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KANOSHIKI, Renata Lumi. Andlise dos fatores de Viruléncia e proteoma de candida tropicalis
sensivel e resistente ao Fluconazol. 2010. 99 f. Dissertagio (Mestrado em Microbiologia) —
Universidade Estadual de Londrina, Londrina, 2010.

RESUMO

Espécies de Candida sdo agentes oportunistas mais frequentes em infec¢Ges fingicas. Embora
Candida albicans seja a principal e a mais estudada espécie do género Candida, espécies nao-albicans
vém emergindo como importantes agentes de candidiases. Entre as espécies ndo-albicans relata-se C.
tropicalis como importante agente etiologico de candidemia em pacientes com cancer, principalmente
aqueles com leucemia. Em paises da América Latina, esta espécie é bastante frequente, mesmo entre
pacientes ndo portadores de cancer, sendo a segunda principal causa de candidemia no Brasil. A alta
mortalidade de pacientes infectados por C. tropicalis e o surgimento de isolados resistentes a
antifngicos corroboram sua importincia clinica. Na literatura relata-se que a exposi¢cdo de Candida
spp. a antifungicos influencia na expressao de fatores de viruléncia, dos quais se destacam: aderéncia a
tecidos do hospedeiro, morfogénese, formacdo de biofilme e secre¢do de enzimas. Haja vista sua
importancia a patogénese, este trabalho teve como objetivo estudar a influéncia do fluconazol sobre os
fatores de viruléncia e o proteoma de isolados de C. tropicalis. Para tanto, fatores de viruléncia de C.
tropicalis em amostras isoladas de cavidade bucal, ponta de cateter ¢ hemocultura foram analisados.
Nesta ultima, os fatores de viruléncia foram avaliados também apoés breve exposicao ao fluconazol (1
h) e apos desenvolvimento de resisténcia in vitro. Ademais, foi realizada analise comparativa do
proteoma dos isolados de C. tropicalis resistentes e sensiveis ao fluconazol, e comparacdo de células
planctdnicas e sésseis. Para a identificagdo das espécies foram utilizados testes fenotipicos padrdes e
semi-nested PCR. A concentragdo inibitéria minima (CIM) para o fluconazol foi determinada por
microdiluicdo em caldo. A atividade de protease foi avaliada em placa utilizando-se meio minimo
contendo caseina de leite 0,6%, enquanto a atividade de fosfolipase e hemolisina foram investigadas
em Sabouraud Dextrose Agar com gema de ovo a 4% e sangue de carneiro a 5%, respectivamente. O
ensaio de hidrofobicidade da superficie celular (CSH) foi realizado pela técnica de Anil et al. (2001).
Para a formacao de biofilme foram utilizados dois diferentes métodos: avaliacdo da porcentagem de
transmitancia bloqueada (%Tbloc) e o ensaio de redugdo do XTT. A adesdo em poliestireno e células
de mamiferos também foi analisada. Todas as amostras ndo apresentaram atividade de fosfolipase ¢
foram capazes de hemolisar parcialmente sangue de carneiro (similar a hemolise do tipo alfa de
Streptococcus spp.). Diferengas relacionadas a origem das amostras (p< 0,05) foram encontradas
quanto a produgdo de biofilme, ¢ hidrofobicidade celular. Nesses ensaios, amostras de cateter ¢ de
cavidade bucal apresentaram maior capacidade de producdo de biofilme e maior hidrofobicidade
celular em relagdo a amostra de hemocultura. A resisténcia in vitro s6 foi obtida para o isolado de
sangue, ¢ diferencas significativas (p< 0,05) foram detectadas na atividade proteolitica, formagdo de
biofilme e CSH. Em todos os casos, a cepa resistente ao fluconazol apresentou maior atividade para os
fatores analisados e a breve exposicdo ao fluconazol resultou em diminuigdo da expressdo das
mesmas. Foi observado também correlagao entre formagao de biofilme e hidrofobicidade da superficie
celular. Na andlise protedmica, as proteinas totais foram extraidas por método mecanico e os géis
bidimensionais foram corados com Coomassie G-250 coloidal. Apos analise comparativa dos géis, 7 €
2 polipeptideos mostraram-se diferencialmente expressos por células planctonicas das cepas sensivel e
resistente, respectivamente. Por outro lado, quando os proteomas de células sésseis foram comparados,
1 e 11 polipeptideos apresentaram expressao diferencial na cepas sensivel e resistente,
respectivamente. Finalmente, 5 e 7 polipeptideos foram diferenciamente expressos em células
planctdnicas e sésseis da cepa sensivel ao fluconazol.

Palavras-chave:Candida tropicalis. Fatores de viruléncia. Resisténcia. Fluconazol.



KANOSHIKI, Renata Lumi. Analysis of Virulence factors and proteome of Candida tropicalis
sensitive and resistant to Fluconazole. 2010. 99 p. Dissertation (Master’s Degree in Microbiology) —
Universidade Estadual de Londrina, Londrina, 2010.

ABSTRACT

Candida species represent the most frequent opportunistic pathogen among the fungal infections.
Although Candida albicans is the most prevalent and studied species, Candida non-albicans species
have currently emerged. C. tropicalis is reported as an important etiologic agent of candidemia in
patients with cancer, mainly in patients with leukemia. In Latin America, this species is significantly
frequent, even in non-cancer patients, representing the second main cause of candidemia in Brazil. The
high mortality in C. tropicalis infections and the emergence of antifungal resistant isolates corroborate
its clinical importance. It is reported in the literature a correlation between Candida spp. antifungal
exposure and the expression of virulence factors, which include adhesion to host tissues,
morphogenesis, biofilm formation and enzyme secretion. The aim of this study was to investigate the
effect of fluconazole on virulence factors and the proteome of Candida tropicalis. First, virulence
factors of C. tropicalis isolated from the oral cavity, catheter tip and bloodstream infection were
analyzed. For the blood isolate, the virulence factors were also evaluated after brief exposure to
fluconazole (1 h) and after in vitro resistance development. Furthermore, we performed comparative
proteome analysis of Candida tropicalis strains, resistant and susceptible to fluconazole, and
planktonic and sessile cells. For the species identification, semi-nested PCR and phenotypic tests were
performed. The minimal inhibitory concentration (MIC) of fluconazole was determined by broth
microdilution. The proteolytic activity was evaluated in minimum medium plates containing skim
milk 0.6%. For phospholipase and hemolytic activity, plates with Sabouraud Dextrose Agar
supplemented with egg yolk 4% and sheep blood 5% were used, respectively. The cell surface
hydrophobicity (CSH) assay was performed as described by Anil et al. (2001). Relative to the biofilm
formation, two different methods were used: the percentage of blocked transmitance (%Tbloc)
method, and the XTT reduction assay. Adherence to polystyrene and mammalian ephitelial cells was
also analyzed. All isolates and strains were negative to phospholipase production and presented alpha-
like hemolysis. Differences related to the isolates origins (p< 0.05) were found for biofilm and CSH
properties. In these assays, isolates from catheter and oral cavity presented greater capacity of biofilm
production, and higher cellular hidrophobicity compared to bloodstream infection sample. The
successful in vitro fluconazole resistance was obtained only for bloodstream isolate, and significant
differences (p< 0.05) were found in the proteolytic activity, biofilm formation and CSH. The
fluconazole resistant strain presented higher values for the analyzed factors, and the brief fluconazole
exposure resulted in reduction of these virulence factors expressions. It was also observed a correlation
between biofilm formation and CSH. In proteomics analysis, the total proteins extraction was
performed by mechanical method and two-dimensional gels were stained with colloidal Coomassie G-
250. After comparison of the gels, 7 and 2 polypeptides were shown to be differentially expressed by
planktonic cells of susceptible- and resistant- strains, respectively. On the other hand, when the
proteomes of sessile cells were analyzed, 1 and 11 polypeptides showed differential expression in the
susceptible- resistant- strains, respectively. Finally, 5 and 7 diferent polypeptides were expressed in
planktonic and sessile cells of the fluconazole susceptible strain, respectivelly.

Keywords: Candida tropicalis. Virulence factors. Resistance. Fluconazole.
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1 REVISAO BIBLIOGRAFICA

Leveduras associadas a infec¢des no homem s3o ubiquas no ambiente e
algumas s3o habitantes normais do corpo humano. Esses microrganismos sdo frequentemente
oportunistas e causam infec¢des agudas ou cronicas quando em condigdes favoraveis no
hospedeiro. Espécies de leveduras do género Candida sdo os agentes oportunistas mais
frequentemente isolados dessas infecgoes (PERLHOTH et al., 2007), sendo responsaveis por
cerca de 80% das infecgdes flingicas no ambiente hospitalar, constituindo causa relevante de
infecgdes de corrente sanguineca (COLOMBO; GUIMARAES, 2003; PFALLER;

DIEKEMA, 2007).

Espécies de Candida sdo comensais em 30% a 60% de individuos
saudaveis (HABERLAND-CARRODEGUAS et al., 2002). Contudo, quando em condigdes
predisponentes relacionadas ao hospedeiro, esses microrganismos podem causar infecgdes
que variam desde infeccdes superficiais de mucosa, como candidiase vulvovaginal (CVV) e
orofaringea (COF), até infecgdes sistémicas (MAVOR et al., 2005; RANGANATHAN et al.,
2008). Entre os fatores que contribuem para o aumento na frequéncia dessas infeccoes
fungicas, incluem-se: infec¢des virais, especialmente as relacionadas ao virus da
imunodeficiéncia humana; desordens hematoldgicas, tais como diferentes tipos de leucemias
e transplantes; praticas médicas agressivas ou invasivas como cirurgias, implantes ¢ uso de
cateteres; tratamentos como radioterapia, quimioterapia, € uso continuo de antimicrobianos e
esteroides. Pacientes sob tratamento de dialise ou que apresentam distirbios metabolicos e
hormonais também estdo predispostos a candidiase (KOJIC; DAROUICHE, 2004;

PASQUALOTTO et al., 2005, ALMIRANTE et al., 2006) .

Embora C. albicans represente a espécie prevalente entre os isolados de

infecgdes superficiais e invasivas, outras espécies como Candida parapsilosis, Candida
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tropicalis, Candida glabrata, Candida krusei, Candida guilliermondii e Candida lusitaniae
também mostram-se em evidéncia quanto a importancia clinica. Espécies nao-albicans
respondem por 50% das infecgdes invasivas por Candida spp. (COLOMBO; GUIMARAES,

2003).

Um aumento progressivo na frequéncia de candidemia tem sido observado
mundialmente, particularmente em pacientes expostos a antibidticos, terapias
imunossupressoras ou nutri¢do parenteral, assim como em pacientes sujeitos a procedimentos
médicos invasivos (PLAYFORD et al., 2010). Estudos conduzidos em hospitais terciarios de
diferentes paises da Europa e Estados Unidos mostraram que a incidéncia de candidemia
variou de 0,17 a 0,76 (RICHET et al., 2002; TORTORANO et al., 2004; ALONSO-VALLE
et al., 2003; VIUDES et al., 2002) ¢ 0,28 a 0,96 por 1000 admissdoes (BANERJEE et al.,
1991; PITTET; WENZEL, 1995; WISPLINGHOFF et al., 2004), respectivamente. No
Brasil, estudo mostra indice ainda maior alcangando 1,66 por 1000 admissdes (COLOMBO
et al., 2007). Vale salientar que a candidemia leva a um longo periodo de hospitalizagdo e
sua mortalidade atinge aproximadamente 50% dos pacientes (GUDLAUGSSON et al., 2003;

HORN et al., 2009).

A incidéncia crescente dessas infec¢des e a sensibilidade variada aos
agentes antifingicos utilizados na pratica médica sdo aspectos importantes a se considerar
(KAM; LIN, 2002; BARCHIESI et al., 2004; PFALLER et al., 2004; SAMRA et al., 2005).
Programas de vigilancia sobre resisténcia a antimicrobianos tém sido conduzidos por
diferentes grupos e evidéncias sugerem que a emergéncia de infecgdes invasivas causadas
por espécies de Candida ndo-albicans resistentes ao fluconazol pode ser um problema
crescente em varios centros médicos (CHRYSSANTHOU, 2001; DIEKEMA et al., 2002;
OSTROSKY- ZEICHNER et al., 2003; HAJJEH et al., 2004; CUENCA-ESTRELLA et al.,

2005; TORTORANO et al., 2006). Em estudo realizado em um hospital do Japdo, foi
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observado que dos casos de candidemia entre 1996 a 2007, 62% eram causados por espécies
ndo-albicans. Para candidemia causada por C. albicans 18 dos 22 casos tinham sido expostos
ao fluconazol, enquanto que para as espécies ndo-albicans a relagdo foi de 36 para 36

(MYOKEN, 2009).

C. tropicalis tem sido relatada como o segundo ou terceiro agente
etiolégico mais comum de candidemia em pacientes com cancer, sendo sua frequéncia maior
em leucemias ¢ menor em tumores solidos (WINGARD, 1995; VELASCO; BIGNI, 2008;
SABINO et al., 2009). Em paises da América Latina, esta espécie ¢ bastante frequente,
mesmo entre pacientes ndo portadores de cancer, e, no Brasil, ela é a segunda principal causa
de candidemia (COLOMBO; NUCCI, 2007). Além disso, o seu isolamento de quadros
infecciosos esta associado a supressao da microbiota pelo uso de antimicrobianos ¢ danos na
mucosa gastrointestinal (COLOMBO; GUIMARAES, 2003). Apesar de sua baixa
prevaléncia (7%-18%) entre as infec¢des fungicas disseminadas, essa espécie esta associada

a uma alta taxa de mortalidade dos pacientes (COSTA et al., 2000).

