
LUCRĂRI ŞTIINłIFICE MEDICINĂ VETERINARĂ VOL. XLI, 2008, TIMIŞOARA 
 

 689 

STUDIES REGARDING THE EXPERIMENTAL INFECTION  
AND MOLECULAR DETECTION OF THE  

TOXOPLASMA GONDII GENOME 
 

D. MILITARU, VIRGILIA POPA, BEATRICE STIRBU TEOFANESCU,  
C. BELTEGHI, IRINA NICA, F. PASTRAMA 

 
NS Pasteur Institute SA 

 
Summary 

 
 The Toxoplasma gondii RH, experimentally intraperitoneal inoculated in mice, at 96 
hours p.i. was present in the liver, spleen, kidney, intestine, ascitic liquid, but not in the brain 
samples. In order to detect molecularly the presence of the protozoan in biological samples 
there been set up 5 variants of elective PCR tests, by identifying the genes b1, sag3, gra6 
and hsp70, and also one variant of multiplex PCR. Among the extraction methods for the 
genetic material from the biological samples, the method of extraction with lysis solutions 
and isopropanol precipitation was demonstrated to be adequate, unlike the extraction with 
Chelex 100 solution or the thermal lyses method. 
 

Toxoplasmosis is a major parasitic zoonosis which affects over 350 
species of vertebrates, being, from this point of view, the most widely spread 
protozoan. It usually evolves asymptomatic at the definitive host, while at the 
intermediary hosts, it can produce abortions, encephalitis, pneumonia or even 
death. 

Toxoplasmosis may produce significant economical losses because, 
especially, of the birth rate decrease and the increase of the percentage of 
abortions in animals with economical interest, especially in sheep and swine. In 
case of a pregnant woman, toxoplasmosis has a very significant sanitary 
importance, being characterized by abortions or even babies with malformations.  

Diagnosis of Toxoplasma gondii infections is very difficult, both in animals 
and humans. The results of the direct emphasizing exams, by optic microscopy, of 
the Toxoplasma in the biological samples are often aleatory, parasites being very 
seldom seen. More than that, microscopically emphasized Toxoplasma must be 
differentiated of: Leihsmania spp, Sarcocystis spp, Besnoitia spp, Encephalitozoon 
cuniculi, Histoplasma capsulatum, Cryptococcus neoformans, Ehrlichia canis, 
Hepatozoon canis, fact which also makes more difficult the diagnosis (Cosoroaba 
2005, Darabus et al.2006). Results with high sensitivity and specificity may be 
obtained by present modern methods, molecular or serological (Brenier-Oinchart et 
al. 2007, Chiabchalard et al. 2005, Conrath et al. 2006, Garcia et al. 2006, Hafid et 
al. 2001, Jalal et al. 2004). Molecular biology methods, based on gene 
amplification, allow detection with an over 97% specificity of very small quantities of 
parasites, three figure 10 tachyzoites. Yet, the sensitivity and the specificity of the 
PCR tests may be influenced by the characteristics of the amplified DNA 
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sequences, by the protocol used for DNA extraction, as well as by the reaction 
conditions, more specifically by the amplification program that was adopted 
(Mahittikorn et al. 2005, Edinsson et al. 2004). Among DNA sequences that form 
the genome of protozoan Toxoplasma gondii, the main targets of the PCR tests are 
represented by genes b1, sag1, sag2, sag3, gra4, gra6, hsp70, act1, tub1, tub2, 
b10, fol1 (Reischl et al. 2003, Smielewska 2003, Switaj et al. 2005, Kompalic-Cristo 
et al. 2007). Gene b1, identified in 1998, is constituted of 2214 bp, sequence which 
is found inside the T. gondii genome in a number of 35 copies. The functions of this 
gene are yet unknown, but its high specificity is well demonstrated. Sag3 gene is 
present in only one copy in T. gondii genome. It is present both in tachyzoites and 
bradyzoites also and it codifies a membrane protein antigen, which mediates the 
recognition and adherence of toxoplasmas on the surface of host cells. Gra6 gene 
is found in only one copy in Toxoplasma genome and it codifies a protein granular 
antigen, involved in intracellular survival of the parasite, and in the molecular 
exchange mechanisms with the host cell. Gene hsp 70 is present in only one copy 
in Toxoplasma genome. It codifies a cytoplasm protein of 68-78 kDa, which 
belongs to the family of heat shock (thermal stress) protein. Induction of their 
expression is associated wit the development and differentiation of bradyzoites. 
Hsp70 proteins protect the tachyzoites against lyses to which they are exposed in 
the host cells.. Thus, contrary to the non virulent strains, virulent tachyzoites may 
persist without passing to the bradyzoites immobilized inside cysts condition. 
Expression of hsp70 gene is significantly increased in virulent strains compared to 
the non virulent T. gondii strains. 

