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RESUMO

Lectinas sdo proteinas ou glicoproteinas de origem ndo imune cuja ligagdo
reversivel a carboidratos resulta em aglutinagdo celular. A Eugenia malaccensis
L. pertence a familia Mirtaceae. Uma lectina de sementes de £. malaccencis,
EmalL, foi purificada usando fracionamento com sulfato de amanio (F 0-80),
seguida por cromatografia de afinidade em Sephadex G-50. A atividade
hemaglutinante (AH) de EmalL foi avaliada em presenca de solugdes de ions
(Ca®" e Mg®"), de solugBes de carboidratos e glicoproteinas, diferentes valores
de pH (2 - 12) e fratamento com diferentes temperaturas. As massas
moleculares da proteina nativa e de suas subunidades foram determinadas pelo
sistema AKTAFPLC em coluna Sephacryl S-300 e por SDS-PAGE,
respectivamente. A atividade antimicrobiana de EmalL foi avaliada com
amostras de bactéria Gram-positivas e Gram-negativas pela metodologia de
difusdo em disco. A cromatografia em Sephadex G-50 apresentou um dnico
pico (EmalL) apés eluigdo com glicose, resolvido em trés picos protéicos de 112,
28 e 14 kDa pela cromatografia em Sephacryl S-300 e uma banda de 14 kDa
por SDS-PAGE. A AH de EmalL é totalmente inibida por glicose, caseing,
ovoalbumina e fetuina, ndo é dependente de ions, é dependente de pH e é
totalmente perdida apés aquecimento a 30 °C. EmalL inibe o crescimento de
bactérias Gram positivas e negativas; o melhor resultado (26.5 mm + 1.2 halo)
foi obtido com Staphylococcus aureus, apresentando uma concentragdo minima
inibitéria (CMI) de 1,5 ug/ml e uma concentragdo minima bactericida (CMB) de
15 pg/ml. Um nova lectina (Emal) glicose especifica foi obtida, com potencial

uso como agente antimicrobiano e de amplo espectro de agdo.



ABSTRACT

Lectins are proteins or glycoproteins of non immune origin which
reversible and specific carbohydrate binding results in cellular agglutination.
Eugenia malaccensis L. belongs to the Myrtaceae family. A lectin from £
malaccensis seeds, Emal, was purified using ammonium sulphate fractionation
(FO-80), followed by affinity chromatography in Sephadex G-50 column.
Hemmaglutinating activity (HA) was evaluated in presence of ions (Ca** and
Mg®), carbohydrates, glycoproteins, or after treatment with different
temperatures and pH values (2 - 12). Antimicrobial activity of EmalL was
investigated by the disc diffusion method against Gram-positive and Gram-
negative bacteria. Chromatography in Sephadex 6-50 column showed a protein
peak biospecific eluted using glucose, exhibiting three protein peaks whith
molecular masses of 112, 28 and 14 kDa by gel filtration using a AKTAFPLC
system. The purified lectin showed a main protein band in SDS-PAGE (14 kDa).
EmalL HA is totally inhibited by glucose, casein, ovoalbumine and fetuin, is not
dependent of ions, is dependent of pH and is fotally reduced by heating at
30 °C. EmalL inhibited growth of tested microorganisms; best result (26.5 mm
+ 1.2 halo) was obtained with Staphylococcus aureus, with minimal inhibitory
concentration (MIC) of 1.5 ng/ml and minimal bactericide concentration (MBC)
of 15 pug/ml. In conclusion, EmaL is a powerful antimicrobial agent of low cost

with wide spectrum of action.
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INTRODUCAO

1. LECTINAS

1.1 Generalidades

O estudo de lectinas teve inicio no século IX com a descoberta de
que extratos de certas plantas além de serem téxicos para homens e animais
poderiam também aglutinar eritrécitos. Acreditava-se que este efeito téxico
ocorria devido d contaminagdo por toxinas bacterianas. Esta hipotese foi
desacreditada quando Bruylants e Vennerman em 1884 demonstraram que a
toxicidade da semente de Abrus precatorius devia-se a uma fragdo protéica
que podia ser precipitada com dlcool a partir de um extrato aquoso da semente
(Moreira et al., 1991).

Hermann Stilmark em 1988, observou pela primeira vez que a ricina,
proteina extraida da planta Ricinus communis, era responsdvel pela
hemaglutinagdo de diferentes espécies de eritrocitos e ampliou o estudo de
aplicagdes destas proteinas (Gabor et a/, 2001). Na década seguinte, Ehrlich
utilizou a ricina e a abrina, esta dltima, uma proteina obtida da planta A.
precatorius, ambas com atividade hemaglutinante (AH), como potencial modelo
antigénico (Sharon e Lis, 1988).

As proteinas que aglutinavam eritrécitos em plantas foram
inicialmente denominadas aglutininas, hemaglutininas, fitoaglutininas ou
fitohemaglutininas (Sharon e Lis, 1988).

O termo lectina (originado do latim, “/ectus”) foi proposto por Body e

Shapleigh (1954) em virtude da habilidade de algumas proteinas em ligar-se a
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carboidratos, aglutinando seletivamente eritrécitos de um grupo sangiiineo
particular (Matsui et a/, 2001). Lectinas sdo proteinas ou glicoproteinas que
possuem a habilidade de se ligar especificamente a mono ou oligossacarideos
de forma reversivel (Sato et al, 2000; Hong et al, 2001; Souza et al,, 2001).
As lectinas constituem um grupo heterogéneo de proteinas de origem ndo
imunolégica de distribui¢do ubiqua na natureza, contendo dois ou mais sitios de
ligagdo a carboidrato e sua caracterizagdo fisico-quimica é importante para
explicar seu comportamento em diferentes processos bioldgicos (Sharon e Lis,
2001).

A énfase que é dada quanto d origem ndo imune das lectinas serve
para distingui-las de anticorpos anticarboidratos que aglutinam células.
Enquanto os anticorpos sdo estruturalmente similares, as lectinas diferem
entre si quanto a composigdo aminoacidica, requerimentos de metais, peso
molecular e estrutura tridimensional. Além disso, as lectinas ndo sdo apenas
encontradas em animais, mas também em outros organismos que ndo possuem
sistema imune, como plantas e bactérias (Moreira et al/, 1991).

As lectinas estdo amplamente distribuidas na natureza. No reino das
plantas, as sementes de leguminosas sdo a principal fonte de lectinas, mas
estas tfambém sdo abundantes em outros tecidos vegetais tais como: raiz,
folha, talo, vagem, frutas, flores e até mesmo casca (Coelho e Da Silva, 2000;
Ratanapo et al, 2001; Kim et al, 2003). A maior quantidade de lectinas de
plantas é encontrada nos dérgdos de estoque, has outras partes da planta as
quantidades sdo bem menores, ndo sendo necessariamente idénticas em
relagdo a estrutura ou especificidade de carboidratos com as lectinas dos
orgdos de estoque. Dependendo da planta, os 6rgdos de estoque apresentam

diferentes localizagdes como, por exemplo, has leguminosas, estes drgdos
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encontram-se nas sementes e, na batata, encontram-se no tubérculo (Riidiger,
1998).

