Kudoa septempunctata genotype ST3
XA ddY suckling mice 59 A] J&F

off ==%A HTHFAO, 2009).
M ERZRD 90 F9 Kudoa &2 ¥ A& o=, AL 4 Fo 4dFH

B %l o r(Eiras et al.,2014; Mansour et al., 2013, Yurakhno et al.,
2007), A5 FEof F& THol AEEH A= cystsol] &3] T=o] wEFH AFIL
A2 Hojmy = “jelly meat” & Z st g4 F Ao A3 AAE E3E
E} W2 ) (Moran et al., 1999).

EF, AAxaSe ARt o R QAo Fellgk Ao g AHEAR AN Kudoa F
Ao Al LA Wb dod)= HWllel Hrylx dtkMartinez et al., 2008).

Kudoa septempunctata XA+ 2010 Matsukane sl <3l 671 =+ 7719 shell
valve9} polar capsule® FAHE = oz d¥A 9lon (Matsukane et al., 2010), d A
oA x E2l® K septempunctata A+ ddY suckling miceol] AAE €o7]= ZlOo=
ol =ar vk (Kawal et al, 2012). o|&lg 4<E HAUESES Kudoa ZEAEFH
sporoplasme| ®WZ% o Abgho] Aol =EstA H ™, sporoplasme| <A &A= =g 3
Y3t = A% A S o7 AZIttal Mok i @) Ohnishi et al., 2013).

K. septempunctata= 37FA el ST1, ST2, ST3 genotypel & &% w, ST13
ST2 typeo thE-E P Hgwar, ST3 typed Fh=oix YHoF F=¥ X o
A 2l a1 vHTakeuchi et al., 2015).

K. septempunctata®] mitochondrial genome-& &/ S4 o2 F83%F 2712 FHAR]

]_

O

cytochrome ¢ oxidase subunit rRNA (cox D¢} large subunit rRNA gene ()= 3%
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o, cox I3 ml AR 6/t 2712l single -nucleotide polymorphism #}e]& Y ElH
C} (Takeuchi et al., 2015). o|& 3%+ genotype ST12 cox I-13 i1, ST2+ cox 1-23%}
-2 18|31 ST3w cox 1-33% mi2E X33l Q).

F7V2 K. septempunctata genotype ST3 EAE Fo 3%t adult BALB/c micew™ AAF4A
Jd BEW AHE HEen, EWolA Real-time PCRE& o] &3 ZHAF A K
septempunctata 185 rDNA geneo| A=A, ol Kudoa XA7F wRfA9
gastrointestinal tract& §343F 3 &y < ¢ rheiss ofdl HyEldd Ha s Ho

A e & 7 JATHAhN et al., 2015).

T3k FH Lol ANYERE:Q Myxobolus honghuensis A2 BALB/c suckling mice]]

Eaolgt Axp DAL F4F 2 fluid accumulation (FA) F715 Holx] ¢qton, o3 2
= M hongchuensis A7} BALB/c suckling miceol] W AHE doy= &= Ae &

A3t THGuo et al., 2015).

Protozoan 7|A=L& = 7+ A #7| ©HY ¥F3 2IXFQ] tumour necrosis factor
(TNF), interleukin 1 (L-D3} IL-6¢] ¥bs& #%st™ (Stadnyk et al, 199D, ©|=
cytokine 52  specific T celld} &4 Aaro g 7z AH=2S wt= &S Fh(Titus
et al., 199D.

7] = 2]

a3 THEE AFAANE A AR AAeE fluid accumulation (FA)
ratio®] Z7FE 4143 A HoF+= suckling mice® o] 83 A7 Hoj o (Dean et
al., 1972), Kawai 52 ddY suckling miceE ©¢|&3}9 K. sepfempunctata A2
A AR A AZ=3e] FA 3t AFE s PcHKawai et al, 2012). =3}
Takeuchi & K. septempunctata®l A 719 E}%— FAHE AA T2 HUAES
ElUle Zlo& E{FstA

B AFqME AFm GRo 42 K septempunctata genotype ST3e] WA
HE 98] ddY suckling mices ©]&%t 244 EA, AU =4 HAAN HY {F2A
i3 Bt AAle] dnd A S ol&ste WS HIubsk o

O

1. A5 9 Uy

Animal model and ethics
Specific-pathogen-free (SPF) ddY mice& Inasa Production Facility (SLC, Hamamatsu,

