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“Ninguém pode construir em teu lugar
as pontes que precisaras passar,
para atravessar o rio da vida.”

Friedrich Nietzsche
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RESUMO

Sementes de plantas sdo fontes de lectinas, pastejue interagem com carboidratos e
promovem aglutinacdo de eritrécitos. A interacaoletinas com carboidratos resulta em
atividades antimicrobiana e inseticida encontradessas proteinas. CerneMgracrodruon
urundeuvaé resistente a fitopatogenosedes aegyptiransmite os agentes etioldgicos da
febre amarela e da dengue. Vacina para o virusedgué nao é disponivel e o controle do
vetor é essencial para minimizar a incidéncia dwde. Este trabalho relata o isolamento das
lectinas de entrecasca (MuBL) e cerne (MuHL)Meurundeuva Avaliagdo da atividade
antimicrobiana de MuHL contra bactérias e fungos giacam plantas, incluindo madeira, e
os efeitos de MuHL e MuBL sobre larvas Aleaegypti foram também descritos. Atividade
larvicida foi investigada com extratos, fracfesnsal e lectinas isoladas. As lectinas foram
isoladas por tratamento do extrato bruto com suli@tamonio seguido por cromatografia em
coluna de quitina. MuBL e MuHL foram avaliadas mbetroforese em condigbes nativas
(PAGE) e desnaturantes (sulfato sédico de dode8RS-PAGE). A especificidade a
carboidratos das lectinas foi avaliada pelo endgaidnibicdo da atividade hemaglutinante
(AH) usando N-acetil-Dglicosamina e por cromatoigrade afinidade sobre N-acetil-D-
glicosamina imobilizada em gel de agarose. PAGEatarizou MuBL e MuHL como
proteinas basicas de massas moleculares 14,0 &D4d,4espectivamente. A interacdo das
lectinas com N-acetil-Dglicosamina foi detectadlpeibicdo da AH pelo monossacarideo e
adsorcéo das lectinas na matriz de N-acetil-D-giotina. MuHL inibiu bactérias Gram-
negativa e Gram-positiva e foi mais efetiva quentif@angico Cercobin na inibicdo do
crescimento de fungos fitopatogénicos. Todas pagpas deM. urundeuvapromoveram
mortalidade larval. Foram obtidos valores de§CCLsp € Clgq de 0,077, 0,125, 0,173 para
MuBL e 0,03, 0,04 e 0,05 mg/mL para MuHL. A ativi@aantimicrobiana detectada revela o
possivel papel de MuHL na resisténcia do cern&darundeuvacontra agentes bioldgicos
deteriorantes. A lectina dd. urundeuvaé o primeiro peptideo bioativo encontrado em gerne
provavelmente estocado como uma protecdo quimicéracdiodegradacdo. Para nosso

conhecimento este é o primeiro relato de atividankécidal de lectinas conti&. aegypiti.

Palavra-chaves: Aedes aegypti Atividade antimicrobiana; Atividade larvicida; @e;

Entrecasca; Lectindjlyracrodruon urundeuva



ABSTRACT

Plant seeds are a source of lectins, proteinsithetact with carbohydrates and promote
erythrocyte agglutination. The interaction of lasti with carbohydrates results in
antimicrobial and insecticide activities found inese proteinsMyracrodruon urundeuva
heartwood is resistant to phytopatogeAsdes aegyptiransmits etiologic agents of yellow
fever and dengue. Vaccine for dengue virus is matl@ble and vector control is essential to
minimize dengue incidence. This work reports thaaiion of lectins fromMyracrodruon
urundeuvabark (MuBL) and heartwood (MuHL). Evaluation of MU antimicrobial activity
against bacteria and fungi that attack plantsuiiclg woods and effects of MuHL and MuBL
on A. aegypti larvae were also described. Larvicidal activityaiagt A. aegypti was
investigated with the extracts, salt fractions &udated lectins. The lectins were isolated by
ammonium sulphate treatment of crude extracts i@t by chromatography on chitin
column. MuBL and MuHL were evaluated by electrogsis under native (PAGE) and
denaturing conditions (sodium dodecyl sulphate, $1A&E). Carbohydrate specificity of
lectins was evaluated by hemagglutinating actiyiyA) inhibition assay using N-acetyl-
Dglucosamine and by affinity chromatography on MtgleD-glucosamine immobilized in
agarose gel. PAGE characterized MuBL and MuHL &ascharoteins of molecular masses of
14.0 and 14.4 kDa, respectively. The interactiorectins with N-acetylglucosamine was
detected by inhibition of HA by monosaccharide dadtin adsorptions on N-acetyl-D-
glucosamine matrix. MuHL inhibited Gram-negativeda@ram-positive bacteria and was
more effective than antifungal Cercobin in growthibition of phytopathogenic fungi. AN.
urundeuvapreparations promoted larvae mortality. 16,CLCso and LG, values of 0.077,
0.125, 0.173 for MuBL and 0.03, 0.04 and 0.05 mg/fot. MuHL were obtained. The
detected antimicrobial activity reveals the possitdle of the MuHL in the resistance it
urundeuvaheartwood against deteriorative biological agefite M. urundeuvdectin is the
first bioactive peptide found in heartwood, prolyaslored as a chemical protection against
biodegradation. To our knowledge this is the fiegtort of larvicidal activity of lectins against

A. aegypti.

Keywords: Aedes aegypgtiantimicrobial activity; larvicidal activity; heawood; bark; lectin;

Myracrodruon urundeuva
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1. INTRODUCAO

A indiscutivel riqueza da flora brasileira, que diesnuitos séculos tem despertado o
interesse de pesquisadores em todo o mundo, étadssarincipalmente pelos estudos
etnofarmacoldgicos, abrangendo conhecimentos degerori amerindia, enriquecidos
historicamente pelas presencas africanas e eusop@artir do século XMISANDES & DI
BLASI, 2000).

O Brasil é o pais com maior diversidade genéticgeta do mundo, contando com 55
mil espécies catalogadas de um total de 250 a 3l08species de plantas existentes na flora
mundial. Todavia, menos de 10% dessas plantas faxatndas sob aspectos biolégicos e
nao mais que 5% sob aspectos quimicos até meadasnds 90 (DI STASI, 1996). Dessa
forma, as plantas constituem ainda uma fonte imptet para a descoberta de novas
substancias biologicamente ativas.

A industria farmacéutica mundial vem crescendoalmé sustentada alcancando um
faturamento anual de 602 bilhdes de dolares em, 2008Brasil se situa entre os dez maiores
consumidores de medicamentos do mundo com aproamemte US$ 9 bilhdes (IMS
HEALTH, 2006). No entanto, cerca de um ter¢co daupag@o mundial ndo tem acesso regular
aos medicamentos devido a falta de recursos parpreo remédios (VELAZQUEZ, 2000)

Gracas a valorizagdo do saber popular e a tentdgvauprir a falta de recursos
financeiros para os setores de saude, 0 uso terdipicos tem crescido substancialmente. No
mundo, produtos naturais e seus derivados repegsantis que 50% de todas as drogas de
uso clinico (BALANDRIN, 1993) e no Brasil, estima-gue o mercado de fitoterapicos tenha
alcancado em 2001 a casa dos US$ 550 milhdes.italizacdo da fitoterapia, acompanhada
pelo abandono de seu empirismo inicial, deu lugamacrescente niumero de pesquisas e
estudos que analisam constituintes quimicos aéivusvas tecnologias (ARAUJO, 2002).

Plantas com valor medicinal, segundo a Organizdbdadial de Saude, sdo aquelas
gue possuem, em um ou em varios de seus Orgacstasdls usadas com finalidade
terapéutica ou substancias que sejam ponto del@gudira a sintese de produtos quimicos e
farmacéuticos. A essas substancias é dado o nomepridepios ativos. As funcdes
fisiol6gicas de muitos desses principios ativogslaindo estdo completamente esclarecidas,
mas associa-se a sua producdo a defesa da prdgmia pontra agentes externos, como
doencas, pragas e radiacdo solar, entre outrogmAsssas substancias possuem funcdes

ecologicas importantes para a sobrevivéncia decesfil8iGKANINAN et al., 1999) e podem
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ser utilizadas, com a devida responsabilidade, eneficio do ser humano em doencas de
impacto mundial, como a febre de dengue.

O dengue, arbovirose (virose transmitida por add@s) de maior incidéncia no
mundo, tem como vetor Aedes aegype vem preocupando as autoridades sanitarias de tod
o mundo, em virtude de sua ampla circulacao endesgropicais e subtropicais (MICIELI &
CAMPQOS, 2003). No Brasil, ja foram registrados pasieiras 15 semanas de 2009, 226.513
casos de dengue (SECRETARIA DE VIGILANCIA EM SAUDEQ09). Como ndo ha
vacinas nem agentes terapéuticos efetivos paramrea infeccdo da dengue ou combater
essa doenca em pessoas infectadas, o controletatoéva Unica solucdo disponivel e mais
comumente escolhida para redugédo da transmiss8e dass (CHAPAGAIN et al., 2008),
sendo preferivel o controle feito por substanciasinais isentas de toxicidade para o meio
ambiente.

A co-evolugcdo existente entre plantas, insetos teo®umicroorganismos tem sido
explorada, entdo, na busca por fontes naturaiglmancias inseticidas, ja que as mesmas sao
produzidas pelo vegetal em resposta a um ataguelidsnte os compostos naturais s&o
separados em compostos do metabolismo primarioreedabolismo secundario (MATOS et
al., 1995). Os metabdlitos primarios sdo amplameistebuidos nos seres vivos, enquanto 0s
metabolitos secundarios sdo de ocorréncia restut#lidade ndo-evidente, embora essenciais
para os organismos que os produzem (MANN et a9419

O metabolismo primario leva a producdo de subsi8nsimples, fabricadas pelas
plantas com a introducdo de nutrientes tiradosadim @itrogénio, foésforo e sais minerais).
Essas substancias tém a funcdo de promover ossposcbasicos da planta, como os acidos
carboxilicos do ciclo do acido citrico (ciclo deelkis), os cerca de vinte aminoacidos que
constituem a maioria das proteinas, os acidos grexms acucares comuns e seus derivados.
Sao substancias que existem em todas as plantassgtwem a matéria-prima de reacdes
posteriores, catalisadas por enzimas e controlgdasticamente. S&o essas reacdes que
levam a producdo dos compostos do metabolismo dédaondas plantas (flavondides,
alcaldides, terpenos, entre outros) (LEONICER & BICHLER, 1977).

Os metabdlitos secundarios sdo conhecidos poragii@s repelentes ou atraentes nas
interacdes intra-espécies e interespécies, nagdmteontra estresse bidtico e abidtico e na
manutencdo da integridade estrutural. Essa vaste gfe compostos organicos naturais
biologicamente ativos pode apresentar também agimatoldgica, agindo como

tranquilizante, analgésico, antiviral, fungicida ieseticida, cujas diversas aplicacdes
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estendem-se tanto a terapéutica médica quanto (gtiied de cosméticos e de alimentos
(PLETSCH, 1997).

Entre os diversos exemplos de substancias de uspétgico, oriundas do
metabolismo secundéario de plantas, podemos citatemisina (DHINGRA et al., 1999),
presente em artemisidrtemisia annua que possui atividade antimalarica; a morfina
(KALSO, 2007), obtida do latex da papouRgpaver somniferungue ainda é o analgésico
mais potente para uso cliniam,0 diterpeno taxol (CHENG et al., 2008), isoladoTdxus
brevifolia, teixo-do-pacifico, usado para o tratamento de@ados ovarios e pulmdes.

Além dos metabdlitos secundarios, alguns composeatiemetabolismo primario das
plantas tém sido relacionados a mecanismos deadedsslectinas de plantas, por exemplo,
sdo proteinas que podem assumir diferentes pap#isgibos. Todavia, ndo existe uma
funcdo universal para todas elas. De maneira abné®gas lectinas podem assumir papéis
exdgenos como, por exemplo, atividade antifungirdra fitopatogenos (XU et al., 1998) ou
inseticida (Sa et al., 2008; Silva et al., 2009y ppdem assumir papéis enddgenos se
interagirem com ligantes do proprio organismo pa, exemplo, auxiliar a deposicdo de
proteinas de reservas nos corpos protéicos (LIMP&NBBSSELING, 2003). Felizmente, as
questdes concernentes as funcdes bioldgicas deetimsis desempenham nos organismos em
que sédo produzidas tém ganhado atencéo crescanteyitdo o contraste que predominava
no passado entre fungao e aplicacao de lectindsMRRIS & VAN DAMME, 1995).

O Laboratério de Glicoproteinas do DepartamentdBoiguimica da Universidade
Federal de Pernambuco tem como propositos, des8@, O obtencdo de um painel de
lectinas puras e a investigacdo do potencial hiotégico das proteinas obtidas. De acordo
com alguns estudos, o cerne, tecido central dadral® Myracrodruon urundeuvdr. All
(aroeira-do-sertdo), apresenta alta resisténciatopatégenos (MORAIS et al.,, 1999;
MAINIERI & CHIMELO, 1989) e a entrecasca apresedigersas aplicacbes na medicina
popular envolvendo, principalmente, atividade aflimatéria e cicatrizante. As
propriedades do cerne e da entrecasdd.deundeuvaestimula a investigacao das atividades
bioldgicas das lectinas destes dois tecidos solm®anganismos e insetos.

O estudo das atividades antimicrobiana e larvicidatra Aedes aegyptivisa
determinar o potencial das lectinas como agent@&siarobiano e inseticida para controle de

pragas.
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1.1. ANATOMIA E RESISTENCIA DE MADEIRAS

A madeira é um material que possui propriedadesggétieas, medicinais, quimicas e
alimenticias (LEPAGE et al., 1986), apresentanda wasta gama de utilizacdo nos meios
rural e urbano. Entretanto, em virtude da sua esae constituicdo quimica, boa parte das
madeiras € passivel de sofrer ataque de variooonganismos que utilizam os polimeros
naturais da parede celular como fonte de nutrigbtye os quais os fungos sdo responsaveis
pelos maiores danos (CAVALCANTE, 1982).