O papel fisiolégico das lectinas de plantas ndo estd claramente
definido, mas o crescente estudo sugere que lectinas sdo proteinas de defesa
que podem protegé-las contra ataques de predadores como virus, fungos e
insetos (Cavada et al, 1998; Ratanapo et al, 2001; Sacchettini et a/, 2001).
Existem vdrias outras hipoteses sobre o papel fisioldgico das lectinas de
plantas como, por exemplo, reconhecimento celular, simbiose, estoque de
proteinas (Van Damme et a/, 1997) e também na estimulagdo da proliferagdo e
crescimento celular da planta (Wititsuwannakul et a/, 1998). O papel das
lectinas nos fungos continua desconhecido (Kawagishi et al, 2001), para
bactérias e protozodrios foi sugerido que estas lectinas tém uma fungdo
importante facilitando sua adesdo no epitélio intestinal. Para as lectinas de
virus foi sugerido que em humanos elas se ligam a eritrécitos e outras células
pelo reconhecimento do dcido N-acetilneuraminico presente nha superficie
celular e que esta ligagdo € um pré-requisito para o inicio da infecgdo (Singh et

al, 1999).

1.2 Detecgao e Especificidade

O ensaio de hemaglutinagdo (Figura 1 a) € usado rotineiramente para a
detecgdo da presenga de lectinas em uma fonte bioldgica (Sharon e Lis, 2001).
Este ensaio € realizado através de uma diluigdo seriada da lectina e posterior
incubagdo com eritrdcitos (Coelho e Da Silva, 2000). Os eritrécitos utilizados
podem ser de humanos ou de animais, onde estes podem ser tratados

enzimaticamente (fripsina, papaina, entre outras) ou quimicamente
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(glutaradeido ou formaldeido) aumentando ou ndo a sensibilidade das células a
lectina (Correia e Coelho, 1995; Coelho e Da Silva, 2000; Mo et al., 2000). Para
assegurar que o agente aglutinante é uma lectina, sdo necessdrios ensaios
subseqiientes de inibigdo da AH utilizando uma solugdo do carboidrato ligante
(Cavada et al, 2000; Kawagishi et al., 2001), sendo as reagdes de aglutinagdo
por lectinas inibidas por seus carboidratos especificos (Figura 1 b).

A determinagdo da especificidade de uma lectina é dada pelo
monossacarideo que, em menor concentragdo, possua maior habilidade para
inibir sua atividade de hemaglutinagdo ou de precipitagdo de polissacarideos ou
glicoproteinas (Gabor et al, 2001; Ng e Yu, 2001). As lectinas podem se ligar a
aglcares livres ou a residuos de aglcares de polissacarideos, glicoproteinas ou
glicolipideos, onde estes podem estar livres ou ligados a membrana da célula.

Existem lectinas que possuem especificidade para mais de um
carboidrato, aglutinando células de diferentes espécies. Também existem
lectinas que sé aglutinam as células em que houver a presenca de um
determinado carboidrato (Gabor et al, 2001). Peumans e Van Damme (1998)
observaram que as lectinas de plantas exibem uma ampla especificidade para
carboidrato, sendo que muitas apresentam maior afinidade para
oligossacarideos do que para agucares simples ou tém especificidade
direcionada contra glicanos estranhos (que ndo sdo préprios da planta), além
disto, lectinas estruturalmente diferentes podem reconhecer o mesmo

carboidrato.
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Figura 1. Atividade hemaglutinante (a) e inibigdo da atividade hemaglutinante (b).

" Eritrécito =< Lectina ® Carboidrato

1.3 Classifica¢do

Por representar um grupo heterogénio de proteinas, as lectinas
diferem fortemente em relagdo a: estrutura molecular, especificidade ao
carboidrato e atividades bioldgicas.

Existem vdrios critérios de classificagdo de lectinas, como por
exemplo, elas podem ser agrupadas dentro de familias distintas de proteinas
homdlogas que apresentam propriedades estruturais comuns, sendo a familia
das leguminosas a mais bem estudada e caracterizada (Sharon, 1993; Cavada
et al, 1998). As lectinas de planta podem, ainda, ser classificadas de acordo
com sua especificidade de interagdo com carboidratos em: lectinas
glicose/manose especificas (Correia e Coelho, 1995; Nomura et al, 1998),
galactose especificas (Coelho e Da Silva, 2000), dcido-sidlico especificas

(Bhowal et a/., 2005), manose-especificas (Koike et al, 1995), entre outras.
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1.4 Purificagdo e Caracterizacdo Estrutural

Para a purificagdo de lectinas em diferentes fontes, tem sido
realizada, como primeiro passo, a preparagdo de extratos com solugdo salina ou
tampdo (Kawagishi et a/., 2001; Mladenov et al., 2002). Apds a extragdo, muitos
extratos com atividade lectinica sdo submetidos a purificagdes parciais
através de técnicas convencionais para proteinas, incluindo fracionamento
salino com sulfato de amodnio e didlise exaustiva (Coelho e Da Silva, 2000;
Yeasmin et al, 2001). O uso de técnicas cromatograficas é bastante comum
para a purificagdo de lectinas. Dentre estas técnicas, a cromatografia de
afinidade € a mais utilizada na purificagdo, embora, as vezes, seja necessdria a
utilizagdo de outros métodos cromatogrdaficos para que se possa ter um
elevado grau de pureza (Correia e Coelho, 1995; Sampietro et a/., 2001).

A caracterizagdo de lectinas envolve vdrios métodos, tais como téchicas
eletroforéticas (Laemmli, 1970), que servem para indicar basicidade ou acidez
de uma lectina, assim como para determinar sua estrutura quanto ao ndmero de
subunidades, massa molecular (Correia e Coelho, 1995) ou ainda para
caracterizd-la como glicoproteina através da coloragdo com reativo de Shiff
(Coelho e Silva, 2000).

Testes para a determinagdo da estabilidade térmica sdo importantes
para delinear a capacidade de lectinas de suportar determinadas
temperaturas, mantendo sua atividade bioldgica, e para indicar as condigdes
térmicas ideais para se trabalhar com a molécula, de forma que esteja
apresentando sua melhor atividade na interagdo com carboidratos. Também,

testes quanto a modificagdes de pH e de solugdes fampdo sdo importantes para
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a determinagdo da estabilidade das moléculas, quanto a sua propriedade de
ligagdo a carboidratos e glicoconjugados.

Outro ensaio importante na caracterizagdo € a determinagdo da
dependéncia ou ndo de tais moléculas por ions metdlicos porque, algumas
lectinas precisam da presenga destes ions para promover sua atividade
bioldgica (Konozy et al, 2003), outras ndo.

A imunodifusdo dupla tem sido bastante utilizada para a caracterizagdo
de soros antilectinas, servindo igualmente para estudos preliminares de
homologia entre lectinas de mesma espécie ou de espécies diferentes (Ashford
et al, 1982). O sequenciamento aminoacidico é outra ferramenta valiosa no
estudo das moléculas, como foi verificado para a lectina de Erytrina indica,
sendo verificado que modificagdes no aminodcido tirosina desta lectina causam
uma inativagdo parcial da sua fungdo (Konozy et al, 2003). O sequenciamento
da lectina de Cratylia mollis forneceu informagdes a cerca de sua estrutura

tercidria (De Souza et al, 2003).

