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Abstract: To investigate the development of a subunit vaccine against theileriosis in
cattle, the DNA fragments encoding piroplasm surface protein (p33) of Theileria sergenti of
a Korean isolate were expressed in baculoviruses. The expressed p33 was characterized by
indirect fluorescent antibody (IFA) and western blotting analysis. The expression of p33
was mainly detected on the surface of infected Sf21 cells by IFA. The immunoblotting
analysis revealed the presence of a same molecular weight protein band of p33. The
antigenicity of expressed polypeptide was further examined through the inoculation of a
guinea pig. The sera of guinea pigs immunized with p33 expressed cell lysate showed
similar fluorescent antibody patterns and reacted with the same molecular weight protein
of T. sergenti in immunoblotting analysis., thus indicating that this protein can be a
promising candidate for a subunit vaccine in the future.

Key words: Theileria sergenti, subunit vaccine, expression, piroplasm surface protein

(p33), merozoite, baculovirus, piroplasm

INTRODUCTION

Theileria sergenti is the causative agent of
theileriosis in cattle and goats. Clinically,
theileriosis causes fever and chronic anemia,
thus leading to great economic losses in
affected countries (Radley et al., 1975; Soulsby
et al., 1982).

Theileriosis, through persistant infections in
dairy cattle since the 1970s, is considered to
be one of the most important diseases in
cattle. In spite of the long period of effort from
both farmers and the government, cattle are
continuously being infected with T. sergenti in
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Korea (Chang, 1974; Kim and Son, 1983,
1984).

The control of theileriosis relies on the
application of acaricides to reduce tick
infestation on animals that exhibit a degree of
resistance to the disease. Although live
attenuated vaccines or blood vaccines have
been experimentally produced for theileriosis,
their applications have been limited due to
relatively large amounts of antigen are
required to properly assess the value of
candidate vaccine antigens in vitro {Brown et
al., 1971, Burridge et al., 1972; Cunningham
et al., 1974, Back et al., 1991).

However, DNA technology offers a valuable
alternative. The manipulation of the gene
enables the antigen of interest to be producd
in large amounts using expression systems.

Recently, study on subunit vaccines has
focused on identifying antigens and their



—278—

immune responses that are likely to mediate
protection. Among subunit vaccine candidates,
a piroplasm surface protein of 33 kDa (p33) is
reported to be an immunodominant antigen
expressed on the surface of piroplasms of T.
sergenti (Kawazu et al., 1992a, 1992b, 1997).
Previously, we characterized the gene encoding
p33 of T. sergenti isolated in Korea (Kang et
al., 1997).

In this study, we expressed p33 of T.
sergenti using a recombinant baculovirus,
because this expression system is known not
only to produce high amounts of recombinant
proteins, but it is easy to analyze the post-
translational modifications including
glycosylation in eukaryotes (Matsura et al.,
1987). We also report the immunogenecity of
recombinant p33 in laboratory animals as a
possible candidate for subunit vaccine.

MATERIALS AND METHODS

Construction of recombinant baculo-
virus expressing p33 of T. sergenti

The cloning and amino acid sequences of the
gene encoding p33 of T. sergenti of a Korean
isolate has been previously described (Kang et
al., 1997). For construction of the transfer
vector for baculovirus expression, the cloned
p33 in pUC19 plasmid was digested with
BamHI (Promega) and EcoRI (Promega,
Madison, USA). The digested DNA of p33 was
then extracted after gel electrophoresis. The
extracted DNA fragments were ligated with
Aurographa california nuclear polyhedrosis
virus (AcNPV) transfer vector. For site directed
ligation, BacPAKS8 (Clonteck, Palo Alto, USA)
vector was also digested with BamHI and
EcoRI within cloning sites before ligation with
p33 gene as shown in Fig. 1. Through site-
directed ligation, the ATG starting codon of
p33 was directly located behind the AcNPV
promoter with its own initiation and
terminating codon within the transfer vector.
The ligated transfer vector was then
cotransfected into Spodoptera frugiperda (Sf21)
cells (Invitrogen, Carlsbad, USA) with wild-type
baculovirus DNA using Lipofectin (GibcoBRL,
Gaithersburg, USA). The recombinant
baculoviruses were plaque purified twice by
the procedures as described previously (Kweon