A durabilidade natural da madeira é interpretada papacidade que a mesma possui
de resistir a acdo dos agentes deteriorantes, taimlogicos quanto fisico-quimicos.

A madeira, portanto, pode apresentar alta, médibaixa resisténcia a acdo desses agentes
(CARBALLEIRA LOPES & MILANO, 1986).

O conhecimento da resisténcia natural da madeirde ésuma importancia na
recomendacdo de sua utilizacdo, para que sejaradesitgastos desnecessarios com a
reposicao de pecas deterioradas e seja reduzindpacio sobre as florestas remanescentes
(PAES et al., 2007).

Observando-se um corte transversal de um tronaderpese notar, na maioria das
madeiras, dois tecidos bem distintos em termo®dérigura 1): a parte central, mais escura,
€ denominada cerne, enquanto a parte mais claen@minada alburno e envolvendo-os,
temos a casca interna (entrecasca) e externa.

O cerne é considerado um tecido morto, sem atieidadetativa. A transformagéo do
alburno em cerne é iniciada internamente, e nac@odicdes externas. A morte da maioria
das células apds o espessamento celular € maretmlalgsaparecimento do nucleo e do
protoplasma, pela mudanca quimica do citoplasntacé® em amido, agucares e materiais
nitrogenados. Entretanto, algumas células retém pwetoplasto, como as células do
parénquima, que ocorrem como células longitudiea&diais (RAVEN et al., 2004).

Em uma arvore, o alburno é responsavel por prosesstabdlicos como a respiracéo
e digestdo (SILVA, 2002), além de fornecer supaddronco, conduzir a seiva bruta até as
folhas e armazenar alimentos. O cerne, por outlo, lado armazena alimento nem faz
conducao de seiva, funcionando, segundo Hunt &aB4¥967), somente como suporte. Ja a

casca funciona como primeiro impedimento a entdedagentes deteriorantes.
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| » Casca externa
—» Casca interna

Figura 1. Anatomia da Madeira. Fonte: Silva, 2002

Apesar de ndo ser formado por tecido vivo, o celmealgumas arvores apresenta
elevada resisténcia a agentes biodegradantes. istéresa a deterioracdo de algumas
madeiras tem sido atribuida a substancias preseatiEnho (tecido por onde circula agua e
sais minerais dissolvidos), denominadas extrafi@$ANG et al., 1999).

De modo geral, ha grande diferenca na resistématigal entre as madeiras do cerne
interno e externo, como observado por Paes & V&@00)para as madeiras deucalyptus
salignae E. urophylla.Em quase todas as espécies em que tais difereogasm, a porcao
interna do cerne, formada pela planta jovem, € semgistente & decomposi¢cdo que a
externa. Todavia, nem todas as espécies apres@ssampadrdo; entre as mais duraveis, a
madeira proxima a medula é tao resistente quantelaga regido externa do cerne. Por outro
lado, a madeira de alburno é reconhecidamente #issgle a deterioracdo bioldgica

(FINDLAY, 1985).

1.2. CONSIDERACOES SOBRE A FAMILIA ANACARDIACEAE E A ESPECIE
Myracrodruon urundeuva Fr. All . (AROEIRA-DO-SERTAO)

1.2.1. A Familia Anacardiaceae
Anacardiaceae € uma familia botanica representad&@® géneros e cerca de 600

espécies, conhecidas por suas espécies frutitaras, elas a manguei(®angifera indic3,
originaria da Asia, e o cajueir@Anacardium occidenta)e nativo do Brasil. A familia
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distingue-se de outras pela combinacdo de um dis@estaminal, com a presenca de fruto
drupaceo e vasos resiniferos que, quando expostasjprias, ttm um cheiro caracteristico
(RAVEN et al., 2004).

Ha dois centros vegetativos desta familia: um n&sita e outro na América Andina,
estendendo-se da zona tropical até ambas as zemgeradas. No Brasil conhecem-se
aproximadamente 40 espécies. A familia possui coemtes de habito arboreo ou arbustivo,
e menos freqientemente ha rasteiras, pequenosataiianas. (SMITH et al., 2004). As
folhas desta familia sdo alternantes, em sua maienmples ou imparipenadas, as vezes
ternadas, sempre sem estipulas. Suas flores damitieas e podem ser terminais ou axilares,
com inflorescéncia racemosa, em sua maioria. Suieimaé de boa qualidade e muitas
substancias sdo extraidas para uso na industaaneedicina. Os canais resiniferos séo ricos
em taninos (CRONQUIST, 1981).

Nos cerrados, a familia Anacardiaceae esta refeekeprincipalmente pelos géneros
Anacardium Lithraea Schinuse Tapirira. Na América Tropical, o génerdapirira é
representado pofapirira guianensis que produz um oOleo aromatico. Uma caracteristica
peculiar da familia Anacardiaceae é a presencai@< secretores nos 0rgaos vegetativos e
reprodutivos. O material secretado tem reconhecadiar biolégico, econémico e medicinal,
justificando a proposta de investigagcbes que aamaetn a morfologia das estruturas
secretoras e a composicao quimica do exsudato (B8R 1991).

O génercAnacardiumapresenta um pequeno numero de espécies, todasdds da
América Central e do Sul a excecaoAdmcardium endocardiupprovavelmente procedente
da Malasia. A espécie mais importanteAnacadium occidentale® cajueiro comum, por ser
a Unica cultivada em escala comercial e que apmesemaior grau de dispersdo em todo o
mundo (CRONQUIST, 1981).

1.2.2. A espécidyracrodruon urundeuva Fr. All. (aroeira-do-sertao)

Em meio ao crescente numero de trabalhos envolvaesdplantas medicinais, a
aroeira se destaca pelo uso popular, que no Bemibnta ao periodo colonial, tendo sido
citada por Guilherme Piso no século XVII que, emm gimda ao Recife, a convite do Principe
Mauricio de Nassau, a comparou ao lentideistécia lentiscus)observando seu uso na
conservacao de carnes frescas, provavelmente dewdea atividade antimicrobiana (PISO,
1957).
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No Brasil, essa planta € conhecida coanoeira, aroeira-do-sertap aroeira-preta
aroeira-do-campg aroeira-verdadeiraou urundeuva entre outras denominagfes. O nome
aroeira € uma corruptela do nome “arara” e da terminag@@™, significando “arvore da
arara”, por ser uma arvore onde essa ave normarhabita. O nomarundeuvavem de um
conceito guarani para “incorruptivel na agua”, ureteréncia a grande resisténcia que a
madeira dessa planta possui (LORENZI, 2000).

O termo aroeira tem sido usado para designar glatasificadas em trés géneros da
familia Anacardiacead.ithraea, Schinuse Myracrodruon A aroeira-do-sertdo, ou aroeira-
preta, € aMyracrodruon urundeuvdr. All.,, nome dado por Francisco Allemao e Cysiei
em 1862. Alguns sinbnimos também podem ser endwdratais comoAstronium
juglandifoliumGriseb. eAstronium urundeuv&ngl (GARRIDO & POGGIANI, 1979).

Considerada madeira de lei, a aroeira é muito detessidade = 1,00 a 1,21 gfm
dura, elastica e resistente a fungos fitopatégdResebe excelente polimento e, quando seca,
é de dificil trabalhabilidade. A madeira é muitsgda, tem textura média e uniforme, gra
irregular, possuindo o alburno bem diferenciadeelme e facilmente decomposto (MORAIS
et al., 1999). Estudos realizados pelo Institutd’dequisas Tecnologicas (IPT) indicam que
um pedaco de aroeira-preta do tamanho de uma daiXasforos suporta 6 toneladas de
carga, sem se deformar. A madeira da aroeira fuperta de trés vezes mais peso do que 0
concreto, sendo excelente para obras externaseg§postoirdes, esteios, estacas, vigas,
armacdes de pontes e moendas de engenho) e pansteucio civil (caibros, vigas, tacos,
assoalhos, ripas e pecas torneadas) (MAINIERI &NIELLO, 1989).

A caracteristica de durabilidade é encontrada eanagpl a 5 % das madeiras e apenas
menos de 1 % delas sdo muito duraveis. De acomotestes realizados pelo IPT, a aroeira-
preta foi classificada como muito duravel e estduida no grupo das madeiras chamadas
imputresciveis. Além das propriedades mecanicasadasnadeiras, que formam uma barreira
fisica de protecdo, existe também uma barreira iqaiformada pelos extrativos e outras
substancias, que possuem efeito fungicida. Esdastésicias se formam principalmente no
processo de transformacao do alburno em cdoitk)(

A aroeira tem tronco de 50 a 80 cm de didametrazacele 6 a 14 m de altura no
Cerrado e na Caatinga, e até 20 a 25 m em solos fédeis da floresta latifoliada
semidecidua. Apesar de ser considerada tipicegifiieseda Caatinga e do Cerrado, formando
agrupamentos densos, é também encontrada em fasagdito Uumidas e fechadas,
incluindo florestas pluviais. Ocorre desde o MéxiaoArgentina (BARKLAY, 1968;
GARRIDO & POGGIANI, 1979); no Brasil, essa espépie@ssui ampla distribuicdo do
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Maranhdo até o Parana e Mato Grosso do Sul, seagdofraqiente nos estados da Bahia,
Minas Gerais, S&0 Paulo, Mato Grosso e Goias. Eplama caracteristica de terrenos secos
e rochosos, ocorrendo em grupamentos densos (LOREBIAD).

A flor de M. urundeuvaé do tipo inflorescéncia em racemo e de cor vdrael
As folhas sdo compostas, imparipinadas, ovaladasIfba 30 cm de comprimento (Figura
2). O fruto é do tipo drupa e de estrutura carreoaa sementes sdo pequenas medindo cerca
de 0,2cm (FAO, 1986; LEITE, 2002).

Figura 2. Myracrodruon urundeuvaParte aérea (A), inflorescéncia (B), folhas (Q)tds
(D) e madeira (E). Fonte: VIANA, 1995.

Além de ser explorada como madeira, a casca darar@enbém é empregada na
farmacologia popular, como planta medicinal, senecomendada para o tratamento de
inflamagé&o de garganta, gastrite e prisdo de veBtra resina amarelo-clara, proveniente das
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lesbes da casca, possui aplicacdo em larga eswala tnico entre os sertanejos (BRAGA,
1976).

Por causa de suas qualidades, a aroeira sofrevegpfmeacdo, tornando-se escassa
em todas as areas de ocorréncia, fato que a colmaategoria “vulneravel”’, ou seja, em
perigo de extingdo, conforme a Lista Oficial de éesgs da Flora Brasileira Ameacadas de
Extingdo (IBAMA, 1992).

1.3. LECTINAS

O primeiro relato a respeito de lectinas se ded 888, quand&tillmark, ao estudar a
toxicidade de extratos dRicinus communigmamona), observou sua capacidade para
aglutinar eritrécitos, devido a presenca de umdepra extraida, a ricina, descoberta que
marcou o inicio das pesquisas envolvendo lectikENNEDY et al., 1995). Pouco tempo
depois, outra hemaglutinina, chamada abrina, faoeimada em sementes d&brus
precatorius(jequiriti). Entretanto, o estudo sobre estasginats s6 comec¢ou a ganhar impeto
em 1960, abrindo uma vasta area de aplicacao paeatmas (GABOR et al., 2004).

O termolectina (originado do latim “lectus”, que significa selecado) refere-se a
habilidade dessas proteinas ligarem-se seletiv@mentreversivelmente a carboidratos
(SHARON & LIS, 2002). Ao contrario dos anticorpasio sdo produtos de uma resposta
imune. A énfase que é dada quanto a origem naoeildgica das lectinas serve para
distingui-las de anticorpos anticarboidratos qudutagam células. Os anticorpos sao
estruturalmente similares, enquanto as lectinasratif entre si quanto a composicao
aminoacidica, requerimentos de metais, peso maleailestrutura tridimensional (VAN
DAMME et al., 1998).

A rota biossintética de muitas lectinas de plasegue a seguinte via secretora: as
lectinas sado sintetizadas pelos ribossomos, entram reticulo endoplasmatico, sao
transportadas para o complexo de Golgi, de onde pdra o0s vacuolos, ficando ai

armazenadasifd.).

1.3.1. Fontes de lectinas

Lectinas estdo largamente distribuidas na natursgagdo encontradas em seres
unicelulares (IMBERT et al., 2004), animais (MOURAal., 2006) e vegetais (LEITE et al.,
2005). Em vegetais, as lectinas sao frequentemsol@das de sementes (LATHA et, al
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2006) e, em menores proporgdes, de outros tecielgstais, tais como folhas (COELHO &
SILVA, 2000), cascas (INA et al., 2005), raizes (M@ & NG, 2006) e flores (SUSEELAN

et al., 2002). As lectinas de plantas que séo idds em O0rgaos de estocagem (sementes, na
maioria, mas também tubérculos, bulbos e raizgertiendo da planta) dominam o cenario
da lectinologia por serem encontradas em quantdacgparativas.

As lectinas mais estudadas séo da familia Legurmidsntretanto, muitas lectinas de
outras familias também tém sido frequentementeadssl e caracterizadas como, por
exemplo, lectinas de Solanaceae (PEUMANS et ab3R@ucurbitaceae (PLA et al., 2004),
Amaranthaceae (PORRAS et al., 20@3ctaceae (ZENTENO et al., 1995), Euphorbiaceae
(WITTSUWANNAKUL et al., 1998), LabiateaécFERNANDEZ-ALONSO et al., 2003),
Moraceae (MOREIRA et al., 1998) e Urticac@@AVALALI, 2003), entre diversas outras.

