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RESUMO

Paracoccidioidomicose (PCM) é a micose sistémica mais importante da América
Latina. A PCM é endémica no Brasil, entretanto, ndo € de notificacdo obrigatéria, por
isso a sua real incidéncia e prevaléncia sdo desconhecidas. Os agentes etiologicos da
PCM séo fungos dimorficos do género Paracoccidioides, os quais no hospedeiro
humano transitam da forma micelial a leveduriforme. A parede celular é a estrutura
mais superficial do fungo e, portanto, € importante para a infeccdo. A parede celular
fangica € uma estrutura dinamica que se encontra em constante remodelacéo, que para
garantir a sobrevivéncia do patégeno se adapta a multiplas condi¢cBes de estresse no
hospedeiro humano. Além disso, a parede também cumpre importante fungdo no
processo de divisdo, crescimento e transicdo celular, por isso, e pela auséncia desta
estrutura em células humanas, a parede torna-se um alvo interessante de estudo. O
presente trabalho teve como fim o estudo de proteinas da parede celular ligadas
covalentemente por pontes dissulfeto, em duas espécies representativas do género
Paracoccidioides, Paracoccidioides americana e Paracoccidioides brasiliensis,
selecionadas por terem seus genomas sequenciados. A analise protebmica permitiu
identificar proteinas diferencialmente expressas entre &s duas espécies. Proteinas
associadas a adesdo de componentes da matriz extracelular como a enolase, GAPDH,
proteinas da familia 14-3-3 e proteinas que ligam e ativam plasminogénio como
enolase, frutose-1,6, bifosfato aldolase 1 e fosfoglicerato quinase foram mais expressas
na parede de P. brasiliensis. Proteinas de resposta ao choque térmico como Hsp90 co-
chaperona AHAL e a Hsp STI1 foram mais expressas na parede de P. brasiliensis;
enguanto, catalase P foi mais expressa em P. americana. Estes resultados auxiliam no
conhecimento da relacdo parasito-hospedeiro e orientam na selecdo de proteinas que

possam servir como novos alvos farmacoldgicos.

Palavras chave: PCM, Paracoccidioides spp., CWP, parede celular, proteoma.



ABSTRACT

Paracoccidioidomycosis (PCM) is the most important systemic mycosis in Latin
America. PCM is endemic in Brazil; however, it is not mandatory to report, so its actual
incidence and prevalence are unknown. The etiologic agents of PCM are dimorphic
fungi of the genus Paracoccidioides, which in the human host transits from mycelial to
yeast cells. The cell wall is the most superficial structure of the fungus and, therefore, is
important during the infection stage. The cell wall is a dynamic structure that undergoes
constant remodeling, to ensure pathogen adaptation to multiple stress conditions within
the human host. In addition, the cell wall also plays an important role in the processes of
cell division, growth, and transition, therefore, and due to the absence of this structure
in human cells, the cell wall becomes an interesting target for study. The aim of the
present work was to perform proteomic study of cell wall proteins that are covalently
linked by disulfide bridges, in two representative species of the genus Paracoccidioides,
Paracoccidioides americana and Paracoccidioides brasiliensis. Proteomic analysis
allowed the identification of differentially expressed proteins between the two species.
Proteins associated with the adhesion to extracellular matrix components such as
enolase, GAPDH, 14-3-3 family proteins, and proteins that bind and activate
plasminogen such as enolase, fructose-1, 6-biphosphate aldolase 1 and
phosphoglycerate kinase were more expressed in the P. brasiliensis cell wall. In
addition, heat shock response proteins such as Hsp90 co-chaperone AHAL and Hsp
STI1 were more expressed on the cell wall of P. brasiliensis; while, catalase P was
more expressed in P. americana. These results can help to understand the host-parasite
relationship and guide the selection of proteins that can serve as new pharmacological
targets.

Key words: PCM, Paracoccidioides spp., CWP, cell wall, proteome.
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1. INTRODUCAO
1.1. Paracoccidioidomicose

Paracoccidioidomicose (PMC) é a micose sisttmica de maior importancia no
Brasil (Shikanai-Yasuda et al., 2018). Os agentes etiologicos da PCM sdo fungos
dimérficos pertencentes ao género Paracoccidioides. A PCM é geograficamente restrita
ao centro e sul da América, tendo prevaléncia no Brasil, Argentina, Coldmbia e
Venezuela (Bocca et al., 2013). No Brasil a PCM nédo é uma doenga de notificacéo
compulsoria pelo que se desconhece 0 numero exato de casos (Shikanai-Yasuda et al.,
2018).

A doenca pode apresentar-se de forma aguda, subaguda, crénica e residual. A
forma aguda e subaguda (tipo juvenil) representa entre 3-5% dos casos, sendo
caracterizada por linfonodomegalias, hepatoesplenomegalia, anemia, febre, sintomas
digestivos, articulares e cutaneos (Shikanai-Yasuda et al., 2018). A forma cronica
representa 90% dos casos (Wanke et al., 2009) e pode comprometer um ou varios
orgdos, sendo o pulméo, o principal 6rgdo afetado (Shikanai-Yasuda et al., 2018). A
forma residual sdo alteracbes funcionais e/ou fisicas que ficam ap06s o tratamento da
PCM, que afetam a qualidade de vida do paciente (Shikanai-Yasuda et al., 2018).

A PCM acomete principalmente individuos que realizam atividades relacionadas
com a agricultura e que fazem manipulacdo do solo, o que facilita a inalacdo dos
esporos (Franco et al., 2000). A doenca é mais frequente em individuos do género
masculino; tal fato é explicado em parte, pelo maior contato de individuos do género
masculino com atividades agrérias, e pelo papel protetor dos estrégenos em mulheres
(Loose et al., 1983; Pinzan et al., 2010; Shankar et al., 2011).

Para o tratamento da PCM sao usados diferentes antifingicos, sendo itraconazol
0 mais empregado nas formas leves a moderadas (Shikanai-Yasuda et al., 2018), e
anfotericina B nas formas graves. Para todos o0s casos, o tratamento sé é suspenso até a
remissdo completa dos sintomas (Shikanai-Yasuda et al., 2018); entretanto, prolongados
periodos de medicacdo e a comprovada toxicidade dos farmacos usados para o

tratamento (Fanos et al., 2000) justificam a procura de novas estratégias terapéuticas.
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1.2. Biologia do fungo e imunopatogénese

O agente etioldgico da PCM sdo fungos dimorficos pertencentes ao género
Paracoccidioides. O estagio micelial do fungo se desenvolve a temperaturas entre 18 a
28 °C, e o estégio leveduriforme a 37 °C (Bocca et al., 2013). Na infeccdo, os conidios
ou as hifas sdo inalados e depositados nos pulmdes, onde é ativada a mudanca para a
forma leveduriforme (Shikanai-Yasuda et al., 2018). Além do hospedeiro humano, o
fungo tem sido recuperado de animais como tatus (Dasypus novemcinctus e Cabassous
centralis) (Bagagli et al., 2006), cdes (de Farias et al., 2011; Mendes et al., 2017) e
bicho preguica (Choloepus didactylus) (Trejo-Chavez et al., 2011).

Ate 2006, acreditava-se na presenca de uma unica especie no género
Paracoccidioides; entretanto, o estudo filogenético de Matute et al. (2006), onde foram
comparadas sequéncias de loci nucleares de vérios isolados de Paracoccidioides,
mostraram a presenca de trés espécies filogenéticas (S1, PS2, e PS3). Mais tarde,
Teixeira et al. (2009) determinaram uma nova espécie filogenética (P. lutzii), e Salgado-
Salazar et al. (2010) descreveram outro grupo filogenético, que depois seria reconhecido
como PS4. Turissini et al. (2017), ap6s analisar sequéncias nucleares e mitocondriais,
concluiram que o género Paracoccidioides estd constituido de cinco espécies:
Paracoccidioides lutzii, Paracoccidioides brasiliensis, Paracocidioides americana,
Paracoccidioides restrepiensis e Paracoccidioides venezuelensis. Mais recentemente,
Vilela et al. (2021) propuseram duas novas espécies, Paracoccidioides loboi que causa
infegdes cutaneas em humanos, e Paracoccidioides cetii, que afeta golfinhos.

Geograficamente a distribuicdo das espécies do género Paracoccidioides é
delimitada, sendo assim: P. lutzii é localizado no Brasil e no Equador; P. brasiliensis é
encontrado no sul e sudeste do Brasil, na Argentina e no Paraguai; P. americana é
distribuida na Venezuela e no sudeste do Brasil; enquanto, P. restrepiensis e P.
venezuelensis sdo encontrados exclusivamente na Colémbia e Venezuela
respectivamente (Shikanai-Yasuda et al., 2018). Por sua vez, P. loboi se encontra
preferencialmente na bacia amazénica, e, P. cetii é encontrado nas areas costeiras da
América Latina (Vilela et al., 2021).

Um aspecto relevante na relagdo parasito-hospedeiro € a resposta imune
desencadeada ap0s o0 contato com o patégeno. Na infeccdo por fungos, como
Paracoccidioides spp., a resposta imune € mediada por células da imunidade inata,

como células dendriticas, mondcitos, macrofagos e neutrofilos (Fortes et al., 2011).
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Para a ativacdo dessa resposta, receptores encontrados em células de defesa
denominados receptores de reconhecimento padrdo (PRRs), reconhecem moléculas do
fungo conhecidos como padrGes moleculares associados a patégenos (PAMPs) (Hopke
et al., 2018) e moléculas liberadas por dano celular (DAMPSs) (Amarante-Mendes et al.,
2018). Ap0s o reconhecimento, cascatas de sinalizacdo sdo ativadas para a producdo de
moléculas pré-inflamatdrias e citocinas que promovem a ativacdo e diferenciacdo
celular.

Os principais PAMPs nos fungos sdo de natureza polissacaridica, como a
quitina, mananas e B-glicanas, todos eles localizados na parede celular (Hopke et al.,
2018). Ja entre os PRRs, destacam-se os receptores tipo Toll (TLR), e os receptores de
lectina tipo C (CLRs); dentro dessa Ultima classe encontra-se o receptor dectina-1, que
reconhece as B-glicanas, um importante componente de parede fungica (Hopke et al.,
2018).

Na PCM a eficiéncia na eliminacdo do fungo do hospedeiro, esta sujeita ao tipo
de resposta imune desencadeada apds da interacdo entre os PRRs e os PAMPs. A
diferenciacdo de linfécito T naive, para linfécito auxiliar Thl ou Th2 prediz o curso da
infeccdo. A diferenciacdo a Thl promove a ativacdo de macrdfagos via interferon gama
(IFN-y) e fator de necrose tumoral (TNF-a), o que fornece maiores possibilidades de
eliminacdo do fungo e de inibicdo de crescimento intracelular, enquanto uma maior
ativacdo de linfocitos Th2 associa-se com menor controle de crescimento e

disseminacéo fungica (Giusiano, 2021).

1.3. Parede celular fungica

A parede celular é uma estrutura fundamental para o fungo, ao encontrar-se na
interface entre o patdgeno e o hospedeiro. A parede é a primeira linha de defesa do
fungo, vital na protecdo contra diferentes elementos estressantes que o hospedeiro usa
para limitar a infeccdo (Hopke et al., 2018); também cumpre importante funcdo na
morfogénese celular, adaptando-se e permitindo o crescimento, divisdo e transicdo
fangica, e por ultimo é a estrutura que media o intercAmbio de moléculas com o exterior
(Herrera, 2012; Pitarch et al., 2008).

1.3.1. Estrutura e componentes da parede celular

A parede celular fangica é formada principalmente de polissacarideos, proteinas,
e lipideos. A estrutura e composicdo da parede diferem entre estagios celulares e entre

22



especies (Herrera, 2012). Na maior parte dos fungos a camada interna da parede esta
formada por quitina e polimeros de B-glicanas; enquanto, a estrutura e composi¢éo da
camada exterior € mais varidvel entre espécies, por exemplo: a camada externa de
leveduras de Candida albicans e de Sacharomyces cerevisiae estad formada
principalmente por proteinas altamente manosiladas (Gow et al., 2017); enquanto, em
leveduras de Histoplasma capsulatum e P. brasiliensis estd formada por a-glicanas
(Gow et al., 2017; Miyazawa et al., 2016).

Até a data, alguns estudos foram realizados com o intuito de conhecer as
caracteristicas fisicas e quimicas da parede de Paracoccidioides spp. Carbonell et al.
(1970) mostraram que a densidade da parede do micélio varia de 80 e 150 mm e, da
levedura entre 200 e 600 nm (Carbonell et al., 1968). Por outro lado, foi mostrado que a
parede celular do micélio apresenta uma Unica camada homogénea (Carbonell et al.,
1968), enquanto, a parede da levedura possuem trés camadas: uma fibrilar externa de
baixa densidade, uma média mais eletrodensa e uma interna que entra em contato direto
com a membrana celular (Carbonell, 1967). Adicionalmente, Kanetsuna e colaboradores
realizaram trabalhos para identificar diferencas na composicéo da parede entre levedura
e micélio de Paracoccidioides spp; eles ndo encontraram diferenga no teor de lipideos
(5-10%) e de glicanas (36-47%) entre os dois estagios, mas observaram diferenca
significativa no teor de quitina, identificando maior quantidade na levedura (37-48%)
que no micélio (7-18%), e no teor de proteinas, maior no micélio (24-41%) que na
levedura (7-14%) (Kanetsuna et al., 1972; Kanetsuna et al., 1969).

1.3.2. Polissacarideos, quitina e glicanas

Como ja foi comentado anteriormente, entre os principais componentes de
parede se encontram os polissacarideos; entre eles destacam-se os polimeros de N-
acetilglicosamina (GlcNac), os quais formam a quitina (Herrera, 2012). A quitina é
sintetizada pela quitina sintase, uma enzima que catalisa a transferéncia da GlcNac da
uridina difosfato (UDP) N-acetilglicosamina para o crescimento do polimero de quitina
através de ligacOes de tipo B-1,4 (Herrera, 2012); ap6s sua sintese, os polimeros de
quitina sdo liberados através da membrana plasmatica para a parede, onde formam
microfibrilhas que se entrelacam através de pontes de hidrogénio (Bowman et al.,
2006). Em P. lutzii, P. americana e P.brasiliensis sete genes codificantes de quitina
sintase (Chs1-7) foram identificados (Desjardins et al., 2011).
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Outro dos principais polimeros de polissacarideos encontrados na parede de
fungos séo as glicanas. As glicanas sdo muito abundantes, representando entre 50% a
60% do peso total da parede (Bowman et al., 2006), sendo formadas por polimeros de
glicose que podem ter uma variedade de ligacbes (a-1,3, a-1,4, B-1,3 e B-1,6) (Herrera,
2012). Os polimeros de glicanas séo sintetizados por glicanas sintases, as quais estdo
localizadas na membrana plasmatica. Em P.lutzii, uma B-1,3-glicana sintase (Pbfks1)
foi identificada (Pereira et al., 2000). E em Paracoccidioides spp., uma a-1,3-glicana
sintase (PbAgs) (Sorais et al., 2010) foi identificada.

Na parede celular de micélio de Paracoccidioides spp., a principal glicana é a -
1,3- glicana (Kanetsuna et al., 1972), enquanto a o-1,3- glicana € o maior polimero
presente na levedura; curiosamente a-1,3- glicana € ausente em outras leveduras como
as de Sacharomyces cerevisiae e Candida albicans (Yoshimi et al., 2017). A a-glicana é
localizada na camada externa da parede de levedura de Paracoccidioides spp,
mascarando a camada interior formada principalmente por quitina e polimeros de -
glicanas (Gow et al., 2017), o que limita o reconhecimento por parte de células do
hospedeiro. Recentemente, Souza et al. (2019) mostraram que em P. brasiliensis a a-
glicana favorece a imunidade mediada por Th2, ao modular negativamente a
diferenciacdo de células dendriticas para CD1a", o que contribui para a persisténcia da
infecgdo. Outro polimero presente em menor quantidade, mas de muita relevancia é a f3-
1,6-glicana, a qual se liga a manoproteinas através do remanescente de uma molécula de
glicosilfosfatidilinositol (GPI) (Ruiz-Herrera et al., 2019).

