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Toxoplasma gondii is an obligate intracellular protozoan that is causative agent of atoxoplasmosis, a
disease which may result in a spectrum of consequences. Previous studies have reported that DNA
vaccine can be effective in partial protection against this parasite. In this study, we constructed a single
DNA vaccine containing rhoptry protein 1 (ROP1) and evaluated its immune response in Balb/c mice.
We used alum as an adjuvant to enhance the immune response. After intramuscular injection, we
evaluated the immune response using cytokine and antibody assay and mortality rate. The results show
that mice immunized by pcROP1 with or without alum produced high Thl immune response compared
with the control groups. This kind of DNA vaccine prolonged survival time. The current study showed
that ROP1 DNA vaccine could induce partial protective response against toxoplasmosis.
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INTRODUCTION

Toxoplasma gondii is an obligating intracellular protozoan
belonging to Apicomplexa that is causative agent of
toxoplasmosis, a disease which may result in a spectrum
of consequences including severe congenital defects,
blindness or death. This parasite could infect a wide
variety of host species and cell types (Ossorio et al.,
1992; Dubey, 2007). Host cell penetration is an active
process that requires parasite motility, orientation and
energy expenditure. For invasion, the apical end of the
parasite must contact with host cell. It seems the
specialize organelles at the apical end, including the
conoid, rhoptries, micronemes and dens granules, to play
a role in the invasion process (Dubey, 2007; Werk, 1985).
Like other unicellular organisms Toxoplasma gondii is
composed of various antigens. Moreover, various DNA
vaccines against Toxoplasma composed of single or
cocktail antigens have been investigated (Hafid et al.,
2005; Bhopale, 2003).
Nowadays interest to the somatic antigen has been
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reduced and the studies focused on the antigens known
as excreted/secreted antigens or exoantigens. T. gondii
secretory proteins are effective antigens that can activate
strong immune responses. Several parasite products are
secreted during and after invasion (Dubey, 2007; Lerche
and Dubremetz, 1991). Rhoptry proteins are a variety of
secretory antigens that secreted from rhoptry organelle.
So far eleven rhoptry proteins have been identified
(Lerche and Dubremetz, 1991). The time of the release of
these molecules, as well as targeting to the host cell
surface or parasitophorous vacuole, suggests their role
for invasion of parasite. Rhoptry proteins may facilitate
formation of the vacuole and mediate its clustering with
host cell organelles. Rhoptry protein 1 (ROP1) has been
associated with a molecular activity that can enhances
the invasion in vitro. This property makes ROP1 a
vaccine candidate (Reichman et al., 2002; Bradley et al.,
2002). ROP1 is a single copy gene encoding a 2.1 kb
transcript (Ossorio et al., 1992).

The mature protein has a mass of -33.6 kDa but
migrates as if -60 kDa on sodium dodecyl sulfate
polyacrylamide gel electrophoresis (SDS-PAGE) (Bradley
et al.,, 2002) probably because of the octa peptide
repeats which are rich in proline-glutamic acid residues
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(Soldati et al., 1998). This protein is expressed in
tachyzoite, bradyzoite and sporozoite (Garcia et al.,
2004). The molecular weight of rhoptry proteinl from full
length gene is - 46 kDa, but because of amino acids
composition, it has strong charge asymmetry (Bradley et
al., 2002) and migrates unusually slowly on SDS-PAGE
(Garcia et al.,, 2004). The potential capacities of some
excreted-secreted proteins to elicit protective immune
responses against toxoplasmosis were investigated. We
have attempted to evaluate the ability of ROP1 to elicit a
protective immune response by cloning of ROP1 into the
plasmid expression vector pcDNA3. The protein
synthesized from this recombinant plasmid could be
producing a mature ROP1 antigen. Intramuscular
injection was used to activate a Thl-type response
(Montgomery et al.,, 1997). We evaluate the protective
effect of this plasmid by peritoneal challenge of mice with
lethal dose of RH strain of Toxoplasma and also
analyzed antibody response, cytokine patterns of in vitro
restimulated splenocytes in mice.

