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“We must not forget that when radium was discovered no one knew that it would prove
useful in hospitals. The work was one of pure science. And this is a proof that scientific
work must not be considered from the point of view of the direct usefulness of it. It must be
done for itself, for the beauty of science, and then there is always the chance that a

scientific discovery may become like the radium, a benefit for humanity.”

Marie Curie, Lecture at Vassar College, May 14, 1921
French (Polish-born) chemist & physicist (1867 - 1934)
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Resumo

O Triatoma infestans, um dos vetores mais importantes da Doenga de Chagas na
América Latina, alimenta-se do sangue de vertebrados em todos os seus estagios — ninfas
e adultos. As glandulas salivares de insetos hematdfagos produzem compostos
farmacologicamente potentes que impedem a hemostasia do hospedeiro, incluindo
moléculas anticoagulantes, antiplaquetarias e vasodilatadoras. A saliva de T. infestans
medeia a hidrolise de NDBCcHPC, um substrato para PAF-AH (platelet-activating
factor-acetilhidrolase), em pH neutro. A purificacdo dessa atividade foi obtida por
cromatografia em FLPC utilizando colunas de troca cationica e interagdo hidrofobica. A
atividade enzimatica 6tima foi descrita como independente de Ca™ e associada a uma
proteina de 17 kDa (PAF-AH de T. infestans; PATi) em SDS-PAGE sob condig¢des
redutoras. Experimentos de espectrometria de massa sugerem que PATi ¢ membro da
familia de fosfolipases A,. Anticorpos especificos localizaram a enzima nas glandulas
salivares D2. Esses dados sugerem que a hidrélise de PAF pelo inseto possa interferir nas
respostas anti-hemostatica e/ou nociceptiva do hospedeiro. Com o objetivo de
compreender melhor a complexidade bioquimica e farmacoldgica deste inseto, uma
biblioteca de ¢cDNA de suas glandulas salivares foi seqilienciada. Proteinas salivares
também foram submetidas a -eletroforese bidimensional seguida de analise por
espectrometria de massa. Neste trabalho, nds apresentamos a andlise de um grupo de
1534 seqiiéncias de cDNA das glandulas salivares, das quais 645 codificam para
proteinas putativamente secretadas. A maioria das proteinas salivares descritas como
lipocalinas — 55% da biblioteca de cDNA — coincidiram com seqiiéncias peptidicas dos
resultados protedmicos. Esperamos que a obtengdo desses novos transcritos salivares
possa auxiliar no esclarecimento da funcdo de moléculas salivares nas interagdes entre o

vetor e o hospedeiro e na descoberta de novos agentes farmacolédgicos.



Summary

Triatoma infestans is one of the most important vectors of Chagas Disease in Latin
America, feeding on vertebrate blood in all life stages. Hematophagous insects’ salivary
glands produce potent pharmacological compounds that counteract host hemostasis,
including anti-clotting, anti-platelet, and vasodilatory molecules. The saliva of T.
infestans mediates hydrolysis of NDBC¢HPC, a substrate for Platelet-activating factor-
acetylhydrolase (PAF-AH), at neutral pH. Purification of this activity was achieved by a
two-step FPLC procedure using cation exchange and hydrophobic columns. Optimal
enzyme activity was found to be Ca™-independent and associated with a single 17-kDa
protein (PAF-AH of T. infestans; PATi) on SDS-PAGE under reducing conditions.
Results from mass spectrometry experiments suggest that PATi is a member of the
phospholipase A, family. Specific antibodies localized the enzyme in the luminal content
of the salivary glands D2. These findings suggest that hydrolysis of PAF may facilitate
the insect to avoid host hemostatic and/or nociceptive responses. To obtain a further
insight into the salivary biochemical and pharmacological complexity of this insect, a
cDNA library was randomly sequenced. Also, salivary proteins were submitted to 2D gel
electrophoresis followed by MS analysis. We present the analysis of a set of 1,534
salivary gland cDNA sequences, 645 of which coding for proteins of a putative secretory
nature. Most salivary proteins described as lipocalins — 55% of the cDNA library —
matched peptides sequences obtained from proteomic results. We expect this work will
contribute with new salivary transcripts that could help the understanding of the role of
salivary molecules in host/vector interactions and the discovery of novel pharmacologic

agents.
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Introducéo

Doenca de Chagas

A doenca de Chagas foi descrita por Carlos Chagas em 1909, relatando suas
caracteristicas clinicas, anatomopatoldgicas e epidemioldgicas, seu agente etioldgico e
vetor como um inseto da ordem Hemiptera (Brener et alii, 2000). E uma das patologias
de mais ampla distribui¢do no Continente Americano; estima-se que 18 milhdes de
individuos estejam infectados e cerca de 100 milhdes sob risco de contaminagdo (Dias et
alii, 2002). A doenca de Chagas ¢ ainda hoje, no Brasil ¢ em diversos paises da América
Latina, um problema grave de satde publica. Segundo a OMS, constitui uma das
principais causas de morte sibita que pode ocorrer com freqiiéncia na fase mais produtiva
da vida do individuo (Neves et alii, 2005). Por isso, a doenga de Chagas representa um
grande problema social e produz o maior 6nus socio-econdmico entre as enfermidades
denominadas tropicais. E a doenga parasitaria mais importante na América Latina em
termos de seu impacto na economia regional e no sistema de satde publico (WHO 1991;
Banco Mundial, 1993; Miles et alii, 2003).

A terapéutica da doenga de Chagas continua parcialmente ineficaz, apesar dos
grandes esforgos que vém sendo desenvolvidos por varios laboratorios e pesquisadores.
Como também ndo ha vacina disponivel, a principal estratégia de controle da doenca ¢ a
prevencao da transmissdao do seu agente etioldgico, principalmente por meio da
eliminacdo dos insetos vetores domésticos e da infeccdo por transfusdo sangiiinea

(Schofield et alii, 2006; Dias et alii, 2002).

Insetos da Ordem Hemiptera

Compreendem a ordem Hemiptera os insetos com aparelho bucal — proboscida ou

tromba — do tipo picador, sugador, que se origina anteriormente aos olhos, constituido por



um par de mandibulas e um de maxilas, envolvidos por um labio tri ou tetrassegmentado.
Hemipteros hematofagos que transmitem o T. cruzi pertencem a familia Reduviidae e
apresentam as seguintes caracteristicas: cabeca alongada e mais ou menos fusiforme;
pescoco nitido unindo a cabeca ao torax; probdscida reta e trissegmentada. A subfamilia
Triatominae ¢ constituida por seis tribos organizadas em 19 géneros, contendo mais de
130 espécies. Das seis tribos, Rhodniini e Triatomini contém as espécies mais
importantes de vetores. As outras ndo apresentam espécies transmissoras do T. cruzi para

humanos (Neves et alii, 2005).

Triatoma infestans

O Triatoma infestans, familia Reduviidae e subfamilia Triatominae, ¢ o principal
inseto transmissor do protozoario Trypanosoma cruzi a dezenas de espécies de
mamiferos. Sua localizacdo estende-se do sul da Argentina a regido nordeste do Brasil
(Brener et alii, 2000). E espécie predominantemente domiciliar, colonizando-se em
grande quantidade nas frestas das cafuas de barro e pau-a-pique. Formas tripomastigotas
do parasita no sangue do hospedeiro vertebrado sdo, eventualmente, sugados por esses
triatomineos durante o repasto. No trato digestivo destes, sofrem diferenciagdo em
epimastigotas replicativos que se diferenciam em formas tripomatigotas metaciclicas
infectantes no intestino posterior, sendo eliminados nas fezes ou na urina. Durante o
repasto sangiiineo seguinte, os triatomineos infectados eliminam fezes contendo essas
formas que penetram o hospedeiro via mucosa ou lesdo da pele infligida ao hospedeiro no
sitio da picada, dando continuidade ao ciclo de T. cruzi na natureza.

O T. infestans possui 3 pares de glandulas salivares bem diferenciadas: D1 —
anterior ou principal, D2 — média ou acesséria, e D3 — posterior ou suplementar (Barth,
1954; Lacombe, 1999) (Fig. 1). As glandulas salivares localizam-se na cavidade toraxica
e contiguas a parte inicial do tubo digestivo, sdo constituidas por uma camada de células
simples e estdo conectadas a um hilo comum por meio de ductos (Brener et alli, 2000).

De forma geral, as glandulas D1 e D2 possuem cor branca leitosa e um pouco amarelada,



respectivamente. J4 as glandulas D3 mostram-se translicidas. As coloragdes das
glandulas resultam da presenca de secrecdo no lumen (Lacombe, 1999). Considerando a
hematofagia uma importante caracteristica desses insetos, a presenga de componentes
como vasodilatadores, anticoagulantes e inibidores da agregagdo plaquetdria em sua

saliva ¢ esperada.

Figura 1 — Triatoma infestans e suas glandulas salivares. (A) Triatoma infestans,
adulto. Microscopia, contraste de fase 250X, de glandulas salivares de T. infestans
adultos: (B) pares D1 e D2, (C) glandula D3, (D) pares D1, D2 e D3. (Foto A: Paulo H.
B. Leite; Fotos B, C e D: Teresa Cristina F. de Assump¢ao).



Propriedades Anti-hemostaticas da Saliva de Insetos Hematdfagos

Hemostasia

A hemostasia € a resposta fisiologica do hospedeiro e um eficiente mecanismo de
defesa que controla a perda de sangue ap6s um dano vascular e ¢ encontrada em todos os
organimos que tem um sistema hemostatico. Consiste na agregacdo plaquetdria
(formagdo do agregado de plaquetas), cascata de coagulagdo sangiiinea (formagdo do
coagulo sangiiineo) e vasoconstrigdo (redu¢do do fluxo sangiiineo). Existem varios
agonistas independentes para agregacao plaquetdria (ADP, coldgeno, trombina, fator
ativador de plaquetas — PAF, etc.) e pelo menos dois vasoconstritores liberados pelas
plaquetas (tromboxano A; e serotonina). A cascata de coagulag¢do ¢ um sistema complexo
com varios pontos de amplificacdo e controle (Ribeiro & Francischetti, 2003).

A elucidagdo de mecanismos evolutivos dos artropodes hematéfagos podem
aumentar o entendimento de sistemas complexos encontrados na interface da
hematofagia. As trés vias do sistema hemostatico sdo bem interconectadas, fazendo da
hemostase um sistema redundante e aumentando o desafio aos insetos hematdfagos, pois

representam um obstaculo na tentativa de obter sangue do hospedeiro.

Hematofagia

A hematofagia estd presente em diferentes classes e tipos de animais que em sua
maioria sdo invertebrados, incluindo sanguessugas e insetos. Algumas espécies de
morcegos, mamiferos vertebrados, também sao hematofagas (Basanova et alii, 2002). Os
primeiros trabalhos sobre substincias de animais hematéfagos capazes de bloquear ou
prolongar a coagula¢do sangiiinea de vertebrados datam do século XIX (Moser et alii,
1998). Desde entdo, muitas substancias de animais hematofagos tém sido descritas.

O habito da hematofagia evoluiu independentemente entre varias espécies e
géneros de artrépodes hematofagos. A evolucao de substancias anti-hemostaticas que sdo
injetadas junto com a saliva no hospedeiro, no momento do repasto sangiiineo, permitiu

antagonizar a hemostase do hospedeiro vertebrado. Essas moléculas em conjunto com



adaptagdes mecanicas do aparelho bucal do inseto, auxiliam na remog¢do e obtengdo do
sangue (Ribeiro, 1995).

A saliva de insetos possui substancias com potentes propriedades farmacoldgicas
que afetam diretamente os sistemas imunolégico, inflamatério e hemostitico do
hospedeiro vertebrado (Ribeiro, 1995). Assim, a saliva afeta a fisiologia do hospedeiro
localmente, no sitio da picada, provavelmente resultando em um ambiente favoravel aos
patogenos transmitidos pelo vetor, transformando a saliva desses insetos hematdfagos em
um alvo interessante para o controle da transmissdo de doengas (Valenzuela, 2002c).
Viérias substancias anti-hemostaticas da saliva de insetos hematéfagos vetores de doencgas
tém sido caracterizadas molecular e funcionalmente, incluindo antitrombinas e inibidores

do fator Xa da coagulagdo (Valenzuela et alii, 1999).

Vasodilatadores

Sao moléculas que aumentam o fluxo sangiiineo mediante antagonismo de
substancias vasoconstritoras produzidas pelo sistema hemostatico apos injuria tissular
provocada pelo aparelho bucal do inseto. Facilitam a alimentagdo, pois aumentam o
calibre das veias sangiiineas, acelerando sua descoberta e o fluxo de sangue para o sitio
da picada, logo menos tempo ¢é necessario para a aquisicao do sangue. Os vasodilatadores
agem direta ou indiretamente em células musculares lisas ativando enzimas intracelulares
como adenilato ciclase e guanilato ciclase que levam a formacdo de AMPc e GMPc,
respectivamente (Rang et alii, 1997). A sialocinina é um pequeno peptidio vasodilatador,
isolado da saliva do Aedes aegypti, que age diretamente sobre o endotélio ativando a
producao de 6xido nitrico (Champagne & Ribeiro, 1994) que ativa a guanilato ciclase em
células musculares lisas, resultando na vasodilatagdo (Valenzuela, 2002c). Esse efeito
facilita a localizagdo de vasos e a obtencdo de sangue pelo inseto. Em adicdo,
vasodilatadores da saliva também podem facilitar a infec¢do. Por exemplo, Titus e
Ribeiro (1988) demonstraram que a saliva de Luztomyia longipalpis aumenta a infecgao
de mamifero por Leishmania major quando o parasita ¢ co-inoculado com saliva da
mosca. Este efeito foi associado ao maxadilan, um potente vasodiladador presente na

saliva desse inseto (Morris et alii, 2001). Isto indica que este parasita utiliza-se das



propriedades farmacoldgicas da saliva para circular na natureza. Outro grupo de
moléculas bem estudado ¢ o das nitroforinas de Rhodnius prolixus, triatomineo que
também transmite o T. cruzi para mamiferos. As nitroforinas consistem em proteinas que
contém grupo heme e possuem cerca de 20 kDa. Sua atividade melhor caracterizada ¢ o
armazenamento e transporte de oxido nitrico (NO) que, ao ser liberado, liga-se a
guanilato ciclase, resultando em relaxamento muscular e vasodilatagdo. Essas proteinas
também inibem a resposta inflamatoria do hospedeiro por interagirem com a histamina
(Ribeiro & Walker, 1994; Montfort et alii, 2000). Em T. infestans, nenhuma molécula

apresentando funcdo vasodilatadora foi identificada ainda.

Inibidores da Coagulacédo Sangtinea

A cascata de coagulacdo sangiiinea consiste em uma série de serino-proteases que
ativam umas as outras de forma seqiiencial. A forma¢ao do coagulo ¢ a ultima etapa de
uma série de reagdes proteoliticas que, coordenadas com as plaquetas e células
endoteliais, evitam a perda de sangue devido a um dano vascular (Fig. 2). As enzimas
proteoliticas, fatores VII, IX, X, XI e trombina s3o normalmente encontradas na
circulagdo na forma inativa. Sua ativagdo ocorre pela clivagem de uma ou duas ligagdes
peptidicas (Goodman & Gilman, 1996). A via intrinseca da coagulagdo comeca com a
ativacdo do fator XII, induzida por coldgeno, que ativa o fator XI e a calicreina
plasmatica. Calicreina cliva o cininogénio para formar bradicinina, um peptidio causador
de inflamagdo e sensacdo de dor (Ribeiro, 1989). A via extrinseca comeca com a
liberagdo do fator tecidual (tromboplastina) de células endoteliais danificadas, que ativa o
fator VII (Bevers et alii, 1993). As duas vias convergem para uma via comum resultando
na formagdo de fator Xa que, por sua vez, ativa protrombina a trombina. Finalmente, o
fibrinogénio ¢ clivado pela trombina em fibrina, o principal componente do codgulo
sangiiineo junto com as plaquetas e os eritrocitos (Davie et alii, 1991; Jackson &
Nemerson, 1980).

Componentes anticoagulantes da saliva de artropodes hematéfagos agem
especificamente em proteases ou complexos envolvidos na coagulagdo sangiiinea como a

trombina e o fator Xa, refletindo o papel central do fator X ou fator Xa nas vias intrinseca



e extrinseca, e também a funcdo da trombina na produg¢do de fibrina a partir do
fibrinogénio. Substincias com propriedades antitrombina isoladas da saliva de insetos
hemato6fagos ja foram descritas. A anofelina ¢ um peptidio com atividade antitrombina
isolado das glandulas salivares do mosquito Anopheles albimanus. Seu gene foi clonado e
o peptidio sintetizado, confirmando sua especificidade pela trombina, apesar de nenhuma
similaridade com outras seqiiéncias em bancos de dados ter sido encontrada (Valenzuela
et alii, 1999). O mesmo grupo também caracterizou, a partir do homogeneizado das
glandulas salivares de Cimex lectularius, uma proteina com massa molecular de 17 kDa
como inibidor da ativagdo do fator X em fator Xa (Valenzuela et alii, 1996).

Extrato de glandula salivar de T. infestans prolongou o tempo de trombina,
protrombina e de tromboplastina parcial ativada. Esse efeito anticoagulante da saliva de
T. infestans observado na via intrinseca da coagulagdo ocorre principalmente pela
interferéncia no fator VIII (Pereira et alii, 1996). Recentemente, Isawa e colaboradores
(2007) identificaram duas proteinas nas glandulas salivares de T. infestans denominadas
triafestina-1 e triafestina-2. Essas proteinas inibem a ativacao do sistema calicreina-cinina
do hospedeiro, resultando na inibi¢do da liberagdo de bradicina. Esse sistema participa de
respostas inflamatdérias mediadas por superficie celular, orginadas apds injuria tissular.
Triafestina-1 e 2 poderiam atenuar a resposta inflamatoria local no sitio da picada,
diminuindo os sintomas inflamatérios (vermelhiddo, edema e dor) e, provalvemente,
facilitando ao inseto a obtencdo do repasto sangiiineo (Isawa et alii, 2007).

Além dos artropodes hematdfagos, outros animais dependendo de uma
alimentacdo sangiiinea desenvolveram mecanismos que interferem com o processo de
coagulagdo. Inibidores de coagulagdo também foram isolados de animais hematofagos
como morcegos (Gardell et alii, 1991), sanguessugas (Sawyer, 1986; Sawyer, 1991) e
nematdodeos (Cappello et alii, 1995).

10



Via Extrinseca

Fator Xa Injaria vascular
Ca*?
Via Intrinseca Fator Tissular
Fator Vlla Fator VI
Trombina Fator Tissular Fator Ti&ssular Fator VIl

~Superficie™ Ca2

Fator XI M Fator IX
Ca*?

Fator 1X Fator IXa

Fator Vllla Fator Xa Fator X

Fator X Ca" PL

Fator XIII
Fator Va 1
Fator VIII Ca*? PL /‘\
Pro-trombina : Ca
Trombina Fibrina

Fator

Xllla o
Fibrinogénio  Fiprina — Rede de fibrina

Fator V

Plaquetas

Figura 2 — Desenho esquematico das vias intrinseca e extrinseca da coagulacdo
sangliinea. A inicia¢ao da cascata de coagulagdo ocorre apds injuria vascular e exposi¢ao
do fator tecidual ao sangue. Isto desencadeia a via extrinseca (lado direito), em setas
largas. A via intrinseca da coagulacdo pode ser ativada quando trombina ¢ gerada,
levando a ativagdo do fator XI. As duas vias convergem para a formacgao do fator Xa. Os
fatores de coagulacdo ativados, exceto a trombina, sdo designados pela letra @ mintscula,

como [Xa, Xa, XIa. PL refere-se a fosfolipidio (adaptado de Davie, 2003).

Anti-agregadores de Plaquetas

Apds dano vascular, as plaquetas sdo ativadas por varios agonistas como ADP,
colageno, trombina, tromboxano A,, adrenalina, PAF e tromboplastina. Inicialmente,
plaquetas ativadas agregam-se no local de injuria, formando um aglomerado celular que
reduz ou bloqueia a perda de sangue (Davie et alii, 1991). Plaquetas na forma inativa

possuem uma superficie lisa e uma forma discoide. A mudanca de forma é acompanhada
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pela extensdo de pseuddpodes na superficie das plaquetas. A ativacdo e agregacgdo inicial
de plaquetas levam a secrecao do contetido dos granulos plaquetarios que ativam outras
plaquetas e induzem inflamagao (Jamaluddin et alii, 1991).

Insetos hematofagos inibem a agregagdo plaquetaria por diferentes mecanismos
como inibi¢cdo dos efeitos de trombina e coldgeno sobre as plaquetas (Ribeiro, 1987) e
hidrolise de PAF (Ribeiro & Francischetti, 2001). No entanto, a estratégia mais utilizada
por esses animais para bloquear a agregacao plaquetaria parece ser por meio da hidrélise
de ADP, um importante agonista da agregacdo, em AMP. Essa reagdo ¢ catalizada por
apirases, enzimas que removem o fosfato inorganico de ATP e ADP, impedindo a
agregacdo plaquetaria induzida pelo ADP (Valenzuela, 2002c). Em invertebrados, a
atividade apirdsica esta associada as glandulas salivares de artropodes hematofagos. As
apirases ja foram descritas em Aedes aegypti (Champagne et alii, 1995b), Anopheles
gambiae (Arca et alii, 1999), C. lectularius (Valenzuela et alii, 1998) e outros insetos. A
fungdo da apirase em Rhodnius estd relacionada com sua atividade anti-hemostatica,
facilitando a obtencdo da alimentacao sangiiinea (Ribeiro & Garcia, 1981). A presenca
dessa enzima na saliva de R. prolixus foi caracterizada por Sarkis e colaboradores (1986).
Cinco apirases salivares de T. infestans foram purificadas e caracterizadas (Faudry et alii,
2004). Charneau e colaboradores (2007) demonstraram que o proteoma da saliva de T.
infestans contém principalmente inibidores de agregacao plaquetaria que pertencem as
familias de lipocalinas e apirases. A presenca de isoformas de apirase mostra sua
diversidade e abundéncia na saliva de T. infestans, diferentemente de outros insetos.
Além dos triatomineos, seqiiéncias putativas codificando para apirases foram encontradas
nos sialomas de varios mosquitos como Ae. aegypti (Ribeiro et alii, 2007), Ae. albopictus
(Arca et alii, 2007), An. darlingi (Calvo et alii, 2004), An. stephensi (Valenzuela et alil,
2003), An. gambiae (Francischetti et alii, 2002b), An. funestus (Calvo et alii, 2007a) ¢
Culex pipiens quinquefasciatus (Ribeiro et alii, 2004b).

O colageno é uma proteina de matriz extracelular que desempenha uma fungio
importante no processo de hemostase, pois, a sua exposicao no local de injuria vascular
inicia o recrutamento e estimula a cascata de ativagdo das plaquetas circulantes,
formando o trombo (Farndale et alii, 2004). Triplatinas 1 e 2 sdo duas proteinas salivares

de T. infestans que inibem a agregagdo plaquetaria induzida por colageno. Essas proteinas
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apresentam similaridade a palidipina e acredita-se que sejam antagonistas de GPVI
(glicoproteina VI — principal receptor de colageno) (Morita et alii, 2006). Interagdes entre
plaquetas e colageno sdo importantes na formagao do trombo ¢ GPVI ¢ um receptor de
sinalizagdo na superficie de plaquetas que age nessa via de ativacdo (Nieswandt &
Watson, 2003). Recentemente, um membro da familia de alérgenos de 30 kDa de Ae.
aegypti, denominado aegyptina, foi caracterizado como um ligante especifico de
colageno. Essa ligacdo ao coldgeno interfere com sua interacdo com outros ligantes,
principalmente o GPVI, inibindo a agregacdo e adesdo plaquetarias (Calvo et alii,
2007b).

Lipocalinas constituem um grande grupo de moléculas presentes nas glandulas
salivares de triatomineos. Sao tipicamente proteinas extracelulares, de baixa massa
molecular e compartilham algumas propriedades moleculares como ligagdo a moléculas
pequenas, principalmente hidrofobicas; ligacdo a receptores especificos de superficie;
formag¢do de complexos covalentes e nao-covalentes com outras macromoléculas
soluveis. Embora tenham sido classificadas principalmente como proteinas de transporte,
estd claro que os membros da familia de lipocalinas exercem uma grande variedade de
funcdes. Apesar das caracteristicas e fungdes comuns, membros da familia de lipocalinas
tém sido definidos amplamente com base em similaridade estrutural ou de seqiiéncia,
compreendendo grande variedade de proteinas (Flower, 2000). Dentre as lipocalinas

descritas como inbidoras de agregacao plaquetaria na saliva de triatomineos encontramos:

Palidipina. E uma lipocalina de 19 kDa purificada da saliva de T. pallidipennis
que inibe especificamente a agregacao plaquetaria induzida por coldgeno. Nenhum efeito
foi observado quando a agregacdo era induzida por trombina, ADP ou tromboxano A,,

mostrando sua especificidade (Noeske-Jungblut et alii, 1994).

Triabina. A saliva de T. pallidipennis inibe ndo somente a agregagdo plaquetaria
induzida por colageno, mas também a agregacao mediada pela trombina. Esse inibidor de
trombina foi denominado triabina e forma um complexo com a trombina, causando o

prolongamento do tempo de coagulacdo e do tempo de tromboplastina parcial ativada,
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além da inibi¢do da agregagdo plaquetdria induzida por trombina (Noeske-Jungblut et

alii, 1995).

RPAI-1. Em R. prolixus, uma lipocalina nomeada RPAI-1 (Rhodnius platelet
aggregation inhibitor 1) impede a agregacdo plaquetdria por inibir a resposta das
plaquetas a baixas concentragdes de alguns agonistas como ADP, colageno, trombina,

convulxina e tromboxano A, (Francischetti et alii, 2000; Francischetti et alii, 2002a).

Imunidade e Inflamacéo

Além da necessidade de superar os mecanismos hemostaticos do hospedeiro, os
artropodes hematofagos também precisam impedir suas respostas inflamatéria e imune. A
inflamagao ¢ a reacao do hospedeiro a injuria tissular e/ou processo infeccioso e consiste
em respostas como dor, hiperemia, calor e edema, resultantes da vasodilatagdo tissular e
liberagdo de wvarios fatores com fungdes farmacoldgicas especificas. Células
polimorfonucleadas e mondcitos sdo importantes mediadores da inflamagdo. O ATP
liberado pelas células ativa os neutrofilos que se acumulam e degranulam no local da
inflamacdo. A trombina da cascata de coagulacdo sangiiinea e outras moléculas pro-
inflamatorias, como o fator ativador de plaquetas (PAF), também ativam neutrdfilos que
produzem prostaglandinas e o proprio PAF, amplificando o sinal (Ribeiro &
Francischetti, 2003).

Os invertebrados ndo possuem uma resposta imune adaptativa e dependem de
sistemas de imunidade inata para a sua defesa (Hoffmann et alii, 1999). Em insetos, o
sistema de ativacdo de profenoloxidase ¢ parte importante da defesa. Sua funcdo ¢
detectar e eliminar os patdogenos invasores, assim como sintetizar melanina para o
encapsulamento de patdgenos. A forma ativa da enzima fenoloxidase ¢ responsavel pela
formagdo de melanina e de intermedidrios altamente reativos e toxicos. Com a ativacao
por proteodlise limitada, a fenoloxidase catalisa as primeiras etapas de formacdo da
melanina que encapsula o patégeno e previnindo ou retardando seu crescimento

(Ratcliffe et alii, 1984; Soderhdll & Cerenius, 1998; Ashida & Brey, 1998). A ativacao
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dessa enzima por meio de uma série de eventos regulados ¢ desempenhada pelo sistema
de ativagdo pro-fenoloxidase que consiste em proteinas capazes de se ligar a
polissacarideos e outros compostos associados a microorganimos. Todas as fenoloxidades
de artropodes ja caracterizadas sdo sintetizadas como precursores inativos que tornam-se
enzimaticamente ativos apds protedlise por serino-proteases. A ativacdo de pro-
fenoloxidases ¢ mediada por uma cascata enzimatica, e esse sistema seria semelhante ao
sistema complemento dos vertebrados (Cerenius & Soderhill, 2004).

