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RESUMO

Nematddeos gastrintestinais de pequenos ruminantes causam perdas na
produtividade do rebanho, sendo um desafio ao desenvolvimento da pecuaria.
Compostos vegetais tem sido uma alternativa ao uso de anti-helminticos comerciais,
responsaveis pela selecao de parasitos resistentes. As sementes de soja (Glycine
max) apresentam alto valor econémico e teor proteico. O objetivo deste estudo foi
avaliar a atividade anti-helmintica de exsudatos das sementes de G. max, e suas
fracdes enriquecidas com inibidores de proteases, sobre Haemonchus contortus. O
exsudato total (T.SEX) foi obtido apds imersdo das sementes em tampao acetato de
sodio 100mM, pH 5,0, a 5 °C, por 24 horas. Apds didlise exaustiva contra agua
destilada (cut-off 12 kDa), obteve-se o Exsudato Dialisado (D.SEX). Apés tratamento
térmico do D.SEX, a 100 °C por 10 min e centrifugacao (12.000 x g, a 4 °C por 15
minutos), o sobrenadante obtido for denominado Exsudato Aquecido (H.SEX).
Avaliou-se o teor de proteinas, a atividade inibitéria de protease dos exsudatos e
acao sobre inibicdo da eclodibilidade de ovos de H. contortus. Adicionalmente,
avaliou-se a atividade inibitéria dos exsudatos sobre as proteases isoladas dos ovos
de H. contortus. A inibicdo da eclosdo de ovos também foi avaliada utilizando-se
diferentes classes de inibidores de protease comerciais [E-64 (10 uM), EDTA (1
mM), Pepstatina A (10 mM) e TPCK (10 mM)]. O conteudo proteico obtido foi,
respectivamente, 243,63, 226,88 e 121,67 miligramas de proteinas por quilo de
semente (mg P/kg semente) para T.SEX, D.SEX e H.SEX. A inibicdo de proteases
dos ovos de H. contortus foi de 31,1, 42,9 e 63,8% para T.SEX, D.SEX e H.SEX,
respectivamente. A atividade inibitéria de protease dos exsudatos, sobre papaina
(protease comercial), foi de 41,6, 62,4 e 77,2 % para T.SEX, D.SEX e H.SEX,
respectivamente. Todos os exsudatos obtidos inibiram a eclosdo de ovos de H.
contortus, com ECsy 0,175, 0,175 e 0,241 mg mL™ para T.SEX, D.SEX e H.SEX,
respectivamente. Dentre os inibidores de proteases comerciais testados, apenas
EDTA e E-64 inibiram a eclosdo de ovos de H. contortus (78,98 e 28,86%,
respectivamente). Conclui-se que os exsudatos das sementes de soja apresentam
atividade inibitéria de protease e eficiéncia anti-helmintica contra o H. contortus.

Palavras-chave: Parasitismo, nematoide, anti-helmintico, inibidores.
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ABSTRACT

Gastrointestinal nematodes of small ruminants cause losses in herd productivity,
being a challenge in livestock. Plant compounds have been an alternative to use of
commercial anthelmintics, responsible for the selection of resistant parasites.
Amoung the compounds presents in different plant parts, the seeds display a broad
therapeutic potential. In this context, the Glycine max soybean seeds stand out,
given their high production and protein content in the grains. The objective of this
study was to evaluate the anthelmintic activity of G.max seed exudates and their
fractions enriched with protease inhibitors on Haemonchus contortus. Total exudate
(T.SEX) was obtained after immersion of the seeds in 100 mM sodium acetate buffer,
pH 5.0, at 5° C for 24 hours. After exhaustive dialysis (cut-off 12 kDa), we obtained
the Dialysed Exudate (D.SEX). Finally, after heat treatment of D.SEX, at 100 °C for
10 min, the heated exudate (H.SEX) was obtained. The protein content, the protease
inhibitory activity of the exudates, and their action on inhibition of hatchability H.
contortus eggs were evaluated. In addition, the inhibitory activity of the exudates on
the proteases isolated from the eggs of H. contortus was evaluated. Inhibition of egg
hatching was also evaluated using different classes of commercial protease inhibitors
[E-64 (10 uM), EDTA (1 mM), Pepstatin A (10 mM) and TPCK (10 mM)]. It was
obtained 243.63, 226.88 and 121.67 milligrams of protein per kilogram of seed (mg
P/seed Kg) for T.SEX, D.SEX and H.SEX, respectively. The inhibition of the
proteases of H. contortus eggs was 31.1, 42.9 and 63.8% for T.SEX, D.SEX and
H.SEX, respectively. The protease inhibitor activity of the exudates, using papain as
commercial protease, was 41.6, 62.4 and 77.2% for T.SEX, D.SEX and H.SEX,
respectively, with ECso of 0.175, 0.175 and 0.241 mg / mL for T.SEX, D.SEX and
H.SEX, respectively. Among commercial protease inhibitors tested, only EDTA and
E-64 inhibited hatching of H. contortus eggs (78.98 and 28.86%, respectively). It is
concluded that the exudates of G. max seeds have an anthelmintic action and that
this action is related to the inhibition of metalloproteases and cysteine proteases of
H. contortus eggs.

Keywords: Parasitism, Seeds, Exudate, Anthelmintic, Inhibitors.
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CAPITULO I - CONSIDERACOES GERAIS
1.  INTRODUCAO

O Brasil possui 0 22° rebanho mundial de caprinos com 8.851.879 animais e o
182 maior rebanho de ovinos com 17.614.454 animais (IBGE, 2016). No Nordeste
brasileiro € a criagdo que mais se destaca (IBGE, 2016); contudo o modelo de
produgéo apresenta baixos indices o que advém de uma precéria nutricdo e manejo
sanitario ineficaz (Almeida et al., 2010), ocorrendo, principalmente em regime
extensivo, onde o0s animais se alimentam em areas com pouca ou nenhuma
suplementacdo na dieta (Girdao et al., 1998; Brito et al., 2010). Neste contexto, as
doencas parasitarias ocupam lugar de destaque entre os fatores que limitam a
producédo de pequenos ruminantes (Pereira, 2011; Rodriguez et al., 2015).

Dos principais géneros de nematodeos gastrointestinais de pequenos
ruminantes, o Haemonchus contortus apresenta maior importancia médico-
veterinaria por ser responsavel por altas taxas de mortalidade dos animais (Climeni,
2008; Vilela et al., 2012; Minho, 2014), que sob a forma aguda levam rapidamente a
Obito, ou, sob a forma crbnica, causam prejuizos gradativos, como: perda de peso,
queda no desempenho produtivo e reprodutivo, baixa na imunidade e menor
desenvolvimento corporal (Krychak-Furtado et al., 2005; Sczesny-Moraes et al.,
2010).

