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RESUMO

Lectinas sdo proteinas ou glicoproteinas de origem ndo imunoldgica, que aglutinam
células e precipitam carboidratos e seus derivados sem alterar suas estruturas covalentes.
Neste trabalho foram extraidas 2 lectinas de Libidibia ferrea, planta com ampla
distribuicdo no Brasil e conhecida vulgarmente como pau-ferro, uma lectina foi extraida
da vargem de Libidibia ferrea var. ferrea (LifeFPL) e outra da entrecasca da Libidibia
ferrea var. leiostachya Benth (LifeLBL), O processo de obtencdo das lectinas puras
incluem: a extracdo das farinhas (vagens ou entrecascas) em NaCl 0,15 M, fracionamento
salino com sulfato de amdnio, e cromatografia de afinidade em quitina. Para a LifeFPL,
que ja foi previamente purificada e caracterizada, foi determinada a presenca de uma
atividade coagulante de particulas em agua. Quando incubada com o Caolin, LifeFPL
apresentou atividade semelhante ao controle positivo, sulfato de aluminio, apresentando
uma melhora significativa desta atividade quando o pH do meio encontra-se basico e
diminuindo sua atividade coagulante na presenca de ions. LifeLBL (lectina da entrecasca
de Libidibia ferrea var. leiostachya) foi caracterizada parcialmente através de ensaios da
inibicdo da atividade hemaglutinante, eletroforese (PAGE-SDS e 2D) e estudos de
fluorescéncia, além disso, realizou-se o perfil fitoquimico de preparacfes da planta e
determinou-se a atividade antioxidante dessas preparacdes e a afinidade a acidos himicos
(AHu). Houve uma diminuicdo significativa da AH de LifeLBL na presenca de acido
hamico. A LifeLBL continuou ativa ap6s aquecimento a 100 °C e apresentou duas bandas
por SDS-PAGE e cromatografia em gel filtracdo em Superdex 75-30 revelou dois picos
proteicos com 19 e 15 kDa. Na eletroforese 2D a massa molecular estimada foi de 20 e
15kDae o plde 4,53 e 5,14. A AH de LifeLBL foi inibida parcialmente por N-acetil-D-
glicosamina e totalmente por albumina bovina serica. Em relacdo aos AHu, a LifeLBL
teve sua afinidade por acido humico aumentada quando alcalinizado o meio e reduzida
na presenca de ions metalicos, provavelmente por modificacdo estrutural do AHu. Os
testes fitoquimicos revelaram que as amostras lectinicas da entrecasca de L. ferrea var.
leiostachya Benth apresentaram: proantocianidinas condensadas, taninos hidrossollveis
e flavandide, sendo que a amostra purificada por cromatografia de afinidade em quitina
foi isenta de componentes do metabolismo secundario. Em concluséo, uma lectina,
termoestavel (LifeLBL) foi parcialmente inibida por N-acetil-D-glicosamina e acido
himico, sendo obtida da entrecasca de L. ferrea por cromatografia de afinidade em
quitina. LifeLPL foi capaz de coagular particulas de caolin em suspensdo em agua. Os
resultados obtidos neste trabalho reforcam a importancia de se caracterizar proteinas e
ensaiar suas propriedades bioldgicas.

Palavras-chave: Libidibia férrea. Lectina. Caracterizagdo parcial. Acidos himicos.

Tratamento de agua.



ABSTRACT

Lectins are proteins or glycoproteins of non-immunological origin, which bind cells and
precipitate carbohydrates and their derivatives without changing their covalent structures.
In this work two lectins were extracted from Libidibia ferrea, a plant widely distributed
in Brazil and commonly known as ironwood, a lectin was extracted from the Libidibia
ferrea var. Ferrea (LifeFPL) and another of the bark of Libidibia ferrea var. Leiostachya
Benth (LifeLBL), The process of obtaining pure lectins includes: extraction of flours
(pods or skim) in 0.15 M NaCl, saline fractionation with ammonium sulfate, and chitin
affinity chromatography. For LifeFPL, which was previously purified and characterized,
the presence of a coagulant activity of particles in water was determined. When incubated
with Caolin, LifeFPL presented similar activity to the positive control, aluminum sulfate,
showing a significant improvement of this activity when the pH of the medium is basic
and decreasing its coagulant activity in the presence of ions. LifeLBL (Libidibia ferrea
var. Leiostachya) lectern was partially characterized by inhibition of hemagglutinating
activity, electrophoresis (PAGE-SDS and 2D) and fluorescence studies, and the
phytochemical profile of plant preparations And the antioxidant activity of these
preparations and the affinity to humic acids (HuA) were determined. There was a
significant decrease in LifeLBL AH in the presence of humic acid. LifeLBL continued
active after heating to 100 ° C and presented two bands by SDS-PAGE and gel filtration
chromatography on Superdex 75-30 revealed two 19 and 15 kDa protein peaks. In 2D
electrophoresis the estimated molecular weight was 20 and 15 kDa and the pl was 4.53
and 5.14. LifeLBL AH was partially inhibited by N-acetyl-D-glucosamine and entirely
by serine bovine albumin. In relation to HuA, LifeLBL had its affinity for increased
humic acid when alkalized the medium and reduced in the presence of metallic ions,
probably due to structural modification of HuA. The phytochemical tests revealed that
the lectin samples from L. caste var. Leiostachya Benth presented: condensed
proanthocyanidins, water soluble tannins and flavonoids, and the sample purified by
chitin affinity chromatography was free of components of secondary metabolism. In
conclusion, a thermostable lectin (LifeLBL) was partially inhibited by N-acetyl-D-
glucosamine and humic acid, and was obtained from L. ferrea binders by chitin affinity
chromatography. LifeLPL was able to coagulate kaolin particles in suspension in water.
The results obtained in this work reinforce the importance of characterizing proteins and
assaying their biological properties.

Key words: Libidibia ferrea. Lectin. Partial characterization. Humic acid. Water
treatment.
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INTRODUCAO

O fornecimento de agua potavel e tratamento de aguas residuais tornaram-se grandes
desafios em muitas partes do mundo (KOKABIAN & GUDE, 2013), pois as retiradas de agua para
usos diversos tém aumentado cerca de 2 a 3 vezes em comparagado ao crescimento populacional,
principalmente associadas com elevados padrdes de vida e altas taxas de urbanizagdo (GUDE,
2015). Além disso, a saude humana pode ser afetada pelo acesso inadequado a agua potavel,
especialmente em paises de baixa e média renda (KAYSER et al., 2015). A cada ano, milhdes de
criangas vao a Obito nesses paises, vitimas de infeccGes causadas por agua contaminada; é
necessario, entdo, para se adequar ao consumo humano, que a agua seja tratada, o que ocorre em
etapas sucessivas (coagulacdo, floculacdo, sedimentacéo, filtracdo e cloracdo) em estacdes de
tratamento (PATERNIANI et al., 2009).

A matéria organica natural (MON) é geralmente composta por uma variedade de
compostos organicos de diferentes pesos moleculares, sendo responsavel por odor, sabor e cor na
agua potavel e tém elevado potencial para formar subprodutos durante o processo de desinfec¢do
(DBPs, do inglés disinfection by-products) (YU & GREGORY, 2013; ZHU et al. 2014). A MON
é subdividida em dois grupos: o primeiro é chamado de substancias ndo humicas (proteinas,
aminoéacidos, carboidratos, acidos graxos, entre outros compostos organicos com caracteristicas
fisico-quimicas bem definidas) e o segundo é chamado de substancias humicas (acidos humicos,
acidos flavicos e himina). O acido humico (AHu) é constituido por macromoléculas policiclicas
aromaticas com uma variedade de grupos funcionais de elevada massa molecular e é responsavel
por cerca de 50-90% da matéria organica total de agua doce, além de ser reconhecido como o
principal gerador de DBPs (SHI et al., 2007). Assim, a remocao eficaz de AHu presente na dgua
tornou-se cada vez mais importante durante o tratamento de 4gua. Coagulacéo e floculagdo séo os
processos mais utilizados para remover AH e particulas coloidais em agua potavel, agua do mar e
aguas residuais (CHEKLI et al. 2015).

Os coagulantes mais utilizados em estacGes de tratamento sdo: sulfato de aluminio e cloreto
de polialuminio. Contudo, estudos tém mostrado que o aluminio pode induzir a doenca de
Alzheimer (FERREIRA et al., 2008), aumentando o interesse por coagulantes naturais de origem

vegetal, por esses geralmente apresentarem baixa toxicidade, serem biodegradaveis, possuirem
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baixo indice de producdo de lodos residuais e apresentarem baixo custo (CARVALHO, 2008;
PATERNIANI et al., 2009).

O Laboratério de Bioquimica de Proteinas do Departamento de Bioquimica da
Universidade Federal de Pernambuco (UFPE) vem investigando as potencialidades bioldgicas de
lectinas isoladas de plantas da regido da Caatinga em Pernambuco. Uma das plantas encontrada
neste bioma € a Libidibia (Caesalpinia) ferrea, que pertence a familia Fabaceae-Caesalpinioideae
(Caesalpiniaceae), sendo conhecida popularmente por pau-ferro ou juca (LORENZI, 2008). No
Nordeste, encontramos quatro subespécies de L. ferrea, sendo trés da Caatinga (L. ferrea (Mart.
ex Tul.) var. ferrea L.P.Queiroz, L. ferrea var. glabrescens (Benth.) L.P.Queiroz, comb. nov. e L.
ferrea var. parvifolia (Benth.) e uma da Mata Atlantica (L. ferrea var. leiostachya Benth.)
(QUEIROZ, 2009). O pau-ferro é bastante utilizado pela medicina popular, sendo suas diferentes

partes utilizadas no tratamento de varias doencas e sintomas.

As lectinas sdo proteinas ou glicoproteinas de origem ndo imunoldgica, que aglutinam
células e precipitam carboidratos e seus derivados sem alterar suas estruturas covalentes
(PEUMANS & VAN DAMME, 1995; ARREGUIN-ESPINOSA & ARREGUIN-LOZANO,
1997; ASHRAF & KHAN, 2003; WU et al., 2009, WANG et al., 2011). As lectinas apresentam
diferentes especificidades de reconhecimento de carboidratos. Quando devidamente
caracterizadas, podem servir aos mais diferentes propdsitos. Santos et al (2009, 2012) e Ferreira
et al (2011) realizaram experimentos de coagulacdo com lectinas purificadas de sementes de
Moringa oleifera e observaram que elas apresentam um bom potencial coagulante, podendo ser

utilizadas no tratamento da agua com elevada turbidez.

Sendo assim, a proposta deste estudo foi purificar e caracterizar lectina extraidas da
entrecasca de L. ferrea var. leiostachya e avaliar sua afinidade por substancias humicas, bem como
purificar uma lectina da vagem de L. ferrea var. ferrea e avaliar sua atividade coagulante em agua

turva.
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OBJETIVOS

Objetivos Gerais

e Purificacdo e caracterizacdo parcial de uma lectina extraida da entrecasca de Libidibia
ferrea var. leiostachya Benth e aplicacfes biologicas de uma lectina purificada da vagem

de L. ferrea var. ferrea L.P. Queiroz.

Objetivos Especificos

e Purificar a lectina da vagem de L. ferrea var. ferrea L.P. Queiroz (LifeFPL) e uma lectina
da entrecasca de L. ferrea var. leiostachya Benth (LifeLBL) através de cromatografia de

afinidade;

e Avaliar a composicdo fitoquimica de extrato metandlico (EM) da entrecasca de L. ferrea
var. leiostachya Benth, como de preparac6e lectinicas (extrato salino, fracdo proteica e

amostra cromatografada).

e Auvaliar a atividade hemaglutinante da LifeLBL em presenca de diferentes eritrdcitos, ions,

valores de pH e temperaturas;

e Caracterizar LifeLBL por eletroforese unidimensional e bidimensional em condigOes

desnaturantes (SDS-PAGE) e espectroscopia de fluorescéncia;

e Avaliar a inibicdo da Atividade Hemaglutinante de LifeLBL na presenca de diferentes

carboidratos;

¢ Avaliarainibicao da Atividade Hemaglutinante da lectina da entrecasca de Libidibia ferrea

var. leiostachya Benth na presenca de acidos humicos;
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Avaliar o efeito de ions metalicos e diferentes valores de pH sobre a acdo dos &cidos

hdmicos na AH de LifeLBL;

Pesquisar a presenca de atividade antioxidante de LifeLBL, bem como das preparacdes da

entrecasca de L. ferrea var. leiostachya Benth;

Averiguar a presencga de fator de protecédo solar (FPS) nas preparacOes da entrecasca de L.
ferrea var. leiostachya Benth;

Quantificar a fendis totais e flavanoides das preparacfes da entrecasca de L. ferrea var.

leiostachya Benth;
Determinar a atividade coagulante de LifeFPL na presenca de Caolin.

Determinar graus de hemolise in vitro em eritrocitos humanos do tipo O, tratados com
LifeFPL.
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CAPITULO 1

FUNDAMENTACAO TEORICA

1. Lectinas: Pequeno Historico, Definicdo e Classificacao

Desde meados do século 19, é conhecida a ocorréncia na natureza de proteinas aglutinantes
de eritrécitos. Nos anos 60, notou-se que essas proteinas (as lectinas) poderiam aglutinar outros
tipos de células e que algumas delas eram especificas para determinados tipos de carboidratos. A
partir da década de 70 essas proteinas ganharam maior importancia, pois foi demonstrado que elas
eram ferramentas extremamente Uteis para a investigacao de carboidratos em superficies celulares
(em particular as alteracdes de carboidratos que sofrem as células ao se tornarem malignas), assim
como eram eficientes para isolamento e caracterizacdo de glicoproteinas. Nos anos seguintes,
numerosas lectinas foram isoladas de plantas, microrganismos e animais, sendo descritas diversas
atividades bioldgicas e aplicacfes dessas proteinas (SHARON & LINS, 2004).

Podemos definir lectinas como proteinas de origem nao-imune que possuem pelo menos
um dominio ndo catalitico, que se liga especificamente e reversivelmente a diferentes tipos de
mono ou oligossacarideos, sem alterar as suas estruturas covalentes, podendo ou ndo conter sitios
cataliticos (RUDIGER & GABIUS, 2001; ZHANG et al., 2009; WANG et al., 2011). Devido a
sua habilidade de interagir com carboidratos, essas lectinas podem interagir com componentes
glicidicos presentes na superficie de células e tecidos provenientes dos mais diversos seres vivos
(GUZMAN-PARTIDA et al., 2004). As lectinas sdo o tipo de fatores anti-nutricionais mais

predominantes em leguminosas e cereais (HE et al., 2014).

