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RESUMO

Envenenamentos por serpentes das subfamilias Crotaiinae e Viperinae séo
caracterizados por um complexo quadro fisiopatolégico, em que a hemorragia €
freqgientemente observada. Neste trabaiho, purificamos e caracterizamos uma
proteina hemorragica (BlaH1} da peconha de Bothrops Ilanceolatus. A
hemorragina foi purificada utilizando-se uma combinacgéo de cromatografias de gel
filtracao, afinidade e interacao hidrofobica. Em SDS-PAGE, a enzima apresentou
uma massa molecular estimada em 28 kDa, tanto na auséncia quanto na presenca
de B-mercaptoetanol, indicando assim que a proteina nao possui subunidades. A
reacdo da BlaH1 com anticorpo foi confirmada pelos ensaios de imunobloting,
ELISA, imunoeletroforese e imunodifusdo, onde o antisoro botrépico comercial foi
capaz de reconhecer a proteina hemorragica. BlaH1 possui atividade hemorragica
e caseinolitica. O uso do agente quelante EDTA inibiu as atividades hemorragica e
caseinolitica, sugerindo que a hemorragina € uma metaloproteinase. O pH otimo
da enzima foi de 8,0 e a temperatura étima entre 30-40°C. Esses resultados
mosiram que a hemorragina isolada da peconha de B. janceolatus apresenta

propriedades semelhantes a outras hemorraginas isoladas de pecgonhas ofidicas.
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ABSTRACT

Bothrops snake venoms contain metalloproteinases that contribute to the local
effects seen after envenoming. In this work, a hemorrhagic metalloproteinase
(BlaH1) was purified from the venom of the snake Bothrops lanceolatus by a
combination of gel filtration, affinity (metal chelating) and hydrophobic interaction
chromatographies. The hemorrhagin was homogeneous by SDS-PAGE and had a
moiecular mass of 28 kDa that was unaltered by treatment with f-mercaptoethanol.
BlaH1 gave a single band in immuncodiffusion, immunoeiectrophoresis and
immunoblotting using commercial bothropic antivenom. This reactivity was
confirmed by ELISA. BlaH1 had hemorrhagic, caseinolytic, fibrinogenolytic,
coliagenolytic and elastinolytic activities, but no phospholipase A activity. The
hemorrhagic and caseinolytic activities were inhibited by EDTA, indicating that they
were metal ion-dependent. In contrast, aprotinin, benzamidine and PMSF did not
affect these activities. The caseinolytic activity of BlaH1 had a pH optimum of 8.0
and was stable in solution at up to 40°C; activity was completely lost at >70°C. The
hemorrhagic activity was neutralized by commercial bothropic antivenom. These
properties suggest that this new hemorrhagin belongs to class P-i snake venom

metalloproteinases.

xxii
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1. INTRODUGAO

1.1. ACIDENTES POR SERPENTES PECONHENTAS

Ha varias razbes para respeitarmos as serpentes; sendo a maior delas,
proveniente do poder do seu veneno. A picada fatal de algumas espécies
venenosas € conhecida por diversas civilizacdes antigas e as propriedades dos
seus venenos determinam a vida, a morte e a doenga da vitima. Apesar do
aspecto ameagador, 0s venenos das serpentes representam atualmente, fonte de
medicamentos empregados como agentes terapéuticos para o tratamento de
varias patologias. A utillizacdo do veneno de Bothrops jararaca conduziu a
descoberta, em 1965, por Ferreira e Rocha e Silva, de um fator potenciador de
bradicinina (BPF), utilizado como modelo para a sintese do Captopril®, nome
comercial de um medicamento empregado no combate a hipertensao.

Animais peconhentos s&o aqueles capazes de causar dano as suas vitimas
através da inoculac@o de seu veneno. Eles utilizam essa capacidade como defesa
ou para capturar suas presas (JORGE e RIBEIRO, 1890,1881).

Na Terra existem aproximadamente duas mil espécies de serpentes, sendo
que apenas 300 s3o conhecidas como venenosas (VARANDA e GIANNINI, 1994).
As serpentes s&o usualmente denominadas de venenosas, quando providas de
eficiente aparelho inoculador e ainda, quando apresentam importancia médica por
produzirem acidentes ofidicos de grande freqiiéncia e gravidade. As espécies de

serpentes venenosas estao taxonomicamente divididas em cinco familias:

24



fmfrmrdi im e
FOULT A LA L Ll

Elapidae, Hydrophidae, Afractaspididae, Colubridae e Viperidae, esta uitima
familia dividindo-se em duas subfamilias mais importantes: Viperinae e Crotalinae
(WUSTER, GOLAY, WARRELL, 1997). A classificacao das familias de serpentes
ainda & controversa, Kochva, 1887 e Mehrtens, 1987 Cclassificam
taxonomicamente as serpentes venenosas em quatro familias, Elapidae,
Hydrophidae, Colubridae e Viperidae.

A distribuicdo da familia Elapidae é ampla, podendo ser encontrada na
Africa, na Asia, na Austrdlia e nas Américas. No Brasil, o UGnico género
representante desta familia € o Micrurus, cujas espécies sdo popularmente
conhecidas como cobras corais. Os venenos da Elapidae contém potentes
neurotoxinas, enzimas muito toxicas em experimentos in vifro. Caracteristicas
importantes destes venenos sao elevada toxicidade e auséncia ou baixa atividade
proteclitica sobre substratos.

Os venenos da familia Hydrophidae, ou serpentes marinhas, contém
neurotoxinas, que estao incluidas entre as substancias mais toxicas do mundo.
Sao mais numerosas que as terrestres, sendo mais comuns nas regidoes tropicais
e subtropicais entre os oceanos indico e Pacifico (VARANDA e GIANNINI, 1994).

Os membros da familia Atractaspididae s&c denominados cobras de duas
cabegas por n&o apresentarem cauda pontiaguda. Estas espécies estao
distribuidas pela Africa central, atingindo o sui da Africa e o norte de Israel (MEIER
e STOCKER, 1995).

A famiiia Colubridae constitui uma das maiocres familias de serpentes,

iipicas de todos os continentes, exceto da Antartica. A maiorias das colubrides &

25
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inofensiva, pois nao possui aparetho inoculador eficiente e pouco € conhecido
sobre seus venenos. Todavia, trabalhos experimentais em animais mostram que o
veneno de Phylodrias possui atividades hemorragica, edematogénica,
fibrinogenolitica e fibrinolitica (VARANDA e GIANNINI, 1994).

Os membros da familia Viperidae séo encontrados na Asia, Europa, Africa e
Américas, sendo que as serpentes pertencentes a subfamilia Viperinae
encontram-se principaimente em todo territério do velho mundo, enquanto que as
espécies da subfamilia Crotalinae, vivem no novo mundo e também com
representantes na Africa (géneros Trimeresurus e Agkistrodon) (VARANDA e
GIANNINI, 1994; VITAL BRAZIL, 1982). As peconhas das Viperidae caracterizam-
se por: 1) induzirem estado de choque, 2) exercerem intensa atividade proteolitica;
3) coagularem o plasma sanguineo; 4) produzirem hemorragias; 5) liberarem
bradicinina; 8) causarem locaimente volumoso edema hemorréagico e necrose; 7)
ndo produzirem efeitos neurotéxicos, como a pegonha das Elapidae e
Hydrophidae (VITAL BRAZIL, 1982). No entanto, venenos botrOpicos sac capazes
de induzirem efeitos neurotdxicos em animais de experimentacdc (OSHIMA-
FRANCO, 2002; RODRIGUES-SIMIONI, 1983).

Dentro da subfamilia Crotalinae, os géneros Bothrops, Crotalus e Lachesis
sdo particularmente importantes para o continente americano, uma vez gue essas
serpentes sdo abundantes nas Américas do Norte, Central e do Sul (VARANDA e

GIANNINI, 1994).
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O indice de acidentes ofidicos humanos no mundo é de cinco milhdes de
casos por ano, com cerca de 50 mil ébitos (CHIPPAUX; GOYFFON, 1998),
enquanio que no territdrio brasileiro a incidéncia destes acidentes atinge cerca de
20.000 casos por ano, com 0,4% de indice de letalidade (Ministério da Salde,
1998; ARAUJO et al., 2003).

No Brasil, as serpentes do género Bothrops (subfamilia Crotalinae, familia
Viperidae) sao responsaveis por cerca de 90,5% dos acidentes ofidicos,
constituindo um problema de satlde publica, dadas a incidéncia, a gravidade e as
sequelas deixadas nos doentes (Ministério da Saulde, 1998). Os demais géneros
apresentam as seguintes porcentagens: 7,7% Crotfalus (familia Viperidae), 1,4%
Lachesis (Familia Viperidae) e 0,4% Micrurus (familia Elapidae) (ARAUJO et al.,
2003).

