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RESUMO

A prospecgdo por novos agentes antimicrobianos visando o tratamento de doencas
causadas por patdgenos tem aumentado nas ultimas décadas, em decorréncia do
surgimento de cepas resistentes as terapias vigentes, mas também devido aos seus efeitos
toxicos. Bactérias e fungos apresentam vasto repertorio de moléculas como as proteases,
enzimas catalisadoras de ligagdes peptidicas que modulam processos como a
infectividade e viruléncia. Esse estudo buscou investigar o potencial antiviruléncia de um
Inibidor de Tripsina isolado de sementes de Enterolobium contortisiliguum (EcTI) contra
Staphylococcus aureus ATCC 02 e Candida albicans ATCC 90025. Executou-se ensaios
in vitro para determina¢ao de uma possivel concentracdo inibitéria minima (MIC),
atividade antibiofilme, inibigdo do pigmento estafiloxantina e analise anti-hemolitica
contra a cepa S. aureus. Para avaliar a viabilidade de C. albicans na presenga do EcTI
foram realizados os ensaios anticandida, antibiofilme e de ruptura do biofilme maduro. O
EcTI promoveu agdo antiviruléncia contra esses patdgenos oportunistas, dificultando a
producado estafiloxantina da S. aureus em todas as concentragdes analisadas (100, 200 e
400 pg/mL), pigmento que uma vez ausente torna a bactéria suscetivel a defesa
imunolédgica do hospedeiro. A capacidade de S. aureus em causar hemolise também foi
significativamente inibida em todas as concentracdes. O EcTI ainda prejudicou a
formacao do biofilme de C. albicans, promovendo inclusive a quebra do biofilme maduro
na concentracao de 400 pg/mL. Esse estudo oportuniza discussdes sobre 0os mecanismos

virulentos relacionados as proteases e aos efeitos provocados por inibidores como o EcTL

Palavras-chave: EcTI; Viruléncia; Staphylococcus aureus; Candida albicans.



ABSTRACT

The prospection for new antimicrobial agents for the treatment of diseases caused by
pathogens has increased in recent decades. as a result of the emergence of resistant strains
to current therapies, but also due to its toxic effects. Bacteria and fungi present a vast
repertoire of molecules such as proteases, enzymes that catalyze peptide bonds, essential
for infectivity and virulence. This study aimed to investigate the antivirulence potential
of a Trypsin Inhibitor isolated from Enterolobium contortisiliquum seeds (EcTI) against
Staphylococcus aureus ATCC 02 and Candida albicans ATCC 90025. In vitro assays
were performed to determine a possible minimum inhibitory concentration (MIC),
antibiofilm activity, staphyloxanthin inhibition and antihemolytic effects against the S.
aureus. In order to evaluate the viability of C. albicans in the presence of EcTI,
anticandida, antibiofilm and rupture of mature biofilm assays were performed. EcTI
promoted antivirulence action against these opportunistic pathogens, hindering the
staphyloxanthin production of S. aureus at all concentrations analyzed (100, 200 e 400
png/mL), pigment which, once absent, makes the bacterium susceptible to the host's
immune defense. The ability of S. aureus to cause hemolysis was significantly inhibited
at all concentrations. The EcTI also impaired the formation of the biofilm of C. albicans,
even promoting the rupture of the mature biofilm at 400 pg/mL. This study provides
opportunities for discussions on the virulent mechanisms related to proteases and the

effects caused by inhibitors such as EcTL

Keywords: EcTI; Virulence; Staphylococcus aureus; Candida albicans.
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1 INTRODUCAO

O enfoque terapéutico baseado na utilizagdo de compostos naturais se intensificou
nas ultimas décadas, a principio como fonte inspiradora na bioprospec¢dao por novos
padrdes moleculares bioativos e em suas possiveis aplicagdes para tratar complicagdes
clinicas provocadas por agentes infecciosos, mas também em decorréncia dos efeitos
toxicos e aumento da resisténcia de medicamentos sintéticos (BORGES et al., 2017)

Dentre os diversificados compostos identificados a partir das fontes vegetais
ganham destaque os inibidores de protease, moléculas capazes de bloquear a ag¢do de
enzimas proteoliticas (UPEGUI ZAPATA et al., 2020). Essas proteases sdo
indispensaveis para o desenvolvimento de todos os seres vivos, pela participagao
significativa na diferenciagao de tecidos, degradacao de moléculas da matriz extracelular,
incluindo os mecanismos virulentos de organismos infecciosos como bactérias, fungos e
protozoarios (AGBOWURO et al., 2018).

A hidrolise de ligagdes peptidicas através dessas proteases promove a liberagao
de peptideos variados e também aminoacidos livres (MURI, 2014). Como a atividade
inapropriada dessas enzimas podem estar associada a processos patologicos e aos fatores
de viruléncia de patdgenos, portanto, ha a necessidade de regulagem por meio de
inibidores especificos (KARRAY et al., 2020).

Esse duelo bioquimico entre inibidores e proteases decorre de diferentes
maneiras, sendo mais comum a ocorréncia de um bloqueio reversivel de forte ligagao
entre os dois compostos. Existem 5 classes de inibidores as quais seguem a classificag@o
de suas proteases especificas: serinoprotease, cisteinoprotease, aspartilprotease,
metaloprotease e treoninoprotease, diferenciando-se pela presenga de um aminoacido
especifico no centro da triade catalitica como a Serina (Ser) nas serinoproteases, 0 grupo
mais abundante, pois sd3o encontrados em diversos tecidos vegetais, principalmente em
folhas e sementes (OTLEWSKI ez al., 2005; SRIKANTH; CHEN, 2016).

Os inibidores de serinoprotease sao também os mais versateis dentre as 99 familias
descritas de inibidores (MEROPS, 2021). Dentro dessa familia, além dos inibidores de
elastase, calicreina pancreatica, quimiotripsina, encontra-se o inibidor de tripsina, o qual
muito dos seus efeitos estdo relacionados com a prote¢do vegetal contra infestacdo de
microrganismos patogénicos (RUAN et al., 2011; SOUTO; BRANQUINHA; SANTOS,
2019).
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As leguminosas, por sua vez, sao fontes ricas para obten¢do de inibidores de
tripsina (AVILES-GAXIOLA; CHUCK-HERNANDEZ; SERNA SALDIVAR, 2018). A
espécie Enterolobium contortisiliquum (Vell.) Morong ¢ pertencente a subfamilia
Mimosoideae ¢ também conhecida popularmente por “timbatba” e “orelha-de-negro”,
devido ao formato recurvado das sementes. E. contortisiliquum ainda se destaca pela sua
plasticidade ecoldgica, pois a ocorréncia ¢ ampla em todo mundo. Todavia, seu sucesso
adaptativo estd relacionado majoritariamente as regides tropicais e neotropicais de clima
quente e temperado. No Brasil essa espécie ¢ encontrada principalmente nos dominios
fitogeograficos da Mata Atlantica, Cerrado e Caatinga (BEZERRA; PINHEIRO;
LUCENA, 2021; GBIF, 2021).

Das sementes de E. contortisiliquum muitos compostos ja foram identificados e
testados experimentalmente, com destaque para o Inibidor de Tripsina de E.
contortisiliqguum (EcTI, sigla em inglés), ja conhecido pela versatilidade em diferentes
efeitos bioldgicos, com repertério consolidado em razdo da agdo citotoxica em linhagens
de células tumorais (BONTURI et al., 2018; NAKAHATA et al., 2011), além do efeito
inseticida (DA SILVA FERREIRA et al, 2019) e com capacidade de atenuar a
inflamagdo pulmonar induzida por elastase (THEODORO-JUNIOR et al., 2017).

Estudos tém registrado o envolvimento da protease tripsina em eventos biologicos
relacionados a infec¢do de patogenos como bactérias e fungos (AGBOWURO et al.,
2018; KARRAY et al., 2020). Os desafios na conten¢do desses microrganismos pela
atividade proteolitica da tripsina se concentram principalmente nas agdes de viruléncia,
caracterizados como medidas de evasdo contra os mecanismos imunoldgicos do paciente
(LYU et al., 2015). Em razao disso, os problemas como a resisténcia aos antibioticos tém
tomado uma atencao devida e por isso, a necessidade de novas opgdes que coordenem
uma terapia eficiente contra esses microrganismos.

Tendo em vista a importancia da a¢do proteolitica da tripsina em mecanismos
vitais para microrganismos como Staphyloccocus aureus e Candida albicans, em
especial, na participacao de vias metabolicas relacionadas aos fatores de viruléncia, o uso
de inibidores de tripsina pode ser uma solucao a fim de atenuar os efeitos adversos em
pacientes infectados, especialmente em razao da crescente resisténcia desses patdgenos
as drogas utilizadas na terapia vigente (ALENCAR DE BARROS et al., 2021; ARAUJO
etal.,2019).

Esses fatores de viruléncia de S. aureus prejudicam a acao de farmacos e, portanto,

manifestam complicacdes clinicas severas como sepse € pneumonia, pela capacidade da



15

bactéria em formar biofilme, uma aglomeracdo de células embebidas em matriz
heterogénea extracelular relevante para a persisténcia do patogeno. Além disso, a
produgdo de estafiloxantina, um pigmento caroteinoide com propriedades antioxidantes
aprimora a invasao e permanéncia de S. aureus em neutrofilos e macrofagos, junto a
habilidade de causar hemolise em eritrocitos, devido a presenca de uma exotoxina
chamada hemolisina (ALENCAR DE BARROS et al., 2021). Os mecanismos virulentos
que levam C. albicans a driblar as defesas imunologicas do hospedeiro sdo similares ao
de S. aureus no que diz respeito a formacdo de biofilme, habilidade que agrava as
infeccdes mais comuns como a candidiase (AGUIAR et al., 2020).

Nesse sentido, considerando a dificuldade no tratamento antibacteriano e
antifingico, faz-se necessaria a busca por novas alternativas terapéuticas. Assim, 0 uso
de compostos derivados de plantas como os inibidores de tripsina pode possibilitar a
solucdo contra fatores de viruléncia e a viabilidade de microrganismos como S. aureus e
C. albicans, uma vez que esses patdogenos apresentam enzimas proteoliticas fundamentais

para sobrevivéncia e patogenicidade.
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2 OBJETIVOS
2.1 Objetivo Geral

e Investigar o potencial antibacteriano, antifingico e antiviruléncia in vitro do
inibidor de tripsina isolado das sementes de E. contortisiliguum (EcTI) contra S.
aureus e C. albicans

2.2 Objetivos Especificos

e Purificar o composto EcTI a partir de sementes de E. contortisiliquumm;

e Avaliar a atividade antibacteriana do EcTI contra a cepa S. aureus ATCC 02;

e Analisar a capacidade inibitoria do EcTI na formacdo de biofilme, contra a
producao de estafiloxantina e como agente anti-hemolitico sobre S. aureus ATCC
02;

e Determinar a concentracao inibitoria 50% (ICso) do EcTI contra C. albicans
ATCC 90025;

e Analisar a acdo do EcTI contra formacao de biofilme e na ruptura do biofilme
maduro de C. albicans ATCC 90025.
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3 REVISAO DE LITERATURA

3.1 Artigo 1 - MECANISMOS BIOLOGICOS DA LEISHMANIA: PROTEASES
COMO ALVO PROMISSOR PARA O CONTROLE DA INFECCAO

Jeanderson Marcelino da Silva', Clovis Macédo Bezerra', Meykson Alexandre da Silva',
Maria Isabel de Assis Lima', Maria Luiza Vilela Oliva®, Marcia Vanusa da Silva', Maria

Tereza dos Santos Correia'
"Universidade Federal de Pernambuco, UFPE

2Universidade Federal de Sdo Paulo, UNIFESP

Manuscrito a ser submetido para a Revista Microbiological Research
ISSN: 1618-0623

Impact factor: 5.415

Qualis CAPES: A3 — Area: Ciéncias Biologicas I



18

Resumo

As proteases sao moléculas que catalisam ligagdes peptidicas, agdo importante para a
morfologia, viabilidade, além de albergar fatores de viruléncia a diversos organismos
patogénicos como os protozoarios do género Leishmania. Esses parasitos provocam a
leishmaniose, uma doenga infecciosa e negligenciada que ¢ responsavel por milhares de
mortes anualmente. A terapia atual para o controle da infec¢do se baseia no uso de drogas
com diversas desvantagens como a elevada toxicidade e a invasiva administracao. Nesse
sentido, as proteases podem ser alvos promissores para o desenvolvimento de compostos
com capacidade inibitdria e com possibilidade de manifestar baixa toxicidade. Drogas de
diferentes origens se mostraram eficazes no controle da infeccdo por intermédio do
bloqueio das proteases, modulando ainda reacdo inflamatoria através da produgdo de
citocinas TNF-a, IFN, e IL-12, essenciais para mediar a resposta imunologica contra
microrganismos unicelulares como os parasitos da Leishmania. Outros compostos
promoveram a a¢do antileishmania sem causar efeitos toxicos aos macrofagos do
hospedeiro mamifero. Essa revisdo oferece recursos para compreensdo dos principais
mecanismos envolvendo as proteases e encoraja o uso de inibidores como uma

abordagem terapéutica para redugdo dos efeitos clinicos da leishmaniose.
Palavras-chave: Leishmania. Inibidores de Protease. Viruléncia.
Introducio

A leishmaniose ¢ uma doenga emergente e negligenciada causada por protozoarios
do género Leishmania e se manifesta nas formas clinicas: cutdnea (LC), mucocutanea
(LMC) e leishmaniose visceral (LV). A LV ¢ a forma mais grave da enfermidade,
causando danos sist€émicos e maior indice de 6bitos quando nao tratada corretamente,
principalmente quando hé a ocorréncia da coinfec¢ao Leishmania-HIV (BRASIL, 2016;
BURZA; CROFT; BOELAERT, 2018; SOUSA-GOMES et al., 2011). E estimado
anualmente 20.000 a 30.000 mortes causadas por leishmaniose, considerando-a assim,
uma das seis endemias prioritarias do mundo, pois ¢ um problema de saude publica em

98 paises (WHO, 2022).

Essa infeccdo € provocada por mais de 20 espécies de Leishmania, transmitida aos
mamiferos através da picada de fémeas de flebotomineo infectadas, principalmente
aquelas espécies presentes nos dois géneros de grande importancia epidemioldgica,

Phlebotomus e Lutzomyia. O ciclo da doenca ¢ digenético, pois envolve uma forma
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flagelada promastigota residente no intestino do inseto vetor, a qual se transforma na
forma nao flagelada amastigota e a partir desse evento, continua sua multiplicagao dentro
de vacuolos digestivos dos macréfagos no hospedeiro vertebrado (OLIVEIRA; DUTHIE;
PEREIRA, 2020). No Novo Mundo, a principal espécie causadora da LV ¢é a L. infantum,
ja a LC e LMC sdo causadas pela L. amazonensis, L. mexicana, L. braziliensis e L.

guyanensis (MELO; ROSSONI; TEODORO, 2017).

Segundo Nabhidi ef al. (2021), as atuais opc¢oes de tratamento contra as diferentes
manifestagdes da leishmaniose apresentam limitagdes em decorréncia da alta toxicidade,
baixa seletividade além das complica¢des na administragdo desses farmacos. De fato, a
WHO (2022) tem reportado para a dificuldade no uso dos medicamentos anti-leishmania,
assim como Lyra et al. (2016) e Oliveira-Ribeiro et al. (2021) tém demonstrado os efeitos
toxicos de drogas usadas nessa terapia. Nesse sentido, sdo necessarias alternativas
terapéuticas seguras, de facil manejo e que tenham como alvo, moléculas especificas do

parasito.

Por essa razdo, essa revisao visa abordar mecanismos de a¢ao de compostos com
tais caracteristicas e que podem ser pleiteados como possiveis farmacos para a terapia
antileishmania. Para isso, estudos in vitro, in vivo e in situ, envolvendo moléculas e
compostos diversos foram analisados a fim de evidenciar seus potenciais efeitos
inibitorios na multiplicacdo, desenvolvimento e fatores de viruléncia dos parasitos do

género Leishmania.
Metodologia

A analise de 90 estudos experimentais publicados entre os anos de 1997 e 2021
ocorreu apos a sele¢ao nos bancos de dados da PubMed, Science Direct, Bireme e também
artigos integrados nas referéncias dos estudos previamente inclusos. Esses artigos
estavam adequados aos descritores de busca, os quais foram definidos a partir da pergunta
norteadora “Como ¢ o mecanismo de acdo da atividade antileishmania, considerando
inibidores contra as especificas proteases do parasito?”. Utilizou-se os seguintes
conjuntos de termos para a busca bibliografica: protease inhibitor, proteinase inhibitor,
peptidase inhibitor, serine protease, trypsin inhibitor, cysteine protease, aspartil protease,

threonine protease, leishmanicidal effects, antileishmanial, leishmania, leishmanicida.

