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Interação de Paracoccidioides com o hospedeiro: análises proteômicas de lavado 

broncoalveolar 

Paracoccidoides brasiliensis e Paracoccidioides lutzii, os agentes etiológicos da 

paracoccidioidomicose, causam doenças em pessoas saudáveis e imunocomprometidas 

na América Latina. Desenvolvemos um método para coletar células de levedura de P. 

brasiliensis de pulmão murino infectado para facilitar o estudo do perfil transcricional e 

proteômico in vivo. P. brasiliensis recuperados após 6 horas de infecção foram analisados 

usando RNAseq e LC-MSE. As células de levedura após passagem in vivo apresentaram 

594 transcritos expressos diferencialmente e 350 proteínas diferencialmente expressas. A 

integração dos dados transcricionais e proteômicos indicou que ainda no início da 

infecção (6 h), as células de levedura de P. brasiliensis sofreram uma mudança no 

metabolismo da glicólise para β-oxidação, enzimas desintoxicantes reguladas para se 

defender contra o estresse oxidativo e repressão da biossíntese de parede. Análises de 

bioinformática e funcionais também demonstraram que uma serino proteinase foi 

regulada  e secretado in vivo. Pelo o nosso conhecimento, este é o primeiro estudo que 

descreve a transcrição e dados proteômicos de células de levedura de P. brasiliensis após 

6 h de infecção no pulmão de camundongo. 
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Paracoccidioides interaction with the host: proteomic analysis of bronchoalveolar 

lavage fluid. 

Paracoccidoides brasiliensis and Paracoccidioides lutzii, the etiologic agents of 

paracoccidioidomycosis, cause disease in healthy and immunocompromised persons in 

Latin America. We developed a method for harvesting P. brasiliensis yeast cells from 

infected murine lung to facilitate in vivo transcriptional and proteomic profiling. P. 

brasiliensis harvested at 6 h post-infection were analyzed using RNAseq and LC-MSE. 

In vivo yeast cells had 594 differentially expressed transcripts and 350 differentially 

expressed proteins. Integration of transcriptional and proteomic data indicated that early 

in infection (6 h), P. brasiliensis yeast cells underwent a shift in metabolism from 

glycolysis to β-oxidation, upregulated detoxifying enzymes to defend against oxidative 

stress, and repressed cell wall biosynthesis. Bioinformatics and functional analyses also 

demonstrated that a serine proteinase was upregulated and secreted in vivo. To our 

knowledge this is the first study depicting transcriptional and proteomic data of P. 

brasiliensis yeast cells upon 6 h post-infection of mouse lung. 
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1- INTRODUÇÃO 

 

1.1- Aspectos gerais da Paracoccidioidomicose 

          A paracoccidiodomicose (PCM) foi descrita primeiramente em 1908 por Adolf 

Lutz, que isolou o microrganismo a partir de granulomas ganglionares e lesões na 

mucosa oral de pacientes. O fungo foi inicialmente caracterizado por Almeida (1930) 

como sendo do gênero Paracoccidioides e da espécie brasiliensis. 

          A PCM é uma micose humana sistêmica granulomatosa, causada por fungos 

termodimórficos que atualmente abrange duas espécies: P. brasiliensis e P. lutzii 

(Muñoz et al, 2016). A paracoccidiodomicose é caracterizada pela formação de 

granuloma que, aparentemente, está relacionado à resposta imune do hospedeiro e 

deve representar uma resposta tecido-específica ao fungo na tentativa de destruí-lo e 

prevenir a sua multiplicação (De Brito et al. 1994). O principal fator de risco para a 

aquisição de infecção é atividade relacionada ao manejo do solo contaminado com o 

fungo, como agricultura, terraplanagem, preparação do solo, jardinagem e transporte 

de produtos vegetais, como pode ser observado na Figura 1 (Martinez et al, 2015). 

 

FIGURA 1: Distribuição de Paracoccidioides brasiliensis e Paracoccidioides lutzii.  
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          A infecção ocorre pela inalação de propágulos do micélio que atingem os 

pulmões onde transitam para a forma leveduriforme, podendo disseminar-se para 

outros órgãos extrapulmonares como fígado, baço e sistema nervoso central (San-Blas 

1993; Camargo & Franco 2000; Restrepo et al. 2001; Valera et al. 2008). 

          A doença acomete principalmente adultos do sexo masculino em uma razão de 

48 homens para cada mulher (Restrepo 1978). Estudos relatam que esta 

predominância, provavelmente, está ligada tanto à atuação do hormônio feminino β-

estradiol na inibição da transição (Restrepo 1985, Sano et al. 1999). Acredita-se que 

a interação do hormônio com uma EBP (Estradiol Binding Protein), identificada em 

P. brasiliensis, iniba a transição morfológica do fungo, explicando a baixa incidência 

da PCM em mulheres (Felipe et al. 2005, Shankar et al. 2011). 

          A apresentação clínica e o curso da infecção dependem do paciente e do 

isolado.  O aparecimento de lesões secundárias nas mucosas, pele, linfonodos e 

glândulas adrenais é frequente (Restrepo-Moreno 1993).  

          A patologia divide-se em duas formas principais: aguda/ subaguda e crônica.A 

forma aguda/subaguda (forma juvenil) é a mais grave, apresenta menor incidência, 

representando cerca de 5% dos casos; tem evolução rápida de semanas a meses, atinge 

crianças e adultos com menos de 30 anos de idade e caracteriza-se por 

linfadenomegalia, manifestações digestivas, hepatoesplenomegalia, envolvimento 

ósseo-articular e lesões cutâneas, podendo gerar taxa de mortalidade significativa por 

afetar o sistema reticuloendotelial e causar disfunção da medula-óssea (Figura 2). A 

forma crônica, mais prevalente, representa mais de 90% dos casos, atinge adultos 

entre 30 e 60 anos de idade e tem progressão lenta; sua principal característica são as 

manifestações pulmonares, mas pode ocorrer disseminação para pele e mucosas 
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(Figura 3). É importante ressaltar que a maioria dos indivíduos infectados desenvolve 

a forma assintomática da doença (Shikanai-Yasuda et al. 2006; Bonifaz et al. 2011). 

 

FIGURA 2: Aspectos clínicos da forma aguda da PCM. Adaptado de Shikanai-

Yassuda et al, 2006. 

 

 

FIGURA 3: Aspectos clínicos da forma aguda da PCM. Adaptado de Shikanai-

Yassuda et al, 2006. 
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          A PCM apresenta distribuição geográfica heterogênea e os países que se 

destacam por apresentar o maior número de casos relatados são o Brasil, Colômbia e 

a Venezuela. (San-Blas et al. 2002) (Figura 4). O Brasil é considerado o maior centro 

endêmico dessa doença, pois 80% dos casos descritos na literatura foram 

diagnosticados no país. As regiões Sul, Sudeste e Centro-Oeste apresentam maior 

incidência, apresentando o estado de Goiás os maiores números de casos (Wanke & 

Londero 1994).  

 

FIGURA 4: Distribuição geográfica da incidência de Paracoccidioidomicose no 

Brasil, (Shikanai-Yasuda et al., 2006). 

 

1.2- O gênero Paracoccidioides spp. 

          O gênero Paracoccidioides spp. atualmente abrange duas espécies: 

Paracoccidioides brasiliensis e Paracoccidioides. lutzii. P. brasiliensis é formado por 

um complexo de pelo menos cinco espécies filogenéticas: S1a, S1b, PS2, PS3 e PS4. 
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As espécies filogenéticas S1a e S1b são predominantemente encontradas na América 

do Sul, especialmente no sudeste e sul do Brasil, Argentina e Paraguai. A espécie PS2 

tem uma distribuição esporádica e é menos frequentemente relatada, com casos 

humanos apenas sendo relatados até agora na Venezuela e no sudeste do Brasil. As 

espécies PS3 e PS4 são exclusivamente endêmicas da Colômbia e da Venezuela, 

respectivamente. P. lutzii engloba uma única espécie e é distribuído 

predominantemente nas regiões Centro-Oeste e Amazônia do Brasil e Equador. A 

distribuição geográfica das diferentes espécies do gênero Paracoccidioides pode ser 

observada na Figura 5.  

 

FIGURA 5:  Distribuição geográfica das espécies crípticas de Paracoccidioides lutzii 

e Paracoccidioides brasiliensis. Muñoz JF, et al. 2016; PS2; PS3; PS4; S1a; S1b: 

espécies filogenéticas de P.brasiliensis; Pl: P. lutzii. 
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          O fungo cresce como levedura à 36 ºC nos tecidos do hospedeiro ou quando 

cultivado in vitro sob essa temperatura. A forma infectiva, miceliana, é encontrada 

em condição saprobiótica no ambiente, ou quando cultivada em temperaturas 

inferiores a 28°C (San-Blas et al. 2002). 

          Morfologicamente, as leveduras apresentam múltiplos brotamentos formados 

por evaginações da célula-mãe, revelando uma célula central circundada por várias 

células periféricas, microscopicamente similar à roda de leme de navio, o que 

caracteriza a presença do fungo em materiais biológicos. A forma miceliana pode ser 

identificada por filamentos septados com conídios terminais ou intercalares (Queiroz-

Telles, 1994, Restrepo-Moreno, 1993), como demonstrado na Figura 6. Esse 

dimorfismo característico, bem como a tolerância térmica, são considerados fatores 

de virulência importantes para a adaptação do patógeno às condições ambientais do 

hospedeiro, como alta temperatura, influência hormonal e a resposta imune (Bagagli 

et al. 2008). 

 

FIGURA 6: Extraído de Sturme et al, 2011. Morfologia de células de P. brasiliensis que 

cresceram em cultura líquida, induzidas a sofrer transição micélio/levedura por um 



20 
 

aumento de temperatura de 26 ° C a 37 ° C. As formas celulares observadas foram (A) 

hifas (0 d) (B) transição (3 d) (C) (5 d) e levedura (D) (10 d). As barras pretas 

correspondem a 10 µm. 

          O habitat natural do fungo ainda é desconhecido, porém, estudos relatam que 

Paracoccidioides, adapta-se bem em solos úmidos, com pH ácido e ricos em 

vegetação e matéria orgânica, em regiões de temperatura moderada com curto período 

de seca, onde pode crescer sob a forma miceliana e produzir conídios. Considera-se, 

portanto que esse seja o nicho ecológico mais provável desse microrganismo 

(Restrepo et al. 1985).   Além do seu isolamento de solo do Brasil (Silva-Vergara et 

al. 1998), da Argentina (Negroni et al. 1966) e da Venezuela (Albornoz et al. 1971), 

o fungo tem sido frequentemente isolado de tatus (Dasypusnovem cinctus no Brasil e 

Cabassous centralis na Colômbia), em áreas endêmicas e esses animais são 

reconhecidos como reservatórios naturais do fungo (Corredor et al. 2005, Bagagli et 

al. 2008). O patógeno também tem sido relatado em cachorros, pinguins (Garcia et al. 

1993) e morcegos frutívoros (Grose & Tamsit 1965). Testes sorológicos e 

intradérmicos também sugeriram a presença do fungo em animais domésticos e 

primatas (Corte et al. 2007). 

1.3- Interação patógeno-hospedeiro 

          O estabelecimento do fungo no tecido pulmonar induz uma resposta 

inflamatória que leva a formação do granuloma, que é definido como uma coleção 

compacta de células do sistema fagocitário mononuclear, podendo sofrer 

transformação para células epitelióides e gigantes. O macrófago é a principal célula 

integrante do granuloma, apresentando atividades microbicida e de apresentador de 

antígeno, além de, juntamente com linfócitos T, produzir as citocinas. O granuloma é 

a lesão fundamental na PCM e como em outras doenças infecciosas (tuberculose, 
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hanseníase, histoplasmose) é o resultado de uma reação de hipersensibilidade tardia 

contra antígenos do agente infeccioso. O desenvolvimento do granuloma pode 

permitir a contenção do patógeno, impedindo sua disseminação pelo organismo 

(Romani, 1997). 

          O progresso da patologia e a diversidade das formas clínicas dependem dos 

fatores imunológicos do hospedeiro (Franco, 1987) e dos diferentes níveis de 

virulência dos diversos tipos de isolados do fungo (San-Blas & Niño-Vega, 2002; 

Panunto-Castelo et al, 2003). A capacidade infectiva de microrganismos patogênicos 

está relacionada com a complexa interação entre o patógeno e o hospedeiro. A 

interação é um processo dinâmico, envolvendo a capacidade do organismo patogênico 

em atravessar o epitélio, em disseminar para diversos tecidos e resistir à defesa imune. 

Portanto, o sucesso da infecção requer uma rápida adaptação do patógeno através de 

mudanças na expressão de determinados repertórios gênicos requeridos frente às 

diferenças de microambientes, caracterizando um processo de expressão nicho 

específicos (Kumamoto, 2008). 

          O controle da infecção depende de resposta imune celular efetiva, geralmente 

associada ao padrão tipo 1 da resposta imunológica, caracterizado pela síntese de 

citocinas que ativam macrófagos e linfócitos T CD4+ e CD8+, resultando na 

formação de granulomas compactos. A organização desta resposta imune celular 

permite o controle da replicação do fungo, mas formas quiescentes podem persistir 

no interior do granuloma. Pacientes infectados que evoluem para doença apresentam 

depressão da resposta tipo 1, alteração esta que se correlaciona com a gravidade da 

doença. Neste contexto, formas mais graves evoluem com predomínio de resposta 

imunológica tipo 2, onde há maior ativação de linfócitos B, hipergamaglobulinemia 

e altos títulos de anticorpos específicos, cuja magnitude, em geral, correlaciona-se 
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positivamente com a gravidade e disseminação da doença. Esta observação é 

corroborada pelo encontro de queda importante do número de linfócitos CD4 nos 

pacientes portadores de formas mais graves desta micose. (Shikanai-Yasuda et al, 

2006).                                                                   

          A resposta imune inata contra fungos baseia-se no reconhecimento de estruturas 

conservadas (“pathogen associated molecular patterns”- PAMPS) que podem ser 

secretadas ou presentes na superfície do patógeno. Patógenos hospedam uma 

variedade de PAMPs que são detectadas por receptores transmembrana do 

hospedeiro, os receptores de reconhecimento de padrões (PRRs). O reconhecimento 

inicia normalmente cascatas de sinalização, resultando em fagocitose, secreção de 

compostos microbicidas e produção de mediadores pró-inflamatórios. A estratégia de 

evasão mais simples consiste em se evitar a detecção das PAMPs, estratégia utilizada 

por patógenos como Candida albicans, Histoplasma capsulatum e P. brasiliensis 

entre outros (Wheeler et al, 2008; Almeida et al, 2009; Chai et al, 2009). A 

camuflagem de PAMPs estimulatórias e a evasão do sistema complemento 

representam estratégias fúngicas efetivas para escapar do sistema imune inato e da 

fagocitose. Adicionalmente, após reconhecimento de um parasita, os macrófagos 

iniciam a fagocitose, levando à formação do fagossomo. Notavelmente vários fungos 

desenvolveram estratégias para sobrevivência dentro de fagócitos, as quais incluem 

atividades ou atributos que alteram o processo de maturação do fagolisossomo, escape 

do fagolisossomo ou adaptação ao ambiente do fagócito e consequente sobrevivência 

(Levitz et al, 1999; Fernandez-Arenas et al, 2009). Uma vez fagocitados os patógenos 

exibem uma dramática reprogramação transcricional e traducional refletindo as 

estratégias de adaptação ao ambiente hostil do fagócito. Padrões transcricionais foram 

descritos em C. albicans e C. neoformans após ingestão por fagócitos (Lorenz et al, 
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2004; Fan et al, 2005; Fernandez-Arenas et al, 2007). Em resposta ao micro ambiente 

hostil do macrófago P. brasiliensis induz a expressão de genes relacionados ao 

processo de detoxificação de espécies reativas de oxigênio e a biossíntese de 

aminoácidos, assim como reprime a expressão de genes codificantes da via glicolítica, 

sugerindo um ambiente pobre em glicose (Tavares et al, 2007). Embora estratégias de 

sobrevivência intracelulares permitam persistência dentro de fagócitos, os patógenos 

podem eventualmente escapar dessas células e infectar tecidos distantes. Assim, para 

exemplificar, C. neoformans pode utilizar monócitos para o transporte através da 

barreira sangue-encéfalo (Charlier et al, 2009).  Evasão imune através de ocultamento 

em nichos intracelulares é também empregada por P. brasiliensis, o qual retarda a 

morte dos neutrófilos do hospedeiro por inibição de apoptose, o que deve promover 

sobrevivência do fungo neste ambiente (Acorci et al, 2009). 
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2- JUSTIFICATIVA 

          Enquanto grande progresso tem sido feito no conhecimento de como o 

hospedeiro percebe a invasão por patógenos e mobiliza a resposta imune, menor 

atenção tem sido dada a como os patógenos alteram a sua própria resposta em relação 

ao ataque do hospedeiro. Tal informação pode levar à identificação de vias 

metabólicas essenciais para a patogênese e ao desenho de novos alvos para drogas 

para o ataque do patógeno.  

          Análise do proteoma e transcriptoma fornecem a oportunidade para 

compreensão da interação patógeno/hospedeiro e tem trazido importantes 

contribuições aos mecanismos de patogênese em vários sistemas biológicos. 

Adicionalmente, análises proteômicas em modelos in vivo de infecção constituem 

uma metodologia relevante para o avanço do conhecimento das prováveis interações 

patógeno-hospedeiro. 
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3- OBJETIVOS 

          Considerando-se a relevância de modelos in vivo no conhecimento de como os 

patógenos se adaptam ao ambiente do hospedeiro, o objetivo geral do projeto é 

caracterizar o proteoma e o transcriptoma de células leveduriformes de 

Paracoccidioides brasiliensis, isolado Pb18, recuperados de fluídos de lavado 

bronquioalveolar (FLBA). Os objetivos específicos são:  

• Identificar e caracterizar as proteínas de P. brasiliensis nas condições citadas. 

• Definir o perfil metabólico das células leveduriformes nas condições do modelo 

de interação patógeno-hospedeiro. 
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ABSTRACT
Paracoccidoides brasiliensis and Paracoccidioides lutzii, the etiologic agents of paracoccidioidomycosis,
cause disease in healthy and immunocompromised persons in Latin America. We developed a
method for harvesting P. brasiliensis yeast cells from infected murine lung to facilitate in vivo
transcriptional and proteomic profiling. P. brasiliensis harvested at 6 h post-infection were analyzed
using RNAseq and LC-MSE. In vivo yeast cells had 594 differentially expressed transcripts and 350
differentially expressed proteins. Integration of transcriptional and proteomic data indicated that early
in infection (6 h), P. brasiliensis yeast cells underwent a shift in metabolism from glycolysis to
b-oxidation, upregulated detoxifying enzymes to defend against oxidative stress, and repressed cell
wall biosynthesis. Bioinformatics and functional analyses also demonstrated that a serine proteinase
was upregulated and secreted in vivo. To our knowledge this is the first study depicting transcriptional
and proteomic data of P. brasiliensis yeast cells upon 6 h post-infection of mouse lung.

KEYWORDS
metabolic adaptation;
Paracoccidioides brasiliensis;
proteome; serine proteinase;
transcriptome

Introduction

Paracoccidioides brasiliensis and Paracoccidioides lutzii,
the etiological agents of paracoccidioidomycosis (PCM),
are fungal pathogens that are acquired following the inha-
lation of mycelia fragments or conidia into the lungs of a
human host.1 A defining feature of Paracoccidioides path-
ogenesis is the morphologic transition from mycelia or
conidia to yeast cells, which is governed by temperature
and occurs when mycelia and conidia enter the lungs.
Paracoccidioides causes a wide range of clinical manifes-
tations, which range from isolated lung infection to deep-
seated, life-threating infection, such as disseminated
PCM, which occurs through hematogenous spread.2,3

Our goal is to characterize genes involved with the
adaptive response of P. brasiliensis during the early
stages of pulmonary infection. Although identification of
these genes is crucial for the understanding of fungal
pathogenesis, the limited abundance of P. brasiliensis

yeast cells at the sites of infection, makes gene and pro-
tein assays challenging. To overcome the limited avail-
ability of fungal material, in vitro and ex vivo previous
approaches have been used to mimic conditions of infec-
tion. Prior studies have profiled gene expression in P. lut-
zii yeast cells incubated in human blood at 36�C, using
cDNA representational difference analysis (cDNA-
RDA), as well as P. brasiliensis yeast cells internalized by
macrophages, using microarray technology.4,5 These
studies demonstrated down regulation of transcripts
related to cell wall metabolism and glycolysis, as well as
upregulation of putative virulence factors, such as a serine
protease. Approaches used to identify genes relevant for
infection at the proteomic level, include the use of various
in vitro experimental conditions such as iron deprivation,
hypoxia, oxidative, nitrosative stress, and fungal-macro-
phage interactions.6,7,8,9,10 The later approach demonstrated
that during macrophage infection, yeast cells remodel their
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metabolism to recycle carbon containing molecules and
induce gluconeogenesis. This metabolic remodeling may
play an important role in the adaptive response to phagocy-
tosis. Additionally, during macrophage infection, P. brasi-
liensis yeast cells induce the expression of cytochrome C
peroxidase (CCP), an anti-oxidant molecule and potential
virulence factor. Antisense CCP knockdown strains have
reduced survival upon macrophage interaction and during
infection in BALB/c mice. Additionally, mutants with low
CCP expression were more sensitive to oxidative and nitro-
sative stress.9,10

While in vitro and ex vivo studies have provided
insight on fungal processes involved with murine pulmo-
nary infection, in vivo analysis of P. brasiliensis yeast cell
gene expression during pulmonary infection has not been
conducted. To understand how P. brasiliensis adapts to
the host, we established a model of intranasal infection
coupled with bronchoalveolar lavage for large-scale in
vivo gene and protein expression analyses during pulmo-
nary infection. Thus, we captured, for the first time, large-
scale in vivo gene expression during invasive PCM.
Because transcriptome analysis provides a limited under-
standing of the biology associated with in vivo survival,
we also investigated the underlying proteomic changes
during infection. For transcriptome and proteome analy-
ses, we focused our attention at 6 hours post-inhalation
because our data demonstrated that at this time point, P.
brasiliensis invaded mouse lung tissue. Our profiling stud-
ies paint a picture of lung invasion in which P. brasiliensis
alters the expression of genes related to several functional
categories including energy metabolism and cell wall
metabolism. Some active processes presumably help the

fungus to survive in lung, as here identified, such as the
accumulation of detoxifying enzymes. On the basis of our
results, we propose that P. brasiliensis remodels cellular
lipid metabolism to catabolize its own lipid stores via b

oxidation, glyoxylate cycle, which were strongly induced
during the first 6 hours of lung infection. Moreover, our
approach identified a secreted serine proteinase that may
facilitate invasion of lung tissue and dissemination of P.
brasiliensis to other organs.

Results

Establishing a method for infection and recovery of
yeast cells in vivo

Transcriptomic and proteomic approaches can identify
genes and biologic processes important for infection.
Although in vivo profiling using mouse models have the
potential to uncover gene and protein expression during
infection, it has remained a challenge to obtain sufficient
quantity of yeast cells for RNA and protein analysis. To
overcome this barrier, we sought to establish an infection
model and method for recovering sufficient quantity of
yeast cells for RNA and protein extraction. For this, mice
were infected with P. brasiliensis by intranasal inhalation
of yeast cells and after 6 h we performed extensive lung
lavage to harvest yeast cells in the bronchoalveolar fluid.
We validated our infection model by analyzing lung sec-
tions of infected mice at different post-infection time
points. At 6 and 24 h after intranasal exposure, mice
were killed and lung tissue collected for histological proc-
essing. The experiments were conducted in biologic (3
animals) and experimental (3 time-independent

Figure 1. Histopathological images of lung sections. The animals were killed 6 h post-intranasal infection and the lungs were harvested
for histopathologic analysis. (A) Gomori-Grocott staining of lung slices of control animals treated with saline solution (NaCl 0.9%) (B)
Gomori-Grocott staining of lung slices of animals at 6 h post infection. Black arrows point toward P. brasiliensis yeast. (C) Hematoxylin-
Eosin (HE) staining in lung slices of control animals (D) HE staining of lung slices of animals at 6 h post-infection. Inflammatory polymor-
phonuclear cells surround P. brasiliensis yeast (white arrows).
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experiments) triplicates. As observed in Fig. 1A and C,
lungs of control group, inoculated with saline solution
(NaCl 0.9%), had a normal histomorphology including
terminal bronchioles, surrounding muscle tissue, and the
alveolar duct structure. The lung tissue sections were
stained with Gomori-Grocott11 to highlight the presence
of fungal cells (Fig. 1B). Staining with hematoxylin-
eosin12 was used to evaluate for inflammation (Fig. 1D).
Histopathological examination of lung sections at 6 h
post-infection showed neutrophilic inflammatory infil-
trate associated with circular birefringent fungi cells,
ranging from 6 to 20 mm in diameter (Fig. 1D; Fig. S1).

