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RESUMO

Nesta tese, caracterizamos bioquimica e farmacologicamente
trés polipeptideos do veneno da aranha Phoneutria nigriventer. Apos o
fracionamento parcial do veneno através da filtracdo em gel de
Sephadex G-10 e cromatografia de troca idnica, obtivemos oito fractes
com atividade espasmogénica em tecidos arteriais e venosos de
coelho e uma fragdo com atividade edematogénica em pele de coelho.
Duas das fragSes com atividade sobre o musculo liso vascular foram
selecionadas para purificagdo em HPLC e caracterizagcdo bioquimica
através de eletroforese, determinacéo da composicao de aminoacidos
e seqlenciamento da regido N-terminal dos polipeptideos,
denominados PNV1 e PNV2. A fragdo com atividade edematogénica
em pele de coelho foi também purificada e o polipeptidec responsavel
por esta atividade caracterizado bioquimicamente e denominado
PNV3. A atividade espasmogénica do PNV1, PNV2 e das fragbes
provenientes das varias etapas de purificagado, foi testada num sistema
de cascata. Os coelhos anestesiados, foram exsanguinados e os
vasos sanguineos (artéria pulmonar e veias cava e mesentérica) foram
removidos, cortados em espiral e montados para registro isotdnico das

contragbes. O PNV1, PNV2 e as fracdes obtidas apos purificagdo por
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HPLC foram liofilizadas, ressuspendidas em H,O deionizada e
injetadas na forma de "bolus" sobre os tecidos. A atividade
edematogénica do PNV3 e das fragdes provenientes das varias etapas
de purificacdo, foi testada em coelhos anestesiados e injetados com
uma mistura de azul de Evans (0,5 mlikg, 2,5%) e '*’l-albumina (1,5
uCilkg). As substancias testadas foram injetadas intradermicamente
no dorso dos animais. Apdés 30 minutos, foi coletado o sangue e o
animal sacrificado. A pele dorsal foi removida e os sitios cortados para
contagem de radioatividade acumulada. O PNV1, PNV2 e PNV3
possuem massa molecular de 13,9 kDa, 12,1 kDa e 14,5 kDa, com
125, 102 e 132 residuos, respectivamente. A seqliéncia N-terminal
para o0s tirés polipeptideos foi a seguinte: EAFPGQST,
LAKRADICQPGKTSQRACET e AVFAIQDQPC, respectivamente.
A purificagdo e caracterizagdo bioquimica destes peptideos se
constitui em ferramentas Uteis n&oc apenas para uma melhor
compreensao dos mecanismos fisiopatolégicos decorrentes do
envenenamento humano por Phoneutria nigriventer mas também para
a compreensdo do papel do sistema calicreina tissular-cininogénio-
cinina, tendo em vista que nossos resultado sugerem fortemente que o

PNV3 é capaz de ativar este sistema.
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SUMMARY

This thesis describes the biochemical and pharmacological
characterization of three polypeptides from the venom of the spider
Phoneutria nigriventer. The fractionation of Phoneutria nigriventer
venom by gel filtration on Sephadex G-10-120 provided eight peaks (S-
| to S-Viil) of which only the first (S-1) was investigated further. lon-
exchange chromatography of S-1 on CM-cellulose-52 yielded 16
fractions (C-l to C-XVI). Of these, Fractions C-VII + VIl and C-X +X
were further purified by reverse phase HPLC to yield two polypeptides
(PNV1 and PNV2) with contractile activity. Similar purification of
Fraction C-XIII by HPLC resulted in the isclation of the polypeptide with
oedematogenic activity (PNV3). All three proteins were single chain
polypeptides (as shown by SDS-PAGE under reducing conditions) with
global amino acid compositions (excluding Trp) of 125, 102 and 132
residues corresponding to molecular weights of 13,900, 12,100 and
14,500 for PNV1, PNV2 and PNV3, respectively. The N-terminal amino
acid sequences of PNV1, PNV2 and PNV3 were: EAFPGQST,
LAKRADICQPGKTSQRACET, and AVFAIQDQPC. The -contractile
activity of PNV1 and PNV2 was examined using rabbit arterial and
venous vessels.The vessels were mounted in a cascade system and
perfused with warm (37 °C) and oxygenated (95% O, + 5% CO, Krebs’
solution. Since the spasmogenic effect of whole Phoneutria nigriventer
venom in rabbit vascular smooth muscle is not affected by tetrodotoxin,
it is unlikely that sodium channel activation plays a role in these
tissues, as it does in both rat phrenic-diaphragm muscle-nerve
preparation and guinea-pig isolated atria. Furthermore, the finding that
the o-adrenoceptor antagonist phenoxybenzamine does not affect

PNV-induced contractions excludes the possibility that Phoneutria
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nigriventer venom induces endogenocus noradrenaline release from
autonomic nerve endings present in the vascular walls, as occurs in
guinea pig auricles. Phoneutria envenomation is mainly characterized
by sewvere local pain, but it may be accompanied by vascular
disturbances such as lung oedema and priapism. Whether these
peptides with vascular smooth muscle spasmogenic activity are
responsible for the mentioned permeability alterations, it remains to be
further investigated. The oedema formation induced by PNV3 was
investigated in rabbit skin as the local accumulation of '2Sl-human
serum albumin. Our results showed that PNV3 significantly increased
the wvascular permeabilty in the rabbit skin. The increased
microvascular permeability induced by whole Phoneutria nigriventer
venom in rabbit skin involves local kinin synthesis in response to the
activation of tissue (but not piasma) kallikrein-kininogen-kinin system.
The biochemical identification of the peptide responsible for this activity
in Phoneutria venom might provide a useful tool to further understand

the role of tissue kallikrein-kinin system.
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INTRODUCAO

A Phoneutria nigriventer & conhecida popularmente como
aranha armadeira devido ao fato de que, quando exposta ao perigo,
arma © seu bote apoiando-se sobre as patas traseiras e erguendo as
dianteiras, procurando picar sua vitima (Bucherl, 1971; Lucas, 1988).
As aranhas do género Phoneutria habitam folhagens como palmeiras
e bananeiras, sendo por isto, também conhecidas como aranha das
bananas. As aranhas do género Phoneutria sao solitarias, errantes,
crepusculares e noturnas (Bucherl, 1971).

Estes aracnideos pertencem & ordem Araneida, subordem
Labidognatha, familia Ctenidae e subfamilia Phoneutrinae. As
aranhas do género Phoneutria distribuem-se essencialmente na
América do Sul, havendo relatos de casos esporadicos de acidentes
por estes aracnideos na América Central (Costa Rica), provavelmente
por migragao da espécie colombiana (Trejos ef al,, 1971). No Brasil, o
género Phoneutria esta distribuidc em diversas regibes e sao

conhecidas 5 espécies (Eickstedt, 1994):
e Phoneutria fera - Amazonas (Alto Rio Negro).

e Phoneutria nigriventer - Goias, Minas Gerais, Mato Grosso do Sul,
Sao Paulo, Rio de Janeiro, Parana, Santa Catarina e Rio Grande

do Sul.
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e Phoneutria reidy - Amazonas, Para e Roraima.

e Phoneutria keiserling - Minas Gerais, Rio de Janeiro, Espirito
Santo, Sao Paulo, Parana, Santa Catarina e Rio Grande do Sul.
e Phoneulria pertyi - conhecida apenas no Rio de Janeiro.
Na regido Centro-Sul, encontram-se principalmente as espécies
FPhoneutria nigriventer e Phoneutria keiserling (Lucas, 1988).

A Phoneutria nigriventer é responsavel por 71% dos acidentes
de araneismo no Brasil (Ministério da Salde, 1989), que ocorrem
principalmente nas regides centro-ceste e sul do Brasil (Lucas, 1988).
Nos acidentes provocados pela picada de Phoneutria nigriventer s&o
relatados, na maioria das vezes, apenas sinais e sintomas locais,
acompanhados de alteragdes sistémicas como dor, que é o sintoma
mais freqlente e geralmente surge logo apés a picada (Vital Brazil &
Vellard, 1926 a, b; Diniz, 1963). A dor provocada pelo veneno é
intensa e irradia-se para o segmento proximal a picada, sendo
acompanhada por fasciculagbes musculares locais, caimbras,
hiperestesia, paralisia espastica, convulsées ténicas, sialorréia,
hipersecrecéo nasal e brénquica, sudorese fria, taquicardia, arritmias
cardiacas, hipertensdo e/ou hipotensao arterial, hipotermia, vomitos,
perturbagdes da acuidade visual, lacrimejamento, priapismo e, mais
raramente, diarréia, retencdo urinaria e constipagao (Vital Brazil &

Vellard, 1926 a, b; Schenberg & Pereira Lima, 1962, 1971, 1978:
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Lucas, 1988). Em 1925, Vital-Brazil & Vellard observaram hemorragia
alveolar, ocular (coelhos) e hepatica (ratos).

A pecgonha de Phoneutria nigriventer difere de outras peconhas
de aranhas como, por exemplo, a do género Loxosceles, (Heinecken
and Lowe, 1835, apud Lucas, 1988: Schenone & Letonja, 1975;
Cardoso et al, 1990) por nao produzir edema local, necrose,
coagulagdo sanguinea ou hemédlise. Difere também das peconhas de
escorpides por ndo provocar convulsiao em camundongos (Vital-Brazil
& Vellard, 1925).

As principais complicagées do envenenamento humano sio
caracterizadas por choque neurogénico, priapismo, edema pulmonar,
parada cardiorespiratoria e, eventualmente, morte gque acomete
frequentemente criangas abaixo de 10 anos (Schenberg & Pereira

Lima, 1962, 1971, 1978; Bucaretchi et al., 1987).

Efeitos farmacolégicos causados pelo veneno de
Phoneutria nigriventer

Em musculo esquelético de ratos, Barrio (1955) relatou o
aparecimento de fibrilagdes e espasmos musculares, paralisia e
asfixia. Estes efeitos foram atribuidos a presenca de duas fracBes do
veneno, separadas, isoladas e caracterizadas por eletroforese em

papel Whatman. Posteriormente, foram isolados dois polipeptideos
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através de eletroforese e cromatografia em pape_l de filtro Whatman,
que possuiam a capacidade de contrair o ileo isolado de cobaio e
utero de rata (Diniz, 1963).

Em preparagfes neuromusculares de fémur de gafanhoto, o
veneno de Phoneutria nigriventer provoca o aparecimento de potencial
de acéo repetitivo no nervo crural e fasciculagdes musculares sendo
tais efeitos decorrentes da presenca de um poiipeptideo-(S.S a b9
kDa) que contém grande quantidade de cisteina (Entwistle ef al.,
1982).

A injecdo intraneural desse veneno em ratos induz ©
aparecimento de potencial de acéo repetitivo das fibras nervosas
causando subsequentemente o bloqueio de condugdo das mesmas;
tais disturbios fisiopatolégicos sdo associados com edema transitorio
do axoplasma nodal de Ranvier (Cruz-Héfling et al.,1986; Love &
Cruz-Héfling 1986) e formagao de vacuolos no espaco periaxonal das
fibras nervosas mielinizadas (Cruz-Hoéfling et al., 1985).

Em preparagbes neuromusculares de nervo frénico-diafragma
de rato, o veneno de Phoneulria nigriventer causa despolarizacdes
ndo uniformes das membranas musculares e aumento na freqiiéncia
dos potenciais de placa terminal em miniatura. Estes efeitos séo
abolidos na presenga de tetrodotoxina ou com redugdo da

concentragdo do soédio no meio nutritivo, indicando que o veneno de
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Phoneutria nigriventer ativa o canal de sédio voltagem-dependente da
membrana de fibras nervosas e musculares (Fontana & Vital Brazil,
1985; Vital Brazil, 1987).

Em auriculas iscladas de cobaia, o veneno induz efeitos
inotropicos e cronotrépicos negativos, seguidos de aumento na
frequéncia e tensdo das contragdes espontdneas. A tetrodotoxina
abole o cronotropismo e inotropismo sugerindo que tais efeitos sejam
decorrentes da liberacdo de acetilcolina e noradrenalina das
terminacdes nervosas autondmicas consequentes da ativagcao de
canais de sodio nos terminais nervosos (Vital Brasil ef al., 1988).

Este veneno contém ainda quatro polipeptideos neurotoxicos
sendo que a neurotoxina Tx1 (8 kDa), foi purificada e sua estrutura
primaria definida; esta neurotoxina apresenta uma concentragéo de 14
meia-cistinas (Diniz et al., 1990). Recentemente, foram isoladas do
veneno de Phoneutria nigriventer, através de filtragdo em gel e
cromatografia de fase reversa, trés fragfes neurotoxicas, letais em
camundongos, e diferentes entre si com relagdo & massa molecular (6
a 9 kDa), composicdo de aminoacidos e seqliéncia do N-terminal
(Rezende Jr. et al., 1991).

O veneno de Phoneutria nigriventer apresenta atividade
espasmogénica em musculo liso vascular de coelho (Antunes et al.,

1990; 1993a). Esta atividade contratil ndo é devida a presenca de
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serotonina efou histamina, visto ndo ter sido reduzida com
metisergida, mepiramina e didlise do veneno bruto, sugerindo a
presenca de outras substancias responsaveis pela contragao do tecido
vascular do coelho (Borges, 1992). Estas substancias apresentaram
termoestabilidade e sensibilidade a tripsina, sugerindo que possuam
natureza peptidica. Apds purificagdo parcial (Sephadex G-10 e
cromatografia de troca iénica) do veneno de Phoneutria nigriventer,
Borges (1992) obteve trés fragbes que apresentaram atividade
espasmogénica em musculo liso vascular as quais apresentaram
algumas bandas eletroforéticas com massa molecular acima de 12
kDa em eletroforese em gel de poliacrilamida-SDS.

Este veneno quando injetado na pele de ratos e/ou coelhos
causa aumento de permeabilidade vascular, detectado pela
extravasamento de albumina marcada (Antunes et al., 1992). Este
aumento de permeabilidade esta presente quando o veneno €
dializado e quando o animal é fratado com mepiramina e metisergida,
indicando que o mesmo é devido a presenga de outras substancias,
provavelmente peptideos.

Os resultados com o veneno de Phoneutria nigriventer obtidos
em nossos laboratérios, demonstraram que o© aumento da
permeabilidade vascular em pele de coelho, € devido principalmente a

ativacdo de calicreinas teciduais (Marangoni ef al. 1993a). Lopes-
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Martins ef al. (1994), utilizando o mesmo veneno, demonstraram que a
liberacédo de NO é o passo final da via pela qual as calicreinas
tissulares relaxam o corpo cavernoso isolado de coelho. Por outro
lado, através da cromatografia liquida de alta pressdo (Rego et al.,in
press), obtivemos uma fragdo a qual induz o relaxamento do corpo
cavernoso isolado de coelho, assim como o0 aumento da
permeabilidade vascular. Este resultado esta consistente com aqueles
obtidos com o veneno dializado e, sugere fortemente que nesta fragéo
esta (ao) presente (s) peptideo (s) capaz (es) de ativar as calicreinas
tissulares os quais poderdo ser uma ferramenta utii na compreensao

do papel fisiolégico do sistema calicreina tissular-cininogénio-cinina.
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OBJETIVOS

Os objetivos do presente trabalho séo:

I - purificar através de cromatografia liquida de alta pressdo as
fracbes obtidas por Sephadex e cromatografia de troca ibnica e testar
as mesmas em tecido vascular de coelho.

