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RESUMO

Uma protease, denominada Btha, foi purificada da peconha da serpente Bothrops moojeni
utilizando as colunas de cromatografia DEAE Sephacel, Sephadex G-75 e Heparina-
agarose. A enzima foi purificada como demonstrado pelo perfil de migracdo na SDS-
PAGE, corado com coomassie blue, e possui uma massa molecular aproximadamente de
24,5 kDa. A estrutura primaria da Btho apresenta significante similaridade com outras
metaloproteases isoladas de peconhas de serpentes. A enzima hidrolisa primeiramente a
cadeia A do fibrinogénio, seguida pela cadeia BB, e nio apresenta efeito sobre a cadeia y.
A enzima hidrolisa apenas a cadeia B da fibrina, deixando a cadeia o e o dimero Y
aparentemente, inalterados. A enzima Btha ndo apresentou atividade fosfolipasica A,
hemorragica e coagulante. Semelhante a outras enzimas de pegonha de serpente, a enzima
Btha € estavel na faixa de PHs entre 4 a 10, e resistente 3 temperaturas até 70°C por 15
minutos. O efeito de inibidores como o EDTA sobre a atividade fibrino(geno)litica sugere

que a Btha é uma metaloprotease, e a inibi¢do por - mercaptoetanol revela a importancia



das pontes dissulfeto para a estrutura e sua estabilidade. Aprotinina e benzamidina,
inibidores especificos de serino protease, ndo apresentaram efeitos sobre a atividade
enzimatica da Btha. Desde que a enzima Btha foi descoberta como desfibrinogenante,
quando administrada intraperitonealmente em camundongos, € esperado que a ela se torne
de interesse médico como agente terapéutico, auxiliando no tratamento e prevengio de

trombose arterial,

Palavras-chave: Peconha de serpente, Bothrops moojeni, metaloprotease, fibrinogenase.
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AMBIC: tamp3o bicarbonato de amonio;
EDTA: Acido etilenodiaminotetracético;
PAGE: Eletroforese em gel de poliacrilamida;
SDS: Dodecil sulfato de Sédio;
SVMP: Metaloprotease de pegonha de serpente;
TEMED: N,N,N‘,N‘-tetrameti]etilenodiamino;

TCA: Acido tricloroacético



1 Introduc¢ao

As pegonhas das serpentes pertencentes as familias Viperidae e Crotalidae contém
uma grande variedade de proteinas € peptideos que afetam o sistema homeostatico. Essas
proteinas podem ser classificadas como coagulantes, anticoagulantes ¢ fibrinoliticas [1] e
[2]. O Envenenamento por estas serpentes resulta, geralmente, em sangramento persistente
porque a pegonha causa consideravel degradagio do fibrinogénio e de outros fatores de
coagulagdo, impedindo a formagéo do coagulo [3]. Os principais componentes da pegonha
de serpente responsaveis por estas atividades sio as metaloproteases [4], as quais vém
sendo purificadas e caracterizadas de pegonhas do género Bothrops, incluindo as espécies
Bothrops asper [5] €[6] Bothrops airox [7] B. lanceolatus (8] B. jararaca [9] e [10], B.
jararacussu [11], B. alternatus. [12] e B. neuwiedi [13] e [14]

Como descrito previamente [15], as metaloproteases fibrino(geno)liticas podem ser
classificadas tanto como « ou g fibrinogenases. Até¢ agora ndo ha na literatura nenhum
relato de fibrinogenase de pegonha de serpente com especificidade de hidrolise dirigida
unicamente & cadeia y do fibrinogénio. A especificidade pelas cadeias Aa- ou Bf nfo ¢
absoluta. A degradagdo da cadeia Aa ¢ geralmente acompanhada pela degradagdo da cadeia
BB. A maioria das enzimas fibrinogenoliticas sdo metaloprotease com especificidade
direcionada as cadeias Aa e menor especificidade as cadeias Bp [16].

O envenenamento por serpentes do género Bothrops ¢é caracterizado pelos danos
locais, incluindo edema, dor, hemorragia, necrose, e por distarbios sistémicos tais como
codgulopatias, hemorragia sistémica, e distirbios renais [17], [18], [19] ¢ [20].

Os acidentes ofidicos com serpentes Bothropicas ocorrem com freqliéncia nas

regides: centrais e sudeste do Brasil e por todo o dominio morfoclimatico do Cerrado [21],
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[22] e [23], e pode causar edema, necrose, infecgdo, e decréscimo da coagulagdo e
hematoma extradural, as vezes fatal [24}].

A principal caracteristica de peconha da serpente Bothrops moojeni é a sua alta
atividade proteolitica, responsdvel pela maioria dos efeitos locais e sistémicos observados
durante o envenenamento por esta espécie de serpente. Neste artigo, descreveremos o
isolamento, a caracterizagdo bioquimica e estrutural da Btha, uma metaloprotease presente

na peconha da serpente Bothrops moojeni

2 MATERIAL E METODOS

2.1 Material
A peconha dessecada a vacuo foi obtida no Serpentarium Bioagents (Batatais - Sio

Paulo, Brasil). Acrilamida, persulfato de aménio, aprotinina, benzamidina, azul de
bromofenol, EDTA, fibrinogénio bovino, B-mercaptoetanol, N,N'-metileno-bis-acrilamida,
padrdo de peso molecular para eletroforese, PMSF, dodecil sulfato de sodio (SDS), e
N.N,N',N'-tetrametiletilenodiamo (TEMED) foram adquiridos da Sigma Chemical Co. (St
Louis, MO, USA. Glicina. Tris, e todos os materiais para cromatografia foram adquiridos
da Amersham Pharmacia Biotech. Todos produtos quimicos restantes eram de grau

analitico.

2.2 Isolamento da Btha

A pegonha de Bothrops moojeni (200mg) foi ressuspendida em tampdo bicarbonato
de amonio 50mM (pH 7,8) e centrifugado a 10.000g por 10min. A solugfio sobrenadante foi

cromatografada em coluna DEAE — Sephacel (1.7 x 15¢m) previamente equilibrada com



tampédo Bicarbonato de amoénio 50mM (pH 7.,8) e cluida com um gradiente convexo de
concentragdo (50mM — 0.45M) do mesmo tampio.

Fragbes de 3mL foram coletadas, e suas absorbincias a A = 280nm foram
monitoradas. As fragdes correspondentes ao pico D2 foram reunidas, liofilizadas e
dissolvidas no tampfo bicarbonato de amoénio 50mM, pH 7,8 e aplicada na coluna
Sephadex — G75 (1 x 100cm) previamente equilibrada com o mesmo tampdo. A fragdo
fibrinogenolitica (pico D2G2) foi liofilizada e aplicada em coluna de Heparina — Agarose
(1.0 x 10cm) previamente equilibrada com tampédo Tris-HCl (10mM) + CaCl, (5mM) pH
7,0 e eluida com tamp@o Tris-HCI (10mM) + NaCl (1IM) pH 7,0. O fluxo foi de 40mL por

hora e fragdes de 2mL foram coletadas.

2.3 Estimativa da concentragio protéica
A concentragdo protéica foi déterminada pelo método de [25], utilizando soro

albumina bovina como padrio.

2.4 Anilise eletroforética

Eletroforese utilizando gel de poliacrilamida a 14% (SDS-PAGE) foi realizada
conforme descrito por [26]. A eletroforese foi realizada a 20mA por gel em tampao Tris
Glicina pH 8,3 contendo 0,01% SDS. Os padrdes de massa moleculares utilizado foram:
fosforilare b (97 kDa), soro albumina bovina (66 kDa), ovoalbumina (45 kDa), anidrase
carbbnica (30 kDa), inibidor de tripsina (20.1 kDa) e a-lactoalbumina (14.4 kDa). Os géis
foram corados com coomassie brilhante blue. A massa molecular relativa a enzima

purificada foi estimada pelo software de andlise de imagem Kodak 1D. A Btha também foi



submetida a espectrometria de massa utilizando o espectrdmetro Q.TOF MicroTM

(Micromass, UK).

2.5 Déterminacio da Estrutura Primaria

A proteina em seu estado nativo foi reduzida e alquilada com vinil piridina de
acordo com o método descrito por [27]. A amostra foi dissolvida em 1mL de guanidina—
HCl 6M em Tris HCl 0,1M, pH 6,8. Nesta solugio foi adicionado 30uL de B-
mercaptoetanol sob nitrogénio ¢ a amostra foi incubada a 50°C por 4 h. Posteriormente, 40
uL de vinil piridina foi adicionada e as amostras foram incubadas a 37°C durante 2h. A
proteina foi desalificada em uma coluna de Vydac C-4: utilizando um gradiente de 0 a 70%
de acetonitrila em 0,1% TFA por 90mim com um fluxo de ImL por minuto. A proteina
coletada foi liofilizada e digerida com tripsina. Os peptideos resultantes foram separados
em Vydac C18 Small Pore ¢ submetidos a0 seqiienciador automatico.As seqiiéncias de

aminoacidos obtidas foram comparadas com seqiiéncias de outras proteinas relatadas no

banco de dados SWISS-PROT/ TREMBL utilizando os programas FASTA 3 ¢ BLAST.

