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RESUMO

Nos ultimos anos, 0 aumento da resisténcia microbiana tem causado preocupacéo e representa
um grave problema de saude publica, causando milhares de mortes mundialmente. Assim, é
emergencial a descoberta de novos agentes antimicrobianos que possam ser utilizados no
controle desses microrganismos resistentes. Dentro desse contexto, 0s peptideos
antimicrobianos, sobretudo os sintéticos, tém se destacado no controle dessas infecgoes,
utilizando diversos mecanismos de agdo. Dessa forma, o objetivo do trabalho foi desenhar e
sintetizar peptideos inspirados na sequéncia de um inibidor de tripsina purificado da torta de
Jatropha curcas (JcTI-I) o qual ja se mostrou antimicrobiano, além de investigar seus
mecanismos de acdo frente a diferentes espécies de leveduras e bactérias. A estratégia
experimental compreendeu trés blocos: Bloco 1) desenho e analise in silico dos peptideos, a
fim de avaliar suas caracteristicas fisico-quimicas bem como predizer a sua atividade
antimicrobiana, Bloco 2) investigacéo, in vitro, dos mecanismos de acdo antimicrobiana dos
peptideos e Bloco 3) analises, in vitro e in silico, para avaliar a seguranca de uso dos
peptideos. Os resultados obtidos revelaram que um dos peptideos desenhos, denominado
JcTI-Pepl, se mostrou altamente eficaz contra diferentes espécies de Candida. JcTI-Pepl foi
mais eficaz contra C. krusei, causando a permeabilizacdo da membrana das células e uma
superproducdo de Espécies Reativas de Oxigénio. Além disso, a capacidade de acidificacdo
do meio foi severamente comprometida nas células tratadas. JcTI-Pepl também foi eficaz
contra o biofilme pré-formado de C. krusei e ndo foi toxico contra eritrcitos humanos e
células Vero. Sendo assim, essas caracteristicas indicam que JcTI-Pepl € seguro e eficaz
contra C. krusei, uma cepa intrinsecamente resistente que causa sérios problemas de saude e é
frequentemente negligenciada, apresentando um alto potencial para uso como um novo agente

antimicrobiano no futuro.

Palavras-chave: peptideos antimicrobianos; C. krusei; modo de acdo; resisténcia microbiana.



ABSTRACT

In recent years, the increase in microbial resistance has caused concern and represents a
serious public health problem, causing thousands of deaths worldwide. Thus, the discovery of
new antimicrobial agents to control these resistant microorganisms is urgent. Within this
context, antimicrobial peptides, especially synthetic ones, have been highlighted in the control
of these infections, using different mechanisms of action. Therefore, the objective of this work
was to design and synthesize peptides inspired in the sequence of a purified trypsin inhibitor
from Jatropha curcas cake (JcTI-I), which has already shown to be antimicrobial, in addition
to investigating its mechanisms of action against different species of yeasts and bacteria. The
experimental strategy comprised three sections: Section 1) in silico design and analysis of the
peptides, in order to evaluate their physicochemical characteristics as well as predict their
antimicrobial activity, Section 2) investigation, in vitro, of the peptides' antimicrobial action
mechanisms and Section 3) analyses, in vitro and in silico, to assess the safety of using the
peptides. The results revealed that one of the designed peptides, called JcTI-Pepl, proved to
be highly effective against different species of Candida. JcTI-Pepl was especially active
agains C. krusei, causing cell membrane permeability and an overproduction of Reactive
Oxygen Species. Furthermore, the ability to acidify the medium was severely compromised in
the treated cells. JcTI-Pepl was also effective against preformed C. krusei biofilm and was
non-toxic against human erythrocytes and Vero cells. Therefore, these characteristics indicate
that JcTI-Pepl is safe and effective against C. krusei, an intrinsically resistant strain that
causes serious health problems and is often neglected, presenting a high potential for use as a

new antimicrobial agent in the future.

Palavras-chave: antimicrobial peptides; C. krusei; mode of action, microbial resistance.
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1 INTRODUCAO

Os agentes antimicrobianos tém desempenhado um papel de alta relevancia no
combate as doencas infecciosas. No entanto, ao longo de vérias décadas tem sido observado
um aumento dos casos de infec¢des causadas por microrganismos resistentes (ROOPE et al.,
2019; SEKYERE; ASANTE, 2018; ZHU, Yiwen et al., 2022). A resisténcia microbiana é
atualmente uma das questfes mais alarmantes no contexto de satde publica mundialmente,
especialmente devido ao aparecimento rapido de mecanismos de resisténcia ainda pouco
elucidados e a demora na liberacdo de novas drogas antimicrobianas (BLASKOVICH;
BUTLER; COOPER, 2017; BROWN; WRIGHT, 2016; KOK et al., 2022; VARELA et al.,
2021).

Baseando-se nas informacdes relatadas na literatura ja se sabe que a resisténcia aos
tratamentos disponiveis atualmente pode ser alcangada através de diferentes mecanismos. As
bactérias, por exemplo, podem sofrer mutagdes em genes intrinsecos ou adquiri-las através de
DNA exd6geno via plasmideos (DUJIKEREN et al., 2018). Essas muta¢fes podem levar entéo
a ativacdo de diversas respostas de defesa, como alteracbes na membrana, modificagcdes no
sitio de reconhecimento da droga, inibicdo da captacdo da droga e promocao do efluxo do
medicamento para o0 meio extracelular (DUJIKEREN et al., 2018; MUTUKU et al., 2022).

Os fungos, por sua vez, também tém se destacado no contexto de resisténcia e o
problema é agravado visto que as op¢Oes de tratamento sdo limitadas, existindo poucas
classes de antifungicos disponiveis para o tratamento das infec¢des, sendo as mais comuns: 0s
azois, as equinocandinas e os polienos (GUPTA et al., 2021; PERFECT, 2017). Além dessa
baixa disponibilidade de drogas eficientes, os fungos apresentam diversos mecanismos de
resisténcia aos agentes antimicrobianos, incluindo alteracdo do alvo da droga, alteracGes na

atividade de transportadores e em vias celulares (MARTINEZ-ROSSI et al., 2021).
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A resisténcia de microrganismos aos tratamentos disponiveis é responsavel por causar
aproximadamente 700.000 mortes/ano no mundo. Além disso, estima-se ainda que cerca de 10
milhdes de mortes devido a essa resisténcia irdo ocorrer todos os anos ap6s 2050, causando
mais Obitos que o cancer (ALVES et al., 2021; PULINGAM et al., 2022).

Com o intuito de minimizar os impactos causados pela resisténcia antimicrobiana, é
urgente e imperativa a busca por novas moléculas que apresentem uma acdo potente contra
esses agentes infecciosos. Nesse contexto, nos Ultimos anos os peptideos antimicrobianos
(PAMs) tém sido cada vez mais estudados e tém se mostrado eficientes sobretudo no combate
a infeccOes causadas por microrganismos resistentes (GAN et al., 2021; TAN et al., 2021).
Esses peptideos, aléem de apresentarem uma potente a¢do antimicrobiana, apresentam também
vantagens em compara¢do com agentes antimicrobianos tradicionais. Por exemplo, esses
peptideos possuem um amplo espectro de acdo, habilidade de neutralizar processos de
viruléncia e de modular respostas imunes no hospedeiro (WANG et al., 2018; YANG et al.,
2021). No entanto, os PAMs de origem natural apresentam algumas limitagcbes de uso,
especialmente no tratamento de infecgdes invasivas. Essas limitagcbes incluem elevada
toxicidade, alta susceptibilidade a degradacdo por proteases, instabilidade em diferentes
condicBes de pH e um alto custo de obtengdo através dos processos de purificacdo classicos
(GIULIANI; RINALDI, 2011; SARKAR et al.,, 2021; VANZOLINI et al.,, 2022). Para
contornar essas limitacGes de uso dos peptideos naturais, peptideos sintéticos tém sido
desenvolvidos com base na sequéncia de PAMs naturais ou proteinas antimicrobianas isoladas
de plantas, animais e microrganismos. Esses peptideos sintéticos bioinspirados normalmente
apresentam toxicidade baixa ou ausente frente as células de mamiferos, baixos indices de
imunogenicidade e maior estabilidade tanto em condicdes fisiologicas quanto em condicOes
de armazenamento (OMARDIEN et al., 2018; SARKAR, T.; CHETIA; CHATTERJEE,

2021). Diante dessas vantagens, diversos estudos tém avaliado a acao desses PAMs sintéticos
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no controle de microrganismos ndo-resistentes e/ou resistentes aos tratamentos convencionais
(DE CESARE et al., 2020; DIAS et al., 2020; OLIVEIRA, J. T. A. et al., 2019; PEREZ-
RODRIGUEZ et al., 2022). Além disso, muitos desses peptideos ja estdo em estagio de testes
clinicos e tém se mostrado eficientes no tratamento e prevencdo de infecgdes (KOO; SEO,
2019; DIJKSTEEL et al., 2021).

Nesse contexto de atividade antimicrobiana, ha alguns anos nosso grupo de pesquisa
purificou, a partir da torta do pinhdo-manso, uma proteina que apresentou atividade contra
fungos e bactérias e que foi denominada JcTI-I (COSTA, et al., 2014). JcTI-I é uma proteina
de 10,252 kDa e dados de espectrometria de massas e de sequenciamento por degradacéo de
Edman permitiram sua classificagdo como sendo uma albumina 2S. Essa proteina apresenta
uma elevada especificidade pela tripsina (Ki = 2 x 10**M), inibindo sua atividade através de
um mecanismo do tipo ndo competitivo. No entanto, tendo em vista a dificuldade de obtencéo
do material bem como o baixo rendimento da purificagcdo, foi proposto o desenho de
peptideos inspirados na sequéncia primaria de JcTI-l. Sendo assim, esse trabalho foi
elaborado com base nas seguintes perguntas de partida:

e Os peptideos sintéticos inspirados na sequéncia de JcTI-1 apresentardo atividade
antimicrobiana frente as diferentes espécies de leveduras e bactérias?

e Quais caracteristicas fisico-quimicas e bioquimicas desses peptideos podem favorecer
sua atividade antimicrobiana?

¢ Quais mecanismos de acéo justificam a sua agéo?

¢ Vislumbrando um futuro uso in vivo, esses peptideos sintéticos seriam toxicos contra

células animais?
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2 REVISAO DE LITERATURA

2.1 Resisténcia Microbiana

Na era pré-antibidticos, a alta mortalidade por doengas causadas por microrganismos,
como catapora, colera e pneumonia era comum no mundo todo (ADEDEJI, 2016). A
descoberta da penicilina por Alexander Fleming em 1928, transformou a medicina e continua
sendo uma das mais importantes causas do aumento da expectativa de vida (MAUGERI et al.,
2019). Por exemplo, a descoberta dos antibidticos reduziu os indices de mortalidade para
pneumonia, endocardite e meningite em 30%, 75% e 60%, respectivamente (DHINGRA et
al., 2020).

No entanto, nas Ultimas décadas tem sido observado um retrocesso no combate a
infecgOes causadas por microrganismos (DHINGRA et al., 2020). Isso acontece, pois apesar
da disponibilidade de agentes antimicrobianos que vém sendo utilizados ha décadas, a
resisténcia microbiana emergiu como um dos principais problemas de salde publica,
sobretudo no século XXI (JAMPILEK, 2022). Essa resisténcia pode ter sido desencadeada
por multiplos fatores como o uso incorreto e indiscriminado desses medicamentos, sobretudo
decorrente da automedicacdo (JANI et al., 2021; ZEB et al., 2022). E importante destacar que
estudos ja tém relatado os impactos decorrentes do aumento no uso indiscriminado de
antibioticos durante a pandemia de COVID-19 (DARIA; ISLAM, 2022; KNIGHT et al.,
2021). Os resultados desse mau uso ja estdo sendo observados em todo o mundo. Artigos
recentes tém mostrado um aumento nos casos de infec¢bes causadas por microrganismos
resistentes apds o inicio da pandemia causada pelo SARS-CoV-2 (do inglés, “severe acute
respiratory syndrome coronavirus 2”) (CHUNG; KHANUM, 2017; NORI et al., 2020; TIRI

et al., 2020). Um dos estudos relatou que a incidéncia de infec¢Bes por enterobactérias
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resistentes aos carbapenémicos (considerados medicamentos de ultima escolha no tratamento
de infeccdes causadas por bactérias multirresistentes) aumentou de 6,7% em 2019 para 50%
em 2020 na Italia, um dos paises mais fortemente atingidos pelos efeitos da pandemia (TIRI
et al., 2020)

Além disso, 0 uso de agentes antimicrobianos no setor agropecuario para promover o
crescimento e prevenir doengas nos animais usados na alimentacdo pode ser apontado como
outro grande indutor de resisténcia (OLIVEIRA, N. A. et al., 2020). O uso de antibioticos
como promotores de crescimento ja foi completamente banido na Europa desde 2006, no
entanto, em outros paises esse uso ainda é permitido e continua contribuindo para o
desencadeamento desse problema (DUTTA; YADAV, CHATTERJEE, 2019).

Esse problema é extremamente grave quando se considera, por exemplo, a resisténcia
de muitas bactérias aos antibidticos. Nos ultimos anos tem sido registrado um aumento no
numero de mortes decorrentes de infec¢des ocasionadas por bactérias multirresistentes (MDR,
do inglés “multidrug resistant bacteria”). De acordo com a Organiza¢do Mundial da Saude,
estima-se que em 2018 cerca de 408.000 pessoas tiveram tuberculose causada por bactérias
resistentes a rifampicina, um medicamento de primeira linha considerado altamente eficaz
(OMS, 2020). Considerando as mortes causadas por microrganismos resistentes, de modo
geral, os dados séo ainda mais preocupantes. Estima-se que aproximadamente 4,95 milhdes de
pessoas morreram em 2019, por causas associadas a resisténcia microbiana (MURRAY et al.,
2022). As infeccBes do trato respiratdrio inferior causadas por bactérias foram responsaveis
por mais de 1,5 milhdo de mortes em 2019, tornando-se a mais grave sindrome infecciosa.

Considerando o cenario brasileiro os numeros também preocupam. De 2010 a 2019,
foram registrados mais de 1 milhdo de casos de sepse no Brasil. Essas infec¢des resultaram
em mais de 463 mil ébitos, com uma média 23 obitos a cada 100 mil habitantes (ALMEIDA

et al., 2022). Entre os anos de 2014 e 2017 foram registrados 10.210 casos de infeccBes
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ocasionadas por bactérias MDR em hospitais pediatricos no estado do Rio de Janeiro, sendo
Klebsiella sp. e Escherichia coli as duas mais prevalentes (DE OLIVEIRA, P. M. N. et al.,
2019). Além disso, um estudo recente avaliou a susceptibilidade de cepas de Staphylococcus
aureus isoladas de pacientes em tratamento em hospitais publicos do Maranhdo e o0s
resultados séo alarmantes. Dos isolados avaliados, 78% mostraram resisténcia a oxacilina e a
clindamicina. Além disso, também foi verificada uma elevada incidéncia de isolados
resistentes a outras drogas muito utilizadas, como a eritromicina (70%), a ciprofloxacina
(61%) e a gentamicina (52%) (MONTEIRO et al., 2019).

O impacto da resisténcia bacteriana também é econémico. Nos Estados Unidos 0s
custos para o tratamento de infe¢cBes causadas por apenas 6 espécies bacterianas chegam a
quase $ 5 bilhdes de dolares (NELSON et al., 2021).

Assim com as bactérias, os fungos também tém apresentado resisténcia aos agentes
antimicrobianos. As infec¢fes fungicas tém sido um problema de salde publica
mundialmente, gerando preocupacéo, sobretudo, com o0s pacientes imunocomprometidos 0s
quais sdo altamente susceptiveis a essas infec¢fes (HOENIGL et al., 2022; MEI-SHENG
RILEY, 2021; OLIVIER-GOUGENHEIM et al., 2021). As infeccBes flngicas sistémicas
estdo comumente associadas a elevadas taxas de mortalidade e tém sido associadas ao
aumento da incidéncia de fungos patogénicos como os do género Aspergillus e as leveduras
do género Candida (BORJIAN BOROUJENI et al., 2021). As infec¢bes causadas por
espécies desse género representam um problema de saude publica. No Brasil, a Agéncia
Nacional de Vigilancia Sanitaria (ANVISA) inclui as leveduras do género Candida sp na lista
dos principais microrganismos notificados como agentes etiologicos de Infeccdo Primaria de
Corrente Sanguinea Laboratorial (IPCSL) em pacientes adultos hospitalizados em UTIs no
Brasil (ANVISA, 2013).

