
and morphological transition to the yeast forms thanks to 

the increased body temperature [2]. During this process, 

the initial adherence of  P. brasiliensis  to lung epithelial 

cells is considered to be an essential event [3,4]. In fact, 

adherence has been described as a mechanism by which 

pathogenic fungi initially avoid entrapment by respiratory 

tract mucus and later on their elimination by mucigen-

producing ciliary cells [4]. 

 Several proteins have been shown to be involved in the 

adherence of  P. brasiliensis , to host cells [5]. Among them 

is a 32-kDa protein present in cell wall protein extracts of 

 P. brasiliensis . Gonzalez and co-workers showed that this 

32-KDa protein is able to bind to extracellular matrix pro-

teins (ECM), including laminin, fi bronectin, and fi brino-

gen, and is involved in the initial conidial adherence to 

pulmonary epithelial cells, suggesting it acts as a bridge 

between host and fungal cell types [3,6]. Recently, our 

group characterized this 32-kDa protein as a member of 

the hydrolase family of proteins (gene PbHAD32) [7]. 
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 Adherence of the dimorphic pathogenic fungus  Paracoccidioides brasiliensis  to lung 
epithelial cells is considered an essential event for the establishment of infection. We 
have previously shown that the  PbHAD32  hydrolase is important in this early stage of 
the host -P. brasiliensis  yeast cells interaction. The aim of this study was to further eluci-
date the role of  PbHAD32  in conidial thermodimorphism and their interaction with lung 
epithelial cells. Analysis of the  PbHAD32  gene expression revealed higher mRNA levels 
during the conidia to mycelia (C – M) germination when compared to the conidia to yeast 
(C – Y) transition. Moreover,  PbHAD32  was consistently expressed at higher levels upon 
infection of lung epithelial cells, but to a greater extent when conidia germinated to 
produce mycelia. Interestingly, at this particular transitional stage, more conidia adhered 
to epithelial cells than when they were transiting to the yeast form. Altogether our data 
further corroborates the importance of  PbHAD32  during initial adherence to host cells 
and suggest that the 32-KDa hydrolase may also participate at different stages of the 
C – M and C – Y conversions.  

  Keywords   Paracoccidioides brasiliensis  ,   adherence  ,   gene expression  ,   down regulation   

  Introduction 

 Paracoccidioidomycosis (PCM) is an important systemic 

mycosis common in Latin America and is caused by the 

thermodimorphic fungus  Paracoccidioides brasiliensis  [1]. 

Fungal conidia, considered the infectious particles, have a 

low metabolic activity but are capable of germinating to 

mycelia at environmental temperatures (18 – 24 ° C) and to the 

pathogenic yeast forms at host temperatures (36 – 37 ° C) [2]. 

The infection is acquired when conidia, or small mycelial 

fragments, reach the lung alveoli where the initial interac-

tion with host cells takes place, followed by phagocytosis 
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We proved that decreasing the expression of  PbHAD32  in 

 P. brasiliensis  yeast cells reduced their capability to adhere 

to human lung epithelial cells and signifi cantly decreased 

virulence in a mouse model of infection [7]. Taking into 

account that conidia are considered as infectious particles, 

we aimed to further elucidate the role of  PbHAD32  during 

 P. brasiliensis  thermal dimorphism and interaction with 

human lung epithelial cells.   

 Materials and methods  

 Microorganisms and culture media 

 The  P. brasiliensis  strains used during this work were the 

wild-type strain ATCC 60855 (PbWt) and a strain previ-

ously generated in our laboratory by antisense RNA tech-

nology with an 80% reduced gene expression of  PbHAD32  

( PbHAD32 -aRNA) [7].  P. brasiliensis  yeast and mycelial 

cells were maintained at 36 ° C and 18 ° C, respectively, by 

sub-culturing in brain heart infusion (BHI) solid media 

supplemented with 1% glucose (Becton Dickinson and 

Company, Sparks, MD, USA) and synthetic McVeigh Mor-

ton (SMVM) medium at 20 ° C, respectively [8].  P. brasil-
iensis  conidia were produced as previously described using 

the glass-wool fi ltration protocol [9]. Cell quantifi cation 

and viability were determined using Neubauer chamber 

counting and ethidium bromide-fl uorescence staining pro-

cedures, respectively [10].   