Comumente, a presenca de lectinas em materiais biologicos é avaliada através de suas
capacidades de aglutinar eritrocitos. O processo denominado de aglutinacéo se deve ao fato das
lectinas promoverem a formacao de ligacGes cruzadas entre células adjacentes quando interagem
com glicoconjugados da superficie de células diferentes, formando a rede de aglutinagdo (FIGURA
1 A) (PEUMANS &VAN-DAMME, 1995; ALONSO et al., 2001; SANTOS et al., 2013).
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Eritrocito

Eritrécito

Lectina ligada ao
carboidrato
especifico

Rede de Hemaglutinagao

Figura 1: Esquema do ensaio de atividade hemaglutinante (AH) e inibi¢do da AH. (A) a amostra lectinica
induz hemaglutinacdo através da ligagdo aos carboidratos da superficie celular dos eritrécitos (CSE). (B) A inibigao
da AH ocorre quando uma amostra lectinica é incubada com carboidratos previamente a adicdo dos eritrocitos; a
ligacdo aos carboidratos especificos (CE) a lectina impede a formacéo da rede de hemaglutinacdo. FONTE: SANTOS
et al. (2013).

Todavia, para comprovar gque o agente hemaglutinante € uma lectina, se fazem necessarios
ensaios de inibicdo da atividade hemaglutinante (FIGURA 1 B). O ensaio de inibicdo da AH,
utilizando diferentes carboidratos, serve para a andlise da especificidade de uma lectina
(CAVADA et al., 2000; KAWAGISHI et al., 2001). Os acucares simples, glicoconjugados ou
polissacarideos livres competem com os carboidratos presentes na superficie dos eritrdcitos pela
ligacdo a lectina (GABOR et al., 2001; NG & YU, 2001).

Baseado nas suas especificidades de ligacdo por monossacarideos, as lectinas podem ser
divididas nos grupos ligadores de: (a) glicose e manose, (b) manose, (c) D-galactose, (d) N-
acetilglicosamina ou (e) acido sialico (WONG & NG, 2006). A classificacdo das lectinas de acordo
com sua especificidade por carboidratos € baseada no monossacarideo que causa a maior inibigédo
da aglutinacdo de eritrocitos induzida pela lectina, ou na precipitacdo de polimeros que contém
carboidratos (HAJTO et al., 2005). Contudo, a classificacdo das lectinas por afinidade de ligacio

a carboidratos varia bastante na literatura. Esta especificidade pode ser relacionada também aos
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demais monossacarideos como fucose e também aos oligossacarideos complexos, além da
especificidade por glicoproteinas (GUZMAN-PARTIDA et al., 2004).

De acordo com Peumans e Van Damme (1995) podemos classificar as lectinas de acordo
com sua estrutura geral, propriedades de aglutinacéo e precipitagdo, em trés grupos: merolectinas,
hololectinas e quimerolectinas. As merolectinas sdo proteinas que apresentam um Unico
dominio de ligacdo a carboidrato (monovalentes), e portanto, sdo incapazes de precipitar
glicoconjugados ou aglutinar células. As hololectinas séo exclusivamente formadas por dominios
de ligacdo a carboidratos, porém apresentam dois ou mais desses dominios, idénticos ou
homdlogos. Esse é o grupo ao qual pertencem as maiorias das lectinas, as quais possuem multiplos
sitios de ligacdo e por isso sdo capazes de aglutinar células e precipitar carboidratos.
Quimerolectinas sdo proteinas de fusdo que possuem dominio(s) de ligacdo a carboidrato
arranjado(s) com um dominio ndo relacionado, podendo ter atividade catalitica bem definida ou
outra atividade bioldgica, atuando independentemente do dominio de ligag&o a carboidrato.

Posteriormente, Peumans e Van Damme (1998a) introduziram um novo termo nesta
classificacdo: as superlectinas, que sdo proteinas com dois sitios de ligacdo especificos a
carboidratos estruturalmente diferentes, ou seja, capazes de reconhecer dois carboidratos
diferentes. Um exemplo de superlectina é a encontrada no bulbo da tulipa, a qual possui dois sitios,
um especifico para manose e o0 outro especifico para N-acetilgalactosamina (PEUMANS & VAN
DAMME, 1998).

Lectinas sdo amplamente distribuidas na natureza, sendo encontradas em microrganismos,
plantas, animais e humanos, atuando como mediadores de Vvarios eventos bioldgicos cruciais de
reconhecimento proteina-carboidratos, assim como na comunicagdo celular, interacdo parasita-
hospedeiro, metéstase, inflamacdo, etc (CAVADA et al., 2001; SHARON, 2007).

Muitas lectinas de sementes sdo proteinas secretadas, o que significa que elas entram no
sistema secretor e, posteriormente, acumulam-se em vacuolos, na parede da célula ou em espacos
intercelulares. Por exemplo, as lectinas concanavalina A, aglutinina de soja, fitohemaglutinina,
lectina de ervilha e favina estdo todas presentes em niveis bastante elevados, acumuladas em
vacuolos nos cotilédones (8-10% da proteina total), e em niveis mais baixos nos eixos
embrionarios das sementes. Estas lectinas séo sintetizadas durante o desenvolvimento da semente
em conjunto com as mais abundantes proteinas de armazenamento (NASI et al., 2009). As lectinas
podem desempenhar um papel importante nos mecanismos de defesa das plantas contra o ataque

de fungos e insetos, principalmente as lectinas que se ligam a quitina, um polissacarideo de N-
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acetilglicosamina, que constitui um elemento estrutural importante na parede celular de muitos
fungos fitopatogénicos, bem como do exoesqueleto e do trato digestivo dos insetos (BUUL et al.,
2014).

A maioria das lectinas que foram investigadas profundamente tém sido isoladas de plantas,
particularmente de membros da familia Fabaceae (Leguminosae). Lectinas de legumes sdo um
grupo amplo de proteinas que compartilham um alto grau de semelhanca estrutural com
especificidades aos carboidratos distintos (TEIXEIRA et al., 2012). A familia Fabaceae é
subdividida em 3 subfamilias: Faboidae (Papilionoideae), Caesalpinoidae (ou Caesalpiniaceae) e
Mimosoideae (ou Mimosaceae). As leguminosas sdo de enorme importancia para a alimentagéo
humana, sendo culturas cruciais para a agricultura sustentavel, além de fornecerem celulose para
producdo de papel e madeira para producédo de carvao, constituirem fontes de produtos quimicos
e medicamentos, sendo, também, cultivadas como ornamentais, usadas como cercas vivas e aceiros
(MOREL et al., 2012).

1.1. Extracdo, Isolamento e Caracterizacdo Estrutural de Lectinas

As proteinas de plantas sdo geralmente extraidas em solugdes e tampdes aquosos, obtendo-
se assim o extrato bruto que é, entdo, clarificado por centrifugacdo; As proteinas presentes no
extrato sdo fracionadas por meio de precipitacdo como, por exemplo, utilizando saturacdo por
sulfato de amonio. A purificacdo de proteinas se faz atraves de técnicas cromatogréaficas de acordo
com a massa molecular (cromatografia de filtracdo em gel), carga ibnica (cromatografia de troca
ibnica) ou afinidade de ligacdo (cromatografia de afinidade) (NELSON & COX, 2011).

Aproveitando-se da afinidade especifica para carboidratos (ou glicoproteinas), as lectinas
de plantas sdo mais facilmente isoladas por cromatografia de afinidade, utilizando-se fases
estacionérias contendo derivados de agucares ou agucares imobilizados (COELHO et al., 2012). O
esquema apresentado na figura 2 ilustra o principio desse método, onde dentre varias substancias
presentes no extrato ou fracdo proteica, apenas a lectina deve se ligar a matriz (suporte). As
moléculas que possuem nenhuma ou baixa afinidade com a matriz passam pela coluna sem serem

retidas. Apos a ligacdo ao suporte, as lectinas sdo eluidas por deslocamento competitivo da coluna
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por um tamp&o contendo uma alta concentracéo de agucar competidor ou mesmo por alteracdo do
pH e/ou forca ibnica do meio, tornando o complexo lectina-matriz menos estavel, que leva a sua
dissociacdo (COLLINS et al., 2006).
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A mistura proteica é adicionada a
coluna que contém um polimero
contendo o ligante especifico para
a proteina de interesse

‘* Lectina _ Proteinas A proteina de
indesejaveis interesse ¢é eluida
— pela solugéo do
Ligante ligante

+ Matriz Polissacaridica

Figura 2. Isolamento de lectina através de cromatografia de afinidade. As proteinas que se ligam especificamente
ao suporte polissacaridico sdo as lectinas. As proteinas ndo-adsorvidas sdo lavadas da coluna e a lectina é eluida por
uma solucgéo contendo o ligante livre. FONTE: AUTOR.

Lectinas especificas para glicose/manose e seus derivados podem ser purificadas com o
uso de géis de dextranas, comercialmente disponiveis como Sephadex (KOSHTE et al.,1990).
Aguelas com especificidade para galactose, podem ser isoladas usando suportes comercializados
como Sepharose (ZHOU et al., 2014) e goma guar (SILVA et al., 2012). As lectinas especificas
para N-acetil-D-glicosamina e seus oligossacarideos, podem ser isoladas empregando-se como
suporte de afinidade a quitina (CARVALHO et al., 2015).

Um refinamento de métodos de cromatografia é a cromatografia liquida de alta eficiéncia

(HPLC, do inglés high-performance liquid chromatografy), onde sdo utilizadas bombas de alta
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pressdo que aceleram o movimento das moléculas de proteina atraves da coluna, reduzindo o
tempo de transito. O HPLC pode limitar o espalhamento difusional das bandas de proteinas e assim
aumentar significantemente a resolucdo (NELSON & COX, 2011).

Em todas as etapas de purificacdo das lectinas deve-se realizar tanto a AH (para verificar
se a molécula continua ativa - teste qualitativo) quanto a dosagem proteica (para demonstrar a
eficiéncia do método utilizado para purificacdo — teste quantitativo). Sao utilizados varios métodos
fotocolorimétricos para quantificar proteinas, dentre eles, podemos citar: método de biureto
(GORNALL et al., 1949), método de Lowry (LOWRY et al.,, 1951), o método de Bradford
(BRADFORD, 1976), método de Smith (SMITH et al., 1985), e medi¢do da absorcdo de
ultravioleta por proteinas (STOSCHECK, 1990; ZAIA et al., 1998).

Ap0s o isolamento, realiza-se a caracterizacdo por meio da determinacdo de diferentes
propriedades fisico-quimicas da lectina, o que envolve métodos diversos como avaliacdo da AH
com eritrocitos de diferentes espécies animais (coelho, galinha, sistema sanguineo ABO), bem
como em presenca de ions e apds incubacao em diferentes valores de pH e temperatura (COELHO
& SILVA, 2000; OLIVEIRA et al., 2008). Os ensaios hemaglutinantes modificando-se o pH do
meio Sd0 necessarios para caracterizar a epecificacdo da ligacdo a carboidratos e/ ou
glicoconjugados. Ensaios realizados com a presenca ou auséncia de diferentes ions sdo necessarios
para a determinacdo da dependéncia ou nao das lectinas por ions para exercerem suas atividades
bioldgicas. Algumas lectinas de leguminosas contém Mn?* e Ca?* como elementos essenciais para
sua atividade. Como exemplo, a lectina de E. speciosa é uma metaloproteina que contém Mn?* e
Ca?* e, quando tratada com agente quelante sua AH é totalmente abolida sendo a mesma restaurada
apos adicdo desses ions (KONOZY et al., 2003).

A estabilidade térmica das lectinas é bastante varidvel e pode ser testada atraves da
determinacdo da determinacdo da AH de uma lectina ap0s aquecimento ou resfriamento em
diferentes temperaturas. Lectinas de diversas fontes mostraram-se estaveis apds serem mantidas
congeladas por meses ou anos, apos sucessivos congelamentos e descongelamentos (CORREIA
& COELHO, 1995) ou mantidas por poucos dias em temperatura ambiente (RAY et al., 1992).
Algumas lectinas apresentam estabilidade de atividade hemaglutinante mesmo em elevadas
temperaturas como é o caso da lectina coagulante de Moringa oleifera (cMoL) que foi capaz de

aglutinar eritrécitos mesmo apos ter sido aquecida a 100°C por 7 horas (SANTOS et al., 2009).

Conforme mencionado anteriormente, a AH de uma lectina pode ser inibida por um

carboidrato especifico. O teste é chamado de ensaio de inibi¢ao da atividade e € importante para a



21

determinacédo da especificidade de uma lectina (MARQUES & BARRACCO, 2000; HAMID et
al., 2013). O teste é realizado com monossacarideos simples ou carboidratos complexos. Muitas
lectinas ndo se ligam a mono ou dissacarideos, mas requerem glicanos complexos ou
glicoconjugados para inibicdo da AH (PEUMANS & VANDAMME, 1998a,b).

Para a caracterizacdo fisico-quimica de lectinas puras, pode ser realizada eletroforese em
gel de poliacrilamida (PAGE) contendo SDS, que sob condicdes redutoras, revela o grau de pureza,
a composicdo e a massa molecular de subunidades (REYNOSO-CAMACHO et al., 2003). A
eletroforese bidimensional (2D-PAGE) pode ser uma ferramenta Gtil na caracterizagdo fisico-
quimica de lectinas, através dela pode-se determinar o ponto isoelétrico de uma proteina, bem
como a massa molecular. A caracterizacao fisico-quimica de lectinas é importante para explicar

suas funcdes em diferentes processos bioldgicos (CORREIA et al., 2008).

Uma outra forma de caracterizacao de lectinas € a caracterizacdo estrutural, onde se pode
determinar a estrutura tridimensional da molécula proteica. Assim como para as demais proteinas,
essa estrutura pode ser obtida por meio da cristalografia por raios-X, microscopia crioeletrénica e
espectroscopia por RNM. A estrutura priméaria pode ser obtida por degradacdo de Edman. A
cristalografia por raios-X fornece as estruturas mais detalhadas, mas requer a cristalizagdo da
proteina, 0 que muitas vezes ndo € possivel. A microscopia eletrénica € mais utilizada para grandes
complexos proteicos dificeis de cristalizar. Apenas proteinas relativamente pequenas sdo
adequadas para analise por RMN (LODISH, 2005; FERREIRA et al., 2013).

Pesquisas em estruturas de biomoléculas sdo potencialmente Uteis para resolver problemas
bioguimicos e para eventuais desenvolvimentos de novos agentes terapéuticos (SILVA-LUCCA
et al., 2006). As interacdes carboidrato-lectina, bem como sua afinidade, tém sido elucidadas e
discutidas com bastante precisdo gracas ao arsenal de técnicas como modelagem, RNM, micro
calorimetria e mapeamento quimico de complexos de um ligante com diferentes lectinas; ainda,
microarrays contendo diferentes carboidratos podem ser utilizados além de eletroquimica
(RUDIGER et al., 2000; HAYASHIDA et al., 2003; NEUMANN et al., 2004, OLIVEIRA et al.,
2008; ZHANG et al., 2013).



