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ESTUDO DE GLICIDIOS DE Angiostrongylus cantonensis E O
PAPEL NO IMUNODIAGNOSTICO

RESUMO

Angiostrongylus cantonensis é um nematdédeo parasita, principal agente etioldégico
da meningite eosinofilica (ME) em humanos, doenga endémica em diversos paises
tropicais e subtropicais. A ME se caracteriza pela eosinofilia >10% no liquor, e
histérico de ingestdo de moluscos crus, ja que estes sdo hospedeiros intermediarios
do Angiostrongylus. O diagndstico definitivo € raramente possivel através da
visualizacdo da larva no liquor. Testes sorologicos envolvendo principalmente a
deteccdo do componente de 31-kDa, que apresenta alta sensibilidade e
especificidade, tem sido empregados como uma alternativa diagnostica. O antigeno
de 31-kDa é composto por glicoproteinas e tentativas em produzi-lo de maneira
recombinante, em modelos procariéticos ou eucariéticos, ndo tiveram sucesso em
manter o reconhecimento imunolégico, provavelmente pela incorreta ou insuficiente
glicosilagdo das moléculas. Devido a falta de informacdo sobre glicidios de A.
cantonensis e a necessidade de produzir um antigeno padrdo capaz de ser usado
em um teste de diagnostico para distribuicAo mundial, o objetivo principal deste
trabalho foi estudar o perfil glicidico de A. cantonensis e o papel dessas moléculas
no imunodiagnoéstico da ME. Foram utilizados extratos soluveis totais (ET) de vermes
adultos machos e fémeas e produtos de excrecao e secrecdo (ES) como fontes dos
glicidios e glicoconjugados estudados. Os N-glicidios e glicoconjugados do ET de
verme fémea de A. cantonensis e o0 antigeno de 31-kDa foram analisados e
identificados por espectrometria de massa (EM) e lectina array, e a importancia
imunogénica destas moléculas foi caracterizada por tratamento com glicosidases
aliado a dot blot ou Western blot. Além disso, foi investigada a presenca de enzimas
envolvidas na sintese de diferentes glicidios a partir de andlises in silico do genoma
e transcriptoma do Angiostrongylus. Diversos N-glicidios foram identificados nas
amostras analisadas. Estes continham estruturas complexas, com antenas
truncadas contendo galactose e N-acetilgalactosamina em posi¢cdes terminais e
nucleo ais fucosilado. As mesmas estruturas terminais foram identificadas pela
analise de Lectin Array. Em relacéo a analise in silico da biossintese de glicidios em
Angiostrongylus, foram identificados oito genes envolvidos na sintese de N-glicidios,
entre eles GCS1; GANAB, MAN1, MGAT2 e FUT8; e pelo menos trés genes
envolvidos na sintese de O-glicidios, GALNT, C1GALT1 e OFUTL1. Os N-glicidios se
mostraram essenciais para a imunogenicidade do antigeno de 31-kDa quando soros
positivos para A. cantonensis foram testados. Uma modelagem in silico dos
componentes de 31-kDa, demonstrou sitios de glicosilacido para N-glicidios, e previu
as mesmas estruturas que foram identificadas por EM. Em conjunto, os dados
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gerados neste estudo mostraram a importancia de glicidios para o diagnéstico de
angiostrongiliases e também o repertério de glicidios que este parasito pode
produzir. Este trabalho é uma contribuicdo importante para o desenvolvimento de um
diagnostico padrdo para a ME e também para novas perspectivas no estudo do
diagnéstico de angiostrongiliases, biologia do parasito e relacdo parasito-
hospedeiro.

Palavras Chave: Angiostrongylus cantonensis, Glicidios, Imunodiagnéstico,

Angiostrongyliase, Analise de glicidios.
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GLYCAN STUDY OF THE Angiostrongylus cantonensis AND THEIR
ROLE ON THE IMMUNODIAGNOSIS

ABSTRACT

Angiostrongylus cantonensis is a nematode parasite, main etiologic agent of the
eosinophilic meningitis (EM) in humans, a disease endemic in many tropical and sub
tropical countries. The diagnosis of EM involves clinical evaluation, eosinophils
counting >10% in liquor, and consuming historical of raw mollusks, as they are the
intermediate hosts of the Angiostrongylus. Definitive diagnosis through larvae
visualization in the liquor is rare. Serological test, mainly involving the 31-kDa
component detection, which presents high sensitivity and specificity, has been
employed as an alternative way for diagnostic. The 31-kDa antigen is composed for
glycoproteins and tentatives in producing it in a recombinant way, using either
prokaryotic or eukaryotic models, were inable to mantain immunological recognition,
probably due the lack or deficient glycosilation of the molecules. Due the lack of
information about A. cantonensis glycans and the need of producing a standard
antigen able to be used worldwide in a diagnostic test, the main goal of this work was
to study the A. cantonensis glycan profile and their role on the immune diagnosis of
EM. It was used total soluble extract (TE) and excretory-secretory products (ES) as
sources of glycans and glycoconjugates. The N-linked glycans and glycoconjugates
from A. cantonensis female TE and 31-kDa antigen were analyzed and identified by
mass spectrometry (MS) and lectin array, and the immunogenecity of these
molecules were characterized by dot blot and Western blots. Furthermore, It was
investigated the biosynthesis routes of glycans using in silico analysis of the
Angiostrongylus genome and transcriptome dataset. N-glycans containing complex
structures, with truncated antennas containing terminal with galactose and N-
acetylgalactosamine, and core ai-s fucosylated were identified. Lectin array analysis
could also dentify Gal and GalNAc structures in Angiostrongylus glycoconjugates.
Eight genes involved with biosynthesis of N-glycans, among them GCS1; GANAB,
MAN1, MGAT2 and FUTS8; and three involved with O-glycan biosynthesis, GALNT,
C1GALT1 e OFUT1 were found by in silico analysis. Immunogenicity of the 31-kDa
antigen is tottaly dependent of N-glycans and not to O-glycans. Modeling of proteins
of the 31kDa component showed N-glycosilation sites and predicted structures that
were the same identified by MS analysis. Taking together, the data generated in this
study shown the glycan importance for angiostrongyliasis diagnosis and also the
glycan repertoire that Angiostrongylus produces. This work is an important
contribution to the development of a standard diagnosis for EM and also for new



perspectives in the study of angiostrongyliasis diagnosis, parasite biology and host-
parasite relationship.

Keywords: Angiostrongylus cantonensis, Glycans, Immunodiagnosis,

Angiostrongyliasis, Glycans analysis.
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1 CAPITULO 1

1.1 Introducéo

1.1.1 Angiostrongylus cantonensis

1.1.1.1 Parasito

O género Angiostrongylus Kamensky, 1905, pertence ao filo Nematoda,
superfamilia Metastrongyloidea, cujos membros sdo parasitos de sistema
respiratério e vascular de mamiferos. Esse género relne 23 espécies de parasitos
intra-arteriais de diversos hospedeiros, incluindo roedores, felinos, canideos e,
acidentalmente, primatas (Robles et al., 2008). As espécies de importancia médica
para o homem incluem Angiostrongylus cantonensis, agente etioldgico da
angiostrongiliase cerebral (AC) ou meningite eosinofilica (ME), e Angiostrongylus
costaricensis, que causa angiostrongiliase abdominal. Os parasitos deste género
apresentam dimorfismo sexual, sendo que as fémeas adultas podem medir entre
22-34 mm x 0.34-0.56 mm, possuem forma helicoidal caracteristica, formada pelo
tubo reprodutor, de coloragdo branca, e o tubo digestivo, avermelhado, que se
entrelacam (Figura 1). Os machos sdo menores, medindo cerca de 20-25 mm X
0.32-0.42 mm e apresentam somente o tudo digestivo, avermelhado devido a

presenca de sangue do hospedeiro

Figura 1. Fotomicrografia de verme fémea adulto de Angyostrongylus spp. (fonte:
Laboratério de Parasitologia da PUCRS)
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Angiostrongylus cantonensis (Chen, 1935) tem como hospedeiro definitivo
natural ratos, onde sédo encontrados habitando as artérias dos pulmdes, sendo o
homem hospedeiro acidental (Thiengo et al., 2010). No homem, as larvas podem
atravessar 0s vasos sanguineos do trato intestinal humano e, eventualmente, atingir
as meninges, causando angiostrongiliase cerebral. O A. cantonensis foi isolado pela
primeira vez em 1944 no liquido cefalorraquidiano (LCR) de um paciente com
sintomas de meningite em Taiwan (Nomura & Lin, 1945), e a partir dos anos 60 essa

doenca foi reconhecida como problema de saude publica naquele pais.

7

O ciclo de vida de A. cantonensis é heteroxénico, cujos hospedeiros
definitivos (HD) sdo roedores, Rattus rattus e Rattus norvegicus. Gatos, macacos e
camundongos podem estar envolvidos ha manutencdo da parasitose (Slom et al.,
2002). Uma variedade de moluscos, tais como Achatina fulica, Bradybaena similaris,
lesmas dos géneros Veronicella, Limax e Deroceras atuam como hospedeiros
intermediarios (HI). O caracol exotico Achatina fulica pode ser um importante Hl
deste nematddeo (Malek e Cheng, 1974; Graeff-Teixeira et al., 2009). Outras
espécies de moluscos mostraram-se suscetiveis a infec¢do (Lima et al., 1992).
Atualmente, por exemplo, Biomphalaria glabrata, pode ser utlizada para a
manutencao do ciclo do parasito em laboratério (Ubelaker et al., 1980, Morassutti et
al., 2012).

No ciclo de vida do A. cantonensis, os roedores eliminam larvas de primeiro
estagio (L1) nas fezes que infectam o HI onde evoluem até o terceiro estagio (L3),
estagio que séo infectivas para os hospedeiros vertebrados. Os HD se infectam por
ingestdo do préprio molusco infectado ou larvas presentes no ambiente. Depois de
ingeridas, as L3 penetram na parede intestinal e migram pela circulagdo sistémica.
Cerca de trés dias depois as larvas atingem o cérebro, onde maturam e atingem o
estdgio de adultos jovens (L5). Aproximadamente quatro semanas apds a
penetracdo das larvas na parede do intestino 0s vermes migram para a artéria
pulmonar onde se reproduzem e liberam ovos que d&o origem as L1. Estas larvas
penetram na cavidade aérea do pulméo, sdo deglutidas e eliminadas com as fezes
do HD (Wang et al., 2008) (Figura 2).

O homem se infecta ao ingerir moluscos infectados, alimentos crus, agua

contaminada, ou até pela manipulacéo de hospedeiros intermediarios contaminados
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com larvas de terceiro estagio, as quais migram para o sistema nervoso central
ocasionando disturbios neurologicos. Um estudo verificou que 51% dos pacientes
haviam se infectado pela ingestdo de caramujos (Hwang & Chen, 1991). Outros
moluscos e hospedeiros paraténicos, como ras, camardes de &agua doce,

caranguejos, peixes e planarias, podem ser fonte de infeccdo (Wang et al., 2008).

A% Causes eosinophilic maningitis, a

Humans are incdental hosts, meningoencephalitis charactenoed by
Passage of larvae in humans aosinophils in the carebrospinal flusd
has never been documeanted, [(CZSF), Common in parts of Southeas!
arnd humans do not transmit Asia and Pacific islands, Africa and
either A. canfonensis the Caribbean.

or A, costancensis Sy A% Cawses eosinophilic enteritis, an

ecsanophdlic inflammation of the
measaniernic aaroles of tha
ileocecal region of the
gastrointestinal tract that mimics
appendicitia. Commaon in parns of
Caniral and South America

A Eqgs hatch in the
lungs, and firsl-stage
larvae are passed in
rodent feces
(A, carnfornensis).

Third-stage larvas At Eqgs hatch in

' the ileum and
ara ingestad by rats. larvae are passed

in the fecaes
(A, costarcansis)

First-stage larae
infact snails and

slugs
H become infected th i Slugs and snails ane intermediabe
r-ng??}gﬁlaimng ?n:?.d?gmge . hosts, and afler 2 molts, the larvae
(infective) larvas. Food fams may reach the infective (lhird) stage,

include uncooked snails or slugs,
wagiiables contaminabed with
snails, slugs, or mollusk sacretions
(slime), ar infecled paratenss hosts
(i.a., crabs, freshwatar shrimp).

SBAFERN - HEALTHIER - PEOFLE™

hitkpe Mvewns. dpd cdc.govid padx
Figura 2. Representacdo do ciclo de vida do A. cantonensis e A. costaricensis,
espécies de importancia médica para o homem. Fonte: CDC/USA -
http://www.dpd.cdc.dpdx

1.1.1.2 Angiostrongiliase cerebral

Quando infectando humanos, A. cantonensis causa angiostrongiliase cerebral
ou meningite eosinofilica (Graeff-Teixeira et al., 2009), doenca fatal em 3% dos
casos (Eamsobhana & Yong 2009). Nesse caso, apés atingirem o SNC, as L5
podem mover-se pela medula espinhal onde eventualmente morrem levando a uma

reacao inflamatoria intensa (Pien & Pien, 1999). Os sintomas comecam a aparecer
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entre trés e 30 dias apls a ingestdo das larvas, ocorrendo principalmente dor de
cabeca severa, devido ao aumento da presséo intracraniana causada pela reagao
inflamatoéria generalizada nas meninges (Kuberski et al., 1979; Tsai et al., 2001).
Este sintoma pode ser aliviado através de repetidas puncdes lombares (Graeff-
Teixeira et al., 2009). Outros sintomas comumente apresentados pelos pacientes
incluem rigidez da nuca (64%), febre (37%), nauseas (38%) e vOmitos (49%).
Sintomas como fraqueza muscular, dor retro-obital, dor abdominal, paralisia facial,
convulsdes e sonoléncia sdo menos comuns (Punyagupta et al., 1975; Kuberski &
Wallace 1979; Koo et al., 1988; Graeff-Teixeira et al., 2009; Sawanyawisuth et al.,
2009). Alem disso, Sawanyawisuth et al. (2009), relatou que aproximadamente 6%
dos pacientes com angiostrongiliase cerebral apresentam quadro de pneumonia
eosinofilica.

A patogenia da infeccédo por A. cantonensis depende diretamente dos danos
causados pelo nimero de larvas, atividade proteolitica e movimentacéo das larvas e
da reacdo inflamatoria granulomatosa, que envolve principalmente eosinoéfilos. As
enzimas e agentes citotoxicos liberados no local pelas larvas e eosinofilos geram
lesbes e ineficiéncia vascular, o que pode acarretar em sequelas. O processo
inflamatério causa a morte das larvas nas meninges, que pode exacerbar essa
resposta (Morassutti et al., 2014).

Em casos raros podem ser encontrados vermes adultos nas artérias
pulmonares. Um menino de pouco mais de um ano, na Jamaica, faleceu em
decorréncia de uma meningite. Durante a autOpsia foram encontrados diversos
vermes tanto no cérebro quanto nas artérias pulmonares, sendo observada a
presenca de significativo infiltrado eosinofilico no local (Lindo et al., 2004). Outros
casos parecidos resultaram na morte de outras duas criancas (Cooke-Yarborough et
al., 1999; Morton et al., 2013). Contudo, AC é geralmente uma doenca aguda, que
cura espontaneamente num prazo de seis a 34 dias e raramente deixa sequelas
(Graeff-Teixeira et al., 2009; Tsai et al., 2001).

Com relagao ao tratamento, a morte dos vermes de A. cantonensis pode levar
ao aumento da inflamacao, agravando a doenca (Wang et al., 2006; Leone et al.,
2007). Ainda assim, estudos estdo sendo conduzidos em modelos animais e o0s

resultados demonstram que o0 uso concomitante de anti-helminticos e
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antiinflamatdrios pode ser uma boa alternativa para o tratamento (Lai, 2006; Chen &
Lai, 2007).

1.1.1.3 Distribuicdo Geografica

Infecgbes humanas por A. cantonensis ja foram descritas na Asia (Filipinas,
Indonésia, Malasia, Tailandia, Vietna, Taiwan, Hong Kong e Japao), Tahiti, Nova
Caledobnia, Papua Nova Guiné, Australia (Wang et al., 2008) e Equador (Pincay et
al., 2009). Estudos indicam que cerca de 2800 casos em mais de 30 paises ja foram
registrados em todo o mundo (Wang et al., 2008). Nos Estados Unidos esta doenca
estd sendo tratada como problema de saude publica emergente (Diaz, 2008). A

figura 3 ilustra a distribuicdo geografica do A. cantonensis no mundo.
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Figura 3. Mapa da ocorréncia de angistrongiliase cerebral no Mundo (modificado de
Wang et al., 2008)
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No Brasil, em 2006 foi identificado o primeiro caso autdctone em Cariacica,
Espirito Santo (Caldeira et al., 2007). Outros casos de infeccdo bem reportados
ocorreram no estado de Pernambuco (Lima et al., 2009) e Sao Paulo (Espirito-Santo
et al., 2013). Em recente trabalho, Morassutti et al. (2014) faz um levantamento
completo da distribuicdo de casos, hospedeiros intermediarios e definitivos
infectados ja encontrados no Brasil (Figura 4). Esse trabalho reporta que mais de 84
casos suspeitos foram investigados nos ultimos anos no Brasil, sendo mais de 40%
deles positivos para infecgdo por A. cantonensis, estando distribuidos em Espirito
Santo (3), Porto Alegre/ RS (1), Recife/ PE (9), Rio de Janeiro (2), Sdo José dos
Pinhais/ PR (1) e Sao Paulo (13) (Morassultti et al., 2014).

o
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« Hahuraly Infectod hoets
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Figura 4. Distribuicdo geografica de hospedeiros intermediarios, definitivos e casos
humanos positivos para A. cantonensis no Brasil (Fonte: Morassutti et al., 2014).

O Brasil pode ser considerado como uma area de alto risco para meningite

eosinofilica, devido a ocorréncia de diversos hospedeiros intermediarios e definitivos
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susceptiveis a infeccao por A. cantonensis. Somado a isso, atualmente, a facilidade
com que as pessoas podem chegar a locais distintos pelo mundo acarretou no
aumento de novos casos da doenca e justifica a consideracdo no diagnostico
diferencial de doencas neuroldgicas na medicina de viajantes (Slom et al., 2002;
Leone et al., 2007).

1.1.1.4 Diagnostico da angiostrongiliase cerebral

O diagnostico desta doenca se da pela avaliacdo dos sintomas clinicos e
exames laboratoriais. Exames de imagem como ressonancia magnetica nuclear,
podem revelar lesdes no cérebro e permitem o acompanhamento de complicacées,
embora ndo possam discernir diferentes infec¢des cerebrais (Tsai et al., 2003; Jin et
al., 2005). E importante considerar a histéria de consumo de crustaceos ou
moluscos crus associado a manifestacdes de meningoencefalites (Eamsobhana,
2006).

A eosinofilia acima de 10% pode ser indicativa da infecgdo por A.
cantonensis, ja que nesses casos 0S pacientes apresentam elevada taxa de
eosindfilos no liquor. Além disso, a maioria dos pacientes também apresenta
eosinofilia no sangue periférico (Pien & Pien, 1999). Um estudo de Sawanyawisuth &
Sawanyawisuth (2010), demonstrou que eosinofilia periférica associada a historia
prévia de consumo de moluscos apresenta 76,6% de sensibilidade e 80,2% de
especificidade para o diagnoéstico de infeccbes causadas por A. cantonensis.
Embora bastante sugestiva, a eosinofilia pode estar ausente no LCR ou ser causada
por outros helmintos como Gnathostoma, Paragonimus e Taenia solium (Cross,
1987; Jaroonvesama, 1988), de maneira que a confirmag¢do do diagnostico se da
pelo encontro de larvas no LCR ou na cavidade orbitaria do individuo infectado ou
por testes imunoldgicos.

Na avaliagdo bioquimica, o LCR de pacientes com meningite eosinofilica
apresenta proteinas aumentadas e glicose levemente diminuida (Punyagupta et al.,
1975) e, com relacdo as caracteristicas fisicas, € comum a descricdo de uma
amostra limpida ou levemente turva e incolor (aspecto de agua de coco, considerado

um achado patognoménico da infeccdo), o que facilita a diferenciacdo de muitas
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outras infec¢cdes do SNC, incluindo as infeccdes bacterianas, fangicas e até por
outros parasitos, como o Gnasthostoma spp (Sawanyawisuth & Sawanyawisuth,
2010). O encontro de larvas de A. cantonensis no LCR ocorre raramente
(Eamsobhana, 2006), fazendo com que testes sorologicos sejam uma alternativa
importante para o diagnoéstico. Neste sentido, diversos marcadores moleculares tém
sido identificados como alvos antigénicos potenciais para o imunodiagnostico da
angiostrongiliase, e técnicas moleculares como ELISA (do inglés, Enzyme-Linked
Immunoabsorbent Assay), Dot Blot, Western Blot, Reacdo em Cadeia da Polimerase
(PCR) e PCR real-time tem sido amplamente empregados para o diagnéstico
laboratorial da meningite eosinofilica (Eamsobhana et al., 2001; Caldeira et al., 2003;
Qvarnstrom et al., 2010; Morassultti et al., 2014).

Desde os anos 80 diversos trabalhos tem dedicado esforcos para o
desenvolvimento de métodos laboratoriais para o diagndéstico de infeccbes por A.
cantonensis. Em 1982, Cross & Chi descreveram o primeiro ELISA para detecc¢éo
de anticorpos em pacientes com angiostrongiliase cerebral, onde utilizavam extrato
total de vermes adultos e larvas (Cross & Chi, 1982). Nos anos que se seguiram,
foram publicados diversos trabalhos utilizando o extrato total de vermes adultos,
principalmente das fémeas, e fracoes parcialmente purificadas deste extrato na
tentativa do desenvolvimento de um método com suficiente sensibilidade e
especificidade (Tabela 1). A maioria dos estudos que utilizam métodos imunolégicos
demonstraram que 0s anticorpos presentes no soro dos pacientes infectados
reconhecem mais especificamente proteinas com peso molecular de 29 e 31 kDa,
presentes em extratos de vermes adultos (Akao et al., 1992; Eamsobhana et al.,
1995; Nuamtanong, 1996; Sawanyawisuth et al., 2011).

Tabela 1. Principais trabalhos buscando alternativas para o diagndstico da
angiostrongiliase cerebral.

Referéncia Alvo do teste Método

Fragbes do antigeno total
Chen, 1986 (ET) de lavas e vermes ELISA
adultos
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Shih & Chen, 1991

Yen & Chen, 1991

Akao et al., 1992

Eamsobhana et al.,
1995

Naumtanong, 1996

Chye et al., 1997

Eamsobhana et al.,
2001

Caldeira et al., 2003

Eamsobhana et al.,
2003, 2006

Intapam et al., 2003

Qvarnstrom et al.,
2010

Morassutti et al.,
2012

Anticorpo monoclonal para
deteccdo de  antigeno
circulante (banda de 91-
kDa presente no antigeno
ES de L3 cultivadas in vitro)

Moléculas parcialmente
purificadas a partir de ET
de L5 e vermes adultos

Bandas de 29 e 31 kDa a
partr de ET de verme
fémea

Antigenos circulantes

ET de verme fémea

Antigeno de 31 kDa de ET
de verme fémea

Anticorpo monoclonal para
deteccdo da banda de 204
kDa de ET de L5

Antigeno de 31 kDa
purificado de ET de verme
Fémea

Amplificagdo do espago
interno transcrito do DNA
ribossomal (ITS)2

Antigeno de 31 kDa
purificado de ET de verme
fémea

Banda de 29 kDa do ET de
vermes fémea

Amplificacdo do espago
interno transcrito do DNA
ribossomal (ITS)1

Antigeno de 31 kDa -
Proteinas 14-3-3, dominio
NAC e Ep31

Ensaio enzimatico com
fluorescéncia  aplicado  para
amostras de soro e LCR (88% de
sensibilidade e especificidade)

ELISA

Imunodiagndostico

ELISA sanduiche

ELISA (100% de sensibilidade e
88,8% de especificidade)

Western blot (WB) (reatividade
cruzada com soros de pacientes
infectados com Trichinella
spiralis,  Trichuris  tricuris e
Opisthorchis viverrini)

ELISA, aplicado para amostras
de soro e LCR (Sensibilidade de
91% e especificidade de 98%)

Dot Blot (100% de sensibilidade e
especificidade)

PCR convencional

KIT Dot Blot ELISA — principal
método diagnostico utilizado na
Tailandia

ELISA - IgG4 (sensibilidade de
89,2% e especificidade de 75%)

PCR real-time ( deteccdo de DNA
correspondente a menos de 1
larva em LCR)

Gel SDS-PAGE 2DE, WB e
Espectrometria de massas -
caracterizacdo  molecular do

antigeno.
Glicidios presentes no antigeno
séo essenciais para 0

reconhecimento imunolégico
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Morassutti et al.,
2012b

Antigenos presentes no ES
de vermes adultos — Lec-5
e ES-7

Gel SDS-PAGE 2DE, WB e
Espectrometria de massas -
caracterizacdo de novos alvos

para diagnéstico
Dot Blot modificado — DIGFA (do

Eamsobhana et al., Antigeno de 31 kDa inglés immunogold filtration
2013 purificado assay) — (100% de sensibilidade
e especificidade)
Producdo de proteinas -, .

