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RESUMO

Inibidores de protease sdo moléculas que tém ecicagl® de controlar proteases por
blogueio da atividade catalitica. As proteases igggaim de importantes eventos
fisiologicos tais como a digestdo dos alimentoagotacdo sangilinea, e apoptose. A agao
dos inibidores é essencial para garantir a homsmstArtropodes como insetos e
aracnideos sao ricas fontes desses inibidoresjeivio desse trabalho foi isolar inibidores
de proteases presentes na hemolinfa da ataadiedorasp. Hemolinfa foi coletada através
de puncéo cardiaca na presencga de anticoagulgmie.&ntrifugacédo (800g) o plasma foi
separado e utilizado para a deteccdo de inibidatripgina, trombina, fator Xa e Xlla.
Cromatografia de afinidade em tripsina-Sepharoselta no inibidor purificado, porém
sem atividade inibitoria. Isolamento do inibidortdesina foi realizado por cromatografia
em coluna de Sephadex G-100 e a preparacao coradinitade inibitoria de tripsina foi
denominada: inibidor de tripsina bruto. Cromatogradm Mono Q isolou a partir do
inibidor de tripsina bruto, o inibidor de tripsib@TI (do inglésLasiodoraplasma trypsin
inhibitor) e uma proteina anticoagulante LPA (dglésLasiodoraplasma anti-coagulant).
Eletroforese em gel de poliacrilamida em presergaudfato sodico de dodecila revelou
massa molecular de 72 kDa para LPTI e LPA. Avabadé atividade inibitéria sobre
proteases e do efeito na coagulacdo através demileedo do tempo de recalcificacéo,
tempo de protrombina (TP) e tempo de tromboplagtaraial ativada (TTPA) revelou que
LPTI ndo interfere na coagulacdo e LPA, sem atdediaibitoria de tripsina, interfere no
TTPA. De acordo com nosso conhecimento LPTI e LPArespondem ao primeiro
inibidor de tripsina e a primeira proteina antiadagte isolados da hemolinfa de aranha.
LPTI e LPA podem participar no mecanismo de coaguada hemolinfa através do
controle da producédo da protease fenoloxidase,digmara a cascata, e do controle da

atividade de proteases da cascata de coagulagao.

Palavras chaves: aranha, inibidor de tripsinacaagulantel_asiodora



ABSTRACT

Protease inhibitors are molecules that have thigyatm control proteases by blocking the
catalytic activity. The proteases are involvednportant physiological events such as food
digestion, blood coagulation, and apoptosis. Th®m@aof inhibitors is essential to ensure
homeostasis. Arthropods such as insects and adschre rich sources of these inhibitors.
The aim of this work was to isolate inhibitors abfeases present in the hemolymph of the
spider Lasiodora sp. Hemolymph was collected by cardiac punctur¢han presence of
anticoagulant. After centrifugation (800g) the piaswas separated and used for the
detection of inhibitors of trypsin, thrombin, fact§a and Xlla. Affinity chromatography
on trypsin-Sepharose resulted in the purified ibib but without inhibitory activity.
Isolation of the trypsin inhibitor was performed blgromatography on Sephadex G-100
column and preparation containing inhibitory adtivof trypsin was called: crude trypsin
inhibitor. Chromatography on Mono Q isolated fromude trypsin inhibitor,Lasiodora
plasma trypsin inhibitor (LPTI) andLasiodora plasma anti-coagulant (LPA).
Polyacrylamide gel electrophoresis in the presesfceodium dodecyl sulfate revealed a
molecular mass of 72 kDa for LPTI and LPA. Evaloatof inhibitory activity on proteases
and effect on coagulation by determining of theetiaf recalcificacdo, prothrombin time
(PT) and activated partial thromboplastin time (APTevealed that LPTI did not interfere
with the coagulation and LPA, without of trypsirhihitory activity, interferes in APTT. To
the best of our knowledge LPTI and LPA are thet finhibitor of trypsin and the first
anticoagulant protein isolated from hemolymph oflep LPTI and LPA may participate in
the mechanism of coagulation through the controbleénoloxidase production, which

triggers the cascade, and control the activityrofgases of the coagulation cascade.

Keywords: spider, trypsin inhibitor, anti-coagularasiodora

Xl
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1. INTRODUCAO

1.1 Artrépodes

Os artrépodes constituem um grande agrupamentaid®ia invertebrados, com
uma diversidade adaptativa que lhes permitiu soleeem virtualmente todos os habitats,
sendo 0 maior agrupamento de espécies dentro am Reimal. No entanto duas classes
merecem destaque devido a sua importancia junth@osnos: os quelicerados que séo
representados pelo carangueijo-ferradura e araxs)ideos insetos que constituem o grupo
de animais mais diversificado. Os aracnideos compaemaior e, do ponto de vista
humano, a mais importante e numerosa classe dieeyaelos, que séo representados pelas
formas mais comuns e familiares, tais como: argrész®rpioes, acaros e carrapatos.

O sucesso adaptativo e a sobrevivéncia alcancada peacnideos nos mais
diversos habitats devem-se principalmente ao séstendefesa essencialmente composto
por moléculas como a fenoloxidase, fatores de daedo, fatores de complemento,
lectinas, proteases, peptideos antimicrobianosbé&lares de proteases encontrados tanto
na hemolinfa como nos hemdcitos desses animaiss Habléculas tém um potencial
biotecnoldgico exploravel o que incentiva o estedo isolamento das mesmas. Devido a
potencialidade de uso dessas proteinas, esse tgupsido alvo de pesquisas que vém
isolando uma gama dessas moléculas bioativas (Bwaet al, 2008).

Entre os aracnideos um grupo de destaque é o eabkaar (ordem araneae),
animais de importancia médica e ecologica que urgiprovavelmente no periodo
Devoniano a aproximadamente 400 milhGes de anas. #s aranhas estao distribuidas em
praticamente todo o planeta habitando todos ossestesias, com excec¢do do ar e do mar

aberto e representam um grande potencial de eftodbx, 1996).
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1.1.1 Aranhas

As aranhas variam desde pequenas espécies com nadend35 mm de
comprimento até as grandes aranhas tropicais clesmdé caranguejeira, com o
comprimento corporal de 9 cm (Foelix,1996). Exdligiros insetos, que sdo suas presas
primarias, as aranhas constituem o maior e maersbvgrupo de invertebrados terrestres
(Rash & Hodgson, 2002). H4 40.462 espécies desdatitstribuidas em 3.733 géneros
(Platnick, 2009), restando um grande numero de a&rim espera de caracterizacao
(Coddington & Levi, 1991).

Morfologicamente, o corpo de uma aranha consisiduds partes principais: uma
porcdo anterior, 0 prossoma ou cefalotérax, e uarde pposterior, o opistossoma ou
abdome, que sdo conectadas por uma estruturadielicgedicelo. O cefalotorax suporta
guatro pares de pernas, um par de queliceras ene faeboca e um par de pedipalpos
localizados entre a quelicera e o primeiro par émags, (Fig.1) que nos machos séo
modificados na sua extremidade em oOrgdos copuladodnda no prossoma sdo
encontrados os olhos do animal que podem ser enerolde dois, seis ou oito, e sdo de
extrema importancia para taxonomia do grupo. O m@igdpor sua vez abriga 0s sistemas

respiratorio, circulatorio, digestivo e reprodutboelix, 1996).
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Prossoma Opistossoma

Olhos

Abddémen

Fiandeiras
Espiréculo

Figura 1. Aparéncia externa do corpo de uma arakdeptado de Foelix (1996).