Figure S2 depicts mouse lungs at 24 hours post infec-
tion. Histopathology at 24 h post-infection showed a large
increase in neutrophilic inflammatory infiltrate associated
with circular birefringent fungal cells (Fig. S2C and 2D).
Since we were interested in the initial stages of infection,
the 6 h time point was selected for harvest of P. brasilien-
sis because there were abundant yeast cells in the lungs.
Transcriptional and proteomic analysis was performed
using high-throughput RNA Illumina sequencing (RNA-
seq) and NanoUPLC-MSE, respectively.

The procedure for obtaining bronchoalveolar lavage
was validated using histopathological analyzes and evalu-
ation of yeast cells number, as depicted in Fig S3. After
counting of 50 fields, an average of 106 and 30 yeast cells
was observed in lungs that were not submitted to bron-
choalveolar lavage and lungs after bronchoalveolar
lavage, respectively (Fig S3). Counting of yeast cells in
the bronchoalveolar material provided very similar
results (data not shown).

Investigating the transcriptome of Paracoccidioides
brasiliensis yeast cells at 6 h post-infection

On the basis of our pilot experiments, we selected the 6 h
post-infection time point for transcriptome analysis. cDNA
libraries were generated and the sequenced reads were
mapped to the reference Paracoccidioides genome (Pb18),
(http://www.broadinstitute.org/annotation/genome/para
coccidioides_brasiliensis/MultiHome.html) using the
Bowtie 2 tool (doi:10.1038/nmeth.1923) and analyzed by
DEGseq package.13 The list of differentially expressed
genes (DEGs) was obtained by comparing RNA levels of
yeast cells at 6 h post-infection to the in vitro control;
(control fungal cells were obtained by incubation of P.
brasiliensis cells in BHI liquid medium at 37�C during
48 h). To determine the up- and downregulated tran-
scripts, a cut-off of 2.0-fold change was applied. Table S1
lists the differentially induced transcripts and Table S2
lists the differentially repressed transcripts.

Five hundred and ninety four differentially expressed
transcripts were identified from yeast cells at 6 h

post-infection. From this total, 73.40% of transcripts
were functionally annotated, corresponding to 436 genes,
and 26.60% were unclassified transcripts corresponding
to 158 genes.

We used the functional catalog (FunCat) for func-
tional enrichment analysis. We additionally included
KEGG terms, when relevant. Subcategories of metabolism
related to amino acid, nitrogen/sulfur, C-compound/car-
bohydrate, lipid/ fatty acid, purines, secondary, and phos-
phate metabolisms were regulated in host-pathogen
interaction (Tables S1 and S2). Categories associated with
cell cycle/DNA processing, transcription, protein synthesis
and fate and cellular transport were also largely repre-
sented in the transcriptome.

The functional classifications and the percentage of
up- and downregulated transcripts in each classified cat-
egory are shown in Fig S4. Functional enrichment analy-
sis demonstrated that at 6 h post-infection of mouse
lung, most of the DEGs in P. brasiliensis corresponded to
downregulated categories (Table S1 and 2, Fig S4). A
total of 430 DEGs (72.6%) were repressed and 154 DEGs
(27.4%) were induced at 6 h post-infection. The majority
of enriched categories for upregulated DEGs were related
to metabolism and cellular transport. The majority of
enriched categories for downregulated DEGs were
metabolism, transcription and protein synthesis.

Changed expression connected to upregulated
transcripts

Figure S4 depicts enriched categories for upregulated
DEGs. Metabolism and cellular transport constitute the
functional categories most highly enriched during fungal
infection. In the metabolism category, the oxidation of
fatty acids was the most enriched pathway, which includes
acyl-CoA dehydrogenases (PADG_07604, PADG_05046,
PADG_06335), short chain dehydrogenases/reductases
(PADG_06247, PADG_06006), carnitine transport/
metabolism (PADG_05773, PADG_06378), peroxisomal
hydratase-dehydrogenase-epimerase (PADG_08651) and
a 3-hydroxybutyryl-CoA dehydratase (PADG_05039).
These genes demonstrated increase transcript abundance
that ranged from 2.29 to 17.00 (Table S1). In addition,
ethanol producing genes were induced including alcohol
dehydrogenase (PADG_04701) and aldehyde dehydroge-
nase (PADG_05081) with 4.38 and 5.13-fold change,
respectively. As depicted in Table S1, genes involved with
cellular transport including amino acid permease
(PADG_11786), MFS drug transporters ( PADG_08041,
PADG_07610, PADG_04733), multidrug transporter
(PADG_12014), ), ABC drug transporter (PADG_06245)
and zinc-regulated transporter (PADG_06417), were
among the transcripts induced in vivo.
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Table 1 depicts the most induced transcripts (� 4-
fold) in yeast cells infecting mouse lungs. The most
induced transcripts, depicted in Table 1, include those
related to degradation of fatty acids and carbohydrates,
nitrogen and ethanol metabolism, proteins related to the
defense to stress, among others.

Changed expression connected to downregulated
transcripts

As described above, the majority of DEGs were down-
expressed in vivo compared with the in vitro control. A
number of downregulated genes were involved in electron
transport and membrane-associated energy conservation
(Table S2). This category contains 10 downregulated
genes, comprising several subunits of NADH-ubiquinone
oxidoreductase (PADG_04699, PADG_08216), ATP syn-
thase complex, and cytochrome complex (Table S2).

Three genes involved in the TCA cycle including
malate dehydrogenase (PADG_07210), ATP citrate (pro-
S)-lyase (PADG_04994), pyruvate dehydrogenase complex
dihydrolipoamide acetyltransferase (PADG_07213), were
downregulated (Table S2).

The metabolic processes involving the cell wall were
downregulated in yeast cells at 6 h post-infection
(Table S2). A total of 25 trancripts related to cell wall
metabolism were identified that were downregulated.

Three transcripts encoding proteins related to glycan
metabolism such as a 1,3 glucosidase (PADG_07523);
endo-1,3(4)-b-glucanase (PADG_12370) and glucan
synthesis regulatory protein (PADG_05870) were
downregulated with expression ratios from 0.37 to 0.1
relative to the in vitro control (Table S2). The activa-
tion of the b-1,3 glucan synthase is regulated by Ras/
Rho GTPases cell signaling pathway, that includes pro-
tein kinase C and MADS family protein.14 As illus-
trated in Fig. 2, this pathway was downregulated at 6 h
of P. brasiliensis post-infection infection in mouse lung
(PADG_07326: serine/threonine-protein kinase PRKX
and PADG_07962: MADS box transcription factor
Mcm1), which could be related with lower glycan con-
tent in yeast cells upon infection. Also, the proteins
pKC and calmodulin are described as activators of chi-
tin synthesis15 and, interestingly, both signaling path-
ways can be repressed, putatively leading to repression
of chitin synthesis. Transcripts related to chitin syn-
thesis (PADG_06438, PADG_08636, PADG_08120
and PADG_04485) were downregulated in vivo with
expression ratios 0.1 – 0.45 relative to the in vitro con-
trol (Table S2). In addition, chitin activators
(PADG_04697 and PADG_05937), responsible for
localization of chitin synthases to the cell wall, were
negatively regulated, which has been described in other
fungal models.16 In addition, transcripts related to GPI

Table 1. The most upregulated transcripts in vivo at 6-hours post-infection.

Accession numbera Gene Descriptionb Ratio Infection/Controlc Functiond

PADG_06490 Formamidase 22.77 Nitrogen metabolism
PADG_05773 Carnitinyl-CoA dehydratase 17.00 Lipid, fatty acid and isoprenoid metabolism
PADG_07604 Acyl-CoA dehydrogenase 13.46 Fatty acid degradation
PADG_08544 GABA permease 10.80 Transport
PADG_07751 Mitochondrial integral membrane protein 8.35 Transport
PADG_05876 Centromere/microtubule-binding protein Cbf5 8.22 Cell cycle
PADG_06196 12-oxophytodienoate reductase 7.43 Energy conversion and regeneration
PADG_07803 60S ribosomal protein L12 6.58 Protein synthesis
PADG_08651 Peroxisomal hydratase-dehydrogenase-epimerase 6.02 Multifunctional b-oxidation protein
PADG_12014 Pleiotropic ABC efflux transporter of multiple drugs 5.84 Transporters
PADG_08034 Dienelactone hydrolase family protein 5.58 Secondary metabolism
PADG_07809 Cysteine protease PalB 5.56 Protein/peptide degradation
PADG_06309 Glucose-methanol-choline oxidoreductase 5.37 Energy conversion and regeneration
PADG_05757 Sugar transporter 5.26 Transport
PADG_06197 Xanthine dehydrogenase, molybdopterin binding subunit 5.24 Purine metabolism
PADG_05081 Aldehyde dehydrogenase 5.13 Fermentation
PADG_04907 Chaperone/heat shock protein 5.07 Stress response
PADG_06425 Delta(3,5)-Delta(2,4)-dienoyl-CoA isomerase 4.99 Transport
PADG_06477 Phosphotyrosine protein phosphatase 4.70 Signal transduction
PADG_06322 Cytochrome c peroxidase, peroxissomal 4.68 Stress response
PADG_04543 Non-specific lipid-transfer protein 4.51 Transport
PADG_07450 Ubiquitin-conjugating enzyme 4.48 Protein/peptide degradation
PADG_04701 Alcohol dehydrogenase 4.38 Fermentation
PADG_07732 Aspartate-tRNA(Asn) ligase 4.22 Protein synthesis
PADG_08012 Fructose-bisphosphate aldolase 4.16 Glycolysis and Gluconeogenesis
PADG_07783 Phosphotransferase enzyme family domain-containing protein 4.04 Protein modification

Notes. aIdentification of differentially regulated genes from Paracoccidioides genome database (http://www.broadinstitute.org/annotation/genome/paracoccidioi
des_brasiliensis/MultiHome.html) using the statistical package DEGSeq, the Bioconductor, using Fisher’s test implemented in the package.

bGenes annotation from Paracoccidioides genome database or by homology from NCBI database (http://www.ncbi.nlm.nih.gov/)
cInfection/Control means: The level of expression in yeast cells derived from infected lung divided by the level in the control yeast cells.
dBiological process of differentially expressed proteins from MIPS (http://mips.helmholtz-muenchen.de/funcatDB/) and Uniprot databases (http://www.uniprot.org/).
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synthesis (PADG_04786: GPI ethanolamine phosphate
transferase) and attachment of GPI anchors into pro-
teins (PADG_08703: GPI transamidase component
GPI16) were also downregulated in vivo (Table S2).

The metabolism category includes primary metabo-
lism of amino acids, from which the metabolism of tyro-
sine and phenylalanine was especially downregulated.
The category of mitotic cell cycle and cell cycle control
was enriched with 21 downregulated genes including
predicted phosphatases and cell division control proteins
(Table S2). Regarding DNA processing, genes in this cat-
egory were downregulated in vivo. In this category there
were 11 proteins important for DNA duplication such as
ATP-dependent DNA helicase II , replication factor-A
protein (PADG_07835), DNA replication licensing fac-
tors (PADG_08558, PADG_07901), DNA topoisomer-
ases PADG_07812, PADG_04954, PADG_06339),
DNA-directed RNA polymerases (PADG_06985,
PADG_08395, PADG_07655), FACT complex subunit
pob3 (PADG_07672), nucleosome assembly protein 1-
like 1 (PADG_05893) , and 5 transcripts encoding pro-
teins/enzymes of DNA repair (Table S2).

The categories of protein synthesis and degradation
comprised a large number of genes with reduced expres-
sion (Table S2). In the category of protein synthesis, 60
downregulated genes were present including those related
to ribosomal biogenesis and translational machinery.

Transcriptional control depicts several downregulated
genes (Table S2). Surprisingly, the gene encoding the
HapX transcription factor (PADG_07492), involved in
the homeostasis of iron is among the most repressed in
yeast cells at 6 h post-infection in mouse lung. Other
repressed transcription factor in vivo includes APSES
MbpA (PADG_07224) involved in the regulation of
morphogenesis including filamentation and differentia-
tion in Candida albicans and Aspergillus fumigatus.17

Signal transduction category had 25 downregulated
genes (Table S2) involving several pathways such as cal-
cium-calmodulin, histidine kinase, MAP kinase. Different
protein kinases are among the most repressed genes in P.
brasiliensis yeast cells at 6 h post-infection in mouse lung
(Table S2).

Quantitative proteome profiles of yeast cells
infecting mouse lungs

Proteomic data quality analysis
Protein quantification was performed using Nano-
UPLCMSE as described previously.18,19,20 The resulting
NanoUPLC-MSE protein and peptide data generated by
the PLGS process are shown in Figs. S5, S6 and S7. The
false positive rates of proteins obtained from yeast cells
at 6 h post-infection of mouse lung and from in vitro
control were 0.99% and 0.67%, respectively. These

Figure 2. Schematic representation of downregulated transcripts related to P. brasiliensis cell wall homeostasis. Transcripts related to mannan
metabolism was induced (PADG_04693) or repressed (PADG_07841). Transcripts encoding proteins related to glycan synthesis (PADG_07523,
PADG_12370 and PADG_05870) were downregulated upon 6 h post- infection in mouse lung. Down-regulation of glycan synthesis can be
triggered by downregulation of the Ras-dependent signaling pathway (PADG_07962) which activates chitin biosynthesis (indicated by arrow
1). Also, protein kinase C (pKC, PADG_07326) and calmodulin (PADG_07774) dependent signaling pathways can modulate chitin synthesis
(indicated by arrows 1 and 3, respectively). Both are negativelly regulated in this condition. Transcripts encoding proteins related to chitin bio-
synthesis (PADG_06438, PADG_08636, PADG_07802, PADG_08120 and PADG_04485) were repressed; (PADG_12130) was induced. The
downregulation of the cell wall synthesis is also evidenced by the negative regulation of transcripts encoding proteins related to the cellular
destination of chitin synthase (PADG_04697, PADG_05937)and GPI anchoring (PADG_08703). Transcripts encoding proteins related to GPI
synthesis wasrepressed (PADG_04786). Thoese transcripts are supplied in Tables S1 and 2. The MultiExperiment Viewer software V.4.8 (www.
tm4.org/mev/) was used to group the compare data of expression ratios and color scale was adapted.
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experiments resulted in 9,787 and 17,537 identified pep-
tides, where 52 and 58% were obtained from peptide
match type data in the first pass and 9% (for both control
and test) from the second pass20 for in vivo and in vitro
yeast cells, respectively (Fig S5). A total of 13% and 21%
of total peptides were identified by a missed trypsin
cleavage in control and infection conditions, respectively,
whereas an in-source fragmentation rate of the same 7%
from control and 11% in yeast cells at 6 h post-infection
of mouse lung was obtained (Fig. S5).

Figure S6 shows the peptide parts per million error
(ppm) indicating that the majority, 63.19% and 72.56%,
of identified peptides were detected with an error of less
than 5 ppm for yeast cells isolated from mouse lung and
in vitro control, respectively. For error of less than
10 ppm, 87.75% and 92.22% peptides were identified for
yeast cells infecting mouse lung and control, respectively.
Fig S7 depicts the results obtained from dynamic range
detection indicating that a 3-log range concentration and
a good detection distribution of high and low molecular
weights were obtained for the both conditions.

The pattern of proteins differentially accumulated
upon P. brasiliensis infection of mouse lung

The 3 parallel independent infection assays were per-
formed and equimolar amounts of protein extracts were
mixed and used in proteomic analysis. Pooled protein
extracts were run in 3 technical replicates and only pro-
teins found in 2 out of the 3 technical replicates, by an
identical set of at least 2 unique tryptic peptides, were
considered for further analysis. Those criteria have been
extensively used in label-free MSE proteomic assays.21,22,23

Fivehundredand8proteinswere identified, afterfiltering,
using the criterion of minimum repeat rate of 2. A 1.5-fold
change was used as a threshold to determine differentially
expressed proteins. 147 and 203 proteins down and upregu-
lated, respectively, in vivo, versus in vitro control (Tables S3
and S4) were obtained after filtering using the parameters
above. Biological processes and the percentage of down and
up- regulatedproteins in each classified category aredepicted
inFig.S8.Theidentifiedproteinswereclassifiedonthebasisof
their function according to the Munich Information Center
forProteinSequences(MIPS)categorization.

Proteins downregulated in yeast cells during mouse
infection

Proteomic analysis of in vivo yeast cells demonstrated that
proteins involved with amino acid biosynthesis and protein
synthesisweredecreased.Enzymes inbiosynthetic pathways
for threonine, tryptophan, glutamate, and glycine were
reduced including threonine synthase (PADG_02777),

anthranilate phosphoribosyltransferase (PADG_01789),
glutamatedecarboxylase(PADG_06319)andserinehydrox-
ymethyl transferase (PADG_05277), respectively. In addi-
tion, 30 proteins involved with protein synthesis were
decreased(TableS3).

Proteins upregulated in yeast cells during mouse
infection

P. brasiliensis proteins upregulated in vivo were involved
with multiple pathways including fatty acid catabolism
(beta and omega oxidation), glyoxylate cycle, pentose-
phosphate pathway, and ethanol production (Table S4).
Proteins involved with fatty acid breakdown, acyl-CoA-
binding protein (PADG_01363), enoyl CoA hydratase
(PADG_01209), and isocitrate lyase (PADG_01483) in
the glyoxylate cycle was induced 1.53-fold in vivo.
Enzymes involved with ethanol production are upregu-
lated; alcohol dehydrogenase (PADG_04701) and pyru-
vate decarboxylase (PADG_00714) increased 13.73 and
1.58 fold compared with in vitro control, respectively.

In the functional class of protein synthesis, 39 molcules
were increased (Table S4). They belong to the subcatego-
ries of ribosome biogenesis, translation, translational con-
trol and translational initiation. Thirty-two were induced
in the functional class of protein degradation (Table S4),
including components of the proteasome complex, ubiq-
uitin system and proteases. The up regulation of enzymes
involved with protein degradation, may supply anapler-
otic precursors such as pyruvate, which can be metabo-
lized by alcohol dehydrogenase (PADG_04701) and
pyruvate decarboxylase (PADG_00714), as cited above.

Fifteen proteins predicted to be involved with cell
rescue, defense and virulence were increased in yeast
cells infecting mouse lung. Several heat shock proteins
including 30 kDa (PADG_03963), hsp88
(PADG_02785), HSP90 (PADG_07715), Hsp90 co-
chaperone AHA1 (PADG_01711), hsp90 co-chaper-
one Cdc37 (PADG_02030), hsp98 (PADG_00765),
SSB1 (PADG_02761), and STI1 (PADG_04379) were
increased. Fig. 3 presents an overview of the response
to oxidative stress, as suggested by the proteomic
analysis. Several proteins that have been described as
virulence factors in other pathogenic microorganisms
were upregulated in P. brasiliensis yeast cells after 6 h
of lung infection. These include proteins involved
with detoxification of phagocyte-derived oxidative
stress such as two superoxide dismutases, Cu/Zn-con-
taining SOD1 (PADG_07418) and Fe/Mn-containing
SOD2 (PADG_01755), cytochrome C peroxidase
(PADG_03163), three thioredoxins (PADG_03161,
PADG_05504, PADG_01551), and disulfide isomerase
(PADG_03841).
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Overview of metabolic changes in P. brasiliensis at
6 h post-infection in mouse lung

We have integrated transcriptional and proteomic data
to summarize the fungal response after 6 h in mouse
lung. Our data suggest that yeast cells reprogram

pathways for energy metabolism (Fig. 4) including using
lipids as an energy source during infection. Most of the
enzymes involved in oxidation of even and odd chain
fatty acids were upregulated. Similarly, enzyme in pen-
tose phosphate pathway was increased, which can supply
the redox equivalents for the oxidative stress response.

Figure 3. Overview of detoxification mechanisms against oxidative stress in P. brasiliensis, during lung infection. This figure summarizes
data from proteomic analyses and suggests the mechanism used by this fungus in response to oxidative stress. SOD: superoxide dismutase
(PADG_07418, PADG_01755); Cat P: peroxissomal catalase; GR: Gluthatione reductase; GPX: Gluthatione peroxidase; CCP: Cytochrome c per-
oxidase (PADG_03163); TrxR: Thioredoxin reductase (PADG_01551); Trx: Thioredoxin (PADG_03161 and PADG_05504); DI: disulfide isomer-
ase (PADG_03841); HSP: Heat shock protein (PADG_03963, PADG_02785, PADG_07715, PADG_01711, PADG_02030, PADG_00765,
PADG_02761 and PADG_04379). SODs mediate the detoxification of superoxide to hydrogen peroxide. Degradation of hydrogen peroxide
is catalyzed by catalase and alternative pathways, for example, via gluthatione and cytochrome c peroxidase. The MultiExperiment Viewer
software V.4.8 (www.tm4.org/mev/) was used to group the compare data of expression ratios and color scale was adapted.

Figure 4. Adaptive metabolic response of P. brasiliensis during lung infection. FBA fructose biphosphate aldolase (PADG_00668), GAPDH
Glyceraldehyde 3-phosphate dehydrogenase (PADG_02411), PGK phosphoglycerate kinase (PADG_01896), PYK pyruvate kinase
(PADG_01278), ADH alcohol dehydrogenase (PADG_04701), PDC pyruvate decarboxylase (PADG_00714), PEPCK PEP carboxykinase
(PADG_08503), PC pyruvate carboxylase (PADG_04103), CS citrate synthase (PADG_08387), ACO aconitase (PADG_11845), SCD
succinate dehydrogenase (PADG_08013), FUM fumarase (PADG_02592), MDH malate dehydrogenase (PADG_08054), ICL isocitrate lyase
(PADG_01483), MLS malate synthase (PADG_04702), ECH enoyl-CoA hydratase (PADG_01209), ACD acyl-CoA dehydrogenase
(PADG_07604) PLA phospholipase (PADG_05993), PGL phosphoglucolactonase (PADG_07771), TRX thioredoxins (PADG_03161 and
PADG_05504), TrxR thioredoxin reductase (PADG_01551), SOD superoxide dismutase (PADG_07418 and PADG_01755), CCP cytochrome
C peroxidase (PADG_03163). The MultiExperiment Viewer software V.4.8 (www.tm4.org/mev/) was used to group the compare data of
expression ratios and color scale was adapted. To analyze the conditions, the up- and downregulated genes/proteins were integrated
and the expression levels were used to build a heat map.
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Glyoxylase was also induced, which detoxifies methyl-
glyoxal generated from lipid peroxidation. The glyoxy-
late cycle was upregulated, which further supports lipid
catabolism during infection. Interestingly, transcripts
and proteins related to aerobic metabolism, which sup-
ports fatty acid derived energy production were downre-
gulated. This metabolic contradiction may be explained
by the fact that yeast cells were grown in a rich medium
with abundant nutrients and then transferred to a hostile
in vivo environment. Thus, the high metabolic activity
that is required to support the exponential growth phase
in vitro is no longer required during early phases of
infection, when the yeast cells are adapting to the in vivo
environment. Rather, during infection P. brasiliensis uti-
lizes acetyl- and propionyl-CoA, which are derived from
fatty acid catabolism, to fuel glyoxylate cycle for anaple-
rosis of oxaloacetate, which provide building blocks for
biomolecule synthesis.

Immunohistochemical analysis of infected mice
lungs with polyclonal antibodies to serine protease
(PADG_07422)

During pulmonary infection, P. brasiliensis yeast cells
upregulated 32 proteins involved with protein fate and
degradation (Table S4). In this class of proteins we prior-
itized a serine proteinase (PADG_07422), which was 2.4-
fold upregulated, for in vivo analysis by immunostaining.
Previous studies in our laboratory demonstrated that
PADG_07422 is a secreted serine proteinase and is
induced during nitrogen deprivation.24 After 6 h of intra-
nasal infection, polymorphonuclear inflammatory infil-
trate surrounding P. brasiliensis yeast cells stained

positive for the serine proteinase (Fig. 5B). In addition,
the serine protease was also detected on the surface and
in the cytoplasm of murine cells (Fig. 5B). The detection
of enolase,25 which was used as a control, only stained
yeast cells (Fig. 5A). Thus, the labeling of the host tissue
supports that the serine protease is secreted by P. brasi-
liensis yeast in vivo.

Additional controls were performed using different
inducers of immune response to demonstrate lack of
cross-reactivity of the anti-serine proteinase polyclonal
antibodies to mouse proteins. Considering the inflamma-
tory infiltrate caused by the inoculation of zymosan26,
carrageenan27 or heat killed fungi, serine proteinase was
not detected by immunohistochemistry assays, as shown
in Fig. 6, panel A to C, respectively.

