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Abstract

Entamoeba histolytica adheres to human colonic mucus, co-
lonic epithelial cells, and other target cells via a galactose (Gal)
or N-acetyl-D-galactosamine (GalNAc) inhibitable surface
lectin. Blockade of this adherence lectin with Gal or GalNAc in
vitro prevents amebic killing of target cells. Wehave identified
and purified the adherence lectin by two methods: affinity col-
umns derivatized with galactose monomers or galactose termi-
nal glycoproteins, and affinity columns and immunoblots pre-
pared with monoclonal antibodies that inhibit amebic adher-
ence. By both methods the adherence lectin was identified as a
170-kD secreted and membrane-bound amebic protein. The
surface location of the lectin was confirmed by indirect immu-
nofluorescence. Purified lectin competitively inhibited amebic
adherence to target cells by binding to receptors on the target
Chinese hamster ovary cells in a Gal-inhibitable manner.

Introduction

The protozoan parasite Entamoeba histolytica is estimated to
infect 10% of the world's population (1). Invasive amebiasis
manifests as amebic colitis, which can be complicated by in-
testinal perforation and peritonitis or hepatic abscess, and re-
sults in at least 60,000 deaths worldwide each year ( 1-3). There
is evidence that natural immunity against recurrent invasive
amebiasis exists (3, 4) but currently no vaccine is available to
prevent amebic disease in the developing world. A major
thrust of our research is to identify amebic proteins that play a
critical role in pathogenesis and to which a host immune re-
sponse should be directed.

Adherence of E. histolytica trophozoites to intestinal
mucus, epithelium, and host inflammatory cells occurs before
invasion in animal and in vitro models of amebiasis (5-8). A
galactose (Gal)' and N-acetyl-D-glactosamine (GalNAc) inhib-
itable surface lectin mediates the adherence of E. histolytica
trophozoites to Chinese hamster ovary (CHO) cells, certain
bacteria, human erythrocytes, and fixed rat and human co-
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lonic mucosa (6-9). Inhibition of the lectin with GalNAc
blocks the establishment of in vitro adherence and prevents
amebae from lysing CHOcells and human neutrophils (8).
Soluble protein preparations from disrupted E. histolytica tro-
phozoites contain a galactose- and GalNAc-inhibitable lectin
that agglutinates CHOcells and erythrocytes and is mitogenic
for human lymphocytes (8, 9). This lectin activity was found to
be greater in virulent than avirulent strains of E. histolytica in
axenic culture (8). We report here the purification of this
lectin, its localization to the amebic surface and extracellular
medium, and its competitive inhibition of amebic adherence.

Methods

Cultivation and harvesting of E. histolytica and CHOcells. Axenic E.
histolytica, strain HM1-IMSS, were grown in medium TYI-S-33
(trypticase yeast extract, iron, and serum) with 100 U/ml of penicillin
and 100 ,ug/ml of streptomycin sulfate (Pfizer, Inc., New York, NY)
(10) at 37°C in 250-ml plastic tissue culture flasks. Amebae were
harvested after 72 h of growth by centrifugation at 150 g for 5 min at
4°C and washed in 75 mMTris (Sigma Chemical Co., St. Louis, MO)
65 mMNaCl, pH 7.2 (6). Metabolic labeling with [35S]methionine was
accomplished by incubating 1-2 X 107 trophozoites/ml in TYI-S-33
medium containing 100 ,uCi/ml [35]methionine (New England Nu-
clear, Boston, MA) for 2 h at 37°C. CHOcells were grown in F1 2
medium (Gibco, Grand Island, NY) with 10% fetal bovine serum and
100 U/ml of penicillin and 100 ,ug/ml streptomycin sulfate and har-
vested by trypsinization as described (6).