Caracterizando o género Leishmania
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Mesmo com poucas diferencas morfoldgicas entre as diversas espécies de
Leishmania, desde muito tempo tem existido divergéncias na sua classificacio
taxondmica. Atualmente a categorizagdo mais aceita desses parasitos, inclusive aqueles
de importancia médica tem se baseado em critérios fenotipicos e moleculares, propondo
o agrupamento em dois subgéneros considerando a localiza¢do das formas promastigotas
no intestino do vetor invertebrado e através da analise de seus perfis enzimaticos

(CUPOLILLO et al., 2003).

O subgénero (L.) Viannia ¢ caracterizado pelo desenvolvimento dos protozoarios
no intestino posterior do hospedeiro intermediério, tendo, portanto, um desenvolvimento
peripilario e as andlises bioquimicas de suas isoenzimas indicam-no como um grupo
monofilético, uma vez que existe uma variedade significativamente pequena entre os
membros do mesmo complexo. Ja no subgénero (L.) Leishmania, o desenvolvimento dos
parasitos acontece no intestino médio e anterior do hospedeiro invertebrado e os dados
tém apontado para uma diversidade enzimatica alta, indicando este grupo como

polifilético (CUPOLILLO et al., 2003; GONTIJO; MELO, 2004).

Paralelo a classificacdo desses protozoarios em subgéneros e, portanto,
considerando as caracteristicas clinicas assim como a sua diversidade epidemiolégica, as
espécies de Leishmania podem ser agrupadas em complexos. O complexo L. braziliensis
e o complexo L. guyanensis compreendem os dois conjuntos do subgénero Viannia, ja os
complexos L. donovani, L. tropica, L. major e L. mexicana estdo abrangidos no subgénero

Leishmania, como ilustrado na figura 1 (LAINSON, 2010).
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Figura 1. Classificacao dos complexos de Leishmania e agrupamento de suas respectivas
espécies.

Infectividade do protozoario e drogas disponiveis contra a leishmaniose

A infectividade desses microrganismos ocorre inicialmente gragas ao
lipofosfoglicano (LPG), molécula de superficie presentes nas formas promastigotas
metaciclicas. Esse item estrutural propicia a entrada do protozoario nas células
fagociticas, assegurando ainda prote¢ao contra lise provocada pelo sistema complemento,
além de retardar a passagem das enzimas dos lisossomos para o vacuolo parasitéforo apos
a fusdo entre as duas membranas, garantindo tempo para o protozoario se adaptar ao novo
ambiente (FORESTIER; GAO; BOONS, 2015; MORADIN; DESCOTEAUX, 2012;
REAL; MORTARA, 2012). Outras moléculas garantem apds a instalacdo da Leishmania
sua manutencao e manobras que driblam o sistema de defesa do hospedeiro, por isso sdo

necessarias drogas que atenuem de forma precisa tais mecanismos.

A terapia disponivel para o tratamento da leishmaniose apresenta algumas
desvantagens por provocar efeitos adversos no organismo humano, principalmente em
relacdo a baixa seletividade e alta toxicidade desses medicamentos. Os farmacos de
primeira linha sdo os mais antigos desenvolvidos para esta finalidade e até hoje de
primeira escolha terapéutica, compreendendo o grupo dos antimoniais pentavalentes,
sendo: Antimoniato de meglumina e Estibogluconato de s6dio (COMANDOLLI-
WYREPKOWSKI et al., 2017).
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De forma geral, esses antimoniais inibem diversas vias metabodlicas do parasito
como a glicdlise, além de causar inibi¢ao na tripanotiona redutase, enzima importante do
parasito para a protecdo contra espécies reativas de oxigénio (ROS) e espécies de
nitrogénio (NO) (WYLLIE; CUNNINGHAM; FAIRLAMB, 2004). Os mecanismos de
resisténcia dos protozoarios contra esses medicamentos sao multifatoriais, envolvendo
fatores génicos como a super expressao do gene da proteina do choque térmico (HSP70)
(BROCHU; HAIMEUR; OUELLETTE, 2004). A perda de sensibilidade do parasito ao
medicamento também esta associada a queda de atividade da redutase dependente de tiol
(TDR), enzima essencial para catalisar a conversao de antimoniato pentavalente a

antimoniato trivalente, forma ativa da droga (EPHROS et al., 1999).

Os medicamentos de segunda linha como a sitamaquina e pentamidina sao
utilizados principalmente para o tratamento de pacientes com LV. As vias de entrada da
droga no protozodrio ocorrem através da interacdo eletrostatica com a cabeca polar do
fosfolipidio e transportadores de arginina e poliaminas, respectivamente (COIMBRA et
al., 2008; KANDPAL; TEKWANI, 1997). Efeitos colaterais da sitamaquina e os
mecanismos de resisténcia da pentamidina sao fatores que nao os tornam unanimes para
0 uso terapéutico. A anfotericina B (antibidtico poliénico e também antiflingico), a
paromomicina (antibidtico aminoglicosideo), além da miltefosina (agente anticancer)
também constituem essenciais alternativas de segunda linha para o tratamento da
leishmaniose (CROFT; ENGEL, 2006; SHYAN SUNDAR et al., 2007; WINGARD et
al., 2000).

A anfotericina B veiculada em lipossomas apresenta alta eficiéncia terapéutica
contra o protozodrio ao provocar sua morte através da formagao de poros na membrana
celular do promastigota. O efeito dessa droga ainda se estende no bloqueio expressivo de
ligacdo entre o Leishmania e macrofago, por meio do desarranjo dos colesterdis da
membrana do fagdcito com o ergosterol da membrana do promastigota (PAILA; SAHA;
CHATTOPADHYAY, 2010; TAKEMOTO; YAMAMOTO; UEDA, 2006). A
paromomicina atua principalmente na inibicdo da sintese proteica e interferéncia da
atividade mitocondrial do parasito (MAAROUF et al., 1997). J4 a miltefosina, promove
a inibicdo da sintese de LPG e glicoproteina 63 (gp63), induzindo também apoptose (LUX
et al., 2000). No entanto, o alto custo da anfotericina B, a natureza teratogénica e abortiva

da miltefosina, além dos multiplos efeitos colaterais da paromomicina destacam a
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necessidade de novos alvos terapéuticos (DORLO et al., 2008; PENACK et al., 2007;
RAHMAN et al., 2017).

Tendo em vista esse mecanismo de acdo da miltefosina, as proteases podem ser
alvos promissores, pois sdo moléculas cruciais para o ciclo infeccioso de organismos
patogénicos como os protozodrios. Essas moléculas sdo enzimas que catalisam quebra de
ligagdes peptidicas por hidrolise (hidrolases), as quais sdo importantes para morfologia,
viabilidade, além de albergar fatores de viruléncia de diversas espécies de Leishmania,
tornando-as assim, altamente infectantes (PRAMANIK et al., 2019). Inibidores de
diferentes origens podem duelar contra essas peptidases através de mecanismos diversos,

por isso, podem ser testados quanto a sua atividade antileishmania.
Classificacao das Proteases e seus inibidores

Os inibidores de peptidases realizam o bloqueio da hidrolise de ligagdes peptidicas
de determinadas enzimas por meio de processos diferenciados, a depender da categoria
especifica da enzima, considerando a natureza quimica do seu sitio catalitico. Os
inibidores geralmente sdo compostos proteicos, no entanto, isto ndo ¢ uma regra, pois até
metabolitos secundarios como saponinas € ions como calcio ou magnésio se mostraram
vidveis para conter a hidrolise de ligagdes peptidicas de proteases da Leishmania (SILV A-

LOPEZ; GIOVANNI-DE-SIMONE, 2004; UPEGUI ZAPATA et al., 2020).

Estes inibidores interagem com as proteases por meio de arranjos temporarios ou
permanentes. Dessa forma, podem ser classificados como irreversiveis, aqueles cujas
ligagdes sdo covalentes as enzimas, gerando uma inibicdo mais consistente. J& os
inibidores reversiveis apresentam interagdes ndo covalentes com a estrutura da enzima,
mas sim ligagdes 16nicas ou de hidrogénio, podendo se dissociar posteriormente. Neste
grupo estdo os inibidores que competem com o substrato pelo sitio ativo da enzima
(competitivos), também aqueles cuja inativacao ¢ promovida diretamente ao complexo
enzima-substrato (incompetitivos) e os que inibem a atividade enzimatica sem afetar a

ligacdo ao seu respectivo substrato (ndo-competitivo) (STRELOW et al., 2004).
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Tal processo inibitério pode ser realizado sobre as endopeptidases e
exopeptidases. Em numeros, a maioria sdo endopeptidases, enzimas que promovem a
acdo catalitica nas regides internas das cadeias polipeptidicas, ja as exopeptidases
quebram as ligagdes peptidicas nas extremidades C terminal (carboxipeptidase) ou N
terminal (aminopeptidases) (FLORES; ARISTOY; TOLDRA, 1999). As proteases
podem ser organizadas em cinco grupos principais e por consequéncia, seus inibidores
seguem sua respectiva classificagdo: Inibidores contra serina proteases, cisteina

proteases, aspartil proteases, metaloproteases e treonina proteases, conformlie ilustra a

figura 2.
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Figura 2. Classificacdo das enzimas proteoliticas (proteases) e os tipos de residuos de
aminoacidos presentes seus sitios cataliticos.

Os inibidores de serinoproteases sao considerados os mais versateis em
comparag¢do com os demais grupos e apesar da existéncia de muitas familias de inibidores
(MEROPS, 2021), destacam-se as familias Kunitz e Bowman-Birk, pois sdo as mais
caracterizadas e com capacidade de inibi¢ao das seguintes proteases: elastase, calicreina
pancreatica, quimiotripsina, tripsina, subtilisina. Achados apontam que alguns inibidores
de serinoproteases também sdo ativos contra cisteinoproteases (OLIVA et al., 2000;

OLIVEIRA et al., 2007).

Os inibidores da familia Kunitz se destacam por serem os mais estudados. Sua
massa molecular varia entre 18 e 26 kDa e sdo caracterizados pela presenga de uma ou
duas cadeias polipeptidicas (BATISTA et al., 1996). J& os inibidores da familia Bowman-
Birk apresentam massa molecular de baixo peso, em geral entre 6 ¢ 9 kDa com apenas

uma cadeia polipeptidica (MOHANRAJ et al., 2019).

De maneira precisa, os inibidores de serinoproteases ligam-se as suas respectivas
enzimas por meio de uma fenda catalitica muito especifica, formada por uma triade de

sitios ativos, em que estdo presentes os residuos de asparagina (Asp), histidina (His) e
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serina (Ser). Esta unido acontece de forma semelhante a interacao protease-substrato, por

isso 0 modo de inibi¢do ¢ do tipo competitivo (LAU; CHENG, 2006).

Os inibidores de cisteinoproteases desempenham a inativac¢ao da agao proteolitica
dessa categoria enzimatica em varios eventos biologicos, essenciais para a grande maioria
dos organismos. S3o amplamente estudados quanto as suas aplicagdes em diversas areas
terapéuticas. A inativac¢ao decorre sobre as proteases representantes das familias Papaina
e Fitocistatinas. As proteases mais estudadas sao: papaina, actinidina e catepsinas (varias
analogas), sendo a catepsina B e catepsina L as mais caracterizadas como alvos
terapéuticos, inclusive testadas como antigeno para a producdo de vacinas atenuadas

contra a leishmaniose (ALEXANDER; COOMBS; MOTTRAM, 1998).

O mecanismo de inibi¢do dessas proteases ¢ por meio de uma agdo competitiva
pelos sitios cataliticos da enzima, formados principalmente pelo residuo cisteina (Cys),
mas também por histidina (His), podendo ter a presenca da asparagina (Asp) ou aspartato.
Torna-se importante realgar a presenga do grupo tiol da cadeia lateral da cisteina como
agente nucleofilico no mecanismo de catalise, despertando também esfor¢cos em paralelo
para desenvolvimento de fAirmacos para esse alvo (CHANG et al., 2007; NOVINEC et
al.,2014).

Os inibidores de aspartilproteases sdo essenciais para o uso clinico contra
microrganismos oportunistas como fungos, bactérias e recentemente descrito, os
protozoarios (VALDIVIESO; DAGGER; RASCON, 2007). Esse grupo de inibidores sido
capazes de inativar a atividade de proteases como: renina, plasmepsina, catepsina D,
Penicilopepsina e Aspartilprotease do HIV. Esta tltima tem sido um dos alvos mais
estudados do grupo para o desenvolvimento de fArmacos antirretrovirais, onde o principal
arranjo se caracteriza como inibi¢ao reversivel e competitivo pelo sitio ativo da enzima
(REBELLO et al., 2018). O mecanismo catalitico dessas enzimas ¢ caracterizado pela

presenca de dois residuos de Aspartato (Asp) (MARTIN et al., 1999).

As metaloproteases se constituem como um grupo bastante homogéneo de
enzimas com propriedades de degradagdo de compostos proteicos, componentes de
membranas ¢ moléculas que modulam o processo infeccioso de protozoarios em células
hospedeiras (CUEVAS; CAZZULO; SANCHEZ, 2003; NAVARRO et al., 2006) Esta
classe ¢ dependente de metais, sendo indispensavel a presenga de ions Zn™" no sitio

catalitico e os ions Ca'" para sua estabilidade e atividade (SOUZA; LINE, 2006).
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Por isso, varios inibidores sdo estudados para inativagao dos membros dessa classe
enzimatica de grande importancia clinica, onde a principal representante ¢ a
metaloprotease de superficie gp63, fator de viruléncia de diversos tripanossomatideos.
Proteases como Dipeptidylcarboxypeptidase, termolisina e carboxipeptidase A também
sdo alvos para o desenvolvimento de farmacos, cujas propriedades sejam de inibir suas
acOes cataliticas como os agentes quelantes metalicos. Estes inibidores parecem ser do
tipo irreversiveis, uma vez que conseguem interagir de forma covalente a enzima e
prejudicar a conformagao do seu sitio ativo (D’AVILA-LEVY et al., 2014; GANGWAR
etal.,2012; ILLANES, 2008; SOUZA; LINE, 2006).

As peptidases de treonina ainda sdo pouco caracterizadas e com escassos relatos
de possiveis inibidores especificos, torna-se mais desafiador a descricao com detalhes da
sua funcionalidade em muitos organismos. No entanto, foi observada a relacdo da
treonina aspartase 1 com diversas vias de proliferacdo celular e como alvo promissor para
terapia anticancer (CHEN et al., 2010). As treoninas proteases podem estar relacionadas
a formacao do proteassoma, um complexo com multissubunidades de fungao proteolitica
de proteinas dependentes ou ndo de ubiquitina, evento importante para a homeostase
intracelular, pois uma vez ndo contidas, poderiam provocar risco potencial a célula de

diversos eucariotos (MORDMULLER et al., 2006).

Em geral, essas enzimas apresentam um residuo de treonina (Thr) na sua
extremidade N terminal, comprovadamente indispensavel para a clivagem de ligagao
peptidica. Inibidores como epoxomicina aparenta ser irreversivel, pois se liga
covalentemente a estrutura interna do proteassoma, gerando inativagdo consistente e
acumulagdo de proteinas ubiquitinadas. Isso pode ser o inicio para o desenvolvimento de
farmacos no tratamento de véarias doengas, inclusive parasitdrias, j& que diversas
subunidades do proteassoma de Plasmodium e Leishmania, por exemplo, sio
estruturalmente divergentes daquelas encontradas em células do hospedeiro

(MORDMULLER et al., 2006; TSCHAN; MORDMULLER; KUN, 2011).
Planejamento de novos inibidores

Drogas de origens sintética, natural e também estudos por docking molecular (em
portugués, acoplamento molecular) foram utilizados para elucidacdo dos diversos duelos
bioquimicos existentes entre as conhecidas classes de proteases do parasito e seus

inibidores especificos (CARRION; RO; PATTERSON, 2003; GANGWAR et al., 2012).
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Muitos dos estudos denotaram a natureza in silico, de carater teodrico, considerando a
interacdo inibidor-protease, por meio de simula¢des computacionais. Com base na
energia de ligacdo nesse acoplamento inibidor-enzima através dessa biblioteca de
peptideos, foi possivel gerar discussdes aprecidveis sobre a ocorréncia ou nao de inibigao
das referidas enzimas, conduzindo posteriormente estudos de sintese desses compostos

para avaliacdo laboratorial de sua atividade biologica através de ensaios in vitro € in vivo

Nesse sentido, as estruturas cristalinas das enzimas de Leishmania (alvos) como a
Catepsina B sdo pontos de partida para procura moléculas antileishmania. Essas estruturas
podem ser obtidas a partir da Protein Data Bank (PDB) e entdo submetidas a analise no
programa Molegro Virtual Docking (MVD), objetivando a ancoragem de possiveis
ligantes a estrutura da protease (OGUNGBE; ERWIN; SETZER, 2014). Paralelamente a
atividade farmacologica desses ligantes (cdlculo de encaixe molecular e energia de
encaixe usando Molegro Virtual Docker), atribui-se a andlise diretrizes como a regra
proposta por Lipinski et al. (1997), a qual evidencia suas propriedades moleculares

relacionadas a biodisponibilidade como adsor¢do, distribui¢do, metabolismo e excregao.

