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ABSTRACT

We have studied the cellular location and the efflux pump function of the Entamoeba histolytica P-glycopro-
teins (EhPgps) in drug-sensitive and -resistant trophozoites. Polyclonal antibodies against the EhPgp384
polypeptide (375–759 amino acids) revealed a 147-kDa protein by Western blot. The band intensity correlated
with the emetine-resistance of the trophozoites. Through the confocal microscope, using the anti-
EhPgp384 and fluorescein secondary antibodies, the EhPgps were found in a complex vesicular network, in
the plasma membrane and outside of the cells. Transmission electron microscopy assays confirmed that drug-
resistant trophozoites presented four to five times more EhPgps than sensitive cells. Fluorescence co-local-
ization experiments using rhodamine-123 (R123) and the anti-EhPgp384 antibodies suggested the interaction
between EhPgps and the drug. R123 efflux kinetics evidenced that the emetine-resistant trophozoites displayed
a drug efflux kinetic four times higher than the drug-sensitive trophozoites, which was reduced by verapamil
in both cases. EhPgps may participate in avoiding drug accumulation in the trophozoites by two putative
mechanisms: (1) the direct extrusion of the drug from the plasma membrane, and (2) an indirect transport
mechanism in which the drug is trapped by EhPgps and concentrated within vesicles that drive the drug to
the plasma membrane.
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INTRODUCTION

ENTAMOEBA HISTOLYTICA, the protozoan responsible for hu-
man amoebiasis, infects 10% of the world’s population,

causing 50 million cases of dysentery or liver abscesses and
killing 100,000 persons per year around the world.45 Due to the
difficulties in changing the sanitary conditions and eliminating
the infection spread, amoebiasis is primarily controlled by drug
treatment of symptomatic individuals.28

Drug resistance has emerged as an impediment in the treat-
ment and control of many infectious diseases, including those
produced by protozoa. E. histolytica strains present different
drug susceptibilities,7,17,37 and there are also case reports of
failed drug treatments.4,5,22 In addition, drug-resistant lines
have been generated in the laboratory,29,34 suggesting that E.
histolytica may naturally develop drug resistance. These data

make the study of the mechanisms involved in the development
of drug resistance in this parasite of the highest priority.

The overexpression of a surface P-glycoprotein (Pgp) pro-
duces the multidrug resistance (MDR) phenotype in mammalian
tumor cells26 and in protozoan parasites,42 including Plasmo-
dium,8 Trichomonas,24 Giardia,43 Leishmania,32 and Enta-
moeba.3 Pgps are energy-dependent drug efflux pumps that act
as transporters in MDR cells, maintaining the intracellular drug
concentration below cytotoxic levels.16 Pgps have also been in-
volved in removing xenobiotic agents from the cells, in me-
tabolism and translocation of lipids, in apoptosis, in cytokines
transport, and as ion channels or regulators of cell swelling-ac-
tivated chloride channels.10,25

Emetine-resistant mutants of E. histolytica (clone C2) 
present cross resistance to colchicine, diloxanide, and iodo-
quinol.29,30 The drugs are poorly accumulated in the tropho-
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zoites and, as in mammalian cells, drug resistance is reversed
by calcium channel blockers.3 Drug-resistant trophozoites over-
express a 4-kb mdr-like transcript36 and they have at least four
EhPgp genes (EhPgp1, EhPgp2, EhPgp5, and EhPgp6).11,12

The EhPgp1 and EhPgp5 genes are overexpressed in the eme-
tine-resistant clone C2, and their expression is regulated at tran-
scriptional level.19,33 The EhPgp5 gene is transcribed only in
the presence of a high drug concentration and after the EhPgp1
gene is overexpressed.30

Although we know that in Xenopus laevis oocytes, the 
EhPgp5 protein functions as a Cl2 current inductor,10 the func-
tions performed by the EhPgps in the trophozoites have not
been elucidated. Here, we generated antibodies against an 
EhPgp recombinant polypeptide to study the location of the 
EhPgps in trophozoites with different drug sensitivities. More-
over, taking advantage of the physical–chemical properties of
the cationic dye rhodamine-123 (R123),6 we performed dual-
fluorescence experiments to determine the physical relationship
of EhPgps and R123 inside the cells and to investigate how this
drug is expelled from trophozoites. Our data showed that 
EhPgps are located in vesicles that seem to concentrate and
drive the drug to the plasma membrane, to expel it out of the
cells.