Partridge et al. (1971) ao classificar as espécies de Candida de acordo com
a patogenicidade em ovos embrionados, identificaram C. albicans e C. tropicalis como as
mais invasivas entre as seis espécies estudadas. Em estudo in vivo, Arendrup et al. (2002)
classificaram diversas espécies de Candida em relagdo a taxa de patogenicidade, de acordo
com a mortalidade e altera¢des histologicas no figado de camundongos infectados por oito
espécies de Candida. Esses autores separaram estas espécies em trés categorias de
decrescente patogenicidade. No primeiro grupo foram incluidas as espécies C. albicans e C.
tropicalis, seguido por um grupo intermediario formado por C. glabrata, C. lusitaniae e C.

kefyr e no grupo menos patogénico C. parapsilosis, C. krusei e C. guilliermondii.

Para o tratamento de candidiases s3o utilizados antifingicos como os

derivados azodlicos (cetoconazol, itraconazol, fluconazol), principalmente o fluconazol e a
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anfotericina B que, apesar de sua toxicidade, ¢ considerada em muitos casos o farmaco de
escolha para o tratamento de infecc¢do sistémica. Além dos farmacos citados, outros como o
voriconazol, segunda geracdo de triazolico, e a caspofungina, equinocandina que atua na
parede celular, sdo disponiveis para o tratamento de infec¢des fungicas (GALLIS et al.,

1990; HARTSEL; BOLARD, 1996).

Na grande maioria das vezes, os isolados clinicos de C. tropicalis sdo
sensiveis a anfotericina B e aos triazdlicos, entretanto, podem desenvolver rapidamente
resisténcia ao fluconazol e a taxa de isolados clinicos resistentes a esse farmaco tem
aumentado significativamente (YANG et al., 2004; CHAKRABARTI et al., 2009). Em
alguns trabalhos realizados com isolados de candidemia por C. tropicalis a taxa de resisténcia
a antifingicos apresentou valores entre 0% a 12% (DIEKEMA et al., 2002; OSTROSKY-

ZEICHNER et al., 2003; HAJJEH et al., 2004; COLOMBO et al., 2006).

A agdo antifungica do fluconazol estd relacionada com a inibicdo da
biossintese do ergosterol de origem flngica, atuando sobre a enzima lanosterol 14-alfa-
demetilase, presente na membrana celular, impedindo com isto o crescimento fungico.
Espécies de Candida sdo geralmente sensiveis a este antifungico. No entanto, o niimero de
isolados clinicos resistentes ao fluconazol tem aumentado significativamente (MYOKEN et
al., 2004a; MYOKEN et al., 2004b; YANG et al., 2004). Muitos mecanismos de resisténcia
aos azoélicos tém sido descritos para Candida spp. como: efluxo aumentado do farmaco por
aumento na expressdo de transportadores ABC (ATP-binding-cassete); transportadores de
membrana como os membros da superfamilia de facilitadores principais (MFS); e o aumento
na expressdo de genes envolvidos na biossintese do ergosterol, tais como ERG11 que
codifica a enzima lanosterol 14-alfa-demetilase ou mutagdes na sequéncia desse gene que
levam a diminui¢io da afinidade dos azélicos pelo seu alvo (MORSCHHAUSER, 2002). No

caso de C. tropicalis o mecanismo tem sido associado ao aumento na expressao do gene
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MDR1 (CtMDR1), que codifica uma proteina do tipo MFS (VANDEPUTTE et al., 2005).

A forma de resisténcia pode ser considerada primaria quando ocorre antes
da exposi¢do ao farmaco e pode ser secundaria quando é desenvolvida em resposta a
exposi¢ao ao farmaco (WYNN et al., 1999). Relacionados a resisténcia secundaria, alguns
dados indicam que a auséncia de sensibilidade ao fluconazol esta associada a exposigdo
prévia a0 mesmo € sugerem que esse processo também pode conduzir a resisténcia cruzada
ao voriconazol (COLOMBO et al., 2006; MAGILL et al., 2006). Esse mecanismo tardio de
resisténcia parece ser responsavel pela emergéncia de resisténcia aos azoélicos vista nos
ultimos anos, principalmente em pacientes HIV-positivo em cujo tratamento antifingico ¢é
utilizado principalmente o fluconazol (WHITE et al., 2002). Uma vez que certos
antifungicos, como os derivados azolicos, possuem atividade fungistatica, as células expostas
repetidamente a esses antiflingicos podem se adaptar a pressdo por estes exercida, e
eventualmente, tornar-se resistentes. Assim, o aumento no uso de azoélicos, aliado ao fato

destes serem farmacos fungistaticos, aparentemente levou a emergéncia da resisténcia aos

azolicos (JABRA-RIZK, 2004).

O desenvolvimento da infec¢cdo por microrganismos oportunistas pode ser
considerado como uma consequéncia da relagdo entre a viruléncia destes agentes ¢ a
habilidade do hospedeiro de impedir ou resistir a colonizagdo ou a invasdo microbiana
(HUBE, 2004). Evidentemente, microrganismos patogénicos possuem mecanismos que
permitem a colonizagdo ou infeccdo do hospedeiro. Muitos destes microrganismos,
incluindo Candida spp., apresentam fatores de viruléncia e habilidades estratégicas
especificas para colonizar, causar doencas e prevalecer frente aos mecanismos de defesa do

hospedeiro.

Os fatores de viruléncia expressos ou necessarios para o desenvolvimento

de infec¢des pode variar de acordo com o tipo de infeccdo (por ex: mucosa ou sistémica),
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sitio e estagio de infeccdo e o nivel de resposta do hospedeiro. Embora as espécies de
Candida sejam altamente adaptadas como organismos comensais, estas possuem diversos
fatores de viruléncia associados, tais como: aderéncia as células e tecidos do hospedeiro,
alteragdo fenotipica (switching fenotipico) (CALDERONE; FONZI, 2001) e formagdo de
biofilme (DOUGLAS, 2003). A secre¢do de enzimas hidroliticas, como proteases (HUBE;
NAGLIK, 2001) e fosfolipases (GHANNOUM, 2000), ¢ a atividade hemolitica (LUO et al.,

2001), também contribuem para a patogenicidade do microrganismo.

Uma vez que as membranas se constituem de lipideos e proteinas, estas se
tornam grandes alvos para ataque de enzimas. Enzimas proteoliticas extracelulares de fungos
saprofitos sdo secretadas principalmente para fornecer nutrientes as células; porém, fungos
patogénicos podem ter adaptado essa propriedade para desempenhar fungdes especializadas
durante o processo de infeccdo, tal como se observa nas enzimas hidroliticas produzidas
pelos microrganismos que destroem, alteram, ou lesam a integridade da membrana, levando a
disfuncdo e ao rompimento de estruturas do hospedeiro, facilitando a invasao de seus tecidos
(VIDOTTO et al.,, 1999; KANTARCIOGLU; YUCEL, 2002; MONOD; BORG-VON

ZEPELIN, 2002; NAGLIK et al., 2003).

Espécies patogénicas de Candida produzem uma variedade de hidrolases
da qual se destaca a aspartil-protease secretada (Sap: secreted aspartic proteinase). Essas
enzimas catalisam quebras nas ligacdes peptidicas de proteinas variando quanto a sua
especificidade ¢ mecanismo de acdo (ZAUGG, 2001). Muitas espécies patogé€nicas de
Candida possuem genes SAP capazes de produzi-las ativamente (RUCHEL et al., 1992;
GILFILLAN et al., 1998). Para C. tropicalis sdo descritos quatro genes SAP (SAP1 a SAP4),
de cujo produto se destaca Saptlp, enzima predominantemente secretada em presenga de

solug@o albumina sérica bovina (BSA) in vitro (ZAUGG, 2001).

As Saps de C. albicans sdo produtos de uma familia de pelo menos 10



17

genes (SAP 1-10). Sua ativacdo e expressao ainda nao estdo totalmente elucidadas, mas as
etapas de regulagdo de proteases podem ser definidas basicamente pelo seguinte processo: os
dez genes SAP codificam pré-proenzimas mais longas que a enzima madura; a por¢do N-
terminal ¢ clivada por uma peptidase sinal no reticulo endoplasmatico; no Golgi, o
propeptideo é removido pela proteinase Kex2 subtilisin-like, para ativar as proteases antes de
serem exportadas via vesiculas a superficie celular por secre¢do ou ancora de
glicosilfosfatidilinositol (GPI). Embora, Kex2 seja considerada proteinase regulatoria chave
para Saps, existem outros caminhos de processamento (TOGNI et al., 1996), e pode ocorrer
também, extracelularmente, auto-ativagdo para Sapl-3 e Sap 6 em determinados valores de
pH (KOELSCH, et al, 2000). A enzima madura possui estrutura tridimensional,
provavelmente mantida por residuos de cisteina conservados, ¢ um motivo tipico para todas
as proteases asparticas, incluindo os dois residuos de aspartato conservados do sitio ativo
(HUBE, 1996). As proteinas Sap9 e Sap10 parecem ser representadas como proteinas-GPI

ancoradas na membrana celular ou parede celular (CARO et al., 1997).

A capacidade de produgdo dessas enzimas pode ser relacionada ao nivel de
viruléncia do microrganismo. Matriz extracelular e proteinas de superficie como queratina,
colageno, laminina, fibronectina, ¢ mucina sdo eficientemente degradados por Sap2.
Também, diferentes proteinas de defesa do hospedeiro tais como lactoferrina salivar,
macroglobulina-a inibidora de protease, macrofagos e imunoglobulinas, incluindo a IgA
secretora, podem ser hidrolisadas pela Sap2. Véarios autores mostram a relagdo entre a
expressdo de membros dessa familia de genes por Candida spp, ¢ o processo de patogénese
(TAYLOR et al., 2005; VILLAR et al., 2007). Nos estudos realizados com C. albicans, foi
observada a atenuagdo da viruléncia principalmente para as mutantes de Sap4 a Sap6
(MONOD et al., 1994; BORG-VON ZEPELIN et al., 1998, 1999). Outros estudos mostram

que SAP1, SAP2 ¢ SAP3 sao expressos apenas por células leveduriformes, enquanto que
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SAP4-6 se limitam a células filamentosas (HUBE et al.,1998; SCHALLER et al., 1999 b).

Viérios estudos mostram que as Saps podem exercer diferentes fungdes que
incluem: digestdo de moléculas para fins nutricionais (MACDONALD, 1984; KVAAL et al.,
1999); participagdo no processo de adesdo ao tecido do hospedeiro (WATTS et al., 1998;
BORG-VON ZEPELIN et al., 1999; ALBRECHT et al., 2006); invasdo e degradagdo de
tecidos e orgios (MORSCHHAUSER et al., 1997; SCHALLER et al., 1999 a, b;
SCHALLER et al., 2000; FELK et al., 2002; SCHALLER et al., 2003); evasao de
mecanismos de defesa do hospedeiro pela destruicdo de células e moléculas do sistema
imune (RUCHEL, 1986; KAMINISHI et al., 1995; GROPP et al., 2009) ou resisténcia a

fagocitose por macrofagos (BORG-VON ZEPELIN et al., 1998).

As fosfolipases sdo enzimas que junto com as proteases fazem parte da
vasta familia de enzimas de Candida spp. O termo fosfolipase ¢ utilizado para denominar um
grupo heterogéneo de enzimas que compartilham da habilidade de hidrolisar especificamente

uma ou mais ligagdes éster em glicerofosfolipideos (GHANNOUM, 2000).

Normalmente, as fosfolipases estdo envolvidas em muitos eventos
biologicos, compreendendo o metabolismo de fosfolipideo e a transducdo de sinais nas
células eucaridticas. Em microrganismos patogé€nicos, no entanto, essas enzimas podem
auxiliar no processo de infecgdo, pois catalisam rea¢des de hidrolise de fosfolipideos, o
principal componente da membrana celular do hospedeiro, facilitando dessa forma a invasao
do hospedeiro. Ao hidrolisar uma ou mais ligagdes éster em glicerofosfolipideos, estas
enzimas levam a desestabilizacdo da membrana e consequente lise de células, prejudicando o
hospedeiro (GHANNOUM, 2000). Dessa forma, em Candida spp. essas enzimas podem
desempenhar papéis importantes na infeccdo como na adesdo a células epiteliais
(BARRETT-BEE et al., 1985; IBRAHIM et al., 1995), na invasdo do tecido (PUGH;

CAWSON, 1975) e na interferéncia nos mecanismos de defesa do hospedeiro (BARRETT-
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BEE et al., 1985). Diversas fosfolipases estdo envolvidas nestes processos. Para C. albicans,
sdo descritas: fosfolipase A, fosfolipase B, fosfolipase C, fosfolipase D, lisofosfolipase, ¢
fosfolipase transacilase (COSTA et al., 1968; PUGH; CAWSON, 1975; BANNO et al.,
1985; MCLAIN; DOLAN, 1997). Ja em C. tropicalis, a atividade de fosfolipase ¢
relativamente baixa quando comparada a C. albicans, mas provavelmente participa nos
processos de patogenicidade (CLANCY et al. 1998). Curiosamente, em estudo de
Prakobphol e colaboradores (1994) foi observada adesdo especifica de C. tropicalis a
lisofosfolipideos. E, em experimentos subsequentes usando um inibidor da atividade de
lisofosfolipase-transacilase, foi observada uma diminui¢do na capacidade de adesdo de
células de C. tropicalis (PRAKOBPHOL et al., 1997), sugerindo a importancia da atividade

de fosfolipase em C. tropicalis no processo de adesio.