Tal abordagem por estudos partindo do docking molecular, atentando como alvo
a proteina da Leishmania, racionaliza os esfor¢os laboratoriais e prevé a otimizagdo para
o desenvolvimento de compostos mais seletivos, como por exemplo, os derivados de
tiossemicarbazidas, moléculas bastante versateis e de facil de obtencdo de onde tem
observado seu potencial para o combate de varias doencas, inclusive as parasitarias
(CHOUDHURY et al., 2009; SCHRODER et al., 2013). Uma gama de outras moléculas
sintéticas de diferentes grupos quimicos e at¢ mesmo ions t€m sido testadas quanto a sua
atividade antileishmania, podendo gerar novas opgdes terap€uticas para um futuro uso

clinico.

Independentemente de uma andlise prévia por docking molecular, esses
compostos com potencial inibitorio contra as proteases de Leishmania sdo incubados in
vitro na preseng¢a da enzima alvo e também com o substrato de alta atracdo a protease.
Para avaliar, por exemplo, os efeitos dos derivados de benzofenona sobre a papaina, pode
ser usado o substrato como carbobenzoxy-Phe-Arg-7-amide-4-methylcoumarin. Com
todas as condigdes experimentais controladas, a hidrélise desse substrato pode ser
monitorada pela mensura¢ao de fluorescéncia para determinagdo de uma possivel ICso

por regressdo nao linear (DE ALMEIDA et al., 2015).
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Ja os inibidores naturais sdo moléculas promissoras por agregar uma terapia
eficiente e apresentar baixa toxicidade comparado as drogas convencionais. Por isso, vem
sendo alvos para profundas investigagdes, tendo em vista as véarias aplicagdes clinicas,
principalmente contra as proteases de parasitos. Diversos grupos biologicos sao fontes de
inibidores como os vegetais, em especial, das leguminosas, que a partir de seus extratos
ou moléculas isoladas provenientes de tecidos como os tubérculos e sementes, ja foram
comprovadas inibigdes frente as proteases. Além disso, moléculas purificadas de origem
bacteriana como Streptomyces sp € compostos extraidos de animais como o Stichodactyla
helianthus t€m sido usados para inibir as proteases de Leishmania (PRAMANIK et al.,

2019; SILVA-LOPEZ et al., 2007; SREEDHARAN; BHASKARA RAO, 2017).

Paik et al. (2014) descreveu a obtencdo de inibidores contra serinoproteases a
partir de extratos oriundos de tubérculos de Solanum tuberosum L. A presenca desses
inibidores no extrato foi confirmada pela técnica eletroforética de zimografia reversa. Os
géis renaturados sob condi¢des ndo redutoras contendo o extrato foram incubados em
uma mistura contendo tripsina bovina (Sigma-Aldrich). Posteriormente esses géis foram
corados com Coomassie Brilhante Azul R-250, sendo possivel a visualizagdo dos
inibidores de serinoprotease separados nos géis, os quais formaram bandas coradas com
Coomassie, bloqueando a atividade gelatinolitica da tripsina. A determinacdo de uma
atividade inibitéria como esta pode ainda ser certificada pela atividade hidrolitica residual
de um ou mais substratos especificos do composto de interesse (CARRION; RO;

PATTERSON, 2003; PEREIRA et al., 2011).
Mecanismos de a¢ao dos principais inibidores contra proteases da Leishmania

O entendimento de vias biologicas associadas a viruléncia da Leishmania precisa
ser apontado como uma atitude primaria, tendo em vista a atenuacao da proliferacao do
parasito e o desagravamento da doenca. Estudos como o de Williams et al. (2006)
demostraram que ferramentas bioldgicas como as proteases sdo cruciais para a
manutencdo do parasito na célula hospedeira. Essa informacao se respalda no fato de,
quando deletadas as principais cisteinoproteases (CPA e CPB) ou removidos seus genes,
ocorreram interferéncias na via da autofagia e também nos processos de metaciclogénese
e diferenciagdo celular, eventos ligados as mudancas estruturais e transformacao do

parasito, os quais estdo associadas a sua patogenicidade.
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Tendo em vista a importancia dessas moléculas para a Leishmania, diversos
inibidores foram testados. A tabela 1 mostra diferentes mecanismos de acdo de bloqueio
da capacidade proteolitica da Leishmania por docking molecular ou através de ensaios in
vitro e in vivo na presenga de compostos sintéticos. Os estudos evidenciaram atividade
antileishmania através da diminui¢do da carga parasitaria no hospedeiro em reflexo dos

efeitos citostatico ou situagdes que provocaram diretamente a morte dos protozoarios.

E crucial esclarecer sobre os eventos que provocam a morte desses parasitos na
presenca dos inibidores aqui discutidos, pois os mecanismos sdo distintos daqueles
observados com os medicamentos de segunda linha Anfotericina B ou miltefosina, uma
vez que ndo ocorreu a formacdo de poros na membrana celular ou reagdes que tenha
incitado a apoptose, nem tampouco outros efeitos bruscos como a fragmentacao de DNA
ou a externalizacao da fosfatidilserina. Na maioria dos estudos aqui analisados, percebeu-
se danos mais brandos como defeitos flagelares junto a danos mitocondriais, se
estendendo ainda para um desenvolvimento de resposta imunologica com a producao de
fator de necrose tumoral (TNF), formagao de 6xido nitrico (NO) e espécies reativas de

oxigénio (ROS) (MACHADO et al., 2021; OLIAEE et al., 2020).

Inibidores de serinoproteases como a Aprotinina podem ser os responsaveis pelos
danos flagelares aos parasitos, ja que proteases presentes na bolsa flagelar
(compartimento formado pela invaginagdo da membrana plasmatica) da L. donovani
foram excelentes substratos para o referido inibidor (CHOUDHURY; DAS; BHAUMIK;
etal.,2010; CHOUDHURY; DAS; DE; et al., 2010). A tripsina ¢ uma protease da classe
serino, porém seu papel para o ciclo vital e/ou infeccioso da Leishmania ainda nao foi
claramente elucidado. Entretanto, um inibidor especifico para tripsina foi testado,
promovendo um bloqueio na capacidade proteolitica, efeito esse também relatado com a
utilizagdo de ions, com destaque para inibigdo de 68% pelo Ca™" (CARRION; RO;
PATTERSON, 2003; CHOUDHURY et al., 2009).
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Tabela 1. Relacdo de compostos sintéticos como potenciais candidatos para formulacdo de drogas inibitdrias das proteases de Leishmania spp.

Droga Leishmania spp. Mecanismos de acio Protease alvo Referéncia
PF-429242 L. infantum Inibiu a subtilisina, promovendo estresse oxidativo e modulagdo da resposta imunolégica. Serinoprotease Machado et al.
(2021)
Calpain inhibitor L. braziliensis ~ Efeito leishmaniostatico e altera¢des ultraestruturais concebiveis com autofagia Cisteinoprotease ~ Ennes-Vidal ef al.
MDL28170 (2019)
Inibidor de tripsina L. guyanensis Capaz de bloquear a protedlise da referida enzima Serinoprotease Carrion et al.
(2003)
N-metil piperazina-Phe- L. mexicana Inibicdo de CPA e CPB, interferindo na via de autofagia e evitando a metaciclogénese e Cisteinoprotease Williams et al.
homoPhe-vinil sulfona transformag¢ao de promastigotas em amastigotas. (2006)
Dipeptidil-nitrilas L. infantum Mostrou atividade citostatica em vez de parasiticida contra as duas espécies Cisteinoprotease Quilles et al.
L. amazonensis (2019)
Diazoacetil D-L-norleucina L. mexicana Inibiu completamente a atividade da Catepsina D, provocando efeito antiproliferativo das  Aspartil protease Valdivieso et al.
metil éster (DAN) formas evolutivas promastigotas. (2007)
Aziridine-2,3- L. major Modulou a secreg@o de citocinas em macréfagos, como aumento de interleucina-12 e fator de  Cisteinoprotease ~ Ponte-Sucre et al.
dicarboxylates necrose tumoral a. (2006)
Sulfona de vinil * L. donovani Ambos se mostraram competentes para inibi¢ao contra cisteinas proteases. A sulfona de vinil ~ Cisteinoprotease ~ Desai ef al. (2004)
Inibidor a base de cetona * promoveu ligagdo irreversivel ao substrato, enquanto o uso do inibidor a base de cetona
resultou no bloqueio dos sitios da protease, por meio de um mecanismo reversivel.
Aprotinina L. donovani A protease secretada pela bolsa flagelar do parasito foi um 6timo substrato para este inibidor.  Serinoprotease Choudhury et al.
(2010a, 2010b)
Ca* e Mn?* L. donovani Reduziu a atividade da tripsina em 68% e 60% respectivamente. Serinoprotease Choudhury et al.
(2009)
Anticorpos anti-GP63; L. braziliensis ~ Ambas as abordagens inibiram substancialmente a ligagdo dos parasitas nos vetores naturais. =~ Metaloprotease  Soares et al. (2017)
Fosfoglicanos; L. infantum Os metais quelantes inibiram a ligacdo do parasito ao intestino de vetores do género Lutzomia,
Metais quelantes divalente assim como na adesdo na linhagem celular LL-5, em especial o composto 1,10-fenantrolina.
Peptideo MAAKYN * L. major Impede a ligac@o da protease gp63 a célula hospedeira e inibe cinética de crescimento. Metaloprotease ~ Rhaiem e Houimel
(2016)
Lopinavir L. amazonensis  Inibidor promoveu mudangas ultraestruturais, especialmente em proteases relacionadas a  Aspartil protease  Santos et al. (2009)
L. infantum manutencdo de compartimentos lipidicos, por isso, reflexo na reduc¢do da carga parasitaria.
GNF6702 L. donovani Diminuiu lesdo hepatica induzida pela L. donovani, além de reduzir inchaco plantar causada Treoninoprotease Khare et al.( 2016)
L. major pela L. major. O acimulo de proteinas ubiquitinadas pode ter causado essa redugdo na cultura

de parasitos.

*Estudos de inibi¢do por acoplamento molecular. CPA: Catepsina A; CPB: Catepsina B; gp63: glicoproteina 63
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E notério o desafio da imunossupressdo causada pelos protozoarios. Por isso,
drogas com efeitos inibitdrios agregada a capacidade de promover o desenvolvimento de
uma resposta imunolédgica se mostram ainda mais formidaveis, a exemplo da PF-429242
(MACHADO et al., 2021), inibidor sobre a serinoprotease subtilisina. Além de uma
inibicao contundente, a PF-429242 apresentou capacidade significativa de estimular uma
resposta imunologica através da producao de mediadores inflamatdrios como TNF e NO,

em macrofagos infectados com a L. infantum.

Além do resultado inibitério sobre as cisteinoproteases, multiplas drogas
mostraram capacidade similar de imuno estimulacdo, a exemplo da Aziridine-2,3-
dicarboxylates (PONTE-SUCRE et al., 2006), a qual modulou a secre¢ao de citocinas em
macréfago, como a TNF-a, importante para a génese de uma reacgao inflamatoria e incitar
a producdo de interleucina-12, o indutor da imunidade adaptativa contra microrganismos

unicelulares como o observado em macrofagos infectadas pela L. major.

Em decorréncia da propriedade inibitoria da droga MDL28170, foi constatado
efeito leishmaniostatico comprovado pelas disfungdes celulares encontradas,
especificamente alteragdes ultraestruturais em mitocondrias e outras organelas
membranosas, repercutindo no bloqueio da multiplicacdo desses microrganismos
(ENNES-VIDAL et al., 2019). Agao semelhante foi vista também pelo inibidor
Dipeptidil-nitrilas, suscitando efeito citostatico sobre L. infantum e L. amazonensis,
possivelmente por adesdo covalente sobre estruturas dessas proteases (QUILLES et al.,
2019). O sucesso do protozoario da L. mexicana também foi interrompido na utilizagdo
de derivados de tiossemicarbazonas, pois ocorreu uma interagdo covalente ao grupo tiol,

um importante pilar da agdo catalitica da peptidase cisteina (SCHRODER et al., 2013).

Possivelmente a maior virtude das proteases da classe cisteino esta relacionada ao
desenvolvimento da infectividade como a autofagia, processo de degradacdao de
componentes da propria célula. Esse fendmeno bioldégico ¢ muito relevante para a
Leishmania, pois sucede uma transformacdo celular da forma evolutiva flagelada
promastigota a amastigota no vacuolo parasitoforo do macrofago (REAL; MORTARA,
2012). A utilizacao de drogas como MDL28170 demostrou claramente que a inibicao das
Catepsinas do tipo A ¢ B desses microparasitos sdo determinantes para que os eventos
supracitados fossem interrompidos, com bloqueio adicional da metaciclogénese, evento

correspondente a diferenciagdo de um promastigota prociclica & um promastigota



32

metaciclica (infectante ao hospedeiro invertebrado) pelo composto N-metil piperazina-

Phe-homoPhe-vinil sulfona (ENNES-VIDAL et al., 2019;WILLIAMS et al., 2006).

A atividade das proteases asparticas também parece exercer funcao substancial no
metabolismo dos protozodrios do género Leishmania, uma vez que a inibi¢cdo de algumas
representantes da classe aspartil, resultou em prejuizos celulares significativos como a
antiproliferacdo do parasita, mediante o bloqueio da divisdo celular e efeitos coadjuvantes
como danos ultra estruturais relacionados aos compartimentos lipidicos (SANTOS et al.,

2009; VALDIVIESO et al., 2010).

O composto Diazoacetil D-L-norleucina metil éster (DAN) foi um dos
responsaveis por alguns dos efeitos mencionados previamente, o qual produziu um
espectro inibitdrio de 99% da atividade de aspartilprotease, por meio de ensaio quimico
confirmado pelo uso do substrato especifico Bz-RGFFL-4MBNA para enzimas dessa
classe. O fato de compartimentos lipidicos como lisossomos terem sido deformados com
o uso do DAN, explica o crucial papel da catepsina D, uma protease lisossémica central
para o metabolismo do protozodrio, que quando bloqueada, provocou danos relacionados

ao metabolismo lipidico (VALDIVIESO et al., 2010).

Para além de uma tarefa estrutural, a catepsina D ainda pode assegurar
comportamentos de evasdo que tardam a construcao de uma defesa contra o parasito pelo
hospedeiro vertebrado. Esse fendmeno virulento ¢ esclarecido durante o processo de
maturacao do fagossomo, instante em que a protease atua na fusdo do fagossomo com as
organelas endociticas, resultando na formacgao do conhecido vactiolo parasitéforo. Esse
evento conseguiu ser bloqueado por intermédio de inibidores especificos como a
pepstantina A. Todavia, esse mesmo composto suprimiu a formagdo de uma resposta

imunolédgica Thl e Th2 (BANERIJEE et al., 2016; ZHANG et al., 2000).

Grande parte das atividades citadas também foram consequéncias de farmacos ja
permitidos no uso clinico, como o Lopinavir, usado na terapia antirretroviral. Estudos
correlacionados enfatizaram o sucesso da referida droga ao erradicar ou diminuir culturas
de macréfagos coinfectados com HIV/Leishmania, cenério causador de muitas mortes em
todo o mundo. Tendo em vista os efeitos altamente ativos desse tratamento contra os
protozoarios e também no combate ao virus, a possibilidade do uso Lopinavir em outro

segmento clinico se consolida pela sua eficacia nos referidos estudos, principalmente para



33

tratamento de casos severos causados pela infeccdo simultanea viral e parasitaria

(REBELLO; et al., 2018; REBELLO et al., 2019; SANTOS et al., 2009).

Outra peca primordial no ciclo infeccioso da Leishmania se refere a gp63, uma
metalopeptidase conhecida como leishmanolisina dependente de zinco. Essa enzima
facilita a ligacdo de formas promastigotas metaciclicos aos macrofagos através do
receptor CR3 sem incitar uma explosdo oxidativa, além de expressar uma batalha
bioquimica entre a forma evolutiva amastigota ¢ o meio acido presente no vacuolo
digestivo das células do hospedeiro mamifero, uma vez que consegue degradar as enzimas
lisossomais destas células (SINGH; KUMAR; SINGH, 2012). Mcgwire, Chang e
Engman (2003) observaram a atividade dessa protease na degradacdo da matriz
extracelular no tecido subcutaneo, facilitando o movimento do parasito sob a pele. Esse
fator de viruléncia ainda se estende para a neutralizacdo de componentes da resposta
imune inata, como as células natural killers (NK) por meio de inativagdo direta (LIEKE

et al., 2008).

Ainda pouco relatada, a gp63 se mostra essencial também para a fixacdo do
parasito ao intestino do vetor flebotomineo. A comprovacao desse evento ocorreu quando
a ligagdo do parasito ao intestino médio e as células LL-5 derivadas do Lutzomyia
longipalpis, vetor suscetivel a varias espécies de Leishmania, foi prejudicada na presenga
de anticorpos anti-gp63, situagdo ilustrada na figura 2. No entanto, sao necessarias outras
moléculas como o LPG, para que a agdo junto a gp63 seja potencializada na adesdo dos

protozoarios as células do hospedeiro (SOARES et al., 2017).

