
INTRODUCTION

Toxoplasma gondii is a world-widely
distributed protozoan parasite that infects
wide range of warm-blooded animals,
including humans. T. gondii can cause severe
disease in healthy persons (Choi et al., 1997)
in addition to the immunocompromised
individuals such as AIDS patients and in

newborns during congenital infection.
Although most infections are asymptomatic
and self-limiting in immunocompetent hosts,
these individuals remain chronically infected,
which may result in the symptom by
reactivation of the tissue-cyst (Kim et al.,
2000).

Decoster et al. (1988) first described the
recognition of several excretory and secretory
antigens (ESA) of T. gondii by sera of
toxoplasmosis patients. Since then, many
reports have been focused on the ESA as
targets of protective cell-mediated immunity
(Darcy et al., 1988; Duquesne et al., 1990;
Rahmah and Anuar, 1992; Zenner et al., 1999)
with little information of each ESA such as the
original localities and approximate molecular
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Abstract: Excretory/secretory proteins (ESP) from Toxoplasma gondii were analyzed to
define the function in the penetration process into host cells. Whole ESP obtained at 37°C
were composed of 15 bands with molecular mass of 110, 97, 86, 80, 70, 60, 54, 42, 40,
36, 30, 28, 26, 22, and 19 kDa. Five ESP of 86, 80, 42, 36, and 28 kDa were reacted with
monoclonal antibodies (mAb), named as Tg386 (microneme), Tg485 (surface membrane),
Tg786 (rhoptry), Tg378, and Tg556 (both dense granules), respectively. The ESP was
released by a temperature-dependent/-independent manner and all at once whenever
ready to pour out except Tg786. Each ESP was not exhausted within the parasite but the
amount was limited. Tg786 was released continuously with increment, whereas Tg378
and Tg556 were ceased to release after 3 and 4 hr. Dense granular Tg378 and Tg556 were
released spontaneously and constitutively before the entry into host cells also. The entry
of T. gondii was inhibited by all the mAbs differentially. And the parasite deprived of ESP
was inhibited to enter exponentially up to 90.1%. It is suggested that ESP play an
essential function to provide appropriate environment for the entry of the parasite into
host cells.
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weights. Recently, cell biological (Cesbron-
Delauw and Capron, 1993; Ossorio et al.,
1994; Hoppe et al., 2000) and biochemical
(Mercier et al., 1998; Nockemann et al., 1998)
approaches have classified major proteins of T.
gondii into the subcellular components of the
parasite. Prigione et al. (2000) demonstrated
the T cell clones of protective immunity
against components of ESA, especially GRA2
and SAG1.

Now, almost all components of ESA are
known as released from highly specialized
secretory organelles of T. gondii, micronemes,
rhoptries, and dense granules, which function
in the penetrating process and during
subsequent intracellular interactions within
the parasitophorous vacuole (PV). Their
secretions are well concerted with a sequential
manner (Carruthers and Sibley, 1997; Ngo et
al., 2000). First, micronemal proteins are
released at the time of apical attachment to
the surface of host cells (Fourmaux et al.,
1996a). Discharge of rhoptry proteins is
followed into the nascent vacuole that localizes
at the forming parasitophorous vacuolar
membrane (PVM) (Sinai and Joiner, 1997).
And then dense granular proteins are secreted
into the PV and PVM continuously during the
intracellular residence of the parasite (Leriche
and Dubremetz, 1990; Cesbron-Delauw,
1994). In this work, we attempted to profile the
production, subcellular localization, and
exhaustion of excretory/secretory proteins
(ESP). And also, we pursued the possible role
of the ESP on the penetrating activity of T.
gondii into host cells.

MATERIALS AND METHODS

Parasite
The RH strain of T. gondii was maintained

by peritoneal passages in Balb/c mice.
Tachyzoites were purified by centrifugation
over 40% Percoll (Amersham Pharmacia
Biotech, Uppsala, Sweden) in PBS solution
(Sohn and Nam, 1999).