It - uma vez confirmada a atividade biolégica e grau de pureza
dos peptideos, analisar a composicdo de aminoacidos e sequenciar o

N-terminal dos mesmos.
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METODOS

Fracionamento em Sephadex G-10

Uma amostra do veneno de Phoneutria nigriventer (300 mg do
veneno dessecado) foi suspensa em 4 ml de acido acético a 2% (viv)
em temperatura ambiente (20-—2590) e centrifugada a 2000 r.p.m. por
10 min. Foi obtido um residuo insoluvel, cinza escuro, da ordem de 30
mg. A solugdo sobrenadante, amarelo marron (caramelo), foi esfriada
a 50C e submetida a filtracdo em uma coluna de Sephadex G-10-120
(25 x 190 cm; 40-120 mM Sigma Chem. Co.), equilibrada com acido
acético a 2% e com um fluxo de 13 ml/h. Foram coletadas amostras de
10 ml até o tubo 28, e de 5 ml a partir do tubo 29. Conforme ilustrado
na figura 1 (Marangoni et al.,1993b), foram obtidas oito fragées (S-l a
S-VIIl) as quais foram liofilizadas e testadas em musculo liso vascular

e pele de coelho.

Cromatografia da Fragao S1 por troca idnica

A fragdo ativa S-1 do veneno de Phoneutria nigriventer com
massa de 450 mg foi equilibrada com 3,5 ml de tamp&o acetato de
ambnio 0,05 M, pH 5,0, clarificada por centrifugagéo e cromatografada
em CM-Celulose 52 microgranular Whatman (figura 2; Marangoni et

al., 1993b). A coluna (2,5 x 55 cm) foi previamente equilibrada com o
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mesmo tampdo, a um fluxo de 20 mi/hr e temperatura de 5°C. A
seguir, realizou-se uma eluicdo por etapas com concentracbes
crescentes do tampao acetato de amodnio (0,1 M -3 M), pH 5, iniciada
a partir de volume efluente igual a 150 ml. Cada nova fragdo assim
obtida foi liofilizada, redissolvida em acido acético a 2% (viv) e
dessalificada a 5°C numa coluna de Sephadex G-10-120 (2 x 200 cm)
equilibrada com o mesmo solvente, e novamente liofilizada. Foram
obtidas 16 fragbes C-l a C-XVI, coletadas a 5°C, num volume de 5
mlitubo. As fragbes C-l a C-lll foram dessalificadas por liofilizacéo
direta. A fragdo C-V, insoluvel em acido acético, foi dessalificada em

hidroxido de aménio 0,05 M.

Cromatografia liquida de alta presséo

Utilizamos para a purificagdo das fragdes ativas do veneno de
Phoneurtria nigriventer, provenientes da cromatografia por troca iénica,
equipamentos Waters HPLC modelo PDA-991, equipado com duas
bombas Waters modelo 510. Utlizamos, também, um injetor
automatico de amostra Waters modelo U6K e coluna analitica p
Bondapak C18 nas dimensdes 0,39 x 30 cm, previamente equilibrada
com acido trifluoroacético 0,1%, pH 2,5 (solvente A). As fragdes foram
dissolvidas em 0,1% de acido trifluoro acético e apods centrifugacao,

uma aliquota de 200 pl foi aplicada ao topo da coluna. A Cromatografia
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reversa usou um gradiente linear de 0 a 100% de acetonitrilo 66% em
acido trifluoroacetico 0,1%, pH 2,5 (solvente B) a um fluxo de 1 ml por
minuto durante 60 minutos, sendo o eluato monitorado a 220 nm.
Fragbes foram coletadas utilizando-se coletor automatico Waters o
qual separa as fragdes por "slope". As repurificacdes foram realizadas
no mesmo sistema utilizando porém, um gradiente linear descontinuo
de 44 a 48% do solvente B, com incrementos de 2% a cada 10
minutos, para 0 PNV2 e de 50 a 65% do solvente B, com incrementos
de 5% a cada 10 minutos, para o PNV3. Apés a coleta, as fragSes
foram liofilizadas, reconstituidas em salina e analisadas através de
ensaio biologico em cascata de musculatura lisa vascular, corpo

cavernoso e em pele de coelho.
A avaliagdo dos cromatogramas, com referéncia ac grau de

pureza dos picos, foi realizada através da equacéo de resolugéo:

Vo - V4

2wy + Wy
onde V e o volume da fase movel (tempo ou distancia no papel
de registro) que passa desde o ponto de aplicagéo até o apice do pico
de interesse e, W é a largura da base dos picos. Nos registros

apresentados, a velocidade do papel foi de 0,5 cm por minuto.
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Analise da composicao de aminoacidos

A andlise de aminoacidos dos peptideos isolados e purificados
por cromatografia liquida de alta pressdo foi feita utilizando-se um
analisador de aminoacidos Pico-Tag (Waters System) como descrito
por Heinriksen and Meredith (1984). As amostras foram hidrolisadas
por 24 horas a 105 °C por vapores de HClI 6M em atmosfera N,
(Superseco-SS, White Martins). O material foi lavado com 20 ul de
solugéo de metanol: agua: trietilamina (1: 1: 1, v/v/v), para a remogao
de sais e solventes adsorvidos nos aminodcidos, centrifugado e seco a
vacuo. A amostra, foi derivatizada com uma solugdo de metanol:
trietilamina: agua: fenilisotiocianato (7: 1. 1: 1, viviviv), por trinta
minutos a temperatura ambiente e seca a vacuo para a completa
remogaoc do fenilisotiocianato (PITC). A seguir, a mesma foi dissolvida
em 50 pl de acetonitrilo 5% em fosfato de sddio 0,4 M titulado por
acido fosfoérico 10% até pH 7,4. Os derivados de feniltiocarbamil (PTC)
dos aminoacidos foram aplicados no analisador e separados por
HPLC em coluna pBondapak C-18 de fase reversa, sob um gradiente
linear de 0 a 100% de acetonitrilo a 66% em TFA a 0,1%, durante 20,5
minutos. A identificacdo e quantificacdo de cada aminoacido foram

feitas por comparagao com uma corrida padrao de PTC-aminoacidos.
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Sequenciamento do peptideo

O sequenciador automatico de proteinas e peptideos, utiliza a
técnica de degradagcdo de Edman (Edman & Begg, 1967) para
remover e identificar aminoacidos a partir da porcdo N-terminal de um
polipeptides. Um seqiienciador modelo 477 A, acoplado a um sistema
de HPLC modelo 120 A, ambos da Applied Biosystem, executou
automaticamente todas as reagdes do método. Os reagentes e
solventes séo transferidos para a cdmara de reacdo e conversao por
controle automatico através de um micro processador, permitindo
sequéncias automaticas de alta sensibilidade (10 - 500 picomoles de
proteina ou peptideos).

Sessenta picomoles da amostra dissolvida em acetonitrilo 66%
e TFA a 0,1%, foram aplicados sobre um filtro de papel e fibra de
vidro, previamente tratado com um agente hidrofobico (BioBrene). A
proteina € hidrofobicamente unida a este suporte que, em seguida, é
colocado na camara de reagdoc do sequUenciador, onde ocorre ©
acoplamento fenilisotiocianato (PITC) ao aminoacido N-terminal, que é
clivado sob a forma derivada de anilinotiazolinona (ATZ), deixando um
novo aminoacido terminal pronto para o proximo ciclo de acoplamento
e clivagem. O ATZ aminoacido € automaticamente transferido para
uma segunda camara de reacado, onde ocorre a conversao para um

derivado mais estavel, na forma de feniltioidantoina do correspondente
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aminoacido (PTH). O PTH aminoacido é transferido para um sistema
de cromatografia liquida de alta pressdo, onde a identificacdo é
realizada por comparagido ao perfil cromatografico de uma mistura
padrao de PTH aminoacidos.

Os reagentes utilizados foram: R1 [5% fenilisocianato (PITC) em
n-heptano];, R2 [12.5% trimetilamina (TMA) em a&agua]; R3 [acido
trifluoroaceético (TFA), com 0.002% de DTT]; R4 [25% TFA em agua
com 0.01 DTT}; R5 [acetonitrila, com 0.001% DTT], S1 [n-heptano]; S2

[etilacetato]; S3 [1-clorobutano); S4 [20% acetonitrila em agual.

Eletroforese em gel de SDS-poliacrilamida-tricina

Utilizamos o meétodo descrito por Shagger & Jagow (1987). Foi
utiizado um sistema Mighty Small Il SE 250 (géis 16 x 10 cm),
acoplado a um banho de circulacao refrigerada RCB-300. A partir de
uma solucgdo estoque de acrilamida 46,5% (P/V) e bisacrilamida 3%
(P/V), foram obtidos géis de separacdo de 16,5%, sobrepostos por
uma camada de gel (2 cm) a 10% e um gel de concentragdo a 4%.
Foram utilizados dois tampdes de corrida; o tampéo andédico (0,2 M pH
8,9) Tris-HCI e o tampao catdédico (0,1 M) Tris, (0,1 M) Tricina, (0,1%)
SDS. As amostras entre 20-50 mg foram dissolvidas em 20 ml de
tampao Tris-HCI (62,5 mM, pH 6,8), contendo 2% de SDS, 10% de

glicerol e 0,001% de azul de bromofenol. O gel foi corado em prata
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segundo método descrito por Merril et al.(1984). Coloracdo do Gel: O
gel foi fixado em 40% de metanol e 10% de acido acetico (V/V),
durante 30 minutos e posteriormente foi fixado utilizando-se uma
mistura contendo 10% de etanol e 5% de acido acético (V/V) durante
15 minutos. Apoés a fixacdo, o gel foi oxidado durante 3 minutos com
dicromato de potassio (3,4 mM) e lavado com agua deionizada. A
coloracao do gel foi realizada utilizando-se nitrato de prata (12 mM)
durante 15 minutos, lavado em agua deionizada e, posteriormente,
revelado com carbonato de sédio (0,28 M) durante aproximadamente
15 segundos. Para bloquear a reacdo, foi utilizado 5% de acido acético

(VIV) durante 5 minutos.

Permeabilidade vascular em pele de rato e coelho

Coethos machos (2-3 kg) New Zealand foram anestesiados com
pentobarbital sédico (Sagatal®, 30-40 mg/kg, via endovenosa). A
seguir, foram injetados endovenosamente com uma mistura de
solucdo de azul de Evans (0,5 mi/kg, 2,5%) e albumina marcada (1,5
mCi/Kg'® l-albumina). As substancias a serem testadas foram
preparadas em salina e injetadas intradermicamente (0,1 ml) no dorso
dos animais (previamente depilado) em doses repetidas (4-6 sitios por

dose). Apos 30 minutos, foram coletados 5 ml de sangue do coelho
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através de puncgdo cardiaca, em presenga de heparina e o mesmo foi
- sacrificado, injetando-se endovenosamente sobredose de Sagatal®.

A seguir, a pele dorsal foi removida e os sitios injetados foram
recortados (didmetro de 15 mm) para contagem da radiocatividade
acumulada (' l-albumina), usando-se um contador gama. Os
resultados foram expressos como o volume de plasma extravasado a
partir dos valores encontrados em 1 ml de plasma (Williams, 1879;
Brain & Williams, 1985).

A composi¢do da solugdo de Tyrode (mM) foi a seguinte: NaCl

137, KCI 2,7, MgCl 0,5, NaH2POg4 0 4, NaHCO3 1,2 e glicose 5,6.

Superfusao de musculo liso vascular em cascata

Coelhos machos (2-3 kg), albinos (New Zealand) foram
anestesiados com pentobarbital sodico (Sagatal®, 40mg/kg, iv.) e
exsanguinados via artéria carétida. Apos laparatomia, os vasos
sanguineos (artéria pulmonar e veias cava e mesentérica) foram
removidos e colocados em solugdo tampio Krebs-Ringer. O tecido
endotelial de cada vaso foi removido através da inser¢doc de um
cateter de polietileno na luz do mesmo. Os vasos foram cortados em
espiral, montados em cascata (Vane, 1964) e superfundidos com
solugao de Krebs (95%02/5%C0O2), a um fluxo constante de Sml/min

(figura 4). Os tecidos foram ligados a alavancas auxoténicas
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conectadas a transdutores isotdnicos para musculo liso (Harvard) e as
respostas foram registradas em um poligrafo Watanabe (Model WTR
381) de seis canais. As fragGes obtidas apos a purificacdo pela
cromatografia liquida de alta pressao foram liofilizadas e injetadas na

forma de "bolus” sobre os tecidos.
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RESULTADOS

A figura 1 mostra o fracionamento do veneno bruto de
Phoneutria nigriventer (900 mg) em Sephadex G-10 (Marangoni et af.,
1993b). Todas as fragbes (3-30 ng) apresentaram atividade
espasmogeénica tanto em artéria pulmonar como em veia mesentérica
de coelho. A atividade espasmogénica da fracao S-VII foi abolida com
o pré-tratamento dos tecidos vasculares com o antagonista de
serotonina, metisergida (5 uM).

A fracdo S-I, devido a sua massa (450 mg), foi selecionada para
purificacdo e identificacdo dos componetes responsaveis pelas
atividades espasmogénica no musculo liso vascular de coelho e
edematogénica em pele de rato e coelho. Assim, a fracdo S-l foi
submetida a uma cromatografia por troca idnica em CM-celulose 52
resultando em dezesseis novas fragdes (figura 2). Estas fractes foram
liofilizadas e dessalificadas como descrito em materiais e métodos. As
fracbes C-I a C-VI e C-XV n&o apresentaram atividade em nenhum
dos tecidos vasculares testados. As fragdes C-VIlI+VIII, C-IX e C-X+XI|
(3 ng) e as fragdes C-XIl, Xill, XIV e XVi (30 ug), apresentaram
atividade espasmogénica em ambos os tecidos, artéria pulmonar e

veia mesentérica de coelho. Apenas a fragdo C-XlI apresentou
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atividade sobre a permeabilidade vascular em pele de coelho (figura
3). As fragdes fragdes C-VII+VIII, C-X+XI e C-Xlil foram selecionadas
para purificagdo em HPLC e caracterizacdo dos polipeptideos
responsaveis pela atividade espasmogénica (fragbes C-VII+VIIl, C-
X+Xl) e atividade sobre a permeabilidade vascular em pele de coelho

(fragdo C-XlllI, figura 3).

Resolugao da fragao C-Vil+Viil

A resolucdo da fragdo C-VII+VIIl foi obtida por meio da HPLC
(figura 5). A atividade espasmogénica em artéria pulmonar, veia cava
e veia mesenterica de coelho, foi identificada no pico indicado pela
seta como PNV1 (figuras 5 e 6). Assim como no veneno de Phoneutria
nigriventer total, a atividade contratil presente neste pico foi dose-
dependente. Nenhuma atividade espasmogénica foi detectada em
outros picos.

