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Entamoeba histolytica virulence is related to a number of amebic components (lectins, cysteine proteinases,
and amebapore) and host factors, such as intestinal bacterial flora. Trophozoites are selective in their inter-
actions with bacteria, and the parasite recognition of glycoconjugates plays an important role in amebic viru-
lence. Long-term monoxenic cultivation of pathogenic E. histolytica trophozoites, strains HK-9 or HM-1:IMSS,
with Escherichia coli serotype O55, which binds strongly to the Gal/GalNAc amebic lectin, markedly reduced the
trophozoites’ adherence and cytopathic activity on cell monolayers of baby hamster kidney (BHK) cells. Speci-
fic probes prepared from E. histolytica lectin genes as well as antibodies directed against the light (35-kDa) and
heavy (170-kDa) subunits of the Gal/GalNAc lectin revealed a decrease in the transcription and expression of
the light subunit in trophozoites grown monoxenically with E. coli O55. This effect was not observed when
E. histolytica was grown with E. coli 346, a mannose-binding type I pilated bacteria. Our results suggest that
the light subunit of the amebic lectin is involved in the modulation of parasite adherence and cytopathic activity.

The relative virulence of different strains of Entamoeba his-
tolytica has been shown to vary as a consequence of changes in
conditions of in vitro cultivation (15). The molecular mecha-
nisms of such variations in virulence are not well understood.
The virulence of E. histolytica has been proposed to be related
to a number of amebic components: (i) a family of galactose
(Gal)/N-acetyl-D-galactosamine (GalNAc)-specific lectins,
which mediate the initial attachment of the parasite to the
mucosal cells and enable resistance to lysis by serum comple-
ment (11, 27, 37, 41); (ii) small proteins known as amebapores,
which form pores in membranes of target cells as well as in the
cell walls of ingested bacteria (2, 18, 19, 23); and (iii) a family
of six potent cysteine proteinases (CPs) which have consider-
able sequence homology (3, 12, 39, 43, 44). Although the spe-
cific role of each of these cysteine proteinases has not yet been
established, their inhibition by antisense RNA (3, 4) has been
shown to affect amebic virulence.

In addition to the amebic components, there are various
host factors which contribute to and determine the virulence of
E. histolytica trophozoites in the human host (31). One factor
which has been suggested to play an important role in amebic
virulence is the bacterial flora of the intestine (30). A number
of studies have shown that the association of axenically grown
E. histolytica trophozoites with certain types of bacteria en-
hanced their virulence (1, 10, 47). Cultivation of trophozoites
with bacteria was also shown to alter some antigens of the
ameba (5, 6). E. histolytica trophozoites attach and ingest bac-
teria either by using their membrane-associated lectin specific
for Gal and GalNAc or by having their mannose-containing

cell surface components serve as receptors for the mannose
binding lectins of certain bacteria (7, 8, 30).

The ameba Gal/GalNAc lectin is a heterodimer consisting of
heavy (170-kDa) and light (35- or 31-kDa) subunits (28, 36).
The 170-kDa subunit has been suggested to play a crucial role
in the carbohydrate recognition that mediates the interaction
between the parasite and receptors on the mucosal cells (25,
34, 42). Recently a regulation of adherence and virulence by
the cytoplasmic domain of the 170-kDa lectin subunit has been
proposed (46). The involvement of the light lectin subunits in
this process is not yet understood. Preliminary results recently
obtained by subtractive hybridization have suggested that
the avirulent E. histolytica strain Rahman has, among other
defects, a deficiency in the expression of the 35-kDa light
subunit (4a). In the present study we have investigated the
effects of long-term monoxenic cultivation of E. histolytica
HK-9 or HM-1:IMSS (with either Gal or Man binding bacte-
ria) on amebic virulence. Surprisingly, a significant down reg-
ulation of E. histolytica adherence and cytopathic activity was
observed when amebic trophozoites were monoxenically grown
with the Gal-containing E. coli serotype O55 but not with the
Man binding bacterium E. coli 346. This down regulation of
virulence was found to be related to a decrease in the tran-
scription and expression of the light (35-kDa) subunit of the
ameba Gal/GalNAc lectin.