Adherence of E. histolytica trophozoites to CHOcells. The mea-
surement of E. histolytica trophozoite adherence to CHOcells was
performed as previously described (6). Briefly, amebic trophozoites (1
X 104) and CHOcells (2 X 105) in the presence or absence of carbohy-
drate were suspended together at 4°C in M199 media (Gibco) con-
taining 25 mMHepes, pH 6.8 (Sigma Chemical Co.), 5.7 mMcys-
teine, 0.5% boVine serum albumin, and 10% heat-inactivated adult
bovine serum (M 199s). The trophozoites and CHOcells were centri-
fuged together at 150 g for 5 min and then incubated at 4°C for 2 h.
Adherence was measured as the number of amebae having at least
three adherent CHOcells upon vortex resuspension of the cellular
pellet with at least 50 amebae counted per tube. Adherence was ex-
pressed as the percent of adherence in paired studies performed in
control medium (where 60% of amebae had at least three adherent
CHOcells).

Galactose was obtained from Pfanstiehl Laboratories, Waukegan,
IL, fetuin (Spiro method) from Gibco, orosomucoid (al acid glyco-
protein) and asialofetuin from Sigma Chemical Co. Asialoorosomu-
coid (ASOR) was produced by incubating 5 ml of a 10 mg/ml solution
of orosomucoid in 0.1 Mammonium acetate, pH 5.0, with 1 U of
Clostridium perfringens neuraminidase immobilized on agarose beads
(Sigma Chemical Co.) for 7 h at 37°C with constant agitation. Neura-
minic acid released was 0.4 ,mol/mg of orosomucoid as measured by
the Warren assay (11). The asialofetuin glycopeptide was prepared
from fetuin by the method of Baenziger and Fiete (12).

Affinity chromatography with ASORand orosomucoid. ASORand
orosomucoid were suspended in 0.1 M sodium bicarbonate and
reacted overnight at 4°C with Affigel 10 beads (Bio-Rad Laboratories,
Richmond, CA) at a ratio of 5-10 mg protein/ml of packed beads
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according to the manufacturer's instructions. The amount of coupling
of the protein to the beads varied from 50 to 80%as assessed by protein
assays of the supernatant after coupling by the method of Bradford
(13). l-ml columns of the beads were used for affinity chromatography.
Galactose oxidase treatment of the ASORbeads was accomplished by
incubating the beads in 10 U/ml of galactose oxidase for 90 min
at 370C.

Amebic trophozoites (1-2 X 107) were metabolically labeled with
[35S]methionine and were separated from the culture medium (condi-
tioned medium) by centrifugation at 150 g for 5 min and solubilized
with 30 mMoctylglucoside (Sigma Chemical Co.) The detergent-solu-
bilized amebae and conditioned medium were centrifuged at 250,000 g
for 30 min at 4VC and separately applied to the ASOR-Affigel 10 or
orosomucoid-Affigel 10 affinity columns in a column buffer of 50 mM
Tris, 200 mMNaCl, 10 mMCaC12, pH 7.35, at a rate of 10 ml/h. The
column was extensively washed with column buffer and fractions col-
lected until no detectable [35S]methionine was washed from the col-
umn. The column was then incubated for 30 min in 0.5 Mgalactose in
column buffer and further fractions collected. The galactose-eluted
fractions were analyzed by sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE).

Affinity chromatography with galactose-silica beads. The galactose
affinity column was prepared by derivatizing overnight at 4°C I g of
glutaraldehyde-activated silica beads (Boehringer-Mannheim Bio-
chemicals, Indianapolis, IN) with 5 ml of 20 mg/ml p-aminophenyl- I -
thio-13-D-galactopyranoside (Sigma Chemical Co.) in 0.1 Mbicarbon-
ate, pH 8.0. Control silica beads were incubated in bicarbonate buffer
alone overnight at 4°C. The silica beads were washed in column buffer
(50 mMTris, 200 mMNaCl, 10 mMCaCl2, pH 7.35) to remove
unbound galactose before the application of [35S]methionine-labeled
conditioned medium. The column was washed with column buffer
and bound proteins then eluted with 50 mMglycine, pH 2.5.