O controle parasitario largamente utilizado é através do uso de produtos
quimicos sintéticos com atividades anti-helminticas (Amarante, 2005). Porém o uso
excessivo e inadequado colaborou para a selecao de cepas resistentes, resultando
na ineficiéncia da maioria dos produtos disponiveis (Borges et al., 2013; Hoste et al.,
2015). O aumento da resisténcia a anti-helminticos tem ocasionado grandes
impactos econdmicos para a pecuaria brasileira e mundial (Sindan, 2013; Costa-
Junior e Amarante, 2015).

Alternativamente, o uso de produtos de origem vegetal tem crescido nos
ultimos anos (Githiori et al., 2006) por ser uma importante aliada no controle
estratégico de nematodeos gastrointestinais, prolongando a vida (til dos anti-
helminticos (Ferreira et al., 2013; Macedo et al., 2015; Kumarasingha et al., 2016),
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além uma possibilidade de tratamento simples, reduzindo custos, e apresentarem
como vantagem o desenvolvimento mais lento da resisténcia (Nogueira et al., 2006;
Chagas et al., 2011).

Diversos compostos relacionados ao mecanismo de defesa vegetal, entre eles
proteinas e compostos fendlicos, tém demonstrado propriedades bioldgicas
(Klongsiriwet et al., 2015; Rocha et al.,, 2015; Araujo et al., 2017), entre elas,
nematicidas, tornando-se potenciais no desenvolvimento de novos produtos para o
controle de H. contortus (Junwei et al., 2013; Soares et al., 2015). Varias proteinas
vegetais, incluindo os inibidores de proteases (IPs) estao entre os compostos com
atividade anti-helmintica (Zhao et al. 2012; Soares et al. 2015; Rocha et al. 2015),
por inibirem a atividade catalitica de proteases através da formacao de complexos
com enzimas alvo, alterando ou bloqueando o sitio ativo (Volpicella et al., 2011).
Esse mecanismo de inibicdo tem sido observado com proteases de nematoideos
que sao essenciais no crescimento e desenvolvimento (Santos et al., 2012; Page et
al., 2014; Li et al.,, 2017). Os IPs de plantas estdo presentes em sementes,
tubérculos, folhas, raizes e flores (Padul, Tak e Kachole, 2012; Krishnan e Murugan,
2015), onde funcionam como proteinas de armazenamento e/ou reguladores
enddgenos de atividade proteolitica (Grosse-Holz e Van der Hoorn, 2016) e outros
eventos relacionados a protecdo de plantas contra pragas e patégenos (Sharma e
Sharma, 2011).

Assim, nesse contexto, e visando contribuir para o desenvolvimento de
métodos de controle alternativos para H. contortus, esse trabalho foi conduzido com
base nos seguintes fatos: (a) a soja tem elevado valor econémico (CONAB, 2018) e
o Brasil € um dos maiores produtores mundiais (Junior et al., 2017); (b) a acdo do
exsudato de sementes de soja foi previamente relatada contra um fitonematoide e
inibidores de protease estdo entre as proteinas exsudatas (Rocha et al., 2015); (c)
inibidores de proteases possuem acao antihelmintica (lzuhara et al., 2008); (d) A
soja é uma planta de genoma completo descrito (Melo, 2016). Assim, este trabalho
teve como objetivo avaliar a agdo de exsudatos de sementes de soja, enriquecidos
com inibidores de proteases, sobre H. contortus.
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2. REFERENCIAL TEORICO

2.1 Hemoncose em pequenos ruminantes

Com a extenséo territorial brasileira e clima favoravel, a ovino e caprinocultura
apresenta alto potencial (Poli, et al, 2008; IBGE, 2016) por ser uma pratica
econdmica no setor agropecuario de facil manejo (Aquino et al., 2016). Mas um dos
principais problemas encontrados sao as parasitoses gastrointestinais (Costa et al,
2009; Andriola et al., 2011).

No Brasil, a maioria dos rebanhos de pequenos ruminantes é criada de forma
semiextensiva (Costa et al., 2010) com ineficiente repasse de tecnologias ou de
informagdes quanto a utilizagdo correta de drogas antiparasitarias, o que torna a
criacdo exposta a infeccao (Torres-Acosta e Hoste, 2008). Este fato se agrava
quando os animais estdo em areas com alta lotacédo, o que gera maior contaminacao
ambiental, com elevada densidade populacional do parasito (Amarante e Sales,
2007; Coélho et al., 2017).

Haemonchus contortus é uma das principais espécies que acomete pequenos
ruminantes em todo o mundo, e com elevada prevaléncia na América do Sul (Bordin
et al., 2004; Almeida et al., 2010). Isso se deve a sua resisténcia comprovada a
alguns anti-helminticos de largo espectro (Fortes e Molento, 2013; Coélho et al.,
2017), como benzimidazois (albendazol, fenbendazol) (Barrére et al., 2013; Garcia et
al., 2016), imidazo6is (levamisol) (Garcia et al., 2016), lactonas macrociclicas
(ivermectina, moxidectina) (Chagasa et al., 2013; Garcia et al., 2016), closantel e
monepantel (Mederos et al., 2014; Van Den Brom et al., 2015).

A sintomatologia provocada no hospedeiro, pelo parasito H. contortus, esta
relacionada ao seu habito hematofago (Taylor et al., 2002), em que os sinais da
hemoncose comumente observados sdo: edema submandibular, progressiva perda
de peso, fraqueza, desidratacdo e anemia severa, caracterizada pela queda do
volume globular, palidez das mucosas, dificuldade respiratéria e reducdo da
eficiéncia reprodutiva (Carvalho, 2011; Yuki, 2012; Endo et al., 2014). Em casos
mais graves de intensa infestacdo pode levar a morte subita dos animais (Climeni et
al., 2008).
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2.2 Ciclo de vida de Haemonchus contortus e caracteristicas das fases de

