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ABSTRACT
Toxoplasma gondii multiplies within parasitophorous vacuole that is not recognized by the primary no
oxidative defense of host cells, mainly represented by the fusion with acidic organelles. Recent studies
have already shown that hydroxyurea arrested the intracellular parasites leading to its destruction. In the
present work we investigated the cellular mechanism involved in the destruction of intracEkdplasma
gondii. Fluorescent vital stains were used in order to observe possible acidification of parasitophorous
vacuole-containingioxoplasma gondii in presence of hydroxyurea. Vero cells infected with tachyzoites
were treated with hydroxyurea for 12, 24 or 48 hours. Fluorescence, indicative of acidification, was observed
in the parasitophorous vacuole when the cultures were incubated in presence of acridinelomTgacker
red was used in order to determine whether lysosomes were involved in the acidification process. An intense
fluorescence was observed after 12 and 24 hours of incubation with hydroxyurea, achieving it is highly
intensity after 48 hours of treatment. Ultrastructural cytochemistry for localization of the acid phosphatase
lysosomal enzyme was realized. Treated infected cultures showed reaction product in vesicles fusing with
vacuole or associated with intravacuolar parasites. These results suggest that fusion with lysosomes and
acidification of parasitophorous vacuole leads to parasites destruction in the presence pf hydroxyurea.
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INTRODUCTION Intracellular vacuoles usually undergo fusion with

L . acidic organelles as lysosomes and endosomes,
Toxoplasma gondii is a cosmopolitan protozoan . e . . _
. . . o leading to acidification and digestion of intrava-
parasite able to invade and replicate within nucle- . .
..cuolar materials (Tjeiie et al. 2000). The lysosome
ated cells of vertebrates (Tenter et al. 2000, Hill_ _ ) . o
S . fusion with vacuoles also is the primary no oxidative
and Dubey 2002). Following invasion of host cells o
; : . defense of the host cells against intracellular para-
the infective form ofToxoplasma gondii — tachy-

. . - sites (Kornfeld and Mellman 1989). However, PV
zoites — resides within membrane-bound vacuoles

. . containingT. gondii avoids fusion with acidic or-
known as parasitophorous vacuole (PV) (Sibley et g'-g

o . I I Hirsch
al. 1985, Sinai and Joiner 1997, Beyer et al. 2002).gane es as ys.osomes and endosomes (_ irsch and
Jones 1972, Finlay and Falkow 1989, Joiner et al.

1990, Sibley 1993) and this characteristic is respon-
Correspondence to: E.J.T. Melo . . . .
E-mail: ejtm@uent.br sible for the intracellular survival of the parasite.
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Early studies showed that intravacuolar parasites aSELL-PARASITE INTERACTION

T. gondii are eliminated of host cells in PrESENCE parasites suspended in medium 199 were incubated
of hydroxyurea (Melo et al. 2000, Melo and Beiral for 2h in the presence of Vero cells using a 5:1

2003). In the present study we showed the cellular ;oo _host cell ratio. After that, the cells were

mechanism .i.nvolved in the 'eliminat'ion of ir.ltracel- washed twice with PBS to remove extracellular
lular T. gondii. Understanding the interactions of parasites and incubated for 24 hours atGn
this vacuole with the host cell is important, since 5% CO»

they are one of the keys to successful intracellular
parasitism. HYDROXYUREA

Stock solution of Hydroxyurea (Merck Chemical
Co.) was dissolved in PBS at concentration of 4M.
MATERIALSAND METHODS The hydroxyurea (HU) solution was dissolved in
medium 199 with 5% fetal calf serum at concen-
tration of 4mM as described by Melo et al. (2000).
Tachyzoites from the virulent RH strain @bxo-  This solution was used in same day. Hydroxyurea
plasma gondii were maintained by intraperitoneal was added in the infected Vero cells for 12, 24 and
passages in Swiss mice and were collected irff8 hours. After that, the cultures were processed
Ringer’s solution at pH 7.2, 48 hours after infection. to light and transmission electron microscopy as
The collected fluid was centrifuged at 200g for 10 described below.
minutes at room temperature to remove cells and
. . .. LIGHT MICROSCOPY
debris. The supernatant containing the parasites
was centrifuged at 1,000g for 10 minutes. The pe|_The cultures were washed three times with PBS,
let obtained was washed twice with phosphatefiXEd with Bouin’s solution, and stained with
buffered saline solution (PBS), pH 7.2, and resusGiemsa. All preparations were examined using
pended to a density of I(arasites/ml in medium Z€iss AXIOPLAN photomicroscope equipped with
199 without fetal calf serum (FCS). The parasitesobjective 63x.
were used within 30 minutes after removal from
) ) o LASER SCAN CONFOCAL FLUORESCENCE
infected animals, and the viability was evaluated,vIICROSCOPY
using a dye-exclusion test with Trypan blue.

