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RESUMO

O fungo dimdrfico Paracoccidioides brasiliensis é o agente causador da micose
sistémica mais prevalente na América Latina. Em humanos, a infeccdo se da pela
inalacdo de propagulos do fungo, que ao alcancarem o epitélio pulmonar transformam-
se na fase leveduriforme, parasitaria, do fungo P. brasiliensis. Neste trabalho,
descrevemos a caracterizacdo de um homdlogo de PRA/Ag2 (Antigeno rico em
prolina), uma proteina predita de parede celular, primeiramente identificada em
Coccidioides immitis. A proteina, o cDNA e a seqliéncia genémica foram analisados.
Anélises através de Southern blot sugerem que h& somente uma cépia do gene em
P.brasiliensis. O cDNA clonado foi expresso em Escherichia coli e a rPbPRA/Ag2
purificada foi utilizada para obtencéo do anticorpo policlonal. A proteina recombinante
purificada foi reconhecida pelo soro de pacientes com paracoccidioidomicose
comprovada e ndo foi reconhecida pelo soro de pacientes saudaveis. Microscopia
eletronica e estudos bioquimicos demonstraram a presenca do PbPRA/Ag2 na parede
celular de P. brasiliensis, ligada atraves de uma ancora de GPI. A expressao do gene
que codifica Pbpra/ag2 foi analisada através de PCR em Tempo Real e os resultados
demonstraram regulacdo da expressao nas fases de P. brasiliensis, com maior nivel de
expressdo na fase miceliana. Analises da expressdo protéica corroboram os resultados
da RT-PCR em Tempo Real.
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ABSTRACT

The dimorphic fungus Paracoccidioides brasiliensis is the causative agent of the
most frequent systemic mycosis in Latin America. In humans, infection starts by
inhalation of fungal propagules, which reach the pulmonary epithelium and differentiate
into the yeast parasitic phase. Here we describe the characterization of a proline-rich
protein (PRA/Ag2) homologue of P. brasiliensis, a predictable cell wall protein, first
identified in Coccidioides immitis. The protein, the cDNA and genomic sequences were
analyzed. Southern blot analysis suggested that there is one copy of the gene in P.
brasiliensis. The cloned cDNA was expressed in Escherichia coli and the purified
rPbPRA/Ag2 was used to obtain polyclonal antibody. The purified recombinant protein
was recognized by sera of patients with proven paracoccidioidomycosis and not by sera
of healthy individuals. Immunoelectron microscopy and biochemical studies
demonstrated the presence of PbPRA/AQ2 in the fungal cell wall, linked through a GPI-
anchor. The expression of the Pbpra/ag2 gene was analyzed by real time PCR and
results demonstrated developmental regulation in phases of P. brasiliensis, with a
higher expression in the mycelium saprobic phase. The protein expression analyses

corroborate the transcript levels.
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1. INTRODUCAO

1.1. Paracoccidioides brasiliensis — Aspectos Gerais

Paracoccidioides brasiliensis, um fungo termodimérfico, é o agente etioldgico
da paracoccidioidomicose (PCM), uma micose humana sistémica geograficamente
restrita & America Latina (Restrepo & Tobon, 2005). O Brasil é responsavel por 80%
dos casos descritos na literatura, sendo a maioria reportados nas regides Sul, Sudeste e
Centro-Oeste (Blotta et al., 1999 e Paniago et al., 2003).

O fungo se desenvolve como levedura nos tecidos infectados ou quando
cultivado in vitro a 36°C, e como micélio (forma infectiva) em condicdes saprobidticas
no meio ambiente, ou quando cultivado em temperaturas inferiores a 28°C (Bagagli et
al., 2006). As leveduras de P. brasiliensis sdo caracterizadas por apresentarem
brotamentos multiplos, formados pela evaginacdo da célula-mae, onde uma célula
central é circundada por vérias células periféricas, conferindo um aspecto de roda de
leme de navio. A forma miceliana pode ser identificada por filamentos septados com
conidios terminais ou intercalares (Restrepo-Moreno, 2003).

A PCM representa um sério desafio de satde publica, com importancia social e
econdmica. Os individuos infectados compreendem principalmente trabalhadores rurais,
do sexo masculino (Brummer et al., 1993). Coutinho et al. (2002) descreveram que a
mortalidade por PCM no Brasil é a oitava quando classificada entre as doencas cronicas
e a primeira entre as micoses sistémicas. A taxa de mortalidade média anual é de
1,45/milhdo de habitantes considerando ambos os sexos, sendo que o indice para
homens é de 2,42/milhdo e para mulheres 0,43/milhdo de habitantes.

O local exato e as condi¢des onde P. brasiliensis ocorre na natureza ainda sdo
indeterminados em virtude de diversos fatores, tais como o raro isolamento do fungo do
ambiente, o prolongado periodo de laténcia no hospedeiro humano, bem como a nédo
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 e 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
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(Albornoz, 1971), de fezes de morcegos frugivoros (Artibens lituratus) e de pinguim
(Grose & Tamsitt, 1965 e Garcia et al., 1993) e de tatus, Dasypus novemcinctus e
Cabassous centralis, os quais sdo considerados hospedeiros silvestres do fungo (Bagagli
et al., 1998; 2003; Corredor et al., 2005). A infeccdo natural em alguns animais
selvagens e domésticos tem sido observada e manifestacGes clinicas da doenga foram
relatadas em cachorros (Ricci et al., 2004, Farias et al., 2005).

Os recentes avangos de metodologias moleculares tém ajudado na classificacdo
taxonémica de varios fungos de importancia médica (San-Blas et al., 2002). O fungo P.
brasiliensis foi inicialmente classificado como um fungo imperfeito, pertencente ao filo
anamorfico Deuteromycota e a classe Hyphomycetos. A atual classificacdo taxonémica
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). Matute et al. (2006) descreveram a existéncia de trés diferentes
espeécies filogenéticas de P. brasiliensis: S1 (espécie 1), PS2 (espécie filogenética 2) e
PS3 (espécie filogenética 3). A espécie filogenética PS3 esta geograficamente restrita a
Colébmbia, enquanto S1 estd distribuida no Brasil, Argentina, Paraguai, Peru e
Venezuela. Alguns isolados da espécie filogenética PS2 foram encontrados no Brasil
nos estados de Sdo Paulo e Minas Gerais e ainda na Venezuela (Matute et al., 2006).

A organizagdo gendmica de P. brasiliensis ainda nao esta totalmente esclarecida;
isso se deve principalmente ao fato de ndo se conhecer a fase sexual ou telemorfica do
fungo. Através da técnica de eletroforese de pulso alternado (PFGE), foi possivel
identificar 4 ou 5 cromossomos com 2-10 Mb tanto de fungos isolados do meio
ambiente, quanto de isolados clinicos (Cano et al., 1998). Desta maneira, estima-se que
P. brasiliensis apresente um genoma variando entre 23-31 Mb (San Blas et al., 2002).
Utilizando a técnica de citometria de fluxo (FCM), Almeida et al. (2007) sugeriram que
o fungo apresenta um genoma variando de 26,3 a 35,5 Mb em células leveduriformes e
gue o genoma dos conidios apresenta um tamanho de 30,2 a 30,9 Mb, ndo apresentando
nenhuma diferenca significativa com a forma de levedura.

P. brasiliensis atinge o hospedeiro, usualmente atraves da via respiratoria, por
inalagcdo de propagulos de micélio, como conidios. Nos pulmdes esses propagulos se
convertem para a fase leveduriforme, de onde podem disseminar-se para diferentes
orgaos e tecidos (San-Blas et al., 2002). O contato inicial do hospedeiro com o fungo

aparentemente evolui para uma infec¢do subclinica ou assintomatica (PCM infeccdo).
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Se hé progressdo da infeccdo, ocorre o estabelecimento da doenca, que apresenta duas
formas clinicas distintas: a forma aguda ou tipo juvenil e a forma crénica ou adulta
(Franco et al., 1987).

A forma juvenil (aguda ou subaguda) da PCM representa 3 a 5% dos casos
descritos da doencga e afeta principalmente criancas e adultos jovens (Reis et al., 1986;
Brummer et al., 1993). O quadro da doenga caracteriza-se por um desenvolvimento
rapido e por marcante envolvimento de 6rgdos como baco, figado, ganglios linfaticos e
medula dssea. A funcdo imune mediada por células é gravemente deprimida nesses
pacientes, provavelmente devido ao comprometimento medular (Londero & Melo,
1983; Brummer et al., 1993). Apesar de ndo haver manifestacbes clinicas ou
radiologicas de comprometimento pulmonar evidente, pode-se isolar o fungo do lavado
brénquico, evidenciando a participa¢do do pulméo como porta de entrada do patdégeno
(Restrepo et al., 1989). Esta é a forma mais severa e com pior prognostico (Brummer et
al., 1993).

A forma crénica ou adulta representa mais de 90% dos casos, sendo a maioria
dos pacientes constituida por homens adultos. Ao contrario da forma aguda, o quadro
clinico apresenta um desenvolvimento lento com comprometimento pulmonar evidente
(Brummer et al., 1993). Em aproximadamente 25% dos casos, o pulmao € o Unico érgdo
afetado - forma unifocal. Muitas vezes, com o desenvolvimento silencioso da doenca, o
paciente busca auxilio meédico somente quando apresenta sintomas de
comprometimento extrapulmonar. Nestes casos se constata o envolvimento de 6rgdos
como pele, mucosas das vias aéreas superiores, tubo digestivo e linfonodos - forma
multifocal (Londero, 1986; Brummer et al., 1993). A forma cronica apresenta notavel
tendéncia a disseminacdo, sendo pouco freqlientes os quadros onde ha somente
comprometimento pulmonar (Restrepo et al., 1983).

O grande numero de tecidos que P. brasiliensis pode colonizar e infectar sugere
que o fungo deve ter desenvolvido mecanismos que o0 capacitam a aderir, extravasar e
invadir barreiras impostas pelos tecidos do hospedeiro (Mendes-Gianinni et al., 1994;
Lenzi et al.,, 2000). Em P. brasiliensis algumas moléculas de adesdo a matriz
extracelular ja foram descritas, incluindo, Gp43 (Vicentini et al., 1994), adesinas de 19 e
32 kDa (Gonzalez et al., 2005), 30 kDa (Andreotti et al., 2005), gliceraldeido-3-fosfato
desidrogenase (Barbosa et al., 2006), triosefosfato isomerase (Pereira et al., 2007) e

DFG5 (Castro et al., 2007). Durante o processo de invaséo tecidual, fungos patogénicos
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expressam moléculas que auxiliam na aderéncia celular, sendo fatores de colonizagéo e

disseminacao.

1.2 — Dimorfismo em P. brasiliensis

O termo “dimorfismo fingico” refere-se a uma habilidade de alguns fungos
poderem transitar entre as formas de levedura e micélio. Trata-se de uma caracteristica
fangica que depende da alteracdo da temperatura e/ou fontes de nutrientes. Em P.
brasiliensis esse fator favorece a instalagdo do fungo nos tecidos do hospedeiro
auxiliando sua invasdo e estabelecimento da PCM (Villar et al., 1988). O dimorfismo
em P. brasiliensis foi descrito por Lutz em 1908, quando este observou as diferentes
formas do fungo no hospedeiro e em culturas a temperatura ambiente. O processo de
transicdo in vitro de leveduras para micélio, induzido pela alteracdo de temperatura de
incubacgdo, foi descrito por Negroni em 1931. A transicdo in vitro de micélio para
levedura em P. brasiliensis, é caracterizada pelo espessamento das regides inter-septais
das hifas, com surgimento de estruturas arredondadas, que se dividem por brotamento
(San-Blas, 1982). No processo inverso, de levedura para micélio, in vitro, ocorre a
formagdo de brotos alongados, multinucleados, em forma de péra, 0s quais
gradativamente assumem o aspecto de uma hifa. Diferencas bioquimicas e estruturais,
como a composicdo e o teor de lipideos variam entre as duas formas, sendo que em
levedura ha um teor de lipideos duas vezes maior do que em micélio. Em micélio
verifica-se um indice maior de acidos graxos insaturados (Manocha et al., 1980).