Affinity chromatography with the H8-5 monoclonal antibody. The
mouse H8-5 monoclonal antiamebic antibody was purified from cell
culture supernatants on a protein A-agarose column (Sigma Chemical
Co.). 5 mgof purified antibody in 2 ml of 0. 1 Mbicarbonate buffer was
bound to Affigel 10 overnight. The column was washed to remove
unbound antibody before the application of [35S]methionine labeled
amebic proteins. Amebae were solubilized in 0.1% Triton X100, 50
mMTris, 10 mMEDTA, 150 mMNaCl, 50 mMKI, pH 8.0, with
insoluble debris removed by centrifugation at 10,000 g for 10 min and
then applied to the affinity column. After washing the column in the
above buffer until no detectable [35S]-labeled amebic proteins were
detected in the flowthrough, the column was eluted with 50 mMgly-
cine, pH 2.5.

SDS-PAGEand immunoblots. SDS-PAGEwas performed by the
method of Laemmli (14) using a 10%acrylamide running gel. Molecu-
lar weight determinations were made using high molecular weight
standards from Bio-Rad Laboratories or prestained molecular weight
standards from Diversified Biotech, Newton Centre, MA. Autoradiog-
raphy was accomplished by impregnating the gel with Fluoro-Hance
(Research Products International Corp., Mount Prospect, IL) and ex-
posing it to Kodak X-Omat AR film for 3 to 5 d at -70°C.

The proteins from the polyacrylamide gels were electrophoretically
transferred to 0.1 ,uM pore size nitrocellulose (Schleicher & Schuell,
Keene, NH) for immunoblots (15). The excess protein binding capac-
ity of the nitrocellulose was blocked with 5% nonfat dry milk (Rich-
food, Richmond, VA) in 50 mMTris/200 mMNaCl, pH 7.5. The
nitrocellulose was then incubated overnight at 4°C with a 1:20 dilution
of the F14 mouse monoclonal antibody from cell culture medium in
5% nonfat dry milk. After washing the nitrocellulose four times for 10
min each with 50 mMTris/200 mMNaCl, pH 7.5, it was incubated for
2 h at 37°C with a 1:1,000 dilution in 5%nonfat dry milk of secondary
antibody (anti-mouse IgM peroxidase conjugate, Sigma Chemical
Co.). The immunoblots were developed with 3,3'-diaminobenzidene
after extensive washing.

Indirect immunofluorescence. The monoclonal antibodies (hybri-
doma cell culture supernatants diluted 1:10) were incubated with 1

X 106/ml live amebic trophozoites at 40C for 1 h in M199s. The
amebae were washed by pelleting twice in M199s at 150 g X 5 min and
then incubated with a 1:20 dilution of fluorescein isothiocyanate anti-
mouse IgG or IgM (Meloy Labs, Springfield, VA) at 4VC, washed twice
again, and examined under an Axiomat microscope (Carl Zeiss, Inc.,
Thornwood, NY) by combined phase contrast and epifluorescence.

Results

Adherence of E. histolytica trophozoites to CHOcells. The
adherence of E. histolytica trophozoites to CHOcells, which is
mediated by the parasite's galactose- and GalNAc-inhibitable
surface lectin (6, 8, 16), was inhibited by galactose terminal
asialoglycoproteins at concentrations as low as 0.1 sg/ml (P
< 0.01; Fig. 1). The low molecular weight (< 3 kD) asialofe-
tuin glycopeptide (GP) prepared by the method of Baenziger
and Fiete contains three terminal galactose residues (12) and
was a 10-fold more potent inhibitor of amebic adherence than
galactose monomers. Intact asialofetuin (ASF) with nine ter-
minal galactose residues (12), and ASOR(prepared by neur-
aminidase treatment of orosomucoid) with 11-16 terminal
galactose residues ( 17), were 1,000-fold more potent than ga-
lactose in inhibiting E. histolytica adherence. Fetuin and oro-
somucoid, in which the galactose residues are concealed by
terminal sialic acid residues (12, 17), had no effect on amebic
adherence when studied at concentrations (0.01 mg/ml) in
which ASFand ASORwere maximally inhibitory (Fig. 1).