MATERIALS AND METHODS

Ameba cultures. Trophozoites of E. histolytica HM-1:IMSS and HK-9 were
cultured under axenic conditions in Diamond’s TYI-S-33 medium (16). The
parasites were harvested at the exponential phase of growth, washed twice in a
solution of phosphate-buffered saline (PBS), pH 7.0, and resuspended to the
desired concentration for adherence and cytopathic assays. Monoxenic cultures
of E. histolytica were established by growing amebic trophozoites with E. coli O55
or E. coli 346. The growth of bacteria in the monoxenic cultures was controlled
by adding 5 mg of cefotaxime (Claforan; Hoechst, Frankfurt, Germany)/ml to
each subculture. Several repetitions of monoxenic cultures of strains HM-1:IMSS
and HK-9 were done. Seven separate cultures were initiated with E. coli serotype
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O55 (7), and four were initiated with E. coli 346, which has type I pili (24). The
bacteria were grown separately in TYI-S-33 medium for 10 h at 37°C, and 1 ml
of the bacterial culture was then added to the trophozoite cultures at each
subculture. E. coli cells were radiolabeled as previously reported (8). The bac-
teria were grown at 37°C in Luria broth medium containing [14C]glucose (1
mCi/ml; specific activity, 346 mCi/mmol) for 4 h, harvested by centrifugation at
9,000 3 g for 10 min, washed, and resuspended in saline solution to a concen-
tration of 1010/ml (300 cpm/106 bacteria).

Adhesion and cytopathic activity on cell monolayers. Monolayers of cultured
BHK cells were grown in Dulbecco’s modified Eagle’s medium (DMEM) with
fetal calf serum (5%) to confluence in 24-well plates. For adhesion assays, the
monolayer was fixed with 5% formaldehyde, washed twice with PBS, incubated
with a solution of glycine (250 mM) for 30 min, and washed twice with PBS.
Axenic and monoxenic E. histolytica trophozoites (2 3 105) from each strain were
added to wells containing fixed monolayers in 1 ml of DMEM without serum and
incubated at 37°C for 30 min. The number of parasites adherent to BHK cells
was determined by counting the trophozoites that remained adhered to the cell
monolayer after gentle decantation (two times) of the nonadhered trophozoites
with warm DMEM. For cytopathic-activity assays, the rate of destruction of the
BHK cell monolayer by axenic and monoxenic trophozoites was evaluated as
previously described (30). In routine experiments, trophozoites of strain HM-1:
IMSS (105) or strain HK-9 (2 3 105) were resuspended in DMEM without serum
(1 ml), added to wells containing confluent monolayers, and incubated for 60 min
at 37°C. The reaction was stopped by cooling the tissue culture plate at 4°C for
10 min, after which the plates were carefully washed twice with cold PBS. The
amounts of mammalian cells that remained in the wells after the incubations
were determined by staining with methylene blue and extraction of the dye as
previously described (10). A ratio of 1,000 E. coli cells/trophozoite was used for
the determination of the effect of short-term association of bacteria on the
cytopathic effect. The standard deviation was calculated from triplicate wells in
each experiment.

Attachment of radiolabeled bacteria to trophozoites. Attachment of radiola-
beled bacteria to E. histolytica trophozoites was carried out as previously de-
scribed (8). 14C-labeled E. coli cells (109) (300 cpm/106 bacteria) were incubated
with E. histolytica trophozoites (106) in 1 ml of saline solution for 30 min at 4°C.
Separation of bacteria which attached to the trophozoites and those that did not
was performed by discontinuous density gradient centrifugation with Percoll
(Pharmacia, Uppsala, Sweden). Bacteria layered between 100 and 60% Percoll,
whereas amebae layered between 60 and 20% Percoll. The bacteria attached to
trophozoites were counted in a scintillation fluid with a liquid scintillation counter.

Erythrophagocytosis assay. Erythrophagocytosis was carried out as previously
described (32). Human erythrocytes (HRBC) and E. histolytica trophozoites
from axenic and monoxenic cultures were mixed in a ratio of 100:1 and incubated
15 min at 37°C. The noningested erythrocytes were lysed with distilled water, and
the sedimented parasites were resuspended in formic acid. The average number
of HRBC per trophozoite was determined with a calibration curve and by read-
ing the absorbance at 397 nm.

Hemolytic activity. Hemolysis of HRBC by intact trophozoites was performed
as previously described (32). E. histolytica trophozoites from axenic and mon-
oxenic cultures were mixed with HRBC in a ratio of 1:2,000 (trophozoites-
HRBC) in hemolysis buffer {100 mM NaCl, 30 mM KCl, 100 mM sorbitol, 0.1%
bovine serum albumin, and 10 mM PIPES [piperazine-N,N9-bis(2-ethanesulfonic
acid)]–Tris (pH 6.8)} and incubated for 90 min at 37°C. The hemoglobin that was
released in the supernatant was read at 570 nm.

