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RESUMO

Duas espécies de Angiostrongylus, A. cantonensis e A. costaricensis, Ssao
conhecidas por causar meningite eosinofilica, devido a presenca do parasita na fase larval
no cérebro, e angiostrongiliase abdominal, pela a presenca de vermes adultos na artéria
mesentérica, em humanos que foram acidentalmente infectados. A capacidade dos parasitos
de permanecerem no hospedeiro pode estar relacionada a capacidade de obter nutrientes e
utilizar moléculas fundamentais para o desenvolvimento do parasito, porém, tais respostas
podem ser diferentes de acordo com o género do hospedeiro. Com a premissa de que o
parasito utiliza moléculas sintetizadas por seu hospedeiro para complementar seu proprio
metabolismo, o presenteestudo visa avaliar através da anotacdo de vias metabdlicas
utilizando os programas AnEnPi e KAAS a dependéncia metabolica de duas espécies de
Angiostrongylus spp. em seus hospedeiros. Ao analisar os proteomas, foram identificadas
nove enzimas apenas em A. cantonensis e uma em A. costaricensis, bem como a presenca
de 13 enzimas com a mesma funcdo nos parasitas e seus hospedeiros. Encontramos 156
enzimas que mostraram uma possivel dependéncia metabolica entre A. cantonensis e A.
costaricensis e seus hospedeiros Rattus norvegicus, Mus musculus, Biomphalaria glabrata
e Homo sapiens. Dentre as enzimas que possivelmente representam dependéncia
metabolica foram encontradas sete enzimas com letalidade caracteristica, e uma enzima que

também ndo estava presente em todos 0s organismos parasitas analisados.

Palavras-chave: Dependéncia metabolica, parasitismo, Angiostrongylus spp.



ABSTRACT

Two species of Angiostrongylus, A. cantonensis and A. costaricensis, are known to
cause eosinophilic meningitis, due to the presence of the parasite in the larval stage in the
brain, and abdominal angiostrongyliasis, due to the presence of adult worms in the
mesenteric artery, in humans that were accidentally infected. The capability of the parasites
to remain within the host may be related to the ability to obtain nutrients and to utilize
molecules fundamental for the development of the parasite, however, such responses may
be different according to host genus. With the premise that the parasite uses molecules
synthesized by its host to complement its own metabolism, the present study aims to
evaluate through the annotation of metabolic pathways using AnEnPi and KAAS programs
the metabolic dependence of two species of Angiostrongylus spp. in their hosts. When
analyzing the proteomes, nine enzymes were identified only in A. cantonensis and one in A.
costaricensis, aswell the presence of 13 enzymes with the same function in the parasites
and their hosts. We found 156 enzymes that showed a possible metabolic dependence
between A. cantonensisand
A. costaricensis and their hosts Rattus norvegicus, Mus musculus, Biomphalaria glabrata
and Homo sapiens. Among the enzymes that possibly represent metabolic dependence were
foundseven enzymes with characteristic lethality, and one enzyme that also was not present

in all theparasite organism analyzed.

Key words: Metabolic dependence, parasitism, Angiostrongylus spp.
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1. INTRODUCAO

O parasitismo pode ser definido como uma relagdo intima entre dois organismos
heteroespecificos na qual o parasito costuma ser 0 menor dos organismos. A maioria dos
parasitos necessitam de seus hospedeiros durante todo o seu ciclo de vida, entretanto alguns
possuem alguma fase de desenvolvimento na qual séo capazes de viver fora do organismo
do hospedeiro, sendo entdo classificados como facultativos, como por exemplo
Strongyloides spp.,Cochliomyia macellaria, Phaenicia spp. (PESSOA, 1977).

Os hospedeiros sdo passiveis de classificagdo de acordo com a fase de
desenvolvimentodo parasito, sendo que a fase de reproducéo sexuada ocorre no hospedeiro
definitivo e as fases de reproducdo assexuadas ou estagios de desenvolvimento
larvais/imaturos sdo encontradas no hospedeiro intermediario (CHENG, 1986). Muitos
desses parasitos apresentam ciclos de vida complexos envolvendo diferentes hospedeiros nas
fases adulta e larval. H& ainda os hospedeirosconsiderados acidentais, onde o parasito pode
nédo obter o seu desenvolvimento completo ou causar a morte do hospedeiro, diminuindo as
chances de transmissdo e perpetuacdo da espécie.Nesta condicdo algumas premissas do
processo infeccioso ndo serdo contempladas e a infec¢dosera autolimitada. O parasito pode,
por exemplo, penetrar em seu hospedeiro, porém néo atingeseu local de parasitismo. Isso é
0 que acontece, por exemplo, quando o Ancylostoma caninum, parasito intestinal habitual
de caes, infecta humanos causando uma sindrome clinica chamada larva migrans cutanea
(LMC). A LMC se caracteriza pela retencao da larva nos tecidos da pele,impedindo que essas
cheguem na corrente sanguinea e migrem pela circulacao até atingir os pulmdes e ascender
pela via respiratoria e ser deglutida para chegar ao local definitivo de parasitismo, o duodeno
(BRUSCA e BRUSCA, 2007). Outra reacdo a infeccdo acidental é a interferéncia
exacerbada do sistema de defesa do hospedeiro, ocasionando a retencdo das formas
reprodutivas ou o impedimento da maturacdo. Esse € o caso da infeccdo por Angiostrongylus

costaricensis e Angiostrongylus cantonensis em humanos (GRAEFF- TEIXEIRA, 2001).

O Angiostrongylus apresenta capacidade de infectar diferentes géneros de roedores
(CHEN, 2011; GRAEFF-TEIXEIRA 1990). O Angiostrongylus cantonensis tem como
hospedeiros definitivos diferentes espécies de Rattus e como hospedeiros acidentais Mus
musculus e Suncus murinus (CHENG, 2011). Ja o Angiostrongylus costaricensis possuli
como hospedeiros definitivos camundongos Oligoryzomys nigripes, Akodon serrensis,
Oxymuceterusjudex (GRAEFF-TEIXEIRA, 1990). Existe uma diferenca na mortalidade e



na taxa de numero de vermes por roedores infectados entre espécies diferentes de um mesmo
género, em Oryzomysratticeps somente um verme adulto de A. costaricensis foi encontrado
em um estudo que avaliou 73 animais enquanto que Oligoryzomys nigripes foram 42
vermes. Isso também se observou em hospedeiros acidentais, quando diferentes linhagens
de camundongos Mus musculus apresentaram ratio total de vermes recuperados por animal
infectado muito baixa enquanto a taxa de mortalidade elevada, chegando a 58% na linhagem
Swiss (SANTOS; PINTO; GRAEFF-TEIXEIRA, 1996). Embora essa diferenca seja
evidente, ainda ndo é bem entendido o mecanismo pelo qual o parasito apresenta maior

sucesso de desenvolvimento em determinada espécie de hospedeiro.

A infecgdo e permanéncia de Trypanosoma cruzi em seus hospedeiros definitivos,
por exemplo, sdo sustentadas pelas redes metabolicas do hospedeiro, assim como suas vias
de sinalizacdo celular (GENOVESIO et al.,, 2011). Ja foi demonstrado que h& uma
interligacdo nasredes metabolicas do hospedeiro com o aumento na producdo de energia a
partir da oxidacéo lipidica, metabolismo de nucleotideos e biossintese de pteridina como
sendo processos chave para a obtencdo de energia intracelular ao longo do processo de
desenvolvimento de T. cruzi. (CARADONNA et al., 2013).

Outra associacdo conhecida com dependéncia metabdlica entre parasitos e seus
hospedeiros € o caso das Leishmania spp., as quais ndo possuem genes codificantes para
sintesede heme, indispensaveis para o crescimento do parasito, dependendo, portanto, das
moléculas heme sintetizadas pelos hospedeiros vertebrados (LOWFF, 1951; SALZMAN.
1982; SALZMAN, 1985). Ainda ndo completamente elucidado, o0 mecanismo pelo qual as
Leishmania spp. utilizam estas moléculas parece ser através do catabolismo e resgate de
hemoproteinas provenientes de macréfagos (GALBRAITH e MCELRATH, 1988).

Além dos componentes idnicos, 0s parasitos necessitam obter o0s nutrientes
diretamentede seus hospedeiros, podendo ser pela ingestdo do conteddo celular, como da
hemoglobina, e/ou pela absorcdo de nutrientes ja digeridos. As ténias, por exemplo, ndo
sintetizam suas proprias enzimas digestivas (DOGEL, 1964) e Cryptosporidium parvum e
Plasmodium falciparum parecem promover alteracdes na expressao de vias metabdlicas de
seus hospedeirosrelacionadas com o metabolismo de gorduras e do &cido pantoténico o que

favorecem o desenvolvimento e nutricdo do parasito (XU et al., 2010).

Assim, o estudo das diferentes condigdes metabolicas disponiveis em diferentes



hospedeiros, bem como da identificacdo das possiveis necessidades metabdlicas de seus
respectivos parasitos, podera trazer maior clareza no entendimento da relagcdo parasito-

hospedeiro, tanto nos aspectos de desenvolvimento como maturidade sexual

1.1.  Angiostrongylus cantonensis

Nematodeo parasito que causa meningite eosinofilica em humanos. Caracteriza-se
porapresentar corpo filiforme tendo comprimento de 20-25 mm os vermes machos e 22-24
mm asfémeas. Os machos apresentam bursa copulatéria com tamanho aproximado de 50 pm
contendopares de raios e espiculas, estes sdo caracteres importantes para determinacao da
espécie. A fémea possui dois tubos digestivos e um tudo reprodutor de cor vermelha, 0s trés
em disposicdohelicoidal, visiveis através do tegumento parcialmente transparente. Possui
como hospedeiros definitivos roedores silvestres e moluscos terrestres pulmonados como
intermediarios (AJELLO et al, 1998; MORASSUTTI e TEIXEIRA, 2015). Seu ciclo de vida
esta representadona figura 1 (CDC, 2015.a).