Treatment of mouse with anti-serine proteinase
polyclonal antibodies induces decreased fungal
burden

We performed an additional experiment to evaluate the
potential role of serine proteinase (PADG_07422) in mouse
infection by P. brasiliensis. After 6 hours of infection, the
lungs of animals pretreated with anti-serine proteinase poly-
clonal antibodies and the control group were assessed using
histopathological and quantitative analyses. The amount of
fungus in the pre-treated animals was significantly reduced
(Fig. 7 A), corresponding to approximately 23% of control,
as depicted in Fig. 7 B.We also analyzed the CFU after bron-
chooalveolar lavage in infected, pre-treated mice (vs. con-
trol) with the polyclonal antibodies (Fig. 7 C). A 90.5%
reduction in CFUwas observed in the pre-treated animals.

Figure 5. Histopathological images of lung sections at 6 h post-infection. (A) In situ presence of enolase, a control protein. (B) The pres-
ence of serine proteinase during infection in lung tissue. White arrows evidence fungal cells and black arrows evidence the labeling
occurring also outside fungal cells. Scale bars are indicated. The polyclonal antibodies anti-enolase25 at 1:150 dilution and anti-serine-
proteinase24 at 1:150 dilution, previously obtained, were used in A and B, respectively. The chromogen 3.30 diaminobenzidine tetrahy-
drocloride (DAB, Dako, #K3468-1) was used, and sections were then counterstained with Mayer’s hematoxylin and examined by light
microscopy.
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Increased production of ethanol and thiols by
P. brasiliensis yeast in vivo

At 6 h post-infection, 2 genes involved with ethanol pro-
duction, pyruvate decarboxylase (PADG_00714) and
alcohol dehydrogenase (PADG_04701) (Tables S1 and
S4) were upregulated. Ethanol concentration was
approximately 13-fold higher in yeast cells at 6 h of

infection in mouse lung compared with controls
(Fig. 8A).

Enzymes in the thioredoxin system are used to defend
against oxidative stress. In vivo proteomics analyses
demonstrated that two thioredoxins (PADG_03161 and
PADG_05504) and a thioredoxin reductase
(PADG_01551) were induced (Fig. 3, Table 4). To func-
tionally assess fungal thioredoxin activity, we quantified

Figure 6. Histopathological analyzes of mice lung injected with immuno stimulants. After Lung tissues in (A) Carrageenan (B) Heat-killed
yeast cells and (C) Zymozan injected mice. The presence of serine proteinase in the tissue was not detected. Scale bars are indicated. The
polyclonal antibodies anti-serine-proteinase at 1:150 dilution was used. The chromogen 3.30 diaminobenzidine tetrahydrocloride (DAB,
Dako, #K3468-1) was used, and sections were then counterstained with Mayer’s hematoxylin, and examined by light microscopy.

Figure 7. Treatment of mouse with polyclonal antibodies to serine proteinase (PADG_07422). (A) (B) Average counts of P. brasiliensis
cells in lung tissue in 50 sections; control (1); animals pretreated with polyclonal anti-serine proteinase antibodies (2). (C) CFUs recovered
after bronchoalveolar lavage of control (1) and animals treated with polyclonal antibodies (2). (D) CFUs counts for control (1) and pre-
treated mouse (2). Asterisks evidence statistical differences observed by the Student T test presenting p value � 0.05 were considered
significant.
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thiol levels in yeast cells of P. brasiliensis at 6 h
post-infection of mouse lung. Thiol levels were
approximately 2.5-fold higher in yeast cells during
infection (vs. in vitro control) (Fig. 8B).

Discussion

In this study, we used transcriptional, proteomic and
bioinformatics analyses to identify and characterize gene
expression in P. brasiliensis during pulmonary infection.
The proteomic and transcriptional experiments were
designed to capture the fungal response early in the
infection process. Studies focusing on host-microbe
interactions at molecular level have traditionally been
challenging due to the limited number of reliable meth-
ods for harvesting fungal cells from infected organs.
Herein, we describe a straightforward method for recov-
ering P. brasiliensis yeast cells during the early stages of
pulmonary infection for in vivo transcriptional and
proteomic analyses. Additionally, we integrated tran-
scriptional and proteomic data to assess how P. brasilien-
sis adapts to the host during the initial stages of infection
in mouse lung. The changes in proteins profiles showed
low congruency with the transcripts levels. We attribute
this fact to post transcriptional processes playing a criti-
cal role in the protein levels, as described in Aspergillus
flavus.28 Although we have used a 2-fold threshold in the
transcriptional analysis, the presence of excess of host
RNAs in the samples, could impact the results.

Adaptive responses within 6 h of infection include
inhibition of cell wall metabolism, and increase in path-
ways linked to protective responses against reactive oxy-
gen species, as well as remodeling metabolism toward

lipid degradation, ethanol production and glyoxylate
cycle. In addition, a serine proteinase, potentially linked
to pathogenesis was characterized.

Analysis of transcriptional data identified 1761 tran-
scripts with �34% (594 genes) that were differentially
expressed (164 upregulated, 430 downregulated) at 6 h
post-infection. Analysis of the downregulated transcripts
in vivo demonstrated a strong effect on cell wall metabo-
lism. A striking pattern was the repression of several
genes involved with the biosynthesis of glycan, chitin
and genes that activate chitin synthases. Also, glycosyl
hydrolases and chitin metabolism responsive genes were
repressed. The cell wall is dynamic and responds to
changes in the external environment. Multiple cellular
functions, including cell wall remodeling, negatively reg-
ulated by the Zcf21 transcription factor, contribute to
the ability of C. albicans to promote systemic infec-
tion.29,30 Zcf21 mutants have higher content of cell wall
polysaccharides, increased susceptibility to phagocytosis,
and impaired intracellular survival in macrophages.30 If
inhibition of cell wall genes in P. brasiliensis influences
the host recognition remains to be elucidated.

We identified 350 proteins differentially expressed in
vivo (203 upregulated, 147 downregulated). Among the
upregulated proteins, an arsenal of ROS defense enzymes
were found. Host phagocytic cells use reactive oxygen
species as part of their armory to neutralize foreign
microorganisms.31 The phagocytic cells of the innate
immune system produce several oxidants that are pre-
sumed to play roles in microbial killing. Proteomic stud-
ies, during the treatment of Paracoccidioides sp. with
hydrogen peroxide, depicted the upregulation of ROS
detoxification enzymes. These enzymes include catalases,
superoxide dismutases, cytochrome c peroxidase and

Figure 8. Ethanol and thiol measurements in protein extracts of yeast cells after 6 hours of mice infection. (A) Increase in ethanol pro-
duction in yeast cells recovered from lung mice (1); control (2). (B) Thiol reduction level evaluated in yeast cells infecting mouse lung
(1); control (2). Asterisks evidence statistical differences observed by the Student T test presenting p value � 0.05 were considered
significant.
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thioredoxin.8 Analysis of detoxification mechanisms of
P. brasiliensis at 6 h post-infection of mouse lung,
strongly support the concept that the fungus is exposed
to a significant oxidative stress, since cytochrome c per-
oxidase, superoxide dismutases, thioredoxins and thiore-
doxin reductase are induced. Histopathology analysis
demonstrated that polymorphonuclear cells were in
direct contact with P. brasiliensis yeast cells, which might
account for the fungal response to oxidative stress. In
agreement with in vitro studies, proteins such as thiore-
doxin and Cu/Zn superoxide dismutases, accumulated in
P. brasiliensis yeast cells infecting macrophages.10

Enzymes related to detoxification, such as superoxide
dismutases, SOD1 (PADG_07418) and SOD2
(PADG_01755) were also accumulated in P. brasiliensis
yeast at 6 h post-infection. Knockdown mutants for
SOD1, although able to infect mouse lung, were unable
to disseminate to other organs, suggesting its involve-
ment in intracellular fungus activity.32 Cytochrome c
peroxidase (PADG_03163) and thioredoxins
(PADG_03161, PADG_05504 and PADG_01551) were
induced at proteomic levels. Previous studies have
described a possible relationship between ROS detoxifi-
cation and virulence. Cytochrome c peroxidase (CCP) is
a potential virulence factor, as demonstrated in studies
using the silenced mutant for this gene. CCP silencing
reduces P. brasiliensis survival during macrophage infec-
tion and in yeast cells subjected to in vitro nitrosative
stress.9,10 To maintain cellular redox homeostasis, yeast
cells may provide potential reducing for most antioxi-
dant and regulatory enzymes.33,34 In this way, activation
of the pentose phosphate pathway, which is a source of
cellular reducing power in the form of NADPH, reinfor-
ces the concept that P. brasiliensis yeast cells respond to
oxidative stress at 6 h post-infection. Neutralization of
free radicals largely depends on NADPH.

Changes in nutrient availability early in the infection
process could play a role in the repression of glycolytic
genes and upregulation of the glyoxylate cycle. Paracocci-
dioides sp co-cultured with murine macrophages upregu-
lated the transcripts for the glyoxylate cycle-specific
enzymes isocitrate lyase and malate synthase, suggested
by RT-PCR analyses.35 In contrast, in P. brasiliensis yeast
cells co-cultivated with macrophages,10 gluconeogenesis
did not appear to play a major role during lung infection,
since genes encoding key enzymes as well as cognate pro-
teins in this pathway were not upregulated as determined
by proteomics analysis. This finding is in agreement with
our results. The stage and site of infection can influence
metabolism. Studies on C. albicans mutants blocked in
various core carbon metabolic pathways demonstrated
that the glyoxylate cycle and gluconeogenesis were essen-
tial for fungal survival during initial interactions with

host immune cells. Later, as the yeast cells colonize, they
altered carbon metabolism from non-fermentative to fer-
mentative (i.e., glycolysis).36 Similarly, research in C.
neoformans demonstrated that deletion of pyruvate
kinase (PYK1) and hexokinases (HXK1, HXK2) genes,
involved with glycolysis, resulted in impaired fungal sur-
vival in the cerebral spinal fluid of rabbits, while display-
ing persistence in the lungs of mice. C. neoformans
required gluconeogenesis when it resides in the lung,
since the deletion of phosphoenolpyruvate carboxykinase
(the pck1D mutant), resulted in attenuated virulence in a
murine inhalation model.37 P. brasiliensis yeast cells
exposed to the lung environment seem to face a carbohy-
drate-poor environment, which is suggested by increased
accumulation of isocytrate lyase. Activation of the glyox-
ylate cycle may compensate for the lack of carbohydrates
in the milieu, as demonstrated for C. albicans after
phagocytosis by macrophages.38

P. brasiliensis probably uses multiple carbon sources
including lipids, amino acids, and ethanol during infec-
tion. At 6 h post-infection, yeast cells upregulated genes
and proteins involved with lipid catabolism (e.g., b-oxi-
dation). Similarly, proteomic analysis of P. brasiliensis
during macrophage infection suggested that yeast cells
use fatty acids to survive inside phagocytes.10 In the con-
text of metabolic adaptation to the host, we also observed
an increase in alcohol dehydrogenase and pyruvate
decarboxylase. Pyruvate is most likely supplied by degra-
dation of amino acids. Transcriptional studies from
Paracoccidioides sp yeast cells recovered from mouse
liver suggested that ethanol is produced during
infection.39 Similarly, we were able to confirm ethanol
production by P. brasiliensis yeast cells during pulmo-
nary infection. Transcriptome and enzymatic analyses of
Aspergillus fumigatus demonstrated that this fungus
produces ethanol under hypoxic conditions.40,41 Ethanol
deficient A. fumigatus strains promoted an increase in
the inflammatory response in infected mice that
corresponded to a reduction in fungal burden.41

During lung infection, the production and secretion of
a serine proteinase was induced in P. brasiliensis yeast
cells. Immunostaining experiments, demonstrated that,
this protein is located intracellularly and in the extracel-
lular milieu. Serine proteinase was not detected in the
murine host, after induction of inflammatory response
by zymozan, carrageenan and heat-killed fungal cells.
The results clearly demonstrated that the polyclonal anti-
bodies do not react with hostt cell proteases. Additionally
polyclonal antibodies against this protein reduced the
fungal burden of infected animals. There is potential that
this serine protease could function as a virulence factor.
In Mycobacterium tuberculosis, a serine proteinase
homolog, mycosin-1, is secreted and contributes to
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virulence during acute infection.42 Additional potential
virulence factors can be inferred from our data. Tran-
scriptome data depicted the induction of the Laccase IV
gene (PADG_05994), which can be related to increase in
fungal virulence. Pathogenic fungi, such as Paracocci-
dioides spp., C. neoformans, H. capsulatum and C. albi-
cans produce DOPA-melanin via laccase. Melanization
appears to contribute to virulence by reducing the sus-
ceptibility of melanized fungi to host defense mecha-
nisms and antifungal drugs.43

In conclusion, we propose that P. brasiliensis, in the ini-
tial stages of murine pulmonary infection remodels its car-
bon metabolism, using preferentially lipids, to survive the
harsh host environment. Also, the synthesis of the main
components of cell wall can be repressed, putatively
enabling the fungus to assemble a cell wall conformation
suitable to colonize the host and escape the host immune
system. Of special note, an induced serine proteinase is
secreted in the murine lung tissue at 6 h post-infection,
probably enabling the fungus entering and spreading the
lung tissue. To our knowledge, up to know, this is the first
report of transcriptional and proteomic data of P. brasilien-
sis upon host infection. We believe that this research pro-
vides a successful strategy for recovering P. brasiliensis
yeast cells from infected lung and opens new perspectives
in the study of fungus-host interaction. Additionally this
research provides an arsenal ofmolecules that are expressed
in vivo that can be relevant to the fungus-host interaction.
This study opens new perspectives in the study of fungus-
host interaction. Future experiments focusing on kinetics
of infection will be performed to establish the metabolic
fungus adaptation to the host at different infection times.

Materials and methods

Strains and culture conditions

Paracoccidioides brasiliensis, Pb18 (ATCC 32069, phylo-
genetic species S1),44 was used in this study. The yeast
phase was maintained in vitro at 36�C in semisolid BHI
medium containing 4% (w/v) glucose. For experiments,
the cells were grown during 48 h at 36�C in liquid BHI
medium containing 4% (w/v) glucose.

Ethics statement

Animals were cared according to the Brazilian National
Council for Animal Experimentation Control (CON-
CEA) guidelines. Male BALB/c mice were maintained
under controlled environmental conditions, with a tem-
perature of 23–24�C, and a light/dark cycle of 12 h, and
provided with food and water ad libitum. Male mice
aged between 6 to 8 weeks were used for infection with

P. brasiliensis yeast cells. Animal experimentation was
approved by the Ethics Commission on the use of ani-
mals at the University Federal of Goi�as (CEUA / UFG-
protocol numbers 036/2015 and 086/2015). All efforts to
minimize animal suffering were made.

Intranasal infection of mice with P. brasiliensis yeast
cells

The animals were anesthetized by intraperitoneal injec-
tion with a solution containing ketamine hydrochloride
(100 mg/kg) (Park, Davis & Company,) and xylazine (10
mg/kg) (Bayer).45 Infection was performed by intranasal
inoculation of 105 P. brasiliensis yeast cells in 100 mL of
0.9% (w/v) NaCl saline solution. For histopathological
and immunohistochemical experiments, control group
was intranasally46 injected with 100ul of saline solution.
For transcriptional and proteome experiments, control
was obtained with yeast cells growing in liquid medium.

Histopathological analysis

Histopathological analyses were performed using 3 mice
infected via intranasal inoculation and 3 uninfected con-
trols, intranasally inoculate with NaCl saline solution,
for 6 and 24 h. Mice were killed in CO2 chamber, lungs
were harvested, and fixed in 4% (v/v) paraformaldehyde
during 24 h. Histological sections of lung were stained
with: (a) hematoxylin and eosin (H&E)12 and (b) silver-
methenamine, in accordance with Gomori-Grocott,11 for
visualization of yeast cells in the lung tissue. Tissues sec-
tions were examined and photographed using Axio
Scope A1 microscope. The images were acquired by
using software AxioVision (Carl Zeiss AG, Germany).

Standardization of bronchoalveolar lavage fluid

To confirm that the bronchoalveolar lavage protocol was
efficient to remove fungal cells from lung tissue, a histo-
pathological study of the lung was performed after the
procedure. This assay was performed with biologic tripli-
cates. Tissues sections were examined and photographed
using Axio Scope A1 microscope. The images were
acquired by using software AxioVision (Carl Zeiss AG,
Germany). The number of yeast cells were counted in 50
different regions of the lung section and compared
with lung sections of mouse that were not washed for
P. brasiliensis removal.

Obtaining yeast cells from mouse lung

Infected mice were killed in CO2 chamber and the proce-
dure of bronchoalveolar lavage was performed by an
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incision at trachea and insertion of catheter. A total of 3
washes were performed with 1 mL of 0.9% (w/v) NaCl
solution. Cells were immediately used for RNA or protein
extractions. Control cells were obtained by incubation of P.
brasiliensis cells in BHI liquidmedium at 37�C during 48 h.

For RNA-seq analysis, 9 animals were infected in each
experiment, in a total of 3, to obtain each replicate of
RNA. An average of 1.5 mg of total RNA was obtained
for each triplicate. For proteomic analysis, 12 animals
were infected in 3 different assays and equimolar
amounts of protein extracts were mixed and used in
proteomic analysis. In synthesis, for obtaining the repli-
cates for RNAseq, a total of 27 animals were infected.
Considering proteomic analyzes, 36 animals were
infected in 3 independent assays.

RNA-seq analysis

Following recovery of P. brasiliensis from lungs, as
described above, cell were washed by centrifugation at
4000 g, for 10 min and immediately added of TRIzol
reagent (Invitrogen, Carlsbad) to obtain RNA molecules,
from 3 independent series of experiments, each one com-
prising 9 animals. Control cells obtained as described
before, were also used to perform RNA extraction. RNA
integrity and concentration were assessed by electropho-
resis on a 1% agarose gel and by Qubit analyses. The
mRNAs from each experimental replicate (9 animals per
replicate) and from controls (3 independent culture
growth) were purified from total RNA samples, proc-
essed and sequenced using Illumina HiSeq 2500 Platform
(Tufts Medical School, Boston ).

Transcriptomic bioinformatics analysis

Approximately 40 million of reads of 100 bp paired-end
sequences were obtained for each sample. The resulting
FastQ files were analyzed for quality using FastQC
(http://www.bioinformatics.babraham.ac.uk./projects/
fastqc/). Reads were aligned to the mouse genome refer-
ence (GRCm38) to remove any possible host contamina-
tion, using Bowtie2 2.2.4 (https://doi.org/10.1038/
nmeth.1923). After filtered, the reads were aligned to the
reference Paracoccidioides genome, Pb18, obtained in
NCBI under ABKI00000000 identifier. The alignment
was done by Bowtie2 program, and each gene was quan-
tified by counting of reads by feature using the function
multicov from bedtools package.47 Candidates for differ-
entially expressed genes were identified by statistical
package DEGSeq, from the Bioconductor repository,
using Fisher’s test implemented in the package.13 Gene
features presenting 2.0-fold change cut-off, and p-value
< 0.001 were considered regulated and classified.

The biologic processes were obtained using the Pedant
on MIPS (http://pedant.helmholtz-muenchen.de) which
provides a tool to browse and search the Functional Cat-
egories (FunCat) of proteins. The heat maps were gener-
ated using Multiexperimental Viewer 4.8 (www.tm4.org/
mev).

Preparation of protein extracts

P. brasiliensis yeast cells from infected mouse lung or
control cells were collected by centrifugation at 10,000 x
g during 5 min and washed by addition of 100 mL of
RapiGEST (0.2%v/v) (Waters Corp), followed by 3
washes using ultrapure water, and by the addition of
extraction buffer (20 mM Tris-HCl pH 8.8; 2 mM
CaCl2). This suspension was distributed in tubes con-
taining glass beads in equal volume of the cell pellet and
the suspension was processed on ice in bead beater
equipment (BioSpec) during 5 cycles of 30 sec. The cell
lysate was centrifuged at 10,000 x g during 15 min at 4�C
and the supernatant was quantified for protein content,
using the Bradford reagent (Sigma Aldrich, Co.), and
bovine serum albumin (BSA) was used as a standard.48

Digestion of protein extracts for nano-ESI-UPLC-MSE

acquisition

Enzymatic digestion of proteins was processed, as
described previously10,19,20,24,49 with some modifications.
Briefly, approximately 200 mg of protein was added to
10 mL of 50 mM ammonium bicarbonate pH 8.5, in a
microcentrifuge tube. Then 100 mL of RapiGESTTM SF
Surfactante (0.2% v/v) (Waters Corporation) was added,
and the sample was vortexed and incubated in a dry bath
at 80�C for 15 min. Following it was performed the
reduction of disulfide bonds with 2.5 mL of 100 mM
dithiothreitol (DTT) (GE Healthcare) at 60�C for
30 min, and alkylation of cysteine with 2.5 mL of
300 mM iodocetamide (GE Healthcare) for 30 min at
room temperature in the dark. The proteins were subse-
quently digested with 40 mL of trypsin 0.05 mg/mL
(Promega) at 37�C in dry bath for 16h. Trypsin digestion
stop and precipitation of RapiGEST were done by acidi-
fying samples whit 40 mL of 5% (v/v) trifluoracetic acid
(Sigma-Aldrich). The mixture was incubated for 90 min
at 37�C in a dry bath, and centrifuged at 18,000 g at 4�C
for 30 min. The supernatants were dried in speed vac-
cum (Eppendorf). All obtained peptides were suspended
in 80 mL of a solution containing 20 mM of ammonium
formiate and 150 fmol/mL of PHB (Rabbit Phosphory-
lase B) (Waters Corporation) (MassPREPTM protein) as
internal standard. Samples were transferred to a Waters
Total Recovery vial (Waters Corporation).
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Nanoscale LC separation of tryptic peptides was per-
formed using a nanoACQUITYTM system (Waters Cor-
poration) equipped with a nanoEaseTM 5 mm x BridgeTM

BEH130 C18 300 mm x 50 mm precolumn; trap column
5 mm, 180 mm x 20 mm and BEH130 C18 1.7 mm,
100 mm x 100 mm analytical reversed-phase column
(Waters Corporation). The peptides were separated in 10
fractions; the gradient elution was performed as follows:
8.7, 11.4, 13.2, 14.7, 16, 17.4, 18.9, 20.7, 23.4 and 65% of
acetonitrile/0.1% (v/v) formic acid, with a flow rate of
2000 mL/min. The source was operated in positive ioni-
zation mode nano-ESI (C). The lock mass was used for
calibration of the apparatus, using a constant flow rate of
0.5 mL/min at concentration of 200 fmol protein GFP
[Glu]1-Fibrinopeptide B human ([MC2H]2C D
785.8426) (Sigma-Aldrich). Mass spectrometry analysis
was performed on a Synapt G1 MSTM (Waters) equipped
with a NanoElectronSpray source and 2 mass analyzers:
a quadrupole and a time-of-flight (TOF) operating in V-
mode. The mass spectrometer was programmed in the
data-dependent acquisition mode, in which a full scan in
the m/z region of 50–2000 was used. Data were obtained
using the instrument in the MSE mode, which switches
the low energy (6 V) and elevated energy (40 V) acquisi-
tion modes every 0.4 s. Samples were analyzed from 3
replicates.

Data processing and protein identification

The acquired MS raw data were processed using the Pro-
teinLynx Global Server version 2.4 (PLGS) (Waters Cor-
poration). The data were subjected to automatic
background subtraction, deisotoping and charge state
deconvolution. After processing, each ion comprised an
exact mass-retention time (EMRT) that contained the
retention time, intensity-weighted average charge,
inferred molecular weight based on charge and m/z.
Then, the processed spectra were searched against P. bra-
siliensis Pb18 protein sequences (Broad Institute; http://
www.broadinstitute.org/annotation/genome/paracocci
dioides_brasiliensis/Multiome.html) together with
reverse sequences. The mass error tolerance for peptide
identification was under 50 ppm. The parameters for
protein identification included: (i) the detection of at
least 2 fragment ions per peptide, (ii) 5 fragments per
protein, (iii) the determination of at least 1 peptide per
protein, (iv) carbamidomethylation of cysteine as a fixed
modification, (v) phosphorylation of serine, threonine
and tyrosine, and oxidation of methionine were consid-
ered as variable modifications, (vi) maximum protein
mass (600 kDa), (vii) one missed cleavage site was
allowed for trypsin, (viii) maximum false positive ratio
(FDR) of 4% was allowed. For the analysis of the protein

quantification level, the observed intensity measure-
ments were normalized with a protein that showed a var-
iance coefficient of 0.025 and that was detected in all
replicates (accession number: PADG_04710).