Cysteine proteinase activity. Proteinase activity was measured with the syn-
thetic peptide benzyloxycarbonyl-L-arginyl-L-arginine-p-nitroanilide (Z-Arg-Arg-
pNA; Bachem) as a substrate (20). CP activity was measured in total lysates of
trophozoites in lysis buffer (1% Nonidet P-40 in PBS). One unit of activity is
defined as the number of micromoles of substrate digested per minute per mil-
ligram of protein.

Alcohol dehydrogenase activity. Enzyme activity (alcohol dehydrogenase) was
assayed as previously described (20). The assay mixture contained 50 mM gly-
cine-NaOH buffer, pH 9.5, 0.2 mM NADP1, and 20 mM 2-propanol. The rate of
NADP1 reduction was monitored at 340 nm. One unit of enzyme activity was
defined as the number of micromoles of substrate reduced per minute per mil-
ligram of protein.

Sodium dodecyl sulfate-polyacrylamide gel electrophoresis and Western blot-
ting. E. histolytica trophozoites were solubilized with 1% Nonidet P-40 in PBS in
the presence of 50 mM protease inhibitor E-64. Proteins from whole E. histolytica
lysates were resolved on 12% polyacrylamide gels (25 mg/lane) under reducing
conditions (17), electrophoretically transferred to nitrocellulose membranes, and
immunostained with Gal/GalNAc lectin antibodies. The membranes were incu-
bated with monoclonal antibodies directed against the E. histolytica light (35-
kDa) subunit (a gift of Barbara Mann, University of Virginia) and with poly-
clonal antibodies against the heavy (170-kDa) subunit (a gift of Samuel L.
Stanley, St. Louis, Mo.). The blots were washed and incubated with horseradish
peroxidase-conjugated antibodies and developed with an enhanced chemilumi-
nescence kit (Boehringer Mannheim) according to the manufacturer’s condi-
tions. Detection was done by autoradiography.

Dot blot and Northern blot hybridization. For Northern blot hybridization,
total RNA was prepared with an RNA isolation kit (TRI-Reagent; Molecular
Research Center, Inc. Cincinnati, Ohio). Five micrograms of total RNA was size

fractionated under denaturing conditions on 4% polyacrylamide gels containing
8 M urea. The RNA was transferred to a nylon membrane and hybridized under
stringent conditions as described previously (9). For dot blot hybridization, 1 mg
of total RNA from each strain was spotted onto nylon membranes. The different
probes were prepared by PCR amplification of genomic DNA according to
published gene sequences. The primers for the 35-kDa light-subunit gene were
prepared according to EMBL database sequence accession no. M96024. The
primers for the 170-kDa heavy-subunit gene were prepared according to the hgl3
sequence accession no. L14815. A set of primers for the amplification of the
three amebapore genes (a, b, and c) (18, 21) (accession no. M83945, X76904, and
X76903) was prepared. The probe used for actin was previously described (3).
The labeled probes were prepared by random primer labeling (Rediprime; Am-
ersham). Quantitation of labeled RNA was performed with an imaging densi-
tometer (Bio-Rad).

RESULTS

Effect of bacteria on amebic virulence. Previous studies have
shown that E. histolytica trophozoites can attach and ingest
bacteria either by using their membrane-associated lectins or
by having their mannose-containing cell surface components
serve as receptors for bacterial adhesins (8). As previously re-
ported (10), short-term (30- to 60-min) coincubation of axeni-
cally grown E. histolytica trophozoites together with E. coli bac-
teria (serotype O55 or 346) and mammalian cell monolayers
markedly increased their cytopathic activity (Fig. 1). In con-
trast, a marked decrease in cytopathic activity was observed
when trophozoites of E. histolytica HK-9 or HM-1:IMSS were
monoxenically cultivated with E. coli O55 for 1 month (Fig. 2).
The decrease in cytopathic activity was reproducible and was
observed in seven independently initiated monoxenic cultures.
Coincubation of the monoxenically grown trophozoites with
additional E. coli cells (O55 or 346) for short periods caused
only a slight increase (up to 10%) in their cytopathic activity
compared with the marked increase observed with axenic tro-
phozoites (Fig. 1). Cultivation of trophozoites with a regular
supplement of lethally irradiated (500 kilorads) E. coli O55
cells for 1 month had a similar, albeit less pronounced, effect in
decreasing trophozoite adherence (data not shown). The de-
crease in cytopathic activity was observed only upon monoxe-
nic cultivation with E. coli O55. Monoxenic cultivation of E. his-
tolytica trophozoites with E. coli 346 did not cause a decrease
in cytopathic activity (Fig. 2). Elimination of the E. coli cells
from 1-month-old monoxenic cultures of strain HK-9 by addi-
tion of higher doses of antibiotic (20 mg/ml) resulted in a
restoration of the cytopathic activity within 1 week (data not
shown).

