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Resumo

A paracoccidioidomicose é uma doenca flngica sistémica, considerada endémica
na América Latina, principalmente no Brasil, Venezuela, Argentina e Col6mbia. Seus
agentes etioldgicos, fungos do complexo Paracoccidioides, possuem habitat geografico
restrito, conidios como forma infectante e caracteristicas termodimorficas. A infecgdo
ocorre por inalagdo dos conidios infectantes, levando a uma resposta imune grave nos
pulmdes e, dependendo da forma clinica, dissemina¢cdo para outros érgdos. Os
neutréfilos (PMNs) sdo responsaveis por uma importante resposta de defesa, liberando
NETs (armadilhas extracelulares de neutrdfilos), que podem aprisionar e possivelmente
destruir as leveduras. No entanto, foi descrito que alguns patégenos sdo capazes de
escapar dessas estruturas de DNA liberando DNAse como fator de viruléncia. Como
diferentes padrdes de NETs foram identificados em culturas de PMNs desafiadas com
duas cepas de Paracoccidioides brasiliensis, procuramos avaliar se essas diferencas na
conformacdo de NETs estariam relacionadas a capacidade de tais cepas produzirem
DNAse, ou uma proteina com atividade semelhante a DNAse, que teria a capacidade de
degradar as NETs. Assim, o objetivo geral deste trabalho foi identificar se diferentes
padrdes de NETs liberados por PMNs humanos desafiados com cepas Pb18 (virulenta) e
Pb265 (avirulenta) seriam correlacionados com a capacidade dos fungos em produzir
DNAse. Para este fim, os PMNs de individuos saudaveis foram isolados e desafiados in
vitro com ambas as cepas de P. brasiliensis. A producdo, liberacdo e conformacdo de
NETs em resposta aos fungos foram avaliadas por Microscopia Confocal, Microscopia de
Varredura e Imunoensaio para quantificacdo de NETSs; a identificacdo de DNAse fungica
foi avaliada por DNAse TEST Agar e a expressao relativa de genes que codificariam
proteinas hipotéticas identificadas no genoma dos fungos, foi investigada por RT-qPCR.
Foi possivel verificar a liberacdo de NETs pelos PMNs, mostrando diferentes
conformacgdes de NETs quando em contato com ambas as cepas do fungo. A cepa Pb18
induziu a liberagcdo de NETs mais frouxas, maiores e com aspecto de uma rede aberta
em comparagdo a cepa Pb265, que induziu a liberacdo de redes mais densas e
compactas. Isto se d3a, possivelmente, pela liberacdo de uma proteina semelhante a
DNAse pela cepa virulenta, fato confirmado pelo DNAse Test Agar que demonstrou a
capacidade de produgdao de enzima que causou a degradacdo do DNA do meio pela
cepa virulenta, enquanto a cepa avirulenta ndo foi capaz de degrada-lo. Por fim,
conseguimos identificar que os genes PADG_08528 e PADG_11161, que poderiam ser
responsaveis por uma proteina DNAse-like hipotética estavam sendo expressos nas
culturas desafiadas com os fungos, sendo o gene PADG_08528 altamente expresso pela
cepa virulenta, sugerindo que esse gene poderia ter uma contribuicdo maior para essa
producdo. Portanto, a cepa virulenta pode estar produzindo DNAse como um
importante mecanismo de escape do fungo para driblar acdo das NETs, subvertendo
assim esse importante mecanismo efetor de neutrofilos.

Palavras-chave: Paracoccidioidomicose; Paracoccidioides brasiliensis; Neutrofilos;
NETs; DNAse
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Abstract

Paracoccidioidomycosis is a systemic fungal disease, considered endemic in
Latin America, mainly in Brazil, Venezuela, and Colombia. Its etiological agents, fungi
of the Paracoccidioides complex, have restricted geographical habitat, conidia as an
infectious form and thermodimorphic characteristics. The infection occurs by
inhalation of infective conidia, leading to a severe immune response in the lungs and,
depending on the clinical type, spread to other organs. Neutrophils (PMNs) are
responsible for an important defense response, releasing NETs (Neutrophil
Extracellular Traps), which can envelop and destroy yeasts. However, it has been
reported that some pathogens can escape from these DNA structures by releasing
DNAse as a virulence factor. As different NET patterns were released in PMN cultures
challenged with different Paracoccidioides brasiliensis strains, we sought to assess
whether these differences in NETs would be related to the ability of such strains to
produce DNAse, or a protein with activity similar to DNAse, which would have the
ability to degrade NETs. Thus, the general objective of this study was to identify
different patterns of NETs released by human PMNs challenged with Pb18 (virulent)
and Pb265 (avirulent) strains and correlate this with the capacity of fungi to release
DNAse. To this end, isolated PMNs were isolated and challenged in vitro with both
strains of P. brasiliensis. The production, release and configuration of NETs in response
to fungi were evaluated by Confocal Microscopy, Scanning Microscopy and
Immunoassay to quantify NETs; the identification of fungal DNAse was evaluated by
DNAse TEST Agar and relative expression of genes encoding hypothetical proteins
identified in the fungal genome, was investigated by RT-gPCR. It was possible to verify
the release of NETs by PMNs, showing different forms of NETs when coming into
contact with different strains of the fungus. A Pb18 strain induced the release of
looser, larger NETs with the appearance of an open network compared to the Pb265
strain, which induced the release of denser and more compact NETs. Thus, it was
identified that a virulent strain is possibly inducing looser and more degraded NETSs,
probably by releasing a DNAse-like protein, a fact confirmed by the DNAse Test Agar,
which demonstrates the ability to produce enzymes that cause the degradation of
DNA from the medium by the virulent strain, while an avirulent strain was not able
to degrade it. Finally, we identified the expression of genes PADG_08528 and
PADG_11161, probably involved with the production of hypothetical protein similar to
DNAse, being the gene PADG_08528 highly expressed in the virulent strain, suggesting
that this gene could have a greater contribution to this production. Therefore, the
virulent strain may be producing DNAse as an important escape mechanism of the
fungus to circumvent the action of NETs, thus subverting this important neutrophil
effector mechanism.

Keywords: Paracoccidioidomycosis; Paracoccidioides brasiliensis; Neutrophils; NETSs;
DNAse
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1. Reviséo Bibliogréafica

1.1 Paracoccidioidomicose

A paracoccidioidomicose (PCM) é uma doenca flingica sistémica. E uma
infeccdo considerada endémica em toda a América Latina, com seus principais focos de
infeccdo no Brasil, Venezuela e Colémbia, sendo uma importante causa de mortalidade
e morbidade em suas regides endémicas, principalmente em &reas rurais'™>. Os agentes
etiologicos sdo fungos pertencentes ao Complexo de espécies Paracoccidioides.
Anteriormente, este complexo de espécies era dividido em Paracoccidioides
brasiliensis (P. brasiliensis) e suas espécies cripticas S1, PS2, PS3 e PS4, e a espécie
Paracoccidioides lutzii (P. lutzii), também chamado de Pb01-like, que recebeu este
nome em homenagem ao médico Adolpho Lutz, que fez sua descricdo em 1908°%.
Porém, mais recentemente, uma nova nomenclatura foi proposta, avaliando as
diferencas morfoldgicas e genéticas entre as espécies, por meio de analises de
polimorfismo molecular e reconstrucdo filogenética das leveduras e micélios das
diferentes espécies cripticas, e propondo assim a divisdo em cinco diferentes espécies,
sendo elas P. brasiliensis (correspondente a antiga S1), P. americana (PS2), P.
restrepiensis (PS3), P. venezuelensis (PS4) e P. lutzii (Pb01-like) °.

Por serem pertencentes a mesma familia de outros agentes causadores de
micoses sistémicas, como Histoplasma capsulatum, Coccidioides immites®, entre outros,
as espécies de Paracoccidioides compartilham de caracteristicas semelhantes a estes
fungos, como o habitat geografico restrito, a presenca de conidios como forma
infectante e sua caracteristica termodimérfica® °. O dimorfismo térmico se caracteriza
pela capacidade do fungo em alterar sua morfologia de acordo com a temperatura a que
estd exposto, apresentando-se sob a forma de micélio quando exposto a temperatura
ambiente (entre 4 e 28°C), e alterando sua morfologia para leveduras ao adentrar o
corpo humano e ficar exposto a temperatura corporal (37°C). Este mecanismo serve

como um importante fator de sobrevivéncia f(ingica no meio ambiente® >°,



Um fato interessante, descrito por diversos artigos, € a identificacdo do fungo em
diferentes espécies de animais, que serviriam como reservatérios naturais para o
patdgeno. Estudos ja identificaram a presenca de varias espécies de Paracoccidioides
em tatus da espécie Dasypus novemcinctus, cdes de areas rurais, gado, e mais
recentemente em Tildpias do Nilo (Oreochromis niloticus), a espécie de peixe mais

consumida nas regides endémicas de PCM no Brasil, entre outros animais**™°.

A infeccdo por Paracoccidioides spp ocorre por meio da inalacdo dos conidios
infectantes, produzidos pelos micélios em temperatura ambiente, presentes
principalmente no solo '®**%. Os principais pacientes infectados séo trabalhadores
rurais, que devido a sua atividade laboral acabam ficando expostos aos micélios
presentes no solo e, consequentemente, propensos a inalacdo dos conidios
infectantes’®®!. Ap6s a inalacdo, os conidios infectantes se direcionam aos pulmdes,
mais especificamente aos bronquiolos e alvéolos pulmonares, instalando-se nestes e
transformando-se em leveduras, devido a temperatura corporal de 37°C, formando,
assim, o chamado Complexo Pulmonar Primério®%%. A partir da formagéo do complexo
pulmonar, a infeccdo pode ser contida ou evoluir para as formas clinicas da doenca. A
PCM assintomatica ou PCM infeccdo, trata-se de uma cura espontanea, na qual o
sistema imune do paciente consegue eliminar o patdgeno ou colocé-lo em estado de
laténcia. Esta forma caracteriza-se pela auséncia de sintomas e sinais clinicos da doenca,
porém pode ser identificada por meio de teste intradérmico realizado com antigeno
paracoccidioidina, que identifica a resposta imune celular desenvolvida contra o

fungo®.

Caso a infeccdo ndo seja contida, ocorre progressao e disseminacao do fungo por
via linfo- hematogénica, atingindo outros 6rgdos, como bagco, figado e linfonodos, além
de chegar a pele e mucosas, causando lesbes graves, caracterizando, assim, a chamada
PCM Doenca'®. Assim, é possivel afirmar que a PCM pode variar desde uma forma
assintomética até uma forma sintomatica, grave, disseminada pelo organismo e

potencialmente fatal*>®.

A forma sintomética e disseminada ainda é dividida em duas formas clinicas,
caracterizadas e diferenciadas de acordo com a faixa etéaria dos pacientes e dos tecidos e
6rgdos acometidos no organismo*®?*. A chamada Forma Aguda/Subaguda ou forma
juvenil, € comum em pacientes mais jovens, principalmente criancas e jovens adultos,

de ambos os sexos. Nesta forma, o fungo apresenta tropismo pelo sistema fagocitico-



mononuclear, atingindo figado, baco e linfonodos, causando sintomas como
linfonodomegalia e hepatoesplenomegalia, sendo considerada a forma mais grave da
doenca, atingindo, entretanto, apenas 5%-25% dos pacientes infectados'®. J& a Forma
Cronica apresenta uma progressdo gradual e lenta, afetando 75%-95% dos pacientes
infectados, principalmente adultos do sexo masculino, com duragdo prolongada,
apresentando as lesdes mais comumente em pulmdes, mucosas e pele'®?%. Esta forma
apresenta-se principalmente na forma de lesbes crénicas nos pulmdes, levando a uma
fibrose pulmonar, que pode ser identificada por Tomografia Computadorizada de Alta
Resolucdo (HRCT) como “Lesdes em Vidro Fosco”’. Além disso, podem ocorrer
lesbes em mucosas, principalmente nos labios e gengivas, chamadas de Estomatite
Muriforme?®. Em mulheres, este desenvolvimento da doenca é raro, uma vez que a
transformacédo dos conidios infectantes em leveduras € dificultada por um mecanismo

baseado na ag&o de hormdnios femininos como o estrégeno?.

Nos pulmdes, apds formacdo do Complexo Pulmonar Primério, sob o ponto de
vista histopatologico, ocorre a formacdo de granuloma, lesdo caracterizada pela
agregacdo de macrdfagos diferenciados em células epitelidides e células gigantes de
Langhans (multinucleadas), que aprisionam as leveduras, com o objetivo de impedir sua
disseminac&o®. Estas lesdes podem ser encontradas em ambas as formas da doenca,
atingindo pulmdes, mucosas e o sistema fagocitico-mononuclear (figado, baco e
linfonodos). Entretanto, as lesdes pulmonares e mucosas sdo pouco comuns na forma
Aguda/Subaguda®®?>2¢=3L,

Apbs a inalacdo dos conidios, a instalacdo, o desenvolvimento e a progressao da
doenca no organismo vao depender de diversos fatores, intrinsecos ao individuo e ao
fungo. Os fatores relacionados ao paciente podem ser descritos como a idade, o sexo, 0s
fatores genéticos e principalmente o comprometimento do sistema imunoldgico do
individuo, enquanto os fatores intrinsecos ao fungo dependem principalmente dos
fatores de viruléncia e de sua composicéo antigénica®®>2*. Como a progresséo clinica
da doenca depende diretamente da resposta imune do paciente, diversos estudos foram
conduzidos para verificar os padrdes de resposta. Sabemos, por exemplo, que o padrao
de resposta de resisténcia ao P. brasiliensis € mediado quase que predominantemente
por uma resposta Tpl, enquanto o padrdo de susceptibilidade a doenca € mediado por
um padrdo de resposta predominante T;23*. Dessa forma, a resposta imune contra o

P. brasiliensis



vem sendo avaliada por diversos estudos, com o objetivo de entender melhor como o

sistema imune combate o processo infeccioso causado pelo fungo®34%°3¢.

