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Abstract Fonsecaea pedrosoi is the major etiologic

agent of chromoblastomycosis. The virulence of F.

pedrosoi is a meagerly explored phenomenon. The

ability to interact with host cells and the production

of hydrolytic enzymes are thought to be important

virulence mechanisms of fungal pathogens. Here, we

measured the production of two distinct lipolytic

enzymes, phospholipase and esterase, by three clin-

ical strains of F. pedrosoi isolated from chromoblas-

tomycosis lesions, as well as their capabilities to

interact with epithelial cells. All the strains were

excellent esterase producers, generating elevated

hydrolytic halos after 5 days of growth. Conversely,

phospholipase activity was detected only after

10 days, except for the most recent strain of

F. pedrosoi (Magé) in which measurable phospholi-

pase activity was detected on day 5. The ability to

interact with epithelial cells was also investigated.

Regarding the adhesion capability, an indirect

connection was observed in relation to the adaptation

time of each strain in axenic culture, in which Magé

strain showed the best adhesion ability followed by

LDI 11428 and 5VPL strains. Both 5VPL and Magé

strains were also detected inside the epithelial cells,

while the LDI 11428 strain was rarely detected in

cytoplasmatic vacuolar compartments. Moreover,

these F. pedrosoi strains were able to cause injury

in epithelial cells.
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Introduction

Chromoblastomycosis is a human chronic subcutane-

ous infection, beginning after traumatic implantation

of mycelial fragments or conidial cells directly into the

tissue, caused by several dematiaceous fungi that are

found in soil and in decomposing plant matter [1, 2].

Inside the host, infectious propagules adhere to

epithelial cells and differentiate into sclerotic forms,

which effectively resist destruction by the host effector

cells and allow the establishment of chronic disease

[reviewed in 3]. Chromoblastomycosis is most fre-

quently observed in tropical and/or subtropical loca-

tions, with particularly high incidence rates in Brazil

[4, 5] and Japan [6, 7]. Fonsecaea pedrosoi is the most

V. F. Palmeira � C. S. Alviano � A. L. S. dos Santos (&)

Departamento de Microbiologia Geral, Instituto de

Microbiologia Prof. Paulo de Góes (IMPPG), Centro de
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frequent etiologic agent of chromoblastomycosis in

tropical regions. Clinically, chromoblastomycosis is

characterized by the slow development of polymorphic

skin lesions (nodules, verrucas, tumors, plaques and

scar tissue) [1–3].

The virulence attributes expressed by F. pedrosoi,

which enhance the infective process in chromoblas-

tomycosis, are unknown; however, for the establish-

ment of this infection it is necessary that the fungi

adhere, colonize and penetrate into the skin, promot-

ing tissue invasion by digesting or destroying cell

membranes and by degrading host surface molecules

and/or extracellular matrix components [reviewed in

3]. We have hypothesized that in F. pedrosoi the cell/

tissue invasion might occur by enzymatic digestion,

through secretion of proteases and lipases as formerly

proposed for other fungal pathogens.

Concerning proteolytic enzymes, our research

group demonstrated that both conidial and mycelial

forms of F. pedrosoi were capable of releasing

aspartyl-type proteases into the extracellular environ-

ment that hydrolyzed several proteinaceous substrates

including serum proteins (albumin, immunoglobulin G

and fibrinogen) and extracellular matrix components

(fibronectin, laminin and type I collagen), which could

help the fungus to disseminate inside the human body

[8–10]. In contrast, very little is known about lipase

production in F. pedrosoi [11, 12]. Recently, using

infrared spectroscopy analysis, which has been used as

robust tool in the characterization, classification and

identification of microorganisms, Corbellini et al. [12]

described suitable results in the quantification of

extracellular lipase activity, showing a significant

linkage to the biomass production in vitro by some

chromoblastomycosis agents, including F. pedrosoi.

