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RESUMO
Acanthamoeba € uma ameba de vida livre, capaz de causar graves infeccdes
como organismo oportunista ou patégeno afetando 6rgdos como: olhos, pele e
sistema nervoso central de humanos, resultado da complexa interacdo patégeno-
hospedeiro, a qual ndo € totalmente esclarecida. Poucos trabalhos sobre o papel
funcional ou patogénico de proteinas que podem ser relevantes no processo de
invasdo, infeccdo ou até mesmo para um possivel imunodiagndéstico tém sido
apresentados. Assim esse trabalho descreve os resultados obtidos a partir de
uma analise do repertério de proteinas expressas por trofozoitos de
Acanthamoeba castellanii, baseado no conjunto de estratégia por SDS-PAGE-
MS/MS. Foram identificadas 503 proteinas ndo redundantes. A classificacao
funcional das proteinas revelou diversas delas com relevancia na sobrevivéncia
do protozoario, nos processos infecciosos de hospedeiros e possiveis alvos para
o imunodiagnéstico, incluindo 119 proteinas exclusivas de superficie. No presente
trabalho é também apresentada uma revisdo da literatura a respeito das técnicas
utiizadas no diagnéstico de patologias causadas por Acanthamoeba spp.
Atualmente o cultivo de material biolégico € considerado o padrdo ouro no
diagnostico de doencas causadas por Acanthamoeba spp. Ferramentas
moleculares como a PCR tém sido empregadas para a confirmacdo do agente
etiol6gico. Ferramentas imunoldgicas ainda estdo sendo estudadas para viabilizar
com mais rapidez o diagnéstico preciso das enfermidades causadas por

Acanthamoeba spp.
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ABSTRACT

Acanthamoeba is a free-living amoeba, capable of causing severe
opportunistic infections in the eyes, skin and central nervous system of humans as
a result of the complex pathogen-host interaction is not fully understood. Few
works on the functional or pathogenic role of proteins that could be relevant in the
process of invasion, infection or even for a possible immunodiagnosis have been
presented. Thus in this work we describe the results obtained from an analysis of
the repertoire of proteins expressed by Acanthamoeba castellanii trophozoites,
based on the strategy set by SDS-PAGE-MS / MS. 503 non-redundant proteins
were identified. Functional classification of proteins revealed several proteins with
relevance to parasite survival, infectious host processes and possible
immunodiagnostic targets, including 119 unique surface proteins. This work also
carried out a review regarding the techniques used in the diagnosis of pathologies
caused by Acanthamoeba spp. Currently methodology as the culture in ANN using
from biological material is the gold standard in the diagnosis of diseases caused
by Acanthamoeba spp. Molecular tools such as PCR have been used to confirm
the etiologic agent. Immunological tools are still being studied to more quickly

enable the accurate diagnosis of Acanthamoeba spp.

'Doctoral Dissertation in Agricultural and Environmental Microbiology — Instituto de Ciéncias
Bésicas da Saude, Universidade Federal do Rio Grande do Sul, Porto Alegre, RS, Brazil. (86 p.)
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1. INTRODUCAO

O estudo de organismos parasitarios tem sido objeto de
pesquisas cientificas em todo o mundo devido ao aumento do namero
de casos descritos. Nos ultimos anos € notério 0 aumento no numero
de infeccbes causadas pelo género Acanthamoeba especialmente
casos de ceratite que é quando o microrganismo atinge a coOrnea
produzindo uma infec¢éo progressiva que pode levar a cegueira.

O aumento da incidéncia de ceratite amebiana muito se deve a
popularizagdo do uso de lentes de contato, correspondendo a
aproximadamente 80% dos casos. Apesar do numero crescente de
casos, ocorrem muitas subnotificacdes, principalmente em funcdo das
dificuldades na identificacdo do agente etiologico pelos métodos
aplicados na maioria dos laboratérios clinicos, que se baseiam no
cultivo e identificacdo morfolégica do parasito ou na identificacao
molecular por PCR.

Estudos protebmicos vém sendo realizados para diversos
protozoarios. Essas andlises tém revelado a diversidade de proteinas
expressas por diferentes parasitos, auxiliando na elucidacdo de
mecanismos moleculares utilizados no processo de adesao, invaséo e
na manutencdo da infeccdo no hospedeiro, além da possibilidade da
identificacdo de biomarcadores potenciais para o imunodiagndstico.

Poucos estudos protebmicos tém sido realizados a fim de
identificar um amplo repertério de proteinas das formas invasivas de
espécies de Acanthamoeba, o que poderia levar a uma melhor
compreensao de quais sdo as moléculas envolvidas na patogenicidade
(fatores de viruléncia), que podem ser utilizadas como marcadores na
diferenciacdo de isolados patogénicos e ndo patogénicos em estudos

epidemiologicos, além de fornecer informagfes importantes para o
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entendimento das caracteristicas fisiolégicas e bioquimicas do parasito,
bem como sobre possiveis mecanismos de evasédo da resposta imune
e também do estabelecimento e desenvolvimento da infeccao.

Neste contexto, o presente trabalho teve por objetivos a
identificacdo e caracterizacao de proteinas expressas por trofozoitos de
Acanthamoeba castellanii. Paralelamente foi realizada uma revisdo a
respeito dos principais métodos atualmente utilizados no diagndstico de

patologias causadas por Acanthamoeba spp.
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2. OBJETIVOS

2.1 Objetivo Geral

Identificar e caracterizar proteinas expressas por formas

trofozoiticas de A. castellanii através de espectrometria de massas.

2.2 Objetivos Especificos

2.2.1 Padronizar protocolos de extracdo de proteinas —

fracao soluvel e fracdo enriquecida com proteinas de membrana;

2.2.2 Realizar uma caracterizacao "in silico" das proteinas
identificadas;

2.2.3 Caracterizar “in silico” o potencial antigénico a partir do

numero de peptideos antigénico presentes nas proteinas identificadas;

2.2.4 Realizar uma revisao bibliografica sobre os aspectos
atuais relacionados com o diagnostico de doencas causadas por
Acanthamoeba spp.
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3. REVISAO DA LITERATURA
3.1 Género Acanthamoeba

Protozoarios do género Acanthamoeba pertencem ao filo
Sarcomastigophora e estdo entre os mais isolados na natureza
(Siddiqui & Khan, 2012). Esse organismo possui microprojecoes
formadas por citoplasma hialino, denominadas acantopddios
(caracterizando morfologicamente os trofozoitos do genéro), os quais
permitem seu deslocamento e sdo responsaveis pela adesdo a
superficies tanto biolégicas como também inertes (Khan, 2006).

Amebas de Vida Livre (AVL) deste género sao isoladas dos
mais diversos ambientes, como solo, poeira, fontes naturais de agua,
reservatorios, agua do mar, agua de torneira, piscinas, solucdes de
lentes de contato, ambientes hospitalares, entre outros (Siddiqui and
Khan, 2012). Assim, ndo é surpreende que a maioria dos individuos
saudaveis demonstre a presenca de anticorpos anti-acanthamoeba,
indicando a nossa exposicdo comum a esses patdogenos (Marciano-
Cabral & Cabral, 2003).

Acanthamoeba spp. apresentam duas formas evolutivas:
trofozoito e a forma de cisto. Os trofozoitos, que possuem normalmente
um tamanho aproximado de 12-35 uym de diametro, sdo formas
multiplicativas (assexuada/fissdo binaria), de locomocao (movimentos
polidirecionais através da emissao de pseuddpodes globosos e
hialinos, de onde surgem finos pseuddpodes semelhantes a espinhos,
chamados de acantopddios) (Figura 1). Amebas do género
Acanthamoeba alimentam-se principalmente pela fagocitose de
diversos microorganismos (bactérias, algas, fungos, leveduras),
matéria organica e/ou a incluséo de particulas liquidas para dentro de
vacuolos que se fazem presentes dentro da célula amebiana (Khan,
2006; Lorenzo-Morales et al. 2015).
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Figura 1: Microscopia electrénica de varredura de um trofozoito de
Acanthamoeba. As estruturas superficiais espinhosas chamadas
acanthopddios (setas) distinguem esse género de outras amebas de vida
livre que infecta seres humanos. Barra: 1 um. Fonte: Marciano-Cabral &
Cabral, 2003.

Os cistos por sua vez, sdo formas de resisténcia que
favorecem a perpetuacdo e consequentemete a dispersdo dos
organismos no ambiente (Khan, 2009). Com tamanho aproximado de
10-25 ym, os cistos podem classificar-se em 3 grupos (I, Il e lll) de
acordo com sua morfologia (Pussard & Pons 1977). Cistos de
Acanthamoeba spp. sdo resistentes a uma variedade de adversidades,
como: variacfes de temperaturas, congelamento, radiacdo ultravioleta,
cloro, herbicidas e pesticidas (Leitsch et al., 2010). Estudos demostram
a possibilidade de cistos de Acanthamoeba sobreviverem a dissecacao

por mais de 20 anos (Carvalho et al. 2009).
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(a) (b)

(c)

Figura 2: O ciclo de vida de Acanthamoeba castellanii. Forma infectante
de A. castellanii, também conhecidos como trofozoitos é observada em
(A). Microscopia electrénicade varredura e em (B) microscopia de
contraste de fase. Sob condi¢bes desfavoraveis, os trofozoitos se
diferenciam em cistos (C). Forma de cistos de A. castellanii,
caracterizado por parede dupla como indicado por seta. Barra = 5 um.
Fonte: Khan, 2006.
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Acanthamoeba spp. ndo necessitam de um hospedeiro para
completar o seu ciclo de vida, sendo parasito facultativo ou oportunista,
sendo assim definidas como anfizéicas devido a sua capacidade de
existir normalmente como organismos de vida livre e de sobreviver ou
ainda causar infec¢des em tecidos de seres humanos e outros animais
(Visvesvara et al., 2007).

Atualmente a taxonomia molecular descreve 20 genotipos
diferentes dentro do género Acanthamoeba, sendo eles nomeados T1,
T2a, T2b até T20, baseados no sequenciamento do gene que codifica
a subunidade menor (SSU) do rRNA (Stothard et al.,1998; Maghsood
et al., 2005; Corsaro & Venditti, 2010; Nuprasert et al., 2010; Corsaro et
al., 2015). Os gendtipos T2, T3, T4, T6 e T1ll tém sido isolados
clinicamente como agentes causadores da ceratite amebiana, sendo o
genotipo T4 o principal causador desta patologia (Siddiqui and Khan,

2012). A correlacao de gendtipo e doenca € apresentada na tabela 1.
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Tabela 1: Genotipos de Acanthamoeba spp. e a sua respectiva

patologia associada.

Acanthamoeba / Geno6tipos
T1
T2a
T2b
T3
T4
T5
T6
T7
T8
T9
T10
T11
T12
T13
T14
T15
T16
T17
T18
T19
T20

NR: Nenhuma patologia associada ao genétipo até o momento.

Infeccéo Associada
Encefalite
Ceratite / Encefalite
NR
Ceratite
Ceratite / Encefalite
Ceratite / Encefalite
Ceratite
NR
NR
NR
Ceratite / Encefalite
Ceratite
Encefalite
NR
NR
Ceratite
NR
NR
NR
NR
NR

Fonte: Adaptado de Siddiqui & Khan (2012).
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3.2 Infecgdes causadas por Acanthamoeba spp.