1.5 Aplicagoes

As lectinas mostram ser importantes ferramentas para a investigagdo
em diversos processos médicos, quimicos e bioldgicos (Karasaki et a/., 2001,
Ohba et a/, 2003). A distribuigdo de um grande nimero de lectinas com
diferentes especificidades para carboidratos tem levado a sua utilizagdo como
reagentes para explorar carboidratos, sendo este, o ponto mais importante no
avango de numerosas dreas da biologia celular. A aplicagdo das lectinas pode
ser ampla e variada, devido as suas propriedades bioldgicas, como por exemplo,

na investigagdo estrutural e funcional de carboidratos complexos,
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especialmente glicoproteinas, na observagdo de mudangas que ocorrem ha
superficie celular durante os processos fisioldgicos e patoldgicos, desde a
diferenciacdo celular ao cdncer (Sharon e Lis, 2001), na avaliagdo de
toxicidade para células e animais, bem como no efeito imunossupressor 7/ vivo.
Em estudos recentes, com lectinas, foi observada: a indugdo de apoptose em
tumores de células humanas (Karasaki et a/, 2001); interagdo com células Du-
145 do cdncer de préstata (Gabor et al, 2001); aglutinagdo de células
bacterianas (Gaidamashvili et al, 2002, Tasumi et al, 2004); inibicdo da
proliferagdo de fibroblastos oculares e contragdo de coldgeno (Batterbury et
al, 2002); produgdo dos chamados medicamentos inteligentes, onde estes
diferem dos tradicionais por atuarem em células especificas do organismo
evitando efeitos colaterais, do tipo provocado pela quimioterapia (Woodley et
al, 2001); atividade mitogénica (Banerjee et al, 2004); além de atividade
antimicrobiana. A afinidade das lectinas por glicoproteinas de superficie
celular tem sido usada para a caracterizagdo epidemioldgica da Neisseria
gonorrhoeae e diferenciagdo de outras espécies de Neisseria (Wu et al.,
2001). Vdrios trabalhos mostraram que determinadas bactérias produzem
lectinas especificas para certos carboidratos, e fazem uso das mesmas para
se aderir ao tecido hospedeiro como primeiro passo em um processo
infeccioso. Ao submeter o organismo infectado com a bactéria a injegdes de
carboidratos, a colonizagdo é reduzida devido a diminui¢do de sua adesdo ao
tecido, sendo o bloqueio aos locais de ataque das bactérias, um caso claro de
terapia antiadesiva contra doengas microbianas. Esta forma de aplicagdo das
lectinas € alvo de intensas pesquisas pelas inddstrias farmacéuticas como
método contra infecgdes (Sharon e Lis, 1993, Rudiger ef a/, 2000). Ainda,

lectinas de diferentes especificidades foram imobilizadas em suportes inertes
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e usadas como matriz de afinidade para fins bastante variados (Lima et a/,

1997, Ohba et al,, 2003, Bakalova e Ohba, 2003).

1.6 Eugenia malaccensis

A espécie Eugenia malaccensis L. (sinonimia Syzygium malaccense Merr.
& Perry; Figura 2) pertence a familia Myrtaceae. Conhecida popularmente no
Brasil como jambo vermelho, jambo roxo e jambo encarnado, faz parte das
plantas considerada medicinais, sendo utilizada principalmente pelas
populagoes de baixo poder aquisitivo (Campelo, 1988).

O jambeiro (que produz o jambo) é uma drvore conhecida e bem
adaptada ds condigdes do nordeste do Brasil. Chega a mais de 16 m de altura,
com copa de forma cénica, densa e com ramificagdo abundante. Possui folhas
de cor verde-brilhante, flores grandes, aromdticas, que quando caem, formam
sob as drvores um lindo tapete purplreo, e podem variar de brancas a réseo-
purplreas de acordo com a espécie. O jambo € uma fruta de aparéncia exética,
de casca bem fina, forma ovéide, vermelho por fora e muito alvo por dentro,
tem um sabor doce e a polpa, apesar de consistente, é muito suculenta e
envolve semente globosas. O jambeiro € reconhecido como uma drvore de
muita beleza e boa sombra, desenvolve-se em qualquer tipo de solo, desde que
permedveis e profundos. E cultivado em quase todo Brasil, em regides de clima
quente e Umido. A propagagdo se da por sementes. Pode produzir por mais de
20 anos, frutificando de janeiro a maio. Estima-se ocorrer grandes perdas de
jambo na época da safra, em virtude da alta produtividade, do curto periodo

da safra e da pequena vida Gtil do fruto /n natura.
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Em diversas partes do mundo tfem sido empregado na medicina popular
para o fratamento de coceira, diabete, catarro no pulmdo, fosse, dor de
cabega, inflamagdes e hipertensdo (Morton, 1987). Estudos realizados no
Departamento de Medicina Tropical da Escola de Medicina do Havai,
comprovaram a atividade antiviral seletiva do extrato aquoso do caule de
E. malaccensis frente ao virus Herpes Simplex-1 (HSV-1) e virus Herpes
Simplex-2 (HSV-2), da Estomatite Vesicular e HIV-1 (do inglés Auman
immunodeficiency virus, sorotipo I). O extrato aquoso das folhas atuou ainda
como inibidor do crescimento do Staphylococcus aureus e do Streptococcus

pyogenes. (Locher et al, 1995; 1996).

Figura 2. Visdo geral da planta Eugenia malaccensis: Frutos (a) e sementes (b).

2. ATIVIDADE ANTIMICROBIANA

Uma substdncia apresenta efeito antimicrobiano quando o

microrganismo responsdvel pela infecgdo é sensivel a ela. Entdo o

10
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microrganismo é considerado sensivel a um antimicrobiano quando o seu
crescimento € inibido “/n vitro" por uma concentragdo trés ou mais vezes
inferior aquela que o antimicrobiano atinge no sangue. Se a concentragdo
inibitéria € igual ou superior aquela que o antimicrobiano atinge no sangue, o
microrganismo € considerado resistente (Trabulsi, 1991).

Muitas substancias, inclusive proteinas, estdo sendo avaliadas quanto ao
seu efeito antimicrobiano. As proteinas antimicrobianas, em animais,
constituem parte do sistema imume inato. Peptideos e pequenas proteinas
com atividade antimicrobiana sdo usados contra indmeros microrganismos
perigosos. Por causa dos distintos mecanismos de agdo, houve um crescente
interesse no uso de peptideos e proteinas antimicrobianos como antibiéticos
para o controle de patdgenos (Wang et al., 2002). Em plantas as proteinas
antimicrobianas estdo envolvidas com mecanismo de defesa (Lee et al,
2002).

A disponibilidade de um grande nidmero de lectinas com diferentes
especificidades para carboidratos tem levado a sua extensiva utilizagdo como
reagentes para estudar carboidratos simples e complexos em solugdo e sobre
superficies celulares (Lis e Sharon, 1986). A lectina de Canavalia ensiformis,
concanavalina A (Con A) demonstrou aglutinagdo para certas espécies de
micobactérias, sendo especifica para a a-arabinogalactona presente na
superficie de Mycobacterium bovis (Goldstein et al., 1970). A capacidade das
lectinas em aglutinar as bactérias tem por finalidade estudar a constituigdo
sacaridica da superficie de bactérias, para a tipagem de bactérias e para a
determinagdo de receptores para bacteriéfagos (Archibald et a/., 1972).

Conseqiientemente as lectinas sdo moléculas que atuam no sistema de

defesa imunoldgico desde que elas podem seqliestrar vdrias bactérias, outros
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microinvasores celulares, bem como substdncias que eles secretam (Yeaton
et al, 1981). A opsonizagdo que ocorre quando a lectina se liga com a
bactéria, é considerada a primeira etapa que promove a aderéncia, ingestdo e
subseqlientemente a degradagdo do microrganismo. Considerando sua
especificidade para o conteldo de carboidratos na estrutura, muitas andlises
tém caracterizado os componentes estruturais das bactérias pelo uso de
lectinas que possuem especificidade para aglcares neutros. Apenas poucas
investigagdes té€m mostrado a especificidade de lectinas para dcido sidlico
(Doyle et al,, 1994).