desenvolvimento

O H. contortus tem ciclo de vida direto, ndo precisando de hospedeiro
intermediario. Com o desenvolvimento a partir de ovos que sao lancados no
ambiente junto as fezes passando por transformacdes e eclodindo entre um ou dias,
surgindo uma larva de primeiro estadio (L1). Em seguida, ocorre a primeira muda,
passando para larva de segundo estadio (L2), as quais sdo de vida livre e se
alimentam de microrganismos. Posteriormente ocorre entdo a segunda muda, a qual
retém a bainha ou cuticula da fase anterior e tornando-se larva infectante de terceiro
estadio (L3). A L3 mantém a cuticula da fase larval anterior, esta por sua vez, servira
de protecao contra a dissecacdo. Desta forma, agora uma larva infectante, pode
migrar para fora da massa fecal e, posteriormente para a vegetacao, principalmente
quando encontra lamina d’agua adequada, ficando a espera de um hospedeiro
susceptivel. A fase compreendida desde ovo a L3 € chamada de fase de vida livre.
Quando a L3 é ingerida por este hospedeiro, até a fase adulta € conhecida como
fase de vida parasitaria, esta perde a cuticula no abomaso e passa para o quarto
estadio (L4) e para a fase adulta (L5), em que ocorre cépula do macho com a fémea
com consequente liberacao dos ovos ao ambiente juntamente com as fezes, ou as
larvas adultas podem entrar em hipobiose (Climeni et al., 2008) (Figura 1).

O ovo do H. contortus € uma etapa importante no ciclo do parasita, tanto da
perspectiva de desenvolvimento do parasita como alvo para estratégias de controle
(Mansfield et al., 1992). A cuticula do ovo do H. contortus é formada por trés
camadas basicas: uma vitelinica; uma quitinosa e uma formada por lipidios e
algumas proteinas (Mansfield et al., 1992). O estudo das caracteristicas estruturais
do ovo € uma importante ferramenta para o entendimento da penetracdo de
substancias antiparasitarias, bem como seu modo de acdo e mecanismos de
desenvolvimento da resisténcia.

A eclosdao do ovo com consequente liberagcdo da larva do primeiro estagio é
resultante de uma combinacdo de mecanica de estimulos ambientais e eventos
enzimaticos (Rogers e Brooks, 1977; Ford et al., 2009). Estas enzimas presentes no
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fluido de eclosdo de H. contortus estdo incluidas nos grupos das proteases, lipases,
quitinases, a e B- glicosidases e leucinas aminopeptidases (Rogers e Brooks, 1977).
A inibicdo destas enzimas causa reducao ou inibigdo total do processo de ecloséo
(Rogers e Sommerville, 1962).

Ja as larvas possuem uma cuticula que forma o exoesqueleto (Page e
Johnstone, 2007), que € um revestimento externo essencial para o crescimento,
locomocdo e sobrevivéncia dos nematoides. Essa estrutura pode diferir entre
espécies ou mesmo entre as fases de vida de uma mesma espécie, no entanto,
apresenta uma forma estrutural basica constituida de proteinas com pequena
quantidade de lipidios e carboidratos (Bird e Bird, 1991; Fettere e Rhoads, 1993),
Gadahi e colaboradores (2016) identificaram um grupo de peptidases a partir de
fluidos excretérios e secretérios de H. contortus. Estas desempenham um papel
crucial no catabolismo da globina através da clivagem da hemoglobina e penetracéao
no tecido do hospedeiro (Hartman et al., 2001; Nikolau e Gasser, 2006).

Os adultos deste nemato6ide possuem tamanhos que variam entre 1 a 3 cm de
comprimento e podem ser facilmente identificados devido a sua localizagdo
especifica no abomaso (Amarante, 2007). Possuem uma cavidade bucal permite
perfurar e fixar-se no intestino do animal, e os machos apresentam um raio dorsal
assimétrico em sua bolsa copuladora com espiculos curtos e cuneiformes. As

fémeas tém utero longo e branco, repleto de ovos (Vasconcelos, 2014).

2.2.1 Importancia de proteases no ciclo de vida de H. contortus

Proteases sdo enzimas proteoliticas que clivam ligacbes peptidicas de outras
proteinas (Soisson et al, 2010; Rakashanda et al.,, 2012). Sdo classificadas em
grupos de acordo com residuos de aminoacidos funcionais e sitio catalitico: protease
serinica, cinstinica, metaloprotease e aspartica (Felix, Noronha, Marco, 2004). Essas
enzimas possuem uma ampla distribuicdo, podendo ser encontradas em todos os
seres vivos, animais, vegetais, microrganismos e nematoides (Tremacoldi et al.,
2007; Liang et al., 2010; Junwei et al., 2013).

No ciclo biolégico dos helmintos, incluindo Brugia pahangi (Hong et al., 1993),
Dirofilaria immitis (Richer et al., 1992), Trichuris suis (Hill et al., 1993), Trichinella
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spiralis (Lun et al., 2003), Hysterothylacium aduncum (Malagon et al., 2010),
Ancylostoma caninum, Ancylostoma duodenale (Hotez et al., 1990; Hawdon et al.,
1995) e o nematoide de filariose bovina, Setaria cervi (Pokharel et al., 2006), as
proteases sao fundamentais uma vez que estdo envolvidas na eclosdo de ovos
(Rogers e Brooks, 1977; Mansfield et al., 1992), desembainhamento (Davis et al.,
2004; Stepek et al., 2011; Page et al., 2014) e degradacdo do tecido alvo no
momento da penetracdo no hospedeiro.

Proteases cisteinicas, serinicas, metaloproteases e asparticas tém papéis
fundamentais na digestdo da cuticula antiga, degradacao de proteinas cuticulares e
ativagado de enzimas de muda processando suas pré-enzimas (Page et al., 2014).

Em uma andlise protebmica de proteinas excretorias e secretérias de H.
contortus realizado por Gadahi et al. (2016), foi observado a presenca de 47
proteinas comuns em todos os estdgios de desenvolvimento. Entre elas as
peptidases cisteinicas, serinicas, e metaloproteases, sendo estas mais expressivas
nos estagios L4 e adulto (Knox, 2007). A identificacdo de proteinas secretadas
relacionadas a familia das peptidases indicaram que essas proteinas desempenham
um papel crucial no catabolismo da globina pela clivagem da hemoglobina (Nikolaou
et al.,, 2006). O desenvolvimento de L3 para L4 in vitro leva a liberacdo de uma
metaloprotease que inibe a coagulacdo do sangue (Hartman et al., 2001; Nikolaou et
al., 2006). Também estdo envolvidas no processo de ecdise e permitem 0
desembainhamento do nematoide parasita H. contortus (Davis et al., 2004; Stepek et
al., 2011).