1.3.3. Proteinas de parede celular

As proteinas de parede (CWP) sdo outro componente relevante; elas constituem
3 - 20% do peso seco da parede celular dos fungos (Herrera, 2012). As CWP ligam-se a
parede através de ligacGes covalentes ou ndo covalentes; aquelas proteinas que se
encontram ligadas de forma covalente e cumprem funcgdes de degradacdo e remodelacédo
de componentes de parede, sdo consideradas tipicas ou classicas (Satala et al., 2020a)
(figura 1), enquanto aquelas que ndo possuem ligacdo covalente e ndo possuem funcao
de prover estrutura ou agdo enzimatica sobre componentes de parede sdo consideradas

atipicas ou ndo classicas (Karkowska-Kuleta et al., 2015) (figura 1).
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Figura 1. Descricdo das proteinas da parede celular e suas vias de secre¢do. Proteinas encontradas
na parede podem ser secretadas por rota classica e por rotas ndo convencionais. Proteinas secretadas por
via cléssica sdo encontradas no citoplasma em forma de pré-proteinas; apds da sua secre¢do para a parede
se ligam através de ligagcdes covalentes como ancoras de glicosilfosfatidilinositol (GPI), ligagdes alcali
sensiveis (ASL), e proteinas com ligagbes que podem ser liberadas com um agente redutor (RAE).
Proteinas secretadas por rotas ndo clssicas podem ter fun¢do na parede ou fungdo extracelular, e podem
ou ndo se ligar a parede através de ligacBes ndo covalentes; proteinas ndo classicas podem chegar a
parede também por reabsorcéo do ambiente exterior. Autoria de Darota Satala e colaboradores (Satala et
al., 2020a).

As proteinas que cumprem fungdes classicas de parede se caracterizam por ter
um peptideo sinal que as conduz até a parede, esse peptideo pode ser predito por

ferramentas como SignalP  (http://www.cbs.dtu.dk/services/SignalP/)  (Almagro

Armenteros et al., 2019), e por ter dominios ricos em treonina e serina que possuem
uma extensa glicosilacdo (Klis et al., 2011); o padréo de glicosilacdo pode ser predito
por ferramentas como NetNGlyc 1.0 (http://www.cbs.dtu.dk/services/NetNGlyc/)
(Gupta et al., 2002), e NetOGlyc 4.0 servers
(http://www.cbs.dtu.dk/services/NetOGlyc/) (Steentoft et al., 2013).

As proteinas ndo classicas ndo possuem peptideo sinal, 0 que sugere que outros

mecanismos nao convencionais de secre¢do dependentes ou independentes do transporte
vesicular participam em seu transporte; entretanto, proteinas sem sinal de secrecdo
também podem chegar até a parede por reabsorcdo de proteinas secretadas por outras
células ou liberadas apds apoptose (Karkowska-Kuleta et al., 2015; Nickel et al., 2009;
Nimrichter et al., 2016; Rocha et al., 2021; Rodrigues et al., 2011; Satala et al., 2020a).

A predicdo de proteinas ndo classicas de parede pode ser feita com ferramentas
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informaticas como 0 programa SecretomeP
(http://www.cbs.dtu.dk/services/SecretomeP/) (Bendtsen et al., 2004), ou bases de
dados como a fungal secretome (http://fsd.snu.ac.kr/index.php?a=view).

Adicionalmente a glicosilacdo, algumas proteinas classicas de parede recebem
uma ancora de GPI na regido C-terminal. GPI € uma estrutura glicolipidica que serve
para ligar proteinas na membrana plasmética ou na parede celular. Proteinas ligadas
através de uma molécula de GPI na parede s&o denominadas GPI-CWP (Bowman et al.,
2006); as GPI-CWP tém na regido C-terminal uma sequéncia sinal, que permite que no
RE o complexo enziméatico GPI transamidase adicione uma ancora de GPI; essa
sequéncia caracteriza-se por ter um sitio dmega (), o qual € o local onde é realizado o
corte para a adi¢do da ancora (Komath et al., 2018).

Estruturalmente uma molécula de GPI estd constituida por um residuo de
fosfoetanolamina unido a um grupo de manoses, que por sua vez liga-se a uma molécula
de Glc-NAc, que finalmente se junta ao fosfatidilinositol (Paulick et al., 2008) (Figura
2). As GPI-CWP estdo ligadas por seu extremo C-terminal a uma molécula de GPI por
uma ligacao fosfodiéster com a fosfoetanolamina. Na parede celular a ligacdo entre a
Glc-NAc e as manoses € hidrolisada, 0 que permite que os residuos de manose se ligem
com a B-1,6-glicana (Komath et al., 2018). A localizacdo das proteinas ancoradas com
uma molécula de GPI depende dos aminoacidos que se encontram acima do sitio m. A
presenca de aminoacidos hidrofébicos induz sua localizacdo na parede celular,
enguanto, a presenca de aminoacidos basicos promove a localizacdo na membrana

plasmatica.
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Figura 2. Estrutura da &ncora de GPI. Ponte de fosfoetanolamina (vermelho), nicleo conservado de
glicanas (preto), fosfatidilinositol e polissacarideos adicionados lateralmente (azul). Autoria de Paulick e
colaboradores (Paulick et al., 2008)

Além da ligacdo a parede através de uma ancora de GPI, algumas proteinas de
parede estdo ligadas a B-1,3-glicana por uma ligacdo sensivel a alcali (ASL), pelo que
sdo denominadas como AS-CWP; entre as AS-CWP estdo as proteinas com repeticdes
internas (PIR)(Yang et al., 2014). Em Saccharomyces cerevisiae foi demostrado que as
proteinas PIR ligam-se com B-glicana através da segunda glutamina da sequéncia de
repeticdo. Para que essa ligacdo aconteca a glutamina é modificada a acido glutamico e
posteriormente o grupo y-carboxila do &cido glutamico liga-se por uma ligacdo tipo
éster com o grupo hidroxila da B-1,3-glicana (Yang et al., 2014). Essa ligacdo € sensivel
a soluces alcalinas (Ecker et al., 2006; Pitarch et al., 2008). Por outro lado, proteinas
Pir podem formar pontes dissulfeto com outras proteinas através de residuos de cisteina
da regido C-terminal (Pitarch et al., 2008; Yang et al., 2014); esse tipo de ligagédo
também esta presente em outras proteinas além das AS-CWP. Proteinas ligadas a parede
através de ponte dissulfeto sdo liberadas na presenca agentes redutores (Pitarch et al.,
2008).

1.3.4. Funcéo das proteinas de parede

As CWP apresentam uma variedade de funcgdes; as proteinas classicas
frequentemente cumprem fungbes relacionadas a hidrolise, remodelacdo de
componentes de parede e funcdo estrutural. As proteinas ndo classicas se caracterizam

por ter duas ou mais fungdes, pelo que sdo conhecidas como proteinas moonlighting,
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com uma funcao intracelular e outra extracelular (Karkowska-Kuleta et al., 2015; Satala
etal., 2020a).

Dentro do grupo de proteinas identificadas na parede de Paracoccidioides spp.,
consideradas como classicas, se encontram proteinas com funcdo enzimatica sobre
componentes  polissacarideos como  sintases, glicanases, manosidases e
glicosiltransferases, e enzimas com funcdo enzimatica sobre outros componentes de
parede como proteases e lipases(Karkowska-Kuleta et al., 2019; Muszewska et al.,
2018).

Enzimas associadas a sintese de polimeros de parede se localizam na membrana
celular, entretanto, eventualmente podem ser encontradas na parede, como é o caso da
B-1,3-glicana sintase (Pbfksl) (Tomazett et al., 2010).

Por sua vez, as glicosiltransferases sdo enzimas que interligam polimeros de
polissacarideos. Entre as glicosiltransferases se destacam o grupo de p-1,3-
glicosiltransferases (Gel), as quais interligam polimeros B-1,3-glicana. Este grupo de
proteinas sdo homdlogas com a familia genica GAS (glicofosfolipidio ancorado a
superficie) de S. cerevisiae (Popolo et al., 2017). As glicosiltransferases sdo importantes
para a patogénese do fungo, como foi demostrado em C. albicans, onde mutantes nulos
de PHR1 (ortélogo da familia GAS) mostraram ser avirulentos num modelo de infec¢do
sistémica (De Bernardis et al., 1998); da mesma forma, mutantes de Gell e Gel2 foram
avirulentos em um modelo de aspergilose invasiva (Mouyna et al., 2005).

Em Paracoccidioides spp., uma andlise in silico identificou o0s genes
codificantes de trés glicosiltranferases (Gell, 2 e 3) (Tomazett et al., 2005). Em analises
de proteoma de parede foram recuperadas a Gel4 no extrato de parede de micélio de P.
americana e P. brasiliensis (Longo et al., 2014), e a Gel2 na parede de micélio e
levedura de P. lutzii (Araujo et al., 2017). Do mesmo modo, Lima et al. (2012)
imunolocalizaram a Pbgell na superficie e no nucleo celular de P. lutzii e, Castro et al.
(2009) localizaram a PbGel3 na superficie celular de P. lutzii.

Outra glicosiltransferase importante é a a-amylase (AMY); acredita-se a que
AMY esteja envolvida na estabilizacdo da a-1,3-glicana atraves da ligacao de cadeias de
a-1,4, a extremidade redutora do a-1,3-glicana (Yoshimi et al., 2017); a perda de sua
fungdo estd associada com a diminuigdo da viruléncia de Histoplama capsulatum
(Marion et al., 2006). Em Paracoccidioides spp., foi identificado um gene ortélogo de
a-amylase (AMY1), o qual foi mais expresso na fase leveduriforme (Camacho et al.,
2012).

28



Do mesmo modo, proteinas pertencentes a familia de proteinas Crh também séo
consideradas glicosiltransferases. Entre os membros dessa familia encontram-se a
glicanase extracelular Crfl e a glicanase Utr2, (Cabib, 2009; Pardini et al., 2006), as
quais ja foram identificadas no extrato de parede de levedura e micélio de P. lutzii
(Araujo et al., 2017) e no proteoma de parede de P. brasiliensis (Goncales et al., 2021).

Na parede celular fangica também se encontram proteinas relacionadas a
degradacdo de componentes polissacarideos de parede; dentro deste grupo de proteinas
encontram-se as quitinases, glicanases e manosidases. Em Paracoccidioides sp., em um
estudo in silico do transcritoma identificou a quitinase 1 (Tomazett et al., 2005), que foi
posteriormente caracterizada por Bonfim et al. (2006). Santana et al. (2012)
identificaram a proteina quitinase 2, no genoma de P.americana e P. brasiliensis em
estudos de proteoma foram identificadas a endoquitinase 1
(PABG_02565/PADG_00994) (Longo et al., 2014), e a quitinase 2 (PAAG_03849)
(Araujo et al., 2017).

Enquanto as glicanases, Villalobos-Duno et al. (2013), identificaram no genoma
de P. brasiliensis um gene ortélogo de uma a-1,3-glicanase (AGN1); ja em estudos de
proteoma, um ortélogo da a-glicosidase AB foi identificado no proteoma de parede de
P. americana (PABG_04069) (Longo et al., 2014); esta proteina também foi recuperada
no proteoma de parede de micelio de P.lutzii (PAAG_04290) (Araujo et al., 2017).

Entre as B-glicanases, um estudo in silico do transcritoma de Paracoccidioides
identificou a B-1,3-endoglicanase egl, e as glicanases scwl e dse4 (Tomazett et al.,
2005). No proteoma de parede de P. americana e P. brasiliensis foram identificadas a
glicano-1,3-B-glicosidase (PABG 00450/PADG 02862), a glican-1,3-B-glicosidase
(PABG 06340/PADG 07615), a exo-p-1,3-glicanase Exg0 (PABG_06014/
PADG_06700), e a B-glicosidase (PABG_02038/ PADG_00483) (Longo et al., 2014).

Outras proteinas com funcdo enzimatica sdo as manosidases. Uma putativa a-
1,6-D- manosidase, conhecida como proteina deficiente para o crescimento filamentoso
5 (Dfg5p) foi imunolocalizada por microscopia eletrénica de transmissdao (MET), na
parede e no citoplasma de P. lutzii (Castro et al., 2008). Além, em estudos de proteoma
de parede de P. americana e P. brasiliensis foi identificada uma oa-manosidase
(PABG_01538/ PADG_04148) (Longo et al., 2014), e a endo-1,6-o. manosidase DCW1
(Araujo et al., 2017) foi identificada no proteoma de parede de P. lutzii.

Na parede celular também se podem encontrar proteinas relacionadas com

degradacéo de outros componentes ndo polissacarideos, tais como lipideos e proteinas.
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Nesse grupo destaca-se a presenca em parede de P. lutzii da formamidase, a qual
hidrolisa as pontes carbono-nitrogénio, sendo fundamental no metabolismo de
nitrogénio (Borges et al., 2010).

Outro grupo de proteinas com funcdo enzimatica sdo as proteases; elas estdo
associadas com viruléncia, ao degradar proteinas da matriz extracelular (ECM do inglés
extracellular matrix). Em P. brasiliensis uma aspartil protease (PbSap), foi localizada
na parede celular por MET, e foi identificada em sobrenadante de cultura, o que sugere
ser uma proteina secretada (de Assis Tacco et al., 2009). Por outro lado, uma subtilase
tipo proteinase psp3 (PADG_07422) foi identificada num estudo de proteoma de parede
e de secretoma de P. brasiliensis (Longo et al., 2014; Vallejo et al., 2012).
Adicionalmente, Pigosso et al. (2017), em um ensaio que procurou conhecer as
principais proteinas liberadas por P. brasiliensis durante a infec¢do in vivo,
identificaram uma serino protease, a qual foi uma das principais proteinas secretadas
pelo fungo na fase inicial de infeccéo.

Por outro lado, em parede também é frequente encontrar proteinas nao classicas
que possuem funcdo associada a aderéncia, interacdo com cascatas proteoliticas do
hospedeiro, protecdo ao estresse térmico e oxidativo, e evasdo ao sistema imune, as
quais sdo fundamentais para o estabelecimento da infeccdo, (Satala et al., 2020a)

Dentro do grupo de proteinas com funcéo de adesdo sdo encontradas proteinas
relacionadas e néo relacionadas com rotas metabdlicas intracelulares, entre este Gltimo
grupo € destacada a Gp43, a qual é considerada o principal antigeno secretado por
Paracoccidioides spp., e se adere & fibronectina e laminina (Mendes-Giannini et al.,
2006; Vicentini et al., 1994); e proteinas da familia 14-3-3, que em P.brasiliensis se
aderem a fibronectina e colageno (Andreotti et al., 2005).

Por outro lado, no grupo de proteinas associadas a rotas metabdlicas, na sua
maioria estdo envolvidas com o metabolismo de glicose; entre estas proteinas, talvez a
que maior interesse tem gerado é a enolase (ENO), a qual media processos de adesao
através da ligacdo a fibronectina, como acontece em Candida spp (Satala et al., 2020b)
e em P. brasiliensis (Donofrio et al., 2009), a vitronectina em Candida spp., (Kozik et
al., 2015; Satala et al., 2020b), e a laminina em Candida spp., (Kozik et al., 2015). Essa
funcdo de aderéncia promove a colonizacdo de tecidos, e em C. albicans, promove a
formacgdo de biofilme (Thomas et al., 2006). Além da fungdo de aderéncia, ENO
também é importante no processo de fibrindlise conseguindo ativar o proprio sistema

fibrinolitico do hospedeiro, através da ativacdo de plasminogénio (Jong et al., 2003;
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Nogueira et al., 2010), o que permite a degradacdo de componentes da matriz
extracelular, o que consequentemente favorece a invasdo fungica. Além da fungdo de
adesdo e da ativacdo de vias fibrinoliticas, a ENO foi associada mais recentemente com
a atividade de transglutaminase (Reyna-Beltran et al., 2018), funcdo que em parede
celular seria relevante para a manutencdo da estrutura, e a incorporagédo de proteinas na
parede celular.

