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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 EBRAE
2.1 E:FEREEORE
2.1.1 DNAHHE

FRAD D DRSNS T DNA Hhitlix, S48
W% TKudoa septempunctata O F i GEaEE) | ¥
(LLF e 7 AL ICHEL, K9 50mg £#44 L QlAamp
DNA Mini Kit (QIAGEN) # A\ T, F#&mIchik
25mg 7% 200puL @ DNA i % 15 T8 DNA & L
7=, F£1-, ¥#{E2SO DNA fhiix, EEZBHENLO
FsEAS [RPEEEE) DO Kudoa septempunctata ¢
B FREE (%) 1 % CUTFTe7 2855k (ICH§
U, FastDNA SPIN Kit for Soil (MP /XA ) %W TR
14 300mg %> 100uL @ DNA HliHik % 15 TH7H DNA &
L7
2.1.2 U seriolae') 7ILR A L PCR %

SLRIFFEE O i R IR AR SR AT FE AT LR 2 28S rDNA
BRI LT T A ~v—, Ta—T EBE IR E
iTo7= (Table 1) . HEMICHLERGE= Y Fa—
DNA %, U. seriolae 77 A ~—H5 % & T 28S IDNA
1 » & st DNA W Ji ( gBlocks® Gene
Fragments ) % TE Xy 77— (pH 8.0) (=v &>
v—r) (LT TE) TEEARLIZbOZMHY, VT
N A 5 PCR (LLF gPCR) OfER X v ERE (LLF
R2{#) , PCRI§IFhFAfeR LT

~ AKX — 3 v AZX Premix Ex Taq (Perfect Real

Time) (ZH I AF) ZfEH L. PCR KISHKIT,
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% 10uM 77 A ~—% 08uL, 125,M 71 —7 %

0.4uL, Premix Ex Taq % 10uL, ROX reference dye Il
(X50) 0.4uL ZiEA L, #5 DNA4UL LkENz, &

% 20uL [ZFH%E L7z, gPCR #£{&|21%, QuantStudio® 5
(Applied Biosystems) # FHV> 95°C30 & 1 41 7 /L—95

‘C3 ), 60°C30 # 50 ¥ 1 / VOGE#AT o124, FEBR

T— 2 &fEfr L, CtiE43 AT THitks L7e.

2.1.3 K /watai') 7IJL3 A L PCR %

K. iwatai ® 28S IDNA Z AR T A ~—ix&t>Y 7 b
T& 2 Primer Express # NN CTF I 4 ~—, 7u—T7%
FXEFL7- (Tablel) .

BOSHRR & OS2 U, seriolae & [RIZfhic 2B %
20uL IZFREE L CtiERM G oz b o xEE S L.

BEMRICHERBME= > b r—/L DNA |, U.
seriolae & [AEEIZ 28S rDNA fEIE DAL DNA W 7

(gBlocks® Gene Fragments) % TE TE:f&FIR L7z
HOEHY, gPCR FHER LV R2E, PCR HIEZ)R % ik
L7
2.1.4 FZHFEIZH+5 Multiplex gPCR %

K. hexapunctata (&2 C T B AR 20F9e & o ¥
— DKL DFERS b LIER LB E2ITo72. F
7=, U.seriolae (oW TCiE 7 u—7 O N EaFEE FAM
B VICIZERZ1TV, 3TEOHENRTELLHITL
7= (Tablel) .

~ AKX — 3 w7 AZiE Premix Ex Taq (Perfect Real
Time) (XA F°54F) HfEH L7z, PCR FUGIRIZ,
% 200M 7T A ~—% 04uL, 125,M 7o —7 %
0.4uL, ROX reference dye I (X50) 0.4uL #EA L,
#78 DNASUL &k &%, 28% 25uL IS L7z, K
JISGAEITE 7 ABBEW LR C4MFET 95°C30 #1942
L—95C5 £, 60°C30 # 50 ¥ A 7/ VOKIGEIT- 72
th, EBT— &ML, Ct{l 43 LLFCtEE L.
REMICVLER G2 b —/L DNA (% U. seriolae,
K. iwatai, K. hexapunctata & 77 A ~—El¥| % & 1e4%
28S rDNA fiEik - ikk L 7= A DNA BT/ (gBlocks®
Gene Fragments) % TE TEMHARL-boz AW,
gQPCR #55 XV R2{H, PCR HIEZNEZ A LT,

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
* 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 GEMMEEWMER U seriolae Bk ED ST