FIG. 1. Cytopathic activity of axenically (ax) grown E. histolytica HK-9 (2 3
105) in the absence or presence of added bacteria. Trophozoites were added to
the monolayer together with E. coli (Ec) O55 or 346 at a ratio of 1,000:1
(bacteria-amebae) and incubated for 60 min at 37°C. The monolayer destruction
was determined as described in Materials and Methods. The data represent the
means and standard deviations of three independent experiments.
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Adhesion to cell monolayers and bacteria. The adhesion
levels of E. histolytica trophozoites grown in axenic and mon-
oxenic conditions to fixed monolayers of BHK cells was deter-
mined. Axenically grown trophozoites of the less virulent strain,
HK-9, had lower levels of adhesion than those of the highly
virulent HM-1:IMSS strain (Fig. 3). This is in agreement with
the differences observed in the cytopathic activities of both
strains.

As previously reported (27), in both axenic strains the ad-
herence to monolayers was inhibited (50 to 70%) by galactose
(20 mg/ml). The level of adherence of both E. histolytica strains,
HK-9 and HM1:IMSS, to fixed monolayers was affected when
the trophozoites were grown with E. coli O55 for 1 month (Fig.
3). Adherence levels were not affected when trophozoites were
grown with E. coli 346. Furthermore, the adherence of 14C-la-
beled E. coli O55 cells to E. histolytica trophozoites was re-
duced only in trophozoites which had grown monoxenically
with E. coli O55 (Fig. 4). The adhesion of 14C-labeled E. coli
346 was not affected in trophozoites grown with either E. coli
O55 or 346. The attachment of 14C-labeled E. coli O55 to axe-
nic E. histolytica (HK-9 and HM-1) was inhibited (50 to 70%)
with galactose (20 mg/ml) (data not shown).

Erythrophagocytosis and hemolysis. Rates of erythrophago-
cytosis are related to amebic adhesion and have been corre-

lated to virulence (33, 42). E. histolytica HK-9 grown with
E. coli O55 had lower hemolytic activity and lower levels of
erythrophagocytosis than the axenic strain (Table 1). Monoxe-
nic growth of trophozoites in the presence of E. coli 346 did not
affect these parameters. Strain HM-1:IMSS grown with E. coli
O55 was not significantly affected in its capability to lyse and
ingest erythrocytes.

Proteolytic activity and alcohol dehydrogenase activity. Pro-
teolytic activity was measured in axenically and monoxenical-
ly grown trophozoites of E. histolytica. The levels of cysteine
proteinase activity were 80% lower in trophozoites of strain
HK-9 grown with either E. coli O55 or 346. In contrast, no
significant difference was found between axenic HM-1:IMSS
and the monoxenically grown trophozoites (Table 1). The al-
cohol dehydrogenase activity of E. histolytica was not affected
in trophozoites grown with either of the E. coli strains (78 and
65 U for HK-9 and HM-1:IMSS, respectively).

Immunodetection of light and heavy subunits of Gal/GalNAc
lectin. Polyclonal antibodies against the 170-kDa subunit and
monoclonal antibodies against the 35-kDa subunit of the Gal/
GalNAc lectin were used in Western blots to analyze and to
compare the levels of the two lectin components in the axenic

FIG. 2. Cytopathic activity of E. histolytica HK-9 (2 3 105) and HM-1 (105)
axenically and monoxenically cultivated with E. coli (Ec) O55 or 346 for 1 month.
After 1 h of interaction, the monolayer destruction was determined as described
in Materials and Methods. The data represent the means and standard deviations
of three independent experiments.

FIG. 3. Adhesion of E. histolytica trophozoites (2 3 105) of strains HK-9 and
HM-1 to BHK cell fixed monolayers after 30 min of interaction. The amebae
were grown in axenic conditions and monoxenically cultivated with E. coli (Ec)
O55 or 346 for 1 month. The trophozoites that remained attached to the mono-
layer after washing were counted. The data represent the means and standard
deviations of three independent experiments.