Proteome bioinformatics analysis

For analysis comparing the ratios between samples
recovered from infected lung and control, was used as
mathematical model part of the Expression algorithm
inside the PLGS software from the Waters Corpora-
tion.50 The minimum repeat rate for each protein in all
replicates was 2. Proteins that presented 50% differences
in expression ratios compared with the control were con-
sidered to be regulated. Protein tables generated by PLGS
were merged, and the dynamic range of the experiment
was calculated using the software MassPivot v1.0.1 and
FBAT.51 The peptide and protein tables were compared
using the Spotfire� v8.0 software, and suitable graphics
were generated for all data. Microsoft Excel (Microsoft�)
was used for table managements. The Uniprot (http://
www.uniprot.org) and Pedant on MIPS (http://mips.
helmholtz-muenchen.de/funcatDB/) database were used
for functional classification. NCBI database was used for
annotation of uncharacterized proteins (https://www.
ncbi.nlm.nih.gov/). The heat maps were generated using
Multiexperimental Viewer 4.8 (www.tm4.org/mev).

Immunohistochemistry studies

For immunohistochemistry studies, 3 animals were used
of test group and 3 animals of control group. Three-mm-
sections were obtained from formalin-fixed-paraffin-
embedded (FFPE) tissue blocks distended on charged
slides (Starfrost White, Sakura Adhesion microscope
slide with Cut Edges, ready to use - Dako 9545-1) for
hematoxylin-eosin (HE) staining and for immunohis-
tochemistry for microscopic examination. Immunohis-
tochemistry was performed in duplicate, in all slides,
which were removed of paraffin by treatment, rehydrated
by treatment and washed in distilled water. Endogenous
peroxidase was blocked with 8% (v/v) hydrogen peroxide
incubation for 20 min. To block non-specific protein,
rodent block M (Biocare Medical, #RBM961G) was used,
by incubation for 30 min at 37�C.

Antigen retrieval was performed with Rodent
Decloaker 1X (Biocare Medical, #RD913L) pH 6.0, for
3 min, at 121�C in pressure cooker (Pascal, Dako Cito-
mation). The mouse polyclonal antibodies anti serine
proteinase (anti-PbSAP)24 and anti enolase,25 were
added to the slides at 1:150 dilutions and incubated at
37�C for 2 h, in wet chamber. After, the slides were incu-
bated with Mouse-on Mouse HRP-Polymer (Biocare
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Medical, #MM620G) for 30 min at 37�C for signal detec-
tion, followed by addition of Diaminobenzidine (DAB,
Dako, #K3468-1). Sections were counterstained with
Mayer’s hematoxylin, washed, dehydrated, cleared, cov-
erslipped, and examined by light microscopy. For nega-
tive control, the primary antibody was replaced by
phosphate buffered saline (PBS 1X), pH 7.4 in slides
with P. brasiliensis.

Treatment of animals with immune response
inducers

Controls for cross-reactivity of the anti-serine protease
antibodies with mouse proteins were performed. Mice
were inoculated intranasally, with zymozan, carrageenan
or P. brasiliensis killed by heating, to induce host
immune response. Zymozan (Sigma-Aldrich, Co.), was
used to intranasally inoculate mouse at a dose of 0,6mg/g
of body weight, as described previously.26 Carrageenan
(Sigma-Aldrich, Co.) was intranasally inoculated at a
dose of 0,05mg/g of mouse body weight, as described
previously.27

The yeast cells of P. brasiliensis were submitted to
autoclaving and 105 cells in 100 mL of 0.9% (w/v) NaCl
were used to inoculate mouse by intranasal route.

Mice were killed in CO2 chamber after 6 hours, lungs
were harvested and processed for immunohistochemical
analysis, that was performed using polyclonal antibodies
to serine proteinase. The assays were performed in bio-
logic triplicates.

Treatment of mouse with polyclonal antibodies to
serine proteinase

Mice were treated with 1mg of polyclonal antibodies
to serine proteinase and infected 24 h later with
P. brasiliensis, with the same protocol described above.
After 6 h of intranasal infection, the mice were killed and
the lungs were obtained, for further histological and
immunohistochemistry analysis.

Ethanol measurement assay

The concentration of ethanol was quantified by using an
enzymatic detection kit according to the manufacturer’s
instruction (UV-test for ethanol, RBiopharm, Darmstadt,
Germany). In the presence of nicotinamide-adenine
dinucleotide (NAD), ethanol is oxidized to acetaldehyde
by the enzyme alcohol dehydrogenase. This acetaldehyde
is quantitatively oxidized to acetic acid in the presence of
aldehyde dehydrogenase, releasing NADH, which is
determined by means of its absorbance at 340 nm. A
total of 106 P. brasiliensis yeast cells, obtained from lungs

of 15 infected animals, were used to perform the assay.
Control condition was also performed by using 106 P.
brasiliensis yeast cells obtained after incubation in BHI
medium, as described previously. Briefly, the cells were
lysed using glass beads and bead beater apparatus (Bio-
Spec) in 5 cycles of 30 sec, keeping the samples on ice.
The cell lysates were centrifuged at 10,000 x g during
15 min at 4�C and the supernatant was used for enzy-
matic assay according to the manufacturer’s instructions.
Concentrations of ethanol were obtained in triplicates.

Evaluation of reduced thiol level

Thioredoxin (Trx) is reduced to dithiol T(SH)2 by thiore-
doxin reductase (TR), in the thioredoxin system. The
inhibition of TR decreases total reduced thiol.52 Free thiol
levels were determined using Ellman’s reagent, 5, 50-
dithio-bis-(2-nitrobenzoic acid), DTNB (Sigma Aldrich,
Co). A total of 106 P. brasiliensis yeast cells, as described
above, were obtained from infected mice lung and from
control. The cells were centrifuged for 5 min at 8,000 x g
and lysed by adding 0.5 ml of lysis buffer (50 mM Tris-Cl,
150 mM NaCl, 50 mM ethylenediamine tetraacetic acid
[EDTA], pH 7.2), and glass beads in equal volume of the
cell pellet. Lysis was performed by vortexing for 3 mixing
cycles of 3 min with 1 min intervals, on ice. Cellular debris
were removed by centrifugation, and 100mL of the super-
natant was added to 100 mL of 500 mM phosphate buffer,
pH 7.5, in each microtiter well, followed by the addition
of 20 ml of 1 mM DTNB to each well. Absorbance was
measured at 412 nm using a plate reader. Triplicates were
obtained for each condition.
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Supplemental Figure 1: Histopathology images of lung sections. HE staining of the 

mouse lungs 6 h post-infection with P. brasiliensis yeast cells (dotted arrow red). 

Histopathologic analysis demonstrated exudate, increased cellularity, and neutrophilic 

inflammatory infiltrate, which was predominantly polymorphonuclear cells (red arrow), 

and loss of alveolar space.  



 

Supplemental Figure 2: Histopathology images of lung sections. The animals were 

euthanized after 24 h post intranasal infection and the lungs were harvested and 

underwent histopathologic analysis. A: Grocott staining in the lung of control animals, 

which were treated with a saline solution (NaCl 0.9%) B: Hematoxylin-Eosin (HE) 

staining in the lung of control animals C: Groccot staining in the lung of animals infected 

after 24 h. D: HE staining in the lung of animals infected after 24 h.  

 



  

Supplemental figure 3: Validation of the bronchoalveolar lavage method. (A) Lung 

was submitted to histopathological examination.  Lung infected with yeast cells of P. 

brasiliensis 6 hours post-infection (1). Infected lung after bronchoalveolar lavage (2). (B) 

Average counts of P. brasiliensis yeast cells in lung tissue in 50 fields at 6-hrs post-

infection (1) and after brochoalveolar lavage (2).  

 



 

Supplemental Figure 4- Functional classification of transcripts regulated in 

Paracoccidioides brasiliensis upon 6 h of interaction with the host.  

(A) Biological processes of up-regulated transcripts in P. brasiliensis, Pb18, recovered 

from lung mouse after 6 h of infection. Biological processes were obtained using MIPS 



(http://pedant.helmholtzmuenchen.de/pedant3htmlview) and Uniprot database 

(http://www.uniprot.org/).  

(B) Biological processes of down-regulated transcripts in P. brasiliensis, Pb18, recovered 

from lung mouse after 6 h of infection. Biological processes were obtained using MIPS 

(http://pedant.helmholtzmuenchen.de/pedant3htmlview) and Uniprot database 

(http://www.uniprot.org/). 

 



 

Supplemental Figure 5: Peptide detection type to control and samples of yeast cells 

infecting mouse lung. The pie graph show the percentage of peptides matched against 

the P. brasiliensis  (Pb18) database by PLGS (PepFrag 1 and PepFrag 2), variables 

modifications (VarMod), fragmentation that occurred on ionization source (InSource), 

missed cleavage performed by trypsin (Missed Cleavage) and Neutral loss H2O and NH3 



corresponding  to water and ammonia precursor losses to control (A) and infection (B) 

conditions. The SpotFire Decision Site 8.0 v program was used. 



 

Supplemental Figure 6: Peptide mass accuracy analyzes. Peptides data were used to 

make the bar graph showing the accuracy of mass for peptides in control (A) and infection 

(B) samples. A total 63.19% and 72.56%, from identified peptides were detected with an 

error of less than 5 ppm for infection and control conditions, respectively. For error of 



less than 10 ppm, 87.75% and 92.22% peptides were identified in infection and control, 

respectively. 

 



 

Supplemental Figure 7: Detection of dynamic range of proteomic analyzes. The 

dynamic range the proteomic experiments for each condition was determined. Graphs for 

control (A) and infection (B) are shown. Regular and reverse proteins were indicated by 

red/square, blue/square, colors/shape, respectively. Standard protein is indicated by the 



arrow. The regular and reverse proteins indicate identified proteins using regular and 

reverse genomic database from P. brasiliensis, respectively. The standard protein was 

used to normalize the expression data and compare the control and infection related 

proteins. Our data showed an acceptable quantification to standard protein between the 

both conditions. 

 



 

Supplemental Figure 8: Functional classification and abundance levels of proteins 

regulated in Paracoccidioides brasiliensis during murine lung infection, obtained by 

NanoUPLC-MSE data.  



(A) Biological processes of induced proteins in Paracoccidioides brasiliensis,, Pb18, 

recovered of mouse lung, after 6 hours of infection. The biological processes were 

obtained using MIPS 

(http://pedant.helmholtzmuenchen.de/pedant3htmlview/pedant3view?Method=analysis

&Db=p3_r48325_Par_brasi_Pb18) and Uniprot databases (http://www.uniprot.org/).  

(B) Biological processes of repressed proteins in Paracoccidioides brasiliensis,, Pb18, 

recovered of mouse lung after 6 hours of infection. The biological processes were 

obtained using MIPS 

(http://pedant.helmholtzmuenchen.de/pedant3htmlview/pedant3view?Method=analysis

&Db=p3_r48325_Par_brasi_Pb18) and Uniprot databases (http://www.uniprot.org/).  

 



Supplemental Table 1: Functional categorization of transcripts up-regulated 6 hours after infection with Paracoccidioides brasiliensis. 

Accession numbera Gene Descriptionb  Ratio Infection/Controlc 

Functional categoriesd  

1. ENERGY    

Glycolysis and Gluconeogenesis  

PADG_08503 Phosphoenolpyruvate carboxykinase ATP 3.9823 

PADG_08012 Fructose-bisphosphate aldolase 4.1678 

   

Fatty Acids Oxidation   

PADG_07604 Acyl-CoA dehydrogenase 13.4674 

PADG_05046 Acyl-CoA dehydrogenase 3.9627 

PADG_06335 Acyl-CoA dehydrogenase family protein 2.2963 

PADG_08651 peroxisomal hydratase-dehydrogenase-epimerase  6.0281 

PADG_08007 3-hydroxyisobutyrate dehydrogenase 1.5950 

PADG_05039 3-hydroxybutyryl-CoA dehydratase 2.7440 

PADG_07023 Carnitine O-acetyltransferase 1.8095 

PADG_06378 Carnitine/acyl carnitine carrier 2.5154 

PADG_05773 Carnitinyl-CoA dehydratase 17.0052 

PADG_06247 Short chain dehydrogenase/reductase family protein 3.2281 

PADG_08221 Short-chain dehydrogenase 1.6571 

PADG_06006 Short-chain dehydrogenase/reductase SDR  3.8291 

  

Electron Transport and Membrane-associated Energy Conservation  

PADG_06196 12-oxophytodienoate reductase 7.4333 

PADG_04923 Cytochrome P450 1.8783 



PADG_06026 Cytochrome b-245 heavychain subunit beta 2.9471 

PADG_07749 NAD(P)H:quinone oxidoreductase, type IV   2.1759 

   

Fermentation   

PADG_04701 Alcohol dehydrogenase 4.3875 

PADG_05734 Alcohol dehydrogenase 1.8429 

PADG_05081 Aldehyde dehydrogenase 5.1373 

   

Glyoxylate cycle   

PADG_04702 Malate synthase, glyoxysomal   3.7853 

   

2. METABOLISM  

C-Compound and Carbohydrate Metabolism  

PADG_05031 Aryl-alcohol dehydrogenase 1.9300 

PADG_07761 Dolichyl-phosphate mannosyltransferase polypeptide 2 1.9152 

PADG_08248 Alpha-1,6-mannosyltransferase Och1 1.5819 

PADG_06412 Mannitol 1-phosphate dehydrogenase 2.0275 

PADG_07435 Sorbitol utilization protein SOU2 2.3185 

PADG_07811 NAD dependent epimerase/dehydratase family protein 1.8016 

PADG_08446 NAD dependent epimerase/dehydratase family protein 1.6415 

PADG_06344 Glycosyl hydrolase 2.4118 

PADG_12130 Chitin synthase C   1.5945 

PADG_04693 Mannan endo-1,6-alpha-mannosidase DCW1 1.7242 

PADG_07982 3-oxoacyl-[acyl-carrier-protein] reductase 1.8727 

PADG_06201 3-oxoacyl-[acyl-carrier-protein] reductase 1.6518 

PADG_06309 Glucose-methanol-choline oxidoreductase 5.3792 



   

Amino Acid  Metabolism  

PADG_07618 Succinate-semialdehyde dehydrogenase 2.0114 

PADG_04686 Glutamine synthetase 1.9643 

PADG_08406 O-acetylhomoserine (Thiol)-lyase 2.7179 

PADG_06429 Ketol-acid reductoisomerase 1.7713 

PADG_05929 Protein-L-isoaspartate O-methyltransferase 1.6243 

PADG_06546 Puromycin-sensitive aminopeptidase 1.7272 

PADG_06430 Pyridoxal-5'-phosphate-dependent enzyme 1.8079 

PADG_08044 Homoserine acetyltransferase family protein 2.1358 

PADG_08543 3-dehydroshikimate dehydratase 2.3834 

   

Nitrogen, Sulfur and Selenium Metabolism  

PADG_05002 Acetamidase 2.6926 

PADG_06490 Formamidase 22.7769 

PADG_06062 Sulfate adenylyltransferase 3.1672 

PADG_08448 Sulfite reductase flavoprotein component 3.4526 

   

Lipid, Fatty Acid and Isoprenoid Metabolism  

PADG_05853 Lysocardiolipin acyltransferase 1.7852 

PADG_06135 C-8 sterol isomerase  1.6342 

PADG_06155 Palmitoyl-protein thioesterase 1.5394 

PADG_05989 Cholinesterase 1.6227 

PADG_06345 Long-chain-fatty-acid-CoA ligase 2.9864 

PADG_05970 Esterase 2.4421 

PADG_07746 Cyclopentanone 1,2-monooxygenase 2.8765 



PADG_08198 Neutral ceramidase 1.6096 

PADG_05846 Phytanoyl-CoA dioxygenase family protein 3.4016 

PADG_05969 2,5-dichloro-2,5-cyclohexadiene-1,4-diol dehydrogenase  3.0633 

   

Nucleotide Metabolism  

PADG_06197 Xanthine dehydrogenase, molybdopterin binding subunit 5.2492 

PADG_04867 Allantoate amidohydrolase 1.7839 

   

Biosynthesis of Vitamins, Cofactors, and Prosthetic Groups  

PADG_06052 Uroporphyrinogen-III C-methyltransferase 2.0721 

PADG_06042 Lipoyl(octanoyl) transferase  1.4914 

PADG_06059 Lipoyl synthase, mitochondrial  1.5521 

PADG_05993 Phospholipase C 2  3.1954 

PADG_08622 4'-phosphopantetheinyl transferase superfamily protein 1.6733 

PADG_08010 Pyrimidine biosynthesis enzyme THI13 2.5624 

   

Secondary Metabolism  

PADG_05790 Carboxylesterase 1.8573 

PADG_08223 3-phytase 1.7274 

PADG_12043 Cysteine desulfurase, mitochondrial   3.8148 

PADG_08034 Dienelactone hydrolase family protein 5.5879 

PADG_06199 Phenol 2-monooxygenase 2.6148 

PADG_06518 Naringenin 3-dioxygenase 2.8869 

PADG_08461 Monoxygenase 2.4887 

PADG_05764 Isotrichodermin C-15 hydroxylase 1.5728 

PADG_08667 Acyl-coenzyme A:6-aminopenicillanic-acid-acyltransferase  3.3727 



PADG_06481 Carboxymethylenebutenolidase 1.6283 

PADG_07991 Trichodiene oxygenase 3.4436 

PADG_04703 Sterigmatocystin biosynthesis monooxygenase StcW  2.0464 

PADG_06008 4-coumarate-CoA ligase 1.7950 

PADG_06324 Lovastatin nonaketide synthase 2.2282 

   

3. CELL RESCUE, DEFENSE and VIRULENCE  

Stress Response   

PADG_06322 Cytochrome c peroxidase, peroxissomal 4.6806 

PADG_06017 Glyoxalase 1.6911 

PADG_04907 Chaperone/heat shock protein 5.0750 

   

Detoxification   

PADG_05994 Laccase IV 3.6213 

  

4. CELL CYCLE   

Cell cycle (Mitotic Cell Cycle and Cell Cycle Control)  

PADG_05876 Centromere/microtubule-binding protein Cbf5 8.2204 

PADG_04843 Meiosis specific protein Hop1 2.8701 

PADG_06168 MACRO domain-containing protein 2.3340 

PADG_06466 Transmembrane protein UsgS 2.3486 

PADG_04824 Autophagy-related protein 2 1.6173 

PADG_04609 SET domain-containing protein 2.0678 

  

5. TRANSCRIPTION  

RNA synthesis  



PADG_07968 DEAD-box type RNA helicase 1.5407 

PADG_04910 YbgI/family dinuclear metal center protein   1.5719 

PADG_07134 Histone  2.0868 

PADG_06506 C6 transcription factor 2.4358 

PADG_08670 Catabolite repressor protein 1.8124 

PADG_12349 Transcription initiation factor TFIID subunit 5 2.1971 

PADG_08531 AN1-type zinc finger protein 1.7112 

PADG_05088 C6 transcription factor 1.8972 

   

RNA processing  

PADG_07993 Pre-mRNA splicing factor 2.3014 

PADG_07745 mRNA 3'-end-processing protein yth1 2.3309 

   

6. PROTEIN SYNTHESIS  

PADG_07803 60S ribosomal protein L12 6.5892 

PADG_07229 Elongation factor 3 1.7244 

PADG_07732 Aspartate-tRNA(Asn) ligase  4.2278 

   

7. PROTEIN FATE and DEGRADATION  

PADG_07783 Phosphotransferase enzyme family domain-containing protein 4.0485 

PADG_06449 Phosphotransferase enzyme family protein 1.6529 

PADG_05042 WD domain-containing protein 2.4490 

PADG_04832 F-box domain-containing protein 1.6277 

PADG_06145 F-box domain-containing protein 3.2136 

PADG_07855 F-box domain-containing protein 1.9492 

PADG_08317 Ubiquitin conjugation factor E4 1.5816 



PADG_07450 Ubiquitin-conjugating enzyme 4.4828 

PADG_07925 ubiquitin-conjugating enzyme E2 N  2.3946 

PADG_04830 Ubiquitin-conjugating enzyme 1.9777 

PADG_04987 Ubiquitin-protein ligase (Asi3), putative 1.4968 

PADG_05915 Ubiquitin carboxyl-terminal hydrolase 1.5909 

PADG_05857 C6 zinc finger domain-containing protein 1.9972 

PADG_12065 CaaX prenyl proteinase Rce1 1.8425 

PADG_07980 Carboxypeptidase cpdS 2.1142 

PADG_08647 PAB-dependent poly(A)-specific ribonuclease subunit pan2 1.5233 

PADG_07809 Cysteine protease PalB 5.5628 

PADG_11419 MATH and UCH domain-containing protein 2.4674 

   

8. CELLULAR TRANSPORT, TRANSPORT FACILITIES AND TRANSPORT ROUTES  

PADG_06129 AP-1 complex subunit sigma-1 2.0071 

PADG_04875 Integral membrane protein 2.6555 

PADG_12371 Vacuolar protein sorting-associated protein 52 2.1077 

PADG_04912 AhpC/TSA family protein 2.8699 

PADG_08196 CDF family cation efflux system protein 2.3644 

PADG_06248 Vacuolar protein sorting-associated protein 1.5157 

PADG_06425 Delta(3,5)-Delta(2,4)-dienoyl-CoA isomerase 4.9906 

PADG_06417 Zinc-regulated transporter 2 2.5903 

PADG_05881 Vacuolar amino acid transporter 1 2.0477 

PADG_07587 Purine-cytosine permease FCY22 1.9899 

PADG_08141 Amino acid permeasse 1.7359 

PADG_06075 Aquaporin-7 2.5840 

PADG_08211 Hepatocellular carcinoma down-regulated mitochondrial carrier  1.5803 



PADG_08559 Peroxisome biosynthesis protein PAS1 1.9047 

PADG_11784 ATP-binding cassette sub-family B member 5 1.5262 

PADG_08138 ATP-binding cassette sub-family G member 5 2.1995 

PADG_08401 ATP-dependent Clp protease ATP-binding subunit clpX 1.7690 

PADG_05835 Leptomycin B resistance protein pmd1 1.7894 

PADG_05992 MFS drug transporter 1.6102 

PADG_07808 Peroxisomal adenine nucleotide transporter 1 3.5004 

PADG_08343 Peroxisomal membrane protein PMP34 2.0178 

PADG_06245 ABC drug exporter AtrF 2.8444 

PADG_04885 Hemerythrin HHE cation binding domain-containing protein 1.8790 

PADG_08167 Carboxylic acid transport protein 3.9025 

PADG_05728 Peptide transporter PTR2 2.5387 

PADG_07684 Chromate transporter 2.6250 

PADG_07787 Cystinosin 2.1849 

PADG_08332 Endosomal cargo receptor (Erp5) 1.7496 

PADG_08544 GABA permeasse 10.8085 

PADG_11786 Amino acid permease  2.8809 

PADG_06442 Non-classical export protein Nce102 2.0224 

PADG_04543 Non-specific lipid-transfer protein 4.5130 

PADG_08149 Golgi transport complex component Cog5 3.1551 

PADG_08509 MFS phospholipid transporter Git1 3.3811 

PADG_08041 MFS transporter 3.6943 

PADG_05757 Sugar transporter 5.2652 

PADG_08251 Mitochondrial export translocase Oxa2 1.5327 

PADG_07751 Mitochondrial integral membrane protein 8.3565 

PADG_08362 YhhN domain-containing protein 1.9874 



PADG_07892 Yip1 domain Family 1.5884 

PADG_04700 UPF0041 domain protein 3.7283 

PADG_07638 UPF0136 domain protein 2.0223 

PADG_12014 Pleiotropic ABC efflux transporter of multiple drugs 5.8422 

PADG_04829 Inner membrane transport protein yeiJ 2.8616 

PADG_07610 MFS Multidrug transporter 2.3372 

PADG_04733 MFS Multidrug transporter  2.2420 

PADG_08186 Caffeine resistance protein 1.7649 

PADG_12387 Fluconazole resistance protein 1.9344 

PADG_06347 Multidrug transporter 1.7819 

   

9. CELLULAR COMMUNICATION/SIGNAL TRANSDUCTION MECHANISM   

Cellular Signalling  

PADG_08182 Phosphatidylinositol N-acetylglucosaminyltransferase subunit 

GPI1 

1.5036 

PADG_08176 Phosphatidylinositol-phosphatidylcholine transfer protein 1.5779 

PADG_04947 Phosphatidylserine synthase 1.7504 

PADG_07908 Phospholipase D Active site motif protein 2.3958 

PADG_06131 BUD32 protein kinase   1.7035 

PADG_06477 Phosphotyrosine protein phosphatase 4.7037 

PADG_04478 Polynucleotide kinase 3'-phosphatase 1.5726 

  

10. MISCELLANEOUS  

PADG_07757 Helicase C-terminal domain-containing protein 2.5699 

PADG_12056 Replication factor C subunit 4  1.6170 

PADG_05044 Oxidoreductase partial mRNA 3.5108 



PADG_08460 NADPH dehydrogenase 1.7378 

PADG_07739 Festuclavine dehydrogenase 2.9943 

PADG_08601 Opsin-1 3.7740 

   