O dimorfismo de fungos também esta relacionado a alteracbes de componentes
da parede celular (Borba & Schaffer, 2002). Em P. brasiliensis a diferenciacédo
morfologica é conseqliéncia de um conjunto de alteracGes bioquimicas e fisiologicas
desencadeadas pelo aumento de temperatura, a qual estimula uma adaptacdo no padrédo
transcricional e ou regulatério em geral de genes e proteinas (Nunes et al., 2005; Bastos
et al., 2007). Na forma miceliana de P. brasiliensis hd o predominio da p-1,3 glucana,
enquanto que, na forma leveduriforme a o-1,3 glucana é predominante. Estudos
realizados com isolados de P. brasiliensis sugerem que a a-1,3 glucana protege o fungo
contra o ataque de enzimas fagocitarias de leucécitos e macrofagos (San-Blas & San-
Blas., 1977; Kurokawa et al., 1998). San-Blas (1982) sugere que fagdcitos humanos

poderiam produzir B-glucanase com a capacidade de digerir somente B-1,3 glucana
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presente na parede celular da forma miceliana do fungo. A diferenciagdo do fungo para
a forma leveduriforme comecaria a infeccdo prevenindo a agdo das enzimas
fagocitarias, causando o parasitismo de P. brasiliensis.

Silva et al. (1994) caracterizaram in vitro o processo de diferenciacdo do isolado
Pb0l1 (ATCC-MYA-826). A diferenciacdo de micelio para levedura ocorre em 20 dias e
a de levedura para micélio em 15 dias, ap06s a alteracdo da temperatura de cultivo. Em
ambos, ocorre um periodo de laténcia que se da entre 48-72 horas, atingindo 70-80% de
diferenciacdo no décimo dia, 0 que caracteriza o processo de dimorfismo in vitro de P.
brasiliensis como sendo lento e gradual.

Estudos experimentais com o hormdnio feminino 17-B-estradiol mostraram a
capacidade deste de inibir a transi¢cdo de micélio para a fase leveduriforme tanto in vitro
(Restrepo et al., 1984), como in vivo (Sano et al., 1999), sendo esse fato relacionado
como possivel protecdo a infeccdo em mulheres. Felipe et al. (2005) identificaram um
gene expresso diferencialmente na fase leveduriforme que possivelmente codifica uma
proteina de 60 kDa do citosol de P. brasiliensis, a qual se ligaria ao estradiol. Acredita-
se que a interacdo do horménio 17-B-estradiol com esta proteina citoplasmatica inibiria
a transicdo de micélio para levedura, explicando a baixa incidéncia de PCM em
mulheres.

O dimorfismo em P. brasiliensis tem sido considerado como ponto principal no
desenvolvimento da infeccdo, visto que a eficiéncia de instalagdo do patégeno no
hospedeiro se da pela transicdo da forma miceliana, infectante, para a leveduriforme,
patogénica (Restrepo, 1985; Brummer et al., 1993). Assim, tem sido realizada a
clonagem e caracterizacdo de genes, bem como a caracterizacdo de proteinas
diferencialmente expressas na fase de levedura e micélio. Cunha et al. (1999)
caracterizaram seqiéncias parciais de aminoacidos da extremidade N-terminal de
algumas proteinas diferencialmente expressas em ambas as formas de P. brasiliensis.
Particularmente, destacam-se a PbM46 similar a enolases (46 kDa, presente em maior
quantidade na fase leveduriforme) e PbY20 (proteina de 20 kDa presente somente na
fase leveduriforme). O gene codificante para a PbY20 foi caracterizado; a analise
comparativa da seqliéncia deduzida de aminoacidos mostrou identidade alta da PbY?20
com flavodoxinas (Daher et al., 2005). Fonseca et al. (2001) caracterizaram sequéncias
parciais de aminoacidos dos antigenos catalase, frutose-1-6-bifosfato aldolase,
gliceraldeido-3-fosfato desidrogenase, malato desidrogenase e triosefosfato isomerase,

todos preferencialmente expressos na forma leveduriforme de P. brasiliensis. Varios
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dos genes correlatos foram posteriormente caracterizados e, como previsto,
apresentaram expressdo diferencial durante a transi¢do dimorfica do fungo (Moreira et
al., 2004; Pereira et al., 2004; Barbosa et al., 2004; Carneiro et al., 2005; Barbosa et al.,
2006; Pereira et al., 2007). Além disso, os genes codificantes para as proteinas HSP70
(Silva et al., 1999), HSP60 (Salem-lzaac et al., 2001; Cunha et al., 2002), ClpB (Jesuino
et al., 2002) e manosiltransferase (Costa et al., 2002) apresentam baixos niveis de
expressao na forma miceliana, quando comparados com a forma leveduriforme de P.
brasiliensis, sugerindo que estas proteinas sejam necessarias para sobrevivéncia de P.
brasiliensis nas condi¢des térmicas do hospedeiro e que elas possam desempenhar um
papel na morfogénese do fungo. Venancio et al. (2002) utilizaram a técnica de DDRT-
PCR para identificar genes diferencialmente expressos de P. brasiliensis. Os autores
apresentaram como resultados 20 fragmentos de cDNA que correspondem
provavelmente a genes diferencialmente expressos, 0s quais ndo apresentaram
homologia com nenhuma sequiiéncia depositada em bancos de dados, visto que, as
seqiiéncias eram pequenas € normalmente pertenciam a regido 3’ ndo traduzida de seus

respectivos mRNASs.

1.3 — Transcriptomas de P. brasiliensis

Visando conhecer um maior nimero de genes de P. brasiliensis, diferentes
abordagens no estudo de transcriptomas tém sido aplicadas. O Projeto Genoma
Funcional de P. brasiliensis, desenvolvido por um consorcio de laboratérios da regido
Centro—Oeste do Brasil (Projeto Genoma Funcional e Diferencial de Paracoccidioides
brasiliensis) resultou no sequienciamento de 25.511 clones derivados de bibliotecas de
cDNA de levedura e micélio (Felipe et al., 2003; 2005). O projeto cobriu cerca de 80%
do genoma estimado do fungo P. brasiliensis e possibilitou a deteccdo de genes
diferencialmente expressos nas fases de P. brasiliensis. A analise do transcriptoma
revelou alguns provaveis componentes das vias de sinalizacdo e seqliéncias génicas
consideradas como potenciais alvos para antifungicos em P. brasiliensis, ndo possuindo
nenhum homodlogo no genoma humano, como: quitina deacetilase, isocitrato liase e a-
1,3-glucana sintase, todos preferencialmente expressos na fase leveduriforme. Os
autores descreveram ainda o perfil metabdlico diferencial exibido por P. brasiliensis nas

fases miceliana e leveduriforme. Em geral, micélio apresenta metabolismo aerébio, uma
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vez que durante a fase saprofitica, genes que codificam enzimas que participam da
fosforilagéo oxidativa, como a isocitrato desidrogenase e succinil coenzima A sintase,
estdo altamente expressos. Ao contrério, a fase leveduriforme apresenta metabolismo
mais anaerébio quando comparado a micélio; nesta fase, os altos niveis de expressdo da
alcool desidrogenase | favorecem a fermentagdo alcodlica e conseqliente produgdo de
etanol (Felipe et al., 2005). A diferenciagdo celular em P. brasiliensis requer mudanga
na temperatura, 0 que pode ser associado com a resposta ao estresse. Dessa forma,
foram identificados 48 transcritos codificando chaperonas ou proteinas envolvidas no
processo de estresse, sendo oito diferencialmente expressos.

Outro projeto de transcriptoma de P. brasiliensis foi desenvolvido por grupos do
Estado de Sdo Paulo. Através da analise de ESTs, Goldman et al. (2003) identificaram
varios genes potenciais de viruléncia em P. brasiliensis homdlogos a Candida albicans.
A identificagdo de alguns genes de P. brasiliensis homdlogos a genes envolvidos em
vias de transducdo de sinal e relacionados a viruléncia de C. albicans, sugere que estas
vias possam estar atuando em P. brasiliensis, provavelmente controlando a
diferenciacéo celular.

Marques et al. (2004) identificaram genes preferencialmente expressos na fase
leveduriforme de P. brasiliensis (isolado Pb18), utilizando técnicas de subtracdo e
microarranjos. Dentre 0s genes identificados como diferencialmente expressos estéo o-
1,3-glucana sintase, enzima relacionada ao metabolismo de parede celular; ERG25 que
codifica uma C-4 esterol metil oxidase e atua no primeiro passo enzimatico da sintese
de ergosterol em fungos, além de genes envolvidos no metabolismo de enxofre, tais
como metionina permease.

Nunes et al. (2005) utilizaram microarranjos com sequéncias de 4.692 genes do
fungo P. brasiliensis para monitorar a expressdo génica em alguns pontos da transicéo
morfolégica micélio-levedura (5 a 12 h depois da mudanca da temperatura). A
hibridizacdo por microarranjo cobriu cerca de 50% do numero total de genes estimado
do fungo P. brasiliensis. Foram identificados 2583 genes diferencialmente expressos
durante a transicdo morfologica. Estdo inclusos entre esses, genes que codificam
enzimas envolvidas no metabolismo de aminoacidos, transducdo de sinal, sintese de
proteinas, metabolismo da parede celular, estrutura do genoma, resposta ao estresse
oxidativo, controle do crescimento e desenvolvimento do fungo P. brasiliensis. Um

desses genes que codifica para a enzima 4-hidroxil-fenil piruvato dioxigenase foi
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superexpresso durante a transicdo micélio-levedura e tem sido avaliado como um novo
alvo para antifangicos.

Andrade et al. (2006) e Ferreira et al. (2006) realizaram analises da expressdo de
genes envolvidos na utilizacdo de enxofre por P. brasiliensis. Neste estudo, os autores
caracterizaram a expressdo de cinco genes envolvidos no metabolismo do enxofre e
avaliaram o acimulo de mRNA destes genes durante a transicdo de micélio para
levedura e crescimento da fase leveduriforme, sugerindo que nestas situacdes estdo
ocorrendo mobilizacdo e armazenamento de enxofre, além da ativacdo da via de
assimilacdo inorganica. Os autores sugerem que, embora P. brasiliensis ndo use enxofre
inorganico como Unica fonte para iniciar a transicdo e o crescimento da fase
leveduriforme, este fungo pode de algum modo, utilizar ambas, as vias organica e
inorganica durante o processo de crescimento.