Atualmente as aranhas sao distribuidas nas subsofdgisthothelae e Mesothelae
(Coddington & Levi, 1991). Os Mesothelae sdo cdamistdbs por uma Unica familia, a
Liphistiidae, com aranhas asiaticas que consen&@ins/caracteres plesiomorficos, como a
segmentacao externa do abdome, oito fiandeirasaiemhedianas, queliceras paraxiais e
guatro aberturas respiratérias denominadas pulfodiéseos (Coddington & Levi, 1991,
Foelix, 1996). Os representantes da subordem @pistlae apresentam pouco ou nenhuma
evidéncia de opistossoma segmentado e as fiandeitasalizam mais posteriormente que
nos mesothelideos. Essa sub-ordem é dividida era oifi@-ordens, Mygalomorphae e
Araneomorphae, que sdo denominadas aranhas pamigvmodernas respectivamente
(Coddington & Levi, 1991; Foelix, 1996).

As araneomorfas compreendem cerca de 90% de tedaarghas (Foelix, 1996) e
possuem as queliceras perpendiculares ao eixorgo,anovimentando-as de dentro para
fora. As migalomorfas compreendem as aranhas cm@asecpopularmente como
caranguejeiras. Estas séo caracterizadas por sigdisegas paraxiais que estdo situadas

paralelamente ao corpo, e se movem de cima parta.bai
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1.1.2 GéneroLasiodora

A classificacao do génet@siodorasegundd-erreira (2006):

Filo Arthropoda
Subfilo Chelicerata
Classe Arachnida
Ordem Araneae

Sub-ordem  Ophistothelae
Infra-ordem Mygalomorphae
Familia Theraphosidae
Género Lasiodora

A Lasiodorasp (Fig. 2) em relacdo as demais aranhas é uma caranguejeira
considerada de grande porte que pode atingir 20demcomprimento. Exemplares
apresentam cor escura, preta ou marrom; e abdom@&los urticantes tipo | e Ill e/ou IV,
gue podem ser langados quando o animal se sensgataee(Bertani, comunicacao oral,
2006). Estas aranhas sdo caracterizadas por pesegrdas estridulatorias na regido
superior distal da face protolateral das coxasalgente avermelhadas e em pequeno
numero; sendo mais evidentes nas pernas | e lIhddapgossuem apofises tibiais bifurcadas
e 0 metatarso dobra-se sobre o ramo externo. Asreafecas sao bilobuladas e ligadas por
uma regido esclerotizada (Bertati al, 1996).Lasiodoraé encontrada no Nordeste do
Brasil, principalmente em areas de Mata Atlanti¢a.registros ainda na regido Sudeste e

Centro-Oeste do pais (Bertatial., 1996).
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Figura 2. Aranh&asiodorasp (Mygalomorphae, Theraphosidae). Foto: Felipdo&or

1.1.3 Hemolinfa

Como na maioria dos invertebrados, as aranhas gmsem sistema circulatorio
aberto onde corre um fluido corporal analogo agwardos vertebrados; a hemolinfa. O
orgéo responsavel pela circulacdo desse liquidoagazdo, este localizado dorsalmente no
interior do opistossoma (Fig. 3) que é formado yor tubo muscular suspenso em uma

ampla camera através de ligamentos dorsais, laterantrais (Foelix, 1996).
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A B

Figura 3. (A) Esquema do sistema circulatério dmlaas segundo Foelix (1996). (B) Destaque paraso va

dorsal (coragéo) Foto: Felipe Borba

A hemolinfa fresca de uma aranha apresenta-serdezatada devido a presenca
de cobre contido no pigmento respiratério hemonmné exibe uma grande variedade de
células denominadas hemdcitos. Segundo Foelix {19@6maioria das substancias
organicas presentes nesse fluido sdo proteinasp @rhemocianina (cerca de 80%),
aminoacidos livres (principalmente a prolina), cédbatos (glicose) e acidos graxos
(palmitico, linoléico e estearico).

Nos quelicerados e crustaceos, a hemocianina patesempenhar um papel
imunologico importante (Cerenius e Soderhall, 2094articipa no sistema de imunidade
inata (Nagaet al.,2001).In vitro, componentes da cascata de coagulacao e divatsossf
antimicrobianos derivados dos hemdcitos podem indazhemocianina a expressar
atividade de fenoloxidase (Nagsial., 2001; Adachet al, 2003).

A hemolinfa dos artrépodes de forma geral é bastestudada, em seu aspecto
bioquimico, e dela j& foram isoladas lectinas, idobes de proteases e peptideos
antimicrobianos. Estudos de protedmica na hemotiefilanduca sextgFurusaweet al.,

2008) demonstraram a presenca de varias protedmaguncao de transporte, sinalizacao
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celular e defesa (Fig. 4). Dependendo do organisnmbéculas bioativas tém sido
detectadas no plasma, hemdcitos, ou em ambosddnds de proteases foram isolados do
plasma do bicho-da-sedantheraea mylitta(Shrivastava e Ghosh, 2003) e da lagarta
Manduca sexta(Wang e Jiang, 2004), hemodcitos do camat@openaeus vannamei
contém um inibidor de protease (Vega e Albores,520@ hemocitos do carrapato
Boophilus microplugontém peptideo antimicrobiano (Fogatal., 2006). A investigacado
de antimicrobianos em aranhas é escassa (Silvar,J2600).

A acdo combinada das proteinas presentes no plasmas hemdcitos dos
invertebrados parecem estar envolvidos na coaguldedhemolinfa e no combate as
infeccoes através da cascata de coagulacdo. Esg€endeo bem conhecido em
invertebrados principalmente no carangueijo-femaduta e lwanaga, 1996) € analogo a
coagulacdo sanguinea dos vertebrados, onde exiseresposta a nivel celular e extra-

celular durante a ativagdo desse mecanismo fisamdg

3%
5% 2%
7% %

B Inibidores de Serino Protease @ Pré-fenoloxidase 0O Reconhecimento

5%

O Lisosimas @ Inibidores de Cisteino Protease @ Outras Proteinas de Defesa

@ Transporte de Lipideos e Metabolismo 0O Transporte de Proteinas e Metabolismo B Transporte de Ferro e Metabolismo
@ Proteinas de Estoque 0O Metamorfose O Estrutura Celular

@ Intercacédo Proteina-Proteina | Fate Cell @ Chaperonas

B Proteinas Ribossomais @ Proteinas N&o Identificadas

Figura 4. Proteinas da hemolinfalManduca sextaAdaptado de Furusavesal. (2008).
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Os hemdcitos tém a habilidade de defender os angasi contra patégenos,
parasitas e outros corpos estranhos, que peneadmmocele. As reacdes de defesa sao
mediadas pela fagocitose, encapsulacéo e repatlacdanos (Lavine e Strand, 2002). Os
hemdacitos circulantes parecem estar envolvidosoagudacdo da hemolinfa e no combate
as infeccdes, sendo extremamente sensiveis amligggrarideo bacteriano respondendo a
ele através da liberacdo de componentes gran(lar@saga e Lee, 2005). Geralmente sdo
distinguidos quatro tipos de células, sendo os ramuns os granulares (Fig. 5), que
apresentam muitos granulos densos concentradogtegitsplasma, com funcdo sugerida
de esclerotizacdo da exocuticula (Foelix, 1996ra8ufuncdes atribuidas aos hemaocitos
sdo atuar como fagocitos ou células de armazenagenainda para impedimento do
extravasamento da hemolinfa (Muta e Ilwanaga, 199@s tipos de hemdcitos foram
observados nAcanthoscurria gomesian@s granuldcitos, os plasmatdcitos e 0os oendcitos

(Fukuzaweet al., 2008).