A resposta imune inata € a primeira linha de defesa do corpo contra a entrada de
diversos microrganismos, como o P. brasiliensis por exemplo. Esta resposta é composta
por diversos tipos celulares que compde uma importante barreira contra as infecgdes,
que por meio da expressdo de receptores de reconhecimento de padrdes (PRRs) sdo
capazes de reconhecer os PadrGes Moleculares Associados a Patogenos (PAMPS), e
assim, produzir e liberar citocinas pré e anti-inflamatorias. Assim, essas células sdo
capazes de eliminar o patégeno invasor a partir da ativacdo de diversos mecanismos,
como a fagocitose e o burst oxidativo, com liberacdo de metab6litos como o perdxido
de hidrogénio (H.0,) e 0 6xido nitrico (NO), dentre outros™".

Os neutrofilos, macrofagos e células dendriticas, como células fagociticas,
desempenham um importante papel no combate aos fungos patogénicos que invadem o
organismo. Além do processo de fagocitose, que demonstra-se extremamente
importante no combate a estes fungos, a atividade fungicida e a modulagédo de resposta
inflamatoria também merecem destaque®*“*°. E importante ressaltar que, para que esta
resposta inflamatdria seja ativada de forma eficaz, é necessaria a modulagdo da mesma

pelas citocinas IFN-y, TNF-o. e GM-CSF**.

Outro fato interessante € a diferenca entre as respostas imunoldgicas que levam a
progressdo da doenca para fase Aguda/Subaguda e Crénica. Estudos demonstraram que
a PCM-Infeccdo ou assintomatica é caracterizada por um perfil de resposta Tn1*,
associado a altos niveis de IFN-y e TNF-q, citocinas extremamente importantes na
ativacdo de macrofagos para a promocdo de uma resposta imune eficaz contra o
fungo®°**!, A forma aguda/subaguda é caracterizada por um perfil de resposta Tn2 e
Th9, em adicdo a liberagdo de IL-4, IL-5, TGF-B, IL-9 e IL-21, ocorrendo um processo
de eosinofilia e producdo/liberacdo de anticorpos pelas células B (IgE e 1gG4)3+52%3,
Por fim, a forma crdnica se apresenta por meio de um perfil de resposta imunolégica do
tipo Th17 e Tp22, associado a uma producdo e liberacdo de IL-17 e IL-12. Este perfil,
apesar de promover uma resisténcia parcial em um primeiro momento, leva a danos
teciduais graves e fibrose tecidual, gerando os sintomas caracteristicos desta forma da

doen(;3.23'25'34



Desta forma, como os neutréfilos sdo uma das primeiras células da linha de
defesa que atingem o sitio de infeccdo para combater o fungo quando este adentra o
organismo, estudos recentes tem focado no papel destas células na PCM, tanto como
células efetoras quanto moduladoras da resposta ao fungo, uma vez que tanto nas lesdes
quanto nos infiltrados inflamatdrios presentes ao redor das lesGes encontra-se uma
grande concentracdo de células polimorfonucleares, o que demonstra um envolvimento

intenso destas células no combate ao fungo®“84°

1.2 Paracoccidioidomicose e neutrofilos

Neutrofilos, ou como também sdo conhecidos, granuldcitos polimorfonucleares
(PMNs), sdo células do sistema imune inato, conhecidas como a primeira linha de
defesa do organismo contra a invasdo de microrganismos. Suas caracteristicas mais
importantes sdo seu nucleo, que apresenta-se de forma multissegmentada, ou seja,
dividida em Iébulos, e a presenca de granulos em seu citoplasma, que sédo divididos em
primarios, secundarios e terciarios, e diferem entre si devido ao seu conteldo. S&o

originados na medula 6ssea, a partir de células mieléides precursoras™.

Cerca de 50 a 70% dos leucdcitos circulantes no organismo sao neutréfilos, e
suas funcGes de protecdo contra agentes patogénicos sdo efetuadas apds seu
recrutamento para o local da infec¢do. Este recrutamento se da por meio da liberagdo de
IL-8 e de macrophage inflammatory protein-1-alpha (MIP-1 o)*’,>>*®. Durante o
processo infeccioso, ocorre a liberacdo de citocinas inflamatorias IL-1 e TNF-a, que
induzem as células do endotélio vascular a expressarem moléculas de adesdo em sua
superficie, como as selectinas. Os neutrdfilos circulantes na corrente sanguinea aderem
ao endotélio e sdo atraidos ao local de interesse pelas quimiocinas secretadas. Para
tanto, ocorre o processo de “rolamento celular” pela parede do vaso até o momento da
adesdo firme mediada pela acdo das quimiocinas sobre a conformagdo de integrinas
pelas células, e inicio de migracdo dos neutrofilos para o tecido alvo, processo este
chamado de diapedese, pelo qual os neutréfilos passam através das juncOes das células

endoteliais e atingem a 4rea de infeccio®" ",



Ao atingir o local da infec¢do e entrar em contato com 0s microrganismos, 0S
neutrdfilos iniciam os processos de combate e eliminagdo dos patdgenos por varios
processos™. Um destes processos, sendo uma das principais funcdes dos neutréfilos, é a
fagocitose. Ao entrar em contato com o patdgeno e ter seus receptores de membrana
ativados, os neutrofilos emitem prolongamentos de sua membrana, conhecidos por
pseuddpodes, que envolvem o agente agressor e formam vesiculas intracelulares,
chamadas de fagossomos. Em seguida, ocorre uma fusédo das vesiculas com os granulos
citoplasmaticos dos neutrofilos, que liberam seus contetdos no interior do fagossomo,
formando assim o fagolisossomo, que levard a morte do microrganismo, mediada por

mecanismos dependentes e independentes de oxigénio®®*.

Primeiramente, os mecanismos dependentes de oxigénio, muito importantes no
processo de eliminacdo do patégeno, baseiam-se na producdo e liberacdo de anions
superéxido (O%). Este processo, mediado pela enzima NADPH oxidase, consiste na
liberacdo destes anions por neutréfilos ativados. Apés a liberacdo, o anion O%
transforma-se, quando em contato com agua, em H,0, e radical hidroxila (OH"),
derivados toxicos de oxigénio®®. Além disso, quando catalisada pela mieloperoxidase,
um componente importante de granulos citoplasmaticos de PMNSs, nos fagolisossomos,
os derivados de oxigénio formam é&cido hipocloroso (HCIO), sendo este também, um
4cido importante no processo de morte dos microrganismos fagocitados®™®’. Diversos
estudos ja demonstraram que os derivados de oxigénio sdo extremamente importantes

no combate a microrganismos, dentre eles, o préprio P. brasiliensis®® ™,

Os mecanismos ndo dependentes de oxigénio baseiam-se na liberacdo dos
contetidos de granulos citoplasmaticos dos neutrofilos. Estes granulos séo divididos em
primarios, secundarios e terciarios, sendo que cada tipo possui em seu interior
componentes diferentes, sendo enzimas e proteinas com atividades microbicidas. Os
granulos primarios, também chamados de granulos azurofilos, contém mieloperoxidase
(MPO), responsavel pela conversdo dos derivados de oxigénio em &cido hipocloroso,
além de lisozimas, proteases (como a elastase) e peptideos microbianos. Os secundarios

s30 compostos por colagenases e lactoferrina e os terciérios, por gelatinases’.

Um dos primeiros estudos descrevendo o envolvimento de neutréfilos na
resposta imune contra a infeccéo por P. brasiliensis demonstrou a presenga de PMNSs no

sitio de infec¢do 24 horas ap0s a inoculagdo do fungo. Isso demonstrou que 0s



neutrofilos sdo a primeira linha de defesa do organismo contra esta infec¢éo, sendo as
primeiras células do sistema imune a atingir o local e iniciar o processo de combate ao
microrganismo’>. Ap6s este estudo, diversos outros trabalhos demonstraram a presenca
de neutrdfilos no sitio de inflamacéo e em granulomas, tanto em modelos experimentais

quanto em humanos® "™,

Com o tempo, reconhecendo-se a provavel importancia dessas células na PCM,
diversos estudos tiveram por objetivo avaliar os mecanismos de morte flngica
intracelular comandada pelos neutrofilos. O killing induzido por mecanismos
dependentes ou ndo de oxigénio sdo extremamente importantes para o processo de
combate & infecgdo por P. brasiliensis no organismo. Porém, como as leveduras do
fungo apresentam um tamanho significativamente maior que os neutréfilos’®, o processo
de fagocitose que precede este tipo de morte celular acaba sendo dificultado. Um estudo
ja descreveu que, quando um microrganismo apresenta tamanho muito elevado, 0s
neutrofilos encontram outra forma de combaté-los. Este outro mecanismo de combate a
agentes patogénicos é conhecido como NETose, um processo que consiste na liberacao
de Redes Extracelulares de Neutrofilos, ou como foi primeiramente descrita, Neutrophil
Extracellular Traps (NETs)"""®,

1.3 Neutrophil Extracellular Traps (NETS)

Como foi citado anteriormente, em 2004 foi descrito um novo processo de
combate a microrganismos por parte dos neutréfilos. Este processo foi entendido
inicialmente como sendo um processo de morte dos PMNs, seguida da liberagcdo de
redes extracelulares, formadas por cromatina descondensada e componentes granulares,
as quais foram chamadas de Neutrophil Extracellular Traps (NETs)”’. O processo de
liberacdo dessas redes, chamado de NETose, consiste em um processo no qual os
neutrofilos sdo ativados e liberam redes para o meio extracelular, compostas de seu
conteddo nuclear (cromatina descondensada e histonas) conjugadas aos componentes de
granulos citoplasmaticos (Mieloperoxidase, elastase e catepsina G, por exemplo). Estas

redes tém por fungdo aprisionar os microrganismos e mata-los, por meio das proteinas



granulares presentes nelas, ou simplesmente captura-los para impedir a disseminagéo e

permitir que outras células do sistema imune possam atuar’’.

Estas NETSs sdo estruturas frageis, formadas por fibras de 15 a 17nm de didmetro
de DNA, com dominios globulares de 25nm, agrupadas em forma de rede. Este
processo foi descrito como sendo desencadeado por diversos estimulos, como IL-8,
bactérias gram-positivas e negativas e fungos, além do PMA (Phorbol Myristate

% Com a descoberta das NETSs,

Acetate), um forte ativador de resposta imune
diversos estudos iniciaram a busca por estas estruturas em culturas de neutréfilos
desafiadas com outros microrganismos, além de outros possiveis estimuladores de sua

liberagdo ™.

Além de estudos envolvendo humanos, as NETs ja foram identificadas em
camundongos, gatos, bovinos, cavalos e peixes. Um estudo recente descreveu,
inclusive, a produgdo e liberagdo de NETs em seres invertebrados, mostrando que a
liberacdo das redes € um mecanismo evolutivo importante para a sobrevivéncia das

espécies, sendo conservado ao longo de varios anos pelos neutréfilos’®®°,

Apesar de ter sido inicialmente descrita em neutréfilos, surgindo disso o nome
NETSs, a liberacdo das redes extracelulares, eu simplesmente ETs, foram descritas em
diversas células do sistema imune, tais como mondcitos, macrdéfagos, eosindfilos,

basofilos e mastécitos®® 2.

O processo de formacdo e liberacdo das NETs conta com o envolvimento de
conteddos nucleares e granulares. Os contetdos nucleares sdo basicamente histonas
associadas a cromatina descondensada. Ja os contetdos granulares sdo, basicamente,
elastase, mieloperoxidase (MPQ), calprotectina e outras proteinas do citoesqueleto,
citosol, pentraxina-3 (PTX-3), catalase e enzimas glicoliticas’"***’. Dentre todas as
enzimas e proteinas pertencentes aos componentes granulares, a elastase e MPO
desempenham um papel importante na deflagracdo do processo de Netose. Ambas séo
extremamente importantes no processo de citrunilacdo das histonas e descondensacéo
da cromatina, uma vez que degradam a ligacéo entre as histonas e iniciam o processo de
formagéo das redes®™%%_Estudos indicam que os receptores envolvidos no processo de
Netose sdo, principalmente, dos tipos Fc e TLRs (Toll Like Receptors), além de contar

com o envolvimento de citocinas®%,
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O processo de liberacdo das NETS, descrito por Brinkmann et al, 2004 e Fuchs
et al, 2007, consiste em alguns passos que ocorrem no interior da célula. Primeiramente,
ocorre a estimulacdo de receptores de membrana dos neutrdfilos pelos agentes
patogénicos. Com o estimulo, a célula sofre achatamento e adesdo ao substrato. Apds
esta estimulacdo, se inicia o processo de citrunilagdo das histonas, mediado pela MPO e
elastase. Este processo consiste na perda estrutural e funcional das histonas, levando ao
inicio do processo de descondensagdo da cromatina. Com a descondensacdo, a célula
perde seu aspecto multinuclear e passa a ter apenas um nucleo, a0 mesmo tempo em que
os granulos citoplasmaticos comecam a se degradar. Por fim, o nicleo comeca a se
desfazer em forma de vesiculas, que se fundem aos granulos citoplasméticos e se
direcionam a membrana celular, onde, com a degradacdo da membrana e formacéo de
poros na mesma, estas vesiculas serdo eliminadas do interior da célula e, no exterior,

formarao as chamadas NETs’"*°.