Dentre as infecgbes causadas por Acanthamoeba spp.
destaca-se a ceratite amebiana, uma infeccdo ndo oportunista pois
acomete individuos higidos e esta diretamente associada com usuérios
de lentes de contato. Mais raramente porém com altissimo indice de
mortalidade (acima de 90%), Acanthamoeba spp. também pode causar
Encefalite Amebiana Granulomatosa (EAG) e outras infeccdes
disseminadas em individuos imunocomprometidos (Marciano-Cabral &
Cabral, 2003; Visvesvara et al., 2007; Siddiqui & Khan 2012).

3.2.1 Ceratite amebiana

Espécies do género Acanthamoeba sédo agente causadores
de uma infeccdo na cornea denominada ceratite amebiana (AK) e ja
reconhecida como uma infec¢do ocular severa (Dart et al. 2009).

A ceratite amebiana € uma infec¢do ocular grave, que se
caracteriza pela perda gradual da visdo, chegando, em alguns casos, a
provocar cegueira (Lorenzo-Morales et al. 2015). Estudos demonstram
gue aproximadamente 83% dos casos de ceratite por Acanthamoeba
spp. ocorrem em usuarios de lentes de contato (Carvalho et al., 2009).

O uso de lentes de contato na populacdo em geral apresenta
um crescimento continuo (mais de 20 milhdes de usuéarios apenas nos
Estados Unidos) bem como a sua manipula¢do, manutencao e seu uso
de forma incorreta (lllingworth & Cook, 1998; Lorenzo-Morales et al.
2015).

Embora a ceratite amebiana possa ocorrer em individuos
gue nao fazem o uso de lentes de contato, essa enfermidade esta
principalmente associada com o seu uso (Graffi et al. 2013). Entretanto,
trata-se de um processo multifatorial que envolve: desgaste de lentes
de contato devido a utilizacdo por tempo prolongado, a falta de higiene
pessoal, limpeza inadequada de lentes de contato e consequentemente

a formacado de biofilmes nas lentes, contato com agua contaminada e
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também a manipulac¢édo equivocada.

A sequéncia de eventos da ceratite causada por
Acanthamoeba envolve a adeséo, desagregacao/destruicdo da barreira
epitelial, a invasdo do estroma pelas amebas, deplecédo de ceratécitos,
inducdo de uma resposta inflamatdria e consequentemente necrose
estromal com consequéncias cegantes (Lorenzo-Morales et al. 2015).

O numero de casos diagnosticados aumentou
consideravelmente durante os ultimos anos, estimando-se até 60 casos
de ceratite amebiana para cada 30.000 usuérios de lentes de contato
(Henriquez et al., 2009). Estudos tém demonstrado um significativo
aumento do numero de pacientes com ceratite amebiana nos em
diversos paises ao redor do mundo, incusive no Brasil (Thebpatiphat et
al., 2007; Carvalho et al., 2009; Ku et al., 2009; Gatti et al., 2010; Patel
et al., 2010).

Sado escassos 0os dados epidemioldgicos descritos sobre a
prevaléncia de ceratite amebiana no Brasil. Relatos de casos séo
descritos, como o realizado por Carvalho et al. (2009), onde foi
desenvolvida uma investigacdo sobre casos de ceratite amebiana em
um centro de oftalmologia da cidade de S&o Paulo, relatando um
aumento significativo no niumero de casos ao longo dos anos, sendo
gue entre os anos de 1987 e 2001, 66 casos foram relatados (média de
4,71 casos/ano). Ja entre nos anos de 2004 e 2006, 65 casos foram
descritos (média de 21,6 casos/ano).

Os sintomas da ceratite amebiana sdo muito semelhantes
aos da ceratite causada por virus, fungos e bactérias, e em muitos
casos ocorre identificacao incorreta do agente etiol6gico, sendo muitas
vezes a infeccdo amebiana lembrada apos falha no tratamento de
forma empirica (Lorenzo-Morales et al. 2015). O uso de lentes de
contato associado a dor local intensa em pacientes com infecgdo ocular
é indicativo de ceratite amebiana (Siddiqui & Khan 2012).

A higienizacdo das lentes de contato é um processo de
enorme importancia para evitar que o protozoario se instale nas lentes.

Diversos sacarideos incluindo manose, glicose, sacarose, galactose,
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frutose e outras moléculas tais como proteinas, glicoproteinas, lipideos,
mucinas, calcio, ferro, magnésio, sédio, podem ser encontrados na
superficie das lentes de contato depois de seu uso (Siddiqui & Khan
2012). Estas moléculas podem atuar como receptores para trofozoitos
de Acanthamoeba, viabilizar a formacéo de biofilme e/ou aumentar a
habilidade de ligacéo do parasito as lentes de contato (Khan, 2006).

Quando em contato com a cérnea, os trofozoitos aderem e
penetram no epitélio (Lorenzo-Morales et al. 2015). Esta aderéncia é
mediada por uma proteina de ligacdo a manose (mannose-binding
protein of Acanthamoeba) da membrana do trofozoito, que se liga a
manose de glicoproteinas do epitélio (Hurt et al. 2003). Estudos
sugerem que enzimas como nheuraminidase, elastase e varias
proteases produzidas pelo protozoario podem ser fatores que
determinam a infeccdo por Acanthamoeba (Alves, 2012). Ap6s a
penetracdo, o processo infeccioso segue com ulceracgdes, infiltrado
neutrofilico em forma de anel e inflamacdes (Alves, 2012). Moléculas
como IgA e proteases, presentes no fluido lacrimal, geralmente
garantem a protecdo, uma vez que impedem a aderéncia de
Acanthamoeba, processo chave na patogenicidade da ceratite
amebiana (Saravanan et al., 2008).

Dentre os meétodos utilizados em laboratérios clinicos, o
cultivo de bidpsia/raspado da cornea e microscopia do raspado da
cérnea e/ou exame histopatolégico da cérnea corados com
hematoxilina-eosina ou branco de calcoflior, que reage
especificamente com as paredes celulésicas dos cistos de
Acanthamoeba, sdo amplamente utilizados (Rocha-Azevedo et al.,
2009).

A microscopia confocal in vivo surgiu como uma importante
ferramenta ndo invasiva auxiliando no diagnéstico de ceratite amebiana
grave (Khan, 2006; Matsumoto et al., 2007; Claerhout et al., 2004).
Metodologias baseadas em ferramentas moleculares como a PCR ou a
PCR em tempo real também foram desenvolvidas para a deteccéo de

Acanthamoeba, jA que existem sequéncias de reconhecimento
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especificas para o género em questdo (Lehmann et al., 1998;
Qvarnstrom et al., 2006; Goldschmid et al.,, 2012). No entanto, para
esse tipo de diagndstico, ha necessidade de procedimentos invasivos
de raspagem da lesdo ocular, sendo esse procedimento de extrema
importancia tendo em vista a possibilidade de um resultado falso
negativo.

O tratamento atual para a ceratite amebiana consiste em
agentes antimicrobianos topicos, que possam atingir altas
concentracbes no local da infeccdo (Clarke et al. 2012; Lorenzo-
Morales et al. 2015). Devido a existéncia de uma forma de cisto, que &
altamente resistente a terapia, geralmente é utilizada uma combinacéo
de agentes (Roberts & Henrique 2010; Lorenzo-Morales et al., 2015). A
maioria deles tem acéo sobre os trofozoitos, mas pouco efetivos sobre
0S cistos, 0 que leva a recidiva das infeccdes na maioria dos casos
(Schuster & Visvesvara, 2004; Khan, 2006; Dart et al., 2009).

Biguanidas (PHMB - Polihexametileno biguanida) &
atualmente a primeira op¢do no tratamento de ceratite amebina, que
inclui também clorexidina, neomicina e outros farmacos (Clarke et al.
2012; Lorenzo-Morales et al. 2015). A utilizacdo de esterdides ainda é
discutida e controversa, sendo indicado a avaliacdo de cada caso de
forma isolada (Dart et al., 2009; Clarke et al. 2012) .
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Figura 3: Ceratite amebiana. A - Dano da cérnea ocaisonado por ceratite

amebiana. B — Visualizacdo da lesdo apés aplicacdo de fluoresceina

sédica. Fonte: Lorenzo-Morales et al. (2015).
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3.2.2 Encefalite Amebiana Granulomatosa e Infec¢Oes
disseminadas causada por Acanthamoeba spp.

A encefalite amebiana granulomatosa (EAG) é uma infeccéo
rara, mas quase sempre fatal (Ong et al. 2017). Considerada uma
infeccdo oportunista, pois quase todos os casos relatados até o
momento se referem a individuos imunologicamente debilitados,
especialmente aqueles que ja sofreram algum tipo de situacéo
Imunossupressora como alcoolismo, gravidez, quimioterapia, ou uso
corticoterapia ou ainda pacientes com AIDS (Visvesvara et al., 2007;
Thamtam et al. 2016).

Com o0 avanco da medicina, o0 nimero de transplantes tem
aumento de forma importante, entretanto esse procedimento leva a
uma imunossupressdo medicamentosa, viabilizando um processo
infecioso causado pela Acanthamoeba (Barete et al. 2007; Brondfield et
al. 2017). S&o varios os relatos de casos descritos na literatura de
individuos que durante uma imunodepressao devido ao procedimento
cirargico (transplante) acabaram desenvolvendo encefalite e/ou
infeccdo disseminada e na maioria das vezes o paciente vai a 6bito
(Barete et al., 2007; Young et al., 2010).

Os mecanismos associados com a patogénese ndo sao
claros, mas as complicagdes envolvem o sistema nervoso central, onde
h& inducdo de uma resposta inflamatoéria, devido a invasdo da ameba
através da barreira hematoencefalica e a ligagdo ao tecido, seguida de
lesédo neuronal e necrose (Schuster & Visvesvara, 2004; Khan, 2006).
A invasdo ocorre pela pele (ulceragbes) ou pelo trato respiratorio,
seguindo entdo por via sanguinea até o sistema nervoso central
(Martinez & Visvesvara, 1997; Marciano-Cabral & Cabral, 2003).

O periodo de incubacdo pode variar de dias, semanas e até
meses (Schuster & Visvesvara, 2004). Apdés esse periodo, varios
sintomas aparecem todos eles semelhantes a uma meningite
bacteriana: dor de cabeca acompanhada de febre, nduseas, vomitos,

letargia, aumento da pressao intracraniana, mudanca da personalidade


https://www.ncbi.nlm.nih.gov/pubmed/?term=Young%20AL%5BAuthor%5D&cauthor=true&cauthor_uid=20604904
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e coma (Marciano-Cabral et al., 2000). Como o desenvolvimento da
pode ser fulminante, o diagndstico muitas vezes s6 € obtido apds a
necropsia (figura 4), por andalise do fluido cérebro-espinhal ou do
préprio tecido cerebral, através da analise microscopica das formas
trofozoiticas e/ou cisticas (Marciano-Cabral & Cabral, 2003).

A constatacdo de altos niveis de anticorpos Acanthamoeba-
especificos pode direcionar o diagnético, além de métodos de cultura
utilizando liquor ou ainda a PCR (Khan, 2003; Schuster & Visvesvara,
2004; MacLean et al., 2007; Visvesvara et al., 2007). O tratamento da
EAG é extremamente problemético, especialmente pela falta de
sintomas especificos e de métodos diagndsticos eficientes (Visvesvara
et al., 2007).

Normalmente, os pacientes com comprometimento do SNC
sdo tratados com um coquetel de antibidticos e anti-fungicos, como,
rifampicina, trimetropina, cetoconazol e anfotericina B (Marciano-Cabral
& Cabral, 2003). Todavia, 0 sucesso no prognéstico é baixo, devido a
demora do diagndstico, o estado imunodeficiente do paciente e a falta
de drogas especificas para eliminar o patdgeno.

