
Vol.:(0123456789)1 3

Brazilian Journal of Microbiology (2023) 54:2577–2585 
https://doi.org/10.1007/s42770-023-01062-7

 BACTERIAL AND FUNGAL PATHOGENESIS - RESEARCH PAPER

Fibronectin‑binding molecules of Scedosporium apiospermum: focus 
on adhesive events

André L. S. Santos1,2,3   · Bianca A. Silva1,4 · Marcel M. L. da Cunha5 · Marta H. Branquinha1,2 · Thaís P. Mello1

Received: 2 May 2023 / Accepted: 5 July 2023 / Published online: 13 July 2023 
© The Author(s) under exclusive licence to Sociedade Brasileira de Microbiologia 2023

Abstract
Scedosporium apiospermum is a widespread, emerging, and multidrug-resistant filamentous fungus that can cause localized 
and disseminated infections. The initial step in the infection process involves the adhesion of the fungus to host cells and/or 
extracellular matrix components. However, the mechanisms of adhesion involving surface molecules in S. apiospermum are 
not well understood. Previous studies have suggested that the binding of fungal receptors to fibronectin enhances its ability to 
attach to and infect host cells. The present study investigated the effects of fibronectin on adhesion events of S. apiospermum. 
The results revealed that conidial cells were able to bind to both immobilized and soluble human fibronectin in a typically 
dose-dependent manner. Moreover, fibronectin binding was virtually abolished in trypsin-treated conidia, suggesting the 
proteinaceous nature of the binding site. Western blotting assay, using fibronectin and anti-fibronectin antibody, evidenced 
7 polypeptides with molecular masses ranging from 55 to 17 kDa in both conidial and mycelial extracts. Fibronectin-
binding molecules were localized by immunofluorescence and immunocytochemistry microscopies at the cell wall and in 
intracellular compartments of S. apiospermum cells. Furthermore, a possible function for the fibronectin-like molecules of 
S. apiospermum in the interaction with host lung cells was assessed. Conidia pre-treated with soluble fibronectin showed a 
significant reduction in adhesion to either epithelial or fibroblast lung cells in a classically dose-dependent manner. Similarly, 
the pre-treatment of the lung cells with anti-fibronectin antibodies considerably diminished the adhesion. Collectively, the 
results demonstrated the presence of fibronectin-binding molecules in S. apiospermum cells and their role in adhesive events.
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Introduction

Scedosporium apiospermum is a filamentous saprophytic 
fungus that is frequently isolated from soil, polluted water, 
agricultural, and industrial areas [1–3]. In the last few 
decades, this fungus has emerged as an important human 
pathogen, causing infections in both immunocompromised 
and immunocompetent hosts [1–3]. This fungus can colo-
nize different host anatomical sites such as the lungs, joints, 
bones, and central nervous system [1]. In immunocompe-
tent individuals, mycetoma, a localized disease, is the most 
common clinical manifestation and often occurs due to the 
traumatic inoculation of S. apiospermum conidia and/or 
hyphal fragments [1]. In individuals with underlying dis-
eases (e.g., neutropenia, sarcoidosis and cystic fibrosis), 
dissemination may occur, usually beginning with conidia 
inhalation [1]. Whether in localized or disseminated disease, 
the success of infection relies on the ability of S. apiosper-
mum conidia to adhere to cells and tissues. After adhesion, 
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conidia germinate into hyphae, causing cell/tissue invasion 
with severe damage to the host that culminates in host cell 
death [2, 4–6]. Later on, a biofilm-like structure is formed, 
composed by a highly resistant mycelial mass that destroys 
the host tissue architecture [1, 7, 8].