Figura 5. Granulécito d€ulex quinquefasciatusSetas indicam pseudopodes e cabecas das seteamindi

granulos densos no citoplasma (Brayeteal., 2005).

Injurias mecéanicas ou a presenca de elementoslesraomo microrganismos

resultam na deposi¢cdo de melanina ao redor dootel@dificado ou do corpo estranho. A
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melanina servira fisicamente de escudo a um invasportanto, impede ou retarda o seu
crescimento, mas talvez ainda mais importante deranformacdo da melanina, é a
producdo de intermediarios altamente reativos &déxcomo as quinonas (Cerenius e
Soderhall, 2004). Todo o mecanismo de melanizagagérte do sistema de imunidade
inata, e diversas proteinas presentes na heme#t envolvidas nesse processo, dentre
elas, proteases da cascata de coagulacdo. A atides®as proteases é cuidadosamente
regulada no sistema da fenoloxidase que consista wascata de proteinas capazes de se
ligar a polissacarideos, peptidoglicanos e lipgsalcarideos de microrganismos. A cascata
é finamente regulada por inibidores de proteadea,2002; Soare2008).

A fenoloxidase é uma enzima que cataliza a oxidatfi@ompostos fendlicos
presentes na hemolinfa. O produto final dessa Q#ml& a melanina, que participa de trés
importantes processos fisioldgicos: esclerotizagdocuticula, cicatrizacdo de lesdes e
defesa imunoldgica (Azzolini, 2006). A fenoloxidaesgcontra-se como uma pro-enzima,
chamada pro-fenoloxidase que € ativada proteatikécde por uma ou duas serinoproteases
em resposta a bactérias, fungos, LPS (componeatparéde celular das bactérias Gram-
negativas), peptideoglucanas (componente celulsrbdatérias Gram-positivas) fel,3
glucanas (componente da parede celular de funglgas), bem com parasitéides, enzimas
proteoliticas (tripsina e quimotripsina) e injuriags tecidos. Oxidac¢des subsequentes de
fendis pela fenoloxidase levam a producédo de gaisique sdo polimerizadas para formar
melanina (Fig. 6) (Nappi e Ottaviani, 2000; CerenguSo6derhall, 2004; Azzolini, 2006;
Soares, 2008).

As proteases da cascata da fenoloxidase aindast&w leem caracterizadas, mas &

proposto que essas sejam precisamente reguladagsatla presenca de inibidores de
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proteases especificos que previnem uma ativacammteslada (Cerenius e Sdderhall,

2004; Fransseret al, 2008; Soares, 2008).

Peptidoglicano

B- 1,3-glucana Lipopolissacarideo

v

Cascata de serino
proteinase

Homologos de =
Serinoproteinase s
L]

Serpina

v sssssssssssnsmnmnnn”

Pro-ppA p—mMmM8M8M8M8M» ppA

Serpina / Pacifastina

Pro-fenoloxidase » Fenoloxidase

I O, I I Fendit I

I.I_Melan-i?] <4— ] Quinonas

Figura 6. Sistema ativador da pro-fenoloxidase de@ode. O sistema é ativado pelo reconhecimento
protéico dep-1,3-glucanas, lipopolissacarideos, peptidoglicamospor outros componentes como fatores
enddgenos produzidos sobre a lesdo tecidual. Aataagte serinoproteinases, as quais ndo foram ainda
caracterizadas, podem resultar na clivagem do Amogla enzima ativadora da Pro-ppA em ppA ativa. O
homélogos de serinoproteinases sédo requeridos pelds e algumas ppAs sdo capazes de clivar Pro-

fenoloxidase em fenoloxidase ativa. Fonte: adap@eatenius e S6derhall (2004).

1.2 Inibidores de protease

As proteases sao enzimas que apresentam inumag@efufisiologicas em diferentes
tipos celulares e participam da defesa imunologieapvacdo tecidual e digestdo de

alimentos (Simonett al, 2002; Eijket al, 2003; Fear, 2007). A hidrolise da ligacédo
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peptidica catalisada por proteases é essencialrmeauersivel sendo controlada por uma
extensa rede de inibidores de protease (Eeal;, 2007).

As serinoproteases tém sido extensivamente inaelstgge contém as cadeias laterais
dos residuos de serina, acido aspartico e histdinhadas formando a triade catalitica
comum a maioria das enzimas desta classe. Essasaenja foram encontradas em virus,
bactérias e eucaribticos e algumas sao: tripsuaajripsina e subtilisina, segundo Lima
(2006). As serinoproteases que participam do psocele coagulagcdo da hemolinfa e
ativacdo da proPO podem ser controladas por iniégdde serinoproteases do tipo Kunitz,
Serpina e Pacifastina presentes na hemolinfa dépades, sugerindo que cada protease
participante da cascata da fenoloxidase, assim comocascata da coagulacdo da
hemolinfa, € regulada por um ou mais inibidorese#jgos presentes no plasma ou em

hemdcitos de animais invertebrados (Theopeildl, 2002;_Cereniug Sdderhall, 2004;

Soares, 2008)

Inibidores de proteases enddgenas ligam-se as amzémbloqueiam suas acdes
formando complexos estequiométricos estaveis sasdon importantes e fundamentais
reguladores da atividade proteolitica (LaskowsRiasim, 2000).

Alguns inibidores agem sobre mais de um tipo déepses, podendo ocorrer como
proteinas isoladas, pequenas ou em alguns casasdmninios de cadeias de inibidor que
fazem parte do mesmo polipeptideo (Fetaal, 2007).

Esses inibidores pertencem a vérias familias, teswlno propriedade comum a
presenca de multiplas pontes dissulfetos, quernanoproteinas bastante estaveis e rigidas
auxiliando na fixacdo do sitio reativo que interage o sitio ativo da protease, na correta
conformacéo requerida para a inibicdo (Kanost, 1999

A maioria dos inibidores de proteases de artropddessolada da hemolinfa dos

11



Ferreira, F.R.B Isolame de Inibidor...

insetos e podem ser agrupados principalmente em fdudilias: proteinas de baixo peso
molecular relacionadas como inibidores do tipo Kaei proteinas com aproximadamente
45 kDa, que pertencem a superfamilia das SerpR@ar(owski e Wilusz, 1996).