Figura 4: Corte coronal dos hemisférios cerebrais com necrose cortical e subcortical
de um caso humano fatal de EAG. Fonte: Marciano-Cabral & Cabral (2003).
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3.3 Relagdo do sistema Imune com as infegdes
causadas por Acanthamoeba spp. e fatores de viruénia

associados a patogénese de Acanthamoeba spp.

A exposicdo ambiental a Acanthamoeba spp. € ineitavel
devido a ubiquidade do microrganismo, sendo que as formas ativas do
paraito sdo isoladas a partir de material biologico como a mucosa oral e
nasofaringe de individuos assintomaticos (Khan, 2006; Lorenzo-
Morales et al., 2015) .

A resposta imunolégica do hospedeiro tem um papel
fundamental na protecdo do individuo, e vai desde a producdo de
anticorpos séricos contra Acanthamoeba spp. até a dependéncia do
estado imunoldgico do individuo para o estabelecimento de outras
infecgbes oportunistas ou da EAG (Clarke & Niederkorn, 2006).
Entretanto os mecanismos de defesa imunoldgica do hospedeiro nao
estdo totalmente caracterizados (Siddiqui & Khan, 2012).

A recorréncia de infecgcdes por Acanthamoeba é comum,
demonstrando assim que a infeccdo corneana ndo induz imunidade
protetora contra os antigenos parasitarios (Lorenzo-Morales et al.,
2015). Entretanto sabe-se que a resposta imune inata e a resposta
imune adaptativa participam das defesas do hospedeiro contra
Acanthamoeba spp. (Sun, 2008).

Segundo estudos conduzidos por Alsam et al. (2008)
revelaram que fatores como lisozima, lactoferrina, beta-lisinas,
prostoglandinas e outros compostos com propriedades antimicrobianas
e imunoldgicas ndo apresentaram efeitos significativos na interacdo da
Acanthamoeba com a célula epitelial da cérnea. Isolados patogénicos
de Acanthamoeba tém demonstrado a capacidade de degradar
guimicinas e citocinas, anticorpos, proteinas envolvidas no sistema
complemento e até de destruir macrofagos.

Na resposta imune inata, os neutrofilos e macrofagos sao
determinantes na defesa contra Acanthamoeba, apesar de

aumentarem a resposta inflamatéria local, a diminuicdo dessas células
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de defesa resultou na exacerbacéo da ceratite amebiana em cobaias
(Van Kilnk et al., 1996). Os dois tipos celulares citados, tem a
capacidade de destruir Acanthamoeba spp., sendo o0s principais
componentes dos granulomas encontrados nos tecidos infectados nas
infeccOes cutaneas (Clarke et al., 2006; Sun 2008).

Quadros relacionados com a diminuicdo imunolégica, os
macréfagos perdem o potencial quimiotético para Acanthamoeba spp.,
permitindo o estabelecimento e o agravamento do quadro infeccioso da
EAG (Marciano-Cabral et al., 2001; Marciano-Cabral et al., 2006).

Estudos em modelo animal mostraram a atividade de células
NK (natural killer) significativamente aumentadas em animais
infectados por Acanthamoeba, sugerindo que as células NK
desempenham um papel na importante imunidade protetora (Michalek
et al., 2013).

Com relacdo a resposta imune adaptativa, € notdria a
producdo de anticorpos anti-Acanthamoeba em individuos saudaveis,
(Niederkorn, 2002). O papel dos anticorpos na defesa do organismo
contra a ceratite amebiana ainda precisa ser elucidado. Anticorpos IgA,
presentes nas lagrimas, sdo efetivos na protecdo contra a adesao de
Acanthamoeba spp. a células da cérnea (Clarke & Niederkorn, 2006).
Contudo, em pacientes infectados, o nivel desta imunoglobulina cai
drasticamente, indicando que algum mecanismo deve regular a
producdo deste anticorpo (Alizadeh et al., 2001). Com relacdo a IgG,
um aumento foi observado em pacientes com ceratite amebiana
(Alizadeh et al., 2001).

Animais experimentais imunizados oralmente com antigenos
de Acanthamoeba mostraram taxas de infeccao significativamente mais
baixas em comparacdo com o controle (21,4% versus 72,6%,
respectivamente) e a protecéo foi associada a niveis mais elevados de
IgA parasito-especifica (Siddiqui & Khan, 2012).

A imunizacdo oral utilizando proteina de ligacdo e manose
(MPB) recombinante melhorou AK e a protecéo foi associada também

com a presenca de niveis elevados de IgA anti-MBP nos animais
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imunizados.

Entretando a capacidade de um organismo causar dano é
um evento multifatorial e ndo depende exclusivamente de fatores
imunologicos do hospedeiro (Siddiqui & Khan, 2012).

Fatores que contribuem para a patogenicidade e que estéao
diretamente relacionados com a ameba sdo: a capacidade de adesé&o
do patogeno a célula do hospedeiro, fagocitose, a presenca de fatores
de viruléncia como elastases, proteases e fosfolipases. Fatores que
contribuem indiretamente a patogénese sdo: a tolerancia fisiolégica da
ameba como: termotoleréncia, osmotolerdncia e crescimento em
diferentes faixas de pH, a resisténcia a farmacos que o microorganismo
apresenta entre outros (Lorenzo-Morales et al. 2015).

Isolados de Acanthamoeba spp. provenientes de casos de
clinicos apresentam boa termotolerancia, maior taxa de crescimento,
habilidade de aderir a células do hospedeiro, excrecdo de produtos
citotoxicos que possibilitam a evasdo das células do sistema imune
(Lorenzo-Morales et al., 2013).

Isolados virulentos apresentavam adesédo diferencial a
proteinas encontradas na matrix extracelular. Estudos tém destacado o
papel da proteina ligadora de manose (MBP - mannose binding protein
com 28.2 kDa) no processo de adesdo e também da laminin-binding
protein (proteinas de ligacao a laminina 55 kDa) (Hong et al., 2004;
Rocha-Azevedo et al. 2009).

Niveis destas proteinas estdo elevados em isolados
patogénicos, quando comparados com isolados ambientais (Visvesvara
et al., 2007; Panjwani, 2010; Siddiqui & Khan, 2012).

Na patogénese da encefalite por Acanthamoeba spp., MBPs
possibilitam a ligacdo de trofozoitos a célula alvo, que aciona uma
cascata de sinalizacdo associada a proteinas que atuam na
degradacédo de proteinas estruturais do SNC (Siddiqui et al., 2011).

A ligacéo entre trofozoitos de Acanthamoeba spp. e residuos
de manose induz a secrecdo de moléculas citotoxicas, como a
proteases, MIP 133 (manose induced protein 133). A MIP 133 induz
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apoptose de ceratdcitos, de células da iris, retina e cornea (Clarke and
Niederkorn, 2006). Anticorpos produzidos contra MIP-133 foram
capazes de reduzir os sintomas da ceratite amebiana em modeos
animais imunizados (Hurt et al., 2003).

Acanthamoeba spp. produzem serino, cisteino e metalo
proteases, que possuem capacidade de degradar diversos substratos
protéicos (Alizadeh et al., 2008). O papel primério das proteases
produzidas pela Acanthamoeba é degradar substancias para viabilizar
a fagocitose. Isolados patogénicos exibem uma atividade aumentada
na secrecdo de proteases, viabilizando a invasdo no hospedeiro além
de contribuirem diretamente para o dano celular (Clarke & Niederkorn,
2006; Kim et al., 2006). Por degradarem uma variedade de substratos
proteicos (imunoglobulinas, interleucinas, elastina, fibronectina,
colageno tipo | e IV) essas proteases permitem a evasao da resposta
imune do hospedeiro ao mesmo tempo que possibilitam a invaséo
tecidual (Cho et al., 2000; Alizadeh et al., 2008; Ferreira et al., 2009).
Alsam et al. (2005) demostraram, que ao estudar uma protease de 133
kDa, que quando em contato com células que formavam um modelo in
vitro da Dbarreira hemato-encefdlica, aumentva em 80% a
permeabilidade desta, caracterizando seu forte efeito citopatico.

Estas enzimas parecem estar relacionadas a EAG, capazes
de degradar tecido conectivo, causar lesdes desmienilizantes e
necrose em neurdnios no SNC (Mortazavi et al., 2011).

Proteinas formadoras de poros na membrana celular do
hospedeiro provocam alteragcdo na pressao osmotica, induzindo a
desorganizacao ibnica e, consequentemente, morte celular (Michalek et
al., 2013). Recentemente, uma toxina formadora de poro, denominada
acanthaporina foi idenitifcada em A. culbertsoni (Michalek et al., 2013).
A expressdo recombinante da proteina em bactérias permitiu verificar
gue a mesma foi citotdéxica para células neuronais humanas e exerceu
atividade antimicrobiana contra uma variedade de estirpes bacterianas
por causar permeabilizacdo das suas membranas (Michalek et al.,
2013).
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Alguns estudos também sugerem que Acanthamoeba spp.
sdo capazes de induzir morte celular programada (apoptose) nas
células hospedeiras (Siddiqui & Khan, 2012), fato demonstrado pela
observacdo de caracteristicas tipicas de apoptose, tais como formacéo
de poros, formacao de corpos apoptéticos, condensacao da cromatina
nuclear e presenca de DNA fragmentado em células hospedeiras
infectadas (Chusattayanond et al., 2010).

Fosofolipases também parecem estar relacionadas a
viruléncia da ameba. Varios estudos tém demonstrado que
Acanthamoeba patogénica que exibe efeitos citopaticos em células de
mamiferos in vitro liberam mais fosfolipase, sugerindo assim o seu
envolvimento em infecgbes por Acanthamoeba spp. Devido a sua
caracteristica biologica, a destricdo da membrana celular das células
do hospedeiro parece ser o papel mais evidente relacionado com essa
enzima (Mortazavi et al., 2011; Im K., 1990)

Outros fatores que podem contribuir para a patogénese de
Acanthamoeba spp. incluem glicoproteinas denominadas ecto-
ATPases, que estdao na superficie celular e tem a capacidade de
hidrolisar ATP extracelular (Sissons et al., 2004). O ADP resultante tem
efeitos citotoxicos para a célula do hospedeiro. Sissons et al. (2004)
demonstraram que isolados clinicos de Acanthamoeba spp. expressam
elevados niveis de ecto-ATPase comparados a isolados ambientais.
Durante a infeccdo por Acanthamoeba spp., ATP hidrolisado sob a
forma de ADP atua sobre os receptores purinérgicos P2Y2 presentes
na célula hospedeira levando a apoptose de células monociticas
(Mattana et al., 2002). Além disso, a actividade de ecto-ATPase
aumenta na presenca de manose, consequentemente favorecendo a
adesdo amebiana (Sissons et al., 2004).

A enzima superoéxido dismutase, que catalisa a conversao
de superéxido em oxigénio e peroxido de hidrogénio e tem importante
papel na defesa antioxidante. Duas enzimas superoxido dismutase
foram caracterizadas em A. castellanii (SOD | e SOD II) (Choi et al.,

2000). Recentes estudos acerca das propriedades bioquimicas e
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funcionais da superoxido dismutase de A. castellanii demonstraram
altos niveis de expressdo da enzima sob condi¢cdes de estresse
oxidativo, sugerindo que esta enzima pode ter papel essencial na
sobrevivéncia do parasito no hospedeiro por detoxificar tanto os
superoxidos produzidos pelo préprio parasito de forma endogena,
como também pelas células de defesa do sistema imune do hospedeiro
(Kim et al., 2012).