O processo de Netose, em suas primeiras descri¢cfes, era tomado como um
processo de morte celular, uma vez que o nacleo dos neutrofilos era totalmente desfeito
e sua membrana celular, degradada. Um dos primeiros estudos envolvendo NETS
verificou que, apés a ativacdo dos PMNs com Staphylococcus aureus (S. aureus),
observou-se diversas alteragdes no nucleo, citoplasma e membrana dos neutrofilos,
sendo que estas alteracdes eram incompativeis com a sobrevivéncia da célula. Além
disso, este mesmo estudo demonstrou as diferencas entre este processo e outros
processos de morte celular®®. Um fato importante é que o processo de Netose diferencia-
se dos outros processos de morte celular, como apoptose e necrose. A diferenca em
relacdo a apoptose da-se pelas auséncias da fragmentacdo do DNA e da exposicdo de
fosfatidilserina, enquanto a diferenca em relacdo a necrose da-se pela auséncia da

manutencdo da integridade do envelope nuclear, que ndo ocorre na Netose®**%.

Entretanto, um estudo publicado em 2013 chamou a atencdo em relacdo as NETs
demonstrando resultados interessantes'®*. Este estudo mostrava que o processo de
Netose, até entdo conhecido como um processo de morte celular, poderia ndo envolver
necessariamente a morte dos neutrofilos. Yipp e Kubes (2013) demonstraram que o
processo de liberagdo das redes extracelulares poderia ser dividido em dois processos
diferenciados. O primeiro consistiria no processo descrito anteriormente por Fuchs et al.
(2007), chamado agora de Netose Suicida®, enquanto o novo processo, descrito por

estes autores, seria chamado de Netose Vital. Este novo processo demonstrou a
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capacidade dos neutrofilos que ao liberarem NETS, mantinham a integridade estrutural
suficiente para exercer suas fungdes normais. Este processo da-se pela formacdo de
vesiculas na membrana nuclear, contendo apenas parte do conteddo nuclear. Estas
vesiculas direcionam-se & membrana e sofrem processo de extrusdo para o meio
extracelular, sem que ocorra a degradacdo da membrana, 0 que causaria a morte
celular®*%?, Um estudo, publicado em 2009, demonstrou a capacidade dos neutréfilos
em liberarem NETSs a partir de contetdo genético mitocondrial, corroborando, assim, 0s

resultados publicados em 2013'%,

Um indutor conhecido da formacdo e liberacdo das NETs € o PMA (Phorbol
Miristato Acetato), uma molécula sintética responsavel pela ativacdo da Proteina C
Quinase (PKC). Desde o primeiro estudo sobre NETS, publicado em 2004, o PMA ja foi
descrito como um estimulador do sistema imune e indutor da liberagdo destas redes’®.
Apos este artigo, diversos outros autores vém utilizando PMA como controle positivo
para seus experimentos envolvendo as redes extracelulares™®****, O mecanismo de
liberacdo de NETs induzido pelo PMA esta ligado diretamente a producdo de EROs
(Espécies Reativas de Oxigénio), que sdo essenciais para 0 processo de producéo e

liberacdo das redes™®*%,

A atividade de EROs no processo de liberacdo de redes extracelulares ja foi
descrito por diversos trabalhos. Um dos estudos demonstrou que pacientes com
deficiéncia na produgdo da enzima NADPH oxidase apresentavam uma capacidade
diminuida na producdo e liberagdo de NETs quando em contato com o agente
patogénico Aspergillus nidulans'®. Outro estudo demonstrou que a capacidade de

eliminar agentes patogénicos das NETs era ampliada quando em contato com H,Q %'

Em 15 anos de estudos, diversos microrganismos foram descritos como capazes
de induzir a liberacdo de redes extracelulares por células do sistema imune. Dentre 0s
organismos, podemos citar S. aureus, Candida albicans, Leishmania amazonensis, entre
outros’"**1% A funcéo principal das redes, de eliminar os patégenos, foi demonstrada
por diversos mecanismos, como a atuacdo das histonas e elastase presentes nas NETS,
além da atuacdo de outros mecanismos mediados por proteinas granulares, como a

calprotectina, que apresenta atividade antifingica®**®.

A funcdo secundaria das NETS, de aprisionar os microrganismos, foi foco de

diversos estudos, que demonstraram esta ag&o contra diversos agentes patogénicos,
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como: Mycobacterium tuberculosis (M. tuberculosis), S. aureus, Streptococcus

484977110-118  ~yo actes

sanguinis (S. sanguinis) e P. brasiliensis, entre outros
microrganismos apresentam mecanismos de escape das redes, a funcdo das NETSs fica
restrito apenas ao aprisionamento, permitindo que outras células do sistema imune

possam chegar ao local e desenvolver sua atividade microbicida'*.

Um fato importante é que, até pouco tempo, as NETs apresentavam-se como um
mecanismo benéfico, ajudando no controle e eliminagdo de agentes patogénicos do
organismo, e funcionando como um mecanismo eficaz do sistema imune no combate as
infeccdes. Porém, estudos recentes identificaram a presenca de redes extracelulares em
diversas condicOes patolégicas humanas. Fuchs et al, em 2010, demonstraram que as
NETs tém capacidade de promover uma adesdo e agregacdo plaquetaria, causada
principalmente pelas histonas presentes nas redes, aléem de servir como uma regido de
depdsito de fibrina, promovendo a organizacdo de um trombo e iniciando, assim, um
processo de trombose™*. Somado a isso, outro estudo identificou a presenca de DNA

extracelular livre no plasma em casos de Trombose Venosa Profunda (TVP)*1%°,

Em relacdo as doencas autoimunes, as NETs ja foram identificadas como
causadoras ou intensificadoras, participando da patogenia de algumas doengas bem
como da etiologia. 1sso ocorre, uma vez que alguns componentes das redes podem ser
identificados pelo organismo como componente estranho, iniciando assim uma resposta
autoimune. Este mecanismo j& foi identificado em estudos de Psoriase, Lupus
Eritematoso Sistémico (SLE) e, mais recentemente, em Hidradenite Supurativa (HS).
Nos estudos de SLE, foram encontrados anticorpos contra antigenos nucleares, como
DNA de dupla fita e histonas. Como estes sdo 0s principais componentes das NETS,
somados ao elevado nivel de proteinas granulares no sangue, a presenca de NETs nas
lesGes teciduais era grande, 0 que causava um aumento significativo no dano causado ao

tecidollﬁ,ll?

Outro estudo demonstrou que pacientes que sofriam de Psoriase,
apresentavam um grande numero de PMNSs e mastocitos nas areas de lesdo, associado
ao aumento de IL-17 nas lesGes. A presenca de IL-17 j& foi descrita como um fator
agravante em doengas autoimunes, contribuindo para o aumento da resposta imune no
local das lesdes™*®. Por fim, recentemente foi publicado um estudo avaliando o papel das
NETSs na Hidradenite Supurativa, uma doenga autoimune incapacitante que causa leses
de pele semelhante a abcessos. Neste estudo, publicado em 2019, a presenca de

inimeros neutrofilos foi identificada na area das lesdes, além de uma grande quantidade
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de NETs. Um fato interessante descrito pelo artigo foi que os neutréfilos de sangue
periférico de pacientes que sofrem de HS apresentam uma tendéncia muito maior de
liberar NETs ao menor estimulo, quando comparados com neutréfilos de pacientes

saudaveis™®.

Focando um pouco na relagdo das NETs com o fungo P. brasiliensis, estudos
sobre esse processo iniciaram-se recentemente, uma vez que existem diversos artigos
avaliando a interacdo entre as redes extracelulares e fungos patogénicos, como a

6

interacdo das NETs com C. albicans'®, Aspergillus fumigatus'® e Cryptococcus

neoformans'?, entre outros.

Os estudos sobre a capacidade dos fungos do complexo Paracoccidioides
induzirem a liberacdo de NETs comecaram a serem publicados em 2015, com Mejia et
al'?!. Os autores demonstraram que o fungo P. brasiliensis possui capacidade de induzir
a liberacdo de redes extracelulares por neutréfilos humanos saudaveis. Outro resultado
importante é que a formacdo de NETs em resposta aos conidios infectantes do fungo
demonstrou ser independente da producdo de EROs, enquanto a resposta a levedura foi
inteiramente dependente da ativacdo de NADPH oxidase. O artigo também demonstrou
que as NETs ndo tem por funcéo primaria eliminar o fungo, mas sim aprisiona-lo, o que
foi demonstrado pela ativacdo da NADPH oxidase, provavelmente como um

mecanismo futuro de eliminagéo do patégeno*?.

No mesmo ano de publicacdo do trabalho citado anteriormente, mais dois artigos
desenvolvidos pelo nosso grupo de pesquisa, avaliando o processo de producdo e
liberacdo das redes em resposta ao P. brasiliensis foram publicados. Della Coletta et al.
(2015) avaliaram a presenca de NETs em lesdes tegumentares de pacientes acometidos
por PCM. Foram também avaliadas culturas de neutrofilos desafiados por duas cepas de
P. brasiliensis, sendo elas Pb18, a cepa mais virulenta, e Pb265, a cepa avirulenta. As
lesbes foram avaliadas por Microscopia Confocal, com marcagdo de anticorpos para
elastase e histona, além da marcagdo do DNA com DAPI. Os resultados deste estudo
demonstraram a presenca de NETSs nas lesdes cutaneas, além de um resultado muito
importante: uma diferenca no padrdo das redes liberadas em resposta a cada cepa. A
cepa virulenta induziu a liberagdo de NETs mais frouxas, amplas e delicadas, enquanto
a cepa avirulenta induziu a liberagdo de redes mais densas e compactas. Estes resultados

foram confirmados por microscopia de varredura, utilizando-se neutréfilos desafiados
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com ambas as cepas. Apos a avaliacdo destes resultados, os autores langaram a hipdtese
de que a cepa virulenta poderia estar causando a degradacdo do DNA presente nas redes
pela liberacdo de uma proteina DNAse-like, que serviria como mecanismo de defesa do

fungo, para promover uma forma de escape das NETSs e sobreviver ao processo™.

Bachiega et al. (2016) também demonstraram que a liberacdo de NETs em
resposta ao fungo era dependente da ativacdo principal dos receptores Dectina-1. Este
estudo também utilizou a cepa virulenta de P. brasiliensis, a Pb18. Outro resultado
importante demonstrado foi que as NETs também contribuem para o processo de morte
fangica, uma vez que a atividade fungicida detectada antes e ap0s a ativacdo de
neutréfilos com TNF-a, IFN-y e GM-CSF foi inibida significativamente pelo tratamento
das culturas com DNAse, degradando assim as redes e diminuindo a eficicia na

eliminacéo do fungo®.

1.4 DNAse

A DNAse ¢ uma enzima pertencente ao grupo das desoxiribonucleases, que tem
por principal funcdo a degradacdo do esqueleto de fosfodiester presente na estrutura do
DNA. Sédo proteinas presentes em grande parte das células eucariotas, e desempenham
diversas funcdes no metabolismo celular. Existem diversos tipos de DNAse, e cada tipo
atua de maneira diferente ao executar sua funcdo. Existem tipos de DNAse que clivam
qualquer lugar da cadeia de DNA, sendo chamadas de endodeoxirribonuclease,
enquanto outros tipos clivam apenas as extremidades (exodeoxirribonuclease)™®.
Existem também os tipos que clivam apenas DNA de fita dupla, enquanto outros tipos
sdo especificas para moléculas de fita simples e, ainda, outros sdo funcionais em relacdo

a ambos*??,

Além de serem moléculas intrinsecas as celulas de organismos eucariotos,
importante para diversas fungdes celulares, a funcdo das DNAses como fator de
viruléncia de diversos microrganismos tem sido também descrita. Diversos estudos tém
demonstrado a capacidade de patégenos liberarem DNAse para sobreviver ao sistema
imune. Um estudo recente descreveu a capacidade de cepas de S. aureus liberarem

DNAse para escapar da reposta imune. Ao entrar em contato com os neutrofilos, a
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proteina A presente na parede bacteriana, além de impedir a fagocitose, estimula
neutrdfilos a iniciarem um processo de netose suicida, liberando NETS para aprisionar a
bactéria. Porém, apds a liberacdo das NETS, a bactéria escapa destas redes por meio da

liberacdo de endonucleases como, por exemplo, pela produgdo de DNAse? %,

Gondara et al. (2017) demonstraram a capacidade do Mycoplasma bovis, um
agente extremamente importante na medicina veterinaria, de escapar das NETs e
sobreviver ao sistema imune'®. Esta bactéria é responsavel por causar mastite, artrite e
pneumonia em bovinos, e foi demonstrado sua capacidade de induzir a liberacdo das
redes extracelulares quando em contato com neutr6filos destes animais. Além desta
capacidade de inducdo das redes, foi demonstrado também que a bactéria apresenta a
capacidade de liberar uma DNASse, que estaria degradando o DNA presente nas NETS e
atuando como um mecanismo de escape da resposta imune, sendo um importante fator

de viruléncia, garantindo assim, a sobrevivéncia do microrganismo™.