O perfil transcricional de P. brasiliensis durante a diferenciacdo morfoldgica de
micélio para levedura foi avaliado por Bastos et al. (2007). Varios transcritos
potencialmente relacionados com a sintese de membrana e parede celulares mostraram-
se aumentados durante a diferenciacdo celular de micélio para levedura apds 22 horas
de indugdo da transicdo, sugerindo que P. brasiliensis favorece o remodelamento da
membrana e de parede celulares nos estagios iniciais da morfogénese. Neste estudo,
genes envolvidos na via de assimilacdo do enxofre, como a sulfito redutase, mostrou-se
super expresso durante a transicdo, sugerindo o envolvimento do metabolismo do
enxofre durante o processo de diferenciagio em P. brasiliensis, como descrito
anteriormente (Andrade et al., 2006; Ferreira et al., 2006). Durante a transicdo também
foi verificada a presenca de enzimas que participam do ciclo do glioxalato, como a
isocitrato liase, malato desidrogenase, citrato sintase e aconitase. A presenca destes
transcritos durante a diferenciacdo indica que esta via é funcional durante esse processo.
Também foram identificados genes envolvidos em vias de transdugéo de sinal tais como
MAPK, serina/treonina quinase e histidina quinase, sugerindo que a transicéo
morfolégica em P. brasiliensis é mediada por vias de transducéo de sinal que controlam
a adaptacdo ao ambiente para a sobrevivéncia do fungo dentro do hospedeiro (Bastos et
al., 2007).

Com o0 objetivo de estudar genes possivelmente envolvidos na adaptacdo e
sobrevivéncia de P. brasiliensis no hospedeiro durante a infeccdo, Baildo et al. (2006)
utilizaram a técnica de Analise de Diferenca Representacional de cDNA (cDNA-RDA)

para identificar genes de P. brasiliensis induzidos durante o processo infectivo e em
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condicBes que mimetizam a via hematoldgica de disseminagdo fungica. No modelo de
infeccdo experimental foi observada a alta freqiiéncia do transcrito zrtl (zinco/ferro
permease). 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. Em adigéo, o transcrito codificante para a glutamina sintase (ginl) foi
fortemente induzido apds incubacdo com sangue humano sugerindo que a remodelagéo
na parede/membrana celular possa ser um dos meios pelos quais P. brasiliensis
responda as mudancas de osmolaridade externa encontrada pelo fungo na via de
disseminacédo sanguinea.

Recentemente, Baildo et al. (2007) analisaram genes preferencialmente
expressos em leveduras de P. brasiliensis tratadas com plasma humano, simulando
assim sitios de infeccdo, com inflamacédo. Foi observado um aumento significativo na
expressdo de transcritos associados com a degradacdo de &cido graxos, sintese de
proteinas envolvidas no remodelamento da parede celular e sintese de proteinas
relacionadas a mudanca de osmolaridade. Assim como na incubacdo com sangue, a
glutamina sintase também € super expressa na condicdo de incubacdo com plasma,
reforcando a hipdtese j& descrita anteriormente de que a super expressao desta enzima
esteja ligada ao aumento da sintese de quitina que ocorreria durante o estresse osmotico.

Tavares et al. (2007) realizaram experimentos de hibridizacdo em microarranjos
de DNA, nos quais foi possivel definir transcritos de P. brasiliensis, isolado Pb01,
internalizados em macréfagos. Ap6s a internalizacdo, o patdgeno promove adaptacdo
metabdlica induzindo a expressdo de genes da biossintese de aminoacidos,
especificamente genes envolvidos na biossintese de metionina, além de diversos genes
relacionados ao estresse como, por exemplo, a superdxido dismutase 3, Hsp60 e QCR8
(subunidade do citocromo oxidase c).

Recentemente, Costa et al. (2007) realizaram o transcriptoma de P. brasiliensis,
fase leveduriforme, recuperado de figado de animais experimentais (camundongos
B10). Foram sequenciadas 4.932 ESTs no processo infectivo, sendo 37,47%
relacionadas a novos genes e 23,75% pertencentes a genes super expressos. Os genes
identificados foram categorizados em processos metabdlicos, transporte celular e
energia. Do total de ESTs geradas neste estudo, 65,53% das seqliéncias identificadas,
também estavam presentes no transcriptoma de levedura e micélio de células obtidas de
cultura in vitro, descrito por Felipe et al. (2005). A demonstracdo do perfil génico das

células leveduriformes de P. brasiliensis recuperadas de animais infectados é um
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requisito essencial para o estudo do genoma funcional de modo a esclarecer 0s

mecanismos de patogenicidade e viruléncia fungica.

1.4 — Parede Celular de P. brasiliensis

A parede celular € uma estrutura comum a fungos filamentosos e leveduras,
localizada na interface entre 0 microrganismo e o meio ambiente (Firon et al., 2004).
Ela tem uma estrutura rigida e recobre a célula protegendo-a contra variacOes
osmoticas, quimicas e bioldgicas. A parede possui agdo de “filtro” permitindo a
passagem de algumas moléculas e excluindo outras, desempenhando importante papel
no crescimento, desenvolvimento e interacfes dos fungos com o ambiente e com outras
células. A parede celular estd envolvida com a morfogénese, expressdo antigénica,
adesdo e interacdo célula-célula. Além disso, ela mantém a forma da célula e embora
seja rigida e pareca estéatica, ela esta freqlientemente sofrendo remodelamento, mudando
assim sua estrutura e composicdo durante o crescimento e desenvolvimento de células
fangicas (Peberdy et al., 1990; Ruiz Herrera et al., 1991; Bulawa, 1993).

Embora, a parede celular de fungos varie frequentemente entre diferentes
espécies, ela é uma estrutura complexa composta tipicamente de quitina, p-1,3- e B-1,6-
glucanas, mananas, proteinas, algumas altamente glicosiladas e lipidios. Estes
componentes estdo distribuidos diferencialmente ao longo da parede celular (Kanetsuna
et al., 1972; San-Blas & San-Blas, 1977). Além disso, pesquisas gendmicas e
protedmicas tém mostrado que fungos como Saccharomyces cerevisiae e C. albicans
incorporam um grande namero de diferentes proteinas em sua parede celular e que essa
incorporacdo é altamente controlada, dependendo da fase do ciclo celular, das condi¢cbes
ambientais, e estagio de desenvolvimento (De Groot et al., 2005).

A parede celular de P. brasiliensis € constituida de lipidios, proteinas e
polissacarideos, com a propor¢do de cada um variando de acordo com as fases
miceliana e leveduriforme e a viruléncia da linhagem do fungo. Assim, a parede do
micélio possui maior teor de proteinas totais e de proteinas com pontes dissulfeto (12
vezes mais) que levedura (Kanetsuna et al., 1969).

As tentativas de se correlacionar mudancgas estruturais ocorridas durante o
dimorfismo de P. brasiliensis com a composicdo quimica de sua parede celular,
revelaram que o dimorfismo ndo depende somente da presenca de polissacarideos na

parede celular, mas também de sua quantidade relativa e seu arranjo espacial (Paris et
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al., 1986). Na maioria dos fungos a quitina, um polissacarideo constituido de residuos
de N-acetilglicosamina unidos por ligacdes p-1,4, € o maior componente estrutural da
parede celular (Bulawa, 1993; Munro & Gow, 1995). Em P. brasiliensis a fase
leveduriforme apresenta maior quantidade de quitina em relacdo a fase miceliana, sendo
composta na sua grande maioria por a-1,3 glucana (95%), tendo apenas 5% de B-1,3
glucana. J& a forma miceliana possui em sua maioria -1,3 glucana (Kanetsuna et al.,
1969). San-Blas et al. (1993; 1994) demonstraram que a diferenca do padrédo de sintese
de glucanas entre as formas de micélio e levedura deve estar envolvida no processo de
diferenciacdo celular. Durante a diferenciacdo de levedura para micélio, a sintese de a-
1,3 glucana é interrompida por um periodo sem que haja indicio de sintese de B-1,3
glucana e no processo inverso ocorre reducdo da sintese de B-1,3 glucana.

A composicdo de lipideos de membrana celular também sofre mudancas durante
0 processo de dimorfismo em P. brasiliensis. A forma leveduriforme possui duas vezes
mais lipideos que a forma miceliana. O &cido linoléico e os lipideos insaturados séo
encontrados em maior quantidade na forma miceliana, enquanto na forma de levedura o
lipideo predominante é o &cido oléico (San-Blas & San-Blas, 1997). Essa diferenca
possivelmente esta relacionada a manutencdo da permeabilidade normal da membrana,
quanto submetida & temperatura de 36° C, necesséria a sobrevivéncia do fungo (Hamdan
etal., 1993).

Além dos componentes ja mencionados, estudos tém comprovado que enzimas
glicoliticas e outras proteinas abundantes no citosol, como a GAPDH (gliceraldeido 3-
fosfato desidrogenase) se localiza na parede celular do fungo P. brasiliensis (Barbosa et
al., 2006). Outras moléculas de superficie tém sido descritas em nosso laboratorio, tais
como HSP60 (Passos et al., 2003), formamidase (Borges et al., manuscrito em redacao)
e triose fosfato isomerase (Pereira et al., 2007).

O transcriptoma de P. brasiliensis gerado pelo projeto genoma funcional e
diferencial foi rastreado, utilizando programas de bioinformatica, com o objetivo de se
identificar sequiéncias que codificam para proteinas com funcgdes relacionadas a parede
celular. Assim, Tomazett et al. (2005) identificaram no transcriptoma do fungo P.
brasiliensis genes que codificam para proteinas envolvidas na estrutura, composi¢éo e
organizacdo da parede celular. Entre as sequéncias identificadas estdo: aquelas
codificantes de quitina sintase (Pbrchs6), o qual esta presente apenas na fase miceliana
de P. brasiliensis; manosiltransferase (Pbmnn9), cujo produto protéico esta envolvido

na sintese da cadeia externa de manana; glucanosiltransferases (Pbgell, Pbgel2 e
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Pbgel3), as quais codificam enzimas envolvidas na integracdo de [B-1,3-glucana a
parede celular; endoquitinase (Pbctsl) e exoquitinase (Pbexgl). Castro et al. (2005)
identificaram no transcriptoma do fungo P. brasiliensis seqiiéncias que codificam para
provaveis proteinas GPl-ancoradas, as quais foram divididas em varias classes: entre
elas podemos citar GPIs ancoradas a parede celular (GPI-CWP) (Crh-like, a-amilase e
PRA/Ag2 “Antigeno Rico em prolina 2”), proteinas GPI-ancoradas possivelmente
envolvidas na biossintese da parede celular [ECM33 e Gels (1, 2 e 3)] e uma proteina

GPIl-ancorada com funcdo de adesina (extracellular matrix protein).

1.5 — Proteinas GPI ancoradas

As proteinas de superficie celular constituem uma importante classe de
biomoléculas por estarem localizadas na interface da célula como meio ambiente.
Muitas proteinas de membrana de eucariotos sofrem algum tipo de modificagdo pds-
traducional e vérias delas sdo modificadas pela ligacdo de uma éancora de
glicosilfosfatidilinositol (GPI) em um motivo na regido C-terminal da proteina
(Ferguson et al., 1988). As proteinas GPl-ancoradas possuem um peptideo sinal N-
terminal, uma regido hidrofobica e um sitio de ancoragem, denominado sitio 6mega (o),
C-terminal (Hamada et al., 1998). A adicdo da ancora de GPI ocorre no reticulo
endoplasmatico, seguido pela clivagem proteolitica do propeptidio C-terminal (Orlean,
1997). Em adicdo a essas caracteristicas, as proteinas GPI ancoradas apresentam uma
seqliéncia rica em serina e treonina que fornece sitios para glicosilacdo. A localizacao
celular dessas proteinas é parcialmente determinada por residuos bésicos ou
hidrofobicos na regido do sitio dmega (Caro et al., 1997; Vossen et al., 1997; Hamada et
al., 1998; 1999).

