Chapter II

A. Objective

To investigate the interaction of pathogenic fungi including P. marneffei, A. fumigatus
and C. albicans with A. castellanii in different condition, to understand the

mechanisms by which virulence emerges in environmental microbes is necessary.



B. MATERIAL & METHODS

1. Organisms and culture conditions.

Penicillium marneffei ATCC 200051, Candida albicans ATCC 90028, A.
fumigatus B5233 and A. castellanii ATCC 30324 were obtained from American Type
Culture Collection (ATCC). P. marneffei and C. albicans were maintained on
Sabouraud dextrose agar (SDA, Difco) at 25°C. For experimental use and routine
maintenance, Acanthamoeba castellanii was cultured as adherent cells in peptone-
yeast extract—glucose (PYG) broth (ATCC medium 354) at 28 °C in the dark (Bozue
& Johnson, 1996).

2 Production of P. marneffei and A. fumigatus conidia

P. marneffei ATCC 200051 was isolated from a bone marrow sample of a
patient infected with HIV at Maharaj Nakorn Chiang Mai University, Chiang Mai,
Thailand. P. marneffei was maintained by monthly subculture onto Malt Extract Agar
(MEA; Oxoid). P. marneffei and A. fumigatus were grown on MEA for 7-10 days at
25° C, and added 5 ml of sterile PBS onto surface growth; conidia were removed by
gentle scraping with a cotton swab. The conidia were collected by filtration through
sterile glass wool, centrifuge at 5000 g for 15 min, and then washes three times with
sterile PBS. C. albicans ATCC 90028was cultured on Sabouraud dextrose broth for
24 h at 25° C, and then harvested by centrifugation at 5000 g for 15 min and washes 3

times with PBS.

3. Acanthamoeba castellanii. Acanthamoeba castellanii ATCC 30324 was
obtained from the American Type Culture Collection and was maintained routinely at
room temperature in PYG broth (ATCC medium 354) as monolayers in 75-cm” tissue
culture flasks. A. castellanii was harvested by tapping the flasks, centrifuged at 2500
rpm for 10 min, and suspended in fresh distilled water or 0.02 M phosphate-buffered
saline (PBS) (0.137 M NaCl, 0.003 M sodium phosphate [pH 7.4]). Cell counts were
determined with a hemocytometer with a modified Fuchs-Rosenthal chamber. In
addition, A. castellanii viability was determined by trypan blue staining, and the initial
viability was always greater than 98% (data not shown). Amoebae were subcultured at

intervals of 10 days.



4. Phagocytosis Assay. A. castellanii cells were removed from tissue culture flasks
(Corning, Corning, N.Y.), washed with PBS, and counted with a hemocytometer. The
cells were suspended to 10° cells/ml in PBS and added to 24-well tissue culture plates
at 10° cells/well and allowed to adhere for 2 h at 28°C before the addition of fungal
cells, P. marneffei, A. fumigates and C. albicans at a 10:1 effector-to-target ratio. The
plates were incubated for 2 h at 28°C and 37°C. The media were aspirated, and the
cells were fixed with ice-cold methanol for 30 min at 4°C and washed three times
with PBS, stained with Giemsa diluted 1:10 in PBS for 2 h. The plates were viewed
with a microscope at 100 magnification, and four wells per experimental condition
were used to ascertain the percentage of phagocytic cells. The phagocytic index is the
number of A. castellanii with internalized yeast per 100 amoebae (Steenbergen et al.,
2001).

S.  Fungal killing assays. A. castellanii cells were removed from tissue culture
flasks (Corning, Corning, N.Y.), washed with PBS, and counted with a
hemocytometer. Fungal cells were labeled with Oregon green-fluorescein
isothiocyanate (FITC) (Molecular Probes, Leiden, The Netherlands) as described
previously (Walenkamp et al., 2000). Briefly, fungal cells were suspended at 2 x 10°
cells/ml in a microcentrifuge tube, Oregon green-FITC was added to a final
concentration of 5 x 107 g/ml, and the suspension was incubated at room temperature
for 30 min. The fungal cells were washed three times with PBS. Labeling did not
affect viability as determined by CFU counts on BHI agar. The cells were suspended
to 10° cells/ml in PBS, and 1000 ul was added to 24-well tissue culture plates. The
plates were incubated at 37°C for 2 h prior to adding fungal cells to allow for A.
castellanii acclimation. A. castellanii viability was determined by trypan blue
staining, and the initial viability was always greater than 98% (data not shown). P.
marneffei conidia were washed, harvested, and suspended in PBS, and cell numbers
were determined with a hemocytometer. Fungal cells were added to the acclimated
cultures of A. castellanii at a 1:10 effector-to-target ratio and incubated at 37°C. At 0,
24, and 48 h, the number of viable yeast cells was determined by CFU. At each time
interval, the 24-well plates were placed on ice for 10 min to loosen the cells from the
bottoms of the plates. The A. castellanii cells were lyses by shear stress induced by
pulling the suspension through a 27-gauge needle five to several times (Moffat &
Tompkins, 1992). Fungal viability was unaffected by this procedure, as determined by

