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ABSTRACT

A fragment of a novel gene, designated as the BboP67 gene, of Babesia bovis, which had been recently
reported as a homolog of the gene encoding a sporozoite-specific P67 antigen of Theileria parva, was
isolated from the genomic DNA of B. bovis and expressed as a recombinant (rBboP67) in E. coli. The
antigenicity of rBboP67 was evaluated using 102 and 68 field serum samples collected from cattle in Ghana
and Mongolia, respectively. All of the B. bovis- and B. bigemina-infected sera, which had been identified by
the species-specific antigens, rRAP-1/CTs, for B. bovis and B. bigemina in the standard ELISA, positively
reacted with the rBboP67 in ELISA. While B. bovis-infected field serum samples recognized the rBboP67 in
Western blot analysis, sera collected from the experimentally infected cattle with B. bovis merozoites failed
to react to it. IFAT analysis conducted with polyclonal antisera collected from the immunized mice with
rBboP67 did not show any positive reaction to the B. bovis merozoites. These results indicate that the p67
homolog is not expressed in merozoite stage but is likely expressed in sporozoites; they also suggest that the
antigen might be relatively conserved among different isolates of B. bovis and, at least, several epitopes of
the antigens might be shared between B. bovis and B. bigemina sporozoites.
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INTRODUCTION

Bovine babesiosis is caused by members of the genus Babesia, especially, B. bovis and B. bigemina, and
more than one half billion cattle worldwide are at risk of infection (McCosker, 1981). The infectious disease
is mainly found in tropical and sub-tropical regions where the intermediate hosts, Ixodid ticks, exist (Brown
et al., 2006). Babesia sporozoites, which are injected into the host by the ticks, directly infect red blood cells
(RBC) and then develop into merozoites (Uilenberg, 2006). Multiplication of the merozoites results in the
lysis of the infected RBC (Uilenberg, 2006). The clinical symptoms of bovine babesiosis vary, depending on
the causative species of Babesia. The clinical signs of B. bigemina infection are fever, hemoglobinuria, and
acute anemia, and parasitemia is often as high as 30% in the infected cattle. On the other hand, in addition to
the above clinical signs, cerebral or nervous signs characterize the B. bovis infection with lower parasitemia
(Shkap et al., 2005). Early diagnosis and proper selection of effective drugs are essential for the successful
prevention of the clinical disease, but success is less likely when the treatment is delayed (Vial and Gorenflot,
2006). Therefore, the new development of proper control measures is very important to prevent the disease
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and minimize the resultant economic losses.

The control strategies can be divided into three, i.e., vector control, chemoprophylaxis, and vaccination
(De Waal and Combrink, 2006). Tick control is becoming more difficult because of the increasing
development of acaricide resistance and the global spreading of the infected ticks to new areas due to
abnormal climate changes (De Waal and Combrink, 2006). Live attenuated vaccines have been used to
control bovine babesiosis in many parts of world (Shkap et al., 2007). However, vaccination failure is not
uncommon because of the long use of region-specific strains, which possibly results in vaccine
breakthroughs (De Vos and Bock, 2000). In addition, there is a risk of transmission of other blood-borne
pathogens during vaccination (De Waal, 1996). Therefore, alternative vaccination strategies, such as the
choice of recombinant vaccines, must be explored.

Studies on Theileria parva, which is known as a causative agent of the serious east coast fever, indicated
that antibodies produced against the sporozoites have a neutralizing activity to prevent the parasite from the
subsequent lymphocyte invasion, therefore suggesting that antigens derived from this stage might become
vaccine candidates to induce protective immunity against T. parva infection (Dobbelaere et al., 1985).
Importantly, the P67 antigen, which is well-conserved among different isolates of T. parva (Nene et al.,
1996), is known to locate on the surface of the sporozoite, and P67 has been studied as a novel vaccine
candidate because of its neutralizing activity (Dobbelaere et al., 1984; Nene et al., 1999). Recently, Musoke
et al. (1992) reported that six of nine cattle immunized with the recombinant P67 antigen were protected
against T. parva infection when challenged with the sporozoites. A P67 homologous protein of T. annulata,
called sporozite antigen-1 (SPAG-1), has also been studied as a leading vaccine candidate against T.
annulata infection (Boulter et al., 1993).