ASORaffinity chromatography purifcation of the amebic
adherence lectin. ASOR, the most potent inhibitor of amebic
adherence studied, was coupled to a l-ml column of Affigel 10
for affinity purification of the amebic lectin. Amebic proteins
were metabolically labeled with [35S]methionine with an incor-
poration of 1-3 dpm/ng protein; conditioned culture medium
and octylglucoside-solubilized amebae were separately applied
to the ASOR-Affigel 10 affinity column. After extensive
washing of the column with application buffer the column was
eluted with 0.5 M galactose (Fig. 2) and the peak of [35S]-
methionine radioactivity analyzed by SDS-PAGE.

The autoradiograph shown in Fig. 3 demonstrates that a
1 70-kD metabolically labeled E. histolytica protein was eluted
by galactose from the ASORaffinity column to which either
conditioned medium (lane A) or octylglucoside-solubilized
amebae (lane C) had been applied. Two minor bands of - 26
and 30 kD mol wt were also detectable. Galactose elution of an
orosomucoid-Affigel 10 column to which conditioned me-
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Figure 1. Carbohydrate
inhibition of amebic ad-
herence to target cells.
Adherence was ex-
pressed as percent of
adherence in paired
studies performed in
control medium (where
60% of amebae had at

\. least three adherent
10 CHOcells upon vortex

resuspension of the pel-
let). Bars are mean±SE

of 6-1 1 determinations. Carbohydrate concentrations were deter-
mined by phenol-sulfuric acid method (41). (GAL, A) galactose; (GP,
A) asialofetuin glycopeptide; (F, <) fetuin; (OR, *) orosomucoid;
(ASF, o) asialofetuin; (ASOR, *) asialoorosomucoid.
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Figure 2. ASORaffinity chromatography purification of the amebic
adherence lectin from culture medium. [35S]methionine-labeled ame-
bic proteins in conditioned culture medium were applied to an
ASOR-Affigel 10 affinity column and after extensive washing the
column was eluted with 0.5 Mgalactose.

dium had been identically applied did not reveal any radioac-
tive bands (lane B). Coomassie Blue stained PAGEof the ad-
herence lectin was not significantly different from the autora-
diograph of metabolically labeled protein (Fig. 3, insert D).

The binding of the amebic adherence lectin to the ASOR
column was blocked by 0.5 Mgalactose (Fig. 4, lane C) but not
by 0.5 Mglucose (lane B). Galactose oxidase treatment of the
terminal galactose residues of ASORalso prevented the ame-
bic lectin from binding to the ASORaffinity column, giving
further evidence that the amebic adherence lectin was binding
to the terminal galactose residues of ASOR(Fig. 5, lanes
H-K). The lectin did not bind to a control Affigel 10 column
(data not shown).

D Figure 3. PAGEof the
isolated amebic adher-

A B C - 200 ence lectin. SDS-PAGE
200 - autoradiograph of ame-

98 bic proteins isolated by

68 - 96 (A) ASORaffinity chro-
matography of condi-
tioned culture medium,

43 - (B) orosomucoid affin-
- 55 ity chromatography of

conditioned culture me-
- 43 dium, and (C) ASOR-

26 - affinity chromatography
of octylglucoside solubi-

- 36 lized amebae. Lane D

18 - shows Coomassie Blue
29 stain of adherence lec-

14 - tin isolated by mono-
clonal antibody H8-5
chromatography. The

galactose-eluted fractions were boiled in SDSand f3-mercaptoethanol
and analyzed by electrophoresis in a Tris/glycine discontinuous SDS-
polyacrylamide gel. Fluorography of the [35S]methionine-labeled pro-
teins was performed by impregnating the gel with Fluoro-Hance (Re-
search Products International Corp.) before autoradiography with
Kodak XAR-5 film.