Preparation of ESP
Purified tachyzoites (3x108) were incubated

at 37°C for 1 hr under mild agitation in 1.0 ml
Hank’s balanced salt solution (Gibco BRL,

Rockville, MD). After centrifugation for 5 min
at 6,000 rpm, the supernatant was saved as
ESP.

Monoclonal antibodies and mouse
serum

Among our monoclonal antibody (mAb)
panel, Tg386, Tg485, Tg786, Tg378, and
Tg556 clones reacted with ESP in western blot
specifically. And Tg563 clone was used as a
control of the major surface membrane protein
(SAG1). MAbs were used as ascitic fluid
formed after injection of hybridoma clones into
Balb/c mouse. For the positive reference
serum, mouse was infected with Me49 strain
of T. gondii for 8 weeks. Serum was saved from
the mouse that had brain cysts of Me49 post-
mortem.

Western blot
Western blot was performed by the method

of Towbin et al. (1979). ESP was separated in
12% SDS-PAGE gels and transferred onto
nitrocellulose sheets (NC, Schlleicher and
Shuell, Keene, NH). NC papers blocked by 5%
skim milk in PBS/0.05% Tween-20 were
incubated with mAbs of 1:1,000 diluted, and
then with 1:2,000 diluted HRP-conjugated goat
anti-mouse IgG antibody (Cappel, Costa Mesa,
CA). They were soaked in enhanced chemilu-
minescence (ECL) solution (Intron, Daejon,
Korea) for 1 min and exposed to an X-ray film
(Konica, Tokyo, Japan).

Cell culture and immunofluorescence
assay (IFA)

Vero cells (CRL 6318, American Type
Culture Collection, Rockville, MD) and A549
cells (CCL 185, ATCC) were maintained in
DMEM supplemented with 10% FBS (Gibco
BRL). Cells cultured on 18 mm coverslips in
24-well plates were infected with tachyzoites
for 24 hr. IFA was done according to the
procedure of Sinai et al. (1997). Cells were
fixed either with cold absolute methanol for 5
min or with 3% paraformaldehyde for 10 min
and then permeabilized by 0.05% Triton X-100
for 5 min, separately. mAbs were diluted in
1:100 of 3% BSA/PBS and FITC-conjugated
goat anti-mouse IgG antibody (Sigma Chem.
Co., St. Louis, MO) was used in 1:500. Fluore-
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scence was observed under a fluorescence
microscopy (Axiophot, Carl Zeiss Co.,
Oberkochen, Germany).

Penetrating activity of T. gondii into
host cells

Host cell entry of T. gondii was assayed by
the method of Nam et al. (1990). Host cells on
the coverslips were cultured with excess
number (about x107) of T. gondii for 2 hr. The
number of parasites was counted at 10 sights
under a light microscope after staining with
Giemsa solution. Percent inhibition to control
was calculated with the fomula: [1 - (No. of T.
gondii per host cell treated/No. of T. gondii per
host cell untreated)] x 100.

RESULTS

When detected using a reference serum from
a mouse infected with Me49 strain, 15 bands
were appeared as the whole ESP of T. gondii as
the temperature reached 37°C (Fig. 1). The
molecular mass of ESP were estimated as 110,
97, 86, 80, 70, 60, 54, 42, 40, 36, 30, 28, 26,
22, and 19 kDa as dotted besides the lane of
37°C. Among them, 110, 97, 86, 80, 60, 42,
and 40 kDa proteins were released tempera-
ture-dependently while those of 70, 54, 36, 30,
28, 26, 22, and 19 kDa was released
temperature-independently as low as 4°C.