A capacidade de liberacdo de endonucleases como forma de subverter o sistema
imune tem sido descrito desde 2006, quando Buchanan et al. descreveu a capacidade de
espécies de Streptococcus pneumoniae liberarem DNAse para escapar do sistema imune
e das NETs. Outro artigo também descreveu a bactéria S. Suis como sendo capaz de

liberar DNAse SSnA para evadir o sistema antimicrobiano mediado por NETs*%%,

Além destes estudos envolvendo a capacidade de liberacdo de endonucleases por
bactérias, existem diversos estudos envolvendo esta capacidade de liberacéo por fungos.
As doencas fungicas sdo extremamente importantes no meio médico e, como varios
estudos demonstram a capacidade de diversas espécies fungicas em induzir a liberacédo
de NETs, a busca pela identificacdo da liberacdo de endonucleases por estes

microrganismos é de extrema importancia.

Dentre os fungos mais relevantes na pratica médica, encontra-se a C. albicans.
Diversos estudos tém demonstrado a interagdo deste microrganismo com o sistema
imune, inclusive mosntrando a capacidade desse fungo em induzir a liberacdo de NETs
por neutréfilos humanos, tanto por sua forma de levedura quanto a de hifa'®. Com a
descricdo desta liberacdo de redes em resposta ao fungo, foi verificado também, a
capacidade do proprio de escapar destas redes. Assim, as leveduras e hifas de C.

albicans sdo capazes de liberar DNAse e outras endonucleases para escapar das
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NETs?#%% Um fato interessante demonstrado por um dos estudos é que as cepas de C.
albicans que colonizam os individuos HIV positivos tém maior potencial de atividade
da DNase, em comparacao com aquelas isoladas de casos sem HIV*#3,

Além dos artigos envolvendo Candida, outros fungos foram estudados e suas
capacidades de liberarem DNAse tambem foi demonstrada, como pode ser identificado
para os fungos C. neoformans e C. gattii ***. J4 Bentubo et al. (2014), descreveram este
mecanismo de escape e sobrevivéncia em diversas espécies do fungo Trichosporon™®.
Estes estudos demonstram que os fungos, assim como outros microrganismos, liberam
DNAse extracelular para escapar da resposta do hospedeiro representada pelas redes

extracelulares, e dessa forma manter sua sobrevivéncia.

Como ja dito anteriormente, foi demonstrado que o P. brasiliensis possui
capacidade de induzir NETs *4%!% Entretanto, um fato interessante demonstrado em
um dos trabalhos, foi a identificacdo de que a cepa virulenta do fungo (Pb18) poderia
estar induzindo NETs mais frouxas e delicadas, quando comparadas a cepa avirulenta
(Pb265). Foi lancada entdo, a hipdtese de que a cepa virulenta poderia estar liberando
uma DNAse-like, como mecanismo de escape da defesa do hospedeiro. Esta proteina
degradaria 0 DNA presente nas redes, permitindo a sobrevivéncia do fungo nos

tecidos™®.

Desjardins et al. (2011) utilizando anéalises genéticas e técnicas de sequenciamento,
conseguiram realizar o sequenciamento de todo o genoma do Pb18 e do P. lutzzi, que
estdo presentes no genbank sob identificagdo ABKI00000000.2, e ABKH00000000.2
respectivamente™*. Buscando possiveis genes que pudessem estar envolvidos com a
producdo de deoxiribonucleases pelo fungo, foi identificado possiveis regides
codificadoras de duas proteinas hipotéticas (PADG_11161 - Gene ID: 22587058 e
PADG_08285 - Gene ID: 22586608) com atividade de DNAse no genoma do fungo Pb
18 (ABKI100000000.2), e do P. lutzzi (ABKH00000000.2), pertencente ao complexo de
espécies Paracoccidioides, um gene de desoxiribonuclease hipotética (PAAG_07587 —
Gene ID: 9093585913

Sabendo-se que a PCM ¢é uma doenca pulmonar de extrema gravidade e
importancia clinica em nosso pais, e que 0 mecanismo de escape das NETs por meio da
producdo de DNAse seria importante para a sobrevivéncia do fungo no organismo,

estudos para identificar esta proteina e seu papel no mecanismo de escape



das NETs sdo fundamentais para a melhor compreenséo dessa interacdo do patdgeno

com o hospedeiro.
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ABSTRACT

Paracoccidioidomycosis is a systemic fungal disease, considered endemic in Latin
America, especially in Brazil, Venezuela, and Colombia. Its etiological agents, fungi of the
Paracoccidioides complex, have restricted geographic habitat, conidia as infecting form, and
thermo-dimorphic characteristics. The infection occurs via inhalation of the infecting conidia,
leading to a severe immune response in the lungs and, depending on the clinical form,
dissemination to other organs. Neutrophils (PMNs) are responsible for an important defense
response, releasing NETs (Neutrophil Extracellular Traps), which can wrap and destroy the
yeasts. However, it has been described that some pathogens are able to escape from these
DNA structures by releasing DNAse as a virulence factor. As different NETs patterns have been
identified in PMNs cultures challenged with different strains of Paracoccidioides brasiliensis,
we seek to evaluate if this differences in the conformation of NETs would be related to the
capacity of such strains to produce DNAse, or a DNAse-like protein, with similar DNAse activity,
which would have the ability to degrade the NETs. Thus, the general objective of this study was
to identify if different patterns of NETs released by human PMNs challenged with Pbl18
(virulent) and Pb265 (avirulent) strains would be correlated with fungal ability to produce
DNAse. To this end, PMNs from healthy subjects were isolated and challenged in vitro with
both fungal strains. The production, release, and conformation of NETs in response to the fungi
were evaluated by Confocal Microscopy, Scanning Microscopy, and NETs Quantification. The
identification of fungal DNAse production was assessed by DNAse TEST Agar, and the relative
gene expression for hypothetical proteins was investigated by RT-qPCR, whose genes had been
identified in the fungal genome in the GenBank (PADG_11161 and PADG_08285). It was
possible to verify the NETs release by PMNs, showing different NETs formation when in contact
with different strains of the fungus. The Pb18 strain induced the release of looser, larger, and
more looking like degraded NETs compared to the Pb265 strain, which induced the release of
denser and more compact NETs. DNAse TEST Agar identified the production of a DNAse-like
protein, showing that only Pb18 showed the capacity to degrade DNA in the plates. Besides
that, we were able to identify that both PADG_08528 and PADG_11161 genes were more
expressed during interaction with neutrophil by the virulent strain, being PADG_08528 highly
expressed in these cultures, demonstrating that this gene could have a greater contribution to
the production of the protein. Thus, we identified that the virulent strain is inducing some
loose and degraded NETs, probably by releasing a DNAse-like protein. This factor could be an
important escape mechanism used by the fungus to escape the NETsaction.

Keywords: Paracoccidioidomycosis; Neutrophils; NETs; DNAse
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INTRODUCTION

Paracoccidioidomycosis (PCM) is a systemic fungal disease, considered endemic
in Latin America, occurring from Mexico to Argentina with its main foci of infection in
countries such as Brazil, Venezuela, and Colombia, usually affecting agricultural
workers, gardeners, and transporters 4 Some cases have been reported outside the
endemic areas, such as Europe and North America, but in these cases, the infected
individuals moved to these regions after infection occurred’. It is considered a
neglected disease as it largely affects the lowest social strata in developing countries.
Its etiological agents are fungi from the Paracoccidioides complex, composed of 5
cryptic species that have restricted geographic habitat, conidia as infecting form and
thermo-dimorphic characteristics, which means that it alters its morphology according
to the temperature to which it is exposed, taking the form of mycelium at room
temperature, and after entering the human body and coming in contact with body
temperature (372C), it turns into yeast form>. The fungus Paracoccidioides spp. belongs
to the same family as other etiological agents that cause deep fungal mycoses®. All
members of the Ajellomycetaceae family (Onygenales Order)? have the same infectious
form (conidia), as well as a restricted geographical habitat and the same

3810 A recent study used molecular polymorphism,

thermodimorphic characteristics
phylogenetic reconstruction, genetic and morphological population analysis of yeasts
and conidia of different species demonstrated that the Paracoccidioides complex
(previously known as P. lutzii and four cryptic species of the P. brasiliensis) can actually
be divided in some very different species, and with that, proposed a new

nomenclature for these different agents: P. americana for PS2, P. restrepiensis for PS3,

and P. venezuelensis for PS4, while P. brasiliensis would be restricted to species

516,11,12

After inhalation, the infectious conidia are lodged in the terminal part of the

1213 \where, due to body temperature,

pulmonary airways (bronchioles and alveoli)
they become yeast and form the so-called Primary Pulmonary Complex**. According to
the characteristics of the patient, their immune response capacity, and the inherent

characteristics of the fungus, different response outcomes can be observed. The first
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would be the heal, in which the patient's immune system is strong enough to fight the
fungus, not allowing the disease to develop and spread, characterizing PCM-
infection™. This first outcome can be identified through a positive delayed-type
hypersensitivity skin test (DTH) using the paracoccidioidin antigen. The fungus can also
become latent and spread to other organs such as the liver, spleen, adrenal via the
lymphohematogenous pathway, characterizing PCM-disease®, which can be presented

in two different forms, the acute/subacute and the chronic forms*?€,

Paracoccidioides mainly affect the lungs and may also spread to phagocytic-
mononuclear system organs, mucous membranes, and integument, leading to the
formation of granulomatous lesions, characterized microscopically by the presence of
fungi, mononuclear defense cells (lymphocytes and macrophages), and
polymorphonuclear cells (neutrophils), as well as epithelioid cells and multinucleated
giant cells, known as Langhans cells'?. The acute/subacute form represents 3 to 5% of
PCM cases, being more common in childhood, adolescence, and early adulthood. The
fungus spreads to the whole body, causing Ilymph node enlargement,
hepatosplenomegaly, and other symptoms that lead to severe and rapid impairmentlz.
The chronic form is more frequent, representing more than 90% of the cases, being
more common in adult men, and characterized by the formation of granuloma in the
lungs. The disease can affect only the lungs, being called unifocal, or it can affect other

tissues, such as spleen, liver, and lymph nodes, being called multifocal***’

. In women,
the development of paracoccidioidomycosis as chronic clinical manifestations of the
disease are rarer because the fact that the fungus could not reach its yeast form inside
the body, due to the mechanism related to the presence of estrogen, which eventually

prevents this transformation™®.

As several individuals become infected every year with Paracoccidioides
complex agents, which are identified by intradermal testing as previously mentioned,
and few patients have clinical manifestations, it is possible to state that an efficient
innate immune response added to the development of an adaptative immune
response with resistance profile are extremely important to the fight against

18,19

fungus™". In animal models, it has been shown that in the early stages of infection, an

acute
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inflammatory process is triggered, with the involvement of mostly phagocytic cells

such as neutrophils and macrophages®’.

Human neutrophils are associated with resistance to P. brasiliensis infection in
vitro, as polymorphonuclear cells can ingest the fungal yeast through the phagocytosis
process’'. However, when the yeasts are larger than the supported size by the cell, the
cells generate an extracellular vacuole before attacking the funguszo. However,
although some times neutrophils are successful in the phagocytosis process, this does

not seem to be sufficient to kill the fungus®'.

Some studies have shown that human neutrophils have no fungicidal or

fungistatic activity against P. brasiliensis®* *

. This activity, however, is increased when
cells are activated by IFN-y, TNF-a, GM-CSF, or Reactive Oxygen Species (ROS), which
initiates an offensive mechanism against the fungus dependent on ROS®. However,
studies indicate that specific cytokines, such as IL-10, also act as suppressors of

polymorphonuclear mediated response24.

In contrast, in recent years, it has been shown that neutrophils have a new
defense mechanism, called NETs (Neutrophil Extracellular Traps), that is extracellular
traps, composed of large amounts of DNA, associated with neutrophil cytoplasmic
granule contents, such as enzymes, histones, and antimicrobial peptide525'3°. The high
concentration of these components in NETs, associated with the physical structure
created around the microorganism, are directly associated with the antimicrobial

activity of these structures®>?">°.

Recently, it was demonstrated that P. brasiliensis could induce the release of
NETs*2223, A study identified that the virulent fungal strain (Pb18) is able to induce
the release of NETs by human neutrophils from healthy individuals, that recognize the
fungus via the dectin-1 receptor, besides demonstrating that these released structures
are also involved with the extracellular fungicidal activity of these cells*’. Another
study identified the presence of NETs in cutaneous lesions of patients with PCM, as
well as evaluating the neutrophil response of these individuals in vitro when
challenged with two different strains of the fungus, the Pb 18 (more virulent) strain,

and Pb 265 (less virulent) strain®>. The results showed that after
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the contact of cells with yeasts of the two different strains, it was possible to identify
the formation of different patterns of NETs*. The study hypothesized that the
different results found for the different strains could be associated with the capacity of
each fungal strain, especially the most virulent strain (Pb18), to present a mechanism
already identified for other microorganisms33, which would be DNAse enzyme
production, as a mechanism of fungal escape from host defenses, which could lead to

degradation and reduction of the effectiveness of NETs functions in the humanbody®.

The identification of this enzyme production by different fungal strains in
human neutrophil cultures, and the possible correlation of this protein with the
different patterns of NETs already identified in neutrophil cultures in early study??,
would be fundamental and extremely important to prove the hypothesis raised, and
thus better understand the fungal mechanisms involved in the escape of host
defenses. Therefore, the general objective of this study was to identify in human
neutrophil cultures challenged with strains Pb18 and Pb265, the presence of a fungal
DNAse or a protein-like with the same activity, and correlate it with different NET

patterns induced by different strains.
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EXPERIMENTAL PROCEDURES

- Casuistics

Neutrophils were obtained from 40mL of peripheral blood after venipuncture
of 10 healthy volunteers. All subjects were informed of the research goals and signed a
consent form. The study was conducted according to the National Health Guidelines
196/96, and it was approved by the Research Ethics Committee of Medical School of
Botucatu, UNESP — Sdo Paulo State University (CAAE: 85654018.9.0000.5411; protocol:
2.577.243/2018).