Praticas alternativas que atenuam essa ligacdo parasito — hospedeiro via gp63
podem ser observadas a partir da aplicacao de agentes quelantes, compostos que se unem
a ions metalicos divalentes como 0 Zn “". A 1,10-fenantrolina é o exemplo mais sucedido
dessa inibicao comparado aos compostos EDTA ¢ EGTA, uma vez que sua capacidade
quelante sobre o Zn " foi mais eficaz. Um outro composto, o peptideo de sequéncia
descrita como MAAKYN mostrou energia de interacdo minima e complementaridade
maxima de formato com o sitio ativo gp63 da L. major. Esse evento favoreceu um cenario

antileishmania, pois ocorreu inibi¢do da cinética de crescimento do protozoario e redugao
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das lesdes cutaneas nas patas de camundongos (RHAIEM; HOUIMEL, 2016; SOARES
etal.,2017).
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Figura 3. Acdo da metaloprotease gp63 na adesao de promastigotas ao epitélio intestinal
do hospedeiro invertebrado. (A) Apos a intensa multiplicacdo das formas promastigotas
prociclicas e a posterior degradacdo da membrana peritrdfica (estrutura ao redor do bolo
alimentar) do vetor invertebrado, os parasitas precisam se aderir ao epitélio intestinal para
nao serem excretados com o sangue residual. (B) Através da gp63, a adesdo ao epitélio
ocorre e assim, outros estagios de desenvolvimento no ciclo do protozoario sao sucedidos,
como a metaciclogénese (C). A aplicagdo de anticorpos anti-gp63 e o uso de substancias
com a 1,10-fenantrolina inibem a agdo da metaloprotease e por consequéncia, ¢ observado
o insucesso dos promastigotas na adesdo as células do hospedeiro, esclarecendo a

relevancia da gp63 para a infectividade da Leishmania (D).
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Considerando os eventos supracitados, os mecanismos relacionados a gp63
favorecem uma possivel e futura abordagem para enriquecimento terapéutico contra a
leishmaniose provocada por cepas distintas, pois essa metaloprotease ¢ uma chave
indispensavel para a infectividade do protozoario, a qual mesmo exibindo diferengas sutis
em seu padrdo genOmico, esse glicoconjugado ainda apresenta alta identidade de
sequéncia e similar expressdo entre diferentes espécies de Leishmania (D’AVILA-LEVY

etal.,2014).

Ja os eventos bioldgicos relacionados as treoninas, peptidases que se integram
como subunidades de complexos multiproteicos conhecidos como proteassomos, também
merecem uma aten¢ao devida. Isso porque além de estruturar o proteassomo, as treoninas
parecem exercer fungdo substancial para a ativacdo de todo o complexo, ja que
substitui¢ao de residuos de Thr por Cys interrompeu interagdes com outras subunidades

e inativou toda a atividade enzimatica (HUBER et al., 2016).

Em vista disso, o inibidor reportado como GNF6702 se associou especificamente
aos proteassomos de cepas causadoras de LV e LC como L. donovani e L. major
respectivamente. O composto causou ainda o declinio de crescimento das culturas
axénicas de amastigota em macrofagos, refletindo em reducdo da lesdo hepatica e
diminui¢ao do inchago plantar em camundongos previamente infectados com essas cepas.
O argumento de que os proteassomos sao cruciais para o ciclo vital dessas espécies e que,
sua atenuacdo pode ter provocado redu¢do no crescimento dessas culturas ¢ reforcado
gracas as observagdes partindo de avaliagdes bioquimicas, nas quais evidenciaram o
acumulo de proteinas ubiquitinadas, cenario marcado como desordem intracelular pela

insatisfatoria ou ausente agao dos proteassomos (KHARE et al., 2016).

Abordagens atuais inserem também compostos naturais na discussao,
prospectando seus possiveis efeitos inibitorios sobre o desenvolvimento e infectividade
da Leishmania. O levantamento de comparacdes com as substincias sintéticas ja
consolidadas no uso clinico se mostra valido, haja vista a potencial capacidade terapéutica
desses biofarmacos e os possiveis efeitos colaterais reduzidos devido a origem natural,

cenario motivador frente a limitagdo da terapia vigente.

A concepgao de que os compostos de origem bioldgica sinalizam outras vantagens
diante das substancias sintéticas, precisou ser testada, por exemplo, no desempenho de

bloqueio das proteases. Esse principio se confirmou quando inibidores oriundos de
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sementes vegetais exibiram um amplo espectro inibitério, ou seja, a capacidade de
suprimir a atividade catalitica de diferentes classes de peptidases como as serinas e
cisteinas (OLIVEIRA et al., 2007). Arbitrariamente a falta de especificidade de um
inibidor também pode ser considerada uma desvantagem quando o resultado do bloqueio
das proteases ¢ tardio e ndo regular, ja que o arcabouco molecular de cada classe apresenta

residuos unicos e dinamica de acoplamento distinta.

No cenario antileishmania, a pesquisa visando compostos com as caracteristicas
relatadas € pertinente, pois dentre as alternativas terapé€uticas, sdo inexistentes abordagens
que albergam inibidores contra moléculas tao relevantes como as proteases, e ainda menor
o uso de substancias oriundas de fontes biologicas. Atentando propostas dessa natureza,
compostos naturais com potencial de bloqueio da capacidade catalitica dessas enzimas
foram testadas através do uso de extratos, peptideos isolados ou por acoplamento

molecular, como ilustra a tabela 2.

Os vegetais sao os principais organismos de onde muitos inibidores sao obtidos,
a exemplo da espécie Garcinia brasiliensis, uma arvore nativa brasileira. O extrato de
acetato de etila do pericarpo de seus frutos promoveu efeitos inibitorios consideraveis
sobre tripsina e papaina, proteases de diferentes classes. O grau de bloqueio dessas duas
enzimas foi ainda mais significativo quando a fukugentina, um metabdlico secundario da
classe dos flavonoides obtido do mesmo extrato foi testado, confirmando sua capacidade

antileishmania sem provocar toxicidade as células de mamifero (PEREIRA et al., 2011).
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Tabela 2. Relagdo de compostos naturais como potenciais candidatos para formulagdo de drogas intentando a inibi¢ao das proteases de Leishmania

Spp.
Droga Leishmania spp. Mecanismos de a¢ao Protease alvo Referéncia
Streptomyces sp BVK2 (Bactéria) L. donovani Redugdo drastica no crescimento do parasita Serinoprotease Sreedhara e Rao
(2017)
Extrato do tubérculo da batata L. donovani Produgdo de ROS ¢ NO Serinoprotease Paik et al.
(PTEx) (2014, 2016)
Extrato de Coccinia grandis (L.) L. donovani Redugdo da carga parasitaria e producdo de NO e NOS e efeito Serinoprotease Pramanik et al.
Voight imunomodulador na producao de citocinas Thl e supressdo de citocinas Th2. (2017, 2019)
Fitoquimicos fenolicos* L. major Nenhum dos compostos mostrou atragdo pela CPB, mas conseguiu bloquear  Cisteinaprotease;  Ogungbe, Erwin
L. donovani a atividade da protease oligopeptidase B da L. major. Serinoprotease e Setzer (2014)
Inibidor obtida da Stichodactyla L. amazonensis  Alteragdes estruturais drasticas em promastigotas em decorréncia da inibig¢ao Serinoprotease Silva-Lopez et
helianthus (Animal) das proteases serino localizadas na bolsa flagelar. al. (2007)

Morelloflavone isolados da Garcinia L. amazonensis Forte acdo inibitéria contra diferentes isoformas de proteases cisteinas, além  Cisteinoprotease Gontijo et al.
brasiliensis L. mexicana de suprimir cinética de crescimento das formas promastigotas e amastigotas. (2012)

Extratos etil acetato e Bioflavonoide L. amazonensis Inibi¢do das proteases papaina e tripsina pelo extrato e mais Cisteinoprotease; Pereira et al.
Fukugetina obtidos do pericarpo dos significativamente pelo bioflavonoide. Nao houve efeitos toxicos as células Serinoprotease (2011)

frutos da G. brasiliensis de mamiferos.

Extratos de Miconia willdenowii L. amazonensis Atividade inibitoria de 99.7% das formas promastigotas através do Aspartilprotease Viegas et al.

metabélito bioativo 2-methoxy-6-pentylbenzoquinone. (2019)
Extrato hexanico da Arrabidaea L. amazonensis A atividade catalitica foi drasticamente inibida, sucedendo perdas de  Cisteinoprotease  Rodrigues et al.

chica L. infantum conteudo em varias organelas e prejudicando a infeccdo dos protozoarios em (2014)

macréfagos.

*Estudo de inibi¢ao por acoplamento molecular. CPB: Catepsina B.



38

Da mesma espécie vegetal, outros bioflavonoides como moreloflavona foram
isolados, propiciando também que alguns derivados fossem semissintentizados. O ensaio
realizado bloqueou a capacidade catalitica de L. amazonensis e L. mexicana, sendo os
alvos proteicos correspondentes a classe cisteina. Por essa razao, efeitos prejudiciais ja
previstos como a reducao da cinética de crescimento dos parasitas foi confirmada pela

morte das formas evolutivas promastigotas e amastigotas, em especial pelos derivados

semissintetizados (GONTLO et al., 2012).

Em algumas situacdes de uso de produtos naturais sdo necessarias intervencdes na
estrutura molecular com o objetivo de estabiliza-lo, potencia-lo ou solucionar problemas
de toxicidade, necessidade imposta pela degradacdo répida e/ou pela complexidade
molecular das biomoléculas (DAHER et al., 2020). Essa tatica ¢ comum e, portanto,
eficaz na exploragao de drogas com potencial terapéutico, cenario possivelmente similar
com os derivados de bioflavonoides semissintetizados, devido ao seu maior sucesso
quando comparado com os compostos isolados, os quais foram usados diretamente sem

modificagdo quimica em sua estrutura.

Representantes fenolicos da classe dos flavonoides aparecem como alternativa
paralela intentando igualmente a erradicacao da Leishmania, via bloqueio das proteases.
Chalconas e isoflavoinoides, por meio de andlises in silico encaixaram-se quimicamente
na estrutura da oligopeptidase B da L. major, uma enzima da classe serino de alta

relevancia na viruléncia do género (OGUNGBE; ERWIN; SETZER, 2014).

Outras espécies vegetais exibiram também capacidade de inibir o crescimento in
vitro de Leishmania spp. O crescimento das formas promastigotas da L. amazonensis, por
exemplo, foi inibida em contato com o metabolito bioativo 2-methoxy-6-
pentylbenzoquinone, oriundo de folhas da Miconia willdenowii (VIEGAS et al., 2019).
Testes bioguiados anteriores demonstraram que extratos de algumas espécies de plantas
do género Miconia conferem elevados graus inibitorios sobre culturas diversas de
microrganismos em razdo da presenca de inibidores de proteases asparticas (LI et al.,

2001).

O extrato da Arrabidaea chica se mostrou competente para bloqueio de
crescimento das culturas de L. amazonensis e L. infantum. A agdo catalitica de peptidases
cisteinas foi comprovadamente bloqueada em contato com uma das fragdes do extrato

hexanico das folhas da espécie (1:1 n-hexano/acetato de etila). Efeitos drasticos no
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conteudo intracelular dos parasitas foram demonstrados como altera¢des no complexo de
Golgi, danos mitocondriais severos além de formato anormal das promastigotas.
Conjuntamente, o inibidor de protease ainda provocou o insucesso dos protozoarios ao
infectarem os macrofagos. Mesmo com redugdao da atividade de metaloproteases, as
fragdes a partir do extrato hexanico de A. chica foram menos efetivas quando comparadas

com as cisteinoproteases (RODRIGUES et al., 2014).

E necessario evidenciar que os efeitos sobre as cisteinoprotease até aqui
apreciados contribuiram no esclarecimento de como a agdo de seus inibidores afetam as
vias celulares do parasito. Logo, os danos causados pelo inibidor oriundo da A. chica,
combinam com aqueles provocados pelo composto sintético MDL28170, em que ambos
ocasionaram danos ultraestruturais nas mitocondrias (ENNES-VIDAL et al., 2019;

RODRIGUES et al., 2014).

O mecanismo mais comum para que estes efeitos tenham sido orquestrados
envolve a dissipacdo ou disfuncao do potencial elétrico transmembrana da mitocondria,
0 que resultou em transi¢cdes anormais da membrana, provocando inchago intenso e danos
mitocondriais mais intensificados como o rompimento da organela (MARINHO et al.,

2014; MONZOTE et al., 2014).

Assim como alguns compostos sintéticos, produtos derivados de plantas ainda
propiciaram por meio da inibi¢do de proteases da classe serina, a modulagdo de uma
resposta imunologica. Extrato das folhas de Coccinia grandis (L.) Voight induziram uma
resposta protetiva em camundongos imunodeficientes infectados previamente com a L.
donovani. A carga parasitaria em figado e bago foi reduzida em decorréncia da producao
de ROS e NOS (PRAMANIK et al., 2019). Adjunto a esses efeitos, ensaios anteriores
exibiram a capacidade dos inibidores proteicos presentes no extrato, de aumentarem a
producao de citocinas Thl, supressores da multiplicacdo parasitaria (IL-12, TNF-a), ao
mesmo tempo que regularam negativamente citocinas Th2 (IL-10, TGF-p), relacionadas

a suscetibilidade e incapacidade de controle parasitario (PRAMANIK et al., 2017).

O uso de fragdes preparados com bissulfito de sddio a partir do extrato bruto de
tubérculos de batata (Solanum tuberosum L.) bloquearam a a¢do das enzimas tripsina e
quimiotripsina que parecem exercer assim como outras proteases um papel favoravel no
desenvolvimento e multiplicacao dos protozoarios de L. donovani, ja que a viabilidade

parasitaria foi suprimida e os macrofagos infectados ficaram significativamente livres da
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carga de parasitos. Esses resultados decorreram da geragao exacerbada de ROS e NOS e
ndo houve efeitos citotoxicos. Uma resposta inflamatoria protetiva ainda foi gerada pela
supressdo de diversas citocinas Th2 e produgdo substancial de citocinas Thl (TNF-a,
IFN, e IL-12) que permitem ao hospedeiro o controle eficaz da infec¢do (PAIK ef al.,
2014, 2016).

Outras fontes naturais podem ser ricas em inibidores de proteases como os
microrganismos. Actinobactérias marinhas sdo Gram-positivas e desempenham um papel
simbiotico com outros organismos. Os produtos derivados dessas bactérias ja sdo
aplicados nos segmentos clinicos, agricolas e farmacoldgicos. Uma inibi¢cao de 87% sobre
a protease tripsina foi detectada a partir de seu extrato bruto, provocando um nimero
significativo de morte das formas amastigotas infectantes de macréfagos
(SREEDHARAN; BHASKARA RAO, 2017). Mesmo com poucos relatos sobre os
inibidores de proteases provenientes de microrganismos, a andlise desses produtos

naturais para um possivel uso clinico contra a leishmaniose ¢ fundamental.
Conclusio e perspectivas

Mesmo com os altos progressos envolvendo o tratamento da leishmaniose, essa
doenca ainda ¢ considerada negligenciada em razao de um numero limitado de pesquisas
direcionadas a esse contexto. Os protozoarios da Leishmania apresentam vasto repertorio
de moléculas importantes para seu crescimento, desenvolvimento e patogenicidade.
Assim, torna l6gico e, portanto, encorajador os esforcos cientificos para atenuar o

crescimento do parasito através desses alvos moleculares.

A abordagem das proteases e seus inibidores realizadas por esse estudo pode
oferecer recursos para compreensao desses mecanismos bioldgicos e desta forma, motivar
o surgimento de uma perspectiva terapéutica considerando o uso de inibidores mesmo
que conjugado a drogas ja permitidas no uso clinico. Os resultados apreciados por esta
revisdo podem ainda fomentar a pesquisa de outras doengas infecciosas, cujos os

mecanismos sejam intermediados pelas proteases.
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Abstract

Bioactive compounds intended to inhibit proteases of pathogenic microorganisms, one of
main molecule promoting resistance factors in Staphylococcus aureus and Candida
albicans, have been intensively studied. This work aimed to evaluate a trypsin inhibitor
isolated from Enterolobium contortisiliquum (EcTI) against virulence factors of S. aureus
and C. albicans. This compound did not demonstrate bactericidal activity at
concentrations of 4 to 2.048 pug/mL, but proved to be a potential antivirulent agent, since
it was shown to block expressively the formation of the staphyloxanthin pigment in many
concentrations (400, 200 and 100 pg/mL). The EcTI showed significantly reduced
percentage of hemolysis, mainly at 400 pg/mL when compared with S. aureus untreated
and impaired its biofilm formation subtly. Although the effects of EcTI on the viability
of C. albicans cells has not been successful, this inhibitor also proved to be a great agent
against fungi virulence, by significantly inhibiting biofilm formation,at 400 ng/mL. The
EcTI also incited the rupture of the mature biofilm of C. albicans even if dose-
dependently. It was concluded that EcTI was a excellent antivirulence agent and
emphasizes the importance of also evaluating the effect of EcTI in multidrug-resistant

strains.
Keywords: Staphylococcus aureus. Candida albicans. Virulence. EcTI.
Introduction

Infectious diseases caused by opportunistic pathogens such as Staphylococcus
aureus and Candida albicans have become major threats to global public health due to
clinical complications that cause high mortality in humans (GUO et al., 2020). These
species colonize surfaces of healthy individuals as skin and mucous membranes, under
normal conditions. However, opportune situations as immunosuppression can cause
invasive infections such as sepsis and candidiasis, clinical manifestations caused by the

bacteria and fungi respectively (RUNGELRATH; DELEO, 2021).