E bem sabido que inibidores de serinoprotease emt&olvidos em diversos
mecanismos no sistema imune de artropodes. Porpéxeeles medeiam a coagulacéo e
melanizacdo da hemolinfa e a producéo de peptaigonicrobianos (Fogagt al, 2006).

O principal papel dessas proteinas € a regulac@&eriteoproteases endogenas implicadas
nas cascatas do sistema da fenoloxidase e da agagwanguinea (Cheraatial, 2001;

Cerenius e Soderhall, 2004).

1.2.1 Classificagao dos inibidores de protease

A classificacao de inibidores de proteases ¢é &itaindo sua origem, podendo ser de
tecidos animais, vegetais e microorganismos, e pagas em familias segundo a
similaridade na estrutura primaria, mecanismo é®.agsiduos de cisteinas conservados e
estrutura tridimensional (Azzolini, 2006). Aindadamn ser classificados em cinco grupos
(serina, treonina, cisteina, aspartil e inibidodes metaloproteases) de acordo com o
mecanismo empregado no sitio ativo da proteaseiaisigla (Fearet al, 2007).

Os inibidores de serinoproteases de origem anid@los que apresentam o0 maior
namero de membros descritos, sendo os membrosdéat Serpina, Kazal e Kunitz os
mais estudados (Robesdsal., 1995).

Nas duas ultimas décadas, uma nova familia dedimiés de serinoproteases vem

sendo descrita em artropodes, sendo o primeiro meendentificado dessa familia a

12
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pacifastina, que d4 nome a familia, presente naol&ia da lagostaPacifastacus

leniusculugAzzolini, 2006).

1.2.1.1 Inibidores do tipo Serpina

Os inibidores do tipo Serpina sao proteinas conoxapadamente 45 kDa,
representam quase 10% das proteinas totais eadastno plasma animal e participam na
regulacdo de proteases envolvidas na inflamac@ayutacdo sanguinea e ativacdo do
complemento (Silvermaet al, 2001; Gettins, 2002), além de, induzirem a sintde
peptideos antimicrobianos (Jiang e Kanost, 200%elatividade inibitdria de uma serpina
€ determinada pela exposicédo do loop do sitioueata superficie da molécula (Wang e
Jiang, 2004).

No caranguejo-ferradurajmulus polyphemuydoram caracterizados trés inibidores
de proteases da familia tipo Serpina (Jiang e Ka2090). Membros desta familia tém
sido caracterizados em alguns insetos onde patidgp no controle da resposta imune,
como o inibidor isolado da hemolinfa Manduca sext@endo capaz de bloquear a cascata

da fenoloxidase (Zhet al, 2003).

1.2.1.2 Inibidores do tipo Kazal

Inibidores Kazal formam uma familia bem definidaidibidores competitivos de
serinoproteases, que possuem estruturas com \doioBios e parecem estar envolvidos
no controle da atividade proteolitica na coagulagasistema da fenoloxidase (Vega e

Albores, 2005).

13
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Estes inibidores caracterizam-se pela alta sirddaieé nas estruturas primarias, trés
pontes dissulfeto e residuos de cisteinas consms\ed posicbes homoélogas, assim como
obedecem a um mecanismo de inibicdo padréo (Lagkewsato, 1980).

Muitos inibidores do tipo Kazal tém sido identifiices em animais hematéfagos
podendo possuir um ou mais dominios (Azzolini, 2008ma proteina com quatro
dominios Kazal foi isolada dos hemdcitos do camdif@penaeus vannamdhVega e

Albores, 2005).

1.2.1.3 Inibidores do tipo Kunitz

Os inibidores da familia tipo Kunitz sdo proteimkesbaixa massa molecular com
aproximadamente 60 residuos de aminoacidos, conownmais dominios inibitorios
capazes de inibirem uma ou mais serinoproteaseo(iAzz2006). Estes inibidores sao
classificados segundo as posi¢des conservadassdesi€uos de cisteinas que formam trés
pontes dissulfeto responsaveis pela compactac&tabilelade destas moléculas (Roberts
et al, 1995). Estes inibidores ligam-se as suas enziora® se fossem substratos.

No carrapatoBoophilus microplusinibidores de proteases da familia Kunitz, sem
atividade anticoagulante, tém sido caracterizadesjre eles, encontram-se 0s inibidores
isolados de extrato de larvas infestantes, os Br{illdmakaet al, 1999b; Sasaket al,
2004) e recentemente, uma proteina com atividageg@motripsina e antimicrobiana foi
descrita enB. microplus e denominada ixodidina (Fogastal,, 2006). Recentemente, Lai
e colaboradores (2004) isolaram e caracterizaramiriibpidor de trombina com dois

dominios Kunitz da hemolinfa do carrap&timblyomma hebraeum
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Inibidores tipo Kunitz dd3. microplugBmTIs) quando utilizados na imunizacao de
bovinos levaram a uma protecéo de 72,8% contréeatatao porB. microplus o que faz
destas proteinas importantes alvos no desenvoltinmiEnvacinas (Andreotét al, 2002;
Sasakiet al, 2004; Sasalet al, 2006).

O interesse em estudar inibidores de proteasessde@esua potencialidade em

controlar mecanismos como inflamagé&o, coagulagdgusaea e ciclo celular.

1.3 Potencial biotecnoldgico dos inibidores

Inibidores dos mais variados organismos ja foramaatarizados quanto as suas
atividades bioldgicas e tem sido sugerido o seanuil uso biotecnolégico como drogas
para o controle de algumas doencas como catiedretes mellitusu no controle de virus,
fungos e inflamacéao (Feat al, 2007).

Bothrojaracina um potente inibidor de trombina pr#e no veneno da serpente
Bothrops jararacafoi considerado como molécula anti-trombdética @il et al., 2005).
Esta molécula pode ser extremamente util no debemanto de futuras drogas destinadas
a individuos que apresentem desordens da coagudapgainea e tém risco de desenvolver
trombos que podem evoluir para patologias mais egrasomo derrames. Ceraul e
colaboradores (2008) demonstraram no trato digestdo carrapatoDermacentor
variabilis uma molécula com atividade anti-tripsina cujo pdiselogico seria 0 combate
local a fungos, ja que esses microorganismos anilienzimas com propriedades tripsina-
like durante o curso da infec¢céo ao hospedeiro.

Na utilizacdo biotecnolégica de inibidores de paete pode-se destacar o

tratamento de células transformadas oncogenetidcamasando a inibicdo de enzimas
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envolvidas na evolucao da patologia em vérias stdpaloenca. Bortezomib (Velcade) foi
o primeiro inibidor de protease aprovado paraazsféo em pacientes com cancer, que
juntamente com outras drogas demonstrou melhoraifisajiva nos pacientes que
recebiam o inibidor como terapia (Feaakt 2007).

A diversidade de atividades bioldgicas dos inibédode proteases tem estimulado
o estudo da sua presenca em fontes variadas visamaa futura utilizacdo biotecnologica

dos inibidores isolados e caracterizados.
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2. OBJETIVOS

2.1 Geral

* Isolar inibidor de tripsina e proteina anticoagtdamla hemolinfa da aranha

caranguejeirdasiodorasp.