22

1.2. Aplicacdes Bioldgicas das lectinas

No laboratorio, as lectinas sdo usadas para obter conhecimentos em processos biologicos
essenciais, incluindo a proliferacdo celular, apoptose, metastase de células neoplasicas, trafego e
migracdo de leucdcitos, e especialmente infeccdo microbiana (BUUL et al., 2014). As lectinas sdo
amplamente utilizadas para o estudo de glicoconjugados em solucéo e na superficie de células
(SHARON, 2008), bem como sdo utilizadas como ferramentas para novas técnicas, tais como
microarrays para a analise de glicanos e glicoproteinas (HU et al., 2012), e em novas técnicas para
armazenamento de dados, em que os hidratos de carbono s&o utilizados como hardware para
codificagéo de informagfes (GABIUS et al., 2011).
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Figura 3: Exemplos de aplicag@es biotecnoldgicas das lectinas: aglutinacdo de células e tipagem sanguinea,
fracionamento de células, identificagdo e selecdo de células mutantes com glicosilacdo alterada, células tumorais,
caracterizacdo histoquimica, purificacdo e caracterizacdo de glico-conjugados, moléculas para producdo de
lipossomas furtivos, entre outras. Adaptado: CUMMINGS & ETZLER (2009).

Também s&o usadas como uma ferramenta bioinseticida (OLIVEIRA et al., 2011), para a
identificacdo de antigenos ocultos de Fasciola hepatica (MCALLISTER et al., 2011), para a

inducdo de apoptose de células T (SAKAI et al., 2011) e para o diagnostico de infec¢bes por
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microrganismos (GEMEINER et al., 2009). Além disso, devido as suas propriedades de ligacdo a
carboidratos, as lectinas tém sido amplamente utilizadas para a purificagcdo de glicoconjugados
(CUMMINGS, 2008), investigacio e monitoramento de mecanismos moleculares
(HIRABAYASHI et al., 2013) e a entrega ou direcionamento de drogas (JAIN etal., 2012) (Figura
3).

Na literatura, sdo descritas utilizacOes terapéuticas para as lectinas para diversas doencas,
tais como agentes antivirais contra o virus da imunodeficiéncia humana (ZIOLKOWSKA &
WLODAWER, 2006), da hepatite C (TULLIS et al., 2009), do cancro (LEGNANI, 2008) e da
influenza A (CHANG et al., 2011). Assim, varias aplicacGes préaticas tem sido encontradas para as

lectinas a partir de suas caracteristicas biologicas especificas.

2. Libidibia ferrea

Libidibia (Caesalpinea) ferrea, planta que pertence a familia Fabaceae, da sub-familia
Caesalpinioidae, ¢ conhecida popularmente como “pau-ferro” ou “juca” (BRAGANCA et al.,
1996; LORENZI, 2008). Libidibia ferrea pertence a um grupo de espécies muito semelhantes que
se distribui principalmente em florestas secas do Neotrdpico. L. ferrea, particularmente, apresenta
uma variacdo intraespecifica extremamente complexa e dificil de interpretar, com muitos
intermediarios entre ela e outras espécies afins. O conceito atual €, praticamente, 0 mesmo
apresentado por Bentham (1870) que incluiu em L. ferrea os espécimes do leste do Brasil, com
quatro variedades (FORD 1995, como Caesalpinia). Segundo Queiroz (2009), trés destas
variedades ocorrem na Caatinga (Libidibia ferrea (Mart. ex Tul.) var. ferrea L.P.Queiroz,
Libidibia ferrea var. glabrescens (Benth.) L.P.Queiroz, comb. nov. e Libidibia ferrea var.
parvifolia (Benth.) L.P.Queiroz, comb. nov.) e a quarta (Libidibia ferrea var. leiostachya Benth.)

€ mais caracteristica da Mata Atlantica.

A variedade ferrea estd morfologicamente representada na Figura 4. Esta planta apresenta-
se com 10 a 15 metros de altura, com tronco fenestrado e curto, revestido por casca em placas finas
e ramos pouco lenticelados. As folhas s@o alternas espiraladas, compostas e bipinadas. As flores
sdo amarelas, dialipétalas, dispostas em paniculas apicais e axiliares. O fruto € uma vagem
indeiscente, muito dura, marrom, contendo poucas sementes por fruto. E uma &arvore bastante

ornamental, principalmente por sua copa arredondada, baixa e rala e pelo florescimento
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exuberante; pode ser empregada na arborizagdo de ruas e avenidas. Apresenta ampla disperséo,
porém geralmente em baixa densidade populacional (LORENZI, 2008).

Figura 4: Aspecto morfolégico da Libidibia (Caesalpinea) ferrea var. ferrea; arvore (A); flores e folhas
(B); vagem (C); sementes (D); tronco viséo externa (E); tronco visdo interna (F) fonte: Lorenzi (2008)

A Figura 5 representa o aspecto morfologico da variedade leiostachya. Apresenta-se com
20-30 m de altura, com tronco pouco fenestrado, liso e marmorizado, revestido por uma casca com
ritidoma laminado. Os ramos novos séo letincelados e as folhas compostas bipinadas. As flores
sdo encontradas em paniculas terminais e sdo amarelas. O fruto é uma vagem lustrosa e
indeiscente. Devido a facilidade com que seus ramos sdo quebrados pelo vento, o plantio dessa
arvore deve ser evitado em locais de grande movimentacdo. Ocorre preferencialmente em varzeas
e fundo de vales onde o solo é fresco e imido. Apresenta dispersdo irregular, quase sempre em
baixa densidade populacional (LORENZI, 2008).

As variedades da L. ferrea apresentam uma multiplicidade de usos: ornamental, podendo
ser aproveitada para plantios em areas degradadas; podem ser utilizadas na construcao civil (como
vigas, esteios, estacas), por ter madeira de cerne muito duro, de fibras reversas, o0 que da origem
ao nome popular da espécie; sdo utilizadas como lenha e na carpintaria (PENNA, 1946; PIO
CORREA, 1984; LORENZI, 2008). Na medicina popular encontram-se varios usos para L. ferrea,
sendo suas diferentes partes utilizadas no tratamento de varias doengas e sintomas. Em face de sua
importancia ethomédica, o Ministério da Saude brasileiro incluiu esta espécie na Lista Nacional
de Plantas Medicinais importantes para o Sistema de Saude (VASCONCELOS et al., 2004).
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Figura 5: Libidibia (Caesalpinea) ferrea var. leiostachya.
(A) Aspecto geral. (B) Folhas. (C) Vagem. (D) Sementes. (F) Entrecasca. (G) Madeira. Fonte: LORENZI,
2008.

Um estudo fitoquimico preliminar realizado Gonzélez et al. (2004) identificou no extrato
hidroalcodlico do caule da planta a presenca de flavondides, taninos, cumarinas, esterdides e
derivados antracénicos. O pauferrol A, um derivado de chalcona isolado da casca de L. ferrea,
apresentou importante inibicdo da DNA-topoisomerase Il e inducdo da apoptose de células
leucémicas (NOZAKI et al., 2007). Em 2014, Aradjo et al. encontraram acido galico e catequinas
nos extratos aquosos da entrecasca de L. ferrea (Mart.) var. ferrea; além disso, observaram
atividade antimicrobiana de amplo espectro para bactérias gram positivas e gram negativas, bem
como, atividade antinflamatdria e analgésica. Menezes et al. (2007) demonstraram que o extrato
aquoso da casca de L. ferrea promoveu vasodilatacdo da artéria mesentérica de ratos. A casca de
L. ferrea apresentou atividade cicatrizante em lesfes cutaneas de caprinos (OLIVEIRA et al.,
2010) e apresentou atividade hipoglicémica em ratos Wistar (VASCONCELOS et al., 2011).
Extratos e fracGes polissacaridicas de vagens de L. ferrea exibiram potente atividade anti-
inflamatoria (PEREIRA et al., 2012).

Além disso, tem sido demonstrado que extratos aquosos de sementes da planta possuem

atividades enzimaticas (celulase e amilase), atividades anticoagulantes e potencial atividade contra



26

larvas de Aedes aegypti (CAVALHEIRO et al., 2009). Extratos etandlicos da vagem de L. ferrea
apresentaram atividade antinflamatoria e analgésica em camundongos (LIMA et al., 2012).
Extratos hidroalcoodlicos da vagem de L. ferrea apresentaram atividade antioxidante e capacidade
de protecdo de DNA contra danos induzidos por radicais hidroxilas (DA SILVA et al., 2011).
Foram isolados parcialmente inibidores de tripsina de extratos aquosos de sementes de L. ferrea,
com atividade antifungica contra fungos fitopatégenos (BARIANI et al., 2012). Extratos aquosos
da entrecasca e vagem de L. ferrea apresentaram atividade antioxidante e hepatoprotetora, e
estudos cromatograficos demonstraram a presenca de compostos fendlicos, principalmente o acido
galico e epicatequina (BARROS et al., 2014).

A utilizacdo e a comercializacdo de extratos aquosos e alcoolicos, farinha de diversos
tecidos e da vagem de C. ferrea para aplicacfes na medicina popular desperta o interesse desta
planta para estudos biotecnoldgicos (XIMENES, 2004). Lectinas com atividades antimicrobianas
dos diferentes tecidos (vagem, folha e entrecasca) de L. ferrea foram purificadas no Laboratério
de Bioguimica de Proteinas — CCB/UFPE. A lectina purificada da vagem de L. ferrea (LifePL)
mostrou-se pura apds cromatografia, ndo sendo observados contaminantes do metabolismo
secundario, além de apresentar atividade antifngica, antibacteriana e inseticida (XIMENES,
2009). Extratos e fragdo proteica da vagem de L. ferrea exibiram atividade anti-inflamatoria,
antinociceptiva, artemicida e moluscicida, antibacteriana e antifingica de amplo espectro
(FREITAS et al., 2012).

3. Antioxidantes

As reacOes oxidativas e 0 processo respiratorio, que ocorrem nas células aerobicas, levam
a formacdo de radicais livres, que sdo danosas ao organismo e contribuem para o aparecimento de
muitas efermidades, tais como: inflamagdes, tumores malignos, mal de Alzheimer e doencas
cardiovasculares, além de acelerarem o processo de envelhecimento (SIKORA et al., 2008). Por
iSS0, para alcangar uma protegéo eficiente, o organismo humano desenvolveu sistemas de defesa
para lidar com o estresse oxidativo. Essa defesa inclui sistemas enzimaticos (superoxido

dismutase, catalases, glutationa peroxidase e sistemas tio redox) e sistemas ndo-enzimaticos
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(glutationa, a bilirrubina, os horménios sexuais estrogénicos, o &cido Urico, a coenzima Q, a

melanina, a melatonina, o a-tocoferol e o acido lipdico) (McLEAN et al., 2005).

Os antioxidantes sdo substancias que em baixas concentracdes, através de um ou mais
mecanismos retardam ou previnem a velocidade da oxidagédo, prevenindo o desenvolvimento de

muitas doencas e contribuindo para uma maior longevidade (MORAES, 2013).

Os principais antioxidantes encontradas nos alimentos vegetais sdo as vitaminas C e E, 0s
carotenoides e os compostos fendlicos, especialmente os flavonoides. Esses antioxidantes
absorvem radicais livres e inibem a cadeia de iniciacdo ou interrompem a cadeia de propagacéo
das reacOes oxidativas promovidas pelos radicais (PODSEDEK, 2007). Além da ingestdo de frutas
e vegetais, que sdo recomendados como fontes de compostos antioxidantes, acredita-se que a
suplementacdo da dieta com ervas, contendo altas concentracdes de compostos capazes de
desativar radicais livres, tenha também efeitos benéficos (CAPECKA; MARECZEK; LEJA,
2004). Estudos epidemioldgicos mostraram haver uma estreita correlacdo entre o consumo de
frutas e uma reducdo no risco de doencas cronicas. Acredita-se que a combinagdo de vitaminas,
minerais, compostos fendlicos antioxidantes e fibra seja responsavel pelo efeito desejado.
(VASCO; RUALES; KAMAL-ELDIN, 2008).

As substancias antioxidantes podem agir em diversas etapas do processo oxidativo e sdo
classificadas, segundo seu mecanismo de acdo, em duas categorias principais: antioxidantes
primarios e secundarios. Sdo considerados primarios os compostos de a¢ao antioxidante capazes
de inibir ou retardar a oxidacdo por inativacdo de radicais livres, através da doacao de atomos de
hidrogénio ou de elétrons, estabilizando os radicais. Os antioxidantes secundarios apresentam uma
grande variedade de modos de acdo: ligacdo de ions metalicos (alteracdo de valéncia); inativacdo
de espécies reativas de oxigénio (ERO), conversdo de hidroperdxidos em espécies ndo-radicalares
ou absor¢éo de radiacdo UV (MAISUTHISAKUL; SUTTAJIT; PONGSAWATMANIT, 2007).

A busca por antioxidantes naturais para produtos alimenticios, cosméticos e farmacéuticos
vem representando um importante desafio para a pesquisa industrial (LAGUERRE; LECOMTE;
VILLENEUVE, 2007). Os vegetais possuem dois tipos de metabdlitos: primarios e secundarios.
Enquanto os metabdlitos primarios respondem pela sobrevivéncia do vegetal, exercendo funcao
ativa nos processos de fotossintese, respiracdo e assimilacdo de nutrientes; os metabolitos
secundarios estdo intimamente associados a estratégias de defesa das plantas (NASS, 2007). Além

disso, por apresentarem atividade bioldgica contra herbivoros e microrganismos, por ex., muitos
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desses metabdlitos sdo utilizados como inseticidas, fungicidas, etc. (TAYS; ZEIGER, 2004). Os
principais metabolitos secundarios sdo distribuidos em trés grupos de acordo com sua rota
biosintética: terpenos, compostos fenolicos e compostos contendo nitrogénio (TAYZ; ZEIGER,
2004).

Os compostos fenolicos existentes nas plantas atuam protegendo-as contra injurias em seus
tecidos, contra a acdo de subprodutos provenientes da fotossintese que podem causar danos e
também contra plantas herbivoras. Muitos desses compostos tém similaridades quanto a estrutura
molecular basica, em que todos possuem pelo menos um anel aromatico com um grupo hidroxila
ligado a ele, incluindo, principalmente, os acidos fendlicos e flavonoides, que conferem defesa
contra o ataque de radicais livres (SUCUPIRA et al., 2012). Possuem estrutura variavel e existem
cerca de cinco mil fendis, dentre eles, destacam-se os flavondides, acidos fendlicos, fendis simples,
cumarinas, taninos, ligninas e tocoferdis (SHAHIDI & NACZK, 1995). Os fendlicos englobam
desde moléculas simples até moléculas com alto grau de polimerizacdo. Estdo presentes nos

vegetais na forma livre ou ligados a agucares (glicosidios) e proteinas (BRAVO, 1998).