A principal ferramenta empregada no tratamento de acidentes ofidicos é a
soroterapia, introduzida por Calmette, em 1894, e embora o emprego da
soroterapia seja eficaz no tratamento das alteragbes sistémicas decorrentes do
envenenamento ofidico, os efeitos locais induzidos por venenos de serpentes sio
dificeis de serem neutralizados pelos antivenenos especificos (GUTIERREZ et al.
1981, 1985; LOMONTE et al., 1987). Tal fato pode estar relacionado ao rapido
desenvolvimento dos efeitos locais, enguanto os efeitos sistémicos evoluem mais

lentamente (GUTIERREZ, ROJAS, CERDAS, 1987).
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1.2. COMPOSICAO DAS PECONHAS OFIDICAS

Os venenos ofidicos sao complexos, sendo compostos por urma mistura de
proteinas, bem como de outras substancias néo protéicas de natureza organica ou
inorganica. Os constituintes organicos sao classificados em aminoacidos livres e
peptideos, nucleotideos, carboidratos, lipideos e aminas biogénicas, enquanto os
inorganicos sdo representados por ions, incluindo Ca™, Cu®, Fe™, K', Mg™, Na",
P, Co™ e Zn™ (BIEBER, 1979). Embora a fung¢ao biolégica dos componentes
inorganicos nao esteja totalmente compreendida, acredita-se que alguns metais
estejam relacionados com a estabilidade de certas proteinas (neutralizando suas
cargas), enguanto outros, como © Zn**, Co**, Fe* e Cu” sejam indispensaveis ac
processo catalitico de componentes enzimaticos, como as metfaloproteinases.
Esses ions metalicos encontram-se firmemente ligados a proteinas e podem servir
como cofatores (grupo prostético) para suas fungdes. Este parece ser o caso de
certas enzimas proteoliticas e algumas proteinas hemorragicas (BJARNASON e
FOX, 1994).

As proteinas correspondem cerca de 90% do peso seco do veneno e
possuem grande importancia fisiopatolégica, podendo ou nao apresentar acdes
enzimaticas importantes. Os constituintes protéicos mais comumente encontrados
sdo: enzimas  (fosfolipases, fosfodiesterases, L-aminoacide oxidase,
acetilcolinesterase, enzimas proteoliticas, entre outras), cardiotoxinas e citotoxinas

(VARANDA e GIANNINI, 1994).
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As principais substancias protéicas dos venenos podem ser divididas em
neurctoxinas, miotoxinas, fatores que atuam sobre o sistema de coagulagdo
sanglinea, hemorraginas e enzimas com pouca ou nenhuma toxicidade direta,
como as fosfodiesterases, acetilcolinesterases, L-aminoacido oxidase e 5'-

nucieotidases (CHIAPPAUX e GOYFFON, 1998).

1.2.1. Neurotoxinas (NTXs)

Os efeitos neurotéxicos (hipotonia muscular, paralisia flacida de musculos
da face, pescogo, membros, tronco, laringe e respiragéo) produzidos pelas
peconhas ofidicas, especialmente serpentes elapidicas, sdo devidos & acéoc na
juncéo neuromuscular de constituintes, denominados neurotoxinas (NTXs) (revisto
por VITAL BRAZIL, 1982; MEIER e STOCKER, 1995). As NTXs ofidicas dividem-
se, quanto ao modo de agdo, em dois grupos:

» NTXs pos-sinapticas
s NTXs pré-sinapticas

As NTXs poés-sinapticas ligam-se aos receptores nervosos motores
colinergicos da placa terminal, sem promover despolarizacéo da membrana dessa
regido da fibra muscular. Atuam de modo semelhante ao curare, blogueando a
interagé@o entre acetilcolina liberada da membrana pré-sinaptica e a subunidade o
do receptor nicotinicc presente nas jungBes neuromusculares. Como
conseqiéncia desta acdo, estas toxinas podem promover parada muscular e

faléncia respiratdria por paralisia flacida do diafragma.
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As NTXs pré-sinapticas atuam nas terminagdes nervosas motoras inibindo
a liberacdo do neurotransmissor acetilcolina na fenda neuromuscular pelos
impulsos nervosos, podendo ocasionar morte e parada respiratéria. Todas as
NTXs pré-sinapticas exercem atividade fosfolipasica A e representam o0s
constituintes mais t6xicos encontrados nos venenos ofidicos (revisto por VITAL

BRAZIL, 1982; MEIER e STOCKER, 1995).

1.2.2. Miotoxinas

As miotoxinas atuam sobre as fibras musculares causando mionecrose,
uma conseqiéncia comum dos envenenamentos por espécies botrdpicas
(BOLANOS, 1982; MEBS e OWNBY, 1990). Existem pelo menos dois diferentes
mecanismos pelos quais, os venenos botropicos afetam as células musculares: a)
diretamente, pela acao de miotoxinas que provavelmente afetam a integridade da
membrana plasmatica da célula muscular esquelética; b) indiretamente, a necrose
das fibras musculares, ocorre através de uma condicao isquémica produzida pela
faléncia na microcirculacao secundariamente a uma lesao vascular e hemorragia

(GUTIERREZ et al., 1984; GUTIERREZ e LOMONTE, 1989).

1.2.3. Fatores que atuam sobre o sistema de coagulacao sangliinea
Markiand (1998), classificou os fatores que interferem com o sistema de
coagulacdo sangliinea em: procoagulanies (ativadores de fator X, protrombina e

fibrincgénio); anticoagulantes (inibidores de trombina e ativaderes de proteina C);
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fibrinoliticos (fatores que degradam fibrinogénio e ativadores de plasminogénio) e

fatores ativos sobre plaquetas (indulores e inibidores da agregac¢ao plaguetaria).

1.2.4. Outras Enzimas

L

Fosfodiesterases: enzimas que hidrolizam ligacées envoivendo grupos de
fosfato (fosfomonoéster e fosfodiéster), atuam sobre acidos nucléicos. Sao
enzimas amplamente distribuidas entre os venenos das cinco familias de
serpentes venenosas.

Acetilcolinesterases: enzimas presentes nos venenos Elapidae e
Hidrophidae e ausentes em Viperidae; atuam hidrolizando acetilcoling,
podendo causar paralisia muscular.

L-aminoacido oxidase: enzima n&o hidrolitica, com propriedade de
converter aminoacidos livres em o-cetoacido. Esta enzima tem um papel
importante na agrega¢ao de plaquetas, contribuindo assim na extensao do
sangramento.

Fosfolipases: hidrolisam fosfatidilcolina dos fosfolipideos das membranas
celulares, resultando em lesdo da membrana, causando varios efeitos
farmacologicos e fisiopatoldgicos, caracterizados por mionecrose,
neurotoxicidade e inflamacao (VARANDA e GIANNINI, 1994; SHARMA e

TAYLOR, 1987).
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1.2.5. Hemorraginas / Metaloproteinases de venenos de serpentes (SVMPs)

Um dos efeitos mais sérios envolvendo a picada de serpentes da familia
Viperidae &€ a hemorragia. As proteinas hemorragicas presentes nos venenos
ofidicos sdo denominadas hemorraginas (GROTTO et al, 1967) ou fatores
hemorragicos (MANDELBAUM et al., 1976). As hemorraginas atuam degradando
componentes da lamina basal e da matriz extracelular como colageno, elastina,
fibronectina e laminina, entre outros, clivando seletivamente ligacGes peptidicas
fundamentais para a organizagdo estruturalffuncional da matriz extracelular,
induzindo ao extravasamento de sangue dos capilares (GUTIERREZ e
RUCAVADO, 2000; BJARNASON et al., 1988; BARAMOVA et al.,, 1989, 1991;
MARUYAMA et al., 1993; RUCAVADO et al., 1995; OSAKA, 1979). Podem atuar
também sobre outros sistemas como a cascata de coagulagdo e agregacéo
ptaquetaria (BJARNASON e FOX, 1994; HATI et al., 1999; ANDREWS e
BERNDT, 2000; MATSUI et al., 2000).

As metaloproteinases de venenos de serpentes (SVMPs) sdo enzimas de
massas moleculares diferentes (20-100kDa), dependentes de zinco e
responsaveis pela hemorragia observada em envenenamentos viperideos
(BJARNASON e FOX, 1994; HATI et al., 1999; GUTIERREZ e RUCAVADC,
2000), estando envolvidas também na patogénese da lesdo local, como
mionecrose, danificagio da pele, edema e liberagdo de uma variedade de
mediadores inflamatorios (COSTA et al., 2002; CLISSA et al., 2001; GUTIERREZ
e RUCAVADO,2000; GUTIERREZ, 1895; RUCAVADO, 1 998). A figura 1 resume

as multipias funcbes desempenhadas pelas SVMPs na patogénese da lesao local.
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Fonte: Gutiérrez e Rucavado, 2000

Figura 1. Resumo das maltiplas fungbes que as SYMPs desempenham na

patcgénese da iesao local.
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A patogénese do efeito hemorragico iem sido estudada com varias
metaloproteinases hemorragicas, onde se refata que este efeito € induzido
principalmente pelo mecanismo per rhexis, em que células endoteliais dos
capilares sanglineos sdo afetadas rapidamente ap6s inje¢ao de metaloproteinas,
com o desenvolvimenio de aberturas ou lesfes através dos quais eritrocitos e
outros componentes do sangue escapam para o espago intersticial (OWNBY et al,,
1987, 1990, MOREIRA et al., 1994). Outro mecanismo de indugéo de hemorragia
foi relatado por metaloproteinases isoladas do veneno de Trimeresurus flavoviridis.
Neste caso, a hemorragia ocorre por diapedesis dos eritrocitos e extravasamento
do plasma através de aumento do espaco nas jungdes intercelulares das células
endoteliais, sugerindo que metaloproteinases induzem inflamacao local pela
liberacdo de mediadores inflamatérios (OHSAKA, 1979; LOMONTE, 1994).