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

K. hexapunctata




gPCR T U. .seriolae (D ¥iigiE {5+ 1.0 X 108 copylg % 1
WL " F—REMNDL 759 ML, XA b~y —4
IZW 7% PBS % 45mL ¥ishn L, 60 #ifitz 200um @
A2 O 100um O A v = (BD Falcon) % AWTC
TR 270mL 12725 X 5 PBS TAMIKAFRIL7=. %
D AR % 50mL L F = — 7124 18mL e L, 13
BikdH7-0 5 Mk EER Lz, R EIO@mES
@pPercoll 742 @i@%EED PBS % 0.1%Tween80 ¥l
PBS |2, iE:0» 1500rpm10 43 % 3500rpml5 43 iC 88 L7
FiE (LT TTween80 #0 PBS #:) ) 3 > & L, &HHI
1% Burker-Turk BUEHREMEAZHEA L, ZhZh 3 BIRFL
TEORRE L2, 7= LREEM U2 RIERALZ I
2 [B1%) 50mg £&4F L, EFLAFIET gPCR IEIZ L D =2 —
e E UIESE A L.

2.3 U seriolae BEFE
2.3.1 EEHRE

P Lo, BIAEER K O EAIRGE 2
JE D B NIRBR BRI AR S =B D 8T 1R (OF
¥EE 3.2kg) % 76 REEA L7-. ANFRIE 2015 4F 3 A

(15/2) £8H (15R) , 201643 4 (16 /2) , 2017
£3H (15R) £8H (15R) OFF5ETITo72. 4
REHMZE LI-0L ACTHRE L 24 BERILINICARIR
MRt L7z,

FRAFRALITTES 3 AP, MEE 3 Wpr & L lem O A
Ak (19 1.09) IV HWEZbOEREE LTHEMLE

(Fig. 3) . X HITK 50mg % 15mL fi~A 7 aF =—
ZIZEREL L DNA ZHiH L, qPCR Ta b —H&HIEL
7.

F7=, 201543 A ® 15 JBIZFV T Tween80 ¥R PBS
B2 AW CTEEMSE T IC 1T 2 BB OWE 2 3 7.

Back Back
Head side /C ter TaiB|acski de
R/
‘& (L

—— 7\,, —
Abdominal’  Abdominal Abdominal
Head side Center Tail side

Fig. 3 Six location of a greater amberjack which extracted a
sample for gPCR and light microscopy
2.3.2 HENHRAE
FREFA T 6 FALH> H 42T U. seriolae DIfsT-Z
L7z 3 )& (No.85, 87, 91) (ZHOWTHAESMMELIT
Sz & 6 LA FONTK 2cm OXRIARR 4 S E B
WAL E L. F£7o, Bl 6o U. seriolae Bin 1=~
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AIFx—LarEEBLT3Imm AR MLy (7=
P—) AL THK 50mg FREL L 721% DNA Zfhiti L |
FRERUFETHAELE (Fig. 4) . SOICEERET
MRHEFT AP 720vo7- 3 B (No.84, 89, 98) 2o\ T
HEERICHE LT 7.

Back
Head side

Abdominal’  Abdominal Abdominal
Head side Center Tail side

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

3 EEB#HER

3.1 EBIEETFREELEOKRE

& hk DNA Wt B & Fv 7= U. seriolae, K. iwatai Bt =
Vho— LV THREREERLIZEZA, 1083 —/T =
Vit 107 3 B —/7 = LI T R*MEIX &L H 12 1.00 & 72
DEHPEEZA LTV e, HIEZEIT 98.0%, 93.6% TH
-7= (Fig.5, 6) .

WIZ 3 RO LA L FIH L7z Multiplex gPCR 1%
DOz b e —iE, 4% 3 FEE O BIE G 2 s L1
FEDOAR DNA Wiy & L CHREMREER L. 1082
—I7 = )Vinb 1022 —/ 7 = JUHEF T R EIX 3 FiJE &
% 1.00 LARYVEBMEEG LTV CtEOETRD L
N5 b oOHEZHRIE 100.2% (U. seriolag) , 95.5%

(K. iwatai) , 97.6% (K. hexapunctata) T&H Y, Rf72
HIENG O, FERERINE T TA~—F A4 ~—IF
b ootz (Fig.7) .
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Fig. 5 Dynamic range and sensitivity of gPCR assay for
U. seriolae. Standard curves of 100-fold dilution of
DNAextrated from gBlocks® Gene Fragments




38 * K.iwatai R?=0.9985

1.0E+01 1.0E+03 1.0E+05 1.0E+07 1.0E+09
copy/well

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

38 » U.seriola R=1.00 Eff%100.2

& K.iwatai R=1.00 Eff%95.5
K.hexapunctata

R'=1.00 Eff%97.6

Ct value

1.0E+01 1.0E+03 1.0E+05 1.0E+07 1.0E+09
copy/well

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 TAMEERER U seriolae RiAMEED &