Os peptidios antimicrobianos (AMP) sdo importantes moléculas efetoras no
sistema de imunidade inata de insetos (Christophides et alii, 2004). Os principais AMPs
encontrados em insetos incluem cecropinas, defensinas e peptidios com super-
representacdo de alguns aminoacidos como aqueles ricos em histidina ou prolina. A
familia de defensinas ¢ o grupo mais amplo de AMPs encontrados em insetos e outros
invertebrados. As defensinas sdo peptidios cationicos com massa molecular de 4 kDa,
ricos em cisteinas e agem contra bactérias gram-positivas (Boman, 1995; Bulet et alii,

1999).

Outras Moléculas da Saliva de Triatomineos

Outras proteinas também foram descritas nas glandulas salivares de triatomineos.
Algumas dessas proteinas possuem papel importante na hematofagia do inseto, pois
podem agir como fatores anti-hemostaticos ou participam de outros processos igualmente

importantes como a imunidade inata do inseto.

Procalina. Como no momento do repasto sangiiineo os insetos injetam proteinas
salivares no hospedeiro, a presenca de alérgenos pode resultar em hipersensibilidade do
tipo I em individuos sensibilizados. As reagdes anafilaticas mais freqiientes a insetos sao
atribuidas aos artrépodes da familia Reduviidae (Edwards & Lynch, 1984). Paddock e
colaboradores (2001) purificaram e identificaram o principal alérgeno das glandulas
salivares de Triatoma protacta, uma proteina de 20 kDa denominada procalina, membro

da familia de lipocalinas.
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Sialidase. Tal atividade enzimatica foi identificada e caracterizada nas glandulas
salivares de T. infestans. E liberada durante o repasto e sua provavel funcdo seria a
remocao de 4cido sidlico de moléculas envolvidas na migragdo celular e na reacdo
inflamatoria. Como o 4cido sidlico participa de alguns processos envolvidos na
hemostase, ¢ possivel que a sialidase liberada interfira na coagula¢do ou na agregagio

plaquetaria (Amino et alii, 1998).

Triapsina. Trata-se de uma protease similar a tripsina liberada com a saliva de T.
infestans. Esta presente na glandula salivar D2 como um precursor inativo (Amino et alii,
2001). Esta serino-protease poderia estar envolvida em eventos proteoliticos especificos
afetando a coagulacdo ou a cascata de complemento do hospedeiro. Também poderia
estar relacionado com a imunidade, pois as enzimas ativadoras de profenol-oxidase sdo

serino-proteases (Soderhill & Cerenius, 1998).

Trialisina. E uma proteina litica formadora de poros encontrada na saliva de T.
infestans. Essa proteina de 22 kDa foi nomeada trialisina por ser capaz de lisar parasitos
protozoarios e bactérias, indicando uma possivel fun¢do no controle do crescimento de
microorganismos nas glandulas salivares (Amino et alii, 2002). A expressdo da trialisina
recombinante e sua modelagem molecular foram obtidas por Corréa (2002). A proteina
recombinante mostrou efeito citolitico sobre Escherichia coli, T. cruzi, Leishmania
donovani e células murinas da linhagem L6. Essas observagdes sugerem que essa
proteina possa fazer parte da imunidade inata do inseto, pois possiveis microorganismos
presentes no sangue do hospedeiro seriam lisados, protegendo o inseto de infecgdo.
Concomitantemente, poderia desempenhar uma funcdo anti-hemostatica devido a lise de

células mamiferas, facilitando a obtengdo do repasto.

Fosfolipases. A superfamilia das fosfolipases (FLAs) consiste em um amplo
espectro de enzimas definidas por sua capacidade de catalisar a hidrolise da ligagdo éster
de fosfolipidios. Os produtos da hidrélise sao acidos graxos livres e lisofosfolipidios. Os

lisofosfolipidios sdo importantes na sinalizacdo celular e no remodelamento de outros
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fosfolipidios (Six & Dennis, 2000). Algumas fosfolipases tém sido descritas em insetos,
mas ainda estdo pouco caracterizadas. Uma atividade de FLLA, dependente de célcio foi
identificada na saliva ¢ nas glandulas salivares do carrapato Amblyomma americanum
(L.) (Bowman et alii, 1997). Outro grupo identificou uma fosfolipase C com
especificidade por PAF, nomeada PAF-fosforilcolina hidrolase, encontrada na saliva e
nas glandulas salivares do mosquito Culex quinquefasciatus. A atividade enzimatica foi
demonstrada pela capacidade de inibir a agregacao plaquetaria induzida por PAF e pelo
consumo do substrato e formagao do produto diacil glicerideo (Ribeiro & Francischetti,

2001).

Fator Ativador de Plaguetas — PAF

O fator ativador de plaquetas (1-O-alquil-2-acetil-sn-glicero-3-fosfocolina, PAF)
¢ um potente mediador bioldgico que exerce seu efeito em vdrias células e tecidos. O
PAF ¢ um fosfolipidio Gnico em sua fung¢do de mediador intracelular e pode ser
sintetizado por duas vias distintas: a de remodelamento ¢ a via de novo. A primeira esta
envolvida no remodelamento de fosfolipidios da membrana celular pela hidrélise de um
araquidonato a partir da posicao Sn-2 e sua substituicdo por um acetato. Esta parece ser
mais importante em varias respostas inflamatorias e alérgicas. A sintese de novo ocorre a
partir de 1-O-alquil-sn-glicero-3-fosfato através da incorporagdo de acetato, remog¢do do
fosfato e sua substitui¢do por fosfocolina (Venable et alii, 1993).

O PAF ndo ¢ armazenado nas células, mas ¢ sintetizado em resposta a um
estimulo que pode ser reagdes antigeno-anticorpo ou varios agentes como peptidios
quimiotaticos, trombina, coldgeno e alguns autacoides, inclusive o proprio PAF. E
sintetizado por plaquetas, neutréfilos, mondcitos, mastocitos, eosinofilos, células da
medula renal e células endoteliais vasculares (Goodman & Gilman, 1996).

As agoes intracelulares do PAF sdo mediadas pela interagdo com seu receptor
(PAFR) que ¢ expresso na superficie de varios tipos celulares. O PAFR pertence a
superfamilia dos receptores acoplados a proteina G, com sete dominios

transmembranicos (Prescott et alii, 2000).

17



Propriedades Farmacolodgicas do PAF

O PAF ¢ um vasodilatador potente que reduz a resisténcia vascular e a pressao
sangiiinea sistémica, quando injetado por via endovenosa. Aumenta a permeabilidade
vascular e facilita 0 movimento dos liquidos para fora deste sistema. (McManus et alii,
1981). E um potente estimulador da agregagdo plaquetaria in vitro, que é acompanhada
da liberacdo do tromboxano A, e do conteudo granular das plaquetas, logo sua agdo ¢
independente da presencga do tromboxano A, e de outros agentes agregantes. E um fator
quimiotatico para eosinofilos, neutréfilos e monocitos, também estimula a adesdo dos
neutrofilos as células endoteliais e sua diapedese (Goodman & Gilman, 1996). Ainda, o
PAF também possui efeitos fisiopatoldgicos nos sistemas respiratorio, gastrointestinal e

nervoso (Kuijpers et alii, 2001).

Respostas Inflamatdrias e Alérgicas

O PAF exerce efeitos pro-inflamatorios como aumento da permeabilidade
vascular, hiperalgesia, edema e infiltracdo por neutrofilos. A bioatividade potente dessa
molécula esta associada a sua habilidade de ativar neutrofilos em concentragdes
picomolares e de induzir quimiotaxia e polimerizacdo de actina em concentragdes
nanomolares (Kuijpers et alii, 2001). A concentragdo plasmatica desse fator esta

aumentada no choque anafilatico experimental (Goodman & Gilman, 1996).

PAF-Acetil hidrolase

A poténcia e a natureza de seus efeitos sugerem que tanto a sintese como a
degradag¢do do PAF devem ser processos rigorosamente controlados. O PAF produzido
por qualquer uma das duas vias ¢ degradado a um produto inativo, o liso-PAF, pelas
PAF-acetil hidrolases (PAF-AH; 1-alquil-2-acetil-glicerofosfocolina esterase — EC

3.1.1.47; figura 3) que sdo enzimas pertencentes a familia das fosfolipases A, (Prescott et
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alii, 2000). Esta atividade, encontrada em varias células, e tecidos ndo requer calcio ¢
catalisa a hidrdlise de andlogos acila de PAF bem como fosfolipidios contendo grupos sn-
2 como acidos graxos fragmentados ¢ oxidados (Venable et alii, 1993).

Os fosfolipidios oxidados também possuem pequenos grupos acila na posi¢ao sn-
2 do glicerol, mas s3o derivados da oxidacdo de acidos graxos poliinsaturados.
Aparentemente, esses compostos mimetizam a estrutura do PAF a ponto de se ligarem ao
seu receptor € provocarem as mesmas respostas. A principal diferenga entre o PAF e
esses fosfolipidos oxidados ¢ que a sintese do PAF ¢ altamente regulada, enquanto os

fosfolipidios oxidados s@o produzidos de maneira ndo regulada (Stafforini et alii, 1997).

‘|:|’ acetato

CHZ'O'(CHz)n‘CHB,n:15 or 17 CHS-C-OH C Hz'o‘(CHz}n'CHa:n:ﬁ or 17

i | |
CH,-C-O-C-H HO-C-H

o o
‘ I i I Il +
CHz‘O-T’-O-(CHz) »-N(CH,), CHZ'O'?‘O'(CHz)z‘N(CHS)S
PAF-AH o~ PAF 0~ Liso-PAF

Figura 3 — Esquema da degradacdo de PAF pela PAF-acetil hidrolase. O PAF ¢
degradado a liso-PAF pela PAF-AH através da remog¢ao do grupo acetato na posi¢ao Sn-

2, gerando liso-PAF e acetato.

As PAF-AHs humanas representam um grupo tunico de FLA;s que contém quatro
enzimas que exibem especificidade incomum por substratos como PAF e fosfolipidios
oxidados. De acordo com a nomenclatura das FLA;s, as PAF-AHs sdo classificadas como
FLA3s dos grupos VII e VIII (Murakami & Kudo, 2002). Essas enzimas ainda podem ser
divididas em duas subclasses: intracelulares, encontradas no citossol; e extracelulares,
secretadas no plasma sangiiineo ou outros fluidos corporais (Derewenda & Ho, 1999).

A atividade da enzima PAF-AH no plasma e nas células tem idéntica

especificidade pelo substrato, mas estudos de massa molecular, inibicdo quimica,
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inativagdo de protease e reconhecimento por anticorpos tém mostrado que estas enzimas
sdo distintas. A fonte celular da PAF-AH plasmatica ¢ provavelmente os macrofagos e
hepatdcitos, pois ambos sintetizam e secretam uma atividade com propriedades idénticas
a enzima plasmadtica. A secrecdo da enzima ¢ independente de particulas de lipoproteinas,
mas a acetilhidrolase se associa preferencialmente com lipoproteinas do meio (Venable et

alii, 1993).
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Justificativa

O conhecimento sobre proteinas da saliva de insetos hematdfagos ¢ importante
para a melhor compreensdo da atuacdo dessas no processo de alimentacdo e de sua
possivel funcdao na transmissao do parasita. A biblioteca de cDNA ¢ uma ferramenta
importante para varredura e identificacio de genes codificantes de proteinas com
atividade relacionada a nossa linha de pesquisa. O seqiienciamento da biblioteca fornece
dados suficientes para realizagdo de busca em banco de dados visando encontrar
proteinas similares com func¢ao conhecida. Também, genes poderdo ser clonados a partir
da biblioteca de cDNA para estudos funcionais. Além das lipocalinas, proteinas
abundantes nas glandulas salivares de triatomineos, outras classes de proteinas também
poderiam desempenhar importante papel como as fosfolipases. Golodne demonstrou a
presenca de fosfolipidios na saliva de R. prolixus assim como propriedades anti-
hemostaticas de lisofosfatidilcolina salivar (2003). Uma fosfolipase seria a enzima
responsavel ndo sé pela geragdo de fosfolipidios na saliva do inseto mas também pela
hidrolise de PAF, um potente mediador da inflamagdo e estimulador da agregagdo
plaquetéria.

Em trabalhos anteriores, a construcao de bibliotecas de glandulas salivares foi
bem sucedida para muitos artropodes como Aedes aegypti (Valenzuela et alii, 2002b),
Anopheles gambiae (Francischetti et alii, 2002b), Ixodes scapularis (Valenzuela et alii,
2002a), Anopheles stephensi (Valenzuela et alii, 2003), Rhodnius prolixus (Ribeiro et
alii, 2004a), Culex quinguefasciatus (Ribeiro et alii, 2004b), Anopheles darlingi (Calvo
et alii, 2004), Aedes albopictus (Arca et alii, 2007), Anopheles funestus (Calvo et alii,
2007a) e T. brasiliensis (Santos et alii, 2007). Cada transcriptoma origina um banco de
dados que pode ser utilizado na busca por seqiiéncias similares. O conhecimento sobre
estrutura e funcao bioldgica de componentes da saliva de insetos vetores € base para o
planejamento de novas estratégias de combate a varias doengas tropicais ainda incuraveis

como doenca de Chagas, Malaria e Leishmaniose.
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A andlise protedmica, por meio de eletroforese bidimensional das proteinas da
saliva e posterior espectrometria de massa, proporciona a identificagdo de novas proteinas
e permite validar os dados obtidos pelo transcriptoma.

A descoberta de novas proteinas que atuam no antagonismo da hemostase também
¢ de grande interesse biotecnoldgico, pois essas moléculas poderiam ser utilizadas no
tratamento de enfermidades como coagulopatias ou diretamente relacionadas a agregacao
plaquetaria.

Esta tese ¢ composta por dois manuscritos e alguns experimentos adicionais. O
primeiro manuscrito intitula-se “A PAF-acetylhydrolase activity from the saliva of
Triatoma infestans”. O segundo manuscrito descreve a construgao da biblioteca de cDNA
de glandulas salivares de T. infestans ¢ sua analise transcriptomica, tendo como titulo:
“An insight into the sialome of the blood-sucking bug Triatoma infestans, a vector of

Chagas’ Disease”.
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Objetivos

O objetivo geral desta linha de pesquisa em entomologia molecular ¢ conhecer as
caracteristicas moleculares ¢ funcionais de proteinas da saliva de T. infestans
relacionadas com o repasto sangiiineo. Esse conhecimento servird de base para outros
estudos visando a inibi¢do de algumas dessas atividades encontradas na saliva do inseto,

desfavorecendo o ciclo de vida do inseto e/ou a transmissdo do T. cruzi.
Os objetivos especificos propostos para este trabalho sdo:

- Identificar e caracterizar atividade hidrolitica de PAF na saliva de T. infestans;

- Obten¢ao de uma biblioteca de cDNA das glandulas salivares de T. infestans;

- Analise transcriptomica das glandulas salivares de T. infestans por meio da biblioteca de
cDNA;

- Validagao da analise transcriptomica por meio de proteoma da saliva de T. infestans.
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Abstract

Salivary anti-hemostatic activities are widely distributed in hematophagous
arthropods including Triatoma infestans (Hemiptera, family Reduviidae, subfamily
Triatominae), a vector of Chagas’ disease. The saliva of T. infestans mediates hydrolysis
of NDBC¢HPC, a substrate for Platelet-activating factor-acetylhydrolase (PAF-AH), at
neutral pH. Purification of the protein responsible for this activity was achieved by a two-
step FPLC procedure using cation exchange and hydrophobic columns. Optimal enzyme
activity was found to be Ca™-independent and was associated with a single 17-kDa
protein (PAF-AH of T. infestans; PATi) on SDS-PAGE under reducing conditions. Mass
spectrometry experiments suggest that PATi is a member of the phospholipase A, family.
Specific antibodies localized the enzyme in the luminal content of the salivary glands D2.
These findings suggest that hydrolysis of PAF may facilitate the insect to avoid host

hemostatic and/or nociceptive responses.

Introduction

The hemiptera Triatoma infestans, a vector of Chagas’ disease (American
trypanosomiasis), feeds exclusively on vertebrate blood in all life stages. Hematophagous
insects’ salivary glands show a variety of anti-hemostatic compounds, capable to
counteract host hemostasis, including anti-clotting, anti-platelet, and vasodilatory
molecules, thus helping the bug to obtain its blood meal (Ribeiro and Francischetti, 2003;
Ribeiro, 1995). Besides the T. infestans salivary apyrases already known for their ability
to remove inorganic phosphate from ATP and ADP, preventing platelet aggregation
(Faudry et al., 2004), other molecules may mediate inhibition of platelet aggregation
through different pathways. Host platelet-activating factor (PAF) could be an interesting
target for an arthropod anti-hemostatic enzyme, since PAF is related to inflammation and

platelet aggregation.
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PAF  (1-O-alkyl-2-acetyl-sn-glycero-3-phosphocholine) is a  bioactive
phospholipid involved in inflammatory reactions (Prescott et al., 2000). It is synthesized
by a wide range of inflammatory and non-inflammatory cells (Venable et al., 1993;
Snyder, 1995), and has been implicated in both pathological and physiological processes
(Venable et al., 1993). PAF is produced by two independent pathways: the remodeling
one involves structural modification of a membrane lipid by replacement of the acyl
moiety for an acetate group; the other route consists of de novo synthesis of PAF from an
O-alkyl analogue of a lysophosphatidic acid (Snyder, 1990).

PAF synthesized by any of the two pathways is cleaved to an inactive product —
lyso-PAF - by the PAF-acetylhydrolases (PAF-AH;  1-alkyl-2-acetyl-
glycerophosphocoline esterase — EC 3.1.1.47), Ca™ independent enzymes belonging to
group VII of the phospholipase A; (PLA;) family (Six and Dennis, 2000). This
inactivation of PAF occurs through the hydrolysis of the acetyl group at the sn-2 position
of the molecule. The PLA, superfamily consists in a wide range of enzymes defined by
their ability to catalyze hydrolysis of the ester bond of phospholipid substrates, resulting
in free fatty acids and lysophospholipids. The released fatty acids are important source of
energy and act as second messengers and precursors of eicosanoids, which are potent
mediators of inflammation and signal transduction. The lysophospholipids are important
in cell signaling and in other phospholipids remodeling (Six and Dennis, 2000).

Some phospholipases with activity upon PAF have been described in insects but
only a few have been characterized. An activity of calcium-dependent PLA, was
identified in saliva and salivary glands of the tick Amblyomma americanum (L.)
(Bowman et al., 1997). Another group identified a phospholipase C with specificity for
PAF, named PAF-phosphorylcoline hydrolase, found in saliva and salivary glands of the
mosquito Culex quinquefasciatus (Ribeiro and Francischetti, 2001). Also, a PAF-AH
activity was identified in salivary glands of Ctenocephalides felis (Cheeseman et al.,
2001).

In this study, we examined the PAF hydrolytic activity present in saliva of T.
infestans, utilizing a specific fluorogenic substrate. We report the identification and
partial characterization of such an activity mediated by a 17-kDa Platelet-activating

factor-acetylhydrolase of T. infestans (PATH1). Its activity and molecular properties lead us
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to consider PATi a member of the phospholipase A, family. We postulate that PATi may
play a role in insect feeding by conteracting host hemostatic and/or nociceptive

responses.

Material and methods

2.1. Triatomines and Collection of Saliva and Salivary Glands

Triatoma infestans were reared in an insectary room kept at 27 °C + 1.0 °C, with a
relative humidity of 70% + 5.0% and a 16:8 h light:dark photoperiod. The insects were
fed on chickens every two weeks. The saliva was obtained from adult insects by
spontaneous ejection 1 week after feeding, used immediately or kept at -20 °C until use.
The luminal content of D1, D2 or D3 salivary gland subunit was carefully collected by

syringe puncture and the soluble material obtained upon centrifugation at 4 °C.

2.2. Enzymatic Assay

Saliva enzymatic activity was determined by measuring the fluorescence released
by hydrolysis of the fluorogenic PAF-acetylhydrolase substrate 2-(6-(7-nitrobenz-2-oxa-
1,3-diazol-4-yl) amino) hexanoyl-1-hexadecanoyl-sn-glycero-3-phosphocholine
(NBDCs-HPC; Molecular Probes). Assays were performed by incubating 1.0 uLL of saliva
or 40 uL of its fractions for 60 min at room temperature in 50 uL of reaction buffer (10
mM Tris-HCl pH 7.5; 10 mM EDTA) in the presence of 10 uM of substrate. The
enzymatic activity of PAF-AH from freshly collected saliva, salivary gland extracts, or
from purified and partially purified saliva was determined. After incubation at room
temperature for 1 h, the emitted fluorescence of free NBD released by the enzymatic
reaction was immediately measured at 535 nm on excitation at 475 nm in a fluorescence

spectrophotometer (Hitachi F-2000).

2.3. Enzyme purification

Twenty-five microlitres of saliva were diluted in 500 pL of 25 mM sodium

phosphate (Na,HPOj,) buffer, pH 7.5 and centrifuged for 10 min at 14,000 x g. The
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supernatant was chromatographed in a Mono S HR 5/5 column (Pharmacia) previously
equilibrated with the same buffer. The proteins were eluted with a linear gradient up to
1.0 M NacCl in the equilibration buffer. Fractions were collected and tested for enzymatic
activity. Two peaks with activity were obtained. Each activity peak was pooled and
applied separately into a hydrophobic interaction Phenyl Superose column (Pharmacia)
equilibrated with 25 mM Na,HPO4 pH 7.5, containing 1.0 M (NH4)>SO4. The proteins
were eluted with a linear gradient of the above buffer to 25 mM Na,HPO,4, pH 7.5.
Fractions were collected and tested for enzymatic activity. The fractions containing
activity were concentrated using a Centricon 10 (Amicon) filter to 200 pL. All
purification steps were performed using a fast protein liquid chromatography (FPLC)
system (Pharmacia) at room temperature. The purity of the preparation was determined
by 15% SDS-PAGE (Laemmli, 1970), followed by Coomassie Brilliant Blue or Silver
staining. The method of Bradford was used to determine protein concentration (Bradford,

1976). Bovine serum albumin was used as standard.

2.4. Gel Electrophoresis and Western Blot Analysis
Samples were boiled in sample buffer in the presence of dithiothreitol for 5 min
and electrophoresed on a 15% SDS-polyacrylamide gel according to Laemmli (1970).

Protein staining was performed with Coomassie Brilliant Blue or Silver staining.

2.5. Antibody Preparation

Purified enzyme (15 pg) was emulsified in Freund’s complete adjuvant and
injected into a rabbit or mice. Two booster injections, 15 pug in Freund’s incomplete
adjuvant and without adjuvant, respectively, were given after 3 and 6 weeks. For
immunoblotting, the proteins were transferred onto nitrocellulose membrane, probed with
polyclonal antibodies raised against native PATi, treated with alkaline phosphatase-
linked anti-rabbit IgG, and visualized with NBT/BCIP (Nitro Blue Tetrazolium / Bromo-
chloro-indolyl-phosphate).
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2.7. Mass Spectrometry

Following electrophoresis and Coomassie Blue staining, the 17-kDa band was
excised from the gel, washed, and analyzed as described previously (Shevchenko et al.,
1996). Briefly, the protein was digested with trypsin (12.5 ng/uL; Promega) in 50 mM
NH4HCO;, 5 mM CaCl, buffer, for 12 h at 37 °C. The resulted peptides were applied to a
matrix-assisted laser desorption ionization time-of-flight (MALDI-TOF) mass
spectrometry Reflex IV (Bruker Daltonics) in the reflectron mode. The spectra were
acquired using the program Flexcontrol 3 (ion source 1 = 20 kV, ion source 2 = 16.35
kV, lens = 9.8 kV, and reflector = 23 kV; pulse ion extraction = 200 ns, and matrix
suppression =500 Da) from Bruker Daltonics. The peaks m/z 824.5021 and m/z
2210.0968, originated from trypsin auto-proteolysis, were used for internal calibration.
The identification of the protein was performed using the programs BioTool 2.0 (Bruker

daltonics) and Mascot (Matrix Science), available at www.matrixscience.com. The

database used was SwissProt 41.4x (186207 sequences, 93837565 residues), with mass

tolerance of 0.1 Da.

Results

Identification of an enzymatic activity in T. infestans saliva

Saliva of T. infestans readily hydrolyses the synthetic fluorogenic PAF-
acetylhydrolase substrate NBDCg-HPC (Fig. 1). To determine whether this activity is
differentially expressed by the salivary gland subunits, the content (equal volume) of
each one was assayed for enzymatic activity on NBDC4s-HPC. Under the conditions of
this experiment, D2 salivary gland subunit expresses about 50% of the activity, whereas
D1 and D3 express 17 and 33%, respectively. The detected enzymatic activity values
were similar whether the assay was performed in the presence or absence of calcium. The
enzyme mediating this activity was named PAF-acetylhydrolase of T. infestans (PAT1) to

indicate its activity.
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Figure 1 — Triatoma infestans saliva hydrolyses PAF-acetylhydrolase substrate.
Saliva (1.0 uL) freshly collected and 2.0 puL of salivary glands extracts (D1, D2, D3)
were incubated for 1 h at room temperature with the fluorogenic substrate NBDC4s-HPC,
at a final concentration of 10 uM, into the reaction buffer (10 mM Tris-HCI pH 7.4), with
10 mM EDTA (M) or 2 mM CaCl, (O). The fluorescence emitted was immediately

measured in a fluorescence spectrophotometer at 535 nm, after excitation at 475 nm.

PATI purification

To further characterize PAT], it was purified from saliva by a combination of ion-
exchange and hydrophobic interaction chromatography. Two peaks of enzymatic activity
were eluted from the Mono S column: a major peak (A) from 280 to 440 mM NacCl, and a
minor one (B) from 800 to 840 mM NaCl (Fig 2A). Each activity peak was pooled and
applied separately into a Phenyl Superose column. The elution profile of peak A shows a
single peak of activity eluted from 200 to 0 mM of (NH4),SO,4 (Fig. 2B). In contrast, we
could not detect enzymatic activity when peak B was submitted to this column. After
chromatography in both columns, we obtained a purified preparation to visualize in the
gel. A single band of 17 kDa was obtained from one of the fractions, and could be
visualized in a silver stained gel under reducing conditions (Fig. 3A, lane 5). Polyclonal
antibodies raised against purified PATi recognized a single band at the expected size in

saliva upon immunobloting (Fig. 3B), indicating that the protein is not degraded or had
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any modification during the purification process. This result shows that PATi is

Immunogenic in rabbit.
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Figure 2 — PATI purification. Twenty-five microlitres of saliva were diluted in the
buffer and the insoluble material was removed by centrifugation. (A) The supernatant
was chromatographed in a cation exchange Mono S column and eluted with a linear
gradient to NaCl 1.0 M. The first peak of fluorescent activity (pool A) was collected and
applied in a Phenyl Superose column (B). The bound material was eluted with a
decreasing linear gradient of (NH4)>SO4 1.0 M. The dotted lines represent the absorbance
at 280 nm, the dashed lines represent the fluorescent activity using NBDCs-HPC, and the

solid lines are the salt gradients.
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Figure 3 — (A) SDS-PAGE analysis of the purified enzyme. Lane 1, molecular mass
markers; lanes 2 to 5, fractions with enzymatic activity after purification on both Mono S
and Phenyl Superose; lane 6, only Mono S; lane 7, only Phenyl Superose; lane 8, salivary
proteins of Triatoma infestans. Proteins were visualized by silver staining.

(B) Western blot. Purified PATi was submitted to 15% SDS-PAGE, transferred to a

nitrocellulose membrane and probed with antibody raised against the purified protein.