MATERIALS AND METHODS

Culture of E. histolytica trophozoites

Trophozoites of E. histolytica clones A and C2 (strain
HM1:IMSS)29 were axenically cultured in TYI-S-33 medium.14

The clone C2(225) was cultured in the presence of 225 mM
emetine. Transfected trophozoites (clones Aneo and AneoPgp5)
were grown in the presence of 10 mg/ml of G418. All clones
were harvested during exponential growth phase as described.14

Transfection assays

Transfection of E. histolytica trophozoites was carried out
by the electroporation method with 100 mg of pEhNEO or
pEhNEOPgp5 plasmids, as previously described.21 Electropo-
rated trophozoites were transferred into plastic flasks (Nunc)
containing 30 ml of TYI-S-33 medium and then, incubated at
37°C for 48 hr in the presence of 100 mg/ml of G418.

Identification of the EhPgps antigenic regions by
computational analysis

To find the most antigenic regions of EhPgps, we used hy-
dropathy plots and the DNAStar program.15 Oligonucleotides
design was performed with the aid of the Oligo program.15

Amplification and cloning of the 1,152-bp 
EhPgp-encoding fragment

Amplification of the 1,152-bp fragment of the EhPgp1 gene,
corresponding from 375 to 759 amino acids (EhPgp384) was 
performed using the sense 59-CTGGAATTCAAATCCCA-
GATATTGATT-39 and the antisense 59-AGCAAGCTTCCT-
GTTAGCTTGTTCATC-3 9 oligonucleotides, 100 ng of total E.
histolytica DNA as template and 2.5 U of Taq DNA polymerase
(Gibco) for 30 cycles (94°C for 30 sec, 48°C for 35 sec, and

72°C for 2 min), according to standard methods.2 The PCR
product was cloned in frame into the EcoRI and HindIII res-
triction sites of the pRSETA expression vector (Invitrogen),
generating the pRSETA-Pgp1152 plasmid. The orientation and
sequence of the construction were confirmed by DNA se-
quencing, using the method described by Sanger.39

Expression and purification of the EhPgp384
recombinant polypeptide

BL21(DE3) bacteria were transformed with the pRSETA-
Pgp1152 plasmid and grown with 1 mM isopropyl-b-D-thio-
galactopyranoside (IPTG) at 37°C for 3 hr. Bacterial proteins
were separated by 10% SDS-PAGE and detected by Coomassie
blue staining. The EhPgp384 recombinant polypeptide was par-
tially purified under denaturing conditions by metal affinity
chromatography using a nickel-chelating resin (Ni21-NTA
agarose, Qiagen). Further purification was obtained after elec-
troelution of the protein from 10% SDS-PAGE.2

Generation of antibodies against the EhPgp384
recombinant polypeptide

New Zealand rabbits were subcutaneously immunized with
100 mg of the purified EhPgp384 polypeptide, emulsified in
Freund’s complete adjuvant.2 Booster immunizations were per-
formed every 14 days during four times with the same amount
of the recombinant protein, using Freund’s incomplete adju-
vant. Seven days after the last inoculation, the immune serum
was obtained, tested, and titered.

Detection of EhPgps mRNAs by the reverse
transcriptase-polymerase chain reaction (RT-PCR)

Poly(A)1 RNA from trophozoites was obtained using an oligo-
dT oligomer coupled to polystyrene-latex particles (Qiagen).
cDNA was synthesized using 1 mg of DNase-treated mRNA, 10
mM dNTPs, 200 U AMV reverse transcriptase (Gibco), and 100
ng each ASPgp1 (59-CTGCTAATATACATAAC-3 9), ASPgp5
(59-GTCAAACAAGAAATAGGATGG -39), and ASNEO (59-
TTAGAAGAACTCGTC-3 9) oligonucleotides, for EhPgp1, Eh-
Pgp5, and NEO-specific sequences, respectively, at 42°C for 1
hr. PCR amplification was carried out with 5 ml of the cDNA
mixture, 1 U of amplitaq polymerase, and 2 mM dNTPs. Each
PCR cycle comprised 45 sec at 94°C, 30 sec at 49°C, and 50
sec at 72°C. EhPgp1 and EhPgp5 gene-specific sequences were
amplified using 100 ng of ASPgp1 and SPgp1 (59-GGT-
TATGGCAGCAGG-3 9) or ASPgp5 and SPgp5 (59-GTAG-
GAGGTGCAGTATTCCC-3 9) primers, yielding fragments of
300 and 270 bp, respectively. As an internal control, the AS-
NEO and SNEO (59-ATGATTGAACAAGATGG-3 9) primers
were used to amplify a 700-bp band of the NEO gene. PCR was
carried out in a Perkin-Elmer thermal cycler for 29 cycles, and
products were visualized on 12% polyacrylamide gels.

