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ABSTRACT - Although many PCR-based assays have been developed, the majority of rapid detection of Toxo-
plasma gondii in animal and their meat product has been dependent on immunogenic assays. Thus, there is still a need
for more reliable PCR based detection method for 7. gondii in retail meats. Recently, a 529-bp repeat element that
exists in 200-300 copies per genome of 7. gondii genome had been spotlighted for its usefulness as potential detection
targers. In this study, the 529-bp repeat element was selected for real-time PCR to detect three types of 7. gondii (type
I, IT and III). A primer pair targeting 82-bp of the 529-bp element detected all three types of 7. gondii and showed high
level of specificity against 14 different food-borne pathogens as well as 3 protozoan parasites such as Giardia lamblia,
Cryptosporidium parvum and Entamoeba histolytica. Application of the new real-time PCR assay in meat samples
showed improved detection sensitivity compared to the B1-gene targeted method suggesting potential new target for

Toxoplasma gondii screening in retail meats.
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HZ E7 4 ot oA 7 @o] RI%E RH strain

oA 2e B KI-1 straine] £3E A 1S
=2 (virulence)?] 7Hg o1, Al 23 d= ME49, PTG,

Beverly strain 5°], Al 3¥ol= VEGS} CTG strain 5°]
Z3EH o] F 712 Pl 5o AV ok &
A A,

A AH el ARE Toxoplasma cycstss XEsl= 715
o] ZFo] Az XA A A== A9,
AL o o2 973 FAAEANAS oocyst A
7P Aol A Fd, dhHtol o)k Bfobxd vk(trans-
placental transmission) ¥ tachyzoites®] #H¥ 5©| AT},
EAoxAFe S U 49 $F 5579 1Yuke-S 3y
Sl 280l Holl YA tissue cystS FA ko]

==
STE
B W=al Tt e Hejge] Hol
cyst& BIEZ|AL YobX SFE5 3435 Aol
SFr}132226),

o}
o

S2EAF) JYAFE F71 L Ao] wt 5-85%
of ThFet Wlel S Yel Aok §4, v, 9

= el 39] ZHzb 38% (2004), 10.8% (2004) 2 4% (1990)
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Materials and Methods

A

2AF AHEE EAEAFS Type 1 strainl RH
(ATCC 50147)2} KI-1 (Korean isolate, KCDC), Type 2%!
ME49 (ATCC 50611)3 PTG (ATCC 50941), Type 39
STRL (ATCC 50955) ¥ 5%°] A& AL, Eolx= &3
I I o e e i R e e e |
7 145 B dF 3F0°] AHE = UATK(Table 1).

DNA F%2 NucliSENS® easyMAG® (Biomerieux,

Table 1. Bacteria and Protozoan parasites used for specificity test

Name Strain no.
Toxoplasma gondii Type 1(RH) ATCC 50174
Toxoplasma gondii Type 1(KI-1) Korean isolate
Toxoplasma gondii Type 2(ME49) ATCC 50611
Toxoplasma gondii Type 2(PTG) ATCC 50941
Toxoplasma gondii Type 3(STRL) ATCC 50955
Bacillus cereus ATCC 21366
Campylobacter coli ATCC 33559
Campylobacter jejuni ATCC 33250
Listeria monocytogenes ATCC 10145
Pseudomonas aeruginosa ATCC 11607
Salmonella enteritidis ATCC 13076
Staphylococcus aureus ATCC 13565
Yersinia enterocolitica KCCM 41657
Escherichia coli NCCP 11090
Salmonella enteritidis ATCC 13076
Salmonella typhimurium ATCC 13311
Shigella sonnei ATCC 9290
Shigella flexneri KCTC 2517
Shigellaboydii KCTC 22528
Cryptosporidium parvum Waterborne P102M
Giardia lamblia ATCC 30957

Entomoeba histolytica

Korean isolate

France) “gH| & o]-&3at] mimdo] me} 318 siglon, 5
=3t DNAE ©]8-3}°] conventional PCR ¥ real-time PCR
A AR ST A SAELS 27 258 EUHE I
At F 1gS FHat] #5¢ 5L WHOE DNA F
9o, &% template DNAE real-time PCRZ &
st AHE gletiT.