 Morphological transition assays 

 The morphological transition was evaluated in both PbWt and 

 PbHAD32 -aRNA strains. The morphological changes were 

performed in BHI liquid medium stimulating C – M germina-

tion at 18 ° C and C – Y transition at 36 ° C during 24 and 48 h 

for both adherence and gene expression assays. All assays 

were carried out in 250 ml Erlenmeyer fl asks with 100 ml of 

medium. Culture samples (20 ml) were collected for RNA 

extraction and quantifi cation of  PbHAD32  gene expression 

during the transition process at defi ned time points [11].   

 Adherence of P. brasiliensis to A549 cells 

 The human lung epithelial cell line A549 was obtained 

from the European Collection of Cell Cultures (ECACC). 

Cells were grown in Dulbecco’s Modifi ed Eagle Medium 

(DMEM) supplemented with 10% (v/v) fetal bovine serum 

(FBS). For the adherence assays, we used confl uent mono-

layers obtained by adding 4  �  10 5  cells per well to 24-well 

tissue culture plates (Nunc, Kamstrup, Denmark). Cells 

were incubated for 24 h at 36 ° C with 5% CO 2  prior to 

evaluating interaction with PbWt or  PbHAD32 -aRNA cells. 

A549 cell monolayers were washed once with DMEM 

culture medium and co-cultured with  P. brasiliensis  conidia 

at a concentration of 4  �  10 5  conidia per well and incubated 

for 1 and 3 h at 36 ° C and 5% CO 2 . Culture supernatant was 

then removed, the monolayers were lysed, conidia adherent 

to epithelial cells were collected, and dilutions of these 

suspensions were inoculated onto plates of BHI supple-

mented with 0.5% glucose, 4% horse serum and EDTA 

300 mM [12]. These results were compared with the num-

ber of conidia that had been added to each well. Percentage 

of adherence was expressed as the number of CFUs obtained 

from each experimental well, ( P. brasiliensis  conidia cells 

and A549 cells) divided by the number of CFUs in the 

controls, ( P. brasiliensis  conidia cells alone). The viability 

of  P. brasiliensis  conidia was also evaluated after 24 h post-

infection by determining CFUs and ethidium bromide-

fl uorescence staining as described above [10,12].   

 Gene expression analysis 

 Total RNA was obtained after interaction of PbWt and 

 PbHAD32 -aRNA conidia with A549 cells by treatment with 

TRIzol (Invitrogen, Carlsbad, CA, USA). Total RNA was 

treated with DNase I (Invitrogen, Carlsbad, CA, USA) and 

tested using a conventional PCR with  β -tubulin primers [13] 

to confi rm absence of chromosomal DNA contamination. 

cDNA was synthesized using 1  μ g of total RNA with Super-

Script III reverse transcriptase according to the manufacturer ’ s 

instructions (Invitrogen, Carlsbad). Real-time PCR (qPCR) 

was performed using SuperScript III Platinum Two-Step qRT-

PCR Kit with SYBR Green, according to the manufacturer ’ s 

instructions (Invitrogen). The CFX96 real-time PCR Detec-

tion System (Bio-Rad, Headquarters Hercules, CA, USA) 

was used to measure  PbHAD32  and  β -tubulin ( TUB2 , house 

keeping gene) gene expression. Melting curve analysis was 

performed after the amplifi cation phase to eliminate the pos-

sibility of nonspecifi c amplifi cation or primer-dimer forma-

tion. Fold changes in mRNA expression were calculated using 

the 2  Δ  Δ CT  formula [14]. Each experiment was performed in 

triplicate and the expression level was measured three times.   

 Statistics 

 Data are reported as mean  �  standard error of the mean. 

