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ZE. Thelleria sergenti®] AQu}d] 02 Giemsa o3 Yol 25 Aahgin]| A= o] 712 EAF
HoZ olfdw glovk zede] o AAG A4 AS AzsrZE HS Zpsic. olq|
PCR A& 3 dahrdzl=A p33e A7)49d& o]8sled 4719 oligonucleotide primers:
TS1, TS2, TS3. TS4F 2HAdslelct. A4 primere) 7+ 23 we} PCRE AT} TS19)} TS4
Z4tel A 499 bps, TS12 TS3 Z%ellA]= 381 bps, TS2¢} TS4 2|4 365 bps, TS2
s} TS3 Z3tell A€ 247 bps =72 41&& 53kl o] PCR 45-& p33 #3x Ay &
A& E9 AghAAsxe] 2 Southern blot hybridization ¥M-& F3le] o Eo)A2 Halsly
t}. Primer®] FeolAlL zAlgl Ast w7k W ¥ o2 F87)A4%<9) Babesia ovata,
Anaplasma marginalesll d#lAE &4 25 Jeliz] gotcl, w@ o)A 8. PCR 71 &

49 23 Giemsa Yo o FaAviAd FAdAAE 64.8%] FAEST ¥l vk, PCR
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2wt A Agel] ZA A9 AR Lol
7+ 5] 9le Theileria sergenti= 2 =7] wj7|A]
FH ¢ Fe]th(Chon. 1970: Son et al., 1972:
Chon, 1978: Lee and Kim, 1987). o] 1%
Aedd 4v dubdoz Al&na Wy Wy, g
2 5] gASAE ¥elw, 53] B, S, 2
. 3e Sz} ge szda} B9E Puzel 3
o Aok w5 g4, BE5H Fo| Yehie
A% A+ #HlekzlE g (Chon, 1970: Kim
and Son, 1984).

742 T. sergenti 22 35; 2 Aadn) 7
A A (Baek et al., 1990 & 1993)= ¥y
7<% (Kobayashi et al., 1987: Ohgitani et al.
1987: Yoshihara et al., 1990)¢] F2 ol&=4]
A g FE A GRA, WAy g 7
& BB clele BUE 2w Atk 2R)e
#Z T. sergenti 342 Eo] DNA probeZ o]
3} Southern blot hybridization (Kajiwara et al.,

c =R 1997 29 69, A3 A 19974
54 99
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1990: Matsuba et al., 1992 & 1993: Chae et
al., 1996), dot blot(Kajiwara et al., 1990:
Hirano and Kirisawa, 1991: Tanaka et al.,
1992) 9 #AMESA 7|H-& =413 Ay e)
A7= T 9lew . T sergentie] DNAE Eo|xh o
2 553l AL el stz PCR W
(Kawazu et al., 1992: Tanaka et al., 1993)¢]
A& AEg Adyyer g #8853 gld,

ole] B AYE | TFE T sergentie] 4714
g vigte 2 (Kang et al., 1997) e 5o
<l primerE AAdEL. o]|F | &% PCR gzt
JlEE Fgezyg o) Al &) T sergenti
2 FAE v g sfdstza)l Al xsbgic),
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Table 1. Nucleotide sequences of PCR primers for the amplification of T. sergenti

Primer Nucleotide sequences (location in the p33 gene) Ratio of Purine:Pyrimidine
TS1 (forward) 5'-CCAAGTTCACCCCAACTGTCG-3' (5'-256 — 276-3') 8:13
TS2 (forward) 5'-CAGTACCTCGATGAAGTTGTA-3' (5'-390 — 410-3) 11:10
TS3 (reverse) 5-CGAGTCTTACGACTTTCTTCT-3' (5'-636 — 616-3) 6:15
TS4 (reverse) 5-GCACTGTTCATGGCGTGCAAA-3' (5'-753 — 734-3)) 11:10
deh, Bol4 e 2Abstgeh e, PCR 4 12 4,

3. Oligonucleotide primer M=
B T sergentiZ=el|4] 4§ KTHP332]
DNA 47|+« (Kang et al., 1997)% Ed2 47
2] primer(TS1. TS2, TS3, TS4)E #HAE ]
oligonucleotide purification cartridge (OPC
grade) % A A&ty cH(Table 1).

