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Abstract

Dimorphic human pathogenic fungi interact with host effector cells resisting their microbicidal
mechanisms. Yeast cells are able of surviving within the tough environment of the phagolysosome
by expressing an antioxidant defense system that provides protection against host-derived reactive
oxygen species (ROS). This includes the production of catalases (CATs). Here we identified and
analyzed the role of CAT isoforms in Paracoccidioides, the etiological agent of
paracoccidioidomyecosis. Firstly, we found that one of these isoforms was absent in the closely
related dimorphic pathogen Coccidioides and dermatophytes, but all of them were conserved in
Paracoccidioides, Histoplasmaand Blastomyces species. We probed the contribution of CATs in
Paracoccidioides by determining the gene expression levels of each isoform through quantitative
RT-gPCR, in both the yeast and mycelia phases, and during the morphological switch (transition
and germination), as well as in response to oxidative agents and during interaction with
neutrophils. POCATP was preferentially expressed in the pathogenic yeast phase, and was
associated to the response against exogenous H,O,. Therefore, we created and analyzed the
virulence defects of a knockdown strain for this isoform, and found that CATP protects yeast cells
from H,0, generated /n vitro and is relevant during lung infection. On the other hand, CA7A and
CATB seem to contribute to ROS homeostasis in Paracoccidioides cells, during endogenous
oxidative stress. CAT isoforms in Paracoccidioides might be coordinately regulated during
development and dimorphism, and differentially expressed in response to different stresses to
control ROS homeostasis during the infectious process, contributing to the virulence of
Paracoccidioides.
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1. Introduction

Dimorphic fungal pathogens are the commonest cause of invasive fungal diseases worldwide
infecting immunocompetent and immunocompromised hosts and accounting for several
million infections each year (Buitrago and Cuenca-Estrella, 2012; Colombo et al., 2011;
Sifuentes-Osornio et al., 2012). The largest cluster of thermally dimorphic fungi includes the
genera Histoplasma, Blastomyces, Coccidioides, and Paracoccidioides in the order
Onygenales. Dimorphism in these species involves the ability to switch between two
different morphologies in response to external stimuli, primarily temperature. At 22-25°C,
they grow as molds that produce infectious conidia, while at 37°C they grow as yeast-like
forms (Histoplasma, Blastomyces and Paracoccidioides) or as spherules (Coccidioides)
(Boyce and Andrianopoulos, 2015).

The ability of these pathogens to cause disease entails their capability to survive inside their
human host (Missall et al., 2004). They have evolved mechanisms that allow them to adapt
and grow within the host and cause disease (de Oliveira et al., 2015; Perez-Nadales et al.,
2014). Once inside the host, dimorphic fungi are challenged by a higher temperature that not
only induces the transition to the parasitic form, but also increases the generation of Reactive
Oxygen Species (ROS), as well as the oxidative damage resulting from the inhibition of the
mitochondrial respiration (Martins et al., 2011; Ruiz et al., 2011; Vacca et al., 2004). In
addition, the fungus faces other sources of oxidative stress from phagocytic cells, mainly
from neutrophils (PMNs) and activated macrophages (Robinson et al., 2004).

These pathogenic fungi are able of surviving within the tough conditions imposed by
phagocytic cells, especially when the formation of the phagolysosome takes place. This
suggests the presence of an antioxidant defense system that provides protection to the fungus
against host-derived ROS (Giles et al., 2006). Oxidative stress has been proven to trigger
changes in gene expression, changes that are required for expression of fungal virulence and
pathogenicity traits, and include the expression of superoxide dismutases (SODs) (Tamayo
et al., 2016; Youseff et al., 2012), glutathione/thioredoxin system, cytochrome C peroxidase
(CCP) (Parente-Rocha et al., 2015) and catalases (CATs) (Chagas et al., 2008; Holbrook et
al., 2013). CATs are ubiquitous in aerobic organisms and provide protection against the
oxidative stress resulting from exogenous and endogenous ROS (Chelikani et al., 2004;
Giles et al., 2006). In fungal pathogens such as Blastomyces, Histoplasma, Paracoccidioides,
among others, CAT genes encode a small family of proteins including CA7A, CATB and
CATP, which catalyze the decomposition of hydrogen peroxide (H,05) into oxygen and
water (Chagas et al., 2008; Holbrook et al., 2013; Loew, 1900; Munoz et al., 2015). H,O»
toxicity relies on the products formed during its interaction with ferrous iron (Fe2*) via the
Fenton reaction. In the presence of Fe2*, H,0, is reduced to hydroxyl anion (OH") and
hydroxyl radical (-OH). Although the latter radical has a fleeting nature and a short diffusion
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distance, it is highly nonselective and is the most active oxidant among the ROS. Due to its
transience, living organisms have not developed specific enzymatic systems for its
detoxification; thus, the best way to protect the cell against the deleterious effects of this
radical is preventing its production (Imlay et al., 1988; Lushchak, 2011). In this way, the
presence of CATs allow cells to destroy H,O5 radicals, reducing the probability of
converting the peroxide produced by phagocytic cells into more potent and potentially toxic
microbicidal reactive oxygen intermediates. Consequently, in the absence of these H,O,-
detoxifying enzymes, increased fungal damage can be expected to occur (Henriet et al.,
2011).

Paracoccidioides is the etiological agent of paracoccidioidomycosis (PCM), one of the most
prevalent systemic mycosis in Latin America (Colombo et al., 2011). In endemic areas, the
estimated incidence is approximately one to three cases per 100.000 inhabitants per year
(Martinez, 2015). Phylogenetic analyses led to discover that the Paracoccidioides genus
compromises two species: £, brasiliensisand P, lutzii (Teixeira et al., 2009). In turn, 2
brasiliensis has been classified into different phylogenetic lineages (S1, PS2, PS3 and PS4)
(Hahn et al., 2014; Matute et al., 2006; Teixeira et al., 2014), and recently using population
genomics, we identified a deep split in the S1 group, breaking it into two lineages hamed
Slaand S1b (Munoz et al., 2016). Isolates among the £ brasiliensis and P. lutzii
phylogenetic lineages can infect humans, but they vary in their virulence and induce
different host immune responses (Gegembauer et al., 2014; Scorzoni et al., 2015).