Most of these problems caused by S. aureus and C. albicans occur due to virulent
mechanisms such as biofilm formation, which is an essential resource for pathogen
colonization and resistance to drugs commonly used. This resistant strains to their
respective therapies have caused immense health concern at a global level, and there is a
strong exploration for new drugs, targeting proteases, the main virulence factors (WU et

al., 2021).
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Proteases show catalytic capacity on peptide bonds and are associated with
bacterial and fungal virulence actions against host defenses, being a promising target for
drug development, for example the serine proteases, which are present in S. aureus and
C. albicans, exhibiting an important role in biofilm formation (ALENCAR DE BARROS
etal.,2021; STANISZEWSKA et al., 2017). In possession of this information, protease
inhibitors are seen as possible solutions against the virulence factors of these

microorganisms.

The pharmacological potential of several plant species has been explored,
including their impacts on protease blockade. Enterolobium contortisiliquum (Vell.)
Morong is a leguminosae with wide ecological plasticity and it occurs in the South
America. In Brazil, this species is found mainly in Atlantic Forest, Cerrado and Caatinga
phytogeographic domains. Their seeds are rich sources of bioactive compounds, as the
Kunitz — type inhibitor, molecular weight 19,63 kDa known as EcTI (E. contortisiliquum
Trypsin inhibitor), capable to inhibit trypsin, chymotrypsin, plasma kallikrein and
plasmin (BATISTA et al., 1996). EcTI is already known for its versatility in biological
effects, as insecticidal activities and cytotoxic action on tumor cell lines (BONTURI et

al.,2018; DA SILVA FERREIRA et al., 2019).

There are still no reports about the effects of EcTI on the attenuation of the
virulence of pathogenic microorganisms. For this reason, this study investigates the

effects of EcTI against S. aureus and C. albicans virulence factors in in vitro assays.
Materials and Methods
Purification of EcTI

The purification of EcTI was performed as described previously (Batista et al.,
1996). The seed proteins were extracted by swelling 30 g of the seed with 300 ml1 0.15 M
NaCl. After homogenization, the material was centrifuged at 3000 rpm and the
supernatant wastaken as the starting material (crude extract), which was initially
precipitated with 80% (v/v) acetone. The resulting precipitate was redissolved in 50 mM
TristHCL buffer pH 8.0 and applied to a DEAE-Sepharose ion-exchange
chromatography column which was equilibrated in the same buffer and eluted using a
linear gradient of NaCl from 0 to 0.5 M, EcTI being eluted at a concentration of

approximately 0.15 M NaCl.
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Strains

The antivirulence activity of EcTI was further analyzed against a collection of
isolates of S. aureus and C. albicans deposited in the Microbial Collection of Antibiotics
Department from Federal University of Pernambuco (UFPEDA). The standard strains S.
aureus ATCC 02 and C. albicans ATCC 90025 were used, corresponding to the assays

against the virulence factors of the bacterial and fungal, respectively.
Antibacterial Assay

Minimal inhibitory concentration (MIC) was determined by broth microdilution
method. Initially, overnight bacterial culture was prepared on Mueller Hinton Agar
(MHA) plates. Then a bacterial suspension at 1.0 x 105 CFU/mL was prepared in saline
solution (0.9% NaCl). EcTI (4-2.048 pg/mL) was serially diluted in microplates
containing 100 pL of Mueller Hinton Broth (MHB). Each well received 100 pL of
bacterial suspension, except the wells used as sterility control. In negative control, it was
saline solution (0.9% NaCl). The plates were incubated at 37 °C and, after 24h, wells
received 20 pL of 0.01% (w/v) resazurin solution to follow bacterial growth. MIC was
determined as the concentration of the last well where there was no change from purple

to pink (BEZERRA FILHO et al., 2020).
S. aureus Biofilm Formation

S. aureus ATCC 02 strains are capable of forming biofilms, so they were tested in
the presence of EcTI concentrations (400, 200, 100 and 50 pg/mL), according to the
methodology described by Trentin ef al. (2011). The assay was performed in microplates
containing 20 pL of inoculum adjusted to 1.0 x 10 CFU/mL, 160 uL of MHB and 20 pL
of EcTI, in the wells corresponding to the treated groups. After incubation for 24h at 37
°C, the contents were removed and the wells were washed three times with sterile saline
(0.9% NaCl). Adhered cells were fixed at 60°C for 1h. The biofilm layer formed was
stained with 0.4% crystal violet for 15 min at room temperature. Subsequently, the wells
were washed three times and then methanol (100%) was added. Optical density (OD) was

visualized at 600 nm.
Staphyloxanthin (STX) Inhibition

Overnight cultures of S. aureus ATCC 02 were diluted (1:100) in Lysogeny broth

(LB) medium and samples (1 mL) of this suspension were incubated with final
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concentrations of EcTI (400, 200 and 100 ug/mL). After overnight incubation at 37°C,
the eppendorf tubes were centrifuged (10,000 r/min for 10 min), suspended with 1 mL of
phosphate-buffered saline (PBS), and re-centrifuged. Following the total carotenoid
pigments [including staphyloxanthin (STX)] in each pellet were extracted using in
methanol (0.2 mL) and incubated for 3 min at 55°C. The methanol phase (supernatant)
and cell debris were separated by centrifugation (10,000 r/min for 10 min) and the pellets
were submitted to entire pigment extraction procedure three more times. Finally, the

absorbance was determined at 465 nm (SILVA et al., 2017).
Antihemolytic Analyse

S. aureus ATCC 02 overnight cultures were diluted at 1:100 in fresh LB and
cultured with concentrations of EcTI (400, 200 and 100 pg/mL) at 37°C. After 16h (to
guarantee a constant number of bacteria present in experiment), 50 pL of culture
supernatant was added to 1 mL of 3% human erythrocytes solution from a healthy donor.
The mixture was incubated at 37°C for 1h with 250 r/min shaking. The supernatant was
collected by centrifugation at 10,000 r/min for 10 min. The solution were then

photographed and the OD was measured at 540 nm.
Anticandida Assay

For determination of Inhibitory Concentration 50% (ICso), the C. albicans ATCC
90025 was cultured in RPMI 1640 medium. For use in the assays, the density of the
cultures was adjusted turbidimetrically at a wavelength of 600 nm to 1.0 x 10’ CFU/mL.
EcTI (12,5-800 pg/mL) was serially diluted in microplates containing RPMI 1640
medium. Next, all wells (except the first) were inoculated with 100 pL of the fungal
culture. The first well contained only the RPMI 1640 medium and corresponded to the
sterility control. The second well corresponded to the 100% growth control (negative
control) and fluconazole at 500 pg/mL was used as positive controle. The OD at 600 nm
was measured (Oh) and then the assay was incubated at 37 °C for 24h. After this period,
the OD was recorded again. The ICso was determined as the maximal EcTI concentration

able to promote a reduction higher to 50% in comparison with the 100% growth control.
C. albicans Biofilm Formation

C. albicans overnight cultures were diluted (1:100) in RPMI 1640 medium. For
the biofilm formation, the C. albicans suspended (1.0 x 107 CFU/mL) was incubated in
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96-well microplates at 37°C for 90 min with 75 rpm gentle shaking. After this cell
adhesion step, the wells were washed twice with 200 pL of PBS and receveid
concentrations of EcTI (800, 400 e 200 pg/mL). One well (containing microorganisms in
the absence of the EcTI) corresponded to the 100% growth control (negative control).
Each well received 100 pL of fungal suspension and for the positive control used the
fluconazole and amphotericin B at 500 ug/mL. Thus, the microplate was incubated for
48h. After this period, the wells were washed three times with 200 pL of PBS and then
100 pL of crystal violet was added, incubating again for 20 min. Subsequently, the wells
were washed three times with 200 uL of distilled water and after drying for 2 h, 200 uL
of methanol P.A. was added. At the end, 100 pL of each well were transferred to a new
microplate and biofilm formation was evaluated using the OD difference between the
biofilms formed in the presence of EcTI and the other groups, reading the absorbance in

a spectrophotometer adjusted at 595 nm (SANTOS et al., 2020).
C. albicans Biofilm Disruption

After 48h of incubation, the microplates with the formed biofilms were washed
twice with 200 pL of PBS. Then, EcTI was added at concentrations (800, 400 and 200
pug/mL) and incubated for 48h. After this period, the wells were washed twice with 200
uL of PBS and then added 100 pL of crystal violet, incubating again for 20 minutes. The
wells were washed with 200 pL of distilled water. After drying for 2 h, 200 uL of
methanol P.A. was added. At the end, 100 pL of each well were transferred to a new
microplate for reading and analysis of the absorbance in a spectrophotometer adjusted at

595 nm.
Statistical analysis

Statistical analyses were performed using the software GraphPad Prism version
8.0. Data were analyzed by one-way analysis of variance (ANOVA). Dunnett's multiple
comparisons test was used following the ANOVA for comparisons. In all cases

differences were considered significant at p < 0.05.
Results and Discussion
Bactericidal Assay

The proteases of many microorganisms are key to the mechanisms not only to

their survival, but also to the actions against the host defenses. In this way, it is important
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to invest in the attenuation of target molecules, which provides substantial alternatives in
terms of blocking the proliferation of the pathogen, just like in overcoming the existing
problems regarding the resistance of drugs used in current therapy. Here, the analyzes
using the serine protease inhibitor EcTI, through a microtiter assay to determine a possible
MIC, according to the methodology proposed by Bezerra Filho et al. (2020),
demonstrated no bactericidal or even inhibitory effect on the growth of strain S. aureus

ATCC 02 (data not shown).

However, earlier works the study by Shahat et al. (2008) showed that S. aureus
expressed high sensitivity to essential oil from E. contortisiliqguum seeds. In general,
essential oils present in their composition several organic compounds of different
chemical groups, as terpenes and phenylpropanoids which are responsible for the known
biological activities (EL-SAID et al., 2021). Therefore, the presence of secondary
metabolites such as carvone and estragole present in this essential oil of E.
contortisiliqguum may have managed a synergistic action, causing the bactericidal effect

(SHAHAT et al., 2008).
S. aureus Biofilm Formation

Biofilm formation was subtly impaired when S. aureus ATCC 02 was incubated
in the presence of EcTI concentrations (400, 200, 100 and 50 pg/mL). The figure 1 shows
the relation biofilm formation/concentrations of EcTI quantitatively, when even at higher
concentration as 400 pg/mL, the trypsin inhibitor was able to significantly inhibit this

virulence factor of S. aureus.

Biofilm formation is a necessary behavior for bacteria such as S. aureus, since this
agglomeration of cells embedded in extracellular heterogeneous matrix helps in the
exchange of nutrients and acts to protect against harmful agents, as antibiotics
(ALENCAR DE BARROS et al., 2021). Therefore, bacteria with the ability to form
biofilms present an arduous challenge in combating the persistence of the pathogen,
because these bacteria are less susceptible to bactericidal agents than planktonic cells

(ROY et al., 2018).

The formation of the S. aureus biofilm, crucial for the adaptation and development
of chronic infections, occurs due to the proteolytic action of proteases as trypsin, which
are synthesized as a result of various gene-mediated regulatory complexes

(TUCHSCHERR et al., 2015; XUE et al., 2019). It is known that most antibiotics have
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cationic sites that are easily destroyed by trypsin of the pathogen, for this reason, the
logical intention of testing inhibitors against this protease to provide new therapeutic
perspectives (LI et al., 2007). Even without complete inhibition of the biofilm, EcTI

impaired the stability of this virulence fator.
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Figura 1. Bacterial suspension with 1.0 x 10® CFU/mL treated with (A) culture medium
(control), (B) EcTT at 50 pg/mL, (C) EcTI at 100 pg/mL, (D) EcTI at 200 pg/mL and (E)
EcTI at 400 pg/mL. The percentage represent the mean + standard deviation of
experiments performed in triplicate. The symbols “*”” and “**” indicate the experimental

systems were considered statistically significant when compared to control with

(p=0,0149) and (p= 0,0015) respectively.

Staphyloxanthin (STX) Inhibition

Although the absence of an bactericidal effect of EcTI on the growth of S. aureus,
this inhibitor proved to be a potential antivirulent agent, since it was shown to block
expressively the formation of the STX, as shown in figure 2. This effect is evident in all

EcTI concentrations, with a more significant impact at 200 pg/mL.
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Figura 2. Bacterial suspension with 1.0 x 10 CFU/mL treated with (A) culture medium
(control), (B) EcTI at 100 pg/mL, (C) EcTI at 200 pg/mL, (D) EcTI at 400 pg/mL. The
percentage represent the mean + standard deviation of experiments performed in
triplicate. Symbol “*” indicate significant differences between untreated group and EcTI

treatment in all concentration (p < 0,0001).

The STX is golden yellow carotenoid pigment produced by 90% of S. aureus
isolated from human infections and is characterized as a promoter of favorable
environmental conditions during the infectious process, since its antioxidant properties
improve the invasion and permanence in neutrophils and macrophages, ensuring longer
survival time than those that non-pigmented strains. The fact that this pathogen evades
the host phagocyte defenses such as reactive oxygen species (ROS), highlights it as an
essential virulence factor for S. aureus (XUE et al., 2019; ZHANG et al., 2018).

Taking into account the critical role of this pigment for the persistence of
infection, the STX inhibition by natural compounds as EcTI clarified by this study, opens

the way to further investigations especially to antibiotic resistant bacteria.
Antihemolytic Analyse

Along with the already known pathogenicity mechanisms of S. aureus, the ability
to cause hemolysis stands out, due to the presence of exotoxins such as hemolysin (KIM
et al., 2021). This behavior is essential for bacterial intracellular invasion to occur. Due

to this hemolytic action, there is an increase in the sensitivity of many host cells to S.
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aureus, which delays the healing process and relates it to more severe implications such

as sepsis and pneumonia (LEE et al., 2014; PUTRA et al., 2019).

The overnight culture treated with EcTI concentrations, showed significantly
reduced percentage of hemolysis when compared with to overnigh culture S. aureus
ATCC 02 without EcTI (Figure 3). This finding supports EcTI as a promising antivirulent
agent against clinically important strains, even though this serine protease inhibitor did
not have any effect on bacterial growth. The figure 4 qualitatively demonstrates the effect

of this trypsin inhibitor on the ability to hemolysis.
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Figure 3. Bacterial suspension with 1.0 x 105 CFU/mL treated with (A) culture medium
(control), (B) EcTI at 100 ug/mL, (C) EcTI at 200 pg/mL, (D) EcTI at 400 pg/mL. The
percentage represent the mean + standard deviation of experiments performed in
triplicate. Symbol “*” indicate significant differences between untreated group and EcTI

treatment in all concentration (p < 0,0001).
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Figure 4. Qualitative effect of EcTI on the hemolysis capacity of S. aureus ATCC 02 (A)
eppendorf without ovenight culture (negative control), (B) ovenight culture adjusted to
1.5 x 10° CFU/mL untreated (positive control), (C) overnight culture treated with EcTI
at 400 pg/mL, (D) overnight culture treated with EcTI at 200 pg/m and (E) overnight
culture treated with EcTI at 100 pg/mL.

Natural compounds have induced similar effects of EcTI by exhibiting antivirulent
potential without bactericidal activity. This characteristic is considered, by the way, as
preferable in the current circumstance of multidrug-resistant strains, since the intention
to reach very specific targets decreases the possibility of developing resistance to these
drugs (LEE et al.,2012; YIN et al., 2022). Thus, peptides from various biological sources
can provide more favorable pharmacodynamic properties compared to conventional
antibiotics, because they are more refractory to the evolution of resistance (LAZZARO;

ZASLOFF; ROLFF, 2020). In this sense, the EcTI fits these conditions.

Due to the serious problem that is bacterial resistance, a viable alternative is the
combination of antibiotics with compounds that exhibit activity against specific targets
of multidrug-resistant strains, like the protease inhibitor (OLIVEIRA et al., 2020). The
combination of antibiotics against resistant bacterial infections has already been proven
to reduce the mechanisms important for resistance, but the incidence of acute kidney
injury has been highly prevalent (COATES et al., 2020). This resistance problem and the
challenge on side effects propose the protease inhibitors of natural origin as an attractive

for possible combinations in antimicrobial therapy and against virulence factors.

Anticandida Assay
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The infections caused by C. albicans also constitute serious public health
problems due to the increase in cases that lead to mortality, mainly due to the existence
of virulence factors of many strains against the host defenses and also to the indices of
resistance to antifungal drugs such as fluconazole. (ANJOS et al., 2020). The fluconazole
is a fungistatic agent that exerts an inhibitory effect on enzymes that participate in
ergosterol metabolism, compromising cell membrane integrity (NIVOIX; LEDOUX;
HERBRECHT, 2020).