As SVMPs também podem ativar metaloproteinas de matriz endégenas
(MMPs) pela clivagem de seu propeptideo e liberacao da forma ativa destas
enzimas. Visto que MMPs sao importantes na degradagéo e remodelamento da
matriz extracelular, ¢ aumento de sua expressdc promovido pela inflamacao
induzida por venencs pode contribuir para a lesaoc tecidual por promover
degradacdo da matriz extracelular (SHAPIRO, 1998). Um importante aumento na
expressdo de varias MMPs foi observado no tecido muscular e na pele apos
injecdo de metaloproteinase BaP1 do veneno de B. asper. Esta mesma
metaloproteinase, quando injetada por via inframuscular em camundongos, induz
a formacgao de bolhas, sugerindo que metaloproteinases podem clivar alguns

componentes fundamentais da jungdo dermai-epidermal, provaveimenie a
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integrina ogPs que forma o hemidesmossomo, a laminina ou algum outro

componente de ancoragem (RUCAVADO et al., 1998).

As metaloproteinases de venenos desempenham importante funcao na
complexa resposta inflamatéria induzida por envenenamentos ofidicos. Fatores
hemorragicos do veneno de B. jararaca liberam fator de necrose tumoral alfa
(TNF-a) do seu precursor, sugerindo que estes fatores podem promover o
processamento de uma variedade de mediadores inflamatérios das membranas
celulares (MOURA DA SILVA et al,, 1996).

Varios trabalhos demonstram que a injecdo inframuscular de
metaloproteinases hemorragicas pode promover mionecrose (GUTIERREZ et al.,
1995, RUCAVADO et al., 1995). Gutiérrez et al (1995) estudaram a acdo da
metaloproteinase BaH1 do veneno de B. asper, sugerindo que a lesdo muscular
ocorre secundariamente a isquemia desenvolvida na musculatura esqueiética
como uma conseqliéncia do sangramento.

Algumas metaloproteinases também afetam a fungio plaquetaria, através
de seu dominio disintegrina, e degradam fatores da coagulag&o sanglinea,
impedindo uma resposta hemostatica normal apés lesédc da microvasculatura (JIA
et al., 1997, KAMIGUTI et al., 1996). Peptideos contendo ¢ dominio disintegrina da
jararhagin foram purificados do veneno de B. jararaca e produziram inibicdo da
agregacao plaquetéria (USAMI et al,, 1994).

Baseadas na estrutura de seus dominios as SVMPs podem ser

classificadas em quatro grupos (Figura 2): 1) P-l: variam de 20 a 30 kDa e
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possuem apenas o dominio catalitico, 2) P-ii: variam de 35 a 50 kDa, além do
dominio catalitico possuem o dominio desintegrina, 3)P-Hli: variam de 50 a 80 kDa,
composto pelo dominio catalitico, tipo desintegrina e rico em cisteina, 4) P-IV:
variam de 80 a 100kDa , este grupo apresenta, além dos dominios anteriormente
descritos, um adicional tipo lectina (BJARNASCN E FOX, 1994; HITE et al., 1994;
JIA et al., 1996).

Varias metaloproteases hemorragicas ja foram caracterizadas dos venenos
botropicos, tais como B. asper (BORKOW et al., 1993; GUTIERREZ et al., 1995;
RUCAVADO et al,, 1995; FRANCESCHI et al., 2000), B. jararaca (MANDELBAUM
et al.,1982; QUEIROZ et al., 1985; ASSAKURA et al., 1986 TANIZAKI et al., 1989;
MARUYAMA et al., 1993; KAMIGUTI et al., 1996), B. moojeni (ASSAKURA et al_,
1985) e B. neuwiedi (MANDELBAUM et al., 1984), Bothrops atrox (PETRETSHI et
al., 2000) e também dos venenos de Lachesis muta muta (SANCHEZ et al., 1887,
1991), Trimeresurus purpureomaculatus (KHOW et al., 2002), Trimeresurus
flavoviridis (NIKAI et al., 2002), Vipera ammodytes ammodytes (LEONARDI et al.,

2001), Crotalus vegrands (AGUILAR et al., 2001).
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Figura 2. Representacdo esquematica da classificagio estrutural das
SVMPs. Pro- representa pré-dominio; Dis. e Dis” representam  dominios
disintegrina e tipo disintegrina respectivamente. Cys. e Lec. representam
dominios rico em cisteina e tipo lectina, respectivamente. Figura esquematizada
por Jia et al., 1986.
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1.3.

VENENOS BOTROPICOS

Os venenos de serpentes pertencentes as subfamilias Crotalinae e

Viperinae, além dos efeitos sistémicos ou letais, causam efeitos locais

caracterizados por edema, hemorragia € necrose, evidenciando um quadro

fisiopatolégico caracteristico (ROSENFELD, 1971, OWNBY, 1984, GUTIERREZ e

LOMONTE, 1989).

As peconhas do génerc Bothrops possuem venenos com acgbes

farmacolbgicas importantes: proteolitica, coagulante e hemorragica (Figura 3).

Acao Proteolitica: Causada por um grupo de substancias com atividade
enzimatica, agindo sobre diferentes substratos (ROSELFELD, 1971),
possuindo papel na necrose € no edema inflamatéric desenvolvidos na
regiao da picada (BRAZIL, 1911; JORGE e RIBEIRO, 1989; GUTIERREZ e
LOMONTE, 1989). Secundariamente, pode haver liberacdo de autacoides
enddgenos, principalmente histamina, bradicinina e serotonina, que
parecem estar relacionadas as manifestacbes sistémicas (hipotensao e
choque) e ao extravasamento de sangue dos capilares para o intersticio da

regido da picada.

Acdo Coagulante: E a propriedade que o venenc das serpentes dos
géneros Bothrops, Crotalus e Lachesis tem de transformar diretamente o

fibrinogénic em fibrina, devido a acdo de proteases que aiuam em ponios
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especificos da cascata da coagulacdo (NAHAS et al.,, 1979). Esia agdo &
conhecida por “acédo coagulante do tipo trombina” ou “thrombin-like”. Além
disso, a maioria dos venenos botrépicos tém agao sobre fibrinogénio, fator
X , protrombina e plaquetas da cascata da coagulacao sangiinea. A fracao
do veneno botrépico, que possui acio coagulante, atua de maneira
diferente da trombina fisioloégica, devido ao fato de ndo ser neutralizada
pela heparina. Ocorre ativacio da cascata de coagulagdo, cujo resultado
final sera o consumo de fibrinogénio com incoagulabifidade sangiiinea,
restaurada horas apds o fratamento adequado. Quando ocorre a ativagéo
do fator X, ha também consumo dos fatores V, Vil e plaguetas, levando a
producéo de quadro de coagulacdo intravascular disseminada, com
formacéo e deposicdo de microtrombos na rede vascular, o que poderia
contribuir para desencadear a insuficiéncia renal aguda. (NISHIDA et al,,

1994, BARRAVIEIRA e PEREIRA, 1994).

Agcao Hemorragica: O veneno das serpentes do génerc Bofhrops pode
causar hemorragia local ou sistémica a nivel dos pulmdes, cérebro e rins. A
acac hemorragica & causada por toxinas hemorragicas caracterizadas
como metaloproteinases (BJARNASON e FOX, 1984; KAMIGUTI, 1998).
Estas agem sobre vasos capilares, destruindo a iamina basal e a matriz
extracelular, levando a rupturas vasculares e ao extravasamento de sangue
dos capilares para o intersticic da regiao da picada (ROSENFELD, 1971;

GUTIERREZ et al., 1981; OSAKA, 1879; BARRAVIERA e PEREIRA, 1994).
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COAGULANTE HEMORRAGICA PROTEOLITICA

Acao coagulante do Agao das Enzimas
tipo trombina hemorraginas protecliticas
Desfibrinogenacao Lesédoc do endotélio
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Hemorragias Edema/hemorragia Necrose

Figura 3. Resumo das agbes exercidas pelos venenos botropicos

(Barraviera e Pereira, 1994).
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Uma das prncipais manifestacbes apresentadas pelos pacientes
acidentados por serpentes dc género Bothrops & a incoagulabilidade sangiinea,
relacionada com a deplecao do fibrinogénio, e a hemorragia, que normaimente se
restringe ao local da picada, podendo, entretanto ser sistémica, nos casos mais
graves (BARRAVIERA e PEREIRA, 1994). As manifestagbes e complicagbes mais
referidas como possiveis causas de 6bitos sao insuficiéncia renal, septicemia e
chogue (RIBEIRO et al., 1998). Os efeitos sistémicos podem ser observados
através das hemorragias a distancia como hematémese, hematuria, epistaxes e
gengivorragia. Ocorrem também manifestacbes locais como dor, edema, bolhas,
equimoses e necrose (BARRAVIERA e PEREIRA, 1994; Ministério da Saude,
1998).

O tratamento do acidente botrépico consiste em se internar o paciente,
coloca-io em repouso e na posicao de drenagem postural, para que ocorra a
remissao mais rapida do edema. Quando necessario, deve ser feito o tratamento
local das lesGes com banhos anti-septicos e quando houver infecgdo secundaria,
indica-se a terapia com antibidticos. Imunoprofilaxia contra o tétano deve ser
realizada e o soro antiofidico deve ser administrado o mais precocemente
possivel, em dose Unica, de preferéncia por via intravenosa, com ¢ objetivo de
neutralizar a pegconha antes que ela possa ter causado dano (BARRAVIERA e
PEREIRA, 1994).