FIG. 4. Attachment of 14C-labeled E. coli O55 cells to trophozoites. E. coli
(Ec) O55 (109) (300 cpm/106 bacteria) was added to freshly harvested and
washed trophozoites of E. histolytica (HK-9 and HM-1:IMSS) (106) grown in
axenic conditions and monoxenically cultivated with E. coli O55 or 346 for 1
month. The reaction was carried out in suspension for 30 min at 4°C. Nonad-
herent bacteria were separated by a Percoll gradient centrifugation as described
in the text. Attachment of 14C-labeled E. coli O55 to axenic trophozoites was
taken as 100%.

TABLE 1. Erythrophagocytosis, hemolytic activity, and cysteine
proteinase activity in axenic and monoxenic

trophozoites of E. histolytica

Straina Erythrophagocytosis
(HRBC/amebae)b

Hemolytic activity
(OD570)c

Protease activity
(U)d

HK-9 axenic 7.9 6 1.2 0.91 6 0.05 79.0 6 8.7
HK-9 (EcO55) 3.5 6 1.1 0.22 6 0.03 15.5 6 3.8
HK-9 (Ec346) 7.5 6 0.9 0.94 6 0.05 19.1 6 4.0
HM-1 axenic 11.9 6 1.9 0.69 6 0.03 20.5 6 3.6
HM-1 (EcO55) 9.5 6 1.1 0.72 6 0.04 23.2 6 4.5
HM-1 (Ec346) 12.2 6 2.1 0.75 6 0.06 18.8 6 4.9

a E. histolytica grown under axenic conditions or in monoxenic culture with
E. coli (Ec) serotype O55 or 346 for 1 month.

b Erythrophagocytosis rates (6 standard deviation) of E. histolytica trophozo-
ites after 15 min of incubation at 37°C in a ratio of 1:100 (amebae-HRBC).

c Hemolytic activity (6 standard deviation) of E. histolytica after 90 min of
incubation with HRBC in a ratio of 1:2,000 (amebae-HRBC). OD570, optical
density at 570 nm.

d Cysteine proteinase activity (6 standard deviation) measured as micromoles
of substrate (Z-Arg-Arg-pNA) digested per minute per milligram of protein (U).

2098 PADILLA-VACA ET AL. INFECT. IMMUN.



and the monoxenically grown trophozoites. The polyclonal an-
tibody recognized a main band of 170 kDa that was not signif-
icantly affected when the amebae were grown for 1 month with
either of the E. coli strains (Fig. 5A). A minor band, with a
slightly lower molecular mass (.170 kDa), appeared to be
weaker only in trophozoites grown with E. coli O55. As previ-
ously demonstrated (29), the monoclonal antibody against the
light subunit recognized three bands with similar patterns in
axenic trophozoites (HK-9 and HM-1). The main lower band
corresponds to a 35-kDa protein, in accordance with molecular
markers (Fig. 5B). The band pattern observed in strains HK-9
and HM-1 grown with E. coli O55 was different in that the
lower band was almost missing. This effect was not observed in
HK-9 grown with E. coli 346. The lower band in the 35-kDa
region was clearly less intense only in trophozoites grown with
E. coli O55 (Fig. 5B, lanes 2 and 5), a condition that, as shown
above, affected trophozoite cytopathic activity.

RNA levels of Gal/GalNAc lectin subunits and amebapore.
Dot and Northern hybridization analysis of total RNA ex-
tracted from E. histolytica trophozoites (axenically and mon-
oxenically grown) was done with labeled DNA probes from the
genes coding for the light and heavy subunits of Gal/GalNAc
lectin as well as with the gene coding for the amebapore. Com-
parison by imaging densitometry of the RNA levels of the
35-kDa light subunit lectin showed a decrease of about 50% in
trophozoites of strain HK-9 (Fig. 6 and 7) and 30% in tropho-
zoites of strain HM-1 (Fig. 8) grown monoxenically with E. coli
O55. The RNA levels of trophozoites grown with E. coli 346
were not affected (Fig. 7 and 8). As a standard control, the blot
was also probed with an actin probe. Interestingly, the expres-
sion of amebapore appears to double in trophozoites monoxe-
nically grown with E. coli O55, whereas there is only a slight
increase (20 to 30%) in amoebae grown with E. coli 346 (Fig.
7 and 8).