A B C Figure 4. Galactose inhibition of
binding of the amebic adherence

20 0- _lectin to the ASORaffinity col-

95.5- umn. Autoradiograph of SDS-
PAGEof [35S]methionine-labeled

5 5 amebic proteins eluted with galac-
4 3- tose from an ASORcolumn to

36- which (A) conditioned medium,
(B) conditioned medium plus 0.5

29- Mdextrose, or (C) conditioned
medium plus 0.5 Mgalactose had
been applied. The columns were

18.4- extensively washed in 50 mM
Tris, 200 mMNaCl, 10 mM
CaCI2, pH 7.35, and then eluted
with 0.5 Mgalactose in the above

buffer. Galactose-eluted fractions were electrophoresed on 10% poly-
acrylamide gels and analyzed by autoradiography.

Galactose affinity chromatography purification of the ame-
bic adherence lectin. The adherence lectin was also successfully
purified from conditioned culture medium with an affinity
column composed of p-aminophenyl-thio-(3-D-galactopyrano-
side linked to silica beads (Fig. 5, lanes A-D).

Monoclonal antibody H8-5 affinity chromatography purifi-
cation of the amebic adherence lectin. The H8-5 antiamebic
monoclonal antibody has previously been shown to inhibit
amebic adherence (16). Application of [35S]methionine labeled
amebic proteins to an affinity column composed of protein A
purified H8-5 antibody bound to Affigel 10 resulted in the

A B C D E F G H I J K

200-

95.5-

55-
43-

36-

29-

18.4-

Figure 5. Independent isolation of the 170-kD amebic adherence lec-
tin by affinity chromatography with galactose, ASOR, and H8-5
monoclonal antibody-derivatized affinity columns. SDS-PAGE
fluorogram of (A) [35S]methionine-labeled conditioned culture me-
dium, (B) conditioned medium passed through a p-aminophenyl
thiogalactopyranoside-silica affinity column, (C) lectin eluted from
galactose affinity column, (D) elution of blank silica column to
which conditioned medium had been applied, (E) [35S]methionine-
labeled amebae, (F) Triton X- 100 solubilized amebae passed through
a H8-5 monoclonal antibody-Affigel 10 affinity column, (G) lectin
eluted from monoclonal antibody affinity column, (H) [35S]-
methionine-labeled conditioned medium, (I) conditioned medium
passed through an ASOR-Affigel 10 affinity column, (J) lectin
eluted with galactose from ASORcolumn, (K) elution of galactose-
oxidase-treated ASORcolumn to which conditioned medium had
been applied.
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specific elution of a 1 70-kD protein which comigrated with the
adherence lectin purified on the ASORand galactose affinity
columns (Fig. 5, lanes E-G).

Immunoblots with the F14 adherence-inhibitory mono-
clonal antibody. Of the several monoclonal antibodies which
we have reported that inhibit the adherence of E. histolytica
trophozoites to CHOcells, only one (F14) recognizes SDSand
fl-mercaptoethanol denatured amebic proteins on immuno-
blots (16). To test whether F14 monoclonal antibody was
binding to the same 170-kD amebic protein isolated by the
ASORaffinity column, immunoblots (Western blots) were
performed. The galactose eluate from the ASOR-Affigel 10
column was subjected to SDS-PAGEand then electrophoret-
ically transferred to nitrocellulose (15). Excess protein binding
capacity of the nitrocellulose was blocked with 5%nonfat dry
milk and the nitrocellulose probed with the inhibitory mono-
clonal antibody. The nitrocellulose was extensively washed
before visualizing the bound monoclonal antibodies with an
anti-mouse horseradish peroxidase-antibody conjugate.

The immunoblot in Fig. 6 demonstrates that the F14
monoclonal antibody, which inhibited amebic adherence by
86% (16), recognized the identical 170-kD protein isolated
from conditioned culture medium (A) and detergent-solubi-
lized amebae (B) by ASORaffinity chromatography. The
minor protein bands at 26 and 30 kD eluted from the ASOR
column were not recognized by the F14 monoclonal antibody.
As shown in Fig. 7, the F14 monoclonal antibody recognized
only the 170-kD protein when whole amebae were immuno-
blotted as well. A total of three monoclonal antibodies that
inhibited amebic adherence recognized the native lectin which
was eluted from the H8-5 column and dotted on nitrocellulose
(Fig. 8). Three anti-amebic monoclonal antibodies tested
which did not inhibit adherence did not bind to the nondena-
tured lectin. The three adherence-inhibitory monoclonal anti-
bodies bound in a uniform manner to the surface of viable
trophozoites at 4°C as determined by indirect immunofluores-
cence and demonstrated capping upon warming to 20°C (Fig.
9). No immunofluorescence was observed in the absence of
primary antibody or when the D10 monoclonal antibody
which does not inhibit amebic adherence was used (data not
shown).