Muitas lectinas de planta tém sido estudadas por suas interagdes com
vdrias bactérias e a especifica simbiose entre plantas e bactérias. No
entanto pouco tem sido sugerido sobre a agdo em reduzir a infectividade das
bactérias patogénicas. Algumas lectinas como, lectina 1 de Anguilla japonica
(AJL-1) apresentou atividade aglutinante frente a bactéria patogénica
Streptococcus difficile, atuando como fator de defesa (Tasumi et a/., 2004).
Uma lectina manose-dependente isolada do soro de peixe (salmdo) do
Atlantico teve efeito antibacteriano contra a bactéria Gram-negativa
patdgena, Aeromonas salmonicida, através da associagdo com macréfagos
(Otftinger et al, 1999) e outra lectina de peixe ( Trichogaster trichopterus)
associada a macréfagos, fambém, apresentou agdo antibacteriana frente a
Aeromonas hydrophila (Fock et al., 2001). Lectinas parcialmente purificadas
a partir de sete plantas medicinais do Sul da Africa foram avaliadas quanto
ao efeito antibacteriano frente as bactérias Staphylococcus aureus e
Bacillus subitilis através de método de aglutinagdo, apresentando efeito
inibitério no crescimento das mesmas (Gaidamashvili e Staden, 2002). Con A,

aglutinina da Bauhinia purpurea (BPA), aglutinina da Lens culinaris (LCA),
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aglutinina de Germem de trigo (WGA) bloquearam a adesdo dos conidios de
Colletotrichum graminicola, indicando que o material associado a aderéncia do
conidio é composto de glicoproteinas (Mercure et al,, 1995).

Um peptideo catidnico isolado de sementes de Robinia pseudoacacia foi
testado contra sete bactérias  (Corynebacterium  michiganense,
Staphylococcus aureus, Bacillus subitilis, Erwinia carovora subsp Carotovora,
Pseudomonas syringae pv syringae, Xanthomonas campestris pv campestris e
Escherichia coli). O peptideo inibiu a maioria das cepas testadas, sendo que o
Staphylococcus aureus demonstrou ser o mais sensivel para o peptideo
(Talas-Ogras et al, 2005). Também a lectina de Morus alba (MLL1) foi
estudada por sua agdo antibacteriana contra Pseudomonas syringae pv
syringae, onde a MLL1 induziu a aglutinagdo de P. syringae pv mori, sendo
inibida por N-glicoilneuranimico, N-acetilgalactosamina e mucina de

submaxilar bovino (Ratanapo et a/, 2001).
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OBJETIVOS
Objetivo Geral

Purificagdo e caracterizagdo da lectina de sementes de Eugenia

malaccensis L. (Emal), bem como avaliagdo da atividade antimicrobiana.

Objetivos Especificos

Avaliagdo da atividade hemaglutinante em extratos de sementes de

E. malaccensis para a extragdo de lectinas;

Purificacdo da lectina de sementes de £ malaccensis (Emal) utilizando

processos cromatogrdficos convencionais e de alta resolugdo;

Avaliagdo da atividade hemaglutinante de EmalL frente a diferentes

temperaturas, ions e a variagdes de pH;

Determinagdo da especificidade de Emal para carboidratos e

glicoproteinas;

Caracterizagdo de Emal utilizando métodos eletroforéticos;

Avaliagdo da atividade antimicrobiana de Emal através do teste de difusdo

em disco;

14
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Determinagdo da concentragdo minima inibitéria (CMI) e da concentragdo

minima bactericida (CMB);

Determinagdo da concentragdo minima aglutinante (CMA).
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Abstract

Lectins, carbohydrate binding proteins of non immune origin, agglutinate cells and
glycoconjugates. A lectin from Eugenia malaccensis (EmaL) was purified from a 10%
(w/v) seed extract in 0.15 M NacCl. In brief, proteins were precipitated using ammonium
sulphate fractionation (F0-80), followed by affinity chromatography in Sephadex G-50
column to obtain EmaL. The purified protein showed a main polypeptide band in SDS-
PAGE (14 kDa) in the presence of 2-mercaptoethanol and agglutinated human as well as
animal erythrocytes. EmaL exhibited three protein peaks whith molecular masses of 112,
28 and 14 kDa by gel filtration using an AKTAFPLC system. The lectin activity was
stimulated under pH values of 2, 3 and 7 while was completely inactivated at pH 10 to 12.
The activity was also totally reduced by heating at 30 °C for 30 min. EmaL HA was
totally inhibited by casein, ovoalbumine and fetuin. The antimicrobial activity of EmaL
was investigated by disc diffusion method using Nutrient Agar (NA). Warmed medium
(100 ml, 43°C) and inoculum (0.5 ml) were added; the solution was distributed in sterile
Petri plates in portions of 10 ml and allowed to solidify. Afterwards, 15 ul of lectin
solution were impregnated on sterile paper discs (¢ = 6 mm) and placed on agar. EmaL
inhibited growth of tested microorganisms; best result (26.5 mm + 1.2 halo) was obtained
with Staphylococcus aureus, with minimal inhibitory concentration (MIC) of 1.5 pug/ml
and minimal bactericide concentration (MBC) of 15 ug/ml. In conclusion, EmaL was a
powerful antimicrobial agent of low cost with wide spectrum of action.

Keywords: Eugenia malaccensis, Lectin Characterization, Lectin Purification,

Antibacterial Lectin, Gram-negative bacteria, Gram-positive bacteria.
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Introduction

Lectins are proteins or glycoproteins with ubiquitous distribution in nature, which
have at least one carbohydrate or derivative binding site without catalytic function or
immunological characteristic [1], could have one additional hydrophobic site [2] and bind
reversibly to mono or oligossacharides of eukaryotic glycoconjugates [3]. They are purified
from different species [4, 5, 6, 7] and in plants, they are mainly obtained from legume seeds
[8], but could also be obtained from different vegetative tissues such as leaf [9], bulb [10],
bark [11], root [12] and pod [13]. The interactions of plant lectins with human pathogenic
bacteria have been extensively studied [14, 15]. These proteins have been purified and
characterized mainly from mature seeds of leguminous, not only as a single molecule but
also as multiple molecular forms [16, 17].

The ability of plant lectins to react when exposed to carbohydrates in the
microorganism surfaces has promoted the identification of pathogenic bacteria based on the
reaction of selective agglutination between lectins and bacteria [18, 19, 20, 21]. The study
of lectin interaction with cellular wall carbohydrates from Gram-positive and Gram-
negative bacteria and specialized forms, can demonstrate the binding capacity of these
proteic molecules to a wide variety of complex carbohydrates such as teicoic acid,
teicuronic acids, peptidoglycans and lipopolysaccharides present in cellular walls [22].

Eugenia malaccensis L. (Mirtaceae family) is a tree very common in tropical
climate regions, abundant in Brazil, with large quantity of fruits (jambo) easily croped,; this
plant has been used to treat hypertension, diabetes, sore throat, cuts, thrush, venereal
disease, tuberculosis and digestive tract disorders [23, 24]. Extracts of E. malaccensis
showed selective anti-viral activity against Herpes Simplex Virus-1 and 2 and Vesicular
Stomatitis Virus, anti-fungal activity and anti-bacterial activity against Staphylococcus
aureus and Streptococcus pyogenes [25, 26].

This work reports the purification and characterization of an antibacterial lectin

(EmaL) obtained from E. malaccensis seeds.
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Materials and methods

Purification of EmaL

The lectin was purified from a 10% (w/v) seed extract in 0.15 M NaCl (crude
extract, CE). In brief, proteins were precipitated using 0-80% ammonium sulphate
fractionation (F0-80), followed by affinity chromatography in Sephadex G-50 column. The
column was equilibrated and developed with 0.15 M NaCl at 10 ml/h; bound proteins were
biospecifically eluted using 0.3 M glucose in 0.15 M NaCl and dialyzed (EmaL).
Hemmaglutinating activity (HA) was evaluated in presence of erythrocytes (human and
rabbit), carbohydrates, glycoproteins, ions, or after treatment with different temperatures
and pH values. Protein concentration was measured according to Lowry et al. [27] and

samples were stored at -20 °C.