No Brasil, das 69 espécies de serpenies venenosas catalogadas, 32
pertencem ac género Bothrops (HOGE e ROMANO HOGE, 1972). Trés espécies

endémicas s&o tambeém reconhecidas: Bofhrops insularis, na ilha da Queimada
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Grande (Brasil), Bothrops carabaeus (Antilhas) e Bothrops lanceolatus (ilha da

Martinica , Caribe) (WUSTER et al., 1997).

1.4. Bothrops lanceolatus

A Bothrops lanceolatus ou “Fer de lance”, (Figura 4) é uma serpente de
grande porte, que habita as regides Gmidas da ilha de Martinica no Caribe
(CAMPBELL e LAMAR, 1989), sendo responsavel por cerca de 20 acidentes por
ano (THOMAS et al., 1995, 1998). O veneno de Bothrops lanceolatus quando
comparado a algumas espécies de Bothrops brasileiras apresentou atividade
caseinolitica, fosfolipasica, esterasica e hemorragica (LOBO DE ARAUJO et al.,
1990).

O veneno desta serpente foi capaz de aumentar o tempo de tromboplastina
parcial ativada do plasma humano, e dele foi purificada uma fosfolipase A, acida
com atividade anticoagulante (LOBO DE ARAUJO, 1994). Ainda deste veneno foi
isolada uma enzima fibrino(geno)litica que degrada as cadeias o e B do
fibrinogénio (LOBO DE ARAUJO et al_, 1998).

As agbes coagulante e anti-coagulante do veneno de Bothrops fanceolatus
foram demonstradas quando se verificou que este veneno apresenta uma
atividade {hrombin-like sobre o fibrinogénio purificado e nao coagula o plasma
humano, indicando a presenca de uma acfo inibitdria sobre a cascata da

coagulacao. Estas observagSes sugerem que a proteina fibrino{geno)litica
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purificada pode atuar sinergicamente com a fosfolipase A; e aumentar a agéo
anti-coagulante do veneno (LOBO DE ARAUJO et al., 2001).

Foi comprovado também que o veneno de Bothrops lanceolatus produz
aumento da permeabilidade vascular e edema em patas de camundongos, sendo
este seguido por infiltrado leucocitario e mediado principalmente por metabdlitos
do acido araquidénico, via lipoxigenase (LOBO DE ARAUJQ et al, 2000).
Experimentos realizados em patas de ratos mostraram que este veneno produz
edema, acompanhado de hemorragia, e que este € afetado tanto pelo tratamento:
1) fisico (FARIA et al, 2001), sugerindo o envolvimento de componentes
termolabeis na inducdo do edema, ja que o aquecimento do veneno reduziu
significativamente a resposta edematogénica, 2) quimico (GUIMARAES et al.,
2004), onde o veneno tratado com EDTA também produziu uma reducio
significativa do edema.

Mais recentemente, (ARRUDA et al., 2003) demonstrou gue a migracao de
neutrofilos induzida pela B. fanceolatus na cavidade peritoneal de camundongos, é
mediada por produtos da 5-lipoxigenase, e gue macrofagos residentes sao
provavelmente a principal fonte de substancias guimiotaticas. Do veneno desta
serpente também foi isolada uma proteina caseinolitica capaz de induzir bloqueio
neuromuscuiar em preparagoes de biventer cervicis de pintainho e despolarizagao
do musculo diafragma de camundongos, com acéo exclusivamente pos-sinaptica

(LOBO DE ARAUJO et al., 2002).
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Muitos destes achados estdc de acordo com observagbes clinicas em
pacientes envenenados por esta espécie onde foram relatados edema, dor,
sangramento e alteragbes sistémicas como embolia pulmonar, enfartc do
miocardio e enfarte cerebral (THOMAS et al., 1995, 1998; BUCHER et al., 1997).
Ainda, o envenenamento por esta serpente pode ocasionar sintomas sistémicos
como trombocitopenia e coagulagdo intravascular disseminada. O tratamento
convencional dos acidentes é feito por terapia anticoagulante preventiva e
soroterapia especifica, o qual apresenta eficacia limitada na prevencado das
complicacdes locais. Ja as complicagdes trombéticas nao sao observadas quando
o antiveneno € administrado até seis horas apés a picada (THOMAS et al,
1995,1998).

Considerando gue as metaloproteinases de venenos de serpentes sao
importantes para o desenvolvimento dos efeitos locais e sistémicos decorrentes do
envenenamento ofidico, em que a hemorragia € freqglientemente observada, o
estudo destas enzimas hemorragicas pode ser muito importante para a
compreensao dos mecanismos envolvidos em processos fisioldgicos e patoldgicos
do envenenamento, além de constituir um relevante alvo para o desenvolvimento
de novos agentes terapéuticos. Assim, este trabalho tem a perspectiva de tornar-
se uma ferramenta para melhor entendimento do papel das proteinas
hemorragicas nos efeitos locais observados em acidenies botropicos,

especialmente envolvendo a Bothrops lanceolatus.
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Campbell e Lamar 1988

Fonte

Figura 4. Bothrops lanceolatus {Fer de lance)

45



2.0BJETIVOS

46



)
&
@
-
O
n

2. OBJETIVOS

identificacdo e purificagdo de uma proteina (hemorragina) presente na

peconha de Bothrops lanceolatus responsavel pelo efeito hemorragico.

Caracterizagdo quimica desta hemorragina pela determinagio da atividade

enzimatica sobre diferentes substratos.

Caracterizagao biolégica da hemorragina pela determinacdo da atividade

hemorragica.

Caracterizacao imunolégica através das interagdes antigeno-anticorpo.
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ABSTRACT

Bothrops snake venoms contfain metalioproteinases that contribute to the
local effects seen after envenoming. In this work, a hemorrhagic metalloproteinase
(BlaH1) was purified from the venom of the snake Bothrops lanceolatus by a
combination of gel filtration, affinity (metal chelating) and hydrophobic interaction
chromatographies. The hemorrhagin was homogeneous by SDS-PAGE and had a
molecular mass of 28 kDa that was unaltered by treatment with B-mercaptoethanol.
BlaH1 gave a single band in immunodiffusion, immunoelectrophoresis and
immunoblotting using commercial bothropic antivenom. This reactivity was
confirmed by ELISA. BlaH1 had hemorrhagic, caseinolytic, fibrinogenolytic,
collagenolytic and elastinolytic activities, but no phospholipase A, activity. The
hemorrhagic and caseinolytic activities were inhibited by EDTA, indicating that they
were metal ion-dependent. In contrast, aprotinin, benzamidine and PMSF did not
affect these activities. The caseinolytic activity of BlaH1 had a pH optimum of 8.0
and was stabie in solution at up to 40°C; activity was completely lost at >70°C.
The hemorrhagic activity was neutralized by commercial bothropic antivenom.
These properties suggest that this new hemorrhagin belongs to class P-I snake
venom metalloproteinases.

Footnote:

' Abbreviations: EDTA, ethylenediaminetetraacetic acid; PMSF,
phenylmethyisulphonyl fluoride; PVDF, polyvinylidene difluoride; SDS, sodium
dodecy! sulfate; SVMP, snake venom metalloproteinase; TAME, Na-p-tosyl-L-
arginine methyl ester; TEMED, N,N,N’ N'-tetramethylethylenediamine.
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1. introduction

Envenoming by Bothrops species is characterized by prominent local tissue
damage, inciuding edema, pain, hemorrhage and necrosis, and by systemic
disturbances such as coagulopathies, systemic hemorrhage and renal failure [1-4].
The local effects have a rapid onset after venom inocuiation and are mediated by
principally by (metalio)proteinases and phospholipase A; myotoxins in the venom
[1,5-9].

Local hemorrhage after envenomation is caused by snake venom
metailoproteinases (SVMPs) or hemorrhagins that require CaZ* or zZn?* for full
aclivity. SVMPs are enzymes of varying molecular mass (20-100 kDa) that
hydrolyze proteins of the basal lamina of microvessels to cause exiravasation of
fiuid and cells [10,11]. These enzymes are also involved in the pathogenesis of
local myonecrosis, skin damage, edema, and other reactions associated with
inflammation [9,12-14].

Based on their domain structure, SVMPs have been classified into four
classes, P-l to P-IV. Metalioproteinases of class P-l include proteins with molecular
masses of 20-30 kDa and contain only a proteinase domain. Class P-ll SVMPs
comprise proteins with molecular masses of 30-60 kDa that contain protease and
disintegrin-like domains. Class P-lil SVMPs include a cysteine-rich domain, in
addition to proteinase and disintegrin-iike domains, while class P-IV SVMPs
possess the class P-1li domains and disuifide-bonded, lectin-like domains {10,15].

Bothrops lanceolatus (Fer de lance), a venomous snake found only on the

island of Martinique in the Caribbean, is responsibie for about 20 envenomings per
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year. Envenoming by B. lanceolatus leads to swelling, pain, hemorrhage, and
systemic coagulopathy that can produce severe thrombosis [16-18]. In agreement
with this, the venom of this species causes edema and increases vascular
permeability in mouse [19] and rat [20,21] hind paws, and also induces neutrophil
migration into mouse peritoneal cavities [22]. In addition, B. /lanceolatus venom
clots purified fibrinogen, indicating the presence of a thrombin-like enzyme, but
also inhibits the coagulation cascade [23). Bothrops lanceolatus venom contains
caseinolytic, phospholipase, esterolytic and hemorrhagic activities [24], and an
acidic phospholipase A; and a fibrino(geno)lytic enzyme have isolated from this
venom [25-26]. In this report, we describe the purification and characterization of a

hemorrhagic metalloproteinase from B. fanceolatus venom.