The capacity of pathogenic microorganisms to adhere to 
host cells and avoid clearance by the host immune system 
is the initial and most decisive step leading to infections. 
Adherence to host structures implies that the fungus is able 
to recognize ligands at the surface of host cells, tissues, and 
extracellular matrix components (EMC) [9, 10]. The EMC 
is the proteinaceous part of tissues that is involved in cel-
lular migration, signaling, composing a physical barrier 
to prevent microorganism’s invasion [10]. The ECM can 
constitute the basement membrane, an anchoring platform 
for epithelia, and the interstitial spaces in tissues. Laminin 
and collagen are found mainly in the subendothelial base-
ment membrane, while fibronectin, elastin, fibrillin, among 
others, form the connective tissues [10]. The glycoprotein 
fibronectin presents a molecular mass that can range from 
230 to 270 kDa, but can also be a dimer of about 440 kDa 
[11, 12]. Fibronectin isoforms are found in plasma (soluble) 
and in ECM, where this glycoprotein anchors the cells [11]. 
Fibronectin is a ubiquitous glycoprotein that plays an impor-
tant role in many physiological and pathological processes. 
There are clear indications that the binding of microorgan-
isms’ receptors to fibronectin promotes attachment to and 
infection of host cells.

The fibronectin present in the ECM mediates the adhesion 
of several pathogenic fungi to host tissues, such as Asper-
gillus fumigatus, Candida albicans, non-albicans Candida 
species, Sporothrix schenckii, Cryptococcus neoformans, 
among others [11, 13–15]. Fungi interact with the ECM 
through surface molecules, like sialic acid-containing gly-
coconjugates in Penicillium marneffei [16–18]. To invade 
tissues, fungi secrete proteases capable of cleaving ECM 
components and spreading through the interstitial space 
[10]. Previously, our group reported that S. apiospermum 
secretes metalloproteases capable of degrading several ECM 
components, including fibronectin [19]. However, little is 
known about the ability of S. apiospermum cells to bind to 
fibronectin. In the present study, the capability of S. api-
ospermum to bind to soluble and immobilized fibronectin 
was explored. Moreover, the role of surface fibronectin-
binding molecules in the interaction with mammalian lung 
cells was evaluated. Collectively, the results presented herein 
provide information about the mechanisms of interaction 
between Scedosporium and mammalian cells. Finally, the 
authors dedicate this work to the memory of Professor 
Luiz Rodolpho Raja Gabaglia Travassos, one of the most 
renowned Brazilian scientists. Professor Travassos traversed 
a long path in different areas of biological sciences, includ-
ing mycology. Undoubtedly, his legacy remains alive, and 

his scientific advice has become present in the lives of many 
scientists worldwide. Our group was impacted by the studies 
conducted by Professor Travassos on the surface of oppor-
tunistic fungi. The discovery of molecules related to fungi-
host adhesion processes was well recognized by our group, 
which motivated us to develop numerous studies in this field, 
including the present work.

Materials and methods

Fungi and growth condition

Scedosporium apiospermum (RKI07_0416) was provided 
by Dr. Bodo Wanke (Evandro Chagas Hospital, Oswaldo 
Cruz Institute, FIOCRUZ, Rio de Janeiro, Brazil). The fun-
gus was cultured in Sabouraud-dextrose broth (2% glucose, 
1% peptone, and 0.5% yeast extract) at 25 °C for 7 days 
with constant shaking (200  rpm). Then, mycelial cells 
were filtered with filter paper and washed twice with ster-
ile phosphate-buffered saline (PBS; 150 mM NaCl, 20 mM 
phosphate buffer, pH 7.2) [19]. Conidial cells were grown 
on Petri plates containing Sabouraud-dextrose medium at 
25 °C. After 7 days of culture, conidial cells were obtained 
by washing the plate surface with PBS and filtered through 
gauze to remove hyphal fragments and debris. The conidial 
cells were counted using a Neubauer chamber.

Adherence to immobilized fibronectin

For adherence assays, 96-well polystyrene plates were ini-
tially coated with fibronectin at concentrations ranging from 
100 to 400 µg/mL [9, 16, 17]. In parallel, negative control 
wells were incubated only with BSA (400 µg/mL). The pro-
teins were dissolved in PBS and incubated overnight at 4 °C 
and then for 1 h at 37 °C. The plates were then blocked with 
1% (w/v) bovine serum albumin (BSA) in PBS for 1 h at 
37 °C, washed, and a solution containing 1 × 106 conidia 
was added to each well and incubated for 1 h at 37 °C. Non-
adherent conidial cells were removed by washing with PBS 
containing 0.05% (v/v) Tween-20. The reaction was devel-
oped using 3,3′,5,5′-tetramethylbenzidine (BD Biosciences, 
San Diego, CA) and the color intensity was determined 
at 490 nm using an automated plate reader. Results were 
expressed as absorbance at 490 nm (A490).