Hemagglutination activity and inhibition assays

Fresh erythrocytes from human (A, B, O and AB types) and rabbit were obtained as
described by Bukantz et al. [28], and glutaraldehyde treated according to Bing et al. [29].
Haemagglutinating activity (HA) was evaluated as described by Correia and Coelho [30]
defined as the lowest sample dilution showing haemagglutination; specific HA (SHA)
corresponded to HA divided by protein concentration. Carbohydrate binding specificity
was determined by HA inhibition using several sugars (D(+)-glucose, D(+)-mannose,
D(+)-lactose, methyl-a-D-mannopyranoside and methyl-a-D-glucopyranoside) and
glycoproteins (bovine fetal serum, casein, tyroglobulin, ovoalbumin, fetuin, ferritin,
aldolase, heparin and peroxidase from Sigma, USA) as described by Coelho and Silva [9].

Rabbit erythrocytes were chosen for subsequent assays.

Effect of pH, temperature and metal ions on hemagglutinating activity

The effects of pH and temperature on HA were evaluated by incubating EmaL
samples (200 nug) at different pH values for 1 h at room temperature in selected buffers
(10 mM citrate phosphate buffer, pH 2 — 7 and 10 mM Tris-hydrochloric acid buffer,
pH 8 - 12) or at 30, 40, 50, 60, 70, 80, 90 or 100 °C for 30 min. The effect of Mg** and

Ca®* was performed with incubation (15 min) in the same volume of a solution containing
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either metal ions CaCl, and MgCl, (5, 10 and 20 mM) in 0.15 M NaCl and EmaL
preparation. An aliquot (50 ul) of the mixture was distributed in microtitre plate wells and

the HA was proceeded as described to inhibition assays.

Molecular mass determination

Molecular mass of EmaL (2 ml,1 mg/ml) was determined in a AKTAFPLC system
(Pharmacia Fine Chemicals) using a Sephacryl S-300 (Pharmacia Biotech) column (120 ml,
60 x 16mm). Elution was performed with 0.5 M NaCl using 3 ml of fractions, 1 ml/min and
a total volume of 168 ml. A mixture of bovine serum albumin (66 kDa), fetuin (64 kDa),
ovalbumin (43 kDa), ovomucoid (28 kDa) and trypsin (25 kDa) were used as standard
proteins.

Polyacrylamide gel electrophoresis (PAGE) of denatured protein

Denatured and reduced samples were evaluated as described by Laemmli [31]. The
standard marker proteins were bovine serum albumin (67 kDa), ovalbumin (43 kDa),
carbonic anhydrase (30 kDa), soybean trypsin inhibition (20.1 kDa) and a-lactalbumin
(14.4 kDa), purchased from Pharmacia Fine Chemicals (Pharmacia Biotechnology,

Uppsala, Sweden). The gel was stained with silver stain according to Merril et al. [32].

Double Immunodiffusion

Immunodiffusion was carried out according to Ashford et al. [33] using 1 % agarose
gels prepared with 0.15 M NaCl, containing 0.02 % NaN3; and 0.1 M glucose. Samples
(20 ug) of isolectin 1 were obtained from Cratylia mollis seeds (Cramoll 1) according to
Correia and Coelho [30]. F 0-80 and EmaL were applied in a circular distribution, around
the central well containing 1gG developed against Cramoll 1 (1gG anti-Cramoll 1), allowed
to diffuse for 48 h at room temperature and the precipitated lines were detected by 0.005 %

(w/v) Coomassie Brilliant Blue staining.
Test organisms

Gram-positive bacterial strains of Staphylococcus aureus, Streptococcus sp. and

Bacillus sp. and Gram-negative bacterial strains of Klebsiella sp., Pseudomonas
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aeruginosa, Corinebacterium sp. and Escherichia coli were use as test organisms. The
bacteria were maintained in Nutrient Agar (NA) in stationary culture and were stored at
4 °C. For agglutination studies and evaluation of antimicrobial activity of EmaL, bacteria
were cultured in Nutrient Broth (NB) and incubated under permanent shaking at 37 °C
overnight. The concentrations of cultures were adjusted turbidometrically at a wavelength
of 600 nm to 10°-10° colony forming units (CFU) mlI™.

Antimicrobial activity assay

Antibacterial activity of EmaL was investigated by the disc diffusion method [34].
Warm NA (100 ml, 43 °C) and 0.5 ml of inoculum (10°-10° colony/ml) were added; the
solution was distributed in sterile Petri plates (90 x 15 mm) in portions of 10 ml and
allowed to solidify. Afterwards, 15 ul of sterile EmaL solution (0.2 mg/ml) in 0.15 M NaCl
were impregnated on sterile paper discs 6 mm diameter and placed on agar; negative
control disk and positive control disk containing 0.15 M NaCl and Amoxicilin (1 mg/ml),
respectively. Plates were incubated at 37 °C for 24 h. A transparent ring around the paper
disc reveals antimicrobial activity. Zones of growth inhibition around discs were measured

in mm.

Minimal inhibitory concentration (MIC) and Minimal bactericide concentration (MBC)
Seriate dilutions of EmaL in NaCl 0.15 M were prepared and added to culture
medium with 107 cell/ml of the microorganisms in the exponential phase of growth to
certain the MIC according to Courvalin et al. [35]. Samples were incubated by 24 h at
37 °C and a series of assay tubes (13 x 100 mm) containing 1.8 ml of NB and 0.2 ml of
microorganism suspensions with 1.5 x 10° colony forming units (CFU) ml™ (turbidity
equivalent to 0.5 of McFarland scale) were prepared. To the first tube 0.2 ml of lectin
(1.5 mg/ml) solution was added, resulting in a final concentration of 150 ug/ml. After
homogenation, successive dilutions were preceded to obtain the same final volume of 2.0
ml in all tubes. Control tube contained NB medium and microorganism. MIC corresponds
to the smallest lectin concentration capable to inhibit the visible growth of microorganism.
Minimum bactericidal concentration (MBC) was performed starting from the

coming tubes MIC assay. Dilutions (1:10.000) of the content of each tube were preceded
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and aliquots (10 ul) were removed and sowed in Petri plates containing NA medium. The
readings were made through the count of CFU grown in plates. The low bactericidal
concentration corresponds to the smallest concentration of the sample capable to reduce the

number of CFU to 0.1 % from the initial inoculum [35].

Bacterial agglutination test

For quantitative determination of agglutinating activity the minimum agglutinating
concentration (MAC), and minimum concentration of lectin which promotes bacterial
aggregation, was recorded. Overnight bacterial cultures were diluted at a ratio of 1:100 with
NB. Agglutination assay were performed in 96 well microtiter plates with two-fold serial
dilutions of lectin in 0.15 M NaCl. To each well 100 ul of diluted bacterial suspension were
added to a final volume of 200 ul. MAC was determined by visual agglutination after
overnight incubation of plates at 37 °C. EmaL carbohydrate inhibition of induced
microorganism agglutination was performed in microplates. The lectin (50 ul) was mixed
with equal volume of diluted carbohydrate (200 mM). After incubation at room temperature
for 30 min, 50 ul of microorganism were added and the mixture was left at rest for more 30

min.