Os resultados obtidos com ¢ sequencimento do N-terminal nos
permite supor que o PNV1 representa um polipeptideo puro
constituido por uma unica cadeia. A composicdo e seqléncia dos
aminoacidos terminais do PNV1 estdo representadas nas tabelas | e
IV, respectivamente. A eletroforese em gel de SDS-poliacrilamida-
tricina (figura 7) mostrou que o PNV1 apresenta uma mobilidade

eletroforetica compativel com o peso molecular calculado de 13,89
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kDa. A analise de aminoacidos do PNV1 indicou também a presenca
de duas pontes de dissuifeto, grande contetdo de Asx e GIx (27%) e a

presenca de 125 residuos (tabela I).

Resolucao da fragdao C-X+XI

A resolucdo da fragdo C-X+XIl foi obtida por meio da HPLC e a
atividade espasmogénica em artéria pulmonar, veia cava e veia
mesentérica de coelho foi identificada no pico indicado pela seta
(figura 8 e 9). Assim como no PNV total, a atividade contratil presente
neste pico foi dose dependente. Nenhuma atividade espasmogénica
foi detectada em outros picos.

A repurificacdo do pico ativo pela HPLC usando um gradiente
descontinuo linear entre 40-48% do tampao B revelou a presenca de
dois outros picos (“inset" da figura 8), onde apenas o segundo pico
(denominado PNV2) apresentou atividade espasmogénica sobre os
tecidos vasculares.

A composicao e sequéncia dos aminodacidos terminais do PNV2
estdo representadas nas tabelas Il e |V, respectivamente. Os
resultados obtidos com o sequencimento do N-terminal nos permite
supor que o PNV2 representa um polipeptideo puro constituido por
uma unica cadeia. A analise de aminoacidos indicou a presenca de

quatro pontes de dissulfeto, grande contetido de Lys (14%), Gix (11%),
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e auséncia de His. A composicéo global dos aminoacidos indica a
presenca de 102 residuos (Trp nédo incluido) e um peso molecular

calculado de 12,11 kDa.

Resolugao da fragdo C-XIli

Como indicado pela figura 3, apenas a fragdo C-XIll apresentou
atividade espasmogénica em pele de coelho. A resolucéo da fracéo C-
Xlll foi obtida por meio da HPLC (figura 10). A atividade sobre
permeabilidade vascular em pele de coelho foi identificada nos picos
indicados I, Il e lll (figura 10) na dose de 30 ug/sitio, co-injetados com
PGE, (14,7 + 14 I, 442 + 39 pl, 76 + 6,0 ul e 69 + 3,3 ul, de
extravasamento induzido pela PGE; apenas, picos |, I e Il
respectivamente). Nenhuma atividade sobre permeabilidade vascular
foi detectada em outros picos. O pico 1l foi denominado PNV3 e
caracterizado bioquimicamente.

A composicdo dos aminoacidos do PNV3 estio representadas
na tabeila Ill. Os resultados obtidos com o sequencimento da regido N-
terminal do PNV3 indicam que este & um polipeptideo puro constituido
por uma unica cadeia (tabela 1V). A analise de aminoacidos da fracéo
PNV3, mostrou a presenga de seis pontes de disulfeto, alto contetido

de Gix (20%) e apenas um residuo dos aminoacidos His e Met. A
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composicdo global de aminoacidos indicou a presenga de 132
residuos (Trp nao incluido) e um peso molecular calculado de 14,47
kDa. A eletroforese do PNV3 em gel de SDS-poliacrilamida-tricina nas
formas nativa e reduzida (figura 11) mostraram apenas uma banda e
uma mobilidade eletroforética compativel com um peso molecular
proximo a 14,0 kDa (quando comparado aos marcadores lisosima 14,3

kDa e a b-lactoglobulina 18,4 kDa).
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FIGURA 1: Fracionamento do veneno de Phoneutria nigriventer em
Sephadex G-10. A coluna (2,5 x 190 cm) foi equilibrada com acido
acético a 2% (v/v). A amostra do veneno foi diluida em acido acético a
2% e fracionada a um fluxo de 13 ml por hora. As fragées foram
coletadas a 5 °C em um volume de 5 ml por tubo (Marangoni et al.
1993b).
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FIGURA 2: Cromatografia por troca iénica da fracdo ativa S-l,
proveniente da separacdo do veneno de Phoneutria nigriventer por
Sephadex G-10. A coluna foi equilibrada com tampao acetato de
aménio 0,05 M, pH 5, a um fluxo de 20 mi por hora. A seguir foi feita a
eluicao em concentragdes crescentes do tampao (0,1 a 3 M) com pH
5. As fragbes foram coletadas a 5 °C, 5 m| por tubo (Marangoni et al.

1993b).
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FIGURA 3: Aumento da permeabilidade vascular induzido pela fracéo
C-XlIt em pele de coelho. A fragdo C-XIlil foi obtida por cromatografia
por troca idnica da fragao ativa S-I, proveniente da separagdo do
venenc de FPhoneutria nigriventer por Sephadex G-10. Nesta figura
podemos observar as respostas edematogénicas induzidas pelas
fragdes C-VI a C-XVI (3 ul/sitio) co-injetadas com PGE,; (0,1
nmol/sitio). As fragbes C-l a C-V e C-XV nao foram testadas devido a
pequena quantidade obtida apds o fracionamento pela cromatografia
por troca ibnica. A linha acima do eixo horizontal representa a resposta
induzida apenas pela salina e a parte aberta das barras e acima desta
linha representa o edema induzido pela PGE, apenas. A parte fechada
das barras representa o edema induzido pelo veneno de Phoneutria
nigriventer dializado e suas fracdes. Estes resultados representam a
média de gquatro experimentos + o desvio padrdo da média e *p < 0,05
comparados com o0s sitios injetados apenas com PGE; (Antunes et al.,

1993b).
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FIGURA 4: Esquema de superfusdo de musculo liso em cascata. Os
vasos foram preparados segundo Vane (1964) em tiras helicoidais e
montadas para registro isotdnico das contragées. A bomba 1
superfunde, a um fluxo de 5 ml/min, uma solucdo de Krebs borbulhada
com 95% de O, e 5% de CO,. A bomba 2 superfunde a um fluxo de
0,1 ml/min, indometacina (5 uM). As fragbes obtidas apds purificacéo
em HPLC foram liofilizadas, resuspendidas em agua deionizada e
injetadas sob a forma de “bolus” sobre os tecidos.
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FIGURA 5: Perfil cromatografico da fragdo C-VII+VIll obtido pela
purificacao através da cromatografia liquida de alta pressdo de fase
reversa. Utilizamos uma coluna analitica nBondapack C18 de 0,39 x
30 cm. A eluigdo foi feita com um gradiente linear de 0-66% de
acetonitrila em 0,1% de TFA. A fracdo com atividade espasmogénica
(indicada pela seta) foi denominada PNV1.
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FIGURA 6: Atividade espasmogénica do PNV1 na artéria pulmonar
(RbPA) e veia mesentérica (RbMesV) de coelho. Os tecidos
vasculares sem o endotélio foram superfundidos em cascata. A
histamina e o PNV1 foram administrados sob a forma de “bolus” sobre

os tecidos.
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FIGURA 7: Eletroforese do PNV1 em gel de SDS-poliacrilamida-
tricina. Em 1: PNV1 purificado por HPLC de fase reversa. Em 2, de
cima para baixo: fosforilase B, albumina bovina, ovalbumina, anidrase
carbdnica e a-lactoglobulina.
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FIGURA 8: Perfil cromatografico da fragdo C-X+XI obtido pela
purificagao atraves da cromatografia liquida de alta pressao de fase
reversa. Utilizamos uma coluna analitica uBondapack C18 de 0,39 x
30 cm. A eluicdo foi feita com um gradiente linear de 0-66% de
acetonitrila em 0,1% de TFA. A fragéo com atividade espasmogénica
(indicada pela seta) foi repurificada por HPLC apresentando duas
outras fragOes (‘inset’), sendo a segunda a responsavel pela atividade
contratil e denominada PNV2.
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FIGURA 9: Atividade espasmogénica do PNV2 na artéria puimonar
(RbPA), veia cava (RbVC) e veia mesentérica (RbMesV) de coelho.
Os tecidos vasculares sem o© endotélio foram superfundidos em
cascata. A histamina e o PNV2 foram administrados sob a forma de
“bolus” sobre os tecidos.
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FIGURA 10: Perfil cromatografico da fracdo C-Xill obtido pela
purificagao através da cromatografia liquida de alta pressao de fase
reversa. Utilizamos uma coluna analitica uBondapack C18 de 0,39 x
30 cm. A eluicdo foi feita com um gradiente linear de 0-66% de
acetonitrilo em 0,1% de TFA. A subfracdo lll com atividade sobre a
permeabilidade vascular em pele de coelho (indicado na figura) foi
repurificada por HPLC utilizando um gradiente linear descontinuo de
50-65% do solvente B. O polipeptideo purificado foi denominado
PNV3.
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FIGURA 11: Eletroforese do PNV3 em gel de SDS-poliacrilamida-
tricina. Em 1: Marcadores albumina bovina (66,0 kDa), ovalbumina
(45,0 kDa), pepsina (37,0 kDa), B-lactoglobulina (18.4 kDa) e lisosima
(14.3 kDa). Em 2: PNV3 purificado por HPLC de fase reversa.
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TABELA | - Composigcao de aminoacidos do peptideo PNV1 purificada

do veneno de Phoneutria nigriventer.

Amino acid PNV1
Asx 12.68 (13)
Gix 20.27 (20)
Ser 7.98 (8)
Gly 8.95 (9)
His 2.15(2)
Arg 7.43(7)
Thr 6.02 (6)
Ala 9.64 (10)
Pro 7.86 (8)
Tyr 4.37 (4)
Val 6.72 (7)
Met 2.65(3)
1/2 Cys 3.54 (4)
lle 5.13 (5)
Leu 8.23 (8)
Phe 4.87 (5)
Lys 579 (6)
Trp n.d.

Total 124.28 (125) + Trp
n.d. - ndo determinado

Numero entre parénteses representa a integral mais préxima.



TABELA 1l - Composigéo de aminoacidos do peptideo PNV2

purificada do veneno de Phoneutria nigriventer.
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Aminoacido PNV2
AsX 8.12 (8)
Glx 10.80 (11)
Ser 7.18 (7)
Gly 10.35 (10
His 0

Arg 3.85 (4)
Thr 7.70 (8)
Ala 11.34 (11)
Pro 2.48 (2)
Tyr 3.22 (3)
Val 2.51 (3)
Met 2.72 (3)
1/2 Cys 7.85 (8)
lle 2.63 (3)
Leu 0.88 (1)
Phe 5.89 (6)
Lys 14.09 (14)
Trp n.d.

Total101.61 (102) + Trp
n.d. - ndo determinado

Numero entre parénteses representa a integral mais préxima.
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TABELA Hl. Composicdo dos aminoacidos do PNV3 purificado a partir

do veneno de Phoneutria nigriventer.

Amino acid PNV3
Asp 12.20 (12)
Glu 27.39 (27)
Ser 1.55 (2)
Gly 16.64 (17)
His 1.23 (1)
Arg 5.89 (6)
Thr 5.30 (5)
Ala 9.76 (10)
Pro 5.48 (5)
Tyr 7.00(7)
Val 2.52 (3)
Met 1.00 (1)
1/2 Cys 12.37 (12)
lle 4.68 (5)
Leu 4.75 (5)
Phe 3.64 (4)
Lys 9.62 (10)
Trp n.d.

Total 132+Trp

n.d. - ndo determinado
a - Numero entre parénteses representa a integral mais préxima.

b - determinado como acido cisteico
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TABELA 1V: Homologia seqliencial da regido amino terminal de 14
polipeptideos isolados do veneno de Phoneutria nigriventer. O
alinhamento da estrutura primaria foi realizado de acordo com os
residuos de meia-cistina. Os “gaps” foram introduzidos para maximizar
o grau de homologia. PNV1 (Marangoni ef al., 1993b), PNV2 (Bento et
al, 1993) PNV3 (Bento et al., 1995), PNV4 (Rego et al., in press), Tx1
(Diniz et al., 1990), Tx2-1, Tx2-5, Tx2-6, Tx2-9, (Cordeiro ef al., 1992),

Tx3-1, Tx3-2, Tx3-3, Tx3-4, Tx3-5, Tx3-6 (cordeiro et al., 1993).

PNV1 EAFPGQST

PNV2 LAKRADICQP = w—————— GKTSQRACET
PNV3 AVFATQDQPC

PNV4 AELTSCFPVGHECDGDASNCNCCGDDVYCGCGWG~R
TX1 AELTSCFPVGHECDGDASNCNCCGDDVYCGCGWG-R
TX2.1 ATCAGQDKPCKE~~~-TCDCCGERGECVCA~L~S
TX2.5 ATCAGQDQTCKV-~~TCDCCGERGECVCG-G-P
TX2.6 ATCAGQDQPCKE~~-TCDCCGERGECVCG-G~P
TX2.9 SFCIP-FKPCKS-—-—DENCC~-KKFKCKTTGI
TX3.1 AECAAYYERCGK~-GYKRCCEERP-CKCNIVMD
TX3.2 ACAGLYKKCGK~-GASPCCEDRP-CKCDLAMG
TX3.3 GCANAYKSCNG---PHTCC~-WGYNGYKKA
TX3.4 SCINVGDFCDGKKDCCQCDRDNAFCSCSVIFG
TX3.5 GCIGRNESCKF--DRHGCCWPWS-CSCWNK

TX3.6 ACIPRGEICTD---DCECCGCDNQCYCPPG-S
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DISCUSSAO

Os primeiros trabalhos com veneno de Phoneutria nigriventer,
envolvendo purificacdo e atividade biolégica, foram realizados por
Barrio (1955), seguido por Diniz (1963) e Schenberg e Pereira-Lima
(1962; 1966, 1971 e 1978). Entretanto, somente em 1982 um
polipeptideo puro foi isolado deste veneno e sua atividade biologica
determinada (Entwistle et al.,1982). Estes autores purificaram um
polipeptideo neutro (5.5-5.9 kDa) com quatro pontes de dissulfeto,
responsavel por potenciais de acdo repetitivos em musculo
esquelético de gafanhoto.

Diniz et al., (1990) purificaram e seqiienciaram um polipeptideo,
o qual foi denominado Tx1, com 77 residuos de aminoacidos e massa
molecular de 8,1 kDa, com atividade neurotdxica e letal para ratos.
Este polipeptideo, quando comparado com outras toxinas animais
apresentou alta concentracdo de meia-cistina. Rezende et al. (1991)
purificaram outras trés fragcbes com atividade neurotdxica, PhTx-1,
PhTx-2 e PhTx-3, sendo que a fragdo PhTx-1 mostrou ser o
polipeptide Tx1, purificado anteriormente por Diniz et al. (1990).
Posteriormente, a fracdo PhTx-2 foi purificada por fase reversa e
quatro polipeptideos, Tx2-1, Tx2-5 Tx2-6 e Tx2-9, foram isolados.

