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The presence of (Na++K+)ATPase activity in CL14 clone and NIH NTY strain of Trypano­
soma cruzi epimastigotes is demonstrated. A Na+ plus K+ stimulated ATPase activity is found 
in both strains. The optimal Na+/K+ ratio is 5:1 and 9:1 in CL14 clone and NIH NTY strain, 
respectively. In both strains, vanadate completely inhibits the ouabain-sensitive ATPase activ­
ity indicating that it belongs to the P-type (Ei/E2) family of ion-transporting ATPases. The 
I50  for vanadate is 0.66 ± 0.04 and 0.04 ± 0.02 jxm in CL14 clone and NIH NTY strain, 
respectively. These data indicate that both strains of T. cruzi epimastigotes express the oua­
bain- and vanadate-sensitive (Na++K+)ATPase activity. On the other hand, the discrepancy 
between the parameters analyzed for the inhibitors suggests that they express different iso­
forms of this enzyme.

Introduction

Trypanosoma cruzi (T. cruzi), the etiologic 
agent of Chagas disease, has a complex life cycle, 
involving different developmental stages adapted 
to the conditions imposed by the insect vector and 
the mammalian host environments (Chagas, 1909; 
1916; 1922). Epimastigotes are dividing forms, in- 
sect-borne, which differentiate into trypomasti- 
gotes. These are non-dividing, circulating forms 
that enter the cells and initiate infection in verte­
brates. Trypomastigotes differentiate into amasti- 
gotes, which can divide intracellularly (Chagas, 
1922).

Little is known about transport mechanisms in­
volved in intracellular ion homeostasis during the 
life cycle of the parasite. Among the mechanisms 
involved in this process, the primary active trans­
port is the most important transport system, since 
it has high affinity, high ion selectivity and creates
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the electrochemical gradient present across the 
cell membrane. Several ATPases have been de­
scribed in different parasitic protozoa such as the 
H +-ATPase which has been the principal primary 
active transport described in Leishmania donovani 
(Zilberstein and Dwyer, 1988; Anderson and 
Mukkada, 1994), Leishmania major (Vieira et al., 
1994; 1995) and T. cruzi (Benain et al., 1991; 1995). 
In Leishmania major promastigotes the H + gradi­
ent produced by this enzyme is involved in the 
transport of sugars and amino acids (Vieira and 
Cabantchik, 1995). Another ATPase activity de­
scribed in the plasma membrane of different tryp- 
anosomatides including T. cruzi is the Ca2+-AT­
Pase (Benain et al., 1991; 1995).

The (Na++K+)ATPase is the plasma membrane 
enzyme that catalyzes the active transport of 3Na+ 
and 2K+ across the cell membrane and it is found 
in almost all eukaryotic cells (Skou, 1957; N0rby 
et al., 1983). Although this enzyme has been shown 
in Leishmania (Felibertt et al., 1995) and T. brucei 
(Mancini et al., 1982), its presence in T. cruzi is 
subject of controversy. Meirelles and De Souza 
(1984), using a cytochemical method, were not 
able to identify a (Na++K+)ATPase in T. cruzi epi­
mastigotes. However, these authors do not exclude 
the possibility that a very low activity of this en­
zyme could be present in T. cruzi and not detected
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by the method used. Frasch et al. (Frasch et al., 
1978) showed that the ATPase activity of T. cruzi 
was insensitive to ouabain, a specific inhibitor for 
(Na++K+)ATPase, in spite of the fact that living 
epimastigotes of T. cruzi are able to concentrate 
K+ and exclude Na+ from the medium. However, 
the authors observed that the Na+ and K+ gradient 
across the cell plasma membrane decreased when 
the metabolism of the parasite was blocked by the 
simultaneous addition of deoxyglucose and anti- 
mycin A, indicating involvement of an active 
transport. On the other hand, Oz et al. (1992) pos­
tulated the presence of (Na++K+)ATPase in T. 
cruzi epimastigotes based on the fact that ouabain 
increases the concentration of intracellular Ca2+ 
when added in the extracellular medium, due to 
an increase in intracellular Na+ and a subsequent 
decrease in the activity of the Na+/Ca2+ antiporter.