Outras proteinas com funcdo de adesdo, encontradas em parede celular sdo a
gliceraldeido-3-fosfato desidrogenase (GAPDH), que em Paracoccidioides spp., se liga
& laminina, fibronectina, e colageno tipo 1 (Barbosa et al., 2006), a triose-fosfato
isomerase (TPI), que se liga & laminina (Augusto et al., 2007); a malato sintase que se
liga a fibronectina e colageno tipo | e IV (da Silva Neto et al., 2009) e a frutose-1, 6-
bifosfato aldolase (FBP) que se liga e ativa o plasminogénio em P. lutzii (Chaves et al.,
2015).

Em estudos protedmicos de parede de fungos € frequente encontrar também
proteinas de resposta ao estresse causado pelo hospedeiro (Araujo et al., 2017;
Caminero et al., 2014; Castillo et al., 2008; Hernéez et al., 2010; Longo et al., 2014;
Ramirez-Quijas et al., 2015). Dentro desse grupo de proteinas encontram-se aquelas de
resposta ao choque térmico (HSP), as quais se acredita, contribuem para a adaptacdo a
temperatura do hospedeiro.

Uma das HSPs mais estudadas e mais promissoras na procura de novas terapias
antifangicas € a HSP90, a qual esta relacionada com a regulacdo das vias da CWI (cell
wall integrity), o que foi evidenciado em Aspergillus fumigatus, onde se observou sua
associacao com as proteinas PKcA e MpkA (Rocha et al., 2021). A importancia de
HSP90 na regulacdo das CWI em Aspergillus, ja foi mostrada previamente por Lamoth
et al. (2012), que observaram que a repressao da HSP90 potencializou o efeito negativo
de agentes como casponfungina e congo red, na parede celular. Por outro lado, HSP90
em Cryptococcus neoformans, mostrou-se ser um importante fator de viruléncia, dado
que sua inibicdio e a administracdo conjunta de equinocandinas, diminuiu
significativamente o crescimento fangico; adicionalmente, a inibicdo de HSP90 se
mostrou importante na indugdo e manutencdo da capsula (Chatterjee et al., 2017).

Como visto as proteinas de parede, tanto as classicas como a ndo classicas,
desempenham fungdes vitais tanto para a manutencdo da parede e adaptacéo celular,
como para a viruléncia e patogéneses e sdo alvos promissores de novas alternativas

terapéuticas, como sugeriu Champer et al. (2016), que indicaram que proteinas de
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parede como as 1,3-B-glicanosiltransferases, Gell-4, Bgtl, os homologos da glicanase
Crfl, endoglucanase EgIC e a proteinas Ecm33, sejam potenciais alvos para o

desenvolvimento de uma panvacina.

1.3.5. Identificacdo de proteinas de parede

Os primeiros estudos que tiveram o intuito de identificar proteinas de parede em
Paracoccidioides spp., foram trabalhos in silico do transcritoma (Castro et al., 2005;
Tomazett et al., 2005). Tomazett et al. (2005) procuraram genes associados a sintese,
remodelacdo e degradacdo de componentes de parede, para isso usaram um banco de
dados de etiquetas de sequéncias expressas (ESTs) de transcritoma de Paracoccidioides
spp., 0s resultados desse trabalho permitiram identificar sete genes relacionados com a
O-glicosilacdo de proteinas, degradacdo de componentes de polissacarideos de parede e
transglicosidases. Por outro lado, Castro et al. (2005) com o intuito de identificar
potenciais GPI-CWP fizeram uma analise in silico, utilizando um banco de dados de
ESTs de Paracoccidioides spp., nesse estudo foram identificadas 20 sequéncias de
provaveis proteinas ancoradas com uma molécula de GPI; a anlise da regido anterior
ao sitio ® permitiu inferir que pelo menos seis dessas sequéncias preditas sdo
direcionadas para a parede celular. Mais recentemente Gongcales et al. (2021) em um
estudo in silico do genoma de P. brasiliensis e P. lutzii identificaram 100 provaveis
GPI-CWP, em ambas as espécies.

Por outro lado, estudos protebmicos também tém sido usados para conhecer o
conteddo proteico da parede flngica. Nos estudos protedmicos de parede sdo usados
extratos enriquecidos de parede. Para a obtencdo de extratos de parede que servem para
analises protedmicas existem dois tipos de metodologias, uma sem lise celular

conhecida como cell surface shaving (CSS) e outra com lise celular.

A CSS ¢é uma técnica onde, células vivas sdo submetidas ao tratamento direito
com tripsina, sem gerar lise celular; essa metodologia foi proposta com o intuito de
diminuir a contaminacdo com proteinas intracelulares. Entretanto, alguns autores
consideram que a CSS ndo permite a recuperacdo de proteinas que se encontram
intricadas no meio do esqueleto de polissacarideos, e sé libera proteinas de superficie,
pelo que a analise protebmica deve ser considerada como surfoma (Gil-Bona et al.,
2018; Karkowska-Kuleta et al., 2015). Em Paracoccidioides spp., um trabalho usando
CSS ja foi publicado (Longo et al., 2014). Nesse estudo um total de 208, 148, 164 e 239
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proteinas de micélio e de levedura de P. americana e P. brasiliensis, respectivamente,
foram recuperadas. Esse trabalho mostrou que ao redor de 60% das proteinas
recuperadas foram proteinas preditas como secretadas por via ndo classica, o qual € um
achado comum na analise de proteoma de parede de fungos (Araujo et al., 2017;
Castillo et al., 2008; Gil-Bona et al., 2015).

De outro modo, existem metodologias para a obtencdo de extratos enriquecidos
de parede que usam lise celular; nesse caso deve-se garantir que exista minima
contaminagdo com proteinas citoplasmaticas, para isso séo realizados extensivos ciclos
de lavagens do extrato proteico (Feiz et al., 2006); apos a lise se usam diferentes
reagentes, que liberaram as proteinas dependendo da natureza da ligacdo que as mantém
ligadas na parede (Pitarch et al., 2008). Proteinas ligadas por interacbes de Van der
Waals, pontes de hidrogénio ou ligagGes i6nicas sdo removidas através do tratamento
com solugBes salinas como o CaCl, (Feiz et al., 2006). Proteinas ligadas atravées de
pontes dissulfeto sdo retiradas com o uso de agentes redutores, como DTT e B-
mercaptoetanol; AS-CWP séo liberadas usando um alcali suave ou com B-glicanase e,
as GPI-CWP s&o liberadas com HF-piridina ou com tratamento enzimatico com f-
glicanases, quitinases ou fosfodiesterases (Feiz et al., 2006; Karkowska-Kuleta et al.,
2015; Pitarch et al., 2008).

Em estudos protedmicos, outros recursos sdo usados com o intuito de liberar as
proteinas dos polissacarideos que as decoram, para isso podem ser usadas enzimas que
clivam as N ou O-glicosilagdes ou também pode ser usado um tratamento quimico com
acido trifluormetanossulfénico (TFMS), o qual cliva qualquer tipo de ligacdo
glicosidica (Maddi et al., 2009; Pitarch et al., 2008). A deglicosilacdo facilita a
ionizacdo peptidica e retira a massa diferencial a mais que geram os polissacarideos na
proteina, melhorando a identificacdo por espectrometria de massas (Edge, 2003).

Estudos de proteoma de parede usando lise celular e posterior tratamento
quimico ou enzimatico sdo os mais utilizados. Em C. albicans estudos usando este tipo
de metodologia ja foram publicados; (Castillo et al., 2008; de Groot et al., 2004). Em P.
lutzii uma metodologia usando lise celular ja foi empregada para a anélise do proteoma
de parede de micélio e levedura (Araujo et al., 2017).

Outra metodologia empregada para a identificacdo de proteinas em parede é a
imunolocalizagéo; por esta metodologia varias proteinas foram localizadas na parede de

Paracoccidioides spp., como € o caso da B-1,3-glicana sintase (Tomazett et al., 2010),
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PbGel2 (Lima et al., 2012), PbGel3 (Castro et al., 2009) e formamidase (Borges et al.,
2010).
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2. JUSTIFICATIVA

A parede celular ¢ uma estrutura dindmica que se adapta a multiplas condicdes
ambientais, entre elas as condi¢des encontradas no hospedeiro humano; nesse sentido, a
parede cumpre um importante papel na relacdo parasito-hospedeiro, fornecendo a célula
protecdo contra o ataque imune, além de auxiliar no estabelecimento e disseminacéo da
infeccdo.

Entre os alvos dos antifingicos mais comumente empregados, se encontram
componentes da parede celular, a qual é uma estrutura ausente em células humanas, o
que consequentemente diminui o risco de reagdes cruzadas; entretanto, o crescente
numero de relatos de resisténcia a antifungicos e, o também, ascendente nimero de
pacientes com imunodeficiéncias adquiridas, aliados a comprovada toxicidade de alguns
antimicoticos, sobretudo quando usados a largo prazo, incentivam a procura de novas
estratégias terapéuticas.

Entres os novos alvos estudados com fins terapéuticos, se encontram as
proteinas da parede celular, as quais cumprem uma diversidade de func@es, vitais para a
célula fungica, entre elas, a funcdo de manutencdo de componentes de parede, o0 que é
necessario para conservar a estrutura e estabilidade celulares. Essa fungéo é realizada
por sintases, glicanases e tranglicosidases; por outro lado, na parede também se
encontram proteinas envolvidas com funcdes de viruléncia e patogénese, que participam
em processos de adesdo, aquisicdo de nutrientes, resposta ao choque térmico e estresse
oxidativo ou que atuam no mascaramento de componentes de parede, para evitar o
reconhecimento pelo sistema imune do hospedeiro. Outra das questdes que fazem das
proteinas da parede alvos promissores para terapia é sua localizacdo superficial, que
facilita o acesso de moléculas terapéuticas.

Uma das ferramentas mais usadas na atualidade para a identificacdo e
caracterizacdo de proteinas de parede € a espectrometria de massas. Estudos usando esta
abordagem ja foram publicados, principalmente em espécies como Candida albicans,
Sacharomyces cerevisiae e Aspergillus fumigatus. Nesse sentido, e sendo a PCM, uma
das micoses de maior prevaléncia no Brasil, se faz necessaria a ampliacdo do
conhecimento da parede de Paracoccidioides spp.

P. lutzii, P. americana e P. brasiliensis sdo as espécies mais frequentemente
encontradas no Brasil; num trabalho protedmico anterior, nosso grupo revelou as

proteinas de parede P. lutzii, ligadas de forma covalente por pontes dissulfeto e ligacoes
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alcali sensiveis, motivo pelo que no presente trabalho foram estudadas as outras duas
espécies mais frequentes no Brasil. Outros fatores como a disponibilidade do genoma P.
brasiliensis e P. americana e as divergéncias metabolicas e na viruléncia relatadas entre

estas duas espécies, incentivaram o estudo proteémico da parede.
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3. OBJETIVOS
3.1. Objetivo geral

e Realizar a analise protedmica da parede celular de dois dos membros do
complexo Paracoccidioides: espécies P. americana e P. brasiliensis, em

sua forma leveduriforme.

3.2. Objetivos especificos

e Obter extratos proteicos de parede de P. brasiliensis e P. americana.

e Realizar uma anélise descritiva do proteoma de parede de P. brasiliensis
e P. americana.

e Realizar uma analise comparativa de expressao, para identificar proteinas
relevantes para cada espécie, com 0 que se aprimoraria 0 conhecimento

da biologia na relagdo parasito-hospedeiro.
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Abstract

Paracoccidioidomycosis (PCM) is the most significant systemic mycosis in Latin
America and it is endemic in Brazil. The etiologic agents of PCM are dimorphic fungi
of the genus Paracoccidioides which are thermo dimorphic pathogens that in the human
host transit from mycelial to yeast-like form. Currently, seven species of this genus have
been suggested, P. lutzii, P. americana, P. brasiliensis, P. restrepiensis, P.
venezuelensis, P. cetii and P. loboi. Proteomic analysis was performed of the cell wall
of the species P. americana and P. brasiliensis. Using a proteomic approach,
differentially expressed proteins were identified; proteins related to the metabolism of
glucose such as enolase and GAPDH, which in the cell wall are associated with
adhesion to extracellular matrix components, and the enolase, fructose-1, 6-
bisphosphate aldolase 1 and phosphoglycerate kinase, that activate plasminogen, were
up-regulated in P. brasiliensis. Additionally, two proteins belonging to the 14-3-3
family were also up regulated in P. brasiliensis, proteins of this family have also been
associated with adhesion to components to the extracellular matrix. The greater
presence of proteins related to adhesion in the cell wall of P. brasiliensis suggests an
advantage of this species in the pathogenic process. The co-chaperone Hsp90 AHAL
and the STI1 protein, were more expressed in P. brasiliensis, while catalase P was more
expressed in P. americana. These results indicate that there are differentially expressed
proteins related to adhesion and response to thermal stress, mainly in the P. brasiliensis
cell wall, which directly influences the virulence of these species.

40



1. Introduction

Paracoccidioidomycosis (PCM) is a systemic mycosis, distributed from Central
America to South America, with prevalence in Brazil, Argentina, Colombia, and
Venezuela [1, 2]. The etiological agents of PCM are thermo dimorphic fungi belonging
to the Paracoccidioides genus, which are usually found in soil in the form of a hypha; in
infection conidia or hyphae are inhaled and deposited in the lung, where the temperature

activates its change to multi-budding yeast [3].

The genus Paracoccidioides consists of seven species: Paracoccidioides lutzii, which is
predominantly found in Brazil and Ecuador, Paracoccidioides brasiliensis, which is
located mainly in the South and Southeast of Brazil, Argentina and Paraguay,
Paracoccidioides americana, is distributed in Venezuela and Southeast of Brazil,
Paracoccidioides restrepiensis and Paracoccidioides venezuelensis, that are found
mainly in Colombia and Venezuela, respectively [4], Paracoccidioides loboi, which is
predominantly found in the Amazon basin and Paracoccidioides cetii distributed around
the Latin American coasts [5]; these last two species are associated with cutaneous and
subcutaneous myecosis. Although the species are found predominantly in certain
territories, migratory movements have favored their arrival in areas where their presence

was not previously contemplated [3, 6].

The cell wall is a fundamental structure for the fungus; it is the interface between host
and pathogen, being vital in protecting against different stressful elements that the host
uses to counteract the infection [7]. The main immune-stimulating components in the
fungus infection are found in the cell wall; they are part of the group of components
recognized as molecular patterns associated with the pathogen (PAMPs), which activate
the immune response after being recognized by receptors called pattern recognition

receptors (PRRs), which are found in defense cells [8, 9].

The cell wall components are of great interest for the pharmaceutical industry [10]
because most of them are absent in the human host; second, because the cell wall
components represent more exposed targets than intracellular components, which
facilitates drug interaction, and third because there are common cell wall components
between different species of fungi, making possible to develop broad-spectrum therapy
[10, 11].
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The fungal cell wall is formed mainly of polysaccharides, proteins, and lipids [12]; the
main polysaccharides found in the fungal cell wall are the chitin and -glycans, which
are common in all species; the amount and type of polysaccharides differ between
species and the cell stage [12, 13]. In the Paracoccidioides spp., mycelium cell wall the

main glycan is B-glycan, while a-1,3-glycan is the largest polymer present in yeast [14].

