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RESUMO

Paracoccidioides brasiliensis ¢ um importante patégeno humano que causa a
paracoccidioidomicose (PCM), uma micose sistémica com ampla distribuicdo na América
Latina. O fungo ¢ termo dimorfico, isto é, cresce como levedura nos tecidos do hospedeiro
ou quando cultivado a 36°C e como micélio em condi¢des saprobias ou quando cultivado a
temperatura ambiente (18-23°C). A transi¢do de micélio para levedura é um evento
essencial no estabelecimento da infeccdo. A expressao de genes em P. brasiliensis tem sido
amplamente estudada, mas ainda hd muito a se esclarecer sobre as seqiiéncias genomicas
expressas por este fungo no processo infectivo. Para identificar genes associados com a
infec¢do fungica, foi realizada uma andlise comparativa entre seqii€éncias expressas por
leveduras recuperadas de camundongos infectados e seqiiéncias provenientes do
transcriptoma de levedura e de micélio de P. brasiliensis (https://dna.biomol.unb.br/Pb/).
Foi construida uma biblioteca de ¢cDNA de leveduras recuperadas de figado de
camundongos infectados experimentalmente. Foram geradas 4.934 ESTs (Etiquetas de
Seqiiéncias Expressas) que foram agrupadas em 1.602 clusters, reunidos em 1.041 contigs e
561 singlets. Analises comparativas evidenciaram 1.750 ESTs (35,47% do total de
seqiiéncias) correspondendo a: (i) novos transcritos relacionados a vias metabdlicas; (ii)
relacionados a produgdo de energia; (iii) relacionados a viruléncia e transporte celular. Do
total de ESTs geradas neste estudo, 3.184 ESTs (64,53% das seqiiéncias descritas) também
estavam presentes no transcriptoma de levedura e micélio de células obtidas de cultura in
vitro (https://dna.biomol.unb.br/Pb/). Entre os transcritos previamente descritos foi possivel

identificar transcritos super-regulados durante o processo infectivo, compreendendo 1.172
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ESTs (23,75% de seqiiéncias descritas). A demonstragdo do perfil génico das células
leveduriformes de P. brasiliensis recuperadas de animais infectados € um requisito
essencial para o estudo do genoma funcional de modo a esclarecer os mecanismos de

patogenicidade e viruléncia fingica.



ABSTRACT

Paracoccidioides brasiliensis a important human pathogen causing paracoccidioidomycosis
(PCM), a systemic mycosis with broad distribution in Latin America. The fungus is
thermo-dimorphic, that is, it grows as a yeast-like structure in the host tissue or when
cultured at 36°C, and as mycelium in the saprobic condition or when cultured at room
temperature (18-23°C). The transition from mycelium to yeast cells is a crucial event in the
establishment of infection. Although gene expression in P. brasiliensis has been studied,
little is known about the genome sequences expressed by P. brasiliensis in the infective
process. To identify genes associated with the fungal infection a comparative analysis was
performed between putative unigene sequences of P. brasiliensis yeast cells recovered from
infected mice and the database constructed with fungal sequences of the yeast and
mycelium transcriptome at (https://dna.biomol.unb.br/Pb/). To examine extensively the
transcripts expressed by P. brasiliensis in the infective process, we have constructed a
cDNA library from yeast fungal cells post-infection of liver mice. We generated 4.934
expressed sequence tags (ESTs) from a cDNA library. All the ESTs were clustered into
1602 clusters that were assembled into 1.041 contigs sequences and 561 singletons.
Comparative analysis of P. brasiliensis unisequences databases through the approach
mentioned above produced 1.750 sequences (35.47% of the total) representing novel
transcripts of P. brasiliensis. Through these sequences we found: (i) novel genes related to
metabolic routes; (ii) novel transcripts putatively implicated in energy production; (iii)
novel transcripts implicated in cell rescue and transport. From the total, 3.184 ESTs

(64.53% of the described sequences) were also present in the transcriptome of yeast and
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mycelium cells obtained from in vitro cultures (https://dna.biomol.unb.br/Pb/). Among the
previously described transcripts it was possible to identify over regulated transcripts during
the infective process, comprising 1.172 ESTs (23.75% of the described sequences). Gene
cataloguing and profiling of P. brasiliensis yeast cells recovered from infected animal
tissues is an essential requisite to provide molecular reagents for functional genome studies

needed for elucidating mechanisms of fungal virulence and pathogenicity.
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I- INTRODUCAO

1 - Consideracoes Gerais

O fungo Paracoccidioides brasiliensis isolado pela primeira vez em 1908
por Adolpho Lutz, ¢ o agente etiolégico da Paracoccidioidomicose (PCM), uma micose
sistémica restrita a paises da América Latina com aproximadamente 80% dos casos
relatados no Brasil (Restrepo et al. 2001). Estima-se que 10 milhdes de individuos no
mundo estejam infectados e que 2% das pessoas acometidas possam desenvolver a doenga
(McEwen et al. 1995). No Brasil, em areas classificadas como altamente endémicas,
presume-se que a taxa de incidéncia anual da doenga seja de 1 a 3 casos por 100.000
habitantes (Restrepo-Moreno & Greer 1983, Londero & Ramos 1990). Entre os anos de
1980 a 1995, a PCM foi descrita como a 8 causa de mortalidade entre as infec¢Oes
predominantes no pais com uma taxa de mortalidade média anual de 1,45/milhdo de
habitantes, sendo o estado do Parand o mais atingido (Coutinho 1999, Coutinho et al.
2002). A PCM atinge principalmente trabalhadores rurais, residentes em areas endémicas,
do sexo masculino, na faixa etaria entre 30 ¢ 60 anos (Villar et al. 2000).

O fungo P. brasiliensis foi inicialmente classificado como um fungo
imperfeito, pertencente ao filo anamoérfico Deuteromycota ¢ a classe Hyphomycetos. Ha
alguns anos, existiam muitos problemas em relagdo a classificacdo dos fungos que nao

apresentavam estruturas sexuais, mas o recente avanco das metodologias moleculares tém
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ajudado na classificacdo taxondmica de varios fungos de importancia médica (San-Blas et
al. 2002). A caracterizacao do P. brasiliensis como pertencente ao filo Ascomycota, mesmo
ndo se conhecendo a fase teleomorfica, foi realizada por Leclerc ef al. (1994) através de
comparagdo entre seqiiéncias de DNA da subunidade ribossomal maior (28S) de
dermatéfitos e fungos dimorficos. Guého et al. (1997) realizaram posteriormente
comparagdes entre seqiiéncias parciais de rRNA de fungos dimorficos, classificando o
fungo P. brasiliensis juntamente com os géneros Histoplasma, Emmonsia ¢ Blastomyces,
como pertencentes a familia Onygenaceae. Recentemente analises filogenéticas realizadas
com seqiiéncias da subunidade ribossomal menor de varios fungos reforgou a tese de que
P. brasiliensis deveria ser agrupado na ordem Onygenales (Bialek et al. 2000).

A atual classificagdo taxonomica do P. brasiliensis é: reino Fungi, filo Ascomycota,
subdivisdo Euascomycotina, classe Plectomyceto, subclasse Euascomycetidae, ordem
Onygenales, familia Onygenaceae, subfamilia Onygenaceae Anamorficos, género
Paracoccidioides, espécie brasiliensis (San-Blas et al. 2002). Recentemente, Matute et al.
(2006), descreveram a existéncia de trés diferentes espécies filogenéticas de P. brasiliensis:
S1 (espécie 1), PS2 (espécie filogenética 2) e PS3 (espécie filogenética 3). A espécie
filogenética PS3 esta geograficamente restrita & Colombia, enquanto S1 esta distribuida no
Brasil, Argentina, Paraguai, Peru e Venezuela. Alguns isolados da espécie filogenética PS2
foram encontrados no Brasil nos estados de Sao Paulo ¢ Minas Gerais ¢ ainda na Venezuela

(Matute et al. 2000).

O local exato e as condi¢oes onde P. brasiliensis ocorre na natureza ainda

sdo indeterminados em virtude de diversos fatores, tais como o raro isolamento do fungo do
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ambiente, o prolongado periodo de laténcia no hospedeiro humano, bem como a nio
identificacdo de hospedeiro intermediario do fungo (Montenegro et al. 1996, Bagagli et al.
1998, 2006). Micélio e conidio provavelmente podem crescer saprofitamente no solo, na
agua, e em plantas a temperatura ambiente ¢ sdo consideradas como formas infectivas do
fungo (Restrepo et al. 2001). O fungo ja foi isolado do solo em paises como o Brasil
(Montenegro et al. 1996), Argentina (Negroni 1966) e Venezuela (Albornoz 1971); de
fezes de morcegos frugivoros (Artibens lituratus) e de pinguim (Grose & Tamsitt 1965,
Garcia et al. 1993); e de tatus, Dasypus novemcinctus ¢ Cabassous centralis, 0s quais sao
considerados hospedeiros silvestres do fungo (Bagagli et al. 1998, 2003, Corredor et al.
2005). A infec¢ao natural em alguns animais selvagens e domésticos tem sido observada e
manifestagdes clinicas da doenga recentemente foram relatadas em cachorros (Ricci et al.

2004, Farias et al. 2005).

Restrepo (1970) realizou experimentos de cultivo do fungo em substratos
encontrados na natureza e observou esporulagdo de P. brasiliensis com produgdo de
conideos, artroconideos e aleuroconideos de dimensdes de 2 a 5 um, o que seria apropriado
para dispersdo aérea do microrganismo e subseqliente inalagdo pelo homem. A alta
viabilidade e resisténcia destes esporos, mudancas de pH e de temperatura (Medina &
Bodziak-Junior 1949, Restrepo et al. 1969, Mendelovici et al. 1974) sao fortes indicios de
que o micélio seja a forma de vida saprofitica do fungo na natureza, bem como o estagio
infectante (San-Blas 1993).

P. brasiliensis um fungo termodimorfico, transita entre as formas miceliana,

saprofita, a qual presume-se que ocorra na natureza em temperaturas inferiores a 28°C, e
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leveduriforme, que ocorre nos tecidos infectados a temperatura de 35°C a 37°C (San-Blas &
San-Blas 1993). A transi¢do entre as morfologias de micélio e levedura ¢ parte do ciclo
biologico do fungo e constitui-se em etapa essencial para o estabelecimento da infecgdo e
para a fase inicial da interagdo do fungo com o hospedeiro. Evidéncias indicam que a
infec¢do ocorre por inalagdo de propagulos aéreos que se convertem na fase leveduriforme,
nos pulmoes (Franco 1987).

A transi¢do de micélio para levedura pode ser induzida in vitro meramente
pela mudanga na temperatura de incubagdo de 26°C para 36°C. Morfologicamente, a
transicdo in vitro de micélio para levedura em P. brasiliensis & caracterizada pelo
espessamento das regides inter-septais das hifas, com o surgimento de estruturas
arredondadas, que se dividem por brotamento (San-Blas 1982). No processo inverso,
levedura para micélio, in vitro, ocorre a formagao de brotos alongados, multinucleados, em
forma de péra, os quais gradativamente assumem o aspecto de uma hifa (Bartinick-Garcia
et al. 1995).

A conversdo morfogenética em P. brasiliensis esta correlacionada com
mudangas na composi¢ao da parede celular. Estudos citoquimicos e estruturais da parede
celular do fungo em suas duas formas foram realizados confirmando a presenca de
polimeros de a-1,3-glucana em leveduras prioritariamente e, B-1,3-glucana em micélio
(Paris et al. 1986). Quitina ¢ encontrada em ambas as formas do fungo (San-Blas et al.
1987, Kurokawa et al. 1998) apresentando um maior teor em levedura quando comparado a
micélio. Durante a transi¢do de micélio para levedura ocorre a mudanga do polimero de [3-
1,3-glucana para a-1,3-glucana (Kanetsuna et al. 1969). Estudos realizados com isolados de

P. brasiliensis sugerem que a a-1,3-glucana na fase leveduriforme protege o fungo contra
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as enzimas do sistema de defesa do hospedeiro (San-Blas 1985). San-Blas (1982) sugere
que os fagdcitos humanos produzam B-1,3-glucanase capaz de digerir somente B-1,3-
glucana presente na parede celular da forma miceliana do fungo. Entretanto, a
transformagdo de micélio para levedura logo no inicio da infec¢do, devido ao maior teor a-
1,3-glucana, deve proteger o patdogeno contra a acao das enzimas B-glucanases fagocitarias
permitindo a instalagdo do fungo na forma leveduriforme e estabelecendo-se a infecgao.

Um dos aspectos da inter relagao entre o parasito e o hospedeiro € o efeito de
hormonios no dimorfismo do fungo. A alta incidéncia de PCM em adultos masculinos
sugere que fatores hormonais possam desempenhar algum papel na patogénese da doenga
(Sano et al. 1999). O hormoénio feminino 17-B-estradiol tem sido relacionado a
diferenciagdo de P. brasiliensis. Estudos prévios mostraram que o hormonio estrogénio ¢
capaz de inibir a transi¢do de micélio para levedura de maneira dose-dependente in vitro
(Restrepo 1985), e in vivo (Sano et al. 1999). Aristizabal et al. (2002) observaram in vivo a
participagdo do hormoénio feminino na resisténcia de fémeas de rato durante o
desenvolvimento inicial da PCM. Felipe et al. (2005) descreveram um gene
preferencialmente expresso na fase leveduriforme de P. brasiliensis que possivelmente
codifica uma proteina de ligagdo previamente caracterizada por Loose et al. (1983). A EBP
(Estradiol Binding Protein) possui interag@o seletiva a estrogénios ligando-se ao estradiol
(Loose et al. 1983, Clemons et al. 1989). Acredita-se que a interagdo do horménio 17-f-
estradiol com a EBP citoplasmatica inibe a transi¢do de micélio para levedura, explicando a
baixa incidéncia da PCM em mulheres.

Componentes das vias de sinalizagcdo celular parecem estar estreitamente

relacionados com a expressdo de genes responsaveis pela viruléncia e diferenciagdo de
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organismos patogénicos. No entanto, as vias de sinalizagdo que controlam a transi¢ao
morfoloégica em P. brasiliensis ainda sdo pouco conhecidas. A via de sinalizacao através do
cAMP parece ser importante, pois a adicdo exdgena do composto inibe a transicdo de
levedura para micélio, mantendo a forma patogénica do fungo (Paris et al. 1985). A via de
transducdo Ca2+/Calmodulina também parece desempenhar papel na diferenciacdo celular
de P. brasiliensis. Drogas que bloqueiam as quinases dependentes de Ca2+/Calmodulina
inibem a diferenciacdo de micélio para levedura (Carvalho et al. 2003). Entretanto, a
complexidade da regulacdo da patogénese em P. brasiliensis requer futuros estudos para
cada elemento de sinalizacao.

