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Abstract : To make the genomic DNA probe of Theileria sergenti, the merozoites were purified from bovine
erythrocytes. The infected erythrocytes were lysed by Aeromonas hydrophila(Ah-1) hemolysin, and the parasites
were isolated by ultracentrifugation on a Percoll discontinuous density gradient. For construction of a T sergenti
genomic DNA library, T sergenti DNA was digested with Pstl and the fragments were ligated into the Pstl site of
pUC19 before transformation of Escherichia coli JM83. Out of thousands of transformants obtained by
transformation of E coli JM83 with the genomic library, three plasmids were chosen. The sizes of the inserted
DNAs were 2.9kb(2.4kb and 0.5kb) in pKTS1, 4.3kb in pKTS2 and 1.5kb in pKTS3, respectively.

The DNA fragments used as probe KTS1(2.4kb), KTS2(4.3kb) and KTS3(1.5kb) were labeled digoxigenin-11-
dUTP for the Southern hybridization. In Southern hybridization, all of the probes(KTS1, KTS2 and KTS3)
reacted specifically to T sergenti DNA, but not to bovine leucocyte DNA. In order to find out the sensitivities of
the digoxigenin-11-dUTP-labeled KTS1 and KTS3 as the probes, purified merozoite DNA and bovine DNA
(control) were checked by dot blot hybridization with the probes. Both of the probes, KTS1 and KTS3, detected
as minimum amount of 975pg of the T sergenti DNA, but not bovine DNA even to 500ng.
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st tphE o2 At 53 glon) o} fAt X
Bgolt AntHQ oS FohlA E&x e
glo|ct.

gt T sergentie] Ao 2 A= Holsw FE
€ Giemsa A3t edn|g o2 BPste] Zetst
3 Qe o] Hhelle FHAIZE oiA HEAFl
UFo] el JehIA g2 deleld e Atstrizt af
$ o8 ZAAEE A3 Q. a8 =g HITdle
F4Y 434 Aye] Ak 9 didol] Tsle] §AHFEHA
ol FaiollA |7} gubs] A= 2 o, Matsuba
et al*® DNA probeE o]g3te] U9 T sergentio)
genome& FA43}9l.2m, Hirano et al’& DNA probe
& AH83lo] T sergentiol] 748 £ & A& ol
Hale] Bl Hasta ot

H o= FEYEA Aol JolAE FHFEHU
At Wygezgr FAYU4LE o83 Southern
hybridization®}¥, o] 4714 €& polymerase chain
reaction(PCR) ZF-Eol| ofsjo] Zhsl= 5o A+
B Qb gt v Al EAE o83l AEY
T IE YHEE Mes]o] o] 851 Qirt. F Hirano
et al’, Kagiwara et al'’, Tanaka et al'>& T sergenti®] &
o] DNAo®|| biotin® Z labeld} probeE o] &sted dot
blot hybridization ¥W¥jol] 2J3t Zchil-g ¥ w13t w}
Sich.

Theileriosis 2 1% H 37} EASEE 7k o @
A|gt, o] FAME T sergentizt FAAS I e 37}
= 83, dE, gAol, 35 FEAG3 Fdotlot
oll4] FAl7} ¥|3 QUek. 3} T sergenti, T orientalis, T
buffeliv= F7+e] 4G 4] o] A g2 4
efod 4] o]ol] 3k Aol a4 o] ni-p- ol el
= olol] # AFE WEH 3 Qich’. HE, T sergenti
of QA E el YRF7o| o] {55 vl
5 AN S U8 A7 ot AE 3
g ARl

AR} 148 92 HE] T sergenti DNAS F23}
o} radioactive hybridization ¥}*el] &3t 7|2AFE
Hag vl glon], A2} T2 o]2g EUE st v}
A EHE AL3 DNA ASUHE o83l T
sergenti DNA probe& A|#}sl o] & Zchol] -84
£ 9l g 2 Raat B AFE AAE.

Nz Wy

T sergenti 9% : A4l A28 T sergenti VF-&

A5 Ao AEE 3 e GFEHE A
"olg Giemsa JYstod, T sergenti® &Astx o] Y
& oA S NYH Y 9ol AFAAFAAA &
) BasAl, o] UEE(stock)E Aol Agsiict.