No trabalho realizado por Page e colaboradores (2014), verificaram que o C.
elegans codifica uma protease cisteinica de catepsina-L (CE-CPL-1) que esta
presente na faringe, gbnadas, hipoderme, intestino, casca do ovo e cuticula (Page et
al., 2014), e é semelhante as proteases em Onchoncerca volvulus, Brugi pahangi,
Haemonchus contortus, Dictyocaulus viviparus, Toxocara canis, Ancylostoma
caninum, Ascari suum e nematédeos parasitas de plantas, como Heteodera glycines
(Britton e Murray, 2002), e acredita-se que esteja envolvido no desenvolvimento do
embrido através da degradacédo da casca do ovo e proteinas da cuticula (Hashmi et
al., 2002).
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2.3 Potencial anti-helmintico de Inibidores de proteases

Levando-se em consideracdo a agao de proteinas vegetais sobre diferentes
organismos, incluindo nematoides, fungos, bactérias e outros (Stepek et al., 2007;
Costa et al., 2010; Arulpandi e Sangeetha, 2012), algumas proteinas vegetais se
destacam com relagdo ao seu potencial anti-helmintico, entre elas, os inibidores de
proteases (lzuhara et al., 2008; Palavalli et al., 2012; Rocha et al., 2015).

Os inibidores de protease sdo moléculas que possuem a capacidade de inibir a
atividade catalitica de enzimas proteoliticas (Lingaraju e Gowda, 2008; Tremacoldi,
2009), através da formacdo de um complexo estavel com proteases alvos,
bloqueando ou alterando o acesso ao sitio ativo da proteina (Tremacoldi, 2009), e
classificados em familias conforme sua especificidade por proteases, ou seja,
podem ser do tipo cisteinica, serinica, metalo ou aspartica (Lawrence e Koundal,
2002). Alguns inibidores de proteases tém a capacidade de inibir apenas uma ou
duas proteases, especificamente relacionadas, enquanto outros sdo ativos contra
diferentes enzimas dentro de uma mesma classe (Weder, 1986).

Estudos tém apontado que inibidores possuem potencial biotecnolégico com
aplicagOes na agricultura (Kim et al., 2009; Rahimi e Abdollahi, 2012; Rakashanda e
Amin, 2013), por serem promissores no controle de fitonematoides. Exemplificando,
os inibidores da soja afetaram o crescimento, desenvolvimento, locomocao,
frequéncia e fecundidade no ciclo de vida do M. icognita (Atkinson et al., 2003;
Rocha et al., 2015). Assim como nos ensaios fitoquimicos que demonstraram
inibicao da atividade da protease serinica pelo inibidor de tripsina do feijao-de corda
em Heterodera glycines (Urwin et al., 1997). Adicionalmente, o inibidor de protease
serinica expresso em plantas da batata transgénica suprimiu o crescimento e
desenvolvimento inicial da Globodera palida (Atkinson, 2003). Também o
crescimento de H. schachtii e M. incognita foi suprimido tendo dois efeitos distintos:
As fémeas produziram menos ovos e 0s ovos produzidos eram menores. Esses
resultados foram correlacionados com reducdo da protease cisteinica intestinal
produzida apds uso de linhas transgénicas dos inibidores de proteases das plantas
(Urwin et al., 1997).
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Esses estudos corroboram com o fato de que inibidores de proteases podem

ser utilizados no controle de nematoides.
2.4 Soja (Glycine max)
2.4.1 Soja na producao animal

A soja pertence ao Reino Plantae, Classe Magnoliopsida, Ordem Fabales,
Familia Fabaceae (conhecida também como Leguminosae), subfamilia Faboidae
(Papilionoidae), género Glycine, espécie Glycine max (Sediyama et al., 2009).

Sua semente € nativa da China e Japéo que foi introduzida a cultura agricola
brasileira no século XIX, crescendo nos ultimos anos correspondendo a 49% da area
plantada no pais, especialmente no Centro-Oeste e Sul do Brasil (IBGE, 2016). O
Brasil é responsavel por 31,04% da producao mundial de soja, ocupando o segundo
lugar entre os paises produtores, atras apenas dos Estados Unidos (CONAB, 2017).
Segundo o levantamento realizado pela Companhia Nacional de Abastecimento
(2017), o consumo mundial de graos de soja no ano agricola 2015/16 foi de 315,7
milhdes de toneladas e a produtividade mundial do grdo saltou de 2.113 kg ha™' de
1995/1996 para 2.601 kg ha™' em 2015/2016, e apresentou uma taxa geométrica de
crescimento anual de 0,9% no periodo. Em outros termos, a produtividade tem sido
aspecto fundamental para que o crescimento constante no consumo mundial do
grao seja atendido pelos paises produtores.

No Brasil, a taxa média anual de aumento de producado foi superior a trés
milnbées de toneladas (Junior et al., 2017). O Maranhdo produziu 2.099.507
toneladas, com area colhida de 761.225 hectares, (PAM, 2016). Vale ressaltar que o
Maranhdao é um dos dois estados produtores de soja no pais com previsdo de
aumento de producao (5,1%, ou 127 mil toneladas) em relacdo a ultima safra, pelos
bons resultados alcancados na safra anterior e pelas boas condi¢gdes meteoroldgicas
(CONAB, 2017).

O preco médio da saca de 60 kg, até novembro de 2017, variou de 1,59 % a
2,25 % na ultima semana do més, encerrando o periodo cotada entre R$ 60,00 e
62,50 a saca em diferentes regides brasileiras (CONAB, 2017). Dentre os fatores
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que corroboram para essa diferenca, pode-se destacar: a perspectiva de clima
adverso na América do Sul e novas compras por parte da China, maior importador
mundial de graos (FAMASUL, 2017).

A ampla utilizagdo da soja na alimentagdo humana e animal (na forma de farelo
ou pellets na racao) (Cruz et al., 2016), bem como na fabricagao de fertilizantes e do
biodiesel se justifica pelo elevado teor nutricional de seus graos, constituidos,
principalmente por 38-40% de proteinas, 30% de carboidratos e 18% de dleo
(Burton, 1997). A semente de soja é de cultivo anual, autbgama e possui porte ereto
com altura variando de 30 a 200 cm. O ciclo da cultura pode ser de 75 até 200 dias
(Miyasaka e Medina, 1981; Gassen e Borges, 2004). A temperatura do ar ideal para
o crescimento e o desenvolvimento da soja esta entre 20 e 30°C (Gassen e Borges,
2004).