11. UNCLASSIFIED  

PADG_07904 Cut9-interacting protein scn1 1.8299 

PADG_05725 Impact family protein 1.6949 

PADG_04559 Progesterone binding protein 1.6892 

PADG_08502 IBR domain-containing protein 2.9800 

PADG_04605 Acetate regulatory DNA binding protein FacB 1.5942 

PADG_07960 Tetraspanin 2.6762 

PADG_07944 FAD dependent oxidoreductase superfamily protein 2.6248 

PADG_04698 Estradiol ring-cleavage dioxygenase 1.8060 

PADG_08224 CBS domain-containing protein 1.5931 

PADG_06161 Vacuolar conductance partial mRNA 3.3044 

PADG_04540 MetR 1.9432 

PADG_08695 Gpr1 family protein  12.7666 

PADG_05080 Pyridoxamine phosphate oxidase family protein 4.2732 

PADG_07584 NUDIX family hydrolase, putative 3.4141 

PADG_05727 LCCL domain-containing protein 1.5989 

PADG_08214 MS8 2.2697 

PADG_06154 hypothetical protein 1.8225 

PADG_07703 hypothetical protein  2.5569 

PADG_07374 hypothetical protein  3.0009 

PADG_05940 Predicted protein 1.8284 

PADG_07758 Predicted protein 2.6570 



PADG_07760 Predicted protein 2.5340 

PADG_08004 Predicted protein 1.5542 

PADG_08200 Predicted protein 3.8699 

PADG_08210 Predicted protein 1.7991 

PADG_08385 Predicted protein 6.8852 

PADG_04804 Uncharacterized protein 2.2213 

PADG_04906 Uncharacterized protein 2.0965 

PADG_04951 Uncharacterized protein 2.3380 

PADG_05948 Uncharacterized protein 3.2628 

PADG_05949 Uncharacterized protein 26.0065 

PADG_05832 Uncharacterized protein 5.2097 

PADG_06408 Uncharacterized protein 2.3450 

PADG_04716 Uncharacterized protein 3.1595 

PADG_04746 Uncharacterized protein 2.0878 

PADG_07743 Uncharacterized protein 1.9012 

PADG_07765 Uncharacterized protein 3.7200 

PADG_07793 Uncharacterized protein 2.3340 

PADG_06482 Uncharacterized protein 3.0230 

PADG_05977 Uncharacterized protein 1.5815 

PADG_05978 Uncharacterized protein 2.1857 

PADG_07738 Uncharacterized protein 2.1783 

PADG_06351 Uncharacterized protein 6.3186 

PADG_05719 Uncharacterized protein 1.5864 

PADG_05730 Uncharacterized protein 3.7391 

PADG_05753 Uncharacterized protein 3.8294 

PADG_05755 Uncharacterized protein 1.7560 



PADG_05758 Uncharacterized protein 6.7020 

PADG_05761 Uncharacterized protein 2.9174 

PADG_05780 Uncharacterized protein 4.6178 

PADG_05795 Uncharacterized protein 1.5827 

PADG_05823 Uncharacterized protein 3.0426 

PADG_05825 Uncharacterized protein 3.2014 

PADG_05830 Uncharacterized protein 2.4416 

PADG_05831 Uncharacterized protein 5.5848 

PADG_05880 Uncharacterized protein 2.2144 

PADG_08408 Uncharacterized protein 2.0347 

PADG_08410 Uncharacterized protein 4.8970 

PADG_07810 Uncharacterized protein 2.7693 

PADG_05049 Uncharacterized protein 3.7417 

PADG_07706 Uncharacterized protein 3.7010 

PADG_12346 Uncharacterized protein 1.5091 

PADG_06387 Uncharacterized protein 1.6921 

PADG_06389 Uncharacterized protein 2.7087 

PADG_06390 Uncharacterized protein 1.7168 

PADG_07829 Uncharacterized protein 1.6699 

PADG_06461 Uncharacterized protein 2.4215 

PADG_06413 Uncharacterized protein 2.3867 

PADG_06414 Uncharacterized protein 1.9805 

PADG_06421 Uncharacterized protein 1.7206 

PADG_06428 Uncharacterized protein 2.5046 

PADG_06443 Uncharacterized protein 2.9081 

PADG_08296 Uncharacterized protein 1.5346 



PADG_08366 Uncharacterized protein 3.0772 

PADG_08368 Uncharacterized protein 2.7117 

PADG_08378 Uncharacterized protein 3.1329 

PADG_04889 Uncharacterized protein 2.6579 

PADG_06035 Uncharacterized protein 1.5076 

PADG_06043 Uncharacterized protein 4.7345 

PADG_06063 Uncharacterized protein 1.8984 

PADG_06065 Uncharacterized protein 3.1076 

PADG_06102 Uncharacterized protein 3.2217 

PADG_06114 Uncharacterized protein 1.8172 
a Identification of differentially regulated genes from Paracoccidioides genome database 

(http://www.broadinstitute.org/annotation/genome/paracoccidioides_brasiliensis/MultiHome.html) using the statistical package DEGSeq, the 

Bioconductor, using Fisher's test implemented in the package. 

b Genes annotation from Paracoccidioides genome database or by homology from NCBI database (http://www.ncbi.nlm.nih.gov/) 

c Infection/Control means: The level of expression in yeast cells derived from infected lung divided by the level in the control yeast cells. 

d Biological process of differentially expressed proteins from MIPS (http://mips.helmholtz-muenchen.de/funcatDB/) and Uniprot databases 

(http://www.uniprot.org/) 

 

http://www.broadinstitute.org/annotation/genome/paracoccidioides_brasiliensis/MultiHome.html
http://www.ncbi.nlm.nih.gov/
http://mips.helmholtz-muenchen.de/funcatDB/
http://www.uniprot.org/


Supplemental Table 2: Functional categorization of transcripts down-regulated after 6 hours of infection with Paracoccidioides brasiliensis 

Accession numbera Gene Descriptionb  Ratio Infection/Controlc 

Functional categoriesd   

1. ENERGY    

Glycolysis and Gluconeogenesis  

PADG_07950 Glucokinase 0.66093 

   

Pentose-phosphate Pathway  

PADG_04604 Transketolase  0.66623 

   

Electron Transport and Membrane-associated Energy Conservation  

PADG_04699 NADH-ubiquinone oxidoreductase 105 kDa subunit 0.34853 

PADG_04937 NADH-ubiquinone oxidoreductase 213 kDa subunit 0.57238 

PADG_08216 NADH-ubiquinone oxidoreductase 23 kDa subunit 0.36597 

PADG_07654 NADH-ubiquinone oxidoreductase 49 kDa subunit 0.60976 

PADG_04729 ATP synthase D chain, mitochondrial 0.50290 

PADG_07789 ATP synthase delta chain, mitochondrial 0.66611 

PADG_08349 ATP synthase subunit beta, mitochondrial  0.66040 

PADG_07813 ATP synthase F1, gamma subunit 0.29637 

PADG_11981 V-type proton ATPase catalytic subunit A 0.66603 

PADG_08391 Plasma membrane ATPase 0.64630 

PADG_08367 Cytochrome c oxidase polypeptide V 0.24721 

PADG_07836 Quinone oxidoreductase 0.42720 

PADG_04613 Ubiquinol-cytochrome c reductase complex ubiquinone-binding protein 0.62638 

PADG_04596 V-type proton ATPase proteolipid subunit 0.65845 



PADG_08394 Cytochrome b-c1 complex subunit 2 0.5784 

PADG_04501 Cytochrome b-c1 complex subunit 7 0.61212 

PADG_06978 Cytochrome c 0.27312 

PADG_12401 Cytochrome c1, heme protein, mitochondrial 0.15436 

PADG_08289 Cytochrome c1 heme lyase 0.46762 

PADG_07898 Cytochrome P450 61 0.31738 

PADG_04775 Mitochondrial cytochrome c oxidase assembly fator  0.39263 

   

Fermentation   

PADG_06058 Alcohol dehydregenase A 0.47272 

PADG_04723 Aldehyde dehydrogenase 0.33134 

   

Tricarboxylic-acid pathway  

PADG_11845 Aconitate hydratase 0.50604 

PADG_07210 Malate dehydrogenase 0.16083 

PADG_08387 Citrate synthase 0.58608 

PADG_07213 Pyruvate dehydrogenase complex dihydrolipoamide acetyltransferase 0.4226 

PADG_05904 Dihydrolipoamide succinyltransferase 0.6004 

PADG_06494 Dihydrolipoyl dehydrogenase 0.56271 

PADG_04994 ATP citrate (pro-S)-lyase  0.40766 

   

Methylcitrate cycle  

PADG_04718 2-methylcitrate dehydratase 0.20465 

  

2. METABOLISM  

C-Compound and Carbohydrate Metabolism  



PADG_05744 Alpha-1,2 mannosyltransferase KTR1  0.45993 

PADG_08673 Lactoylglutathione lyase 0.66378 

PADG_05838 GPI mannosyltransferase 0.42952 

PADG_04697 Chitin synthase activator 0.28751 

PADG_05937 Chitin synthase activator 0.38344 

PADG_07913 Chitin synthase 0.66292 

PADG_06480 Chitin synthase 0.58142 

PADG_06438 Chitin synthase B 0.45259 

PADG_08636 Chitin synthase 2 0.35951 

PADG_05017 Chitin deacetylase 0.65247 

PADG_08120 Glucosamine-phosphate N-acetyltransferase 0.13982 

PADG_04485 Beta-1,4-N-acetylglucosaminyltransferase 0.18072 

PADG_07523 Alpha 1,3-glucosidase 0.10505 

PADG_04925 Mannosyl-oligosaccharide alpha-1,2-mannosidase 0.66468 

PADG_07802 UDP-N-acetylglucosaminyltransferase 0.63403 

PADG_07841 Oligosaccharyltransferase complex subunit gamma 0.48132 

PADG_04786 GPI ethanolamine phosphate transferase 0.33475 

PADG_08703 GPI transamidase component GPI16 0.30246 

PADG_04900 Alpha,alpha-trehalose-phosphate synthase 0.59286 

PADG_07615 Glucan 1,3-beta-glucosidase (GP43) 0.08568 

PADG_05732 Glyoxylate reductase 0.49353 

PADG_07639 Oligosaccharyltransferase complex subunit epsilon 0.51809 

PADG_12370 Endo-1,3(4)-beta-glucanase 0.37872 

PADG_05870 Glucan synthesis regulatory protein 0.3129 

PADG_07819 Glycosyl hydrolase 0.58809 

PADG_07673 Glycosyl hydrolase 0.54669 



PADG_08474 Mannose-1-phosphate guanyltransferase 0.64327 

PADG_08713 Sugar isomerase 0.56534 

PADG_07816 N-acetyltransferase 0.52461 

PADG_08722 Glycogen synthase kinase 3 beta 0.473 

   

Amino Acid  Metabolism  

PADG_05878 Prephenate dehydratase 0.46252 

PADG_08021 Phospho-2-dehydro-3-deoxyheptonate aldolase 0.54994 

PADG_05058 Chorismate mutase 0.52674 

PADG_08464 Maleylacetoacetate isomerase 0.5462 

PADG_08466 Homogentisate 1,2-dioxygenase 0.49309 

PADG_08468 4-hydroxyphenylpyruvate dioxygenase 0.40115 

PADG_08465 Fumarylacetoacetase 0.66235 

PADG_08569 Thiosulfate/3-mercaptopyruvate sulfurtransferase 0.56383 

PADG_05896 D-3-phosphoglycerate dehydrogenase 0.54841 

PADG_06060 Phosphoserine phosphatase SerB 0.38124 

PADG_04522 Homoserine kinase 0.34018 

PADG_06144 Saccharopine dehydrogenase (NAD+, L-lysine forming) 0.62243 

PADG_07511 S-adenosylmethionine decarboxylase proenzyme 0.0513 

PADG_04603 Spermidine synthase 0.50014 

PADG_05888 Asparte kinase  0.38537 

PADG_08045 Branched-chain-amino-acid aminotransferase 0.32805 

PADG_04570 Branched-chain-amino-acid aminotransferase  0.52401 

PADG_08662 Cystathionine beta-lyase 0.56248 

PADG_05918 Cystathionine gamma-synthase 0.6631 

PADG_06130 Glutamate-cysteine ligase 0.6409 



PADG_04689 N-acetyl-gamma-glutamyl-phosphate reductase 0.46679 

PADG_08300 Ornithine carbamoyltransferase 0.31114 

PADG_06944 Aminotransferase family protein (LolT) 0.15691 

PADG_08604 ATP phosphoribosyltransferase 0.50787 

PADG_06301 Imidazoleglycerol-phosphate dehydratase 0.42274 

PADG_08623 Histidinol-phosphatase 0.62363 

PADG_06289 Lysine decarboxylase-like protein 0.63173 

PADG_05085 1-pyrroline-5-carboxylate dehydrogenase 0.54905 

PADG_08262 Asparagine synthetase 0.52864 

PADG_06427 Isochorismatase family protein Family 0.65927 

   

Nitrogen, Sulfur and Selenium Metabolism  

PADG_12017 Nitrilase 0.4483 

PADG_05837 Glycoprotein FP21 0.48638 

   

Lipid, Fatty Acid and Isoprenoid Metabolism  

PADG_04921 Serine palmitoyltransferase 0.61753 

PADG_04552 Sphingosine N-acyltransferase lag1 0.33996 

PADG_08018 Glycerol-3-phosphate dehydrogenase 0.66151 

PADG_12248 Phospholipase A2 0.32549 

PADG_06046 Aminoalcoholphosphotransferase 0.33924 

PADG_06086 Lipase 0.59275 

PADG_08600 Squalene synthetase 0.47249 

PADG_08171 Phospholipid:diacylglycerol acyltransferase 0.6062 

PADG_04751 Phospholipid-translocating ATPase 0.53002 

PADG_08618 Sphingolipid C9-methyltransferase 0.60005 



PADG_05006 3-oxoacyl-[acyl-carrier protein] reductase 0.53411 

PADG_08290 Diphosphomevalonate decarboxylase 0.57624 

PADG_06382 Acetyl-CoA C-acetyltransferase 0.45042 

PADG_07748 Estradiol 17-beta-dehydrogenase 12-A 0.5027 

PADG_08327 3-oxo-5-alpha-steroid 4-dehydrogenase family protein 0.61885 

PADG_04687 3-beta-hydroxysteroid dehydrogenase 0.47208 

PADG_06303 Mannosyl phosphorylinositol ceramide synthase SUR1 0.5374 

   

Nucleotide Metabolism  

PADG_06297 Phosphoribosylamine-glycine ligase 0.50014 

PADG_05001 DNA polymerase delta subunit 4 0.55034 

PADG_11972 Phosphoribosylformylglycinamidine synthase 0.58124 

PADG_06055 Deoxyribose-phosphate aldolase  0.37792 

   

Biosynthesis of Vitamins, Cofactors, and Prosthetic Groups  

PADG_08642 Ubiquinone/menaquinone biosynthesis methyltransferase ubiE 0.49351 

PADG_04655 Retinol dehydrogenase 0.27034 

PADG_06034 Pyridoxamine phosphate oxidase 0.62928 

PADG_06090 2-dehydropantoate 2-reductase 0.41757 

PADG_06285 Aminodeoxychorismate synthase 0.47384 

PADG_07573 GTP cyclohydrolase I 0.11114 

PADG_12307 Alkaline phosphatase like family protein 0.07502 

PADG_08328 Cobalamin-independent synthase  0.43752 

   

Secondary Metabolism  

PADG_07627 4-carboxymuconolactone decarboxylase family protein 0.673 



PADG_04636 Dienelactone hydrolase family protein 0.61077 

PADG_04899 Metallo-beta-lactamase 0.42327 

PADG_04619 Glutamine-dependent NAD(+) synthetase 0.20033 

PADG_08320 Cytidylyltransferase family protein 0.62256 

PADG_08434 Nicotinate (nicotinamide) nucleotide adenylyltransferase 0.66277 

PADG_08593 Nicotinate phosphoribosyltransferase  0.54542 

PADG_05947 Nicotinate-nucleotide diphosphorylase (carboxylating) 0.64866 

PADG_07849 Rhizobactin siderophore biosynthesis protein rhbD 0.25446 

PADG_07276 4-coumarate-CoA ligase 0.12503 

   

3. CELL RESCUE, DEFENSE and VIRULENCE  

Stress Response   

PADG_08369 Hsp60-like protein 0.26963 

PADG_07715 Hsp90-like protein 0.20675 

PADG_08118 Hsp72-like protein 0.24326 

PADG_06128 M protein repeat protein 0.49018 

PADG_12412 M protein repeat protein 0.13337 

PADG_07007 ATPase family AAA domain-containing protein 0.08336 

PADG_06992 Mitochondrial co-chaperone GrpE 0.0513 

   

Detoxification   

PADG_04753 Glutathione S-transferase 0.1121 

   

4. CELL CYCLE AND DNA PROCESSING  

Cell cycle (Mitotic Cell Cycle and Cell Cycle Control)  

PADG_04756 Pheromone-dependent cell cycle arrest protein Far11 0.47004 



PADG_05911 Meiotically up-regulated gene 185 protein 0.36858 

PADG_05875 Centromere/microtubule-binding protein cbf5 0.60814 

PADG_04768 Mis6 domain-containing protein 0.17412 

PADG_05871 GTPase inhibitor 0.48545 

PADG_05885 Cell cycle control protein cwf14 0.58097 

PADG_07741 Cell cycle inhibitor Nif1 0.1484 

PADG_07773 Cell cycle arrest protein BUB2 0.43133 

PADG_06099 Cell division control protein 0.23554 

PADG_07070 Cell division control protein 0.22228 

PADG_04773 Cell division cycle protein 123 0.35938 

PADG_07319 Sporulation-regulated protein 0.03334 

PADG_11857 Spindle assembly checkpoint protein SLDB 0.57198 

PADG_06505 Structural maintenance of chromosomes protein 0.33129 

PADG_04974 Serine/threonine-protein phosphatase PP2 A catalytic subunit 0.64612 

PADG_07698 Separase 0.52903 

PADG_04584 Tyrosine-protein phosphatase CDC14 0.29435 

PADG_06334 Inner centromere protein 0.41521 

PADG_08684 Chromatin assembly factor 1 subunit B 0.37343 

PADG_08331 SWR1-complex protein 0.62102 

PADG_07502 Chromatin assembly factor 1 subunit A 0.09526 

PADG_07102 Chromosome segregation protein sudA 0.0351 

PADG_08048 T-complex protein 1 subunit beta 0.47963 

PADG_08484 T-complex protein 1 subunit epsilon 0.37758 

PADG_08483 Heterochromatin protein HP1 0.32222 

PADG_06253 Maintenance of mitochondrial morphology protein 1 0.27248 

PADG_12077 Actin 0.59948 



PADG_07797 MYB family conidiophore development protein FlbD 0.45637 

   

DNA processing   

PADG_05923 DNA repair protein Rad18 0.51635 

PADG_11787 UV DNA damage endonuclease 0.61207 

PADG_04958 ATP-dependent DNA helicase II 0.65776 

PADG_08271 RAD52 DNA repair protein RADC 0.47393 

PADG_07835 Replication factor-A protein 0.32123 

PADG_05078 DNA repair protein (mre11) 0.58299 

PADG_12138 Exonuclease 0.51349 

PADG_05975 Exosome complex exonuclease RRP4 0.46237 

PADG_04955 Exosome complex exonuclease RRP45 0.63135 

PADG_08179 Exosome component 10 0.49128 

PADG_08588 DNA damage response protein RcaA 0.37187 

PADG_07601 DNA excision repair protein ERCC-6-like 2 0.56918 

PADG_08306 DNA helicase 0.30364 

PADG_04531 DNA mismatch repair protein MLH3 0.39754 

PADG_08606 DNA mismatch repair protein MSH3 0.32903 

PADG_04835 Nuclear pore complex protein An-Mlp1 (Eurofung) 0.28632 

PADG_06124 DNA polymerase zeta 0.64335 

PADG_04811 DNA repair protein RAD16 0.42244 

PADG_08558 DNA replication licensing factor CDC47 0.3378 

PADG_07901 DNA replication licensing factor MCM3 0.45883 

PADG_05775 DNA replication licensing factor MCM5 0.53476 

PADG_06509 DNA replication regulator sld2 0.55705 

PADG_07812 DNA topoisomerase I 0.27317 



PADG_04954 DNA topoisomerase III 0.49907 

PADG_06339 DNA topoisomerase 2 0.48462 

PADG_06985 DNA-directed RNA polymerase II subunit RPB3 0.19236 

PADG_08395 DNA-directed RNA polymerase III subunit rpc3 0.38233 

PADG_07655 DNA-directed RNA polymerases I and III subunit RPAC1 0.44338 

PADG_07672 FACT complex subunit pob3 0.3819 

PADG_05893 Nucleosome assembly protein 1-like 1 0.39163 

PADG_05798 Single-stranded DNA-binding protein 0.64237 

   

5. TRANSCRIPTION  

RNA synthesis  

PADG_07535 PHD transcription factor (Rum1), putative 0.17713 

PADG_07492 BZIP transcription fator HapX 0.09807 

PADG_04758 RING finger protein 0.43115 

PADG_08032 SWIB/MDM2 domain-containing protein 0.35471 

PADG_07224 APSES transcription fator (MbpA) 0.06062 

PADG_06337 APSES transcription fator Xbp1 0.56542 

PADG_07447 tRNA (adenine57-N1/adenine58-N1)-methyltransferase 0.03334 

PADG_08449 tRNA (cytidine32/guanosine34-2’-O)-methyltransferase 0.50372 

PADG_06191 tRNA dimethylallyltransferase 0.38327 

PADG_07704 Negative regulator of the PHO system 0.40094 

PADG_05818 PENR2 protein 0.42702 

PADG_08633 SAC3/GANP domain-containing protein 0.41799 

PADG_06401 RNA polymerase II transcription factor B subunit 5 0.58124 

PADG_12326 Transcriptional activator hap3 0.57061 

PADG_07439 RNA-dependent RNA polymerase 0.12284 



PADG_08270 DNA-binding protein 0.35424 

PADG_05854 Tetratricopeptide repeat protein 0.63774 

PADG_04978 Tetratricopeptide repeat protein 1 0.39461 

PADG_05979 Transcription elongation fator spt6 0.42649 

PADG_04915 Transcription fator prr1 0.26418 

PADG_07512 Transcription factor TFIID complex subunit Taf11 0.16671 

PADG_04834 Transcription initiation factor IIE subunit beta 0.44605 

PADG_06029 Transcription initiation factor TFIID subunit 12 0.14686 

PADG_05934 RSC complex subunit 0.50255 

PADG_07959 SAGA-associated fator 11 0.0877 

PADG_07670 SAP domain-containing ribonucleoprotein 0.48666 

PADG_07730 Ribosomal DNA transcription factor Rrn3 0.17606 

PADG_07996 Fungal specific transcription factor domain-containing protein 0.42145 

PADG_05945 GATA-factor 0.63752 

PADG_06937 Mediator of RNA polymerase II transcription subunit 21 0.04763 

PADG_08341 Histone chaperone RTT106 0.60733 

PADG_06001 Histone H1 0.50178 

PADG_05906 Histone H2A 0.46211 

PADG_05907 Histone H2B 0.33594 

PADG_04791 Histone H3-like centromeric protein CSE4 0.66483 

PADG_07047 HLH transcription factor 0.02084 

PADG_05709 Histone acetyltransferase type B subunit 2 0.62936 

PADG_06486 CCR4-NOT transcription complex  0.16165 

PADG_04897 C2H2 and C2HC zinc finger 0.51681 

PADG_07665 C2H2 finger domain-containing protein FlbC 0.26426 

PADG_08253 C2H2 type zinc finger domain-containing protein 0.38991 



PADG_08498 C3HC zinc finger domain-containing protein 0.61978 

PADG_06503 CCCH zinc finger domain-containing protein 0.62131 

PADG_07786 C2H2 type zinc finger domain-containing protein 0.25922 

PADG_06419 C-x8-C-x5-C-x3-H type zinc finger protein 0.44202 

PADG_06185 Gastrula zinc finger protein XlCGF49.1 0.43937 

   

RNA processing   

PADG_04589 RNA exonuclease 0.42075 

PADG_05736 Nitrogen metabolic regulation protein 0.53094 

PADG_04633 Nitrogen regulatory protein areA 0.66624 

PADG_11980 Splicing factor 3A subunit 3 0.35204 

PADG_06528 Splicing factor 3b  0.45993 

PADG_06082 Pre-mRNA splicing factor 0.32705 

PADG_05716 Pre-mRNA-processing protein 0.52714 

PADG_07640 Pre-mRNA-splicing fator ATP-dependent RNA helicase DHX38/PRP16 0.66652 

PADG_06251 tRNA uridine 5-carboxymethylaminomethyl modification enzyme GidA 0.47167 