A recent genome project indicated that the genomic sizes and structural features are very similar in B.
bovis and T. parva (Brayton et al., 2007). From the project, a partial fragment of the p67 homologous gene
(Accession No XM_001610647) was identified in the genome of B. bovis (Brayton et al., 2007). Brayton et
al. pointed out the possibility that the B. bovis homolog might provide a similar vaccine potential against B.
bovis infection. In our present study, we isolated a fragment of the p67 homologous gene (BboP67 gene)
from the B. bovis genomic DNA and produced the recombinant protein (rBboP67) in order to evaluate its
antigenicity.

MATERIALS AND METHODS
Parasite

The Texas strain of B. bovis (Hines et al., 1992) was grown in bovine RBC using a previously
established continuous micro-aerophilous stationary phase culture system (lgarashi et al., 1998; Vega et al.,
1985). When the parasitemia exceeded 5%, RBC were washed three times with phosphate-buffered saline
(PBS) and then stored at -80°C until use.
Cloning of theBboP67 gene

The genomic DNA of B. bovis was extracted from the parasitized RBC as previously described
(Yokoyama et al., 2002). The DNA was suspended in a Tris-EDTA buffer and then used as a template for the
subsequent PCR amplification. A forward primer, 5°-gggaattcATGGCATTTGCAAAGTTGTC-3’, and a
reverse primer, 5'-CtcctcgagCTCCTTGCTTGCCTCGTAG-3" (the lowercase letters form two restriction
sites for EcoRI and Xhol, respectively), were used to amplify a 1,356-bp fragment of the BboP67 gene. The
PCR product was purified by a QIAquick gel extraction kit (Qiagen, Tokyo, Japan) and ligated into a pCR
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2.1 plasmid vector using a TA cloning kit (Invitrogen, Carlsbad, CA, USA). The ligated plasmids were
transferred to E. coli competence cells (Top 10) and then plated on ampicillin-containing LB plates in the
presence of X-gal (Wako, Osaka, Japan). After overnight incubation at 37°C, white clones were collected and
cultured in ampicillin-containing LB broths at 37C overnight. The presence of the inserted gene in each
culture was confirmed by PCR. Finally, plasmids were extracted from the positive cultures by using a
QIAprep spin miniprep kit (Qiagen), and an ABI PRISM 3100 Genetic Analyzer confirmed the sequence of
the inserted fragment of the target gene (Foldvari et al., 2005).
Expression and purification of rBboP67

A 1,356-bp fragment of the BboP67 gene was purified from the cloned pCR 2.1 plasmid by digesting
with two restriction endoneucleases, Xhol and EcoRI, and then ligated into a similarly pre-digested
expression plasmid vector, pGEX-4T-1 (GE Healthcare, Uppsala, Sweden). After ligation, the plasmids were
transferred to E. coli competence cells (BL 21), and PCR positive clones were obtained as described above.
For gene expression, 6 ml of the positive culture was added with 400 ml of ampicillin-containing LB broth
and incubated at 37°C. When the optical density (OD) at 600 nm reached 0.5, the plasmid was induced by the
addition of IPTG (Wako) in order to synthesize a GST fusion recombinant protein (rBboP67) in E. coli by
subsequent incubation for 4 h. Finally, the recombinant protein was purified by using glutathione-sepharose
4B (GE Healthcare), as described previously (Smith and Johnson, 1988.).
Polyclonal antibody production

Six-week-old BALB/c mice were used to produce a polyclonal antibody against BboP67. One-hundred
micrograms of rBboP67 was injected intraperitoneally with an equal volume of Freund’s complete adjuvant
(Sigma Aldrich, Saint Louis, MO, USA). A control group was injected with an equal amount of GST with the
adjuvant. Subsequently, 50 ug of rBboP67 with an equal volume of Freund’s incomplete adjuvant (Sigma
Aldrich) was injected on the 14™ and 28" day after the primary immunization. Blood was collected from the
immunized mice on the 10" day after the last immunization, and sera were obtained and stored at -20°C until
use. ELISA using the rBboP67-coated plates confirmed the full production of a specific antibody against
rBboP67 in mice.
SDS-PAGE and Western blot analyses