Além dos fatores de viruléncia acima mencionados, que
estdo diretamente relacionados com a patogenicidade da ameba, a
capacidade de Acanthamoeba sobreviver em condicbes ambientais
adversas e sua resisténcia a farmacos usados para o tratamento por
viabilizar a diferenciacdo em cistos contribui para a sua patogenicidade.
Entretanto, muitos aspectos ainda devem ser elucidados para a
completa compreenséo desses processos.

3.4 Estudos protedmicos relacionados com Acanthamoeba spp.

A protebmica tem como objetivo estudar as propriedades
das proteinas, seus niveis de expressdo, suas funcdes, interacfes
entre proteinas, mecanismos regulatorios e a sua influéncia na biologia
de um organismo (Blackstock & Weir, 1999). Uma descricdo completa
do proteoma de um microorganismo fornece, ndo apenas um conjunto
de proteinas que estd sendo expresso pelo genoma, mas também
dados de expressao celular sob condicbes controladas e definidas
(Cash, 1998). Estudos protedmicos vém sendo realizados para
diversos protozoarios (Tolstrup et al., 2007; Biller et al., 2009; Wen &
Garg, 2012; Jerlstrom-Hultqvist et al., 2012; Ali et al., 2012; Urbaniak et
al., 2012; Pawar et al., 2012). Essas analises tém revelado a
diversidade de proteinas expressas por diferentes parasitos, auxiliando
na elucidagdo de seus mecanismos moleculares na interacdo com
espécies hospedeiras, que possibilitam a manutencdo da infeccédo e na

identificagdo de marcadores potenciais para o imunodiagndstico e até o
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desenvolvimento de novos farmacos.

Poucos estudos protebmicos foram descritos para
Acanthamoeba spp., dentre eles algumas abordagens relacionadas a
investigacdo de proteinas expressas durante a fase de encistamento, e
de proteinas secretadas a partir de isolados clinicos (Bouyer et al.,
2009; Leitsch et al., 2010). Caumo et al. (2014) realizaram uma analise
do repertério de proteinas expressas por Acanthamoeba polyphaga,
permitindo a identificacdo de proteinas possivelmente envolvidas na
patogenicidade e/ou viruléncia e também proteinas antigénicas. Mais
recentemente Sanchez et al. (2016), observaram a partir de ensaios
utilizando a técnica de ELISA, que a proteina de superficie denominada
calreticulina tem potencial para um possivel imunodiagnaostico.

Assim sendo, estudos que envolvam a identificacdo e
caracterizacdo de proteinas a partir de trofozoitos de Acanthamoeba
spp. podem fornecer informacfes relevantes que auxiliem tanto na
compreensao da biologia deste protozoario bem como possibilite a

otimizag&o de uma ferramentamenta de imunodiagnadstico.
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4. RESULTADOS E DISCUSSAO

Os resultados da presente tese estdo organizados em dois

capitulos apresentados na forma de artigos cientificos.

No capitulo 1 é apresentado o artigo intitulado “Proteomic
analysis from of trophozoites Acanthamoeba castellanii’, submetido na
revista Parasitology. Este artigo descreve o primeiro estudo proteémico
de A. castellanii e estabelece uma andlise abrangente das proteinas

expressas por trofozoitos.

No capitulo 2 é apresentado o artigo intitulado “Current
Aspects Related to the Diagnosis of Acanthamoeba Infections - A Brief

Review", a ser submetido para publicacao.

Outras publicacBes foram realizadas durante o periodo do
doutorado e serdo apresentadas como apéndice, ao final da presente

tese.
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SUMMARY

Acanthamoeba spp. are an opportunistic parasite protozoan which are the
causative agent of granulomatous amoebic encephalitis and
Acanthamoeba keratitis. These amoebae feed on bacteria, but are also frequent
hosts of microorganisms symbionts. The parasite adhesion to the host cell is the
primary step for infection. There is no full understanding of Acanthamoeba spp.
proteins relevant for host invasion or infection. In this study, an analysis of the
proteins expressed by A. castellanii trophozoites, based on complementary LC-
MS/MS of tryptic peptides from SDS-PAGE approaches was performed. A total of
503 proteins were identified. Of these, 308 proteins were identified in the soluble
fraction, 119 in surface-enriched protein and 76 proteins were identified in both
fractions. Functional classification together with the determination of antigenic
peptides revealed several proteins with potential importance for pathogen survival,
infection of mammalian hosts and immunodiagnostic. Our study provided a
proteomic analysis of the trophozoite stage of Acanthamoeba castellanii and
established foundations for prospective, comparative and functional studies of
proteins involved in many mechanisms in Acanthamoeba castellanii and also in

other Acanthamoeba species.

Key words: Acanthamoeba castellanii, trophozoite, proteomic, functional

classification, antigenic peptides.
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INTRODUCTION

Free-living amoebae (FLA) belonging to the Acanthamoeba genus are
an opportunistic protozoan that are widely distributed in the environment
(Visvesvara, 2013). Acanthamoeba spp. has two developmental stages: the
trophozoite, a vegetative feeding form and the cyst a resting form with minimal
metabolic activity (Greub and Raoult, 2004; Lorenzo-Morales et al. 2015). Species
of the genus Acanthamoeba are frequently found both, in natural and artificial
niches, oftentimes feeding on microorganisms present on surfaces of these
environments (Marciano-Cabral and Cabral, 2003; Siddiqui and Khan, 2012).
Many Acanthamoeba isolates harbor endosymbionts which may include viruses,
yeast, protists and bacteria, some of which are potential human pathogens
(Siddiqui and Khan, 2012). Acanthamoeba has a versatile role in the ecosystem
and their ability to capture prey by phagocytosis, acting as vectors, reservoirs and
as a Trojan horse of these microbial pathogens (Guimaraes et al. 2016; Lorenzo-
Morales et al. 2015).

Discovered in a culture of Cryptococcus pararoseus (fungus) by Castellani
in 1930, currently the molecular classification of Acanthamoeba strains has
allowed clustering of these genus into 20 different genotypes (T1-T20), T4 being
the most prevalent genotype in the clinical cases (Corsaro et al. 2015; Visvesvara
et al. 2007; Lorenzo-Morales et al. 2015).

This protozoan genus is recognized as agent of Amoebic Keratitis (AK)
(typically associated with the use of contact lenses) and may also cause a rare
form of encephalitis known as granulomatous amoebic encephalitis (GAE) and
disseminated infections mostly in immunosuppressed patients (Khan, 2006;
Lorenzo-Morales et al. 2015; Visvesvara, 2013; Lakhundi et al. 2016). AK is
increasingly, being recognized as a severe sight - threatening ocular infection
(Baig, 2015; Lorenzo-Morales et al. 2015). Patients with AK may experience pain
with photophobia, ring-like stromal infiltrate, epithelial defect and lid oedema
(Lorenzo-Morales et al. 2015). If AK is not treated adequately and aggressively, it
can lead to loss of vision (Bouheraoua et al. 2013). The culture remains the gold
standard of Acanthamoeba laboratory diagt s, but today several PCR-based

techniques are also well established and usually increase sensitivity significantly
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(Lorenzo-Morales et al. 2015; Ricciardi and Ndao, 2015). In patients that have
already been pre-treated with antibiotics, amoeba density is usually very low,
making it more difficult and time consuming diagnosis (Lorenzo-Morales et al.
2015). Currently immunological techniques are not available for the diagnosis of
diseases caused by Acanthamoeba (Lorenzo-Morales et al. 2011). Consequently
proteomic studies of this protozoan are essential for the identification and possible
characterization of proteins that may aid in the immunodiagnosis.

Many studies, have revealed a diversity/repertoire of proteins expressed in
several protozoa as Acanthamoeba polyphaga (Caumo et al. 2014), Entamoeba
histolytica (Tolstrup et al. 2007; Biller et al. 2009; Ali et al. 2012), Giardia lamblia
(Jerlstrom-Hultgvist et al. 2012; Faso et al. 2013), Leishmania donovani (Pawar et
al. 2012), Plasmodium falciparum (Reamtong et al. 2015), Trypanosoma spp.
(Cordero et al. 2009; Wagner et al. 2013). These studies are helping to
understand the molecular mechanisms of interactions with host species,
pathogenesis and pathophysiology, molecular mechanisms associated with the
disease and to identify potential biomarkers for diagnosis and targets for
therapeutic interventions (Khan, 2006; Siddiqui and Khan, 2012; Caumo et al.
2014; Lorenzo-Morales et al. 2015).

Studies in Acanthamoeba castellanii involving the investigation of protein
expression during encystment (Bouyer et al. 2009; Leitsch et al. 2010), and a
comprehensive analysis of proteins expressed by Acanthamoeba polyphaga
trophozoites (Caumo et al. 2014), can help the elucidation of virulence
mechanisms and the identification of diagnostic antigens and target proteins for
therapy (Siddiqui and Khan, 2012; Lorenzo-Morales et al. 2015, Sanchez. et al.
2016). It was identified, that Acanthamoeba -castellanii binds to mannose
containing glycoproteins on the corneal epithelium through the mannose binding
protein on the amoebae surface (Yang et al. 1997; Hurt et al.,, 2003a, 2003b).
Another surface proteins and cellular events involving proteins governing
adherence to the host cell, are not completely elucidated (Soto-Arredondo et al.
2014).

In this study, we report the first proteomic analysis of detergent-solubilized
membrane proteins and soluble proteins from trophozoites of Acanthamoeba

castellanii. We analysed the repertoire of proteins expressed by trophozoites of
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Acanthamoeba castellanii using LC-MS/MS of tryptic peptides from of SDS-PAGE.
Overall, 503 proteins were identified, being 119 proteins from surface-enriched
protein fraction, 308 proteins obtained from the soluble fraction and 76 proteins
were identified in both fractions. Identified proteins were characterized in
accordance with their functional classes, and their antigenic potential. Thus, this
work provides the most complete repertoire of proteins expressed by
Acanthamoeba castellanii, being possible the selection of potential targets which
can be used in the immunodiagnostics, and to the understanding of this

protozoan interaction with other microorganisms.
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MATERIAL AND METHODS

Acanthamoeba castellanii strain and cultivation

A. castellanii (ATCC 30010) trophozoites of the T4 genotype, were used in
this study. This environmental isolate had its pathogenicity in animals previously
demonstrated by Verissimo et al. (2013). Trophozoites were maintained in axenic
cultures with, peptone-yeast extract-glucose (PYG) medium, as previously
described by Schuster (2002).