The objective of the present work was to deter­
mine the presence of a ouabain-sensitive 
(Na++K+)ATPase activity among other ATPase 
activities in two different cell types of T. cruzi epi­
mastigotes: CL14 clone and NIH NTY strain. It 
was shown that both cell types expressed the vana­
date and ouabain-sensitive, (Na++ K+)ATPase ac­
tivity.

Material and Methods

Chemicals

ATP (magnesium salt), ouabain, sodium ortho­
vanadate, Hepes, Tris, sodium azide, oligomycin 
and sodium deoxycholate were purchased from 
Sigma Chemical Co (St. Louis, MO). All chemical 
reagents were of the highest purity available. 
[32P]Pi was obtained from the Instituto de 
Pesquisas Energeticas e Nucleares (Säo Paulo, 
Brazil). [y-32P]ATP was prepared as described by 
Maia et al. (1983).

Cell cultures

T. cruzi (epimastigotes) from NIH NTY (a gift 
from Dr. G. Cross, Rockefeller University, NY) 
and CL strain CL14 clone (a gift from Dr. Egler 
Chiari, Federal University of Minas Gerais, MG, 
Brazil), were cultivated in LIT medium (Chiari,
1985), as previously described (Rondinelli et al., 
1988).

Cell Preparations

The cells were counted in a hemocytometer and 
washed four times in 0.5 m Hepes-Tris (pH 7.0) in 
the absence of Na+ and K+. The cell lysates were 
prepared by pre-incubation for 30 minutes in a so­
lution containing: EDTA 1 m M , deoxycholate 
(DOC) 0.1% (w/v) and sufficient cells to give
6 m g-m l-1 protein (3 x 109 cells-m l"1). After this 
solubilization step the hydrolytic activity was as­
sayed by addition of cell lysates (0.2 ml; 5% of the 
total volume of reaction medium) to give a final 
protein concentration of 0.3 mg ml-1. The Na+ 
contamination from the sodium deoxycholate and 
EDTA tetrasodium salt was 0.12 m M  and 0.2 m M , 

respectively.

Measurement o f  ATPase activity

Except when noted, standard assay medium 
(0.2 ml) contained: 10 mM MgCl2, 5 mM [y- 
32P]ATP, 20 m M  Hepes-Tris (pH 7.0), 2 |ig -m l-1 
oligomycin and requisite amounts of Na+ and/or 
K+. In any case, the total concentration of Na+ plus 
K+ was always kept at 150 mM in order to main­
tain constant the ionic strength.

ATPase activity was measured using the method 
described by Grubmeyer and Penefsky (1981). 
The reaction was started by the addition of cell 
lysates (final protein concentration, 0.3 m g-ml-1), 
and stopped after 30 min by the addition of 2 vol­
umes of activated charcoal in 0.1 n  HC1. The 
[32P]Pi released was measured in an aliquot of the 
supernatant obtained after centrifugation of the 
charcoal suspension for 20 min at 1,500xg in a 
clinical centrifuge. Spontaneous hydrolysis of 
[y-32P]ATP was measured in tubes run in parallel 
in which the enzyme was added after the acid. Pro­
tein concentrations were determined using the 
Bradford method (Bradford, 1958) with bovine se­
rum albumin as a standard.

Statistical analysis

The data were analyzed by two-way analysis of 
variance (ANOVA), considering as factors the 
treatments. The magnitude of the differences were 
verified “a posteriori” by the Bonferroni’s test. In 
all cases the considered level of significance was 
less than 0.05. Statistical comparisons for each ex­
perimental group are shown in the legends of the
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Figures and Table. The experiments were made in 
duplicate using different cell cultures. When the 
data were expressed as percentage of the control 
values, the statistical test was applied to the abso­
lute data.

