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Abstract
The ability of Acanthamoeba castellanii to ingest bacteria means suggests the presence of a mech-

anism of contact dependence. It has been confirmed that it is important to induce toxicity to target cells 
through lectin, a glycoprotein, with the strong pathogenicity of amoeba. In this study, it was analyzed the 
interaction between pathogenic bacteria and A. castellanii trophozoites and cysts using various concentra-
tions of a monosaccharide called mannose. When the concentration of mannose was increased to 100 mM, 
the association of methicillin-resistant Staphylococcus aureus (MRSA) was reduced by more than 2 times. 
Moreover, it was confirmed that the number of MRSA reduced by about 80 times could invade A. castel-
lanii trophozoites with 100 mM mannose. The association of Enterococcus faecalis with A. castellanii tro-
phozoites was approximately 41% lower and the invasion of E. faecalis into A. castellanii trophozoites was 
reduced by about 2 to 60 times compared to the bacterial association, and E. faecalis never survived within 
the A. castellanii trophozoites. Interestingly, survival of Pseudomonas aeruginosa within A. castellanii tro-
phozoites was reduced by 20 times but was significantly higher than that of other bacteria. The invasion or 
survival of P. aeruginosa was 0% in all results of A. castellanii cyst. The mechanism of contact dependence 
via monosaccharide-binding proteins other than mannose in A. castellanii is not only a way to inhibit A. 
castellanii, but also an analysis of the interaction.
Keywords: Acanthamoeba castellanii, saccharide, MRSA, Enterococcus faecalis, Pseudomonas 
aeruginosa
Резюме

Способността на Acanthamoeba castellanii да поглъща бактерии предполага наличието на 
механизъм на контактна зависимост. Установено е, че въглехидрат-базираната разпознавателна 
система - лектин (гликопротеин) е токсична за таргетните клетки и е от значение за силната 
патогенност на амебата. В това проучване се анализира взаимодействието между някои патогенни 
бактерии и трофозоити и кисти на A. castellanii, като се използват различни концентрации на мо-
нозахарида маноза. При повишаване концентрацията на манозата до 100 mM, свързването на ме-
тицилин-резистентния Staphylococcus aureus (MRSA) се намалява повече от 2 пъти. Установено е 
също така, че намаления с около 80 пъти брой на MRSA, може да инвазира трофозоитите на A. 
castellanii при същата концентрация на маноза. Свързването на Enterococcus faecalis с трофозоитите 
на A. castellanii е приблизително с 41% по-ниско, а инвазията на E. faecalis в трофозоитите на A. 
castellanii е намалена с около 2 до 60 пъти в сравнение с бактериалното свързване, като E. faecalis 
никога не оцелява вътре в трофозоитите на A. castellanii. Интересен е резултатът, че преживяемостта 
на Pseudomonas aeruginosa в трофозоитите на A. castellanii е намалена с 20 пъти, но е значително 
по-висока от тази на други бактерии. Инвазията или оцеляването на P. aeruginosa е 0% при всички 
получени резултати при изследване на кисти на A. castellanii. Механизмът на контактна зависимост 
посредством монозахарид-свързващи протеини, различни от маноза, в случая с A. castellanii, е не 
само начин за инхибиране на A. castellanii, но дава и възможност за анализ на взаимодействието.
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Introduction
Acanthamoeba castellanii is a single-celled 

protozoan distributed in natural environments such 
as soil and rivers (Khan, 2006; Ruqaiyyah and 
Khan, 2012; Fakae et al., 2020). A. castellanii is 
also known as the causative agent of amoebic kera-
titis when swimming in lakes or rivers in humid ar-
eas, and wounds in the cornea of the eye (Schuster 
and Visvesvara, 2004; Jung et al., 2008). The fact 
that A. castellanii can digest a variety of microor-
ganisms in lakes and rivers means how important 
the interaction between bacteria and A. castellanii 
is (Alsam et al., 2006). Interactions with microor-
ganisms that can cause human infection can also 
have important implications. Acanthamoeba acts as 
a reservoir for several pathogenic bacteria, such as 
Escherichia coli K1 as an agent of meningitis, Le-
gionella pneumophila as an agent of Legionnaire’s 
disease, Pseudomonas aeruginosa as an agent of 
keratitis, etc. (Michel et al., 1995; Cengiz et al., 
2000; Alsam et al., 2006). There is a report of dif-
ferent degrees of ingestion of bacteria caused by the 
pathogenicity of amoeba. If so, it could be suggest-
ed that the pathogenicity of amoeba is related to the 
uptake of bacteria, that is, interaction with bacteria 
(Alsam et al., 2006). The higher rates of bacterial 
invasion and survival for pathogenic amoeba than 
non-pathogenic amoeba means that pathogenic 
amoeba is slightly better in bacterial uptake than 
non-pathogenic amoeba. However, this report re-
lates to the intake of bacteria in the nutrient type of 
amoeba, but there is no study on the cyst type of A. 
castellanii that survives in a poor environment. 