A meningite eosinofilica é ocasionada devido a migragéo das larvas presentes no
sangue para o0 sistema nervoso central. Ocorre, consequentemente, uma intensa reacao
inflamatoria e ocasionalmente a morte das larvas. Os individuos infectados apresentam
sindrome de meningite aguda ou sub-clinica, caracterizada por cefaleia, letargia, febre e
rigidezna nuca (MORASSUTTI; GRAEFF-TEIXEIRA, 2015; BATISTA; IGREJA, 2001).

1.2 Angiostrongylus costaricensis

Encontrado naturalmente nas artérias mesentéricas de roedores, possui dois
hospedeiros no seu ciclo conforme demonstrado na figura 1 (CDC, 2015.a). Apresenta
morfologia similar ao Angiostrongylus cantonensis, sendo diferenciado devido ao
comprimentoe largura do macho, 15-18 mm e 0,28 mm, respectivamente, presenca de seis
pares de papilas sensoriais ordenadas em circulos e bursa copulatoria de tamanho médio,
com dois espiculos delgados. As fémeas possuem comprimento entre 24-27 mm e largura de
0,30 mm (MORERA;CESPEDES, 1971; SANTOS, 1985).

A infec¢do no homem ocorre de forma acidental, através do consumo de moluscos
infectados, malcozidos ou crus, agua, ou alimentos contaminados com o terceiro estagio
larval, mal lavados e crus. A angiostrongiliase abdominal é marcada pela presenca dos

vermes adultos nas artérias mesentéricas de humanos acarretando uma reacao inflamatdria



devido a secrecdo de antigenos e a presenca de ovos nos capilares. Na maioria dos casos 0
individuo infectado ndo apresenta sintomatologia, porém quando ha manifestacdo ocorre na
forma de quadros agudos de dor abdominal no quadrante inferior direito e febre (GRAEFF-
TEIXEIRA; AGOSTINI; RODRIGUES, 2014).

A Causa meningite eosinofilica, a meningoencefalite
caracteriza-se pela presenca de eosindfilos no fluido
cerebroespinhal. Comum nas regides sudestes da Asia e

Humanos sdo hospedeiros 1!
das ilhas do Pacifico, Africa e Caribe.

acidentais, logo n3o liberam
larvas de A. cantonencisA

ou A. costaricensis £\ A\ Causa enterite eosinofilica, inflamac3o eosinofilica nas
arteriolas mesentéricas da regido ileocecal do trato
gastrointestinal que imita um quadro de apendicite.
Comum nas Americas Central e do Sul

*;. A
para as fezes do roedor

A== (A. cantonensis)

arvas no 32 estagio s3o A\ Ovos eclodem no ileo e as larvas
ingeridas por roedores permanecem nas fezes
(A. costaricensis)

A\ Ovos eclodem nos pulmées liberando
larvas de primeiro estagio que passam

Larvas de 12 estagio
infectam lesmas e
A caramujos

Lesmas e caramujos sdo hospedeiros
intermediarios, apos duas mudancas
as larvas atingem o 32 estagio larval

BAFEN HEALTHIEN PEOPLE"

Figura 1: Ciclo de vida Angiostrongylus cantonensis e Angiostrongylus costaricensis.
Fonte:http://www.cdc.gov/parasites/angiostrongylus/biology.html

1.3 VIAS METABOLICAS

As vias metabolicas sdo uma série de reacdes quimicas, catalisadas por enzimas,
nas quais um ou mais precursores ou substratos sdo convertidos em produtos através de
intermediarios metabolicos (LEHNINGER, 2002). As enzimas presentes nestas vias sao
classificadas de acordo com a “Nomenclature Committee of the International Union of
Biochemistry and Molecular Biology” (NC-IUBMB,
http://www.chem.gmul.ac.uk/iubmb/enzyme), a qual atribui a cada atividade enziméatica um
nome e um EC (“Enzyme Commision”) de acordo com a reacdo catalisada pela enzima,
conforme apresentado na tabela 1. Esta numeragdo possui uma ordenagdo hierarquica composta

por quatro ndimeros, o primeiro descreve a reacdo quimica geral, ou seja, a classe a qual
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pertence, o segundo indica a subclasse, 0 terceiro a sub-subclasse e por ultimo o quarto
numero indica a especificidade da reagdo, definindo o substrato/produto ou cofatores
especificos utilizados (IUPAC, 2016). A classificacdo das enzimas de acordo com o EC gera
a associacao entre a gendmica e a quimica, uma vez que este representa as reacdes quimicas
(informacédo quimica),assim como um identificador de enzimas e de genes codificantes de

enzimas (informagdo genémica) (KOTERA, 2004).

Tabela 1: Grupos enzimaticos e sua classificacéo de acordo com a Unido
Internacionalde Bioquimica e Biologia Molecular

11

Grupo enzimatico Reacéo catalisada Exemplo

EC1: Oxidorredutases | Transferéncia de atomos ou moléculas de | Desidrogenases e
oxidases
hidrogénio e oxigénio de um substrato para outro,
ou associados as reacdes de oxidacao

EC2: Transferares Transferéncia de um grupo especifico (fosfato, | Transaminases e

metil, etc) de um substrato para outro. cinases
EC3: Hidrolases Hidrdlise de um substrato Enzimas
digestivas
EC4: Liases Remocdo ndo hidrolitica de um grupo ou adigéo | Aldolases
de um grupo ao substrato.
EC5: Isomerases Mudanca na forma molecular de um substrato | Fumarases
EC6: Ligases Juncéo de duas moléculas pela formacéo de Sintetases

novas ligacoes.

O metabolismo dos seres vivos pode ser representado bidimensionalmente por um
gréfico de redes contendo vérias centenas de reacdes e metabolitos, como demonstrado na
figura 2 (Mapa 01100, 2016). A representacdo das vias metabodlicas através de partes
independentes mostrando as enzimas que as compdem viabiliza a identificacdo da sua rede
de genes codificantes, o que permite propor hipoteses a respeito da relacdo entre genes e
uma doenga, por exemplo (JEONG et al., 2000; SCHOMBURG et al 2004; WINGENDER,
2007). O numero de reacfes que as vias metabdlicas abrangem, assim como sua defini¢cdo
varia de acordo com os bancos de dados, por exemplo, no WIT (What Is There) as vias sdo
compostas por dez ou menos reacdes, jA 0 KEGG (Kioto Encyclopedia of Genes and
Genomes) utiliza dezenas de reacdes (KANEHISA; GOTO, 2000; OVERBEEK et al.,
2000). A partir do estudodestas é possivel compreender as modificacBes que acontecem
dentro de uma célula ouorganismo (LEHNINGER, 2002), assim como inferir as vias ou

enzimas compartilhadas entrediferentes organismos, tais como parasitos e hospedeiros.
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Figura 2: Esquema bidimensional das vias metabdlicas. Fonte: http://www.genome.jp/kegg-
bin/show_pathway?map01100
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Obijetivo geral:

Estudar a ocorréncia de dependéncia metabodlica entre Angiostrongylus cantonensis e

Angiostrongylus costaricensis e seus hospedeiros através de analises “in silico”.

Objetivos especificos:

Identificar e anotar as atividades enzimaticas de 41 vias metabolicas em Angiostrongylus
spp, assim como dos hospedeiros Biomphalaria glabrata, Musmusculus, Rattus norvegicus
e Homo sapiens.

Assinalar potenciais casos de atividades enzimaticas que caracterizem possivel dependéncia
metabolica entre os parasitos e seus respectivos hospedeiros através do padrdo de

presenca/auséncia da enzima nos proteomas dos organismosavaliados.


http://www.genome.jp/kegg-

Justificativa

O sucesso evolutivo que permitiu o estabelecimento do parasitismo e sua
especificidade a determinados hospedeiros pode ter envolvido o encontro de substancias
que séo produzidas apenas pelos seus hospedeiros, mas que sdo essenciais a sobrevivéncia
e desenvolvimento do parasito (XU et al., 2010), caracterizando uma dependéncia

metabolica espécie especifica.

A utilizacdo das informacdes disponiveis nos bancos de dados especializados em
vias metabdlicas tais como: KEGG (KANEHISA, 2000) e Metacyc (CASPI, et al, 2008)
juntamente com as ferramentas de identificacdo de ortdlogos tais como: BLAST
(ALTSCHUL et al., 1990),0rthoMCL (LI, STOECKERT, ROOS, 2003) e OrthoFinder
(EMMS, KELLY, 2015) e
anotacdo funcional de vias metabolicas, tais como AnEnPi (Otto et al., 2008), possibilitam
0 mapeamento de vias metabolicas, anotacdo funcional e a identificacdo de atividades

funcionais(ECs) compartilhadas entre diferentes organismos.

Durante a histdria evolutiva dos organismos, estes podem ganhar ou perder genes
resultado de processos adaptativos, pressoes seletivas e interagdes com o ambiente ou com
outros organismos, logo é comum identificar vias metabdlicas incompletas em alguns
parasitos, entretanto as atividades enzimaticas que complementam tais vias podem ser
encontradas em seus respectivos hospedeiros. A analise das diferencas entre o0s
metabolismos permite a identificacdo de atividades enzimaticas que podem indicar
dependéncia metabdlica, e assim melhorar a compreenséo da evolugédo de especificidade de
hospedeiros, da co-evolucdo do parasitismo e da adaptacdo metabdlica que influencia na

permissividade de infeccdo e/ou fatores de viruléncia.

