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Abstract
The aim of this study was to test the potential diagnostic usefulness of recombinant Toxoplasma gondii rhoptry antigens, ROP2 and ROP4,
with respect to toxoplasmosis detection and infection phase distinction in laboratory mouce by determining specific serum IgM and IgG
antibodies with the use of indirect ELISA technique. The mice antibody response to ROP antigens was significantly higher in the IgM than
in the IgG class with the peak on the turn of acute and latent infection, whereas the response to recombinant SAG1 antigen, used as control,
revealed preferential synthesis of IgG antibodies with the highest absorbance values measured during latent toxoplasmosis.
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Despite many years of research, T. gondii infection
one-step diagnostic methods based on IgM/IgG antibodies detection and level comparison may prove
insufficient to define the phase of toxoplasmosis in certain cases, like pregnancy or immunodeficiency. Paradoxically, especially for these patients the determination of the exact invasion point is of great importance.
Thereby, second step procedures are involved, which
makes laboratory diagnostics both more expensive and
more time-consuming (Montoya and Liesenfeld, 2004).
Besides, most serological tests require native antigens
of tachyzoites harvested from mice or cell cultures.
Since constant quality and specificity of these antigens
are not satisfactory, the use of recombinant antigens
could abolish these disadvantages, lower production
and purification costs and enable selection of antigens
appropriate for the discrimination of toxoplasmosis
phases. Several literature data reveal the potential usefulness of recombinant antigens for toxoplasmosis
diagnostics (Aubert et al., 2000; Buffolano et al., 2005;
Jacobs et al., 1999; Pietkiewicz et al., 2004) and even
reflect attempts to employ them as tools for T. gondii
invasion phase differentiation, however with discordant results (Ferrandiz et al., 2004; Nigro et al., 2003;
Pfrepper et al., 2005).

The object of this study was to assess the diagnostic
utility of two recombinant Toxoplasma rhoptry proteins ROP2 and ROP4, members of the prominent
rhoptry protein family ROP2, for the recognition of
the parasite invasion in mice by immunoenzymatic
detection of IgM and IgG antibodies in immune sera.
Experimental toxoplasmosis in inbred mouse strains
is a widely accepted model to study the immune response to T. gondii and to pre-evaluate the diagnostic
value of tested antigens. Rhoptry antigens are secreted
from specialized apical organelles of T. gondii and
they participate in the penetration and formation
of the parasitophorous vacuole membrane (PVM)
(Beckers et al., 1994; Carey et al., 2004). Moreover,
ROP2 antigen is involved in the PVM  host cell
organelle association (Sinai and Joiner, 2001) and
contains T-cell epitopes recognized by a high percentage of Toxoplasma infected individuals (Saavedra
et al., 1996). There are data concerning the potential
use of this antigen for human toxoplasmosis diagnostics, however many of them focus only on IgG detection (de Souza Macre et al., 2009; Nigro et al., 2003;
van Gelder et al., 1993) and besides, to our knowledge, this study describes the first attempt to evaluate
the diagnostic utility of T. gondii ROP4 protein.
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For the cloning of recombinant antigens standard
molecular biology protocols were used (Sambrook
and Russell, 2001). Cloning of rop2 and rop4 of
T. gondii and expression of the respective recombinant
proteins were described previously (Dziadek et al.,
2009). Using the same procedure the inner fragment
(882 bp) of T. gondii sag1 (S76248) encoding 294
amino acids of 337aa whole protein (from 18aa to
311aa, except leader and transmembrane domain sequences) was cloned and expressed in E. coli system.
The efficiency of the purification process was verified by 12% polyacrylamide gel SDS-PAGE and
staining with Imperial Protein Stain (Pierce). The
recombinant proteins migrated with the molecular
masses of 38 kDa, 35 kDa and 31 kDa, respectively,
in according with theoretical values based on the
amino acid sequences. The amount of all purified
recombinant proteins (ROP2, ROP4 and SAG1) was
evaluated by Bradford technique. The total amount of
expressed purified proteins yielded as follows: 72.8 mg
(ROP2), 160.0 mg (ROP4) and 65.9 mg (SAG1) from
1 l of induced bacterial cultures.