PATI is mainly stored in D2 salivary gland

To determine the localization of the enzyme in salivary glands of the insect, the
proteins of each subunit were resolved in a SDS-PAGE (Fig. 4A), transferred to
nitrocellulose membranes and probed with anti-PATi antibodies. The antibodies
recognized the enzyme in D2 and in a much lesser extent in the D1 and D3 salivary gland
subunits (Fig. 4B). No antigen was revealed with pre-immune serum (data not shown).
This result correlates well with that obtained upon enzymatic assay shown in Figure 1. In
conjunction, these results demonstrated that PATi is mainly stored in the lumen of D2

gland of T. infestans.
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Figure 4 — (A) SDS-PAGE 15% analysis of the salivary glands and saliva proteins of
T. infestans. Lane 1, proteins of salivary gland D1; lane 2, proteins of salivary gland D2;
lane 3, proteins of salivary gland D3; lane 4, salivary proteins of Triatoma infestans; lane
5, fractions with enzymatic activity after partial purification on Phenyl Superose. The
bands of proteins were visualized by Coomassie blue staining.

(B) Western blot. Salivary glands and saliva proteins (replica of gel A) were submitted to
15% SDS-PAGE, transferred to a nitrocellulose membrane and probed with the antibody

raised against the purified protein.

MS identification

To further identify the purified enzyme mediating NBDCs-HPC hydrolysis, the
protein was excised from the gel and digested with trypsin. The peptides obtained were
eluted and submitted to mass spectrometry analysis in MALDI-TOF. The identification
of the protein was performed using the programs BioTool 2.0 (Bruker daltonics) and
Mascot (Matrix Science). The database used was SwissProt 41.4x. The higher score
obtained was 78 for the protein Q9PVF4, the phospholipase A, precursor W6D49 (EC
3.1.1.4 — phosphatidylcholine 2-acylhydrolase) of Callosellasma rhodostoma. The
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purified protein from T. infestans saliva was confirmed as an enzyme that shows
similarity to members of PLA; family. The sequences and value of masses of the peptides
of phosphatidylcholine 2-acylhydrolase similar to peptides of PATi are present in Table
1. These peptides represent 32% of the enzyme (Fig. 5).

C. rhodostoma 1 MRTIWILAVLLVSVDGSMENLW VMT

Consensus seq 1 - NLVQEGN CAT

Homo sapiens 1 ——————————— NLVNFH KLTT

Crotalus atrox 1 —-=—-———=——=———————- SLVOFETLIME T

C. rhodostoma 51 ' ,CCh R PRRESHSYKFEECEMLMGETNP
Consensus seg 39 Tg ; '

Homo sapiens 35 SN ! L G HKQDS
Crotalus atrox 35 LiEQEuE DCC PIdTVSHTY SEENGENT®GGDDP,

SKAK-

C. rhodostoma 99 IOFNTGI

Consensus seq 85 ( WNT-—---@®TSER-—
Homo sapiens 85 IR 5 CDIMAIN A IRC FEENSN NEKIYOYYSNKHSRGSTP
Crotalus atrox 83 ( : D WLEPPKD@REEPE

Figure 5 — Alignment of sequences of different phospholipases A,. The amino acid
sequences of Callosellasma rhodostoma, Homo sapiens, Crotalus atrox and the
consensus sequence of a PLA; domain were aligned with the program CLUSTAL W. The
amino acids marked in black show 80% identity and those in gray show 80% similarity.
The peptides of the purified protein from T. infestans saliva, obtained by mass

spectrometry, are in red. The amino acids in blue are in the catalytic site.

Discussion

The identification of a PAF-AH activity in T. infestans saliva was performed with
the fluorogenic substrate NBDCs-HPC, which was used in other studies because of its
ability to differentiate between PAF-AH and PLA,; activities (Kitsiouli et al., 1999). This
feature was our point of start for this work, since we wanted to know if there was an
enzyme in T. infestans with PAF-AH activity. Thus, PATi was considered a PAF-AH and
not a classic PLA, because of its calcium independent characteristic to hydrolyze the

substrate NBDC¢-HPC.
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Table 1 — Values of the masses and respective sequences of the peptides obtained
after digestion of PAF-AH with trypsin. The peptides obtained from the digestion with
trypsin were submitted to mass spectrometry. The table shows the sequence of the
peptides found after search in database SwissProt 41.4x (186207 sequences, 93837565

residues), with the values of the relative masses expected and calculated.

Start- End |Observed * | Mr Mr Delta | Miss | Sequence

expected* | calculated *
36-48 1551.57 1550.56 | 1550.58 -0.01 |0 NYGMYGCNCGPMK
36-48 1583.77 1582.76 | 1582.57 0.19 |0 NYGMYGCNCGPMK

2 Oxidations (M)

52 - 68 2143.83 2142.82 2142.79 0.03 |1 PKDATDQCCADHDCCYK
54 — 68 1918.77 1917.76 1917.64 0.12 |0 DATDQCCADHDCCYK
54 -69 2046.82 2045.82 2045.73 0.08 |1 DATDQCCADHDCCYKK
7076 848.27 847.26 847.37 -0.11 |0 LTDCDPK
107 -113 824.21 823.20 823.40 -0.20 |0 AVATCFR

(*) Masses expressed in daltons

The size of the carbonic chain in the Sn-2 position of phospholipids is a parameter
for the specificity of enzymes demonstrating affinity for these substrates. PAF-AHs have
preference for phospholipids with a short acyl chain at the sn-2 position, with no more
than 9 carbons, independently of Ca™. Differently, classical phospholipase A, enzymes
cleave carbonic chains up to 20 carbons, like the arachidonic acid in a Ca™-dependent
manner (Stafforini et al., 1997). The literature considers that 10 mM EDTA is enough to
chelate calcium, and for instance, to inhibit the PLA, activity (Kitsiouli et al., 1999).
Even though EDTA in this concentration is able to chelate other divalent ions besides
Ca'?, there are no reports of some PLA, and/or PAF-AH that have any activity dependent
on these cofactors. Based on these concepts and taking into account that NBDCs-HPC is
a well known substrate for PAF-AH enzymes (Kitsiouli et al., 1999), we named the
identified activity as PATi (PAF-AH of T. infestans), even though we do not have direct

evidence as the activity upon the PAF molecule itself.

38



PATi was purified by a two-step chromatography procedure using a combination
of cationic and hydrophobic columns. The peak B eluted from Mono S column did not
show any detectable enzymatic activity after chromatography in Phenyl Superose. The
protein could have been altered by chromatography or the ammonium sulfate
concentration used induced an irreversible modification of its native structure. The data
suggest that T. infestans saliva mediates two distinct activities upon the used substrate.
This could be due to a different protein or an isoform of that one found in the peak A.
There is a possibility that this phenomenon - polymorphism - could also be observed in
phospholipases. Despite the low yield of the purification, this protocol was preferred and
used because other attempts of purification were not successful. The yield of enzyme
purification did not let us perform functional tests such as platelet aggregation assay.

The mass spectrometry analysis after trypsin digestion led to the identification of
seven peptides. The search in database SwissProt 41.4x revealed that the masses of the
peptides were coincident with peptides of a Callosellasma rhodostoma PLA,. C.
rhodostoma is an asian snake of medical importance. Its venom causes local effects and
systemic hemorrhage, and contains moderate levels of PLA,. Ten sequences of different
PLA, were cloned from the cDNA library of the venom gland of C. rhodostoma. The
major PLA; from this venom is designed CRV-W6D49 for the presences of Trp6 and
Asp49 that can be replaced by other amino acid residues in other PLA, of the same
animal (Tsai et al., 2000). Differently from other PLA,s, CRV-W6D49 does not seem to
be active upon known substrate but only, and weakly, upon a pseudo substrate in the
presence of Ca™ (Cho et al., 1988); the function would be related with induction of
edema through an unknown mechanism.

The snake venom PLA;s have a variety of pharmacologically properties like pre-
synaptic neurotoxicity, miotoxicity, induction of edema, hemolytic, anticoagulant and
anti-platelet aggregation activities. For example, it was described the presence of three
types of PLA,; in other snake venom, Agkistrodon halys pallas: acidic, basic and neutral
PLA,, according to their predicted isoelectric points. The acidic PLA;s show ability to
inhibit platelet aggregation while the basic ones have hemolytic activity (Wang et al.,
1996). These functions could be related to the salivary PAF-AH of T. infestans, since
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PAF hydrolysis would indirectly inhibit the platelet aggregation and also the local
inflammation.

The enzyme PAF-AH together with other salivary proteins, probably participate
in the insect anti-hemostatic response. Inactivation of PAF by PATi would help the insect
to obtain the blood meal and to modulate host immune response through inhibition of
local inflammatory reactions. The decrease in local inflammatory response would also
facilitate the infection by the parasite, since it would find a more favorable environment
at the bite site to invade host cells. PLAjs can also display lytic activity on cells such as
platelets, erythrocytes, and cells from the immune system (Hanahan, 1971), thus helping
the insect to avoid hemostatic mechanisms and to digest the blood. In fact, hemolytic
domain-containing proteins were found in T. infestans transcriptome (Assumpgéo et al.,
2007). Another consequence of PAF hydrolysis by insect saliva would be the decrease of
the host nociceptive response. The reduction of the pain elicited by the bite would
facilitate the insect to obtain blood meal. This possibility is based on the fact that PAF
antagonists decrease the hyperalgesy in mice (Teather et al., 2002).

The substances present in the saliva of hematophagous insects that facilitate the
acquisition of blood meal and/or affect host immune response, favoring the circulation of
parasites in nature, could become a new target for vaccines against vector-borne diseases
(Ribeiro & Francischetti, 2003). So, the protein PATi could be used together with other
proteins previously described in T. infestans saliva as a target for immune prophylaxis of

Chagas disease through the interruption of T. cruzi transmission to mammalian hosts.
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Abstract

Triatoma infestans is a hemiptera, vector of Chagas’ disease, that feeds
exclusively on vertebrate blood in all life stages. Hematophagous insects’ salivary glands
(SG) produce potent pharmacological compounds that counteract host hemostasis,
including anti-clotting, anti-platelet, and vasodilatory molecules. To obtain a further
insight into the salivary biochemical and pharmacological complexity of this insect, a
cDNA library from its salivary glands was randomly sequenced. Also, salivary proteins
were submitted to two dimensional gel (2D-gel) electrophoresis followed by MS analysis.
We present the analysis of a set of 1,534 (SG) cDNA sequences, 645 of which coded for
proteins of a putative secretory nature. Most salivary proteins described as lipocalins

matched peptide sequences obtained from proteomic results.

Key words: Hematophagy, Saliva, Transcriptome, Triatoma infestans, Feeding, Sialome.

1. Introduction

Triatoma infestans (Hemiptera: Reduviidae) is an important vector of
Trypanosoma cruzi, a protozoan parasite and etiological agent of Chagas’ disease
(American trypanosomiasis) in Latin America (Dias, 1987). All instar nymphs and adults
are hematophagic and need a blood meal to molt and for oviposition. The insect obtains
the blood meal by injecting its maxilla into vertebrate’s skin searching for a vessel
(Lavoipierre, 1965).

The (SG)s of blood-feeding arthropods show a variety of anti-hemostatic

compounds that help the bug to obtain its blood meal. Like other blood-sucking
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arthropods that have been studied (Ribeiro and Francischetti, 2003), T. infestans is
capable of counteracting host hemostatic responses triggered to prevent blood loss
following tissue injury, such as vasoconstriction, blood coagulation and platelet
aggregation (Ribeiro, 1995). The molecular diversity of hematophagous insect saliva
represents a rich field for the discovery of novel pharmacologically active compounds
and for understanding the evolutionary mechanisms leading to the insect’s adaptation to
this feeding habit. Previous studies describing the sialome (set of RNA message + set of
proteins found in (SG)s) of hematophagous insects and ticks (Francischetti et al., 2002;
Valenzuela et al., 2002a, b) have revealed that the sialomes of these disease vectors are
more complex than expected and contain many proteins to which we can not yet ascribe a
function.

Lipocalins are a large and heterogenous group of proteins that play various roles,
mainly as carriers of small ligands in vertebrates and invertebrates (Flower et al., 2000).
A great array of (SG) proteins belonging to the lipocalin family has generated a large
number of different molecules having anti-hemostatic functions while maintaining the
fundamental structure of the protein fold (Montfort et al., 2000). Lipocalins were found in
the saliva of other blood-sucking insects such as Rhodnius prolixus (Ribeiro et al., 2004a)
and Triatoma brasiliensis (Santos et al., 2007), and also in tick saliva (Paesen et al.,
2000). In R. prolixus, three types of salivary lipocalins have been characterized: the
nitrophorins consisting in a group of lipocalins working as NO carrier and also as anti-
clotting; the ADP-binding protein RPAIl, which inhibits platelet activation and
aggregation (Francischetti et al., 2000); and a group of lipocalins related to T. pallidipenis

thrombin inhibitor triabin (Fuentes-Prior et al., 1997). Another lipocalin from the saliva
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of T. pallidipenis denominated pallidipin has been ascribed as a specific inhibitor of
collagen-induced platelet aggregation (Noeske-Jungblut et al., 1994).

In this work we present the analysis of a set of 1,534 (SG) cDNA sequences, 645
of which coding for proteins of a putative secretory nature. Most salivary proteins
described as lipocalins — 55% of the transcripts coding for putative secreted proteins —
matched peptide sequences obtained from proteomic results. We expect this work will
contribute with new salivary transcripts that could help the understanding of the role of
salivary molecules in host/vector interactions and the discovery of novel pharmacologic

agents.

2. Materials and methods

2.1. Triatomines and Salivary Glands cDNA Library Construction

Triatoma infestans were reared in an insectary room kept at 27°C + 1.0°C, with a
relative humidity ranging from 70 to 75% and a 16 h:8 h light:dark photoperiod. Salivary
Glands (SG) were dissected from Vth instar nymphs 2 days after a blood meal and
transferred to RNA-Later (Ambion) solution in 1.5 mL polypropylene vials. SG were
kept at -20 °C for isolating polyA+ RNA.

T. infestans SG mRNA was isolated from 15 SG pairs from Vth instar nymphs,
using the Micro-FastTrack mRNA isolation kit (Invitrogen). The PCR-based cDNA
library was made following the instructions for the SMART (switching mechanism at
5’end of RNA transcript) cDNA library construction kit (Clontech). This kit provides a

method for producing high-quality, full-length cDNA libraries from nanogram quantities
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of polyA+ or total RNA. It utilises a specially designed oligonucleotide named SMART
IV" in the first-strand synthesis to generate high yields of full-length, double-stranded
cDNA. T. infestans SG polyA+ RNA was used for reverse transcription to cDNA using
PowerScript reverse transcriptase (Clontech), the SMART IV oligonucleotide, and the
CDS III/3” primer (Clontech). The reaction was carried out at 42°C for 1 h. Second-strand
synthesis was performed by a long-distance PCR-based protocol using the 5 PCR primer
and the CDS III/3’ primer as sense and antisense primers, respectively. These two
primers also create SfilA and B restriction enzyme sites at the end of the cDNA.
Advantage” Taq polymerase mix (Clontech) was used to carry out the long-distance PCR
reaction on a Perkin Elmer GeneAmp® PCR system 9700 (Perkin Elmer Corp.). The PCR
conditions were: 95 °C for 1 min; 14 cycles of 95 °C for 10 s, 68 °C for 6 min. A small
portion of the cDNA was analysed on a 1.1% agarose/EtBr (0.1 pg/mL) gel to check for
the quality and range of the synthesised cDNA. Double-stranded cDNA was immediately
treated with proteinase K (0.8 pg/mL) at 45 °C for 20 min and washed three times with
water using Amicon filters with a 100 kDa cutoff (Millipore). The clean double-stranded
cDNA was then digested with Sfil restriction enzyme at 50 °C for 2 h followed by size
fractionation on a ChromaSpin—400 drip column (Clontech). The profiles of the fractions
were checked on a 1.1% agarose/EtBr (0.1 pg/mL), and fractions containing cDNA were
pooled in three different groups according to their size: large, medium or small
sequences. Each group was concentrated and washed three times with water using an
Amicon filter with a 100 kDa cutoff. The concentrated cDNA was then ligated into a A
TriplEx2 vector (Clontech), and the resulting ligation mixture was packaged using

GigaPack® Gold III Plus packaging extract (Stratagene), according to the manufacturer's
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instructions. The packaged library was plated by infecting log-phase XL1-Blue
Escherichia coli cells (Clontech). The percentage of recombinant clones was determined
by performing a blue-white selection screening on LB/MgSO, plates containing X-

gal/IPTG.

2.2. Sequencing of the T. infestans cDNA Library

The T. infestans SG cDNA library was plated on LB/MgSOj plates containing X-
gal/IPTG to an average of 250 plaques per 150 mm Petri plate. Recombinant (white)
plaques were randomly picked up and transferred to 96-well MICROTEST " U-bottom
plates (BD BioSciences) containing 75 puL of H,O per well. The phage suspension was
either immediately used for PCR or stored at 4 °C until use.

To amplify the cDNA using a PCR reaction, 4 pL of the phage sample were used
as a template. The primers were sequences from the A TriplEx2 vector and named PT2F1
(5’-AAGTACTCTAGCAATTGTGAGC-3) and PT2R1 (5-
CTCTTCGCTATTACGCCAGCTG-3’), positioned at the 5’ and 3’ end of the cDNA
insert, respectively. The reaction was carried out in MicroAmp 96-well PCR plates
(Applied Biosystems) using Platinum PCR® SuperMix (Invitrogen), on a Perkin Elmer
GeneAmp® PCR system 9700 (Perkin Elmer Corp.). The PCR conditions were: 1 hold of
75 °C for 3 min, 1 hold of 94 °C for 4 min, 33 cycles of 94 °C for 1 min, 49 °C for 1 min,
and 72 °C for 1 min and 20 s. The amplified products were analysed on a 1.2%
agarose/EtBr gel. cDNA library clones (1800 clones) were PCR amplified, and those
showing a single band were selected for sequencing. The PCR products were used as a

template for a cycle-sequencing reaction using DTCS labeling kit from Beckman Coulter.
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The primer used for sequencing (PT2F3) is upstream from the inserted cDNA and
downstream from the PT2F1 primer. The sequencing reaction was performed on a Perkin
Elmer 9700 thermocycler. Conditions were 1 hold of 75 °C for 2 min, 1 hold of 94 °C for
4 min, and 30 cycles of 96 °C for 20 s, 50 °C for 20 s, and 60 °C for 4 min. After cycle-
sequencing the samples, a cleaning step was performed using the multiscreen 96-well
plate cleaning system (Millipore). The 96-well multiscreening plate was prepared by
adding a fixed amount (manufacturer’s specification) of Sephadex-50 (Amersham
Pharmacia) and 300 pL of deionised water. After partially drying the Sephadex in the
multiscreen plate, the whole cycle-sequencing reaction was added to the center of each
well, centrifuged at 2,500 rpm for 5 min, and the clean sample was collected on a
sequencing microtiter plate (Beckman Coulter). The plate was then dried on a Speed-Vac
SC110 model with a microtiter plate holder (Savant Instruments). The dried samples
were immediately resuspended with 25 puL. of formamide, and one drop of mineral oil was
added to the top of each sample. Samples were either sequenced immediately on a CEQ
2000 DNA sequencing instrument (Beckman Coulter) or stored at —30 °C. A total of

1,534 cDNA library clones were sequenced.

2.3. Reverse Phase Liquid Chromatography (RPLC)

Approximately 20 pL of saliva from adult insects were diluted in 200 pL buffer
(50mM Tris-HCI, 120 mM NaCl pH 7.4). Proteins were loaded in a Microcon 10 (YM-
10, Millipore) and centrifuged at 10,000 x g for 30 min. The flow through with proteins
of low molecular weight (< 10 kDa) was kept. Microbore reversed-phase liquid

chromatography (RPLC) was performed using a 0.3 mm C18 column from Phenomenex
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(Torrence, CA). After sample injection, the column was washed for 10 min with 95%
mobile phase A (0.1% formic acid in water) at 5 uL/min and peptides were eluted using a
linear gradient to 90% mobile B (100% acetonitrile and 0.1% formic acid) for 40 min.
The column eluate was monitored at 220 nm. A Probot fraction collector (Dionex,
Sunnylvale, CA) was used to deliver the fractions to 96 well plates containing 25 uL of
water. Fractions of interest were submitted to tryptic digestion followed by mass

spectrometry as indicated below.

2.4. 2D-Gel Electrophoresis

2D gel electrophoresis was performed using ZOOM IPGRunner System
(Invitrogen) under manufacturer's recommended running conditions. Briefly,
approximately 500 pug of sample proteins of T. infestans saliva were solubilised with 155
uL rehydration buffer (7 M urea, 2 M thiourea, 2% CHAPS, 20 mM DTT, 0.5% carrier
ampholytes, pH 3-10). The samples were absorbed by rehydration ZOOM strips (7 cm;
pH 3-10 NL) overnight at room temperature and then focused under manufacturer's
recommended conditions. The focused IPG strips were reduced/alkylated/equilibrated
with reducing and alkylating reagents dissolved in the sample buffer. The strips were then
applied onto NuPAGE 4-12% Bis-Tris ZOOM gels (Invitrogen). The gels were run

under MOPS buffer and stained with SeeBlue staining solution (Bio-Rad).

2.5. Protein Identification by Mass Spectrometry

Protein identification of either RPLC or 2D gel-separated proteins was performed

on reduced and alkylated trypsin-digested samples prepared by standard mass
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spectrometry protocols. Tryptic digests were analysed by coupling the Nanomate
(Advion BioSciences)—an automated chip-based nano-electrospray interface source—to
a quadrupole time-of-flight mass spectrometer, QStarXL MS/MS System (Applied
Biosystems/Sciex). Computer-controlled, data-dependent automated switching to MS/MS
provided peptide sequence information. AnalystQS software (Applied Biosystems/Sciex)
was used for data acquisition. Data processing and databank searching were performed
with Mascot software (Matrix Science). The NR protein database from the NCBI,
National Library of Medicine, NIH, was used for the search analysis, as was a protein

database generated during the course of this work.

2.6. Bioinformatic Tools and Procedures

Expressed sequence tags (ESTs) were trimmed of primer and vector sequences,
clusterised, and compared with other databases as previously described (Valenzuela et al.,
2003). The BLAST tool (Altschul et al., 1996), CAP3 assembler (Huang et al., 1999),
ClustalW (Thompson et al., 1994), and Treeview software (Page, 1996) were used to
compare, assemble, and align sequences, and to visualise alignments. For functional
annotation of the transcripts we used the tool Blastx (Altschul et al., 1997) to compare the
nucleotide sequences with the nonredundant (NR) protein database of the NCBI and to
the Gene Ontology (GO) database (Ashburner et al., 2000). The tool rpsBlast (Schaffer et
al., 2001) was used to search for conserved protein domains in the Pfam (Bateman et al.,
2000), Smart (Letunic et al., 2002), Kog (Tatusov et al., 2003), and conserved domains
(CDD) databases (Marchler-Bauer et al., 2002). We have also compared the transcripts

with other subsets of mitochondrial and rRNA nucleotide sequences downloaded from
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NCBI and to several organism proteomes downloaded from NCBI (yeast), Flybase (D.
melanogaster), or ENSEMBL (An. gambia). Segments of the three-frame translations of
the EST (since the libraries were unidirectional, we did not use six-frame translations)
starting with a methionine in the first 100 predicted amino acids (aa)—or the predicted
protein translation, in the case of complete coding sequences—were submitted to the
SignalP server (Nielsen, 1997) to help identify translation products that could be secreted.
O-glycosylation sites on the proteins were predicted with the program NetOGlyc

(http://www.cbs.dtu.dk/services/NetOGlyc/) (Hansen et al., 1998). Functional annotation

of the transcripts was based on all the comparisons above. Following inspection of all
results, transcripts were classified as either Secretory (S), Housekeeping (H), or of
unknown (U) function, with further subdivisions based on function and/or protein
families. Sequence alignments were done with the ClustalX software package (Thompson
et al., 1997). Phylogenetic analysis and statistical neighbor-joining bootstrap tests of the
phylogenies were done with the Mega package (Kumar et al., 2004). Hyperlinked Excel
spreadsheets of the assembled EST’s and of the salivary protein database are supplied as

supplemental tables 1 and 2 at the journal site.
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3. Results

General Description of the Salivary Transcriptome Database

3.1. Description of the clusterised data set / cDNA library characteristics

1,534 sequences were used to assemble a clusterised database, yielding 657
clusters of related sequences, 500 of which contained only one EST. The consensus
sequence of each cluster is named either a contig (deriving from two or more sequences)
or a singleton (deriving from a single sequence). In this paper, we will use the
denomination contig to address sequences deriving from both consensus sequences and
from singletons. The 657 contigs were compared by the program Blastx, Blastn, or
rpsBlast (Altschul et al., 1997) to the nonredundant protein database of the National
Center of Biological Information (NCBI), to the gene ontology database (Ashburner et
al., 2000), to the conserved domains database of the NCBI (Marchler Bauer et al., 2002),
and to a custom-prepared subset of the NCBI nucleotide database containing either
mitochondrial or rRNA sequences. Because the libraries are unidirectional, the three
frame translations of the dataset were also derived, and open reading frames (ORF)
starting with methionine and longer than 40 aa residues were submitted to SignalP server
(Nielsen et al., 1997) to help identify putative secreted proteins. The EST assembly,
BLAST, and signal peptide results were transferred into an Excel spreadsheet for manual
annotation.

Five categories of expressed genes derived from the manual annotation of the
contigs (Table 1). The putatively secreted (S) category contained 18% of the clusters and

42% of the sequences, with an average number of 5.5 sequences per cluster. The
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housekeeping (H) category had 36.4% and 35.9% of the cluster and sequences,
respectively, and an average of 2.3 sequences per cluster. Forty-four percent of the
clusters, containing 21% of all sequences, were classified as unknown (U) because no
assignment for their function could be made; most of these consisted of singletons.
Possible transposable elements originated 7 clusters, mostly singletons. We have also
identified viral transcripts in our dataset. These data can be downloaded as Supplemental

Table 1 for the EST data, and Supplemental File 2 for the proteome set.

Table 1: Types of transcripts found in Triatoma infestans salivary glands.

Types of transcripts Clusters Sequences Sequences/Cluster
Secreted (S) 118 645 55
Housekeeping (H) 239 550 2.3
Unknown (V) 292 324 1.1
Transposable element (TE) 7 11 1.6
Viral product 1 4 4.0
Total 657 1534

3.2. Housekeeping (H) genes

The 239 gene clusters (comprising 550 EST) attributed to H genes expressed in
the (SG)s of T. infestans were further characterised into 20 groups, according to their
possible function (Table 2). According to an organ specialised in secreting polypeptides
and as observed in previous sialotranscriptomes (Francischetti et al., 2002; Ribeiro et al.,
2004a, b; Calvo et al., 2007), the two larger sets were associated with protein synthesis

machinery (298 EST in 51 clusters) and with energy metabolism (17 clusters containing
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57 EST). We have also included in this category a group of 66 EST that grouped into 52
clusters and represent conserved proteins of unknown function presumably associated
with cellular metabolism. Other sequences with homology to housekeeping protein
include those coding for ribosomal, cytochrome, ATP synthase subunit, and NADH-

ubiquinone oxidoreductase, among other molecules.

Table 2: Functional classification of the housekeeping genes expressed in Triatoma

infestans salivary glands.

Types of transcripts Clusters % Sequences %
Conserved, unknown function 52 21.8 66 11.3
Protein synthesis machinery 51 21.3 298 54.2
Signal transduction 18 7.5 18 3.3
Metabolism, energy 17 7.1 57 104
Transport/Storage 14 5.9 15 2.7
Cytoskeletal 12 5.0 13 2.4
Nuclear regulation 12 5.0 13 2.4
Protein export machinery 10 4.2 12 2.2
Protein modification 10 4.2 16 2.9
Transcription machinery 9 3.8 10 1.8
Proteasome machinery 8 3.3 10 1.8
Metabolism, carbohydrate 6 2.5 6 1.1
Metabolism, amino acid 4 1.7 4 0.7
Transcription factor 3 1.3 3 0.5
Metabolism, intermediate and detoxication 3 1.3 3 0.5
Metabolism, nucleotide 3 1.3 3 0.5
Lysosomal products 2 0.8 2 0.4
Extracellular matrix 2 0.8 2 0.4
Metabolism, oxidant 2 0.8 2 0.4
Metabolism, lipid 1 0.4 1 0.2
Total 239 550

56



3.3. Viral product

Contig 110 produced a best Blastx match with gi|20451030|, a capsid protein
precursor from a Triatoma virus (TrV), scoring with other reported capsid proteins. TrV
infects triatomines and belongs to a new family of RNA viruses known as Dicistroviridae

(Czibener et al., 2000).