Substancias antioxidantes naturais provenientes de frutas e vegetais ganharam um interesse
crescente entre os consumidores e a comunidade cientifica, pois estudos epidemiolégicos
indicaram que o consumo frequente de recursos naturais antioxidantes esta associado com um
menor risco de desenvolvimento diversas doencas (THAIPONG et al., 2006; TEMPLE, 2000).

3.1. Métodos de Determinacdo da Atividade Antioxidante

Os métodos que determinam a atividade antioxidante sdo classificados em dois grupos: o
primeiro se baseia na captura de radicais livres (indireto); o segundo, na determinagdo da oxidacao
de uma molecula alvo (direto) (Sucupira et al., 2012). A capacidade antioxidante pode ser expressa
por meio de varios parametros, incluindo a remogdo de um radical: ORAC (oxygen radical
absorbance capacity), TRAP (total reactive antioxidant potential); a capacidade de reducédo de
metal: FRAP (ferric reducing antioxidant Power) e CUPRAC (cupric ion reducing antioxidant
capacity); a capacidade de remocdo de radical orgéanico: ABTS — (2,20-azino-bis (acid 3-
ethylbenzthiazoline-6-sulfénic) ) e DPPH (2,2-difenyl-1-picrylhydrazil); e a quantificacdo de
produtos formados durante a peroxidacao de lipideos: TBARS, a oxidacdo do LDL, co-oxidacéo
do B-caroteno (SUCUPIRA et al., 2012; SANCHEZ-MORENO et al., 1998).
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As metodologias para a determinacdo da capacidade antioxidante sdo numerosas e podem
estar sujeitas a interferéncias, além de se basearem em fundamentos diversos. Dessa forma,
levando-se em conta os pontos fortes, pontos fracos e aplicabilidade de cada tipo de ensaio,
atualmente preconiza-se a utilizacdo de duas ou mais técnicas, j& que nenhum ensaio usado
isoladamente para determinar a capacidade antioxidante ira refletir exatamente a “capacidade
antioxidante total” de uma amostra (DE OLIVEIRA et al., 2009; PRIOR et al., 1999; SANCHEZ-
MORENO et al., 1998). Nesse sentido, observa-se que os métodos de analises de atividade
antioxidante in vitro tém se tornado relevantes, uma vez que auxiliam na busca por substancias

bioativas, bem como na selecdo de matéria-prima para estudo.

4. Tratamento da aqua

A agua é uma substancia natural essencial para a vida, sendo constituinte mais abudante na
maioria dos organismos. Todos 0s seres vivos necessitam de dgua doce para sua sobrevivéncia,
entretanto, agua doce corresponde menos de 3% de agua da superficie terrestre e apenas uma
pequena percentagem (0,01%) desta agua esta disponivel para uso humano (HINRICHSEN &
TACIO, 2002).

Devido as suas caracteristicas fisico-quimicas, a &gua ndo se encontra em estado puro na
natureza. Como contaminantes de agua temos: microrganismos patogenos (bactérias, virus e
protozoarios), 6leos, ions (nitratos, fosfatos, sulfatos, Ca*2, Mg*? e F), poluentes inorganicos
(&cidos, sais e metais toxicos), produtos toxicos (pesticidas, desinfetantes, produtos farmacéuticos,
reagentes quimicos, elementos radioativos) que sdo provenientes de diversas fontes (AZIZULLAH
et al.,, 2011, ZHICONG et al., 2011, JEAN et al., 2012). Para que possa ser consumida, sem
apresentar riscos a saude, ou seja, tornar-se potavel, a agua tem que ser tratada, limpa e

descontaminada.

A coagulacdo, floculagdo, decantacédo, filtracdo e desinfeccdo s&o algumas etapas do
tratamento convencional da dgua (Figura 6). Como primeira etapa deste processo de tratamento, a
coagulacdo é a etapa onde a agua bruta recebe, logo ao entrar na estacdo de tratamento, uma
dosagem de um composto coagulante, que pode ser tanto um coagulante inorganico (sulfato de

aluminio e cloreto de polialuminio), um polimero orgéanico sintético (derivados de poliacrilamida
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e polietileno imina) ou coagulantes naturais (quitosana e coagulantes microbianos). A coagulagéo
tem sido utilizada para diminuir a turbidez, a cor e eliminar agentes patogénicos (MATILAINEN
etal., 2010).

FONTE DE AGUA Etapa 1: Adigio de coagulante e formagio de |

espécies hidrolisadas.

‘ S e )

/ Etapa 2: Dispersao de espécies hidrolisadas

COAGULACAO QUIMICA | < | no fluido. \

Etapa 3: Agitagiio para promover contato ‘
entre particulas presentes na agua e espécies
hidrolisadas. |

R IV

Agitagdo seguida de contato entre as | 7
particulas desestabilizadas para - ~
formar flocos com tamanho e ¢ ' FLOCULACAO
densidade apropriados. i T |
S ’ ‘/
FILTRACAO |
J L
’

DESINFECGAO, FLUORETAGAO
E CORREGCAO DO PH

Figura 6: Etapas do tratamento convencional de &gua. A agua bruta recebe um coagulante, que tem a funcéo
de aglomerar as particulas suspensas ou coloidais que promovem a turbidez da agua, durante a floculacdo os
aglomerados ficam maiores e decantam em forma de flocos, podendo ser removidos por filtracdo ou decantagéo.
Posteriormente o processo se encerra, com desinfeccao, fluoretacdo e corregdo do pH. Fonte: SANTOS et al. (2014).

Apesar de eficiente, 0 uso de sulfato de aluminio representa um risco, visto que estudos
comprovaram que o aluminio pode induzir a doenga de Alzheimer (FERREIRA et al., 2008; NISHI
etal., 2012). Além disso, mondmeros de alguns polimeros organicos sintéticos que podem também
ser utilizados para tratamento de agua, como acrilamida, possuem neurotoxicidade e fortes
propriedades carcinogénicas (OKUDA et al., 1999). Tudo isso aumenta o interesse por coagulantes
naturais de origem vegetal, tanto por serem seguros para a satde, quanto por serem biodegradaveis
(OKUDA et al., 2001; BINA et al., 2009). Recentemente, varios estudos tém sido publicados
avaliando os efeitos de propriedades coagulantes de compostos de plantas, principalmente com as
sementes de Moringa oleifera (NDABIGENGESERE et al., 1995; OKUDA et al., 2000;
GHEBREMICHAEL et al., 2005; SANTOS et al., 2009, FERREIRA et al., 2011).
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A desinfeccdo é onde sdo inativados ou destruidos microrganismos patogénicos ou
indesejaveis. O cloro é um dos desinfetantes mais utilizados devido & sua alta eficacia de
desinfeccéo, facilidade de uso e seu baixo custo (MA et al., 2013). Além disso, a presenca de cloro
residual pode inativar bactérias patogénicas de modo eficaz por um longo tempo (ZHANG et al.,
2002; WU et al., 2010). No entanto, o cloro livre pode reagir com a matéria organica dissolvida
(MOD), particulas, nitrogénio amoniacal, bromo e iodo e formar uma série de subprodutos de
desinfeccdo (DBPs), como trihalometanos (THMs), acidos haloacéticos (AHAC) e haletos de
cianogénio (TIAN et al., 2013; LIU et al., 2014). Um dos primeiros DBPs relatados foram os
THMs, que sdo formados por desinfeccdo em cloro ou cloramina de por meio de reagdes de acido
hipocloroso (HCIO) com a MOD (WANG et al.,, 2013). Estudos revelaram que THMs séo
prejudiciais para a satde humana, por inducao de dano ao DNA e cancer (JI et al., 2008; BULL et
al., 2011).

+
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{;;:@:- ﬁﬁ_”ﬁ: Coégulo
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neutralizacdo de cargas Diminuicdo das Flocos
(lectina + particulas forcas repulsivas ‘

coloidais)
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d

SEDIMENTACAO
OU FILTRACAO

Figura 7: Mecanismo de Coagulacdo de cMoL. A diminuicdo de forcas repulsivas leva a formacdo de agregados,
que se tornam cada vez maiores e mais densas formando um material insolivel subsequentemente removido por
sedimentacdo ou filtracdo. Fonte: SANTOS et al. (2014).

O processo de coagulacéo ocorre devido a propriedades desses compostos coagulantes de
desestabilizarem os materiais em suspensao dissolvidos, agregando-os em grandes flocos
(floculagdo) que séo facilmente separados da dgua por subseqiientes processos de sedimentacao e
filtracdo (CHEN et al., 2006). O mecanismo de coagulacdo de particulas em &gua para a lectina
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coagulante de semente de Moringa oleifera (cMoL) esta representado na figura 7. cMoL é uma

proteina bésica carregada positivamente, que interage com particulas como o caolin tendo como
resultado a reducdo da turbidez da agua (SANTOS et al., 2009; SANTOS et al., 2014).

4.1. Substancias Himicas: Contaminantes de Agua

A matéria organica natural (MON) do solo e de 4guas naturais pode ser vista como uma mistura
de produtos vegetais e animais em varios estagios de decomposicdo e pode ser subdividida em
matéria organica dissolvida (MOD) e matéria organica particulada (MOP). A MOD é
operacionalmente definida como a fracéo que atravessa filtros com poros de 0,45 um, e essa fracéo
constitui a maior parte da matéria organica presente em aguas naturais (aproximadamente 80%)
(SLOBODA et al., 2009). A MOD presente em aguas naturais é subdividida em substancias ndo
hamicas (acidos carboxilicos, carboidratos e proteinas) e em substancias humicas (SHSs)
(compostos com caracteristicas ndo bem definidas), as quais correspondem cerca de 50 a 70% da
MOD. (MATILAINEN et al.,, 2010; SANTOS et al.,, 2011). A MOP corresponde a
aproximadamente 17% da MON presente em &guas naturais e é usualmente removida pelos
métodos convencionais de tratamento de agua, como coagulacéo e filtracdo (SLOBODA et al.,
2009).

Humificacdo se refere a um processo natural pelo qual a biomassa dos residuos mortos de
animais e vegetais é convertido via degradacdo quimica e enziméatica em SHs (GRASSI & ROSA,
2014). As SHs podem ser classificadas, quimicamente, substancias organicas biogénicas,
polieletroliticas com propriedades similares as de biocoloides, de coloragdo escura, de natureza
heterogénea, possuindo elevada massa molecular e estrutura complexa (STEVENSON, 1994). As
substancias hamicas aquéaticas (SHA) podem ser formadas diretamente no meio aquético por
decomposicgéo de plantas e pela atividade de microrganismos e as SH encontradas em solos e
sedimentos podem ser transportadas para as aguas naturais por processos de escoamento
superficial (ROCHA & ROSA, 2003). A concentracdo de matéria organica natural (MON) em
aguas superficiais varia tipicamente entre 0,1 mg/L a 20 mg/L sendo basicamente composta por

substancias humicas (VOLK, 2001). A proporcdo de substancias himicas no teor de carbono
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organico total das &aguas subterraneas e de superficie pode chegar a até 71,4-82,5%
(SZPAKOWSKA et al., 1994).

As substancias humicas podem ser classificadas de acordo com a solubilidade em meio
aquoso (Tabela 1): &cido humico, insolivel em meio acido e solivel em meio alcalino; acido
falvico, soltivel em meio alcalino e em meio &cido; e humina, insolivel em ambos 0s meios
(NICHOLS et al., 2005; PICCOLO et al., 2001). Todos sdo biomoléculas estruturalmente
heterogéneas, cuja cor varia do amarelo ao preto e possuem peso molecular de elevado a moderado
(SANTOS et al., 2007). Dentre essas fracdes, o acido himicos (AHus) estdo presentes em maior
quantidade.

Tabela 1: Classificacdo das Substancias Hamicas.

Acido Filvico Acido Himico Humina
T .
- Solivel em dgua em qualquer valor - Insoldvel em dgua em condigdes - Insolivel em dgua em
de pH dcidas (pH= 2); qualquer condigdes de pH.

- Soliveis em elevados valores de pIHL.

(Adaptada de STEVENSON, 1994)

Geralmente, acidos humicos (AHus) presentes em aguas superficiais apresentam uma carga
elétrica negativa (potencial zeta), associado a dissociacdo de grupos carboxilicos e fendlicos-OH
(WEBER, 1988; WARWICK et al., 2001). Em presenca de cétions bivalentes, como o célcio,
AHus formam agregados intramolecular e intermolecular devido neutralizacdo de cargas e
formagéo de pontes entre os grupos funcionais (ANDPELKOVIC et al., 2004). O carbono organico
total (COT) e a absorbancia de luz ultravioleta a 254 nm (UV254) sdo utilizados como parametros
para representar a concentracdo de SHs em agua (NAJM et al., 1994; EATON, 1995).

Os AHus sdo onipresentes, ocorrem em solos e sedimentos, turfa, lagoas, &gua do mar, rios

e em esqueletos de corais, sendo importantes precursores ou componentes de querogénio, betume,
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petroleo e carvdo (STEVENSON, 1994). A sua estrutura quimica e origem é mal compreendida e
sempre contestada (SUSIC, 2003). Mesmo assim, todos apresentam propriedades semelhantes, as
quais estdo relacionadas aos seus grupos funcionais, primariamente grupos COOH e OH fendlicos
(SCHNITZER et al., 1972; SCHULTEN et al., 1993).

Eles aumentam a fertilidade do solo, aceleram a fotodegradacéo dos pesticidas e diminuem
a toxicidade de metais pesados. Os acidos humicos sdo muito importantes para a fertilidade dos
solos. No entanto a sua presenca no meio ambiente, pode tornar-se um fator complicador na
remocao de ions metalicos pesados, devido a formacéo do complexo AHus-ion metalico (STUMM
& MORGAN 1981). Outro problema consiste da resisténcia do AHus ao ataque de
microorganismos, afetando a eficiéncia do tratamento biolégico empregado em lixivia de aterro
sanitario. Porém, uma das maiores preocupac¢des quanto ao risco ambiental causado pelo AHus
consiste na presenca de &cido humico nas &guas para consumo humano. Esta substancia altera a
qualidade da agua devido a sua coloracao escura, tornando-a indesejavel para o consumo, além da
formacé&o de produtos carcinogénicos decorrentes do tratamento com cloro, como os trialometanos
(THMs), cloroférmio, diclorobromometano, dibromoclorometano e bromoférmio (ROOK et al.,
1974; BELLAR et al., 1974; DAIFULLAH et al., 2004; MORIGUCHI et al., 2005) e outros
compostos organicos halogenados, como éacidos dicloroacético e tricloroacético (DAIFULLAH et
al., 2004; GOPAL et al., 2007). O limite de THMs na agua potavel foi definido em 100 ppb pela
Organizacdo Mundial de Saude (BAIRD, 2002). No Brasil, a Portaria 518 de mar¢co de 2004
estabelece o valor maximo permissivel de THMs igual a 0,1 mg/L, e ndo cita outros compostos
organo halogenados.