[¢]

|

T. gondii A&-§ T=fo|t] 31 T2H M7

T gondii®]l FAxF T35 13 el A F-91= 529
repeat region® 2 X17d3}%1 3 NCBI (National Center for
Biotechnology Information) databasedl] TSE A|#H2= A
HES FHACH(Table 2), 3 ARG 714D
alignmentE #3) Clustal W &2 E$)| o] (http://www.clustal.
org)E AFE3SItHLarkin et al., 2007). Table 29] A]#2X

Table 2. Reference sequences of 7. gondii 528-bp repeat region

Accession No. Description

AF146527 Toxoplasma gondii repeat region

EF195646 Toxoplasma gondii repeat region, partial
sequence

F1656209 Toxoplasma gondii strain RH repetitive DNA
sequence

AF487550 Tox?plasma gondii strain RH repeat region,
partial sequence

KC607824 Toxoplasmagondn mlc:.rosatelllte sequence;
and hypothetical protein gene, complete cds

DQ779192 Toxoplasma gondii strain SH repetitive DNA
sequence

EF648168 Toxoplasma gondii repetitive DNA sequence
Toxoplasma gondii strain PYS repetitive

DQ779189 DNA sequence

DQ779196 Toxoplasma gondii strain ZS1 repetitive DNA
sequence

DQ779191 Toxoplasmagondii strain RH repetitive DNA
sequence
Toxoplasma gondii strain QHO repetitive

bQ779190 DNA sequence

DQ779193 Toxoplasmagondii strain CN repetitive DNA
sequence

DQ779188 Toxoplasma gondii strain NT repetitive DNA
sequence
Toxoplasma gondii strain ZCS repetitive

DQ779194 DNA sequence
Toxoplasma gondiii strain GYS repetitive

DQ779187 DNA sequence

EF648169 Toxoplasma gondii repetitive DNA sequence

DQ779195 Toxoplasma gondii strain ZS repetitive DNA
sequence

KF872166 Toxoplasmagondii repetitive DNA sequence
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E-5 alignment 3t%] 4 mismatchesE 7HA| & F-9lo =
2to]® g TagMan probeE A A5t TE TagMan probe=
Tm (Melting temperature) %ke] Zzto]™ HT} 8~10°C =
Al 3R probed] 50 EolE AVIAE F Folud
(guanidine, G)°] A Al sIATh Z2H AE 5 L
o] &3 EZ(Reporter dye)> 6-FAMS ¥A|6I, 3° &
o] g3 Ao &2 Black Hole Quencher 1 (BHQ-1)Z
ol g3l o, o]5 HIY S Z forward primer (ATG AGC
TCG CCT GTG CTT G)%} reverse primer (TAA GCT
GGA GGA GCG GCA) ~12]3L probe (FAM-AGC CAC
AGA AGG GAC AGA AGT CGA AGG-BHQNHE A4
Eissi=g

Real-time PCRZ 82t AEYHA B KM O

AAE Zetoln] AMES FFo] & o]Fox=A] &
8t7] #1ell ©1A real-time PCRe ©]8-sfo] AAH Zzto
H, 22 H 9] AZE3H|(lower limit of detection) 2 274
A& E1sn) WA NCBIE B3 st §34 S
)

AN

1

| K

cloning®t ¥ plasmidE A 2sIAL, o] 2HE] A2 plasmid
DNAZ 10°~10° copies/ul= 10814 ©HA|H o7 34 5 F
% DNAZ AME-3}9] realtime PCR %3] &}ich. wkg-ol2>
10 pmol/ul 2 3]2] 3+ forward % reverse primer ZF 1 ul,
4 pmol/ulZ 3|43 TagMan probe 1 pl, PowerAmp™
Real-time PCR Master Mix (Kogenebiotech, Korea) 10 pl
EgHol| nuclease-free water 2 pl, FAHE=Z 523
plasmid DNAE 5pl #7718t HE EF5 20 plE 95
2Tt Thermal cycle 72 95°C 1025 ¥HSAIA Taq
polymeraseS &4 3FA1Z1 T 95°C 15%, 60°C 182 1
cycleZ ko] & 40 cycleS F3yatitholm) AH8-3F real-
time PCR “¢¥]= AB7500 Fast Real-time PCR system
(Life technologies, USA)°|T}.