Results
The principal characteristic of the 

(Na++K+)ATPase is its dependence on Na+ and 
K+ (Skou, 1957; N0rby et al., 1983). As shown in 
Table I, the addition of 120 mM Na+ and 30 mM K+ 
significantly increase the ATPase activity from 
34.4 ± 4.9 and 42.4 ± 4.2 to 51.6 ± 5.5 and 58.2 
± 2.5 nmol Pi x mg-1 x min-1 in CL14 clone and 
NIH NTY strains, respectively. The effect of K+ 
was completely abolished by 2 mM ouabain, the 
well known inhibitor of the (Na++K+)ATPase 
(Skou, 1957; N0rby et al., 1983; Blanco et al., 1995; 
Akera et al., 1985). The K+ stimulated ATPase ac­
tivity (in the presence of the 120 mM Na+) was 
identical to the ouabain-sensitive ATPase activity.

Table I. ATPase activities in T. cruzi epimastigotes.

ATPase activity
Condition nmol Pi x m g-1 x m in-1

CL14 clone NIH  NTY

a. Mg2+ 34.4 ± 4.9 42.4 ± 4.2
b. Mg2+ + N a+ 46.8 ± 4.3 54.6 ± 2.0
c. Mg2+ + N a+ + K+ 51.6 ± 5.5* 58.2 ± 2.5*
d. Mg2++ N a+ + K+ + ouabain 43.5 ± 4.0* 53.7 ± 3.5*
e. (c -  b) 4.9 ± 0.1 5.2 ± 1.2
f  (c -  d) 4.9 ± 0.8 4.3 ± 0.9
g. ( d - b ) -1 .5  ± 1.3 0.3 ± 0.7

Before the ATPase assays, the cells were treated with 
0.1% (w/v) deoxycholate and 1 m M  EDTA for 30 min­
utes at room temperature (see Material and Methods). 
All assays were carried out in duplicates in the presence 
of 10 m M  MgCl2, 5 m M  ATP (as magnesium salt), 20 m M  
Hepes-Tris pH 7.0, 2 [xg.ml- 1  oligomycin and when indi­
cated 120 m M  Na+ (as NaCl), 30 m M  K+ (as KC1) and
2 mM ouabain. The differences were calculated by paired 
data. The data are expressed as means ± SEM (n = 20). 
e is the difference between the ATPase activity in the 
presence and in the absence of K+, both in the presence 
of Na+; /  is the difference between the ATPase activity 
in the absence and in the presence of ouabain, both in 
the presence of Na+ and K+; g is the difference between 
the ATPase activity in the presence of K+ and ouabain 
and in the absence of K+ and ouabain, both in the pres­
ence of Na+. ^Statistically significant when compared to 
ATPase activity in the presence of Mg2+ alone and to 
that measured in the presence of Mg2+ plus Na+. *Not 
statistically significant when compared to ATPase activ­
ity in the presence of Mg2+ plus Na+.

The addition of 2 m M  ouabain in the absence of 
Na+ and K+ did not change the ATPase activity 
(data not shown).

In both strains approximately 10% (p < 0.05) of 
the total ATPase activity in inhibited by ouabain 
in both strains. The maximum inhibition was at­
tained at 1 mM (data not shown). This is a reason­
able and expected result, since this parasite ex­
presses other ATPase activities.

Figure 1 shows the relation between the 
(Na++K+)ATPase activity and different concentra­
tions of Na+ and K+. The total Na+ plus K+ con­
centrations were maintained constant at 150 m M .  

The optimal Na+/K+ ratio for ATPase activity was

[KC1], mM 0 30 60

Fig. 1. Effect of different concentrations of Na+ and K+ 
on the ATPase activity in T. cruzi epimastigotes. 
ATPase activity was measured as described under 
Material and Methods. Before the ATPase assays, the 
cells were treated with 0 .1 % deoxycholate (w/v) and 
1 mM EDTA for 30 minutes at room temperature. All 
assays were carried out in the presence of 1 0  mM MgCl2, 
5 mM ATP (as magnesium salt), 20 mM Hepes-Tris 
pH 7.0, 2 [ig.ml 1 oligomycin and indicated Na+ (as 
NaCl) and K+ (as KC1) concentrations. The Na+ plus K+ 
concentrations were kept constant (150 mM). The data 
(mean ± SE) correspond to the difference in assays per­
formed in parallel in the absence or presence of 2  mM 
ouabain. All the experiments were done in duplicates 
(n =  1 0 ).
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5:1 and 9:1 for the CL14 clone and NIH NTY 
strains, respectively. The ATPase activity at each 
experimental point was calculated as the differ­
ence between the ATPase activity at different con­
centrations of Na+ and K+ plus 10 m M  MgCl2 and 
that measured in the presence of 150 m M  Na+ plus 
10 m M  MgCl2. The maximal (Na++K+)ATPase ac­
tivity was 8.8 ± 1 . 6  and 8.7 ± 1.5 nmol Pi-m g-1 
•min“1 in the CL14 clone and NIH NTY strain, 
respectively (Fig. 2).