Portanto, a analise in silico do compartilhamento de atividades enzimaticas e vias
metabdlicas na relacdo parasito-hospedeiro de duas espécies de Angiostrongylus por meio
da anotacdo das atividades enzimaticas e 0 mapeamento das vias metabdlicas individuais,
auxiliara a identificacdo de diferencas e semelhancas entre os metabolismos de parasitos e
seus hospedeiros podendo servir de base para estudos futuros que tenham como objetivo
identificaros mecanismos moleculares envolvidos no parasitismo, alvos farmacolégicos, ou

diagnosticos.
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ABSTRACT

Two species of Angiostrongylus, A. cantonensis and A. costaricensis, are known to
cause eosinophilic meningitis, due to the presence of the parasite in the larval stage in the
brain, and abdominal angiostrongyliasis, due to the presence of adult worms in the
mesenteric artery, in humansthat were accidentally infected. The capability of the parasites
to remain within the host may be related to the ability to obtain nutrients and to utilize
molecules fundamental for the development of the parasite, however, such responses may
be different according to host genus. With the premise thatthe parasite uses molecules
synthesized by its host to complement its own metabolism, the present study aims to
evaluate through the annotation of metabolic pathways using AnEnPi and KAAS programs
the metabolic dependence of two species of Angiostrongylus spp. in their hosts. When
analyzing the proteomes, nine enzymes were identified only in A. cantonensis and one in A.
costaricensis, as well the presence of 13 enzymes with the same function in the parasites
and their hosts. We found 156 enzymes that showed a possible metabolic dependence
between A. cantonensisand A. costaricensis and their hosts Rattus norvegicus, Mus
musculus, Biomphalaria glabrata and Homo sapiens. Among the enzymes that possibly
represent metabolic dependence were found sevenenzymes with characteristic lethality, and

one enzyme that also was not present in all the parasite organism analyzed.

Key words: Metabolic dependence, parasitism, Angiostrongylus spp.
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1. INTRODUCTION

The etymology of the word "parasite” descends from latin “parasitus” and derives from
greek (parasites) which designates "the one who eats at the table of others.” The term
compound in greek means for, "together, beside" and situs "food" (Gurgel-Gongalves, et. al.,
2007). The concept of parasitism has been modified over the years. First parasitism was
considered as a relation between two organisms of different species, in which one serves as
"environment™ for the other (Ferreira apud Levine, 1968). The body of a superior animal,
therefore, is able to provide niches for other organisms. These organisms invade the body with
the objective of acquiring nutrients and as a form of protection (Barreto, 1967), and its presence
can lead to changes, beneficial or harmful to the host, considering that the boundaries between
the different outcomes can be determined by the needs of the parasites and by the physiological

responses of the host (Ferreira, 1973).

In the late 90s it is emphasized that the parasite develops at the expense of its host causing
some type of damage, emphasizing the presence of metabolic dependence of the parasites with
the hosts and ecological interactions between them (Rey, 2002). It is also known that the
presence of the parasite may lead to decreased fitness in the host due to the consumption of
nutritional resources and the effects of infection on the affected tissue as well as the dispersion
(Levri, 1999). There is also an idea that intimate interactions like parasitism and symbiosis would
be associated with morphological and functional simplification, and even losses of genes or
protein expression. Loss of genes coding non-essential amino acid biosynthesis has documented
for symbionts (Wernegreen, 2012) and some parasites (Payne and Loomis, 2006), e.g.,
Leishmania, Plasmodium and Cryptosporidium. Some bacterial symbionts and parasitic
organisms tend to present a reduction in size of their incomplete genomes and metabolic
pathways, possibly resulting from loss of non-essential genes during the process of coevolution

and adaptation to their hosts.

Several parasites require a passage through different host species to complete their life
cycle such as Plasmodium spp (Rénia and Goh, 2016), Dyphillobotrium spp (Kuchta, et al.,
2013) and Fasciola spp (Moazeni and Ahmadi, 2016) suggesting different metabolic needs
according the different stages of parasite development. The trypanosomatids Leishmania and
Trypanosoma, as well as the anaerobic protozoan parasites Giardia, Trichomonas, and

Entamoeba, do not have several enzymes necessary to perform heme biosynthesis (Anzaldi
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and Skaar, 2010; Kofeny et al., 2013). Leishmania donovani uses host molecules to complete
the heme synthesis pathway (Krishnamurthy et al., 2005), which is crucial for cytochromes in
the respiratory chain and acts as an essential cofactor for hemoproteins, such as those involved in
the biosynthesis of polyunsaturated fatty acids and sterols (Tripodi et al., 2011).

The long-term persistence of Trypanosoma cruzi in their definitive hosts, for example,
are supported by the host metabolic networks, as well as their cell signaling pathways
(Genovesio et al., 2011). It has already been shown that there is an interconnection in the
metabolic networks of the host with the increase in energy production from lipid oxidation,
nucleotide metabolism and pteridine biosynthesis as key processes to obtain intracellular energy
throughout the development process of T Cruzi (Caradonna et al., 2013).

Species of Angiostrongylus spp. infect different rodent taxa. A. cantonensis has as
definitive hosts different Rattus species and Mus musculus and Suncus murinus as accidental
hosts (Cheng, 2011). However, A. costaricensis has as final hosts Oligoryzomys nigripes and
O. ratticeps (Teixeira, 1990). There is a difference in mortality and number of worms produced
by rodents from different mice strains (Santos et al.,1996). Although this difference is evident,
the mechanism by which the parasite shows the greatest developmental success in each host

species is not well understood.

The aim of the present work is to collect evidences of metabolic dependence of
two metastrongylid nematodes (A.cantonensis and A.costaricensis) from in silico exploration of
metabolic pathways, both of parasites and their hosts ( Homo sapiens, Biomphalaria glabrata,
Rattus norvegicus e Mus musculus). “Metabolic dependence” was defined as enzymatic
activities (ECs) and metabolic pathways involved with the acquisition of nutrients that are

incomplete in parasites, but not in hosts.

2. MATERIAL AND METHODS

The predicted proteome sequences were obtained from the databases described in
Table 1, and sequences less than 60 amino acids were removed as they may represent protein
fragments. In order to annotate functional enzymatic activities present in predicted proteome
(Table 1), we employed the methodologies described in previous studies (Otto et al., 2008;
Gomes,2011). Briefly, sequences of all functional enzymatic activities (ECs) were obtained
from KEGG version 71.3 and separated according to their functional activity, and identified as

proposed by the International Union of Biochemistry and Molecular Biology, with the Enzyme



64
65
66
67
68
69
70
71
72
73

74
75

76

77
78
79
80
81

19

Commission (EC) number. Subsequently, the sequences were clustered according to their
enzymatic activity by all against all Blastp using a similarity score described by Galperin et al.,
(1998). Functional enzymatic activities for the predicted proteome were confirmed with the
AnEnPi’s module, which classifies the enzymes in accordance to the EC number. This
classification is obtained after parsing the results of Blastp, using the data set of predicted
proteins as query and the clustering groups obtained as subjects. A restrictive e-value of 102
was used as threshold (Alves-Ferreira et al., 2009, Capriles et al., 2010, Tschoeke et al., 2014) to
includea primary structure in a group or cluster. In parallel, the KAAS
(http://www.genome.jp/kegg/kaas) was used to functional annotation of enzyme activities

and metabolic reconstruction by annotating of orthologs groups (KO).

Table 1: Databases from parasites, their hosts and a free-living organism, and

their generic characterization: name, number of proteins and genome size covered by the project.

Organism Data base Bioproject Number of Genome size
proteins (Mb)
Parasites
Angiostrongylus cantonensis Wormbase PRJEB493 14.520 253.243
Angiostrongylus costaricensis ~ Wormbase PRJEB494 13.417 262.783
Schistosoma mansoni Uniprot GCA_000237925.2 10.772 364.538
Trichinella spiralis Uniprot GCA _000181795.2 16.380 63.5254
Hosts
Biomphalaria glabrata NCBI  GCF_0000457365.1 36.675 916.388
Mus musculus NCBI  GCF_00001635.24 50.305 2807.72
Rattus norvegicus NCBI  GCF_00001895.5 29.795 48.7205
Homo sapiens NCBI  GCF_00001405.31 70.952 3241.95
Free-living
Caenorhabditis elegans Uniprot GCF_00002985.6 26.725 100.286

In order to compare the number of activities annotated between AnEnPi and KAAS,
the ec-mapper script (https://github.com/milenepgj/ec-mapper) was used to compare the list
of Ecs annotated both by AnEnPi and KAAS. It also makes it possible to compare the number
of enzymatic activities shared between two organisms, to infer the number of shared ECs and

to identify the Ecs absent in one of these organisms. This script was applied in the annotation
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results from AnEnPi and KAAS in the proteomes of A. cantonensis, A. costaricensis, R.

norvegicus, M. musculus, H. sapiens, B. glabrata and C. elegans against the KAAS database.

