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ABSTRACT

Benign bovine Theileria parasite, which is presumed to be of T. sergenti/T.
buffeli/T. orientalis group, is distributed in Asia, Europe and Australia. An
immunodominant major piroplasm surface protein (MPSP) gene of the parasites
was analyzed and most of the parasite stocks and isolates were found to contain
more than two different allelic types of MPSP. Parasite populations of a field
isolate of benign Theileria species collected from Australian calf was analyzed by
using allele-specific polymerase chain reaction (PCR), DNA restriction fragment
length polymorphism (RFLP) and DNA sequencing. MPSP types of B1- and C-
parasites were detected in the Australian samples. Nucleotide sequence of the gene
of Australian C-type MPSP was similar to that of Japanese C-type parasite (T.
sergenti) with 98.5% homology at nucleotide level. The study showed that
Australian benign Theileria parasites are composed of a combination with at least
2 types of parasite one of which is similar to C-type of T. sergenti.

INTRODUCTION

Benign Theileria species in cattle are distributed in Asian countries such as
China, Taiwan, Korea, Japan and also in Australia and in European countries.
The classification and nomenclature of these parasites are still indefinite. The
specific name of T. sergenti has been adopted for the parasites in Japan and Korea
(Minami et al. 1980; Baek et al. 1990a and 1990b) and T. buffeli for Australian
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isolates (Callow 1984), The parasites isolated in many other countries, including
Europe, are sometimes called 7. orientalis (Uilenberg et al. 1985). To avoid
further confusion, these parasites are often referred to as the 7. sergenti/buffeli/
orientalis group (Fujisaki 1992), although 7. orientalis and T. sergenti are
considered to be a synonym for 7. buffeli by Uilenberg (1995).

A PCR method for amplification of the genes of major piroplasm surface
protein (MPSP) in a type- or allele-specific manner was developed (Kubota et al.
1995 and 1996b). By using this method and subsequent restriction fragment length
polymorphism (RFLP) analysis, the presence of 4 different forms MPSP genes in
parasites isolated from cattle in Japan and Korea was demonstrated (Kakuda et al.
submitted). The majority of T. sergenti-infected calves in these countries harbored
a mixed parasite population bearing at least two different allelic forms of MPSP
(Kubota et al. 1995). Predicted amino acid sequences of MPSP alleles found in
Asian T. sergenti/buffeli isolates showed 75 to 91% homologies (Tsuji et al.
submitted).

Theileria parasites were previously identified in cattle which had been
imported from Australia and grazed in Japan. The nucleotide sequences of their
MPSP genes were identical to that of T. buffeli Warwick stock. Because parasites
with C-type MPSP (7. sergenti Chitose stock Clone L9-1 type, Kubota et al.
1996a) was also detected from the same cattle, there is a need to determine
whether these parasites with C-type allele of MPSP was transmitted from local
cattle in Japan during their short grazing period in Japan, or they were already
infected with a mixture of Bl and C type parasites. In this study, Theileria
parasites in a blood sample collected in a farm in Australia was analyzed by allele-
specific PCR and DNA sequence of its MPSP gene was compared to those
reported in Japanese parasites.

MATERIALS AND METHODS
Parasites
Parasite stocks and isolates used in this study are listed in Table 1.

Table 1. Theileria parasite stocks and isolates used in this study.

Parasites References
Japan
I sergenti Chitose stock Matsuba et al. 1993 b
Australia
Six isolates from imported cattle Kubota et al. 1996b
T. buffeli Warwick stock Stewart et al. 1987
England

T. orientalis Essex stock Morzaria et al. 1974
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Preparation of DNA and PCR

Parasite DNA was prepared from purified piroplasms according to the
method of Tanaka et al. (1993). The oligonucleotide primers (20-25 mers) for
PCR, Ts-1, Ts-C, Tb and Ts-reverse (Ts-R) primers were previously described by
Kubota et al. (1995). For the reaction, 50 ul of a mixture consisted 50 ng of
parasite DNA as a template, primers (1 pM each), deoxynucleotide triphosphates
(200 uM ecach) and 1.25 U of Tag polymerase (GIBCO BRL Life Technologies,
Inc., MD, USA) in 1 X PCR buffer [20 mM Tris-HCI (pH 8.4), 50 mM KCl, 2.0
mM MgCl, | were used. The reactions proceeded in a programmed temperature
control system (Model PC-700 ASTEC Co., Ltd., Fukuoka, Japan) for 35 cycles.
Each cycle consisted of 1.5 min of denaturation at 94°C (4 min for the first cycle),
1.5 min of annealing at 57°C and 1.5 min of polymerization at 73°C, with an
additional 3 min at 73°C, after the last cycle. After amplification, each sample was
subjected to RFLP analysis.