Japan)oll A +d3sl.©., Laboratory Animal Facility at Jeju National Universityol] A
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AbEStdt. B3 = A3 552 Jeju National University Guide for the Care and

Use of Laboratory Animals (Permit Number: 2015-0013)e1 wh&} =33} o}

Spore preparation

K. septempunctata®] Z4<4¥ QA MEI5L AFTol AT FaAo =z A5
AN, ol HA=2 4008 wies o|&7 dnrld A7 Real-time PCRE o] &3
Kudoa 7+ 7+ <= #lstsdtiKawal et al., 2012).

K. septempunctata EXF2] genotype 42 3l conventional PCRZ ©o|-&sto
7 2] mitochondrial gene%l cytochrome c¢ oxidase subunit I (cox D3} large subunit
rRNA (m)S FZ39 o v (Takeuchi et al., 2015), F4=} FZ2 29 o RE &<l
7] #13l Negative confrols< AF-&3stth. PCR producti= ABI 3730XL DNA analyser =
A7IAE B2 & MEGA v. 5.1.2 B3 H= 3ls Tt

A A4 A 100 =&/ g ol Y FE7F FUE A Ahn 5o Bl whel
X By E AAFY e s (Ahn et al, 2015), haematoxylin-eosin staining (H-E<A])-<
sl formalinedl] 4 =4S AASET. B8 % Kudoa A= phosphate —buffered
saline (PBS)E o]-&3ta] 5x10° 5x10° FEAH/ 100 52 2H3 T dH Fxo}
¥R 95T 2 10587 tEstg oy, =3 Bulw ¥EAE= trypan blue exclusion test
= &9 viabilityE =4 s} thHStrober, 1991).

Suckling mouse experimental design

Kudoa septempunctata 2 2499 A& 165 vkl ddY suckling mice (4-5Y#H)E At
g3t om 4702 122 1002 PBS (n = 60), 5x10° heat-treated Kudoa EXH 100
ul (n = 35), 5x10° Kudoa ZZH 100p (= 60), 5% 10" Kudoa ZZH 100ul (= 10)E

2= vk oral injection needles ©| &3l Kudoa A5 ¢ WE A5 FA3 &

b Bt 25T E fFA kAT

Fluid accumulation (FA) ratio

HE: 20, 1.5, 3, 6,9, 12, 2417t &<t 5= 2ol & Kudoa ZAE FAF
= AT 2olA Sty Aeatdi s ol gste] s AEFss e, FA
ratio= weight of stomach plus intestines/(total body weight weight of stomach plus
intestines)= ©]-&3sto S48t vHBaselski et al., 1977).
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Bowel movements
K. septempunctata X2 G&Foll 2%k suckling mice®] bowel movements+
heat-treated X x5 Fo3 O35S A% 2FAA 10088 AP, AF vF$
+ filter paper 919X 25CE #A AlFl & 24X 3F 59 #&AsH o, AZto &
Bowel movements =42 3l faecal ¢ ¥|E3} stool FE = 7| =3H T =3 44

H faecaldl X Kudoa EA= 223 THGuo et al., 2015).

Quantitative PCR and immune gene expression analysis

Ho] vure B 9% 24 AHE PBSY 5x10° Kudoa EAE gk T1E ol Al 6,
12, 24, 48, 72, 120A17F uvltd Hrolg o] mleA~=2 EE small intestineg =i # 3% 0. H,
RNA F=3} cDNA 34L& RNeasy Plus Mini Kit (Qiagen, Hilden, Germany)3}
Superscript Il Reverse Transcriptase (RT; Invitrogen, Waltham, MA, USA)E Al-&3} %
=3

Proinflammatory (TNFa, IL-6) cytokine gene& SYBR Green qPCR-& ©]-&3la] =3
3t H, internal control gene® & = b-acting A3} tHPackiam et al, 2010). &
o gy =3 Ay BEXEe MX Pro-Mx3000P Multiplex Quantitative PCR  System
software (Stratagene, La Jolla, CA, USA)$} 2544 = patt (esh alt bz 21 g 5 ol )
(Livak et al., 200D).

