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A riquissima fauna de serpentes encontrada no Brasil, com aproximadamente 73
géneros reunidos em 9 familias, impulsiona especialistas no assunto a investigarem
cada vez mais a biologia e as propriedades dos venenos ofidicos (Melgarejo, 2003).

Os venenos de serpentes sdo misturas complexas de proteinas e peptideos que
suem uma variedade de atividades biolégicas. Essas moléculas compreendem cerca de
90 a 95% do peso seco do veneno, incluindo muitas enzimas, toxinas nao-enzimaticas
e proteinas nao téxicas. As fragdes nao protéicas sdo compostas por cations metalicos,
carboidratos, nucleosideos, aminas biogénicas e niveis menores de aminoacidos livres
e lipidios. (Tu, 1988).

As serpentes peconhentas secretam venenos ricos em substancias
farmacologicamente ativas e sua acdo depende da natureza e da interacao biolégica
destes compostos. Os venenos podem ser classificados em dois grupos: - grupo
toxinas, que inclui proteinas com baixo peso molecular que se ligam a receptores,
pelos quais possuem afinidade, presentes nas membranas das células-alvo e
desencadeiam efeitos farmacoldgicos - e grupo enzimas, que apresentam atividade
catalitica e os efeitos farmacolégicos dependem mais do ciclo da reacao do que da
quantidade da enzima presente. (Chippaux e Goyffon,1998).

A composicdo do veneno estd diretamente relacionada com a variagdo
geografica e a fonte alimentar disponivel em determinado local. Como a funcao
primordial do veneno de serpentes é a imobilizacao e digestdo de animais capturados,
serpentes da mesma espécie diferem na composicdo do veneno devido a posicao
geografica em que se encontram e a diversidade de animais disponiveis para sua

alimentacéao (Daltry e cols., 1996).
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As proteinas presentes nos venenos ofidicos, podem ser agrupadas em
enzimaticas (fosfolipases, metaloproteases e serinoproteases) e nao-enzimaticas
(inibidores da agregacao plaquetaria, lectinas, desintegrinas e neurotoxinas). Todos
esses componentes quimicos, induzem acgdes bioldégicas que podem variar
interfamilias, intergéneros e até interespécies. Uma mesma serpente pode expressar
diferentes concentragdes de proteinas e componentes organicos durante as estacdes
do ano (variacdes sazonais) ou durante seu desenvolvimento (variacdes ontogenéticas)
(Chippaux e cols, 1991, Matsui e cols., 2000).

A familia Viperidae é o mais importante grupo de serpentes para a saude publica
no Brasil, pois sdo responsaveis pela maioria e 0os mais graves acidentes ofidicos
registrados. Esta popularidade é atribuida, principalmente, as serpentes do género
Bothrops (familia Viperidae, sub-familia Crotalidae) (Varanda & Giannini, 1994).

As serpentes que pertencem a familia Viperidae, apresentam um potente veneno
composto de proteinas que interferem no mecanismo homeostatico e na adesao
celular, afetando a coagulacao sangiinea, funcionamento das plaquetas e causando
hemorragia local (Bjarnason e Fox, 1994; Kamiguti e Sano-Martins, 1995).

O género Bothrops inclui muitas espécies, distribuidas desde o México até a
Argentina e com populagdes significativas nas diversas regides do Brasil (Schvartsman,
1992). As serpentes deste género sao responsaveis por cerca de 90% dos 20.000
acidentes ofidicos anuais que o Brasil registra em regides rurais e centros urbanos
(Melgarejo, 2003).

As caracteristicas fisiopatolégicas produzidas pelo veneno bothrépico sdo conseqiiéncias de
suas agodes proteolitica, hemorragica e coagulante e podem induzir efeitos clinicamente importantes e de

acao sistémica (como a insuficiéncia renal, hemorragia, neurotoxicidade e choque cardiovascular)
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(Franga e Fan, 1992; Gutierrez e Rucavado, 2000). E interessante ressaltar que entre as diferentes

espécies do género Bothrops, hd uma variabilidade destas trés agdes béasicas do veneno.

A serpente Bothrops jararacussu, tem uma ampla distribuicado na América do
Sul e Central. E talvez a espécie mais imponente do género, os espécimes sio
grandes, agressivos e vivem em areas florestadas sendo encontrados na parte sudeste
e sul do Brasil, que vai desde o sul da Bahia até o noroeste do Rio Grande do Sul
(Barravieira e Pereira, 1994).

Dentre os varios componentes presentes nos venenos podemos citar, como
caracteristica comum nas serpentes, as diversas proteinas que afetam a homeostasia -
metaloproteases, serinoproteases e proteinas nao enzimaticas (desintegrinas e
lectinas) (Markland, 1998).

As primeiras sdo endopeptidases que dependem da ligacao, no sitio catalitico,
de um metal (zinco) como cofator para sua atividade e sdo conhecidas como MDC
composta de um dominio N-terminal Metaloprotease, um dominio tipo Desintegrina e
um dominio C-terminal rico em cisteinas. Essas enzimas tém um potente efeito
proteolitico nas proteinas da matriz extracelular. Nos venenos de serpentes sao
conhecidas como svMPS - Snake Venom Metalloproteases, responsaveis pela
atividade hemorragica. As svMPS foram organizadas em dominios, de acordo com seu
potencial hemorragico. Dentre as véarias classes em que sao divididas as
metaloproteases, uma apresenta dominios adicionais de proteinas relacionadas com as
lectinas (Figura 1)(Bjarnason & Fox, 1994; Jia e cols., 1996, Jia e cols, 1999).

As desintegrinas, sdo um grupo de proteinas, ndo enzimaticas, com baixo peso
molecular, ricas em residuos de cisteina. A maior parte das desintegrinas

caracterizadas, contém uma sequéncia de aminoacidos Arg-Gly-Asp, reconhecida
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pelas integrinas e inibem a interacdo do fibrinogénio com seus receptores, 0s
complexos glicoproteicos llb-1lla (Gould e cols., 1990; Kamiguti e cols., 1998).

Varios pesquisadores tém proposto que as metaloproteases e as desintegrinas
séo derivadas da proteodlise de um precursor comum (Kini e Evans,1992; Paine e cols.,
1994). Segundo Kini (1996), a hipotese de que as proteinas relacionadas com a
lectinas dependentes de Ca®* (CLPs) também s&do derivadas da regido N-terminal
desse precursor comum permitiu 0 desenvolvimento de um modelo precursor também
com cinco dominios

As CLPs sao grupos de proteinas estruturalmente homélogas, porém com
distintas funcdes. Algumas exibem atividade tipo lectina por se ligarem a muitos
carboidratos, induzirem a aglutinacdo de eritrécitos (Gartner & Ogilvie, 1984) e
agregacao plaquetaria (Ogilvie e cols., 1989); outras induzem efeitos anticoagulantes

por se ligarem a fatores X e IX ou com a trombina (Chen & Tsai, 1995).
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svMPS
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Figura 1: Representacéo da organizacdo dos multidominios das svMPS, que
corresponde as 4 classes de metaloproteases. Peptideo sinal (1), pré-
dominio (PRO), Metaloprotease (Zn), desintegrina (D), dominio rico em
cisteinas (Cys), lectinas do tipo-C (Lec).
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1- LECTINAS

As lectinas sdo proteinas ou glicoproteinas estruturalmente diversas que possuem um ou mais
centros moleculares que se ligam de forma ndo covalente e com consideravel especificidade a

carboidratos (Singh e cols, 1999).

Postula-se que as lectinas foram descritas pela primeira vez em vegetais, ha
mais de 120 anos por Stillmark (1888-1889 apud Etzler, 1985), e denominadas
posteriormente de lectinas (Boyd e Shapleigh, 1954), do latim “lectus/legere” meio de
selecao ou escolha, referindo-se a capacidade de ligacdo seletiva destas proteinas
com carboidratos.

O termo lectina foi generalizado para todas as proteinas que possuiam a
capacidade de aglutinar células ou precipitar polissacarideos e glicoproteinas, pelo fato
de se ligarem especifica e reversivelmente a determinados carboidratos, sejam eles
acucares simples ou carboidratos complexos (Sharon, 1972). As lectinas ndo possuem
origem imune e podem ser encontradas em animais, vegetais e microorganismos
(Sharon & Lis, 1993).

As lectinas vegetais foram consideradas o maior e mais bem caracterizado grupo dessas
proteinas, englobando, por exemplo, a concanavalina A (Abe e cols., 1971) e a WGA de gérmen de trigo
(Nagata & Burger, 1972).

Somente em 1974, Stocker e cols. descreveram, oficialmente, sobre a primeira lectina animal
chamada "lectina hepatica de mamiferos.

No entanto, para Kilpatrick (2002a) as lectinas animais foram descobertas quase 20 anos antes
da primeira lectina descrita por Stilmark, pois no contexto da descoberta essas lectinas ndo foram
associadas como proteinas ligantes de carboidratos. Um exemplo é a proteina CLCP (charcot-leyden

crystals protein) descoberta em 1872, que se ligava a superficie dos eosindfilos formados durante
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inflamacdes, (Leyden, 1872 apud Kilpatrick, 2002a).

Dessa forma concluiu-se que a primeira lectina descoberta foi de origem animal, e que a primeira
atividade hemaglutinante dessas proteinas foi observada nos venenos de serpentes (in Kilpatrick e
Green, 1992).

As lectinas de veneno de serpente foram reinvestigadas muito tempo depois e desde entido
muitas outras lectinas séo purificadas e/ou clonadas e apresentam uma variedade de fungdes devido a

interacao proteina-carboidrato.

1.1- Classificacao das Lectinas

A regidao molecular de ligacao ao carboidrato € um dominio que reconhece uma
sequéncia especifica de residuos de acucares e é chamado de dominio de
reconhecimento de carboidrato (CRD Carbohydrate Recognition Domain) (Drickamer,

1988).

A comparacdo das seqiéncias dos CRDs permitiu a divisdo das lectinas animais em 5
categorias principais, que sao convencionalmente designadas como: tipo-C, tipo-S ou galectinas, tipo-I,

Pentraxinas e tipo-P (Drickamer,1995; Barondes e cols., 1994, Gabius, 1997).

