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Abstract
Toxoplasmosis is a disease caused by protozoan parasite Toxoplasma gondii. The infection is commonly
asymptomatic. The availability of confirmative and accurate detection system is really needed. This research was
aimed to develop a molecular diagnosis based on the conserved and high copy number repeat region of Toxoplasma
gondii with hibridization method. Nucleic acid was isolated from tachyzoites. The repeat region of T. gondii was
amplified using PuRe Taq Ready To Go-PCR Beads (Amersham Bioscience), forward primer 5’- GAC TCG GGC CCA
GCT GCG -3’ and reverse primer 5’- CCT CTC CTA CCC CTC CTC -3’. The amplicon was sequenced using ABI Prism
3100-Avant Genetic Analyzer (PT. Charoen Pokphand, Jakarta). Probe was labeled using digoxigenin-11-dUTP.
Application of probe to detect it’s complementary nucloeic acid was done by hibridization method. The research
concluded that probe toxo-103 bp was highly homolog with several strain of T. gondii and it has no homology either
with host’s genome or other parasites which have close genetic relationship with T. gondii. Hybridization analysis
showed that probe could detect the complementary nucleic acid up to 10 ng/ìl concentration.
Keywords: DNA probe, repeat region, Toxoplasma gondii, hybridization.

Introduction
Toxoplasmosis is an important parasitic
infection of man and animals, caused by
protozoan parasite Toxoplasma gondii. This
disease is one of an extensively diseases
spread worldwide in mammals (Dubey and
Lindsay, 2004; Switaj et al., 2005).
Toxoplasmosis also causes significant
veterinary losses. The disease prevalence is
vary based on geographic and climate
condition. It is well known-that the
progression and severity of disease depend

on the immunological status of the host, but
recent studies suggest that the genetics of the
parasite can also play a role (Switaj et al.,
2005).
The current methods for the diagnosis of
toxoplasmosis have given dismayingly poor
results in such patients and, therefore, there
is a need for more sensitive procedures for
the early diagnosis of T. gondii in body fluids
or biopsy tissues (Savva and Holliman,
1990). The diagnosis of toxoplasmosis
classically relies on serology and the
demonstration of the pathogen in patient
samples. Body fluids or tissues may also be
inoculated intra peritoneal into mice or used
to infect cell cultures in vitro (Homan et al.,
2000), but these methods are less effective.
Serological diagnosis of active infection is
unreliable because reactivation is not always
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accompanied by changes in antibody levels,
and the presence of immunoglobulin M
(IgM) does not necessarily indicate recent
infection. The ‘‘gold standard’’ for the
detection of T. gondii organisms in clinical
specimens is mouse inoculation and then the
detection of T. gondii-specific antibodies.
This method is sensitive and specific but
time-consuming, taking up to 6 weeks to
obtain a diagnosis. Currently, cell culture is
the most practical method for the detection
of T. gondii parasitemia, but this is also
relatively slow and may lack sensitivity
(Angel et al., 1997; Reischl et al., 2003; Switaj
et al., 2005).
Over the past few years, the application
of recombinant DNA procedures has led to
the development of a number of DNA
probes for potential use in the diagnosis of
pathogen. Recent advances in recombinant
DNA technology, and in particular the
development of the polymerase chain
reaction (PCR), allows certain pathogen.
One of molecular diagnostic method for
toxoplasmosis is the use of DNA probe to
detect the complementary nucleic acid of
infectious agent. This research was aimed to
develop a DNA probe to detect
toxoplasmosis based on a non-coding 529 bp
DNA fragment that is repeated 200-300
times in the T. gondii genome. This fragment
was highly conserved on several strains of T.
gondii and it discriminates T. gondii DNA
from that of other parasites (Homan et al.,
2000), therefore it can be used as a sensitive
and specific diagnostic tool for
toxoplasmosis.