Dentro de Anacardiaceae, Viana (2002) isolou anaale entrecasca da aroeira-da-
praia,Schinus terebinthifoliygque, dentre outras atividades bioldgicas, foaezage induzir a
liberacdo de peroxido de hidrogénio por macrofadeciel (2000) purificou a lectina da
entrecasca do cajueiro-roxAnacardium occidentajee Oliveira et al. (2000) detectaram a
presenca de lectinas eédpondias tuberosa umbuzeiro. EnMangifera indicalmangueira) €
encontrada uma aglutinina com atividades semelbamtdas lectinas, capaz de aglutinar
células de bactérias (WAUTERS et al., 1995).

1.3.2. Deteccéao e Especificidade

As lectinas sdo, em sua maioria, di ou polivalestesio capazes de formar pontes
entre carboidratos ou glicoproteinas, que se ami@seem solucdo ou ligadas a membrana
celular (CORREIA et al., 2008igura 3).

A presenca de lectinas em uma amostra pode sémémte detectada a partir de
ensaios de aglutinacdo, nos quais elas interagem aayboidratos da superficie celular
atraves de seus sitios, formando diversas ligag¥essiveis entre células opostas (Figura 4).
As lectinas podem aglutinar diversos tipos de a8luD ensaio mais comumente utilizado € o
de hemaglutinagcdo, o qual é realizado através dedilmicdo seriada da amostra contendo
lectina e de posterior incubag@o com eritrécitagde formada entre os eritrocitos constitui o
fendbmeno de hemaglutinacdo. O inverso da maioricdilu em que se observa a
hemaglutinacéo (titulo) corresponde a atividadedgatinante (AH) (SANTOS et al., 2005).



Gomes, F.S. Lectinas de €erentrecasca didyracrodruon urundeuva?22

Figura 3. Representacdo esquematica da ligacdo da lectina @arboidrato (A). As linhas
pontilhadas representam pontes de hidrogénio. Fieteedy et al. (1995)

Para assegurar que o0 agente aglutinante € umaaedfo necessarios ensaios
subsequentes de inibicdo da AH, utilizando-se wha&&o do carboidrato ligante (WU, J. H.
et al., 2006). Os eritrécitos utilizados podemd®ihumanos ou de animais, 0os quais podem
ser tratados enzimaticamente (com tripsina, pap&ni@e outras) ou quimicamente (com
glutaraldeido ou formaldeido), aumentando ou né&semsibilidade das células a lectina
(SANTOS et al., 2005; COELHO & SILVA, 2000).

Figura 4. Representacdo esquematica de aglutinacdo paraecbaseada em Kennedy et

al.(1995). Lectine-F—L, e seus ligantes de superficie da cé.: » *% 5 carboidratos

ou ndo-carboidratos, ligantes ou nao.

A grande maioria de lectinas de plantas apresespacdicidade por carboidratos

simples (monossacarideos) ou complexos (oligoSsiace e glicanas), 0os quais podem ser de
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origem vegetal ou ndo, como N-acetilglicosaminacielad N-glucurénico, galacturdnico,
xilurénico, L-idurénico, sialico e N-acetiimurami¢§gAN DAMME et al., 1998).

De acordo com Sharon & Lis (1990), algumas lectiaygesentam interagcdes mais
fortes com oligossacarideos em comparacdo com rsacer$deos, outras Sao quase
exclusivas para oligossacarideos. Dessa formagamds podem ser classificadas com
especificidade para monossacarideo ou para oligasdao (Tabela 1) (PEUMANS & VAN
DAMME, 1998).

As lectinas podem apresentar especificidade p#ractos, como a lectina de jujube,
Zizyphus mauritiandGUPTA & SRIVASTAVA, 1998)que s6 aglutina eritrocitos humanos,
ou as lectinas do carangueiharybdis japonica(lUMETSU et al., 1991¢ do cogumelo
Marasmius oreade@/NINTER et al.,, 2002), especificas para eritrocitlus tipo B. Outras
lectinas, no entanto, sdo caracterizadas como sf@iecicas para grupos sanguineos
(SITOHY et al., 2007).

Tabela 1 Familias de Lectinas de plantas: ocorréncia ecfggdade

Familia Ocorréncia (nimero de Especificidade

lectinas identificadas)

Leguminosae >100 Manose/glicose; Fucose;
Gal/GalNAc; (GIcNAc);
Acido Sialico
Ligadoras de quitina >100 (GIcNAC),
GIcNACc
Ligadoras de manose de >50 Manose

monocotiledbneas

Cucurbitaceae <10 (GIcNAc),
Amaranthaceae <10 GIcNAc
Jacalina <10 Gal/GalNAc
Manose/maltose
RIP Tipo 2 >20 Gal/GalNAc

Sian2-6Gal/GalNAc

Gal: galactose; GalNAc: N-acetilgalactosamina; @GIcN N-acetilglicosamina. Fonte:
Peumans &Van Damme, 1998)
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1.3.3. Purificacdo de Lectinas

Métodos comuns utilizados na purificacdo de praeséo aplicados para purificar as
lectinas. Extratos podem ser feitos a partir de sohacéo salina, como no caso do isolamento
da lectina das sementes de corticdtigthrina speciosa(KONOZY et al., 2003) ou usando
tampdes, como na obtencdo das lectinas de cotdédale pau-serrotel, uetzelburgia
auriculata, (OLIVEIRA et al., 2002), dos tubérculos de tupinamblelianthus tuberosus,
(SUSEELAN et al.,, 2002), e da entrecasca da sezirmgju Hevea brasiliensis,
(WITITSUWANNAKUL et al., 1998), sabugueir@ambucus racemos@gR0OJO et al., 2003),

e amoreiraMorus nigra(ROUGE et al., 2003).

Para a preparacdo do extrato, o material € subonatextracdo sob periodo de tempo
e condicOes de temperatura estabelecidas, solg@mitanstante. A partir do extrato bruto, as
proteinas podem ser isoladas por alguns métodsscdeo o fracionamento de proteinas
com sais. O sulfato de amoénio, altamente hidrafiliemove a camada de solvatagdo das
proteinas fazendo com que as mesmas se precifeATORRE et al., 2006).

As lectinas parcialmente purificadas pelo tratameatino sdo geralmente submetidas
ao processo de didlise em membranas semipermeavéisdo baseado na separacdo de
moléculas por diferencas de peso molecular; azimaxt ficam retidas dentro da membrana
enguanto moléculas menores (como carboidratosis) peesentes na amostra, passam para
a solucéo solvente (THAKUR et al., 2007).

As lectinas podem ser purificadas a homogeneidadeés de cromatografia de
afinidade (SUN et al, 2007), cromatografia de tridcaca (SANTI-GADELHA et al., 2006)
ou cromatografia de gel filtragdo (MOURA et alD0B). O que varia, principalmente, sao as
matrizes que séo utilizadas nessas cromatografiges,escolha depende da especificidade a
carboidratos (cromatografia de afinidade), cargaidia (cromatografia de troca idnica) e
tamanho molecular da proteina (cromatografia déilgelcao).

A cromatografia de afinidade, técnica mais ampldmaeitilizada, tem como principio
de separacédo a habilidade das lectinas se ligagpetiéicamente a suportes polissacaridicos,
através de ligacbes nao-covalentes. A proteingatis® obtida com alto grau de pureza,
alterando-se as condi¢cdes de pH, forca ibnica taugeicdo com uma solucédo contendo um
competidor (PEUMANS & VAN DAMME, 1998).
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O isolamento de lectinas € estimulado pela suanpiaieutilizacdo em diversas areas
da medicina clinica, bem como em pesquisa quimis@légica (DURHAM & REGNIER,
2006; BIES et al., 2004).

1.3.4. Caracteristicas estruturais das lectinas

A especificidade de lectinas de plantas a carbwgré primeiramente determinada
pela estrutura tridimensional dos seus sitiosgig#io, que se apresentam conservados a nivel
aminoacidico, dentro de familias de lectinas (PEUNSA& VAN DAMME et al, 1998). As
lectinas exibem uma elevada homologia em seusu@side aminoacidos, incluindo aqueles
envolvidos na ligacdo a carboidratos e a maioria gloe coordenam os ions metalicos,
necessarios a integridade das subunidades e aiocpasicionamento dos residuos para a
ligacdo (SPILATRO et al., 1996).

Com base na estrutura geral das proteinas, asdeae plantas tém sido subdivididas
em merolectinas, hololectinas, quimerolectinas @edactinas (PEUMANS & VAN
DAMME et al, 1998). Merolectinas sdo aquelas que possuem spgnadominio para
ligacdo a carboidratos. SGo monovalentes e pom&sgodem precipitar glicoconjugados ou
aglutinar células. Hololectinas também possuem dimmiespecifico para ligacdo a
carboidratos, mas contém, pelo menos, dois domidégicos ou mais dominios homélogos
ligantes a acUcares; sendo di ou multivalentesutiagin células e/ou precipitam
glicoconjugados. A maioria das lectinas de plaptatence a esse grupo.

Quimerolectinas sdo proteinas com um ou mais dosie ligagdo a carboidratos e
um dominio nao-relacionado. Esse dominio diferpotde ter uma atividade enzimatica bem
definida ou outra atividade biologica, mas age peielentemente dos outros dominios de
ligacdo a carboidratos. Superlectinas consisteftugixamente de pelo menos dois dominios
de ligagdo a acucares diferentes. Esse pode saidemado um grupo especial de
guimerolectinas, consistindo de dois dominios astaimente e funcionalmente diferentes de
ligacdo a carboidratos (VAN DAMME et al., 1996).

1.3.5. Lectinas ligadoras de quitina

Lectinas ligadoras de quitina tém sido isoladadidersas fontes, incluindo bactérias,

insetos, plantas e mamiferos. Muitas delas apreseatividade antifingica, uma vez que a
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quitina é o componente-chave da parede celularudgot (TRINDADE et al., 2006;
SITOHRY et al., 2007).

Lectinas de plantas, em particular, tém sido eslaglaob varios aspectos, incluindo
seu potencial antifungico, devido a sua atuacao peateger as plantas, podendo ser
exploradas através da introducdo de material gengtie codifique a expressao deste tipo de
lectina atéxica ao homem (VAN DAMME et al, 1996EEDS & KORUNIC, 2000).

As lectinas ligantes de quitina também tém sidodestas do ponto de vista estrutural.
As mais estudadas sdo aquelas pertencentes aafatafii heveinas, assim chamadas por
possuirem em comum o dominio heveinico como matstoutural de reconhecimento da
quitina. A heveina é uma lectina constituida por a#inoacidos (cerca de 4,5 kDa),
encontrada na seringueitdgvea brasiliensjs E especialmente rica em residuos de glicina e
cisteina e sua estrutura € mantida por 4 pontsslfét, o que lhe confere uma estabilidade
notavel, caracteristica que se estende as denwisake da familia das heveinas. Mesmo
depois de aquecida a 90 °C por 10 minutos, a he\ana inibe o crescimento de fungos
(NEUMANN et al., 2004).

1.3.6. Propriedades bioldgicas e potencial bioteddgico de lectinas

As lectinas, por terem a habilidade de se ligaraare oligossacarideos, apresentam
uma variedade de efeitos biologicos, alguns dosgeavindo como base para a aplicacéo de
lectinas na investigacédo de atividades quimicaglédicas, tais como acao contra insetos
(COELHO et al., 2007), fungos (SITOHY et al., 2h¥actérias (SANTI-GADELHA et al.,
2006) e inibicdo do crescimento de células tum@RESTROSSIAN et al., 2007).

A observacao de que a lectina com atividade amjif@nisolada d®haseolus vulgaris
exerceu forte acao inibitoria sobre a protease HIXG et al., 2002) € mais um exemplo do
potencial aplicativo dessas proteinas.

Lectinas tém sido utilizadas na deteccao e sepamedglicoconjugados (PAIVA et
al., 2003); na determinacdo de tipos sangiineosAM®E et al., 1990) e diagnostico de
processos de desenvolvimento, diferenciacdo eftramscdo neoplasica (LI et al., 2001,
presg e no tratamento de condi¢des pré-cancerosas (WLRGEKI et al., 2001).

A lectina deCratylia mollis (feijdo camaratu) foi capaz de isolar a enzimatitec
colesterol aciltransferase, importante no metabalisio colesterol (LIMA et al., 1997);

o complexo pdde ser, entéo, utilizado para o estiedglicoproteinas de soro humano.
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Algumas lectinas de planta apresentam acdo indg&tioi que possibilita 0 uso destas
proteinas como bioinseticida, atuando sobre lateaBisetos que causam danos a producgdo
agricola (MACEDO et al., 2007).

Devido ao fato de algumas lectinas possuirem ldaoié para mediar mucoadesao,
citoadesdo e citoinvasdo de drogas (GABOR et #@Q4R essas moléculas tém sido
exploradas em sistemas de liberacdo de drogasinaede folhas déBauhinia monandra
(pata-de-vaca) e a lectina deens culinaris (lentilha) foram incorporadas e também
adsorvidas na superficie de nanoparticulas, makiraser ferramentas potenciais em
medicamentos de administragéo oral, com liberagatralada (RODRIGUES et al., 2003).

Algumas lectinas séo capazes de atuar sobre lio§)dazendo com que tais células
passem de um estado quiescente para um estadesteranto e proliferacdo. A lectina da
babosaAloe arborescengKOIKE et al, 1995) e a lectina de sementeQGitatylia mollis
(MACIEL et al., 2004) s&o alguns exemplos de lextinom atividade mitogénica que podem

ser utilizadas em ensaiosvitro.

1.3.6.1. Atividade antimicrobiana

Muitas substancias, inclusive proteinas, estdoocsavdliadas quanto ao seu efeito
antimicrobiano. As proteinas antimicrobianas, emmais, constituem parte do sistema imune
inato. Em plantas, elas também estdo envolvidasemanismo de defesa (YE & NG, 2001).
Proteinas isoladas de tecidos vegetais mostramaendiividade antibacteriana (ORDONEZ et
al. 2006) e antifingica (WANG & NG 2003; WANG & BUERS, 2000).

