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Abstract Toxoplasmosis is one of the most common zoonot-
ic protozoal diseases. Recent advances in biotechnology have
produced recombinant protein, which are immunogenic, and
progress in nano-pharmaceutics has generated encapsulated
protein in nanospheres, which are suitable for vaccine deliv-
ery. DNAwas extracted from Toxoplasma gondii oocysts and
was confirmed through nested PCR and sequencing. The
1665 bp of ROP18 was cloned into the easy vector system:
pGEM-T by the T-A cloning method. DH5α bacteria were
transfected with pGEM-ROP18. ROP18 was subcloned from
pGEM-ROP18 into pET28-ROP18. BL21 bacteria were
transfected with pET28-ROP18. Thus, rROP18 protein was
expressed in BL21 bacteria by induction at different concen-
trations of isopropyl β-D-1-thiogalactopyranoside. Protein
expression was confirmed through SDS-PAGE and Western
blotting. The immunoblot of rROP18 was recognized by anti-
HIS antibodies and sera from infected mice at 67 kDa.
Recombinant ROP18 protein was encapsulated in nanoparti-
cles with PLGA and was characterized through scanning elec-
tron microscopy. Intraperitoneal immunizations with rROP18
protein and intranasal immunization of nanospheres were car-
ried out in mice, and the immune response was detected by

ELISA. Results showed that rROP18 in nanospheres admin-
istered intra-nasally elicited elevated responses of specific IgA
and IgG2a as compared to groups inoculated intra-nasally
with rROP18 alone, or injected subcutaneously with
rROP18 in montanide adjuvant. It was concluded that nano-
spheres of ROP18 would be a non-invasive approach to de-
velop vaccination against T. gondii. Further experiments are
needed to determine the cellular response to these nanospheres
in a mouse model for chronic toxoplasmosis.
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Introduction

Toxoplasma gondii is an obligate intracellular, heteroxenous
protistan parasite that causes toxoplasmosis, a common zoo-
notic disease. This parasite has the ability to cause disease in
different species by using diverse routes of transmission.
T. gondii may be transmitted in the form of tachyzoites to
the fetus by vertical transmission (Tonkin et al. 2015; Uysal
et al. 2013; Vado-Solis et al. 2013; Wallon et al. 2013).
T. gondii targets humans and other warm blooded animals.
As a result of infection, the host immune system becomes
activated. Bradyzoites are enclosed in a tissue cyst that pro-
tects against host immune system. Tissue cyst formation oc-
curs in a number of tissues like the brain, diaphragm, and heart
(Silva and Langoni 2009). Most individuals infected with
T. gondii are asymptomatic carriers; however, if a woman gets
infected during pregnancy, congenital toxoplasmosis can oc-
cur in the fetus by vertical transmission (Capretti et al. 2014).
Given the high impact on public health for human and animals,
there is a need for an effective vaccine to prevent this disease.
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Recombinant antigens are suitable alternatives to produce both
vaccine and sero-diagnostic tests on a commercial basis
(Hiszczynska-Sawicka et al. 2014).

Most Rhoptry (ROP) proteins characterized so far have
shown homology to kinases (Bradley et al. 2005; El Hajj
et al. 2006; Peixoto et al. 2010). Some are active and are called
kinases while others are catalytically inactive called
pseudokinases. The ROP16 and ROP18 are the most studied
active kinases. ROP18 is a serine/threonine kinase whose tar-
gets include interferon-gamma-inducible p47 GTPases
encoded by immune response genes or immunity-related
GTPases (IRGs) (Fentress et al. 2010; Khaminets et al.
2010). ROP18 phosphorylates IRGs causing them to lose their
ability to oligomerize. ROP18 also binds and inactivates
ATF6b (Yamamoto et al. 2011).