Processos tradicionais como a coagulacdo quimica, ou técnicas avancadas como adsorgao
em carbono ativado e nanofiltracdo sdo usadas para remover tais compostos da agua (OWEN et
al., 1995; MATILAINEN et al., 2006). Em 2006, foi demonstrado por MORIGUCHI et al., que a
remogdo das substancias humicas do meio aquoso pode ser feita em adsorventes de silica

modificada com Fe?*, Mg* e Ca®*.

A lectina coagulante de M. oleifera (cMoL) mostrou atividade coagulante em aguas turvas,
semelhante ao sulfato de aluminio, o coagulante mais amplamente utilizado no tratamento de agua
(SANTOS et al., 2009). O uso de um bom coagulante pode ser uma solucéo eficaz para a remocao
particulas e matéria organica natural (MON) (LI et al., 2015). Santos et al. (2012) demostrou que

um extrato salino de sementes de M. oleifera com atividade lectinica foi capaz de remover acidos
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organicos da agua; esta preparacdo agiu melhor que o sulfato de aluminio e pode ser uma

alternativa interessante natural para remover acidos humicos.

5. Ensaio hemolitico

As plantas constituem uma excelente fonte de substancias para compostos ativos
farmacologicamente, tendo em vista que a diversidade molecular dos produtos naturais é muito
superior aquela derivada dos processos de sintese quimica (SILVA et al., 2010). Todavia, para que
um nova substancia venha ser utilizado in vivo, 0 mesmo ndo pode ser toxico; se faz necessario,
entdo, 0 uso de testes de toxicidade como a avaliacdo de citotoxicidade as células sanguineas
(leucocitos e eritrocitos). Neste contexto temos o ensaio hemolitico. Testes in vitro para a acao
hemolitica, tem sido utilizados como um dos métodos de triagem para diferentes agentes toxicos
(OLIVEIRA et al., 2009). O ensaio hemolitico é utilizado também para a determinacdo do
funcionamento do sistema complemento humano, baseando-se na quantificacdo de MBL (lectina
ligadora de manose) funcional (KUIPERS et al., 2002, HERPERS et al., 2009).

Lectinas hemoliticas foram constatadas em diversos organismos, como sementes de
planta Croton tiglum (BANERJEE & SEM, 1981) como equinodermos Cucumaria echinata
(CEL-111) (HATAKEYAMA, et al. 1994), cogumelo Laetiporus sulfureus (KONSKA, et al. 1994)
e Pleurotus nebrodensis (HUI-LV et al., 2009) e em mosquito Armigeres subalbatus (SASAKI et
al., 2010). Algumas lectinas como a BIL extraida do veneno de cobra de Bothrops leucurus,
apresentam atividade citotoxica em células tumorais mas ndo apresentam atividade hemolitica
(NUNES et al., 2012). As propriedades hemoliticas de algumas lectinas, modo de acéo, estudos de
interacdo e propriedades funcionais vem sendo elucidadas (HATAKEYAMA, et al. 1996).

Uma lectina hemolitica (CEL-I11) foi usada como estratégia antimalarica, onde produziu-
se em laboratério mosquitos geneticamente modificados que expressam a CEL-11l. Um mosquito
transgénico expressando a CELL-I11 causou lise de eritrdcitos em seu intestino apds a ingestao de
sangue infeccioso, o que prejudica severamente o desenvolvimento do parasita (YOSHIDA, et al.,
2007). E mais recentemente foi demostrada a acdo litica sobre coagulo sanguineo de uma lectina
hemolitica do molusco Cyprinoides Villorita, com atividade superior a estreptoquinase comercial
(proteina ativadora de plasminogénio humano) (SUDHAKAR & VINCENT, 2014). Desta forma,
0 ensaio hemolitico além de ser um teste de toxicidade tem se mostrado promissor, para se agregar

valor biotecnoldgico e ampliando o background de aplicagdes bioldgicas das lectinas.
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Abstract

Water is an essential resource for life. There are many water contaminants, such as the
humic acids (AHus), which constitute 60-90% of the total carbon dissolved in natural waters.
AHus, natural organic matter, constitute a problem in water treatment; they react with chlorine
forming undesirable disinfection byproducts. In this work the presence of a lectin was evaluated
in the bark of Libidibia ferrea var. leiostachya (LifeLBL) and its affinity to acid humics, plant
with wide distribution in Brazil and commonly known as ironwood or juca. The L. ferrea bark
crude extract was obtained in 0.15 M NaCl and submitted to ammonium sulphate fractionation in
80% of saturation, to obtain the proteic fration (FO-80). The FO-80 was chromatographed on a
chitin column and LifeLBL was eluted with 1.0 M acetic acid. The LifeLBL hemaglutinante
activity (HA) was not altered in presence of ions or at different pH values. LifeLBL maintained its
activity after heating to 100 °C; it was partially inhibited by N-acetyl-D-glucosamine and totally
by bovine serum albumin (BSA). LifeLBL presented two bands in SDS-PAGE and in Superdex
75 column, showed two polipeptide peaks with 19 and 15 kDa. By two-dimensional
electrophoresis, the estimated molecular mass was 20 and 15 kDa and the pl was 4.53 and 5.14.
Lectin binding to humic acids was pH dependent, and influenced by calcium. The radial diffusion
assay demonstrates the binding of lectin, extract and fraction to the AHus.In conclusion a lectin
specific for N-acetyl-D-glucosamine, stable in different temperatures and pH variations, was
obtained from L. ferrea bark by chitin chromatography and blinds humic acid, indicating a possible

use of the lectin in water treatment for removing humic acids.

Keywords: Libidibia ferrea, Lectin, Lectin Characterization, Lectin Purification, Phytochemical

screening

Introduction

Lectins are proteins or glycoproteins of non-immune origin that bind specifically and
reversibly to carbohydrate structures (Sharon, 2008). They are widely distributed in nature and can
be found in almost all living organisms, including, microorganisms (Nichols, 2014), plants
(Albuquerque et al., 2014) as well as in animals (Chikalovets et al., 2015) and humans (Kooyk et
al., 2015). The presence of a large number of lectins in nature with different specificities to
carbohydrates has resulted in the use of these proteins as tools in the medical and biological

researches (Sharon, 2007). In order to characterize a lectin physic-chemically, various methods are
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used, such as evaluation of the HA with erythrocytes from different animal species (rabbit, chicken,
ABO blood system), in the presence of ions and after incubation at various pH and temperature
values (Coelho & Silva 2000; Oliveira et al., 2008). Electrophoresis techniques reveals the degree
of purity, molecular mass subunits and the isoelectric point of the molecule (Nelson & Cox, 2011).
Lectins show many biological activities, including anti-insect (Araujo et al., 2012), antifungal
(Souza et al., 2012), antiviral (Yao et al., 2010), antibacterial (Carvalho et al., 2015), antitumor
(Silva et al., 2014), antinociceptive and anti-inflammatory activities (Vanderlei et al., 2010).

Libidibia ferrea var. leiostachya Benth is a plant belonging to the Fabaceae (Leguminosae)
family, of the sub-family Caesalpinioidae, popularly known as iron-wood or juca. It is an
economically species important for having multiplicity of uses (Lorenzi, 2008; Ferreira & Soares,
2015). Extracts of different L. ferrea tissues are popularly used and several works reporting
biological activities of crude extracts from the inner bark of L. ferrea has been published
(Nakamura et al., 2001; Menezes et al., 2007; Nozaki et al., 2007; Sampaio et al., 2009; Oliveira
et al., 2010; da Silva et al., 2011; Trentin et al., 2011; Vasconcelos et al., 2011; Dias et al., 2013
Lopes et al., 2013; Ohira et al., 2013; Araujo et al., 2014; Barros et al., 2014). Menezes et al.
(2007) demonstrated that the aqueous extract of L. ferrea bark promoted vasodilation of the
mesenteric artery of rats. The inner bark of L. ferrea showed cicatrisation activity on cutaneous
lesions of caprine animals (Oliveira et al., 2010) and showed hypoglycemic activity in Wistar rats
(Vasconcelos et al., 2011). Aqueous extracts of bark and pod of L. ferrea showed antioxidant
activity and hepatoprotective (Barros et al., 2014).

The humic acid (HA) is constituted by aromatic polycyclic macromolecules with a variety of
functional groups of high molecular weight, is responsible for odour, taste and colour in water and
it supports bacterial growth, besides being recognized as a major by-product generator during the
disinfection process: DBPs (trihalomethanes [THMs], chloroform, dichlorobromomethane,
dibromochloromethane, and bromoform) (Yu et al., 2013; Zhu et al. 2014). The World Health
Organization set as a limit of THMs in drinking water as 100 ppb (Baird, 2002). For this reason,
several strategies for removing humic substances from water have been investigated, such as
electrolysis membranes (Kliaugaité et al., 2013), use of anion exchange resin (AER) (Shuang et
al., 2013) iron coated activated alumin, ferric oxihydroxide and granular activated carbon
(Khraisheh et al., 2010), coagulation / flocculation using iron (I11) chloride or aluminum sulphate,
adsorption (Le Clech et al., 2006; Moriguchi et al, 2005), activated carbon filtration (Matilainen
et al., 2006), photocatalytic degradation on Ti-modified silica (Moriguchi et al., 2005) and lectin
immobilized on inert column (Santos et al., 2011).
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In this work, we describe the extraction, purification and partial characterization of a lectin
from Libidibia ferrea bark (LifeLBL). Additionally, it was tested its affinity to acid humic.

Results and Discussion

This study shows the presence of a lectin in the bark of L. ferrea var. leiostachya. Freitas
et al. (2012) showed that extracts and fractions of L. ferrea pod showed anti-inflammatory and
antinociceptive activities, wich stimulated the purification of lectins from extract from L. ferrea.

Bark extracts of L. ferrea in 0.15 M NaCl and fraction obtained (F0-80) were evaluated
for protein concentration and erythrocyte agglutination ability (table 1). Inhibition assay with
carbohydrates indicated that N-acetyl-D-glucosamine inhibited AH of the F0-80, therefore,
chitin was selected as choice support for affinity chromatography that presented two main peaks,
one obtained in washing step and a another adsorbed and eluted with acetic acid (Figure 1). The
proteins were quantified by the method of Warburg et al. (1942). The adsorbed protein peak
(LifeLBL) showed a specific HA (SHA) of 492,3 with a protein concentration of 0.13 mg/ml.
Chitin-binding lectins can be isolated by chitin affinity chromatography, which is a cheap and
efficient method, that allows to obtain them purified through a minimum number of stages and
with high yield (Coelho et al., 2012).

The HA of LifeLBL was partially inhibited by monosaccharides (Table 2).
Hemagglutination inhibition with carbohydrates or glycoconjugates ensures lectin nature of the
phenomen (Kennedy et al., 1995). The inhibition of LifeLBL HA by glucose, mannose,
rhamnose, xylose and N-acetyl-D-glucosamine suggests that these carbohydrates should
compete with the carbohydrate on the surface of red blood cells by the binding site of the lectin.
The HA of LifeLBL was totally inhibited by BSA and partially inhibited by the others tested
glycoproteins. Similar result was obtained for Cladonia verticillaris lichen lectin wich had its
HA reduced in the presence of N-acetylglucosamine and abolished in the presence of fetal bovine
serum (Silva et al., 2009).

The crude extract, F0-80 and LifeLBL agglutinated rabbit and human (A, B, AB and O)
erythrocytes (Figure 2). The crude extract agglutinated preferentially rabbit erythrocytes and the
human blood types AB and O. The proteic fraction and LifeLBL did not shown preference to
agglutinate erithrocytes. Some lectins demonstrate a preference in agglutinating one or more
type of human or animal erythrocytes as the Sphenostyler stenocarpa lectin that demonstrated
high agglutination of the human blood type O (Machuka et al., 1999); the Hevea brasiliensis
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lectin, that preferentially agglutinated rabbit erythrocytes (Wititsuwannaku et al., 1998) and T.
esculenta lectin, that demonstrated preference for the human blood type AB (Freire et al., 2002).

The HA of LifeLBL was weakly affected by pH variation from 2.0 to 11.0. We can only
see a little decrease of HA between pH 8.0 and 9.5 (Figure 3) and it was not shown dependence
of ions Mg*™ and Ca*™ (Figure 4). Also, the lectin remained active after 30 minutes at 100 °C,
demonstrating its thermal stability. Differently from LifeLBL, the T. escunlenta lectin and
Bothrops leucurus lectin were stimulated by Ca*™ (Freire et al., 2002; Nunes et al., 2011).
Whereas, the isolectin 1 of the lectin from Cratylia mollis seeds (Cramoll 1) did not show ion
dependence and remained active after heating at 80 °C for 30 minutes or after stock for at least
10 years (Correia and Coelho, 1995).

When LifeLBL was chromatographed on a Superdex 75 column two peaks of proteins were
obtained, with 19 and 15 kDa (Figure 5); the fluorimetric analysis showed two proteic peaks with
fluorescence correspondent to the two peaks obtained at 280 nm (Figure 5). By SDS-PAGE under
denaturating and reducing conditions, LifeLBL showed two polypeptide bands with relative
molecular mass of 14 and 20 kDa (Figure 6). The gels obtained by two-dimensional electrophoresis
demonstrated the presence of two spots with isoelectric points (pl) of 4.53 and 5.14 and with
molecular masses of 20.28 kDa and 15.54 kDa, respectively (Figure 7). The lectin can be formed
by subunit(s) of about 35 kDa, composed of two peptides.

In order to evaluate the affinity of lectin humic acids (HAc) were performed the test inhibition
of hemagglutinating atinivade in the presence of HAc and single radical diffusion assay. In the
inhibition assay (Figure 8) was observed and a decrease by 57% in LifeLBL SHA, revealing
binding of lectins to the humic acid. The HAc, similar to carbohydrates, may compete with the
carbohydrates present on the surface of erythrocytes by binding to the lectin (Santos et al., 2011).
The single radial diffusion gel showed precipitation bands indicating that the extract, fraction and
LifeLBL bound to humic acid present at a concentration of 100 mg L™ . Similar results were
obtained for a humic acid concentration of 200 mg L™* of carbon. These results are in agreement

with those obtained in the haemagglutinating activity assay (Figure 9).

