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Entamoeba histolytica is an enteric parasite that can kill host cells via a contact-dependent mechanism. This 
killing involves the amoebic surface protein referred to as the Gal/GalNAc lectin. The Gal/GalNAc lectin binds 
galactose and N-acetylgalactosamine allowing the adherence of amoebas to host cells. Involvement of the lectin 
in the pathogenesis of E. histolytica infection will be reviewed in this paper. The lectin has been shown to have 
very specific and substantial effects on adherence, cytotoxicity, and encystation. There is also possible involve-
ment of the lectin in phagocytosis and caspase activation in host cells. 

[Boettner D R, Huston C and Petri W A Jr 2002 Galactose/N-acetylgalactosamine lectin: the coordinator of host cell killing; J. Biosci. 
(Suppl. 3) 27 553–557] 

1. Introduction 

Entamoeba histolytica is the causative enteric parasite of 
amebiasis. Each year it is believed to be responsible  
for 50 million cases of colitis and/or liver abscess and 
100,000 deaths worldwide (Petri and Singh 1999). E. 
histolytica has only been found in human hosts, and the 
infection is attributable to contamination of food or drink-
ing water. This disease is endemic to poor areas in deve-
loping nations (Haque et al 2001). 
 The life cycle of E. histolytica is simple (figure 1). The 
protozoan can be either a cyst or a trophozoite. The cyst 
is a metabolically reduced tetra-nucleated cell. This cyst 
is resistant to desiccation as well as other environmental 
stresses. The cyst form of this parasite is spread through 
a typical fecal-oral route. Once a cyst enters a new host, a 
transition to the trophozoite form of the organism begins. 
This occurs by division of the nuclei, followed by divi-
sion of the cytoplasm, thus yielding 8 trophozoites from 
one cyst. Colonization of the intestine then ensues, by 
adherence to the epithelium of the host. 
 Many individuals exposed to E. histolytica do not pre-
sent with invasive disease. In fact, it is estimated that 

only 10% of those infected ever develop invasive amebi-
asis (Haque et al 2001). Host factors have a role in sus-
ceptibility to amebiasis. Some of these factors may 
include the bacterial flora of the gut (Mirelman 1987), 
mucin polymorphisms present in the host (Vinall et al 
1998), and the specific immune response elicited. 
 Several amoebic proteins have been identified as viru-
lence determining factors in E. histolytica including amoe-
bapore, cysteine proteases and the galactose/N-acetylga-
lactosamine (Gal/GalNAc) lectin. Amoebapore has been 
shown to form pores in the membranes of host cells at 
µM concentrations (Leippe et al 1991, 1995). Cysteine 
proteases have previously been implicated in the diges-
tion of the extra-cellular matrix (DeMeester et al 1990). 
The goal of this review is to summarize the role of the 
Gal/GalNAc lectin in amebiasis. 
 

2. Entamoeba histolytica adhesion to host cells 

E. histolytica kills host cells via a contact-dependent 
mechanism (Ravdin et al 1980). Therefore, adherence  
of the amoeba to the host cell is a pivotal step in the  
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progression of disease. E. histolytica adhere to most cells, 
including human erythrocytes and colonic epithelial 
(Guerrant et al 1981). Adherence can be effectively 
blocked by the addition of Gal or GalNAc to media 
(Chadee et al 1987). This indicates that the ligands on the 
host cells are galactose terminal, N- or O-linked glyco-
conjugates. CHO cell glycosylation mutants lacking N- 
and O-linked Gal/GalNAc residues are resistant to both 
adherence and cytolysis (Li et al 1988, 1989). The only 
E. histolytica molecules discovered that bind these resi-
dues are the Gal/GalNAc heavy and intermediate sub-
units of the lectin. 