Nanotechnology has advanced drug delivery, permitting
prophylactic measures against pathogenic diseases. In recent
years, nanocarriers have been used as vehicles for transporting
drugs to specific targets that are surrounded by complex phys-
iological barriers. The colloidal nanocarriers provide potential
solutions for complications in formulating novel vaccines
(Prieto et al. 2006). Current investigations have focused on
designing biodegradable polymeric nanocarriers such as poly
D, L lactide-co-glycolide (PLGA). The US Food and Drug
Administration (USFDA) has approved PLGA, a biocompati-
ble and biodegradable polymer having less than 1 μm distribu-
tion, sustained drug release, and enhancing drug bioavailability
(Jain et al. 2011; Newman et al. 2002; Pohlmann et al. 2013;
Taha et al. 2012). Potent adjuvants such as PLGA have been
used to protect immunogens from degradation by encasement
in a lipid layer (Akagi et al. 2012; Singh and T O’Hagan 2003;
Sinha and Trehan 2003). Furthermore, PLGA nanoparticle-
based vaccines have been extensively explored and tested in
formulating therapeutic agents because they improve uptake of
antigen and its presentation by antigen presenting cells
(Makadia and Siegel 2011; T O’Hagan et al. 1998).

The nasal passage is a non-invasive route of vaccine deliv-
ery. The epithelium of the nasal cavity is sub-lined with a large
quantity of immune cells to take up antigens and present them
in local lymph nodes to mount acquired immunity. The nasal
route is an effective way to induce mucosal and systemic
responses to antigens (Azegami et al. 2014). Several studies
have shown IgG and IgA antibody responses after nasal ad-
ministration of an antigen (Debin et al. 2002; Hamdy et al.
2007; Slütter et al. 2010). Cholera toxin has been routinely
used as a mucosal adjuvant for the T. gondii vaccination re-
search (Debard et al. 1996; Elson and Ealding 1984; Lycke
and Holmgren 1986); however, ethical issues hinder its use in
nasal vaccine strategies.

In the present project, ROP18 protein was expressed in a
prokaryotic expression system to produce rROP18 which was
encapsulated in PLGA nanoparticles. These nanospheres were
introduced intra-nasally in a mouse model to compare its

humoral response with systemically administrated ROP18
combined with montanide adjuvant.

Materials and methods

Sample collection site

The samples were collected from cats brought to the Pet
Center of the University of Veterinary and Animal Sciences
(UVAS), Lahore, Pakistan. A total of 470 fecal samples were
collected by the authorized veterinarian and were analyzed
microscopically on the same day by using micrometry and
preserved in 70 % ethanol at −20 °C for further analysis.

DNA extraction

DNAwas extracted from the oocysts by using the AxyPrep™
Stool DNA Kit (Axygen®, USA). All the plasmids were pu-
rified from transfected E. coliDH5α by anion-exchange chro-
matography (QiagenGmBH, Hilden, Germany) as specified
by the manufacturer.

Designing of primers

For the first round of diagnostic PCR, external primers:
ExB1F 5′GGAACTGCATCCGTTCATGAG3′ (Burg et al.
1989) and EXB1R 5′GTTTCGCGAAGAGGAGGGAAC3′
(designed by Primer Blast tool of NCBI (Sayers et al. 2011))
were used. For nested PCR, internal primers were used with
minor modifications as IntB1F 5′AGGTTGCAGTCACT
GACGAG3′ and IntB1R 5′TTGGTCGCCTGCAATCGATA
GTT3′ (Jones et al. 2000).