Nas ultimas décadas, ha um grande interesse em particular nos potenciais
beneficios que uma dieta rica nos compostos presentes nas sementes de soja que
podem contribuir no controle de doencas crénicas (Peixoto, 2000; Cunha et al.,
2015). O maior interesse dos pesquisadores é na farmacologia e fisiologia em que
estes compostos possuem diversas propriedades bioldgicas (atividade antioxidante,
inibicdo da atividade enzimatica e outras) que podem influenciar muitos processos
bioquimicos e fisiol6gicos (Setchell, 1998; Cho et al., 2010). Os relatos vao desde
prevencao da perda dssea pds-menopausa e a osteoporose (Mandarino et al., 2002;
Zhang et al., 2005), efeitos da genisteina na regulagdo da secrecdo de insulina
também tem sido demonstrados, indices reduzidos de doencas coronarias, cancer
de préstata e o de mama na populacao chinesa que mais consome soja (Goetzl et
al., 2007; Cho et al.,, 2010), auxilio no combate a diabetes mellitus, doencas
cardiovasculares e osteoporose (Zhang et al., 2005; Goetzl et al., 2007; Kurahashi et
al., 2008).

2.4.2 Perspectivas do uso de exsudatos das sementes de soja como anti-
helminticos

Durante a fase de germinacao, a semente quiescente inicia 0 acumulo de agua
por embebicao (Scarafoni et al., 2013). O rapido acumulo de agua leva a quebra do
revestimento da semente e a liberacdo de compostos internos (Simdes, 2008). Essa
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capacidade de liberagao de compostos durante a embebicdo e germinagao das
sementes é conhecida como exsudacao (Nelson, 2004). Muitos desses compostos
sdo capazes de atuar de forma direta ou indireta nos proprios processos
germinativos ou de desenvolvimento de uma plantula saudavel (Barbour;
Hattermann; Stacey, 1991).

Adicionalmente, a exsudacdao de sementes € capaz de interferir no
desenvolvimento de organismo dispostos na regido do solo que envolve a semente
(Nobrega et al., 2005). Essa interferéncia representa uma das maiores influéncias
sobre o crescimento de microrganismos, pragas e patéogenos (Mel'nikova;
Omel’chuk, 2009; Scarafoni et al., 2013), podendo levar a exercer efeitos
quimioatrativos a microrganismos presentes no solo ou, ainda, a impedir o
crescimento de patdgenos e a consequente colonizacdo da semente e da plantula
(Barbour et al.,1991).

Uma série de estudos foi realizada para desenvolver potencial anti-helmintico
dos exsudatos de sementes (Gifone et al., 2012; Rocha et al., 2015; Lica et al.,
2018). Esses exsudatos contem substancias nematicidas levando a morte ou
reducdo na mobilidade (Rocha et al., 2015). Um exemplo € a mortalidade dos
fitonematoides Heterodera schachtii, Meloidogyne hapla and Pratylenchus penetrans
causada por exsudatos de sementes de Tagetes erecta cv. crackerjack e T. patula
var. polynema (Riga; Hooper; Potter, 2004).

Recentemente, foi demonstrado que o exsudato das sementes de G. max
apresenta acdo contra fitonematoide Meloidogyne incognita (Rocha et al., 2015).
Relatou-se a presenca de diversas proteinas no exsudato, dentre elas, inibidores de
proteases. Entretanto é importante salientar que ndo ha estudos que avaliam as
propriedades biolégicas de compostos exsudatos de sementes de G. max sobre

nematoides gastrointestinais.
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3 OBJETIVOS

3.1 Geral

Avaliar o potencial anti-helmintico dos exsudatos obtidos das sementes de
Glycine max, enriquecidos com inibidores de proteases.

3.2 Especificos

# Avaliar a acdo anti-helmintica in vitro de exsudatos de Glycine max sobre o
nematoide H. contortus;
. Investigar a possivel relacao de inibidores de proteases presentes nos
exsudatos com inibicdo da eclosao de ovos de Haemonchus contortus
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CAPITULO Il

Neste capitulo consta o artigo “Inhibition of protease and Haemonchus contortus
egg hatching by Soybean seed exudate" que foi escrito de acordo com as normas
para publicagéo no periddico Veterinary Parasitology.



38

Inhibition of protease and Haemonchus contortus egg hatching by Soybean
seed exudate

H. S. Ribeiro™?, L. M. Costa-Junior®*, A. M. S. Soares®*

'Animal Science Post Graduation Program, Center of Agrarian and Environmental
Sciences, Federal University of Maranhao, Chapadinha, MA, Brazil

2Laboratory of Control Parasitic, Biological and Health Sciences Center, Federal

University of Maranhao, Sao Luis, MA, Brazil

SLaboratory of Plant Biochemistry, Chemical Engineering Program, Exact Sciences
Center and Technology, Federal University of Maranhao, Sao Luis, MA, Brazil

*Corresponding authors:

Tel.: +55 98 32729255

Email addresses: livioslz@yahoo.com; alexandra.ufma@gmail.com



39

ABSTRACT

Gastrointestinal nematodes of small ruminants cause losses in herd productivity,
being a challenge in livestock. Plant compounds have been an alternative to use of
commercial anthelmintics, responsible for the selection of resistant parasites. The
soybean (Glycine max) display high economic value and protein content. In this
context, the objective of this study was to evaluate the anthelmintic activity of G.max
seed exudates and their fractions enriched with protease inhibitors on Haemonchus
contortus. Total exudate (T.SEX) was obtained after immersion of the seeds in 100
mM sodium acetate buffer, pH 5.0, at 10° C for 24 hours. After exhaustive dialysis
(cut-off 12 kDa) against distilled water, it was obtained the Dialysed Exudate
(D.SEX). Finally, after heat treatment of D.SEX, at 100 °C for 10 min and
centrifugation (12,000 x g, at 4 °C for 15 minutes), the supernatant was named heat-
treated exudate (H.SEX). The protein content, the protease inhibitory activity of the
exudates, and their action on inhibition of hatchability H. contortus eggs were
evaluated. In addition, the inhibitory activity of the exudates on the proteases isolated
from the eggs of H. contortus was evaluated. Inhibition of egg hatching was also
evaluated using different classes of commercial protease inhibitors [E-64 (10 pM),
EDTA (1 mM), Pepstatin A (10 mM) and TPCK (10 mM)]. It was obtained 243.63,
226.88 and 121.67 milligrams of protein per kilogram of seed (mg P/seed Kg) for
T.SEX, D.SEX and H.SEX, respectively. The inhibition of the proteases of H.
contortus eggs was 31.1, 429 and 63.8% for T.SEX, D.SEX and H.SEX,
respectively. The exudates inhibithed the eggs hatching with ECso of 0.175, 0.175
and 0.241 mg / mL for T.SEX, D.SEX and H.SEX, respectively. Among commercial
protease inhibitors tested, only EDTA and E-64 inhibited hatching of H. contortus
eggs (78.98 and 28.86%, respectively). It is concluded that soybean seed exudates
display protease inhibitor activity and have anthelmintic action against H. contortus

eggs.