A habilidade que lectinas de plantas tém em ree@in carboidratos expostos na
superficie celular de micrébios tornou possiveinpego dessas biomoléculas como sondas-
diagnostico para identificagdo de bactérias pat@geque estdo baseadas na reacdo de
aglutinacéo seletiva entre lectina e bact@@YLE & SLIFKIN, 1994).

Ratanapo et al. (2001) mostraram a interacao de ldainas com especificidade para
acido N-glicosilneuraminico contra bactérias fittmgg&nicas, propondo uma possivel fungéo
na defesa de plantas.

Lectinas parcialmente purificadas a partir de péatas medicinais do Sul da Africa
foram avaliadas quanto ao efeito antibacterianotdr@s bactériaStaphylococcus aureues
Bacillus subitilis através de método de aglutinacdo, apresentandto efébitério no
crescimento das mesmas (GAIDAMASHVILI & VAN STANDEI®002).
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Athamna et al. (2006) analizaram os diferentes Gesdde aglutinacdo de bactérias
promovidas por 23 lectinas e mostraram que a icdier&ectina-bactéria € uma boa ferramenta
para identificar rapidamente espécies WN&/cobacterium. Além disso, a atividade
antimicrobiana de lectinas (RATANAPO et al., 20@%)imula a avaliacdo delas como novos
antibiéticos.

As lectinas possuem a capacidade de se ligarentiispamente a hifas fangicas e
atuarem impedindo o consumo de nutrientes e apocatao de precursores necessarios para
o crescimento do fungo. Atuam ainda sobre a geigémade esporos fungicos, provavelmente
num estagio muito inicial do processo, inibindade, modo que ha um prolongamento do
periodo latente que precede a germinacgéo (LIS &SEIN, 1981).

Atividade antifungica foi observada em uma lecis@ada de sementes @astanea
mollissima(castanha-da-China) frente aos funBoginerea, M. arachidicola Physalospora
piricola (WANG & NG, 2003), bem como na lectina de semerdeslalisia esculenta
(pitombeira), a qual inibiu o crescimento dos fumdé. oxysporum, Colletotrichum
lindemuthianune Saccharomyces cerevisiagaves da interacdo da lectina com as estruturas
dos fungos (FREIRE et al., 2002Xu et al (1998) purificaram e caracterizaram uma lectina
da Gastrodia elata que inibiu o crescimento de hifas dos fungospéitdogenosValsa
ambiens, Rhizoctonia solani, Gibberella zeae, Ganod lucidunme B. cinerea

Lectinas também tém sido usadas com grande sucessw indicadores de fungos,
uma vez gue esses compostos sao altamente espeeidis carboidratos presentes na parede
celular dos mesmos (ZABEL & MORRELL, 1992). O codineento do perfil sacaridico na
superficie fungica habilita 0 uso de lectinas cgmamissoras sondas celulares, que podem
servir como carreadores de agentes antifingicosutjlizam, como alvos especificos, 0s

carboidratos existentes na superficie da célulmidmorganismo (LEAL et al., 2007).

1.3.6.1.1 Bactérias

As bactérias sdo organismos unicelulares, prodasom pertencentes ao reino
Monera. Sua classificacdo é feita de acordo cormnatituicdo da parede celular em dois
grupos: Gram-positivas (+) e Gram-negativas (+).bastérias Gram-positivas apresentam
em sua parede celular polissacarideos, acidosde#cé peptideoglicanos, enquanto as Gram-
negativas apresentam na sua parede celular peglimews, lipideos, proteinas e
lipopolissacarideos (TRABULSI, 2000).
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Dentre as bactérias Gram (+), destac&smhylococcus aureusle formaesférica,
geralmente com distribuicdo em cachos irregulaszsethantes a cachos de uvas. E um
patogeno responsavel por muitas infec¢cdes graves seoes humanos. Pode provocar
endocardite, osteomielite hematogénica aguda, migaiau infeccdo pulmonar, entre outras.
Outras bactérias Gram (+) sdo as do géistreptococcusgde forma esférica, tipicamente
formando pares ou cadeias durante 0 seu cresciméoesentam-se amplamente
distribuidas na natureza. Podem estar presentfsradnumana normal, como também estar
associadas a importantes doencas humanas, que pedatribuidas, em parte, a infeccao
por Streptococcu§TRABULSI, 2000; CANTON et al., 2007).

Entre as Gram (-), destacam-se:Ebkcherichia coli,que se apresenta na forma de
bastonete, além de formar col6nias lisas, convexeisculares; faz parte da flora normal e
acidentalmente causa doencas (infeccédo do tratarioj diarréia, meningite e septicemia).
2) Klebisiella, também em forma de bastonete, forma colénias gsamdemucoides.
Encontrada no trato respiratorio e nas fezes, pomnssivel por uma pequena fragdo de
pneumonias bacterianas, provocando extensa coagétidnecrozante hemorragica nos
pulmdes. 3Pseudomonas aerugingsam bacilo aerobico mével. Amplamente distribuido
natureza, sendo comum seu achado em ambientes didedbospitais. Consegue colonizar
seres humanos normais, nos quais é saprofita, ssdmtrada em pequenos grupos na flora
intestinal normal e na pele de humanos (JAWETZ. £1891).

Jacobs et al.(1985) descreveram um grande numero de bactérisendo
endofiticamente com®. subtilis P. aeruginosaCorynebacterium spe Erwinia herbicola
O possivel papel dessas bactérias endofiticas sendelvimento de processos patogénicos
em plantas tem sido relatado, sugerindo-se ques dssetérias também podem se tornar
patogenos oportunistas (COTHER & DOWLING, 1986).

1.3.6.2. Fungos

Os fungos sdo organismos nao-fotossintéticos gascem como uma massa de
filamentos (hifas) entrelacados e ramificados, egcita como micélio. Os fungos, em sua
maioria, tém sua parede celular constituida parlest ou quitina (JAWETZ et al., 1991).
Esses microrganismos séo ubiquos, encontradodmaagoa, vegetais, homem e detritos em
geral (TRABULSI, 2000). Interagem com a natureaa thais variadas maneiras, podendo

agir tanto de forma benéfica como deletéria.
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Os fungos fitopatégenos s@o os causadores de uieals&oencas nas mais variadas
espécies do reino vegetal. A maioria destes furmmmre nas regides tropicais e sao
responsaveis por cerca de 90% de todas as doeongdecadas (MIRANDA, 2000),
destruindo plantacbes de varias culturas de irgerexondmico, causando substanciais
prejuizos para o setor agricola. O gérieusariumpertence a subdivisdo Deuteromycotina,
Classe Hyphomycetes, ordem Moniliales, familia Toblkariaceae (AINSWORTH &
BISBY, 1973). Caracteriza-se por apresentar micgktensivo e cotonoso, frequentemente
produzindo coloracdo résea, purpura ou amarela reo nde cultura. Apresentam
microconideos abundantes, geralmente unicelulare§ides, formados em conidiéforos
simples ou ramificados; e macroconideos também damtes, falcados e multiseptados.
Produzem estruturas reprodutivas como clamidospoesslerécios (MIRANDA, 2000).

Alguns fungos fitopatogénicos, principalmente daegd Fusarium, apresentam
importantes implicacdes na saude das plantas evanedade de vertebrados, incluindo o
homem (ZHANG et al., 2006), e € um importante pamdgna aquicultura de camardes
(SOUHEIL et al., 1999). O micélio desses fungosader o tecido vascular da planta, junto
com os conidios, bloqueando os vasos do xilemdrudbdo a passagem de agua, resultando
na murcha das plantas, mudanca na coloracdo dagti colapso e morte da planta.
Fusarium também produz toxinas que contribuem para a mudasaplantas, afetando a
permeabilidade das membranas celulares, interrothopermetabolismo celular. Variedades
de F. oxysporumsdo fungos particularmente importantes por atata@heitas de tomate,
banana, batata doce e péra (ALEXOPOULOS et al§)199

F. solanipode ser encontrado no solo e em ampla variedaqeadéas e animais.
Como fungo fitopatogénico, algumas variedades awasi podriddo de raiz e caule,
causando a morte da planta infectada (SAMS@iNid MIRANDA, 2000). O fungo
F. moniliforme € o principal patégeno associado a deterioracacemeentes, morte de
plantulas, podridédo radicular, do colmo e da espiganilho no Brasil (SARTORI et al.,
2007).

F. decemcellulare citado na literatura como sendo um dos pringipausadores de
doencas da parte aérea. Em plantas de catmoljroma cacadinn.), € causador da galha-
de-pontos-verdes. A doenca se caracteriza por egaimento anormal das almofadas florais
e excessiva producdo de botdes florais, resultaadwio-formacéao de frutos (DALLA PRIA
& CAMARGO, 1997). Em plantas de erva-matdleX paraguariensis causa
superbrotamento, excessiva brotacdo ao longo dm®sraeem pontos préximos. Ocorre

também uma tumoragdo ao longo dos ramos, caraderigor crescimento desuniforme e
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exagerado de tecidos. As flores e frutos jovenalg@nte caem prematuramente e os talos
ficam totalmente secos (POLETTO et al., 2006).

1.3.6.2 Atividade inseticida

Varias lectinas de plantas tem mostrado efeitosnestibxicos a insetos das ordens
Coleoptera, Homoptera e Lepidoptera quando essagrsentam (CARLINI & GROSSI-DE-
SA, 2002; VASCONCELOS & OLIVEIRA, 2004). Entre elas lectina isolada de
leguminosa, Canavalia ensiformis mostrou ser altamente téxica para o0 coledptero
Callosobruchus maculat(€ARLINI & UDEDIBIE, 1997) e uma lectina com espicidade
a manose (TEL) purificada de sementesTdisia esculentatambém foi toxicas para esse
coleoptero quando aplicada em dieta artificial. TEAMmbém apresentou toxicidade para
larvas dezabrotes subfasciat(®™ACEDO et al., 2002).

O mecanismo de acdo das lectinas inseticidas @ aledconhecido, mas tem sido
demonstrado que algumas lectinas ligam-se as déddss do epitélio intestinal dos insetos,
promovendo uma disfuncao das células epiteliaspamsaveis pela assimilacdo de nutrientes
para as células e absor¢cdo de substancias poteanial perigosas. No caso das lectinas
ligadoras de quitina, pode ocorre a ligagdo a manabmperitréfica da regido intestinal,
prevenindo ou aumentando 0os movimentos entre ccesgdoperitrofico e exoperitrofico
(CHRISPEELS & RAIKHEL, 1991; PEUMANS & VAN DAMME, 295; ZHU-SALZMAN
& SALZMAN, 2001; MACEDO et al., 2003;TRIGUEIROS at, 2003).

Outra possibilidade do efeito toxico inclui a §a das lectinas as enzimas digestivas
glicosiladas presentes no intestino dos insetoeni®o atividade inseticida foi demonstrada
pelas lectinas ligadoras de quitina WGA (do trigoiticum aestivurjy PHA (do feijao
comum,Phaseolus vulgarjse BmoLL (da pata-de-vacBauhinia monandra(MURDOCK
et al., 1990; CARLINI E GROSSI-DE-SA, 2002; MACED® al., 2002; MACEDO et al.,
2007). A BmoLL, mostrou agéo inseticida para lardaC. maculatusZabrotes subfasciatus
e Anagasta kuehnielldV/ACEDO et al., 2007).

N&o existem relatos de lectinas com acao larvism@reAedes aegyptiporém uma
lectina isolada do fung&erocomus chrysenterodenominada XCL, apresentou propriedade
inseticida, sendo téxica para o diptebyosophila melanogastee para o hemiptero
Acyrthosiphon pisumXCL apresentou alta atividade inseticida comsddiConcentracao
necessaria para matar 50% da populacdo testad@)4dey/mL comparada a lectina de
leguminosd.athyrus ochr{TRIGUEIROS et al., 2003) com Gdde 8,5mg/mL.
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1.4.Aedes aegypti E A DENGUE

O dengue, arbovirose transmitida pelo mosquiedes aegypti que ataca
mundialmente 50 a 100 milhdes de pessoas anualpwamemais de 20 mil mortes (WHO,
2008), € uma infeccao reemergente causada poewliésr sorotipos virais (DEN-1, DEN-2,
DEN-3 e DEN-4) e que se manifesta de diferentemdsrclinicas, algumas graves e letais,
como a febre de dengue hemorragica (OMS, 2002).

A forma classica € uma doenca de baixa letalidagsmo sem tratamento especifico.
No entanto, incapacita temporariamente as pessvasoptrabalho. Na febre hemorragica do
dengue a febre é alta, com manifestacbes hemasglepatomegalia e insuficiéncia
circulatéria. A letalidade é significativamente orailo que na forma classica, dependendo da
capacidade de atendimento médico-hospitalar ddidade (MELTZER & SCHWARTZ,
2009).

O dengue trata-se, caracteristicamente, de umarnadBle presente em areas
tropicais e subtropicais, uma vez, que as condigfdsentais favorecem o desenvolvimento
dos vetores. Varias espécies de mosquitos do gé&melespodem servir como transmissores
do virus do dengue (OMS, 1997). No Brasil, duasagladstdo hoje instaladas em alta
densidadeA. aegypti e A. albopict{dOHNSON et al., 2002).

A transmisséo da doenca € iniciada quando a fétaeaspécie vetora, € contaminada,
quando realiza um repasto sangiineo em um individactado em fase virémica da doenca,
tornando-se, apés um periodo de 10 a 14 dias, agpaansmitir o virus por toda sua vida
(transmissao transovariana) através de suas pidadaslo de vida dé\. aegypticompreende
quatro fases: ovo, larva (quatro estagios larvadesmominados L1, L2, L3 e L4), pupa e
adulto. Em condi¢cGes favoraveis de temperaturadade e disponibilidade de alimento, o
tempo transcorrido entre o0 estadgio de ovo a adwdtga em média de 10 a 13 dias
(FORATTINI, 1965).

A fase larvaria caracteriza o periodo de alimemta;érescimento. As larvas passam a
maior parte do tempo alimentando-se principalmel&emnaterial organico acumulado nas
paredes e fundo dos depdsitos contendo agua |ipde. essa fase, surgem as pupas, que nao
se alimentam. E nesta fase que ocorre a metamattosstagio larval para o adulto.

