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Cell Surface Control of Differentiation in Acanthamoeba 
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Abstract Acanthamoeba castellanii (Neff) is a free-living soil amoeba with close relatives that are opportunistic 
pathogens. Trophozoites differentiate into cysts when deprived of nutrients; cysts convert into trophozoites, leaving the 
wall behind, in the presence of nutrients. The data presented here, which includes immunoaffinity purification of the 
receptor, indicate that cell surface molecular signals also control Acanthamoeba differentiation in both directions. 
Monoclonal antibodies that bind specifically to a 40 kD trophozoite protein initiate the encystment of trophozoites. 
When bound to cysts the same monoclonal antibodies prevent excystment. Washing away the antibody allows both 
trophozoites and cysts to resume normal activity. One of these monoclonal antibodies inhibits pinocytosis, while 
another has no effect on pinocytosis. 
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Acanthamoeba castellanii and closely related 
species are free-living amoebae that are widely 
distributed in soil and water worldwide. They 
are responsible for Acanthamoebic keratitis [vis- 
vesvara and Stehr-Green, 19901 which can still 
prove impossible to treat [Holz et al., 19931 
although recent improvements have been made 
[Bacon et al., 19931. Acanthamoeba keratitis is 
notable for being the only disease caused by this 
organism that afflicts individuals with unim- 
paired immune systems. Acanthamoeba dis- 
eases are rare and usually affect relatively im- 
mune deficient organs such as the cornea and 
the brain [Martinez, 19911. Disseminated am- 
ebiasis has only been observed in immune defi- 
cient individuals of which a recent example is an 
AIDS patient [Friedland et al., 19921. Although 
rare, Acanthamoebic diseases are not trivial. 
Amoebic encephalitis is invariably fatal, and 
amoebic keratitis still calls forth extensive treat- 
ment which can include multiple corneal trans- 
plants Wiens and Jackson, 1988; Bacon et al., 
1993; Holz et al., 19931. The results of the work 
presented here suggest that Acanthamoeba’s 
communication with the extracellular world 
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through the cell surface may be medically exploit- 
able. 

Acanthamoebae differentiate into a metaboli- 
cally inactive, walled form (termed a “cyst”) 
under what are called “unfavorable conditions” 
[Byers, 19791. The latter term is presently some- 
what ambiguous, since very few naturally occur- 
ring conditions have been clearly shown to cause 
encystment. The huge majority of previous stud- 
ies of Acanthamoeba encystment include food 
deprivation in a salt media in the induction of 
encystment. DNA, RNA, and protein synthesis 
inhibitors have been reported to induce encyst- 
ment in nutrient media [see Byers et al., 1991, 
for a review]. There are two troublesome aspects 
to the latter information. First, it gives few 
hints regarding the natural mechanism since (1) 
complete information regarding the specific mo- 
lecular effects of these compounds on Acantham- 
oeba is unavailable, and (2) the effects are not 
completely reproducible over long periods of 
time, perhaps due to mutation or adaptation of 
the organism. Secondly, changes in DNA, RNA, 
and protein metabolism are expected conse- 
quences of any differentiation process. 

Cysts differentiate into free-living trophozo- 
ites in the presence of nutrients and the wall is 
left behind. However, Acanthamoeba cysts are 
universally present in infected corneas [Fer- 
rante, 19911 and brain tissue [Ma et al., 19901. 
No satisfactory explanation has heretofore been 
available for the presence of cysts in what should 
be, in terms of nutrition, pH, oxygen levels, 
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temperature control, the highly “favorable” en- 
vironment of human tissue. Interactions of the 
human immune system seem likely to be in- 
volved. Antibodies binding the cell surface pro- 
tein described here provide a reasonable explana- 
tion for the presence of cysts in human tissues. 

Cell surface receptors allow cells to  react to 
external signals. The general process by which 
the receptors cause cellular change is similar in 
all known systems. All are either transmem- 
brane macromolecules themselves, or are closely 
associated with transmembrane molecules. The 
conformational change in the receptor produced 
by the binding of an extracellular ligand is 
thought to be the actual extra- to intracellular 
signal transmission device. Consequently, any- 
thing that causes the appropriate conforma- 
tional change in the receptor should produce the 
biological effect of the natural ligand. Some re- 
ceptor-binding antibodies satisfy these condi- 
tions and can thereby substitute for the natural 
ligand [see for example, Kahn et al., 19781. 