MATERIALS AND METHODS
Parasite

The RH strain of Toxoplasma gondii was kindly provided by the
Department of Parasitology in Health Faculty of Tehran University
of Medical Science (Tehran, Iran). The parasite maintained by serial
intraperitoneal passage in mice and the tachyzoites were harvested
from peritoneal fluids, washed and suspended in sterile phosphate
buffered salin (PBS).

Bacterial strain

Escherichia coli TOP10 strain was used as host cell for all plasmid
manipulations. The bacteria were propagated in Luria Bertani broth
or on Luria Bertani agar supplemented with ampicillin (100 mg/ml).

Plasmid constructions

The gene expression plasmid pcDNA3-ROP1, encoding the ROP1
(760 bp) antigen, was constructed by the following methods. We
used standard method for DNA extraction (Sambrook et al., 1989;
Hosseinian Khosroshahi et al.,, 2008). We designed a pair of
primers according to the DNA sequence of the ROP1 gene which
was obtained from the GenBank database (Accession number
M71274). Forward primer introduced EcoR1 recognition site,
underlined: 5'- CA GAA TTC ATG GAC TTC GCC TCC GAC GAC -
3’ and reverse primer introduced Xhol recognition site, underlined:
5- CG CTCGAG TTA CAG ACT GGC ACC ACT TGT - 3. The
purified polymerase chain reaction (PCR) products were ligated into
pTZ57R/T plasmid vector (InsT/A clone ™ PCR product cloning Kit,
Fermentas ) according to the manufacturing protocol. The
recombinant plasmid (pT-ROP1) was used to transform competent
Escherichia coli TOP10 strain. The cloned ROP1 was confirmed by
PCR, restriction enzymes (EcoRl and Xhol) digestion and
nucleotide sequencing. The coding region of ROP1 was subcloned
from pT-ROP1 into the EcoRl and Xho sites of the pcDNA3 to
produce recombinant eukaryotic expression vector pcROP1
(Sambrook et al., 1989). The plasmid which used for immunization
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was extracted by Endofree plasmid Giga kit Qiagen and was stored
at -20°C.

Expression of ROPL1 in vitro

The recombinant eukaryotic expression vector pc-ROP1 was used
to transfect CHO cell. CHO cells were transfected with pcROP1 and
control plasmid pcDNA3, using FUGENEG6 Transfection Reagent
(Roche) according to the instructions of the manufacturer. Six-well
tissue culture plates were seeded with CHO cells in 2 ml Dulbecco's
modified Eagle's medium (DMEM, Gibco), supplemented with 10%
fetal calf serum (FCS), 100 U/ml penicilin and 100 mg/pl
streptomycin, and the cells were grown until they were about 50 to
80%. Transfection was performed according to the manufacturing
protocol. After 48 and 72 h, transfected cells were removed
separately. The samples (transfected and non-transfected control
cells) were concentrated by centrifugation. SDS-PAGE was
performed as described by Laemmeli (Laemmeli 1970), using 10%
polyacrylamide gels. After electrophoresis, the proteins were
transferred to nitrocellulose membrane for immunoblotting analysis.
Membrane was blocked with 2% skim milk in PBST20 (PH 7.4) and
probed with primary antibody (polyclonal antibodies) and
peroxidase-conjugated secondary antiserum diluted in blocker
respectively (1/10 and 1/3000). Specific bands were revealed with
3,3-Diaminobenzidine (DAB,Sigma).

Immunization

All the studied were done on 6 to 8 weeks old female Balb/c mice
(Institute Razi, Iran). Mice were separated in 6 groups of 10 to 14
animals for injected PBS, Alum (Adjuvant), pcDNA3, pcDNA3 +
Alum, pcROP1, pcROP1 + Alum. Intramuscular injection was done
in the quadriceps muscles as each muscle was injected with 50 pg
plasmid in 50 pl volume (each mouse 100 ug plasmid). The mice
were boosted in the same way on 21 and 42 days.