Como ocorre em outros insetos alados, o adultesepta um importante vetor de
dispersao. Entretanto, comAo aegypti € provavel que haja mais transporte passivo ds ev
larvas em recipientes do que disperséo ativa psketo adulto devido a grande resisténcia a
dessecacéo, que, nos ovos, pode chegar a mais aeoufl INISTERIO DA SAUDE, 2001).
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Na tentativa de manter a incidéncia das enfermgladasmitidas por insetos sob
controle, sdo destinadas, continuamente, quangagicativas de recursos para programas
contra os vetores e o controle quimico de culiddgdizando inseticidas, como Temephos,
Malathion e Fenitrothion, constitui a principal nuad adotada pelos Programas de Saude
Plblica. Entretanto, em diferentes partes do muadoo Brasil, tem sido registrada a
resisténcia desses dipteros a esses inseticidagenmonais (JANTAN et al.,, 2005;
CARVALHO et al., 2004).

O controle especifico para o0 mosquito aegyptipode ser direcionado aos estagios
imaturos aquaticos, para os adultos, ou para amsibodtaneamente (SERVICE, 1996). O
método ideal para controlar e prevenir a infestafgionosquitos ocorre através do uso de
larvicidas (CEPLEANU, 1983; GLUBER, 1989). Em etdrpas para 0s estagios imaturos,
pode-se utilizar o controle bioldgico, através dganismos predadores, patdgenos e parasitas
naturais, capazes de parasitar ou predar os mosgent varias fases evolutivas. Algumas
linhagens de bactérias entomopatogénicas, do g@8uaaitius, produzem toxinas protéicas
com um alto grau de especificidade a insetos vetguee, quando ingeridas, provocam
mortalidade das larvas (REGIS et al., 2007). Namot os insetos podem desenvolver
resisténcia a este recurso de controle biologib¥ ARAMAN et al., 2005)

A busca por inseticidas naturais ganhou enorme Isopdepois da descoberta dos
efeitos indesejaveis aos ecossistemas dos insetisidtéticos (PINTO et al., 2008ssim,
novos compostos com atividades larvicida e insktige tornam importantes devido ao
aumento dramatico da incidéncia de doencas traidsimipor insetos (OMENA et al., 2007).
Entdo, existe uma necessidade em todo o mundo dentear alternativas que sejam
promissores em sua eficacia, facilmente biodegeidawcontribuindo com o ambiente e
também de baixo custo financeiro (DHARMAGADDA et @005 ; KIRAN et al., 2006).
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2. OBJETIVOS

2.1. Objetivo Geral

» Avaliar as lectinas da entrecasca (MuBL) e cernai{M) de Myracrodruon
urundeuvaguanto a atividade antimicrobiana e inseticida.

2.2. Objetivos especificos
Isolar as lectinas do cerne e entrecasdd.derundeuva

» Avaliar a atividade antifungica da lectina isolada cerne deM. urundeuva
(MuHL).

» Avaliar a atividade antibacteriana de preparacdes cdrne: extrato salino,
preparacao lectinica e lectina isolada.

» Determinar a concentracdo minima inibitéria (CMBoncentracdo minima
bactericida (CMB) e concentragdo minima agluting@tdA) para MuHL;

» Avaliar a atividade antifungica da lectina lde urundeuvaatravés da porcentagem
de inibicdo do crescimento fungico em placas de.Pet

» Avaliar o efeito larvicida das preparacdes do cexrentrecasca (extrato salino e

fracao) e da lectina isolada contra o quarto estagval (L4) deAedes aegypti

Analisar estatisticamente os resultados obtidos.
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Abstract The aim of this work was to isolate a lectin from Myracrodruon uru-
ndeuva heartwood and to evaluate its antimicrobial activity against bacteria and
fungi that attack plants, including woods. The lectin was isolated from heartwood
through affinity chromatography on a chitin column monitored by hemagglutination
assay. The lectin inhibited Gram-negative and Gram-positive bacteria and was more
effective than antifungal Cercobin in growth inhibition of phytopathogenic fungi.
The detected antimicrobial activity reveals the possible role of the lectin in the
resistance of M. urundeuva heartwood against deteriorative biological agents. The
M. urundeuva lectin is the first bioactive peptide found in heartwood, probably
stored as a chemical protection against biodegradation.
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MAC Minimal agglutinating concentration
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NB Nutrient Broth medium
SHA  Specific hemagglutinating activity
YNB Yeast nitrogen base medium

Introduction

Wood contains a core part called heartwood considered a dead tissue of high
durability against physical and biological degradation (Silva 2002). The natural
durability of the heartwood depends on the resistance to the action of deteriorative
agents including microorganisms (Khan et al. 2006; Omar et al. 2000). Bacterial
contamination is able to affect wood permeability and structure and to predispose
wood to fungal attack (Clausen 1995).

Food contamination by microorganisms has been associated with human
diseases. Bacteria and some phytopathogenic fungi, like Fusarium oxysporum,
have important implications for plant and human health (Di Pietro et al. 2003; Wang
and Ng 2003). Peptides and proteins have been evaluated as antibiotics for control
of pathogens (Wang and Bunkers 2000).

Lectins are proteins that recognize carbohydrates (Santos et al. 2005) and have
been considered as participants in plant defence mechanisms (Gaidamashvili and
van Staden 2002; Freire et al. 2002). Interaction of lectin with teicoic and teicuronic
acids, peptidoglycans and lipopolysaccharides present in bacterial cellular walls
result in antibacterial activity (Ratanapo et al. 2001). Lectins can also bind fungal
structures. Antifungal activity was detected for lectins isolated from Castanea
mollisima against Botrytis cinerea and Physalospora piricola (Wang and Ng 2003)
and from Talisia esculenta against F. oxysporum, Colletotrichum lindemuthiaum
and Saccharomyces cerevisae (Freire et al. 2002).

Myracrodruon wrundeuva Fr. All (aroeira-do-sertdo) is broadly distributed in
Brazil. Considered a hardwood, it is very dense (density = 1.0-1.21 g em ),
elastic and resistant to microorganisms (Morais et al. 1999; Mainieri and Chimelo
1989). Evaluation with the fungi Postia placenta and Neolentinus lepideus (Paes
et al. 2002) showed that M. wrundeuva heartwood is more resistant to these
organisms than Tabebuia impetiginosa (ip€) and Senna siamea (cassia). M.
urundeuva wood is widely used in Brazil in the construction of buildings.

Lectin activity was detected by hemagglutinating activity in M. wrundeuva
heartwood. This paper reports on the effect of M. urundeuva heartwood lectin on
bacterial and fungal growth.

Materials and methods
Plant material

Myracrodruon urundeuva Fr. All. was collected in the State of Maranhio,
Northeastern Brazil. A voucher specimen was identified and deposited under
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number 054 in Herbario Aluisio Bittencourt, Centro de Estudos Superiores de
Caxias, Universidade Estadual do Maranhdo. A sample of the central heartwood
from a tree of 6 m height and 20 cm diameter was air dried and powdered
(40 mesh).

Lectin isolation

Powdered heartwood (10 g) was suspended in 0.15 M NaCl (100 mL) and
homogenized in a magnetic stirrer (16 h; 4°C) providing a crude extract (70 mL).
Soluble proteins in the crude extract were fractioned with ammonium sulphate (40%
saturation, 4 h; 25°C). The precipitated material was removed by centrifugation and
the supernatant was brought to 60% saturation of ammonium sulphate (4 h; 25°C).
The precipitated 40-60% fraction (F;) was collected by centrifugation (3,000 g,
15 min; 4°C), dissolved in 0.15 M NaCl and dialyzed (5-kDa cut-off membrane)
against distilled water (4 h) and 0.15 M NaCl (4 h). The dialyzed F; was loaded
(2.0 mL; 20.6 mg protein) onto a chitin column (Sigma, USA; 7.5 x 1.5 cm)
previously equilibrated with 0.15 M NaCl. The washing step used 0.15 M NaCl
(100 mL). The lectin activity was recovered by elution with 1.0 M acetic acid
(100 mL). The hemagglutinating fraction (lectin, 80 mL) was then dialyzed against
0.15 M NaCl (1 L) during 4 h at 4°C, dried by lyophilization and resuspended in
0.15 M NaCl. Protein concentration was determined using serum albumin (31—
500 pg mL_]) as standard (Lowry et al. 1951).

Hemagglutinating activity

Hemagglutinating activity (HA) and HA inhibitory assay were carried out in
microtitre plates (Kartell S-P.A., Ttaly) according to Paiva and Coelho (1992). The
evaluated preparations (50 pL) were serially twofold diluted in 0.15 M NaCl prior
to addition of 2.5% (v/v) suspension of rabbit erythrocytes (50 uL). The HA (titer)
was defined as the lowest lectin concentration in the sample which showed
hemagglutination. Specific HA (SHA) was defined as the ratio between the titer and
protein concentration (mg mL ).

HA inhibitory assay was performed by dilution of lectin (50 puL) in 200 mM N-
acetylglucosamine solution and incubation (45 min) prior to addition of 2.5% (v/v)
suspension of rabbit erythrocytes (50 uL).

Antibacterial activity assay

Gram-positive (Bacillus subtilis ATCC-6633, Corynebacterium callunae ATCC-
5991, Staphylococcus aureus ATCC-6538 and Streptococcus faecalis ATCC-6057)
and Gram-negative (Escherichia coli ATCC-25922, Kliebsiella pneumoniae ATCC-
29665 and Pseudomonas aeruginosa ATCC-27853) bacterial strains were provided
by Departamento de Antibioticos, Universidade Federal de Pernambuco, Brazil.
Stationary cultures were maintained in nutrient agar (NA) and stored at 4°C.
Bacteria were cultured in nutrient broth (NB) and incubated under permanent
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shaking at 37°C overnight. The culture concentrations were adjusted turbidimet-
rically at a wavelength of 600 nm to 10°-10° colony forming units (CFU).mL™".

Disk diffusion method (Bauer et al. 1966) was used. A total of 0.5 mL of
inoculum (10°-10° CFU mL™") was added to warm NA (100 mL. 43°C); the
solution was distributed in sterile Petri plates (90 x 15 mm) in portions of 10 mL
and allowed to solidify. Aliquots (15 pL) of crude extract, F; or purified lectin
containing 725, 309 and 15 pg of protein, respectively, were impregnated on sterile
paper disks (6 mm diameter) and placed on agar. Negative and positive controls
were 0.15 M NaCl and amoxicilin (1 mg mL '), respectively. Plates were
incubated at 37°C for 24 h. A transparent inhibition zone around the paper disk
revealed antimicrobial activity. Zones of growth inhibition were measured in
millimeter.

Minimal inhibitory concentration (MIC) and minimal bactericide
concentration (MBC)

MIC and MBC were determined according to Courvalin et al. (1988). Purified lectin
(0.2 mL, 300 ng) was added to an assay tube containing 1.8 mL of NA. After being
homogenized, successive dilutions were proceeded moving 0.2 mL of the previous
tube content to another tube containing 1.8 mL of NA. Thereafter, 0.2 mL of
microorganism suspensions (exponential phase of growth: 1.5 x 10° CFU mL '
0.5 in McFarland scale) were inoculated in all tubes. Control tubes contained NA
medium and microorganism. MIC corresponds to the lowest lectin concentration
able to inhibit the visible growth of microorganism.

MBC was determined starting from the MIC assay tubes. Dilutions of 1:10,000 of
each tube were performed and aliquots (10 plL) were sowed in Petri plates
containing NA medium. The number of CFU grown in plates was determined. The
MBC corresponds to the minimum concentration of sample that reduced the number
of CFU to 0.1% of the initial concentration.

Bacterial agglutination assay

For a quantitative determination of agglutinating activity, the minimum agglutinat-
ing concentration (MAC) was registered. Overnight bacterial cultures were diluted
at a ratio of 1:100 with NB. Agglutination assay was performed in microtiter plates
with twofold serial dilutions of purified lectin (100 pL of 0.6 mg mL™" solution) in
0.15 M NaCl. An aliquot (100 pL) of diluted bacterial suspension was added in
each well. MAC was determined by visual agglutination after overnight incubation
of plates at 37°C.

The bacterial agglutination promoted by purified lectin was inhibited by addition
of N-acetylglucosamine monosaccharide. The lectin (50 pL) was mixed with equal
volume of carbohydrate solution (200 mM). After incubation at 27°C for 30 min,
100 u of microorganism was added and the bacterial agglutination assay

continued.
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Antifungal activity

Fusarium solani (URM=-2480). F. oxysporum (URM-2489), F. moniliforme (URM-
3226), F. decemcellulare (URM-3006) and F. lateritium (URM-2491) were
obtained from Culture Collections at University Recife Mycologia (URM),
Departamento de Micologia, Universidade Federal de Pernambuco, Brazil.
F. fusarioides and F. verticiloides were provided by Laboratorio de Fungos do
Solo, Universidade Federal Rural de Pernambuco, Brazil.

Antifungal activity was performed according to Cunico et al. (2004). The method
has been modified by application of M. urundeuva lectin in solid yeast nitrogen base
(YNB) medium rather than YNB liquid used by Cunico et al. (2004). Purified lectin
was filtered using a 045-um sterile syringe filter (Minisart®). Next, the lectin
(50 uL; 50 png) was spread on solidified YNB medium in Petri plates
(100 x 15 mm?). A fungal mycelium disk (0.625 cm in diameter) was disposed
in the center of the Petri plate. All assays were carried out in triplicate. A 0.15 M
NaCl saline solution and 10 ppm Cercobin in 0.15 M NaCl were used as negative
and positive controls, respectively. The plates were incubated at 28°C for 72 h.
Antifungal activity was indicated by a reduction of the fungal growth zone
(diameter) in the plates.

Statistical analysis

The computer package GraphPad Prism, version 4.02 was used for statistical
analysis. Data were expressed as a mean = standard deviation (SD).

