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RESUMO

Lectinas s@o proteinas ligadoras de carboidratos e com atividade hemaglutinante (AH).
Sementes de Moringa oleifera sdo utilizadas no tratamento de 4gua e cont€ém uma lectina
solivel em dgua (WSMoL) com atividade coagulante. O objetivo deste trabalho foi avaliar a
cinética de coagulagdo promovida por WSMoL através de medidas de absorbancia (densidade
Optica) e variacdo de resisténcia elétrica na interface eletrodo-solug@o, na auséncia e presenca
de carboidratos e fons. Extrato aquoso (10%, p/v) de sementes foi fracionado com sulfato de
amonio (60% de saturagdo) e o precipitado foi aplicado em coluna de quitina equilibrada com
NaCl 0,15 M. WSMoL foi eluida com 4cido acético 1,0 M e caracterizada quanto a massa
molecular nativa, perfil em SDS-PAGE e ponto isoelétrico (PI). A atividade coagulante foi
determinada empregando-se modelo de dgua turva com caolin a 1% em dgua de torneira. A
AH e atividade coagulante de WSMoL foram também avaliadas na presenca de N-
acetilglicosamina, glicose e frutose em diferentes concentracdes (25, 50, 100, 200 mM) e
solucdes de sais de calcio e magnésio (20 mM). WSMoL nativa apresentou massa molecular
59,4 kDa. Em SDS-PAGE, foram observados trés peptideos com aproximadamente 30, 20 e
10 kDa. O PI determinado para WSMoL nativa foi de 5,5. A AH de WSMoL foi inibida por
todos os carboidratos nas concentracdes testadas (exceto frutose a 25 mM) e estimulada pelos
ions cdlcio e magnésio. A atividade coagulante de WSMoL foi demonstrada por reducdo da
absorbancia da solu¢do de caolin e reducdo da resisténcia elétrica do meio aquoso em
presenca da lectina. A incubac¢do da lectina com carboidratos nas concentragdes que inibiram
a AH ou com fions cdlcio e magnésio promoveu a reducdo da atividade coagulante de
WSMoL, demonstrada pela baixa eficiéncia na reducdo da absorbancia e resisténcia elétrica
do meio aquoso. A incuba¢do com carboidratos na concentracio de 200 mM aboliu a
atividade coagulante da lectina. Em conclusdo: 1) WSMoL nativa € uma proteina anidnica
oligomérica; 2) a reducdo de absorbancia e resisténcia elétrica promovida por WSMoL
provavelmente envolve desestabilizacdo de particulas em suspensdo, seguida da formacdo de
complexos entre WSMoL e as particulas; 3) a presenca no meio aquoso de carboidratos
inibidores da AH de WSMoL resulta em diminuicdo da atividade coagulante; e 4) cétions

Ca™e Mg2+ estimularam a AH mas prejudicaram a atividade coagulante de WSMoL.

Palavras-chaves: Atividade coagulante; caolin; lectina; Moringa oleifera; resisténcia elétrica.



ABSTRACT

Lectins are carbohydrate-binding proteins with hemagglutination activity (HA). Moringa
oleifera seeds are used in water treatment and contain a water-soluble lectin (WSMoL) with
coagulant activity. The aim of this study was to evaluate the kinetics of coagulation promoted
by WSMoL through absorbance measurements and changes in electrical resistance at the
electrode-solution interface, in absence and presence of carbohydrates and ions. Aqueous
extract (10%, w/v) from seeds was fractionated with ammonium sulphate (60% saturation)
and the precipitate was loaded onto a chitin column equilibrated with 0.15 M NaCl. WSMoL
was eluted with acetic acid 1.0 M and characterized for native molecular mass, SDS-PAGE
profile and isoelectric point (PI). The coagulant activity was determined using a model of
turbid water with 1% kaolin in tap water. The HA and coagulant activity of WSMoL was also
evaluated at presence of N-acetylglucosamine, glucose and fructose (25, 50, 100 and 200
mM) and salt solutions of calcium and magnesium (20 mM). Native WSMoL showed
molecular mass 59.4 kDa. In SDS-PAGE, it was observed three peptides with approximately
30, 20 and 10 kDa. The determined PI for native WSMoL was 5.5. The HA of WSMoL was
inhibited by all carbohydrates at the tested concentrations (except 25 mM fructose) and
stimulated by calcium and magnesium ions. The WSMoL coagulant activity was
demonstrated by reduction in absorbance of the kaolin solution and reduction of electrical
resistance of the aqueous medium in the presence of lectin. The incubation of lectin with
carbohydrate at concentrations that inhibit the HA or with calcium and magnesium caused a
reduction of coagulant activity, as demonstrated by low efficiency in reducing absorbance and
electrical resistance of the aqueous medium. Incubation with carbohydrates at 200 mM
concentration abolished the coagulant activity of the lectin. In conclusion: 1) native WSMoL
is an anionic oligomeric protein; 2) the reduction in absorbance and electrical resistance
promoted by WSMoL probably involves destabilization of suspended particles, followed by
formation of complexes between WSMoL and particles; 3) the presence in aqueous medium
of carbohydrates that inhibit HA of WSMoL results in decrease of coagulant activity; and 4)
Ca”" and Mg”* cations stimulated the HA but damaged WSMoL coagulant activity.

Keywords: Coagulant activity; electrical resistance; kaolin; lectin; Moringa oleifera.
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1. INTRODUCAO

A qualidade da dgua € definida por sua composi¢ao quimica, fisica e bacteriolégica e
suas caracteristicas desejdveis dependem dos fins para qual serd utilizada. Para o consumo
humano hd necessidade de uma 4dgua pura e sauddvel, ou seja, livre de matéria suspensa
visivel, cor, gosto e odor de quaisquer organismos capazes de provocar enfermidades e de
quaisquer substancias organicas ou inorganicas que possam produzir efeitos fisiolégicos
prejudiciais. (RICHTER, 1991). Gragas ao ciclo hidrolégico, a dgua € um recurso renovéavel.
Quando reciclada por meio de sistemas naturais, € um recurso limpo e seguro. Entretanto,
uma vez poluida, a d4gua pode ser recuperada e reusada para fins benéficos diversos (BRAGA
et al., 2004). Assim, para se adequar ao consumo, a dgua necessita de tratamento e, para
tanto, os métodos vao desde a simples fervura até sistemas completos que contemplem a
coagulacdo, floculacdo, sedimentacdo, filtracdo e cloracio (RAMOS, 2005).

A coagulacdo, em geral, € um processo em que o potencial repulsivo da dupla camada
elétrica de coldides € reduzido de tal forma que micro-particulas podem ser produzidas. Estas
particulas colidem entre si e formam estruturas maiores (BUDD et al., 2004). Historicamente,
tem sido utilizada a coagulacdo no tratamento de dgua para diminuir a turvacao, cor e eliminar
agentes patogénicos (YU et al., 2007). Coagulacdo quimica é conseguida por adicdo de
coagulantes inorganicos, tais como sais de aluminio e de ferro para proporcionar a remog¢ao de
contaminantes de massa a partir da fonte de d4gua contendo matéria organica natural (DUAN
et al., 2006). No entanto, existe atualmente uma necessidade de um melhor tratamento das
dguas uma vez que os padrdes de qualidade da dgua tornam-se cada vez mais dificeis de
serem obtidos (JARVIS er al. 2006). Coagulantes alternativos conhecidos por polieletrdlitos
oferecem uma solucdo simples e de baixo custo (RIZZO et al., 2008).