2.6 Atividades Proteoliticas

2.6.1 Atividade fibrinogenolitica

A atividade fibrinogenolitica foi testada como descrito por [27], com algumas
modificacdes. O fibrinogénio (1,5mg/mL) e a enzima (Spg) foram misturados 1:100 (m/m)
¢ a mistura foi incubada com tampdes em diferentes pHs (4.0 — 10.0) a 37°C e por

diferentes intervalos de tempo (5, 10, 15, 30, e 60 mim). A reagdo foi interrompida pela



A dose desfibrinogenante minima (DDM) foi definida como a quantidade de enzima

minima capaz de tornar o plasma incoagulavel.

2.8 Atividade Hemorragica

A atividade hemorragica foi testada segundo o método descrito por [29]. Solucdes
contendo 30ug da enzima Btha foi injetada na pele dorsal de camundongos
subcutineamente. A pele do camundongo foi retirada 3hs depois, € o didmetro do halo

hemorragico, da superficie interna da pele, foi medido.

2.9 Estimativa da concentragio do fibrinogénio

A estimativa da concentragdo do fibrinogénio foi determinada pela injegdo
intraperitonealmente da enzima purificada (2.0g/g peso corporal) dissolvida em 200pL de
salina em grupos de cinco animais. Apos uma hora, os animais foram anestesiados com
Eter e o sangue foi retirado por pungio cardiaca e armazenados em tubos na presenca do
anticoagulante (EDTA). Os sangues dos animais foram misturados ¢ centrifugados a 3.000g
por 10 minutos. O plasma foi removido e a concentragdo do fibrinogénio foi quantificada

pelo aparelho analyzer compact. Camundongos controle receberam 200uL de salina.

2.10 Estabilidade térmica.
Btha e fibrinogénio dissolvidos em tampdo Tris-HClI 50mM pH 8,0, foram

incubados por 15 minutos 0 a 70°C. A atividade fibrinogenolitica remanescente foi

determinada como descrito anteriormente.



2.11 Inibidores enzimaticos

A inibigdo da atividade fibrinogenolitica foi determinada incubando Btha (Sug) em
0,25mL de tampdo Tris-HCl 50mM pH 8,0 por 15 minutos a temperatura ambiente (25°)
contendo um dos seguintes inibidores: EDTA (SmM), aprotinina (5mM), benzamidina
(5mM), e B-mercaptoetanol (SmM). A atividade proteolitica foi determinada como descrito

anteriormente.

3 RESULTADOS

3.1 Isolamento e caracterizagio da Btha

A cromatografia da pegonha de Bothrops moojeni em coluna de DEAE-Sephacel
(fig. 1A) resultou na separagdo de sete fragdes protéicas (picos D1 — D7). As proteinas
presentes na fracéo D2 apresentaram substancial atividade proteolitica. O segundo passo
cromatografico realizado com a fragdo protéica D2 em coluna Sephadex-G75 (Fig. 1B)
resultou em trés picos principais. O pico D2G?2 deste fracionamento foi aplicado na coluna
heparina-Agarose (Fig.1C). A (Btha) demonstrou atividade proteolitica sobre a azocaseina.
A enzima Btha apresentou atividade fibrinolitica e fibrinogenolitica, mas nao apresentou
a¢des coagulante, fosfolipasica Az € hemorragica.

Um resumo do processo de purificagio esta mostrado na tabela 1. Considerando a
atividade proteolitica sobre a azocaseina, a enzima Btha. foi purificada 1.08 vezes com uma
recuperagdo de 8,7% (m/m). A andlise cletroforética (SDS-PAGE) (Fig.2) sob condigdes
desnaturantes e redutoras, indicaram que a enzima Btha foi altamente purificada (Fig 1C),
e possui um massa molecular aparente de aproximadamente 24,5 kDa. A analise no

espectrometro de massa da Btha, indicou a massa molecular de 23.095 Da.
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A estrutura primaria da Btha determinada automaticamente pela seqiiéncia de
aminoécidos produzidos pela digestdo da proteina com tripsina ¢ S-pyridyl-ethylated esta
mostrada na Fig. 3. A sequéncia apresenta 72% de similaridade com metaloproteases
isoladas de peconhas de B. leucurus e com a hemorragina factor I de L. Muta; 77% de
similaridade com uma metaloprotease isolada do veneno de B. jararacussu [30], € com uma
metaloprotease Tipo Il da pegonha de B. asper (Arce V., Azofeifa G., Flores M., Alape A.;
http'j/ca.expasy.org/uniprot/Q072L5). A enzima Btha apresentou significante similaridade
com varias outras metaloproteases, de acordo com o banco de dados SWISS-PROTEIN

analisado pelo programa FASTA 3.

3.2 Atividade proteolitica

A tabela 1 mostra os valores obtidos pela atividade proteolitica sobre a azocaseina
em pH 8,0. A Btha apresenta atividade sobre azocaseina, com uma atividade especifica de
192,3 unidades/mg de proteina, comparada com 178,1 unidades/mg de proteina de veneno

bruto.

A Btha se mostrou ativa degradando o fibrinogénio bovino, causando uma rapida
hidrélise das cadeias Aa ¢ Bp em 10 minutos de incubacdo, como demonstrado pelo perfil
eletroforético da atividade (Fig 4A). Enquanto a concentragao de proteinas de alto peso

molecular decresce com o tempo de reagdo, a concentragdo de produtos de baixo peso

molecular aumenta substancialmente. A agdo da Bthao sobre fibrina mostrou-se¢ ser menos

efetiva do que sobre o fibrinogénio. A Btho, degrada a cadeia 3, enquanto as cadeias a- € 0

dimero Y- ndo sio afetados durante o tempo testado (Fig 4B).
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3.3 Atividade de Desfibrinogenagao

A enzima Btha causou desfibrinogenagio quando administrada intraperitonealmente
em camundongos, tornando o plasma incoagulavel. Os niveis de fibrinogénio reduziram a
zero ap6s uma hora da inoculacdo (DDM = 2,0ug/g peso corporal); enquanto 0s animais
controle apresentaram 270mg de fibrinogénio por dL de plasma. Os niveis normais de

fibrinogénio foram restabelecidos apenas 24 horas depois.

3.4 Efeito dos inibidores de protease

A figura 5 mostra o efeito de diversos inibidores sobre a atividade proteolitica da
Btha. A incubagdio da enzima purificada por 15 minutos a 37°C com EDTA (5mM), um
agente quelante de ions metdlicos, inibiu completamente a atividade fibrinogenolitica,
indicando que a Btha é uma proiease do tipo metalo. A atividade fibrinogenolitica da
enzima foi inibida também pelo B-mercaptoetanol (SmM), entretanto benzamidina e

aprotinina (SmM) ndo apresentaram nenhum efeito de inibigdo sobre a atividade.

3.5 Estabilidade Térmica

Como mostrado na figura 6, a enzima Btha exibiu atividade fibrinogenolitica
méxima na faixa de temperatura que vai de 20°C a 50°C. Aparentemente, a cadeia Bp-do
fibrinogénio ndo sofreu protedlise na faixa de temperatura entre 0 a 10°C e 60 a 70°C.
Nestas temperaturas a enzima Btha degradou parcialmente a cadeia Aa-do fibrinogénio. O
pH 6timo para a atividade fibrinogenolitica da Btha ¢ pH 8,0. Entretanto, a enzima é ativa

na faixa de pH que vai de 4 a 10 (dados néo mostrados).
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4 DISCUSSAO

Proteases de pegonha de serpente sdo de grande interesse médico, por serem
responsaveis por vérios efeitos sistémicos e locais do envenenamento por acidentes
ofidicos. A purificagio de uma metaloprotease da peconha de Bothrops moojeni (protease
A moojeni) foi informada por [31], que demonstrou que esta pegonha possui uma
significante quantidade de proteinas basicas, a enzima coagulante batroxobin [32], trés
serino proteases (MSP1 e MSP2 [33] e MOO3 [34]), e uma metaloprotease (MPB) [35].
BM-PLA2, uma fosfolipase A2 [36] ¢ duas miotoxinas de baixo peso molecular foram
isoladas da pegonha da serpente Bothrops moojeni [37], [38] e [39].