Conventional PCRZ 0] &9t ZEAE &9l

Real-time PCRE 532741 €<l & conventional PCR<-
F7I2 8 ATt o] $1g conventional PCR ¥H5-<4
I "2 ZAL real-time PCRZ 5L3HA 13 3tgoH,
ojuf A8+ Thermocycler= GeneAmp PCR system 9700
(Life technologies, USA)o]t}. PCR 3 ¥ 2% agarose
(Sigma Co., USA) gel2 ©]&3t 100V to = 304
7193k, PCR % AH=S IRlsith

nalo|i MEQt m2H o] QIZIT gl Eo|% Ol

ELaxAZo] BYE AEAE gR1st7] 918 Table
191 Jebd Type 1, 2, 39] S4F¥AE genomic DNAS
FZ3}9 real-time PCRS AAI3IA L, vESH =43
thermal cycle Z71-2 o W3 FYaiAl x8dstaitt.

T3 AEIAIE UE real-time PCR SZ¥ 3} ¥ 2313
3, OIE terrestrial Manual (2008)%14] ¥ ¥ Bl genes
E}Al o2 3= forward primer (TCC CCT CTG CTG
GCG AAA AGT)$} reverse primer (AGC GTT CGT GGT
CAA CTA TCG ATT G) 28] probe (FAM-TCT GTG
CAA CTT TGG TGT ATT CGC AG-TAMRA)Z Al&-3&}
of RIZIEE Ml siglon, 43 202 o st 5
AT, ol 21 AFES fFiske Al 145
oA <= mjgste] U DNAS E4AFEAE o] 9o ¢
% 3%9 DNA (Table 1)E 50ngS WH-g-do] 3 7}ate]
real-time PCR WH--S& 881910, Wk-S-o 243} thermal

cycle 2712 o W3t sdatA Id kit

il

A2 AH9 M-8t Real-time PCR FEaPM &QI

o O— 1L —|L
A Zelolv] MES TagMan ZEHZ 215749
g P& o Wage 24 glo] A FFo] 4E3)

°

| =

H=A ERls 5] 98] S e AS AAZHE

A2 DNA AMEZo T gondii type 1, type2, type3 DNA
Fo] AAZE FEFAS ERlsion, vhg

223} thermal cycle 2712 4 W3t SAsHA 8

st

Result

A AR FZ B9E pGEM-T Easy Vector (Promega,
USA)E ©]43t9 cloningdt F plasmidE #2813, o]
ZHE AL plasmid DNAE 10°~10° copies/plZ 10814
dAF o2 A5G o8 W 5l Hrtske] 3
e g 2E% A3}t 10 copies7HA] 33 25 HAETFJL
10° copies= 3WHE 5 137} AZ = ATH(Table 3). 33] &
T 49 HES HolE 10 copies7HA] DNASL copy
£ x &, o|u9] Ct valueE y 22 3t 3534 (standard
curve)E 2SS W, FEEE0] 98.4%E ALE o

Table 3. Real-time qPCR targeted 7. gondii 529 repeat gene
(cloned vector)

Copies Ct values Detected/run
109 18.52/18.56/ 18.49 3/3
10° 21.84/21.92/21.88 3/3
10* 24.85/25.12/25.08 3/3
10° 28.62/28.69/28.64 3/3
10? 32.24/32.26/32.28 3/3
10 35.12/35.14/35.17 3/3
10° 3845/-/- 1/3
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N 1 2 3
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Fig. 1. PCR product confirmation using primers designed for 529
repeat region (Lane N: No template control (NTC), Lane 1: T.
gondii type 1, Lane 2: T. gondii type 2, Lane 3: T. gondii type 3,
Lane M: 1kb DNA size marker).

o
<l

R’ 3h& 0.999% e DNA 3|4ujse] A4S
& 5 AT

Conventional PCRZ 0]-§3%t MAEl mnalo|uje] FZEAt

2 %ol

Conventional PCR A3} Fig. 13} 73o] E4AXAE type
1, type 2 & type 3 DNAE F8(template)Z A8-319S
w], 85bpollA T3¢ band7t A EAS ElstA ).
E4XA52] 529-bp repeat region®] 739~ 200~300 copy
o] W M IE 7= BA0] 7] wiEel Lo HlE
A AR Azt oA & WETF 250~50 bp F-ollA] &

ool MES 28| 9IAE: gl So|x ol
B oA saet m2r alo|n] AES} 71| A}
2% Bl gened EMACE sl Zeloln A ESH BYE
AZFAE vlwg 234, B 1RH & KI-D)H B¢
3(STRL)OIM = 7+e A7t e 2 o B9 2 EA¥A
Z(ME49 & PTG)eIA = H @ AZFAE o WIZtE
7t B ELA0Z FlEATH(Table 4).