Um polimero € denominado como um polieletrélito quando a sua unidade monomérica

contém grupos ionizdveis (por exemplo, carboxila, amino ou sulfénicos), portanto, pela carga
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da cadeia polimérica (GAO et al. 2008). Conseqiientemente os polieletrélitos podem ser
catidnicos, anionicos ou anfoliticos, enquanto que os polimeros sem grupos ionizdveis sao
denominados nao-idnicos (BOLTO et al. , 2007). No Brasil, em funcao das caracteristicas das
aguas e sdlidos suspensos sdo utilizados os anidnicos e nao-idonicos (CARVALHO, 2008).
Embora na dgua seja susceptivel a presenca de particulas negativamente carregadas,
polieletrélitos catidnicos organicos sdao considerados muito toXicos para organismos
aquéticos, limitando, assim, a sua utilizacdo em purificacao de dgua (RIZZO et al., 2008).

Os coagulantes e floculantes naturais tém demonstrado vantagens em relagcdo
aos coagulantes quimicos, especificamente em relacio a biodegradabilidade,
baixa  toxicidade e  baixo indice de producio de lodos  residuais
(CARVALHO, 2008). Os polimeros sintéticos podem apresentar risco a saude dos
consumidores, pois ndo sdo biodegradaveis, podendo gerar subprodutos (mondmeros) toxicos
(JARVIS et al., 2006). Assim, os mesmos vém sendo substituidos por polieletrdlitos naturais,
que apresentam menor custo, € ndo representam risco de danos a saide humana quando
utilizados em longo prazo, visto que muitos destes produtos naturais fazem parte da
alimentacdo humana ou animal (BOLTO et al. , 2007).

A espécie Moringa oleifera (familia Moringaceae), de origem indiana, ¢ uma planta
cultivada em territério brasileiro por ser bastante vidvel, perene, resistente a seca, pouco
exigente quanto ao solo, adubacdo e tolerante a pragas e doencas (MAKKAR & BECKER,
1997). Atualmente, o cultivo da moringa vem sendo difundido no Semi-Arido nordestino,
devido a utilizagdao das sementes no tratamento de dgua para uso doméstico. As sementes de
M. oleifera contém lectinas; cMoL (do inglés coagulant M. oleifera lectin) tem a propriedade
de reduzir a turbidez da dgua (SANTOS et al., 2009) e WSMoL (do inglés water-soluble M.
oleifera lectin) promove efeitos deletérios na sobrevivéncia de larvas de A. aegypti no quarto

estdgio (COELHO et al., 2009) e também apresenta a propriedade de reduzir a turbidez da
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agua (FERREIRA et al., 2011). A atividade coagulante da lectina WSMoL estimulou a
avaliacdo do seu efeito sobre a resisténcia elétrica do meio aquoso durante o processo de
coagulacdo, bem como, o estudo sobre o efeito que carboidratos inibidores da atividade
hemaglutinante (AH) de WSMoL e ions bivalentes promoveriam sobre a atividade coagulante
da lectina O objetivo deste trabalho foi avaliar o efeito de carboidratos e ions (cdlcio e
magnésio) na cinética de coagulacdo de WSMoL através de um comparativo entre medidas

de absorbancia e variacao de resisténcia entre a interface eletrodo-solucao.
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2. FUNDAMENTACAO TEORICA

2.1 Tratamento de Agua

A disponibilidade de dgua doce ¢ um dos grandes problemas que se enfrentam hoje no
mundo e, em alguns aspectos, € o principal porque as dificuldades causadas afetam a vida de
milhdes de pessoas (OMM, 1997). Nos préximos 50 anos, os problemas relacionados com a
falta de 4gua ou a contamina¢@o de mananciais afetardo praticamente todos os habitantes do
planeta e as regides do mundo que sofrem escassez de dgua estdo crescendo em drea e em
quantidade (HESPANHOL, 2008).

A qualidade da agua € definida por sua composi¢do quimica, fisica e bacterioldgica e
suas caracteristicas desejaveis dependem de sua utilizacio (BRAGA et al., 2004). Para o
consumo humano ha necessidade de uma dgua pura e saudével, ou seja, livre de matéria
suspensa visivel, cor, gosto e odor de quaisquer organismos capazes de provocar
enfermidades e de quaisquer substdncias orginicas ou inorgadnicas que possam produzir
efeitos fisiologicos prejudiciais. (RICHTER, 1991). Assim, para se adequar ao consumo, a
dgua necessita de tratamento e, para tanto, os métodos vdo desde a simples fervura até
sistemas completos que contemplem a coagulacdo, floculacdo, sedimentacdo, filtracdo e

cloracdo (RAMOS, 2005).

2.2 Coagulacao

A coagulacdo € um processo de desestabilizacdo de particulas coloidais promovendo
colisdes entre essas particulas (METCALF & EDDY, 2003). As particulas coloidais nao
sedimentam e ndo podem ser removidas por processos de tratamento fisicos convencionais
(DUAN et al., 2006). Este processo, objetiva transformar uma suspensdo estavel, que resiste a
agregacdo, em um sistema instdvel aumentando a taxa ou a cinética de agregacao de particulas

e formacdo de flocos (AMIRTHARAJAH e O'MELIA, 1990). O papel do coagulante é
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desestabilizar a suspensao coloidal reduzindo a barreira de energia e permitindo que as
particulas se agreguem. Os coldides sdo apresentados por particulas que tem uma faixa de
tamanho de 1 nm a 0,1 nm, e conferem cor e turbidez (DI BERNARDO, 2005).

Os coagulantes podem ser classificados como coagulantes metalicos ou polieletrdlitos
também conhecidos como auxiliares de coagulacio (LEME, 1990). A diferenca entre os
coagulantes metdlicos e os polieletrdlitos estd na sua reacdo hidrolitica na dgua. Nos
polieletrélitos, as cadeias polimerizadas ja estdo formadas quando eles sdo adicionados no
meio liquido. Nos coagulantes metélicos, a polimeriza¢do se inicia no contato com 0 meio
liquido, vindo a seguir a etapa de adsor¢ao dos coldides existentes no meio (PHILIPPI, 2001).

A coagulacao metdlica é conseguida por adi¢do de coagulantes inorganicos metalicos
(NDABIGENGESERE & NARASIAH, 1998). Os sais de aluminio e ferro sdo os dois
coagulantes mais amplamente utilizados para o tratamento de dgua para consumo humano
(OKUDA et al., 2001). Devido a boa eficiéncia e ao baixo custo, o sulfato de aluminio
destaca-se como o coagulante quimico mais utilizado no Brasil (BRAGA et al., 2004). O
aluminio, porém, ndo € biodegraddvel e gera um elevado volume de lodo além de formar
subprodutos (mondmeros) téxicos (NDABIGENGESERE & NARASIAH, 1998; OKUDA et
al., 2001). Elevadas concentragdes desse composto podem ocasionar problemas a sadde
humana, inclusive o aceleramento do processo degenerativo do Mal de Alzheimer
(CLAYTON, 1989).

