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Spontaneous stage differentiation of mouse-virulent Toxoplasma gondii 
RH parasites in skeletal muscle cells: an ultrastructural evaluation
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Although the predilection for Toxoplasma gondii to form cysts in the nervous system and skeletal and heart 
muscles has been described for more than fifty years, skeletal muscle cells (SkMCs) have not been explored as a host 
cell type to study the Toxoplasma-host cell interaction and investigate the intracellular development of the parasite. 
Morphological aspects of the initial events in the Toxoplasma-SkMC interaction were analysed and suggest that 
there are different processes of protozoan adhesion and invasion and of the subsequent fate of the parasite inside the 
parasitophorous vacuole (PV). Using scanning electron microscopy, Toxoplasma tachyzoites from the mouse-viru-
lent RH strain were found to be attached to SkMCs by the anterior or posterior region of the body, with or without 
expansion of the SkMC membrane. This suggests that different types of parasite internalization occurred. Asynchro-
nous multiplication and differentiation of T. gondii were observed. Importantly, intracellular parasites were seen to 
display high amounts of amylopectin granules in their cytoplasm, indicating that tachyzoites of the RH strain were 
able to differentiate spontaneously into bradyzoites in SkMCs. This stage conversion occurred in approximately 3% 
of the PVs. This is particularly intriguing as tachyzoites of virulent Toxoplasma strains are not thought to be prone 
to cyst formation. We discuss whether biological differences in host cells are crucial to Toxoplasma stage conversion 
and suggest that important questions concerning the host cell type and its relevance in Toxoplasma differentiation 
are still unanswered.
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Toxoplasma gondii is an obligate intracellular para-
site that exists in two stages in the host: tachyzoites and 
bradyzoites. The tachyzoites replicate rapidly, are pres-
ent in the acute infection and can infect any eukaryotic 
cell. The bradyzoites replicate slowly and forms tissue 
cysts primarily in the brain and in muscle cells during 
latent infections (Dubey et al. 1998).

Even 100 years after Toxoplasma was initially de-
scribed, there is still some disagreement regarding 
whether the type of host cell is critical for cyst forma-
tion. Some studies suggest that the choice of cell type 
does not appear to have a large effect on the tachyzoite-
bradyzoite conversion or on cyst-forming ability (Lind-
say et al. 1991), while others propose that some host cell 
types may provide the optimal metabolic environment 
for cyst development (Jones et al. 1986, Radke et al. 
2006, Ferreira-da-Silva et al. 2008a). 

Little information exists on the host cell type of the 
cyst stage in humans. The understanding of the intracel-
lular fate of T. gondii, especially during the tachyzoite-
bradyzoite conversion, and the cystogenesis process is 
limited to the context of in vitro studies. Unfortunately, 
the cellular models employed in the majority of stage 
conversion investigations are not cells involved in the 
development of toxoplasmosis in vivo. The easy han-
dling and maintenance of the cells and their availability 
were and still are the main concerns that led scientists to 
invest in in vitro cell lines (McHugh et al. 1994). 

Our group has used primary cultures of skeletal mus-
cle cells (SkMCs) as a cellular model for experimental 
toxoplasmosis studies of (i) the molecular events of the 
parasite-host cell interaction, (ii) the formation of the 
parasitophorous vacuole (PV) and (iii) the intracellular 
fate of parasites (Monteiro-Leal et al. 1998, Andrade et 
al. 1999, 2001, Barbosa et al. 1999, 2005, Ferreira-da-
Silva et al. 2008a, Guimarães et al. 2008). This proposal 
aims to explore the use of SkMCs for the analysis of the 
early and late events of Toxoplasma interaction with its 
host cell.  

MATERIALS AND METHODS

The procedures were performed in accordance with 
the guidelines established by the Colégio Brasileiro de 
Experimentação Animal, by the Fundação Oswaldo 
Cruz-Fiocruz Committee of Ethical for the Use of Ani-
mals (license CEUA 0229-04) and by the Guidelines on 
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the Care and Use of Animals for Experimental Purposes 
and Infectious Agents.

Culture of primary SkMCs - SkMCs were obtained 
from the thigh muscles of 18-day-old mouse embryos. 
The tissues were minced and incubated for 7 min with 
0.05% trypsin and 0.01% versene diluted in phosphate-
buffered saline (PBS), pH 7.2. After 5-8 dissociation 
steps, enzyme digestion was stopped by adding 10% 
foetal bovine serum. The cellular suspension was centri-
fuged for 7 min at 650 g and resuspended in Dulbecco’s 
modified Eagle medium (DMEM) supplemented with 
10% horse serum, 5% foetal calf serum, 2% chick em-
bryo extract, 1 mM L-glutamine, 1,000 U/mL penicillin 
and 50 µg/mL streptomycin. The cells then were incu-
bated for 30 min at 37°C in a 5% CO2 atmosphere. After 
incubation, the culture flask was gently shaken to release 
the non-attached cells and the supernatant enriched with 
myoblasts was seeded in 0.02% gelatine-treated 35 mm-
culture plates (for electron microscopy studies). The cul-
tures were incubated at 37°C in a 5% CO2 atmosphere 
and the medium was replaced every two days. The cul-
ture was maintained for three-five days to obtain muscle 
fibres (Barbosa et al. 2000).