. . Técnicas moleculares para
Morassutti et al., recombinantes para 0 roducio de roteinas
2013 diagnéstico: Lec-5, ES-7, fecomgbinantes o WEB P

14-3-3, NAC e Ep31
PCR (sensibilidade e

microRNA aca-miR-146a
derivado de L4

especificidade de 83 e 86,7%,
respectivamente, testando soros
de ratos)

Chen et al., 2014

Através do trabalho de Nuamtanong (1996), ficou claro que a banda de 31
kDa seria a melhor opcéo para diagndstico uma vez que esta, em relacdo a banda
de 29 kDa, demonstrou ter maior especificidade e menor reatividade cruzada
quando soros de pacientes infectados com outros parasitos foram testados.
Anticorpos especificos contra a banda de 31-kDa podem ser encontrados também
no LCR, porém os testes demonstraram maior sensibilidade quando o soro foi
utilizado (Yen & Chen 1991). Anos depois, a purificacdo da banda de 31-kDa por
eletroeluicdo a partir de géis de SDS-PAGE resultou em aumento da sensibilidade e
especificidade do diagnéstico pelo método de ELISA (Eamsobhana et al., 2001). Um
Dot Blot foi desenvolvido a partir deste componente purificado, e, atualmente, esse é
o principal método diagndstico utilizado para deteccdo da infeccdo por A.
cantonensis na Tailandia (Eamsobhana et al., 2003, 2006).

A avaliacdo dos anticorpos capazes de reconhecer moléculas do antigeno de
A. cantonensis demonstrou que imunoglobulinas tipo IgG1l possuem maior
sensibilidade para o imunodiagnéstico da angiostrongiliase (Intapan et al., 2002). Ja
o0 IgG4 é capaz de detectar com alta especificidade (95%) a banda de 29-kDa
presente no extrato total de vermes adultos do parasito e as classes IgA e IgM nédo
sao Uteis para o imunodiagnaostico (Intapan et al., 2003).

Uma importante limitacdo para os imunodiagndsticos baseados na detec¢ao

de anticorpos € o diagnostico de infecgcbes recentes, ja que a producdo de

anticorpos capazes de serem detectados leva determinado tempo, e geralmente



27

ocorre ap0s o aparecimento dos sintomas. Desta maneira, foram desenvolvidos
métodos baseados em PCR, capazes de detectar diretamente DNA do parasito em
pequenas quantidades. Caldeira et al. (2003) desenvolveu uma PCR convencional,
tendo como alvo a amplificacdo do espaco interno transcrito do DNA ribossomal
(ITS)2, e, anos depois, uma PCR real-time, cujo alvo é a amplificacdo da regido
ITS1, foi desenvolvida em colaboracdo com o Center for Disease Control and
Prevention (CDC) (Qvarnstrom et al., 2010). A PCR real-time desenvolvida possui
alta sensibilidade, uma vez que é capaz de detectar DNA correspondente a menos
de uma larva em LCR, porém o teste ainda ndo estd completamente validado para

utilizagéo.

Na falta de uma padronizagdo para diagndstico, Morassutti e colaboradores
(2014) propuseram um algoritmo para o diagnostico da angiostrongiliase cerebral
gue consiste em cinco etapas, incluindo diagndstico diferencial de meningites, coleta

de dados epidemiolégicos e exames laboratoriais (Figura 5).



Etapa 1: Diagndstico de meningite:
febre, dor de cabeca e rigidez da
nuca.

Etapa 2: Diagndstico diferencial de
meningite eosinofilica: alta celularidade no
LCR, com presenca de >10% de

eosindfilos.

Etapa 3: Busca do agente etiolégico da ME.
Sedimentacao do LCR e avaliacdo em busca de
larvas de A. cantonensis.

S

Etapa 4: Correlagdo com dados epidemioldgicos.
Historico de consumo ou manipulagédo de moluscos
e viagens para regides endémica.

\_

S S

Etapa 5: Imunodiagnostico e detecgdo do DNA de A.
cantonensis.
a) ELISA para detecgéo de IgG contra o extrato soluvel total
de A. cantonensis;
b) b) Western Blot: reconhecimento do antigeno de 31 kDa;
c) c¢) PCR real-time: deteccdo de DNA do parasito em

amostras de LCR. )
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Figura 5. Algoritmo para o diagnostico da angiostrongiliase cerebral, idealizado por
Morassultti e colaboradores (2014).

1.1.1.5 Busca de um diagnéstico padrdo para a angiostrongiliase

Atualmente o diagnostico de infec¢Bes parasitarias praticamente se limita ao

exame microscopico de amostras de sangue, tecidos, fluidos corporais, fezes e

urina, onde se busca a presenca fisica de alguma forma parasitaria (larvas, ovos,

cistos, trofozoitos ou vermes). Isto requer pessoas treinadas, equipamentos e larga
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estrutura laboratorial e mesmo assim o diagnéstico pode nado ser feito em casos de
baixa carga parasitaria, muitas vezes devido a sensibilidade das técnicas utilizadas
ou as condicfes de coleta da amostra, que podem exigir procedimentos especificos
gque aumentam as chances para a visualizacdo das formas parasitarias, mas que

nem sempre séo aplicadas.

Exames sorolégicos resolveram alguns desses problemas, mas a sorologia
também enfrenta limitacées. O desenvolvimento de técnicas imunoldgicas para o
diagnoéstico de infecgbes parasitarias tem sido dificultado principalmente pela
reatividade cruzada dos antigenos entre diferentes helmintos (van Remoortere et al.,
2003; Romasanta et al., 2003; Ishida et al., 2003), sendo que diversos trabalhos
indicam que grande parte dessa reatividade deve-se a presenca de glicidios no
antigeno utilizado (Alarcon de Noya et al., 2000). Embora, alguns glicidios como F-
LDN e LDN-diF, somente encontrados no género Schistosoma (van Remoortere et
al, 2000) ou a tyvelose, somente produzida por Trichinella spiralis sejam altamente
especificos para diagnostico. Um dissacarideo sintético, tyvelose-B-GalNAc foi
produzido, conjugado com albumina bovina e utilizado em testes de ELISA, tendo
apresentado 100% de correlacdo com a presenca da doenca, sendo reconhecido

por anticorpos anti-tyvelose especificos (Bruschi et al., 2001).

No caso de infecgbes por A. cantonensis, ainda ndo existe um teste
comercialmente disponivel para o diagnostico. Atualmente o diagnostico se da pela
detecgéo da banda de 31-kDa por Dot Blot ou Western Blot, produzidos a partir de

extratos totais dos vermes ou antigeno parcialmente purificado.

EAMSOBHANA et al. (1998) demonstraram que o antigeno de 31-kDa
possuia residuos de acucar, e que estes ndo afetavam o reconhecimento pelo
anticorpo (Eamsobhana et al, 2001; Eamsobhana & Yong, 2009), no entanto, a
identidade deste antigeno permaneceu desconhecida. Em 2012, Morassutti et al.
isolaram e caracterizaram o antigeno de 31-kDa usando eletroforese uni e
bidimensional (2DE) aliado a espectrometria de massas. A analise por 2DE revelou
a presenca de quatro spots, onde pelo menos trés diferentes proteinas em cada um
dos spots foram identificadas: subunidade épsilon do coatomero, proteina 14-3-3 e
proteina contendo dominio NAC. Interessantemente, apds a realizacdo de
experimentos de oxidacdo de residuo tiol pelo m-periodato de sédio, foi possivel



30

concluir que os grupamentos glicidicos da(s) proteina(s) sdo cruciais para o
reconhecimento pelos anticorpos de individuos infectados com Angiostrongylus
(Morassutti et al., 2012).  Posteriormente, apés tentativas de produzir as proteinas
presentes no componente de 31 kDa de maneira recombinante, os autores
observaram que nenhum dos sistemas de expressdo utilizados, procariotico ou
eucariotico, foi suficiente para obtencdo de proteinas capazes de serem
reconhecidas em testes imunolégicos (Morassultti et al., 2013).

A preparacdo de antigenos em larga escala é um processo complicado e
trabalhoso. A clonagem molecular e a expressdo de proteinas recombinantes
representa uma alternativa viavel para obtencdo em grande quantidade de um
antigeno especifico para uso em imunodiagnéstco (Morassutti et al., 2012). Somado
a isso, sabe-se que é possivel desenvolver testes para o diagnostico de ambas as
espécies de Angiostrongylus de importancia médica para o homem, A. cantonensis e
A. costaricensis, a partir de antigeno de uma Unica espécie (Ben et al., 2010). Como
foi demonstrado que o antigeno de 31-kDa de A. cantonensis possui alta
sensibilidade e especificidade para o diagndéstico da angiostrongiliase cerebral, mas
que o reconhecimento imunolégico dependente da fracdo glicidica, o estudo dos
glicidios associados a este antigeno poderia viabilizar a produ¢do de um teste
diagndstico comercial. Outrossim, o estudo dos demais glicoconjugados do parasito

podera favorecer a descoberta de novos alvos para diagnéstico.

1.1.2 Glicidios e Glococonjugados

Carboidratos sao substancias organicas que contem carbono, hidrogénio e
oxigénio. S8o denominadas de sacarideos, glicidios, oses, hidratos de carbono ou
acucares. Na sua forma mais simples a formula geral € CaH2nOn (1:2:1). Variam
de acucares simples, contendo de trés a nove atomos de carbono, até polimeros
muito complexos. Quimicamente sédo polihidroxi-aldeidos ou polidroxi-cetona (Murray
et al., 2002) (Figura 6).
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Figura 6. Estrutura dos acucares nas suas formas mais simples.

As funcbes dos carboidratos em processos biolégicos vdo além do papel
essencial no metabolismo energético das células e incluem a composicao da parede
de bactérias, fungos e plantas, papel nos eventos de reconhecimento, interacdo e
sinalizacao intra e intercelular, desenvolvimento embrionario, fertilizacdo, replicacao

viral e infec¢des parasitarias (Fincher, 2009; Hendel et al., 2005).

Além disso, oligossacarideos codificam informacdes biologicas, as quais
variam devido a constituicdo de acucares, sequencia e conformacédo dos mesmos na
cadeia. Por exemplo, quando glicanos estdo ligados a polipeptideos, formando
glicoproteinas, podem influenciar na conformacao de proteinas e consequentemente
modular as funcbes e interacdes desta molécula. Os principais glicoconjugados

encontrados em parasitos e humanos sao as glicoproteinas e glicolipideos.

Na natureza ja foram descritos mais de 200 tipos de monossacarideos, sendo
gue dentre esses somente oito predominam em glicoproteinas humanas (Murray et
al., 2000) (Tabela 2). O interesse pelo estudo e caracterizacdo de glicidios tem
crescido muito nos ultimos anos devido a participacdo dessas moléculas nos mais
complexos processos, como a variabilidade proteica, por exemplo. Atualmente,
assim como os acidos nucleicos e aminoéacidos, os glicidios sdo considerados como

parte de um alfabeto Unico dentro da biologia.

A diversidade entre as proteinas seria bastante limitada néo fosse a adicao de
glicidios em muitas delas. Além disso, a glicosilacdo pode gerar efeitos na molécula
proteica como: resisténcia a protedlise e desnaturacdo, alteracdo de ponto
isoelétrico, aumento de solubilidade, aumento de interacdo com proteinas de choque

térmico, mudancas de conformacdo secundaria, variagdo de interacdo e
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reconhecimento com outras proteinas e carboidratos, alteracdo de transporte e

secrecdo, aumento da estabilidade conformacional, entre outros (Sears & Wong,
1998; Hanson et al., 2009).

Tabela 2. Tipo de acucares que predominam em glicoconjugados presentes em

humanos.
Acucar Tipo Comentarios Estrutura
CH,0H
Galactose Hexose Abreviacao: Gal.
Abreviacao: Glc.
Ocorrem em N-
Glucose Hexose  dlicoproteinas.
Constituem os fatores
de coagulacao.
Abreviacao: Man. CHQOHO
Ocorrem mais . -
Manose Hexose  comumente em N- A o
. , H
glicoproteinas.
Abreviacao: NeuAc.
< . “ Acucar terminal em N
Acido Acido 05 O-glicoproteinas
N-Acetilneuraminico  Sialico (9 C) . glicop :
Muito frequente em
humanos.
Abreviacao: Fuc.
Aclcar interno  ou
externo em N ou O- N
i 1 o OH
) glicoproteinas. H//| %
Fucose Deoxihexos  Eyierno:  Ligados a o om
€ GlcNac para formar o H
ligacoes N- OH H
glicosidicas.  Interno:
Ligados ao grupo OH
de Serina.
HOH
HO - D\ aH
A H .
N- Aminohexos Abreviacdo: GalNac. s OH H
acetilgalactosamina e Presente em N ou O- H H
glicoproteinas. H HN. CHs
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Abreviacdo: GlcNac.

Acucar que se liga a

cadeia  polipeptidica

Aminohexos Vvia Asp em N-

e glicoproteinas. Podem

ser encontrados em i

outros locais na |

constituicédo de 0
glicoproteinas.

N-acetilglucosamina

Abreviacao: Xyl.
Encontra-se ligada ao
OH de Ser na maioria O

_|-\.|'
' roteoglicanos.
Xilose Pentose  00S  Proteoglicanos (7T
Normalmente ligado a HOY "OH

2 residuos de Gal,

OH
formando
trissacarideos.

A (glicosilagcdo consiste na ligagdo de um ou varios monossacarideos a
cadeias polipeptidicas, tratando-se da alteracdo co- /pos-traducional mais frequente
e complexa que ocorre em proteinas, sendo observada em praticamente todos os
organismos vivos, de eucariotos a procariotos (Archea e Eubactérias) (Spiro, 2002).
Estima-se que 50% das proteinas existentes sejam glicosiladas em um ou mais
sitios (Apweiler et al., 1999), sendo este o processo o mais variavel em termos de

modificacdo pos-traducional em proteinas.

O processo de glicosilacdo pode envolver diversos tipos de aminoacidos e
monossacarideos, 0 que gera grande variabilidade entre as moléculas e influencia
diretamente nas interacdes da proteina com outras moléculas (Medvedova & Farkas,
2004; Slawson et al., 2006). A grande variacdo de glicidios e glicoproteinas
existentes deve-se a (1) numero de ligacdes: existem pelo menos 41 tipos de
ligacdes entre carboidratos (13 tipos de acUcares sdo conhecidos como sendo uma
parte glico-conjugados) e aminoacidos; (2) tipos de ligacBes entre carboidrato e
aminoacido: pode ser a ou f3; (3) posigao das ligagdes: podem variar entre 1-2, 1-3,
1-4, 1-6; (4) substituicdes terminais adicionadas em modificagbes pos-traducionais:
sulfatacao, fosforilagdo, metilacdo, acetilagcdo, entre outros, que sao capazes de
causar modificagcbes importantes em relacdo a funcdo da glicoproteina sem,

entretanto, alterar a sequencia de glicidios presente na mesma, sendo essa uma
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maneira bastante conveniente de gerar diversidade entre as proteinas (Solis et al.,
2015).

Fica claro que a adi¢do de glicidios é uma alteragdo extensa, observada pela
proporcao que os residuos de acucar podem ocupar na glicoproteina, variando entre
1 e 85% do peso total da molécula. Glicoproteinas podem ser encontradas dentro de
células, no citoplasma e em organelas intracelulares, nas membranas celulares
externas e na matriz e fluidos extracelulares (Zachara et al., 2004). Em humanos,
glicoproteinas podem acomodar entre dois e seis monossacarideos lineares,
juntamente com suas cadeias laterais potenciais, que contem glicidios e
modificacdes variadas (Cummings, 2009). De acordo com o total de glicidios
presentes nas células, observa-se um elevado grau de dependéncia das células por
essas macromoléculas. Cada tipo de célula pode apresentar um perfil glicidico
anico. Portanto, os glicidios seriam Uteis para descrever e diferenciar diferentes tipos

celulares (Solis et al., 2015).

Essa modificacdo é incrivelmente sensivel a fatores genéticos ou ambientais,
bem como a infec¢des, 0 que caracteriza o glicofenétipo e as diferencas que podem
ocorrer no perfil de glicidios observados em organismos de uma mesma espécie. O
investimento na codificacdo genética dos glicogenes (genes envolvidos nos
processos de glicosilacdo) revelou que cerca de 1% das regides codificantes do
genoma humano pode ser responsavel pela codificacdo de glicosiltransferases
(Wiley, 2009).

Para que a variabilidade estrutural caracteristica dos glicidios seja possivel,
uma maquinaria enzimatica altamente refinada para sintese de glicidios precisa
estar disponivel. A biossintese de glicoproteinas € um processo que envolve a agao
coordenada de diversas enzimas, glicosidases e glicosiltransferases, ao mesmo
tempo em que a interagcdo de uma variedade de fatores torna a regulacdo dos
glicidios viavel. Esses fatores incluem concentracdo de substrato (monossacarideos)
disponivel no Complexo de Golgi (CG) e disponibilidade de diferentes
glicosiltransferases, glicosidases e enzimas para a introducdo de modifica¢des sitio-
especifico, que podem sofrer modificacbes ao longo do crescimento celular,
diferenciacdo e desenvolvimento (Helenius & Aebi, 2001; Spiro, 2002). O tipo de

glicidio que é incorporado a proteina e o tipo de ligacdo entre essas duas moléculas



35

influenciam diretamente nas propriedades de glicoproteinas, interferindo em suas
funcdes e interacbes (Cipollo et al., 2005). O conhecimento da estrutura e
composicao das ligacdes entre glicidios e proteinas facilitam analises que objetivam
a caracterizacao da glicoproteina, glicidio e, em especial, do glicoma de uma célula

ou organismo, o que ja foi comparado a uma assinatura fenotipica.

Sao conhecidos cinco tipos de ligacdes entre carboidratos e proteinas, as
quais envolvem treze monossacarideos e oito aminoacidos: C-glicosilacao,
fosfoglicosilacdo, glipiacdo (ou ancora de GPI), O-glicosilacdo e N-glicosilacédo
(Spiro, 2002; Schmidt et al., 2003, Abu-Qarn et al., 2008). O- e N-glicosilacdo sdo as
mais importantes e mais freqientes na natureza (Figura 7). As conformacdes dessas
ligagbes glicosidicas e seus efeitos sobre a estrutura proteica consistem em uma
ampla area de conhecimento ainda nao totalmente explorada.

Oligossacarideo N-ligado & proteina
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Figura 7. Exemplos da estrutura de N- e O-Glicoproteinas (Adaptado de: Ito &
Matsuo, 2003).

Glicoproteinas podem conter N- ou O-glicidios ou ambos ao mesmo tempo e
os dois tipos sdo produzidos por parasitos, num processo de biossintese que se

assemelha bastante a sintese que ocorre em células humanas. Enquanto o
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processo de N-glicosilacdo € mais conservado, tendo uma sequéncia consenso
sempre presente na superficie da proteina, a ligacdo O-glicosidica € mais diversa e
versatil, ja que pode envolver um numero grande de aminoacidos e
monossacarideos (Figura 8), embora poucas sequencias consenso conservadas

tenham sido identificadas (Spiro, 2002).
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Figura 8. Tipos de Ligacdes O- e N-glicosidicas ja descritas (Adaptado de Spiro,
2002).

1.1.2.1 Biossintese de N-Glicoproteinas em vertebrados e invertebrados

A N-glicosilacéo é iniciada pela transferéncia de um oligossacarideo ligado a
um lipideo (GlcNAcz2MansGlcs) para uma sequencia aceptora presente na superficie
da proteina (Asn-X-Ser/Thr-R, onde “X” pode ser qualquer um dos 20 aminoacidos
naturais, exceto prolina). E formada uma ligacdo N-glicosidica entre o grupamento
amino do amino&cido asparagina (Asn) e um residuo de N-acetilglucosamina
(GIcNACc) do glicidio (Marshall, 1974; Gavel & Von Heijne, 1990). Em eucariotos esse
processo acontece na parte interna do Reticulo Endoplasmético (RE) e apds essa
primeira adicdo todas as N-glicoproteinas possuem a mesma composicdo em termos

de glicidio.

Ainda no RE, por acdo de diversas enzimas, os residuos de Glc do glicidio
inicial s&o eliminados. Esse processo faz parte do controle de qualidade do processo
de folden de proteinas. Em seguida, os N-glicidios passam por uma etapa de

remodelamento no CG. Nessa organela o polissacarideo inicial, agora GIcNAc2Mans,
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passara por uma resintese, etapa responsavel por gerar N-glicidios complexos em
termos de ramificagOes, comprimento das antenas, estrutura terminal e padrdes de

substituicBes de glicidios terminais (Figura 9) (Wiley, 2009).

Reticulo endoplasmatico
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[e Transferéncia
Sintese do oligossacarideo precursor da glicana para a proteina e folding protéico

Processamento do oligossacarideo

Figura 9. Biossintese de glicoporteinas N-glicosiladas. A N-glicosilacdo ocorre em
diversas etapas, tendo inicio no RE, com a adi¢ao do glicidio inicial ao polipeptideo
(D). Em seguida, ocorrem diversos passos de modificacdes na cadeia polipeptidica e
glicidica (E-H), com eliminacdo de residuos de Glc do glicidio inicialmente
adicionado. Posteriormente, no CG, ocorrem modificacbes e adicdes de novos
glicidios a glicoproteina (I-L). Azul = GIcNAc; Rosas = Man; Vermelhas = Gic;
Verdes = Gal; Cinzas = NeuAc; Brancas = Fuc. Adaptado de Helenius & Aebi, 2001.

Diferentes enzimas (glicosidases, glicosiltransferases e enzimas responsaveis
por modificacdes sitio-especifica) estdo envolvidas na etapa de ressintese de N-
glicoproteinas e influenciam diretamente no tipo de glicidio que sera formado.
Parasitos, por exemplo, podem apresentar quatro tipos de N-glicidios: glicidios com
alto conteudo de manose ou oligomanose; glicidios truncados; glicidios complexos e;
glicidios hibridos (Haslam et al., 2001).
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a) Glicidios com alto contetdo de manose (Mans.eHexNAc2): Formados pela agdo
das enzimas a-glucosidase e a-manosidase que adicionam glicidios ao glicidio

precursor, sem posteriores modificacdes do glicidio (Figura 10).

Figura 10. Estrutura de um glicidio com alto conteido de manose. @- Manose; B
= GIcNAc. (Adaptado de Haslam et al., 2001)

b) Glicidios Truncados (Fuco-1HexsGIcNAc2): Esse tipo de glicidio ocorre
principalmente em invertebrados e sdo caracterizados por sofrer a remocdo de

algumas a-manoses (Figura 11).

Figura 11. Estrutura de um glicidio truncado. ®- Manose; B = GIcNAc. (Adaptado
de Haslam et al., 2001)

c) Glicidios Complexos (Fuco.1HexzsGIcNAcss): Esse tipo de glicidio sofre a
remogcao de a-manoses e subsequente adicdo distal de um glicosil. Séao
caracterizados por possuirem variado nimero de antenas, geralmente entre duas e
quatro. A sintese do glicidio complexo envolve trés etapas principais: cl)
Modificacdo: Adicdo de residuos de GIcNAc as manoses da molécula (Figura 12A).
Adicionalmente, podem ser acrescentados residuos de B-manoses aos residuos de
GIcNAc. Em plantas e invertebrados esses residuos de B-manoses podem ser
substituidos por xilose. Uma fucose pode ser adicionada ao residuo de GIcNAc
proximal, essa fucose € aie ligada, no caso de mamiferos, e ai6 ou a3 ligada no
caso de plantas, helmintos e invertebrados; c2) Alongamento: Etapa onde as

antenas do glicidio sdo convertidas em um arranjo extenso no CG trans. Mamiferos
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estendem as antenas pela adicdo de B-Gal, formando GalB1-4GIcNAc, conhecido
também por antena LacNAc (Figura 12B). A antena pode ser ainda aumentada pela
adicdo sequencial de GIcNAc e Gal, o que leva a uma estrutura conhecida como
polilactosamina, que é a repeticAio em sequencia de LacNAc. Alguns raros
mamiferos podem substituir a B-Gal por [B-GalNAc, resultando na estrutura
conhecida como lacdiNAc (GalNAcB1-4GIcNAc). Em invertebrados os glicidios
complexos contem antenas formadas tanto por LacNAc quanto por LacdiNAc; c3)
Capa: A finalizacdo da sintese do glicidio complexo se da pela adicdo de uma
“capa”, que consiste em um residuo diferenciado no final do glicidio. Nos mamiferos
a capa mais comum € a adicdo de acido siélico (Figura 12B), que pode ocorrer em
parasitos protozoarios, mas raramente em helmintos. Outras capas que ja foram
observadas em glicidios de mamiferos sdo fucose, galactose, GalNAc e sulfato. Em
invertebrados, além das modificacdes ja citadas, também pode ocorrer adicao de

residuos de tyvelose ou fosforilcolina e O-metilacéo (Figura 12C).
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Figura 12. Representacdo esquematica da estrutura de glicidios complexos. A)
glicidio complexo imaturo; B) Estruturas diferentes que podem ocorrer nas antenas
de glicidios complexos de mamiferos e as capas frequentemente adicionadas; C)
Estruturas diferentes que podem ocorrer nas antenas de glicidios complexos de

parasitos e as capas frequentemente adicionadas. ®- Manose; I = GIcNAc; ® -

Gal, . GalNAc; M- HexNAc; A = Fucose; ’: NeuAc. (Adaptado de Haslam
et al., 2001)
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d) Glicidios hibridos: esse tipo de N-glicidio € um misto de glicidio com alto contetdo
de manose e glicidio complexo. Em geral um dos bragcos possui uma antena com

alto contetdo de manose e outro uma antena de estrutura complexa (Figura 13).

Figura 13. Estrutura de glicidio hibrido. ®- Manose; Bl = GIcNAc; A = Fucose.
(Adaptado de Haslam et al., 2001)

1.1.2.2 Biossintese de O-Glicoporteinas em vertebrados e invertebrados

O-glicidios sdo constituidos passo a passo através de vias conhecidas, com a
participacdo de diferentes glicosiltransferases (Brockhausen, 2007). Em mamiferos a
bissintese desse tipo de glicidio é iniciada no CG Cis, pela adi¢cdo de um residuo de
GalNAc a um aminoacido, Prolina, Serina ou Treonina. Ferramentas matematicas e
de bioinformética permitiram a identificacdo de importantes propriedades da ligacédo
O-glicosidica, entre elas a preferéncia pelo aminoacido Prolina e a impossibilidade
desta ligacdo ocorrer na presenca de aminoacidos aroméaticos proximo ao sitio de
ligagéo (Haslam et al, 2001; Christlet & Veluraja, 2001). Na sequencia, sao formadas
diferentes estruturas, que variam conforme a adicao de diferentes acglcares (Figura
14).