qPCR detection of K. septempunctata

K. septempunctata 185 ribosomal DNA “ZA%-2 Real-time qPCRE ©|&3}% 0™
(Kawai et al., 2012), DNA &==2 PBS¢} 5x10° Kudoa EAE Eo 3 129 Hulg] &
FH oy g 7] stoole AETE 9 BESA AEE ARG QlAamp DNA
Mini Kit (Qiagen, Venlo, Netherlands)® =% DNA+ TagMan Universal PCR Master
Mix (Applied Biosystems, Carlsbad, CA, USA)®} Kawal 5] AF&3 ¢ primerE o|-&3f
o =A3At Kawal et al, 2012). =3+ X septempunctata®l gene copy number
standard curve methodE Al-&3sla] A4k} st

Histological studies

ZAeA BAS 9] 25 Ad B5 22E& 10% neutral buffered formalinel] %
g+ 3 paraffin embedding 342 A At ™, paraffin-embedded

%218 rotary microtome (Leica, Germany)2 ©] &3t 5 o] FAZ Aosidot
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AHE 242 haematoxylin¥} eosing ©]-&3 FAF & =484 #zZS& AASEH T

Statistical analyses

Z+ 1%¢e EA% parametere] mean £ SDE sl 590, Two-sample Student’ s
t-tests& AF83F] Z+ experimental 153} control :L—H—FJFA z}ol= v wa Yt w3l
T A58 Aol P 0.059 A w23 Az THFEHUT

m. 23 3 13

Kudoa septempunctatas AFAY QA A aod A AgE 52404 23 &
Av A ARG GrIMdE BEAHS F3l straing AASAY. Fig. 18 K. septempunctata
of Z44dH HdA =ACE HAFFolv 945 T ougt SAE HolA Fdth EZ I
A= 6 = 7719 shell valveet polar capsule (Fig. 4A)S 7FA L =

2l & 4 e, A A4t Hiael dAFTE #AAD 4 A Ahn et al,
2015). 123, B2lE K septempunctata2] mitochondrial gene?l cox 73} rm/ &4 Z
3 cox [-3, k29 &3t 02 BERIF A|FA YA BEE® K sepltempunctata
+5T3 genotyped= #1383 tHTakeuchi et al., 2015).

Kudoa EXS 37/ 150 AT Fo3 & 4A7F S TYUEHAG A3} FA ratios
Fo)ASe Holx ko (Fig. 2), 1 gk& active Kudoa 2AE Fo3 21E-2 0.060
+ 0.003, inactivated Kudoa ZA= Fo37 2F2 0.062 £ 0.003 vRA|2te. = PBSE
Eoe 18 0061 + 0.0022(Fig. 2 FA ratior} 0.070 Bt tom &Aooz wgH
= A8 A7 ®Hao] whel Kudoa EX+ bowel movementsol] FdS FA S-S
gl tiDean et al, 1972). o] 213} FA ratio= ©l® enterotoxing 7 x2
el AL 888 AHAo g Hre 4 9o, infant miceE o] &3 A& o
o] 4] S=cholera strains®] AAF f-#2 2213t tHBaselski et al., 1977).

Bowel movements <l ZAx BRE 89 m2oa 0.8 (PBS3 higher -dose
spores)® 0.9(ower-dose live spores)Table 1; Fig. 32 YeEl A, watery stool 59
AAL Z=abe Boln R ol y|Eo| HauH ANEXRE Myxobolus honghuensis=
suckling miceo] Fogt A3} A TS FlstAtt (Guo et al, 2015).

Mal Al A R [JE K septempunctata EAZFE sporoplasme] WEHO®

A Mo Fde dodivs WAYUSESN= g2 ¥ nke2odA a4

o ™
i,
2
S
%
K

—
=
2
o

rif,
i
o0
P
!
P
A
i
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wet smear A|2F % @An|g AA A live Kudoa A= g F oA S JE
el K septempunctata EX7F SJER o™ (Fig. 4B), Kudoa X#Fe] dAn|d AR
18S ribosomal DNA gene?] qPCR A= AF5Fo % 6AIZHCt value: 37.74)5E 24
A ZF (Ct value: 43.68)7+A] faecaloll A TF &2l Hof, 7]& Ha9} AR g-S F3tt
(Ahn et al., 2015).