The effect of mono- and divalent cations in the specific haemagglutinating activity of LifeLBL
in the presence of humic acid is depicted in Figure 10. The experimental results showed that
sodium and calcium ions interfere with the interaction between LifeLBL and HAc, since it was
observed an increase of SHA, showing a reduction the interaction between lectin and HuA result
of the presence of ions (Ca?" and Na*) in the medium. The HA of LifeLBL was not influenced by

ions, knowing that, one possible explanation for this result, is that calcium and sodium decrease
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the availability of HUA to compete with the carbohydrate on the surface of erythrocytes by binding
to LifeLBL,; calcium is capable of forming a metal salt bridge or linkage between the carboxyl
groups of HUA, which results in the formation of macromolecules hindering the binding of lectin
to the humic acid (Zhou et al., 2005). Santos et al. (2011) had similarly resulted, when they
reported that calcium decreases the availability of the humic acid to compete with the coagulant
lectin from Moringa oleifera seeds (cMoL) for the carbohydrates on the surface of the
erythrocytes.

The SHA LifeLBL in the presence of humic acid was influenced by the variation of pH.
From pH 5.5 up to 6.5 there was no inhibition of hemagglutination activity, it is due a low
interaction between lectin-HAc. When the pH reaches 7.0, there was inhibition of
hemagglutinating activity. Between pH 7.5 to pH 11, this inhibition increased by 50% compared
to the assay performed with the humic acid diluted in NaCl 15 mM. This is because the HAc to be
soluble in alkalis (Stevenson, 1994), increased their willingness to compete for binding

carbohydrates from the surfaces of erythrocytes.

In this work, a thermostable L. ferrea bark lectin (LifeLBL) that recognized chitin was
purified in milligram quantities by a single affinity chromatographic with high protein yield with
affinity to Humics acids.

Experimental

Collected material

The L. ferrea var. leiostachya Benth bark was collected in the city of Recife, state of

Pernambuco, northeast of Brazil.

Isolation and Partial purification of L. ferrea bark lectin

L. ferrea bark was washed with distilled water, dry at 25°C and triturated to powder in a
multiprocessor. A suspension of the triturated material at 10% (p/v) in 0.15 M NaCl was submitted
to a moderate shaking by 16 h at 4 C. The mixture was filtered in a gauze, centrifuged (10.000 x

g) for 15 minutes and the supernatant retired (crude extract), being stored at -20 C.
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The crude extract was submitted to an 80% ammonium sulphate fractionation (F0-80) by
adding the salt and agitation (4 h) at 25°C. After centrifugation the precipitate obtained was
ressuspended with 0.15 M NaCl and dialysed with distilled water (2 h) followed 0.15 M NaCl (2
h) at 4°C.

Hemagglutinating activity and inhibition assays

Sample of human erythrocytes (A, B, AB and O) and rabbit erythrocytes were obtained as
described by Bukantz et al. (1946), and treated with glutaraldehyde according to Bing et al. (1967).
The hemagglutinating activity (HA) was evaluated in 96-well microtiter plates. At each well 50 pl
of 0.15 M NaCl was added, and next, 50 ul of sample were placed in the second well of a horizontal
array, being proceeded successive dilutions. After this procedure, 50 pl of treated erythrocytes
were added and the HA corresponded to the last sample dilution that showed agglutination (Correia
& Coelho, 1995), and the specific HA (SHA) corresponded to the ration between HA and the
protein concentration. The protein concentration was accomplished in agreement with the method
of Lowry et al. (1951) and Warburg & Christian (1960). Inhibition HA assays were performed
using the carbohydrates (100 mM) (glucose, mannose, galactose, fucose, N-acetyl-D-glucosamine,
sucrose and lactose), the glycoproteins (0.5 mg/ml) (fetuin, rabbit serum, azocasein, casein,
ovoalbumine, fetal serum, thyroglobuline, peroxidase) and humic acid (Sigma Aldrich 53680), in
a solution of 10 mg/L of carbon was prepared in NaOH 0.1 M as described by Coelho and Silva
(2000).

Lectin purification

A sample of FO-80 (10 mg/ml) was applied on a chitin column (5.0 x 1.5 cm) with a flow
rate of 20 ml/h. Proteins in each fraction (2 ml) were measured by absorbance at 280 nm. Unbound
proteins were washed with 0.15 M NaCl and adsorbed proteins were eluted with 1.0 M acetic acid.
Fractions with HA, eluted with acetic acid were pooled, dialyzed against 0.15 M NaCl (LifeLBL)
and stored at -20 °C.

Effect of pH, temperature and metal ions on hemagglutinating activity
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The effects of pH and temperature on HA were evaluated by incubating LifeLBL samples
(1 ml) at different pH values (2 — 11) for 1 h at 25 °C or at 30, 40, 50, 60, 70, 80, 90 and 100 °C
for 30 minutes, respectively. The effect of Mg?* and Ca?" was performed with incubation (15
minutes) of a solution (1 ml) containing CaCl, and MgCl: (5, 10 and 20 mM) and 0.15 M NaCl
and LifeLBL. An aliquot (50 pl) of the mixture was distributed in microtiter plate 96-well and the

HA assay was proceeded.

Effect of pH and mono- and divalent-cations on the interaction of the LifeLBL with humic acid

The effect of pH in an range of 3.0 to 10.0 on the lectin hemagglutinating activity of the
purified protein was assessed in the presence of the humic acid according to the procedure
previously described. Humic acid solutions with pH between 3.0 and 6.5 were prepared in a citrate-
phosphate buffer (10 mM) and humic acid solutions with pH between 7.0 and 10.0 were prepared
in sodium phosphate buffer (10 mM). The effect of mono (Na*) and divalent (Ca?*) cations on the
lectin’s hemagglutinating activity was assessed using humic acid solutions in CaCl, 10 mM or
NaCl at 10, 20, 30 and 40 mM.

Single radial diffusion

A diffusion assay was carried out in an agarose gel in a Petri dish. The gel with a
concentration of 1% (w/v) was prepared in 0.15 M NaCl. A humic acid (HuA) solution (30 pL),
with a concentration of 100 or 200 mg/L of Carbon, was placed in a central well, while the
peripheral wells were occupied with 15 pL each of the L. ferrea extract (33.5mg/mL), FO0-80
(10.2mg/mL) or LifeLBL (1 mg/mL). The diffusion experiments were performed in a humid
chamber at 4 °C for 48 h. Subsequently the gels were exhaustively washed with 0.15 M NaCl and
stained for 2 h with Coomassie Brilliant Blue 0.1% (w/v) prepared in a mixture of ethanol 45 %
(v/v) and acetic acid 10 % (v/v). During incubation occurs the diffusion of HUA in agarose gels
with the formation of HuA-lectin complexes, which precipitate and it can be visualized after

staining with Coomassie Brilliant Blue.
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Polyacrylamide gel electrophoresis (PAGE)

Electrophoresis on a 12,5% (w/v) polyacrylamide gel in the presence of sodium dodecyl
sulphate (SDS-PAGE) was performed according to Laemmli (1970). The molecular weight of the
purified lectin was defined using protein standard markers (electrophoresis marker LMW-SDS
from Armershan - Pharmacia Biotech) that consists of phosphorylase b (97 KDa), bovine serum
albumin (66 KDa), ovoalbumin (45 KDa), carbonic anhydrase (30 KDa), trypsin (20.1 KDa) and
a-lactalbumin (14.4 KDa). After the electrophoresis the gel was stained with 0.02% (w/v)

Coomassie Brilliant Blue in 10% (v/v) acetic acid, for 16 h.

Two-dimensional electrophoresis

The preparation of protein samples to be submitted to two dimensional (2D) electrophoresis
was performed using a sample of LifeLBL (100ug) that was liophylised and ressuspended in 100
pl of Milli-Q water. LifeLBL was mixed with 250 puL of rehydration buffer containing 8.0 M urea,
2% (w/v) CHAPS, 20 mM dithiothreitol (DTT), 0.5% IPG buffer (GE Healthcare, Piscataway, NJ,
USA), and 0.002% (w/v) bromophenol blue. The samples were loaded on an IPG strip of 13 cm
(GE Healthcare, Piscataway, NJ, USA) and a linear pH range from 3.0 to 10.0. The isoelectric
focusing was performed on Ettan IPGphor 11l system (GE Healthcare, Piscataway, NJ, USA)
following the manufacturer's protocol. Before running the second dimension electrophoresis, the
strip was equilibrated for 15 min in fresh buffer (6 M urea, 30% (v/v) glycerol, 2% (w/v) SDS, and
100 mM Tris—HCI pH 8.8) with the addition of 100 mM DTT. Next, the strip was treated for
15 min with the same buffer supplemented with 0.25 M iodoacetamide. The equilibrated IPG strip
was transferred to 12.5% (w/v) SDS-PAGE gel. The proteins in the gel were visualized by staining
with Coomassie Brilliant Blue R-250. Images with scanning resolution of 300 dpi and 16-bit pixel
depth were acquired and then analyzed using the software Image Master 2D Platinum 6.0 (GE
Healthcare, Piscataway, NJ, USA).



62

Fluorescence spectroscopy

A LifeLBL sample (2 ml) was excited by radiation of short wavelength and the absorption
of the sample fluorimetric measurement was in long wavelengths. Intrinsic fluorescence assay was
performed on a spectrofluorometer (JASCO FP-6300, Tokyo, Japan). The fluorescence emission
intensity of tryptophan from irradiated LifeLBL solution in phosphate buffer at pH 7.2 was
measured at 25°C in a rectangular quartz cuvette with a 1 cm path length. For intrinsic fluorescence
measurements, the excitation was at 295 nm and emission was recorded from 305 to 450 nm, using

5 nm band pass filters for both excitation and emission.
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List of captions

Table 1 — Summary of purification.

Figure 1 - Elution pattern of F80 on a chitin column. A sample (10 mg of protein) was applied
at flow rate of 20 ml/h and 2 ml fractions were collected. Arrows indicated elution with 0.15 M
NaCl (1), followed by 1 M acetic acid (2).

Figure 2 - Hemagglutinating activity of LifeLBL in presence of different erythrocytes.

Table 2 — inhibition of hemagglutinating activity of LifeLBL in presence of different

carbohydrates.
Figure 3 - Hemagglutinating activity of LifeLBL in presence of pH values

Log HA of LifeLBL in 0.15 M NaCl with rabbit erythrocytes was 2.7.

Figure 4 - Hemagglutinating activity of LifeLBL in presence of metal ions. Log HA of
LifeLBL in 0.15 M NaCl with rabbit erythrocytes was 2.7.

Figure 5 - Determination of the molecular weight of LifeLBL by gel filtration on Superdex
75 column. A sample (2 mg of protein) was applied at flow rate of 0.6 ml/min and 3 ml fractions
were collected and developed with 0.5 M NaCl.

Figure 6 - SDS-PAGE of purified LifeLBL under denatured and reduced conditions.

Figure 7 — Two-dimensional electrophoresis of purified LifeLBL, showed two spots with
isoelectric points (pl) of 4.53 and 5.14 and with molecular masses of 20.28 kDa and 15.54

kDa, respectively

Figure 8 - Comparison of hemagglutination activity (HA) of lectins(Black column) to

HA obtained in the presence of humic acid (white column).

Figure 9 — Diffusion radial. Precipitation bands observed in agarose gel corresponding to
the interaction between humic acid 200 mg L—1 of carbon (A) and 100 mg L—1 of carbon
(B): extract (33,5mg/mL), the fraction (FO-80) (10,2mg/mL) or the purified lectins (1
mg/mL).

Figure 10- Effect of sodium ions (A) calcium and (B) HA LifeLBL front ACh. White bar = control (HA
LifeLBL in the presence of AHus); AH = black bar in the presence of AHus CfelBL and ions
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Figure 11 - HA LifeLBL forward in the presence of humic acid at different pH values. White bar =
control (HA LifeLBL in the presence of AHus); AH = black bar in the presence of ACh LifeLBL, varying
the pH.
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Table 1
Purification Volume Protein Total HA® THAP SHA® Yield Purif.
step (mL) (mg/mL) Protein

(mg)

Crude 78 33,5 2.613 2.048 159.744 61,1 26,13 -
extract
F0-80 19 10,2 193,8 512 9.728 50,1 1,938 0,82
Chitin 12 0,13 98,8 64 768 4923 0,988 8.0
Eluition

Purif.: fold purification.
a - Hemagglutinating activity was performed with 2.5% (v/v) suspension of glutaraldeyde-
treated rabbit erythrocytes.

b - Total hemagglutinating activity = HA x volume (ml).

¢ - Specific hemagglutinating activity = HA/protein (mg/ml).
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Table 2

Concentrations (M)

0,2 0,1 0,06 0,025

SHA

Rhamnose 61,54 6154 61,54 123,08
Trehalose N N N N

Fructose N N N N

Xylose 123,08 123,08 123,08 123,08
N-acetylglucosamine 246,15 246,15 246,15 246,15
Methyl-a -D Mannopiranoside N N N N

Glucose 123,08 123,08 123,08 123,08
Mannose 123,08 123,08 123,08 123,08
Galactose 246,15 246,15 246,15 246,15
Fetuin 30,77 30,77 61,54 61,54
Ovalbumin 61,54 6154 61,54 61,54
BSA 0 0 15,38 15,38
Tiroglobulin 61,54 6154 61,54 61,54

l. N = No inhibition.
1. SAH of LifeLBL = 492,3.
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CAPITULO 3: ARTIGO A SER SUBMETIDO AO PERIODICO FOOD AND
BIOPRODUCTS PROCESSING

Libidibia ferrea var. leiostachya: compounds and proprieties
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Abstract
The objective of this study was verify the presence of antioxidant activity and Sun
Protection Factor (SPF) of samples from L. ferrea and identify the phytochemical profile
of the same samples. The hemagglutination activity of LifeLBL was partially inhibited in
presence of humic acids. The antioxidant assay demonstrated that the saline extract
achieved 96% activity in concentration of 1mg/mL. To correlate this result, the
determination of total phenols and flavonoids was performed, and shows 185.89 * 9.35
mg AGE / mg of extract and 40.415 mg + 0.73 mg QE / mg of extract, respectively. The
determination of the Sun Protection Factor (SPF) in vitro was determined by the
spectrophotometric method and saline extract presented an SPF of 3.4, in a concentration
of 100ug/mL. Phytochemical screening of the samples used in the purification of
LifeLBL: Saline Extract (ES), F0-80 and LifeLBL, was carried out. In addition, a
methanol extract was made to show the compounds in the bark of L. ferrea which was
not extracted by the extraction saline. Saline extract showed condensed
proanthocyanidins, and traces of flavonoids (yellow). In the methanol extract was found
flavonoids, and hydrolysable tannins and condensates proanthocyanidins in higher
concentration in the aqueous extract. In FO-80 we found a higher concentration of tannins
and flavonoids compared to saline extract. It was not observed secondary metabolite

contaminants in the lectins sample.