3.4. Transposable Elements

Seven contigs on our database possibly derive from transposable elements (TE).
Their translation products are similar to those of Drosophila melanogaster proteins
annotated as endonuclease and reverse transcriptase. These transcripts may indicate
active ongoing transposition activity in T. infestans, or with regulatory transcripts

inhibiting TE genomic mobilisation.

3.5. Transcripts coding for putative secreted proteins in Triatoma infestans salivary

glands

3.5.1.1 - Lipocalins

The most abundant group of putative secreted proteins in T. infestans (SG)s is the
lipocalins, corresponding to 55% of the transcripts in the S class. Lipocalins are widely
distributed and heterogeneous proteins occurring in animals, plants and bacteria. Even
though they have various molecular masses, the domain, determining the specific
properties, is about 18-20 kDa (Flower et al., 1993). The lipocalin primary sequence
shows a low percentage of similarity when comparing randomly selected members of the

family. By contrast, an interesting feature of the lipocalins is their well conserved three-
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dimensional structure (Flower, 1995). They are typically small, extracellular proteins
sharing several common molecular recognition properties: the binding of small,
principally hydrophobic molecules, binding to specific cell-surface receptors; the
formation of covalent and non-covalent complexes with other soluble macromolecules.
Although they have been classified mainly as transport proteins, it is now clear that
members of the lipocalin family fulfill a wide variety of different functions (Flower,
2000). The aim to discover the role of salivary lipocalins in blood-sucking insects
through functional genomic and proteomic studies has been able to identify
anticoagulants, antiplatelets, and vasodilatory molecules (Andersen et al., 2005).

We found lipocalins similar to salivary proteins of other species of the genus
Triatoma, such as pallidipin, an inhibitor of collagen-induced platelet aggregation
(Noeske-Jungblut et al., 1994); and triabin, a potent and selective thrombin inhibitor, both
from the bug Triatoma pallidipennis (Noeske-Jungblut et al., 1995); and procalin, a
salivary allergen from T. protacta (Paddock et al., 2001). The South American T.
brasiliensis was also shown to contain salivary cDNA sequences similar to these three
previously described Triatoma lipocalins (Sant’Anna et al., 2002). More recently, the
sialotranscriptome of T. brasiliensis revealed a high content of lipocalins in its (SG)s,
comprising 93.8% of the transcripts coding for putative secreted protein (Santos et al.,
2007). Lipocalins have also been found in tick saliva and in Rhodnius performing similar
functions, such as histamine and serotonin binding (Ribeiro et al., 2004a; Paesen et al.,
2000; Sangamnatdej et al., 2002). This scenario contrasts with mosquitoes and sand flies

where no salivary lipocalins have been described to date.
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Table 3: Classification of transcripts coding for putative secreted proteins in Triatoma

infestans salivary glands.

Types of transcripts Clusters Sequences % S type sequence

Lipocalins 69 355 55.0
Trialysin 6 74 115
Peptide with trialysin signal peptide 7 64 9.9
Hemolysin-domain protein 7 32 5.0
Defensin and immunity related peptides 6 32 5.0
Enzymes 7 20 3.1
Kazal domain-containing peptides 3 17 2.6
Antigen 5 protein family 2 13 2.0
Other peptides 5 9 1.4
Odorant binding protein family 2 9 1.4
Triatox 1 8 1.2
Similar to Culicoides salivary protein 1 6 0.9
Serpin 1 4 0.6
Thrombospondin-like 1 2 0.3
Total 118 645

Triatomine lipocalin sequences were aligned and a neighbor-joining phylogenetic-
tree constructed (Fig. 1). The bootstrap values indicated that these sequences have
evolved beyond recognition of a common ancestor (not shown). These results may
indicate a long evolutionary history for these proteins, or alternatively, a fast rate of
evolution. It is interesting to note here that lipocalins were not found in the

sialotranscriptome of Oncopeltus fasciatus, a closely related seed feeding bug, indicating
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that expansion of this gene family expressed in the salivary glands of triatomines

occurred as an adaptation to blood feeding (Francischetti et al., 2007)

Pallidipin collagen-induced
precursor platelet aggregation

inhibitor

1656
RIN 34025373

) 28 |
% TEH\QIIN 7172507, Procalin
= = 6% percursor
<05 13198%° L T
v 13 Triabin 2
Rarier

97
|BR 1113798
TR 111379901

T. infestans
library

e
o e
. L = A <
T. infestans {%’?g'— Ty 1) K \;%; d
library pis f; % i
o2 < m 33 N Triabin precursor
= 2w % @
3&a 8 %
s X C
0 & % ™\ Triabin 1
§ ©
a
©
(2}
©
~
|
—‘
D
0
>
©
=
o
S
Figure 1 — g
02

60



Figure 1. Dendrogram of the T. infestans salivary lipocalins with other insect salivary
lipocalins. The sequences derived from the nonreduntant (NR) protein database of the
National Center for Biotechnology Information (NCBI) are represented by five letters
followed by the NCBI gi| accession number. The five letters derive from the first three
letters of the genus and the first two letters from the species name. The protein sequences
were aligned by the Clustal program (Thompson et al., 1997), and the dendrogram was
done with the Mega package (Kumar et al., 2004) after 1,000 bootstraps with the
neighbor joining (NJ) algorithm. The bar at the bottom represents 20% amino acid
substitution. The colorful squares indicate each insect species whose sequences were
used: blue, T. infestans sequences from cDNA library; dark green, T. infestans proteins
described previously; red, T. brasiliensis; purple, T. pallidipennis; brown, T. protacta;

magenta, Rhodnius prolixus; gray, Tribolium castaneum; light green, Galleria mellonella.

3.5.1.2 - Enzymes

Some transcripts coding for enzymes are identifiable. A serine protease could be
involved with specific host proteolytic events that could affect clotting or the complement
cascade. It could also be involved in immunity, since prophenoloxidase-activating
enzymes are serine proteinases (Soderhéll and Cerenius, 1998). A serine protease with
trypsin-like activity was described in T. infestans saliva. This salivary proteolytic activity
was denominated triapsin and showed to be released with ejected saliva in active form,
suggesting a role in blood-feeding (Amino et al., 2001). Since some Hemiptera species
utilise cysteine and aspartic proteases for proteolytic digestion (Terra et al., 1996), the
presence of a serine-protease could be more related to blood acquisition rather than its

digestion. Or it could play a role in the innate immunity of the insect, considering the
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serine protease as a part of the prophenoloxidase system. This EST has similarities in the
alignment with serine proteases from other insects, and the phylogenetic analysis shows a

strong bootstrap support for the triatomine clade (Fig. 2).
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Figure 2. (A) ClustalW alignment of members of the serine protease family deriving from
salivary glands of T. infestans and from other insects. (B) Neighbor-joining phylogram.
The numbers in the phylogram nodes indicate percent bootstrap support for the

phylogeny. The bar at the bottom indicates 10% amino acid divergence in the sequences.

Apyrase

Partial coding sequences (truncated in the 5’ region) for the enzyme apyrase, a
member of the 5’ nucleotidase family, were found. This enzyme was described before in
T. infestans (SG)s (Faudry et al., 2004), where it helps the acquisition of blood meals by
the degradation of adenosine diphosphate (ADP), a mediator of platelet aggregation and

inflammation (Ribeiro and Francischetti, 2003).
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Inositol phosphatase family

Inositol phosphates are involved in many cellular processes related to signal
transduction, secretion and cytoskeletal structure. Numerous enzymes are involved in the
metabolism of inositol phosphates and phosphoinositides, including kinases,
phosphatases, and phospholipases (Erneux et al., 1998; Guo et al., 1999). Inositol
polyphosphate 5-phosphatases (IPPs) share a 5-phosphatase domain and consist of a large
family of enzymes acting on different substrates. They regulate the pool of 5-
phosphorylated inositol phosphates and phosphoinositides, thereby influencing cellular
processes, for which second messenger functions have been reported: Ins(1,4,5)Ps,
Ins(1,3,4,5)P4, and the lipids PtdIns(4,5)P, and PtdIns(3,4,5)P; (Toker et al., 1997;
Majerus, et al., 1999).

Alignment of two contigs from the cDNA library with other IPP sequences from
vertebrates and insects showed they share similarities and conserved (aa) sequence (Fig.
3A). The phylogram shows a clade with Triatoma and Rhodnius sequences but apart from
other insects, and even the Strongylocentrotus purpuratus sequence is more conserved
with vertebrates than with insects (Fig. 3B).

Rhodnius prolixus also secretes into its saliva an inositol polyphosphate 5-
phosphatase during blood feeding (Ribeiro et al., 2004a). It seems to reduce the
concentration of some phospholipids in the plasma membrane of cells and platelets; this
could have effects such as elimination of substrates for phospholipase C and PI3-kinase,
changes in cytoskeletal architecture, and changes in membrane trafficking and vesicle
secretion (Andersen et al., 2006). The presence of this phosphatase in Triatoma saliva can

be also related to antithemostatic response, since changes in platelets membrane could
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interfere with their aggregation and facilitate the acquisition of blood meal. This protein

was also identified in the 2D gel (Fig. 12).
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Figure 3. (A) ClustalW alignment of the T. infestans inositol polyphosphate 5-

phosphatases (IPP) with IPP from other organisms. (B) Neighbor-joining phylogram. The

numbers in the phylogram nodes indicate percent bootstrap support for the phylogeny.

The bar at the bottom indicates 10% amino acid divergence in the sequences.

3.5.1.3 - Serpins

Serpins constitute a family of proteins, most of which function as serine

proteinase inhibitors. They are important regulators of serine proteinases involved in

inflammation, blood coagulation, fibrinolysis, and complement activation. Other roles for

serpins could be protection against microbial proteinases, regulation of both endogenous
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proteinases and phenoloxidase activation (Kanost, 1999). Among arthropods, serpins
have been described from lepidopteran insects, crayfish, ticks, and others (Jiang, et al.,
1996; Liang et al., 1995; Prevot, et al, 2006). One of the contigs from the cDNA library

matched for a serpin but the sequence was truncated (Table 3).

3.5.1.4 - Kazal domain-containing peptides

Two contigs with transcripts encoding a polypeptide with a mature molecular
mass of 8.9 kDa and containing a Kazal domain are predicted. Although this domain is
associated with serine protease inhibitors, it is also found in other extracellular proteins
without this function and containing antimicrobial activity (Fogaca et al., 2005). Kazal-
type serine protease inhibitors are single- or more commonly multi-domain proteins, can
be classical or non-classical Kazal-type inhibitors, and share a conserved sequence motif
and molecular conformation (one central a-helix and three little antiparallel - sheets)
(Stubbs et al., 1997). Several Kazal-type family members have been previously described
to be present in vertebrate and invertebrate animals. The role of Kazal-type inhibitors is
not always known. Some invertebrates Kazal-type inhibitors, such as rhodniin, bdellin B-
3 and infestin 1-2 (Friedrich et al., 1993; Fink, et al., 1986; Sommerhoff et al., 1994;
Campos, et al., 2002) are identified as non-classical Kazal-type inhibitors. Thrombin
inhibitors of the Kazal-type family have been found in triatomines. Infestin is the longest
Kazal-type proteinase inhibitor precursor described in triatomines. It seems to be similar
to rhodniin and dipetalogastin precursors but has more Kazal-type domains (Lovato et al.,

2006). Rhodniin, isolated from the blood sucking insect R. prolixus, is such a Kazal-type
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inhibitor composed of two domains and strongly inhibits thrombin, the key enzyme of the
blood coagulation cascade (van de Locht et al., 1995).

Alignment with other sequences containing a Kazal domain shows the presence of
five conserved cysteines (Fig. 4A). These sequences also showed similarity to the
vasodilator named vasotab from the horse fly Hybomitra bimaculata. Vasotab is a
member of the Kazal-type protease inhibitor family (Takéc et al., 2006). The phylogram
analysis indicates a strong bootstrap support for the triatomine clade (Fig. 4B). A
transcript encoding this polypeptide was also found in the mosquitoes Ae. aegypti
(Ribeiro et al., 2007) and Ae. albopictus (Arca et al., 2007). And recently, the
sialotranscriptome of the triatomine Triatoma brasiliensis demonstrated the presence of 9

clusters coding for Kazal-type peptides (Santos et al., 2007).
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Figure 4. The salivary Kazal-domain containing peptides of T. infestans. (A) ClustalW
alignment. Six conserved cysteines are shown in black with white background and
marked with an asterisk (*). (B) Phylogenetic tree showing the sequence distance
relationships between members of the family. The bar shows 10% divergence at the

amino acid level. The numbers indicate the bootstrap value from 1000 trials.
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3.5.1.5 - Antigen 5 protein family

This is a family of secreted proteins that belong to the CAP family (cysteine-rich
secretory proteins; AGS proteins of insects; pathogenesis-related protein 1 of plants)
(Megraw et al., 1998). The CAP family is related to venom allergens in social wasps and
ants (Hoffman, 1993; King and Spangfort, 2000) and to antifungal proteins in plants
(Stintzi et al., 1993; Szyperski et al., 1998). Members of this protein family are found in
the (SG)s of many blood-sucking insects (Francischetti et al., 2002; Li et al., 2001;
Valenzuela et al., 2002b; Arca et al., 2005; Calvo et al., 2007). The function of any AG5
protein in the saliva of any blood-sucking arthropod is still unknown. Other animals have
shown some insight into their activity: snake venom proteins of the same family have
been shown to contain smooth muscle-relaxing activity (Yamazaki et al.,, 2002;
Yamazaki and Morita, 2004), and the salivary neurotoxin of the venomous lizard
Heloderma horridum is also a member of this protein family (Nobile et al., 1996).

We here report a salivary member of the antigen-5 family found in T. infestans
(SG)s. Alignment and phylogenetic analysis of insect members of this family indicates
that T. infestans salivary antigen-5 protein clusters with other reported antigen-5 proteins
from R. prolixus, vespids and other insects. The hymenoptera proteins, from vespids,
have an additional domain after the signal peptide (Fig. 5), indicating that probably their
evolution diverged at some point from the others. Both Rhodnius and Triatoma proteins
have a basic tail. This content of a poly-Lys tail in salivary proteins may direct these
proteins to the surface of activated platelets, where they could bind and/or release

biologically active ligands or interact with other proteins on the platelet surface. They
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could also block the interaction of coagulation factors with the membrane surface or
direct the inhibitor to negatively charged membranes critical for productive blood
coagulation complex assembly (Broze Jr., 1995). Demonstration that proteins rich in
positively charged residues effectively block the coagulation cascade comes from studies
performed with a recombinant R. prolixus salivary lipocalin (nitrophorin-7, NP-7). NP-7
contains a cluster of positively charged residues in the N-terminus and specifically binds
to anionic phospholipids, preventing thrombin formation by the prothrombinase complex

(Andersen et al., 2004).
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Figure 5. (A) ClustalW alignment of T. infestans salivary antigen-5 with members of the
same family. (B) Phylogenetic tree of selected members of the antigen-5 family of
proteins from Triatominae, Vespoidea and other Insecta, obtained by the NJ method. The
numbers in the phylogram nodes indicates percent bootstrap support for the phylogeny.
The bar at the bottom indicates 10% amino acid divergence in sequences. For details, see

text.
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3.5.1.6 - Odorant binding protein family

Many airborne molecules, such as hydrophobic odorants and pheromones, must
be recognized by a specialised class of proteins that facilitate their delivery to the
olfactory receptors (OR) (Forét and Maleszka, 2006). In both insects and vertebrates this
function is provided by odorant binding proteins (OBPs) (Pelosi et al., 1996; Krieger and
Breer, 1999; Deyu and Leal, 2002). They are generally thought to solubilise hydrophobic
odorants and carry them to the respective receptors (Vogt et al., 1991; Pelosi et al., 1994;
Prestwich et al., 1995). Besides contributing to the recognition of odorants in insects,
they may also function as carriers in other developmental and physiological processes.

Insect OBPs are small, water soluble molecules expressed in both olfactory and
gustatory sensilla, as well as in other specialised tissues (Pelosi et al., 2005). OBPs have
also been found in non-olfactory tissue, suggesting that their roles may be related to
general carrier capabilities with broad specificity for lipophilic compounds (Forét and
Maleszka, 2006). The heme-binding protein of R. prolixus (Paiva-Silva et al., 2002) is
one of these OBPs implicated in non-olfactory functions. In fact, there is increasing
evidence that OBPs do play an active role in odorant recognition rather than merely
serving as passive odorant carriers. One line of evidence is the large number of OBPs
present within a variety of insect species. Several proteins of the odorant-binding protein
(OBP) family have been described in Drosophila melanogaster, Apis mellifera, and the
hemiptera R. prolixus, where a putative OBP with a signal peptide indicative of secretion
was identified (Hekmat-Scafe et al., 2000; Forét and Maleszka, 2006; Ribeiro et al.,

2004a). We found transcripts coding for members of the OBP family in T. infestans.
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They share similarities with OBPs from the mosquitoes An. gambiae and Ae. aegypti. The
OBP-like sequences have four conserved cysteines and good bootstrap support for the
triatomine clade (Fig. 6). Sequences in Diptera clade do not have a strong bootstrap
support, except for some members that probably originate from genetic duplication
and/or function conservation. It has been proposed that a moderate number of OBPs
could act in a combinatorial manner with a moderate number of OR to greatly increase
the discriminating power of an insect’s olfactory system (Hekmat-Scafe et al., 2002).

It is possible to speculate whether these salivary OBPs could be acting as partners
in gustatory perception in Triatoma, as they are related to gustatory perception in
Drosophila (Galindo and Smith, 2001). If this is the case, saliva would be important not
only for its anti-hemostatic function, but also in the chemoreception of phagostimulants
(Friend and Smith, 1977). Against this hypothesis is the previous observation that R.
prolixus surgically deprived of salivary glands were able to feed normally on artificial

feeder (Ribeiro and Garcia, 1981)
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Figure 6. (A) ClustalW alignment of the OBP family of salivary peptides. Four conserved
cysteines are shown in black with white background and marked with an asterisk (*). (B)
Neighbor-joining phylogram. The numbers in the phylogram nodes indicates percent
bootstrap support for the phylogeny. The bar at the bottom indicates 20% amino acid

divergence in sequences.
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3.5.1.7 - Similar to Culicoides salivary protein

This EST sequence found in T. infestans shows similarity with Culicoides and
Fungi sequences (Fig. 7). Culicoides are competent vectors of a wide range of
economically important pathogens that affect both domestic and wild animals (Mellor et
al., 2000). A broad range of genes encoding salivary proteins were characterised from a
(SG) cDNA library of C. sonorensis and revealed many proteins involved in
antihemostasis, immunomodulation, and digestion (Campbell et al., 2005). In addition to
acting as a vector, Culicoides are the primary cause of an extremely pruritic allergic
dermatitis known colloquially as “summer eczema”, or “insect bite hypersensitivity” in
horses (Anderson, et al., 1993; Kurotaki, et al., 1994). The saliva of kissing bugs
(Triatominae) contains several allergens responsible for severe allergic reactions such as
urticaria, dyspnea, and anaphylaxis in humans (Moffitt et al., 2003). This transcript,
similar to one found in Culicoides, could be related to hypersensitivity or allergic

responses by the human host.
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Figure 7. (A) ClustalW alignment of a predicted sequence from a contig that showed

similarity with a sequence from Culicoides. (B) Neighbor-joining phylogram. The

numbers in the phylogram nodes indicates percent bootstrap support for the phylogeny.

The bar at the bottom indicates 5% amino acid divergence in sequences.
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3.5.1.8 - Defensin and immunity-related peptides

Antimicrobial peptides (AMPs) are widely distributed throughout the animal and
plant kingdoms. Despite sharing some common features, such as a small size (often
below 10 kDa) and a cationic character, most AMPs differ in their aa sequence and mode
of action (Fogaca et al., 2004). Within this AMP family, defensins constitute one of the
major families that have been characterised (Bulet et al., 2004). Defensins are cationic
peptides with molecular weights of about 4 kDa, three disulphide bridges, formed by six
cysteines residues and three characteristic domains, an amino terminal flexible loop,
followed by an o-helix and a carboxy-terminal anti-parallel B-sheet (Bonmantin et al.,
1992; Bulet et al., 1999). This peptide can be found in different organisms, such as plants,
fungi, mollusks, scorpions, insects, and birds, and also in different cells of various
mammals. In humans, insects, and plants, defensins contribute significantly to the host
defense against invasion by microorganisms (Raj et al., 2002). In addition to the diversity
of structure and mode of action, the site and the regulation of the synthesis of AMPs also
differs among arthropod groups. In insects, AMPs are mainly synthesised in the fat body
and their gene transcription is strongly induced after an injury and/or infection (Bulet et
al., 2002). Defensins have been isolated and characterised as part of the innate immune
response from the hemolymph of all insect species so far investigated, like Odonata,
Diptera, Coleoptera, Lepidoptera, Acari and Hemiptera (Bulet et al., 1992; Ishibashi et
al., 1999; Lamberty et al., 1999; Lopez et al., 2003; Ceraul et al., 2003; Johns et al., 2001;

Bartholomay et al., 2004).
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Figure 8. (A) ClustalW alignment of the defensin family of salivary peptides. Six
conserved cysteines are shown in black with white background and marked with an
asterisk (*). (B) Neighbor-joining phylogram. The numbers in the phylogram nodes
indicates percent bootstrap support for the phylogeny. The bar at the bottom indicates

10% amino acid divergence in sequences.
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Tick defensins have also been found to exist in (SG)s, an important organ for
blood feeding and pathogen transmission (Valenzuela et al., 2002). A defensin-like
molecule from Ixodes ricinus was recently described and found to be induced following
microbial challenge (Rudenko et al., 2005). In triatomines, defensins have been
investigated in R. prolixus, being isolated, purified and sequenced (Lopez et al., 2003).

From the alignment of the defensin sequence found in T. infestans (SG)s with
other defensins, we can notice the presence of the six conserved cysteines, characteristic
in this family and important for the disulphide bridges conformation (Fig. 8A). The
phylogram reveals a triatomine clade sharing sequences from T. brasiliensis and R.

prolixus, and showing a bootstrap support (Fig. 8B).

Similar to bacterially induced peptide Hdd1 (from Hyphantria cunea)

In a previous work, 11 inducible genes were isolated after bacterial challenge in
H. cunea, one of the most serious insect pests in Korea. Hdd1 (Hyphantria differentially
displayed clones) was one of this immune-related cDNA but it didn’t produce any
significant homology with any known protein (Shin et al., 1998). One contig from the T.

infestans cDNA library matched this peptide but the function remains unknown.
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3.5.2 — Coding for proteins found only in triatomines

3.5.2.1 - Trialysin

We identified two contigs that matched the protein trialysin, a pore-forming
molecule present in the (SG)s of T. infestans (Amino et al., 2002; Martins et al., 2006)
(Fig. 9). It is a 22-kDa protein synthesised as a precursor and processed by limited
proteolysis. It exerts its potent cytolytic activity on a large variety of cell types, from
bacteria to mammalian cells, and it has been hypothesised that it favors the maintenance
of the salivary fluid free of microorganisms and parasites. Trialysin possesses a basic
amphipathic lytic motif in the N-terminal region containing 27 aa residues, similar to
antimicrobial lytic peptides, and a protein portion that increases the lytic specificity
toward eukaryotic cells. Studies in which synthetic peptides containing portions of the N-
terminus of trialysin have been tested for their lytic properties against the infective stage
of T. cruzi, Escherichia coli and human erythrocytes revealed differences in specificity
and activity for the tested targets. The cell membrane is the main target of antimicrobial
peptides, thus the diverse lipid composition and distribution or the presence of other
components in the cell membrane of the various organisms play an important role in the
modulation of peptide/membrane interaction, leading to the differentiation of their action
(Amino et al., 2002; Martins et al., 2006).

Further analysis of the near relatives of trialysin found in the nonredundant
database indicates related bacterial genes, a proteobacteria clade being strongly

associated with the T. infestans sequences (Fig. 9b, ¢).

80



(A)

HHA RN AN E RN RNT A RN AT RN p AR NHAREREANARAAANTERNATAE AT REERAAAERAANTRARTER AR TR RN ARk RhkR

TI-& 27

TI-G 27

TRIIN 18920644 ¥
R R R I T I S S T T s

TI-& A CE E EE] 174

TI-& A CE E ] 174

TRIIN 18520644 A, CEE E EE] 174

TR L R L R L L R R L R T e Y L R L LT a g
TI-2 DHGE D 260
TI-& ED D 260
TRIIN 12%20644 DHGE D 260

(B)

ARATH 15233808 167
ARATH 21553422 104
TI- 68

TI-8 68

TRITH 19920644 &u
HEIME 15677744 106
WEIME 15751536 106
HEIGO 59803464 106
oL PS_T 13281312 117
MARFE_L147770@6 123
CANFE_71083%20 11w
ALCEO_L10833T02 20
PLAFA 1242984 103
MAGMA Z3100E585 91
ARATH_15333£00 123
ABATH 21553422 120
TI-§ 178

TI-0 178

TEIIN 1E8920544 178
NEIME 15677744 133
HEIME 15753538 233
NEIGO 59801464 133
COLPS 71291313 248
MARFE 11477708§ 248
CANPE 71082928 242
ALCEO_L10833TD2 190
PLAPA_ 3242984 FEH
MAGMA_231000£85 211
mTE_JS]Z!SDH 06
ARATH 21553422 303
TI-§ 260

TI-§ 160

TRIIM 18920644 260
HEIME 15577744 381
HEIME 15793536 351
NEIGD 59903464 348
COLPS_ 7129131 343
MARFE_L1477708§ 152
CANPE_ 71083830 368
ALCBO_110833702 241
PLAFA 1242984 148
MAGMA 2300BEBS 333

Figures 9A and 9B.
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Figure 9. (A) ClustalW alignment of the unique family of trialysin salivary peptides. The

sequences shown are from the cDNA library (TI-6, TI-8) and from trialysin from NCBI

database (|gi18920644|). (B) ClustalW alignment of the trialysin sequences with other

proteins that showed similarity to trialysin. (C) Neighbor-joining phylogram. The

numbers in the phylogram nodes indicates percent bootstrap support for the phylogeny.

The bar at the bottom indicates 20% amino acid divergence in sequences.

3.5.2.2 - Peptides with trialysin signal peptide

This cDNA library also revealed a group of short proteins sharing the signal

peptide from trialysin protein. They do not share similarities with other proteins and their

function is unknown.

82



3.5.2.3 - Hemolysin-domain protein

Hemolysins are proteins considered to permeate target cells, forming pores in
cytoplasmic membranes of erythrocytes, leukocytes, and other cells, causing the
modification of cellular functions and/or lysis of host cells. Hemolysins are more often
described in microorganisms, such as Escherichia coli, Staphylococcus aureus,
Clostridium septicum, and others (Gouaux, 1998; Melton et al., 2004; Wassenaar, T.M.,
2005). The family of hemolysins consists of secreted, water-soluble proteins that form
transmembrane, polymeric channels. They are considered a virulence factor from these
microorganisms and also a member of the RTX (repeats in toxin) protein family (Welch,
2001). The presence of amphipathic and hydrophilic domains confers to the protein an
overall amphiphilic character, which explains its tendency both to aggregate and to
interact with membranes (Soloaga et al., 1999; Schindel et al., 2001; Hyland et al., 2001).

