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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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oot #Abel ol2& oJgFo] HASE 9o,
201614 F-E 201797FA] AFE R 9] oAgFol 9
gk HARE©] 103% = H3l7F A YEFTHShim
et al,, 2019). Al Q¥ FE& o= AUA o &3 A
T7F ThFetAl A= JAA|RE, ob2 AjJAA <
gk HEst #AE BHAA LROH(Kim et
al., 2011; Choi et al., 2012; Sekiya et al., 2016;
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Kim et al., 2015a, 2015b, 2017; Kim and Jeong,
2018; Shin er al., 2018), Y=ol thak A==l
AT o wido] o dAoln. sfake] ¢
2oA oY WAL B AFE (Takifugu
rubripes)°ll A A& B35S S H(Tun et al., 2000),
ol & Jd X|(Paralichthys olivaceus), %5 (Pagrus ma-
jor), 73E & (Oplegnathus punctatus) &< X33
e Tl oS Aol R
(Yasuda et al., 2005; Yanagida et al., 2008). 3=roll
A A9 oY F AL 2007AFEH F2 AT
Aol A4m oz ws At olgze) Al
A2A YA AZO] AN O], Yol A
= 9A9 Enteromyxum leei, A552] E. fugu L
Leptotheca fugu7} EH S 2 BRI HHI JTH(Ya-
suda et al., 2005; Yanagida et al., 2004; Ogawa and
Yokoyama, 2001). =5} o] of-9F Ay 7} e st
E. leeis X33} Parvicapsula sp.ol &3+ ZAZ
o] FolA gom, 2010 FH 201374 oY
BEUHY S F3 AYSE dXe Parvicapsula
sp.ol AEE Alol9 AaAA E4o] RuHATH
(Kim et al., 2015b).

Parvicapsula sp.= <52 Bl =7 AR tu-
bule B W)t wdoll =7 ol A7
A Z(coelozoic parasite) .2 B/ E 7= st
F Z2 9 Al(pseudobranch)u} Aol =] =
2171 A % (histozoic parasite) 22 EI]7|= gt}
(Keie, 2003). Z=3} 3h=roll A Z+ZF 200013 3 2004
ol &2k WX(P olivaceus)N A Parvicapsula
anisocaudata®] ZFFo] HzxZE RuEoy &
o3 g HALe BEE R = IATHZhao er
al., 2000; Cho and Kim, 2004). ©]% A|5=2] & of A
o9 4¢ Yetl= |X A P anisocaudata?}
A&HoZ eI Aty HIEH A2 (Kim
et al., 2015a; Shin et al., 2018), Kim (2015a)% °ll
M2 o] HAZAFTL AlAEnt ol g} 7kt 3
I 5 OE 2GR e AR FRAFHA
o, F3 AFANAME= P anisocaudata®| TN A
T EAe 5% 24 0d AEE Rusiit
(Kim & Jeong, 2018).

T A E Y T4 Hole FAdAE o

Ao HAAE HAASIRS W, E leei 2 P ani-
socaudata?} AEHA = A7} X&EFHO0E B
=0 $tTh(Shin et al., 2018; Sekiya et al., 2016;
Kim ef al., 2018). & ATl ALSFES Hol
= 9AE deE 2t 24 E leei Y P aniso-
caudata® 213 779 H=E real-time PCRHOZ

EA st A skl o, I 29 ASTE o

st HABEZAZ=S B3 & real-time PCRY S
Z_

o of

2 APl IS AY9F AEHORA AE
AR E=ASILA HAT
Mz 2 Y

ZEHO| AL
AT AGNX ALFT4E Bol= F2 A (farm-
A)2 FA1(36.6 cm, 420 g)} NG Fx] ALES
E ARt AFAE o]Fstd o, PCR HAMS
B3 E leei & P. anisocaudata®)] B o] Q)
o= S stk 4 dA g mielE g
=

o7 11 FF/ 2F(FA, A, &, 25, oprr,
A, gl o, 7 v 9 ) BAE 4 B
et al, EEldr 222 E leei Y P. anisocaudata
o o3 HHEAAEE 437 gk Aol A8}
ATt

ZE Als A

AT Ao A AYFdS BHole
(farm-A, farm-B % farm-C)¢] A&
Arste] A2 GHE AFEE &F
meshE ©| &3] 2 FFHEES A& H, 28X
AFTE AFAAA 2" S ©] 83 Sum mem-
brane filter (Whatman, Germany)oll S3-A| Tk 1
3, membrane filterS 50 mL conical tube®l] 22
% % phosphate buffered saline (PBS) &< 6
mLE‘ Qo F3 733l vortex Al A Ailterdll -2 7]
ASS GAZAT gt o] 2 &9E mi-
crotubeoﬂ o] 231, 1,800 x g, 10&3F A&
3t pellet2 3 71 9] microtube® 22 5, DNeasy
® Blood & Tissue Kit (Qiagen Hilden, Germany)&

o]-83}4 total DNAE HE|3F T
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DNA ='E|