4. T. sergenti DNA 22|

DNA %2 Persing et al.(1992)2] uixle] #
ate] AAstget, e, EDTAZ He2d P
ol HETFel "A4S AT Y FA TE
buffer(10 mM Tris pH 7.4, 1 mM EDTA)E 3
71s}e] vortexdt ¥ 16,000 g2 4°CellA] 2087
43] A" stEw. Z4zhe] A Eell proteinase
K 10 pge]l &= 9l+= K buffer(50 mM Tris,
1.5 mM MgCl,, 0.45% NONIDET P-40,
0.45% Tween 20, pH 8.3) 200 ul®e #7}s}
o 55°CollA] 147k Fok whgAxl F ZviE 95°
CHlA 1087 inactivationA] Zt}, ¢]Z ice bath
oAl F4 W2 16,000 g2 20%7F dAste] 4
Zd.g AAstz FAY DNAZ TE buffer 30 ul
2 ARRAA Al AR

5. PCR

PCR-2 20 mM Tris-HCl, 50 mM KC1, 4 mM
MgCl,, 200 uM dNTPs. 100 pM primers
(forward % reverse), Taq DNA polymerase
9.5 unite} template DNA 500 nge] @&-#-% 4k&
B 50 plE 94°CollA 5E7F denaturationg
Lxslz 57°CdlA 20&, T2°CelA 1& 20%.
94°Cell 4 3024 3035 whE-4dA5 & 72°CollA
1027} o] polymerization&}gich. PCR Hkgo| &
o AEE 1.6% agarose gelel|x A7)dE3 +
transilluminator(Spertroline, Model TR-312A)
2 B2EAEE FAMICH

6. PCR AE2| S0l =A}
HEEL 240 Southern blot hybr|dlzat|on
£0|4 ZTAb: TS22} TS3 primer F o]
2 PCR 4H2-e Ful2elFe p33 #4
A} A7l dellA] Hal=glwl AgFFEL Msplog

enzyme 2 4, buffer 2 pl4 &g oL % 20
Wb SIES TS Ak aTCAA 147
E9k vke-A)17] & 2% agarose geld| 4] A 7]93-53)
o] Ealstglot

%) PCRAMS-2 Southern blot hybridization
2 o]asgle] EolAS =AlElgitt Prober IR
J#E p33 #4AE ©)g- Dig DNA labeling and
detection kit(Boehringer Mannheim Co.) 2
labelings}ed Al&$l4ict. Hybridization< zhz}e
PCR 4E2& 2% agarose gelol4] #17]°] E5}o
0.25 M HCl £+ =HEF s 0.5 M
NaOH/1.5 M NaCl, 1 M CH,COONH,/0.02 N
NaOH &9 a8z AL47}, o] geld nylon
membrane (Stratagene, U.S.A.) | transfergt ¥
387} ultraviolet©. %2 cross-linkingslg v}, o]
membranes] prehybridization £94(0.1% N-
laurolysarco sine, (.02% SDS, 5X SSC)E ¢
I 1A% Z<b prehybridizationA 7 &
hybridization 293} labeling DNAZ ¢ 68°C
o4 overnightzlelct, Washing bufferz 4|33k

& membranee] anti-digoxigenin alkaline

phosphatase conjugate® Yz u--3A#AH
NBT(nitroblue tetrazolium)# X-phosphate£-<}
oz x:ll-,u_]l x]ai‘;}_
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Fig. 1. Disign of primer sets for diagnosis on 7. sergenti by PCR.
*Restriction endonuclease site with p33 gene is indicated
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1. Primer &4 3 2t =¢lol| & PCR

% 283702 open reading frame Fol|l4] 937]4
o 256414 276¥1A, 390014 410W. 61604
636 2|2 7344 T54HAE AdwEte] Zt
Z} 21 mer# oligonucleotide primer& 2} 3}l
I o]E zhzh TS1, TS2. TS3. TS424 BF5)o]
Aol AREsld,

o]e} zZ+& primers Itz Fglsle] Fu ¥
=2 (AFF 1981)9) DNAS PCR3F #AF C1
Zgellde 499 bps, C2 == 381 bps,
C3 el = 365 bps. C4 Zgel|x]E 247 bps
2] PCR 4HES AEF <= 29t (Fig. 1).