Desta forma, estudos visando a descoberta e desenvolvimento de coagulantes
alternativos sintéticos ou naturais, conhecidos por polieletrélitos, estdo sendo realizados a fim
de substituir os coagulantes metdlicos, por apresentarem menor custo € nao representarem
risco a saide humana quando utilizados a longo prazo, visto que muitos destes produtos

naturais fazem parte da alimentacdo humana ou animal. (AKHTAR et al., 2007).
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Um polimero € denominado como um polieletrélito, quando a sua unidade
monomérica contém grupos ionizaveis (GAO et al. 2008). Conseqiientemente os
polieletrélitos podem catidnicos, anidnicos ou anfoliticos, enquanto que os polimeros sem
grupos ionizaveis sdo denominados nao-idnico (BOLTO et al. , 2007). Santos et al. 2011
demonstraram que o extrato de sementes de M. oleifera pode remover conteido aromatico,
cor, matéria organica e dcidos himicos da dgua. Muiybi & Evison (1995) descreveram a
propriedade coagulante da suspensdo obtida com as sementes de M. oleifera como sendo
similar a um polieletrélito catidnico, composto basicamente por polipeptideos. Santos et al.
(2011) sugerem que mecanismo da ag¢do coagulante das sementes de M. oleifera consiste em
adsor¢do a superficie das particulas coloidais seguida pela neutralizacdo de cargas, enquanto
Mendes (1989) aponta o "entrelacamento" das particulas pelos polimeros, em um mecanismo
de coagulacdo conhecido como varredura.

Adicionalmente, a utilizacdo do extrato de M. oleifera para o tratamento de dgua nao
afeta significativamente o pH e o lodo produzido apresenta auséncia de toxicidade como
também um volume 4,5 vezes menor do que o volume do lodo "quimico" gerado com a

coagulagdo com sulfato de aluminio (NDABIGENGESERE et al., 1995).

2.3 Acio de coagulantes sobre a dupla camada elétrica

A coagulagdo, em geral, € um processo em que o potencial repulsivo da dupla camada
elétrica de coldides € reduzido de tal forma que microparticulas podem ser produzidas. Estas
particulas colidem entre si e formam estruturas maiores (BUDD et al., 2004.)

A dupla camada elétrica é formada por duas superficies de cargas elétricas opostas
mantidas por forgas eletrostiticas (NAPPER, 1983). A concentracdo das cargas contrdrias
diminui exponencialmente entre as fronteiras da camada compacta e da camada difusa até

igualar a concentracdo de cargas da solucdo, intervalo esse em que o potencial elétrico
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formado € conhecido como Potencial Zeta (AMIRTHARAJAH e O'MELIA, 1990). A dupla
camada elétrica (Figura 1) exerce uma significativa importancia, pois € responsavel pela

estabilidade do sistema coloidal (RICHTER e AZEVEDO NETTO, 1991).
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Dupla Camada camada Difusa Dupla camada
Elétrica Flétrica

Figura 1. Representacdo esquematica da Dupla Camada Elétrica (Castelan, 1998).

A estabilidade de uma suspensdo com respeito a coagulacdo é determinada pelas
forcas de atracdo e repulsdo entre as particulas, ou seja, quando as forgas repulsivas sdo
suficientemente grandes para superar as forgcas de atracdo, dependendo de suas caracteristicas
fisico-quimicas e da interface particula-solvente (SHAW, 1992). A forca de atracdo esta
sempre presente, devido a tendéncia das particulas de estarem em contato umas com as outras
através da forca de Van der Waals, que € fun¢do basicamente das propriedades dielétricas das
particulas e do solvente (HOTZA, 1997). A interacdo repulsiva é fundamentalmente
produzida por dois mecanismos diferentes que sdo a estabilizacdo eletrostatica, resultado da
formacdo de uma dupla camada elétrica em torno de cada particula de pé disperso em um
liquido polar, como a dgua (MIKESKA, & CANNON,1984) e a estabilizag¢do estérica, na
qual polimeros de cadeias longas adicionados ao meio sdo adsorvidos sobre a superficie da
particula e as camadas adsorvidas se interpenetram de modo a ordenar paralelamente as

cadeias poliméricas e assim, as particulas permanecem isoladas (MORENO,1992).
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Segundo Azevedo Netto (1976), para o processo de coagulacdo-floculagdo ¢é
necessario reducao do Potencial Zeta, fornecimento de energia para provocar agitacao que
acarrete maior numero de choques e adi¢ao de produtos quimicos que auxiliem na formacgao
de aglomerados de particulas. O fenomeno da coagulacdo caracteriza-se pela alteracdo da
forca idnica do meio (MIKESKA, & CANNON,1984). A literatura apresenta quatro
principais formas de desestabilizacdo de particulas coloidais: adsor¢do e neutralizagao,
compressao da camada difusa, adsor¢cao e formacgao de pontes e varredura (CUBAS, 1999, Di
BERNARDO, 2005, FERREIRA, 1997, HASSEMER, 2000).

Na adsor¢do e neutralizacdo de cargas, a desestabilizacdo da dispersdo coloidal
consiste nas interacdes entre coagulante-coldide, coagulante-solvente e coldide-solvente. (DI
BERNARDO, 2005). As interagdes coagulante-solvente sdo responsaveis pela adsorcdo do
coagulante na interface coldide-dgua. No caso de espécies hidrolisadas de aluminio e ferro ou
de polieletrélitos catidnicos € comum ocorrer a adsorcdo causada pela interacdo entre
coagulante e coléide (FERREIRA,1997).

Na Compressao da Camada Difusa, a introdug¢do de ions no sistema coloidal causara
um aumento na densidade de cargas na camada difusa que para manter-se eletricamente
neutra, tem seu volume reduzido, de tal modo que em dado momento as forcas de Van der
Waals sejam dominantes, eliminando a estabilizacao eletrostatica (CUBAS, 1999).

Na adsorcdo e formacdo de pontes, compostos organicos sintéticos e naturais
caracterizados por grandes cadeias moleculares, que apresentam sitios ionizdveis ao longo da
cadeia, adsorvem mais que uma particula, mantendo-as unidas umas as outras (Di
BERNARDO & DANTAS, 2005).

No processo conhecido por varredura as particulas coloidais sdo envolvidas pelos

coagulantes e, como este mecanismo nao depende da neutralizacdo da carga dos coldides, a
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condicdo 6tima da coagulacdo pode ndo corresponder aquela em que é minimo o potencial

zeta (HASSEMER, 2000).

2.4 Lectinas

As lectinas compreendem uma classe de proteinas ou glicoproteinas que apresentam
atividade hemaglutinante (AH), origem ndo imunoldgica e contém pelo menos um dominio de
ligacdo reversivel a carboidratos, tais como monossacarideos e oligossacarideos (PEUMANS
& VAN DAMME, 1995; VIJAYAN & CHANDRA, 1999; SHARON & LIS, 2004). Possuem
a habilidade de precipitar células, polissacarideos e glicoconjugados presentes em plantas,
animais, bactérias virus e fungos (SHARON & LIS, 1989).

A deteccao de lectinas em material bioldgico inicia-se a partir de ensaios de
aglutinacdo, na qual estas proteinas interagem com os carboidratos da superficie celular do
eritrocito por meio dos seus sitios de ligagdo, formando ligacdes reversiveis entre células
(SANTOS et al., 2005). A presenca de lectina na amostra, como agente aglutinante é
confirmada através dos ensaios de inibicdo da AH com uma solucao do carboidrato ligante ou
glicoproteina (TRINDADE, 2006).

As lectinas apresentam ampla distribuicdo na natureza e centenas dessas moléculas
tém sido isoladas de diferentes microorganismos (virus, bactérias e fungos), de invertebrados
e vertebrados incluindo os mamiferos (KILPATRICK, 2002; RATANAPO et al., 2001;
TRIGUEIROS, 2003). Em plantas, as lectinas t€ém sido isoladas de flores, raizes, cascas,
cerne, folhas rizomas e sementes (ITO, 1986; WANG & NG, 2006; NASCIMENTO et al.,
2008; SA et al., 2009; SANTOS et al., 2009; YAO et al., 2010; NAPOLEAO et al., 2011)
Sao geralmente nomeadas de acordo com a planta da qual elas foram extraidas.

