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E XXX ( Toxoplasma gondin) = AEWo 7| AsteE Y502 AlES ¥33t
PEES ¥XfFFE0 FsFE L3 1Yol FELS FYI THT=E
ELXAESFO Ay FR3 92 st}

.

PN
>
ol
k
>
o,
o
oy
-3
X,
L
B~
Bl
D)

Age] AHg"E AFE AFEU okmo]l 66utelet FHago] 11w
Ao A FZE3 gDNASH EHolH gDNAE o] &38to] BEAFAF SAGIFAAL]
PCR¥} PCR—RFLPE A3t dHE o] &ste] ELISAY ImmunoComb®kitS
A8k T,

A A3 F 77719 AR F 1409 A R(20%)7F FAFEAS FAellen O
S Aagkolol A 117RA1(17%), FarFololx 37HAI(27%)7F Webstth. SAGZTA A}

PCR-RFLP A3 EE G4 A5 FAAY 71 Fal=rF 2 4 1530z
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UEbstt AV AE A, 70710 EARAEE WEeR Ao 23 dAE

AHE3E P8 ELISA kit BEE A87F 402 ey

&
(L
fE
ki
o2
o,
o

22 A1E A}-83 ImmunoComb®kite] ZA-¢- PCR A7 FAAE 1470 = 1270

PCR &4 A& 107] F 5704 A& YelYozn 3ol FEAXIAFTF
Ao = 3909 27 &AE AFE3 ImmunoComh®kitE AFE3lE Zo] At

F9.9): Toxoplasma gondii, Cat, SAGZ, PCR, PCR—RFLP, realtime PCR
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Al 18L SH(virulence)ol 7P xH(21, 39). A 2@ol= PLKS}
Beverly strain 5°], Al 38l&= VEGY CTG strain 5°] ¥ H o] F 71X
FEi= 58] vt &HA U (2]). FAEAF FHE FESHE YHOE A
sta A H d ot} A (Restriction fragment length polymorphism, RFLP) ZA}

7F 9o, oo A8 EHE ¥R SANRE SAGL, SAGY SAG3 BTUB, GRAG,

c22-89% c29-2 %50 ATH(39, 44, 46). ©] F SAGH= ZLEANFY FHE FE
shed Age FHAAZEA tachyzoite BH ©@Eld o] F 71X thE 3 E o] RFLP
2 3 F oy A 1383 38 22 dulgs, A 2L e duyg S U
ElitH(41),

234}

= o AFHE T BolA WE Y (Oocyst) L} tachyzoite
°of A&(14), T23AF2 5olF 1gGot IgM FA 9] H=E(13), tachyzoited] 54
FAdE A= WY Fol Aok FA AEHoRE #Husg ek Ald (Latex
Agglutination Test, LAT), ®AWASHH(Enzymelinked immunosorbent
assay, ELISA), 7FE 8 333A| Al4d (Indirect fluorescence antibody test, IFAT)
So] 131(14, 16) dHhe] AHAQ A== TFaLA NS (Polymerase

chain reaction, PCR)°e| €& &8% 31 Jr}(14, 34).

=
=

i

IAF FEE A ATEE BetE QA @ FATE HAAbelA
2%(45), P15 =2 (woodchuck)®] @7gollA 14.3%(31), 54 HAEF FH ol
A 27.8%(38) AR Sol JoH, A AAASE BAEAF AHAEN 1 FH3
& ZAEeE A7 A8EY gk FuleAE A& AU E AY
PCR AAIAN E4F A% 28] 47 30.2%(30), 13.2%(25)2 B i15 L, A
Frol A= 19899 76704 gkl A T 2970A1(38.2%)7F A FHES A
oM (18), A 84 Aol AAES] 12.9%(48)2 Ky v} gt} 28} 014
7R AFEW skl oA Fa
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 ATrolA s AFEY aike] el Sxvats ddEYN 2 FAAE =

A TE 3 A4 o AP BREAF 49 A9l s g

@ jeju



IgG  ELISA kite}
ImmunoComb® kitE 23t 3|71 AA}
o 1 A3

E2¥AF

Ry

—_—
o

<M
o
L
R
o0
;OO
KL

NI
)

PCR& &

=i
=

H] 3

=
=

Collection @ jeju



I Alg 9 9y

1. 48FE 2 A=

% A9 TNR (Trap, Neuter, Return) Z = 1310
o)At AFden R FEH Aol e 4 aiko] 6679 IEE gt
A 3ol 11vkg], F 7772l E WA oE st €92 B HE F5te] 3ml A
g3t o, o] T 0.5ml> DNA =& 93] EDTA-3K=Z 53 A7 & FH

of, Umz 25mlE ¥4 = I3 EE HsiA A7 Plain FE9 Sodium
heparin® 2 53 AHE|H FHo| &%t @4 2 dHEZ+= 3000rpme