Enquanto muitos estudos sdo desenvolvidos para a investigagdo das
enzimas hidroliticas, muito pouco se sabe a respeito da atividade hemolitica exibida por
diferentes espécies de Candida. A capacidade de organismos patogénicos para a aquisi¢do de
ferro no hospedeiro mamifero parece ser de fundamental importancia no estabelecimento de
infeccdo (OTTO et al., 1992). Nos seres humanos, a maior parte do ferro esta localizada
intracelularmente como ferritina ou em compostos heme. Ja a pequena quantidade de ferro
extracelular estd ligada a proteinas e transportadores transferrina e lactoferrina. Portanto,
como nao ha essencialmente ferro livre no hospedeiro humano, grande parte dos patdégenos o
adquire indiretamente de componentes que o contém disponivel, como a hemoglobina
(OTTO et al., 1992). Muitos microrganismos sdo equipados com um mecanismo que destroi
o grupo heme e extrai o elemento ferro do hospedeiro (BELANGER et al., 1995). Assim, ao
mediar essa atividade, essas enzimas sdo consideradas como um fator de viruléncia relevante
que possibilita ao patégeno sua sobrevivéncia e infecgdo no hospedeiro humano (OTTO et

al., 1992).
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A respeito de Candida spp., foi observado que C. albicans possui um fator
hemolitico que permite a aquisi¢ao de ferro a partir de eritrocitos do hospedeiro (MANNS et
al. 1994). Assim como outros microrganismos, C. albicans é capaz de utilizar gupos heme e
hemoglobina como fontes de ferro. O mecanismo pelo qual o atomo de ferro é extraido da
hemoglobina e levado para dentro da célula fungica € pouco conhecido, mas sabe-se que sua
mediagdo ¢ facilitada por proteina extracelular GPI (glicofosfatidilinositol) ancorada Rbt5
por ligagdo a grupo heme ¢ hemoglobina cuja fungdo pode também ser relacionada a rapida
endocitose da hemoglobina ao vactolo de C. albicans (WEISSMAN; KORNITZER, 2004;

WEISSMAN et al., 2008).

Ao considerar diferentes microrganismos, facilmente os associamos a suas
formas livres unicelulares, em cultura pura. No entanto, na natureza, grande parte dos
microrganismos ¢ encontrada em comunidades microbianas denominadas biofilme. Este
pode ser definido basicamente como uma comunidade complexa de microrganismos ligados

irreversivelmente a um substrato e embebidos em uma matriz de polimeros extracelular

produzido pelos mesmos (DONLAN; COSTERTON, 2002).

A formagao do biofilme (Figura 1) é um processo dindmico que pode ser
dividido basicamente em adesdo, formagao inicial, matura¢dao e dispersdo. Primeiramente,
células livres (planctonicas) aderem-se a superficie, mesmo em ambientes com alto fluxo de
liquidos, como em dialisadores ou cateteres. O contato com uma superficie induz a expressao
de enzimas microbianas que catalisam, a partir dos nutrientes disponiveis, a formagdo de
substancia polimérica extracelular (EPS) e promovem a colonizagdo e prote¢ao das células
aderidas (sésseis). Inicialmente, sdo formadas microcolonias por reproducdo clonal das
células, que poderao se fundir e formar uma camada de biofilme microbiano sobre a extensao
da superficie. A camada, entdo, se desenvolve com geragdo de novas células e EPS formando

um ambiente favoravel ao seu desenvolvimento. Apds a maturacdo do biofilme, por fatores
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como estresse ambiental, forca de fluxo, lise de células no biofilme; algumas células ou
pequenos pedacos do biofilme podem se liberar e colonizar novos sitios. A adesdo destes
agregados de microrganismos, gerados continuamente por processos de erosao e liberacdo de
células ou pequenos pedagos do biofilme, representa mecanismo eficaz de colonizagdo de

novos ambientes (STOODLEY et al., 2002).

Durante o processo de maturagdo, o biofilme aumenta sua densidade
celular e substincia polimérica extracelular. Assim, as substincias poliméricas produzidas
pelos organismos do biofilme sdo consideradas o principal elemento estrutural da matriz
extracelular do biofilme ao garantir sua integridade mecanica (BRANDA et al., 2005). EPS ¢
formado principalmente por polissacarideos, e variagdes em suas propriedades quimicas e
fisicas podem conferir alteragdes no biofilme devido a diferengas na hidrofobicidade e na

solubilidade (SUTHERLAND, 2001).

AT A i A o, T
Figura 1 - Representacdo esquematica de formagdo de biofilme bacteriano. 1. Adesdo inicial das células
planctonicas a superficie. 2. Produgdo da matriz polimérica extracelular. As células estdo
“irreversivelmente” aderidas a superficie. 3 ¢ 4. Desenvolvimento inicial e maturacdo da
arquitetura do biofilme, respectivamente. 5. Dispersdo das células sésseis para outros sitios de
adesdo. O painel inferior mostra micrografias eletronicas de biofilme formado por Pseudomonas
aeruginosa em superficie de vidro. Fonte: Stoodley et al. (2002); Sauer et al. (2002).
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O biofilme maduro exibe uma complexa estrutura tridimensional formado
por uma malha de canais interconectados de curvatura e didmetro variavel que permite a
passagem de agua do meio para o interior do biofilme, e servem como filtro para a entrada de
material particulado. Esse arranjo espacial, além de facilitar o influxo de nutrientes, permite a
eliminagdo de produtos, e o estabelecimento de micro-nichos no biofilme (HAWSER;

DOUGLAS, 1994; KUMAMOTO, 2002).

A arquitetura final pode variar dependendo das condi¢des de crescimento,
da superficie onde o biofilme é formado ¢ do microrganismo (CHANDRA et al., 2001a;
SUCI et al., 2001). Em Candida spp., a formagdo de biofilme se mostra variavel de acordo
com as suas diferentes espécies (KUHN et al., 2002a; LI et al., 2003; BIZERRA et al.,
2008). Para o biofilme maduro de C. albicans (ap6s 48 h), visualizado em microscopia
eletronica de transmissdo, ¢ possivel observar uma malha formada por células
leveduriformes, hifas, pseudo-hifas ¢ EPS em arquitetura de extensiva heterogeneidade e
espessura variavel de 25 a mais de 450 pum (HAWSER; DOUGLAS, 1994, CHANDRA et
al., 2001a; RAMAGE et al.,, 2001). J& em C. tropicalis observa-se que durante o
desenvolvimento do biofilme as células, em sua maioria, se apresentam na forma filamentosa
(6-24 h), e ap6s a maturacdo uma rede de leveduras e pseudo-hifas formam o biofilme
(BIZERRA et al., 2008) ao qual se descreve também uma alta capacidade produtiva de
substancia extrapolimérica mesmo em ambientes estaticos (AL-FATTANI; DOUGLAS,

2006).
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Figura 2 - Microscopia eletronica de superficie de biofilme maduro de C. tropicalis (48 h) em cateter de PVC
(Imagem: Bizerra et al., 2008)

Os biofilmes sdo altamente organizados e as células no interior do biofilme
podem apresentar caracteristicas singulares. A formacdo estrutural em comunidade e a
proximidade entre as células permitem a sinalizacdo célula-célula, ou o “quorum-sensing”,
fundamentais para o desenvolvimento do biofilme. Essa sinalizacdo entre células permite
controlar a superpopulacdo do biofilme, a competicdo de nutrientes e tem grandes
implicagdes no processo de infec¢do, particularmente para a disseminacdo e para o
estabelecimento de infecgdes em sitios distantes. Para C. albicans, o farnesol tem sido
descrito como molécula participante do quorum-sensing, ao inibir a mudanga para a sua
forma filamentosa (HORNBY et al., 2001). Ao revés, estudos mostram que o tirosol, outra
molécula descrita, parece favorecer a formagdo de formas filamentosas de C. albicans
(CHEN et al., 2004; ALEM et al., 2006). Em estudo realizado por Alem e colaboradores
(2006), foi observado um aumento da massa celular do biofilme durante o seu estagio inicial
de formagdo, quando exposta ao tirosol. A partir dos resultados, neste mesmo estudo, foi
sugerido que a atividade de tirosol seja superior a do farnesol depois de 14 h e ¢ revertida

depois de 24h, e que durante estagios finais de formacao do biofilme (48 a 72h) ocorra um
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aumento significativo da produ¢do do farnesol. Assim sendo, estas duas moléculas, além de
importantes ao controle positivo e negativo da morfogénese em C. albicans, poderiam
desempenhar papel importante no processo de formagao do biofilme, ao promover formagao
de hifas durante os estagios, inicial e intermedario, por estimulagdo de tirosol, enquanto o
farnesol poderia ser importante aos estagios finais de formacao, controlando o seu aumento, e
estimulando a liberacdo de células, favorecendo a dispersdo e colonizagdo em novas

superficies (ALEM et al., 2006).

Devido ao seu grau de complexidade, o biofilme pode ser formado em
diferentes tipos de ambientes e superficies. Na area clinica, por exemplo, biofilmes de
Candida spp. podem ser formados em dispositivos médicos como proteses, implantes, tubo
endotraqueal, cateteres, entre outros, servindo como fonte de infec¢do (RAMAGE et al.,
2006). Dessa forma, o biofilme microbiano estd associado a uma propor¢ao substancial de
infec¢des humanas, destacando-se entre elas as causadas por fungos do género Candida.
Visto que isolados de Candida spp sdo encontrados com frequéncia como parte da
microbiota humana, o acesso a esses dispositivos se torna facil, possibilitando a colonizagao
e formagao de biofilme (KOJIC; DAROUICHE, 2004). Tal fato associado ao aumento do
uso de dispositivos médicos, geralmente em pacientes imunodeficientes pode ser implicado
ao aumento de infecgdes causadas por espécies de Candida observado atualmente. Além de
infecgoes relacionadas ao uso de dispositivos médicos contaminados, as infecgdes podem ser
causadas pelo envolvimento direto do biofilme como em endocardites, otite média, prostatite

cronica bacteriana, fibrose cistica e carie (DONLAN; COSTERTON, 2002).

Uma propriedade relevante do biofilme para a area clinica envolve o
desenvolvimento de resisténcia a antimicrobianos e a acdo do sistema imune. O fendtipo
alterado em relacdo aos antimicrobianos torna esse tipo de infeccdo de dificil tratamento,

constituindo-se fonte permanente de reinfecgdes (DOUGLAS, 2003). Os antimicrobianos
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ministrados ao paciente podem agir sobre as células superiores do biofilme, mas, geralmente,
ndo atinge as camadas profundas que, assim, continuam a servir como fonte de reinfeccao.
Quando comparadas as células planctonicas, as células presentes no biofilme podem ser 1000
vezes mais resistentes aos agentes antimicrobianos. Muitos trabalhos mostram a resisténcia
do biofilme de Candida spp. a varios antifingicos, incluindo anfotericina B, triazolicos, e
flucitosina (BAILLIE; DOUGLAS, 1998, 1999; HAWSER; DOUGLAS, 1995; CHANDRA
et al., 2001a; KUHN et al., 2002b; KUHN; GHANNOUM, 2004; ANDES et al., 2004; AL-

FATTANI; DOUGLAS, 2006).

A resisténcia desenvolvida pelo biofilme ainda ndao ¢ totalmente
compreendida, mas um mecanismo multifatorial parece estar envolvido. Alguns trabalhos
mostraram diferengas na secrecdo de carboidratos entre biofilme e células planctonicas que
podem contribuir para a resisténcia das células sésseis (HAWSER; DOUGLAS, 1998;
BAILLIE; DOUGLAS, 2000; AL-FATTANI; DOUGLAS, 2006). Outros fatores como a alta
densidade celular, a matriz extracelular (impedindo difusdo da droga), estado fisiologico da
célula (baixo crescimento e baixa nutricdo), e expressdo de genes de resisténcia,
principalmente os responsaveis pela ativacdo de bombas de efluxo na membrana da célula,
como os transportadores ABC em C. albicans, ¢ presenca de células com atividade metabolica
extremamente baixa (“células persistentes”) também contribuem para a resisténcia (BAILLIE;
DOUGLAS, 2000; RAMAGE et al., 2002; MUKHERIJEE et al., 2003; NETT et al., 2007).
Em C. tropicalis, ¢ descrito o aumento na expressao de genes ERG11 ¢ MDRI1 (codifica
bomba de efluxo de membrana) em células sésseis resistentes a anfoterecina B e fluconazol,

os quais poderiam ser relacionados a resisténcia do biofilme (BIZERRA et al., 2008).