E. leei ¥ P. anisocaudata® 2)3F B o] 2
AE FAEe] dA g viElE °Hl?—’5‘}°4 11FF
ZA(FA, AL, A, 5, o7t AR, €9, o,
Zh vlA 2 e AzEga, DNeasy® Blood &
Tissue Kit (Qiagen Hilden, Germany)g A}-8-3}<
total DNAE Z+7} #8l38t 3tk 50 mg =+ 50 uL
Z A5 7k 2F o ATL buffer 180 pL2} protei-
nase K 20 uLE F7tate] 56°CollA Z2]o] &2
i 7kA] §h-gAIFTh Wh-g-o] #d | AL buffer 200

LE Z7bete] 1023 ¥H-SAIH T vhg £ 100%
ethanol 200 uLE #7138+ spin columnol &7
6000 x g, 1E3F DA E 28T Columns A=

& tubeE &AF F AWI buffer 500 uLE ¥ o]
6,000 x goll A 183+ YA 23+, AW2 buffer
500 L= 2] 20,000 x g, 3E3F ARk A
HAAAS AR I F columne microtubeE 2
Az -ﬂ AE buffer 50 uLE ©] &3l HFz o=
DNAE atth 21" DNAE A F 74
-80°Col| E.-‘d’o},v\‘:]'.

lo o

PCR

AL 9A 2 ASTE WSS E E leei B
P. anisocaudata®| ¥+ 7+F HALE 93] PCR %
HE AHESHATE E. leei®] &S 9% EL-F/EL-
R primer set (1,468 bp) ¥ P. anisocaudata®] AE
S %3+ EM-F/EM-R primer set (812 bp)S 22} A}
431 PCRE 2 Al8FS9 Th(Table 1). Microtubeol] 1
uM ] Z} primer, 2.5 mM<2] 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] FE&2F 4+S H7FSE T dis-
tilled water2 PCR E3E2| #F volume®] 20 pL
7b FA AT PCR A CZ 95°Co| A 383k
pre-denaturationA] 1 &, 95°Co|A] 30% denatura-
tion, 60°Cl Al 30= annealing, 72°Col| 4] 30% ex-
tension?] ¥F-$-S 132 3}, 358] HHEslo] HH-$
AZAY. 1831, 72°Col A 783 post-extension Al
At PCR ¥ 39 4h=2 1 x TAE buffers &
N19E5L 9% gF Ao slo], SYBRY Safe gel
stain 10,000X in DMSO (Invitrogen)©] H7}& 1%
agarose gel FolA H7|95% &, UV AE7E

o] g3} PCR MAEL &34}

Real-time PCR

Real-time PCR 4S5 §3 &7 &I S 1
E7] S8l E. leei®] 3 DNAZISS TP O = 3}
o} N-EL-F/N-EL-R primer set& Al-&3t PCR<
X8y, P. anisocaudata®l 73-%- EM-F/EM-R
primer setE A}F83l] PCRE F3) 3} % tH(Table
1. A8" 27+ PCR productE pGEM-T Easy
vector (promega, USA)®! cloningAl Z1 3, competent
cell DH50 5l transformationA| A th. 1 %, 7+
Z}+9] plasmid DNAE &35 1, E8 & plasmld
DNA®9] HU3E =% (absolute standard concen-
AR E. leei ¥ P. anisocaudata
F2o2RE 7+7F 2.08 x 10" copies/g
F%9] plasmid DNAE &

oBL 1M

tration) &
FrR At
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 ) o 0CAAACAACCTGCCACAATG 812 bp For PCR (2015)
£ loei ELNMF  CGGTGACGCCAATCCGTG 108 b for Shin et al
' MyNMR GACGGTATCTGATCGTCTTCGA P Real-time PCR (2018)
P anisocaudata EMRT-F CGATACATGTTGGTCGAC 147 bp for Kim & Jeong