Recently, we demonstrated that Paracoccidioides cells produce six SODs isoforms. From
these, PbSOD1 and PbSOD3 were involved in the fungus response against oxidative stress,
and were required for virulence in a mouse model of infection (Tamayo et al., 2016). In
addition to the latter genes, Paracoccidioides genome also encodes three CAT genes.
Moreira et al. 2004, Chagas et al. 2008 and 2010 studied the CATs in this dimorphic fungus.
These works suggested the possible role of CATPin defense against the oxidative stress
produced during the host-pathogen interactions (Chagas et al., 2010; Chagas et al., 2008;
Moreira et al., 2004). However, until now, the precise role of this enzyme had remained
elusive due to lack of feasible genetic molecular tools that could be applied to the study of
the Paracoccidioides genus, allowing specifically target candidate genes. Thus, in the present
study, we aimed to better understand the role of these enzymes during adaptation to the
host’s environment, specifically CATP.

We initially identified and analyzed the sequences of the CAT gene family members in
Paracoccidioides and other dimorphic fungal pathogens from Onygenales. Subsequently, we
studied the gene expression of the three isoforms and the susceptibility of Paracoccidioides
yeast cells to HyOo. £ brasiliensis strain ATCC 60855 was used to analyze the role of these
catalases under different conditions, including the morphological switch, exposure to
oxidative stress-inducing agents, and during interaction with human PMNSs. Subsequently,
the antisense RNA counterpart for CATP (PbCATP-aRNA) was used to facilitate the
functional tests performed here. The data here presented shows that POCATP seems to play
an important role in the removal of H,0, generated via different stimuli. In line with
previous studies performed in our laboratory, these results suggest that CATs and other
scavenger enzymes such as SODs (Tamayo et al., 2016) are differentially expressed during
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cell growth and dimorphism, as well as in response to distinct external stresses and within
the host.

2. Experimental procedures

2.1. Identification and sequence analysis of CAT isoforms

In order to identify and classify the CAT isoforms present in the genomes of
Paracoccidioides and other dimorphic pathogenic fungi, we used bidirectional BLAST
analysis v2.2.28+ with default parameters to identify sequence similarities (Altschul et al.,
1997), and ortholog matrices generated with OrthoMCL v1.4 with a markov inflation index
of 1.5 and a maximum e-value of 1e-5 using whole genome gene sets (Li et al., 2003).

We studied one representative strain from each of the lineages of Paracoccidioides. Pb18,
P03 and Pb01 were chosen to represent £ brasiliensis (S1, PS2) and £ lutzii lineages,
respectively (Desjardins et al., 2011; Munoz et al., 2014). For the PS3 lineage, and the
recently described PS4, we used the gene set of P0OCNH and Pb300 respectively (Munoz et
al., 2016). In addition, we identified CAT gene family orthologs in related dimorphic fungi
such as Coccidioides immitis, C. posadassfand Emmonsia, from dermatophytes
Trichophyton rubrum and Microsporum gypseum, and three Aspergillus species as outgroup
(Table S1). For all the identified CAT isoforms, protein domain conservation analyses were
done using InterProScan (Zdobnov and Apweiler, 2001), by sequence comparison with
InterPro collection of protein signature databases in the EMBL-EBI (http://www.ebi.ac.uk/
interpro/). Multiple sequence alignments were constructed using Muscle (Edgar, 2004), and
phylogenetic trees were constructed employing a distance computation method (Neighbor-
joining) (Saitou and Nei, 1987). Other features in the gene/protein sequences and
annotations of the CAT isoforms were identified using SignalP 4.1 (Petersen et al., 2011),
TargetP 1.1 (Emanuelsson et al., 2000) and PTS1 Predictor (Neuberger et al., 2003).

2.2. Microorganisms and growth conditions

At least one representative isolate from each phylogenetic lineages of Paracoccidioides spp.
was used (Table 1). R brasiliensis knockdown strains employed in this study were derived
from the background strain ATCC 60855 (PbWT). Paracoccidioides yeast cells were
maintained by sub-culturing in brain heart infusion (BHI) supplemented with 1% glucose
(Beckton Dickinson and Company, Sparks, MD), under constant agitation at 36°C, and at
20°C for the mycelia form, unless otherwise indicated. £ brasiliensis conidia were produced
and purified using the glass-wool filtration protocol, as described previously by Restrepo et
al. (Restrepo et al., 1986). In order to induce and evaluate the transition processes (conidia to
yeast (C-Y); mycelia to yeast (M-Y)) and the germination process (yeast to mycelia (Y-M)),
cells were incubated at 36°C or at 20°C, respectively, during 3, 12, 48 and 96 h, and kept
under constant agitation in a flask containing BHI, as previously reported by us (Garcia et
al., 2009; Tamayo et al., 2016). It is important to note that during the morphological switch
several fungal morphotypes coexist. Cultures during M-Y transition are characterized by the
presence of hyphae, differentiating hyphae (chlamydospore-like cells), transforming yeast
(production of multiple buds by the chlamydospore) and mature, multibudding yeast (Nunes,
Costa de Oliveira et al. 2005). During C-Y transition, cultures are characterized by the
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presence of conidia, intermediate cells and yeast cells. After 12 h, intermediate cells are
present, from 48 h onwards it is possible to observe the characteristic yeast cells, although,
they are more abundant at 72 h. Regarding to the C-M germination, conidia began to
germinate approximately at 24 h and the formation of branched mycelia occurs after 96 h
(Hernandez et al., 2011a; Hernandez et al., 2011b). Samples were collected for RNA
extraction and quantification of gene expression analyses during evaluated time points
(Tamayo et al., 2016).

We used Agrobacterium tumefaciens strain LBA1100 (Beijersbergen et al., 1992) as the

recipient for the binary vectors. Bacterial cells were maintained at 28°C in Luria—Bertani
(LB) medium containing kanamycin (100 mg/ml). Escherichia coli DH5a. was grown at

36°C in LB medium supplemented with kanamycin (50 mg/ml), and used as the host for
plasmid amplification and cloning.

2.3. Real-time RT-gPCR analysis

Total RNA was obtained using the Trizol reagent (Invitrogen®) according to manufacturer’s
instructions. As formerly described (Tamayo et al., 2016), the total RNA obtained was
treated with DNase | (Thermo Scientific®) and tested using a conventional PCR with -
tubulin primers to confirm the absence of chromosomal DNA contamination (Goldman et
al., 2003; Tamayo et al., 2016). cDNA was synthesized using 2 ug of total RNA with
Maxima® First Strand cDNA synthesis kit for RT-qPCR, according to the manufacturer’s
instructions (Fermentas®) (Tamayo et al., 2016).