For amplification of ROP18, all 54 sequences of ROP18
from GenBank of National Center for Biotechnology
Information (NCBI) were retrieved. The accession numbers of
the ROP18 sequences were from GQ243202.1 to GQ243216.1
(15 sequences), from JX045318.1 to JX045354.1 (37 se-
quences), AM075204.1 and DQ875878.1. All 54 sequences
in Fasta format were downloaded and aligned using Geneious
R8.1.6 software (Kearse et al. 2012). Primers were designed
from the consensus sequence of ROP18 by following the pro-
tocol described elsewhere (Sambrook et al. 1989). Primer pairs,
namely ROP18-F 5 ′ATCTAGAATGTTTTCGGTAC
AGCGG3′ and ROP18-R reverse 5′TTCGAATTCTGTGT
GGAGATGTTCC3′, were designed to have restriction sites
XbaI andHindIII, respectively (underlined). Restriction analysis
of ROP18 sequence was done with NEB cutter (Vincze et al.
2003). Primers were analyzed for their melting temperature
(Tm) with Oligo Analyzer 3.1 (Owczarzy et al. 2008) and
Oligo Calc (Kibbe 2007) tools. We used the Oligo-Evaluator
(Sigma-Aldrich) tool for determining dimerization of ROP18
primers (Gostel and Weeks 2014).
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Positive control DNA

Positive control DNA (RH) of Toxoplasma was used to detect
indigenous Toxoplasma DNA. This reference DNAwas pro-
vided by Dr. Henrik Vedel Nielsen (Head and Clinical Lab
Manager of Laboratory of Parasitology, Microbiology &
Infection Control, Statens Serum Institute, Denmark) and Dr.
Jorge Enrique Gomez Marin, Director Centro de
Investigaciones Biomedicas, Universidad del Quindio,
Avenida Bolivar 12 N, Armenia (Q), COLOMBIA, South
America.

Polymerase chain reaction

The PCR reaction mixture was prepared in final volume of
20 μl containing 10 μl of TOPreal™ PCR 2X PreMIX (con-
taining 0.2 U of Taq/μl), 5 pmol of respective primer, and 2 μl
extracted DNA. The reaction was cycled 15 times with dena-
turation at 95 °C followed by annealing at 52 °C and finally an
extension step at 72 °C; each step was given 30 s. The nested
reaction contained 1 μl of pre-amplified product as the tem-
plate, 10 μl of TOPreal™ PCR 2X PreMIX (containing 0.2 U
of Taq/μl), and 5 pmol of each nested primer. Nested PCRwas
cycled 35 times using a denaturation step at 95 °C for 30 s
followed by annealing at 64 °C for 30 s; the extension step
was omitted. Four microliters of B1-amplified products were
visualized using the Molecular Imager Gel Doc XR+ system
after electrophoresis on 1.2 % TAE/agarose gel containing
ethidium bromide. A molecular weight marker (1 kb DNA
ladder) was used as the standard.

For amplification of ROP18, PCR conditions were as
follows: 5 min at 95 °C for initial denaturation followed
by 33 cycles of 94 °C for 30 s denaturation, 63 °C for
1 min as annealing, and 72 °C for 1 min extension and
a last extension step at 72 °C for 10 min. Pfu DNA
polymerase (Promega, USA) was used for the amplifi-
cation of the ROP18 gene.

Construction of plasmids

The protocols of cloning in pGEM-T and subcloning in
pET-28α have been described by Kothari et al. (2006).
With minor modifications, the amplified products were
purified from agarose gel using a DNA gel extraction
kit. The pGEM-T easy vector system (Promega, USA)
was used for TA cloning (Chen et al. 2009) of ROP18.
The vector is supplied linearized with single 3′-T over-
hangs for TA cloning. The BA^ tail was generated in
the PCR product according to the stated protocol of
Promega (TM042). The resulting PCR product and
pGEM-T Easy vector were ligated at 4 °C overnight
using T4 DNA ligase to yield the ROP18 + pGEM-T
construct. This construct was transfected into E. coli

DH5α cells, and the resulting colonies were screened
by blue-white colony selection. The plasmid was now
called pGEM-ROP18. ROP18 in pGEM was sequenced.
The ROP18 gene was amplified from pGEM-ROP18.
The fragment was purified from the gel and digested
with XbaI and HindIII. The fragment was then ligated
with pET-28α (Novagen) already digested with XbaI
and HindIII. The cloning in the plasmid pET28-ROP18
was confirmed by sequencing and restriction enzyme
analysis.