A estrutura central da ancora de GPI consiste em um UGnico fosfolipidio
estendendo-se até a membrana e um grupo principal formado por um inositol ligado a
um fosfodiéster, no qual se liga uma molécula de glicosamina. Uma cadeia linear com
trés manoses se liga a glicosamina e um fosfato de etanolamina liga-se na regido
terminal dos residuos de manose. Diferencas na composicao lipidica e substituicdes na
cadeia tetrassacaridica podem promover variacdes na estrutura da ancora de GPI
(McConville & Ferguson, 1993).
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Uma série de passos enzimaticos é necessaria para a adi¢cdo da ancora de GPI a
proteina. As proteinas entram no reticulo endoplasmatico onde a cauda de GPI é
covalentemente ligada ao sitio o por um complexo de transamidases composto por
cinco proteinas (PIG-A, PIG-C, PIG-H, GPI1, PIG-P) (Fraering et al., 2001; Hong et al.,
2003). As proteinas GPl-ancoradas sdo entdo transportadas para o complexo de Golgi
(Muniz et al., 2001). Sugere-se que estas proteinas possam ter dois destinos. Elas podem
ser transportadas e se ligarem a membrana plasmatica (proteinas GPl-ancoradas a
membrana plasmatica) ou podem se ligar a parede celular (GPI-CWPs) (Lu et al., 1994).
Caro et al. (1997) propuseram, com base em andlises in silico de proteinas GPI
ancoradas de S. cerevisiae, que a presenca de dois aminoacidos basicos, quatro residuos
acima do sitio @, agem na retencao da proteina na membrana plasmatica. Hamada et al.
(1998; 1999) sugerem que na auséncia desse sinal de retencdo, aminoacidos na posicao
2, 4 e 5, acima do sitio ® agem positivamente na localizacdo da proteina na parede
celular.

Estudos tém estabelecido uma série de funcGes as proteinas GPIl-ancoradas. Elas
podem ser enzimas, antigenos de superficie, moléculas de adesdo ou receptores de
superficie (Chatterjee & Mayor, 2001; Hoyer, 2001; Sundstrom, 2002). Elas foram
reportadas ainda, em varios patégenos, como imunogénicas e sugere-se que Ssejam
importantes fatores de viruléncia (Hung et al., 2002; McGwire et al., 2002). Em adicdo,
proteinas GPl-ancoradas possuem propriedades enzimaticas, agindo na biossintese da
parede celular (Hartland et al., 1996; Mouyna et al., 2000).

A sintese da ancora de GPI é essencial para viabilidade de fungos, uma vez que
manoproteinas de parede celular necessitam de uma ancora de GPI para poderem se
incorporar covalentemente a parede celular (Leidich et al., 1994). Leveduras tém sido
extensivamente usadas no estudo do sistema de ancoragem das GPIs (Ash et al., 1995;
van der Vaart et al., 1995). Contudo, em contraste a S. cerevisiae, pouco se conhece
sobre a estrutura e biossintese da &ncora de GPI em fungos filamentosos. Aspergillus
fumigatus apresenta cerca de nove proteinas GPl-ancoradas homdlogas (Bruneau et al.,
2001). Em C. albicans e S. cerevisiae a maior parte de proteinas GPI ancoradas a parede
celular (GPI-CWPs) é covalentemente ligada a p-1,6-glucana. A B-1,6-glucana pode ser
ligada a p-1,3-glucana ou quitina resultando em uma forte ligacdo covalente de GPI-
CWPs a parede celular (Kapteyn et al., 1996; 1997; Kollar et al., 1997; De Groot et al.,
2004).
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Estudos tém demonstrado que P. brasiliensis usa GPI para ancorar proteinas de
superficie celular (Heise et al., 1995). As proteinas GPl-ancoradas de P. brasilensis
podem ser enzimas, antigenos de superficie, ou moléculas de adesdo, e elas,
possivelmente, tem funcdo estrutural na biogénese da parede celular (Castro et al.,
2005). Vinte proteinas GPl-ancoradas de P. brasiliensis foram identificadas: nove
enzimas (a-amilase, proteinase aspértica, superoxido dismutase 1, ECM33, DFG5, B-
1,3-glucanosiltransferases 1, 2 e 3 e uma fosfolipase B), duas proteinas estruturais (Crh-
like e proteina GPI-ancorada a parede celular), uma molécula de adesdo (proteina da
matriz extracelular, EMP), trés antigenos de superficie (antigeno 1, antigeno rico em
prolina 2 e B-1,3-glucanosiltransferase 1) e seis proteinas hipotéticas (Castro et al.,
2005). A enzima a-amilase esta localizada na parede celular de fungos e possui funcao
crucial durante o processo fermentativo em leveduras (Yabuki & Fukui, 1970;
Nagamine et al., 2003). Algumas novas proteinas identificadas como ECM33 e DFG5-
like foram descritas no processo de biogénese da parede celular (Lussier et al., 1997,
Ross-MacDonald et al., 1999; Kitagaki et al., 2002; Castro et al., 2007) e crescimento
em altas temperaturas (Terashima et al., 2003). Em adicdo, a familia das Gels tem
funcdo descrita na reorganizacdo e morfogénese da parede celular devido sua atividade
no elongamento das cadeias de -1,3-glucana (Mouyna et al., 2000). Duas proteinas tém
sido reportadas como tendo funcdo estrutural: Crh-like, que tem um provavel dominio
glicosidase podendo estar envolvida no desenvolvimento da arquitetura da parede
celular (Rodriguez-pefia et al., 2000), e uma proteina GPl-ancorada a parede celular que
tem funcdo na associagéo das redes de glucana (Moukadiri et al., 1997).

Assim a adicdo da ancora de GPI é requerida para morfogénese, viruléncia e
interacdo patdgeno-hospedeiro (Richard et al., 2002; Sundstrom, 2002; Delgado et al.,
2003). Essas razdes podem ser invocadas para justificar a importancia das proteinas

GPl-ancoradas em P. brasiliensis.

1.6 — Antigeno Rico em Prolina (PRA/Ag2)

O antigeno rico em prolina (PRA/Ag2) foi descrito em alguns microrganismos,
exercendo, em alguns deles, funcéo protetora contra infeccdo em modelos experimentais

(Abuodeh et al., 1999). Dentre os microrganismos em que a PRA/Ag2 foi identificada
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temos: Coccidioides immitis (Zhu et al., 1996), Uncinocarpus reesi (Johannesson et al.,
2004) e Chrysosporium lucknowense (Johannesson et al., 2004).

A PRA/AQ? foi relatada como imunogénica em outros microrganismos. Ward et
al. (1975) isolaram uma fracdo soltvel em meio alcalino da parede celular de micélio de
C. immitis tratado com tripsina e Lecara et al. (1983) demonstraram que esse extrato
denominado C-ASWS promoveu protecdo em ratos inoculados com o fungo. Analises
desse extrato através de eletroforese bidimensional demonstraram que ele é rico em uma
proteina que mais tarde foi denominada PRA/Ag2 (Cox, 1985). Varios trabalhos
posteriores forneceram fortes evidéncias que PRA/Ag2, uma das primeiras proteinas
imunogénicas identificadas em C. immitis, € 0 maior componente reativo com células T
de pacientes com coccidioidomicose (Cox et al., 1977; Cox, 1989; Dugger et al., 1991).
Zhu et al. (1996) identificaram e caracterizaram o cDNA codificante para PRA/Ag2 de
C. immitis e demonstraram que a proteina recombinante reage com soro de pacientes
com coccidioidomicose. Outros estudos revelaram que vacinas usando a PRA/AgQ2
recombinante ou o cDNA codificante para a respectiva proteina provocaram protecao
contra coccidioidomicose em camundongos (Kirkland et al., 1998; Abuodeh et al.,
1999; Jiang et al., 1999; Shubitz et al., 2002). Jiang et al. (1999) realizaram testes
comparativos de imunoprotecdo entre vacinacao genética (CDNA ou DNA) e vacinacao
com a proteina recombinante demonstrando que o gene de PRA/Ag2 é mais eficaz em
promover protecdo em ratos infectados com C. immitis. Zhu et al. (1997), utilizando
técnicas de PCR para gerar diferentes fragmentos da proteina, identificaram epitopos de
PRA/AQ2 reativos com células B no dominio composto pelos aminoécidos 19-96 e
Kirkland (1998) demonstrou a eficacia da proteina recombinante em promover
imunoprotecao.

Proteinas de superficie celular sdo moléculas potencialmente associadas a
interacdo do fungo com o hospedeiro humano. Em fungos, as proteinas GPI ancoradas
sdo conhecidas por estarem covalentemente incorporadas a parede celular ou por serem
permanentemente fixadas a membrana plasmatica. Muitas funcfes sdo sugeridas para as
proteinas GPl-ancoradas. Elas podem estar envolvidas na biossintese e no
remodelamento da parede celular, podem determinar a hidrofobicidade e antigenicidade
da superficie e desempenham papel na adesdo e viruléncia (Hoyer, 2001; Klis et al.,
2001; Sundstrom, 2002). PRA/Ag2 foi descrita como uma possivel molécula GPI
ancorada a parede celular (Galgiani et al., 1992; Zhu et al., 1996; Castro et al., 2005).

As proteinas da camada externa da parede celular de fungos sdo os primeiros sitios de
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interacdo com organismos hospedeiros (Vicentini et al., 1994; Staab et al., 1999; Long
et al., 2003). Assim, é esperado que as proteinas de adesdo e aquelas que conferem
protecdo contra moléculas do hospedeiro estejam na parede celular e que tenham um
importante papel na viruléncia. Devido ao interesse do nosso laboratorio em estudar
moléculas potencialmente associadas a interacdo do fungo com o hospedeiro,
realizamos estudos de caracterizacdo da PRA/Ag2 homdloga de P. brasiliensis no

intuito de futuramente avaliar o papel funcional dessa proteina na patogénese da PCM.
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2. JUSTIFICATIVAS

Eventos relacionados a sintese e montagem da parede celular tém sido objeto
de pesquisas em diferentes grupos. O nosso interesse nesse topico se deve ao fato da
parede celular ser responsavel pela manutencdo da estabilidade e forma celulares e ao
fato de as proteinas nela presentes serem as primeiras a entrarem em contato com o
hospedeiro, estabelecendo uma relacéo preliminar patdgeno-hospedeiro.

Ja foi descrito que a proteina rica em prolina (PRA/Ag2) é uma molécula
ancorada a parede celular através de uma ancora de GPI e um antigeno de fungos, sendo
o principal componente reativo com células T de pacientes com coccidioidomicose.
Assim, estudos com essa proteina podem fornecer importantes informacGes sobre a

interacdo fungo-hospedeiro e sobre mecanismos de estabelecimento da PCM.
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3. OBJETIVOS E ESTRATEGIAS

Proteinas de superficie celular sdo moléculas potencialmente associadas a
interacdo do fungo com o hospedeiro humano. O estudo de moléculas envolvidas na

interacdo patdgeno-hospedeiro é um dos principais interesses de nosso grupo.