2108 ANEY @ F FFAL Astel c—tbeol 0.5mI4 BFdhe] @atol

2. DNA F=

Genomic DNA (gDNA)¥ EDTA-3K A& 3t 0.5mle] =¥ G-DexIlh™
extraction (Intron, Korea) A8 7|EE Al&39 F=519 0, FE ==

100ng/ul (Nanoveu, USA)7} ¥ =& ZA 3T

TS EAY 32 RH straino. 2 syl A g E B
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4. TFEaLAH TS (PCR)

E40¥A59 FADNA) AE=S 93l PCR (Peltier Thermal Cycler US
PTC—200DNA Engine, BIO—RAD)& A A3} o™, PCR AHE2 1.5% o7t =224
of H7] dEste] AsAY. FEHA= 7. gondil repeated regionS.Z A 7|
% Al 533bp YA dtel W=7 JERIEZE primer set (Table 1) 2 PCR

Z7A(Table 2)& dAsAT}.

Table 1. The sequences of 7. gondii PCR primers and fragment sizes of

the investigated genes

Primer Sequence Amplification
set (5'—3") size (bp)
TOX04 GGGGAATTCTGTCGCTAAGCCATCGGAAGG
583
TOXO5 GGGGAATTCGTTCCGTTGATTCGTCTGATGGTG

Table 2. PCR condition at 7. gondii repeated region

TOX04—TOXO05 Amplification

Initial denaturation 94C 5min
Denaturation 94°C 45sec
38 Cycles Annealing 58T 30sec
Extension 72°C 30sec
Final extension 72°C 7min
5
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5. A2WY9E54Y (ELISA)
FA AZS Y& 87 FFo] = AL Ae 70709 FH AEE gt

2 DRG®7. gondii anti—human IgG ELISA kit (DRG, German)& A}&3910
™ ODZS Sunrise (TECAN, Austria) ZH]E o] &3} 450nmoll A =4 3}9 o).

6. 7. gondii anti—cat IgG A=

EALxAZE A AEL 93 ELISA kit A3 23¢9 & A= A3 (PCR) <9

MEE SI8A, PCR A9 ATE o @ SruAE FHAR 149 &4
ANE 1008 dide=z T gondii anti—cat IgG AZ kit ImmunoComb®

(Biogal, USA)& AH&-38le] S4xas dAE 453

| 20,710
BLIVEIR 20 {
For IN VITRO determination of antibodies to

S1 UE RE|
I

T1
cHLﬂM DOPH
| BiogalGaled Lobs. TOXOPLASHA

C oo

(eoe

Fig. 1 ImmunoComb® kit including plastic card (A), on which purified
Toxoplasma gondii and Chlamydophila antigebs are attached. a: Positive

reference b: Chlamydophila positive ¢ 7. gondil positive
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7. FARY B
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=o] primer sets& ©]&8to] PCR}IF oM, Al 2= 737 AslA 359l
Eo] primer setse ©|&3}e] PCR3YE 1L PCR AHEE 5'% 3 Ho) zHzt
330bp}t 326bp A7)7F HEE 3 tE PCRo| AFE-#E primer sets (Table 3)3}
PCR Z7(Table 4, Table 5)& o}zie} 2t}

Table 3. Primer sets for Primary PCR of SAGZ2

_ Amplification
Primer sets Sequence (5'—3") .
size(bp)
SAG2F4 GACCTAGAACAGGAACAC
330
SAG2R4 GCATCAACAGTCTTCGTTGC
SAG2F3 TCTGTTCTCCGAAGTGACTCC
326
SAG2R3 TCAAAGCGTGCATTATCGC
Table 4. Condition for primary PCR at SAGZ 5'
SAG2F4—-SAG2R4 Amplification
Initial denaturation 94°C 5min
Denaturation 94°C 45sec
40 Cycles Annealing 58C 30sec
Extension 72C 30sec
Final extension 72C 7min
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Table 5. Condition for primary PCR at SAGZ 3'

SAG2F3—-SAG2R3 Amplification

Initial denaturation 94C 5min

Denaturation 94°C 45sec

40 Cycles Annealing 59C 30sec
Extension 72°C 30sec

Final extension 72°C 7min

2) Nested PCR

Primary PCR-product® SHTZ2 108] 343t AS T2 3}o] nested
PCRsI 2™, PCR AH&<S 5'3 3" 2o Z+Zzb 241bpet 2
gt} o]ol] AF&H primer sets (Table 6)3 PCR ZZ(Table 7)2 oldjet 7+
=3