Interaction with soluble fibronectin

Conidial cells used for these experiments were initially fixed 
with 4% paraformaldehyde in PBS (pH 7.2) for 30 min, fol-
lowed by extensive washing in the same buffer. Fixed cells 
maintained their morphological integrity, as verified by 
microscopical observation. Subsequently, fungal cells were 
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incubated for 1 h with a solution containing different con-
centrations of fibronectin (ranging from 100 to 400 µg/mL) 
[9, 16, 17], and then incubated for an additional hour with 
a 1:100 dilution of rabbit anti-human fibronectin antibody 
(Sigma-Aldrich, USA). Finally, conidial cells were incu-
bated for 1 h with a 1:400 dilution of fluorescein isothio-
cyanate (FITC)-labeled goat anti-rabbit immunoglobulin G 
(IgG) (Sigma). The conidia were washed three times in PBS 
and examined in an EPICS ELITE flow cytometer (Coulter 
Electronics, Hialeah, FL) equipped with 15-mW argon laser 
emitting at 488 nm. Conidia treated only with the secondary 
antibody were used as control. Conidial cells were analyzed 
first to determine their autofluorescence and relative size. 
The mapped population (10,000 events) was analyzed for 
log green fluorescence by using a single-parameter histo-
gram. The results were expressed as mean of fluorescence 
intensity (MFI). In some experiments, the conidial suspen-
sions were incubated with 25 µg/mL of trypsin for 30 min 
at 37 °C. Proteolytic treatment was stopped by three washes 
with PBS containing 3% BSA. The trypsin-treated cells 
were washed with PBS and assayed for fibronectin binding 
by flow cytometry as described above, using 400 µg/mL of 
fibronectin for the initial incubation. In parallel, conidia and 
mycelia of S. apiospermum were incubated with 400 µg/mL, 
followed by incubation with anti-fibronectin antibody. The 
samples were then observed using a Zeiss epifluorescence 
microscope (Axioplan).

Evidence of fibronectin‑binding proteins

To prepare the fungal samples, conidia (1 × 108 cells) and 
mycelia (5 g) were suspended in 1 mL of PBS supplemented 
with 0.1% Triton X-100. An equivalent volume of glass 
beads (0.3 mm in diameter) was added to each suspension, 
and fungal cells were disrupted in a cell homogenizer (Braun 
Biotech International) by alternating 2-min shaking peri-
ods and 2-min cooling intervals (total of 20 cycles). The 
success of cell disruption was verified using a light micro-
scope (Zeiss, Germany). After removing the glass beads and 
centrifuging the samples, the protein concentration in the 
supernatants (whole fungal extracts) was determined using 
BSA as the protein standard [20]. Next, the protein extracts 
were separated by 12% SDS-PAGE and the polypeptides 
electrophoretically transferred to a nitrocellulose membrane 
at 4 °C at 100 V/300 mA for 2 h. The membrane was blocked 
with 5% (w/v) low-fat dried milk in PBS containing 0.5% 
Tween 20 (PBS/Tween) for 1 h at room temperature. Sub-
sequently, the membrane was washed three times (each for 
10 min) with the blocking solution and incubated separately 
with fibronectin at 10 µg/mL. After another three washes 
with the blocking solution (each for 10 min), the membrane 
was incubated with primary antibody rabbit anti-human 
fibronectin at 1:1500 for 1 h. Finally, the membrane was 

washed again and incubated with the secondary antibody 
peroxidase-conjugated goat anti-rabbit IgG. Immunoblots 
were exposed to X-ray film after reaction with ECL reagents 
for chemiluminescence [21].