SDS-PAGE analysis was performed as described previously (Laemmli, U.K., 1970). The purified
recombinant protein and total E. coli cellular lysate were loaded to the SDS-PAGE. The method described by
Towbin et al., (1979) was adopted to transfer the protein to polyvinylidene difluoride membranes (Millipore,
Billerica, MA, USA) for Western blot analysis. Transferred membranes were treated with antibodies and
chemicals according to the protocol described by Boonchit et al. (2002). Bovine serum samples collected
from experimentally infected cattle with B. bovis merozoites (Boonchit et al., 2006) and from naturally
infected cattle of Ghana and Mongolia and murine serum samples collected from the mice immunized with
rBboP67 as described above were used as the primary antibodies for Western blot analyses. The transferred
nitrocellulose membranes were blocked overnight with a 3% skim milk solution & 4nd then incubated
with the primary antibodies (1:100 dilution) for 1 h at 37C. Subsequently, the membranes were incubated
with horseradish peroxidase (HRP)-conjugated rabbit anti-bovine or murine antibody (Bethyl, Montgomery,
TX, USA) (1:5,000 dilution). The reaction was detected by placing the membrane into a substrate solution
containing 0.5 mg of diabinobenzidine per ml and 0.005% H,0.,.
ELISA

For ELISA, 102 and 68 bovine serum samples from Ghana and Mongolia, respectively, (unpublished
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samples) were used. Truncated forms of rhoptry-associated protein-1 (RAP-1/CTs) of B. bovis (Boonchit et
al., 2004) and B. bigemina (Boonchit et al., 2006) were produced as GST fusion proteins and subjected to
these standard serological diagnoses in ELISA. In addition, ELISA with the rBboP67 produced in the present
study was also performed against all of the serum samples according to the same procedure as that for the
standard ELISA. In brief, microtiter plates were coated with 5 pg/ml of each recombinant protein using a
coating buffer (a 50 mM carbonate-bicarbonate buffer, pH 9.6) and then incubated overnight atC4
Subsequently, the plates were blocked with a 3% skim milk solution at 3T for 1 h. Plates were washed six
times with 0.05% Tween 20-PBS (PBST), and 50 ul of 1:100 diluted serum samples was added into each
well. After incubation at 3T for 1 h, pdtes were wash @ six times with PBST and add d with
HRP-conjugated rabbit anti-bovine antibody (Bethyl) diluted to 1:5,000. After incubation at’G7for 1 h,
plates were washed six times with PBST, and positive reactions were detected by adding a substrate solution
[0.1M citric acid, 0.2M sodium phosphate, 0.003% H,O,, and 0.3 mg of 2,2"-azide-bis
(3-etylbenzthiazoline-6-sulfonic acid) diammonium salt (Sigma Chemical, St. Louis, MO) per ml]. The OD
values were measured at 415 nm using an MTP 500 microplate reader (Corona Electric, Katsuta, Japan).
Positive samples were identified on the basis of the cut-off value set by a checkerboard assay using several
negative serum samples (Goncalves et al., 1999).
IFAT

In vitro culture-derived B. bovis-infected RBC were washed three times with PBS, and the smears
prepared on glass slides were fixed in a 50% acetone-50% methanol solution at -20°C for 5 min (Yokoyama
et al., 2002). After blocking with a 10% skim milk solution for 30 min at room temperature, slides were
incubated with anti-BboP67 murine immune serum diluted to 1:100 with the blocking solution for 30 min at
37°C. Subsequently, fluorescein isothiocyanate (FITC)-conjugated rabbit anti-mouse IgG (Southern
Biotechnology Associates, Birmingham, AL, USA) diluted to 1:200 was added and incubated at 3 for 30
min. Between the indicated steps (blocking and the first and second antibody incubations), the slides were
washed three times with PBS. Then, 25 ug of propidium iodide (Wako) and 50 ug of RNase A (Roche,
Indianapolis, IN, USA) in 1 ml of PBS were added to the slides, incubated for 10 min°@t 3Ad then
washed with PBS. Slides were finally mounted in a fluorescent mounting medium (Dako, Carpinteria, CA,
USA) and observed under a confocal laser scanning microscope (Leica Microsystems, Wetzlar, Germany).
As the positive control, anti-B. bovis merozoite surface antigen 1 (MAS-1) murine immune serum
(unpublished sample) was used in the IFAT.