Phospholipases in general catalyze the hydrolysis

of phospholipids, which are major components of all

cell membranes, thereby also facilitating fungal

invasion [13]. Esterase (or monoacylglycerol lipase)

is an enzyme that hydrolyzes monoacylglycerol with

a long-chain fatty acid (C12 or more) [14]. The role of

lipases in fungi capable of causing cutaneous and

subcutaneous mycoses is probably to hydrolyze fats

in the subcutis and the fatty acid residues used as a

nutrient source by the invading fungus. In the present

study, we have analyzed the production of phospho-

lipase and esterase by three distinct clinical strains of

F. pedrosoi, as well as their capabilities to interact

(adhesion and endocytosis) with epithelial cells.

Materials and Methods

Microorganisms and Growth Conditions

This study was conducted using three pathogenic

strains of Fonsecaea pedrosoi isolated from human

patients with chromoblastomycosis and currently

studied in our laboratory to demonstrate possible

biochemical markers that help the fungus to establish

and overpass the host response. In this context, the

5VPL strain has been passed over 30 years only in

axenic culture medium, which correspond to more

than 600 passages in vitro, while LDI 11428 (6 years,

*50 passages) and Magé (2 years, *10 passages)

strains were more recently obtained.

Stock cultures were maintained on Sabouraud dex-

trose agar under mineral oil and kept at 4�C. Transfers

were made at 6-month intervals. For conidium forma-

tion, cultures were incubated for 5 days under constant

agitation (200 rpm) at room temperature in a 250-mL

Erlenmeyer flask containing 100 ml of Czapek–Dox

chemically defined medium containing (g l-1): sucrose,

30; NaNO3, 2; K2HPO4, 1; MgSO4�7H2O, 0.5; KCl, 0.5;

FeSO4�7H2O, 0.01; pH 5.5 [8]. Cultures were centri-

fuged at 4,000g for 10 min at 4�C, and the cells were

washed three times in 1 ml phosphate-buffered saline

(PBS; 150 mM NaCl, 20 mM phosphate buffer, pH

7.2). Growth was estimated by counting the conidial

cells in a Neubauer chamber.

Mammalian Cells

Chinese hamster ovary (CHO) cells (kindly provided

by Dr Pamela Stanley, Department of Cell Biology,

Albert Einstein College of Medicine, New York,

USA) were grown at 37�C with 5% CO2 in 25-cm2

culture flasks containing DMEM medium (Gibco)

supplemented with 10% fetal bovine serum (FBS)

(Gibco). The pH was maintained at 7.2 by the

addition of HEPES (3 g l-1) and NaHCO3 (0.2 g l-1)

to the culture medium. The initial inoculum was

1 9 105 cells ml-1; cultures were subcultured every

2 days and the cells were maintained in exponential

growth phase.

Fungus–Host Cells Interaction

Fonsecaea pedrosoi conidial cells were collected by

centrifugation at 4,000g for 10 min at 4�C, washed
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three times in 1 ml PBS, resuspended in DMEM

medium and finally inoculated into CHO cell cultures

in order to obtain a final ratio of 10:1 conidia/

epithelial cell. The CHO cells were incubated with

conidia for 1 h at 37�C and then the cultures were

washed three times in 1 ml PBS to remove non-

adhered conidia, fixed in Bouin’s solution and stained

with Giemsa. The adhesion and endocytic indexes

were determined after randomly counting a minimum

of 300 cells on each triplicate coverslip, and exper-

iments were repeated at least three times. The

adhesion index was calculated by multiplying the

mean number of attached fungi per animal cell by the

percentage of infected cells, observed by microscopic

examination using an immersion objective in a Zeiss

Axioplan 2 microscopy (Germany). Endocytic index

was determined by the same way, but using the mean

number of ingested fungi [10, 19].

Analysis of CHO Cells Damage by the Lactate

Dehydrogenase (LDH) Assay

In order to evaluate epithelial cells damage induced

by the presence of the fungus, the conidia were

collected by centrifugation, washed three times in

PBS, resuspended in DMEM medium and then

incubated with CHO cells at 37�C for 1 h, at a final

ratio of 10 conidia per mammalian cell. After that, the

supernatants were collected, centrifuged for removal

of conidia and assayed for the presence of LDH, an

intracellular-located enzyme, as previously reported

[16]. Briefly, LDH activity was analyzed spectropho-

tometrically in an ELISA reader (Bio-Tek Instru-

ments) by measuring the NADH disappearance rate at

340 nm during the LDH-catalyzed conversion of

pyruvate to lactate. The basal level of LDH activity

was considered as the oxidation of NADH by culture

supernatants of epithelial cells kept in culture, in the

absence of fungi, which was subtracted for each

point. The positive control of enzyme activity, taken

as 100%, consisted of a CHO lysate obtained using

extraction with 0.1% Triton X-100.