A candidemia, uma forma mais invasiva de candidiase, causa preocupacdo também
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nos Estados Unidos (MAGILL et al., 2018). Entre os anos de 2013 e 2017 estima-se que a
incidéncia da doenga foi de 9 infectados para cada 100.000 pessoas. O Centro de Controle e
Prevencdo de Doencas estima que aproximadamente 25.000 casos de candidemia acontecem
anualmente nos EUA (TSAY et al., 2020).

Dessas infecgOes invasivas causadas por Candida, cerca de 95% sdo desencadeadas
por apenas cinco espécies: C. albicans, C. glabrata, C. parapsilosis, C. Tropicalis e C. krusei.
A proporcdo de infecgBes causadas por cada espécie varia com a localizacdo geogréfica,
porém de modo geral, C. albicans é a espécie mais comumente isolada de pacientes com
infeccbes invasivas (MCCARTY; WHITE; PAPPAS, 2021). No entanto, o numero de
infeccBes causadas por essa espécie tem diminuido e as espécies ndo-albicans ja sdo
responsaveis por cerca de 50% das infecc¢fes por Candida (PFALLER et al., 2019).

Essas infecgbes causam muitas mortes em todo o mundo. No caso das infecgdes
invasivas, a taxa de mortalidade é de cerca de 20% e geram também um impacto econémico
relevante visto que cada caso de candidemia pode gerar um custo total de até $ 150,000, por
paciente (WAN ISMAIL et al., 2020).

Essa resisténcia reportada para diferentes espécies de fungos e bactérias pode ser

desencadeada por diferentes mecanismos, 0s quais serdo abordados a seguir.

2.1.1 Resisténcia microbiana em bactérias

Antibioticos sdo comumente utilizados no tratamento de infeccbes causadas por
bactérias e tém sua acdo baseada, por exemplo, na inibicdo da sintese da parede celular, de
proteinas ou de acidos nucléicos (ALI; RAFIQ; RATCLIFFE, 2018). Os principais
mecanismos de resisténcia que culminam na baixa eficacia dos antibioticos incluem os

seguintes: a) inativacdo da droga via acdo de enzimas; b) modificacdo do sitio de acdo da
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droga; e c) reducgéo da permeabilidade dos medicamentos (SULTAN et al., 2018). Uma viséo

geral desses mecanismos de resisténcia em bactérias pode ser observada na Figura 1.

Figura 1 — Diferentes mecanismos de resisténcia aos antibioticos em bactérias. A resisténcia

pode ser intrinseca ou adquirida, como na imagem abaixo, através da transferéncia de

elementos génicos.
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Mudancas no ambiente, como radiacéo, alteracdes na iluminacdo ou no pH podem
contribuir para o surgimento da resisténcia (WELLINGTON et al., 2013). Essa resisténcia
pode ainda ser adquirida através da transmissdo de genes de resisténcia contidos em
elementos genéticos moveis, como plasmideos, transposons e integrons (SULTAN et al.,

2018). Esses mecanismos de resisténcia, muitas vezes em conjunto, permitem que as bactérias



22

sobrevivam e se multipliguem mesmo durante o tratamento com antibidticos (VARELA et al.,
2021).

Para entender como as bactérias resistentes agem, é importante conhecer também os
principais mecanismos de acdo das classes de antibidticos mais importantes. Sendo assim,
serdo abordadas a seguir as caracteristicas das principais classes de antibidticos disponiveis e

as informac0es ja disponiveis sobre resisténcia bacteriana a esses medicamentos.

2.1.1.1 Interferéncia na sintese da parede celular

A parede celular € uma estrutura essencial para manter a forma e a integridade da
célula bacteriana, além de proteger contra a lise por pressdo osmotica (ABUSHAHEEN et al.,
2020). Sua estrutura é formada longas cadeias de N-acetilglucosamina (GIcNAc) e de acido
N-acetilmurdmico (MurNAc) que sdo interligados em ligagdes cruzadas pela agdo de
transpeptidases e carboxipeptidases, enzimas conhecidas como proteinas de ligacdo a
penicilina (PBPs, do inglés “Penicillin Binding Proteins). A parede celular das bactérias é um
dos principais alvos da acdo de diversos antibi6ticos, como os B-lactdmicos (penicilinas,
carbapenémicos e cefalosporinas) e também dos glicopeptideos (vancomicina e teicoplanina)
(NIKOLAIDIS; FAVINI-STABILE; DESSEN, 2014).

Os antibioticos p-lactamicos tém como alvos de acdo as PBPs, enzimas envolvidas na
sintese do peptidoglicano, um elemento chave da parede celular. A inativacdo dessas proteinas
impede a formacéo do arcabouco estrutural da parede celular, o que resulta na morte da célula
(MLYNARCZYK-BONIKOWSKA et al., 2022). A atividade de inibicdo enzimatica se baseia
em similaridades estruturais e geomeétricas entre os antibioticos, como a penicilina, e 0

substrato das PBPs, um dipeptideo D-Ala-D-Ala (Figura 2) (LIMA et al., 2020).
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Figura 2 — Similaridade estrutural entre o antibidtico penicilina e o substrato das enzimas
transpeptidases, o dipeptideo D-Ala-D-Ala. Essa similaridade leva ao reconhecimento da

penicilina pelas PBPs, resultando na inibi¢do da sua atividade.
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O reconhecimento do antibiotico pela enzima, gera um impedimento estérico que torna
impossivel a catalise das ligacBes cruzadas que formam a parede celular. Consequentemente,
as ligacOes enfragquecidas no arcabouco da parede celular a tornam mais suscetivel a danos
(LIMA et al., 2020).

A resisténcia aos antibidticos p-lactdmicos € adquirida sobretudo pela producéo de B-
lactamases nas bactérias. Essas enzimas hidrolisam o anel B-lactdmico dos antibioticos,
impedindo assim o seu reconhecimento pelas PBPs (PAPP-WALLACE et al., 2020). Além
disso, ja foram reportados outros mecanismos de resisténcia a esses antibidticos. A resisténcia
aos carbapenémicos, por exemplo, pode acontecer por mutacdes nas PBPs ou atraves da
exclusdo do medicamento para o espaco periplasmatico pela acdo de bombas de efluxo
(SCHWEIZER, 2003; SULTAN et al., 2018).

Outra classe de antibidticos que também tem a parede celular como alvo é a dos
glicopeptideos. A vancomicina, o primeiro glicopeptideo descoberto, surgiu em uma época na

qual a resisténcia aos p-lactamicos ja tinha comecado a ser reportada. Desde entdo, essa tem
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sido a ultima opcdo de tratamento para infeccGes causadas por bactérias gram-positivas
multirresistentes (SARKAR et al., 2020). Outros glicopeptideos, naturais e semissintéticos,
foram aprovados para uso nos Gltimos anos.

A atividade antibacteriana dos glicopeptideos se baseia, principalmente, na sua alta
capacidade de ligacdo a um precursor na sintese da parede celular, o lipideo Il (VAN
GROESEN; INNOCENTI; MARTIN, 2022). Esses antibioticos interagem com a regido
terminal D-Ala-D-Ala do precursor através de ligacdes de hidrogénio. Essa interacdo impede
a formacdo do arcabouco da parede celular, comprometendo a integridade da célula
(BLASKOVICH et al., 2018). Uma mutacdo comum que confere resisténcia aos
glicopeptideos envolve a alteracdo do residuo D-Ala-D-Ala para um residuo D-Ala-D-Lac ou
D-Ala-D-Ser. Com isso, a interacdo entre o antibidtico e o precursor lipideo 1l ndo acontece e

a biossintese da parede celular ndo é comprometida (JAMES et al., 2012).

2.1.1.2 Inibigao da sintese de proteinas

Apos as etapas de replicacdo do DNA e da sua transcricdo em uma molécula de
RNAmM ocorre a sintese de proteinas, conhecida como traducdo. Os ribossomos sdo 0s agentes
responsaveis pelo processo de sintese proteica tanto em procariontes quanto em eucariontes
(BHATTACHARJEE, 2016). Em bactérias, o ribossomo 70S é formado pelas subunidades
30S e 50S e os antibioticos que atuam sobre a sintese proteica se ligam a uma dessas
subunidades, blogueando o processo e interrompendo o crescimento das celulas (BECKERT
etal., 2021).

Os macrolideos, aminoglicosideos e a tetraciclina sdo exemplos de antibidticos que
bloqueiam a sintese proteica pela ligagdo a subunidade 30S. Esses medicamentos possuem

carboidratos carregados positivamente em sua superficie os quais interagem com a membrana
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plasmatica negativa, permitindo a entrada na célula. Dentro da célula eles se ligam a
subunidade menor do ribossomo e geram um pareamento incorreto entre 0 RNAmM e o RNAr,
resultando no blogueio da sintese (VLADAR et al., 2015).

Outros medicamentos, como o cloranfenicol, se ligam a subunidade 50S e impedem a
adicdo de novos aminoéacidos na cadeia proteica em formagdo. Dessa forma, o processo de
elongacéo é interrompido e a sintese proteica é comprometida (ABUSHAHEEN et al., 2020).

Diferentes mecanismos de resisténcia aos antibidticos citados acima tém sido
reportados na literatura. Um dos mecanismos de resisténcia aos aminoglicosideos, por
exemplo, envolve a modificagdo de enzimas, como acetiltransferases, fosfotransferases e
nucleotidiltransferases (VLADAR et al., 2015). Para o cloranfenicol e a tetraciclina ja foi
reportada a resisténcia por inativacdo do medicamento via enzimatica e também pelo efluxo

através de bombas (GASPARRINI et al., 2020; SCHWARZ et al., 2004).

2.1.1.3 Inibigao da sintese de acidos nucleicos

Duas classes principais de antibioticos tém sua acdo antibacteriana baseada na inibicdo
da sintese de &cidos nucléicos: as quinolonas e as fluoroquinolonas. As quinolonas sao
antibidticos sinéticos e a primeira quinolona descoberta, o0 acido nalixidico, se trata de um
subproduto da sintese da cloroquina (BISACCHI, 2015). As quinolonas sdo inibidores das
topoisomerases Il ou IV, enzimas que catalisam a interconversdo de diferentes formas
topoldgicas do DNA (relaxo ou superenrolado) que possibilita a ocorréncia de processos
como a replicagéo e a transcri¢do. Apoés essa ligacdo, o relaxamento ou a tor¢cdo do DNA séo
comprometidos e o processamento do DNA, processo vital para a célula, é interrompido e

culmina na morte celular (BUSH et al., 2020).
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A otimizacdo das quinolonas levou a uma nova classe de antibidticos, as
fluoroguinolonas, obtidas pela adigdo de um atomo de fluor no C-6 (BALL, 2000). As
fluoroquinolonas, por sua vez, atuam como inibidores da DNA girase em bactérias gram-
negativas e da topoisomerase 1V em gram-positivas, bloqueando processos como a replicagdo
e afetando a segregacdo dos cromossomos homdlogos (BUSH et al., 2020). Esses
medicamentos tém sido amplamente utilizados no combate a infecgdes como a candidiase
esofagica, a peritonite e infec¢bes do trato urinério. No entanto, a sua elevada toxicidade e o
aumento nos casos de resisténcia tém levado a contraindicacdo do seu uso em infecoes leves e
moderadas (MROCZYNSKA; BRILLOWSKA-DABROWSKA, 2020).

Os mecanismos de resisténcia reportados para esses antibioticos incluem a diminuicao
da sua entrada na célula, o seu efluxo através de bombas e também mutacdes em seus alvos

moleculares, as DNA girases e topoisomerases (SULTAN et al., 2018).

2.1.2 Resisténcia microbiana em fungos

Assim como as bactérias, os fungos também tém mecanismos de resisténcia ja bem
definidos contra as principais classes de antifingicos: os az6is, os polienos e as

equinocandinas.

2.1.2.1 Resisténcia aos azois

Os azois sdo drogas que inibem a via de biossintese do ergosterol, um componente
estrutural importante da membrana plasmatica das leveduras. De modo mais especifico, essas
drogas tém como alvo a enzima lanosterol 14-a-demetilase, codificada pelo gene ERG11 em

leveduras (Figura 3) (PRISTOV; GHANNOUM, 2019). A inibicdo dessa via resulta no
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acimulo de esterdis toxicos que promovem instabilidade na membrana e impedem o
crescimento do fungo (MAKVANDI et al., 2021; NAMI et al., 2019; ROBBINS; CAPLAN;
COWEN, 2017). Os azbis ndo prejudicam as células do paciente durante o tratamento pois 0s
seus principais alvos estdo ausentes. Por exemplo, nas células do paciente o colesterol vai ser
parte estrutural da membrana, e ndo o ergosterol (PRISTOV; GHANNOUM, 2019).

Os azbis sdo a classe de antifingico com mais medicamentos disponiveis
comercialmente e tém sido usados ha décadas no combate a diversas infecgdes fungicas
superficiais e invasivas (SHAFIEI et al., 2020). O primeiro azol, o clormidazol, foi liberado
comercialmente na década de 50 e inumeras pesquisas foram conduzidas ao longo dos anos a
fim de otimizar a sua atividade antifungica bem como melhorar outros pardmetros como a
seguranca de uso. Atualmente, existem aproximadamente 40 drogas e candidatos a drogas

dessa classe, divididos em mais de trés geragdes (SHAFIEI et al., 2020).
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Figura 3 — Mecanismo de acdo dos azois. (1) Inibicdo da conversdo do lanosterol em

ergosterol; (2) inibicdo na sintese do ergosterol e (3) desestabilizacdo e ruptura da membrana

plasmatica.
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A primeira geragéo inclui medicamentos como o clotrimazol e o0 miconazol e tem sido
usada sobretudo no tratamento de infeccdes superficiais como as dermatomicoses e a
candidiase vaginal (FROMTLING, 1988). Os azdis de segunda geracdo foram melhorados em
termos de seguranca, espectro de acdo e caracteristicas farmacocinéticas. O cetoconazol, por
exemplo, foi obtido pela substituicdo de uma cetona por um dioxolano heterociclico. A sua
atividade antifungica foi melhorada em relagdo aos medicamentos de primeira geragdo, mas
ele se mostrou extremamente tdxico e pouco seletivo, causando danos graves nas células dos
pacientes. Por essa razdo, o cetoconazol foi removido da lista de medicamentos aprovados

pelo FDA (do inglés, Federal Drug Administration) para o tratamento de micose sistémica em
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2013 (SHAFIEI et al., 2020). Outra droga de segunda geracdo é o fluconazol que também
teve modificagdes estruturais que resultaram em uma maior estabilidade metabdlica, maior
solubilidade e menos efeitos colaterais (RICHARDSON et al., 1990).

Com o aumento nos casos de resisténcia, novos medicamentos foram sintetizados com
base na estrutura dos azodis de segunda geracdo. Esses medicamentos, de terceira geracgao,
tiveram alteracfes estruturais que resultaram em caracteristicas farmacocinéticas e de
seguranca melhores, além de um espectro de acdo ampliado e um maior potencial para
controlar infeccbes mais graves (SHAFIEI et al., 2020). Sendo assim, em 2002 o FDA
aprovou o voriconazol, um azol com um anel fluorpirimidico, que se mostrou 30 vezes mais
potente contra C. albicans, 20 vezes mais potente contra C. glabrata e completamente ativo
contra Aspergillus sp. em comparagdo com o fluconazol (SARAVOLATZ; JOHNSON;
KAUFFMAN, 2003; SABATELLI et al., 2006). Continuando as melhorias, drogas de quarta
geracdo ja estdo em fase clinica de testes, como o quilseconazol e o VT-1598
(WIEDERHOLD et al., 2018).