WRESYER A 2 3 T J71E T 3 BIRET L7 FE 5, h
3134 T Tween80 ¥RIN PBS DM HE2N—% %< 6.0
X104~1.6X10°ffl/g TdH v i@H1E & Percoll ¥EIZbEEE L
THH) 1.8 fi5, FH 12 50 Th 72, a B —HiT
1.1X107, 7.9x10%, 1.6X10%copy/lg T, =t —¥& h
B OFBITRD bhie-7- (Fig. 8)

2 Official method

OPercoll method

= Tween80 addition PBS method

@qPCR
2.0E+05 1LOE+10
1.8E+05 = L 1.0E+09
L6E+05 1.0E+08
L4E+05 =2 F LOE+07
1.2E+05 r - LOE+06
1LOE+05 - LOE+05
8.0E+04 - - 1L.OE+04
6.0E+04 - LOE+03
4.0E+04 - LOE+02
2.0E+04 F LOE+01
0.0E+00 : + LOE+00

First test Second test Third test
Number of

spores/g

Fig. 8 Detection of sporoes by three methods and U.
seriolae DNA in greater amberjack
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3.3 U seriolae B3R
3.3.1 =EEHRE

PCR MHMEMERIL 76 FiAR 27 RIKTRD 4L, A
REBICIL 5 [|ld 5 6 2015 4F 3 A & 2017 4% 8 A A% 53.3
% &R ThoTz. BHERBET-®IT 27X10*copylg »»
5 1.8X 10! °copy/g DEIFH TH - 7243, 2016 4 3 H TIX
M & ho7- (Table 2, Fig. 9) . BEMEEMA 1T
572 15 BIZBWT 8 B 5 10°copylg UL EBRT- 2%
H L7228, BRI 10° copylg LLED 4 B THERR
L, 10°copy/lg TiX 1@ BN)D AR TE 7.

F7o, FARIH IR & BN & BITHRKRT
63.0% & 720, SEEIL 54.3% (FEHERAE 8%) THEED
PR ETALTRD bR o7z (Fig.10) .

Table 2 Detection of U. seriolae DNA in greater amberjack

from markets

Back Back Back Abdominal  Abdominal - Abdominal
Headside  Center Tailside  Headside  Center Tail side

No.  Sample Name  Years

1 17 8.5E+05 1.1E+06
2 24 27E+04 1.3E+05
3 21 2.3E+05
4 28 20153 25E+09 5.9E+09 31E+09 18E+10 428407 1.7E+09
5 29 41405 1.1E+06 26E+05 1.7E+06 6.5E+04
6 2 5.6E+08 1.3E+08 3.8E+04 24E+09 89E+07
1 30 1.1E+05
8 3 2.7E+05 26E+05 1.1E+05
9 33 40E+05
10 34 1.6E+07 1.8E+06
" 35 54E+07 3.0E+06 3TE07 26E+07 14E+07 46E+07
12 37 20158 1.4E+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.JE+06 31E+05 3.0E+06
17 80 20113 1.1E405 34E+06 1.6E+05
18 81 18E+06 7.0E+04 6.4E+05
19 82 1.3E+09 14E+07 54E+05 20E+06
2 84 6.6E+04
21 85 7.9E+08 14E+07 7.8E+06 T0E+07 6.1E+08 TAE+05
2 86 3.5E+04 2.8E+05 40E+05 2.1E408 38E+07 39E+05
2 87 20178 3.0E+08 5.3E+08 15E+07 42E407 14E+09 59E+08
24 88 6.1E+05 5.6E+04
2 89 8.2E+04 31E+05
26 9 3.0E+06 47E+05 3.2E+04 76E+04 77E+08 7.6E+08
21 98 1.8E+05
Positive rate 48.1% 63.0% 63.0% 59.3% 444 48.1%
| 100.0%
|
80.0%
60.0%  53.3% 53.3%
46.7%
40.0%
26.7%
- 200%
‘ 0.0%
0.0%
20153 2015.8 20163 2017.3 2017.8

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



100.0% -
80.0% -
63.0% 63.0% 39.3%
60.0%
0, 0,
48.1% HA% 48.1%
40.0%
20.0% -
0.0% -
Back Back Back  Abdominal Abdominal Abdominal
Headside Center  Tailsidle Headside Center  Tailside