Silva et al. (1994) caracterizaram a transi¢do in vitro entre as formas
miceliana e leveduriforme do isolado Pb 01 (ATCC-MYA-826). Alteracdes na sintese
protéica foram descritas durante a transi¢do de fases do isolado Pb 01 (Silva et al. 1994,
Salem-Izacc et al. 1997). A expressao de proteinas durante o processo de diferenciagdo
apresenta um padrao especifico para diferentes isolados do fungo (Salem-Izacc et al. 1997).
Alguns genes de P. brasiliensis, ja caracterizados, apresentam expressao diferencial durante
a transi¢do dimorfica do fungo. O gene codificante para as proteinas HSP70 (Silva et al.
1999), Pb Y20 (Cunha et al. 1999), HSP60 (Salem-Izacc et al. 2001, Cunha et al. 2002),
ClpB (Jesuino et al. 2002), manosiltransferase (Costa et al. 2002), catalase P (Moreira et al.
2004) e gliceraldeido 3 fosfato desidrogenase (Barbosa et al. 2004) apresentam baixos
niveis de expressdo na forma miceliana quando comparados com a forma leveduriforme,
sugerindo que estas proteinas sejam necessarias para sobrevida de P. brasiliensis nas
condi¢des térmicas do hospedeiro e que possam desempenhar papel na morfogénese do

fungo.
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2 - Transcriptomas de P. brasiliensis

Visando conhecer um maior numero de genes de P. brasiliensis, diferentes
abordagens no estudo de transcriptomas tém sido aplicadas. Um Projeto Genoma Funcional
de P. brasiliensis, desenvolvido por um consoércio de laboratdrios da regido Centro—Oeste
do Brasil (Projeto Genoma Funcional e Diferencial de Paracoccidioides brasiliensis),
resultou no seqiienciamento de 25.511 ESTs derivadas de bibliotecas de cDNA de levedura
e micélio, abrangendo aproximadamente 80% do niimero total de genes estimados para este
fungo (Felipe et al. 2003, 2005). O trabalho possibilitou a deteccio de genes
diferencialmente expressos nas fases de P. brasiliensis. Genes de viruléncia e possiveis
alvos para drogas foram identificados através de analises comparativas com outros fungos
patogénicos humanos, tais como Candida albicans, Criptococcus neoformans ¢ Aspergillus
fumigatus. Os autores descreveram ainda o perfil metabdlico diferencial exibido por P.
brasiliensis nas formas miceliana e leveduriforme. Em geral, micélio apresenta
metabolismo aer6bio, uma vez que durante a fase saprofitica, genes que codificam enzimas
que participam da fosforilagdo oxidativa, como a isocitrato desidrogenase e succinil
coenzima A sintase, estdo altamente expressos. Ao contrario, a fase leveduriforme
apresenta metabolismo anaerdbio. Nesta fase, os altos niveis de expressdo da alcool
desidrogenase 1 favorecem a fermentagdo alcoolica e conseqiiente producdo de etanol
(Felipe et al. 2005).

Neste estudo foram identificados 48 transcritos codificando chaperonas ou
proteinas envolvidas no processo de estresse, descritas inicialmente como proteinas de

choque térmico (HSP — heat shock protein). Estas proteinas estdo envolvidas em processos
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biolégicos como transi¢do dimodrfica e imunopatogenicidade de doengas infecciosas. O
namero de genes envolvidos no processo de choque térmico ¢ 38% maior na biblioteca de
cDNA de levedura quando comparado a biblioteca de micélio. Esse fato ¢ compativel com
a maior temperatura (36°C) de crescimento de células leveduriformes em relagdo ao micélio
(Felipe et al. 2005). Muitas chaperonas de P. brasiliensis foram identificadas, visto que até
aquele momento, somente 8 HSPs haviam sido previamente descritas para este patdgeno.
Outro projeto Genoma Funcional foi desenvolvido por pesquisadores do
Estado de Sao Paulo. Através da andlise de ESTs, Goldman et al. (2003) identificaram
varios genes de viruléncia de P. brasiliensis (isolado Pb 18) homologos a C. albicans. Os
genes da via de transduc¢do de sinal tém sido implicados na transi¢do dimorfica. A
identificacdo de alguns genes de P. brasiliensis homoélogos a via de transdugdo
relacionados a viruléncia de C. albicans, como CST20, CPP1 e CEK1 encontrados neste
estudo, sugerem que estas vias possam estar atuando em P. brasiliensis, provavelmente
controlando a mudanga morfolégica. No entanto, o envolvimento destes genes na transi¢ao
dimorfica e/ou viruléncia requerem demonstragdo experimental apropriada. Neste estudo,
os pesquisadores analisaram ainda a expressdo de alguns genes durante a transi¢ao
dimorfica e detectaram que transcritos de trés proteinas de choque térmico (HSP-70, HSP-
82 e HSP-104), de um homologo da delta-9-desaturase (OLE1) e da oxidase alternativa,
possuem picos de expressao durante a transi¢ao de micélio para levedura, sugerindo que a
estabilizacdo de proteinas e mudangas na organizagdo da membrana sdo fatores importantes
na transi¢do morfoldgica de micélio para a forma de levedura (Goldman et al. 2003).
Marques et al. (2004) identificaram genes preferencialmente expressos na

fase leveduriforme de P. brasiliensis (isolado Pb 18), proporcionando maiores informagoes
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acerca da patobiologia deste fungo. A mudang¢a morfolégica mais reconhecida em P.

brasiliensis ¢ a alteragdo entre os andmeros de glucana que passam de [3-1,3- para a-1,3-
glucana, assim que o fungo adota a forma leveduriforme (San-Blas & Nifio-Vega 2001).
Desta forma, observa-se uma expressao muito maior do gene que codifica a a-1,3- glucana
sintetase na fase de levedura do que na de micélio. Relatos antigos do estudo da transi¢ao
de micélio para levedura em H. capsulatum atribuiram um importante papel aos grupos
sulfidrilicos, principalmente na forma de cisteina (Maresca and Kobayashi 2000). Hwang
et al. (2003) ampliaram essas observagdes mostrando que o gene que codifica a enzima
cisteina dioxigenase ¢ mais expressa em levedura do que no micélio. Marques et al. (2004),
verificaram a presenga do gene CDII que codifica a cisteina dioxigenase em P. brasiliensis.
Previamente, foi mostrado que células na fase miceliana de P. brasiliensis podem crescer
na presenca tanto de enxofre organico quanto inorganico, enquanto que as células de
levedura podem crescer somente em presenca de aminoacidos contendo enxofre organico
(Paris et al. 1985). Marques et al. (2004) confirma em seus experimentos a auxotrofia do
isolado Pb18 para o enxofre organico. Esta auxotrofia ao enxofre organico sugere que além
da temperatura, o enxofre organico ¢ um importante estimulo para manter a fase
leveduriforme patogénica de P. brasiliensis. Desta forma, verifica-se que diversos genes
envolvidos na assimilacdo de aminoacidos que contém enxofre, tais como metionina
permease, sdo mais expressos na fase de levedura do que na de micélio, indicando um
possivel papel, como em H. capsulatum, para o metabolismo do enxofre na manuteng¢ao do
estado de levedura (Marques et al. 2004). Nos experimentos de Marques et al. (2004),

niveis aumentados de expressao do gene ERG25 sdo visualizados na fase de levedura. O
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gene ERG25 codifica uma C-4 esterol metil oxidase que participa do primeiro passo
enzimético da sintese de ergosterol em fungos. E provavel que o aumento na expressdo de
ERG2S5 esteja correlacionado ao aumento da reutilizagdo na membrana celular. Sugere-se
que mudancas na membrana sdo importantes fatores na transicdo morfologica a 36°C
(Goldman et al. 2003) e a alta reutilizagdo de lipidios na membrana celular também pode
contribuir para isso. Adicionalmente, ja tem sido demonstrado através de analise global da
expressao génica em S. cerevisiae que os genes envolvidos na biossintese de ergosterol tém
a sua expressdo aumentada em condi¢des de estresse, incluindo o estresse oxidativo, e
antifungicos que tém como alvo a biossintese de ergosterol (Higgins et al. 2003, Bammert
& Fostel 2000). Permanece a ser determinado se os genes de biossintese de ergosterol tém a
sua expressdo de RNAm aumentada a 36°C, ou se ¢ um efeito especifico do gene ERG25
(Marques et al. 2004).

A andlise do transcriptoma de P. brasiliensis durante a transicao dimorfica €
atualmente objeto de estudo de pesquisadores (Nunes et al. 2005, Bastos et al. 2007).
Nunes et al. (2005) avaliaram a expressao de genes de P. brasiliensis durante a transicao de
micé¢lio para levedura. Avaliando as vias metabolicas de P. brasiliensis, estes autores
verificaram a super expressdo exacerbada da alcool desidrogenase I durante a transicao
dimorfica. Além disso, a piruvato decarboxilase, outra enzima envolvida na producdo de
etanol a partir do piruvato, também se apresentava super expressa no processo de
diferenciagdo. Estes dados reforcam a idéia de que células leveduriformes possuam um
metabolismo voltado para produgdo de etanol através da fermentagdo. Ao se avaliar o ciclo
do glioxalato, experimentos de hibridizagdo de microarranjos ndo mostraram alteragcdes na

expressao da isocitrato liase em cultura de micélio apds 120 horas de transi¢do de micélio

22



para levedura, ao contrario dos achados de Felipe et al. (2005). Entretanto, a expressao da
malato sintase estd aumentada nas células leveduriformes, reforcando a idéia de que o ciclo
do glioxalato ¢ mais ativo nesta forma de P. brasiliensis. Durante a transi¢do da forma
miceliana para leveduriforme de P. brasiliensis, verificou-se a alta expressao do gene que
codifica uma para 4-hidroxil-fenil-piruvato dioxigenase (4-HPPD), proteina envolvida no
catabolismo de aminoacidos. Este gene pode ser inibido pela adi¢gdo de NTBC [2-(2-nitro-
4-trifluorometilbenzoil)-ciclohexane-1,3-dione], assim como por seus derivados. A inibi¢ao
de 4-HPPD provoca o bloqueio do crescimento e da diferenciacdo para a fase

leveduriforme do fungo in vitro (Nunes et al. 2005).

O perfil transcricional de P. brasiliensis durante a diferenciagdo morfologica de
micélio para levedura foi avaliado por Bastos et al. (2007). Varios genes potencialmente
relacionados com a sintese de membrana e parede celulares mostraram-se aumentados
durante a diferenciacdo celular de micélio para levedura apds 18 horas de inducdo da
transicdo, sugerindo que P. brasiliensis favorece o remodelamento da membrana e de
parede celulares nos estagios iniciais da morfogénese (Bastos et al. 2007). Neste estudo,
genes envolvidos na via de assimilagdo do enxofre como a sulfito redutase, mostrou-se
super expresso durante a transi¢do, sugerindo o envolvimento do metabolismo do enxofre
durante o processo de diferenciagdo em P. brasiliensis, como descrito anteriormente
(Andrade et al. 2006; Ferreira et al. 2006). Durante a transi¢cdo também foi verificada a
presenga de enzimas que participam do ciclo do glioxalato, como a isocitrato liase, malato
desidrogenase, citrato sintase e aconitase. A presenca destes transcritos durante a

diferenciagdo indica que esta via ¢ funcional durante esse processo. Também foram
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identificados genes envolvidos em vias de transdugdo de sinal tais como MAPK,
serina/treonina quinase e histidina quinase, sugerindo que a transi¢do morfolégica em P.
brasiliensis ¢ mediada por vias de transducdo de sinal que controlam a adaptacdo ao
ambiente para a sobrevivéncia e adaptagdo do fungo dentro do hospedeiro (Bastos et al.

2007).

Com o objetivo de descobrir genes possivelmente envolvidos na adaptagcdo e
sobrevivéncia de P. brasiliensis no hospedeiro durante a infec¢do, Baildo et al. (2006)
utilizaram a Andlise de Diferenca Representacional de ¢cDNA (cDNA-RDA) para
identificar genes de P. brasiliensis induzidos durante o processo infectivo e em condi¢des
que mimetizavam a via hematoldgica de disseminagao fungica. Durante a infecgdo, o nivel
de ferro (Fe) disponivel no hospedeiro ¢ significativamente limitado e os mecanismos
microbianos para sua aquisi¢do sdo muito importantes para o sucesso da viruléncia. No
modelo de infecgdo experimental foi observada a alta freqiiéncia do transcrito zrtl
(zinco/ferro permease) (Baildo et el. 2006). O mesmo foi observado para o transcrito ctr3,
codificando um transportador de cobre de alta afinidade, que sugere a exigéncia de uma
permease cobre/ferro para o transporte do Fe. O transcrito ctr3 tem sido descrito como
altamente expresso na fase leveduriforme de P. brasiliensis por outros pesquisadores
(Marques et al. 2004, Felipe et al. 2005). Surpreendentemente, quando células
leveduriformes de P. brasiliensis foram incubadas com sangue humano, zrtl e crt3 nao
estavam super regulados, sugerindo uma condi¢do ndo limitante de Fe nesta situagdo. A
aquisi¢do do Fe pode incluir também a redutase férrica para remover o Fe ligado as

moléculas do hospedeiro como o grupo heme da hemoglobina (Baildo et al. 2006). Neste
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estudo, o transcrito codificante para a glutamina sintase (glnl) foi fortemente induzido apos
incubagdo com sangue humano, sugerindo que a remodelagdo na parede/membrana celular
possa ser um dos caminhos pelos quais P. brasiliensis responda as mudangas de
osmolaridade externa encontradas pelo fungo na via de disseminacdo sanguinea (Baildo et
al. 2006). A sintese de quitina mostra-se essencial na resposta compensatoria ao estresse de

parede celular nos fungos impedindo a morte celular (Popolo et al. 1997).

Bailao et al. (2006) também verificaram em seus experimentos que alguns fatores
de viruléncia, ja descritos em outros fungos patogénicos, apresentaram-se super regulados
nos camundongos infectados. A gliceraldeido-3-fosfato-desidrogenase (GAPDH)
apresentou-se super regulada principalmente em células fingicas recuperadas de modelos
experimentais. A GAPDH ¢ uma adesina que se liga a componentes da matriz extracelular
e ¢ capaz de mediar a aderéncia e internalizagdo de P. brasiliensis em cultura de células in
vitro, sugerindo seu envolvimento na patogénese deste fungo (Barbosa et al. 2006).
Transcritos codificantes para tirosinase e decarboxilase para aminoacido aromatico também
se apresentaram super regulados em células leveduriformes de P. brasiliensis extraidas do
figado de camundongos infectados, ambas enzimas estdo implicadas na patogé€nese de
infec¢des microbianas como descrito para C. neoformans e P. brasiliensis (Gémez et al.