Estes quatro polipeptideos conservaram a atividade neurotdéxica em
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ratos. A caracterizagao por SDS-PAGE, composicdo de amonoacidos
e sequenciamento total, mostrou que se tratavam de polipeptideos
distintos com massa molecular entre 3,7 e 5,9 kDa e ricos em meia-
cistina (Cordeiro et al., 1292).

Recentemente, Sverzut (1994) estudou o efeito das fraches
PhTx-1 e PhTx-2 (Rezende et al, 1991) sobre a fisiologia e a
morfologia de nervos frénico-periféricos e musculo esquelético de
camundongos ‘in vifro”. O estudo morfolégico mostrou que a fragéo
PhTx-1 produz vacualizagbes das fibras musculares e desorganizacao
das miofibrilas, sugerindo atividade miotéxica. Por outro lado, o estudo
eletrofisiolégico revelou que esta fragdo nao produz alteragdes nos
potenciais de repouso e de placa terminal em miniatura, indicando que
a fragdo PhTx-1 ndo é capaz de ativar canais de sédio. Entretanto, a
fragdo PhTx-2 ativa os canais de soédio voltagem-dependentes,
promovendo a elevacdo da pressdo osmoética e influxo de liquido
intersticial em preparagdes neuro-musculares, produzindo a
desorganizacdo dos neurofilamentos, microtubulos, axoplasma e
alteracdes mitocondriais.

Neste trabalho, apresentamos trés peptideos (PNV1, PNV2 e
PNV3) com um peso molecular de 13,89 kDa, 12,11kDa e 14,47 kDa,

respectivamente, que apresentam atividade espasmogénica (PNV1 e
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PNV2) em tecidos vasculares de coelhos, e atividade edematogénica
(PNV3) em pele de coelho.

A composicdo global dos aminoacidos mostrou que o PNV1
possui 125 residuos e massa molecular calculada de 13,89 kDa, alta
concentracio de Asx + GIx (27%), além de 10 residuos de alanina, 9
residuos de glicina, 3 residuos de metionina, 4 residuos de meia-
cistina e auséncia de histidina (tabela I).

A analise de aminoacidos indicou também a presenca de duas
pontes de dissulfeto. Entretanto, deve-se observar que estes
resultados n&o permitem excluir a possibilidade da presenga de grupos
sulfidrila livres o que reduziria © nimero de pontes de dissulfeto.

A eletroforese do PNV1 em gel de poliacrilamida com SDS
(figura 7), em condicbes nativa e reduzida, mostrou apenas uma
banda proteica confirmando a pureza do material e indicando que o
PNV1 € um polipeptideo de cadeia Gnica com massa molecular de
13,9 kDa (Marangoni, S. et al., 1993b).

Embora néo tenha sido possivel realizar a eletroforese do PNV2
em gel de poliacrilamida SDS, devido a escassez do material, os
resultados obtidos com a purificagdo e seqlienciamento da regidao N-
terminal, nos permite supor que o PNV2 é um peptideo puro

constituido por uma Unica cadeia.
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A composicdo global de aminoacidos do PNV2 (tabela 1) indica
a presenga de 102 residuos e massa molecular calculada de 12,11
kDa, alta concentragdo de Gix (11%) e Lys (14%), além de 10 residuos
de glicina, 11 residuos de alanina, 8 residuos de meia-cistina,
ausencia de histidina e a presencga de 4 pontes de dissulfeto (Bento et
al., 1993). Entretanto, deve-se novamente observar que estes
resultados nao permitem excluir a possibilidade da presenc¢a de grupos
sulfidrila livres, o que reduziria o nimero de pontes de dissuifeto.

Tendo em vista que a atividade espasmogénica do veneno de
Phoneutria nigriventer total em tecidos vasculares de coelhos nao é
afetada pela tetrodotoxina (Antunes et al., 1993a), € pouco provavel
que tal atividade seja decorrente da ativacdo dos canais de sédio,
diferentemente do que ocorre nas preparacbes de nervo-frénico
diafragma de ratos (Fontana & Vital Brasil, 1985) e atrio isolado de
cobaias (Vital Brasil et al.,, 1988). Além disto, a observagdo de que a
fenoxibenzamina ndo afeta as contragbes induzidas pelo PNV
(Antunes et al., 1993a) exclui a possibilidade de que este veneno
promova a liberacdo de noradrenalina endégena das terminactes
nervosas presentes na parede vascular, como ocorre em atrios
isolados de cobaias (Vital Brasil et al., 1988). O envenenamento por
Phoneutria nigriventer caracteriza-se principalmente por intensa dor

local, € que pode ser acompanhada por disturbios vasculares como
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edema pulmonar e priapismo (Vital Brasil & Vellard, 1925; Schenberg
& Pereira-Lima, 1971). A possibilidade destes peptideos com atividade
espasmogénica serem responsaveis por tais sinais clinicos devera ser
futuramente investigada.

O aumento da permeabilidade vascular induzida pelo PNV em
pele de ratos e coelhos (Antunes et al.,, 1992) depende da sintese
local de cininas em resposta a ativacdo do sistema de calicreina
tissular, mas nao do sistema de calicreina plasmatica (Marangoni R.A.
et al., 1993a). Isto foi baseado em resultados mostrando que o trasilol
(inibidor de proteases), mas ndo o SBTI (inibidor de calicreina
plasmatica), reduz significativamente a exudagido induzida pelo
veneno de Phoneutria nigriventer. Por outro lado, a exudagédo causada
por este veneno € significativamente reduzida na presenca de HOE-
140, antagonista seletivo Bo. Além disto, o captopril (inibidor de
cininase |l) & capaz de potenciar a exudacéo induzida pelo veneno de
Phoneutria nigriventer, sugerindo fortemente que este efeito é
mediado pelo sistema de calicreina tissular e formagio local de
cininas, levando a formacéo do edema pela ativacao dos receptores B,
(Marangoni, R. A. et al., 1993a). A fragédo presente no veneno (fragdo
C-XIil), responsavel pela ativacido deste sistema foi recentemente

purificada (Antunes ef al, 1993b). Neste trabalho apresentamos o
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polipeptideo purificado a partir da fracdo C-Xlll, responsavel pelo
aumento da permeabilidade vascular em pele de coetho.

Como descrito anteriormente, a resolugcdo da fragdo C-Xli| foi
obtida por meio da HPLC. A atividade sobre permeabilidade vascular
em pele de coelho foi identificada nos picos indicados |, Il e lii (figura
10). O pico il foi entdo denominado PNV3 e caracterizado
bioguimicamente.

A composicdo global de aminoacidos mostrou que o PNV3
possui 132 residuos e massa molecular calculada de 14,475 kDa, aita
concentragdo de GlIx (20%), além de 17 residuos de glicina, 10
residuos de alanina, apenas um residuo de histidina e metionina, 12
residuos de meia-cistina e a presenca de 12 pontes de dissulfeto
(tabela Il}).

A eletroforese do PNV3 em gel de poliacrilamida-SDS, nas
condigbes nativa e reduzida, mostrou apenas uma banda proteica
confirmando assim a pureza do material e indicando que o PNV3 é um
polipeptideo de cadeia tunica com mobilidade eletroforética compativel
com uma massa molecular proximo a 14,5 kDa (figura 10).

A sequéncia dos aminoéacidos do PNV1, PNV2 e PNV3 foi
comparada com a de outros 12 polipeptideos obtidos a partir do
veneno de Phoneutria nigriventer (tabela 1V), dentre os quais as

neurotoxinas Tx1, Tx2 e Tx3 (Diniz et al., 1990; Cordeiro et al., 1992,



58

1993) e o PNV4 (Rego et al, in press). Esta comparacao revelou a
similaridade do PNV3 com as sequéncias dos N-terminais das
neurotoxinas Tx2.1, Tx2.5 e Tx2.6 (60, 60 e 70% de identidade,
respectivamente), descritos por Cordeiro et al. (1993).

O veneno de Phoneutria nigriventer relaxa o corpo cavernoso de
coelho devido & ativagdo do sistema de calicreina tissular (l.opes-
Martins ef al.,1994). Recentemente, desenvolvemos uma metodologia
de purificagdo por cromatografia liquida de alta pressdao de fase
reversa (Rego et al, in press), através da qual isolamos do veneno
bruto de Phoneutria nigriventer, dois outros peptideos. O primeiro, com
atividade edematogénica em pele de coelhos e ratos e atividade
relaxante no corpo cavernoso de coelho. O segundo, o qual foi
caracterizado bioguimicamente e denominado PNV4 (Rego ef al., in

press) com atividade relaxante em corpo cavernoso de coelho

Este resultado estéd consistente com aqueles obtidos com o
veneno dializado e, sugere fortemente que nesta fracdo esta (40)
presente (s) peptideo (s) capaz (es) de ativar as calicreinas teciduais
0s quais poderao ser uma ferramenta util na compreensao do papel do
sistema calicreina tissular-cininogénic-cinina tecidual. Entretanto, a
tabela 1V nos mostra que o PNV4, cuja massa molecular € de 16,6

kDa, apresenta uma regido N-terminal homologa a Tx1. Esta toxina,
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isolada por Diniz et al. (1993), possui uma massa molecular de 8,1
kDa, valor correspondente a metade daquele calculado para o PNV4,
a partir da analise da eletroforese em gel de poliacrilamida e da
composicado global de aminoacidos.

A atividade destacada do PNV4 € a induc&o do relaxamento do
corpo cavernoso de coelho, um dos principais fatores que promove a
erecdo. Quando esta erecdo € prolongada e dolorosa se constitui no
priapismo, importante sintoma indicador da picada por Phoneutria
nigriverniter. Contudo, este sinal clinico ndo foi observado quando a
Tx1, descrita como neurotoxica e letal para ratos (Diniz et al., 1990),
foi injetada intracerebroventricularmente em ratos (Rezende et al.,
1991),

Os estudos de homologia seqlencial apontam para a
possibilidade de PNV4 e TX1, serem resultado de um processamento
diferencial do RNA mensageiro de um mesmo gene.

Sabe-se que a maioria dos genes dos eucariontes sao
descontinuos, sendo consiituidos por regides codificantes, os exons,
intercalados por regides nao codificadoras, os introns. A transcrigéo se
da produzindo um transcrito primario, incluindo introns e exons, que é
posteriormente processado resultando no RNA mensageiro maduro. A

possibilidade de se produzir RNAs mensageiros de diferentes
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tamanhos, permite a sintese de proteinas distintas a partir de um
mesmao gene.

Um processamento diferencial de RNA mensageiro explicaria
nao s& a existéncia de proteinas como o PNV4 e a Tx1, mas pode ter
sido uma importante estrategia evolutiva que permitiria compreender a
diversidade das toxinas animais. Se este processo esta relacionado
com a presenga do PNV4 no veneno Phoneutria nigriventer nao temos
elementos para afirmar. Entretanto, a ocorréncia de processamento
p6s sintese de proteinas de veneno de aranhas é relatado para a
toxina w-aga IA de Agelenopsis aperta (Santos et al., 1992) e para a
toxina Tx1 de Phoneutria nigriventer (Diniz et al, 1993). Estas
proteinas s&o sintetizadas na forma de pré-protoxina e maturadas
geneticamente pela clivagem de dominios da molécula.

As calicreinas s&o um grupo de serina proteases encontradas
em células glandulares, neutréfilos e fluidos bioldgicos. As calicreinas
sdo divididas em dois grandes grupos: plasmaticas e tissulares
(Fiedler, 1979; Movat, 1979). Ambos os grupos diferem quanto ao
peso molecular, ponto isoelétrico, especificidade de substrato,
caracteristicas imunolégicas, tipo de cinina liberada e importancia
funcional (Bhoola ef al, 1992). As calicreinas tissulares apresentam um
pesc molecular entre 25.000-43.000 (Bhoola ef al, 1992). Assim, é

pouco provavel que a ativagdo do sistema de calicreinas tissulares
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seja devido a presenga de calicreina no veneno de Phoneutria
nigriventer, tendo em vista que o peptideo por nds isolado possui um
peso molecular em torno de 15.000, o qual esta bem abaixo do peso
molecular das caiicreinas tissulares (Antunes et al., 1993b).

As calicreinas teciduais atuam especificamente em cininogénio
de baixo peso molecuiar, formando o decapeptideo calidina (lis-
bradicinina), o qual produz seus efeitos ativando principalmente os
receptores bradicininérgicos do subtipo B, (de Nucci ef al., 1988;
D’'Orleans-Juste ef al., 1989; Regoli ef al., 1990). O papel fisioldgico da
calidina ainda ndo esta bem estabelecido. Entretanto, em traumas
como picada de aracnideos é provavel que cininas geradas
extravascularmente (como a calidina) possam ser moduladores mais
importantes da permeabilidade vascular e da dor do que as cininas
geradas intravascularmente (como a bradicinina). Neste contexto,
seria interessante investigar o uso clinico do ftrasilol no alivio dos
sintomas do envenenamento causado pela Phoneutria nigriventer.

E sabido que venenos de vespa e formigas contém cininas
(Piek, 1991). Entretanto, até o presente momento, nenhum ativador de
calicreina tissular foi descrito em venenos. A identificagido bioquimica
do(s) peptideo(s) responsavel(is) por esta atividade, podera ser uma
ferramenta ufil na compreensdo do papel do sistema calicreina

tissular.
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5. Marancont, N. C. C. Borais, R. A, Marancont, E. ANTunges, C. A.
Viera, J. C. Novitro, G. B, DoMonTt, 1. R. Giaguio, B. Ouiveira and G. DE
Nucar Biochemical characterization of a vascular smooth muscle contracting
polypeptide purified from Phoneutria nigriventer (armed spider) venom.
Toxicon 31, 377-384, 1993.-—Crude Phoneutria nigriventer venom was
fractionated by Sephadex, ion-exchange and reverse-phase high performance
liquid chromatography. One protein (PNV1) with spasmogenic activily in
rabbit vascular smooth muscle was isolated and biochemically characterized.
PNV1 has 125 amino acid residues and a calculated mol. wt of 13,899, Special
features of the amino acid composition of PNVI are the presence of two
disulfide bridges and the high percentage (27%) of Asx and Glx. The
N-terminal amino acid sequence indicates that PNV1 is different from other
polypeptides isolated from Phoneutria nigriventer venom.

INTRODUCTION

Phoneutria nigriventer, an aggressive wandering solitary spider from South America, is
responsible for most human accidents of spider bites in the centre, east and south of Brazil
(Lucas, 1988). The bite of this spider causes immediate, intense and irradiating local pain,
neurogenic shock and cardiac disturbances characterized by tachycardia and arrhythmia
(SCHENBERG and PEREIRA-LIMA, 1971).