Lectinas do tipo-C:

As lectinas presentes nesta categoria, requerem fons Ca?* para sua atividade de
ligacdo a carboidratos, apresentam solubilidade varidvel, estdo localizadas
principalmente no meio extracelular e possuem residuos de cisteinas ligados formando

pontes dissulfeto.
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Lectinas do tipo-S:

Também conhecidas como galectinas, a segunda classe de lectinas animais,
solliveis e que apresentam atividade independente de Ca®** e possuem grupos ti6is

livres, pois a oxidacao inibe sua atividade.

Lectinas do tipo-I:

Trata-se de um grupo de lectinas que desempenha fungdo no sistema imune. Estdo nesta
categoria lectinas que se ligam ao 4cido sidlico, de maneira independente de Ca®* e que,

estruturalmente, pertencem a superfamilia das imunoglobulinas.

Lectinas do tipo-P:
E um grupo de lectinas que inclui somente dois membros, com massa molecular de 46 e 300
kDa ligantes de glicoproteinas contendo manose-6-fosfato. O CRD destas lectinas ainda nao foi

estritamente definido.

Pentraxinas:

Sao proteinas plasmaticas que incluem, dentre outras, a proteina reativa C. Essas lectinas
proliferam quando ha algum processo de inflamagdo ou injaria tecidual no organismo e podem
desempenhar fungdes como estimulacao da fagocitose por leucécitos.

Cada subunidade da lectina animal possui pelo menos um CRD correspondente a uma das
categorias acima citadas. Este dominio reconhece a seqiiéncia especifica de residuos de agucar, e
determina diversas fungdes das lectinas (Lis & Sharon, 1986; Kishore e cols., 1997). A presenga de um
Unico sitio de ligacao a carboidrato encontrado em algumas lectinas ndo lhes confere as caracteristicas
funcionais de lectinas, entretanto, ndo as exclui de pertencerem a este grupo. Estas interpretacbes
permitem atribuir o termo lectina para moléculas que nao foram, inicialmente, caracterizadas como tais
(Harisson, 1991).

Aos poucos, esta diviso classica vem sendo modificada e amplificada com a formacgéo de

subgrupos que incluem um grande nuamero de proteinas-lectinas, as quais nao apresentam homologia
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estrutural primaria com as categorias principais. Sabe-se que ha muitas lectinas dependentes de ca*
que nao possuem sequéncias conservadas definidas nas lectinas tipo-C, e algumas lectinas do tipo-S

ndo sao sulfidril dependente (Gabius e cols, 2002).

1.2- Estrutura das Lectinas

A capacidade das lectinas de se ligar a carboidratos € modulada por uma série de dominios
adicionais presentes na molécula e que determinam muitas das suas fungdes. Esses dominios podem
apresentar habilidade de ligar-se a estruturas de carboidratos via proteina-proteina, proteina-lipidio ou
proteina-acidos nucléicos. Tais caracteristicas classificam as lectinas como moléculas bifuncionais

(Barondes, 1998).

A formacdo do complexo carboidrato-proteina envolve o deslocamento de uma
molécula de H>O associada ao grupo polar da proteina e a formagdo de novas pontes
de hidrogénio com os carboidratos altamente polares. Essas ultimas ligagdes e forcas
de van der Waals sdo dominantes na estabilizacdo do complexo carboidrato-proteina

(Weis and Drickamer, 1996).

Estudos estruturais da superfamilia de proteinas que contém o dominio das lectinas do tipo-C
estdo em constantes analises e, caracteristicas evoluciondrias e funcionais nessas proteinas véem sendo
cada vez mais discutidas e aprimoradas, (Drickamer, 1996).

Zelensky e Gready (2003), denominaram a superfamilia de lectinas do tipo-C de CTLDs (C-type-
lectin-like domain) e classificaram essas lectinas baseados na estrutura do CRD da proteina A ligante de
manose (MBP-A) como descrito por Drickamer, (1999). Ap6s detalhada analise estrutural, as CTDLs foram
divididas em duas classes de acordo com os residuos de aminoacidos conservados: (/) as que apresentam
uma que forma um longo "loop", que esta envolvido com ligagdo a carboidrato mediado por Ca®* e (ii) as
que apresentam esse “loop” de forma mais compacta e pode se ligar a carboidratos independente de Ca?".

Por outro lado, Ebener e cols. (2003) classificaram as lectinas que requerem célcio para ligarem-
se a carboidratos como CTLs (C-type lectins). Enquanto que as proteinas caracterizadas como lectinas do

tipo-C que nao apresentam essa capacidade de ligagdo, mesmo com alta identidade com o CRD das
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lectinas, foram nomeadas CTLDs. Membros dessa familia também estdo envolvidos em diversas fungoes,
principalmente no sistema imune. As proteinas heterodiméricas encontradas em veneno de algumas
serpentes sdo incluidas nessa classe.

A caracterizagdo molecular das lectinas animais, incluindo as lectinas dos venenos de serpentes
encontra-se em recentes investigacoes. Andlises das propriedades estruturais dessas proteinas através
de estudos computacionais, dicroismo circular e cristalografia, bem como de sua evolugéo funcional estao
revelando particularidades promissoras na estrutura e fungao destas proteinas.

As lectinas se tornaram modelos experimentais importantes, pois sdao moléculas estaveis
encontradas em varios tipos de organismos, apresentam alta especificidade para carboidratos e permitem
modificacdo quimica e conjugacédo. Essas proteinas podem ser aplicadas como instrumento em varias
areas, como pesquisas sobre cancer, imunologia, estudos basicos de bioguimica e estrutura de

membranas, purificagdo de glicoproteinas, identificacao celular e histologica (Zatta & Cummings, 1991).

2 - LECTINAS DE VENENO DE SERPENTES

O interesse no estudo de lectinas de venenos de serpentes ndo se restringe
unicamente ao fato dessas proteinas apresentarem dependéncia de Ca®** e
especificidade por carboidratos, mas sim porque essas lectinas parecem ter
propriedades intermediarias entre os dois grupos de lectinas animais: as do tipo S e as
do tipo C (Gabius, 1997).

As lectinas dos venenos de serpentes geralmente apresentam massa molecular
de aproximadamente 14 kDa por subunidade, sao solUveis e especificas para agucares

como os B-galactosideos e requerem calcio para sua atividade (Komoris e cols., 1999).

Vérias proteinas heterodiméricas, presentes nos venenos ofidicos, apresentam um motivo de
lectina tipo-C e séo, desta forma, incluidas no grupo das proteinas relacionadas com as lectinas tipo-C,
as CTLDs, proteinas estruturalmente homdlogas, porém com fungdes distintas e sem afinidade a

carboidratos (Ebener e cols., 2003).
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As lectinas ligantes de B-galactosideos, isoladas dos venenos de serpentes incluem-se no grupo
das CTLs e andlises da estrutura primaria destas proteinas demonstrou que suas cadeias polipeptidicas
correspondem a regido molecular relativa ao CRD em outras proteinas ligantes de agucares. Como as
lectinas de venenos sdo o préprio dominio de ligacdo a carboidratos observados em outras lectinas
podem ser caracterizadas como um CRD livre (Rini, 1995, Drickamer, 1999).

Estudos de purificacédo e seqlienciamento de aminoacidos das lectinas dos venenos de serpentes
fornecem informacdes incompletas sobre a estrutura dessas proteinas. Analises das propriedades
estruturais dessas proteinas através de estudos computacionais, dicroismo circular e cristalografia, bem

como de sua evolugao funcional estao revelando particularidades na estrutura-fungao das lectinas.

Espectros de dicroismo circular da lectina LmsL, mostraram 78% de estrutura 3

e 1% de estrutura . como caracteristica de sua estrutura secundaria. Ela possui 135
residuos de aminoacidos, na maioria acidos, e massa molecular calculado por
subunidade de 16,2 kDa, (Aragén-Ortiz e cols., 1996).

A estrutura da RSL é composta de 135 residuos em cada subunidade e nao
apresenta carboidratos na sua estrutura. O CRD desta lectina esta localizado entre os
residuos 31 a 131, dentre os quais 8 sdo altamente conservados e encontrados na

maioria das proteinas que contém este tipo de CRD (Hirabayashi e cols., 1991).

Os residuos conservados, encontrados nas moléculas pertencentes a superfamilia das lectinas
do Tipo-C, estdo presentes na seqiéncia de aminoacidos de BJcuL, (Carvalho e cols., 1998). Sao eles
Cys (posigao 3), Gly (12), Cys (14), Trp (24), Cys(31), Glu (48), Trp(67), lle (68), Gly (69), Leu (70), Trp
(92), Pro (97), Glu (104), Cys (106), Gly (114), Trp (118), Asp (120), Cys(123) e Cys (131). Os residuos
de meia-cistina, estdo bem conservados, e localizados nas posigdes correspondentes ao grupo VIl de
lectinas do tipo-C (Drickamer, 1993).

Dentre as atividades bioldgicas das lectinas dos venenos podemos citar: a capacidade de induzir
aglutinacdo em eritrocitos (Kassab e cols, 2001; Carvalho e cols, 1998), estimulacdo na agregacao de

plaguetas (Olgivie e cols, 1989), mitogenicidade para linfécitos humanos do tipo T e B (Hembold e cols,
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1986) e inducdo de liberagao de calcio do reticulo sarcoplasmatico de musculo esquelético (Ohkura e

cols, 1996).

Mais recentemente foi descrito por nosso grupo que BJculL € citotoxica para
linhagens de células de carcinoma humano pancreatico e renal (Pereira-Bittencourt e
cols, 1999). E ainda, BJcuL é capaz de se ligar a células tumorais de mama e ovario,
influenciando sua proliferacdo numa maneira dose-dependente, assim como influencia
o crescimento de gliomas e a proliferacao de células endoteliais in vitro (de Carvalho e
cols, 2001).

Apesar das inumeras atividades descritas para este grupo de lectinas, o papel
destas nos envenenamentos ainda permanece sem esclarecimento e varios estudos
vém sendo desenvolvidos levando em consideracado as atividades biol6gicas destas
moléculas ligantes de carboidratos.