Key-words: Libidibia ferrea, Lectin, LifeLBL, antioxidant, Sun protection factor.

1. Introduction

An antioxidant is defined as a substance, which, at low concentrations, slows or
prevents oxidation of the substrate (Halliwel et al., 1995; Sucupira et al., 2012). Phenol
compounds in plants act protecting them from injuries in their tissues, against the action
of photosynthesis by-products that can cause damage and also against herbivores. Many
of these compounds have similarities regarding the basic molecular structure having at
least one aromatic ring with a hydroxyl group bonded to it, which confer protection
against attack of free radicals (Manach et al., 2004).

Libidibia ferrea is a species that has four varieties: three of them occur in the Caatinga
(eg, Libidibia ferrea var. ferrea) and one (L. ferrea var leiostachya Benth) is characteristic

of the Atlantic forest. Its wood is very tough (from this comes the “ironwood” name) and
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Is used for buildings and fences. The seeds are used as medicinal for joint pain and bark
for pain relief in general (Queiroz, et al 2009). The objective of this study was to find the
constituents of the saline extract from Libidibia ferrea bark, as well as investigate the

presence of antioxidant activity of the samples.

2. Materials and methods

2.1 Extract and fraction proteic from L. ferrea bark

L. ferrea bark was washed with distilled water, dry at 25°C and triturated to
powder in a multiprocessor. A suspension of the triturated material at 10% (p/v) in 0.15
M NaCl was submitted to a moderate shaking by 16 h at 4 C. The mixture was filtered in
a gauze, centrifuged (10.000 x g) for 15 minutes and the supernatant carefully retired
(crude extract), being stored at -20 C.

The crude extract was submitted to an 80% ammonium sulphate fractionation
(F80) by adding the salt and agitation (4 h) at 25°C. After centrifugation the precipitate
obtained was ressuspended with 0.15 M NaCl and dialysed with distilled water (2 h)
followed 0.15 M NacCl (2 h) at 4°C.

2.2 Purification of LifeLBL

The F0-80 was applied to a chromatography column (5.0 x 1.5 cm) containing
chitin. Fractions of 2 ml were collected and the absorbance read at 280 nm. Non-adsorbed
proteins were eluted with 0.15 M NaCl and the adsorbed proteins were eluted with a
solution of acetic acid 1.0 M. The chromatographic procedures were performed at room
temperature at a flow rate of 20 ml / h. The fractions with the highest absorbance eluted
with acetic acid, were pooled and dialyzed against 0.15 M NaCl to give LifeLBL.

2.1 Lectin’s hemagglutinating activity assay

The hemagglutinating activity assay (HA) was performed in microtiter plates

according to Correia and Coelho (1995). Lectin preparations (50 ulL) were two-fold
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serially diluted with 0.15 M NaCl before addition of 50 pL suspension of rabbit
erythrocytes previously treated with glutaraldehyde 2.5% (v/v). The titer was expressed
as the highest dilution exhibiting hemagglutination. Essays were performed with the
saline extract (E), 33,5mg/mL, the protein fraction (0-80 F), 10,2mg/mL and the purified
protein, 130ug/mL.

2.2 Determination of protein cancentration

The protein was estimated according to Lowry et al. (1951). A calibration curve
was prepared using bovine serum albumin (BSA) as the standard in a range between 0

and 500 pg/mL. after purification, was used the method of Warburg and Christian (1942).

2.3 Phytochemical evaluation

First, it was performed a methanol extract (ME) of L. ferrea bark (an infusion of
3 g of triturated inner bark in methanol prepared under constant agitation for 30 min). To
analyze aqueous samples (SE, F80 and LifeLBL) was added in a test tube in the ratio 1:
1 butyl alcohol was stirred quickly thus forming two phases: the aqueous phase was used
for the saponins detection test. Aliquots of ME, SE, F80 and LifeLBL (15 pL) were
subjected to thin layer chromatography (TLC) on silica gel plates (Merck, Germany). The
analyses used several systems of development as mobile phase, reagents for adequate
revelation and chromatographic standards.

Each sample was investigated for the presence of: (1) alkaloids (EtOAc-HCOOH-
AcOH-H20 [100:11:11:26 v/v] as mobile phase and Dragendorff’s reagent for
revelation; Wagner and Bladt, 1996); (Il) terpenoids and steroids (EtOAc-HCOOH-
AcOH-H20 [100:0.5:0.5:0.5 v/v] and Liebermann—Burchard’s reagent; Harborne,
1998); (Ill) iridoids (EtOAc-HCOOH-AcOH-H20O [100:11:11:26 wv/v] and
vanillinsulphuric acid for revelation; Wagner and Bladt, 1996); (IVV) coumarins (Et20—
toluene—AcOH 10% [50:50:50 v/v] and UV 365 nm to detect; Wagner and Bladt, 1996);
(V) cinnamic derivatives, phenylpropanoglucosides, flavonoids and phenolic acids
(EtOAC—HCOOH-ACOH-H20 [100:11:11:26 v/v] and Neu’s reagent to reveal, Wagner
and Bladt, 1996; Markhan, 1982; Neu, 1956); (VI) condensed proanthocyanidins and
leucoanthocyanidins (EtOAc-HCOOH-AcOH-H20 [100:11:11:26 v/v] and vanillin-
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chloridric acid to reveal; Roberts et al.,1956); and (VII) hydrolysable tannins (n-BuOH-
Me2CO- phosphate buffer pH 5.0 [40:50:10 v/v] and 1% iron alum to reveal; Stiasny,
1912).

2.4 Determination of total phenol content

The total phenolic content was determined by the Folin-Ciocalteu method
described in Da Silva et al. (2011). The amount of total phenol was expressed as mg/g
gallic acid equivalents (GAE) using the calibration curve of gallic acid (y = 1.6221x +
0.0084, r2 =0.9934).

2.5 Determination of total flavonoid content
The total content of flavonoids was measured using a method proposed by

Kumaran and Karunkaran (2007). The amount of flavonoids in the extract was expressed

as quercertin equivalents (QE)/mg plant extract, and calculated by the following formula:

Total flavonoid content = (As x mc) / (Ac X ms)

As = sample absorbance; Ac = quercetin absorbance; ms = mass of plant extract;

mc = mass of quercetin.

2.6 DPPH radical scavenging activity (SRL)

The DPPH free radical scavenging activity was based on the scavenging of the stable
2, 2-diphenyl-1- picrylhydrazyl (DPPH) free radical 250 uL of DPPH solution in
methanol (1 mM) and 40 uL of different concentrations of saline extract (SE), FO-80 and
LifeLBL (62.5; 125; 250; 500 and 1000 ug/mL of protein) were mixed. After 25 minutes
at room temperature in dark, the absorbance was recorded at 517 nm. Gallic acid was the
reference compound and the negative control was distilled water. 1Cso value denotes the
concentration of sample, which is required to scavenge 50% of DPPH free radicals.

Radical scavenging activity was calculated by the following formula:
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SRL (%) - (Absorbance control — Absorbance sample) x 100

Absorbance control

The measurements were triplicated and their scavenging effects were calculated based

on the percentage of DPPH scavenged.

2.7 Determination of the Sun Protection Factor (SPF) in vitro
The extracts were dried and after diluted in absolute ethanol, obtaining concentrations
of 100, 50, 25 and 12,5 pg/mL. Subsequently, was performed spectrophotometric
scanning at wavelengths between 290 -320 nm, with intervals of 5 nm. The readings were
performed using 1 cm quartz cell, and ethanol used as blank. Calculation of SPF was

obtained according to the equation developed by Mansur et al. (1986).

3 Results and discussion

It was carried out phytochemical characterization of the samples used in the
purification of lectin L. ferrea: Saline Extract (SE), Protein Fraction of 80% (F80) and
the lectin (LifeLBL). A methanol extract (ME) was also tested, in order to verify and
confirm that the bark of L. ferrea has secondary metabolites and that these were not
present in the samples used to purify LifeLBL. Flavonoids was found in ME, with a
similar standard to that found in artichoke extract, called luteolin (canary yellow), and
hydrolysable tannins (blue-violet), and catechin tannin (proanthocyanidin condensates)
in higher concentration than in the SE. Presence of luteolin in the ME proved the existence
of secondary metabolites in L. ferrea constitution, which were not extracted using saline
solution in the first step to obtain the lectin. Luteolin has been widely studied, as reducing
Alzheimer's disease pathologies (Sawmiller et al., 2014), against vascular inflammation
(Jia et al., 2015) and anti-inflammatory activity (Francisco et al., 2014). The presence of
hydrolyzable tannins and flavonoid and their monomers, have been described the
literature for L. ferrea extracts from bark, as e.g. the acetone extracts shows chalcones

trimers, pauferrol A (Nozaki et al., 2007) and chalcones dimers, the pauferrol B and
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pauferrol C (Ohira et al., 2013), all of them are act as potent inhibitors of DNA
topoisomerase I1.

The foam index test indicates the absence of saponin as described previously by
Frasson et al., 2003. Over there, in the SE, we found condensed proanthocyanidins and
an increased presence of hydrolysable tannins, cinnamic derivatives, catechin tannins
(proanthocyanidins condensed) and traces of flavonoids. After salt fractionation was
observed and the concentration of all of constituents present in SE, showing that the salt
fractionation could be an alternative to study secondary compounds soluble in aqueous
from L. ferrea. In addition, the plant constituents vary according to the time of collection,
the climate, constitution, soil, plant age, and other factors. The lectin sample showed its
purity, since it did not observed any secondary metabolism contaminants. The samples
did not show in the conditions used, leucoanthocyanidins, alkaloids, polyphenols
(coumarins, glycosides  fenilpropanosideos) terpenoids (monoterpenoids,

sesquiterpenoids, diterpenoids, triterpenoids, steroids, iridoids).

The free radicals have different roles in the organism, but its excess producing
harmful effects such as damage to DNA, proteins and organelles, such as mitochondria
and membranes, causing structural and functional changes in the cells and thus cause
various diseases (Alves et al., 2010). The DPPH radical scavenging method evaluates the
radical scavenging ability of a compound by its reaction with the stable radical DPPH
(Bortolomeazzi et al., 2007). This is the most widely reported method for screening of
antioxidant activity of many plant drugs (Onkar et al., 2012).

The protein samples used in the purification process were diluted to obtain a
protein concentration of 1 mg/ml, which was given by the Lowry dosage method (1951)
for extract and F0-80, and the Warburg and Christian method (1942) for isolated lectin,
in order to be evaluated for the presence of antioxidant activity by the method of DPPH
radical sequestration. The results are shown in Figure 5, where we observed that LifeLBL
showed antioxidant activity of 67.7% for the major concentration (1 mg/ml), the protein
fraction had its activity ranging from 27.07% in its lower concentration (62.5ug/ml)
raging to 90.4% in its highest concentration (1 mg/ml). However, the best result was for
the saline extract, since its activity ranged from 46.73% in its lower concentration

(62.5ug/ml) up to 96.08% when its concentration reaches 1 mg/ml protein. The
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antioxidant activity of proteins depend solely on the presence of aromatic rings in its
structure, these rings are present more abundantly in polyphenols.

The total phenolic content of the saline extract from L. ferrea bark was performed;
it showed a concentration of 185.89 + 9.35 mg AGE / mg of sample. A high level of
polyphenols has been previously quantified in an extract of fruits from L. ferrea showing
a concentration of 460 mg/g in related of acid galic (Da Silva et al., 2011) being mostly
composed of acid galic and one of its derivative compounds were identified (Da Silva et
al., 2013).

The saline extract has an amount of flavonoid 40.415 mg £ 0.73 mg QE / mg of
sample. According to Souza et al. (2005) the content of flavonoids produced by a plant is
considered an important factor for protecting plants against ultraviolet radiation. Thus,
the SPF in vitro was determined by the spectrophotometric method developed by Mansur
(1986) using the UVB region, which is the considered to be the region of greatest
incidence during the day (Dutra et al., 2004). In the table 2 we observe that despite the
fact that saline extract present SPF low (about 3.4), thus being a low value for use in

formulations.
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Figure 1 — Free radical-scavenging activity on DPPH of the LifeLBL, proteic fration
and saline extract of L. ferrea bark.

Table 1 — Comparison between Total phenolics (TP), total flavonoids (TF) and
antioxidant activity of dried extracts from the leaves of Libidibia ferrea var.
leiostachya Benth. ICso is defined as the concentration sufficient to obtain 50% of a
maximum effect estimate in 100%.

Table 2 - Sun Protection Factor (SPF) in vitro of the dried extracts from L. ferrea
bark.
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Table 1
Sample TP (mgEAG/mg TF (mgEQ/ mg DPPH (1C50,
de amostra) de amostra) pg/ml)
Extract 185,89 +£ 9,35 40,415+ 0,73 135,2
Fraction 106,89 + 0,008 1,85+ 0,07 177,9
LifeLBL N N 743,3

e Total phenolics (TP) — in equivalent milligrams of gallic acid

e Total flavonoids (TF) — in equivalent milligrams of quercertin

e N —non tested
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Table 2
Samples 100 pg/mL 50 pg/mL 25 pg/mL 12,5 pg/mL
Saline Extract 3,34 1,66 0,97 0,56
Proteic Fration 1,98 0,095 0,052 0,24
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Coagulant activity of a lectin extracted Libidibia ferrea pod (LifeFPL)

iovarrien 3008 1580 Ove0-ard

" BORBOURG




99

Coagulant activity of a lectin extracted Libidibia ferrea pod (LifeFPL)

Silva, C.E.S.; Silva, A.K.S.F.; Carvalho, M.E.T.; Ximenes, N.C.A.; Napoledo, T.H.;
Paiva, P.M.G.; and Correia, M. T.S.”

Departamento de Bioguimica, Universidade Federal de Pernambuco, Av. Prof. Moraes R
ego s/n, Cidade Universitaria, 50,670-420, Recife, Brasil.

“Corresponding author:
Tel: +55-81-2126.8540; Fax: +55-81-2126.8576;

E-mail address: mtscorreia@gmail.com



100

Abstract

Lectins are proteins or glycoproteins, of non-immune origin, that bind
carbohydrates specifically and reversibly. Libidibia ferrea var. ferrea is a plant widely
distributed in Brazil and it is used in popular medicine. In this paper was presented the
coagulant activity of a lectin purified from L. ferrea pod (LifeLPL). The coagulant
activity was performed in triplicate, with kaolin clay hydrated. The evaluation tests were
carried out in sodium phosphate buffer pH 7.5. LifeFPL had coagulation activity similar
to the positive control, aluminum sulfate, showing significant improvement of such
activity when the pH of the medium is basic. In conclusion, LifeFPL can be used in
treating water by means of a safe technique for the environment, thus contributing to the
sustainable use of biodiversity.

