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and the Surveillance of the Parasitic-Contaminated Fishes
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Summary

In Fukuoka city, 2 cases of unknown reasons suspected of parasitic food poisoning occurred in 2014. We
estimated the possibility that Unicapsula seriolae (Myxozoa: Myxosporea: Multivalvulidae) which was
parasitic on a greater amberjack (Seriola dumerili). However, this parasite has just been discovered in Japan,
and microscopic examination is difficult due to the fine structure of about 6um in diameter. DNA analysis
have not been established because genetic information is little. The purpose of this study invents analysis
method and surveys about the pollution of U. seriolae (Myxozoa: Myxosporea: Multivalvulidae)
parasitizing on the greater amberjack (Seriola dumerili) which is sold in the city. U. seriolae, Kudoa
hexapunctata, Kudoa iwatai suspected as an etiological agent was examined three kinds of DNA analysis
method and the real-time PCR assay in 28SrDNA region was prepared. In addition, we examined three
kinds of DNA analysis method in patient’s feces, and also created the Multiplex real-time PCR assay. For U.
seriolae, Tween 80 added PBS method was established as an insect body analysis method for microscopic
examination. As a result of conducting U. seriolae pollution investigation of 76 samples of the greater
amberjack circulating in the city, the gene detection individual rate was about 40%. However, since
seasonally significant difference was not observed, it was thought that it was influenced by habitat
environment of seed and seedling which is the time of infection. The results of the parasitic distribution
survey of individuals suggested that there were no specific parasitic sites.
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Fig. 1 Spores of U. seriolae Fig. 2 Histopathology of U.
Visualized by light seriolae plasmodia in the

myxosporean micro- muscle of commercial

scopy. S. dumerili. (H.E.stain)
2 EBAE
2.1 E:FEREEOR
2.1.1 DNAHHE

FRAD D ORI th o> DNA Hhithix, JE457814
%0 [Kudoa septempunctata MDA 715 GE&NE) | 4
(LT e 7 Aadk) ICHEL, K 50mg #2484 L QlAamp
DNA Mini Kit (QIAGEN) % M\ T, REAIZHK IR
25mg 7% 200uL @ DNA i 475 CT#4 DNA & L
7o, £z, FEEDDH O DNA UL, EAETEE DO
FE R [RrhE B A5 0 Kudoa septempunctata @
B FREE (B5) 1 % (UUITFTe7 2855k (ICH§
U, FastDNA SPIN Kit for Soil (MP /XA ) & HWW TR
{4 300mg 7> 100uL @ DNA HliHik % 15 T#H% DNA &
L7z
2.1.2 U seriolae') 73 A L PCR &

IL[RIWFIEE O IR GEBREEIT ST IR A 28S rDNA
ARG LI T T4 ~—, T u—T7 2B |R5E
1T-7= (Table 1) . HERICHLERG 2 be—L
DNA %, U.seriolae 177 1 ~—Hlid4l % & Tr 28S IDNA
%k » & st DNA W Ji ( gBlocks® Gene
Fragments ) % TE Xy 77— (pH 8.0) (=v &>
v—r) (UUF TE) TEEARLZbOZHW, V7
JVH A 5 PCR (LLF gPCR) OfEFR X 0 EREk (LLF
R2fE) , PCR AR & fEsd L7,

~ AK—3 v 7 A2 Premix Ex Tagq (Perfect Real

Time) (XA T4 4) ZMHH L. PCR SHRIL,
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% 10uM 77 A ~—% 0.8uL, 125M 7' —7 %

0.4uL, Premix Ex Taq % 10uL, ROX reference dye Il
(X50) 0.4uL ZiEA& L, #% DNA4UL EkEnz, 4

% 20ul [ZFR%E L7=. gPCR #5{&|21%, QuantStudio® 5
(Applied Biosystems) % v 95°C30 # 1 ¥ 2 /L—95

‘C3 #, 60°C30 7 50 ¥ 1 7/ VOGS #AT o124, FEBr

T— S & fffr L, CtiE43 AT THitk& L7z,

2.1.3 K iwatai') 7IL3 A L PCR %

K. iwatai @ 28S rDNA Z RN T T A ~—@XGH Y 7 |k
T& % Primer Express # NN CT T4 ~—, 7u—7%
FEFL7c (Tablel) .

BOSHRR & OVSOS ST U, seriolae & [RIsfFHica®E%
20uL IZFAFE L CHIER S SN b 0o xBittE L L.