Apesar dos esforcos em desenvolver novas drogas, os fungos continuam burlando a
acao desses medicamentos. Um dos mecanismos de resisténcia aos azois envolve alteracGes
ne expressdo do gene ERG11 e em espécies de Candida e Aspergillus resistentes ja foi
reportada a substituicdo de aminoacidos em regides proximas ao sitio de ligacdo da enzima
lanosterol 14-o-demetilase, causando alteragcdes que impedem a acdo da droga (ROBBINS;
CAPLAN; COWEN, 2017). Além disso, em C. albicans, C. neoformans e A. fumigatus ja foi
relatada a superexpressao de bombas de efluxo que retiram os azois da célula e mutacdes em
canais que impedem a entrada do medicamento para o espac¢o intracelular (SHAPIRO;

ROBBINS; COWEN, 2011).

2.1.2.2 Resisténcia aos polienos
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O principal alvo de ag¢do dos polienos, 0s quais possuem uma estrutura anfipatica, é
justamente a membrana plasmatica, onde sdo formados poros que resultam no colapso da
célula (Figura 4) (KRISTANC et al., 2019). Esses poros variam bastante em tamanho e

podem permitir a passagem de diferentes solutos pela membrana.

Figura 4 — Representacdo do mecanismo de acdo dos polienos. As drogas dessa classe formam

poros na membrana plasmatica dos fungos, resultando na morte das células.
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A formacdo desses poros gera uma perturbacdo nos gradientes eletroquimicos da
célula, culminando em sua morte (SERHAN et al., 2014). Além disso, 0s polienos podem
causar uma superproducdo de espécies reativas de oxigénio (EROs), peroxidacdo lipidica e
podem impedir o transporte de certas moléculas importantes como aminoacidos e carboidratos
(BOLARD, 1986; SANGALLI-LEITE et al., 2011; SERHAN et al., 2014).

Além disso, essas drogas tém uma alta afinidade por esterdis presentes na membrana
(CAROLUS et al., 2020). Sendo assim, diversos estudos ja mostraram que 0s polienos
adsorvem o ergosterol presente nas membranas dos fungos, 0 que gera uma perda de

estabilidade estrutural que culmina na morte celular (FALCON-GONZALEZ et al., 2017;
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GRAY et al., 2012). Alguns pesquisadores, inclusive tém como hip6tese que o efeito potente
dos polienos contra diferentes espécies de fungos se da mais pela sua alta interagdo com o
ergosterol do que pela formacdo de poros na membrana (GRAY et al., 2012; TE WELSCHER
et al., 2008).

Um dado que corrobora com essa hipétese € o de que um dos mecanismos de
resisténcia ja reportados aos polienos é justamente 0 aumento no conteido de ergosterol na
membrana, burlando assim a acdo do medicamento (KRISTANC et al., 2019). Além disso,
uma maior proporcdo de colesterol, um analogo ao ergosterol, na membrana de mamiferos
poderia reduzir os efeitos colaterais dos polienos (KAMINSKI, 2014).

AlteracBes de componentes da via de biossintese do ergosterol também ja foram
relacionadas a resisténcia aos polienos. Por exemplo, mutacfes no gene ERG3 em fungos
provocam a perda de fungdo da enzima D-5,6-desaturase, culminando na diminui¢do do teor
de ergosterol e no acumulo de esterois alternativos que ndo sdo reconhecidos (COWEN et al.,
2015). Ainda assim, os polienos sdo amplamente utilizados devido ao seu amplo espectro de
acao e a resisténcia a eles € menos comum em comparacdo com os azoéis e as equinocandinas

(WIEDERHOLD, 2017).

2.1.2.3 Resisténcia as equinocandinas

Até o final do século 20, os azois e 0s polienos eram 0s agentes antifungicos mais
utilizados. Entretanto, o uso dessas drogas pode causar uma série de efeitos colaterais que
afetam principalmente o figado e os rins. Além disso, como relatado acima, diversos casos de
resisténcia ja tinham sido reportados para essas duas classes de antifungicos (WALL; LOPEZ-

RIBOT, 2020). Além disso, por terem um alvo em comum, o ergosterol da membrana,
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diversos casos de resisténcia cruzada aos azois e aos polienos ja foram reportados (HULL et
al., 2012).

Sendo assim, a busca por novos agentes antifingicos que contornassem 0s problemas
citados acima resultou na descoberta das equinocandinas, uma classe de antifungico com
efeito fungicida contra Candida sp. e fungistatico contra Aspergillus sp. Além disso, as
equinocandinas causam efeitos colaterais mais brandos em comparag¢do com outras classes de
antifingicos (MROCZYNSKA; BRILLOWSKA-DABROWSKA, 2020; SZYMANSKI et al.,
2022).

As equinocandinas tém como alvo a parede celular dos fungos, inibindo a (1,3)-B-D
glicano sintase (EC 2.4.1.34), codificada pelos genes FKS1 e FKS2 em Candida, induzindo
um estresse na parede celular, com posterior perda da integridade (Figura 5) (SUCHER;
CHAHINE; BALCER, 2009).

A recomendacdo de utilizacdo se d& no tratamento de infec¢Bes invasivas causadas
principalmente por fungos dos géneros Candida e Aspergillus. Essas drogas sdo também
eficientes na prevencgéo da formacéao de biofilmes e promovem um efeito fungicida que causa
um aumento e uma distorcdo das células, o que contribui para a inibicdo da proliferacdo

celular (SHERRY et al., 2017).
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Figura 5 — Mecanismo de agdo das equinocandinas. (A) producdo normal do B-(1,3)-D-

glicano e (B) acdo da droga na subunidade FKS1p com a inibi¢éo da glicano sintase, o que

resulta na morte do fungo causada pela instabilidade na parede celular.
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Fonte: Szymanski et al., 2022.

Diversos casos de resisténcia as equinocandinas tém sido reportados nos ultimos anos.

Diversas espécies de Candida, como C. albicans, C. tropicalis, C. glabrata e C. krusei tém se

tornado cada vez mais resistentes a acdo dessas drogas (SZYMANSKI et al., 2022). Em

resposta a essas drogas, os fungos desenvolvem continuamente mecanismos de reparo da

parede celular que permitem o0 seu crescimento mesmo na presenca desses agentes

antimicrobianos. A maioria dos estudos relaciona a resisténcia a mutagdes na subunidade

catalitica da glicano-sintase, a Fks. Essa subunidade € codificada por trés genes: FKS1, FKS2

e FKS3, os quis sdo alvos de mutagdes nas cepas resistentes (SUWUNNAKORN et al., 2018).

Essas mutacdes levam a alteracdes na subunidade catalitica, como substitui¢cdo ou delecéo de
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aminoacidos, o que dificulta o reconhecimento dessa proteina pelo medicamento
(ARENDRUP; PERLIN, 2014).

Todos esses diversos mecanismos moleculares de resisténcia aos agentes
antimicrobianos relatados acima, ressaltam a importancia da descoberta de novos agentes que

atuem no controle dessas doengas infecciosas.

2.2 Peptideos antimicrobianos

Uma das estratégias mais antigas no combate a infeccdes bacterianas e fungicas em
diversos organismos é a producdo de peptideos antimicrobianos (PAMs) (MAGANA et al.,
2020). Essas moléculas sdo produzidas, de forma constitutiva ou induzida, por bactérias
(bacteriocinas), plantas (defensinas), protozoarios e por praticamente todos os animais (LEI et
al., 2019). Esses PAMs sdo normalmente cationicos e por isso, possuem uma elevada
afinidade com a membrana plasmética (KUMAR; KIZHAKKEDATHU; STRAUS, 2018).

Em plantas, os peptideos podem ser encontrados em flores, folhas, frutos, raizes,
tubérculos e sementes. Eles normalmente apresentam baixa massa molecular, carga positiva
em pH fisioldgico, sdo anfipaticos e estaveis (MAGANA et al., 2020). Esses PAMs
apresentam um amplo espectro de agdo e uma baixa taxa de indugdo de resisténcia quando
comparados aos antimicrobianos convencionais (MAHLAPUU et al., 2016).

Entretanto, o uso dos PAMs de origem natural enfrenta algumas limitagdes como o
alto custo, baixa estabilidade e a elevada citotoxicidade (LEI et al., 2019). Sendo assim, 0s
PAMs sintéticos tém sido cada vez mais estudados por apresentarem vantagens como
atividade melhorada, menos susceptibilidade a protedlise e baixa toxicidade (BROWNE et al.,
2020). Nos ultimos anos, diversos trabalhos tém mostrado o elevado potencial antimicrobiano

de peptideos sintéticos, 0s quais atuam através de diversos mecanismos de acao.
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Apesar da existéncia de muitos estudos que abordam a forma como esses peptideos
antimicrobianos agem, ainda ndo existe nenhuma teoria ou modo de acdo que possa ser
utilizado universalmente por todos os PAMs. Os estudos tém focado mais na interacdo desses
peptideos com a membrana dos microrganismos e no que ocorre apos essa interacdo. Esse
processo envolve, normalmente, duas etapas. Primeiramente, os PAMs cati6nicos se ligam de
forma ativa a superficie negativa das membranas, destruindo-as pela formacéo de poros (LEI
et al., 2019). Existem 3 modelos principais de mecanismos de acdo de peptideos por ruptura
de membrana: formacdo de carpete (carpet-like), modelo de barril (barrel-stave) ou poro

toroidal (toroidal pore) (Figura 6) (BROGDEN, 2005; HUAN et al., 2020).

Figura 6 — Modelos de interacdo de peptideos antimicrobianos (PAMs) com a membrana

plasmatica.
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Fonte: Huan et al., 2020.

No modelo carpet-like, o peptideo interage com fosfolipideos da membrana,
recobrindo toda a sua superficie. Quando € atingida uma concentracdo critica, a membrana

sofre alteragdes morfoldgicas e se rompe formando agregados de peptideos e micelas (HE;
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LAZARIDIS, 2013). Ndo ha necessariamente a formacéo de poros por esse mecanismo, mas
pode haver a formacéo de poros associada & cobertura da membrana plasmaética.

Pelo modelo de barril (barrel-stave), a interacdo do peptideo com a membrana depende
de sua concentragdo e se inicia com um acumulo de peptideo na superficie da membrana, o
que reduz a sua espessura. Quando a concentragdo critica é alcangada, os peptideos formam
poros transmembrana do tipo barril, no qual a porgdo hidrofobica fica voltada para os
fosfolipideos e a porcao hidrofilica fica protegida na parte interna do poro (SHAI, 2002).

O modelo toroidal também envolve a formacéo de poros e tem sido mais aceito que o
modelo em barril. Nesse caso, 0s peptideos interagem com as cabecas polares dos
fosfolipideos de membrana, induzindo uma curvatura em sua estrutura que permite que o
peptideos se insiram perpendicularmente, formando o poro ao mesmo tempo que permanecem
ligados aos fosfolipideos (PRIYADARSHINI et al., 2022).

Além de exercer atividade antimicrobiana através da formacao de poros na membrana,
0s peptideos também podem causar outras alteragdes nas células que resultam na morte do
microrganismo. Por exemplo, a acdo pode se dar via inibicdo da sintese de &cidos nucleicos
ou de proteinas e também pela ativagdo de bombas de efluxo na membrana plasmatica
(ARMENGOL; DOMENECH; VINAS, 2019; SIERRA et al., 2017).

Outros estudos, como o de Dias et al. (2020), também reportam 0s mecanismos por
tras da atividade antimicrobiana de peptideos sintéticos. No referido trabalho, dois peptideos
sintéticos foram desenhados a partir da sequéncia de uma albumina 2S purificada das
sementes de Ricinus communis (Rc-2S-Alb) e denominados RcAlb-Pepl e RcAlb-Pepll.
RcAlb-Pepll. Esses peptideos promoveram uma alta inibi¢cdo no crescimento de Klebsiella
pneumoniae e de Candida parapsilosis, através de mecanismos como alteracbes na
morfologia, inducdo de poros na membrana e geracdo de espécies reativas de oxigénio. Alem

disso, os peptideos apresentaram baixa atividade citotoxica e atividade hemolitica ausente
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(DIAS et al., 2020). Outros peptideos, como Mo-CBPz-Peplll, bioinspirado na sequéncia de
uma proteina de Moringa oleifera, também apresentaram atividade antimicrobiana e
induziram uma permeabilizacdo na membrana plasmatica (OLIVEIRA, et al., 2019).

Esses peptideos, sobretudo os sintéticos, tém elevado potencial para serem utilizados
como uma alternativa ao uso de antimicrobianos convencionais a fim de diminuir os impactos
gerados pela resisténcia microbiana (KUMAR; KIZHAKKEDATHU; STRAUS, 2018).
Muitos dos peptideos estudados ja estdo em fase de testes clinicos e podem ser utilizados na
formulacdo de medicamentos de uso topico ou de uso oral e intravenoso o que reforga o seu
potencial como agente terapéutico (ZHU, YIYUN, 2022).

Nesse contexto, estudos preliminares conduzidos por nosso grupo de pesquisa
reportaram a atividade antimicrobiana de uma albumina 2S com atividade inibitdria de
tripsina purificada da torta de Jatropha curcas (denominada JcTI-1) (COSTA, et al., 2014).
No entanto, devido a algumas limitagdes na purificagdo, como baixo rendimento de
purificacdo e dificuldade na obtencdo do material de partida, foi entdo proposto o objetivo
desse trabalho de prospectar peptideos sintéticos baseados na sequéncia dessa proteina de

modo a contribuir para o entendimento acerca do potencial terapéutico dos PAMs.

3 HIPOTESE

Os peptideos sintéticos bioinspirados em JcTI-I apresentam uma potente atividade
antimicrobiana frente a diferentes espécies de leveduras e bactérias de interesse clinico,
causando efeitos deletérios nesses microrganismos que resultam na inibicdo do seu

crescimento.
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4 OBJETIVOS

4.1 Objetivo Geral

Desenhar peptideos sintéticos inspirados na sequéncia de um inibidor de tripsina de

Jatropha curcas (JcTI-1) e avaliar sua agdo contra bactérias e leveduras de interesse clinico,

determinar suas propriedades estruturais, seu modo de acao e sua toxicidade in vitro e in silico.

4.2 Objetivos Especificos

Desenhar e analisar as caracteristicas fisico-quimicas e estruturais dos peptideos sintéticos
bioinspirados in silico;

Analisar a citotoxicidade e a alergenicidade dos peptideos sintéticos mais promissores in
vitro e in silico.

Investigar a atividade antimicrobiana dos peptideos sintéticos contra diferentes espécies de
bactérias e leveduras;

Investigar a atividade antibiofilme dos peptideos sintéticos;

Caracterizar os mecanismos que justificam a acdo antimicrobiana desses peptideos;
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5 ENSAIO COM BACTERIAS DE INTERESSE CLINICO

A partir da sequéncia primaria de JcTI-I, um inibidor de tripsina de Jatropha curcas,
foram selecionados trés peptideos com caracteristicas mais promissoras, 0s quais foram
sintetizados e denominados JcTI-Pepl, JcTI-Pepll e JcTI-Peplll. Os trés peptideos sintéticos
foram testados contra diferentes espécies de bactérias de interesse clinico.

As bactérias patogénicas Gram-positivas (Bacillus subtilis (ATCC 6633) e
Staphylococcus aureus (ATCC 25923)) e Gram-negativas (E. Coli (ATCC 8739), K.
pneumoniae (ATCC 10031) e Salmonella choleraesuis (ATCC 14028)) foram fornecidas pelo
Laboratdrio de Toxinas Vegetais.