The ability of A. castellanii to ingest bacteria 
means that there is a mechanism of contact depen-
dence. According to Khan’s report, it was confirmed 
that it is important to induce toxicity to target cells 
through lectin, a glycoprotein, among which man-
nose-binding protein (MBP) was associated with 
the strong pathogenicity of amoeba (Garate et al., 
2006; Fakae et al., 2020). 

In order to understand this process, it was 
suggested that the mannose-binding protein that 
the research team had previously studied would be 
an important factor in the interaction, so that the 
A. castellanii trophozoite and cyst were pretreated 
with mannose or saturated to determine how much 
pathogenic bacteria could enter the amoeba. There-
fore, this study analyzed the interaction between 
bacteria that cause various infections in the human 
body and A. castellanii, which can ingest bacteria, 
using various concentrations of a monosaccharide 
called mannose. In addition, an analysis was con-

ducted on how many bacteria the A. castellanii cyst 
can interact with.
Materials and Methods
Culture of A. castellanii trophozoites and 
inducement of A. castellanii cyst

In this study, a T4 genotype isolated from 
keratitis patients (American Type Culture Collec-
tion, ATCC 50492) was used for A. castellanii tro-
phozoite and cyst form based on previous studies, 
and A. castellanii was cultured with PYG medium 
[Proteospeptone 0.75% (w/v), yeast extract 0.75% 
(w/v) and glucose 1.5% (w/v)] in a T-75 culture 
flask at 37°C (Krishna-Prasad and Gupta, 1978). 
When 70% confluence was reached, it was desir-
able to change to a new medium. Most of cultured 
amoebial types were trophozoites and were used in 
polysaccharide experiments.

A. castellanii encystment method was per-
formed to study the interaction of bacteria with 
cyst of A. castellanii (Jung et al., 2007). Briefly, 
the above cultured amoeba trophozoites were trans-
ferred to a non-nutrient agar plate (prepared using 
3% (w/v) purified agar, Oxoid limited, Seoul, Ko-
rea) and the plate was placed at 30°C for up to 96 
h. Periodic cyst induction was observed under a 
bright microscope. Ten ml of PBS was added to the 
non-nutrient agar plate in which cysts were induced, 
and the agar surface was gently scraped using a cell 
scraper to determine the number of amoeba cysts, 
and it was observed whether the cysts were com-
pletely induced under a microscope.
Culture of pathogenic three bacteria

Gram-positive and gram-negative bacteria, 
such as MRSA, E. faecalis and P. aeruginosa with 
strong pathogenicity were used in this study. Bac-
terial cultivation was performed using tryptic soy 
agar (TSA, MB cell, Korea), which is an enrich-
ment medium, rather than using bacterial selection 
medium, to evaluate the number of bacterial col-
onies. A single colony was subcultured on a TSA 
plate at 37°C and double confirmed by Gram stain-
ing procedure (Lim et al., 1988). Single colonies 
obtained to cultivate correct colonies were diluted 
with 0.85% NaCl and a McFarland turbidity of 0.5, 
which can produce 0.5x103 to 1.5x106 colony form-
ing units (cfu)/ml, for example (Song and Jung, 
2017).
Association, invasion and survival of bacteria with 
A. castellanii trophozoites and cysts

The experimental procedures were referred 
by Jung et al. (2007). The following experimental 
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procedures used A. castellanii trophozoites, and 
mannose at a concentration of 10, 50 and 100 mM 
was used to pretreat the amoeba for 30 min, which 
were afterwards washed twice with PBS. Briefly, 
A. castellanii trophozoites were cultured in 24-well 
culture plates with PYG medium. A. castellanii was 
incubated with each bacterium (2×105 cfu/0.5 ml of 
PBS) and plates were incubated for 1 hour at room 
temperature (RT). Obtained single colonies were 
diluted with 0.85% NaCl as mentioned above by 
McFarland turbidity assay (Song and Jung, 2017). 
After incubation and triple washing with PBS, 
amoebae were dissolved by adding SDS (0.5% fi-
nal concentration) to each well for 30 min and the 
number of bacteria was enumerated by plating on 
TSA agar plates (Schuster and Visvesvara, 2004). 
The percentage of bacterial association was calcu-
lated as follows: recovered bacteria (cfu)/total bac-
teria (cfu) × 100 = % bacteria associated with A. 
castellanii. For the invasion assay, after the bacte-
ria were incubated with A. castellanii trophozoites, 
gentamicin antibiotics was added for 45 min (100 
μg/ml, final concentration) to remove extracellular 
bacteria. Bacterial plating was performed as men-
tioned above. The percentage of bacterial invasion 
was calculated as follows: recovered bacteria (cfu)/
total bacteria (cfu) × 100 = percentage of intracel-
lular bacteria. In order to determine how many bac-
teria survived, amoeba with invading bacteria were 
incubated at 37°C for 24 h. Thereafter, all bacteria 
in the supernatant were removed and the number of 
surviving bacteria was counted as in the above cal-
culation method to evaluate the survival rate. For 
an experiment with amoeba cysts, cysts grown in a 
non-nutrient medium were transferred to a 24-well 
culture plate. The concentration of mannose treated 
in the cyst was performed the same as in the tro-
phozoites as described above.
Statistical analysis