BERICSLEREME = F o —/L DNA (X, U
seriolae & [AEEIC 28S rDNA fEI DA% DNA B 7

(gBlocks® Gene Fragments) % TE TE:PEF L7-
H 0%, gPCR #EH LV R2fE, PCR HAlE2h=: 2 fife
L.

2.1.4 BHEEIZHITS Multiplex gPCR %

K. hexapunctata {2 2>\ CIE B FUAEREZE 2F7e 1 o &
— DKL DFEFRS B LICER LRI AT 72, &
72, U.sriolae lZ oW CIE 7 r—7 Otk % FAM
225 VICIZER AT, 3FEOMENTELH LIl
7= (Tablel) .

v A K — 3 w7 A% Premix Ex Taq (Perfect Real
Time) (XA 754 4) &M L7z, PCR FUGIRIZE,
% 20M 7T A ~—% 04uL, 125.M 7u—7 %
0.4uL, ROX reference dye 11 (X50) 0.4uL Z{EA L,
#5 DNASUL & k&N x, 2% 25uL [ZfE Lz, X
IRGAEITE 7 ABBE L U4MET 95°C30 1447~
JL—95C5 #, 60°C30 # 50 ¥4 7/ VOIS EIT -7z
%, EBRT—HEMHTL, Ct{f 43 AT CHtEL L7,

RN E T 2 R r— L DNA I U. seriolae,
K. iwatai, K. hexapunctata ® 7 7 A ~—Fl 4% & o4
28S rDNA fEE 25855 L 7= A m DNA /7 (gBlocks®
Gene Fragments) % TE TEMHARL-b oz AW,
gPCR i & v R2fE, PCR HAlELh=RZ Mt L7-.

Table 1 Primers and Probes used in real-time assay for
U. seriolae, K. iwatai and K .hexapunctata

Assey Name Sequences Origin
U. seriolae Usp-285-F 5-CGAGACTGTGTGTGGTGGAC-3 This study
Usp-285-R 5-CGAATCTATGAATGCCATGTT-3'
p-Usp probe*1 FAM-ACTAAGGACGTTAGCTGCGC -TAMRA
*2 VIC-ACTAAGGACGTTAGCTGCGC -QSY
K.iwatai K. iwatai Fw 5-CCGTATTTGTAATAGATAATCCGTCATG-3 This study
K. iwatai Rv 5-CCATACTAACTACACTGCAATCAATACACA-3
K.iwatai NED NED-ATTTATTATCGGTTGAGAGTTTGTAG-MGB

PBT-F
PBT-R
PBT-P
*1 Single gPCR, *2 Muttiplex gPCR

2.2 TEWEEWER U seriolae BRI EDIEET

5-GGCTAGTGAAAAGCCAACTTATGG-3
5-TTCGCGGATTCCAACCTATT-3
FAM-CACTTGTGTGGCTAAAT-MGB

K. hexapunctata




gPCR T U. .seriolae D HiiiE = 7- 1.0 X 10%copy/g % i
WLl F—Enn 759 ML, A b~y h—4
\ZWW L 7e 1% PBS % 45mL ¥shi L, 60 Fifit: 200um @
A2 N 100um O A v > = (BD Falcon) % T
B 270mL 12725 K 5 PBS TAMIKAFRIL7=. =
D AR %A 50mL =ik T = — 7124 18mL sl L, 13K
Brikdiz 0 5 MiREER Lz, B EITO@EmE >
@pPercoll 7£°) @i@E%ED PBS % 0.1%Tween80 RN
PBS |2, i=.0» 1500rpm10 43 % 3500rpml5 43 IC 88 L7
J71 (LLF TTween80 ¥l PBS #:) ) 3 oL L, #Hlll
1% Burker-Turk BUEHRE AR L, ZhZh 3 IR L
TZORRE G Uz, £ EREEA Lz RIEAL & I
2 [Al%) 50mg £é44 L, EFREHFIET gPCRIEIZL D 22—
B E USEEE A L.