comparison of initial hemocytometer determinations and CFU counts. For each well,



serial dilutions were plated onto BHI agar plates, which were then incubated at 37°C
for 48 h. At each time, a minimum of 4 tissue culture wells per isolate were used to
determine CFU, and each experiment was repeated at least one time. Conidial killing
assays were performed as described above with two differences.

6. Amoeba Kkilling. Trypan blue exclusion assays were applied to determine the
number of viable A. castellanii cells at time interval, 0, 24, and 48 h. Amoebae and
fungal cells, P. marneffei, A. fumigatus and C. albicans were incubated in PBS in 24-
well tissue culture plates at a 1:10 ratio. At each time interval, the medium was
aspirated and the cultures were incubated with a 1:10 dilution of trypan blue in PBS.
The 24-well plates were viewed at a magnification of X100, and the percentage of
dead amoebae was determine d by counting the number of amoeba cells unable to
exclude the dye per total amoebae counted. At each time interval, five wells per
culture condition were counted and experiments were repeated at least one additional

time.

p 8 Germ tube formation. A. castellanii cells were removed from tissue culture
flasks, washed with PBS, and counted with a hemocytometer. The cells were
suspended to 10° cells/ml in PBS, and 1ml was added to eight-chamber glass culture
slides (SPL Lifescience, Korea). The plates were incubated at 37°C for 2 h prior to
adding fungal cells to allow for A. castellanii acclimation. A. castellanii viability was
determined by trypan blue staining, and the initial viability was always greater than
98% (data not shown). C. albicans were suspended at 107 cells/ml, which confirmed
by CFU determination on SDA plates at 28°C. C. albicans were added to the
acclimated cultures of A. castellanii at a 1:10 effector-to-target ratio and incubated at
28 and 37°C for 24 hours. The germ tube germination was calculated by counting the
total number of C albicans (in both of germination and non germination of yeast
cells). Five wells were counted per experimental condition, and each experiment was
repeated. C. albicans incubated in PBS alone was included in the experiment as

negative control.

6. Transmission electron microscopy (TEM). TEM was used to examine the
intracellular compartment of P.> Mdmeﬁ‘ei and C. albicans within A. castellanii.
Plastic adherent A. castellanii monolayer containing 2 x10%ells/well in 24-well tissue
culture plate was infected with P. marneffei or C. albicans at a multiplicity of

infection (MOI) of 10. After 2 hours of incubation at 37 °C, amoeba infected with C.



albicans was rtemoved by using rubber policeman and fixed with 2.5 %
glutaraldehyde in 0.1 M cacodylate at room temperature overnight. The sample was
prepared for electron microscopy by previous described (Steenbergen et al., 2001).
The samples were mounted with gold—palladium, and viewed in a Transmission

Electron Microscope JEOL JEM-2010.

T Interaction of C. albicans with A. castellanii at different temperature. To
investigate the effect of temperature, C. albicans was incubated with A. castellanii at
different temperature, 28°C and 37°C for variable time. Amoebae and fungal cells
were incubated in PBS in eight-chamber glass culture slides at a 1:10 ratio. At each
time point, the medium was aspirated, wells were washed with PBS, and fixed with
1% paraformaldehyde at 4°C for 30 min. Coverslips were mounted with a mounting
solution of 0.1% n-propyl gallate and 50% glycerol in PBS, and the slides were

viewed at a magnification of X100 at different time, 30 min, 2, 24 and 48 h.