Restriction digestion

Restriction digestion was performed for digestion of plas-
mids using restriction enzymes: HindIII, XbaI, MluI, and
NruI (Jena Bioscience, Germany). A minimum of 1 μg of
plasmid was used for digestion with 3 U of restriction
enzyme and 10× of compatible buffer. The plasmids were
digested for 6 h at 37 °C.

Expression of rROP18

The protocol of transfection and induction of competent cells
was done as described by Kothari et al. (2006) with minor
modifications. The BL21 (DE3) competent bacteria were
transfected with pET28-ROP18 and selected on Luria-
Bertani (LB) agar plate containing 30 mg/ml of kanamycin.
The bacteria were inoculated into a 10-ml LB broth and
allowed to grow at 30 °C in a shaker at 200 rpm. Cultures in
log phase (at OD600 of 0.6) were induced for 6 h with 0.5 mM
isopropyl-β-D-thiogalactopyranoside (IPTG) at 30 °C. After
induction, cells were lysed in 5× sample buffer (0.313M Tris–
HCl, pH 6.8, 50 % glycerol, 10 % SDS, and 0.05 %
bromophenol blue, with 100 mM DTT) and analyzed by
10 % SDS-PAGE (Laemmli 1970).

Purification of rROP18 Protein

rROP18 was purified by a HisTrap HP affinity column
(GE Healthcare), as specified by the manufacturer. The
protein concentration was estimated by BCA assay
(Sigma Aldrich, USA).

SDS-PAGE and Western blot analysis

The purified rROP18 protein was subjected for sodium dode-
cyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)
and separated on a 10 % polyacrylamide gel. After electro-
phoresis, proteins were transferred onto a nitrocellulose mem-
brane, which were immuno-blotted with anti-ROP18 antibod-
ies or serum obtained from a T. gondii-infected mouse and
diluted 1:200 in 5 % nonfat dried milk–TNT (15 mM Tris-
HCl, 140 mM NaCl, 0.05 % Tween 20) as previously
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described (Rashid et al. 2011). Bound antibodies were detect-
ed using anti-mouse IgG (Sigma-Aldrich, USA) or anti-HIS
antibodies (Invitrogen, USA)–alkaline phosphatase conjugat-
ed, diluted 1:1000 in 5 % nonfat dried milk–TNT. Alkaline
phosphatase activity was detected using the 5-bromo-4-
chloro-3-indolyl phosphate/nitroblue tetrazolium
(BCIP/NBT) liquid substrate system (Sigma-Aldrich, USA).
Molecular mass standard (pre-stained SDS-PAGE standards,
low range; Bio-Rad) was used.

Quantification of rROP18 protein

The concentrations of recombinant proteins were determined
by using dye-binding assay (DC protein assay, Bio-Rad;
USA) with protein standard bovine serum albumin (BSA).

Fabrication of nanoparticles

ROP18 protein was encapsulated in 50:50 poly (lactide-
co-glycolide) or PLGA (molecular weight 30,000–
60,000, Sigma-Aldrich, St Louis, MO, USA; Catalog
No. P2191), using a double emulsion (W1/O/W2) sol-
vent evaporation technique (Manish et al. 2013) with
two different surfactants, i.e., polyvinyl alcohol (PVA)
(molecular weight 85,000–124,000, Sigma) and Tween
20 as described by Mansoor et al. (2014) and Mansoor
et al. (2015) with modifications. Briefly, 50 μl purified
rROP18 protein (3 mg/ml) was dispersed in 5 % (w/v)
PLGA dissolved in 1 ml dichloromethane and tip soni-
cated at a continuous mode for 1 min at 15-s intervals
(20 W powers with 40 % amplitude). This water and oil
emulsion was then dispersed in 2 ml (1 % w/v) PVA at 3
short bursts of sonication in 5-s intervals. The resultant
W/O/W emulsion was added drop-wise into 50-ml warm
(40 °C) 0.3 % PVA, an extraction medium, under con-
tinuous stirring at 360 rpm to evaporate DCM. After 4 h,
particles were collected by centrifugation at ×12,000g
for 15 min. These particles were washed twice with de-
ionized water to remove free protein and stored at 4 °C
until further analysis.