These problems highlight the imperative of evaluating new molecular targets of
these microorganisms such as trypsin-type proteases, based on the fact that many plants
are resistant to fungal infection due to the natural production of trypsin inhibitors. In this
way, the EcTI was tested to prove possible effects on C. albicans growth and, therefore,
to determine the ICso. The analysis using the serine protease inhibitor EcTI in an attempt

to obtain ICso against fungal suspension did not show significant effects (data not shown).
C. albicans Biofilm Formation

Although ICso on C. albicans cell growth do not show satisfactory effects, the
EcTI proved to be a viable agent by significantly impairing C. albicans ATCC 90025
biofilm formation. The Figure 5 shows the action on biofilm formation of different EcTI
concentrations (200, 400 and 800 pg/mL) compared to the group without the presence of
this trypsin inhibitor (negative control), in addition to fluconazole and amphotericin B

(positive control).

It was possible to observe an inhibitory spectrum of the C. albicans biofilm at all
concentrations. Wells of 400 pg/mL showed even more promising results, since it
provided a lower biofilm formation (%) compared to the positive control fluconazole (500
ng/mL). Although of the existence of a higher concentration, wells with EcTI at 800
ug/mL did not provide less biofilm formation (%).

Even as other pathogenic microorganisms, C. albicans manifests indispensable
strategies to evade the host defenses. These virulence factors materialize with the biofilm
formation, due to intense protease activity to effect the production of this fungal
community, since the secretion of proteolytic enzymes is increased when colonies grow

in the form of a biofilm (STANISZEWSKA et al., 2017).
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Figure 5. Effect of EcTI on the C. albicans biofilm formation. (A) culture adjusted to
1.5x 10" CFU/mL untreated (negative control), (B) culture treated with EcTI at
200 pg/mL, (C) culture treated with EcTI at 400 pg/mL, (D) culture treated with EcTI at
800 pg/mL, (E) culture treated with Fluconazole at 500 pg/mL (positive control) (F)
culture treated with Amphoteric B at 500 pg/mL (positive control). Porcentage are
expressed as the mean =+ standard deviation of experiments performed in triplicates.
Symbols indicate significant differences between untreated group with EcTI treatment

and positive control. In all the cases, p value was < 0.05.

Fluconazole and amphotericin B used as positive controls in the present assay
proved to be effective, as expected, in impairing the construction of the C. albicans
biofilm. Although their respective and known fungistatic and fungicidal action, fungal
resistance has occurred against these drugs already used in current therapy due to
ineffective action on the pathogen target. In addition, the existence of severe side effects,
mainly from amphotericin B, makes it important to search for new perspectives for an

effective therapy (NIVOIX; LEDOUX; HERBRECHT, 2020).

EcTI generated satisfactory effects by significantly inhibiting biofilm formation,

even more than fluconazole. Thus, these results suggest that the proteolytic action of C.
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albicans 1s indispensable for the construction of biofilms and the use of protease inhibitors

such as EcTI may contribute to block this fungal mechanism.
C. albicans Biofilm Disruption

The EcTI also incited the rupture of the mature biofilm even if dose-dependently.
Figure 6 reveals that EcTI at 800 pg/mL was possible to observe a significant disruption
of this biofilm, at a similar rate to fluconazole at 500 ug/mL. Even with the unexpected
finding that the present compound did not enable an effective activity in inhibiting the
growth of C. albicans cells, but has been able to exhibit a drastic effect against the already
consolidated biofilm, it is essential that protease inhibitors are on the radar in order to

propose new solutions against this virulence factor.
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Figure 6. Effect of EcTI on the C. albicans biofilm disruption. (A) culture adjusted to
1.5x 107 CFU/mL untreated (negative control), (B) culture treated with EcTI at
200 pg/mL, (C) culture treated with EcTI at 400 pg/mL, (D) culture treated with EcTI at
800 pg/mL, (E) culture treated with Fluconazole at 500 pg/mL (positive control) (F)
culture treated with Amphoteric B at 500 pg/mL (positive control). Porcentage are

expressed as the mean = standard deviation of experiments performed in triplicates.
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Symbols indicate significant differences between untreated group with EcTI treatment

and positive control. In all the cases, p value was < 0.05.

Inhibitors of other classes such as those against aspartyl proteases have also been
intensively tested for their antifungal and antibiofilm effects and although the success in
the activities presented by Santos ef al. (2021) as a decrease in planktonic cell growth, in
addition to blocking adhesion in epithelial cells together with the negative influence on
biofilm formation, is still evident the challenge of dismantling a mature biofilm, as the
EcTI did. Therefore, this trypsin inhibitor isolated from E. contortisiliquum seeds presents

itself as a potential agent against C. albicans virulence factors.

Conclusion

This study provides the first report about the effects of EcTI against virulence
factors of microorganisms of great clinical importance. Although it does not show
bactericidal activity against S. aureus and is not effective in inhibiting the C. albicans
growth, the tests performed showed the potential of this trypsin inhibitor against the
invasive mechanisms of S. aureus (biofilm formation, STX and hemolysis action) and C.
albicans (biofilm formation and biofilm disruption), due to the specific target reached
such as trypsin protease, key molecule that substantially influences the virulence of these
strains. In this sense, it emphasizes the importance of also evaluating the effect of EcTI
in multidrug-resistant strains as well as combining this inhibitor with compounds that
exhibit known bactericidal and antifungal activity, in order to further observe its
pharmacodynamic potential and thus propose a therapeutic perspective attempting to

control severe clinical complications.
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5 CONCLUSAO

e O EcTI ndo apresenta efeito bactericida;

e Os importantes mecanismos virulentos de S. aureus ATCC 02 como producao de
estafiloxantina e capacidade de causar hemodlise foram significativamente
reduzidos na presenga desse inibidor de tripsina;

e O inibidor, apesar de ndo exercer uma efetiva acdo sobre o crescimento de C.
albicans ATCC 90025, foi um excelente agente antivirulento ao inibir a atividade
da tripsina, e, portanto, prejudicar a formagao de biofilme e provocar a quebra do
biofilme maduro;

e O uso de inibidores de tripsina tal como o EcTI propde uma perspectiva
terapéutica formidavel pela disfuncdo de fatores de viruléncia desses

microrganismos.
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ANEXO A - NORMAS DE SUBMISSAO DE MANUSCRITOS PARA A
REVISTA MICROBIOLOGICAL RESEARCH

MICROBIOLOGICAL RESEARCH

N A UTHOR INFORMATION PACK

TABLE OF CONMTENTS

L] Description p.1
L] Audience p-1
L] Impact Factor p-1
L] Abstracting and Indexing p.2
L] Editorial Board p.2
- Guide for Authors [
DESCRIPTION

Microbiological Resesvch & devated to  publishing reports on prokaryotic and eukaryokic
microamenisms such &€ yessts, fungi, bacteria, archaes, and protnozos. Research on interactions
between pathagenic microarganisms and their environment or hosts are also covered. The research
shauld be original 2nd incdude molecular aspects to generate & signaficant contribution of broad
interast. Papers of rather spedialised or of preliminary and descriptive content will narmally not be
considered. Studies in the following sections &re included:

ReviewsMinirevitws an all espects Microbialogy and Genetics Molecular and Call Biology Metabohsm
and Physiology Signel transduction and Development Biotechnahogy Phytopathology Environmental
Microhiolegy snd Ecology

AUDIENCE
Microbiologists, biotectmologists, phytopethologists, researchers in moleculsr bislogy, researchers

in agricultural and environmental saences, bochemists, csllbiologists, botechnologists, gensticists,
ecologists, forest scientists, limndlogists, agriculturists, specialists in plant cultivation

IMPACT FACTOR
2020: 5.415 € Clarvale Analytics Journal Citstion Reports 2021




GUIDE FOR AUTHORS

INTRODUCTION

Microbioiogical Redeschi & dewaled o publihing reports o prokaryotic and  eukermobic
'I'I'Iil':l"ﬁﬂrgﬁl'i-Erl.'I!I. uch Bs ]'E-Hti. FI.Ingi, bacteria, archass, and protoros. Aesearch an intersctions
betwesn pathoegenic microonganism= and their environment ar hosts are slso cowered. The ressarch
should be original end indude molecular aspacts o generate B significant contribution of brosd
interest. Papers of wery speciehlsed or of preliminary and descriptive content will normally naot be
considersd.

Studies in the following sectiong are included:
* Reviews/Minireviews on all aspects

» Microhialogy and Genetics

¢ Modecudar and Celf Biolagy

» Metabalism and Physislagy

¢ Signal transduction and Development

= Biobechinology

s Phytopathology

» Enwimonmental Micrabiolpgy and Soalagy

Submlasian chach st
¥oui £&n wse this fist ba carry oul & finsl check of yaur submission before you send it b6 the journal far
rEview. Plegse check the rélevant daction in this Guide for Authars for mare details.

Enzure that the following ibems are present:

O puthor hes been desagnated as the corres ponding author with contact details:
» E-muail address
# Full postal sddress

Al necessary files hive bEen uplosded:

Manirscripe:

¢ [nclide keywords

= Al figures [ndude relevant captions)

» All tables {induding Hbes, description, fooknotes)

s Frisure afl figure and table ctations in the text match the files provides
= [ndlicate ciearly if calar should be uséd for any figures in print
Grapivical Abstracts / Mighlights fes (where applicable)
Supypainsrital s [where applicable)

Further considerations

s Memurscript has been "spell checked” and 'grammar chaciked’

= All referances mentioned in the Baference List are cited in the bext, Bnd Wice warca

¢ Permission has been ablained for use of copyrighbed materal from other sources (including the
Irbernet)

s & cormpeting interests statement s provided, sven if the authors have no competing inberests to
declans

¢ Journel palicies detailed in this guide have been reviewsd

» Referes sugqestions and contact details provided, besed on journal reguirements

For further infoarmation, wisit our Sepoart Canter,
BEFORE YOU BEGIN

Erhics in il isiting

Merte s oier infaormaton on Ekhics in pohilshing.

Declaration of inferest

All subhors muest disclose any financisl and personsl relationghips with other people or organizations
that could inappropriately infleence (bias) their work. Examples of potentigl competing intarests
inclede employment, consultancies, stock ownership, honoraria, paid expert testimony, pebent
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applications/registrations, snd grants or ather funding. Authers st disclose any intsrests in bwo
places: 1, A surmmary declaration of inberest statement in the Htle page file (if dauble anonymized) or
the manuseript file (if single anonymized). I there are no intemests fo declere then please stete this:
"Declarationd of inberedt: none'. 2. Debsiled decoired as part of & saparate Declaration ol Interask
farm, which forms part of the joumal's official records. It i important for potential interests to be
declared in both places and that the information mabches. More imfarmakion.

Submiission geciaration and varficalran

Submission af an article implies thet the work described has not been published préviouwsly [Except in
thee form of an sbstract, a published lecture ar academic thesis, $ee 'HMultiple, redundant or concurrent
publication’ fior mare information]), that it is not under condideration for publication elsewhers, that
its publication is approved by all authors and tacitly or exphicitly by the respensible authorities whers
the wark was carried out, and that, iFaceepted, it will not b2 published elsawheare in the same fam, in
English ar in any otheér language, induding slectronically without the written consent of the copyright-
halder. Ta varify oniginality, your article may be checked by the orginality detection sarvice Croscre?
Simalarity Check.

Praprints

Meste note that preprints can be shared anywhere st any ime, in line with Blsevier's sharing policy.
Sharing your préprinks &.4. on & preprint serer will not count a8 prior publication {see Moitiple,
redundant aor concurent publication” for mare information).

Usa of inclusive lamnguage

Inciugive |HTIQ:LIH?E Hﬂil"lﬂl'l‘ltﬂglﬂ ﬂim&l’!-i'hl. CONnveys respect 2] Fﬂ:]ﬂ&, 15 sensilyye o differances,
and prl'.'ll‘l'lll'.'ltﬂ equal oppartunitbes. Contant dbould meke aa Hmﬂ'lﬁ!idﬂl about the belisfs or
commitments of any resder; contain nothing which might imply that one individusl is superior to
another on the grounds of age, pender, race, ethnicity, culture, Sexual orientation, disability or health
candition; and wse inclusive language throsghout. Authors should enswre that writing is free from bias,
steraatypas, slang, reference to dominant culture and/or cultursl secumptions. We sdvise G sesk
gender nevkrality By wsing plural nound (“clinicieng, patients/cliems") a: defaultfwheraver posiibla
o avaid using “he, she” or "hefihe.” We recommend avoiding the use of descriptors thatl refer
to personal attrbutes such a8 age, gendsr, racs, ethnicity, colbure, sexual aHentstion, dicability or
heslth condition wiless they sre relevint snd valid. When coding terminology is used, we recommend
to Bvoid affensive or exclusionsry terms such as "master™, "slave”, "blacklist” and "whitelist”. ‘We
suggest using slternatives that are more sppropriste and (seif-) explanstory such as “primary”,
“seegndary”, "blocklist™ and “allowhst™. These guidelines are maant 84 & point of eferance to help
identify approgriate lenguage but are by no means exhaustive ar definitive.

Author combrido s

For transparsncy, we enmursge suthors o subdnit &n Suthor stabement file outlining their individual
contributions to the paper osing the relevant CRediT roles: Conceptuslization; Data curation;
Formal anatysis; Funding scquesition; Investigation; Methadalogy: Praject administration; Resourees;
Software; Supervisian; Validation; Visualization; Floles/Writing - ariginal draft; Writing - review &
ediing. Authership staterments should be formatted with the names of authors first and CRedIT rols{s]
fallowing. Mare deteis and &n example

Changes fo autharship

Authors are expected to consider carefully the st and order of authors before submitting their
mamescript and provide the definitive list of authors: &t the ime of the original Sebmission.. &my
addition, deletion or rearrangement of suthor names in the suthorship st should be rmsde ondy
before the manuscript has been accepted and only if spproved by the journal Editor. To request such
# change, the Editor must receive the following from the cormesponding author: (&) the resson
far the change in suthor st snd (b)) written confirmation {&-mail, letber} frorm &l suthors that they
agrae with the addition, removal ar resrrangemant. In the case of sddition ar removal of suthars,
thes includes canfirmation from the author being added or removad.

Ondy in exceptionad drcumstances will the Editor consider the addition, deletion or rearrangement of
authors after the menusoript has been accepted. While the Editor constiders the raquest, publication
of the manudeript will be suspended. IF the manuscript has already been poblished in an online issue,
any reguests approved by the Editor will result in & corrigendum.
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Coppright

Upon acceptance of an article, suthars will be asked to complete a Journal Publishing Agresment’ [sas
more infarmation on thig). An e-rmail will be sent to the cormesponding author confirming receipt of
the manusenpt tagether with a Journal Publishing Agresment’ farm ar & Gk bo the aaline wersan
of this agresment,

Subscribers may reproduce tables of oontents ar prepares lists of artickes induding abstracts For internal
circulation within their nstifulions. Pérmission of the Publisher & reguired for resale or distribution
outside the inatittion and for all other dervative works, including cormpilations and transletions. IF
excerphs fram other copyrighted works are included, the suthor{s) must obtain writhen permison
from the copyright owners. and oredit the source(s] in the eticle. Elevier hes preprinted forms for
e by sithars in these cases.

For gald open socess articles: Upon acceptance of an article, suthors will be asked to complets a
Licenss Agreement’ (mare information). Permitted third party rewse af gald open Access ariches s
determined by the authar's chaice of uger lEense.

Author righis

&5 an auvthor you [or your employer or Institution) have certein rights bo reuse your work. More
infarrmation.

Elgevier supports respoisiie sharing

Find auk how you can share yaur reseanch published in Elsevier journals.

Role of the funding soures

You are reguested o identify who provided financial support for the conduct of the research andfor
preparation of the article and to briefly describe the mle of the sporar(s), iF any, in study design; in
the collection, analyse and interpretation of data; in the writing of the repart; and in the decision o
dauibrmit the ertiche for publication. IF the funding source{s) had no such invelvement then this should
e stabed.

Opan eSS
Pepte vigit our Ooen Access page for more infarmation.

Languags (usage and sditing services)

Please write yvour text in good English (American ar British usage is accepied, but not & mixture of
these). Authors wha fesl their English language rmanuscript may requine editing to eiminate possible
grammatical or spelling ermars and ko conform ko correct Loentific English meay wish to use the Engli=h
LEenguapge Editing s=rvice available from Elseviers fathor Services,

Submission

Owr online submission system guides you stepwise through the proceds of entening your artice
details and uploading your files. The system converts your article filed to a single POF file wsed in
the peer-review process. Editable fles (e.q., Word, LaTeX) are required to bypeset your article for
final publication. All corespandencs, including notification of the Editor’'s decision and reqgueests for
revision, is s&nt by e-maik

Epbumit pour ardicle

Merse submit your artiche via hitps -/ Swwie, sditorisirmana g en oomy ricres).

Spggesting reviewers

Plepte submit the names end institutionad e-mail addresses of several potential rviewers.