et al., 1997a, 1997b). Plaque purified
recombinant baculoviruses were concentrated
and subjected to PCR for the identification of
an inserted p33 DNA in baculoviruses as
described before (Choi et al., 1997; Kweon et
al., 1997b). The positive clones were further
propagated in Sf21 cells and screened through
the indirect immunofluorecent antibody (IFA)
assay using positive bovine sera against T.
sergenti. :

Characterization of p33 expressed in
recombinant baculovirus
For the identification of expressed p33, Sf21
cells were infected with the recombinant
baculovirus at a multiplicity of 0.1-1 per cell.
The infected cells were then incubated at 28°C
for 48-72 hr and examined by indirect IFA
method. The cells were fixed with cold acetone
for 10 min and reacted with a 1:50 dilution of
positive bovine sera against T. sergenti for 1 hr
at 37°C followed by washing with PBS. FITC
conjugted anti-bovine immunoglobulin (KPL,
Gaithersblirg, USA) was reacted at the same
conditions before examination for fluo-
rescence. The infected cell lysates were also
subjected to SDS-PAGE and immunoblotting
for the detection of expressed proteins.

Immunogenicity of expressed proteins

To detect immunogenicity of expressed
proteins in vivo, the recombinant baculovirus
infected Sf21 cells were scraped at 72 hr post-
infection. The infected cell lysates were
prepared as described previously (Kweon et al.,
1997b). Four-week-old guinea pigs were
injected using freeze-thawed cell lysates mixed
with equal volume of Freund's complete
adjuvant (Sigma, St. Louis, USA). The second
injection with Freund’s incomplete adjuvant
(Sigma) followed after three weeks, and the last
injections were conducted without any
adjuvant. After two weeks, the blood was
collected and tested for IFA and
immunoblotting. IFA was conducted using the
same procedures mentioned above using T.
sergenti-infected blood from cattle. SDS-PAGE
and immunoblotting were carried out using
the procedure of Laemmli (1970) and Towbin
et al. (1979), respectively. The subsequent
immunodetection procedures were conducted



with serum of guinea pigs immunized with p33
expressed Sf21 cell lyates as described
previoulsy (Kweon et al., 1997b).

RESULTS

Cloning and construction of recombi-
nant baculovirus

The transfer vector for p33 (860 bp) was
constructed with the pBacPAKS8 vector using
BamHI and EcoRI restriction sites, which
contain an ATG initiation codon of p33 of T.
sergenti right behind AcNPV polyhedron
promoter (Fig. 1).

In a transfection experiment, two recombi-
nant baculoviruses were cloned from
inoculation of 10-5 and 10-6¢ dilutions of
transfected Sf21 cell-supernatant through
plaque assay. When the inserted p33 DNA
from recombinant baculoviruses was tested by
PCR, the same size of p33 DNA was amplified
(Fig. 2), thus confirming that two recombinant
baculoviruses contained the gene for p33 of T.
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Fig. 1. Construction of transfer vector for
baculovirus expression. A. DNA fragment
containing p33 of T. sergenti was ligated with a
transfer vector (pBaKPak8) using BamHI and
EcoRIl site. B. Nucleotide sequences of
recombinant transfer vector in pBaKPAKS8. First
translational codon (ATG) of p33 is indicated with
an arrow.
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Fig. 2. Identification of a p33 gene of T. sergenti
from recombinant AcNPV by PCR. Lane 1,
Standard size marker; lane 2, recombinant
AcNPV clone 1; lane 3, recombinant AcNPV clone
2; lane 4, control AcNPV; lane 5 and 6, positive
standard PCR; lane 7, positive isolate
(Sunghwan), respectively.