Key-words: lectin, water treatment, Libidibia ferrea, coagulation

1. Introdution

Libidibia (Caesalpinia) ferrea, belongs to the Fabaceae family, sub family
Caesalpiniaceae, being popularly known as ironwood or juca (Lorenzi, 2008). In the
Brazilian Northeast, there are four subspecies of L. ferrea, three from the Caatinga and
one from the Atlantic Forest (Queiroz, 2009). It is an economically important species due
to a variety of uses: it has great medicinal potential; ornamental, and can be used in
afforestation and reforestation. The wood has a very tough core; a characteristic that gave
the ironwood name can be used in construction and carpentry (Penna, 1946; Pio Corréa,
1984; Lorenzi, 2008).

The bark, seeds, roots and fruits of L. ferrea are used in Brazilian folk medicine,
where its pharmacological properties have been investigated: analgesic and anti-
inflammatory (Freitas et al., 2012; Aradjo et al., 2014), Wound dressings (Dias et al.,
2013), inhibition of herpes simplex virus and poliovirus (Lopes et al., 2013), in vitro
antimicrobial against oral pathogens (Sampaio, et al. 2009), cancer chemopreventive
effects (Nakamura et al., 2001), antioxidant and DNA protection (da Silva et al., 2011).
There are several active compounds that can explain the medicinal effects of L. ferrea
among of them are lectins, which are proteins or glycoproteins of non-immune origin,

which agglutinate cells and precipitate carbohydrates and derivatives without changing
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their covalent structures (Peumans & Van Damme, 1995; Arreguin-Espinosa & Arreguin-
Lozano, 1997; Ashraf Khan & 2003; Wu et al, 2009, Wang et al, 2011).

Turbidity, in general, is a measure of cloudiness in water induced by colloidal
substances in suspension and is one of the main criteria for monitoring water treatment
plants. Reduced turbidity is often performed using chemical coagulants such as alum
(aluminum sulfate). Coagulants are abundantly available in nature and may indeed be
considered to resolve the drawbacks associated with the use of chemical coagulants (Choy
et al., 2013). As a sustainable alternative to the use of chemical coagulants, we find the
coagulants of natural origin. The lectins can serve many different purposes, Santos et al
(2009) and Ferreira et al. (2011) carried out experiments with purified coagulation lectins
Moringa oleifera seeds, and noted that they are presented as a potential good coagulant
may be used in the treatment of water with high turbidity. Thus, the purpose of this study
is to evaluate the presence of coagulant activity of lectin extracted from pod of Libidibia
ferrea var. ferrea, which is justified by the growing search for coagulants and compounds
of natural origin and because they are biodegradable, safety for human health and its low

cost.

2. Materials and methods

1.1.Plant material
L. ferrea var. ferrea pod were harvested from plants at Ibimirin city, State of

Pernambuco, Northeast of Brazil.

1.2. Purification of LifeFPL
The lectin was purified by the protocol established by Ximenes (2004). First, it
was made extract using flour from L. ferrea pod at 10% (w / v) in 0.15 M NaCl with a
moderate stirring for 16 ha 4 C. Subsequently, the extract was filtered in gauze and
centrifuged (10,000 x g) for 15 min and the supernatants carefully collected. The saline
extract (ES) was subjected to salt fractionation. Solid ammonium sulfate (80% saturation)
was added to the extract and stirred for 4 h at room temperature. After centrifugation, the

obtained precipitate was resuspended in 0.15 M NaCl and this fraction (F0-80) was
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subjected to column chromatography on chitin to obtain the LifeFPL using 1 M acetic
acid as eluent. Finally, the samples were dialyzed, subjected to protein determination
(Warburg and Christian, 1942) and evaluated for the hemagglutination activity (Correia
& Coelho, 1995). Then LifeFPL was stored at -20 ° C.

1.3.Hemagglutinating Activity Assay

The hemagglutinating activity assay (HA) was performed in microtiter plates
according to Correia and Coelho (1995). Lectin preparations (50 uL) were two-fold
serially diluted with 0.15 M NaCl before addition of 50 pL suspension of rabbit
erythrocytes previously treated with glutaraldehyde 2.5% (v/v). The titer was expressed
as the highest dilution exhibiting hemagglutination. Essays were performed with the
saline extract (E), the protein fraction (F80) and the purified protein. The specific HA was

defined as the ratio between the units and protein concentration (mg/mL).

1.4 Estimative of protein concentration

The protein was estimated according to Lowry et al. (1951). A calibration curve
was prepared using bovine serum albumin (BSA) as the standard in a range between 0
and 500 pg /mL. It was also used, the method of Warburg and Christian (1942), after
chromatography, since most proteins exhibits absorption in the ultraviolet at 280 nm, due
primarily to the presence of tryptophan and tyrosine. Nucleic acids also exhibit strong
absorption at 280 nm but less than the absorption at 260 nm, whereas unlike most proteins

absorb at 280 than at 260. The protein concentration is given by:

Protein concentration in mg / mL = 1,45 A280 — 0,74 A260

1.5.Coagulant activity LifeFPL

The coagulation activity assay was based on the method described by Santos et al.
(2009). Initially, the water sample was treated with kaolin clay (10 g) to 1 L tap water,
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stirred for 30 min and allowed to settle for 24 h to achieve complete hydration. Desired
turbidity was obtained by dilution. An aliquot (200 pL) of SE, FO-80, LifeFPL (1 mg/mL)
and positive control (aluminium sulphate 5%) were added to high turbidity clay
suspension (1800 pL) in 2 mL cuvette and homogenized instantly. Samples were allowed
to settle for 1 h and absorbance was measured at 500 nm using a UV-Visible
spectrophotometer. In order to reduce background effect, a sample volume of 1 mL from
the top was transferred to the cuvette for absorbance measurements every 5 min up to 60
min and subsequently to each 10 min up to 140 min. Reduction in absorbance relative to

negative control indicates coagulation activity. The assays were performed three times.

1.6.Hemolytic activity

First, a suspension of erythrocyte was prepared, where erythrocytes was washed and
suspended in physiological saline solution in a final concentration of 2% (v/v). Hemolytic
degree of LifeFPL was assayed by colorimetry, according to the reported method with
minor modification (De-Qiang et al., 2011). Second, the LifePL of different
concentration in isotonic saline solution were added into tubes (400 uL), and after was
added into this tubes 1.1 pL of erythrocyte suspension and the mixture was incubated for
2 h, at 37 °C. After incubation, the reaction mixture was centrifuged at 3000 rpm for
10 min and the absorbance at 545 nm of the supernatant was measured by a UV-vis
spectrophotometer. Triton was used in place of physiological saline solution, which gave
100% hemolysis (positive control). The negative control was saline solution. Hemolytic
degree (HD) of each sample was determined using the formulation as follows: HD
(%) = (AbsE — AbsN)/(AbsP — AbsN) x 100, where AbskE, AbsN and AbsP represent the

absorbance of experimental group, negative control and positive control, respectively.

3. Results and discussion

LifeFPL purification was performed according to the protocol outlined by
Ximenes (2004). Similar results were obtained and are shown in Table 1, which shows
the purification summary LifeFPL. The chitin column chromatography showed two peaks

being the first corresponding to non-adsorbed proteins without hemagglutination activity


http://www.sciencedirect.com/science/article/pii/S0378874111007057
http://www.sciencedirect.com/science/article/pii/S0378874111007057#bib0055
http://www.sciencedirect.com/science/article/pii/S0378874111007057#bib0055
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(HA), and the second peak containg adsorbed proteins with HA (Figure 1). About 48 mg
of LifeFPL were obtained from 10 g flour.

In the water treatment process (to make it potable), The first stage is coagulation,
when the bulk water receives, upon entering the treatment plant, a dosage of coagulant
compound (generally: aluminum sulphate and chloride polyaluminum). However, studies
have shown that aluminum can induce Alzheimer's disease monomers and some synthetic
organic polymers such as acrylamide and neurotoxicity have carcinogenic properties
(OKUDA et al., 1999), increasing the interest in natural vegetable coagulant both they
are safe to health, as by being biodegradable (OKUDA et al., 2001).

In the coagulation assay using LifeFPL (Figure 2A), there was a similar result to
that obtained for the positive control, aluminum sulfate which is usually used as a
coagulant for water treatment compound. However, the same result was not found for
extract and the fraction (Figure 2 B, C). This was due possibly to the presence of
substances that interfere with lectinbinding to kaolin since the extract and fraction
compounds are not pure or could be due a minor concentration of LifeFPL and less SHA
than purified lectin. Santos et al. (2009) purified and determined the presence of a strong
coagulant power of a lectin extracted from Moringa oleifera seed (cMol) demonstrating
a new biotechnology area of operation to lectins.

A protein extract from M. oleifera seeds can remove humic acids from water
reducing total and organic matter as well as aromatic content and colour (Santos et al.
2012). Ferreira et al. (2012) showed that another lectin purified form Moringa oleifera
seed called WSMoL besides presenting coagulant activity on the turbid water model; it
was efficient to reduce the growth of Staphylococcus aureus and Escherichia coli.
WSMoL was also effective in reducing the growth of ambient lake water bacteria,
showing that the lectins may be used in both steps of the process water treatment:
coagulation and disinfection.

Since LifeFPL demonstrated a good coagulant activity and in order to mimic hard
water and even the presence of various ions in fresh water we evaluated the permanence
of this activity by changing some variants. lons were chosen as divalent cations, (Mg2+
and Ca2+) and monovalent cations (Mn+ and K+), furthermore, the pH of the solution
was hydrated Kaolin was changed to pH 7.5 (sodium phosphate 10 mM). The pH and
buffer concentration were chosen because in this situation the hemagglutinating activity

of the lectin showed a significant increase going from 512 to 2048 (Ximenes, 2004).
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Likewise, the concentration of ions (10 mM) was chosen because the AH of the lectin
show an increase in those conditions (Ximenes, 2004).

There was no coagulant activity when Kaolin was hydrated with saline solutionIN
PRECENSE OF IONS (Figures 3 A, B, C and D) and the essay doesn’t works, because
the positive control, aluminum sulfate, commonly used in water treatment, presented no
coagulant activity. One explanation for this would be that kaolin, not lectin, which was
incubated with ion, and this may have influenced the change in kaolin structure, thus not
allowing coagulation. However, when the Kaolin was hydrated with sodium phosphate
pH 7.5, the coagulating power of the lectin was increased (Figure 4). LifeFPL is a basic
protein of molecular weight of approximately 14.4 kDa. Thus, under conditions where
the pH of the medium is basic (Tested conditions) acquires a positive charge to the protein
can then bind to negative particles, similar results found by Santos et al. (2009), which
the coagulant mechanism involves adsorption and neutralization of charges.

In relation to the hemolytic test, the results showed that this lectin did not exhibit
hemolytic activity due to the fact the erithrocytes didn't evidence hemolysis degree at all
tested concentrations (200, 150, 100, 50 pg/mL). This activity is a kind of cytotoxic
activity that serves to gives biological value to the lectin, because may not be useful,
especially in pharmacological preparations, if they possess a hemolytic or cytotoxic
effect.

4. Conclusion

A lectin was isolated and purified from Libidibia ferrea pod by a
combination of ammonium sulfate precipitation (F0-80) and chitin affinity
chromatography. The protocol used was previously established by Ximenes in 2004 and
shown to be effective in the purification of lectins and obtaining the protein with a high
purity (LifeFPL). Regarding Kaolin, a substance that mimics turbidity of the polluted
water, the lectin had coagulation activity similar to the positive control, aluminum
sulphate, with a significant improvement of this activity when the pH of the medium is

basic and decreasing its coagulant activity the presence of ions.
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List of captions

Chart 1 — purification summary of LifeFPL.

Figure 1 Affinity chromatography F0-80% chitin. FO-80 (9.5 mg) was applied
to a column containing 5 ml of chitin, balanced with NaCl containing 0.04 M MgCI2
Fractions of 2 ml were collected at a flow rate of 20 ml / h. Elution was performed with
Acetic Acid 1 M.

Figure 2 — Coagulant activity in water treated with kaolin. The values
represent the average of three experiments (z standard deviation) Significant differences
between groups were determined by p <0.05.

Figure 3 — Coagulant activity in treated water with kaolin in the presence of
ions. A - coagulant activity hydrated kaolin with MgCI2 solution. B - Coagulant activity
hydrated kaolin with CaCl. solution. C - Coagulant activity hydrated kaolin with MnCl;
solution. D - coagulant activity hydrated kaolin in KCI solution. The values represent the
average of three experiments (+ standard deviation) Significant differences between
groups were determined by p <0.05.

Figure 4 — coagulant activity hydrated kaolin solution with sodium phosphate
buffer pH 7.5. The values represent the average of three experiments (+ standard

deviation) Significant differences between groups were determined by p <0.05.
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Chart 1
Samples  Volume Protein  Hemagglutinatingac  Specific hemagglut  Purification
tivity (HA) inating activity
(mL) (mg/mL) (fold)
(SHA)*
Extract 57 43,2 2048 47 1
F 0-80 20 17,4 2048 117 2,5
LifeFPL 12 0,1 512 5120 22

*Specific hemagglutinating activity = HA/protein (mg/ml).
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Figure 4
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CONCLUSOES

O extrato salino de a entrecasca de Libidibia ferrea var. leiostachya Benth mostrou AH, de onde
uma lectina ligante de quitina (LifeLBL) foi purificada, com elevada estabilidade térmica e foi
livre de contaminantes do metabolismo secundario. A atividade da lectina é totalmente inibida por
albumina bovina serica e parcialmente inibida por monossacarideos: glicose, manose, ramnose,

xilose e N-acetil-D-glucosamina.

Através da SDS-PAGE, LifeLBL foi resolvida em dois picos protéicos de massa molecular de 19

e 15 KDa, respectivamente, por gel filtracdo em coluna de Superdex 75.

A lectina da entrecasca de Libidibia ferrea var. leiostachya Benth e suas preparacdes apresentam
afinidade a acido humico, podendo ser utilizados para o tratamento da &gua e remoc¢do de

substancias himicas.

PreparacOes de Libidibia ferrea var. leiostachya Benth sdo fontes potenciais de antioxidantes. O
extrato apresentou melhores resultados no teste da atividade antioxidante e de determinag&o do
fator de protecdo solar. Mostrando uma perspectiva de uso da planta em formulac6es farmacéuticas

com base nas suas propriedades antioxidantes.

A lectina purificada da vagem de Libidibia ferrea var. ferrea (LifeFPL) apresentou propriedades
coagulantes na agua. Resultados similares foram observados com o sulfato de aluminio, o
coagulante sintético mais usado no tratamento da dgua em todo o mundo. LifeFPL pode ser

aplicada no tratamento da 4gua para consumo humano.