2001, Walton et al. 2005).

Recentemente, Baildo et al. (2007) desenvolveram estudos no sentido de analisar
leveduras de P. brasiliensis tratadas com plasma humano, simulando assim um sitio de
infecgdo superficial, com inflamag¢2o. Foi observado um aumento significativo na expressao

de transcritos super regulados associados com a biossintese de proteinas, sugerindo um
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aumento geral na sintese de proteinas no ambiente do plasma, como j& descrito
anteriormente para células leveduriformes de P. brasiliensis tratadas com sangue humano
(Baildo et al. 2006, 2007 submetido). Assim como na incubagdo com sangue, a glutamina
sintase também ¢é super expressa na condicdo de incubagdo com plasma, refor¢ando a
hipdtese ja descrita anteriormente de que a super expressdao desta enzima esteja ligada ao
aumento da sintese de quitina que ocorreria durante o estresse osmotico (Baildo et al.
2006). Sugere-se que o aumento do transcrito da glutamina sintase durante a incubagdo com
plasma possa estar relacionado com a deposi¢cdo de quitina em resposta a mudanga da
osmolaridade externa sofrida pelo P. brasiliensis na condi¢do superficial da infecg¢ao
(incubagdo com plasma) assim como durante a disseminag¢do sanguinea (incubacdo com

sangue) como ja discutido por Baildo et al. (2006, 2007).

As analises comparativas dos perfis de genes super regulados durante a incubagio
com plasma e com sangue demonstraram que aproximadamente 16,6% dos transcritos
super regulados encontrados no fungo quando na presenca de plasma humano nio estavam
presentes no sangue, sugerindo a influéncia das células sanguineas no perfil transcricional
previamente descrito por Baildo et al. (2006). Neste sentido, alguns genes sdo super

regulados somente na condi¢do de incuba¢do com plasma (Baildo et al. 2007).

Tavares et al. (2007) realizaram experimentos nos quais foi possivel definir o perfil
dos transcritos de P. brasiliensis, isolado Pb01, cultivados em macréfagos de murinos. Este
fungo possui inimeros processos adaptativos ao hospedeiro em resposta a fagocitose. Apos
a internalizagdo, o patdégeno promove adaptacdo metabolica induzindo a expressao de genes

da biossintese de aminoacidos, especificamente genes envolvidos na biossintese de
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metionina. A cistationa [3 liase de P. brasiliensis codificada pelo gene metG, associado a
producdo de metionina, foi induzida apods fagocitose de macréfagos de murinos. A
importancia da cistationa [3 liase foi relatada em outros modelos animais de infecgao;
mutantes nos quais o gene metG nao estava presente, foram menos virulentos que os tipos
selvagens (Ejim et al. 2004). Neste sentido, a super regulagao do gene metG pode conferir
uma importante resposta adaptativa para sobrevivéncia de P. brasiliensis dentro dos
macréfagos onde a concentragdo de aminoacidos ¢ baixa (Tavares et al. 2007). Neste
estudo, Tavares et al. (2007) observaram a super expressdao do gene da Asp60 em P.
brasiliensis. A HSP60 ¢ uma chaperona mitocondrial homologa da GroEL da E. coli
(Bukau et al. 1998) e esta envolvida na resposta celular ao estresse oxidativo (Cabiscol et
al. 2002). Tem sido observado que células que apresentam altos niveis de HSP60 sdao mais
resistentes a agentes oxidativos como H»O, e menadiona. A indu¢do do gene da Asp60 em
P. brasiliensis exposto a radicais oxidativos produzidos por macréfagos, pode ter fungao
protetora similar (Tavares et al. 2007). Adicionalmente, GroEL foi um dos genes mais
intensamente super regulados durante infeccdo experimental de L. monocytogenes em
macréfagos de murinos (Chatterjee et al. 2006), sugerindo uma estratégia conservada em
fungos e bactérias para sobrevivéncia intracelular nas células do hospedeiro (Tavares et al.

2007).

A via da biossintese do enxofre tem sido amplamente estudada em fungos
(Marzluf 1997, Thomas & Surdin-Kerjan 1997, Paszewski et al. 2000, Paszewski 2001).
Como ja descrito anteriormente, a fase leveduriforme de P. brasilensis apresenta auxotrofia

ao enxofre organico (Paris ef al. 1985). Hwang et al. (2003) estudaram a fun¢do do enxofre
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organico na manuten¢do da fase leveduriforme em H. capsulatum refletindo a importancia
do metabolismo do enxofre no ciclo de vida dos fungos patogénicos. Recentemente, a
analise da expressdo de genes envolvidos na utilizagdo de enxofre foi realizada em P.
brasiliensis (Andrade et al. 2006, Ferreira et al. 2006). Andrade ef al. (2006) demonstraram
em seus experimentos que o enxofre inorganico ¢ desnecessario durante a diferenciacao de
micélio para levedura e vice-versa em P. brasiliensis. Este estudo também confirmou a
super expressao da colina sulfatase (CHS1) na fase leveduriforme de P. brasiliensis. O
gene que codifica a colina sulfatase esta relacionado com a reserva de enxofre para a célula
(Marzluf 1997). Interessantemente, outros patdégenos intracelulares humanos como o
Mycobacterium tuberculosis dependem do enxofre para expressao de sua viruléncia e
sobrevivéncia dentro de macrofagos (Sun et al. 2005).

Visando investigar a assimilacdo de enxofre inorganico em P. brasiliensis,
Ferreira et al. (2006) inicialmente caracterizaram a expressdo de 5 genes envolvidos no
metabolismo do enxofre (CDI1-cisteina dioxigenase, MEP1-metionina permease, CHSI-
colina sulfatase, APS1-APS kinase, SURI1-sulfito redutase) e avaliaram o acumulo de
RNAm destes genes durante a transicdo de micélio para levedura e crescimento da fase
leveduriforme. CDI1 e MEP1 s3o genes envolvidos com a via de assimilagdo organica;
CHSI esta envolvido com a mobilizacdo e armazenamento de enxofre; APS1 ¢ SURI sdo
genes envolvidos com a via de assimilacdo inorganica. Todos os cincos genes avaliados
neste estudo apresentaram um alto acimulo de RNAm durante a transicdo dimorfica e
durante o crescimento da fase leveduriforme, sugerindo que nestas situagdes estdo
ocorrendo mobilizagdo e armazenamento de enxofre, além da ativagdo da via de

assimilagdo inorganica. Os resultados de Ferreira et al. (2006) sugerem que embora P.
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brasiliensis ndo use enxofre inorganico como unica fonte para iniciar a transi¢do € o
crescimento da fase leveduriforme, este fungo pode, de algum modo, utilizar ambas as vias
organica e inorganica durante o processo de crescimento. Este estudo fornece novas
informagdes sobre o comportamento transcricional de varios genes envolvidos no
metabolismo do enxofre. Entretanto, a transformacdo ¢ a inativagdo de sistemas ainda
devem ser desenvolvidas em P. brasiliensis para definir o envolvimento destes genes na

transi¢ao dimorfica e/ou viruléncia (Ferreira et al. 2006).
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II - JUSTIFICATIVA

A PCM ¢ a micose sistémica de maior prevaléncia na América Latina, com o
maior nimero de relatos de casos no Brasil. Atinge predominantemente individuos do sexo
masculino entre 30 e 60 anos de idade, trabalhadores rurais, residentes em areas endémicas.
A importancia da PCM resulta ndo somente de sua prevaléncia relativamente alta, mas
também da severidade de suas formas clinicas.

O laboratoério de Biologia Molecular do Instituto de Ciéncias Bioldgicas da
Universidade Federal de Goias esta inserido em um programa que visa a identificagdo,
caracterizacdo ¢ estudo funcional de moléculas potencialmente associadas a interagdo do
fungo P. brasiliensis com o hospedeiro humano. Neste contexto, projetos de
sequenciamento de ESTs sob determinadas condigdes experimentais destacam-se como

estratégias interessantes para o entendimento da biologia deste fungo.

O objetivo geral deste estudo foi identificar genes de P. brasiliensis
induzidos em modelo de infecgdo experimental, camundongos B10.A, com a finalidade de
se 1identificar alteragdes na expressio génica do fungo durante a infecgdo. O
seqiienciamento de ESTs de P. brasiliensis, forma leveduriforme, oriundas de figado de
animais experimentais, permitiu descricdo de ESTs e a comparacdo com o banco de ESTs
de células leveduriformes do Projeto Genoma Centro Oeste (Felipe et al. 2003, 2005). Estes
estudos comparativos disponibilizaram informagdes relevantes para o estudo da viruléncia e
mecanismos envolvidos durante a interacdo patogeno-hospedeiro. Utilizando-se uma

combinagdo de abordagens experimentais, analises de bioinformética e de ESTs geradas foi
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possivel obter-se padroes de expressdo génica do fungo na condigdo de interagdo patdogeno-

hospedeiro.

III - OBJETIVOS ESPECIFICOS:

1) Obter um banco de ESTs de P. brasiliensis - isolado Pb01 (ATCC, MY A 826) — de
figado de animais experimentais na forma leveduriforme.
Estratégias:
- Extracdo de RNA total de P. brasiliensis apds infeccdo de animais
experimentais;
- Construgdo de uma biblioteca de cDNA a partir do mRNA obtido;

- Seqliénciamento de 9.067 clones de cDNA.

2) Categorizar todas as seqii€ncias obtidas através de Anotagdo via programa Phorest.
Estratégia:
- As seqliéncias foram comparadas com seqiiéncias depositadas em Bancos de

Dados universais para analise de similaridade.

3) Identificar genes diferencialmente expressos durante o processo infectivo.
Estratégia:
- Identificacdo, por analises comparativas, de genes expressos diferencialmente
entre as células mantidas in vitro (Projeto Genoma Centro-Oeste) e as leveduras

obtidas por isolamento de figado de animais experimentais.
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4) Identificar transcritos ainda ndo descritos em P. brasiliensis.
Estratégia:
- Andlises comparativas entre os bancos de ESTs gerados neste estudo com bancos
de ESTs de levedura proveniente do Projeto Genoma Centro Oeste e banco de

dados do NCBI.

5) Selecionar genes de interesse ainda ndo descritos em P. brasiliensis ¢ analisar a sua
expressao.
Estratégias:
- Realizag¢ao de PCR

- Realiza¢dao de RT-PCR semi-quantitativa.
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Summary

Paracoccidioides brasiliensis is a fungal human pathogen with a wide distribution in Latin
America, causing paracoccidioidomycosis, the most widespread systemic mycosis in Latin
America. Although gene expression in P. brasiliensis had been studied, little is known
about the genome sequences expressed by P. brasiliensis in the infectious process. To
better understand the infectious process, 4934 expressed sequence tags (ESTs) derived from
a non-normalized cDNA library from P. brasiliensis (isolate Pb01) yeast cells recovered
from liver of infected mice were annotated and clustered to a unigene set with 1602
members. A large-scale comparative analysis was performed between unigene sequences
of P. brasiliensis yeast cells recovered from infected mice and the database constructed
with fungal sequences of the yeast and mycelium transcriptome (isolate Pb01) at
(https://dna.biomol.unb.br/Pb/), as well as with all public ESTs available at GenBank,
including fungal sequences of the P. brasiliensis yeast transcriptome (isolate Pbl18) at
(http://www.ncbi.nlm.nih.gov/). The focus has been on the over expressed and novel genes.
From the total, 3184 ESTs (64.53 %) were also present in the previously described
transcriptome of yeast and mycelium cells obtained from in vitro cultures
(https://dna.biomol.unb.br/Pb/) and from those, 1172 ESTs (23.75 % of the described
sequences) represented over regulated transcripts during the infective process. Comparative
analysis produced 1750 ESTs (35.47 % of the total), comprehending 649 unigene
sequences representing novel transcripts of P. brasiliensis, not previously described for this
isolate or for other isolates in public databases. KEGG pathway mapping showed that novel
and over expressed transcripts represented standard metabolic pathways, including
glycolysis, amino acid biosynthesis, lipid and sterol metabolism. The unique and divergent
representation of transcripts in the cDNA library of yeast cells recovered from infected

mice suggests differential gene expression in response to the host milieu.
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Introduction

The dimorphic pathogenic fungus Paracoccidioides brasiliensis, the etiologic agent of
paracoccidioidomycosis (PCM), undergoes a complex transformation; the fungus switch
from the mycelial infective form growing at environmental temperatures to the yeast form
occurring at the mammalian host-temperature. The fungus is a pathogen that infects around
10 million individuals in endemic regions distributed from Mexico to Argentina (Restrepo
et al., 2001). During infection, the host inhales mycelia spores that converts to the budding
yeast form within hours. The disease is characterized by a chronic granulomatous
inflammation, and patients may present a broad spectrum of clinical manifestations
(Montenegro & Franco, 1994).

Analysis of the response of P. brasiliensis during infection provides a window into the
alterations required for the organism to survive in the host milieu. Transcriptional profiles
of fungal cells, as well as the relative expression of transcripts in each P. brasiliensis phase
had been exploited (Felipe et al., 2003; Goldman et al., 2003; Marques et al., 2004; Felipe
et al., 2005). Also transcriptional responses to temperature mimicking the events of
differentiation upon fungal inhalation by the host have been studied (Nunes et al., 2005;
Bastos et al., 2007). Regarding to the isolate Pb01, subject of the present work, in silico
electronic subtraction and cDNA microarrays provided a view of the fungal metabolism,
demonstrating up regulated transcripts and differential expression patterns in yeast and
mycelium (Felipe et al., 2005).

We have been studying differentially expressed genes in P. brasiliensis yeast cells upon
exposure to host-like conditions. We previously investigated, by cDNA-representational
difference analysis (cDNA-RDA), the genes over expressed by P. brasiliensis upon
infection in a mouse model of infection, as well as upon incubation of yeast cells with
human blood (Baildo et al., 2006). Genes putatively related to fungal transport, cell defense
and cell wall synthesis/ remodeling were especially up regulated in the analyzed host-like
conditions. In this work we sought to amplify our studies of genes potentially related to the
fungal host interaction by analyzing the transcriptome of yeast cells recovered from liver of
infected mice. We analyzed 4934 ESTs generated from a cDNA library. Novel genes as

well as up regulated genes compared to the im vitro transcriptome
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(https://dna.biomol.unb.br/Pb/) and to the Genbank (http://www.ncbi.nlm.nih.gov/) ESTs
provided insights into metabolic adaptations performed by P. brasiliensis during infection.
The yeast cells significantly over express genes related to the glycolysis and ethanol
production, to the fatty acid synthesis, and to the metabolism of nitrogen, suggesting a
nutrient-rich microenvironment. Also, the over production of transcripts of genes
represented by these pathways indicates metabolically active fungal cells that can utilize
carbohydrate, lipid and nitrogen sources to generate the necessary compounds and energy

for carrying on cellular processes or responding to the surrounding microenvironment.