Neste trabalho, uma nova metaloprotease, Btha, da pegonha de Bothrops moojeni
foi purificada por uma combinagéo de cromatografias de troca idnica (DEAE-Sephacel),
gel filtragdo (Sephadex—G75) e afinidade (Heparina-Agarose). A massa molecular da
enzima Btha analisada em SDS-PAGE (24.5 kDa) e no espectrometro de massa (23.095

Da) foi similar a de 27 e 22.5kDa relatada por MOO3 e Protease A moojeni,

respectivamente [34] e [31], e a metaloproteases de 23, 24, € 28kDa presente em venenos
de B. atrox [40)], B. asper [41], ¢ B. Lanceolatus [8], respectivamente. Semelhantemente a
MSP2, protease A moojeni e MOO3, a enzima Btha apresentou uma Unica banda, na
presenga e auséncia de B-mercaptoetanol, como também relatado por fatores hemorragicos
de baixo peso molecular [42].

A estrutura primaria da Btha deduzida, a partir de peptideos resultantes da digestdo
com tripsina estd demonstrada na Figura 3, onde é exibida similaridade significante com
outras metaloproteases purificadas de pegonhas de serpentes. Esses resultados confirmam

que a Btha ¢ também uma metaloprotease. Os peptideos da hidrolise da Btha podem ser
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alinhados em aproximadamente 80% com as seqiiéncias de outras metaloproteases
proveniente de pegonhas de serpente.

A enzima Btha n3o causou hemorragia quando aplicada (30ug) subcutaneamente no
dorso do camundongo (dados ndo mostrados). Baseado nos dominios estruturais, as
metaloproteases de peconha de serpente, (SVMPS) sdo classificadas em quatro classes: P-1
a P-IV [43]. As da classe P-I possui somente o dominio metaloproteases; a classe P-IT
possui também o dominio desintegrina- like em sua estrutura, a classe P-IIT possui uma
terceira caracteristica um dominio rico em cisteina. A classe P IV possui, em adigfo as
caracteristicas da classe P-II1, ligagdes-dissulfeto, e o dominio lectina-like. A subclasse de
proteinas P-1 A apresenta intensa atividade hemorragica, enquanto proteina da subclasse P-
1B apresenta pequena, ou nenhuma atividade hemorragica e inclui Neuwidase da pe¢onha
de B. neuwiedi [14] e MOO3 da pegonha de B. moojeni [34]. Nossos resultados sugerem
que a Btha pertence a classe P-1B.

Btho apresentou atividade proteolitica sobre azocaseina, com uma atividade
especifica de 192,3 unidades/mg de proteina. Considerando esta atividade a enzima Btha
foi purificada 1.08-vezes. A enzima representa 8.7% do total protéico da peconha (Tabela
I). O rendimento apresentado pela enzima Btha foi maior do que resultados apresentados de
outras enzimas fibrinogenoliticas purificadas da mesma pegonha. Os dados apresentados
pelas enzimas MSP1, MSP2 ¢ MOO3 foram 0,51; 1,1 e 1,42%, respectivamente.
Aparentemente, a Btha apresentou uma atividade especifica baixa quando comparada com
a peconha bruta. Este fato pode ser explicado porque a Btha néo € a inica enzima com agéo
proteolitica presente na pegonha da serpente de Bothrops moojeni. De fato, praticamente
todas as fragdes obtidas pela DEAE-Sephacel e Sephadex-G75 foram capazes de hidrolisar

a azocaseina (dado ndo mostrado).
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Assim como outras fibrinogenases da pegonha de Bothrops moojeni (MSP1 e MSP2
[31] e MPB [32]) a Btha hidrolisa preferencialmente a cadeia Aa acompanhada pela
hidrélise da cadeia Bp do fibrinogénio. Estas proteases diferem da Btha porque degradam a
cadeia v, algo que ndo é muito comum em muitas proteases da pegonha. O coagulo de
fibrina é mais resistente a hidrolise pela Btha do que o fibrinogénio. Apenas a cadeia P foi
degradada, enquanto as cadeias a e o dimero y permaneceram sem alteragdes (Fig 4B).
Estes resultados podem ser explicados por que o fibrinogénio contem uma grande
superficie de aminoacidos que sdo expostos & enzimas proteoliticas. A fibrina, entretanto
possui uma estrutura entrelagada e por isso é menos susceptivel a proteolise [44].

A estrutura primaria parcial da enzima Btha e o efeito do agente quelante na
atividade proteolitica confirmou que a Btha é uma metaloprotease. A andlise da seqiiéncia
indicou que a enzima Btha possui seis residuos de cisteina, que podem estar envolvidos na
formacgdio de trés pontes disulfeto. As pontes disulfeto internas também se mostraram
importantes para atividade enzimatica e para a integridade estrutural da Btha. A incubagéo
da enzima Btho com 5mM de B-mercaptoetanol resultou na inibigdo da hidrélise do
fibrinogénio pela Btho. Aprotinina e benzamidina ndo influenciaram na inibicdo da
atividade enzimatica. Semelhante a outras proteinas isoladas de peconha de serpentes [45],
[46] ¢ [11] a enzima Btha ndo ¢ estavel a altas temperaturas (Fig 6) ¢ mostrou um pH 6timo
em tomo de 4 — 10 (dados nao mostrados).

In vivo, a enzima Btho age como um agente desfibrinogenante, removendo
fibrinogénio do plasma. Com minutos apés a administragio da enzima, ocorreu uma
deplegdo na concentragdo do fibrinogénio no plasma, ¢ com uma hora os niveis de
fibrinogénio foram reduzidos a zero e o plasma permaneceu incoagulavel por até 24 horas.

Este resultado sugere o uso potencial da Btho como um agente anticoagulante ¢
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antitrombético. A sugestio como anticoagulante, com remogdo total do fibrinogénio do
plasma circulante, por meio de enzimas fibrinogenolitica presentes em pegonhas de
serpentes ocorreu pela primeira vez em 1968 [47]. Estudos sobre o mecanismo de agdo das
enzimas fibrinogenoliticas tém revelado que elas causam uma rapida e eficiente atividade
anticoagulante e antitrombdtica, em outras palavras, elas desfazem a formagdo do coagulo
de fibrina, quando ocorre disfung¢do do sistema homeostatico. Por esta razio, estas enzimas
vém sendo de grande interesse para a clinica médica, especialmente aquelas com um alto
grau de pureza e livre de outros efeitos farmacologicos.

A agdo de proteases que podem interferir na coagulagio e no sistema
fibrino(geno)litico seguido do envenenamento por picadas de serpentes do género Bothrops
tém sido relatadas [48]. Inimeras dessas proteinas vém sendo usadas pela medicina como
anticoagulantes ou em pesquisas para investigar seus possiveis potenciais terapéuticos [49],
[50] e [51]. Por esta razdo, a metaloprotease fibrino(geno)litica, Btha, vislumbra-se como
uma ferramenta por sua importdncia enzimatica como anticoagulante e antitrombotica, €
por ajudar a entender melhor o mecanismo de agdo dos venenos das serpentes do género
Bothrops.

Em conclusio, nés purificamos uma metaloprotease, Btha, com atividade
azocaseinolitica, fibrino(geno)litica e desfibrinogenante da pegonha da serpente Bothrops
moojeni. As propriedades da Btho indicam que esta proteina provavelmente pertence a
classe das P1-B a. SVMPs. Este trabalho sugere que esta toxina pode interferi na cascata de

coagulagdo ap6s o envenenamento.
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Legenda das figuras

Figura 1: Purificagdo da Btho. da pegonha de Bothrops moojeni: (A) Separagdo em resina
DEAE-Sephacel — a pegonha bruta (200mg) foi aplicado na coluna (1.7 x 15cm) e eluida a
um fluxo de 20 mL por hora com gradiente convexo de tampio Bicarbonato de amonio pH
7.8 de 0,05M a 0,45M. (B): Separag@o em resina Sephadex-G75; a fragdo D2 foi aplicada
na coluna (1.0 x 100cm) e eluida com tampdo bicarbonato de amoénio pH 7,8 e coletada a
um fluxo de 20mL por hora. (C): Separagdo em resina Heparina- Agarose: A fragdo
concentrada (D2G2) foi aplicada na coluna (1.0 x 10cm) e a eluigdo foi realizada a um
fluxo de 40mL por hora com um tampéo Tris-HCL 0,01M contendo 1.0M de NaCl pH 7.0.

Os “pools” foram delimitados por circulos fechados.

Figura 2: Estimagfo da massa molecular usando gel de poliacrilamida SDS PAGE a 14%
(m/v), Tris-glicina pH 8,3 ¢ 20mA. Linha 1- padrio de peso molecular, 2- Pecgonha bruta B

moojeni reduzida, 3- Btha reduzida. O gel foi corado com coomassie brilhante blue R-250.