You should not suggest revieswers who are oolleagues, or who have co-authored or collabarated with
yorus dhuring the Last three years. Editars da not invite réviewers who have potential competing interests
with the authars. Further, in arder to provide & broad and balanced assesusment of the work, and ensure
scienbific rigorn, plesse suggest diverse candidabe reviewers who are located in differsnt I':I:|IJr'I:I'|Eﬂ,|Il
regions from the suthor group. Also consider other diversity attributes e.g. gender, race and

career stage, sk Finally, you should nat incide existing members of the journal's editarial team,
of whom the journal are alresdy swars.

Hote: the editor decides whether o not to invite your suggested reviewsrs.
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PREPARATION

Jererias

For guestions about the editarial process (including the states of manusoripts under révisw) ar for
technical Suppart on submissions, pleass visit our Support Center.

Paer review

This jeirnsd operates & single anonymired revies process. Al conbributians will be initially assecged by
the =ditor far suitability far the journal. Papers deamed suitables &re then typically sent to s minimoem of
two independent expert revigwers to assess the scentific guakty of the paper. The Editor is responsitsle
far the: final decision regending acceptanc: or rejection of articles. The Editor's decision is finel. Editors
are fat invalved in decisions about papers which they have writhen themssves ar have béen writlen
by family members or colleegues or which relate to products or services in which the editar hes &n
interest. Ary Swch submission i subject bo all of the journal's usual procedures, with peer review
handled independently of the relevant editor and their ressanch groups. More informatan on ypes
OFf peisder e

e af word proocessmg soflhware

It is irmportant that the fle be saved in the native format of the word processor used. The ted
shauld bea in single-column format. Keep the fayout of the text as simpleé &% possible, Mast farmatting
codes will be rermoved snd repleced on processing the article. In particular, do not use the word
processor's aptions o justify tewt or to by phenate words. However, do use bald face, italics, subseripks,
Hpperacripts abe. When preparing tables if you Bre using 8 table grid, use anly one grid for sach
individual table and nat a grid for aach row. IF no grid is wsed, use tebs, not spaces, ta align colurmna,
The electranic text should be prepared In & way very similar to that of cormventional manuscripts
(S8 alsn the Guide ko Publizhing with Elsévier: hitps:/fwwseleviercom/quidepulbiication}. Note
that sowrce fikes of Rgures, tables and text graphics will be reguired whether ar not you embed your
figures in the ted. See slo the saction on Eleckmnic artwork.

To avaid uRnecessary emrors you are strongly advised to use the "spell-check' and "grammar-check
functians of your word processor. Number pages and lines consecutively throughout the manuscript.
Article strectire

Subdiasion - unrmembersd sechions

Davide your article inta clearty defined sections. Each submection is given & brief hegding . Esch hegding
shauld appear on its own separate line. Subsections should be rsed as much 25 possible when orods-
referencing et refer to the subsection by heading as spposad to simply 'the bext'.

Introawction

State the obpectives af the work and provide an adequate background, avaiding a detailed fiberature
swrvey ar & summary of the results.

Material and methords

Provide sufficient details bo sllow the work to be reproduced by an independent researcher Msthods
that are alresdy pubdished should be semmarized, and indicated by & reference. IF quoting directy
fram a préviously published method, we quatation marks sod slso cite the sowrce. Any modifications
to ewisting methods should also be desrribed.

Theory calowation

i Theary section should extend, nat repeat, the background to the article slready dealt with i the

Introduction and lay the foundation for further work. [n contrast, & Caleulation section répressnts a
practical gevelopment from s theoretical basi,

Resilts

Results should be dear snd comnsise.

Dscrsssn

This should explore the I.igl"lirltﬂl'lll'.‘t-ff thi results of the work, not repeat them. & combined Resits
and Discussion section is often sppropriate. Avoid extensive citations and discussion of published
Hteratura,

Cormclysions

The main conchesans of e :ﬂl.ld'r may be FH'I:!?H'HEd in & short Conclusions saction, which may stand
alane ar form & subsection of 8 DeEcustion or Reselts and DEci=son saction.
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Appandices

[F there is mare than ane appendic, they shauld be identified &= A, B, stc. Formulae and equations in
appendices should be given separate membering: Eq. (A1), Eg. (A2}, etc.; m a subsequent appendix,
Eqy [B.1) and S0 on. Similary for tables and figures: Teble A.1; Fig. AL etc

Esseniial Hile page inlformal e

v Tithe. Concice and informetive. Tites are often used in information-retrigved systems. Aeoid
abbreviations and formulese where passible.

» Author names and affiliations. Please clearly indicate the given name(s) and family narne{s)
of @ach author and check that all names are socwrately spelled. You can add your neme between
parentheses in your own Script behind the English transfiteration. Present the suthars' affiiation
Addresses (where the actusl wark was done) below the names. Indicate sl affiliations with & lower-
chse superscript letter immedistely aftar the author's name and in frant of the appropriste address,
Provide the full postal address of &ach affilistion, inchuding the country name end, if seailable, the
d-mail sddreds of sach suthar

s Corresponding avthar. Clearly indicete wha will handle corretpondenca at all stages of referesing
and publication, also post-publication. This respansibility Includes answering any futume querdas abauk
Methadalegy and Matenals. Ensure that the e-mail address is given and that contact details
mre kept up to date by the corresponding awthor.

s Present/permanent address. IF an author has moved since the work described in the article was
dane, or was visiting at the time, & 'Present address’ (or 'Permanent address’) rmay be indicated as
& footnote to thet suthor's neame. The address at which the author actually did the work must be
retained as the main, affilistion address, Superscript Arabic numerals are weed for such footnotes.

Mighikghils

Highlights &re aptional yet highly sncoursged for this journal, &g they increase the decoverahbility of
your articke via search engines. They consist of a shart collection of bullet points that capture the
ruteed results of your reseanch as well 85 new methods that were psed during the study (if any ). Pleese
e & look &t the examples here: scample Highligh s,

lights should be Submitted in a8 separste editable file in the online submission System. Pease
w2 "Highlights' in the file name and inchede 3 to 5 bullet points {maximum 85 characters, incuding
spaces, per bullet point).
Absiract
A concise snd factusl sbatrast |s required. The abstract should stste briefly the purpose of the
resaarch, the principal results and major conchetions. An abstract i often pressnbed ssparately from
the article, $o it roust be able bo stand elone. For this reasan, References should be avaided, but if
egdantial, then cite the author(s) and yean{s). Also, non-standard or unoarmman abbreviations should
be avpided, but il essentiad they must be defined &t their first mention in the abstract sl
Graphical sbstract
Although & graphécal shstract is optianal, its use is encouraged as it draws more attantion o the ondine
article. The graphical abstract should summarize the contents of the article in & concise, pictorial farm
degigned to captiore the attenton of & wide readership. Graphical sbstracts should be submitted as &
separate file in the online submission sysiem. Image sire: Please provide an image with 8 minimum
aoff 531 = 1328 pixels (h = w) or propartiongdly more. The image should be readable at & sipe of 5 =
13 om using & régular scréen resolution af 96 dpi. Preferred file bypes: TIFF, EPS, PDF or M5 Office
fites. You can view Exampls Grephical Abstracts on our infermation sibe.
Authors can make use of Elsevier's Hlustration Services to ensure the best presentation of their imagpes
and in accordence with &l technical requirernents.

Keywords

Immediately aftér the abatract, provide a maximom of & keywornds, wsing British spalling and avoading
general and plural terms Bnd multiple concepts (avaoid, for exarmple, ‘and’, ‘'of). Be sparing with
abbreviations: only abbrevistions firmly estabdished in the feld may be eligible. These keywords will
b wsed fior indexing purposes.

Abbrevistions

Defire abbreviatians that are not stendard in this field in & footnote to be placed an the first page
of the artide. Such abbreviations that are unavoidable in the abstract must be defined at their first
mention there, as well a5 in the footnote. Ensune consistency of abbreviations throughout the article.
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Acimowiedpermemsy

Collate scknowledgements in 8 separate saction at the end of the article before the references and do
nat, therefore, intlude them on the title page, as & footnate ba the title or otherwise. List here those
individusls whoe pravided help during the resescch [e.q., providing language help, writing assistanos
or proof reading the article, ste ).

Formaiting of finaing sounes

List funding sources in this standard way to Facilitate complisnce ta funder's requirements:

Funding: This work was supported by the Mational Institutes of Health [grant numbers oo, ¥yyy]l:
the Bill & Mslinds Gates Foundation, Seattie, Wil [grant number zrzz]; and the Unibed States Institutes
of Peace [grant nurnber asaal.

Itis not necessery to indhude detailed descnptions on the program or bype of grants and awards. When
funding is from & block grant or other ressurces availabde to & wniversity, college, or other research
institution, submik the name of the institute or organization that provided the funding.

If na funding has been prosided for the resescch, pleese include the following sentence:

This research did not receve &ny speafic grant from fending agencies in the public, commercial, ar
mot-for-profit Sectors.

L=
Follow internationally accepted rules and conwventions: use the international system of units [SI). IF
ather units are mentioned, please give their aquivalent in SL.

Math Farmmuwlas

Pepse submit math equstions &% editable text and not a5 images. Present simple formulae in
lire with normal text where possible and use the solidus {f) instead of & horizontal Ene for small
fractiongl terms, &.q., XK In principle, variables are ko be presented in italics. Powers of & are often
more consveniently denated by exp. Mumber consecubvely any equations that have o be displayed
separately from the et (if referred to explicitly in the bext).

Foatrotes
Footnates should be used sparingly. Number them consecutively throughout the article. Many ward
processors can bulld footnates infa the text, and this fasture may be used, Otherwise, plesss indicats
the pasition of footnotes in the text and list the footnotes themsshes separately st the end of the
article. Do nat include foatrotes in the Reference [,

AMwork

Electronic arfwork

Feneral points

¢ Make sure you use uniform lettering and sizing of your ariginal artwark.

= Ermibed the wied Fonts if the application provides that option.

» Aim Bo use the following fonts in your dllustrations: Arial, Courer, Times New Romen, Symbal, or
s Fanks thist look sirmila

¢ Nurmiber the llustrations socording o their sequence m the bext.

= Ude & logical neming convention for your arbwork fles.

= Provide captions to ilustrations separately,

= Size the illustrations dase to the desired dimensians of the published wersion.

» Submit mach illustration as & separate fike.

s Ensure that color images are accessible B all, including thase with impaired calor vision

& detsdled guide on slesctramic eriwork B Sved|able.

You are urged to visit this site; some excerpts from the detailed information are given here,
Formats

IF your slectronic artwork is crested in a Microsaft Office application (Ward, PowerPoint, Excef) then
please supply 'as w” in the native dotwment Format.

Regardiess of the apphcation used other than Micrasoft Office, when your slectronic artwork is
finalizad, pleass "Save 43" or conver the images to one of the following farmats (nobe the resclution
requirenents for line drawings, halftones, and lnefhalftone combinations given below):

EPS (ar POF): Vector drawings, embed all wsed fonts

TIFF {or JPEG): Color or grayscale photograpltes (halftones), kesp to & minimum af 300 dpi.
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TIFF {ar JPEG): Bitmapped |{pure black & white pixels) line drawings, keep to & minimum of 1000 dgi.
TIFF {or JPEG): Combinations bitmapped line/half-tane (color or grayecals), kesp to a minimurm of
500 dpi.

Blaasa b ok

« Supply files that sre optimized for scréen use (e.d., GIF, BMP, PICT, WPG): these typically heve a
low number of pixels and limited set of eolors;

= Supply files that are too low in resolution;

» Submit graphics that sre depropartionately lsrge for the eontent.

Codor arfwork

Messe make sure thet artwork fites are in an acceptable formet (TIFF (or IPEG), EPS (or PDF) ar
MS Dffice file<} and with the correct resplubion. If, together with your accepted article, you Submik
ietable oolor figures then Elsevier will ensure, & no additional charge, that these figures will appesar
in calar ondine [&.g., ScienoeDirect and other sited) in addition o codor reproduction in print. Further
infarrnaticn on the pregeration of slectronid arbwark.

Tifustrafion S

Elasvier's Authar Services offers Tllustration Services to suthors preparing b submit & manuseripk but
concarmed about the guality of the images sccormpanying their article. Elieviar's expert illustrators
can produce scientific, technical and medical-style images, a5 well as & full range of charts, tables
and graphs. [mage 'polishing” i also svailable, where sur illustrators take your imagels) and improve
therm o & professional standerd. Pleade visit the webdaite bo find ouk more.

Figure captions

Ensure that esch ilhustration has a caption. Supply captions separately, not attached o the figure. A
caption should camprise & brief title (not on the Agure its&ll} and & dascription of the dhetration. Keep
text in the illustrations themsehes to 8 minimum but explain &l symbols and abbreviations used.

Tabiles

MHeste submit tables au editable text Bnd not &% images. Tebles can be placed either next o the
refevant text in the article, or on separate page(s) st the end. Member tables congecutively in
accordance with their appearance in the text snd place any table notes below the table body. Be
sparing in the use of tables and ensure that the data presented in them do not duplicate results
described alsewhere in the artiche. Plegse avaid using vertical rules and shading in table cefls.

Referafncss

Cifabioes v baxt

Please ensure that svery reférence cited in the bext is alzo present in the reference list Jand wice
wersa). Any references dited in the sbstract must be given in full. Unpublished results &nd personal
earmmunications are not recommended in the reference lst, but may be mentioned in the taxt. 1f these
references are included in the reference list they should follow the standard reférence style of the
journad and should include & sybstitution of the publication date with either "Unpublished resulbs’ or
*Personal carmmunication’. Citation of & reference as 'in press’ implies that the itern has been accepted
far publication.

Reference ks

Increpsed dmcoverability of research and high quality pesr réview sre snsured by onling links 1o
the sources cited. In order ta allow us o create links o abstracting and indexing services, swch 835
Seopus, CrossRefl and PubMed, plesse snsure that dats provided in the references are correct. Plagss
moke that intorrect surnames, joumeal/book titles, publication year and pagination may present link
creation. ‘When copying references, please be careful as they may already contain errors. Use of the
D0l i highly encoursged.

& DO & gueranteed never to change, so you cén use it &5 & perrmanent fink bo sny electramic artiche,
&n example of & atation using DOI for an &ticle not yet in &n gsue & VanDecar 1.0, Futsa KM,
Jemes DLE., Ambeh W.B., Frenke M. (2003}, Asemmic contnuation of the Lesser Antilles slab beneath
northesstern Yenezuela. Joumeal of Geophysical Ressarch, hitps: frdal org/ 10010202001 JBD00EES .
Pleese note e formet of such citations should be in the sarmes style as &l other references in the paper,

Wab referemnced

s & minimum, the full UEL should be given end the dete when the reference was |ast accessed. Ay
further informaticd, iF known (D0, Author hamss, dates, reference to 8 source pubbcation, =te ),
shauld elsa be given. Web references can be listed separately (e.g.. after the reference list} under a
different heading if desired, or can be incduded in the reference list.
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Data references

This journal encowrages pou to cite underlying ar relevent datasets in your meanuscripd by citing them
in your text and including a data reference in your Reference List. Data references should indude tHse
follawing elemeants: author name(s), dataset title, data repository, version (where avsilable), year,
and glotal persistent identifier. Add [dataset] immedistely before the reference Lo we can properly
identify it &5 a data referance. The [dateset] identifier will not appear in your published article.

Refarencss i & specdl Ssue
Mepte mnsure Hhat the words "thes Edee” sre sddad 1o aryy referanced m the B [h‘lﬁ Aryy Citaticis in
the text) to other srtiches in the same Spacial [gsue

Referancs managerment soflwane

Most Elsevier journals have their reference template available in many of the mast popular referance
menagement software products. These inciude &l products thet support Citation Skyle Language
styles, such as MMend=ley. Using dtation plug-ins from these prodwcts, suthors only need to selsct
the appropriste journal template when preparing thelr article, after which citations snd bibliographies
will be nutomatically formatted in the journals styla. IF no template € yet available for this jowmal,
please fallow the forrmat of the sample references and citations a5 shown in this Guide. IF you use
reference management software, plesde ensure that you remove all feld codes before submitting
e Blectronic Manuscript: More information an baw to remove figld codes fram different reference
mearagement Softvans,

Referance atyle

Texe: All citations in the text should refer to:

1. Single suthar: the author's neme [without initisls, unlets thers s smbiguity) snd the yesr of
publication;

2. Two authors: both authors' names and the year of publication;

3. Thres or inorg Auffors: first authac’s name fallowed by ‘et 81" and the year of publication.
Citations may be made directly (or parenthetically). Groups of references can be listed either first
alphabsetically, then chronalagically, ar vice werss.

Examples: ‘as demondtrated (Allan, 2000s, 2000b, 1999; Allan and Jones, 1999) . O as
demonstrated (Jones, 1999; Allan, 3000)... Kramer &t al. {2010} have recemntly shown .

List: References should be smanged first slphabetically and then further sorted chromologicalby i
necessary, More then one reference fram the same authors] in the same year rmust be identified by
the letters "a', B, ', ate:, placed after the year af publication.