PARASITES

In order to observe acidic compartments infected
cultures were incubated with acridine orange
(Sigma Chemical Co.) or Lyso-tracker red (Molec-

ular Probes, Inc.) — the lysosomes specific probe.
Vero cells (kidney fibroblast of African green Acridine orange (pg/ml) was added to the me-

monkey) were maintained in Falcon plastic flasks,dium 199 without FCS and added to the cultures
in medium 199 supplemented with 5% fetal calf for 30min at 37C, as previously described by

serum (FCS) and passed by trypsinization wherKielian and Cohn (1980). The cultures were washed
the cell density approached a confluent monolayermwith medium 199 and the cells were examined at
One day before being used in the experimentsa Zeiss Confocal Laser Scan Microscope (CLSM),
approximately 2« 10* Vero cells were placed on using an argon laser 488nm or 543nm. Lyso-tracker
24-well tissue cultures plates that contained a rounded (50nM) was added in the medium 199 without
sterile coverslip, or were plated into flasks 25%cm FCS and added to the cultures for 30 minutes, at
(3-5x 1P cells/flasks) and maintained at®7  37°C. Then the culture was washed in medium 199
overnight in 5% CQ. without FCS and observed in confocal microscopy

HosTCELL
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Fig. 1 — Giemsa-stained Vero cells infected with tachyzoite3.ajondii for 24h (fig. 1a).
Parasites with crescent-shaped multiplies inside parasitophorous vacuole (V). During incubation
for 12h (fig. 1b), 24h (fig. 1c) or 48h (fig. 1d) with hydroxyurea, tachyzoites had undergone
drastic morphological alterations while host cell were not affected. Tachyzoytes: arrow; Host
cell: arrowhead; Parasitophorous vacuole: V; Nucleus: N; Nucleolus: n. Ran. 7

using an argon laser 543nm. Photographs wereontaining 2mM CeGl, 5% sucrose and 0.05M
taken from the monitor on Tri-X (ASA 100) film Tris-maleate buffer (pH 5.0). Thereafter, the cells
using the automatic exposure control of the Zeissvere incubated at 3T for 60 minutes in medium
camera. Tri- X film was developed for 5 minutes containing 2mM CeG, 7mM Na--glycerophos-

in Kodak HC 110 (dilution B). phate, 5% sucrose and 0.05M Tris-maleate buffer
(pH 5.0). Control cells were incubated in medium
in the absence of the substrate.

Infected Vero cells cultivated as described above  After incubation, the cells were rinsed in ca-
were incubated with hydroxyurea. For detectioncodylate buffer, re-fixed in a solution containing
of acid phosphatase activity (Robinson and Kar-4% paraformaldehyde and 1% glutaraldehyde in
novsky 1983) the cells were fixed for 30 min at cacodylate buffer (pH 7.2) for 1h at 32, post-
4°C in 1% glutaraldehyde with 0.1M cacodylate fixed with osmium tetroxide, dehydrated in acetone
buffer (pH 7.2). They were rinsed in buffer and and embedded in Epon. Thin sections not stained
pre-incubated at 3T for 30 minutes in medium with uranyl acetate and lead citrate. The sections