2.2 Especificos

* Isolar o inibidor de tripsina da hemolinfa atradéscromatografia de gel filtracéo

» Avaliar o efeito das fracdes obtidas por cromatigrde gel filtracdo sobre Fator
Xa, Fator Xlla, tripsina e trombina

* Isolar um inibidor de tripsina por cromatografia tteca-idbnica em coluna de
Mono-Q (FPLC)

* Isolar uma proteina anticoagulante da hemolinfavas de cromatografia de gel
filtracédo

» Avaliar a atividade anti-coagulante das fracdesdabt por cromatografia de gel
filtracAdo sobre o tempo de recalcificacdo e as esérinseca e intrinseca da
coagulacdo sangiinea

» Isolar a proteina anticoagulante por cromatogrdéatroca-ibnica em coluna de
Mono-Q (FPLC)

» Caracterizar as proteinas isoladas por eletrof@esgel de poliacrilamida.
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Abstract
Protease inhibitor and anti-coagulant protein wamugfied from hemolymph of tarantula

spider Lasiodora sp. The inhibitor was active on trypsin and was atkeinated LPTI

(Lasiodora plasma trypsin inhibitor) and protein anti-coagtiladenominated LPA
(Lasiodoraplasma anti-coagulant) inhibited significantlyrinsic pathyway of coagulation
cascade. LPA no significantly inhibited extrinsetipyway. LPTI did not affect the intrinsic
pathyway and the LPA did not present a proteasiitoh activity against trypsin. The 72
kDa molecular mass of both LPTI and LPA were deieech by SDS-PAGE. Few
inhibitors and anti-coagulant proteins have beerifipd from arachnids, and isolation of

these molecules is the first step to elucidatirgythhysiological role in these animals.

Keywords: Anti-coagulant; Blood-Clotting; Hemolymplh.asiodorg plasma; Trypsin

inhibitor; Spider.
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1. Introduction

In invertebrates the protection against microbmdégtion can be achieved through
cellular and humoral immune defenses (Fukuzawal.et2807). The cellular defense
consists of encapsulation, nodulation, and phagsgytof microbes by hemocytes, while
humoral response comprises factors related toeib@gnition of invading microorganisms,
melanization and coagulation promoted by serinéepses (Brayner at., 2005).

It is known that polysaccharides and other compsutypically associated with
microorganisms to active the phenoloxidase enzymsulting in the activation of
coagulation cascade with production of melanin taxit quinones (Cerenius & Soderhall,
2004). The hemolymph of arthropods contains praaplexidase that is converted to
phenoloxidase by action of serine proteases sugho&)-activating proteinase 3 (PAP-3).
The proteolysis of pro-phenoloxidase is a defensehanism in insects (Wan & Jiang,
2004).

Protease inhibitors are classified into 5 groumsiiie, threonine, cysteine, aspartyl
and metalloprotease inhibitors) according to thelmaism employed at the active site of
proteases that they inhibit (Fearat, 2007). Among the families of protease inhibifors
Serpins and Cystatins are best characterized (Mamegiaal., 2008; Turk et al., 2008).
Serpinsare active against serine or cysteine protef@desgan et al., 2008nd contains
conserved tertiary structures consisting af-Belices (denotaded A-l) and thrBesheets
(denoted A-C). The regions important for proteasdhition are centered ofrsheets A
and the reactive center loop (Mangan et al., 2008).

Insects exhibits a large quantity of proteasesydatively few enzyme inhibitors and
insect protease inhibitors are able to inhibit mihian one type of protease participating in

several physiologic processes (Brillard-Bourdetakt 2006). The presence of protease
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inhibitors has been demonstrated in the hemolyniprtbropods and those isolated from
tobacco hormwormManduca sexfa Drosophila melanogasteAnopheles gambiaeere
classified as serpin®vang et al., 2004).

Spiders are the most diverse and successful teategtvertebrates, excluding
insects, which are their primary prey (Rash et2002). They are distributed all over the
world in 40.462 species (Platnick, 2009). The Biaai spider Lasiodora sp
(Mygalomorphae, Theraphosidae) is know by triviahe of caranguejeira or tarantula and
is distributed in Northeastern Region of Brazithe Forest Rain (Bertani, 2001). There are
few studies aboutasiodora and just about their venom (Dutra &t 2008). To our
knowledge there is no report of protease inhibftom hemolymph of spiders and this
paper describes the purification of a trypsin ifoiband an anti-coagulant protein from

hemolymph ofLasiodora sp.

2. Materials and methods
2.1 Lasiodorasp

The animals used in the experiments were adult lEsnim the intermolt stage.
Spiders were kept in the Laboratério de Glicoprasj Universidade Federal de
Pernambuco, Brazil, in plastic boxes covered bgestand given cotton soaked with water.
Bovine meat was used to feed the spiders once eveek. Hemolymph was collected
from 16 spiders (approximately 1 ml per animal)daydiac puncture with an apyrogenic
syringe in presence of 3% (w/v) NaCl supplementéith @ mM of propanolol to avoid
coagulation. The hemocytes were removed from hematyby centrifugation at 800g for

10 minutes at 28 °C e aliquots (4 ml) of plasmaevekred by lyophilisation.
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2.2 Trypsin-Sepharose Chromatography

Plasma (20 mg of protein) was applied onto a try8#pharose column (0.6 x 7
cm) equilibrated at 10 mL/h flow rate with 50 mMiSFHCI buffer pH 8.0 (10 mL). The
unabsorbed proteins were eluted with equilibrasalyition until the absorbance at 280 nm
was negligible. Then the adsorbed proteins wereelwith 0.5 M KCI-HCI buffer pH 2.0
(10 mL). The fractions obtained with KCI-HCI buffeaom column were pooled, dialyzed
(4 h at 4°C) against 20 mM Tris-HCI buffer pH 82L) for eluent elimination and

evaluated for protein content and trypsin inhikytactivity.

2.3 Gel filtration chromatography

Dried plasma was reconstituted in 2ml (40mg) ofliM)l water and 1ml (20mg)
was applied onto a Sephadex G-100 column (0.5cr® xmd) equilibrated with 50 mM
Tris-HCI buffer, pH 8.0 at a flow rate of 0.32 mifmFractions (2 ml) were collected and
monitored for protein (absorbance at 280 nm) aypstn inhibitory activity as described

below. The active fractions were pooled and catiede trypsin inhibitor.

2.4 Anion exchangehromatography

Mono-Q column (HR 55 from GE Healthcare, USA) caried to FPLC system
was equilibrated with 20 mM Tris-HCI buffer, pH 840 flow rate of 0.4 ml/min. Crude
trypsin inhibitor (90.3 pug) from Sephadex G-100achatography was applied on column
and fractions (1 ml) were collected during 90 nfdsorbed proteins were eluted with 0 —
1 M NacCl gradient in the equilibrium buffer. Pratevas monitored by absorbance at 214
nm and 280 nm. Fractions containing trypsin inloityitactivity (Lasiodoraplasma trypsin

inhibitor, LPTI) and those containing anticoagulaactivity (Lasiodora plasma
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anticoagulant, LPA) were pooled, desalted by dialgg h against 20 mM Tris-HCI buffer,

pH 8.0 at 4°C).