3. Lectin structure 

The discovery that E. histolytica adherence could be inhi-
bited by the presence of galactose has led to affinity puri-
fication of the Gal/GalNAc lectin (Petri et al 1987, 1989). 
It is comprised of a 260 kDa heterodimer comprised of a 
heavy subunit and light subunit that non-covalently asso-
ciate with an intermediate subunit (figure 2). This lectin 
binds to both host galactose and N-acetyl-D-galacto-
samine. The Gal/GalNAc lectin has a high cysteine  
content (Tannich et al 1991; Mann et al 1991), which 
gives it resistance to proteases. It has been shown that 
antibodies to the heavy subunit can block adherence, 
whereas light subunit antibodies do not (McCoy et al 
1994). There is also evidence that the heavy subunit is 

predominantly responsible for binding of galactose and 
N-acetyl-D-galactosamine (Adler et al 1995). 
 The heavy subunit (hgl) is the most conserved of the 
subunits. It is coded for by a single orf, hgl. There are 5 
unlinked genes in the hgl family (Ramakrishnan et al 
1996), but these are between 85 and 95% identical. The 
predicted size of hgl (by amino acid sequence) is 
143 kDa, although the observed mass of the protein is 
170 kDa, reflecting carbohydrate modifications which 
make up 6% of the protein. Sequence analysis shows that 
it contains a 15 amino acid signal peptide, a 41 amino 
acid cytoplasmic domain, and a 26 amino acid transmem-
brane domain. The remainder of the protein, approximately 
1209 amino acids, is extracellular. 
 Within the extracellular portion of hgl is the carbo-
hydrate recognition domain (CRD). Although this is widely 
accepted, there is controversy over exactly which amino 
acids account for this activity. The region between amino 
acids 895 and 998 has putatively been designated the CRD 
(Dodson et al 1999) based on its ability to bind galactose. 
This region is cysteine rich and is recognized by adhe-
rence inhibiting monoclonal antibodies (Mann et al 1993). 
Using peptide fragments, Kain and his colleagues have 
mapped two separate sequences responsible for the bind-
ing to CHO cells: residues 356–480 and 900–1143 (Pillai 
et al 1999). This suggests that there may be more than 
one CRD or that folding of the lectin is not accounted for 
in these models. 

 
Figure 1. The life cycle of E. histolytica is carried out by its two forms encystation and invasive trophozoites. 
Local environmental cues signal via the Gal/GalNAc lectin and trigger encystment or invasion. Encystation may 
require bacterial flora and mucin binding. This form allows the cyst to leave the host and spread the infection to 
new individuals. The trophozoites cause tissue damage by use of the lectin to adhere and kill host cells. This 
figure is based on material accepted for publication in the Annual Review of Microbiology, volume 56, 2002 by 
Annual Reviews, www.AnnualReviews.org. Used with permission. 
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 The light subunit gene (lgl) is more variable than the 
heavy subunit. At minimum, six different genes encode 
for light subunits with altered glycosylation patterns 
(McCoy et al 1993b). Proteins of 31 and 35 kDa repre-
sent the dominant isoforms (McCoy et al 1993a). Iso-
forms of lgl are very similar, showing 79–85% amino acid 
identity. Distinctions exist in the post-translational pro-
cessing of these proteins. The 35 kDa subunit is highly 
glycosylated, but has no GPI anchor. However, the 
31 kDa subunit is the converse. Each subunit can bind to 
the hgl subunit to form the heterodimer. Typically, the 
light subunit contains a 13 amino acid signal sequence 
and a 7 amino acid GPI anchor addition motif (Rama-
krishnan et al 2000). The use of a GPI anchor and lack of a 
CRD clearly distinguish lgl from hgl (McCoy et al 1994). 
 A relationship between isoforms of lgl and virulence is 
evident. In the Rahman strain there is a reduced virulence 
as well as a reduction in the expression of the 35 kDa 
light subunit. However, this phenotype could not be over-
come by over-expression of lgl in this strain. This was 
illustrated again by both incubation of E. histolytica with 
Escherichia coli serotype 055 (Padilla-Vaca et al 1999) 
and antisense inhibition of lgl (Ankri et al 1999). Interes-
tingly, antibodies that bind the light subunit do not block 
adherence, but a depletion of the lgl gene has been shown 
to reduce cytotoxicity. This decrease in cytotoxicity may 
be due to a reduction in the amount of heterodimeric lectin 
that is formed. Hence, lgl still has an undefined role in 
the virulence of E. histolytica. 