Variations in the cytopathic activity of E. histolytica tropho-
zoites monoxenically cultivated with E. coli O55 or 346 for
longer periods. As described above, a dramatic decrease in
adherence and cytopathic activity was observed when tropho-
zoites of E. histolytica were monoxenically grown with E. coli
O55 for 1 month. We examined the adherence and cytopathic
activities of E. histolytica trophozoites of strain HK-9 grown in
monoxenic conditions with E. coli O55 or 346 for 7 months.
After 4 months of monoxenic culture, the trophozoites began
to recover their cytopathic activity, and it reached the original
level after 7 months (Fig. 9). Adherence, erythrophagocytosis,

and hemolytic activity also recovered, while proteolytic activity
remained lower (data not shown). The cytopathic activity of
amebae grown with E. coli 346 for several months was 25%
higher (Fig. 9). RNA levels of the light-subunit Gal/GalNAc
lectin recovered to the original level after 7 months of mon-
oxenic culture with E. coli O55 (Fig. 7, column 4). The ameba-
pore RNA levels remained higher.

DISCUSSION

As previously reported, short-term (30- to 60-min) coincuba-
tion of axenically grown E. histolytica trophozoites with E. coli
cells significantly increases their cytopathic activity. This in-
crease in activity is assumed to be caused by the stimulation of
the amebic electron transfer activities due to the destruction of

FIG. 5. Western blot analysis of the light and heavy subunits of Gal/GalNAc lectin from E. histolytica trophozoites axenically and monoxenically grown with E. coli
for 1 month. Western immunoblots were interacted with polyclonal (A) and monoclonal (B) antibodies directed against the heavy and light Gal/GalNAc subunits,
respectively. Horseradish peroxidase-conjugated antibodies were used as a secondary antibody and developed by enhanced chemiluminescence. Lanes: 1, axenic HK-9;
2 and 3, HK-9 grown with E. coli O55 and 346, respectively; 4, axenic HM-1; 5, HM-1 grown with E. coli O55. The asterisks indicate the 35-kDa bands that are almost
missing in trophozoites grown with E. coli O55.

FIG. 6. RNA levels of HK-9 axenically and monoxenically grown with E. coli.
Dot blot hybridization of amebic RNA with labeled DNA probes from actin (A),
light (B) and heavy (C) Gal/GalNAc lectin subunits, and amebapore (D) is
shown. Lanes: 1, axenic HK-9; 2 and 3, HK-9 grown with E. coli O55 and 346,
respectively. The values below each dot indicates the optical density, taking the
HK-9 axenic value (1.0) as the reference for each probe. Identical amounts of
RNA were placed in each blot.
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the toxic H2O2 molecules which accumulate in the trophozo-
ites by the catalase from the ingested bacteria (10). In the
present work, we have examined the effects of long-term mon-
oxenic cultivation of E. histolytica trophozoites with bacterial
strains that are usually present in the human intestine on
adherence and in vitro virulence parameters. Monoxenic cul-
tures of E. histolytica (strains HM-1:IMSS and HK-9) were
established with two E. coli strains that use different mecha-
nisms to interact with E. histolytica trophozoites. E. coli sero-
type O55 has galactose and N-acetyl galactosamine residues on
its surface lipopolysaccharide that are recognized by the Gal/

GalNAc lectin of E. histolytica trophozoites, whereas E. coli
serotype 346 uses its type I pilus lectin to interact with the
mannose residues on the ameba surface (7, 8, 24). Monoxenic
cultivation of strains HK-9 and HM-1:IMSS with E. coli O55
for 1 month surprisingly decreased their cytopathic activities as
well as their capabilities to adhere to mammalian cells or to
additional E. coli O55 cells. This decrease was consistently
observed in all the monoxenic cultures that were repeatedly
initiated. Interestingly, the decrease in adherence and cyto-
pathic activity caused by E. coli O55 appears to be temporary,
and after 4 months of monoxenic cultivation, both adherence
and cytopathic activity start to increase again. On the other
hand, monoxenic cultivation of the same amebic strains with
E. coli 346 did not affect their cytopathic activities or adher-
ence capabilities. These findings indicate that the bacterial
effect on amebic virulence depends on whether the association
is short or long term as well as on the type of adherence that
the trophozoites use to attach the bacteria (1, 6, 8). The inhi-
bition of adherence observed in trophozoites grown with E. coli
serotype O55, where the trophozoites use the amebic lectin as
the mode of attachment, and not in those grown with the
mannose binding E. coli 346 suggested that this down regulat-
ing effect was due to some impairment in the functionality of
the amebic Gal/GalNAc lectin.