21bp A717} HEE

Table 6. Primer sets of nested PCR

. Amplification
Primer sets Sequence (5'—3') )
size(bp)

SAG2F GAAATGTTTCAGGTTGCTGC

241
SAG2R2 GCAAGAGCGAACTTGAACAC
SAG2F2 ATTCTCATGCCTCCGCTTC

221
SAG2R AACGTTTCACGAAGGCACAC
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Table 7. Condition for nested PCR at SAGZ

SAG2F—SAG2R2/SAG2F2—SAG2R Amplification

Initial denaturation 94°C 5min
Denaturation 94°C 45sec
40 Cycles Annealing 58T 30sec
Extension 72C 30sec
Final extension A 7min
3) PCR—RFLP
Nested PCR A#o 4 FAoR ol A|lg BFE 1.5% o7t~ 8ul A

7] 9%3 & MEGA-—Bead gel extraction kit (Intron, Korea)E& A}&3}o] gel
elution?}g& ## PCR-RFLPE AA[s3ith. 559 A183 Adass
SaulAlelal 3E-Yol Alstair+= HhalAth. Gel elution®d PCR AHE 8ul, A3+
i lul, &FS 1ul, F 10ne] EFES 37CNAM 2AZE Bt viFt ¥ 4%
opfE2Ae] A7) 5 & AFE FATAT. RFLPAA A3} 5" F9jolx 4
| 390%, 3§ ddd A4 A 2o &

A %
HEoA AUHA] L2 FEHE 4 180z BFATH

w

8. 214 A A7t PCR (Ultra rapid realtime PCR, URRT—PCR)
%34 PCRE TMC—1000 system (Samsung, Korea)& ©]&3sto] A8}

TMC—-1000< SYBR Greeng ¥%3F PCR =35 (DNA 100ng, Forward primer
10pmol, Reveres primer 10pmol, dNTP 25mM, Taq 20U, 10X PCR Buffer
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1X, 10X SYBR Green 0.5X)& vlo]l 22 H(Fig. 2a)°l 6nl FYI F ZFo &
2+stal PCReMH FAA7F S5l met A9 i d (Fig. 2b)ol AAte s SEA
=7} YetyA "ok, PCRIA 5 denaturation, annealing, extensionol] 2=
A zkol 27y 5P Z3:E AAZE PCROl  AFR®E  primer sets<

SAG2F—SAG2R20]|H PCR %7 (Table 8)< o}ale} 7t}

Table 8. realtime PCR condition using SAG2F—SAG2R2 primer set

SAG2F—-SAG2R2 Amplification

Initial denaturation 94°C 30sec

Denaturation 94°C bsec

40 Cycles Annealing 58C 5sec
Extension 72°C Ssec

Final extension 72°C 3min

Be
g.‘.’

«
h T -
RY3
258

Fig. 2 A realtime micro—scale chip—based PCR system, GenSpector
TMC—1000 (Samsung, Korea). a: Micro PCR chip with plastic housing
b: The software embedded in computing unit which produces the

amplification curve during reaction.
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9. €2 (Cloning)¥ F7IXEEH

o FRY IA7AEEAS AANEATE. Toxoplasma gondii 533bp repeated
region®] PCR 2FHE3} SAG2 5’59 PCR AHEE 2% ol7f=2Ho| AV A% 3t
% MEGA-Bead® gel extraction kit (Intron, Korea)& A}-83}o] gel elutiond}
o] AL pCR®2.1-TOPO® vector (invitrogen, USA) (Fig. 3)o]| &=24 39t}
CR 2F&o] A H vectorE £ Coli (DH-5a)9l transformationsti, o] &
A" £ Cololl H3lA+= ampicillin®+ LB brothol v(37C, overnight)3d}$l
o wlYE £ Coie QAEEE pellets QIAGEN® Plasmid mini kit

(QIAGEN, USA)E o] 83}l9 plasmidE F=3lal, G7IAGEXS oF 590

Kt

g

(Solgent, Korea).

lacZa ATG

M1 Revarse Primer | Hing Il Kl Sacl BamH|  Spel
CAG GAA ACAR GCT ATG a'-.:'.'F ATG ATT ACG OCA AGC TTG GTA COE ARG TOG GAT A CTA
GTC CTT TGT CGA TRAC TG TAC TAR TGC GGT TCGE RAC CAT GGE TDG AGCE CTA T GAT