2.1. Identification of metabolic dependence between parasites and hosts

The cases of metabolic dependence were characterized by the absence of the enzymes
in the parasite to complete their metabolic pathway, while it was found in their respective host
(Xu et al., 2010; Tyagy et al., 2015). To identify potential cases of metabolic dependence
between parasite and host, we analyzed the metabolic pathways involved in the acquisition,
degradation and metabolism of nutrients (Supplementary Table 1) present in parasites (A.
cantonensis, A. costaricensis) and hosts (B. glabrata, M. musculus, R. norvegicus and H.

sapiens).
2.2. Reconstruction of metabolic pathways of catabolism and anabolism

For the ECs identified as potentially involved in events of metabolic dependence, the
Ecs present in one or more of the hosts and absent in A. cantonensis and / or A costaricensis
and in at least one of the parasites (Schistosoma mansoni and Trichinella spiralis), were
generated metabolic pathways using KEGGMapper tools (http://www.genome.jp/ kegg /
mapper.html), and selected for study subjects those related to the metabolism of proteins,

carbohydrates, lipids, purine, pyrimidine and hormones.
3. RESULTS

The analysis with AnEnPi of the proteome data from nine organisms (Table 1) identified
1727enzymatic activities, in different categories: 387 (EC 1), 537 (EC 2), 551 (EC 3) 117 (EC
4) 71 (EC 5) and 83 (EC 6). The comparison between the total number of enzymes annotated
by AnEnPi and KAAS demonstrated a larger number of enzymatic activities was achieved with
AnENPi and their consequent reduction when the KAAS tool was employed: 29.54% for A.
cantonensis genome, 34.05% for A. costaricensis, 29.12% for M. musculus, 26.26% for R.
norvegicus, 28.45% for H. sapiens, 40.03% for B. glabrata and 39.4% for C. elegans,

demonstrated that a greater number of enzymatic activities annotated with AnEnPi. (Figure 1).
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The Venn diagram (Figure 3a) demonstrates the number of enzymes unique to A.
cantonensis (59), R. norvegicus (23) e H. sapiens (49), shared enzymes by A. cantonensis and
R. norvegicus (4); A. cantonensis and H. sapiens (5); R. norvegicus and H. sapiens (720)
and 708 are shared by all organisms. Figure 3b shows the number of enzymatic activities
unique to A. costaricensis (43), M musculus (19) and H. sapiens (32); shared enzymatic
activities by A. costaricensis and M. Musculus (6), A. costaricensis and H. sapiens (6), between
M. musculus and H. sapiens (791); and 651 were shared by all organisms.

a Angiostrongylis cantonensis Angiostrongylus costaricensis

Rattus norvegicus Homo sapiensMus musculus Homo sapiens
Figure 3: Venn diagrams showing the number of unique and shared enzymatic activities by (a) A. cantonensis and
(b) A.costaricensis and their hosts

We verified that of the 59 enzymes exclusive to A. cantonensis in the Venn diagram
(Figure 3), 9 enzymes are not present in the other analyzed organisms (A. costaricensis, R.
norvegicus, M. musculus, B. glabrata, H. sapiens, S. mansoni, T. spiralis e C. elegans).
However, only 4 enzymes are represented in the KEEGMapper. The enzyme 1.1.1.133 (dTDP-
4-dehydrorhamnose reductase) participates in the pathways of streptomycin biosynthesis,
polyketide sugar unit biosynthesis, biosynthesis of antibiotics. 1.1.1.244 (Methanol
dehydrogenase) acts on the methane metabolism and pathway of microbial metabolism in
diverse environments. 2.1.1.143 (24-methylenesterol C- methyltransferase) involved in the
biosynthesis of secondary metabolites and steroid biosynthesis. 2.3.1.32 (Lysine N-
acetyltransferase) participates in lysine degradation. Of the 43 unique enzymes presented by
A. costaricensis in the Venn diagram (Figure 3), only one enzyme was presented exclusively
when weighted the other organisms. 1.1.1.169 (2-dehydropantoate 2-reductase) which acts on
the pathways of biosynthesis of secondary metabolites and pantothenate and CoA

biosynthesis.

A number of enzymatic activities is shared by the parasites and each of their hosts (21

ECs): (i) 4 by A.cantonensis and R.norvegicus (green area, Fig 3a); (ii) 5 by A.cantonensis and
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H.sapiens (purple area, Fig 3a); 6 by A.costaricensis and M.musculus (brown area, Fig
3b); and 6 by A.costaricensis and H.sapiens (dark green area, Fig 3b). From these 21 ECs, 3
had their EC number modified and 1 had an incomplete EC and they are not listed in
supplementary Tables 1 and 2.

The name of the enzymes shared between parasites and their host are shown in Table
2. In this table is showed the name according to ENZYME (http://enzyme.expasy.org/), the
metabolic pathway in which they act according to Indicated by the KEGG Mapper, and
the organism. Complementary to the table 1 the Supplementary Table 1 present the
sequence ID, fold and superfamily classification of the proteins sequence obtained in the data
base Superfamily.

Table 2: Enzymatic activities shared by several host-parasite couples and the metabolic pathways

these enzymatic activities have arole

EC Enzyme Metabolic pathway Organism
1.1.1.81 Hydroxypyruvate reductase Biosynthesis of secondary A. cantonensis
metabolites H. sapiens
Glyoxylate e dicarboxylate
metabolism
Glycine, serine, e threonine
metabolism
Metabolic pathways
1.1.1.188 |Prostaglein-F synthase Arachidonic acid A. costaricensis
metabolism H. sapiens
1.3.1.33  |Protochlorophyllide reductase |Biosynthesis of secondary A. cantonensis
metabolites H. sapiens
Porphyrin e chlorophyll
metabolism
Metabolic pathways
1.4.1.13 Glutamate synthase(NADPH)  Nitrogen metabolism A. cantonensis
Biosynthesis of antibiotics R. norvegicus
Microbial metabolismin diverse
environments
1.6.1.2 NAD(P)(+) transhydrogenase |Nicotinate e nicotinamide A. costaricensis
(Re/Si-specific) metabolism H. sapiens
Metabolic pathways
2.4.1.25 4-alpha-glucanotransferase Metabolic pathways A. cantonensis
Starch e sucrose A. costaricensis
metabolism H. sapiens
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2.4.1.65  [3-galactosyl-N- Metabolic pathways Various types |A. costaricensis
acetylglucosaminide 4-alpha-L- lof N-glycan biosynthesis H. sapiens
fucosyltransferase Glycosphingolipid biosynthesis -
lacto e neolacto series
3.5.2.3 Dihydroorotase Metabolic pathways Pyrimidine  |A. cantonensis
metabolism H. sapiens
3.5.2.17 Hydroxyisourate hydrolase Microbial metabolism in diverse  |A. cantonensis
environments R. norvegicus
Purine metabolism A. costaricensis
Metabolic pathways M. musculus
3.6.3.19 Maltose-transporting ATPase A. costaricensis
M. musculus
3.6.3.40 Teichoic-acid-transporting A. costaricensis
ATPase M. musculus
4.1.2.5 L-threonine aldolase Glycine, serine and threonine A. cantonensis
metabolism R. norvegicus
A. costaricensis
M. musculus
5.3.1.22 Hydroxypyruvate isomerase Glyoxylate e dicarboxylate A. costaricensis
metabolism H. sapiens
Metabolic pathways

EC 4.1.2.5 (L-threonine aldolase) and EC 3.5.2.17 (Hydroxyisourate hydrolase) are

present in the two species of Angiostrongylus and their respective definitive hosts, while EC

2.4.1.25 (4- Alpha- glucanotransferase) is shared by A. cantonensis, A. costaricensis and H.

sapiens (Table 2).

Supplementary Table 2 presents the metabolic pathways related to the metabolism of

proteins, carbohydrates, lipids and hormones, as well as the ECs. When evaluating the 41

maps composed of 330 ECs described in the Supplementary Table 2 and after the conference

with the maps generated from the KAAS annotation, 156 ECs were identified to represent

metabolic dependence, being those described in the Supplementary Table 3.
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Figure 4 presents the metabolic map os arginine biosyntesis, which presents two
enzymes that indicates metabolic dependence of A. cantonensis towards its definitive host R.
norvegicus. It can be observed that A. cantonensis transforms arginine into citruline and vice
versa through the enzymes arginine deaminase (EC 3.5.3.6) and / or nitric oxide synthase (EC
1.14.13.39), but it can not continue the urea cycle. Why the gold of increase the availability
of arginine A. cantonensis possibly uses the enzymes, argininosuccinate synthase (EC 6.3.4.5)
which transforms citrulline into L-arginosuccinate and argininosuccinate lyase (EC 4.3.2.1) g

which converts L-arginosuccinate into fumarate synthesized by its host R. norvegicus.

ARGININE BIOSYNTHESIS
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Figure 4: IMMustration of metabolic dependence in the arginine biosynthesis pathway between A.
cantonensis and R. Norvegicus.
Source: Map adapted from http://www.genome.jp/kegg/pathway/map/map00220.html

A total of 43 ECs (Table 3) was identified as possible loci of metabolic dependence; C.
Elegans has 34 out of these 43 ECs while they are absent in parasitic organisms, S. mansoni
and T. spiralis. 8 ECs presented lethal embryogenic phenotype described in WormBase, and
characterized by eggs that fail to hatch when applied large-scale RNAI screenings. We found

an EC 3.7.1.2 present only in C.selegans with lethal phenotype.

Of the 34 enzymes present only in C. elegans, 29 are present in all hosts (R.
norvegicus, M. musculus, H. sapiens and B. glabrata). Of these 29, 14 are involved in
metabolic dependence of both two species of Angiostrongylus, 13 only in A. costaricensis
and two in A. cantonensis. Four were present only from in the data from definitive hosts (R.
norvegicus, M. musculus) and in H. sapiens, 3 of these possibly involved with metabolic
dependence exclusively for A. costaricensis and one in both Angiostrongylus. One enzyme

is present only in the intermediate host (B. glabrata), representing possible metabolic
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dependence only for A. cantonensis. EC 2.1.1.49 (amine N-methyltransferase) represents a
possible metabolic dependence in both species of Angiostrongylus, which is synthesized only
by definitive hosts (R. norvegicus, M. musculus) and H. sapiens. It is active in the metabolism
of tryptophan in two reactions: the transformation of serotonin to N-methylserotonin and
the transformation of tryptophan into N-methyltryptamine by the transfer of a methylated

amine.

Beta-glucosidase (EC 3.2.1.21) is detected only in the intermediate host proteome
(B. glabrata), and is probably involved in metabolic dependence for A. cantonensis. This
enzyme participates in the metabolism of starch and sucrose. Its enzymatic activity acts in
the hydrolysis of non-reducing terminal beta-D-glucosyl residues with release of beta-D-

glucose. This function transforms the substrates cellobiose and B-D-glucoside into D-glucose.