All statistical analysis was performed using SPSS statistics 

17.0 program with analysis of variance between groups 

(ANOVA). A  P  value less than or equal to 0.05 was con-

sidered statistically signifi cant.    

 Results  

 PbHAD32 gene expression is higher during the conidial 

to mycelial (C – M) germination process 

 We initially analyzed  PbHAD32 ’  s gene expression during 

the C – M germination and the C – Y transition processes. 
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Gene expression was signifi cantly increased in PbWt cells 

throughout the 96 h of C – M germination (Fig. 1). In con-

trast,  PbHAD32  mRNA was undetected during the fi rst 

48 h of the C – Y transition process, only reaching signifi -

cant levels at 72 h, but always at lower levels than in the 

mycelial form during the C – M germination. In addition, 

 PbHAD32  expression was signifi cantly higher in the myce-

lia than in the yeast cells. Regarding  PbHAD32 -aRNA 

conidia, PbHAD32 mRNA was undetectable throughout 

the C – Y transition or C – M germination processes (data not 

shown).   

 PbHAD32 plays a role in adherence of P. brasiliensis 

conidia to human epithelial lung cells 

 To help clarify the role of  PbHAD32  in the adherence of 

 P. brasiliensis  conidia to host cells, we infected A549 epi-

thelial human lung cells with both PbWt and  PbHAD32 -

aRNA conidia. The adherence of  PbHAD32 -aRNA conidia 

to epithelial cells was signifi cantly decreased 1 and 3 h 

post-infection when compared to those of PbWt (Fig. 2A). 

Moreover, we evaluated  PbHAD32  gene expression in 

the presence and absence of epithelial cells. Interaction 

with these cells signifi cantly increased  PbHAD32  gene 

expression in PbWt conidia after 3 h (Fig. 2B). On the 

other hand,  PbHAD32 -aRNA conidia maintained low gene 

expression levels either in the presence or absence of epi-

thelial cells.   

 The induction of C-M germination in PbWt increases cellular 

adherence and PbHAD32 gene expression 

 To evaluate the relevance of the initial steps of thermodi-

morphism of  P. brasiliensis  conidia in their adherence to 

human epithelial lung cells, we independently induced the 

   Fig. 1  Gene expression levels of  PbHAD32  during  P. brasiliensis  conidia-to-yeast (C – Y) transition and conidia-to-mycelia (C – M) germination 

( *  P   �  0.05 in comparison with conidia).  

   Fig. 2   PbHAD32  plays an important role during interaction of non-

stimulated  P. brasiliensis  conidia and human epithelial lung cells. (A) 

Adherence percentage of PbWt and  PbHAD32 -aRNA conidia to epithelial 

cells after 1 and 3 hours of interaction. (B) Gene expression level of 

 PbHAD32  in PbWt and  PbHAD32 -aRNA conidia after 1 and 3 hours in 

the absence and the presence of epithelial cells ( *  P   �  0.05 in comparison 

with the  PbHAD32 -aRNA strain).  

C – Y transition and the C – M germination for 24 and 48 h 

prior to infection of A549 cells. As shown previously in 

this work (Fig. 2A), we consistently observed a signifi cant 

reduction in adherence of  PbHAD32 -aRNA conidia when 

D
ow

nloaded from
 https://academ

ic.oup.com
/m

m
y/article/50/5/533/1040517 by guest on 19 O

ctober 2021



© 2012 ISHAM, Medical Mycology, 50, 533–537

  536    Hern á ndez  Hern á ndez  et et al  ..  

compared to PbWt. PbWt and  PbHAD32 -aRNA conidia 

that were previously stimulated during 24 and 48 h to 

either germinate to mycelia or convert to yeasts, exhibited 

an increased adherence to epithelial cells after 1 and 3 h 

(Fig. 3A, 3B) when compared to non-stimulated PbWt 

conidia (Fig. 2A). Interestingly, PbWt conidia germinating 

to mycelia exhibited a signifi cantly increased adherence 

when compared to conidia converting to the yeast form 

(Fig. 3A, 3B). 