Similarly, Tween 20 was used as a surfactant at the
interface of double emulsion method while preparing
PLGA-ROP18 nanoparticles. The resultant W/O/W
emulsion was added drop-wise into 50-ml warm
(40 °C) 0.02 % Tween 20, an extraction medium, under
continuous stirring at 360 rpm to evaporate DCM. After
4 h, particles were collected by centrifugation at
×12,000g for 15 min. These particles were washed
twice with deionized water to remove free protein and
stored at 4 °C until further analysis. Each sample was
prepared in batches of three.

Physical characterization of nanoparticles

Size and morphology of nanoparticles were determined and
visualized through scanning electron microscopy (SEM,
USA). A 50-μl drop of the sample was air-dried under vacu-
um and sputter coated with gold for 1 min, then analyzed with
a Jeol JSM-5910 (USA) scanning electron microscope.

Inoculation of mice and collection of blood

Six groups of Swiss-Webster mice (6 per group) were formed.
The mice were inoculated 3 times each in 2-week intervals.
Three groups (group 1, group 2, and group 3) of mice were
injected intra-peritoneally (ip): group 1 with montanide adju-
vant only, the group 2 with 10 μg rROP18 protein, and the
group 3 with 10 μg rROP18 protein with montanide. Two
other groups (group 4 and group 5) were inoculated intra-
nasally (in): group 4 with nanoparticles of PLGA only and
the group 5 with nanoparticles of rROP18-PLGA, while the
group 6 (infected group) was inoculated ip with tachyzoites
(ATCC® 50174™). Blood was collected from each mouse
2 weeks after each inoculation in sterile 1.5-ml tubes. Then,
sera were separated after centrifugation at ×13,000g. All the
experiments were approved by the local ethical committee of
UVAS (DR/257, dated: 02-06-2014).

Antibodies profile estimation

The humoral response was assessed by standard proce-
dure using ELISA and performed according to the pro-
tocol described elsewhere (Rashid et al. 2011). Briefly,
for IgG, ELISA plates were coated with rROP18 protein
at 5 μg/ml in 50 mM sodium carbonate buffer, pH 9.6
overnight at 4 °C with 100 μl in each well. The plates
were washed 3 times with PBS containing 0.05 %
Tween 20. After washings, the plates were blocked/
saturated with 4 % BSA in PBS at 200 μl/well and
incubated for 2 h at 37 °C. Serum was serially diluted
at two-fold in PBS and added to each well at 100 μl
per well. The plates were incubated at 37 °C for 1 h
followed by 3 washes with 0.05 % Tween-20 in PBS
0.01 M. Goat anti-mouse IgG conjugated with alkaline
phosphatase (AP) (catalog # G-21060, Invitrogen, USA)
was added at 100 μl to each well after dilution 1:2000
in PBS-Tween to detect the bound antibodies after in-
cubation at 37 °C for 2 h. p-nitrophenyl phosphate
(PNPP) substrate was added at 1 mg/ml of 1 M di-
ethanolamine, pH 9.8. For secretory IgA antibody re-
sponses, intestinal washes were prepared with a syringe
by passing 5 ml of PBS 1 mM phenyl-methyl-sulfonyl
fluoride through the gut of mice sacrificed 2 weeks after
the last immunization (6/group). Attached antibodies
were detected with a conjugated goat anti-mouse IgA-
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AP (Themo Fisher, USA). For anti-ROP18 IgG subclass
determination, ELISA was performed as described above
except that sera were added to the plates at optimized
dilutions. The AP-conjugated anti-mouse IgG1 and
IgG2a (Invitrogen, USA) were used and were diluted
1:1000 in PBS. Absorbance was measured at OD
405 nm by ELISA reader (Bio-Tek, E-800, USA).