TRANSMISSIONELECTRON MICROSCOPY
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were observed with Zeiss 900 electron microscopethe Rhodamine-like spectrum as positive indicative
at 50 KV. of acidification (Fig. 2c, arrowhead) and the Fluo-
rescein-like spectrum as indicative of the neutral
pH of the PV (Fig. 2d).
In order to determine whether lysosomes
Cultures of Vero cells were initially allowed to were involved with acidification of PV containing
interact with tachyzoites of. gondii for 24h at parasites in the presence of HU, LysoTracker red
37°C. Under these conditions, most of the cells— a specific lysosome probe — was used (Fig. 3).
were infected with tachyzoites @t gondii. After  Untreated host cells infected or not with gondii
this 24h period, some of these cultures were treatedhowed punctual fluorescence indicative of lyso-
with 4mM of hydroxyurea for 12h, 24h or 48h. Mor- somes dispersed throughout the cytoplasm (Fig. 3a,
phological aspects of parasites included crescents arrow). As observed with acridine orange, intra-
shaped cells with aboutuén long and 2m wide  vacuolar parasites were notlabeled (data not shown).
(Fig. 1a — arrow). The incubation of the infected However, progressive fluorescence patterns were
cultures with hydroxyurea for 12h (Fig. 1b) led to observed after incubation of HU for 12 (Fig. 3c, d
drastic morphological alterations on the intravacuo— arrow) and 24h (Fig. 3e, f — arrow), where the
lar parasites. After 24h (Fig. 1c) and 48h (Fig. 1d)intravacuolar medium and parasites became fluo-
of drug incubation parasites were totally disorga-rescent. The most intense fluorescence was ob-
nized. However, the host cell was no affectedserved in the PV of cultures treated for 48h (Fig.
(Fig. 1b, ¢ — arrowhead) and normal nucleus and3g —arrow) where a large number of lysosomes was
nucleolus were observed (Fig. 1b, d — N, n). Theobserved in the cytoplasm (Fig. 3g, h — arrowhead).
progressive destruction of intracellular parasites The possibility of the acidic phosphatase ac-
resulted in decrease of parasitophorous vacuolévity during tachyzoites elimination in the presence
volume (Fig. 1c, d - V). of HU was also tested by using ultrastructural cy-
In order to analyze if the destruction of tochemistry (Fig. 4). After 12h of drug incubation
tachyzoites involved vacuole acidification, the cul-the reaction product, indicative of phosphatase
tures were incubated with fluorescent stain acri-presence, was observed in the cytoplasm (Fig. 4a
dine orange (Fig. 2). In untreated infected cells— arrowhead) and within PV (Fig. 4a — inset). Af-
(Fig. 2a, b), an intense fluorescence was observeter 24h in presence of HU the reaction product was
around PV (Fig. 2a — arrow) and dispersed in theobserved on the parasite surface (Fig. 4b — arrow)
cytoplasm of host cell (Fig. 2a — arrowhead); how-and 48h after drug incubation, the reaction product
ever, no fluorescence signal was observed insidevas associated with disrupted intravacuolar parasite
PV. After incubation of HU for 12h (data not (Fig. 4c — arrow).
shown) and 24h (Figs. 2c, d, e), acidification of These results suggested that in the presence
PV containingT. gondii was observed as showed of HU Vero cells promote acidification of PV-con-
by the fluorescence pattern of acridine orangedaining tachyzoites leading to lysosome fusion with
(Fig. 2c, 2d, arrowhead). An intense fluorescenceP?V and discharge of phosphatase enzymes into
was also observed inside PV after 48h (data notumen of this vacuole.
shown). The advantage of using acridine orange
probe is the possibility of two-fluorescence spec-
trum emission in acidic medium as demonstrated
by Kielian and Cohn (1980). Therefore, in the During and after invasion of the host cellpxo-
treated host cells, acidic compartments and P\plasma gondii secretes several compounds that lead
containing parasites emitted distinct wavelengthsto changes in the biochemical nature of the vacuole

RESULTS

DISCUSSION
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Fig. 2 — Confocal laser scanning microscopy of infected cells in the presence of Acridine OraggaljSor 30min. Infected cells

did not show fluorescence inside PV containing parasites (fig. 2a, b-V). In the presence of hydroxyurea for 24h (fig. 2c-e), fluorescence
was observed inside PV containing disorganized parasites (fig. 2e — arrowhead). The fluorescence was indicative of acidification
(Rhodomine spectrum, fig. 2c) or indicative of the neutral pH of the PV (Fluorescein spectrum. Fig. 2d). Parasitophorous vacuole: V,

Nucleus: N; Tachyzoytes: T. Barun.
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Fig. 3 — Confocal laser scanning microscopy of infected in the presentgsofTracker red (50nm) for 30 minutes. Punctual
fluorescence could be observed at the cytoplasm in untreated host cell (fig. 3a, b — arrowhead). However, a progressive fluorescence
inside PV containing tachyzoites was observed after incubation for 12h (fig. 3c, d — arrow), 24h (fig. 3e, f — arrow) or 48h (fig. 3g, h

—arrow) in presence of HU as indicative PV-lysosomes fusion. Tachyzoytes: T; Nucleus: N; Parasitophorous vacuole;vhBar: 5
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Fig. 4 — Transmission electron microscopy of Vero cells subjected to the acidic phosphatase technique. In the presence of hydroxyurea
for 12h, infected cells showed reaction product in cytoplasm (fig. 4a — arrowhead) or in the vesicle fusing with PV (fig. 4a, inset —
arrow). After 24h of incubation with the drug the reaction product could be observed on parasite surface (fig. 4b —arrow) or associates
with disrupted parasites (fig. 4c —arrow) when the infected cells were incubated for 48h. Tachyzoites: T; Parasitophorous vacuole: V,