Visando esse enfoque, o presente estudo teve como objetivos especificos:

1. Caracterizar um antigeno rico em prolina (PbPRA/Ag2) de P. brasiliensis
Estratégias:
- Caracterizacdo do cDNA referente & POPRA/AQ2
- Andlise da seqléncia deduzida de aminoacidos através de ferramentas de

bioinformética.

2. Avaliar o numero de cépias do gene codificante da PbPRA/Ag2 no genoma do
fungo.
Estratégias:
- Experimento de Southern blot.
3. Promover a expressao heteréloga da PbPRA/Ag2 e a purificagdo da proteina
recombinante.
Estratégias:
- Clonagem do cDNA PbPRA/Ag2 em vetor de expressdo e inducdo da expressao da
proteina em sistema bacteriano.
- Purificacdo da proteina recombinante através de cromatografia de afinidade e

clivagem enzimatica da proteina de fusao.

4. ldentificar a proteina PboPRA/Ag2 no proteoma de P. brasiliensis.
Estratégias:
- Producgéo de anticorpos policlonais.
- Eletroforese Bidimensional

- Ensaios de western blot.

5. Analisar a expressao de PoPRA/Ag2 em células de P. brasiliensis.
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Estratégias:
- Eletroforese de proteinas
- Western blot

6. Awvaliar os niveis de transcritos de PbPRA/Ag2 em P. brasiliensis.

Estratégias:

- Extracdo de RNA total de P. brasiliensis nas formas estagio especificos e durante a
transicdo miceélio — levedura.

- ReagOes de PCR em tempo real

7. Analisar a localizacdo celular de PbPRA/Ag2 em células leveduriformes de P.
brasiliensis.
Estratégias:
- Ensaios de imunocitoquimica e microscopia eletronica.

- Ensaios bioquimicos utilizando digestdo com HF-piridina
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ABSTRACT

The dimorphic fungus Paracoccidioides brasiliensis is the causative agent of the most
frequent systemic mycosis in Latin America. In humans, infection starts by inhalation of
fungal propagules, which reach the pulmonary epithelium and differentiate into the
yeast parasitic phase. Here we describe the characterization of a proline-rich protein
(PRA/Ag2) homologue of P. brasiliensis, a predictable cell wall protein, first identified
in Coccidioides immitis. The protein, the cDNA and genomic sequences were analyzed.
Southern blot analysis suggested that there is one copy of the gene in P. brasiliensis.
The cloned cDNA was expressed in Escherichia coli and the purified rPbPRA/Ag2 was
used to obtain polyclonal antibody. The purified recombinant protein was recognized
by sera of patients with proven paracoccidioidomycosis and not by sera of healthy
individuals. Immunoelectron microscopy and biochemical studies demonstrated the
presence of PbPRA/Ag2 in the fungal cell wall, linked through a GPIl-anchor. The
expression of the PbPRA/Ag2 gene was analyzed by real time PCR and results
demonstrated developmental regulation in phases of P. brasiliensis, with a higher
expression in the mycelium saprobic phase. The protein expression analyses corroborate

the transcript levels.

Keywords: Paracoccidioides brasiliensis; Proline-rich-antigen 2; cell wall.
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1. INTRODUCTION

Paracoccidioides brasiliensis is the causative agent of paracoccidioidomycosis
(PCM), a systemic mycosis geographically restricted to Central and South America
(Restrepo and Tobon, 2005). The fungus is thermodimorphic; that is, it grows as a
yeast-like form in host tissues or when cultured at 35-36° C, and as mycelium in
saprobic condition or when cultured at room temperature (18-23° C) (Lacaz, 1994).
Temperature-dependent cellular differentiation to the parasitic yeast cell takes place in
the lungs. The primary pulmonary infection eventually disseminates to other organs by
hematogenic and/or lymphatic routes (Brummer et al., 1993).

The cell wall is a highly dynamic fungal structure. It is involved in the
maintenance of cellular morphology and consequently in the dimorphic process, and
also functions in matters such as the osmotic protection of the cell and the modulation
of immunological responses against infection (Klis et al., 2002). In P. brasiliensis the
molecular architecture and the functional components of the cell wall differ between the
yeast and mycelial growth forms. Yeast and mycelia forms present chitin as a common
structural polysaccharide (Kanetsuna et al., 1969). As the fungus adopts the yeast form,
an increase in the chitin content is observed in the cell wall, followed by a change in the
glucan anomeric structure from a (3-1,3-linked polymer to an a-1,3-glucan (San-Blas et
al., 2002). The surface a -glucan may have a role as a protective layer against the host
defense mechanisms due to the incapacity of phagocytic cells to digest a -1,3-glucan
(San-Blas, 1982). The total lipid content of yeast cells is twice more than in mycelia

phase (Manocha, 1980).
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The cell-wall forms an interface between pathogen and host and is believed to play a
role in virulence. Also, it acts as a sieve and reservoir of molecules such as adhesins
(Barbosa et al., 2006 and Pereira et al., 2007).

Glycoproteins  of  several organisms become attached to a
glycosylphosphatidylinositol (GPI) anchor and ultimately appear at the plasma
membrane, and in some fungi in the cell wall (Tiede et al., 1999). Proteins destined to
be GPI anchored have conserved features, such as an N-terminal signal sequence for
addressing to the endoplasmic reticulum (ER) and a C-terminal signal sequence for
attachment of the GPI anchor. Shortly after protein synthesis in the ER, the preformed
GPI anchor replaces the C-terminal transmembrane region. Several studies have
established that GPI-anchored proteins are a large class of functionally diverse proteins.
They can be enzymes, surface antigens, adhesion molecules, or surface receptors
(Chatterjee and Mayor, 2001; Hoyer, 2001; Sundstrom, 2002). GPI-anchored proteins
reported in various microbial pathogens have been shown to be immunogenic and are
suggested to be important virulence factors (Hung et al., 2002; McGwire et al., 2002).
In addition, GPI-bound proteins can display enzymatic properties, playing an active role
in cell wall biosynthesis (Hartland et al., 1996; Mouyna et al., 2000).

Through cDNA representational difference analysis (cDNA-RDA) with RNAs
obtained from two fungal isolates we identified a cDNA encoding to the proline rich
antigen 2 (PRA/Ag2) homologue of P. brasiliensis. In the C. immitis PRA/AQ2 is a
GPIl-anchored protein (Galgiani et al., 1992; Zhu et al., 1996) heavily glycosylated
(Dugger et al., 1991) and it is located in the fungal cell wall (Galgiani et al., 1992), most
probably attached to the cell-wall matrix (Peng et al., 2002). The protein is suggested to
be important for spherule cell-wall morphogenesis during the infection process in C.

immitis (Zhu et al., 1996).
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In the present study we report the cloning and characterization of the cDNA and
gene encoding the homologue of PRA/AgQ2 in P. brasiliensis. In addition, we also
performed the purification of the recombinant PRA/Ag2 (rPbPRA/Ag2) and the
production of the anti-rPbPRA/Ag2 polyclonal antibody. It was demonstrated that
purified recombinant protein was recognized by sera of patients with PCM.
Immunoelectron microscopy was employed to define the PRA/Ag2 subcellular
localization in P. brasiliensis and HF-pyridine digestion showed that PbPRA/AQ2 is a
GPIl-anchored protein. We have also demonstrated that the expression of PbPRA/Ag2

and its transcript is developmentally regulated in P. brasiliensis.

2. MATERIALS AND METHODS

2.1. P. brasiliensis isolate and growth conditions

The P. brasiliensis Pb01 isolate (ATCC MYA-826), and the P. brasiliensis
isolate obtained from armadillos (Tercarioli et al., 2007) were cultivated in semisolid
Fava Netto’s medium (Fava-Netto, 1961) at 36 °C for the yeast phase and at 22 °C for
mycelium. The differentiation of Pb0Ol was performed in the same medium above,
without agar, by changing the temperature of the culture from 22 to 36° C for the
mycelium to yeast transition, as described (Moreira et al., 2004). The cells were
previously grown in liquid medium for 18 h before changing the incubation

temperature, which was maintained for 24 hours.

2.2. Cloning of the gene and cDNA encoding PbPRA/Ag2

A complete cDNA encoding the P. brasiliensis homologue of PRA/Ag2 was

obtained from a cDNA library constructed as described by Baildo et al. (2006), by
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applying the RDA technique, to assess differences between the mRNA populations of
two isolates of P. brasiliensis. The cDNA was sequenced on both strands by using the
MegaBACE 1000 DNA sequencer (GE Healthcare, Amersham Biosciences).

The genomic sequence encoding PRA/Ag2 was obtained by PCR amplification of the
total DNA of P. brasiliensis. Primers were constructed based on the cDNA sequence
(Table 1). The PCR reaction was performed with 20 ng of total DNA of P. brasiliensis,
and the amplification conditions were 25 cycles at 94 °C for 1 min and 30 s, annealing
at 60 °C for 1 min and 15 s, and extension at 72 °C for 2 min. An amplified PCR
product of 1361-bp was gel purified and subcloned into pGEM-T-Easy vector
(Promega, Madison, WI, USA). The sequence was determined on both strands by
automated DNA sequencing, applying the DNA sequencing method of Sanger et al.

(1977).

2.3. DNA sequencing and sequence analysis
The cDNA and genomic DNA sequences were translated and compared to all

non-redundant polypeptides in the translated NCBI (http://www.ncbi.nlm.nih.gov)

database. The predicted protein was analyzed by using the programs: Compute pl/Mw

(http://ca.expasy.org/tools/pi_tool.html), Scan Prosite
(http://ca.expasy.org/tools/scanprosite/), PSORT I (http://www.psort.org/),
(http://ca.expasy.org/tools/scanprosite/) and Pfam
(http://www.sanger.ac.uk/Software/Pfam/search.shtml). The DGPI

(http://129.194.185.165/dgpi/index_en.html) and big-PI fungal predictor

(http://mendel.imp.univie.ac.at/gpi/fungi/gpi_fungi.html) (Eisenhaber et al., 2004) were

used to predict the w-site of the GPI-anchor.
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2.4. DNA extraction of P. brasiliensis and Southern blot analysis

P. brasiliensis yeast cells were harvested, washed and frozen in liquid nitrogen.
Grinding with a mortar and pestle broke the cells, and the genomic DNA was prepared
by the cationic hexadecyl trimethyl ammonium bromide (CTAB) method according to
Del Sal et al. (1989). The cell powder was suspended in extraction buffer [(2% (w/v)
polyvinylpolypyrrolidone (PVP), 1.4 M NaCl, 0.1 M Tris-HCI pH 8.0, 0.02 M
ethylenediaminetetracetic acid (EDTA), 2% (w/v) CTAB]. The mixture was incubated
at 65 °C for 1 h, extracted with 50% chloroform/50% isoamyl alcohol and precipitated
with 100% ethanol. After treatment with RNase | and ethanol precipitation, the DNA
was ressuspended in water.

Total DNA (25 pg) was digested with the restriction enzymes Haelll, Stul, Dral,
EcoRV, Hindlll and Sall. Standard conditions for electrophoresis were used (Sambrook
and Russell, 2001). The blot was probed to the 654-bp Pbpra/ag2 genomic fragment
labeled by using the Gene Images Random Prime labeling module (GE Healthcare) and
washed under high-stringency conditions [60°C, 1.0 x SSC (0.15 M NaCl, 0.015 M
trisodium citrate), 0.1% [w/v] SDS and 0.5 x SSC, 0.1% [w/v] SDS] according to the
manufacturer’s instructions. Hybridization was detected with the Gene Image CDP-Star

detection module (GE Healthcare).