Phoneutria nigriventer venom (PNV) contains neurotoxin(s) which activate sodium
channels, leading to neuromuscular blockade of the phrenic nerve—diaphragm muscle

preparation (FONTANA and ViTaL-BRraAzIL, 1985). Release of acetylcholine and norepine-
phrine by autonomic nerve endings in guinea-pig atria has also been described {VritaL-
BrAZIL et af., 1988). In addition, PINV contracts rabbit vascular smooth muscle (ANTUNES

* Present address: Department of Biochemistry, University of Campinas, PO Box 6111, 13081, Campinas, SP,
Brazil.
t Author to whom correspondence should be addressed,
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et al., 1990} and increases vascular permeability in rat and rabbit skin (ANTUNES ef al.,
1992). This paper reports the biochemical characterization of a polypeptide responsible
for the spasmogenic activity on the rabbit vascular smooth muscle.

MATERIALS AND METHODS
Fenom and reagents
Phoneutria nigriventer venom was obtained by electrical stimulation of spiders maintained by the Arthropods
Section, Institute Butantan, Sdo Paulo (SP, Brazil). All chemicals and solvents were of HPLC grade purchased
from Sigma Chemical Co (5t. Lowis, U.5.A) or Aldrich Chemicals Co (Milwaukee, U.5.A.). Reverse phase
chromatography was performed using a Waters (991-PDA) system. The composition of the Krebs solution was
(mM): NaCl 118, NaHCO, 25, glucose 5.6, KCI 4.7, KH,PO, 1.2, MgS0,.7H,0 1.17, and CaCl.6H,0 2.5.

Fractionation of Phoneuiria nigriventer venom

Desiccated Phonewutria nigriventer venom (%00 mg) was dissolved in 4ml of 2% (v/v) acetic acid at room
temperature (20-25°C) and centrifuged for 10 min 10 remove insoluble materiul (30 mg). The brownish-yellow,
clear supernatant was gel liltrated at 5°C on a 2.5 cm x 190 em column of Sephadex G-10-120, equilibrated with
2% ucetic acid. The cight fractions (8,-8,,,) obtained were lyophilized and bioassayed on isolated arterial and
venous lissues [rom rabbils.

Fractionation of S, by ion-exchange chromatography

Fraction 8§, (450 mg) was dissolved in 3.5ml of 0.05M ammonium acctate buffer, pH 5.0, cleared by
centrifugation and chromatographed on microgranular CM-cellulose-52 (Whatman). The column
(2.5cm x 55 cm) was previously equilibrated with this buffer at flow rate of 20 ml/hr (5°C), the sample applied
and a stepwise ¢lution (0.1 M to 3.0 M buffer, pH 5.0} was started at an effluent volume of 150 ml. Each new
fraction (Sml/tube) obtained was lyophilized, redissolved in 2% acetic acid and desalted at 5°C on a
2cm x 200 em column of Sephadex (G-10-120, equilibrated with the same solvent, foliowed by lyophilization.
Fractions C~Cyy, were lyophilized until frec of ammonium acetate, Fraction C,, which was insoluble in acetic
acid, was desalted in 0.05 M ammonium hydroxide.

Reverse phase liguid chromatography

The smooth muscle active fruction Cy, + ., oblained from ion-exchuange chromatography was purified by
reverse phase HPLC ona 0.39 em x 30 cm jBondapack colunn (Waters Sysiem) with a lincar gradient of 8-66%
acetonitrile in 0.1% trifuoroacetic acid, at a flow raite of | mi/min. The resulting fractions were lyophilized for
bioassay and the active fraction was repurified using a step-wise elution in the range of the first purification.
Proteins were detected by their absorbance at 220 am. The purified active fraction was named PNVI.

Electrophoresis of PNV1

Tricine-SDS-polyacrylamide gel electrophoresis was carried out as described by SHAGGER and Jacow (1987).
The gels were composed of a smali-pore gel {16.5%T-6%C) overlaid by a spacer gel (10%T-3%C) which was in
turn overlaid by a stacking gel (496T-3%<C). Samples containing approximately 50 ug protein were dissolved in
4% SDS, 12% glycerol (w/v}), 50 mM Tris, 2% mercaptoethanol (v/v}), 0.01% Coomassie Blue G adjusted with
HCI to pH 6.8. Anode and cathode buffers were 0.2 M Tris, pH 8.9 and 0.1 M Tris, 6.1 M Tricine, 0.1% SDS
(w/v) pH 8.25, respectively. Electrophoresis was performed at 90 volis. The protein bands were fixed in a solution
containing 50% methanol and [0% acetic acid for 60 min, and then stained with Coomassie Blue G (0.025%) in

acetic acid {10%).

N-terminal amino acid sequence of PNV1

Twenty micrograms of the isolated polypeptide was used to determine its N-terminal sequence by automated
Edman degradation in an Applied Biosystems model 477A Sequencer. Phenylthiohydantoin amino acids were
identified in a mode! 120-A PTH-amino acid analyzer (Applied Biosystems), according to the retention times of a
20 PTH-amino acid standard.
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Amine acid composicion of PNV

Amino acid analysis was performed on a Pico-Tag amino acid analyzer (Water System) as described by
HENRIKSON and MerepiTh (1984). The purified sample (10 zg) was hydrolyzed with 6 N hydrochloric acid
{Pierce-Sequenal Grade} containing 1% phenol {vjv} at 106°C for 24 hr. Hydrolyzates reacted with 20 4l of fresh
derivatization solution (v/v; T:1:1:1; ethanok:triethylamine:water: phenylisothiocyanate) for [ hr 4t room tempera-
ture. The phenylthiocarbamyl (PTC) amino acids were identified by HPLC comparing their retention times with
those of a standard mixture.

Swperfusion of vascular smooth muscle

Male New Zealand white rabbits (2.0-2.5 kg) were anesthetized with thiopental sodium (30 mg/kg, i.v.} and’
exsanguinated via the carotid artery. The abdominal and thoracic cavities were opened and the mesenteric
(RbMesA), coeliac (RbCA) and pulmonary (RbPA) arteries and the jugular (RbIV), mesenteric (RbMesV) and
cava (RbVC) veins were removed and placed in Krebs solution. The vessels were cleared of adipose tissue and
the endothelial layer mechanically removed. The tissues were suspended in a cascade (VANE, 1964) and
continuously superfused with oxygenated (95% 0, + 5% C0Oy) and warmed (37°C) Krebs solution al § mi/min.
Respunses of the tissues were detected with auxotonic levers (PATON, 1957) atteched 1o Farviand beart/smooth
muscle transducers and displuyed on 8 Watanabe multichanael pen recorder {Model WTR 3§8). After an
equilibration period of approximately 60 min, the fractions obtained from PNV scparation were injected as

single bolus,

3.500 M o
s
3.000
_. 2500
,_I, 2.000
2
500
o 1.50
< 1.000 1 I b4
0500 r = ™
0000 10 20 30 40 50 60 7O 8C 90 100 10 120 130 140
TUBE NUMBER amin
“Tiem

RbPA o S AN f\f\ ™~

i

-
10 p¢

- - - » -
13 3 5 3 18

FiG. 1. SPASMOGENIC ACTIVITY IN RABBIT PULMONARY ARTERY (RbPA)} AND MESENTERIC VEIN
(RbMesV) OF FRACTIONS $,-Sy,; OBTAINED FROM Phoneufria nigriventer VENOM BY GEL FILTRATION
ON SepHaDEX G-10-120.

The vascular tissues were de-endothelialized and superfused in cascade. PNV was diluted in acetic
acid (29} and eluted at [3 mi/he. The fractions were lyophilized, resuspended in saline (1 mi) and
injected (3-30 ug) us single bolus, The bicassay trace is represcntalive of three other experiments.
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FiG. 2. SPASMOGENIC ACTIVITY IN RABBIT PULMONARY ARTERY (RDPA) AND MESENTERIC VEIN

{RbMesV} oF FRACTIONS [-X V] OBTAINGD 8Y ION-EXCHANGE CHROMATOGRAPHY OF FRACTION S,

The vascular lissues were de-endothelialized and superfused in cascade. Note that fractions

VH+VHL IX, X+XI, XH, X1, X1V and XV1 contracted both vascular tissues tested. The
bioassay trace is representative of three other experiments.

RESULTS

Venom fractionation

Figure 1 shows the gel filtration profile of the whole venom (900 mg) extract where eight
fractions were obtained. All fractions (3-30 ug) had spasmogenic activity on RbMesV and
RbPA (Fig. 1), and on RbVC, RbJV, RbMesA and RbCA (not shown). High voitage
paper electrophoresis at pH 6.5 revealed a very high concentration of glutamic acid (and a
little aspartic acid) in fraction S, and identified fraction S, as serotonin {not shown). The
spasmogenic activity of fraction 8,,, was abolished by pretreatment of the vascular tissues
with the serotonin antagonist methysergide (5 uM; not shown).

In order to identify the components responsible for the spasmogenic activity, fraction §,
was selected for further purification due to its mass (452 mg). Ton-exchange chromato-
graphy of §, resulted in sixteen fractions (I-XVI) (Fig. 2), which were lyophilized and
desalted as described above. Fractions 1 VI and XV were inactive in all vascular tissues
tested (# = 3). Fractions VII-VIII, IX and X-XI (3 pg) and fractions X1I-XIV and XVI
(30 ug) had spasmogenic activity on both RbPA (n = 3) and RbMesV (n = 3; Fig. 2),
which was not affected by pretreatment of the vascular tissues with methysergide (5 uM).

High performance liquid chromatography of fraction VII-VIII shows several peaks, but
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FIG. 3. SPASMOGENIC ACTIVITY iIN RABBIT PULMONARY ARTERY {RDPA} AND MESENTERIC VEIN
{RbMesV) OF PEAKS OBTAINED BY REVERSE PHASE HIGH PERFORMANCE LIQUID CHROMATOGRAPHY OF
FRACTION VII 4 VHI on A 0,39 x 30 cm pBondapack C18 ANALYTICAL COLUMN,

For elution, a linear gradient from 0-66% acetonitrile in 0.1% TFA was used. The vascular tissues
were de-endothetialized and superfused in cascade. Note that the spasmogenic activity (named
PNV1) was present in a single chromatographic peak {arrow).

the spasmogenic activity in both RbPA and RbMesV (Fig. 3) and in RbVC and RbJV
{not shown) was retained in the peak indicated as PNV1. No spasmogenic activity was
detected in the other peaks (not shown). The partial sequence of the smooth muscle active
fraction (PNVI1) purified by reverse phase chromatography is shown in Table 1.
Tricine-SDS-PAGE (Fig. 4) and N-terminal sequencing indicate that PNV is pure and
has a single polypeptide chain. Amino acid composition of PNV1 is consistent with the
presence of two disulfide bridges and a high percentage (27%) of Asx and Glx. The global
amino acid composition indicates the presence of 125 residues (Trp not included) and a
formula weight of 13,899,

DISCUSSION

Phoneutria nigriventer venom induces contractions on rabbit vascular smooth muscle
independently of both valtage-dependent sodium and dihydropyridine-sensitive calcium
channel activation (ANTUNES er al., 1990). Interestingly, the spasmogenic activity on
wvenous tissues and in the pulmonary artery was maintained after dialysis, indicating that
polypeptides rather than serotonin or histamine (SCHENBERG and PEREIRA-LIMA, 1971)
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Fic. 4. Tmoe-SDS-PAGE.
Lane (1) PNV, lane (2) from top: phosphorylase B, bovine serum albumin, ovilbumin, carbonic
anhydrase und a-luctoglobulin,

were responsible for the contractions observed in the rabbit tissues. Qur results demon-
strate that Phoneutria nigriventer venom contains several proteins that present spasmo-
genic activity on rabbit vascular smooth muscle. Using gel-filtration, ion-exchange and
reverse phase high performance liquid chromatography, we have been able to purify one
polypeptide and determine its N-terminal sequence, mol. wt and amino acid content.
Dz (1963) demonstrated by electrophoresis and chromatography the presence of two

TasLs [. AMINO TERMINAL SEQUENCE OF PNV ToOXIN FROM
Phoneutria  nigriventer VENOM. COMPARISON OF THE
N-TERMINAL SEQUENCE OF THE FIRST EIGHT AMINO ACID
RESIDUES OF PNV TOXIN WITH THE AMING TERMEINAL
SEQUENCES OF OFHER NEURGTOXEC PEPTIDES (PRTX} SOLATED
FROM THE SAME SPIDER VENOM (REZENDE ef /., 1991)

Toxin Sequence

PNV] Glu-Ala-Phe-Pro--Gly-Gla-Ser—Thr-
PhTx} Ala—Glu-Leu-Thr-8Ser-Cys-Phe-Pro-
PhTx2 Ala-Thr-Cys-Ala~-Gly-Gin-Asp-Thr-

PhTx3 Gly-Cys-lle-Gly-Arg-Asn—Giu-Ser—
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TABLE 2, AMING ACID COMPOSITION OF PNVI
FROM Phoneutria nigriventer VENOM

Amino acid PNVI
- Asx 12.68 (13)

Gix 20.27 (20)

Ser 7.98 (8)

Gly 8.95 (9)

His 2.15 (2}

Arg 743 (T

Thr . 6.02(6)

Ala 9.64 (10)

Pro 7.86 (B)

Tyr 4.37 (4)

Val 672 (7

Met 2.65(3)

H2Cys 3.54(4)

Ile 5.13(5

Leu 8.23 (8)

Phe 4.87 (5)

Lys 519 (6)

Trp n.d.