Para 0 ensaio de inibicdo de crescimento das bactérias foi utilizada a técnica de
microdiluicdo usando caldo Mueller Hinton para bactérias como descrito anteriormente
(OMARDIEN et al., 2018). Os peptideos foram testados contra as bactérias citadas
anteriormente em placas de microtitulacdo de 96 pocgos de poliestireno de fundo chato. Uma
aliquota de 100 puL do meio de cultura caldo Mueller Hinton contendo células bacterianas (5 x
10° UFC/mL) foi incubada (8 h, 37 °C, no escuro) com os peptideos sintéticos solubilizados
em DMSO 5% em NaCl 0,15 M (concentragdes finais que variaram de 500 uM a 0,25 puM).
Apobs 24 h de incubacéo, foram realizadas leituras de absorbancia a 600 nm usando um leitor
de microplacas (Epoch, BioTek Instruments, Inc., EUA). Os controles negativo e positivo
foram DMSO 5% em NaCl 0,15 M e Ciprofloxacino (780 uM), respectivamente. O meio de
cultura contendo apenas as celulas bacterianas foi usado como referéncia (100% de
crescimento). A CIM (Concentracéo Inibitéria Minima) foi determinada por comparacdo das
absorbancias das celulas tratadas com os peptideos e das células tratadas com o controle

negativo.
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Como resultado do ensaio de inibicdo do crescimento bacterianos, foi observado que
nenhum dos trés peptideos desenhados a partir de JcTI-I se mostrou eficaz contra as bactérias
testadas. Devido a auséncia de atividade antibacteriana, os dados referentes a esses
experimentos ndo foram inseridos no artigo publicado no periddico internacional Biochimie
no ano de 2022, o qual apresentou apenas os resultados da atividade antifungica dos peptideos

sintéticos bioinspirados no inibidor de tripsina de Jatropha curcas.
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Abstract

Antimicrobial resistance has been increasing globally, posing a global public health risk. It
has prompted the scientific community to look for alternatives to traditional drugs.
Antimicrobial Peptides (AMPSs) have stood out in this context because they have the potential
to control infectious diseases while causing no or little harm to mammalian cells. In the
present study, three peptides, JcTI-Pepl, JcTI-Pepll, and JcTI-Peplll, were designed and
tested for antimicrobial activity based on the primary sequence of JcTI-I, a 2S albumin with
trypsin inhibitory activity from Jatropha curcas. JcTI-Pepl strongly inhibited C. krusei
growth, and it caused severe disruptions in cellular processes and cell morphology. C. krusei
cells treated with JcTI-Pepl showed indicative of membrane permeabilization and
overproduction of Reactive Oxygen Species. Moreover, the yeast's ability to acidify the
medium was severely compromised. JcTI-Pepl was also effective against pre-formed biofilm
and did not harm human erythrocytes and Vero cells. Overall, these characteristics indicate
that JcTI-Pepl is both safe and effective against C. krusei, an intrinsically resistant strain that
causes serious health problems and is frequently overlooked. It implies that this peptide has a

high potential for use as a new antimicrobial agent in the future.

Keywords: AMPs, C. krusei, antimicrobial resistance.
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6.1 Introduction

In the fight against infectious diseases, antimicrobial agents have played an important
role. However, there has been an increase in infections caused by resistant microorganisms
over the last several decades [1]. In this context of resistance, fungi have stood out, and the
problem is concerning because there are only a few classes of antifungals available to treat

infections, with the most common being: azoles, echinocandins, and polyenes [2].

In humans, fungal infections are classified as superficial or deep, systemic or
disseminated infections such as invasive aspergillosis and candidemia [3]. Infections caused
by Candida species are a public health concern. Candidemia, a more invasive form of
candidiasis, is a source of concern in a number of countries [4]. It is estimated that nine
people were infected with the disease for every 100,000 people between 2013 and 2017. In
addition, the Center for Disease Control and Prevention estimates that more than 25,000 cases
of candidemia occur in the United States each year [5]. Systemic fungal infections are
considered medical emergencies and present high mortality rates. In this scenario, azole
resistance among Candida species, along with echinocandin and multidrug resistance, is one

of the main challenges in medical care [6].

C. albicans, C. parapsilosis, C. Tropicalis, C. glabrata, and C. krusei cause more than
95% of invasive infections. The proportion of infections caused by each species varies with
geographic location. In general, C. albicans is the most commonly isolated from patients with
invasive infections [7]. However, the number of infections caused by C. albicans has been
decreasing, and non-albicans species are now responsible for about 75% of Candida
infections in the USA [7].

Among these species, C. krusei has emerged as a serious pathogen, accounting for
1.5-8% of candidemia cases. This is especially concerning because this species is intrinsically
resistant to fluconazole (FLC) and has decreased susceptibility to other azoles and polyenes
[[7],[8],[9]]- Echinocandins are still an important treatment option for
invasive C. krusei infection. Nonetheless, several studies have shown that resistance develops
quickly during caspofungin and micafungin treatment [10,11]. In addition, infections caused
by C. krusei have a higher mortality rate (20%-67%) when compared to several non-albicans
species, which is likely related to their poor response to standard antifungal therapies [12]. To
minimize the impacts caused by antimicrobial resistance, the search for new molecules with

potent antimicrobial activity against these infectious agents is critical.
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In this context, antimicrobial peptides (AMPs) have emerged as particularly effective
in combating infections caused by resistant microorganisms. AMPs are low-molecular-mass
defense peptides with the ability to interact with cell membranes. They have a wide range of
action, including the ability to neutralize virulence processes and modulate immune responses
in the host [13]. However, natural AMPs have some limitations in their use, such as high
toxicity, high susceptibility to degradation by proteases, and loss of microbial activity under
physiological salts conditions [14]. Synthetic peptides based on the sequence of naturally
occurring peptides and proteins obtained from animals, plants, and microorganisms have been
developed to overcome these limitations. As a result, several studies have been conducted to
investigate the role of synthetic AMPs in the control of non-resistant and resistant

microorganisms [15].

Recently, our research group purified a protein from Jatropha curcas seed cake, which
was named JcTI-I [16]. JcTI-I is a 2S albumin with trypsin inhibitory activity that showed
high antimicrobial potential against several fungi and bacteria species. However, the
low purification yield (1.2%) impeded the use of this protein as an antimicrobial molecule.
Thus, the design of peptides inspired by the primary sequence of JcTI-I was proposed. The
designed peptides were tested against several species of Candida, and the most promising had

its mode of action investigated against C. krusei.

6.2 Materials and Methods

6.2.1 Materials

C. parapsilosis (ATCC 22019, ATCC 7330, and ATCC 90018), C. krusei (ATCC 6258
and ATCC 14243), C. albicans (ATCC 10231, ATCC 14053, and ATCC 18804),
and C. tropicalis (clinical isolate, ATCC 750, and ATCC 13803) were acquired from the
Laboratory of Plant Toxins at the Department of Biochemistry and Molecular Biology of the
Federal University of Ceara (UFC), Brazil. Human blood samples (ABO system) were
obtained from healthy donors in the blood bank HEMOCE (Hemotherapy Center of Ceara,
Brazil). All other chemicals and culture mediums were purchased from Sigma-Aldrich Co.
(St. Louis, USA) and Himedia® Laboratories Pvt. Ltd. (Mumbai, India).
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6.2.2 Prediction, in silico analysis, and peptide synthesis

To design the peptides, the amino acid sequence of JcTI-1 was loaded into the freely
accessible tool CAMPRgs (http://www.camp3.bicnirrh.res.in/index.php) [17]. Among the
suggested peptides, those with a low molecular weight (600 at 1200 Da), positive net charge
(>+1), total hydrophobic ratio >30%, and Boman index <4.5 were selected [18]. These
properties  were assessed using the Antimicrobial Peptide Database tool
(https://aps.unmc.edu/prediction) [19]. The iAMPpred (http://cabgrid.res.in:8080/amppred/)
was used to predict the antimicrobial potential of the designed peptides [20], with results
displayed as a score ranging from 0 to 1, with values close to 1 indicating peptides with a high

probability of exhibiting antimicrobial activity.

The peptide’s ability to penetrate the cell membranes
(http://crdd.osdd.net/raghava/cellppd/multi_pep.php) [21], its resistance
to proteolysis (http://web.expasy.org/peptide_cutter/), and half-life in an intestine-like
environment  (http://crdd.osdd.net/raghava/hlp/help.html)  [22] were also evaluated.
Furthermore, some biological activities were predicted using the following in silico tools: the
allergenic (http://imed.med.ucm.es/Tools/antigenic.pl), hemolytic
(https://webs.iiitd.edu.in/raghava/hemopi/) [23], and toxic
(https://webs.iiitd.edu.in/raghava/toxinpred/design.php) [24] potentials. Also, the anticancer
activity was evaluated in silico (https://webs.iiitd.edu.in/raghava/anticp/) [25].

Following all the above analyses, three peptides, JcTI-Pepl, JcTI-Pepll, and JcTI-
Peplll, showed the most promising antimicrobial properties in silico. They were chosen and
chemically synthesized by GenOne (Rio de Janeiro, Brazil). The purity of the peptides
(>95%) was assessed by high-pressure liquid chromatography (RP-HPLC) and mass

spectrometry analysis.

6.2.3 Structural characterization

The PEP-FOLD online server (http://bioserv.rpbs.univ-paris-diderot.fr/services/PEP-
FOLD/) was used to predict the 3D structure of JcTI-Pepl, JcTI-Pepll, and JcTI-Peplll [26].
PEP-FOLD was also used to predict Tm and sOPEP scores, which were then used to
determine the best structure model. The 3D structural analysis was executed using

the PyMol Molecular Graphics System, version 1.7.4, Schrodinger, LLC. The electrostatic
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maps were obtained using APBS [27] and PDB 2PRQ [28]. Helical wheel plots were created

using the software Kamal v 2.1 (http://www.cenargen.embrapa.br/kamal/) [29].

6.2.4 Anticandidal activity of JcTI-Pepl, JcTI-Pepll, and JcTI-Peplll

The effect of the peptides on yeast cells growth was evaluated in polystyrene flat-
bottom 96-well microtiter plates, as reported previously (DA SILVA NETO et al., 2020).
Aliquots (100 pL) of C. parapsilosis, C. krusei, C. albicans, and C. tropicalis cells
suspensions (5 x 10° CFU/mL), prepared in Sabouraud broth, were incubated with 100 uL of
JcTI-Pepl, JcTI-Pepll or JcTI-Peplll at different concentrations (500 pM to 0.25 uM final
concentrations, prepared in 0.15 M NaCl containing 5% DMSO). After incubation (37 °C,
24 h), yeast growth was evaluated by absorbance at 600 nm in an automated microplate reader
(Epoch, BioTek Instruments Inc., USA). The commercial antifungal Nystatin (122.7 uM) was
used as the positive control (100% inhibition), and the 0.15 M NaCl solution containing 5%
DMSO was used as the negative (100% growth). Minimum Inhibitory Concentration (MIC)
was defined as the lowest concentration of the peptide that inhibited the
visible in vitro growth. Furthermore, to  determine  the Minimum Fungicidal
Concentration (MFC), aliquots (10 uL) from the wells that showed a high inhibition were
incubated in Petri dishes containing agar-Sabouraud medium, for 24 h at 37 °C. MFC was
defined as the lowest concentration of peptide that reduces the viability of the initial
microorganism inoculation by > 99.9%, causing its death. Three independent experiments

were performed (with three biological replicates).

6.2.5 Assessment of antibiofilm effect of JcT1-Pepl

The effect of JcTI-Pepl on C. krusei biofilms was evaluated in polystyrene flat-bottom
96-well microtiter plates, according to the method described by Dias et al. [31]. Aliquots
(100 pL) of JcTI-Pepl (at concentrations ranging from 250 uM to 15.6 pM) were incubated
(37 °C, 48h) with 100 uL of C. krusei cell suspensions (10°cells mL™, prepared in
Sabouraud broth). After incubation, the supernatant was removed, and the biofilm formed was
stained with 0.1% (m/v) crystal violet for 15 min. After removing the excess stain with
0.15 M NacCl, 250 uL of 95% (v/v) ethanol was added to solubilize the crystal violet bound to
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the cells. Then, the absorbances were measured at 570 nm. Inhibition of biofilm formation
was calculated using the following formula: %Inhibition = 100 - [Abs (cells treated with JcTI-
Pepl) x 100/Abs (cells treated with 5% DMSO in 0.15 M NaCl)].

To assess the effect of JcTI-Pepl on the degradation of preformed yeast biofilm, two
hundred microliters of C. krusei cell suspension were incubated at 37 °C for 24 h. Next, the
supernatant was removed, and 100 uL of Sabouraud broth and 100 uL of JcTI-Pepl (at the
same concentrations described above) were added. The supernatant was removed after 24 h of
incubation at 37 °C, and the remaining biofilm was stained with 0.1% (m/v) crystal violet.
The above-mentioned procedure was followed by quantification. Nystatin (122.7 uM) and 5%

DMSO in 0.15 M NacCl solution were used as positive and negative control, respectively.

6.2.6 Mechanisms of the anticandidal action of JcTI1-Pepl on C. krusei cells

6.2.6.1 Assessment of cell membrane integrity

The C. krusei cells (5 x 10° CFU/mL) were incubated with 100 uL of 15.62 uM JcTI-
Pepl (prepared with 5% DMSO in 0.15 M NaCl), 8.6 uM amphotericin B (positive control),
or 5% DMSO in 0.15 M NaCl (negative control), for 24 h at 37 °C. After incubation, aliquots
(100 pL) of the treated cells were incubated with 1 mM propidium iodide at 37 °C for 30 min,
under moderate agitation (75rpm). The visualization of the cells was done using
a fluorescence microscope (Olympus BX 60 System, excitation wavelength, 490 nm,
emission wavelength, 520 nm) [32]. To determine the dimensions of the pores formed, the
treated cells were incubated with calcein (0.994 kDa) and fluorescein isothiocyanate-
conjugated dextran (FD10 and FD20, with molecular masses of 10 kDa and 20 kDa,
respectively). After incubation (30 min, 37 °C), the visualization was performed using a
fluorescence microscope (Olympus System BX 60; excitation wavelength, 490 nm; emission

wavelength, 520 nm).

6.2.6.2 Effect of JcTI-Pepl on Reactive Oxygen Species (ROS) production

After the treatment (24 h at 37 °C) with 15.62 uM JcTI-Pepl (prepared in 5% DMSO
in 0.15 M NaCl), 8.6 uM amphotericin B (positive control), or 5% DMSO in 0.15 M NacCl
(negative control), the C. krusei cells (5 x 10° CFU/mL) were incubated with 10 uM 2',7'-
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Dichlorofluorescin diacetate (DCFH-DA), at 37 °C for 30 min. Next, these cells were washed
with 100 uL 0.15 M NaCl and visualized under a fluorescence microscope (Olympus System

BX 60; excitation wavelength, 488 nm; emission wavelength, 525 nm) [33].

6.2.6.3 Scanning electron microscopy analyses

C. krusei cells (5 x 10° CFU/mL) were incubated with 15.62 uM JcTI-Pepl for 24 h,
under the conditions described in the 2.4 section. After incubation, the cells were fixed and
prepared for scanning electron microscopy (SEM) analysis, as previously described by Dias
etal. [31]. Briefly, after incubation, the cells were centrifuged (Mikro 200 R centrifuge,
Hettich, Germany) at 3000g, for 5 min at 20 °C, and the supernatant was discarded. Cell
pellets were fixed at room temperature (20-24 °C) for 5 h with 100 pL of the fixation solution
[1% (v/v) glutaraldehyde — 4% (v/v) formaldehyde prepared in 0.15 M Na-phosphate buffer,
pH 7.2]. The material was centrifuged, and the cells were washed (3 x) with 0.15 M Na-
phosphate buffer, pH 7.2. Then, the cells were treated with 0.2% (m/v) osmium tetroxide,
followed by another centrifugation at the conditions described above. Then, the cells were
dehydrated by serial incubation in a range of ethanol concentrations (30-10%) for 10 min
each. Next, the samples were immersed in 50/50 ethanol/hexamethyldisilazane (HMDS) for
10 min, followed by centrifugation. The pellet was treated with 100% (v/v) HMDS and placed
on a coverslip which was mounted on stubs and coated with a gold layer (20 nm).

SEM images were obtained in the Center of Advanced Microscopy and Microanalysis
(Central Analytical facilities) at Federal University of Ceard, Brazil, using an Inspect™ 50
FEI Scanning Electron Microscope (Oregon USA) equipped with a low energy detector
(Everhart-Thornley detector).

