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Entamoeba histolytica-Secreted Products Degrade Colonic
Mucin Oligosaccharides
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Degradation of the mucus layer by Entamoeba histolytica is a prerequisite for invasion of the colonic mucosa.
In this study, we demonstrate that amoeba-secreted products degrade 3H-labeled and native colonic mucin
oligosaccharides independently of proteolytic activity. We conclude that E. histolytica degrades mucin oligo-
saccharides, which may facilitate parasite invasion of the colon.

Entamoeba histolytica is responsible for at least 50 million
cases of diarrhea and an estimated 100,000 deaths per annum
and ranks second only to malaria as a cause of mortality due to
a protozoan parasite (12). Infection with the parasite leads to
amebic colitis, colonic ulceration, and less frequently, dissem-
ination to the liver, resulting in amebic liver abscess. The initial
events leading to invasion of the colon by E. histolytica are
poorly understood, and the mechanisms used by the parasite to
overcome the innate host defenses of the gastrointestinal tract
are currently under investigation. The parasite colonizes the
colonic mucus layer by binding mucin oligosaccharides via a
170-kDa Gal/GalNAc lectin and must traverse this protective
barrier in order to cause epithelial cell damage and colonic
ulceration. Mucin oligosaccharides serve to protect the mucin
core from proteases, preserving the integrity of the mucin
polymer. Various O-linked glycan structures are attached to the
apomucin via O-glycosidic linkage to serine and threonine resi-
dues, and these O-glycan branches contain N-acetylgalactosamine
(GalNAc), N-acetylglucosamine (GlcNAc), fucose, galactose, and
sialic acid. The oligosaccharide component of gastrointestinal
mucin has been reported to account for up to 90% of its dry
weight, and the densely packed oligosaccharides are responsible
for many intrinsic physical properties of the mucus gel, including
hydration, gel-forming capacity, protease resistance, and rigidity
(3). Previous studies have identified numerous glycosidase activ-
ities in E. histolytica lysates and secretory products. More specif-
ically, the parasite has been found to produce a sialidase, an
�-glucosidase, and �-N-acetylhexosaminidase, enzymes which are
released by the parasite and are hypothesized to be involved in
amebic pathogenesis (7, 9, 14). These glycosidases may play a role
in disrupting mucin by exposing the protein backbone to parasite
proteases. Previously, we have shown that E. histolytica-secreted
cysteine proteases degrade the poorly glycosylated regions of
MUC2, and we hypothesize that the parasite may use the con-
certed actions of glycosidases and proteases to disassemble the
mucin polymeric network (5).

In the present study, we determined whether E. histolytica-
secreted glycosidases could degrade colonic mucin oligosac-

charides. Parasite secretory products were collected from tro-
phozoites incubated in Hanks’ balanced salt solution for 2 h,
and �95% of trophozoites were viable as determined by trypan
blue exclusion assay (13). Secreted products were assayed for
activity against a panel of glycosidase substrates as previously
described with some modifications (2). Briefly, 20 �g of se-
creted components (representing �2 � 105 trophozoites) were
assayed for glycosidase activities between pH 3.5 and pH 8.5 to
determine optimal activity using various p-nitrophenyl glyco-
side substrates (2 mM) (EMD Biosciences Inc., San Diego,
CA). One unit of enzyme activity was defined as the number of
micromoles of substrate digested per minute per milligram of
protein, and 1 U of activity was considered significant.

Highly purified 3H-labeled mucin, as well as native mucin,
was collected from LS 174T colonic cells (American Type
Culture Collection, Rockville, MD) grown to 80% confluence
in minimal essential medium (Invitrogen Corporation, Burl-
ington, Ontario, Canada) and purified by Sepharose 4B (S4B)
gel filtration and/or cesium chloride density gradient centrifu-
gation (CsCl mucin) as previously described (1, 5). Mucin
oligosaccharide degradation was assessed with native mucin
and was visualized by periodic acid-Schiff stain (PAS), in-gel
staining of the mucin oligosaccharides using the GelCode gly-
coprotein staining kit according to the manufacturer’s instruc-
tions (Pierce, Rockford, IL). Western blot analysis was per-
formed using an antibody generated in New Zealand White
rabbits against LS 174T cell mucin which was purified by gel
filtration and density gradient centrifugation (1). The specific-
ity of the antibody for mucin oligosaccharides was determined
by oxidizing the mucin with 10 mM sodium metaperiodate
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TABLE 1. Glycosidase activity present in
E. histolytica-secreted products

Substrate Activity (U) Significancea

�-N-Acetyl-D-glucosamine 62 S
�-D-Glucose 46 S
�-D-Galactose 3.6 S
�-L-Fucose 3.2 S
�-N-Acetyl-D-galactosamine 1.2 S
�-L-Fucose NS
�-D-Mannose NS
�-D-Galactose NS

a S, significant; NS, not significant.