Characterization of expressed p33 of T.
sergenti

Initially, the detection on expression of p33
was screened in recombinant virus infected
Sf21 cells by IFA. Positive results were only
detected in cells infected with recombinant
virus. The immunofluorescence was mainly
observed on the cytoplasm and the surface of
virus infected cells (Fig. 3). Since the immuno-
fluorescence was observed after the initiation
of cytopathic effects in Sf21 cells, positive
clones were further selected for the
identification of expressed protein by
immunolotting.

When the cell lysate was subjected to SDS-
PAGE, one extra protein band of 33 kDa was
clearly detected in virus infected cells, but not
in the control (Fig. 4). ‘

Immunogenicity of p33 in laboratory
animals
In order to investigate the immunogenicity of
expressed p33 protein, guinea pigs were
immunized with cell lysates. The sera from
immunized guinea pigs were then tested by
IFA and immunoblotting. When the sera from
guinea pigs were examined by IFA, positive
reactions were observed up to 32-64 dilution
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A

Fig. 3. Immunofluorescence of Sf 21 cells. A. Control cells. B. cells infected with recombinant
baculovirus cloned from 10-6 dilution of transfection supernatant. Cells were reacted with T. sergenti

positive bovine serum (1:50. X660.

(Fig. 5). In immunoblotting. although several
protein bands were detected, the 33 kDa
protein band was also detected with
immunized sera (Fig. 6). The detection on
several protein bands was rather expected
because the immunizing cell lysate was
prepared from virus infected cells and resulted
in cross-reaction with other proteins of similar
immunogenicity. However, sera from
immunized guinea pigs also revealed positive
titers (1:32 or 1:64) similar to those of bovine
sera collected from cattles infected with T.
sergenti (data not shown).

DISCUSSION

Previous studies indicate that the major
surface protein of T. sergenti could induce
immunoprophylatic effects in cattle (Baek et
al., 1990, 1992). We constructed recombinant
baculoviruses expressing p33 of T. sergenti as
a potential candidate for a subunit vaccine. In
this study, it was shown that p33 was detected
on the surface of infected Sf21 cells by IFA,
which correlates favorably with the finding
that p33 is expressed on the surface of
parasites during the erythrocyte stage as an
integral membrane protein (Shirakara et al.,

1989). A predicted amino acid sequence for
p33 shows a hydrophobic membrane-anchor
stretch at the C-terminal end and a signal
peptide sequence at the N-terminus (Kawazu
et al., 1992a: Matsuba et al., 1993). Thus, the
recombinant p33 is thought to be transported
to the cell surface after glycosylation and then
anchored into the membrane of Sf21 cells.

In addition, we also demonstrated that p33
from recombinant baculovirus had a molecular
size similar to that of the original protein of T.
sergenti. Although the exact properties of
glycosylation and comparison of expressed p33
in this study requires further characterization,
immunoblotting and IFA results supported our
expectation that p33 from baculovirus had
properties similar to those of p33 of T.
sergenti. In these respects, baculovirus
expression for the parasite molecule using
insect cells can be used as a model of
secondary modification by the parasites
growing in host erythrocytes and can be useful
for antigenic analysis of p33 variants (Matsura
et al., 1987; Maeda, 1989).

In this study, we used the p33 expressed
cell lysate instead of purified p33 because the
purification steps of the recombinant proteins
or the purified proteins themselves often might
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Fig. 4. Identification of p33 protein expressed in
Sf21 cells infected with recombinant AcNPV by
SDS-PAGE (12%). Lane 1, standard size marker;
lane 2, Control-Sf 21 cell-lysates; lane 3 and 4,
Sf21 cell-lysates infected with recombinant
AcNPV cloned from the dilution of 10-5 (lane 3)
and 106 (land 4) from transfected supernatant,
respectively.

lose the initial immunity or biological function
(Martinez-Torrecurada et al., 1996).