 Finally, an intermediate subunit (igl) of 150 kDa mass 
non-covalently associates with the lectin heterodimer 
(Cheng et al 2001). Two copies of igl are present in E. 
histolytica which share an 84% identity (Cheng et al 
1998). Antibodies to the intermediate subunit have been 
shown to block adherence of E. histolytica to host cells. 
An analysis of the igl gene shows that although it lacks a 
CRD, it contains CXXC protein–protein interaction domains 
(Cheng et al 2001). 
 

4. Lectin function in host cell death 

As mentioned earlier, E. histolytica kill host cells in a con-
tact-dependent manner (Ravdin et al 1980). This is a  
calcium-dependent event (Ravdin et al 1982, 1985) that 
leads to the appearance of apoptotic features in the host 
cell. In vitro experiments have shown that purified lectin 
alone can cause a calcium flux in host cells, but will not 
recapitulate the apoptotic death. This indicates that there 
must be more requirements for killing than lectin alone. 
Research into lectin involvement in signalling has identi-
fied β2 integrin motifs in the cytoplasmic tail of hgl (Vines 
et al 1998), but little is known of any role of lectin in sig-
nal transduction. There are also many calcium independent 
factors working in cytolisis. The discovery of amoebapore 
(Berninghausen and Leippe 1997) and the activity of  
the amoeba cytoskeleton cannot be ignored (Arhets et al 
1998). 
 The apoptotic phenotype has been a very intriguing 
element of cell death. Dead host cells are clearly TUNEL 
positive, and display both cytoplasmic blebbing and 
chromosome condensation. However, this cell death 
could not be countered by overexpression of bcl-2 in cul-
tured cells (Ragland et al 1994). Host cell apoptosis is 
not Fas-dependent (Seydel and Stanley 1998), and does 
not occur following the addition of amoeba lysate. How-
ever, amoebic liver abscess is blocked by addition of Z-
VAD-FMK, a pan caspase inhibitor (Yan and Stanley 
2001). Recently, caspase 3 activation was found in host 
cells as a result of amoeba directed apoptotic death. Inhi-
bition of caspase 3 consequently offered protection to 
host cells from this killing (Huston et al 2000). Surpris-
ingly, caspase 8 and caspase 9 were not required for kill-
ing by the amoeba. This may be a novel entry into the 
caspase cascade. 
 Transfer of the lectin from amoeba to host epithe- 
lial cells has been noted. The lectin seems very  
efficiently transferred to these cells (within 5 min of co-
incubation), even prior to cell death (Leroy et al 1995). 
This may present another separate killing technique in 
the E. histolytica repetoire that is specific to epithelial 
cells. 

 
hgl 

lgl 
 R

igl  

 
Figure 2. Gal/GalNAc adherence lectin of E. histolytica. The 
Gal/GalNAc lectin IS present of the surface amoeba and is 
comprised of three parts: htl, lgl, and igl. Hgl and lgl are cova-
lently linked and non-covalently associate with igl. Within hgl 
is the carbohydrate recognition domain (CRD). This region is 
believed to be responsible for the binding of hgl to host cells. 
Figure from Petri et al 2002 Annu. Rev. Microbiol. 56 39–64,  
printed with permission. 
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5. Role of lectin in encystation 

Due to the inability to induce encystation in vitro, little is 
known about encystation of E. histolytica. Recently, stu-
dies in Entamoeba invadens have begun to give an idea 
of how this process occurs (Cho and Eichinger 1998). In 
E. invadens, encystation begins by nutrient deprivation. 
Multicellular aggregates form by means of binding to 
mucins (Coppi and Eichinger 1999) or other galactose 
terminal glycoproteins (Eichenger 2001b). This process 
can be blocked by the addition of free galactose and gives 
strong evidence of the importance of the Gal/GalNAc 
lectin (Eichenger 2001a). 