As lectinas diferem entre si pela composicdo e seqiiéncia de aminoédcidos na cadeia

polipeptidica, quanto ao nimero de subunidades na estrutura protéica, quanto a necessidade
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de presenca de metais para a AH, bem como especificidade do sitio de liga¢do a carboidratos
(KENNEDY et al., 1995).

A percepcao de que as lectinas agem como mediadores do reconhecimento celular
em um grande nimero de sistemas bioldgicos, como os de adesdo de virus, bactérias e
protozodrios as células hospedeiras, bem como de leucécitos as células endoteliais e a
interacdo célula-matriz extracelular, multiplicou o interesse pelo estudo do papel bioldgico
das lectinas. As lectinas, em geral, sdo consideradas protagonistas na ativa¢do dos varios
processos biologicos como, adesdo célula-célula, adesdo célula-tecido, migracdao celular,
sinalizagdo celular, dentre outros, por interagirem com os glicoconjugados presentes na
superficie de diversos tipos celulares (LIS & SHARON, 1986).

Em insetos, as lectinas, atuam como determinantes da transmissdo de patégenos por
esses artropodes, estando envolvidas nos mecanismos de interacdo inseto-parasita (PEREIRA
et al, 1981; INGRAM & MOLYNEUX, 1991; JACOBSON & DOYLE, 1996;
GRUBHOFFER & HYPSA, 1997). O primeiro artigo a descrever a presenca de lectinas em
tecidos especificos de vetores foi publicado por Pereira er al. (1981) utilizando a espécie
Rhodnius prolixus. Entretanto, muitos resultados de lectinas em vetores tém surgido de
pesquisas com 0s mosquitos tsé-tsé e tém mostrado que essas proteinas, em tecidos
especificos, podem atuar no papel crucial de controle da infec¢do de moscas tsét-tsé por
tripanossomas africanos (MAUDLIN, 1991). Existem evidéncias indicando que a biossintese
de lectinas em insetos ocorre no corpo gorduroso, 6rgdos sexuais, hemocitos e em alguns
casos estdo associados com a membrana celular (AMIRANTE, 1976; MAUCHAMP, 1982;
STILES, 1988; BRADLEY et al., 1989).

Estudos demonstram que as lectinas de insetos atuam com uma variedade de fungdes,
principalmente, no reconhecimento de células nao préprias do organismo (INGRAM &

MOLYNEUX, 1991), na fagocitose, encapsulamento, melanizacdo e coagulacdo
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(GRUBHOFFER & HYPSA, 1997). Assim, lectinas com distintas especificidades a agtcares
estdo envolvidas em diferentes papéis no reconhecimento e prote¢ao do sistema imune contra
protozodrios e patdgenos microbianos (LIS & SHARON, 1973; LIENER, 1981; BARREAU
et al., 1995).

Em humanos, as lectinas atuam como receptores de membrana e desempenham um
papel no trafego extracelular de glicoproteinas, adesdao celular, interacdes celulares e
imunidade inata (HSU & LIU, 2004; LEFFLER, 2004). Enquanto em microorganismos, as
lectinas desempenham papéis de simbiose, responsdveis pela associagdo especifica entre
bactérias da flora intestinal e da mucosa humana (SULAGNA et al., 2004).

Em plantas, sugere-se que as lectinas possuem diferentes papéis fisioldgicos, incluindo
transporte de carboidratos, estocagem e mobilizacdo de proteinas de reserva e carboidratos,
alongamento da parede celular, interacdo entre plantas e microorganismos e defesa contra o
ataque de fungos, virus e insetos (KENNEDY et al., 1995; HIRSCH, 1999; ISIDRO et al.,
2001; CARLINI & GROSSI-DE-SA, 2002; PAES et al., 2002; LIMPENS & BISSELING,
2003). E sugerido também a participacio de lectinas nos processos de maturacio e
germinacdo das sementes (HOWARD et al., 1972). As lectinas de entrecasca t€ém papel
importante no metabolismo do nitrogénio de arvores da regido temperada (VAN DAMME et
al., 1998) e tem sido sugerido sua participagdao nos mecanismos de defesa das plantas contra o
ataque por microorganismos e insetos (LIENER, 1976; ROJO, 1997). A atividade inseticida
contra Nasutitermes corniger de lectinas isoladas do cerne, da casca e de folhas de
Myracrodruon urundeuva (aroeira do sertdo) indica essas proteinas como alternativas para o
controle dessa espécie de cupim, praga urbana que causa danos a méveis, pinturas e edificios.
(NAPOLEAO et al.,2011; SA et al., 2008)

Na purificacdo de lectinas, estdo envolvidas técnicas comuns a protocolos de

isolamento de proteinas. A etapa inicial do isolamento consiste de preparacao de extratos em
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solucdo aquosa (SANTOS et al., 2005), salina (NAPOLEAO et al., 2011) ou em tampdes
(OLIVEIRA, 2002). A purificacdo parcial de lectinas através de fracionamento salino,
utilizando o sulfato de amonio tornou-se um dos procedimentos mais utilizados, pois as
proteinas possuem muitos grupos carregados e por isso, a sua solubilidade depende da
concentracdo dos sais dissolvidos (LEHNINGER, 2006). A solubilidade aumenta com o
acréscimo de sais (salting in) e volta a decrescer a medida que mais sal € adicionado (salting
out).

Apés o fracionamento salino, as lectinas sdo submetidas a processos de didlise em
membranas semipermedveis para a eliminacdo de sal e em seguida submetidas a processos
cromatograficos, tais como troca idnica (LAM & NG, 2009), gel filtracdo ou exclusdo
molecular (REGO et al., 2002; JUNG et al., 2007; POHLEVEN et al., 2009) e de afinidade
(TATENO et al., 2003; SANTANA et al., 2008).

Técnicas eletroforéticas, mono ou bidimensional, sdo eficientes para definir a natureza
da carga liquida e o peso molecular das subunidades da lectina purificada, bem como sao
utilizadas para avaliar a pureza da preparacdo obtida (NASI et al., 2009).

Como ja mencionado, as lectinas possuem uma imensa variedade de atividades
bioldgicas entre elas as atividades antimicrobiana, antitumoral, inseticida e reconhecimento de
carboidratos ou glicoconjugados presentes na superficie das células. A especifica interacdo
das lectinas a glicoconjugados em solu¢cdo ou na superficie celular fazem destas moléculas
ferramentas valiosas em diferentes aplicacdes biotecnoldgicas (LORIS et al., 1998).

Exemplos de aplicacdes das lectinas incluem o isolamento e purificacio de
glicoconjugados por cromatografia de afinidade em colunas contendo lectinas imobilizadas,
andlise de glicomas, modulacdo da proliferacdo e ativagdao celular, deteccdo de doencgas
relacionadas a sintese de glicanas, liberacdo controlada de drogas, diagndstico e terapéutica

em cancer e em doengas auto-imunes, estimulacdo mitogénica de linfécitos, investigagao de
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estruturas de carboidratos na superficie celular e de animais, bactérias e virus, estudos das
funcdes do sistema imune tais como producao e proliferacio de interferons e citocinas, asma e
inflamacdo e outros efeitos imunoestimulatérios (CARLINI & GROSSI-DE-SA, 2002:
STAUDER & KREUSER, 2002; SHARON & LIS, 2004).