Figura 3: Comparagio da seqiiéncia da Btha com outras metaloproteases de pegonha de
serpentes. Os residuos de Cisteina estdo em vermelho. MS: Massa Molecular. Mostra o

namero de seqiiéncias depositadas no banco de dados Swiss-Prot/Trembl.

Figura 4: Hidrélise de (A) fibrinogénio bovino (1,5mg/mL) e (B) fibrina pela enzima Btho.

Linha 1: controle incubado sem a enzima por 60 minutos; 2 —6: controle incubado com a

enzima (5 pg) por 5, 10, 15, 30 e 60 minutos, respectivamente.
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Figura 5: Hidrolise do fibrinogénio bovino pela enzima Btha (5 pg) e o efeito de
inibidores. Linha 1 : fibrinogénio controle incubado sem a enzima por 60 minutos; 2 — 5:
fibrinogénio apos incubagdo com Btha e SmM B-mercaptoetanol, 5 mM EDTA, 5 mM

aprotinina ¢ S mM benzamidina por 60 minutos respectivamente

Figura 6: Efeito da temperatura na estabilidade da enzima Btha. Aliquotas de Btha e
fibrinogénio foram incubadas em tampao Tris 0.05M pH 8.0 ¢ atividade fibrinogenolitica
foi testada em diferentes temperaturas por 15 minutos, previamente descrita. Linha 1:
fibrinogénio controle incubado sem a enzima por 15 minutos; 2- 6 fibrinogénio controle

incubado com a enzima por 15 minutos a 0, 10, 20, 30, 40, 50, 60, 70 °C, respectivamente.

Tabela 1. Resumo dos passos de purificagdo da enzima Btho da pegonha de Bothrops

moojeni
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ABSTRACT

A proteinase, here denominated Btho, was purified by DEAE Sephacel, Sephadex G-75
and Heparin-agarose column chromatography from the venom of Bothrops moojeni.
The enzyme was purified to homogeneity as judged by its migration profile in SDS-
PAGE stained with coomassie blue, and had a molecular mass of about 24.5 kDa. The
partial protein sequence of Btha exhibits significant similarities with other
metalloproteinases reported from snake venoms. The enzyme cleaves the Aa-chain of
fibrinogen first, followed by the BB-chain, and shows no effects on y-chains. On fibrin,
the enzyme hydrolyzed only the B-chain, leaving the a-chain and y-dimmer apparently
untouched. It was devoid of phospholipase A,, hemorrhagic and thrombin-like
activities. Like many venom enzymes, it is stable at pHs between 4 and 10 and resists
heating at 70 °C for 15 min. The inhibitory effects of EDTA on the fibrinogenolytic
activity suggest that Btha is a metalloproteinase and inhibition by p-mercaptoethanol
revealed the important role of the disulfide bonds in the stabilization of the native
structure. Aprotinin and benzamidine, specific serine proteinase inhibitors had no effect
on Btha activity. Since the Btha enzyme was found to cause defibrinogenation when
administered i. p. on mice, it is expected that it may be of medical interest as a

therapeutic agent in the treatment and prevention of arterial thrombosis.
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1. Introduction

The venoms of Viperidae and Crotalidae snakes contain a large variety of proteins
and peptides affecting the hemostatic system. These proteins may be classified as
coagulant, anticoagulant or fibrinolytic factors [1] and [2]. Envenomation by these
snakes generally results in persistent bleeding because of the venom causes considerable
degradation of fibrinogen and other coagulation factors, preventing clot formation [3].
The main snake venom components responsible for theses activities are
metalloproteinases [4], several of which have been purified and characterized from
Bothrops species, including B. asper [5] and [6], B. atrox [7], B. lanceolatus [8], B.
Jjararaca [9] and [10], B. jararacussu [11], B. alternatus [12] and B. neuwiedi [13] and
[14].

As indicated previously [15], venom fibrino(geno)lytic metalloproteinases may be
classified as being either a- or f-chain fibrin(ogen)ases. Thus far there have been
virtually no reports of a fibrino(geno)lytic snake venom enzyme with cleavage
specificity directed solely to the y-chain of fibrin(ogen). Specificity for the a- or S-
chains is not absolute since there is substantial degradation of the alternate chain with
increasing time. The majority of the fibrino(geno)lytic enzymes are metalloproteinases
with specificity directed preferentially towards the Aa-chain and with somewhat lower
activity towards the Bf-chain [16].

Envenoming by Bothrops species is characterized by prominent local tissue
damage, including edema, pain, hemorrhage and necrosis, and by systemic disturbances
such as coagulopathies, systemic hemorrhage and renal failure [17], [18], [19] and [20].

Envenoming by Bothrops moojeni is frequent in central and southeastern Brazil,

throughout the Cerrado morphoclimatic domain [21], [22] and [23] and may produce



great increment in swelling, necrosis and infection, mild decrement in coagulation
action and sometimes fatal extradural haematoma [24].

The main feature of Bothrops moojeni venom is its high proteolytic activity,
responsible for most of the local and systemic effects observed during envenomation by
this snake. In this report, we describe the isolation, biochemical and structural

characterization of Btha, a metalloproteinase from Bothrops moojeni snake venom.

2. Materials and methods

2.1, Materials

Desiccated B. moojeni venom was purchased from Bioagents Serpentarium
(Batatais - Sdo Paulo, Brazil). Acrylamide, ammonium persulfate, aprotinin,
benzamidine, bromophenol blue, EDTA (sodium salt), fibrinogen, p-mercaptoethanol,
N,N'-methylene-bis-acrylamide, molecular weight markers for electrophoresis, PMSF,
sodium dodecyl sulphate (SDS) and N,N,N',N'-tetramethylethylenediame (TEMED)
were from Sigma Chemical Co. (St Louis, MO, USA). Glycine, Tris, molecular mass
standards and all chromatographic media were from Amersham Pharmacia Biotech. All

other reagents used were of analytical grade.



2.2. Isolation of Btha

Crude venom of B. moojeni (200 mg) was dissolved in 50 mM ammonium
bicarbonate buffer (pH 7.8) and clarified by centrifugation at 10,000 g for 10 min. The
supernatant solution was chromatographed on DEAE Sephacel column (1.7 x 15¢cm).
previously equilibrated with 50 mM. pH 7.8 ammonium bicarbonate and eluted with a
convex concentration gradient (50 mM — 0.45 M) of the same buffer.

Fractions of 3.0 mL/tube were collected, their absorbances at A = 280 nm were
read and those corresponding to peak D2 were pooled, lyophilized, dissolved in 50 mM,
pH 7.8 ammonium bicarbonate and applied to 1 x 100 cm Sephadex G-75 column
previously equilibrated with the same buffer. The fibrinogenolytic fraction (peak
D2G2) was lyophilized and applied to column of Heparin Agarose (1 x 10 cm)
previously equilibrated with 10 mM, pH 7 Tris-HCI - 5 mM CaCl, and eluted with 10
mM, pH 7 Tris-HCI - 1 M NaCl. The flow rate was 40 mL/hr and fractions of 2.0 mL

were collected.

2.3. Estimation of protein concentration

Protein concentration was determined by the method of [25], using bovine serum

albumin as standard.

2.4. Electrophoretic analysis

Electrophoresis using polyacrilamide gels (SDS-PAGE) was performed as
described by [26] using 14% gels. Electrophoresis was carried out at 20 mA/gel in Tris-

glycine buffer, pH 8.3, containing 0.01% SDS. The molecular mass standard proteins



used were phosphorylase b (97 kDa), bovine serum albumin (66 kDa), egg albumin (45
kDa), carbonic anhydrase (30 kDa), soybean trypsin inhibitor (20.1 kDa) and o-
lactoalbumin (14.4 kDa). The slab gels were stained with coomassie blue. The relative
molecular mass of the purified enzyme was estimated by Kodak 1D image analysis
software. Btha was also submitted to mass spectrometry using a Q.TOF MicroTM

(Micromass. UK) spectrometer.

2.5. Amino acid sequence determination

The sample was dissolved in 1 mL of 6 M guanidine-HCI in 0.1 M tris-HCl, pH
8.6. To this solution was added 30 pL of B-mercaptoethanol under nitrogen and the
sample was incubated at 50 °C for 4 h. After this, 40 uL of vinyl pyridine was added
and the samples were incubated at 37 °C during 2 h. The protein was desalted on a
column of Vydac C-4, using a gradient of 0 to 70% acetonitrile in 0.1% TFA over 90
min at a flow rate of lmL/min. The collected protein was lyophilized, digested with
trypsin. The tryptic peptides were separated on Vydac C18 Small Pore and submitted to
automatic protein sequencer and the amino acid sequence of the peptides obtained were
compared with the sequences of other related proteins in the SWISS-PROT/ TREMBL

data bases using the FASTA 3 and BLAST programs.