2. PCR &t&2| 50|40 Z=A}

Hgtza Y Southern blot hybridizationol
olst 50|M Z=AL: C4 primere] £3% PCRE
Msp 122 AHejstdd vl 2719 fragment=z Hxh
ol 2 HelAdo] AAH9l om(Fig. 2). C1. C2,
C3 primerg o]43 PCR 4H&2& a4zl Fo)
probe® Southern blotZ 4 A%t Ax} TX= okl
Hh-g-& Bt (Fig. 3).

Primer =gtol 2|5t mAet2M =Ab: T.
sergentio] A== ore A9 AW o 4Pz
Ielx & 8 939 B. ovata, A. marginale
59 DNAd| A= =437 primerd H43% A=t
B 2AukES wolow hedd 49 HAYp 9
WY ol A= oFAdub--2 Jellisioh(Fig. 4).

Fig. 2. Specificity of PCR product with C4 primer
set by restriction enzyme (Msp I) digestion. M; 1
Kb DNA ladder. lane 1; standard Korean isolate,
lane 2: two fragments cutting by Msp [

3. Primer ZEol 2[5 PCR FctEE 24
Giemsa <d4sle] Fatadv4der AAF A
715 % 46%7) T. sergenti® parasitemia
(64.8% °F48)E B9z K primerZ PCREH
Az 1150l 54(84.5% oF98)s et
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(Table 2 & Fig. 5). 2zv} A2 =438 primer
2] zpzte] zge® PCRI Z3} Cl primero 4
< 63%. C2 primeref| A= 61, C3 primerci|4]
= 625, C4 primerdl = 6357} ke vehy
o] K primerel 213+ PCR Zwtigo] 27 4.9,
1.4, 2.8, 4 2%% Z7lst9eH(Fig. 6).
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& Bl 4= Theileria sergentis At 54
317] #]3le] piroplasm surface protein %
p33/32 #4725 $53te] ob& Theileriast 74
st PCR 71Hl+ =8 A§sta 3ot (Kawazu et
al., 1992 & 1995: Tanaka et al., 1993;
Kubota et al., 1995). ==} Kang et al (1997)
2] R e 2slwl KTHP33 97|+ 93 Kawazu et
ale] 29 @7)HLe] 47 Holrl ez
9le] d#2] PCR 7|Y& 2oi2 A84 A% A
L5 28 glvky BAHG. g e

123 4°56 789 1011213 -

Fig. 3. Specificity of PCR products by southern
blot using digoxigenin-labeled standard T.
sergenti p33 DNA (Korean isolate). a: PCR
products using TS2 and TS4 primer, b: PCR
products using TS1 and TS4, e: PCR products
using TS1 and TS3 primer, d: PCR products
using TS2 and TS3 primer. Lane 1, 4, 7, 10;
standard Korean isolate, lane 2, 8, 12; No. 37,
lane 3; No. 34, lane 5, 11; No. 42, lane 6, 13; No.
15, lane 9: No. 1, a; 365 bps, b; 499 bps, ¢; 381
bps. d; 247 bps. ‘

4% Chae et al.(1996)¢] T. sergenti ZlgH-& PCR
7o Axsigd ey H23 PCR 489 A7)7}
128 bp2A |7 zop el gloiM 2%
9] #43 aparose gel A}8-5 DNA H2]o] A
2 28 % NS 97} dekn A=A o
o LAHe)A= Kang et al.(1997)) &3] Bzg
KTHP339] 97|14 25 wRe g I35 o Fo
Ao atasg 4 ¢l primer 24 L AzhghE
s AAHE 2% POR 719¢ #3istnal ssich,

WA ddewXe T. sergenti DNA &3}
PCR %3 % PCR 4HE &HA7R9] & FAd| 4

Fig. 4. Specificity of PCR using primers with
specimens from T. sergenti-uninfected leuko-
cytes, A. marginale, and B. ovata. A: B. ovata, B:
A. marginale, C: T. sergenti-uninfected
erythrocytes, D: T. sergenti-uninfected
leukocytes, E: T. sergenti-infected erythrocytes,
F: T. sergenti-infected leukocytes. Lane 1; PCR
products using Kal and KaZ2 primer, lane 2; PCR
products using TS1 and TS4 primer, lane 3; PCR
products using TS1 and TS3 primer, lane 4; PCR
products using TS2 and TS4 primer, lane 5. PCR
products using TS2 and TS3 primer.

