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CALRETICULIN-LIKE MOLECULE IN TROPHOZOITES OF ENTAMOEBA
HISTOLYTICA HM1:IMSS (SWISSPROT: ACCESSION P83003)

ENRIQUE GONZÁLEZ, GUADALUPE RICO, GUILLERMOMENDOZA, FERNANDO RAMOS, GABRIELA GARCÍA,
PATRICIA MORÁN, ALICIA VALADEZ, EMMA I. MELENDRO, AND CECILIA XIMÉNEZ

Depto. de Medicina Experimental, Facultad de Medicina, UNAM, México, D.F., México; Depto. de Bioquímica, Facultad de
Medicina, UNAM, México, D.F., México; Hospital de Pediatría, Centro Médico Siglo XXI, IMSS, México, D.F., México

Abstract: In this work, we report the partial sequence of a 51 kDa protein of Entamoeba histolytica that is highly
immunogenic in humans. Partial sequencing of the N-terminal end showed that 18 of the first 20 amino acid residues of
the protein were identified uniquely, indicating that the final product was a homogeneous protein preparation. The
N-terminal sequence that was found was: KVYFEETFENGWKXIWSKW. Comparing the 19-amino acid sequence of
the protein in automated databases shows significant similarity with amino acid sequences of the calreticulin-like protein
of spinach leaves (77%) and of the calreticulin precursor of Dictyostelium discoideum (60%).

INTRODUCTION

Calreticulin (CR) is a widely distributed protein in eukary-
otic cells except for yeast and erythrocytes.1 Filogenetically, it
is a highly conserved protein in both its amino acid sequence
and molecular organization. CR is a resident endoplasmic
reticulum (ER) membrane protein that belongs to the family
of KDEL proteins.2 It contains an N-terminal signal sequence
and a C-terminal KDEL-ER retrieval sequence.3 CR binds
Ca2+ with high capacity and plays an important role in control
of intracellular Ca2+ homeostasis.4 CR also modulates ste-
roid-sensitive gene expression and cell adhesion.5,6 This pro-
tein possesses chaperone activity, binding specifically to par-
tially processed monoglucosylated N-linked oligosaccha-
rides;7 therefore, it is not surprising that the most frequently
reported location of this interesting protein is within the ER.
In the present work, we report partial sequencing of a 51

kDa protein of Entamoeba histolytica that is highly immuno-
genic in humans.8 This protein is recognized by IgA and IgG
anti-amebic antibodies in saliva and serum of patients with
invasive amebiasis (> 91%), in contrast with the low recogni-
tion frequency obtained in asymptomatic cyst passers
(<10%) and non-parasitized individuals.9 We also observed
that after 6–12 months of follow-up, patients with invasive
amebiasis have antibody levels against this protein that are
decreased by nearly 70%. This renders the protein potentially
useful in diagnosis and detection of new cases of invasive
amebiasis in endemic areas.

MATERIALS AND METHODS

Electrophoresis and Western blot of 51 kDa protein.Mem-
brane antigen fraction of E. histolytica HM1:IMSS was pre-
pared as described previously.10 Electrophoresis of antigen
was performed in 10% polyacrylamide-SDS gels under non-
reducing conditions and run at 100 volts for 60 min at room
temperature;11 gels were stained with Coomassie blue for de-
tection of 51 kDa band. Electroelution of the 51 kDa band
was carried out using preparative 10% SDS-polyacrylamide
gels stained with Coomassie blue. The 51 kDa band was cut
with a scalpel blade and submitted to electroelution in an
electroeluter chamber (model 422, Bio-Rad Laboratories,
Hercules, CA) using 0.025 M Tris-HCl buffer added to 0.19 M
glycine and 1% SDS for 6 h, 10 mA at 4°C. The electroeluted
protein was recovered and then dialyzed against Tris-HCl
0.01 M pH 7.5; finally, the protein was concentrated by ultra-

filtration using Centricon 10 Units (Amicon Millipore Co.,
Bedford, MA) and a filter of 30,000-molecular-weight-cutoff
(XM-30) (DIAFLO, Amicon). The 51 kDa band obtained in
electroelution was analyzed in a two-dimension electropho-
resis gel with a pH gradient of 3–10. The gel was stained with
Coomassie blue to identify the homogeneity of the protein
and its isoelectric point.
On the other hand, 51 kDa electroeluted protein was run in