Results and Discussion

Several lectins have been purified from leguminous tissues and used in different
biological applications. To search for new pure lectins is interesting to amplify the
knowledge about this class of proteins as well as if they are responsible by pharmacological
activity presented by plant extracts popularly used. Different E. malaccensis extracts used
in popular medicine [23, 24], waked the interest in to isolate and purify lectins from this
plant E. malaccensis showed to be a potential tissue to obtain lectin due to highest HA.
E. malaccensis had broad biological activity since it inhibited four species of viruses, three
species of fungus and had some effect on both the alternative and classical pathways of
complement activation. In addition to inhibiting the growth of Streptococcus pyogenes,
inhibition of the classical pathway of complement activation showed that there is a

biological basis for the use of E. malaccensis extracts in the ethnobotanical treatment of
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sore throat by killing bacteria associated whith sore throat and by reducing inflammation in
the mucosa [25, 26].

Preliminary experiments indicated that D-glucose inhibited FO-80 activity, and a
chromatographic step of F0-80 on Sephadex G-50 column was used to purify EmaL.
Affinity chromatography showed a protein peak biospecific eluted using 0.3 M glucose
(Figure 1); repetitions were performed, with the same pattern. Results revealed lectin
purification with an increase of specific activity (2133.3) and a purification time of 15
(Table 1). The use of affinity chromatography for lectin purification is mainly based on the
protein’s ability to bind carbohydrates in a specific and reversible way. Lectins have the
advantage of not modifying the compounds with which they interact, and binding is not
strong and is reversible [36]. Specific lectins to glucose/mannose or their derivatives may
use Sephadex with distinct exclusion limits as their matrices. The most commonly used are
G-50-G-200 [37]. Concanavalin A (Con A) a lectin obtained from Canavalla ensiformis
seeds binds to Sephadex G-50, -75, -100 and 200, but Sephadex G-50 was the most
appropriate technique for purification [37].

When EmaL was chromatographed in Sephacryl three protein peaks were obtained,
with 112, 28 and 14 kDa. Under denatured and reduced conditions EmaL showed only one
polypeptide band with molecular mass of approximately 14 kDa (Figure 2). SDS-PAGE
and gel filtration assays showed that EmaL could be a monomer of approximately 14 kDa,
and each monomer aggregates/associates with each other to give 14 kDa multiple
polypeptides, during or not its purification steps. Similar results were obtained to Grifola
frondosa lectin [38]. Con A, the most known lectin, exist as dimmers (below pH 6.0) or
tetrameters (above pH 7.0) of a 26.5 kDa polypeptide [39].

EmaL agglutinated rabbit and human (A, B, AB and O) erythrocytes however,
rabbit erythrocytes were more intensely agglutinated (Table 2). The activity of EmaL was
stimulated under pH values of 2.0, 3.0 and 7.0; the pH value interval of 10.0 — 12.0
completely inactivated the lectin (Figure 3). The reduction or inactivation was irreversible
even though the pH value was returned to neutral. The activity was also totally reduced by
heating at 30 °C for 30 min. Divalent tested ions, did not affect or increase activity of
E. malaccensis lectin. A lectin from Macrophomina phaseolina was active between pH

values of 4.0 and 10.0, with the maximum of activity when the pH ranged between 6.0 and
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7.2. The hemagglutinating activity was nearly unaffected between 10 and 30 °C.
Thereafter, its activity decreased gradually with the increase of temperature and became
inactive after 90 °C [40].

The determination of which glycans are well-recognized by lectins is important to
characterize the lectins’s carbohydrate binding sites. EmaL HA was totally inhibited by
monosaccharide (glucose) and glycoproteins (casein, ovoalbumine, fetuin, aldolase and
bovine fetal serum); thyroglobuline, heparin and ferritin inhibited partially EmaL HA
(Table 3). Isolectins from Acacia constricta and Phaseolus vulgaris were inhibited only by
complex carbohydrates present in fetuin and thyroglobulin [41], glycoproteins which
inhibited EmaL activity. These findings characterize EmaL and the isolectins from Acacia
constricta and Phaseolus vulgaris as to belong to complex lectins’s class.

IgG anti-lectins may also be used to evaluate, in a preliminary approach, the
homologies among lectins of the same or distinct species [42, 43]. Immunodiffusion was
performed to observe reactivity between F0-80 and EmaL against IgG anti-Cramoll;
Cramoll 1 is a glucose/mannose specific lectin [30], structurally similar to Con A [44], the
most studied glucose/mannose lectin. In spite of these lectins being specific for
glucose/mannose crossed immunoreactivity was not observed among Cramoll 1, F0-80 and
EmaL (Figure 4); Con A and Cramoll 1 showed a semi-crossed immunoreactivity. Cratylia
belongs to the Fabaceae family, while Eugenia belongs to the Mirtaceae family. Rougé and
Dug [45] observed crossed immunoreactivity among isolectins from Lathyrus ochrus,
among several lectins of the Lathyrus genus, and belonging to the same tribe but, the
reaction was negative to lectins belonging to other tribes.

EmaL (0.2 mg/ml) exhibited an antibacterial action on S. aureus, Streptococcus sp.,
Bacillus sp., P. aeruginosa, E. coli, Corinebacterium sp. and Klebsiella sp. revealing the
binding ability of this lectin to bacterial wall (Figure 5). The inhibition halos obtained
through the diffusion assay in disk are summarized in Table 4. The number of lectins
described with antibacterial activity is relatively small [46, 47, 21, 22]. The ability of plant
agglutinins to bind human bacteria and inhibit their motility and/or growth has not been
related to their physiological activities. Nevertheless, the fact that agglutinins were mostly
isolated from storage parts of plants, also suggests their possible contribution to plant

defense mechanisms [21].
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The MAC of EmaL with the tested bacteria was expressed as a degree of
precipitation of the solution lectin-bacteria, in which it was read the titer of the activity in
agreement with the bacterial control. Activity observed after incubation overnight indicated
the minimum lectin concentration capable to agglutinate bacteria. The differences in MAC
were in agreement with the types of bacteria however, in this study the largest MAC went
to the bacteria S. aureus, Streptococcus sp. and P. aeruginosa that exhibited a MAC of 0.48
ug/ml (titer of 2048). It is known that lectins do not just bind with sugars of glycoprotein
reduced terminals, but some of them, also react with internal components of carbohydrate
chains or with non carbohydrates [48]. Inhibition of EmaL and bacteria agglutination using
glucose showed that EmaL bound specifically to tested bacteria through surface
carbohydrates (Table 5). A lectin of Morus alba was studied by exhibited an antibacterial
activity against P. syringae pv mori and its agglutination was inhibited by fetuin and
thyroglobulin [22].

The necessary concentrations to determined the MIC and MBC values are
summarized in Table 6. EmaL exhibited a prominent antibacterial activity against Gram-
positive and Gram-negative bacteria and the results are in agreement with the diffusion
assay. The highest MIC values were obtained to S. aureus and Streptococcus sp.
Equivalently the results indicate that EmaL have bactericide activity against tested bacteria.
Robinia pseudoacacia seed lectin demonstrated action against S. aureus, B. subtilis and E.
coli exhibiting MIC of 20, 40 and 120 pg/ml respectively [49], larger than the data
obtained for EmaL. A lectin from the fish Sebastes schlegeli [50] demonstrated
antibacterial action for B. subtilis and E. coli with MIC > 200 pg/ml. The mechanism of
action of peptides is not very elucidated, but it has been proposed that proteins with
antibacterial activity form a channel on the cell membrane and these for its time die due to

exit of the cellular content, being this mechanism different from the antibiotics [49].