Results

Myracrodruon urundeuva heartwood crude extract was submitted to ammonium
sulphate treatment; F; showed high protein concentration (10.3 mg mL™"') and HA
(32,768) with rabbit erythrocytes. F; HA was inhibited by N-acetylglucosamine
suggesting the use of N-acetylglucosamine matrix (chitin) for lectin isolation by
affinity chromatography. The adsorbed lectin activity in the column (1.33 mg of
protein) was recovered with 1.0 M acetic acid and showed high HA (SHA of 1,273).

Crude extract, F; and purified lectin showed antibacterial effect on S. aureus,
S. faecalis, B. subtilis, P. aeruginosa, E. coli, C. callunae and K. pneumoniae. The
growth inhibition zones obtained through the diffusion assay in the disk are shown
in Table 1.

Minimal inhibitory (MIC) and minimum bactericide (MBC) concentration values
were determined for purified lectin  (Table 2). The lowest MIC value
(0.58 g mL™") was obtained for S. aureus and the MBC for this bacterium was
8.1 ng mL™'. Minimal agglutinating concentration (MAC) showed lowest value
(2.34 ng mL™") for S. aureus (Table 2); the assay indicated the minimum lectin
concentration able to agglutinate the bacteria. K. pneumoniae was the least sensitive
microorganism (MIC of 9.37 ug mL~" and MAC of 9.37 ug mL™"). The results
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Table 1 Antibacterial activity from Myracrodruon urundeuva heartwood preparations

Microorganism Diameter of clearing zone (mm)*
Crude extract F, Purified lectin

Bacillus subtilis (+) 11.6 £ 0.6 113+ 06 158 + 08
Corynebacterium callunae (+) 11.8 £ 0.8 126 + 0.6 17.1 &£ 0.3
Staphylococcus aureus (+) 16.6 £ 0.6 145 4+ 0.5 14.1 + 05
Streptococcus faecalis (+) 10.3 £ 0.6 103 £ 0.6 16.8 &£ 0.8
Escherichia coli (—) 10.0 + 1.0 16.1 £ 0.3 159 + 0.6
Klebsiella pneumoniae (—) 19.5 £ 0.5 16.5 £ 0.5 16.0 £ 0.5
Pseudomonas aeruginosa (—) 2254+ 0.5 165+ 1.4 14.6 + 0.6

+, Gram-positive; —, Gram-negative bacteria

* Including diameter of paper disk

Table 2 MIC and MAC values of purified lectin

Microorganism MIC MAC
Bacillus subtilis (+) 2.34 4.68
Corynebacterium callunae (+) 1.17 4.68
Staphvlococcus aureus (+) 0.58 2.34
Streptococcus faecalis (+) 2.34 4.68
Escherichia coli (—) 1.17 9.37
Klebsiella pneumoniae (—) 9.37 9.37
Pseudomonas aeruginosa (—) 4.68 9.37

MIC and MAC expressed as g mL™" of purified lectin. Lectin initial concentration, MIC
assay = 1.5 mg mL™'; MAC assay = 0.6 mg mL ™!

4+, Gram-positive bacteria; —, Gram-negative bacteria

shown in Table 2 also reveal that the heartwood lectin was more effective on Gram-
positive than on Gram-negative bacteria.

The effect of lectin on Fusarium was compared with fungal growth in the
negative control (Figs. 1b, 2b) and antifungal activity of the positive control
(Figs. lec, 2¢). Purified lectin showed antifungal activity against Fusarium strains
(Figs. 1, 2); F. decemcellulare revealed the slowest growth among assayed fungi
and purified lectin retarded even more the growth of this fungus (Fig. la, d).
Figures 1 and 2 showed that the best lectin inhibitory activity was observed after
72 h. High percentage of growth inhibition was obtained for F. oxysporum
(60.8% =+ 2.9), F. decemcellulare (51.1% =+ 3.8) and F. fusarioides (51.1% 4 1.9).

Discussion

The detection of HA in M. urundeuva heartwood may indicate that its natural
resistance to deteriorative biological agents is due to the presence of lectin. In
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Fig. 1 Growth zones of the fungi F. solani, F. decemcellulare, F. oxysporum and F. lateritium in YNB
medium. The conditions of the assays were: a only the mycelial disk, b 0.15 M NaCl (negative control),
¢ 10 ppm Cercobin and d purified lectin (50 pg) in 0.15 M NaCl. Each point represents the mean 4+ SD
of three experiments

plants, antimicrobial proteins are involved in defence mechanisms (Ye and Ng
2002) and proteins isolated from vegetal tissues showed potent antibacterial
(Ordofez et al. 2006) and antifungal (Wang and Ng 2003; Wang and Bunkers 2000)
activities. Bioactive proteins exhibit potential use as natural antibiotics.

Myracrodruon urundeuva lectin showed antibacterial activity against all tested
species although the highest inhibitory action on bacteria growth was detected for S.
aureus. The determined MIC (0.58 ug mL™") revealed a strong antibacterial
activity of lectin. Growth inhibition as well as bactericide property (MBC of
8.1 pg mL™") of M. urundeuva lectin were higher than those described for lectin
isolated from Eugenia uniflora seeds (MIC of 1.5 ug mL~' and MBC of
16.5 g mL™'; Oliveira et al. 2008).

Myracrodruon urundeuva lectin agglutinated all tested bacteria, but S. aureus
was the most sensitive (MAC of 2.34 ug mL™"). Agglutination of S. aureus was
also observed with lectins isolated from E. uniflora seeds (Oliveira et al. 2008) and
Combretum mkhuzense bark (Gaidamashvili and van Staden 2002) with MAC of
0.25 and 5 ug mL™', respectively.
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Fig. 2 Growth zones of the fungi F. verticiloides, F. fusarioides and F. moniliforme in YNB medium.
The conditions of the assays were: a only the mycelial disk, b 0.15 M NaCl (negative control), ¢ 10 ppm
Cercobin and d purified lectin (50 pg) in 0.15 M NaCl. Each point represents the mean + SD of three
experiments

Lectin binding to carbohydrates of bacterial cellular walls has been speculated in
antibacterial activity (Gaidamashvili and van Staden 2002; Ratanapo et al. 2001;
Tasumi et al. 2004). The possible role of endophytic bacteria such as B. subtilis,
P. aeruginosa and Corynebacterium sp. (Jacobs et al. 1985) in the pathogenic plant
process development has been reported and it was suggested that these bacteria
could become opportunistic pathogens (Cother and Dowling 1986).

Inhibition of M. wrundeuva heartwood lectin HA by N-acetylglucosamine
stimulated the evaluation of its antifungal activity against plant and human
pathogenic species of Fusarium. Chitin (N-acetylglucosamine polymer) is the key
component of fungal cell wall and chitin-binding proteins with antifungal properties
include chitinases (Van Damme et al. 1993; Vergauwen et al. 1998), chitinase-like
proteins (Lam et al. 2000; Ye et al. 2000), chitin-binding proteins (Van den Bergh
et al. 2004; Huang et al. 2000) and lectins (Gozia et al. 1993; Fakhoury and
Woloshuk 2001). The lectin isolated from a Romanian dihaploid variety of wheat
inhibited Fusarium growth (Ciopraga et al. 1999).

Myracrodruon urundeuva lectin showed antifungal activity in all assayed fungi.
Results indicate the important role of the lectin in growth inhibition of F. lateritium
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and F. oxysporum, as evidenced by inhibition superior to positive control Cercobin.
F. oxysporum has also been reported as an opportunistic human pathogen (Di Pietro
et al. 2003).

The antifungal activity of M. urundeuva heartwood was detected using only
50 pg of lectin, a quantity much lower than 225 g determined for a chitin-binding
lectin isolated from Artocarpus sp. on F. moniliforme (Trindade et al. 20006),
revealing the high ability of heartwood lectin to inhibit fungal growth. The quantity
of M. urundeuva lectin able to inhibit F. oxysporum and F. solani growths was also
lower than that described for chitinase (60 pg) from Phaseolus mungo seeds
(Ye and Ng 2005).

The antifungal activity of lectins has been related to interference in spore
germination, probably in a very initial stage of the process, extending the latent
period that precedes germination (Lis and Sharon 1981). Chitin-binding proteins
have shown to affect fungal growth and development, disturbing the synthesis and/
or deposition of chitin in cell wall (Selitrennikoff 2001).

Conclusion

The detection of antibacterial and antifungal activities of M. urundeuva heartwood
lectin provides an initial evidence of the lectin as a bioactive component involved
in heartwood durability. Furthermore, the effect of M. wrundeuva lectin on
F. oxysporum growth stimulates its evaluation as an antibiotic for pathogen control.
M. urundeuva lectin is the first bioactive peptide identified in heartwood, i.e. dead
cells, probably stored as a chemical protection against biodegradation.
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Aedes aegypti transmits etiologic agents of yellow fever and dengue. Vaccine for dengue virus is not available
and vector control is essential to minimize dengue incidence. This report deals with the larvicidal activity of
lectins isolated from Myracrodruon urundeuva bark (MuBL) and heartwood (MuHL), The lectins were isolated
by ammonium sulphate treatment of crude extracts followed by chromatography on chitin, MuBL and MuHL
were evaluated by electrophoresis under native (PAGE) and denaturing conditions (SDS-PAGE). Carbohydrate
Keywordls: specificity of lectins was evaluated by hemagglutinating activity (HA) inhibition assay using N-acetyl-p-
Aedes aegypti glucosamine and by affinity chromatography on N-acetyl-p-glucosamine immobilized in agarose gel.
Bark Larvicidal activity against A. aegypti was investigated with the extracts, salt fractions and isolated lectins.

Heartwood MuBL and MuHL were characterized by PAGE as basic proteins of molecular masses of 14.0 and 14.4 kDa,
Larvicidal activity respectively. The interaction of lectins with N-acetylglucosamine was detected by inhibition of HA by
Lectin monosaccharide and lectin adsorptions on N-acetyl-p-glucosamine matrix, All M. urundeuva preparations

Mymcrodrion urundeuva promoted larvae mortality, LCyg, LCsq and LCgy values of 0.077, 0,125, 0.173 for MuBL and 0.03, 0.04 and

0.05 mg/mL for MuHL were obtained. To our knowledge this is the first report of larvicidal activity of lectins

against A. aegypti.

© 2008 Elsevier Inc. All rights reserved.

1. Introduction

Insect-transmitted diseases are important health problems in
tropical regions. In the order Diptera are included popular insects as
the flies and the mosquitoes. Aedes aegypti (Culicidae) occurs in Asia,
Africa and Central and South America and transmits virus of Flavivirus
genus, etiologic agents of human diseases like dengue and yellow
fever (Roberts, 2002).

Yellow fever immunization programs have reduced the risk of
outbreaks in some endemic countries and the disease still occurs in
epidemic patterns only in some countries of Africa. In America,
tropical regions of Bolivia, Brazil, Colombia, Ecuador, Peru and
Venezuela are considered places of high risk and the vaccination is
obligatory for visitors (World Health Organization, 2001).

On the other hand, there is no vaccine for dengue fever. It can be
caused by four serotypes of the DEN arbovirus and clinically can
happen in asymptomatic forms, classic dengue fever, hemorrhagic

* Corresponding author. Tel.: +55 8121268540; fax: +55 8121268576
E-mail address; ppaivaufpe@yahoo.com.br (PM.C. Paiva),

1532-0456/% - see front matter © 2008 Elsevier Inc. All rights reserved.
doi: 10.1016/j.cbpc.2008,08.004

dengue fever and other more severe forms. Worldwide, 2.5 billion of
people are in risk to acquire the disease and 50 million are infected
every year, characterizing a pandemia (World Health Organization,
2002). Dengue outbreaks are re-emerging in Brazil. Cases of dengue
registered by Brazilian federal organ reached 345,922 in 2006 and
559,954 in 2007 (http://portal.saude.gov.br). There are no effective
vaccines; vector control is the only form to minimize the transmission
of the virus.

Currently, most insecticides are non-selective and can be harmful
to other organisms and to the environment. An approach to obtain
new efficient, safe and selective insecticides is the study of natural
models such as the defensive mechanisms of plants (Ciccia et al,
2000). Bioactive organic compounds produced by plants can act as
repellent, oviposition or food deterrents, growth inhibitors, and toxins
(Ezeonu etal,, 2001; Carlini and Grossi-de-Sa, 2002). Thus, crude plant
extracts have been screened as natural and biodegradable forms to
control pests and vectors of infectious diseases (Omena et al., 2007).
Plant essential oils are, in some cases, highly active and economically
viable for insect control. For example, larvicidal activity of essential
oils from Hyptis fruticosa, Hyptis pectinata and Lippia gracilis has been
reported (Silva et al., 2008).
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Lectins, ribosome-inactivating proteins (RIPs), inhibitors of
enzymes, glycohydrolases, arcelins, chitinases, canatoxin and modified
forms of storage proteins are examples of proteins that are related
with defensive mechanisms of plants. All these protein classes showed
entomotoxic activities on Coleoptera and some of them demonstrated
toxic effect on other insect orders (Carlini and Grossi-de-53, 2002).

Lectins are hemagglutinating proteins widely distributed among
plants (Santos et al., 2005). The lectin binding to carbohydrates of
plasmatic membranes promotes erythrocyte network resulting in the
agglutinating phenomenon. Plant lectins with entomotoxic activity
have been already described.