Parasite isolation - Tachyzoites from the mouse-vir-
ulent type I RH strain of T. gondii were maintained by 
intraperitoneal passaging in female Swiss mice. The par-
asites were collected 72 h after infection in PBS, pH 7.2. 
The suspension obtained from infected mice was centri-
fuged at 200 g for 10 min at rt to completely remove cells 
and debris. The supernatant, which contained only the 
parasites, was collected and centrifuged at 1,000 g for 10 
min. The resulting pellet was washed two or three times 
with PBS, pH 7.2, resuspended in DMEM and used in 
the interaction assays. SkMCs were infected with T. gon-
dii tachyzoites at a parasite to host cell ratio of 5:1. 

Scanning electron microscopy (SEM) - SkMCs were 
infected with a T. gondii tachyzoites RH strain (5:1 para-
site-host cell ratio) for periods of 15 min-4 h at 37°C in a 
5% CO2 atmosphere. After this period, cells were fixed 
for 30 min at rt in 2.5% glutaraldehyde (GA) diluted in 
0.1 M Na-cacodylate buffer. After washing in the same 
buffer, the cells were post-fixed for 30 min at rt in 1% 
osmium tetroxide (OsO4). The resulting material, after 
washing in buffer, was then dehydrated using an ascend-
ing acetone series, dried by the critical point method with 
CO2, mounted with silver cellotape on aluminium stubs 
and coated with a 20 nm-thick layer of gold. The samples 
were examined with a Zeiss DSM 940 microscope.

Transmission electron microscopy (TEM) - SkMCs 
were infected with T. gondii tachyzoites (5:1 parasite-
host cell ratio) and incubated at 37°C in a 5% CO2 atmo-
sphere. After different periods of infection (1, 18 and 48 
h), the cell cultures were washed three times for 10 min 
with PBS and fixed for 1 h at 4°C in 2.5% GA diluted 
in 0.1 M Na-cacodylate buffer containing 3.5% sucrose 
and 2.5 mM CaCl2, pH 7.2. After fixation, the cells were 
washed in the same buffer and then post-fixed for 30 min 
at rt in 1% OsO4 diluted in 0.1 M Na-cacodylate buffer. 
The cells were then washed in the same buffer, scraped 

at 4°C from the plastic dish and centrifuged for 5 min 
at 10,000 g. Next, the cells were dehydrated in graded 
acetone and embedded in Epoxy resin. Thin sections 
were stained with uranyl acetate and lead citrate and ex-
amined under a Zeiss EM10C TEM. The percentage of 
bradyzoite-containing PVs was determined by counting 
at least 100 randomly selected PVs in thin sections.

RESULTS

Ultrastructural analysis by SEM showed highly dif-
ferentiated SkMCs that displayed a typical fusiform 
shape (Fig. 1). Early in the myotube host-pathogen inter-
action, Toxoplasma tachyzoites were seen in close con-
tact with the SkMCs, sometimes by the anterior (apical 
portion) or posterior region of their bodies (Figs 1, 2A). 
The images obtained during the interaction between T. 
gondii and SkMCs indicated three different invasion 
mechanisms: (i) active penetration, where the apical part 
of the parasite (specifically the conoid region) clearly de-
picted a torsion of the parasite’s body, as visualized by the 
subpellicular microtubule arrangement (Figs 1, 2A), (ii) 
phagocytosis, where the muscle cell engulfs the parasite 
(Fig. 2A) and (iii) expansion of the host cell membrane as 
a tunnel-like structure, as previously observed by Mac- 
Laren et al. (2004) (Fig. 2B). Examination of ultrathin 
sections confirmed these two last events, showing the 
engulfment of a T. gondii tachyzoite (Fig. 3). 