- Neutrophil isolation

After the venous puncture, neutrophils were isolated by a density gradient
centrifugation (Histopaque® 1119g/mL and Histopaque® 1083g/mL - Sigma-Aldrich - St.
Louis, Missouri, USA) at 1500 rpm for 30 minutes (room temperature). Erythrocytes
were lysed with a hypotonic solution (NaCl 0.1%), and the neutrophil viability was
assessed with trypan blue dye exclusion (95% viability). Cell cultures were then
resuspended in RPMI-1640 medium (Cultilab — Campinas, S3do Paulo, BRA)
supplemented with 10% of calf serum (Sigma-Aldrich) and 1% Gentamicin (Schering-

Plough, New Jersey, EUA) and adjusted for 2x10° cells/mL before all procedures.

- Fungal strains and culture conditions

Two strains of P. brasiliensis were used during the experiments: Pb18, a virulent
strain, and Pb265, a non-virulent strain. Strains were cultivated in GPY agar (BD -
Franklin Lakes, New Jersey, USA) and incubated at 37°C for six days. After the growing
period, a sample was collected and diluted in RPMI-1640 (Cultilab) medium in a tube
containing glass beads. The tubes were vortexed to separate de buds from the mother
cells, and after sedimentation for 5 minutes, the supernatant with smaller yeasts was
collected. After that, the fungi were counted in a Neubauer chamber to verify the cell
concentration and viability by the phase-contrast method**. The fungus concentration

was adjusted to 4x10” cells (1:50 ratio).
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- Immunofluorescence for Neutrophil Extracellular Traps (NETs) visualization

Isolated neutrophils (500uL/well) from healthy volunteers adhered to coverslips
treated with Poly-L-Lysine 0, 01% (Sigma-Aldrich) in 24-well bottom for adherence.
Cells were then challenged with 500uL/well from P. brasiliensis (Pb18 and Pb265) for 2
hours at 37°C in 5% of CO,. Some cultures were treated with 250uL of PMA (Sigma
Aldrich, 100ng/mL) as a positive control, and some wells were treated with 250ul of
DNAse (Thermo-Fisher, 100U/mL), as a negative control. Cocultures were then fixed
with PBS+BSA (bovine serum albumin)+PFA (paraformaldehyde) 2% and incubated
with PBS+BSA 5% (for nonspecific binding block) for 30 minutes. Anti-neutrophil
elastase (Calbiochem — Merck Millipore - Burlington, Massachusetts, USA) and anti-
histone H1 (Merck Millipore) primary antibodies were added to the coverslips for 1
hour at 37°C. Cultures were washed three times with PBS and incubated with anti-
rabbit-FITC (Millipore) and anti-mouse-Texas red (Calbiochem — Merck Millipore)
secondary antibodies for elastase and histone visualization. Mounting medium for
fluorescence with DAPI was used to mount the slides (Vectashield-Vector Labs,
Burlingame, California, USA). Confocal images were taken in a Leica TCS SP8 from
Confocal Microscopy Laboratory, UNIPEX - Experimental Research Unity, FMB-UNESP,
Botucatu. The images were further analyzed using IMARIS® software (Oxford
Instruments) at Calvin, Phoebe, and Joan Snyder Institute for Chronic Diseases,
University of Calgary / CA. The total area and intensity of the NETs were analyzed using
the images of cultures challenged with Pb18 and Pb265, with the analysis of the

elastase staining.

- Neutrophil Extracellular Traps (NETs) by scanning electron microscopy

Neutrophils cultures (2x106 cells/mL) underwent 2 hours of adherence on
coverslips treated with Poly-L-Lysine 0,01% (Sigma-Aldrich) in 24-well bottom plates
before fungal challenge or activation with PMA. Some cultures were treated with
DNAse (100U/mL— Thermo Fisher Scientific - Waltham, Massachusetts, USA) as a
negative control. After 2 hours of challenge, supernatants were removed, and cultures

were fixed with 2.5% of glutaraldehyde for scanning electron microscopy analysis at
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CME (Electron Microscopy Center — Institute of Bioscience — UNESP— Botucatu). The
analyses were performed under a scanning microscope FEI Quanta 200 model from the

same lab above.

- Neutrophil Extracellular Traps (NETs) quantification

Supernatants of neutrophils cultures challenged with Pb18, and Pb265 strains
were collected for NETs quantification by an immunoassay using anti-elastase (colocar
referéncia do produto) and Quant-iT™ PicoGreen® kit (Invitrogen - Carlsbad, Califérnia,

3536 Ssome

USA) according to the manufacturer’s instructions, with some adaptations
cultures were treated with PMA or DNAse, as positive and negative controls,
respectively. Briefly, anti-elastase (5ug/mL) antibody (Calbiochem — Merck Millipore)
was used to coat a 96-well clear-bottom black plate (Corning - Corning, Nova York,
EUA) overnight at 49C. Supernatants were then settled to the plate, and the
extracellular DNA bounded to the elastase, a NET constituent, was measured with
Quant-iT™ PicoGreen® kit. Samples were analyzed by fluorescence intensity (excitation
at 488 nm and emission at 525 nm wavelength) by a FlexStation 3 Microplate Reader

(Molecular Devices, CA, USA), and concentrations were calculated comparing to a

standard curve using known levels of DNA.

- DNAse Test Agar

To identify the possible DNAse-like production, with an extracellular
deoxyribonuclease activity, we utilized a DNAse Test Agar (Acumedia, Neogen Culture
Media) supplemented with 0,5% gentamicin sulfate (80mg/2mL, Novafarma) at
10mg/mL and 5% fungal aqueous extract (obtained from our Pb192 strain). Petri plates
(90x15 mm) were filled with 25ml of medium and were incubated for one day before
the experiment to exclude any contaminated plate. Each of the 4x10* cells/ml fungal
suspension was diluted until 4x10°%cells/mL and had 100uL plated using an L-shaped
glass rod. The plates were flooded with HCI 1N to precipitate the DNA, after 14 days of
incubation, then a halo around the colonies with some deoxyribonuclease activity was

revealed. As a positive and negative control, Staphylococcus aureus and
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Saccharomyces cerevisiae, respectively, were also plated in the DNAse Test Agar
medium, showing the effectiveness of the method in identifying positive DNAse

colonies.

- Reverse Transcription qPCR

To verify the gene expression related to a possible DNAse-like production, we
performed a RT-gqPCR to verify the mRNA expression of two potential genes related,
PADG_11161 and PADG_08285, according to GenBank. At first, 2 mL of neutrophil
cultures were challenged with both strains of P. brasiliensis as previously mentioned, in
the periods of zero and two hours of incubation at 37 2C in 5% CO2. The cells were
lysed with TRI Reagent® RNA Isolation Reagent (Sigma-Aldrich, San Luis, Missouri, EUA)
and the mRNA was extracted utilizing the Invitrogen™ PureLink™ RNA Mini Kit
according to the manufacturer’s instruction (Invitrogen, Carlsbad, Califérnia, EUA). The
MRNA samples were treated with DNAse I, RNAse free (Thermo Fisher Scientific™
Waltham, Massachusetts, EUA) and a ribonuclease inhibitor (Thermo Fisher Scientific)
and then transformed into cDNA by reverse transcription using the High-Capacity RNA-
to-cDNA™ Kit (Applied Biosystems™, Foster City, Califérnia, EUA). The gPCR was
performed on the StepOnePlus™ Real-Time PCR System (Applied Biosystems™) with
LUNA™ Universal gPCR Master Mix (New England Biolabs Inc., Ipswich, Massachusetts,
EUA). The hypothetical sequences responsible for the deoxyribonuclease production
were obtained from GenBank (https://www.ncbi.nlm.nih.gov/genbank/) and the
primers, designed on Primer-BLAST (https://www.ncbi.nlm.nih.gov/tools/primer-
blast/). There were two hypothetical sequences on P. brasiliensis genome that could
be responsible for DNAse release: PADG 11161 and PADG_08285 (Access codes
NW_011371358.1 and NW_011371372.1)***". The positive control was a fungal rRNA
region (rRNA 5,8S). The primers were synthesized by Thermo Fisher Scientific — Brazil.
The gPCR from isolated neutrophil cultures was not performed as the presence of
fungal primer sequences in the human genome was verified by GenBank, and no match
was found. P. lutzii hypothetical regions for DNAse expression PAAG_12429 and
PAAG_07101 (Access code XM_015847918.1 and XM_002790819.1) were also tested

in Pb18 and Pb265 samples, but no expression was detected (Annex 2).


http://www.ncbi.nlm.nih.gov/genbank/)
http://www.ncbi.nlm.nih.gov/tools/primer-
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- Statistic

All data were firstly tested by the Shapiro-Wilk normality test. Extracellular DNA
guantification was analyzed by the Friedmann test, followed by the posttest of the
multiple Dunn comparisons. Imaris analysis was tested by the Mann-Whitney test for
fluorescence Intensity and paired T-test for Area. PCR analysis was performed by the
Kruskal-Wallis test, followed by Dunn’s Test. Data were analyzed using GraphPad Prism
5.01 Software (GraphPad Software INC., CA, USA) with a significance value set at
p<0,05%.

RESULTS

- Scanning microscopy of neutrophil cultures challenged with Pb18 and Pb265

strains

PMN cultures were challenged over 2 hours, with two different strains of P.
brasiliensis, Pb18 and Pb265, and PMA as a positive control, and were analyzed by
electronic scanning microscopy. The images demonstrated that there were two
different patterns of NETs for the two different strains of the fungus (Figure 1 and 2).

Neutrophil cocultures challenged with the Pb18 strain showed larger, looser,
delicate, diffuse networks than NETs induced by Pb265, which covered most of the
analysis area, consistent with a less effective structure in fungal entrapment, as can be
identified in Figure 1 and 2, respectively.

Figure 2 represents the NETs released in response to strain Pb265. Unlike NETs
released in response to the virulent strain (Pb18), the NETs found in cultures
challenged with the avirulent strain were much more compact and denser, more

localized, promoting higher yeast entrapment, as can be seen in the images.
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The control experiments demonstrated that DNAse treatment was able to
degrade the networks formed in response to P. brasiliensis and PMA (used as a
positive control of induction of NETs). Thus, Figure 3 is showing the absence of the
structures in the slides, which were degraded by the action of DNAse added in the
cultures. It can also be observed some residues present in the slides, possibly from

components present in the NETs, other than DNA, due to the degradation.

- Confocal microscopy of neutrophil cultures challenged with Pb18 and Pb265
strains

The presence of NETs and their components were evaluated by confocal
microscopy. Nuclear DNA and extracellular deconcentrated DNA were labeled with
DAPI (Fig. 4A). Elastase and histones, other major components of NETs were also
identified, combined with decondensed DNA, after immunostaining with specific
primary and secondary antibodies (Figs.4B and 4C). And, as expected, Fig. 4D
demonstrate the overlap of the three stainings, thus characterizing the presence of
NETs in neutrophil cultures challenged with the avirulent fungal strain (Pb265). Figure
5 and 6 shows a dense, localized network with very intense elastase immunostaining. It
also caught our attention, the presence of fungi staining with DAPI and Anti-histone,

allowing the identification of several fungi trapped in the formed NETSs.

By analyzing the slides of cultures challenged with Pb18, it was possible to see
differences regarding the spatial arrangement and fluorescence intensity of these
Pb18-induced NETs compared to Pb265-induced NETs. The virulent strain Pb18 (Fig. 5)
induced the formation of a visually more extensive, more dispersed, looser and
delicate network with lower fluorescence intensity compared to the strain Pb265 (Fig.
4), whose induced denser, more compact, and with higher fluorescence NETs, as seen

by scanning microscopy.
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Interestingly, DNA and histone staining (DAPI and Texas RED) marked the yeast,
although no specific fungal labeling was used. This fact could suggest that in cultures
challenged with Pb265 the number of yeasts trapped in NETs is much higher than in

cultures challenged with Pb18.

- NETs quantification in neutrophil cultures challenged with Pb18 and Pb265

The quantification of NETs was done using a specific immunoassay, in which a
96-well plate was treated with an anti-elastase antibody, thus allowing the
quantification of the extracellular DNA-elastase complex, an important constituent of
NETs. The Quant-iT™ PicoGreen® kit was used to evaluate and to quantify these
complexes. Samples were analyzed for fluorescence intensity, and concentrations
were calculated from a standard curve using known DNA concentrations. Thus,
supernatant from PMA-stimulated neutrophil cultures (a potent inducer of NETs -
positive control) or challenged with Pb18 or Pb265 were evaluated. DNAse-treated

cultures were used as a negative control to assess the degradation of NETSs.

The results demonstrated that PMA-treated cultures had a significant increase
in the concentrations of NETs present in the cultures compared to normal neutrophils
(Figure 6). These values were significantly decreased when cultures were stimulated
with PMA and treated with DNAse, demonstrating that quantification was useful in
identifying the increase in induction of NETs by PMA, and also decreased structures
when stimulated cultures were also treated with DNAse, which promoted the

degradation of the NETs.