Methods

Maintenance of P. brasiliensis and animal infection. P. brasiliensis (ATCC MY A-826)
was grown for seven days in BBL Mycosel Agar (Becton-Dickinson), supplemented with
10 % fetal calf serum, at 36 °C for the yeast phase (control cells). Mice infection was
performed as previously described (Baildao et al., 2006). P. brasiliensis yeast cells were
harvested from 7-day-old cultures, suspended in sterile phosphate buffered saline solution
(PBS, pH 7.4). Male B.10A mice, 8-12 weeks old were infected intraperitoneally with 5 x
106 yeast cells. Animals were sacrificed at seven days after infection; livers were removed
and homogenized in 5 mL of sterile PBS. The cellular suspensions were washed three
times, centrifuged at 1000 x g and resuspended in 1 mL of PBS. Aliquots (100 mL) of the
suspension were plated onto BBL Mycosel Agar, supplemented with 10 % fetal calf serum.
After 14 days incubation, the yeast cells were recovered and used to extract total RNA.
Procedures involving animals and their care were conducted in conformity to the local
Ethics Committee and international recommendations. Control yeast cells and that

recovered from infected tissue were used for RNA extractions.
RNA extractions. Total RNA was extracted from all experimental conditions by the use of

Trizol reagent (InvitrogenTM, Life Technologies) according to the manufacturer’s

instructions. RNAs were used to construct double-stranded cDNAs.
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Construction of the cDNA library. The P. brasiliensis cDNA library was constructed
following the protocols of the SUPERSCRIPT Plasmid System with GATEWAY
Technology for cDNA synthesis and Cloning (InvitrogenTM Life Technologies).

DNA sequencing. The cDNA library was plated to approximately 200 colonies per plate
(150 mm Petri dish). The colonies were randomly selected and transferred to a 96-well
polypropylene plate containing LB medium and grown overnight. Plasmid DNA was
isolated and purified. cDNA inserts were sequenced from the 5” end by employing standard
fluorescence labeling DYEnamicTM ET dye terminator kit with the M13/pUC flanking
vector primer. Automated sequence analysis was performed in a MegaBACE 1000 DNA

sequencer (GE Healthcare, Amersham Biosciences).

EST Processing Pipeline, Annotation and Differential Expression Analysis. EST
sequences were pre-processed using the Phred (Ewing & Green, 1998) and Crossmatch
(http://www.genome.washington.edu/UWGC/analysistools/Swat.cfm)  programs.  Only
sequences with at least 100 nucleotides and Phred quality greater or equal to 20 were
considered for further analysis. ESTs were screened for vector sequences against the
UniVec data. The resulting sequences were uploaded to a relational database (MySQL) on a
Linux (Fedora) platform, and processed using a modified version of the PHOREST tool
(Ahren et al., 2004). The filtered sequences were compared against the GenBank non-
redundant (nr) database from National Center for Biotechnology Information
(http://www.ncbi.nlm.nih.gov/), Gene Ontology (http://www.geneontology.org/GO)
besides InterPro's databases of protein families (http://www.ebi.ac.uk/InterProScan/). MIPS
(http://mips.gsf.de/) database was used to assign functional categories and KEGG
(http://www.kegg.com/) was used to assign Enzyme Commission (EC) numbers and
metabolic pathways. The database sequences matches were considered significant to e
values < 10-5. The clusters were compared to P. brasiliensis transcriptome database
(https://dna.biomol.unb.br/Pb/), to select novel and over expressed genes. Also, for the
description of novel genes, sequences were compared to sequences in GenBank

(http://www.ncbi.nlm.nih.gov/) that also comprehended the ESTs reported by Goldman et
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al (2003) available in NCBI database. BLASTX analysis
(http://www.ncbi.nlm.nih.gov/BLAST/) (Altschul et al., 1997) was used to find matching
sequences with e values < 10-5. With CAP3 assembly (Huang & Madan, 1999) information
stored in the relational database, SQL queries were performed to determine transcripts
unique to a certain EST library and/or present in two or more libraries. We have
constructed a database to host all the sequence data and the analysis results obtained from
this study. The database can be accessed through a web interface at
(http://www.lbm.icb.ufg.br/phorestwww/index.php). All the ESTs were submitted to
GenBank under accession numbers EST1487 to EST6420.

In silico determination of up regulated genes. To assign a differential expression
character, the contigs formed with mycelium, yeast and the yeast cells recovered from
infected mice ESTs were statistically evaluated using the Audic and Claverie’s method
(Audic & Claverie, 1997). Over regulated genes, compared to the P. brasiliensis
transcriptome database (https://dna.biomol.unb.br/Pb/), were determined with a 95 %

confidence rate.

Infection of Vero cells with P. brasiliensis. Cultures of Vero cells (ATCC CCL81) were
maintained in Medium 199 (Sigma, Aldrich) supplemented with 10 % (v/v) heat-
inactivated fetal calf serum. The cells were washed three times in 199 medium and 108
yeast cells of P. brasiliensis were added and incubated for 48 h at 36 °C, as described
(Mendes-Giannini et al., 2006). The cells were washed three times in PBS following the
incubation in PBS containing trypsin (0.2 %) and EDTA (0.02 %) for 30 min for the total
monolayer removal. The cells were centrifuged and the pellet was recovered for further

RNA extraction.

PCR analysis of genomic DNA of P. brasiliensis. The presence of novel genes was
initially assayed by PCR of genomic DNA of P. brasiliensis yeast cells, prepared according
standard methods. PCR of selected genes was performed with specific primers, sense and

antisense, as described in Table 1.
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Semi quantitative RT-PCR analysis of P. brasiliensis regulated genes. Total RNAs were
obtained from control yeast cells, from a different batch of infected animals, of those used
for the construction of the cDNA library and from fungal yeast forms infecting Vero cells.
Single stranded cDNAs were synthesized. PCRs were performed using cDNAs as template
in a 30 mL reaction mixture containing specific primers (Table 1). PCR conditions were: 95
°C for 1 min, 95 °C for 30 s, annealing at 55-65 °C for 2 min, 25-35 cycles at 72 °C for 1
min, final extension at 72 °C for 7 min. The annealing temperature and the number of PCR
cycles were optimized for each experimental condition to ensure logarithmic phase of
amplification in semi quantitative RT-PCR (sqRT-PCR) analysis. Amplicons were
analyzed by agarose gels electrophoresis (1 %). The analyses of relative differences were
performed using Scion Image Beta 4.03 software

(http://www.scioncorp.com/pages/scion_image windows.htm).

Results

Overview of ESTs from P. brasiliensis yeast cells recovered from infected mice

The purpose of this study was to identify a set of up regulated genes, as well as novel genes
expressed by P. brasiliensis in a mouse model of infection, as a first step for the large
screen for genes associated with the fungal pathogenesis. A total of 4934 high quality
sequences were obtained and used to establish an EST database comprised of 1602 unique
sequences from P. brasiliensis yeast cells recovered from liver of infected mice
(http://www.lbm.icb.ufg.br/phorestwww/index.php). A total of 1172 sequences (23.75 % of
the total) corresponded to over expressed sequences when compared to the transcriptome of
P. brasiliensis yeast cells in vitro cultivated. A total of 1750 sequences (35.47 % of the
total) had no homology to sequences found in P. brasiliensis previously, as demonstrated
by comparative analysis to the ESTs from the described P. brasiliensis transcriptomes
(Felipe et al., 2005; Goldman et al 2003). All sequences were arranged into 1041 contigs

and 561 singletons that represent different transcripts.
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Functional annotation and analysis of sequences

The EST sequences were compared to the non-redundant database from NCBI using
BLASTX algorithm (Altschul et al., 1997). ESTs and unigenes were given a putative
assignment according to the classification developed by MIPS (Fig. 1). The major MIPS
categories included those outlining metabolism, cellular transport, energy, cell cycle and
DNA processing, cell rescue and virulence, protein synthesis, protein fate. A high
proportion (41.12 %) exhibited sequence similarity only to genes of unknown function or
encoding hypothetical proteins, which may reflect the specialization of these structures in

P. brasiliensis.

Identification of over expressed genes identified by in silico EST subtraction and of
novel transcripts in the yeast cells recovered from infected mice.

To select up regulated transcripts during the infectious process of P. brasiliensis, isolate
Pb01, we performed comparative analysis of the generated ESTs to the transcriptome
database generated with in vitro grown mycelium and yeast fungal cells (Felipe et al.,
2005). The distribution of the over expressed ESTs, representing 1172 sequences are
presented in Table 1, supplementary material. Analysis of the MIPS categories showed a
significant statistical difference between the in vitro cultured cells and the infectious library
for several biological processes. The results indicated that the over induced genes obtained
by comparative analysis encoded enzymes from several metabolic pathways, transcription
factors, membrane transporters, among others. The data illustrates the functional diversity
of those over expressed ESTs, denoting particular functional categories dominating the
analysis.

To select novel transcripts during the infectious process of P. brasiliensis we performed
comparative analysis of the generated ESTs
(http://www.lbm.icb.ufg.br/phorestwww/index.php) to the transcriptome database at the
(https://dna.biomol.unb.br/Pb/) and to the ESTs and complete sequences present at
GenBank (http://www.ncbi.nlm.nih.gov/). The distribution of the novel ESTs, representing
1750 sequences is presented in Table 2, supplementary material. The ESTs were classified

intol6 groups of functionally related genes, with sequences encoding enzymes of cell

54



metabolism and energy, transport facilitators and transcription factors dominating the

analysis.

Highly redundant genes

Table 2 lists the 50 most abundant ORFs in the EST collection in the present transcriptome.
A total of 50 contigs containing 892 ESTs were highly redundant. This accounted for 18.08
% of the total high quality ESTs. The minimum number of ESTs that made up these most
highly redundant contigs was 10. A great number of ESTs encoded for membrane
transporters, stress-related proteins, molecules related to nitrogen metabolism, enzymes of
carbohydrate and lipid metabolism. Most of the abundant transcripts represent over
expressed genes. Included in the high abundant category of transcripts there are some
previously described as yeast up regulated genes when compared to mycelia, such as those
encoding alcohol dehydrogenase, aromatic-L-amino acid decarboxylase and isocytrate
lyase (Felipe et al., 2005). The presence of P. brasiliensis novel genes was noted in the

high abundant category, such as those encoding for carbonic anhydrase and glucokinase.

Overview of P. brasiliensis infective transcriptome: Pathway analysis based on the
Kyoto Encyclopedia of Genes and Genomes (KEGG) classification

EC numbers were used to judge, which sequences pertained to a specific pathway. 320
unique sequences including 265 contigs and 55 singlets accounted for 19.97 % of unique
sequences and matched enzymes with an EC number. The distribution of novel and up
regulated ESTs was followed, as demonstrated in Table 3. Based on the KEGG
classification, it was observed that novel and over regulated transcripts were predominantly

involved in carbohydrate, amino acids, energy and lipid metabolism.

Most relevant aspects of metabolic routes over regulated in the infectious process
Analyzing the data presented in Tables 1 and 2, supplementary material, some insights
were provided in the metabolic features of P. brasiliensis yeast cells during the infective

pathway. Metabolic features are summarized in Table 4. Among the processes that appear
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to be increased in yeast cells in the infectious process, carbohydrate, lipid and nitrogen

metabolism showed the most significant changes.

Metabolism of carbohydrates

Homologues of 9 genes related to carbohydrate synthesis/degradation were identified as
novel or over expressed in the unigene set (Table 4). Transcripts encoding acylphosphatase,
quinoprotein alcohol dehydrogenase, glucokinase and phosphoglycerate mutase, potentially
related to the anaerobic metabolism of glucose, were here described. Glycogen
phosphorylase I could be required for the mobilization of glycogen providing glucose for
energy production. D-ribose 5- phosphate ketol isomerase would allow oxidative reactions
to continue by the production of hexose phosphates. Also systems for the transport of
sugars, such as, MFS1, MFS2, and PTS, are over expressed putatively providing additional

fuel for the oxidative reactions.

Lipid metabolism

Genes involved in the lipid metabolism were over induced or represented novel transcripts
of P. brasiliensis, as summarized in Table 4. The over expressed malic enzyme is required
in the transport of acetyl groups to the cytosol and provides NADPH for lipid synthesis.
Carbonic anhydrase could provide bicarbonate for the synthesis of malonyl-CoA by acetyl-
CoA carboxylase, over induced in the infectious process and a key regulatory enzyme in
the fatty acid metabolism. Also fatty acyl CoA synthase is over expressed in the present
transcriptome, reinforcing the suggestion of an active synthesis of lipids by yeast cells
during infection.

The synthesis /remodeling of membrane components, including ergosterol, can be induced.
Transcripts encoding MBOAT, a putative acetyltransferase involved in phospholipid
biosynthesis/remodeling, a patatin-like protein with putative phospholipase A2 activity and
a phospholipase Al are over expressed in the infection condition. Delta-9 fatty acid
desaturase (Olel), a novel gene, could introduce double bond into saturared fatty acyl CoA
substrates giving rise to monounsaturated fatty acids. The transcript encoding for sterol C-

methyltransferase, ERG6, related to the biosynthesis of ergosterol is up regulated; it was
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also detected the novel transcript encoding a homologue of squalene synthase, ERG 9,
catalyzing the first committed step in the sterol biosynthesis pathway. The synthesis of

sphingolipids could be increased by over expression of the delta-8-sphingolipid desaturase.

TCA and the glyoxylate cycle and energy production

The glyoxylate cycle could be induced in yeast cells in the infectious process. The isocitrate
lyase gene is up regulated. Genes with functions associated with the glyoxylate cycle were
also induced, such as the one encoding hydroxymethyl glutary-CoA lyase, which could
provide acetyl CoA. The transport of acetyl-CoA into the mitochondria can be over
regulated. Carnitine acetyltransferase and carnitine acylcarnitine translocase, are required
for the transport of acetyl CoA from the peroxisomes into the mitochondria. Components of

the classical pathway of oxidative phosphorylation are present.