8. Statistical analysis. Student’s 7 test was used for statistical analyses. Both the
statistical analysis and the graphs were compiled by two tailed, unpaired Student’s t-

test using Prism 4 software (GraphPad). A P-value <0.05 was considered significant.
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C. RESULTS

1. Phagocytosis of fungi by amoebae.

The phagocytosis indexes of A. castellanii for P. marneffei, and A. fumigatus were
investigated (Fig. 1,2). In addition, the interaction of P. marneffei conidia was
changed to fission yeast cells after interaction with amoeba at 37°C for 24 h (Fig.3).
A. castellanii was capable to phagocytose each of the fungi (Fig.4). P. marneffei, A.
fumigatus and C. albicans were phagocytosed at significantly higher rates compared
to A. fumigatus in both 37°C and room temperature (p<0.001). In addition, the
phagocytosis index of P. marneffei conidia was found 80% which significantly higher
than those of C. albicans and A. fumigatus in both temperature (37°C and 28°C).
Based on dimorphic fungus, both yeast cells and conidia of P. marneffei were
determined the phagocytic indexes. P. marneffei conidia were phagocytosed by A.
castellanii at significantly higher rate than yeast cells at 37°C (p<0.01). In contrast,

the phagocytic indexes of conidia and yeast cells of P. marneffei were not different

when studied at room temperature (28°C).

Fig.1. Corresponding Immunofluorescent (a) and light microscopic pictures (b)
of 2 h post-incubation of A. castellanii with FITC-labeled P. marneffei conidia.
(Magnifications: x1000)
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Fig.2. Corresponding Immunofluorescence (a) and light microscopic pictures (b)
of 2 h post-incubation of A. castellanii with FITC-labeled A. fumigates conidia.
(Magnifications: x1000)

Fig. 3. Corresponding Immunofluorescent (a) and light microscopic pictures (b)
of 24 h post-incubation at 37 °C of A. castellanii with FITC-labeled P. marneffei

conidia.The scale bars represented 5 pm.
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Fig. 4. Phagocytosis of P. marneffei, A. fumigatus and C. albicans cells by A.
castellanii ATCC 30324 at different temperature. Bars represent the phagocytic
index by amoebae either at 37 °C (hatched bars), or at room temperature (28 °C)
(solid bars), and each bar denotes one standard deviation. The phagocytiosis
index was determined by counting the total number of A. castellanii with
internalized conidia per 100 A. castellanii cells.

. Amoebae are killed by P. marneffei, A. fumigatus, and C. albicans.

Trypan blue exclusion assays were used to determine the percentage of amoebae alive
after incubation with the fungi. The results, depicted in Fig.5, have shown that a
significant proportion of amoebae exposed to P. marneffei, A. fumigatus, or C.
albicans were killed. At the beginning of the assay, 99% of the amoebae were alive
and excluded the dye. At 48 h, more than 50% of amoeba cells were no longer viable,
as indicated by incapacity to exclude dye. P. marneffei and A. fumigatus killed 30 to
50 % of A. castellanii cells. P. marneffei had the highest killing rate of 50.68%
compared to other fungi, A. fumigatus and C. albicans. In addition, C. albicans had
the lowest killing rate of 32.54 % at 48 h. The amoeba death occurred within the first

24 h for all the isolates and continued to cause amoeba death through 48 h.

13



60 -
1 00 hour |
50 M 24 hours
B 48 hours

8 40 -
o) -
@
o -
E -
© 30
o
I
(]
T
2 20 -

10 +

0 r—‘— T [——_ T B E
P. marneffei A. fumigatus C. albicans

Fig. 5. The percentage of dead amoebae (A. castellanii) after incubation with
three different fungi, P. marneffei, A. fumigatus, and C. albicans. Amoeba cell

viability was interfered by the ability of the cell to exclude trypan blue dye.

Error bars each denote one standard deviation.

3. Growth of P. marneffei and C. albicans in presence of A. castellanii.

Neither fungi nor amoebae replicated significantly when incubated in PBS alone,
probably as a result of nutritional starvation. Incubation of P. marneffei with amoeba
cells resulted in significant CFU increases ranging between 2- to 16-fold when
incubated for 24 to 48 hours (Fig.6A). Increases in CFU for P. marneffei in the
presence of amoebae at 48 h were significant compared to the fungi alone (P <0.001).
For C. albicans, incubation with A. castellanii resulted in threefold increase in CFU
compared to PBS-alone condition at 24 and 48 hours (Fig.6B). Initial numbers of
CFU changed, since the experiment with all fungi was done simultaneously. Each

experiment was done at least twice with similar results.
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Fig. 6. Fungal cell counts after incubation with or without amoebae in PBS at
room temperature (28°C). Bars represent CFU at different times: solid bars
denote CFU at 0 h and hatched bars denote CFU at 48 h. The error bars each
represent one standard deviation. There are significant differences (P < 0.05) in
P. marneffei (A) or C. albicans (B) incubated with amoebae and in PBS at 24 and
48 h.