Real-time PCR was carried out using a Maxima® SYBR Green/Fluorescein qPCR Master
Mix (2X; gRT-PCR) kit with SYBR green, according to the manufacturer’s instructions
(Fermentas®). The CFX96 real time PCR detection system (Bio-Rad, Hercules, CA) was
used to measure gene expression level of CAT isoforms encoded into the Paracoccidioides
genome. Primers were designed in order to anneal properly to each CAT transcript (Table
S2). Additionally, in Pb60855, CAT isoforms were evaluated in cells undergoing the
transition (C-Y and M-Y) as well as in the germination processes (C-M and Y-M). We also
evaluated gene expression in knockdown strains for POCATP gene, and in A brasiliensis
cells carrying the empty binary vector as a control (PbEV60855, see below construction of
knockdown and empty vector strains). Finally, we performed melting curve analysis after the
amplification phase. The B-tubulin gene (TUBES3, housekeeping gene) was used in order to
normalize the expression value of each CAT isoform. We also used the elongation factor 3
(7EF3) as a second normalizer control, finding no differences when compared with 7UBES3,
as previously reported by us (Tamayo et al., 2016). Each experiment was done in triplicate,
and the expression level was measured three times.

2.4. Construction of P. brasiliensis PDCATP-aRNA yeast cells

DNA from PbWT was extracted from yeast cells cultures during exponential growth. We
employed a Platinum high-fidelity Tag DNA polymerase (Invitrogen®) to amplify antisense
RNA (aRNA) fragments, designed on the sequence of POCATP gene (PADG_00324). Two
regions of the gene were selected in order to design six different aBRNA fragments and
generate the knockdown strains. Five of them were targeted at exon four (80, 120, 92, 106
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and 100-bp for POCATP-AS], AS2, AS3, AS4 and AS5, respectively) and one at exon three
(85-bp for POCATP-ASG). F. brasiliensis plasmid construction for aRNA and A.
tumefaciens-mediated transformation (ATMT) were performed as previously described
(Almeida et al., 2007). Briefly, the amplified PHCATP aRNA oligonucleotide was inserted
into the pCR35 plasmid under the control of the Calcium Binding Protein 1 (CBP-1)
promoter region from Histoplasma capsulatum (Rappleye et al., 2004). The pUR5750
plasmid was used as a parental binary vector to harbor this aRNA cassette within the transfer
DNA (T-DNA). The constructed binary vectors were introduced into A. fumefaciens
LBA1100 ultra competent cells by electroporation as described previously (den Dulk-Ras
and Hooykaas, 1995), and isolated by kanamycin selection (100 mg/ml).

In P, brasiliensis yeast cells, ATMT was done using A. tumefaciens cells harboring the
desired binary vector in order to obtain the knockdown strains, and were also transformed
with the empty parental vector pUR5750 (PbEV) as a control for the experiments. A 1:10 2
brasiliensis/A. tumefaciens ratio was employed during the 3 days period of co-culture at
28°C. Selection of P, brasiliensis transformants was performed in BHI solid media
containing hygromycin B (Hyg; 200mg/ml) over a 15 days incubation period at 36°C.
Randomly selected Hyg resistant transformants were tested for mitotic stability and insertion
of the T-DNA. The presence of the hygromycin B resistance cassette was confirmed by PCR
analysis to detect an HPH 1000-bp amplification product in PbEV and POCATP-aRNA
isolates (Figure S1). Also, PbCATP-aRNA and PbEV strains were successively sub-cultured
on BHI without hygromicin B (three consecutive rounds) and later placed again under the
selective pressure of the hygromicin B (Tamayo et al., 2016).

2.5. Viability and vitality in P. brasiliensis yeast cells

Growth curves were performed in BHI broth (100 mL). We adjusted the inoculum to an OD
of 0.4 for PbWT, PbEV and POCATP-aRNA yeast cells. Then, cultures were incubated at
36°C and samples were collected at specific time points (0, 3, 6, 12, 24, 48, 72 and 96 h) to
determine growth curves by spectrophotometric analysis (ODggg nm; SmartSpec Plus (Bio-
Rad, Hercules, CA).

Vitality, defined as the ability of yeast cells to metabolize glucose upon late activation of a
cell membrane proton pump and subsequent acidification of the medium due to H+ release
(Kara, 1987), was evaluated following the protocol reported by Hernandez et a/. (Hernandez
et al., 2010). This protocol was detailed in a previous publication by our group (Tamayo et
al., 2016). The assays were performed in triplicates.

2.6. Phenotypic analysis of Paracoccidioides strains

For the phenotypic analysis, we tested the sensitivity to hydrogen peroxide in the
representative strains of the phylogenetic lineages (P, brasiliensis S1, PS2, PS3, PS4 and P
lutzii) and in PoWT, PbEV and POCATP-aRNA strains. We used H,O»-saturated filter disks,
with an inoculum of 1x10° Paracoccidioides yeast cells dispersed on BHI plates. After
inoculation, sterile filter disks were loaded with 20 pl of PBS as a control, and with
increasing amounts of H,O, (0.5, 1, 2, 4 and 8 M). Plates were incubated at 36°C with 5%
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CO» and after eight days we measured the clearing area (Holbrook et al., 2013; Tamayo et
al., 2016).

We also tested the sensitivity and gene expression profile of the POWT strain to extracellular
induced-oxidative stress, using 0.5 mM riboflavin (R4500, Sigma), 1mM menadione
(M5625, Sigma) and 30 mM hydrogen peroxide (02194057, MP Biomedicals). Briefly,
3%x108 PhWT yeast cells were inoculated in 20 ml of PBS and incubated for 1 hour at 36°C
under constant agitation. For the riboflavin assay, cells were exposed to UV-light in order to
induce oxidative stress (Ruane et al., 2004). Following this step, samples were collected for
RNA extraction and quantification of gene expression during evaluated conditions was done.

We determined the ability of 2 brasiliensis cellular extracts to destroy HoO» in vitro. POWT,
PbEV and POCATP-aRNA cultures were grown in liquid BHI at 37°C. Three biological
replicate yeast cultures were used. We adjusted the inoculum to an OD of 0.4. For
extracellular catalase activity, we separated the cell mass by centrifugation (12,000 rpm, 5
min at 4°C) and subsequent filtration by passage through a syringe filter of 0.22 um. The
pellet was washed twice with PBS and suspended in PBS. Cytoplasmic protein was released
by breaking cells with 0.5-mm-diameter glass beads. Later, a step of low speed
centrifugation (3000 g, 5 min at 4°C) was applied in order to obtain the cell wall fraction
(Lambou et al., 2010). To slow down enzymatic destruction, all steps were carried out at
4°C. Protein concentrations were determined using the Bradford method with bovine serum
albumin protein as the standard. Catalase activity assays for extracellular and intracellular
samples were performed by spectrophotometrically measuring their ability to reduce the
H,0, concentration over time. For extracellular fractions, we used 200 pl of the culture
supernatants with 800 pl of 15 mM H,0, in 50 mM Na-phosphate buffer (pH 7.2). For
extracellular cell-associated fraction, 200 pl of the suspension were added to 800 pl of 15
mM H,05 in 50 mM Na-phosphate buffer. Finally, intracellular activity was determined
using 12 pg of total protein. Hydrogen peroxide destruction was measured at 240 nm with
correction at 595 nm every 30 s for 5 min and compared to that in a control containing buffer
(Holbrook et al., 2013; Tamayo et al., 2016).