Cell wall proteins (CWP) are another relevant component at the cell wall. They
constitute 3-20% of the dry weight of the cell wall of fungi [15]. The fungal CWP can
be classified as classical or typical and non-classical or not typical [16, 17]. The
classical CWP are mainly located in the cell wall, and have functions related to
degradation and remodeling of cell wall components mainly, but may also have a role
associated with pathogenesis and virulence [18]; On the other hand, non-classical
proteins are proteins that are found in other cell compartments [16], and have functions
associated with virulence and pathogenicity mainly [17]. Meanwhile, some non-
classical CWP could assist in the maintenance and stability of the cell wall, such as
enolase, which has a transglutaminase function that could be associated with
incorporation and stabilization of proteins to the cell wall [19].

Another characteristic that differentiates classical from non-classical CWP is the
secretion route. Typical proteins are secreted by classic secretion route, while the
atypical are secreted for other routes that may involve vesicle mediation [20, 21]; In
addition, classical proteins are bound to the cell wall by covalent bonds such as GPI
anchors, alkaline sensitive bonds, or disulfide bridges, while non-classical proteins in
general, are not covalently linked to cell wall; additionally, typical proteins have a high

glycosylation degree [16, 17].

CWPs may be regulated to adapt the cell to the conditions found in host cells [7]. In
Paracoccidioides spp., various studies have shown the genetic and proteomic
modulation of CWPs in various conditions, such as growth in different carbon
sources[22], in hemoglobin presence [23], in presence of antifungals [24], and cell wall
stressors [25], and in the presence of an inhibitor of N-glycosylation [26]. Meanwhile,
very little is known about the divergences and similarities of the cell wall between
species. To date, two Paracoccidioides cell wall proteomic studies have been published;

the first describes proteins found in the surfome the P. brasiliensis and P. americana
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[27], and the other, was made by our group, and describes the mycelium and yeast cell

wall proteomes of P. lutzii [28].

Additionally, metabolic and virulence divergences between Paracoccidioides species
have been observed. Pigosso and collaborators [29], at our group, found metabolic
divergences between four Paracoccidioides species, within these differences it was
observed that P. brasiliensis has a higher expression of proteins associated with aerobic
degradation of fatty acids, meanwhile, P. americana has a higher expression of proteins
associated with amino acid degradation, probably to obtain energy by aerobic routes,
and a higher expression of proteins associated with the pentose cycle, consequently with
higher NADPH production, probably used in the degradation of reactive oxygen
species, which was corroborated by the higher expression of detoxification enzymes and
response to oxidative stress. Additionally, it has been observed by our group metabolic
differences between the yeast and mycelium phases of P. brasiliensis and P. lutzii.
Proteomic analysis described a more anaerobic metabolism in the yeast phase of P.
lutzii compared to mycelium [30]. And, P. brasiliensis presents a more aerobic
mechanism in the yeast phase, when compared to mycelium [31].

In addition to metabolic divergences, virulence divergences were also found. Siqueira
and collaborators [32] described that P. brasiliensis generates less activation and
cellular responses in macrophages than P. lutzii. Carvalho et al., showed that the P.
brasiliensis developed a type of PCM more aggressive in mice than P. americana [33].
More recently Amaral and collaborators [34] in a comparative study between different
strains of Paracoccidioides spp., derived of in vivo infection, showed that the P.
brasiliensis had a higher viral load in spleen, liver and, lungs than the other species,

which was related with greater virulence.

With this context, the main objective of our work is the identification of cell wall
differentially expressed proteins between P. brasiliensis strain Pb18 and P. americana
strain Pa03. Our study demonstrated that there is a difference in protein expression
between P. brasiliensis and P. americana cell wall, which helps in the understanding of

the biology of Paracoccidioides, and its interaction with the host.
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2. Materials and methods
2.1. Paracoccidioides species and growth conditions

Yeast cells from P. americana and P. brasiliensis (ATCC 32069) were maintained in
vitro in brain heart infusion medium (BHI), plus 4% (w/v) glucose, and 1% (w/v) of
base agar at 36 °C pH 7.0, for 4 days. To obtain cells in exponential phase, the yeasts
were cultured in BHI liquid medium added of 4% (w/v) glucose 36 °C at 72 hours in

agitation by 150 (rpm).
2.2.  Cell lysis, obtaining enriched fraction from the cell wall

For cell lysis and obtaining the enriched fraction from the cell wall, the protocol
established by Araujo et al. [28] was used. After 72 hours of inoculation in BHI liquid,
cells were collected and five washes were made with lysis buffer (10mM Tris-HCI,
2mM CaCl2, 1mM of PMSF (phenyl-methyl-sulfonyl-fluoride) pH 8.5), at 1200x g, 10
minutes at 4 °C. The cells were resuspended in a 10 mM Tris-HCI pH 8.0 buffer,
containing 1 mM PMSF. Cell lysis was mechanically performed by macerating using
porcelain mortar in the presence of liquid nitrogen. The obtained material was
resuspended in lysis buffer with glass beads and incubated for 1 hour at 4 °C under
strong agitation. After incubation, the cells were washed by centrifugation (1200x g, 10
minutes at 4 °C). To remove cytoplasmic contaminants, the sediment was subjected to
five washes with ice water and five washes with NaCl at 5%, 2%, and 1% (w/v),
respectively. For extraction of proteins bound by ionic interactions and disulfide
bridges, extraction buffer (Tris HCl 50mM, pH 7.8, SDS (w/v) 2%, EDTA 100mM,
DTT 10mM, B-mercaptoethanol 40mM) was used, in a 1:1 relation. The mixture was
incubated at 100 °C for 10 minutes, after which the material was concentrated to 12009
for 10 minutes. To remove remnants of reagents such as SDS, and to concentrate the
material, the sediment from the previous step was subjected to three washes with
ultrapure water, and three with 50 mM NH4HCO3 ammonium bicarbonate solution, pH
8.5, in 10 kDa filters (Amicon Ultra centrifugal filter, Millipore). Subsequently, the
proteins were precipitated following the protocol of the 2D-Clean-up Kit (GE
Healthcare), and the fractions were concentrated by speed vacuum and stored at 20 °C

until digestion.
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2.3.  Triptyc digestion

The protein concentration was determined by fluorimetry with the Qubit Fluorometric
quantification kit (ThermoFisher Scientific). For the digestion with trypsin 300 pg/ul of
protein extract was used. The extracts were submitted to digestion with trypsin as
established by Araujo and collaborators with some modifications [28]; 300 pg/ul of
protein was resuspended in 60 pl of the 50mM NH4HCOS3 solution, pH 8.5; after
Rapigest SF 0.2% (v/v) surfactant (Waters, USA) was added, and the mixture was
incubated at 80 °C for 15 minutes. After, a reduction step was performed with 100 mM
DTT, with incubation for 30 minutes at 60 °C; 300 mM iodoacetamide was added and
the material was kept at room temperature, in the dark for 30 minutes. Digestion was
performed with trypsin at a ratio of 1:100 (Promega) and the mixture was incubated at
37 °C for 12 hours. Subsequently, 5% (v/v) trifluoroacetic acid was added, and the
mixture was incubated for 90 minutes at 37 °C. Finally, the sample was centrifuged at
10,000g for 30 minutes at 4 °C and the supernatant was concentrated in a speed
vacuum. For peptides desalination was used Stage Tips (stop and go extraction tips)
C18 protocol as described by Yanbao and collaborators [35] and the material was

concentrated in a speed vacuum.

2.4. Sample preparation for analysis by Liquid chromatography mass
spectrometry (LC-MS)

The peptides were resuspended in 60 pL of 20 mM ammonium formate, pH 10, and as
an endogenous standard, phosphorylase B (PHB) was used at a final concentration of
200 fmol / pL. Aliquots of 5 pg of the sample, in triplicate, were separated by high-
performance liquid chromatography, in nanoscale, coupled to a mass spectrometer
(nano UPLC-MSE). The samples were subjected to high-resolution liquid
chromatography, on a nanoscale using the ACQUITY UPLC® M-Class system (Waters
Corporation, USA). The first dimension was an XBridge®Peptide reverse-phase pre-
column. The peptides were subjected to five fractionations, with different
concentrations of acetonitrile (10.8%, 14%, 16.7%, 20.4% and 65%). In the second
dimension, each fraction was eluted in Trap trapping column, 2D Symmetry® 5um
BEH100 C18, 180 pum x 20mm (Waters, USA) and passed through separation in an
analytical column Peptide CSHTM BEH130 C18 1.7 pum, 100 pm x 100 mm (Waters,
USA), in a flow of 0.4 pl / min at 40 °C. The peptides were identified using the Q-TOF-
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MS Synapt mass spectrometer (Waters, Manchester, UK). [Glul] -Fibrinopeptide B
(GFB) was used as a standard for calibrating mass, being measured every 30 seconds.
Three experimental replicates were obtained for each sample. The obtained data were
processed with ProteinLynxGlobal Server (PLGS) version 3.0.2 (PLGS) software
(Waters, Manchester, UK). The identification of peptides was made by comparing the
spectra obtained with the sequences available in the genomic database Uniprot
(https://www.uniprot.org). Proteins identified showed a minimum of 1 matched peptide

and 5 fragments, where at least 2 fragments belonged to the same peptide.
2.5. Insilico analysis

For the prediction of proteins secreted by non- classical route was used the Secretome P
tool (http: //lwww.cbs.dtu .dk / services / SecretomeP /), and for classical route was used
SignalP  (http://www.cbs.dtu.dk/services/SignalP/). To establish the identity of
hypothetical proteins was used BLASTp
(blast.ncbi.nlm.nih.gov/Blast.cgi?PAGE=Proteins). For the functional classification of
proteins was used the FUNCAT catalog available in the data bank of the Pedant

(http://pedant.gsf.de/genomes.jsp?prefix=P&category=fungal). Statistical analyzes were

determined with the free software R, and the data significance was determined with the
T-student test; the fold change was calculated with the protein concentration (fmol).

2.6. SDS-PAGE and western blot

Protein extract was validated in 12% SDS-PAGE, in a vertical electrophoresis chamber
at 150V. Protein visualization was performed by coomassie blue stain. The
immunoelectrotransfer to a nitrocellulose membrane for 17 hours at 40 V. Proteins in
SDS-PAGE were transferred to a nitrocellulose membrane that was then incubated with
polyclonal anti-catalase P at 1:500 [36], anti-enolase at 1:40000 [37], anti-fructose-1, 6-
bisphosphate aldolase [38], 1:1000, dilution, for 2 h at room temperature. After
washing, the membranes were incubated with peroxidase-coupled mouse anti-lgG
secondary antibody (1:1000 dilution) or rabbit anti-lgG (1:30000) (Sigma-Aldrich).
The reaction was revealed by 5-Bromo-4-chloro-3-indolyl phosphate (BCIP) and
nitroblue tetrazolium (NBT).
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3. Results
3.1. Proteomic analysis

In our study, a comparative proteomic analysis of the cell wall was made of P.
brasiliensis and P. americana; for this purpose, enriched cell wall extracts were
processed in duplicate, as described above. Enriched extracts were obtained through
mechanical lysis of yeast cells of both species and cytoplasmic and extracellular
proteins were eliminated through multiple washes. The absence of proteins in the
solution of the last wash indicates the predominant presence of cell wall intricate
proteins. Subsequently, proteins covalently linked through disulfide bridges were
extracted by treatment with reducing agents and SDS; later an assessment of the quality
of the extracts was made by SDS-PAGE, (supplemental figure 1). After processing by
NanoUPLC-MSF, a quality analysis of the generated data was performed. The false-
positive rate was less than 1.0, the mass error tolerance for peptide identification was
under 15 ppm, and the peptide detection class graphs show that less than 20% of the
data had a loss of cleavage by trypsin (supplemental figures 2,3,4,5).

A total of 29,531 peptides and 1,713 proteins were identified (data not shown). The
integration of the information obtained to shows that 508 proteins identified for the two
species (supplemental table 1), 90 were found only in P. americana, 207 only in P.
brasiliensis and 211 were present in both species. The analysis of prediction of protein
secretion showed that more than 50% of the proteins recovered from the protein extracts
of the wall of both species did not have a signal of secretion by the classical route or by
non-conventional routes. This same analysis showed that around 40% of the proteins
recovered in both species were predicted as secreted by the non-classical route and that
less than 5% were predicted as secreted by the classical route (Figure 1, supplemental
Table 1)
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Figure 1. Analysis of protein secretion pathway. Prediction of proteins secreted by
conventional and unconventional routes and proteins without prediction of secretion
signal in P. americana e P. brasiliensis cell wall proteome in accordance with the
SignalP and SecretomeP programs.

The functional classification was performed and the relative number of proteins in each
category was determined (Figure 2). The qualitative analysis did not show differences

between both species.
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Figure 2. Functional classification of cell wall proteins. Relative classification of
proteins found in the cell wall proteome of both species, according to the FunCat

catalog.
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To establish quantitative differential expression of proteins between species a Student's
t-test was performed; the results showed that 90 and 307 proteins were up-regulated in
P.americana and P.brasiliensis respectively (supplemental Table 1).

3.2. Cell adhesion-related proteins present in the cell wall are more induced in P.
brasiliensis yeast cells.

The quantitative expression analysis showed that proteins associated with adhesion to
extracellular matrix components were generally more expressed in P. brasiliensis than
P. americana (table 1, and figure 3). Enolase (ENO) (C1G9X3), Glyceraldehyde 3-
phosphate dehydrogenase (GAPDH) (C1G5F6), and 14-3-3-like protein 2 (C1GB04)
were three times more expressed in P. brasiliensis than in P. americana (table 1 and
figure 3). The 14-3-3-like protein 2, not was predicted as a secreted protein
(supplemental table 1) but its adhesion capacity has already been determined [39].
Another, 14-3-3 protein (C1G9X0) was six-time more expressed in P. brasiliensis than
in P. americana. Other proteins with adhesive function as fructose-1, 6-bisphosphate
aldolase 1 (FBP) (C1G1C8) and phosphoglycerate kinase (PGK) (C1G4NO0), related
specifically to plasminogen activation [38], which were strongly more expressed in P.
brasiliensis; FBP was 14 and PGK was 23 fold more expressed in P. brasiliensis than P.
americana (table 1 and figure 3). In the western blot assay made with cell wall extracts
of both species, it shown a greater amount of aldolase in the Pb18 extract, which
confirms the result found in the proteome (figure 4). However, that same test did not
show an evident difference between the amount of enolase in the cell wall between
species (figure 4). Gp43 (C1GK29) was the only adhesion-related protein [40] that was
more expressed in the P. americana, being found only in their cell wall proteome.
Additionally, the triosephosphate isomerase (C1GI20) that binds preferentially to
laminin [41] had no significant difference in expression between the two species (table
1 and figure 3).
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Table 1. Proteins described in the literature as related to adhesion, regulated in P.
brasiliensis and P. americana cell wall proteome.

Accession Annotation p- Mean protein Mean protein  Fold
value concentration concentration change
(fmol) Pa03 (fmol) Pb18 Pb18/Pa03

C1GB04  14-3-3-like p< 44,42 156,02 3,51
protein 2 0,05

C1G9X0  14-3-3 family p< 25,38 152,77 6,02
protein epsilon 0,05

C1G9X3 Enolase p< 101,84 333,45 3,27

0,05

C1G5F6  Glyceraldehyde- p< 122,29 405,11 3,31
3-phosphate 0,05
dehydrogenase

C1G1C8 Fructose-1,6- p< 456 64,08 14,05
bisphosphate 0,05
aldolase 1

C1G4NO Phosphoglycerate p< 7,72 182,41 23,64
Kinase 0,05

C1GI20  Triosephosphate p> 22,92 32,27 1,41
isomerase 0,05

C1GK29 Immunodominant * 6,96 0,00 -

antigen Gp43

Accession: number accession of Uniprot database. Annotation: description of protein

names identified by mass spectrometry. p-value: Protein found exclusively in the

P.

americana cell wall: *; protein found exclusively in the P. brasiliensis cell wall: **;
differentially expressed protein: p < 0,05. Mean of protein concentration (fmol):
mean of protein concentration (fmol) identified by mass spectrometry. Fold change:

level of protein expression.
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Figure 3. Heat map of adhesion-related proteins. Log of the mean concentration
(fmol) of P. americana and P. brasiliensis. Protein without significant difference
(Black), up regulated proteins (Red), down regulated proteins (Green).