3790



(Sigma-Aldrich, Burlington, Ontario, Canada) in phosphate-
buffered saline (PBS) (Invitrogen Corporation) in the dark for
1 h (11). In addition, degradation of 3H-labeled mucin glyco-
proteins was examined by sodium dodecyl sulfate-polyacrylam-
ide gel electrophoresis (SDS-PAGE) and fluorography, as well
as S4B size exclusion chromatography, as previously described
(5). Secreted products were pretreated with protease inhibitors
or with the complete-mini EDTA-free protease inhibitor cock-
tail according to the manufacturer’s instructions (Roche
GmbH, Mannheim, Germany). Trypsin and papain were used
as a control for proteolytic degradation in the absence of gly-
cosidase activity (Roche GmbH).

E. histolytica-secreted products were found to contain abun-

dant amounts of activity against various glycoside substrates
(Table 1). The highest level of activity detected was that of
�-N-acetyl-D-glucosaminidase at pH 7.0. In addition, high lev-
els of �-D-glucosidase activities were also detected, with max-
imal activity between pH 6.0 and 8.0, which is in agreement
with a previous report (10). Modest levels of �-D-galactosidase,
�-L-fucosidase, and �-N-acetyl-D-galactosaminidase were also
detected. Based on the various structures of human intestinal
mucin oligosaccharides, all of these enzymes would be re-
quired to break down mucin oligosaccharides by the parasite
(6, 8). There has been no evidence to date that defines a role
for these enzymes in mucin degradation, and previous methods
used to examine oligosaccharide degradation by the parasite

FIG. 1. PAS staining of native mucin treated with E. histolytica-secreted products. (A) Dose-dependent degradation of CsCl-purified mucin
visualized by SDS-PAGE and PAS staining. (B) E. histolytica-secreted components (10 �g) were preincubated with E-64 and Pefabloc-SC prior
to the digest. (C) Western blot analysis of mucin digests with a �-LS 174T cell mucin antibody. Ct, control. The arrow indicates border between
stacking and running gel. (D) Western blot analysis showing specificity of the antibody for mucin oligosaccharides. Ct, control mucin; NaIO4,
sodium metaperiodate treatment.
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may have not been sensitive enough to detect minor changes in
the structure of mucin due to its high molecular weight and
polymeric nature. As shown in Fig. 1A, E. histolytica-secreted
products degraded mucin and mucin oligosaccharides in a
dose-dependent manner, as evidenced by the migration of PAS
reactive material into an SDS-PAGE running gel. Incubation
of the mucin with as little as 10 �g of secreted products re-
sulted in an 87% decrease in high-molecular-weight stacking
gel mucin, while trypsin did not alter the migration compared
to control mucin. Since cysteine proteases are the major class
of enzyme released by the parasite and have been shown to
degrade the poorly glycosylated flanking regions of mucin (5),
the involvement of these proteases in altering mucin oligosac-
charide migration was assessed. Degradation of the mucin
oligosaccharides by the parasite was not inhibited by the cys-

FIG. 2. SDS-PAGE and autoradiograph of 3H-labeled mucin de-
graded by amoeba-secreted products. (A) Time-dependent degrada-
tion of 3H-labeled mucin. Sepharose 4B-purified mucin was incubated
with 50 �g of amoeba-secreted products for up to 4 h. Ct, control.
Mucin was also incubated with secreted products that were inactivated
by boiling (Bl). (B) Effect of protease inhibitors on the degradation of
[3H]glucosamine-labeled mucins. Secreted products (SP) were treated
with the following protease inhibitors prior to incubation with mucin:
E-64 (E1 and E5), 100 and 500 �M; phenylmethylsulfonyl fluoride
(PM), 10 mM; leupeptin (L), 10 mM; aprotinin (A), 10 mM; and
pepstatin (P), 10 mM (Roche GmbH). The digests were performed for
6 h. The arrow indicates the border between stacking and running gel.