A presenca de O-glicidios em estruturas tipo mucina € comumente
encontrada em parasitos helmintos, com substituicbes e extensfes variando de
acordo com a espécie (Koo & Dell, 2001, Nyame et al., 2004). Mucinas sé&o
proteinas altamente O-glicosiladas e representam o arranjo de O-glicidios presentes
na superficie de células, matriz extracelular e mucosas. Em humanos, essas

glicoproteinas ja foram implicadas em diversos tipos de doencas (Corfield, 2014).
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Figura 14. Esquema de biossintese de O-glicoproteinas. 1: Adicdo do glicidio
precursor GalNAc pela enzima ppGaNTase; 2. Exemplo de extensdes do esqueleto
de O-glicidios; 3: exemplo de alongamento e capas que podem ocorrer em O-
glicidios

As mucinas possuem regides com dominios ricos em aminodcidos
Prolina/Treonina/Serina (dominios PTS), que servem como sitios para O-
glicosilacdo. Os residuos de Ser/Thr séo reconhecidos por uma familia de enzimas,
UDP-N- acetilgalactosamina: polipeptideo  N-acetilgalactosaminiltransferases
(ppGaNTases), responsaveis pela primeira etapa da biossintese de O-glicidios
(Haslam et al, 2001; Corfield, 2014). O processo de O-glicosilacdo pode ser descrito

em trés principais etapas:

a) Adicdo do residuo de N-acetil-D-galactosamina (GalNAc) pela ppGaNTases
(Figura 14-1). Essa etapa também € conhecida como sintese do antigeno Tn
(GalNAc-O-Ser/Thr) e garante a ocupacao correta do sitio de glicosilacdo, bem como

regula os subsequentes passos de extensdo da cadeia do O-glicidio;

b) Extensdo do esqueleto, que culmina na formacdo de algumas estruturas, das
quais as mais importantes séo o Tipo 1: GalB1,3GalNAca-Ser/Thr-proteina; e Tipo 2:
GIcNAcB1,6GalNAca-Ser/Thr-proteina (Figura 14-2);
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c)”’Decoragédo” ou alongamento do glicidio e adi¢do da regiao terminal ou capa, que
pode ser feita de diversas maneiras por diferentes glicosiltransferases. Nessa etapa
formados glicidios complexos e é gerada a variacdo glicoproteica, observada, por
exemplo, pelos diferentes tipos de mucinas que ja foram caracterizados. Podem ser
adicionadas antenas, como as de N-glicidios complexos, e modificacdes terminais
como acido sidlico, fosforilacdo, metilacdo, entre outras (Figura 14-3) (Haslam et al.,
2001; Medeiros et al., 2008; Patsos & Corfield, 2009).

A diversidade estrutural excepcional dos glicidios representa um desafio para
a sintese e analise quimica dessas moléculas e é uma das razdes para explicar a
menor atencdo dada a esse campo, em detrimento aos campos de genbmica e

proteGmica.

1.1.3 O papel de glicoconjugados em parasitos

Em 1985, Norden & Strand reportaram que a molécula mais antigénica do
parasito Schistosoma mansoni era um glicidio que podia se ligar a uma lectina
chamada concanavalina A (Norden & Strand, 1985). Desde entdo diversos
pesquisadores passaram atentar para os papéis desempenhados por glicidios em

diferentes tipos de parasitos.

Glicidios sdo abundantes na superficie de helmintos e protozoarios e em seus
produtos de secrecdo/excrecdo (Cumummings e Nyame 1996; Khoo & Dell 2001;
Nyame et al., 2004). Assim como outros animais, parasitos sado capazes de produzir
N- e O-glicidios, assim como glicolipideos, polissacarideos e glicosaminoglicanos.
Apesar do mecanismo base de glicosilacdo em organismos eucariotos ser bem
préximo, a principal diferenca é encontrada na estrutura do nucleo de proteinas e
glicolipideos e nas modificacbes na porcao terminal dos glicidios. Diversos glicidios
de helmintos contém porcdes altamente antigénicas que sdo formados por
monossacarideos incomuns, ou sequéncias incomuns de monossacarideos ou

ligagBes incomuns entre monossacarideos comuns.

Além disso, diversos helmintos também expressam determinantes glicidicos

“hospedeiro-like” (Cummings, 2009) que, assim como aqueles glicidios de estrutura
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incomum, também podem induzir uma resposta anti-glicidica, gerando anticorpos
que tem reatividade cruzada com glicidios do hospedeiro. A expressao de glicidios
hospedeiro-like por parasitos helmintos & generalizada e diferentes tipos desses
glicidios sdo encontrados em diversos parasitos. Alguns exemplos de estruturas
terminais de glicidios que sdo compartilhadas entre parasitos e hospedeiros incluem
Lewis X (LeX), LDN, LDNF, O-glicidios truncados, conhecidos como antigeno T
(GalBi-3GalNAcal-O-Thr/Ser) e antigeno Tn (GalNAc-O-Ser/Thr) (van Die &
Cummings, 2010). Em contraste aos helmintos, que expressam esses glicidios em
abundancia, os hospedeiros mamiferos os expressam com restricdes, e geralmente
os terminais glicidios apresentam uma capa de acido sialico, um tipo de glicidio que

parasitos helmintos raramente expressam (Figura 12).

Em alguns casos os glicidios imunogénicos podem ser restritos a uma ou
poucas espécies, 0 que 0sS torna uma opc¢ao para utilizacdo como marcador
diagnéstico para casos de infecgdo. Outros glicidios sdo altamente compartilhados
entre diferentes parasitos helmintos e, as vezes, até mesmo com outros organismos
como caramujos e plantas, o que pode acarretar reatividade cruzada em
diagnésticos sorolégicos (van Die & Cummings, 2006). Glicidios presentes na
superficie ou nos produtos de secrecao/excrecao (ES) de helmintos podem interagir
com receptores do tipo Lectina-C (CRL) do hospedeiro e induzir resposta imune e
geracdo de anticorpos antiglicidios que estdo presentes no soro de hospedeiros

infectados (van Die & Cummings, 2006).

Cada vez mais estudos demonstram que os glicidios, e ndo as proteinas, sao
frequentemente os antigenos dominantes para a maioria das infeccbes parasitarias,
incluindo maléria, amebiase, tripanossomiase, leishmaniose, esquistossomose,
filariose e angiostrongiliase (Norden & Strand, 1985; Eberl et al., 2001; Cummings &
Nyame, 1996, 1999; Hokke & Deelder, 2001; Thomas & Harn Jr, 2004; Morassutti et
al., 2012). Carboidratos complexos séo importantes também no estabelecimento das
infec¢bes parasitarias (Dinglasan et al., 2003; Priest et al., 2003; O’Connor et al.,
2003), e seu estudo favorece o entendimento das interacfes parasito-hospedeiro. O
conhecimento dos glicidios implicados nas infec¢des parasitarias € o primeiro passo
para elucidacdo do papel dessas moléculas durante o processo de infecgdo e

doenca.
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Ainda ndo se tem completo conhecimento a respeito das bases moleculares
da resposta imunoldgica a glicidios em hospedeiros ou parasitos, o que limita o
desenvolvimento de novos tratamentos e meétodos diagnosticos, por exemplo.
Alguns helmintos, como os do género Schistosoma, vivem nos vasos sanguineos,
enquanto outros helmintos, como 0s cestddeos e os nematddeos vivem no trato
gastrointestinal, pele, cérebro ou vasos linfaticos e, apesar dos diferentes locais,
possuem a habilidade de sobreviver por longos periodos em seus hospedeiros
através da supressao do sistema imune do hospedeiro. Mesmo que o hospedeiro
infectado inicialmente desenvolva uma resposta imune inflamatéria contra o parasito,
a maioria dos parasitos helmintos tem a capacidade de polarizar a resposta imune
para um padrdo T-helper 2 (Th2) e estabelecer uma infeccéo cronica (Sher et al.,
2003).

Células dendriticas (CDs) desenvolvem um importante papel na ativacao da
resposta imune adaptativa, através da resposta imune inata (Kapsenberg, 2003). O
repertério de glicidios incomuns apresentados pelos parasitos helmintos tem sido
considerado um potencial mecanismo para modificar o sistema imune do
hospedeiro. Estudos recentes demonstram que glicidios incomuns e glicidios
hospedeiros-like provenientes de parasitos sdo amplamente reconhecidos por CDs
através de seus receptores tipo CRL (Linehan et al., 2003; Van Liempt et al., 2007),
podendo levar ao aumento ou diminuicdo da resposta imunolégica as infeccbes
parasitarias (Geijtenbeek et al., 2003; Van Kooyk & Rabinovich 2008; Meyer-
Wentrup et al., 2009). As CDs possuem diferentes classes de receptores: receptores
Toll-like (TLRsS) e receptores CLRs (Akira et al., 2006; Diebold 2009). Diferentes tipos
de CRLs podem estar presentes na superficie das CDs, e 0 conjunto varia com a
populacdo celular. Alguns tipos de CRLs sdo sabidos interagir com glicidios
hospedeiro-like, € o caso CRL-SIGN, CRL-MGL e CRL-MR. A tabela 3 resume os

principais tipos de receptores tipo CRL e os glicidios pelos quais possuem afinidade.

Conforme os dados da Tabela 3, receptores tipo lectina podem reconhecer
uma variedade de antigenos glicidicos, desde os glicidios hospedeiros-like até os
glicidios caracteristicos de parasitos helmintos. Por exemplo, CD-SING reconhece
glicidios ligados a glicidios com estrutura de Lewis X (Le*), LDNF e N-glicidios com

alto conteddo de manose, que ocorrem em diversos parasitos (Tabela 4) e nos



45

hospedeiros (Okano et al., 2001; Geijtenbeek et al., 2003; Gomez-Garcia et al.,
2006). Apesar do mecanismo pelo qual os glicidios derivados de parasitos estéo
envolvidos na modulacdo imune através de interacdes especificas com receptores
celulares ainda nao ser totalmente conhecido, sabe-se que CDs ligam e internalizam
antigenos sollveis derivados de ovos de S. mansoni através de receptores MGL,
MR e CD-SING, o que leva a CD a induzir uma resposta padrdo Th2 (Van Liempt et
al., 2007).

Tabela 3. Receptores tipo Lectina-C encontrados em células de defesa humanas

Receptor de Lectina-C

em Células Dendriticas Glicidio reconhecido Referéncia
humanas
e Residuos de fucose ou
CRL-SIGN manose,
° X .
Expresso CDs presents em o ::Ey van ngggg etal.
linfonodos, adendides, derme
e intestino e LDNF
e N-glicidios com alto
contetdo de manose
CRL-MGL
¢ Glicidios contendo terminais
Do inglés Macrophage . com GalNAc a- ou B-
galactose-type C-type lectin. ligados (p/ ex. LDN) van Vliet et al., 2005

Expressos em células
apresentadoras de antigeno,
presentes do intestino,
linfonodos e pele.

e Antigeno Tn

Martinez-Pomares et

CRL-MR e Diversos glicidios contendo al.. 2001

manose
Receptor de Manose

Algumas infeccbes frequentemente resultam em elevados titulos de IgE,
eosinofilos e mastécitos. A esquistossomose em humanos e animais induz uma
resposta humoral, levando a geracao de diferentes classes de anticorpos (IgM, 1gG e
IgA), e geralmente os titulos de anticorpos anti-glicidios s&o diretamente
proporcionais a severidade da infeccdo (Van Dam et al., 1994; Ko et al., 1990;
Nyame et al.,, 2003; van Remoortere et al., 2001). Foi observado que a principal

resposta imune gerada nas infeccBes por espécies de Schistosoma é contra
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antigenos glicidicos e que a maioria desses antigenos estéo presentes na superficie
do parasito (Hokke & Deelder, 2001; Nyame et al., 2003).

Entretanto, vermes adultos de Schistosoma e outros parasitos sao
relativamente refratarios ao ataque imune em individuos infectados (Dixon, 1997),
em contraste com outras formas parasitarias do inicio do ciclo, como as larvas. Isso
pode ser explicado pelo fato de que diversos vermes adultos de nematddeos e
cestodeos desenvolvem uma cuticula protetora associada a resisténcia a lise pelo
sistema imunoldgico (Taratuto & Venturiello, 1997). Adicionalmente, sabe-se que
alguns anticorpos formados sao importantes para a formacdo da imunidade
concomitante, onde o animal se torna relativamente resistente a outras infeccbes
pelo mesmo parasito, no caso do Schistosoma, provavelmente porque o
esquistossémulo é sensivel ao ataque imune de anticorpos anti-glicidicos (Nyame et
al., 2003).

Os parasitos helmintos podem desenvolver “glycan gimmickry”, sendo essa
uma incrivel propriedade dos parasitos que pode levar a imunomodulacdo (van Die
& Cummings, 2010). Diferentes espécies de parasitos helmintos, bastante distante
filogeneticamente, utilizam da mesma estratégia de sobrevivéncia em seus
respectivos hospedeiros. Esta pode ser uma espécie de mimetismo molecular, onde
0s parasitos produzem moléculas antigénicas muito proximas as moléculas do
hospedeiro, como por exemplo glicidios hospedeiro-like, que podem interagir com 0s
receptores presentes nas células do sistema imune como um mecanismo para
evadir a resposta do hospedeiro, prolongando assim sua sobrevivéncia (Colmenares
et al., 2004; Cambi et al., 2003; van Kooyk & Geitenbeek, 2003; Brodskyn et al.,
2002).

O modo de interacdo de helmintos e protozoarios com células do sistema
imune é completamente diferente. A estimulacdo imune por parte de helmintos é
mais exercida por antigenos ES, o que faz com que antigenos glicidios sejam
especialmente importantes, visto que glicoconjugados sao mais ligados a moléculas
secretadas e presentes na superficie de parasitos. Estudos utilizando ES de Taenia
solium, Opisthorchis viverrini, Schistosoma e Echinostoma caproni demonstraram

que, em geral, o tratamento do ES com diferentes glicosidases gera a redugéao ou
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completo desaparecimento da reatividade do antigeno com anticorpos (Haslam et
al., 2003; Talabnin et al., 2013; Hokke et al., 2007; Sotillo et al., 2014).

Por outro lado, parasitos protozoarios como Plasmodium ou Leishmania,
evitam o contato com a imunidade efetora ao invadir células humanas, assim se
tornando croénicas. Ja o Trypanosoma utiliza suas préprias moléculas para taticas de
evasdo. Esse parasito consegue viver livremente na circulacdo sanguinea mesmo
produzindo uma ancora de glicofosfatidilinositol (GPI) em sua superficie. Essa
molécula, conhecida como glicoproteina variante de superficie (VSG), é altamente
Imunogénica, mas o Trypanosoma pode mudar para um VSG diferente (em termos
de sequéncia de glicidios) a cada poucas semanas (mais de 1000 possiveis
variantes ja foram identificadas). Assim, uma nova populacdo de Trypanosoma
imunologicamente diferente € periodicamente gerada. Os novos parasitos evadem a
resposta imune ja existente, desenvolvida contra um VSG diferente, e esse ciclo se
repete com o surgimento de uma nova variagao antigénica a cada poucas semanas
(Ferguson, 1999).

A dificuldade em definir estruturas tdo incomuns de glicidios derivados de
parasitos, bem como de sintetizar especificamente estes glicidios em quantidades
suficientes € o que mais limitou, até poucos anos atras, a utilizacdo dessas
moléculas para testes e avaliagbes como componentes de novos testes
imunolégicos e vacinas. Nos ultimos anos, entretanto, houve um enorme avango em
termos de desenvolvimento e melhora de métodos para andlises de glicidios. Esses
métodos incluem ressonancia magnética nuclear, espectrometria de massas, glycan
array, lectina array entre outros. A Tabela 5 resume alguns dos principais métodos

desenvolvidos e utilizados para analise de glicidios e glicoconjugados.
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Tabela 4. Principais glicidios e glicoconjugados ja descritos em parasitos helmintos e protozoéarios

Parasito

Glicidio

Referéncias

Estruturas glicidicas

Helmintos

Trematddeos

Schistossoma sp

Lewis X (Le)

Pseudo LeY

LacdiNAc (LDN)

LDNF

FLDN

F-LDN-F

LDN-DF

DF-LDNF-DF

O-glicidios truncados T e Tn,
Glicidios com alto contetdo
de manose (Mans.9GIcNAC)
N-glicidios com residuos de
xylose Bi»-ligadas
N-glicidios com residuos de
fucose a3-ligados

Antigeno catddico contendo
acido glucurénico (CCA)

Hokke et al., 2007
Nyame et al., 2002
Peterson et al., 2009
Wouhrer et al., 2006
Cummings & Nyame, 1999
van Die & Cummings,
2006
van Die et al., 1999
Haslam et al., 1996 e 1998
Wisnewski et al., 1993
Bergwerff et al., 1994

Fasciola hepatica

LDN

LDNF

O-glicidios truncados T e Tn
Glicoesfingolipideo

Vervelde et al., 2003
Freire et al., 2003
Wubhrer et al., 2003, 2004

I Lex
( Fuc \
| al,3
Galp1,4GIcNAc
Adaptado de: Srivatsan et al., 1992

LDNF

(—*?\

al,3
GalNAc f1,4GIcNAc B1,2Man a1,6

Man B1,4 GlcNAc 1,4 GIcNAc Asn
GalNAc $1,4GIcNAc B1,2Man a1,3 al,6
*Fuc

LDN
Adaptado de Srivatsan et al., 1992

GalNAc(B1—4)GIeNAc(B1—3)
Fuc(a1—33)-

FLDN (Kantelhsrdt et al., 2002)

tManal—6
Manfi1—4

Mano1-53 I
Xylp1—> 2

Nucleo xylosilado encontrado em glicoproteinas derivadas
de ovos de S. mansoni e S. japonicum (Khoo et al., 1997)
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Mans.oGIcNAC,

GalNACR1=1GlcMNACH1-R
Fuoce1-3 s Fucoe1-3 /Ac

Oplfstho_rc_hls mgnofucosﬂados . Talabnin et al., 2013 F-LDN-F (Hokke et al., 2007)
viverrini Glicidios truncados, hibridos
e complexoscom 1 a4 GalNACH1-4GIcNAR 1R
Fuecol=3
ante.nas' Fuon1-27
O-glICI,dIOS contendo entre 1 LDN-DE (Hokke etal., 2007)
e 5 antenas, tipo mucina
(GalBi-sGalNAc) GlcA GlcA
ps 1B
GalNAc™(GaNAC™)
n
CCA (Nyame et al., 2004)
[GIcNAcal-HPO3-6Gal(1-1)->ceramida]
Glicoesfingolipideo presente no antigeno de F. hepatica
(Adaptado de: Wuhrer et al., 2003)
Nematodeos
Mans.oGIcNAC

Ascaris suum

N-glicidios com terminais de
fosforilcolina

O-glicidios
Glicoesfingolipideos com
terminais de fosforilcolina
Glicoesfingolipideos
contendo 3-
sulfogalactosilcerebrosideo

Phosphorylcholine

o 7 (PC)
-13(:133' Crg CHQ o Iz O\E
Poltl et al., 2007 GlcNAG L) Man L Glc — Ceramide
Dell et al., 1999 PR A
Lochnit et al., 1998 &

Gal “GalNAc ¥ GlcNAc =2 Man Lad Glc — Ceramide

Glicoesfingolipideos derivados de A. suum com e sem
terminais de fosforilcolina (Nyame et al., 2004)

2-0-methyl-Fuc

Toxocara canis

O-glicidios truncados T e Tn
O-glicidios metilados

Casaravilla et al., 2003 a2 .
Khoo et al., 1991 (+£)4-0O-methyl-Gal "3 GalNAc +Ser/Thr

O-glicidios metilados derivados de T. canis (Nyame et al.,

Dictyocaulus
viviparus

Mans.9GIcNAC
Le*

2004)
Haslam et al., 2000

Trichinella spiralis

LDN e LDNF (com ou sem

Morelle et al., 2000




terminais de fosforilcolina)
Tyvelose (B3-ligada
Mans.9GIcNAC

N-glicidios com residuos de
fucose a3-ligados

van Die & Cummings, 2006
van Die et al., 1999
Haslam et al., 1996, 1998
Wisnewski et al., 1993

Haemonchus
contortus

LDN

LDNF

Mans.oGIcNAC

N-glicidios com residuos de
fucose a3-ligados

Geldholf et al., 2005
Haslam et al., 1996, 1998
van Die & Cummings, 2006
van Die et al., 1999
Wisnewski et al., 1993

Dirofilaria immitis

LDN
LDNF

Nyame et al., 1998

Wouchereria
bracofiti

N-glicidios com terminais de
fosforilcolina

Dell et al., 1999

Onchocerca
volvulus

Mans.oGIcNAc

N-glicidios com terminais de
fosforilcolina

Glicolipideos com terminais
de fosforilcolina

Haslam et al., 1997, 1999
Wubhrer et al., 2000

Onchocerca
gibsoni

Mans.oGIcNAC
N-glicidios com terminais de
fosforilcolina

Haslam et al., 1997, 1999

Acanthocheilonem
a viteae

Mans.oGIcNAC
N-glicidios com terminais de
fosforilcolina

Haslam et al., 1999

Nippostrongylus
brasiliensis

O-glicidios truncados T e Tn

Casaravilla et al., 2003
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Fucd
+ 3

Tyvp1-3GalNAcP1-4GIcNAC

+ 3
Tyv1-3GalNAc1 -A(Ek:NAcF(2 Fucd

Fucd Manat

3 =| 6
Manf1-4GIcNAcP1-4GICNAC
3

Tyvp1-3GaiNAcft JGK:NAC& o
£ 3

Fucdl Manal

2
TyvP1-3GalNACP1-4GICNAC]
*3

Fucal

Estrutura do principal antigeno de T. spiralis (TSL1), com a
presenca da capa de tyvelose (Dell et al., 1999)

FEcv.l-b
Many.3 Man|314G|£N,\cp1-4(;lc+'N;\c
Fucal-3  Fucal-3

N-glicidios de H. contortus, com residuos de fucose a3-

PCx

ligados (Dell et al., 1999)

GalNAc{pl—4)GleNAc(pl—
Fuc(al—3)-
LDNF (Kantelhsrdt et al., 2002)

=GlcNA
Mane!

:GI(:HAC[H/ 2 F"::“;
6
Manfi1-4GlcNAcf4GIcNAC
3

*GlcNAC 4

Manai
/2
GleNAcpT

N-glicidios com terminais de fosforilcolina, estrutura comum
entre diversos géneros de filarias (Haslam et al., 1999)

Cestodeos
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Echinococcus
multilocularis

O-glicidios truncados T e Tn
Mucina

Ingold et al., 2000
Hilsmeier et al., 2002

Echinococcus
granulosus

O-glicidios truncados T e Tn
Man5-9GIcNAc

Glicidios truncados
N-glicidios fucosilados com
terminais de fosforilcolina
Glicoesfingolipideos

Errico et al., 2001
Alvarez Errico et al., 2001
Khoo et al., 1997
Paschinger et al., 2012
Wouhrer et al., 2004

Mesocestoides
vogae

O-glicidios truncados T e Tn,
Tn-sialilado*

Medeiros et al., 2008
Van Die & Cummings,
2010

Metacestoides
corti

O-glicidios truncados T e Tn

Freire et al., 2003

Taenia hydatigena

O-glicidios truncados T e Tn

Freire et al., 2003

Taenia crassiceps

N-glicidios com residuos de
fucose a3-ligados
Mans.9GICNAC

Glicolipideos
Glicoesfingolipideos

Lee et al., 2005
Nyame et al., 2004

Taenia solium

Mans.9GIcNAC
N-glicidios complexos e
truncados, com ou sem
fucose

Glicolipideos

Restrepo et al., 2000
Haslam et al., 2003
Nyame et al., 2004

Gall-4Gall-4GleNAcl ~

6/3
y é}alNAc-ol
Gan~”~
Estrutura do glicidio associado ao antigeno de E.
multilocularis - Em2 (Hulsmeier et al., 2002)

Gal(B1-6)Gal(B1-6)Gal(al-4)Gal(B1l-4)Glc>Ceramida
Glicosesfingolipideo presente em parasitos cestdédeos (E.
granulosus e T. crassiceps) Wubhrer et al., 2004

3le
%
N-glicidio com residuos de fucose a3-ligada, presente em

glicidios derivados de diversos parasitos helmintos (Jang
Lee et al., 2005)

Ser’Thr

[
&—8—o
B1-3
Galp1-3GalNAc-a=0-Ser,/ Thr
Estrutura do Antigeno T (Corfield, 2014)

alh i1

S E— Ser/Thr
NeuSAco2 -6GalNAc-a-0-5Ser/Thr

Estrutura do-A-ntigéﬁo- Tn sialilado (Corfield, 2014)




Taenia saginata

Glicolipideos

Nyame et al., 2004
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Estrutura de N-glicidio complexo derivado de T. solium
(Haslam et al., 2003)

Gal“—ﬁrGaIEGal—»Ceramide

Glicolipideos comum em Taenia de diversas espécies
(Nyame et al., 2004)

Protozoérios

Trypanosoma sp

Ancora de GPI (VSG)
Prociclinas (PARP)
O-glicidios com alto
contetdo de galactose -
Mucinas
Lipopeptideofosfoglicano
(LPPG)

Fosfolipideos ligados GPI
(GIPL)

Trans-sialidases*

Ferguson, 1999
Ferguson et al., 1993
Todeschini et al., 2001
Costa et al., 1998
Previato et al., 1990

Plasmodium sp

Ancora de GPI
N- e O-glicidios

Gowda & Davidson, 1999
Burghaus et al., 1999
Khan et al., 1997

L Amino terminal

VSG domain

dimers

r C-terminal domain

T
RELLELEL
VSG presente na forma metaciclica de T. brucei. Cada

molécula consiste em mondémeros de N-glicidios ancorados
a GPI (Guha-Niyogi et al., 2001)

¥ o
MansB1,4GIcNAc,

Dominio repetido

b4l
Prociclinas (PARP) presentes na forma prociclica de T.
brucei (Adaptado de: Guha-Niyogi et al., 2001)

Cadeias de polilactosamina

SAs(GalB1,4GIcNAC),
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Leishmania sp

Lipofosfoglicanos (LPG)
Fosfolipideos ligados GPI
(GIPL)

Fosfoglicanos
Proteofosfoglicano (PPG)
O-glicidio, tipo mucina

Sitios ricos
em Gal - alvo
parareacéo €— o B

de Trans- q?

s <@
sialidases ¢

mucins

Descoteaux & Turco, 1999
llg et al., 1995
Guha-Niyogi et al., 2001

Lectina Gal-GalNAc

Petri, 1996 wl,2
+— Capa Galpl 4ManalPO,-
Entamoeba LPG Mood-Haupt et al., 2000 B Uridade de repetigio [6Galp1 M PO,
histolytica LPPG Stanley et al., 1995 _ Nucleo glcidico
. . L Galal,6Gala],3Gal §1,3Manal 3Manal 4GleNal b
Glico-conjugados sialisados Ancorade GPI  Ingsitl-PO,-CH,
' CHOH
ﬁ fcﬁ CH:‘O'ICHz]zl,JsCHs
bl
) LPG i ‘z—é ¢ . . .
Trichomonas . Singh et al., 1999, 2000 Estrutura do LPG presente na superficie de Leishmania
Adesinas : S
vaginalis L L Paschinger et al., 2012b (Adaptado de: Guha-Niyogi et al., 2001)
N-glicidios com modificagfes
especificas
Xyl-T
e O
Proteina variante de Gillin & Reiner, 1996
Giardia superficie Papanastasiou et al., 1997 r»—r}*.{ :}—I—I
O-glicidios Bulik et al., 2000 EN EINP
N-glicidios N-glicidios modificado por pentose (Xylose) e
Fosfoetanolamida presentes em T. vaginalis (Paschinger et
al., 2012b)
Toxopl dii O-glicidios Guha-Niyogi et al., 2001
uha-Niyogi et al.,
oxoplasma gonal N-gIICIdIOS yog

Ancoras de GPI
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Toda essa tecnologia refletiu na geracdo de diversas informagdes a respeito
de estruturas de glicidios e glicoconjugados derivados de parasitos (Tabela 4) (Ko et
al., 1990; van Remoortere et al., 2001, 2003; Moody-Haupt et al., 2000; Descoteaux
& Turco, 1999; Todeschini et al., 2001) e hoje sabemos, por exemplo, que cada tipo
de parasito protozoario produz glicidios com estruturas Unicas e altamente
complexas e que helmintos produzem glicidios com estruturas truncadas, complexas
e hibridas que sdo abundantes em diversos géneros de parasitos sendo a

fucosilacdo a modificacdo mais comum observada nessas moléculas.