6.2.6.4 Effect of JcTI-Pepl on glucose-stimulated acidification of the extracellular medium

This assay was carried out in accordance with the methodology previously described
by Gomes etal. [34]. 100 mL of aC.kruseicells suspension (with absorbance at
600 nm = 0.200) was centrifuged (2000 g, 5 min, 4 °C), and the pellets were resuspended with
5 mL of 5 mM Tris-HCI buffer, pH 7.1. Next, these pellets were incubated (for 30 min) with
15.62 uM, 7.81 uM or 3.9 uM JcTI-Pepl (final concentrations), 122.7 uM nystatin (positive
control), or 5% DMSO in 0.15 M NaCl (negative control). After incubation, 1 mL of 0.5 M
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glucose was added, and the acidification of the medium was monitored every 10 min, for 1 h
using a pH meter (Marconi, MA PA 200, Séo Paulo, Brazil). The experiments were conducted

in triplicate.

The results were expressed in terms of pH variation over time, and the inhibition after
1 h was calculated using the following formula:

% |nh|b|t|0n = 100 - [(pH Variationtreatment/ pH Variationnegative control) X 100]

6.2.7 Haemolytic activity of JcTI-Pepl

To evaluate the haemolytic potential, 100 uL of JcTI-Pepl (prepared in 5% DMSO in
0.15 M NaCl, with concentrations ranging from 250 uM to 7.81 uM) were incubated with
100 pL of 2.5% suspension of the red blood cells (type A, B, and O), as described by Dias
et al., with modifications [31]. In addition, the blood cells were also incubated with 5%
DMSO in 0.15M NaCl (negative control, 0% haemolysis) or 0.1% (v/v) Triton X-100
(positive control, 100% haemolysis), without JcTI-Pepl. After incubation (1 h at 37 °C), the
mixtures were centrifuged (10 min at 300 gat 10 °C, Mikro 200R centrifuge, Hettich,
Germany), and the supernatants were transferred to a polystyrene flat-bottom 96-well
microtiter plate. Then, the supernatant absorbance was measured at 414 nm in an automated
microplate reader (Epoch, BioTek Instruments Inc., USA). The percentage of haemolysis was
determined as follows: [(AbSsianm Of the red blood cells treated with JcTI-Pepl) - (AbSs1anm Of
the red blood cells treated with the negative control)/(Absasisnm Of the red blood cells treated
with the positive control) - (Abssianm Of the red blood cells treated with the negative
control)] x 100 [35].

6.2.8 Cytotoxicity of JcTI-Pepl

The cytotoxic activity of JcTI-Pepl was assessed against a Vero cell suspension
prepared in Leibovitz L-15 medium, supplemented with 10% fetal bovine serum (Cultilab,
Brazil) at 37 °C, in humidified air containing 5% CO, [36]. Cells were seeded at 1 x 10* per
well in 96-well plates and were cultured at 37 °C in the presence of 5% CO,. 24 h later,
samples in triplicate were treated with different concentrations of the JcTI-Pepl (final
concentrations ranging from 1 mM to 7.81 uM). The plates were incubated for further 72 h

under the above incubation conditions. A solution of 5% DMSO in 0.15 M NaCl solution was
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used as negative control (100% cell viability). Then, each well received 10 uL of MTT dye
solution (1 mg/mL in 0.15 M NacCl). The plates were incubated for additional 4 h at 37 °C.
After removing the medium, the formed formazan crystals were solubilized in 100 uL. DMSO.
The absorbance was measured at 495 nm in an automated microplate reader (Epoch, BioTek
Instruments Inc., USA). The cytotoxicity potential was calculated compared to the values
obtained from the control wells (only treated with 5% DMSO in 0.15 M NacCl). Cell viability
percentages were calculated in comparison to control using the formula: (Absorbancetreated
cells/ Absorbancenegative contror) X 100. The CC50, defined as the peptide concentration required
for reducing the cell viability by 50%, was calculated by linear regression analysis of

concentration—-response curve generated by the data.

6.2.9 In vitro digestibility of JcTI-Pepl

JcTI-Pepl was incubated (at 37 °C for 2's, 5 min, 30 min, and 1 h) with a simulated
gastric fluid (SGF: 0.034 M NaCl, 0.07% HCI and 3.2 mg/mL pepsin) and a simulated
intestinal fluid (SIF: 0.05 M potassium phosphate and 10 mg/mL pancreatin) to assess
the in vitro digestibility. After incubation, the mixtures and the intact peptide were loaded in
Liquid Chromatography coupled to an Electrospray lonization — Mass Spectrometry (LC-ESI-
MS). Five microliters of the samples were applied in a reverse phase C-18 column
(0.075 x 100 mm) coupled to a nanoAcquity system. Next, the eluted material was applied in
a mass spectrometer (ESI-Q-ToF) (Synapt HDMS, Waters Corp, MA, USA). The analysis
conditions were as follows: positive mode, temperature of 363 K, and capillary voltage of
3.5kV [31].

6.2.10 Statistics

All the experiments were carried out in triplicate, and the experimental results were
represented as error bars in the figures. Statistical significance analyzes were performed using
one-way ANOVA followed by Tukey's test of multiple comparisons (p <0.05), using
GraphPad Prism 5.0 software.

6.3 Results
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6.3.1 Peptide design, in silico analysis, and structural characterization

Several putative antimicrobial peptides were identified using the CAMPRr3 tool. The
most promising, analyzed in silico, were the JcTI-Pepl, JcTI-Pepll, and JcTI-Peplll. They
were further characterized, and their molecular mass, Boman index, charge, hydrophobicity,
and pl were determined. In silico, neither of the chosen peptides had a penetrating potential.
Furthermore, none of these peptides were predicted to have an allergic or toxin potential
(Table 1).
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Table 1. Physicochemical characterization and prediction of biological properties of the

synthetic peptides JcTI-Pepl, JcTI-Pepll, and JcTI-Peplll by bioinformatics tools.

Analyses Peptide
JcTI-Pepl JcTI-Pepll JcTI-Peplll
Physicochemical Properties
Amino acid sequence "KRRKLISC® "LKKGIVGS® "LLGKVGSKD®
Calculated molecular mass (Da) 1003.274 800.99 916.079
2Experimental molecular mass (Da) 1003.280 800.98 916.078
3Isoeletric point (pl) 11.01 10.00 8.59
!Boman Index 4.15 -0.15 0.82
Total hydrophobicity (%) 37 37 33
INet charge +4 +2 +1
“Tm 0.48 0.51 0.47
“SOPEP -7.21 -14.13 -8.62
Biological Properties
®Penetrating peptide potential No No No
SAllergic potential No No No
"Antimicrobial potential score
Antibacterial 0.94 1.00 0.99
Antifungal 0.94 0.98 0.83
8Cleavage sites
Trypsin (high pH) 4 2 2
Pepsin (pH 1.3) 0 1 2
Pepsin (pH >2) 0 1 2
*Half-life time 2.299 1.172 1.544
9Stability High High High
¥Hemolytic potential 0.48 0.51 0.50
"Toxin potential No No No
2 Anticancer activity prediction AntiCP AntiCP AntiCP
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ICalculated using the Antimicrobial Peptide Database.

?Data obtained by mass spectrometry conducted by GenOne (Sao Paulo, Brazil).
SCalculated using the ExPASy ProtParam toll.

“Tm and sOPEP scores were calculated using the PEP-FOLD server.
®Penetrating Peptide (CPP) capacity was predicted using the CellPPD tool.
®Allergic potential was predicted using the Antigenic prediction tool.

" Antimicrobial potential was calculated using the iAMPpred tool.

8Cleavage sites were determined using the Peptide Cutter tool.

Half-life time in the intestinal environment and stability were determined using the HLP tool.
Hemolytic potential was predicted by HemoPI tool.

Toxin potential was calculated using the ToxinPred tool.

12 Anticancer activity was predicted using the AntiCP tool.

"N-terminal end of the peptide.

°C-terminal end of the peptide.

JcTI-Pepl, JcTI-Pepll, and JcTI-Peplll  presented high stability, in  silico,
to proteolysis in the intestinal environment. Despite the structure's cleavage sites, their half-
life times were greater than 1.5 s. The antimicrobial potential of the three synthetic peptides
was also investigated using the iAMPpred tool, and the results showed that the three synthetic
peptides had a high potential to be antibacterial or antifungal, with scores greater than 0.8. In
addition, it was observed that the three-dimensional models obtained from JcTI-Pepl, JcTI-
Pepll, and JcTI-Peplll presented high-quality structures, being composed of secondary a-
helix type structures (Fig. 1A-C). All the peptides’ models showed N-terminal regions with
predominantly positive charges (blue) and C-terminal regions with predominantly negative
charges (red) (Fig. 1D-F). However, the JcTI-Pepl, model had the largest negative
electrostatic potential at pH 7.0 (Fig. 1D). The Schiffer-Edmundson helical wheel projection
of the three peptides showed that the molecular arrangement of the peptides did not generate

amphipathic structures (Fig. 1G-1).
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Fig. 7. Three dimensional structures models of JcTI-Pepl, JcTI-Pepll, and JcTI-Peplll.
Cartoon representations (A, B, and C). Electrostatic potential representations (D, E, and F).
Positively and negatively charged residues are represented in blue and red, respectively.
Schiffer—Edmundson helical wheel representation (G, H, and ). Hydrophobic residues are
represented in green, positively charged residues are represented in red, negatively charged

residues are represented in light blue and polar uncharged residues in gray.

6.3.2 Anticandidal activity

JcTI-1 was the only peptide that inhibited Candida species growth. When compared
to C. tropicalis, the strongest activity was obtained against C. krusei, with a lower MIC value



56

(48.87 uM) (Table 2). In addition, the MFC value (93.75 uM) was also lower for this
species. C. krusei ATCC 6258 was more susceptible to the treatment with JcTI-Pepl (MIC:
31.25 uM/MFC: 62.5 uM). Therefore, JcTI-Pepl was chosen for further characterization and
research into its antimicrobial activity and mode of action against C. krusei ATCC 6258. On
the other hand, JcTI-Pepll and JcTI-Peplll had MICs and MFCs greater than 500 uM to all

the tested strains, so they were not further studied.
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Table 2. Determination of Minimum Inhibitory Concentration (MIC) and Minimum Fungicidal Concentration (MFC) of JcTI-Pepl, JcTI-Pepll,

and JcTI-Peplll against different Candida species.

Microorganism Peptide
JcTI-Pepl (uM) JcTI-Pepll (uM) JcTI-Pepl (uM)
MIC @ MFC® MIC? MFCP® MIC? MFCP®
Yeast
C. albicans
ATCC 10231 ND ND ND ND ND ND
ATCC 14053 250 ND ND ND ND ND
ATCC 18804 ND ND ND ND ND ND
C. tropicalis
Clinical isolate 62.5 125 ND ND ND ND
ATCC 750 62.5 62.5 ND ND ND ND
ATCC 13803 125 250 ND ND ND ND
C. krusei
ATCC 6258 31.25 62.5 ND ND ND ND
ATCC 142243 62.5 125 ND ND ND ND
C. parapsilosis
ATCC 22019 ND ND ND ND ND ND

ATCC 7330 ND ND ND ND ND ND
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ATCC 90018 ND ND ND ND ND ND

#Values were defined as the lowest concentration that totally inhibits the growth of the tested organism.
 The MFC is the peptide lowest concentration required to kill a particular fungal.

ND means that the MIC or MFC value was greater than the maximum concentration tested (500 uM). So, these values could not be determined in
this study.
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6.3.3 Antibiofilm activity of JcTI-Pepl

JcTI-Pepl was active against planktonic yeast cells, but it did not prevent the
formation of C. krusei biofilm (data not shown). On the other hand, JcTI-Pepl, at 62.5 uM,
degraded the preformed biofilm of C. krusei in about 63%, similar to the result obtained with
122.7 uM nystatin (68%) (Fig. 2). The difference was not statistically significant. Higher
concentrations of JcTI-Pepl (250-125 uM) did not result in an enhanced antibiofilm activity,

as the inhibition was similar to what was obtained using 62.5 uM JcTI-Pepl.
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Fig. 8. Antibiofilm activity of JcTI-Pepl. JcTI-Pepl, at doses higher than 62.5 uM, degraded
more than 60% of the preformed C. krusei biofilm, similar to what was found using Nystatin
(68%). The biofilm was stained with 0.1% crystal violet followed by washing with 0.15 M
NaCl and 95% (v/v) ethanol. The absorbances were measured at 570 nm using an automated
microplate reader (Epoch, BioTek Instruments Inc., USA). The experiment was performed in
triplicate, and error bars represent standard deviation. Different letters indicate significant
differences between treatments. The results were analyzed using one-way ANOVA followed

by Tukey's test of multiple comparisons (p < 0.05).

6.3.4 Mode of action of JcTI-Pepl on C. krusei
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6.3.4.1 Effect of JcTI-Pepl on ROS production, membrane integrity, and cell morphology

DCFH-DA is a cell-permeant dye, which can be oxidized by ROS and turned into a
fluorescent molecule 2,7-dichlorofluorescein. Our results demonstrate that JcT1-Pepl induced
overproduction of ROS in C. krusei cells as indicated by the observation of green
fluorescence (Fig. 3C and D). Furthermore, C. krusei cells treated with 15.62 uM JcTI-Pepl
internalized propidium iodide, which is indicative of membrane disruption (Fig. 31 and J).
Such effects were not observed in control cells treated with 5% DMSO in 0.15 M NaCl. In
addition, the treated cells incorporated calcein after the incubation with JcTI-Pepl (Fig. 4C
and D), but they did not internalize FITC-Dextrans of 10 kDa (Fig. 4E and F) and 20 kDa
(Fig. 4G and H). These results indicated that JcTI-Pepl formed pores of less than 10 kDa

in C. krusei membrane.

Fig. 9. Effects of JcTI-Pepl treatment on ROS production (A-F) and membrane integrity (G—
L) of C. krusei cells. Cells were treated with 5% DMSO in 0.15M NaCl (A and B),
15.62 uM JcTI-Pepl (C-D), or 8.6 uM amphotericin B (E-F), followed by incubation with
DCFH-DA for 30 min at 37 °C. Next, these cells were visualized under a fluorescence
microscope (Olympus System BX 60; excitation wavelength, 488 nm; emission wavelength,
525 nm). In (G) and (H), cells were treated with 5% DMSO in 0.15 M NacCl; in (1) and (J)
with 15.62 uM JcTI-Pepl; and in (K) and (L) with 8.6 uM amphotericin B, followed by
incubation with propidium iodide (PI) for 30 min at 37 °C. Next, these cells were washed with
0.15M NaCl and visualized under a fluorescence microscope (Olympus System BX 60;
excitation wavelength, 488 nm; emission wavelength, 525 nm). The scale bars represent
10 um. ROS overproduction can be seen as a green fluorescence, and membrane

permeabilization can be observed as a red fluorescence.
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Fig. 10. Micrographs of C. krusei cells showing the dimensions of the pores formed. In (A)
and (B) cells were treated with 5% DMSO in 0.15 M NaCl, followed by incubation with
calcein (0.994 kDa) and fluorescein isothiocyanate-conjugated dextrans (FD10 and FD20,
molecular masses of 10 kDa and 20 kDa respectively). In addition, cells were treated with
15.62 uM JcTI-Pepl followed by incubation with calcein (C and D), FD10 (E and F), and
FD20 (G and H). After incubation (30 min at 37 °C), the cells were visualized under a
fluorescence microscope (Olympus System BX 60; excitation wavelength, 490 nm; emission

wavelength, 520 nm). The scale bars represent 10 um.