2.7. Interaction of P. brasiliensis yeast cells with human PMNs (ex vivo assay)

Polymorphonuclear neutrophils (PMNs) were isolated from human blood samples taken
from healthy volunteers. We used whole blood treated with anticoagulant EDTA. Briefly, a
layer 5.0 ml of non-coagulated whole blood was placed over 5.0 ml of Polymorphprep™ in
a 12 ml centrifuge tube. Samples were centrifuged for 450 x g for 30 min. The
polymorphonuclear fraction was then washed with Hanks’ Balanced Salt Solution and
centrifuged for 400 x g for 10 min. Finally, PMNs were re-suspended in Dulbecco’s
Modified Eagle Medium (DMEM; Gibco®), enumerated in hemacytometer and cell viability
was determined using trypan blue (Mejia et al., 2015). PMNs were seeded into 24-well
tissue culture plate and allowed to adhere for 20 min at 36°C with 5% of CO,. For inhibition
of NADPH-oxidase, 10uM diphenylene iodinium (DPI; D2926, Sigma) was added to PMNs
20 min before infection.
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For all assays, we used a ratio of 1:5 for £ brasiliensis yeasts:host cells. The interaction was
kept at 36°C with 5% of CO, for 3h. CATs gene expression was performed and viability
was measured via colony forming units (Kurita et al., 1993; Ruiz et al., 2011).

2.8. In vivo virulence determination

Isogenic 6 to 8-week-old BALB/c male mice, obtained from the breeding colony of the
Corporacidn para Investigaciones Bioldgicas (CIB), Medellin, Colombia, were used in
assays and were kept with food and water ad /ibitum (Restrepo et al., 1992). All animals
were handled according to the national (Law 84 of 1989, Res No. 8430 of 1993) and
international (Council of European Communities and Canadian Council of Animal Care,
1998) guidelines for animal research. The CIB research ethics committee approved the
experimental protocols.

P, brasiliensis yeast cells were collected from exponentially growing batch cultures in BHI
medium and counted using a hemacytometer. Animals (n=5 per isolate) were infected with
P, brasiliensis yeast by intranasal delivery of 1.5x106 cells from PbWT, PbEV or PHCATP-
aRNA strains suspended in PBS buffer. Mice were monitored daily for survival, weight loss
and symptoms of disease. At 12 days post-infection, mice were euthanized and lung, liver
and spleen tissues were homogenized in 2 mL PBS. Homogeneous suspensions were diluted
(1:10, 1:100 and 1:1000) and 0.1 ml of each dilution was plated on Kurita’s medium (Kurita
et al., 1993) in order to determine the fungal burden in each organ. Plates were incubated at
36°C, 5% CO, CFU counts were assessed ten days after culture. The data was transformed
into Log10 CFU/g of tissue.

2.9. Statistical analysis

3. Results

Data are either the means or representative results of at least three experiments, each
performed in triplicate. Statistical analysis and comparisons were performed using paired
Student’s ¢tests.

3.1. Catalases and their deduced proteins in Paracoccidioides spp. and other dimorphic

pathogens

We identified three catalase isoforms encoded by the genome of five strains of
Paracoccidioides spp. representing each of the phylogenetic lineages (S1, Pb18; PS2, Ph03;
PS3, PbCNH; PS4, Pb300; £ /utzii, Pb01), which were designated as Catalase A (CATA),
Catalase B (CATB) and Catalase P (CATP) based on homology to known catalases reported
in fungal reference genomes (Figure 1A and Table S1). Catalases in Paracoccidioides and
other dimorphic pathogens from the Ajellomycetaceae such as Histoplasma and
Blastomyces have two protein domains, the catalase activity domain (PF00199.14) and the
catalase-related immune-responsive domain (PF06628.7) (Figure 1B). In addition, we found
that CATB has an N-terminal signal peptide sequence (from 1 to 20 aa), as well as an
extracellular location pattern. In Histoplasma, CatB is an immunodominant 90-kDa
extracellular catalase highly expressed during yeast phase, also known as the M antigen-
(Zancope-Oliveira et al., 1999). CAT7P, but not CATB and CATA, encodes the C-terminal
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Peroxisomal Targeting Signal 1 (PTS1) ER(M/L)VASQPQSHL, suggesting a putative
localization to peroxisomes for this isoform. Figure 1 shows multiple alignment, conserved
domains, and phylogenetic analyses confirming the placement and conservation of PHCATA,
PbCATB and PbCATP.

Since catalases have been proposed as virulence factors in dimorphic fungal pathogens, and
due to the lack of genetic/functional evidence to support this in Paracoccidioides, we
examined the molecular evolution more closely, by analyzing single nucleotide
polymorphisms (SNP) between the catalases across the Paracoccidioides lineages. We did
not find non-sense or frame shift mutations, and found a low number of SNPs in coding
regions within £ brasiliensis, an average of 4.75 synonymous and 2 hon-synonymous
substitutions. However, when compared with £ Jutzii, we found that in CA7B there were
more non-synonymous mutations than synonymous mutations. We calculated the dj/dsratio
as an indicator of selective pressure, and found that CA7B has the highest dp/dsacross the
catalases (0.89) as compared with CATA and CATP (0.23 and 0.04, respectively).

In addition, we analyzed CAT gene family across the order Onygenales, which also includes
dimorphic pathogens such as species of Coccidioides (family Onygenaceae) and
dermatophytes (family Arthrodermataceae). We found that CA7A and CATP are conserved
among the Onygenales; however, CATB was present in the Ajellomycetaceae but not in the
Onygenaceae or in the Arthrodermataceae (Figure 1A and Table S1).