2.5 Protein determination
The soluble protein concentrations were determbne@oomassie Blue dye binding
method (Bradford, 1976) and according Lowry e(H51). Bovine serum albumin as used

as standard.

2.6 SDS-PAGE analysis

Crude trypsin inhibitor, LPTI and LPAvere analyzed by sodium dodecil sulfate
polyacrylamide gel electrophoresis (SDS—PAGE) atiogr to Laemmli (1970). The
concentration of acrylamide was 12% in the sepagaiel and 5% in the stacking gel. Gels
were stained with Comassie Blue R-250. The molecueight standards were
phosphorylase b (97 kDa), albumin (66 kDa), glutamavalbumin (45kDa), carbonic
anhydrase (30 kDa), trypsin inhibitor (20.1 kDahdau-lactalbumin (14.4 kDa) from

Sigma.

2.7 Protease inhibition assay

The assay was performed with bovine trypsin (4inM.1 M Tris-HCI containing
0.15 M NaCl, pH 8.0). Pre-incubation (&, 10 min) of enzyme with hemolymph (100 -
1000 pg), crude trypsin inhibitor (0.32 - 8g), LPTI (0.1pg) or LPA (0.1pg) in the
presence of Tris-HCI 0.1M pH 8.0 was followed byligidn of 0.2 mM Nea-benzoyl-DL-

arginylp-nitroanilide (BAPNA) or 0.08 nM HD-Pro-Phe-Arg-pN#g-2302) chromogenic
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substrate from Chromogenix (MdIndal, Sweden) dissbiin dimethyl sulfoxide (BAPNA)
or diluted with 0.02 M Tris-HCI buffer, pH 7.4 ($@2). The substrate hydrolysis was
followed by measuring the absorbance at 405 nm tlamdnhibitory activity evaluated the
remaining hydrolytic activity towards BAPNA or S@3

Inhibition of thrombin (0.5 nM, 5@1l) and factor Xa (2.5 nM, 5Ql) was performed
by incubating (37 °C for 15 min) the enzyme withade trypsin inhibitor (5.3,g, 25 pl) in
50 mM Tris-HCI, 150 mM NacCl, 0.02mg/ml PEG 600 lauffChromogenic substrates S-
2238 (0.1mM HD-Phe-Pip-Arg-pNA, 2fl for thrombin) and S-2765 (0.2 nM Z-D-Arg-
Gly-Arg-pNA, 25ul for factor Xa) from Chromogenix (MdIndal, Swedem¢re added and
the reaction measured at 405 nm after 30 min 4C37

Inhibition of factor Xlla was determined accorditg Vinazzer (1979) using a
chromogenic substrate for plasma kalikrein. Huméasmpa samples (50ul) were incubated
(37°C, 10 min) with crude trypsin inhibitor (0.5u8, 50ul) in 0.02 M Tris-HCI buffer, pH
7.4 (50 pl). Following APTT reagent (Wiener labgantina) was added (50 pl). Following
30 pl of the reaction mixture was removed, mixethvehromogenic substrate S2302 (0.4
nM, 50 pl) and after incubation (37 °C, 10 min) #tesorbance at 405 nm was measured.

Control reactions were performed under the saméitions, but in the absence of

Lasiodorasamples.

2.8 Recalcification time assay
Citrated human plasma (50ul) was incubated (371%Cmin) with crude trypsin
inhibitor (0.5-3pug, 20pl), LPTI (20 pl) or LPA (20ul), in 0.02 M Tris buffer saline, pH

8.0 (TBS buffer, 20 ul) pre-heated (37 °C). Aftecubation (37 °C, 1 min) 25 mM CaCl
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(100ul) was added and clotting time was determi@shtrol was performed at absence of

protein.

2.9 Activaded partial thromboplastin time assay

Activated partial thromboplastin time (APTT) wasread out using the activated
partial thromboplastin time reagent (Wiener labgéatina). Briefly, citrated human plasma
(50 pul) was incubated (37 °C, 10 min) with crudgs$in inhibitor (0.5-3ug, 50ul), LPTI
(50 W) or LPA (50ul) and TBS buffer (50 pl) was added. After 1 minTAPreagent (50
pl) pre-heated (37 °C) was added and incubatio®C37 min) was performed. Following,

pre-heated 25 mM Cag£{100 pl) was added and clotting time was measured.

2.10 Prothrombin time assay

The prothrombin time (PT) was performed using throplastin reagent (Wiener
lab, Argentina). Citrated human plasma (50 pl) wasibated (37 °C, 10 min) with crude
trypsin inhibitor (0.5 - 3ug, 50ul), LPTI (50 ul) or LPA (50 ul) and TBS buffer (50 pl)
was added. After 1 min PT reagent (100 ul) predwe&d7 °C) was added and clotting time

was measured.

2.11 Statistic analysis
Data are presented as mean + S.E.M. Student's fde nonpaired data was
developed and significant difference between gromps analyzed gt < 0.05 using the

Microsoft Excel® (Microsoft Corporation, USA).
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3. Results
3.1 Characterization of crude trypsin inhibitor

Lasiodoraplasma (1000ug) with trypsin inhibitory activit9§%) was submitted to
chromatography on trypsin-Sepharose aiming to ftsoldne trypsin inhibitor. The
chromatography profile showed one unadsorbed pedkoae peak of adsorbed protein
eluted with KCI-HCI (Fig. 1). Evaluation of trypsinhibitory activity revealed absence of
activity in all chromatographic fractions. SDS-PAGEKCI-HCI eluted fractions showed
polypeptide of 72 kDa (Fig. 1, insert).

In order to obtain the active inhibitocasiodora plasma was submitted to
chromatography on Sephadex G-100 and the inhilits detected in the second protein
peak (Fig. 2A). The preparation called crude tnypsihibitor (Fig. 2A, insert) showed
multiple polypeptides (molecular masses rangingp6B20 kDa) by SDS-PAGE (Fig. 2B).

The major peak of the chromatography contains tBmdtyanin a described
component of spider plasma.

Crude trypsin inhibitor did not inhibit some seripeteases of coagulation cascade
such as thrombin, factor Xa and factor Xlla buerféred with the coagulation time of
human plasma.

Recalcification time was significantly prolongeddathe plasma clotting was not
observed when 3 pg of crude trypsin inhibitor wasdu(Fig. 3A). Similarly, the intrinsic
pathyway (APTT) was significantly inhibited (FigBB The crude trypsin inhibitor only
slightely altered the Prothrombin Time (extrinsatlpyway) of blood coagulation (Fig. 3C).