3.3. Confirmatory assays using western blot analysis

Western blot assays analyses were performed with ENO and FBP antibody (Figure 4).

Kda

116 <—

45 <

Figure 4. Western blot of the ENO and FBP in P. americana and P.brasiliensis cell
wall extracts. Lane 1: ENO Pa03. Lane 2: ENO Pb18. Lane 3: FBP Pa03. Lane 4 FBP
Pb18. Enolase (47Kda). FBP (40Kda).
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3.4. Differential expression of proteins associated with response to heat shock

Some proteins related to the response to heat shock had a difference in cell wall

expression between the two species, and in general, they were more abundant in P.

brasiliensis; among them, the Hsp90 co-chaperone AHA1 (C1G445) that was 55 times

more expresses in P. brasiliensis than in P. americana. Also the heat shock protein

STI1 (C1GAU3), which was found in high concentration, only in the cell wall proteome

of P. brasiliensis (table 2 and figure 5).

Table 2. Regulated proteins of P. brasiliensis and P. americana associated with heat
stress response.

Accession Annotation p-value  Mean protein Mean protein Fold change
concentration concentration Pb18/Pb03
(fmol) Pa03 (fmol) Pb18

CiGow1l DnaJ domain- ** 0 4,27 -
containing protein

C1G240 DnaJ domain protein ~ ** 0 2,76 -
Psi

C1G7T3 Chaperone Dnal *x 0 15,24 -

C1GAU3 Heat shock protein *x 0 107,60 -
STI1

C1GMV5 DnaJ domain protein ~ ** 0 15,67 -

C1GOPO Hsp7-like protein p <0,05 178,35 448,84 2,52

C1G1M5 Hsp98-like protein p <0,05 26,61 79,75 3,00

C1G445 Hsp90 co-chaperone  p < 0,05 2,97 164,53 55,41
AHA1

C1G6F6 Hsp75-like protein p <0,05 60,41 215,17 3,56

C1G610 Heat shock protein p <0,05 37,67 153,86 4,08
Hsp88

C1G9uU8 Chaperone Dnal p <0,05 22,91 181,11 7,91

C1GKC9 Hsp90-like protein p <0,05 367,35 921,44 2,51

C1GLX8 Hsp60-like protein p <0,05 158,00 582,59 3,69

C1G514 Hsp90 co-chaperone  p < 0,05 1,64 26,94 16,46
Cdc37

C1G8H6 Chaperone DnaK p <0,05 197,55 283,87 1,44

C1GoM7 30 kDa heat shock p <0,05 23,01 80,39 3,49
protein

CiGLI2 Hsp72-like protein p <0,05 327,45 771,64 2,36

Accession: number accession of Uniprot database. Annotation: description of protein
names identified by mass spectrometry. p-value: Protein found exclusively in the P.
americana cell wall: *; protein found exclusively in the P. brasiliensis cell wall: **;
differentially expressed protein: p < 0,05. Mean of protein concentration (fmol):
mean of protein concentration (fmol) identified by mass spectrometry. Fold change:
level of protein expression.
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Figure 5. Heat map of response to thermal shock associated proteins. Log of the
mean concentration (fmol) of P. americana and P. brasiliensis. Protein without
significant difference (Black), up regulated proteins (Red), down regulated proteins
(Green).

3.5. Differential expression of proteins associated with detoxification

Some proteins associated with detoxification were differentially expressed in the cell
wall proteome of the two species studied (table 3); among these proteins, the
peroxisomal catalase (C1GOD4), which was found only in the P. americana proteome.
This protein was previously found to be differentially expressed in this species in a
previous proteomic study [29].

To verify this information, a cell wall extract western blot analysis were performed
(Figure 6).

A protein that was highly expressed in P. brasiliensis was cytochrome ¢ peroxidase,
mitochondrial (C1G7K8) (table 3), this protein was shown to be important for survival

to the immune response of the host [42].
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Table 3. Proteins regulated in pared of P. brasiliensis and P. americana associated with

oxidative stress response.

Accession  Annotation p- Mean protein  Mean protein Fold
value concentration concentration change
(fmol) Pa03 (fmol) Pb18  Pbl18/Pa03

C1G0D4  Peroxisomal catalase * 15,83 0 -
C1G7EO0  Mitochondrial peroxiredoxin PRX1 * 15,64 0 -
C1GKT9 Peroxisomal matrix protein kel 0 11,49 -
C1G489  Superoxide dismutase SOD2 *x 0 8,08 -
C1G5D0  Glutamate-cysteine ligase *x 0 0,09 -
C1G7K8 Cytochrome c peroxidase, p< 79,94 401,97 5,02
mitochondrial 0,05
C1GE18 Thioredoxin p> 3,43 11,93 -
0,05

Accession: number accession of Uniprot database. Annotation: description of protein
names identified by mass spectrometry. p-value: Protein found exclusively in the P.
americana cell wall: *; protein found exclusively in the P. brasiliensis cell wall: **;
differentially expressed protein: p < 0,05. Mean of protein concentration (fmol):
mean of protein concentration (fmol) identified by mass spectrometry. Fold change:
level of protein expression.

Kda

116 -

66 -

Figure 6. Western blot of Catalase P in the P. americana and P. brasiliensis cell
wall extracts. Lane 1: Cat P Pa03. Lane 2: Cat P Pb18. Catalase P (54 Kda).
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4. Discussion

Cell wall proteins are important mediators of virulence and pathogenicity processes,
both, proteins secreted by conventional routes [18] and proteins secreted by alternative
routes [17, 43] actively participate in these processes. Proteomic analyzes of the fungal
cell wall extracts have shown the presence of proteins considered classical and non-
classical proteins [11, 16, 44]. In P. lutzii, a cell wall proteomic study done by our group
[28] showed that 57 and 42% of proteins released by reducing agents, of the yeast and
mycelium, respectively, were predicted as secreted by alternative routes, and 4 and 7%
of the proteins, from yeast and mycelium, respectively, were predicted to be secreted by
the classical route; In addition 40 and 51%, of the yeast and mycelium proteins, were
not predicted as secreted by classical or non-classical routes, a little lower number than
that found in our study, which corresponded to 56% and 57% of proteins for P.
americana and P. brasiliensis respectively (figure 1).

Although methods of analysis in silico have been performed to offer answers more
corresponding to reality, it cannot be considered that proteins not predicted as secreted
by the classical or non-classical route, are simple contaminants, that remained intricate
in the polysaccharide skeleton after cell lysis and treatment with reducing agents [45,
46]; only more accurate studies can establish that answer. In our study, for example,
triosephosphate isomerase (C1GI20) and 14-3-3-like protein 2 (C1GB04) were
identified, and, they were not predicted as secreted by classic or non-classic route by the
in silico analysis (supplemental table 1), meanwhile, its location in the Paracoccidioides
spp., cell wall has already been demonstrated by microscopic analysis [41, 47]. By
another hand, to date there are two published works on the proteomic analysis of the
Paracoccidioides spp., cell wall; one published by our group, which makes a descriptive
analysis of the P. lutzii cell wall [28], and the other that is a descriptive comparative
analysis between the P. americana and P. brasiliensis surface proteome [27], the same
species that we use in our work. Meanwhile, there are two differences between our work
and the one published by Longo et al, [27]; the first is the approach used, Longo et al.,
worked with cell shaving for the extraction of cell surface proteins (surfome) [44],
whereas we used cell lysis and subsequent treatment with reducing agents to release
primarily disulfide-bound proteins [17]. The second difference is the objective, although

both are comparative studies, the Longo et al., work is just descriptive whereas, we
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performed a laber free quantitative approach, seeking to find differences in the protein
expression.

The analysis of the cell wall proteome of P. brasiliensis and P. americana, brought us
new information that helps in the improvement of the knowledge of the host-parasite
relationship. In search of new information, we first made a qualitative analysis of the
proteins found in the P. brasiliensis and P. americana cell wall proteome, which did not
evidence the enrichment of a specific functional category (figure 2); being that both
species showed a greater number of proteins associated with energy production and
metabolism in the cell wall (Figure 2); these categories were also the most represented
groups in the previous cell wall Paracoccidioides spp., proteomic studies [27, 37].

In order to identify proteins differentially expressed, a quantitative expression analysis
was performed. This analysis showed interesting results, the first was the largest
expression of adhesion-related proteins in P. brasiliensis, like ENO and GAPDH, that
consistently also more expressed in the P. brasiliensis cell proteome in a comparative
study between species [29], thus suggesting that its greater intracellular expression may
trigger greater expression in the cell wall, where are associated with adhesive and
virulence function. Additionally, two other adhesion-associated proteins were up-
regulated in the P. brasiliensis cell wall, the 14-3-3-protein 2 and 14-3-3 family protein
epsilon, Oliveira et al., showed that the 14-3-3 protein and the ENO were the main
proteins associated with adhesion wich were up-regulated in P. brasiliensis in vitro
infection [48], this same work showed that P. brasiliensis have major adhesion to
pneumocytes and it was more virulent than P. lutzii. The 14-3-3 proteins have been
shown to be important for pathogenesis; for example, 14-3-3 epsilon peptide was
effective in limiting infection with Paracoccidioides spp., in Galleria mellonella larvae
[49]. In the same way, a silenced strain of P. brasiliensis Pb14-3-3 aRNA was less
pathogenic, as it caused a lower fungal load and less granuloma formation in a murine
model [50]. Other up-regulated proteins in our proteomic study were the PGK, and
FBP, which together with GAPDH were the main up-regulated enzymes in the in vivo
infection with P. brasiliensis (Pb18), in a comparative proteomic study that sought to
establish the main up-regulated proteins in the infection of B10. A and BALB/c mice

with different strains of Paracoccidioides [34].

ENO, the FBP and the PGK are associated with sequestration and activation of

plasminogen by pathogens. The ability of the ENO and FBP to bind and activate
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plasminogen has already been demonstrated in Paracoccidioides spp., [38, 51], while
PGK was shown to activate plasminogen in bacteria and the C. albicans [52-54], and
binds to plasminogen in P. lutzii [38]. Plasminogen is an enzyme with fibrinolytic
properties, it is known that one of the strategies used by microorganisms for tissue
invasion is the sequestration of fibrinolytic enzymes, such as plasminogen, which in its
active form, plasmin, disrupts fibrin, consequently contributes to the fungus virulence
[55]. The greater expression of these proteins in the P. brasiliensis cell wall could be
associated with greater fibrinolytic capacity. Another important encounter in the
analysis of quantitative expression was the greater expression of proteins associated
with the response to thermal shock in P. brasiliensis, specifically the Hsp90 co-
chaperone AHAL (Activator of Hsp90 ATPase) which was 55 times more expressed in
P. brasiliensis and Hsp STI1, which was found only in the P. brasiliensis cell wall
proteome (Figure 3). This encounter is relevant since, in a previous work demostrated a
greater resistance at 42°C of the P. brasiliensis yeast than the P. americana yeast [29].
In the cell wall HSP90, has a protective function of proteins located on the surface, as
demonstrated in Aspergillus fumigatus, in which the protein was important to prevent
the aggregation of proteins that form part of the cell wall integrity pathway [55]. Other
study demostrated that the repression of HSP90, potentiates negative effect in the cell
wall of stressors such as congo red and casponfungina in A. fumigatus [56]; moreover, a
recent study showed that HSP90 monoclonal antibodies successfully opsonized P. lutzii
and P. brasiliensis cells in co-incubation with macrophages [57], which opens a

possibility for future immunotherapy research.

In our work, oxidative stress response proteins were also differentially expressed;
catalase P, an enzyme that converts hydrogen peroxide into water and oxygen, and the
main antioxidant enzyme in the peroxisome, was found to be more expressed in P.
americana than in P. brasiliensis; this protein has been recovered in Paracoccidioides
spp., cell wall proteome and secretome studies [27, 28]. This protein was also more
expressed in P. americana in a comparative proteomic study, among four species of
Paracoccidioides [29]. In Candida, the peroxisomal catalase was identified as a
plasminogen binding protein [54]. Cytochrome c peroxidase mitochondrial was the
most abundant detoxification protein in P. brasiliensis cell wall; this protein was
positively regulated in P. brasiliensis during the interaction with macrophages, and its

silencing attenuates fungal virulence [42].
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As shown, our data support the hypothesis that P. brasiliensis is a species that has a
major capacity for adhesion than the P. americana and that it possesses a considerable
arsenal of proteins to respond to heat shock and oxidative stress in the cell wall, which
may partly explain why in some studies this specie was more virulent [32-34];
Meanwhile, and contrastingly clinical studies have not shown evidence of real clinical
differences between patients affected by P. brasiliensis and P. americana [58]; those

divergences encourages new studies.
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Supplemental Figure 1. Electrophoretic evaluation of proteins from P. americana
and P. brasiliensis cell walls extracts. Lane 1, protein molecular weight marker. Lane
2, replica 1 Pa03. Lane 3, replica 1 Pb18. Lane 4, replica 2 Pa03. Lane 4, replica 2
Pb18. Lane 6 and 7, last wash before protein extraction in Pa03 and Pb18 respectively.
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Supplemental Figure 2. Quality graphs of proteomic analysis of the P. americana,
replicate 1. A. Type of Peptide Detection. PepFragl and PepFrag2: method of
identification of the bank in the Paracoccidioides database by PLGS. VarMod: Variable
Modifications. InSource: ~ fragmentation  occurred in  the ionization
source.MissedCleavage: loss of trypsin cleavage. NeutralLoss: loss of precursors of
water, ammonia and/or phosphoric acid. B. Mass Accuracy. The graph demonstrates
accuracy in detection of peptide masses where 80% were detected in a range of 15 ppm
of error.
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Supplemental Figure 3. Quality graphs of proteomic analysis of the P. brasiliensis,
replicate 1. A. Type of Peptide Detection. PepFragl and PepFrag2: method of
identification of the bank in the Paracoccidioides database by PLGS. VarMod: Variable
Modifications. InSource: fragmentation ~ occurred in  the ionization
source.MissedCleavage: loss of trypsin cleavage. NeutralLoss: loss of precursors of
water, ammonia and/or phosphoric acid. B. Mass Accuracy. The graph demonstrates
accuracy in detection of peptide masses where 80% were detected in a range of 15 ppm
of error.
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Supplemental Figure 4. Quality graphs of proteomic analysis of the P. americana,
replicate 2. A. Type of Peptide Detection. PepFragl and PepFrag2: method of
identification of the bank in the Paracoccidioides database by PLGS. VarMod: Variable
Modifications. InSource: ~ fragmentation  occurred in  the  ionization
source.MissedCleavage: loss of trypsin cleavage. NeutralLoss: loss of precursors of
water, ammonia and/or phosphoric acid. B. Mass Accuracy. The graph demonstrates
accuracy in detection of peptide masses where 80% were detected in a range of 15 ppm
of error.
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Supplemental Figure 5. Quality graphs of proteomic analysis of the P. brasiliensis,
replicate 2. A. Type of Peptide Detection. PepFragl and PepFrag2: method of
identification of the bank in the Paracoccidioides database by PLGS. VarMod: Variable
Modifications. InSource: ~ fragmentation  occurred in  the ionization
source.MissedCleavage: loss of trypsin cleavage. NeutralLoss: loss of precursors of
water, ammonia and/or phosphoric acid. B. Mass Accuracy. The graph demonstrates
accuracy in detection of peptide masses where 80% were detected in a range of 15 ppm
of error.
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Supplemental table 1. Proteins found in P. americana and P. brasiliensis cell wall proteome

C1G0J6 Phospho-2-dehydro-3-deoxyheptonate
aldolase

949,10 9,90 Amino acid metabolism

C1GDG5 Cystathionine beta-synthase 1198,51 4,33 Secretome Amino acid metabolism

ﬂ -U

C1GLF6 L-aminoadipate-semialdehyde 551,29 2,44 Amino acid metabolism
dehydrogenase