RFLP analysis

PCR products which were amplified by using each primers were purified
with GENECLEAN II (BIO 101 Inc., CA, USA). Fragments obtained by digestion
with Bgl I, Dra 1, Eco T141, Eco RV and Hind 111 were subjected to agarose gel
electrophoresis, and RFLP analysis of amplified DNA was carried out as
described by Kubota et al. (1996a).

DNA cloning and sequencing

PCR products which had been amplified from Australian field isolate using
Ts-C and Ts-R primers were cloned into the plasmid pGEM-T vector (Promega,
WI, USA) and the recombinant plasmid DNA was used for nucleotide sequencing.
The nucleotide sequence of plasmid inserts was determined by using T7 and SP6
promoter primers (Promega, WI, USA), gene-specific primers and the Taq
DyeDeoxy™ Terminator Cycle Sequencing System (Applied Biosystems, Foster
City, CA, USA) with an automated DNA sequencer (Applied Biosystems model
373A). In order to obtain the complete sequence, sequencing was carried out
twice.

RESULTS AND DISCUSSION

The results of population analysis of 6 isolates from Australian imported
cattle, T. orientalis and T. buffeli stocks are summarized in Table 2. Six isolates
from Australian imported cattle consisted of a mixture of Bl type and C type,
while that of T. buffeli Warwick stock and T. orientalis Essex stock contained
single parasite population with Bl type. This mixed pattern of mixture is same as
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those observed in stocks from Taiwan (Kakuda et al. submitted). Since parasites
with the C-type MPSP were detected in cattle imported from Australia but not in
piroplasm preparation of 7. buffeli Warwick stock, we could not exclude the
possibility that these cattle might have been infected with this C type parasite after
their arrival in Japan can not be excluded. Thus, parasite populations in a field
isolate collected in a farm in Australia were analyzed and consequently C-type
parasite in this sample was detected.

Table 2. Analysis of Theileria parasite stocks and isolates by
allele-specific PCR,

MPSP alleles
| @ Bl B2

Parasites

Six isolates from imported
Australian cattle

Australian field isolate -
T. buffeli Warwick - -

T. orientalis Essex stock - -

+ + + +

Nucleotide sequence of PCR product of an Australian field isolate amplified
by Ts-C and Ts-R primers was determined and compared with that of Japanese C-
type (L9-1) (Matsuba et al. 1993a). The nucleotide size of coding region for
predicted MPSP region of Australian C-type (clone T/AUST-C) was 786 bp which
was equal to the size of 1.9-1 (Fig. 1). Comparison between these two sequences
using computer program GENETYX-Homology resulted in 98.5% homology at
nucleotide level (Fig. 1) and 96.6% homology at amino acid level (Fig. 2). The
potential glycosylation sites and putative erythrocyte binding motifs, Lys-Glu-Lys
and Lys-Glu-Leu, or Lys-Glu ion pair (Molano et al. 1992) were conserved
between these two clones (Fig. 2).

Serological and genetical comparisons between 7. buffeli Warwick and 7.
orientalis Essex stocks revealed that these two stocks shared the same antigenic and
genetic properties (Kawazu et al. 1992a and 1992b). Benign Theileria parasites
distributed in Australia has been often referred to as 7. buffeli or T. orientalis. In
East Asia, such as China, Korea and Japan, |- and C-types of 7. sergenti were
generally detected, while C-type and B1-type parasites were present in Taiwan and
Australia (Table 2). From the results of systemic comparative studies of these
parasites it was concluded that Japanese 7. sergenti belongs to a different
taxonomic group from Australian 7. buffeli (Fujisaki 1992).