2.6. Proteolytic activity

2.6.1. Fibrinogenolytic activity
Fibrinogenolytic activity was assayed as described by [27], with slight
modifications. Fibrinogen (5 pg) and enzyme were mixed 1:100 (w/w) and the mixture

was incubated in (pH 4.0 — 10.0) buffer at 37 °C for different time intervals (5, 10, 15,



30 and 60 min). The reaction was stopped by the addition of an equal volume of a
denaturing buffer containing 2 % sodium dodecyl sulfate (SDS) and 10% B-

mercaptoethanol. Reaction products were analyzed by SDS-PAGE.

2.6.2. Fibrinolytic activity

The fibrinolytic activity was assayed as described above. The fibrin was prepared
by the addition of 10 U NIH thrombin to 50 pL of fibrinogen solution (1.5 mg/mL in

0.15 M NaCl).

2.6.3. Azocaseinolytic activity

Proteolytic activity was tested on azocasein as substrate. Enzyme (50 pg) was
added to 2 mL of azocasein (1 mg/mL) in 0.2 M Tris/HCl, pH 8.0, 4 mM CaCl; and
incubated at 37 °C for 30 min. Five hundred microlites of 5% (m/v) trichloroacetic acid
(TCA) was then added to precipitate the undegraded azocasein. After 20 min the
solution was filtered and the absorbance of the filtrate measured at 366 nm. One unit of

activity was defined as an increase of 0.01 absorbance units at 366 nm.

2.7. Defibrinating activity

Defibrinating activity was tested by the method of [28], with slight
modifications. Briefly, four Swiss mice (18 - 20 g) were injected i. p. with increasing
dose of the enzyme, dissolved in 200 uL of saline: control animals received 200 ul of
saline. After one hour, animals were anesthetized with ether and bled by cardiac

puncture. Whole blood was placed in tubes and kept at 25 - 30 °C until clotting



occurred. The minimum defibrinating dose (MDD) was defined as the amount of venom

capable of making the plasma incoagulable.

2.8. Hemorrhagic activity

Hemorrhagic activity was determined by the method of [29]. Test solutions (30
1g) were intradermicaly injected into dorsal skin of mice. The skin was removed 3 hr

later and the diameters of the hemorrhagic spots were measured on the inside surfaces.

2.9. Estimation of fibrinogen concentration

The estimation of fibrinogen concentration was determined by injecting i.p. of
purified enzyme (2.0 pg/g body weight) dissolved in 200 pL of saline in groups of 5
mice. After one hour, the animals were anesthetized with ether and bled by cardiac
puncture in the anticoagulant presence (EDTA). The blood of the animals was mixed
and centrifuged 3,000 g for 10 min, the plasma was removed and the estimation of
fibrinogen was accomplished in analyzer compact instrument. Mice controls received
200 pL of saline.

2.10. Heat stability

Btho and fibrinogen dissolved in 50 mM Tris-HC! buffer, pH 8.0, were
incubated for 15 min at 0 - 70 °C and the remaining fibrinogenolytic activity was

determined as previously described.



2.11. Enzyme inhibitors

Inhibition of fibrinogenolytic activity was determined by incubating Btho (5 pg)
in 0.25 mL of 50 mM Tris-HCL, pH 8.0, for 15 min at room temperature (25°C)
containing one of the following inhibitors 5 mM EDTA, 5 mM aprotinin, 5 mM
benzamidine and 5 mM PB-mercaptoetanol. Proteolytic activity on fibrinogen was

determined as previously described.

3. Results

3.1. Isolation and characterization of Btha

Chromatography of the venom from B. moojeni on a DEAE Sephacel column
(Fig. 1A) resulted in the separation of seven protein fractions (Peaks D1-D7). The
proteins present in the D2 fraction showed substantial proteolytic activity. Further
chromatography of the D2 protein fractions on a Sephadex G-75 column (Fig. 1B)
resulted in the elution of three main peaks of proteins. Peak D2G2 from this
fractionation, was applied to a heparin-Agarose Column (Fig. 1C). The adsorbed
fractions (denoted Btha) showed proteolytic activity towards azocasein. Btha also
showed fibrinogenolytic and fibrinolytic activities; no blood-clotting, phospholipase Az
and hemorrhagic activities were detected

A summary of the purification procedure is shown in table 1. Considering the
proteolytic activity on azocasein the Btha was purified 1.08-fold. Btha represented
8.7% (w/w) of the initial desiccated venom. Electrophoretic (SDS-PAGE) analysis (Fig.
2) under denaturing and reducing conditions indicated that the Btho enzyme present in

the gel affinity chromatography adsorbed eluate (Fig. 1C) was highly purified, and had



1 molecular mass of about 24.5 kDa. Mass spectrometry analysis of Btho indicated a
mass of 23.095 Da (data not shown).

The partial amino acid sequence of Bthoo was determined by automated
sequencing of peptides produced by digestion of the S-pyridyl-ethylated protein with
trypsin is shown in Fig. 3. This sequence exhibited 72% of similarities with
metalloproteinase isolated from B. leucurus and hemorragic factor Il of L. muta snake
venoms: 77% of similarities with the fragment of metalloproteinase isolated from B.
jararacussu venom [30] and Type 1 metalloproteinase of venom of B. asper (Arce V.,
Azofeifa G., Flores M., Alape A.; http://ca.expasy.org/uniprot/Q072L5). Furthermore,
Btho shows significant similarities with several others metalloproteinases according to

data bank SWISS-PROTEIN Program FASTA 3.

3.2. Proteolytic activity

Table 1 shows values obtained for proteolytic activity upon azocasein at pH 8.0.
Btha showed proteolytic activity towards azocasein, with a specific activity of 192.3
units/mg of protein compared to 178.1 units/mg of protein for the crude venom.

Btho was active against bovine fibrinogen and caused a rapid degradation of the
Aa, and Bp-chain of this substrate within 10 min as demonstrated by the electrophoretic
profile of the reaction mixture (Fig. 4A). While the concentration of higher molecular
mass protein decreased with increasing digestion time the concentration of lower
molecular mass products increased substantially. The action of Btha on the fibrin

showed to be less effective than on the fibrinogen. Btha digested the B-chain, while the

a- and y-dimer were not affected within the time tested (Fig. 4B).
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3.3. Defibrinating activity

Btho caused defibrinogenation when administered i. p. to mice, making the
plasma uncoagulable. The fibrinogen levels reduced to zero after 1 hour of the injection
(MDD = 2.0 ug/g body weight), while control animals presented 270 mg of fibrinogen

per dL of plasma. The normal fibrinogen levels were only reestablished after 24 hours.

3.4. Effect of protease inhibitors

Figure 5 shows the effects of several inhibitors on the fibrinogenolytic activity of
Btho.. Incubation of the purified enzyme for 15 min at 37 °C with EDTA (5§ mM), a
metal chelating agent, completely abolished its fibrinogenolytic activity, indicating that
Btha is a metallo-type proteinase. The fibrinogenolytic activity of the enzyme was also
abolished by B-mercaptoethanol (5 mM), however, benzamidine and aprotinin (5 mM)

had little or no effect.

3.5. Heat stability

As shown in Fig. 6, Btha enzyme exhibited its maximum fibrinogenolytic activity
in the temperature range from 20 to 50°C. Apparently, the activity on Bp-chain of
fibrinogen was totally lost at temperature range from 0 to 10 °C and 60 to 70 °C. At
those temperatures, Btha partially digested the Ada-chain of fibrinogen. The optimal pH
for the fibrinogenolytic activity of Btha was 8.0. However, the enzyme was active at the

pH ranges of 4-10 (data not shown).
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4. Discussion

Proteinases from venomous snakes are of a medical interest since they are
responsible for many local and systemic affects of envenomation by snake bites. The
isolation of a metalloproteinase from B. moojeni (moojeni protease A) was reported by
[31]. who showed that this venom contained significant amounts of basic proteins, the
coagulant enzyme batroxobin [32], three serine proteinases (MSP1 and MSP2 [33] and
MOO3 [34]) and one metalloproteinase (MPB) [35]. BM-PLA2, and acid phospholipase
A2 [36] and two myotoxins of low mol. weight were isolated from B. moojeni [37), [38]
and [39].