St AAlE zafo|w o] Wh- Bo| g Yol 7| ]3|

2 ENAM 2 B EHE ASE Ad 145 2 9F 335

Table 4. Mean Ct values of triplicated real-time qPCR of T. gondii strains

KI-1
RH (type 1) (type 1, Korean isolate) MEA49 (type 2) PTG (type 2) STRL (type 3)
((ri;/n:l‘) 529 repeat B1 529 repeat B1 529 repeat Bl 529 repeat Bl 529 repeat B1
1 19.61 22.04 20.94 25.38 14.55 21.53 19.51 23.70 22.53 28.49
1.E-01 23.30 25.61 24.73 29.12 18.74 25.15 22.90 28.22 26.36 31.16
1.E-02 26.94 29.29 28.57 32.82 23.18 28.67 26.51 32.15 30.17 34.34
1.E-03 30.61 32.85 31.83 37.12 26.79 32.03 30.54 36.97 33.67 39.26
1.E-04 34.54 36.33 35.25 - 31.24 36.95 33.42 - 37.84 39.68
1.E-05 37.92 39.98 - - 35.67 39.08 37.09 - - -
1.E-06 - - - - - - - - - -
Amplification Plot
350 Toxoplasma
328 < gondii
200 Type 1, 2,3
s
0:50
oz Other
o <~ DNA
Cycle

Fig. 2. A schematic flow diagram of 529 targeted real-time qPCR results: 3 7. gondii strains had strong amplification signals while other

microorganisms showed no amplification.
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s Sol=s
2] DNAdA T SZ=
BAME BF FF dt5o] dojur] & AL A

tHFig. 2).

AL Ao =29t Real-time PCR FEJM 29I

AsA4A e AE&eRs W AAE Zgolw MES
TaqMan Z2d7}t ws) v B_ﬁ\— slo] xR} SZo] o

23] F=A] 18] Hgon, A5olx B DNAME
T gondii type 1, type 2, type 3 DNA% Hol AAZF T
Z34S g8k A3} T gondii type 1, type 2 2 type 3
9] genomic DNA7} 5% U3k A6l S Bl <
Aoz Yelylt) ol 2 %01]/\1 FZ3 DNA A= real-
time PCRS| F3%o W7}t == A= S WH=4

(inhibitor)”} EAEHA] Feths AL o)
Results and Discussion
A7 BLEAFE) G AEYo) B =RL
oA W ot Foiqdth. Burg 5(1989)2 conventional

PCRYZ o83 SaxAeo] AEH S /Ndsilen, 35-
fold repetitive Bl-geneS EMACE &S AAFINS uf,
Z SHAI7F 10 parasites® UERATI T B2}, 3
Lin 5(2000y2 7% Bl-geneS £7 fHAZ = A4
7F 2525 (real-time PCR)YS 7131912 ™ | Buchbinder
5(2003)2 SA&XAF2] P30 gened Bl genes 534
A= s PCR AEWE /st 2 445 Hlasksd
L5 2§42 25 10 tachyzoiteZ}A] o] AEIAS
HoF=A}, o]} vl o}ﬂl Jones (20002 P30, B1, =
2]3L 18S rRNA genes %7‘—1%7‘41}§ 3= PCR AEH
< Wgstal o] HlwETth o] WiEolA = Bl geneol
trd] QA 23S ddo R 7MY & RIAES BoF
Atk
Homan 5(2000)°] A-+3gk 250l 2]38}H 529 repeat
regionS EAF 2} 3 JRA|o 200~300 copies”} A gt
32 Eq;q o] E/\Ex}%‘g] 7—] u]71—1:E l-:.o] [ﬂ =
ZIHE WA e A F92al 692, Bl gene 7
529 bp repeat regions EMAIOR = Z}zte] ZElo|n A
EE 0]&34 conventional PCR A+ A3} 529 bp repeat
region®] Bl gene Bt} ¢F 2log ¥ WAEE HAT)