2.5. Expression and purification of recombinant PbPRA/Ag2

Oligonucleotide primers were designed to amplify the 585 bp cDNA containing
the complete coding region of PRA/Ag2 (Table 1). The PCR product was subcloned
into the Sall/Notl sites of pGEX-4T-3 (GE Healthcare). The DNA was sequenced on
both strands and used to transform the E. coli C41 (DE3). The transformant cells were

grown at 37 °C, induced with 1.0 mM isopropyl B-D- thiogalactopyranoside (IPTG) and
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the bacterial extract was pelleted and resuspended in phosphate buffered saline (PBS
1X). The fusion protein PRA/Ag2 was expressed in the soluble form by the bacteria and
purified by affinity chromatography under non-denaturing conditions. Subsequently the
fusion protein was cleaved by the addition of thrombin protease (50U/ml). The purity
and size of the recombinant protein were evaluated by running the purified molecule on
a 12% sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)

followed by Coomassie blue staining.

2.6. Antibody production

The purified rPbPRA/Ag2 was used to generate specific rabbit polyclonal
serum. Rabbit preimmune serum was obtained and stored at -20°C. The purified
recombinant protein (300 pg) was injected into rabbit with Freund’s adjuvant three

times at 10-days intervals. The obtained serum was sampled and stored at -20°C.

2.7. Preparation of P. brasiliensis total cell extracts

Protein crude extracts were obtained by disruption of frozen cells in liquid
nitrogen in the presence of protease inhibitors: 50 pg/ml Na-p-tosyl-L-lysine
chloromethyl ketone (TLCK), 1 mM 4-chloromercuribenzoic acid (PCMB), 20 mM
leupeptin, 20 mM phenylmethylsulfonyl fluoride (PMSF) and 5 mM iodoacetamide in

homogenization buffer (20 mM Tris-HCI, pH 8.8, 2 mM CaCl,).

2.8. Electrophoretic analysis
Polyacrylamide gel electrophoresis of native proteins and sodium dodecyl
sulfate (SDS-PAGE) were performed according to O’Farrell (1975) and Laemmli

(1970), respectively. In brief, the proteins were precipitated by 10% (w/v)
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trichloroacetic acid (TCA) addition. The pellets were washed in 10% (v/v) cold acetone
and the samples were resuspended in lyses buffer containing 9.5 M urea, 2% (v/v)
Nonidet P-40 (NP-40), 5% (v/v) B-mercaptoethanol, ampholytes 5.0-8.0 and 3.5-10.0

(ratio 4:1).

2.9. Western blotting analysis

The proteins were electrophoresed and stained with Coomassie brilliant blue
R250 or transferred to a nylon membrane and checked by Ponceau S to determine equal
loading. The membranes were blocked with PBS containing 5% non-fat dry milk. P.
brasiliensis PRA/Ag2 as well as the purified recombinant protein were detected with
the polyclonal antibody raised against the recombinant protein (diluted 1:3000) and
after reaction with alkaline phosphatase anti-rabbit immunoglobulin G (IgG) the
reaction was developed with  5-bromo-4-chloro-3-indolylphosphate—nitroblue
tetrazolium (BCIP/NBT). Reactions were also performed with sera from patients with
PCM and from control individuals (diluted 1:100). After incubation with peroxidase
conjugate anti-human 1IgG the reaction was developed with hydrogen peroxide and

diaminobenzidine (Sigma-Aldrich, St. Louis, MO) as the chromogenic reagent.

2.10. In vivo deglycosylation treatments

In order to obtain the deglycosylated protein extract from P. brasiliensis yeast
cells, 20 pg/ml of tunicamycin was added to the fungal yeast cells liquid culture.
Tunicamycin at this concentration had no effect on fungal growth (data not show). After
incubation, the cells were harvested and subjected to total protein extraction, as

described above.
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2.11. Cell wall protein extractions and enzymatic treatments

Yeast cells were frozen in liquid nitrogen and disrupted by using a pestle and
mortar. This procedure was carried out until complete cell rupture, verified by optical
microscopic analysis and by the failure of cells to grow on Fava Netto's medium.
Ground material was lyophilized, weighed, and resuspended in 25 ul Tris buffer (50
mM Tris-HCI, pH 7.8) for each milligram of dry weight as described (Damveld et al.,
2005). The
supernatant was separated from the cell wall fraction by centrifugation at 10,000 g for
10 min at 4 °C. A new protein extraction was performed with Tris buffer as described
above. To remove noncovalently linked proteins and intracellular contaminants, isolated
cell wall fraction was washed extensively with 1M NaCl and was boiled three times in
SDS-extraction buffer (50 mM Tris-HCI, pH 7.8, 2% [w/v] SDS, 100 mM Na-EDTA,
40 mM B-mercaptoethanol) and pelleted after the extractions by centrifugation at
10,000 g for 10 min (Montijn et al., 1994). The washed pellet containing the cell wall
enriched fraction was washed six times with water, lyophilized, and weighed. The cell
wall fraction, prepared as described above was treated with hydrofluoric acid-pyridine
(HF-pyridine) (10 pl for each milligram of dry weight of cell walls) for 4h at 0° C,
according to De Groot et al. (2004). After centrifugation, the supernatant containing the
HF-pyridine extracted proteins was collected and HF-pyridine was removed by
precipitating the supernatant in 9 volumes of methanol buffer (50% v/v methanol,
50mM Tris-HCI, pH 7.8) at 0° C for 2h. The pellet was washed three times in methanol
buffer and resuspended in approximately 10 times the pellet volume in protein loading
buffer 2X (0.5 M Tris-HCI, pH 6.8, 4.4% [w/v] SDS, 20% [v/v] glycerol, 2% [v/v] B-

mercaptoethanol, and 0,4% [w/v] bromophenol blue in distilled water.
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2.12. RNA extractions and cDNA synthesis

Total RNA was obtained by using Trizol (GIBCO, Invitrogen, Carlsbard, CA)
according to the manufacturer’s instructions. The quality of RNA was assessed by
evaluating the Azso nm/Azso nm ratio, and by visualization of rRNA after electrophoresis
on 1.2% agarose gel. The presence of intact 28S and 18S ribosomal RNA bands was
used as a criterion to verify if the RNA was intact. RNAse-free DNA-se treatment was
performed in a final volume of 100 ul containing (40 mM Tris—HCI pH 7.5 and 6 mM
MgCly), 1 ul of RNAsin (40 U/ul , Promega, Madison, WI, USA), 10 ul of RNAse-free
DNAse (1 U/ul, Promega), 2.5 ul DTT 200 mM, and 10 ul of total RNA. The reaction
was incubated at 37°C for 60 min and stopped by incubating at 70°C for 30 min. The
RNA samples were used to first-strand cDNA synthesis. Briefly, 1 pg of total P.
brasiliensis RNA was mixed with 2 ul of oligo dT (10 pmol/ul) and 2ul dNTPs (10
mM) in 20 pl of water and heated to 65°C for 5 min. The mixture was briefly chilled on
ice and mixed with 4 ul of 0.1 M dithiothreitol, 8 ul of 5X first-strand buffer
(Invitrogen, CA, USA), and 1.5 ul of Superscript Il (200 U/ul) (Invitrogen). The
reaction was then incubated at 37°C for 60 min and terminated by a 15 min incubation

at 65°C.

2.13. Quantitative analysis of Pbpra/ag2 by Real-time PCR

RNA samples were reverse transcribed using Superscript Il reverse transcriptase
(Invitrogen) and oligo(dT)15 primer. Real time PCR reactions were performed in ABI
PRISM 7500 Sequence Detection System (Perkin-Elmer Applied Biosystem, USA).
The PCR thermal cycling conditions were as follows: an initial step at 50 °C for 2 min,
followed by 5 min at 95 °C, and 40 cycles at 95 °C for 15 sec, 60 °C for 10 sec and 72

°C for 15 sec. The Platinum SYBR Green qPCR Supermix (Invitrogen) was used for
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PCRs. Each cDNA sample was analyzed in triplicate with each primer pair. The data
were normalized to the 60S ribosomal protein L34 (Andrade et al., 2006) and to the 40S
ribosomal protein S30 cDNAs which were amplified in each set of PCRs experiments.
The calculation of relative expression was performed according to the 2" standard
curve method (Livak and Schmittgen, 2001). A nontemplate control with no genetic
material was included to eliminate contamination or nonspecific reactions. The

oligonucleotides utilized in this experiment are listed in Table 1.

2.14. Transmission electron microscopy of P. brasiliensis yeast cells and
immunocytochemistry of the PRA/Ag2

For ultrastructural and immunocytochemistry studies, it were employed the
protocols previously described in Barbosa et al. (2006) and Pereira et al. (2007). After
fixation of the yeast cells, ultrathin sections were stained with 3% (w/v) uranyl acetate
and lead citrate. After, the ultrathin sections were incubated for 1 h with the anti-
PbPRA/Ag2 polyclonal antibody (diluted 1:100). After washing, the grids were
incubated for 1 h with the labeled secondary antibody (anti-mouse IgG, Au conjugated,
10 nm average size; 1:20 diluted). The grids were observed with a Jeol 1011
transmission electron microscope (Jeol, Tokyo, Japan). Controls were incubated with

mouse preimmune serum (1:100 diluted).

2.15. Nucleotide sequence accession numbers
The P. brasiliensis nucleotide sequences reported in this paper and the deduced
amino acid sequences have been submitted to the GenBank database under accession

numbers DQ186602 (cDNA) and EU177004 (genomic).

3. RESULTS
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3.1. Identification of the cDNA and the gene encoding the PbPRA/Ag2 homologue
and characterization of the deduced amino acid sequence

The complete cDNA encoding the homologue of P. brasiliensis PRA/Ag2
presented 1216 nucleotides in length; it contained 68 bases at the 5° UTR (untranslated
region) and 664 at the 3° UTR exclusive of the poly-A tail, as shown in Fig 1. The open
reading frame is 585 bp in length. The ATG codon at base 68 encodes the presumed
initiation methionine that is in the appropriate position of a consensus translation start
codon (Kozak, 1986). The stop codon TAA is located at position 795. The primary
translation product of Pbpra/ag2 gene contains 194 aminoacid (aa) and, in the absence
of any post-translational modification, has a predicted molecular size of 19.5 kDa.
Sequence comparisons, performed according to the program of Altschul et al. (1990)
showed that the 28 aa on the N terminus have characteristics of a signal peptide, a
positively charged residue (His™®) followed by a hydrophobic core composition and a
putative peptidase cleavage site between Ala® and GIn® (Fig. 1). The deduced amino
acid sequence of PbPRA/Ag2 also shows a region (from residues 112 through 166) that
contains 7 repeats of the tetrapeptide TXX’P (Fig. 1). Although a N-glycosylation site
was not found, a Thr-rich region (Thr''® through Thr'®®) with high possibility of O-
glycosylation was identified in the PbPRA/AQ2 using a database search (Hansen et al.,
1995). Several potential phosphorylation sites were found at 13 positions (39, 70, 86,
94, 113, 129-130, 132, 139, 149, 151, 160, 164) (Fig. 1). The extreme C terminus of the

178

PRA/Ag2 molecule contains a putative GPI signal sequence, from Ala~"® through

171 a cleavage site between Gly'™ and Ala'’? and a

Leu™, with an anchor site at Gly
glycosaminoglycan attachment site between Ser**® to Gly™? (Fig. 1). A conserved
domain CFEM, a eight-cysteine-containing domain, is located between residues GIn?®

and Ser® (Fig. 1). A Blastp pairwise comparison of the deduced PbPRA/Ag2 exhibited
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59% identity and 75% similarity to C. immitis PRA/AgQ2; 59% identity and 74%
similarity to Coccidioides posadassi PRA/Ag2; 59% identity and 69% similarity to
Chrysosporium queenslandicum PRA/Ag2; 60% identity and 70% similarity to
Uncinocarpus reesi PRA/Ag2 (data not shown). The complete genomic sequence was
obtained by PCR amplification and was compared to the cDNA. The Pbpra/ag2
presents introns, a characteristic of the P. brasiliensis ORFs sequenced so far. The
genomic sequence includes two introns, of 72- and 73 bp at 112 to 183 and 323 to 395
positions. All the introns/exons boundaries conform to the basic consensus GT/AG for
eukaryotic splice donor and acceptor sites (Breathnach and Chambon, 1981) and
presented putative splice box, which, matches the filamentous-fungus consensus

sequence (NNCTPuUAPY) located at the 3" terminus of the introns (Gurr et al., 1987).