In this work, a new metalloproteinase, Btha, from the venom of B. moojeni was
purified by a combination of gel ion-exchange (DEAE Sephacel), gel filtration
(Sephadex G-75) and affinity (Heparin-agarose) chromatographies. The molecular mass
of Btha by SDS-PAGE (24.5 kDa) and mass spectrometry analysis (23.095 kDa) was
similar to the 27 and 22.5 kDa reported for MOO?3 and protease A moojent, respectively
[34] and [31] and to the 23, 24 and 28 kDa metalloproteinases detected in B. afrox [40],
B. asper [41] and B. lanceolatus [8] venoms, respectively. In agreement with MSP2,
protease A moojeni and MOO3, Btho gave a single band in the absence or presence of
B-mercaptoethanol, as also reported for other low molecular mass hemorrhagic factors
[42].

The partial amino acid sequence of Btha deduced from tryptic peptides is shown
in Fig. 3 where it exhibits significant similarities with other metalloproteinases reported
from snake venoms, suggesting the Btha is a metalloproteinase too. The tryptic peptides

of Btho which were sequenced could be aligned with approximately 80% of the

sequences of other snake venom metalloproteinases.
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Btho didn't present hemorrhage on mouse back skin when 30 micrograms of enzyme
was intradermicaly injected (data not shown). Based on their domain structure, snake
venom metalloproteases (SVMPs) have been classified into four classes. P-I to P-1V
[43]. Metalloproteinases of P-I class consist only of the proteinase domain, class P-11
consist of proteinase domain and disintegrin-like domain and class P-TII have a third,
cysteine-rich domain. Class P-IV SVMPs possess, in addition to class P-1I1 domains,
disulfide-attached  lectin-like domains. Sub-class P-1A proteins  display high
hemorrhagic activity, while those in class P-1B display little or no activity and include
Neuwidase from B. neuwiedi venom [14] and MOO3 from B. moojeni venom [34]. Our
results suggest that Btha belongs to class P1-B.

Btho showed proteolytic activity towards azocasein, with a specific activity of
192.3 units/mg of protein. Considering this activity Btho was purified 1.08-fold. The
enzyme represents 8.7% of the total venom proteins. The yield of Btha was larger than
those reported for other fibrinogenolytic enzymes purified by same venom. The yield of
MSP1, MSP2 and MOO3 were 0.51, 1.1 and 1.42%, respectively. Apparently, Btha
showed very low specific activity when compared with the crude venom. This fact can
be explained because Btha isn't the only enzyme with proteolytic action from the
venom of B. moojeni. Indeed, practically all the fractions obtained by DEAE Sephacel
(Fig. 1A) and Sephadex G-75 (Fig. 1B) column chromatography were capable of
hydrolyzing the azocasein (data not shown)

Like other fibrinogenases from the venoms of B. moojeni (MSP1 and MSP2 33]
and MPB [35]) Btho, preferentially hydrolysis the Aca-chain accompanied by
hydrolysis of Bp-chain of fibrinogen. These proteinases differ from Btho because they
digested the y-chain, which is not common to many venom proteinases. The fibrin clot

was more resistant to hydrolysis by Btha than fibrinogen. Only the B-chain was
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digested, while the a-chain and y-dimer of fibrin were not affected (Fig. 4B). These
results can be explained because fibrinogen contains long stretches of amino acids
which are exposed to proteolytic enzymes. Fibrin. however. has a cross-linked structure
and is much less susceptible to proteolysis [44].

The partial primary structure of Btha and the effect of metal chelation (EDTA)
on its fibrinogenolytic activity confirmed that Btha is a metalloproteinase. The
sequence analysis ‘ndicated that enzyme has six cysteine residues that can be involved
in forming three disulfide bonds. Indeed, the internal disulfide bonds were also found to
be critical for the activity or structural integrity of Btha, since incubation with 5 mM p-
mercaptoethanol resulted in inhibition of fibrinogen hydrolysis by Btha. Aprotinin and
benzamidine showed no inhibition of enzymatic activity. In common with most
proteinases isolated from snake venoms [45], [46] and [11] the enzyme Btho was not
stable at high temperatures (Fig. 6) and it shows an optimum pH around of 4 - 10 (data
not shown).

In vivo Btha acts as a benign defibrinogenating agent to remove fibrinogen from
the blood. Within minutes of administration of the enzyme there was a depression in the
fibrinogen concentration in plasma and within an hour the fibrinogen levels were
reduced to zero and the plasma remain uncoagulable up to 24 hours. This result suggests
the potential use of the Btha as an anticoagulant and antithrombotic agent. The
suggestion that anticoagulation could be achieved by totally removing plasma
fibrinogen from the circulation by means of a snake venom fibrino(geno)lytic enzymes
was first made in 1968 [47]. Studies of the mechanism of action of the
fibrino(geno)lytic enzymes has revealed that they cause a fast and efficient
anticoagulant and antithrombotic activity, in other words, they undo the formed fibrin

clot when there is dysfunction of the hacmostatic system. For that reason, these
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enzymes have been of great interest to the medical clinic, especially those with a high
degree of purity and devoid of other pharmacological effects.

The action of proteinases that may interfere with coagulation and the
fibrino(geno)lytic system following envenomation by Bothrops snake bites has been
reported [48]. A number of these proteins have been used clinically as anticoagulants or
in preclinical research to investigate their possible therapeutic potential [49]. [50] and
[51]. Therefore, the fibrino(geno)lytic metalloproteinase Btha stands out as a promising
tool for its importance as an anticoagulant and thrombolytic enzyme and for a better
understanding of the action mechanism of Borhrops venoms.

In conclusion, we have purified a metalloproteinase, Btha, with azocaseinolytic,
fibrino(geno)lytic and defibrinating activities, from B. moojeni venom. The properties
of Btha indicate that this protein probably belongs to class P1-B of SVMPs. This
finding suggests that this toxin could interfere with the coagulation cascade following

envenoming.
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LEGENDS TO FIGURES

Figure 1. Purification of Btha from Bothrops moojeni venon. (A) Separation on DEAE
Sephacel: crude venom (200 mg) was applied to column (1.7 x 15 cm) and elution was
carried out at a flow rate of 20 mL/hr with convex ammonium bicarbonate gradients
buffer, pH 7.8, from 50 mM to 0.45 M. (B) Separation on Sephadex G-75: the active
fraction (D2) was applied to a column (1.0 x 100 cm) and elution with 50mM
ammonium bicarbonate buffer at pH 7.8 was achieved at a flow rate of 20 mL/hr. (C)
Separation on Heparin-Agarose: the fraction concentrate (D2G2) was applied to a
column (1 x 10 cm) and elution was carried out at a flow rate of 40 mL/hr with 10 mM
M Tris-HCI buffer containing 1.0 M NaCl at pH 7.0. Fractions pooled are indicated by

the closed circle.

Figure 2: Molecular mass estimation using SDS PAGE electrophoresis in 14 % (W/V)
polyacrylamide, Tris-glicine buffer, pH 8.3, and 20 mA. Lane 1 - standard proteins, 2 -
reduced crude B. moojeni venom, 3 - reduced Btha. The gel was stained with coomassie

blue R - 250.

Figure 3: Comparison of the sequences of Btho from B. moojeni venom and other
metalloproteinases Cysteine residues are in red. MS: Molecular Masses. REF show the

number of the sequence deposited in the data base Swiss-Prot/Trembl.

Figure 4. Proteolysis of (A) bovine fibrinogen and (B) fibrin by the Btha. enzyme. Lane

1: control incubated without enzyme for 60 min; 2 - 6: control incubated with enzyme

for 5, 10, 15, 30 and 60 min, respectively.
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Figure 5. Proteolysis of bovine fibrinogen by the Btho enzyme and effect of inhibitors.
Lane 1: control fibrinogen incubated without enzyme for 60 min; 2 - 5: fibrinogen after
incubation with Bthoo and 5 mM B-mercaptoethanol . 5 mM EDTA, 5 mM aprotinin

and 5 mM benzamidine for 60 min, respectively.

Figure 6. Effect of the temperature on the stability of the Btho enzyme. Lane 1: control

fibrinogen incubated without enzyme for 15 min: 2 - 9: control fibrinogen incubated

with enzyme for 15 min at 0, 10, 20, 30, 40, 50, 60 and 70 °C, respectively.

