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C-10

Cloning, expression and characterization of a
Haemaphysalis longicornis calreticulin gene

The ticks are important parasites which can transmit several
pathogens in many areas of the world. The current method for
the control of ticks is the use of chemicals, but parasite
resistance to these chemicals is a rapidly growing global
problem. To overcome this problem, alternative non-chemical
methods to control the cattle tick are under development.
Calreticulin (CRT) is a Ca-binding protein, which is released by
neutrophils during inflammation and inhibits Clg-dependent
complement activity. As CRT also demonstrates the
anti-coagulant activity by its binding to blood clotting factors
IX, X and prothrombin, it might represent one of the
components with anti haemostatic activity found in secretory
products from blood-feeding parasites. Thus, we report here the
isolation, sequence characterization and expression of cDNA
coding for a CRT of Haemaphysalis longicornis. The CRT cDNA
was amplified by PCR from a H. longicornis cDNA library using
primers designed from conserved regions in the CRT gene of
Boophilus microplus, and the cloned into the pGEM-T vector.
The CRT sequence encodes an 410-amino-acid ORF with 93%
similarity to the B. microplus CRT sequence. The predicted
molecular mass and pl for CRT were 47 kDa and 4.52,
respectively. In order to allow the expression and purification of
CRT, the coding region of the cloned cDNA was amplified by
PCR and subcloned into the pET-32b vector, and recombinant
CRT was expressed as a 69 kDa fusion protein with TRX in an
Escherichia coli strain (AD494DE3). The study of this protein
can be important for the understanding of the physiology of the
tick and for the development of a vaccine against the ticks.
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C-27 Expression and immunological characterization
of a novel antigenic protein ToORFb' gene of
Theileria orientalis

o 1 1 1 1 1

Theileriaspecies are tick-borne protozoan parasites belonging
to the phylum Apicomplexa. In this study, we cloned a 70
orientalisgenomic fragment having two open reading frames
(ORFs). The homologous search revealed that the second
ORF(ToORFb) has a high similarity with the mature
parasite-infectederythrocyte surface antigen (MESA) of
Plasmodium falciparum. The ToORFb gene product of 35 kDa
expressed by a recombinant  baculovirus  was
recognizablewith the 7. orientalis-infected bovine serum,
indicating that the TOORFb gene productis immunodominant
during the 7. orientalisinfection. In the Western blot analysis
with the anti-ToORFb gene product mouse immune serum, a
43 kDa native protein was detected from the 70
orientalispiroplasm lysate. Confocal laser microscopy
analysis revealed that the anti- TOORFb mouse serum mainly
recognize the late developmental stage in the erythrocytic
cycle of the piroplasm.These findings suggested that the
identified P43 of 7. orientalispredominantly expresses in the
late stage of intra-erythrocytic cycle and might be involved in
the escape of piroplasm from infected erythrocytes.

C-26

Cloning and characterization of 3 novel
cDNA encoding for cysteine protease-like
proteins from Theileria orientalis

Theileria orientalis is a tick-transmitted protozoan parasite
which causes anemia due to the intraerythrocytic infection of
piroplasms in cattle. During persistent infection, the
parasitemia levels fluctuate in cattle. In order to control bovine
theileriosis effectively, we have been seeking for vaccine
candidates. Cysteine proteinases play indispensable roles in
the biology of parasites including general catabolic functions
and protein processing, immune evasion, and cell and tissue
invasion. Parasite cysteine proteinases are immunogenic, and
have been characterized as serodiagnostic markers and vaccine
targets. In our study, three genes, TOCP1, TOCP2, and TOCP3,
encoding cysteine protease-like proteins of 7heileria orientalis
were cloned from a cDNA library of the parasite. The TOCP1
and TOCP2 genes potentially encode for a polypeptide of 476
amino acids and the TOCP3 gene could encode for a
437-amino-acid polypeptide. All of them are different from the
cysteine proteinase gene previously cloned from the same
parasite (TOCPS, Sako et al., 1998, J. Vet. Med. Sci., 61:
271-273). Similarities of the deduced amino acid sequence of
TOCP1 with those of TOCP2, TOCP3, and TOCPS were 93.7%,
46.7%, 43.0%, respectively. In one of the three potential active
centers of TOCP1 and TOCP2, the residue in position 8 was
glycine instead of an essential cysteine. The other two active
centers of them were similar to those of the SERP | antigen of
Plasmodium falciparum, which can induce the protective
immune response in monkey. Southern blot analysis showed
that multiple copies of these genes were present in the parasite
genome.
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High-level expression and purification of
a truncated merozoite antigen-2 of
Babesia equi in Escherichia coli and its
potential in immunodiagnosis