Fig. 10 The positive rate in the 6 place where a sample was
extracted in greater amberjack
3.3.2 HAENWIRAE
SAAENE, EROFET 6 S THREETH 7
3 EOMA (No.85, No.87, No.91) #{#iL7-. No.85
VXFHAEFT 30 23T 5 22 HFE (73%) Btk T, /b
& 9.7X10%copylg 7> b KE 7.9X10%copylg DiEf5ET
ZRH L72. No.87 1% 26 2 (87%) , 3.1X10°copy/g
25 1.4X10%copy/g. No.91 i 16 2°37F (53%) , 2.8X
10°copylg 75 7.7 108copy/g T -7~ (Table3) .
IR HHEROL AN D 72 20> o T iR DR A & L CTRERIC 3
2 (No.84, 89, 98) IZ DWW T{T~7-. No.84 %, 3 »fr
(10%) #HBh, 1.5X10%copylg 75 6.6X10*copylg,
No0.89 X 5 At (17%) 2.25X10%copy/g 7>5 2.8X10°
copy/g, No0.98 i 3 7 fT (10%) 1.2X10%copy/g 7> 8.3
X 10°%copylg & R HIERALIEITE L T\ e, 2 b A
BORER LD FETNLORRIET RN LVRIRS T
(Table 4) .
Table 3 U. seriolae parasitic distribution investigation (6
point detection sample)

Sample Back Back Back  Abdominal ~ Abdominal  Abdominal
Name  Headside  Center  Tailsie  Headsie  Center  Tailside
85-1 TOE+08  14ER07  TEH06  TORROT  GAEK08  TAE40S
85-2 21E05 176408 62E+04  25E408  1.0E407
85-3 16404 BIEHT  GOFH03  25EH04
85-4 2.0E+08 22E404 1.7E+05
85-5 OTEH03  1JE05  AOFH08  36F+08
87-1 J0E+08  53EH08  1AE07  42E+07  14E+09  5.9E+08
87-2 6.1E+05  11E+04  4.2E+06 456405 2.1E408
87-3 136400 13E+05  19E+08  12E+04  22E+05  2.5E+08
87-4 16E+08  18E05  10Et06  26E+04  6.EH07T  19E+08
87-5 25E+07  T4E+08  3IE+03
911 JOE+06  47E+05  32E+04  TGE+04  TTE+08  TGE+08
91-2 36E+04  16E+08 17EH08  28E+03
91-3 84E+03
91-4 T4E407 16E+05 5.0E+03
91-5 5.JE+05 2.3E+08
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Table 4 U. seriolae parasitic distribution investigation (1 and

2 point detection sample)

Abdominal
Tail side

Abdominal
Center

Abdominal
Head side

Back
Tail side

Back
Center

Back
Head side

6.6E+04

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
1.2E403
8.3E+06

4 ER

ORI F BIX, NTRT DWREMEW & ST
T LT AOERICEZATHFEDRANN K
septempunctata 12X 2 H D ERFESNTLUER, BT A%
B < ARERHOARIC L D RBROIEIRE 29 5 B FEIC
SNTh, MO ROBEEAHETE S TW5. I
#-~27 1@ K. hexapunctata® 8 A > &1 @ K. iwatai
DOV TORERDD. Fo, B FPe T~V
IZRWNTH U seriolae OBIET RNEZ LN TS, &
FHCTH 2 thOFFINRA L, A7 REREEN
RS T2 T2 DICHTT-IC gPCR EE BRI L7, Bahide o
ARALEY THRE SN TS 18S IDNA fHlk L 0 £k
PEDE 28S rDNA FEIL D qPCR L&t LT, BiFis
FERAEGLZENTEZ. £, K iwatai 12OV TH
28S rDNA % 3 C qPCR E & BA%E L 7=

BHHEFFHOHAL, AOELBRNI ENLENDT
AR BRIROREZ T 2 AHEMENMEL, BEENLSOR
ENEICRD. E-BEEOREBRET, KEDCHIR
ETHMEE T COMBLIRETH D720, BIEFOMRM
DA THD. LA AAFRe~v T n, XA53Ha0
FIE OB ORI SN TND ZENRZVOT, B
FlEEZHAET 5121, SRR TFRERET 2 0ERH
5. ZO7®, K. hexapunctata Z BN L7z 3 FEEHD
Muliplex qPCR 5% & 7 A 5E1L>) L [H G TRt LBA
F LT,

U. seriolae i3, 25 Kudoa J& & W IR L,
Y 12 (F6pm) E/AEV. ZDEHIT 200 FRTO
BAMEE T COMBENIEFICHETH Y, 1000 53R TOD
RNV ETH 7=, £72, K. septempunctata & ki L
THEIEFREICHARH RN DN L h, KiER

b
7 H&



FRONE LS &5 L L= Tween80 #shl 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, FRFEFHD 70
BNEHICHAEL TS 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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ESRVAVSE SN i RTINS G
HFLE L LT ET.

Xk
DR HEL, HREF, o K, fmH
M, EHAKIML, IR, BREVE—, NERF 2R
7 & K& Y Kudoa septempunctata O ZEEiIZ & 5
%, BARMBEDFRMES, 30, 125-131 (2013)
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