Western blot assays

Ten and 50 mg of total extracts from bacteria and tropho-
zoites, respectively, were analyzed by 10% SDS-PAGE and
transferred to nitrocellulose membranes. Western blot assays2

were carried out using the anti-EhPgp384 antibodies at 1:2,000
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and 1:25 dilutions for bacterial and trophozoite extracts, res-
pectively. Membranes were then incubated with horseradish
peroxidase (HRP)-conjugated goat anti-rabbit immunoglobulin
G (IgGs) (Zymed) at 1:30,000 and 1:1,000 dilutions for bacte-
rial and trophozoite extracts, respectively. Antigen–antibody re-
actions were revealed using a fresh preparation of 3 mg/ml of
4-chloro-1-naphthol until the color was developed. Membranes
were also treated with monoclonal mouse anti-actin antibodies
(kindly given by Dr. Manuel Hernández, CINVESTAV, Méx-
ico) and HRP-conjugated anti-mouse IgGs at 1:1,000 and
1:2,000 dilutions, respectively, and revealed with 4-chloro-1-
naphthol.

Laser confocal microscopy assays

Trophozoites growing at logarithmic phase were harvested,
washed twice in phosphate-buffered saline (PBS) pH 7.4, fixed
with 4% paraformaldehyde at 37°C for 60 min, and permeabi-
lized with 1% Triton X-100 for 30 min. Then, trophozoites were
incubated with 1% bovine serum albumin (BSA) for 20 min at
room temperature (RT), washed twice with PBS-1% Triton, and
incubated overnight at 4°C with the anti-EhPgp384 antibodies
(1:100) or with the preimmune serum or PBS. Trophozoites
were washed twice with PBS-1% Triton, incubated with fluo-
rescein (FITC)- or rhodamine (TRITC)-labeled goat anti-rabbit
IgGs (Zymed) for 90 min at 37°C and washed with PBS-1%
Triton. Finally, cells were incubated with 1 mg/ml of propid-
ium iodide for 5 min and observed through an inverted micro-
scope (Nikon) attached to a laser confocal system (MRC-1024,
BioRad).

For the R123 cellular distribution assay, trophozoites were
incubated with 5 mg/ml of R123 for 30 min at 37°C, washed
twice in cold PBS, resuspended in R123-free medium, and
processed for immunofluorescence as described above.

Transmission electron microscopy assays (TEM)

For cellular location of the EhPgps by immuno-cryoultra-
microtomy,23 trophozoites were fixed with 4% paraformalde-
hyde and 0.5% glutaraldehyde in PBS for 1 hr at RT and in-
fused with 2.3 M sucrose containing 25% polyvinylpyrrolidone,
average MW 10 000 (Sigma), in PBS with 0.12% glycine for
45–60 min at RT. Samples were placed on standard Reichert-
Jung aluminum pins and immersed in liquid nitrogen at 280°C.
Grids were placed section-down for 3 min each on three pud-
dles of 0.12% glycine-PBS to block the paraformadehyde and
wash out sucrose. Then, sections were blocked with 10% fetal
bovine serum (FBS) for 30 min at RT and incubated with the
anti-EhPgp384 antibodies at 1:30 dilution at 4°C overnight.
Grids were washed on three puddles of 0.12% glycine-PBS, 5
min each, placed for 1 hr on 15-nm gold particle-labeled goat
anti-rabbit IgGs (Zymed), and profusely washed for 30 min on
puddles of distilled water. Then, grids were floated on a drop
of 2% methylcellulose (25 centipoise) containing 0.3% uranyl
acetate for 10 min on ice.