O fato das lectinas dos venenos ofidicos serem moléculas sem dominios
adicionais, com sequUéncias de aminoacidos altamente conservadas e funcdes
interessantes, possibilita a caracterizacdo destas moléculas desde o isolamento até sua
estrutura terciaria, por modelagem. Entretanto, ndo é possivel afirmar que essas
proteinas sejam fragmentos resultantes da protedlise de um precursor, se suas

seqUéncias de cDNA nao forem caracterizadas concomitantemente (Kini, 1996).

Nos trabalhos de Xu e cols (1999 e 2000) e Zeng e cols (1999), estdo descritos avangos
moleculares na caracterizacéo de lectinas de venenos. Nestes trabalhos, a lectina, TSL, foi caracterizada
a partir da sequéncia do cDNA e clonagem, espectrometria de massa, degradagcdo de Edmam e
dicroismo circular da proteina expressa. A utilizacdo de varias técnicas de bioquimica e biologia
molecular possibilitou analises das modificagcdes pds-traducionais, como a N-glicosilacdo encontrada no
quinto residuo amino terminal desta lectina. Estes resultados permitiram avangos nos estudos da

estrutura terciaria desta molécula.
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A sequéncia do cDNA a partir das glandulas de duas serpentes da familia
Elapidae, permitiu a Zha e cols, (2001) determinarem a presenca de trés lectinas do
tipo-C, até entdo apenas descritas na familia Viperidae, a BFL-1 e BFL-2 em Bungarus
fasciatus e a BML em Bungarus multicinctus. Apos a andlise da seqiéncia do cDNA, foi
observada uma alta identidade entre as trés lectinas, entretanto, o tripeptideo
responsavel pela afinidade a carboidratos caracterizou BFL-1 e BFL-2 como proteinas

ligantes de galactose e manose, respectivamente.

A caracterizagcdo molecular das lectinas dos venenos de serpentes, a partir do cDNA, esta sendo
auxiliada por estudos mais avangados, desenvolvidos com outras proteinas de veneno como as
metaloproteases, fosfolipases, desintegrinas e cardiotoxinas e podem colaborar para o entendimento
global das particularidades estruturais das lectinas (Zha e cols, 2004).

Estudos comparativos do cDNA de CTLs e CTLDs, demonstraram que as regides 5 e 3’ néo
traduzidas sdo mais conservadas do que as regides processadas que codificam proteinas. Essas
similaridades entre as sequéncias do cDNA do peptideo sinal desses dois grupos de proteinas, podem
estar diretamente relacionadas com um processo acelerado de evolucédo, o qual provavelmente, reflete

diretamente na diversidade de suas fungdes (Chuman e cols, 2000; Tani e cols, 2002).

O clone MT-d, que codifica o precursor da metaloprotease da serpente
Agkistrodon halys brevicaudus, foi expresso de duas formas diferentes em E. coli; a
proteina MT-d-I que apresenta os dominios de metaloprotease e desintegrina e MT-d-ll
que tem apenas o dominio desintegrina. Os testes de atividade proteolitica, realizados
com ambos os clones, sugeriram evidéncias diretas de que o dominio de desintegrina
presente no precursor de metaloprotease, modula a funcdo catalitica desta enzima
(Jeon & Kim, 1999).

Para Jeyasselan e cols (1998), as variac6es nas atividades citoliticas observadas

nas seis isoformas de cardiotoxinas de Naja naja sputatrix, obtidas pela seqiéncia de
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nucleotideos, podem ser resultados de uma restricdo evolucionaria imposta pelo habitat
e alimentagcao dessas serpentes.

Neste trabalho determinamos a seqUéncia completa do cDNA de BdJcuL
(GenBank accession No. AY388642) a partir do isolamento do mRNA da glandula de
veneno de Bothrops jararacussu, clonagem e sequenciamento. Com base nos resultado
obtidos, foi desenvolvido um sistema de expressao para a producdao de BJculL
recombinante usando pET-15b como vetor. Foram sintetizados novos oligonucleotideos
com enzimas de restricado nas extremidades 5’ e 3, afim de aumentar a especificidade
da ligacédo entre produto de clonagem e vetor de expressdo. A expressdao de BJdcul,
ensaio da solubilidade, purificacdo e renaturacao foram monitorados através de gel
SDS-PAGE, western blot, espectrometria de massa, dicroismo circular e atividade

hemaglutinante e sdo descritas no capitulo I em detalhe.

Até o presente, foram desenvolvidos varios estudos a respeito das lectinas do tipo-C do veneno
de serpente e, cada vez mais, estudos detalhados de caracterizagdo molecular dessas lectinas por meio
da clonagem do cDNA e expressao da proteina em modelos procariontes e eucariontes, estdo sendo
desenvolvidos no intuito de fornecer dados para o esclarecimento das particularidades estruturais das
lectinas, bem como das interagdes proteina-carboidrato, ja que essas interagdes participam da maioria

das interacdes bioldgicas em vertebrados.

3- LECTINAS E CELULAS

Os mecanismos de controle da proliferacdo de células de mamiferos € um dos temas mais
abrangentes e complexos da biologia celular e molecular, envolvendo uma série de fatores genéticos e

bioquimicos ainda ndo compreendidos. Por outro lado, sabe-se que falhas nos processos de regulacao
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da proliferacao celular levam a um crescimento desordenado caracteristico de células cancerosas, onde
a proliferacao celular é super ativada enquanto a apoptose € inibida (Sahu, 1991).

Véarios estudos sugerem que a interagdo lectina-carboidrato possui um importante papel no
reconhecimento celular e nos mecanismos de comunicagdo entre as células do sistema imune, que
apresentam carboidratos e lectinas de diferentes especificidades em sua superficie (Wada e cols, 1997;

Kawabata e Iwanaga, 1999; Ogden e cols., 2001; Kilpatrick, 2002b).

De fato, as células cancerosas sao mais suscetiveis a aglutinacao por lectinas
do que as células normais, e isto permitiu a descoberta de diferencas na distribuicao e
na natureza dos carboidratos de superficie celular entre células cancerosas e normais.
Essas diferencas significativas nos receptores carboidratos de células tumorais, faz
com que a possibilidade de ligacdo seletiva de lectinas nas células tumorais altere a
viabilidade e/ou proliferagao destas células (Kobata, 1998).

As selectinas, lectinas encontradas na superficie de células como os leucécitos e
em células do endotélio, desempenham uma funcido importante no processo de
migracao dos leucdcitos, promovendo a interagdo adesiva entre leucécitos e o
endotélio das vénulas pos-capilares. Alguns estudos demonstraram que lectinas das
células do endotélio sdo angiogénicas, comprovando uma ligagao direta entre adesao
de leucécitos e angiogéneses (Irjala e cols., 2001).

Algumas lectinas encontradas na membrana de macréfagos, como o receptor de
manose estdo envolvidas no reconhecimento de células tumorais, devido a interacao
dos receptores de membranas dos macréfagos com carboidratos dessas células
(Yamamoto e cols., 1994).

Estudos mostraram que 5ug da lectina PNA (isolada da semente de amendoim) com afinidade
por galactose-p1 e 3-N-acetylgalactosamina estimularam a proliferacdo de células tumorais do colon

como HT29-D4, e nao apresentou nenhum efeito sobre Caco-2. A presenca de receptores glicoprotéicos
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para essa lectina mostrou ser maior em Caco-2 que HT29-D4, marcando uma diferenca entre essas duas
linhagens celulares (Ryder e cols, 1994).

Ao compararem os efeitos de algumas lectinas vegetais sobre células tumorais, Wang e cols.,
2000, concluiram que as lectinas apresentavam potenciais de atividades citotoxicas e antiproliferativa
diferentes entre si, mesmo tendo afinidade pelo mesmo agucar.

Esta habilidade pode ser atribuida pela especificidade de ligacdo entre a lectina-carboidrato
(através do CRD) bem como por outras regides desta molécula. A modulagao de células tumorais na
presenca de lectinas ja é bem estabelecida, entretando os efeitos estarao relacionados ao tipo de célula
e as caracteristicas das lectinas (Mody e cols., 1995, Moshfegh e cols., 1998).

Efeitos sobre a adesdo foram observados com Lebecetin, uma proteina isolada do veneno de
Macrovipera lebetina, caracterizada como uma lectina do tipo-C que apresentou atividade inibitéria na
adesdo de células cancerosas como HT-29D4 e IGR39 (Sarray e cols., 2001) e Rhodocetin, uma
desintegrina que se caracteriza por ndo apresentar o dominio RGD, ter alta afinidade a integrina a2p1 e
bloquear a adesdo e migracdo de células HT1080 (fibrosarcoma) na presenca de colageno tipo-1,

demonstrou ser uma ferramenta terapéutica importante contra a invasédo do tumor (Eable e cols., 2002).

As lectinas de origem vegetal sdo bem caracterizadas quanto ao seu papel em
influenciar no crescimento e na proliferacdo de células cancerosas, pode induzir
apoptose e também a lise celular, como GS1B4 (Griffonia simplicifolia 1-B4), WGA
(gérmen de trigo) e KML-C (Viscum album coloratum) (Kim e cols, 1993; Yoon e cols,
1999). A modulacao da proliferacdo de linhagens tumorais de prostata por lectinas
vegetais sdo bem descritas em Camby e cols, (1996).

As espécies reativas de oxigénio (ROS) podem ser produzidas na cadeia
respiratéria, pela reacdo das xantinas oxidases e pela NADPH oxidase. A producao de
ROS, ativada pelas GTPases Ras e Rac, é realizada em resposta a um agente invasor
(fagocitos), ou em resposta a estimulos, como citocinas, e fatores de crescimento

(Thannickal & Fanburg, 2000).
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Evidéncias crescentes sugerem que ROS ndo sao somente subprodutos que
causam danos celulares, mas também participantes essenciais na sinalizagdo e
regulacdo celular. ROS esta implicado na estimulacdo ou inibicdo da proliferacdo
celular, apoptose e senescéncia celular (Chen, 2000).

O paradoxo existente nos papéis de ROS, como subprodutos téxicos do
metabolismo e como biomoléculas essenciais a regulacao e sinalizagao celular, pode
estar, em parte, relacionado as diferentes concentragdes, e a localizagao celular, em

que ROS é produzido.