C1GMIO Homogentisate 1_2-dioxygenase 1319,87 6,86 Secretome Amino acid metabolism

C1G248 4-aminobutyrate aminotransferase - 617,72 0,00 11,02 el - Amino acid metabolism

C1G312 Ornithine aminotransferase - 1081,21 0,00 28,56 ** - Amino acid metabolism
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C1G3V5 Aspartate aminotransferase 970,91 0,00 17,57 Amino acid metabolism

C1GC48 Branched-chain-amino-acid 4086,00 0,00 180,94 Secretome Amino acid metabolism
aminotransferase P

C1GE06 Serine 3-dehydrogenase 1776,88 0,00 27,56 Amino acid metabolism

C1GLR3 Acetolactate synthase_ small subunit 1842,71 0,00 23,73 Secretome Amino acid metabolism

H -U

C1GMX2 Histidinol-phosphatase (PHP family) 555,59 0,00 0,17 Amino acid metabolism

C1G5I8 Carbamoyl-phosphate synthase arginine- 1013,92 151359 6,12 35,21 p< Amino acid metabolism
specific large chain 0,05

C1G025 Aromatic-L-amino-acid decarboxylase 688,67 2050,68 1,71 24,02 p> Amino acid metabolism
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C1G4R2 S-adenosylmethionine synthase 1432,64 177713 23,14 22,00 p> Amino acid metabolism

o
o
a1

C1G8P1 2-oxoisovalerate dehydrogenase subunit 750,68 490,24 2,44 7,34 p> Amino acid metabolism
beta 0,05

C1GCX5 Serine hydroxymethyltransferase 1281,50 872,93 12,75 5,59 p> Amino acid metabolism

o
o
(53]

C1GJDO Methylcrotonoyl-CoA carboxylase subunit 1212,00 1208,17 6,37 43,57 p> Amino acid metabolism
alpha 0,05

C1GJD4 Methylcrotonoyl-CoA carboxylase beta 566,08 135421 2,30 6,17 p> Amino acid metabolism
chain 0,05

C1G356 Mannitol-1-phosphate 5-dehydrogenase 1187,33 1,88 0,00 C-compound and carbohydrate

metabolism

C1G3HO0 Short chain dehydrogenase/reductase family 735,78 0,00 19,12 C-compound and carbohydrate
metabolism
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C1G6B4 dTDP-4-dehydrorhamnose reductase 120543 0,00 8,31 C-compound and carbohydrate

metabolism

C1GJD9 Dolichyl-diphosphooligosaccharide-protein 1053,05 0,00 15,57 Signal P C-compound and carbohydrate
glycosyltransferase subunit WBP1 metabolism

C1GMI8 Mannose-1-phosphate guanyltransferase 1317,53 0,00 84,28 C-compound and carbohydrate
subunit beta-A metabolism

C1G014 Sterol 24-C-methyltransferase 2660,99 0,00 121,40 Lipid, fatty acid and isoprenoid

metabolism

C1G065 Fatty acid synthase subunit beta dehydratase 1540,14 0,00 119,60 Lipid, fatty acid and isoprenoid

metabolism

C1G6E6 Acetyl-CoA acetyltransferase 241162 0,00 35,24 Secretome Lipid, fatty acid and isoprenoid

P metabolism

C1G3Y3 Enoyl reductase 1965,31  5276,92 7,92 62,05 p< Lipid, fatty acid and isoprenoid

0,05 metabolism
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C1GLQ8 Ornithine carbamoyltransferase, 754,80 0,11 0,00 Secretome Nitrogen, sulfur and selenium

mitochondrial P metabolism

C1G532 Nitroreductase family protein 1237,79 0,00 27,66 Nitrogen, sulfur and selenium

metabolism

C1G0Q6 Oxidoreductase 2-nitropropane dioxygenase  2298,75  2794,79 22,69 118,75 p< Nitrogen, sulfur and selenium

family 0,05 metabolism

C1GKJ6 Deoxyuridine 5'-triphosphate 1008,11 4,12 0,00 Secretome Nucleotide/nucleoside/nucleobase
nucleotidohydrolase P metabolism

C1GEF7 Ribonucleoside-diphosphate reductase small 423,95 0,00 1,51 Nucleotide/nucleoside/nucleobase
chain metabolism

C1GA13 Phosphoribosylaminoimidazolecarboxamide 634,62 118691 6,75 42,63 p< Nucleotide/nucleoside/nucleobase
formyltransferase/IMP cyclohydrolase 0,05 metabolism

C1GB27 Adenylosuccinate lyase 694,05 733,01 3,13 4,11 p> Nucleotide/nucleoside/nucleobase
0,05 metabolism

74



C1GDE5 Propionate-CoA ligase 668,70 470,55 5,17 Propanoate metabolism

ENERGY

C1G002 ATP-dependent 6-phosphofructokinase 1090,94 0,00 27,17 Glycolysis and gluconeogenesis

C1G1cs Fructose-bisphosphate aldolase 1 1219,60 1913,59 4,56 64,08 p< Secretome Glycolysis and gluconeogenesis

005 P

C1G5F6 Glyceraldehyde-3-phosphate dehydrogenase  2147,59  4713,36 122,29 405,11 p< Secretome Glycolysis and gluconeogenesis

005 P

C1GI20 Triosephosphate isomerase 1912,40  1792,28 22,92 32,27 p> Glycolysis and gluconeogenesis

o
o
(53]

C1G4D1 Dihydrolipoamide acetyltransferase 748,91 111351 11,01 32,92 p> Secretome  Tricarboxylic acid cycle
component of pyruvate dehydrogenase 005 P
complex
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C1GGQ7 Dihydrolipoyl dehydrogenase 879,67 1,95 0,00 Tricarboxylic acid cycle

C1GAG3 Isocitrate dehydrogenase [NADP] 679,06 0,00 7,87 Secretome Tricarboxylic acid cycle

ﬂ -U

C1GLZ6 Citrate synthase 1689,82 0,00 113,99 Tricarboxylic acid cycle

C1G0C7 Succinate--CoA ligase [ADP-forming] 885,84 1632,96 7,25 152,99 p< Tricarboxylic acid cycle
subunit beta_ mitochondrial 0,05

C1G9P1 Isocitrate dehydrogenase [NAD] subunit_ 1331,63 164130 5,53 150,59 p< Tricarboxylic acid cycle
mitochondrial 0,05

C1GIX7 Acetyltransferase component of pyruvate 1420,50  2587,64 48,01 68,56 p< Tricarboxylic acid cycle
dehydrogenase complex 0,05

C1G411 Acetyl-coenzyme A synthetase 1002,19 733,55 14,18 3,10 p> Tricarboxylic acid cycle
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C1G5Y7 Fumarate reductase 774,57 1013,57 15,43 21,85 p> Secretome Tricarboxylic acid cycle

005 P

C1GLB8 Malate dehydrogenase NAD dependent 518,45 1926,49 2,06 4,27 p> Secretome Tricarboxylic acid cycle
cytoplasmic 005 P

C1G256 NADH dehydrogenase [ubiquinone] 1 alpha 583,33 0,88 0,00 Secretome Electron transport and
subcomplex subunit P membrane-associated energy
conservation

C1GIA9 Cytochrome ¢ oxidase subunit VIb 2134,46 33,27 , Secretome Electron transport and
P membrane-associated energy

conservation

C1GLQ1 Cytochrome c oxidase subunit Vllc 2028,77 6,18 0,00 Secretome Electron transport and
P membrane-associated energy

conservation

AOAOAOHRM2  V-type proton ATPase catalytic subunit A 698,07 0,00 6,91 Secretome Electron transport and
P membrane-associated energy
conservation

AOAOAOHWQ9  NADH-ubiquinone oxidoreductase 78 kDa 405,22 0,00 9,04 Electron transport and
subunit_ mitochondrial membrane-associated energy

conservation
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C1G6V7 V-type proton ATPase subunit C 817,66 0,00 5,44 Electron transport and
membrane-associated energy

conservation

C1G9D6 NADH-cytochrome b5 reductase 2770,10 0,00 93,97 Secretome Electron transport and
P membrane-associated energy

conservation

V-type proton ATPase subunit D 2533,67 0,00 11,83 Electron transport and
membrane-associated energy

conservation

C1GI70 V-type proton ATPase subunit B 667,29 0,00 34,46 Electron transport and
membrane-associated energy
conservation

C1G0s6 Mitochondrial genome maintenance protein 726,13 213593 7,66 55,77 p< Secretome Electron transport and
mgm101 005 P membrane-associated energy
conservation

C1G5X3 ATP synthase subunit 4_ mitochondrial 5853,58 15026,00 95,36 293,18 p< Electron transport and

0,05 membrane-associated energy
conservation

C1GER4 Putative cytochrome c oxidase subunit Vla 1797,27  5206,08 3,69 75,02 p< Electron transport and
0,05 membrane-associated energy

conservation
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C1GLV8 ATP synthase subunit beta 7888,71  3019,62 100,80 162,27 p< Electron transport and

0,05 membrane-associated energy
conservation

C1GMO03 Cytochrome b-c1 complex subunit 2 939,54 141562 36,48 153,60 p< Secretome Electron transport and
005 P membrane-associated energy

conservation

C1G1E8 F-type H+-transporting ATPase subunit H 1249,20 115538 3,39 2,15 p> Secretome Electron transport and
005 P membrane-associated energy

conservation

C1GDV0 Cytochrome b-c1 complex subunit Rieske_ 1510,95 1951,77 24,30 66,53 p> Secretome Electron transport and
mitochondrial 005 P membrane-associated energy
conservation

C1GKM7 ATP synthase subunit gamma 1703,59 104546 4,79 34,08 p> Electron transport and
0,05 membrane-associated energy

conservation

C1GBTO Aldehyde dehydrogenase 1706,60 75,01 0,00 Alcohol metabolism

C1G1H4 Pyruvate decarboxylase 934,87 209199 20,21 129,11 p< Alcohol metabolism
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C1GHR9 Acyl-CoA dehydrogenase 1136,49 0,00 34,02 Fatty acid B-oxidation

CiGMZ1 Peroxisomal hydratase-dehydrogenase- 1629,70 203641 76,28 81,30 p> Secretome Fatty acid B-oxidation
epimerase 005 P

AOAOAOHYMS8  Ribose-phosphate pyrophosphokinase 3 831,76 0,00 13,17 Pentose phosphate pathway

C1GCH7 Transketolase 1080,88 0,00 12,84 Pentose phosphate pathway

CELL CYCLE
AND DNA
PROCESSING

C1G2J3 Septin 4 1000,11 4,51 0,00

ClGll4 Cell division control protein 873,00 4,85 0,00 Cell division control protein
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C1GJ83 Sporulation-regulated protein 1285,59 20,35 0,00

C1G162 HNRNP arginine N-methyltransferase 650,73 0,00 8,93

C1GEMS8 Cell division control protein 621,56 0,00 4,79

C1GF57 Nucleosome assembly protein 893,36 0,00 27,98 Secretome

H -U

C1GMJ7 Heterochromatin protein HP1 608,94 0,00 4,04 Secretome

H -U

C1FYJ6 Histone H4 2559,67  4576,37 38,26 89,05 p<

o
o
(53]

C1GB04 14-3-3-like protein 2 3823,49 9327,60 44,42 156,02 p<
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C1FYJ7 Histone H3 3276,76 2481,96 64,55 57,12 p> Secretome

005 P

C1GF71 Histone H2B 636,71 1275,13 2,86 2,40 p> Secretome

005 P

TRANSCRIPTION

C1GDR9 DNA-directed RNA polymerase subunit 822,23 0,22 0,00

C1GHN2 rRNA 2'-O-methyltransferase fibrillarin 698,32 1,46 0,00 RNA processing

C1GKF9 mRNA 3'-end-processing protein ythl 1572,18 0,34 0,00 RNA processing

C1G247 Transcription elongation factor SPT4 1580,42 0,00 22,16
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C1G732 pre-mRNA-processing factor 39 1016,96 0,00 15,29 Spliceosome

C1GA10 ATP-dependent RNA helicase DED1 1269,92 0,00 36,01 Secretome RNA synthesis

H -U

C1GBH7 tetratricopeptide repeat protein 1 1006,03 0,00 4,33

C1GF64 Transcription elongation factor 1 homolog 1489,44 0,00 2,30 Secretome RNA synthesis

H -U

C1GHQ4 C2H2 transcription factor 620,30 0,00 0,24 Secretome

H -U

AOAOAOHTY8 Nucleolar protein 58 1173,06  2502,57 6,31 28,04 p< Secretome RNA synthesis

005 P

C1G3L4 Guanine nucleotide-binding protein subunit ~ 1771,04  3122,61 65,49 117,15 p< Secretome Messenger RNA biogenesis
beta 005 P
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C1G3Y0 RuvB-like helicase 503,49 1376,47 1,62 39,30 p> RNA synthesis

o
o
a1

C1GL98 Polyadenylate-binding protein 401,97 784,44 10,95 15,55 p> Secretome RNA processing

005 P

AO0AOAOHUJS 60S ribosomal protein L3 567,76 8,89 0,00 Secretome Ribosomal proteins

ﬂ -U

C1GAM9 40S ribosomal protein S24 700,65 2,07 0,00 Secretome Ribosomal proteins

H -U

C1GCK9 60S ribosomal protein L14 450,06 1,10 0,00 Ribosomal proteins

C1G187 Mitochondrial large ribosomal subunit L49 400,08 0,00 6,08 Secretome Ribosomal proteins

ﬂ -U

C1GA20 60S ribosomal protein L11 3051,39 0,00 176,39 Ribosomal proteins
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C1GFL2 40S ribosomal protein S27 1519,51  2063,19 35,51 135,36 Secretome Ribosomal proteins

H -U

C1GLK3 60S acidic ribosomal protein P1 1268,41 0,00 14,01 Secretome Ribosomal proteins

H -U

C1G172 60S ribosomal protein L27 2220,82  3421,48 13,13 102,65 p< Secretome Ribosomal proteins

005 P

CiG2v1i 40S ribosomal protein S11 2541,94 2303,75 28,55 96,96 p< Secretome Ribosomal proteins

005 P

C1G3Y8 40S ribosomal protein S6 1288,23  4943,58 17,07 105,86 p< Secretome Ribosomal proteins

005 P

C1G810 40S ribosomal protein S4 1025,31  2795,15 15,00 129,67 p< Ribosomal proteins

o
o
(53]

C1G821 40S ribosomal protein S9 2910,34  3012,70 48,49 151,66 p< Ribosomal proteins
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C1G9Co Ribosomal protein L15 5536,33 445445 28,14 119,09 p< Secretome Ribosomal proteins

005 P

C1Gou4 60S acidic ribosomal protein PO 1803,50 2216,81 47,19 116,70 p< Ribosomal proteins

o
o
(53]

C1GEN5 60S ribosomal protein L4 1126,39  2484,67 62,31 195,85 p< Secretome Ribosomal proteins

005 P

C1GHV2 40S ribosomal protein S5 11051,49 9065,94 49,47 115,50 p< Ribosomal proteins

o
o
(53]

40S ribosomal protein S26 5727,09  7587,71 13,03 111,95 p< Secretome Ribosomal proteins

005 P

C1GN19 40S ribosomal protein S28 12030,90 11708,84 18,30 93,79 p< Ribosomal proteins

o
o
(53]

AOAOAOHQNY  40S ribosomal protein S19 1057,91 177177 19,48 6,15 p> Ribosomal proteins
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AOAOAOHVH2  60S ribosomal protein L31 383,06 1489,60 2,63 35,39 p> Secretome Ribosomal proteins

005 P

C1FYR6 40S ribosomal protein S7 196520 5609,41 5,04 29,89 p> Ribosomal proteins

o
o
(53]

C1GOES5 40S ribosomal protein S14 1125,11 1918,38 85,96 46,50 p> Secretome Ribosomal proteins