& e a8t T sergenti
meroroites®] DNAE F&37] 9js) nigH &G Fof
Aol T sergenti® ZHGAAH g £o] 15~20%2 F7}
s w APl ol Ayl olgEct T
sergenti merozoites 2] ¥2]3= Sugimoto et al*2] ¥y
ol u}z} Belsisdot.

DNA2| F=& : T sergenti merozoites DNAT
Matsuba et al° (1992)2] ¥ o2 F&3}o] T sergenti
9] o] DNA b8 g dgich o]g] dlz2¢& 49 Wiy
7 DNAE AHgsiglen, o] WigdT DNAS &£
T sergentiol] Ftedo] 5|7 ¢k 7734 Lol PR
AMA YA HETF5E Faich. Ag
F-9] £l Ficoll hypaque(Sigma) £jol] FFo] X
=& 3o fAERR] WETE el 429 o
T DNA $2-2 T sergenti DNA H2|9} 48 b
o2 FEct

T sergenti KA} 28| Hx : ¥ DNAY =z
£ Sambrook et al'®e] wWhilol wkch. T sergenti
merozoites DNAE Pstlo 2 Aclsio] olu] Pstlo g
Heks) H48e] pUCI9 Fehaw] So) Hzsic of
ZHZ35HE] DNAES E coli TM830l] AFiA)7]7) Shele
3 " uhloll Fule] PARBAZ A, o F YA
AR Fe Azgd Feav=gd Fejsio
AR} LYo Agsdct

#itAnje DNAL F§ : HAAYSE E coli M
83ciz REl A=y F2kLv|= DNAE  alkaline
methodel| £3pod F&afgc}”.

o] Bg|d A&+ -20TolA H@shHAA Heol u}
o Aol AHg3gTh

Southern hybridization : | =% &e}An|= pKTSI,
pKTS2, pKST3ell AHQI€l T sergenti DNA whH§uHg
elutiond}od Z}+7} probe 2 AME-8}33c}. probe 2 A-8-3F
Arqls1 DNA ©hie] o] 82 KTS1(2.4kb), KTS2(4.
3kb) 18] 3 KTS$3(1.5kb)2 z}z} wiwdsisdc}.

v¥A4A 22 A-83F Southern hybridizationel] 4]
£ 349 FAol wel DIG DNA labeling and
detecdon kit(Boehringer Mannheim, Germany )& A8
it

Probe2| labeling : probed]] vj¥lAMA EAQl DIG-
11-dUTPE random prime ¥+l ata} Fx)slo] A
Lich.
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Electroblot : T sergenti DNA 4 tHZZ o] 83k 49
ui¥ T DNAS 7Z+7h Pstl Al 42 37Col4] 4412
LS A7l ¥ 0.7% agarose gelolA H7|dFs}od
nylon membrane(GeneScreen™, Dupont)el] electro-
transfers}sd © ™, 7 ¥bH-L- GeneScreen A 23 AS] F
Aol Falod AAlslsA

Dot biot hybridization : probe2 A&-3 T sergenti
DNA¢! KTS1# KTS3 glHe) 7#EE el ¥t
A A= T sergenti merozoites DNAS} 71 thz2 49
W& DNAS 77 18.7ng HE] 2] A& 243t
nylon membranedll FZA7] F, probeof] DIG-11-
dUTPZ labelsle] dot blot hybridization A A8},
=3

a o

T sergenti merozoites2| 22| : T sergenti-g W] A4
23 FolRoll AFAFAAA UF HEFH 24
£o] 15~20%2 715 w(Fig 1) €58 € ¥
Zsle] DNAZ 22aich 932 AAY Ade
Fig 20|48} 7o) PercollZ2] 40%9} 60%2] AR
ol 4 MIetA AAEIGLH, 60% Percoll®] whtrol]
A¥E Fig 33 7ol veil® E2lsle] 3|58 + At

Probe2 Al2% A{x% DNAZQ| &&| : T sergenti
Az oPe Azs}s] skl T sergenti DNASH
vector® AFRE pUC19E 7zt Pstlo g Axksta A
2 AM=FAIA E coli IM83-& HAMSsIH. 1 AT}
2 ool {AAAIA ARlgH e EAME Hdst
7] 9t 309 FAATA 2 RE] Feld M= F
Z}Au = DNAE Pstl Algta4 g Adsigd vl Fig

Fig 1. Theileria sergenti-infected-erythrocytes in peri-
pheral blood from splenectomized calf
(Giemsa stain, x1,000).