Immunolocalization of fibronectin‑binding sites

Conidia were fixed for 1 h at 25 °C in 100 mM cacodylate 
buffer (pH 7.4) containing 0.2% glutaraldehyde, 1% picric 
acid, 4% paraformaldehyde, and 10 mM calcium chloride. 
The conidia were then washed in PBS with 3% BSA (PBS-
BSA), dehydrated in graded series of ethanol at 4 °C, and 
embedded in Unicryl resin at – 20 °C. Polymerization was 
carried out at – 20 °C under UV radiation for 96 h. Ultrathin 
sections were collected on nickel grids, quenched in 80 mM 
ammonium chloride in PBS for 30 min to neutralize free 
aldehyde groups, and transferred to blocking buffer (PBS 
supplemented with 0.01% Tween 20, 1.5% BSA, 0.5% fish 
gelatin, pH 7.4) for 1 h at room temperature. The grids were 
incubated with fibronectin at 10 µg/mL in PBS for 1 h, 
washed in PBS-BSA, subsequently incubated for 1 h with 
anti-fibronectin antibody (1:100 dilution). The samples were 
then washed twice with PBS-BSA and incubated for 1 h 
with gold-labeled (10 nm particle size) goat anti-rabbit IgG 
(1:100 dilution) as the secondary antibody. Controls were 
included in which incubation with the primary antibody was 
omitted (data not shown). Finally, the sections were then 
successively washed in PBS and water, stained with aque-
ous uranyl acetate and alkaline lead citrate, and observed in 
a ZEISS 900 transmission electron microscope.

Role of fibronectin‑binding molecules 
on the interaction with lung cells

The human adenocarcinoma alveolar basal epithelial cell 
line A549 (ATCC CCL-185) and the human fetal lung fibro-
blast cell line MRC-5 (ATCC CCL-171) were cultured in 
sterile 75-cm2 culture flasks containing Dulbecco’s modi-
fied Eagle medium (DMEM) supplemented with 10% heat-
inactivated fetal bovine serum (FBS) and 2 mM L-glutamine 
at 37 °C in a 5% CO2 atmosphere. To verify the importance 
of fibronectin-binding proteins in the interaction between 
S. apiospermum and lung cells, 1 × 106 conidia/mL in PBS 
was incubated at room temperature for 1 h in the absence 
(control) or presence of soluble fibronectin at 100, 200 or 
400 μg/mL [9, 16, 17]. Alternatively, lung cells were incu-
bated with anti-fibronectin antibodies (Sigma) at 1:100, 
1:200, or 1:400 dilutions. As controls, conidia were treated 
with BSA 400 μg/mL and lung cells were treated with irrel-
evant IgG. The systems were washed three times with PBS 
and allowed to interact in a proportion of 10:1 (fungi:lung 
cell) for 2 h at 37 °C and at 5% CO2. Then, the systems 
were washed with PBS and the coverslips containing the 
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interactions were fixed with Bouin’s solution for 10 min, 
washed with alcohol to remove excess Bouin’s solution, and 
then washed exhaustively with distilled water. The coverslips 
were stained with Giemsa for 90 min, and then subjected to 
a battery of acetone/xylene. The percentage of infected lung 
cells was determined by randomly counting 200 lung cells 
on each of triplicate coverslips from three different experi-
mental sets. The association index was obtained by multiply-
ing the percentage of infected lung cells by the number of 
fungi per infected lung cell.

Statistical analyses

All experiments were performed in triplicate, in three inde-
pendent experimental sets. The results were analyzed statis-
tically by Student’s t-test (in the comparisons between two 
groups). In all analyses, P values of 0.05 or less were con-
sidered statistically significant. All analyses were performed 
using the program GraphPad Prism version 6.0 (GraphPad 
Software, San Diego, CA, USA).

Results

S. apiospermum conidia bind to immobilized 
and soluble fibronectin

The ability of S. apiospermum conidial cells to bind to 
immobilized fibronectin adsorbed on a polystyrene surface 

was evaluated by ELISA method. The results showed a 
typical concentration-dependent effect of fibronectin on 
the number of adhered conidia (Fig. 1A). In contrast, the 
adhesion of S. apiospermum conidial cells to BSA-coated 
polystyrene, used as protein control, was significantly 
reduced (about 20-fold) compared to the surface coated with 
fibronectin, using both proteins at a concentration of 400 μg/
mL (Fig. 1A).

The characteristics of fibronectin binding to S. apiosper-
mum conidia were further investigated by flow cytometry 
assay. Analysis of conidia incubated with soluble fibronectin 
at various concentrations showed a dose-dependent binding 
of the ligand to the fungal cells (Fig. 1B). To characterize 
the biochemical nature of the binding sites, conidia were 
treated with trypsin and then their ability to bind fibronec-
tin was analyzed by flow cytometry (Fig. 1B). Proteolytic 
treatment of the conidial cells greatly reduced the binding 
of the ligand to conidia to levels similar to those detected in 
conidia incubated only with PBS (Fig. 1B).