Nucleus: N. Figure 4a = x7000; inset = x12000; Figure 4b = x12000; Figure 4c = x20000.
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membrane where it resides, called parasitophoroualso demonstrated that vesicles containing acidic
vacuole (PV). Protected in an intravacuolar spacesnzymes were competence to fuse with PV-contai-
tachyzoites multiply until rupture of the host cell. ning tachyzoites in presence of HU suggesting that
Vacuole-lysosome membrane fusion is a highly reg-the lost of parasite features to avoid the PV-acidic
ulated event that is essential for intracellular killing vesicles fusion. Thus, the multiplication interrup-
of microorganisms. tion and elimination of intracellular parasites was

The pioneering studies of Hirsch and Jonespossible in the presence of HU, resulting in lyso-
(1972) demonstrated that replicating parasites insomes vacuole-fusion.
ternalized by macrophages were in vacuole did not  Although parasitophorous vacuole containing
fuse with thorotrast-loaded lysosomes. Sibley et alviableT. gondii have been shown to resist to fusion
(1985) complementing Jones and Hirsch studieswith the endocytic and exocytic pathways of the
demonstrated that PV-containifiggondii did not  host cell (Mordue et al. 1999a), this compartment
fuse with endocytic organelles and that this featurealso has the capacity to interact with host cell mito-
was dependent of the viability of the parasite. Joinerchondria, endoplasmic reticulum (Melo et al. 1992,
et al. (1990) showed that killing the intracellular Sinai et al. 1997, Melo and De Souza 1997) and
parasite after entry did not reverse the fusion incom-microtubules (Melo et al. 2001), and capture C6-
petence of the vacuole and that this fusion incom-NBD-Ceramide products during intracellular para-
petence is established at the time of parasite entngites development (Melo and De Souza 1996). How-
during its active invasion (Mordue et al. 1999a). ever, the avoidance of endocytic fusion and selec-

However, the inactivation of the enzyme ri- tive recruitment of host cell organelles and nutri-
bonucleotide reductase and the synthesis of DNAents from host cells are well known strategies used
with hydroxyurea (Yarbro 1992) led to some in- by intracellular bacterial and other pathogens (Hor-
tracellular parasites elimination includidggondii ~ witz 1984, Matsumoto et al. 1991). Understand-
(Melo et al. 2000, Melo and Beiral 2003). In pre- ing the formation and modification of PV-containing
sent studies, intravacuoldt gondii is eliminated T. gondii may reveal novel mechanisms that lead to
in presence of HU while the fusion PV contain- intracellular survival.
ing tachyzoites with lysosomes is established lead-  Melo and Beiral (2003) had already demon-
ing acidification of PV and tachyzoites degradation,strated that in the presence of HU host cells elim-
as now demonstrated using vital fluorescent probesatedTrypanosoma cruzi and Leishmania amazo-
(Swanson 1989, Tuma et al. 2001, Magez et alnensis, although the cellular mechanisms involved
1997). However, this parasite degradation in presin parasite elimination were not determined in the
ence of HU may be connecting with lost of parasitepresent study. Finally, the possibility of using the
viability. In this case. gondii would not maintain  cellular action in the presence of HU to defense of
PV-madification, becoming this vacuole susceptiblethe organism against toxoplasmosis and other dis-
to primary oxidative defense of the host cells, lead-eases will also going to be tested in our laboratories.
ing to parasites digestion.

The important point that during intracellu-
lar infection, parasitophorous vacuole containing
gondii was susceptive to fuse with acidic vesiclesThe authors thank Miss Andréa Carvalho César,
— an important microbicide system — in presence ofAndrea C. Vet6 Arnholdt and Carlos Eduardo Veiga
hydroxyurea, suggesting that the PV-fusion incom-de Carvalho for suggestions regarding the prepa-
petence is established during intravacuolar parasiteation of the manuscript. This work was supported
development and not only during parasite entry, aby Fundacdo Carlos Chagas Filho de Amparo
showed for Joiner etal. 1990. Therefore, our resulta Pesquisa do Estado do Rio de Janeiro (FAPERJ).
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RESUMO

Toxoplasma gondii se multiplica dentro do vacuolo para-

tadas com taquizoitos foram tratadas com hidroxiuréia
por 12, 24 ou 48 horas. Fluorescéncia indicativa de aci-

acridina. Lyso Tracker red foi usado para determinar se
os lisossomos estavam envolvidos no processo de acidi

de 12 e 24 horas de incubagdo com hidroxiuréia, alcan-
¢ando uma intensidade maior apds 48 horas de trata-
mento. Citoquimica ultraestrutural para localizagdo da
enzima fosfatase &cida lisossomal foi realizada. As cul-

com parasitas intravacuolares. Estes resultados sugerem
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