2. Material and methods

2.1. Reagents

Acrylamide, ammonium persuifate, agarose, amidoschwartz, aprotinin,
benzamidine, bovine casein, bovine serum albumin, bromophenol blue, coliagen
{bovine Achilles tendon), elastin-Congo red, EDTA (sodium salt), fibrinogen, B-
mercaptoethanol, N,N’-methylene-bis-acrylamide, molecular weight markers for
electrophoresis, ninhydrin reagent, 4-nitro-3-{octanoyioxy)benzoic acid, PVDF
membrane, PMSF, rabbit anti-horse lgG-peroxidase conjugate, sodium dodecy!
sulphate (SDS), No-p-tosyl-L-arginine methyl ester (TAME), NNN N-
tetramethylethylenediame (TEMED), and Tween 20 were from Sigma Chemical

Co. (St. Louis, MO, USA). Glycine, Tris and all chromatographic media were from
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Amersham Biosciences (Piscataway, NJ, USA). West Pico trial kits for
chemioluminescence detection were from Pierce (Rockford, MD, USA). All other
reagenis used were of analytical grade. Ninety-six-well microliter plates were from

Corning (Corning, MA, USA).

2.2. Venom and antivenom

Bothrops lanceolatus venom was supplied by the Unité des Venins, Institut
Pasteur (Paris, France). The venom was stored at ~20°C until used. Commercial
equine antivenom raised against a pool of Bothrops venoms (B. afternatus, B.
Jararaca, B. jararacussu, B. moojeni and B. neuwiedi) {27] was obtained from the

instituto Butantan (Sao Paulo, SP, Brazil).

2.3. Animals

Male Wistar rats {200-250 g) were obtained from the Central Animal House
Services (CEMIB) at UNICAMP. The rats were housed 5/cage at 22°C and had
access to water and food ad libifum until used. The experiments with animals
described here were done in accordance with the guidelines established by the

Brazilian College for Animal Experimentation (COBEA).

2.4. Purification of hemorrhagin
2.4.1. Gel filtration chromatography on Sephadex G-100
Bothrops fanceolatus venom (100-200 mg) was dissolved in 0.05 M Tris-

HCI, pH7.5, and centrifuged at 10,000 x g for 5 min. The supernatant was applied
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to a column (1.2 cm x 75 cm) of Sephadex (5-100 equilibrated and eluted with the
same buffer at 4°C. The venom was eluted at a flow rate of 5 mi/h (1.5 ml/fraction)
and the elution profile was monitored at 280 nm using a Uvikon 810
spectrophotometer (Kontron Instruments, Milan, ltaly). The fractions were assayed
for hemorrhagic and proteolytic activities as described below. The fractions
containing hemorrhagic activity were pooled and dialyzed against Milli-Q water

prior to the next step.

2.4.2. Affinity chromatography on a HiTrap chelating column

The active fractions from the previous siep were applied to a HiTrap
chelating column (1 ml) that had been charged with 0.1 M Zn8SQ,, washed with
water and equilibrated with 0.05 M phosphate buffer, pH 7.5. After washing the
column with phosphate buffer to remove unbound material, bound proteins were
eluted with a linear gradient (0 - 1.0 M) of NaCl at a flow rate of 60 mi/h. The
elution profile was monitored at 280 nm using an AKTAprime chromatography
system (Amersham Biosciences, Psicataway, NJ, USA). Fractions of 1 mi were
collected and screened for hemorrhagic and proteociytic activities. Active fractions

were pooled for the next chromatographic step.

2.4.3. Hydrophobic interaction chromatography on high performance phenyi-
Sepharose
Ammonium sulphate (1 M) was added tc the active poo! from the previous

step. The mixture was then applied to a 1 ml column of high performance phenyl-
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Sepharose equilibrated with 0.05 M phosphate buffer, pH 7.0, containing 1 M
ammonium suiphate. After washing the column to remove unbound material,
bound proteins were eluted with a decreasing linear gradient (1.0 — 0 M) of
ammonium sulphate in phosphate buffer at a flow rate of 30 ml/h. The elution
profile of the proteins was monitored by the absorbance at 280 nm using an
AKTAprime chromatography system. Fractions of 1 mi were collected and assayed
for hemorrhagic and proteolytic activities. Active fractions were pooled and stored

at -20°C.

2.5. Protein quantification
The protein concentrations of the venom and purified hemorrhagin were
determined by the method of Lowry et al. [28], using bovine serum albumin as

standard.

2.6. Sodium dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-PAGE)
The purity and molecular mass of the purified hemorrhagin were determined
by SDS-PAGE using 12% gels [28]. Samples of venom and hemorrhagin were
prepared in sampie buffer (0.05 M Tris-HCI, pH 6.8, containing 10% SDS, 10%
glycerol and 0.1% bromophenol blue) and then boiled for 5 min before applying to
the gels (10 cm x 10 cm). in some cases, B-mercaptoethanol was added to the
samples (final concentration 10%). After electrophoresis at 100 V (constant) in a

miniVE vertical electrophoresis system (Hoefer-Amersham Biosciences, San
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Francisco, CA, USA), the gels were fixed and silver stained prior to documentation.

Protein molecular mass markers were included in the runs.

2.7. Immunological studies
2.7.1. immunodiffusion

Double immunodiffusion was done on glass slides using 1% agar gels
prepared in 0.1 M Tris-HCI, pH 8.0. Bothrops lanceolatus venom (10 pg) and
hemorrhagin (5 ug) were allowed to diffuse against undiluted commercial bothropic
antivenom (10 pl) for up to 48 h at room temperature in a humidified chamber.
After extensive washing with 0.9% NaCl, the gels were dried and the precipitin
lines were stained for 10 min with amidoschwartz (0.4% in 10% acetic acid)
followed by destaining in the same solution without dye. The slides were

subsequentiy dried and documented.

2.7.2. Immunoelectrophoresis

Immunoelectrophoresis was done in 1% agar gels poured on giass slides.
Samples of venom (16 ng) and hemorrhagin (5 ug) were appilied to the gels and
run for 1.5 h at 120 V in 01 M Tris-HC! buffer, pH 8.0 [30]. Following
electrophoresis, undiluted commercial bothropic antivenom (40 pl) was placed in
the central frough and the slides were incubated for 48 h at room temperature in a
humidified chamber. After exiensive washing in 0.9% (w/v) NaCli, the gels were

stained with amidoschwartz as described above.
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2.7.3. Immunoblotting

Foliowing electrophoresis as described in section 2.6, the proteins were
transferred to PVDF membranes (Hybond-P, Amersham} [31] in a Mighty Small
TE-22 transfer chamber (Hoefer-Pharmacia). After transfer, non-specific sites on
the membranes were blocked for 2 h by incubating with 5% non-fat milkk and 0.05%
Tween 20 solution. After six washes with Tris-buffered saline (TBS, pH 7.6), the
membranes were incubated overnight at room temperature with commercial
bothropic antivenom diluted 1:1000 in TBS. Following a further three washes, the
membranes were incubated for 2 h at 20°C with a rabbit anti-horse lgG-peroxidase
conjugate diluted 1:4000 in TBS. After a final series of washes, the immunoreactive

bands were detected by chemioluminescence (ECL., Pierce).

2.7.4. Enzyme-linked immunosorbent assay (ELISA)

Ninety-six-well microtiter plates were coated with 100 p of antivenom
(diluted 1:1000 in 0.05 M carbonate buffer, pH 9.6) overnight at 4°C. The wells
were subsequently washed three times with 9% (w/v) NaCl containing 0.5% Tween
20 (PBS-T), and various quantities of venom or hemorrhagin (diluted in 100 ul of
0.15 M phosphate-buffered saline, pH 7.4, containing 0.5% Tween 20 and 0.25%
bovine casein; incubation buffer) were then added followed by incubation for 1 h at
room temperature. After another series of washes with PBS-T, an affinity-purified
anti-bothropic IgG-peroxidase conjugate (diluted 1:400 in incubation buffer) was
added to each well (100 pifwell) and the plate then incubated for 1 h at room

temperature. Following a final series of washes with PBS-T, substrate solution (100

57



pl of a solution containing 0.2 mg of O-phenylenediamine/m! and 0.05% H>O» in
0.15 M citrate buffer, pH 5.0) was added and the plate incubated in the dark at
room temperature for up to 30 min. The reaction was terminated by adding 50 ul of
5% H.SO04 and the final absorbance was read at 492 nm in a SpectraMax 340 plate

reader (Molecular Devices, Sunnyvale, CA, USA).

2.8. Determination of hemorrhagic activity

The hemorrhagic activity of the venom and hemorrhagin was assayed as
described by Theakston and Reid [32]. Saline (100 ul), with or without venom or
hemorrhagin, was injected intradermally into the shaved, dorsal skin of male Wistar
rats. Twenty-four hours later, the rats were killed with an overdose of halothane
and the skin was carefully removed, without stretching, and the diameter of the
hemorrhagic spot on the inner surface of the skin was measured. The minimum
hemorrhagic dose (MHD) was defined as the amount of venom or hemorrhagin
capable of producing a spot 10 mm in diameter (mean of two perpendicular

diameters).