RESULTS
Cloning and expression of the BboP67 gene

A 1,356-bp fragment of the BboP67 gene was successfully amplified from the B. bovis genomic DNA
(Fig. 1A) and then cloned into a plasmid vector. The DNA sequence of the inserted fragment was completely
identical to a previously registered one (Accession No. XM_001610647) (Brayton et al., 2007). Next, the
BboP67 gene was expressed as a GST fusion recombinant protein in E. coli, and approximately 80-kDa
rBboP67 was detected in the clarified lysate of transformed E. coli cells (Fig. 1B, Lane 1). The SDS-PAGE
results of the clarified and purified fractions also showed that the expressed protein was successfully
obtained as a highly soluble protein (Fig. 1B, Lanes 1 and 2). This purified rBboP67 was immunized into
mice, and the anti-BboP67 immune sera were also successfully obtained. The antisera raised in the mice
were confirmed to effectively recognize the rBboP67 in Western blot analysis (Fig. 2, Panel A).
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Antigenicity of BboP67

While B. bovis-infected field serum samples strongly reacted to rBboP67 in Western blot analysis (Fig.
2, Panel B), serum samples collected from experimentally infected cattle with B. bovis merozoites failed to
recognize any visible bands (Panel C). On the other hand, B. bigemina-infected field serum samples also
showed a comparatively lower, but certain reactivity to the rBboP67 in Western blot analysis (data not
shown).

Next, rBboP67 was subjected to serological ELISA using a series of field bovine samples collected from
cattle living in Ghana and Mongolia. First, all sera were diagnosed using the previously developed,
species-specific standard ELISAs (Table 1). In the ELISA with B. bovis rRAP-1/CT, 35 of 102 serum
samples from Ghana (34.3%) and 23 of 68 serum samples from Mongolia (33.8%) were determined to be
positive for B. bovis infection. On the other hand, when B. bigemina rRAP-1CT was used as the diagnostic
antigen for B. bigemina infection, 55 (53.9%) and 40 (58.8%) serum samples yielded positive results from
Ghana and Mongolia, respectively. Furthermore, 11 Ghana (10.8%) and 5 Mongolian (7.4%) serum samples
were positive for both B. bovis and B. bigemina infections. Next, these field serum samples were analyzed in
the rBboP67 ELISA in order to evaluate its reactivities against both infections. Interestingly, the
rBboP67-coated ELISA plates positively recognized all of the B. bovis- and B. bigemina-infected sera from
both countries but never reacted with all of the remaining samples that had been negatively diagnosed in the
standard ELISAs for both species (Table 1).

IFAT was carried out with the anti-BboP67 and MSA-1 immune sera. Although certain positive results
were obtained in the parasite body of the control smear with the anti-MSA-1 immune serum (Fig. 3A), the
anti-BboP67 immune serum failed to recognize any antigen in B. bovis merozoites (Fig. 3B).

kbp M 1

1.4 € 1,356 bp

Fig. 1. PCR amplification and gene expression. Panel A: PCR amplification of a
fragment of the BboP67 gene from B. bovis genomic DNA. M, Molecular DNA
ladder maker; 1, PCR product derived from the BbpP67 gene. Panel B: Expression
and purification of a recombinant GST fusion protein (rBboP67) in E. coli cells. M,
Molecular protein size marker; Lane 1, Protein in soluble clarified fraction; Lane 2,
Purified rBboP67; Lane 3, GST.
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Fig. 2. Western blot analysis of rBboP67. Panel A, Treated with immune serum collected
from the immunized mice with rBboP67; Panel B, Treated with B. bovis-infected
field bovine serum; Panel C, Treated with bovine serum collected from the
experimentally infected cattle with B. bovis merozoites. Lane 1, rBboP67; Lane 2,
GST.
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Fig. 3. IFAT. Treated with immune serum collected from the immunized mice with
rMSA-1 (Panel A) and rBboP67 (Panel B). Note the positive reaction with
anti-rMSA-1 but not with anti-rBboP67.
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Tablel Comparison of the reactivity of rBboP67 ELISA with those of standard serological
ELISAs with species-specific rRAP-1CTs for B. bovis and B. bigemina, by using field
bovine serum samples from Ghana and Mongolia.