Analysis of later events of tachyzoite development in 
SkMCs revealed developing intracellular parasites within 
PV and muscle cells that displayed the typical striation 
characteristics of myofibres (Fig. 4). Ultrastructural stud-
ies of SkMC cultures infected with tachyzoites revealed 
typical bradyzoite forms within PVs, as identified by their 
large amount of amylopectin granules in the cytoplasm, 
after 18 h (Figs 5, 6). Each single parasite was observed to 
be isolated in one vacuole, without apparent signs of cellu-
lar division (Figs 5, 6). Some cells presented two PVs, one 
containing bradyzoite forms and the other tachyzoites, 
demonstrating that a non-synchronized process occurs 
during this conversion (Figs 6, 7). Fig. 7 shows another 
aspect of this asynchrony after 24 h of interaction, as il-
lustrated by three vacuoles that display a bradyzoite form, 
four tachyzoites and one tachyzoite, respectively. 

Fig. 1: scanning electron microscopy showing the interaction of Toxo-
plasma gondii tachyzoites with skeletal muscle cells after 30 min of 
interaction. Highly differentiated muscle cell displaying the typical 
fusiform shape. Tachyzoites (T) are seen adhered to the cell surface 
by the apical portion. Note that the tachyzoite at the right side of the 
micrograph (*) shows clearly torsion of its body, observing its subpel-
licular microtubules disposed in counter-clockwise direction. Inter-
action between host cell filopodium and parasite at the left side are 
seen. Bar = 1 µm.
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Fig. 2A: tachyzoites (T) of Toxoplasma gondii and skeletal muscle cell 
by scanning electron microscopy. Several parasites are attached to the 
host cell surface; B: note that the membrane of the host cell partially 
covers the parasite (arrow) after 30 min of interaction, suggesting that 
the tachyzoite is being phagocyted by the skeletal muscle cell. Bar = 
0.5 µm.

Fig. 3: tachyzoites of Toxoplasma gondii and skeletal muscle cell seen 
by transmission electron microscopy. SkMC emitting pseudopode 
(arrow) toward the parasite (P) after 1 h of interaction. N: nuclei. Bar 
= 0.5 µm.

Fig. 4: ultrastructural image showing a parasitophorous vacuole 
containing one single tachyzoite of Toxoplasma in SkMC after 18 h 
of infection. Longitudinal thin section displaying the typical mi-
crofilaments organization in the muscle fibers (arrow). N: nuclei;  
T: tachyzoite.

Analysis of infected cells after 48 h of interaction 
revealed several parasites within the PV, in a classic pro-
cess of cellular division by endodyogeny (Fig. 8). Transi-
tory forms were observed in this PV, where some para-
sites had an accumulation of amylopectin granules at the 
posterior region of the body, indicative of tachyzoite-bra-
dyzoite conversion. Quantitative ultrastructural analysis 
showed that the conversion of the T. gondii tachyzoites 
into bradyzoites occurred in 3% of the PVs.

DISCUSSION

In the present study, we investigated the interaction 
between Toxoplasma tachyzoites and SkMCs in vitro. 
SkMCs are a host cell type known to be an important 
target cell for this parasite and are where tissue cysts are 
commonly formed. 

Toxoplasma does not have specialized organelles 
for motility, such as cilia or flagella, yet they are able to 
move along surfaces by gliding and actively invade host 
cells by a microfilament-based motility mechanism (La-
liberté & Carruthers 2008). High-resolution SEM has 
shown three distinct processes of T. gondii tachyzoite 
penetration into neutrophils, including formation of sur-
face projections of the host cell, depression of the host 

Figs 5, 6: ultrastructural aspects displaying SkMC after 18 h of in-
fection with tachyzoites. Both figures show typical bradyzoites (B) 
identified by their great amount of amylopectin granules (AG) in their 
cytoplasm and, in the fig. 6, another vacuole containing tachyzoites 
(T). PV: parasitophorous vacuole. Bar = 0.5 µm.

cell surface and also a tunnel-like structure formed by a 
special projection of the host cell (MacLaren et al. 2004). 
Our analysis of the initial association of T. gondii with 
highly differentiated SkMC cultures revealed that these 
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events also occurred during parasite attachment and the 
invasion process into SkMCs. The active invasion by T. 
gondii into host cells has been well established, but other 
mechanisms involving active participation of the host 
cell have also been suggested (reviewed in De Souza 
2009). Further studies are required to resolve these other 
molecular mechanisms and to unravel their impact on 
the parasite-host interaction.