2.3 U seriolae52RAE
2.3.1 EEHRE

ARAE L7 IS, BAMAEES K O N RIRE 2
JE B NEBR BB TR S =il v 3T 1R (CF
Y 3.2kg) % 76 JEEEA L7=. HERIT 2015 4F 3 A

(15)2) L84 (15/2) , 20164£3 A (16 /2) , 2017
£3H (15R) £8H (15R) OFt5ETITo7. &
&R Lot 4CTHRE L 24 RERLINICAHRIE
WA icft L7,

FRAFRALITATES 3 T, M 3 AT & L lem OSLh
Ak (19 1.09) IV HWEZbOERBEE LTHEM L

(Fig. 3) . BT 50mg % 15mL fi~+4 7 vaFa—
TICEELL DNA ZHiH L, gPCR T b3 JIE L
7.

F 72, 20154E 3 A @ 15 RIZF\V T Tween80 ¥/l PBS
% O CHAMEE T2 1) 2 IRE O RIE 2 7k 7.

Fig. 3 Six location of a greater amberjack which extracted a
sample for gPCR and light microscopy
2.3.2 FESTMRAE
FHEFHA T 6 FALA D 4T U. seriolae Dl s 1% Wit

L7z 3 )& (No.85, 87, 91) I[ZOWTAHESMAMAEET
ST K 6 B A FULMTHKI 2em DA 4 S EEAE

WAL E Lz, £72, UIE 2SO U. seriolae @+ = >
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AIFx—2arEEEBLTo3mm AR LSy (7=
P—) AL THK 50mg FEHL L 7=1% DNA Al L |
LR UFETHAELE (Fig. 4) . SOICEERFET
MR D720 >7- 3 & (No.84, 89, 98) 2D\ T
b RERICHA 21T o 72,

Fig. 4 The added 24 location of a greater amberjack which
extracted a sample for g°PCR

3 RERER

3.1 Ef:FHREZEORKR

ARk DNA W& iz U, seriolae, K. iwatai Bt =2
Vb=V TCREREERLIEE A, 10852 —/Ux
Vit 107 3 B —/0 = LT R*MEIL & H 12 1.00 & 72
DEMPEEZA LTV e, HIEZEIT 98.0%, 93.6% TH
-7z (Fig.5, 6) .

WIZ 3 D WOE A% FIH L 72 Multiplex gPCR 14
DOz b e —iE, 45 3 FE o BE Sk 2 sk L 1
DA DNA Wrh & L CREREER L. 1082
—/T = VD 10% 2 B —/ 7 = VI T RA 1L 3 FliE &
% 1.00 L7 EMEEZA LTV, CtEOZETRD 5
N5 OOHEDRIT 100.2% (U. seriolae) , 955%

(K.iwatai) , 97.6% (K.hexapunctata) T&H YV, R/
HWIRPG B, ERENGE T TA~v—F A ~—IF
ootz (Fig 7) .