Em células tumorais parece haver geragao constitutiva de niveis relativamente altos de peréxido
de hidrogénio, sugerindo uma relacao entre excesso de ROS e proliferagao desregulada (Szatrowski &

Nathan, 1991).

A lectina vegetal, concanavalina A (con A) induz producdao de ROS em células

do timo, resultando na modulacao da proliferacdo destas células (Pani e cols, 2000).

O papel da oxidacao intracelular € um dos aspectos mais complexos na regulagcdo da morte
celular, sendo inicialmente proposta como um mediador da apoptose (Pervaiz e cols, 2001). De fato, a
exposicao ao perodxido de hidrogénio (H>O») ou 6xido nitrico (NO) induz apoptose em diferentes tipos de
células, e por outro lado, a administracdo de doses baixas de H.O, é suficiente para inibir a apoptose
celular (Burdon, 1995).

Baseados nas atividades apresentadas por BJcuL em células tumorais, buscamos, com essa
parte do trabalho, esclarecer aspectos envolvidos nos fenémenos de proliferacdo de células tumorais de
célon induzidos pela lectina do veneno da serpente Bothrops jararacussu. Entretanto investigagcdes mais
detalhadas a respeito do mecanismo intracelular, modulado pela da acao de BJcul, sao necessarias para

uma maior caracterizagao da atividade desta lectina.
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Objetivos

Este projeto teve como objetivo:

40 isolamento e seqiienciamento do gene da lectina do veneno da

serpente Bothrops jararacussu (BJculL).

4A expressdo e purificagdo da lectina recombinante no modelo

procarionte (bactéria).

4A analise do processo de renaturacdo da lectina recombinante e

a ativacao de sua atividade in vitro.

4A caracterizacdo da atividade "in vitro" de BJcuL
nativa, na proliferacdo de células tumorais de célon HT29-D4

e Caco-2.
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Capitulo 1

Clonagem, Expressao e Analise Estrutural da Proteina
Recombinante BJcuL, a Lectina do tipo-C do veneno da

serpente Bothrops jararacussu.

Artigo publicado na revista Protein, Expression and Purification

Bayki H. Kassab, Daniela D. de Carvalho , Marcos A. Oliveira, Gandhi R. Baptista, Gongalo
A.G. Pereira and José¢ C. Novello. Cloning, Expression and Structural Analysis of
Recombinant BJcuL, a C-type Lectin from the Bothrops jararacussu Snake Venom.
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Cloning, Expression and Structural Analysis of Recombinant BJcul., a C-type Lectin
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Abstract

The lactose-binding lectin from Bothrops jararacussu venom (BJcul) is @ homodimer belonging o group VI
of the c-type animal lectins. BJoul. has also been shown fo serve as an inferesling tool for combating tumor
progréssion by inhibiting cancer and endothelial cell growth. However, detailed structural studies of BJcuL
and its biological mechanisms of cytofoxicity are yet io be reporied, perhaps because of the non-availability
of recombinant proieins in necessary quaniities. Intending to increase ihe present information about
siructural and consequently the undersiaiing of biological siudies, the cDNA coding for BJcul from a venom
gland has been cloned and sequenced. The maiure protein-coding region was amplified by PCR with
specific oligonucieotides, and subcioned into the pET-15b vecior io express the recombinant BJcul in
Escherichia coli BL21 (DE3). The deduced amino acid sequence exhibits a high degree of sequence identity
with c-type lectins (CTLs) and c-type lectin-like domains (CTLDs). An insoluble and inactive 18.5-kDa protein
was overexpressed after 1.0 mM IPTG induction. The recombinant BJcul was recovered and denaiured in a
buffer with 6 M urea and purified on a nickel-affinity column. Protein refolding was carried out on this column,
during procedure purification, followed by dialysis against CTBS and then by gel filiration for separation of
the active dimmer. The refolding process of rBJcul and the analysis of its siruciure were confirmed by
biclogical assay, circular dichroism and Maldi-Tof.

Key words: c-type leclin, cloning, expression, recombinant lectin, refolding, Bothrops jararacussu
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Introduction.

The c-iype lectins (CTLs) make up a large protein family, struciurally homologous and functionally
distinct. They consist of proteins that posses at least one carbohydrate recognition domain (CRD) per
subunit, and of proteins that present a C-type lectin-like domain (CTLDs) which do not bind o carbohydrates
or cailcium [1,2].

According to the CRD sequence, c-iype animal leciins may be classified into seven major groups [3].
Evidence indicates thal snake venom lectins belonging 1o group VI of the C-type animal leciins, of which
saccharide-binding molecules are interesiing because of their molecular structure, consist entirely of free-
standing CRDs, noi linked 10 any other polypepiide segmeni [4].

Among a variety of proteins from Viperidae snake venoms, lectins come into view as being a group
of nonenzymatic proieins, composed of two identical disulfide-linked subunits, each one containing a C-type
carbohydrate-binding motif. These types of leclins induce agglutination of erythrocyles under in vitro assay
[5]; showing mitogenic activily on lymphocyles [6], and inhibition of cancer cell proliferation [7], being
cylgloxic 1o some tumors and endoihelial cell fines [8].

Carbohydrate-binding leciins characierized from snake venom [9-11}, exhibit high primary sequence
idenity with invariani amino acid residues, including conserved disulfide bond [1]. These similariiies are also
observed in other CTLD venom protein sequences, such as boftrocetin, a von Willebrand factor-binding
protein [12], bothrojaracin, a thrombin inhibitor protein [13] and IX/X-BP, a heterogeneous itwo-chain
anficoagulant [14].

A growing number of C-ype leciins from snake venoms have been isolated and characlerized ai
protein level. Recenily, siudies involving molecular cloning were infiiated with the report of the cDNA
sequence and over expression of the TSL (a leciin from Trimeresurus stejnegeri) [15, 16]. Cloning and
expression of proteins has been shown io be an interesting ool for the complete analysis of leciin structure.
Several atiempts have been made fo clarify the molecular mechanism of the complex leciin and ligand,
including the cloning of ¢cDNAs that encode iwo different c-type lectins from the same venom glands in
Elapidae snakes [17]. However, mosi of the studies about protein precursor, determination of the teriiary
siruciure by x-ray, and analyses of ihe folding properties are resiricted to CTLDs, not describing the lectin

presenting a carbohydraie recognition domain [18-20].
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In previous siudies in our laboratory, the Bothrops jararacussu lectin (BJcuL) was characterized as a
galacloside-specific protein [9). BJcul primary sequence delermined by Edman degradation showed that this
iectin displays the invariant amino acid residues characierized in C-ype lectins, suggesting BJcul siruciural
similarity to CRD-containing proteins [21].

In order 1o achieve furiher insights into the siruciure-funciion relationships of CRD, the aim herewiih
is 10 characierize the primary siruciure of the BJcuk by molecular cloning and sequencing of the cDNA
nucleotides. The CRD of BJcul. was over expressed as a mature prolein using the pET-15b system in the
BL21 (DE3) bacteria sirain as the cell host. Recombinant protein was purified, refolded and analyzed by
proteolytic peptides in Maldi-Tof, CD measurements and hemagglutination assay. The recombinant protein
showed similarities when compared to the native BJcul; this fact will provide useful tools for analyzing the
three-dimensional siruciure of BJcul with ligands. Thus, rBJcul. produced and effectively esiablished is now

useful for delineating siruciure-function relationships by crystallographic and invesiigations inio intracellular

mechanism action.

Materials and Methods.

Malerials

The mRNA isolation kit and the UniZap XR Kit were purchased from Siratagene. pET-15b vecior, E.
coli strains and resiriction endonucleases were from Novagen. PCR components, ligation reagerts and
synihetic oligonuclecfides were from Invirogen. His-Bind meial chelaling resin and pGEM-T vecior were
purchased from Pharmacia. IPTG, imidazole, and urea were from Sigma. All other chemicals were of

analyiical grade. Naiive BJcul was isolated from crude venom as described before [9].

Construction of a venom gland cDNA library

The cDNA phagé fibrary was consirucied from venom glands of a single adult specimen of B.
jararacussu provided by ihe Bulanian Instiiute (S30 Paulo, Brazil). Poly (A+) RNA was obiained and
prepared using an mRNA isolation kit. cDNA synthesis was accomplished using the UniZap XR Kii and was
ligated info the UniZap XR Vector-a phage and packaged, following manufaciure protocols. The library was

propagaied in E. cofi XL1 blue.
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cDNA amplification and Cloning

Synthetic oligonucleotides primer sense (5-AAYTTRCANTGRCANAGRAANGC-3") and primer
antisense (5- AATAATTGTCCCCAGGATTGG- 3') were designed based on the conserved amino acid
sequence in snake venom c-type lectins. PCR was performed in a thermal cycler (Perkin Eimer 9600) for 40
cycles, each consigling of denaluration at 94°C for 1 min, annealing al 48°C for 45 s, polymerization ai 72°C
for 1 min, after the inilial cycle of 96°C for 4 min. At the end of all cycles samples were mainiained a 72°C for
7 min and then ai 4°C. The amplified PCR producits were analyzed by elecirophoresis in agarose-gel,
isolaied and then cloned ondo a pGEM-T vector. E. coli host cells were transformed with the recombinant

plasmids by electroporaiion.

cDNA sequencing

The cDNA segmenis were sequenced according o the dideoxy method with a BigDyem Terminator
(Perkin Elmer) and an auiomated ABI Prism 377 Sequencer (model Perkin Elmer Biosysiems). The
nucleotide sequence was aligned with the sequences available in the GenBank database (GenBank
accession No. AY388642). Based on this information new oligonucieotides sets were then synthesized

without the signal pepiides o ampiify the full-length for Bcul.

Expression of recombinant BJcul

The pGEM-T selecied clone with 490bp coding region corresponding to the BJcul, was amplified by
PCR. Two syniheiic primers were designed with a cohesive end 5' Ndel site and a frame initialing Met codon
(5-GGAATTCCATATGATGAATAATTGTCCCCAGGAT-3'), and a BamHl sile at the 3' end (5-
CGGGATCCAATTTACAGTGGCAGAGGAAGGC-3). The PCR product was cleaved with the restriction
enzymes (BamHl and Ndel}, purified and ligaied with T4 DNA ligase inio the large fragment of BamHI|/Ndel-
cut pET15b vecior. Compeieni E. coli DH5-a cells were transformed with the plasmids, and selected by
antibiotic resistance. The sequence of the inseri was confirmed by DNA sequencing.