A scanning electron microscope was used to examine and compare the morphology of
treated and untreated C. krusei cells. The C. krusei cells treated with 5% DMSO in 0.15 M
NaCl presented a smooth surface and no changes in cell size or format (Fig. 5A and D).
Besides, there were no pores or ruptures in the plasma membrane. On the other hand,
treatment with 15.62 uM JcTI-Pepl caused several damages. The treated cells had uneven
surfaces, loss of internal content, and large pores in the plasma membrane (Fig. 5B, C, E, and

F). Also, the cells were more elongated (pseudo hypha growth) than those of the control.
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Fig. 11. Scanning Electron Microscopy (SEM) images of C. krusei cells. In (A) and (D) cells
were treated with 5% DMSO in 0.15 M NacCl. In (B), (C), (E), and (F) cells were treated with
15.62 uM JcTI-Pepl. The cells treated with the peptide had uneven surfaces, loss of internal
content, and large pores in the plasma membrane, as indicated by the arrows.

6.3.4.2 Assessment of glucose-stimulated acidification of the extracellular medium

JcTI-Pepl and Nystatin (positive control) at concentrations of 15.62 uM and 122.7 uM
inhibited the acidification by 73% and 98%, respectively, when compared to the results for
5% DMSO in 0.15M NaCl (negative control) (Fig.6). Even at lower doses (7.81 and
3.9 uM), the treatment with JcTI-Pepl reduced almost 60% of medium acidification compared

to the negative control.
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Fig. 12. Inhibition of glucose-stimulated acidification of the extracellular medium by JcTI-
Pepl. C. krusei cells were exposed to 5% DMSO in 0.15 M NaCl (negative control), 3.9—
15.62 uM JcTI-Pepl, or 122.7 uM Nystatin (positive control). After incubation, the medium
acidification was monitored every 10 min, for 1 h, using a pHmeter. All the experiments were
performed in triplicate, and error bars represent standard deviation. The %inhibition was
calculated comparing the pH variation of the treatments with the pH variation of the negative

control.

6.3.4.3 In vitro haemolysis, cytotoxic activity, and digestibility of JcTI-Pepl

Even at concentrations four times higher than the MFC for C. krusei, JcTI-Pepl had no
adverse effect on human erythrocytes. Similarly, 0.15 NaCl (as a negative control) had no
effect on human erythrocytes. On the other hand, 0.1% Triton X-100 caused 100% haemolysis
(data not shown). Regarding the cytotoxic activity, the CC50 for JcTI-Pepl was 704.28 uM,
which is more than 20 x the MIC value against C. krusei (Fig. 7). There was no significant
reduction in Vero cell viability at 31.25 uM and 62.5 uM (MIC and MFC). The ion [M+H]" at
1003.55 was not detected in the MS spectrum after the treatment with
either pepsin or pancreatin, indicating that JcTI-Pepl was completely digested in both SGF
(Fig. 8A-F) and SIF (Fig. 8G-L) at all the evaluated times (2 s, 5 min, 30 min, and 1 h).
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Fig. 13. The cytotoxic activity of JcTI-Pepl at different concentrations [7.81-1000 uM] was
assessed against a Vero cell suspension. All the experiments were performed in triplicate, and
error bars represent standard deviation. The CC50, defined as the peptide concentration
required for reducing the cell viability by 50%, was calculated by linear regression analysis of

concentration—response curve generated by the data.
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Fig. 8. Mass spectra of JcTI-Pepl digested with SIF and SGF. (A) Intact JcTIPepl, (B) SGF,
(©), (D), (E), and (F) correspond to JcTI-Pepl incubated with SGF for 2 s, 5 min, 30 min, and
1 h, respectively. (G) Intact JcTI-Pepl, (H) SIF, (1), (J), (K), and (L) correspond to JcTI-Pepl
incubated with SIF for 2 s, 5 min, 30 min, and 1 h, respectively.
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6.4 Discussion

The list of the etiological agents of candidiasis has increased in recent years as new
species have been added. However, most cases are caused by only five species: C. albicans,
C. tropicalis, C. parapsilosis, C. glabrata, and C. krusei [37]. Although C. albicans is the
most common cause of candidemia, infections caused by C. krusei are on the rise and pose a
growing public health risk worldwide. C. krusei produces cylindrical cells, and the infections
caused by these species have a high mortality rate (40-58%) and poor response to standard

antifungal therapies [38].

The Infectious Disease Society of America published updated guidelines for the
treatment of candidiasis in 2016. The choice of the antifungal agent is based on the area
affected by the infection, the immune status of the patients, the species of Candida, and the
susceptibility of the Candida species [39]. Currently, the five major classes of antifungal
agents used to treat infections caused by Candida sp. are azoles, polyenes, echinocandins,
allylamines, and nucleoside analogs [40]. Fluconazole is one of the most commonly used
drugs for the treatment of candidiasis. However, more than 95% of clinical and
veterinary C. krusei isolates are fluconazole-resistant, indicating that this species is resistant
by nature [41,42]. Moreover, some strains are also resistant to itraconazole and voriconazole,
representing a severe public health threat [41,43]. Therefore, finding new molecules with
inhibitory activity towards C. krusei is imperative.

Antimicrobial peptides (AMPSs) stood out as potential candidates for use in the age of
resistance in this context. AMPs are a class of bioactive small proteins that play a role in the
immune system's defense against a variety of pathogens. They can disrupt cell membranes,
modulate the immune response, and regulate inflammation [44]. Several AMPs have shown
broad-spectrum activity against Gram-positive and Gram-negative bacterial strains, and they
have also been used in the treatment of Candidiasis [45,46]. Most natural antimicrobial
peptides have long sequences, which can make commercialization difficult due to the high
cost of purification [47]. In addition, these natural AMPs are generally sensitive
to protease digestion and might present cytotoxicity towards mammalian cells [15,48,49]. As
a result, research has focused on the use of synthetic AMPs, a chemical class of promising
new drugs with biomimetic mechanisms of action that are easily obtained and inexpensive
[47]. These benefits explain why synthetic antimicrobial peptides are gaining interest as
potential therapeutic agents [[50], [51], [52]].
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In the present study, several peptides were designed based on the sequence of JCTI-I,
a trypsin inhibitor purified from Jatropha curcas. Among the designed peptides, three (JcTI-
Pepl, JcTI-Pepll, and JcTI-Peplll) were chemically synthesized as they presented the best in
silico features, such as great stability, resistance to proteolysis, and high antimicrobial
potential (Table 1). These peptides were tested against Candida sp., but only JcTI-Pepl
presented activity against all the tested strains. However, the inhibitory action was higher
towards C. krusei (Table 2). Therefore, JcTI-Pepl was chosen for further characterization and
investigation of its antimicrobial activity and mode of action against C. krusei. The three-
dimensional model of JcTI-Pepl (Fig. 1A and D) revealed that this peptide is formed by an a-
helix type structure, and it has a positive charge. Positively charged antifungal peptides may
show strong interaction with negatively charged fungal membranesdue to the
higher phosphatidylinositol and phosphatidic acid content [53]. However, positive charges are
not the only determining factor for the fungicidal activity of peptides. Furthermore, the amino
acid composition of the peptide and the effects of its side chain in the interaction with the
fungal membrane must be also considered [54]. These characteristics could explain the non-
fungicidal effect for the JcTI-Pepll and JcTI-Peplll peptides even though they present a
positive charge at pH 7.0.

Regarding the antifungal activity, JcTI-Pepl showed both fungistatic (31.25 uM) and
fungicide (62.5 uM) effects against C. krusei (Table 2). A similar result was found for
protonectin, a synthetic AMP, with a MIC value of 32 uM against C. krusei and an MFC
2 x or 4 x the MIC [55]. The antimicrobial polybia-CP, isolated from the venom of the social
wasp Polybia paulista, also presented a MIC value of 32 uM against C. krusei. The MFC
value was also 32 uM, which was lower than what was observed using JcTI-Pepl [56].

JcTI-Pepl was active against planktonic yeast cells, but it did not prevent the
formation of C. krusei biofilm. On the other hand, the preformed biofilm of C. krusei was
degraded in 62% by 62.5 uM JcTI-Pepl (Fig. 2). The concentration of JcTI-Pepl was even
lower than the concentration of nystatin, which caused a comparable reduction (122.7 pM). In
a study with the antimicrobial peptide VLL-28, isolated from an archaeal transcription
factor, Roscetto et al. obtained similar results [57]. VLL-28, as JcTI-Pepl, did not prevent the
formation of C. krusei biofilm. The preformed biofilm, however, was degraded in 62.5% at a
concentration of 50 uM, which was similar to our results with JcTI-Pepl. The synthetic AMP
protonectin also degraded the pre-formed biofilm of C. krusei, but this inhibition was only

observed at higher doses of the peptide (128 uM) [55]. Microbial biofilms can be defined as
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complex structured communities immersed in an extracellular matrix (ECM) that is attached
to a surface [58]. Candida is known to form biofilms, and these communities of packed fungi
can complicate treatment and lead to persistent fungemia [59,60]. According to the National
Institutes of Health (NIH), more than 80% of all human infections caused by microorganisms
are associated with biofilms [61]. Infections caused by Candida biofilm have mortality rates
higher than 40% [62]. Biofilms protect fungal cells while frequently increasing drug
resistance [63]. As a result, the importance of discovering new compounds that disrupt
biofilms, such as JcTI-I, is clear, making this peptide a promising candidate to treat biofilm-
associated infections or invasive infections caused by intrinsically resistant C. krusei.

As the antimicrobial results were promising, JcTI-Pepl was characterized for its mode
of action against C. krusei. JcTI-Pepl induced ROS overproduction in C. krusei cells (Fig. 3C
and D). ROS play a relevant role in the cellular environment and, under stress, the cellular
redox balance is generally disturbed. Therefore, ROS production increases intensely and
causes damages to cellular proteins, lipids, and DNA [56]. Our results indicate that the
treatment with JcTI-Pepl increased ROS production, and the excessive amounts of ROS
might have interfered with cellular events, which led to yeast death. Other studies have also

demonstrated that endogenous ROS is a critical mediator in antifungal effects [31,55,64].

The treatment with JcTI-Pepl also disrupted C. krusei membrane as observed by the
uptake of propidium iodide (P1) (Fig. 3l and J). Indeed, the pores formed by JcTI-Pepl
allowed the passage of calcein, a 0.994 kDa compound (Fig. 4C and D). Pl is a fluorescent
molecule that binds to DNA with little or no sequence preference [56]. Once the dye bounds
to nucleic acid, its fluorescence is enhanced and can be observed under a fluorescent
microscope. Pl is membrane impermeable and generally excluded from viable cells, so it is
commonly used as a marker for dead cells. Other studies reported that the treatment with
antimicrobial peptides also caused membrane permeabilization [55,[64], [65], [66]]. Besides
inducing ROS overproduction and membrane permeabilization, JcTI-Pepl also caused several
morphological alterations in C. krusei cells. SEM images revealed that cells treated only with
5% DMSO in 0.15 M NaCl presented a regular shape, with no deformities and a smooth
surface (Fig. 5A and D). On the other hand, cells treated with JcTI-Pepl had uneven surfaces,
loss of internal content, and large pores in the plasma membrane (Fig. 5B, C, E, and F), which
corroborates with the uptake of PI. Also, there were observed elongated cells at the early stage
of pseudohyphal formation (Fig. 5B, C, E, and F). Morphological changes in Candida cells

after treatment with AMPs have also been previously reported, for example, when studying
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the effects of ToAP2 and NDBP-5.7 against C. albicans[67], cationic peptides
against C. albicans [68], and RcAlb-Pepll against C. parapsilosis [31].

The medium acidification mediated by glucose was also strongly inhibited (73%)
by JcTI-Pepl (Fig. 6). This peptide possibly inhibited the plasma membrane (PM) H*-ATPase
activity. Fungal PM-H"-ATPase is a transmembrane enzyme that plays an important role in
cell metabolism, including the maintenance of a transmembrane electrochemical proton
gradient, which is very important for the uptake of nutrients [30]. This ATPase has become a
target for the action of antifungal agents [30,[69], [70], [71]].

It is clear that this peptide causes numerous alterations in the treated cells, which
results in their death. A potential antimicrobial drug must have potent inhibitory activity, but
that is not the only requirement. In order to foresee a future application for JcTI-Pepl, its
effects on mammalian cells were also investigated. In silico analyses predicted that JcTI-Pepl
did not have a toxin or allergic potential (Table 1). Our in vitro results showed that JcTI-Pepl
did not cause haemolysis of human blood cells and was not cytotoxic to Vero cell lines at MIC
and MFC values (Fig. 7). In silico predictions were also used to evaluate the resistance to
proteolysis, and the results indicated high stability (Table 1). According toin
silico analyses, JcTI-Pepl has four trypsin cleavage sites, which is confirmed by the complete
digestion in SIF (Fig. 8A—F), which contains a mixture of several proteases, including trypsin.
On the other hand, no pepsin cleavage site was predicted, but the peptide was completely
digested in SGF (Fig. 8G-L). Similarly, RcAlb-Pepll, a synthetic peptide designed based on a

protein from Ricinus communis, was also completely digested in SIF after 2 s [31].

Altogether, these results indicate that JcTI-Pepl presents a potent activity

against C. krusei, a generally neglected pathogen.

6.5 Conclusions

JcTI-Pepl had a strong inhibitory effect on C. krusei cells, disrupting structures and

cell processes. Furthermore, the synthetic peptide was non-toxic to mammalian cells. These

characteristics suggest that JcTI-Pepl has the potential to be used as an antimicrobial agent in
the future, assisting in the treatment of infections caused by C. krusei, a global public health
threat.


https://www.sciencedirect.com/science/article/pii/S0300908422001353#bib67
https://www.sciencedirect.com/science/article/pii/S0300908422001353#bib68
https://www.sciencedirect.com/science/article/pii/S0300908422001353#bib31
https://www.sciencedirect.com/science/article/pii/S0300908422001353#fig6
https://www.sciencedirect.com/science/article/pii/S0300908422001353#bib30
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/atpase
https://www.sciencedirect.com/science/article/pii/S0300908422001353#bib30
https://www.sciencedirect.com/science/article/pii/S0300908422001353#bib69
https://www.sciencedirect.com/science/article/pii/S0300908422001353#bib70
https://www.sciencedirect.com/science/article/pii/S0300908422001353#bib71
https://www.sciencedirect.com/science/article/pii/S0300908422001353#tbl1
https://www.sciencedirect.com/science/article/pii/S0300908422001353#fig7
https://www.sciencedirect.com/science/article/pii/S0300908422001353#tbl1
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/trypsin
https://www.sciencedirect.com/science/article/pii/S0300908422001353#fig8
https://www.sciencedirect.com/science/article/pii/S0300908422001353#fig8
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/ricinus
https://www.sciencedirect.com/science/article/pii/S0300908422001353#bib31
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/mammalian-cell

70

Author's contributions

LAL, LPD, JTAO, and DOBS participated in the conception and design of the study.
LAL, LPS, NMSA executed most of the experimental procedures and acquisition of data.
RGGS obtained the fluorescence images. CST, RFC, and CSN obtained and analyzed the
structural data and the in vitro digestibility. LAL, LPD, and DOBS interpreted the data. LAL,
LPD, and DOBS contributed with the manuscript preparation. LPD and DOBS revised the

manuscript. All authors read and approved the final manuscript.

Fundings

This study was financed in part by the Coordenacédo de Aperfeicoamento de Pessoal de
Nivel Superior — Brasil (CAPES) — Finance Code 001. It was also financed by Conselho
Nacional de Desenvolvimento Cientifico e Tecnoldgico (CNPq) - grant number 308107/2013-
6 and 306202/2017-4 to JTAO. LAL received a fellowship from CNPq (140202/2019-6). LPD
received a post-doctoral fellowship from Sao Paulo Research Foundation (FAPESP) (grant
#2020/03998-6).

Declaration of competing interest

The authors declare no competing financial interest.

Acknowledgments

We are grateful to the Center of Advanced Microscopy and Microanalysis (Central
Analytical facilities) at the Federal University of Ceara, Brazil, for the Scanning Electron

Microscopy (SEM) analyses.