Statistical analysis

The differences among all the groups were determined with
one-way ANOVA. The level of significance was set as less
than 5 % (P < 0.05). The statistical package GraphPadPrism
7.0® (Graph Pad Software, Inc., San Diego, CA, USA) was
used for statistical analysis.

Results

Detection of local T. gondii

External and internal primers were used to amplify the B1
gene from the genome of control positive and indigenous fecal
feline oocysts. Amplicons of 391 and 102 bp were achieved
by using external and nested primer pairs for the detection of
local T. gondii (Fig. 1).

Cloning of ROP18

ROP18 sequence was analyzed for restriction sites, and
no sites of XbaI and HindIII were found (Fig. 2).
Therefore, the XbaI site was incorporated at 5′ of the
forward primer and HindIII site at 3′ of the reverse
primer. The primer pair was used to amplify the
ROP18 gene on the T. gondii genome. The amplicon
size achieved through PCR was 1665 bp (Fig. 3).

The ROP18-amplified sequence was purified from
agarose gel. It was cloned in the pGEM-T plasmid
through the TA cloning method and sequenced. The
gene was then transferred to a pET28α plasmid through
digestion of both plasmid and fragment with XbaI and
HindIII restriction enzymes. The ligation of the frag-
ment and plasmid was done at a ratio of 6:1. The
ROP18 was confirmed through sequencing.

Restriction analysis of pET28-ROP18

A map of pET28-ROP18 for restriction sites was con-
structed to analyze the orientation of ROP18 fragment
within the plasmid (Fig. 4). Restriction analysis showed
ROP18 gene confirmation in plasmid and conserved re-
striction sites. The pET28-ROP18 was linearized at
6909 bp by single digestion with XbaI or HindIII while
it produced two fragments of 1665 and 5274 bp by
double digestion with XbaI and HindIII (Fig. 5).

The sequence of pET28-ROP18 was analyzed for the
other restriction sites, such as one site was present with-
in the ROP18 fragment and one site was present within
pET28α. Two enzymes, MluI and NruI, were found to
cut within the ROP18 fragment one time and pET28α
one time also, so that the correct orientation of ROP18
was determined. At least 1 μg pET28-ROP18 was taken
with 3 U of enzyme and ×10 Universal Buffer (UB) for
6-h digestion at 37 °C. The MluI produced two frag-
ments of 1943 and 4966 bp while NruI gave 2328 and
4581 bp fragments (Fig. 5).

Western blot analysis

After expression and purification, rROP18 was subjected
to SDS-PAGE analysis, and a band of 67 kDa was
visualized through coomassie-blue staining (Fig. 6a).

A

3Sev+ S2S1
100bp

500bp 
400bp 
300bp

200bp 

100bp 

391bp 

B

Fig. 1 External and nested PCR result. External primers were used to amplify 391 bp amplicon (a). Internal primers were used to amplify 102 bp
amplicon (b)
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Our expressed rROP18 reacted with anti-HIS antibodies
which showed that rROP18 was expressed efficiently.
Likewise, rROP18 reacted with serum from mice infect-
ed with T. gondii tachyzoites, which showed that our
rROP18 was immunogenic.

Characterization of PLGA ROP18 nanoparticles

After encapsulation of rROP18 in PLGA polymer, mor-
phology of nanoparticles was examined with scanning
electron microscopy. Nanospheres having a mean particle
size of 200 nm in diameter were obtained using Tween 20
surfactant (Fig. 7).

Humoral response

The results of the humoral response are graphically shown in
Fig. 8.