In the present study we had in view the implementation of an elective 
classic PCR/ multiplex PCR technique by identifying the genes b1, sag3, gra6, and 
hsp70, for detecting the presence of protozoan and for studying the experimental 
infection with Toxoplasma gondii. 
 

Materials and methods 
 

Toxoplasma gondii RH strain proceeds from Cantacuzino Institute, 
Bucharest, and is maintained in the laboratory by repeated passages on 
intraperitoneal inoculated mice with infested ascitic liquid (0.2 ml/ mice) according 
to the previous published protocols (Dabritz et al. 2007, Nguyen et al. 1996, Garcia 
et al. 2006). Biological/ organ samples (ascitic liquid, intestine, liver, spleen, 
kidneys, and brain) were harvested at 96 hours post infestation. 

DNA samples were obtained by extractions with commercial reagents 
(Wizard genomic DNA Purification Kit, Promega A1330 or Chelex-100, Sigma 
C7901) or by thermal lyses. Shortly, in case of using the Promega kit, the protocol 
was: 300 µl peritoneal liquid or organ triturate (a fragment of 2/5mm triturated with 
scissors and directly suspended in the cellular lyses solution supplied by the kit) 
were treated with 900 µl of cellular lyses solution, vortexed, incubated at room 
temperature for 10’, and centrifuged at 13500 rpm, 1 minute at room temperature; 
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the pellet was reincorporated by gentle homogenization by overturning, in 300 µl 
nuclear lyses solution, in presence of RNAse (1.5 µl), and incubated for 15 minutes 
at 37ºC; after cooling at room temperature, there were added 100 µl protein 
precipitation solution, by gently vortexing, than the supernatant obtained by 
centrifugation at 13500 rpm, for three minutes, also at room temperature, was 
transferred in an new eppendorf in which were added 300 µl isopropanol (Sigma), 
with homogenization by turning over until visible filaments of DNA appeared; the 
pellet obtained after centrifugation at 13500 rpm was washed by centrifugation 2 
minutes at 13500 rpm in 300 µl ethylic absolute alcohol (Sigma), and 
reincorporated in 100 µl of ultrapure water (Promega). The protocol of Chelex-100 
extraction was the following: small organ fragments were triturated with scissors 
and suspended in 100 µl of ultrapure water, and the eppendorf tubes in which they 
were introduced were centrifuged at 4000g for 10 minutes, at 4ºC; over the 
obtained pellets there were added 200 µl from the Chelex 5% solution, obtained in 
Tris-HCl 0.01M, pH8.0 (Sigma ); the mixtures were homogenized by vortexing and 
incubated at 56ºC, on water bath, with homogenisation at each 15 minutes; than 
the samples were boiled, 10 minutes, and than quickly cooled on ice, 3 minutes; 
the supernatants obtained by centrifugation at 13500 rpm, 10 minutes, at 4ºC, were 
transferred in other eppendorf tubes and were conserved at -20ºC, constituting the 
DNA samples. The protocol of extraction by thermal lyses was the following: small 
organ fragments were triturated with scissors and suspended in 100 µl ultra pure 
sterile water, vortexed, boiled for 10 minutes and then cooled on ice for 2 minutes; 
the supernatants obtained by centrifugation at 13500 rpm, 4ºC, for 10 minutes, 
were transferred in other eppendorfs and then conserved at -20ºC. 

The primers for elective amplification or multiplex of genes sag3, gra6, b1 
and hsp70 were designed online (Primer 3), based on the sequences registered in 
GenBank and commercially synthesized (Generi-Biotech, Czech Republic); the 
size and the sequences of the estimated amplicons are reproduced in table 1. The 
concentration of the primers in each type of reaction, the volume of the reaction 
and the cycling program applied on the thermal cycler PE GeneAmp 9600 PCR 
System (Applied Biosystem) are reproduced in table 2. 