The amebic Gal/GalNAc lectin is a 260-kDa heterodimeric
glycoprotein consisting of heavy (170-kDa) and light (35- and
31-kDa) subunits linked by disulfide bonds (28, 36). The 170-
kDa subunit has a multidomain that includes a single trans-
membrane span near the carboxy terminus, with a short pu-
tative cytoplasmic tail (25). The 170-kDa subunit has been
suggested to contain a carbohydrate-binding domain (25, 44)
which mediates adhesion to target cells. The large subunit is
encoded by a family of five hgl genes (40), and the deduced
amino acid sequences of the putative cytoplasmic domains of
the sequenced genes revealed several potential phosphoryla-
tion sites (45), suggesting that the lectin could be involved in
cell signaling and that the signal transduction may occur by way
of phosphorylation. Some sequence homology with the auto-
phosphorylation site of the epidermal growth factor receptor
(35) has been identified. Recently, a decrease of lectin activity
was observed in transfectants that overexpress the cytoplasmic

FIG. 7. Total-RNA levels of Gal/GalNAc lectin subunits and amebapore
from axenic and E. coli-cocultured E. histolytica trophozoites of strain HK-9.
Northern hybridization of amebic RNA with labeled DNA probes from actin
(A), light (B) and heavy (C) Gal/GalNAc lectin subunits, and amebapore (D) is
shown. Lanes: 1, axenic HK-9; 2 and 3, HK-9 grown with E. coli O55 and 346,
respectively, for 1 month; 4, HK-9 grown with E. coli O55 for 7 months. The
values indicate the optical density of each band, taking the value of axenic HK-9
(1.0) as the reference for each probe.

FIG. 8. Total-RNA levels of Gal/GalNAc lectin subunits and amebapore
from axenic and E. coli-cocultured E. histolytica trophozoites of strain HM-1:
IMSS. Northern hybridization of amebic RNA with labeled DNA probes from
actin (A), light (B) and heavy (C) Gal/GalNAc lectin subunits, and amebapore
(D) is shown. Lanes: 1, axenic HM-1; 2 and 3, HM-1 grown with E. coli O55 and
346, respectively. The values indicate the optical density of each band, taking the
value of axenic HK-9 (1.0) as the reference for each probe.

FIG. 9. Cytopathic activity of E. histolytica HK-9 axenically and monoxe-
nically cultivated with E. coli (Ec) O55 or 346 for several months. The destruc-
tion of the BHK cell monolayer by E. histolytica trophozoites was evaluated as
described in Materials and Methods. The data are expressed as percentages of
the cytopathic activity control values (axenic HK-9). Each point is an average of
three determinations. The bars indicate standard errors.
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domain, suggesting that it competes for a transduction signal
(46). The light subunits (31 and 35 kDa) of the lectin are
present in two isoforms: the 31-kDa isoform is glycosyl phospha-
tidyl inositol anchored, and the 35-kDa isoform is more highly
glycosylated (28). The light subunit is encoded by a family of lgl
genes located at six loci in the genome (38, 40) and consists of
several polypeptide chains with considerable antigenic homol-
ogy. A monoclonal antibody against the 35-kDa light subunit
recognizes three bands on Western blots (29) but did not
inhibit adherence of the trophozoites to CHO cells. The role of
the light subunits in the functionality and Gal/GalNAc binding
affinity of the lectin are not yet fully understood. We have
recently found by subtractive hybridizations of cDNA repre-
sentative libraries that the avirulent E. histolytica strain Rah-
man has, in addition to other deficiencies, a significantly lower
level of the light-subunit gene transcript than the virulent
strain HM-1:IMSS, whereas the transcript levels of the 170-
kDa gene and several other genes, such as the actin gene, were
comparable (4a). In the present study we show that in the ad-
herence- and cytopathic-activity-deficient trophozoites of strains
HK-9 and HM-1:IMSS, which were cultivated with E. coli sero-
type O55, the levels of RNA of the heavy (170-kDa) subunit
were normal. Western blots reacted with a polyclonal antibody
against the 170-kDa subunit show that the major band was also
not affected; however, a minor band of smaller molecular mass
was weaker in trophozoites grown with E. coli O55. Our find-
ings for the light (35-kDa) subunit are clearer. Both Western
and Northern blotting show that trophozoites monoxenically
grown for 1 month with E. coli O55 had significantly reduced
levels of the 35-kDa RNA and protein. This was not seen in the
control trophozoites monoxenically grown with the mannose
binding E. coli 346. The pattern of the light-subunit bands
that reacted on Western blots with the monoclonal antibody
in trophozoites of strains HK-9 and HM1:IMSS grown with
E. coli O55 differed from those seen in the trophozoites axe-
nically or monoxenically grown with E. coli 346 in that the main
lower band (35 kDa) was clearly less intense.