Discussion

During the last decade, studies have confirmed that the
ROP18 protein is a major virulence factor of T. gondii (Saeij

et al. 2006; Taylor et al. 2006; El Hajj et al. 2007). ROP18
alleles are polymorphic in nature and have different expres-
sion levels depending on the strain of Toxoplasma (Saeij et al.
2006; Taylor et al. 2006). ROP18 has been tested as a DNA
(Qu et al. 2013b; Yuan et al. 2011), vectored (Li et al. 2015)
and recombinant protein (Grzybowski et al. 2015a, 2015b; Qu
et al. 2013a) in vaccination strategies against T. gondii. In this
era of vaccine development, the nasal route is a needle-free
and non-invasive mode of administration which is attaining
priority in vaccine research (Illum 2002; Mitragotri 2005).
Previous studies have shown that nanoparticles delivered
through the nasal route enhanced humoral responses (Amidi
et al. 2007; Slütter et al. 2010). Also, cellular maturation with
an increased secretion of pro-inflammatory cytokines by using
porous nanoparticles through the intranasal route against acute
and chronic T. gondii infection in mouse models was recently
reported (Dimier-Poisson et al. 2015).

The nested PCR approach had been developed previ-
ously to detect T. gondii based on the 35-fold-repetitive
gene (the B1 gene) as a target (Burg et al. 1989). We
used external primers to amplify 391 bp amplicon and
nested primers to amplify the 102 bp amplicon (Fig. 1).
Alfonso et al. (2009) evaluated nested PCR-B1 using
cerebrospinal fluid (CSF) to detect T. gondii DNA for
the diagnosis of toxoplasmic encephalitis. Grigg and
Boothroyd (2001) amplified a 580- and a 530-bp prod-
ucts by using external and internal pairs of primers,
respectively. A similar protocol of nested PCR targeting
the B1 gene has been used by other researchers to de-
tect DNA for the prevalence of T. gondii in humans
(Alfonso et al. 2009), in dogs/cats (Lee et al. 2008),
and in rabbits (Shin et al. 2013).

Restriction endonucleases are the molecular scissors and
restriction analysis guides to clone the fragments directionally
(Roberts and Murray 1976). We selected XbaI and HindIII at
the 5′ end and 3′ end, respectively, after analyzing the ROP18
(Fig. 2), amplified 1665 bp (Fig. 3), and did restriction analy-
sis with MluI and NruI enzymes (Figs. 4 and 5) to check the
correct orientation of ROP18 in pET28α. Grzybowski et al.
(2015a) used BamHI and HindIII while Yuan et al. (2011)

250
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10,000

Ladder ROP18

 

Fig. 3 Amplification of ROP18 sequence

Fig. 2 Restriction analysis of ROP18
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used BamHI and XbaI for forward and backward primers,
respectively, to clone the complete coding sequence of
ROP18 in prokaryotic expression vectors. We selected XbaI
and HindIII for cloning, as double digestion was possible. A
band of 67 kDa of our rROP18 was achieved after expression
through SDS-PAGE and Western blotting. Similar results of
expression of rROP18were achieved by other scientists with a

prokaryotic expression system (Grzybowski et al. 2015a;
Yuan et al. 2011).

The biodegradable poly (lactide-co-glycolide) (PLG) poly-
mer (Jain 2000) has been used for the formulation of micro-
particles (Klose et al. 2006) and nanoparticles (Danhier et al.
2012) for intranasal vaccine delivery (Kavanagh et al. 2013;
Pan et al. 2014). Intranasal delivery of a Toxoplasma vaccine

Fig. 5 Restriction analysis of pET28-ROP18. a The analysis of ROP18 fragment within pET28 with single enzyme digestion withHindIII and XbaI and
double enzyme digestion HindIII and XbaI. b The restriction digestion with NruI and MluI
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Fig. 4 Restriction map of
pET28-ROP18. Restriction sites,
XbaI at 5′ and HindIII at 3′, are
underlined red
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in the form of nanoparticles has been used previously as de-
scribed by Dimier-Poisson et al. (2015).