Competitive inhibition of amebic adherence to CHOcells
by the purified lectin. To further substantiate that the 170-kD
Gal/GalNAc lectin isolated mediates amebic adherence, we
determined the ability of lectin purified by H8-5 immunoaf-

Figure 6. Immunoblots with the F14 mono-
A B clonal antibody of the E. histolytica adher-

200- x _ ence lectin purified by ASOR-affinity chro-
98- matography. The purified lectin from (A)

conditioned culture medium and (B) octyl-
88- glucoside-solubilized amebae were probed

with the adherence-inhibitory F14 mono-
clonal antibody. The lectin eluted from the
ASOR-affinity column with galactose was

26- subjected to SDS-PAGEin the presence of
28 (-mercaptoethanol and electrophoretically

transferred to nitrocellulose ( 13). The blots
were probed with the F14 monoclonal anti-

18- body tissue culture supernatant diluted 1/20
and detected by a goat-mouse immunoglob-

14- ulin horseradish peroxidase complex (Sigma
Chemical Co.).

A B
200 -

:::...

92 -

66
4q

45 Figure 7. Immunoblots of whole
amebae and the purified adherence
lectin with the F14 monoclonal anti-
body. E. histolytica trophozoites solu-
bilized in SDS-PAGEsample buffer
(A) and lectin purified from condi-
tioned culture medium by ASOR-af-
finity chromatography (B) were elec-
trophoresed in 10% polyacrylamide
gels and transferred to nitrocellulose.
The nitrocellulose was probed with
the F14 monoclonal antibody and de-
veloped with an anti-mouse immu-
noglobulin horseradish peroxidase
conjugate.

finity chromatography to occupy receptor sites on target cells.
CHOcells were pre-exposed to the purified amebic adherence
lectin (0.4-1.6 ,ug/104 CHOcells) for 60 min on ice and then
washed twice before adding amebae and measuring adherence.
The adherence lectin significantly inhibited amebic adherence
to the pre-exposed CHOcells in a dose-dependent fashion (Fig.
10). This lectin-mediated inhibition of amebic adherence was
blocked by the presence of 0.25 MGal or GalNAc but not 0.25
Mdextrose in the preincubation mixture (Table I).

Discussion

The Gal/GalNAc adherence lectin of E. histolytica has been
identified as a 1 70-kD protein independently by adherence-in-
hibitory monoclonal antibodies and by affinity chromatogra-
phy with ASORand galactose, potent inhibitors of amebic
adherence. The purified Gal/GalNAc adherence lectin retains
its biologic activity, competitively inhibiting amebic adher-
ence to CHOcells in a Gal- or GalNAc-specific fashion. The

Figure 8. Dot immunoblots of the
purified lectin with monoclonal

F14 H8-5 11-21
antibodies that inhibit amebic ad-
herence and with control antibod-
ies. Purified amebic lectin (0.3 Ag)
from the H8-5 monoclonal anti-
body affinity column was dotted
on nitrocellulose. The nitrocellu-
lose was blocked with 5%nonfat

D1O El-i J22 dry milk before applying adher-
ence-inhibitory monoclonal anti-

bodies (F1 4, H8-5, 11-21) or control antiamebic monoclonal anti-
bodies which do not affect adherence (D10, El-l, J22). Dot blots
were developed with an anti-mouse immunoglobulin horseradish
peroxidase conjugate.
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Figure 9. Cell surface capping of the adherence lectin of E. histolytica. Indirect immunofluorescence with the F14 monoclonal antibody was
performed at (A) 4°C; (B and C) 20°C over 5 min. Combined phase contrast and epifluorescence was computer enhanced from a Zeiss Axio-
mat with a Quantex 9210 image processor using background subtraction, frame averaging, and grey scale expansion.