Total 124.28 (125} + Trp

n.d., not determined
Numbers in parentheses represent the nearest
integer.

polypeptides that contract the guinea-pig ileurn, with mol. wis between 5000 and 10,000.
ENTWISTLE et al. (1982) purified a neutral toxic (5.5-5.9 kDa} polypeptide by gel filtration
and ion-exchange chromatography that had neurophysiological activity on locust tibial
muscle. Three neurotoxic polypeptides, PhTx1 (DiNiz et al., 1990), PhTx2 and PhTx3
(REZENDE ef al., 1991) were isolated from PNV and the N-terminal sequenced. These
polypeptides have four (ENTWISTLE ef al., 1982), seven (PhTx1), nine (PhTx2) and eight
(PhTx3) disulfide bridges and three, three, seven and five Glx residues, respectively, The
presence of free sulphydryl groups in PNVI1 was not determined and no correction for
losses during acid hydrolysis was made for its cystine content. Based on these facts and on
the apparent absence of free cysteines in the previously reported toxins, we assumed that
PNV1 has two disulfide bridges. There is a high content of Asx + Glx (27%), especially of
Glx (20 residues), compared to the other toxins. SDS-PAGE mobility and amino acid
composition indicated that PN'V1 has approximately 125 residues and a mol. wt of 13,899,
twice the number of residues and mol. wt of other known PNV polypeptides. In addition,
the N-terminal sequence of PNV is different from that described for other PNV
polypeptides. Whether the isolated peptide has pharmacological activities other than
rabbit vascular smooth muscle contraction is under investigation.
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Identification of a new vascular smooth muscle contracting polypeptide in
Phoneutria nigriventer spider venom
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Abstraci—The fractionation of Phoneutria nigriventer spider venom by gel filtration (Sephadex G-10-
120} followed by ifon-exchange chromatography (microgranular CM-cellulose-52) resulied in sixteen
fractions {3 10 Cyxvy) Trom which Cyyva. Cix and Cx x cavsed dose-dependent and short-lived
contractions of both arterial and venous rabbit vessels. Fraction Oy, x) was Turther puritied by u eeverse
phase HPLC, snd a contractile polypeptide (PNVZ) was isolated, The amino termimil sequenee of
PNV2(LAKRADICQPGKTS QRACET) indicated that it represents a pure polypeptide consisting
of a single chain. Furthermore, the amino acid anatysis of PNV2 revealed the presenee of four disulfide
bridges, a high content in Lys (149%), Glx (119}, and the absenve of His. The global amine acid
composition showed that this polypeptide is composed of 102 residues (Trp not included) with a
calculated molecular weight of 12,114, Whether this peptide is responsible for the visculue alterations
observed in Phoneuwiria envenomation, such as lung edema and priapism, remiins to be further

investigated,

Phoreutria nigriventer is the species responsible for most
human spider biles in the center, cast and south of Brazil
[1]. The bite of this spider causes intense and radiating
local pain, autonomic dysfunction, and  paralysis {2-5].
Phortewtria nigriventer venom (PNV)Y contains several
toxins that exert important biological effects such s
voltage-dependent sodium channel activation 6, 7], local
edema formation in vive [8], and vascular smooth muscle
contractions [9, 0], Recently, o polypeptide responsible
for the comtractile activity has been idemitied {1], which
greatly differs from other peptides isolated {rom PNV
{12, 13]. We report here the isolation and biochemical
characterization {amino acid composition, N-terminal
amino acid sequence and a caleulated molecular weight)
of a new contractile polypeptide purified from PNV.

Materials and Methods

Venum and reagenis, Phoneutria nigriventer venom was
abtained by electrical stimulation of spiders maintiained by
the Arthropods Section, Institute Butuntan, Siae Paulo
(SP, Brazil) and desiccated using 0 vacuum desiceator
containing NaOH tablets at room temperature. All
chemicals and solvents were of HPLC grade purchased
from the Sigma Chemical Co. (St. Louis, MO, US A)or
the Aldrich Chemical Co. (Milwuukee, WI, U.S.A L
Reverse phase chromatography was performed using «
Waters (991-PDA) system. The composition of the Krebs
solution was (mM): NaCl, 118; NaHCO,, 25; glucose, 5.6;
KCl, 4.7; KH,PO, 12; Mgs0,-7H,O, L1.17; and
CaCl-6H,0, 2.5.

Fractionation of PNV. Desiccated PNV was fractionated
as described previously [1i]. Briefly, PNV (500 mg;
dissolved in acetic acid) was separated by gel filtration at
5% o a 2.5cm X 190 cm column of Sephadex G-10-120,
equitibrated with 2% acelic acid. The ¢ight fractions {5
Sy} oblained were fyophilized und assayod on rubbit
arterial and venous vasculsr smooth muscle, The vasouctive
fraction $, (450 mg) was dissolved in ammonium ucetate
buffer (3.5 mL, 0.05 M, pH 5.0) and chromatographed on
a cation exchange column (microgranalar CM-cellulose-52;
Whatman), The column (2.5 cm % 55 cm) was equilibrated
previously with this bufler at flow rate of 20mL/hr (5%,
the sample applied, and stepwise clution (0.1 to 3.0M
buffer, pH 5,0) started at an effluent volume of 150 mL.

* Abbreviations: PNV, Phoneutria nigriventer venom,
RbPA, rabbit pulmonary artery: RbMesV, rabbit mes-
enteric vein; and RbVC, rabbit vena cava.

The sixteen new fractions (O to Cxyvi) obtained were
tyophilized, redissolved in acetic acid (2%, and desalted
at 8% on a 2em X 200em column of Sephadex G-10-
120, cquitibrated with the same solvent, followed by
fyophilization. Lach fraction was assayed on riabbit arterial
and venous vasculur smooth muscle.

Reverse phase liguid  chromatography. The  smooth
muscle active fruction s muinly retained in fractions
Cynoviy Cix and Cy gy {11} Fraction Cy, xy obtained
from i -exchimnge chiamatography was parilicd by reverse
phase HPLC on o 0.39cm x Wem pBondapack column
(Waters System) with a linear gradient of 0-66% acetonitriie
in 0.1% trifluoroacetic acid (buffer B). at a flow rate of
1 mb/min. The resulting fractions were lyophilized for
bioassuy and the active fraction was repurified on reverse
phase HPLC using step-wise clution in the range of the
first puritication. Proteins were detected by their aubsorbance
st 220 am. Fhe purificd active Fraction was named PNV

N-Termingd wmine acid sequence of PNV Twenty
micrograms of the iselated polypeptide (PNV2) were used
to determine its N-terminal segaence by sutomated Edman
degradation in an Applicd Biosystems  model  477A
Sequencer. Phenyhhiohydantoin smino acids were ident-
ilied in o modet 120-A PTH-amino acid analyzer (Applied
Biosystems), accarding te the retention times of a 20 PTH-
wanine acid stamdard.

Awing acid compusition of PNV2. Amine acid analysis
was performed on a Pico-Tag amino acid analyzer (Water
System) as described by Heinriksen and Meredith [14].
The purified sample {1Upg) was hydrolyzed with 6N
hydrochloric acid (Pierce—Sequenal Grade) containing
1% phenob (v/v) a1 106° for 24 hr. Hydrolyzates
reacted with 20 ul. of fresh derivatization solution (etha-
nol:tricthylamine : water : phenylisothiocyanate, 7: 1:1: 1, by
vol.) for Fhr at room temperature. The phenylthio-
carbamyl (PIC) amino avids were identitied by HPLC,
comparing their retention times with thuse of 4 standard
mixture.

Superfusion of vascudar smooti muscle, Male New
Zeulund white rabbits (2.0 to 2.5kg) were anesthetized
with thiopental sodium (MEmg/kg. i.v.) and exsanguinated
via the carstid artery. The abdominal and shoricic cavitics
were opened and the rabbit pulmonary artery (RbPA).
mesenteric vein (RbMesV) and vena cava {RbVC) were
removed and placed in Krebs solution. The vessels were
cleared of adipose tissue and the endothelial layer was
remaved mechanically o avoid interference of endothelial-
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Fig. 1. Spasmogenic activity in rabbit pulmonary artery (RbPA), vena cava (RbVC) and mesenteric
vein (RbMesV) of peaks obtained by reverse phase HPLC of fraction X + X1I on o 0.3% ¢m x M em
uBondapack CI8 analytical column. For elution, a lincar gradient from 0-66% acctonitrile in (0.1%
trifluorouacetic acid was used. The vascular tissues were de-endothelialized and superfused in cascade.
The peak containing the spasmogenic activity (indicated by the arrow) was repurificd by HPLC and
revealed two other peaks (insct). the Jatier being responsible for the contractile activity,

derived vasoactive factors. The removal of endothelium
was assessed by the lack of relaxation induced by
seetylcholine {10 M) in  noradrenaline-precontracted
tissues. The tissues were suspended in a cascade [15] and
continuously superfused with oxygenated (95% O, + 5%
C0,} and warmed (37°) Krebs solution at S mL/min.
Responses of the tissues were detected with auxotonic
levers {16] attached to Harvard heart/smooth muscle
transducers and displtayed on a Watanabe multichanne!
pen recorder (model WTR 381). After an equifibration
period of approximately 60 min, the fractions obtained
from PNV separation were injected as i single bolus,
Resulty and Discussion

Resolution of fraction X + XI was achieved through
HPLC (Fig. 1). Spasmogenic activity in both rabbit arterial
(RbPA) and venous {RbVC and RbMesV) tissues was
detected in the peak indicated by the arrow (Fig. 1)
Similarly to whoie PNV [10], the contractile uctivity present
in this peak was dose-dependent and of short-lived duration.
No spasmogenic activity was detected in the other peaks
(not shown).

BP 46:6~J

Repurification of the described active peak by HPLC
using discontinuous lincar gradient between 40 and 42%
o buller B revealed the presence of two other peaks (inset
of Fig. 1}, from which only the {atter {indicated as PNV2)
presented spasmogenic activity on the vascular tissues (not
shown).

The amine terminal sequence of this vascalar smooth
muscle  active fraction {PNV2} and iis amino acid
composition are shown in Tables | and 2. respectively.
Results from N-terminal amine acid sequence support the
inpterpretation thut PNV represents a pure polypeptide
consisting ol & single chain. Amine acid analysis indicated
the presence of four disullide beidges, a high content in
Lys (14%), Glx (11%) and the absence of His, The global
amino acid composition indicated the presence of G2
residues (Trp not included) and a calculated molecular
wuight of 12,114,

Emwistle ei of. [12} puriticd o ncutrad polypeptide {5.5
te 5.9kDa} with four disulfide bridges responsible for
repetitive action potentials and twilching of locust skeletal
muscles. Three other neuropeptides (6-9 kDa) with seven
{PhTx1), nine (PhTx2) and eight (PhTx3) disulfide bridges
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Table 1. Amino terminal sequence of PNV2 toxin purified

from Phonewria nigriventer venom: Comparison of the N-

terminal sequence of the first 20 amino acid residues of

PNV toxin with other toxin peptides isolated from the
same spider venom

Toxin®* N-Terminal sequence

1 20
PNV2 LAKRADICOPGKTSQRACET. ..
PNVI EAFPGQST. ..
PhTxl AELTSCFPVGHECDGIDDASNC. ..
PhTx2 ATCAGQDQTCK. ..
Ph'I'x3 GCIGRNESOKKDBNVYKFKE . .,

* PNV this paper; PNVE Refl L and PiEx: Ref. 13

Table 2. Amino acid composition of PNV2 purified from
Phoncutric nigriverier venom

Amine acid PNV2
AsX 8.12 (8)*
Glx 10.80 (11)
Ser 718({N
Giy 10.35 (1)
Fhis it

Arg 3485 (4)
Thr 7.70 (8)
Ala 11.34 (11)
Pro 2.48 {2)
Tyr 3.22(3)
Val 2.51 (3
Met 2.72(3)
Cys 7.85 (R}
1 2.63 (3)
Ien QKR (1)
P 5,89 {0)
Lys 14.09 (14)
Trp ND+

* Numbers in parentheses represent the nearest integer.
T ND = not determingel.

were isolatcd from PNV and thought to be responsible for
the neurotoxicity presented by the venom [13,17]. We
have recently purified a peptide (PNVI) with two disulfide
bridges and o larper moleeubur weight {13,899) that induces
short-Fved contractions on rabbit vascular smooth muscle
[EE]. Elere we report another peptide (PNV2) with a similar
moleculur weight {12,114} that also presents spasmogenic
activity on rahbil isolited blood vessels. Our results indicate
that PNV2 lacks free sulfhydryl groups even though no
corrections for losses during acid hydrolysis were done
concerning s hall-cystine content. Considering that the
five toxins described ubove do not present free cysteines,
we assume that the cysteines in PNV2 are arranged 1o form
four disulfide bridges.

Since the spasmogenic effect of whole PNV in rabbit
vascular smooth muscle is not affected by tetrodotoxin
{10}, it is unlikely that sodium channel activation plays an
important role in these tissues, as it does in both rat
phrenic-diaphragm muscle-nerve preparation {6] and guinea
pig isolated atria [7]. Furthermore, the finding that the a-
adrenoceptor antagonist phenoxyhenzamine does not affect
PNV-induced contractions | 10] excludes the possibility that

Short communications

PNV induces endogenous noradrenaline release {rom
autonomic perve endings present in the vascalar walls, as
OCeurs in guinea pig auricles {7]. Phoncuiria cavenomation
is mainly characterized by severe kocal pain, but it may be
accompanied by vasculur disturbances such s lung edema
and priapism [2-51 Whether these peptides with vascular
smooth muscle spasmogenic activity are respomsibile For the
permcabibity allerattons mentioned remains (o be further
investigated,

ANTONO O, BeNTO®
Jost: C. NoveLLOT

Deparimenty of
*Pharmacology and

t Biochemistry SERGIO MARANGONIT
University of Camnpinay Epson ANTUNES*
{UNICAMP) Josy, R. Groriog

BEnebne OGLiviikat
GILBERTO DE NUCCI*§

13081, Campinus (59),
Brazil; and
tDepartment of Biochemistry
Ribeirdo Prere Medical School
University of Séo Paulo
{USP)
14049, Ribeirao Preto (SP)
Brazil

REFERENUES

—

. Lucas 8, Spiders in Brazil, Toxicon 26: 759-772, 1955,
2. Vital-Brazil O wnd Vellued J, Contribuigao aw estudo
do veneno das aranhas 1. Mem st Butanian 20 5-77,

1925,

- Vitak-Brazik O and Velland 3, Contribuigao ao estudu
do veneno das arimhas 1L Mem dast Bitantan 32 277,
1926.

4. Vital-Brazil O and Vellard J, Contribuigio a0 estudo
do veneno das arunhas (1. Mem Insi Butantan 3: 243~
294, 1926,

5. Schenberg 8 and  Perciru-Lima FA,  Phonearria

nigriventer vepom. Pharmacolopy and biochemistry ol

ity componemts, Ino Venowmous Animals and  Their

Ve (Fds. Bucherl W oand Bucklev EE), Vol 3,

P 279 297 Acadenne Peoss, New Yok, 1971

Fontang ML and Vil Braat O, Mode of action of

Phoneuriu nigriventer spider venom at the isolated

phrenic nerve-diaphragan ol the ral. Braz J Med Biof

Res 18: 557-565, 1985,

7. Vial-Brazil O, Beite GIF and Fontana MDD, Modo de
gt da pegonha da aranha aanudeir, Plhoeneuaria
migriventer {Keyserling, ERUT] nas auricudas isoladas
de cobata. Ciéne Cult $0: 185-183, (Y88,

8. Antunes E, Marangoni RA, Brain 8D and de Nucci
G, Phonewrig nigriventer (armed  spider)  venom
induces increased vascular permeability in rat and
rabbit skin in pivo. Toxicon 30: 1011-i016, 1992,

9. Antunes E, Marangoni RA, Borges NCC, Fontana
MDD and de Nucei Go Pharmacological profile of
Phonendric nigriventer venom on rabbit vasculiar smooth
muscle. HBr J Pharaweasd 101 50817, 1990,

10. Antunes L, Murangoni RA, Borges NCC, Hyslop S,
Fontana MD and de Nucei G, Elleets of Phoneuiria
nigriventer venom on rabbit vascalur smooth muscle.
Braz J Med Biol Rey 260 Bl1-4E, 1993,

L. Marangoni 8, Borges NCC, Marangoni RA. Aptunes

E, Vieira CA, Novello JC, Domont GB, Giglio

JR, Oliveirs B and de Nueei G, Biochemical

characterization of a vascular smooth muscle contracting

polypeptide purified from Phoneutria nigriventer

{armed spider) venom. Toxicon 31: 377-384,

1993.