We have used PLGA for encapsulation of our recombinant
ROP18 into nanoparticles. In previous studies, PLGAwas used

to encapsulate ROP18 protein into microparticles (Xu et al.
2015; Zhang et al. 2016). Xu et al. (2015) and Zhang et al.
(2016) encapsulated rROP18 in PLGA (1:1) using W/O/W a
double emulsion solvent evaporation technique. They used a
10% polymer in dichloromethane at equal volumes to produce
o/w emulsion. Then, the mixture was homogenized with 2.5%
polyvinyl alcohol to obtain the emulsion of the microparticles
of rROP18. For NP preparation, we emulsified rROP18 with
PLGA polymer dissolved in DCM at high speed sonication.
The difference of particle size in our experiments and the pre-
vious experiments might be due to difference in the protocol
for using concentration of rROP18, reagents, and sonication
speed to attain nanoparticle emulsion.

PLGA, a biodegradable polymer, is known to encap-
sulate antigenic proteins (Danhier et al. 2012). It has
been used by many researchers for mucosal delivery
of nano-antigens in vaccination strategies against patho-
gens (Mansoor et al. 2015; Stanley et al. 2004; Thomas
et al. 2011; Wang et al. 2011). Nano-antigens of PLGA
enhanced mucosal immunity (Bala et al. 2004; Jung
et al. 2000). The secretory antibodies of humoral immu-
nity are increased when the vaccine is inoculated
through mucosal routes like intranasal or intravaginal,
but enteric enzymes and chemicals are the main barriers
in the delivery of recombinant protein vaccines through
the oral route. We have attained significant intestinal
IgA and serum IgG2a secretions in immunized mice
which were inoculated intra-nasally with rROP18-
PLGA than the mice immunized intra-peritoneally with
rROP18 alone or rROP18 + montanide adjuvant. One
study of intranasal inoculation of sheep with micro-
and nano-particles of crude antigens of T. gondii
tachyzoites encapsulated in PLGA resulted in an in-
crease of serum and nasal IgA in vaccinated sheep with
particulate antigens as compared to the control group
(Stanley et al. 2004). Zhang et al. (2016) vaccinated
Kunming mice subcutaneously with microparticles of
T. gondii rCDPK6 and rROP18 encapsulated in PLGA.
They observed long-term protective immunity in mice
with significant levels of serum IgG secretions in the
group immunized with micro-particulate antigens as
compared to the groups injected with recombinant pro-
teins only. Similarly, Xu et al. (2015) immunized the
Kunming mice subcutaneously with microparticles of
T. gondii rROP18 and rROP18 encapsulated in PLGA.
They observed long-term protective immunity in mice
with elevated secretions of IgG1 and IgG2a in the
group immunized with micro-antigens as compared to
the groups injected with recombinant proteins only.
The difference in secretions of IgA and IgG antibodies
in our experiment and of others might be due to the
difference in route of inoculation, concentration of re-
combinant protein, and size of encapsulated antigen.

Fig. 7 Nanocarriers of rROP18 encapsulated in PLGA: The sample was
coated with gold sputter using sputter coater device (SPI sputter coater
USA) 40 DCmA in gold sputter coater and analyzed with Jeol JSM-5910
scanning electron microscope at University of Peshawar.
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Fig. 6 SDS-PAGE (a) and Western blot analysis (b). a The visualization
of band after Coomassie-blue staining and b immuno-blot where
1 = rROP18 developed band with anti-HIS Abs and 2 = rROP18
developed band with serum from infected mouse and 3 = rROP18 did
not develop band with serum from control group
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In conclusion, ROP18 nanoparticles were able to ac-
celerate the serum IgG2a and intestinal IgA antibodies
in mice inoculated intra-nasally. This humoral response
is of major significance as it justifies the use of ROP18
nanoparticles in vaccine where a protective response
against toxoplasmosis is needed. Future studies are nec-
essary to evaluate the cellular response in mouse models
with chronic toxoplasmosis.
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