The results regarding the quantifications of cultures challenged with Pb265 and
Pb18 corroborate the data presented so far, demonstrating that the Pb265 strain
induced a large amount of NETs compared to neutrophil-only or Pb18-challenged
cultures (Fig. 7). The levels of NETs in cultures challenged with Pb18 demonstrate
levels similar to normal neutrophil cultures and could indicate a low capacity to induce

NETSs or the action of a DNAse that would act on virulent strain-induced NETSs.
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- NETs fluorescence intensity and area quantification by IMARIS ® software

To evaluate the fluorescence intensity and area of NETs induced by the virulent
and avirulent strains of the fungus (Pb18 and Pb265, respectively), the confocal images
were evaluated by the IMARIS ® software. Analyzes showed that NETs released in
response to the avirulent strain were much more intense (fluorescence intensity) than
those released in response to the virulent strain. However, the area of NETs was larger
in virulent strain images (Figure 8), although the results did not show statistical

differences between the two strains.

- DNAse production by fungi evaluated by DNAse test agar
To assess the production and release of a possible DNAse by the virulent and
avirulent strains of the fungus (Pb18 and Pb265, respectively), DNAse Test Agar was
used. S. aureus and S. cerevisiae were used as positive and negative control,
respectively (Figure 9). The images made with the virulent strain Pb18 demonstrated
the degradation of the DNA present in the medium, leading to the formation of a halo
around the fungal colonies. Because of the halos coalesced, we can spot a translucent

area (Figure 10). The red line marks the halo boundaries.

Cultivating the avirulent strain in the DNAse test agar medium, the images
showed that the Pb265 strain (Figure 11) was not able to produce a halo as consistent
and intense as the virulent strain (Pb18). This may be associated with the fact that the
virulent strain is able to produce and release a DNAse-like protein, that could be

involved in the degradation of NETSs.

- DNAse expression evaluation by RT qPCR

To evaluate the gene expression over time for each strain, we performed a RT-
gPCR. Pb18 and Pb265 were analyzed for both genes (PADG_11161 and PADG_08285)

in isolated cultures and in PMN-fungus challenged cultures for 2 hours.

The Pbl8 strain demonstrated a much higher relative expression of the
PADG_08285 gene after 2 hours of a challenge when compared to the expression of

the gene in the culture of isolated yeasts, close to 15 times higher. The Pb265 strain
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also showed an increase in the relative expression of this gene after 2 hours of
challenge, higher than the isolated cultures. Therefore, the virulent strain
demonstrated a much higher expression of the gene than the avirulent strain (fig.12

A).

The PADG_11161 gene demonstrated higher relative expression in cultures of
neutrophils challenged with both strains than in isolated fungi cultures, whereas in
cultures challenged with the virulent strain, the expression was higher than controls

and cultures challenged with the avirulent strain (Fig. 12 B).
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DISCUSSION

2730 studies have shown that

The action of NETs is widely studied nowadays
when the pathogen is too large to be phagocytized, neutrophils respond to releasing
NETs by the process known as NETosis>?. Other studies have already presented several
microorganisms as NETs inducers, such as S. aureus, Shigella flexneri, Streptococcus
pneumoniae, Leishmania amazonensis, Aspergillus fumigatus, Candida albicans,
Aspergillus nidulans and P. brasiliensis itself, some of these studies even showing
microbicidal activity 232 3942,

The interaction between P. brasiliensis and NETs is still being investigated, but a
study has already shown the production of NETs in contact with P. brasiliensis yeast
and how these structures are involved in extracellular fungal death, also showing that
the dectin-1 receptor mainly mediates the NETs released in response to the P.
brasiliensis strains*.

The NETs released against P. brasiliensis have also been demonstrated in
cutaneous lesions in patients with paracoccidioidomycosis33, corroborating with the
previous studies. The same study showed different NETs patterns induced by different
strains of the fungus (Pb18 and Pb265), the same pattern seen in the present study.

The Scanning Electron Microscopy assays demonstrated structures similar to

those shown in the previous studies®**

. In the current results, the release of NETs was
evidenced and confirmed by confocal microscopy, where it was observed the presence
of extracellular DNA (labeled by DAPI), histones, and elastase (marked by specific
antibodies). However, the patterns of the NETs differed from each other according to
the fungal strain used. When the most virulent strain (Pb18) was evaluated, the NETs
aspect was looser, dispersed, covering most of the coverslips. When the less virulent
strain (Pb265) was tested, the NETs were denser, more condensed and covering
smaller areas closer to the fungus. These results directly resemble previous studies®.
The difference between NETs was demonstrated, as well, by the analysis of area and
intensity using IMARIS software. The results showed that the intensity of NETs

released in response to Pb265 was greater than that released in response to Pb18.

These results suggest a lower induction capacity or a possible degradation of the DNA
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present in the NETs by the virulent strain, corroborating the hypothesis mentioned by
Della-Coletta et al. (2015)*3, that Pb18 strain could be producing some protein with
DNAse-like activity and that this protein could be degrading the NETSs, acting as an
escape mechanism>. Some studies have already shown the release of endonucleases
by different microorganisms as an escape mechanism for NETs, such as S. aureus, a
group of Streptococcus, and many other microrganisms, such as C. albicans e

Cryptococcus, that can produce DNAse to escape from the NETs**.

The presence of NETs was evaluated and quantified by an immunoassay using
anti-elastase and Quant-IT Picogreen Kit. This methodology has already been used in

other studies*"*

. The extracellular DNA quantification was used to assess the NETs
release in response to Mpycobacterium tuberculosis, L. amazonensis and other
microorganisms as well*®*°. However, the use of the Picogreen Kit alone, with only
extracellular DNA labeling, could be evaluating any extracellular DNA, that can come
from both the NETosis process and other cellular phenomena. Thus, we chose to
qguantify the elastase-extracellular DNA complex by using the anti-elastase antibody.
Our results showed that the culture challenged with the virulent strain presented a

smaller amount of NETs when compared to the avirulent strain, corroborating the

confocal and scanning microscopy results, and the above results.

The release of DNAse is very commonly evaluated in microorganisms. Many
organisms are capable of releasing DNAse to escape from the immune system“"%'50
and the DNAse Test Agar is commonly used in tests to identify S. aureus, since this
microorganism is a known producer of DNAse’. In the present study, using this
method, it was indentified the production of a DNAse-like protein by the virulent strain
of P. brasiliensis (Pb18), demonstrating DNA degradation in the cultures plaques, while
the avirulent strain did not demonstrate any significant production. This result refers
to the hypothesis made by our previous studies, which showed that the NETs released
in response to the virulent strain were looser and had a more degraded appearance
when compared to the NETSs released in response to the avirulent strain®. This leads us
to believe that this pattern of NETs occurs due to a release of a protein with DNAse-
like activity by the virulent strain, as shown by our results, that Pb18 could produce a

DNAse-like protein, suggesting an action on NETs degradation, which would explain

the observed effects.
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With the identification of a DNAse-like protein action by Pb18 strain, it was
tested different genes (PADG_08528 and PADG_11161) to hypothetical proteins found
in the fungus genome37, and it was demonstrated that the PADG_08528 gene showed
much higher expression than the PADG_11161 gene when yeast cells were challenged
with human neutrophils. Interestingly, both genes showed higher expression in Pb18
yeast challenged cultures. This demonstrates that both genes may be associated with
the production and release of a DNAse-like, however when these yeasts were placed in
contact with human neutrophils, the PADG_08528 gene had a much larger expression,
thus, probably, indicating that this gene could be involved in the release of DNAse-like
protein and consequent degradation of NETs. These results also corroborated the
results presented previously, that the virulent strain (Pb18) would be releasing a

DNAse-like protein as a way to degrade NETs and survive the neutrophils attack®.

Interestingly, although no specific labeling was used for the fungus yeast, we
noted that the histone labeling and DAPI itself were able to label P. brasiliensis yeasts,
enabling the identification of yeasts trapped in the formed NETs. This fact, although
not expected, allowed a very interesting observation, demonstrating that in the images
related to cultures challenged with Pb265 (fig. 4), there were a much larger number of
yeasts that were trapped in the formed NETSs, a fact that was not observed in cultures
challenged with strain Pb18 (Fig. 5), that is, the presence of trapped fungus was much
smaller when compared to cultures challenged with avirulent strain, a phenomenon
that could be explained by our results. And another observation is that if the yeasts
were labeled with anti-histone, allowing the visualization of the fungus in the images,
probably was due to an effect of yeast coverage by histones present on the NETs, or

even thought to the damage of the fungus by NETs allowing the access of the antibody.

In conclusion, we can state that the virulent strain (Pb18) is inducing some
loose and degraded NETSs, probably by the release of a DNAse-like protein. This factor
could be an important escape mechanism of the fungus to circumvent the action of
NETs, thus subverting this important neutrophil effector mechanism. Our lab is

conducting other studies to better identify and characterize this protein.
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FIGURES

- Figure 1

Fig.1 Scanning microscopy of neutrophil cultures challenged with P. brasiliensis strain Pb18,
during two hours of incubation at 37 ° C at 5% CO2. (A) 4000x zoom, (B) 2650x zoom

- Figure 2

Fig.2 Scanning microscopy of neutrophil cultures challenged with P. brasiliensis strain Pb265, during two hours
of incubation at 37 ° C at 5% CO2. (A) 2650x zoom, (B) 3000x zoom.
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- Figure 3

Fig.3 Scanning microscopy of neutrophil cultures challenged with PMA, during two hours of incubation at 37 °
C at 5% CO2, and treated with DNAse. (A) 5700x zoom



- Figure 4

Fig.4 Confocal microscopy of neutrophil cultures challenged with P. brasiliensis avirulent
strain (Pb265), during two hours of incubation at 37 ° C at 5% CO2. (A) DNA; (B) Elastase;
(C) Histones; (D) Overlapping images.
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- Figure 5

Fig.5 Confocal microscopy of neutrophil cultures challenged with P. brasiliensis virulent
strain (Pb18), during two hours of incubation at 37 ° C at 5% CO2. (A) DNA; (B) Elastase;
(C) Histones; (D) Overlapping images.
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- Figure 6
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Fig.6 Quantification of NETs in culture supernatants treated or not with PMA and/or
DNAse. Representative box plots from 10 individuals tested.

- Figure 7
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Fig.7 Quantification of NETs in culture supernatants challenged or not with Pb18 or
Pb265. Representative box plots from 10 individuals tested.
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- Figure 8
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Fig.8 Analysis of NETs intensity (A) and area (B) by IMARIS program. Representative
from 8 individuals analysed.

- Figure9

Fig.9 S. aureus and S. cerevisiae grown on DNAse test agar medium, demonstrating
degradation of DNA from medium at A and no degradation at figure B.
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- Figure 10

Fig.10 Virulent strain (Pb18) grown on DNAse test agar medium, demonstrating degradation of DNA
from medium by fungus.

- Figure 11

Fig.11 Avirulent strain (Pb265) grown on DNAse test agar medium, demonstrating the absence of
degradation of DNA from medium by fungus.
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Fig.12 Relative Gene Expression versus Gene and strain. (A) Gene PADG_08285 and (B) Gene
PADG_11161. Representative Box Plot from 10 individuals tested.
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Campus de Botucatu

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO
(TERMINOLOGIA OBRIGATORIA EM ATENDIMENTO A RESOLUGAO 466/12-CNS-MS)

O senhor (a) estd sendo convidado (a) a participar de uma pesquisa chamada “Acdo de
DNAse produzida por Paracoccidioides brasiliensis sobre NETs (Neutrophil Extracellular Traps)
liberadas por neutréfilos humanos em resposta ao fungo”, que pretende estudar o efeito da DNAse
sobre as NETs produzidas por neutrdéfilos humanos desafiados com o fungo Paracoccidioides
brasiliensis (P. brasiliensis)

A pesquisa consta da coleta de 40 mL de sangue de voluntarios saudaveis, realizada uma
Unica vez, e esse volume é necessdrio para se conseguir numero suficiente de células de interesse
para realizacdo do projeto. Os riscos e o desconforto da coleta sdo minimos e de total
responsabilidade da pesquisadora. O individuo podera sentir um leve incobmodo durante a coleta e
posteriormente pode ser que apareca um pequeno hematoma (mancha roxa) no local. A coleta de
sangue é a mesma que se realiza em laboratério de analises clinicas, sendo muito segura. O sangue
coletado sera processado na UNIPEX (Unidade de Pesquisa Experimental) da Faculdade de Medicina
de Botucatu e serd utilizado em sua integralidade para realizacao das culturas celulares que serdo
utilizadas no desenvolvimento da pesquisa. O material colhido e seus derivados serdo descartados
apods o término da pesquisa.

Esta pesquisa pretende identificar a producdo de DNAse pelo fungo Paracoccidioides
brasiliensis quando em contato com neutrdfilos, que sdo células do sistema imunoldgico, e a acdo
dessa DNAse quando em contato com as NETs (Neutrophil Extracellular Traps), sendo que esse
estudo pode ajudar a entender os métodos de sobrevivéncia fungica no organismo.

Caso o senhor (a) ndo queira participar da pesquisa, informo que ndo havera nenhuma
interferéncia em futuros procedimentos no ambito da Faculdade de Medicina de Botucatu. O senhor
(a) podera retirar seu consentimento, em qualquer fase da pesquisa sem nenhum prejuizo.

E garantido o total sigilo de seus dados relatados nesta pesquisa.

