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The  galactose and N-acetyl-o-galactosamine-inhib- 
itable  adherence lectin of Entamoeba  histolytica is a 
cell surface  protein  which  mediates  parasite  adherence 
to human colonic  mucus,  colonic  epithelial cells, and 
other  target cells. The  amebic lectin was purified  in 
1OO-bg quantities  from  detergent-solubilized  tropho- 
zoites  by  monoclonal  antibody affinity chromatogra- 
phy.  The  adherence lectin was purified 500-fold as 
judged  by  radioimmunoassay.  The  nonreduced  lectin 
had  a  molecular  mass  of 260 kDa on  sodium  dodecyl 
sulfate-polyacrylamide gel electrophoresis  and  an  iso- 
electric point  of pH 6.2. The  amebic lectin reduced 
with 8-mercaptoethanol  consisted  of 170- and 35-kDa 
subunits.  Both  subunits  could  be  labeled  on  the cell 
surface with "'1, and  both were metabolically  labeled 
with [3H]glucosamine.  The  amino  termini  of  the  sub- 
units had  unique  amino  acid  sequences,  and  polyclonal 
antisera  to  the  heavy  subunit  did  not  cross-react with 
the  light  subunit.  The yield of  phenylthiohydantoin 
derivatives from  the  second  and  third  positions  in  the 
sequence  of  the heavy and  light  subunits gave a molar 
ratio of  one 170- to  one 35-kDa subunit.  Antibodies 
directed to the  heavy  subunit  inhibited  amebic  adher- 
ence to Chinese  hamster  ovary cells by loo%, suggest- 
ing  that  the  heavy  subunit is predominately  responsible 
for  mediating  amebic  adherence. 

The understanding of cell-cell recognition and adherence is 
central to many fundamental  areas of biologic investigation, 
including mammalian fertilization, developmental morpho- 
genesis of tissues  and organs, neoplastic metastases  and the 
cell interactions of the immune system. We  believe that  there 
is a need for model systems where the processes of cell 
recognition, adherence, and  contact-dependent cytolysis can 
be studied in  the absence of the complexity of cellular reac- 
tions occurring at  the organismal level. 

Entamoeba histolytica is a nonciliated eukaryotic protozoan 
that is the cause of amebiasis in  humans. Colonic colonization 
with E. histolytica trophozoites can be asymptomatic or lead 
to invasive colitis and/or amebic liver abscesses. It is esti- 
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mated that 10% of the world's population is infected with E. 
histolytica, resulting in at least 60,000 deaths worldwide each 
year (1, 2). Adherence of E. histolytica trophozoites to intes- 
tinal mucus, colonic epithelium, and host inflammatory cells 
occurs before amebic invasion of the colonic epithelium in 
animal models of invasive amebiasis (3, 4). Colonic biopsies 
from patients with amebiasis have also shown amebae adher- 
ent  to erythrocytes (5) and associated with small focal ulcer- 
ations of the surface epithelium of the colon (6, 7). 

The sequential steps of E. histolytica adherence to  and 
contact-dependent lysis of target cells can be experimentally 
separated. By using Chinese hamster ovary (CHO)' cells as 
target cells, amebic adherence was studied in  the absence of 
CHO cell lysis at 4 "C.  Amebic adherence to CHO cells was 
mediated by an amebic adhesion protein with carbohydrate- 
binding properties: galactose (Gal) or N-acetyl-D-galactos- 
amine (GalNAc) completely inhibited E. histolytica adherence 
to CHO  cells, whereas other simple carbohydrates had no 
effect (8). Gal or GalNAc also prevented the subsequent 
contact-dependent lysis of the CHO cells at 37 "C (8-12). This 
amebic Gal- and GalNAc-inhibitable lectin mediated the  ad- 
herence of amebae to human colonic mucus glycoproteins and 
colonic epithelial cells (9,lO) which are  the relevant receptors 
for this colonic parasite. We recently identified the amebic 
Gal/GalNAc adherence lectin by Gal-affinity chromatography 
and with adherence-inhibitory monoclonal antibodies (13). 
Galactose-affinity chromatography of detergent-solubilized 
amebae revealed proteins of estimated molecular masses of 
170 and 35 kDa in reducing SDS-PAGE. A monoclonal anti- 
body  which inhibited amebic adherence to CHO cells by 86% 
recognized  only the 170-kDa protein on Western  blots (13). 

In  this  report we describe the subunit  structure of the native 
Gal/GalNAc lectin isolated by monoclonal antibody affinity 
chromatography. The nonreduced lectin consists of a 170- 
kDa heavy subunit linked by disulfide bonds to a 35-kDa light 
subunit. Monoclonal and polyclonal antibodies specifically 
directed against the heavy subunit  demonstrate that  the heavy 
subunit predominately mediates amebic adherence. 