3.2. Gene expression of CAT isoforms and Paracoccidioides susceptibility to H,O»

We measured the gene expression of the identified CAT isoforms in one representative
isolate of each phylogenetic lineage of Paracoccidioides during exponential growth of the
parasitic yeast and the saprophytic mycelia phases (Figure 1C). Overall, in yeast cells CATP
was highly expressed in PbBAC and Pb60855 (both belonging to PS3), Pb03 (PS2) and
Pb18 (S1), but lower levels of gene expression were detected in Pb300 (PS4) and Pb01 (P,
lutzii). In the mycelia, gene expression of CA7Pwas generally lower compared to yeast cells
for all strains, while CATA and CATB were expressed at slightly higher levels in the PS3
strains tested. The higher expression level of CATPin Pb18, Pb03, PbBAC and Ph60855
was correlated with the degree of susceptibility of each strain to H,O,. Using a disk
diffusion assay we found that these strains were the less sensitive to H,O, treatment /in vitro
as shown by a smaller area of clearing, which contrasts with Pb01 and Pb300 that were the
most sensitive to H,0, together with the lowest CATP expression (Figure 1D).

3.3. Kinetic expression of CAT isoforms in P. brasiliensis Pb60855 during the
morphological switch

The expression profile of CAT isoforms was evaluated in £ brasiliensis cells undergoing
transition [conidia to yeast (C-Y) and mycelia to yeast (M-Y)] and germination [conidia to
mycelia (C-M) and yeast to mycelia (Y-M)] processes. All isoforms were present throughout
the evaluated shifts, but they were differentially expressed. POCATP presented lower
expression levels during transition and germination processes (Figure 2), in contrast to the
high expression observed during the exponential phase of growth of yeast cells (Figure 1C,
Pb60855); however, PHCATP expression was slightly higher during the M-Y and Y-M
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morphological shifts. On the other hand, POCATA and PbCATB showed low expression
levels specifically during the M-Y and Y-M morphological shifts; however, the expression
level of these genes was increased during the C-Y and C-M morphological shift. PHCATA
gene expression was higher during C-M germination, being the main isoform during this
process (Figure 2).

3.4. PbCAT isoforms are differentially expressed when yeast cells are exposed to distinct
oxidative stress-inducing compounds

To determine the effect of oxidative stress-inducing compounds on the expression of CAT
isoforms, P, brasiliensis (ATCC 60855) yeast cells were treated with riboflavin, menadione
(both superoxide-generating agents) (Goldberg and Stern, 1976) and H,O,; and co-cultured
in the presence of human polymorphonuclear neutrophils (PMNSs). Menadione induced a
significantly increased expression of PbCATA and POCATB as compared to the control,
while riboflavin slightly induced POCATP. Interaction with human PMNs induced higher
expression of POCATA and PbCATP (Figure 3). However, it is important to state that gene
expression levels for all tested conditions were generally low for both PAICATA and
PbCATB, as compared to the higher POCATP levels, (as shown for yeast cells in Figure 1C).
Upon exposure to H,O,, POCATP was the only isoform triggered by this stimulus (up to 10-
fold), as well as during interaction with human PMNSs (up to 5-fold) as compared to the
control (Figure 3).

3.5. Construction and analysis of a PbCATP-aRNA strain

Based on the signature of differential expression in response to H,O, and PMN exposure,
we constructed a POCATP-aRNA strain in order to assess the individual contribution of this
catalase to the antioxidant defenses in 2 brasiliensis. We selected a mitotically stable strain
carrying POCATFASI (Figure 4A) with the largest decrease in POCATP gene expression
(£50-70%) (Figure 4B). The insertion of the transfer DNA (T-DNA) into the genome of P,
brasiliensis was confirmed via amplification of the HPH cassette (Figure S1). We analyzed
more than one POCATP-aRNA transformant and the same phenotypic features were
observed. Therefore, results presented throughout the work refer to one selected aRNA
strain denoted as POCATP-aRNA.

Prior to performing additional assays, we analyzed the morphology, growth and vitality
during batch culture of PHCATP-aRNA yeast cells. We did not observe morphological
alterations neither at microscopic or macroscopic level as compared with PbWT or PbEV
(cells transformed with the empty parental vector pUR5750) (Figure 4C). Nonetheless, we
observed a decrease in biomass production of the POCATP-aRNA strain after 48h (mid-
exponential phase) as measured by OD and a halt in growth after 72h (Figure 4D). Also, the
capacity to metabolize glucose was reduced when compared with PbWT and PbEV yeast
cells (Figure 4E).

Furthermore, we analyzed the gene expression profile of other peroxide defense genes in the
PbWT and POCATP-aRNA strains. We evaluated the three CAT isoforms, glutathione (GSH)
and the alternative oxidase (AOX) during batch culture growth. No differences were
observed for any of the analyzed peroxide defense enzymes during the exponential phase of
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growth of yeast cells, except as expected for CATP (Figure 4F), suggesting that
compensatory transcriptional activation of the evaluated genes did not occur in the POCATP-
aRNA strain.

3.6. PbCATP-aRNA yeast cells are more susceptible to hydrogen peroxide

To determine if CATP plays an important role in the protection of 2. brasiliensis yeast cells
against HoO» /n vitro, we tested the POCATP-aRNA strain for its susceptibility to this
compound. Paracoccidioides yeast cells expressing CATP (PbWT and PbEV) showed
similar high resistance to H,O, /n vitro, while, decreased expression of CATPresulted in a
significantly higher susceptibility (ranging from 13.3 to 55%, with the highest difference at
1M of H,0,) (Figure 5A). We also evaluated the ability of extracellular and cell wall (both
measuring extracellular activity) and cytoplasmic (intracellular activity) fractions of PbWT,
PbEV and POCATP-aRNA strains to degrade H,O, /n vitro. The POCATP-aRNA strain had a
decreased ability to destroy H,O5 but only in the intracellular fraction (Figure 5B),
suggesting a role as an intracellular catalase.

3.7. PbCATP’s involvement during interaction with human neutrophils and in a mouse
model of infection

As neutrophils are the predominant white blood cells involved in phagocytic killing of
several microorganisms (Hoffbrand et al., 2007), we used these cells to test the involvement
of CATPin phagocyte-defense. Human PMNSs from healthy donors were incubated with
both knockdown and wild-type yeast cells. We also inhibited NADPH oxidase from human
PMNs with DPI prior to challenging with yeast cells, in order to inhibit their oxidative burst.
No differences were detected in survival of POCATP-aRNA yeast cells exposed to PMNs
when compared to the PbWT and PbEV strains (Figure 6A). Further, we determined the
gene expression levels of CAT isoforms. POCATA and PbCATB remained unaltered after the
stimulus; while, as expected, POCATP in the knockdown strain had lower expression levels
compared to PbWT, either in the control or upon interaction with PMNs. Additionally, we
measured AOX and GSH (peroxide-defense genes), observing a slightly increased induction
of PLAOX (Figure S2), suggesting that transcriptional compensation of this gene might
occur. In contrast to the high survival of the POCATP-aRNA strain in ex vivo assay, in a
mouse model of infection a significant decrease in fungal burden of this strain was detected
in mice lungs compared to the PbWT and PbEYV strains (Figure 6B). Also, we recovered
CFUs from the liver of mice infected with PoWT and PbEV strains, but not from tissues of
mice infected with the POCATP-aRNA strain (not presented in the figure due to undetected
counts in knockdown). CFUs were not recovered from the spleen in any of the infected
mice, irrespective of the strain used (data not shown).