In order to obtain mouse immune sera experimental toxoplasmosis was induced by intraperitoneal inoculation of 5 brain cysts of low virulent T. gondii DX
strain (genotype II) into male BALB/c inbred mice
10 weeks of age. Toxoplasma cysts were obtained as
described previously (Gatkowska et al., 2006). Briefly,
the cysts were isolated from the brain of latently
infected BALB/c mouse by gradient separation from
mechanically homogenized brain tissues. All experimental procedures on mice were approved by the
Local Ethics Commission in £ód.
The immune sera were collected at three time
points after primary T. gondii invasion: in the early
acute phase (1 week post-infection), on the turn of
the acute and chronic phase (3 weeks post-infection)
and in the advanced latent phase of toxoplasmosis
(9 weeks post-infection). Sera derived from uninfected animals of the same gender and age served as
negative controls. All experimental groups comprised
10 animals.
Prepared purified recombinant T. gondii antigens
were used as diagnostic antigens for the detection
of specific anti-Toxoplasma antibodies in mouse sera
by the use of indirect standard ELISA performed as
described previously (Gatkowska et al., 2006). Serological MaxiSorp plates (NUNC) were coated with
recombinant ROP2, ROP4 or SAG1 (control) antigen,
at a concentration of 1 mg/50 µl/well as determined
in preliminary experiments. The immune and control
mouse serum samples were diluted 1:100 and added
in a final volume of 50 µl. The immunoenzymatic
reaction was developed with goat anti-mouse IgM
or IgG antibodies (Jackson ImmunoResearch) labe-
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led with HRP (secondary antibodies) and chromogen
 2,2-azino-bis(3-ethylbenzothiazoline-6-sulfonic
acid) diammonium salt (ABTS) (Sigma) at the concentration of 1 mg/ml. All samples were run in duplicate and the results were presented as mean absorbance values ± standard deviation. Additionally the
cut-off values, expressed as the mean reactivity of
negative sera + 2 standard deviations, were calculated
for tested recombinant antigens and statistical analysis
was performed with the use of STATISTICA 5.0 PL
software. Differences in U Mann-Whitney test were
considered significant for p< 0.05.
Since the aim of this study was to determine
whether recombinant rhoptry proteins ROP2 and
ROP4 may serve as potentially useful antigens allowing both the detection of toxoplasmosis and the determination of the infection phase, the levels of specific
anti-ROP2 and anti-ROP4 antibodies in mouse sera
were tested with obtained rhoptry antigens and compared to the reactivity of sera with SAG1 protein.
Mouse sera poorly recognized all recombinant antigens in early infection phase (1 week post-infection)
both in IgM and IgG class as displayed in Fig. 1. On
the turn of the acute and chronic phase (3 weeks postinfection) the level of specific anti-ROPs IgM antibodies rose considerably reaching the maximum value
and was significantly higher when compared to the
concentration in the chronic phase (p< 0.0003 for
ROP2 and p< 0.008 for ROP4). The pattern of IgG
response to ROP antigens was similar to that of IgM
reactivity but the levels of IgG antibodies specific for
both ROP2 and ROP4 were lower than IgM immunoglobulins concentration at the two tested time points
after Toxoplasma challenge (p< 0.0004). In contrast
to ROP antigens, the response to SAG1 antigen revealed mainly the synthesis of IgG antibodies starting
from the late acute phase (3 weeks post-infection),
their concentration rose along with the infection time
(p< 0.002 for comparison of IgG levels 3 and 9 weeks
after primary invasion) and in the chronic toxoplasmosis exceeded several times the amounts of antiROP IgG antibodies (p< 0.00008).
It is known that the common approach to toxoplasmosis detection and phase differentiation based exclusively on IgM and IgG detection and comparison
of concentration fails in some cases, which means
that second-step diagnostic procedures are required.
The most popular subsequent approach involves the
determination of IgG avidity which may not be helpful in defining the current status of the invasion in
immunocompromised individuals (Mechain et al.,
2000) or in pregnant women treated with spiramycin
which delays both production and avidity maturation
of anti-Toxoplasma IgG antibodies (Meroni et al.,
2009). Moreover, IgM antibodies, usually associated
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Fig. 1. Level of IgM and IgG antibodies against recombinant proteins ROP2, ROP4 and SAG1 in sera
of mouce with experimental toxoplasmosis.