References

[1]  J.O. Sekyere, J. Asante, Emerging mechanisms of antimicrobial resistance in bacteria
and fungi: Advances in the era of genomics, Future Microbiol. 13 (2018) 241-262.
https://doi.org/10.2217/fmb-2017-0172.


https://www.sciencedirect.com/science/article/pii/S0300908422001353#gs1
https://www.sciencedirect.com/science/article/pii/S0300908422001353#gs1
https://www.sciencedirect.com/science/article/pii/S0300908422001353#gs1
https://www.sciencedirect.com/science/article/pii/S0300908422001353#gs3

71

[2] J.R. Perfect, The antifungal pipeline: A reality check, Nat. Rev. Drug Discov. 16
(2017) 603-616. https://doi.org/10.1038/nrd.2017.46.

[3] R. Rautemaa-Richardson, M.D. Richardson, Systemic fungal infections, Med. (United
Kingdom). 45 (2017) 757-762. https://doi.org/10.1016/j.mpmed.2017.09.007.

[4] S.S. Magill, E. O’Leary, S.J. Janelle, D.L. Thompson, G. Dumyati, J. Nadle, L.E.
Wilson, M.A. Kainer, R. Lynfield, S. Greissman, S.M. Ray, Z. Beldavs, C. Gross, W.
Bamberg, M. Sievers, C. Concannon, N. Buhr, L. Warnke, M. Maloney, V. Ocampo, J.
Brooks, T. Oyewumi, S. Sharmin, K. Richards, J. Rainbow, M. Samper, E.B. Hancock, D.
Leaptrot, E. Scalise, F. Badrun, R. Phelps, J.R. Edwards, Changes in Prevalence of Health
Care—Associated Infections in U.S. Hospitals, N. Engl. J. Med. 379 (2018) 1732-1744.
https://doi.org/10.1056/nejmoal801550.

[5] S. V. Tsay, Y. Mu, S. Williams, E. Epson, J. Nadle, W.M. Bamberg, D.M. Barter, H.L.
Johnston, M.M. Farley, S. Harb, S. Thomas, L.A. Bonner, L.H. Harrison, R. Hollick, K.
Marceaux, R.K. Mody, B. Pattee, S. Shrum Davis, E.C. Phipps, B.L. Tesini, A.B. Gellert, A.Y.
Zhang, W. Schaffner, S. Hillis, D. Ndi, C.R. Graber, B.R. Jackson, T. Chiller, S. Magill, S.
Vallabhaneni, Burden of Candidemia in the United States, 2017, Clin. Infect. Dis. 71 (2020)
e449-e453. https://doi.org/10.1093/cid/ciaal93.

[6] D.S. Perlin, R. Rautemaa-Richardson, A. Alastruey-lzquierdo, The global problem of
antifungal resistance: prevalence, mechanisms, and management, Lancet Infect. Dis. 17
(2017) e383-e392. https://doi.org/10.1016/S1473-3099(17)30316-X.

[7] A.M. Doi, A.C.C. Pignatari, M.B. Edmond, A.R. Marra, L.F.A. Camargo, R.A.
Siqueira, V.P. Da Mota, A.L. Colombo, Epidemiology and microbiologic characterization of
nosocomial candidemia from a Brazilian national surveillance program, PLoS One. 11 (2016)
1-9. https://doi.org/10.1371/journal.pone.0146909.

[8] P. Mufoz, M. Sanchez-Somolinos, L. Alcala, M. Rodriguez-Créixems, T. Peléez, E.
Bouza, Candida krusei fungaemia: Antifungal susceptibility and clinical presentation of an
uncommon entity during 15 years in a single general hospital, J. Antimicrob. Chemother. 55
(2005) 188-193. https://doi.org/10.1093/jac/dkh532.

[9] V. Hrabovsky, V. Takacova, E. Schréterova, L. Pastvova, Z. Hrabovska, K. Curova, L.
Siegfried, Distribution and antifungal susceptibility of yeasts isolates from intensive care unit
patients, Folia Microbiol. (Praha). 62 (2017) 525-530. https://doi.org/10.1007/s12223-017-



72

0525-8.

[10] A. Forastiero, V. Garcia-Gil, O. Rivero-Menendez, R. Garcia-Rubio, M.C. Monteiro,
A. Alastruey-lzquierdo, R. Jordan, I. Agorio, E. Mellado, Rapid Development of Candida
krusei Echinocandin Resistance during Caspofungin Therapy, Antimicrob. Agents Chemother.
59 (2015) 6975-6982. https://doi.org/10.1128/AAC.01005-15.

[11] E. Tavernier, M. Desnos-Ollivier, F. Honeyman, M. Srour, A. Fayard, J. Cornillon, K.
Augeul-Meunier, D. Guyotat, H. Raberin, Development of echinocandin resistance in
Candida krusei isolates following exposure to micafungin and caspofungin in a BM transplant
unit, Bone Marrow Transplant. 50 (2015) 158-160. https://doi.org/10.1038/bmt.2014.230.

[12] L.C. Garcia-carnero, D.G. Amezcua-, E. Estrada-mata, I. Martinez-duncker, H.M.
Mora-montes, Differential recognition of Candida tropicalis , auris by human innate immune
cells, (2019) 783-794.

[13] S.M. Mohammad H, Thangamani S, Antimicrobial peptides and peptidomimetics -
potent therapeutic allies for staphylococcal infections, Curr. Pharm. Des. 21 (2015) 2073-
2088.

[14] M.F. Mohamed, A. Brezden, H. Mohammad, J. Chmielewski, M.N. Seleem, A short
D-enantiomeric antimicrobial peptide with potent immunomodulatory and antibiofilm activity
against multidrug-resistant Pseudomonas aeruginosa and Acinetobacter baumannii, Sci. Rep.
7 (2017) 1-13. https://doi.org/10.1038/s41598-017-07440-0.

[15] P. Kumar, J.N. Kizhakkedathu, S.K. Straus, Antimicrobial peptides: Diversity,
mechanism of action and strategies to improve the activity and biocompatibility in vivo,
Biomolecules. 8 (2018). https://doi.org/10.3390/biom8010004.

[16] [I.M. Costa, H. P. S., OLIVEIRA, J.T.A, SOUSA, D. O. B., MORAIS, J. K. S,
MORENO, F. B.,, MOREIRA, A. C. O. M., VIEGAS, R. A., VASCONCELOS, JcTI- I:a novel
trypsin inhibitor from Jatropha curcas seed cake with potential for bacterial infection
treatment, Front. Microbiol. 5 (2014) 1-12. https://doi.org/10.3389/fmicb.2014.00005.

[17] FH. Waghu, R.S. Barai, P. Gurung, S. Idicula-Thomas, CAMPR3: A database on
sequences, structures and signatures of antimicrobial peptides, Nucleic Acids Res. 44 (2016)
D1094-D1097. https://doi.org/10.1093/nar/gkv1051.

[18] H.G. Boman, Antibacterial peptides: Basic facts and emerging concepts, J. Intern.
Med. 254 (2003) 197-215. https://doi.org/10.1046/j.1365-2796.2003.01228.x.



73

[19] Z. Wang, G. Wang, APD: The antimicrobial peptide database, Nucleic Acids Res. 32
(2004) 590-592. https://doi.org/10.1093/nar/gkh025.

[20] P.K. Meher, T.K. Sahu, V. Saini, A.R. Rao, Predicting antimicrobial peptides with
improved accuracy by incorporating the compositional, physico-chemical and structural
features  into  Chou’s  general PseAAC, Sci. Rep. 7 (2017) 1-12.
https://doi.org/10.1038/srep42362.

[21] A. Gautam, K. Chaudhary, R. Kumar, A. Sharma, P. Kapoor, A. Tyagi, G.P.S.
Raghava, In silico approaches for designing highly effective cell penetrating peptides, J.
Transl. Med. 11 (2013) 1. https://doi.org/10.1186/1479-5876-11-74.

[22] A. Sharma, D. Singla, M. Rashid, G.P.S. Raghava, Designing of peptides with desired
half-life  in intestine-like environment, BMC Bioinformatics. 15 (2014) 1-8.
https://doi.org/10.1186/1471-2105-15-282.

[23] K. Chaudbhary, R. Kumar, S. Singh, A. Tuknait, A. Gautam, D. Mathur, P. Anand, G.C.
Varshney, G.P.S. Raghava, A web server and mobile app for computing hemolytic potency of
peptides, Sci. Rep. 6 (2016) 1-13. https://doi.org/10.1038/srep22843.

[24] S. Gupta, P. Kapoor, K. Chaudhary, A. Gautam, R. Kumar, G.P.S. Raghava, In Silico
Approach for Predicting Toxicity of Peptides and Proteins, PLoS One. 8 (2013).
https://doi.org/10.1371/journal.pone.0073957.

[25] A. Tyagi, P. Kapoor, R. Kumar, K. Chaudhary, A. Gautam, G.P.S. Raghava, In silico
models for designing and discovering novel anticancer peptides, Sci. Rep. 3 (2013) 1-8.
https://doi.org/10.1038/srep02984.

[26] P. Thévenet, Y. Shen, J. Maupetit, F. Guyon, P. Derreumaux, P. Tufféry, PEP-FOLD:
An updated de novo structure prediction server for both linear and disulfide bonded cyclic
peptides, Nucleic Acids Res. 40 (2012) 288-293. https://doi.org/10.1093/nar/gks419.

[27] N.A. Baker, D. Sept, S. Joseph, M.J. Holst, JA. McCammon, Electrostatics of
nanosystems: Application to microtubules and the ribosome, Proc. Natl. Acad. Sci. U. S. A. 98
(2001) 10037-10041. https://doi.org/10.1073/pnas.181342398.

[28] T.J. Dolinsky, J.E. Nielsen, J.A. McCammon, N.A. Baker, PDB2PQR: An automated
pipeline for the setup of Poisson-Boltzmann electrostatics calculations, Nucleic Acids Res. 32
(2004) 665-667. https://doi.org/10.1093/nar/gkh381.



74

[29] G.D. Brand, M.H.S. Ramada, J.R. Manickchand, R. Correa, D.J.S. Ribeiro, M.A.
Santos, A.G. Vasconcelos, F.Y. Abrdo, M. V. Prates, A.M. Murad, J.L. Cardozo, J.R.S.A.
Leite, K.G. Magalhdes, A.L. Oliveira, C. Bloch, Intragenic antimicrobial peptides (IAPs) from
human proteins with potent antimicrobial and anti-inflammatory activity, PLoS One. 14
(2019) 1-20. https://doi.org/10.1371/journal.pone.0220656.

[30] J.X. da Silva Neto, H.P.S. da Costa, I.M. Vasconcelos, M.L. Pereira, J.T.A. Oliveira,
T.D.P. Lopes, L.P. Dias, N.M.S. Arautjo, L.FW.G. Moura, M.F. Van Tilburg, M.l.F. Guedes,
L.A. Lopes, E.G. Morais, D. de Oliveira Bezerra de Sousa, Role of membrane sterol and
redox system in the anti-candida activity reported for Mo-CBP», a protein from Moringa
oleifera seeds, Int. J. Biol. Macromol. (2020). https://doi.org/10.1016/j.ijbiomac.2019.09.142.

[31] L.P. Dias, P.F.N. Souza, J.T.A. Oliveira, I.M. Vasconcelos, N.M.S. Araujo, M.F.V.
Tilburg, M.LLF. Guedes, R.F. Carneiro, J.L.S. Lopes, D.O.B. Sousa, RcAlb-Pepll, a synthetic
small peptide bioinspired in the 2S albumin from the seed cake of Ricinus communis, is a
potent antimicrobial agent against Klebsiella pneumoniae and Candida parapsilosis, Biochim.
Biophys. Acta - Biomemobr. 1862 (2020) 183092.
https://doi.org/10.1016/j.bbamem.2019.183092.

[32] M. Regente, G.B. Taveira, M. Pinedo, M.M. Elizalde, A.J. Ticchi, M.S.S. Diz, A.O.
Carvalho, L. De La Canal, V.M. Gomes, A sunflower lectin with antifungal properties and
putative medical mycology applications, Curr. Microbiol. 69 (2014) 88-95.
https://doi.org/10.1007/s00284-014-0558-z.

[33] [I.K. Maurya, S. Pathak, M. Sharma, H. Sanwal, P. Chaudhary, S. Tupe, M. Deshpande,
V.S. Chauhan, R. Prasad, Antifungal activity of novel synthetic peptides by accumulation of
reactive oxygen species (ROS) and disruption of cell wall against Candida albicans, Peptides.
32 (2011) 1732-1740. https://doi.org/10.1016/j.peptides.2011.06.003.

[34] V.M. Gomes, L.A. Okorokov, T.L. Rose, K.V.S. Fernandes, J. Xavier-Filho, Legume
vicilins (7S storage globulins) inhibit yeast growth and glucose stimulated acidification of the
medium by yeast cells, Biochim. Biophys. Acta - Gen. Subj. 1379 (1998) 207-216.
https://doi.org/10.1016/S0304-4165(97)00100-1.

[35] J. Choi, V. Reipa, V.M. Hitchins, P.L. Goering, R.A. Malinauskas, Physicochemical
Characterization and in vitro hemolysis evaluation of silver nanoparticles, Toxicol. Sci. 123
(2011) 133-143. https://doi.org/10.1093/toxsci/kfr149.



75

[36] H. Majidiani, M. Fasihi-Ramandi, d-Leucine Modified CM11 Peptide has Admissible
Antibacterial Activity with Low Cytotoxic Properties Against Vero Cell Line, Int. J. Pept. Res.
Ther. 27 (2021) 1451-1457. https://doi.org/10.1007/s10989-021-10182-3.

[37] J. Guinea, Global trends in the distribution of Candida species causing candidemia,
Clin. Microbiol. Infect. 20 (2014) 5-10. https://doi.org/10.1111/1469-0691.12539.

[38] M. Gomez-Gaviria, H.M. Mora-Montes, Current aspects in the biology, pathogeny,
and treatment of Candida krusei, a neglected fungal pathogen, Infect. Drug Resist. 13 (2020)
1673-1689. https://doi.org/10.2147/IDR.S247944.

[39] P.G. Pappas, C.A. Kauffman, D.R. Andes, C.J. Clancy, K.A. Marr, L. Ostrosky-
Zeichner, A.C. Reboli, M.G. Schuster, J.A. Vazquez, T.J. Walsh, T.E. Zaoutis, J.D. Sobel,
Clinical Practice Guideline for the Management of Candidiasis: 2016 Update by the
Infectious Diseases Society of America, Clin. Infect. Dis. 62 (2015) el-e50.
https://doi.org/10.1093/cid/civ933.

[40] M. Feridoniy, F. Alizadeh, E. Panahi Kokhdan, A. Khodavandi, Study of the antifungal
potential of carvacrol on growth inhibition of Candida krusei in a systemic candidiasis, Adv.
Tradit. Med. 20 (2020) 591-598. https://doi.org/10.1007/s13596-020-00482-2.

[41] S.G. Whaley, E.L. Berkow, J.M. Rybak, A.T. Nishimoto, K.S. Barker, P.D. Rogers,
Azole antifungal resistance in Candida albicans and emerging non-albicans Candida Species,
Front. Microbiol. 7 (2017) 1-12. https://doi.org/10.3389/fmicb.2016.02173.

[42] J. Du, X. Wang, H. Luo, Y. Wang, X. Liu, X. Zhou, Epidemiological investigation of
non-albicans Candida species recovered from mycotic mastitis of cows in Yinchuan, Ningxia
of China, BMC Vet. Res. 14 (2018) 1-9. https://doi.org/10.1186/s12917-018-1564-3.

[43] E. Ricardo, I.M. Miranda, I. Faria-Ramos, R.M. Silva, A.G. Rodrigues, C. Pina-Vaza,
In vivo and in vitro acquisition of resistance to voriconazole by Candida krusei, Antimicrob.
Agents Chemother. 58 (2014) 4604-4611. https://doi.org/10.1128/AAC.02603-14.

[44] N. Mookherjee, R.E.W. Hancock, Cationic host defence peptides: Innate immune
regulatory peptides as a novel approach for treating infections, Cell. Mol. Life Sci. 64 (2007)
922-933. https://doi.org/10.1007/s00018-007-6475-6.

[45] A. Lupetti, R. Danesi, J.W. van’t Wout, J.T. van Dissel, S. Senesi, P.H. Nibbering,
Antimicrobial peptides: Therapeutic potential for the treatment of Candida infections, Expert
Opin. Investig. Drugs. 11 (2002) 309-318. https://doi.org/10.1517/13543784.11.2.309.