Phospholipase Assay

Determination of phospholipase production was per-

formed by using egg-yolk agar plates (1 M NaCl,

5 mM CaCl2 and 8% sterile egg-yolk emulsion)

according to Price et al. [17]. In this method, egg-

yolk digested by phospholipase produces precipita-

tion around fungal colonies. Ten microliters (1 9 107

conidia) of a suspension of each strain was placed in

the center of the egg-yolk agar plate (9-cm diameter

Petri dishes). After incubation at 37�C for 5, 10 and

15 days, the colony diameter (a) and the diameter of

colony plus precipitation zone (b) were measured by

a digital paquimeter.

Esterase Assay

The esterase production by F. pedrosoi was assayed

using the agar medium [18], which was prepared

joining 10 g of peptone, 5 g of NaCl, 0.1 g of CaCl2,

15 g of agar, and 1,000 ml of distilled water, with pH

adjusted to pH 6.5. After the medium was autoclaved,

it was cooled to about 50�C, and 5 ml of autoclaved

Tween 80 (Sigma, St. Louis, Mo) was added. The

suspension of 1 9 107 conidia (10 ll) was inoculated

and plates were incubated at 37�C up to 15 days. The

colony diameter (a) and the diameter of colony plus

precipitation zone (b) were measured by a digital

paquimeter.

Enzymatic Score and Statistical Analysis

The phospholipase and esterase activities were

expressed as Pz value (a/b) as described by Price

et al. [17]. According to this definition, low Pz values

mean high phospholipase or esterase production and,

inversely, high Pz values indicate low enzymatic

production. The Pz value was scored into four

categories: Pz of 1.0 was evaluated as negative; high

Pz between 0.999 and 0.700 (?); moderate Pz

between 0.699 and 0.400 (??); low Pz between

0.399 and 0.100 (???). All the experiments were

repeated at least three times and all the systems were

performed in triplicate. The data were analyzed

statistically using Student’s t test. P values of 0.05

or less were considered statistically significant.

Results and Discussion

First of all, we have compared the association indices

of three distinct strains of F. pedrosoi after 1 h of

conidia-CHO cells contact (Fig. 1). All the strains

were able to interact with CHO cells, but in different

ways. Considering the adhesion capability, an
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indirect association was observed in relation to the

adaptation time of each strain in axenic culture, in

which the most recent isolate (Magé strain) showed

the best adhesion ability followed by LDI 11428 and

5VPL strains (Fig. 1A, B). Both 5VPL and Magé

strains were also detected inside the epithelial cells,

as judged by the presence of characteristic endocytic

vacuoles as previously reported [10, 15], while the

LDI 11428 strain was scantily detected in intracel-

lular compartments (Fig. 1A, B).

As is well known, the conidium into hyphae

transformation is a hallmark event during the path-

ogenesis of F. pedrosoi [reviewed in 3]. This

phenomenon was observed in the two most recent

isolates of F. pedrosoi studied after 1 h of contact

with epithelial cells in vitro (Fig. 2A). Moreover, the

presence of moniliform hyphae was also observed

(Fig. 2A). On the other hand, no differentiation was

observed in the 5VPL conidial cells after this short

interaction period, as described earlier [10, 15].

Interestingly, Magé strain induced an extensive

cytoplasmic vacuolization as well as a clear discon-

tinuity of the cytoplasmic membrane in some

epithelial cells, suggesting a loss of cellular integrity

(Fig. 2A). In order to corroborate these visual

findings, we measured the LDH activity in the

supernatants obtained after 1 h of conidia-CHO cells

contact (Fig. 2B). The 5VPL, LDI 11428 and Magé

strains were able to cause injury by approximately 23,

25 and 32%, respectively, in CHO cells (considering

the epithelial lysate obtained with Triton X-100 as

100% of lysis) (Fig. 2B).