O crescimento em superficies pode conduzir a diferentes respostas nos
microrganismos. Além da formagdo de biofilme, a invasdo celular também é um processo

mediado inicialmente pelo contato célula-superficie. Assim, para a coloniza¢ao ou infecgdes



26

dos tecidos do hospedeiro, os microrganismos devem primeiramente se aderir. Esta adesao
inicial, dependendo de cada microrganismo, pode ser mediada tanto por fatores ndo
especificos (hidrofobicidade da superficie celular e forcas eletrostaticas) quanto por fatores
especificos como fimbrias, flagelos e adesinas presentes na superficie celular que
reconhecem ligantes, tanto em filmes condicionantes, como em proteinas séricas

(fibrinogénio e fibronectina) e fatores salivares (RAMAGE et al., 2005).

No caso de fatores especificos de adesao destacam-se para Candida spp., as
adesinas codificadas por membros da familia ALS (agglutinin-like sequence), Eap1p (produto
de EAP1 — provavel adesina de parede celular), e Hwplp (hyphal wall protein). A familia
génica ASL codifica glicoproteinas de superficie celular envolvidas no processo de adesdo de
c¢lulas (HOYER et al., 1998a). Para C. albicans, ja foram descritas cerca de oito diferentes
proteinas (Alslp a Als7p e Als9p) das quais somente Alslp e AlsSp tém sido estudadas a
partir de uma perspectiva funcional. Em C. tropicalis, por sua vez, sdo descritas apenas trés
proteinas (AlsT1p, AlsT2p e AlsT3p), de sequéncia incompleta obtidas a partir de homologia
as sequéncias de genes de C. albicans (HOYER, 2001; HOYER; HECHT, 2001; ZHAO et

al., 2007).

Em estudos com Alslp, por ensaios de expressao heterdloga, foi observada
sua capacidade de adesdo a células de endotélio vascular humano (FU et al., 1998; FU et al.,
2002). Ja no caso da proteina AlsSp, a partir da expressdo heterdéloga em S. cerevisiae foi
observada aderéncia a varios substratos como colageno, albumina bovina sérica, e laminina
(GAUR et al,.1999; GAUR et al., 2002). Além disso, estudos mostram que esses genes ALS
sdo diferencialmente regulados por condi¢des fisiologicamente relevantes in vitro, como em
crescimento em meios de culturas diferentes (HOYER et al., 1998b) e durante infec¢do
experimental utilizando epitélio oral humano reconstituido (GREEN et al., 2004).

Especialmente, em um dos estudos relacionados a proteinas Alsp de C. albicans, os
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resultados além de relacionar a capacidade de adesdo das proteinas, também foram

sugestivos a capacidade invasiva destas (SHEPPARD et al., 2004).

Li e Palecek (2003) identificaram para a Eapl um gene cuja sequéncia
nucleotidica apresenta homologia com outros genes que codificam proteinas de parede
celular. A introdugdo desse gene em S. cerevisiae aumentou significativamente a aderéncia

desses microrganismos a superficie de células epiteliais renais, ¢ a sua delecdo em C.

albicans reduziu a capacidade de adesao ao poliestireno e células epiteliais renais.

O gene HPW1, também importante a adesdao de espécies de Candida, foi
primeiramente descrito como gene especifico da diferenciagdo hifa-tubo germinativo. Sabe-
se que este gene codifica manoproteinas da superficie externa da célula provavelmente com o
seu dominio amino-terminal orientado externamente ¢ seu dominio carbdxi-terminal
covalentemente integrado a B-glucanas da parede celular. A sequéncia do dominio carbdxi-
terminal se assemelha ao substrato transglutaminase (TGase). Assim, a Hpwlp serve como
substrato para as transglutaminases numa ligagdo covalentemente estavel. Em estudos sobre a
Hwplp, foi possivel relacionar sua adeso a células epiteliais bucais (STAAB, et al., 1999) e
em trabalho realizado por Tsuchimori e colaboradores (2000) foi observado que mutantes de
C. albicans deficientes de HWP1 resultam em menor mortalidade em camundongos, ¢ em
diminui¢do da infeccdo nos rins dos animais infectados, causando, consequentemente,

menores danos celulares ao endotélio.

Ja quanto aos fatores inespecificos, a hidrofobicidade da superficie celular
(CSH: cellular surface hydrophobicity) ¢ considerada uma caracteristica importante para a
adesdo de células microbianas. A importancia desse fator na adesdo de células microbianas
ocorre pois interacdes hidrofobicas tendem a aumentar com a elevacao da nao polaridade de
uma ou ambas as superficies. Alguns microrganismos, por exemplo, além de serem

negativamente carregados, também contém componentes hidrofobicos em sua superficie que
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facilitam a adesdo (ROSENBERG, 2006). No caso de fungos como Candida spp., a parede
celular € a principal estrutura a se estudar a variabilidade na hidrofobicidade. Muitos estudos
mostram que a hidrofobidade celular pode variar em razdo de mudancas na estrutura das
células, como o aumento de fibrilas externamente a parede celular, forma de crescimento
leveduriforme e filamentosa (HAZEN, 1989), e mudancas de temperatura (HAZEN et al.,
1991). Assim, a variagdo transiente do estado de hidrofobicidade celular poderia permitir as
células nao infectivas da microbiota invadir o tecido do hospedeiro ¢ a estabelecer infecgoes
em outros sitios do corpo humano. Além disso, a mudancga na CSH também ¢ correlacionada
a formagao do tubo germinativo, adesdo a células epiteliais e proteinas da matriz extracelular
¢ organizacdo da superficie celular (HAZEN; HAZEN, 1988; ARENDORF et al., 1998).
Estudo realizado por Hazen e colaboradores (1991) permitiu observar em candidiase
experimental, em camundongos, que células de C. albicans hidrofobicas apresentaram maior
resisténcia a fagocitose em relacdo a células hidrofilicas, sendo dessa forma a CHS

considerada um fator importante na patogénese dessa doenga.

Uma vez que possuem grande importancia a patogenicidade, os fatores de
viruléncia de Candida spp. despertam grande interesse como alvos para o desenvolvimento
de novas intervencdes terapéuticas contra candidiase (PERFECT, 1996). A inibicdo da
atividade de protease extracelular, por exemplo, poderia possibilitar tanto uma forma de
bloqueio em estagios invasivos de candidemia quanto o desenvolvimento de novas formas de

tratamento (SYMERSKY et al., 1997).

Para o melhor entendimento destes fatores, o emprego de estudos, como a
protedmica, ou estudo do proteoma, se mostra de grande valia, pois permite elucidar, através
da expressdo funcional do genoma, o estado atual de funcionamento do sistema, permitindo
dessa forma, o estudo dos processos bioldgicos, da andlise sistematica das proteinas

expressas nas células ou tecidos em condigdes fisiologicas especificas (PEREIRA et al.,
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2005).

O proteoma tem sido definido como o conjunto de proteinas expresso pelo
genoma (WILKINS et al., 1996; LOO et al., 1996). Essa defini¢do restrita implica uma
natureza estatica do proteoma. Porém, na realidade, o proteoma ¢ altamente dinamico no
processo de expressdo quanto a diferentes proteinas, a quantidade de proteinas, estado de
modificacdo, localizagdo e outros fatores, dependendo do estado fisioldgico da célula ou do
tecido. Portanto, o proteoma reflete o estado celular ou as condi¢des externas encontradas por
uma célula, e a sua analise ou protedmica, pode ser visto como um estudo genomico amplo
para estudar os estados celulares e determinar os mecanismos moleculares que os controlam

(HAYNES et al., 1998).

Ainda que vasto banco de dados permita a analise de sequéncias génicas de
DNA, apenas o estudo destas sequéncias ndo ¢ o suficiente para elucidar uma dada fungao
biologica, pois algumas modifica¢cdes nas proteinas, como isoformas ou modificacdes poOs-
traducionais, ndo sdo aparentes na sequéncia de DNA, sendo somente determinadas por
metodologias de protedmica. Assim, a protedmica se torna complementar a gendmica, ja que
determina produtos gé€nicos, ou seja, os agentes ativos nas células (PANDEY; MANN,

2000).

Diversos recursos podem ser utilizados para a caracterizacao e identificacao
de proteinas, sendo as técnicas principais da protedmica as baseadas na utilizagdo de
eletroforese em gel bidimensional e espectrometria de massa. Os resultados gerados podem
permitir, apds comparacdo com sequéncias de aminoacidos depositados em bancos de dados,

o processo de identificagdo de proteinas (WILDGRUBER et al., 2000).

A eletroforese bidimensional (2D) ¢ aplicada para a andalise do perfil de
expressdo quantitativo de proteinas de um dado sistema bioldgico. Nesta técnica, realiza-se a

separagdo de misturas complexas de proteinas de acordo com o ponto isoelétrico, massa
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molecular, solubilidade, e quantidade relativa, gerando um mapa de proteinas em que se pode
comparar proteinas pontuais (spots) em diferentes géis. Por isso, considera-se a eletroforese
bidimensional um método importante para a analise em ampla escala de conjuntos complexos

de proteinas de uma amostra biologica (GORG et at., 2004).

Em conjunto com a eletroforese bidimensional, a técnica de espectrometria
de massa trouxe grandes avangos a protedmica. Esta técnica analitica permite, pela relagdo
massa/carga dos ions resultantes da ionizagdo de peptideos, determinar qualitativamente e
quantitativamente os diversos componentes de uma amostra. Em sequéncia a analise de
proteinas por espectrometria de massa, as proteinas podem ser identificadas se existir um

banco de sequéncias para a sua comparagdo (AEBERSOLD; GOODLETT, 2001).

Haja vista sua grande importancia, a protedmica possui amplo campo de
aplicacdes, dos quais se destacam: a aplicagdo farmacéutica, pela identificacdo de novas
moléculas bioativas; a identificacdo e caracterizagdo de marcadores bioldgicos, que podem
ser uteis para o diagndstico precoce de doengas; e a aplicagao na area de biologia molecular e
bioquimica por permitir a descoberta de vias metabolicas nas diferentes etapas celulares

(PEREIRA et al., 2005).

Assim, estudos como a protedmica podem ser grandes aliados a melhor
compreensdo dos mecanismos de desenvolvimento de infecgdes e dos diferentes estagios de
evolucdo, bem como ao entendimento das causas para o desenvolvimento de resisténcia ou
diminui¢ao da sensibilidade aos farmacos por certos microrganismos. Analise protedmica,
por exemplo, ganha grande aplicacdo no estudo de proteinas envolvidas na resisténcia a
antifingicos em Candida spp. Como, ja, indicam alguns estudos com C. albicans resistente
ao fluconazol por meio desta referida técnica, proteinas envolvidas no metabolismo
energético e proteinas descritas previamente no mecanismo de resisténcia sdo encontradas

alteradas quando comparadas a amostra parental sensivel (YAN et al., 2007; HOEHAMER et
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al., 2009).

Como mencionado, espécies de C. ndo-albicans vém sendo isoladas com
alta frequéncia e embora, muitas pesquisas sobre esses fatores sejam realizadas com C.
albicans, muito pouco se sabe a respeito de C. tropicalis. Portanto, investiga¢des
relacionadas aos mecanismos de patogenicidade de Candida spp. e sua resisténcia aos
farmacos sdo necessarias para melhor compreensdo das patologias associadas as mesmas,

bem como para o desenvolvimento de estratégias de tratamento mais especificas e eficazes.
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2 OBJETIVOS

2.1 Geral

Estudar os fatores de viruléncia e o proteoma de C. tropicalis.

2.2 Especificos

2.2.1 Realizar a identificacio molecular das leveduras isoladas de infeccdo sanguinea,

infeccdo bucal e ponta de cateter;

2.2.2 Determinar a concentracdo inibitéria minima de fluconazol dos isolados de C.

tropicalis;
2.2.3 Induzir a resisténcia in vitro de C. tropicalis ao fluconazol,

2.2.4 Analisar, quanto a origem dos isolados e quanto a resisténcia e influéncia do

fluconazol, sobre os seguintes fatores de viruléncia:
2.2.4.1 Atividade de enzimas hidroliticas (protease e fosfolipase);
2.2.4.2 Atividade hemolitica
2.2.4.3 Hidrofobicidade celular;
2.2.4.4 Capacidade de adesao a superficie abidtica e bidtica;
2.2.4.5 Capacidade de formagao de biofilme;
2.2.5 Comparar o proteoma de isolados de C. tropicalis sensivel e resistente ao fluconazol;

2.2.6 Comparar o proteoma de células planctonicas e sésseis de C. tropicalis.
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ABSTRACT

Candida species represent the most frequent opportunistic pathogen of fungal infections.
Although Candida albicans correspond to the most prevalent and studied species, non-C.
albicans species have currently emerged. Among these non-C. albicans species, C. tropicalis
has been reported as the second or third more common etiologic agent of candidemia in
patients with cancer, mainly in those with leukemia. Moreover, the high mortality in patients
infected with C. tropicalis and the emergence of antifungal resistant strains corroborate its
clinical importance. Several virulence factors are related to these yeasts, which include
adhesion to host tissues, morphogenesis, biofilm formation and enzyme secretion. Since these
factors have eminent importance to pathogenesis, in this work, C. tropicalis isolated from oral
cavity, catheter and bloodstream infection were analyzed according to the cell surface
hydrophobicity (CSH), adhesion, biofilm formation, production of phospholipase, protease
and hemolytic activity. Additionally, the samples were tested in vitro for the ability to develop
fluconazole resistance. In this test, development of fluconazole resistance was successful only
in bloodstream infection isolate. All the samples demonstrated alpha hemolysis and no
phospholipase production. For proteolytic activity, samples presented intermediate activity.
Differences, considering the origin of the samples, (p< 0,05) were found for biofilm
production and CSH. In these assays, samples from catheter and oral cavity presented greater
capacity of biofilm production, and higher cellular hydrophobicity compared to the sample of
bloodstream infection. In addition, it was observed a correlation of biofilm and CSH.