EC 1.14.16.1 (Phenylalanine 4-monooxygenase) with lethality phenotype in C.
elegans, is present in definitive hosts (R. norvegicus, M. musculus) and in H. sapiens,
representing possible metabolic dependence in both species of Angiostrongylus. It acts in
the pathways of phenylalanine metabolism and phenylalanine, tyrosine and tryptophan
biosynthesis acting in paired donors, with incorporation or reduction of molecular oxygen,

transforming L-phenylalanine into tyrosine.

EC 3.7.1.2 (Fumarylacetoacetate) presents a lethal phenotype in C. elegans and is
detected in all hosts here studied (R. norvegicus, M. musculus, H. sapiens and B. glabrata). It
acts on the tyrosine metabolism by hydrolyzing the 4-fumarylacetoacetate molecule resulting

in the production of fumarate, which is used in the Citrate cycle (Krebs cycle).

Table 3 presents the 42 EC, mentioned above, with their respective names and the

species of Angiostrongylus in which metabolic dependence is suspected.
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1.1.1.14 L-iditol 2-dehydrogenase

1.1.1.211 Long-chain-3-hydroxyacyl-CoA dehydrogenase H

1.1.24 D-lactate dehydrogenase (cytochrome)

1.3.1.72 Delta(24)-sterol reductase

1.3.8.6 Glutaryl-CoA dehydrogenase (ETF)

1.5.3.7 L-pipecolate oxidase

1.5.3.16 Spermine oxidase

1.8.1.7 Glutathione-disulfide reductase

1.13.115 Homogentisate 1,2-dioxygenase

1.14.13.9 Kynurenine 3-monooxygenase

1.14.13.39 Nitric-oxide synthase (NADPH)

1.14.16.1 Phenylalaninase

1.14.19.1 Stearoyl-CoA 9-desaturase .

1.17.14 Xanthine dehydrogenase

11732 Xanthine oxidase

2.1.1.49 Amine N-methyltransferase

2.3.1.168 Dihydrolipoyllysine-residue (2-methylpropanoyl)transferase

2.3.1.57 Diamine N-aeetyltransferase

2.4.1.88 Deliehel-phesphate mannesyltransferase

2.4.1.265 Beliefyl-P-Gle:61e(1)Man(8)EleNAe(2)-PP-deliehel alpha-1,3-glueesyliransferase

2.51.16 Spermidine synthase

2.6.15 Tyresine transaminase

2.6.1.19 4-aminebutyrate--2-exeglutarate transaminase




2.6.1.22
2.7.1.21

2.7.1.52
2.7.7.30
3.1.24
3.21.21
3.5.1.6
3.5.2.7
3.5.2.9
3.7.1.2
4119
4.1.1.22
4.1.1.45
4.1.1.50
4.2.1.109
4313
43.1.17
5.1.1.18
5133
5.3.99.5

Beta-aminobutyric transaminase

Thymidine kinase

Fucokinase

Fucose-1-phosphate guanylyltransferase
3-hydroxyisobutyryl-CoA hydrolase
Beta-glucosidase

Beta-ureidopropionase
Imidazolonepropionase

5-oxoprolinase (ATP-hydrolyzing)
Fumarylacetoacetase

Malonyl-CoA decarboxylase

Histidine decarboxylase
Aminocarboxymuconate-semialdehyde decarboxylase
Adenosylmethionine decarboxylase
Methylthioribulose 1-phosphate dehydratase
Histidine ammonia-lyase

L-serine ammonia-lyase

Serine racemase

Aldose 1-epimerase

Thromboxane-A synthase

27

1

O.E

> Indicates feature presence
[[]~ Indicates the presence of EC en the proteome

* - Name of the enzyme by Enzyme (http://enzyme.expast.org)

O.E - Presence os another enzyme that catalyzes the same reaction
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4. DISCUSSION

Parasitic relationships, as well as other forms of interaction between different species,
undergo selection pressures, which shape the evolution of each species (Gandon et al, 2008).
Consequently, the metabolic pathways undergo modifications, an example of which is the
loss of genes responsible for the encoding of enzymes with biosynthetic functions in
intracellular parasites, which leads to the dependence of the nutrients produced by their hosts
(Edwards and Palsson, 2000; McCutcheon andMoran, 2007).

In analyzing the data shown in Figure 2, it is possible to observe a tendency in the
nematodes to present a higher proportion of proteins without enzymatic function than
in the hosts. One hypothesis is that not only the intracellular parasites evolved to a
reduced metabolic capacity, but tissue dwelling parasites, such as A. cantonensis and A.
costaricensis may also depend not only on their host's nutritional status but also on
enzymatic or signaling molecules. The data presented in Figure 1 together with the quality
parameters of the genomes shown in table X guarantee some reliability in the data

presented in this study.

In the Venn diagram (Figure 3) we can point out that the proportions of enzymes
shared between each species of Angiostrongylus and its respective definitive host and H.
sapiens, as well as the unique enzymes of each organism are quite similar to each other.
Evidence of metabolic dependence between A. cantonensis and R. norvegicus was
observed in one of the 23 enzymes identified only in R. norvegicus (Figure 3). EC 3.2.1.21
(Beta-glucosidase) acts in starch and sucrose metabolism, among other pathways. It is
interesting to note that 8 ECs of the 23 found only in R. norvegicus are absent both in M.
musculus and H. sapiens. Based on this distinct occurrence we propose that ECs may
play a role in the establishment of specificity of parasites for a given host species, since
they can promote the success of infection and development of A. cantonensis in R.
norvegicus and explain the lack of development in the other two species. In the same line of
reasoning, the enzymes  3-alpha-hydroxysteroid dehydrogenase  (Re-specific),
cyclopropane-fatty-acyl-phospholipid synthase, amine sulfotransferase and gamma-renin

were exclusively found in M. musculus, thus could also constitute host specificity factors.

Studies have demonstrated the metabolic dependence between parasites and their

hosts. Osman et al., in 2006, showed that S. mansoni possesses TGF-B receptors but is
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unable to produce cytosine, thus, it depends of its host for TGF-p production. In the case
of Schistosoma, TGF-p is essential for the regulation and signaling of genes responsible
for egg production in the female gynecophore channel (Osman et al., 2006). As eggs are
a determining factor for the pathogenesis of the disease (Loverde, 2002; Pearce and
MacDonald, 2002), it is very similar to the pathogenesis of A. costaricensis infection in
humans, where sexual maturity and oviposition are linked to the increase of the inflammation
(Graeff-Teixeira et al., 2014).

Approaches proposed by the present work, with emphasis on the mapping of
metabolic pathways and cell signaling may produce important knowledge in the search for
new targets for the treatment. Examples of these are: (i) inhibition of A. costaricensis
oviposition, or (ii) modulation of the migratory behavior of A. cantonensis larvae preventing
their passage through brain tissues. At the same time, the identification of essential factors
to the parasite that can serve with indicators of metabolic dependence, will contribute to a
better understanding of the parasite-host interaction.

Besides exploring metabolic dependence as markers of parasitism, mapping of
metabolic pathways and cell signaling may also produce important knowledge in the search
for new treatment alternatives. Examples of these are: (i) inhibition of A. costaricensis
oviposition, or (ii) modulation of the migratory behavior of A. cantonensis larvae preventing
their passage through brain tissues. At the same time, the identification of essential factors
to the parasite that can serve with indicators of metabolic dependence, will contribute to a

better understanding of the parasite-host interaction.

In conclusion, this preliminar comparative investigation of the metabolic pathways
inparasites (A. cantonensis and A. costaricensis) and their hosts described several enzymatic
activities that may indicate metabolic dependence and also factors of parasite-host
specificities. Exploration of these indications in “wet” experiments and extension of these

“in silico” analysis may greatly improve our understanding of parasitism.
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Supplementary Table 1 Name, metabolic pathway and classification of the primary structure of the enzymes common to A cantonensis, A.

costaricensis, M.musculus, R. norgevicus and H. sapiens.

EC Enzyme name Metabolic pathway | Organism Sequence ID Fold Superfamily
3.5.2.17 | Hydroxyisourate Microbial metabolism | A. ACOC_00012573 | Prealbumin-like [49451] | Transthyretin (Synonym:
hydrolase in diverse costaricensis | 01-mRNA-1 prealbumin) [49472]
environments M. musculus NP_084097.1 Prealbumin-like [49451] | Transthyretin (synonym:
Purine metabolism XP_006536335.1 prealbumin) [49472]
Metabolic pathways XP_006536336.1
4125 L-threonine aldolase | Glycine, serine e A cantonensis | ACAC_00000902 | PLP-dependent PLP-dependent transferases
threonine metabolism 01-mRNA-1 transferase-like [53382] [53383]
R. norgevicus | XP_006247915.1 | PLP-dependent PLP-dependent transferases
XP_006247916.1 | transferase-like [53382] [53383]
A ACOC_00012333 | PLP-dependent PLP-dependent transferases
costaricensis 01-mRNA-1 transferase-like [53382] [53383]
M. musculus NP_082195.2 PLP-dependent PLP-dependent transferases
XP_006534324.1 | transferase-like [53382] [53383]
1.4.1.13 | Glutamate synthase | Nitrogen metabolism | A cantonensis | ACAC_00004122 | TIM beta/alpha-barrel FMN-linked oxidoreductases
(NADPH) Biosynthesis of 01-mRNA-1 [51350] [51395]
antibiotics Single-streed right-heed Alpha subunit of glutamate
Microbial metabolism beta-helix [51125] synthase, C-terminal domain
in diverse [69336]
environments Globin-like [ 46457] alpha-helical ferredoxin [46548],
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Biosynthesis of
secondary metabolites
Alanine, aspartate, e
glutamate metabolism
Metabolic pathways