6. Conclusions 

Although the Gal/GalNAc lectin is not the only known 
virulence factor in E. histolytica, it has been the most  
dynamic factor identified. With roles in nearly every 
process of infection, it is a natural target for research and 
therapy. 

References 

Adler P, Wood S J, Lee Y C, Lee R T, Petri W A Jr and 
Schnaar R L 1995 High affinity binding of the E. histolytica 
lectin to polyvalent N-acetylgalactosaminides; J. Biol. Chem. 
270 5164–5171 

Ankri S, Padilla-Vaca F, Stolarsky T, Koole L, Katz U and 
Mirelman D 1999 Antisense inhibition of expression of the 
light subunit (35 kDa) of the Gal/GalNac lectin complex  
inhibits Entamoeba histolytica virulence; Mol. Microbiol. 33 
327–337 

Arhets P, Olivo J C, Gounon P, Sansonetti P and Guillen N 
1998 Virulence and functions of myosin II are inhibited by 
overexpression of light meromyosin in Entamoeba histo-
lytica; Mol. Biol. Cell 6 1537–1547 

Berninghausen O and Leippe M 1997 Necrosis versus apoptosis 
as the mechanism of target cell death induced by Entamoeba 
histolytica; Infect. Immun. 65 3615–3621 

Chadee K, Petri W A Jr, Innes D J and Ravdin J I 1987 Rat and 
human colonic mucins bind to and inhibit the adherence lectin 
of Entamoeba histolytica; J. Clin. Invest. 80 1245–1254 

Cheng X J, Hughes M A, Huston C D, Loftus B, Gilchrist C A, 
Lockhart L A, Ghosh S, Miller-Sims V, Mann B J, Petri W A 
Jr and Tachibana A 2001 Intermediate subunit of the Gal/ 
GalNAc lectin of Entamoeba histolytica is a member of a 
gene family containing multiple CXXC sequence motifs;  
Infect. Immun. 69 5892–5898 

Cheng X J, Tsukamoto H, Kaneda Y and Tachibana H 1998 
Identification of the 150 kDa surface antigen of Entamoeba 
histolytica as a galactose and N-acetyl-D-galaetosamine-inhi-
bitable lectin; Parasitol. Res. 84 632–639 

Cho J and Eichinger D 1998 Crithidia fasciculata induces ency-
station of Entamoeba invadens in a galactose-dependent 
manner; J. Parasitol. 84 705–710 

Coppi A and Eichinger D 1999 Regulation of Entamoeba inva-
dens encystation and gene expression with galactose and N-
acetylglucosamine; Mol. Biochem. Parasitol. 102 67–77 

DeMeester F, Shaw E, Scholze H, Stolarsky T and Mirelman D 
1990 Specific labeling of cysteine proteinases in pathogenic 
and non-pathogenic Entamoeba histolytica; Infect. Immun. 
58 1396–1401 

Dodson J M, Lenkowski P W Jr, Eubanks A C, Jackson T F H G, 
Napodano J, Lyerly D M, Lockhart L A, Mann B J and Petri 
W A Jr 1999 Infection and immunity mediated by the carbo-
hydrate recognition domain of the Entamoeba histolytica 
Gal/GalNAc lectin; J. Infect. Dis. 179 460–466 

Eichinger D 2001a A role for a galactose lectin and its ligands 
during encystment of Entamoeba; J. Eukaryot. Microbiol. 48 
17–21 

Eichinger D 2001b Encystation in parasitic protozoa; Curr. 
Opin. Microbiol. 4 421–426 

Guerrant R L, Brush J, Ravdin J I, Sullivan J A and Mandell G L 
1981 Interaction between Entamoeba histolytica and human 
polymorphonuclear neutrophils; J. Infect. Dis. 143 83–93 