Keywords: Candida tropicalis; virulence factors; biofilm.
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INTRODUCTION

Candida species appear as endogenous commensals in 30% to 60% of
healthy individuals (30), however in predisposing conditions of the host, as in systemic
diseases and immunosuppression, particularly those related to human immunodeficiency
virus (29), these microorganisms can cause infections ranging from superficial to systemic
(30, 54, 78). Currently, Candida spp is associated to almost 80% of the nosocomial fungal

infections, representing relevant cause of bloodstream infections (18).

Besides the prevalence of C. albicans, currently, C. non-albicans species
correspond to 50% of the invasive infections by Candida spp. In particular, C. tropicalis has
been reported as the second or third most common etiologic agent of candidemia in cancer
patients (82). In Latin America, this species is very frequent and represents the second

leading cause of candidemia in Brazil (60).

Several virulence factors are associated with these yeasts, such as adhesion
to cells and host tissues, morphogenesis, phenotypic switching (14) and biofilm formation
(22). Likewise, the secretion of hydrolytic enzymes also contributes to the pathogenicity of
the microorganism. Extracellular proteolytic enzymes of saprophytic fungi are secreted
primarily to provide nutrients to cells, however pathogenic fungi could have adapted that
property to perform specialized functions during the infective process. The hydrolytic
enzymes produced by microorganisms destroy, alter, or harm the integrity of the membrane,
leading to dysfunction and the disruption of the host structures, facilitating the invasion of

their tissues (42, 55, 58, 80).

Pathogenic species of Candida produce a variety of hydrolases. Relating to
them, the secreted aspartic proteinase (SAP) (84) has been described as responsible for

functions like: digestion of molecules for nutrition (48, 52), invasion and degradation of
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tissues and organs (24, 57, 72, 73, 74), evasion of host defense mechanisms through the
destruction of cells and molecules of the immune system (41, 68) and resistance to
phagocytosis by macrophages (11). These enzymes can be produced by SAP genes in many
pathogenic species of Candida like C. tropicalis for which are described four SAP genes
(SAP1 to SAP4) (84). Another enzyme, the phospholipase, hydrolyzes extracellular
phospholipids, the main component of the host cell membrane facilitating the invasion by

Candida spp. (27).

Moreover, species of Candida may have hemolytic activity when
destroying and extracting the heme iron component of the host (9). Thus, this hemolytic
activity is considered an important virulence factor that allows the pathogen infection and

their survival in the human host (61).

As important as the enzymes production, the adherence of these
microorganisms must be considered in the infection process. In Candida spp. the initial
adherence is mediated by both non-specific factors (cell surface hydrophobicity and
electrostatic forces) and adhesins present on the cell surface (65). For these, are described
members of ALS (agglutinin-like sequence) family and Eaplp, produced by EAPI gene

whose expression appears to be also essential to biofilm formation (50).

The importance of biofilm to clinical area is in its involvement with a
substantial proportion of human infections and in the resistance to antimicrobials. The
different biofilm phenotype difficults the infection treatment and acts as a source of
reinfections (22). Compared to planktonic cells, biofilm cells can be 1,000 times more
resistant. Furthermore, many studies show the resistance of Candida spp. biofilm to several

antifungals, including amphotericin B, triazoles, and flucytosine (2, 3, 6, 15, 31, 46).

Nowadays, the increasing incidence of these infections and the resistance to

different antifungal agents used in medical practice are relevant (8, 40, 62, 71). The clinical



53

isolates of C. tropicalis are in most cases, sensitive to amphotericin B and triazoles (18),
however, Candida tropicalis can rapidly develop resistance to fluconazole (8) and the rate of
clinical isolates resistant to this drug has increased significantly (19, 83). Some data indicate
that the lack of sensitivity to fluconazole is associated with prior exposure to it (19), a
mechanism that appears to be responsible for the emergence of azole resistance seen in recent
years, especially in HIV-positive patients in whose antifungal treatment is mainly used

fluconazole (81).

As mentioned, non-albicans species, as C. tropicalis, have been isolated
with high frequency in different clinical materials. Therefore, research related to mechanisms
of pathogenicity of Candida spp. and its resistance to drug becomes necessary for better
understanding of pathologies related to them, and for the development of more specific and
effective treatment. So, in this work, we analyze the virulence factors of C. tropicalis
isolated from oral cavity, catheter and candidemia. Additionally, the samples were tested in

vitro for the ability to develop fluconazole resistance.
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MATERIALS AND METHODS

Candida tropicalis isolates and growth conditions

This study used samples of C. tropicalis isolated from oral cavity, catheter
tip and bloodstream infection collected at the Departamento de Andlises Clinicas - LEPAC,
Universidade Estadual de Maringa, and it was maintained in Sabouraud Dextrose Agar

(SDA) at 4 ° C, with monthly samplings.

Molecular identification

The samples were presumptively identified as C. tropicalis by classical
phenotypic methods (47) and species identification was confirmed by semi-nested PCR as
described by Ahmad et al. (2002) (1). Genomic DNA extraction was performed according to

Lee et al., (1992) (49).

Fluconazole susceptibility testing

The determination of fluconazole minimum inhibitory concentration (MIC)
was determined by broth microdilution according to standards established by the Clinical
Laboratory Standard Institute (CLSI, 2002) (59). The reference samples used were: C.
albicans (ATCC 10231), C. parapsilosis (ATCC 22019) and C. tropicalis (ATCC 750).
According to the CLSI guidelines, the breakpoints for interpretation of the results were MICs
> 64 ng/ml for resistant isolates, 16- 32 ug/ml for dose-dependent and MICs < 8 ug/ml for

susceptible.
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Induction of fluconazole resistance

For the induction of resistance, the samples were cultured in RPMI-1640
with exposure of increasing concentrations of fluconazole (4 pg/ml, 8 pug/ml, 16 pg/ml, 32
png/ml, 64 pg/ml) until the detection of resistance using the methodology described before.
An initial inoculum of 5% 10° cells/ml was cultured in medium containing 4 pg/ml of
fluconazole at 35 °C for 24 h. About 1/3 volume of this culture was transferred to another

fresh medium with increased concentration of fluconazole, and this procedure was repeated

successively to obtain a population of cells resistant to the antifungal drug.

Analysis of virulence factors

Samples from oral cavity, catheter tip and bloodstream infection were
evaluated about the production of protease, phospholipase and hemolytic activity. Cell
surface hydrophobicity, adherence capacity and biofilm formation of the samples were also

determined. The experiments were carried out in duplicate on three different occasions.

Phospholipase

Phospholipase activity was assayed on plates containing SDA pH 4.5
supplemented with egg yolk (4%), NaCl 20 g/l and CaCl,. 2H,O 1 g/l. Previously, the
samples were cultivated on Sabouraud broth for 24 h with constant agitation (200 rpm). After
the incubation period, the cell density was determined by direct counting of the culture using
a hemocytometer counting chamber (Improved Neubauer Chamber). A volume of 10 pl
(approximately 1.0x 10° cells) was inoculated on the surface of the medium. For observation
of cell growth and activity of extracellular phospholipase, the plates were incubated at 37 °C

for 96 h and checked every 24 h. Isolates with dense white zone of precipitation around the
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colony after incubation period were considered positive for phospholipase. The
phospholipase activity was estimated by the ratio of the colony diameter and the diameter of
the precipitation zone around the colony (Pz), as described in Price et al. (1982) (64) (Pz=1,
null activity; 0.64< Pz< 1, low activity; 0.30< Pz< 0.64, intermediate activity; Pz< 0.30, high

activity).

Protease

Protease activity was determined on plates containing minimal medium pH
6.8 supplemented with skim milk (0.6%). Previously, isolates were cultured at 37 °C for 18 h
in minimal medium (MM) broth (63) supplemented with 0.6% skim milk, pH 4.0, to induce
the secretion of enzyme. An inoculum of 10 ul (approximately 1.0 x 10° cells) was placed in
holes of approximately 3 mm of diameter drilled in the agar according to Izumi and Yamada-
Ogatta (2004) (38). For observation of cell growth and extracellular proteolytic activity, the
plates were incubated at 37 °C for 72 h, and checked every 24 h. After the incubation period,
the samples that showed a degradation zone around the colony were positive for protease
production. The proteolytic activity was estimated by the ratio of colony diameter and the

diameter of degradation zone around the colony (Dz), as previously described.

Hemolytic activity

Hemolytic activity was evaluated according to Luo et al. (2001) (51).
Subsequent to cell culture, an inoculum of 10 pl (approximately 1.0 x 10° cells) was placed
on the surface of blood agar 5% (SDA medium supplemented with 3% glucose and 5% fresh
sheep blood). The plates were incubated at 37 © C over 24- 48 h in microaerophilic chamber.

Positive hemolytic activity was indicated by the presence of a distinct translucent halo
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around the inoculum site, and was classified as beta-hemolytic in the presence of a
translucent halo around the colony (complete hemolysis), and alpha-hemolytic in the

presence of a greenish halo (hemolysis incomplete).

Hydrophobicity assay

The hydrophobicity of the isolates was determined according to Anil et al.
(2001) (4). Previously, the isolates were grown in Sabouraud broth and incubated for 24 h at
37 °C under constant agitation (200 rpm). Afterward, the yeasts were harvested by
centrifugation and washed twice, and the cell density was then adjusted to an absorbance of
0.4 at 660 nm in 5 ml of 50 mM sodium phosphate buffer pH 7.4 containing 0.15 M NaCl. A
volume of 1.5 ml of cell suspension was added to two sterile glass tubes (one test and one
control). To test tubes, 0.5 ml of xylene were added, and after incubation for 3 minutes in a
water bath at 37 °C the tubes were vigorously mixed for 2 min. Subsequent to 10 min under
resting, the aqueous phase of the tubes was carefully removed, and the absorbance was
measured at 520 nm. The cell surface hydrophobicity was expressed as the percentage of

difference in optical density of the aqueous phase of the test compared to control.

Adherence assay

Adherence assay was performed as previously described (39) with some
modifications. The isolates were cultured in Sabouraud broth and incubated for 24 h at 37 °C
with constant agitation (200 rpm). Subsequently, the yeasts were washed (6,000 rpm for 10
minutes) with sterile NaCl 0.85% in centrifuge tubes, and the cell density was adjusted to

3.0x 10’ cells/ml in Sabouraud broth. About 20 ul of the cell suspension (6x 10° yeasts) were

added to each well of polystyrene microtiter plates (96 wells) containing 180 ul of SDB.
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After incubation at 37 °C for 1 h, the microtiter plates were washed with sterile deionized
water and metabolic activity was then evaluated using 2,3-bis (2-methoxy-4-nitro-5-sulfo-
phenyl)-2H-tetrazolium-5-carboxanilide (XTT)-reduction assay according to Ramage et al.,
2001. A 100 pL aliquot of XTT menadione [0.1 mg/ml XTT, 1 mM menadione (Sigma
Chemical Co.)] was added to each well, and the plates were incubated in the dark for 2 h at
37 °C before spectrophotometric readings at 490 nm with a microtiter plate reader (Universal

Microplate Reader ELx 800, Bio-Tek Instruments).

Biofilm production assay

Biofilm production was evaluated in polystyrene microtiter plates (flat-
bottomed 96-well) (Techno Plastic Products, Switzerland), as described by Shin et al. (2002)
(75). The isolates were grown in Sabouraud medium supplemented with 8% glucose for 24 h
at 37 °C. Subsequently, the cells were washed (6,000 rpm for 10 minutes) with sterile NaCl
0.85% and the cell suspension was adjusted to 3.0x 10’ cells/ml in Sabouraud broth. An
aliquot of 20 ul of the cell suspension were transferred to each well containing 180 pl of
SDB. The plates were incubated at 37 °C for 24 h without agitation and washed once with
sterile distilled water. Approximately 200 ul of distilled water were added to each well
before spectrophotometric readings at 405 nm with a microtiter plate reader (Universal
Microplate Reader ELx 800, Bio-Tek Instruments, USA). The biofilm production was
calculated according to the percentage of transmittance blocked (%Tbloc= %T value for each
test sample was subtracted from the %T value for the reagent blank) and each isolate was
scored according to the authors as negative (%Tbloc, < 5), 1+ (%Tbloc, 5 to 20), 2+

(%Tbloc, 20 to 35), 3+ (%Tbloc, 35 to 50), or 4+ (%Tbloc, >50).
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Determination of biofilms metabolic activity by reduction of XTT

A second method used to determine biofilm production was performed
according to Chandra et al. (2001) (16) with some modifications. Samples were cultured in
Sabouraud medium for 24 h at 37 °C and adjusted to 3.0x 10’ cells/ml in RPMI medium. An
aliquot of 20 pl taken from the culture cell was inoculated in each well containing 180 ul of
RPMI medium, they were incubated at 37 °C for 24 h without agitation. The plates were
washed once with sterile distilled water and metabolic activity was then evaluated using 2,3-
bis  (2-methoxy-4-nitro-5-sulfo-phenyl)-2H-tetrazolium-5-carboxanilide  (XTT)-reduction
assay according to Ramage et al. (2001) (67). The optical density was measured by

spectrophotometric reading 490 nm.