Post-amplification control was achieved by horizontal gel-electrophoresis in 
TBE 1x, and the digitalization of the images was achieved by Easy RH system and 
the software Image 2WinPC v5.0.1 (Herolab GmbH); the calculus of the size of the 
obtained amplicons was achieved by the software UnScanIt (Silk Sci. Co. v5.1). 
 

Results and discussions 
 

The elective and multiplex amplifications results for genes b1, sag3, gra6 
and hsp70 are reproduced in figures 1 and 2. Among the protocols for extraction of 
the genetic material, only the one based on lyses and precipitation protein has 
given positive results (thermal lyses and extraction with Chelex solution were 
negative, figure 2). Our results confirm the data published by other authors 
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regarding the extraction methods for the genetic material of Toxoplasma gondii 
(Edvinsson et al. 2004, Pujol- Rique et al. 1999). Between the two variants of 
multiplex PCR, only the format b1+sag3+gra6 (the second pair of primers) + hsp70 
was positive (figure 2). 

The results obtained after the control by multiplex PCR regarding to the 
emphasizing of the protozoan’s presence in samples of experimentally infected 
mice organ, harvested at 96 hours post inoculation (p.i.) are reproduced in table 3. 
It was noticed that the protozoan colonised all the organs, except for the brain. 
Regarding to the technique that was used, the results obtained confirmed the data 
published by other authors regarding to the number of gene copies that influence 
the in vitro amplifications. 
  

Conclusions 
 

 The data of molecular and parasitological investigations obtained during 
this study concluded to the following: 
 1. The molecular studies have emphasized the presence of Toxoplasma 
gondii , at 96 hours post infection, in intestine, liver, spleen, kidneys and ascitic 
liquid, but not also in the brain. 
 2. The detection of the protozoan’s presence in organ samples by PCR 
needs chemical extraction of the genetic material and applying amplification format 
type multiprimers. 
 

Acknowledgements 
 

 This study was granted by Romanian Ministry of Agriculture and Rural 
Development, Contract 361/ 2006.  
 

References 
 

1. Brenier-Pinchart M. P., Morand-Bui V., Fricker-Hidalgo H., Equy V., 
Marlu R., Pelloux H. 2007,  Adapting a conventional PCR assay for 
Toxoplasma gondii detection to real-time quantitative PCR including a 
competitive internal control, Parasite 14 (2): 149 -154. 

2. Chiabchalard R., Wiengcharoen J. T., Sukthana Y. 2005,  Sensitivity and 
specificity of polymerase chain reaction for the detection of Toxoplasma 
gondii DNA added to laboratory samples, Southeast Asian J. Trop. Med. 
Public Health 32 (2): 408 – 411. 

3. Conraths, F. G., Schares, G., Loeffler, F. 2006, Validation of Molecular 
Diagnostic Techniques in the Parasitological Laboratory, Veterinary 
Parasitology 136: 91 - 98. 

4. Cosoroabă, I. 2005,  Parazitary Zoonosis, Ed. First, Timişoara 



LUCRĂRI ŞTIINłIFICE MEDICINĂ VETERINARĂ VOL. XLI, 2008, TIMIŞOARA 
 

 693 

5. Darabus GH., Oprescu I., Morariu S., Narcisa Mederle 2006,  Parazitology 
and parazite diseases, Ed. Mirton Timisoara 

6. Dabritz H. A., Miller M. A., Packham A. E., Rejmanek D., Leutenegger C. 
M., Gardner I. A., Atwill E. R., Patricia A.C. 2007, Experimental infection of 
Peromyscus californicus with Toxoplasma gondii, J. Parasitol. 93 (6): 1360 - 
1364.  

7. Delibas S. B., Baklar Hatice Erta, Ertug Sema 2006, Evaluation of 
Antigenic Variations Between Two Virulent Toxoplasma Strains, Journal of 
Medical Microbiology  55: 1333 - 1335. 

8. Edvinsson B., Jalal S., Nord C. E., Pedersen B. S., Evengård B. 2004, 
DNA extraction and PCR assays for detection of Toxoplasma gondii, APMSI 
112 (6): 342 - 348. 

9. Garcia J.L., Gennari S.M., Machado R.Z., Navarro I.T. 2006, Toxoplasma 
gondii: detection by mouse bioassay, histopathology, and polymerase chain 
reaction in tissues from experimentally infected pigs, Exp. Parasitol. 113 (4): 
267 – 271. 