Our findings suggest that the inhibition of expression of one
of the light-subunit components could prevent the correct as-
sembly of the S-S linked hololectin molecules, causing a de-
fective function in the interaction of the amebae with mam-
malian cells and Gal-containing bacteria. The signal to reduce
the expression of the light subunit is apparently generated as a
consequence of the very extensive binding by the ameba lectin
molecules to the Gal/GalNAc residues on the surfaces of the
excess E. coli O55 cells present. The occupation of the Gal/
GalNAc lectin binding sites most likely causes a clustering of
the surface lectin molecules, which may trigger a transduction
signal. The evidence for such a proposed signal mechanism is
currently being sought. In general, we have found that the ef-
fects of monoxenic growth with E. coli O55 were more pro-
nounced on the less virulent trophozoites of E. histolytica HK-9
than in those of the more virulent strain, HM-1:IMSS. This
implies that the regulatory mechanisms and the effects of ex-
ternal factors may differ between strains.

Gene expression in trophozoites grown in the absence or
presence of bacteria appears to vary in a number of genes. Our
results show that the genes coding for amebapore are ex-
pressed significantly more in trophozoites grown with E. coli
O55. The role of amebapore in virulence is not yet fully un-
derstood. The higher expression of amebapore could be re-
lated to the reported bacteriolytic activity of this small protein
(18, 19). On the other hand, the RNA levels of amebapore in
E. histolytica trophozoites grown with E. coli 346 did not in-
crease, so this hypothesis needs to be studied in more detail.

CPs are considered an important virulence factor in the

pathogenesis of amebiasis (39, 43). Nevertheless CPs are ap-
parently not a main factor in the cytopathic activity of intact
trophozoites. In a recent report we have shown that inhibition
of expression of cysteine proteinases (90%) by antisense RNA
did not affect the cytopathic effect of E. histolytica HM-1:IMSS
but inhibited its ability to cause liver lesions in hamsters (3, 4).
The correlation between virulence and levels of CPs in a strain
are not yet well understood. A comparison between the levels
of CPs of axenically grown trophozoites of strain HK-9 and
those of the same strain grown with either of the E. coli strains
(346 or O55) showed dramatically lower levels for both of the
bacterium-associated amebae. However, in spite of the low
levels of CPs, only the trophozoites grown with E. coli O55 dis-
played low cytopathic activity. The levels of CPs in strain HM1:
IMSS grown with bacteria were not significantly different from
those in the axenically grown trophozoites.

It has been repeatedly demonstrated that the relative levels
of virulence of axenically cultured trophozoites vary. A gradual
decrease in the ability of trophozoites to induce liver abscesses
in hamsters is known to occur following prolonged growth in
culture (26). Repeated passage through hamster liver or
growth in the presence of high cholesterol helps restore viru-
lence (13, 14, 22). The molecular mechanisms that regulate
these down and up variations in virulence are not known. In
the present work we have observed that following the associ-
ation of trophozoites with E. coli serotype O55 there is a grad-
ual decrease in cytopathic activity which is accompanied by a
significant decrease in the expression of a lectin component.
This decrease in adherence and cytopathic activity, however, is
only temporary (1 to 3 months), and after three more months
of monoxenic growth, there is a gradual recovery of cytopathic
activity. This is accompanied by an increase in the RNA levels
of the light subunit of the Gal/GalNAc lectin. The mechanism
of this down and up regulation of gene expression is under
investigation. Its elucidation will help us understand the ge-
nome plasticity that enables the effective adaptation of the
ameba to changes in growth culture and nutrients as well as
host factors and conditions.

In conclusion, the modulation of amebic virulence, at least in
some cases, appears to be due to down regulation of the ex-
pression of a 35-kDa lectin subunit gene. We show that this
regulation can be induced by long-term cultivation with a bac-
terium that tightly attaches to the Gal/GalNAc lectin. The path-
way which leads to transcription regulation is under investiga-
tion.
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