importance of the indentification of this protein rests in its
probable central role in the pathogenesis of amebiasis. The
sequence of events in the pathogenesis of invasive amebiasis
include intestinal colonization by the parasite, adherence to
colonic mucus and host cells, depletion and lysis of the mucus
blanket, and disruption of the colonic epithelium accompa-
nied by amebic contact-dependent lysis of host epithelial and
inflammatory cells (5, 18). Inhibition of the lectin with Gal-
NAc blocks not only amebic adherence to host cells and co-
lonic mucus (7-9; see following companion paper) but also
contact-dependent killing of target cells (6-9). GalNAc-me-
diated inhibition of amebic adherence and cytolytic activity
also provides the opportunity for human neutrophils in vitro
to kill the trophozoites and limit tissue damage (9, 19).

Wedetermined the effect of galactose-terminal asialogly-
coproteins on amebic adherence to CHOcells to identify a
high-affinity ligand for subsequent use in purification. Ravdin
and Guerrant (6) demonstrated that the simple sugars galac-

100 Figure 10. Competitive
inhibition of amebic ad-
herence by the purified

O 80 galactose-binding ame-0
bic lectin. CHOcells in

o 60 M199s buffer were pre-
aR \i treated for 60 min on
w\ ice with the indicated
z

40_ amounts of the amebic
lectin purified by H8-5
monoclonal antibody

20 affinity chromatogra-
phy. CHOcells were
pelleted and washed

0.4 0.8 1.2 1.6 twice in M199s after ex-
AMEBIC LECTIN (pg/104CH0 CELLS) posure to the lectin and

then resuspended with
amebic trophozoites at a 20:1 CHOcell/ameba ratio in M199s. The
trophozoite-CHO cell mixture was pelleted at 150 g for 5 min; after
2 h on ice the pellet was resuspended to measure amebic adherence.
Results are expressed as percent of control adherence (x±SE, n = 3-6).

tose and GalNAc at concentrations of 10 mg/ml would com-
pletely inhibit amebic adherence to CHOcells, whereas other
sugars such as mannose, neuraminic acid, and N-acetyl glu-
cosamine had no effect. Asialoglycoproteins with multiple ter-
minal galactose residues proved to be much more potent in-
hibitors of amebic adherence than galactose or GalNAc mono-
mers, with inhibition of adherence seen at concentrations of
ASORas low as 0.1 ,g/ml. The intact fetuin and orosomucoid
molecules, with the galactose residues masked by terminal si-
alic acid residues, had no effect on amebic adherence and
served as important negative controls in these experiments.
The greater affinity of the 1 70-kD Gal/GalNAc amebic lectin
for galactose terminal glycoproteins is similar to the binding
affinities described for the asialoglycoprotein receptor of rabbit
liver where, up to a threshold, increasing numbers of terminal
galactose residues placed on a neoglycoprotein increased bind-
ing avidity (20).

An earlier report from this laboratory (8) utilized Sephacryl
S-300 gel filtration chromatography of amebic proteins to par-
tially purify the lectin. The size of the lectin was erroneously
estimated to be 43-67 kD in this report because SDS-PAGEof

Table I. Effect of Gal and GalNAc on the Ability of Purified
Lectin to Competitively Inhibit Amebic Adherence

CHOcell preincubation Adherence

% of control

0.5 ,ug lectin 64.9±5.8t
0.5 ,g lectin + 0.25 Mdextrose 59.4±4.1$
0.5 jtg lectin + 0.25 MGal 94.9±2.7
0.5 ,g lectin + 0.25 MGalNAc 91.0±4.5

CHOcells (104) were preincubated with the purified lectin in the
presence or absence of different sugars for 60 min on ice. CHOcells
were then pelleted and washed twice before measuring adherence to
amebae. *x±SE (n = 6); absolute value for rosette formation in con-
trol medium = 50%. tP < 0.05 compared with control or Gal.
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the lectin-containing fractions demonstrated prominent pro-
tein bands of 43-67 kD in addition to the 1 70-kD protein.