MATERIALS AND METHODS 

Cultivation and Harvesting of E. histolytica and CHO  Cells-Axenic 
E. histolytica, strain HM1-IMSS, was  grown in medium TYI-S-33 
(trypticase and yeast extract, iron and serum) with 100 units/ml 
penicillin and 100  pg/ml streptomycin sulfate  (Pfizer) at 37 "C in 
250-ml plastic tissue culture flasks (14). Amebic trophozoites were 
harvested after 72 h of growth by centrifugation at  150 X g for 5 min 
at 4 "c and washed in 75 mM Tris (Sigma), 65 mM NaCl, pH 7.2 (8). 

The abbreviations used are: CHO, Chinese hamster ovary; SDS- 
PAGE, sodium dodecyl sulfate-polyacrylamide gel electrophoresis; 
RIA, radioimmunoassay; PTH, phenylthiohydantoin; HEPES,  4-(2- 
hydroxyethy1)-1-piperazineethanesulfonic acid. 
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TABLE I 

Amino-terminal  amino acid sequences of the subunits of the GallGalNAc adherence lectin 
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Approximately 40 pmol of the electroeluted heavy chain and 100 pmol of the  electroeluted  light chain were 
subjected  to sequence determination. At each step,  the yield of PTH-derivatives for the heavy chain was 8 ? 2 and 
for the light chain 21 * 3 pmol (S.D.). 

Heavy (170-kDa) subunit 

Light (35-kDa) subunit 
Gly-Lys-Leu-Asn-Glu-Phe-Ser-Ala-Asp-Ile-Asp-Tyr-Tyr-Asp-Leu 

Lys-Thr-ASn.Asp-ASn-Arg-Asp-Gln-~~~-Ser-P~o-A~n-Tyr-Pr~-Tyr-Gly-Lys G l n  G l y  L y s  

TABLE I1 
Amino acid compositions of the  subunits of the  GallGalNAc 

adherence  lectin 
Residue Heavy subunit Light subunit 

residueslI00 amino acids 

ASP 13.7 7.0 
Glu 11.6 9.2 
CYS ND" ND 
Ser 8.5 7.3 
GlY 10.5 8.5 
His 2.0 1.9 
Thr 8.2 7.7 
Ala 5.7 6.8 
Arg 3.2 6.9 
Pro 3.5 5.9 
TYr 3.7 6.6 
Val 5.0 5.1 
Met 2.0 1.5 
Ile 4.2 4.4 
Leu 5.5 5.8 
Phe 3.5 6.0 
LY s 9.0 9.4 
Trr, ND  ND 

' ND,  not  determined, as cysteine and tryptophan are destroyed 
by acid hydrolysis. 
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FRACTION 
FIG. 8. Gel filtration of the nonreduced  Gal/GalNAc lectin. 

Amebae solubilized in Triton X-100 were applied  to a Sephacryl S- 
300 HR column. The  lectin (0) concentrations of each fraction are 
shown as are the elution peaks of blue dextran 2000 ( V), thyroglobulin 

kDa). 
(669 kDa), ferritin (440 kDa), catalase (232 kDa),  and aldolase (I58 

[3H]glucosamine, suggesting that both  are glycoproteins. 
Cell Surface Iodination-The Gal/GalNAc lectin has been 

identified on  the cell surface by indirect immunofluorescence 
using a heavy chain specific monoclonal antibody (13). To 
confirm the presence of both  subunits on the cell surface, 
trophozoites were surface 1261-labeled. Trophozoite viability 
was 94% after labeling as judged by trypan blue exclusion. An 

autoradiograph of the 1251-labeled amebic proteins  and the 
Gal/GalNAc lectin immunoprecipitated with monoclonal an- 
tibody H8-5 is shown in Fig. 6. Both the heavy and light 
chains of the amebic adherence lectin were labeled by this 
procedure. 

Isoelectric Point of the Native Adherence Lectin-Total 
amebic proteins solubilized with P-D-octylglucoside  were  fo- 
cused in  pH 3-10 ampholytes at 8 watts for 16 h. Gel segments 
were assayed for pH,  protein  concentration,  and lectin con- 
centration  (as determined by radioimmunoassay) (Fig. 7). The 
Gal/GalNAc lectin focused to a single peak with an isoelectric 
point of pH 6.2 

Amino-terminal Sequences and Amino Acid Compositions of 
the Subunits-The subunits of the affinity-purified Gal/ 
GalNAc lectin were electroeluted and  the amino termini se- 
quenced by sequential Edman degradation by the Protein  and 
Nucleic  Acid Sequencing Center of the University of Virginia. 
The subunits  had unique amino  termini  (Table  I); the amino 
termini of the subunits did not  share  any close  homologies 
with other sequenced proteins  in the National Biomedical 
Research Foundation  data  bank. The amino terminus of the 
light subunit displayed microheterogeneity in a 1:l molar ratio 
for residues 3,  5, 6, and 9 (Table I).  The amino acid compo- 
sitions  determined for both  subunits  are listed in  Table 11. 