Statistical analysis

The results were analyzed by ANOVA One-way, and comparative analysis
of the samples was generated by Tukey test with statistical significance of p <0.05.

Correlation of virulence factors was evaluated by Spearman test.
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RESULTS

Characteristics of isolates

Phenotypic and molecular tests confirmed the samples as C. tropicalis. In
the fluconazole susceptibility assay, isolates were classified as susceptible with MICs, values

ranging from 2 pg/ml to 4 png/ml (Table 1).

Induction of fluconazole resistance

Induction of fluconazole resistance was successful only in bloodstream
infection isolate, which initial MICsy was 4 pg/ml. The sample was cultured with increasing
concentrations of fluconazole [4 pg/ml (1x), 8 pg/ml (2x), 16 pg/ml (4x), 32 pg/ml (3x), 64

png/ml (3x) and 80 pg/ml (2x)] until the 15th cultivation, when the resistance was detected.

Activity of hydrolytic enzymes

Phospholipase

In all experiments carried out no precipitation zone around the colony

could be detected, so all isolates were considered negative to phospholipase activity.

Protease

In this study, all strains demonstrated protease activity. Dz values ranged
from 0.46 = 0.04 to 0.54 + 0.03 (Table 2) and the protease activity of all isolates was

classified as intermediate. Although no significant difference was detected, Dz values were
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higher to bloodstream infection isolate.

Hemolytic activity

The hemolytic activity was partial, or alpha-hemolytic, to all isolates, so
after 48 h of incubation a greenish halo surrounding the inoculum site was observed. No
significant differences were found in the comparison of alpha-hemolysis halo of isolates from

different sites.

Cell surface hydrophobicity

Related to the sources of the strains, CSH values were significantly
different (p< 0.05), and were higher to the oral cavity isolate (71.76+ 6.46) and lower to
blood culture isolate (46.47+ 6.22) (Table 2). CSH value for catheter tip sample was 60.41+

6.99.

Adherence and biofilm formation

In biofilm formation assays, no significant difference between the two
methods used was observed. By Shin et al. (2002) (75) method, all isolates were classified as
positive for biofilm production on polystyrene surface. Isolates from catheter tip and blood
culture were scored as low biofilm producers [1+ (%Tbloc, 5 to 20)], and the oral cavity
isolate was scored as high biofilm producer [3+ (%Tbloc, 35 to 50)]. In the XTT-reduction

assay the optical density were respectively 0.680 £+ 0.038; 0.215 £+ 0.045 and 0.703 + 0.027.

For the adherence assay on polystyrene surface, the isolates optical density

ranged from 0.144 + 0.021 to 0.151 + 0.055 and no significant difference was observed.
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Relationship between the virulence factors expressed by different strains of C. tropicalis

Considering the different virulence factors analyzed, significant correlation

(p <0.05) was found between biofilm formation and CSH.

In the analysis of the isolates from different origins, there was a significant
difference in biofilm formation and CSH. For both tests, oral cavity isolate produced higher
values, followed by isolates from catheter and blood culture. Isolates from oral cavity and
blood culture also differed to protease assay for which the second had a higher enzyme

activity.



63

DISCUSSION

Over several years has been demonstrated the importance of Candida
species as the etiologic agent of nosocomial infections. Besides the increase in frequency,
new infections caused by these yeasts have been accompanied by greater severity and
significant increase in morbidity and mortality. In addition, certain antifungal drugs currently
available for these infections treatment have side effects, occasionally they are inefficient and

can lead to rapid development of resistance, resulting in profound effects on health.

Although C. albicans represents the most common species in serious fungal
infections, other species have emerged as important pathogens of these opportunistic
infections (45). C. tropicalis is an important agent of candidiasis principally in leukemia
patients (82). The virulence factors of this species most widely studied are: surface adhesion,
hyphal development and protease activity (79). Other factors such as biofilm formation,
production of phospholipase, hemolytic activity and cell surface hydrophobicity are also

studied (22, 27, 36, 51).

One of the factors investigated in this work was the production of
phospholipase. To this factor, all samples of C. tropicalis were classified as negative. The
same result was observed in a study (69) using the same conditions. However, Clancy et al.
(1998) (17) observed that non-albicans species produced extracellular phospholipase by
colorimetric assays and in medium containing egg yolk. It was observed that 41% of the
samples of C. glabrata, 50% of C. parapsilosis, 70% of C. tropicalis and 100% of C. krusei
were phospholipase detectable. The discrepancy in the activity of phospholipase in C. non-
albicans species observed by different studies may be due to the variation and number of
isolates tested, or differences in the preparation of egg yolk plates methodology used to test

the production of this enzyme (27). Furthermore, although the method in the plate is
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traditional for the assessment of phospholipase enzymatic activity in Candida species, this
may not be suitable for the identification of fungi isolates with low phospholipase production

(26, 27).

Some studies show that the differential expression of certain virulence
factors in isolates of Candida spp. may be related to their different origins. In a recent study,
Li et al. (2003) (50) found no correlation between biofilm formation and origin of samples of
C. albicans isolated from three different sources: oral cavity of healthy volunteers, vagina of
candidiasis patients and the environment. The results suggested a great variability in biofilm
formation. However, this variation was also found among isolates from the same source. In
contrast, Kuhn et al. (2002) (44) showed by XTT-reduction assay the variation in biofilms
isolated from invasive and non-invasive C. albicans. In this study, noninvasive isolates
demonstrated a higher level of XTT activity than invasive isolates. Our results for biofilm
formation, from two methods, were similar to those of Kuhn et al. (2002) (44). We observed
that the values for biofilm formation in oral cavity sample were higher than the values for

blood culture (p< 0.01).

This same difference found between the isolates was also observed for the
cell surface hydrophobicity assay performed in this work. Similarly, one study with C.
albicans samples found a discrepancy of CSH tested with polystyrene microspheres (33, 34),
which could indicate a possible differential expression of cell surface hydrophobicity among

the samples.

The CSH can be characterized as a manifestation of various molecules on
the surface that are involved in virulence. The lack of these molecules may not apparently
reduce the CSH, but may affect the virulence by influencing the range of sites to be infected
(37). In addition, the CSH cannot be regarded as single virulence factor but, concurrently

with others, contributes to virulence (20).
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Singleton et al. (2001) (77) demonstrated that incubation of C. albicans
glucanases eliminate cell wall proteins responsible for the cell surface hydrophobicity.
Moreover, these authors have cloned a gene (CSHI1) that seems to present homology with
other proteins in the cell wall of C. albicans and seems to contribute to the cell surface
hydrophobicity. CSH1 null mutants resulted in a cell surface hydrophobicity reduction when

compared to the wild sample.

It is unknown how this factor specifically affects virulence but hydrophobic
cells appear to have greater adherence to host tissue and substrates (including mucins,
epithelial cells, endothelial cells and extracellular matrix proteins) and a higher resistance to

phagocytosis (5, 21, 28, 35, 53).

The biofilm can occur in response to various signals, such as: high cell
density, pH, lack of nutrients and physical environmental stress. The ability of biofilm
formation is also related to the type of surface used for the initial attachment. Several authors
have shown that microorganisms adhere more easily on hydrophobic and polar surfaces, such

as Teflon and other plastics (10, 25, 65).

In the laboratory, a typical model of biofilm formation by fungi involves
three steps: attachment, growth and biofilm maturation (7, 15). In a study of different isolates
of C. albicans, a correlation between biofilm formation and cell surface hydrophobicity was
found (50). However, the contribution of CSH in the process of biofilm formation in
Candida spp. is still unknown. The results of this study reinforced others on which

hydrophobicity proved to be an important determinant for biofilm formation.

In previous studies with different Candida species was also observed the
relationship between adherence to plastic surfaces and cell surface hydrophobicity (23, 32,
43, 70, 76). This relationship was also observed in the study in which knockout of the gene

CHSI resulted in a decrease in measurable cell surface hydrophobicity and in adhesion of C.
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albicans to fibronectin (77).

Another finding of this work was the C. tropicalis ability to rapidly develop
fluconazole resistance. Similar experiments have been performed with C. albicans using
azoles derivatives. In Moran et al. (1997) (56) study, the attempts to generate fluconazole-
resistant derivatives from the fluconazole-sensitive C. albicans oral sample were
unsuccessful. And in experiments performed by Vanden Bossche et al. (1990) (12), with C.
albicans, the resistance of ketoconazole, another type of azole derivative, slight change in
azole susceptibility was detected following 148 sequential subcultures. In contrast, in our

study, fluconazole resistance was detected at the 15th subculture.

Although a limited number of C. tropicalis samples has been examined in
the present study, the results reinforce the relationship between origin of the isolates and
expression of virulence factors. The oral cavity sample presented the strongest biofilm
formation and showed greater CSH, followed by samples isolated from catheter and blood
culture. The samples isolated from blood culture showed higher enzyme activity. In addition,

correlation was observed between biofilm formation and cell surface hydrophobicity.

As mentioned, the species C. non-albicans have been isolated with high
frequency and in despite of the numerous studies developed for Candida albicans, little is
known about C. tropicalis. Therefore, further studies are required to determine what
mechanisms are involved in the pathogenicity of C. tropicalis strains, what would certainly
be of eminent importance for better understanding of the associated pathologies, and for the

development of more specific and effective treatment strategies.
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Table 1 - MICs range for fluconazole activity of the Candida tropicalis isolates

Isolate' CIMs,
B 2 pg/ml
C 4 pg/ml
H 4 pg/ml

*Isolates analyzed: (B) isolate of the oral cavity,
(C) catheter tip, (H) blood culture. The MICs
were determined according to NCCLS, 2002

(59).
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Table 2 - Putative virulence factors of Candida tropicalis isolates tested in vitro

Phospholipase® Protease® Hemolisine® Adherence®  Biofilm® Biofilm® CSH°®
B - 0.54+0.03  0.27+0.01  0.144+0.021 39.10+4.22 0.703+0.027 71.76+6.46
C - 0.49+0.04  0.26+0.01  0.151£0.055 18.30£2.43 0.680+0.038 60.41+6.99
H - 0.46+0.04  0.25+0.02  0.148+0.048 13.63+3.42 0.215+0.045 46.47+6.22

*Isolates analyzed: (B) isolate of the oral cavity, (C) catheter tip, (H) blood culture. The values represent the
arithmetic mean and standard deviation of three experiments in duplicate. (-) Phospholipase negative.

a Enzymatic activity of protease and phospholipase determined on plates containing 0.6% skim milk and 4.0%
egg yolk respectively. Dz or Pz = 1, null activity; 0.64 < Dz/Pz <1, low activity; < 0:30 Dz/Pz <0.64,
intermediate activity; Dz/Pz <0.30, high activity. Dz or Pz index determined by the ratio between colony
diameter and the diameter of the zone of degradation / precipitation.

b Hemolytic activity was determined in SDA medium supplemented with 3% glucose and 5% sheep blood.
Evaluation of Pz was determined by alpha-hemolytic activity.

¢ Percentage of cell surface hydrophobicity (CSH) determined by the difference in the optical density of the
aqueous phase between test and control.

d Biofilm formation in microtiter plates (96 wells). % TBlocked (percent transmittance blocked) is the amount of

light blocked after going through each well. The production of biofilm was evaluated as negative (% T bloc <5),
+ (% T bloc = 5-20); + + (% T bloc= 20-35); + + + (% Tbloc = 35-50 ); + + + + (% T bloc > 50).

e Adherence assay and biofilm formation performed by XTT assay. In the adherence assay the yeast cells were
incubated forl hour while in the biofilm formation the incubation was of 24 h.
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INTRODUCTION

Yeasts associated with human infections are ubiquitous in the environment
and some of them are commensal inhabitants of human body. These opportunistic
microorganisms are often harmless, however under favorable conditions they can cause acute
to chronic infections (22). Candida species are opportunistic agents most frequently isolated
from these infections (37), and represent 80% of the healthcare associated fungal infections
9).

Although Candida albicans correspond to the most prevalent and studied
species of these yeasts, Candida non-albicans species have currently emerged and C.
tropicalis has been reported as the second or third most common etiologic agent of
candidemia in cancer patients, mainly in patients with leukemia (41). In addition to the
increased incidence C. tropicalis is associated to a high mortality rate of patients (11) and can

display variable susceptibility to antifungal agents used in medical practice (3, 16, 30, 35).

It has been showed that resistance to fluconazole can be associated with
prior exposure to the antifungal and this process can also lead to cross-resistance to
voriconazole (10). This mechanism of late resistance could be responsible for the emergence
of azole resistance seen in recent years, especially in Candida spp. isolated from HIV-
positive patients in which fluconazole is the primarily antifungal therapy used (40). Thus, the
increased use of azole combined with the fact that these drugs are fungistatic apparently led

to the emergence of azole resistance (14, 25, 26, 43).