[

b,

§ Corresponding author: Dr. Gilberto de Nueci,
Department of Pharmacology, Faculty of Moedical
Sciences-~UNICAMP, P.QO). Box 6111, 13041, Campinas
(5P), Brazil. Tel. 55-192-392968: FAX 55-192-5215i6.



13.

. Helinarikson  Ri,

Short communications

. Entwistle 1D, Johnstone RAW, Medzihradszky D and

Muay TL, bolation of & pure toxic polypeptide from
the venom of the spider Phoneutria nigriventer and
its neurophysiological activity on an insect femur
preparation. Toxicon 20: 1059-1067, 1982,

Rezende L Jr, Cordeiro MN, Oliveira EB and Diniz
CR, Isolation of neurotoxic peptides from the venom
of the armed spider Phoneutria nigriventer. Toxicon
29: 1225-1233, 1991,

and  Meredith SC, Amino  wid
analysis by revense-pluse  high-perforntnce liqguid
chromatogriphy:  Precolumn  derivatization  with

1095

pheaylisothiocyunale. Anal Biochem 136 65-74, 1984,

ES. Vane JR, The use of poiated organs Tor deteeting
aclive substances in the circululing blood. Br J
Pharmace! Chemother 23: 360-373, 1964.

16. Paton WDM, A pendulum auxotonic lever. J Physiol
{Lond} 137: 35P-36P, 1957.

17. Diniz CR, Cordeiro MN, funior LR, Kelly P, Fischer
5, Reiman F, Ofiveira EB and Richardson M, The
purification and amino acid scquence of the lethal
nearetoxin Fxd feom the venom of the Brazilinn
“armed” apider Phoncwdria nigricenter, FE BN Lett 203
251253, 199,



" Texicon, Vol. 33, No. 2, pp. $7]-178, 1995
Copynght « 1995 Elsevier Science Lid
Pergamon 004*-010](94)00148-0 Printed in Gireal Brisain. All sights meserved

Q041 010145 39.50 +0.00

I[SOLATION OF A POLYPEPTIDE FROM
PHONEUTRIA NIGRIVENTER SPIDER
VENOM RESPONSIBLE FOR THE INCREASED
VASCULAR PERMEABILITY IN RABBIT
SKIN

A. C. BENTQ," E, REGO,* S. R. PEDROSO-MARIANI, L. C. MANCUSO,?
J. R. GIGLIO, J. C. NOVELLO,” S. MARANGONI,* I. CARACELLI?
B. OLIVEIRA,? E. ANTUNES'* and G. DE NUCC!
Departments of ' Pharmacology, and *Biochemistry, State University of Campinas (UNICAMP), E.O. Box 6111,
13081-970, Campinas (8P), Brazil;, *Department of Biochemistry, Ribeirde Prete Medicut School, University of
Sio Paulo, Ribeirio Preto (8P), Brazil; and *lastitute of Physics and Chemistry, Uiniversity of Sdo Paulo,
Sio Carlos {S1), Brazil

(Received 3 June 1994; accepted 15 Seprember 1994)

A. C. Bento, E. Rego, 8. R. Pedroso-Mariani, L. C. Mancuso, J. R. Giglio,
J. C. Novello, S. Marangoni, I. Caracelli, B. Oliveira, E. Antunes and G. de
Nucci. Isolation of a polypeptide from Phoneutria nigriventer spider venom
responsible for the increased vascular permeability in rabbit skin. Toxicon 33,
171 178, 1995, Fractionation of Phoncutriv nigriventer venom by Sephadex
G-10 followed by ion-exchange chromalography yiclds a fraction (fraction
XIH) which increases microvascular permeability in rabbit skin in vive by
activating the tissue kallikrein-kinin system. One polypeptide (PNV3) with the
ability 1o increase microvascular permeability in the rabbit skin in vire was .
isolated from Traction X1 and biochemically characterized. PNVI has 132
amino acid residues with a calculated mol. wt of 14,475, This polypeptide
showed the foliowing N-terminal sequence: AVFAIQDQPC. Amino acid
analysis indicated the presence of six disulfide bridges and a high content of
Glx (20%). Pairwise comparison of PNV3 amino acid sequence with 27 other
spider venom polypeptides and proteins indicated that PNV3 presents high
similarity (60-70%) with other toxins (Tx2.1, Tx2.5 and Tx2.6) isolated from
P. nigriventer venom,

INTRODUCTION

The venom of the Brazilian *armed’ spider Phoneuiria nigriventer contains different
polypeptides thut cvoke a variety of pharmacological cllects such as contraction of
vascular (Antunes ef al, 1993a; Marangoni, S. er al, 1993; Bento et ., 1993) and
non-vascular (Diniz, 1963) smooth muscle, stimulatory effects on the neuromuscular
preparation from the locust tibial muscle (Entwistle er al., 1982), activation of voltage-

* Author to whom correspondence should be addressed,
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dependent sodium channels (Fontana and Vital Brazil, 1985) and neurotoxicity (Diniz
et al., 1990; Rezende er al., 1991; Cordeiro er ul., 1993). Phoneutria nigriventer venom
{PNV} also activates the tissue kallikrein system in rabbit skin leading to the local
generation of kinins and subsequently oedema formation (Antunes er al., 1992;
Murangoni, R. A. et af., 1993). The activation of tissue kallikrein in rabbit isolated corpus
cavernosum by PNV triggers relaxation of this tissue (Lopes-Martins et af., 1994), an effect
that probably reflect the priapism observed in Phoneutria envenomation (Schenberg and
Pereira-Lima, 1971). Recently, we partiaily purified the fraction responsible (fraction XIIT)
for the tissue kallikrein—kinin system in the rabbit skin and showed that it presents the
same pharmacological profile as whole PNV with regard to tissue kallikrein activation
(Antunes et al, 1993b). In this study we extend our previous report, describing the
isolation and biochemical characierization (amino acid composition, N-terminal sequence
and mol. wi) of a polypeptide contained in fraction XIIT responsible for the increased
vascular permeability in rabbit skin in vive.

MATERIALS AND METHODS

Venom und reagents
Lyophilized Phoneutria nigriventer veniom was purchased from the Butantan Institute (Sio Paulo, Brazil). The

venom was collected from the spiders by electrical stimulation. Pentobarbitone sodium (Sagatal), prostaglandin
E, and Evans Blue dye were obtained from May & Baker (Dagenham, Essex, U.K.), Upjohn {Kalamazoo,
U.S.A.) and Merck (Darmstadt, F.R.G)), respectively. *I-Human serum atbumin (50 2Ci/ml, 20 mg albu-
min/ml) was supplied by Amersham International {Amersham, U.K.). Nu-p-Tosyl-L-arginine methyl ester
{TAME) was obtained from Sigma Chemical Co. (St Louis, MO, U.S.A ). Dialysis tubing (mol. wt cut-off
12,000-14,000) was bought from Philip Harris Scientific (L.ondon, UK.).

Fractionation of Phoneutria nigriventer venom (PNV)

Desiccated PNV was fractionated as previously described (Marangoni, S. ef af., 1993). Briefly, PNV (900 mg;
dissolved in acetic acid) was separated by gel filtration at 5°C on a 2.5cm x [90cm column of Sephadex
Gi-10-120, equilibrated with 2% acetic ucid. Eight fractions (S; Sy, ) were obtained and lyophilized. Fraction
5, (450 my; cluted in the void volume) was dissolved in 3.5 ml of ammonium scetade bulfer (0.05 M, pH 5.0) and
chromatogriphed on pricrogranulur CM-Celiulose-52 (Whatman). The column (2.5 cm x 55 cm) was previously
eyuilibrated with this buffer at 5°C, the sample applied and a stepwise elution with 6.1 M 10 3.0 M buffer (pH 5.0)
was started at an effluent volume of 150 ml. The 16 new fractions thus obtained were lyophilized, redissolved
in 2% acetic acid and desalted at 5°C on a 2 cm x 200 cm column of Sephadex G-10-120, equilibrated with the
same solvent, followed again by lyophilization. Fraction XIII was detected as the main component responsible
for the increased vascular permeability of PNV (Antunes ef of., 1993a).

Reverse phave HPLC of fraction XTI

Fraction XH1 obtained from lon-exchange chromatography was farther fractionated by reverse phase HPL.C
on a 0.39¢m x 30 cm g Bondapack column (Waters System), Elution started with trilluvroacetic scid {solvent
A} followed by 4 60 min linear concentration gradient of 0 100% (v/v) of solvent B {66% v/v acetonitrile in 0.1%
trifluoroacetic acid). The resulting fractions were lyophilized for bioassay and the active fruclions were repurified
on reverse phase HPLC using step-wise elution within the range of 50-65% of solvent B, Proteins were detected
by their absorbance at 220 nm, The purified active polypeptide was named PNV3,

Electraphoresis of PNV3

Tricine-8DS-PAGE was carried out as described by Shagger and Jagow (1987). Briefly, the gels were composed
of a small-pore gel, 16.5%T-6%C, overlaid by a 10%T-3%C spacer gel, which was overlaid by the 4% T-3%C
stacking gel. Sumples containing approximately 50 pg protein were dissolved in 4% SDS, 12% glycerol (w/v),
50 mM Tris, 2% mercaptoethanol {v/v}, 0.01% Coomassie blue G adjusted with HCl to pH 6.8. Anode and
cathode buffers were 0.2 M Tris, pH 8.9 and 0.1 M Tris, 0.1 M Tricine, 0.1% SDS (w/v) pH 8.25, respectively,
Electrophoresis was performed at 90 V. The profein bands were fixed in a solution containing 50% methanol,
10% acetic acid for 60 min and then stained with 0.025% Coomuassic blue G in 10% wcetic acid.
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N-Terminal amino acid sequence of PNV'3

‘Twenly micrograms of the isolated peptide (PNV3) was used to determine its N-terminal sequence by
automated Edman degrudation in an Applied Biosystems model 477A Scquencer. Phenylthiohydantoin amino
acids were identified in a model 120-A PTH-amino acid analyser (Applied Biosyslems), according to the retention
times of a 20-PTH amino acid standard.

Amino acid composition of PNV3

Amino acid analysis was performed on a Pico-Tag amino acid analyser (Walers System) as described by
Heinriksen and Meredith (1984). The purified sample (10 ug) was hydrolysed with 6 N hydrochloric acid
(Pierce-Sequenal Grade) containing 1% phenol (v/v) at 105°C for 24 hr. Hydrolysates reacted with 20 ul of fresh
derivatization solution {(ethanol: triethylamine: water; phenylisothiocyanate, 7:1:1:1, by voi) for | hr at room
temperature. The phenyithiocarbamyl (PTC) amino acids were identified by HPLC, comparing their retention
times with those of a stundard mixture,

Arginine esterase and proteclytic activities

Esterase activity in dialysed Phoneutria nigriventer venom (Antunes et af,, 1992) was assayed on Nx-p-tosyl-L-
arginine methyl ester (TAME) by the method of Ehrenpreis und Scheraga (1957) Proteolylic sclivily was
measured by the method of Reimerdes and Klostermeyer {1976} using casein as the substrate.

Measurement of local oedema formation in rabbit skin ’

Local oedema formation was measured in male New Zealand White rabbits (1.5-2.5kg) as the local
accumulation of i.v. injected ?*I-human serum atbumin into skin sites as described previously (Williams, 1979).
The rabbits were anaesthetized with pentobarbital sodium (Sagatal, 3040 mg/kg) injected via the marginal ear
vein, and maintenance doses were given when required. '#*I-Human serum atbumin {2 uCi/kg) and Evans blue
dye (0.5 mi/kg, 2.5% w/v) were injected by the same route. The agents under test were made up in sterile saline
and injected intradermally in 100 4l volumes into the shaved dorsal skin according {o a balanced site pattern
with six replicates per dose. After 30 min, a $ ml cardiac blood sample was tuken into heparin und the animal
killed by a Sagatal overdose. The dorsal skin was removed and the injection sites were punched out (15 mm
diameter) and counted for radicactivity in a gamma counter. Oedema formation at each site was expressed as
plasma volume, calculated from the counts in 1 ml of plasma,

Each fraction obtained from the repurification of fraction XHI was routinely co-injecled with the vasodilator
prostaglandin E, (PG1,; 0.1 nmole/site) in the rabbit skin in order Lo allow [ull observation of the oedematogenic
response, as previously described (Brain and Williams, 1985; Antunes et al., 1992},

RESULTS

Gel filtration (Sephadex G-10) of whole PNV followed by ion-exchange chromatog-
raphy (CM-Cellulose-52) of the main fraction S, resulted in 16 fractions (Marangoni, S.
et al., 1993). Fraction X111 was found to be responsible for the increased vascular
permeability as assessed in rabbit skin in vive (Antunes et al., 1993b). Reverse phase HPLC
of fraction XIH (Fig. 1) revealed several subfractions, of which those indicated by A, B
and C at the dose of 30 ug/site significantly increased the local microvascular permeability
when co-injected with the vasodilator PGE, (14.7 4+ 1.4 ul, 442 + 3.9 ul, 76 + 6.0 ! and
69 + 3.3 ul, extravasation induced by PGE, alone, peaks A, B and C, respectively). The
injection of the subfractions corresponding to other peaks (30 ug/site each) combined with
PGE, failed to induce significant local oedema formation, as compared to PGE -injected
sites (not shown). Subfraction C was repurified using step-wise elution within the range
of 50-65% of solvent B. This repurified fraction was named PNV3 and its biochemical
characterization is shown below.

PNV3 presented a single band after Tricine-SDS-PAGE (Fig. 2) and an electro-
phoretic mobility compatible with a mol. wt near 14,000 (as compared to the markers).
Amino acid analysis of PNV3 presented in Table 1 indicates the probable presence of
six disulfide bridges (free -SH groups not determined), a high content of Gix (20%)
and only one residue of His and Met. The global amino acid composition is
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consistent with 132 residues (not including Trp) and a calculated mol. wt of 14,475, Edman
degradation analysis of PN'V3 showed the amino terminal sequence AVFAIQDQPC.

Dialysed Phoneutria nigriventer venom was devoid of any caseinolytic activity up to a
finul concentration of 100 gg/4 ml. The TAME csterase specilic activity found (3.1 U/mg)
corresponds to the spontaneous hydrolysis of the substrate at pH 8.0, For comparison,
specific activities of 117.7 TAME U/mg (Selistre and Giglio, 1987) and 7120 caseinolytic
U/mg (Homsi-Brandeburgo er al., 1988) were reported for Bothrops insularis and Bothrops
Jararacussu snake venoms, respectively.

DIESCUSSION

The increased microvascular permeability induced by PNV in rat and rabbit skin
(Antunes er af., 1992) involves local kinin synthesis in response to activation of the tissue
{but not plasma) kallikrein~kininogen—kinin system (Marangoni, R. A. ef al., 1993). The
active fruction (fraction XTI} contained in PNV responsible for the tissue kallikrein—kinin
system actlivation was recently fractionated (Antunes of of., 19934 ). We have now identified
a polypeptide isolated from fraction X1 which increases the vascular permeability in the
rabbit skin.