One physiologic receptor for the E. histolytica adherence
lectin is colonic mucus, where amebic trophozoites are found
attached before the production of invasive intestinal lesions in
humans and animal models (5-8). Human colonic mucus is
rich in galactose-terminal glycoproteins (21). Chadee et al.
have now demonstrated that purified rat colonic mucin binds
specifically to the amebic Gal/GalNAc lectin and that this
binding can be inhibited by galactose (see companion paper).
Adherence of amebae to colonic mucus may be a prerequisite
for successful parasite colonization; a host mucosal antibody
response to the Gal/GalNAc lectin has the potential to inhibit
intestinal colonization by E. histolytica. The association of the
Gal/GalNAc lectin with amebic virulence (8) may be analo-
gous to the galactose binding lectins found in Escherichia coli
(22) strains that more commonly colonize the urinary tract
and cause pyelonephritis (23).

The E. histolytica adherence lectin resembles other soluble
lectins isolated from vertebrates and cellular slime molds in
its specificity for f,-galactosides (24). The existence of mem-
brane and soluble forms of surface antigens has also been seen
for the variant surface glycoproteins of trypanosomes where
the membrane-bound form has an anchoring phospatidylino-
sitol group (25), and the cellular slime mold-soluble lectin that
binds to a galactose-containing receptor on the slime mold
surface (26). The biochemical differences and the biologic sig-
nificance of the membrane-bound and soluble forms of the
amebic lectin are under investigation. Whereas the mono-
clonal antibody and carbohydrate inhibition data presented
here demonstrate that the Gal/GalNAc lectin is almost com-
pletely responsible for amebic adherence to CHOcells in our
system, other amebic proteins could be involved in amebic
adherence to other cells. Recently antibody to a 12-kD pro-
tein has been shown to partially inhibit amebic adherence to
red blood cells (27).

A lectin is defined as "a sugar-binding protein or glycopro-
tein of nonimmune origin which agglutinates cells and/or pre-
cipitates glycoconjugates" (28). Webelieve that we are justified
in calling the 170-kD adherence protein a lectin by its galac-
tose and GalNac-inhibitable binding to ASOR(Fig. 4) and its
mitogenic properties for normal human lymphocytes (29). But
it should be noted that we have not rigorously demonstrated its
bivalency or polyvalency by cell agglutination or glycoconju-
gate precipitation assays.

Currently, there is no vaccine available for prevention of
invasive amebiasis, the third leading parasitic cause of death
worldwide and a source of substantial morbidity in the devel-
oping world (1). Patients who have recovered from amebic
liver abscess rarely have recurrent invasive amebiasis (4). It
thus may be of significance that the 1 70-kD amebic adherence
lectin is recognized on immunoblots by the convalescent sera
from patients with amebic liver abscess (30). In animal
models, cure of invasive infection or immunization with ame-
bic proteins results in the development of protective immunity
(31-33). Present evidence in both humans and animal models
indicates that acquired resistance to invasive amebiasis is as-
sociated with development of an effective cell-mediated re-
sponse (33-35). During acute disease in humans there is de-
pression of cell-meditated immunity (36) and Salata et al.,
using a soluble protein preparation, have demonstrated that

patients treated for liver abscess develop antigen-specific lym-
phocyte-proliferative responses and cytotoxic T cell activity
directed against E. histolytica trophozoites. Specific antibody
production occurs in 95% of liver abscess patients (37); anti-
body titers have not correlated with the clinical course (38).
Repeated shedding of antiamebic antibodies by viable amebic
trophozoites, as we demonstrated with antilectin monoclonal
antibody; has been shown to occur by means of a "capping"
phenomenon (39, 40) that may be protective for the parasite.
However, the role of serum or mucosal antibody in host resis-
tance to intestinal colonization by the parasite has not been
evaluated. The use of the major amebic adherence protein
identified in this report to produce protective immunity in
animal models of invasive amebiasis will be the focus of future
studies.
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