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Acanthamoebae Bind to Glycolipids of Rabbit Corneal Epithelium
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By use of a thin-layer chromatogram (TLC) overlay procedure, 35S-labeled acanthamoebae were shown to
bind to seven glycolipids of rabbit corneal epithelium. Corneal epithelial cells were grown in culture and were

subjected to Foich extraction to isolate a chloroform-rich lower phase containing neutral glycosphingolipids
(NGSL) and an aqueous upper phase containing gangliosides, i.e., sialic acid-containing glycolipids. Thin-layer
chromatography of the upper phase revealed the presence of 10 ganglioside components. Acanthamoebae were

shown to bind to four of these components, referred to as 2, 3, 6, and 7. On TLC plates, ganglioside components
2 and 3 migrated slightly ahead of the glycolipid standard GDla, component 7 comigrated with standard GM3,
and component 6 migrated a little more slowly than GM3. Likewise, of the 10 NGSL known to be present in
the lower phase, acanthamoebae bound to components 1, 5, and 6. NGSL components 1, 5, and 6 migrated on

TLC plates with relative mobilities similar to those of standards asialo GM1, asialo GM2, and ceramidetri-
hexoside, respectively. We propose that one or more of the Acanthamoeba-reactive glycolipids of corneal
epithelium identified in this study may play a role in the pathogenesis ofAcanthamoeba keratitis by mediating
the adherence of the parasites to the cornea.

Acanthamoeba keratitis is a sight-threatening corneal in-
fection (2, 9). It is caused by parasites of the genus Acan-
thamoeba and is characterized by intense pain and a slowly
worsening clinical course. The number of reported cases of
Acanthamoeba keratitis has increased sharply in recent
years (26). This increase has been associated with an in-
crease in the use of soft contact lenses (8, 12, 16, 24, 25).
However, the disease also occurs, if less often, in non-
contact lens wearers (23).
The mechanism by which acanthamoebae infect the hu-

man cornea has not been elucidated. It is generally believed
that minor trauma to the corneal epithelium caused by
contact lens wear or other noxious agents and exposure to
contaminated solutions, including lens care products and tap
water, are two important factors in the pathogenesis of the
keratitis. Adherence of the pathogenic organisms to the
tissues of the host is considered to be the initial step and an
important virulence factor in the establishment of most
infections. In studies of ocular as well as nonocular infec-
tions, cell surface glycosphingolipids of host tissues have
been reported to act as receptors for a wide variety of
pathogenic bacteria and viruses (13, 21). This study was
designed to determine whether glycolipids of rabbit corneal
epithelium contain binding sites for acanthamoebae.
An Acanthamoeba strain derived from an infected human

cornea (MEEI 0184, probably Acanthamoeba castellinii),
provided by Govinda S. Visvesvara, Centers for Disease
Control, Atlanta, Ga., was used throughout this study. This
strain has also been shown to cause a cytopathic effect in
monkey kidney cell cultures (22). The parasites were axen-
ically cultured in a Proteose Peptone-yeast extract-glucose
(PYG) medium (5). For radiolabeling, acanthamoebae (2.0 x
106 parasites per ml, greater than 95% trophozoitesQ were
incubated with PYG medium containing 60 ,uCi of [3 S]me-
thionine (575 to 650 Ci/mmol; DuPont Co., Boston, Mass.)
per ml for 48 h at 35°C.

* Corresponding author.

Neutral glycosphingolipids (NGSL) and gangliosides were
isolated from rabbit corneal epithelium grown in culture by
using a modification of the extraction procedure of Folch et
al. (10). This procedure yielded a lower phase containing
NGSL, phospholipids, and cholesterol and an upper phase
containing gangliosides. To eliminate phospholipids, the
lower phase was saponified prior to use (20).
To identify which particular NGSL and gangliosides of