Cell protein extracts

Three identical and independent cultures (biological replicates) in the
exponential growth phase (cultivation for a period of 6 days) were used for protein
extraction. Two different protein extracts were prepared, a total extract,
denominated soluble fraction (SF) and an extract enriched with surface proteins
(SEP). For SEP, were used approximately 1x10® cells, which were obtained
according to Cordero, et al. (2009). For SF were used approximately 1x107 cells,
which were obtained according Becker-Finco et al. (2013) with some
modifications. To these cells (SF), was added a solution of 40 mM Tris-HCI pH 7.4
supplemented with 1 mM of a cocktail of protease inhibitors (Sigma-Aldrich, St.
Louis) at a ratio of three times its volume. Then the homogenate was submitted to
cell lysis by sonication (VC601 Sonic & Material Inc. sonicator) on ice with four
pulses of 20 seconds with intervals of a minute between each pulse, the power
was 20 Hz. Then 1% Triton X-100 was added and intensively homogenized for 30
seconds two times. The samples were then centrifuged at 14,000 x g for 30
minutes at 4°C thereby obtaining an extract of soluble proteins in the supernatant
which was stored at - 80°C until use. Protein contents were measured using a
BCA protein assay kit (Thermo Scientific Pierce, Rockford, IL, USA).
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SDS-PAGE and sample preparation for mass spectrometry

SDS-polyacrylamide gel electrophoresis 12% under reducing conditions
was performed to assess the protein profile of each fraction (SEP and SF) and
were then visualized by Coomassie brilliant blue staining (Laemmli, 1970). From
the migration profile presented on the gel, protein bands were manually excised
from Coomassie-stained SDS-PAGE gel and digested with trypsin (TrypsinGold,
Mass Spectrometry Grade, Promega), totaling 30 plugs per protein fraction (Fig.
1). Gel plugs were treated with three washes of 200 pl of 50% acetonitrile and 25
mM ammonium bicarbonate for 15 min each, followed by one wash with 200 ul of
acetonitrile 100%. After the washing procedures, gel plugs were dried by vacuum
centrifugation and digested for 18-24 h at 37 °C using 1 pg/trypsin for 50
pg/protein diluted to 25 mM in NH4sHCOg;. After tryptic digestion, peptides were
extracted with two washes of 50 pl 50% acetonitrile and trifluoroacetic acid (TFA)
for 1 h. Extracted peptides were dried and resuspended in 15 pl of 0.1% TFA.
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Mass spectrometry analyses

Peptides digested from excised fragments of SDS-PAGE were analyzed by
on-line liquid chromatography/mass spectrometry (LC-MS/MS) using a Waters
nanoACQUITY Ultra Performance LC system coupled to a Waters Micromass Q-
TOF Micro or Q-TOF Ultima APl mass spectrometer (Waters MS Technologies,
UK). Analytical runs were performed in duplicate for each band excised (Fig. 1).
The peptides were eluted from the reverse-phase column to the mass
spectrometer at a flow rate of 200 nl/min with a 10-50% water/ACN 0.1% formic
acid linear gradient over 40 min for peptides obtained from bands manually
excised from SDS-PAGE stained with coomassie. Analyses were performed using
the data-dependent acquisition (DDA) mode. For each MS spectrum, the three
most intense multiple charged ions above the threshold (30 counts/s) were
automatically selected for MS/MS fragmentation. The collision energies for peptide
fragmentation were set using the charge state recognition files for +2, +3 and +4
peptide ions provided by MassLynx (Waters). MS/MS raw data were processed
using Protein-Lynx Global Server 2.0 software (Waters), and peak lists were
exported in the micromass (.pkl) format.

Database searching and bioinformatics analyses

For peptide identification, raw MS data files were processed using Mascot
Distiller. The data were searched using MASCOT software 2.0
(http://www.matrixscience.com, Matrix Science) against a local database of protein
sequences (14,974) constructed based on the Acanthamoeba castellanii Neff
(ATCC 30010) strain genome obtained from GenBank
(http://www.ncbi.nim.nih.gov/protein/) (Clarke et al. 2013).

The Mascot search parameters consisted of a maximum of one missed
cleavage site, fixed carbamidomethyl alkylation of cysteines, variable oxidation of
methionine, and a 0.1 mass unit tolerance on parent and fragment ions. The
significance threshold was set at p < 0.05, and only peptides with individual ion
scores above this significance threshold were considered for protein identification.

The MS/MS spectra of protein identifications based on a single peptide and on
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border-line scores were manually inspected for acceptance.

Gene ontology (GO) terms were applied to the identified proteins using
Blast2GO (Go6tz et al. 2008) and also http://amigo.geneontology.org/amigo, where
Blast and annotations were performed with default parameters. Blast2GO was
also used to generate the pie charts of GO terms from molecular functions,
biological processes and cellular components in level 2.

Antigenic peptides are determined using the method of Kolaskar and
Tongaonkar (1990). To predict those segments from within a protein sequence
that are likely to be antigenic by eliciting an antibody response we use as tool
http://imed.med.ucm.es/Tools/antigenic.pl.
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RESULTS

Profile and identification of proteins soluble fraction and of surface
enriched protein resolved on SDS-PAGE

In order to solved the proteins of A. castellanii, we performed SDS-PAGE of
two protein extracts obtained, soluble fraction and fraction of surface enriched
protein from amoebae trophozoites maintained in long-term in vitro culture in
standard conditions. As technical controls, three independent extractions were

prepared and subsequently resolved in SDS-PAGE as seen in figure 1.

A MW (kDa) SF1 SF2 SF3 SEP1 SEP2 SEP3 B MW (kDa) SF1 SF2 §F3 SEP1 SEP2 SEP3

Fig. 1. Electrophoretic profiles of Acanthamoeba castellanii SF and SEP (fraction obtained by
Triton X- 114) extraction. Thirty micrograms of protein from trophozoites were solved by SDS-
PAGE 12% and stained with Coomassie Brilliant Blue G. Molecular mass markers are shown on
the left. (A) Each column shown on the SDS-PAGE gel represents an independent extraction. SF:
soluble fraction. SEP: fraction of surface enriched protein. (B) The details in the columns show the
bands that were excised and treated for analysis in the mass spectrometer. All columns (six to
total) were analyzed, totaling 60 samples and 120 runs in the mass spectrometer.

A. castellanii trophozoite protein extracts solved by SDS-PAGE were
submitted to ESI-Q-TOF MS/MS analysis for protein identification. MS allowed a
total of 503 different proteins identified. A total of 308 proteins were identified
exclusively in the SF, 119 proteins exclusively in SEP and 76 proteins were
identified in both fractions (SF and also in SEP) (Table 1 and Figure 2 - Venn
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diagram) and (Supplementary Table S1, S2 and S3). This is the largest proteomic

data set of an Acanthamoeba species obtained to date.

Table 1. Proteins identified (the ten with greater MASCOT score) from trophozoites of A. castellanii

by LC/MS-MS.
Fraction Protein Mascot Sequence coverage
score® (%)
SF hypothetical protein ACA1_198710 3424 29.2
SF heat shock protein ssal, putative 3253 21.9
SF elongation factor lalpha, somatic form, putative, 3004 22.6
partial
SF hypothetical protein ACA1_084830 2457 38.4
SF hypothetical protein ACA1_084900 2261 329
SF ATP:L-methionine S-Adenosyltransferase 2136 13.7
SF Enolase, Cterminal TIM barrel domain containing 2112 28.7
SF protein 1661 16.1
SF coronin3, putative 1343 13.9
SF GDPassociated inhibitor, putative 1339 27.9
hypothetical protein ACA1_143290

SEP START domain containing protein 5515 39.8
SEP actin subfamily protein 3978 14.1
SEP glycosomal membrane protein 2040 19.2
SEP C8 sterol isomerase 1115 13.4
SEP Oxysterolbinding protein 9, putative 943 17
SEP serpin, putative 612 10.2
SEP prohibitin PHB1, putative 508 41.3
SEP GTPase-activator protein for Ras family GTPase 463 9.2
SEP hypothetical protein ACA1_037930 463 23.7
SEP small Gprotein 412 31
CP Actinl 83978 62.4
CP Actin subfamily protein 49055 49.8
CP eukaryotic porin protein 18911 15.7
CP actin subfamily protein 10968 15.8
CP actin, putative 9655 5.1
CP Actinl, putative 7994 114
CP high molecular weight heat shock protein 5068 23.1
CP ras-related protein Rab-2A, putative 4324 63
CP VATPase subunit A, putative 3927 33.2
CP CMF receptor CMFR1, putative 3803 19.4

SF: Soluble fraction. SEP: enriched extract with surface proteins. CP: Commom proteins (proteins
identified in SF and SEP).
% Mascot score is — 10 x log (P), where P is the probability that the observed match is a random
event. Peptide scores > 25 for Acanthamoeba castellanii database, indicate identity or extensive
homology (p < 0.05).



45

SF CP SEP
308 76 119

Fig. 2. Venn diagram showing the distribution of proteins in different protein extracts. Venn diagram
identifying the total number of common and exclusive of proteins identified. SF: Soluble Fraction.
SEP: Surface-enriched Protein. CP: Common Proteins (proteins identified in both fractions).

Functional analysis of the identified proteins

The functional annotation of the proteins identified in protein extracts from
A. castellanii trophozoites was based on GO terms. In this analysis, 21 GO terms
were assigned for all 503 proteins identified by ESI-Q-TOF MS/MS this study. The
assigned GO terms for molecular function for these three sets of proteins are
summarized in figure 3 and figure 4, and are listed in Supplementary Tables S1,
S2 and S3.

Regarding biological process, all proteins identified in the three sets were
grouped into eleven GO categories. Localization (G0:0051179), -cellular
component organization or biogenesis (G0O:0071840), signaling (G0O:0023052),
cellular process (G0O:0009987), single-organism process (G0O:0044699), metabolic
process (G0:0008152), biological regulation (GO:0065007), response to stimulus
(G0O:0050896), positive regulation of biological process (G0O:0048518), negative
regulation of biological process (GO:0048519) and regulation of biological process
(G0O:0050789). As examples of proteins that were identified in our study and which
are related to biological process we can cite Ras subfamily, Rho family GTPase,
GTPbinding, profilin 1l putative, VATPase subunit A, cytosolic regulator of
adenylate cyclase, ATP synthase, ADPribosylation factor 1 putative, copper/zinc
superoxide dismutase, aspartic proteinase, eukaryotic translation elongation factor
2, alcohol dehydrogenase, prohibitin 2, ubiquitin domain containing protein, actin

related protein 2/3 complex and response regulator receiver domain containing
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protein.

As for GO categories associated with the cellular component they are
extracellular region part (GO:0044421), membrane part (GO:0044425), organelle
part (G0:0044422), cell part (GO:0044464), membrane-enclosed lumen
(G0O:0031974), cell (GO:0005623), extracellular region (GO:0005576), organelle
(G0O:0043226), macromolecular complex (G0O:0032991) and membrane
(G0O:0016020) totalizing ten categories. Proteins such as coatomer subunit
gamma, autophagy-related protein 27 protein, clathrin heavy chain putative,
succinate dehydrogenase, adenine nucleotide translocator, actin, myosin,
response regulator receiver and domain containing protein have been identified
and are related to cellular components.

Finally, the proteins were classified into four groups of molecular-function:
transporter activity (G0O:0005215), catalytic activity (G0O:0003824), binding
(G0:0005488) and structural molecule activity (GO:0005198), where proteins have
been identified as H(+) transporting atpase family protein, eukaryotic porin protein,
dynamin domain containing protein, start domain containing protein, ribosomal
protein S15 putative and 60S ribosomal protein putative.

The number of antigenic determinants realized showed that all proteins
identified in this study present antigenic determinants, but more detailed studies
should be conducted to investigate the real potential antigenic of each identified

proteins (Table 2).



a7

Table 2. Top 5 proteins with the highest number of antigenic peptides identified in this study.