Furthermore, we determined the gene expression of all CAT isoforms in the PbWT strain
after interaction with human PMNs (ex vivo) and in yeast cells recovered from lung tissues
(/n vivo). Strikingly, we found 6.6-fold increased expression in PHCATP between the ex vivo
and /n vivo models, being significantly higher in yeast cells recovered from mice lungs. In
contrast, POCATA did not change, and POCATB had a very slight increase (1.27-fold)
(Figure 6C).
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4. Discussion

Dimorphic fungal pathogens are equipped with a strong antioxidant defense system that
provides them with different features and mechanisms required to efficiently establish
infection and cause disease (de Oliveira et al., 2015; Perez-Nadales et al., 2014). Among
these are the production of proteins that prevent host effector cells from eliciting an
oxidative burst, the presence of nonenzymatic antioxidants (melanin) and the utilization of
enzymatic antioxidants such as SODs and CATSs, which they differentially encode and
express. In the present study, we identified and characterized the three members of the CAT
gene family in Paracoccidioides and other Onygenales. Unlike Paracoccidioides,
Histoplasma and Blastomyces species, Coccidioides and dermatophyte genomes do not
encode the extracellular catalase- CATB (Figure 1A). This suggests that oxidative response
in the Onygenales may have evolved different mechanisms to counteract oxidative stress via
catalases. In Coccidioides, the arthroconidia are susceptible to peroxide treatment /n vitro
(Galgiani, 1986), suggesting that the absence of CA7B could make these cells more
susceptible to host-derived ROS. In addition, Coccidioides spherules do not stimulate the
oxidative burst of some phagocytic cells (Galgiani, 1986), implying that they would not
require a large amount of catalase activity to reduce ROS (specifically peroxide) produced
during the host-pathogen interactions. In spite of the absence of CATB in this pathogen, it
has been shown that CATPis an up-regulated gene during the spherule parasitic phase
(Whiston et al., 2012).

We studied the expression of CAT genes in different fungal strains of Paracoccidioides spp.,
covering each phylogenetic lineage (Figure 1B). Our data showed that the highest level of
gene expression was detected for CATPin yeast cells and particularly in Pb60855, PbBAC
(PS3), Pb18 (S1) and Pb03 (PS2), while the lowest levels were detected in 2 /utziiand P,
brasiliensis Pb300 (PS4) (both in mycelia and yeast phases). In agreement with the obtained
expression data, the latter strains were the most susceptible to H,O, (Figure 1D). In line
with the latter results, a previous work performed at our laboratory showed that SODs
expression was higher in P brasiliensis strains than in P Jutzii (Tamayo et al., 2016);
correlated with this, Pigosso and colleagues demonstrated that 2 /utzii is metabolically more
anaerobic than £, brasiliensis (Pigosso et al., 2013), which could be related with results
obtained during the course of this work. The fact that these antioxidant gene families are
expressed at different levels in the genus raises the possibility that this might have
consequences for survival within the host and when facing phagocytic cells and their
defensive arsenal. In line with these findings, a transcriptomic analysis performed by
Edwards et al. using two different Histoplasma strains from different phylogenetic lineages,
demonstrated that both of them rely on different mechanisms to survive inside the host:
either the evasion of phagocyte detection or enhanced defense mechanisms (such as higher
transcription of oxidative stress defense genes). They also suggested that cells in which
expression of antioxidant enzymes is higher would cope and subsequently survive better to
the phagocyte oxidative burst (Edwards et al., 2013). Data obtained during the course of this
work together with previous studies performed in our laboratory (Tamayo et al., 2016) seems
to suggest that these genetic differences in the Paracoccidioides genus could be behind a
distinct capability to survive within the host and establish a successful pathogenic process.
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Future studies should be conducted to further elucidate the role of these genetic variances in
the virulence of the Paracoccidioides genus.

CAT genes are differentially regulated during the morphological switch and under oxidative
stress-inducing conditions. POCATA and POCATB gene expression was higher in conidia
and mycelia than in yeast cells, which might be implying that these isoforms could be
important during aerobic metabolism present in mycelial cells. Moreover, according to the
higher levels of PbCATA transcript in mycelia and during the C-M and C-Y switch, the
homologous Aspergillus nidulans and Neurospora crassa CATA have been shown to be up-
regulated in spores, protecting them against H,O, stress and heat shock (Diaz et al., 2001,
Navarro et al., 1996). Thus, these data suggest that PHICATA may be important during
activation of conidia either in nature or once conidia infect the host and are induced to
transform into the yeast pathogenic form. On the other hand, POCATP transcript was higher
in yeast phase (Figure 1C, bar corresponding to Pb60855) and during M-Y transition, as
reported by Moreira, 2004 and Chagas, 2008 (Chagas et al., 2008; Moreira et al., 2004),
overall suggesting a possible role of this during the host-pathogen interactions.