E. cofi BL21 {(DE3) compeient cells were wransformed with plasmid pET-15b carrying the insert
{r3Joul.). Celis were pre-culiured overnight at 37°C in 50 ml Luria-broih (LB) medium containing 50 eg/ml
ampicilin, and then completed 1o 11 of LB medium at 20°C. When the ODgs nm reached about 0.4 - 0.7 (2 h

later) IPTG was added to a final concentraiion of 1 mM, o initiate over expression (about 4 h). The culiure



29
was harvesied and the cell pellei was suspended in 15 ml of resuspension buffer (20 mM Tris-HCI, pH 8.0},
cells were disrupted with sonication and centrifuged at 14,000 rpm for 10 min. This slep was repeated twice
with isolation buffer (2 M urea, 20 mM Tris-HCI, 0.5M NaCi, 10 mM imidazole, 1 mM 2-mercaptoethanol and
pH 8.0).
The vector has a 39 amino acid residue-upsiream sequence o recombinani BJeul that includes an

N-terminal His (6)-tag 1o facilitate isolation and purification of the recombinant protein.

Purification and refolding of the recombinant BJcul

The pellet collected by centrifugation was resuspended in a solubilization buffer {6 M urea, 20 mM
Tris-HCI, 0.5M NaCl, 10 mM imidazole, 1 mM 2-mercapioethanol and pH 8.0), incubated by siirring for 60
min al room temperature and then centrifuged at 14,000 rpm. The supernatant was applied to a nicke! affinity
column equilibrated with ihe same buffer. Removal of contaminating proteins and initial refolding was carried
out using a modification of the procedures described (22). Refolding was performed on the column by
exchange o non-denaturing buffer conditions with a linear 6-0 M urea gradient before elution of the bound
protein. The recombinant BJcul. was eluted with the non-denaturing buffer coniaining 0.5 M imidazole.

The appropriate fractions were pooled and dialyzed against CTBS buffer {0.15 M NaCl, 0.02 M Tris,
5mM CaCly, pH 7.4} centrifuged, and applied o Superdex G-75 column {Pharmacia} equilibrated with the
same buffer. The column was eluied at a rate flow of 0.3 ml/min. The fractions | and Il, were collected and
submitled fo SDS-PAGE (12.5%) under reducing and non-reducing conditions, Maldi-Tof, CD measurements
and hemagglutinaiion assay o verify refolding.

A further refolding process was developed according fo a previously described method [23]. Briefiy,
after purification, recombinant profein was diluled with reduction buffer (6 M urea, 20 mM Tris-HC!, 10 mM
DTT, pH 7.5), approximéiety 0.3 mg/mi, and incubated at room iemperature for 30 min. The solution was
then diluted again with oxidation buffer (50 mM Tris-HCI, pH 7.5, 5 mM cysteine, 1 mM cysiine, 5 mM D-
lactose 5 mM CaCl; and 3 M Urea), approximately 0.06 mg/mi, and dialyzed against the same buffer with the
several changes and slow removal of the denaiuring ageni. After the complete removal of urea, the solution
was concentrated in a Centricon device and protein concentraiion was determined by Bradford assay (27)

and submified o hemagglutination assay.
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Analysis of recombinant BJcul by mass spectrometry (MALDI-TOF),

The native and recombinant BJcul were excised from SDS-PAGE gel, and in-gel digested with
endoproteinase ARG-C. The peplides desalied by ZipTipC 18™ pipetie ips (Millipore, Bedford, MA, USA)
and cocrysialiized by adding one volume of the sample to one volume of saluraied a-cyano-4-
hydroxycinnamic acid prepared in 50% v/v acetoniirile. The samples were submitied o Mairix-Assisted Laser
Desorpiion/lonization (MALDI) Time-of-Flight (TOF) mass specirometry analysis using a Voyager-DE PRO
equipment (PerSepiive Biosysiems) under the following conditions: accelerated voliage 25kV, laser fixed at
2890 «J/com2, delay 300 ns, in the linear anaiysis mode. The molecular mass of the proteins was also

analyzed by MALDI-TOF.

CD measurements

Circular dichroism spectra were recorded with a Jasco J-720 specwopolarimetier at 25°C and
wavelengih range of 198-250 nm on a millidegree elliplicity scale. The concenirations of samples were 5 uh
in 20 mM phosphate buffer and measurements were made in quariz 1 mm path lengih cuveties. CD specira

were obtained by signal averaging 4 scans.

Hemagglutinating activity

The hemagglutinaiing assay for recombinant BJcul was performed as previously described [9]. A
recombinant proiein was serially two-fold diluied on a 96-well microtiter U-shaped plaie with an initial
concentration of 0.1 mg/ml on a 2% suspension of trypsinized human erythrocyies (A groups). The
aggiutinalion was monitored visuaily after 30 min. ai room femperature. The aciivity was expressed as the

minimum conceniration of protein that promoied visible hemagglutination.

Results and Discussion

cDNA Seguence and Protein Expression
Snake venorm leciins are interesiing lactoside-binding molecules because their molecular struciure
comprises the carbohydraie recognition domain characterized in other C-type animal lectins, being soluble

oligomers of CRDs, and not linked to accessory domains [4].



31

In this study, cDNA-encoding BJcul, the leclin from Bothrops jararacussu snake venom, was
obtained which in turn confirmed its amino acid sequence. To verify the lectin gene, cDNA phage library
consiructed from B. jararacussu venom glands were screened at high swringency, by a rapid PCR-based
procedure. Some posilive clones, which contained about 200-500 base pairs, were isolated and sequenced.
The results in Figure 1 indicated the cDNA that encoded for BJcul.. The major PCR product of the 802 bp
was sequenced. This cDNA sequence contained a 5 - unfransiated region of 91 bp that included a pepiide
signal, an open reading frame of 470 bp and &' - uniransiated region with a stop codon (Fig. 1). The BJcuL
nucleotide sequence was shown ic be composed of 135 amino acid residues with delimitation based on the
amino acid sequence alignment of naiive BJcuL [21]. The rBJcul. deduced sequence showed identity 1o
various other related lectin ¢cDNA sequences available in the GenBank database, differing in only a few
nucleolides in the open reading frame, and in the sequence at 5' and 3'- uniranslated regions (signal
peptides).

i has been reporied that the signal pepiide-coding sequence conservation in CTLs/CTLDs proteins
do not direcly correspond o a high homology of the tofal deduced amino acid sequence of these proteins
[24, 25]. For 5™- UTRs of rBJcul, a higher level of sequence identities with CTLDs signal pepiide sequence
than the deduced amino acid (data not show) was observed. It could be considered that the functional
diversities among CTLs and CTLDs proieins have been obtained by accelerated evolution [25].

According to Figure 2, the comparison of the deduced BJcul sequence, showed that the mature
135-amino acid residues present about 90% of identity with TSL [15)], around 80% with BFL-1 and BFL-2,
Bungarus fasciatus leciins [17] and 40% with CTLDs proleins, such as Convulxin, from Crofalus durissus
terrificus venom [286], anticoagulant IX/XBP from Trimeresurus flavoviridis [14], and AaACP a anticoagulant
from Agkistrodon actus venom [24].

Previous descripiions of conserved residues in c-type lectins includ two pairs of cysieines [3]. As
observed in Fig.2, the eight half-cystine residues thai form the known four intrachain patterns disulfide
bridges in the C-type animal jeciins, and the half-cysiine residues (position 86) which form the interchain
disulfide bridge, are observed in the deduced amino acid sequence of rBJcul.

In Figure 2, it can also be noficed that highly conserved residues in c-type animal lectins, which
include residues involved in carbohydrate-binding, were found in the deduced amino acid sequence of

rBJeul as follows: Cys™, GIu®, Gy, Asp™, Trp*, Pro¥, Cys'™, Trp'™, Asp'™, Cys'® and Cys™'. With
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ihese eleven amino acid residues compleiely conserved, the CRD of rat manose-binding protein [28] sﬁowed
a 29% similariz» 1o BJoul. However, this homology is not evident in CTLDs (Fig. 2), except for the residues
of Cys, responsiblie for the formation of disulfide bridges. According o this faci, amino acid seguence of
CTLDs put these proteins into the group of the c-iype leciin, however their CRD does noi present suiiable
amino acids for the binding of Ca®" and carbohydrates, such as galaciose or manose.

The evolutionary analysis of the members of c-iype lectin/c-type-leciin-ike domain super family was
recently described [1], showing af the same time-shared and resirict funciional characieristics of each family.
in the CTLs, it was observed that the five residues responsible for calcium coordination, and those essendial
io carbohydrate binding are not conserved in the CTLDs [1].

The cONA coding region for mature BJcuL was engineered by PCR in such a way so as o confain
two specific Bamti/Ndel resiriciion sites (as described in Meihods) for the inseriion into a baclerial pET15b
expression vector. The recombinant plasmid was used to wransform £, coli BL21 (DE3) cells, which were
induced with IPTG. Afler cell disruption, boih the supemalant and pellet were examined by SDS-PAGE. As
shown in Fig. 3A, the 18.5 kDa rBJoul was visible in the exiracis of induced E. cofi BL21-DE3 cells
fransformed wiih pET-15b—rBqu1_ for 4h by IPTG. Due to the major expression proiein level being present as
inciusion bodies in the cells, it was solubilized by urea. The expecied molecular weight of ihe nafive Blcul is
~16 kDa [21]; however, the recombinant BJcuL monomer showed an apparent molecular mass of =18.5 kDa.
This can be explained by the existence of 20 addiiional residues ai the N-ierminal, including 6x HisTag
described 1o pET-15b vector.

Based on resulis from Bradford assays [28], ihe vield of recombinant protein generated by ihis

expression systemn was aboui 10 o 12 mg of purified monomer per liter of cell culiure.