The experiments indicate the presence of anti-daagactivity in crude trypsin inhibitor.
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3.2 Isolation of LPTI and LPA

Crude trypsin inhibitor was applied onto a Mono &uenn in order to separate the
trypsin inhibitor from anti-coagulant. Chromatognapprofile showed three main protein
peaks eluted with NaCl gradient (Fig. 4) that wassayed for trypsin inhibitory and anti-
coagulant activities (recalcification time, APTTdaRT). Trypsin inhibitor (LPTI) was only
detected in peak | (inhibition of 32%nd anticoagulant (LPA) was only detected in peak
Il (recalcification time and APTT were prolonged ielation to control). None of the
tested activities assayed was found in peak Il.-BB&E showed that both LPTI and LAP

had apparent molecular mass 72 kDa (Fig. 4, insert)

4. Discussion

This paper reports the isolation of proteins fraemolymph of tarantula spider
Lasidora sp. with trypsin inhibitory (LPTI) and anti-coagmkt activities (LAP). The
molecular mass of both proteins (72 kDa) is simitathat of protease inhibitors of the
Serpin superfamily. Trypsin inhibitors of arthrogoshowed variable molecular masses and
those isolated from hemolymph elythimna unipuncta, Anthera miliendManduca sexta
have 52, 10.4 and 46.7 kDa, respectively (Cherguale 2001, Shrivasta et. al., 2003,
Wang & Jiang, 2004). LPTI was showed a larger md&cmass than the trypsin inhibitor
from the hemolymph of horseshoe crab (15 kDa) tiedongs to the same subphylum
Chelicerata (Donovant et al., 1991).

The chromatography profile of trypsin-Sepharoseaimwl showed unadsorbed and
adsorbed protein peaks without trypsin inhibitocyinaty. The SDS-PAGE profile showed

single polypeptide in the fraction eluted with KBEI, nevertheless no inhibitory activity
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was detected. Probably the interaction of the itdibwvith the enzyme immobilized on
matrix resulted in loss of inhibitory activity towhtrypsin. This effect may be due by
structural modification characteristic of the sarfamily since loss of activity of protease
inhibitor is described after interaction with th&rget enzyme (Reichhart, 2005).

Crude trypsin inhibitor failed to inhibit thrombirfiactor Xa and factor Xlla, but
significantly prolonged APTT (extrinsic pathway)dagid not affect PT (intrinsic pathway).
Accordingly LPA (the purified fraction derived frocrude material) had no effect on PT,
although it altered recalcification time and APTThe lack of inhibition of factor Xlla of
intrinsic pathway may indicate that alteration d®AI' was due to action of crude trypsin
inhibitor on other activated factors of this pathwanhibitors that impede blood
coagulation were isolated from snakes venom ardauods (Zingali et al. 2005, Carrijo-
Carvalho et al.,, 2007). Kunitz inhibitors with thmbin inhibitory and anti-coagulant
activities were isolated from hemolymph of tickeablyomma hebraeuandDermacentor
variabilis, respectivelyLai et al., 2004, Ceraul et al., 2008).

Studies have demonstrated that serpins fvbraextahemolymph inhibits PAP-3, a
serine protease of coagulation cascade in insécts €t al., 2005). Decker et al. (1998)
revealed that hemocyanin from tarantlarypelma californicumtreated with trypsin
showed phenoloxidase activity indicating that pha trypsin inhibitor is involved in the
control of activation of pro-phenoloxidase. It Hasen also described that serpins from
Drosophilaare involved in the control of proteases thatipi@dte in the immune response
(Reichhart, 2005).

Serpins were first described as regulators of blooagulation, inflammation and
complement activation and attention has been didetdwards serpins because mutations

in these proteins cause diseases in humans suem@sysema, cirrosis and dementia, or

39



Ferreira, F.R.B Isolame de Inibidor...

blood-coagulation disorders (Reichhart, 2005). Berpvoids tissue damage and premature
death of immune system cells in vertebrates (Mangaml., 2008) and the effect on
mammalian proteases has stimulated investigatibnstaheir use as drugs to control of
cancer andliabetes mellitu®r to control virus, fungi and inflammation (Fesral., 2007).

To our knowledge LPTI and LPA are the first trypsihibitor and anti-coagulant described
in plasma of spider. The biological properties &?TlL and LPA encourage studies of
structural and functional characterization of thesgebitors. Knowledge of the molecular
mechanism involved in the interaction LPTI and LRAd their target proteases may

indicate the possible biotechnology applicatiothaise inhibitors.

5. Conclusion

LPTI and LAP may participate in defense mechamérbasiodorathrough control of
the coagulation cascade by inhibition of productibifienoloxidase and coagulant proteases
avoiding tissue damage due to unwanted proteoltls production of phenols and

qguinones of high chemical reactivity.
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Figure 1. Chromatography @asiodoraplasma (20 mg of protein) on trypsin-Sepharoseroal (0.6 x 7 cm).
Washing step used 50 mM Tris-HCI buffer, pH 8.0cod indicates the addition of 0.5 M KCI-HCI, pH 2.0
Fractions of 1.0 mL were collected. Absorbance 288Anm (¢). Trypsin inhibitory activity was not deted.

SDS-PAGE (12%) of fractions collected with KCI-H@tsert).
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Figure 2. (A) Chromatography dfasiodoraplasma (20 mg of protein) on Sephadex G-100. Fnastivith
trypsin inhibitory activity were pooled (crude tsip inhibitor) and evaluated against trypsin (it)ser
Absorbance at £, nm () and trypsin inhibitory activity (x). (B) SBPAGE (12%) of crude trypsin inhibitor
(lane 1) and standard marker (lane 2).
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Figure 3. Effect of crude trypsin inhibitor on btbalotting. (A) Recalcification time, (B) intrinsipathway

(APTT), and (C) extrinsic pathyway (PT)Values significantly different gt < 0.05 in relation at control.
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Figure 4. Isolation of LPTI and LPA from crude tsyp inhibitor by anion exchange
chromatography. Mono-Q column (HR 55 from GE Hezdtle, USA) connected to FPLC system
was equilibrated with 20 mM Tris-HCI buffer, pH 8@ flow rate of 0.4 ml/min. Crude trypsin
inhibitor (90.3 ug), was applied on colunirhe peak | corresponds to LPTI and the peak ILRA.
SDS-PAGE (insert) of LPA (lane 1), LPTI (lane 2jude trypsin inhibitor (lane 3), and standard

marker (lane M).
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5. CONCLUSAO

* Plasma delLasiodorasp contém inibidor de tripsina (LPTI) e proteingi-a

coagulante (LPA) de mesma massa molecular.

* A perda de atividade de LPTI apos cromatografieafitidade em coluna de

tripsina-Sepharose sugere ser este um inibidapdderpina.

» LPA interfere na coagulacdo sanguinea principaleeatvia intrinseca.
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6. ANEXOS

Instructions to Authors Insect Biochemistry and Mokcular Biology

Manuscript Preparation

General: See Guide to Online Submissiors (http://authors.elsevier.com/jninr/390).

Manuscripts must be double-spaced with wide margiage numbers (mandatory) and line
numbers (optional). A single corresponding authoousd be identified (include a Fax

number and E-mail address). Note that the emaitesgdof the corresponding author will

be used for all editorial correspondence, and alishy for sending proofs. Full postal

address must be given for all co-authors. Authdwsukl consult a recent issue of the
journal for style if possible. The Editors resetfie right to adjust style to certain standards

of uniformity.