R. norgevicus

XP_006247331.1

No significant hit

No significant hit

1.1.1.81 | Hydroxypyruvate Biosynthesis of A cantonensis | ACAC_00012296 | GckA/TtuD-like [82543] | GckA/TtuD-like [82544]
reductase secondary metabolites 01-mRNA-1
Glyoxylate e H. sapiens NP_036335.1 NAD(P)-binding NAD(P)-binding Rossmann-fold
dicarboxylate Rossmann-fold domains domains [51735]
metabolism [51734]
Glycine, serine e Flavodoxin-like [52171] Formate/glycerate
threonine metabolism dehydrogenase catalytic domain-
Metabolic pathways like [ 52283]
XP_005251688.1 | NAD(P)-binding NAD(P)-binding Rossmann-fold
XP_011516375.1 | Rossmann-fold domains domains [51735]
[51734]
1.3.1.33 | Protochlorophyllide | Biosynthesis of A cantonensis | ACAC_00003051 | NAD(P)-binding NAD(P)-binding Rossmann-fold

reductase

secondary metabolites
Porphyrin e
chlorophyli

metabolism

01-mRNA-1

Rossmann-fold domains
[51734]

domains [51735]

Long alpha-hairpin
[46556]

Chaperone J-domain [46565]
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Metabolic pathways

H. sapiens

NP_001026889.1
NP_001257353.1

NAD(P)-binding

Rossmann-fold domains

NAD(P)-binding Rossmann-fold
domains [51735]

NP_078981.1 [51734]
XP_005266584.1
XP_005266585.1
XP_005266588.1
XP_011533537.1
XP_011533538.1
XP_011533539.1
XP_011533540.1
2.4.1.25 | 4-alpha- Metabolic pathways A cantonensis | ACAC_00014430 | alpha/alpha toroid Six-hairpin glycosidases
glucanotransferase | Starch e sucrose 01-mRNA-1 [48207] [48208]
metabolism A ACOC_00004570 | TBP-like [55944] Bet v1-like [55961]
costaricensis 01-mRNA-1
H. sapiens NP_000019.2 alpha/alpha toroid Six-hairpin glycosidases [48208]
NP_000633.2 [48207]
NP_000634.2 TIM beta/alpha-barrel (Trans)glycosidases [51445]
NP_000635.2 [51350]
NP_000636.2
NP_000637.2
XP_005270614.1
3.5.2.3 Dihydroorotase Metabolic pathways A cantonensis | ACAC_00005710 | ATP-grasp [56058] Glutathione synthetase ATP-

01-mRNA-1

binding domain-like [56059]
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Pyrimidine

metabolism

H. sapiens

NP_004332.2

XP_005264612.1
XP_005264613.1
XP_005264614.1
XP_005264615.1
XP_006712164.1

ATC-like [ 53670]

Aspartate/ornithine
carbamoyltransferase [53671]

ATP-grasp [ 56058]

Glutathione synthetase ATP-
binding domain-like [ 56059]

TIM beta/alpha-barrel
[51350]

Metallo-dependent hydrolases
[51556]

Flavodoxin-like [ 52171]

Class I glutamine
amidotransferase-like [52317]

The "swivelling"
beta/beta/alpha domain
[52008]

Carbamoy! phosphate
synthetase, small subunit N-
terminal domain [ 52021]

Carbamoyl phosphate
synthetase, large subunit
connection domain
[48107]

Carbamoy! phosphate
synthetase, large subunit

connection domain [ 48108]

PreATP-grasp domain
[52439]

PreATP-grasp domain [52440]

Methylglyoxal synthase-
like [52334

Methylglyoxal synthase-like
[52335

Composite domain of
metallo-dependent
hydrolases [51337]

Composite domain of metallo-
dependent hydrolases [51338]
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3.6.3.19 | Maltose- A ACOC_00006467 | P-loop containing P-loop containing nucleoside
transporting ATPase costaricensis | 01-mRNA-1 nucleoside triphosphate triphosphate hydrolases [52540]
hydrolases [52539]
M. musculus XP_006523838.1 | DNA repair protein MutS, | DNA repair protein MutS,
XP_006525400.1 | domain 111 [48333] domain 111 [48334]
XP_006536623.1 | P-loop containing P-loop containing nucleoside
XP_006537355.1 | nucleoside triphosphate triphosphate hydrolases [52540]
hydrolases [52539]
3.6.3.40 | Teichoic-acid- A ACOC_00003691 | P-loop containing P-loop containing nucleoside
transporting ATPase costaricensis 01-mRNA-1 nucleoside triphosphate triphosphate hydrolases [52540]
hydrolases [52539]
M. musculus NP_001265873.1 | P-loop containing P-loop containing nucleoside
XP_006507751.1 | nucleoside triphosphate triphosphate hydrolases [52540]
hydrolases [52539]
1.1.1.188 | Prostaglein-F Avrachidonic acid A ACOC_00012380 | TIM beta/alpha-barrel NAD(P)-linked oxidoreductase
synthase metabolism costaricensis | 01-mRNA-1 [51350] [51430]
H. sapiens NP_001240837.1 | TIM beta/alpha-barrel NAD(P)-linked oxidoreductase
NP_001240838.1 | [51350] [51430]
NP_003730.4
1.6.1.2 NAD(P)(+) Nicotinate e A. ACOC _00005475 | Flavodoxin-like [52171] Formate/glycerate
transhydrogenase nicotinamide costaricensis 01-mRNA-1 dehydrogenase catalytic domain-
(Re/Si-specific) metabolism like [52283]
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Metabolic pathways

NAD(P)-binding
Rossmann-fold domains
[51734]

NAD(P)-binding Rossmann-fold
domains [51735]

H. sapiens NP_036475.3 DHS-like NAD/FAD- DHS-like NAD/FAD-binding
NP_892022.2 binding domain [ 52466] | domain [ 52467]
XP_005248331.1 | Flavodoxin-like [ 52171] | Formate/glycerate
XP_006714524.1 dehydrogenase catalytic domain-
XP_011512303.1 like [ 52283
XP_011512304.1 | NAD(P)-binding NAD(P)-binding Rossmann-
Rossmann fold domains fold domains [ 51735]
[51734]
XP_005248332.1 | DHS-like NAD/FAD- DHS-like NAD/FAD-binding
binding domain [ 52466] | domain [ 52467]
2.4.1.65 | 3-galactosyl-N- Metabolic pathways A ACOC_00002081 | UDP- UDP-
acetylglucosaminide | Various types of N- costaricensis 01-mRNA-1 Glycosyltransferase/glyco | Glycosyltransferase/glycogen
4-alpha-L- glycan biosynthesis gen phosphorylase phosphorylase [53756]
fucosyltransferase Glycosphingolipid [53755]
biosynthesis - lacto e ACOC_00005234 | UDP- UDP-
neolacto series 01-mRNA-1 Glycosyltransferase/glyco | Glycosyltransferase/glycogen
gen phosphorylase phosphorylase [53756]
[53755]
H. sapiens NP_000140.1 UDP- UDP-
NP_000141.1 Glycosyltransferase/glyco | Glycosyltransferase/glycogen

NP_001035791.1

phosphorylase [ 53756]




39

NP_001091108.1
NP_001091109.1
NP_001091110.1
NP_002025.2

XP_005259583.1
XP_005259584.1
XP_011526167.1
XP_011526168.1
XP_011526169.1
XP_011526170.1
XP_011526171.1
XP_011526172.1
XP_011526173.1
XP_011526174.1
XP_011526175.1
XP_011526176.1
XP_011526177.1
XP_011526178.1
XP_011526179.1
XP_011526180.1
XP_011526181.1

gen phosphorylase
[53755]

5.3.1.22

Hydroxypyruvate

isomerase

A.

costaricensis

ACOC_00010370
01-mRNA-1

TIM beta/alpha-barrel

[51350]

Xylose isomerase-like [51658]
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Glyoxylate e
dicarboxylate
metabolism

Metabolic pathways

H. sapiens

NP_001177809.1
NP_001230455.1
NP_112484.3

XP_005271296.1
XP_005271297.1
XP_006711000.1
XP_011540524.1
XP_011540525.1
XP_011540526.1

TIM beta/alpha-barrel [
51350]