Student two-sample t test was performed us-
ing the mean and standard deviation values of the 
experimental results to determine statistical signif-
icance. The statistically significant difference was 
P <0.05.
Results
Effect of mannose on A. castellanii trophozoites in 
the interaction with pathogenic MRAS

In order to determine the relationship of man-
nose by the contact-dependent pathway, the associ-
ation of bacteria was analyzed by adding bacteria to 
A. castellanii treated with mannose. Several com-
ponents present in bacteria (e. g., OmpA, LPS, etc.) 

have been reported to be related to contact with A. 
culbertsoni (Jung et al., 2007). As shown in Fig. 1, 
MRSA was found to have a nearly 160% associa-
tion with A. castellanii trophozoites. 

The association between A. castellanii tro-
phozoites treated with 10 mM mannose and MRSA 
did not show much difference from that of untreat-
ed, but when the concentration of mannose was 
increased to 100 mM, the association of bacteria 
was reduced by more than 2 times. As a result of 
analyzing the degree of invasion of MRSA relat-
ed to A. castellanii trophozoites to which mannose 
was already bound into A. castellanii trophozoites, 
it was confirmed that the number of MRSA reduced 
by about 80 times could invade A. castellanii tro-
phozoites with 100 mM mannose (Fig. 1 B1 and 
B2). On the other hand, the survival of MRSA in-
vading A. castellanii trophozoites was not signifi-
cantly different from the concentration of mannose, 
and this fact showed that already invading MRSA 
could survive in A. castellanii trophozoites regard-
less of the contact-dependent pathway outside the 
amoeba (Fig. 1 C1 and C2).
Effect of mannose on A. castellanii trophozoites in 
the interaction with pathogenic E. faecalis

In fact, the selection medium of E. faecalis 
is bile esculin agar (BEA), but in this experiment, 
TSA medium was used to confirm the bacterial 
proliferation pattern, not to observe the complete 
growth or properties of bacteria (Fig. 2). 

The association of E. faecalis with A. castel-
lanii trophozoites was approximately 41% lower, 
and the overall pattern of interaction with man-
nose-treated A. castellanii trophozoites was similar 
to that of MRSA (Fig. 2). On the other hand, the 
invasion of E. faecalis to A. castellanii trophozoites 
was reduced by about 2 to 60 times compared to the 
bacterial association and E. faecalis never survived 
within the A. castellanii trophozoites.
Effect of mannose on A. castellanii trophozoites in 
the interaction with pathogenic P. aeruginosa

The results of P. aeruginosa showed very 
high values compared to the results of MRSA or E. 
faecalis above (Fig. 3). 

In previous studies, it has been reported that 
P. aeruginosa interacts with A. castellanii very 
well, and this study also showed similar results. 
The association of P. aeruginosa to A. castellanii 
trophozoites was 3 times higher than MRSA and 
5 times higher than E. faecalis (Fig. 3 A1 and A2). 
The invasion by P. aeruginosa of A. castellanii tro-
phozoites was slightly higher than that of MRSA, 
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Fig. 1. Effect of mannose on the interactions of A. castellanii trophozoites with MRSA. Mannose of 10, 
50 and 100 mM concentration was pre-treated to A. castellanii and then added to MRSA. A1, B1 and C1 
indicated the percentages of bacterial association, invasion and survival, respectively. A2, B2 and C2 de-
scribed the bacterial plates showing the bacterial cfu of A1, B1 and C1, respectively. This experiment was 
performed in triplicate, and data were described by mean ± standard deviation (SD) value. Asterisks indi-
cated significant differences between groups.