EMRT-R CGAATCGCATTAATTATC

Real-time PCR (2018)
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B39tk 823 plasmid DNAE 10814 &7 3]
2338} real-time PCR £41-& 9t ZFHHFT
S Fel=d AF&3FA T Real-time PCR
$38le] 7]1Fo B11¥ ELNMF/MyNMR primer set
(E. leei) 2! RTEM-F/RTEM-R primer set (P. aniso-
caudata)E A3} ™ (Table 1), LightCycler ®
Nano SW1.0 (Roche,USA)S A}-&3tod A&k F4]
S A AR Microtube®] SensiMixPlus SYBR
(Roche, USA) 10 pL, forward primer2} reverse pri-
merE 27} | uMo A7Vt 3 DNAZA]
plasmid DNA == FZ73 total DNAE A3}
o SRR ﬂﬁﬂaol 20 pL7F H =% 53
t}. Real-time PCRS] 71 0 2 = 95°C0l| A 10%2_"{]'
post extension= A S, 95°Col| A 20%, 60°Co]
A 20%, 72°Coll A 2029] WS 1 cycleZ 3t
45 cyclesE ¥HSAIF T

=4
T4e

HAZXIS

E. leeiol ©)% 7Felo] 218 | (farm-A)2] A
Heyx B

=4 oERE HAEAEES B5) A8, 4
& sl¥stel e Belstn A2z oSG,

‘__
og %Loi E. leeiS microtube
]
=

o #BHsrgch A

o A

S

o =
coleE - A

HN

W EZ 2= AAEL7] Y3l 0.05% neutreal red &
0.05% methylene blue H-& 1:12 EF3sFom, &
dE FME HAxAFZHH A 112 EFT
5 35°Coll Al 1023F DA S Z1gstsiTt. dAlo] &
W 5 B n g AHgste] 45 AEE T

2 1

HAZXS ZE HA
AT ALX ALFT4E Bol= F2 A (farm-
A2 YA & UFSE E leei B P. anisocaudata®
o3 7+ fFE PCRHLOE g% A, 259
HHz2F 2o o) HEdaEE e AL
2 BEAE I THTable 2 & 3). 2ol 11 &
Z2 FolA E. leei= 7 2 Tl A, P. anisocau-
data= 741 B AN 22| A Z42F PCR 3R
=+ UM, YA &AM s SAH4LSE LE
Wk Farm-A2] 7] AFS4E OIS E PCRS
AN A3} E leeiv= %A, P. anisocaudatas <

A W3S YERATHTable 2 & 3).

O‘I_.OE

S|

G (farm-A) FA 9 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 13 x 10° - 29.6
BK 1.4 x 10° - 29.6

Intestine 1.3 x 10® + 13

Muscle 4.6 x 10° + 21
Brain 1.1 x 10* - 26.6
Blood 1.0 x 10* - 26.7
Farm-A Gill 1.8 x 10 - 25.9
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 - ; X
Real-time PCR (copies/mg tissue) PCR Ct
HK 1.3 x 10° + 37.5
BK 9.1 x 10° + 34
Intestine - - -
Muscle - - -
Brain - - -
Blood - - -
Farm-A Gill - - -
Spleen - - -
Heart - - -
Liver - - -
Eye - - -
Rearing water - - -
Farm-B Rearing water 2.0 x 10%copies/L) + 32
Farm-C Rearing water 5.1 x 10%copies/L) + 30
+, positive; -, negative
ZTF/ Aol U3l E leeio] A £4& HAAIG =4S 0.05% neutreal red & 0.05% methylene blue
A}, A 2F A 1.3 x 10® copies/mg & 7+ = W 112 EFste] QA Rt FEPu A
2 DNA copy &< YEFHATH(Table 2). Y= A o2 AHT A E leei TAY] EA7F ERAEH AU
Z2] BAoME 1.3 x10°~4.6 x 10° copies/mg2] Th(Fig. 1). Real-time PCR &4 A3}, 4173 22 o
e B HAAR BE T/ Z2ZAA E leeid] Al P. anisocaudata %¥’3 Wh-g-°] UEFA T DNA
DNAY} AEH & AL AT 5 AU =3 3 copy number’} ol AZF HHOoE FAHHY, &

T GX 9 AT E WO = real-time PCRS 4
A g Azt 8x10* copies/L @S YERATEH P.
anisocaudata®] A% B4 A, FA1I A Alol A
1.3 x10°~9.1 x 10° copies/mg #tS B I, AHSF
5 &% UrA 2HoAes AEIA FUh
(Table 3). AT A H A AYF/E Hol= farm-
B ¥ farm-Co| ALSTE W OE F HA x5
o th3$} real-time PCRS A A3k Z 3} farm-Bol A
= E. leei (5% 10° copies/L)2} P. anisocaudata (2.0
x 10° copies/L) =¥ HZH 1L, farm-Col A& P
anisocaudata (5.1 x 10° copies/L) 3+ E7FH9 A &5
E AL QU3 tH(Table 2&3). A9 Z kol gl
o] 4] PCR¥ 9l H]3}] real-time PCRH 9] sensitivity
7 H =& Aoz BEMFEY