Nitrogen metabolism

Comparison of our EST data to KEGG revealed that many over expressed transcripts
encode proteins that are probably involved in amino acid pathways (Table 4). Glutamine
synthetase catalyzes the ATP-dependent conversion of glutamate and ammonium to
glutamine. In this sense, urease in yeast cells could lead to the over production of ammonia
arising from urea. Analysis of the amino acid metabolism pathways indicated that P.
brasiliensis during the infectious process could itself synthesize asparagine. Imidazole
glycerol phosphate synthase catalyses the closure of the imidazole rings within histidine
biosynthesis; the enzyme links amino acid and nucleotide biosynthesis providing the
substrate for de novo purine biosynthesis. 3-isopropylmalate dehydrogenase catalyzes the
last step in the biosynthesis. The first and a key enzyme in the lysine biosynthesis pathway,
homocitrate synthase is also up regulated. Also the lysine uptake should be increased by the
over expression of a lysine specific permease. Cysteine synthase B could promote
thiosulfate assimilation and cysteine could be over produced by the action of the up
regulated transcript encoding cystathionine b-synthase. The over expression of the high
affinity methionine permease, could promote uptake of methionine and cysteine. Aci-

reductone dioxygenase could promote the methionine salvage pathway (MTA).
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Adenylsuccinate lyase, which encodes an enzyme involved in adenylate synthesis and
orotate phosphorybosyltransferase involved in pyrimidine biosynthesis are, respectively,

over expressed and novel genes here described.

Validation of the ESTs by PCR analysis and expression of selected genes in yeast cells
recovered from infected mice and in an ex vivo model

We initially validated 5 novel genes by PCR analysis of genomic P. brasiliensis DNA, as
shown in Figure 2A. The novel genes encoding indigoidine synthase A-like protein (indA),
oligopeptide transporter protein (opt), Rho guanyl exchange factor (gef), oxidation
resistance protein (oxrl) and glucokinase (glk) were demonstrated to be present in the
genome of P. brasiliensis. In the next series of experiments, confirmatory data about the
expression level from EST redundancy analysis was provided by sqRT-PCR analysis.
Transcripts encoding carbonic anhydrase (ca), myosin 2 isoform (myo2), telomerase
reverse transcriptase (tert), poly (A) polymerase (papl), oroate phosphoribosyltransferase
(ura5) and patatin-like serine hydrolase (pat) were confirmed as present in higher amounts
in yeast cells recovered from infected mice liver (Fig. 2B). Also, some novel transcripts
were validated by sqRT-PCR of RNAs obtained from yeast forms interacting with in vitro
cultured Vero cells. The novel transcripts encoding ca, myo2, tert, papl, pat, squalene

synthetase (erg9), oxrl and glk were present in yeast cells in the ex vivo model (Fig. 3).

Discussion

Here, we report in silico analysis and comparison of ESTs from yeast cells of P.
brasiliensis recovered from infected liver with previously described P. brasiliensis
transcriptomes. The expression profiles of genes encoding enzymes involved in primary
metabolism show that there is a striking degree of coordinate regulation of some of the
genes in the same pathway. In one example, genes encoding enzymes, regulators and
transporters in carbohydrate metabolism are significantly over expressed in fungal cells
recovered from infected tissue. In another example, transcripts for the lipid synthesis are

expressed at high levels.
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A great number of induced and novel genes in yeast cells after recovery from liver were
committed to carbohydrate metabolism. In previous studies, comparing the mRNA
expression of mycelia and yeast cells, Felipe et al. (2005) suggested that the metabolism of
yeast cells is more anaerobic than that of mycelium toward the production of ethanol. Our
data suggest that P. brasiliensis yeast cells infecting mouse liver exacerbates its anaerobic
behavior, when compared to the in vitro cultured yeast cells. Actually there is an increase in
mRNA expression of several genes of the glycolysis. Corroborating our data, a glucokinase
gene of S. cerevisiae is over expressed under conditions of ethanol induction (Herrero et
al., 1999). Although the physiological role of acylphosphatase, is as yet unknown, the
enzyme plays a part in the regulation in the glycolytic pathway, by increasing the rate of
glucose fermentation in yeast (Raugei et al., 1996). The predicted up regulation of
glycolysis in P. brasiliensis, here described, is corroborated by the description of
predominance of glycolytic metabolism in Candida albicans colonizing mouse tissues
(Barelle et al., 2006). Additionally, the emphasis on the over expression of those enzymes
of the carbohydrate metabolism suggests that the milieu may provide a sufficient nutritional
environment enabling the predominance of the glycolytic pathway toward the production of
ethanol, a metabolic pathway that should be particularly important during liver infection
because of abundant glucose in this host milieu.

Ethanol could be a relevant carbon source by entering the glyoxylate cycle, that has been
previously described as up regulated in the fungal yeast cells (Felipe et al., 2005). The
cycle can be more active in yeast cells infecting mouse liver, as demonstrated here by the
over expression of the regulatory enzyme isocitrate lyase, suggesting that some
nonfermentable compounds are important for energy production during infection as
described for fungi, such as C. albicans and Cryptococcus neoformans (Lorenz & Fink,
2001; Ramirez & Lorenz, 2007; Rude et al., 2002). Interestingly, the isocitrate lyase gene
of Penicillium marneffei is strongly induced at 37 °C, even in the presence of a repressing
carbon source, such as glucose (Canovas & Andrianopoulos, 2006), a condition occurring
in liver.

The biosynthesis of lipids can be up regulated in the infectious process. The over

expression of transcripts encoding lipogenic enzymes corroborates this suggestion. Fatty
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acid synthesis is maximal when carbohydrate and energy are plentiful, a condition
supposed to occur in liver. Regarding to carbonic anhydrase, studies had demonstrated that
the enzyme activity is required for C. neoformans fatty acid biosynthesis (Bahn et al.,
2005). It has not escaped our attention that carbonic anhydrase mRNA increase may reflect
the high CO2 levels in the host tissue.

Membrane composition seems to change during infection. Ergosterol is the major sterol
from fungal membrane and affects fluidity and permeability of this structure. Transcripts
encoding ERG6 and ERGY were differentially regulated. Also were increased the mRNA
levels for enzymes related to the synthesis and remodeling of the cell membrane, such as
OLE]l, involved in regulating membrane fluidity in animal cells and microorganisms
(Gargano et al., 1995), and responsible for the adjustments in the membrane composition in
response to nutritional change (Vigh et al., 1988).

P. brasiliensis seems to perform oxidative phosphorylation by classical pathways during
infection. Of special note is the huge over expression of the ATP synthase FOF1 subunit 9,
whose relevance is not clear.

Nitrogen metabolism is one aspect of basic metabolism, which is still quite unknown in the
field of pathogenesis. The most critical genes for S. cerevisiae in vivo survival were those
required for amino acid biosynthesis (Kingsbury et al., 2006). We described here 14
novel/over expressed genes related to the metabolism of amino acids, suggesting that this
aspect of metabolism should be very relevant to the fungal survival in the host liver
environment. Among the genes were those encoding several metabolic steps in biosynthesis
of amino acids, as well as the transcriptional regulator NMRA gene encoding for a
predictable nitrogen metabolite repressor, suggesting that P. brasiliensis is subjected to
nitrogen metabolite repression under host conditions, probably reflecting the ammonia and
glutamine availability in liver.

It can be suggested by the transcriptional data provided by this study that glutamine,
asparagine, histidine, lysine, cysteine and methionine increased biosynthesis were
important for the survival of P. brasiliensis during infection. Glutamine formation plays a
key role in nitrogen metabolism, assuring the reassimilation of nitrogen released from

cellular processes and providing the source of amino groups in a wide range of biosynthetic
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processes. Our analysis indicated that during infection P. brasiliensis seems to be able of
itself synthesize asparagine, providing, in addition to glutamine, another source for
transient storage of nitrogen. The novel transcript encoding aci-reductone dioxygenease
suggests the presence of the methionine salvage pathway cycle (Hirano et al., 2005)
providing additional methionine, which could be scarce in the host environment. Overall,
the presumable increase in synthesis of those cited amino acids implies that those
compounds are not present at sufficient levels in tissue to support growth of P. brasiliensis.

To obtain further corroboration of the validity of our EST results, we performed RT-PCR
analysis of some selected transcripts in yeast cells recovered from infected tissue in another
series of experiments from those used to construct the cDNA library, as well as in an ex
vivo model of infection. Several novel transcripts, such as those encoding glucokinase and
carbonic anhydrase were confirmed, further corroborating the validity of our EST analysis
and suggesting the relevance of those transcripts in the infectious process.

Importantly, several of the genes identified in this work had previously been implicated in
the pathogenesis in other organisms. The most important types of melanin in fungi are
DHN-melanin and DOPA-melanin that have been implicated in pathogenesis (Hamilton &
Gomez, 2002). Transcripts encoding aromatic L-amino acid decarboxylase were abundant
in yeast cells in our experimental conditions, reinforcing the relevance of DOPA-melanin
in infection, as suggested ( Gomez et al., 2001; Silva et al., 2006; Baildo et al., 2006).
Polyketide synthase is a novel transcript, suggesting that P. brasiliensis could synthesize
melanin via the polyketide synthase pathway, as described in some fungi (Paolo Jr et al.,
2006). C. albicans carbonic anhydrase mutants cannot induce true hyphae in response to
high CO2, a condition of induction of filamentation (Klengel et al., 2005). Tissue damage
and dissemination by Coccidioides involve the ammonia-based alkalinization of the host
environment through the activity of fungal urease (Mirbod-Donovan et al., 2006). The
oxidation resistance (OXR1) protein is involved in cells protection from oxidative
hydrogen peroxide damage in organisms (Elliott & Volkert, 2004). The gene encoding
orotate-5-monophosphate pyrophosphorylase in Histoplasma capsulatum is essential for
fungal virulence in a mouse infection model (Retallack et al., 1999). Those findings further

encourage the study of the relevance of those genes for P. brasiliensis pathogenesis.
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In synthesis our data suggest that likely P. brasiliensis uses multiple carbon sources during
liver infection, including glucose and substrates of the glyoxylate cycle. In addition, the
metabolism of nitrogen can be very active during the infectious process, suggesting that
while some nitrogenous compounds can be preferentially acquired from the host, others
must be supplemented by the pathogen. Also, the biosynthesis of lipids can be very active
suggesting the plentiful of carbohydrates and energy.
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Table 1 - Oligonucleotides primers used in the PCR and or sqRT-PCR.

Sequence name

Forward primer (5’ 3°)

Reverse primer (5’ 3°)

Size of the amplified products

Indigoidine synthase A-like protein (ind 4)
Oligopeptide transporter protein (opt)

Rho guanyl nucleotide exchange factor (gef)
Oxidation resistance 1 protein (oxr/)
Glucokinase (glk)

Carbonic anhydrase (ca)

Myosin 2 isoform (myo 2)

Telomerase reverse transcriptase (fert)
Poly (A) polymerase 1 (pap1)

Orotate phosphoribosyltransferase (ura5)
Patatin-like serine hydrolase (pat)
Squalene synthase (erg9)

Ribosomal L.34 protein (/34)

Glyceraldehyde 3-phosphate dehydrogenase (gapdh)

ATAGCCGACCTGACTGAACT

CAAGCGACTGGAGCAACCGA

TCTCCCAAACGCTGAACACT

TCCCAGTCCGAATCTCAATC

GGTCTGGCGTAAATGTGCAC

ACACGGGACGAAAGCACTAT

TGGCGAAATCATGAAAGCGG

TGGGAACATCATCGACACGT

TCGCGATCCCATACAACCTT

CAGCTGCAGTCGTTACAACA

GGATCATGTGTCTGCGCTAC

GCTGACTATTGCCGAAAGG

ATTCCTGCCCTCCGACCC

CAGACAGCTGCATCTTCT

CCCTCTCTTGAATGCCGTAT
CTGCGTTGTGTATTGAAGCCG
ATCAATCGTCCAGAGGGTAG
CTGCTCGCAAATGCCTTACA
GGCTGGTGAATTTGTATCGC
AAACCTGCTGGCATTGTGGC
GGCGGGCACAGCATGGTAA
GGCTGCCATAGTCCGAATAA
GACGAGTTGGACCTTCACCT
GGGTTGGAGGAGAGGAAAG
GGGAAGAGATCGATTTGAGG
GTTCGAGGGTTGCAATGGC
CCCGCCATTCTCGTCCCGC

TCTCTCTCTTCCTCTTGCG

323 bp
228 bp
325 bp
410 bp
368 bp
322 bp
291bp
343 bp
345 bp
249 bp
468 bp
460 bp
750 bp

1106 bp







Table 2 — Identification of the highly abundant clusters (> 10 reads) of P. brasiliensis transcripts.
50 ORFs representing the highest number of ESTs in the cDNA library are listed.

. Enzyme
Gene product Best BLASTX match / GenBank Accession e-value  Commission Redundancy Metabolic Role
number
Number
ADP-ribosylation factor Ajellomyces capsulata / D49993 4e -67 -- 13 Protein trgfﬁckmg in the
Golgi apparatus
ADY?2 - Protein essential for the acetate permease activity Aspergillus nidulans /| XP_409363.1 3e -47 -- 12 Acetatet;r;r;;r(r)ll:ctmbrane
Coatomer zeta subunit ' Aspergillus nidulans /| XP_410217.1 le -67 -- 14 Protein transport to Golgi
Copper transport protein * Aspergillus nidulans /| XP_407254.1 4e -56 -- 55 Copper transport
GTP-binding protein of the rab family Neurospora crassa / gi|384298 le -22 -- 10 ER to (;;f;ze;retory
High affinity methionine permease * Yarrowia lipolytica /| XP_505883.1 8e -52 -- 11 Methionine transport
. . . . . . Transport of small
-1- * - -
Lipocalin-1-interacting membrane receptor Aspergillus nidulans /| XP_408348.1 2e -36 12 hydrophobic molecules
MEFS peptide transporter * Aspergillus nidulans /| XP_407545.1 3e-63 -- 14 Peptide transport
Mitochondrial succinate-fumarate transporter * Aspergillus nidulans /| XP_411424.1 9e -28 -- 15 Succmegz;:p(::lmarate
Heat shock protein 30 - HSP30 Aspergillus oryzae | BAD02411.1 Se -47 -- 18 Stress related
Heat shock protein 70 - HSP70 Paracoccidioides brasiliensis/ AAK66771.1 6e -74 -- 16 Stress related
Heat shock protein 90 - HSP90 Aspergillus niger | CAAT2292 le -49 -- 10 Stress related
Heat-shock inducible inhibitor of cell growth * Aspergillus nidulans /| XP_413217.1 6e -46 -- 14 Stress related
Rhol GTPase * Paracoccidioides brasiliensis/ AAQ93069.2  2e -78 -- 13 Stress related
. . . Nitrogen metabolism/
- * -
3-Isopropylmalate dehydrogenase Aspergillus nidulans / gi|50083229 2¢ -80 1.1.1.85 10 Leucin biosynthesis
Aromatic-L-amino-acid decarboxylase Gibberella zeae /| XP_385471.1 S5e-46 4.1.1.28 23 N1tr0g<.3n metab"hSW
- Melanin biosynthesis
Cystathionine beta-synthase * Aspergillus nidulans /| XP_409957.1 9e -87 4.2.1.22 11 N1tr0g§ n Ipetabohsr.n/
- Cystein biosynthesis
Formamidase Paracoccidioides brasiliensis / gi|47118080  3e -94 3.5.1.49 10 Nitrogen metabolism /
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Production of ammonia