Efflux kinetics of R123

A total of 106 trophozoites of clones A and C2(225) were
incubated with R123 (1 mg/ml) for 30 min at 37°C. Then, cells
were washed twice with cold PBS and resuspended in R123-
free medium without serum. At 0, 1.5, 3, and 4.5 hr, fluores-
cence in the medium was measured spectrofluorometrically at
excitation and emission settings of 515 and 537 nm, respec-
tively, in a LS-50B spectrofluorometer (Perkin Elmer). The
R123 concentration was determined by interpolation of the rel-
ative fluorescence obtained at each period of efflux time in a
R123 standard concentration curve from 0 to 0.1 mg of R123/ml
in TYI-S-33 medium without serum. R123 concentration in-
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FIG. 1. (A) Location of the most antigenic region (residues 375–759, EhPgp384) in a schematic representation of the E. his-
tolytica P-glycoproteins (EhPgps). (Black bar) EhPgp384; (branched balls in the extracellular space) putative glycosylation sites;
(ABS) ATP binding sites. (B) Alignment of the residues 375–759 from the EhPgp1 (1) and EhPgp5 (5) gene products. (p ) iden-
tical residues; (:) compensatory changes.



creased in the medium with a time course that it is well fit by
a linear behavior. Thus, constant rates for R123 efflux were es-
timated using the equation:

m 5 }
R123

t
c 2 b
} (Eq. 1)

where m is the rate of R123 efflux, R123c is the R123 concen-
tration at each point measured (ng/ml), t is the time (min), and
b corresponds to the y-axis intersection.

To measure the inhibitory effect of verapamil, R123 efflux
kinetics were done as described above, incubating the tropho-
zoites in the presence of 15 mM verapamil.

RESULTS

Identification of a highly antigenic region of the
EhPgp1 protein by computational analysis

The most antigenic regions of the predicted EhPgp1 amino
acid sequence were detected using the DNAStar antigenic de-

terminants prediction program.15 The highest hydrophylic se-
quence was found in the cytoplasmic side of the putative pro-
tein, from amino acids 375 to 759 (EhPgp384). This fragment
includes the amino-terminal ATP-binding site (Fig. 1A) and it
has 79% identity with the EhPgp5 protein corresponding region
(Fig. 1B). Therefore, it was expected that polyclonal antibod-
ies against this polypeptide would recognize the EhPgp1 and
EhPgp5 proteins.

The 1,152-bp DNA fragment coding for the EhPgp384
polypeptide was PCR amplified and cloned in-frame into the
pRSETA plasmid (pRSETA-Pgp1152). Bacteria transformed
with this plasmid expressed a 48-kDa protein (Fig. 2A, lane 2),
42 kDa correspond to the EhPgp384 polypeptide and 6 kDa to
the poly-His tail. EhPgp384 was purified by metal affinity chro-
matography on a nickel-chelating resin as a homogeneous 48-
kDa protein (Fig. 2A, lane 3). This polypeptide was used to
generate rabbit polyclonal antibodies that recognized a single
48-kDa band in the induced bacterial extracts and also reacted
with the purified EhPgp384 recombinant polypeptide (Fig. 2B,
lanes 2 and 3). The anti-EhPgp384 antibodies did not react with
the bacteria transformed with the pRSETA plasmid (Fig. 2B,
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FIG. 2. (A) Expression of the EhPgp384 recombinant polypeptide. Molecular weight markers (lane M), protein extracts of
BL21(DE3) bacteria transformed with pRSETA vector (lane 1), or with pRSETA-Pgp1152 plasmid after 3 hr of induction with
1 mM IPTG (lane 2), EhPgp384 Ni21-affinity-purified recombinant polypeptide (lane 3). (B) Immunodetection of the EhPgp384
recombinant polypeptide by the anti-EhPgp384 antibodies and HRP-conjugated goat anti-rabbit IgGs, revealed by 4-chloro-1-
naphthol. Lanes 1, 2, and 3 are as in A. (C) Negative control using preimmune serum. Lanes 1, 2, and 3 were loaded as in A.
(D) Immunodetection of EhPgps and actin expressed by the trophozoites of clone AneoPgp5 (lanes 1 and 3, respectively) or Aneo
(lanes 2 and 4, respectively). Membranes were treated as above. (E) RT-PCR assays to detect the expression of EhPgp1, Eh-
Pgp5, and NEO genes. Clone AneoPgp5 (lanes 1, 3, and 5) and clone Aneo (lanes 2, 4, and 6) are shown.



lane 1), and neither the preimmune serum recognized the 
recombinant protein from induced bacteria (Fig. 2C, lanes 2 
and 3).