4.  Germ tube formation.

Incubation of C albicans with amoeba cells resulted in germ tube formation at both
room (28°C) temperature and 37 °C (Fig.7). The percentages of germ tube production
were found 28.42% and 60.79 % at room temperature and 37°C, respectively (Fig.7).
The germ tube production was significantly higher at 37°C compared to room
temperature (28°C) (p<0.0001). However, C. albicans was incapable to produce germ

tube in PBS in either 28°C or 37°C (data not shown).
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Fig 7. Comparison the percentage of germ tube formation of C. albicans within

A. castellanii after incubation at 37 °C and 28 °C for 2 hours.

5. Electron microscopy of amoeba-fungus interactions.

TEM was used to demonstrate that amoebae internalized P. marneffei conidia after
incubation 30 min and 2 h (Fig. 8A,B). The conidia enclosed in membrane bound
vesicles inside A. catellanii. In addition, the interaction between C. albicans and
amoebae was studied by TEM showing multiple contacts with yeast cells and amoeba
during phagocytosis (Fig.9). C. albicans is phagocytosed and encircled in membrane-
bound vacuoles (Fig.9A,B). Several amoebae had more than one internalized yeast
cell indicative of either separate phagocytic events or intracellular replication. Within
24 h, yeast cells of C. albicans exposed to amoebae were internalized into phagocytic
vacuoles (Fig. 9A,B). The internalized yeast cells were starting germination to form
germ tube after incubated at 37°C for 2 h (Fig. 9C,D). However, C. albicans
incubated in PBS in either room temperature or 37°C remained yeast cells. Growth of
C. albicans correlated with the increasing number of the death amoeba. Surprisingly,
germ tube formation in C. albicans was found at room temperature when
phagocytosed into amoeba, although the percentage of germ tube was lower than

found at 37°C.
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Fig. 8. Transmission electron micrographs of P. marneffei interacted with A.
castellanii after incubation at room temperature (28°C) for 30 min (A) and 2 h

(B). The scale bars represented 1pm.

Fig. 9. Transmission electron micrographs of C. albicans within A. castellanii at 2
h after incubation at 37°C. Yeast cells in a membrane-bound vacuole
surrounding the fungal cell 2 h post incubation (A and B). C. albicans started
producing germ tube in amoeba (C and D). The scale bars shown in panel A was

1 pm while B, C and D were 2 pm.
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6. Interaction of C. albicans with A. castellanii at different temperature.

Fig 10 showed the interaction of C. albicans and amoebae at 37 °C, germ tube
formation was seen after incubated for 2 h (Fig. 10B). Then, the germ tube was
transformed to short filament and hyphae in 24 h (Fig. 10C) and 48 h (Fig. 10D). In
contrast, C. albicans incubated with amoebae at room temperature infrequently found
germ tube, but exhibited an increase in buds of yeast cells over time (Fig. 11). C.
albicans incubated in PBS alone was included in the experiment as negative control.
For negative control, C. albicans incubated in PBS only was included in the

experiment (Fig.12).

Fig. 10. Transformation of C. albicans from yeast forms to hyphal or filament
forms at 37°C. Micrograph illustrating an internalized C. albicans yeast cells
surrounded by a membrane-bound vacuole after 30 min cocultures with A.
castellanii (A). Germ tubes were produced after 2 h incubation with amoebae (B)
and 24 h (C). Micrograph depicting morphology changes of yeast cells after 48 h
of incubation with amoebae illustrating hyphal forms of C. albicans (D). Bars

represent 5 pm.
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Fig. 11. Interaction of C. albicans with amoebae at room temperature (28°C).
The amoebae phagocytosed Candida yeast cells after 30 min (A) and 2 h (B) of
incubation. Micrograph depicting yeast cells of C. albicans in proximity to an
amoeba cell after 24 h (C) and 48 h (D) of incubation. Bars represent 5 pm.

found internalized by A. castellanii
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Fig. 12. Interaction of C. albicans with A. castellanii at room temperature (28 °C)
after 48 h of incubation in PBS (A) and with A. castellanii (B). Bars represent