10. Hafid J., Flori P., Raberin H., Tran Manh Sung R. 2001, Comparison of 
PCR, capture ELISA and immunoblotting for detection of Toxoplasma gondii 
in infected mice, J. Med. Microbiol. 50 (12): 1100 -1104. 

11. Hafid J, Guichard D, Flori P, Bourlet T, Raberin H, Genin C, Sung Rt 
2000, Detection of Toxoplasma gondii by polymerase chain reaction in sera 
of acutely infected mice, J. Parasitol. 86 (4): 857 – 859. 

12. Jalal s., Nord C.E., Lappalainen M., Evengård B. 2004, Rapid and 
sensitive diagnosis of Toxoplasma gondii infections by PCR, Clin. Microbiol. 
Infect.10 (10): 937-939. 

13. Kompalic-Cristo A., Frotta C., Suárez-Mutis M., Fernandes O., BRITTO 
C. 2007, Evaluation of a real-time PCR assay based on the repetitive B1 
gene for the detection of Toxoplasma gondii in human peripheral blood, 
Parasitol. Res. 101 (39: 619 – 625. 

14. Mahittikorn A., Wickert H., Sukthana Y. 2005,  Comparison of five DNA 
extraction methods and optimization of a b1 gene nested PCR (nPCR) for 
detection of Toxoplasma gondii tissue cyst in mouse brain, Southeast Asian 
J. Trop. Med. Public Health 36 (6): 1377 -1382. 

15. Nguyen T. D., De KeseL M., Bigaignon G., Hoet P., Pazzaglia G., 
Lammens M., Delmee M. 1996, Detection of Toxoplasma gondii tachyzoites 
and bradyzoites in blood, urine, and brains of infected mice,  Clin. Diagn. 
Lab. Immunol. 3 (6): 635 – 639.  

16. Piergili Fioretti D. 2004,  Problems and limitations of conventional and 
innovative methods for the diagnosis of Toxoplasmosis in humans and 
animals, Parassitologia 46 (1:2): 177 – 181. 

17. Pujol-Riqué M., Derouin F., García-Quintanilla. A., Valls M. E., Miró J. 
M., Jiménez De Anta M.T. 1999,  Design of a one-tube hemi-nested PCR for 



LUCRĂRI ŞTIINłIFICE MEDICINĂ VETERINARĂ VOL. XLI, 2008, TIMIŞOARA 
 

 694  

detection of Toxoplasma gondii and comparison of three DNA purification 
methods, J. Med. Microbiol. 48 (9): 857 – 862. 

18. Reischl U., Bretagne S., Krüger D., Ernault P., Costa J. M. 2003, 
Comparison of two DNA targets for the diagnosis of Toxoplasmosis by real-
time PCR using fluorescence resonance energy transfer hybridization 
probes, BMC Infect. Dis. 2 (3): 7. 

19. Salant H., Markovici A., Spira D. T., Hamburger J. 2007, The 
Development of a Molecular Approach for Coprodiagnosis of Toxoplasma 
gondii, Veterinary Parasitology 146: 214 - 220. 

20. Schwab K. J., Mc Devitt J. J. 2003 Development of PCR- Enzyme  
Immunoassay Oligoprobe Detection Method for Toxoplasma gondii Oocysts, 
Incorporating PCR Controls, Applied and Environmental Microbiology 69 
(10): 5819 - 5825. 

21. Smielewska-Loś E. 2003, Comparison of various primer sets for detection 
of Toxoplasma gondii by polymerase chain reaction in fetal tissues from 
naturally aborted foxes, Pol. J. Vet. Sci. 6 (3): 229 – 234. 

22. Switaj K., Master A., Skrzypczak M., Zaborowski P. 2005, Recent trends 
in molecular diagnostics for Toxoplasma gondii infections, Clin Microbiol 
Infect 11: 170 -176. 