 We also measured  PbHAD32  gene expression under 

the same conditions (Fig. 3C, 3D). As shown previously 

(Fig. 2B), the absence of epithelial lung cells did not induce 

 PbHAD32  gene expression in either PbWt or  PbHAD32 -

aRNA conidia (data not shown). Moreover,  PbHAD32  gene 

expression levels were at low values for  PbHAD32 -aRNA 

conidia under all the experimental conditions tested. On 

the other hand,  PbHAD32  mRNA levels were signifi cantly 

increased in PbWt conidia subjected to either germinating 

(C – M) or transiting (C – Y) conditions prior to infection of 

epithelial cells. More importantly, PbWt conidia germinat-

ing to mycelia expressed signifi cantly higher  PbHAD32  

levels in comparison with conidia converting to the yeast 

form (Fig. 3C, 3D).    

 Discussion 

 The interaction of clinically relevant dimorphic fungi, such 

as  P. brasiliensis , with host cells and their subsequent 

adherence constitute an important step in their avoiding 

elimination by the host and thereby allowing their internal-

ization into the target cells, the establishment of the initial 

focus of infection and dissemination to other organs [4]. 

We have previously suggested that the 32-KDa hydrolase, 

encoded by  PbHAD32 , plays an important role in adher-

ence of  P. brasiliensis  yeast cells to epithelial lung cells [7]. 

The aim of the present study was to evaluate the relevance 

of  PbHAD32  in adherence of conidia to epithelial lung 

cells. Although conidia are generally accepted as primary 

infectious particles in paracoccidioidomycosis, experimen-

tal designs using conidia in  P. brasiliensis  research have 

been restricted to few laboratories, thus hampering the elu-

cidation of the infectious process. This is the fi rst study 

   Fig. 3  Stimulation of  P. brasiliensis  conidia to transit to yeast cells or germinate mycelia alters adherence and  PbHAD32  gene expression upon 

interaction with human epithelial lung cells. (A) Adherence percentage of conidia stimulated to transit to yeast or germinate to mycelia during 24 hours 

before interaction with epithelial cells. (B) Adherence percentage of conidia stimulated to transit to yeast or germinate to mycelia during 48 hours before 

interaction with epithelial cells. (C)  PbHAD32  gene expression of conidia stimulated to transit to yeast or and germinate to mycelia during 24 hours 

before interaction with epithelial cells. (D)  PbHAD32  gene expression of conidia stimulated to transit to yeast or and germinate to mycelia during 

48 hours before interaction with epithelial cells. ( *  P   �  0.05 in comparison with the  PbHAD32 -aRNA strain).  
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using  P. brasiliensis  conidia with gene expression modu-

lated by aRNA technology. 

 Previous works showed that the 32-KDa protein is a 

constitutive component of the cell wall of conidia, mycelia, 

and yeast cells [6]. Our data demonstrate that  PbHAD32  

transcription level is higher in mycelia and during the C – M 

germination than in yeast cells or during the C – Y transi-

tion. For all studied scenarios,  PbHAD32  gene expression 

and adherence to epithelial lung cells was signifi cantly 

higher for conidia germinating to mycelia than for conidia 

converting to yeast. These results seem to concur with our 

data showing an increased expression of  PbHAD32  during 

the C – M process. These data suggest that the germinating 

conidia may respond more effi ciently to the host cell stim-

uli that trigger the molecular mechanisms behind the adher-

ence process of  P. brasiliensis  cells. 

 Altogether, our results not only further support the rel-

evance of  PbHAD32  during the initial interaction with host 

cells, but also raise important issues regarding the role of 

this protein during  P. brasiliensis  life cycle and adaptation 

to different environments. Future studies may be conducted 

to elucidate to what extent  PbHAD32  is vital during the 

initial steps of infection with  P. brasiliensis  conidia with 

aRNA-modulated gene expression.   
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