Estauripife:

Raference v & journal publication:

Wan der Geer, ., Hanreads, 1A, Luptan, FLA., 2010. The art of writing & scentific article. 1. S5,
Comrmun. 163, 51-59. hitps: fdoi.ongf10.1086/.5c.2010.00372.

Raferenoe bo & jourmal publicatian with an article rumbser:

Wan der Geer, 1, Hanraads, 1A, Lupton, B.A., 201, The art of writing & scentific article. Heliyon.
15, &M0R05, hitps:/fdoi. orgd 101016 hedivan. 2018 «00205.

Raferencs Mo & baak:

Strunk Ir, W., White, E.B., 2000. The Eements of Style, fourth ed. Langman, New Yark.

Referenoe to & chapter in an edibed book !

Mettam, G.E., Adams, LB, 3009. How to prepere an elsctronic version of your article, in: Jones, B.S.,
Smith , B.Z. (Eds. ), Introduction ta the Electronic Age. E-Publishing Inc., New York, pp. 281-304.
Reference to & websie:

Cander Redearch UK, 1975 Cancer statistics reparts for the LK. http:fwsow canca masesrt ek o’
aboutcancerfstatistics/canceritatireparty (accetted 13 March 2003).

FsfErsnoe to 8 datEdet:

[dataset] Oguer, M., Imahir, 5. Saito, 5., Nakeshizuks, T., 2015, Mortality data for Japanese osk
wilt dizease and surrounding. forest compasitions. Mendeley Data, v1. https:/fdoiorgf10.176327
®wj9BnbISri.

Rafierence o doftware:

Coon, B, Bamde, M., lan, &, Svyatsky, D, Atchlsy, A Kikinzon, E., Ham, D, Mangini, G., Shelef,
E., Lipnikow, K., Garimella, B, Xu, C., Moulton, 0., Karma, 5. Peinter, 5., 1afarov, E, B Molins, S,
2020, Advanoed Temestrial Simulstor (ATS) w0.BR (Version 0.BE). Zenodo. https:/fdoi.orgf10.52817
renoda. 3727006,

Jouwmal abbreviations source

Jourmal names should be sbbrevisted socording to Ehe List of Title Woed Abreviationa.
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Vidao

Elsavier accepls widen rmaterial and snimation sequencesd to support and enhance your soentific
research. Authors who have video ar animation files that they wish o submit with their article are
stromgly encouraged ko include links to theds within the body of the article. This can ba done in the
sarme way 85 & figure or table by referting to the vides or smmation conbant and nating in the body
text whers it should be placed. All submitted files should be properly labeled so thet they directly
relate bo the vides file’s content. In order to ensure thek your videa or anirmathon material is directly
u=able, please provide the file in one of our recommended fle formats with & preferred maxirmum
sirze of 150 MB per file; 1 GB in total. Video snd snirmation files sugplied will be published online in
the electronic verdian of your article in Esevier Web products, incheding ScienceDimect. Please supply
‘stills’ with your files: you can choase Eny frame from the video or animation or make a separate
mmage. These will be used inatesd of standard icons snd will personalize the fink to your video data. Far
mome detailed instructions plesse visit owr video instruction pages. Nate: since videda and animation
cannot be embedded in the print version of the journal, please provide text for both the slectronic
and the FI'iI‘I! wersian for the pnrl'.iﬂn!-ﬂf the article that refer ta this content.

Supplemeniary mateclal

Supplernentary materal such &< applications, imeges and sound clips, can be published with your
artiche to enhance it. Submitted supplementarny tems are published exactly &= they are recehved {Eocel
ar PowerPoint Mes will appasr a3 such anline]}. Pleasa submit your matenal together with the article
and supply & concie, descripbive caption for each supplementany file. IF you wish to make changes ta
supplementary material during any stage of the process, please maks sure ba provide an updaked file.
D not annatate any carrections on & FI'E\IiI:Iu! wersion. Pease switch off the Track Ehmi' Ot
in Microzoft Office files as these will appear in the published version.

Research oaia

This journal encourages and enables you Bo share deta that supports your research publication
where appropriate, and snables you to interink the data with your published articles. Ressanch data
refers o the results of ohesrvations or experirmentation that vaifidate ressarch findings. To facilitate
reproducibility =nd data reuse, this journsd sles encowrsges you b share your saftware, code, models,
algarithrre, protocols, methods and otfher useful materials related 10 the project.

Eedow are & number of ways in which you can sssociate data with your article or makse & staternent
about the svadlability of yowr data when submitting your manuscript. IF you are sharing date in ane of
thes= ways, you are encouraged to cite the data in your manuscript and reference list. Meade refer to
the "References” section for maore information about dats citation. For mone information on depesiting,
sharing and wsing ressprch dats snd other relevant research materiale, visit the ressarch data page,

Data linking

IF you have made your reseanch dats svsilabde in b dats repadibary, you can link your article directly to
the dataset. Elsevier colleborates with a number of repositories to link articles on ScienceDirect with
redevant reposilones, giving readers access o underying data that gives them & better understanding
of the reseanch described.

There gre different weys o link your datasets bo your article. When available, you can directiy link
your datesset to your article by providing the rélevant information in the submisson system. For more
infarmation, visit the database linking page.

For supported dats reposiorie & epository banner will sutomatically appear next to your published
article an SeiencaDiract.

In addition, you can link to relevant data or entities through identifiers within the text of your
mameeript, using the following format: Databess: swex (e.g., TAIR: ATIG01020; CCODC: 734053;
POB: 1XFMN}.

Mendeley Data

This journel Supports Mandeley Deta, enabling you to deposit sny research data [including réw Bnd
processed dats, videa, code, software, algorithrms, protocols, and methods) sssacisted with your
mmuuu-ipt irn & Fres—to-use, Oipan Soags I'Epdﬂl‘r EH.II'I'I.'II; the subrmission process, after ml-uudmg
YOur I'l'lﬂl'll'l.ﬂtl'il:lt, yau will have thea Dppﬁl.’l'lﬂ'ﬂ]l o uFﬂ-ﬂhﬂ your redevant datasets Iﬂil‘!l‘.‘H'r 4] ME:F
Diata. The dabasets will be listed and directly accessible to resders next b your published article anfine,
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For more infarmation, vigit the Mendsiey Dets for journals page.

Data in Brigf

You have the aption of converting ey or all parts of your supplementary or additionsl rew dats into
& dekta article published in Date i Sref. A data article is & new kind of artick: that ensures that your
data are actively reviewed, curated, formetted, indeced, given a DOl and made publicly available
ta all upon publication (watch this video deseribing the benefits of publishing your data in Data i
Briaf). You are encouraged to subsmit your deta article for Deta m Brief a5 an additional item directly
alongsde the reviced wersion of your manuscript. IF your resesrch article is accepled, your deta article
will sutornatically be transferred over to Date i Brisf where it will be editorally reviewed, published
open access and linked o your resesrch article on ScienceDirect. Mezse note an open access fes g
payable for publication in Dats i Grief. Full details can be found on the Dats n Brief web=ite, Maass
e fhin temiplate to wirite yowr Dats in Brel dats srticle.

Data slatemeant

To foster transparéncy, we encourage you to state the availability of yowr data in your submession.
Thiz gy be & reguirement of your funding bady ar institution. IF your data is unavailable o socess
ar wnsuitable to past, you will have the opportunity bo indicate why during the submissian process,
for expmple by stating thet the research data i confidential. The staterment will sppear with yaur
published articls on ScenceDinact. For more information, visit the Dates Statement page,

AFTER ACCEPTANCE

dvaiahility of accepted sricfs

Thiz journal makes articlées aemilable online &2x Toon as podsible after acceptance. This conosrns
the Journal Pre-proafs (bath in HTML and PDF format), which hawe undergoie enlbnoements sfier
acceptance, such & the addition of & cover page and metadsta, and formatting for resdsbility, but
are not yet the definithee versions of record. & Digital Object Identifier (D01} is allocated, thensby
making it fully ctable and searchable by title, author name(s) and the full text. The article’s PDF also
carries & disclaimer stating that it is an unedited articie. Subsequent production <tages will simply
repiace this wersion.

Caline proel correction

To ensure & fest publication procezs of the articke, we kindly ask suthors o provide us with their proof
corrections within two days. Correspanding suthars will recéive &n e&-mail with & link b0 our online
proafing system, allowing annotation and oorrectsan of proofs online. The ervironment = similar o
M5 ‘Ward: in addition to editing text, you can glso cormment on figeres/tables and answer questions
frarn the Copy Editor. 'Web-based proafing provides. a fasker and less grror-prone process by allowing
you to directly bype your comections, sliminating the petential introduction of errars,

IF prefarred, you can till choose o annotate and uplosd your sdits on the PDF version. Al instroctions
far proofing will be givenin the e-mail we ssnd bo suthors, intoding attemative methods b the ondine
werdion and PDE

We will do everything possible to get your article publfished guickly and sccurstely, Plesss use this
proaf anly for checking the ty pesatting, editing, completeness and cormectness of the text, tables and
figures. Significant changes to the article as sooepted for publication will onby be considered at this
stage with permission Fromm the Editor. It is important to ensure that all corrections are s=nt back
o us in one comrmenication. Flease check carefully before replying, as inclusion of any subseguent
corrections canmot be gusranteed. Proofresding i salbely your respansibility.

ffprinis

The corrésponding author will, at no cost, receive 8 custamized Shame Link praoviding 50 days free
sccess to the final published version of the articke on Sciencelirect. The Share Link can be used far
zharing the article via any communication channel, ncuding email and sodal madia. For an exra
charge, paper offprints can be ordered via the offprint order form which is 20t once the article =
acrepted for publication. Beth corresponding and co-suthors may order offprints st any time wia
Elsavier's Author Services. Correspanding suthors who have publithed their artbole godd open soceds

da not receive & Share Link &5 their fingl published version of the article 9 available opan access an
ScimnceDirect and can be shared through the srticles D0 k.

AUTHOR INQUIRIES

Wisit the Elsvier Support Center b find the snswers wou nesd. Here pou will find evenygthing from
Freguently Asked Queestiong to ways to get in touch.

ALITHMNE THFORMATION BACE 10 Fat 30727 i b i e Shca s e e 13



83

ANEXO B -NORMAS DE SUBMISSAO DE MANUSCRITOS PARA A REVISTA
MICROBIOLOGICAL RESEARCH NATURAL PRODUCT RESEARCH

Home P All Journals P Natural Product Research P Instructions for Authors

# Natural Product Research

About the Journal

Natural Product Research is an international, peer-reviewed journal publishing high-
quality, original research. Please see the journal's Aims & Scope for infermation about

its focus and peer-review policy.
Please note that this journal only publishes manuscripts in English.
Natural Product Research accepts the following types of article:

e Research article

¢ Short Communication
»  Review

o |otfer

Open Access

You have the option to publish open access in this journal via our Open Select
publishing program. Publishing open access means that your article will be free to
access online immediately on publication, increasing the visibility, readership and
impact of your research. Articles published Open Select with Taylor & Francis typically
receive 95% more citations* and over 7 times as many downloads** compared to those

that are not published Open Select.

Your research funder or your institution may require you to publish your article open
access. Visit our Author Services website to find out more about open access policies

and how you can comply with these.

You will be asked to pay an article publishing charge (APC) to make your article open
access and this cost can often be covered by your institution or funder. Use our APC

finder to view the APC for this journal.
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Peer Review and Ethics

Taylor & Francis is committed to peer-review integrity and upholding the highest
standards of review. Once your paper has been assessed for suitability by the editor, it
will then be double blind peer reviewed by independent, anonymous expert referees. If
you have shared an earlier version of your Author’'s Original Manuscript on a preprint
server, please be aware that anonymity cannot be guaranteed. Further information on
our preprints policy and citation requirements can be found on our Preprints Author
Services page. Find out more about what to expect during peer review and read our

guidance on publishing ethics.

Preparing Your Paper

Article Types
Review

» Should be written with the following elements in the following order: Title page;
Abstract; Keywords; 1. Introduction; 2. Results and Discussion; 3. Experimental; 4.
Conclusions; Acknowledgments; Declaration of Interest statement; References;
appendices (as appropriate); table(s) with caption(s) (on individual pages); figures; figure
captions (as a list)

» Should be no more than 20 pages, inclusive of:

o Tables

o References

o Figure or table captions

Please send a Review proposal to the Editor-in-Chief before submission



Style Guidelines

Please refer to these quick style guidelines when preparing your paper, rather than any
published articles or a sample copy.

Please use British (-ise) spelling style consistently throughout your manuscript.
Please use single quotation marks, except where ‘a quotation is "within” a guotation’.

Please note that long quotations should be indented without quotation marks.
Formatting and Templates

Papers may be submitted in Word or LaTeX formats. Figures should be saved

separately from the text. To assist you in preparing your paper, we provide formatting
template(s).

Word templates are available for this journal. Please save the template to your hard
drive, ready for use.

A LaTeX template is available for this journal. Please save the LaTeX template to your
hard drive and open it, ready for use, by clicking on the icon in Windows Explorer.

If you are not able to use the template via the links (or if you have any other template
queries) please contact us here,

References

Please use this reference guide when preparing your paper. An EndNote output style is
also available to assist you.

Taylor & Francis Editing Services

To help you imprave your manuscript and prepare it for submission, Taylor & Francis
provides a range of editing services. Choose from options such as English Language
Editing, which will ensure that your article is free of spelling and grammar errors,

Translation, and Artwork Preparation. For more information, including pricing, visit this
website.
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Checklist: What to Include

. Author details. Please ensure all listed authors meet the Taylor & Francis authorship
criteria. All authors of a manuscript should include their full name and affiliation on the
cover page of the manuscript. Where available, please alse include ORCiDs and social
media handles (Facebook, Twitter ar LinkedIn). One author will need to be identified as
the corresponding author, with their email address normally displayed in the article
PDF (depending on the journal) and the online article. Authors’ affiliations are the
affiliations where the research was conducted. If any of the named co-authors moves

affiliation during the peer-review process, the new affiliation can be given as a footnote.

Please note that no changes to affiliation can be made after your paper is accepted.
Read more on authorship.

. Graphical abstract (mandatory). This is an image to give readers a clear idea of the
content of your article. It should be a maximum width of 525 pixels. If your image is
narrower than 525 pixels, please place it on a white background 525 pixels wide to
ensure the dimensions are maintained. Save the graphical abstract as a .jpg, .png, or
tiff. Please do not embed it in the manuscript file but save it as a separate file, labelled
GraphicalAbstract?.

. You can opt to include a video abstract with your article. Find out how these can help

your work reach a wider audience, and what to think about when filming.

. Funding details. Please supply all details required by your funding and grant-awarding

bodies as follows:

For single agency grants

This work was supported by the [Funding Agency] under Grant [number xxxx].

For multiple agency grants

This work was supported by the [Funding Agency #1] under Grant [number xxx;
[Funding Agency #2] under Grant [number xxxx]; and [Funding Agency #3] under Grant
[number xxxx].

. Disclosure statement. This is to acknowledge any financial or non-financial interest
that has arisen from the direct applications of your research. If there are no relevant
competing interests to declare please state this within the article, for example: The
authors report there are no competing interests to declare. Further guidance on whatis a
conflict of interest and how to disclose it.
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. Data availability statement. If there is a data set associated with the paper, please

provide information about where the data supporting the results er analyses presented
in the paper can be found. Where applicable, this should include the hyperlink, DOI ar
other persistent identifier associated with the data set(s). Templates are also available
to support authors.

. Data deposition. If you choose to share or make the data underlying the study open,

please deposit your data in a recognized data repository prior to or at the time of
submission. You will be asked to provide the DOI, pre-reserved DOI, or other persistent
identifier for the data set.

. Geolocation information. Submitting a geolocation information section, as a separate

paragraph befare your acknowledgements, means we can index your paper’s study
area accurately in JournalMap's geographic literature database and make your article
more discoverable to others. More information.

. Supplemental online material. Supplemental material can be a video, dataset, fileset,

sound file or anything which supports (and is pertinent ta) your paper. We publish
supplemental material online via Figshare. Find out more about supplemental material
and how to submit it with your article.

10. Figures. Figures should be high quality (1200 dpi for line art, 600 dpi for grayscale and

11.

300 dpi for colour, at the correct size). Figures should be supplied in one of our
preferred file formats: EPS, PS, |PEG, TIFF, or Microsoft Word (DOC or DOCKX) files are
acceptable for figures that have been drawn in Word. For information relating to other
file types, please consult cur Submission of electronic artwork document.

Tables. Tables should present new information rather than duplicating what is in the
text. Readers should be able to interpret the table without reference to the text. Please

supply editable files.

12. Equations. If you are submitting your manuscript as a Word document, please ensure

that equations are editable. More information about mathematical symbols and

equations.

13. Units. Please use Sl units (non-italicized).

Using Third-Party Material

You must obtain the necessary permission to reuse third-party material in your article.
The use of short extracts of text and some other types of material is usually permitted,
on a limited basis, for the purposes of criticism and review without securing formal
permission. If you wish to include any material in your paper for which you do not hold
copyright, and which is not covered by this informal agreement, you will need to obtain
written permission from the copyright owner prior to submission. More information on

requesting permission to reproduce work(s) under copyright.
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