I
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L9 atgtigtccaagagalcattecaacgtact 1tgectaggatacticetealeglctetgea 60
T/AugtC geggatccteategtetetgea
ac 1 geaGAAGAGAAAAAAGAAGCTGCAAAGGCTGAT GAGAAGAAGGATTTAGCTCTIGA 120
25 R e T N G T S M ORI e

GTAAACGCCACCCAGGCT GAAAA ACAGTCAATGCAACCAATGCCAACGACGTCGTT 180

TTTACTGCCAATGAGGGATACCGTATCAAGACACTTAAGGTTGGAGATAAAACTTTGTAT 240

ACTGTAGATACATCCAAATTCACTCCAACAGTCGCCCACAGACTGAAGCATGCTGAAGAC 300

CTGTTCTTAAAGCTCGACCTTTCCCATGCAAMACCACTTTTGTTCAAGAAGAAGAGCGAC 360
........ B scmsi Dbl 08 e o, h VAT wSme TSI AR AN RIS A

AAGGAATGOGT ACAGTTCAGCTTCGCCCAGlACCTCGATGAAGTTCTCTGGAAAGAAAAG 420

AAGGAATCCAAAGACCTCGATGCCTCCAAGTTTGCAGAAGCTGGTC GCCCCTGAT 480

GCATTCOGTACCGGAAAGGTTTACGACTTCGTCGGAAME T TCAAGGTCACCAAGGTCAAG 540

TTCGAGGATAAGGAAGTfGCAGATTCAAAGAAGBCCAAATACACCGGAGTCAAAGTTTAC 600

GTCOGTACCGATGACAAGAAAATCGTAAGACTCGACTACT ICTATACCGGTGATGACAGA 660

ilCAAGGAAGTATACTTCAAATTGGTCGATGGAAAGTGGAAGAAGCTTGAGCAGAGCGAC 720
A G

COAAACAAGGATTTGCACGCTATGAACAATGCTTGGCCTTTGGACTACAAGCCTCTIGTC 780

CACAAGTTCTCACCACTT GCCGTCCTCAGCGCTGTTC TCATCGCCTTACTCGCAGT ATCC 840

TACTATCTCTAG 862
......... taggcgeat tgagtctcaca

Fig. I. Comparison of nucleotide sequences ol major piroplasm surface protein genes between
Japanese C-type cDNA clone and Australian C-type gene clone. Nucleotide sequences of L9-1
(Japanese C-type) is shown from initiation (ATG) to termination (TAG) codons, Small letters

indicate predicted signal peptide region and small italic letters indicate PCR primer sequences

which were used for gene amplification and cloning.

191 EEKKEAAK ADEKKDLALEVNATQAENFTVNATNANDYVETANEGYR I KTLKYGDKTLYTV 60
THSESIE S vt s ot s e s R S I

DTSKFTPTVARRLKHAEDLFLKLDLSHAKPLL FKKKSDKEWVOFSFAQYLDEVLWKEKKE 120

SKDLDASKFAEAGLFAPDAFGTGKVYDFVGNFKVTKVKFEDKFVGDSKKAKYTGVKVYVG 180

lDDKKIVRLDYFYTGDtHFK[VYFKLVDGKWKKLFOSDANKDLHAMNNAWPIDYKPLVDK 240
E

Fig. 2. Comparison of predicted amino acid sequences of MPSP except signal peptide region
between Japanese (L9-1) (Matsuba et al., 1993a) and Australian (T/AUST-C) C-type. Dols
indicate identical amino acids. Underlines indicate charged amino acid-rich regions.
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Changes of parasite populations during persistent infection of two types (I-
and C-types) of T. sergenti in cattle were observed, which suggests the host
iImmune responses can select a certain allelic variant (Kubota et al. 1996a).
Coexistence of multiple allelic variant of immunogenic surface molecules in an
infected host may disturb host defense mechanisms and facilitate the parasites to
evade them. From this point of view, the antigenic differences between 4 allelic
products of MPSP are now being analyzed. As MPSP is one of the vaccine
candidates, analysis of parasite populations based on PCR-RFLP analysis is
essential for developing control methods for 7' sergenti infection in cattle.

Note: Nucleotide sequence data reported in this paper have been submitted
to DDBJ, EMBL and GeneBank™ Nucleotide Sequence Databases with the
accession numbers T/AUST-C: D78015.
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