Haque R, Ali K M, Sack R B, Ramakrishnan G, Fan B M and 
Petri W A Jr 2001 Amebiasis and mucosal IgA antibody 
against the Entamoeba histolytica adherence lectin in Bang-
ladeshi children; J. Infect. Dis. 183 1787–1793 

Huston C D, Houpt E R, Mann B J, Hahn C S and Petri W A Jr 
2000 Caspase 3 dependent killing of human cells by  
the parasite Entamoeba histolytica; Cell. Microbiol. 2 617–
625 

Leippe M, Ebel S, Schoenberger O L, Horstmann R D and  
Muller-Eberhard H J 1991 Pore-forming protein of patho-
genic Entamoeba histolytica; Proc. Natl. Acad. Sci. USA 88 
7659–7663 

Leroy A, De Bruyne G, Mareel M, Nokkaew C, Bailey G and 
Nelis H 1995 Contact-dependent transfer of the galactose-
specific lectin of Entamoeba histolytica to the lateral surface 
of enterocytes in culture; Infect. Immun. 63 4253–4260 

Li E, Becker A and Stanley S L 1988 Use of Chinese hamster 
ovary cells with altered glycosylation patterns to define the 
carbohydrate specificity of Entamoeba histolytica adhesion; 
J. Exp. Med. 167 1725–1730 

Li E, Becker A and Stanley S L 1989 Chinese hamster ovary 
cells deficient in N-acetylglucosaminyltransferase I activity 
are resistant to Entamoeba htstolytica-mediated cytotoxicity; 
Infect. Immun. 57 8–12 

Mann B J, Chung C Y, Dodson J M, Ashley L S, Braga L L and 
Snodgrass T L 1993 Neutralizing monoclonal antibody epi-
topes of the Entamoeba histolytica galactose adhesion map to 
the cysteine-rich extracellular domain of the 170 kDa sub-
unit; Infect. Immun. 61 1772–1778 

Mann B J, Vedvick T, Torian B and Petri W A Jr 1991 Sequ-
ence of a cysteine-rich galactose-specific lectin of Enta-
moeba histolytica; Proc. Natl. Acad. Sci. USA 88 3248–3252 

McCoy J J, Mann B J and Petri W A Jr 1994 Adherence and 
cytotoxicity of Entamoeba histolytica, or how lectins let 
parasites stick around; Infect. Immun. 62 3045–3050 

McCoy J J, Mann B J, Vedvick T, Pak Y, Heimark D B and 
Petri W A Jr 1993 Structural analysis of the light subunit of 
the Entamoeba histolytica adherence lectin; J. Biol. Chem. 
268 24223–24231 

McCoy J J, Mann B J, Vedvick T and Petri W A Jr 1993 Sequ-
ence analysis of genes encoding the Entamoeba histolytica 
galactose specific adhesion light subunit; Mol. Biochem. 
Parasitol. 61 325–328 

McCoy J J, Weaver A M and Petri W A Jr 1994 Use of mono-
clonal anti-light subunit antibodies to study the structure and 
function of the Entamoeba histolytica Gal/GalNAc adherence 
lectin; Glycoconj. J. 11 432–436 



J. Biosci. | Vol. 27 | No. 6 | Suppl. 3 | November 2002

Gal/GalNAc lectin 

 

557 

Mirelman D 1987 Ameba-bacterium relationship in amebiasis; 
Microbiol. Rev. 51 272–284 

Padilla-Vaca F, Ankri S, Bracha R, Koole L A and Mirelman D 
1999 Downregulation of Entamoeba histolytica virulence by 
monoxenic cultivation with Escherichia coli 055 is related to 
a decrease in expression of the light (35 kilodalton) subunit 
of the Gal/GalNAc lectin; Infect. Immun. 67 2096–2102 