PADG_05917 U3 small nucleolar RNA-associated protein 0.65719 

PADG_04546 Ribosomal biogenesis protein Gar2 0.28422 

PADG_08121 Ribosome biogenesis protein BMS1 0.07694 

PADG_08416 Ribosome biogenesis protein BRX1 0.2267 

PADG_07012 Ribosome biogenesis protein TSR1 0.22625 

PADG_12027 Nucleolar essential protein 0.26029 

PADG_04558 Nucleolar protein 0.07583 

PADG_06356 U3 small nucleolar ribonucleoprotein Lcp5 0.33799 

PADG_05014 RNA lariat debranching enzyme 0.36446 



PADG_06264 rRNA biogenesis protein RRP36  0.37876 

PADG_04788 Pre-mRNA-splicing fator ATP-dependent RNA helicase PRP43 0.0869 

PADG_07762 Pre-mRNA-splicing factor cwc22 0.5116 

PADG_04796 Pre-mRNA-splicing factor rse1 0.6029 

PADG_06125 Pre-mRNA-splicing factor slu7 0.15888 

PADG_04612 Small nuclear ribonucleoprotein complex protein Nhp2 0.63432 

PADG_07880 Small nucleolar ribonucleoprotein complex subunit Utp14 0.1945 

PADG_07184 Sm-like ribonucleoprotein 0.27785 

PADG_08232 RLI and DUF367 domain-containing protein 0.26584 

PADG_06487 D-tyrosyl-tRNA(Tyr) deacylase 0.48634 

PADG_08529 Queuine tRNA-ribosyltransferase  0.60016 

PADG_08726 U3 small nucleolar RNA-associated protein 0.37929 

PADG_04798 U3 small nucleolar RNA-associated protein  0.25723 

PADG_07884 Polyadenylate-binding protein  0.31917 

PADG_12218 3’ exoribonuclease 0.24249 

PADG_07955 3’ exoribonuclease fator protein 0.53504 

PADG_04781 mRNA binding protein Pumilio 2 0.33588 

PADG_08499 mRNA cap guanine-N7 methyltransferase 0.64591 

PADG_05766 mRNA splicing protein Yju2 0.34704 

PADG_06298 Mitochondrial mRNA processing protein PET127 0.44005 

PADG_08305 KH domain protein 0.65472 

PADG_07915 KH domain-containing protein 0.48573 

PADG_04948 H/ACA ribonucleoprotein complex subunit 1 0.65634 

PADG_06315 SBDS fator rRNA fatorismo protein 0.54808 

PADG_07837 ATP-dependent RNA helicase DBP3 0.15902 

PADG_07112 ATP-dependent RNA helicase DBP9 0.11908 



PADG_05924 ATP-dependent RNA helicase DHH1 0.66505 

PADG_08293 ATP-dependent RNA helicase DOB1 0.48508 

PADG_05787 ATP-dependent RNA helicase FAL1 0.41186 

PADG_08450 ATP-dependent RNA helicase MAK5 0.36562 

PADG_04672 ATP-dependent RNA helicase SUB2 0.53411 

PADG_04903 Mitochondrial RNA splicing protein 0.50752 

PADG_08704 U1 snRNP splicing complex subunit (Luc7) 0.51443 

   

6. PROTEIN SYNTHESIS  

PADG_05836 60S ribosomal protein L39  0.22569 

PADG_05032 Hsp90 binding co-chaperone (Sba1) 0.66014 

PADG_07947 Ribonuclease P/MRP protein subunit POP1 0.59622 

PADG_07895 Translation initiation factor aIF-2 0.08939 

PADG_05029 Translation machinery-associated protein 0.37874 

PADG_05847 Brix domain-containing protein 0.36456 

PADG_04731 Ribosomal protein L14 0.38502 

PADG_07842 21S rRNA (uridine2791-2'-O)-methyltransferase 0.26013 

PADG_06945 PERQ amino acid-rich with GYF domain-containing protein 0.15629 

PADG_04862 50S ribosomal protein Mrp49 0.60224 

PADG_08244 60S acidic ribosomal protein P1 0.3759 

PADG_05025 Ribosomal protein L24 0.42133 

PADG_04588 60S ribosomal protein L22 0.27176 

PADG_05883 60S ribosomal protein L25 0.19503 

PADG_07924 60S ribosomal protein L24 0.22285 

PADG_05939 60S ribosomal protein L27a 0.61919 

PADG_12253 60S ribosomal protein L3 0.41316 



PADG_05721 60S ribosomal protein L4-A 0.09653 

PADG_04848 60S ribosomal protein L8-B 0.26424 

PADG_06280 60S ribosomal subunit assembly/export protein LOC1 0.30355 

PADG_08215 60S ribosome biogenesis protein Rrp14 0.07924 

PADG_07137 30S ribosomal protein S10 0.34492 

PADG_07853 37S ribosomal protein Mrp10, mitochondrial 0.42968 

PADG_08308 37S ribosomal protein S25, mitochondrial 0.24411 

PADG_06525 40S ribosomal protein S1 0.35463 

PADG_07685 40S ribosomal protein 0.40368 

PADG_06313 40S ribosomal protein S18 0.55317 

PADG_12324 40S ribosomal protein S19 0.4431 

PADG_08602 40S ribosomal protein S2 0.38584 

PADG_06502 40S ribosomal protein S20 0.43796 

PADG_07583 40S ribosomal protein S21 0.39742 

PADG_08238 40S ribosomal protein S26E 0.45643 

PADG_06048 40S ribosomal protein S27 0.44431 

PADG_08605 40S ribosomal protein S28 0.19466 

PADG_12365 40S ribosomal protein S8-A 0.21118 

PADG_06266 40S ribosomal protein S9 0.52187 

PADG_04901 Mitochondrial 37S ribosomal protein S17 0.2487 

PADG_06450 Mitochondrial large ribosomal subunit 0.65882 

PADG_04962 Aspartate-tRNA(Asn) ligase 0.6726 

PADG_06993 Phenylalanine-tRNA ligase 0.07145 

PADG_07582 Phenylalanine-tRNA ligase, alpha subunit 0.30036 

PADG_05897 Seryl-tRNA synthetase 0.35553 

PADG_08472 Lysine-tRNA ligase 0.33865 



PADG_12003 Peptide chain release fator 1 0.27403 

PADG_06265 Elongation fator 1-gamma 1 0.39737 

PADG_08125 Elongation fator 2 0.13517 

PADG_05751 Elongation of fatty acids protein 0.27499 

PADG_06189 Elongator complex protein 2 0.54789 

PADG_08291 Elongator complex protein 1 0.36858 

PADG_05879 Eukaryotic peptide chain release factor subunit 1 0.51341 

PADG_07977 Eukaryotic translation initiation factor 1A 0.43718 

PADG_06160 Eukaryotic translation initiation factor 2 subunit alpha 0.16191 

PADG_08033 Eukaryotic translation initiation factor 3 subunit B 0.46416 

PADG_08592 Eukaryotic translation initiation factor 4E-1 0.52908 

PADG_07548 Eukaryotic translation initiation factor 4E-4 0.14448 

PADG_07888 Eukaryotic translation initiation factor 5A 0.17865 

PADG_04730 Nascent polypeptide-associated complex subunit alpha 0.16107 

PADG_04657 Nascent polypeptide-associated complex subunit beta 0.44117 

PADG_07734 DOM34-interacting protein 0.16718 

PADG_07148 Midasin 0.10497 

PADG_07881 50S ribosomal protein YmL27  0.12577 

PADG_06364 28S ribosomal RNA rRNA 0.31866 

PADG_04810 GTP-binding nuclear protein GSP1/Ran 0.23536 

PADG_04846 Ribosome biogenesis GTP-binding protein YsxC 0.30948 

PADG_04684 DUF1613 domain-containing protein 0.28796 

PADG_11875 tRNA wybutosine-synthesizing protein 1 0.40965 

PADG_12337 Glycoprotease pgp1 0.55183 

PADG_07932 tRNA wybutosine-synthesizing protein 3 0.40011 

PADG_04708 Prion formation protein 0.10812 



PADG_05057 Protein BCP1 0.41317 

PADG_04916 Translation initiation factor eIF-2B epsilon subunit 0.59106 

PADG_08204 Translation initiation fator IF-2 0.27694 

PADG_05715 Periodic tryptophan protein 0.57359 

PADG_07726 Periodic tryptophan protein 0.22169 

PADG_07899 Signal recognition particle subunit SRP68 0.58666 

   

7. PROTEIN FATE and DEGRADATION  

PADG_07891 Ubiquitin 0.18698 

PADG_08265 Methionine aminopeptidase 0.42219 

PADG_04795 Deubiquitination-protection protein dph1 0.66523 

PADG_05933 Ubiquitin thioesterase OTU1 0.51526 

PADG_07848 Cytoplasmic tRNA 2-thiolation protein 1 0.21117 

PADG_08047 Serine/threonine-protein kinase/endoribonuclease IRE1 0.55512 

PADG_06384 Ubiquitin-conjugating enzyme E2 2 0.44754 

PADG_06013 Ubiquitin-conjugating enzyme E2-16 kDa 0.33826 

PADG_06188 Ubiquitin-related modifier 1 0.24106 

PADG_08423 RuvB-like helicase 2 0.40927 

PADG_06275 N-lysine methyltransferase SETD6 0.58375 

PADG_08739 Protein png1 0.50504 

PADG_05011 Peptidyl-prolyl cis-trans isomerase 0.42351 

PADG_07953 Peptidyl-prolyl cis-trans isomerase-like 1 0.48922 

PADG_08049 Peptidyl-prolyl cis-trans isomerase cyp15 0.38855 

PADG_06488 Peptidyl-prolyl cis-trans isomerase D 0.34169 

PADG_12323 Peptidyl-prolyl cis-trans isomerase 0.37813 

PADG_07690 Bromodomain and PHD finger-containing protein 0.63136 



PADG_06433 Bromodomain associated protein 0.45784 

PADG_06081 Dolichyl-phosphate-mannose-protein mannosyltransferase 0.40853 

PADG_05928 DnaJ and TPR domain-containing protein 0.41258 

PADG_08599 DnaJ domain protein 0.43369 

PADG_05718 DnaJ domain-containing protein 0.65945 

PADG_08264 DnaJ domain-containing protein 0.24497 

PADG_06012 Putative mannosyltransferase gene 0.20273 

PADG_12031 Iron-sulfur cluster biosynthesis protein Isd11 0.47062 

PADG_04877 26S proteasome non-ATPase regulatory subunit 13 0.65733 

PADG_12029 26S proteasome non-ATPase regulatory subunit 3 0.58446 

PADG_04809 26S proteasome non-ATPase regulatory subunit Nas2 0.59574 

PADG_06051 26S proteasome regulatory subunit rpn5 0.44333 

PADG_06276 O-sialoglycoprotein endopeptidase 0.64914 

PADG_06256 E3 ubiquitin-protein ligase bre1 0.56247 

PADG_05908 Cysteine protease atg4 0.58147 

PADG_05742 Kp-43 peptidase, serine peptidase merops fator s08 0.58597 

PADG_08639 Leucyl aminopeptidase 0.27403 

PADG_08398 F-box domain-containing protein 0.60966 

PADG_05713 WD domain-containing protein 0.62407 

PADG_04856 WD repeat-containing protein 0.50435 

PADG_07287 WD repeat-containing protein 0.34037 

PADG_06056 WD repeat-containing protein 0.30696 

PADG_08028 WD repeat-containing protein 0.305 

PADG_07160 WD repeat-containing protein 0.18338 

PADG_06519 WD domain-containing protein 0.4765 

PADG_07929 Ubiquitin carboxyl-terminal hydrolase  0.55892 



PADG_06329 TPR repeat protein 0.6488 

PADG_04929 WD repeat-containing protein 0.33479 

PADG_07656 NEDD8-activating enzyme E1 catalytic subunit 0.44909 

PADG_06439 NEDD8-conjugating enzyme Ubc12 0.30726 

PADG_08348 Ankyrin repeat and protein kinase domain-containing protein 0.57471 

PADG_07256 Ankyrin repeat protein 0.3751 

PADG_05808 Ankyrin repeat-containing protein 0.56936 

PADG_08294 Tethering factor for nuclear proteasome STS1 0.51556 

   

8. CELLULAR TRANSPORT, TRANSPORT FACILITIES AND TRANSPORT ROUTES  

PADG_12421 Nuclear envelope protein 0.61959 

PADG_04850 Nuclear distribution protein PAC1 0.66195 

PADG_08603 Protein sym1 0.65281 

PADG_08091 Tubulin-folding cofactor B 0.10003 

PADG_08218 Vacuolar protein sorting-associated protein 0.36756 

PADG_07658 Vacuolar protein sorting-associated protein 33A 0.53048 

PADG_08188 Vacuolar-sorting protein snf7 0.31975 

PADG_05024 Vesicle-associated membrane protein 0.61998 

PADG_06134 ESCRT-I component 0.48017 

PADG_06400 Phosphate-repressible phosphate permease 0.23888 

PADG_07398 ATP-dependent bile acid permease 0.12125 

PADG_08051 Amino-acid fatoris inda1 0.5286 

PADG_07979 Chitin biosynthesis protein CHS5 0.64832 

PADG_07164 Exocyst complex protein exo70 0.01667 

PADG_06120 Cytoskeleton assembly control protein Sla2 0.57064 

PADG_12531 Rho guanyl nucleotide exchange factor 0.5298 



PADG_04840 UDP-galactose transporter 0.66585 

PADG_05932 Oxysterol-binding protein 0.61521 

PADG_08646 Class E vacuolar protein-sorting machinery protein HSE1 0.64605 

PADG_07920 Dynactin 0.36242 

PADG_04852 EH domain binding protein epsin 2 0.4047 

PADG_07930 ARP2/3 complex 20 kDa subunit 0.41857 

PADG_05740 SNARE domain-containing protein 0.37555 

PADG_08669 Arrestin domain-containing protein 0.65208 

PADG_05010 Arrestin domain-containing protein 0.50014 

PADG_04764 Vesicle transport protein SEC22 0.31765 

PADG_06998 Protein transporter SEC31 0.1429 

PADG_05828 Protein transporter SEC61 subunit alpha 0.65206 

PADG_07215 Transport protein sec7 0.31258 

PADG_04736 Protein transport protein YIF1 0.62874 

PADG_07871 Vacuolar calcium ion transporter 0.50529 

PADG_05957 Sec7 domain-containing protein 0.62737 

PADG_05864 Calcium channel subunit Mid1 0.52929 

PADG_05084 Ctr copper transporter family protein 0.35998 

PADG_07248 Carboxy-terminal kinesin 2 0.04903 

PADG_08263 Outer mitochondrial membrane protein porin 1 0.59358 

PADG_07508 CRAL/TRIO domain-containing protein 0.30738 

PADG_06541 DUF250 domain-containing protein 0.23646 

PADG_12147 ER lumen protein retaining receptor 0.54853 

PADG_05872 GDP-mannose transporter 0.26716 

PADG_07275 Nucleoporin (Nup184), putative 0.24007 

PADG_05916 Nucleoporin Pom152 0.65394 



PADG_08500 Mitochondrial 2-oxoglutarate/malate carrier protein 0.43836 

PADG_08718 Mitochondrial FAD carrier protein FLX1 0.44326 

PADG_05884 Mitochondrial import inner membrane translocase subunit TIM8 0.35187 

PADG_06186 Mitochondrial import receptor subunit tom-40 0.232 

PADG_11822 Importin alpha re-exporter 0.47167 

PADG_08240 Importin subunit beta-3 0.65719 

PADG_06104 Urea transport protein 0.28422 

PADG_05070 Integral membrane channel protein 0.64838 

PADG_08217 Acyl carrier protein 0.53974 

   

9. CELLULAR COMMUNICATION/SIGNAL TRANSDUCTION MECHANISM 

Signal Transduction   

PADG_12070 ABC1-A protein kinase 0.33715 

PADG_07126 RING finger domain-containing protein 0.02779 

PADG_07326 Serine/threonine-protein kinase PRKX 0.20376 

PADG_04645 Serine/threonine-protein kinase sid2 0.33697 

PADG_05082 Serine/threonine-protein phosphatase PP1 1 0.64801 

PADG_04780 GTPase activating protein 0.55998 

PADG_08177 GTPase-activating protein 0.35334 

PADG_04880 CMGC/MAPK protein kinase 0.59997 

PADG_04505 STE/STE11/CDC15 protein kinase 0.65942 

PADG_04464 CK1/CK1/CK1-G protein kinase 0.37889 

PADG_06441 CAMK/CAMKL/AMPK protein kinase 0.62726 

PADG_05840 CAMKK/CAMKK-META protein kinase 0.56265 

PADG_06126 CMGC/DYRK/DYRK2 protein kinase 0.42033 

PADG_04565 Casein kinase II subunit beta-1 0.18713 



PADG_04667 NEK protein kinase 0.19517 

PADG_12385 Ser/Thr protein phosphatase family protein 0.66384 

PADG_04628 Zinc finger protein 0.63335 

PADG_05865 Zinc finger protein RTS2 0.3828 

PADG_05012 Zinc finger protein zpr1 0.22271 

PADG_08634 Bud emergence protein 0.58364 

PADG_06219 Cytokinesis protein sepA 0.64269 

PADG_06536 Cytokinesis regulator 0.38985 

PADG_07962 MADS box transcription factor Mcm1 0.30385 

PADG_08706 STE/STE20/PAKA protein kinase 0.28954 

PADG_12331 STE/STE20/YSK protein kinase 0.45966 

PADG_06273 Calcineurin subunit B 0.47873 

PADG_07695 Calcium-binding mitochondrial carrier protein Aralar1 0.38383 

PADG_07774 Calmodulin 0.50767 

PADG_07154 AGC/PKA protein kinase 0.02899 

PADG_08191 cAMP-dependent protein kinase regulatory subunit 0.50641 

PADG_06243 cAMP-independent regulatory protein pac2 0.5159 

PADG_08129 cAMP-independent regulatory protein pac2 0.40937 

PADG_07335 Phosphatidylinositol 3-kinase  0.05557 

PADG_04870 Phosphatidylinositol transfer protein CSR1 0.61872 

PADG_07579 DRK1 histidine kinase 0.48643 

PADG_07101 Serine/threonine-protein kinase RIO1 0.03923 

PADG_05768 Serine/threonine protein phosphatase 2A  0.54619 

PADG_07620 GPI anchored serine-threonine rich protein 0.65044 

PADG_04471 Regulator of G protein signaling domain-containing protein 0.44215 

PADG_07859 SH3 and Ded_cyto domain-containing protein 0.55143 



PADG_07591 SH3 domain-containing protein  0.35836 

PADG_08671 Mitochondrial Rho GTPase 1 0.58194 

PADG_08399 GTP-binding protein ypt3 0.34025 

PADG_08342 GTP-binding protein ypt1 0.52201 

   

Cytoskeleton   

PADG_05064 Kinesin fator member 4/21/27 0.66343 

PADG_04886 Kinesin fator protein 0.30608 

PADG_08595 Kinesin fator member 11 0.32148 

PADG_07586 RasGAP-like protein 0.663 

PADG_07249 Coronin 0.09316 

PADG_05892 Myosin-2 0.6169 

PADG_12281 Myosin-9 0.24544 

PADG_08516 AmmeMemoRadiSam system protein B 0.53244 

   

10. MISCELLANEOUS  

PADG_08040 Presequence translocated-associated motor subunit pam17 0.62667 

PADG_05022 Mitochondrial division protein 1 0.66214 

PADG_05898 Rheb small monomeric GTPase RhbA 0.36489 

PADG_07984 FAD-linked sulfhydryl oxidase ALR 0.53326 

PADG_07605 mRNA surveillance protein pelota 0.56015 

PADG_06515 Regulatory protein suaprga1 0.45752 

   