Fig. 5 Dynamic range and sensitivity of gPCR assay for
U. seriolae. Standard curves of 100-fold dilution of
DNAextrated from gBlocks® Gene Fragments



Fig. 6 Dynamic range and sensitivity of gPCR assay for
K. iwatai. Standard curves of 100-fold dilution of DNA
extrated from gBlocks® Gene Fragments

Fig. 7 Dynamic range and sensitivity of Multiplex gPCR
assay for U. seriolae, K. iwatai and K. hexapumctata.
Standard curves of 100-fold dilution of DNA extrated
from gBlocks® Gene Fragments

3.2 DEWEERER U seriolae RiAMMHED &

RIRBE R R % 3 FEFH D J7157C 3 [mllRat Lo R, @
80342 T Tween80 ¥R PBS iE DM H 23— %% < 6.0
X10*~1.6 X 10°flil/g T v i@EE & Percoll I ERER L
T 18 fi5, T 12 ffoBmHTh o7, = —Hu
1.1Xx107, 7.9%x10%, 1.6X10%opy/lg T, B —% L H
R OFBITRD bie -7 (Fig. 8)

Fig. 8 Detection of sporoes by three methods and U.
seriolae DNA in greater amberjack
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3.3 Useriolae BRAE
3.3.1 =EREHRE

PCR FHMEMERIL 76 iR 27 A TRO 4L, &
BRI TIL 5 |l 5 6 2015 4= 3 A & 2017 4= 8 A 73 53.3
% EHBRRTH o7z, MHHEET-&IE 2.7 X10*copylg 7
5 1.8X10' °copy/g DEIPH TH - 7243, 2016 4 3 H Tl
B En2no7- (Table 2, Fig. 9) . BAMEEMRA 217
7= 15 BIZBWT 8 BN S 10°copylg LA L& {n 1%
H L7228, RO 10° copylg LA LD 4 B TR
L, 10°copy/lg Tix 124 RN DGR TX 7~

F 7o, ERACBIE TR & RS & HITHRKRT
63.0% & 720, L 54.3% (HEAEMRZE 8%) CHERM)
TeFAETNILRRD e - 72 (Fig.10) .

PR
HE
N

Table 2 Detection of U. seriolae DNA in greater amberjack
from markets

Mo SamoeName  Years Back Back Back  Abdominal ~ Abdominal  Abdominal
> P Headside  Center Tailside  Headside  Center Tail side

1 17 8.5E+05 1.1E+06
2 24 27E+04 1.3E+05
3 21 2.3E405
4 28 20153 25E+09 5.9E+09 31E+09 18E+10 428407 1.7E+09
5 29 41E+05 1.1E+06 26E+05 1.TE+06 6.5E+04
6 20 5.6E+08 1.3E+08 38E+04 24E+09 8.9E+07
7 30 1.1E+05
8 31 2.JE+05 26E+05 1.1E+05
9 33 40E+05
10 34 1.6E+07 1.8E+06
11 35 54E+07 3.0E+06 3JEH07 26E+07 14E407 4.6E+07
12 37 20158 14E+06
13 4 6.9E+05
14 44 29E+05 5.8E+04
15 45 51E+06 9.5E+05 5.0E+06 29E+06 26E+05 1.9E+06
16 m 54E+05 1.TE+06 31E+05 3.0E+06
11 80 20113 71E+05 34E+06 1.6E+05
18 81 1.8E+06 T0E+04 6.4E+05
19 82 1.3E+09 1.4E407 5.4E+05 20E+06
20 84 6.6E+04
21 85 79E+08 14E407 78E+06 T0E+07 6.1E+08 T1E+05
2 86 35E+04 28E+05 4.0E+05 21E+08 38E+07 3.9E+05
2 87 20178 3.0E+08 5.3E+08 156407 4.2E407 1.4E+09 5.9E+08
24 88 6.1E+05 5.8E+04
25 89 8.2E+04 31E+05
26 91 3.0E+06 47E+05 3.2E+04 76E+04 71.7E+08 76E+08
2] 98 1.8E+05
Posttive rate 48.1% 63.0% 63.0% 59.3% 44.4% 48.1%

Fig. 9 The positive rate in the investigation period of greater
amberjack from markets



Fig. 10 The positive rate in the 6 place where a sample was
extracted in greater amberjack

3.3.2 HAENHRAE

SATANEL, EFROMET 6 S THEETHo T
3 EOMA (No.85, No.87, No.91) %{#HL7-. No.85
XFHAEFT 30 231D 5 B 22 M T (73%) Btk T, e/
& 9.7X10%copy/g 7 H I KE 7.9X10%copylg DiEf5+-
ZREH L72. No.87 I 26 23 (87%) , 3.1X10°copy/g
7225 1.4X10%copy/g. No.91 i% 16 7> (53%) , 2.8X
10°copy/g 75 7.7 X 10%copylg T~ 7= (Table3) .