Among the ESP of T. gondii, 5 proteins of 86,
80, 42, 36, and 28 kDa were detected in
western blot by mAbs of Tg386, Tg485, Tg786,
Tg378, and Tg556 clones (labeled as a to e in
Fig. 1) of our mAb panel, respectively. Tg386
clone detected the 86 kDa protein (Fig. 2Aa)
and labeled presumably micronemal structure
in tachyzoites (Fig. 2Ab). There was no
secretion into PVM in methanol fixed intra-
cellular stage (Fig. 2Ac) and apical portion of
the parasite was labeled in membrane
permeabilzed paraformaldehyde fixed
intracellular stage (Fig. 2Ad). Tg485 clone
detected the 80 kDa protein and labeled
presumably surface protein without
involvement into PVM (Fig. 2B). And Tg786
clone detected the 42 kDa protein and labeled
rhoptry in the apical portion without secretion
into PVM (Fig. 2C). Meanwhile, Tg378 detected
the 36 kDa protein (Fig. 2Da) and labeled

dense granule (Fig. 2Db) which was secreted
into PVM (Fig. 2Dc) and destroyed by
permeabilization with Triton X-100 (Fig. 2Dd).
And Tg556 detected the 28 kDa protein in
dense granule with involvement into PVM (Fig.
2E) as the same pattern of Tg378. For the
control of a surface membrane protein, Tg563
clone was used to detect the 30 kDa SAG1
protein (Fig. 2F).

ESP detected by Tg386, Tg485, Tg378, and
Tg556 clones were released as early as 1 min
without increment in the amount during the
experimental time span of 1 hr, while ESP
detected by Tg786 clone was secreted after 10
to 20 min with rapid increment in amount
(Fig. 3). And ESP of Tg386 and Tg485 clones
released as soon as the temperature reached
37°C, whereas those of Tg378 and Tg556
clones released regardless of temperature and
time.

In order to confirm the participation of ESP
in the entry mechanism of T. gondii, mAbs
were treated in the media before challenge into
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Fig. 1. Profile of ESP of Toxoplasma gondii at
various temperatures. Western blot was reacted
with a reference serum from a mouse infected
with Me49 strain. RH, tachyzoites; 4, 25, 37, and
42, temperature to incubate tachyzoites for 1 hr.
Five ESP (a to e) were detected by mAbs (a,
Tg386; b, Tg485; c, Tg786; d, Tg378; and e,
Tg556) among 15 bands released at 37°C
indicated by dots.
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Fig. 2. Western blots and immunofluorescence images of ESP detected by mAbs. A, ESP detected by
Tg386; B, by Tg485; C, by Tg786; D, by Tg378; E, Tg556; and F, SAG1 by Tg563 for control. a, western
blot of RH extract (RH) and ESP (ES) by mAbs; b, IFA image of extracellular RH tachyzoites; c, IFA image
by the mAb in methanol fixed Vero cells infected with tachyzoites; and d, in paraformaldehyde fixed and
Triton X-100 permeabilized Vero cells infected with tachyzoites, respectively.
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host cells. The entry of T. gondii was inhibited
with Tg386, Tg378, and Tg556 clones by
64.0%, 62.8%, and 63.3%, and with Tg485
and Tg786 clones by 44.3% and 36.6%,
respectively (Fig. 4). High inhibition by Tg563
clone might be resulted from the aggregation
of T. gondii by binding to the surface mem-

brane proteins each other.
To define whether the ESP was released

continuously or not, the incubation medium
was changed by new one at every hour for 5
times (Fig. 5). ESP detected by Tg386 and
Tg485 clones were released continuously at
every change even though a trace level.
Meanwhile, ESP by Tg786 clone was released
continuously with increment, whereas those
by Tg378 and Tg556 clones were ceased to
release after 3 and 4 hr changes, respectively,
as shown in Fig. 5A. During this time span,
there were no changes in residual ESP inside
T. gondii (Fig. 5B). And the penetration of T.
gondii deprived of ESP was reduced
exponentially up to 90.1% at 4 hr (Fig. 6).
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Fig. 3. ESP production at 37°C detected by mAbs
of Fig. 2.

Fig. 4. Percent inhibition of penetrating activity
of Toxoplasma gondii into host cells by mAbs.
MAbs were treated in the culture medium before
challenge with T. gondii.

Fig. 5. A. ESP production at 37°C for 1 hr
pulsely. Tachyzoites were incubated with new
media at every hour for 5 times. B. Residual
tachyzoite proteins after ESP production at the
same time of (A).