11. UNCLASSIFIED   

PADG_12437 EF hand domain-containing protein partial mRNA 0.58964 

PADG_08591 2-succinylbenzoate-CoA ligase partial mRNA 0.41517 



PADG_04911 BolA domain protein 0.59929 

PADG_04767 Cleft lip and palate transmembrane protein 0.53139 

PADG_06501 CUE domain-containing protein 0.6487 

PADG_04953 DUF1295 domain-containing protein 0.36042 

PADG_07413 DUF1620 domain-containing protein 0.04599 

PADG_04473 DUF647 domain-containing protein 0.61022 

PADG_07963 DUF803 domain-containing protein 0.51519 

PADG_07222 DUF890 domain-containing protein 0.22813 

PADG_08441 FF domain-containing protein 0.21184 

PADG_05739 NAP family protein 0.23625 

PADG_08340 KOW motif domain-containing protein 0.34697 

PADG_05981 IFRD domain-containing protein 0.61356 

PADG_04977 HAD superfamily hydrolase 0.57022 

PADG_04770 HEAT repeat protein 0.37821 

PADG_06166 PH domain containing protein 0.63501 

PADG_08644 PH domain-containing protein 0.54762 

PADG_12361 PHD finger and BAH domain-containing protein 0.59884 

PADG_06092 CHCH domain-containing protein 0.43385 

PADG_07903 Alpha/beta hydrolase 0.65637 

PADG_11833 Hydrolase 0.63301 

PADG_04797 Hydrolase 0.4262 

PADG_06257 Urease accessory protein UreF 0.47108 

PADG_04931 RpsU-divergently transcribed protein 0.565 

PADG_07714 NTF2 and RRM domain-containing protein 0.18013 

PADG_04694 CBP4 domain-containing protein 0.2942 

PADG_08239 CBS and PB1 domain-containing protein 0.60082 



PADG_08225 CBS domain-containing protein 0.60955 

PADG_04966 Phosducin family protein 0.63485 

PADG_12215 Developmental regulator medusa 0.01852 

PADG_07416 Nuclease domain-containing protein 0.14558 

PADG_06118 Mating locus 1-2-1 0.64897 

PADG_06343 TBC1 domain family member 1 0.66026 

PADG_05845 TAM domain methyltransferase 0.42747 

PADG_06336 Cell lysis protein cwl1 0.53013 

PADG_07946 Peroxisomal matrix protein 0.65668 

PADG_07421 Beige/BEACH domain-containing protein 0.06668 

PADG_08676 RNA binding effector protein Scp160 0.64289 

PADG_12301 UBA/TS-N domain-containing protein 0.26396 

PADG_04547 Protein GET1  0.11367 

PADG_07257 TMEM1 family protein 0.39344 

PADG_12000.2 forkhead box protein D1 0.33727 

PADG_08716 Hypothetical protein 0.61002 

PADG_08694 Hypothetical protein 0.41365 

PADG_06263 Hypothetical protein 0.22885 

PADG_06311 Predicted protein 0.58559 

PADG_05849 Predicted protein 0.52954 

PADG_05903 Predicted protein 0.60645 

PADG_06096 Predicted protein 0.42823 

PADG_06194 Predicted protein 0.48459 

PADG_06484 Predicted protein 0.25521 

PADG_07000 Predicted protein 0.16671 

PADG_07003 Predicted protein 0.09262 



PADG_07024 Predicted protein 0.16671 

PADG_07426 Predicted protein 0.04631 

PADG_07483 Predicted protein 0.06252 

PADG_07651 Predicted protein 0.25576 

PADG_07687 Predicted protein 0.31268 

PADG_07769 Predicted protein 0.49665 

PADG_07788 Predicted protein 0.52414 

PADG_07877 Predicted protein 0.29175 

PADG_07974 Predicted protein 0.39687 

PADG_08619 Predicted protein 0.54954 

PADG_08721 Predicted protein 0.54936 

PADG_04717 Uncharacterized protein 0.33607 

PADG_04722 Uncharacterized protein 0.30991 

PADG_04724 Uncharacterized protein 0.4484 

PADG_04728 Uncharacterized protein 0.68273 

PADG_04739 Uncharacterized protein 0.32231 

PADG_04752 Uncharacterized protein 0.43872 

PADG_04760 Uncharacterized protein 0.19797 

PADG_04765 Uncharacterized protein 0.28529 

PADG_04772 Uncharacterized protein 0.5456 

PADG_04785 Uncharacterized protein 0.2436 

PADG_04789 Uncharacterized protein 0.44457 

PADG_04790 Uncharacterized protein 0.34295 

PADG_04799 Uncharacterized protein 0.32416 

PADG_04821 Uncharacterized protein 0.34991 

PADG_04822 Uncharacterized protein 0.37744 



PADG_04893 Uncharacterized protein 0.22118 

PADG_04914 Uncharacterized protein 0.1032 

PADG_04917 Uncharacterized protein 0.49592 

PADG_04924 Uncharacterized protein 0.61102 

PADG_04930 Uncharacterized protein 0.61674 

PADG_04940 Uncharacterized protein 0.66242 

PADG_04985 Uncharacterized protein 0.6386 

PADG_05003 Uncharacterized protein 0.65748 

PADG_05013 Uncharacterized protein 0.36626 

PADG_05062 Uncharacterized protein 0.39098 

PADG_05087 Uncharacterized protein 0.47919 

PADG_05722 Uncharacterized protein 0.38662 

PADG_05738 Uncharacterized protein 0.02779 

PADG_05741 Uncharacterized protein 0.48537 

PADG_05756 Uncharacterized protein 0.61445 

PADG_05770 Uncharacterized protein 0.51626 

PADG_05771 Uncharacterized protein 0.3611 

PADG_05802 Uncharacterized protein 0.33342 

PADG_05805 Uncharacterized protein 0.24345 

PADG_05862 Uncharacterized protein 0.37332 

PADG_05869 Uncharacterized protein 0.58802 

PADG_05873 Uncharacterized protein 0.32226 

PADG_05914 Uncharacterized protein 0.40342 

PADG_05919 Uncharacterized protein 0.14819 

PADG_05973 Uncharacterized protein 0.35293 

PADG_05986 Uncharacterized protein 0.58856 



PADG_06030 Uncharacterized protein 0.6777 

PADG_06036 Uncharacterized protein 0.65111 

PADG_06044 Uncharacterized protein 0.34566 

PADG_06049 Uncharacterized protein 0.6596 

PADG_06053 Uncharacterized protein 0.41931 

PADG_06057 Uncharacterized protein 0.52366 

PADG_06070 Uncharacterized protein 0.59093 

PADG_06078 Uncharacterized protein 0.41822 

PADG_06080 Uncharacterized protein 0.40609 

PADG_06083 Uncharacterized protein 0.45096 

PADG_06097 Uncharacterized protein 0.07882 

PADG_06105 Uncharacterized protein 0.52538 

PADG_06106 Uncharacterized protein 0.50548 

PADG_06122 Uncharacterized protein 0.66395 

PADG_06331 Uncharacterized protein 0.6747 

PADG_06365 Uncharacterized protein 0.30937 

PADG_06368 Uncharacterized protein 0.52587 

PADG_06402 Uncharacterized protein 0.27453 

PADG_06404 Uncharacterized protein 0.31755 

PADG_06409 Uncharacterized protein 0.54159 

PADG_06422 Uncharacterized protein 0.65179 

PADG_06431 Uncharacterized protein 0.54017 

PADG_06432 Uncharacterized protein 0.23744 

PADG_06444 Uncharacterized protein 0.45012 

PADG_06451 Uncharacterized protein 0.52653 

PADG_06456 Uncharacterized protein 0.57036 



PADG_06457 Uncharacterized protein 0.48898 

PADG_06463 Uncharacterized protein 0.52643 

PADG_06467 Uncharacterized protein 0.36639 

PADG_06469 Uncharacterized protein 0.47144 

PADG_06473 Uncharacterized protein 0.31393 

PADG_06475 Uncharacterized protein 0.55632 

PADG_07710 Uncharacterized protein 0.54972 

PADG_07712 Uncharacterized protein 0.33242 

PADG_07713 Uncharacterized protein 0.17862 

PADG_07721 Uncharacterized protein 0.369 

PADG_07722 Uncharacterized protein 0.51668 

PADG_07723 Uncharacterized protein 0.65748 

PADG_07724 Uncharacterized protein 0.47025 

PADG_07725 Uncharacterized protein 0.26025 

PADG_07728 Uncharacterized protein 0.5986 

PADG_07729 Uncharacterized protein 0.29555 

PADG_07775 Uncharacterized protein 0.5181 

PADG_07815 Uncharacterized protein 0.56858 

PADG_07818 Uncharacterized protein 0.39498 

PADG_07830 Uncharacterized protein 0.33342 

PADG_07852 Uncharacterized protein 0.2904 

PADG_07856 Uncharacterized protein 0.33625 

PADG_07870 Uncharacterized protein 0.46282 

PADG_07876 Uncharacterized protein 0.2887 

PADG_07883 Uncharacterized protein 0.44851 

PADG_08275 Uncharacterized protein 0.32766 



PADG_08280 Uncharacterized protein 0.43513 

PADG_08281 Uncharacterized protein 0.41542 

PADG_08299 Uncharacterized protein 0.31925 

PADG_08370 Uncharacterized protein 0.53623 

PADG_08371 Uncharacterized protein 0.22561 

PADG_08384 Uncharacterized protein 0.65679 

PADG_08388 Uncharacterized protein 0.5486 

PADG_08586 Uncharacterized protein 0.55026 

PADG_08589 Uncharacterized protein 0.59633 

PADG_12012 Uncharacterized protein 0.30747 

PADG_12100 Uncharacterized protein 0.54662 

PADG_12128 Uncharacterized protein 0.40121 

PADG_12368 Uncharacterized protein 0.44962 
a Identification of differentially regulated genes from Paracoccidioides genome database 

(http://www.broadinstitute.org/annotation/genome/paracoccidioides_brasiliensis/MultiHome.html) using the statistical package DEGSeq, the 

Bioconductor, using Fisher's test implemented in the package. 

b Genes annotation from Paracoccidioides genome database or by homology from NCBI database (http://www.ncbi.nlm.nih.gov/) 

c Infection/Control means: The level of expression in yeast cells derived from infected lung divided by the level in the control yeast cells. 

d Biological process of differentially expressed proteins from MIPS (http://mips.helmholtz-muenchen.de/funcatDB/) and Uniprot databases 

(http://www.uniprot.org/) 

 

http://www.broadinstitute.org/annotation/genome/paracoccidioides_brasiliensis/MultiHome.html
http://www.ncbi.nlm.nih.gov/
http://mips.helmholtz-muenchen.de/funcatDB/
http://www.uniprot.org/


Supplemental Table 3: Proteins down-regulated  in Paracoccidioides brasiliensis 6 hours after mouse infection. 

 

Accession numbera Protein Descriptionb Score Ratio Infection/Controlc 

Functional categoriesd   

1. ENERGY    

Glycolysis and gluconeogenesis   

PADG_00668 Fructose-bisphosphate aldolase 1 938.36 0.5066 

PADG_08503 Phosphoenolpyruvate carboxykinase [ATP]  5112.47 * 

PADG_01278 Pyruvate kinase  3835 * 

    

Tricarboxylic-acid pathway   

PADG_01762 Oxoglutarate dehydrogenase (succinyl-transferring), E1 component   2423.81 * 

PADG_11845 Aconitate hydratase, mitochondrial  922.27 0.3362 

PADG_08387 Citrate synthase, mitochondrial  1782.58 * 

PADG_04249 Isocitrate dehydrogenase [NADP], mitochondrial  2552.45 * 

PADG_08054 Malate dehydrogenase, NAD-dependent  3682.95 0.5016 

PADG_08013 Succinate dehydrogenase [ubiquinone] iron-sulfur subunit, mitochondrial   1661.11 * 

PADG_04103 Pyruvate carboxylase  1598.42 * 

    

Pentose-phosphate pathway   

PADG_03651 6-phosphogluconate dehydrogenase, decarboxylating 1  693.97 * 

    

Electron transport and membrane-associated energy conservation   

PADG_07494 2Fe-2S iron-sulfur cluster binding domain protein  663.84 * 

http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_242792747


PADG_07813 ATP synthase F1, gamma subunit 3125.71 0.5016 

PADG_06199 Phenol 2-monooxygenase   362.55 * 

PADG_00222 FAD dependent oxidoreductase superfamily  401.39 * 

PADG_07836 Quinone oxidoreductase  1248.08 * 

PADG_08394 Ubiquinol-cytochrome c reductase core subunit 2 605.37 * 

   

2. METABOLISM   

C-compound and carbohydrate metabolism   

PADG_07615 Immunodominant antigen Gp43 453.71 * 

PADG_03278 Inositol-3-phosphate synthase 680.2 * 

PADG_00262 Inositol monophosphatase   603.08 * 

PADG_00604 Phosphoacetylglucosamine mutase  495.48 * 

PADG_00298 FGGY-family carbohydrate kinase   637.19 * 

PADG_01486 Short chain dehydrogenase reductase family  3356.06 * 

PADG_07435 Sorbitol utilization protein SOU2 715.84 * 

PADG_07674 Carbonic anhydrase  4244.23 * 

   

Amino acid metabolism   

PADG_06671 3-isopropylmalate dehydrogenase A  1331.72 * 

PADG_00637 Arginase 1515.91 * 

PADG_00734 Urea carboxylase 310.89 * 

PADG_01621 Aspartate aminotransferase  1302.2 * 

PADG_07029 Acetylornithine aminotransferase  412.76 * 

PADG_05827 Arginine biosynthesis ArgJ, mitochondrial  705.08 * 

PADG_01286 Homoisocitrate dehydrogenase  560.37 * 

PADG_02777 Threonine synthase  643.13 * 



PADG_08468 4-hydroxyphenylpyruvate dioxygenase  3446.46 0.6005 

PADG_01789 Anthranilate phosphoribosyltransferase  483.69 * 

PADG_07274 Anthranilate synthase component 2  427.29 * 

PADG_08021 Phospho-2-dehydro-3-deoxyheptonate aldolase, phenylalanine-inhibited   637.35 * 

PADG_03114 3-deoxy-7-phosphoheptulonate synthase 656.38 * 

PADG_06319 Glutamate decarboxylase  649.87 * 

PADG_08464 Maleylacetoacetate isomerase  6736.84 * 

PADG_07370 3-methylcrotonoyl CoA-carboxylase beta chain  1858.1 * 

PADG_04939 3-oxoacid CoA-transferase 4257.89 * 

PADG_04495 4-coumarate-CoA ligase  441.41 * 

PADG_08045 Branched-chain amino acid aminotransferase  408.01 * 

PADG_06252 1,2-dihydroxy-3-keto-5-methylthiopentene dioxygenase 1093.58 * 

PADG_08376 Aspartate-semialdehyde dehydrogenase  2353.6 * 

PADG_05277 Serine hydroxymethyltransferase  2692.99 0.5827 

PADG_05085 1-pyrroline-5-carboxylate dehydrogenase 4974.04 * 

PADG_00832 Adenylosuccinate synthetase 1823.11 * 

    

Nitrogen, sulfur and selenium metabolism   

PADG_02048 Nitroreductase family protein 2142.45 * 

   

Lipid, fatty acid and isoprenoid metabolism  

PADG_06201 3-oxoacyl-[acyl-carrier-protein] reductase  1312.58 * 

PADG_03194 3-ketoacyl-CoA thiolase B  3801.34 * 

PADG_00546 3-oxoacyl-[acyl-carrier protein]reductase 936.13 * 

PADG_07023 Carnitine O-acetyltransferase  1199.46 * 

PADG_06011 Glutaryl-CoA dehydrogenase  634.76 * 



PADG_03449 Isopentenyl diphosphate Delta isomerase  691.62 * 

    

Nucleotide metabolism   

PADG_00209 Guanine deaminase  526.43 * 

PADG_02246 Adenosine kinase  7823.92 * 

PADG_04250 C 1-tetrahydrofolate synthase  615.9 * 

PADG_11972 Phosphoribosylformylglycinamidine synthase  1550.92 * 

PADG_08066 Purine nucleoside phosphorylase I, inosine and guanosine-specific 569.73 * 

    

Metabolism of vitamins, cofactors, and prosthetic groups   

PADG_05490 Molybdopterin binding domain containing protein  1125.45 * 

PADG_02384 Porphobilinogen synthase 794.1 * 

    

Secondary metabolism   

PADG_08108 Coproporphyrinogen III oxidase 2078.84 * 

PADG_04899 Metallo-beta-lactamase domain-containing protein 548.99 * 

    

3. CELL RESCUE, DEFENSE AND VIRULENCE   

Stress response    

PADG_08369 HSP60-like protein 37070.92 0.6440 

PADG_06332 Pro-apoptotic serine protease NMA111 449.84 * 

PADG_01954 Superoxide dismutase 5 Fe-Mn  993.03 * 

    

4. CELL CYCLE AND DNA PROCESSING   

Cell cycle (Mitotic Cell Cycle and Cell Cycle Control)  

PADG_03959 ARP2 3 actin organizing complex subunit Sop2  551.77 * 



PADG_07920 Dynactin 1 27.82 * 

PADG_04242 FAD linked sulfhydryl oxidase ALR 1074.22 * 

PADG_11421 Histone H2A.Z   1567.38 * 

PADG_05709 Histone acetyltransferase type B subunit 2 617.9 * 

PADG_05907 Histone H2B  9968.11 0.2491 

PADG_00615 Proteasome component C7-alpha 3936.88 * 

PADG_00656 Non-histone chromosomal protein 6   4922.19 0.6313 

PADG_05517 Rho gdp dissociation inhibitor  3105.51 * 

PADG_05239 Tubulin-specific chaperone A 2160 * 

PADG_11319 Ubiquitin conjugating enzyme variant MMS2  1925.14 * 

PADG_03830 Actin-interacting protein 1228.03 * 

    

5. TRANSCRIPTION   

PADG_03431 G4 quadruplex nucleic acid binding protein  437.55 * 

PADG_08081 DNA binding protein HEXBP  465.19 * 

PADG_04222 Multiprotein bridging factor 1  712.79 * 

PADG_02783 RNA binding La domain containing protein  329.61 * 

PADG_07162 Small nuclear ribonucleoprotein  1898.14 * 

PADG_04107 Small nuclear ribonucleoprotein B 876.47 * 

PADG_04910 YbgI/family dinuclear metal center protein 441.61 * 

    

6. PROTEIN SYNTHESIS   

PADG_04866 40S ribosomal protein S10 A  712.18 0.3570 

PADG_01427 40S ribosomal protein S12  2767.34 * 

PADG_02445 40S ribosomal protein S15  8860.52 0.6505 

PADG_06502 40S ribosomal protein S20 2255.24 0.5379 



PADG_06599 40S ribosomal protein S25  2721.23 * 

PADG_08605 40S ribosomal protein S28 6737.37 * 

PADG_02290 Ribosomal protein L17  647.92 * 

PADG_01568 50S ribosomal protein L36  986 * 

PADG_02797 54S ribosomal protein L3 757.2 * 

PADG_08244 60S acidic ribosomal protein P1 34741.26 0.3679 

PADG_07803 60S ribosomal protein L12  7307.85 0.5945 

PADG_00002 Alanyl-tRNA synthetase 3497.32 * 

PADG_08152 Cytochrome c oxidase assembly factor 6 5098.28 * 

PADG_05848 Glycine-tRNA ligase   680.07 * 

PADG_00878 Isoleucine-tRNA ligase 1425.52 * 

PADG_08472 Lysine-tRNA ligase 1402.31 * 

PADG_06450 Mitochondrial large ribosomal subunit  966.84 * 

PADG_07582 Phenylalanine-tRNA ligase, alpha subunit 1272.42 * 

PADG_01406 Phenylalanine-tRNA ligase, beta subunit   660.26 * 

PADG_07489 Ribosomal protein L19 499.57 * 

PADG_01914 60S ribosomal protein L35   4399.59 * 

PADG_05897 Serine-tRNA ligase 1722.02 * 

PADG_07870 Small subunit ribosomal protein S7 435.11 * 

PADG_04057 Translation initiation factor 3 subunit J 2901.35 * 

PADG_01891 Translation initiation factor RLI1 703.57 * 

    

7. PROTEIN FATE and DEGRADATION   

PADG_06565 ADP-ribosylation factor 1   594.03 * 

PADG_02833 ADP-ribosylation factor  1409.97 * 

PADG_00602 HNRNP arginine N methyltransferase  491.89 * 

http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_119192462


PADG_05335 Iron sulfur cluster assembly protein 1, mitochondrial   2958.94 * 

PADG_05884 Mitochondrial import inner membrane translocase subunit TIM8  3093.31 * 

PADG_06766 Mitochondrial processing peptidase subunit beta  679.73 * 

PADG_00580 Sarcosine oxidase 1266.09 * 

PADG_04974 Serine threonine protein phosphatase PP2A catalytic subunit  825.53 * 

PADG_02908 Ubiquitin like modifier SUMO  672 * 

PADG_08188 Vacuolar sorting protein snf7  1649.16 * 

    

8. CELLULAR TRANSPORT, TRANSPORT FACILITIES AND TRANSPORT ROUTES   

PADG_02352 Copper-transporting ATPase 5833.97 * 

  

9. PROTEIN WITH BINDING FUNCTION OR COFACTOR REQUIREMENT  

Protein binding    

PADG_01032 DNA-binding protein, 42 kDa 1212.66 * 

PADG_04981 Nucleoporin p58/p45 420.82 * 

PADG_06385 Kinesin heavy chain  16.16 * 

   

10. MISCELLANEOUS   

PADG_03042 Glycylpeptide N tetradecanoyltransferase  655.92 * 

PADG_04319 V-type ATPase, G subunit 677.22 * 

PADG_06294 HSP70 nucleotide exchange factor fes1  1504.9 * 

   

11.UNCLASSIFIED   

PADG_07477 Ankyrin repeat protein  1140.95 * 

PADG_00690 Conserved hypothetical protein  326.78 * 

PADG_01867 Conserved hypothetical protein  1281.99 * 

http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_261202350


PADG_03698 Conserved hypothetical protein  1542.95 * 

PADG_08467 Conserved hypothetical protein  796 * 

PADG_08480 Conserved hypothetical protein  2148.14 * 

PADG_02307 CUE domain-containing protein  1721.02 * 

PADG_04636 Dienelactone hydrolase family protein  5795.36 * 

PADG_06690 DUF1014 domain-containing protein 3155.07 * 

PADG_02347 DUF431 domain containing protein  327.79 * 

PADG_00541 Hypothetical protein  2242.2 * 

PADG_05703 Hypothetical protein  4966.68 * 

PADG_07455 Long chronological lifespan protein 2 948.85 * 

PADG_03526 M protein repeat protein  444.79 * 

PADG_00755 Methyltransferase family  513.17 * 

PADG_00111 PKHD type hydroxylase TPA1  396.47 * 

PADG_08724 RPEL repeat protein   1780.6 * 

PADG_03482 Zinc finger protein 745.18 * 
a Identification of differentially regulated proteins from Paracoccidioides genome database 

(http://www.broadinstitute.org/annotation/genome/paracoccidioides_brasiliensis/MultiHome.html) using the ProteinLynx Global Server vs. 2.4 

(PLGS) (Waters Corporation, Manchester, UK).  

b Genes annotation from Paracoccidioides genome database or by homology from NCBI database (http://www.ncbi.nlm.nih.gov/) 

c Infection/Control means: The level of expression in yeast cells derived from infected lung divided by the level in the control yeast cells. 

d Biological process of differentially expressed proteins from MIPS (http://mips.helmholtz-muenchen.de/funcatDB/) and Uniprot databases 

(http://www.uniprot.org/). 

*: identified only in control. 

 

http://www.broadinstitute.org/annotation/genome/paracoccidioides_brasiliensis/MultiHome.html
http://www.ncbi.nlm.nih.gov/


Supplemental Table 4: Proteins up-regulated in Paracoccidioides brasiliensis 6 hours after infection in mouse lung 

Accession numbera Protein Descriptionb Score Ratio Infection/Controlc 

Functional categoriesd   

1. ENERGY    

Glycolysis and gluconeogenesis   

PADG_01896 Phosphoglycerate kinase 2784.59 2.4109 

PADG_02411 Glyceraldehyde-3-phosphate dehydrogenase 59504.68 1.7160 

    

Pentose-phosphate pathway   

PADG_07771 6-phosphogluconolactonase  2061.31 1.9542 

    

Tricarboxylic-acid pathway   

PADG_06494 Dihydrolipoyl dehydrogenase 11240.18 1.8040 

PADG_02592 Fumarate reductase  8589.58 1.5841 

PADG_00246 Pyruvate dehydrogenase E1 component subunit beta  6088.18 2.4843 

PADG_07213 Pyruvate dehydrogenase complex dihydrolipoamide acetyltransferase  4287.50 4.1371 

PADG_04165 Pyruvate dehydrogenase complex component Pdx1 e3  1729.28 1.9937 

PADG_02260 Succinyl CoA ligase subunit alpha  1522.75 * 

PADG_00317 Succinyl-CoA ligase subunit beta 1028.38 * 

   

Fatty acid oxidation   

PADG_01209 Enoyl CoA hydratase  7075.73 1.6323 

PADG_01363 Acyl-CoA-binding protein 17584.27 2.2933 

    

Glyoxylate cycle    

http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_261205010
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_662509992


PADG_01483 Isocitrate lyase  3039.28 1.5373 

    

Fermentation    

PADG_04701 Alcohol dehydrogenase  5987.53 13.7357 

PADG_00714 Pyruvate decarboxylase  4143.90 1.5840 

    

Energy conversion and regeneration   

PADG_04729 ATP synthase D chain mitochondrial  12388.46 2.5600 

PADG_00171 Cytochrome b2  784.02 1.7333 

PADG_04397 Cytochrome c oxidase subunit 4, mitochondrial  5136.09 1.7333 

PADG_07081 Electron transfer flavoprotein subunit alpha  3438.28 1.5068 

PADG_02669 Electron transfer flavoprotein subunit beta  4746.22 1.8221 

PADG_00688 F-type H+-transporting ATPase subunit H  12333.11 2.6645 

PADG_06515 Mitochondrial protein suaprga1 42293.96 1.7860 

PADG_01366 NADH-ubiquinone oxidoreductase  3594.61 * 

    

2. METABOLISM    

Amino acid metabolism   

PADG_04689 N-acetyl-gamma-glutamyl-phosphate reductase   1084.77 3.6693 

PADG_00888 Argininosuccinate synthase 2136.16 2.0138 

PADG_01404 Aspartate aminotransferase  709.79 * 

PADG_00822 Glutaminase A 922.81 2.9743 

PADG_01536 Glutamine synthetase  1055.22 1.7333 

PADG_04516 NADP specific glutamate dehydrogenase  2877.60 1.7160 

PADG_06144 Saccharopine dehydrogenase  957.32 2.2034 

PADG_07907 Acetolactate synthase  2804.99 1.2337 

http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_719934216
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_824370017
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_225555696


PADG_03466 3 hydroxyisobutyrate dehydrogenase  3258.18 3.0344 

PADG_03522 Methylthioadenosine phosphorylase 3828.85 1.8776 

PADG_04570 Branched chain amino acid aminotransferase  1148.52 1.5527 

PADG_06140 Cysteine desulfurase  2796.06 1.9155 

PADG_00405 Choline dehydrogenase 1030.53 1.9348 

PADG_05301 Cystathionine beta synthase 1165.74 * 

PADG_01564 Methylmalonate semialdehyde dehydrogenase 8284.27 1.8221 

PADG_05356 Isochorismatase domain containing protein  3488.56 1.7160 

    

Nitrogen, sulfur and selenium metabolism   

PADG_06490 Formamidase  5990.22 4.9530 

PADG_00446 Oxidoreductase 2 nitropropane dioxygenase family  7314.76 8.8463 

    

Nucleotide/nucleoside/nucleobase metabolism   

PADG_02183 ADP ribose pyrophosphatase 1781.55 1.8404 

PADG_07782 Deoxyuridine 5 triphosphate nucleotidohydrolase  24878.03 2.3164 

PADG_05321 Mitochondrial nuclease  1758.58 * 

PADG_05225 Orotidine-5-phosphate decarboxylase  1514.92 2.2933 

PADG_01100 Uracil phosphoribosyltransferase 2680.95 2.0340 

    

C-compound and carbohydrate metabolism   

PADG_04148 Alpha mannosidase  2114.50 2.1815 

PADG_06740 Betaine-aldehyde dehydrogenase  1220.77 5.0531 

PADG_04761 Mannosyl-oligosaccharide glucosidase 912.90 1.6487 

PADG_01372 Mannitol-1-phosphate 5-dehydrogenase  3129.09 1.5683 

PADG_00912 UDP galactopyranose mutase  4405.84 1.5068 



    

Lipid, fatty acid and isoprenoid metabolism   

PADG_04687 3 beta hydroxysteroid dehydrogenase 2342.73 1.7333 

PADG_06876 3-hydroxyisobutyryl-CoA hydrolase  1046.66 2.5600 

PADG_05783 Farnesyl pyrophosphate synthetase 3366.54 1.8404 

PADG_05310 Leukotriene-A4 hydrolase  1020.05 2.2933 

    

Metabolism of vitamins, cofactors, and prosthetic groups   

PADG_00607 Riboflavin synthase, alpha subunit  2070.64 1.8040 

PADG_04032 Uroporphyrinogen decarboxylase  1473.94 1.6989 

    

Secondary metabolism   

PADG_02981 ThiJ/PfpI family protein  2511.77 * 

    

3. CELL RESCUE, DEFENSE AND VIRULENCE   

Stress response    

PADG_03963 30 kDa heat shock protein  14646.69 2.3164 

PADG_02785 Heat shock protein hsp88  5051.58 1.6820 

PADG_07715 Heat shock protein HSP90 4502.81 4.6182 

PADG_01711 Heat shock protein Hsp90 co chaperone AHA1  5742.96 6.6194 

PADG_02030 Heat shock protein Hsp90 co chaperone Cdc37  25585.98 3.3872 

PADG_00765 Heat shock protein hsp98  929.91 * 

PADG_02761 Heat shock protein SSB1 2611.93 2.3396 

PADG_04379 Heat shock protein STI1  5577.76 2.1170 

    