Fraction Protein Number of antigenic determinants
SF Fatty acid synthase complex protein 165
SF AMP-dependent synthetase and ligase 150
SF hypothetical protein ACA1_275620 114
SF protein kinase domain containing protein 104
SF leucine rich repeat domain containing protein 91

SEP ubiquitin interaction motif domain containing protein 111
SEP PremRNA processing splicing factor 8, putative 89
SEP serine/threonineprotein kinase 83
SEP protein kinase domain containing protein 80
SEP tetratricopeptide repeat domain containing protein 76
CP ubiquitin domain containing protein 84
CP clathrin heavy chain, putative 83
CP cullinassociated and neddylation-dissociated 1, putative 42
CP hypothetical protein ACA1_246500 42
CP importin beta subunit 34

SF: Soluble fraction. SEP: enriched extract with surface proteins. CP: Commom proteins (proteins
identified in SF and SEP).
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Fig 3. Functional analysis of proteins identified from A. castellanii trophozoites. The functional

annotation of the proteins was based on Gene Ontology. Proteins were annotated according to

biological processes, molecular functions and cellular components (level 2), using the Blast2GO tool.

The distribution of the proteins in each category is indicated in the sectors of the circle. SEP (extract

enriched with surface proteins) and SF (soluble fraction).
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Fig 4. Functional analysis of proteins identified from A. castellanii trophozoites. The functional
annotation of the proteins was based on Gene Ontology. Proteins were annotated according to
biological processes, molecular functions and cellular components (level 2), using the Blast2GO tool.

The distribution of the proteins in each category is indicated in the sectors of the circle.
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DISCUSSION

Acanthamoeba trophozoites infect a variety of mammalian hosts and cause
infections in humans, as a result of complex interactions between the pathogen-
host, influence of environmental factors and also the immune status of the host
(Siddiqui and Khan, 2012; Visvesvara, 2013). Much of the damage caused by
Acanthamoeba spp. in pathological processes involves numerous different
pathogenic mechanisms which so far are not understood (Lorenzo-Morales et al.
2015). The understanding of these mechanisms depends on the identification of
proteins involved in the pathogen-host inter-play and requires that many studies
proteomic are performed (Wagner et al. 2013; Beltran et al. 2017). Furthermore
proteomic study allows an advance in the diagnosis of disorders caused by this
amoeba (Ricciardi and Ndao, 2015).

Clarke et al. (2013) reported the genome of A. castellanii thereby enabling,
together with mass-spectrometry techniques and protein identification software
that proteomic studies enabling the understanding at the molecular level of the role
of each protein and its potential in both pathogenesis and immunodiagnostic.
Several proteomic studies have been performed in various protozoa characterizing
and identifying proteins (Ali et al. 2012; Biller et al. 2014; Beltran et al. 2017). In
this study we were able to identify numerous proteins directly related to the
pathophysiological process caused by Acanthamoeba.

Proteins as actin, actin subfamily protein, actin-binding protein, tubulin,
calponin, profilin, factin-capping protein, coronin and myosin are proteins identified
in our study and are wich belong to the cytoskeleton (Caumo et al. 2014; Lorenzo-
Morales et al. 2015). The first step in the pathogenesis of Acanthamoeba is the
ability of amoebae to bind to the epithelium (Marciano-Cabral and Cabral, 2003).
Acanthamoeba trophozoites have multiple membrane projections called
acanthopodia, which are primarily composed of fibres and bundles of actin
(Gonzalez-Robles et al. 2008). The physiology of these structures is related to the
adhesion process and the cytopathic effect, indicating the importance of the
cytoskeleton in the establishment and spread of infection (Soto-Arredondo et al.
2014). Cell projection was identified as a process that is involved in the
pathogenesis of AK and AGE (Marciano-Cabral and Cabral, 2003; Soto-Arredondo
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et al. 2014).

The cytoskeleton is essential to all eukaryotic cells, participating directly in
structural roles, assembly of actin into filaments powers diverse cellular processes,
including cell motility and endocytosis (Bosch and Siderovski, 2013; Zysset-Burri
et al. 2014). Many biological processes, such morphological transformation and
the pathogen-—host interactions require remodeling of the cytoskeleton in response
to intracellular and extracellular signals (Gonzéalez-Robles et al. 2008; Caumo et
al. 2014). It was previously demonstrated by Verissimo et al. (2013) that this
isolate of Acanthamoeba castellanii (ATTCC 30010), while maintained in culture,
as used here, were able to establish systemic infections in the rats.

Proteins as adp-ribosylation factor 1, clathrin heavy chain, rasrelated
protein rab-2b, ras-related protein rab-2a, putative, ankyrin domain protein,
coatomer and clathrin heavy chain identified in the study generally associate with
cell membranes and regulate vesicular traffic/vesicle-mediated transport and
intracellular signalling (Serbzhinskiy, et al. 2015). The second important element
involved in adhesion is the number of acanthopodia on the amoebic surface, once
attached, intracellular signaling processes trigger the pathogenic cascade involved
in the pathogenesis of Acanthamoeba keratitis (Lorenzo-Morales et al. 2015). Rab
proteins are ubiquitous small gtp-binding proteins that form a highly conserved
family and regulate vesicular traffcking (Law et al. 2017; Frei et al. 2006). Proteins
rab present the dynamism of the membrane transport and the committed reliance
that these proteins in the determination of specificity of vesicular trafficking in
unicellular protozoan parasite (Saito-Nakano et al. 2005).

Another protein potentially important in the infection process is eukaryotic
porin protein, present in membranes and various internal organelles of cells which
has been assigned several biological functions, such as transmission of external
information, movement of nutrients and waste products, transfer of energy across
membranes (Behera and Satpathy, 2016; Blachly-Dyson and Forte, 2001). In
characterise and analyze the expression pattern of proteins of infective trophozoite
and cyst forms of Acanthamoeba spp. isolated from an amoebic keratitis patient,
Behera and Satpathy (2016) identified the presence of eukaryotic porin protein.
Potentially this protein may be involved in pathological processes caused by

Acanthamoeba.
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The identification of proteins from the surface-enriched protein fraction
possibilities for future studies on the pathogenesis, virulence factors, immunogenic
potential and drug interaction in A. castellanii and other species. Proteins as gdp-
mannosepyrophosphorylase, lim domain protein, leucine rich repeat domain
containing protein, vtype atpase, are proteins of membrane and showing antigenic
determinants. Studies have identified these proteins of surface in E. histolytica,
calreticulin, LIM and Rab proteins have helped to elucidate mechanisms of
virulence (Bosch and Siderovski, 2013; Biller et al. 2014; Hanadate et al. 2016).
C2 domain protein kinase, protein also identified in our study initiates phagocytosis
in the protozoan parasite Entamoeba histolytica, in Acanthamoeba it has an
essential role in survival and pathogenesis (Somlata et al., 2011). It has been
observed that Acanthamoeba phagocytose and/or engulfs corneal epithelial cells
and that this activity is mediated via amoebastomes present on the surface of
amoebae (Khan, 2001).

ATPases proteins were identified these studies, ATPases are glycoproteins
expressed in the plasma membranes with their active sites facing the external
medium. ATPases hydrolyze extracellular ATP and other nucleoside triphosphates
(Sissons et al. 2004; Lorenzo-Morales et al. 2015). The resultant ADP can have
toxic effects on the host cells (Lorenzo-Morales et al. 2015). Studies have shown
that ATPase plays an important role in the phagocytosis process and coupled
transport of small molecules carried out by the protozoan Entamoeba histolytica
(Meléndez-Hernandez et al. 2008).

Two superoxide dismutases have been identified in Acanthamoeba these
study: an iron superoxide dismutase and a copper-zinc superoxide dismutase.
They may be potential virulence factors of Acanthamoeba by acting both as anti-
oxidants and anti-inflammatory agents (Choi et al. 2000; Lorenzo-Morales et al.
2015). A. castellanii iron superoxide dismutase may play essential roles in the
survival of amoebae not only by protecting themselves from endogenous oxidative
stress, but also by detoxifying oxidative killing of amoebae by host immune
effector cells (Kim et al. 2012). They may also provide additional targets for
chemotherapy and immuno-diagnosis of Acanthamoeba infections (Lorenzo-
Morales et al. 2015). E. histolytica trophozoites live in an anaerobic or

microaerobic environment in the large intestine where they are exposed to a low
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concentration of oxidants from the metabolism of themselves (Jeelani and Nozaki,
2016). However, once trophozoites invade the tissues, they must survive both a
high oxygen environment attributable to circulation and exposure to the oxidative
burst from primary protective host immune cells including neutrophils and
macrophages (Anaya-Velazquez and Padilla-Vaca 1991; Jeelani and Nozaki,
2016). E. histolytica lacks most of the typical components of the eukaryotic
oxidative stress defense systems including catalase, peroxidase and iron
superoxide dismutase (Fe-SOD) (Jeelani and Nozaki, 2016). Thus, proteins
related to oxidative stress may be directly related to the pathophysiology of AK
and EAG. All the proteins mentioned were identified in this study.

The study carried by Bouyer, et al. (2009) performed with two-dimensional
gel electrophoresis to compare protein expression in trophozoite and cyst forms of
A. castellanii. Three of the proteins were specifically expressed in the thophozoite
form as actophorin, ribosomal protein S12 and elongation. Others three proteins
were specifically expressed in the cyst form, of these, heat shock protein 70 and
gelation factor and enolase. All the mentioned proteins were identified in our study.

Proteins as HSP70, HSP90, HSP91 related to protein turnover and other
proteins with chaperone activity, proteasome, ubiquitin and chaperone Dnak were
identified in this study and also observed by Caumo, et al. (2014). Heat shock
proteins are considered to be inducible protective proteins that are critical for
pathogen survival, as well as immune-reactive proteins that are important in
parasitic infection (Wang et al. 2009; Caumo et al. 2014). Heat shock protein 90
alpha and heat shock protein gp96 are directly related with response to stress. In
study performed by Singh et al. (2015), observed also that heat shock protein 90
regulates encystation in Entamoeba. Cytosolic heat shock protein 90 has been
shown to be essential for many infectious pathogens and is considered a potential
target for drug development (Singh et al. 2014).

Caumo, et al. (2014) performed a comprehensive analysis of the proteins
expressed by A. polyphaga trophozoites based on complementary 2-DE MS/MS
and gel-free LC-MS/MS approaches identifying 202 proteins. One hundred and
one of the 202 proteins were also found in our proteomic analysis of A. castellanii
trophozoites, showing the genetic similarity among Acanthamoeba species.
Among the identified proteins by Caumo, et al. (2014) and this study, calreticulin
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that presents 11 antigenic determinats, is a protein that can potentially interact
with host receptors and signaling machinery was also found to be immuno-reactive
in other works (Wang, et al. 2009). Sanchez, et al. (2016) showed that calreticulim
is a protein potential for A. castellanii infection immunodiagnosis in human
infections.

Proteins related to various metabolic process also were identified,
phosphoglycerate kinase, triosephosphate isomerase, glucose-6-phosphate
isomerase, citrate synthase, elongation factor 1 alpha, malate dehydrogenase,
60S ribosomal protein and transketolase that are involved in processes such as
glycolytic process and metabolic processes typically transform small molecules,
but also include macromolecular processes such as DNA repair and replication,
and protein synthesis and degradation (Clarke et al. 2013; Caumo et al. 2014;
Lorenzo-Morales et al. 2015; Moon et al. 2016; Alves et al. 2017). Many of these
proteins are directly related to the vegetative form of the parasite and
consequently are involved in processes of cell division, obtaining energy, motility
and thus migration in a host. Proteins as ribosomal L40e family, serine/threonine
kinase, hypothetical protein ACA1_ 306820, fattyacid synthase complex protein
and RasGEF domain containing identified in our study, were also characterized in
the proteomic study conducted by Huang et al. (2016), where this author used
clinical isolates of Acanthamoeba.