When exposed to menadione, POCATA and PHCATB gene expression was significantly
increased (Figure 3). Like-minded, menadione, besides generating superoxide anions, also
increases the intracellular levels of H,O, (Goldberg and Stern, 1976), implying, as it had
been previously reported, that CA7A gene expression is more correlated with endogenous
oxidative stress (Chagas et al., 2008; Grossklaus et al., 2013). Further, human PMNs
induced both PBCATA and POCATP gene expression, but not POCATB. Interestingly, HoO»
only triggered PbCATP gene expression (Figure 3), contrary to what we initially expected
(increased gene expression of all isoforms in yeast cells treated with the catalase direct
substrate), but similar to previously reported data (Chagas et al., 2008; Grossklaus et al.,
2013; Moreira et al., 2004). These behaviors could be linked to the fact that these isoforms
might be triggered by a specific ROS response depending on the source of stress, either
endogenous (PbCATA and POCATB) or exogenous (PbCATP) (Chagas et al., 2008).
Considering that i) POCATP gene is expressed at higher levels in exponentially growing
yeast cells (Figure 1C), ii) the higher expression during M-Y transition (Figure 2), and that
iii) it was the only isoform induced after stimulation of yeast cells with H,O, (Figure 3), we
sought to individually test the contribution of this catalase during events mimicking host-
pathogen interactions. To pursue this goal, we developed a knockdown strain for POCATP,
using antisense RNA technology (Almeida et al., 2007; Almeida et al., 2009; Hernandez et
al., 2010). We showed that a decrease in POCATP gene expression significantly increased the
susceptibility of £ brasiliensis yeast cells to H,O, in vitro (Figures 5A and 5B), further
supporting that this CAT isoform is important to detoxify this toxic molecule. Moreover, we
also observed a decreased ability to destroy H,O in the intracellular fraction of the
PbCATP-aRNA strain, but not in the extracellular or cell wall fractions. This is in agreement
with data reported by Moreira ef al. 2004 and our bioinformatic data suggesting a putative
cytosolic localization of POCATP, which also supports a role as an intracellular catalase.
Furthermore, during batch culture growth, we observed decreased biomass production
evident after 48-72 h of growth, and reduced vitality in POCATP-aRNA yeast cells. It is
important to consider that yeast cells are characterized by an aerobic metabolism,
contributing to ROS generation. Additionally, for vitality tests we used a high concentration
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of glucose. This accelerates glycolysis, stimulating ATP synthesis and leading to an
additional source of ROS (S.B. Riis, 1995). The PbCATP-aRNA strain may be impaired and
not efficiently counteract these conditions, resulting in both vitality and growth defects.

Interestingly, the decreased expression of PbCATP has no deleterious consequences ex vivo,
only minor effects on yeast survival against human PMNs was observed (Figure 6A). One
possibility for this result could be the fact that transcript level of PACATPin the knockdown
strain could be enough to maintain its survival when interacting with PMNs. Another
possibility raised here is that Paracoccidioides cells synthesize alternative compounds, or
express other enzymes in alternative pathways implicated in H,O, neutralization, which
might contribute to its detoxification and, in this way, promote its survival when interacting
with phagocytic cells (e.g. melanin and expression of genes such as AOX; glutathione and
CCP) (Campos et al., 2005; Hernandez et al., 2015; Parente-Rocha et al., 2015; Ruiz et al.,
2011). In fact, we observed that PbAOX had a slightly higher induction in POCATP-aRNA
strain after interaction with PMNSs as compared to PbOWT (Figure S2), indicating that this
gene might be exerting some compensatory effect to protect yeast cells, as a consequence of
the decreased PHCATP expression. It is very likely that CCP could be also contributing to
this compensatory effect (Parente-Rocha et al., 2015); however, we were not be able to
determine the expression levels of this gene. Additionally, it is important to highlight that
PMNs produce not only H,05, but also other reactive species (Dahlgren and Karlsson, 1999)
not directly counteracted by catalases, and this knockdown strain seemingly has only a
defect to counteract H,O stress.

Similarly, although ex vivo experiments showed no-attenuation of the PHCATP-aRNA strain,
the reduced gene expression of this isoform had deleterious consequences for
Paracoccidioides virulence in vivo. This discrepancy between the ex vivoand in vivo models
could be explained by several reasons: i) the mouse represents a much more complex
environment for the fungus, and PMNSs are not the only active defense mechanisms they will
face; ii) /n vivo, the oxidative burst is just one of the microbicidal strategies used by the
host’s defenses. Physical barriers of the lung together with the presence of other cells of the
innate immunity are crucial for defense against fungal infections (Perez-Nadales et al.,
2014); iii) the knockdown strain is not able to induce enough PHCATP levels to counteract
host’s defenses; iv) the oxidative burst in the granuloma might be more intense; and v) the
time of interaction in the ex vivo experiment was just 3 h, meanwhile, in the /n vivo model
such interaction lasted days, which might have a direct effect on the survival of the fungus.

Interestingly, we found no differences in the expression levels of POCATA and POCATB
between the ex vivo and /n vivo models, but PHCATP gene expression was significantly
higher in yeast cells recovered from mice lungs compared to those recovered upon exposure
with human PMNs (6.6-fold) (Figure 6C). This fact reinforces the important role of PbCATP
in protecting yeast cells against the deleterious effect of H,O».

The presence, expression and redundancy of different antioxidant genes in Paracoccidioides
and in other pathogenic fungi, raises the possibility that differential gene expression in the
different isoforms helps to optimize the organisms’ responses to environmental stresses
either in nature or once within the animal host (Campos et al., 2005; Giles et al., 2006;
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Johnson et al., 2002). Our results revealed that PbCATP is the main source of intracellular
catalase activity when considering the removal of H,O, generated under various
environmental stresses, but also when the yeast phase expresses its pathogenic potentials.
Furthermore, the response against ROS is triggered according to the source of these species,
either endogenous or exogenous. Thus, P6CATA and POCATB are triggered by endogenous
signals, with both contributing to ROS homeostasis in Paracoccidioides cells, mainly during
the conidia to yeast/mycelia switch and during defense against menadione-induced oxidative
stress, while PHCATPis mainly triggered in the presence of exogenous ROS. Although the
role of catalases in fungal virulence is not fully understood yet, this work provides new
insights concerning this issue. The most significant finding was the relevance of POCATP
during fungal virulence /n vivo. Thus, even if CATPis not essential for yeast cells under
normal conditions nor during the co-incubation with human PMNSs, it plays an important
role in the acquisition of tolerance to some conditions set by the host.
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Figure 1. Identification and gene expression of Paracoccidioides spp catalases, and susceptibility
toH20

(A) éhjlogenetic tree of CAT isoforms (CATA, CATB, CATP) encoded by the genome of
Paracoccidioides (gene 1Ds in bold) and Onygenales such as Histoplasma, Blastomyces,
Coccidioides, and dermatophytes; outgroup Aspergillus. (B), Functional annotation and
protein domains of identified CATSs in Paracoccidioides. The catalase activity domain
(PF00199.14) is presented in blue, and the immune-responsive domain (PF06628.7) in red.
The predicted secreted signal and the peroxisomal targeting signal are presented in yellow
and orange, respectively. Green or white lines across the proteins represent high level of
identity or low level of identity for each position of the alignment, respectively. (C)
Expression profile of CAT isoforms in yeast phase (36°C) and mycelia phase (20°C) during
exponential growth. (D) Susceptibility of Paracoccidioides yeast cells to peroxide (H205).
Cells were exposed to increasing concentrations of this compound and the inhibition zone
was determined as the area lacking yeast cell growth. The chosen strains represent the
phylogenetic lineages of Paracoccidioides spp. (PS4: Pb300; PS3: Ph60855 and PhBAC;
PS2: Pb03; S1: Pbl8, and A futzii. Pb01).
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Figure 2. Gene expression of CAT isoformsin Pb60855
Expression of CAT isoforms was determined during transition (C-Y and M-Y) and also

during germination (C-M and Y-M). P, brasiliensis cells were inoculated in BHI liquid
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Transition