Tabela 5. Principais métodos aplicados para analise de glicidios e glicoconjugados.
(Adaptado de: Solis et al., 2015)

Método Aplicacéao

L. Predicdo e modelagem da estrutura molecular de
Tecnicas monossacarideos, glicidios complexos e receptor-ligante.
computacionais Estimativa de interacdo entre moléculas. Exploram a estrutura
molecular do glicidio, a dindmica e 0s mecanismos de
reconhecimento.
A difracdo das moléculas fornece um padrdo que € como uma
impresséo digital da molécula em relagdo ao arranjo dos atomos
no cristal. A difragdo de um cristal susceptivel gera um mapa de
elétrons que torna possivel determinar a estrutura tridimensional
da molécula ou de um complexo lectina-ligante, por exemplo.
A cristalografia pode requerer condicdes ndo fisioldgicas da

Cristalografia de Raio-X

molécula.
Espectrometria de lonizacdo por eletrospray (ESI) e lonizag&o por dissorcdo a laser
em matriz assistida (MALDI) sdo as mais utilizadas. Elucidacéo
massas da massa de biomoléculas, deteccéo de mutantes e modificacdes

pés-traducionais.
Método muito sensivel que mensura a distdncia entre dois
fluoréforos. A técnica permite a investigacdo de uma variedade de
Transferéncia de energia fen6bmenos biolégicos que culminam em _mudan(;a da.pro>.<imidade
por ressonancia de molgcglar. Pode-se verificar a distancia entre dpls_ diferentes
N dominios em uma mesma proteina, obtendo-se assim informacao
fluorescéncia em relacdo a estrutura e presenca de sitios glicosilados por N-
glicidios. Também € possivel determinar diferentes interagfes
entre proteinas e estruturas celulares, ligantes e membranas.
Gel filtracdo: Determinacdo da massa molecular aparente,
comportamento hidro-dinamico da proteina e o grau de pureza.
Cromatografia Afinidade: Purificagdo de misturas complexas. Permite
determinar padrdes de interacdo de moléculas. Podem também
ser obtidas informacfes quantitativas a respeito da constante de
associacao.
Técnica muito sensivel para determinar estruturas de proteinas e
Ressonancia magnética glicidios. Pode-se resolver a constituicdo, a conformacdo, a
dindmica e as pequenas modificacBes e interagdes de moléculas
nuclear (RMN) de variados tamanhos, tanto em solucdo quanto em estado
sélido. Fornece a estrutura tridimensional.
RMN-STD - Transferéncia por diferenca de saturacgéo:
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Permite o monitoramento da associagdo de um ligante particular
ou mistura de ligantes a um receptor. Assim € possivel determinar
0 epitopo que liga e permanece em contato com o receptor.

Microscopia de forca
atomica (MFA)

Permite a determinacdo da estrutura tridimensional de uma
molécula em um ambiente fisiol6gico. Monitoramento em tempo
real de processos bioquimicos e fisiolégicos em uma alta
resolucéo. E possivel também investigar interagdes moleculares.

Mapeamento quimico

Delineamento da estrutura topoldgica de interacao lectina-ligante.
Muito utilizada na andlise comparativa e designer de inibidores
seletivos para um membro particular de uma familia de lectinas.

Hemaglutinagéo

Ensaio classico utilizado para verificacdo da atividade de lectinas
em uma amostra. Pode-se também determinar o potencial inibidor
de diferentes sacarideos

Eletroforese por
afinidade a lectinas

A reducdo da mobilidade de glicoprotéinas no gel evidencia a
interacdo com lectinas, o que tanto determina a afinidade quanto
a presenca de diferentes glicoformas. Permite a detecgéo, andlise
estrutural e simi-quantificacéo de glico-conjugados presentes em
uma amostra complexa.

Blots utilizando lectinas

Permite a caracterizacdo de diferentes glico-conjugados
imobilizados em uma membrana. Pode-se monitorar a presenca
de diferentes padrdes de glicosilagdo em diferentes amostras.

Microarrays

Glico e Lectina Array. Detecgdo e quantificagdo de um “alvo”
marcado, usualmente com moléculas fluorescentes. As
informacdes geradas dependem do sistema, lectinas ou glicidios
utilizados no método. Fornece a descri¢do do perfil glicidico da
amostra e informacdo a respeito da especificidade das
interacdes.

Anélise por precipitacdo

A precipitacdo evidencia a associacao do aclcar com o ligante.
Pode-se determinar a ligacéo de acUcar a ligantes especificos e a
reatividade cruzada.

Quantum dots (QDs)

Nanotecnologia de cristais que adsorvem luz e entdo reemitem a
mesma. Constituem uma plataforma fisica de biossensores e
bioprobes. Pode-se detectar a interacdo proteina-ligantes com
QDs funcionalizados. Técnica com alta sensibilidade que pode
ser utilizada para obtencdo de informaces em células vivas.

Ressonancia de plasma
de superficie (SPR, em
inglés)

Chips especialmente desenvolvidos permitem a determinagéo da
associacdo e da constante cinética de associacdo entre ligante-
receptor. Pode-se realizar estudos de interac6es biomoleculares
de componentes ndo marcados e em tempo real.

Scaneamento celular por
fluorescéncia ativada

Analise do conteido de DNA/RNA, eventos intracelulares e
dindmica de membrana. Caracterizacdo da presenca de glico-
conjugados e lectinas, e diferencas do perfil de acordo com a

(FACScan) diferenciacéo celular, por exemplo.
Cito e histoquimica com Loc,a_llzagao d_e g|ICI,d_IOS e ou lectinas em sitios especm,cqs.
leeiines Andlises de glicofendtipos de acordo com mudancgas de estagio,

patologias ou tipo celular.

Biodistribuicéo (in vivo)

Analise da distribuicao, excre¢éo e absorcao de glico-conjugados
por um organismo.

Designer de mutantes
(lectinas, glicogenes,
modelos animais)

Avaliacdo da importancia fisiol6gica e bioldgica de determinada
molécula ou gene pela comparacdo do controle com o modelo
mutante.

Engenharia de glicidios

Estudo de vias de glicosilagdo, secrecdo e rota para
apresentacdo de glicidios na superficie em diferentes modelos
celulares.

Oxidacéao de

Oxidacdo de carboidratos pelo meta-periodato permite uma
rapida e eficiente avaliacdo da presenca de glicidios e da
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carboidratos importancia dos mesmos para interacao de determinada molécula
com receptores ou anticorpos.

Utilizado em géis de SDS-PAGE ou membranas apropriadas. Os
métodos sdo derivados da capacidade do corante fucsina se ligar
AP a glicidios previamente oxidados. Perfil glicidico de amostras
de glicidios complexas, comparacdo entre amostra, avaliacdo de
susceptibilidade a deglicosilacdo por enzimas especificas.

Métodos para coloragédo

A producdo de proteinas recombinantes favoreceu a
comercializacdo de glicosidases com diferentes especificidades.
Permitem a caracterizagcdo da estrutura de glicidios associados a
glicoproteinas ou glicolipideos pela remocdo especifica de
glicidios e manutencao da estrutura proteica ou lipidica intacta.

Glicosidases

1.1.3.1 Glicoconjugados descritos em protozoarios

Trypanosoma

O protozoario Trypanosoma gera uma ancora de glicofosfatidilinositol (GPI)
ligada a lipidios, que contem modificacdes espécie-especifica e que sao sintetizadas
em um passo unico, diferindo das GPIs encontradas em mamiferos (Ferguson,
1999). Novos tratamentos baseados nessa informacao tem sido desenvolvidos, um
deles é a tentativa de inibicdo enziméatica do passo Unico para biossintese da ancora
de GPI (Ferguson, 1999). Além disso, virtualmente todos 0s protozoarios sinterizam

ancoras de GPI.

O T. cruzy também sintetiza O-glicidios, mucinas, associados a ancora de
GPI. Essa é uma estrutura bastante incomum que esté ligada através de uma O-
GIcNAc e sdo dominadas por estruturas contendo galactose, em contraste com o
gue se observa em mamiferos, onde O-glicidios sdo ligados por O-GalNAc e contem
niveis consideraveis de GIcNAc e residuos de galactose, além de outros glicidios
(Todeschini et al., 2001).

Além disso, T. cruzi ndo sintetiza acido sialico, mas expressa trans-sialidases
que catalisam a transferéncia de acido sialico de glico-conjugados do hospedeiro
para a superficie do parasito. Essas trans-sialidases podem ser o principal fator de
viruléncia do parasito e essencial para o sucesso da infeccdo (Costa et al., 1998).

Recentes estudos usando formas recombinantes de uma trans-sialidase como
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vacina demonstrou 60% de efeito protetor em ratos A/Sn (Pereira-Chioccola et al.,
1999).

Plasmodium

Dentre os protozoarios do género Plasmodium a espécie P. falciparum é a
mais patogénica. As infeccOes por este parasito resultam em severas patologias
com mecanismos ainda ndo totalmente compreendidos. Foi demonstrado que o
Plasmodium pode sintetizar uma ancora de GPI que esta associada a mais de 90%
dos glico-conjugados do parasito (Gowda & Davidson, 1999). Essas ancoras
parecem ser o principal antigeno produzido pelo protozoério e sdo responsaveis por
diversas das severas condi¢cdes associadas a doenca (Schofield et al., 1999; Clark &
schofield, 2000).

A ancora de GPI pode ativar macrofagos e células do endotélio vascular
através da ativacdo de diversas vias de sinalizacdo, resultando na producdo de
mediadores quimicos como 6xido nitrico (ON), fator de necrose tumoral (TNFa) e
moléculas de adesdao intracelular | (ICAM-I) fazendo com que esse antigeno seja
amplamente estudado como um novo alvo para producao de vacinas (Schofield et
al., 2002).

Ratos imunizados com moléculas de ancora de GPI sintéticas geraram altos
titulos de anticorpos 1gG. Esses anticorpos neutralizaram os efeitos pro-inflamatoérios
provocados pelos macréfagos, resultando em significante protecdo e neutralizacdo
da toxicidade, observada ap6s o desafio com P. berghei ANKA, apesar de 0s
animais ndo terem apresentado reducédo da parasitemia. Esses resultados sugerem
que a ancora de GPI possui uma estrutura conservada entre as diferentes espécies
de Plasmodium (Schofield et al., 2002).

Leishmania

A Leishmania tem seus glicoconjugados bastante estudados. Esse parasito
gera uma superficie de lipofosfoglicanos (LPG) com manoses diferentemente ligadas

e modificacbes incomuns em seu esqueleto. A superficie do parasito ainda pode
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conter fosfolipideos e glicoproteinas ancoradas a GPl e um tipo de mucina de
membrana (Descoteaux & Turco, 1999; Guha-Niyogi et al., 2001). As diferentes
espécies de Leishmania diferem exatamente no tipo de modificagdo do LPG e no
namero de unidades de repeticdo (Guha-Niyogi et al., 2001).

Esse LPG ndo é altamente imunogénico em infec¢gbes naturais (Goel et al.,
1999), e pode, em parte, prevenir a lise mediada pelo complemento por bloquear a
ligagdo do complexo de ataque a membrana C5b-9 a membrana das formas
promastigotas (Descoteaux & Turco, 1999). Entretanto, ratos vacinados com
preparacdes derivadas de LPG desenvolveram uma imunidade protetora para
infeccdo (Russell & Alexander, 1988), sendo observados anticorpos anti-LPG. Os
parasitos expostos a esses anticorpos deram origem a formas incapazes de infectar
flebotomineos, 0 que sugere um potencial uso dessa molécula para gerar vacina

capaz de bloquear a transmisséo da Leishmania (Tonui et al., 2001).

1.1.3.2 Glicoconjugados descritos em helmintos

Em relagcdo aos glicidios em parasitos helmintos, diversos N- e O-glicidios
associados a proteinas ou lipideos ja foram descritos. Muitas vezes sao observadas
modificacdes Unicas para o género ou espécie, como no caso de parasitos do
género Toxocara que apresentam glicidios O-metilados, e outras vezes essas
estruturas sdo compartilhadas entre diferentes géneros de parasitos e até mesmo
outros invertebrados. Por exemplo, T. spiralis, assim como Haeminchus contortus e
espécies do género Schistosoma sintetizam N-glicidios com residuos de fucose a3-
ligados (Cummingus & Nyame, 1996; van Die et al., 1999; Haslam et al., 1996, 1998;
Wisnewski et al., 1993), uma modificagdo compartilhada entre invertebrados e
plantas (Haslam et al., 2003). Alguns parasitos podem apresentar glicidios estagio-
especifico ou mesmo determinados glicidios podem estar em diferentes quantidades
relativa, de acordo com o estagio de vida do parasito, como demonstrado ocorrer em
metacercarias e vermes adultos do parasito hepatico, Opisthorchis viverrini (Talabnin
et al., 2013).
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Trichinella spiralis

T. spiralis € o agente causador da triquinose, infeccdo que pode ocorrer em
praticamente todos os mamiferos. Glicoproteinas denominadas TSL-1 séo
encontradas na cuticula de larvas de T. spiralis. Os glicidios presentes nessas
glicoproteinas possuem um terminal incomum composto de tyvelose (3,6-didioxi-D-
arobino-hexose — Tyv), que sO foi descrito antes no lipopolissacarideo de algumas
bactérias gram-negativas. A maioria da tyvelose presente no antigeno TSL-1 esti
ligada a N-glicidios contendo trés ou quatro antenas compostas de LDNF que

terminam com uma capa de residuos tyvelose p3-ligados (Reason et al., 1994).

O processo de infecgédo da T. spiralis e, principalmente, a re-diferenciacéo das
larvas em células do musculo estriado é bastante interessante e alguns autores
questionam a participacdo de glicoconjugados presentes na superficie e ES das
larvas nesses eventos. Estudos demonstram que anticorpos monoclonais se ligam a
tyvelose sintética conjugada a albumina bovina e provocam a expulsdo das larvas
infectivas em experimentos com ratos, indicando um grande potencial para uso

desse glicidio na prevencao e diagnostico da parasitose (Elis et al., 1997).

Em geral, os N-glicidios em T. spiralis possuem multiplas antenas contendo
LDN associado a fosforilcolina, que pode estar ligada ao residuo de GIcNAc ou
GalNAc na molécula de LDN (Morelle et al., 2000). Glicoproteinas e glicolipideos
modificados pela adicdo de um terminal de fosforilcolina ja foram identificados em
diversos parasitos helmintos, além de T. spiralis (Tabela 4) e estdo amplamente
envolvidos em atividades de imunomodulacdo (Paschinger et al., 2006; Poltl et al.,
2007). Em antigenos de filarias como Wuchereria bancrofti, Brugia malayi,
Onchocerca volvulus e Achanthocheilonema viteae a adicdo da fosforilcolina é
comumente encontrada em glicidios secretados e € fortemente responsavel pela
reatividade cruzada entre esses parasitos observada em testes imunolégicos (Dell et
al., 1999).

H. contortus
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H. contortus € um parasito nematddeo de carneiros e cabras, que expressa
uma grande variedade de glicidios antigénicos, tais como LDN, LDNF e N-glicidios
com fucose a3-ligada, a maioria presente no antigeno ES. A imunizacéo de cabras
com glicoproteinas derivadas de antigeno de ES de H. contortus promoveu certo
grau de protecdo contra o parasito (Jasmer & McGuire, 1991; Jasmer et al., 1993).
Cordeiros imunizados com esse antigeno apresentaram 89% menos ovos do
parasito e carga parasitaria 54% menor que o grupo controle. O antigeno ES induziu
uma resposta humoral grande, gerando anticorpos IgG, IgA e IgE. Em todos os
grupos vacinados os anticorpos gerados foram contra epitopos glicidicos (Vervelde
et al., 2003).

Género Echinococcus

A andlise da delicada camada fibrilar que circunda as larvas de E.
multilocularis e permanece em constante contato com o hospedeiro demonstrou que
esta € composta por grandes quantidades de O-glicidios truncados, conhecidos
como antigenos T e Tn, sugerindo um importante papel desses glicidios na interacao
parasito-hospedeiro (Ingold et al., 2000; Hulsmeier et al., 2002). Esses glicidios séo
estruturas O-glicidicas tipo-mucina, produzidas por diversos parasitos helmintos
(tabela 4). Parasitos sdo conhecidos por expressarem estruturas glicidicas
diferenciadas daquelas encontradas nos seres humanos, um exemplo disso € o
antigeno Tk encontrado em alguns cestdédeos (Tabela 4), um tipo de O-glicidio
anormal associado a células cancerigenas, e por isso considerado um alvo
promissor para imunoterapia de alguns tumores (Gakibuc & Gin, 2007).

O antigeno Tn, assim como as enzimas envolvidas em sua sintese, ja foram
reportados também em E. granulosus (Alvarez-Errico et al., 2001). Em pacientes
com cisto hidatico causado pelo E. granulosus altos niveis de antigeno Tn foram
identificados em amostras soroldgicas (Alvarez-Errico et al.,, 2001). Em
Mesocestoides vogae foi reportada a presenca tanto do antigeno Tn quanto do
antigeno Tn-sialilado (NeuAcaz-6GalNAcal-O-Thr/Ser) (Medeiros et al., 2008).
Apesar de esse resultado ter sido obtido a partir de vermes mantidos em cultivo in

vitro, a presenca de &acido sialico deve ser confirmada por outros métodos de
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andlise, pois se sabe que parasitos helmintos ndo sdo conhecidos por expressar
glicidios sialilados (van Die & Cummings, 2010).

A analise dos glicidios presentes em um dos principais antigenos de E.
granulosus, Ag5, revelou a presenca de N-glicidios com pelo menos duas antenas
com fucose a1 ligadas, cujas estruturas eram modificadas pela adicdo de

fosforilcolina (Paschinger et al., 2012).

Quanto aos demais N-glicidios presentes em cestddeos, sabe-se que o cisto
hidatico de E. granulosus contem uma pequena porcdo de N-glicidios com alto
conteddo de manose e nucleos com estruturas truncadas contendo dois e trés
residuos de manose (Khoo et al.,, 1997). Haslam et al. (2003) demonstrou a
presenca de N-glicidios com essas mesmas caracteristicas presentes em
glicoproteinas secretadas por Taenia solium, e terminais de N-glicidios contendo
fucose a1-3 ligada foram identificados em antigenos de T. crassiceps (Jang-Lee et al.,
2005).

Género Schistosoma

Entre os helmintos esse é o género que tem seus glicidios mais intensamente
estudados. Parasitos do género Schistosoma sintetizam diversos glicidios
antigénicos, incluindo Le*, poli Le*, LacdiNAc (LDN), LDN fucosilado (LDNF, LDN-diF
e FLDN), nacleos com xilose B2-ligada, N-glicidios com residuos de fucose a3-

ligados e antigeno catddico contendo acido glucurdnico (CCA).

O antigeno soluvel de ovos de S. mansoni e S. japonicum (ASO) contem uma
grande diversidade de glicoproteinas. O ASO é rico em glicidios que séo altamente
imunogénicos para animais infectados. Apesar de ndo se conhecer completamente a
composicdo do ASO, sabe-se que este antigeno possui N-glicidios e O-glicidios com
modificacdes bastante similares, podendo estar presentes terminais multifucosilados
contendo fucose a1,3 € di6 ligadas, além de ndcleos contendo xilose, LDN, LDNF e
Le*. (Khoo et al, 1997; Nyame et al., 2002).

Estudos utilizando chimpanzés exploraram a relagdo entre resposta anti-

glicidica e imunizag&o utilizando cercéarias de S. mansoni atenuadas por radiagéo
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(van Remoortere et al., 2003b; Eberl et al., 2001b). Foi observado que apesar da
infecgao ocorrer, os vermes adultos eram sexualmente incapacitados e as fémeas
nao faziam ovoposicdo. Quando os chimpanzés foram expostos repetidamente as
cercarias atenuadas, anticorpos especificos, IgM e IgG, foram formados, e esses
eram primariamente contra antigenos glicidios liberados pela cercéaria. Alguns
epitopos glicidicos reconhecidos pelo soro de chimpanzés vacinados incluem LDN,
LDNF, Le*, F-LDN e LND-diF (Eberl et al., 2001; van Remoortere et al., 2003b).
Somado a isso, diversas proteinas conjugadas com glicidios, como albumina bovina
(BSA) conjugada com LDN, LDNF, Le* e CCA tem sido preparadas em pequenas
guantidades para analisar a resposta imune em animais e humanos infectados
(Nyame et al., 2003; Vermeer et al., 2003), o que pode implicar em desenvolvimento

de melhores alternativas para o diagndéstico no futuro.

Glicidios contendo Le* sdo encontrados principalmente no género
Schistosoma. O S. mansoni expressa Le* durante todas as fases do seu ciclo de
vida (Nyame et al., 1998), estando associado tanto a glicoproteinas quanto a
glicolipideos presentes na superficie de qualquer que seja o estagio de vida do
parasito, ou nos seus produtos de excrecao/secrecao, inclusive no ASO, porém em
diferentes quantidades e locais. Nas larvas associadas ao molusco (hospedeiro
intermediario do Schistosoma), miracideo e cercaria, o Le* é encontrado em
pequenas quantidades (Nyame et al., 2002), sendo que experimentos de
imunolocalizacdo demonstraram que esse glicidio esta restrito a ventosa oral de
cercarias (van Remmoortere et al., 2000). Apds a cercaria penetrar no hospedeiro
definitivo e se transformar em esquistossémulo o Le* é observado em toda a
superficie da larva (Nyame et al., 2003), o que sugere um papel importante desse

glicidio no processo de infeccdo do hospedeiro definitivo.

A maioria dos invertebrados, incluindo os helmintos, expressam estruturas
glicidicas com um nucleo LDN, que pode ser convertido a LDNF quando sofre
fucosilacdo (Van Den Eijnden et al., 1998). Glicidios contendo essas estruturas
acorrem comumente entre o0s parasitos helmintos (Tabela 4). No género
Schistosoma, LDN e LDNF estdo presentes em altas quantidades em diferentes

estagios, juntamente com o Le* (Hokke et al.,, 2007). Porém, ao contrario do LeX,
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LDN e LDNF estdo presentes em altas quantidades também nas fases iniciais do

ciclo de vida do Schistosoma (Nyame et al., 2002; Peterson et al., 2009).

No género Schistosoma o LDN e LDNF sdo geralmente utilizados como base
para a producdo de glicidios mais complexos, com estruturas multifucosiladas que
sdo altamente imunogénicas. Esses glicidios sdo encontrados em glicoproteinas e
glicolipideos derivados dos ovos e das cercarias e possuem estruturas como: LDN-
DF (GalNAcB1-4[Fucal-2Fucai-3]GIcNAc-) ou F-LDNF-DF (Fucai-s GalNAcB1-a[Fucaa-
2Fucai1-3]GIcNAc-) (Khoo et al., 1995; Jang-Lee et al., 2007). Também podem ser
observadas repeticdes multiplas de LDN e LDNF em N-glicidios de Schistosoma
(Wuhrer et al., 2006).