Keywords: Nematode, Anthelmintic, Inhibitors.
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INTRODUCTION

Haemonchus contortus is a gastrointestinal nematode responsible for large
losses in livestock (Araujo and Rodrigues, 2002; Brito et al., 2009; Amarante, 2011)
and high mortality rates in small ruminants (Climeni, 2008). The increased resistance
of this parasite to anthelmintics has large economic impacts on livestock around the
world (Nieuwhof and Bishop, 2005; Grisi et al., 2014). Currently, many studies are
conducted to develop non-chemical and eco-friendly compounds, including the use of
plant products (Andrade et al., 2010). Additionally, the use of plants may prolong the
shelf-life of synthetic anthelmintics (Macedo et al., 2015; Kumarasingha et al., 2016).

Proteins are among the plant compounds with different biological potential that
have been studied. For instance, plant protease inhibitors display anthelmintic activity
(Zhao et al., 2012; Rocha et al., 2015). Protease inhibitors are proteins or peptides
that inhibit the catalytic activity of proteases by forming complexes with target
enzymes, altering or blocking the active site (Volpicella et al., 2011). This mechanism
of inhibition has been observed with nematode proteases that are essential in growth
and development (Santos et al., 2012; Page et al., 2014). Plant protease inhibitors
are present in seeds, tubers, leaves, roots and flowers (Padul, Tak, Kachole, 2012;
Krishnan et al., 2015), where they function as storage proteins and/or endogenous
regulators of proteolytic activity (Grosse-Holz and Van der Hoorn, 2016) and other
events related to plant protection against pests and pathogens (Sharma and Sharma,
2011).

Exudates released from plants, consist of complex mixtures of organic and
inorganic molecules with anthelmintic potential, including protease inhibitors (Rocha
et al.,, 2015; Lica et al., 2018). Although the inhibitory effects of seed exuded
compounds against phytopathogens have been demonstrated (Adams, 2004; Rose
et al., 2006; Scarafoni et al., 2013), to the best of our knowledge, this activity was not

demonstrated for gastrointestinal nematodes.

The soybean (Glycine max) is produced from the south to north of Brazil, one
the most important soybean producing countries, with 82.2 milion tonnes in 2013
(Sentelhas et al., 2015). The soybean seed exudates represent a useful source of
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defense molecules, which are mainly composed of peptides/proteins and secondary
metabolites with the ability to inhibit pathogens (Johnston, Gatehouse, Anstee, 1993;
Rocha et al., 2015).

Taken into account that protease inhibitors are thermostable proteins and were
previously described in the soybean seed exudates (Palavalli et al., 2012) and the
nematicidal activity of protease inhibitors was previously reported (Rocha et al.,
2015) we hypothesize that soybean seed exudates and its dialyzed and heat treated
fractions, display anthelmintic activity toward the gastrointestinal nematode H.

contortus and that protease inhibitors could be related to this action.

MATERIALS AND METHODS

Biological materials and Reagentes

Mature soybean seeds cv. BRS Pala were supplied by the (Empresa Brasileira
de Pesquisa  Agropecuaria (EMBRAPA). The protease inhibitors:
Ethylenedinitrilotetraacetic  acid  (EDTA, 431788), Trans-Epoxysuccinyl-L-
leucylamido(4-guanidino)butane (E-64, E3132), Pepstatin A (PEPS-RO) and (S)-1-
Chloro-3-tosylamido-4-phenyl-2-butanone  (TPCK, T4376) were commercially
obtained by Sigma-Aldrich. All chemicals used were of analytical grade.

Preparation of the Soybean Seed Exudates and Protein Content

Seed exudates were obtained as described by Rocha et al. (2015) with
modifications. Briefly, 400 whole soybean seeds with no cracks or other injuries
separated in 20 groups. The seeds were surface-sterilized with 30% (v/v) ethanol for
5 min and after extensive washes in running distilled water, intact seeds were
transferred to 50 mL flasks. Total exudate (T.SEX) was obtained after immersion of
each group of 20 seeds in 120 mL of 100 mM sodium acetate buffer, pH 5.0, at 10°C
for 24 hours. After exhaustive dialysis of T.SEX (cut-off 12kDa) against distilled
water, it was obtained the dialyzed exudate (D.SEX). Finally, after heat treatment of
D.SEX, at 100 °C for 10 min and centrifugation (12,000 x g, at 4 °C for 15 minutes),
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the supernatant was named heat-treated exudate (H.SEX). The volumes obtained
were recorded and the protein content was determined (Bradford, 1976) and
expressed as milligram of protein per kilogram of seed.

Solutions containing 8 milligram of protein of each exudate were freeze-dried
and each resulting powder was ressuspended in 4 mL of 0.25 M sodium phosphate
buffer, pH 7.0 for the protease inhibitor assays or 0.01 M sodium potassium
phosphate buffer, pH 7.2, containing 0.125 M NaCl for the egg hatching Test. The
final pH of each sample was confirmed to be 7.0 or 7.2, respectively, after these

procedures.

Preparation of a protease-enriched fraction from Haemonchus contortus
eggs

Eggs were obtained from a donor sheep, with a monospecific infection of H.
contortus isolated from a naturally infected animal. Experimental procedures were
performed according to the guidelines of the Animal Ethics Committee (CEUA) of the
Federal University of Maranh&o and were approved by this committee under protocol
number 23115.014307/201671.

Fresh faeces were collected and mixed with warm water (37 °C). The eggs
were then recovered from solution in 25 um sieves. Recovered eggs were added to a
saturated NaCl solution and centrifuged (2,540 x g) for 3 min; floating eggs were
recovered using a 25 um sieve (Coles et al., 1992). Eggs were washed three times
with distilled water to eliminate the remaining salt and were re-suspended in sodium
phosphate buffer (0.25 M, pH 7.0).