Invasion of host cells by fungus entails adhesive

capability, penetration and damage of the outer cell

envelope. This transmigration process is mediated,

most probably, by either physical or enzymatic means

or a combination of the two. Phospholipids and
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Fig. 1 Interaction profiles between clinical isolates (5VPL,

LDI 11428 and Magé strains) of F. pedrosoi and epithelial cells

(CHO). Adhesion and endocytic indices are shown. The values

represent the mean (±standard deviation) of three independent

experiments performed in triplicate (A). Representative images

of attached (arrowheads) and ingested (arrows) fungi are

shown by means of light microscopy analyses. Note that

ingested conidia are located within vacuoles (B). Scale bars
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of F. pedrosoi. A Morphological transitions after the interac-

tion between F. pedrosoi and CHO cells for 1 h. Note the

transformation of conidia into hyphae (arrows) or conidia into

moniliform hyphae (arrowheads) in the two most recent F.
pedrosoi isolates (LDI 11428 and Magé strains). The asterisks
show the extensive vacuolization of the cytoplasm. Scale bars:

10 lm. B Measurement of LDH activity in the supernatants

obtained after contact of different clinical isolates of F.
pedrosoi with CHO cells. The values represent the mean

(±standard deviation) of three independent experiments

performed in triplicate. The LDH activity was significantly

higher with the Magé strain than the 5VPL strain
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proteins represent the major components of the host

cell membrane. Therefore, enzymes capable of

hydrolyzing these components, such as lipases (espe-

cially phospholipases and esterases) and proteases,

are likely to be involved in the membrane disruption

processes that occur during host cell invasion [13].

Phospholipases are ubiquitous enzymes involved

in such diverse processes as membrane homeostasis,

nutrient acquisition and generation of bioactive

molecules. Some phospholipases play a role in

microbial pathogenesis and virulence in fungi, as

fungi interaction with each other, other microorgan-

isms and their mammalian host [13]. By cleaving

phospholipids, phospholipases destabilize the mem-

brane and cell lysis results. Evidence implicating

phospholipases in host cell penetration, injury and

lysis by fungi has been reported for Candida albicans

[19], Cryptococcus neoformans [20] and Aspergillus

fumigatus [21]. Consequently, phospholipases have

been included among the virulence factors that

damage host cells. Herein, we also evaluated the

production of phospholipase and esterase activities

during F. pedrosoi growth up to 15 days in vitro.

Regarding phospholipase activity, only Magé

strain showed detectable activity on day 5 of growth

(Fig. 3). The phospholipase activity was best detected

after 15 days showing moderate values of Pz ranging

from 0.65 to 0.55. This simple and rapid assay to

detect phospholipase activity by measurement of the

zone of precipitation around colonies on egg-yolk

agar has been largely employed [17]. Furthermore,

Chen et al. [20] demonstrated that phospholipase

production in 50 clinical and environmental isolates

of C. neoformans by this technique possessed a

straight correlation between phospholipase activity

and virulence in mice. Barrett-Bee et al. [22]

correlated phospholipase production by C. albicans

with adherence to buccal epithelial cells. Further-

more, it was observed in a murine model of

candidiasis that mortality was increased in mice

infected with isolates producing the highest phos-

pholipase activity [19, 22]. In our study, we cannot

correlate the phospholipase production and interac-

tion with CHO cells by egg-yolk agar plate assay,

because of the small sample size. Although the plate

method is the traditional screening method for

phospholipase activity of Candida species and other

fungi such as C. neoformans, this assay may not be

suitable for the screening of fungal isolates that

produce low levels of phospholipase [13]. More

sensitive methods such as radiometric and colorimet-

ric assays are advised to be used particularly in

poorly phospholipase-producing strains.