1.0 = . - 100
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Fig. 1. Reverse phase HPLC of fraction X1 obtained after gel filtration (Sephadex G-10) of whole
PNV foliowed: by CM-Cellulose ion exchange chromatography.
Reverse phase HPLC of fraction XIH on a 0.39 x 30cm uBondapack (Waters System) CI8
analytical column revealed several protein fractions from which three were selected as indicated
by A, B and C. Flution was started with solvent A (trifluoroacetic acid} followed by a linear
gradient of 0-100% of solvent B (66% v/v acetonitrile in 0.1% v/v triflucroacetic acid). Subfraction
C was repurified using step-wise elution within the range of 50-65% of solvent B, The purified
polypeptide was named PNV3,
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Mol. wt 1 2

66,000 Cemondl

45000
34,700 | S
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Fig. 2. Tricine SDS clectrophoresis of PNV
Lune 11 Mol. wl markers; lane 2: purificd PNV afier reverse phase HPLC, Gels were stained
with 0.25% Coomassiv biue. Bovine albumin (606,000), ovalbumin (45,000), pepsin (34,700),
Lactogiobulin (18.400) and lysozyme (14, 3K were used as niarkers.

Our results from automated N-terminal amino acid sequence determination support the
interpretation that PNV3 is a pure single-chain polypeptide. Determination of free
sulfydryl groups for PNV3 was not done and no correction for losses during acid
hydrolysis was made considering its cystine content. So, our results cannot exclude this
possibility. Pairwise comparison of PNV3 amino acid sequence with 27 other spider venom
polypeptides and proteins obtained from different venoms such as the y and o agatoxins
from Agclencnopsiv aperia (Skinner et af., 1989, Adams ¢f af., 1990), the curtatoxins from
Hololena curta (Stapleton et al., 1990), versutoxin from Airax versutus (Brown ef af., 1988),
robustoxin from Atrax robustus (Scheumack er al., 1985), the TxI, Tx2 and Tx3
acurotoxins from Phoneutria nigriveater {Diniz et al., 1990; Cordeiro er af., 1992, 1993),
PNY1 and PNVYZ (Muarangoni, 8. ef al.,, 1993; Bento e of., 1993} polypeptides {from P
nigriventer venom, reveals similarity of PNV3 with the N-terminal sequences of Tx2.1,
Tx2.5 and Tx2.6 neurotoxins (60, 60 and 70% identity, respectively).

Tissue kallikreins {mol. wt 25,000-43,000) are single-chain, acidic glycoproteins physic-
ochemically and immunologically distinct from plasma kallikreins and readily release kinin
from both high and low mol. wt kininogen (Bhoola er al., 1992). The peptide responsible
for the activation of the tissue kallikrein system has a calculated mol. wt of 15,000, well
below the mol. wi of tissue kallikreins, excluding in this way the possibility that the
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Table 1. Amino acid composition
of PNV3 purilied {rom Phoneutria
nigriventer venom

Amino acid PNV3
Asp 12.26 (12)
Ciu 21,39 (27)
Ser 1.55 (2}
Gly 16.64 (17)
His 1.23 {I;
Arg : 5.89 (6)
Thr 530 (5)
Ala 9.76 (10)
Pro 5.48 (5)
Tyr 7.00 (T
Val 252 (3)
Met 106 (1)
172 Cys 12.37 (12}
He 4.75 (5)
Leu 4.71 (5}
Phe 163 {(4)
Lys .62 (10}
Trp n.d.
Total 132 + Trp

n.d., Not determined. Numbers
in parentheses represent the nearest
integer.

activation of tissue kallikrein could be due to the presence of a spider kallikrein in the
venom (Antunes et af., 19936). This is further supported by the finding that the venom
itself is devoid of esterase and caseinolytic activity.

_ Tissue kallikreins are synthesized in all tissues examined to date in the form of the
preproenzyme (tissue prokallikrein). The activators of tissue prokallikreins so far de-
scribed, namely trypsin, thermolysin (Takada er of., 1985) and arginine esterase from rat
submandibular gland (Kamada et af., 1990), are active only on in vitro systems. Here we
report a polypeptide that is able to activate this system in vivo. Since it is very unlikely
that this activation could be due to a direct (enzymatic) action of the polypeptide on tissue
prokallikrein, our results indicate that the polypeptide probably interacts with the cell
membrane and causes activation inside the cell. Since the endogenous protease responsible
for the activation of tissue kallikrein system is unknown, as is its modulation, the
identification of this polypeptide may constitute 4 useful tool to understand further the
mechanisms involved in this system,.
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ABSTRACT

The venom of the Brazilian spider Phoneutria nigriventer has been fractionated
using a C18 uBondapack reverse phase HPLC column. The resulting fractions
were assayed in the rabbit perfused corpus cavernosum tissues in order to
identify those responsible for the corpus cavernosum relaxation. Two fractions (A
and B) with retention time of 18.1 and 36.7 min, respectively, induced relaxation
of corpus cavernosum strips. Fraction A was selected for further biochemical
characterisation. Repurification of this fraction revealed the presence of a
polypeptide (named PNV4) which migrates in PAGE/SDS electrophoresis as a
unique band consistant with a molecular weight close to 16,629. Amino acid
composition of PNV4 showed the presence of 144 residues, a high content of
Cys and a calculated MW of 16,910. The N-terminal aminoacid sequence of
PNV4 determined for its first 48 residues was AELTSCFPVGHECDGD
ASNCNCCGDDVYCGCGWGRWNCKCKVADQSYA.



INTRODUCTION

The venom of the Brazilian "armed" spider Phoneutria nigriventer contains
several toxin polypeptides (MW range 3,500-15,000) that produce a diversity of
biological actions including disturbances of the central nervous system (DINIZ et
al.,1990; RESENDE-Jr et al/.,1991; CORDEIRO et al, 1992; CORDEIRO et al.,
1993), repetitive action potentials in the crural nerve and twitching of the skeletal
muscies (ENTWISTLE et al.,1982), neuromuscular blockade (FONTANA and
VITAL-BRAZIL, 1985), vascular smooth muscle contractions (ANTUNES et
al.,1993a; BENTO ef al., 1993, MARANGONI S et al.,1983) and increase of
microvascular permeability in animal skin (ANTUNES et al., 1992; MARANGONI
RA ef al., 1993; ANTUNES et al., 1993b). Phoneutria nigriventer venom (PNV)
also causes relaxation of rabbit perfused corpus cavernosum tissues (LOPES-
MARTINS et al., 1994), an effect that probably contributes for the priapism
observed in the Phoneutria envenomation in humans and experimental animals
(SCHENBERG AND PEREIRA-LIMA, 1971). The aim of this study was to
identify and purify a polypeptide of PNV responsible for the relaxation of the

rabbit corpus cavernosum.



MATERIAL AND METHODS

Venom and reagents

Phoneutria nigriventer venom was obtained by electrical stimulation of
spiders maintained by the Arthropods Section, Institute Butantan, Séao Paulo
(SP, Brazil) and desiccated using a vacuum dessicator containing NaOH tablets
at room temperature. All chemicals and solvents were of HPLC grade purchased
from Sigma Chemical Co (St. Louis, USA) or Aldrich Chemicals Co {Milwaukee,

USA). Reverse phase chromatography was performed using a Waters (991-

PDA) system.

Rabbit corpus cavernosum preparation

Male New Zealand white rabbits (1.5-2.5 kg, provided by CEMIB-
UNICAMP) were anaesthetised with pentobarbital sodium (Sagatal®, 30-40
mg/kg, i.v.) and exsanguinated via the carotid artery. Following penectomy, the
rabbit corpus cavernosum (RbCC) was dissected in the Krebs solution and
cleared of the tunica albuginea and surrounding tissues. Strips of RbCC were
superfused in a cascade system with warmed (37°C) and oxygenated (95%02 +
5%CO2) Krebs solution at a flow rate of 5 mi/min (LOPES-MARTINS ef al.,
1994). The tissue responses (fension of 1.5 g) were detected with auxotonic
levers attached to Harvard heart/smooth muscle transducers and displayed on a
Watanabe multichannel pen recorder (model WTR 381). After a 60-90 min
period of equilibration, RbCC strips were precontracted with noradrenaline (3 p
M) in order to increase the basal tone. Phoneutria nigriventer venom and its

fractions were administered as single bolus injections (10-50 wl).



Fractionation of Phoneutria nigriventer venom (PNV)

Venom was dissolved in 0.1% trifluoroacetic acid and subsequently
dialyzed against 2 L of the same solvent at 0°C during 24 hr. Dialyzing solution
was changed twice. After centrifugation, a sample of 700 ul was applied on top
of a C18 pBondapack (Waters System, 7.8 X 300 mm) reverse phase HPLC
column. A linear gradient of 0-100% of solvent B (60% acetonitrile) in 0.1%
trifluoroacetic acid at a flow rate of 1 ml/min was used. Proteins were read at 220
nm. All fractions were assayed in the rabbit corpus cavernosum. The active
fraction was repurified on a reverse phase HPLC column in the same conditions.

The purified polypeptide was named PNV4.

Electrophoresis of PNV4

PAGE/SDS polyacrylamide gel electrophoresis was carried on at 90 V
using a 15% resolving and 5% stacking gels. Buffers used were respectively 0.3
M Tris.HCL (pH 8.8) and 0.1 M Tris. HCI (pH 6.8). Running buffer was 0.025 M
Tris-0.1M glycine with 0.01% SDFS pH 8.3 (LAEMMLI, 1970). Samples
containing 3-8 ug protein were dissolved in 4% SDS, 12% glycerol (w/v), 50 mM
Tris 0.1M DTT, 0.01% Bromophenol Blue adjusted to pH 6.8 with HCI. Protein
bands were fixed in a solution containing 50% (v/v) methanol and 10% (v/v)

acetic acid for 80 min and then silver stained (MERRIL et al., 1984).

N-Terminal Amino Acid Sequence of PNV4

500 picomoles of the isolated polypeptide was used to determine its N-
terminal sequence by automated Edman degradation in an Applied Biosystems
model 477A Sequencer. Phenylthiohydantoin amino acids were identified in a

model 120-A PTH-amino acid analyzer (Applied Biosystems), according to the



retention times of a 20 PTH-amino acid standard. The N-terminal procedure

followed a pattern reported in previous papers (Bento et al., 1995).

Amino Acid Composition of PNV4

Amino acid analysis was performed on a Pico-Tag amino acid analyzer
(Water System) as previously described Heinrikson & meredith, 1984). The
purified sample (10 pg) was hydrolyzed with 6 N hydrochloric acid (Pierce-
Sequenal Grade) containing 1% phenol (v/v) at 106°C for 24 hr. Hydrolyzates
reacted with 20 pl of fresh derivatization solution (viv; 7:1:1:1; ethanol:
triethylamine: water: phenylisothiocyanate) for 1 hr at room temperature. The
phenylthiocarbamyl (PTC) amino acids were identified by HPLC comparing their

retention times with those of a standard mixture.



RESULTS

HPLC of whole PNV after dialysis with 0.1% trifluoroacetic acid resulted in
several O.D. peaks (Figure 1). The fractions A and B indicated by a vertical
arrow with a retention time of 18.1 min and 36.7 min induced relaxation of the
rabbit corpus cavernosum strips. Fraction A was selected for further biochemical
characterisation. This fraction was recycled in a reverse phase HPLC column in
the same conditions of the previous run and the purified polypeptide was named
PNV4 (inset of Figure 1). PAGE/SDS electrophoresis of PNV4 in native and
reduced conditions showed only one band that migrates between lysosime
(14,300) and B-lactoglobulin (18,400), used as molecular weight markers (Figure
2). This position corresponds to a molecular weight of 16,600 determined using
the procedure previously described (HENDRICK and SMITH, 1968).

N-terminal aminoacid sequence of PNV4 determined for its first 48
residues was AELTSCFPVGHECDGDASNCNCCGDDVYCG
CGWGRWNCKCKVADAQ S Y A Results from aminoacid analysis show
a calculated molecular weight of 16,629, the presence of 144 residues and a
high content of Cys (Table 1). As no correction was done for its cystine losses
during hydrolysis we cannot assume that all of them are arranged as disulfide

pairs.



DISCUSSION

in this study we have purified a polypeptide from PNV that relaxes rabbit
corpus cavernosum in vitro. Results obtained from N-terminal aminoacid
sequence are compatible with the interpretation that PNV4 is an unblocked
single chain polypeptide without impurities. PAGE/SDS electrophoresis in
reduction conditions corroborate these results. Comparison of PNV4 with the
lethal Tx1 toxin isolated from PNV (DINIZ ef al., 1990) demonstrates an identical
N-terminal aminoacid sequence regarding its first 48 residues. However, data
from both aminoacid analysis and PAGE/SDS indicate that PNV4 is a larger
peptide than Tx1 and its presumed precursor (142, 77 and 112 aa, respectively),
with a MW similar to other polypeptides isolated from PNV (BENTO et al., 1983;
MARANGONI S et al., 1993, BENTO ef al.,1994). Since these peptides with MW
around 12,000-17,000 found in the PNV all have biological activity, it is possible
that the so-calied preprotoxin (DINIZ et al., 1993) may be responsible itself for
the neurotoxicity caused by PNV. Whether the enzymatic cleavages proposed
(DINIZ et al., 1993) would enhance the neurotoxicity needs to be confirmed.
Phoneutria nigriventer venom relaxes rabbit corpus cavernosum due to
activation of tissue kallikrein system (LOPES-MARTINS et al, 1994). Tissue
kallikreins (MW 25,000-43,000) are single chain, acidic glycoproteins
physicochemically and immunologically distinct from plasma kallikreins and
readily release kinin from both high and low molecular weight kininogen
(BHOOLA et al, 1992). The finding that the polypeptide responsible for
relaxation of the rabbit corpus cavernosum has a calculated molecular weight of
| 16,900, well below the molecular weight of tissue kallikreins, excludes in this way

the possibility that activation of tissue kallikrein could be due to the presence of a



spider kallikrein in the venom (MARANGONI RA et al., 1993; LOPES-MARTINS
et al., 1994).
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Figure 1

Purification of PNV4 from Phoneutria nigriventer venom. Reverse phase
HPLC (7.8 mm X 300 mm C-18 pBondapack column) of whole venom using a 0-
100% linear gradient of solvent B. Optical density full scale is 1. Solvent A: TFA
0.1%:; solvent B: 60% acetonitrile in solvent A. Vertical arrow indicates the active
fractions A and B with retention times of 18.10 and 36.75 min, respectively.
Fraction A was repurifed by HPLC and the pure polypeptide was named PNV4

(inset).
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Figure 2

PAGE/ISDS electrophoresis of PNV4. Lane A: puriﬁed PNV4 after reverse
phase HPLC. Lane B: whole PNV in the same running conditions. Position of
MW markers (B-lactoglobulin, 18.4 KDa and lysosime, 14.3 KDa) is indicated by

horizontal arrows. Protein bands were silver stained.