. Mo of samples positive for Mo of samples positive Mo of samples positive Mo of samples ne gative
Country Mo of serum samples L L i _ .
8. bowvis* for 8 bigeming* for both species® for both species®

Ghana 102 351034.3%) 55(53.9%) 11010.8%) 231(22.5%)
BboP&7-positive 79(77.5%) 35(34.3%) 55(53.9%) 11{10.8%) 01(0.0%)

BhoP&7-negative 23(22.5%) 0{0.0%) 0(0.0%) 0100.0%) 231(22.5%)
Mongolia 68 231(33.8%) 40 [58.8%) 5{7.4%) 9(13.2%)
BboP&7-positive 59(86.8%) 231033.8%) 40 (58.8%) 517.4%) 0100.0%)
BhoP&7-negative 9(13.2%) 0{0.0%) 0{0.0%) 01{0.0%) 9{13.2%)

*rRAP-1CTs of B. bovis and B. bigemina were used as species-specific antigens for the
standard serological ELISAs.

Note: The ELISA with rBboP67 recognized only all of the positive samples for B. bovis and
B. bigenima.

DISCUSSION

The lifecycle of Babesia parasites in the vertebrate host begins with the injection of sporozoites by the
ticks (Uilenberg, 2006). Sporozoites invade RBC, multiply, and then release the merozoites (Homer et al.,
2000). These extracellular merozoites invade RBC again and undergo an asexual reproduction, which results
in clinical hemolysis (Vial and Gorenflot, 2006). The invasion process of merozoites is mediated by
ligands, such as the rhoptry-associated antigen (RAP-1) (Yokoyama et al., 2002) and merozoite surface
antigen-1 (MSA-1) (LeRoith et al., 2006). Therefore, immunization with such ligand antigens was expected
to protect the animals from clinical disease. However, cattle immunized with recombinant MSA-1 were not
fully protected against the challenge infection with virulent B. bovis despite the fact that the produced
antibody could neutralize the merozoite infectivity in vitro (Hines et al., 1995). In the study involving RAP-1,
the monoclonal antibody against RAP-1 reduced the parasitemia only by 20% in an in vitro culture of B.
bovis (Yokoyama et al., 2002). These results suggest the possibility that the inhibition of sporozoite invasion,
rather than that of merozoite invasion, might become an alternative vaccination strategy (Yokoyama et al.,
2006). This became more evident with the studies conducted with the recombinant P67 antigen of T. parva.

In the present study, we cloned a “BBOV_IV007750” gene, which is a homologous gene of B. bovis to
the p67 gene of T. parva. Using an E. coli expression system, an approximately 80-kDa GST-fusion
recombinant protein, designated as rBboP67, was successfully produced. Although the positive results were
obtained in both Western blot and ELISA analyses using B. bovis- and B. bigemina-infected field bovine
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serum samples, the sera collected from the experimentally infected cattle with B. bovis merozoites did not
show any reactivity in the Western blot analysis. Furthermore, the results of IFAT showed that the
anti-BboP67 murine immune serum did not recognize any antigen of the merozoites. RT-PCR analysis was
also carried out with the extracted RNA from B. bovis merozoites but failed to amplify the target gene (data
not shown). These observations strongly suggest that the BboP67 gene of B. bovis is not expressed in the
merozoite stage of their life cycle, as in the case of the T. parva P67 gene (Nene et al., 1996). We presume
that the BboP67 gene must be expressed in the sporozoite stage of B. bovis in the tick vector and injected
cattle. Further studies using B. bovis sporozoites collected from the infected ticks are essential to confirm our
suggestion.

Positive results obtained in ELISA with the sera collected from two different countries, Ghana and
Mongolia, suggest that the BboP67 antigen might be relatively conserved among geographical different
isolates of B. bovis. Furthermore, the recognition of rBboP67 with B. bigemina-infected bovine sera is an
interesting finding since it strongly suggests that several immune epitopes of the antigen must be shared
between B. bovis and B. bigemina sporozoites. This suggestion could further strengthen the consideration of
BboP67 as a novel vaccing, since immunization with BboP67 might protect cattle from the disease caused by
B. bigemina as well as B. bovis. However, it will be of paramount importance to conduct further studies on
the sporozoite expression in different isolates of both B. bovis and B. bigemina before any conclusion is
reached.
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