3.2. Southern blot analysis

The genomic organization of Pbpra/ag2 was investigated by Southern blot
analysis. Total DNA was digested with the restriction endonucleases Haelll, Stul, Dral,
EcoRV, Hindlll and Sall. Southern blot analysis using the cDNA insert under high
stringency conditions was able to detect a single DNA fragment in the P. brasiliensis
DNA digested with the restriction enzymes Dral, EcoRV, Hindlll and Sall (Fig. 2,
lanes 3 to 6). Haelll and Stul digestion produced fragments consistent, in number, with
the single restriction site presumed to occur in Pbpra/ag2 (Fig. 2, lanes 1 and 2). The
obtained restriction profiles indicated that the P. brasiliensis genome contained a single

copy of the Pbpra/ag2 gene.

3.3. Expression and purification of the recombinant PbPra/Ag2, production of

polyclonal antibody and reaction with sera of PCM patients
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The cDNA encoding the P. brasiliensis PRA/Ag2 was sub cloned into the
expression vector pGEX-4T-3 to obtain the recombinant fusion protein. After induction
with IPTG, a 42.5 kDa recombinant protein was detected in bacterial lysates (Fig 3A,
lane 2). The predicted molecular size of the recombinant protein included the vector-
encoded fusion peptide of 26 kDa at its N-terminus. The fusion protein was purified
using glutathione sepharose-4B and cleaved by the addition of thrombin protease to
remove the 26 kDa GST (Fig. 3A, lanes 3 and 4). As observed, the cleaved recombinant
protein migrated as a 22 kDa species in SDS-PAGE (Fig 3A, lane 4). The purified
recombinant protein was used to generate polyclonal antibody. The antibody was
reacted with the fusion protein (Fig 3B, lanes 1 and 2). The cleaved protein was
detected as a species of 22 kDa (Fig 3B, lane 3). No cross-reactivity to the mouse
preimmune serum was evidenced with the same samples (Fig 3C).

Five serum samples from P. brasiliensis-infected individuals and five serum
samples from control individuals were reacted in immunoblot assays with 1.0 pg of the
rPbPRA/AQ2 (Fig 3D). Strong reactivity was observed with sera of PCM patients
(Fig 3D, lanes 1-5). No cross-reactivity was observed with control sera (Fig 3D,
lanes 6-10). This result suggest a predictable role of PboPRA/AQ2 in the fungus host

interaction.

3.4. Detection of PbPRA/AQ2 in P. brasiliensis cells

The protein extract from yeast cells was subjected to two-dimensional gel electrophoresis analysis,
transferred to nylon membranes and analyzed by immunoblot. Signal corresponding to protein species of

60 kDa with pl of 4.7 can be observed (Fig 4A). Proteins stained with coomassie blue (Fig 4B).

3.5. Analysis of PbPRA/Ag2 in P. brasiliensis cells and transcript analysis of

Pbpra/ag2 by Real time-PCR
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P. brasiliensis total proteins extracts from mycelium, mycelium in transition to
yeast cells, yeast cells and yeast cells after tunicamycin treatment were subjected to
SDS-PAGE, blotted onto nitrocellulose membrane and reacted to the polyclonal
antibody (Fig 5A). As demonstrated, a single protein species of 60 kDa was detected in
mycelium, mycelium in transition to yeast and yeast cells. The protein amount was
more abundant in mycelium (Fig 5A, lane 1) and decreased during fungal transition to
yeast cells (Fig. 5A, lane 2). The yeast cells present a small amount of protein
accumulation compared to mycelium (Fig 5A lane 3). Deglycosylated protein extract
from P. brasiliensis yeast cells was obtained after treatment with tunicamycin. The
apparent molecular mass of the PbPRA/AQ2 in P. brasiliensis yeast cell extracts (Fig
5A, lane 4) was not altered by treatment with tunicamycin, which blocks the synthesis
of dolichol pyrophosphate-N-acetylglucosamine, a key intermediate in the biosynthetic
pathway of N-glycosylated glycoproteins , indicating that PbPRA/Ag2 do not
undergoes N-linked glycosylation. No cross-reactivity to the mouse preimmune serum
was evidenced with the same samples (Fig 5B).

Quantitative analysis of expression levels of Pbpra/ag2 was achieved by real-
time PCR assay. High levels of transcript were observed in mycelium in comparison to
yeast cells. During the transition from mycelium to yeast, it could be observed a
decrease of the transcript level after the temperature shift from 22 to 36° C (Fig 5C)
after 24 hours of temperature shift. We saw no difference between the two normalizes
(date not show). Accordingly the amount of transcript was standardized with the
ribosomal protein L34. The level expression of Pbpra/ag2 of P. brasiliensis isolated
in its yeast form from naturally infected armadillos also was analyzed for real-time
PCR. The results demonstrated a low level of expression of Pbpra/ag2 yeast cells, as

demonstrated to Pb01 (Fig. 5C).
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3.6. Detection of the PbPRA/Ag2 in cell wall of P. brasiliensis yeast cells

Extraction of fungal cells walls with HF-pyridine has been shown to be a reliable
method for the release of GPI-anchored cell wall mannoproteins (de Groot et al., 2004).
HF-pyridine specifically cleaves phosphodiester bonds, through which GPI-CWPs are
linked to the pB-1,6-glucan component of the cell wall. Western blot analysis
demonstrated that PoPRA/Ag2 was localized in cell wall of P. brasiliensis (Fig 6A —
lane 1) and P. brasiliensis cell wall treatment with HF-pyridine result in the liberation
of the protein (Fig 6A — lane 2).

In order to continue to define the cellular localization of the PbPRA/AQ2 in P.
brasiliensis, we performed immunocytochemistry experiments using ultrathin sections
of LR Gold-embedded yeast cells of P. brasiliensis. Electron microscopy of
conventionally embedded cells revealed the ultrastructure of the P. brasiliensis yeast
form (Fig 6B). The immunocytochemistry assays revealed gold particles detected manly
in the cell wall (Fig 6B, panels 2 and 3). Control samples obtained by incubation of the

yeast cells with the rabbit preimmune serum were free of label (Fig. 6B, panel 1).

4. DISCUSSION

In this study we have identified a new gene of P. brasiliensis, encoding a
predicted cell wall protein, identified as a homologue of PRA/Ag2. We cloned the
PRA/Ag2 cDNA and gene and determined their entire sequences. The open reading
frame encodes a 194 amino acid polypeptide with a calculated molecular weight of 19.5
kDa. A tetrapeptide repeat region (TXX’P), a common feature of fungal cell-wall
proteins, is found in PbPRA/Ag2. This region is rich in proline/threonine. It has been

suggested that regions rich in proline may serve a structural function in cell wall (Blume
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et al., 1991). The conserved, eight-cysteine-containing CFEM sequence is present in
PbPRA/Ag2. This domain reported to occur in fungal pathogens of plants and animals
is predominantly comprised of hydrophobic residues and is present in proteins with a
signal sequence , a transmembrane span or a GPIl anchor. The CFEM domain of
PRA/AgQ2 has been reported to contain B cell epitopes in C. immitis (Zhu et al., 1997).
Also, the deduced PbPRA/AgQ2 presents a glycosaminoglycan attachment site similar to
those involved in the binding adhesins to the extracellular matrix of host tissue (Jackson
etal., 1995).

Southern blot analysis suggested that P. brasiliensis pra/ag2 gene is probably
a single copy such as the pra/ag2 gene of C. immitis (Peng et al., 1999). RT-PCR
showed a single transcript of Pbpra/ag2 (data not show), reinforcing the presence of
only one gene in the fungus genome. Analysis of the genome of PbO03

(http://www.broad.mit.edu/annotation/genome/paracoccidioides brasiliensis.1/MultiHo

me.html) also showed the presence of only one gene of pra/ag?2.

The recombinant PbPRA/Ag2 was obtained and the purified protein was
subjected to SDS-PAGE, exhibiting molecular mass of 22 kDa. The predicted molecular
mass of the translated pra/ag2gene is 19.5 kDa. It was previously demonstrated that
high proline content of C. immitis proteins typically leads to contradictory data on
molecular size based on estimates derived from the deduced protein sequence, on the
one hand, and SDS-PAGE on the other (Hung, Yu et al., 2002). This anomaly has been
suggested to be due to conformational peculiarities of the proteins proline-rich even
after exposure to the reducing conditions of sample preparation.

Using the recombinant purified protein, high titles of rabbit polyclonal antibody
were raised. The serum, specifically, recognized the recombinant purified protein in the

western blot assays, highly suggesting a role of PbPRA/Ag2 in the fungal-host
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interactions. In C. immitis the recombinant PRA/Ag2 protein showed reactivity with
coccidioidomycosis sera and induced a delayed-type hypersensitivity response in
Coccidioides immunized mice. In related studies, Abuodeh et al. (1999) cloned a gene
of C. immitis that encoded PRA/Ag2 and in subsequent studies, recombinant PRA/Ag2
and the pra/ag2 gene were reported to protect BALB/c mice against i.p. challenge with
arthroconidia of C. immitis.

To search for the PbPRA/AQ2 in the P. brasiliensis extracts, immunoassays
were performed using the anti-PbPRA/Ag2 polyclonal antibody. Yeast cell extract was
analyzed by two-dimensional electrophoresis. A protein species of 60 kDa with pl of
4.7 could be observed. A feature of the deduced protein is a high calculated pl of 8.11,
when compared to the native protein with a measured pl of 4.7. The presence of several
sites of phosphorylation in the deduced sequence could explain the more acidic pl in the
native protein (Beausoleil et al., 2004). Many cell surface proteins are modified by O-
linked or N-linked glycosylation. In the deduced PbPRA/AgQ2, it was found several
potential O-glycosylation sites. Although the predicted molecular mass of PbPRA/Ag2
was around 19,5 kDa we detected in immunoblot assays a protein species of 60 kDa
suggesting pos-translational modification of the native protein. Deglycosylated protein
extract from P. brasiliensis yeast cells was obtained after treatment with tunicamycin.
This extract was analyzed by Western blot analysis using the polyclonal antibody
against PRA/Ag2 of P. brasiliensis. The apparent molecular mass (60 kDa) of the
PbPRA/AgQ?2 in P. brasiliensis yeast cell extracts was not altered by treatment with
tunicamycin indicating that PbPRA/Ag2 doesn’t undergoes N-linked glycosylation.
That aspect will be further investigated. In agreement to our data, the homologue
PRA/Ag2 of C. immitis is also a O-glycoslylated protein (Zhu et al., 1996). Spherule

cell extract of C. immitis was analyzed by two-dimensional electrophoresis. To search
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for the CiPRA/Ag2 immunoassays were performed using a monospecific rabbit
antiserum. A protein species between 70 and >200 kDa with pl of 4.0 could be
observed, which could be explained by microheterogeneity

of glycosylation.

