
2338} real-time PCR £4-& 9t ZFHH
S F3l=d AF&3FA . Real-time PCR
$38le] 71&o B1¥ ELNMF/MyNMR primer set
(E. leei) 2! RTEM-F/RTEM-R primer set (P. aniso-
caudata)’E A3} S (Table 1), LightCycler ®
Nano SW1.0 (Roche,USA)S AF-&3tod A& &4
S A A3 Microtube®l] SensiMixPlus SYBR
(Roche, USA) 10 pL, forward primer2} reverse pri-
merS 77} | pMo A7}t 3 DNARA]
plasmid DNA == FZ73 total DNAE A3}
o SRR ﬂﬁﬂaol 20 pL7F H =% 53
t}. Real-time PCRS] 71 0.2 = 95°C0l A 10%:_"{]'
post extension= A 2™, 95°Col| A 20%, 60°Cl
Al 20%, 72°Coll Al 20%9] HH-& 1 cycle® 3}
45 cyclesE ¥HSAIF T

=4
T4e

2l
E. leei®l 2]qF 7+ o] Q?_% A A (farm-A) 2] 7

3z *"‘&:F/l st7] 9lsl, &4
wesa Az A5t
i 5%01 E. leei’E microtube
A

o st A

o A

R

o =
coleE - A

HN

BERFS FGA35L7] 230, 0.05% neutreal red &
0.05% methylene blue H& 1:12 EF3F o, &
TE Ak HAZAZAT A 1112 S
T 35°Coll A 1083 S ZdPst Tt FMo] &

W 5 BEAv A S AMESte ZAE #ES AT

e

=

kol

AAZ2LE 7D A
AT AGNX LTS Bol= F2 A (farm-
A A& UGS E E leei Y P. anisocaudata)
o) 4 F7E PCRYCE I3 A, 259
AAEAZ BFof o) HEzdEo] e AL
2 BEAE I THTable 2 & 3). 2ol 11 &
Z2 FoNAM E. leei= B 2 TFNA, P. anisocau-
data= T2 B AL 22 oA 242 PCR YA REE
< eI I, YA 22 A= S 02 e
Wtk Farm-A2] 7 AFS4E U4 SE PCRS
AN A3} E leeie A, P. anisocaudatas <
}\6] H O (e}

332 U e $ATH(Table 2 & 3).

HNE A= Ak A
1YF4E Hole FF(farm-A) G 11

Table 2. The DNA copy numbers of E. /eei in each internal organ of emaciated olive flounder from farm-A and

rearing water from farm-A, farm-B, farm-C

Result
Aquafarm Organ - - -

Real-time PCR (copies/mg tissue) PCR Ct
HK 1.3 x 10° - 29.6
BK 1.4 x 10° - 29.6

Intestine 1.3 x 10® + 13

Muscle 46 x 10° + 21
Brain 1.1 x 10* - 26.6
Blood 1.0 x 10* - 26.7
Farm-A Gill 1.8 x 10* - 259
Spleen 93 x 10° - 26.9
Heart 7.5 x 10* - 23.9
Liver 42 x 10* - 24.7
Eye 1.1 x 10° - 23.2

Rearing water 8 x 10* (copies/L) - 28.5
Farm-B Rearing water 5 x 10° (copies/L) + 25.6
Farm-C Rearing water - - -
+, positive; -, negative
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Table 3. The DNA copy numbers of P. anisocaudata in each internal organ of emaciated olive flounder from farm-A

and rearing water from farm-A, farm-B, farm-C

Result

Aquafarm organ

Real-time PCR (copies/mg tissue)

PCR Ct

HK
B.K
Intestine
Muscle
Brain
Blood
Gill
Spleen
Heart
Liver
Eye
Rearing water

Farm-A

1.3
9.1

x 10° +
x 10° +

375

Farm-B Rearing water

2.0 x 10%copies/L)

Farm-C Rearing water

5.1 x 10%copies/L) +

+, positive; -, negative

N

7/ Al et E. leei®] AT EAS A7

3, A 224 1.3 x 10% copies/mg & 7+ =
DNA copy @<= YEM ATH Table 2). Y =]
Z2 BT 1.3 x10°~4.6 x 10° copies/mg2]
HE B A BE FFY =AM E. leei
DNAZ} AEH &= A& gAT &+ AU =3 =
T JX 2 AASFE GO ZE real-time PCRE A
A% Adt 8x10* copies/L @S YERATEH P.
anisocaudata®] A% B4 A, FA13 A4l A
1.3 x 10°~9.1 x 10* copies/mg %< HQIL, AFE
g &% UrA 2HoAes AEFA FUt
(Table 3). AT A H A AYF/4E Hol= farm-
B ¥ farm-Co] ALSTE A oE F HH x5
o th3$} real-time PCRS A A3k Z 3} farm-Boll A
= E. leei (5% 10° copies/L)2} P. anisocaudata (2 0
x 10° copies/L) E5F AZH AL, farm-Coll A =
TR 7:.4%5]
5+Q1 3} A TH(Table 2&3). ol g = kel )
©]4 PCR* 9l BI5} real-time PCRY & sensitivity
79 & Aoz BEMFEY

ol

ZxZ
Z

fo

anisocaudata (5.1 x 10° copies/L) &

= AL

Ferdn g v

Farm-A2] g X2 & ZA oA B3 HAxA}

=4S 0.05% neutreal red & 0.05% methylene blue
A} 112 EFste] G xgsta FetAn A
o7 #&AS AH E leei EAL] EA7F ER1E ]
Th(Fig. 1). Real-time PCR #4] A3}, Al Z2] o
Ay P. anisocaudata °¥73 HF-§-0] ‘/}E]“"'X] 7 DNA
copy number’} & o] AF 74 FAHH, &
ul7g JEo A P anisocaudatat Jd"é}ﬂ A Tk
(data not shown).