This carbohydrate recognition property is involved in the lectin
entomotoxic activity on larvae, developing stages and mature forms of
insects (Bandyopadhyay et al.,2001; Macedo et al.,2002; Macedo etal.,
2004; Sauvion et al., 2004; Leite et al., 2005; Kaur et al., 2006). Lectins
can be explored for insect control or by genetic engineering aiming to
increase resistance of plants to insects (Carlini and Grossi-de-Sa,
2002; Saha et al,, 2006). The midgut of insects contains a membrane,
the peritrophic matrix, which separates the contents of the gut
lumen from the digestive epithelial cells lining the midgut. It has
been suggested that chitin and glycosylated proteins containing N-
acetylglucosamine of peritrophic matrix are the targets for lectin
binding (Tellam et al., 1999). Lectin with chitin-binding property
isolated from Annona coriacea seeds promoted larval mortality of flour
moth Anagasta kuehniella and the larvicidal activity was related to
lectin binding to chitin components in the insect gut, interaction with
glycoconjugates on the surface of epithelial cells along the digestive
tract, binding to the sugar moiety of glycosylated digestive enzymes or
assimilatory proteins and resistance to insect digestive proteases
(Coelhoetal., 2007). Bruchid beetle larvae of Zabrotes subfasciatus and
Callosobruchus maculatus were sensible to Bauhinia monandra leaf
lectin that, although belongs to the galactose group of specificity, was
able to bind to chitin, a polymer of N-acetylglucosamine (Macedo et al.,
2007).

Lectins toxic to Diptera insects were already isolated from plants.
The asialofetuin-binding Arisaema helleborifolium lectin showed anti-
insect activity towards second instar larvae of the melon fruit fly
Bactrocera cucurbitae with LCsy value of 0.016 mg/mL (Kaur et al.,
2006) and the wheat germ agglutinin (a N-acetylglucosamine specific
lectin) showed larvicidal activity on the blow fly Lucilia cuprina
(Eisemann et al., 1994). However there are no reports of lectin toxicity
on A. aegypti.

Myracrodruon urundeuva is broadly distributed in Brazil and it is
one of numerous Caatinga plants with great importance in traditional
medicine (Leite, 2002; Albugquerque and Oliveira, 2007). M. urundeuva
bark is used for treatment of pains and infections in the genito-urinary
system, skin, subcutaneous tissues and digestive system. Decoction,
infusion in water and syrup are some of the manners of popular use
(Monteiro et al,, 2006). Dimeric chalcones isolated from bark showed
analgesic effects and anti-inflammatory activity (Viana et al,, 2003)
and tannins showed anti-ulcer and anti-inflammatory effect in rats
(Souza et al., 2006).

M. urundeuva is considered a hardwood, very dense, elastic and
resistant to microorganisms and termites. Its heartwood has low
content of structural polymer cellulose and high content of lignin and
extractives. Proanthocyanidins, gallic and ellagic acids, flavanons,
flavanols and ellagitannins were detected (Morais et al., 1999). Resis-
tance of woods to deterioration has been attributed to presence of
phenolic substances (Findlay, 1985), however Paes et al. (2002)
evaluating the effect of Postia placenta and Neolentinus lepideus fungi
and Nasutitermes corniger termites on M. urundeuva, demonstrated
that the heartwood natural resistance was not related to content of
secondary metabolites extracted in hot water.

This study was undertaken due to the resistance of M. urundeuva
wood to insect biodegradation. Additionally, insecticide activity has
been detected in the lectin isolated from M. urundeuva heartwood,

which promoted mortality of termite N. corniger (Sa et al, 2008).
Hemagglutinating activity (HA) was also detected in crude extracts of
M. urundeuva bark, This paper reports the larvicidal activity against A.
aegypti of crude preparations and isolated lectins from bark and
heartwood of this species.

2. Materials and methods
2.1. Plant material

M. urundeuva (Engl.) Fr. Allemdo belongs to the Division Magno-
liophyta, Class Magnoliopsida, Subclass Rosidae, Order Sapindales,
Family Anacardiaceae and its vernacular names are “aroeira do sertio”
in portuguese and “urundel” in Spanish (Leite, 2002). Bark and
heartwood were collected in the State of Maranhdo, northeastern
Brazil and a voucher specimen, identified by Mr. Gongalo Mendes da
Conceigdo, is archived under number 054 at the Herbarium Aluisio
Bittencourt, Centro de Estudos Superiores de Caxias (CESC), Uni-
versidade Estadual do Maranhao, Brazil.

2.2. Hemagglutinating activity (HA)

HA assay was carried out in microtiter plates (Kartell S.PA., Italy)
according to Paiva and Coelho (1992) using suspension (2.5% v/v)
of rabbit erythrocytes treated with glutaraldehyde (Bing et al., 1967).
HA (titer), defined as the reciprocal of the highest dilution of the
sample promoting full agglutination of erythrocytes, was reckoned as
one hemagglutination unit (Chumkhunthod et al., 2006). Specific HA
(SHA) was defined as the ratio between the titer and protein con-
centration {unit/mg). HA inhibitory assay was performed by incuba-
tion (45 min) of lectin sample with 200 mM N-acetylglucosamine
monosaccharide solution before erythrocyte suspension addition.

2.3. Preparation of crude extracts and protein fractionation

Powdered (40 mesh) bark or heartwood (10 g) was suspended in
0.15 M NaCl (100 mL). After homogenisation in a magnetic stirrer (16 h
at 4 °C), followed by filtration through gauze and centrifugation
(3000 g, 15 min), clear supernatants (crude extracts) were obtained.
The bark (BE) and heartwood (HE) extracts were evaluated for protein
concentration according to Lowry et al. (1951) using serum albumin as
standard and for HA.

Soluble proteins in BE and HE were fractioned with ammonium
sulphate at the saturations of 20%, 40%, 60% and 80% (w/v) according
to Green and Hughes (1955). The resulting fractions solubilized in
0.15 M NaCl were submitted to dialysis (5000 Da cut-off membrane,
4 °C) against distilled water (4 h) followed by 0.15 M NaCl {4 h).
The dialyzed fractions were evaluated for protein concentration and
HA. The most active fractions, 20-40% supernatant from bark extract
(BF) and 40-60% precipitate from heartwood extract (HF), were used
for isolation of bark (MuBL) and heartwood lectins (MuHL), respec-
tively. The same fractions were also used in the larvicidal assays.

2.4. Purification of MuBL and MuHL

BF (2.0 mL; 7.4 mg of protein) and HF (2.0 mL; 25.6 mg of protein)
were loaded onto a chitin column (Sigma, USA, 7.5x1.5 cm)
equilibrated at 20 mL/h flow rate with 0.15 M NaCl (100 mL). The
unabsorbed proteins were eluted with equilibrating solution until the
absorbance at 280 nm was negligible. Then the adsorbed proteins
were eluted with 1.0 M acetic acid, pH 5.0, containing 1.0 M NaCl
(100 mL). The fractions obtained with acetic acid from both columns
were pooled, exhaustively dialyzed against 0.15 M NaCl (1 L) for eluent
elimination and evaluated for protein content and HA. The purified
proteins of fractions from BE and HE are denominated MuBL and
MuHL, respectively.



Gomes, F.S.

Lectinas de €erentrecasca didéyracrodruon urundeuvab2

302 RA Sd et al / Comparative Biochemistry and Physiology, Part C 149 (2009} 300-306

2.5, Evaluation of MuBL and MuHL hinding on N-acetyl-p-glucosamine
column

To evaluate the affinity of MuBL and MuHL for N-acetylglucosa-
mine, ammonium sulphate fractions from BE (BF; 2.0 mL, 15.8 mg of
proteins) and HE (HF; 2.0 mL, 19.4 mg of proteins) were loaded onto a
column (7.5 cm>15 cm) of N-acetyl-p-glucosamine immobilized in
agarose gel (Sigma, USA) equilibrated at 20 mL[h flow rate with 0.15 M
NaCl (100 mL). After sample application the matrix was washed with
equilibrating solution until the absorbance at 280 nm was negligible.
The elution step was performed using 0.1 M sodium acetate in 0.15 M
NaCl (30 mL), followed by 0.1 M Glycine-HCl pH 2.6 (30 mL)and 0.1 M
Glycine-NaOH pH 9.0 (60 mL). The eluted fractions (2.0 mL) were
evaluated for protein concentration and HA.

2.6. Effect of exposure to sunlight on MuBL and MuHL activities

The effect of sunlight (UV radiation index 10; Brazilian Science and
Technology Ministry — CPTEC/INPE; each UVI unit corresponds to
25 mW m 2 of energy) on MuBL and MuHL activities was evaluated.
Samples of lectins (MuBL, 0.125 mg/mL; HA of 128'; MuHL, 0.04 mg/
ml, HA of 64" ') were exposed to sunlight at 09:00 h on 06 May 2008
until 17:00 h at Recife, Pernambuco, Brazil. The temperature and HA of
lectin samples were determined every 60 min up to 480 min using
thermometer and rabbit erythrocytes, respectively. The assay was
performed in triplicate.

2.7. Polyacrylamide gel electrophoresis (PAGE)

MuBL and MuHL were evaluated by PAGE for native basic (7.5% (w/v)
gel) and acidic ( 10% (w/v) gel) proteins according to Reisfeld et al. (1962)
and Davis (1964), respectively. Electrophoresis in the presence of sodium
dodecyl sulphate (SDS-PAGE) and p-mercaptoethanol was performed
on 12% (w/v) gel according to Laemmli (1970). Polypeptide bands and
standards (bovine serum albumin, 66,000 Da, ovalbumin, 45,000 Da,
glyceraldehyde-3-phosphate dehydrogenase, 36,000 Da, carbonic anhy-
drase, 29,000 Da, trypsin inhibitor, 20,000 Da, c-lactalbumin, 14,400 Da
from Sigma, USA) were stained with Coomassie Brilliant Blue in 10%
acetic acid (0.02%, v/v).

2.8. Aedes aegypti larvae

A. gegypti Linn. belongs to the Phylum Arthropoda, Class Hexapoda,
Order Diptera, and Culicidae Family and its common name is dengue
mosquito. Eggs were hatched in distilled water at a temperature in the
range 25-27 °C. Cat food was offered to larvae; when reaching the
fourth-stage (L4) larvae were separated and used for evaluation of the
larvicidal activities.

2.9. Larvicidal assay

The larvicidal activity was evaluated using an adaptation of the
World Health Organization (1981) method described by Navarro et al.
(2003). In a previous assay to determine the survival of larvae in NaCl
solutions at different concentrations no mortality was detected until
0.112 M Nadl (corresponding to 15 mL of 0.15 M NaCl plus 5 ml of
distilled water). Thus NaCl concentration in test solutions containing
lectin and negative controls was not higher than 0.112 M ranging from
0014 to 0108 M. The HA was also assayed at the same NaCl
concentrations and the activity was not altered. A stock solution of
BE (protein concentration: 12.77 mg/mL) in 0.15 M NaCl was used
to provide a series of test solutions in the protein concentration range
5-10 mg/mL, obtained by dilution of the stock solution with distilled
water, The same conditions were used in bioassays with BF (stock
solution at 10.98 mg/mL of protein; test concentration range: 5 to
7 mg/mL), MuBL (stock solution at 0.28 mg/mlL; test concentration

range: 0.07 to 0.130 mg/mL), HE (stock solution at 25 mg/mL of
protein; test concentration range: 14-16 mg/mL), HF (stock solution at
12.9 mg/mL of protein; test concentration range: 0.7 to 1.2 mg/mL),
and MuHL (stock solution at 0.27 mg/mL; test concentration range:
0.037 to 0.05 mg/mL).

The final volume of larvicidal assay was 20 mL of test solution or
negative control and contained 20-25 larvae in initial L4 stage. The
assays were performed in triplicate. The rate of mortality of the larvae
was determined after 24 h incubation at 28+2 °C.

2.10. Statistical analysis

Statistical analysis of the experimental data was performed using the
computer software StatPlus® 2006 (AnalystSoft, Canada) to find the
lethal protein concentrations required to kill 16% (LCyg), 50% (LCsg) and
84% (LCg4) of larvae in 24 h by probit analysis with a reliability interval
of 95% and the software Origin 8.0% (Microcal, Northampton, USA) to
establish regression equations (Y = mortality; X = concentrations) and
regression coefficient values (Chowdhury et al,, 2008).

3. Results and discussion

M. urundeuva durability and resistance to deteriorative biological
agents (fungi and insects) have stimulated its use in Brazilian building
industry. Sa et al. (2008) isolated a lectin from M. urundeuva
heartwood (MuHL) and determined its effect on termites (N. corniger);
MuHL induced mortality of workers and soldiers with values of LCs, of
0248 mg/mL and 0199 mg/mL, respectively. Repellence assay was
also performed and indicated that lectin did not induce rejection
effect, The authors pointed out the possibility of participation of this
lectin in the natural resistance of M. urundeuva. Lectin activity was
also detected in M. urundeuva bark, tissue more superficial than
heartwood considering the anatomy of wood. This paper reports the
effect of lectins isolated from bark (MuBL) and heartwood (MuHL) on
A. aegypti larvae.

Saline extracts from bark (BE) and heartwood (HE) showed specific
HA of 976 and 2409, respectively. Addition of ammonium sulphate to
BE and HE resulted in pre-purification of lectins in the 20-40%
supernatant (BF) and 40-60% precipitate fraction (HF), respectively.
The purification step leads to an increase of BF specific HA in relation
to the initial extract. Determined values were 3034 for BF and 2540 for
HF.

When the HA assay was performed at the presence of N-
acetylglucosamine the specific HA of BF and HF was reduced to 1462
and 50, respectively, and the HA of MuBL and MuHL was abolished.
The residual HA of salt fractions with monosaccharide was probably
due to the presence of tannins at these impure preparations. The assay
was used to evaluate truthful agglutination. Pseudo-agglutination
induced by other plant compound was abolished since HA of pure
lectins was totally inhibited by carbohydrate confirming the lectin
nature of the hemagglutination phenomenon.

The linkage of the monosaccharide to lectin carbohydrate binding
sites avoids binding of lectin to glycoconjugates of erythrocyte surface
and HA is reduced or abolished. The HA inhibition assays evaluate the
specificity of lectin carbohydrate binding site (Ng and Lam, 2002;
Thakur et al., 2007).