centrifugated. The tachyzoites was
calculated, obtained 6x10 tachyzoites/ml.
Pellet was washed three times using PBS and
resuspended with NTE solution. One
hundred ìg/ml proteinase-K and 0,5% SDS
were added, then incubated in waterbath at
37 C overnight. Phenol was added in equal
volume, shaking 60 rpm for 20 minutes and
centrifuged at 3000 rpm for 15 min at room
temperature. The aqueous phase was
pipetted out and equal volume of CIAA was
added, centrifuged at 3000 rpm for 10 min
and repeat until there was no interphase.
Deoxyribonucleic acid was precipitated with
0,1 volume 3 M Na-acetat and 2x volume icecold ethanol absolute, incubated for 15
minutes in -20 C, then centrifuged at
maximum speed for 5 min. The pellet was
rinsed with 70% ethanol and dissolved in TE
buffer.
8
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Amplification of T. gondii repeat region
T.gondii repeat region was amplified
using specific primers which was designed
based on T. gondii repeat region 529 bp
accessed from GeneBank (NCBI Acc No. AF
146527), as follows: forward primer 5'- GAC
TCG GGC CCA GCT GCG -3’ and reverse
primer 5'- CCT CTC CTA CCC CTC CTC -3'.
Primers were diluted at a concentration of 25
pmol/ìl. To amplify was used puRe Taq
Ready-To-Go PCR Beads (Amersham
Biosciences) and amplified using
thermocycler (Gene Cycler, Biorad) with
condition: (1) initial denaturation at 95 C for
5 min, (2) denaturation at 95 C for 45 sec, (3)
annealing at 65 C for 30 sec, (4) extension at
72 C for 1 min, (5) repeat the cycle for 30
times, and (6) final extension at 72 C for 3
min. Amplification was done with sample
(tachyzoite DNA) and negative control
(without template).
Sequencing of PCR product
The PCR product was sequenced using
ABI Prism 3100-Avant Genetic Analyzer
o

o

o

o

Materials and Methods
Toxoplasma gondii in vivo cultivation and
isolation of tachyzoite DNA
A number of 1x10 of Toxoplasma gondii
tachyzoites was cultivated in vivo in Balb/C
mice. Three days post infection, the
intraperitoneal fluids was harvested and

o
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(PT. Charoen Pokphand, Jakarta) and
sequencing results were analysed using
BLAST program which available at
http://www.ncbi.nlm.nih.gov.

Quantification of probe labeling
efficiency was done by direct detection
procedure. Quantification was done by
compared the labeled probe with DIG-labeled
control DNA. At first, labeled probe and
DIG-labeled control DNA was diluted serially
until a certain concentration. Probe and
control was spoted on nylon membrane, and
then air dryied for at least 15 min. Membran
was washed using washing buffer for 2 min
and blocked for 30 min using 1x blocking
solution. Let antibody bind DIG label on the
membrane using 1:10 000 dilution of AntiDIG alkaline phosphatase in 1x blocking
solution for 30 min. The membrane washed
to remove unbound antibody using washing
buffer 2x15 min, equilibrated using
detection buffer for 2 min, and incubated in
NBT/BCIP substrate for at least 30 min.
Quantification was done with comparing
the colour intensity between labeled probe
and DIG-labeled control DNA.

Probe candidate analysis and probe
synthesis
Probe candidate analysis was done by
alignment the sequence with T. gondii
genome from all strain and all isolate using
BLAST program to show the homology.
Probe candidate also analysed for it’s
specificity with hosts genome of T. gondii
and the other parasites which have close
genetic relationship with T. gondii. Probe
candidate which chosen is the sequence
which was highly homolog with T. gondii but
has no homology with T. gondii genome and
the other parasites. Probe candidate also
determined based on the ideal qualifications
of probe, include probe length, GC contents
and sequence compositions. Probe was
synthesized by Sigma-Aldrich.

Hybridization of labeled probe and clinical
sample
Hybridization was done on tachyzoite
DNA as positive control, DNA from clinical
sample and total DNA from healthy mice
tissue as negative control. Deoxyribonucleic
acid from clinical sample that have been
measured for it’s concentration was diluted
to obtain concentration 100 ng/ml, 10
ng/ml, 1 ng/ml, 100 pg/ml, 10 pg/ml and 1
pg/ml respectively. Sample DNA from
clinical sample was denatured with boiled in
100 C for 10 min and then chilled in ice
immediately. Two microliters of DNA
sample that have been denatured was
spoted on positively charge nylon
membrane Hybond-N (Amersham
Pharmacia), then airdryed for 1 h. The
sample was immobilized on nylon
membrane with UV crosslinker for 3 min.
Prehybridization was done on DIG-Easy

Probe labeling using random primed
labeling method
Probe labeling was done using
digoxigenin-11-dUTP with random primed
labeling method. In this method, as much as
1 ml template probe DNA with
concentration 10 ng/3 ml was added to the
reaction vial, then autoclaved double
destilation water was added to a final
volume of 16 ml . The DNA was denatured
by heat the sample in a boiling water bath for
10 min and then chilled the sample in an
ice/water bath quickly. Labeling was done
by adding 4 ml mixed DIG-High Prime to the
denatured sample, centrifuged brieftly, and
incubated for overnight at 37°C. The reaction
was stoped by adding 2 ml 0.2 M EDTA (pH
8.0) to the sample, and heated to 65°C for 10
min (Roche).
Probe labeling quantification

o
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Toxoplasma gondii tachyzoites was
injected i.p to three Balb/C mices with each
dose 1x10 tachyzoites. After 72-96 hours
mices were euthanized and cavum
peritoneal was washed three times using
physiologic NaCl to collect tachyzoites. The
amount of tachyzoites was counted using
Neubauer chamber, and resulted 6,8x10 per
ml tachyzoites.