We have reported that the addition of any of 
three monoclonal antibodies (C8, F1, and A9) to  
exponentially growing cultures of Acantham- 
oeba castellanii ( N e f f )  causes the cells to  stop 
dividing and encyst in full growth media Wille- 
mez et al., 19851. Another monoclonal antibody 
(C5) which bound a major plasma membrane 
protein had no apparent effect on the organism, 
indicating that the cause of encystment was due 
to  relatively specific binding. C8, F1, and A9 
competed for cell surface binding sites, suggest- 
ing that they bound plasma membrane moieties 
that are in close proximity. Further, the F(ab)’z 
form of A9, but not the F(ab)‘, was as effective 
as the intact antibody, suggesting that antibody- 
caused association of plasma membrane moi- 
eties was responsible for causing encystment. 
Also, C8 caused cells in isolation to encyst, elimi- 
nating cell-cell contact as a requirement for the 
antibody-induced encystment. All three encyst- 
ment-inducing antibodies inhibited pinocytosis 
within a few minutes of application, producing 
the possibility that lack of food was the stimulus 
for encystment. Our new data, presented below, 
indicates that another monoclonal antibody 
(2D4) binds a similar cell surface molecule as 
A9, induces encystment in full growth media, 
but does not inhibit pinocytosis. Further, both 
A9 and 2D4 bind to the cyst cell surface and 
inhibit excystment in full growth media. Taken 
with the previous data, these experiments sug- 
gest strongly that the amoebae possess cell sur- 

face receptors that induce encystment and pre- 
vent excystment when stimulated. 

METHODS 
Replication 

All experiments were repeated. Results simi- 
lar to those presented were obtained from all 
experiments. Acanthamoeba castellanii (Neff) 
was obtained from the American Type Culture 
Collection (Rockville, MD). Culture conditions 
were those described previously Willemez et al., 
19851. 

Preparation and Purification 
of Monoclonal Antibodies 

The preparation of the hybridoma that se- 
cretes monoclonal antibody A9 was described 
previously [Villemez et al., 19851. The hybri- 
doma that secretes the monoclonal antibody 2D4 
was prepared similarly except that electrofusion 
[Ohnishi et al., 19871 was used to fuse the cell 
partners. A9 and 2D4 were purified from ascites 
fluid by Protein G chromatography. The antibod- 
ies were pure as indicated by SDS gel electropho- 
resis, as was the irrelevant mouse IgG referred 
to below. 

lmmunoaffinity Purification 

Ten milligrams of each of the monoclonal 
antibodies A9, 2D4, and irrelevant mouse IgG 
(Pierce Chemicals, Rockford, IL), was coupled to 
1 ml of AEi-Gel 10 (Bio-Rad, Richmond, CAI 
according to the manufacturer’s instructions. 
Trophozoites (10 ml for each column at 108 
cellsiml) were lysed in a buffered saline solution 
containing 1% NP40, the lysates allowed to inter- 
act with 1 ml of the immunoaffinity gels, and the 
gels eluted as described previously [Chang and 
Chang, 19861. The eluate from each column was 
subjected to SDS-polyacrylamide gel electropho- 
resis (4-15% gradient gel), and silver staining 
(sensitivity = 0.3-0.5 ng/band) using a Phast- 
Gel system (Pharmacia, Piscataway, NJ) accord- 
ing to the manufacturer’s instructions. Molecu- 
lar weight indicated was estimated using a lane 
of low molecular weight standards (Bio-Rad, 
Richmond, CA). 

Measurement of Pinocytosis 

Log phase A. castellanii cells, at a concentra- 
tion of 3.5 x 106/ml in growth media, were 
assayed for pinocytotic activity by the method of 
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Bowers and Olszewski [1972] measuring the 
uptake of 14C-leucine. 

Measurement of Excystment 

Excystment was measured by the increase in 
trophozoite number. Experimental points are 
the average of duplicate samples. Cells were 
counted with a haemocytometer. Standard er- 
rors decreased with increasing cell density rang- 
ing from 71% at 10,000 cells per ml to 25% at 
80,000 cells per ml. Daily microscopic examina- 
tion determined that all cells in the A9 and 2D4 
samples remained as cysts, no cell division or 
excystment occurred during the experiment. Af- 
ter 15 days the cysts in the A9 and 2D4 samples 
were collected, washed, and placed in fresh 
growth media. Normal excystment occurred fol- 
lowing removal of the antibodies. 

RESULTS AND DISCUSSION 
Monoclonal Antibodies A9 and 2D4 Bind 

Specifically to Similar Proteins 

Fixed cell ELISA and immunofluorescence mi- 
croscopy show that 2D4 and A9 bind to the cell 
surface of both trophozoites and cysts (data not 
shown). Further, both antibodies appear to bind 
to similar trophozoite proteins (Fig. 11, in that 
the proteins isolated with the two monoclonal 
antibodies have identical mobilities by SDS gel 
electrophoresis and indistinguishable amino acid 
composition (data not shown). We have named 
these proteins of around 40 K molecular weight 
Encystment Stimulating Protein (ESP). 