Tablel. Summary of the purification steps of the Btha enzyme from Bothrops moojeni.
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Guide for Authors

1. Aims and Scope

Bioorganic Chemistry publishes accounts of research that are at the
interface of chemistry and biology. The guiding principle that the Editorial Board will
follow in accepting manuscripts for publication is that the research either uses the
principles and techniques of organic and physical organic chemistry in attempting
to solve some problem of relevance to biology or describes chemical studies that
are inspired by some biological observation. Within this context, manuscripts
suitable for submission are ones that deal with such topics as enzymology, enzyme
models, biosynthesis and combinatorial biosynthesis, biomimetic synthesis,
molecular recognition, protein and peptide chemistry, nucleic acid chemistry
(including ribozymes and antisense strategies), immunology (including catalytic
antibodies), biosensors, the design and synthesis of therapeutics, proteomics, and
genomics. In addition, the theoretical treatment of any of these topics is
appropriate, as is the application of biophysical techniques to advance our
understanding of one of these topics. Although the journal will be devoted primarily
to the publication of Regular Articles, Preliminary Communications, Reviews, and
Minireviews will also be published. A Correspondence section may appear
periodically as warranted. Regular Articles must feature novel, previously
unpublished material or represent full accounts of findings published earlier in
preliminary form. Preliminary Communications will receive accelerated publication
and should escribe particularly novel and significant new findings. They should be
ccompanied by a brief abstract and should not exceed 5 printed pages in length
(approximately 3000 words), including references, tables, and figures.
Minireviews and Reviews may embrace the results of various workers in a given
area or may feature recent developments from the author's own laboratory. A
review that is distinguished by a novel interpretation or representation of earlier
findings is especially suitable.

The Editor

welcomes inquiries concerning the suitability of a particular topic for a review
article.

Letters to the Editor offering interpretations of data that are different from those
published by other authors will be entertained and, along with the original authors'
rebuttal, will be considered for inclusion in the Correspondence section. It is hoped
that this section will offer a forum where points of contention concerning various
topics of interest to the field of bioorganic chemistry can be discussed in print.
From time to time this section will also include announcements and summaries of
meetings that are of interest to bioorganic chemists.

2. Submission of Manuscripts

2.1. General

Manuscripts must be written in good English and should be accompanied by a
letter outlining the basic findings of the paper and their significance as well as the



names and addresses (postal and e-mail) of 4-6 potential reviewers. It is essential
to give a fax number and e-mail address for the corresponding author when
submitting a manuscript. Submission of an article implies that the work described
has not been published previously (except in the form of an abstract or as part of a
published lecture or academic thesis), that it is not under consideration for
publication elsewhere, that its publication is approved by all authors and tacitly or
explicitly by the responsible authorities where the work was carried out, and that,

if accepted, it will not be published elsewhere in the same form, in English or in any
other language, without the written consent of the Publisher. Upon acceptance of
an article, authors will be asked to transfer copyright (for more information on
copyright, see http://authors.elsevier.com). This transfer will ensure the widest
possible dissemination of information. An e-mail will be sent to the corresponding
author confirming receipt of the manuscript. A form facilitating transfer of copyright
will be provided. If excerpts from other copyrighted works are included, the
author(s) must obtain written permission from the copyright owners and credit the
source(s) in the article. Eisevier has preprinted forms for use by authors in these
cases. Please contact: Elsevier Global Rights Department, P.O. Box 800, Oxford
0OX5 1DX, UK; phone: (+44) 1865 843830, fax: (+44) 1865 853333, e-mail:
permissions@elsevier.com. Articles and any other material published in Bioorganic
Chemistry represent the opinions of the author(s) and should not be construed to
reflect the opinions of the Editor and the Publisher. There are no submission fees
or page charges for papers published in Bioorganic Chemistry.

2.2, Electronic submission

Authors are encouraged to submit their manuscripts online to the Bioorganic
Chemistry submission website at http://ees.elsevier.com/bioorg. This site will guide
authors step-by-step through the submission process. Authors can upload their
articles as LaTeX, Microsoft (MS) Word, or WordPerfect files. It is also possible to
submit an article in PostScript or Adobe Acrobat PDF format, but if the article is
accepted, the original source files will be needed (see section 2.3). If you submit a
word processing file, the system generates an Adobe Acrobat PDF version of the
article, which is used for the reviewing process. Authors, reviewers, and editors
send and receive all correspondence by e-mail and no paper correspondence is

necessary.

2.3. Conventional submission

If you are unable to submit your paper electronically, please contact the editorial
office prior to submission:

Bioorganic Chemistry

Editorial Office

525 B Street, Suite 1900

San Diego, CA 92101-4495, USA

Tel: (619) 699-6508

Fax: (619) 699-6700

E-mail: boc@elsevier.com



3. Electronic format requirements for accepted articles

3.1. General points

We accept most word-processing formats, but Word, WordPerfect, or LaTeX is
preferred. No changes to the accepted version are permissible without the explicit
approval of the Editor. If the paper is submitted by post, electronic files can be
stored on 3-inch diskette, ZIP disk, or CD (either MS-DOS or Macintosh).

3.2. Word processor documents

It is important that the file be saved in the native format of the word processor
used. The text should be in single-column format. Keep the layout of the text as
simple as possible. Most formatting codes will be removed and replaced on
processing the article. In particular, do not use the word processor's options to
justify text or to hyphenate words. However, do use bold face, italics, subscripts,
superscripts, etc. Do not embed "graphically designed" equations or tables, but
prepare these using the word processor's facility. When preparing tables, if you are
using a table grid, use only one grid for each individual table and not a grid for
each row. If no grid is used, use tabs, not spaces, to align columns. The electronic
text should be prepared in a way very similar to that of conventional manuscripts
(see also the Author Gateway's Quick guide at http:I/authors.elsevier.com). Do not
import the figures into the text file but, instead, indicate their approximate locations
directly in the electronic text and on the manuscript. See also the section on
preparation of electronic illustrations. To avoid unnecessary errors, you are
strongly advised to use the "spell checker" function of your word processor.

3.3. LaTeX documents

If the LaTeX file is suitable, proofs will be produced without rekeying the text. The
article should preferably be written using Elsevier's document class 'elsart’, or
alternatively the standard document class ‘article’. The Elsevier LaTeX package
(including detailed instructions for LaTeX preparation) can be obtained from the
Author Gateway's Quick guide at http://authors.elsevier.com. It consists of the files
elsart.cls (use this file if you are using LaTeX2e, the current version of LaTeX),
elsart.sty and elsart12.sty (use these two files if you are using LaTeX2.09, the
previous version of LaTeX), guidelines for users of elsart, a template file for quick
start, and the instruction booklet "Preparing Articles with LaTeX."

4. Preparation of Manuscripts

Manuscripts should be written in good English (American or British usage is
accepted but not a mixture of these). Use decimal points (not commas).
Manuscripts should be double-spaced throughout. Ensure that each new
paragraph is clearly indicated. Present tables and figure legends on separate
pages at the end of the manuscript. If possible, consult a recent issue of the journal
to become familiar with layout and conventions. Pages should be numbered
consecutively and organized as follows:

The Title Page (p. 1) should contain (in the order given):



1. the article title: Concise and informative. Avoid abbreviations and formulas
where possible

o authors' names and complete affiliations: Where the family name may be
ambiguous (e.g., a double name), please indicate this clearly. Present the authors'
affiliation addresses (where the actual work was done) below the names. Indicate
all affiliations with a lowercase superscript letter immediately after the author's
name and in front of the appropriate address. Provide the full postal address of
each affiliation, including the country name and, if available, the e-mail addresses
of each author. If an author has moved since the work described in the article was
done or was visiting at the time, a "present address" (or "permanent address") may
be indicated as a footnote to that author's name. The address at which the author
actually did the work must be retained as the main affiliation address. Superscript
Arabic numerals are used for such footnotes.

3. footnotes to the title.

4. the address for manuscript correspondence: The author who is willing to handle

correspondence at all stages of refereeing and publication, and also
postpublication, should be clearly indicated. Ensure that telephone and fax
numbers (with country and area code) are provided in addition to the e-mail
address and the complete postal address.

The Abstract (p. 2) must be a single paragraph that summarizes the main findings
of the paper in less than 150 words. After the abstract a list of up to 10 keywords
that will be useful for indexing or searching should be included. References should
be avoided, but if essential, they must be cited in full, without reference to the
reference list. Nonstandard or uncommon abbreviations should be avoided, but if
essential they must be defined at their first mention in the abstract itself. The
Introduction should be as concise as possible, without subheadings. State the
objectives of the work and provide an adequate background, avoiding a detailed
literature survey or a summary of the results. Materials and methods should be
sufficiently detailed to enable the experiments to be reproduced. Authors should
draw attention to any particular chemical or biological hazards that may be involved
in carrying out the experiments described. Any relevant safety precautions should
be described: if an accepted code of practice has been followed, a reference to the
relevant standards should be given and only relevant modifications should be
described. Results and Discussion may be combined if appropriate and may be
organized into subheadings. The Conclusion may be presented in a short section
that may stand alone or form a subsection of a Discussion or Results and

Discussion section.
Acknowledgments should be brief and placed before the references, in a separate

section, and not as a footnote on the ftitle page. This section should include
information on grants received. References to the literature should be cited by
number in square brackets in the text and listed in numerical order at the end. Use
the most recent edition of the Chemical Abstracts Service Source Index for
abbreviations of journal titles. Please note the following examples:

[1] S. Han, R.A. Moore, R. Viola, Biorg. Chem. 30 (2002) 81-94.