We found contigs with proteins containing a hemolysin domain (Fig. 10). These
proteins could act as cytolytic proteins, causing erythrocytes lysis in saliva and helping
the early steps of the digestion process. Also, it could be related to defense, participating

in lysis of microorganisms in insect saliva.
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Figure 10. (A) ClustalW alignment of the mature forms of T. infestans hemolysin-domain
containing proteins with other proteins with hemolysin-domain. The signal peptide region
is not shown. (B) Phylogram. Numbers on branches indicate bootstrap value for 1000

trials. Bar indicates 20% distance in amino acid sequence.
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3.5.2.4 - Triatox

One of the contigs matched a toxin previously described in T. infestans saliva as
triatox (|gi71725070|) (Fig. 11A). We also found this protein in the 2D gel (Fig. 12). By
secondary structure prediction, this protein shows to be an amphipathic a-helix (Fig.
11B). a-helical peptides are linear molecules that exist in aqueous media and become
amphipathic helices upon interaction with hydrophobic membranes, like cecropin
(Christensen et al., 1988), magainins (Zasloff, 1987), and melittins (Andreu et al., 1992).
The amphipathic character of antimicrobial peptides makes them surface-active products,
as their biological activity occurs at lipid membrane interfaces (Maget-Dana, 1999).
Their amphipathy allows them to be both soluble in an aqueous medium such as the
extracellular medium, and to diffuse towards polar/apolar interfaces such as the
extracellular medium/cell membrane interface. Linear peptides that can assume an active,
amphipathic, a-helical structure are among the most abundant in nature. They have
evolved to act against several microbial targets and appear to represent an important role
in innate defense (Giangaspero et al., 2001). The structure of triatox suggests it can

function as an antimicrobial peptide and be related to the innate defense of the insect in

the (SG)s.
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Figure 11. (A) Triatox sequence |gi71725070|. (B) Prediction of triatox (TI-57) secondary

structure using BioEdit program.

3.5.2.5 - Thrombospondin-like

This protein shows weak similarity with larger proteins of Plasmodium annotated
as “thrombospondin-related adhesive protein.” Thrombospondin domains usually bind to
sulphated glycoconjugates found on cell surfaces, allowing for host-cell specificity of

binding (Dubremetz, et al., 1998). The function is unknown in other genera.
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3.6. 2D Gel electrophoresis/Mass spectrometry proteomic investigation

The (SG)s of T. infestans were shown to contain proteins such as apyrase and the
pore-forming protein trialysin (Amino et al., 2002; Faudry et al., 2004). To obtain further
information on the salivary proteins of T. infestans, electrophoresis of saliva was
performed by two-dimensional (2D) SDS-PAGE followed by mass spectrometry. Figure
12 shows the pattern of separation of T. infestans salivary proteins by 2D-gel. We were
able to identify several salivary lipocalins, and the proteins named “triatox”
(1g171725070]), salivary apyrase precursor (|gi34481604|), salivary inositol polyphosphate
5-phosphate (approximately 37-kDa apparent molecular mass), similar to pallidipin
precursor, putative trialysin precursor, similar to lipocalin-like TiLipo77, and similar to
pallidipin-2. Supplemental tables S1 and S2 have columns indicating the peptide

sequences found in the proteomic experiment.

3.7 Salivary peptide identification by RP-HPLC/Mass spectrometry

Because the gel used for the proteomic experiment above does not well identify
polypeptides below 10 kDa, we obtained a 10-kDa filtrate from 20 uL of T. infestans
saliva, submitted it to RP-HPLC and performed tryptic digestion of the fractions to obtain
peptide sequences by MS/MS. This allowed identification of four members of the short
trialysin-like family, which have predicted mature molecular weights of 6.3 kDa. Several
fragments matching the hemolysin-like proteins were also identified, indicating this

protein family, whose members have more than 20 kDa, may be proteolytically processed
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in saliva, possibly by triapsin, the molecularly uncharacterised salivary serine protease of

T. infestans (Amino et al., 2001). Supplemental tables S1 and S2 have columns indicating

the peptides sequences found in this proteomic experiment.
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Figure 12. Two-dimensional (2D)-gel electrophoresis of Triatoma infestans salivary

proteins. Numbers on the left indicate molecular weight marker positions in the gel. The

+ and — signs indicate the anode or cathode side of the isoelectrophocusing dimension,

which ranged from pH 3-10. Gel bands that were identified to a protein (following tryptic

digestion and mass spectrometry) are shown in the gel. In some cases, more than one

band accounted for the same protein, possibly due to trailing or multiple isoforms. For

experimental details, see Materials and Methods.
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3.8. Concluding Remarks

In an attempt to improve our understanding of the variety of proteins and
transcripts expressed in T. infestans (SG)s, we have performed a cDNA library and a 2D-
gel using, respectively, mRNA and proteins from this same tissue. We described the set
of ¢cDNA present in the (SG)s of Triatoma infestans. Expression and bioassay of the
novel proteins will ultimately characterise the salivary pharmacologic complexity from T.
infestans evolution to blood feeding.

We believe this cDNA library should help our continuing effort to understand the
evolution of blood sucking in vector arthropods and the discovery of novel

pharmacologically active compounds.
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Materiais e Métodos — Experimentos Adicionais

Amplificacdo de genes selecionados da biblioteca de cDNA por PCR

Alguns genes da biblioteca de cDNA de glandula salivar de T. infestans foram
escolhidos para expressdo em sistema heterélogo para melhor caracterizagdo de seus
produtos. Os genes escolhidos codificam proteinas homodlogas a lipocalinas e sdo
teoricamente secretados de acordo com predicao pelo programa SignalP: TINL-P2-B02,
TINM-P6-F06, TINM-P7-C08, TINM-P7-D08 e TINM-P10-C04.

O fragmento referente ao peptidio sinal, de acordo com a predi¢do do programa
SignalP, foi retirado de cada seqiiéncia de interesse. Os clones escolhidos foram
amplificados pela técnica de PCR (reacdo de polimerizagdo em cadeia), preservando a
fase aberta de leitura (ORF). Os iniciadores especificos sintetizados contém sitios para
Ndel (senso) ou Xhol (antisenso), como apresentado na Tabela A.

O DNA molde utilizado para a amplificacdo dos clones foi o fago obtido da
biblioteca de cDNA, que possue a ORF completa do gene de interesse, em um volume de
4,0 uL. Os iniciadores, magnésio e dNTPs foram utilizados na concentragao final de 0,2;
2,0 e 0,2 mM, respectivamente. A enzima usada foi a Taq DNA polimerase High Fidelity
(Invitrogen) que minimiza a insercao de erros na seqiiéncia sintetizada. As condigdes da
PCR foram: desnaturagdo inicial a 94 °C por 2 min seguida por 30 ciclos de desnatura¢do
a 94 °C por 30 s, anelamento a 55 °C por 30 s e extensdo a 68 °C por 1 min. Por fim, as
reacdes eram estendidas por mais 5 min a 68 °C.

Cada produto resultante da PCR, contendo um codon para metionina (ATG)
diretamente upstream ao primeiro cédon da proteina madura, foi clonado no vetor
TOPO-TA (Invitrogen) e o plasmideo gerado utilizado para transformar E. coli TOP-10
(Invitrogen). Esse plasmideo possui o gene lacZ que produz a enzima beta-galactosidase.
A presencga desta enzima faz com que a colonia de bactéria que possui este plasmideo
seja azul quando colocada em presenca de X-gal (5-bromo-4-cloro-3-indolil-B-D-

galactopiranosideo), pois a quebra do composto quimico X-gal pela enzima beta-
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galactosidase forma um produto de cor azul. Quando adiciona-se um fragmento exdgeno
de DNA, esse fragmento ¢ inserido no sitio de restricao localizado na regido do gene que
codifica a enzima beta-galactosidase. Assim, o gene lacZ ¢ interrompido e a enzima beta-
galactosidase ndo ¢ produzida. Logo, as colonias de bactéria que possuirem o gene lacZ
intacto irdo produzir coldnias azuis, enquanto que as coldnias de bactéria com o inserto
irdo produzir colonias brancas. Os clones recombinantes, obtidos apos sele¢do de
colonias azuis/brancas, tiveram os respectivos insertos amplificados por PCR. Uma das
coldnias crescidas contendo o plasmideo transformante foi escolhida, o DNA plasmidial

isolado e digerido com Ndel e Xhol para liberagdo do inserto.

Clonagem no vetor de expressao

Os genes de interesse foram clonados nos sitios de clivagem das enzimas Ndel e
Xhol do vetor de expressio pET-17b (Novagen). A ligagdo do fragmento de DNA
contendo o gene ao vetor de expressdo pET-17b, previamente linearizado com Ndel e
Xhol, foi feita com a T4 DNA ligase (Invitrogen) nas condi¢des indicadas pelo
fabricante. Cada produto de ligagdo foi utilizado para transformar E. coli
BL21(DE3)pLys-S. Os clones contendo plasmideos transformantes foram selecionados
em meio de cultura solido Luria-Agar (Invitrogen) com 100 pg/mL de ampicilina
(Sigma) e 35 pg/mL de cloranfenicol. As colonias crescidas em placas que apresentaram
insertos do tamanho esperado, apés PCR, foram utilizadas para expressdo da proteina

recombinante em meio liquido, como descrito adiante.
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Tabela A — Sequéncia dos Oligonucleotideos. As seqiiéncias em azul representam o

sitio de restri¢do para a enzima Ndel. As seqiiéncias em vermelho representam o sitio de

restri¢do para a enzima Xhol.

Tipo de
Clone ) Seqiiéncia
oligonucleotideo
S 5’GCCATATGCAAAACTCCGGTTGCGAAC
enso
TGCAG3’
TINL-P2-B02
5’GCCTCGAGTCAACATTTCAGGTTTTTGA
Antisenso
AATTGC3’
S 5’GCCATATGGATTATCCATCTATTGAAAA
enso
CTGCACTCAC3
TINM-P6-F06
5’GCCTCGAGTTAGGACGCTTTATTTTTCT
Antisenso
TTTTGGATGG3’
S 5’GCCATATGGAAGAGTGCGTACTCAAGC
enso
CAGGT?’
TINM-P7-C08
5’GCCTCGAGTTAACAACGAACAGTTTGA
Antisenso
CGAG3’
s 5’GCCATATGGATTATCCGCCAATTGAAA
enso
AATGC3’
TINM-P7-DO08
5’GCCTCGAGTTAGGACGCTTTATTTTTCT
Antisenso
TTTTGGATGG3’
s 5’GCCATATGCAAAAGAACGGTTGCAACG
enso
TGCCG3’
TINM-P10-C04
5’GCCTCGAGTCAACACAGGTTTTGGAAA
Antisenso

TCCGY’
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Expressdo de Proteinas em Sistema Heterologo e Purificacdo

Para a produc¢do da proteina, cada clone foi crescido em meio LB (Luria-Bertani)
a 37 °C, sob agitagdo a 250 rpm, até que o valor da densidade optica a 600 nm (ODggo)
fosse 0,6. Entdo, isopropil-1-tio-B-D-galactopiranosideo (IPTG) foi adicionado a uma
concentra¢do final de 1 mM e os frascos foram agitados nas mesmas condi¢des anteriores
por mais 3 h. Ao final deste periodo, as células foram coletadas por centrifugacao,
lavadas com Tris-HCI 20 mM, pH 8,0, ressuspensas em 75 mL do mesmo tampao e
lisadas por meio de sonicacgao a 4 °C.

Sedimento e sobrenadante obtidos apods centrifugacdo do lisado a 9.000 rpm por
20 min foram submetidos a NuPAGE 12% e o gel corado com Coomassie Blue. O
sedimento insoluvel contendo os corpos de inclusdo foi solubilizado com Tris-HCI 20
mM, pH 8,0; Triton X-100 1%, e centrifugado a 9.000 rpm por 15 min. O extrato obtido
foi lavado trés vezes com Tris-HCI 20 mM pH 8,0, passando por uma centrifugagao entre
as lavagens. A seguir, a proteina foi solubilizada em 25 mL de Tris-HC] 20 mM pH 8,0,
contendo hidrocloreto de guanidina 6,0 M e ditiotreitol (DTT) 10 mM. O material foi
diluido em 4 L de Tris-HCI 20 mM, arginina 0,4 M, pH 8,0, mantido sob agitacao por 2
horas e, depois, a 4 °C durante a noite. ApOs concentragao por meio de um equipamento

para filtracao em fluxo tangencial, a proteina soluvel foi purificada.

Purificacéo por HPLC - Exclusdo Molecular e Mono S

A proteina de interesse foi purificada a partir do extrato protéico por
Cromatografia Liquida de Alta Eficiéncia (HPLC - High Performance Liquid
Chromatography). Inicialmente a coluna de exclusdo molecular Sephacryl S-100 16/16
HiPrep (Amersham Biotech.) foi utilizada para a purificagdo. Quando necessario, uma
segunda etapa cromatografica foi realizada em coluna de troca id6nica Mono S

(Amersham Biotech.). Um volume de 25 mL de extrato protéico era aplicado na coluna
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Sephacryl previamente equilibrada com tampao Tris-HCI 20 mM, NaCl 150 mM, pH 8,0.
Fracdes de 4 mL eram coletadas e imediatamente colocadas em banho de gelo. Uma
aliquota (20 pL) de cada uma dessas fracdes foi submetida a eletroforese em gel
NuPAGE 12%, em condigdes desnaturantes e redutoras, para analise de pureza. As
fragdes contendo proteina pura foram concentradas utilizando Centricon 5 (Millipore). A
presenca de contaminantes indicava a aplicagdo da amostra em coluna Mono S
previamente equilibrada com tampao fosfato de sédio 10 mM, pH 6,0. As proteinas
retidas na coluna foram eluidas com gradiente linear de NaCl de zero a 1,0 M por 30 min,
com fluxo de 0,5 mL/min. Fragdes de 1,0 mL eram coletadas e imediatamente colocadas
em banho de gelo. Uma aliquota (15 pL) de cada uma dessas fragdes foi submetida a
eletroforese em gel NuPAGE 12%, em condi¢des desnaturantes e redutoras, para andlise
de pureza. As fragdes contendo a proteina pura foram agrupadas e concentradas em

Centricon 5 (Millipore).

Titulacdo Isotérmica por Calorimetria

Medidas de titulag@o isotérmica por calorimetria foram feitas em um calorimetro
Microcal VP-ITC (Northhampton, MA). A proteina em estudo foi dialisada contra Tris-
HCI1 20mM, NaCl 0,15 M, pH 7,5, o qual também foi usado para preparar as solugdes dos
ligantes, para diluir a proteina e avaliar a linha de base de calor da diluicdo. Todas as
solugdes foram degaseificadas sob vacuo antes do uso. Proteinas na concentragdo de 2
uM foram inseridas na célula e o ligante na concentracdao de 25 uM foi usado na seringa.
Os ligantes utilizados foram histamina, serotonina, adrenalina, noradrenalina, ADP e
AMP. O calor de ligagdo foi medido a temperatura de 30 °C. Apds a subtragdo das
medidas do calor de diluicdo, os dados de entalpia foram analisados com o modelo de

ligagdo em um unico sitio, utilizando o software original do Microcal.
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Resultados — Experimentos Adicionais

Expressdo de Proteinas em Sistema Heterdlogo

Os clones escolhidos da biblioteca de cDNA de glandulas salivares do inseto —
TINL-P2-B02, TINM-P6-F06, TINM-P7-C08, TINM-P7-D08 e TINM-P10-C04 -
correspondem a lipocalinas e foram amplificados por PCR utilizando iniciadores
especificos e, posteriormente, clonados no vetor de expressdo. A lipocalina
correspondente a cada clone foi expressa, solubilizada e purificada como descrito em
Materiais e Métodos. Cada proteina recebeu o nome original de seu clone.

A proteina TINM-P7-CO8 foi obtida em poucas quantidades apds o re-
enovelamento, provavelmente devido ao baixo rendimento na producdo da proteina em
corpos de inclusao. Portanto, ndo procedemos a purificacdo. A proteina TINL-P2-B02 foi
purificada por exclusdo molecular, utilizando somente a coluna Sephacryl S-100 no
sistema HPLC. A proteina foi eluida no intervalo de 40 a 60 mL de tampdo. A
purificagdo das proteinas TINM-P6-F06, TINM-P7-D08 e TINM-P10-C04 foi realizada
utilizando as colunas cromatograficas Sephacryl S-100 ¢ Mono S no sistema HPLC.
TINM-P7-DO08 foi eluida no intervalo de 45 a 70 mL de tampao para a cromatografia de
exclusdo molecular e com gradiente de NaCl de 650 a 700 mM na cromatografia de troca
ionica. Para TINM-P10-C04, a eluicdo ocorreu de 50 a 80 mL de tampao (exclusdao
molecular) e com gradiente de NaCl de 170 a 340 mM (troca i6nica). O volume de 52 a
70 mL de tampao e o gradiente de 350 a 440 mM de NaCl permitiram a elui¢do de
TINM-P6-F06 nas cromatografias de exclusdo molecular e troca idnica, respectivamente.
A cromatografia foi realizada como descrito em Materiais e Métodos. As fragdes
coletadas e armazenadas em banho de gelo foram avaliadas em gel NuPAGE 12%,
seguido de coloragdo por Coomassie Blue (Fig. 4). Apds a concentragdo das fragdes puras
em centricon, as lipocalinas foram submetidas a analise de titulagdo isotérmica por

calorimetria (ITC).
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As lipocalinas, descritas como proteinas carreadoras, sdo responsaveis pelo
transporte de pequenas moléculas como histamina, serotonina e adrenalina, entre outras.
Uma caracteristica marcante nas lipocalinas ¢ sua estrutura tridimensional bem
conservada (Flower, 1995). A estrutura tridimensional das proteinas ¢ apropriada para
produzir sitios de ligag¢do a ligantes, logo o critério universal para o correto dobramento
de proteinas seria a medi¢do da estequiometria e afinidade da ligacdo a ligantes. Uma das

maneiras de efetuar essa medi¢do seria pela titulacdo isotérmica por calorimetria (Brewer,

1999).
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Figura 4 — Analise em NUPAGE 12% da purificacéo das lipocalinas em HPLC. A —
TINL-P2-B02. B — TINM-P7-D08. C — TINM-P10-C04. Foram aplicados na coluna 10
mL de extrato protéico e a elui¢do das proteinas retidas foi realizada como descrito em
Materiais e Métodos. As fragdes coletadas foram armazenadas em banho de gelo e
submetidas a andlise eletroforética. As bandas de proteina foram visualizadas por

coloragdo por azul de Coomassie.

Um instrumento de ITC (titulagdo isotérmica por calorimetria) consiste em duas
células idénticas compostas de material condutor térmico de alta eficiéncia cercado por
uma camara adiabdtica. Circuitos sensiveis a temperatura detectam diferenga na
temperatura entre as duas células e entre as células e a camara. Em um experimento de

ITC, a solugdo com a macromolécula é colocada na célula. Neste caso, as lipocalinas
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expressas em sistema heter6logo. O que ¢ medido em um experimento de ITC ¢ a energia
tempo-dependente necessaria para manter as temperaturas iguais na célula de referéncia e
na cé¢lula contendo a amostra. Durante a inje¢ao do titulante na célula com a amostra,
calor ¢ absorvido ou liberado, dependendo se a associacdo das moléculas ¢ endotérmica
ou exotérmica. O calor absorvido ou liberado durante a titulagdo calorimétrica ¢
proporcional a fracdo de ligante ligado. Assim, ¢ de extrema importancia determinar com
acuracia as concentragdes inicias da macromolécula e do ligante. Nas injecdes iniciais,
todo ou quase todo o ligante adicionado ¢ ligado a macromolécula, resultando em um
amplo sinal exotérmico ou endotérmico, dependendo da natureza da associa¢do. Com o
aumento da concentracdo do ligante, a macromolécula torna-se saturada e,
subseqiientemente, menos calor ¢ liberado ou absorvido com a adicao do titulante. A
vantagem primaria do ITC ¢ que o sinal observado ¢ o calor liberado ou absorvido do
complexo formado. O unico requerimento limitante para estudos por ITC ¢ que a
mudanca de entalpia da ligagdo possa ser medida (Pierce et alii, 1999).

ApOs a obtengdo da proteina pura, foram realizados testes de titulagdo isotérmica
por calorimetria com cada proteina com os ligantes histamina, serotonina, adrenalina,
noradrenalina, ADP e AMP. Nas condi¢gdes em que os experimentos foram realizados nao
foi possivel detectar a ligagdo de nenhum desses ligantes com as lipocalinas estudadas

(Tabela B).

Tabela B — Titulacéo Isotérmica por Calorimetria

Reagente | Histamina | Serotonina | Adrenalina | Noradrenalina | ADP | AMP

Proteina

P2B02 n.d. n.d. n.d. n.d. n.d. n.d.
P7D08 n.d. n.d. n.d. n.d. n.d. n.d.
P6F06 n.d. n.d. n.d. n.d. n.d. n.d.
P10C04 n.d. n.d. n.d. n.d. n.d. n.d.

n.d. — Nao detectado, sem indicativo de ligagdo da proteina com o ligante.
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Discussao

Muitos artrépodes estudados até 0 momento demonstraram estar preparados para
desarmar as respostas hemostaticas do hospedeiro, ativadas para prevenir a perda
sangliinea apds uma injuria tissular (Ribeiro & Francischetti, 2003). Os insetos
hematofagos possuem ao menos uma molécula anticoagulante, uma anti-agregadora de
plaquetas e um vasodilator em sua saliva, mas a complexidade e redundancia das
atividades anti-hemostaticas das moléculas salivares garantem um eficiente repasto
sangiiineo a estes animais (Ribeiro, 1995). A hidrélise do ADP, um potente nucleotideo
indutor de agregacdo plaquetaria (Sarkis et alii, 1986), e a neutralizacdo do vasoconstritor
tromboxano A; liberado pelas plaquetas (Ribeiro & Sarkis, 1982), bem como a presenca
de lipocalinas carreadoras de oxido nitrico (NO) — as nitroforinas — que causam
vasodilatag@o e inibi¢do da agregacdo plaquetaria (Ribeiro et alii, 1993; Champagne et
alii, 1995a) sdo diferentes vias abordadas pelo coquetel salivar de insetos hematofagos
com o intuito de impedir a hemostase do hospedeiro.

Ha dez anos muitas proteinas salivares descritas eram a tradu¢do de ESTs
(expressed sequence tags) ou de poucos genes completos. Em uma tentativa de aumentar
o entendimento da complexidade de proteinas e transcritos expressos nas glandulas
salivares de artropodes hematofagos, Francischetti e colaboradores (2002b) aliaram a
constru¢do de uma biblioteca de cDNA com a identificagdo de proteinas por
seqlienciamento N-terminal apds separacdo por eletroforese. Estava definido o sialoma —
um conjunto de RNA mensageiros e proteinas expressas nas glandulas salivares
(Valenzuela et alii, 2002b). Os estudos de sialoma demonstram que a saliva de insetos
hemat6fagos e carrapatos ¢ mais complexa do que o esperado e contém muitas proteinas
desconhecidas.

Algumas familias de proteinas se destacam nos sialomas estudados por sua
presenga quase que constante entre as espécies investigadas ou pela abundancia de
transcritos encontrados que codificam para proteinas salivares de uma mesma familia.

Algumas destas familias sdo as lipocalinas, antigeno 5, apirases e defensinas, entre
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outras. Ha ainda contigs com grupos de proteinas encontrados somente na espécie T.
infestans como a trialisina, triatox e proteinas com dominio de hemolisina.

As lipocalinas, proteinas amplamente encontradas em triatomineos e carrapatos,
desempenham fun¢des similares tais como ligagdo a histamina e serotonina (Paesen et
alii, 2000; Sangamnatdej et alii, 2002). A ampla distribui¢do de lipocalinas em insetos
hematofagos pode ser exemplificada pela presenca de proteinas similares a triabina
(Noeske-Jungblut et alii, 1995), palidipina (Noeske-Jungblut et alii, 1994) ¢ procalina
(Paddock et alii, 2001) nas glandulas salivares de T. infestans, Rhodnius prolixus
(Ribeiro et alii, 2004a) ¢ T. brasiliensis (Santos et alii, 2007). No entanto, lipocalinas
ainda nao foram descritas em outros insetos hemat6fagos como os dipteros. Isso poderia
ser devido a diferencas na evolu¢ao da hematofagia, onde moléculas diferentes exercem
funcdo fisioldgica idéntica, anti-hemostatica. Por exemplo, um grupo de proteinas
exclusivo de dipteros, as proteinas D7, sdo amplamente expressas em suas glandulas
salivares e pertencem a superfamilia de proteinas que se ligam a odorantes (OBPs —
odorant-binding proteins) (Hekmat-Scafe et alii, 2000). As proteinas D7 poderiam agir
como “seqiiestradoras” de aminas biogénicas ou agonistas hemostaticos, assim como as
lipocalinas salivares de carrapatos e triatomineos (Calvo et alii, 2006). Embora as
proteinas D7 ndo tenham sido encontradas em triatomineos, o sialoma de T. infestans
revelou a presenca de proteinas similares a OBPs pertencentes a mesma superfamilia.
Moléculas como odorantes hidrofobicos e feromdnios devem ser reconhecidos por uma
classe especializada de proteinas que facilitam sua entrega aos receptores olfativos (Forét
& Maleszka, 2006). Tanto em insetos como em vertebrados, essa fungdo ¢ desempenhada
por proteinas ligantes de odorantes (OBPs) (Pelosi, 1996; Krieger & Breer, 1999; Deyu
& Leal, 2002). Além de contribuir para o reconhecimento dos odorantes em insetos, as
OBPs podem funcionar como carreadores em outros processos fisiologicos, pois tém sido
encontradas em tecidos nao-olfativos, sugerindo que sua fungdo possa estar relacionada a
capacidade de carreador geral com ampla especificidade por compostos lipofilicos (Forét
& Maleszka, 2006).

As apirases, também consideradas nucleotidases, sdo proteinas responsaveis pela
hidroélise de ATP e ADP em AMP. Como o ADP ¢ um importante mediador da agregacao

plaquetaria, sua diminui¢do no meio causa inibi¢cao da agregac¢ao, facilitando a ingestao a
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sangue pelo inseto. Cinco proteinas associadas a atividade apirasica foram descritas na
saliva de T. infestans anteriormente (Faudry et alii, 2004), mas somente uma dessas
proteinas possui sua seqiliéncia depositada em banco de dados — o gene que codifica para
a apirase de 79 kDa. No sialoma do T. infestans encontramos somente um transcrito com
similaridade a apirase de 79 kDa, mas a seqiiéncia encontra-se truncada, ndo permitindo a
execucao de bioensaios para sua caracterizacdo. Isso pode ocorrer devido a manipulagdo
do mRNA no inicio da construgdo da biblioteca, o que poderia gerar transcritos
incompletos que ndo foram totalmente convertidos em cDNA durante as primeiras etapas
da técnica. Entre os sialomas ja descritos de triatomineos e dipteros, praticamente todos
eles apresentaram seqiiéncias similares a apirase. Uma excec¢do ¢ o Rhodnius prolixus,
embora a atividade apirésica tenha sido descrita em suas glandulas salivares (Ribeiro &
Garcia, 1981), seu sialoma ndo identificou transcritos para a enzima apirase, mas mostrou
seqiiéncias de inositol fosfatase com similaridade a apirase (Ribeiro et alii, 2004a). E
preciso ressaltar que a auséncia de detec¢do de genes que codificam as outras apirases de
T. infestans evidencia uma deficiéncia da técnica de constru¢do da biblioteca de cDNA.
O que também nos leva a pensar que ha possibilidade de que a saliva de R. prolixus tenha
uma apirase. Os transcritos desses possiveis genes podem ter existéncia apenas em
determinado momento da fisiologia do inseto. Neste caso, bibliotecas de cDNA deveriam
ser construidas em momentos diversos da vida e tempo pos-repasto do inseto. Esse
raciocinio aplica-se também a outros genes cujas fung¢des ainda sdo desconhecidas.
Membros de um grupo de proteinas denominado Antigeno 5 estdo presentes nas
glandulas salivares de varios artropodes e em praticamente todos os sialomas de insetos
hematofagos descritos até agora (Francischetti et alii, 2002b; Li et alii, 2001; Valenzuela
et alii, 2002b; Valenzuela et alii, 2003; Arca et alii, 2005; Calvo et alii, 2007a; Arca et
alii, 2007; Santos et alii, 2007). Essa familia de proteinas secretadas pertence a familia
CAP (proteinas ricas em cisteinas, proteinas antigeno 5 de insetos, proteina 1 relacionada
a patogenicidade em plantas) (Megraw et alii, 1998). Além desses insetos, proteinas
antigeno 5 também foram descritas em vespas (Himenopteras) (Hoffman, 1993). Apesar
deste grupo de proteinas ser amplamente encontrado nas glandulas salivares desses

insetos, sua funcao permanece desconhecida.