Gel Filtration of the Native GallGalNAc  Lectin-Solubilized 
amebic trophozoites were applied to a Sephacryl S-300 column 
and  the Gal/GalNAc lectin content of the eluted  fractions 
determined by  RIA. The Gal/GalNAc lectin eluted  as  a broad 
peak at approximately 600 kDa with a shoulder at 440 kDa, 
suggesting that  the adherence lectin solubilized from the 
trophozoites existed as aggregates of two to three molecules 
(Fig. 8). 

DISCUSSION 

Monoclonal antibody affinity chromatography proved to be 
an effective and high yield single-step method for the purifi- 
cation of 100-pg quantities of the E. histolytica Gal/GalNAc 
adherence lectin. The inclusion of protease inhibitors  and the 
rapidity of the purification procedure minimized proteolytic 
breakdown of the purified lectin. The ability to purify rela- 
tively large quantities of the Gal/GalNAc lectin enabled us to 
begin the biochemical and biological characterization of this 
cell surface adherence protein. 

Our data  demonstrate that  the Gal/GalNAc-inhibitable 
adherence lectin of E. histolytica is a complex  molecule com- 
posed of a 170-kDa heavy chain  and  a 35-kDa light chain. 
The two subunits  are covalently attached to each other by 
disulfide bonds. The  apparent molecular mass of  440-600 kDa 
of the Gal/GalNAc lectin on Sephacryl S-300 gel filtration 
indicates that  the nonreduced protein exists as dimers or 
trimers when solubilized in nonionic detergents. The E. his- 
tolytica Gal/GalNAc adherence lectin is far larger than other 
eukaryotic galactose-binding lectins  such as  the 67-kDa elas- 
tin receptor (18), the rabbit asialoglycoprotein receptor com- 
plex of 40- and 48-kDa polypeptide chains (19) or the 25-27- 
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kDa galactose-binding hemagglutinins of the cellular  slime 
mold (20). The amebic lectin’s  size and complexity are more 
similar  to  other cell adhesion molecules including the leuko- 
cyte  adhesion receptor Mo 1, which consists of 155- and 95- 
kDa noncovalently linked  subunits (21) and  the  neural  and 
liver cell adhesion molecules (22). 

The ability of heavy chain-specific antisera  to completely 
inhibit amebic adherence to  CHO cells is  strong evidence  for 
a predominant role of the heavy subunit  in  mediating  adher- 
ence. The  contribution of the  light  subunit  to  adherence or 
amebic contact-dependent cytotoxicity cannot at present be 
assessed in  the  absence of light subunit-specific antibodies. 
Interestingly, Balb/c mice immunized  with  the  native Gal/ 
GalNAc lectin  mounted  an  antibody  response only to  the 
heavy subunit. I t  is not known if this  was  due  to  masking of 
the  light  chains by the heavy chain or to  an  inherent lack of 
antigenicity of the  light  chains. 

The microheterogeneity present  in  the  Gal/GalNAc  lectin 
light  chain  amino-terminal sequence most likely reflects the 
presence of at  least two different  light  chain genes in E. 
histolytica. The  amino  acid  substitutions  at  the heterogeneous 
positions were conservative as  to  the relative polarity, charge, 
and hydrophilicity of the  substituted  amino acid  residues, as 
is generally the  case for other  proteins which demonstrate 
microheterogeneity (23). Understanding  the  functional signif- 
icance of having more than  one Gal/GalNAc lectin  light  chain 
gene must  await a more detailed knowledge of the role of the 
light  chain  in E. histolytica adherence  and cytolysis. 

The heavy and  light  subunits  appear  to be structurally 
dissimilar as evidenced  by their lack of antigenic  cross-reac- 
tivity, dissimilar amino acid  compositions, and  unique  amino- 
terminal  amino acid  sequences. However it is not possible 
with  the  present  data  to rule out  the possibility that  the  light 
subunit  is derived  from the heavy subunit. The presence of a 
1:l molar ratio of the  light  and heavy subunits suggests that 
they could be derived from a single  large precursor  protein, 
as  has  been  demonstrated for the  insulin receptor (24),  but  it 
is  also possible that  they  are  assembled  after  the  translation 
of separate  mRNAs,  for which the acetylcholine receptor is 
an example (25). The polyclonal antisera  and  amino  terminus 
sequence data described  in this  report  are being  used in  our 
laboratory  to  isolate  the  gene(s) for this amebic cell adherence 
molecule. Already,  oligonucleotide probes based on  the heavy 
subunit’s  amino-terminal  amino acid  sequence have  been 
shown to specifically hybridize to a 4.4-kilobase E. histolytica 
RNA molecule, which is the  predicted size for the heavy 
subunit  mRNA  based  on  its molecular  weight and  amino acid 
composition (27). The isolation  and  sequencing of the  gene(s) 
for the amebic  Gal/GalNAc adherence  lectin will improve our 
understanding of the  subunits’ assembly, and  perhaps offer 
clues to  the  functions of this complex molecule which  plays  a 
central role in  the  pathogenesis of invasive  amebiasis. 
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