Hyb solution on shaker incubator
at
temperature 42 C for 3-4 h. Hybridization
was done for overnight at temperature 42 C,
with added 25 ng/ml labeled probe. The
membrane was washed using 2x SSC which
contain 0,1% SDS for 2 x 15 min at room
temperature, and using 0,5x SSC which
contain 0,1% SDS for 2 x 15 min at
temperature 68 C (Roche ).
Hybridization of labeled probe and
clinical DNA sample was detected with
visualization using antibody anti-dig-11dUTP conjugated with alkaline phosphatase
and NBT/BCIP. At first, membrane was
washed using washing buffer (0,1 M maleic
acid; 0,15 M NaCl; pH 7,5; 0,3% Tween 20) for
3-5 min, then blocked using blocking solution
(0,1 M maleic acid; 0,15 M NaCl; pH 7,5, 1%
blocking reagent) for 1 h and washed again
for 2-3 min. Membrane then incubated in
antibody anti-dig-11-dUTP solution (stock
antibody solution dissolved on blocking
solution with ratio 1:2000) for 1 h. Membrane
was washed for 2 x 15 min to remove the
unbound antibody. Membrane was
equilibrated on detection buffer (0,1 M TrisHCl; 0,1 M NaCl; pH 9,5) for 15 min.
Hybridization probe will be visualized after
incubation on NBT/BCIP (Nitro Blue
Tetrazolium/5-Bromo-4-Chloro-3-Indolyl
phosphate) substrate for at least 1 hour,
protected from light (Roche ).
o
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Toxoplasma gondii tachyzoite DNA
Deoxyribonucleic acid isolation was done
after a quite amount of tachyzoites were
achieved. In this method were used non
ionic detergent such as sodium dodecyl sulfat
(SDS) to break the cytoplasmic membrane.
The cell extract then centrifuged in order to
get DNA in supernatant.
Amplification of T. gondii repetitive
sequence
Toxoplasma gondii repetitive sequence
was sequenced using primers which
designed based on T. gondii repeat region 529
bp accessed from genebank (NCBI Acc. No.
146527), as seen in Figure 1.

®

Figure 1. Toxoplasma gondii repeat region 529 bp and
primers location

Toxoplasmosis detection of clinical DNA
sample with PCR (for confirmation)
The clinical DNA sample was tested
using PCR method as a confirmation for
hybridization result. In this method, was
used clinical DNA sample as template, and
the same forward and reverse primers that
were used to amplify the Toxoplasma gondii
repeat region, under the same condition.

The total length of target repetitive
sequence that should be amplified is 529 bp,
but the primers was not designed from the
beginning and the end of the sequence, so
the fragment length that can be amplified is
434 bp.
The result of DNA amplification using
specific primers designed based on
T.
gondii repeat region 529 bp (NCBI Acc. No.
146527) as seen in Figure 2 showed that in
sample (tachyzoite DNA) showed one

Results and Discussion
Toxoplasma gondii in vivo cultivation
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and 470 nucleotides, respectively. But the
requencing result from the forward primer
can not be analyzed further, because of the
abundant of non specific nucleotide. The
sequencing result from the reverse primer
can be seen in Figure 4.

dominant band at approximately 434 bp, but
there was a second band at approximately
900 bp.
This electrophoregram was represented
the characteristic of repetitive sequence, in
which consist of two types which is tandem
and disperse. There was no band was
observed in negative control.

Figure 4. Nucleotides sequence of T. gondii repetitive
sequence (sequencing result)

Sequence analysis
The sequence was analysed with BLAST
program to show the homology of the T.
gondii repetitive sequence (sequencing
product) with T. gondii repeat region 529 bp
from genebank. Toxoplasma gondii repetitive
sequence from sequencing product
alignment was showed 97% homology with
T. gondii repeat region 529 bp of the 89 base
to the 566 base (Figure 5).

Figure 2. Amplification of T. gondii repetitive sequence
using primers designed based on T. gondii repeat
region 529 bp (NCBI Acc.No. 146527) on 1% agarose
gel. M. Marker, 1. Negative control, 2. Sample
(tachyzoite DNA), 3. Tachyzoite DNA.

The dominant band at approximately
434 bp, which is band of interest was isolated
using electroelution technic in order to get
the monomorphic band. The result is
showed in Figure 3.

th

th

Figure 3. Isolation of band of interest (T. gondii
repetitive sequence) M. Marker, 1. Monomorphic
band, 2. DNA before electroelution.

Figure 5. Alignment of T. gondii repetitive sequence
(sequencing result with reverse primer) and T. gondii
repeat region 529 bp.