SDS-PAGE transferred to nitrocellulose and tested for reac-
tivity with goat anti-human CR antibody (sc-6467) (Santa
Cruz Biotechnology, Inc., Santa Cruz, CA), goat anti-rabbit
skeletal muscle CR antibody (designated CRT283), and anti-
amebic antibodies obtained from a pool of five serum samples
from amebic liver abscess (ALA) patients in Western blot
assay.12 Sites of nitrocellulose membrane strips uncovered
with protein were blocked with 50% skim-milk solution in
0.02 mM pH 7.4,12 and the nitrocellulose membrane strips
were washed with PBS added to 0.5% Tween 20 (PBS-Tw)
(Sigma Chemical Co., St. Louis). For detection of KDEL-ER
retrieval sequence in E. histolytica, 51 kDa protein, goat anti-
rabbit skeletal muscle CR (CRT283) was used (donated by
Dr. M. Michalak, Department of Biochemistry, University of
Alberta, Manitoba, Canada).13 This antibody was raised
against synthetic peptide QAKDEL, which encodes C-
terminal amino acids 386–401 of rabbit CR.1 The CRT283
antibody was affinity-purified using BSA-coupled QAKDEL
synthetic peptide affinity column.
Nitrocellulose strips were incubated (1 h at room tempera-

ture) with CRT283 antibody (1:300 dilution), goat anti-human
CR antibody (1:1000 dilution), or serum antibodies from pa-
tients with ALA (1:1,000 dilution). After incubation, strips
were washed as before and incubated with goat anti-rabbit
IgG, rabbit anti-goat IgG, or goat anti-human IgG peroxi-
dase-conjugated antibody (Zymed Laboratories, San Francis-
co) (1:1,000 dilution) in accordance with the respective origin
of the first antibody used. Immunoreactive bands were de-
tected with diaminobenzidine tetrahydrochloride solution (50
mg/100 mL in PBS). For analysis of reactivity of 51 kDa pro-
tein submitted to two-dimension electrophoresis and Western
blot assay, the procedure was the same as described previ-
ously.
Reactivity analysis of 51 kDa E. histolytica protein in

ELISA system. Enzyme-linked immunosorbent assay
(ELISA) was performed in microtiter well strips coupled with
electroeluted 51 kDa E. histolytica protein (1 �g/well) Strips
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were blocked with 3% solution of bovine serum albumin
(BSA) in 0.01 M phosphate buffer at 4°C overnight . There-
after, strips were washed twice with both 0.01 M phosphate
buffer added with 0.5% BSA and 0.5% Tween 20 (Tw). A
total of 50 �L/well of proper dilutions of CRT283, anti-
human CR antibodies, or serum anti-amebic antibodies from
patients with ALA were reacted for 2 h at room temperature
and then washed once with PBS-BSA-Tw and twice with
PBS-Tw (10 min). Peroxidase-conjugated antibodies used to
detect antigen-antibody reaction in this ELISA were the same
as described previously in the Western blot assays (50 �L of
equivalent dilutions/well). Strips were incubated overnight at
4°C. Substrate consisted of 50 �L/well of 10 mL of 0.1M
citrate buffer, pH 4.5 containing 10 mg o-phenylenediamine
and 4 �L H2O2 (30%). The reaction was stopped after 3 min
with 1 M of H2SO4 (200 �L/well) and then read in a micro-
ELISA reader (Bio-Tek Instruments Co., Winoosky, VT) at
490 nM.
Sequentiation. Protein sample was prepared and sequenced

after SDS-PAGE and electroblotted to polyvinylidenedifluo-
ride membrane (Immobilon, Bio-Rad) by the Towbin
method.12 N-terminal sequence was determined by auto-
mated Edman degradation14 on a gas-phase protein se-
quencer (LF 3000, Beckman Instruments, Irvine, CA)
equipped with an online Beckman System Gold high-
performance liquid chromatography system.14 HPLC equip-
ment included models 126 pump and 168 diode array detector
settings at 268 and 293 nm for signal and reference, respec-
tively. The HPLC column used was a Beckman Spherogel
Micro PTH (2 X 150 mm) column, while standard Beckman
sequencing reagents were used for analysis.

RESULTS

Electroeluted 51 kDa E. histolytica protein analyzed in
two-dimension electrophoresis gel showed a unique spot lo-
cated in the range of pH 6.7 (Figure 1), demonstrating the
presence of only one homogeneous protein in a molecular

weight of 51 kDa of E. histolytica antigen. Western blot of
two-dimension electrophoresis gels reacted with anti-KDEL-
ER retrieval sequence, anti-human CR antibodies, or the
anti-amebic serum antibodies of patients with ALA showed
no reactivity. However, in one-dimension electrophoresis and
Western blot of previously electroeluted 51 kDa protein of E.
histolytica, reactivity of 51 kDa protein with anti-KDEL an-
tibody (CRT283) was positive (Figure 2), demonstrating the
presence of KDEL sequence in the studied protein.
To test whether the absence of reactivity with other anti-

bodies tested (anti-human CR, and serum antibodies of pa-
tients with ALA) was related to sensitivity of the Western
blot assay, we tested electroeluted 51 kDa protein in an
ELISA system, obtaining clear and strong reactivity of all
antibodies tested (anti-KDEL-ER, anti-human CR, and ALA
serum anti-amebic antibodies (Table 1). These results suggest
that KDEL-ER retrieval sequence is present in 51 kDa E.
histolytica protein; the protein also has antigenic similarity
with human CR and is highly recognized by anti-amebic an-
tibodies of patients with ALA.
Sequencing of 51 kDa protein showed that 18 of the pro-

tein’s first 20 amino acid residues were uniquely identified,
indicating that the final product was a homogeneous protein
preparation. The N-terminal sequence found was: KVY-