o 1 1 1 1 1

1 1 1
1

The gene encoding a truncated merozoite antigen-2 (EMA-2t)
of Babesia equi was cloned and highly expressed in
Escherichia coli as a glutathione S-transferase fusion protein
(G-rEMA-2t). Both G-rEMA-2t and rEMA-2t (after the
removal of Glutathione S-transferase) had good antigenicity.
Either Western blot analysis with rEMA-2t or enzyme-linked
immunosorbent assay (ELISA) with G-rEMA-2t clearly
discriminated the sera of horses experimentally infected with
B. equi from sera of horses infected with B. caballi and
normal horses, although rEMA-2t was not suitable for
ELISA, probably owing to its poor absorbability to the plates.
The specific antibodies in B. equi-infected horses were
detectable during both acute and latent infection (6-244 days
post-infection). Horse sera from Jilin province, China, were
examined by the two tests. The seroprevalence of B. equi
was 49.2% (31/63) by Western blot analysis with rEMA-2t
and 47.6% (30/63) by ELISA with G-rEMA-2t. The
correspondence was 98.4% (62/63) between the two tests.
The results indicate that G-rEMA-2t and rEMA-2t proteins
should be suitable antigens for the development of an
effective immunodiagnostic assay due to their high
sensitivity, specificity, and great yield.

C-30 Evaluation of the Antiprotozoan Drugs, Clotrimazole,
Ketoconazole, and Clodinafop-propargyl, against the
In VitroGrowth of Babesia Parasites

Babesiosis is a tick transmitted protozoan disease of
veterinary and  medical importance, caused by
intraerythrocytic parasites of the genus Babesia (phylum
Apicomplexa). Due to its ubiquity and the damages it causes
in livestock, an effective treatment is highly required. In this
quest, the growth inhibitory efficacy of the imidazole
derivatives, clotrimazole (CLT) and ketoconazole (KC), and
the herbicide clodinafop-propargyl (CP), was evaluated
against the /n vitro cultures of the equine Babesia equiand B.
caballi, and the bovine B. bovis and B. bigemina. CLT was
effective in a dose range of 7.5 to 60 uM (ICso: 2 to 23.5 pM),
followed by KC (10 to 100 pM; ICso: 6 to 22 pM), and CP (350
to 500 pM; ICso: 265 to 390 pM). Additionally, drug
combination tests were performed in order to evaluate
synergistic or antagonistic effects in the parasites and
subsequently compared to the results obtained in the
previous experiments when each drug was applied by its own.
Combinations of CLT/KC, CLT/CP and CLT/KC/CP acted
synergistic, while the application of KC/CP mitigated the
growth inhibition effects in all tested parasites. In
transmission electron microscopy, extensive damages were
observed in the cytoplasm of drug-treated parasites, leading
to the entire parasitic disruption. These results offer promise
for the effective treatment of bovine and equine babesiosis in
the future.

C-32

Stage-Specific Expression of Babesia
equi EMA-1 and -2 in the Merozoite
Developmental Cycle in Erythrocytes

o KumarSanjay! 1 L !
1 1 1 1

In the present study, we investigated cellular localization and
expression behaviors of Babesia equi merozoite antigen (EMA) -1
and -2. B. equi was maintained in previously described MASP
cultivation system. EMA-1 and -2 truncated genes were
amplified from the B. equiextracted DNA template by PCR.
These truncated gene products were expressed in pGEX-4T E.
coli expression vector and respective monospecific serum was
raised in mice, which was used for conducting IFAT. Results were
analysed by confocal laser microscopy. Indirect fluorescent
antibody test demonstrated that the EMA-1 and EMA-2 were not
expressed in all the erythrocytic-developmental stages of the
merozoites and these two antigens were co-expressed during the
early developmental stages. At the later stage, the expression
behaviors of EMA-1 and -2 were completely different, as beside
fluorescence reaction on the invaded merozoite, the erythrocytic
cytoplasm and/or inside membrane also showed EMA-2-specific
immune-reaction, unlike of EMA-1. These results indicated
shedding of only EMA-2 antigen in the infected erythrocytic
cytoplasm or inside membrane surface. During the final division
phase of the merozoite via the classical Maltese-cross form, it was
observed that specific co-expression of EMA-1 and -2 was limited
to early growing conjoined merozoites only and, once the
merozoite get matured, set to apart, the EMA-1 and -2
expressions completely disappeared. Additionally, it was shown
that the EMA-1 and EMA-2 were mutually expressed on the
surface of extraerythrocytic merozoite. These findings would be
applicable for understanding the biology of B. equiin future.
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