005 P

C1G283 60S ribosomal protein L2 1312,96 1113,82 15,99 54,54 p> Secretome Ribosomal proteins

005 P

C1G391 40S ribosomal protein 4462,60  3302,72 78,69 132,10 p> Ribosomal proteins

o
o
(&3]

C1G5hJ1 60S acidic ribosomal protein P2 212585  2882,36 12,94 3,61 p> Signal P Ribosomal proteins

o
o
(53]

C1G6T3 60S ribosomal protein L6 3201,68 119829 12,06 30,30 p> Secretome Ribosomal proteins

005 P
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C1GC66 60S ribosomal protein L22 4607,43 427311 557 6,09 p> Ribosomal proteins

o
o
a1

C1GGR5 40S ribosomal protein S20 1550,52 1776,14 37,17 119,46 p> Ribosomal proteins

o
o
(53]

C1GHE4 40S ribosomal protein S22 819551  5378,79 98,86 71,86 p> Ribosomal proteins

o
o
(53]

C1GK99 40S ribosomal protein 1830,49 2960,75 12,58 32,04 p> Ribosomal proteins

o
o
(53]

C1FzG2 Alanine-tRNA ligase 839,19 414,45 10,18 6,17 p> Aminoacyl-tRNA-synthetases

o
o
(&3]

C1GF61 Serine-tRNA ligase 1307,58 903,50 3,74 7,95 p> Aminoacyl-tRNA-synthetases

o
o
(53]

C1GCK8 Nascent polypeptide-associated complex 1367,40 18,84 0,00 Secretome Translation
subunit alpha P
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C1FZD4 Eukaryotic translation initiation factor 3 1187,77 0,00 39,94 Translation

subunit M

C1G2D0 Eukaryotic translation initiation factor 3 1934,22 0,00 21,36 Translation

subunit F

C1G686 Eukaryotic translation initiation factor 6 1418,06 0,00 10,90 Translation

C1G6U1 Elongation factor 1-beta 1663,11 0,00 160,23 Secretome Translation

H -U

C1GF43 Eukaryotic peptide chain release factor 558,69 0,00 2,10 Translation
subunit 1

C1GOR7 Translation initiation factor 4G 1100,02 0,00 60,22 Secretome Translation

ﬂ -U

C1G4T3 Elongation factor Tu 5266,51  8175,65 103,73 269,33 p< Translation
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C1GG28 Elongation factor 1 gamma domain- 3486,86  3873,19 140,50 311,74 p< Secretome Translation
containing protein 005 P

C1GLI9 Elongation factor 2 2289,42  4695,76 170,12 371,22 p< Translation

o
o
(53]

C1G791 Elongation factor G_ mitochondrial 1153,71 1402,02 9,52 51,49 p> Translation

o
o
(53]

C1GCD5 Nascent polypeptide-associated complex 646,26 1480,85 4,25 2,26 p> Secretome Translation
subunit beta 005 P

Cl1GIz3 Elongation factor 3 1486,96 118537 80,75 45,26 p> Translation

PROTEIN FATE

C1FZN1 26S proteasome regulatory subunit RPN10 856,89 0,54 0,00 Protein/peptide degradation
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C1GD57 Probable Xaa-Pro aminopeptidase PEPP 542,48 1,38 0,00 Protein folding and stabilization

AOAQAOHVT2 26S protease regulatory subunit 6B 1102,19 0,00 57,20 Protein targeting, sorting and

translocation

C1FYQ2 T-complex protein 1 subunit gamma 1403,63 0,00 48,05 Protein folding and stabilization

C1G4R9 26S proteasome non-ATPase regulatory
subunit 10

2179,46 0,00 27,39 Protein/peptide degradation

C1G7T4 Lon protease homolog_ mitochondrial 705,45 0,00 39,36 Protein/peptide degradation

C1G8z1 Proteasome component PUP1 3641,04 0,00 4,87 Protein folding and stabilization

C1GBF1 AAA ATPase 779,21 0,00 17,30 Protein/peptide degradation
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C1GIX2 Ubiquitin carboxyl-terminal hydrolase 1109,91 0,00 15,29 Protein/peptide degradation

C1GKU6 Peptidyl-prolyl cis-trans isomerase 4271,22 0,00 29,25 Secretome Protein folding and stabilization

H -U

C1FZLO T-complex protein 1 subunit delta 897,81 2236,16 5,04 70,25 p< Protein folding and stabilization

o
o
(53]

C1G6U0 ATP-dependent Clp protease ATP-binding 907,90 1515,69 6,57 97,37 p< Protein/peptide degradation
subunit ClpB 0,05

C1GC92 Prohibitin-1 1319,18  2085,66 9,55 160,45 p< Protein folding and stabilization

o
o
(&3]

C1GGQ1 Peptidyl-prolyl cis-trans isomerase D 1279,17  2082,29 24,94 106,64 p< Secretome Protein folding and stabilization

005 P

C1GIA6 GrpE protein homolog 3582,23 408546 3,60 62,73 p< Chaperones and folding catalysts
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AOAOAQHT06 26S proteasome non-ATPase regulatory 585,06 881,32 6,78 49,09 p> Protein/peptide degradation
subunit 6 0,05

C1G554 Ubiquitin-activating enzyme E1 527,85 412,55 20,12 6,72 p> Folding, sorting and degradation

o
o
(53]

C1GEE2 Protein disulfide-isomerase domain 122157 832,51 4,13 1,30 p> Signal P Protein folding and stabilization

o
o
(53]

C1GHWS5 26S proteasome non-ATPase regulatory 621,09 1130,84 8,54 13,61 p> Protein/peptide degradation
subunit 11 0,05

CELL RESCUE,
DEFENSE AND
VIRULENCE

C1G7EO Mitochondrial peroxiredoxin PRX1 224176 15,64 0,00 Detoxification

C1G489 Superoxide dismutase SOD2 1299,76 0,00 8,08 Secretome Detoxification

P
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C1G7K8 Cytochrome ¢ peroxidase, mitochondrial 267455 701392 79,94 401,97 p< Secretome Detoxification

005 P

C1G0wW1 DnaJ domain-containing protein 459,69 0,00 4,27 Secretome Stress response

H -U

C1G7T3 Chaperone DnaJ 924,57 0,00 15,24 Secretome Stress response

ﬂ -U

C1GMV5 DnaJ domain protein 736,30 0,00 15,67 stress response

C1G1M5 Hsp98-like protein 768,69 1063,71 26,61 79,75 p< Stress response

o
o
(&3]

C1G6F6 Hsp75-like protein 244150 424198 6041 215,17 p< Stress response

o
o
(53]

C1GouUs8 Chaperone DnaJ 1364,74 2949,14 22,91 181,11 p< Stress response
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C1GLX8 Hsp60-like protein 4451,81 11533,78 158,00 582,59 p< stress response

o
o
a1

C1G8H6 Chaperone DnaK 3063,89  3544,96 197,55 283,87 p Signal P stress response

o
o
(53]

C1GLI2 Hsp72-like protein 7391,04  12984,74 327,45 771,64 p< Stress response

o
o
(53]

C1G560 Vanadate resistance protein 1088,55 0,00 8,24 Disease, virulence and defense

CELLULAR
TRANSPORT,
TRANSPORT
FACILITIES AND

TRANSPORT
ROUTES

C1G645 Translocation protein SEC72 672,56 12,82 0,00 Secretome Protein transport
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C1GID7 Carnitine O-acetyltransferase 483,92 - 2,16 0,00 * Secretome Transported compounds

H -U

C1G8G0 Karyopherin Kap123 722,32 0,00 47,21 Nuclear transport

C1FYR1 Rab Family 792,64 0,00 22,88 Secretome Vesicle transport

ﬂ -U

C1G132 Peroxin 14 919,71 0,00 18,60 Secretome Peroxisome transport

H -U

C1G3X8 Vesicle transport v-SNARE protein vtil 481,99 0,00 2,00 Vesicle Transport

C1G9F9 Dynein light chain 4402,12 0,00 17,12 Transport facilities

C1GEZ2 Protein transporter SEC61 subunit alpha 897,59 0,00 3,77 Protein transport
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C1GGES8 Kinesin-like protein - 522,35 0,00 8,48 el - Transport facilities

C1GH29 ADP-ribosylation factor 1 1042,36 0,00 0,32 Vesicle Transport

C1GJSs2 Phosphatidylinositol transfer protein SFH5 1818,11 0,00 66,54 Secretome Transported compounds

ﬂ -U

C1GMM4 Peroxin-11 945,78 0,00 19,92 Peroxisome transport

1780,72  5576,12 200,11 722,91 p< Transported compounds

0,05

C1G3C4 ADP_ATP carrier protein

C1GBG4 Coatomer subunit gamma 663,54 1916,70 3,53 54,54 p< Transport facilities

o
o
(53]

C1GHF6 Mitochondrial phosphate carrier protein 837,88 3659,85 46,46 223,21 p< Mitochondrial transport
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AOAOAOHWMS  Mitochondrial precursor proteins import 802,12 2832,87 551 56,18 p> Secretome Mitochondrial transport
receptor 005 P

C1G5H6 Translocation protein SEC66 711,04 899,52 2,63 3,90 p> Secretome

005 P

Protein transport

CELULLAR
SIGNALLING

ClG1l14 GTP-binding protein rho2 348,45 1,45 0,00

C1GBH9 Guanine nucleotide-binding protein beta 5 353,52 0,35 0,00 Secretome

H -U

C1G2s7 Rab GDP dissociation inhibitor 615,03 0,00 38,22

C1G785 GTP-binding protein ypt5 1285,03 0,00 19,91 Secretome
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CI1GEC2 GTP-binding protein ypt7 - 456556 0,00 66,75 o -

C1G411 Stomatin family protein 936,46 2181,95 18,24 143,71 p<

o
o
(3]

C1GCT8 GTP-binding nuclear protein 1693,90 7319,45 35,32 129,36 p<

o
o
a1

C1GLU6 GTP-binding protein rhoA 3150,96 643267 31,34 100,85 p<

o
o
a1

C1G3P9 Calnexin 1101,74 180455 57,21 92,79 p> Signal P

0,05

BIOGENESIS OF
CELLULAR
COMPONENTS

C1GE52 420,30 0,00 1,80 Cytoskeleton/structural proteins
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C1GM22 Tubulin alpha chain - 2282,60 0,00 3,90 el - Cytoskeleton/structural proteins

AOAOAOHWKS8  Actin 4768,58 11332,07 143,99 618,05 p< Cytoskeleton/structural proteins

o
o
(3]

AOAOAOHRG7 3674,65 5363,32 38,41 50,50 p> Cytoskeleton/structural proteins

o
o
a1

C1GON2 Actin cytoskeleton protein (VIP1) 334,90 1238,03 1,94 34,25 p> Secretome Cytoskeleton/structural proteins
005 P

C1FZ98 Mitochondrial metallochaperone Scol 532,76 567,61 12,65 10,11 p> Mitochondrial biogenesis
0,05

C1GFAl Chitin synthase activator 702,00 0,00 11,27 Secretome Cell wall

UNCLASSIFIED
PROTEINS
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C1GJ1 Serine/threonine-protein phosphatase 347,03 - 0,67 0,00 * -

AOAOAOHTM6  Hypothetical protein 853,34 0,05 0,00 Secretome

ﬂ -U

AOAO0AQHUT75 Hypothetical protein 1832,29 35,94 0,00 Secretome

ﬂ -U

AOAOAOHVG7  Hypothetical protein 512,06 0,12 0,00 Secretome

H -U

C1G0OK1 Hypothetical protein 887,48 2,07 0,00

ClG4Vv1 Hypothetical protein 678,00 1,78 0,00 Secretome

H -U

C1G5B8 Hypothetical protein 996,55 2,55 0,00 Secretome
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C1G7K4 Hypothetical protein 137041 - 0,19 0,00 * -

C1GDH6 Hypothetical protein 1189,79 0,26 0,00

C1GEL7 Hypothetical protein 815,88 3,81 0,00 Secretome

ﬂ -U

C1GID5 Hypothetical protein 883,88 0,87 0,00 Secretome

H -U

AOAQAOHUS?2 Hypothetical protein 523,38 0,25 0,00 Secretome

H -U

ClFzz7 SNARE Ykt6 2760,19 0,00 24,19

C1FZH1 Actin binding protein 926,19 0,00 35,42 Secretome
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C1G3T1 YagE family protein - 1033,37 0,00 4,57 el -

C1G0S3 DUF833 domain-containing protein 711,68 0,00 3,80

C1GB68 HIT domain-containing protein 252744 0,00 13,83

C1GRJ7 NIPSNAP family protein 639,64 0,00 4,56 Secretome

H -U

C1GLK9 Phosphatase 429,69 0,00 2,70 Secretome

H -U

AOAOAOHRUS  Hypothetical protein 530,14 0,00 0,73

AOAQAOHSX3 Hypothetical protein 389,33 0,00 0,13 Secretome
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AOAOAOHU39 Hypothetical protein - 698,08 0,00 0,23 el Secretome

H -U

AOAOAOHUD?7  Hypothetical protein 138529 0,00 22,28 Secretome

ﬂ -U

AOAOAOHVR2 Hypothetical protein 796,54 0,00 0,16 Secretome

ﬂ -U

ClFYY4 Hypothetical protein 678,53 0,00 32,16 Secretome

H -U

C1G1D4 Hypothetical protein 768,61 0,00 0,51 Secretome

H -U

C1G4E3 Hypothetical protein 936,71 0,00 13,36 Secretome

H -U

C1G534 Hypothetical protein 1570,92 0,00 15,67
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C1G6P6 Hypothetical protein - 423,14 0,00 4,86 el Secretome

H -U

C1G8R2 Hypothetical protein 664,25 0,00 0,17 Secretome

ﬂ -U

C1G909 Hypothetical protein 851,70 0,00 0,91 Secretome

ﬂ -U

C1GCQ4 Hypothetical protein 625,56 0,00 0,10 Secretome

H -U

C1GEB4 Hypothetical protein 791,07 0,00 0,13 Secretome

H -U

C1GHS6 Hypothetical protein 1035,33 0,00 0,35

C1GK31 Hypothetical protein 713,81 0,00 1,35
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C1GMJM4 Hypothetical protein - 930,04 0,00 2,39 el Secretome

H -U

C1G4Co NMDA receptor-regulated protein 991,13 981,50 1,74 34,63 p<

o
o
(3]

C1FZz06 DNA-binding protein_ 42 kDa 1702,94 860,90 4,03 7,58 p> Secretome

005 P

C1G050 SNF7 family protein Ftil/Did2 1073,78 179150 1,59 6,11 p>

o
o
a1

C1GIE4 DUF1674 domain-containing protein 1211,67 41511 1,42 2,29 p> Secretome

005 P

C1GEO05 GMF family protein 638,50 485,42 2,12 4,79 p>

o
o
(53]

C1GH32 TCTP family protein 234491

4355,08 8,02 80,38 p>
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C1G7Q5 Hypothetical protein 329096 928451 6,83 53,11 p>

0,05
C1G8P5 Hypothetical protein 820,23 2001,87 2,45 12,22 p> Secretome
005 P
C1GBD3 Hypothetical protein 556,09 684,36 2,70 5,24 p> Secretome
0,05 P
C1GFP4 Hypothetical protein 3664,85  8038,69 39,63 107,88 p> Secretome
005 P

Acession: number accession of Uniprot database.

Description: description of protein names identified by mass spectrometry.

Mean Score: mean score of proteins identified in mass spectrometry.