Table 2. Comparison of the PCR and microscorpic examination for diagnosis of T. sergenti infection

Diagnostic . Detection
t Total
method Positive Negative Total rate (%)
Microscopy 46 71 64.8
PCR ] 60 71 84.5




M12 3456789101123

Fig. 5. Detection of T. sergenti-negative infection
by PCR. M: 1Kb DNA ladder, lane 1-25; No. 1, 2,
4, 5.7, 8, 9, 10. 11, 12, 13, 15, 16, 19, 24, 26,
28, 33, 35, 37, 41, 42, 43, 44.

He AZbE M =3z Tanaka et
.(1993) 2} Matsuba et al.(1992). 28 =
Sambrook et al. (1989)2] ¥zl e Persing
et al.(1992)2] Wk« Fsled T. sergenti DNAE
é‘?ﬂ“‘ﬁ‘i} ey o] W2 huffy coat =g u}

2 2] AAA 931 YL Al83)7) Wi °1| 4
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A 2 87 2 W79 DNAS zt7h 2
Hete, e A9d 49 AYT 9 Yy
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;‘v:}.an]z] oLD ;(;]‘aﬂ—L al \:I_]:]'E‘ﬂ "loﬂ)q\—- z—]g% H‘l__g_
o] L].E.}urz orakr], :q.a}x-] B Adoa]s zkAdal
primere} 4 “%'vi% DNAZh| 454e] gl 7le
2 ahdEo] Persing et al.(1992)¢] #lho) o}t
#H FA el gl Ao pHggch

DNA %% $3 PCR 27 %3 K primers
gh=-Fo Kawazu et al.(1992)0] ¥ 7% PCR %
A F947°CellM 18, 58°Co A 2%, 72°Cell4]
BTH"— 253 WEsl= THe odE H43 s}
PCR 20| w5 ¥asleich zelsho] 2 2y
IHL PCR 2715 94°Cell 4 30&. 57°CellA 2
2. 72°CA4 1% 202F 303 wlroz 73
%E'lﬁ}o'] o}:AoL“L] Z ]% LE + ol‘ﬂt']' =3
Kawazu et al.(1992) ] Bl pnmeri PCR3}
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T GBS Hele A7 ol ik, oo
A Zo] 2%} primerrt ohE 28 dEatn s co"
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Fig. 6. Detection of T. sergenti by PCR using
different sets of primers. M: 1 Kb DNA ladder, A:
PCR products using TS2 and TS3 primer, B: PCR
products using TS1 and TS3 primer, €: PCR
products using TS1 and TS4 primer, D: PCR
products using TS2 and TS4 primer. Lane 1, 6,
12,17, No. 1, lane 2, 7, 13; No. 15, lane 3, 9, 14,
19: No. 37, lane 4, 10, 15; No. 42, lane 8, 18; No.
34, lane 5, 11, 186, 20: standard Korean isolate.
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=Abstract=

Rapid detection of Theileria sergenti by polymerase chain reaction

Eun-Jin CHOIY, S8eung-Won KANG*, Chang-Hee KWEONY, Woo-Seog JEONGU,
Yong-Dhuk YOON! and Hee-Jong SONG2)

National Veterinary Research Institute, RDA, Anyang 430-016, Koreal), Department of Infectious Disease,
School of Veterinary Medicine, Chonbuk National University, Chonju 561-756, Korea?

Four separate pairs of oligonucleotide primers within the coding region in a T. sergenti
33-kDa surface protein gene were selected to detect T. sergenti by PCR. The specificity of
PCR-amplified DNA was examined by digestion with restriction enzyme and Southern blot
hybridization using T. sergenti p33 DNA probe. PCR appears to be specific for T, sergenti,
without detectable signals from uninfected erythrocytes, uninfected bovine leukocytes and
other hemoparasites, including A. marginale and B. ovaia. Although 46 of 71 specimens
(64.8 %) from grazing cattle were microscopically positive, PCR in this study showed that
64 specimens {88.7%) were positive. Therefore, PCR proves a useful diagnostic tool for
detecting T. sergenti-infected cattle, In addition, it is also revealed that PCR was
significantly more sensitive than traditional microscopic examination using Giemsa's
stain.

Key words: Theileria sergenti, specificity, sensitivity, polymerase chain reaction
[Korean J. Parasitol. 35(2): 111-117, June 1997]
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