Antibody assay

Blood were collected from the retro-orbital plexus of mice on day
21%, 42" and 63" after the first immunization. To measure total
antigen-specific antibodies, 96-well costar plates were coated
overnight at 4°C with 20 pg/ml solution of total T. gondii antigens in
0.05 M potassium phosphate buffer at pH 8 (50 ul per well).
Blocking was carried out with 3% skim milk in PBST20 for 2 h at
37°C. After washing with PBST20, sera were diluted 1/10 in blocker
added to wells (100 pl per well) and incubated 2 h at 37°C. After
washing, peroxidase-labeled anti-mouse immunoglobulin (Sigma)
was diluted 1/3000 in blocker added to wells (100 pl per well) and
incubated for 2 h at 37°C. One hundred microliter (100) ul TMB was
added per well (10 mg/ml) and after 20 min the reaction was
stopped with 100 pl per well 2 M H,SO,4 and OD was read at 450
nm in an enzyme linked immunosorbent assay (ELISA) micro-plate
reader (Bio-Rad, USA). All samples were run in triplicates.

Cytokine assay

Mice were killed and the spleens were isolated and cut into small
pieces, rinsed twice with phosphate buffered saline (PBS) and
minced by a forceps and scalpel. The suspension was passed
through a 100-1 m stainless steel mesh to obtain a single cell
suspension. Erythrocytes were lysed at 4°C using lysis buffer (150
mM NH4Cl, 1 mM KHCOj3, and 0.001 mM Na2-EDTA). The cells
were washed and resuspended in RPMI (Gibco) supplemented with
10% FCS and then were plated into 24 microplates at 1.5 x 10°
/500 pl/well. The cells were stimulated by 50 pg/ml of T.gondii
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Figure 1a. Identification of the ROP1
fragment of Toxoplasma gondii
amplification. Lanel: ROP1 fragment
(760 bp), lane 2: 1 kb ladder.

Antigen. After 72 h, culture supernatants were harvested to test the
presence of interferon IFN-y and interleukin IL-4 (Hosseinian
Khosroshahi et al., 2008). Assays for IFN-y and IL-4 were
performed using ELISA procedures according to the manufactures
instruction ((R&D Systems, Minneapolis, MN, USA). The
absorbance was measured at 450 nm and results were expressed
as pg/ml in the samples on the basis of the standard curve.

Challenge

Three weeks after last immunization, in each group half of the mice
were infected intraperitoneal (i.p) with 5 x 10° tachyzoite of T.gondii.
Mortality was recorded after the challenge.

Statistical analysis

The level of significance for the differences between groups of mice
was determined by the Mann-Whitney test. All statistical analyses
were performed using SPSS 16.0 for windows (statistical package
for the social sciences, SPSS Inc.,IL, USA). Differences were
considered significant when P < 0.05.

RESULTS

The ROP1 gene was amplified by PCR and using
genomic DNA from the RH strain of T.gondii as template.
The PCR product was ligated successfully into PTZ57R/T
and pcDNAS, respectively. After digestion of this
recombinant plasmid with restriction enzyme, the
electrophoresis was performed and shown that the size
of digested fragment was the same as that of the PCR
product (Figure 1a and Figure 1b). The results were as
expected. The synthesis of ROP1 protein in a eukaryotic
system was investigated. The CHO cells were
transfected with pcROP1 or pcDNA3 for 72 h.
Identification of this protein was performed by SDS-
PAGE and western blotting. It was detected that a protein
about 26 kDa (as expected) when using polyclonal
antibodies of mice that were immunized with plasmid
encoding ROP1 T. gondii (Figure 2).

To compare the survival rates and induce protection



Figure 1b. Identification of the
recombinant expression plasmid pc-
ROP1  with  restriction  enzyme
digestion. Lane 1: Ladder 1 kb, lane 2:
pcROP1, lanes 3 - 4: pc-ROP1 after
digestion with 1 enzyme, Lane 5:
pcROP1 after digestion with 2 enzyme
(ROP1 760 bp).