Text: Follow this order when preparing manuscripts:€elifhuthors, Affiliations, Abstract,
Keywords, Main text, Acknowledgements, List of slgmpentary on-line material (if
applicable), References, lllustrations, Figure @eqst and then Tables and supplementary
on-line material (if applicable). Do not import tikégures or Tables into your text. The
corresponding author should be identified with ateask and footnote. Footnotes should
be avoided and italics should not be used for esipha

» Key WordsA short list (5-8) of key words provided for ragdanning of the contents of
the paper and used for compiling the index

* Introduction. This should contain a brief survey of the relevaetature and the reasons

for doing the work.
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* Materials and MethodsSufficient information should be given to pernapetition of the
experimental work.

* Results.These should be presented concisely. Only in dioeg cases will it be
permissible to present the same set of resultoth & table and a figure. Full details of
replication of results and statistical significarmiedifferences claimed should be given.
* Discussion.This should deal with the significance of the tesand their relationship to
the object of the work. Comparison with relevanblmhed work should be made and
conclusions drawn.

Only standard abbreviations should be used. Whaseeialised abbreviations are used the
name should firstly be given in full with the abbegion indicated in parentheses.
The recommendations of the latest edition of EnzyWwnenclature (1973) Elsevier,
Amsterdam, should be followed as far as possibduding the use of EC numbers.
The Latin names should be given for all speciesduse the investigation.
Authors are required to deposit any novel nucleid aequences described in their paper to
the GenBank database or the EMBL data library aspont the accession number.
Deposition of such data should be made eithereatithe of submission or, at the latest,
after the paper has been accepted for publication.

Note that the information provided by the GenBamkessions (nucleotide sequence,
deduced protein sequence, etc.) is extensive aed afiakes the presentation of a DNA

sequence and its protein translation unnecessarya agure in the manuscript.

Instructions for authors regarding GenBankIDNA sequence linking: Many Elsevier
journals cite "gene accession numbers” in theiningntext and footnotes. Gene accession

numbers refer to genes or DNA sequences about vithittrer information can be found in
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the databases at the National Center for Bioteahmidormation (NCBI) at the National
Library of Medicine. Elsevier authors wishing toaéfe other scientists to use the accession
numbers cited in their papers via links to thesgrees, should type this information in the
following manner:

For each and evergiccession number cited in an article, authorsldhype the accession

number inbold, underlined text . Letters in the accession number should always be

capitalised. (See Example | below.) This combimatad letters and format will enable
Elsevier' typesetter to recognize the relevantsteag accession numbers and add the
required link to GenBank's sequences.

Example I: "GenBank accession n84.631510, A1631511, A1632198, andBF223229),

a B-cell tumor from a chronic lymphatic leukemiaef®Bank accession n8E675048),
and a T-cell lymphoma (GenBank accessionAA361117)".

Authors are encouraged to check accession numisei ery carefullyAn error in a
letter or number can result in a dead link.

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

Example 2: "GenBank accession nos. A1631510, A163/K51632198, and BF223228), a
B-cell tumor from a chronic lymphatic leukemia (®amk accession no. BE675048), and a
T-cell lymphoma (GenBank accession no. AA361 117)".

In the final version of thelectronic copy, the accession number text will be linked to the
appropriate source in the NCBI databases enab&aders to go directly to that source

from the article (see Example 3 below).
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Example 3: "GenBank accession nos. Al63 1541631511 Al632198 and BF223228 a

B-cell tumor from a chronic lymphatic leukemia (Bamk accession no. BE675048nd a

T-cell ymphoma (GenBank accession no. AA361)117

Abstract: This should be a brief summary of the contents@mtlusions of the paper and
should refer to any new information. It should eateed 200 words and may be divided

into numbered sections.

References All publications cited in the text should be peted in a list of references
following the text of the manuscript. In the tegfar to the author's name (without initials)
and year of publication (e.g. "Since Peterson (198& shown that ..." or "This is in
agreement with results obtained later (Kramer 1'998)r three or more authors use the
first author followed by "et al.", in the text. THist of references should be arranged
alphabetically by authors' names. The manuscriptilshbe carefully checked to ensure
that the spelling of authors' names and dates jaetlg the same in the text as in the
reference list.

References should be given in the following form:

Mazumdar-Leighton, S., Babu, CR., Bennet, J., 20d@ntification of novel serine
protease gene transcripts in the midguts of tweided insects,Scirpophaga incertulas
(WK.) and Helicoverpa armigera (Hb.). Insect Biochem. Mol. Biol. 30, 57-68.
The digital object identifier (DOI) may be useddite and link to electronic documents.
The DOI consists of a unique alpha-numeric charasteng which is assigned to a
document by the publisher upon the initial eledtgublication. The assigned DOI never

changes. Therefore, it is an ideal medium for gittndocument, particularly 'Articles in
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press' because they have not yet received thé¢ibifallographic information. The correct
format for citing the DOI is shown as follows: d6ilOI6/}.jomb.2005.01.007.
When you use the DOI to create URL hyperlinks t@uwioents on the web, they are

guaranteed never to change.

lllustrations: For information on how to prepare your artwork &ectronic submission,
seemshttp://www.elsevier.com/artworkinstructions. Phatmghs, charts and diagrams are
all to be referred to as "Figure(s)" and shouldnbenbered consecutively in the order to
which they are referred. They should accompany rtteuscript, but should not be
included within the text. All figures are to havecaption. Captions should be typed on a
separate page.

Line Drawings:All lettering, graph lines and points on graphewt be sufficiently large
and bold to permit reproduction when the diagram lb@en reduced to a size suitable for
inclusion in the journal. Do not use any type ofadihg on computer-generated
illustrations.

Colour illustrations: If, together with your accepted article, you submmsable colour
figures then Elsevier will ensure, at no additiociarge, these figures will appear in colour
on the web (e.g., ScienceDirect and other sitegarttess of whether or not these
illustrations are reproduced in colour in the pedhtversion. For colour reproduction in
print, you will receive information regarding thests from Elsevier after receipt of your
accepted article. For further information on thegaration of electronic artwork, please see
=+http://www.elsevier.com/artworkinstructions. Pleaseote: Because of technical
complications which can arise by converting coligures to 'grey scale' (for the printed

version should you opt for colour in print) pleasdmit in addition usable black and white
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versions of all the colour illustrations. The costs exceptional colour plates may be
waived at the discretion of the journal. Authorg@fiew articles are entitled to one page of

colour illustrations free of charge.

Tables: Tables should be numbered consecutively and givenitable caption and each
table typed on a separate page. Footnotes to tahtadd be typed below the table and
should be referred to by superscript lowercasergttNo vertical rules should be used.

Tables should not duplicate results presented élsenin the manuscript, (e.g. in graphs).

Supplementary material: submission on-line

Preparation of supplementary data. Elsevier now@scelectronic supplementary material
(e-omponents) to support and enhance your sciemgfearch. Supplementary files offer
the Author additional possibilities to publish sopmg applications, movies, animation
sequences, high-resolution images, background etatassound clips and more.
Supplementary flies supplied will be published pealialongside the electronic version of
your article in Elsevier Web products, including iehceDirect: =
http://www.sciencedirect.com. In order to ensurat thour submitted material is directly
usable, please ensure that data is provided ibaer recommended file formats. Authors
should submit the material in electronic formatetibgr with the article and supply a
concise and descriptive caption for each file. fore detailed instructions please visit our

artwork instruction pages athttp://www.elsevier.com/artworkinstructions.
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