2.9. Enzymatic assays
2.8.1. Profeolytic activity

General proteolytic activity was assayed in 0.1 M Tris-HC!, pH 7.8, using
casein as substrate [33]. One unit of activity was defined as an increase of 0.001

absorbance units at 280 nm/min.
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Collagenase activity was assayed essentially as described elsewhere
[34,35] using bovine Achilles tendon collagen in 0.05 M Tris-HCI, pH 7.8, as
substrate. The hydroxyproline released during a 24 h incubation was detected by
reaction with ninhydrin reagent followed by boiling for 20 min. After cooling, 50%
N-propancl was added and the resulting absorbance was read at 600 nm.
Collagenolytic activity was expressed as the increase in absorbance at 600 nm/mg.

Elastase activity was assayed as described by Shotton [36] using elastin-
Congo red as substrate in 0.02 M sodium borate buffer, pH 8.8. The reaction was
stopped by adding 300 ul of glacial acetic acid and the samples then centrifuged
for 10-15 min at room temperature [36-37]. The increase in absorbance of the
supernatanis was measured at 485 nm. Enzymatic activity was expressed as the

increase in absorbance at 495 nm/mg protein.

2.9.2. Esterase

Esterolytic activity was assayed in 0.1 M Tris-HCI, pH 7.8, as described by
Vilioen et al. [37], using TAME as substrate. The increase in absorbance at 247 nm
was recorded continuously and the rate of change/min calculated. One unit of

activity was defined as an increase of 0.001 absorbance units at 247 nm/min.

2.9.3. Phospholipase A;
PLA; activity was assayed in 96-well plates, as described by Beghini et al.

[38]. Each well contained 100 ul of buffer (10 mM Tris-HCI, 10 mM CaCl,, 100 mM

NaCl, pH 8.0}, 40 ul of venom or hemorrhagin and 100 pl of substrate {(4-nitro-3-
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(octanoyloxy)benzoic acid). The increase in absorbance at 425 nm was recorded
for up to 30 min in a SpectraMax 340 muitiwell plate reader and the activity was
expressed as the absorbance increase at 425 nm/mg.

All assays were run in duplicate and were corrected for appropriate blanks.

2.9.4. Fibrinogenolytic activity

Fibrinogenolytic activity was assayed by incubating 200 pl of a fibrinogen
solution (5 mg/ml} in 0.01 M Tris-HCI, pH 8.0, with 100 pl of hemorrhagin (20 ug).
Aliquots of 40 ul were withdrawn at 1, 5, 15, 30, 60 and 120 min after the start of
incubation and added to 60 pi of a denaturing solution (10 M urea, 4% SDS and
4% p—mercaptoethanol). The mixtures were then incubated for 24 h at 37°C prior

to analysis by SDS-PAGE.

2.10. Enzymatic properties of the hemorrhagin
2.10.1. pH optimum

The pH optimum for the caseinolytic activity of the hemorrhagin was
determined over the pH range of 5-10 using the general proteolytic assay in

phosphate (pH 5-6), Tris (pH 7-8), and giycine (pH 9-10) buffers (all 0.1 M).

2.10.2. Heat stability
The heat stability of the hemorrhagin was examined by incubating aliquots
at 30, 40, 50, 60 and 70°C for 3C min followed by cooling on ice and determination

of the residual proteclytic and hemorrhagic activities.
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2.10.3. Effect of inhibitors

The effects of aprotinin, benzamidine, EDTA and PMSF were examined by
pre-incubating the hemorrhagin with these compounds (final concentration, 5 mM
in all cases) for 60 min at room temperature (~25°C). After incubation, the residual

proteolytic and hemorrhagic activities were assayed.

2.11. Neutralization by antivenom
The ability of commercial bothropic antivenom to neutralize the hemorrhagic
activity was determined by pre-incubating the hemorrhagin with antivenom for 30

min at 37°C followed by assaying the residual activity.

3. Results
3.1. Rurification of the hemorrhagin

The hemorrhagin from B. lanceolatus venom (BlaH1) was purified in three
chromatographic steps. Fractionation of the venom on Sephadex G-100 yielded
three peaks (P1, P2 and P3) (Fig. 1A), only the first of which (P1) showed
hemorrhagic activity when tested in rat skin. The active fractions of P1 were pooied
and chromatographed on a HiTrap chelating column. All of the hemorrhagic activity
eluted in the unbound peak (P1a) before the salt gradient (Fig. 1B). This
hemorrhagic peak was further purified on a phenyl-Sepharose column (Fig. 1C).
Hemorrhagic and proteolytic activities were found in peaks 1 and 4, but peak 4

showed several bands on SDS-PAGE (not shown), whereas peak 1 {B. lanceolatus
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hemorrhagin 1 or BiaH1) was homogeneous by SDS-PAGE and accounted for 0.8-
1% of the venom protein. The molecular mass of BlaH1 as estimated by SDG&-
PAGE was 28 kDa (Fig. 2), and this vaiue was unaltered by treatment with B-

mercaptoethanol (not shown), indicating that BlaH1 was a single chain polypeptide.

3.2. Immunological properties

A single immunoreactive band with a molecular mass equal to that seen in
SDS-PAGE gels stained for protein was observed when BlaH1 was immunoblotted
with commercial bothropic antivenom and a rabbit anti-horse lgG-peroxidase
conjugate {(Fig. 3A). Immunodiffusion and immunoelectrophoresis of BlaH1 with
this antivenom also gave only one precipitin line (Fig. 3B and C, respectively), thus
indicating the purity of the preparation. ELISA confirmed the reactivity of BlaH1

with the antivenom (Fig. 4).

3.3. Enzymatic characteristics

BlaH1 showed proteolytic activity towards casein, with a specific activity of
70.5 units/mg of protein compared to 17.4 units/mg of protein for the venom. BlaH1
also showed collagenolytic, elastinolytic and esterolytic activities; no phospholipase
A, actlivity was detected (Table 1). The optimal pH for the caseinolytic activity of
BlaH1 was 8.0 (Fig. 5). This enzymatic activity was thermolabile since a decrease
was observed after incubation at 50°C, with complete loss at >70°C (Fig. 6A).

BlaH1 also had fibrinogenoivtic activity, with rapid degradation of the Aa-chain of

the fibrinogen; the Bf-chain was considerably less sensitive fo degradation (Fig. 7).
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3.4. Hemorrhagic activity
The MHD for BlaH1 in rat dorsal skin was 5 ug, which was nearly 10-fold
more potent than the venom (MDH, 46.5 ng). The hemorrhagic activity of BlaH1

was stable up to 40°C, but was completely lost at 70°C (Fig. 6B).

3.5. Effect of enzyme inhibitors
The caseinolytic activity of BilaH1 was completely abolished by
preincubation with 5 mM EDTA, which also inhibited the hemorrhagic activity. In

contrast, aprotinin, benzamidine and PMSF did not affect either activity (Table 2).

3.6. Neutralization by antivenom
Commercial bothropic antivenom neutralized the hemorrhagic activity of

BlaH1 in a concentration-dependent manner (Fig. 8).

4. Discussion

Hemorrhage i1s one of the most prominent local effects of crotalid venoms
and plays an important role in the pathophysiology of experimental and clinical
envenoming [10,38,40]. The main snake venom components responsible for this
activity are hemorrhagic metalioproteinases [11], severali of which have been
purified and characterized from Bothrops species, including B. asper [41-43], B.

airox |44}, B. jararaca [44-47], B. moojeni [48] and B. neuwiedi [49].
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As shown here, we have purified a hemorrhagic metalloproteinase, BlaH1,
from the venom of B. lanceolatus by a combination of gel filtration (Sephadex G-
100), affinity (chelating) and hydrophobic interaction (phenyl-Sepharose HP)
chromatographies. The vield of BlaH1 (0.8-1% of the venom protein) was similar to
that reported for other venom hemorrhagic metalioproteinases purified by a variety
of procedures [41,50-52]. Bothrops lanceolatus venom apparently contains more
than one hemorrhagic proteinase, as shown by the two peaks (1 and 4) with
hemorrhagic activity obtained by hydrophobic interaction chromatography. Peak 4
had principal bands in the region of 40-60 kDa on SDS-PAGE (not shown) and was
not investigated further here.

The molecular mass of BlaH1 by SDS-PAGE (28 kDa) was similar to the 26
and 24 kDa reported for B. asper hemorrhagins BH2 and BaP1, respectively
[41,42], and to the 24 and 25.7 kDa for C. afrox hemorrhagins Ht-a,c,d and Ht-e
[53]. In agreement with this, BiaH1 gave a single band in the absence or presence
of B-mercaptoethanol, as also reported for other low molecuiar mass hemorrhagic
factors [54]. The purity of the final preparation was demonstrated by
immunodiffusion, immunoelectrophoresis and immunobilotting, all of which gave a
singie band or precipitin line, as also described for other such proteins [41,43].

BlaH1 showed strong hemorrhagic and proteolytic activities, with an MHD
almost 10-fold more potent than that of the venom. The proteolytic activity of BlaH1
had an alkaline pH optimum, and both the hemorrhagic and proteoiyiic activities
were thermolabile. Aithough many hemorrhagins are heat labile and rapidly lose

activity at >70°C [42,51], Ownby and Colberg [56] reported that the venoms of
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some Agkistrodon, Bitis, Bothrops and Crofaius species contained heat-stable
hemorrhagic factors that retained activity after heating at 100°C for 5 min.