Conclusions

In the present study a glucose/mannose lectin (EmaL) was obtained and purified in a
unique step by affinity chromatography, immunologically distinct from glucose/mannose

lectin belonging to Con A family. The results evidenced a potent antibacterial lectin in
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E. malaccensis seeds demonstrated by in vitro growth inhibition of some important
pathogenic bacteria. Future researches of the lectin applications obtained from a medicinal
plant, in biological systems, can be of great importance for clinical microbiology and

possible therapeutic actions.
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Table 1. Summary of EmaL purification.

Sample Volume Total protein Specific HA Purification
(ml) (vol x mg/ml) (titre/protein) (times)
Crude extract 200 2208.0 92.7 1
F 0-80 15 54.0 142.2 1.5
(EmaL) 10 0.3 2133.3 15

The protein was measured according to Lowry et al. [27]. Hemagglutinating activity (HA) was made with
2.5 % (v/v) suspension of glutaraldehyde treated rabbit erythrocytes.
* In relation to F 0-80 (5 ml) applied in Sephadex G-50 column.
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Table 2. Specific hemagglutinating activity (SHA) of EmaL with different erythrocytes.

Erythrocytes SHA
Rabbit 2133.3
A 1066.6

AB 533.3
B 1066.6
1066.6

Hemagglutinating activity (HA) was performed with 2.5 % (v/v)
suspension of glutaraldehyde treated erythrocytes. SHA, specific HA
(titer/protein).
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Table 3. Inhibition of EmaL activity with glycoproteins.

Inhibitor SHA
Bovine fetal serum 0
Casein 0

Thyroglobulin 533.3
Ovoalbumin 0
Fetuin 0

Ferritin 533.3
Aldolase 0

Heparin 533.3

Peroxidase 2133.3

Hemagglutinating activity (HA) was performed with 2.5 % (v/v) suspension of
glutaraldehyde treated rabbit erythrocytes. SHA, specific HA (titer/protein), in
0.15 M NaCl was 2133.3. Peroxidase did not inhibit EmaL activity.
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Table 4. Antimicrobial activity of EmaL.

Microorganism

Diameter of clearing zone (mm)~

Staphylococcus aureus (+)
Streptococcus sp. (+)
Bacillus sp. (+)
Escherichia coli (-)
Corinebacterium sp. (-)
Klebsiella sp. (-)

Pseudomonas aeruginosa (-)

26.50 £ 1.2
23.00+0.8
13.00+0.8
19.70£0.9
13.75+£0.5
12.75+0.9
1200+ 1.4

Gram — positive (+); Gram — negative (-) bacteria. Mean of four assays.

* Diameter of paper disc
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Table 5. Agglutination and inhibition activity of EmaL on bacterial cells.

Microorganism MAC Agglutination Inhibition
(ng/ml of EmaL)  EmalL (titer")  EmaL (titer™)

Staphylococcus aureus (+) 0.48 2048 32
Streptococcus sp. (+) 0.48 2048 32
Bacillus sp. (+) 500 2 0
Klebsiella sp. (-) 3.9 256 16
Pseudomonas aeruginosa (-) 0.48 2048 64
Corinebacterium sp. (-) 0.97 1024 64
Escherichia coli (-) 250 4 0

Gram — positive (+); Gram — negative (-) bacteria. Lectin initial concentration = 1 mg/ml.

* Numbers represent the titer of agglutination activity inhibition by glucose (200mM).
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Table 6. MIC and MBC of EmaL against bacteria.

MIC value (ug/ml)

MBC value (ug/ml)

Gram positive

Staphylococcus aureus 1.5 15
Streptococcus sp. 1.5 15
Bacillus sp. 15 150

Gram negative
Klebsiella sp 15 150
Pseudomonas aeruginosa 15 150
Corinebacterium sp. 15 150
Escherichia coli 15 150

Lectin initial concentration = 1.5 mg/ml
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Figure 1. Emal isolation by affinity chromatography in Sephadex G-50 column.

A sample (7.2 mg of protein) was applied at flow rate of 10 ml/h and 2 ml fractions were
collected. Arrows indicated elution with 0.15 M NaCl (1), followed by 0.3 M glucose in
0.15 M NaCl (2) and 1M NacCl (3). Absorbance at 280 nm ( [ ); log of HA (e ). Each bar

represents the mean £ S.D. of three experiments.

Figure 2. SDS-PAGE of EmaL. Protein was stained with silver stain according to Merril et
al. (1981).

Figure 3. Influence of the pH on hemagglutinating activity of EmaL.
Log HA of EmaL in 0.15 M NaCl with rabbit erythrocytes was 2.7. Each bar represents the

mean £ S.D. of three experiments.

Figure 4. Double Immunodiffusion of EmaL with IgG anti-Cramoll 1.
(1) 1gG anti-Cramoll 1; (2) EmaL; (3) Cramoll 1; (4) F 0-80.

Figure 5. Diffusion assay of EmaL against bacteria (a) Staphylococcus aureus, (b)
Streptococcus sp., (c) Bacillus sp., (d) Escherichia coli, (e) Corinebacterium sp., (f)

Klebsiella sp, (g) Pseudomonas aeruginosa.
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Figure 4
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Figure 5
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CONCLUSOES

Sementes de £ malaccensis apresentam uma lectina (Emal) purificada por

cromatografia de afinidade em Sephadex 6-50 com um fator de 15 vezes;

EmalL é uma lectina especifica para glicose, imunologicamente distinta de
Cramoll 1, e que reconhece com alta afinidade as glicoproteinas caseina,

ovoalbumina e fetuina;

Emal permanece ativa apés variacées de pH (2 a 8) mas é sensivel a

temperatura;.

SDS-PAGE revelou a purificagdo de EmalL apresentando peso molecular de 14

kDa;

Emal ¢ constituida por subunidades de 14 kDa que podem formar dimeros de

28 e agregados de 112 kDa;

EmalL apresentou capacidade de aglutinar bactérias via interagdo com as

células bacterianas;
A aglutinagdo das bactérias testadas por Emal ocorre pelo sitio de interagdo

da lectina para o carboidrato demonstrada pela total inibigdo da reagdo por

glicose;
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Emal apresentou atividade antibacteriana de amplo espectro, podendo ser

considerada um potente agente antimicrobiano.
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«cpm counts per minute

«DEAE-cellulose diethylaminoethyl-cellulose
*DF degrees of freedom

*DNA deoxyribonucleic acid

seop efficiency of plating

«HA haemagglutination

*HAI haemagglutination inhibition

«IgA immunoglobulin A

=ID50 median infective dose

«IgE immunoglobulin E

«IgG immunoglobulin G

+IgM immunoglobulin M

«ImD50 median immunizing dose

«IU International Unit

o[ f Flocculation unit

=1 D50 median lethal dose

«MIC minimum inhibiting concentration
«NCTC National Collection of Type Cultures
«PAGE polyacrylamide gel electrophoresis
<P probability

¢«PD50 median paralytic dose

epfu plaque forming unit

*RBC erythrocyte

*RNA ribonucleic acid

+5SDS sodium dodecyl sulphate

+SD standard deviation

*5EM Standard error of the mean

= WBC leucocyte

Preparation of supplementary data. Elsevier accepts electronic supplementary
material to support and enhance your scientific research. Supplementary files
offer the Author additional possibilities to publish supporting applications,
movies, animation sequences, high-resolution images, background datasets,
sound clips and more. Supplementary files supplied will be published online
alongside the electronic version of your article in Elsevier Web products,
including ScienceDirect: &+ hitp://www sciencediract. comy/, In order to ensure
that your submitted material is directly usable, please ensure that data is
provided in one of our recommended file formats. Authors should submit the
material in electronic format together with the article and supply a concise and
descriptive caption for each file. For more detailed instructions please visit our
artwork instruction pages at the Author Gateway at =+
http://authors.elsevier.com/artwork,

Policy and ethics.