The expression of the protein and of Pbpra/ag2 in both, the saprobic and
parasitic phases of P. brasiliensis, was investigated. As demonstrated, a single protein
species of 60 kDa was detected in extracts of both yeast and mycelium, more
accumulated in mycelium cells. This results were corroborated by the analysis
performed by real-time PCR indicating that Pbpra/ag2 is preferentially expressed in the
mycelium phase of P. brasiliensis. The expression of the PRA/Ag2 homologue of C.
immitis and its cognate transcript are developmentally regulated in phases of C. immitis,
and the level was shown to increase as a function of spherule maturity (Galgiani et al.,
1992; Peng et al., 1999).

The presence in the deduced protein of a conventional N-terminus signal
peptide, which is responsible for introducing protein into the secretory pathway (Conesa
et al., 2001), as well as the putative signal peptide cleavage site indicates the protein
route to the fungal cell wall. The polyclonal antibody produced against the recombinant
PbPRA/Ag2 allowed determination of the protein subcellular localization. We
demonstrated by immunoelectrom microscopy the localization of the PbPRA/AQ2 in
yeast cell wall. The P. brasiliensis cell wall treatment with HF-pyridine resulted in the
liberation of the protein suggesting that it presents a GPl-anchor. This result is
consistent with extensive sequencing of the clone encoding PbPRA/Ag2 and
computational analysis of the deduced protein of P. brasiliensis by using the fungal big-
Il predictor (Eisenhaber et al., 2004), available at that indicated recognition sequences

for GPl-anchorage in the PbPRA/Ag2. The homologue of PbPRA/Ag2 have been
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previously described in C. immitis (Zhu et al., 1996) which is predicted to contain a
GPIl-anchor attachment signal, but biochemical evidence that this protein is covalently
bound to the cell wall by their GPI-anchor moiety is still lacking. In P. brasiliensis cell
wall the treatment with HF-pyridine strongly indicate that PbPRA/Ag2 is a GPI-

anchored molecule.
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Figure 1. Nucleotide sequences of the cDNA, of the gene and the deduced amino
acid of PbPRA/Ag2.

Nucleotide and amino acid numbers are shown on the left. The intron sequences are
represented in lowercase. Nucleotides in bold italics represent the conserved 5° and 3’
consensus of the introns. The amino acid sequence is shown above the nucleotide
sequence by a single letter code. The single underlined sequence indicate the predicted
signal peptide and the putative signal peptide cleavage site of the deduced PbPRA/Ag2
is between Ala”® and GIn?®. The CFEM domain is shown in bold letters. The repeats of
the tetrapeptide TXX’P are indicated by white letters and black blocks. The potential
glycosaminoglycan attachment site is boxed (dotted lines). Potential O-glycosylation
sites (#) in PbPRA/AQ2 are indicated. The hydrophobic carboxy termini are underlined
(double lines) and predicted GPI anchor site in the C-terminal region of the sequence is

boxed (solid lines).

Figure 2: Analysis of the P. brasiliensis pra/ag2 gene organization. Southern blot
analysis for determination of the copy number of P. brasiliensis pra/ag2 gene. Total
DNA (25 pug) was digested with restriction enzymes Haelll, Stul, Dral, EcoRV, HindlIlI
and Sall (lanes 1 to 6, respectively). The blot was hybridized to the labeled insert of the

cDNA. Size markers are indicated.

Figure 3. Expression and purification of the recombinant PbPRA/Ag2, generation
of rabbit polyclonal antibody and reaction with sera of PCM patients.

A- SDS-PAGE analysis of P. brasiliensis recombinant PRA/Ag2. E. coli cells
harboring the pGEX-4T-3-Pra/ag2 plasmid were grown to an Agy of 0.8 and harvested

before (lane 1) or after (lane 2) a 5-h incubation with IPTG (1.0 mM). The cells were
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lysed by sonication. Lane 3, the affinity-isolated recombinant PboPRA/AgQ2; lane 4, the
recombinant fusion protein was cleaved by thrombin digestion. Electrophoresis was
carried out on 10% SDS-PAGE and the proteins stained by Coomassie blue R-250. (B
and C)- Western blot analysis of the recombinant PbPRA/Ag2. The proteins were
fractionated by one-dimensional gel electrophoresis, blotted onto a nitrocellulose
membrane, and detected by using (B) the rabbit polyclonal anti-rPbPRA/Ag2 antibody
or (C) rabbit preimmune serum. In B and C: lanes 1- E. coli C41 (DE3) transformed
with PGEX-4T-3-Pbpra/ag2 construct; lanes 2- the affinity-isolated recombinant GST-
PbPRA/AgQ2; lanes 3- the recombinant fusion protein cleaved by thrombin. After
reaction with the anti-rabbit IgG alkaline phosphatase-coupled antibody (diluted
1:3000), the reaction was developed with BCIP/NBT. Arrows indicate the deduced
molecular mass of the proteins. Molecular markers are indicated. D — Reaction of the
recombinant protein with human sera. 1.0 pg of purified PbPRA/Ag2 was reacted with
sera of PCM patients diluted 1:100 (lanes 1-5) or with control sera diluted 1:100 (lanes
6-10). After reaction with anti-human IgG peroxidase coupled antibody (diluted
1:1000), the reaction was developed with hydrogen peroxide and

diaminobenzidine.

Figure 4. Detection of PoPRA/Ag2 in P. brasiliensis cells

Two dimensional gel electrophoresis of P. brasiliensis yeast cells. A — After transfer to
membrane the proteins were probed with the polyclonal antibody anti-PbPRA/Ag2. B -
Proteins stained with coomassie blue The top numbers are related to the pH range of
the first dimension and those on the left refer to the molecular mass markers from the

second dimension (SDS-PAGE).

-60 -



Figure 5. Analysis of the pbpra/ag2 expression by Real-Time PCR and of the
proteins levels in P. brasiliensis cells

A and B - Analysis of the expression of PbPRA/Ag2. The proteins (30 pg) were
fractionated by one-dimensional gel electrophoresis, blotted onto a nitrocellulose
membrane, and detected by using (A) the rabbit polyclonal anti-PbPRA/Ag2 antibody
or (B) rabbit preimmune serum. Lane 1 — Total protein extract of mycelium. Lane 2 —
Total protein extract of mycelium in transition to yeast cells (24 hs). Lane 3 — Total
protein extract of yeast cells. Lane 4 - P. brasiliensis yeast cells extract (30 pg) obtained
after cell growth in the tunicamycin presence. The blots were developed as described in
material and methods section. C — Real time PCR analyses of the expression of pra/ag2
in P. brasiliensis. Real time PCRs were performed using total RNA collected from
mycelium, mycelium in transition to yeast after 24hs of temperature shift and yeast
cells. A housekeeping gene, 60S ribosomal L34 was used as the endogenous control to
quantify PCR products. The expression level calculated by the formula 2", Error bars

indicate SD.

Figure 6. Immunoblot assays of the cell wall fractions and immunoelectron
microscopy of P. brasiliensis yeast cells.

A — Cell wall fraction was obtained and analyzed by western blot with anti-
rPbPRA/Ag2 polyclonal antibody. Proteins obtained from cell wall (lane 1) were
extracted by HF-pyridine digestion and analyzed (lane 2). Molecular weight markers are
indicated. B - Immunoelectron microscopy detection of PRA/Ag2 in P. brasiliensis
yeast cells by post embedding methods. (1) Negative control exposed to the rabbit
preimmune serum in transmission electron microscopy of P. brasiliensis yeast cells;

nucleus (n), intracytoplasmic vacuoles (v), mitochondria (m) and cell wall (w). (2 and 3)
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Gold particles are observed at the fungus cell wall (arrow) and in the cytoplasm (double

arrowheads). Bars, 1 mm (A and B), 0.5 mm (C).
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Table 1. Oligonucleotide sequences used in this study

Use and name

Sequence 5'to 3

Quantitative RT-PCR
PRA-1
PRA-2
L34-1
L34-2
S30-1
S30-2

Genomic amplification
PRA-3
PRA-4?

Heterologous expression
of PbPRA/AQ2

PRA-4%

PRA-5"

CTTGCGTTGAGAAATCTTGC
TTGGGTTGGTGGTAGGATAAC
CGGCAACCTCAGATACCTTC
GGAGACCTGGGAGTATTCACG
GTGCGGGAAAAGTCAAGTCTC
GTAGGGTTCGGGTTCATCTTC

AATCGGCACGAGGAAAAGTGGAAGAC
GGTGCGGCCGCGACATAATTTACAGGTAAGC

GGTGCGGCCGCGACATAATTTACAGGTAAGC
GGTGTCGACCAGCTCCCTAATATCCCAC

4 Restriction site underline: Notl

b Restriction site underline: Sall
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Castro et al. - PbPRA - Figure 1
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Castro et al. - PbPRA - Figure 2
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Castro et al. - POPRA - Figure 4
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Castro et al. - POPRA - Figure 5
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Castro et al. - PbPRA - Figure 6
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4. CONCLUSOES

As conclusdes finais do trabalho séo:

- Foram caracterizadas as sequéncias completas do cDNA e do gene para a proteina
PRA/AgQ2 de P. brasiliensis.

O gene Pbpra/ag2 codifica uma proteina de 194 aminodcidos dos quais 28
correspondem a um peptideo sinal N-terminal. Em adic&o, a proteina PRA/Ag2
apresentou uma massa molecular calculada de 19.5 kDa e ponto isoelétrico
predito de 8.11.

Muitas proteinas de superficie celular sdo modificadas por O ou N-glicosilagdo e

a proteina PbPRA/AQ2 apresenta varios sitios potenciais de O-glicosilacéo.

Os dados obtidos em experimento de Southern blot, evidenciaram que o gene
Pbpra/ag2 provavelmente esta presente em apenas uma cépia no genoma de P.
brasiliensis. Experimentos de RT-PCR em Tempo Real revelaram um Unico
transcrito referente ao cDNA de Pbpra/ag2, o qual é mais expresso em células
micelianas de P. brasiliensis. Esses dados reforcam a presenca de um Gnico gene

no genoma do fungo.

A expressdo heterdloga do cDNA de PbPRA/Ag2 em sistema bacteriano e
posterior purificacdo da proteina recombinante foi avaliada em SDS-PAGE,
evidenciando uma proteina de 22 kDa. Embora, a proteina nativa migre no gel
como espécie de 60 kDa, ensaios bioquimicos com tunicamicina ndo resultaram
em alteracdo na mobilidade eletroforética, reforcando a predicdo de que a

proteina provavelmente seja modificada por O-glicosilacdo

Reacgbes de imunocitoquimica realizadas com o anticorpo anti-rPRA/Ag2, e
Immunoblotting utilizando extrato da parede celular de P. brasiliensis,
revelaram a localizacdo de PbPRA/AQ2 na parede celular de P. brasiliensis,

possivelmente ligada a componentes da parede atraves de uma ancora de GPI.
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