Soluble proteases were extracted from approximately 196,000 H. contortus
eggs with sodium phosphate buffer (0.25 M, pH 7.0) (13,000 eggs/mL), under
moderate maceration on ice bath, for 1 h. After extraction, the slurry was centrifuged
at 12,000 x g for 30 min at 4°C, and the supernatant was centrifuged under the same
conditions. The resulting supernatant, named total extract, was saturated to 90% with
ammonium sulfate. After standing for 12 h, at 5 °C, the sample was centrifuged at
15,000 x g, 4°C, for 30 min and the precipitate was ressuspended in 7,5 mL of
sodium phosphate buffer (0.25 M, pH 6.0). After exhaustive dialysis (cut-off 12kDa)
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against distilled water, this protein fraction was used as H. contortus protease

source, named proteolytic fraction (PF).

Protease inhibitory activity of the seed exudates and commercial protease

inhibitors
Seed exudates

The protease inhibitor activity was determined by measuring the inhibition of the
papain activity using N-benzoyl-DL-arginine p-nitroanilide (BANA) as substrate (Abe
et al., 1992). Prior to the inhibition assays, a standard curve of PF as a function of
time versus absorbance (540nm) was carried out using BANA at 37 °C for 20 min
(Figure 1 SA). The protein content of PF (1.2 ugP) that provided an absorbance
between 0.2 and 0.35 was defined as the appropriate volume to be used in the

protease inhibition assays.

For the assay of protease activity, the reaction mixture consisted of 30 yL of the
PF solution + 40 pL of the activation solution + 430 pL of 250 mM sodium phosphate
buffer, pH 6.0 + 200 yL of 1 mM BANA. For the detection of inhibitor activity, 100 uL
of the inhibitor solution (T.SEX; D.SEX or H.SEX) were added to the above reaction
mixture at the expense of 100 pL of the Na-phosphate buffer. The PF solution (0.04
mg mL') was prepared in the Na-phosphate and the activation solution consisted 3
mM dithiothreitol (DTT), pH 6.0. The mixture was pre-incubated for 10 min at 37 °C.
The reaction was initiated by addition of BANA prepared in 1% (v/v)
dimethylsulfoxide (DMSO) and 250 mM sodium phosphate buffer, pH 6.0. After 20
min at 37 °C, the reaction was stopped by the addition of 500 uL of 2% HCI in 95%
ethanol. The color product was developed by adding 500 uL of 0.06% DMACA in
ethanol (95%). One unit of inhibitory activity (IU) was taken as the decrease of 0.01
absorbance unit at 540 nm/mL/min compared to control (PF activity in the absence of

the inhibitor), and expressed as specific inhibitory activity (IU/mgP).
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Commercial inhibitors

The protease inhibition of PF was also evaluated using different classes of
commercial protease inhibitors [diluted in 0.25 M sodium phosphate buffer, pH 6.0]
with pre-standardized concentrations: EDTA (1 mM) for metalloproteases, E-64 (10
MM) for cysteine proteases, Pepstatin A (10 mM) for serine proteases and TPCK (10
mM) for aspartic proteases (Gamble and Mansfield, 1996; Lufrano et al., 2012;

Santos et al., 2012).The assay was carried out as described above, using PF at 1.2
ug of protein (ugP).

In Vitro Egg Hatching Test
Seed exudates

The egg hatching assay was carried out following Coles et al. (1992). The
T.SEX, D.SEX and H.SEX were tested at different protein concentrations (1.0, 0.5,
0.25, 0.13 and 0.06 mg mL™") in quadruplicate. The concentrations were established
after preliminar screening assays. Briefly, 250 pyL of egg suspension, containing
approximately 100 fresh eggs, were incubated for 48 h at 27°C and = 80% relative
humidity (RH), with 100 uL of each exudate. After this period, lugol (50 uL) was
added to stop eggs hatching. The eggs and first stage larvae (L1) were quantified to
calculate the percent of egg hatch inhibition. The experiments were carried out in
triplicate. A solution with 0.01 M sodium potassium phosphate buffer, pH 7.2,
containing 0.125 M NaCl was used as negative control.

Commercial inhibitors

Inhibition of H. contortus eggs hatching was also evaluated, as describe above,
using different classes of commercial protease inhibitors [diluted in 0.25 M sodium
phosphate buffer, pH 6.0] in quadruplicate: EDTA (1 mM), E-64 (10 uM), Pepstatin A
(10 mM) and TPCK (10 mM).
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Statistical Analysis

Biochemical data were obtained in triplicate, and the results were expressed as
means * standard deviations. For the eggs hatch assay, the mean of each treatment
was compared to its respective control. The data were initially transformed to Log
(X), normalized and then nonlinear regression were calculated get effective
concentration (EC) to inhibited 50% of the eggs hatch using GraphPad Prism 7.0
software (GraphPad Inc., San Diego, CA, USA). One protein fraction was considered
to be significantly (p<0.05) more (or less) efficient than another if there was no
overlap between the 95% confidence intervals of the ECsy values (Roditakis et al.,
2005).

RESULTS

Protein Content

The soybean total seed exudate (T.SEX) presented 243.63 £ 7.8 milligram of
protein per seed Kilogram (mg P/seed Kg), 24 h after exudation. The amount of
protein did not changed in dialyzed seed exudate (D.SEX), which presented 226.88 +
6.7 mg P/seed Kg. The heat-treated seed exudate (H.SEX) showed statistically low
protein content (p<0.05) with 121.67 £ 8.5 mg P/seed Kg.

Protease inhibitory activity of the seed exudates and commercial protease
inhibitors

All the exudates presented protease inhibitors. T.SEX, D.SEX and H.SEX
inhibited 31.1, 42.7 and 63.6%, respectively, the protease activity from the H.
contortus PF (Figure 1). The commercial inhibitors EDTA, pepstatin A, E-64 and
TPCK were able to inhibit the protease activity of PF in 94.06; 99.47; 97.55; 96.72,
respectively.



46

804

60

H. contortus protease
inhibition (%)

T.SEX D.SEX H.SEX

Figure 1. Inhibition of proteolytic activity of Haemonchus contortus eggs proteases
by Total (T.SEX), Dialyzed (D.SEX) and Heat-treated (H.SEX) soybean seed

exudates. Values represent the means * standard deviation (SD) of triplicates.