Xylose isomerase-like [ 51658]
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Metabolic pathway (Number of EC) ID EC
Alanine, aspartate e glutamate metabolism ec00250 1.2.1.16 2.6.1.19 4.3.2.1
(20) 1.2.1.88 2.6.1.2 6.3.1.17
14.1.13 3.4.17.21 6.3.2.41
1412 3.5.1.15 6.3.2.42
1431 3.5.1.3 6.3.4.5
1432 4.1.1.15 6.3.5.5
2.3.1.17 4311
a-Linolenic acid metabolism (3) ec00592 1.14.19.- 3.1.1.32 4.2.1.92
Amino sugar e nucleotide sugar metabolism  ec00520 1.14.18.2 2.7.7.22 3.5.99.6
(22) 25.1.7 2.7.7.23 4.1.1.35
2.5.1.56 2.1.7.27 4.1.3.3.
2.5.1.57 2.7.7.30 5.1.3.12
2.7.1.52 2.7.7.43 5.4.2.10
2.7.1.6 3.1.3.29 5.4.2.3
2.7.1.60 3.2.1.37
2.7.7.12 3.2.1.183
Arachidonic acid metabolism (14) ec00590 1.1.1.188 1.13.11.34 4.4.1.20
1.1.1.189 1.14.13.30 5.3.99.2
1.11.1.20 1.14.99.1 5.3.99.4
1.13.11.31 3.3.2.10 5.3.99.5
1.13.11.33 3.4.19.14
Arginine e proline metabolism(26) ec00330 1.2.1.41 2.1.4.1 35.3.1
1.2.1.88 2.3.1.57 3.5.3.11
1.4.3.- 2.5.1.16 4.1.1.17
1.4.3.22 2.5.1.22 4.1.1.50
1434 2.6.1.13 4.1.3.16
1.5.3.16 2.7.3.2 4.2.1.77
155.2 3.4.115 6.3.1.11
1.14.13.39 3.4.13.20 6.3.2.11
2112 3.5.2.14
Arginine biosynthesis (12) ec00220 1.4.1.2 2.6.1.2 3.5.1.54
1.14.13.39 3.5.1.14 3531
2.1.3.3 3.5.1.16 4321
2311 3.5.15 6.3.4.5
beta-Alanine metabolism (14) ecog4l 1312 2.5.1.22 4119
1.3.8.7 2.6.1.19 41.1.11
14321 3.1.24 4.1.1.15
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1.5.3.16 3.4.13.20 6.3.2.11
25.1.16 3.5.1.6
Betalain biosynthesis (4) ec0096 1.10.3.- 1.14.18.1
5
1.14.18.- 2.1.1.6
Biosynthesis of unsaturated fatty acids (3) ec0104 1.1.1.211 1.3.1.93 1.14.19.1
0
Citrate cycle (TCA cycle) (1) ec0002 6.4.1.1
0
Cysteine e methionine metabolism (19) ec0027 1.4.3.2 2.5.1.22 4.1.1.50
0
1.84.1 2.6.1.3 4.2.1.109
2115 2.6.1.5 4.3.1.17
2.1.1.37 2.6.1.57 4418
2.3.1.31 3.1.3.77 4.4.1.14
2.4.2.28 3.2.29 4.4.1.15
25.1.16
D-Alanine metabolism (2) ec0047 5111 6.3.2.4
3
Fatty acid biosynthesis (3) ec0006 2.3.1.179 2.3.1.180 4.2.1.59
1
Fatty acid degradation (7) ec0007 1.1.1.211 1.3.8.7 1.3.8.9
1
1.38.1 1.3.8.8 2.3.1.9
1.3.8.6
Fatty acid elongation (2) ec0006 1.1.1.211 1.3.1.93
2
Fructose e mannose metabolism (10) ec0005 1.1.1.14 2.7.7.22 4.2.1.68
1
2.7.13 2.7.7.30 4.2.1.90
2.7.1.28 3.2.1.78 5.3.1.5
2.7.1.52
Galactose metabolism (8) ec0005 2.4.1.22 3.1.3.9 3.2.1.108
2
2.7.1.6 3.2.1.22 5.1.3.3
2.7.7.12 3.2.1.23
Glutathione metabolism (10) ec0048 18.1.7 2.3.1.80 3.4.19.13
0
1.84.1 2.5.1.16 3.5.2.9
1.85.1 2.5.1.22 4.1.1.17
1.11.1.--
Glycerolipid metabolism (6) ec0056 2.7.1.29 2.7.1.94 3.1.1.34
1
2.7.1.31 3.1.1.26 3.2.1.22
Glycine, serine e threonine metabolism (21) ec00260 1.11.81 1583 2.7.1.31
1.1.1.103 1.5.8.4 2.7.8.8
1.2.1.8 2.1.1.2 4231
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1.43.4 2.1.15 4.3.1.17
1.43.21 2.1.1.20 4.3.1.18
1.4.4.2 2.1.4.1 5.1.1.18
153.1 2.3.1.37 5.4.2.11
Glycolysis / Gluconeogenesis (8) ec00010 2.7.1.147 3.1.3.80 5424
3.1.3.9 5.1.3.3 5.4.2.11
3.1.3.13 5.1.3.15
Histidine metabolism (11) ec00340 1434 3.4.13.20 4.2.1.49
1.4.3.22 3.5.1.15 4.3.1.3
2.1.1.8 3.5.2.7 6.3.2.11
2125 4.1.1.22
Linoleic acid metabolism (1) ec00591 1.13.11.33
Lipopolysaccharide biosynthesis (2) ec00540 2.4.99.- 3.1.3.45
Lysine biosynthesis (6) ec00300 1517 2.6.1.57 5.1.1.7
2.6.1.39 4.1.1.20 6.3.2.10
Lysine degradation (14) ec00310 1.2.1.47 15.1.9 2.4.1.50
1.2.4.- 1537 2.6.1.39
1.3.8.6 1.14.11.1 2.7.1.81
1.5.1.7 2.1.1.60 4.2.3.134
1518 2.3.1.9
N-Glycan biosynthesis (16) ec00510 2.4.1.38 2.4.1.256 2.4.99.1
2.4.1.83 2.4.1.257 2.7.1.108
2.4.1.131 2.4.1.258 2.7.8.15
2.4.1.141 2.4.1.260 3.2.1.106
2.4.1.144 2.4.1.265 3.6.1.43
2.4.1.145
Pantothenate e CoA biosynthesis (6) ec00770 1312 3.5.1.6 3.6.1.9
2.7.7.3 3.5.1.92 4.1.1.11
Phenylalanine metabolism (12) ec00360 1.2.1.10 1.14.16.1 2.6.1.57
1.4.3.2 2.3.1.13 3.5.1.32
1.43.4 2.3.1.71 4.1.1.-
1.4.3.21 2.6.1.5 5.3.2.1
Phenylalanine, tyrosine e tryptophan ec00400 1.43.2 2.6.1.5 4.2.1.51
biosynthesis (5) 1.14.16.1 2.6.1.57
Purine metabolism ec00230 1.17.14 3.1.7.2 3.6.1.14
1.17.3.2 3.22.1 4.1.1.-
1.7.1.7 3.5.15 4.1.1.97
1.7.3.3 3.5.3.4 5.4.2.7
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2122 3.5.4.3 6.3.2.6
2.7.1.74 3.5.4.10 6.3.3.1
2.7.1.113 3.6.1.9 6.3.4.13
3.1.4.35 3.6.1.11

Pyrimidine metabolism (13) ec00240 1312 2.7.1.74 3.545

1.35.2 2.7.4.22 3.6.1.12
1.3.98.1 3.22.3 3.6.1.23

24.2.4 3.5.1.6 6.3.5.5
2.7.1.21

Pyruvate metabolism (13) ec00620 1.1.1.38 2.3.1.9 3.6.1.7
1.1.1.79 2.3.1.54 4.1.1.-

1.1.2.4 2.79.1 4.1.3.-
1.2.1.10 2.7.9.2 6.4.1.1

1.2.7.-

Starch e sucrose metabolism (14) ec00500 2.4.15 3.2.1.4 3.2.1.48
2.4.1.12 32121 3.6.1.9
2.7.1.106 3.2.131 4.1.1.35
2.7.7.27 3.2.1.37 5.4.2.6

3.1.39 3.2.1.39

Steroid biosynthesis (9) ec00100 1.1.1.170 1.3.1.70 1.14.13.70
1.1.1.270 1.3.1.72 2.5.1.21

1.3.1.-- 1.14.13.13 5.4.99.7

Steroid degradation (4) ec00984 11151 1.3.99.5 5.3.3.1
1.1.1.145

Steroid hormone biosynthesis (19) ec00140 1.1.1.50 1.1.1.239 1.14.15.6
1.1.151 1.3.1.3 2.1.1.6
1.1.1.64 1.14.13.100 2.8.24
1.1.1.145 1.14.14.14 3.1.6.2
1.1.1.146 1.14.15.4 4.1.2.30
1.1.1.149 1.14.155 53.3.1
1.1.1.213

Taurine e hypotaurine metabolism (5) ec00430 1412 2.3.1.65 4.1.1.29

1.13.11.19 4.1.1.15

Thiamine metabolism (3) ec00730 2512 2.5.1.3 3.6.1.28




45

Tryptophan metabolism (17) ec00380 1231 1.13.11.11 2.3.1.87
1.3.1.- 1.14.13.9 3.5.1.9
1.3.8.6 1.14.16.4 4.1.1.-
1432 2114 4.1.1.45
1434 2.1.1.49 4.4.1.-
14.3.22 2.3.1.9
Tyrosine metabolism (20) ec00350 1.21.16 1.14.18.- 3.7.1.5
1231 1.14.18.1 4.1.1.-
1432 2.1.1.6 4.1.1.68
1434 2.1.1.28 5.2.1.2
14321 2.6.1.5 5.3.2.1
1.13.115 2.6.1.57 5.3.3.12
1.14.16.2 3.7.1.2
Valine, leucine e isoleucine degradation ec00280 11131 1.3.8.7 2.6.1.40
(15) 1.1.1.178 1432 3.1.2.4
1231 2.3.1.9 4134
1381 2.3.1.168 5.4.99.2
1384 2.6.1.22 6.4.1.3




Supplementary Table 3: ECs probably involved in metabolic dependence from

several parasites oftheir host.