Além dessas utilidades, as lectinas de plantas t€ém sido escolhidas para estudos das
bases moleculares nos eventos de reconhecimento dos processos de infecgdes virais,
bacterianas, flingicas e parasiticas; enderecamento de células e componentes soliveis;
fertilizacdo, metdstases, crescimento e diferenciagdo celular (LORIS et al., 1998;

KEYAERTS et al., 2007).

2.5 A espécie Moringa oleifera

A M. oleifera, popularmente conhecida como moringa, lirio branco ou quiabo da quina
(Figura 2), é origindria do nordeste indiano sendo amplamente distribuida na Burma, Ceilao,
Egito, Filipinas, India, Jamaica, Maldsia, Nigéria, Paquistao, Singapura e Tailandia (DUKE,
1987; MAKKAR & BECKER, 1997; PIO CORREA, 1984). Estd inserida na familia
Moringaceae, pertencente a Ordem Brassicales, que possui um tnico género denominado

Moringa, constituido por 14 espécies descritas.
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Figura 2. A espécie Moringa. oleifera. Aspecto geral (A), Flores (B), Folhas (C), Sementes
(D). FONTE: http://www.kgm.com.br

E uma planta de porte arbdreo, entre 7 e 12 m de altura, uma hortalica perene, com
baixo custo de producdo e € bastante cultivada devido a adaptacdo a regides de secas
prolongadas, sobrevivendo a grandes periodos em solos pobres e com baixo teor de umidade
(MACCONNACHIE et al., 1999). Trata-se de uma planta de multiplo uso, pois muitas
propriedades tém sido identificadas em seus diferentes tecidos. E também tem sido utilizada
como cerca viva e quebra-vento em algumas regidoes do Brasil (SILVA & KERR, 1999). As
folhas, frutos verdes, flores e sementes sdo utilizadas na alimentacdo de humanos e de outros

animais (PALADA, 1996; MAKKAR & BECKER, 1997). O extrato das folhas é uma fonte
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potencial de antioxidantes (ARABSHAHI er al., 2007) e agentes hipocolesterolémicos
(CHUMARK et al., 2009).

As sementes possuem importancia industrial, j4 que produzem um 6leo usado para
lubrificar rel6gios e outras maquinarias delicadas e s@o também usadas no tratamento da dgua
(DUKE, 1987; MORTON, 1991). As sementes promoveram acao descontaminante em aguas
contaminadas por arsénio podendo ser utilizadas em areas domésticas como tecnologia segura
e viavel ao meio ambiente (KUMARI et al., 2006).

As sementes de M. oleifera contém atividade hipotensiva (FAIZI et al., 1995), forte
atividade antioxidante e propriedade quelante contra toxicidade pelo arsénio (GUPTA et al.,
2005). As folhas, frutos, raizes e sementes também possuem propriedades medicinais, sendo
tradicionalmente utilizadas para o tratamento de tumores abdominais, escorbuto, ataques
paraliticos, problemas de bexiga e prostata, tlceras e infec¢des cutaneas (FUGLIE, 2001).

Nos paises em desenvolvimento, as sementes de M. oleifera sdo amplamente utilizadas
como coagulante natural para tratamento de 4gua, principalmente em dareas rurais onde
recursos hidricos adequados nao estdo disponiveis. As sementes contém proteinas coagulantes
que podem ser facilmente extratidas em 4dgua e promovem a precipitacdo de particulas em
suspensdo, levando a diminuicdo na turbidez de dgua (GASSENSCHMIDT et al., 1995;
GHEBREMICHAEL et al., 2005; BHUPTAWAT et al., 2007; SANTOS et al., 2009;
FERREIRA et al., 2011).

Extrato aquoso de sementes de moringa apresentou atividades larvicida e ovicida
contra A. aegypti (COELHO et al., 2009; SANTOS et al., 2012). Extrato metandlico das
sementes promoveu mortalidade de larvas e pupas de Anopheles stephensis, vetor da malaria

(PRABHU et al., 2011).
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2.5.1 Lectinas de M. oleifera

As sementes de M. oleifera contem as lectinas ligadoras de quitina cMoL (do inglés
coagulant M. oleifera lectin) (SANTOS et al., 2005) e WSMoL (do inglés water-soluble M.
oleifera lectin) (COELHO et al., 2009) que diferem entre si quanto a massa molecular,
propriedades fisico-quimicas e padrdo de reconhecimento a carboidratos. cMoL, foi agente
inseticida contra a mariposa da farinha Anagasta kuehniella e WSMoL tem atividade ovicida
e larvicida sobre Aedes aegypti (COELHO et al., 2009; SANTOS et al., 2009; OLIVEIRA et
al., 2010; SANTOS et al., 2012).

A atividade coagulante de cMoL. e WSMoL foi determinada utilizando-se um modelo
de 4gua turva com caolim e portanto as lectinas podem ser incluidas no grupo das proteinas
coagulantes das sementes de moringa (SANTOS et al., 2009). FERREIRA et al. (2011)
investigando o efeito de WSMoL sobre a turbidez e bactérias presentes em dgua de ambiente
determinaram que a lectina por suas atividades coagulante e antibacteriana, ¢ um dos agentes

que promovem purificacdo e descontaminacio da dgua.
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3. OBJETIVOS

3.1 Objetivo Geral

Avaliar a cinética de coagulacdo de WSMoL através de um comparativo entre medidas
de absorbancia (densidade 6ptica) e variagao de resisténcia elétrica entre a interface eletrodo-

solugdo.

3.2 Objetivos Especificos

e Extrair WSMoL de sementes de M. oleifera e purificid-la de acordo com procedimento
previamente estabelecido.

e Determinar a massa molecular nativa de WSMoL por cromatografia de filtragcdo em
gel.

e Avaliar WSMoL por SDS-PAGE em condicdes ndo-redutoras.

e Determinar o ponto isoelétrico de WSMoL.

e Determinar o efeito de carboidratos e fons na atividade hemaglutinante de WSMoL.

e Avaliar a cinética de coagulacdo de WSMoL em modelo de 4dgua turva com caolin,
através das medidas de absorbincia (densidade Optica) e variagdo da resisténcia
elétrica em resposta a aplicacdo de corrente elétrica.

e Avaliar o efeito de carboidratos e fons sobre a cinética de coagulagdo de WSMoL.

® Analisar estatisticamente os resultados através do teste ¢ de Student (p<0,05).
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Abstract

Moringa oleifera seeds are used in water treatment and contain a water-soluble lectin
(WSMoL) with coagulant activity. The aim of this study was to evaluate the kinetics of
coagulation promoted by absorbance measurements WSMoL through and changes in
resistance at the electrode-solution interface. In addition WSMoL was characterized for native
molecular mass, SDS-PAGE profile and Isoelectric point (PI). The coagulant activity was
determined using the model of turbid water with 1% kaolin in tap water. The
hemagglutinating (HA) and activities of coagulant were WSMoL also evaluated at presence
of N-acetylglucosamine, glucose, fructose and salt solutions of calcium and magnesium.
Native WSMoL showed molecular mass 59.4 kDa. In SDS-PAGE, it was observed three
peptides with approximately 30, 20 and 10 kDa. The PI is determined native WSMoL was
5.5. The WSMoL coagulant activity was demonstrated by reduction in absorbance of the
solution and kaolin reduction of electrical resistance of the aqueous medium. The incubation
of lectin with carbohydrate at concentrations that inhibit its HA and with calcium or
magnesium ions caused a reduction of coagulant activity. The reduction in absorbance and
electrical resistance promoted by WSMoL probably involves destabilization of suspended

particles, followed by formation of complexes between WSMoL and particles.