The (Na++K+)ATPase is a P-ATPase since it is 
able to form phosphorylated intermediates during 
the catalytic cycle (M0ller et al., 1996). This class 
of enzymes is characterized by sensitivity to vana­
date inhibition. Fig. 2 shows the dose-response 
curve for vanadate of the ouabain-sensitive 
ATPase activity in epimastigotes. In both strains,

- Log [vanadate], M

Fig. 2. Vanadate concentration dependence of the oua- 
bain-sensitive ATPase activity in T. crazi epimastigotes. 
ATPase activity was measured as described under 
Material and Methods. Before the ATPase assays, the 
cells were treated with 0 .1 % deoxycholate (w/v) and
1 mM EDTA for 30 minutes at room temperature. All 
assays were carried out in the presence of 10 mM Mg2+ 
(as MgCl2), 5 mM ATP (as magnesium salt), 20 mM 
Hepes-Tris pH 7.0, 2|.ig.ml_ 1  oligomycin, 120 mM Na+ 
(as NaCl) and 30 mM K+ (as KC1). The ouabain-sensitive 
ATPase activity was calculated as the difference be­
tween the ATPase activity in the absence and in the 
presence of 2 mM ouabain. The vanadate concentration 
was increased from 10- 1 0  to 10- 3  m. The data are ex­
pressed as percentage of the control. All the experi­
ments were done in triplicates (n = 6 ). Symbols: •  -  
NHI NTY cells; +  -  CL, CL14 clone.

the increase in vanadate concentration from 10“10 
up to 10-4 m completely inhibited the ouabain-sen­
sitive ATPase activity. These data indicate that the 
ouabain-sensitive, (Na++K+)ATPase activity ex­
pressed by both strains is a P-ATPase type. How­
ever, the affinity for vanadate was significantly dif­
ferent among the strains. The concentration of 
vanadate that promoted half-maximal inhibition 
(I50) was 0.66 ± 0.20 and 0.04 ± 0.02 jim  for CL14 
clone and NIH NTY strain, respectively.

Discussion

In this paper we show that CL14 clone and NIH 
NTY strains express (Na++K+)ATPase activity. 
The characterization of the ATPase activities in T. 
cruzi is a very difficult process due to the presence 
of a very high Mg2+-ATPase activity which could 
mask the presence of the (Na++K+)ATPase with 
the Fiske & Subarow method (Fiske and Subarow, 
1925). The Mg2+-ATPase activity in both strains 
ranged 34-42 nmol Pi mg“1-min-1 (Table I). 
Therefore, in this paper we used the more sensi­
tive method in which [y-32P]ATP is used as a sub­
strate (Grubmeyer and Pnefsky, 1981). This 
method has been used to determine low ATPase 
activities in different cell types, such as the Ca2+- 
ATPase activity of plasma membrane from proxi­
mal tubule cells, even in the presence of high 
Mg2+-ATPase activity (Vieyra et al., 1991).