Petri W A Jr, Chapman M D, Snodgrass T, Mann B J, Broman J 
and Ravdin J I 1989 Subunit structure of the galactose and  
N-acetyl-D-galactosamine-inhibitable adherence lectin of Enta-
moeba histolytica; J. Biol. Chem. 264 3007–3012 

Petri W A Jr, Mann B J and Haque R 2002 The bittersweet 
interface of parasite and host Lectin-carbohydrate interac-
tions during human invasion by the parasite Entamoeba his-
tolytica; Annu. Rev. Microbiol. 56 39–64 

Petri W A Jr and Singh U 1999 State of the art: diagnosis and 
management of amebiasis; Clin. Infect. Dis. 29 1117–1125 

Petri W A Jr, Smith R D, Schlesinger P H, Murphy C F and 
Ravdin J I 1987 Isolation of the galactose binding adherence 
lectin of Entamoeba histolytica; J. Clin. Invest. 80 1238–
1244 

Pillai D R, Wan P S K, Yau Y C W, Ravdin J I and Kain K C 
1999 The cysteine-rich region of the Entamoeba histolytica 
adherence lectin (170 kDa subunit) is sufficient for high affi-
nity Gal/GalNAc-specific binding in vitro; Infect. Immun. 67 
3836–3841 

Ragland B D, Ashley L S, Vaux. D L and Petri W A Jr 1994 
Entamoeba histolytica: Target cells killed by trophozoites 
undergo apoptosis which is not blocked by bcl-2; Exp. Para-
sitol. 79 460–467 

Ramakrishnan G, Lee S, Mann B J and Petri W A Jr 2000 Enta-
moeba histolytica: Deletion of the GPI anchor signal sequence 
on the Gal/GalNAc lectin light subunit prevents its assembly 
into the lectin heterodimer; Exp. Parasitol. 96 57–60 

Ramakrishnan G, Ragland B D, Purdy J E and Mann B J 1996 
Physical mapping and expression of gene families encoding 
the N-acetyl D-galactosamine adherence lectin of Entamoeba 
histolytica; Mol. Microbiol. 19 91–100 

Ravdin J I, Croft B Y and Guerrant R L 1980 Cytopathogenic 
mechanisms of Entamoeba histolytica; J. Exp. Med. 152 
37790 

Ravdin J I, John J E, Johnston L I, Innes D J and Guerrant R L 
1985 Adherence of Entamoeba histolytica to rat and human 
colonic mucosa; Infect. Immun. 48 292–297 

Ravdin J I, Sperelakis N and Guerrant R L 1982 Effect of ion 
channel inhibitors on the cytoplhogenicity of Entamoeba his-
tolytica; J. Infect. Dis. 146 335–340 

Seydel K B and Stanley S L Jr 1998 Entamoeba histolytica 
induces host cell death in amebic liver abscess by a non- 
Fas-dependent, non-tumor necrosis factor alpha depen- 
dent pathway of apoptosis; Infect. Immun. 66 2980– 
2983 

Tannich E, Ebert F and Horstmann R D 1991 Primary structure 
of the 170 kDa surface lectin of pathogenic Entamoeba histo-
lytica; Proc. Natl. Acad. Sci. USA 88 1849–1853 

Vinall L E, Hill A S, Pigny P, Pratt W S and Toribara N, Gum  
J R, Kim Y S, Porchet N, Aubert J P and Swallow D M 1998 
Variable number tandem repeat polymorphism of the mucin 
genes located in the complex on 11p15.5; Hum. Genet. 102 
357–366 

Vines R R, Ramakrishnan G, Rogers J B, Lockhart L A, Mann 
B J and Petri W A Jr 1998 Regulation of Adherence and 
virulence by the Entamoeba histolytica lectin cytoplasmic 
domain, which contains a β2 integrin motif; Mol. Biol. Cell 9 
2069–2079 

Yan L and Stanley S L Jr 2001 Blockade of caspases inhibits 
amebic liver abcess formation in a mouse model of disease; 
Infect. Immun. 69 7911–7914 

 