The inhibition of the hemorrhagic and proteolytic activities of BlaH1 by
EDTA, but not by inhibitors of serine and kallikrein-like proteinases, indicated that
this protein was a metalloproteinase, as aiso reported for hemorrhagins isolated
from other snake venoms [41-43,51,52,57]. The similar inhibition profiles of the
proteolytic and hemorrhagic activities of BlaH1 in the presence of EDTA suggested
that the two activities may be related and interdependent. This conclusion is
supported by the similar thermostability profiles for the two activities and agrees
with the idea that proteolytic degradation of the basement membrane components
of capillary vessels by hemorrhagic metalloproteinases is a key step in the tissue
damage produced by these toxins [10,11,58].

Compared to the venom, BlaH1 had low arginine esterase activity towards
TAME, as also reported for uracoin-1, a metalloproteinase isolated from Crofalus
vegrandis venom [51]. Nevertheless, BlaH1 caused a rapid degradation of the Aa-
chain of fibrinogen and, with longer incubation times, also affected the Bf-chain.
This finding suggests that this toxin couid interfere with the coagulation cascade
following envenoming, although this remains to be determined. Metalloproteinases
with a similar pattern of fibrinogenolytic aclivity to that of BlaH1 have been isolated
from other snake venoms, such as B. asper [42], B. jararaca [58] and Crotalus
vegrandis [51].

The ability of BlaH1 to interact with commercial bothropic antivenom in

various immunological tests indicated that this protein was antigenic and that it
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shared immunological identity with metalloproteinases present in other Bothrops
venoms, even though B. lanceolatus venom is not part of the pool of venoms used
to produce the commercial antivenom. In agreement with these findings, Bogarin et
al. [65] showed that a monospecific B. lanceolatus antivenom was effective in
cross-neutralizing the lethal, hemorrhagic, myotoxic and indirect hemolytic
activities of B. asper and B. atrox venoms. The ability of the antivenom to
neutralize the hemorrhagic activity of BlaH1 suggests that this activity may also be
neutralized in vivo should this antivenom be used to treat envenomings by B.
lanceolatus.

In conclusion, we have purified a metalloproteinase, BlaH1, with
hemorrhagic and caseinolytic activity, from B. lanceolatus venom. The properties
of BlaH1 indicate that this protein probably belongs to class P-l SVMPs. This
metalloproteinase may contribute to the hemorrhage seen in patients envenomed

by B. lanceolatus.
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FIGURE LEGENDS
Fig. 1. Purification of BlaH1 from B. lanceolatus venom. (A} Fractionation of B.
lanceolatus venom by gel filtration on Sephadex G-100. Venom (200 mg) was
dissolved in 5 ml of 0.05 M Tris-HCI, pH 7.5, centrifuged and the supernatant
applied to the column (1.2 cm x 75 cm) equilibrated with this same buffer. The
proteins were eluted with Tris-HCI buffer at a flow rate of 5 ml/h and the elution
profile was monitored at 280 nm. Fractions of 1.5 mi were collected and assayed
for hemorrhagic and proteolytic activities. The fractions corresponding to peak 1
(P1) showed hemorrhagic and caseinolytic activities and were pooied for further
purification. (B) Fractionation of P1 by affinity chromatography on chelating
Sepharose. Peak 1 was dialyzed against distilied water and applied to a column of
chelating Sepharose charged with 0.1 M ZnS0Q, and equilibrated with 0.05 M
phosphate buffer, pH 7.5. The column was washed with the same buffer to remove
unbound material and a linear gradient (0-1.0 M) of NaCl in buffer was then
applied. The active fractions corresponding to peak 1a (P1a) were pooled for the
next chromatographic step. Fractions with hemorrhagic activity are indicated by a
bar above the corresponding peak. (C) Hydrophobic interaction chromatography of
Pia on phenyl-Sepharose (high performance). Peak 1a from affinity
chromatography was mixed with 1 M (NH,)SO, and applied to a phenyl-Sepharose
column equilibrated with 0.05 M phosphate buffer, pH 7.0, containing 1 M
(NH,)S0O4. The column was washed with this same buffer o remove unbound
material and the retained proteins were then eluted with a decreasing linear

gradient {1.0-0.0 M) of (NH4)SO, in phosphate buffer. Peaks 1 and 4 showed
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proteolytic and hemorrhagic activities, but only peak 1 (BiaH1) gave a single band
on SDS-PAGE. Fractions with hemorrhagic activity are indicated by a bar above

the corresponding peak.

Fig. 2. {A) SDS-PAGE of venom and BlaH1. Venom (V, 50 ug), BlaH1 (10 ug) and
molecular mass markers (M) were run on a 12% gel at 100 V and then silver
stained. (B) Estimation of the molecular mass of BlaH1 following SDS-PAGE. The
protein markers were (in kDa): phosphorylase b (Ph) 97, bovine serum albumin
(BSA) 66, ovalbumin (Ov) 45, carbonic anhydrase (CA) 30, trypsin inhibitor (T1)

20.1, and a-lactalbumin (La) 14.4. BlaH1 had a molecular mass of 28 kDa.

Fig. 3. (A) Immunobiot of BlaH1 (3 ug) and 8. fanceolatus venom (V, 10 ug) using
commercial bothropic antivenom. A single immunoreactive band of ~28 kDa was
observed. (B) immunodiffusion of B. lanceolatus venom (a, 10 ug) and BlaH1 (b, 5
ug) with commercial bothropic antivenom (c). (C} immunoelectrophoresis of B.
fanceolatus venom (a, 10 ng) and BlaH1 (b, 5 ug). The assays were done as

described in Methods.

Fig. 4. ELISA immunoreactivily of BlaH1 with commercial bothropic antivenom.
Wells of microtiter plates were coated with bothropic antivenom followed by
incubation with venom or BlaH1 and then with an affinity-purified anti-bothropic
lgG-peroxidase conjugate. After incubation with substrate, the reaction was

stopped with H,SG,4 and the absorbance at 492 nm was read.
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Fig. 5. pH-dependence of the proteolytic activity of BlaH1. The caseinolytic activity
of the BlaH1 was determined over the pH range of 5-10 using the standard

proteolytic assay. The points are the mean = S.E.M. of three determinations.

Fig. 6. Temperature stability of the proteolytic (A) and hemorrhagic (B) activities of
BlaH1. Aliquots of BlaH1 were incubated for 30 min at 30, 40, 50, 60 and 70°C
followed by determination of the residual proteclytic and hemorrhagic activities.

The points are the mean + S.E.M. of three determinations.

Fig. 7. Fibrinogen degradation by BlaH1. BlaH1 (20 ug) and bovine fibrinogen (5
mg/ml} were co-incubated for up to 120 min at 37°C. Aliquots (40 ul) of the mixture
were removed after 1, 5, 10, 15, 30, 60 and 120 min of incubation and added to 60
ul of a denaturing solution (10 M urea, 4% SDS and 4% B--mercaptoethanol). After
incubation for 24 h at 37°C, the degradation of fibrinogen was analyzed by SDS-
PAGE. Lane 0: fibrinogen without enzyme. The other lanes correspond io

fobrinogen incubated with BlaH1 for various times.

Fig. 8. Neutralization of the hemorrhagic activity of BlaH1 by commercial bothropic
antivenom. BlaH1 was pre-incubated with antivenom for 30 min at 37°C followed
by determination of the residual aclivity. The columns are the mean + S.E.M. of

quadruplicate determinations from two independent experiments.
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Table 1: Stroka, A. et al. Purification and characterization of a hemorrhagic

metalloproteinase from Bothrops lanceolatus (Fer de Lance) snake

venom

Table 1. Enzymatic activity of B. lanceolatus venom and BlaH1 on several

substrates.

Enzyme Activity
Venom BlaH1

Protease (caseinolytic) (units/mg) |17.4 70.5
Collagenase {Aso0 nm/MQg) 0.213 5.31
Elastase (A4o5 nm/mg) 0.105 0.300
Esterase (units/mg) 15.0 4.8
Phospholipase A, (Asws n/ma) 0.37 0.0

The values are the means of triplicate determinations.
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Table 2: Stroka, A. et al. Purification and characterization of a hemorrhagic
metalloproteinase from Bothrops lanceolatus (Fer de Lance) snake

venom

Table 2. Effects of enzyme inhibitors on the hemorrhagic and proteolytic activities

of BlaH1.
Inhibitor Concentration Caseinolytic activity Hemorrhagic activity
(mM) (%) (%)"

No inhibitor 100 100

EDTA 5 0 0

Aprotinin 5 100 100

Benzamidine 5 100 100

PMSF 5 100 100

*Activity of BlaH1 incubated without inhibitor corresponded to 100%. The values
are the means of three determinations.
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FIGURE 1: Stroka, A. et al. Purification and characterization of a hemorrhagic

metalloproteinase from Bothrops lanceolatus (Fer de Lance) shake venom
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FIGURE 2: Stroka, A. et al. Purification and characterization of a hemorrhagic

metalioproteinase from Bothrops laniceolatus (Fer de Lance) snake venom
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FIGURE 3: Stroka, A. et al. Purification and characterization of a hemorrhagic

metalloproteinase from Bothrops lanceolatus {Fer de Lance) snake venom
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FIGURE 4: Stroka, A. et al. Purification and characterization of a hemorrhagic
metalioproteinase from Bothrops fanceolatus (Fer de Lance) snake venom
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FIGURE 5: Stroka, A. et al. Purification and characterization of a hemorrhagic
metalloproteinase from Bothrops lanceolatus (Fer de Lance) snake venom
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FIGURE 6: Stroka, A. et al. Purification and characterization of a hemorrhagic
metalloproteinase from Bothrops lanceolatus (Fer de Lance) snake venom
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FIGURE 7: Stroka, A. et al. Purification and characterization of a hemorrhagic

metalloproteinase from Bothrops lanceolatus (Fer de Lance) snake venom
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FIGURE 8: Stroka, A. et al. Purification and characterization of a hemorrhagic
metalloproteinase from Bothrops lanceolatus (Fer de Lance) shake venom
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4. DISCUSSAQO

Os venenos botrépicos sdo capazes de causarem intensos efeitos locais
caracterizados por edema, necrose e hemorragia (ROSENFELD, 1971; OWNBY,
1984; GUTIERREZ e LOMONTE, 1989, BJARNASON e FOX, 1994, GUTIERREZ
e RUCAVADQO, 2000). Tanto a hemorragia local como a sistémica sé&o
conseqiiéncias comuns e graves em envenenamenfos por serpentes das
subfamilias Crotalinae e Viperinae (WARRELL, 1995; GUTIERREZ, 1995).