Detoxification    



PADG_03163 Cytochrome c peroxidase, mitochondrial 673.26 * 

PADG_03841 Disulfide isomerase 23128.93 2.3164 

PADG_07418 Superoxide dismutase 1 Cu-Zn  6396.04 1.9739 

PADG_01755 Superoxide dismutase 2 Fe-Mn  1392.69 2.7732 

PADG_03161 Thioredoxin  783.05 3.1899 

PADG_05504 Thioredoxin 1 43554.06 2.7183 

PADG_01551 Thioredoxin reductase  3044.29 2.5600 

    

4. CELL CYCLE AND DNA PROCESSING   

PADG_04056 14-3-3 protein epsilon  24450.73 2.8864 

PADG_05683 Cell division control protein 48  1059.03 3.1582 

PADG_02924 G2/M phase checkpoint control protein Sum2  1187.74 2.9743 

PADG_02683 UV excision repair protein Rad23  8459.71 1.7507 

PADG_03073 Nuclear movement protein nudC  9069.05 1.7160 

PADG_05893 Nucleosome assembly protein  2200.74 3.0042 

PADG_04614 Prohibitin 1  2306.68 * 

PADG_03905 Proliferating cell nuclear antigen  20608.29 1.7860 

PADG_00824 Telomere and ribosome associated protein Stm1  14065.76 1.5527 

    

5. TRANSCRIPTION   

PADG_02752 116 kDa U5 small nuclear ribonucleoprotein component 102.20 1.6323 

PADG_00044 28 kDa ribonucleoprotein  2922.32 * 

PADG_00718 Histone chaperone asf1  1006.22 * 

PADG_00872 Histone H4  10055.76 2.2034 

PADG_03696 Nuclear polyadenylated RNA-binding protein Nab2  1432.10 2.4843 

PADG_06844 Nucleolar protein NOP58  1551.40 * 

http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_240276131
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_70999620
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_240278188


PADG_04966 Phosducin family protein  3392.16 * 

PADG_03733 Poly rC binding protein  886.58 * 

PADG_00067 Polymerase RNA II DNA directed polypeptide D  776.45 2.5857 

PADG_05034 RNA annealing protein Yra1  1551.02 2.0340 

PADG_02555 RNA binding domain containing protein  6441.30 1.8589 

PADG_05587 U2 small nuclear ribonucleoprotein B  2673.23 1.8589 

PADG_02653 Zinc finger protein gcs1 1033.92 * 

    

6. PROTEIN SYNTHESIS   

PADG_05535 37S ribosomal protein S5  836.11 2.2933 

PADG_01654 Ribosomal protein S6 PA  6300.66 1.5220 

PADG_07863 40S ribosomal protein S8  9453.44 1.6989 

PADG_05721 60S ribosomal protein L4 A 10638.52 1.5220 

PADG_02142 60S ribosomal protein L5  32708.13 1.7860 

PADG_02888 60S ribosomal protein L6  2447.45 1.5683 

PADG_01387 60S ribosomal protein L7  17142.76 1.8404 

PADG_04848 60S ribosomal protein L8 B  25053.46 1.5068 

PADG_04106 60S ribosomal protein L11  5499.77 1.5373 

PADG_01220 60S ribosomal protein L13  10855.72 1.7860 

PADG_05338 60S ribosomal protein L18 B  14638.99 1.5068 

PADG_03873 60S ribosomal protein L20  8912.94 1.6161 

PADG_04588 60S ribosomal protein L22  20266.76 1.5527 

PADG_05939 60S ribosomal protein L27 A  4305.65 1.6487 

PADG_00438 Eukaryotic translation initiation factor 3 subunit G  1080.12 * 

PADG_00457 Translation initiation factor eIF4G  898.13 * 

PADG_07888 Eukaryotic translation initiation factor 5A  2669.58 2.1815 

http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1002333918
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_679991768
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_261192110


PADG_04730 Nascent polypeptide associated complex subunit alpha 9571.84 1.8776 

PADG_04657 Nascent polypeptide associated complex subunit beta  17546.23 1.9937 

PADG_02896 Elongation factor 1 beta 32324.12 2.0959 

PADG_06265 Elongation factor 1 gamma 1  1764.93 1.9739 

PADG_08125 Elongation factor 2  3192.23 1.7860 

PADG_01949 Elongation factor Tu  5924.65 7.3155 

PADG_06568 TCTP family protein  64119.19 2.1383 

    

7. PROTEIN FATE and DEGRADATION 

PADG_00599 26S protease regulatory subunit 6A 2903.07 3.8190 

PADG_03149 Aminopeptidase 2 769.93 1.5373 

PADG_06314 Carboxypeptidase Y  801.81 2.5345 

PADG_05922 Cytosolic non specific dipeptidase  9043.54 1.7860 

PADG_05160 Dipeptidyl peptidase  781.58 2.3632 

PADG_08599 DnaJ domain protein 772.19 * 

PADG_02181 HAD superfamily hydrolase  2779.04 1.6653 

PADG_05032 Hsp90 binding co chaperone Sba1  14384.66 3.4556 

PADG_07153 M import inner membrane translocase subunit tim13 2287.32 1.6820 

PADG_04952 Matrix AAA protease MAP-1 927.74 * 

PADG_03274 Mitochondrial import inner membrane translocase subunit tim9  1614.83 2.4596 

PADG_07064 Mitochondrial intermembrane space import and assembly protein 40  1424.60 1.5841 

PADG_04125 Mitochondrial presequence protease  1102.93 3.0957 

PADG_06488 Peptidyl prolyl cis trans isomerase D  20045.84 1.7333 

PADG_07599 Peptidylprolyl isomerase B  12316.53 1.6161 

PADG_00631 Proteasome 26S subunit  909.92 * 

PADG_03680 Proteasome component PRE2  1848.69 1.6487 

http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_240280655
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_261195372


PADG_06290 Proteasome component PRE5 915.53 1.5683 

PADG_01935 Proteasome regulatory particle subunit  1253.31 * 

PADG_03192 Proteasome subunit alpha type 5 A  1391.02 2.0340 

PADG_07891 Ubiquitin  12157.64 2.4109 

PADG_00995 Ubiquitin  13197.01 2.3396 

PADG_05837 E3 ubiquitin ligase complex SCF subunit sconC 9700.12 5.1039 

PADG_06546 Puromycin sensitive aminopeptidase  1432.88 1.6653 

PADG_03221 Saccharolysin  1350.20 1.7860 

PADG_01852 Small glutamine rich tetratricopeptide repeat containing protein  5289.29 1.6487 

PADG_07422 Serino proteinase/ aqualysin 1 3928.55 2.3869 

PADG_08484 T complex protein 1 subunit epsilon  947.95 * 

PADG_07460 Vacuolar aminopeptidase  797.77 2.4596 

PADG_00634 Vacuolar protease A 1851.99 2.9154 

PADG_05820 Xaa Pro aminopeptidase  1528.85 1.8040 

PADG_06336 Cell lysis protein cwl1  1536.14 6.0496 

   

8. CELLULAR TRANSPORT, TRANSPORT FACILITIES AND TRANSPORT 

ROUTES 

  

PADG_04440 14-3-3 like protein 2  56946.13 3.0649 

PADG_07508 CRAL TRIO domain containing protein  1437.47 * 

PADG_04810 GTP binding nuclear protein GSP1 Ran  5342.34 7.3155 

PADG_08342 GTP binding protein YPTM2  2902.09 3.0344 

PADG_00424 Importin 8  861.78 * 

PADG_06033 NIPSNAP family protein 2960.16 4.2207 

    

9. CELLULAR COMMUNICATION/SIGNAL TRANSDUCTION MECHANISM   

http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_815878509


Signal Transduction    

PADG_06273 Calcineurin subunit B  1632.17 * 

PADG_02017 Calmodulin  11287.42 4.1371 

PADG_01565 Calreticulin  1586.28 * 

PADG_06243 cAMP independent regulatory protein pac2  1166.87 * 

PADG_03219 Myosin regulatory light chain cdc4  7924.83 1.7333 

PADG_02212 Serine/threonine protein phosphatase 1166.51 * 

    

Cytoskeleton    

PADG_12076 Actin  9571.67 * 

PADG_00422 Actin cytoskeleton protein VIP1 24088.50 4.4371 

PADG_02157 Actin cytoskeleton-regulatory complex protein END3 813.30 1.5068 

PADG_00128 Tubulin alpha chain  3020.01 * 

PADG_00183 Profilin  10249.74 1.5068 

    

10. PROTEIN WITH BINDING FUNCTION OR COFACTOR REQUIREMENT    

Protein binding    

PADG_00011 Actin binding protein  1159.75 * 

PADG_06165 Involved in nonallelic heterokaryon incompatibility  5680.15 * 

PADG_07714 NTF2 and RRM domain containing protein  5234.14 2.6645 

PADG_07884 Polyadenylate binding protein 1385.27 2.3396 

PADG_04559 Progesterone binding protein  9304.49 2.1170 

    

11. INTERACTION WITH THE ENVIRONMENT   

PADG_01626 Iron donor protein CyaY  1641.42 2.0751 

    

http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_662508452


12. MISCELLANEOUS   

PADG_04175 Inorganic pyrophosphatase  7349.82 1.6989 

    

14.UNCLASSIFIED    

PADG_03654 Conserved hypothetical protein 1311.10 2.0959 

PADG_00694 Ankyrin repeat protein  2060.09 * 

PADG_03203 BAR domain protein  6000.61 2.1815 

PADG_03031 CobW domain containing protein  1570.29 * 

PADG_02092 Conserved hypothetical protein 2811.28 2.6645 

PADG_02388 Conserved hypothetical protein 814.41 * 

PADG_03210 Conserved hypothetical protein 2560.42 * 

PADG_00211 Conserved hypothetical protein  3818.61 1.5841 

PADG_00676 Conserved hypothetical protein  2527.06 1.5068 

PADG_02338 Conserved hypothetical protein  16993.36 1.5373 

PADG_02343 Conserved hypothetical protein  2221.02 1.8040 

PADG_02759 Conserved hypothetical protein  14743.00 1.9937 

PADG_05534 Conserved hypothetical protein  1888.07 * 

PADG_06080 Conserved hypothetical protein  1930.18 * 

PADG_06861 Conserved hypothetical protein  1868.86 * 

PADG_07670 Conserved hypothetical protein  8042.98 1.8965 

PADG_12447 Conserved hypothetical protein  2643.13 2.8292 

PADG_03684 Conserved hypothetical protein 1376.16 * 

PADG_08034 Dienelactone hydrolase family protein  4687.69 1.6989 

PADG_03115 Hypothetical protein 5399.23 1.5068 

PADG_00921 Hypothetical protein  8906.26 1.6323 

PADG_02967 Hypothetical protein  4183.88 1.7683 



PADG_08368 Hypothetical protein  3912.74 2.9447 

PADG_05110 Hypothetical protein 1493.14 * 

PADG_03039 Hypothetical protein 999.94 * 

PADG_01010 Predicted protein  3288.18 3.5966 

PADG_03559 Predicted protein  3270.91 * 

PADG_08270 UBX protein domain 1048.72 2.4109 
a Identification of differentially regulated proteins from Paracoccidioides genome database 

(http://www.broadinstitute.org/annotation/genome/paracoccidioides_brasiliensis/MultiHome.html) using the ProteinLynx Global Server vs. 2.4 

(PLGS) (Waters Corporation, Manchester, UK).  

b Genes annotation from Paracoccidioides genome database or by homology from NCBI database (http://www.ncbi.nlm.nih.gov/) 

c Infection/Control means: The level of expression in yeast cells derived from infected lung divided by the level in the control yeast cells. 

d Biological process of differentially expressed proteins from MIPS (http://mips.helmholtz-muenchen.de/funcatDB ) and Uniprot databases 

(http://www.uniprot.org/). 

*: identified only in infection. 

 

http://www.broadinstitute.org/annotation/genome/paracoccidioides_brasiliensis/MultiHome.html
http://www.ncbi.nlm.nih.gov/
http://www.uniprot.org/
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5- DISCUSSÃO 

          Neste estudo, utilizamos análises transcricionais, proteômicas e de 

bioinformática para identificar e caracterizar a expressão gênica em P. brasiliensis 

durante a infecção pulmonar. As estratégias proteômicas e transcricionais foram 

projetadas para capturar a resposta fúngica no início do processo de infecção. Estudos 

focados em interações patógeno-hospedeiro a nível molecular têm sido 

tradicionalmente desafiadores devido ao número limitado de métodos confiáveis para 

a coleta de células fúngicas de órgãos infectados. Aqui, descrevemos um método 

direto para a recuperação de células de levedura de P. brasiliensis durante os estágios 

iniciais da infecção pulmonar para análises transcricionais e proteômicas in vivo. 

Além disso, integramos dados transcricionais e proteômicos para avaliar como o P. 

brasiliensis se adapta ao hospedeiro durante os estágios iniciais da infecção no 

pulmão do camundongo. As alterações nos perfis de proteínas apresentaram baixa 

congruência com os níveis de transcritos. Atribuímos esse fato aos processos pós-

transcricionais desempenhando um papel crítico nos níveis de proteína, como descrito 

em Aspergillus flavus (Bai  et al, 2015). Embora tenhamos empregado um fold change 

de 2 vezes na análise transcricional, a presença de excesso de RNAs hospedeiros nas 

amostras poderia impacto nos resultados. 

          As respostas adaptativas dentro de 6 h de infecção incluem inibição do 

metabolismo da parede celular e aumento das vias ligadas a respostas protetoras 

contra espécies reativas de oxigênio, bem como remodelação do metabolismo para a 

degradação lipídica, produção de etanol e ciclo de glioxalato. Além disso, uma serina 

proteinase, potencialmente ligada à patogênese, foi caracterizada. 

          A análise dos dados identificou 1761 transcritos com aproximadamente 34% 

(594 genes) diferencialmente expressos (164 regulados positivamente, 430 com 
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regulação negativa) após 6 h após a infecção. A análise das transcrições reguladas 

para baixo in vivo demonstrou um forte efeito no metabolismo da parede celular. Um 

padrão impressionante foi a repressão de vários genes envolvidos com a biossíntese 

de glicana, quitina e genes que ativam a quitina sintase. Além disso, as glicosil 

hidrolases e os genes responsivos ao metabolismo da quitina foram reprimidos. A 

parede celular é dinâmica e responde a mudanças no ambiente externo. Múltiplas 

funções celulares, incluindo o remodelamento da parede celular, reguladas 

negativamente pelo fator de transcrição Zcf21, contribuem para a capacidade de C. 

albicans em promover a infecção sistêmica (Hall et al, 2015; Böhm et al, 2016). Os 

mutantes Zcf21 têm maior conteúdo de polissacarídeos de parede celular, aumento da 

suscetibilidade à fagocitose e prejudicando a sobrevivência intracelular em 

macrófagos (Böhm et al, 2016). Ainda necessita ser elucidado se a inibição dos genes 

da parede celular em P. brasiliensis pode influenciar o reconhecimento do hospedeiro. 

         Identificamos 350 proteínas diferencialmente expressas in vivo (203 reguladas 

induzidas, 147 reprimidas). Entre as proteínas reguladas, foi encontrado um arsenal 

de enzimas de defesa a ROS (Espécies Reativas de Oxigênio). As células fagocíticas 

hospedeiras usam espécies reativas de oxigênio como parte de sua defesa para 

neutralizar microorganismos invasores (Fang, 2004). As células fagocíticas do 

sistema imune inato produzem vários oxidantes que se presume desempenhar papéis 

na morte microbiana. Estudos proteômicos, durante o tratamento de Paracoccidioides 

sp. com peróxido de hidrogênio, descreveu a elevação da regulação das enzimas de 

desintoxicação ROS. Estas enzimas incluem catalases, superóxido dismutases, 

citocromo c peroxidase e tiorredoxina (de Arruda Grossklaus et al, 2013). Análise dos 

mecanismos de desintoxicação de P. brasiliensis às 6 h pós-infecção do pulmão de 

camundongo, apoiam fortemente o conceito de que o fungo está exposto a um estresse 
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oxidativo significativo, já que o citocromo c peroxidase, superóxido dismutases, 

tiorredoxinas e tiorredoxinas redutases são induzidas. A análise histopatológica 

demonstrou que as células polimorfonucleares estavam em contato direto com células 

de levedura de P. brasiliensis, o que poderia explicar a resposta fúngica ao estresse 

oxidativo. De acordo com estudos in vitro, proteínas como a tiorredoxina e superóxido 

dismutases de Cu / Zn, acumuladas em células de levedura de P. brasiliensis 

infectando macrófagos (Parente-Rocha et al, 2015). Enzimas relacionadas à 

desintoxicação, como superóxido dismutases, SOD1 (PADG_07418) e SOD2 

(PADG_01755) também foram acumulado em leveduras de P. brasiliensis após 6 h 

de infecção. Os mutantes knockdown para SOD1, apesar de poderem infectar o 

pulmão de camundongo, foram incapazes de se disseminar para outros órgãos, 

sugerindo seu envolvimento na atividade intracelular do fungo (Tamayo et al, 2016). 

Foram induzidas a níveis proteômicos a citocromo c peroxidade (PADG_03163) e as 

tiorretoxinas (PADG_03161, PADG_05504 e PADG_01551). Estudos anteriores 

descreveram uma possível relação entre a desintoxicação e a virulência da ROS. A 

citocromo c peroxidase (CCP) é um potencial fator de virulência, como demonstrado 

em estudos usando o mutante silenciado para este gene. O silenciamento do CCP 

reduz a sobrevivência de P. brasiliensis durante a infecção por macrófagos e nas 

células de levedura submetidas a estresse nitrosativo in vitro (Parente et al, 2015; 

Parente-Rocha et al, 2015). Para manter a homeostase redox celular, as células de 

levedura podem proporcionar potencial redução para a maioria das enzimas 

reguladoras e antioxidantes (Krüger et al, 2011; Ralser et al, 2009). Desta forma, a 

ativação da via do fosfato de pentose, que é uma fonte de poder de redução celular 

sob a forma de NADPH, reforça o conceito de que as células de levedura de P. 
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brasiliensis respondem ao estresse oxidativo após 6 h de infecção. A neutralização 

dos radicais livres depende em grande parte do NADPH. 

          As mudanças na disponibilidade de nutrientes no início do processo de infecção 

poderiam desempenhar um papel na repressão dos genes glicolíticos e na regulação 

do ciclo do glioxalato. Paracoccidioides sp. co-cultivada com macrófagos murinos 

regulou as transcrições para as enzimas específicas do ciclo de glioxalato (isocitrato 

liase e malate sintase), sugeridas por análises de RT-PCR (Derengowski et al, 2008). 

Em contraste, nas células de levedura de P. brasiliensis cultivadas com macrófagos 

(Parente-Rocha et al, 2015), a gluconeogênese não parece desempenhar um papel 

importante durante a infecção pulmonar, uma vez que os genes que codificam enzimas 

chave, bem como proteínas cognatas nesta via, não foram regulados de acordo com a 

análise do proteoma. Esta constatação está de acordo com nossos resultados. O estágio 

e o local da infecção podem influenciar o metabolismo. Estudos sobre mutantes de C. 

albicans em várias vias metabólicas de carbono demonstraram que o ciclo de 

glioxalato e a gliconeogênese eram essenciais para a sobrevivência de fungos durante 

interações iniciais com células imunes do hospedeiro. Mais tarde, à medida que as 

células de levedura colonizam, alteraram o metabolismo do carbono de não 

fermentativo para fermentativo (isto é, glicólise) (Barelle et al, 2006). De forma 

semelhante, a pesquisa em C. neoformans demonstrou que a deleção de genes de 

piruvato quinase (PYK1) e hexoquinases (HXK1, HXK2) envolvido com a glicólise, 

resultou em insuficiência de sobrevivência fúngica no fluido cérebro-espinhal de 

coelhos, ao mesmo tempo que mostrava persistência nos pulmões de camundongos. 

C. neoformans necessitou de gluconeogênese quando reside no pulmão, uma vez que 

a deleção de fosfoenolpiruvato carboxiquinase (o mutante pck1Δ) resultou em 

virulência atenuada em um modelo de inalação murinho (Price et al, 2011). As células 
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de levedura de P. brasiliensis expostas ao ambiente pulmonar parecem enfrentar uma 

ambiente pobre em carboidratos, o que é sugerido pelo acúmulo aumentado de 

isocitrato liase. A ativação do ciclo do glioxalato pode compensar a falta de 

carboidratos no meio, como demonstrado para C. albicans após a fagocitose por 

macrófagos (Lorenz e Fink, 2001). 

          P. brasiliensis provavelmente usa múltiplas fontes de carbono, incluindo 

lipídios, aminoácidos e etanol durante a infecção. Após 6 horas de infecção, as células 

aumentaram os genes e as proteínas envolvidas com o catabolismo lipídico (por 

exemplo, β-oxidação). Da mesma forma, a análise proteômica de P. brasiliensis 

durante a infecção por macrófagos sugeriu que as células de levedura usam ácidos 

graxos para sobreviver dentro dos fagócitos (Parente-Rocha et al, 2015). No contexto 

da adaptação metabólica ao hospedeiro, também observamos um aumento na 

desidrogenase alcoólica e na piruvato descarboxilase. O piruvato é provavelmente 

fornecido pela degradação de aminoácidos. Estudos transcricionais de 

Paracoccidioides sp. as células de levedura recuperadas do fígado de rato sugeriram 

que o etanol é produzido durante a infecção (Costa et al, 2007). Da mesma forma, 

conseguimos confirmar a produção de etanol por células de levedura de P. brasiliensis 

durante a infecção pulmonar. O transcritoma e as análises enzimáticas de Aspergillus 

fumigatus demonstraram que este fungo produz etanol sob condições hipóxicas 

(Barker et al, 2012; Grahl et al, 2011). As cepas de A. fumigatus deficientes em etanol 

promoveram um aumento da resposta inflamatória em camundongos infectados que 

correspondeu a uma redução na carga fúngica (Grahl et al, 2011). 

          Durante a infecção pulmonar, a produção e secreção de uma serina proteinase 

foi induzida em células de levedura de P. brasiliensis. Experimentos 

imunohistoquímicos demonstraram que esta proteína está localizada 
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intracelularmente e no meio extracelular. A serino proteinase não foi detectada no 

hospedeiro murino, após a indução de resposta inflamatória por zymozan, carragenina 

e células fúngicas mortas por calor. Os resultados demonstraram claramente que os 

anticorpos policlonais não reagem com proteases das células hospedeiras. Além disso, 

anticorpos policlonais contra esta proteína reduziram a carga fúngica de animais 

infectados. Existe potencial que esta serino protease possa funcionar como um fator 

de virulência. Em Mycobacterium tuberculosis, um homólogo de serino proteinase, 

mycosin-1, é secretado e contribui para a virulência durante a infecção aguda (Dave 

et al, 2002). Potenciais fatores de virulência adicionais podem ser inferidos a partir de 

nossos dados. Os dados do transcritoma descreveram a indução do gene Laccase IV 

(PADG_05994), que pode estar relacionado ao aumento da virulência fúngica. Os 

fungos patogênicos, como Paracoccidioides spp., C. neoformans, H. capsulatum e C. 

albicans produzem DOPA-melanina via laccase. A melanização parece contribuir 

para a virulência, reduzindo a susceptibilidade de fungos melanizados para hospedar 

mecanismos de defesa e antifúngicos (Taborda et al, 2008). 
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6- CONCLUSÃO 

         Em conclusão, propomos que P. brasiliensis, nos estágios iniciais da infecção 

pulmonar murina, promove o remodelamento do seu metabolismo de carbono, 

utilizando preferencialmente lipídios, para sobreviver ao ambiente hostil do 

hospedeiro. Além disso, a síntese dos principais componentes da parede celular pode 

ser reprimida, habilitando o fungo a montar uma conformação de parede celular 

adequada para colonizar o hospedeiro e escapar do sistema imune do hospedeiro. De 

especial atenção, uma serino proteinase induzida é secretada no tecido pulmonar 

murino após 6 h de infecção, provavelmente permitindo que o fungo entre e invada o 

tecido pulmonar. Para o nosso conhecimento, até saber, este é o primeiro relatório de 

dados transcricionais e proteômicos de P. brasiliensis após infecção do hospedeiro. 

Acreditamos que esta pesquisa fornece uma estratégia bem sucedida para a 

recuperação de células de levedura de P. brasiliensis de pulmão infectado e abre 

novas perspectivas no estudo da interação fungo-hospedeiro. Além disso, esta 

pesquisa fornece um arsenal de moléculas que são expressas in vivo que podem ser 

relevantes para a interação fungo-hospedeiro. Este estudo abre novas perspectivas no 

estudo da interação fungo-hospedeiro. Experimentos futuros focados na cinética da 

infecção serão realizados para estabelecer a adaptação do fungo metabólico ao 

hospedeiro em diferentes tempos de infecção. 
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