76

[46] PY. Chung, R. Khanum, Antimicrobial peptides as potential anti-biofilm agents
against multidrug-resistant bacteria, J. Microbiol. Immunol. Infect. 50 (2017) 405-410.
https://doi.org/10.1016/j.jmii.2016.12.005.

[47] P. Cardoso, H. Glossop, T.G. Meikle, A. Aburto-Medina, C.E. Conn, V. Sarojini, C.
Valery, Molecular engineering of antimicrobial peptides: microbial targets, peptide motifs and
translation opportunities, Biophys. Rev. 13 (2021) 35-69. https://doi.org/10.1007/s12551-021-
00784-y.

[48] W. Aoki, M. Ueda, Characterization of antimicrobial peptides toward the development
of novel antibiotics, Pharmaceuticals. 6 (2013) 1055-1081.
https://doi.org/10.3390/ph6081055.

[49] A.K. Marr, WJ. Gooderham, R.E. Hancock, Antibacterial peptides for therapeutic use:
obstacles and realistic outlook, Curr. Opin. Pharmacol. 6 (2006) 468-472.
https://doi.org/10.1016/j.coph.2006.04.006.

[50] J.P. da Costa, M. Cova, R. Ferreira, R. Vitorino, Antimicrobial peptides: an alternative
for innovative medicines?, Appl. Microbiol. Biotechnol. 99 (2015) 2023-2040.
https://doi.org/10.1007/s00253-015-6375-x.

[51] N. Mookherjee, M.A. Anderson, H.P. Haagsman, D.J. Davidson, Antimicrobial host
defence peptides: functions and clinical potential, Nat. Rev. Drug Discov. 19 (2020) 311-332.
https://doi.org/10.1038/s41573-019-0058-8.

[52] M. Magana, M. Pushpanathan, A.L. Santos, L. Leanse, M. Fernandez, A. loannidis,
M.A. Giulianotti, Y. Apidianakis, S. Bradfute, A.L. Ferguson, A. Cherkasov, M.N. Seleem, C.
Pinilla, C. de la Fuente-Nunez, T. Lazaridis, T. Dai, R.A. Houghten, R.E.W. Hancock, G.P.
Tegos, The value of antimicrobial peptides in the age of resistance, Lancet Infect. Dis. 20
(2020) e216-€230. https://doi.org/10.1016/S1473-3099(20)30327-3.

[53] M. Fernandez de Ullivarri, S. Arbulu, E. Garcia-Gutierrez, P.D. Cotter, Antifungal
Peptides as Therapeutic Agents, Front. Cell. Infect. Microbiol. 10 (2020).
https://doi.org/10.3389/fcimb.2020.00105.

[54] R. Lakshminarayanan, S. Liu, J. Li, M. Nandhakumar, T.T. Aung, E. Goh, J.Y.T.
Chang, P. Saraswathi, C. Tang, S.R.B. Safie, L.Y. Lin, H. Riezman, Z. Lei, C.S. Verma, R.W.
Beuerman, Synthetic multivalent antifungal peptides effective against fungi, PLoS One. 9
(2014). https://doi.org/10.1371/journal.pone.0087730.



77

[55] K. Wang, W. Dang, J. Xie, R. Zhu, M. Sun, F. Jia, Y. Zhao, X. An, S. Qiu, X. Li, Z.
Ma, W. Yan, R. Wang, Antimicrobial peptide protonectin disturbs the membrane integrity and
induces ROS production in yeast cells, Biochim. Biophys. Acta - Biomembr. 1848 (2015)
2365-2373. https://doi.org/10.1016/j.bbamem.2015.07.008.

[56] K. Wang, F. Jia, W. Dang, Y. Zhao, R. Zhu, M. Sun, S. Qiu, X. An, Z. Ma, Y. Zhu, J.
Yan, Z. Kong, W. Yan, R. Wang, Antifungal effect and action mechanism of antimicrobial
peptide polybia-CP, J. Pept. Sci. 22 (2016) 28-35. https://doi.org/10.1002/psc.2835.

[57] E. Roscetto, P. Contursi, A. Vollaro, S. Fusco, E. Notomista, M.R. Catania, Antifungal
and anti-biofilm activity of the first cryptic antimicrobial peptide from an archaeal protein
against ~ Candida  spp. clinical isolates, Sci. Rep. 8 (2018) 1-11.
https://doi.org/10.1038/s41598-018-35530-0.

[58] P.P. de Barros, R.D. Rossoni, C.M. de Souza, L. Scorzoni, J.D.C. Fenley, J.C.
Junqueira, Candida Biofilms: An Update on Developmental Mechanisms and Therapeutic
Challenges, Mycopathologia. 185 (2020) 415-424. https://doi.org/10.1007/s11046-020-
00445-w.

[59] P. Uppuluri, J.L. Lopez Ribot, Candida albicans biofilms, Candida Albicans Cell.
Mol. Biol. Second Ed. 18 (2017) 63-75. https://doi.org/10.1007/978-3-319-50409-4 5.

[60] W.S. Li,Y.C. Chen, S.F. Kuo, F.J. Chen, C.H. Lee, The impact of biofilm formation on
the persistence  of  candidemia, Front. Microbiol. 9 (2018) 1-10.
https://doi.org/10.3389/fmicb.2018.01196.

[61] C.J. Nobile, A.D. Johnson, Candida albicans Biofilms and Human Disease, Annu Rev
Microbiol. 69 (2016) 71-92.

[62] R. Rajendran, L. Sherry, C.J. Nile, A. Sherriff, E.M. Johnson, M.F. Hanson, C.
Williams, C.A. Munro, B.J. Jones, G. Ramage, Biofilm formation is a risk factor for mortality
in patients with Candida albicans bloodstream infection-Scotland, 2012-2013, Clin.
Microbiol. Infect. 22 (2016) 87-93. https://doi.org/10.1016/j.cmi.2015.09.018.

[63] N. \Vera-Gonzalez, A. Shukla, Advances in Biomaterials for the Prevention and
Disruption of Candida Biofilms, Front. Microbiol. 11 (2020).
https://doi.org/10.3389/fmicb.2020.538602.

[64] J.T.A. Oliveira, P.F.N. Souza, .M. Vasconcelos, L.P. Dias, T.F. Martins, M.F. Van
Tilburg, M.L.LF. Guedes, D.O.B. Sousa, Mo-CBP3-Pepl, Mo-CBP3-Pepll, and Mo-CBP3-



78

Peplll are synthetic antimicrobial peptides active against human pathogens by stimulating
ROS generation and increasing plasma membrane permeability, Biochimie. 157 (2019) 10—
21. https://doi.org/10.1016/j.biochi.2018.10.016.

[65] L.N. Shwaiki, E.K. Arendt, K.M. Lynch, Study on the characterisation and application
of synthetic peptide Snakin-1 derived from potato tubers — Action against food spoilage yeast,
Food Control. 118 (2020) 107362. https://doi.org/10.1016/j.foodcont.2020.107362.

[66] S.S. Seyedjavadi, S. Khani, A. Eslamifar, S. Ajdary, M. Goudarzi, R. Halabian, R.
Akbari, H. Zare-Zardini, A.A. Imani Fooladi, J. Amani, M. Razzaghi-Abyaneh, The
Antifungal Peptide MCh-AMP1 Derived From Matricaria chamomilla Inhibits Candida
albicans Growth via Inducing ROS Generation and Altering Fungal Cell Membrane
Permeability, Front. Microbiol. 10 (2020) 1-10. https://doi.org/10.3389/fmicb.2019.03150.

[67] J. do Nascimento Dias, C. de Souza Silva, A.R. de Aradjo, J.M.T. Souza, P.H. de
Holanda Veloso Junior, W.F. Cabral, M. da Glodria da Silva, P. Eaton, J.R. de Souza de
Almeida Leite, A.M. Nicola, P. Albuquerque, I. Silva-Pereira, Mechanisms of action of
antimicrobial peptides ToAP2 and NDBP-5.7 against Candida albicans planktonic and
biofilm cells, Sci. Rep. 10 (2020) 1-14. https://doi.org/10.1038/s41598-020-67041-2.

[68] A. Grigor’eva, A. Bardasheva, A. Tupitsyna, N. Amirkhanov, N. Tikunova, D.
Pyshnyi, M. Kleshev, E. Ryabchikova, Changes in the ultrastructure of Candida albicans
treated with Cationic peptides, Microorganisms. 8 (2020).
https://doi.org/10.3390/microorganisms8040582.

[69] N.N. Orie, A.R. Warren, J. Basaric, C. Lau-Cam, M. Pigtka-Ottlik, J. Mlochowski, B.
Billack, In vitro assessment of the growth and plasma membrane H+-ATPase inhibitory
activity of ebselen and structurally related selenium- and sulfur-containing compounds in
Candida albicans, J. Biochem. Mol. Toxicol. 31 (2017) 8-11.
https://doi.org/10.1002/jbt.21892.

[70] N.M.S. Araujo, L.P. Dias, H.P.S. Costa, D.O.B. Sousa, I.M. Vasconcelos, G.A. de
Morais, J.T.A. Oliveira, CITI, a Kunitz trypsin inhibitor purified from Cassia leiandra Benth.
seeds, exerts a candidicidal effect on Candida albicans by inducing oxidative stress and
necrosis,  Biochim.  Biophys. Acta - Biomembr. 1861 (2019) 183032.
https://doi.org/10.1016/j.bbamem.2019.183032.

[71] K.A. Hammer, C.F. Carson, T. V. Riley, Antifungal effects of Melaleuca alternifolia



79

(tea tree) oil and its components on Candida albicans, Candida glabrata and Saccharomyces
cerevisiae, J. Antimicrob. Chemother. 53 (2004) 1081-1085.
https://doi.org/10.1093/jac/dkh243.


https://doi.org/10.1093/jac/dkh243

80

7 CONSIDERACOES FINAIS

Os resultados apresentados neste trabalho confirmaram o potencial antimicrobiano de
peptideos sintéticos. Assim como em outros estudos ja reportados na literatura, peptideos
bioinspirados na sequéncia de uma proteina antimicrobiana, JcTI-Pepl, se mostraram ativos

contra diferentes espécies de microrganismos de interesse clinico.

Os trés peptideos sintetizados com base no inibidor de tripsina de Jatropha curcas
foram ativos contra quatro espécies de Candida. Porém, a melhor atividade foi observada para
JcTI-Pepl, com os menores valores de MIC observados. O potencial desse peptideo foi ainda
melhor quando utilizado contra C. krusei, uma espécie que gera preocupacdo na comunidade
médica e cientifica por sua elevada resisténcia aos medicamentos disponiveis atualmente.
Além disso, é importante ressaltar que, em comparacao a outras espécies de Candida, ainda

existem poucos estudos utilizando C. krusei como modelo.

JcTI-Pepl foi capaz de inibir tanto as células plancténicas como também foi ativo
contra o biofilme de C. krusei, exibindo um efeito fungicida sobre essa levedura. Os
mecanismos por tras dessa atividade envolvem a permeabilizacdo da membrana plasmatica, a
superproducdo de EROs, o comprometimento da acidificacdo do meio e alteracGes
morfoldgicas extremamente deletérias. Esses achados revelam que esse peptideo apresenta um
potencial a ser considerado e explorado em aplicagdes futuras como molécula antiflngica.
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Az higory: [Plant profeins are emerging a5 an alemative to conventional reamants against @ndidiasic The 2m of this
Eeled Ager 21015 studywas io betherundertand the mechanism of action of Me-CHP; aginst Caedids spp. evabizing edox gys-
:"'“:;J“‘“:;;::‘F-"“’ iem acivity, lipid pesocidasi on, DHA degradation, cybahrome ¢ réezses, mesdium 2cidification, and membran ein-
Py _:Ts e terartion. Anti c.an dida arvity of Mo B decrezsed i nthe presen o= of srgosternal which was not ohsarved with
mmmucdmm-mummm catabse and perocidase actiities i nhibied, whils
inceaserd. Mo-CBP, incrensed the lipid perocd ation, but it did not abier the engosieral
|I'|fl:l1 live ek JE stesm al medium acidifiasi an 'was strongly inhibited, and cyinchrome ¢ réease and DNA deg-
radation were detecied. Mo (BP:inieracts with cellmesmbrane con siituenis, dangss redox sysiem enzymes in
. imbrderrmr and o ne lipid peaoocidation by RIOS overproduction. DNA 4 sgrad ationand cytnchramee ¢ rlease sug-
gt apapintic or DAz acivity Lipid pereidation and H ™ -ATPase: inhibition may induce ghe proess of apo-
pm.le'_r M-(HP; did not have a cytotoxic efiectin mammalian Vero eells. This study highlights the
ical poiential of Mo-(RF: x a promising molequle with low toxicty and potent activity. Further

stuidies should be performed to hetter understand its mode of artion and todrity.

© 2019 Blsesier B V. All rights reserved.

Candida gemus yessis sre members of 2 fungal group commanty
found in nommal humen microbiota, colonizing the skin, oral avity,
esnphagus, grtrointesting traa nd vaging Neverthelss, Gundida
spp such &8 C. albicans, C. parapsios, C. tropicalis, and C. kruzsi can
e Sarious infctions, mainly in hepitslized patents |1-3 ) v ssive
Candida infections cnse » significant impaa on morbidity and oversll
martality, especially among immunocompromised patients |4,5], with
C.albvians being the mast com man pathagen inclinical ces The indis
criminae use of antibiotics, di sbetes m ellitus type 1 nd 2, dvermo ter-
apy, probe implantstion in surgery, organ transplant, and hemodislysis
are rigks [actors for the develapment ol thess infections |69

The impaa of fungi on human heaith i xsocisted with the limited
availability of mtifungal drugs Besically, only thies clises of antifungals
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[ ammvless, poyenes, snd echinocanding) are used in the trestment of Cane
dida infertion In sdditon. antifingal drugs commaonly used can lesd to
thee: desvel aprrent of e tand yedst strxing | 10-12 | The min drg resis-
tance mechanisms are: (1) reduction ol intracelhile drug content;
(2) drug target siterstion snd overexpression; and (3) metsbolic bypsses
| 10,1314 | Inaddidon, itis reporied that many of these @mpounds ex-
hilit various e effecs, such x5 nephratosicity | 15, terstogenidny,
el exreliobod ity | 15,1 7). Based an the reduced number and tecidty of
currentdrugs it i importat to find new antifingsl sgenis 25 slermatives
oy duirrent trestments |12 19] 1n the seardh fof new sltemaives, planis
are 3 large reservoir of biokag ical compounds sgainst Gandids spp
Varous protein molecules of plant ongin with inhilitory effect
s ainst Candida spp. have been solsbed, auch s leain [20], lipid tramsder
proten |21 | trypsin inhibior |22), and peptides | 23,24 ] Anather pro-
tein das dolsted from plants with anti-candida sctivity is the dhitin-
binding proteins [CEPs )| These malecules reversibly bind with ehitin,
animportant $tuctural polysscharide present in many onganisms, in-
cluding the fungsl cell wall However, this polyssccharide does not
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Pl e i of candidinsis, being an alvermative o de clomicsl antdifungals currmesntly bn use. This soady sl o
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1. Iniroduction yeast genus, howewver, can canse serious infections, particularly in hos-
pitalimed patients [1,2]. Ievasive fumgal infections coused by Condida

The Candidn genus includes members such as C. albicons, © ropicalis, spp. have a significant impact on morbidity and overall mortality rates,
. poropsiloss, C louse, & globrote, C greliermondii, and C. estomine. mﬁﬂmhmubmgﬂuﬂﬂ:d-ﬁ:nwmﬂnm[M
These species are part of the natural humen microbiota that colonizes & l factors, including indiseri use of antibioti 1l
the gastrointestinal tract, oral cavity, esophagus, skin, and vagina. This ﬂﬂﬂmmufﬂhﬁﬂ:ﬁﬁﬁﬂmﬂnhﬂnﬂﬁ:ﬂm increase the
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