corneal epithelium contain binding sites for acanthamoebae,
a thin-layer chromatogram (TLC) overlay procedure (11, 15)
was used. Briefly, duplicate aliquots of the lower phase,
representing 1 mg of cell protein, and the upper phase,
representing 4 mg of cell protein, were chromatographed on
a TLC plate (HPTLC; Alufolien). Solvent systems consist-
ing of chloroform-methanol-H20 (65:25:4) and chloroform-
methanol-0.25% CaCl2 (50:40:10) were used for chromatog-
raphy of the lower phase and upper phase, respectively. One
lane of each sample was stained with an orcinol spray (14) to
visualize glycolipids, and the other was processed for the
Acanthamoeba binding assay. For the binding assay, the
chromatograms were treated with 0.05 or 0.1% polyisobu-
tylmethacrylate and then incubated with 2% bovine serum
albumin in phosphate-buffered saline (PBS) and 35S-labeled
acanthamoebae (3.5 x 106 parasites per ml, 1 to 2 cpm per
parasite) for 2 h each. After incubation with radiolabeled
parasites, the plates were extensively washed with PBS
containing 0.05% Triton X-100, air dried, sprayed with
En3Hance (Dupont, NEN Research Products, Boston,
Mass.), and then subjected to fluorography. In one experi-
ment, chromatograms of upper-phase samples were stained
with resorcinol to visualize gangliosides.
Acanthamoebae were found to bind to three corneal

epithelial NGSL (components 1, 5, and 6; Fig. 1) and four
corneal epithelial gangliosides (components 2, 3, 6, and 7;
Fig. 2). All four Acanthamoeba-reactive gangliosides re-
acted positively with resorcinol, a stain specific for sialic
acid. To ensure reproducibility of the data, material from six
and two different preparations of lower and upper phases,
respectively, was analyzed. Reproducible results were ob-
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FIG. 1. Binding of acanthamoebae to neutral glycosphingolipids
of rabbit corneal epithelium in culture. Migration positions of
various standards are shown at the left. Abbreviations: OS, orcinol
staining; AR, autoradiography after incubation with 35S-labeled
acanthamoebae; CM, ceramidemonohexoside; CD, ceramidedihex-
oside; CT, ceramidetrihexoside. The arrow indicates the origin.

tained with both preparations of upper phases. Acan-
thamoeba binding to NGSL components 1 and 5 was present
in chromatograms of all six preparations, whereas binding to
component 6 was observed in chromatograms of only four of
the six preparations. With respect to standards, corneal
epithelial NGSL 1, 5, and 6 migrated with relative mobilities
similar to those of standards asialo GM1, asialo GM2, and
ceramidetrihexoside, respectively (Fig. 1). With regard to
gangliosides, components 2 and 3 were not well resolved and
migrated slightly ahead of GDla, component 7 comigrated
with GM3, and component 6 migrated a little slower than
component 7 (Fig. 2). Acanthamoebae also bound to stan-
dard GM3 but to a lesser degree than to component 7 (21a).
Although NGSL 1 and 6 comigrated with asialo GM1 and
asialo GM2, they were found not to react positively with
monoclonal antibodies to asialo GM1 and asialo GM2 when
tested by a solid-phase immunoassay using the procedure
developed by Magnani et al. (15). In contrast, standards
asialo GM1 and asialo GM2 were found to react positively
with their respective monoclonal antibodies. Since nonspe-
cificAcanthamoeba binding was observed in the area of the
solvent front in the chromatogram where large amounts of
neutral lipids such as cholesterol and fatty acids are ex-

pected to be present, in a separate experiment, we tested
Acanthamoeba binding to various concentrations of choles-
terol. In a TLC overlay assay, Acanthamoeba binding to

Os AR

FIG. 2. Binding of acanthamoebae to gangliosides of rabbit cor-

neal epithelium in culture. Migration positions of various standards
are shown at the left. Abbreviations: OS, orcinol staining; AR,
autoradiography after incubation with 35S-labeled acanthamoebae;
CT, ceramidetrihexoside. The arrow indicates the origin.