The GO classification carried out to functionally annotate the proteins
identified here resulted in data comparable especially with the work done by
Caumo et al. (2014), and too to those reference proteomes of other pathogens. In
our study most of the proteins were assigned to the classes of biological process
(11 GO categories) and cell components (10 GO categories). Regarding molecular
function four GO categories were observed. In the study performed by Caumo, et
al. (2014) biological process (14 GO categories) and molecular function (9 GO
categories) were the main observed classes. This predominance of proteins
involved in biological processs may be a consequence of the vegetative growth
and increased cellular activity exhibited by the Acanthamoeba active trophozoite

stage.
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Our proteomic analyses surveyed, for the first time, the repertoire
considerable of proteins expressed by A. castellanii trophozoite. This proteome
study of Acanthamoeba castellanii will be a useful reference for immunological
studies aiming toward the identification of antigenic proteins and development of

new drugs.
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ABSTRACT

Acanthamoeba is an opportunistic protozoan and is well recognized to produce
serious human infections, including acanthamoeba keratitis and a fatal
encephalitis named Granulomatous Amoebic Encephalitis. This review presents
current aspects related to the diagnosis of Acanthamoeba infections. Among all
diagnostic procedures, corneal scraping, microscopy of biological material as
cerebrospinal fluid and smear examination are essential diagnostic methods.
Polymerase chain reaction is presenting as a sensitive and accurate detection
method. Culturing remains the gold standard of Acanthamoeba laboratory

diagnosis.
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Acanthamoeba and human infections

Acanthamoeba spp. is an opportunistic protist that is ubiquitously distributed
in the environment (Siddiqui and Khan, 2012). The life cycle of Acanthamoeba
consists of two stages: an actively feeding, dividing trophozoite that is recognized
to be the infective stage and a dormant and extremely resistant cyst (Khan, 2006).

Diseases caused by Acanthamoeba spp. in humans include Acanthamoeba
keratitis (AK), granulomatous amoebic encephalitis (GAE) and disseminated
amoebic disease (Marciano-Cabral and Cabral, 2003).

AK is a rare sight threatening corneal infection and the main risk factors are
contact lens wear for extended periods, corneal trauma, non-sterile contact lens
rinsing, swimming while wearing contact lenses and biofilm formation on contact
lens (Lorenzo-Morales et al., 2015). Clinical manifestations of AK include
excruciating pain characterized by redness, epiphora, lacrimation, eyelid diptosis,
conjonctival hyperhemia, foreign body sensation and photophobia (Marciano-
Cabral and Cabral, 2003; Lorenzo-Morales et al., 2015). AK can be difficult to
diagnose and treat, and is frequent the occurrence of secondary bacterial
infections (Siddiqui and Khan, 2012).

GAE is a disease which is characterized by a chronic protracted slowly
progressive central nervous system (CNS) infection (Baig, 2015). GAE is generally
associated with individuals who already have underlying diseases such as
malignancies, systemic lupus erythematosus, skin ulcers, human
immunodeficiency virus (HIV) infection or Hodgkin’s disease (Marciano-Cabral and
Cabral, 2003; Siddiqui and Khan, 2012). The route of infection is thought to be by
inhalation of amoebae through the nasal passages and lungs or introduction
through skin lesions (Marciano-Cabral and Cabral, 2003). Access to the CNS may
be by hematogenous spread from a primary site in the lungs or skin or directly
through the olfactory neuroepithelium (Visvesvara et al.,, 2007). The clinical
symptoms may resemble viral, bacterial or tuberculosis meningitis and include
headache, confusion, nausea, vomiting, fever, lethargy, stiff neck, focal neurologic
deficits, or signs of increased intracranial pressure (Siddiqui and Khan, 2012).


https://www.ncbi.nlm.nih.gov/pubmed/?term=Visvesvara%20GS%5BAuthor%5D&cauthor=true&cauthor_uid=17428307
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A complete understanding of the pathogenesis and pathophysiology of
these infections will undoubtedly lead to the development of diagnostic advances
and therapeutic interventions (Siddiqui et al., 2011; Lorenzo-Morales et al., 2015).

Diagnostic of infections caused by Acanthamoeba

The diagnostic of infections caused by Acanthamoeba include direct
microscopy of biological material as cerebrospinal fluid (CSF) or CSF sediment,
corneal scrapings and methods for in vitro cultivation of Acanthamoeba also have
been used for laboratory diagnosis. Computed tomography and magnetic
resonance imaging have been performed on some patients (Marciano-Cabral and
Cabral, 2003; Yuehua et al., 2014; Lorenzo-Morales et al., 2015).

CSF, brain tissue, or material from cutaneous or sinus lesions and corneal
scrapings can be inoculated into ameba growth medium, onto nonnutrient agar
(NNA) plates containing a layer of Escherichia coli or Enterobacter aerogenes
cells, or onto monolayers of cultured mammalian cells (Marciano-Cabral and
Cabral, 2003; Borin et al., 2013; Yuehua et al., 2014).

Depending on the density of amoebae, Acanthamoeba can be observed
after 24 hours of inoculation (Rocha-Azevedo et al., 2009). Corneal biopsy has
been suggested when repeated cultures of corneal scrapings are negative (Ficker
et al. 1991; Yuehua et al., 2014). Corneal or conjunctival swabs are generally not
suitable for isolation of Acanthamoeba (Marciano-Cabral and Cabral, 2003).
Histological diagnosis can be made on the basis of frozen or paraffin-embedded
sections of brain or cutaneous lesion biopsy material stained (Marciano-Cabral
and Cabral, 2003; Yuehua et al., 2014).

Immunofluorescent or immunoperoxidase cytochemical staining of cryostat
sections or infected tissues embedded in paraffin, as well as transmission electron
microscopy of infected tissues, has been employed for identification of
Acanthamoeba with great success (Marciano-Cabral and Cabral, 2003; Yuehua et
al., 2014).

Ocular infections with Acanthamoeba are many times difficult to diagnose
because they can resemble those due to herpes simplex virus, Pseudomonas

aeruginosa, or fungal infection. As a result, there is often a significant delay in
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formulating an appropriate diagnosis before treatment is started (Siddiqui and
Khan, 2012).

For cytological diagnosis, various staining methods can be employed. The
indirect immunofluorescent-antibody assay has been used to detect amoebae in
corneal scrapings or in biopsy tissue (Rocha-Azevedo et al., 2009). Calcofluor
white, a chemo fluorescent dye with an affinity for the polysaccharide polymers of
amebic cysts, has been used to identify amebic cysts in corneal tissue (Marciano-
Cabral and Cabral, 2003; Rocha-Azevedo et al., 2009).

The diagnosis of AK can also be made by in vivo confocal microscopy
(IVCM). The Acanthamoeba cysts appearing as hyper-reflective, spherical
structures usually well defined because of their double wall, but the trophozoites
are difficult to distinguish from leukocytes and keratocyte nuclei (Wincheste et al.
1995; Vaddavalli et al. 2011; Lorenzo-Morales et al. 2015). However, the direct
detection of the causative agent in a corneal scrape specimen is a reliable
diagnostic method for AK.

In addition to various staining methods, the usefulness of PCR for detection
of Acanthamoeba has been demonstrated (Costa et al., 2017). Studies in which
clinical isolates have been identified based on sequence types have shown that
the majority of strains causing keratitis belong to genotype T4 (Siddiqui and Khan,
2012; Lorenzo-Morales et al., 2015).

Immunological techniques may be used to diagnose AK, but this technology
is still not available and is found in developmental stages. The great problem is
that due to ubiquity of this amoeba, more than 70% of of healthy human being
displayed anti-Acanthamoeba antibodies (Yuehua et al., 2014; Lorenzo-Morales et
al., 2015).

Epstein et al. (1986) ever rapidly diagnosed two cases of Acanthamoeba
keratitis which were misdiagnosis as herpes simplex keratitis by indirect
immunofluorescent antibody staining. Sharma et al. (2001) describe a simple
procedure of immunoperoxidase (IP) technique, using indigenously raised
antibody, to screen corneal scrapings for Acanthamoeba cysts and trophozoites.
The immunoperoxidase technique was a simple and useful test in the diagnosis of
AK. In that study, the sensitivity and specificity were 100% and 94%, respectively.
Immunoperoxidase technique is also efficient to detect Acanthamoeba in host
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tissue. Cysts and trophozoites are easily detected by transmission electron
microscopy. HSP70 a protein potentially involved in pathogen survival
mechanisms was previously identified as an antigenic protein by 2DE immunoblot
experiments using infected rat serum with A. polyphaga (Caumo et al. 2014).

Toriyama et al. (2015) developed an immunochromatographic assay kit that
uses fluorescent silica nanoparticles bound to anti-Acanthamoeba antibodies
(fluorescent immunochromatographic assay [FICGA]). Assays using this method
with samples of Acanthamoeba trophoz¢  and cysts diluted to various
concentrations, shown high sensitivity for detection of Acanthamoeba and may be
useful for the diagnosis of AK.

More recently, Sanchez et al. (2016) showed that calreticulin, a possible
surface antigen, presented significant results in the use of this protein, being most
recognized by sera from encephalitis of infected rats in comparison with the non-
infected controls. These results showed the calreticulin as a potential for A.
castellanii infection immunodiagnosis in animals, with further studies being

required for assessment of its use for human infections.

CONCLUSIONS

The number of reported cases of Acanthamoeba keratitis is increasing
worldwide every year and the clinical suspicion is the first and most vital step in
managing diagnostic of infections caused by Acanthamoeba. Early diagnosis is
very important to improve the prognosis. Culture remains the gold standard of
Acanthamoeba laboratory diagnosis, but today several PCR-based techniques are
also well established and usually increase sensitivity significantly. Immunological
tools for diagnosis still stop in the ubiquity of the parasite, as the majority of the

population of healthy human being displayed anti-Acanthamoeba antibodies.
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5 DISCUSSAO GERAL

Trofozoitos de Acanthamoeba spp. sdo a forma
metabolicamente ativa e também forma infectante para humanos como
resultado de uma complexa interacdo entre patdogeno e hospedeiro.
Grande parte dos danos causados pela Acanthamoeba em infeccbes
da cornea ou no cérebro de humano € resultante de varios fatores de
viruléncia, sendo que destes processos, poucos Sao 0S aspectos
conhecidos em nivel molecular.

Assim sendo, estudos protebmicos abrangentes séo Uteis
para a elucidacdo de tais fatores, a partir da identificacdo de proteinas
envolvidas na interface patdgeno-hospedeiro e de outras que
participam ou viabilizam a infec¢éao.

Visando tentar auxiliar nesse entendimento, o0 presente
trabalho realizou um estudo protedmico de trofozoitos de um isolado
ambiental de A. castellanii (ATCC 30010), pertencente ao grupo
genotipico T4 e obtido a partir de amostra do solo. Embora um isolado
ambiental, essa cepa viabilizou a infeccdo da cornea bem como
infeccdo sistémica em modelos animais (Verissimo et al. 2013).