Em mamiferos, o processo de N-glicosilagdo geralmente resulta em glicidios
do tipo complexos e a geracdo de N-glicidios com alto conteuddo de manose em
glicoproteinas maduras é limitada e incomum, ocorrendo somente em especificos
sitios de glicosilacdo de proteinas totalmente dobradas que perdem a acessibilidade
para 0 processamento enzimatico que ocorre no Reticulo Endoplasmético e
Complexo de Golgi. Entretanto, na maioria dos helmintos, glicidios imaturos sao
frequentemente encontrados. No género Schistosoma, esses glicidios ja foram
relatados em glicoproteinas derivadas de ovos e vermes adultos das espécies de S.
mansoni e S. japonicum (Cummings & Nyame, 1999).

Adicionalmente, N-glicidios que ocorrem no género Schistosoma geralmente
contem residuos de oligomanose truncados que podem ocorrer com algumas
modifica¢cdes incomuns, principalmente residuos de fucose ai-3 ligados ou xylose B1-2
ligados, similar ao que se observa em glicoproteinas derivadas de plantas e insetos
(van Die et al., 1999; van Die & Cummings, 2006).

A maioria das modificacdes descritas anteriormente ocorre tanto em N-
glicidios quanto em O-glicidios associados a proteinas ou lipideos de Schistosoma.
Em relacdo especificamente aos O-glicidios, parasitos do género Schistosoma
também podem apresentar O-glicidios truncados, tipo T e Tn (Kantelhardt et al.,
2002; Cummings & Nyame, 1999).
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Angiostrongylus

Em relacdo a glicoconjugados em parasitos do género Angiostrongylus,
existem poucas informagdes na literatura. Jagdele & Grewal (2003) relataram que a
capacidade de adaptacdo de Angiostrongylus a diferentes hospedeiros,
principalmente com relacédo as diferencas de temperatura, que podem variar de 36-
38 °C a 20-28 °C no hospedeiro mamifero e moluscos, respectivamente, poderia ser
devido a presenga de um glicidio, a trealose (Behm, 1997). O acumulo deste acucar
poderia promover a termotolerdncia em nematdédeos. Somado isso, mais
recentemente Morassutti et al. (2012), demonstrou que os glicidios estdo
complemente envolvidos no reconhecimento imunolégico do principal antigeno
utilizado para diagndstico imunologico da parasitose, o antigeno de 31 kDa, e que
diferentes modelos de células procaridticas e eucaridticas utilizadas na tentativa de
producdo recombinante deste antigeno ndo foram capazes de reproduzir esses

glicidios adequadamente, ja que a antigenicidade das glicoproteinas n&o foi obtida.
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1.2 Justificativa

O antigeno de 31-kDa vem sendo considerado o principal antigeno para o
diagnostico da angiostrongiliase cerebral (Nuamtanong, 1996; Eamsobhana et al,
2001; 2009; Graeff-Teixeira et al.,, 2009). Entretanto, a obtencdo do antigeno é
limitada e dispendiosa, uma vez que a producdo dos antigenos inclui multiplas
etapas, desde a infecgdo e manutencao de animais de experimentacao, hospedeiros
intermediarios e definitivos, até a purificacdo e processamento dos antigenos, fato
que torna dificil a pesquisa de validacdo deste antigeno para o diagndstico das

angiostrongiliases.

No intuito de produzir o antigeno de forma recombinante foi realizada a
caracterizacdo proteica do antigeno 31-kDa (Morassuti et al., 2012), que foi
identificado como glicoproteina(s), cujo(s) residuo(s) glicidico(s) é fundamental para
o0 reconhecimento pelos anticorpos no diagnostico das angiostrongiliases. Nesse
sentido, diversos estudos demonstraram que a principal interface entre o parasito e
hospedeiro é a superficie do parasito, que na maioria das espécies é recoberta por
carboidratos. Adicionalmente, os parasitos sdo capazes de secretar / excretar
glicoconjugados antigénicos que podem se dissipar pelo ambiente que circunda o
parasito. Assim, glicoconjugados representam o principal desafio imunogénico para
0 hospedeiro e podem ser determinantes no estabelecimento das infeccdes
parasitarias. Esses epitopos tanto podem fornecer especificidade antigénica, quanto

serem responsaveis pela reatividade cruzada observada em testes imunologicos.

Desta maneira, o estudo dos glicidios associados ao componente de 31-kDa
e outros glicidios produzidos pelo parasito é fundamental e podera favorecer a
identificacdo de novos alvos antigénicos, o desenvolvimento de testes imunolégicos,
o entendimento mais aprofundado da relacdo parasito-hospedeiro e a participacéo

dessas moléculas no processo de infecgao.

Além disso, a caracterizacdo dos glicidios e identificacdo das sequencias que
compdem a fracdo antigénica do extrato de Angiostrongylus abre perspectivas de
producéo destes residuos de forma sintética. O que proporcionara maior facilidade e

acuracia na producao dos antigenos diagnosticos.
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1.3 Objetivo

1.3.1 Objetivo Geral

Estudar o perfil glicidico de Angiostrongylus cantonensis e o papel no

imunodiagnastico.

1.3.2 Objetivos Especificos

e Estudar o repertério de glicidios e glicoconjugados em extratos totais (ET) e
produtos de excrecdo e secrecao (ES) de A. cantonensis;

¢ Identificar a composicao dos residuos de glicidios de ET e de ES;

e Caracterizar o tipo de glicidio envolvido no reconhecimento imunolégico do
antigeno de 31-kDa de A. cantonensis;

e Avaliar a composicao e estrutura dos glicidios presentes no antigeno de 31
kDa;
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ABSTRACT

Glycoconjugates play a crucial role in the host-parasite relationships of helminthic
infections, including angiostrongyliasis. It has previously been shown that the
antigenicity of proteins from female Angiostrongylus cantonensis worms may depend
on their associated glycan moieties. Here, an N-glycan profile of A. cantonensis is
reported. A total soluble extract (TE) was prepared from female A. cantonensis
worms and was tested by dot blot before and after glycan oxidation or N- and O-
glycosidase treatment. The importance of N-glycans for the immunogenicity of A.
cantonensis was demonstrated when deglycosylation of the TE with PNGase F
completely abrogated IgG recognition. The TE was also fractionated using various
lectin columns [Ulex europaeus (UEA), concanavalin A (Con A), Arachis hypogaea
(PNA), Triticum vulgaris (WGA) and Lycopersicon esculentum (LEA)], and then each
fraction was digested with PNGase F. Released N-glycans were analyzed with
matrix-assisted laser desorption ionization (MALDI)-time-of-flight (TOF)-mass
spectrometry (MS) and MALDI-TOF/TOF-MS/MS. Complex-type, high mannose, and
truncated glycan structures were identified in all five fractions. Sequential MALDI-
TOF-TOF analysis of the major MS peaks identified complex-type structures, with a
a1-6 fucosylated core and truncated antennas. Glycoproteins in the TE were labeled
with BodipyAF558-SE dye for a lectin microarray analysis. Fluorescent images were
analyzed with ProScanArray imaging software followed by statistical analysis. A total
of 29 lectins showed positive binding to the TE. Of these, Bandeiraea simplicifolia
(BS-1), PNA, and Wisteria floribunda (WFA), which recognize galactose (Gal) and N-
acetylgalactosamine (GalNAc), exhibited high affinity binding. Taken together, our
findings demonstrate that female A. cantonensis worms have characteristic helminth

N-glycans.
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1. INTRODUCTION

Eosinophilic meningoencephalitis (EoM) is often caused by the nematode,
Angiostrongylus cantonensis. For cases specifically involving infection by this
nematode, the resulting condition is referred to as cerebral angiostrongyliasis (CA),
which is endemic in many parts of the world, particularly in tropical and subtropical
countries (Morassutti et al., 2014; Wang et al., 2012, 2008).

Humans can acquire the infection by consuming third stage larvae (L3) that
are present in contaminated water, in raw and undercooked food, fruits, and
vegetables, or in molluscs, which serve as the intermediate host for this infection
(Wang et al., 2008). After ingestion, the larvae access the central nervous system via
the bloodstream and cause severe inflammation that results in EoM, which in some
cases may be fatal (Graeff-Teixeira et al., 2009; Wang et al., 2008).

Female A. cantonensis worms express different proteins that may influence
many physiological and pathological processes, including interactions with the host’s
immune system (Song et al.,, 2012; Wang et al.,, 2008). For example, when an
antigen prepared from the reproductive tubes of female A. costaricensis worms, a
species which can cause abdominal angiostrongyliasis, high antigenicity was
observed with human sera (Bender et al., 2003). In addition, the main diagnostic
antigen for CA is a glycoprotein that is obtained from female A. cantonensis worms
(Morassutti et al., 2012).

Several studies have highlighted the importance of glycans as dominant
antigens based on their ability to interact with a host’s immune system, mainly
because these glycan are located on the surface of the parasite (Nyame et al., 2004).
Especially, glycans are involved in the generation of anti-glycan antibodies (Nyame
et al., 2003; Sher et al., 2003; van Die & Cummings, 2006; Van Liempt et al., 2007).

Glycans are known to be recognized by immunoglobulins in a specific way

(Reason et al., 1994; van Die & Cummings, 2006). In a recent proteomic study of the
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31-kDa antigen from A. cantonensis, recognition of this antigen by human antibodies
was found to be dependent on the carbohydrate moieties present (Morassultti et al.,
2012). Correspondingly, attempts to produce recombinant antigens of
Angiostrongylus in prokaryotic systems have failed (Morassutti et al., 2013),
potentially due to a lack of proper glycosylation (Dell et al., 2010).

Therefore, in order to obtain a better understanding of parasite biology and
host-parasite interactions, a study of Angiostrongylus carbohydrates is necessary. In
this study, we report an investigation of glycosylation of A. cantonensis worms.

2. MATERIALS AND METHODS
2.1. Worms and antigen preparation

The life cycle of A. cantonensis worms have been maintained at the
Laboratério de Biologia Parasitaria (PUCRS, Porto Alegre, Brazil) since 2013. Wistar
rats are used as definitive hosts and Biomphalaria glabrata serve as intermediate
hosts. Briefly, Wistar rats are infected with 104 larvae by gavage inoculation. Forty-
two days post-infection, the rats are sacrificed and the worms are collected and
frozen at -20 °C. Animal handling for this study was performed according to the
guidelines of our institute and the experimental protocol was approved by the
PUCRS Ethics Committee for Animal Use (no. 13/000331).

A total soluble extract (TE) was obtained from harvested female A.
cantonensis worms that were macerated in liquid nitrogen and homogenized in an
extraction buffer [phosphate-buffered saline (PBS; pH 7.4), 0.01% Triton X-100, and
freshly added protease inhibitors (Qiagen)]. The suspension was centrifuged at
12,000 x g for 1 h at 4 °C. Total protein concentrations of the TE supernatants were

estimated with the Qubit kit (Invitrogen, Mount Waverly, Victoria).

2.2. Dot blot (DB) with glycosidases and meta-periodate oxidation

TE (1 pg/dot) were directly applied onto nitrocellulose membranes in a drop-
wise manner. These membranes were then blocked with 5% milk for 2 h at room
temperature (RT) and incubated for 2 h with a pool of sera (1:200 dilution), prepared
from three positive sera samples of CA . The membranes were washed three times
and probed with a secondary peroxidase-conjugated anti-human 1gG (diluted 1:5000;
Abcam, Cambridge, UK) for 2 h at RT. Diaminobenzidine (DAB) (Sigma-Aldrich, St.
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Louis, MO, USA; 0.05% DAB and 0.015% H20:2 in PBS, pH 7.4) was added to

visualize the bound antibodies.

2.2.1. N-Glycosidase F (PNGase F) treatment

PNGase F treatment was performed according to the manufacturer’s
instructions (recombinant PNGase F, 500,000 U/mL; BioLabs, UK). Briefly, PNGase
F was mixed with the TE at a final concentration of 500 U/ug total protein and the
samples were incubated overnight at 37 °C. PBS was used as a negative control.
The treated samples were then blotted onto nitrocellulose membranes and

recognition by CA-positive sera was tested by DB (described above).

2.2.2. O-Glycosidase treatment

TE were directly applied into nitrocellulose membranes in a drop-wise manner
(1 pg/dot) and these membranes were subsequently blocked with 1% (w/v) bovine
serum albumin (BSA). Membranes were either incubated with a-L-fucosidase (0.2 U;
Sigma-Aldrich) for 18 h and then were incubated with O-glycosidase (0.02 U; Sigma-
Aldrich) for another 18 h at RT, or were directly incubated with O-glycosidase without
pre-treatment with a-L-fucosidase. After three washes, DBs were performed

(described above).

2.2.3. Sodium meta-periodate treatment

TE were directly applied onto nitrocellulose membranes in a drop-wise manner
(1 pg/dot), then the membranes were washed three times with PBS-Tween 0.05%
(v/v). The membranes were incubated for 30 min with 200 mM NaOAc (pH 5.0), then
were incubated with a sodium m-periodate solution (20 mM NalOa4 diluted in 200 mM
NaOAc), and kept at 37 °C in the dark. After 1 h, the membranes were washed with
100 mM NaOAc and were incubated with 50 mM NaBHas in PBS-Tween 0.05% (v/v)

for 30 min at RT. DBs were then performed (described above).

2.3. Lectin columns
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To enrich the glycoconjugate forms of the A. cantonensis antigen, various
commercially available biotinylated lectins were used: Concanavalin A (Con A), Ulex
europaeus (UEA), Arachis hypogaea (PNA), Triticum vwvulgaris (WGA), and
Lycopersicon esculentum (LEA) (Sigma-Aldrich). Briefly, 200 pL of streptavidin-
coated magnetic beads were mixed with 50 pg of each biotinylated lectin in separate
microtubes, and these tubes were incubated overnight at RT. The supernatant from
each tube was subsequently removed and the columns were washed five times with
Tris-buffered saline (TBS, pH 7.4). TE (300 pg) was then added to each column and
the tubes were incubated at RT for 1 h. Unbound molecules were subsequently
removed with aspiration of the supernatant and five washes with TBS. Glycans and
glycoconjugated molecules bound to the columns were released when 50 pL of 0.1 M
sodium borate (pH 6.5) was added to each tube. The resulting fractions were stored

at -20 °C until MS analysis.

2.4. Mass spectrometry (MS) analysis

The collected fractions of purified glycoconjugates were reduced,
carboxymethylated, and digested with trypsin. N-glycans were released from the
purified glycopeptides by PNGase F digestion and were derivatized by
permethylation. N-glycan profiles were acquired with a matrix-assisted laser
desorption ionization-time-of-flight (MALDI-TOF) mass spectrometer (Voyager-DETM
STR PerSeptive Biosystems). Permethylated samples were dissolved in 10 pL of
methanol, then 0.5 pL of each of these samples were added to 0.5 pL of the matrix
(20 mg/ml of 2,5-dihydrobenzoic acid in 70% (v/v) aqueous methanol). The
sample/matrix mixture was loaded onto a sample plate for MS analysis. MALDI-
TOF/TOF experiments were performed with a 4800 Proteomics Analyzer (Applied
Biosystems) using 3,4-diaminobenzophenone (20 mg/ml in 70% (v/v) aqueous
acetonitrile) as the matrix. Both instruments were operated in the reflectron positive
mode (North et al., 2010).

2.5. Lectin array
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The glycoproteins present in the A. cantonenensis TE were labeled with 10
mM BodipyAF558 succinimidyl ester dye (Invitrogen) in PBS (pH 7.4) for 45 min at
RT, the excess dye removed and then were applied to a lectin array according as
described in Ardnt et al (2011). BSA was used as a negative control. The acquisition
of fluorescent images and subsequent measurements and analyses were made with
a ProScanArray Microarray scanner (Perkin Elmer, Waltham, MA) and ScanArray
Express software (Perkin Elmer). T-tests were performed using Microsoft EXCEL

software to analyze the statistical significance of the data.

3. RESULTS

3.1. TE from female A. cantonensis worms contains N-glycans, which are

essential for immune recognition

TE that was prepared from female A. cantonensis worms was enzymatically or
chemically treated to remove or modify glycans with N-glycosidase (PNGase F), O-
glycosidase, or O-glycosidase associated with a-L-fucosidase or m-periodate.
Recognition of the antigen by CA-positive sera was abrogated when the TE was N-
deglycosylated (Figure 1). The same results were observed when m-periodate was

used for glycan oxidation.

3.2. A structural analysis of N-glycans from female A. cantonensis worms

TE prepared from female A. cantonensis worms was also fractionated with five
biotinylated lectins: Con A, PNA, WGA, UEA, and LEA. Each fraction was analyzed
independently by MS (Table 1, Figure 2). MALDI-TOF-MS data showed that fractions
from all five columns presented a very similar set of N-glycans, including complex-
type (Fuco-1iHexs-sHexNAcs-s), high mannose (Hexs-7HexNAcz), and truncated
structures (Fuco-1HexsHexNAc2). However, there were some variations in the
fractions as well. For example, a high mannose glycan with m/z at 1988 was only
detected in the fraction from the UEA column, while the signal at m/z 1345,

representing a truncated structure of FuciMansGIcNAc2, was absent in the same
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UEA column sample. In addition, only a few structures were observed in the samples
from the LEA column (Table 1, Figure 2).

The MS spectra of all the samples were dominated by signals at m/z 1836 and
m/z 2041. Based on sequential MALDI-TOF-TOF analyses that were subsequently
performed (Figure 2), as well as MS/MS fragmentation data and available knowledge
regarding biosynthetic pathways, we propose that the corresponding structures for
these two signals are core fucosylated (ai-s) bi-antennary glycans, the structure at
m/z 1836 has two unextended GIcNAc antenna, whilst the structure at m/z 2014 has

one unextended GIcNAc antenna and one Gal-GIcNAc antenna.

3.3. Lectin binding profile of female A. cantonensis glycoproteins

A panel of 86 lectins at three different concentrations was used to assay the
glycan signature of the TE obtained from female A. cantonensis worms. Table 2
summarizes all of the lectins that exhibited positive binding, along with, their
respective degree of affinity and the glycan structure which is known to interact with
each lectin (Tao et al., 2008). This analysis demonstrated that glycoproteins present
in the TE mainly bound with high affinity mainly to Bandeiraea simplicifolia (BS-I),
Arachis hypogaea (PNA), and Wisteria floribunda (WFA) lectins. Conversely, the TE
bound with less affinity to lectins that have been shown to bind structures such as
fucose (Pseudomonas aeruginosa lectin - LecB (PA-IIL), fucosylated core (Lens
culinaris - LcH), complex-type structures such as GalB1-4GIcNAcBi-.Man (Phaseolus
vulgaris - PHA-L), and mannose-terminal structures (Galanthus nivalis - GNA).

4. DISCUSSION

To our knowledge, this study presents the first data for glycans from A.
cantonensis worms. The diversity of the N-linked glycans that were detected was
demonstrated with MS and lectin microarrays. Also we have shown that antigenicity
of the TE was dependent on the presence of carbohydrate structures.

Previously, by used carbohydrate oxidation, our group demonstrated that
glycans are essential for an immunodiagnosis of angiostrongyliasis (Morassultti et al.,

2012). Our hypothesis was that oxidized carbohydrates that were still attached to



77

proteins could block immunoglobulin binding sites, since the oxidation treatment
would affect the presentation of the glycans present. In the current study, we further
demonstrate the importance of glycans for immunoglobulin recognition, and also
show that this recognition is specifically due to N-glycans, since total abrogation of
sera recognition was observed after the TE was subjected to an N-glycosidase
treatment. In contrast, when an O-glycosidase treatment was applied to the TE, no
change in 1gG recognition was observed. However, it should be noted that O-
glycosidase has a relatively restricted activity, just only against the Core 1
disaccharides (Fijita et al., 2005) (Figure 1).

The present data is in accordance with the results of several studies which
have demonstrated that immunodominant epitopes of nematode surfaces, or
excreted/secreted antigens, are often m-periodate and/or peptide-N-glycosidase
sensitive (Haslam et al., 2003; Hokke et al., 2007; Okano et al., 2001; Saotillo et al.,
2014; Talabnin et al., 2013). However, there are some exceptions where O-glycans

have been found to be more immunogenic (Sotillo et al., 2014).

The MALDI-TOF spectra of the N-glycans present in the TE prepared from
female A. cantonensis worms (Table 1), that were enriched using five different lectin
columns, trapped a very similar set of N-glycans in each fraction. These results
suggest that the glycoconjugates present in the TE may have more than one site of
glycosylation that can be occupied by different glycan structures.

The characteristic features that have been observed for glycans from other
helminths include termination with Gal and GIcNAc (Haslam et al., 1996, 1998, 2003;
Hokke et al., 2007; Jang-Lee et al., 2005; Wisnewski et al., 1993; Wuhrer et al.,
2006) and an absence of sialic acid, as it is believed that this sugar in these parasites
(van Die & Cummings, 2010). Nevertheless, among helminths, sialic acid has been
documented in Mesocestoides vogae (Medeiros et al., 2008) and Echinococcus
granulosus (Alvarez-Errico et al., 2001), and in both cases, it was not detected by
structural analyses, but rather by immune-affinity assays with lectins and monoclonal
antibodies. The lectin microarray analysis performed in the present study showed
evidence of sialic acid present in the glycoproteins of female A. cantonensis, since
positive binding was observed to Limax flavus (LFA), Limulus polyphemus (LPA),

and Polyporus squamosus (PSL) lectins, which have previously exhibited specificity
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for sialic acid (Tao et al., 2008). It is important to note that LFA is similar to LPA with
respect to its ability to bind different forms of sialic acid, although LPA may also react
with GIcNAc and glucuronic acid. These observations partly explain the present
results, yet they do not clarify the LFA binding that was observed (Table 2).

In addition, the fact that sialic acid was observed only by the lectin array
analysis and not MS experiments may be due to the the five lectins chosen for TE
enrichment did not include any lectin able to bind the glycan structure of sialic acid.
However, false positive binding in the lectin-based analyses is also possible.
Therefore, additional studies that include the LFA, LPA, and PSL columns, as well as
MS and a molecular analysis for the identification of specific sequences for enzymes
involved in sialic acid synthesis, are necessary to confirm the present data.

Compared with the characteristics of the glycans found in other helminths, it is
notable that the Lewis X epitope and multi-fucosylated terminal antennae were not
detected in the present study. Fucose was detected at the proximal GIcNAc of the
chitobiose core of the N-glycans (Fucai-sGIcNAc) of the TE after digestion with
PNGase F. Subsequent digestion of the enriched fractions with PNGase A and an
MS analysis did not further identify any glycan structures (data not shown). This is
consistent with the observation that PNGase F digestion resulted in the complete
abrogation of immune recognition by the female A. cantonensis antigen (Figure 1),
indicating that the glycans which have immunodiagnostic importance have a core
containing fucai-s, and this is commonly observed among helminths (Haslam et al.,
1996, 1997, 1998; Hokke et al., 2007; Houston and Harnett, 2004).

The MS signal at m/z 2104 contains a terminal Gal-GIcNAc. Based on MS/MS
fragmentation and currently available knowledge regarding biosynthetic pathways, it
is likely that this terminal glycan is GalBi-4GIcNAc (LacNAc). Studies that have
compared the role of LacNAc and the fucosylated homologous (Lewis X) to the
shifting of a host immune response towards a Th-2 type have concluded that the
fucosylated structure alone is able to drive the immune response towards Th-2
(Okano et al., 2001; Thomas et al.,, 2003). The ability of parasites to shift a host’s
response is known to be an important strategy for parasite survival (Sher et al.,
2003). In addition, the fact that the glycans from female A. cantonensis worms did not

contain fucosylated terminal antennae suggest that further studies of the role of
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glycans during the infection of permissive versus non-permissive hosts would provide

a better understanding of parasite biology and host-parasite relationship.

Of the 86 lectins that were included in the microarray used, 29 showed
positive binding to the female A. cantonensis TE (Table 2). Of these, three were
associated with high affinity interactions and 18 were associated with medium affinity
interactions. Interestingly, however, three of the lectins that were used for column
purification, UEA, WGA, and LEA, did not exhibit positive binding in the lectin array
experiments (Table 1). It is possible that either the glycans present in the TE have
very low affinities for these lectins, or the lectins were degraded in the array (Tao et
al., 2008). In general, glycoproteins from female A. cantonensis worms have been
found to bind BS-I, PNA, and WFA lectins, and these are lectins that recognize
oligosaccharides such as Gal and GalNAc (terminal). Fucose and complex-type
structures were also among structures recognized in the lectin array assay of the
present study, and these results are consistent with the glycans that were identified
in the MS analyses conducted in the present study and in previous studies with
Schistosoma parasites (Xu et al., 1994).

N-linked glycans are major targets for the host immune system as they play a
vital role in immunomodulation by inducing Th-2 type responses (Nyame et al., 2002;
Pearce et al., 2004). Thus, N-linked glycans may be key to successful parasite
defense strategies. The infection of humans by A. cantonensis is associated with an
exacerbated eosinophilic response that causes inflammatory lesions (Graeff-Teixeira
et al., 2009). The structural diversity of glycans, coupled with their accessibility,
support a central role for glycans in regulating parasite interactions. Thus, immune
and structural characterizations of glycans from A. cantonensis with highly specific
and sensitive methodologies may facilitate a diagnosis of CA based on the detection
of anti-glycan antibodies. Correspondingly, the anti-tyvelose-containing structure of
Trichinella spiralis (Ellis et al., 1997) and anti-Lewis X antibodies, as well as LDN and
the LDNF of Schistosoma (Nyame et al., 2003), have been considered potential

targets for the immunodiagnosis of parasite diseases.