116



A biblioteca de T. infestans apresentou seqiiéncias similares as defensinas,
peptidios relacionados a imunidade encontrados com freqiiéncia em sialomas de insetos
hematofagos como Ae. aegypti, An. darlingi e An. funestus (Ribeiro et alii, 2007; Calvo
et alii, 2004; Calvo et alii, 2007a). Defensinas também estdo presentes nas glandulas
salivares de carrapatos, 6rgdo ndo sO importante na alimentacdo mas também na
transmissao de patdogenos (Valenzuela et alii, 2002a). Em triatomineos, uma defensina de
Rhodnius prolixus foi isolada, purificada e seqlienciada, mas estava presente na
hemolinfa e ndo na saliva (Lopez et alii, 2003). A presenca de defensinas nas glandulas
salivares pode estar relacionada a imunidade inata, seriam peptidios com atividade toxica
sobre patégenos que utilizariam as partes bucais do inseto como porta de entrada.

Dentre as proteinas encontradas somente no sialoma do T. infestans, algumas ja
tiveram sua seqiiéncia depositada no genbank do NCBI como a triatox (|gi71725070|) e a
trialisina (|gi18920644|). A trialisina foi descrita por Amino e colaboradores (2002) como
uma proteina formadora de poros, com propriedades citoliticas. Outro grupo de proteinas
descrito na biblioteca de T. infestans — as que contém dominio de hemolisina — nao
apresentou homologia com transcritos encontrados em sialomas de outros artropodes.
Apesar de conter dominio de hemolisina, ¢ necesséario realizar ensaios bioldgicos para
testar se esse grupo de proteinas teria mesmo capacidade de lisar células. Um resultado
positivo indicaria funcionalidade ligada a nutricdo, defesa e mesmo atividade anti-
hemostatica, dependendo do tipo de célula susceptivel.

Algumas proteinas descritas nas glandulas salivares do T. infestans em trabalhos
anteriores ndo foram identificadas no seu sialoma como a sialidase (Amino et alii, 1998)
e proteinas envolvidas no sistema cinina-calicreina (Isawa et alii, 2007). Ou ainda, foram
encontradas seqii€éncias, mas estas estavam incompletas como no caso da apirase (Faudry
et alii, 2004). Com a obteng¢@o do sialoma, esperava-se encontrar essas seqiiéncias de
apirases e também uma seqiiéncia que codificasse para uma fosfolipase A,, pois essa
atividade também foi identificada nas glandulas salivares do T. infestans (Assumpgao,
manuscrito em preparagao). Mesmo realizando o seqiienciamento em massa da biblioteca
de cDNA, com 1534 clones obtidos; o fato de ndo encontrarmos essas seqiiéncias seria
devido a pouca quantidade de transcritos desses genes, o que tornaria mais dificil

seleciona-los para o seqiienciamento. Ainda, o momento de coleta das glandulas pode nao
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ter sido o mais propicio, pois cada gene tem uma freqiiéncia de expressao ou responde de
maneira diferente apos alimentagdo sangiliinea que pode funcionar como indugdo ou
inibicdo para expressdo de genes salivares. Com o gel bidimensional das proteinas da
saliva ocorre algo semelhante, pois nem todas as proteinas expressas pelas glandulas
salivares se encontravam presentes no momento da coleta da saliva para o estudo em
questdo. Todos esses fatores influenciam a composi¢do do sialoma descrito. Mesmo
assim, o sialoma nos fornece muitos dados sobre as substincias farmacologicamente
ativas encontradas nas glandulas salivares e nos permite compreender melhor os
mecanismos que levam a adaptacdo deste habito alimentar.

Esses dados sobre a variedade de moléculas anti-hemostaticas fornecem subsidios
para uma compreensao mais ampla da fungdo da saliva nos artropodes hematofagos,
podendo contribuir para novas estratégias de combate as doengas que transmitem,
interferindo em sua habilidade como vetores de doengas. Além disso, o conhecimento
sobre as propriedades farmacoldgicas da saliva proporciona a descoberta de substancias
para o desenvolvimento biotecnologico de farmacos atuantes como anticoagulantes ou
anti-agregadores de plaquetas.

A andlise do transcriptoma ¢ descritiva e revela a diversidade da composigao
salivar de varios insetos hematéfagos, mas a maioria das proteinas ndo possui funcao
conhecida (Ribeiro & Francischetti, 2003). O uso de ferramentas computacionais para a
analise dos transcritos fornece grande quantidade de dados a partir dos quais podemos
fazer mais hipoteses sobre as glandulas salivares. A busca por fun¢do dentre as proteinas
salivares leva a uma pesquisa poés-sialoma. A expressdo de proteinas em sistema
heterélogo e a posterior realizacdo de testes funcionais permitirdo caracterizar melhor

essas proteinas em relagdo a sua fungao nas glandulas salivares dos insetos.
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Conclusodes

O conjunto de experimentos realizados neste trabalho permitem-nos concluir que:

- A saliva do T. infestans cliva o substrato fluorogénico NBDC-HPC de forma
independente de Ca", indicando presenga de enzima com atividade de PAF-AH. O
protocolo de purificagdo foi adequado para obtencdo da enzima pura, ainda que em

pequena quantidade;

- A proteina PAF-AH purificada tem massa molecular de 17 kDa e ¢ imunogénica
pois foi capaz de induzir a produgdo de anticorpos monoespecificos em camundongos e

coelhos;

- Analise por espectrometria de massa resultou na identificagdo de massas de
peptidios presentes em uma fosfolipase A, de veneno da serpente C. rhodostoma,

confirmando que a enzima estudada pertence a familia de FLA,;

- O sialotranscriptoma de T. infestans demonstra que esse inseto possui um grande
repertorio de moléculas anti-hemostaticas em sua saliva, sendo as lipocalinas as proteinas
mais abundantes. Além das lipocalinas, as seguintes proteinas também foram
encontradas: trialisina, inositol fosfatase, defensina, serino-protease, proteinas contendo
dominio de hemolisina ou kazal, proteinas da familia antigeno 5 e outras que se ligam a

odorantes/feromonios, entre outras;

- Observa-se um alto grau de redundancia no sialotranscriptoma de T. infestans,
evidenciado pela presenca de transcritos relacionados. Muitas familias de proteinas foram
encontradas previamente nas glandulas salivares de outros triatomineos, confirmando a

natureza ubiqua da composig¢ao salivar destes artropodes hematdfagos;
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- Andlise por espectrometria de massa de proteinas da saliva separadas por gel
bidimensional resultou na identificagdo de massas de peptidios referentes a muitas das
proteinas codificadas pelos transcritos obtidos pela biblioteca de ¢cDNA das glandulas

salivares, validando o transcriptoma;

- As fungdes de muitas seqiiéncias descritas neste trabalho sdo desconhecidas,
enfatizando o quanto ainda pode-se aprender sobre moléculas bioativas da saliva de
artropodes hematofagos. A selecdo de transcritos para expressdo e andlise funcional
identificaria novas proteinas como agentes antimicrobianos ou anti-hemostaticos,
gerando dados que auxiliariam na compreensao de como os triatomineos se alimentam de
maneira bem sucedida. O sucesso na alimentagdo de sangue resulta também na

transmissao de doencas.

- O acumulo de informagdes sobre os sialotranscriptomas ja descritos permite
estabelecer um padrao de proteinas presente na composi¢do salivar desses insetos.

Fornece ainda ferramentas para entender a biologia vascular e o sistema imune;
- Espera-se que este trabalho possa contribuir para a melhor compreensdo da

evolucdo da hematofagia em artropodes e na descoberta de novos compostos

farmacologicamente ativos.
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Perspectivas
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Perspectivas

As perspectivas deste trabalho consistem em:

- Sele¢dao de genes, especialmente lipocalinas, ainda com fun¢do desconhecida

para a caracteriza¢do molecular e funcional nas glandulas salivares de T. infestans.

- Expressdao dos genes selecionados em sistema heter6logo para obtencdo da

forma recombinante em células de insetos.
- Realizacao de testes funcionais com o intuito de identificar ligantes para as
proteinas estudadas, possivelmente alvos enzimaticos ou moléculas transportadas por

proteinas carreadoras.

- Elucidagao da estrutura tridimensional das proteinas recombinantes, visando a

obtencdo de informagdes sobre sitios provaveis para ligagdo com ligantes ou substratos.
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Secreted salivary proteins
Lipocalins
TI-25 salivary lipocalin M 208 TI-25 * 1 ti-new-contig_51 30 G31-12 SIG 18-19 243 9.4
TI-32 salivary lipocalin M 175 TI-32 * 2 ti-new-contig_61 26 G37-36 1| SIG 18-19 19.2 8.9
TI-31 salivary lipocalin M 202 TI-31 * 3 ti-new-contig_52 24 SIG 22-23  22.7 9.3
TI-55 salivary lipocalin M 162 TI-55 * 4 ti-new-contig_54 17 SIG 18-19 18.4 4.4
TI-19 salivary lipocalin M 179 TI-19 * 5 ti-new-contig_29 15 G104-82| SIG 18-19 20.0 8.2
TI-33 salivary lipocalin M 193 TI-33 * 6 ti-new-contig_22 14 G37-37- SIG 18-19 216 8.7
TI-21 salivary lipocalin M 179 TI-21 * 7 ti-new-contig_31 13 G103-80| SIG 18-19 20.0 8.7
tin_7 pallidipin-like lipocalin precursor M 269 tin_7 * 8 ti-new-contig_7 13 G45-49 4| SIG 19-20 30.7 4.4
TI-26 salivary lipocalin M 182 TI-26 * 9 ti-new-contig_15 12 G37-33- SIG 18-19 204 9.2
TI-20 salivary lipocalin M 179 TI-20 * 10 |ti-new-contig_28 12 G104-82| SIG 18-19 20.0 8.2
TI-23 salivary lipocalin M 206 TI-23 * 11 [ti-new-contig_49 12 G31-15- SIG 18-19 238 8.9
TI-54 salivary lipocalin M 199 TI-54 * 12 |ti-new-contig_67 12 G36-16 -| SIG 16-17 223 9.2
TI-18 salivary lipocalin M 179 TI-18 * 13 [ti-new-contig_32 9 G104-82| SIG 18-19 19.9 6.7
TI-35 salivary lipocalin M 194 TI-35 * 14  |ti-new-contig_20 7 G37-37- SIG 18-19 22.0 9.0
TI-24 salivary lipocalin M 208 TI-24 * 15 [ti-new-contig_50 7 G31-12 SIG 18-19 241 9.2
tin-4 pallidipin-like lipocalin precursor - T 228 tin-4 * 16 |ti-new-contig_4 6 G45-49 | CYT 26.3 4.3
TI-69 salivary lipocalin M 202 TI-69 * 17  [ti-new-contig_53 6 SIG 18-19 224 9.3
TI-36 truncated pallidipin-like lipocalin p M 219 TI-36 * 18 |ti-new-contig_6 6 G45-49 | CYT 255 4.4
TI-103 salivary lipocalin M 182 TI-103 * 19 [ti-new-contig_79 6 SIG 18-19 19.9 5.2
TI-29 salivary lipocalin M 182 TI-29 * 20 |ti-new-contig_18 5 G37-33- SIG 18-19 205 9.0
TI-59 salivary lipocalin M 194 TI-59 * 21 |ti-new-contig_25 5 SIG 18-19 222 9.0
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TI-512 salivary lipocalin M 195 TI-512 * 31 |ti-new-contig_82 3 SIG 18-19 22.6 9.4
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tin-119 salivary lipocalin M 208 tin-119 * 33 |ti-new-contig_119 2 SIG 18-19 241 9.8
TI-82 salivary lipocalin M 197 TI-82 * 34  [ti-new-contig_12 2 SIG 16-17 23.1 5.2
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TI-83 salivary lipocalin M 197 TI-83 35 |ti-new-contig_13 2 SIG 16-17 23.0 5.7
TI-28 salivary lipocalin M 182 TI-28 36 |ti-new-contig_17 2 G37-33- SIG 18-19 205 9.1
ti-179 lipocalin-like TiLipo39 allele M 179 ti-179 37 |ti-new-contig_179 2 G37-36 1| SIG 22-23  19.9 8.5
tin-180 triatin-like salivary lipocalin M 195 tin-180 38 |ti-new-contig_180 2 SIG 16-17 22.0 8.7
TI-34 salivary lipocalin M 191 TI-34 39 |ti-new-contig_21 2 G37-37- SIG 18-19 215 6.8
TI-100 salivary lipocalin M 189 TI-100 40 [ti-new-contig_23 2 SIG 18-19 216 9.2
TI-376 salivary lipocalin M 193 TI-376 41  [ti-new-contig_24 2 SIG 18-19 224 8.6
TI-65 triabin-like salivary lipocalin M 162 TI-65 42  [ti-new-contig_56 2 SIG 18-19 18.1 4.4
TI-64 triabin-like salivary lipocalin M 161 TI-64 43  [ti-new-contig_57 2 SIG 18-19 18.0 4.4
tin_65 lipocalin-like Ti65 M 197 tin_65 44 [ti-new-contig_65 2 G36-18- SIG 15-16 21.6 9.4
tin_66 lipocalin-like Tin66 M 197 tin_66 45  [ti-new-contig_66 2 G36-18 - SIG 15-16 21.7 9.3
TI-216 salivary lipocalin M 181 TI-216 46  [ti-new-contig_78 2 SIG 18-19 20.0 8.2
tin-8 pallidipin-like lipocalin precursor M 241 tin-8 47  [ti-new-contig_8 2 G45-49 | SIG 19-20 27.8 4.6
TI-120 salivary lipocalin M 195 TI-120 48  |ti-new-contig_83 2 G36-16 -| SIG 18-19 227 9.2
TI-123 salivary lipocalin M 195 TI-123 49  [ti-new-contig_84 2 G36-16 -| SIG 18-19 22.7 9.1
tin-120 salivary lipocalin M 208 tin-120 50 [ti-new-contig_120 1 SIG 18-19 23.9 9.7
tin-130 lipocalin-like TiLipo33 allele M 182 tin-130 51 |ti-new-contig_130 1 G37-36 -| SIG 18-19 20.0 8.7
tin_36 Short salivary lipocalin M 116 tin_36 52 [ti-new-contig_36 1 G104-82| SIG 18-19 129 6.1
tin_557 triabin-like lipocalin 4a precursor M 199 tin_557 53 |ti-new-contig_557 1 SIG 18-19 231 9.2
TI-66 salivary lipocalin M 162 TI-66 54  [ti-new-contig_59 1 SIG 18-19 18.1 4.4
[Short Trialysin-like family

TI-13 short trialysin 1 M 76 TI-13 1 ti-new-contig_43 53 SIG 19-20 8.5 4.2
TI-14 short trialysin 2 M 76 TI-14 2 ti-new-contig_44 4 H39 -> A SIG 19-20 8.6 4.7
TI-15 short trialysin 3 M 76 TI-15 3 ti-new-contig_42 3 H35B -> SIG 19-20 8.4 4.4
TI-16 short trialysin 4 M 76 TI-16 4 ti-new-contig_48 1 H35B -> SIG 19-20 8.3 4.6
TI-17 short trialysin 5 M 76 TI-17 5 ti-new-contig_45 1 H48A -> SIG 19-20 8.5 4.6
[Hemolysin-like family

TI-51 hemolysin-like secreted salivary pi M 249 TI-51 1 ti-new-contig_62 14 H35->V SIG 18-19 25.2 7.8
TI-52 hemolysin-like secreted salivary pi M 249 TI-52 2 ti-new-contig_63 3 H35-> NV SIG 18-19 254 8.6
TI-95 hemolysin-like secreted salivary pi M 272 TI-95 3 ti-new-contig_64 3 H35-> NV SIG 18-19 28.2 4.9
tin-105 salivary secreted protein similar to M 242 tin-105 4 ti-new-contig_105 3 SIG 16-17 26.1 49
TI-63 salivary secreted protein - possible M 198 TI-63 5 ti-new-contig_86 6 H58A -> SIG 20-21 19.6 8.0
[Trialysin family

TI-6 trialysin precursor allele M 260 TI-6 1 ti-new-contig_37 15 G36-23- SIG 19-20 28.6 8.5
TI-8 trialysin allele M 260 TI-8 2 ti-new-contig_39 44 G36-23-| SIG 19-20 28.6 8.5
[Triatox

TI-57 triatox - salivary lipocalin M 136 TI-57 1 [ti-new-contig_81 8 G128-84] SIG 22-23 14.8 5.4
[Antigen 5 family

TI-49 antigen-5-like protein precursor M 244 TI-49 1 [ti-new-contig_71 12 | siG 23-24 28.1 9.2
[Kazal containing peptide

TI-48 salivary kazal-type proteinase inhil M 81 TI-48 1 ti-new-contig_75 10 SIG 29-30 8.9 8.2
TI-75 salivary secreted kazal-type protei M 80 TI-75 2 ti-new-contig_88 6 SIG 28-29 8.9 8.2
[Pheromone binding family

TI-46 heme-binding protein M 142 TI-46 1 ti-new-contig_76 6 SIG 19-20 16.3 5.7
TI-47 heme-binding protein M 143 TI-47 2 ti-new-contig_77 3 SIG 19-20 16.4 6.1

[Inositol phosphatase family
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ti-7-80-90-: salivary inositol polyphosphate 5-¢ M 316 ti-7-80-90-2 1 ti-new-contig_89 5 G27-10- SIG | 19-20 36.0 9.4
tin-272 salivary inositol polyphosphate 5-f M 318 tin-272 2 ti-new-contig_85 6 G27-5-5 SIG 21-22 36.9 9.1
[Serine protease

TI-117 salivary trypsin M 308 TI-117 1 [ti-new-contig 153 | 2 | siG | 2122 344 50
[Similar to bacterially induced Hyphantria cunea peptide Hdd1

TI-41 salivary secreted protein M 129 TI-41 1 ti-new-contig_69 17 G38-45- SIG 20-21 147 9.9
TI-44 putative salivary secreted protein M 136 TI-44 2 ti-new-contig_73 7 SIG 28-29 153 9.8
TI-45 putative salivary secreted peptide M 136 TI-45 3 ti-new-contig_74 5 SIG 28-29 15.3 9.8
[Defensin and other immune-related products

TI-455 defensin A M 93 TI-455 1 [ti-new-contig_402 1 SIG 19-20 10.3 6.9
ti-141 salivary secreted protein with lipor. M 310 ti-141 2 ti-new-contig_141 2 SIG 17-18 33.8 6.2
ti-7-80-90-: Putative secreted peptide with HH M 74 ti-7-80-90-! 3 ti-new-contig_100 4 BL 28-29 85 9.5
TI-108 salivary secreted protein similar to M 164 TI-108 4 ti-new-contig_149 2 SIG 20-21 17.7 9.3
[Weak similarity to Plasmodium adhesive protein

ti-7-80-90-: putative secreted protein similar tc M 142 1i-7-80-90- 1 [ti-new-contig 124 | 2 | sic | 2122 163 44
[Secreted protein similar to Culicoides salivary peptide

TI-70 putative secreted salivary peptide M 86 TI-70 1 [ti-new-contig 87 | 6 | sic | 22-23 8.3 5.7
[Other putative secreted proteins

TI-572 putative salivary secreted peptide M 69 TI-572 1 ti-new-contig_498 1 SIG 24-25 74 8.0
ti-new-5-3€ putative salivary secreted protein M 175 ti-new-5-3€ 2 ti-new-contig_638 1 SIG 26-27 199 5.6
tin-586 putative salivary secreted protein M 145 tin-586 3 ti-new-contig_586 1 SIG 17-18 16.7 9.3
Putative housekeeping proteins

Nuclear regulation

tin-606 similar to mob as tumor suppressc M 217 tin-606 1 ti-new-contig_606 1 CYT 25.0 6.5
TI-118 H3 histone, family 3B M 136 TI-118 2 ti-new-contig_154 2 CYT 15.4 11.3
tin-471 histone H1 - truncated M 209 tin-471 3 ti-new-contig_471 1 CYT 21.8 10.6
[Transcription machinery

TI-310 DNA-binding nuclear protein p8 M 73 TI-310 1 ti-new-contig_286 1 CYT 8.5 8.9
tin-167 putative elongation factor 1 beta M 223 tin-167 2 ti-new-contig_167 2 CYT 24.7 4.7
tin-175 similar to DNA-directed RNA polyr M 117 tin-175 3 ti-new-contig_175 2 CYT 13.5 5.9
T1-604 small ribonuclear protein M 80 TI-604 4 ti-new-contig_516 1 CYT 9.2 9.2
[Protein synthesis machinery

TI-85 ribosomal protein L41 M 25 TI-85 1 ti-contig_85 1 CYT 3.4 13.0
TI-287 40S ribosomal protein S11 M 194 TI-287 2 ti-new-contig_34 1 CYT 22.4 10.8
TI-68 ribosomal protein S15e M 147 TI-68 3 ti-new-contig_103 4 CYT 17.0 10.5
TI-111 40S ribosomal protein S15/S22 M 130 TI-111 4 ti-new-contig_148 2 CYT 14.8 10.1
TI-257 40S ribosomal protein S17 M 131 TI-257 5 ti-new-contig_132 2 CYT 15.4 9.8
TI-88 ribosomal protein S20 M 117 TI-88 6 ti-new-contig_126 2 CYT 13.4 9.9
tin-578 putative ribosomal protein S26 M 116 tin-578 7 ti-new-contig_578 1 CYT 13.4 11.0
TI-268 40s ribosomal protein S27 M 84 TI-268 8 ti-new-contig_255 1 CYT 9.5 9.5
TI-440 40S ribosomal protein S29 M 56 TI-440 9 ti-new-contig_388 1 CYT 6.4 9.8
TI-461 40S ribosomal protein S3A M 262 TI-461 10 [ti-new-contig_400 1 CYT 29.7 9.8
TI-356 40S ribosomal protein S8 M 208 TI-356 11 [ti-new-contig_319 1 CYT 24.0 10.6
TI-77 ribosomal protein P1 M 116 TI-77 12 |ti-new-contig_113 3 BL 11.8 4.4
tin_177 ribosomal protein P2 M 114 tin_177 13 [ti-new-contig_177 2 BL 11.7 4.8
tin-445 similar to ribosomal protein L11 M 195 tin-445 14 |ti-new-contig_445 1 CYT 224 10.1
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TI-115 putative ribosomal protein L15/L27 M 148 TI-115 15 [ti-new-contig_151 2 CYT 16.7 10.7
TI-96 60S ribosomal protein L18A M 177 TI-96 16 [ti-new-contig_104 4 CYT 21.0 105
TI-337 60S ribosomal protein L8 M 258 TI-337 17 [ti-new-contig_306 1 CYT 28.1 11.0
TI-626 60S ribosomal protein L26 M 149 TI-626 18 [ti-new-contig_542 1 CYT 17.4 11.0
TI-90 60S ribosomal protein L32 M 134 TI-90 19 [ti-new-contig_128 2 CYT 16.1 114
TI-498 60S ribosomal protein L37 M 90 TI-498 20 |ti-new-contig_440 1 CYT 10.7 11.9
TI-518 60S ribosomal protein L37 M 92 TI-518 21 |ti-new-contig_455 1 CYT 10.2 10.7
TI-457 60S ribosomal protein L39 M 51 TI-457 22 |ti-new-contig_404 1 CYT 6.4 125
TI-274 Predicted RNA-binding protein cor M 300 TI-274 23 |ti-new-contig_260 1 CYT 31.3 10.1
TI-97 Translation initiation factor 1 M 110 TI-97 24 |ti-new-contig_140 2 CYT 12.5 6.8
tin-650 similar to Eukaryotic initiation factc M 148 tin-650 25 |ti-new-contig_650 1 CYT 17.1 5.2
TI-353 Translation initiation factor 5A M 160 TI-353 26 |ti-new-contig_316 1 CYT 17.6 5.0
TI-336 eukaryotic translation initiation fac M 215 TI-336 27 |ti-new-contig_304 1 CYT 24.9 6.0
[Protein export machinery

tin-178 Eclair Golgi protein M 217 tin-178 1 ti-new-contig_178 2 SIG 21-22 254 7.8
tin_299 putative rab11 M 215 tin_299 2 ti-new-contig_299 1 CYT 24.3 5.7
TI-420 Ras-related small GTPase M 218 TI-420 3 ti-new-contig_368 1 CYT 24.5 6.9
TI-294 Sec61 protein translocation compl M 96 ti-294 4  [ti-new-contig_294 1 CYT 20.3 5.8
tin-146 signal recognition particle M 148 tin-146 5 ti-new-contig_146 2 CYT 16.5 10.0
|[Energy metabolism

TI-62 NADH dehydrogenase subunit 1 - M 289 TI-62 1 ti-new-contig_93 5 SIG 16-17 34.2 8.9
TI-61 truncated cytochrome b - mitochor P 368 TI-61 2 ti-new-contig_91 4 ANC 42.2 9.6
TI-43 cytochrome c¢ oxidase subunit 2 -1 M 223 TI-43 3 ti-new-contig_70 15 BL 40-41 259 6.5
TI-538 cytochrome c¢ oxidase subunit Va M 150 TI-538 4 ti-new-contig_472 1 CYT 17.4 6.3
TI-501 Cytochrome c oxidase M 76 TI-501 5 ti-new-contig_439 1 ANC 8.6 9.9
TI-606 putative mitochondrial cytochrome M 118 TI-606 6 ti-new-contig_524 1 CYT 13.2 9.0
TI-505 hypothetical conserved protein M 100 TI-505 7 ti-new-contig_444 1 ANC 111 6.0
TI-67 NADH dehydrogenase subunit 6 - M 151 TI-67 8 ti-new-contig_101 4 ANC 17.7 10.2
TI-81 truncated ATPase subunit 6 - mito M 222 TI-81 9 ti-new-contig_95 5 CYT 25.4 9.7
TI-71 truncated mitochondrial ADP/ATF A 299 TI-71 10 [ti-new-contig_94 5 CYT 32.8 9.8
TI-549 NADH:ubiquinone oxidoreductase M 181 TI-549 11 [ti-new-contig_483 1 ANC 21.3 9.3
[Signal transduction machinery

TI-491 Ca2+-binding protein, EF-Hand pr M 178 TI-491 1 ti-new-contig_431 1 CYT 20.5 5.3
TI-513 G protein gamma subunit M 70 TI-513 2 ti-new-contig_452 1 CYT 8.2 6.6
TI-408 Rho GDP-dissociation inhibitor M 207 TI-408 3 ti-new-contig_362 1 CYT 23.5 5.1
[Transporters and storage proteins

TI-351 ferritin M 172 TI-351 1 ti-new-contig_315 1 CYT 19.5 5.4
TI-99 Vacuolar ATP synthase 16 kDa pr M 156 TI-99 2 ti-new-contig_143 2 BL 16.1 8.9
TI-375 putative vacuolar ATP synthase st M 241 TI-375 3 ti-new-contig_331 1 CYT 27.1 9.7
[Proteasome machinery

TI-138 E3 ubiquitin ligase interacting with M 136 TI-138 1 ti-new-contig_182 1 CYT 15.2 8.6
TI-238 SCF ubiquitin ligase, Rbx1 compo M 112 TI-238 2 ti-new-contig_228 1 CYT 12.9 5.5
TI-93 Ubiquitin C-terminal hydrolase UC M 228 TI-93 3 ti-new-contig_131 2 CYT 25.3 4.8
[Cytoskeletal proteins

tin-652 actin-related protein Arp2/3 compl M 178 tin-652 1 ti-new-contig_652 1 CYT 20.5 8.6
TI-283 Calponin M 184 TI-283 2  [|ti-new-contig_265 1 CYT 20.4 7.7
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TI-341 myosin 2 light chain M 151 TI-341 3 ti-new-contig_308 1 CYT 16.9 4.6
TI-219 Syntaxin Interacting Protein 1 M 76 TI-219 4 ti-new-contig_218 1 CYT 8.9 7.9
TI-302 Thymosin beta M 169 TI-302 5 ti-new-contig_282 1 CYT 18.7 5.6
[Detoxicatino and oxidant metabolism

tin-284 oxidoreductase M 252 tin-284 1 ti-new-contig_284 1 BL 27.1 6.7
tin-641 superoxide dismutase M 154 tin-641 2 ti-new-contig_641 1 CYT 16.0 5.8
[Nucleic acid metabolism