EcoR |
C GOC CTT e e GEC GAR TTD TGO
3 GG GRS PCREr :l'_ﬁ: CCG CTT ARG ADG
EcoRt Baf | Nei | e | Aps |
AGA TAT CCA TCA CAC T AT A TCT AGA GGG CDC AR
TCT ATA GGET AGT GIG A TH 5T AGA TOT BDCGGGE TTA A

#1323 Forward (-20) Primer
CA |CPE GOCETC GTT TTA CRA CET OGT GAC TGGE GAA AAC
GT |GAC CGE CAG CAR AAT {TIT GCA GCA CTG ACC CTT TTG

Fig. 3 Genetic map of pCR®2.1-TOPO® vector (Invitrogen, USA)

with total vector size of 3.9kb.
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1. 2

RHPC TOXO01 TOXO2

Fig. 4 Electrophoresis pattern of 7. gondii repeated
region after PCR amplification M: 25/100bp ladder,
RHPC: 7Toxoplasma gondii RH strain positive control,

Toxol~2: Toxoplasma gondii positive sample Ng: Negative
control
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2. FARY B4

PCR #HAPIA EAFAF FAQ AR 14715 dHOR SAGZ FFAA] 59
3 B9 e primary PCR¥} nested PCRE Ald3gt AloA 5 FHQol= 7}
330bpet 241bpe] $A|ell, 3" F-flol= 247} 326bpet 221bpe] Aol shrte] W
=& gelsinh (Fig. 5)

59} 37 B9 nested PCR AH&=<S gel elutiondt ¥ PCR—RFLPE A3 2

I 1470A 257 EAEAS RH straind 22 Al 18 o] AT (Fig. 6, Fig. 7).

RH 5* RH 5* Toxol 5 Toxol 5° Ng 5 RH 3 RH 3° Toxel 3° Toxol 3° Ng 3*
nested nested nested nested

E I - —

330bp
241bp 221bp

Fig. 5 Electrophoresis patterns of SAGZ gene after PCR amplification M:
25/100bp ladder, RH5'/3": 7. gondii RH strain positive control primary
PCR at 5'/3', RH5'/3'nested: 7. gondii RH strain positive control nested
PCR at 53", Toxol: Toxoplasma gondii positive sample
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Fig. 6 PCR—RFLP patterns of SAGZ gene at 5' by SaulA/
M: 25/100bp ladder, RH 5': 7. gondii RH strain positive
control nested PCR—RFLP by Sau3Al, Toxol~3: 7. gondii
positive sample nested PCR using Sau3A7

TOXO1.3; TOXO2Z 3"

Fig. 7 PCR—RFLP patterns of SAGZ gene at 5' by Hhal M:
25/100bp ladder, RH 3': 7. gondii RH strain positive
control nested PCR—RFLP by Hhal, Toxol~3: 7. gondii
positive sample nested PCR using Hhal
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3. 2233 HUIAE 4

PCRED Aol A 533bpH Al FHFH =3} SAG2 5 F-9 primary PCR
(330bp) A+E9] A7|X D £4 A1}, 533bp PCR 2HE9] 9714 D2 GeneBankol
SEHAE 7. gondii repeated region (Accession no.AF146527.1)3 100%
AdA3s}A o, SAG2 5 primary PCRAMEQ G7|ME EAMZAI 7. gondi
isolate RH surface antigen P22 F&#}e] 5' UTR#I} partial cds (GenBank
Accession no. AY941252.1)9} 100% ¥ =35}ttt

4. ELISA

707MA &3 AFo| alA 7. gondii anti—human IgG ELISA kit (DRG,
German)® A 7S AASE 23 70704 257 94 #do] AA SH= F
(50TU/mDell vl A=A FafiA BF 4402 1A

| P
SAG2 5 F9& &3 A= PCR Al 248 Fol 45 F A3 39 F

we]FE ko] 35At01E AFolA A FketE s € F A
t}(Fig. 8a). URRT—PCR A&ES 2% ol7}2 Ao A7) QF3to] <ut PCRY} &
g3t 92 241bp A7 E Qs ATHFig. 8).
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Fig. 8 Results of realtime PCR a: The Realtime PCR amplification

curve, b: Electrophoresis pattern of realtime PCR product
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IV. 11
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7 100% A TS FAoH, LA