Mean of protein concentration (fmol): mean of protein concentration (fmol) identified by mass spectrometry

p-value: Protein found exclusively in the P. americana cell wall: *; protein found exclusively in the P. brasiliensis cell wall: **; differentially

expressed protein: p < 0,05.
SignalP/SecretomeP: Secretion pathway prediction.
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CAPITULO III



5. DISCUSSAO

Estudos genéticos (Mavengere et al., 2020; Turissini et al.,, 2017) mostraram
divergéncia entre espécies de Paracoccidioides; Turissisni e colaboradores (2017), apos
analisarem sequencias genéticas de loci nucleares e mitocondriais, sugeriram o
reconhecimento de cinco espécies taxonémicas, P. lutzii, que ja havia sido apontada como
divergente de todas as outras espécies (Teixeira et al., 2009), P. brasiliensis, P. americana,
P, restrepiensis e P. venezuelensis, que anteriormente formavam os grupos filogenéticos
S1, PS2, PS3 e PS4, respectivamente. Recentemente Vilela et al. (2021) apontaram duas
novas espécies de Paracoccidioides, P. loboi e P. cetii que se associam com casos de
micoses cutaneas, em humanos e golfinhos, respectivamente.

A diferencas genéticas entre as espécies de Paracoccidioides podem ser associadas
a divergéncias metabdlicas e de viruléncia encontradas entre espécies. Um estudo
protedbmico mostrou preferencias metabolicas entre quatro espécies de Paracoccidioides,
Pigosso et al. (2013) observaram que leveduras de P.lutzii usam preferencialmente vias
anaerdbias para a producédo energia, enquanto, leveduras de P.brasiliensis tém preferéncia
pelo metabolismo de &cidos graxos, ao ter maior expressao de proteinas relacionadas com
B-oxidacdo. Leveduras de P. americana tiveram maior expressao de proteinas associadas ao
ciclo das pentoses. De outro modo, também foram encontradas diferencas na viruléncia
entre espécies; Singer-Vermes et al. (1989) mostraram que a cepa Pb18 desencadeia maior
resposta humoral em ratos, que outras cepas analisadas, e, Hanna et al. (2000) encontraram
que essa mesma estirpe apresenta maior aderéncia a células VERO, quando comparado
com outros isolados. Mais recentemente, Siqueira et al. (2016) observaram que macréfagos
desafiados com leveduras de P.lutzii, desenvolveram maior capacidade fungicida que
aqueles desafiados com P. brasiliensis; e Carvalho et al., 2005, verificaram que
camundongos infectados com leveduras de Pa03 desenvolveram um tipo de PCM mais
branda que camundongos infectados com leveduras de Pbl18. Souza et al. (2019),
mostraram que a cepa Pb18 teve menor quantidade de B-glicana exposta em parede que 0
isolado Pb265, considerada pouco virulenta, 0 que se associa com um menor
reconhecimento por parte de células imunes e portanto com menor resposta imunolégica

por parte do hospedeiro.
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As diferencas observadas in vivo e in vitro entre espécies de Paracoccioidioides
spp., ndo foram observadas em estudos clinicos comparativos entre pacientes com PCM (de
Macedo et al., 2019; Pereira et al.,, 2020). De Macedo e colaboradores (2019) ap06s
realizarem andlises clinicas comparativas entre 14 pacientes infectados com P. brasiliensis,
e seis infetados com P. americana ndo encontraram diferencas significativas, associadas
com & gravidade de manifestagdes entre pacientes acometidos com P. americana e P.
brasiliensis. Pereira e colaboradores (2020) ao compararem clinicamente 51 pacientes
infectados com estirpes do complexo P. brasiliensis, 16 infectadas com P. lutzii, e 14 com
perfil soroldgico indeterminado, também ndo encontraram diferencas significativas;
entretanto o nimero de estudos clinicos € relativamente pequeno e, 0 nimero de pacientes
estudados acometidos por cada espécie fingica é heterogéneo, de forma que novas

pesquisas com o intuito de estabelecer reais diferencas clinicas, devem ser conduzidas.

As divergéncias metabdlicas e de viruléncia encontradas entre as espécies de
Paracoccidioides, alentam pesquisas, para identificar fatores que expliquem essas
diferencas, o que auxilia no maior entendimento da relacdo parasito-hospedeiro. Sendo
assim, nosso trabalho consistiu na analise protedmica da parede celular, de duas espécies de

Paracoccidioides prevalentes no Brasil, P. americana e P. brasiliensis.

Um dos primeiros achados de nosso trabalho foi a consideravel quantidade de
proteinas (290 proteinas, 57%) que ndo foram preditas como secretadas por via
convencional, nem por vias ndo convencionais (tabela 1 suplementar e figura 1 do artigo).
A presenca de proteinas citoplasmaticas sem sinal de secrecdo em extratos de parede
celular é controversa; algumas hipoOteses sugerem que essas proteinas sdo contaminantes
que se fixam em parede apds o processo de extragdo proteica. Sugere-se que o tratamento
de células com agentes redutores como o B-mercaptoetanol e DTT, induz o extravasamento
do conteudo celular, com consequente liberacéo de proteinas citoplasmaticas a parede (Klis
et al., 2007), que a seguir podem ser fixadas, por ligacOes fosfodiester dos polissacarideos e
dos grupos carboxilicos das proteinas (Sosinska et al., 2009). Além disso, essas proteinas,
sem sinal de secrecdo podem chegar & parede por absor¢do de proteinas liberadas por
células em apoptoses (Satala et al., 2020a). Proteinas sem predi¢do de sinal de secrecéo

também tém sido encontradas em outros estudos de proteoma de parede de
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Paracoccidioides spp., (Araujo et al., 2017; Longo et al., 2014). Em nossos resultados
proteinas como a Triose fosfate isomerase (C1GI20) e a 14-3-3- proteina 2 (C1GBO04), ndo
foram preditas como secretadas por via classica ou ndo classica na analise in silico,
entretanto, sua localizacdo na parede ja foi comprovada por analises microscopicas (da
Silva Jde et al., 2013; Pereira et al., 2007); por isso, pesquisas aprofundadas devem ser
feitas para estabelecer que proteinas podem ser consideradas realmente como

contaminantes em parede.

Outro resultado da nossa andlise mostrou a presenca no proteoma de ambas as
espécies, uma consideravel quantidade de proteinas preditas como secretadas por vias nao
convencionais. Do total das 508 proteinas encontradas, 204 (40%) foram preditas como
secretadas por via ndo convencional, e 14 (2,8%) por via convencional (tabela suplementar
1); resultados semelhantes ja foram obtidos em anélises prévias de proteoma de parede de
Paracoccidioides spp., (Araujo et al., 2017; Longo et al. (2014)). Entre as proteinas
encontradas, preditas como secretadas por via ndo classica estdo proteinas ribossomais,
fatores de transcricdo, proteinas mitocondriais e de resposta ao estresse térmico. Proteinas
secretadas transitam através da parede para o exterior celular, e durante esse processo
podem ficar aderidas na parede, 0 que explica sua presenca em extratos enriquecidos de

proteinas de parede.

Para estabelecer diferencas e similaridades no proteoma de parede de P. brasiliensis
e P. americana, as proteinas foram classificadas (figura 2 do artigo), sendo que 23% e 20%
do total das proteinas encontradas no proteoma de P. americana e P. brasiliensis,
respectivamente ndo puderam ser anotadas. Esse dado é importante, porque indica que
muitas proteinas da parede ainda apresentam funcdo desconhecida; entre essas proteinas
podemos destacar a CLG9H8 e a C1G3V2 (tabela suplementar 1, do artigo), preditas como
secretadas por via convencional. Por outro lado, e embora a analise funcional ndo tenha
evidenciado o enriquecimento de uma categoria funcional especifica, proteinas associadas
com producdo energética e metabolismo foram as mais representativas (Figura. 2, do
artigo); proteinas destas categorias também foram consideravelmente mais expressas em
outros estudos protedmicos de parede de Paracoccidioides spp., (Araujo et al., 2017; Longo
etal., 2014).
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Foi realizada uma analise quantitativa de expressdo, com o intuito de identificar
proteinas que foram diferencialmente expressas na parede de ambas as espécies. Essa
andlise revelou a maior expressao em parede de P. brasiliensis de proteinas relacionadas
com aderéncia, principalmente a ENO, GAPDH e duas proteinas da familia 14-3-3 (tabela
1 e figura 4 do artigo). Concordante com nossos resultados, a enolase e a GAPDH, também
foram induzidas no proteoma celular de P. brasiliensis no estudo de Pigosso et al. (2013),
onde foram comparados os proteomas de quatro espécies de Paracoccidioides, P.lutzii, P.
brasiliensis, P. americana e P restrepiensis. Esses resultados podem sugerir que a maior
regulacdo intracelular destas proteinas em P. brasiliensis possibilita um maior fluxo das
mesmas ao meio extracelular. Quando localizadas em parede estas proteinas teriam funcéo
associada & aderéncia, o que pode ser corroborado por dados que indicam maior capacidade
de adesdo de P. brasiliensis (de Oliveira et al., 2015), os autores descreveram que leveduras
de P. brasiliensis apresentam maior taxa de adesdo a pneumocitos do que P. lutzii. Outra
proteina associada com adesdo encontrada em maior quantidade na parede de P.
brasiliensis foi a FBP; em P. lutzii ja foi demostrada a capacidade da FBP para ligar e
ativar o plasminogénio (Chaves et al., 2015). O plasminogénio é uma enzima com
propriedades fibrinoliticas, que em sua forma ativa, a plasmina, degrada a fibrina, o que
consequentemente contribui com a dispersdo e viruléncia do fungo, sendo uma das
estratégias usadas por microrganismos para a invasdo de tecidos. (Bhattacharya et al.,
2012). Outra proteina associada com a ativacdo de plasminogénio em bactérias e em C.
albincans é a PGK (Boone et al., 2011; Crowe et al., 2003; Fulde et al., 2014), e embora
ainda seu papel na ativagdo de plasminogénio em Paracoccidioides spp., ndo tenha sido
demostrado, ja foi comprovado que se liga a plasminogénio P. lutzii (Chaves et al., 2015);
essa proteina foi consideravelmente mais expressa em P. brasiliensis, e ja foi recuperada
previamente em outros estudos de proteoma de parede e secretoma de Paracoccidioides
spp., (Araujo et al., 2017; Longo et al., 2014; Vallejo et al., 2012). Outras duas proteinas
associadas com aderéncia, mas que ndo pertencem a enzimas da via glicolitica que foram
induzidas em P. brasiliensis, sdo as proteinas 14-3-3-proteina 2 e a 14-3-3- épsilon (tabela
1 e figura 3 do artigo). Proteinas desta classe ja se mostraram fundamentais no processo de
infeccdo; Scorzoni et al. (2021) mostraram que peptideos da proteina 14-3-3- épsilon foram

eficazes na inducdo da imunidade em Galleria mellonella, sendo capazes de retardar a
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morte de larvas infectadas com P. brasiliensis e P. lutzii; e, Marcos et al. (2019) mostraram
diminuicdo significativa da viruléncia fungica de uma estirpe mutante para a proteina 14-3-

3 num ensaio de infeccdo in vivo.

Também na andlise quantitativa de expressdo observou-se a maior expressdo de
proteinas associadas & resposta ao choque térmico em P. brasiliensis; especificamente a
Hsp90 co-chaperone AHAL (activator of Hsp90 ATPase) que foi 55 vezes mais expressa
em P. brasiliensis e a Hsp STI1, encontrada unicamente no proteoma de parede de
P.brasiliensis em alta concentracdo (tabela suplementar 1 e tabela 2 do artigo). Esse dado é
relevante visto que ja foi descrito maior resisténcia de P. brasiliensis a temperaturas

superiores de 37 °C, quando comparado a espécie P. americana (Pigosso et al., 2013).

Em nosso trabalho, proteinas de resposta ao estresse oxidativo também foram
diferencialmente expressas; catalase P, enzima que converte o peroxido de hidrogénio em
agua e oxigeénio, e principal enzima antioxidante do peroxissoma, foi mais expressa em P.
americana em comparacao a P.brasiliensis, esses dados sdo consistentes com os resultados
mostrados por Pigosso et al. (2013) e com o trabalho do Portis (2019) (dados ainda ndo
publicados), que mostraram que a catalase peroxisomal foi mais abundante no proteoma
celular de P. americana que em P.brasiliensis; adicionalmente, esta proteina j& foi
recuperada em estudos de proteoma de parede e de secretoma de Paracoccidioides spp.,
(Longo et al., 2014; Weber et al., 2012), e em C. albicans foi identificada como proteina
ligante de plasminogénio (Crowe et al., 2003). Citocromo c peroxidase, mitocondrial
(C1G7K8), foi a proteina de destoxificagdo mais abundante em P. brasiliensis, essa
proteina foi regulada positivamente em P. brasiliensis durante a interacdo com macréfagos,

e seu silenciamento atenuou a viruléncia fangica (Parente-Rocha et al., 2015).

Como mostrado, nossos dados suportam a hipdtese de que P. brasiliensis é mais
virulenta que P. americana, em vista que possui maior presenca na parede de proteinas
associadas com a adesdo as componentes da matriz extracelular, proteinas associadas a

ativacdo de plasminogénio e de resposta ao choque térmico.
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6. CONCLUSOES/RECOMENDACOES FINAIS

O estudo do proteoma de parede é de grande importancia, devido & auséncia dessa
estrutura em células humanas além de ser a organela celular que se encontra na interface
entre 0 fungo e hospedeiro. Componentes de parede como quitina e glicanas séo
inexistentes no hospedeiro, e a identificacdo e caracterizacdo de proteinas que fagam parte
da sintese, degradacdo e remodelacdo desses componentes, assim como proteinas
necessarias para a viruléncia e patogéneses € relevante, uma vez que essas proteinas se
convertem em alvo farmacologico para o desenvolvimento de novas alternativas
terapéuticas. Assim mesmo, desvendar & composicao proteica da parede, ajuda a elucidar
aspectos da relacdo parasito-hospedeiro.

No presente trabalho foi descrito o proteoma de parede de duas das espécies de
Paracoccidioides mais encontradas no Brasil, P. americana e P. brasiliensis. As principais
conclusdes deste trabalho séo:

e Ao redor de 40% das proteinas da parede de ambas as espécies foram preditas
como secretadas por rotas ndo convencionais de secrecéo e, cerca de 3% das
proteinas em ambas &s espécies foram preditas como secretadas por rota
classica de secrecao.

e Ao redor de 25% das proteinas encontradas na parede, de ambas as espécies,
nao conseguiram ser anotadas, pelo que sua func¢éo é ainda desconhecida.

e P. brasiliensis apresentou nimero maior de proteinas induzidas em parede,
associadas com adesdo a componentes da matriz extracelular e plasminogénio.

e P. brasiliensis apresentou nimero maior de proteinas induzidas em parede,
associadas com resposta ao choque térmico.

e A citocromo C oxidase mitocondrial e a catalase P foram as principais
proteinas associadas a resposta ao estresse oxidativo encontradas como

reguladas positivamente em P. brasiliensis e P americana, respectivamente.
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7. PERSPECTIVAS

e Avaliar e comparar a atividade fibrinolitica entre essas duas espécies de
Paracoccidioides, visto a deteccdo de proteinas associadas a ligacdo e ativacdo de
plasminogénio diferencialmente reguladas entre as duas espécies.

e Auvaliar o papel da Catalase P em parede, bem como a sua possivel acdo de adeséo a

componentes da matriz extracelular.
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8. PRODUCAO CIENTIFICA E COLABORACOES

Future Medicine
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Aim: To predict glycosylphosphatidyiinositol (GFI)-anchored proteins in the genome of Farococcidioides brasifiensis and

Paracoccidioides iutzii Materials & methods: Five different bicinformatics tools were used for predicting GPl-anchored

onsidered as GPl-anchored proteins those detected by ot least two in silico analysis methods. We also

performed the proteomic analysis of F. brosiliensis cell wall by mass spectrometry. Results: Hundred GPl-anchored

proteins were predicted in F. brasiliensis and F. lutzii genomes. A series of 57 proteins were classified in functional

rted with unknown functions. Four proteins identified b silicy

categories and 43 conserved proteins were rep

ere also identified in the cell wall proteome. Conclusion: The dota cbtained in this study are important

resources for future research of GPl-anchored proteins in Porococoidicides spp. to identify targets for new diognostic

tools. drugs and immunological tests.
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