Fig 2. Purified merozoites from Theileria sergenti-in-
fected-erythrocytes by means of gradient
separation with Percoll(Giemsa stain, x1,000).

Fig 3. Purified veils from Theileria sergenti-infected-
erythrocytes in bottoms of 60% Percoll by
discontinuous density gradient(Giemsa stain, x
1,000).

1234567

Fig 4. Recombinart plasmids having Iheieria sergenti
DNA fragment. Lane 1: 4{/HindIl, lane 2:
pUC19/Pstl, lane 3-5: recombinant plasmids
isolated from transformants obtained by
transformation with ligation mixture of (T ser-
genti DNA with a linear pUC19), lane 6: T ser-
genti merozoite DNA/Pst], lane 7: bovine leu-
cocyte DNA/Pstl
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4ol A} ZFo] 3709] FEkAv|E(lane 3, 4, 57} BF
AR E 7HA T Y-E St ok ol ¥
AR ZepAvlso) tishA] pKTS], pKTS2 183
pKTS3eka 2}2+ vy sl ey,

o] vectorol] 4+¢]%l DNA AH ] 727)& Fig 40) £
A1%) vlg} Zro| 2.9kbflane 3, 2.4kb(KTS1)®} 0.5kb},
4.3kb(lane 4, KTS2), 1.5kb(lane 5, KTS3)3it}. Lane
12 A/HindM ¢l markere]| 3!, lane 2+ pUCI9 DNA
2 Pst]l A2 A3 Akst Aol lane 3,4 28|32
57 Mz EZtAv|=, Lane 62 T sergenti DNA,
lane 72 4=2] Wi DNAZA] Z}7} Pstl AtE AR
HAs]) Hekgk A& 0.7% agarose gelollA A 7)ad £}
ApRlo] et

M1 234567
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Fig 5. Restriction analysis of pKTS1 plasmid DNA
with Pstl, Hind1l and BamHI.
M: Marker(1 kb DNA ladder), lane 1: pUC
19/Pstl, lane 2: pKTS1/Pstl, lane 3: pKTS1/
Hind1ll, lane 4: pKTS1/BamHI, lane 5 to 7
were doubly digested as follows; lane 5:
pKTS/Pstl & Hindll, lane 6: pKTS1/Hind Il
& BamH]I, lane 7: pKTS1/Pst] & BamH]I

Fig 6. Schematic diagram of pKTS1, pKTS2, pKTS3.

pKTS1ell AHQ1%l T sergentie] DNA AHoll= Fig
59] lane 20l|4¢} o] 44q)€l DNA <3 (2.9kb)uel]
Pst] site7} 170 1X)sk3 glel A 270e] dH o] Eafjst
I RAge & T Uet 2B =R o)F PHe 2V E
Holsle] 2 ZAn} 2.4kb ¢} 0.5kblrt. o] F 2.4kbyt
& eclutiond}o] probe® ARE-slT). EdE probeE A}
&3t KTS13 KT83-& o] 71+ AGgALEE AH§3)od
Artsio] B vl Fig 500142} o] KTS1ei|A] gto] Pstl,
Hind [, BamHI site7} Ea08k1 1-8-& #9lslglon,
KTS1-& enzyme sites AAs}7] el o|FAHg
(double digestion)g AA|slod AdrA L A EE 243}
$Act(Fig 6).