9] PCR AFH=(330bp)S @749 A% A3} 7. gondir®] RH surface antigen
P22 -9 (GenBank Accession no. AY941252.1)¢ 100% dX &S g2lstit)
olF EUE, 54axAF I HES #g PCR Axtel o] BIF-H7F ofd T
gondii repeat region (529bp)¥ SAG2 FHY&E FEPL v @ Wl=E st

o= Agel #8% AR B FaAsgich

kA AAE YA R SAGZ FHA}

PCR 4743 14704 5 1170AI= 4 aieko], 3/Al= A adololA gl
o], PCR—RFLP A& A3} 14704 257} Al 1302 EFEAY E2TA4% 4
188 FelA 71 Zol Bud RH straind Fujoll A
strain(39)0] a5 0] glom T Edo] 7}F =& Aoz A A
Al 5k e adollA ERlFHATE AA MY HEHol 22 A 19

olgte oA FFRA}AOT T oot rpa & F o

EALXAF EolF IgGe IgM FAI7IE HE3k= W<l ELISA, IFATS}

MAT "W FolA MAT ®HET ELISAS IFATHHEOZ HAASIE Aol #EE

il
jur)
=

(73.3%), D1 E(94.3%) @ E0]%(83.3%)7} A VEFHTH(16), o] 23 A=
Fog AlFS ¥3ele] AY 5o Y4 528 e E EAXAF 196G
IgM FA7HE AE3ste Y98 kitZk Z1EE 0] (2, 3, 15, 27) {199} F9] o}

A AREE AL T 2y a5 Aol Al W SA¥ AT 196G IgM= A

by
>
P
[\l
o
w
(@»)
ol
ol
8
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s
r
o
o
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d
ok
i
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o
9
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o] wiEel Al o Aol AEstrlols Felvt vk 2 29
1 9

of| % | 7+ = A= A 22} A (anti—human 1gG) AHYHA SA¥EAE
IgG ELISA & kitE AHEsto] aLgfolo Ao SA3as dHES BdoeH 1

Ak 700A BE7F 4 71E FRE @l ¥ UAE 24S et B3
PCR A3} A2l A& 1470419} 24121 AlB 1070412 i o2 F19Fo] 231 a4
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71 &
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VII. 331 &3
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Abstract
Prevalence and Genotypes of 7oxoplasma gondii in Blood

of Cat Population in Jeju Island

Soyeon Kim

(Supervised by Prof. Youngmin Yun)

Department of Veterinary Internal medicine, College of Veterinary

Medicine, Jeju National University, Jeju, Korea.

Toxoplasma gondii 1s a widespread protozoan parasite that may cause
serious diseases in various mammalian hosts including humans and small
ruminants. It has been well—known that cats play an important role in the
spread of toxoplasmosis, and they act as the definitive host of this parasite.

This study 1is designed to Investigate prevalence and genotypes of
Toxoplasma gondii, which is detected in blood of cats of Jeju island. In
this process, both antibody—detecting and antigen—detecting methods,
which are widely used for diagnosis of Toxoplasmosis, were evaluated,
and their detection rates were compared. The antibody—detection
methods include a commercial kit involving Toxoplasma gondii IgG ELISA
and ImmunoComb® kit detecting feline specific IgG, while PCR was used
as the antigen detection method in this study. Furthermore, ultra rapid
real—time PCR method has been adopted to diagnose 7. gondii more
promptly.

Blood samples were collected from 66 stray cats and 11 house—kept
cats. Genomic DNA was extracted for detection of 7. gondii by PCR
method. Meanwhile, serum samples were also collected for ELISA kit and

ImmunoComb® kit. Based on PCR results, the positive samples were used
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for demonstration of PCR—RFLP patterns of SAGZ gene. On the other
hand, ultra rapid real—time PCR method was used to provide a prompt
diagnosis of toxoplasmosis.

In total, 14 of the 77 blood samples (20%) were positive in which
11(17%) were from stray cats and 3(27%) were from house—Kkept cats in
PCR method, respectively. Meanwhile, 70 serum samples showed negative
results in ELISA kit. On the other hand, ImmunoComb®tests were
performed on bhoth 14 positive and 10 negative samples from PCR
methods, and 12 out of 14 positive and 5 out of 10 negative samples in
PCR were demonstrate das positive. PCR—RFLP revealed that all samples
belong to Type I clonal lineage. In addition, the results obtained using
ultra rapid real—time PCR method well correlated with those from
conventional PCR method, and it is also much less time—consuming.

In this study, it was possible to know the prevalence of 7. gondii in
the cat population of Jeju island. Meanwhile, all positive samples were
belong to Type I clonal lineage which is the most virulent type. As
toxoplasmosis is one of the major zoonotic diseases and it poses a threat
on public health, the prevalence rate needs to be continuously
monitored. In addition, it can be suggested that the mmunoComb® kit is
superior to the commercial ELISA kit in diagnosis of feline
toxoplasmosis, as the former uses the feline secondary antibody in

contrast to the latter using the human secondary antibody.

Key words: Toxoplasma gondii, Cat, SAGZ, PCR—RFLP, realtime PCR
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