Previous studies have used Tween 80 opacity test

for detection of lipolytic activity among various

bacteria and fungi. This test has also been reported to

aid identification of dermatophytes and Candida [23–

25]. The hydrolysis of the Tween compound is

mediated by the lipolytic enzymes. Subsequent to

cleavage of ester bonds, the released fatty acids bind

with the calcium ions incorporated in the medium and

form insoluble calcium complexes. These complexes

result in the characteristic precipitation halo seen

around the colony. Production of esterase activity was

very well observed even on day 5 of incubation at 37�C

with Pz ranging between 0.520 and 0.480 (Fig. 4). The

esterase activity increased on day 10 of incubation. In

addition, a pronounced and significant (P \ 0.05)

increase in the esterase activity was detected in the

three strains at day 15 with low Pz values in the range of

0.300 (Fig. 4). Similarly as previously described in C.

albicans [26], a distinctive pattern of double halo of

precipitation was produced by all F. pedrosoi strains

(data not shown). In the course of this manuscript

preparation, Corbellini et al. [12] demonstrated that

four different strains of F. pedrosoi were able to

produce lipase activity after 14 days of in vitro growth,
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using p-nitrophenyl palmitate as the substrate. Curi-

ously, two of those strains revealed a decrease in the

enzymatic activity at 21 days, while other two strains

presented an increase in their lipase activity [12].

The virulence of F. pedrosoi is a mutifactorial

property dependent on many different virulence

properties as adhesion to the host cells, formation

of hyphae and probably the production of hydrolytic

enzymes such as proteases and lipases. In this

context, we recently reported that these three strains

of F. pedrosoi produced different amounts of extra-

cellular aspartyl-type proteases [9, 10]. Interestingly,

the F. pedrosoi Magé strain produced higher levels of

extracellular proteolytic activity when compared with

the 5VPL and LDI 11428 strains, suggesting that the

production of secreted aspartyl-type proteases may be

stimulated by interaction with the host [9, 10]. A

similar study reported the augmentation of the ecto-

phosphatase activity expressed on the cell wall of a

recent isolate when compared with a laboratory-

adapted strain in F. pedrosoi [27].

The present work reported the production of phos-

pholipase and esterase in different clinical isolates of

F. pedrosoi as well as their distinct capabilities to

interact with epithelial cells. In this sense, conidial

cells obtained from recent isolates of F. pedrosoi were

able to quickly differentiate into hyphae during the

contact with mammalian cells, a crucial step during the

F. pedrosoi life cycle. Furthermore, the three distinct

strains of F. pedrosoi produced both phospholipase and

esterase. Bearing in mind a parallel with other human

fungal pathogens, phospholipase and esterase activity

in F. pedrosoi may contribute for adhesion, penetration

and nutrition in host, during the course of chromo-

blastomycosis. However, some peculiarities are

observed in these three distinct isolates of F. pedrosoi

in respect to their abilities in promoting damage of

epithelial cells. For instance, despite of the best

adhesion and internalization of F. pedrosoi Mage

strain, the capacity to induce epithelial cell damage

was not so intense when compared with the other two

isolates. We would like to infer that other molecules

may be involved in the virulence of this Mage strain,

for example the pigment melanin which protects the

fungus against microbicidal agents produced by the

host cells. In this context, we are conducting a study in

order to measure melanin production as well as other

potential virulence attributes linked with the ability of

F. pedrosoi cells in subverting the host cell response. In

the same way, the LDI 11428 isolate was capable of

inducing cellular injury even without internalization

by CHO cells. We can hypothesize that only the contact

between fungi and CHO can induce cellular damage,

probably due to secretion of hydrolytic enzymes, as

described herein and in a previous work [10]. These

enzymes, acting in cooperation, may destroy lipids and

proteins at the surface, disestablishing the plasma

membrane homeostasis and leading to CHO cell death.

Additionally, the LDI 11428 strain is also able to

rapidly induce conidia into hyphae transformation, an

essential step used by different fungi, including F.

pedrosoi [3], to escape from host response. Conse-

quently, future studies are necessary for substantiating

the potential role of lipolytic enzymes in pathogenic

process of F. pedrosoi. In this sense, the results

presented herein open several possibilities, for exam-

ple, the purification of theses enzymes for better

biochemical characterization of their activities and

functional relevance of these lipases on both F.

pedrosoi physiological processes as well as during

different steps of the fungal–host relationship.
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