Este Termo de Consentimento Livre e Esclarecido sera elaborado em 2 vias de igual teor, o
qual 01 via serd entregue ao Senhor (a) devidamente rubricada, e a outra via serd arquivada e
mantida pelos pesquisadores por um periodo de 5 anos apds o término da pesquisa. Fique ciente de
gue sua participagao neste estudo é voluntaria e que mesmo apods ter dado seu consentimento para
participar da pesquisa, vocé podera retird-lo a qualquer momento.

Qualquer duvida adicional vocé podera entrar em contrato com o Comité de Etica em
Pesquisa através dos telefones (14) 3880-1608 ou 3880-1609 que funciona de 22 a 62 feira das 8.00
as 11.30 e das 14.00 as 17horas, na Chacara Butignolli s/n2 em Rubido Junior — Botucatu - Sdo Paulo.
Os dados de localizacao dos pesquisadores estao abaixo descritos.

Apds terem sido sanadas todas minhas duvidas a respeito deste estudo, CONCORDO EM
PARTICIPAR de forma voluntdria, estando ciente que todos os meus dados estardo resguardados
através do sigilo que os pesquisadores se comprometeram. Estou ciente que os resultados desse
estudo poderdo ser publicados em revistas cientificas, sem, no entanto, que minha identidade seja
revelada.
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Campus de Botucatu

CONCORDO EM PARTICIPAR DA PESQUISA

Botucatu,

Nome completo:

de de 201

RG:

Assinatura:

Pesquisador: Yohan Ricci Zonta
Laboratério de Imunopatologia e Agentes Infecciosos
Unipex - Bloco 5
Faculdade de Medicina de Botucatu - UNESP
Telefone: (14) 3880-1750 / Celular: (14) 98152-7194
E-mail: yohanzonta@hotmail.com

Orientadora: Prof.2 Dr.2 Luciane Alarcdo Dias-Melicio
Departamento de Patologia
Faculdade de Medicina de Botucatu - UNESP
Telefone: (14) 3880-1592
E-mail: ladiasmelicio@fmb.unesp.br

Annex 1.1 Termo de consentimento Livre e Esclarecido entregue aos Doadores Voluntarios de Sangue.
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PARECER CONSUBSTANCIADO DO CEP

DADOS DO PROJETO DE PESQUISA

Titulo da Pesquisa: A¢do de DNAse produzida por Paracoccidioides brasiliensis sobre NETs (Neutrophil
Extracellular Traps) liberadas por neutréfilos humanos em resposta ao fungo.

Pesquisador: YOHAN RICCI ZONTA

Area Temética:

Verséo: 1

CAAE: 85654018.9.0000.5411

Instituicdo Proponente: Departamento de Patologia
Patrocinador Principal: Financiamento Proprio

DADOS DO PARECER

NUmero do Parecer: 2.577.243

Apresentacéo do Projeto:

A pesquisa de mestrado intitulada "A¢éo de DNAse produzida por Paracoccidioides brasiliensis sobre NETs
(Neutrophil Extracellular Traps) liberadas por neutréfilos humanos em resposta ao fungo” que sera realizada
em parceria com a UNIPEX, tem grande relevancia clinica e bom desenho metodoldgico. Serdo coletados
sangue de 20 sujeitos saudaveis e posterior andlise laboratotial dos NETSs.

Objetivo da Pesquisa:

O objetivo geral deste trabalho sera identificar nas culturas de neutréfilos desafiadas com as cepas Pb18 e
Pb265, a presenca da DNAse fungica ou proteina com atividade semelhante a DNAse, e correlacionar com
os diferentes padrbes de NETs induzidos pelas diferentes cepas.Especificamente avaliaremos:- As NETs
induzidas pelas diferentes cepas em culturas de neutréfilos humanos avaliadas por Microscopia de
Varredura e Microscopia Confocal para a visualizagdo da conformacdo das NETs e de seus componentes
em culturas in vitro, e técnica de High-Content para avaliagdo do tamanho (area) das redes formadas;-
Quantificacdo de DNA extracelular e de NETs nas culturas de neutréfilos desafiadas com as duas diferentes
cepas;- Quantificacao relativa da expressdo de mRNA para DNAse like fungica por RT-PCR em tempo real

nas diferentes culturas.

Avaliacdo dos Riscos e Beneficios:

O riscos séo aqueles inerentes a coleta do sangue, como a possibilidade de formacao de um

Endereco: Chéacara Butignolli , s/n

Bairro: Rubido Junior CEP: 18.618-970
UF: SP Municipio: BOTUCATU
Telefone:  (14)3880-1609 E-mail: cep@fmb.unesp.br

Péagina 01 de 03
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Continuagédo do Parecer: 2.577.243

hematoma (mancha roxa) no local da coleta. Os beneficios sdo o de contribuir para o entendimento da
resposta do hospedeiro frente a infecgdo fungica.

Comentéarios e Consideracdes sobre a Pesquisa:
A pesquisa é clara, relevante e exequivel. Serd executada com verba propria remanescente de outra
pesquisa que possuia fomento.

Consideracdes sobre os Termos de apresentacdo obrigatéria:
Todos os termos obrigatérios foram postados como TCLE, Folha Rosto, EAP, Declaracao Unipex, etc.

Recomendacgdes:

Nao ha.

Conclusdes ou Pendéncias e Lista de Inadequacdes:

Projeto deve ser apreciado na reunido do colegiado deste comité com vistas a aprovagao e execucao plena
apos.

Consideracdes Finais a critério do CEP:

Conforme deliberacdo do Colegiado em reunido ordinaria do Comité de Etica em Pesquisa da FMB/UNESP,
realizada em 02 de abril de 2018, o projeto encontra-se APROVADO, sem necessidade de envio a CONEP.
No entanto, informamos que ao final da execugdo da pesquisa, seja enviado o “Relatério Final de
Atividades”, na forma de "Notificac&o", via sistema Plataforma Brasil.

Atenciosamente,

Comité de Etica em Pesquisa da Faculdade de Medicina de Botucatu — UNESP

Este parecer foi elaborado baseado nos documentos abaixo relacionados:

Tipo Documento Arquivo Postagem Autor Situagéo
Informacdes Basicas| PB_INFORMACOES_BASICAS _DO_P 12/03/2018 Aceito
do Projeto ROJETO_1085514.pdf 15:23:19
Outros TermoDeAnuencialnstitucional.pdf 12/03/2018 | YOHAN RICCI Aceito

12:09:50 |ZONTA
Declaracao de declaracao_de_responsabilidade_do_pe| 12/03/2018 | YOHAN RICCI Aceito
Pesquisadores squisador.pdf 12:09:05 |ZONTA
Declaracéo de Aceite.Pdf 12/03/2018 | YOHAN RICCI Aceito
Instituicéo e 12:07:27 | ZONTA
Infraestrutura

Endereco: Chéacara Butignolli , s/n

Bairro: Rubido Junior CEP: 18.618-970
UF: SP Municipio: BOTUCATU
Telefone:  (14)3880-1609 E-mail: cep@fmb.unesp.br
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Outros Resolucao_466.pdf 12/03/2018 | YOHAN RICCI Aceito
12:04:06 |ZONTA

Projeto Detalhado / | Projeto.pdf 12/03/2018 | YOHAN RICCI Aceito

Brochura 11:59:02 |[ZONTA

Investigador

TCLE/Termos de |TCLE_Yohan_RZ.pdf 12/03/2018 [ YOHAN RICCI Aceito

Assentimento / 09:26:29 | ZONTA

Justificativa de

Auséncia

Folha de Rosto FolhaDeRostoAssinada.pdf 12/03/2018 [ YOHAN RICCI Aceito
09:25:50 | ZONTA

Situacdo do Parecer:
Aprovado

Necessita Apreciacdo da CONEP:
N&o

BOTUCATU, 03 de Abril de 2018

Assinado por:
SILVANA ANDREA MOLINA LIMA
(Coordenador)

Annex 1.2 Parecer consubstanciado do Comité de Etica em Pesquisa.

Endereco: Chéacara Butignolli , s/n

Bairro: Rubi&o Junior CEP: 18.618-970
UF: SP Municipio: BOTUCATU
Telefone:  (14)3880-1609 E-mail: cep@fmb.unesp.br
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Primer-BLAST» JOB ID:qLNch02N5KnfEdsfujHpYaEc23CyA8Z1
Primer-BLAST Results

[2]

Input PCR template
none
Specificity of primers
Target templates were found in selected database: Refseq mRNA (Organism limited to Homo sapiens)
Other reports
Search Summary

Detailed primer reports

You can re-search for specific primers by accepting some of the unintended targets, check the
box(es) next to the ones you accept and try again to re-search for specific primers = Submit
[2]
Primer pair 1
Self

Sequence (5'->3") Length Tm GC% Self 3'
complementarity complementarity
Forward
ACGACCGTCTCTTCCTCTCA20  59.96 55.00 5.00 1.00
primer
ReVerse - 1TCAAAATCCTCGCTCGC 20  60.25 55.00 3.00 2.00
primer

Products on intended targets

Products on allowed targets

Products on allowed transcript variants

Products on potentially unintended templates

Products on target templates

10/12/2019 13:58



>XM 024449845.1 PREDICTED: Homo sapiens fibronectin type Il and SPRY domain containing
2 (FSD2), transcript variant X3, mRNA

product length = 678

Forward primer 1 ACGACCGTCTCTTCCTCTCA 20
Template 130 T....C..CLA ... 149
Reverse primer 1 CGTTCAAAATCCTCGCTCGC 20
Template 807 .A....T.C ....... G.. 788

>XM 024449844.1 PREDICTED: Homo sapiens fibronectin type Il and SPRY domain containing
2 (FSD2), transcript variant X2, mRNA

product length = 795

Forward primer 1 ACGACCGTCTCTTCCTCTCA 20
Template 130 T .Co.CLA ... 149
Reverse primer 1 CGTTCAAAATCCTCGCTCGC 20
Template 924 A....T.C ....... G.. 905

If you want to allow any of the unintended targets, check the box(es) next to the ones you accept
and try again to re-search for specific primers = Submit

[2]
BLAST is a registered trademark of the National Library of Medicine

You
Support center Mailing list TUI]B YouTube

LIBRARY OF
o MIDILINE Natjonal Library Of Medicine

NIHY

. National Institutes Of Health
o U.S. Department of Health & Human Services
TSA.gov.
. USA.gov
NCBI

National Center for Biotechnology Information, U.S. National Library of Medicine 8600 Rockville Pike,
Bethesda MD, 20894 USA
Policies and Guidelines | Contact

Anexo 2.1 Prime BLAST PADG_11161 (NW_011371358.1) vs Homo sapiens (Genoma)

2 of 2 10/12/2019 13:58
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Primer-BLAST» JOB ID:TVa5YU5r50_c99j5udfgh6L62Jax5¢cWT
Primer-BLAST Results

(2]

Input PCR template
none
Specificity of primers
No target templates were found in selected database: RefSeq Representative Genome Database
(Organism limited to Homo sapiens)
Other reports
Search Summary

Detailed primer reports

You can re-search for specific primers by accepting some of the unintended targets, check the
box(es) next to the ones you accept and try again to re-search for specific primers  Submit
(2]

Primer pair 1
Self

Sequence (5'->3") Length Tm GC% Self 3'
complementarity complementarity
Forward
TGAAGAACGCAGCGAAATGC 20 60.11 50.005.00 2.00
primer
REVEISe . GAATACCAGAGGGCGCAAT 20 60.18 55.00 4.00 2.00
primer

Products on intended targets

Products on allowed targets

Products on allowed transcript variants

Products on potentially unintended templates

Products on target templates

10/12/2019 13:47



If you want to allow any of the unintended targets, check the box(es) next to the ones you accept
and try again to re-search for specific primers = Submit

(2]
BLAST is a registered trademark of the National Library of Medicine
You
Support center Mailing list Tube YouTube

I\ \ ||\0\1\j|
JBRARY O
e MHICNE National Library Of Medicine

. National Institutes Of Health

. ‘ U.S. Department of Health & Human Services

USA.goy.
. USA.gov

NCBI

National Center for Biotechnology Information, U.S. National Library of Medicine 8600 Rockville Pike,
Bethesda MD, 20894 USA
Policies and Guidelines | Contact

Anexo 2.2 Prime BLAST PADG_11161 (NW_011371358.1) vs Homo sapiens (mRNA)

2 0f 2 10/12/2019 13:47
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Primer-BLAST» JOB ID:GBLH9AzZMAWQmMWAhtfFj8_bWwkLI9BNzVCQA
Primer-BLAST Results

(2]

Input PCR template
none
Specificity of primers
No target templates were found in selected database: Refseqg mRNA (Organism limited to Homo sapiens)
Other reports
Search Summary

Detailed primer reports

You can re-search for specific primers by accepting some of the unintended targets, check the

box(es) next to the ones you accept and try again to re-search for specific primers  Submit
[2]

Primer pair 1

Sequence (5'->3") Length Tm GC% Self Self 3
complementarity complementarity
Forward
TGAAGAACGCAGCGAAATGC 20 60.11 50.005.00 2.00
primer
REVEISe . GAATACCAGAGGGCGCAAT 20 60.18 55.00 4.00 2.00
primer

Products on intended targets

Products on allowed targets

Products on allowed transcript variants

Products on potentially unintended templates

Products on target templates

If you want to allow any of the unintended targets, check the box(es) next to the ones you accept

10/12/2019 13:46
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and try again to re-search for specific primers  Submit

(2]
BLAST is a registered trademark of the National Library of Medicine
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Support center Mailing list TUhE YouTube
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National Institutes Of Health

« v U.S. Department of Health & Human Services
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NCBI

National Center for Biotechnology Information, U.S. National Library of Medicine 8600 Rockville Pike,