Fig. 1. E. leei was isolated from intestine of emaciated
olive flounder and stained with neutral red & methyl-
ene blue. Scale bar=10 pum.
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A AAASE oF 71 F g A7t
2bste) wa), SR DA REE THES Fo
| 913 =¥o] Al=E L JYAIRE 23] Apdeh=
AL AARAE o AR delA Ut 7]
A% HEE 9% microscopy, immunoassay
western blotting A1 gHL AHx7] € IFEA 7]
AZ AYs Adsted o oHE 7 JdoH,
olg g THE Heksty] 9 WY F YR
PCRE ©] &3 AEHo] IRt o= AHEH I 3l
TH(Yasuda et al., 2005). YRHE <1 PCR W2 PCR
HE-S- % agarose gel oA A7 F5E &3l W=
gl AAo] desty, HH AEE AFHo=E
A7) o H 7] Wil HZ Al&staA] HAA
o] Al A& 7153 real-time PCR % 0]
of el AH S #fs) AR AL JITHOIE, 2018).
E AT E JYF4E Bole X (farm-A) =

B 11 FR 2T A, A, 25, oo,
A
=
v

)

N

17, @, o, 21, 91 2 E)S £88k PCR
2 real-time PCR WO Z E. leei @ P. anisocau-
datadll 3 ZFAAEE £43A T Yasuda (2005)
59 Ruel st =, A Z2)(1.3 x 10® copies/
mg)°| E. leeiol ©]3F 7o Fa3F %7 F9Id
ZAoE FAHAL, I o2 F57 FAAE
2 FAE AEHAeH, EAWAA] YA B
< 24 EHAAZ E leei7}t AEFHE= AE &<
sttt =3 Sl HX 9 AbSol A= E. leei7t
PCRY % real-time PCR% (8 x 10* copies/L) =5
o Al NS B, o] A EE dA
B ol 4 AASTE ARE ARYS WE
oAYZF AL 7heetH, & dA Hojo] g
HHEH 95 AAe] A8 7Hs8E AAEE
AT} Farm-A2] XA P. anisocaudata= 41
ZA AT Fe g AESHIT, AASFE
g YA T/ 2A = S4ES Y
Witk o Fdol A dAo A%, A, v,
X 93 5o 2RO Z2HE Parvicapsula sp.7}F 3.2
x10°~1.7 x 107 copies/mg?] "Wj§ =& F==Z 7
SH AT B7t J A3 (Kim and Jeong, 2018),
o]2 & u] farm-A%] WX & P. anisocaudata®l 2]

o

Ir

T ofool K

o 4y T

SN
)
)
)
oy
£
)

= AEHJ A, E leeidl QA= TF TS
o

33342 A, propidiumiodideS AF-&3F A4 H 3}

$1$+ neutral red & methylene blue (NR
& MB) A& A A5kt Hoechst33342 (=
SYTO®9)%} propidiumiodideS AH&-3F Wy &
FAvE S Bt gl e o R O Ay
o A= Fou, FRANA A e B
dagh a7k Auyf k5ol QA s o, A
HAANA 1T 5 de FHol gk 2 AT
A= ol & sy f1E W F Sl NR &
MB G & o] 831 E leei®] X2 JEIE T

23 5 A

=
El
ob
)
i

<3}
2R

i

Sohn (2021)5-) ©J8HA AHE AFS5 ZAE
S8 E leei®) 2ol 3 ARBAS 225

, 49~59 ARSI A E. leei7t AZEEHT 1~270
of & 22 YoM E. leei7} ZEHATIL B
AT Al A QoA APFdS Hole dA
Z(farm-A, farm-B 2 farm-C)e] ALFFE A
lo] F T/ AAxAS JADAALE AA
arm-A°| A= E. leei (8 x 10* copies/L)
2503, farm-BAAE E. leei (5% 10°
copies/L)&t P. anisocaudata (2.0 x 10° copies/L) 5
ZH EF AEFRoH, farm-Col A+ P. aniso-
caudata (5.1 x 10° copies/L) 3+ Z=7F7 AZ=H A}
E. leei ¥ P. anisocaudata® 2|3 B Z4EE 7
T AF AYolA APSHS Hol= A ¢
Foll 4 IR SHA] vebtar ok Mo xxpZo] o
[e]

a

ofr

U 1>
of
—

>

ofl b pl o Kl g [

Hu N

FE —'T‘l
ol

o

a3 vaste] B3 ZdE FalFo e o
AR, FHHALE, AARH 48, 24d A&7
2 F3Ee Fol O AEHA ARES =
St Hlw BAE "3Vl e AR AlRH
. Farm-A° A Y Z4E B A9 11FF

X

A 59 AASTFE YL 2§ real-time PCR
A, 1270 HAANE AE 5N E leei

s& UEH AR, L3 A EE A3
CR AFeA= & 2 o5 24 5 2709
IRE A BESS BATh B AT o9
o 1o real-time PCR¥ 9] sensitivity =

X

ox
2

M of Mr PN & X 3 oo
of

>

N1 =)
2
>~

olN
2
e}
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