The interaction of M. urundeuva lectins with N-acetylglucosamine
was also investigated through chromatography of ammonium
sulphate fractions on columns containing N-acetylglucosamine
immobilized in agarose gel (Fig. 1). The lectins from bark and
heartwood were adsorbed on the matrix and were recovered with
01 M Glycine-NaOH pH 9.0. The eluted MuBL and MuHL showed
specific HA of 25 and 29, respectively.

To isolate the lectins, BF and HF were charged on chitin columns
since lectins that recognize N-acetylglucosamine were already
purified by chromatography on this polysaccharide matrix (Santi-
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Fig. 1. Chromatography of (A} BF — 20-40% supernatant from bark extract and (B) HF —
40-60% precipitate from heartwood extract on columns of N-acetyl-p-glucosamine
immoebilized in agarose gel. Washing step used 015 M NaCl. Arrows demonstrate
eluents added. Fractions of 2.0 mL were collected and evaluated for hemagglutinating
activity (HA). ABS 280 nm (#), log HA (¢).

Gadelha et al, 2006; Trindade et al., 2006). The adsorbed M.
urundeuva lectins were eluted with 1.0 M acetic acid (Fig. 2) and 19%
and 7% of chromatographed protein were recovered as MuBL (specific
HA of 3,938) and MuHL (specific HA of 2,560), respectively. One gram
of bark and heartwood provided 0.63 and 1.0 mg of MuBL and MuHL,
respectively. The elution with acetic acid of active lectins reveals the
structural stability of them to low pH value.

Evaluation of MuBL and MuHL by electrophoresis showed single
polypeptide bands in PAGE for native basic proteins (Fig. 2, insets a1l
and b1). No band in PAGE for acidic proteins was detected in both
cases. Electrophoresis under native conditions separate proteins
according to molecule net charges and is able to evaluate the
homogeneity of protein (Monti et al., 2008). The detection of single
band only in PAGE for basic proteins revealed that both lectins have
positive net charge and that the established purification protocols
yielded homogeneous lectins. Subunit composition of MuBL and
MuHL was determined by SDS-PAGE. Single band of apparent
molecular mass of 14.0 for MuBL and 14.4 kDa for MuHL were
detected under reducing conditions (Fig. 2, insets a2 and b2). When
SDS-PAGE was performed at non-reducing conditions the same
electrophoretic pattern was observed revealing that MuBL and
MuHL did not contain peptide chains linked by disulphide bridges.

To our knowledge MuHL is the unique lectin obtained from
heartwood but lectins have been isolated from bark of Morus nigra,
Sambucus nigra and Hevea brasiliensis (Kaku et al,, 1990; Wititsuwan-
nakul er al, 1998; Van Damme et al, 2002). The lectins of M.
urundeuva resembles to them regarding to be proteins of single chain
but of lower molecular weight since molecular masses of 16, 30 and
40 kDa were determined to M. nigra, 5. nigra and H. brasiliensis lectins,
respectively. The bark lectins do not belong to a single group of
specificity, but display affinity for different monosaccharides such as
galactose, fucose, mannose and similar to MuBL and MuHL, N-
acetylglucosamine (Lutsik and Antonuk, 1982; Ueno et al., 1992; Van
Damme et al.,, 2002). A bark lectin with glycoprotein binding property
was already isolated (Aristoteli and Willcox, 2006). Bark lectins also

did not show specificity to a single erythrocyte type showing HA with
rabbit and human types (Wititsuwannakul et al., 1998).

The effect of sunlight exposure on MuBL and MuHL was evaluated
since radiation and temperature are able to affect the native structure
of proteins leading to loss of activity (Miller et al, 1998; Ramos et al.,
2006). The HA of MuBL and MuHL remained the same after its
exposure to sunlight. The temperature of assay was monitored and
varied from 27 °C (09:00 h to 12:00 h and 15:00 to 17:00 h) to 30 °C
(12:00 h to 15:00 h). The result indicates that the lectins of bark and
heartwood were stable proteins at environmental conditions of
Northeast of Brazil, an important characteristic for their use in A.
aegypti control programs. The stability of lectins from M. urundeuva,
similar to other plant lectins was probably dependent upon several
structural characteristics, The compact globular structures of lectins
due to high number of hydrophobic interactions, hydrogen bonds and
disulphide bridges (intraand inter chains), molecular aggregation and
glycosylation in general results in high structural stability of native
lectins (Moreno et al., 2008; Kawsar et al., 2008).

The larvicidal activity from BE, HE, BF, HF and lectins (MuBL and
MuHL) purified by chitin chromatography was evaluated on A. aegypti
fourth-stage larvae, one of the most important mosquito species in
Brazilian public health sector. All preparations were able to kill A.
aegypti larvae at 24 h and the LCy LCsp and LCgs values are
summarized in Table 1. The evaluation of larvicidal activity revealed
that purification protocols yielded preparations with lower LC values
than initial crude preparations. The 20-40% supernatant fraction (BF)
from BE and 40-60% fraction (HF) showed LCsq lower than the values
obtained for the extracts, revealing that partial purification of lectins
by salt precipitation promoted increment in larvicidal effect. The
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Fig. 2. Chromatography of BF, 20-40% supernatant from bark extract (A), and HF, 40-
60% precipitate from heartwood extract (B), on chitin columns, Washing step used
0.15 M NaCl. Arrows demonstrate eluents added. Fractions of 2.0 mL were cellected and
evaluated for hemagglutinating activity (HA) ABS 280 nm (#), log HA (¢). PAGE for
native basic proteins of MuBL (insetal) and MuHL {inset b1 ). SDS-PAGE under reducing
conditions for MuBL (inset a2) and MuHL (inset b2}, Cytochrome c(insets al and b1} and
molecular weight markers (insets a2 and b2 ) were used as standards in electrophoresis.
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Table 1
Larvicidal activity on A. aegypti larvae from M. urundeuva bark and heartwood

Sample Protein concentration (mg/mL)? Simple linear regression”
ICie LCs LGy  SELGs"

Bark

Extract 525 8.81 1236 0481 Y=-34285+9.5714X
(R*=0.973)

20-40% supernatant  4.61 583 705 01702 Y=-112346+2783673X
(R*=0.973)

MuBL 0077 0125 0173 00070 Y=-38.8461+0.71154X
(R*=0.976)

Heartwood

Extract 1373 1486 1600 01717 Y==396+30X (R*=0.969)

40-60% precipitate 0.68 093 117 00351  Y=-79.0540+139.189X
(R3=0.975)

MuHL 0033 004 0048 00009 Y=-1321292+4493.392X
(R2=0.977)

? Lethal concentrations of proteins required to kill 16% (LCys), 50% (LCso) and 84%
(LCgy) of A. aegypti L4 larvae in 24 h.

b Standard errors (SE) for LCsq values calculated by probit analysis using Statplus®
2006 software.

 Simple linear regression and regression coefficient values (R*) established using
Origin 8.0 software. ¥; mortality rate (%); X: protein concentration (mg/mL).

chitin chromatographic step also enhanced the larvicidal activity and
MuBL and MuHL showed LCsy of 0.125 mg/mL and 0.04 mg/mL,
respectively. After the 24 h bioassay the HA of bark and heartwood
preparations remained the same determined at the beginning of the
experiment revealing that lectins are not inactivated during the
bioassay. As mentioned above 1 g of M. urundeuva bark or heartwood
contains 0.63 and 1.0 mg of MuBL and MuHL, i.e, 5 and 25 times
greater concentration than the LCs, determined for MuBL and MuHL
respectively.

Similarly to MuBL and MuHL, plant lectins with affinity for N-
acetylglucosamine and chitin-binding property were insecticidal for
many insects (Chrispeels and Raikhel, 1991; Zhu-Salzman et al,, 1998;
Macedo et al., 2003; Macedo et al., 2007). The N-acetylglucosamine
monosaccharide is the monomeric unit of chitin, a major polysacchar-
ide component of the arthropod exoskeleton and peritrophic
matrix found in the midgut of insects (Bobelmann et al., 2007;
Muthukrishnan et al., 2007). It is suggested that binding of lectin
specific to N-acetylglucosamine to the peritrophic matrix interferes in
the digestion and absorption of nutrients {Peumans and Van Damme,
1995; Zhu-Salzman et al, 1998; Zhu-Salzman and Salzman, 2001;
Carlini and Grossi-de-Sa, 2002; Macedo et al., 2004; Macedo et al.,
2007). The deleterious effect of lectin on these metabolic processes
leads to death of the insect by nutritional deprivation (Fitches and
Gatehouse, 1998). The integrity of peritrophic matrix, which has
important roles in the digestive processes of insects as well as pro-
tection of the insect from invasion by microorganisms and parasites
(Tellam et al., 1999), is essential for larvae survival. M. wrundeuva
lectins due to their carbohydrate specificity would recognize chitin
and N-acetylglucosamine residues in glycosylated proteins at the
surface of larval peritrophic matrix leading to discontinuity of matrix
would promote larvae death.

In fact, lectins with specificity for N-acetylglucosamine exhibited
binding to peritrophic matrix of A. gegypti and it has been suggested
that the penetration of the gut epithelium of A. aegypti by the Plas-
modium gallinaceum involved the membrane monosaccharide/para-
site lectin interaction (Rudin and Hecker, 1989). The importance of the
peritrophic matrix for A. aegypti larval development was demon-
strated in bioassay using chitin synthesis inhibitor lufenuron. The
compound adversely affected A. aegypti larval survival indicating its
potential for controlling mosquito populations (Moreira et al., 2007).

To our knowledge there is no report of larvicidal activity of purified
lectins against A. aegypti, but larvicidal activity on A. aegypti has been
detected in crude plant preparations. Latex of Calotropis procera

promoted mortality (100%) of third instar larvae and it has been
suggested that the toxic effect should be at least in part due to latex
proteins (Ramos et al, 2006). Ethanolic extract of Melia azedarach
leaves showed a strong larvicide activity with LCsq of 0.76 gL
determined after 96 h of bicassay (Coria et al., 2008). Studies with
saponins from Balanites aegyptiaca callus produced from in vitro
cultures of roots revealed that concentrations of 500 ppm or greater
killed 100% of the larvae population and it has been suggested their
use asa larvicidal agent against the mosquito (Chapagain et al., 2008).

Essential oils from plants are widely investigated for their
insecticide activity. Heartwoods from Cryptomeria japonica, Cunnin-
ghamia lanceolata, Taiwania cryptomerioide and Calocedrus formosana
were sources of larvicidal essential oils with LCsy (pg/mL) of 72.0,
106.4, 79.8 and 75.2, respectively (Cheng et al., 2003). We found that
MuHL (LCsy 0.04 mg/mL or 40 ppm) was more efficient than these
heartwood oils. MuBL LCsp (0.125 mg/ml or 125 ppm) was lower than
that obtained for essential oils from H. fruticosa and H. pectinata (366
and 502 ppm, respectively ) revealing its more strong larvicidal activity
(Silva et al., 2008). Cavalcanti et al. (2004) found LCs; values between
60 and 538 ppm for 9 essential oils from branches, leaves or fruits of 9
plants of the Graminae (Poaceae), Labiateae (Lamiaceae), Myrtaceae,
Rutaceae, Verbenaceae and Zingiberaceae families. In our study, MuHL
showed a LCsp value lower than essential oils described above and
MuBL was more toxic than 5 of these oils.

It has been suggested that natural products should be evaluated as
alternative insecticides for the control of A. aegypti larvae, since they
constitute a rich source of bioactive molecules that are biodegradable,
nontoxic, and potentially suitable for use in integrated larvae
management programs (Silva et al, 2008). The values of LCsq of
MuBL and MuHL demonstrate its good larvicidal activity on A, aegypti,
but the most superficial location of bark in the anatomy of wood gives
an advantage: it is easier and safer to the plantto obtain bark tissue for
extraction of the lectin. Investigation of experimental formulations of
MuHL and MuBL against A. aegypti larvae can be made aiming to
determine the potentiality of M. wrundeuva lectins in programs to
control dengue vectors.

Some chemicals used to solubilize essential oils in larvicidal assays
were Tween 80, dimethyl-suphoxide (DMSQ), acetone or ethanol, for
example. MuBL and MuHL are proteins soluble in saline solution
(0.15 M NaCl) and the HA was not altered at low concentrations of
NaCl as 0.014 M. The 015 M Nacl saline solution used to solubilize
lectins is of easy manipulation, a very simple and cheap method and
has no toxic effect for environment.

The detection of larvicidal activity in wood resistant to insect
degradation provides a significant link between plant physiclogy and
biotechnological application sciences. Our study suggests the partici-
pation of insecticide lectins from bark and heartwood in M. urundeuva
defense mechanism,

In conclusion, M. urundeuva, a plant known for several uses in
traditional medicine and wood utilization, contains active peptides
against A. aegypti larvae indicating a potential use for bark and
heartwood extracts for dengue disease control by impairment of
biological cycle of the vector.
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6. CONCLUSAO

 Alectina do cerne e entrecascaMleurundeuvdoi isolada por cromatografia em coluna
de quitina com elevada atividade hemaglutinanteme gqeiantidade suficiente para
realizacdo dos bioensaios propostos;

* A lectina do cerne inibiu o crescimento de bacté@Gaam-negativas e Gram-positivas e
foi mais eficaz que o antifungico Cercobin na ig#l do crescimento de fungos
fitopatogénicos;

* A atividade antimicrobiana detectada revela o enr@nto da lectina na resisténcia do
cerne deM. urundeuvaontra agentes causadores de deterioracao bioldgica

A indicacdo de uma nova lectina atuando como umadosponentes envolvidos nos
mecanismos que conferem resisténcia & madeirageefon dos aspectos fisiologicos
dessas proteinas.

* A acdo inseticida de lectinas 8 urundeuvapotencializada apos a purificacdo, sobre
insetos que ndo se alimentam de madeira, comaémdeAedes aegyptevidencia que
sua propriedade inseticida pode ser explorada dmiotegicamente no controle de

diversos insetos, inclusive de importancia médica.



Gomes, F.S. Lectinas de €erentrecasca didyracrodruon urundeuva68

7. ANEXOS
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