Probe2 AlSE DNA Mol RE6t &9l : o84
95 plasmid DNANA] T sergentiz} 4F% whsnt
£ cletroelutiondle] probe 2 A-g8}ich. o] & Ak
Ho| T sergenti DNA2] WHHRIAE &R13}7] $ls}od
probe KTS1(2.4kb), probe KTS2(4.3kb), probe KTS
3(1.5kb)ell DIG-11-dUTPE- labelsle] T sergenti
DNA$} Southern hybridizationg dA]stdel. 1 Az}
§$-2 HE] 22ldt T sergenti(KTs) merozoite DNA
AA & Fig 7oll4 By uiel 3ol 247) ARjiedse] =
719} dx|sh= 9)Xx|ollA] probe KTS1, 2, 3 =57} s
og Uehiglsh TE 49 WETE Y e
DNA(B)ll A+ probe KTS1, 2, 3 oj= Ao uk-g3}
2 Shskeh. meba) o F 309 4RI DRL T sergenti
DNAglo} #Rlx|gl e, it o] 4H) whH ) {3zt
A7l 49 wWgF DNASH 4540l gl 2o
A=A}

2l probe KTS1, KTS2 18]35 KTS3 FolA %
E3] probe KTS13 KTS30] 743F vh2-2 JJelfox
& o] 2709] probe& 7}A)3 T sergenti DNAS] 7%
A5 E dotE 7] sted T sergenti DNAS} 49 wiyg
- DNAE 2vld 4 3] 4s}od dot blot hybridizationgt

BamH1

pKTS1, pKTS2 and pKTS3 were constructed by recombination of 2.9kb, 4.3kb and 1.5kb fragments(PstI-
digested T sergenti) with PstI-digested pUC19(2.69kb), respectively.
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Probe DIG- KTS 1 2 3
—

M KTs B KTs B KIs B

Fig 7. Southern hybridization of Theileria sergenti
DNA and bovine DNA with KTS1, KTS2
and KTS3 probe. Korean T sergenti DNA
(KTs) and bovine leucocyte DNA (B) were
digested with Pstl, electrophoresed on 0.7%
agarose gel, and transferred to nylon mem-
brane. The membrane was hybridized with
digoxigenin-11-dUTP-labeled KTS1, KTS2
and KTS3 probe. M: pBR328 DNA/EcoRI

Probe 123456789101
KTS i x"
Dig- K1s 1 [ ®Goes -

- KTs @8 i o 10

Dig- KTs3 [

Fig 8. Dot hybridization of purified Theileria sergenti
DNA and bovine DNA using KTS1 and KTS3
as probes. Five microliters of DNA samples of
T sergenti and bovine leucocyte were spotted
onto nylon membrane. lane 1; 500 ng, lane 2;
250 ng, lane 3; 125 ng, lane 4; 62 ng, lane 5;
31 ng, lane 6; 15 ng, lane 7; 7 ng, lane 8; 3
ng, lane 9; 1.8 ng, lane 10; 975 pg, lane 11;
487 pg, KTs: Korean T sergenti DNA, B: bo-
vine DNA.

A3}, Fig 8oll4] K& vle} o] T sergenti DNA 4]
£ probe KTS1, KTS3 25 975pg7tx] 7Zo] =9
c}. 22} 49 YT DNAcIAE 74 probe &
Soll thefA] A uhe-2 obA Q.

o &

Ae7] g 8 U334 AHoz oA x kA
& A ANE AFA] E3F babesiosist} theileriosisol]
A E 54| T sergenti= -8 viehe] |4l AL53]
3 Qle &ellA ZHt A & S8 AW F9 st
ot} whelA] HZolle o] E Axol tislo] FH A<
Zmoj|A] A7t AEFHD e ARz HTol=
DNA probed 7uksle] {283 FmoA ksl
hybridization 7|%&o] A5 1 Qo254

T sergentill QloiA] @A A7H w2E T
sergenti DNA probe2] A|3"3} cDNAQ) library & o]-&
% chide) HRE" HA BAPELHI|Y S o &3
ATEE T PCR 558 o] 44 Flehdy™ 'z}
ARG S8 DB Al B ATV
A Thelleria sppbe] $AEH A FHE* chakt
AF5e] of wulel Bk Mz E AFRokz $7he)w
i},