TI-198 membrane-bound ribonuclease M 94 TI-198 1 [ti-new-contig 206 | 1 ANC | 105 6.7
[Possible cuticle protein

1i-546 conserved protein with chitin bindi M 213 1i-546 1 [ti-new-contig 546 | 1 SIG | 17-18 235 6.1
[Conserved proteins of unknown function

tin-589 similar to testis enhanced gene tra M 234 tin-589 1 ti-new-contig_589 1 BL 26.1 9.4
tin-232 FYVE finger containing protein M 263 tin-232 2 ti-new-contig_232 1 CYT 29.6 9.0
TI-277 hypothetical conserved protein M 134 TI-277 3 ti-new-contig_138 1 CYT 14.6 5.7
tin-643 hypothetical protein M 89 tin-643 4 ti-new-contig_643 1 CYT 10.2 8.9
TI-530 hypothetical conserved protein M 239 TI-530 5 ti-new-contig_467 1 CYT 25.6 5.2
ti-294 DJ-1 M 194 ti-294 6 ti-new-contig_294 1 CYT 20.3 5.8
TI-298 hypothetical conserved insect prot M 109 TI-298 7 ti-new-contig_278 1 ANC 12.9 9.7
TI-248 hypothetical conserved protein M 102 TI-248 8 ti-new-contig_239 1 CYT 11.7 8.0
TI-409 hypothetical conserved protein M 219 TI-409 9 ti-new-contig_352 1 CYT 25.3 9.3
[Possible viral protein

1i-590 hypothetical viral protein found in~ M 152 ti-590 1 |ti-new-contig_590 [ 1 CYT | 172 76
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Length of First First
Mature| Mature| Best match to NR Extent of best % Match |residue of|residue of Key Best match to
MW pl protein database | E value Match match match |% identity| length match |sequence| words Species | GO database |E value
22.4 9.3 |pallidipin precursor 3E-018 (i|1113799 172 195 31 88 1 1 PALLIDIPII Triatoma b
17.3 8.7 |platelet inhibitor tripla) 4E-053 @i|1092403 180 178 58 101 1 1 PLATELET Triatoma i
20.2 9.3 |pallidipin precursor 2E-033 i|1113799 192 195 42 98 1 1 PALLIDIPII Triatoma bfretinol binding pl 0.046
16.4 4.4 |salivary triabin 1 2E-043 @i|1113798 154 163 55 94 1 1 SALIVARY Triatoma b
18.0 7.7 |salivary lipocalin 4 3E-060 (i|1113798 179 179 62 100 1 1 SALIVARY Triatoma b|apolipoprotein D| 0.0009
19.7 8.5 |lipocalin-like TiLipo77 2E-079 i|3442165 193 193 74 100 1 1 LIPOCALIM Triatoma irjretinol binding pr{ 0.006
18.0 8.5 |salivary lipocalin 4 3E-058 (i|1113798 179 179 60 100 1 1 SALIVARY Triatoma b|apolipoprotein D| 0.0004
28.6 4.4 |pallidipin 2 2E-013 (@i|388359 199 188 26 106 1 1 PALLIDIPII Triatoma p{Hypothetical pro{ 8E-09
18.6 9.1 |lipocalin-like TiLipo7q 6E-040 @i|3442165 192 193 52 99 1 1 LIPOCALIMN Triatoma i
18.0 7.7 |salivary lipocalin 4 2E-059 @i|1113798 179 179 61 100 1 1 SALIVARY Triatoma bjapolipoprotein D[ 0.003
21.8 8.8 |pallidipin precursor 7E-020 i|1113799 179 195 33 92 1 1 PALLIDIPII Triatoma b
20.5 9.2 |salivary lipocalin 1E-053 @i|1113799 153 161 67 95 9 10 SALIVARY Triatoma b
17.9 6.2 [salivary lipocalin 4 3E-060 (i|1113798 179 179 62 100 1 1 SALIVARY Triatoma b|apolipoprotein D| 0.0001
20.1 9.0 |[lipocalin-like TiLipo74 4E-093 gi|3442165 192 193 83 99 1 1 LIPOCALIM Triatoma irjretinol binding pr{ 0.025
22.1 9.2 |pallidipin precursor 2E-018 (i|1113799 172 195 33 88 1 1 PALLIDIPII Triatoma b
pallidipin 2 1E-009 @i|388359 149 188 27 79 42 17 PALLIDIPII Triatoma p{Hypothetical pro{ 9E-08
20.5 9.2 |pallidipin precursor 7E-041 (i|1113799 184 195 47 94 1 1 PALLIDIPII Triatoma bfretinol binding pj 0.06
pallidipin precursor 3E-010 gi|1113799 141 195 29 72 20 3 PALLIDIPII Triatoma b{PTMS: Parathyn] 2E-05
17.9 4.9 |pallidipin 2 5E-053 gi|388359 185 188 57 98 1 1 PALLIDIPII Triatoma p{APOD: Apolipop| 0.004
18.6 8.9 [lipocalin-like TiLipo77 1E-041 gi|3442165 192 193 52 99 1 1 LIPOCALIMN Triatoma ir
20.1 9.1 |[salivary lipocalin 1E-053 @i|1162671 191 190 56 101 3 5 SALIVARY Triatoma b
19.6 8.9 [salivary lipocalin 6 3E-046 @i|1113799 190 183 51 104 1 1 SALIVARY Triatoma b
20.1 9.2 |salivary lipocalin 1E-062 @i[1113799 155 161 73 96 6 7 SALIVARY Triatoma b|Glial Lazarillo -  0.009
lipocalin 3E-010 gi|1113799 144 164 29 88 8 18 LIPOCALIM Triatoma b|Hypothetical pro{ 6E-08
16.8 6.9 |salivary triabin 1 1E-049 @i|1113798 163 163 57 100 1 1 SALIVARY Triatoma b
20.9 5.3 |[salivary lipocalin 5 5E-016 gi|1113799 176 178 30 99 1 1 SALIVARY Triatoma bjapolipoprotein D[ 0.02
26.8 5.4 |pallidipin 2 5E-013 gi|388359 229 188 26 122 1 1 PALLIDIPII Triatoma p
18.6 9.1 |lipocalin-like TiLipo7q 4E-043 @i|3442165 192 193 53 99 1 1 LIPOCALIN Triatoma ir
21.3 9.1 |lipocalin-like TiLipo7q 2E-040 @i|3442165 193 193 50 100 1 1 LIPOCALIMN Triatoma i
20.3 9.0 |[salivary lipocalin 8E-057 gi|1162671 190 190 56 100 3 5 SALIVARY Triatoma bfretinol binding pr 0.032
20.5 9.4 |salivary lipocalin 9E-021 (i|1113799 165 179 38 92 3 5 SALIVARY Triatoma b
21.0 4.9 |salivary lipocalin 5 3E-015 @i|1113799 176 178 29 99 1 1 SALIVARY Triatoma bjapolipoprotein D[ 0.034
22.1 9.8 [pallidipin precursor 1E-015 @i[1113799 165 195 29 85 1 1 PALLIDIPII Triatoma b|APOD: Apolipop| 0.0004
21.3 5.1 |pallidipin 2 6E-009 @i|388359 199 188 23 106 1 1 PALLIDIPII Triatoma p{CG33461 - tryps| 0.034
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21.2 5.5 |pallidipin 2 6E-009 @i|388359 199 188 23 106 1 1 PALLIDIPII Triatoma p

18.6 9.0 |lipocalin-like TiLipo7q 3E-040 @i|3442165 192 193 51 99 1 1 LIPOCALIMN Triatoma ir

17.4 8.6 |[lipocalin-like TiLipo39 4E-097 gi|3442165 179 179 96 100 1 1 LIPOCALIMN Triatoma i

20.1 8.5 [triatin 2E-074 gi|7172506 214 214 63 100 1 1 TRIATIN T Triatoma ifAPOD: Apolipop| 0.002
19.5 7.0 |salivary lipocalin 2E-058 (i|1162671 192 186 61 103 1 1 SALIVARY Triatoma b

19.7 9.1 |salivary lipocalin 6 8E-065 @i|1162671 189 188 62 101 1 1 SALIVARY Triatoma b

20.3 8.6 |[salivary lipocalin 6 4E-046 @i|1113799 194 183 51 106 1 1 SALIVARY Triatoma bfretinol binding p1 0.025
16.1 4.5 [salivary triabin 1 2E-044 @i|1113798 154 163 55 94 1 1 SALIVARY Triatoma b

16.0 4.4 |salivary triabin 1 2E-043 @i|1113798 154 163 54 94 1 1 SALIVARY Triatoma b

19.9 9.4 |salivary lipocalin 3E-055 @i|1162671 168 175 64 96 6 20 SALIVARY Triatoma b

20.0 9.3 [salivary lipocalin 1E-049 (@il1113799 153 161 60 95 9 10 SALIVARY Triatoma b

18.0 7.7 |pallidipin 2 1E-045 @i|388359 185 188 50 98 1 1 PALLIDIPII Triatoma p

25.7 4.5 |pallidipin 2 3E-013 gi|388359 197 188 26 105 1 1 PALLIDIPII Triatoma p{bromodomain-cq 0.016
20.8 9.1 |salivary lipocalin 5 1E-022 @i|1113799 154 178 38 87 1 1 SALIVARY Triatoma b

20.8 9.0 [salivary lipocalin 5 2E-022 i|1113799 153 178 39 86 1 1 SALIVARY Triatoma b

219 9.7 |pallidipin precursor 3E-017 gi|1113799 165 195 32 85 1 1 PALLIDIPII Triatoma bjapolipoprotein D[ 0.017
18.1 8.5 |platelet inhibitor triplal 2E-092 @i|1092403 182 182 91 100 1 1 PLATELET Triatoma in

10.9 5.2 |[salivary lipocalin 1 4E-021 @i|1113798 73 179 67 41 1 1 SALIVARY Triatoma bjretinol binding p{ 0.015
211 9.2 |pallidipin precursor 2E-023 i|1113799 180 195 35 92 1 1 PALLIDIPII Triatoma b

16.1 4.4 |salivary triabin 1 1E-045 @i|1113798 154 163 55 94 1 1 SALIVARY Triatoma b

6.3 3.9 [trialysin precursor 3E-004 @i|1892064 26 260 80 10 1 1 TRIALYSIN Triatoma ifOSINBb0015G(Q 0.058
6.4 4.4 |trialysin precursor 7E-005 (i|1892064 64 260 46 25 1 1 TRIALYSIN Triatoma in

6.2 4.1 |trialysin precursor 1E-004 @i|1892064 39 260 66 15 1 1 TRIALYSIN Triatoma i

6.2 4.1 |trialysin precursor 0.091 @i|1892064 39 260 58 15 1 1 TRIALYSIN Triatoma in

6.3 4.3 |trialysin precursor 1E-006 @i|1892064 71 260 47 27 1 1 TRIALYSIN Triatoma i

23.3 8.1 [|VIpD76silD 8E-006 (i|1065343 165 345 28 48 33 81 VLPD76SII Borrelia he|putative glycosid] 0.01
23.6 8.8 |KIAA1881 protein 7E-005 @i|1562082 195 1348 27 14 6 13 SAPIENS ¢ Homo sapifhistidine kinase,| 0.023
26.3 4.9 [|Periplasmic protein T| 1E-005 gi|1134762 233 1197 24 19 208 51 PERIPLAS TrichodesnjMUC5B, MUC5:| 0.012
24.2 4.8 |Uncharacterized pha¢ 0.024  i|1589515 179 1819 25 10 1331 59 UNCHARA Clostridiumsorbin and SH3 ¢ 0.017
17.4 6.8 |lipoprotein, putative [| 2E-004 gi|7073420 178 539 29 33 135 29 LIPOPROT Pseudomo|ELN: Elastin pre{ 0.002
26.4 8.3 |trialysin precursor 1E-144 @i|1892064 260 260 98 100 1 1 TRIALYSIN Triatoma i

26.4 8.3 |[trialysin precursor 1E-145 (@i|1892064 260 260 98 100 1 1 TRIALYSIN Triatoma in

125 4.9 |triatox | 5E-075 i|7172507 136 136 100 100 1 1 TRIATOX ~ Triatoma ir| [

25.7 9.1 |antigen-5-like protein| 3E-050 gi|3351869 213 250 47 85 52 32 ANTIGEN-' Rhodnius CRISP3: Cysteir] 2E-20
5.7 8.3 |Vasotab precursor 0.039  @i|9473067 75 76 33 929 6 10 VASOT_H' Hybomitra

5.8 8.3 |secreted peptide 6E-014 gi|1162671 78 77 53 101 1 4 SECRETEI Triatoma b|SPINK5: Serine | 0.044
14.1 5.3 |heme-binding protein|] 4E-031 gi|2013646 129 128 49 101 1 1 HEME-BIN Rhodnius gOdorant-binding| 4E-05
14.2 5.7 |heme-binding protein| 7E-028 i|2013646 130 128 47 102 1 1 HEME-BIN Rhodnius g Odorant-binding| 2E-05
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34.0 9.4 |salivary inositol polyp 1E-068 i|9010134 321 321 44 100 1 1 SALIVARY Rhodnius CG9784 - depho| 4E-41

34.5 8.9 |[salivary inositol polypl 6E-072 gi|9010134 318 321 46 99 1 3 SALIVARY Rhodnius JCG6805 - depho| 2E-47

32.1 4.9 |trypsin precursor LIS{ 5E-099 gi|3377261 284 299 59 95 17 24 TRYPSIN f Lygus lined CG14760 - serin] 6E-36

125 9.9 |conserved hypothetidq 3E-010 gi|1088788 100 117 40 85 21 28 CONSERYV Aedes aeg]CG30413 - biolo{ 0.027

12.3 9.8 |CG33998-PA [Droso 4E-014 @i|8572504 117 119 40 98 5 17 DROSOPF Drosophila|CG31789 - biolo{ 7E-08

12.3 9.8 |CG33998-PA [Drosoff 3E-015 gi|8572504 117 119 41 98 5 17 DROSOPF DrosophilajCG31789 - biolo{ 1E-07

8.3 6.6 |defensin A 2E-044 gi|2933595 94 94 88 100 1 1 DEFENSIN Rhodnius gDefensin precury 2E-07

32.0 6.2 |Large exoproteininvd 0.003 @i|8880982 277 8129 24 3 380 24 LARGE EX Synechocdlipopolysacchari¢ 0.014

5.3 7.2 |hypothetical protein, 0.99  ¢i|6812695 16 627 75 3 172 22 HYPOTHE Leishmanig

15.7 9.4 |immune-induced protl 2E-026 @i|2773341 157 166 40 95 10 12 IMMUNE-II Manduca s|CG7532 - serine] 6E-22

13.8 4.3 |hypothetical protein §  0.031  gi|1626502 72 104 33 69 17 76 HYPOTHE Sinorhizob{ PRELP: Prolargi| 0.009

5.9 4.0 [unknown salivary pro] 7E-029 gi|5155779 82 84 73 98 3 5 UNKNOW! Culicoides | [

5.0 8.2 |YtxG [Bacillus sp. NR 29 0i|8910011 53 176 37 30 18 9 BACILLUS Bacillus sp

17.0 5.6 [Thiolase [Halorhodos 0.47  i|8894846 73 394 35 19 111 25 THIOLASE Halorhodog

14.7 8.7 |hypothetical protein | 0.068  i|8929462 55 549 32 10 290 90 FUSOBAC Tetrahyme|lava lamp - actin| 0.085
PREDICTED: similar| 1E-121 i|6653002 217 217 96 100 1 1 SIMILAR T Apis mellif§MOBKL1A, MOH O
PREDICTED: H3 histf 6E-070 i|9439093 136 138 100 99 1 1 HISTONE | Mus muscyH3 histone, famil 9E-71
histone H1 7E-041 i|1426941 216 221 48 98 5 9 HISTONE | RhynchosdHis1:CG31617 -| 2E-36
CG6770-PA [Drosoplf 1E-024 @i|2458380 62 69 79 90 1 1 CG6770-P, Drosophila|]NUPR1, COM1:| 9E-08
putative elongation f 2E-077 @i|1106715 223 214 63 104 1 1 ELONGAT DiaphorinalElongation facto] 1E-73
PREDICTED: similar| 5E-052 i|9109044 117 117 85 100 1 1 SIMILAR T Tribolium c|Rpb11 - DNA-difl 9E-46
PREDICTED: similar| 7E-036 i|1107499 78 79 93 99 1 1 SIMILAR T Apis mellif§ CG9344 - nucled 3E-35
Ribosomal protein L4 3E-006 @i|6247179 25 25 100 100 1 1 RIBOSOM, Aedes aeg]ribosomal proteij 4E-07
PREDICTED: similar| 3E-071 gi|1107564 194 155 71 125 1 1 SIMILAR T Apis mellif§ribosomal protei 5E-66
putative ribosomal pr{ 8E-075 i|1106714 147 147 91 100 1 1 RIBOSOM, Diaphorina|Ribosomal prote| 3E-70
PREDICTED: similar| 2E-067 @i|9109005 130 130 97 100 1 1 SIMILAR T Tribolium c|Ribosomal prote| 1E-66
S17e ribosomal protd 3E-061 i|5034449 130 131 90 99 1 1 RIBOSOM, Dascillus c{Ribosomal prote| 8E-58
ribosomal protein S24 3E-049 gi|5460932 114 123 82 93 9 5 RIBOSOM, Bombyx m{ribosomal proteifl 2E-47
putative ribosomal pr{ 5E-055 i|8947370 117 118 90 99 1 1 RIBOSOM, Acyrthosipf Ribosomal prote| 4E-50
putative ribosomal pr{ 5E-041 gi|1106714 83 84 93 99 1 1 RIBOSOM, Diaphorina]Ribosomal prote| 1E-41
Ribosomal protein S3 2E-025 @i|4953285 56 56 89 100 1 1 Q8WQI3 R Plutella xyl{ribosomal proteij 5E-22
Parcxpwex01 1E-134 @i|5786978 263 263 90 100 1 1 PARCXPW PeriplanetgRibosomal prote 0
ribosomal protein S8| 1E-100 gi|7427182 208 208 84 100 1 1 RIBOSOM, Apis mellif§RPS8, OK/SW-c| 3E-98
ribosomal protein P1| 2E-045 gi|5460918 116 112 84 104 2 1 RIBOSOM, Bombyx m{Ribosomal prote| 3E-45
PREDICTED: similar| 1E-036 gi|9108509 114 112 68 102 1 1 SIMILAR T Tribolium c|RPLP2, RPP2: § 1E-36
PREDICTED: similar| 2E-096 gi|1107683 191 199 91 96 9 5 SIMILAR T Apis mellif§Ribosomal prote| 1E-90
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putative ribosomal pr{ 3E-078 i|9082001 148 148 90 100 1 1 RIBOSOM, Graphocepg RPL27A: 60S rif 3E-70
putative ribosomal pr{ 6E-092 gi|9082004 176 177 92 99 1 1 RIBOSOM, GraphocepRibosomal prote| 2E-78
PREDICTED: similar| 1E-141 @i|6651692 257 257 93 100 1 1 SIMILAR T Apis mellif§ Ribosomal prote 0
PREDICTED: similar| 1E-069 i|9109361 150 150 87 100 1 1 SIMILAR T Tribolium c|Ribosomal prote| 2E-64
putative ribosomal pr{ 4E-067 @i|9082001 134 134 92 100 1 1 RIBOSOM, Graphocepribosomal protei] 2E-60
ribosomal protein L34 4E-042 gi|7090988 89 89 88 100 1 1 RIBOSOM, Timarcha QRibosomal prote| 3E-40
ribosomal protein L34 1E-044 i|1162671 87 91 98 96 5 6 RIBOSOM, Triatoma b|Ribosomal prote| 3E-40
ribosomal protein L34 9E-023 i|6693498 51 51 98 100 1 1 RIBOSOM, Aedes aeg]Ribosomal prote| 7E-22
PREDICTED: similar| 1E-055 i|9108196 279 297 49 94 22 48 SIMILAR T Tribolium c|CSDA, DBPA: D| 9E-44
PREDICTED: similar| 5E-058 i|4809987 110 110 98 100 1 1 SIMILAR T Apis mellifgCG17737 - protg 4E-57
PREDICTED: similar| 4E-073 gi|1107560 148 147 90 101 1 1 SIMILAR T Apis mellifdEukaryotic initiat| 1E-71
Eukaryotic translatior] 4E-083 gi|5170227 160 160 90 100 1 1 IF5A_SPO SpodopterdelF-5A - salivary| 5E-73
eukaryotic translation| 6E-087 @i|8957449 215 215 67 100 1 1 EUKARYO Acyrthosipfeukaryotic transl{ 3E-69
23.0 7.9 |ENSANGP00000026( 3E-098 @i|5796702 205 217 82 94 13 13 ANOPHEL Anopheles|eclair - Golgi apg 3E-93
putative rab11 1E-112 gi|4656176 215 215 95 100 1 1 RAB11 HO Homalodis{Rab-protein 11 - 0
PREDICTED: similar| 1E-083 i|9107823 211 216 71 98 4 7 SIMILAR T Tribolium c|Rab GTPase - § 1E-63
GA12322-PA 2E-051 (@i|5463732 184 187 54 98 2 3 DROSOPF Drosophila|zgc:103725 - cell 6E-51
PREDICTED: similar| 2E-057 gi|9107704 148 152 72 97 9 1 SIMILAR T Tribolium c|Signal recognitio] 3E-46
325 9.0 |NADH dehydrogenay 1E-157 @i|1118247 286 307 91 93 5 1 DEHYDRC Triatoma d|mitochondrial NA 0
cytochrome b [Triato 0.0 0i|1118247 367 377 88 97 10 1 CYTOCHR Triatoma d|mitochondrial Cy 0
21.3 7.7 |cytochrome c oxidasq 1E-112 @i|1118246 221 226 88 98 6 3 CYTOCHR Triatoma d{mitochondrial Cy] 3E-96
cytochrome c oxidasq 2E-050 @i|1630644 138 150 69 92 15 13 CYTOCHR Rhyzopertl{Cytochrome c o4 4E-38
PREDICTED: similar| 4E-016 gi|9108557 75 80 52 94 1 1 SIMILAR T Tribolium c|cytochrome ¢ ox| 2E-10
putative mitochondrig 6E-041 gi|9082002 119 119 62 100 1 1 MITOCHOI GraphocepgCG11015 - cytod 2E-35
hypothetical protein | 3E-017 i|4538763 102 103 48 99 1 1 HYPOTHE Danio rerio|zgc:77713 - biold 1E-18
NADH dehydrogenas 2E-061 gi|1118247 151 167 76 20 17 1 DEHYDRC Triatoma d|mitochondrial N4 9E-29
ATP synthase FO suj 1E-094 i|1118246 222 227 74 98 1 1 SYNTHASI Triatoma d{mt:ATPase6, AT| 3E-81
putative mitochondrig 1E-154 gi|5383070 299 309 88 97 11 1 MITOCHOI Oncometoystress-sensitive 0
ENSANGP00000016] 1E-051 gi|5837855 188 189 54 99 1 1 NADH-UBI Anopheles]lethal (3) neo18 { 4E-47
programmed cell deal] 1E-072 i|1088783 171 174 73 98 4 8 PROGRAN Aedes aeg)CG40410 - calciy 2E-62
heterotrimeric guanin| 2E-026 gi|3346635 70 70 81 100 1 1 HETEROT Sitobion a|G protein &ggr; 1 2E-21
PREDICTED: similar| 2E-086 gi|4812161 199 205 76 97 7 12 SIMILAR T Apis melliffRhoGDI - Rho G| 5E-74
putative ferritin GF2 | 3E-067 @i|4656174 172 172 72 100 1 1 FERRITIN Homalodis{FTH1, FTH: Fer] 2E-49
vacuolar H+ ATP syn| 1E-072 gi|9510260 152 155 93 98 4 5 VACUOLA Bombyx mq{Vacuolar H<up>{ 6E-73
putative vacuolar AT| 1E-111 gi|4656175 244 244 86 100 1 1 VACUOLA Homalodis{Vha36 - hydroge 0
PREDICTED: similar| 1E-048 gi|1107593 140 155 65 90 1 1 SIMILAR T Apis mellif§CG3800 - nuclei{ 1E-45
PREDICTED: similar| 4E-061 i|4809504 113 113 93 100 1 1 SIMILAR T Apis mellif§Roc1la - ubiquitil 2E-59
PREDICTED: similar| 5E-063 i|9107957 230 232 53 99 1 1 SIMILAR T Tribolium c]UCHL3: Ubiquiti] 1E-61
actin-related protein 4 2E-078 @i|9446883 177 178 79 99 1 1 ACTIN-REI Aedes aeg]actin related pro] 3E-68
PREDICTED: similar| 8E-087 i|6651469 184 184 84 100 1 1 SIMILAR T Apis mellifgMuscle protein 2| 8E-80

144



myosin 1 light chain [| 4E-060 i|5646225 150 150 74 100 1 1 MYOSIN 1 Lonomia ofMicl1: Myosin ligf 6E-47
Syntaxin Interacting | 3E-030 gi|2476250 76 76 86 100 1 1 SYNTAXIN Drosophila]Syntaxin Interac{ 9E-32
PREDICTED: similar| 1E-062 gi|9107729 169 169 71 100 1 1 SIMILAR T Tribolium cfciboulot - actin 2E-41
PREDICTED: similar| 2E-051 @i|9108471 250 255 43 98 5 1 SIMILAR T Tribolium ¢|CG9360 - oxidor| 1E-45
superoxide dismutasq 1E-063 @i|5611773 154 154 75 100 1 1 SUPEROX Gryllotalpa]Superoxide dism{ 2E-56
[ribonuclease | 6E-030 @i|3213510 92 95 59 97 1 1 RIBONUCI Ceratitis cq |