The fluconazole antifungal effect is related to the inhibition of fungal
ergosterol biosynthesis, mainly the enzyme lanosterol 14-alpha-demethylase, present in the
cell membrane, preventing the fungal cell growth. Candida species are usually susceptible to

this antifungal, however many mechanisms such as the increased expression of ABC (ATP-
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binding cassette) and MSF (major facilitator superfamily) transporters genes; the increased
expression or mutations on the sequence of genes involved in biosynthesis of ergosterol, such
as ERG11 (24), can lead to fluconazole resistance. In the case of C. tropicalis the mechanism
has been associated with increased expression of MDR1 gene (CtMDR1), which encodes a

protein of MSF type (38).

Candida spp. virulence factors have attracted attention as potential targets
for the development of new therapeutic interventions against candidiasis (29). Some
examples of virulence factors associated with these yeasts are: adhesion to host cells and
tissues, morphogenesis, phenotypic switching (6) and biofilm formation (12). Likewise, the
secretion of hydrolytic enzymes also contributes to the pathogenicity of the microorganism.
These hydrolytic enzymes produced by microorganisms are related to the host tissues
invasion (18, 23, 27, 39), and also to the immune system evasion (4, 17, 34). Therefore, in
the present study we analyze the influence of fluconazole on the expression of virulence
factors in C. tropicalis and we examine changes in C. tropicalis proteome after in vitro

fluconazole resistance development.
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MATERIALS AND METHODS

Candida tropicalis isolates and growth conditions

C. tropicalis was isolated from bloodstream infection, at the Departamento
de Analises Clinicas - LEPAC, Universidade Estadual de Maringd, and it was maintained in

Sabouraud Dextrose Agar (SDA) at 4 © C, with monthly samplings.

Molecular identification

The isolate was presumptively identified as C. tropicalis by classical
phenotypic methods (19) and the species identification was confirmed by semi-nested PCR
as described by Ahmad et al. (2002) (1). Genomic DNA extraction was performed according

to Lee et al. (1992) (20).

Fluconazole susceptibility testing

The fluconazole minimum inhibitory concentration (MIC) was determined
by broth microdilution according to standards established by the Clinical Laboratory
Standard Institute (CLSI, 2002) (28). The reference samples used were: C. albicans (ATCC
10231), C. parapsilosis (ATCC 22019) and C. tropicalis (ATCC 750). According to the

CLSI guidelines, the breakpoints for interpretation of the results were MICs> 64 pg/ml for

resistant isolate, 16- 32 pg/ml for dose-dependent and MICs< 8 ng/ml for susceptible.
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Induction of fluconazole resistance

For the induction of resistance, the sample was cultured in RPMI-1640 with
exposure of increasing concentrations of fluconazole (4 pug/ml, 8 pg/ml, 16 pg/ml, 32 pg/mi,
64 png/ml) until the detection of resistance using the methodology described before. An initial
inoculum of 5% 10° cells/ml was cultured in medium containing 4 pg/ml of fluconazole at 35
°C for 24 h. About 1/3 volume of this culture was transferred to another fresh medium with
increased concentration of fluconazole, and this procedure was repeated successively to

obtain a population of cells resistant to the antifungal drug.

Analysis of virulence factors

To assess the influence of fluconazole on the expression of virulence
factors, fluconazole resistant (FLC-resistant) and the susceptible parental strain (FLC-
susceptible) incubated previously, for 1h our with subinhibitory fluconazole concentration
(2ug/ml) were tested to protease, phospholipase and hemolytic activity, cell surface
hydrophobicity, adherence capacity and biofilm formation. After fluconazole exposure, the
cells were washed twice before proceeding to the tests. The experiments were carried out in

duplicate on three different occasions.

Phospholipase

Phospholipase activity was assayed on plates containing Sabouraud
dextrose agar pH 4.5 supplemented with egg yolk (4%), NaCl 20 g/l and CaCl,. 2H,0 1 g/l.
Previously, the samples were cultivated on Sabouraud broth for 24 h with constant agitation
(200 rpm). After the incubation period, the cell concentration was determined by direct

counting of the culture using a hemocytometer counting chamber (Improved Neubauer



82

Chamber). A volume of 10 pl (approximately 1.0x 10° cells) was inoculated in spot on the
surface of phospholipase plates. For observation of cell growth and activity of extracellular
phospholipase, the plates were incubated at 37 °C for 96 h and analyzed every 24 h. Isolates
with dense white zone of precipitation around the colony after incubation period were
considered positive for phospholipase. The phospholipase activity was estimated by the ratio
of the colony diameter and the diameter of the precipitation zone around the colony (Pz), as
described in Price et al. (1982) (32) (Pz = 1, null activity; 0.64< Pz< 1, low activity; 0.30<

Pz< 0.64, intermediate activity; Pz< 0.30, high activity).

Protease

Protease activity was determined on plates containing minimal medium pH
6.8 supplemented with skim milk (0.6%). Previously, isolates were cultured at 37 °C for 18 h
in minimal medium (MM) broth (Pontecorvo et al., 1953) (31) supplemented with 0.6% skim
milk, pH 4.0, to induce the secretion of enzyme. An inoculum of 10 ul (approximately 1.0x
10° cells) was placed in holes of approximately 3 mm of diameter drilled in the agar
according to Izumi and Yamada-Ogatta (2004) (13). For observation of cell growth and
extracellular proteolytic activity, the plates were incubated at 37 °C for 72 h, and analyzed
every 24 h. After the incubation period, the samples that showed a degradation zone around
the colony were positive for protease production. The proteolytic activity was estimated by
the ratio of colony diameter and the diameter of degradation zone around the colony (Dz), as

described previously.

Hemolytic activity

Hemolytic activity was evaluated according to Luo et al. (2001) (21).
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Subsequent to cell culture, an inoculum of 10 pl (approximately 1.0x 10° cells) was placed
on the surface of blood agar (SDA medium supplemented with 3% glucose and 5% fresh
sheep blood). The plates were incubated at 37 °C over 24- 48 h in microaerophilic chamber.
Positive hemolytic activity was indicated by the presence of a distinct translucent halo
around the inoculum site, and was classified as beta-hemolytic in the presence of a
translucent halo around the colony (complete hemolysis), and alpha-hemolytic in the

presence of a greenish halo (incomplete hemolysis).

Hydrophobicity assay

The hydrophobicity of the isolates was determined according to Anil et al.
(2001) (2). Previously, the isolates were grown in Sabouraud broth and incubated for 24 h at
37 °C under constant agitation (200 rpm). Afterward, the yeasts were harvested by
centrifugation and washed twice, and the cell density was then adjusted to an absorbance of
0.4 at 660 nm in 5 ml of 50 mM sodium phosphate buffer pH 7.4 containing 0.15 M NaCl. A
volume of 1.5 ml of cell suspension was added to two sterile glass tubes (one test and one
control). To test tubes, 0.5 ml of xylene were added, and after incubation for 3 minutes in
water bath at 37 °C the tubes were vigorously mixed for 2 min. The aqueous phase of the
tubes was carefully removed, and the absorbance was measured at 520 nm. The cell surface
hydrophobicity was expressed as the percentage of difference in optical density of the

aqueous phase of the test compared to control.

Adherence assay

Adherence assay was performed as previously described by Jin et al. (2005)

(15) with some modifications. The isolates were cultured in Sabouraud broth and incubated
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for 24 h at 37 °C with constant agitation (200 rpm). Subsequently, the yeasts were washed
(6,000 rpm for 10 minutes) with sterile 0.85% NaCl, and the cell density was adjusted to 3 x
10" cells/ml in Sabouraud broth. An aliquot of 20 pl of the cell suspension (6 x 10° yeasts)
were added to each well of polystyrene microtiter plates (96 wells) containing 180 pl of
SDB. After incubation at 37 °C for 1 h, the microtiter plates were washed with sterile
deionized water and metabolic activity was then evaluated using 2,3-bis (2-methoxy-4-nitro-
5-sulfo-phenyl)-2H-tetrazolium-5-carboxanilide (XTT)-reduction assay according to Ramage
et al., 2001. A 100 uL aliquot of XTT menadione [0.1 mg/ml XTT, 1 mM menadione (Sigma
Chemical Co.)] was added to each well, and the plates were incubated in the dark for 2 h at
37 °C before spectrophotometric readings at 490 nm with a microtiter plate reader (Universal

Microplate Reader ELx 800, Bio-Tek Instruments).

Adherence assay on biotic surface

In this assay, the adherence capacity to VERO cells (kidney of African
green monkey) was evaluated. Prior to adherence assay, VERO cells (4 x 10° cells/ml) were
incubated in the microtiter plates (24 wells) with Dulbecco's Modified Eagle Medium
(DMEM) for 48 h in the presence of CO; (5%) at 37 °C. Approximately 200 pl of the yeast
suspension (2.0 x 10° cells/ml) prepared previously by direct counting of the cells using a
hemocytometer counting chamber (Improved Neubauer Chamber) were then added. After a
period of adherence of two hours at 5% CO, and 37 °C the plates were washed with PBS,
and 100 pl of Triton X-100 were added to the wells. An aliquot of 20 pl of this suspension
were serially diluted (ratio 10) and aliquots (100 pl) corresponding to dilutions 102 107 and
10 were plated on Sabouraud Agar 2.0% and incubated at 37 °C for 24 hours. After this

period, CFU (colony forming unit) was counted to calculate the percentage of adherence
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given by the ratio of the adhered cells after two hours and the initial number of cells

inoculated.

Biofilm production assay

Biofilm production was evaluated in polystyrene microtiter plates (flat-
bottomed 96-well) (Techno Plastic Products, Switzerland), as described by Shin et al. (2002)
(36). The isolates were grown in Sabouraud medium supplemented with 8% glucose for 24 h
at 37 °C. Subsequently, the cells were washed (6,000 rpm for 10 minutes) with sterile 0.85%
NaCl and the cell suspension was adjusted to 3.0 x 10" cells/ml in Sabouraud broth. An
aliquot of 20 ul of the cell suspension were transferred to each well containing 180 pl of
SDB. The plates were incubated at 37 °C for 24 h without agitation and washed once with
sterile distilled water. Approximately 200 pl of distilled water were added to each well
before spectrophotometric readings at 405 nm with a microtiter plate reader (Universal
Microplate Reader ELx 800, Bio-Tek Instruments, USA). The biofilm production was
calculated according to the percentage of transmittance blocked (%Tbloc=%T value for each
test sample was subtracted from the %T value for the reagent blank) and each isolate was
scored according to the authors as negative (%Tbloc, < 5), 1+ (%Tbloc, 5 to 20), 2+

(%Tbloc, 20 to 35), 3+ (%Tbloc, 35 to 50), or 4+ (%Tbloc, >50).

Determination of biofilms metabolic activity by reduction of XTT

A second method used to determine biofilm production was performed
according to Chandra et al. (2001) (8) with some modifications. Samples were cultured in

Sabouraud medium for 24 h at 37 °C and adjusted to 3.0 x 10’ cells/ml in RPMI medium. An

aliquot of 20 pl taken from the culture cell was inoculated in each well containing 180 ul of
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RPMI medium, they were incubated at 37 °C for 24 h without agitation. The plates were
washed once with sterile distilled water and metabolic activity was then evaluated using 2,3-
bis  (2-methoxy-4-nitro-5-sulfo-phenyl)-2H-tetrazolium-5-carboxanilide  (XTT)-reduction
assay according to Ramage et al. (2001) (33). The optical density was measured by

spectrophotometric reading 490 nm.

Statistical analysis

The results were analyzed by ANOVA One-way, and comparative analysis

of the samples was generated by Tukey test with statistical significance of p <0.05.

Proteomics

Candida tropicalis growth conditions

Here, the proteome of planktonic FLC-susceptible C. tropicalis were
compared to planktonic FLC-resistant and to FLC-susceptible sessile counterparts’ cells. In
addition, the proteome of sessile cells of FLC-susceptible was compared to sessile cells of
FLC-resistant C. tropicalis strains. So, planktonic cells were grown in Sabouraud broth for
24 h at 37 °C under constant agitation (200 rpm). The sessile cells were obtained after 24 h of
biofilm formation, performed as described previously (36). After growth in 24 wells plates,

sessile cells were harvested by gentle scraping with a sterile toothpick.

Total protein extraction

A mechanical technique, adapted from Wong et al. (2007) (42) was used

for protein extraction. The yeast cells were harvested and washed two times with sterile PBS
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(150 mM NaCl, pH 8.0 phosphate buffer). An equal volume of 1 mm glass beads was added
into each tube. After freezing with liquid nitrogen during one minute, the tubes were
homogenized in a vortex for three minutes. This cycle was repeated fifteen times, and then
the protein extract was separated from cell debris and glass beads by centrifugation at 13,000
rpm for 10 min followed by further centrifugation for 15 min. The protein extract was stored

at -20 °C.

Protein quantitation

Protein concentration was determined with the Bradford assay (1976) (5)

and the spectrophotometric reading was performed on Shimadzu 1650PC.