B Aol E o] FHAE 288t Zé%‘ﬂ%.hlz% =
o2 ¥, T3 200~300 bpe] FHAT 247] g2
9ol Zgre o] glo] Zetolwol ZrHE ZR TR

st Bolxo] FS s 7] wiEel NCBIZHF-E
de FHHEE alignmentste] #H A3 mismatchE 7}
A= FHE ZHH S, TagMan probe= Tm (Melting
temperature) 752 ZZlo|w R} 8~10°C =A A3t

¢

ARSI H]5olA whgof o5 9IS Hastd +
UA Zetoln B ZRHE FF50 3 A Zate] AAITHE
AR FERol L3t

EAXxAZe A E & ol HAE FA,
g 9 Hpjoe A7 Z P F= 9439 U=
#2]= oI Tt Dubey 5(1998)S SAFEAZ9] 14|
A A AARNCE SsiA WA sk vt g
A9 AT 16%~40%, = ‘O}Uﬂﬁlﬂ olrlgl7t, g2
3% 50%~80%2] e FHE B STk Suie] A
Shin(2007)°] 1.9%~7.2%2] ﬁ’uﬂ%% LEREVANC) 3 U Song
5(2005)2 AAHFe] A SF5E AN 0.88%2] &
A FEEE BA ST Kim 5(2015)2 -2vet 2
&o] o= Hla WA Yehtes olfE 7HgellA Lol
£ 719 HlEo] HlaF i, HAE YA ske 7
71 A9l g7l WiEd RS R RIS S, Cheong 5
1994y ?lxﬂ 7 BES duilel Bls) F4g 9 24
S5 FFste dAet 2ol EAaExAFHRY HE 7157t
B2 AlEE] i e A BA-ES YeRITaL skt

Jones$} Dubeyi=(2012) 1960 dF-E 2012d7kA] g
H=e] S I =ws 7@30}&] I3E SHRaL, =
A 0.3%~92.7%, ¥ 4%~77.9%, F2 25.8%, 2= 0
0%, AF5 17%~28.7%, S 35.7%~70%2] F8&S
W}, T3k Racka 5(2015), Bartova 7(2006)01 iRy
59 A% A=) wild bore(oFd TlE|R])e] EH A F
*3%01 O~40%1‘41i velgth Zule) 44 Kim $(2015)
o] ZAGH AE O o]t Fuf &0 EAZAZFO A
HA&E 46%A4 20.7%=2 B =3loH, ]9 44
16.8%°M14 22.9%% W =]}

Kim 5(2010)°] S At Hx& 2UE 3 A3,
383% o] A FHEC] Vot E2xxAF U =
Zo] A= At As @I = AJ o, =HA 3007}
g gz =57 Z35} =5 20071 st
conventional PCR AA|3F A3} ZE A|FAA S = 3
A =of, ELISA 2% ZA3rt dAe AES tiss) 54
=tk ghdtEt). Cazabonne 5(1994)2 IgG &A1 71 2~3
THE YeR7] A&l 6~85l x| o] EThaL 5131
o™, Lee 5(1995)2 F o E&XA5F =T (Beverley)
S AEAA W FAE =AM A, FEnbe2e
IgG A7 2 1595E =l gA F7hstaen, A
g A 7179 60U7HA 7F3E] STt she Ao v
Wk Seo 5(2009)0] WEFE AZO| ol akw A Aol
Ak AT A FdE T Aol7t v olfre
FAZ APEE Fol= IRV T FAE B AL 3L
o] dRkge] Uehd F& 7] wiiEol2tal skt v
gelsfiof st A E=ARY
= ELISAY Bt} AAZHAs
AZEHel Asittal AdEnh

o}'

RRu)

(i)

g
rfl =2

r-[n
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B AToA = 529 repeat region F-$]ol Zglojw B iz
2HE AAlstdon, Adst 43 AF A= 10 copies
A BE(3/3) AEEAJAL, 85 bpollA 5313 band7} A
dElo] §A; FFo] Z o]Fof Hr}h 28]l Bl gened}
HaL slls o W Ert o £2 2o yeien, 5
ol el AFo|ME T gondii®l DNAM T FZE34

=
(inhibitor)e] EA8HA] Ge=the A= &l 3tk &
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