Zatsn|y B
Fam-A®] W39 % ZHolA $e@ A=A

v BN P anisocaudata’= THEEF A T
(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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1§13 o] Al=E L JYARE 3] Apdeh=
AL AARAE A AR deiA Aot 7]
A% AEE 913 microscopy, immunoassay =
western blotting A/ @dHL AHx7] € IFEA 7]
AZ A S Adsted o] oHE F doH,
olg g THE Hekstr] fg WY F sUE
PCRE ©|-&3 HEHo| IRt o g ALEE I §)
TH(Yasuda et al., 2005). YRFE <1 PCR W2 PCR
HE-S- % agarose gel oA A7 5E &3l W=
el FAAHo] Hesty, Fd AEE AFFHoR
A7) o H 7] wiEoll, HZ Al&staA] HAA
o] Al HE0] 7153 real-time PCR % ©]
of ol X X2 #fsl AR AL ATHOIE, 2018).
2 AFNANE JYF4E Bole X (farm-A) =
FH 11 T/ 22T, A, &, 25, ob7td,
A, 8 o, 2 B E s i 01'04 PCR
gl real time PCR WO 2 E. leei & P. anisocau-
data®ll 3 ZFAAEE £43A T Yasuda (2005)
5o R} R kA &2, & 22)(1.3 % 10° copies/
mg)©| E. leeiol ©|3F o] Fa3F %2 F2Id
ZAoE FAHAL, I o2 F57 FAAE
2 FAR AEHAeH, S
= 4 FHANAMEE leei7t AEHE AS &<
sttt ":3]', g JA Y ArFFAA T E. leei’}
PCRY % real-time PCR% (8 x 10* copies/L) =5
o Al NS B, o] A AEE dA
B ol 4 AASTE ARE ARYS WE
oAYF AAE 7heetH, & dA Hojo tig
HAEH 95 AA A8 7HsAdS AAEaL
AT} Farm-A2] XA P. anisocaudata= 217

N

ZH MY Fe FEE ASHUL, AAFFE X
G UwiA ERel ZAAAE AN e
WAtk oY Eabol AF AR A% 2, WA,

= 9 7k 5o 22 S 2HE Parvicapsula sp.7}t 3.2
x 10°~1.7 x 10" copies/mg?] ¢ £& T=2 7
259 ds 27F AAN3(Kim and Jeong, 2018),
o]2 & o] farm-A%] WX = P. anisocaudata®l 2]

A, E leeiol A= £ 7S

2016)5 2 HBEAZF Kudoa setempunctata
o TAE e WHOE AHE-E = Hoechst
33342 FAH, propidiumiodide S AF-&3+ A4 H 3}
Hl23}7] 93t neutral red & methylene blue (NR
& MB) @A1H-& A A3 T Hoechst33342 (=
SYTO®9)%} propidiumiodideS AF&-3F Wy &
BAvA S Bt g2l hsd WHo R O Ad
9/] X—]i]—cl‘:—_‘— é_‘—Ol/]— ﬁﬂiﬂ-ﬁ:}ﬂ]ﬁ:ﬂ]— ne L\"J—%}_-oﬂ
2o urte] AH|7t gk ol YA s ), A
HAAANA 1T 5 de FHol gk 2 AT

M= ol& JHAdEh7] ' MY S shul NR &
MB A& o] &3t E. leei®] 7 FEHE &
2 5 AU
Sohn (2021)5 0l olstH AHE AHs5 HAE
Sl E. leei®] el tg FAAAE T4
1

AL, 48~5Y Aol A E. leei7t AEE T
4 T A& 22 oA E leei7t AEHATL B
TSR AT Aol A o YFae HolE YA
A FTE Al
22 dto] F FRo AAZAS ARAAE 44
3t A3} farm- A°ﬂ A& E. leei (8 x 10° copies/L) &
ZHFT AEHY 7, farm-BAAE E leei (5% 10°
copies/L)2} P. anisocaudata (2.0 x 10° copies/L) 5
THF BEF AEF e, farm-Coll A= P. aniso-
caudata (5.1 x 10° copies/L) 3 FFHT HAEH Aot
E. leei ¥ P. anisocaudata® 23] B ZdE 7
= AT AGellA A g5 Bole
Zoll A R SHA Ehal ik @@121}%9] ‘?l
= 7““%% Hlwate] 5§ el F2 el A e o
Ax, FAHAANE, ARE Fas
T AOH“*H Soll gk A 5=

o
Asha vla BN Bast e
o

(armA farm-B 2 farm-C)2] AMSFE A

NI
of

rnL

_l

Z3 A LQ]— = EH’:J’&E 3} real-time PCR
5 BFA E leei

Y 55 AHEE

PCR JMW—L— %} ‘;‘ o5& 22 5 2719

% Od—_rbl 011:‘1
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