Nitrogen metabolism/

. * y 5 -
Glutamine synthetase Aspergillus nidulans /| XP_408296.1 3e-64 6.3.1.2 11 Glutamine biosynthesis
Homocitrate synthase * Aspergillus fumigatus /| XP_751780.1 0.0 2.3.3.14 26 Lysine biosynthesis
Alcohol dehydrogenase I Neurospora crassa / gi|7800883 2¢ -47 1.1.99.8 27 Anaerobic respiration
Glucokinase' Escherichia coli | gi|15802930 379 2712 45 Carbohydrate metabolism/
Glycolysis
Phosphoglycerate mutase * Aspergillus nidulans /| XP_406010.1 le -40 54.2.1 13 Carbohydrate meﬁabohsm/
Glycolysis
Isocitrate lyase * Paracoccidioides brasiliensis/ AY350913.2  7e -51 4.13.1 13 Glyoxylate cycle
Chitinase family 18 * Paracoccidioides brasiliensis | AAQ75798 7e -55 3.2.1.14 10 Cell wall metabol%s.m /
Hydrolysis of chitin
Carbohydrate metabolism/
UDP-glucose pyrophosphorylase * Aspergillus nidulans /| XP_413285.1 6e -70 2.7.7.9 12 Biosynthesis of cell wall
components
ATP synthase FO F1 subunit 9 * Aspergillus nidulans / XP_408635.1 2e -44 3.6.3.14 88 Aerobic respiration
Flavodoxin-like protein Aspergillus nidulans /| XP_404434.1 3e-54 -- 17 Aerobic respiration
Choline-sulfatase Aspergillus nidulans /| XP_409586.1 le -53 3.1.6.6 16 Sulfur metabolism
Sulfate adenylyltransferase Aspergillus niger | AF538692.1 4e-105 2774 17 Sulfur metabolism / Sulfate
assimilation
Carbonic anhydrase Magnaporthe grisea | XP_364389.1 4e-36 4211 1 Lipid biosynthesis/HCO,
production
Lipid metabolism/
Delta-9-fatty acid desaturase * Ajellomyces capsulatus / gi|46395695 7e -102 1.14.19.1 22 Monounsaturated fatty acid
biosynthesis
Malic enzyme * Aspergillus nidulans /| XP_410305.1 2¢ -89 1.1.1.40 11 Relat§d to fatty acid
biosynthesis
Il;l({)lrzgpcl;aln base-responsive inhibitor of protein kinases Pkhlp and Aspergillus nidulans /| XP_409354.1 7e -45 -- 11 Protein activity regulation
Ornithine decarboxylase antizyme Emericella nidulans | AF291577.1 le -26 -- 10 Proteasomal ubiquitin

degradation
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Protein fate/ Repair of 3-

Lo i i " . . )
Protein-L-isoaspartate (D-aspartate) O-methyltransferase 1 Aspergillus nidulans / XP_407601.1 S5e -55 2.1.1.77 14 aspartyl linkages
Protein fate/ Regulation of
Peptidyl-prolyl cis-trans isomerase Neurospora crassa | gi|38567156 le-61 52.1.8 17 RNA transcription and
splicing
Polyubiquitin Schizosaccharomyces pombe /AAC64787.1 3e -65 -- 33 Protein degradation
Probable type-III integral membrane protein Aspergillus nidulans /| XP_406436.1 S5e-25 -- 10 Not defined
Serine proteinase * Paracoccidioides brasiliensis | AAP83193 le -85 34.21.- 14 Protein degradation
Ubiquitin-conjugating enzyme E2 Aspergillus nidulans / [ XP_407263.1 le -64 6.3.2.- 12 Protein degradation
3-Dimethylubiquinone-9 3-methyltransferase * Coccidioides immitis /| XP_001248608.1 6e -38 2.1.1.64 20 Ubiquinone biosynthesis
Ferrochelatase * Aspergillus nidulans / XP_411889.1 376 4.99.1.1 10 Porphyrin metabolism/
- Insertion of iron into heme
Elongation factor 1-alpha Coccidioides immitis | AAK54650 4e -80 -- 13 Protein biosynthesis
Histone H2A* Aspergillus nidulans /| XP_412176.1 3e-54 -- 19 Nucleosome assembly
Nucleosome assembly protein * Gibberella zeae | XP_387643.1 Se -55 -- 10 H2A and H2B nucleosome
assembly
Small nuclear ribonucleoprotein U6 * Aspergillus nidulans | XP_404184.1 le-33 - 10 RNA mest;}’i(c’il;zm /RNA
o . . Transcription/ Assembly of
% - -
Transcription factor spt3 Aspergillus fumigatus /| CAF32113 3e -48 16 RNA polymerase
Protein biosynthesis /
Translation initiation factor subunit Suil Gibberella zeae /| XP_389056.1 4e -49 -- 12 Ribosomal recognition of
the initiation codon
CAP20-virulence factor * Aspergillus nidulans /| XP_408358.1 3e -38 -- 40 Not defined

* Over expressed in comparison to the transcriptome of the in vitro cultured yeast cells (https://dna.biomol.unb.br/Pb/).

" Novel genes of P. brasiliensis as defined by comparison to the transcriptome of in vitro cultured yeast cells and to the NCBI database (http://www.ncbi.nlm.nih.gov/).
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Table 3 - KEGG pathway mapping for novel and up regulated genes of P. brasiliensis yeast
cells recovered from infected mouse liver.

Number of Sequences

Percentage of total

KEGG Pathway T v
Novel Up regulated Novel ' Up regulated
Carbohydrate Glycolysis / Gluconeogenesis 53 - 3.03 -
Metabolism Pyruvate metabolism - 32 - 2.68
Pentose phosphate pathway 3 - 0.17 -
Glycogen Metabolism 2 - 0.11 -
Citrate cycle (TCA cycle) - 24 - 2.01
Aminosugars metabolism - 16 - 1.34
Glyoxylate and dicarboxylate metabolism - 13 - 1.08
Nucleotide sugars metabolism - 12 - 1.00
Energy Nitrogen metabolism 8 - 0.46 -
Metabolism Oxidative phosphorylation 9 99 0.51 8.30
Dlzzf;f)?):;glerl Purine and Pyrimidine metabolism 5 4 0.28 0.33
Amino Acid Tryptophan metabolism 3 - 0.17 -
Metabolism Alanine and aspartate metabolism 1 9 0.06 0.75
Glycine, serine and threonine metabolism - 11 - 0.92
Glutamate metabolism - 27 - 2.26
Valine, leucine and isoleucine degradation 2 4 0.11 0.33
Valine, leucine and isoleucine biosynthesis 1 10 0.05 0.83
Methionine metabolism - 4 - 0.33
Urea cycle and metabolism of amino groups - 7 - 0.58
Cysteine metabolism 1 - 0.06 -




Lipid Metabolism  Fatty acid metabolism 8 0.06 0.67
Glycerophospholipid metabolism 7 0.23 0.58
Glycerolipid metabolism 6 - 0.50
Linoleic acid metabolism - 0.11 -
Biosynthesis of steroids - 0.23 -
Ubiquinone biosynthesis 40 - 3.35
lé[eit'abtollsm (:;‘ Porphyrin and chlorophyll metabolism 10 - 0.83
ofactors an
Vitamins Nicotinate and nicotinamide metabolism - 0.06 -
Folate biosynthesis 8 - 0.67
Cell Growth and
Death Cell Cycle - 0.06 -
Transcription RNA polymerase 5 0.46 0.42
Repllcatlo.n and DNA polymerase 4 - 0.33
Repair
Protein Folding,
Sorting and Ubiquitin mediated proteolysis 14 - 1.17
Degradation
Signal Calcium signaling pathway 6 - 0.50
Transduction Phosphatidylinositol signaling system - 0.06 -

"That is, percentage in relation to the total number of novel genes.
" That is, percentage in relation to the total number of over expressed genes.



Table 4 — Genes involved in carbohydrate, lipids, amino acids and energy yielding metabolism over regulated or novel present in the
transcriptome of P. brasiliensis yeast cells recovered from liver of infected mice.

Pathway Gene Product Enzy.mf: Redundancy
Commission
Carbohydrate synthesis
and degradation
Acylphosphatase - (AcP) ' 3.6.1.7 6
D-ribose-5-phosphate ketol-isomerase (RIP5) 5.3.1.6 3
Glucokinase (GLK1) 2.7.1.2 45
Glycogen phosphorylase 1 - (GPH1) * 24.1.1 2
MFS1 — Monosaccharide Transporter * -- 9
MFS2 - Glucose transporter -- 3
Phosphotransferase system, phosphocarrier HPR protein (PTS) 2.7.3.9 2
Quinoprotein alcohol dehydrogenase family protein * 1.1.99.8 7
Lipid/Phospholipid
synthesis and
degradation
Acetyl-CoA carboxylase * 6.4.1.2 6
Carbonic anhydrase 42.1.1 11
Delta 8-sphingolipid desaturase ' 1.14.-.- 1
Delta(24)-sterol C-methyltransferase - (ERG6) ~ 2.1.1.41 6
Delta-9-fatty acid desaturase (OLE1) * 1.14.19.1 22
Fatty-acid-CoA synthase (beta-subunit) * 2.3.1.1.86 8
Malate dehydrogenase cytosolic (MDH) * 1.1.1.37 11
Member of the MBOAT family of putative membrane-bound O-acyltransferases (Yorl75¢cp) ' -- 1
Patatin-like serine hydrolase ( phospholipase A2 activity) -- 2
Phosphatidic acid-preferring phospholipase Al 3.1.1.32 1
Squalene synthetase — (ERG9) * 2.5.1.21 1
TCA cycle and
Glyoxylate cycle
Carnitine/acylcarnitine translocase (CACT) ¥ 2.3.1.- 1
Carnitine acetyl transferase (CAT) 2.3.1.7 9

Hydroxymethylglutaryl-CoA lyase " 4.13.4 4



Isocitrate lyase 2 (ICL2) * 4.13.1 13
Oxidation of NADH and
energy generation
ATP synthase FO F1 J chain " 3.6.3.14 7
ATP synthase FO F1 subunit 9 * 3.6.3.14 88
ATP synthase FO F1 subunit e, (TIM111) * 3.6.3.14 1
Cytochrome ¢ oxidase subunit VIla 1.9.3.1 6
Cytochrome-c oxidase subunit I - (COX1) 1.9.3.1 4
Nitrogen/Amino acid
metabolism
3-isopropylmalate dehydrogenase (Leu2) ” 1.1.1.85 10
Adenylosuccinate lyase (ADE13) 4322 1
Asparagine synthase - (AS) 6.3.5.4 1
Aci-reductone dioxygenase 1- (ARD) * 1.13.11.54 1
Cystathionine beta-synthase (CYS4) * 4.2.1.22 11
Cysteine synthase B * 2.5.1.47 1
Glutamine synthetase * 6.3.1.2 11
High affinity methionine permease " -- 11
Homocitrate synthase " 2.33.14 26
Imidazole glycerol phosphate synthase hisHF - (IGP synthase) * 24.2.- 1
Lysine-specific permease — (LYP1) -- 8
Nmra - nitrogen metabolite repression regulator * -- 5
Orotate phosphoribosyltransferase (URAS) '+ 2.4.2.10 5
Urease " 3.5.1.5 7

* Over expressed genes identified in P. brasiliensis transcriptome of yeast cells recovered from infected mouse liver.
1 Novel genes identified in P. brasiliensis transcriptome of yeast cells recovered from infected mouse liver.

# Genes not described previously in P. brasiliensis isolate Pb01, but present in public databases.

* Novel transcripts also detected during P. brasiliensis dimorphic transition transcriptome (Bastos et al., 2007).

Supplementary Table 1 — The overexpressed transcripts in yeast cells recovered from infected mouse liver.