Figure 2. Western blot analysis of
expressed gene product. Western blotting
showed mice sera that were immunized
with plasmid encoding ROP1 T. gondii
recognizing ROP1 protein from transfected
CHO cells. It was not detected in non-
transfected control cells. Lane 1, Protein
molecular weight marker (top to down
66.2, 45, 35, 25, 18.4, 14.4 kDa). Lanes 2
and 3, transfected cells containing Pc-
ROP1 plasmid. Lane 4, transfected cell
containing Pc-DNA 3 (negative control).
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Figure 3. Survival curves of immunized BALB/c mice after challenge with 5 x 105 tachyzoite
form of RH strain of T. gondii, 3 weeks after the last immunization. There were 5 to 7 mice in

each group.

against mortality, 3 weeks after the last immunization 5 to
7 mice in each group ghalf of mice in each group) were
challenged with 5 x 10” tachyzoites of virulent RH strain.
The mortality was recorded daily. In pcROP1 and
pcROP1 + Alum groups had high survival rate against
control groups but it was not significant (Figure 3). To
determine the level of anti-T.gondii antibodies, all sera
were tested by using ELISA (Figure 4). The level of IgG
antibody in the sera of mice immunized with pcROP1 and
pcROP1+Alum were significantly higher than the control
groups (P < 0.05). Higher antibody response was
observed when animals were immunized with pcROP1
alone (Figure 4a) (P < 0.05).The level of IgG2a antibody
in sera of mice immunized with pcROP1 and pcROP1+
Alum were significantly higher than the control groups
(Figure 4b) (P < 0.05). Five weeks after the final
immunization, splenocytes of five mice were cultured and
cytokine products were studied in vitro (Table 1). A large
amount of IFN-y was detected in the splenocyte cultures
of pcROP -immunized mice and significant difference
was observed between amount of IFN-y in pcROP1-
immunized mice and pcROP1 + Alum-immunized mice
with the control groups (P < 0.05). The amount of IL4 was
detected in the splenocyte cultures significantly lower
than IFN-y.

DISCUSSION

Parasites are complex and immunologic responses
change during the course of infection and stage specific
antigens too. A DNA vaccine presents researchers to
design with the tools effective vaccines with specific
purposes (lvory and Chadee, 2004). It is approved that
DNA vaccine is a promising approach to protect animals

and humans against pathogenic microorganism in
particular intracellular parasites (Fachado et al., 2003). In
this respect, progress has been made to develop
vaccines against some protozoa, for example, malaria,
leishmania and Toxoplasma (Kofta and Wedrychowicz,
2001; Crampton and Vanniasinkam, 2007; Schaap et al.,
2007). In the present study, we targeted ROP1 protein of
T.gondii as a vaccine candidate, because it is a
penetration enhancing factor that is expressed by
tachyzoites, bradyzoites and sporozoites (Smith, 1995).
This antigen is secreted by apical organelles called
rhoptries and secretion of these organelles is part of
parasite invasion (Striepen et al., 2001).

The result of the present study shows that animals that
were immunized using the pcROP1 T.gondii generated a
humoral immune response (total IgG). We also observed
animals were immunized by pcROP1 alone compared to
other groups that were immunized by pcROP1 plus Alum
produced higher titer of IgG. These findings are different
to previous studies on similar gene that indicated mice
immunized by ROP1 alone or plus genetic adjuvant (IFN-
y) until 90" days after immunization, no significant
increased was observed in level of IgG and after this time
no significant difference was observed between case and
control groups (Chen et al., 2001; Guo et al., 2001). Also
in the case of other exoantigens that is, ROP2, GRA1
and GRA7 no significant difference was observed
between case and control groups (Chen et al., 2003;
Vercammen et al., 2000).

Furthermore, we were interested that the animals
immunized by pcROP1, induce the types of immune
responses Thl or Th2. In natural infection of
toxoplasmosis, it has been demonstrated that a Thl
response is responsible for effective protection and
seems that a good immunization protocol should be able



Eslamirad et al. 10637

Total IgG

1.00

0.757

0.50

Mean

0.259

=¥

0.00-

= Firstig G
Secondig G
M thirdig G

B curorFF

e e

Z
%
%
%
’
Z
%z
7
%
Z
Z
Z
%z

L

T T T
PES Alum pcDMAS

GROUP

T
peDMNA+ALLM

T T
pcROP1  pcROPT+ALLUM

Error bars: +- 2 50D

Figure 4a. ROP1-specific IgG in the sera of immunized mice. Sera were collected at 21, 42 and 63 days after first

injection.

to switch responses toward Thl type (Miller et al., 2009;
Denkers and Gazzinelli, 1998). In this respect, we
evaluated IgG2a in animal sera. The results determined
that IgG2a level of pcROP1 immunized mice were
significant higher than control mice. These findings are
similar to studies with single or multiantigen DNA vaccine
including other exoantigens that is, ROP2, GRA2, GRA4,
GRAG6 and GRA7(Fachado et al., 2003; Vercammen et
al., 2000; Martin et al., 2004; Leyva et al., 2001; Golkar et
al., 2007; Xue et al., 2008a).