To investigate if the anti-EhPgp384 antibodies also reacted
with the EhPgp5 gene product, we transfected trophozoites of
clone A with the EhPgp5 gene, using the pEhNEOPgp5 plas-
mid (clone AneoPgp5). Western blot assays revealed a wide
147-kDa band in the trophozoites expressing the EhPgp5 gene
(Fig. 2D, lane 1). The antibodies developed a weaker 147-kDa
band in the extracts obtained from the trophozoites transfected
with the pEhNEO plasmid (clone Aneo), carrying the NEO gene
but lacking the EhPgp5 gene (Fig. 2D, lane 2). The faint band
seen in the trophozoites transfected with the pEhNEO plasmid
was probably due to the EhPgp1 protein basally produced by
the clone A.19 Antibodies against actin showed that both lanes
were loaded with the same amount of protein (Fig. 2D, lanes 3
and 4).

To confirm that the EhPgp5 gene was expressed by the
AneoPgp5 trophozoites, we performed RT-PCR assays using
specific primers for the EhPgp1 and the EhPgp5 genes.12 In the
trophozoites of clone Aneo, the EhPgp1 was amplified but no
EhPgp5 transcript was detected (Fig. 2E, lanes 2 and 4). As ex-
pected, the trophozoites of clone AneoPgp5, expressed both 
EhPgp1 and EhPgp5 genes (Fig. 2E, lanes 1 and 3). The NEO
gene probe was used as an internal control and it was similarly
amplified in trophozoites transfected with both plasmids (Fig.
2E, lanes 5 and 6). A non-specific band appeared also when we
used the EhPgp1 oligonucleotides (Fig. 2E, lanes 1 and 2).

Detection of a 147-kDa EhPgp in drug-sensitive and 
-resistant trophozoites

By Western blot experiments, the anti-EhPgp384 antibodies
revealed a 147-kDa protein in total extracts of trophozoites of
clones A, C2, and C2(225) (Fig. 3A). As expected, the fainter
band was found in trophozoites of the drug-sensitive clone A.

A higher amount of the protein was observed in the drug-re-
sistant trophozoites of clone C2, whereas the strongest signal
was detected in the trophozoites of clone C2(225). As an in-
ternal control, the monoclonal anti-actin antibodies revealed
that the same amount of total proteins was loaded in the three
lanes (Fig. 3B). Thus, the EhPgp proteins expression correlated
with the drug-resistance phenotype of the clones, as it was con-
firmed by the densitometric analysis, which displayed that the
trophozoites of clone C2(225) have three times more EhPgps
than those of clone A (Fig. 3C).

Location of EhPgps at the plasma membrane and in
cytoplasmic vesicles of E. histolytica trophozoites

Through confocal immunofluorescence microscopy, using
the anti-EhPgp384 antibodies, the trophozoites of clone A pre-
sented a very low signal, mainly at the plasma membrane (Fig.
4A), while the amount of fluorescence in the trophozoites of
clone C2 was stronger, and it also appeared in the cytoplasm
(Fig. 4B). The highest fluorescence intensity was exhibited by
the trophozoites of clone C2(225), where the EhPgps appeared
as brighter points in membrane protuberances (Fig. 4C, arrows).
We also detected some fluorescent spots out of the cells (data
not shown), suggesting that the EhPgps could be secreted by
the trophozoites. No appreciable staining of the trophozoites
was observed when we used the preimmune serum or when the
primary antibodies were omitted (Fig. 4D).