EC

A. cantonensis
A. costaricensis

‘R. norvergicus

1.1.1.14
1.1.1.51
1.1.1.64
1.1.1.79
1.1.1.81
1.1.1.103
1.1.1.145
1.1.1.146
1.1.1.188
1.1.1.211
1.1.1.270
1.1.24
1.3.1.3
1.3.1.70
1.3.1.72
1.3.1.93
1.3.8.1
1.3.8.6
1.3.8.7
1.4.3.2
1.4.3.4
1.4.3.21
1.4.3.22
1.5.3.7
1.5.3.16
1.5.8.3
1.5.84
1.7.3.3
1.8.1.7
1.13.11.5
1.13.11.19
1.13.11.31
1.13.11.33
1.13.11.34
1.14.13.9
1.14.13.13
1.14.13.30




1.14.13.39

1.14.13.70

1.14.13.100

1.14.14.14

1.14.15.4

1.14.15.5

1.14.15.6

1.14.16.1

1.14.18.1

1.14.18.2

1.14.19.1

1.14.99.1

1.17.14

1.17.3.2

2.1.1.2

2114

2.1.15

2.1.1.6

2.1.1.8

2.1.1.20

2.1.1.28

2.1.1.49

2.1.2.2

2.1.25

2.1.3.3

2.14.1

2.3.1.1

2.3.1.17

2.3.1.57

2.3.1.65

2.3.1.87

2.3.1.168

2.4.1.22

2.4.1.83

2.4.1.131

2.4.1.141

2.4.1.144

2.4.1.265

2.4.2.28

2.4.99.1

2.5.1.16

2.5.1.21

2.5.1.22

n

_ 1 1 i
B
i BN BeE B

2.5.1.56

2.5.1.57

2.6.1.5

2.6.1.19

2.6.1.22
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2.6.1.39

2.7.1.3

2.7.1.6

2.7.1.21

2.7.1.28

2.7.1.52

2.7.1.60

2.7.1.74

2.7.1.94

2.7.1.106

2.7.7.12

2.7.7.30

2.7.8.15

2.8.2.4

3.1.1.32

3.1.2.4

3.1.3.13

3.1.3.29

3.1.3.77

3.2.1.21

3.2.1.22

3.2.1.31

3.2.1.106

3.2.1.183

3.3.2.10

3.4.11.5

3.4.13.20

3.4.17.21

3.5.1.3

3.5.1.6

3.5.1.15

3.5.1.92

3.5.2.7

3.5.2.9

3.5.3.11

3.6.1.7

3.6.1.9

3.6.1.28

3.7.1.2

41.1.9

41111

4.1.1.22

4.1.1.29

4.1.1.35

4.1.1.45

4.1.1.50

4.1.1.97

4.1.2.30
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4.1.3.16

4.2.1.77

4.2.1.109

4.3.1.3

4.3.1.17

43.2.1

4.4.1.20

5.1.1.18

5.1.3.3

5.33.1

5.3.3.12

5.3.99.4

5.3.99.5

54.2.4

54211

5.4.99.2

6.3.1.17

6.3.2.11

6.3.2.41

6.3.2.42

6.3.3.1

6.3.4.5

6.3.4.13
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3. DISCUSSAO GERAL

A etimologia da palavra “parasita” descende do latim parasitus e deriva do grego
(parasitos) a qual designa “aquele que come na mesa de outrem”. O termo composto em
gregosignifica para, “junto, ao lado” e situs “alimento”(GURGEL-GONCALVES, et.
al., 2007). O conceito de parasitismo vem sendo modificado ao longo dos anos.
Primeiramente parasitismo foi considerado como uma relacdo entre dois organismos de
espécies diferentes, na qual um serve como “ambiente” para o outro (FERREIRA, apud
LEVINE, 1968). O corpo de um animalsuperior, portanto, é capaz de fornecer nichos
para outros organismos. Esses invadem o corpo com o objetivo de adquirir nutrientes e
como forma de protecdo (BARRETO, 1967), e a sua presenca pode acarretar em
alteracOes, benéficas ou prejudiciais ao hospedeiro, considerando que os limites entre 0s
diferentes desfechos sdo determinados pelas necessidades dos parasitose pelas respostas
fisioldgicas do hospedeiro (FERREIRA, 1973). No final dos anos 90 é enfatizado que o
parasito se desenvolve a custas do seu hospedeiro causando algum tipo de dano,
enfatizando a presenca de dependéncia metabolica dos parasitos com os hospedeiros e
interacdes ecologicas entre ambos (REY, 2002). Também é conhecido que a presenca
do parasito pode acarretar na diminuicdo do fitness no hospedeiro devido ao consumo
de recursosnutricionais e os efeitos da infeccdo no tecido afetado assim como a dispersao
(LEVRI, 1999).

A relagdo entre parasitos e hospedeiros pode se referir a sua especificidade, que
pode ser restrita ou vasta, como é o caso da maioria dos nematddeos. O grau de
especificidade esta relacionado com o desenvolvimento filogenético, sendo os parasitos
mais antigos os mais especificos. O sistema parasito-hospedeiro € vidvel quando ha
convergéncia entre a disponibilidade de alimento e da atividade de um determinado
estagio de desenvolvimento, assim como da producdo pelo parasito de enzimas
digestivas e a regulacdo metabdlica do hospedeiro de acordo com a demanda energética
(COMBES, 1995).

Sabe-se também que a reacgao do sistema imunologico do hospedeiro, no primeiro
contato com parasito, geralmente acarreta a morte do parasito. De ouro lado, quando o

hospedeiro € introduzido em um novo ecossistema, este vai a 6bito. Da mesma forma,
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na dependéncia em um sistema parasito-hospedeiro jovem, é observado que 0s parasitos

s80 maispatogénicos e os hospedeiros sdo menos tolerantes (COMBES, 1995).

A partir das definicdes citadas acima, sobre o conceito de parasitismo, cabe
ressaltar que os critérios de patogenicidade ou viruléncia ndo sdo necessarios e nem
suficientes para a definicdo de parasitismo, uma vez que esses critérios dependem

do grau de adaptacdo dainteracdo entre o parasito e hospedeiro (GARNICK, 1992).

As relacdes parasitarias, assim como outras formas de interacdo entre espécies
diferentes sofrem pressdes de selecdo, as quais moldam a evolucdo de cada espécie
(GANDONEt al, 2008). Consequentemente as vias metabdlicas sofrem modificacdes,
sendo um exemplo disso, a perda de genes responsaveis pela codificacdo de enzimas
com fungdes biossintéticas em parasitos intracelulares, o que leva a dependéncia dos
nutrientes produzidos pelos seus hospedeiros (EDWARDS e PALSSON, 2000;
McCUTCHEON; MORAN, 2007). Ao analisaros dados demonstrados na figura 2, é
possivel observar uma tendéncia nos nematddeos em apresentar uma maior proporgao
de proteinas sem funcdo enzimatica do que nos hospedeiros. Com base nessa
caracteristica, podemos criar a hip6tese que ndo s6 os parasitos intracelulares evoluiram
para uma capacidade metabolica reduzida, todavia os parasitos que permanecem nos
tecidos, tais como o A. cantonensis e A. costaricensis, também podem depender, ndo so6

nutricionalmente do seu hospedeiro, mas também de forma metabolica.

No diagrama de Venn (Figura 3) podemos ressaltar que as propor¢des de enzimas
compartilhadas entre cada espécie de Angiostrongylus e seu respectivo hospedeiro
definitivo eo H. sapiens, assim como as enzimas Unicas de cada organismo sdo bastante
similares entre si. Foi observado evidencias de dependéncia metabolica entre A.
cantonensis e R. norvegicus em uma das 23 enzimas identificadas ocorrentes apenas em
R. norvegicus (Figura 3). Essa enzimapossui 0 EC 3.2.1.21 (Beta-glucosidase) e uma
das vias das quais atua é a Starch and sucrose metabolism. E interessante ressaltar que
8 enzimas das 23 encontradas s6 em R. norvegicus também estdo ausentes em M.
musculus e H. sapiens. Com base nisso se pode criar a hipotese de que sdo fatores de
especificidade de hospedeiros, uma vez que podem promover o sucesso da infeccao e
desenvolvimento de A. cantonensis em R. norvegicus o que explicaria a ausénciade
desenvolvimento nas outras duas espécies. Na mesma linha de raciocinio, foram

encontradas as enzimas 3-alpha-hydroxysteroid dehydrogenase (Re-specific),
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cyclopropane-fatty-acyl- phospholipid synthase, amine sulfotransferase e gamma-renin
em M. musculus. Essas quatro enzimas sdo ausentes no proteoma de R. norvegicus e H.

sapiens, logo também poderiam constituir fatores de especificidade de hospedeiros.

Estudos tem demonstrado a dependéncia metabdlica entre parasitos e seus
hospedeiros. Osman e colaboradores, em 2006, evidenciaram que o S. mansoni possui
receptores de TGF-B porém é incapaz de produzir a citosina, assim, depende da
producdo do fator do seu hospedeiro. Em Schistosoma o TGF-f ¢ fundamental a
regulacdo e sinalizacdo de genes responsaveis pela producdo de ovos no canal
ginecoforo das fémeas (OSMAN et al., 2006). Sendo os ovos um fator determinante
para a patogenia da doenca (LOVERDE, 2002; PEARCE e MACDONALD, 2002),
assemelha-se muito com a patogenia da infecgdo por A. costaricensis em humanos, onde
a maturidade sexual e a oviposicdo estdo atrelados ao aumentoda inflamacédo (GRAEFF-
TEIXEIRA etal., 2014). Assim, abordagens proposta pelo presente trabalho com énfase
no mapeamento de vias metabdlicas e de sinalizacéo celular poderédo elucidar a presenca
fatores essenciais ao parasito, mostrando dependéncia, mas que podera ser utilizado
como alvo para o tratamento de doencas, inibindo a oviposicao de A. costaricensis, por
exemplo, ou ao inibir fatores de sinalizacdo que direcionariam as larvas de A.

cantonensis ao cérebro.
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4. CONSIDERACOES FINAIS

Abordagens propostas pelo presente trabalho, com énfase no mapeamento de vias
metabolicas e de sinalizacdo celular, poderdo produzir conhecimentos importantes na
busca denovos alvos para o tratamento. Exemplos disto s&o: (i) a inibicdo da oviposicao
de A.costaricensis, ou (ii) a modulacdo do comportamento migratério das larvas de A.
cantonensisprevenindo sua passagem pelos tecidos cerebrais. Ao mesmo tempo, a
identificacdo de fatores essenciais ao parasito que poderdo servir com indicadores de
dependéncia metabdlica, contribuird para uma melhor compreensdo da interacdo
parasito-hospedeiro. Entretanto, por serum campo de pesquisa relativamente novo, e
devido a grande quantidade de dados gerados, novas pesquisas devem ser realizadas para
confirmar os dados sugeridos utilizado o transcriptoma das diferentes fases de

desenvolvimento, assim como o transcriptoma doshospedeiros infectados, por exemplo.
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