Based on the ability of lectin-based analyses to discriminate glycan isomers,
this approach has the potential to provide a detailed profile of glycoproteins present

in different extracts, especially in combination with other techniques. To our
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knowledge, the present study represents the first report of glycan data for A.
cantonensis. Furthermore, we have demonstrated that female A. cantonensis worms
have mainly complex-type N-glycans, with core ais fucosylated and truncated
antennas, and these are similar to those observed in other helminths. These insights
are important for improving our understanding of host-parasite interactions, and
especially for our understanding of the pathogenesis of angiostrongyliasis.
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Figures and Legends

Figure 1. N-glycans influence the immunoglobulin recognition of a TE prepared from
female A. cantonensis worms. C+: TE; MP: TE treated with m-periodate; O+: TE
treated with O-glycosidase; FO+: TE treated with a-L-Fucosidase and O-glycosidase;
N+: TE treated with N-glycosidase (PNGase F); O-, OF- and N-: TE without enzyme

treatment.


http://www.ncbi.nlm.nih.gov/pubmed/?term=Xu%20X%5BAuthor%5D&cauthor=true&cauthor_uid=7957759
http://www.ncbi.nlm.nih.gov/pubmed/?term=Stack%20RJ%5BAuthor%5D&cauthor=true&cauthor_uid=7957759
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rao%20N%5BAuthor%5D&cauthor=true&cauthor_uid=7957759
http://www.ncbi.nlm.nih.gov/pubmed/?term=Caulfield%20JP%5BAuthor%5D&cauthor=true&cauthor_uid=7957759
http://www.ncbi.nlm.nih.gov/pubmed/?term=Xu%2C+X.+(1994)+Exp.+Parasitol.+79+%3A+399-409

oMarnose, o Galactose @ GicN Ac, @M exN Ac A Fucose

100

‘ax.yi

85

N-glycans from UEA
column

Q -,
. 3 041
g0 " ; Q—g‘
£
so_,._ 1 795
|
@
Y ? . BOVE ev o5
591 1784 : :,l oo
1418 ﬂ {
2245 ;"
1988 | 2082 2285
o LA W 2489
om0 1300 1600 Massmx 1900 2200 2500
eMannose, © Galactose ) GIcNAC, @He N Ac, AFucose s
b nn R N-glycans from Con A
ﬂ{ a column
” 3_1
o : *
2041°
l
1‘ ‘{. 1795 ,
¥ ¥4 » ¥
! 1784 o
1416 x”
1345 1662
1 / 1906 *03* m _
l al " " A
t?om 1300 1600 Massmz 19500 ’500

Figure 2. MALDI-TOF spectrum of permethylated N-glycans in TE prepared from

female A. cantonensis worms. N-glycans in the TE were enriched by using different

biotinylated lectin columns.

Bound glycans were

released from the tryptic

glycopeptides by digestion with PNGase F and permethylated prior to analysis.
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Figure 3. MALDI-TOF/-TOF-MS/MS spectrum of the two major peaks, m/z 1836 and

m/z 2041, that were identified in the MS analysis of the TE prepared from female A.

cantonensis worms. The complex N-glycan at m/z 2041 included GIcNAc and

LacNAc structures that could be present on either antennae.



Table 1. Assignments of molecular ions ([M+Na]*) observed in MALDI-TOF
spectrum of permethylated N-glycans in the TE prepared from female A.
cantonensis worms.

Signal Glycan )
Proposed Structure 9 y Lectin columns
m/z type
MansGIcNAcC2 1171 Truncated UEA, ConA, PNA,
WGA
FuciMansGIcNAc:2 1345 Truncated ConA, PNA, WGA
UEA, ConA, PNA,
MansGIcNACc3 1416 Complex WGA
High UEA, ConA, PNA,
MansGIcNAc2 1580 Mmannose WGA, LEA
UEA, ConA, PNA,
FuciMansGIcNAc3 1591 Complex WGA. LEA
HexNAc2MansGIcNAc2 1662 Complex UEA, S\(l)gﬁ PNA,
High UEA, ConA, PNA,
MansGIcNAcC2 1784 mannose WGA
FuciHexiMansGIcNAcs3 1795 Complex UEA, (\5\(/)23 PNA,
UEA, ConA, PNA,
FuciHexNAc2MansGIcNAc2 1836 Complex WGA, LEA
HexNAcsMansGIcNAc:2 1906 Complex UEA, 538& PNA,
High
Man7GIcNAc2 1988 mannose UEA
UEA, ConA, PNA,
FuciHexiHexNAc2ManszGIcNAC:? 2041 Complex WGA. LEA
FuciHexNAcsManszGIcNAc? 2082 Complex UEA, (\?;\(l)(gﬁ PNA,
FuciHex2HexNAcz2ManzGIcNAC: 2245 Complex UEA, 3\‘78':’ PNA,
FuciHexiHexNAcsMansGIcNAC2 2285 Complex UEA, 3\‘78?’ PNA,
FuciHex2HexNAcsManzGIcNAc: 2489 Complex UEA, 3\‘78':’ PNA,

UEA: Ulex europaeus; ConA: Concanavalin A; PNA: Arachis hypogaea; WGA: Triticum
vulgaris; LEA: Lycopersicon esculentum (Tomato).



Table 2. Lectin binding signature of the TE prepared from female A.
cantonensis worms.

Lectin Affinity to _Blndlng
intensity
AAA Fucai-2
ACA GalBi-3GalNAc
BDA GalNAca, GalNAcpB
BPA GalNAca, Gala
BS-I Gala, GalNAca (terminal) s
CA Galp1-4GIcNAc, GalNAcB1-4GIcNAc
ConA Man (Terminal, Branched), GIcNAc
CPA Mana? Man?
CSA GalNAca (Terminal)
ECA GalB1-4GIcNAc (Terminal)
EEA GalNAcp
GNA Mana (Terminal)
GS-I-B4 Gala (Terminal)
HPA GalNAca (Terminal)
LcH Man/GIcNAc core with Fucai-6
LFA Neu5Ac
LPA Neu5Ac
LBA GalNAca, GalNAca1-3(Fucai-2)Gal
MNA-G Gala, Galf
PEA Mana, Glca, GIcNAca
PHA-L GalB1-4GIcNAcB1-2Man
PHA-M N/A
PHA-P N/A
PNA GalB (Terminal) e
PSL NeuSAcaz-sGalB1-4GIcNAC,
SJL Gala
TKA GalpB, GalB1-4Glc (Lactose)
WFA GalNAca, GalNAcB s
LecB (PA-IIL) Fuc

Dark: High affinity; Grey: moderate affinity; White: low affinity.

88



89

SUPPLEMENTARY MATERIAL

Table 1. A. cantonensis TE female worm lectin array list

Lectin Abbreviation Affinity to

Anguilla anguilla Lectin (Fresh
Water Eel) AAA Fuca1-2
Agari i Lecti

garicus bisporus Lectin ABA Galp1-3GalNAC
(Mushroom)
A th tus Lecti

maran gs caudatus Lectin ACA Galp1-3GalNAc
(Amaranthin)
Arum mgculatum Lectin (Lords AMA Mana
and Ladies)
Allium sativum Lectin (Garlic) ASA Mana1-3
Bryonia dioica Lectin (White BDA GalNAca, GalNAGP
Bryony)

GalNAca, Gala
Bauhinia purpurea agglutinin BPA
Bandeiraea simplicifolia Lectin Gala, GalNAca (terminal)
. L S BS-I
(Griffonia simplicifolia)
Colchicum autumnale Lectin
(Meadow Saffron) CA GalB1-4GIcNAc, GalNAcB1-4GIcNAc
Caragana arborescens Lectin CAA GlcNAcB1-2Mana1-3(GIcNAcB1-2Mana1-
(Pea Tree) 6)Manf1-4GIcNAcB1-4GIcNAcB
Calystega sepiem Lectin
(Hedge Bindweed Rhizomes) CALSEPA Man, Glc, Glca1-4Glc
Canf:er e_mtennarlus Lectin CCA NEUSAC
(California crab)
Canavalia ensiformis, jack .
ConA Man (Terminal, Branched), GIcNAc
bean
Cicer arietinum Lectin (Chick CPA Mana? Man?
Pea)
Cytisus sessilifolius Lectin CSA GalNAca (Terminal)
(Portugal Broom)
Dolichos biflorus Lectin (Horse DBA GalNAca1-3GalNAc, GalNAca1-3Gal
Gram)
ECA GalB1-4GIcNAc (Terminal)

Erythrina cristagalli Lectin


http://www.sigmaaldrich.com/etc/controller/controller-page.html?TablePage=19925894
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(Coral Tree)

Euonymus europaeus Lectin
(Spindle Tree)

Glechoma hederacea Lectin
(ground ivy)

Galanthus nivalis agglutinin
(snowdrop)

Griffonia simplicifolia
agglutinin

Griffonia simplicifolia
agglutinin

Griffonia simplicifolia lectin

Helix aspersa Lectin (Garden
Snalil)

Hippeastrum hybrid Lectin
(Amaryllis bulbs)

Homarus americanus Lectin
(Lobster)

Helix pomatia agglutinin
(Roman snail, edible snail)

Iberis amara Lectin
Iris hybrid Lectin (Dutch Iris)

Jackfruit lectin (Artocarpus
heterophyllus) (bread fruit
tree)

Laburnum alpinum Lectin
(Scotch Laburnum)

Laburnum anagyroides Lectin
(Gold Chain)

Lens culinaris Lectin (Lentil)
Lens culinaris Lectin (Lentil)

Lycopersicon
esculentum (Tomato)

Limax flavus Lectin (Garden
Slug)

Tetragonolobus
purpureas agglutinin (Lotus

EEA

GHA

GNA

GS-I-A4

GS-I-B4

GS-lI

HAA

HHA

HMA

HPA

IRA

Jacalin

LAA

LAL

LcH

LcHB

LEA

LFA

Lotus

GalNAcpB

Gala, GalNAca

Mana (Terminal)

GalNAca

Gala (Terminal)

GlcNAca, GIcNAcB

GIcNAca, GalNAca

Mana (Terminal)

GalNAca, Fuca, NeubAc

GalNAca (Terminal)

GalNAc

GalNAca, GalNAcpB

Gala, GalB, GalNAca (O-linkage)

GIcNACB, GIcNACB1-4GIcNAC

Fuc?

complex (Man/GIcNAc core with Fucal-6)

a-Man> a-Glc, GIcNAc

GIcNAcB

Neu5Ac

Fuca
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tetragonolobus, winged or
asparagus pea)

Limulus polyphemus Lectin
(Horseshoe Crab)

Phaseolus lunatus Lectin
(Lima Bean)

Maackia amurensis Lectin

Mangifera indica Lectin
(Mango)

Morniga G Lectin (black
elderberry)

Morniga M Lectin (black
elderberry)

Marasmium oreades
agglutinin (mushroom)

Maclura pomifera Lectin
(Osage Orange)

Narcissus pseudo-narcissus
Lectin (Daffodil)

Perseau americana Lectin
(Avocado)

Pisum sativum Lectin (Garden
Pea)

Phaseolus vulgaris Lectin
(Red Kidney Bean)

Phaseolus vulgaris Lectin
(Red Kidney Bean)

Phaseolus vulgaris Lectin
(Red Kidney Bean)

Phaseolus vulgaris Lectin
(Red Kidney Bean)

Polygonatum mulitiflorum
Lectin (Commom Solomon's

Seal)

Arachis hypogaea lectin from
peanut

Polyporus squamosus

LPA

LBA

MAA

MIA

MNA-G

MNA-M

MOA

MPA

NPA

PAA

PEA

PHA-E

PHA-L

PHA-M

PHA-P

PMA

PNA

PSL
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Neu5Ac

GalNAca, GalNAca1-3(Fuca1-2)Gal

Neu5Aca2-3Gal

N/A

Gala, Galf

Mana

Gala1-3

Gala, GalNAca

Mana? Man?

N/A

Mana, Glca, GlcNAca

GalB1-4GIcNAcB1-2(GalB1-4GIcNACB1-
6)Man

GalB1-4GIcNAcB1-2Man

N/A

N/A

Mana1-3

Galp (Terminal)

Neu5Aca2-6GalB1-4GIcNAc,



(mushroom)

Psophocarpus tetragonolobus
Lectin (Winged Bean)

Psophocarpus tetragonolobus
Lectin (Winged Bean)

Phytolacca americana Lectin
(Pokeweed)

Robinia pseudoacacia (Black
Locust)

Trifolium repens (White
Clover)

Salvia horminum

Sambucus nigra (Elderberry
Bark)

Sambucus nigra (Elderberry
Bark)

Sophora japonica lectin

Soybean agglutinin (Glycine
max, soya bean)

Salvia sclarea
Solanum tuberosum (Potato)
Succinyl Con A Lectin

Succinylated Triticum
vulgaris (Wheat)

Trichosanthes kirilowii (China
Gourd)

Tulipa sp. Lectin (Tulip)

Urtica dioica Lectin (Stinging
Nettle)

Ulex europaeus Lectin (Gorse,
Furze)

Ulex europaeus Lectin (Gorse,
Furze)

Viscum album Lectin
(Mistletoe)

PTA Gal

PTA GalNAc

PWM

RPA

RTA

SHA

SNA

SNA-II

SJL

SBA

SSA

STA

Succ ConA

Succ WGA

TKA

TL

UDA

UEA-I

UEA-II

VAA

Gal

GalNAc

GIcNAcB1-4GIcNAc

N/A

Glc?

GalNAc

Neu5Aca2-6Gal, NeuS5Aca2-6GalNAc

Galp (Terminal), GalNAcB (Terminal)

Gala

GalNAca (Terminal),NeuS5Aca2-6GalNAc
(Tn antigen)

GalNAc, Terminal, O-link
GIcNACcB

Mana, Glca

B(1—4)GIcNAC

GalB, GalB1-4Glc (Lactose)

a-GalNAc,B-GalNAc, GalNAc, Gal, Fucose

GalNAcpB

Fuca

GIlcNACcB, Fuca1-2GalB1-4GIcNAc

Galp
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Vicia graminea Lectin

Vigna radiata Lectin (Mung
Bean)

Vicia fava Lectin (Fava Bean)

Vicia villosa Lectin (Hairy
Vetch)

Vicia villosa Lectin (Hairy
Vetch, Mannose Specific)

Wisteria floribunda Lectin
(Japanese Wisteria)

Triticum vulgaris lectin from
wheat germ

Pseudomonas aeruginosa
lectin

Pseudomonas aeruginosa
lectin

Ralstonia solanacearum lectin

Burkholderia cenocepacia

VGA

VRA

VFA

VVA

VVA man

WFA

WGA

LecB (PA-IIL)
LecA (PA-IL)

RSL

BC2LA
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Galp1-3GalNAc

Gala

Mana

GalNAca, GalNAca1-3Gal

Man

GalNAca, GalNAcf

Chitobiose core (Man B(1,4) GIcNAc
B(1,4)GIcNAc)

Fuc
Gal

Fuc

Man, aMan-terminal
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3 CAPITULO 3

3.1 General Discussion

Nematodes parasites cause billions of infections around the world, often
generating chronic infection associated with high rates of morbidity. The main
interface between the host and parasite is the parasite surface that in almost every
parasite species is covered by a glycocalyx rich in carbohydrates. In addition,
parasites are able to secrete / excrete antigenic glycoconjugates that can disperse

around the parasite environment.

Glycosylated epitopes are often the major targets of immunological response
of both habitual and accidental hosts, and may be determinants for the successful
establishment of an infection. For immunodiagnosis, these glycan epitopes may be
specific to a parasite or induce cross reactivity due to their similarity with other
helminths (van Remoortere et al., 2003; Romasanta et al., 2003; Ishida et al., 2003).
LDN and LDNF, for example, are N-glycan structures that are very common among
parasites. On the other hand, a single and apparently not important change in the
glycan structure may modify completely its immunogenicity. Schistosome parasites,
for instance, can produce LDN with fucose in some unigue positions such as F-LDN
and LDN-diF (van Remoortere et al, 2000), and Trichinella spiralis produces tyvelose
(Bruschi et al., 2001). These glycan epitopes present high specificity and special
potential for differential diagnosis for each respective infection (Nakagaki et al.,
1993).

For A. cantonensis infection, extensive studies have shown that 31-kDa
glycoproteins from soluble crude extracts of female worms are appropriate for
serological diagnosis of the infection, given their high sensitivity and specificity
(Nuamtanong, 1996; Eamsobhana and Yong, 2009; Morassutti et al.,, 2012).
Morassutti and collegues (2012; 2013), observed that the recognition of the 31-kDa
spots was dependent on glycan moieties that were m-periodate sensitive. Further
studies reinforced the idea of glycan importance, since recombinant 31-kDa proteins
were not recognized in immunological tests (Morassutti et al., 2013), even using

prokaryotic and eukaryotic models to produce them.
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In the present study we show the first glycan data of A. cantonensis worms.
Here, we further demonstrate the importance of glycans for immunoglobulin
recognition, and also show that this recognition is specifically due to N-glycans, since
a total abrogation of sera recognition was observed when female TE was subjected
to an N-glycosidase treatment. In addition, the specific recognition of the 31-kDa
antigen is also dependent on the presence of N-glycans and not on O-glycan, since
treatment with O-glycosidases did not change the immune recognition of this antigen.
The present data is in accordance with the results of several studies, which have
demonstrated that immunodominant epitopes of nematode surfaces, or ES antigens,
are often m-periodate and/or peptide-N-glycosidase sensitive (Haslam et al., 2003;
Hokke et al., 2007; Okano et al., 2001; Satillo et al., 2014; Talabnin et al., 2013). In
addition, the evidence that different parasites antigens lose their cross reactivity with
antibodies after glycosidase treatment (Haslam et al.,, 2003; Talabnin et al., 2013;
Hokke et al., 2007; Sotillo et al.,, 2014), suggest that further studies with N-
deglycosylation including sera from patients infected with other parasites could help

with improvement of diagnostic methods for angiostrongyliasis.

It is important to consider that in several parts of the world where EM is
endemic, people may have different cultural behaviors. Molluscs may be part of their
diet. Interestingly, mollusc mucus contains many different types of mucin glycans, a
glycan type which has been demonstrated to be recognized by immunoglobulins
(Todeschini et al, 2001). Moreover, mollusc glycans can be the same as those found
in plants and parasites, causing cross reactivity (van Die & Cummings, 2006). Thus,
here we hypothesize that people consuming molluscs have a higher chance of
producing antibodies againt mollusc glycans, which could be similar or the same as
those produced by Angiostrongylus. Ultimately it would lead to a false positive result
in the current serological test based on 31-kDa antigen, suggesting the need of a
better understating of glicidic moieties from mollusks especially those related to

Angiostrongylus infection and food consume.

N-linked glycans are major targets for the host immune system as they play a
vital role in immunomodulation by inducing Th-2 type responses (Nyame et al., 2002;
Pearce et al.,, 2004). Thus, N-glycans may be a key strategy of parasites in

successful evasion host defenses. Human infection by A. cantonensis is associated
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with an exacerbated eosinophilic response, mainly reinforced by Interleukin 5 (IL5),
causing inflammatory lesions (Graeff-Teixeira et al., 2009; Morassutti and Graeff-
Teixeira 2012). In this context, different authors have pointed out that glycoproteins
from parasite antigens may play an important role in granuloma formation and
eosinophil activation during an inflammatory response (Jacobs et al., 1999; Okano et
al., 1999). In angiostrongyliasis the eosinophilic response is inferred to culminate in
death of larvae in CNS. Here we identified many glycans that could be further studied
for their involvement in the eosinophilic response. Having those glycans purified/or
produced synthetically we would be able to test this hypothesis in animal

experiments, which would be important for new perspectives in EM treatment.

Further work involving the glycans identified here would give us a better
comprehension about the host-parasite relationship and pathogenesis of
Angiostrongylus infection, as studies of specific glycans have shown their ability of
modulating host immune response. For instance, Lewis X epitope, which is a
fucosylated glycan, is able to change the host immune response towards a Th-2 type
(Okano et al., 2001; Thomas et al., 2003). Here we did not find this type of glycan.
Instead, we found LacNac, which is a very similar glycan structure lacking only the

fucose.

With regard to the importance of glycans in the immune response against
parasitic infections, carbohydrates on the parasite surface or in ES can be
recognized by Lectin-C receptor present in host cells and induce immune response,
and anti-glycan antibodies generation, which can be found in the sera from infected
patients. Some infections often result in high IgE titles, and increase in eosinophils
and mast cell numbers. In general the anti-glycan antibodies titles are directly
proportional to the severity of infection severity (Van Dam et al.,, 1994; Ko et al.,
1990; Nyame et al., 2003; van Remoortere et al., 2001). Thus, identification of anti-
glycan antibodies has been often employed in parasitic diagnosis, and would be an

alternative for angiostrongyliasis diagnosis.

Here we have shown the glycan profile present in different extracts from A.
cantonensis, including female TE, male TE, ES antigen, and 31-kDa bands (see
Appendix A and C). Male and female worms presented different glycan profiles by

MS analysis (Appendex C). However, we could not identify the same glycan



97

structures previously identified in Verissimo et al. (2016 - paper 1). This discrepancy
can be explained by differences in the two techniques applied here, or some other
problems related to quality of the sample. It is known that different cell types may
present a unique glycan profile (Solis et al., 2015), and glycosylation profiles may
change due to environmental and genetic factors, which could explain the differences

found in glyco-phenotypes between the A. cantonensis samples.

MS analysis of the 31-kDa antigen identified the same N-glycan in the three
different spots analysed. These glycans present small truncated structures,
containing mannose terminals, very common among helminths (Appendix A).
Although the 31-kDa is said to be highly specificity, our group has recently shown
serological cross reactivity of this antigen with sera of patients infected with many
other parasitic infections, as E. granulosus, Toxocara spp., Trichinella spp,
Strongyloides spp. (Morassutti et al., in preparation). This cross reactivity may be
explained by the presence of those common glycans. However, the signature
observed by lectin array analysis indicated that 31-kDa antigen possibly contains
extra glycan moieties. Thus, complementary analyses are necessary to confirm these

glycan structures.

Lectins have long been used for different purposes, including on glycan
characterization, in techniques such Western and Dot blots, microarrays and flow
cytometry. Lectin-based approaches help in the structural analyses of glycans (Tao
et al., 2008), as they can discriminate sugar isomers (Hirabayashi, 2004). In addition,
the range of lectins commercially available permit perform a broad spectrum of
glycan analysis. The lectin microarray that we used here contained 86 different
lectins, in three different concentrations (Supplementary material — paper 1), allowing
us to also determine the degree of specificity of each lectin with the glycoproteins
present in the samples analysed. Of the total lectins tested, 57 showed positive
binding to glycans from different extracts of A. cantonensis, with variations in binding
signatures among male TE, female TE and ES samples (Appendix C). In genera,
each Angiostrongylus extract analysed contains a different glycan profile, with

variation in the number of positive bindings and/or the specificity of binding.

Interestingly, sialic acid is present in the TE and ES extracts of A. cantonensis,

since positive binding was observed to Limaxflavus (LFA), Limuluspolyphemus
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(LPA), and Polyporussquamosus (PSL) lectins, which have been shown to bind sialic
acid (Tao et al., 2008). However, additional bioinformatic analysis searching for
glycan biosynthesis routes, in a related project of A. cantonensis genome and
transcriptome, did not find any enzymes or pathways involved in sialic acid synthesis.
Putting thee data together with the MS data (paper 1, Appendices A and C), these
results suggest a false positive binding for sialic acid in the lectin-based analyses.
This idea is supported by different works that highlight the linmitations of the lectin
array, which include the application of the technique for identify accurate glycan
structures. Specially when applied to complex samples, like A. cantonensis ET and
ES samples, the glycan structures should be confirmed using more sophisticated
approaches, such as MS analysis (Hirabayashi, 2004). Another limitation is the lack
of the commercial availability of lectins or other sugar-binding proteins that diversely
recognize unique sugar structures, generating false positive bindings (Hsu et al.,
2006).

The reactivity of O-glycans in purified 31-kDa glycoproteins or female TE was
screened by reductively eliminating the glycans after PNGase F treatment. No
signals corresponding to O-glycans were observed. This is consistent with our
observations in WB analysis, where the O-glycosidase treatment did not change the
immune recognition of TE or 31-kDa antigen. However, when we did an in silico
analysis of the A. cantonensis genome and transcriptome, searching for sequences
that codifying enzymes related to glycan biosynthesis, we found GALNT and
C1GALT1 / C1GALT1C1 sequences in both materials analysed. These are specific
sequences for enzymes envolved with O-glycans biosynthesis (Appendix C),
suggesting that the parasite is able to produce O-linked glycans, even through we

were not able to identify it in our MS analysis.

Our in silico analyses also have shown that both genome and transcriptome of
A. cantonensis have sequences encoding enzymes of the metabolic pathways of N-
and O-glycans biosynthesis (Appendix C). Interestingly, those enzymes are predicted
to be able to produce the glycans structures that were identified by our MS and lectin
array analysis. For instance, the 6-alpha-L-fucosyltransferase, identified by in silico
analysis, is an enzyme responsible for making core ai-s fucosylation, which ultimately

forms N-glycans susceptible to digestion of PNGase F. These data are in accordance
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with our MS and immunogenicity analyses where all N-glycans were suceptible to
PGNase F treatment (Capitulo 2), showing the value of the in silico analysis to

predict glycosiyation in A. cantonensis.

Due to the central role that 31kDa N-glycans play in EM diagnosis, we also
investigated by in silico methods the possible N-glycosylation sites and the glycans
structures that could be present in the NAC dominium, 14-3-3 protein, and epsilon
coatamer subunit, glycoproteins previously identified as part of the 31-kDa
component (Morassutti et al., 2012). The modeling analysis (Appendix A) of the
available pepitide sequences showed that all three proteins studied containg N-
glycosylation sites, and the calculated N-glycan sites may comport small structures,
such as ManssGIcNAc2 which are in accord with those glycans identified by MS
analysis (Appendix A).