Purification and Refolding of rBJeul
Due o the fact that feclins are aclive hemagglutinating proleins similar o homodimer or oligomers
{101, several atiempis o refold the monomers and put them into dimers were made. To forward an accuraie

inira- and inter disulfide bonds, the recombinant proiein resuspended in the solubilization bufier was purified
using a nickel affinily column. rBJcul. refolding assay, performed on the column by exchange o non-

denaturing buffer conditions in urea gradieni, was confirmed by wesiern blot techniques.
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In Fig. 3B, expressed recombinant protein refolding was anélyzed by wesiern blol. Under non-
reducing SDS-PAGE, refolded recombinani BJcul. appeared with two main bands representing the
homodimer (37 kDa) and monomer (18.5 kDa). in reduced SDS-PAGE, a single band is observed at 18.5
kDa. The refoided recombinant BJcuL parially aggregaies in nonreducing conditions, as demonsiraied
before in techniques where E. coli is applied as host cells, and the protein is expressed in inclusion bodies
{29]. [n fact, formation of incorrect iniramolecular disulfide links preventis a recombinani protein from attaining
its native conformation, and the presence of minimum concenirations of reduction agenis during the refolding
procedure has been considered to be an efficient way of preventing unspecific disulfide bonds [22]. In the
present work, urea removal from ihe rBJcul on the column, following by dialysis, did not resuli in the
formaiion of correct inter-chain disulfide bonds for all recombinani proteins, suggesting ihat this faci blocked
the interactions responsible for monomer stabilizaiion (18.5 kDa).

To obtain the aclive homodimer, the centrifugal supernatani from dializaiion was applied in a gel
filtration Superdex G-75 column. The molecular exclusion resuli is shown in Fig. 4. The major peak (peak 1)
corresponds to the rBJcul. homodimer, and peak 2 indicates the monomer, which probably did not present a
correct refolding. The appareni molecular mass of the homodimer and monomer is 37 kDa and 18.5 kDa,
respeciively, confirmed by western blot (Fig. 4-inset). After this purification siep, the homodimer rBJcul was
used for the biolegical aclivity assay and siruciural analysis.

Despite some proieins loss occurring due o precipitation afier the urea removal, this procedure
could grani about 2.5 — 3.0 mg/lL of BL21 (DES) cell culture in this last refolding preparation (Table 1). This
amount can be considered saiisfaciory for a refolded prolein. The dala reporied in literaiure wiiﬁ
oxidizing/reducing buffer iechniques show a lower, but efficiem yield, compared to the rBJcul [23].

Induction at lower temperatures and concentration of IPTG, as well as the expression as a fusion
with thioredoxin in Origami {Novagen) bacterial hosi lacking boih thioredoxin reduciase and glutathione
reduciase, did nol increase the solubility of the expressed protein {(data not shown). Another refolding
procedure described by [23, 30] was made by using a buffer containing the redox-pair 5 mM cysteine and 1
mM cysiine in the absence or presence of lactose, however this technique increased protein precipitation
and diminished the product.

To purify rBJcul. as an oligomer, Superdex G-75 column purification was applied o the separation of

the homodimers. According 1o Figure 4, iwo peaks were obiained and submitied to SDS-PAGE and western
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biol revealed with anii-hisiag. in addilion, the purified protein band of ~37 kDa, as well as native BJcul were
in gel digesied with endopeptidase Arg C and subject 1o Maldi-Tof MS analysis. The specira obtained by the
peptide mixiures produced by endopeplidase Arg C digestion of BJcul and rBJcul are shown in Figures 5A
and 5B. As an allernaiive meihod for identification of the amino acids present in rBJcul, the pepiide mass
values were compared between both lectins. The comparative analysis showed high identity in the predicied
peptide mass obtained afier 16 h of cleavages with endopeptidase Arg-C. Besides this result, peplide mass
by theorefical cleavages with interpreiation of the data available in www htip://prospecior.ucsf.edu/ was
confirmed [31]. Native and recombinant BJcuLs have their molecular mass evaluated by mass speciromeiry
in reduced and alkylated form, boih showing an increase of = 500 Da compared io the appareni molecular
mass delermined by SDS-PAGE {daia not show). These results could confirm the presehce of 8 haif-cystine
residues already observed in deduced amino acid sequence, and are in agreement with other publications
[15].

The major peak from Superdex G-75, corresponding to the homodimer, was submitied to CD
measurements. CD specirum of rBJcul is shown in Fig. 6, where the refolding was characterized by two
minimums at 208 nm and 218 nm and slight maximum in 230 nm and 198 nm [32]. This spectum was
carried out at a conceniration of 2 «M and indicates conformatiion similar 1o that of native BJcul., as well as
1o other lectins such as TSL described by [16], and Bothrojaracin {33]. h is also compatible with a correct
protein fold composed of different secondary struciures.

The CD specirum was performed to check the correct refolding of rBJcul, and the intention was not
o discriminate within different secondary stﬁ:ctures which consiilute rBJcul.. However as described by [34],
the shape of this specirum exhibited the typical indications of the presence of a-helical and -sheet elemenis
of secondary structure in native and .recombinant BJeul.

In the same way, hemaggluiination activity was used 1o check the correci refolding. Refolded rBJeul
(0.1 mg/mi), before being submitied 10 Superdex G-75, did not show hemagglutinaiing aciivity on a 2%
suspension of trypsinized human eryihrocytes (group A). On ihe other hand, afier purification of the
homodimer in Superdex-G75, the ability of the recombinant BJcuL 1o agglutinate erythrocytes type A was
confirmed. The minimum concentration of BJeul. that promoted visible hemagglutination was approximately

1.5 «g/mi 1o rBJcul. and 0.24 ~g/mi 1o native BJcul..
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This assay demonsiraies thal the recombinamt rBJcul in homodimer conformation was able o
agglulinaie erythrocytes type A. The properties of this recombinant protein did not differ significantly from
native BJcul [9], however rBJcul showed differences in hemagglutination iter. When compared to the
native form of the lectin, rBJcul hemagglutination activity showed itself o be six-limes lower 10 type A
eryihrocyles. As expected, rBJcul refolding in the presence of lactose did not show any aciivity on the
hemaggluiination.

According to literature [2,10], the lectins have one or more carbohydraite binding site(s) per subunit.
The native homodimer BJcul. was found 1o be active only as a dimeric configuration with CRD struciure not
linked to accessory domains [21]. The resulis herewith suggesi ihat the expressed molecule is a homodimer:
where part of the recombinant protein is formed as two or more subunits paired through inlermolecular
disulfide bonds. The presence of the monomers without ihe formation of a correct inter-chain disulfide bond,
as well as siructural instability of dimer configuration may be avoiding favorable aciivity.

Based on the resulis, it was found that ihe refolding of rBJcul in the presence of laciose inhibited its
hemaggluiinaling aclivity, suggesting that this refolding process was efficient to make the carbohydraie
recognition domain able for laciose binding. As observed for the lectin of Abrus pulchellus seeds, where
several sﬁccessfui refolding processes have been carried out with ligand presence, which siabilizes its
struciure [32]. In the case of Bdcul, the CD spsecirum measured could have been made to confirm the
rBJcul. secondary siruciure in the presence of galaciosides, which is an interesiing step for further
investigation of its three-dimensional siruciure.

Concerning the imporiance of hav_i_ng this actlive leciin in adequate quaniilies for fulure assays on the
mechanism of cyloioxicity on cancer cé{Is, and invesligations related 10 the role of these molecules in
envenomation, work is done to clone and express a recombinani active BJoul. In conclusion, the
recombinant product showed conserved struciural features compared to nalive BJcul, confirmed by
proteolysis peplides in Maldi-Tof, CD measurements and hemagglutination assay. Therefore, in this study
the expression, and purification and refolding of the recombinant BJcul. was established and could provide a
reasonable amount of protein. Our fuiure aim is to produce rBJcul for crystallographic studies, comparing

several biological funciions between native and recombinani BJcul..
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LEGENDS
Table 1: Purification of Recombinant BJcuL lectin from 1 liter of E. coli BL21 (DE3) Cell Culture

Figure 1: ¢cDNA sequence and deduced amino acid sequences of BJcul. Numbering ihe nucieotides is
in the 5' 1o 3' direction, and the putative signal pepiide sequence is printed in itafics. N-ierminal position of
peptides is boxed, the sequence of the predicied mature proiein is in bold lefiers. The underlined nucieotide
sequences correspond 1o primers used for PCR-based cDNA library screen. Siani (ATG) and siop (TAA)

codon are siarred ().

Figure 2: Comparison of the deduced amino acid sequences of BJcul. between snake venom CTLs
and CTDLs lectins. Alignments of sequence were made according 1o the haif-cystine residues. The
sequence is: TSL, the c-type lectin from Trimeresurus stejnegeri (15), BFL. 1 and BFL 2, Bungarus fasciatus
lectins (17), Convulxin, from Crotalus durissus ferrificus (24), Anticoagulant IX/XBP from Trimeresurus
flavoviridis (14), AaACP a aniicoagulant from Agkistrodon actus venom (25) and rat mannose-binding protein
(RMBF, residues 115-238) (27). The asterisk indicaies identical residues with rBJcul. Gaps were inserted 1o
conserve homology. High-invariant residues between rBJcul. and oiher CRDs are boxed. The intrachain and

interchain disulfide bridges are marked.

Figure 3: Analysis of recombinani BJcul.. Cell extract of BL21 (DE3) afier transformation with pET-15b
plus insert and induced by IPTG for 4 h, was submiited 1o SDS-PAGE and Westem biol. (A) SDS-PAGE in a
Coomassie brilliant blue-stained 12.5 % gel. Lane 1, molecular-mass marker (kDa); lane 2, recovered
inclusion bodies, lane 3, soluble fraciion (supematant) afier disruption, lane 4, purified fraction from Nickel
column afier 0.5 M imidazole. (B) Refolding analysis of CTBS dialyzed rBJcul. by SDS-PAGE in a
Coomassie brilliant blue-stained 12.5 % gel, and Wesiern Blot. Sample afier refolding on the column without
DTT (lane 1), and with 10 mM DTT (lane 2). Western blofling analysis of the sample transferred from the

same SDS-PAGE conditions and probed with anti His-tag {lane 3).