cholesterol was observed at a concentration of 15 ,ug and
higher. In the autoradiograph, the intensity of the band due
to Acanthamoeba binding to 15 ,ug of cholesterol was

weaker than those of the bands due to binding to any of the
three Acanthamoeba-reactive comeal epithelial NGSL de-
rived from 1 mg of cell protein. We have established previ-
ously (21) that in the lower phase derived from 1.0 mg of cell
protein, there is less than 1 ,ug of any particular NGSL.
Acanthamoeba binding to cholesterol is not likely to be of
relevance in the pathogenesis of Acanthamoeba keratitis
because it was observed at a relatively high concentration of
cholesterol. Furthermore, because of the nonpolar nature of
the sterol, most of the molecule, with the exception of its
hydroxyl group, is likely to be buried within the cell mem-
brane and not available for binding interactions. To further
ensure that Acanthamoeba binding to corneal epithelial
glycolipids observed in this study was not simply due to
binding to neutral lipids, thin-layer chromatograms were
stained with iodine vapors and the staining patterns were

compared with those of theAcanthamoeba binding patterns.
No correlation was observed between the ability of corneal
epithelial glycolipids to bind to the amoeba and stain with
iodine vapors. While component 5 (Fig. 1), which reacted
intensely with iodine vapors (not shown), also stained in-
tensely with acanthamoebae, components 6 and 7 (Fig. 2),
which did not react with iodine vapors, also stained with
acanthamoebae and component 9 (Fig. 2), which stained
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intensely with iodine vapors (not shown), did not react with
acanthamoebae. The following evidence points to the spec-
ificity of Acanthamoeba binding to glycolipids of corneal
epithelium. As shown in Fig. 1, compared with components
3 and 4, component 1 stained weakly with orcinol; in
contrast, component 1, but not components 3 and 4, stained
with acanthamoebae. Furthermore, components 5 and 6
(Fig. 1) stained with orcinol with almost equal intensity, but
more acanthamoebae bound to component 5 than to compo-
nent 6. Furthermore, as shown in Fig. 2, component 1
stained with orcinol a little more intensely than did compo-
nents 2 and 3, but acanthamoebae bound to components 2
and 3 and not to component 1.

Recently Pellegrin et al. (22) have reported that Acan-
thamoeba species express a membrane-associated neur-
aminidase activity. Since microbial neuraminidase has been
implicated as a virulence factor in many nonocular viral,
bacterial, and protozoal infections, it has been suggested
that the Acanthamoeba enzyme may play a role in the
pathogenesis ofAcanthamoeba keratitis (22). Since ganglio-
sides contain sialic acid, the binding of acanthamoebae to the
corneal epithelial gangliosides observed in this study could
well have been promoted by the Acanthamoeba neuramini-
dase. However, a recent study has indicated that mannose
but not a number of other saccharides, including sialic acid,
could inhibit Acanthamoeba binding to corneal epithelial
cells (17).

It remains to be determined which, if any, of the seven
Acanthamoeba-reactive corneal epithelial glycolipids identi-
fied in this study serve as attachment sites for acanthamoe-
bae and play a role in the pathogenesis of Acanthamoeba
keratitis. Interestingly, in a recent study, we have shown
that Acanthamoeba -reactive NGSL components 1, 5, and 6
also contain binding sites for Pseudomonas aeruginosa (21).
However, it remains to be determined whether the parasites
and the bacteria bind to the same sites on the receptor.
Clearly, the mechanism of Acanthamoeba adherence to the
cornea may vary among animal species and parasitic strains.
To this end, Niederkorn et al. (18) have recently reported
that the A. castellanii strain (ATCC 30868) that they used
failed to produce a cytopathic effect and did not bind to
corneal epithelia of mice, rats, cotton rats, horses, guinea
pigs, cows, chickens, dogs, and rabbits but adhered to and
infected human, pig, and Chinese hamster corneas. In con-
trast, our strain binds to corneal epithelium of intact rabbit
corneas (21a). In this study, a rabbit model was chosen
because we previously analyzed lectin binding patterns of
corneal epithelia of eight species and have established that
the lectin binding patterns of the corneal epithelia of rabbits
and dogs are most similar to that of human corneal epithe-
lium (19).

In a recent study, it was shown that mannose residues,
found in glycoproteins but not in glycolipids, could inhibit
binding of acanthamoebae to corneal epithelium in culture
(17). Likewise, other studies (1, 7) have implicated the
presence of a mannose-specific lectin on the surface of
acanthamoebae. These studies and other reports (3, 4, 6, 7)
which implicated the presence of mannose residues on the
corneal epithelium lead us to suggest that in addition to cell
surface glycolipids, plasma membrane glycoproteins of cor-
neal epithelium may serve as attachment sites for acan-
thamoebae and play a role in the pathogenesis of Acan-
thamoeba keratitis.
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