In spite of the Na+ and K+ gradient present 
across the plasma membrane no effect of ouabain 
has been observed neither in this gradient nor in 
the the ATPase activity of T. cruzi epimastigotes 
(Frasch et al., 1978). The data shown in Fig. 1 and 
Table I clearly indicate the presence of a ouabain- 
sensitive, (Na++K+)ATPase activity in T. cruzi epi­
mastigotes. The possibility that the K+ stimulation 
on the ATPase activity in the presence of 120 mM 
Na+ could be catalyzed by an enzyme other than 
the (Na++K+)ATPase is ruled out since the addi­
tion of K+ alone did not change the ATPase activ­
ity (data not shown). Although we have worked 
with total cell membranes, the (Na++K+)ATPase 
is located only in the plasma membrane (Skou, 
1957). Therefore, it can be concluded that the 
(Na++K+)ATPase activity observed in T. cruzi (Ta­
ble I) is also located in the plasma membrane of 
the parasite. The absence of an inhibitory effect 
of ouabain reported by others (Meirelles and De
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Souza, 1984) could be explained by the presence 
of a dense extracellular matrix composed by glyco- 
conjugates in T. cruzi epimastigotes called glycoi- 
nositolphospholipids (GIPL), which could block 
the effect of ouabain (Felibertt et al., 1995; Previ- 
ato et al., 1995). It is noteworthy that the Kineto- 
plastida parasites have a strong subpellicular 
microtubule network, which is not easily removed. 
Treatment with 0.1% deoxycholate seems to be ef­
fective in the removal of the GIPL (Carreira et al.,
1996) and may be the reason for the inhibitory 
effect of ouabain observed in the present work.

In most tissues the affinity for ouabain is in the 
micromolar range, but other preparations such as 
rat proximal tubule, show a millimolar affinity for 
this drug (Sweadner, 1989; Tobin and Brody,
1972). The sensitivity of the (Na++K+)ATPase for 
ouabain depends on the isoform expressed by the 
cells and is also tissue specific (Akera et al., 1985). 
Recently, Felibertt et al. (1995) showed that the I50 
of the (Na++K+)ATPase for ouabain is 0.21 m M  in 
Leishmania mexicana. We also observed differ­
ences in affinity for ouabain among the strains 
studied (Fig. 1), but both are in the millimolar 
range. So we suggest that both strains of T. cruzi 
epimastigotes express the (Na++K+)ATPase iso- 
form(s) with low affinity for ouabain.

We observed that the optimal Na+/K+ ratio is 
5:1 and 9:1 for CL14 clone and NIH NTY strains, 
respectively (Fig. 2). It is well known the competi­
tion of K+ for the internal Na+ binding site in 
(Na++K+)ATPase of the different tissues (Horisb- 
erger et al., 1991). So it is possible to postulate that 
the competition of K+ for Na+ binding site is 
higher in NIH NTY strain than CL14 clone and 
may reflect structural differences in the cation 
binding sites. Felibertt et al. (1995) observed that 
the optimal Na+/K+ ratio for (Na++K+)ATPase ac­
tivity in isolated plasma membrane of Leishmania 
mexicana was 6.5/1.

Differences in vanadate sensitivity was also ob­
served (0.66 ± 0.04 and 0.04 ± 0.02 [im in CL14 
clone and NIH NTY, respectively). P-ATPases 
type are also referred to as E 1/E2-ATPases since 
they are phosphorylated by ATP or Pi in each 
main conformational state, respectively (M0ller et 
al., 1996). The vanadate binding in the P-ATPase 
occurs in E 2 conformation, leading to formation of 
a transition state complex with the ATPase 
(M0ller et al., 1996). Since the catalytic domain is 
more hydrophobic in the E2 conformation (Jor­
gensen, 1992), the differences observed in the af­
finity for vanadate in CL14 clone and NIH NTY 
could be due to differences in water access to the 
catalytic site. Two vanadate sites have been found 
in the (Na++K+)ATPase isolated from dog kidney: 
one of high affinity (I50 = 4 nM) and one of low 
affinity (I50 = 0.5 [am) (Cantley et al., 1978). It may 
be that solubilization of (Na++K+)ATPase exposes 
different vanadate sites in each cell type of T. cruzi 
assayed in this work. Finally, we conclude that the 
gradients of Na+ and K+ across plasma membrane 
observed in epimastigote T. cruzi (Frasch et al., 
1978) are created by the operation of the ouabain- 
sensitive (Na++K+)ATPase found in the present 
work.
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