A} o] olu] ¥EE R} T sergenti DNA probe & 1t
£7) 9% 71 207E B2 AP 939 &
Fpert AR ol e BARA M) TS A
st $85 FuTere BelSol by oleie EAlel
oo, A5 Aol T sergentioll 3= 49 &
jo 2 HE] T sergenti merozoite YE-& &5 Fels)
= 9o 2 A& Sugimoto et al'®e] Be] v} A3
Aol Hdg & < U} Fig 200149} 7ho] 3t
merozoite Yx2| A A9} o}&2] veil(Fig 3)% 358
5 olAl AT o] YFo] T sergentifd & AAE + %
Wt Saponinoji} FH Ex §HE FNFToE
FYG A A Solle 95 o] Y3 HY T
EQloz Qsle] it U4 DNARRE A& 71 ¢l
P

Fig 40|48} 7o) pUC198} pKTS1, pKTS2. pKTS3
28] T sergenti, 429] WY DNAE Pstl AlgtE 4
2 A% ARl B} lane 29] pUC19 DNAY 2.
69kb Y x)ollA 1702] band”} HAEK o, AH=2 I
gbA0] = DNAoAE 2+ 270 == 3709] band7)
4=} 2.69kbe] $1x]of Yeh= A2 pUCLY &
A0 = DNAe|i g fiXjoll4 vehtE bande
vector¢] pUC19 Za}Au| & DNAe T sergenti DNA
cEo] ARRlE Zog #lEgIrt. F lane 3ol
pKTS1el] 2.4kbe} 0.5kb(RNA® ¢lsled band7} AR
Zollal BolA 9L, Fig 5014 #Qle] 7}-5), lane 4ol
4]¥ pKTS2e)l 4.3kb, lane 5ellA+& pKTS30l| 1.5kb
DNA st 9] vectorol] 4% cloned 1€ F U
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o}, B3 lane 62) T sergenti merozoit DNA$} lane 79)
bovine DNAS Pstl Alst&4z PR Adksled
DNAS] 448 B

pKTSlo] 3%lolAE pUCL9 vectoroll T sergenti
DNA®)] Pstl site o] 2707} Solzk AL walela,
APas AEE A4 enzyme site?] $1x] A%
£ 9%l EcoRl, Hind I, BamHI, Kpnl, Sphl, Sacl #|
Baaz ek 43" sf pKTSlell 441= DNA o3
ol Pstl, Hindll, BamHI site7} ZA3HS Eelsla,
ol IR AMPHAZ o] FHHE AAslo] AlgtaA
A =& A st rh(Fig 6).

pKTS3S 99 AQELE Adsel Hkd v
enzyme site7} VERR] 942ttt

7 "o H30) osle T sergenti DNAS} 2] )
g+ DNA AAME 77}t probeZ AHE38tod Southern
hybridization-g AA|&F 739 T sergenti DNAS} 49
87 DNAZIE A2 oh2te] 4540] It Aoz
vebgch a8y B A= 493 DNAE 2+
probe & AL-£3to] Southern hybridization& A3 A
TH(Fig 7 &2) 49 W8T DNAoA = A3 yhgo]
9l Ao Ho} vectoroll A%l T sergenti DNA ¥t
-2 bovine DNAS= A2 454 ¢] gle 47IWdE &
A Aoz Az

T sergenti A2 28] A=E Kajiwara et al''o)
HEoz Biusiglen, o] Ay A& £4 DNA
9] A7) 5.6kb, 11.5kbe] ¥]Z¥ & DNARHHS A&
L3199}, w8t Yp-labeled probeE AHgste] dot blot
hybridization& AA|$}H T sergenti DNAE 15pg7HA]
e 4 glden, bioting labeldt 7§ 5.6kb
DNAGHA-& EX2 A8sto] 125pg7tA] HAEHA T,
11.5kb DNAGHH-& AHg-31H 250pg7tA] AEE = AU
o1 ENULE ol&she o] Ao Holuket
2 sk

Hirano et a2 8719] cloneg WHE0] 1 & 5.5kb%}
5.1kb2] 27§E probe2 AE3te] Southern
hybridization& 4143}, 5.1kb DNAE Dral A
g4 g Aeksled 2.0kb, 1.2kb, 0.8kb, 0.6kb, 0.5kb
37]9) 2bH o 2 o] bioting ©]-83} dot blotE 4l
A% 73 2.0kbs] Dol HAEe] 7HA Fob 2pg
A #ES F Uk Baslct.