Suckling mice?] small intestine &4¢] #An|4d A4 A3 inflammation3 necrosis &
o] Welshal<l Wal= gllenlig. b)), ¥ 9475 &8 K septempunctata EA7F ddY
suckling miceel] Hm3F Wele4d HaE Ao 7|A] Fdas AT =+ AT

proinflammatory cytokine¢l TNFa<¢}l [L-6 Wd & real-time PCRE =435 0™ (Fig.
6), TNFa, IL-6= F /& 54 IFoA Fo % 6AIToA TAIE E¢F Aes 33l
L, AR = YolAl = AiE #d & g T o= 753%35 nke-2~ol Trichinella
spiralis 7+ Al 2 w24 mel Wy = (Frydas et al., 1996)<}
B = Kudoa *AF7F suckling mice o Hj = vR-g-24 2 ‘?ﬂﬂ o FFE XA &
= AT F YU

THAdoesE & v B dAFoAMes AFAY FAPR A EEH K seplempunctata
strain ST3+ ddY suckling mice®l] AAE Lo 7)|x o, AA HWUHS FE
AZ 4 = K septempunctata strain ST13} ST29) o3t 57} A7 E Qstr)ar AL

= ).

r]I', L‘
—=

Table 1. Phosphate-buffered saline (PBS), 5x10°, 5x 10" sporesimouse % %9 K. septempunctala %
24X 7+ % suckling mice® Bowel movements 2 3}

- Bod | No. feces/ P Watery stool formy/
toup ody weight (g) Tested mice ratio Inoculated mice
PBS 2.789 + 0.355 0.8 (8/10) 0.061 = 0.002 0/10
5 x 10°
2.744 + 0.364 0.9 (9/10) 0.062 + 0.003 0/10
spores/mouse
5 x 10
2.597 + 0.287 0.8 (8/10) 0.060 + 0.003 0/10
spores/mouse

FA ratio: fluid accumulation ratio, calculated from all of the tested ammals i each group. Hpi:
hours post-ingestion.
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=4=PES groap ——Inadivaied Kudoa groap —— Adive Kodea greup

FAratlo

: — , .

thpi L.Shpd Shpi 6l pi Shpi 1Zhpi Zdhpi
Figure 2.  Phosphate-buffered  saline,
5x10° inactivated spores/mouse, 53X 10°
active sporesfmouse < A] ddY suckling
mice®] fluid accumulation (FA) ratio W&}
Means of FA ratios =+ standard deviation
for five mice are shown. No significant
differences (P < 0.05) were found at any
fime mnterval. Hpl: hours post-ingestion.

Figure 3. PBS (A%} live Kudoa =# T 24A%F (25C) 3 suckling miced] bowel
movements (B and C).

Figure 1. gx]¢ &5 x4 U A5
Q= Kudoa =},
Arrows  1ndicate Infection with XK.

septempurciata spores. Haematoxylin and
eoslnn staimng. Scale bar = 100 pm.

Each arrow represents faeces. Scale bars = 10 mm.
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Figure 4. K. septempunctata A= s :er-4 suckling mlcei—‘f‘— B =3 %E  faecal

wet smear(unstained) U Kudoﬁ 22 (A) A5 B &9 U K seplempunctata
Z2, B) A+ F9 12 A & faeces V| Kudoa =AF. Scale bar = 20 ym.
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Phosphate-buffered saline < 24 At % suckling mice®] small mntestines ==
2 (A), 5x10° K. septempunctata EAmouse T A suckling mice?] small
intestines %2 (B) 5x10" X, septempunciata EZmouse ¥ A suckling
mice?] small intestines =2 (C). A-C: Haematoxylin and eosin staining.

Scale bars = 50 pm.
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Phosphate-buffered saline, 5% 10° X, septempunctata =Atmouse Fo A
suckling mice®] proinflammatory cytokine 3. Tumour necrosis factor
(TNFa) (Fig. 6A)¢} interleukin 6 (IL-6) (Fig. 6B)¢] 23 HA == SYBR green
quantitative polymerase chain reaction®.& 2%s}% .0, b-acting Internal
control2 AF-&h.

Hel 7] Agzel mRNA 232 22 methodE o]&sted =A% (the
Ct value of the target mmmune gene mnus the Ct value of the b-actin
gene).

Relative levels of immune gene mRNA were analysed by the 2°“° method
(the Ct value of the target immune gene minus the Ct value of the b-actin
gene). Data are

presented as means =+ standard deviation.
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