Two dimensional PAGE

Prior to isoelectric focusing (IEF), Immobiline DryStrips pH 3—-10 non-
linear (13 cm) were rehydrated. Samples containing 400 ug of protein were solubilized in a
rehydration solution (7 M urea, 2 M, 2% CHAPS, 0.5% ampholyte 'IPG buffer pH 3 NL -10',
0.002% bromophenol blue). After DTT (0.28%) addition, this rehydration solution was
applied to the IPG strips for overnight rehydration. The rehydrated IPG strips were then
submitted to isoelectric focusing performed on an IPGphor II system (GE Healthcare) at 20
°C using the following 4 stages program: 500 Volts (V) for 1 h, 1000 V for 1 h, 8000 V for
2.5 h, and 8000 for 55 min. Subsequently, the immobilized pH gradient strips were reduced
(1% dithioerythritol) and then alkylated (2.5% iodoacetamide) in an equilibration buffer (6 M
urea, 75 mM Tris-HCI pH 8.8, 29.3% glycerol, 2% SDS, 0.002% bromophenol blue). The
second-dimension SDS-polyacrylamide gel electrophoresis (SDS-PAGE) was performed in

SE 600 Ruby unit (GE Healthcare) using 1.5 mm-thick SDS-polyacrylamide gel 10% (30%
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acrylamide, 0.8% bisacrilamida, 1.5 M Tris-HCl pH 8.8, 10% SDS, 10% ammonium
persulfate, TEMED). Eletrophoresis was maintained at constant conditions of 270 V, 50 W at
10 °C and the current was adjusted to 15 mA/gel for the initial migration and then was

increased to 30 mA/gel.

Gel staining

The gels obtained from the second dimension were stained with Coomassie
blue G-250 colloidal according to Candiano et al. (2004) (7). Following the separation, the
gels were fixed with a solution containing 3% phosphoric acid and 50%ethanol (1h, twice),
followed with 2% phosphoric acid solution (1 h) and stained with colloidal Coomassie Blue
G-250 (0.1% Coomassie G-250, 2% phosphoric acid, 15% ammonium sulfate, 17% ethanol)
during 16 h. The gels were then washed with ultrapure water to remove Coomassie G-250

residues and stored in a solution of 15% ammonium sulfateat 4 °C.

Image analysis

After staining, the 2-D gels images were captured by scanning on an
ImageScanner I (GE Healthcare Life Sciences) using LabScan 5.0 software (GE Healthcare)
and analyzed on Image Master 2D Platinum 6.0. With this image analysis software, the gels
were subjected to automatic spot detection, and after making manual necessary corrections
they were processed for volumetric quantification, matching, and statistical analysis
(ANOVA). For the comparative gels analysis, 3 gels representative of each condition were
analyzed to ensure the accuracy of analyses, so differentially expressed proteins were

selected for identification. Spots of interest were excised and subjected to trypsinization.
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RESULTS and DISCUSSION

Species identification and induction of fluconazole resistance

Phenotypic and PCR-based methods confirmed the identity of C. tropicalis.
The MICsg value of fluconazole was 4 pg/ml. For the Induction of fluconazole resistance the
sample was cultured with increasing concentrations of fluconazole [4 pg/ml (1x), 8 pg/ml
(2x), 16 pg/ml (4x), 32 pg/ml (3x), 64 pg/ml (3x) and 80 pg/ml (2x)] until the 15th

cultivation, when the resistance was detected.

Phospholipase, protease and hemolytic activities

In all experiments carried out no precipitation zone around the colony
could be detected, so all isolates were considered negative to phospholipase activity. The Dz
values corresponding to proteolytic activity of C. tropicalis exposed to fluconazole, before
and after induction of fluconazole resistance, ranged from 0.36+ 0.02 to 0.53+ 0.02. For
fluconazole resistant isolate, Dz value was significantly higher than the initial isolate (p<
0.001), and after 1 h of fluconazole exposure the value was significantly decreased (p< 0.01).
The hemolytic activity was partial, or alpha-hemolytic, to all isolates, so after 48 h of
incubation a greenish halo surrounding the inoculum site was observed. Differences were
found on the alpha-hemolysis halo of isolate after fluconazole exposure and of the
fluconazole resistant strain. In both cases, the hemolysis halo was minor than the parental

strain.

Cell surface hydrophobicity

An increased value of CSH was observed for FLC-resistant compared to
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FLC-susceptible C. tropicalis (p< 0.001). It was also noticeable a decrease in cell surface

hydrophobicity after exposure to fluconazole (p< 0.05).

Adherence and biofilm formation

In biofilm formation assays, no significant difference between the two
methods used was observed. By Shin et al. (2002) method, FLC-susceptible strain was
scored as low biofilm producer [1+ (%Tbloc, 5 to 20)]. After induction of fluconazole
resistance, biofilm formation was significantly increased (p< 0.05) to high in the
classification [3+ (%Tbloc, 35 to 50)], but the prior fluconazole exposure had no significant
effect to the biofilm formation (Tables 1 and 2). On the adherence assay on abiotic surface,
for FLC-susceptible strain exposed to fluconazole andthe fluconazole resistant strain the
values were significantly higher than the FLC-susceptible initial blood culture isolate (table

2). The same pattern was observed for the adhesion assay on biotic surface.

Correlation of the virulence factors expressed by different strains of C. tropicalis

Considering the different virulence factors analyzed, significant values for
correlation were found to biofilm formation and cell surface hydrophobicity (p< 0.05). The
influence of fluconazole exposure was observed in most of the virulence factors analyzed. In
these tests, blood culture wild isolate had significantly lower activity after brief fluconazole
exposure, with only higher values in adherence assay. Otherwise, for FLC-resistant strain, the
values for most of the virulence factors were higher than the FLC-susceptible counterpart
strain. FLC-resistant strain showed higher proteolytic activity, enhanced adherence and

biofilm formation, higher CSH, and lower alpha-hemolytic activity.
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Despite the relative difficulty of obtaining proteins from fungi, mechanical
extraction by freezing enabled the gain of a significant amount of proteins. And, as observed
in the two-dimensional gels, the proteins had a good distribution in different isoelectric
points as well as in different molecular weights (Figures 1, 2, 3). In this study, an amount of
400 pg protein/gel was used. This amount allowed a good resolution in the gel analysis.
Around 400 or more spots were quantified by automatic detection. As mentioned, for each
studied condition (planktonic cells and sessile cells of C. tropicalis sensitive and resistant to
fluconazole) bi-dimensional gels were made. Therefore, only spots present in three replicates
were considered for analysis. After matching, the classes were analyzed. In the analysis of C.
tropicalis cells susceptible and resistant to fluconazole gels, only a few spots were considered
significantly different (p< 0.05). In most of them, the spot intensity was higher to C.
tropicalis susceptible gel. However, the analysis of samples of sessile cells resistant and
susceptible to fluconazole, the opposite was found. In this case, most of the spots had higher
expressive level to the group of sessile cells of resistant isolate. Finally, a comparison was
made to sessile and planktonic populations. In this analysis, difference in the spot expressive
level were found in twelve spots, five of them more expressive in the population of
planktonic cells and seven in the sessile population (Figure 3). In the first comparison of
planktonic cells resistant and sensitive (Figure 1), nine potential spots were chosen, two of
them more expressive in resistant cells gels. For comparison of isolates of sessile cells
resistant and susceptible to fluconazole, eleven spots were selected, one of them more

expressive to susceptible cells gels (Figure 2).
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Table 1 - Putative virulence factors of Candida tropicalis isolates tested in vitro

Phoospholipase®  Protease® Hemolisine®  Adherence®  Adherence®’  Biofilm* Biofilm® CSH°
H - 0.46+0.04  0.25+0.02  0.148+£0.048 36.75+18.98 13.63£3.42 0.215+0.045 46.47+6.22
Hr - 0.36+0.02  0.28+0.02  0.187+=0.077 75.546.64  35.87£5.54 0.721+0.036  70.57+6.00
Hlh - 0.53+0.02 0.30+£0.02  0.186+0.076  76.94+18.91 13.66+2.22 0.127+0.036 36.06+5.39

*Isolates analyzed: (H) blood culture, (Hr) isolate of blood culture fluconazole resistant and (H1) isolate of blood
culture after 1 h of exposure to fluconazole. The values represent the arithmetic mean and standard deviation of
three experiments in duplicate. (-) Phospholipase negative.

a Enzymatic activity of protease and phospholipase determined on plates containing 0.6% skim milk and 4.0%
egg yolk respectively. Dz or Pz = 1, null activity; 0.64 < Dz/Pz <I, low activity; < 0:30 Dz/Pz <0.64,
intermediate activity; Dz/Pz <0.30, high activity. Dz or Pz index determined by the ratio between colony
diameter and the diameter of the zone of degradation / precipitation.

b Hemolytic activity was determined in SDA medium supplemented with 3% glucose and 5% sheep blood.
Evaluation of Pz was determined by alpha-hemolytic activity.

¢ Percentage of cell surface hydrophobicity (CSH) determined by the difference in the optical density of the
aqueous phase between test and control.

d Biofilm formation in microtiter plates (96 wells). % TBlocked (percent transmittance blocked) is the amount of
light blocked after going through each well. The production of biofilm was evaluated as negative (% T bloc <5),
+ (% T bloc = 5-20); + + (% T bloc= 20-35); + + + (% Tbloc = 35-50 ); + + + + (% T bloc > 50).

e Adherence assay and biofilm formation performed by XTT assay. In the adherence assay the yeast cells were
incubated forl hour while in the biofilm formation the incubation was of 24 h.

el Adherence assay on biotic surface performed with VERO (kidney of African green monkey) cells plates. The
adhered cells were plated for later cfu count (colony forming unit) and adherence percentage calculation given
by the ratio of adhered cells after two hours and the initial number of cells innoculated.
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Table 2 - Comparative analysis of virulence factors in Candida tropicalis isolates

Protease® Hemolisine® Adherence® Adherence® Biofilm? Biofilm® CSH®
HxHr  <0.001 <0.05 <0.05 <0.05 <0.001 <0.001  <0.001 -
0.101* -0.029% -0.039% 38.75% 22.25% -0.506* 24.10%
HxH1 <0.01 <0.01 <0.05 <0.05 . 0.05 <0.001 <0.05
-0.069* -0.046* -0.038* -0.069* : 0.088* 10.41%
HrxHl  <0.001 <0.001 <0.001 <0.001
0.171% =005 =005 = 0.05 2221% 0.594* 34.51%

Isolates analyzed: (H) blood culture, (Hr) isolate of blood culture fluconazole resistant and (H1) isolate of blood
culture after 1 h of exposure to fluconazole.

a Enzymatic activity of protease and phospholipase determined on plates containing 0.6% skim milk and 4.0%
egg yolk respectively. Dz or Pz = 1, null activity; 0.64 < Dz/Pz <1, low activity; < 0:30 Dz/Pz <0.64,
intermediate activity; Dz/Pz <0.30, high activity. Dz or Pz index determined by the ratio between colony
diameter and the diameter of the zone of degradation / precipitation.

b Hemolytic activity was determined in SDA medium supplemented with 3% glucose and 5% sheep blood.
Evaluation of Pz was determined by alpha-hemolytic activity.

¢ Percentage of cell surface hydrophobicity (CSH) determined by the difference in the optical density of the
aqueous phase between test and control.

d Biofilm formation in microtiter plates (96 wells). % TBlocked (percent transmittance blocked) is the amount of

light blocked after going through each well. The production of biofilm was evaluated as negative (% T bloc <5),
+ (% T bloc = 5-20); + + (% T bloc= 20-35); + + + (% Tbloc = 35-50 ); + + + + (% T bloc > 50).

e Adherence assay and biofilm formation performed by XTT assay. In the adherence assay the yeast cells were
incubated forl hour while in the biofilm formation the incubation was of 24 h.

el Adherence assay on biotic surface performed with VERO (kidney of African green monkey) cells plates. The
adhered cells were plated for later cfu count (colony forming unit) and adherence percentage calculation given
by the ratio of adhered cells after two hours and the initial number of cells innoculated.

*Values for mean difference (expressed only for significant values p< 0.05).
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Figure 1 - Comparison between two-dimensional gels of Candida tropicalis cells resistant and susceptible to
fluconazole. (A.) two-dimensional gel of sensitive cells. The numbers represents significant spots: 1,
2, 3,4, 7, 8 and 9. (B) two-dimensional gel of resistant cells. Numbers represents the most
significant spots: 5 and 6. The sample was isolated from blood infection and subjected to
fluconazole resistance induction in vitro. Isoelectric focusing was performed on IPG strips pH 3-10
non-linear and SDS-PAGE was performed on polyacrylamide gel 10%.
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Figure 2 - Comparison between two-dimensional gels of Candida tropicalis sessile cells of fluconazole resistant
strain and susceptible strain. (A) Two-dimensional gel of sessile cell fluconazole susceptible strain.
The number 11 represents the most significant spot. (B) Two-dimensional gel of sessile cell
fluconazole reesistant strain. Numbers represents the most significant spots: 1, 2, 3,4, 5,6, 7, 8, 9,
10 and 12. The sample was isolated from blood infection and subjected to fluconazole resistance
development in vitro. Isoelectric focusing was performed on IPG strips pH 3-10 non-linear and
SDS-PAGE was performed on polyacrylamide gel 10%.
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Figure 3 - Comparison between two-dimensional gels of Candida tropicalis sessile and planktonic cells. (A.)
Two-dimensional gel of planktonic cells. The most significant spots are represented by the numbers:
1, 2, 3, 9 ¢ 10. (B.) Two-dimensional gel of sessile cells. The numbers represents the most

significant spots: 4, 5, 6, 7, 8, 11, 12. Isoelectric focusing was performed on IPG strips pH 3-10 non-
linear and SDS-PAGE was performed on polyacrylamide gel 10%.