The ultrastructural location of the EhPgps, using the anti-
EhPgp384 and gold-conjugated secondary antibodies, also
showed the presence of EhPgps in the plasma membrane and
in cytoplasmic vesicles. Again, the trophozoites of clone A (Fig.
5A) presented few gold particles, which were abundant in the
trophozoites of clone C2(225) (Fig. 5B). When we omitted the
anti-EhPgp384 antibodies, no gold particles were detected (Fig.
5C). Interestingly, the EhPgps were located in vesicles of dif-
ferent sizes in both clones (Fig. 5A, B), some of them forming
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FIG. 3. (A) Immunodetection of EhPgp proteins in trophozoites with different drug sensitivities. (B) Immunodetection of actin
protein as an internal control. Western blot assays were carried out as in Fig. 2B and 2D, except for actin, which was detected
by monoclonal antibodies and HRP-conjugated anti-mouse IgGs. Clones A (lane 1), C2 (lane 2), and C2(225) (lane 3). (C) Den-
sitometric analysis of A and B ( u ), EhPgps ( ), and actin.



large networks that resemble Golgi-like structures (Fig. 5E, F,
G, arrowheads). These images suggested that the EhPgps could
be transported through these networks to the plasma membrane
(Fig. 5F, G) and probably, to the extracellular space (Fig. 6A,
B, arrowheads), because gold particles were found in membrane
vesicles and outside the cells.

Gold particles were counted in several randomly selected 
areas of different pictures of the cells. Trophozoites of clone A
presented 15 6 8 particles/mm2, whereas those of clone
C2(225) showed 54 6 37 particles/mm2 inside the cells. In both
clones, gold particles were more abundant in the vesicles. Vesi-
cles of trophozoites of clone A showed a mean of 29 6 12 par-
ticles/mm2, whereas vesicles of trophozoites of clone C2(225)
displayed 110 6 82 particles/mm2. In the cytoplasm, outside of
vesicles, the trophozoites presented also gold particles, but in
a lower amount. Trophozoites of clone A showed 3 6 1 parti-
cles/mm2 and those of clone C2(225) 9 6 7 particles/mm2. The
amount of gold particles in the extracellular space and at the
plasma membrane correlated with the amount of EhPgps de-
tected in the trophozoites, and it was higher in those of clone
C2(225) (12 6 3 particles/mm2) than in trophozoites of clone
A (4 6 3 particles/mm2). The high standard deviations obtained
from these experiments were due to differences in the amount
of gold particles in the vesicles, to the distinct size of the vesi-
cles, and to the sections analyzed. Our TEM results showed that
the EhPgps are driven to the plasma membrane by a complex
vesicular network system and secreted to the extracellular
space.

Association between EhPgps and R123

Next, we investigated the association between EhPgps and
the drugs using R123, a fluorescent MDR substrate,6 and the
anti-EhPgp384 antibodies developed by TRITC-conjugated
secondary antibodies. For these experiments, we incubated the
trophozoites of clone C2(225) for 30 min with 5 mg/ml of R123
to overload the cells with the substrate. Through confocal mi-
croscopy, the EhPgps red fluorescence and R123 green fluo-
rescence appeared associated in cytoplasmic vesicles and in se-
veral plasma membrane protuberances (Fig. 7A, arrows, and
B). R123 in vesicular structures inside the trophozoites sug-
gested that the substrate might be trapped into these vesicles to
be expelled outside the cells. Trophozoites, in which we omit-
ted the R123 and the anti-EhPgp384 antibodies, showed no flu-

orescence (Fig. 7C). The association of the drug with the Eh-
Pgps supported the hypothesis that the EhPgps sequester the
drug into cytoplasmic vesicles, which are driven to the plasma
membrane to be extruded.

Drug efflux in trophozoites of clones A and C2(225)