Germination

medium kept at 36°C and 20°C in order to induce the transition and germination processes,
respectively. Gene expression levels of CAT isoforms were determined at 3, 12, 48 and 96 h,

and were obtained by RT-qPCR assay. The measurement was normalized with the

housekeeping gene B-tubulin.
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Figure 3. Expression of PbCAT isoforms during exposur e to oxidative stress-inducing
compounds

P, brasiliensis yeast cells were exposed to menadione, peroxide (H,O5) and riboflavin for 1
hour. For interaction with human PMNs, yeast cells were co-cultivated during 3 hours. Gene
expression levels of CAT isoforms were obtained by RT-gPCR. The measurement was
normalized with the housekeeping gene B-tubulin. Results are the mean of three individual
experiments. Asterisks denote p<0.05 compared to control cells.
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Figure4. CATP genesilencingin P. brasiliensis

(A) Transfer DNA (T-DNA) inserted into the genome of £ brasiliensis yeast cells via ATMT.
The antisense oligonucleotide was targeted to exon four (dashed box), with a length of 80
bp. This AS oligonucleotide was placed under control of the calcium binding protein
(CBP-1), the terminator CAT-B and harboring hygromycin B phosphotransferase (HPH)
under control of Aspergillus nidulans glyceraldehyde 3-phosphate (PGPDA) and with the
terminator 77RCP. (B) PbCATP gene expression levels obtained by RT-gPCR assay. The
measurement was normalized with the housekeeping gene p-tubulin in the wild-type
(PbWT60855), the empty vector control (PbEV60855) and the antisense RNA strain
(PbCATP-aRNA) grown at exponential phase. Mitotic stability was confirmed by sub-
culturing £ brasiliensis POCATP-aRNA yeast cells, checking for low expression levels in
this isolate after successive sub-cultures. (C) Light microscopy of P brasiliensis yeast cells
morphology. (D) Growth curve in PbWT60855, PhEV60855, PHCATP-aRNA. Yeast cells
were grown in BHI liquid medium at 36°C, OD600 nm was determined at each time point.
(E) Vitality in PbWT60855, PbEV60855 and PHCATP-aRNA. The pH change was
monitored in yeast suspensions at three minutes intervals, for 30 minutes. Results represent
the mean of three individual experiments. (F) Profile expression of CAT isoforms,
alternative oxidase (AOX) and glutathione (GSH) in PbOWT and PbCATP-aRNA yeast cells
during batch culture growth. Gene expression levels were determined by RT-gPCR assay and
normalized with the housekeeping gene B-tubulin. Results are the mean of three individual
experiments.

Fungal Genet Biol. Author manuscript; available in PMC 2017 May 19.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Tamayo et al.

Page 23
A B
60 0.10 Extracellular
& -0.10
£ — \—0—.—:‘
£ 50 £ 030
s £ .050
o
g S -0.70
"':é S 0o 1 2 3
30 7]
% < 000
— —
S 20 — -0.20
o e PbWT O -040
2 0 * PbEV = !
< o PbCATP-aRNA = -060
£ 080
[++]
— o
; 7o LA A g ™ c 0.00
- e e = . -0.40
PLCATP.aRNA AKX R ﬂ- aso
S e R ._x' *  fighe ) n -0.80 0 1 2 3
H,0, concentration (M) Time (min)

Figure 5. Exposure of CATP knockdown strain to hydrogen peroxide
(A) Quantification of the sensitivity to H,O, in P, brasiliensis yeast cells. Yeast cells were

exposed to increasing concentrations of this compound and the inhibition zone was
determined as the area lacking yeast cell growth. (Top) Data presented correspond to the
average for three replicate tests, with error bars representing standard deviations. (Bottom)
Images of A brasiliensis growth around H,0, saturated disks. Saturated filter disks without
H»0, as control, and 0.5 to 8 M H,0,. (B) Determination of the ability of 2. brasiliensis
yeast cells to degrade H,O,. Extracellular, cell wall and cytoplasmic fractions from PbWT,
PbEV and POCATP-aRNA strains were collected. Relative H,O, destruction was measured
as the decrease in the absorbance at 240 nm. Results are the mean of three individual
experiments.
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Figure 6. Effect of CATP decreased expression in an ex vivo and in vivo models of infection
(A) P brasiliensis yeast cells were incubated in the presence of human PMNs for 3 hours, at

36 °C, with 5% of CO,. Then, yeast cells survival was determined by enumeration of viable
CFUs (black bar). Later on, human PMNs were treated with DPI (blue bar) in order to
inhibit NADPH-oxidase. Next, yeast survival was determined during the interaction of A2
brasiliensis with human PMNs treated with DPI. (B) Virulence of PbCATP-aRNA isolate in
an experimental murine model of infection. CFUs recovered from lungs of mice intranasally
inoculated with 1.5x10 yeast cells obtained from PbWT, PbEV, and POCATP-aRNA strains.
Mice were euthanized at 12 days post-infection, their organs were harvested and the fungal
burden in lung tissue was determined. No significant differences between the POWT and
PbEV strains were found. Asterisks indicate significant differences (p < 0.05) from animals
infected with POWT and PbEV as compared to POCATP-aRNA strains determined by
Student’s ttest. (C) Expression of CAT isoforms in yeast cells from PbWT obtained after
interaction with PMNs (ex vivo) and in yeast cells recovered from lung tissues (/7 vivo).
Bars represent the fold changes (/n7 vivo compared to ex vivo gene expression) for POCATA,
PbCATB and PbCATP genes, determined through RT-gPCR assay and normalized with the
housekeeping gene B-tubulin.
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Strains used in this study.

Species Strain designation | Phylogenetic lineage
P, brasiliensis Pb18 S1

P, brasiliensis Pb03 Ps2

R, brasiliensis Pb60855, PbBAC PS3

P, brasiliensis Pb300 Ps4

P lutzii Pb01 PbO1-like

P, brasiliensis PHEV * PS3

P, brasiliensis | ppcaTP-aRNA ™ PS3

A. tumefaciens | LBA1100 N/A

E. coli DH5a N/A

Background strain Pb60855

N/A: Not apply
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