FIG. 3. Sepharose 4B gel filtration of 3H-labeled CsCl mucin de-
graded by E. histolytica-secreted products. (A) Purified mucin (3 � 105

counts per minute) was incubated in PBS alone or with 200 �g of
secreted products at 37°C for 18 h. The digests were separated by gel
filtration, and aliquots of each fraction were analyzed by liquid scin-
tillation counting. The column was calibrated with blue dextran (BD,
2,000 kDa; Pharmacia, Uppsala, Sweden) and bovine serum albumin
(BSA, 68 kDa; Sigma-Aldrich). (B and C) CsCl density gradient cen-
trifugation of 3H-labeled mucin incubated in PBS (B) or amoeba-
secreted components (C). Data represent the results of one experi-
ment repeated twice with similar results.
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teine protease inhibitor E-64 or by the serine protease inhib-
itor Pefabloc-SC (Fig. 1B). These results are of particular in-
terest, since E-64 has been shown to markedly inhibit the
majority of proteolytic degradation of purified mucin by amoe-
bae (5). Treatment of the secreted products with a protease
inhibitor cocktail was also ineffective at inhibiting the libera-
tion of mucin oligosaccharides into the running gel (data not
shown). Western blot analysis of the digests with an antibody
that recognizes purified colonic mucin oligosaccharides
showed a 56% reduction in immunoreactive mucin remaining
in the stacking gel (10 �g secreted products), while trypsin
digestion of the mucin did not result in any significant loss of
mucin carbohydrates from the stacking gel (Fig. 1C). The
�-mucin antibody did not recognize mucin in which the sugars
have been oxidized, indicating that the antibody specifically
recognizes mucin oligosaccharides (Fig. 1D).

To address specific cleavage of mucin oligosaccharides, the
mucin was metabolically labeled by incubating LS 174T cells
with [3H]glucosamine. Under these conditions, the glu-
cosamine is converted to various carbohydrates and is incor-
porated into mucin glycoproteins. This allows for the tracking
of the sugars and is useful for detecting minor alterations in
mucin structure. As shown in Fig. 2A, 3H-labeled S4B V0 (void
volume) mucin was degraded by amoeba-secreted products in
a dose-dependent fashion which was specifically inhibited by
boiling. Amoebae glycosidase activity of 3H-labeled mucin was
similar to the degradation pattern observed with native colonic
mucin (Fig. 1A). More importantly, the addition of a variety of
protease inhibitors had no effect on 3H-labeled mucin degra-
dation (Fig. 2B), clearly demonstrating glycosidase activity.
This method is more sensitive than PAS staining for detecting
oligosaccharide degradation and confirmed that the mucin car-
bohydrates were being disrupted. As shown in Fig. 3A, 3H-
labeled mucin purified by CsCl density gradient centrifugation
elutes in the V0 of a S4B column. However, following incuba-
tion with amoeba-secreted products, there was a 51% decrease
in void volume (fractions 6 to 11) mucin and an increase in
3H-labeled material in the included fractions (fractions 12 to
25). Although the size of the mucin molecule does change
dramatically upon degradation with amoeba-secreted prod-
ucts, changes in the buoyant density of the molecule are not as
dramatic but are evident (Fig. 3B and C). The degraded mucin
does exhibit a wider range of densities and can be detected in
fractions 5 to 7. Furthermore, mucin appeared to be solubi-
lized by the secreted products, as evidenced by an increase in
the total amount of recoverable 3H-labeled mucin in the pres-
ence of secreted products compared to controls (Fig. 3B).

We have previously demonstrated that cysteine proteases
secreted by E. histolytica are responsible for degrading the
cysteine-rich regions of colonic mucin and the degraded mucin
is less effective at inhibiting amebic adherence to target Chi-
nese hamster ovary cells (5). Degradation of mucin by E. his-
tolytica cysteine proteases is likely to result in destabilization of
the mucin polymer, solation of mucus, and subsequent loss of
the protective function of the mucus gel. Although mucin po-
lymerization is an important and essential element required for
its gel formation, mucin O-linked oligosaccharides are neces-

sary for protecting the protein backbone, including the mucin
domains, from degradation by proteases. Although some pre-
vious studies have determined that the parasite does not produce
the proper range of glycosidases to degrade mucin, we have found
that the parasite does produce a wide range of glycosidases and
the products secreted by the parasite are capable of degrading
colonic mucin. This indicates that the parasite uses both protease
and glycosidase activity to disrupt the mucin polymeric network.
The liver fluke Fasciola hepatica also secretes glycosidases into its
environment, and the parasite’s excretory-secretory products have
been shown to degrade ovine mucin even in the absence of pro-
teolytic activity (4). Our results indicate for the first time that E.
histolytica releases abundant amounts of glycosidases into its en-
vironment, and this activity is sufficient to degrade colonic mucin
oligosaccharides. In addition, the ability of these enzymes to de-
grade colonic mucin suggests that they play an important role in
allowing the parasite to overcome the innate defense of the mu-
cus barrier.
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