TEM examination of the interaction between SkMCs 
and a mouse-virulent (RH) T. gondii strain revealed 

a spontaneous conversion of the T. gondii from the 
tachyzoite stage to the bradyzoite stage. This is intrigu-
ing because mouse-virulent strains of T. gondii, includ-
ing the RH strain, are not associated with cyst formation. 
Instead, these parasites rapidly multiplied and lysed host 
cells in previous experiments performed under standard 
conditions, i.e., at physiological temperature and pH and 
in the absence of drugs or any other hostile treatment 
(De Champs et al. 1997, Ferreira-da-Silva et al. 2008a). 
However, under stress conditions, i.e., at pH 8.0, the RH 
strain was able to form cysts that were surrounded by 
a 0.5-1-micron irregular wall and contained bradyzoites 
(De Champs et al. 1997). In addition, RH cystogenesis 
also occurred in non-immunized Fischer rats and led to 
a concomitant attenuation of RH pathogenicity in non-
immunized mice (Lecomte et al. 1992). Importantly, we 
now provide ultrastructural evidence that RH parasites 
are also able to differentiate spontaneously into brady-
zoites in SkMCs. These data are in agreement with the 
spontaneous conversion observed by our group after 
using tachyzoites of the mouse-avirulent NTE strain to 
infect primary SkMCs (Ferreira-da-Silva et al. 2008b) 
and a L6.C10 myoblast cell line (Ferreira-da-Silva et al. 
2008a). In a comparative study using fibroblasts and 
SkMCs, we found evidence that the cell type may be 
critical for the relative level of T. gondii stage conversion 
(Ferreira-da-Silva et al. 2008b). It remains unclear why 
and under which conditions tachyzoites of some strains 
are able to differentiate in cell culture in the absence of 
any obvious inductive agents (Bohne et al. 1993, Soête 
et al. 1993, Lindsay et al. 1998). This is especially true 
for the RH strain that is considered less cystogenic than 
mouse-avirulent Toxoplasma strains. Understanding this 
process could help in designing new chemotherapeutic 
agents that act before the formation of tissue cysts.  

One of the major questions in the field is whether 
spontaneous or induced stage conversion leads to or 
supports the intracellular development of the parasite 
(Dubey et al. 1998, Ferreira-da-Silva et al. 2008a, b). In 
addition, there is little information regarding the mech-
anisms of tissue cyst formation or how this correlates 
with the cell type in which the parasites develop and 
cause infection (Dubey et al. 1998). These issues are of 
particular importance as this may influence the mainte-
nance of the tissue cyst in the host and may also provide 
knowledge concerning the route of parasite transmission 
via consumption of raw or undercooked meat containing 
Toxoplasma. Toxoplasma has been known to form cysts 
in the nervous system and skeletal and heart muscles for 
almost 50 years (Jacobs 1967). A key morphological dif-
ference between tachyzoites and bradyzoites, and their 
relative intracellular development, is the generation of a 
cyst wall. Bradyzoites are slowly multiplying organisms 
and often live inside their host cells for months or years. 
Bradyzoites accumulate amylopectin, a form of glyco-
gen that serves as an energy source, in their cytoplasm 
(Gross et al. 1995, Sasono & Smith 1998, Guimarães 
et al. 2003). This accumulation serves as an excellent 
morphological characteristic that can be used to study 
T. gondii conversion and cystogenesis in vitro. Our find-
ings of tachyzoites and bradyzoites in the same host cell 

Fig. 7: ultrastructural analysis showing intracellular Toxoplasma gon-
dii after 24 h of interaction with SkMC. The parasites are seen sur-
rounded by a membrane of a typical parasitophorous vacuole (PV) 
containing a bradyzoite (B) and other vacuoles with tachyzoites (T). 
Profiles of the endoplasmatic reticulum (thin arrow) and mitochon-
dria (large arrow) are associated with the membrane of the vacuole.  
Bar = 0.5 µm.

Fig. 8: transmission electron microscopy of SkMC after 48 h of in-
fection with Toxoplasma gondii tachyzoites. Parasites (P) in process 
of cellular division (endodyogeny) can be observed. The PV con-
tains bradyzoites (B) with some amylopectin granules together with 
tachyzoites (T) confirming that transitory forms can be found in the 
same PV. Bar = 0.5 µm.  
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indicate that the conversion process is non-synchronized 
and confirm the results of a previous study in which mac-
rophages were used as host cells (Bohne et al. 1993). 

From the above remarks, a question remains unan-
swered: does the host cell type determine the intracel-
lular fate of the parasite? The cause of tissue cyst for-
mation in different organ systems and tissues is still 
unclear. Are neural and muscle cells more susceptible 
to this parasite than other cell types? Previous studies of 
T. gondii infection have used cell lines and tumour cells 
that are not usually present in the natural in vivo infec-
tion process during toxoplasmosis. Can the information 
on the cellular and molecular mechanisms of T. gondii 
invasion and its intracellular fate obtained in these stud-
ies be universally applied? Do physiological differences 
of host cells control the pathogenic mechanism(s) of T. 
gondii? Are there other factors, such as nutrient acquisi-
tion, local immunity or defence mechanisms, which in-
fluence the ability of the parasite to encyst? 
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