Different Epitopes Must Be Recognized 
by the Monoclonal Antibodies 

A9 and 2D4 must either bind different epit- 
opes of ESP, or they bind different, closely re- 
lated, ESPs since pinocytosis is inhibited by A9 
binding, but not by 2D4 binding (Fig. 2). Fur- 
ther, that 2D4 binding induces encystment with- 
out inhibiting pinocytosis suggests that the main 
objective of the signaling pathway is differentia- 
tion control. But since C8, A9, and F1 cause the 
immediate inhibition of pinocytosis indicates that 
ESP can also associate with molecules control- 
ling this physiological function. 

ESP Is Also Present on the Cyst Surface 
and Stimulation Prevents Excystment 

The addition of 2D4 or A9 to cysts in growth 
media prevents excystment, while control cysts 
in the same media differentiate and divide in the 
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Fig. 1. Purification of ESP by imrnunoaffinity chromatography. 
Monoclonal antibodies A9,2D4, and irrelevant mouse IgC were 
each covalently linked to AffiCel 10 (see Methods). The total 
lysate from Acantharnoeba trophozoites was passed through 
each column, the unbound material removed, the bound mate- 
rial eluted at high pH, and the fractions containing the bound 
material subjected to SDS gradient gel electrophoresis. Lane 
markers: C = irrelevant IgG, A9 = monoclonal antibody A9, 
2D4 = monoclonal antibody 2D4. 

expected fashion (Fig. 3). It should be noted that 
energy metabolism in cysts is so low as to be 
undetectable by criteria such as oxygen uptake. 
Cysts also remain viable for years, indicating 
that stored energy supplies are used, if at all, at  
an extremely low rate. Consequently, it is very 
unlikely that the antibodies are artificially inhib- 
iting an ongoing metabolic process required for 
excystment. While the antibodies could inhibit a 
process activated by excystment conditions, the 
inhibition would have to take place from the 
exterior surface of the cyst and not damage the 
cyst’s future ability to excyst in the absence of 
antibody, i.e., it would probably fulfill the condi- 
tions of a signal mechanism designed to prevent 
excystment. The antibody-treated cysts, when 
placed in fresh growth media containing no anti- 
body, excyst and divide identical to untreated 
cysts (data not shown), indicating that the anti- 
bodies do no permanent damage to the cell. The 
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encystment-inducing antibodies are apparently 
recognizing unique structures in the trophozo- 
ite: of the tens of thousands of macromolecules 
(the entire cell repetoire) passed through A9 and 
2D4 affinity columns, only protein of similar 
electrophoretic mobility and amino acid content 
was retained by each column. This specificity 
makes it likely that the antibody-binding moiety 
on the cyst surface is ESP or a closely related 
macromolecule. The presence of ESP on the cyst 
surface, inhibiting excystment when stimu- 
lated, supports the suggestion of the encystment 
data: that ESP is part of a signalling system 
designed to maintain the organism in the en- 
cysted state as long as the natural ligand is 
present in the environment. 

Signaling Through the Cyst Wall 
Suggests New Mechanisms 

The detailed structure of the Acanthamoeba 
cyst wall is unknown. However, it is apparent 
from microscopic studies that it is very thick 
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Fig. 3. Inhibition of excystment. A. castellanii cysts were placed 
in growth media containing either no additions (m) or 85 kg per 
ml A9 monoclonal antibody (0) or 2D4 monoclonal antibody 
(0). 

[Bowers and Korn, 19691 and contains cellulose 
fibrils similar to those found in the primary 
plant cell wall [Blanton and Villemez, 19781. 
Signal transduction through a structure like the 
thick cyst wall suggests novel mechanisms, since 
it is not immediately obvious from existing infor- 
mation how the signal would be transmitted. 

Possible Nature of the Natural Ligand 

We have no information concerning the natu- 
ral ligand for this apparent signaling system. 
There are numerous possibilities for the biologi- 
cal purpose including inter-amoeba communica- 
tion and protection from amoebacidal agents. 

Pathological Trophozoites, Benign Cysts 

Tissue destruction by the trophozoite is appar- 
ently responsible for the pathogenic effects of 
opportunistic infections by Acanthamoeba and 
its relatives. The cyst neither divides nor de- 
stroys tissue. Binding of ESP by antibodies 
causes the organism to differentiate into a cyst, 
and to remain encysted as long as the antibodies 
are present. This latter circumstance is a good 
explanation for why the infections are so rare, 
and further, why the infected organs are those, 
brain and cornea, known to be relatively immu- 
nodeficient when infections do occur. In addi- 
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tion, the presence of cysts in infected brain and 
corneal tissue is most likely caused by the lim- 
ited immune response in those tissues. Further, 
ESP could be a potential target in the treatment 
of Acanthamoeba diseases. Boosting the titer of 
anti-ESP antibodies by vaccinating patients with 
ESP could ameliorate these diseases. 
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