It has been reported that due to the genetic
and antigenic diversities of parasites, some
part of the parasite population can become
dominant during the course of infection, which
results in obvious phenotypic or genotypic
alteration of the parasites (Matsuba et al.,
1993). The humoral immunity may be one of
the host factors which selects the dominant
population in the mammalian host.

There are some reports about the immuno-
dominant proteins in T. sergenti which can
infect cattle in Korea, Japan, Russia, and
Australia, even though there are no reports on
the presence of T. buffeli in Korea (Kawazu et
al., 1992b; Kubota et al., 1996). The p32 has
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Fig. 5. Indirect fluorescence antibody test of T.
sergenti-infected RBC with guinea pig serum
immunized with Sf21 cell-lysate infected by
recombinant baculovirus. X1,200.
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Fig. 6. Immunoblotting analysis of T. sergenti
with sera of guinea pig immunized with
recombinant baculovirus infected Sf21 cell-
lysates. Lane 1, Standard M.W.marker: lane 2, T.
sergenti reacted with guinea pig serum raised
from wild AcNPV infected Sf21 cell lysates; lane
3. T. sergenti reacted with guinea pig serum
raised from p33 expressing recombinant AcNPV
infected Sf21 cell lysates.
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been isolated and analyzed (Shirakata et al.,
1989; Matsuba et al, 1993) and the recombi-
nant baculovirus p32 antigen and synthetic
peptide p32 were produced and used to
vaccinate calves (Matsuba et al., 1995; Onuma
et al., 1997). Mixed population in T. sergenti
stocks and isolates were analyzed genetically
by allele-specific polymerase chain reaction
{Kawazu et al., 1992b). In this experiment, it
was suggested that the majority of T. sergenti-
infected calves in Japan harbor a mixed
parasite population bearing at least two
different alleles of p33/32. However, there is
77% of identity by comparing the gene
sequences of the mRNA for p32 to the mRNA
for p33 (GenBank, NCBI, USA).

The 33 kDa (T. sergenti merozoite) and 34
kDa (T. buffeli merozoite) proteins are exposed
on the piroplasm surface, suggesting that they
are the most immunodominant proteins in
infected cattle. The nucleotides sequences of
the cDNA encoding p33 of T. sergenti and p34
were determined (Kawazu et al., 1992b). The
predicted amino acid sequence of p33 and
p34. consisting of 283 residues, showed 82%
similarity. However, p33 and p34 genes were
clearly differentiated by the restriction
enzymes sites that were not shared between
them after amplification (Kawazu et al.,
1992b). Nevertheless, Kubota et al. (1996)
indicated that the nucleotide sequence of the
gene amplification from Japanese isolates
showed 89% homolgy at a nucleotide level and
88% homology at an amino-acid level with T.
buffeli p34 genes. Kawazu et al. (1995)
suggested that parasite populations bearing
two allelic forms of p33/32 (an immuno-
dominant piroplasm surface protein of T.
sergenti) exist, and the majority of T. sergenti-
infected calves (11/15) in Japan harbor mixed
parasite populations bearing at least two
different alleles of p33/32.

Kubota et al. (1996) reported that a domi-
nant parasite population was demonstrated
during transmission from calves to vector ticks
and from infected ticks to calves. Parasite
population changes were also apparent during
persistent infection in cattle over several
months. This change is thought to occur
under host immune pressure, and it indicates
that expression of diverse forms of p33/32

may play a role in parasite persistence within
mammalian hosts and its transmission from
tick vector. Therefore, it is reasonable to
expect that p32 and p33 proteins are
important to immune responses in the cattle.

In this study, we provided the initial
characterization of expressed protein (p33) for
developing a cocktailed subunit of immuno-
dominant epitopes in the future.
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