[2] P.R. Ortiz de Montellano, Cytochrome P450: Structure, Mechanism, and
Biochemistry,Plenum, New York, 1995.



[3] R.E. Dickerson, R. Timkovich, in: P.D. Boyer (Ed.), The Enzymes, Vol. Xl,
AcademicPress, New York, 1975, pp. 397-500.

References

[1] E.I Solomon, U.M. Sundaram and T.E. Machonkin, Chem. Rev. 96 (1996), pp. 2563—
2605.

[2] L.O. Martins, C.M. Soares, M.M. Pereira, M. Teixeira, T. Costa, G.H. Jones and A.O.
Henriques, J. Biol. Chem. 277 (2002), pp. 18849-18859. Full Text via CrossRef

[31 G. Alexandre and L.B. Zhulin, Trends Biotechnol. 18 (2000), pp. 41-42. Abstract | PDE
(193 K)

[4] F.M. Barrett In: K. Binnigton and A. Retnakaram, Editors, Physiology of the Insect
Epidermis, CISRO, East Melbourne, Australia (1991), pp. 194-196.

[5] S.C. Barton, H.-H. Kim, G. Binyamin, Y. Zhang and A. Heller, J. Am. Chem. Soc. 123
(2001), pp. 5802-5803. Full Text via CrossRef

[6] R.S. Freire, N. Duran and L.T. Kubota, Talanta 54 (2001), pp. 681-686. SummaryPlus |
Full Text + Links | PDF (85 K)

[7] H.P. Call and 1. Mucke, J. Biotechnol. 53 (1997), pp. 163-202. SummaryPlus | Full
Text + Links | PDF (655 K)

[8] M. Balakshin, C.-L. Chen, J.S. Gratzl, A.G. Kirkman and H. Jakob, J. Mol. Catal. B:
Enzyme 16 (2001), pp. 205-215. SummaryPlus | Full Text + Links | PDF (160 K)

[9] B.A. Kuznetsov, G.P. Shumakovich, O.V. Koroleva and A.l. Yaropolov, Biosens.
Bioelectron. 16 (2001), pp. 73-84. SummaryPlus | Full Text + Links | PDF (159 K)

Figure legends, tables, figures, and schemes. Present these, in this order, at the
end of the article. They are described in more detail below. If you are working with
LaTeX and have such features embedded in the text, these can be left, but such
embedding should not be done specifically for publishing purposes. Further, high-
resolution graphics files must be provided separately (see Preparation of
illustrations). Legends: Ensure that each illustration has a legend. Supply legends
separately at the end of the article, not attached to the figure. A legend should
comprise a brief title (not on the figure itself) and a description of the illustration.
Keep text in the illustrations themselves to a minimum but explain all symbols and
abbreviations used. Tables: Tables should be numbered consecutively with Arabic

numerals in order of



appearance in the text. Place footnotes to tables below the table body and indicate
them with superscript lowercase letters. Avoid vertical rules. Be sparing in the use
of tables and ensure that the data presented in tables do not duplicate results
described elsewhere in the article. Text graphics: Present incidental graphics not
suitable for mention as figures, plates, or schemes at the end of the article and
number them "Graphic 1," etc. Their precise position in the text can then be
defined similarly (both on the manuscript and in the file). Figures and schemes:
Figures and schemes should be numbered consecutively with Arabic numerals
according to their appearance in the main text. Any lettering (symbols, numbers,

etc.) on the illustration should be used in a consistent manner and be of consistent
size. Footnotes. Footnotes should be designated in text by superscript numbers
and listed on a separate page, starting with the title; in tables they should be noted
by superscript letters and placed at the bottom of the page containing the table.

Instructions regarding GenBank/DNA Sequence Linking:

DNA sequences and GenBank Accesion numbers: Many Elsevier journals cite
"gene accession numbers” in their running text and footnotes. Gene accession
numbers refer to genes or DNA sequences about which further information can be
found in the database at the National Center for Biotechnical Information (NCBI) at
the National Library of Medicine. Elsevier authors wishing to enable other scientists
to use the accession numbers cited in their papers via links to these sources,
should type this information in the following manner: For each and every accession
number cited in an article, authors should type the accession number in bold,
underlined text. Letters in the accession number should always be capitalised.
(See Example 1 below). This combination of letters and format will enable
Eisevier's typesetters to recognize the relevant texts as accession numbers and
add the required link to GenBank's sequences. Example 1. "GenBank accession
nos. Al631510, Al631511, AIl632198, and BF223228), a B-cell tumor from a
chronic lymphatic leukemia (GenBank accession no. BE675048), and a T-cell
lymphoma (GenBank accession no. AA361117)".

Authors are encouraged to check accession numbers used very carefully. An error
in a letter or number can resuit in a dead link.

In the final version of the printed article, the accession number text will not appear
bold or underlined (see Example 2 below).

Example 2: "GenBank accession nos. Al631510, AI631511, Al632198, and
BF223228, a Bcell tumor from a chronic lymphatic leukemia (GenBank accession
no. BE675048), and a Tcell lymphoma (GenBank accession no. AA361117)".

In the final version of the electronic copy, the accession number text will be linked
to the appropriate source in the NCBI databases enabling readers to go directly to

that source from the article.

5. Preparation of lllustrations

5.1. General points

~Authors should provide all illustrations as separate electronic files
~Make sure to use uniform lettering and sizing of your original artwork.
_Save text in illustrations as "graphics" or enclose the font.



_Only use the following fonts within illustrations: Arial, Courier, Helvetica, Times,
Symbol.

~Number the illustrations according to their sequence in the text.

OUse a logical naming convention for your artwork files, and supply a separate
listing of the files and the software used.

_Provide legends to illustrations separately.

_Produce images near to the desired size of the printed version. A detailed guide
on electronic artwork is available on our Web site at
http://authors.elsevier.com/artwork. You are urged to visit this site; some excerpts
from the detailed information are given here.

5.2. Formats

Regardless of the application used, when your electronic artwork is finalized,
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: Color or grayscale photographs (halftones): Always use a minimum of 300
dpi. For color images always use RGB. TIFF: Bitmapped line drawings: Use a
minimum of 1000 dpi. TIFF: Combinations bitmapped line/halftone (color or
grayscale): 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 word processor (spreadsheet, presentation)
document.

_ Supply files that are optimized for screen use (such as GIF, BMP, PICT, WPG); the
resolution is too low. Supply files that are too low in resolution, Submit graphics
that are disproportionately large for the content.

5.3 Color illustrations

Colour in print - one piece of color art per article will be published free of charge. A
charge for any additional colour figures will be made. Further information
concerning color illustrations and costs is available from Author Support
(authorsupport@elsevier.ie) Colour on the Web - Any figure can appear free of
charge in colour in the web version of your article (e.g. on ScienceDirect),
regardless of whether or not this is reproduced in colour in the printed version.
Please note that if you do not opt for colour in print, you should submit relevant
figures in both colour (for the Web) and black and white (for print).

5. Proofs

One set of page proofs in PDF format will be sent by e-mail to the corresponding
author and should be returned with corrections as quickly as possible, normally
within 2 business days of receipt of the proofs. Should there be no corrections,
please confirm this. The Publisher reserves the right to proceed with publication if
corrections are not communicated. Elsevier will do everything possibie to publish
your article as quickly and accurately as possible. Authors should ensure that
corrections are returned in one communication and are complete, as subsequent
corrections will not be possible. Any amendments will be incorporated and the final




article will then be published as an Article in Press on ScienceDirect
(www.sciencedirect.com) Articles in Press take full advantage of the enhanced
ScienceDirect functionality, including the ability to be cited. This is possible due to
the innovative use of the DOI article identifier, which enables the citation of a paper
before volume, issue and page numbers are allocated. The Article in Press will be
removed once the paper has been assigned to an issue and the issue has been

compiled.

6. Reprints
Twenty-five reprints will be provided to the corresponding author free of charge.
Additional reprints may be ordered.

7. Further information

Visit Elsevier's Author Gateway at http://authors.elsevier.com for the facility to track
accepted articles and set up e-mail alerts to inform you of when an article’s status
has changed. The Author Gateway also provides detailed artwork guidelines,
copyright information, frequently asked questions, and more. All questions arising
after acceptance of a paper, especially those concerning proofs, should be directed
to:

Elsevier

Issue Management

Bioorganic Chemistry

525 B Street, Suite 1900

San Diego, CA 92101-4495, USA

E-mail: a.barajas@elsevier.com