In previous reports, Ayala et al.3 demonstrated that the
trophozoites of clone A and clone C2, resistant to 90 mM eme-
tine [C2(90)], incubated with tritiated emetine for 30 min pre-
sented a similar amount of radioactivity in their cytoplasm. At
longer times, the trophozoites of clone A kept a higher amount
of drug than those of clone C2(90). However, in these experi-
ments, the authors did not study the drug efflux. Thus, it was
not possible to determine if the lower radioactivity in the drug-
resistant trophozoites after 60, 90, and 270 min of incubation
was due to the transport of the drug out of the cells by the Eh-
Pgps, or to the fact that the EhPgps did not allow the entrance
of more drug to the cells. The microscopy assays carried out
here showed the association between EhPgps and R123 inside
cytoplasmic vesicles. To test whether the drug was actively ex-
truded, we determined the R123 efflux in trophozoites of clones
A and C2(225) preloaded with R123 for 30 min and resus-
pended in R123-free medium. Then, we measured the drug in
the medium by spectrofluorometry at different times. Before
performing the experiments, we did dose concentration mea-
surements of the R123 inside the trophozoites or dissolved in
the TYI-S-33 medium without serum. Curves obtained from
these experiments were used as standards. Data obtained re-
vealed that fluorescence emitted by the drug inside the tropho-
zoites is quenched by intracellular components, as described for
mammalian cells.1 Due to this effect, registers were always
lower inside the trophozoites than in the culture medium. How-
ever, data obtained from confocal microscopy assays showed
that after 30 min of incubation with R123, the trophozoites of
both clones appeared loaded with a similar amount of R123
(Fig. 8A, B). The relative fluorescence measurements obtained
by spectrofluorometry showed that the trophozoites of clone A,
after 270 min, maintained the intracellular concentration of the
drug, whereas in the trophozoites of clone C2(225) it dimi-
nished (data not shown). In contrast, the R123 concentration in
the medium of the drug-resistant trophozoites was higher than
in clone A during the whole experiment (Fig. 8C).

Using Eq. 1, we calculated the constant rates of R123 efflux.
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FIG. 4. Immunolocation of EhPgp proteins in drug-sensitive and -resistant trophozoites by confocal microscopy. Permeabi-
lized trophozoites were first incubated with the anti-EhPgp384 polyclonal antibodies and then with FITC-labeled secondary anti-
bodies (green). Nuclei were counterstained with propidium iodide (red). (A) Clone A. (B) Clone C2. (C) Clone C2(225). Ar-
rows, Protuberances. (D) Negative control, in which the first antibody was omitted; bars as indicated in each panel.

FIG. 7. Subcellular distribution of R123 in drug-resistant trophozoites by confocal microscopy. Trophozoites of clone C2(225)
were incubated with 5 mg/ml of R123 (green) for 30 min and then permeabilized and incubated with the anti-
EhPgp384 antibodies and TRITC-labeled goat anti-rabbit IgGs (red). (A) Merging images of trophozoites. Arrows, Cellular pro-
tuberances. (B) Magnification of a vesicular structure. (C) Internal control in which R123 and anti-EhPgp384 antibodies were
omitted. Bar, as indicated in A.

FIG. 8. R123 efflux kinetics of drug-sensitive and -resistant trophozoites. (A and B) Fluorescence displayed by trophozoites
of clones A and C2(225), respectively, incubated with 1 mg R123/ml medium (green) for 30 min. (C) R123 efflux kinetics dis-
played by clone A (m ) and C2(225) (d ) trophozoites. (D) Inhibitory effect of verapamil on R123 efflux after 270 min of incu-
bation without verapamil ( u ), or with verapamil ( ). Bars, Mean 6 standard deviation.
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For resistant trophozoites, it was 0.4 ng of R123/ml per min per
106 trophozoites, whereas in the sensitive ones was 0.1 ng of
R123/ml per min per 106 trophozoites. The efflux displayed by
the clone C2(225) correlated with the expression level of 
EhPgps detected by Western blot and the microscopy assays
(Figs. 3–6).

In the presence of verapamil, constant rates during the en-
tire experiment diminished to 0.012 ng of R123/ml per min per
106 trophozoites in clone A and to 0.21 ng of R123/ml per min
per 106 trophozoites in clone C2(225), confirming that vera-
pamil inhibits drug efflux. Figure 8D shows that after 270 min
the amount of drug was very low in the medium of the tropho-
zoites of both clones incubated with verapamil. At the end of
all the experiments performed, cell number was maintained and
the viability of the cells was 98%.

DISCUSSION

In mammalian cells, Pgps are located at the plasma mem-
brane and they transport drugs out of the cells, avoiding accu-
mulation in toxic concentrations.16 In E. histolytica, EhPgp1
and EhPgp5 proteins seem to be responsible for the MDR phe-
notype.31 Recently, we have shown that the EhPgp5 protein,
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FIG. 5. Subcellular location of EhPgp proteins in drug-sensitive and -resistant trophozoites by TEM. Sections were incubated
with the anti-EhPgp384 antibodies and 15-nm gold particle-labeled goat anti-rabbit IgGs. (A) Clone A. (B) Clone C2(225). (C)
Negative control, cryosections without the first antibody. (D) Magnification of the square in A. (E), (F), and (G) Vesicular struc-
tures in which EhPgps are located. Arrowheads, Vesicular network; PM, plasma membrane; V, vesicles; bars, as indicated in
panels.