MIPS Category Gene Product Best Hit e-value Cl(fll:lzrfllirslsl;f)n lR‘edundan‘c{y.
Metabolism 3-dimethylubiquinone-9 3-methyltransferase Coccidioides immitis / XP_001248608.1 6e-38 2.1.1.64 20 7
3-isopropylmalate dehydrogenase - (leu2) Aspergillus nidulans / gi|50083229 2¢ -80 1.1.1.85 10 4
Acetylcholinesterase Gibberella zeae /| XP_383120.1 S5e-52 3.1.1.7 7 1
Acetyl-CoA carboxylase Aspergillus nidulans /| XP_411901.1 7e-50 6.4.1.2 6 0
Cystathionine beta-synthase (CYS4) Aspergillus nidulans /| XP_409957.1 9e -87 4.2.1.22 11 3
Delta-9-fatty acid desaturase (OLE1) Ajellomyces capsulatus / gi|46395695 7e -102 1.14.19.1 22 19
Delta(24)-sterol C-methyltransferase - (ERG 6) Gibberella zeae /| XP_382959.1 4e -81 2.1.1.41 6 0
Fatty-acid-CoA synthase (beta-subunit) Emericella nidulans / U75347.1 Se -64 2.3.1.1.86 8 0
Ferrochelatase Aspergillus nidulans /| XP_411889.1 3e-76 4.99.1.1 10 6
Folylpolyglutamate synthase Aspergillus nidulans / XP_407977.1 le -40 6.3.2.17 8 0
Glutamine synthetase Aspergillus nidulans / XP_408296.1 3e-64 6.3.1.2 11 6
Homocitrate synthase Aspergillus fumigatus /| XP_751780.1 0.0 2.3.3.14 26 21
Hydroxymethylglutaryl-CoA lyase Aspergillus nidulans / XP_410419.1 3e-49 4134 4 0
Isocitrate lyase 2 i@ggggilg’z‘”des brasiliensis | 7e-51 4.13.1 13 4
Lactam utilization protein (lamb) Aspergillus nidulans / XP_405023.1 Se-74 - 8 3
Lipase ATG15 Magnaporthe grisea | XP_369962.1 le-17 3.1.1.3 6 1
Siroheme synthase Gibberella zeae | XP_384398.1 4e-54 - 6 2
Succinate semialdehyde dehydrogenase Aspergillus nidulans /| XP_407966.1 S5e-78 1.2.1.16 6 0
Succinyl-CoA synthetase beta subunit Neurospora crassa /| CAB92021.1 le-29 6.2.1.5 6 1
Ubie/COQS5 family methyltransferase Aspergillus nidulans /| XP_408762.1 le -06 2.1.1.- 5 1
Urease Aspergillus fumigatus | AJ578495.1 4e -40 3.5.15 7 4
Energy ATP synthase FO F1 subunit 9 Aspergillus nidulans / XP_408635.1 2¢ -44 3.6.3.14 88 4
ATP synthase J chain, mitochondrial Gibberella zeae /| XP_389606.1 4e-09 3.6.3.14 7
Carnitine acetyl transferase Aspergillus fumigatus / gi|41581312 9e -71 2.3.1.7 9 0
Malic enzyme Aspergillus nidulans / XP_410305.1 2¢ -89 1.1.1.40 11
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UDP-glucose pyrophosphorylase Aspergillus nidulans / XP_413285.1 6e -70 2.7.7.9 12 2
Cell Cycleand DNA (o, Aspergillus nidulans | XP_408358.1 3e-38 ; 40 4
Processing
DNA polymerase delta 55 kda subunit Aspergillus nidulans /| XP_407994.1 le-38 2.7.7.7 4 0
Histone H2A Aspergillus nidulans /| XP_412176.1 3e-54 - 19 3
MSH2 - DNA mismatch repair protein Aspergillus nidulans / XP_409143.1 4e -56 - 4 0
Nucleosome assembly protein Gibberella zeae | XP_387643.1 Se -55 - 10 2
Pregnancy-induced growth inhibitor OKL38 Aspergillus nidulans /| XP_404770.1 6e-19 - 4 0
Ubiquitin-conjugating enzyme variant MMS2 Aspergillus nidulans / XP_407781.1 2e-59 6.3.2.19 6 0
Vam7p-possible regulator of vacuolar morphogenesis Aspergillus nidulans /| XP_408688.1 le-34 - 7 3
Transcription Leucine zipper; cross-pathway control protein A Aspergillus niger | CAA67605 3e-11 - 9 2
Myb-like DNA-binding domain protein Magnaporthe grisea /| XP_368111.1 2e -30 - 7 4
Nmra - nitrogen metabolite repression regulator Aspergillus nidulans /| XP_412305.1 e-58 - 5 1
Nucleolar complex protein 14 Aspergillus nidulans /| XP_405571.1 3e-33 - 9 2
RNA processing factor 1 Aspergillus nidulans /| XP_412971.1 6e-31 - 5 1
SCON - sulphur metabolism negative regulator Microsporum canis | AF408428 3e-33 - 9 2
Small nuclear ribonucleoprotein E Aspergillus nidulans / XP_410872.1 2e-12 - 6 2
Splicing factor 3b subunit 3, 130kda Aspergillus nidulans / XP_409589.1 2e -76 - 5 1
Transcription elongation factor 1 Gibberella zeae | XP_387652.1 le-32 - 4 0
Transcriptional activator protein DAL81 Aspergillus nidulans /| XP_408626.1 7e-55 - 8 0
U6 small nuclear ribonucleoprotein (Lsm3) Aspergillus nidulans /| XP_404184.1 le-33 - 10 2
Zinc finger transcription factor AE1 C Gibberella zeae | AAT35113 6e-05 - 6 1
Protein Synthesis 508 ribosomal subunit protein L15 Aspergillus fumigatus /| CAE47918.1 3e-32 - 7 2
60S ribosomal protein L23 Neurospora crassa | EAA33841.1 le-53 - 9 2
Cytoplasmic methionyl-tRNA synthetase Aspergillus nidulans /| XP_405517.1 3¢ -93 6.1.1.10 4 n
Eukaryotic translation initiation factor 6 Aspergillus nidulans /| XP_412961.1 2e-11 - 9
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Protein Fate Protein-L-isoaspartate (D-aspartate) O-methyltransferase 1 Aspergillus nidulans / XP_407601.1 5e-55 2.1.1.77 14 2
RAM2 - caax farnesyltransferase alpha subunit Emericella nidulans | DAA01790 9e-40 2.5.1.58 6
Zinc finger, C3HC4 type Schizosaccharomyces pombe /| CAB08748.1 le-10 - 7
Transport Facilitation = ATP-binding cassette transporter (ABC) Aspergillus nidulans / XP_412949.1 Te -62 - 8 2
Cation transport-related protein Neurospora crassa | CAD70889.1 6e-22 - 9 1
Chloride channel protein 5 Aspergillus nidulans /| XP_410244.1 le-32 - 5 0
Copper transport protein Aspergillus nidulans /| XP_407254.1 4e -56 - 55 40
Exportin 1 Emericella nidulans /| AAS68344 8e -105 - 9 3
High affinity methionine permease Yarrowia lipolytica / XP_505883.1 8e-52 - 11 3
Magnesium transporter ALR1 Coccidioides immitis /| XP_001242345.1 4e -07 - 6 1
Mitochondrial succinate-fumarate transporter (ACR1) Aspergillus nidulans /| XP_411424.1 9e-28 - 15 1
MEFS 1 monosaccharide transporter Magnaporthe grisea / XP_370190.1 e-58 - 9 3
MEFS peptide transporter Ptr2 Aspergillus nidulans /| XP_407545.1 3e -63 - 14 3
Nuclear pore membrane glycoprotein Aspergillus nidulans / XP_407591.1 4e-28 - 5 1
Calcium P-type ATPase Aspergillus nidulans /| XP_405326.1 le-44 3.6.3.8 6 2
RAB GDP-dissociation inhibitor Aspergillus nidulans / XP_410032.1 2e-55 - 5 1
Transport protein particle (TRAPP) component, Bet3 Aspergillus nidulans / XP_410635.1 2e -64 - 5 1
Signal Transduction Lipocalin-1-interacting membrane receptor (LMBRI1L) Aspergillus nidulans /| XP_408348.1 2e-36 - 12 3
PO P e DG S s s X0 AT gest 5
Rhol GTPase Paracoccidioides brasiliensis /| AQ93069.2 2¢ -78 - 13 10
WD-40 repeat domain protein Aspergillus nidulans /| XP_411842.1 e-11 - 7 1
Cell Resc}le, Defense Aspartyl aminopeptidase Coccidioides immitis | AAL16034.1 le 43 34.11.21 5 1
and Virulence
Heat-shock inducible inhibitor of cell growth (HMF1) Aspergillus nidulans /| XP_413217.1 6e -46 - 14
Protease propeptides/inhibitors superfamily protein Aspergillus nidulans /| XP_409262.1 Se-13 - 6
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Serine proteinase Paracoccidioides brasiliensis /| AAP83193 le -85 34.21.- 14

SPT3 - transcription factor spt3 Aspergillus fumigatus /| CAF32113 3e -48 - 16
Thioredoxin family TRP 26 protein Aspergillus nidulans / XP_405501.1 Se-54 1.8.1.8 5
Biogenesis of Cellular .
Components Chitin synthase 4 Paracoccidioides brasiliensis / A4D19613 2¢-83 2:4.1.16 6
Chitinase family 18 Paracoccidioides brasiliensis | AAQ75798 7e -55 3.2.1.14 10
Profilin Saccharomyces cerevisiae | CAA99321.1 le-11 - 8
YSC84 - Protein involved in the organization of actin Aspergillus nidulans | XP_408305.1 66 25 i 6
cytoskeleton
Cell Type TPM2 - tropomyosin isoform II Aspergillus nidulans / XP_409823.1 3e-42 - 4
Differentiation - )
Protein Activity I . . .
. Ornithine decarboxylase antizyme Emericella nidulans /| AF291577.1 le-26 - 10
Regulation
PIL1 - Long chain base-responsive inhibitor of protein . .
kinases Pkhlp and Pkh2p Aspergillus nidulans /| XP_409354.1 Je -45 - 11
Protein With Binding
Function or Cofactor = RNA-binding protein Aspergillus nidulans / XP_410813.1 4e -35 - 5
Requirement
Functlogiz)t[elinncslassmed Phosphoglycerate mutase-like superfamily protein Aspergillus nidulans / XP_406010.1 le -40 - 13
Unclassified Proteins 289
* ESTs in the cDNA library of yeast cells recovered from infected mice.
* ESTs in the cDNA library of yeast cells in vitro cultured.
Supplementary Table 2 - Novel genes detected in P. brasiliensis yeast cells recovered from infected mouse liver
MIPS Category Gene product Best Hit / Accession number e-value  Redundancy

Metabolism 3-methylcrotonyl-CoA carboxylase biotin-containing subunit * Aspergillus nidulans/XP_408827.1 e-49 2
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Aci-reductone dioxygenase 1- (ARD)
Adenylosuccinate lyase — (ADE13)
Alpha-amylase amyE

Asparagine synthase

Bifunctional P-450 (NADPH-P450 reductase) *
Carbonic anhydrase

Cellobiose dehydrogenase

Cholestenol delta-isomerase

Cysteine synthase B

Delta 8-sphingolipid desaturase
FAD/NAD(P)-binding domain protein
Glycosyl hydrolase *

Glycosyl hydrolase family 76 !

Imidazole glycerol phosphate synthase hisHF - (IGP synthase)”
LaeA methyltransferase

Linoleate diol synthase precursor

Member of the MBOAT family of putative membrane-bound O-
acyltransferases (Yorl75cp)

Mitochondrial oligoribonuclease

NAD dependent epimerase/dehydratase family protein
NAD+ kinase, putative

Orotate phosphoribosyltransferase (URAS5) *
Phosphatidic acid-preferring phospholipase A1l
Phosphatidylglycerophosphate synthase (PGS1)
Polyketide synthase

Aspergillus nidulans / gi|40738915
Aspergillus nidulans/XP_410346.1
Aspergillus oryzae/BACS55903
Gibberella zeae/XP_380780.1
Neurospora crassa/EAA26697.1
Magnaporthe grisea/XP_364389.1
Aspergillus nidulans/XP_406757.1
Gibberella zeae/XP_391107.1
Aspergillus nidulans/XP_411250.1
Aspergillus nidulans/XP_408729.1
Gibberella zeae/XP_389391.1

Neurospora crassa/EAA36079.1
Aspergillus nidulans/XP_404890.1

Gibberella zeae/XP_390160.1
Aspergillus nidulans/XP_406221.1
Aspergillus nidulans/AAT36614.1
Magnaporthe grisea/XP_364011.1
Aspergillus nidulans/XP_407005.1
Aspergillus nidulans/XP_404391.1
Aspergillus nidulans/XP_410961.1
Ajellomyces capsulatus/ AAC62627
Aspergillus nidulans/XP_411741.1
Aspergillus nidulans/XP_406398.1

Cochliobolus heterostrophus/AY495651

e-35
e-54
e-06
e-24
e-30
4e-36
e-42
e-29
e-25
e-33
e-10
e-10
e-60
e-16
e-05
e-77
e-25
e-61
e-40
e-05
e-57
e-46
e-61
e-08
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Squalene synthetase (ERG9) Aspergillus nidulans/XP_407513.1 e-75 1
Energy Acylphosphatase Aspergillus nidulans/XP_406235.1 e-16 6
ATP synthase FO F1 subunit alpha/beta Aspergillus nidulans/XP_408635.1 e-44 6
ATP synthase FO F1 subunit e, mitochondrial (TIM11) * Neurospora crassa/EAA29679.1 e-09 1
Cytochrome-C oxidase subunit I — (COX1) Emericella nidulans/CAA25373 e-27 4
D-Ribose-5-phosphate ketol-isomerase Aspergillus nidulans/XP_406577.1 e-59 3
Glucokinase Escherichia coli/NP_288958.1 9e-82 45
Glycogen phosphorylase 1 - (GPH1) * Aspergillus nidulans/XP_405152.1 e-57 2
Mitochondrial cytochrome C oxidase subunit VIla Neurospora crassa/EAA32034.1 e-08 6
NADH oxidase (flavin reductase family protein) Aspergillus nidulans/XP_406141.1 e-14 2
E;(;t;?:éfn tbyg;—;;l integral membrane protein - YTP1 (yeast putative Aspergillus nidulans | XP_406436.1 5005 10
Quinoprotein alcohol dehydrogenase family protein Aspergillus nidulans/XP_404456.1 e-13 7
Transcription C2H2 type zinc finger domain protein * Gibberella zeae/XP 387110.1 e-45 4
Dead-box family ATP dependent RNA helicase DOB1 Aspergillus nidulan;/XP_408549.1 e-39 4
DNA directed RNA polymerase III subunit (C74) Aspergillus nidulans/XP_412409.1 e-58 4
DNA methylase Aspergillus nidulans/XP_410850.1 e-30 !
Elongin C transcription elongation factor (ELC1) Magnaporthe grisea /| XP_361428.1 8e-21 4
Multicopy Suppressor of STA genes - MSS11(YMR164C) No hits found - 1
Nucleolar RNA methyltransferase Aspergillus nidulans/XP_412210.1 e-08 1
Poly(A) polymerase 1 (PAP 1) * Magnaporthe grisea /| XP_369343.1 2e -33 9
RNA polymerase II subunit 1 Aspergillus oryzae/BAB12227 e-56 3
RNA polymerase III subunit C11 e-45 1

Aspergillus nidulans/|XP_408356.1
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RNA polymerase I-specific transcription initiation factor RRN6 Aspergillus nidulans/XP_405528.1 e-15 5
Transcription factor; WD40 repeat protein * Aspergillus nidulans/XP_406351.1 e-33 1
Transcription regulator meaB Neurospora crassa/EAA28458.1 e-06 1
Transcriptional activator Mut3p * # Aspergillus nidulans/XP_408695.1 e-75 3
TRM112 - Subunit of an adoMet-dependent tRNA methyltransferase
(MTase) complex (Trm11p-Trm112p) Gibberella zeae/XP_387616.1 c-34 !
U5 small nuclear ribonucleoprotein 200 kDa helicase Neurospora crassa/BX842634.1 e-14 1
Cell cycle al?d DNA Actin related protein 2/3 complex, subunit 2 Magnaporthe grisea/XP_362300.1 e-20 1
processing
Alkylated DNA repair protein Aspergillus nidulans/XP_408095.1 e-09 2
Arginine N-methyltransferase A Emericella nidulans/ AAQ02691 e-33 3
ATP- dependent DNA helicase, 70 kDa subunit — (Ku70) Aspergillus nidulans/XP_411890.1 e-49 6
BimE (blocked-in-mitosis) protein Aspergillus nidulans/XP_406909.1 e-32 1
Birl - Chromosome segregation protein cutl7 Aspergillus nidulans/XP_404852.1 e-32 3
Brefeldin A resistance protein 1 — (BFR1) Aspergillus nidulans/XP_408641.1 e-64 .
Budding Uninhibited by Benzimidazole - (BUB2) Aspergillus nidulans/XP_404418.1 e-77 3
Defective in Mitotic Arrest - DMA2 Aspergillus nidulans/XP_411045.1 e-71 2
DNA polymerase Tdt-N — Terminal deoxynucleotidyl transferase Aspergillus nidulans/XP_410251.1 e-39 1
DNA repair protein Rad14 Gibberella zeae/XP_381842.1 e-18 4
Double-strand-break repair protein Rad21 * Neurospora crassa/EAA34981.1 e-32 2
Histone acetyltransferase component Tralp fragment Aspergillus fumigatus/AAC50033 e-35 1
Proliferating cell nuclear antigen - (PCNA) * * Magnaporthe grisea/XP_368726.1 e-41 1
RADS50-interacting protein 1 Neurospora crassa/CAF05877.1 e-06 2
Reduced growth phenotype protein (RGP1) * Aspergillus nidulans/XP_410426.1 e-55 3


http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?val=BX842634.1

S-adenosyl-L-methionine-dependent methyltransferases

. . e-20
Superfamily protein Magnaporthe grisea/XP_364370.1

SCF (SKP1-CUL1-F-box protein) complex protein Cullin-1 Aspergillus fumigatus/CAF32011 e-81