Keywords: Coagulant activity; electrical resistance; kaolin; lectin; Moringa oleifera.
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1. Introduction

Water quality is defined by its chemical, physical and microbial composition and the
quality level to be achieved depends on the desired use. For human consumption there is a
need for pure and healthy water i.e. free of visible suspended material, color, taste, flavor, any
organism that may cause illnesses and organic or inorganic substances that may produce
damaging physiological effects (Duan et al., 2006). The methods for water treatment range
from simple boil to complex systems that include the steps of coagulation, flocculation,
sedimentation, filtration and chlorination (Ramos, 2005).

Coagulation has been employed in water treatment aiming to decrease turbidity and
color as well as to eliminate pathogenic agents (Yu et al., 2007). In general the coagulation is
a process where the repulsive potential of the colloidal electric double-layer is reduced such
that micro particles are produced; these micro particles collide and form larger structures
called clusters (Budd et al., 2004). Coagulant agents destabilize colloidal particles by
adsorption and neutralization, compression of the diffuse layer, adsorption and bridge
formation or scanning (Cubas, 1999, Di Bernardo, 2005, Ferreira, 1997, Hassemer, 2000;
Mikeska, & Cannon, 1984).

Chemical coagulation is achieved by adding inorganic coagulants, such as aluminum
and iron salts (Duan et al., 2006). However there is currently a need for a better water
treatment in order to reach the required standards for water quality (Jarvis et al., 2006).
Polyelectrolytes, cationic, anionic or ampholytic molecules whose monomer unit can be an
ionizable group such as amino, carboxyl or sulfonic groups, constitute simple and cheap
alternatives of coagulants (Bolto et al., 2007). Natural coagulants and flocculants have
demonstrated advantages in comparison with synthetic coagulants specifically regarding the

biodegradability, low toxicity and low production level of residual sludge (Carvalho, 2008).
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Moringa oleifera (Moringaceae) is a plant originated from India and broadly cultivated
along the tropics, including Brazil, due to be perennial, resistant to drought, low demanding
regarding soil and fertilization, and resistant to pests and diseases (Makkar and Becker, 1997).
The seeds of M. oleifera are used by people to treat water for human consumption due to
coagulant activity of some constituents (Gassenschmidt et al., 1995; Ndabigenegesere et al.,
1995, Okuda et al., 2001; Ghebremichael et al., 2005). M. oleifera seeds contain the lectins
cMoL (coagulant M. oleifera lectin) and WSMoL (water-soluble M. oleifera lectin), which
are also coagulant agents (Santos et al., 2009; Ferreira et al., 2011).

This work reports the effect of WSMoL on reduction of turbidity and electric
resistance of water medium during the coagulation process and effects of carbohydrates and
ions on coagulant activity. Also, native molecular mass and isolectric point of WSMoL are

described.

2. Materials and Methods

2.1 Botanical material

Seeds of M. oleifera (Family Moringaceae), popularly known as moringa, drumstick,
horsehardish tree, white lily or tree well were collected at the Universidade Federal de
Pernambuco (UFPE), Recife, Brazil. The voucher specimen (No. 73345) is archived at the

herbarium Dardano de Andrade Lima (Instituto Agrondmico de Pernambuco), Recife, Brazil.

2.2 Protein content
Protein content was estimated according to Lowry (1951) using standard curve of

bovine serum albumin (31.25 - 500 ug / mL).
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2.3 Hemagglutinating activity

The hemagglutination activity (HA) was performed in microtiter plates according to
Paiva and Coelho (1992) using a rabbit erythrocyte suspension treated with glutaraldehyde.
The title was defined as the reciprocal of the highest dilution of sample which promoted the
hemagglutination. The specific HA was defined as the ratio between the title and the protein
concentration in mg/mL. The HA inhibition assay was performed incubating (30 min) the
lectin sample with a solution of monosaccharides N-acetyl glucosamine, glucose or fructose

(25, 50, 100 and 200 mM) before adding the cell suspension.

2.4 Extraction of proteins and precipitation by ammonium sulphate

For the preparation of the extract, the M. oleifera seed meal (10 g) was submitted to
extraction in distilled water (100 mL) for 16 h at 4 °C under constant agitation. After filtration
through gauze and centrifugation (15 min, 9000 g, 4 °C) the supernatant (seed extract, SE)
was collected. SE proteins were precipitated according to Green and Hughes (1955) using
ammonium sulphate (60% saturation) and gentle agitation for 4 h at 28 °C. Following,
centrifugation (15 min, 9000 g, 4 °C) was performed and the collected precipitate was
resuspended in 0.15 M NaCl and dialyzed in semipermeable membrane against distilled water
(4 h) and 0.15 M NaCl (2 h). SE and the dialyzed protein fraction (FO-60) were evaluated for

protein concentration and HA.

2.5 Purification of WSMoL
WSMoL was isolated according to the procedure described by Coelho et al. (2009).
FO0-60 was loaded (80 mg protein) onto chitin column (18 x 1.5 cm) equilibrated with 0.15 M

NaCl (0.3 mL/min). After washing with the equilibration solution, WSMoL was eluted with
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1.0 M acetic acid and subsequently dialyzed against distilled water (4 h) and 0.15 M NacCl (4

h) at 4 °C for elimination of the eluent.

2.6 Gel filtration chromatography

WSMoL was chromatographed on a Hiprep 16/60 Sephacryl S-100 column (16 mm x
60 cm)/Akta Prime system (GE Healthcare, Sweden) pre-equilibrated at 24 °C with 0.15 M
NaCl. Sample (2.0 mL containing 0.4 mg of protein) was injected and eluted (2.0 mL
fraction) with 0.15 M NaCl at a flow rate of 0.5 mL/min. The polypeptides and molecular
mass Phosphorylase b (97000 Da), albumin (66000 Da), ovalbumin (45000 Da), carbonic
anhydrase (30000Da), trypsin inhibitor (20100 Da), and «a-lactalbumin (14400 Da) were

similarly chromatographed.

2.7 Polyacrylamide gel electrophoresis and isoelectric focusing of WSMoL

Electrophoresis in the presence of sodium dodecyl sulphate (SDS-PAGE) was
performed on 12% (w/v) gel according to Laemmli (1970). Polypeptides and molecular mass
markers (Phosphorylase b, 97000 Da, albumin, 66000 Da, ovalbumin, 45000 Da, carbonic
anhydrase, 30000Da, trypsin inhibitor, 20100 Da, a-lactalbumin, 14,400 Da, from GE
Healthcare, Sweden) were stained with 0.02% Coomassie Brilliant Blue in 10% acetic acid.

For isoelectric focusing, WSMoL (150 pg) was solubilized in rehydration solution (8
M urea, 2% CHAPS, 1% IPG buffer pH 3-10 gradient; 0.002% bromophenol blue) for 30 min
at 28 °C. The rehydrated sample was then loaded in gel strips (7 cm) and immobilized for 12
h. The isoelectric focusing was performed at 25 °C and 68.00 Vh using the IPG-Phor III
system (GE Healthcare, Sweden). Next the strip was stained with with 0.02% Coomassie

Brilliant Blue in 10% acetic acid.
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2.8 Evaluation of coagulant activity by measurement of absorbance (optical density)

Coagulant activity was determined using a model of turbid water with kaolin
(Ghebremichael et al., 2005). Kaolin suspension at 1% in tap water was maintained under
constant agitation for 30 min and allowed to stand for 24 h to provide complete hydration. In
a test tube, 3 mL of the suspension were incubated with 30 uL of sample (SE at 0.015 and 1.6
mg/mL of protein, WSMoL at 0.2 mg/mL or alum at 0.015 mg/mL) and stirred in vortex. The
optical density reading at 500 nm was carried out in quartz cuvette at time zero and every 10
min during 90 min. The negative control contained the suspension of kaolin and distilled
water. The SE concentration of 0.015 mg/mL was used to compare the results with alum
(positive control) and the 1.6 mg/mL is the concentration of extract directly obtained using
the protocol described in section 2.4, without any dilution.