TABLE 1
Reactivity analysis of Entamoeba histolytica calreticulin-like protein

Antibody 51 kDa E. histolytica protein

Non-immune serum 0.386 ± (0.054)
Serum of patients with amebic liver abscess 0.772 ± (0.083)
Anti-KDEL antibody (CRT283) 0.531 ± (0.065)
Anti-human calreticulin antibody (sc-6467) 0.522 ± (0.051)
Enzyme-linked immunosorbent assay of 51 kDa Entamoeba histolytica protein tested

against non-immune serum obtained from a pool of five non-parasitized healthy individuals;
CRT283 anti-KDEL-ER retrieval sequence antibody; anti-human calreticulin antibodies
(sc-6467); and serum anti-amebic antibodies from a pool of five patients with amebic liver
abscess. Values represent mean of optical density at 490 nM ± standard deviation.

FIGURE 2. SDS-PAGE (10%) of membrane-rich extract of E. his-
tolytica HM1:IMSS trophozoites under non-reducing conditions
stained with Coomassie blue (1); electroeluted 51 kDa protein under
reducing conditions (2); electroblotting of 51 kDa protein to nitro-
cellulose membrane (3); and immunoreactive bands of 51 kDa pro-
tein using CRT283 antibody(4); MW corresponds to molecular
weight standards.

FIGURE 1. Two-dimension electrophoresis gel of electroluted 51
kDa band of E. histolytica HM1:IMSS membrane antigen. Range of
pH used was 3–10; the unique spot obtained in 51 kDa MW site is
marked with an arrow showing an isoelectric point of pH 6.7.
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FEETFENGWKXIWSKW. Comparison of the 19-amino
acid sequence of this protein in automated databases showed
significant alignment with different organisms (Table 2). The
major homology was obtained with the amino acid sequence
of CR-like protein of spinach leaves (77%) (Swissprot: acces-
sion P30806) and CR precursor of Dictyostelium discoideum
(60%) (Swissprot: accession Q23858).

DISCUSSION

CR has been detected inOnchocerca volvulus, Schistosoma
japonicus, S. mansoni, and Leishmania major.15 In Leishma-
nia and Schistosoma species, the Ca2+ binding property of CR
is conserved in vitro.16 There also is evidence concerning im-
munogenicity of CR from parasites in humans; anti-CR anti-
bodies have been detected in serum from patients with on-
chocercosis,17 schistosomiasis,18 and tripanosomiasis.19 Our
results suggest the presence of a CR-like molecule in E. his-
tolytica that appears highly immunogenic in patients with in-
vasive amebiasis. This protein also possesses the KDEL se-
quence characteristic of RE resident proteins observed in
other eukaryotic cells (Figure 2, Table 2). In addition to the
diagnostic and epidemiologic importance of the CR-like mol-
ecule, the presence of this molecule in E. histolytica, a parasite
without several morphologically recognizable organelles such
as mitochondria, Golgi apparatus, RE, centrioles, or micro-
tubules, supplies additional evidence for recent observations
concerning an equivalent system to ER and Golgi com-
plex20–23 in this protozoan. The previous points open an in-
teresting field of research related to the biologic function of
this E. histolytica protein. Clonation of the putative gene for
CR-like protein of E. histolytica is ongoing.
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gb Q40401 29 EVFFEESFN DGWESRW VK 45 Nicotiana plumbaginifolia 9/18 (50) 14/18 (77)
gb Q40567 2 VFFEESFN DGWESRW VK 18 Nicotiana tabacum 9/17 (52) 12/17 (69)
tr Q40040 20 VFFQEKFE DGWESRW VK 36 Hordeaum vulgare 9/17 (52) 12/17 (69)
tr Q40041 23 VFFQEKFE DGWESRW VK 39 Hordeaum vulgare 9/17 (52) 12/17 (69)
gb O04151 23 VIFEEKFE DGWEKRW VK 40 Arabidopsis thaliana 10/18 (55) 13/18 (71)
gb Q9XF98 25 KVFFEERFE DGWDKRW1 SEW 45 Prunus armeniaca 12/21 (57) 15/21 (71)
gb Q9STD3 19 KDYFKETFD GSWADRW TK 36 Chlamydomonas reinhardtii 9/18 (50) 12/18 (66)
gb Q23858 21 VHFKDTFD NDWESRW2 SDW 40 Dictyostelium discoideum 9/20 (45) 12/20 (60)
Comparison of amino acid sequence of 51 kDa protein of Entamoeba histolytica in automated databases using BLAST program at NCB1 Server (Altschul SF, Madden LT, Schaffer AA, Zhang

JA, Zhang Z, Miller W, Lipman DJ, 1997. Gapped BLAST and PSI-BLAST. A new generation of protein database search programs. Nucl Acids Res 25: 3389–3402). For alignment, “Multalin
Version 5.4” and I.N.R.A.™ were used (Corpet F. 1998. Multiple sequence alignment with hierarchical clustering. Nucl Acids Res 16(22): 10881–10890). Identities represent identical amino acids.
Positives represent identical amino acids plus conservative changes. 1Site where V and S residues are located. 2Site where 2 V are located.
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