17



41
Figure 4: Purification of rBJcul. dimer by molecular exclusion chromatography.. Refolded rBJcul. was
applied 1o a Superdex G-75 column equilibrated with CTBS at a flow rate of 0.3 ml/min and eluted with the
same buffer. Western blot analysis of the purified rBJcuL in superdex column (Inset). Lane 1 corresponds o

peak 1 (dimeric forms) and lane 2, rBJcut. monomeric forms corresponds 1o peak 2.

Figure 5: Maldi-Tof peptide spectra of recombinant and native BJcuL. Comparative analysis of mass
specirometry specira of rBJcul and BJcul peptides originaied by endopeplidase Arg-C cleavage for 16

hours. (A) Mass specirum of the rBJcul peptides. (B) Mass specirum of the BJcul pepiides.

Figure 6: Circular dichroism analysis. CD specira of the refolding (solid fine), native {dotied line)} and
unfolding (dashed fine) rBJcul., all at a conceniration of 2 <M. The specira were recorded from 200 to 260
nm in a 1-mm path lengih cuvette using Jasco J-820 spectropolarimeter. Unfolding rBJcul. was recorded

from 210 1o 260 nm with 6 M urea in Tris-HCI, pH 7.4. Specira were typically recorded as an average of 8

scans at 259C,
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Kassab et al, 2003 Table 1
Total protein Protein yield
(mg) (%)
Inclusion body 250 100
rBJecul. from His-tag column 10.0-12.0 32-4
rBJcul from Superdex G-75 25-35 1.0-14

Proiein conceniraiion was esiimaied by Bradford assay (28).
The inclusion body wet weight of the recovered afier cenirffugation.
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Fig. 1 - Kassab et al., 2004,
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Fig. 3 - Kassab et al, 2004.
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Fig. 4 - Kassab et al., 2004.

[ < Peak 1

37
18.5 s
_4 Paak 2
0 - T T T T T T 1
40 60 80 100 120 140
Time (min.)

0 20

23



U FEFENSITY

W INTEHSITY

Wng

Fig. 5 - Kassab et al., 2004.

TaPLRY

RE- ¥4

T

M firndz)

RIS

TRsd

i

il e
Ak J.L W, i.Lu.

47

oo A

27T

il i

|

0.8

24



48

Fig. 6 - Kassab et al., 2004
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Capitulo 2

Atividade de BJcuL (Lectina do Veneno da Serpente de
Bothrops Jararacussu) sobre a Proliferacao e Producao de

Espécies Reativas de Oxigénio em Células Tumorais do Colon

Short Communication submetido a publicaciao na revista Toxicon

Bayki H. Kassab, Daniela D. de Carvalho, José C. Novello and Hervé Kovacic. BJcuL (lectin
from the venom of the snake Bothrops jararacussu) activity on the proliferation and reactive
oxygen species generation in colon cancer cells.
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Abstract

Lectins are polyvalent carbohydrate-binding proteins of non-immune origin. These
properties allow the use of certain lectins as probes to detect cell surface carbohydrates,
glycoproteins and to identify tumorigenic cells. The aim of this study was to investigate
the effect of BdcuL (i) on the proliferation and viability of colon cancer cells, (ii) on the
production of the reactive oxygen species (ROS). HT29-D4 and CaCo-2 cell lines were
incubated with BJcuL (0 - 10uM with 5% FBS) in various periods (24, 48 and 72h). Cell
proliferation was assayed by BrdU-Cell Proliferation ELISA Kit, and ROS formation was
measured using the oxidant-sensitive fluorescent probe DCFH-DA. MTT assay was
performed to access BJculL cytotoxicity. This study suggests that the lectin BJcuL have
a functional effect on the growth of HT29-D4 and CaCo-2 cell lines by inhibiting tumor
cell proliferation independent of ROS generation and mitochondrial viability. This lectin

can be an interesting tool to slowing tumor progression by inhibiting DNA synthesis.
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Short Communication

Lectins are proteins or glycoproteins of non-immune origin, with one or more
specific carbohydrate-binding site(s) per subunit known as carbohydrate recognition
domain (CRD). These proteins represent a structurally homologous and functionally
distinct group of proteins (Rini, 1995). The specificity of lectins for carbohydrates has
allowed their application in a variety of studies as tumor cell recognition, cell adhesion,
mitogenic stimulation, cytotoxicity and apoptosis (Singh et al., 1999).

The lectins are widely distributed in animals, plants and bacteria. Lectin-like
proteins (CLPs) have also been found in the venom of snakes belonging to the families
of Elapidae and Viperidae. These CLPs can bind to lactose moieties and exhibits
different effects on agglutination of erythrocytes (Kassab et al., 2001) and aggregation of
platelets (Sarray et al, 2003). Recently, a lectin from the venom of the snake Bothrops
Jararacussu (BJculL) was purified and characterized in our laboratory. BJcuL has been
identified as homodimer and show to have affinity for p-galactoside (Carvalho et al.,
1998). In addition, BJculL has also been demonstrated to be a potent inhibitor of growth
of some tumor cell lines and an endothelial cell line (Pereira-Bittencourt et al., 1999; de
Carvalho et al., 2001).

The aim of the present study was to investigate the in vitro preliminary effect of
the lectin from the venom of the snake Bothrops jararacussu (BJcul) on colon cancer
cells (HT-29 D4 and CaCo-2) concerning the proliferation and reactive oxygen species
(ROS) generation.

BJcuL was purified as previously described (Carvalho et al., 1998), extensively

dialyzed against distilled water and lyophilized. The CaCo-2 cell line used was obtained
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from American Type Culture Collection (Rockville, MD) and HT-29 D4 clone originated
from HT-29 colon adenocarcinoma cell line (Fantini et al., 1986). HT-29 D4 and CaCo-2
cells were routinely grown in DMEM (Dulbecco minimum essential medium)
supplemented with 2% L-glutamine, 1% sodium pyruvate and 10% fetal bovine serum
(FBS). The cells were harvested and plated in 96-well flat microtiter plates to a density
of 5x10%cells/ml. After 24h the cells were treated with BJcuL at concentration ranging
from 0 - 10 pM in medium containing 5% FBS and were incubated at 37°C with 5% CO-
for 24, 48 and 72h. Proliferation assay was measured using BrdU DNA incorporation
with Cell Proliferation ELISA BrdU colorimetric kit (Roche Diagnostics) with reading
absorbance at 490 nm on a plate reader. Intracellular production of ROS by cells treated
with BJcuL was measured by oxidation of DCFH-DA (2’,7’-dichlorodihydrofluorescein
diacetate) to the high fluorescent DCF and was analyzed by a fluorimetre Fluoroskan
Ascent FL (Labsystems, France) with excitation at 488nm and emission at 530nm
(Edwards, 1996). Mitochondrial viability assay was performed using phenol red-free
DMEM containing 0,5mg/ml of MTT (3[4,(-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium)
as described by (van de Loosdrecht et al., 1994).

Lectins find application in variety of cellular studies due their ability to bind
selectively to cell surface glycoconjugates. This property has made them valuables tools
in the characterization of normal and abnormal carbohydrate structure in human cells
(Mody et al., 1995).

The BJcuL, a c-type lectin with affinity to lactose, has showed an interesting
inhibitor effect in colon cancer cells proliferation. As showed in Fig. 1, regarding BrdU

incorporation in 24h and 48h, 2.5 uM BJculL was capable to reduce by 60% + 4,4% for
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CaCo-2 and 25% =+ 4,4% for HT-29 D4. The BJculL lectin decreases BrdU incorporation
in a dose dependent manner.

In contrast to BJculL effect, previous studies have showed that some lectins act
as stimulators of growth on colon cancer cell. The peanut agglutinin—PNA (galactose-f1,
3-N-acetylgalactosamine binding) has a stimulatory effect on HT-29 D4 cells, but had no
effect on CaCo-2, (Ryder et al., 1994). Otherwise, Wang et al. (2000) have reported the
antiproliferative effect of lectins with different carbohydrate-binding specificities on
hepatoma, melanoma and osteosarcoma. This study also demonstrates that various
lectins with affinity to the same carbohydrate differ in their antitumor activity.

These findings suggest that the sugar-binding domain and others domains of the
lectin are responsible for different mechanism of action against tumor cells. The lectin
may either stimulate or inhibit cell growth, depending on the cell type target and
concentration of lectin (Wang et al., 2000; Camby et al., 2000).

A c-type lectin from the venom of Macrovipera lebetina, Lebecetin, also
demonstrate be able to strongly reduce IGR39 melanoma and HT29-D4
adenocarcinoma cells adhesion to fibrinogen and laminin (Sarray, 2001).

BJcuL have demonstrated to inhibit the growth of a number of human tumor cell
lines (de Carvalho et al., 2001) and we intended to investigate its intracellular
mechanism of action with reactive oxygen species generation in tumor cells. Some plant
lectins, such as Con A, induce reactive oxygen species (ROS) production in thymus cell
proliferation, through an intracellular redox imbalance. This data suggest that the
concentration of intracellular ROS might integrate positive and negative signals

regulating cell proliferation (Pani et al., 2000).
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Our results suggest that BJdcul inhibitory effect on colon cancer cells proliferation
may be not correlated to ROS production (Fig. 2). Evidence in the literature shows that
intracellular redox imbalance may inhibits proliferation of CaCo-2 independent of ROS
production (Noda et al., 2001). According to figure 2, we could observe, when compared
to the control, a slight cellular ROS variation in the cells incubated with BdcuL in different
time. This substantial modification of ROS generation in CaCo-2, and more remarkable
in HT-29 D4 cell lines, did not appear to have a direct effect on BJcuL antiproliferative
activity. In fact, will be necessary a more detailed study of the ROS production and
redox imbalance, through of others sensitive techniques to measure intracellular redox
status.

Mitochondrial viability of colon cancer cells in the presence of the lectin was
unaltered (Fig. 3). BJcuL at 2.5 uM was not cytotoxic to HT29-D4 and CaCo-2 in 72h, it
was already observed for CaCo-2 cells in previous publications by the group (Pereira-
Bittencourt et al., 1999).