Em geral os venenos ofidicos contém grande nimero de enzimas; que
hidrolizam diferentes substratos (TU, 1988) e algumas s&o responsaveis peia
hemorragia em pacientes envenenados (MANDELBAUM, 1984; CIVELLO et al.,
1983; BJARNASON e TU, 1978; OVADIA, 1978). Muitas delas ja foram isoladas e
caracterizadas como metaloproteinases que estao relacionadas a atividades
biologicas especificas como a atividade hemorragica (BJARNASON e TU, 1978;
OVADIA, 1978; CIVELO et al., 1983; MANDELBAUM et al., 1984). A tabela 1 a
seguir descreve algumas dessas metaioproteinases com suas respectivas massas

molecuiares.
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Tabela 1. Metaloproteinases hemorragicas isoladas de venenos ofidicos

VENENO METALOPROTEINASE

MASSA
MOLECULAR

REFERENCIA

B. asper

B. jararaca

B. moojeni

B. neuwiedi

8. atrox

BH2
BH3
BaH1
BaP1
BaH4

Botropasina

HF-1

HF-2

HF-3
Jararafibrase i
Jararafibrase
Jararafibrase i

Jararafibrase IV

Protease A

NHFa
NHFb

26
55
64
24
69

48

nd
50
62
47
22,5
20,4
212

22,5

46
o8

50

Borkow et al., 1983
Borkow et al., 1993
Borkow et al., 1993
Gutiérrez et al., 1995
Franceschi et al., 2000

Mandelbaum et al., 1982
Queiroz et al., 1985
Assakura et al., 1986
Assakura et al., 1986
Assakura et al., 1986
Maruyama et al., 1892
Maruyama et al., 1892
Maruyama et al., 1893
Maruyama et al., 1993

Assakura et al., 1985

Mandelbaum et al., 1984
Mandelbaum et al., 1984

Petretski et al., 2000
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Tabela 1 — {continuacgao): Metaloproteinases hemorragicas isoiadas de venenos

ofidicos
MASSA
VENENO METALOPROTEINASE MOLECULAR REFERENCIA
L. m. muta
Mutalisina | 23,5 Sanchez et al., 1987
Mutalisina Ii 100 Sanchez et al., 1991
T. purpureoma -
culatus
72 Khow et al., 2002
T. flavoviridis
LMHT 16,5 Nikai et al., 2002
V. ammodytes
ammodytes
VaH1 70 Leonerdi et al., 2001
VaH2 70 Leonerdi et al., 2001
HT-1 60 Bjarnason e Fox, 1995
HT-2 60 Bjarnason e Fox, 1985
HT-3 60 Bjarnason e Fox, 1995
C. vegrands
Uracoina-1 58 Aguilar et al., 2001
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O veneno de B. lanceolatus quando comparado com outros venenos
botropicos apresentou atividades casinolitica, fosfolipasica, esterolitica e
hemorragica (LOBO DE ARAUJO et al., 1990). Proteinas hemorragicas com
atividade proteolitica vém sendo isoladas de alguns venenos como o de B. asper
(GUTIERREZ et al, 1995; FRANCESCH! et al, 2000), B. neuwiedi
(MANDELBAUM et al., 1984), Crotalus vegrandis (AGUILAR et al., 2001), Vipera
ammodytes (LEONARDI et al., 2001). No presente trabalho, uma proteina
hemorragica (BlaH1), foi purificada do veneno de B. flanceolatus através da
combinacio de cromatografias de gel filtragéo, afinidade e interacio hidrofébica.

A hemorragina (BlaH1) isolada do veneno B. Janceolatus quando analisada
por eletroforese em SDS-PAGE revelou uma massa molecular estimada em
28kDa, assemelhando-se a proteinas hemorragicas BH2 (26 kDa) e BaP1 (24
kDa) isoladas do veneno de B. asper Borkow et al., 1993 e Gutiérrez et al., 1995,
respectivamente.

Ainda a BlaH1, quando analisada sobre colageno e caseina mostrou-se
bastante ativa. Como sabemos as atividades colagenasica e caseinolitica além de
detectadas em pacientes envenenados s&o as responsaveis pela lesdo das
paredes dos vasos sangiineos com conseqiente hemorragia (OHSAKA et al.,
1973). Também a BlaH1 isolada da B. /anceolatus apresentou atividade
fibrinogenolitica, degradande as cadeias Aa e BB do fibrinogénio. Resultado
semelhante foi obtido por Gutiérrez et al. (1995) com a metaloproteinase BaP1

isolada do veneno de B. asper e por L&bo de Araljo et al. (1898) com a enzima
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fibrinogenolitica (F-il-1a) purificada da B. lanceolatus. No entanto a F-li-1a possui
alta atividade esterasica, diferindo da BlaH1 que praticamente é desprovida desta
atividade.

A atividade caseinolitica da BlaH1 foi maxima em pH alcalino. O efeitoc da
temperatura sobre as atividades caseingclitica e hemorragica da BlaH1, mostrou
que ambas s&o termolabeis, e sdo completamente abolidas a 70°C. Fato também
demonstrado para metaloproteinases hemorragicas do veneno de B. asper
(GUTIERREZ et al., 1995) e de Crofalus vegrandis (AGUILAR et al., 2001). Ainda
a atividade hemorragica da hemorragina de B. lanceolatus (BlaH1) é mais
resistente a acdo da temperatura quando comparada a atividade caseinolitica.

Estudos com metaloproteinases indicam que estas enzimas produzem
hemorragia relacionada com a atividade proteolitica sobre compenentes da
membrana basal (OHSAKA et al,, 1973; BJARNASON e TU, 1978), sugerindo
uma correlagde entre a atividade proteoiiica e poténcia hemorragica
(BJARNASON e FOX, 1989). No entanto, ensaios realizados com
metaloproteinases quer seja in vitro ou in vivo mostram que o ataque proteolitico
sobre a matriz extracelular € lento, enguanto que o efeito hemorragico occore
dentro de minutos indicando a complexidade do mecanismo de acdo destas
enzimas (OWNRBY, 1990). Ao longo do processo de purificagio da hemorragina do
veneno de B. fanceolatus, a atividade hemorragica foi sempre acompanhada da
caseinoiitica, sugerindo gque a atividade proteolitica pode coniribuir ou mesmo
potencializar o efeito hemorragico. Como mencionado acima, os mecanismos

envolvidos no desenvoivimento da hemorragia sdo complexos.

94



'
43}
i
JRRTS
[

L)

A pureza e a imunogenicidade da BlaH1 foi confirmada pelo ensaio de
imunobloting, o qual revelou uma Unica banda imunorreativa com massa molecular
equivalente a proteina nativa. Outros ensaios imunologicos como ELISA,
imunodifus@o e imunoeleroforese também demostraram que o soro antibotropico
foi capaz de reconhecer a hemorragina (BlaH1) isolada de B. lanceolatus. Ainda, o
soro antibotrépico neutralizou a atividade hemorragica induzida pela BlaH1,
quando esta foi injetada intradermicamente na pele de ratos, indicando que esta
atividade pode ser neutralizada in vivo. As caracteristicas imunologicas de
metaloproteinases isoladas do veneno de B. asper também foram demonstradas
por Franceschi et al. (2000) e Borkow et al. (1993).

As atividades caseinolitica e hemorragica da BiaH1 isolada do veneno de B.
lanceolatus foram inibidas quando {ratadas com o agente quelante EDTA,
indicando a dependéncia de ions metalicos para o desenvolvimento destas
atividades. Efeito semeilhante foi obtido pelo tratamento do veneno de B.
lanceolatus com EDTA, o qual resultou em reducao das atividades edematogénica
e hemorragica deste veneno (GUIMARAES et al., 2004). Como ja demonstrado as
metaloproteinases apresentam ions metalicos firmemente ligados, os quais sdo
esséncias para o pleno desenvolvimento das atividades proteoliticas e
hemorragicas. (BJARNASON E FOX,1984; BORKOW et al., 1993; FRANCESCHi

et al., 2000; AGUILAR et al., 2001; GUTIERREZ et al., 1995).
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Em conclusdo, uma metaloproteinase com atividade hemorragica e
caseinolitica foi purificada e caracterizada do venenc de Bothrops lanceolatus. As
propriedades da hemorragina purificada do veneno desta espécie foram

semelhantes a outras hemorraginas de venenos ofidicos.
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