To determine the effect of carbohydrates and ions on WSMoL coagulant activity, the
lectin (0.2 mg/mL) was preincubated for 15 min with carbohydrate (N-acetylglucosamine or
glucose at concentrations of 25, 50, 100 and 200 mM and fructose at concentrations of 50,
100 and 200 mM) or ions (calcium chloride or magnesium chloride at 20 mM) prior to
incubation with the kaolin suspension. Control experiments were performed by incubating

kaolin suspension with 200 mM carbohydrate or 20 mM ion solutions.

2.9 Evaluation of coagulant activity by measurement of electrical resistance

A coagulant assay on kaolin model was prepared as described in section 2.8 and the
electrical resistance was determined at time zero and every 10 min during 90 min. The
analyzes were performed using electric means of a Keithley Model 2400 multimeter
associated with a platinum electrode parallel plate immersed in deionized water and subjected
to a potential range of 0 to 10 V. To perform electrical measurements, the residual particles of

parallel plate electrodes were removed by chloroform (CHCls) solution. For the analysis the



Moura, K.S. Cinética de coagulacao da lectina de sementes de Moringa oleifera (WSMoL)... 51

electrode was immersed in the coagulant systems SE (0.015 mg/mL)-kaolin, SE (1.6 mg/mL)-
kaolin, WSMoL (0.2 mg/mL)-kaolin and alum (0.015 mg/mL)-kaolin. The electrical

resistance was also evaluated in systems containing WSMoL and carbohydrates or ions.

2.10 Statistical analysis

Standard deviations (SD) were calculated using GraphPad Prism version 4.0 for
Windows (GraphPad Software, San Diego, California, USA), and data were expressed as a
mean of replicates = SD. Significant differences between treatment groups were analysed by

the Student’s t-test (significance at p<0.05) using the Origin 6.0 program.

3. Results and discussion

WSMoL was isolated from M. oleifera seed extract by ammonium sulphate
precipitation followed by chitin chromatography, according to the procedure described by
Coelho et al. (2009). Native molecular mass of WSMoL determined by gel filtration was 59.4
kDa (Figure 1A) and SDS-PAGE revealed the presence of three polypeptide bands with
molecular masses 30, 20 and 10 kDa (Figure 1B). Coelho et al. (2009) detected a single
polypeptide band of 5 kDa for WSMoL on SDS-PAGE under reducing conditions and thus
the molecular mass of 59.4 kDa reveals that native WSMoL is a molecular arrangement of 5
kDa subunits. Probably the three peptides detected on SDS-PAGE under non-reducing
conditions correspond to partial unfolding of 59.4 kDa oligomer since SDS disrupts non-
covalent interactions in protein structure unfolding it in constituent subunits (Paiva et al.,

2011).
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Isoelectric focusing revealed a single protein band with pl 5.5. This datum is in

agreement with the anionic nature of WSMoL reported by Paiva et al. (2011) using native

PAGE.
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Figure 1. Characterization of WSMoL. (A) Gel filtration chromatography of WSMoL on a
Hiprep 16/60 Sephacryl S-300 column coupled to Akta Prime system. Sample (0.4 mg) was
injected and eluted (2.0 mL fraction) with 0.15 M NaCl. (B) SDS-PAGE of WSMoL stained
with Coomassie Brilliant Blue.

The coagulant activities of SE (protein concentration of 0.015 and 1.6 mg/mL),
WSMoL (0.2 mg/mL) and the positive control alum (0.015 mg/mL) were evaluated by
determining the kinetic of decrease in optical density (Figure 2A) and electric resistance
(Figure 2B) of kaolin suspension during 90 min. The data show that only SE at 1.6 mg/mL
did not promote significant reduction (p>0.05) of optical density and electric resistance in
regard to negative control. This result was probably linked to a high intrinsic turbidity of the
extract at this concentration as well as a high protein concentration increasing electric
resistance. Precipitates were formed during the coagulation analysis of all the analyzed
systems.

After 90-min incubation, WSMoL reduced the optical density from 2.5+0.0 to

0.260+0.03 (Figure 2A) and the electric resistance from 10.45+0.0 Q for 3.15+£0.03 Q (Figure

2B). The comparison of kinetic curves of coagulant activity of the lectin and SE at 0.015
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mg/mL indicates no significantly difference (p<0.05) evidencing the best efficiency of extract
since it showed the same effect even at a concentration about 13-times lower than that of
WSMoL. This result may be linked to the presence in SE of others coagulant proteins and
organic polyelectrolytes present in M. oleifera seeds (Santos et al., 2009; Ferreira et al., 2011)

at concentrations enough to exert coagulant effect without increase electric resistance.
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Figure 2. Coagulant activity of SE, WSMoL and alum (positive control) on kaolin suspension model.
The absorbance (optical density) at 500 nm (A) and electrical resistance (B) were evaluated. Negative
control corresponded to the suspension of kaolin. The values are represented as the mean of three
experiments + standard deviation.

The results found here are in accordance with those reported by Ferreira et al. (2011)
which detected coagulant activity for WSMoL using kaolin suspension as a model for turbid
water. However the mechanism of coagulation by WSMoL was not defined. Coagulation
mechanisms dominate the performance of subsequent attachment of the coagulant agent on
microparticle suspensions. Since both optical density (absorbance) and electric resistance
measurements were sensitive to coagulation phenomenon by WSMoL, it is worthy to note
that this process may involve a first destabilization of the particles suspension and is probably
controlled by chemical interactions between the coagulant protein and contaminant

molecules. The second step is correlated to the WSMoL-particles complex formation.
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Studies on coagulation mechanisms have shown that interaction with divalent cations,
charge neutralization as well as reduction of the repulsive forces between the particles may be
involved in the reduction of turbidity by preparations of M. oleifera seeds (Okuda et al., 2001;
Santos et al., 2009).

Further investigations were performed in order to provide a better understanding of
the action mechanism regarding WSMoL coagulant activity. Since the lectin-carbohydrate
interaction is a common phenomenon in biological systems, the involvement of the
carbohydrate-binding sites of the lectin on coagulant activity was studied. For this the sugar
effect on the coagulation efficiency of WSMoL was investigated at constant sugar molar
concentrations for N-acetyl glucosamine, glucose and fructose, which are monosaccharides
previously reported by Paiva et al. (2011) and Rolim et al. (2011) to be able of inhibiting
hemagglutinating activity of WSMoL. To select carbohydrate concentrations that have effect
on carbohydrate-binding ability, a screening was performed by determing the effects of these
monosaccharides at 25, 50, 100 and 200 mM on WSMoL hemagglutinating activity. The
results are summarized in Table 1 and showed that only 25 mM fructose did not inhibit
agglutination of erythrocytes by WSMoL. Thus only this fructose concentration was not used

in the coagulant activity assay.
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Table 1. WSMoL specific haemagglutinating activity in the presence of N-
acetylglucosamine, glucose and fructose in concentrations of 25, 50, 100 and 200 mM.