Telomerase reverse transcriptase - (TERT) Aspergillus nidulans/XP_407890.1 e-16

Protein Synthesis Histidyl tRNA-specific guanylyltransferase Neurospora crassa/EAA34863.1 e-58
Leucyl-tRNA synthetase Aspergillus nidulans/XP_407839.1 e-62

Mitochondrial 60S ribosomal protein L33 Magnaporthe grisea/XP_370221.1 e-23

Mitochondrial ribosomal protein of the large subunit L51 -(MRPL51) Aspergillus nidulans/XP_411041.1 e-36

Unbhealthy ribosome biogenesis - (URB1) Aspergillus nidulans/XP_404374.1 e-42

Protein Fate Nuclear protein localization factor and ER translocation component —(NPL4)  Aspergillus nidulans/XP_404432.1 e-53
Protein phosphatase 2C Aspergillus nidulans / XP_409859.1 Se -55

Ubiquitin carboxyl-terminal hydrolase Coccidioides posadasiil AAGO0799 e-53

Ubiquitin conjugating enzyme 7 interacting protein 4-like Oryza sativa/BAD29345 e-07

Ubiquitin domain protein Aspergillus nidulans/XP_405310.1 e-18

Ubiquitin-protein ligase E3 Aspergillus nidulans/XP_408060.1 e-34

Vacuolar Protein Sorting 70 - (VPS70) Aspergillus nidulans/XP_408155.1 e-52

Transport facilitation  Carnitine-acylcarnitine translocase * Aspergillus nidulans/XP_408489.1 e-50
Chloride channel CLC-3 Aspergillus nidulans/XP_410448.1 e-34

Clathrin assembly protein AP47 Gibberella zeae/XP_389158.1 e-57

Clathrin heavy chain 1- CHC1 # Aspergillus nidulans/XP_408600.1 e-72

Coatomer zeta subunit Aspergillus nidulans /| XP_410217.1 le -67
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Implicated in Zinc Homeostasis, membran protein — (IZH3) Aspergillus nidulans/XP_409288.1 e-68 2
Integral membrane protein Ptm1 Aspergillus nidulans/XP_404200.1 e-16 2
Lysine-specific permease — (LYP1) Aspergillus nidulans/XP_406605.1 e-57 8
MFS2 glucose transporter */l Gibberella zeae/XP_383391.1 e-18 3
Midline 1 - MID1 * Aspergillus nidulans | AAM47512.1 le-12 2
Myosin 2 isoform (MYO2) Magnaporthe grisea | XP_370426.1 7e -54 5
Neuronal Calcium Sensor - (NCS1) Magnaporthe grisea/XP_362419.1 e-24 1
Oligopeptide transporter protein - (OPT) Magnaporthe grisea/XP_361774.1 e-20 6
Phosphotransferase system, phosphocarrier HPr protein (PTS) Asperagillus nidulans/XP_411319.1 e-46 2
Protein transport protein Sec61, alpha subunit Aspergillus nidulans/XP_411858.1 e-80 4
Protein YLH47, mitochondrial LETM1 homolog (YLH47 / Ypr125wp) Aspergillus nidulans/XP_407076.1 e-29 3
Tctex1- complex testis-expressed 1 Dynein light chain Aspergillus nidulans/XP_405470.1 e-31 1
TRK1 - Low-affinity potassium transport protein Debaryomyces hansenii/XP_456781.1 e-35 1
YET3 - endoplasmic reticulum transmembrane protein 3 * Aspergillus nidulans/XP_404956.1 e-35 1
YIP3 - prenylated Rab acceptor 1 * Magnaporthe grisea/XP_367817.1 e-29 5
Cell rescue, defence Amidase Schizosaccharomyces pombe / CAB60011.1 4e -24 3
and virulence
Apgl7 - autophagy protein Aspergillus nidulans/XP_410497.1 e-41 4
DADI - defender against cell death 1 * Aspergillus nidulans/XP_408168.1 e-27 4
Epoxide hydrolase 2, cytoplasmic Aspergillus nidulans/XP_411429.1 e-29 1
Indigoidine synthase A-like protein Aspergillus nidulans/XP_411608.1 e-28 3
OXRI1 — (oxidation resistance) Aspergillus nidulans / XP_407141.1 le-24 3
Patatin-like serine hydrolase Magnaporthe grisea/XP_369321.1 e-23 2
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Signal transduction 1-phosphatidylinositol-3-phosphate 5-kinase (FAB1) Gibberella zeae/XP_380466.1 e-63 2
Armadillo repeat protein Aspergillus nidulans/XP_409294.1 e-10 1
cAMP-independent regulatory protein pac2 Aspergillus nidulans/XP_407211.1 e-14 2
RabGAP/TBC domain-containing protein Aspergillus nidulans/XP_404710.1 e-53 2
Rho guanyl nucleotide exchange factor Aspergillus nidulans /| XP_404250.1 4e -52 5
SH3-homology domain protein Aspergillus fumigatus/CAE47916 e-24 1
Sit4-associating protein sap185 Aspergillus nidulans/XP_409768.1 e-70 1
Protein with binding . . C . .
function or cofactor HIT—hk; supc?rfqmlly P ro‘Feln (histidine triad, HIT, superfamily of Gibberella zeae/XP_387321.1 e-19 1
. nucleotide- binding proteins)
requirement
Biogenesis of Cellular . . . .
Bem1 (One) Interacting protein — BOI2 Aspergillus nidulans /| XP_408633.1 3e-42 8
Components
Member of the Puf family of RNA-binding proteins — Just Say No - Jsnl Aspergillus nidulans/XP_411611.1 48 1
(YJR091C)
Putative integral membrane protein that interacts with RppOp (Y{1034wp) Aspergillus nidulans / XP_408165.1 4e -44 3
Reversal Of Tor2 lethality - ROT1 (YMR200W) Yarrowia lipolytica/XP_500467.1 e-38 2
RNA guanylyltransferase Aspergillus nidulans/XP_408194.1 e-32 1
S. cerevisiae CalPonin - Scplp (YOR367W) Aspergillus nidulans/XP_406072.1 e-07 2
SMP2 protein (YMR165C) Aspergillus nidulans/XP_404939.1 e-56 1
Development HGHI1 - (YGR187C) Aspergillus nidulans/XP_413546.1 e-32 2
Transposable Elements
Viral and Plasmid Retrotransposon RIRE1 poly protein Aspergillus nidulans/XP_409364.1 e-09 2

Proteins
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Unclassified

1319

Functional unclassified

25

*Genes not described previously in P. brasiliensis isolate Pb01, but present in public databases.

* Novel transcripts also detected during P. brasiliensis mycelium to yeast transition transcriptome (Bastos et al., 2007).
I'Novel transcripts also detected in P. brasiliensis during incubation with human plasma (Baildo et al., 2007).

I'Novel transcripts also detected in P. brasiliensis during incubation with human blood (Baildo et al., 2006).
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Figure 1: Overview of the ESTs from P. brasiliensis transcriptome. Classification of the
ESTs based on E value and according to the functional categories developed on MIPS

functional annotation scheme.
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Figure 2: Validation of the cDNA library for the presence and analysis of redundancy
of some transcripts. PCR and sqRT-PCR analysis were carried out with specific
oligonucleotide primers, sense and antisense, respectively, as described in Table 1. A- PCR
of total genomic DNA of P. brasiliensis with specific primers. B- sqRT-PCR of RNAs
obtained from yeast cells recovered from infected mice. The sizes of the amplified products

are described in Table 1.
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Figure 3- Transcripts analysis during the interaction of P. brasiliensis with Vero cells.
sqRT-PCR analysis of selected transcripts in yeast cells in the ex vivo model of infection.
The sizes of the amplified products are described in Table 1. The gene encoding GAPDH

was used as an internal control for Vero cells.



VI - CONCLUSOES:

O perfil de transcritos em células de P. brasiliensis recuperadas de animais
infectados ¢ requisito essencial para estudo do Genoma Funcional necessario para a
elucidacdo de mecanismos de viruléncia fungica e patogenicidade. Com o objetivo de
analisar o perfil de P. brasiliensis durante a infeccdo, foi construida uma biblioteca de

cDNA a partir de RNA extraido de figado de camundongos infectados.

v’ Neste estudo foram seqlienciadas 4.934 ESTs no processo infectivo, estas
seqliéncias foram agrupadas em 1.602 clusters, sendo que 1.041 eram contigs e 561
singlets. Destas seqiiéncias, 1.750 ESTs (37,47% do total) foram de novos genes descritos
para P. brasiliensis e 1.172 ESTs (23,75% do total) de genes super expressos nesta
condicdo quando comparados com o banco de dados de células cultivadas in vitro
(https://dna.biomol.unb.br/Pb/). A anotagao funcional das 4.934 ESTs descritas neste
estudo foi realizada através da comparacao com bancos de dados do NCBI e classificadas
quanto a sua possivel funcao de acordo com o sistema MIPS. As categorias mais freqiientes
encontradas foram metabolismo, com 12,87% das ESTs anotadas, transporte celular com
8,78% e energia com 8,55%.

v A super expressdao de genes pertencentes a via glicolitica neste estudo reforga a
hipotese de que em leveduras de P. brasiliensis o comportamento anaerobio ¢ exacerbado

na mudan¢a do metabolismo de carboidrato para producao de etanol, como ja descrito no

transcriptoma in vitro (https://dna.biomol.unb.br/Pb/).
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v A super expressao de enzimas relacionadas ao metabolismo de lipideos em
células leveduriformes recuperadas de camundongos infectados confirma a idéia de que
exista uma sintese ativa de lipideos por estas células, sugerindo que a biossintese de
lipideos esteja super regulada durante a infecgao.

v Componentes da sintese/remodelagdo da membrana apresentam-se super
expressos nas células recuperadas do processo infectivo. A descri¢do de um novo transcrito
envolvido diretamente na via da biossintese do esterol e a super expressao da ERG6 podem
sugerir que a biossintese do ergosterol esteja super regulada durante a infec¢do de
P.brasiliensis em modelos experimentais.

v’ Nossas analises indicam que o Ciclo do Glioxalato parece estar super regulado
nas leveduras apds infeccdo no modelo experimental quando comparado com o
transcriptoma in vitro, como demonstrado pela super expressiao da enzima regulatoria
isocitrato liase 2 no presente transcriptoma.

v’ P. brasiliensis parece realizar a fosforilacdo oxidativa pelas vias classicas no
processo infectivo uma vez que os genes correspondentes aos complexos I a IV foram
encontrados nesta condi¢ao experimental.

v A glutamina sintetase estd super expressa nas células recuperadas de
camundongos infectados com conseqiiente producdo de glutamina. A formagdo de
glutamina tem fungdo central no metabolismo do nitrogénio, além de atuar na biossintese
de nucleotideos, aminoacido e uréia.

v Asparagina sintase ¢ um novo transcrito identificado neste estudo. Analises da

via de metabolismo de aminoécidos indicam que P. brasiliensis ¢ capaz de sintetizar
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asparagina durante o processo infectivo. Este achado ainda ndo havia sido descrito em P.

brasiliensis no transcriptoma in vitro (https://dna.biomol.unb.br/Pb/).

v’ Durante o processo infectivo alguns transcritos possivelmente relacionados a
viruléncia foram descritos. Com base nas fungdes de viruléncia de outros patogenos, foi
possivel inferir fungdes preditas de viruléncia para P. brasiliensis. A decarboxilase para
aminoacido aromatico (DDC), encontra-se abundante em células recuperadas de figado de
camundongos infectados refor¢ando a relevancia da DOPA-melanina na infecgdo. A
melanina provavelmente estd implicada na patogénese protegendo o fungo contra a
fagocitose e aumentando sua resisténcia a antifungicos.

v Polyketide synthase, ¢ um novo transcrito descrito neste estudo. A sintese
priméria de melanina ocorre via fenoloxidases e/ou via polyketide synthase. Sua descri¢ao
no presente estudo sugere que P. brasiliensis possa utilizar essa via na infecgao.

v CAP 20 é um novo transcrito encontrado na condi¢do experimental de infecgao,
cuja funcao predita foi descrita em Colledototrichum gloeosporioides. Mutantes incapazes
de expressar CAP 20 diminuiram drasticamente sua viruléncia, sugerindo uma significante
funcdo deste gene na infec¢cdo do hospedeiro. Observa-se homologia entre as seqiiéncias de
proteinas da CAP 20 de P. brasiliensis e de C. gloeosporiodes.

v/ O URAS (Orotato fosforibosiltransferase) ¢ um novo transcrito observado neste
estudo. Em Histoplasma capsulatum foi construida uma linhagem deletada para este gene,
mostrando que URAS ¢ essencial para a viruléncia do fungo.

v’ Outros provaveis fatores de viruléncia como indigoidina sintase, O™

(Proteina de resisténcia de oxidacdo), carnitina acetiltransferase e anidrase carbc
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também foram descritos. O envolvimento destes genes na viruléncia de P. brasiliensis

requer demonstragdo experimental apropriada.

v" A analise do transcriptoma de P. brasiliensis no processo infectivo gerou varias
informacdes sobre os eventos moleculares que ocorrem nesta condigdo. Estudos posteriores
referentes aos novos genes, aos genes super expressos € aos possiveis genes relacionados a
viruléncia sao necessarios € podem trazer um melhor esclarecimento sobre suas fungdes

durante a infec¢ao.

VII - PERSPECTIVAS: 93

O estudo de células de P. brasiliensis recuperadas de animais infectados fornecera
importantes informagdes para futuras pesquisas em estudos Funcionais através da andlise

de microarranjos, interferéncia por RNA e caracterizagdo e expressao heteréloga dos genes



de interesse identificados. A interferéncia na expressdo de genes especificos de P.
brasiliensis induzidos durante a infeccdo, tornaria possivel alterar-se a habilidade do fungo
em adaptar-se a novas condi¢des ambientais do hospedeiro. Com a identificagdo dos genes
especificos ou super expressos do microrganismo, € possivel a aplicagdo de novas
abordagens para o desenvolvimento de novas drogas para prevenir e/ou tratar infec¢des

causadas por P. brasiliensis e, possivelmente, outros fungos dimorficos.
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