aEu B Add] glojA FA2 AL A7E 2.
4kb2} 1.5kb DNA ‘ﬂ-iﬂ.‘.’_ik‘ Fig 70|41} Zo] ¥4
KTS13} 30)|4] 74 uk-8-& Jehigich. whelA] o 274
of] DIG-11-dUTPE labeldt A& ARg3}aL, ojafe)
T sergenti®} bovine DNAE Algi4s HAdksA] g

linear DNA 4tejoli4] nylon membraneol] A Apsiod
dot blot hybridizationZ AAJstglc}. = 3} Fig 8oll
A2} o] T sergenti DNACN AW 975pg7tA] HEE
et a2 49 HEF DNAdA & A vhE
o] vhhgA] ¢k Ao g Hol T sergenti merozoite
-2 ko] It EQlER] g £ AFolA F
%% DNAztx AZEw, xx}5o| A=&E T sergenti
DNA XA 42| $3Aeh= & T sergentiol] thak
Eolalo] glckz Aztsic). el o E UFA Aol
U A, vlole] & F2) 39 DNAgH: o3 Hlart 5
2 Eulglong gro 2 olo) et Adde] Hashrty
st

o] A¥o) glojAe ZA| &S Hirano et alo|u}b
Kajiwara et al''®] Ham¥ch= 9okARE ¢43t T
sergenti DNA §-4A} 23-& A== g 1 clone
£ ol &3] thgo] AEg AYE + e B
t}. 0|23} Southern hybridizationg 43¢l Zclhol)
HLsl7ole UF 538 dAlgk A7ke] Hele A,
g ko] yjge] Badt Y Fo8 obF olyy &
A& 7FA 1 Qle}.

we-4 o|Ag EiE 3dled probeZ AREE T
sergenti DNA wHH9| g7|A9E Lot primerg
designa}e] oligonucleotide & A3 tha o] G714
dg PCR FEo|| oJslo] Zglsle WS MYsie]
4R ghell o] 88 5= Q= Aol KNP ofo} s}t
3 Azt

d £

T cergentiol]l ZHE® &9 HHETFWN T sergenti
merozoites= CF-11, Ahl-hemolysin®} Percollg o] &
slo] seEelslglon, o]& RE] o2 DNAE Pstl
AREAZ A8 Akt F pUCI99} Azglste] E
coli TM83-Z A% sl] T sergenti®] FAx} 2345
A zstdct. YARSE ZelAn|=g BE T sergenti
genomic DNA -8 ¢lo] probe2Al9] AlgoiBE
goti7] $slod uwA4d EHQ digoxigenin-11-
dUTP-& labels}o] Southem hybridization#} dot blot
hybrid:zationg HAA1SHAQ vl g3} 2L ARE <
it

1. T sergenti®) FA A 23)o 2 R A2y Eeks
o) EE o] of 7]ol] £3HE T sergenti DNAE probe 2
A8 g ARt probe 2 A-838F T sergenti®] DNA
ARQJehE 9] =7]% 72k 2.4kb, 4.3kb, 1.5kbgt}.
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2. T sergenti DNAS} 4-9] Wi F DNAE Pstl 34
2 Aci¥t ¥ nylon membraned] &7 23 probe
KTS1(2.4kb), probe KTS2(4.3kb) —L&]iL probe KTS
3(1.5kb) DNA wiH-E 7Hz} digoxigenin-11-dUTPE
labelsted hybridizationdr 733}, probe KIS, KTS2,
KTS3 8% T sergenti DNAo| A& probe] =719} &
A3t YX|ollA DNA w3} hybridization$hg &
Adem, 49 W8T DNAJAE A# hybridizat-
ions}A] Faict

3. probe KTS1 3} KTS3E 7}A| 2 T sergenti DNA
o] HZE: A5 E Yo} B Yslo] T sergenti DNASH &
2] WY DNAE 2v] < 3]148tod dot blot hybri-
dization¥t Z 3} probe KTS1# KTS3 B 975pg7}A)
T sergenti DNAZ ZZE% & Ao, L9 WYy
DNAGAJE S2] probe 257} 18] ukgo] Leh}
) skt
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