Monosaccharide SHA
N-acetylglucosamine

25 mM 20.480
50 mM 20.480
100 mM 10.240
200 mM 10.240
Glucose

25 mM 20.480
50 mM 20.480
100 mM 10.240
200 mM 5.120
Fructose

25 mM 40.960
50 mM 20.480
100 mM 10.240
200 mM 10.240

SHA de WSMoL in NaCl 0,15 M: 40.960

The coagulant activity of WSMoL in presence of the tested carbohydrates resulted in
significant (p<0.05) reduction of coagulant activity (Figures 3, 4 and 5). The optical densities
and the electric resistances determined in suspension from coagulant assay using WSMoL
previously incubated with the monosaccharides at 200 mM were not significant different
(p>0.05) than negative control revealing that the coagulant activity was neutralized. WSMoL-
N-acetylglucosamine system demonstrated the highest coagulation inhibition effect as

compared with others sugars (glucose and fructose).
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Figure 3. Coagulant activity of WSMoL in presence of N-acetylglucosamine (GlcNac) at
different concentrations using kaolin suspension model. The absorbance (optical density) at
500 nm (A) and electrical resistance (B) were evaluated. Negative control corresponded to the
suspension of kaolin. The values are represented as the mean of three experiments + standard
deviation.
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Figure 4. Coagulant activity of WSMoL in presence of glucose (Glc) at different
concentrations using kaolin suspension model. The absorbance (optical density) at 500 nm
(A) and electrical resistance (B) were evaluated. Negative control corresponded to the
suspension of kaolin. The values are represented as the mean of three experiments + standard
deviation.
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Figure 5. Coagulant activity of WSMoL in presence of fructose (Fru) at different
concentrations using kaolin suspension model. The absorbance (optical density) at 500 nm
(A) and electrical resistance (B) were evaluated. Negative control corresponded to the
suspension of kaolin. The values are represented as the mean of three experiments + standard
deviation.

Aiming to investigate whether the decrease in turbidity of kaolin suspension was due
to interference of monosaccharides on WSMoL coagulant activity or only due to increase of
turbidity due to carbohydrate presence, controls were performed by monitoring the optical
density after addition of solutions containing only the monosaccharides fructose, glucose and
N-acetylglucosamine to kaolin suspension. Interestingly the monosaccharides promote
reduction of the absorbance at 500 nm (Figure 6) indicating that they exerted a coagulant
effect on kaolin model. This result indicates that the lower decrease of optical density
observed when WSMoL.-monosaccharide systems were evaluated was probably due to lectin-

carbohydrate interaction reducing the coagulant effects of both lectin and monosaccharide.
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Figure 6. Coagulant activity of WSMoL as well as monossacarides N-acetylglucosamine (A),
glucose (B) and fructose (C) at 200 mM in presence and absence of lectin. The absorbance
(optical density) at 500 nm was evaluated. Negative control corresponded to the suspension of
kaolin. The values are represented as the mean of three experiments + standard deviation.

Divalent cations such as Ca®* and Mg 2 may be required inside carbohydrate-binding
sites of lectin and/or may alter protein conformation and consequently its activity (Hosoy et

al., 1998; Ambrosi et al., 2005). Because of this and the fact that Ferreira er al. (2011)
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reported increase of WSMoL hemagglutinating activity after incubation with Mg”* at 20 and
30 nM, it was investigated whether Ca®* and Mg®* ions would affect the coagulant ability of
WSMoL.

First hemagglutinating activity in presence of calcium chloride or magnesium chloride
(20 mM) was performed. The specific hemagglutinating activity of WSMoL in presence of
Ca’" and Mg2+ increased from 40,960 to 163,840 and 81,920, respectively. Control assays
showed that the ion solutions tested did not promote any agglutination or dispersion of
erythrocytes assuring that there was a stimulant effect of WSMoL hemagglutinating activity.

In coagulant assay the reduction of optical density by WSMoL in presence of calcium
chloride or magnesium chloride at 20 mM was significantly (p<0.05) lower than that
promoted by lectin without addition of ions (Figure 7A). In addition it was observed
significant effect (p>0.05) on the electric resistance of the medium (Figure 7B). Controls
using solution containing only the ions have effect on optical density (Figure 8). The results

show that the presence of bivalent ions was damaging for coagulant ability of WSMoL.
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Figure 7. Coagulant activity of WSMoL in presence of calcium or magnesium chlorides at 20
mM using kaolin suspension model. The absorbance (optical density) at 500 nm (A) and
electrical resistance (B) were evaluated. Negative control corresponded to the suspension of
kaolin. The values are represented as the mean of three experiments + standard deviation.
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Figure 8. Coagulant activity of WSMoL as well as of calcium (A) and magnesium (B)
chlorides at 20 mM in presence and absence of lectin. The absorbance (optical density) at 500

nm was evaluated. Negative control corresponded to the suspension of kaolin. The values are
represented as the mean of three experiments + standard deviation.

Since the hemagglutinating activity of WSMoL was stimulated by ions while
coagulant activity was reduced it is possible that the cations induced conformational changes
in WSMoL that favored the binding to carbohydrates from erythrocyte surface but impaired
interaction with suspended kaolin particles.

Santos et al. (2011) suggested that coagulant activity of a M. oleifera seed extract was
due to adsorption and neutralization of charges. It is plausible that the addition of divalent
cations to the medium leads to a change on surface charge of WSMoL interfering with its
interaction with the suspended particles. It shoud be highlighted that WSMoL is an anionic

protein, differently from other coagulant proteins from M. oleifera, which are cationic. In this

sense the positive charge of divalent cations may be interacting with the predominant negative
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charges on WSMoL surface impairing its ideal conformation or liquid charge that allows the
coagulant action. Interestingly, the effects of divalent cations on coagulant activity cationic
components of M. oleifera seeds were distinct from that of WSMoL since the coagulant
activity of a salt-extracted coagulant was linked to interaction with divalent cations while ions
Ca*™ and Mg** did not improve the coagulant efficiency of cMoL (a cationic lectin) but also

not reduced it (Okuda et al., 2001; Santos et al., 2009).

4. Conclusions

Native WSMoL is an anionic protein whose structure is molecular arrangement
formed by 5 kDa subunits. The remarkable reduction in absorbance and electrical resistance
of kaolin suspension when treated with WSMoL can be connected to destabilization of
suspended particles followed by chemical interactions between the particles and lectin and
thus the formation of complexes WSMoL-particles. Despite favoring WSMoL binding to

carbohydrates on erythrocytes surface the ions Ca®* and Mg** damaged its coagulant activity.
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6. CONCLUSOES

*O extrato de sementes de M. oleifera, por conter uma mistura de agentes coagulantes,
revelou ser mais eficiente na remocao de particulas coloidais do que WSMoL isolada.

*WSMol nativa é uma proteina anidnica cuja estrutura ¢ um arranjo molecular
formado por subunidades de 5 kDa.

*O mecanismo da acdo coagulante de WSMoL provavelmente estd ligado a um
processo de desestabiliza¢do da suspensdo de particulas, seguido de interagdes quimicas entre
a proteina e as particulas e consequente formagao de complexos, resultando em reducdo da
turbidez e resisténcia elétrica do meio aquoso.

*A presenca de carboidratos inibidores da AH de WSMoL no meio aquoso resulta em
diminui¢do da atividade coagulante tanto dos agicares quanto da lectina.

*Apesar de favorecerem a ligacio de WSMoL aos carboidratos presentes na superficie
dos eritrécitos, cations Ca** e Mg”* prejudicaram sua atividade coagulante em modelo de

dgua turva com caolin.