Bethesda MD, 20894 USA
Policies and Guidelines | Contact

Anexo 2.3 Prime BLAST PADG_08285 (NW_011371372.1) vs Homo sapiens (Genoma)

10/12/2019 13:46
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Primer-BLAST» JOB ID:KDPbjsSEbaBWGFIWMzhgaCgVUnk7Ck98
Primer-BLAST Results

[2]

Input PCR template
none
Specificity of primers
Target templates were found in selected database: RefSeq Representative Genome Database (Organism
limited to Paracoccidioides brasiliensis, Paracoccidioides brasiliensis Pb18)
Other reports
Search Summary

Detailed primer reports

You can re-search for specific primers by accepting some of the unintended targets, check the
box(es) next to the ones you accept and try again to re-search for specific primers = Submit
[2]

Primer pair 1
Self

Sequence (5'->3") Length Tm GC% Self 3'
complementarity complementarity
Forward
_ TTCTTCAGGAGCTGCTACGC 20 60.11 55.00 6.00 2.00
primer
ROV T ATCCGGCAGCAGTAAGACG 20 59.62 55.00 4.00 2.00
primer

Products on intended targets

Products on allowed targets

Products on allowed transcript variants

Products on potentially unintended templates

Products on target templates

18/12/2019 10:42



>NW 011371358.1 Paracoccidioides brasiliensis Pb18 unplaced genomic scaffold supercont2.1,
whole genome shotgun sequence

product length = 140
Forward primer 1 TTCTTCAGGAGCTGCTACGC 20
Template 2846822 i 2846841

Reverse primer 1 TATCCGGCAGCAGTAAGACG 20
Template 2846961 ... 2846942

>NW 011371360.1 Paracoccidioides brasiliensis Pb18 unplaced genomic scaffold supercont2.3,
whole genome shotgun sequence

product length = 3468
Forward primer 1 TTCTTCAGGAGCTGCTACGC 20
Template 3341491 ..TA.A.T........ C... 3341510

Forward primer 1 TTCTTCAGGAGCTGCTACGC 20
Template 3344958 C....G....... C.A.... 3344939

If you want to allow any of the unintended targets, check the box(es) next to the ones you accept
and try again to re-search for specific primers  Submit

[2]
BLAST is a registered trademark of the National Library of Medicine

You

Support center Mailing list TUhe YouTube
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e MIDICINE National Library Of Medicine

. National Institutes Of Health

. U.S. Department of Health & Human Services
TUSA.gov
. USA.gov
NCBI

National Center for Biotechnology Information, U.S. National Library of Medicine 8600 Rockville Pike,
Bethesda MD, 20894 USA
Policies and Guidelines | Contact

Anexo 2.4 Prime BLAST PADG_08285 (NW_011371372.1) vs Homo sapiens (mRNA)

2 0f 2 18/12/2019 10:42
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Primer-BLAST» JOB ID:IDvTBdYPfytABkQIJSZ2dj4LRGctFFli
Primer-BLAST Results

[2]

Input PCR template
none
Specificity of primers
Target templates were found in selected database: Refseqg mMRNA (Organism limited to Paracoccidioides
brasiliensis, Paracoccidioides brasiliensis Pb18)
Other reports
Search Summary

Detailed primer reports

You can re-search for specific primers by accepting some of the unintended targets, check the
box(es) next to the ones you accept and try again to re-search for specific primers = Submit
[2]

Primer pair 1
Self

Sequence (5'->3") Length Tm GC% Self 3'
complementarity complementarity
Forward
_ TTCTTCAGGAGCTGCTACGC 20 60.11 55.00 6.00 2.00
primer
ROV T ATCCGGCAGCAGTAAGACG 20 59.62 55.00 4.00 2.00
primer

Products on intended targets

Products on allowed targets

Products on allowed transcript variants

Products on potentially unintended templates

Products on target templates

18/12/2019 10:44



>XM 010758455.1 Paracoccidioides brasiliensis Pb18 hypothetical protein partial mMRNA

product length = 140
Forward primer 1 TTCTTCAGGAGCTGCTACGC 20
Template 315 e 334

Reverse primer 1 TATCCGGCAGCAGTAAGACG 20
Template 454 L e 435

If you want to allow any of the unintended targets, check the box(es) next to the ones you accept
and try again to re-search for specific primers  Submit

[2]
BLAST is a registered trademark of the National Library of Medicine
You
Support center Mailing list Tube YouTube

NATIONAL
LIBRARY OF

o MIICNE National Library Of Medicine

. National Institutes Of Health

. U.S. Department of Health & Human Services
ok
USA.gov
° USA.gov
NCBI

National Center for Biotechnology Information, U.S. National Library of Medicine 8600 Rockville Pike,
Bethesda MD, 20894 USA
Policies and Guidelines | Contact

Anexo 2.5 Prime BLAST rRNA vs Homo sapiens (Genoma)

2 of 2 18/12/2019 10:44
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Primer-BLAST» JOB ID:KSP2x6xdofWGy7vOtq6f Myljs7ThppXT4A
Primer-BLAST Results

[?]

Input PCR template
none
Specificity of primers
No target templates were found in selected database: RefSeq Representative Genome Database (Organism
limited to Paracoccidioides brasiliensis, Paracoccidioides brasiliensis Pb18)
Other reports
Search Summary

Detailed primer reports

You can re-search for specific primers by accepting some of the unintended targets, check the box(es)
next to the ones you accept and try again to re-search for specific primers = Submit
(2]

Primer pair 1
Self

Sequence (5'->3") Length Tm GC% Self 3
complementarity complementarity
Forward .. -\ GTTGAGATCCAATTACCCT 23 59.73 43.48 6.00 0.00
primer
Re‘_’erse TGAACAAGGCCTCCCTTTGG 20  60.18 55.00 6.00 1.00
primer

Products on intended targets

Products on allowed targets

Products on allowed transcript variants

Products on potentially unintended templates

Products on target templates

If you want to allow any of the unintended targets, check the box(es) next to the ones you accept and

18/12/2019 10:39
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try again to re-search for specific primers  Submit

[2]
BLAST is a registered trademark of the National Library of Medicine
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Anexo 2.6 Prime BLAST rRNA vs Homo sapiens (mRNA)
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Primer-BLAST» JOB ID:EwjgtcS_bZtWI1ItMwNgUyguUkI7TMU9H
Primer-BLAST Results

[?]

Input PCR template
none
Specificity of primers
No target templates were found in selected database: Refseqg mRNA (Organism limited to Paracoccidioides
brasiliensis, Paracoccidioides brasiliensis Pb18)
Other reports
Search Summary

Detailed primer reports

You can re-search for specific primers by accepting some of the unintended targets, check the box(es)
next to the ones you accept and try again to re-search for specific primers = Submit
(2]

Primer pair 1
Self

Sequence (5'->3") Length Tm GC% Self 3
complementarity complementarity
Forward .. -\ GTTGAGATCCAATTACCCT 23 59.73 43.48 6.00 0.00
primer
Re‘_’erse TGAACAAGGCCTCCCTTTGG 20  60.18 55.00 6.00 1.00
primer

Products on intended targets

Products on allowed targets

Products on allowed transcript variants

Products on potentially unintended templates

Products on target templates

If you want to allow any of the unintended targets, check the box(es) next to the ones you accept and
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Primer-BLAST» JOB ID:2clskriYEbwukSqfS7TEY4VCcKvBDgzfl
Primer-BLAST Results

[2]

Input PCR template
none
Specificity of primers
Target templates were found in selected database: RefSeq Representative Genome Database (Organism
limited to Homo sapiens)
Other reports
Search Summary

Detailed primer reports

You can re-search for specific primers by accepting some of the unintended targets, check the

box(es) next to the ones you accept and try again to re-search for specific primers Submit
(2]

Primer pair 1

Sequence (5'->3") Length Tm GC% Self Self 3'
complementarity complementarity
Forward
CCGGCAACAGCATTAGCATC 20 59.97 55.00 4.00 0.00
primer
ReVerSe 1GATCCGCTCTGATCTTCGC 20 59.97 55.00 6.00 2.00
primer

Products on intended targets

Products on allowed targets

Products on allowed transcript variants

Products on potentially unintended templates

Products on target templates
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>NC 000006.12 Homo sapiens chromosome 6, GRCh38.p12 Primary Assembly

product length = 2233

Features flanking this product:
55956 bp at 5' side: 5-hydroxytryptamine receptor 1B
169081 bp at 3' side: meiosis-specific protein METI4

Forward primer 1 CCGGCAACAGCATTAGCATC 20
Template 77519358 TTT..T...... [C 77519377

Reverse primer 1 TGATCCGCTCTGATCTTCGC 20
Template 77521590 A.T..T ..ivinnonn. T 77521571

If you want to allow any of the unintended targets, check the box(es) next to the ones you accept
and try again to re-search for specificprimers Submit
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Primer-BLAST» JOB ID:NS7AfrhOEVAufSpzS10YDVBwKhxDbzcZ
Primer-BLAST Results

[2]

Input PCR template
none
Specificity of primers
Target templates were found in selected database: Refseq mRNA (Organism limited to Homo sapiens)
Other reports
Search Summary

Detailed primer reports

You can re-search for specific primers by accepting some of the unintended targets, check the
box(es) next to the ones you accept and try again to re-search for specific primers  Submit
[2]
Primer pair 1
Self

Sequence (5'->3') Length Tm GC% Self 3'
complementarity complementarity
Forward
_ CCGGCAACAGCATTAGCATC 20 59.97 55.00 4.00 0.00
primer
RV 1 GATCCGCTCTGATCTTCGC 20 59.97 55.00 6.00 2.00
primer

Products on intended targets

Products on allowed targets

Products on allowed transcript variants

Products on potentially unintended templates

Products on target templates

10/12/2019 13:41



>XM_006724713.3 PREDICTED: Homo sapiens insulin receptor substrate 4 (IRS4), transcript
variant X3, mRNA

product length = 2494

Forward primer 1 CCGGCAACAGCATTAGCATC 20
Template 1262 G.A..T....... Covnn 1281
Forward primer 1 CCGGCAACAGCATTAGCATC 20
Template 3755 G.AT..G ... A. 3736

>XM_005262220.2 PREDICTED: Homo sapiens insulin receptor substrate 4 (IRS4), transcript
variant X2, mRNA

product length = 2494

Forward primer 1 CCGGCAACAGCATTAGCATC 20
Template 1262 G.A..T....... Covnn 1281
Forward primer 1 CCGGCAACAGCATTAGCATC 20
Template 3755 G.AT..G ... A. 3736

>XM_011531061.1 PREDICTED: Homo sapiens insulin receptor substrate 4 (IRS4), transcript
variant X1, mRNA

product length = 2494

Forward primer 1 CCGGCAACAGCATTAGCATC 20
Template 1262 G.A..T....... Covinn 1281
Forward primer 1 CCGGCAACAGCATTAGCATC 20
Template 3755 G.AT..G ... A. 3736

>NM_003604.2 Homo sapiens insulin receptor substrate 4 (IRS4), mRNA

product length = 2494

Forward primer 1 CCGGCAACAGCATTAGCATC 20
Template 1055 G.A..T....... Covnn 1074
Forward primer 1 CCGGCAACAGCATTAGCATC 20
Template 3548 G.AT..G ..o A. 3529

If you want to allow any of the unintended targets, check the box(es) next to the ones you accept
and try again to re-search for specificprimers

[2]
BLAST is a registered trademark of the National Library of Medicine
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Primer-BLAST» JOB ID:zdY54k305MzfdNt6ul TpBKF52xWyZsY Q

Primer-BLAST Results
[?]

Input PCR template
none
Specificity of primers
Target templates were found in selected database: RefSeq Representative Genome Database (Organism
limited to Homo sapiens)
Other reports
Search Summary

Detailed primer reports

You can re-search for specific primers by accepting some of the unintended targets, check the
box(es) next to the ones you accept and try again to re-search for specific primers

(2]
Primer pair 1

Sequence (5'->3") Length Tm GC% Self Self 3'
complementarity complementarity
Forward
ACGACCGTCTCTTCCTCTCA 20 59.96 55.00 5.00 1.00
primer
ReVerSe - GTTCAAAATCCTCGCTCGC20  60.2555.00 3.00 2.00
primer

Products on intended targets

Products on allowed targets

Products on allowed transcript variants
Products on potentially unintended templates

Products on target templates

10/12/2019 13:59



>NC_000012.12 Homo sapiens chromosome 12, GRCh38.p12 Primary Assembly

product length = 1553
Features flanking this product:
192236 bp at 5' side: nuclear receptor corepressor 2 isoform 2

89428 bp at 3' side: scavenger receptor class B member 1 isoform 9

Forward primer 1 ACGACCGTCTCTTCCTCTCA 20
Template 124687486 T.TC.T ... ennn.. T 124687505

Forward primer 1 ACGACCGTCTCTTCCTCTCA 20
Template 124689038 TTTC.A. ... enennn. 124689019

If you want to allow any of the unintended targets, check the box(es) next to the ones you accept
and try again to re-search for specific primers

[2]
BLAST is a registered trademark of the National Library of Medicine
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Anexo 2, Fig 1. Gel de agarose demonstrando que os produtos amplificados possuem o
nlmero esperado de bases, conforme indicado pelas bandas Unicas. (A) PAAG_07101:

140pb; (B) PAAG_12429: 111pb; (C) PADG_11161: 146pb; (D)PADG_08285: 127pb; (E) rRNA:
93pb; (L) Ladder, escalando de 100 em 100pb.