No presente trabalho, utilizamos diferentes metodologias de
extracdo de proteinas juntamento com estratégias experimentais
complementares SDS-PAGE e LC-MS/MS para analisar proteinas
expressas a partir de trofozoitos de A. castellanii. Como resultado final,
obtivemos representado o maior conjunto de proteinas identificadas
(dados protedmicos) de Acanthamoeba spp. até o momento (503
proteinas identificadas ao total), permitindo assim que futuros estudos
comparativos entre espécies e até mesmo entre isolados virulentos
sejam realizados. Em trabalho ja realizado por nosso grupo, Caumo et
al. (2014) identificou um total de 136 proteinas a partir de trofozoitos de
Acanthamoeba polyhaga.
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O perfil gerado no presente trabalho pelas diferentes fracdes
protéicas (fracdo enriquecida com proteinas de superficie e fracéo
soluvel) no SDS-PAGE apresentou diferencas significativas e
marcantes, evidenciando o sucesso nos protocolos utilizados.

Esse é o primeiro estudo proteémico com trofozoitos de
Acanthamoeba castellanii que utilizou uma metodologia para a
extracdo de proteinas de membranas (fracdo enriquecida com
proteinas). Receptores celulares sédo classificados com relagdo a sua
localizacdo celular, podendo ser receptores de superficie celular ou
receptores intracelulares. Receptores de superficie celular séo
proteinas integrais transmembrana, presentes na membrana
citoplasmatica, sendo que uma série de proteinas integrais de
membrana, presentes no sistema de endomembranas, que também
atuam como receptores. Assim a identificacdo de proteinas a partir
dessa metodologia de extracdo possibilita uma nova abordagem
principalmente para a investigacdo de proteinas que possivelmente
sejam importantes e essenciais na interacdo entre Acanthamoeba e
célula do hospedeiro (Hennig et al. 2015).

Foi observada a identificacdo de proteinas que estédo
potencialmente envolvidas nos processos de adesdo, invasdo e
consequentemente na patogenicidade desse protozoario, assim a
patogénese da Acanthamoeba spp. pode ser melhor estudada e
compreendida. Proteinas relacionadas em processos fisioldgicos desse
protozoario também foram identificadas. A partir desses resultados aqui
apresentados, estudos mais especificos podem entéo ser conduzidos a
fim de elucidar a real participacdo destas em possiveis rotas
metabdlicas e fisioldgicas dessa ameba.

Com o objetivo de avaliar o potencial antigénico das
proteinas identificadas no estudo, uma predigéo “in silico” foi realizada.
Varias proteinas apresentaram uma grande quantidade de peptideos
antigénicos. A partir desses resultados prévios, estudos especificos

podem ser conduzidos para realmente comprovar o potencial
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antigénico das proteinas e talvez identificar uma proteina como real
candidata a um teste de imunodiagndstico.

Atualmente o diagnostico se baseia na observacdo do
parasito basicamente através da cultura ou ainda pela utilizacdo de
ferramentas moleculares como a PCR. Devido a alta morbidade e
mortalidade (nos casos de encefaite amebiana) a identificagdo do
agente etioldgico € de extrema importancia e muitas vezes a cultura
pode levar varios dias para apresentar positividade para o parasito.

Assim sendo, uma ferramenta de imunodiagndstico sensivel
e especifica seria de grande valia para a identificacdo das
enfermidades ocasionadas por Acanthamoeba. Até o momento
técnicas imunoldgicas estdo ainda em estudo e consequentemente a
caracterizacdo protebmica de Acanthamoeba spp se torna
extremamente importante para possibilitar e viabilizar alguma técnica

imunoldgica.
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6. CONCLUSOES

Este estudo € a primeira analise protedmica do repertorio de
proteinas expressas por trofozoitos de A. castellanii e o estudo
prote6mico mais abrangente realizado para o género.

O protocolo de extracdo de proteinas solUveis apresentou
reprodutibilidade para a identificacdo da maioria das proteinas deste
estudo.

O protocolo de extracdo da fracdo enriquecida com
proteinas de membrana apresentou reprodutibilidade e permitiu a
identificacdo de 119 proteinas.

A caracterizacdo funcional realizada apresenta a
possibilidade de uma melhor compreenséao da fisiopatologia tanto da
ceratite como das demais enfermidades causadas por A. castellanii..

A verificacdo da presenca de peptideos antigénicos nas
proteinas identificadas possibilita que futuros estudos, mais
especificos, sejam realizados a fim de obter um método de
imunodiagnaéstico sensivel e especifico para Acanthamoeba spp.

Atualmente dentre os métodos utilizados para o diagndstico
a cultura se mantem como a mais utilizada, sendo considerado o
padrdo ouro para o0 diagnéstico das patologias causadas por
Acanthamoeba spp.

Técnicas como bidpisa de tecido, microscopia direta da

amostra biolégica e ferramentas moleculares também séo utilizadas.
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Abstract Acanthamoeba spp. are free-living amoebae
that are ubiquitously distributed in the environment and can
cause encephalomyelitis in animals and humans. The fac-
tors that contribute to Acanthamoeba infections include
parasite biology, genetic diversity. environmental spread,
and host susceptibility. The aim of the present study was to
characterize isolates of Acanthamoeba from the nasal
mucosa and cutaneous lesions of dogs in order to access the
occurence and pathogenicity of these organisms in this
animal group. We studied 13 isolates of Acanthamoeba
confirmed by polymerase chain reaction. They were
sequenced, the genotype was determined, and their poten-
tial of pathogenicity was evaluated.



82

Acta Tropica 140 (2014) 166-172

Contents lists available at ScienceDirect

ACTA
TROPICA

Acta Tropica e

journal homepage: www.elsevier.com/locate/actatropica

Proteomic profiling of the infective trophozoite stage of @Cmgmk
Acanthamoeba polyphaga

Karin Silva Caumo®', Karina Mariante Monteiro®, Thiely Rodrigues Ott”,
Vinicius José Maschio?, Glauber Wagner¢, Henrique Bunselmeyer Ferreira®*,
Marilise Brittes Rott?

4 Laboratdrio de Parasitologia, Instituto de Ciéncias Bdsicas da Satide, Departamento de Microbiologia, Imunelogia e Parasitologia, Universidade Federal do
Rio Grande do Sul, CEP: 90050170 Porto Alegre, RS, Brazil

b Laboratério de Gendmica Estrutural e Funcional, Centro de Biotecnologia, Universidade Federal do Rio Grande do Sul, CEP: 91501-970 Porto Alegre, RS,
Brazil

¢ Laboratorio de Doengas Infecciosas e Parasitdrias, Universidade do Oeste de Santa Catarina, CEP: 89600-000 Joacaba, 5C, Brazil

ARTICLE INFO ABSTRACT

Article history: Acanthamoeba polyphaga is a free-living protozoan pathogen, whose infective trophozoite form is capable
Received 25 April 2014 of causing a blinding keratitis and fatal granulomatous encephalitis in humans. The damage caused by A.
Received in revised form 31 July 2014 polyphaga trophozoites in human corneal or brain infections is the result of several different pathogenic
Accepted 8 August 2014

mechanisms that have not yet been elucidated at the molecular level. We performed a comprehensive
analysis of the proteins expressed by A. polyphaga trophozoites, based on complementary 2-DE MS/MS
and gel-free LC-MS/MS approaches. Overall, 202 non-redundant proteins were identified. An A. polyphaga

Available online 18 August 2014

iim';!ﬁ;'oeba proteomic map in the pH range 3-10 was produced, with protein identification for 184 of 370 resolved
Trophazoite spots, corresponding to 142 proteins. Additionally, 94 proteins were identified by gel-free LC-MS/MS.
2.DE Functional classification revealed several proteins with potential importance for pathogen survival and
LC-MS/MS infection of mammalian hosts, including surface proteins and proteins related to defense mechanisms.
Global protein analysis Our study provided the first comprehensive proteomic survey of the trophozoite infective stage of an
Pathogen-host interaction Acanthamoeba species, and established foundations for prospective, comparative and functional studies

of proteins involved in mechanisms of survival, development, and pathogenicity in A. polyphaga and other
pathogenic amoebae.
© 2014 Elsevier B.V. All rights reserved.
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Abstract Acanthamoeba is a protist potential pathogen,
capable of causing a blinding keratitis in contact lens wearers
and disseminated infection, leading to granulomatous amebic
encephalitis in immunocompromised individuals. This
amoeba is a ubiquitous organism that has been isolated from
various domestic water systems, such as cooling towers and
hospital water networks. The objective of this work was to
investigate the presence of Acanthamoeba in mineral water
bottles marketed in Porto Alegre, southern Brazil. Positive
samples were further classified at the genotype level after
sequencing the ASA.S1 region of 18S rDNA gene. Six of the
eight isolates belonged to T5 genotype, one to T4 genotype,
and one was Tl1. Several genotypes have been reported
worldwide as causative of pathologies in humans, including
genotypes T4, TS and T11. Overall, the widespread distri-
bution of potentially pathogenic Acanthamoeba strains in the
studied source demands more awareness within the public
and health professionals, because this pathogen is emerging
as a risk for human health worldwide.



84

Evaluation of the immunodiagnostic potential of a
recombinant surface protein domain from Acanthamoeba
castellani

ALEMAO G. CARPINTEYRO SANCHEZ', VERIDIANA GOMES VIRGINIO?,
VINICIUS JOSE MASCHIO!, HENRIQUE BUNSELMEYER FERREIRA? and

MARILISE BRITTES ROTT!**

! Programa de Pés-graduacdo em Microbiologia Agricola e do Ambiente, Instituto de Ciencias Bdsicas e da Saide,
UFRGS, Porto Alegre, RS, Brazil

2 Laboratdrio de Gendémica Estrutural e Funcional, Centro de Biotecnologia, UFRGS, Porto Alegre, RS, Brazil
3D.ezpar.-ﬁ:nm:?m:a de Biologia Molecular e Biotecnologia, Instituto de Biociéncias, UFRGS, Porto Alegre, RS, Brazil
4D£par£amen£o de Parasitologia, Instituto de Ciéncias Basicas da Saiide, UFRGS, Porto Alegre, RS, Brazil

(Received 7 April 2016, revised 10 Fune 2016, accepted 26 Fune 2016)

SUMMARY

Acanthamoeba spp. are free-living protists widely distributed in environment, able to cause keratitis, encephalitis and skin
lesions in humans and animals. A canthamoeba spp. exist in two forms: an infective trophozoite and a dormant cyst. Several
factors contribute to the pathogenesis of Acanthamoeba spp. The parasite adhesion to the host cell is the primary step for
infection and is mediated by a mannose binding-protein, expressed in the surface and considered the main pathogenicity
factor in Acanthamoeba spp. So far, there was no evidence of another surface protein of Acanthamoeba spp. relevant for host
invasion or infection by these organisms. The aims of this study were to identify and characterize an Acanthamoeba cas-
tellanii surface protein and to evaluate its diagnostic potential. In silico predictions of surface proteins allowed to identify
the A. castellanii calreticulin as a possible surface antigen. The coding sequence of a predicted extracellular domain of
A. castellanii calreticulin was cloned by in vivo homologous recombination and the recombinant polypeptide
(AcCRT3g 130) was produced. Its immunodiagnostic potential was assessed in a recombinant antigen-based ELISA
with sera from experimentally infected rats that developed keratitis and encephalitis, and sera from patients with enceph-
alitis. The AcCRT 29130 was significantly more recognized by sera from encephalitis infected rats in comparison with the
non-infected controls. Human sera from encephalitis patients, however presented no significant response. These results
showed the AcCRTyq ;3 potential for 4. castellanii infection immunodiagnosis in animals, with further studies being
required for assessment of its use for human infections.

Key words: Acanthamoeba castellanii, calreticulin, recombinant protein, immunodiagnostic, ELISA.