Identification of S. apiospermum components 
that bind fibronectin

The statement describes a set of experiments in which 
potential fungal ligands to fibronectin were investigated. 
Firstly, whole extracts from both conidial and mycelial 
cells were transferred to a nitrocellulose membrane and 
sequentially incubated with fibronectin and anti-fibronec-
tin antibodies. The results showed that fibronectin bound 
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Fig. 1   Binding of S. apiospermum conidia to soluble and immobi-
lized human fibronectin. A Analysis of conidia binding to immobi-
lized fibronectin by ELISA method. A solution of conidia (1 × 106 
cells) was added to fibronectin immobilized in 96-well polysty-
rene plates for 1  h at 37  °C. The reaction was developed using 
3,3′,5,5′-tetramethylbenzidine and the color intensity was determined 
at 490  nm. Negative control wells were incubated only with BSA 
(400 µg/mL). B Analysis of conidia binding to soluble fibronectin by 
flow cytometry. Paraformaldehyde-fixed conidia (1 × 106 cells) were 

sequentially incubated with soluble fibronectin at different concentra-
tions, followed with anti-fibronectin antibody and FITC-labeled anti-
IgG. Conidia treated only with the secondary antibody were used as 
control (autofluorescence). Trypsin treated conidial cells were also 
used before adding fibronectin in order to check the proteinaceous 
nature of the potential ligand. The results were expressed as mean of 
fluorescence intensity (MFI). The symbols indicate the experimental 
systems considered statistically significant from the control (P < 0.05; 
Student’s t-test)
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to at least seven polypeptides with molecular masses 
ranging from 17 to 55 kDa in both conidial and mycelial 
homogenates (Fig. 2A). The absence of polypeptide bands 
when the nitrocellulose membrane was neither incubated 
with fibronectin solution nor anti-fibronectin antibodies 
indicates that the observed binding between fibronectin 
and the fungal extracts is specific (Fig. 2A). Secondly, the 
fungal cells were observed using fluorescence microscopy 
in order to detect the fibronectin-binding molecules. The 
fluorescence observed in both conidia and mycelia of S. 
apiospermum indicated their interaction with fibronectin 
(Fig. 2B). It is worth noting that variations in fibronectin 
binding were detected within the cell population (Fig. 2B). 
Thirdly, the cellular distribution of the fibronectin-binding 
molecules in S. apiospermum conidial cells was investi-
gated through immunocytochemistry analysis (Fig. 2C). 

Gold particles were clearly detected in fungal cell wall 
and in intracellular compartments (cytoplasm) (Fig. 2C).

Participation of fibronectin‑binding molecules 
on the interaction of S. apiospermum with lung cells

Recognition and attachment are primary and essential 
steps in the interaction process of live cells. Therefore, 
surface fungal molecules must be able to bind to their cor-
respondent receptors in host cells. Based on these prem-
ises, herein, experiments were conducted to investigate 
the role of surface-located fibronectin-binding molecules 
of S. apiospermum in the adhesion to mammalian cells. 
Specifically, interaction assays were performed between 
S. apiospermum conidia and two lung cell lines (A549 
and MRC-5) in the presence of soluble fibronectin and 

Fig. 2   Localization of fibronectin-binding sites in S. apiospermum 
cells. A Detection of fibronectin-binding proteins in S. apiospermum 
conidial and mycelial whole extracts was carried out using a Western 
blotting assay. A control was included by incubating the membrane 
only with the secondary antibody, omitting the previous incuba-
tion with fibronectin. The numbers on the right refer to the molecu-
lar masses of standard proteins, expressed in kilodalton (kDa). B 
Fluorescence microscopy showing binding of soluble fibronectin to 