Tg386

Tg485

Tg786

Tg378

Tg563

Tg556

Tg386

Tg485

Tg786

Tg378

Tg563

Tg556

Time (hr)

RH 1 2 3 4 5

Time (hr)

RH 1 2 3 4 5

A

B

T
g3

86
T

g4
85

T
g7

86

T
g3

78
T

g5
63

T
g5

56



DISCUSSIONS

The ESP from T. gondii was released by
temperature-dependent and -independent
manner. The molecular mass of 15 ESP at
37°C were estimated approximately as 110,
97, 86, 80, 70, 60, 54, 42, 40, 36, 30, 28, 26,
22, and 19 kDa, which were compatible with
ESA of T. gondii described previously (Darcy et
al., 1988; Duquesne et al., 1990) with minor
differences. At a glance, although the exact
functions of ESP are still unknown, the profile
of temperature-dependent ESP production
implies T. gondii as a parasite of warm-blooded
animals.

During the ESP preparation, surface
membrane protein (SAG1) was not detected by
Tg563, which minimized the possible
contamination of ESP with somatic cell debris
(Prigione et al., 2000). Among the 5 proteins of
86, 80, 42, 36, and 28 kDa detected by mAbs

of Tg386, Tg485, Tg786, Tg378, and Tg556
clones, only Tg786 were released much longer
with rapid increment in amount. It suggests
that the ESP are released all at once whenever
ready to pour out except that of Tg786 clone.
And Tg786 clone was released continuously
with increment, whereas those by Tg378 and
Tg556 clones were ceased to release after 3
and 4 hr changes, without changes in residual
ESP inside T. gondii. This suggests that each
ESP is not exhausted within the parasite but
the releasing amount of ESP is limited.

ESP detected by Tg378 and Tg556 clones,
which localized in dense granules, also were
released spontaneously and constitutively.
These mAbs inhibited the penetration of T.
gondii stronger than the others. In addition,
release of these proteins was ceased within 3
or 4 hr, when the penetrating activity of T.
gondii reduced rapidly. The term ‘excretory/
secretory’ on the dense granular proteins has
been used conventionally the secretion into
the PV or PVM formed within the host cells.
Although all the dense granular proteins
(GRA1-8, Mevelec et al., 1992; Bermudes et
al., 1994; Sibley et al., 1995; Fischer et al.,
1998; Lecordier et al., 1999; Carey et al.,
2000) has not been examined, it is suggested
that the dense granular proteins function in
the process of penetration into host cells in
addition to function during the intracellular
stage of this parasite based on our
observations.

Many secreted T. gondii proteins apparently
associate tightly with membrane after
secretion. Microneme (Fourmaux et al., 1996b;
Wan et al., 1997) and rhoptry (Hoppe et al.,
2000) proteins contain linear hydrophobic
sequences with the potential to insert into host
cell plasma membrane. Dense granular
proteins contain also linear hydrophobic
sequences with the potential to insert into PV
or PVM (Mercier et al., 1998; Fischer et al.,
1998; Lecordier et al., 1999). Dense granular
ESP released from extracellular T. gondii may
be targeted to the plasma membrane of the
host cells also, which provide appropriate
environment for the penetration of the parasite
in concert with microneme and rhoptry
proteins. ESP detected by Tg386 clone
(micronemal protein), Tg485, and Tg786
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Fig. 6. Percent inhibition of penetrating activity
of Toxoplasma gondii into host cells by the
incubation time to deprive of the ESP from T.
gondii prior to challenge.



(rhoptry protein) seems to be well regulated by
a cascade exocytosis to favor the parasite
penetrating into host cells.

The entry of T. gondii was inhibited by
treating the parasite with mAbs against ESP
before challenge into host cells. And the
penetration of T. gondii deprived of ESP was
reduced exponentially up to 90.1%. It is
suggested that ESP function actually in the
entry of T. gondii. Differential inhibition by
mAbs implies that each ESP has its specific
role in penetration into host cells.
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