Spm.
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D. DISCUSSION

Amoebae represent a major class of environmental predators in soils and may
exert potential selection pressures on environmental populations to generate variants
with the potential for mammalian pathogenicity (Mylonakis ez al., 2002, Steenbergen
et al., 2003). Early studies in the 1970s suggested that a particular type of amoebae,
Acanthamoebae polyphaga, could be predatory for C. neoformans, but the interaction
was not depicted at the cellular level (Bunting er al., 1979). In fact, the interaction
between C. neoformans and A. castellanii, a soil amoeba that feeds on bacteria and
fungi was analyzed in detail (Steenbergen et al., 2001, 2003, Malliaris et al., 2004
Chrisman et al., 2010). Given the recent observation that other dimorphic fungi, H.
capsulatum, B. dermatitidis, and S. schenckii are capable of nonlytic exocytosis from
mammalian phagocytic cells (Steenbergen er al., 2004), we investigated whether
similar phenomena occurred following ingestion of P. marneffei and C. albicans by A.
castellanii. P. marneffei was readily ingested by A. castellanii, and the interaction
between the fungal and amoeboid cells resulted in the death of the host cell and
proliferation of the fungal cells.

P. marneffei is a thermally dimorphic fungus which can convert from yeast to
mycelial form depending on temperature. Hence, this fungus believed to survive in
the soil as distinct, multibranched, mycelial form, but this has not been directly
demonstrated. We investigated the interaction of A. castellanii with P. marneffei to
demonstrate that A. castellanii can serve as a host system for P. marneffei. Our results
found that A. castellanii can ingest P. marneffei resulted in amoebae death which
found 37.4% and 50.68 % at 24 and 48 hours, respectively. The result revealed a
reduction in viable amoebae and indicated that P. marneffei was competent to kill
amoeba and exploited them for food. Additionally, P. marneffei can reproduce only in
the presence of amoebae which similar to the previous study of other dimorphic fungi,
H. capsulatum, B. dermatitidis, and S. schenckii (Steenbergen et al., 2004).

Electron microscopy revealed that both P. marneffei and C. albicans were
enclosed in a membrane-bound vacuole after ingestion by amoebae. For these fungi,
internalized fungal cells can exploit the amoebae after ingestion and possibly gain
nutrients by feeding from the remains of the killed host cells. Thus, the mechanism of
killing of amoeba cells required contact between the fungal and amoeba cells.

Several human pathogenic yeasts like C. albicans, C. neoformans may persist

as viable organisms in natural environment. Lacks of nutrients in natural ecosystem

1|



are often limiting factor for microbial population. In our study was showed C.
albicans was able to get nutrients by feeding on amoeba. C. albicans can survive in
different water including fresh or sea water for a long period which may be explained
by their autophagie strategy adopted under starvation condition (Mizushima, 2005). It
is unsurprised that the interaction between C. albicans and amoeboid cells resulted in

the death of the host cell and increase of the yeast cells.

Our results demonstrate that A. castellanii can serve as a host system for the P.
marneffei and C. albicans. We propose that phagocytic predators in the environment
apply selective pressures, which favor fungal attributes that confer survival
advantages in animal hosts. We do not exert that amoebae are the sole selective
pressure for the emergence and maintenance of virulence in the environment. Clearly,
the ability to grow at 37°C would seem to be an important requirement for
mammalian virulence. In fact, previous studies suggest that nematodes (Mylonakis et
al., 2002) and slime molds (Steenbergen ez al., 2003) could provide additional
selection pressures for the acquisition of virulence factors. Bacteria may also
contribute to the selection of traits associated with mammalian pathogenesis (Cirillo et
al., 1997). Furthermore, we note that there are many types of amoebae, and it is
possible that other amoeboid species are able to efficiently kill these fungi. However,
the similarity of interactions between amoebae and macrophages and the observation
that fungal virulence can be enhanced by exposure to amoebae strongly link these

phagocytic predators to the phenomenon of fungal virulence for animals.

In summary, we purpose a possible mechanism by which the need for survival
against environmental predator, A. castellanii has resulted in the acquisition of
characteristics by P. marneffei and C. albicans that can also function as virulence
factors for animals. In addition, thev iﬁteraction of A. castellanii and P. marneffei is

implied to the evolutionary bases for virulence factor development and maintenance.
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