conidia (a phase-contrast microscopy; b fluorescence microscopy) 
and mycelia (c phase-contrast microscopy; d fluorescence micros-
copy) of S. apiospermum. Bars: 4 µm. C Immunocytochemical locali-
zation of fibronectin-binding sites in S. apiospermum conidia. Labe-
ling is evident in intracellular compartments (arrowhead) and fungal 
cell wall (arrow). Bars: 4 µm (left image), 0.5 µm (center image), and 
1 µm (right image)
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anti-fibronectin antibodies (Fig. 3). Our results evidenced 
that the pre-treatment of S. apiospermum conidial cells 
with soluble fibronectin inhibited the association indexes 
with both epithelial (A549) and fibroblast (MRC-5) cells 
in a classical dose-dependent fashion (Fig. 3). A similar 
inhibition profile was obtained when lung cells were pre-
incubated with the anti-fibronectin antibodies (Fig. 3). 
Conversely, conidia pre-treated with soluble BSA as 
well as lung cells pre-incubated with irrelevant antibod-
ies showed association indexes similar to those of the 
control systems (Fig. 3).

Discussion

Fibronectin is a large glycoprotein present in the extracellular 
matrix and coating epithelial cells. It is also found circulating 
in plasma, and its soluble form can be found in inflammatory 
secretions [11, 22]. Numerous studies have reported the cru-
cial role of binding to extracellular matrix proteins in micro-
bial pathogenesis, as it enables tissue damage and invasion 
[10]. Is it well known that Candida species bind to soluble 

fibronectin via protein surface receptors. For instance, C. 
tropicalis has a 105-kDa fibronectin-binding protein on its 
surface [11, 23, 24]. The interaction of human fibronectin 
with C. glabrata is mediated by the epithelial adhesin 6 
(Epa6), which is expressed on the surface of yeast cells [25]. 
In C. albicans, the cytosolic glycolytic enzyme glyceralde-
hyde-3-phosphate dehydrogenase (GAPDH) has also been 
detected on the outer surface of the yeast cell wall and it 
has been implicated in mediating adhesion of fungal cells to 
fibronectin [26]. The interaction between soluble fibronectin 
and Candida could be an essential event in the dissemination 
process in vivo, where the microorganism would gain access 
to the interstitial space [23]. After binding to fibronectin, 
C. albicans would be able to secrete proteolytic enzymes, 
especially aspartic peptidase 2 (Sap2), capable of degrading 
this protein constituent [27]. In a previous study developed by 
our group, we found that the metallopeptidases secreted by S. 
apiospermum were capable of hydrolyzing human fibronectin 
[19]. However, nothing is known about the ability of this 
fungus to bind to this multifunctional protein. In the present 
study, we demonstrated that S. apiospermum conidia and 
mycelia can bind to human fibronectin, and this process is 

Fig. 3   Participation of the 
fibronectin-binding molecules 
of S. apiospermum in the 
interaction with target host cells 
(epithelial and fibroblast lung 
cells). Conidia were incubated 
in the presence or absence 
of soluble human fibronectin 
at different concentrations (100–
400 μg/ml) or with soluble BSA 
(400 μg/ml) at room tempera-
ture for 1 h. Alternatively, lung 
epithelial and fibroblast cells 
(A549 and MRC-5 lineages, 
respectively) were incubated 
with anti-fibronectin antibody 
at 1:100, 1:200, and 1:400 
dilutions or with irrelevant 
IgG (1:400) for 1 h at 37 °C in 
an atmosphere with 5% CO2. 
Posteriorly, fungi and lung cells 
were placed to interact in a pro-
portion of 10:1, respectively, for 
2 h at 37 °C at 5% CO2. After 
the interaction period, the sys-
tems were washed and stained 
with Giemsa for subsequent 
determination of association 
indexes. The symbols indicate 
the experimental systems con-
sidered statistically significant 
from the control (P < 0.05; 
Student’s t-test)
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relevant for the interaction between conidia and lung cells 
to occur.

The binding of S. apiospermum conidial cells to immo-
bilized fibronectin was both specific and a dose-depend-
ent event. The presence of fibronectin-binding molecules 
appears to be uniformly distributed on the surface of either 
conidial or mycelial cells, indicating that the expression of 
these molecules is not suppressed during cell differentiation. 
Similar findings were reported for Sporothrix schenckii, in 
which the presence of binding molecules for fibronectin and 
laminin was detected in conidia, hyphae, and yeasts [28]. 
However, contrasting data were obtained in studies con-
ducted with Penicillium marneffei, in which the presence of 
fibronectin-binding molecules was reported in the conidia 
and phialides but not in the hyphae [17, 29].