Here we also studied the immunological cross reactivity and the 31-kDa
recognition between individuals infected with A. mackerrasae and A. cantonensis. A.
mackerrasae is a second species of Angiostrongylus endemic in Australia. Genetic
comparisons of mitochondrial DNA suggests the two species are 99% identical
(Aghazadeh et al.,, unpublished data) thus, there is a strong potential for A.
mackerrasae also be a zoonotic infection, although much of its epidemiology and
pathogenesis remains unknown. Here we found (Appendix B) that A. mackerrasae
antigen can also be recognized at 31-kDa band by sera from human infected with A.
cantonensis, and that this recognition is dependent on the presence of N-glycans.
This cross reactivity was expected due to the genetic proximity of the two Australian
species (Aghazadeh et al 2015, unpublished data). In addition, previous work of our
group have demonstrated cross reactivity between A. cantonensis and another
species, A. costaricensis (Ben et al., 2010). Morassultti et al. (2012) corroborated with
these data showing that the 31-kDa antigen from A. cantonensis is also recognized
by both sera from patients with EM and abdominal angiostrongyliasis, indicating that
both species of parasites produce very similar antigens. Our data point to the need
for further studies about A. mackerrasae human infection in order to determine the
interference of this epitopes in the diagnosis with possible mixed infections in

endemic areas for A. mackerrasae occurrence.
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Taking together, the glycan profile of A. cantonensis presents common
features that have been observed for glycans from other helminths, which include the
presence of complex and truncated structures, the termination with Gal and GICNAc
(Haslam et al., 1996, 1998, 2003; Hokke et al., 2007; Jang-Lee et al., 2005;
Wisnewski et al., 1993; Wuhrer et al., 2006), and an absence of sialic acid (van Die &
Cummings, 2010). In addition, the information generated in this work give new
perspectives to studies of diagnosis of angiostrongyliais. In regard to the 31-kDa
antigens, complementary analysis of the glycan component of the antigen molecules
would allow for the development of new strategies for its recombinant production, in a

biological system or synthetically.
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3.2 Conclusion

A. cantonensis TE extracts and ES contains N-glycans with common
feactures, mainly truncated and high mannose structures.

In our MS analyses we did not identify signals for O-glycans.

In the in silico analysis we identified sequences of enzymes involved in
O-glycans biosynthesis.

The main glycan structure identified in this work is a complex N-glycan,
with truncated antennas containing Gal and GIcNAc terminals, and core
a1-6 fucosylated.

In this work, we did not identify fucosylated terminals in the A.
cantonensis glycans.

N-glycans are responsible for immune recognition by human

Immunoglobulins.
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Abstract

Angiostrongylus cantonensis is the main agent of eosinophilic meningitis, an
emerging infectious disease in many parts of the world. Extensive studies shown that
31-kDa antigen from soluble crude extract of female A. cantonensis worms are
appropriate for serological diagnosis of the infection. This antigen is composed by
glycoproteins and tentative in producing these molecules in recombinant expression
systems were unsuccessful in been recognized by infected sera, probably due the
lack of glycans. Here we present the glycan composition of 31-kDa antigen and their
respective role in the antigenicity. The recognition of the 31-kDa antigen by positive
sera was abrogated after PNGase F treatment, demonstrating the importance of N-
glycans for immune recognition. The LC-ESI-MS data showed that all three spots of
31-kDa antigen presented the same set of N-glycans, composed by truncated and
high mannose structures. The same structures were also predicted by computational
modeling of the 31-kDa glycoproteins. O-glycans signals were not observed in these
analyses. The MS spectra of N-glycans presented glycans with very commum
feactures among other parasites. In the lectin array analysis, positive binding was
detected for 25 lectins, including to calsepa, MNA-M and VFA, which are lectins with
affinity to mannose. Further analysis could The 31-kDa antigen is the main antigen
used in the diagnosis of EM caused by A. cantonensis. The results presented here
may contribute to produce recombinant proteins which could be applied into a
standardized diagnostic test for worldwide distribution.

Introduction

Angiostrongylus cantonensis is the main agent of causing eosinophilic
meningitis (EM), an emerging infectious disease in many parts of the world (Wang et
al., 2008; Graeff-Teixeira et al., 2009; Morassutti et al., 2014). The life cycle of A.
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cantonensis involves one definitive host, typically Rattus norvegicus, and one
intermediate host, mollusks (Wang et al., 2008). Humans can be accidentally infected
by ingesting infected mollusks or contaminated raw or undercooked foods containing
the infective larval stage (L3), contemned water or by accidental ingestion during
hand manipulation of mollusks in fisheries and/or during garden upkeep (Morassutti
et al., 2014), which may result in EM (Ali et al., 2008; Jitpimolmard et al., 2007).

The diagnosis of EM involves evaluating of clinical symptoms and laboratory
tests. Larvae exposure within three months and evidence of eosinophilia of 10% of
the total count of white blood cells in cerebral spinal fluid (CSF) are the main
indicators (Ramirez-Avila et al., 2009, Sawanyawisuth et al., 2009). Definitive
diagnosis, is based in finding of the parasite in CSF, but is rare that this occurs
(Eamsobhana, 2006). Extensive studies have shown that 31-kDa antigen from
soluble crude extract of female worm of A. cantonensis (TE) are appropriate for
serological diagnosis of the infection, given their high sensibility and specificity
(Nuamtanong, 1996; Eamsobhana and Yong, 2009; Morassutti et al., 2012).

Recently, Morassultti et al. (2012) identified the composition of 31-kDa antigen.
The amino acid sequence data obtained shown that different proteins were present in
immunologically recognized spots: 14-3-3 protein, a nascent polypeptide associated
complex (NAC) and Epsilon coatamer subunit. Additionally authors observed that
spots recognition were dependent of glycan moieties, since they were m-periodate
sensible. Tentative in producing these molecules in recombinant expression systems
were unsuccessful in been recognized by infected sera, even when eukaryotic
system was employed (Morassutti et al., 2013). The lack of antigenicity of those
Angiostrongylus recombinant proteins could be explained by the incorrect sequence,
composition or incorporation of carbohydrate moiety during protein synthesis
(Haslam et al., 2003; Nyame et al., 2004; Morassultti et al., 2013).

As the need of having a well-defined and large scale producible antigen, it is
urgent better understanding of glycan moieties from the 31-kDa antigen of A.
cantonensis. An initial project evaluated the composition of carbohydrate moieties
from TE showing most of glycan are typical within helminths complex-type, high

mannose and truncated glycan structures were identified by MS analyzes (Verissimo
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et al., 2015). Here we present the glycan composition of 31-kDa antigen and their

respective role in the antigenicity.

Results

Computational analyse of the proteins present in the 31-kDa antigen

The computational analyse of the available pepitide sequences of the NAC,
14-3-3 protein, and epsilon coatamer subunit proteins (Figure 1), which were
previously identified as part of the A. cantonensis 31-kDa antigen, showed that all
proteins have N-glycosylation sites among their structure.

Figure 1. N-glycosylation sites prediction of the A: Nascent polypeptide associated
complex (NAC); B: 14-3-3 protein; C: Epsilon coatamer subunit, proteins present in

the A. cantonensis 31-kDa antigen.
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N-glycans are essential for immune recognition of the 31-kDa antigen of A.

cantonensis

The 31-kDa antigen of A. cantonensis was enzymatically or chemically treated
for glycan removal, by using either N-glycosidase (PNGase F), O-glycosidase, O-
glycosidase associated with a-L—Fucosidase or m-periodate. The recognition of the
31-kDa antigen by positive sera was abrogated when TE was N-deglycosylated

(Figure 2). Same was observed when m-periodate was used for glycan oxidation.

—
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37kDa |
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e ‘:—_J
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Figure 2. Immunogenicity of N-glycan from 31-kDa antigen. 31-kDa antigen (arrow)
incubated with different glycan interfering: O: O-glycosidase; N: PNGase F; OF: a-L—
Fucosidase associated with O-glycosidase; MP: m-periodate. M: Marker; C+: pool of
serum from Angiostrongylus cantonensis infected patients without any interfering; C-:

Pool of serum from not infected individuals.

Structural analysis of N- and O-glycans from 31-kDa antigen of A. cantonensis

From the PVDF membrane three typical spots that correspond to 31-kDa were
cut off and analyzed independently by mass spectrometry. LC-ESI-MS/MS data
showed that fractions obtained from all three spots presented a very similar set of N-
glycans. High mannose (Hexs-7HexNAc2) and truncated structures (Fuco-
1HexsHexNAc2) were present in all fractions (Table 1). No O-glycans signals were
identified in the samples.
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Table I. N-glycan structures identified from A. cantonensis glycoproteins present in

the 31-kDa antigen

Cartoon m/z Type Glycan
31 kDa spots
Mana1-3(Man a1-6)Manp1-
Shtha otL4 Pauel  4GIcNAcB1-4GIcNAC
. Mana1-3(Man a1-3Man a1-6) Man
ks High
S = 1235,5 a1-6ManpB1-4GIcNACB1-4GIcNAC
Mannose

Lectin binding signature of 31-kDa antigen from A. cantonensis

Table | presents all lectins that showed positive binding with 31-kDa antigen,

glycan structure which interacts with each lectin, and affinity degree, based on the

three lectin concentrations used in the array. From a total of 86 lectins, 25 presented

positive binding with moderate or low affinity to glicoproteins of 31-kDa antigen.

These lectins mainly bound glycan structures such Gal, GalNAc and Man. In this

analysis, there were no lectins with high affinity.

Table Il. Lectin binding signature of 31-kDa antigen from A. cantonensis

Lectin Glycan affinity Binding intensity
BPA GalNAca, Gala
BS-I Gala, GalNAca (terminal)
Calsepa Man, Glc, Glca1-4Glc
ECA Galp1-4GIcNAc (Terminal)
EEA GalNAcB



HPA
LcH
MNA-M
MPA
NPA
PHA-L

PTA
GalNAc

PWM
RTA
SHA

SNA-II

SBA

SSA
TKA
UDA
UEA-II
VAA
VFA
WGA

LecA
(PA-IL)

GalNAca (Terminal)
Man/GIcNAc core with Fucai-s
Mana
Gala, GalNAca
Mana? Man3?

GalB1-4GIcNAcB1-2Man
GalNAc

GIcNACcB1-4GIcNAc
Glc?
GalNAc
Galp (Terminal), GalNAcB (Terminal)

GalNAca (Terminal), Neu5Acaz-6GalNAc (Tn
antigen)

GalNAc, Terminal, O-link
GalB, GalB1-4Glc (Lactose)
GalNACcB
GIcNACcB, Fucai-2GalBi1-4GIcNAc
Galp
Mana

GalBi-3GalNAc / (GIcNAc), NeuNAc

Gal

134

Dark grey: moderate affinity lectin; Light grey: Low affinity lectin

Discussion

Glycans play a crucial role in several aspects of the host-parasite relationship

in helminthic infections that include the generation and modulation of the immune

responses (Cummings and Nyame, 1999; Hokke and Deelder, 2001; Nyame et al.,
2004). Here we evaluated the glycan profile of the 31-kDa glycoproteins antigen by
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mass spectrometry and lectin array. The role of N- and O-glycan playing on the 31-
kDa antigen antigenicity was also characterized.

In this work we have demonstrated that immunological recognition of 31-kDa
by immunoglobulins from infected sera is totally attributed to the presence of
carbohydrates structures since the glycan oxidation with m-periodate and/or
removing glycan by N-glycosidase PNGase F treatment resulted in abrogation of the
immunoglobulin recognition (Figure 2). Morassutti et al. (2012), have also
demonstrated, through oxidation of the carbohydrate experiment, that glycan
moieties are essential for immunological recognition. The treatment of 31-kDa
component with O-glycosidases has not changed the immune recognition,
suggesting that only N-glycans are important for immunogenicity of this antigen
(Figure 2).

In general, N-glycans seems to be more immugenic molecules than O-glycans
in helminthes (Haslam et al., 2003; Hokke et al., 2007; Paschinger et al., 2012;
Talabnin et al., 2013). Furthermore, immunodominant epitopes from nematode
surface and excreted/secreted antigens are often m-periodate and/or peptide-N-
glycosidase sensitive (Okano et al., 2001; Hokke 2007; Talabnin et al., 2013; Sotillo
et al., 2014). These glycans are major targets for the host immune system and may
be the key to successful parasite defense strategies, as they play a vital role on
immunomodulation, inducing Th-2 type responses (Dell et al., 1999; Nyame et al.,
2002; Pearce et al., 2004).

Even through, glycans from parasites are composed of very unique structures
(Maizels & Selkirk, 1988), here the MALDI spectra of the released N-glycans of 31-
kDa antigen (Table Il) are dominated for glycans structures such Man5-GIcNAc and
Man3-GIcNAc, which are structures often identified among glycans of parasites
(Haslam et al., 1996, 1998; Dell et al., 1999). These results are surprising as the 31-
kDa is considerated a very specific antigen, and the N-glycans are fundamental for
the immune recognition. Further analysis, maybe using alternative MS methods, will

provide more detailed data about this antigen.

The presence of O-glycans in purified 31-kDa glycoproteins was screened by
reductively elimination of the peptide mixture after PNGase F treatment. No signals

corresponding to O-glycans were observed. This is consistent with our observations
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in WB analysis, where the O-glycosidase treatment did not change the immune
recognition of the 31-kDa antigen (Figure 2).

In a previous work, our group showed that A. cantonensis female worms
present complex-type, high mannose and truncated-type N-glycans, and these
structures could be terminated with Gal and GIcNAc, however the glycan structure of
the 31-kDa antigen contains just termninal with mannose. The computational
modeling of the NAC, 14-3-3, and Epson coatamer subunit (Figure 1), glycoproteins
previously identified in the 31-kDa antigen (Morassutti et al., 2012), shown us the
possible sites of glycosilation and glycan structures that each glycoprotein contains.
The analysis reveled sites for N-glycosilation that could contain small glycans with
the same feactures, man3-5GIcNAc, identified by MS analysis.

In addition at leat three lectins that showed positive binding in lectin array can
recognize mannose, MNA-M and VFA with moderate affinity. However, even throug
this result support the MS results presented in this study, it is necessary other
analysis to confirm or not the presence of other structures, as Galf1-4GIcNAc
(Terminal), Gala, GalNAca (terminal), as it were the main structures that lectin
recognizing in 31-kDa antigen (Table I1).

Fucose was not detected detected, either in the core of N-linked glycans or
terminals of glycans identified from 31-kDa antigen of A. cantonensis. Two types of
fucosylation of the proximal GIcNAc of N-linked core structures have being described,
fuca1-6 and a1-3, which is resistant to digestion by PNGase F. While further analysis of
N-glycans released by PNGase A would eventually provide a more comprehensive
N-glycan profile for this antigen, it is important to note that PNGase F digestion
abrogated the immune recognition of 31-kDa antigen by infected human serum
(Figure 2), indicating that the structural features which is essential for immmunogenicity
have Fucai-s core GICNAc residue, which is commonly found in helminthes (Haslam
et al., 1996, 1998; Houston and Harnett, 2004; Hokke et al., 2007).

Here we report the central role that N-linked glycans plaing in the
immunogenicity of 31-kDa. It is the main antigen used for EM diagnosis caused by A.
cantonensis and considerating the fundamental role of glycans playing in the immune
recognition of the antigen it is an important step for improviment of the diagnostic

tests and may contribute to define a better expression system for the glycoproteins
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present in the 31-kDa antigen. Also it is an important gain for new insights about the

parasite biology.

Materials and Methods

Worms and Antigen preparation

Cycle of parasite has been maintained at Laboratorio de Biologia Parasitaria,
PUCRS, Porto Alegre city, Brazil, since 2013. Where Wistar rats are used definitive
hosts, and Biomphalaria glabrata as intermediate hosts. After 42 days of infection,
the rats were sacrificed and the worms collected from their pulmonary veins and
frozen at -20 °C.

Total soluble extract (TE) was obtained from female worms. About 40 worms
were macerated in liquid nitrogen and homogenized extraction buffer (phosphate-
buffered saline (PBS; pH 7.4), 0,01% triton X-100 and proteases inhibitors kit
(Qiagen). The suspension was centrifuged at 12.000 x g for 1 h at 4 °C, and the
supernatants were used to derive the TE. Protein concentrations were determined by

the Qiubt assay (Invitrogen).

Obtaining 31-kDa Antigen

One dimensional electrophoresis of 4-12% polyacrylamide Bis-Tris gels with
sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) were used
to separate proteins of TE. The band of proteins at 31-kDa region was cut from the
gel and eluted with 50mM TrisHCI, pH 7.5,150 mM NaCl and 0.1mM EDTA, for 18 h.
The eluted proteins were recovered from supernatant by centrifugation at 10.000 x g
for 5 minutes. Proteins were then concentrated with Millipore filters (30k). This

fraction was used for the further analysis.

Western Blot (WB) with glycosidases and Meta-periodate oxidation

The proteins resolved by one dimensional electrophoresis of 4-12%
polyacrylamide Bis-Tris gels were electro-transferred onto nitrocellulose membranes
and blocked with 5% milk for 2 h at room temperature. The membranes were then
incubated for 2 h with a pool of sera (1:200 dilution), prepared from three positive

sera for cerebral angiostrongyliasis. After three washes, the membranes were probed
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with a secondary peroxidase-conjugated anti-human 1gG (diluted 1:5000; Abcam,
Cambridge, UK) for 2 h at room temperature. Diaminobenzidine (DAB) (Sigma-
Aldrich; 0.05% DAB and 0.015% H20:2 in PBS, pH 7.4) was added as developer
reagent.

N-Glycosidase F (PNGase F) treatment: The PNGase F treatment followed the
kit instructions (PNGase F, Recombinant 500.000 units/ mL — BioLabs, UK). PNGase
F was added at final concentration 1.0 pL/ug of total proteins and the reaction was
incubated at 37 °C for overnight. Control of reaction was done by adding 1,0 pL of
PBS, instead of PNGase F. The reaction was mixed with Laemmli buffer for SDS-
PAGE and WB as mentioned before. O-Glycosidase treatment: After electro-
transference the nitrocellulose membrane was blocked with 1% bovine serum
albumin (BSA) for 2 h at room temperature. The membranes were washed and
incubeded with O-glycosidase (0,02 U; Sigma-Aldrich, St. Louis, MO) for 18 h and
proceeding with O-glycosidase (0,02 U; Sigma-Aldrich, St. Louis, MO) for more 18 h
at room temperature, or directly incubated with O-glycosidase without a pre-
treatment with a-L—Fucosidase. After three washes, the WB were performed
according to above.

Sodium meta-periodate treatment: Proteins were resolved by 1DE gel (1 pg/
line) and electro-transferred onto nitrocellulose membranes, washed three times with
PBS-Tween 0,05%, incubated for 30 min with 100mM NaOAc, pH 5.0. After,
membrane was incubated with a sodium m-periodate solution (20mM NalO4 diluted
in 100mM NaOAc), and kept at 37 °C for 1 h, in dark. After washing with 100mM
NaOAc, the membrane was incubated with 50mM NaBH4 in PBS-Tween 0,05% for

30 min at room temperature. After western blot were performed according to above.

Lectin Array

The glycoproteins in 31-kDa antigen were labeled with 10uM Bodipy-558
succinimidyl ester (Invitrogen, Mount Waverly, Victoria) in PBS, pH 7.4, and
incubated for 45 minutes at room temperature and the excess dye was removed. A
set of 86 lectin (supplementary material) were printed using an Arrayit SpotBot
Extreme microarray printer (Lectins obtained from EY Laboratories, San Mateo, CA

and Sigma-Aldrich, St. Louis, MO) and the lectin array analysis was preformed as
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described previously (Hartley-Tassell et al.,, 2010). BSA was used as a negative
control. Fluorescent image acquisition and measurement were obtained by using the
ProScanArray Microarray scanner (Perkin Elmer, Waltham, MA). Image analyzes
were carried out with ProScanArray software, ScanArray Express (Perkin Elmer).
The mean and standard deviation value were determined in triplicates. Samples with
signal intensity/standard deviation (SD) > 3 and signal/noise ratio (the mean value of
the raw signal/the mean value of BSA signal) > 1.5 were considered positive binding

events. CVs were calculated to assess reproducibility.

Mass Spectrometry

Two-dimensional electrophoresis (2DE): The 2DE gel was used to obtain the
31-kDa spots separated. 200ug of total protein from TE was precipitated over night
with cold 100% acetone, followed by resolubilization in Rehydration Solution (GE
Healthcare) contained 0.5% carrier ampholytes (v/v), and reduction and alkylation
with 5 mM Tributylphosphine and 20 mM Acrylamide. The samples were in-gel
rehydrated on 11-cm pH 4-7 Linear IPG strips (GE Healthcare) for 10 hours, and
isoeletric focusing was performed using Isoelectric Focusing System (GE
Healthcare). After isoeletric focusing, the strips were soaked for 20 min in
equilibration buffer (20% v/v glycerol, 6M urea, and 2% SDS). The second dimension
was done using on 6—20% polyacrylamide Bis-Tris gels with sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDSPAGE; Bio-Rad, Hercules, CA). Proteins
resolved in gel were then electro-transferred onto PVDF membranes (Millipore). After
the transference the membranes were stained with direct blue and the 31-kDa spots

were carefully cut off of the membrane.

The MS analyses followed the protocol described previously (Jensen et al.
2012). Briefly, N-glycans are enzymatically released from PVDF membranes by
digestion with 5 U N-glycosidase F (PNGase F, Flavobacterium meningosepticum,
Roche) in 10 puL water, for 18 h at 37°C. After separation, the N-glycans were
reduced by 0,5M NaBH4in 50 mM KOH for 3 h at 50°C, desalted using micro-
columns (cation exchange resin AG50W-X8 and Porous Graphitic Carbon in solid-

phase extraction) and then analyzed by liquid chromatography-electrospray
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ionization tandem mass spectrometry (LC-ESI-MS/MS). After N-glycans digestion, O-
glycans were chemically released from the same spot by reductive B-elimination,
desalted and analyzed by LC-ESI-MS/MS.

Computational analyse of the proteins present in the 31-kDa antigen

The computational analyse of the available pepitide sequences of the NAC,
14-3-3 protein, and epsilon coatamer subunit proteins were done using Expasy and

the modeling using Maestro (Schrodinger) software.
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Abstract

Two species of lungworm occurs in Australia. A. cantonensis that is known to cause
eosinophilic meningitis in human and animals, and A. mackerrasae which is not well
studied and it is not clear whether this species can infect human and other non-
permissive hosts. This study investigates the pathogenicity of A. mackerrasae for the
first time in non-permissive host including mice and guinea pigs. The mice brain
lesions caused by A. mackerrasae were compared with lesions caused by the similar
species A. cantonensis showing that both species cause similar pathogenicity in

infected mice. The results of this study reveal that A. mackerrasae causes
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eosinophilic meningitis in infected mice and guinea pigs and this suggests that the
nematode can potentially cause meningitis in humans as well. This raises concerns

about the unknown epidemiology of this species in Australia.

Keywords: Angiostrongylus mackerrasae, Rattus fuscipes, Rat lungworm,

Angiostrongylus cantonensis, eosinophilic meningitis

Introduction

Angiostrongylus taxa belong to Metastrongyloidea superfamily which includes
a group of nematodes residing in circulatory system of their definitive hosts.
Angiostrongylus cantonensis is the most widespread within the genus and to date is
the only species of Angiostrongylus known to cause eosinophilic meningitis in human
and other non-permissive hosts in several parts of the world (Cowie, 2013; Graeff-
Teixeira et al., 2009; Morassutti et al., 2012; Wang et al., 2008). In more severe
cases of infection, A. cantonensis is reported to cause eosinophilic granulomatous
meningo-encephalomyelitis throughout the brain and spinal cord of accidental hosts
(Collins et al., 1992; Mason et al., 1976; Wright et al., 1991) and fatal encephalitis in
human (Sawanyawisuth et al., 2009). Although rare, pneumonia caused by presence
of A. cantonensis adult worm has also been reported in human (Cui et al., 2011,
Lindo et al., 2004).

Two species of Angiostrongylus occur in Australia; A. cantonensis which is
found in introduced rat species Rattus rattus and Rattus norvegicus and A.
mackerrasae, found mainly in native bush rats, Rattus fuscipes (Spratt, 2015). The
two species are both neurotropic and have identical lifecycles in the definitive host
(Bhaibulaya, 1974). Despite having an identical lifecycle to A. cantonensis, A.
mackerrasae has been neglected as a potentially dangerous parasite in Australia. All
case reports of neural angiostrongyliasis in Australia, fail to perform molecular
identification of the parasite considering the chance that A. mackerrasae could be the
cause of the disease and only confirm the species involved by morphology. However,
morphological keys to distinguish the two species are limited (Aghazadeh et al.,
2015; Bhaibulaya, 1968).
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Even though A. mackerrasae has never been reported from humans, it has
been recently recovered from the lung of a flying fox responsible for severe
pneumonia (Mackie et al., 2013). Since A. mackerrasae has a similar lifecycle to A.
cantonensis (Bhaibulaya, 1968) and it is genetically identical to the latter (Aghazadeh
et al 2015, unpublished data), there is strong potential for A. mackerrasae to also be
zoonotic and cause infection in humans, although much of its epidemiology remains
unknown. This study investigates the potential pathogenicity of A. mackerrasae to
human by infecting non-permissive hosts including mice and guinea pigs with this
species and compared it with the infection caused by similar species A. cantonensis.
The serological reaction of rats and guinea pigs infected with A. mackerrasae to
human sera infected with A. cantonensis was also investigated. In addition, the
alterations of spleen T cell subtypes were studies and compared between mice

infected with the two Angiostrongylus species comparing to an uninfected control

group.

Materials and Methods
Infection in mice and guinea pigs

All work on this project was approved by the Animal Ethics Committee of the
QIMR Berghofer Medical Research Institute under project P1457. The lifecycle of A.
mackerrasae has been maintained in the lab using Austropeplea lessoni snails and
Wistar rats. First stage larvae of A. mackerrasae were recovered from faeces of
native rats, Rattus fuscipes which were trapped in south east Queensland under
permit from the Department of Environment and Heritage Protection of the
Queensland Government under permit WI1S12109412. The rats were then euthanized
and dissected to morphologically confirm the species of Angiostrongylus present in
their lungs. First stage larvae recovered from faeces and lungs of R. fuscipes were
used to infect snails. After 4 weeks, the infected snails were digested using artificial
gastric juice to obtain infective third stage larvae (L3) of A. mackerrasae. The
number of 24 outbred Swiss mice was divided into two groups and was infected by
oral gavages with 30 third stage larvae of either A. mackerrasae or A. cantonensis.