In Vitro Egg Hatching Test

All exudates of soybean seed inhibited H. contortus egg hatching, with ECsg
values of 0.175, 0.175 and 0.241 mg mL" for T. SEX, D.SEX and H.SEX,
respectively (Table 1). Among the commercial protease inhibitors used, only EDTA
and E-64 inhibited the H. contortus egg hatching (78.98 and 28.86%, respectively).
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Table 1. Inhibition of eggs hatch (%) and effective concentration (ECso) of Total
(T.SEX), Dialyzed (D.SEX) and Heat-treated (H.SEX) soybean seed exudates (mg
mL™) required to achieve 50% inhibition of eggs hatching of Haemonchus contortus

SAMPLES
Ptn (mg mL") T.SEX D.SEX H.SEX
1.00 95.64 + 4.35 96.67 + 3.89 79.17 £6.22
0.50 95.11 +9,21 96.81 +4.10 79.96 + 8.66
0.25 88.6 + 9.69 86.58 + 11.63 60.6 + 6.29
0.13 6.69 + 15.47 14.98 +11.4 17.29 +10.7
0.06 2.01 £6.06 114 +538 1.01 +4.26
ECso (mg mL™) 0.175 0.175 0.241
95% Cl (0.158-0.194)2 (0.161-0.190)2 (0.206-0.285)°

Values represent the means + standard deviation (SD) of triplicates. Different letters
in the same line represent significant differences among samples (p>0.05). ECs

Effective Concentration; 95% CI: 95% Confidence Interval

DISCUSSION

The present work describes the anthelmintic activity of soybean seed exudates,
containing protease inhibitors, against the gastrointestinal nematode H. contortus.

Protease inhibitors have been reported in a variety of plant sources (Kim et al.,
2009; Rahimi et al, 2012; Rakashanda and Amin, 2013). Different classes of these
inhibitors have been studied: serine protease (Christeller and Laing, 2005; Silva-
Lopez et al., 2007), cysteine protease (Carlini and Grossi de Sa, 2002; Machon et al.,
2009), metalloprotease (Kerkela et al., 2003; Li et al., 2005) and aspartic inhibitors
(Chen et al., 2009; Aoki et al., 2011). The relationship of protease inhibitors with
defense potential against parasites have been previously reported (lzuhara et al,
2008).
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The protein exuded in T.SEX amounted 243.63 mg P/seed Kg. From T.SEX, it
was obtained D.SEX in which low molecular weight proteins and peptides (below 12
kDa) were discarded. D.SEX presented (226.88 mg P/seed Kg). The protein content
of T.SEX and D.SEX was not statistically different, suggesting that most of the
protein exuded has molecular weight above 12 kDa.

Additionally, part of the proteins from D.SEX were denatured by the heat
treatment that was carried out to obtain H.SEX with remained thermostable proteins.
This fraction showed 121.67 mg P/seed Kg. The heat treatment of plant extracts
often reduces the total amount of soluble proteins (Kim et al., 2009; Palavalli et al.,
2012).

To obtain a source of different classes of H. contortus proteases, we obtained a
total extract of the eggs. It was not possible to detect the proteolytic activity of the
total extract (data not shown). So, we precipitated the proteins of the total extract and
used the resulting fraction as protease source in the protease inhibition activity assay
by the exudates. To the best of our knowledge, this is the first report using a protease
fraction from H. contortus eggs. All the exudates inhibited protease activity of the H.
contortus PF (Figure 1), but H.SEX presented the highest inhibition values. Plant
protease inhibitors are generally thermostable proteins (Hana Im et al., 2004; Kansal
et al., 2008) and were enriched in H.SEX.

Among the 407 proteins detected by mass spectrometry at different stages of H.
contotus, 47 proteins were present in all stages, including cysteine peptidase, serine
peptidases and metalloprotease (Gadahi et al., 2016). Proteases have potential roles
in the cuticular protein degradation (Rhoads et al., 1998; Tian et al., 2009), digestion
of the old cuticle (Stepek et al., 2006 e 2007) and activation of moulting enzymes
(Lustigman et al., 1996). For instance, C. elegans encodes a cysteine protease that
is similar to the proteases in Onchoncerca volvulus, Brugi pahangi, Haemonchus
contortus, Dictyocaulus viviparus, Toxocara canis, Ancylostoma caninum, Ascari
suum, and plant parasitic nematodes such as Heteodera glycines (Britton and
Murray, 2002), that is believed to be involved in post-embryonic development through
degradation of the eggshell and cuticular proteins (Page et al., 2014). Therefore, as
proteases play important roles for de H. contortus development, being required for
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eggs hatching (Mansfield et al., 1992; Gadahi et al., 2016), the protease inhibitors of
the seed exudates could be considered potential anthelmintic natural products.

Although the four different commercial protease inhibitors were able to inhibit
proteases of PF, only EDTA and E-64 inhibited the egg hatching, suggesting the
anthelmintic potential of the metalloprotease and cysteine protease inhibitors. It was
demonstrated that 10 mM EDTA cause a thinning of H. contortus eggs shells
(Rogers and Brooks, 1977). To avoid this action, EDTA was used in a low
concentration (1 mM) in this work, but further studies are required for the assessment
of the anthelmintic efficacy of metalloproteases. A mixture of n-alkyl ferulates isolated
from plant specie Maprounea guianensis are able to inhibit the protease activity of H.
contortus larvae lysate, suggesting that cysteine proteases are vital enzymes, and its
inhibitors may be a novel treatment against helminths (Santos et al., 2012). The role
of metalloproteases in the eggs hatch, molting, exsheathment and other physiological
process was studied in H. contortus and other nematodes (Gamble et al., 1989;
Gamble et al., 1990; Mansfield and Gamble, 1995; Davis et al., 2004), serving as

potential targets for immune or chemical control of helmintic infections.

All the exudates inhibited the H. contortus eggs hatching in a dose dependent
way (Table 1). T.SEX and D.SEX displayed the same efficacy, suggesting that small
proteins or peptides, if present, may not be correlated to the anthelmintic action.
Although, H.SEX showed the highest protease inhibition activity (Figure 1), its
anthelmintic activity was lower than T.SEX and D.SEX (Table 1). Probably, other
bioactive proteins, were denatured with the heat treatment.

Thus, exudates may be a potential drug for hemonchosis treatment, and their
bioactivities can be related to protease inhibitors. However, further studies are
required to evaluate the potential therapeutic uses of exudates, in order to contribute
with the knowledge regarding the use of proteins as part of gastrointestinal

nematodes control programs.

CONCLUSION

It is concluded that the seed exudates of soybean display protease inhibitor

activity and anthelmintic efficiency against H. contortus.
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Figure 1S. Standard curve for protease-enriched fraction of H. contortus as a
function of time using N-benzoyl-DL-arginine p-nitroanilide as a substrate at 37 °C for
20 minutes. In red, the amount of protein, expressed as microgram of protein (ug P),
selected for the protease inhibitor assay.