The cut-off values (- - -) are as follows: ROP2 IgM (0.587); ROP4 IgM (0.284); SAG1 IgM (0.314);
ROP2 IgG (0.180); ROP4 IgG (0.162); SAG1 IgG (0.160). The absorbance ranges obtained
in tests with sera of T. gondii infected animals are indicated above the columns.

with acute infections, might persist in the bloodstream
of latently infected humans even for several years
after primary invasion (Montoya, 2002) and many of
the commercially available laboratory tests are susceptible to these clinically non-relevant IgM antibodies (Meek et al., 2001). The introduction to diagnostics of new well-defined recombinant antigens may
be the solution and this study was aimed to determine
the usefulness of recombinant ROP2 and ROP4 antigens for Toxoplasma invasion detection and phase
discrimination in mouse experimental toxoplasmosis
as a well-defined T. gondii infection model.
The results revealed a preferential synthesis of
IgM antibodies directed against ROP proteins, mainly
during acute toxoplasmosis, accompanied by smaller
amounts of IgG antibodies. This phenomenon may
result from the nature of ROP antigens and from the
fact that they are released early in the invasion pro-

cess only as antigens associated with host cell entry
(Beckers et al., 1994; Carey et al., 2004). However
Aubert et al. (2000) managed to detect specific antiROP2 IgM antibodies in nearly 15% of all human
serum samples with an acute antibody profile and
Jacobs et al. (1999) reported problems with the detection of IgM antibodies in human IgM-positive sera
with the use of C-terminal fragment of ROP2 antigen.
On the other hand, in our study the titers of IgM and
IgG antibodies decreased during the latent phase of
invasion, however both antibody classes were detected at a low level. Martin et al. (1998) reported
that ROP2 antigen elicits a strong humoral response
in humans, starting from an early stage of infection
that involves both IgM and IgG antibodies, which
in turn may be attributed to the fact, that ROP2 is
detected in all T. gondii developmental stages (Sadak
et al., 1988). The controversial results could be caused
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by various ROPs preparations which matched different fragments of ROP molecule and comprised or not
individual conformational epitopes.
The performance of rhoptry proteins was compared
to the major surface Toxoplasma antigen  SAG1. This
antigen is used in some commercially available tests
(Roux-Buisson et al., 2005) since it represents nearly
5% of parasite proteins and exhibits high antigenicity
and immunogenicity expressed both by T-cell stimulation and specific antibody synthesis (Godard et al.,
1994). What is more, SAG1 has been described as
being useful for the detection of IgG antibodies in the
sera of latently infected humans (Aubert et al., 2000;
Pfrepper et al., 2005). In the present work the humoral
response of T. gondii infected mice was characterized
by a high anti-SAG1 antibody levels rising along with
infection time. Similar observations were reported
previously (Gatkowska et al., 2006) and these findings suggested that such a response is typical for mice,
regardless of their genotype and innate susceptibility
to T. gondii infection.
The results from the murine experimental model
show that relatively high expressed IgM response to
ROP antigens and SAG1 with considerable IgG antiSAG1 reactivity seems typical for acute toxoplasmosis, whereas a strong IgG reaction with SAG1 protein
accompanied by low anti-ROP and anti-SAG1 IgM
levels as well as trace amounts of anti-ROP IgG are
characteristic for chronic toxoplasmosis. These results
indicate that both rhoptry antigens  ROP2 and ROP4
induce humoral response which differs considerably
depending on the phase of invasion. That suggests that
both antigens may be considered for further investigation aimed at selection of antigens useful in toxoplasmosis diagnostics. The combination of rhoptry proteins
with other T. gondii antigens may greatly improve their
performance, as it has been shown previously that
single-antigen (or even single-epitope) ELISAs may
fail to recognize all positive samples and antigen
epitope combination seems the most appropriate approach (Aubert et al., 2000; Beghetto et al., 2006).
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