Also four Tri-colored Guinea pigs were infected with 35 larvae using vegetable
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capsules directed to their esophagus by a cat pill popper. The animals were
monitored daily post infection for changes in behavior. First group of four infected
mice were euthanized on day 7 post infection and a second and a third group of four
mice were culled on day 14 and 21 post infection, respectively. The infected guinea
pigs were euthanized on day 16 post infection. Brain and spinal cord were removed
from the carcasses and stored in 10% Formalin for 72 hours before histopathological
sections being prepared from the tissues. The H&E stained paraffin sections were

then examined using light microscopy.
Studying T cell subtypes in splenocytes of infected mice

Splenic lymphocytes of mice were collected and prepared as described by Anukmar
and Shahir (2011). The cells were suspended in 4ml RPMR medium 1640 (1x) and
stained using 0.4% trypan and counted under the microscope. Spleen lymphocytes
were later incubated for an hour at 37°C with PMA (10ng/ml) and lonomycin (1ug/ml)
in 5% CO:2 flow. The cells were then incubated with BFA for 4 hrs and were later fixed
using 4% formaldehyde at 4°C overnight as described by Liu et al. (2013). The mAbs
labeled fluorescence were then added to the cells and the percentage of CD4* T,
CD4* IL-4* T, CD4* IL-17+ T and CD4* IFNy* T cells were calculated using flow

cytometry for both day 14" and 21" post infection mice.

Serological comparison
Antigen preparation

Total soluble extract (TE) was obtained from harvested female worms that were
macerated in liquid nitrogen and homogenized extraction buffer (phosphate-buffered
saline (PBS; pH 7.4), 0.01% triton X-100 and proteases inhibitors kit (Qiagen). The
suspension was centrifuged at 12.000 x g for 1 h at 4 °C, and the supernatants were
used to derive the TE. Protein concentrations were determined by Bradford assay
according to the instructions of manufacturer. TE from male worms was produced as

described above.

SDS-Page and Western Blots (WB)
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One dimensional electrophoresis of 4-12% polyacrylamide Bis-Tris gels with sodium
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) were used to

resolve proteins of TE and, then stained with Comassie blue.

For WB, resolved 100 ng, 1 ug or 3 ug of proteins were electro-transferred onto
nitrocellulose membranes and after blocked with 5% powder milk for 2 h at room
temperature. The membranes were then incubated for 2 h with different sera: (1)
pool of human sera (1:200 dilution), prepared from either three patients diagnosed
with cerebral angiostrongyliasis; (2) Rats sera (1:200 dilution); (3) GP sera (1:200
dilution). After three washes, the membranes were probed with a secondary
peroxidase-conjugated anti-human IgG (1:5000; Abcam, Cambridge, UK), anti-Rats
IgG (1:5000; Abcam, Cambridge, UK) or anti-GP igG (1:5000; Abcam, Cambridge,
UK) for 2 hrs at room temperature. After three washes of PBS, Clarity Western ECL

Blotting Substrate (Biorad) was added as a developer agent.

Results
A. mackerrasae infections in mice and guinea pigs

Most of the infected animals showed variable degrees of pathological changes in the
brain tissue. Hyperemia was observed on the surface of the brain tissue in all
infected mice. The first group of mice, euthanized seven days post-infection, did not
show any neurological signs and the reaction of their brain to the parasite was mild.
Out of the four mice in this group, one showed perivascular cuffing and
Angiostrongylus larvae were present in neuropil region of the brain in two of the mice
(Figure 1, A&B). In one mouse, occasional small aggregates of less than 20
lymphocytes were present in meninges multifocally. Second group of four mice,
euthanized 14 days post-infection, showed diffuse, moderate to marked, eosinophilic
meningitis with Intralesional nematodes. Multifocal, mild eosinophilic encephalitis was
also observed in two out of four mice culled two weeks post infection. In the group of
mice euthanized 21 days post infection, diffuse marked eosinophilic and
granulomatous meningitis coupled with intralesional nematodes were observed in all

mice. Hemorrhagic meningitis was also observed in one mouse in this group.



149

In addition, all infected guinea pigs also showed various degrees of pathological
changes in the brain sections. The larvae of Angiostrongylus were present in the
meninges of all 4 animals. Within the cerebral, cerebelar, root meninges and the
stroma of the choroid plexus, there were multifocal, moderate to dense populations of

eosinophils, lymphocytes and macrophages in all four animals (Figure 2).
A.cantonensis infection in mice

The group of 12 mice infected with A. cantonensis, showed brain lesions to

previously observed pathology (Refff

Figure 1: Larvae of A. mackerrasae in neuropil region of the mice brain, 7 days post
infection (A and B).

Figure 2: larvae of A. mackerrasae on the cerebral meninges (A) of the Guinea pig
brain, 16 days post infection.
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Figure 3: Pathological changes in the brain of infected guinea pigs with
Angiostrongylus mackerrasae. A&B: Larvae of A. mackerrasae in cerebral meninges.
C: Eosinophilic meningitis. D: Eosinophilic granuloma.

Comparing pathogenicity between the two Angiostrongylus species

The comparison between the two groups of mice infected with A. cantonensis and A.
mackerrasae showed that the two species cause very similar pathology in infected
mice (Figure 4).

Studying T cell subtypes in splenocytes of infected mice

Splenic lymphocytes of mice were collected and prepared as described by Anukmar
and Shahir (2011). The cells were suspended in 4ml RPMR medium 1640 (1x) and

stained using 0.4% trypan and counted under the microscope. Spleen lymphocytes



151

were later incubated for an hour at 37°C with PMA (10ng/ml) and lonomycin (1ug/ml)
in 5% CO:2 flow. The cells were then incubated with BFA for 4 hrs and were later fixed
using 4% formaldehyde at 4°C overnight as described by Liu et al. (2013). The mAbs
labeled fluorescence were then added to the cells and the percentage of CD4* T,
CD4* IL-4* T, CD4* IL-17+ T and CD4* IFNy* T cells were calculated using flow

cytometry for both day 14" and 21" post infection mice.

SDS-Page and Western blots

The protein extracts from female A. mackerrasae, Australian female A. cantonensis,
male A. mackerrasae and Brazilian female A. cantonensis all showed different
degrees of recognition to the serum from human infected with A. cantonensis from
Brazil (positive control), serum from experimentally infected rat and guinea pigs with
A. mackerrasae.

MY 1 2
1nndl-i E —
75—

Enmﬁﬂ

Fig. 1 SDS-PAGE of A. mackerrasae worms soluble total extract (TE). 1. A.

mackerrasae female; 2: A. mackerrasae Male. MW: Molecular weight (kDa).
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Fig 2. Identification of 31-kDa antigen produced by A. mackerrasae. Female worm
soluble total extract (TE) from Australian A. cantonensis (Ac) and A. mackerrasae
(Am) were resolved in 1DE gel and transferred on Western Blot membranes. Lane 1:
Ac-ET and Lane 2: Am-ET, probed with pool of positive controls for cerebral
angiostrongyliasis (from Brazil); Lane 3: Ac-ET and Lane 4: Am-ET, probed with pool
of normal human sera. Lane 5: Ac-ET and Lane 6. Am-ET, negative control for
PNGase F treatment, probed with pool of positive controls for cerebral
angiostrongyliasis (from Brazil); Lane 7: Ac-ET and Lane 8: Am-ET pretreated with
PNGase F and probed with pool of positive controls for cerebral angiostrongyliasis;
Lane 7: Ac-ET and Lane 8: Am-ET pretreated with PNGase F and probed with pool

of normal human sera. The arrow indicates the 31-kDa band.

Flow cytometry

The percentage spleen T cells from the control group and infection groups were
different between A. cantonensis and A. mackerrasae infected mice. The percentage

of CD4 T cells in splenocytes of infected mice was significantly higher in...

Discussion
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This research demonstrates for the first time that A. mackerrasae can cause severe
meningitis in infected mice and guinea pigs and therefore it can potentially be
pathogenic to human and dogs as well as other animals. The pathogenicity
observed in this study caused by A. mackerrasae was consistent with previous work
on guinea pigs (Perez et al., 1989) and mice (Sugaya and Yoshimura, 1988) infected
with A. cantonensis. This result was expected as molecular comparison of A.
mackerrasae with A. cantonensis showed that the two species share highly similar

genetic makeup (Aghazadeh et al, 2015; unpublished data).

This study also reveals that both A. cantonensis and A. mackerrasae can be
recognized by positive sera of cerebral angiostrongyliasis patients. The 31-kDa band
described before from A. cantonensis was observed from A. mackerrasae, with the
same sensibility, indicating that the two species express a set of very similar proteins.
Previously, Ben et al. (2010) demonstrated the successful use of heterologous
antigens in immune diagnosis of angiostrongyliasis (A. cantonensis and A.
costaricensis), and Morassultti et al. (2012) corroborated these data showing that the
31-kDa antigen from A. cantonensis ET is recognized both by sera from patients with
eosinophilic meningitis and abdominal angiostrongyliasis, indicating that both species
of parasites produce very similar antigens. Here we found that another species of
Angiostrongylus spp., A. mackerrasae can also be recognized by sera from human
cases of eosinophilic meningitis caused by A. cantonensis. The cross reactivity
observed between A. cantonensis and A. mackerrasae was expected but also
indicates the necessity for further studies on the biology of A. mackerrasae, in order
to determine possibility of human infection with any of the two or even in mixed

infections.

The comparison of CD4 T cells between the infected and non-infected mice showed

consistent results with those previously observed (Aoki et al., 1998; Liu et al., 2013).
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Abstract
Key Words
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2. Material and Methods

2.1. Lectina array analysis of the A. cantonensis soluble total extract (TE) and
excretory-secretory extract (SE)

The glycoproteins in male and female TE and ES antigens were labeled with
10uM Bodipy-558 succinimidyl ester (Invitrogen, Mount Waverly, Victoria) in PBS, pH
7.4, and incubated for 45 minutes at room temperature and the excess dye was
removed. A set of 86 lectin (supplementary material) were printed using an Arrayit
SpotBot Extreme microarray printer (Lectins obtained from EY Laboratories, San
Mateo, CA and Sigma-Aldrich, St. Louis, MO) and the lectin array analysis was
preformed as described previously (Hartley-Tassell et al., 2010). BSA was used as a
negative control. Fluorescent image acquisition and measurement were obtained by
using the ProScanArray Microarray scanner (Perkin Elmer, Waltham, MA). Image
analyzes were carried out with ProScanArray software, ScanArray Express (Perkin
Elmer). The mean and standard deviation value were determined in triplicates.

Samples with signal intensity/standard deviation (SD) > 3 and signal/noise ratio (the
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mean value of the raw signal/the mean value of BSA signal) > 1.5 were considered
positive binding events. CVs were calculated to assess reproducibility.

2.2 In silico analysis of A. cantonensis genome and transcriptome — Searching
for enzymes involved with N- and O-glycans biosynthesis

The A. cantonensis transcriptome was obtained with Platform ILLUMINA
HiSeq 2500, through MACROGEN company (www.macrogen.com/). The A.
cantonensis cDNA fragments sequencing were done through the two ends (pair-
end). The “reads” were processed using Trimmomatic tool (Bolger et al., 2014),
following three steps: i) Adapters removing; ii) Reads removing, keeping the score of

quality up to 20 (Phred scale); iii) Reads removing (fragments up to 50 nucleotides).

The Trinity program was used for transcriptome assembly (Grabherr et al.,
2011), through the De Bruijn scheme. Transdecoder  program

(https://transdecoder.qgithub.io/) was used for prediction and retention of coding

regions, using ab-initio models as parameters, transcripts containing similarities
against protein domains obtained with PFAM (pfam.sanger.ac.uk/), and all protein

sequences obtained with SWISS-prot (www.uniprot.org/).

The predict proteins from Angiostrongylus genome were obtained from
WormBase (https://www.wormbase.org/). The mapping of metabolic pathways was
obtained from KEGG database (Kyoto Encyclopedia of Genes and Genomes,
Kanehisa & Goto, 2000), that contains all proteins predicted by computational
analysis or verified through experiments for the respective enzymatic activity
(Barrett., 1997). After, the predict proteins of the A. cantonensis genome and
transcriptome were annotated using AnEnPi softwere (Otto et al., 2008), and the final
results were presented using KEGG mapper tool

(http://www.genome.jp/kegg/tool/map_pathway2.html).

2.3 Mass spectrometry of N- and O-glycans from A. cantonensis TE and SE

Parasite worms


http://www.macrogen.com/#_blank
https://transdecoder.github.io/
http://www.uniprot.org/
https://www.wormbase.org/
http://www.genome.jp/kegg/tool/map_pathway2.html
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The cycle of Angiostrongylus has been maintained at Laboratério de Biologia
Parasitaria, PUCRS, Porto Alegre city, Brazil, in Wistar rats, as definitive hosts and
Biomphalaria glabrata as intermediate hosts. Three rats were infected with L3 and
euthanized 42 days post-infection, the adult worms were collected from pulmonary
arteries and used to obtain excretory—secretory antigen (ES) or total soluble extract

(TE).

ES preparation

A. cantonensis adult worms were cultivated in vitro. About 30 couples of worms
carefully collected were washed two times with 1x PBS (phosphate buffered saline,
pH 7.4) and once in RPMI 1640 culture medium (Invitrogen, Carlsbad, CA) to
eliminate host cell contaminants and maintained in 20 mL RPMI supplemented with
100 pg/mL penicillin and 100 U/mL streptomycin at 37°C in 5% CO2. The medium
was changed every 24 h for 3 days. The medium collected was centrifuged at 15,000
x g for 10 min and supernatants concentrated 20x and buffer exchanged with 1x PBS
using Amicon Millipore filters (3 kDa MWCO). Protein concentrations were

determined by the Qiubt kit assay (Invitrogen).

Total soluble extract (ET) preparation

A pool of female or a pool of male worms were macerated separately in liquid
nitrogen, mixed in extraction buffer (PBS; pH 7.4), 0,01% triton X-100 and proteases
inhibitors cocktail (Qiagen), and then centrifuged at 12.000 x g for 1 h at 4 °C. The
supernatant with soluble molecules were collected, protein measured and kept frozen

at -80°C until use.
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Mass Spectrometry (MS) analysis

Analyzes of MS followed the protocol described previously (Jensen et al. 2012).
Briefly, about 15 pg of TE from male and/or female worms as well as ES samples
were immobilized separately on PVDF membranes (Millipore). N-glycans were
enzymatically released by digestion with 5 U N-glycosidase F (PNGase
F, Flavobacterium meningosepticum, Roche) in 10 yuL water, for 18 h at 37°C. After
separation, released N-glycans on supernatant were reduced by 0,5M NaBH4 in 50
mM KOH for 3 h at 50°C, desalted using micro-columns (cation exchange resin
AG50W-X8 and Porous Graphitic Carbon in solid-phase extraction) and then
analyzed by liqguid chromatography-electrospray ionization tandem mass
spectrometry (LC-ESI-MS/MS). After N-glycans digestion, remaining glycans, O-
glycans, were chemically released from the same spot by reductive B-elimination,

desalted and analyzed by LC-ESI-MS/MS.

3. Results

3.1 Comparative Lectina array signature of the A. cantonensis female ET, male
ET and ES extract.

Table 1. Comparative lectin binding signature of the A. cantonensis male TE,
female TE, and ES extract.

Binding intensity

Lectin Affinity to
Male Female ES
TE TE

AAA Fucai-2

ABA Galpi-sGalNAc - -

ACA Galpi-3GalNAc - -

ASA Manai-3 - N N

BDA GalNAca, GalNAcpB



BPA
BS-I
CA
Calsepa

CCA

ConA
CPA
CSA
DBA
ECA
EEA
GNA

GS-I-B4

GS-lI
HAA
HHA
HMA
HPA

IAA
LAA
LcH

LcHB
LFA
LPA
LBA
MAA

MNA-G

MPA

PEA

PHA-E

PHA-L
PHA-M
PHA-P
PMA
PNA
PSL
PTA Gal
PTA GalNAc
RPA
RTA
SNA
SNA-II
SJL
SSA
STA
TKA
VGA

GalNAca, Gala

Gala, GalNAca (terminal)
Galp1-4GIcNAc, GalNAcB1-4GIcNAc
Man, Glc, Glcai-4Glc
GIcNAcB1-2Mana1-3(GIcNAc:-
2Manazi-s)Man1-4GIcNACR:-
4GIcNACB

Man (Terminal, Branched), GIcNAc
Mana? Man?

GalNAca (Terminal)
GalNAcai1-3GalNAc, GalNAcai-3Gal
GalB1-4GIcNAc (Terminal)
GalNAcpB

Mana (Terminal)

Gala (Terminal)

GIcNAca, GIcNAcB

GIcNAca, GalNAca

Mana (Terminal)

GalNAca, Fuca, NeuSAc

GalNAca (Terminal)

GalNAc

GIcNACcB, GlcNAcB1-4GIcNAc
Man/GIcNAc core with Fucai-6
aMan> aGlc, GIcNAc

Neu5Ac

Neu5Ac

GalNAca, GalNAcai-3(Fucai-2)Gal
Neu5Acaz-3Gal

Gala, Galp

Gala, GalNAca

Mana, Glca, GlcNAca
GalB1-4GlcNAcB1-2(GalB1-4GlcNAc:-
s)Man

GalB1-4GIcNAcB1-2Man

N/A

N/A

Manai-3

GalB (Terminal)
NeuSAcaz-sGalB1-4GIcNAC,

Gal

GalNAc

N/A

Glc?

Neu5Acaz-6Gal, NeubSAcaz-6GalNAC
Galp and GalNAc (Terminals)
Gala

GalNAc, Terminal, O-link

GIcNACcB

Galp, GalB1-4Glc (Lactose)
Galp1-3GalNAc
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VFA Mana - -
WFA GalNAca, GalNAcB B -
LecB (PA-IIL) Fuc
LecA (PA-IL) Gal - -
RSL Fuc -

Dark: High affinity; Grey: moderate affinity; Light grey: low affinity; White: no bind

3.2 In silico identification of A. cantonensis enzymes involved with N- and O-

glycans biosynthesis

This analysis showed that both genome and transcriptome of A. cantonensis
have sequences encoding enzymes of the metabolic pathways involved with N- and
O-glycans biosynthesis (Figure 1 - 4 and Table 2). Interesting, the enzymes that
could be produced are involved in such glycosilation process that would allow the
synthesis of glycan structures identified either by lectin array and MS analyses, as N-

glycan core ai-3 fucosylated and high mannose glycans (Figure e and table 3).

O ban K SerTh Warions types of ER lutnen
H-glyean biosymthesis
STT | OST
I

3 o [~ oo o

Crolzi apparatus
LA LT ATS o
glﬂ-ggrlggﬂaﬁnn -G TAC— O MO A TS— O W3ATS
o+{Zazmi}—o« il —o

Figure 1. General N-glycans biosynthesis. In full square the enzymes identified in A.
cantonensis genome
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I-glyean precursor hissynthesis
Mlanol —— 2 Manol

€ Manal
N

Mangl =2 Manal 5
3 Manpl=——4 GlcNACpl—4 GleM A fl— PP-Dol

Glool — 2GIcol — 3 Glcal— 3 Manol — 2Manol — 2 Manal

Trimmding to form core siructure
Manal = 2 Manxl

B
/H/B Manal \
Mannl == 2 Manal .
& Manp1——4 Glch Acp1—4 Glch Ac pi— Asn
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AN

GIcNAcﬂll—:EManc(l Fural
£
NeuSAc 02— EGal pl— 4GI|:NA£|]|1/ 4GIcHACRI— Azn
£
GIc At —— 4 Manpt——4 GleNAcpL
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MNeuShcnd— 6 Qalpl==4ClcHAch1

Figure 2. Other N-glycan extensions. Red lines represent the enzymes identified in
A. cantonensis genome

Paudimannose typ e (MNematad e)
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6
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Manal Fuccl

Figure 3. General N-glycans biosynthesis in nematode parasites. In full square the
enzymes identified in A. cantonensis transcriptome.



Table 2. In silico analysis of enzymes involved in the glycan synthesis
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EC

Gene

Enzyme

Genome Transcriptome

Route
involved

3.2.1.106

3.2.1.84

3.2.1.113

24.1.101

3.2.1.114

2.4.1.143

2.4.1.145

2.4.1.155

2.4.1.68

2.4.1.38

GCSs1

GANAB

MAN1

MGAT1

MAN2

MGAT2

MGAT4

MGATS

FUT8

Mannosyl-oligosaccharide
glucosidase

Glucan 1,3-alpha-
glucosidase
Mannosyl-oligosaccharide
1,2-alpha-mannosidase.
Alpha-1,3-mannosyl-
glycoprotein 2-beta-N-
acetylglucosaminyltransfe
rase
Mannosyl-
oligosaccharide 1,3-1,6-
alpha-mannosidase

Alpha-1,6-mannosyl-
glycoprotein 2-beta-N-
acetylglucosaminyltransfe
rase
Alpha-1,3-mannosyl-
glycoprotein 4-beta-N-
acetylglucosaminyltransfe
rase

Alpha-1,6-mannosyl-
glycoprotein 6-beta-N-
acetylglucosaminyltransfe
rase
Glycoprotein 6-alpha-L-
fucosyltransferase
Beta-N-
acetylglucosaminylglycop
eptide beta-1,4-
galactosyltransferase

X X

N-glycan
biosynthes
is

3.2.1.52

HEX2

Beta-N-
acetylhexosaminidase

N-glycans
biosynthes
isin
nematode

24.1.41

2.4.1.122

GALNT

C1GALT1/
C1GALT1C
1

Polypeptide N-
acetylgalactosaminyltrans
ferase
Glycoprotein-N-
acetylgalactosamine 3-
beta-
galactosyltransferase

O-glycan
biosynthes
is

24.1.221

OFUT1

Peptide-O-
fucosyltransferase

O-glycan
Fucuse
type




{Eialyl- Tn antigen)

UDP-CraltAe

(Th arfigen)

Ser(Thr-peptide  GATNT

(sialvl-T antizen)
O
SIATH
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Figure 4. General O-glycans biosynthesis. In full square the enzymes identified in A.

cantonensis transcriptome.

3.3 Identification of N- and O-glycan in A. cantonensis female TE, male TE and

ES extract

Our MS analysis could identify a small numberof N-glycans in each sample
analysed (Table 3). N-glycan profile is different for A. cantonensis female and male
worms. However, in this analysis, it was identified the same N-glycans profile for ES
extract and TE form male worms. No signals consistent with O-glycans were

identified in the analysis.

Table 3. N-glycan structures of Soluble total extract and Secretory-Excretory

glycoproteins from A. cantonensis worms

Cartoon m/Z Type Glycan
ES
Mana1-3(Man a1-6)Man31-
Shtha otL4 PAUC 4GIGNACB1-4GIcNAC
i Mana1-3(Man a1-3Man a1-6) Man
L High
T 1235,5

® Mannose

a1-6Manp1-4GIcNAcB1-4GIcNAc



165

Mana1-3(Mana1-6)Manf1-

1057,5 Pauci 4GIcNAcB1-4(Fuca1-6)GIcNAC

Mana1-3/6Manf1-4GIcNAcB1-

=X B 4 B 4 749.3 Pauci 4GIcNAC

Female Worm

Mana1-3(Man a1-6)Man31-
2 psMp 4 911,4 Pauci

w3 4GIcNACcB1-4GIcNAc
Mana1-3/6Manf1-4GIcNAcR1-
P I 895,4 Pauci 4(Fuca1-6)GIcNAC
Mana1-3/6Manp1-4GIcNAcB1-
o3 B 4 B 4 .
749,3 Pauci AGIENAC
) Mana1-3(Man a1-3Man a1-6) Man
ks High
S = 1235,5 a1-6ManB1-4GIcNACB1-4GIcNAC
@ mannose
Male worm
Mana1-3(Man al1-6)Manp1-
o 9114 Pauci 4GIcNACB1-4GIcNAC
Mana1-3/6Manf31-4GIcNAcB1-
o3/ B 4 B 4 .
749,3 Pauci AGIENAC
. Mana1-3(Man a1-3Man a1-6) Man
L High
> = 12355 a1-6ManB1-4GIcNACB1-4GIcNAC
c Mannose

Mana1-3(Mana1-6)Manf1-

1057,5 Pauci 4GIcNAcB1-4(Fuca1-6)GIcNAc
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4. Discussion and conclusion

5. References
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ANEXOS

Anexo A- Parecer do Comité de Etica de Experimentac&o Animal — CEUA

Pontificia Universidade Catdlica do Rio Grande do Sul

PRO-REITORIA DE PESQUISA, INO\.{‘A(;I\O'E DESENVOLVIMENTO
COMISSAO DE ETICA NO USO DE ANIMAIS

|

Oficio 035/13 — CEUA Porto Alegre, 10 de junho de 2013.

Senhor Pesquisador,

A Comissdo de Etica no Uso de Animais da PUCRS apreciou e aprovou seu
Protocolo de Pesquisa, registro CEUA 13/00331, “Identificagcdo e caracterizagdo de
glicidios para o diagnostico das angiostrongiliases”.

Sua investigacdo esta autorizada a partir da presente data.

Lembramos que & necessario o encaminhamento de relatorio final quando
finalizar esta investigacéo.

Atenciosamente,
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Prof. Dr. Jodo Batista Blessmann Weber
Coordenador da CEUA/PUCRS

limo. Sr.
Prof. Dr. Carlos Graeff Teixeira
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Campus Central
HJC Av. Ipiranga, 6681 - P. 99 - Portal Tecnopuc - sala 1512
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E-mail: ceua@pucrs.br