The contradictory results between the observed with BrdU incorporation and
mitochondrial viability indicate a possible BJcuL direct influence in DNA synthesis. Our
results suggests that BJcul could act inhibiting DNA synthesis, making cells evade the
proliferation, but surviving to a condition of cell dormancy, where mitochondrial activity
can be measured (Chen, 2000).

In this study we demonstrate that the lectin BJcuL can to cause change in colon
tumor cell proliferation independent of ROS imbalance, furthermore, BJcuL showed a
weak cytotoxic effect on these cell lines, since MTT assay to measure the mitochondrial

activity, did not show any decrease in cell viability.
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Based on BJcuL effect on the proliferation of cancer cells, we searched for
molecular aspects that could help us to clarify mechanisms, which the lectin would act.
Otherwise, detailed investigations of BJcuL mechanism in the modulation of cell

proliferation will be necessary.
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LEGENDS

Figure 1. Effect of BJcuL on the HT29-D4 and Caco-2 cell proliferation. Cells (5x104/ml)
were treated with BJcuL at different concentrations (0-10uM) for 24 and 48h. BrdU
incorporation of untreated cells was considered 100%. Data are meantsd from three

experiments.

Figure 2. Production of reactive oxygen species (ROS) in colon cancer cells in the
presence of BJcuL at 2.5uM. ROS were measured using oxidation of DCFH-DA to DCF
in a fluorimetre Fluoroskan Ascent FL with excitation at 488nm and emission at 530nm.
The untreated cells were considered as control. Data are meantsd from three

experiments.

Figure 3. Effect of BJcuL on mitochondrial viability of colon cancer cells. The data are
expressed as the relative mitochondrial viability of BJcuL treated cells in comparison

with the untreated cells.
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Figure 3 - Kassab et al; 2004
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Y CONCLUSOES GERAIS
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» Foi construida uma biblioteca de cDNA a partir da glandula de
veneno da serpente de Bothrops jararacussu. A sequéncia total do cDNA
correspondente a BJcuL (cDNA-BJcul), permitiu-nos deduzir a sequiéncia de
aminoacidos da lectina do veneno da serpente Bothrops jararacussu. Entre
0s 622 pares de bases presentes na estrutura do cDNA-BJcul, foi
constatado que 470 pb formam a regido codificadora de aminoaciodos e 91
pb na direcao 5’-3’ nao sao traduzidos (peptideo sinal altamente conservado
em varias lectinas). Apds o seqlienciamento do cDNA e submisséo a analise
em banco de dados (GenBank acesso N°AY388642), foi possivel comprovar
a identidade do cDNA-BJcul, amplificado com outras lectinas de veneno de
serpentes. Todos os residuos altamente conservados encontrados nas
moléculas pertencentes a superfamilia das lectinas do Tipo-C, estao
presentes na sequiéncia de aminoacidos deduzida para BJculL. Os residuos
de meia-cistina, estdo bem conservados e localizados nas posicoes

correspondentes ao grupo VIl de lectinas do tipo-C (Drickamer, 1993),

» O sistema de expressdo para cDNA-BJculL, foi adequadamente
desenvolvido. O cDNA-BJcuL amplificado a partir de primers sintetizados
com enzimas coesivas foi corretamente ligado ao vetor de expressao
correspondente - pET-15b. A lectina recombinante (rBJcul) foi expressa
como corpos de inclusées em E. coli BL21DES e solubilizada em uréia. O
rendimento da rBJculL variou entre 10 a 12 mg de monémero por litro de
cultura celular. O precipitado protéico foi purificado em coluna de afinidade

de niquel, e as andlises preliminares revelou-nos a presenca de rBJcuL com
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peso molecular aparente de 18,5 kDa, o qual corresponde ao peso molecular
de BJculL nativa (16 kDa), somados aos 20 aminoacidos adicionais (incluindo
cauda de Histidina) presentes no vetor pET-15b. Processos sequenciais de
renaturacao foram feitos, com o objetivo de obter a lectina rBJcuL como
homodimero (forma ativa da proteina). Apds andlises em SDS-PAGE e
western blot, foi possivel visualizar a presenca de duas bandas de 37 kDa e
18,5 kDa, correspondente a rBJcuL na forma dimérica e monomérica,
respectivamente. O homodimero rBjcuL renaturado foi purificado em

Superdex-G75 e apresentou um eficiente rendimento final de 3,0 mg/L.

» A proteina recombinante rBdcuL com peso molecular de 37 kDa foi
corretamente renaturada. A conformagédo estrutural adquirida pela lectina
apods processos de renaturacao foi analisada e comparada com a proteina
nativa por dicroismo circular, Maldi-Tof e ensaios da atividade
hemaglutinante. Os resultados obtidos apontam semelhancas em relacao
aos aspectos estruturais (conformacdo estrutural, ligacdo dissulfeto,
formacao do CRD) de ambas lectinas. Estas semelhangas foram confirmadas
nos ensaios de hemaglutinacdo. A concentragdo minima de rBJdcuL que
promoveu hemaglutinagdo em eritrécitos do tipo A foi de 1.5 pg/ml e também
foi inibida por lactose. Os dados mostrados confirmam a eficiéncia do
sistema de expressdo, purificacdo e renaturacdo desenvolvidos neste
trabalho, para a producéao da lectina recombinante do veneno da serpente B.

jararacussu.
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> Nesta parte do trabalho buscamos relacionar alguns fenémenos
envolvidos na proliferagdo de células tumorais de colon como HT29-D4 e
CaCo-2 induzidos por BJcuL nativa, como ensaios com BrdU, medida de
producédo de ROS e viabilidade celular. A lectina BJcuL mostrou-se como um
potente inibidor da proliferacédo de linhagens CaCo-2. BJcuL na concentracéo
de 2,5uM promoveu a diminuicao de 60% + 4,4% em 48h na incorporagao de
BrdU em CaCo-2. Enquanto que para as células HT29-D4 essa diminuicao
foi de aproximadamente 25% + 4,4%. O efeito de BJcuL na diminuicdo da
incorporagao de BrdU, nas células CaCo-2 e HT-29 D4, foi dose dependente.
A participacdo da lectina como um inibidor no crescimento de células
tumorais de colon parece nao estar diretamente relacionada a producao de
ROS, pois na presenca da proteina BJcul, foi observado um atenuado
aumento de aproximadamente 20 a 30% na concentragao relativa de ROS
(H202) nestas células tumorais. Até o periodo de 48h, BJcuL ndo modulou a
viabilidade mitocondrial das células HT 29-D4 e Caco-2. Resultados
semelhantes foram descritos por (Carvalho e cols.,, 2001) em varias
linhagens de células tumorais incubadas com BdJcuL. Diferengas entre os
resultados encontrados para BJcuL, na incorporacdo de BrdU e na
viabilidade mitocondrial, nos remete a considerar uma possivel modulacao de
BJdcuL na sintese de DNA nestas células sem influenciar diretamente na

atividade da mitocondria.



68

J APENDICES

Tese de Doutorado - Bayki Hussein Kassab



Apéndices e 69

6,75 12,5 25 50 100

Quantificacdo do cDNA-BJ apdés a sintese da dupla fita. A:
corresponde a concentragdes (ng/ul) conhecidas de DNA A hind. B:
corresponde a 1ul do cDNA-BJ.

Sequéncias dos oligonucleotideos utilizados para amplificar BJcuL

Nome 5 Sequéncia 3

Lec-1 ACTCGCACACCTGATCAT

T3universal AATTAACCCTCACTAAAGGG
T7promotor TTAATACGACTCACTAT

Lec3 AAYTTRCANTGRCANAGRAANGC

Lec 4 AATAATTGTCCCCAGGATTGG

Lec 5-Ndel GGAATTCCATATGATGAATAATTGTCCCCAGGAT
Lec 6- BamHI| CGGGATCCAATTTACAGTGGCAGAGGAAGGC
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Eletroforese em gel de agarose/TAE 0.7%. Lane I, marcador de
DNA A/Hindlll. Lane 2 and 3 mostra o produto amplificado com TA=

55°C, usando Lec 3 e Lec 4 como 6ligos. Lane 4, controle da reagao.
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Ensaio de hemaglutinagdo apds 2 horas de incubacdo. A: suspensdo de
eritrécitos humanos tipo A incubados com rBJcuL partindo da concentracio
de 4,5ng/ml (coluna 1) e diluidas serialmente. B: eritrcitos humanos tipo A

incubados com BJcul. nativa com concentragdo inicial de 1,58 pg/mL.

(Carvalho et al, 1998).
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Abreviacoes para Lectinas

BJcuL lectina de Bothrops moojeni

BmooL lectina de Bothrops moojeni

BJL lectina de Bothrops jararaca

BML lectina de Lachesis muta

CML lectina de Ancistrodon piscivorous leukostoma
CuHL lectina de Agkistrodon contortrix contortrix
JML lectina de Dendroaspis jamesonii

LmsL lectina de Lachesis muta stenophrys

MBP lectina de plasma de rato

MMGL lectina de macréfagos de camundongo

Pal lectina de Bitis arietans

RSL lectina de Crotalus atrox

TL lectina de Bothrops atrox

TSL lectina de Trimeresurus stejnegeri

WGA lectina de gérmen de trigo
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Abreviacoes para Aminoacidos

Aminoacidos Trés Letras Uma Letra
Alanina Ala A
Arginina Arg R
Asparagina Asn N
Acido Aspartico Asp D
Cisteina Cys C
Glutamina Gln Q
Acido Glutamico Glu E
Glicina Gly G
Histidina His H
Isoleucina Ile I
Leucina Leu L
Lisina Lys K
Metionina Met M
Fenilalanina Phe F
Prolina Pro P
Serina Ser S
Treonina Thr T
Triptofano Trp W
Tirosina Tyr Y
Valina Val \Y




Apéndices o 74

Abreviacoes para Bases Nitrogenadas

Bases Codigo
Nitrogenadas
Adenina A

6-aminopurina

Guanina G
2-amino-6-oxipurina

Citosina C
2-oxi-4aminopirimidinac

Timina T
2,4-dioxi-5-metilpirimidina

a

Uracil
2-4-dioxipirimidina

Adenina ou Guanina
Adenina ou Timidina

Citosina ou Timidina

Guanina ou Timidina

Z A < g ®

Uma das 4 bases
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