The polypeptide profile corresponding to the fibronectin-
binding molecules from the whole extract of conidia and 
mycelia of S. apiospermum revealed a very similar labeling 
pattern, indicating seven polypeptide bands ranging from 
17 to 55 kDa. These data support the absence of promi-
nent modulation in the expression of fibronectin-binding 
molecules based on the morphotype of S. apiospermum. In 
Aspergillus fumigatus, the binding to fibronectin is mediated 
by two polypeptides with apparent molecular masses of 23 
and 30 kDa, as well as the cell wall adhesin galactosami-
nogalactan [9, 30, 31]. Additionally, the enzymatic removal 
of sialic acid from the surface of A. fumigatus decreased 
the adherence of conidia to fibronectin by more than 65% 
[32], demonstrating the role of surface negatively charged 
carbohydrates of A. fumigatus in the adhesion to extracel-
lular matrix components. Furthermore, the pretreatment of 
A. fumigatus with trypsin significantly reduced fibronectin 
binding, suggesting the presence of protein-binding sites 
on the surface of conidia [9]. A similar approach was used 
in our present study, which demonstrated that fibronectin-
binding molecules of S. apiospermum conidia were removed 
from the fungal surface after trypsin treatment, as shown by 
flow cytometry assays.

It is known that S. apiospermum is capable of adher-
ing to and invading epithelial, fibroblast, and macrophage 
cells, which are essential processes for the course of 
infection [4, 5]. For instance, our research group dem-
onstrated that germinated conidia of S. apiospermum can 
penetrate the plasma membrane of mammalian cells, lead-
ing to irreversible damage that culminates in host cell 
death [4, 5]. However, further studies are necessary to 
clarify the adhesins present in the cell wall of S. apiosper-
mum as well as the receptors present in the host cells. In 
this context, the interaction process between the conidia 
of S. apiospermum and larynx carcinoma cells (HEp2) 
occurs partially via peptidorhamnomannan (PRM) mol-
ecules, which are peptidopolysaccharides located in the 
fungal cell wall, and a 25-kDa surface polypeptide on the 

HEp2 plasma membrane [33]. The PRM molecules also 
mediated the in vitro interaction between Lomentospora 
prolificans (formerly S. prolificans) conidia and mouse 
peritoneal macrophages [34]. Moreover, the α-glucan 
extracted from the cell wall of S. apiospermum partially 
mediated the phagocytosis of conidia by both macrophage 
and dendritic cells [35].

Due to the scarcity of data on S. apiospermum mol-
ecules involved in adhesion events, we decided to explore 
the role of fibronectin and fibronectin-binding molecules 
in the interaction between S. apiospermum and target host 
cells. We found that pre-treating lung cells (epithelial and 
fibroblast cells) with anti-fibronectin antibodies, as well 
as pre-incubating conidia with soluble fibronectin, sig-
nificantly decreased adhesion events in a dose-dependent 
manner. Taken together, these results demonstrate that 
fibronectin plays a role in the S. apiospermum-host inter-
action. Similarly, the interaction between Paracoccidi-
oides brasiliensis conidia and A549 cells involves either 
fibronectin or fibrinogen located at the surface of epithelial 
lung cells [36]. The ability to adhere to epithelial cells 
may represent a mechanism by which the infective conid-
ial cells avoid entrapment within the mucus that covers the 
respiratory ducts and physical removal by the movement 
of ciliary cells, thereby playing a role in pathogenesis. 
Interestingly, dexamethasone can increase invasiveness of 
A. fumigatus conidia by promoting fibronectin expression, 
which may partially explain why patients who are given 
large doses of glucocorticoids for extended periods are 
more susceptible to develop aspergillosis [37].

Conclusions

The results exposed in the present work demonstrated that 
fibronectin binding is an important event in the interaction 
of S. apiospermum conidia with target host cells, expand-
ing the current knowledge on fungal molecules with adhe-
sive properties. This fact leads us to assume that, as with 
other pathogens, the ability to adhere to fibronectin may be 
an essential step in the pathogenesis of S. apiospermum. 
However, the purification of the probable(s) adhesin(s) 
and the identification of receptors present in host cells are 
necessary to confirm this assumption.
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