FIG. 6. Extracellular location of EhPgp proteins by TEM.
Cells were treated as in Fig. 5. (A) Clone A. (B) Clone C2(225).
Arrowheads, EhPgps; PM, plasma membrane; bars, as indicated
in panels.



expressed in X. laevis oocytes, could function as a chloride
channel or a chloride channel regulator.10 However, no other
studies have been done regarding the drug transport function of
the EhPgps.

Here, we present data suggesting that the 147-kDa protein
recognized by the anti-EhPgp384 antibodies is encoded at least
for the EhPgp1 and the EhPgp5 genes, as was shown by the
Western blot and RT-PCR assays (Fig. 2D, E). EhPgps have a
lower molecular weight than mammalian Pgps. However, they
are in the range of the estimated molecular weight previously
reported for other Pgps (130–200 kDa).13,20 According to the
expression patterns of the EhPgp1 and EhPgp5 genes, EhPgp
proteins are differentially expressed in drug-sensitive and -re-
sistant trophozoites (Fig. 3), and their amount in both clones is
in concordance with the EhPgp mRNA expression level previ-
ously reported.12 Our findings evidenced a remarkable consis-
tence in all experiments for quantitative and qualitative diffe-
rences found between EhPgps of clones A and C2(225). There
exist three to four times more EhPgps in clone C2(225) than in
clone A and this produces an emetine-resistance up to 8 mM in
clone A and up to 220 mM in clone C2(225).

EhPgps were mainly distributed at the plasma membrane of
drug-sensitive and -resistant trophozoites. Additionally, drug-
resistant cells presented several fluorescent protuberances, in-
dicating the accumulation of EhPgps, which are probably ex-
ported out of the cells. This mechanism may be related to the
extrusion of the emetine in which trophozoites were grown.

Interestingly, TEM assays demonstrated that EhPgps were
also located in a complex vesicular network that resembles a
Golgi-like structure. No typical Golgi apparatus has been found
in E. histolytica. However, the identification of molecular mar-
kers, characteristic of compartments involved in protein tra-
fficking, has provided evidence for the existence of endoplas-
mic reticulum- and Golgi-like functional compartments in E.
histolytica.38 In addition, confocal and TEM studies have also
suggested the presence of these structures in this parasite.18,27

Therefore, it is probable that EhPgps may concentrate, trans-
port, and expel the drug using Golgi-like vesicles. Pgps have
also been located in vesicular structures in multidrug-resistant
human cancer cells44 and on the surface of the digestive vac-
uoles of Plasmodium falciparum.9

Two action mechanisms for the Pgps pump function have
been proposed: (1) Pgps remove drugs directly from the plasma
membrane,35,41 or (2) Pgps pump drugs into subcellular or-
ganelles, keeping them from reaching their target sites.40 Con-
focal microscopy assays of R123 distribution in resistant
trophozoites demonstrated the association of R123 and EhPgps
in both plasma membrane protuberances and intracellular vesi-
cles. These observations support the idea that in E. histolytica
the drugs could be trapped and concentrated in cytoplasmic
vesicles, and then transported to the plasma membrane where
they are secreted. However, data obtained here do not discard
the direct drug extrusion by EhPgps located at the plasma mem-
brane.

Efflux of R123 was faster in clone C2 than in clone A, and
in both cases it was proportional to the time course and was
measurable only after 30 min of interaction. At shorter times,
the efflux was almost null (data not shown). It is possible that
the amount and the expression of the different EhPgp members
in the cell are responsible for the different drug extrusion ve-

locities observed in trophozoites of clones C2 and A. It is also
probable that, in addition to these proteins, other factors may
be participating to produce this phenomenon. Further investi-
gations are currently underway to determine the concerted in-
terplay of the mechanisms conferring the MDR phenotype in
E. histolytica trophozoites.
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