23. Terra M. A., Bello A. R., Bastos O. M., Amendoeira M. R., Coelho J. M., 
Ferreira L. F., Araújo A. 2004,  Detection of Toxoplasma gondii DNA by 
polymerase chain reaction in experimentally desiccated tissues, Mem. Inst. 
Oswaldo Cruz, 99 (2): 185 – 188.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



LUCRĂRI ŞTIINłIFICE MEDICINĂ VETERINARĂ VOL. XLI, 2008, TIMIŞOARA 
 

 695 

 



LUCRĂRI ŞTIINłIFICE MEDICINĂ VETERINARĂ VOL. XLI, 2008, TIMIŞOARA 
 

 696  

Table 2  
Cycling programs used during this study 

Primers concentration 
(pmole) No. 

crt 
Gene Primers 

PCR 
elective 

Multiplex 
PCR 

Amplicon 
(bp) 

Program 
Thermal 
cycler 

Volume  / 
reaction 

mix 

Tg-SAG3-F 50 20 
1. sag3 

Tg-SAG3-R 50 20 240 

Tg-GRA6-F1 50 - 
2. gra6 

Tg-GRA6-R1 50 - 
156 

Tg-GRA6-F2 50 20 3. gra6 Tg-GRA6-R2 50 20 700 

Tg-B1-F 50 20 4. B1 
Tg-B1-R 50 20 

199 

Tg-hsp70-F 50 20 
5. hsp70 Tg-hsp70-R 50 20 566 

94oC,5 min – 
2x; 94oC, 1 min 
+ 55oC, 1,5 min 
+ 72oC, 2.5 min 
– 30x; 72oC, 10 
min – 1x; 4oC - 

forever 

PE GeneAmp 
PCR 9600 
System, 
Applied 

Biosystem 

25 ul / 
PuRe Taq 
Ready to 
Go PCR 

Beads, GE 
Healthcare 

 
Table 3  

Toxoplasma gondii RH.  Results obtained in screening by multiplex PCR on 
experimental infected mice organ samples, harvested at 96 hours post-

infection. 
Gene / amplicon (bp) No. 

crt. 
Organ sample 

sag3 / 240 gra6 / 700 B1 / 199 hsp70 / 566 
1. Kidney - - - + 
2. Spleen + - + + 
3. Intestine - - + + 
4. Liver + - + + 
5. Brain - - - - 
6.  Ascitic liquid + + + + 
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Fig. 1. Toxoplasma gondii RH. PCR elective for genes sag3, gar6, B1 si hsp70 with primers 
designed  during this study. DNA sample extracted from  peritoneal liquid from experimental 

infected mice, by using Promega A1120 kit. PuRe Taq Ready to Go PCR beads, GE 
Healthcare 27-9557-01. PE GeneAmp PCR System 9600, Applied Biosystem. Primers 50 

pmole,Tm 55oC. Gel-electrophoresis TBE1.5x. Image digitalization Easy RH, Herolab GmbH 
Laborgerete, and Image2WinPC v5.0.1, Herolab GmbH. Calculus size of amplicons: 

UnScanIt v5.1, Silk Sci Co. Line 1: PCR for gene Sag3 (amplicon 240 bp, concordant with 
the  estimated one but also a weak, non specific amplicon); line 2: PCR for gene gra6 

(amplicon 156 bp); line 3: PCR for gene Gar6 (amplicon 700 bp, in concordance with  the 
estimated one, but and other amplicons with smaller size, non specific); line 4: PCR for gene 
B1 (amplicon 199 bp, in concordance with the one estimated virtual, but other non specific 
amplicons also); line 5: PCR for gene Hsp70 (amplicon 566 bp, but and other non specific 

amplicons with smaller size); line 6: DNA Standard: PCR Marker (Sigma P9577). 
 

 
Fig. 2. Toxoplasma gondii RH. PCR elective for hsp70 (lines 1-5) and multiplex PCR (line 6: 

mix I: sag3 + gra6/1 + B1 + hsp70; line 7: mix II: sag3+gra6/2+B1+hsp70). DNA samples 
extracted from organs (kidneys, spleen, liver, brain and peritoneal liquid) of experimentally 

infected mice, by thermal lyses and by using the kit Promega A1120, in case of ascites 
liquid. Line 1: kidneys; line 2: spleen; line 3: liver; line 4: brain; line 5:ascites liquid; line 6: 
ascites liquid; line 7: ascites liquid; line 8: DNA Standard: PCR Marker (Sigma P9577). 
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Fig. 3. Toxoplasma gondii RH. Multiplex PCR (mix II: sag3+gra6/2+B1+hsp70). DNA 

samples extracted from experimentally infected mice organs ( kidneys, spleen, liver, brain 
and peritoneal liquid) by using the kit Promega A1120. Line 1: kidneys; line 2: spleen; line 3: 
intestine; line 4: liver; line 5: brain; line 6: ascites liquid; line 7:DNA Standard: PCR Marker 

(Sigma P9577). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