DA HHEIOL AN D 72 73 o To iR OFi A & L CTRERIC 3
JZ& (No.84, 89, 98) (Z DWW T{T>7=. No0.84 %, 3 2 fr

(10%) #RH BN, 1.5X10%copy/g 75 6.6<10%copy/g,
No0.89 X 5 AT (17%) 2.25X10%copylg 7> 2.8x10°
copy/g, No0.98 X 3 2AT (10%) 1.2X10°copylg 7> 8.3
X 10°%copylg & B HIFIALIE TR L T\ e, 2B oA
BORK LY FEBULORREITRN D LAVRE ST

(Table 4) .
Table 3 U. seriolae parasitic distribution investigation (6
point detection sample)

Sample Back Back Back  Abdominal ~ Abdominal  Abdominal
Name  Headside  Center  Tailsie  Headside  Center  Tailside
85-1 TOEH08  14ER07  TSEH06  TORR07  GAEK08  TAE40S
85-2 21405 17608 62E+04  25E408  10E40T
85-3 16404 SIEHT  BOEH03  25EH4
85-4 2.0E408 2.0E+04 176405
85-5 T3 1TE05  AOFH08  36F+08
87-1 30E+08  53E+08  15Ef07  42E+07  14E+09  HIEH08
87-2 6.1E+05  11EH04  4.2E+06 456405 2.1E+08
87-3 136400 13E+05  19E+08  12E+04  22E+05  2.5E+08
87-4 16E+08  18E05  10E+06  26E+04  6.1EH07T  19E+08
87-5 25E+07  T4E+08  31E+03
91-1 30E+06  47E+05  32E+04  T6E+04  TTE08  T6EH08
91-2 36E+04  16E+08 17E+08  28E+03
91-3 84E+03
91-4 T4E407 16E+05 5.0E+03
91-5 5.TE+08 2.3E+08
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Table 4 U. seriolae parasitic distribution investigation (1 and

2 point detection sample)

Abdominal
Head side

Abdominal
Center

Abdominal
Tail side

Back
Head side

6.6E+04

Back
Center

Back
Tail side

Sample

Name
84-1
84-2
84-3
84-4
84-5
89-1
89-2
89-3
89-4
89-5
98-1
98-2
98-3
98-4
98-5

1.5E+03 6.6E+04

8.2E+04 3.1E+05

6.0E+05 2.2E+04

2.8E+06

1.8E405
1.2E+03
8.3E+06

4 EE

ORI T RIE, NSRBI EPEMRV Y & S 4T
T L Le T ADAEBICEZATEDREN K.
septempunctata 12k A H D ERFES VTSR, BT 2%
B < AESERHOERIC L D FERORER A B9 2 R HEIC
SNT Y, MORERTFROESRHEE SN TWD. I
H~27 1o K. hexapunctata® & A > %1 @ K. iwatal
DNWZONWTORERDHD. Fiz, hrFoe I~
IZBWTH U. seriolae DG REZ SN TWD.
FTH T 2 EOEFNFEA LR, AR FREREIEDN
RN T2 OITHTTZIC qPCR B2 MR L=, Bghde 7
ARBRAEEY TIRESH TS 18S rDNA fEI LV £k
PEDE N 285 rDNA fEI D qPCR £ & Ef LT, BIF2
FEREM/DLZENTERZ. 2, Koiwata 1220 TH
28S rDNA % i3 C qPCR #E & B%E L 7=.