The work described in your article must have been carried out in accordance
with

The Code of Ethics of the World Medical Association

(Declaration of Helsinki) for experiments invelving humans; =+

ntip:fin Lwima.net/e/policy/b3 . htm

EC Directive 86/609/EEC for animal experiments; =+

hito: //europa eulint/scadpius/leg/en/s 23000 htm This must be stated at an
appropriate point in the article,

References

Responsibility for the accuracy of bibliographic citations lies entirely with the
Authors.

Citations in the text:

" Please ensure that every reference cited in the text is also present in the
reference list (and vice versa). Any references cited in the abstract must be
given in full. Unpublished results and personal communications are not
recommended in the reference list, but may be mentioned in the text. If these
references are included in the reference list they should follow the standard
reference style of the journal and should include a substitution of the
publication date with either "Unpublished results” or "Personal communication”
Citation of a reference as "in press” implies that the item has been accepted
for publication.
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Citing and listing of web references

As a minimum, the full URL should be given. Any further information, if known
(Author names, dates, reference to a source publication, etc.}, should also be
given. Web references can be listed separately (e.g., after the reference list)
under a different heading if desired, or can be included in the reference list.

Indicate references by number(s) in square brackets in line with the text. The
actual Authors can be referred to, but the reference number(s) must always
be given.

Listing of references:

Number the references (numbers in square brackets) in the list in the order in
which they appear in the text.

Examples:

Reference to a journal publication:

[1] Van der Geer 1, Hanraads JAJ, Lupton RA. The art of writing a scientific
article. 1 Sci Comymun 2000;163:51-9.

Reference to a book:
[2] Strunk Jr W, White EB. The elements of style. 3rd ed. New York:
Macmillan; 1979.

Reference to a chapter in an edited book:

[3] Mettam GR, Adams LB. How to prepare an electronic version of your
article. In: Jones BS, Smith RZ, editors. Introduction to the electronic age,
New York: E-Publishing Inc; 1999, p. 281-304

Note shortened form for last page number. e.g., 51-9, and that for more than
6 Authors the first 6 should be listed followed by "et al." For further details
you are referred to "Uniform Requirements for Manuscripts submitted to
Biomedical Journals" {J Am Med Assoc 1997;277:927-934) (see also =+

it/ Swwew i nibgov/tsd/seriais/terms cond. himl).

Journal names should be abbreviated according to
Index Medicus journal abbreviations: @#
Dt //wew nlmonih gov/sd/ sertalss i hibmd

The digital object identifier (DOI) may be used to cite and link to electronic
documents. The DOI consists of a unique alpha-numeric character string which
is assigned to a document by the publisher upon the initial electronic
publication. The assigned DOI never changes. Therefore, it is an ideal medium
for citing a document, particularly 'Articles in press' because they have not yet
received their full bibliographic information. The correct format for citing a DOI
is shown as follows (example taken from a document in the journal Physics
Letters B):

doi:10.1016/j.physletb.2003.10.071

When you use the DOI to create URL hyperlinks to documents on the web,
they are guaranteed never to change,

Preparation of electronic illustrations

General points

« Make sure you use uniform lettering and sizing of your original artwork,
e Save text in illustrations as "graphics” or enclose the font.

= Only use the following fonts in your illustrations: Arial, Courier, Helvetica,
Tirmes, Symbaol.

« Number the iilustrations according to their sequence in the text.

« Use a logical naming convention for your artwork files,

» Provide all illustrations as separate files and as hardcopy printouts on
separate sheets.

« Provide captions to illustrations separately.

« Produce images near to the desired size of the printed version.

A detailed guide on electronic artwork is available on our website:

e Biitps/fawthors. elsevier com/artwork

You are urged to visit this site; some excerpts from the detailed
information are given here.
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Formats

Regardiess of the application used, when your electronic artwork is finalised,
please "save as" or convert the images to one of the following formats (Note
the resolution requirements for line drawings, halftones, and line/halftone
combinations given below.):

EPS: Vector drawings. Embed the font or save the text as "graphics”.

TIFF: Colour or greyscale photographs (halftones): always use a minimum of
300 dpi.

TIFF: Bitmapped line drawings: use a minimum of 1000 dpi.

TIFF: Combinations bitmapped line/half-tone (colour or greyscale): a
minimum of 500 dpi is required.

DOC, XLS or PPT: If your electronic artwork is created in any of these
Microsoft Office applications please supply "as is".

Please do not:

* Supply embedded graphics in your wordprocessor (spreadsheet,
presentation) document; :

« Supply files that are optimised for screen use (like GIF, BMP, PICT, WPG);
the resolution is too low;

e Supply files that are too low in resolution;

e Submit graphics that are disproportionately large for the content.

Line drawings

The lettering and symbols, as well as other details, should have proportionate
dimensions, so as not to become illegible or unclear after possible reduction;
in general, the figures should be designed for a reduction factor of two to
three. The degree of reduction wiill be determined by the Publisher.
Illustrations will not be enlarged. Consider the page format of the journal
when designing the illustrations.

Do not use any type of shading on computer-generated illustrations.

Photographs (halftones)

Remove non-essential areas of a photograph. Do not mount photographs
unless they form part of a composite figure. Where necessary, insert a scale
bar in the illustration (not below it), as opposed to giving a magnification
factor in the caption.

Note that photocopies of photographs are not acceptable.

Please make sure that artwork files are in an acceptable format (TIFF, EPS or
MS Office files) and with the correct resolution. If, together with your accepted
article, you submit usahle colour figures then Elsevier will ensure, at no
additicnal charge, that these figures will appear in colour on the Web (e.g.,
ScienceDirect and other sites) regardless of whether or not these illustrations
are reproduced in colour in the printed version. For colour reproduction in
print, you will receive information regarding the costs from Elsevier after
receipt of your accepted article. Please indicate vour preference for colour in
print or on the Web only. For further information on the preparation of
electronic artwork, please see &% hitp://authors. eisevier com/artwork,

Please note: Because of technical complications which can arise by converting
colour figures to "grey scale” (for the printed version should you not opt for
colour in print) please submit in addition usable black and white versions of all
the colour illustrations.

Proofs -
When your manuscript is received by the Publisher it is considered to be in its
final form. Proofs are not to be regarded as "drafts”.

One set of page proofs in PDF format will be sent by e-mail to the
corresponding Author, to be checked for typesetting/editing. No changes in, or
additions to, the accepted (and subsequently edited) manuscript will be
allowed at this stage. Proofreading is solely your responsibility.

One set of page proofs will be sent to the corresponding Author, to be checked
for typesetting/editing. No changes in, or additions to, the accepted (and
subsequently edited) manuscript will be allowed at this stage. Proofreading is
solely your responsibility.

A form with queries from the copyeditor may accompany your proofs. Please
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answer all queries and make any corrections or additions required.

The Publisher reserves the right to proceed with publication if corrections are
not communicated. Return corrections within 5 days of receipt of the proofs.
Should there be no corrections, please confirm this.

Elsevier will do everything possible to get your article corrected and published
as quickly and accurately as possible. In order to do this we need your help.
When you receive the (PDF) proof of your article for correction, it is
important to ensure that all of your corrections are sent back to us in
one communication. Subsequent corrections will not be possible, so
please ensure your first sending is complete. Note that this does not
mean you have any less time to make your corrections, just that only
one set of corrections will be accepted.

© Copyright 2006 Elsevier | http://www.elsevier.com
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