Sequencing of monomorphic band
Sequencing of monomorphic band (T.
gondii repetitive sequence) was done using
the same forward and reverse primers which
is used to amplify the T. gondii repeat region.
The length of sequencing products was 424

The sequence was also aligned with
repetitive sequence from the other strain of
T. gondii to identify the homology.
Alignment result showed that T. gondii
repetitive sequence from sequencing
product has 90% to 100% homology with
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repetitive sequence several strain of T.
gondii. The alignment result can be seen in
Figure 6.

minimize cross hybridization. In order to
fulfill this qualification, probe candidate was
aligned with host’s genome and with the
other parasites.
The alignment result using BLAST
program showed that the probe candidate
was not homolog either with host’s genome
or other parasites which have close lineage
with T. gondii (homology percentage 0%),
thus this probe candidate can be used as
diagnosis method for toxoplasmosis. Probe
was synthesized in Sigma-Aldrich as the
design above.
Probe labeling and labeling quantification
Probe was labeled using digoxigenin-11dUTP with random primed labeling method.
The labeling method resulted in labeled
probe with total concentration
approximately 51 ng/ml. From this
concentration, furthermore was made a
serial dilution for labeling quantification.
The result of labeling quantification can
be seen in Figure 8.

Figure 6. BLAST output with query T. gondii repetitive
sequence (sequencing product).

The alignment result totaly showed
95,36% homology identity, therefore the
repetitive sequence from sequencing result
can be used as probe candidate that was
highly specific for Toxoplasma gondii.
From this sequence analysis, the probe
candidate was arranged, resulted in 103 bp
length of probe candidate, as seen in Figure
7.

Figure 8. Result of probe labeling quantification
(A) DIG-labeled control DNA, with concentration:
A. 300 pg/ml, B. 100 pg/ml, C. 30 pg/ml, D. 10 pg/ml,
E. 3 pg/ml;
(B) Labeled probe, with concentration: A. 15 ng/ml, B.
5,1 ng/ml, C. 1,5 ng/ml, D. 0,51 ng/ml, E. 0,15 ng/ml

Figure 6. BLAST output with query T. gondii repetitive
sequence (sequencing product).

This labeling quantification result
showed that in DIG-labeled control DNA,
the labeling reaction can be detected up to 3
pg/ml concentration, while in labeled probe
the reaction labeling can be detected up to
0,51 ng/ml concentration. This
quantification result was important to check
the efficiency of each labeling reaction by

Probe candidate analysis
The probe candidate must have high
specificity to the target nucleic acid.
Moreover, the probe candidate also should
be have no homology with the host’s
genome and the other parasites which have
close genetic relationship with T. gondii to
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could detect the DNA sample up to
concentration 10 ng/ml.

determining the amount of labeled product.
From this result, can be determined the
correct amount of probe that should be
added to the hybridization solution.

Toxoplasmosis detection of clinical DNA
sample with PCR (for confirmation)
The clinical DNA sample also tested
using PCR method as confirmation for
hybridization result. In this method were
used the same primers that were used to
amplify the Toxoplasma gondii repeat region,
under the same condition. The result can be
seen in Figure 10.

Hybridization of labeled probe and clinical
sample
Hybridization was done on tachyzoite
DNA as positive control, DNA from clinical
sample and total DNA from healthy mice
tissue as negative control. The hybridization
result is showed in Figure 9.

Figure 10. Electrophoresis of PCR result
M. Marker, 1. DNA from pig, 2. DNA from cow, 3.
DNA from goat, 4. DNA from chicken, 5. DNA from
cat.

Figure 9. Hybridization of labeled probe and DNA
clinical sample
A. DNA from chicken, B. DNA from pig, C. DNA from
goat, D. DNA from cow, E. DNA from cat, F. Positive
control (tachyzoite DNA), G. Negative control (DNA
from healthy mice).
Concentration of sample DNA:
1. 100 ng/ml, 2. 10 ng/ml, 3. 1 ng/ml, 4.100 pg/ml, 5.
10 pg/ml, 6. 1 pg/ml.

The PCR results were agree with the
hybridization result, in which all samples
showed positive result and indicate that all
samples were infected toxoplasmosis.
The research concluded that probe toxo103 bp was highly homolog with several
strain of T. gondii and it has no homology
either with host’s genome or other parasites
which have close genetic relationship with T.
gondii. Hybridization analysis showed that
probe could detect the complementary
nucleic acid up to 10 ng/ìl concentration.

Hybridization was done on temperature
42 C, based on calculation of optimum
hybridization temperature below:
Tm = 49.82 + 0.41 (% G + C) – 600/l, Thyb
= Tm – (20°-25°C), in which:
Tm: melting temperature, Thyb: optimum
hybridization temperature, l: probe length.
This hybridization showed positive
result for all sample, in which probe toxo
o
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