Fig. 2. Effect of mannose on the interactions of A. castellanii trophozoites with E. faecalis. Mannose of 10, 
50 and 100 mM concentration was pre-treated to A. castellanii and then added to E. faecalis. A1, B1 and 
C1 indicated the percentages of bacterial association, invasion and survival, respectively. A2, B2 and C2 
described the bacterial plates showing the bacterial cfu of A1, B1 and C1, respectively. This experiment was 
performed in triplicate wells with three times, and data were described by mean ± standard deviation (SD) 
value. Asterisks indicated significant differences between groups.
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and the effect pattern of mannose treatment was 
similar. Interestingly, survival within A. castel-
lanii trophozoites of P. aeruginosa decreased 20-
fold when P. aeruginosa invaded A. castellanii tro-
phozoites, but showed a much higher survival rate 
than other bacteria (Fig. 3 C1 and C2).
Effect of mannose on A. castellanii cysts in the 
interaction with pathogenic P. aeruginosa

The cyst and trophozoite of A. castellanii are 
very different morphologically. For example, cysts 
have a very thick double-membrane cell wall, but 
relatively less motility than vegetative ones. In this 
experiment, the association, invasion, and survival 
of P. aeruginosa, which showed higher values com-
pared with MRSA and E. faecalis for A. castella-
nii cysts were analyzed, and the effect of mannose 
on A. castellanii cysts was analyzed (Fig. 4). The 
association between P. aeruginosa and A. castel-
lanii cysts was about 2.75%. When treated with a 
maximum of 100 mM mannose, about 2.11% of P. 
aeruginosa became associated with A. castellanii 
cysts. Therefore, it was shown that the association 
of P. aeruginosa decreased by about 0.6% when 
treated with mannose. However, the invasion or 
survival of P. aeruginosa was 0% in all results (data 

not shown). These results showed that P. aerugino-
sa cannot enter A. castellanii cysts.

Fig. 4. Effect of mannose on the interactions of A. 
castellanii cysts with P. aeruginosa. Mannose of 
10, 50 and 100 mM concentration was pre-treated 
to A. castellanii and then added to P. aeruginosa. 
A1, B1 and C1 indicated the percentages of bacte-
rial association, invasion and survival, respectively. 
A2, B2 and C2 described the bacterial plates show-
ing the bacterial cfu of A1, B1 and C1, respectively. 
This experiment was performed in triplicate wells 
with three times, and data were described by mean 
± standard deviation (SD) value. Asterisks indicat-
ed significant differences between groups.

Fig. 3. Effect of mannose on the interactions of A. castellanii trophozoites with P. aeruginosa. Mannose of 
10, 50 and 100 mM concentration was pre-treated to A. castellanii and then added to P. aeruginosa. A1, B1 
and C1 indicated the percentages of bacterial association, invasion and survival, respectively. A2, B2 and 
C2 described the bacterial plates showing the bacterial cfu of A1, B1 and C1, respectively. This experiment 
was performed in triplicate wells with three times, and data were described by mean ± standard deviation 
(SD) value. Asterisks indicated significant differences between groups.
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Discussion
According to a previous report, among the 

factors related to the association between A. cul-
bertsoni and bacteria, the MBP in A. culbertsoni tro-
phozoites was confirmed to play an important role 
in the pathogen interactions (Jung, 2020). There-
fore, in this study, mannose was used to pretreat A. 
castellanii trophozoites among free-living amoe-
bae, and the association, invasion, and survival of 
various pathogenic bacteria were analyzed. Also, 
how the cyst form of A. castellanii was related to 
bacteria was also analyzed. These pathogen-path-
ogen interactions and survival within the ameobae 
may suggest the possibility of multiple infections. 
However, there are currently no reports, and this is 
probably because most of the research still uses a 
single entity. Since A. castellanii can mainly move 
using the active pseudopodia, there will be many 
saccharide-binding proteins distributed in the pseu-
dopodia. This fact means that if the proteins con-
stituting the pseudopodia or various pathogenic 
factors are inhibited, the binding ability of A. cas-
tellanii will be poor. MBP, which was mainly dis-
tributed in the pseudopodia and expressed mainly 
in the direction of movement, was associated with 
contact-dependent cytotoxicity with the host cells 
(Garate et al., 2004; Kim et al., 2012). In this study 
of A. castellanii cysts, bacterial association, inva-
sion, and survival rates were reduced under the 
assumption that trophozoites with many pseudopo-
dia played an important role in contact-dependent 
binding. Among the three types of bacteria, such as 
MRSA, E. faecalis, P. aeruginosa with strong path-
ogenicity, P. aeruginosa showed the highest pro-
portion of association, invasion, and survival to A. 
castellanii trophozoites and cysts. In addition, this 
study showed that the rates of bacterial association, 
invasion, and survival were also reduced depend-
ing on the concentration of mannose. A. castellanii 
causes amoebic keratitis, and understanding A. cas-
tellanii interactions with host cells can be helpful 
in understanding A. castellanii pathogenicity. The 
mechanism of contact dependence by monosac-
charide-binding proteins other than mannose in A. 
castellanii is not only a way to inhibit A. castella-
nii, but also an analysis of the interaction between 
A. castellanii and bacteria as a host of pathogenic 
bacteria should be carried out further in the future.
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