Humoral and cellular immune responses accompanied
by significant increase in the survival rates, commonly
were observed when mice vaccinated with DNA vaccine
cocktail and results of our study was different. Three
weeks after the last immunization with 3 doses of 100 ug
of single pcROP1 plasmid we challenged immunized
mice with virulent strain of T. gondii and observed low
partial protection. All mice in control groups died after six
days, but mice in the case groups were alive until seven
days, therefore we observed very low increase in survival
rate of the case groups that are similar to the results
obtained in some studies that single recombinant plasmid
were used for immunization. In previous studies
challenged with avirulent T. gondii strains produced
restrict partial protection in mice while challenged with
virulent T. gondii strains (RH) was produced, no

protection in mice (Fachado et al., 2003; Vercammen et
al., 2000; Martin et al.,2 004; Leyva et al., 2001). In the
other studies that multiantigene or cocktail vaccines were
used, significant increase in survival rate were observed
(Fachado et al., 2003; Vercammen et al., 2000; Martin et
al., 2004; Xue et al., 2008a, b).

DNA-based immunization strategies have been used,
particularly useful in inducing cytotoxic T-cells likely via
IFN-y dependent mechanisms (Miller et al.,, 2009;
Denkers and Gazzinelli, 1998). Several studies on
cytokine profile of mice that were immunized by
multiantigene or cocktail vaccines were revealed that this
kind of immunization generated antigen-specific IFN-y —
producing cells that it is possible at least part of detected
IFN-y results of CD8 + CTL activation that further
experiments are required to elucidate this question (Miller
et al., 2009; Denkers and Gazzinelli, 1998). In our study,
single DNA vaccine used for immunization, in the case
groups of the level of IFN-y were notably raised as
compared to the control groups and in the all groups of
mice, the level of IL4 were clearly low. The ability of
splenocytes of pcROP1 immunized mice to release large
amount of IFN-y and low amount of IL4 indicate that
response to switch toward Thl type (Desolme et al.,
2000).

It has been reported that in mice doses as low as 1 ug,
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Figure 4b. Determination of IgG subclass in the sera of immunized mice. Sera were

collected at 21, 42 and 63 days after first injection.

Table 1. Cytokines detected by ELISA in splenocyte cultures from immunized mice after

stimulation with ST-Ag.

Immunization regimen IFN-y (pg/ml) IL4 (pg/ml)
PBS 46.61+ 1.79 13.73+3.61
Alum 43.21+ 3.56 12/11+ 1.76
pcDNA3 133+ 36.6 14.96 +1.38
pcDNA3+Alum 36.35+14.4 3481 +12.7
pcROP1 1161+ 76.1 19.446 £ 13.1
pcROP1+Alum 433 £51 12.1+2.36

Values are expressed as mean + SD Values for IFN-y and IL4 are for 72 h. A splenocyte from mice
were harvested 5 weeks after the last immunization. P < 0.05.

DNA plasmid is sufficient to induce immune responses
but in most animals, we needed >50 pg DNA plasmid to
induce immune responses. Probably, requirement to high
dose is related to the low expression level of protein,
because it was detected that the low expression of ROP1
in CHO eukaryotic cell lines transfected in vitro with the
pcROP1 plasmid and unable to detect this protein in
other eukaryotic cell lines(COS7 and Hek 293) (Leyva et

al., 2001). Manipulation of a gene and cloning in a
plasmid that leads to the secretion of the protein can
modify the type and strength of the immune responses
(Leyva et al., 2001). The initial goal of this study was to
evaluate the ability of ROPL1 to induce protective immune
responses by DNA vaccination. Our results indicate that
the protective immune responses induced in Balb/C mice
by injecting a plasmid containing ROP1 DNA is



modulated by Thl-type response elements. The
inoculations of pcROP1 which enhance Thl response
decrease the survival rate after lethal challenge
confirmed the modulation of Th1 response.
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