BHPHFFFOEEE, AOELDPRNI ENRZNOT
RO REOMREE T 5 AREMEMELS, BEENDS OB
ENEICRD, FREFEO RIKBREIL, FREED 7
ECHMEE T CORGENNEECTH D720, s O
BDEDTHD. EBICHAR_AFRwT 1, X A% TMHO
FIH OB GoHIEHINTNDZENRZ DT, &
FEERAT D120, SRR R A2 RAET 50 ER H
%. ZO7®, K. hexapunctata Z BN L7z 3 FEHD
Muliplex qPCR {£% & 7 A &555) L [AIGM:Ciat L
LT

U. seriolae I3, 23 Kudoa J& & 3& W i (8l L,
£ 12 (K 6um) E/NEW. ZFD7-HIT 200 fEERTOD
PSS T CORBMAIEFICHEETH Y, 1000 {55 TD
RN METH-7-. £7=, K. septempunctata & Lrifiz L
THEIBFRICHARH RN D2 L n, KiER

A
7 R&



F R OE S &5 L L= Tween80 ¥l PBS 523, b
ARk R Percoll £ L ARl E . 272
L, KD 'O RS L Tnd Lo, BRFIck
T ARSBEOHFEIZL Y, BEREFEOR I OFHE
HELBEETINLERDD.

K. septempunctata (2 K 2 B E T, FRFAEMFHD 70
BNEHICHAELTWD EHRERHSLY . Ll U
seriolae TiX, AEIOFEEHRHAEIL, 1 HH7-v 15~16 &
ERREEER S LTIEZ IERWAS, 8 AL 3 A ik
5 EBETORBRWIIBEEZEREZEN b oT. £z
2016 FlCix < i ENehrolol b, BED
RFory NENEETLILOLHESNS. R EL
T, ENORMES R FIE, HEE ((RER 25cm) DIF
EAEEREO—EMIR (8 5 iR, JEHEA) 2
HEAL, # 15~2 FEEH%E (RER 3~4.5kg) &
HMEITY EmEShTns1'? . 72, 720 K
septempunctata TiX, BIHRFIZIIT %L I3 DL &
ZBNTRY, FHEROFERRD, ZEMEO R ER
B L TWD LRI TWD Y L BT o U
seriolae IZBWTH AR Z &N E 2 b, M OF K
W35 O B e OV HAE £ ORI 8 O £ B DL O HE %
W, FHERIRESHETLIODEZRD.

WAL OFAEFAETIE 1 BE 6 EALIC
0, FEREBALIIMER CE R o T, Tl b
T A LA UL RIS FHAET 28R+ L O F T o
DR R BRI LB, PRI & » Ty Is#E R
n, VARELLEYa—FRYRAMNERKT DS
W, ZOLIBRERICRSTZEBZIBND. £ZT, &
DIZEEM 72 Sy FRE 21T > 7228, 10%copylg UL EH - 7=
WA OB THOREBEINRWEFTLARD LN &
b, WRIZHFAL T THRH BN THHEICHEAELT
WRWZEREZDBND. ZOZENLRTHEREOLR
FIZL o TUEROERIZH K& < B57 5 mRetk i mg
.

U. seriolae OFMEIZ DWW TIEFARHE B3 72 0. AIFLE
WKWBWTHHEERBRZA A, MEO X 9IC U
seriolae # A THICHET 2 Z E R TE V. ZD7®)
KEBEICFEL VDI U NFEHREHRL, SHICBERSHh
TeAETOREBO BIRZINEST 2 2 &5, RIFFREHT D
RINCHEECH o7, BHRERIT Kudoa J& TIThoNn T
FETIERETH DT, FEORELEDLSHOFE
TH5ETREBRB|ETHL L LEEZXD.

T 7

-
—

4y
(2]

HiEE
AWTEEAT O ICHTZY, THEROCITREZNZEWD
TR R RG22 A B A JE R L T B) B DN
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