5.9 |PREDICTED: similar| 6E-033 gi|9107642 207 210 41 99 27 18 SIMILAR T Tribolium ¢/CG8505 - struct] 6E-08
PREDICTED: similar| 2E-074 gi|6653316 234 236 56 99 1 1 SIMILAR T Apis mellifdtestis enhanced { 7E-54
PREDICTED: similar| 1E-112 @i|9108732 258 282 77 91 1 1 SIMILAR T Tribolium c|pleckstrin homol{ 2E-98
PREDICTED: similar| 5E-035 gi|1107554 145 147 57 99 7 1 SIMILAR T Apis mellifgsmell impaired 2| 3E-32
TPA: TPA_inf: HDCO| 2E-017 @i|4161697 86 88 51 98 1 1 TPA_INF C Drosophilajzgc:103571 - cel|l 1E-08
PREDICTED: similar| 8E-038 i|9109430 244 216 41 113 2 10 SIMILAR T Tribolium c{zgc:73223 - biolq 4E-06
GA12322-PA 2E-051 qi|5463732 184 187 54 98 2 3 DROSOP!} Drosophilalzgc:103725 - cel|] 6E-51
conserved hypothetiq 5E-026 @i|1088716 108 168 50 64 48 1 CONSERV Aedes aeg
ENSANGP00000019] 7E-023 @i|5838943 87 109 59 80 23 16 CONSERV Anopheles|molecular functiq 8E-10
PREDICTED: similar| 7E-056 i|9107597 203 206 57 99 3 16 SIMILAR T Tribolium c{zgc:77492 - biolq 2E-49
[putative core protein | 1E-010 gi|9964462 147 156 28 94 6 7 AMSACTA Amsacta nftryptophan perm|{ 0.025
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Compone Best Best
Function | Function E value of nt Compone E value of| Process | Process E value of| match to match to
descripto| second functional| descripto |nt second compone|descripto| second process KOG General PFAM
rs parent GO # GO rs parent GO # nt GO rs parent GO # GO database |E value| class |database
Apolipopro| 2E-004 Cell wall/m|Triabin
Predicted d 0.63 Energy pro|Triabin
cellular cor{cellular cor GO:00083: 0.046 Apolipoprof 0.006 Cell wall/m|Triabin
Triabin
cellular cor{cellular cor GO:00083: 0.036 Apolipopro| 2E-004 Cell wall/m|Triabin
cellular cor{cellular cor GO:00083 0.006 CASK-inte] 0.46 Signal tran{Triabin
lipid transp|transporter GO:00053: 0.061|extracellulgextracellule GO:00055" 0.061|lipid metabjtransporter GO:00066: 0.061|Apolipopro] 9E-005 Cell wall/m|Triabin
protein bindbinding GO0:00055: 2E-07|nucleus|linforganelle GO:00056: 2E-07|biological gbinding G0:00000( 2E-07|Apolipoprof 5E-004 Cell wall/m|Triabin
Ubiquitin-s| 0.21 Posttranslg Triabin
cellular corfcellular cor GO:00083" 0.061 Apolipopro| 9E-004 Cell wall/m|Triabin
Apolipopro| 4E-005 Cell wall/m|Triabin
Glutamine | 0.18 Amino acid Triabin
lipid transp|transporter GO:00053: 0.036|extracellulgextracellule GO:00055" 0.036|lipid metab|transporter GO:00066: 0.036|Apolipopro] 4E-004 Cell wall/m|Triabin
cellular corfcellular cor GO:00083" 0.025 Triabin
Apolipoprof 0.006 Cell wall/m|Triabin
DNA bindir{binding G0:00036% 6E-07|nucleosom|protein con GO:00007¢ 6E-07[nucleosom|binding G0:00063: 6E-07|HIV-1 Vpr-| 0.001 Cell cycle Triabin
cellular cor{cellular cor GO:00083: 0.06 Transcripti 0.63  Transcripti Triabin
molecular fimolecular f GO:00055¢  0.00002(cellular corfcellular cor GO:000837 0.00002|biological gmolecular f GO:00000( 0.00002|Apolipoprof 0.002 Cell wall/m|Triabin
lipid transp|transporter GO:00053: 0.004 |extracellulgextracellule GO:00055" 0.004|lipid metabjtransporter GO:00066: 0.004|FYVE finggd 0.049 General fu Triabin
Triabin
Apolipoprof 0.18 Cell wall/m|Triabin
Pyruvate ¢ 0.092 Energy pro|Triabin
binding||mdbinding G0:00054¢ 0.009|extracellulgextracellule GO:00056: 0.009 Apolipoprof 0.004 Cell wall/m|Triabin
DNA bindir|binding G0:00036" 7E-07|nucleosom|protein con GO:00007¢ 7E-07|nucleosom|binding GO0:00063: 7E-07|RNA-bindirf 4E-004 RNA proce]| Triabin
Subtilisin k| 0.12 Posttranslg Triabin
cellular corjcellular cor GO:00083" 0.057 Apolipopro| 2E-005 Cell wall/m|Triabin
Triabin
Histidine a¢ 0.73 General ful Triabin
Thioredoxif 0.66 General ful Triabin
cellular corfcellular cor GO:00083" 0.032 Apolipopro|l 0.14 Cell wall/m|Triabin
Triabin
extracellulgextracellule GO:00056: 0.034 Apolipopro| 3E-004 Cell wall/m|Triabin
lipid transp|transporter GO:00053: 0.0004|extracelluldextracellule GO:00055% 0.0004(lipid metab|transporter GO:00066: 0.0004|Apolipopro] 4E-004 Cell wall/m|Triabin
trypsin actijcatalytic ac GO:00042¢ 0.034 proteolysis|catalytic ac GO:00065( 0.034|Apolipopro] 0.001 Cell wall/m|Triabin
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Apolipoprof 9E-005 Cell wall/m|Triabin
Proteinreg) 0.69 Cell cycle Triabin
Triabin
lipid transp|transporter GO:00053: 0.002]|extracellulgextracellule GO:000557 0.002]lipid metabjtransporter GO:00066: 0.002|Apolipopro] 0.50 Cell wall/m|Triabin
Triabin
Triabin
cellular cor{cellular cor GO:00083: 0.025 Apolipoprof 0.007 Cell wall/m|Triabin
Triabin
Triabin
Triabin
Triabin
Triabin
molecular ffmolecular f GO:00055¢ 0.016|cellular corjcellular cor GO:00083 0.016|biological gmolecular f GO:00000( 0.016|Apolipopro] 2E-004 Cell wall/m|Triabin
Triabin
Apolipoprof 0.095 Cell wall/m|Triabin
extracellulgextracellule GO:00056: 0.017 Apolipopro| 2E-004 Cell wall/m|Triabin
Triabin
cellular corfcellular cor GO:00083" 0.015 Apolipopro| 0.091 Cell wall/m|Triabin
Apolipoprof 0.007 Cell wall/m|Triabin
Triabin
plastid||intr{organelle  GO:00095: 0.076
hydrolase dcatalytic ac GO:00045¢ 0.01|cellular corfcellular cor GO:00083" 0.01|carbohydrgcatalytic ac GO:00059" 0.01|Putative m{ 0.11 Posttranslg
myosin bin{binding G0:00170: 0.066|extracellulgextracellule GO:00055" 0.066 |transforminbinding G0:00071% 0.066|Putative m{ 0.13 Posttranslg
extracellulgstructural n GO:00052( 0.012]extracellulgextracellule GO:00055" 0.012]cell adhesi{structural n GO:00071¢ 0.012|RNA polyn] 0.033 RNA proce|Trypan_P.
protein kingcatalytic ac GO:00046% 0.037|cellular corjcellular cor GO:00083 0.037|protein ami catalytic ac GO:00064¢ 0.037
extracellulgstructural n GO:00300: 0.002]|extracellulgextracellule GO:000557 0.002]respiratory|structural n GO:00075¢ 0.002
DUF1336
DUF1336
[ | [ | [ | |Calreticulif 0.24 Posttransld DUF1448|
[molecular molecular f GO:00055¢  2.00E-20|extracelluldextracellule GO:000557 2.00E-20|defense re{molecular f GO:00069¢ 2.00E-20|Defense-re] 4E-026 Function ujSCP |
DUF1208
serine-typelenzyme re( GO:00048¢ 0.044|extracelluldextracellule GO:000557 0.044|negative reglenzyme re¢ GO:00165: 0.044
odorant binbinding GO0:00055¢ 0.00004|cellular cor{cellular cor GO:000837 0.00004|sensory pe|binding GO0:00076( 0.00004 PBP_GOH
odorant binbinding G0:00055¢ 0.00002]extracellulgextracellule GO:000557 0.00002|sensory pe|binding G0:00076( 0.00002 PBP_GOH

147



inositol-pol
inositol-pol

4.00E-37
2.00E-43

catalytic ac GO:00044«
catalytic ac GO:00044«

integral to
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molecular f GO:00055¢

0.027
7E-08
1E-07

cellular con
cellular cor
cellular cor

cellular cor GO:00083:
cellular cor GO:00083"
cellular cor GO:00083
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Chromatin
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0.009]
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binding G0:00037" 0.085
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cellularizatibinding G0:00073¢

0.085
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DNA bindir}
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binding GO0:000367 9.00E-71
binding G0:000367 2.00E-36
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3E-091
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Cell cycle
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Histone
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translation

DNA-direct
protein het
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translation GO:00037:
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binding G0:00469¢
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DNA-direct
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protein bio

4E-07
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4.00E-40
5.00E-22
1.00E-115
3.00E-98
3.00E-45
1.00E-36
1.00E-90

40S riboso!
40S riboso
40S riboso!
40S riboso
40S riboso!
40s ribosol
40s riboso
40S riboso
40S riboso!
40S riboso
60s acidic
60S acidic

60S riboso

2E-065
3E-069
3E-062
2E-052
1E-035
7E-034
2E-034
1E-019
2E-091
4E-079
1E-025
9E-027
7E-087

Translatiol
Translatio
Translatiol
Translatio
Translatiol
Translatio
Translatiol
Translatio
Translatiol
Translatio
Translatiol
Translatio
Translatiol

Ribosom
Ribosom
Ribosom
Ribosom
Ribosom
Ribosom
Ribosom
Ribosom
Ribosom
Ribosom
Ribosom
Ribosom
Ribosom
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RNA bindir}
structural ¢
structural ¢
structural ¢
structural ¢
structural ¢
structural ¢
structural ¢
double-strg
translation
translation
translation
translation

binding G0:00037:
structural n GO:00037:
structural n GO:00037:
structural n GO:00037:
structural n GO:00037:
structural n GO:00037:
structural n GO:00037:
structural n GO:00037:
binding G0:00036¢
translation GO:00037«
translation GO:00037:
translation GO:00451¢
translation GO:00037:

3.00E-70
2.00E-78
1.00E-130
2.00E-64
2.00E-60
3.00E-40
3.00E-40
7.00E-22
9.00E-44
4.00E-41
1.00E-71
5.00E-73
1.00E-61

cytosolic I3
cytosolic I3
cytosolic 13|
cytosolic I3
intracellula
cytosolic I3
cytosolic I3
cytosolic I3
cytoplasm|
cytoplasm|
cytosol||cyt
cytosol||cyt
eukaryotic

protein con GO:00058¢
protein con GO:00058¢
protein con GO:00058¢
protein con GO:00058¢
cellpart GO:00056:
protein con GO:00058¢
protein con GO:00058¢
protein con GO:00058¢
cellpart GO:00057:
cell part GO:00057:
cellpart GO:00058:
cell part  GO:00058:
protein con GO:00058¢

3.00E-70
2.00E-78
1.00E-130
2.00E-64
2.00E-60
3.00E-40
3.00E-40
7.00E-22
9.00E-44
4.00E-41
1.00E-71
5.00E-73
1.00E-61

protein bio
protein bio
protein bio
protein bio
protein bio
protein bio
protein bio
protein bio
negative rel
regulation
smootheneg
<salivary g

binding G0:00064:
structural n GO:00064:
structural n GO:00064:
structural n GO:00064:
structural n GO:00064:
structural n GO:00064:
structural n GO:00064:
structural n GO:00064:
binding G0:00001:
translation GO:00064«
translation GO:00072:
translation GO:00350:

3.00E-70
2.00E-78
1.00E-130
2.00E-64
2.00E-60
3.00E-40
3.00E-40
7.00E-22
9.00E-44
4.00E-41
1.00E-71
5.00E-73

2E-053
2E-069
1E-104
3E-044
3E-046
4E-024
5E-029
1E-006
2E-018
1E-041
7E-054
2E-061
7E-073

60s ribosor
60S riboso
60s ribosor
60S riboso
60S ribosol
60S riboso
60S ribosol
60s riboso
Predicted H
Translation
Translation
Translation
Uncharactd

Translatio
Translatiol
Translatio
Translatiol
Translatio
Translatiol
Translatio
Translatiol
Translatio
Translatiol
Translatio
Translatiol
Function u

L15
Ribosomg
Ribosoma
KOW
Ribosoma
Ribosomg
Ribosoma
Ribosomg
CSD

Sull

elF-la
elF-5a
elF-3_p25

protein car
transporter
GTP bindin
molecular f
7S RNA bi

transporter GO:00083:
transporter GO:00052:
binding G0:00055:
molecular f GO:00055¢
binding G0:00083:

6.00E-77
1.00E-96
1.00E-63
6.00E-51
3.00E-46

membrane
Golgi trans
intracellula
cellular con
sighal reco

cellpart GO:00160:
organelle p GO:00058(
cellpart GO:00056:
cellular cor GO:00083:
protein con GO:00057¢

6.00E-77
1.00E-96
1.00E-63
6.00E-51
3.00E-46

intracellula
two-compo,
small GTP.
biological g
SRP-depel]

transporter GO:00068¢
transporter GO:00001¢
binding G0:00072¢
molecular f GO:00000(
binding G0:00066:

6.00E-77
1.00E-96
1.00E-63
6.00E-51
3.00E-46

2E-074
5E-093
2E-081
1E-050
5E-033

emp24/gp2
GTPase R
GTPase R
Putative trg
Signal recd

Intracellula
Intracellulal
General fu
General fu
Intracellula

EMP24_(Q
Ras

Ras
DJ-1_Pfpl
SRP19

NADH deh
ubiquinol-c|
cytochromg
cytochromg
oxidoreduc]
cytochromg
molecular f]
NADH deh
hydrogen-¢
ATP\:ADP

molecular f

catalytic ac GO:00081:
transporter GO:00081:
transporter GO:00041:
transporter GO:00041:
catalytic ac GO:00164¢
transporter GO:00041:
molecular f GO:00055¢
catalytic ac GO:00081:
transporter GO:00085¢
transporter GO:00054
molecular f GO:00055¢

3.00E-35
1.00E-115
2.00E-60
4.00E-38
2E-10
2E-07
1.00E-18
9.00E-29
3.00E-81
1.00E-142
7.00E-25

plastid||intr
respiratory
respiratory
respiratory
mitochond]
mitochondr
cellular cor
mitochond
mitochondr]
mitochond
cellular cor

organelle GO:00095:
protein con GO:00057¢
protein con GO:00057¢
protein con GO:00057¢
organelle GO:00057:
organelle GO:00057:
cellular cor GO:00083:
organelle GO:00057:
organelle GO:00057:
organelle p GO:00057«
cellular cor GO:00083:

3.00E-35
1.00E-115
2.00E-60
4.00E-38
2E-10
2E-07
1.00E-18
9.00E-29
3.00E-81
1.00E-142
7.00E-25

electron trg
aerobic reg
aerobic res
electron trg
electron trg
electron trg
biological g

proton tran
flight beha
biological g

catalytic ac GO:00061:
transporter GO:00090¢
transporter GO:00090¢
transporter GO:00061:
catalytic ac GO:00061:
transporter GO:00061:
molecular f GO:00000(

transporter GO:00159¢
transporter GO:00076:
molecular f GO:00000(

3.00E-35
1.00E-115
2.00E-60
4.00E-38
2E-10
2E-07
1.00E-18

3.00E-81
1.00E-142
7.00E-25

NADH deh
Cytochrom
Cytochrom
Cytochrom

1E-080
4E-069
8E-093
2E-043

Cytochrom| 6E-029

4E-034
1E-132
4E-043

ATP synthg
Mitochondi
NADH:ubi

Energy pro
Energy pro
Energy pro
Energy pro

Energy pro
Energy pro

Energy pro
Energy pro

NADHdh
Cytochron
COX2
COX5A
COX6C
COX5B
lon_trans
Herpes_L
ATP-synt |
Mito_carr
Octopine

protein bin
GTPase ad
GTPase ad

binding G0:00055:
catalytic ac GO:00039:
enzyme re( GO:00050¢

2.00E-60
2.00E-21
5.00E-54

soluble fras
heterotrimg
cytoplasm|

cellpart GO:00056:
protein con GO:00058:
cellpart GO:00057:

2.00E-60
2.00E-21
5.00E-54

caspase ag
actin filamg
Rho proteil

binding G0:00069:
catalytic ac GO:00070:
enzyme re( GO:00072¢

2.00E-60
2.00E-21
5.00E-54

Ca2+-bindi
G protein g
Rho GDP-

5E-060
1E-009
1E-061

Signal tran
Signal tran
Signal tran

GD_AH_(
G-gamma)
Rho_GDI

kinase bind
hydrogen-¢
hydrogen-¢

binding G0:00199(
transporter GO:00085¢
transporter GO:00085¢

2.00E-49
6.00E-73
1.00E-108

plasma me
hydrogen-t
hydrogen-t

cellpart GO:00058¢
protein con GO:00002:
protein con GO:00002:

2.00E-49
6.00E-73
1.00E-108

immune re
proton tran
proton tran

binding G0:00069¢
transporter GO:00159¢
transporter GO:00159¢

2.00E-49
6.00E-73
1.00E-108

9E-053
1E-046
1E-083

Ferritin
Vacuolar H
Vacuolar H

Inorganic i
Energy pro
Energy pro

Ferritin
ATP-synt |
ATP-synt

transcriptio
ubiquitin-p
ubiquitin th

transcriptio GO:00037(
catalytic ac GO:00048¢
catalytic ac GO:00042:

3.00E-27
2.00E-59
1.00E-61

nucleusl||in
nucleusl||in

cytoplasm|

G0:00056:
GO0:00056:
G0:00057¢

organelle
organelle
cell part

3.00E-27
2.00E-59
1.00E-61

positive reg
protein ubi
ubiquitin-dg

transcriptio GO:00082¢
catalytic ac GO:00165¢
catalytic ac GO:00065:

3.00E-27
2.00E-59
1.00E-61

7E-011
3E-042
6E-069

E3 ubiquiti
SCF ubiqu
Ubiquitin C

Posttranslg
Posttransld
Posttranslg

zf-CCHC
zf-C3HC4
Peptidase)

structural ¢
actin bindin]

structural n GO:00052(
binding G0:00037%

3.00E-68
8.00E-80

<lamellipodium
contractile |cell part

G0:00300:
G0:00432¢

3.00E-68
8.00E-80

cell motility]
cell adhesi

structural n GO:00069:
binding GO0:00071:

3.00E-68
8.00E-80

1E-073

9E-057

Actin-relat
Calponin

Cytoskelet
Cytoskelet

P21-Arc
CH
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microfilamgmotor activ GO:00001+
protein bindbinding GO0:00055:
actin mono|binding G0:00037¢

6.00E-47
5E-12
2.00E-41

muscle my;
SCAR co
cytosol||cy

protein con GO:00058¢
protein con GO:00312(
cell part GO:00058:

muscle cor
regulation
<brain dev

6.00E-47
5E-12
2.00E-41

motor activ GO:00069: 6.00E-47
binding G0:00080¢ 5E-12
binding GO0:00074: 2.00E-41

Myosin es
Predicted
Thymosin

1E-029
0.024
3E-012

Caleosin
PV-1
Thymosin

Cytoskelet
Function u
Cell motilit

oxidoreduc
copper), zi

catalytic ac GO:00166:
catalytic ac GO:00047¢

1.00E-21
2.00E-56

nucleusl||in
cytoplasm|

organelle GO:00056:
cell part G0O:00057:

metabolisn]
determinat

1.00E-21
2.00E-56

1.00E-21
2.00E-56

catalytic ac GO:00081¢
catalytic ac GO:00083¢

Predicted d
Cu2+/Zn2+

5E-047
4E-049

Secondary
Inorganic i

adh_short
Sod_Cu

[Uncharactq

0.16

Function ulf |

[molecular molecular f GO:00055¢

0.0002|cellular corfcellular cor GO:00083:

0.0002|biological ¢

molecular f GO:00000( 0.0002

[RNA polyn]

0.063

Transcriptid Chitin_bin|

molecular f GO:00055¢
binding G0:00055:

molecular f
protein bin

molecular f GO:00055¢
molecular f GO:00055¢
molecular f GO:00055¢

molecular f
molecular f
molecular f

molecular f GO:00055¢
molecular f GO:00055¢

molecular f
molecular f

2E-08
3.00E-27

1E-08
0.000004
6.00E-51

6E-07
4.00E-25

cellular cor
<ruffle

cellular cor
cellular con
cellular cor

mitochond]
cellular cor

cellular cor GO:00083:
G0:00017:

cellular cor GO:00083"
cellular cor GO:00083:
cellular cor GO:00083"

organelle GO:00057:
cellular cor GO:00083:

2E-08
3.00E-27

biological g
cytoskeletd
olfactory b
biological g
biological g
biological g

1E-08
0.000004
6.00E-51

6E-07
4.00E-25

biological g
biological g

2E-08
3.00E-27
3.00E-32
1E-08
0.000004
6.00E-51

molecular f GO:00000(
binding G0:00070:
binding G0:00420:
molecular f GO:00000(
molecular f GO:00000(
molecular f GO:00000(

molecular f GO:00000(
molecular f GO:00000(

6E-07
4.00E-25

Bax-media
FYVE finge
Glucose-re
Glycine de
Nidogen a
Putative trg
Ribosomal
Uncharactd
Uncharacte

2E-050
9E-068
0.32
0.12
0.42
1E-050
0.97
4E-015
7E-025

UPF0005
FYVE
HypA
GDC-P
Spot_14
DJ-1_Pfpl

Defense m
General fu
General fu
Amino acid
Cell wall/m:
General fu
General fu
Function u
Function u

WTF
DUF1014

[aromatic afltransporter GO:00151"

0.025|plasma me|cell part

G0:00058¢

0.025|telomere ]

transporter GO:00007: 0.025

[Ca2+-pern]

0.32

Inorganic i{Herpes_L|
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Clustere Clustere Clustere Clustere Clustere Psi-
Best d at 30% d at 50% d at 70% d at 90% d at 95% blast

match to Sim- on Sim- on Sim- on Sim- on Id- on clusteri

SMART 50% of 50% of 50% of 50% of 70% of ng - no

databas length - length - length - length - length - signal
E value e E value|Cluster#| #seqs |[Cluster#| #seqs |Cluster#| #seqs |Cluster#| #seqs |Cluster#| #seqs |peptide| #seqs
3E-012 1 55 1 48 3 5 7 2 34 1 1 52
6E-019 [TOP2c 0.70 1 55 2 5 41 1 45 1 51 1 1 52
6E-015 1 55 1 48 16 2 43 1 49 1 1 52
3E-017 |LIGANC 0.51 1 55 1 48 6 5 80 1 90 1 1 52
1E-020 [FN3 0.077 1 55 1 48 7 4 1 4 24 1 1 52
8E-009 |POL3Bc | 0.37 1 55 1 48 11 3 46 1 52 1 1 52
7E-019 [FN3 0.19 1 55 1 48 7 4 1 4 27 1 1 52
2E-011 |PTPc 0.44 1 55 1 48 5 5| 147 1| 159 1 1 52
4E-018 1 55 1 48 4 5 2 4 36 1 1 52
3E-019 |FN3 0.068 1 55 1 48 7 4 1 4 26 1 1 52
1E-013 |RL11 0.61 1 55 1 48 3 5 30 1 30 1 1 52
6E-015 |S4 0.98 1 55 1 48 8 4 78 1 88 1 1 52
2E-019 [FN3 0.084 1 55 1 48 7 4 1 4 23 1 1 52
1E-009 [ZnF_TTF| 0.25 1 55 1 48 11 3 51 1 57 1 1 52
6E-013 1 55 1 48 3 5 7 2 32 1 1 52
3E-010|PTB 0.60 1 55 1 48 5 5] 130 1| 142 1
3E-018 1 55 1 48 16 2 95 1| 105 1 1 52
4E-011|DWB 0.80 1 55 1 48 5 5 55 1 61 1
1E-021 1 55 2 5 14 2 17 1 10 1 1 52
2E-017 1 55 1 48 4 5 2 4 44 1 1 52
2E-012 1 55 1 48 1 5 85 1 95 1 1 52
9E-012 1 55 1 48 1 5 84 1 94 1 1 52
3E-013 |Aamy_C | 0.69 1 55 1 48 8 4 86 1 96 1 1 52
6E-011 [PTPc 0.66 1 55 1 48 5 5| 133 1| 145 1
5E-020 |SERPIN | 0.64 1 55 1 48 6 5 81 1 91 1 1 52
7E-016 [SR 0.54 1 55 1 48 9 4 12 2 6 2 1 52
6E-007 [SapB 0.18 1 55 71 1 83 1| 104 1| 114 1 1 52
3E-016 1 55 1 48 4 5 2 4 38 1 1 52
3E-018|B_lectin | 0.099 1 55 1 48 4 5 41 1 47 1 1 52
4E-013 |RPOLD 0.33 1 55 1 48 1 5] 103 1] 113 1 1 52
3E-015 1 55 1 48 10 3 73 1 82 1 1 52
2E-014 [SR 0.74 1 55 1 48 9 4 12 2 6 2 1 52
4E-015 |DUF1 0.61 1 55 1 48 3 5 14 2 131 1 1 52
9E-012 [TLDc 0.44 1 55 1 48 9 4 13 2 7 2 1 52
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7E-012 | TLDc 0.61 1 55| 1 48] 9 a4l 13 2l 7 2l 1 52
4E-016 1 55| 1 48| 4 5] 2 4 M 1 1 52
2E-019 [zn_pept | 0.40 1 55| 2 5] 93 1| 115 1| 125 1 1 52
1E-020 1 55| 1 48| 104 1| 126 1| 138 1 1 52
5E-011 |PINT 0.19 1 55| 1 48] 11 3 49 1| 55 1 1 52
5E-009 1 55| 1 48] 1 5 16 1] 9 1 1 52
7E-013 [LMWPc | 0.098 1 55| 1 48] 1 5 57 1| 63 1 1 52
1E-014 1 55| 1 48] 6 5/ 5 31 2 3l 1 52
6E-014 1 55| 1 48| 6 51 5 3l 2 3l 1 52
6E-015 1 55| 1 48| 8 a4l 15 2l 8 2l 1 52
6E-015 1 55| 1 48] 8 a4l 15 2l 8 2l 1 52
3E-018 1 55| 2 5| 14 2| 28 1| 28 1 1 52
2E-012 1 55| 1 48] 5 5| 142 1| 154 1 1 52
6E-017 1 55| 1 48| 10 3l 22 1 15 1 1 52
3E-019 |WNT1 0.45 1 55| 1 48| 10 3 23 1| 16 1 1 52
1E-013 1 55| 1 48] 3 51 14 2| 132 1 1 52
4E-019 1 55| 2 5 99 1| 121 1| 133 1 1 52
3E-008 1 55| 104 1] 119 1| 145 1] 157 1 1 52
2E-017 1 55| 1 48| 120 1| 146 1| 158 1 1 52
5E-014 1 55| 1 48] 6 5] 5 3 2 3] 1 52
2 5] 3 5 2 5] 3 3[ 17 1l 2 5

2 51 3 51 2 5 25 1 19 i ) 5

CNX 0.46 2 5] 3 51 2 5] 3 3l 20 1 2 5

CNX 0.36 2 51 3 51 2 51 3 3l 21 1| 2 5

2 5] 3 5] 2 5] 26 1] 22 1] 2 5

3 3[ 4 3] 12 3[ 11 2] 81 1 3 5

3 3l 4 3l 12 3l 11 2| 85 1 3 5

0.17 3 3l 4 3l 12 3| 110 1] 120 1 3 5
83 1| 85 1| 98 1| 120 1] 130 1 3 5

63 1| 63 1] 75 1] 92 1] 102 1] 3 5

0.21 4 3 s 3] 13 3 4 3 1 3] s 3
0.24 4 3l 5 3] 13 3l 4 3] 1 3l 5 3
0.26 | | | 56 1| 56 1| 68 1l 82 IEE 1l 14 1
2E-023|SCP | 2E-027] 46 1| 46 1| 58 1| 68 NG 1l 13 1
0.42 [KAZAL | 0.003 10 2] 10 2] 20 2] 67 1] 75 1] 7 2
KAZAL | 0.009 10 2] 10 2l 20 2| 101 1] 111 i 2

6E-009 [PhBP 2E-007 9 2l 9 2] 19 2| 10 2 72 1| 6 2
1E-007 [PhBP 4E-007 9 2l 9 2| 19 2| 10 2| 74 1] 6 2
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1E-026 |IPPc 4E-059| 11 2| 11 2| 21 2| o7 1| 107 1| 8 2
2E-026 [IPPc 7E-066[ 11 2] 11 2l 21 2| 128 1] 140 1 8 2
1E-037 [Tryp_SPd 3E-050] 15 1] 14 1] 24 1] 20 ] 13 ] 1] 10 1
0.053 6 2l 7 2] 17 2| 8 2 4 2l 4 4
B_lectin | 0.018 8 2| 8 2| 18 2l 9 2l s 2l 4 4
B_lectin | 0.10 8 2] 8 2| 18 2l 9 2l 5 2] 4 4
6E-006 [Knotl 0.003 43 1 43 1] 55 1| 64 1] 70 1| 12 1
0.11 [LIGANc | 0.35 78 1| 80 1 92 1| 114 1| 124 1 20 1
66 1| 66 1 78 1 96 1| 106 1 17 1
8E-011 |[FN3 0.073 13 1 12 1] 22 1 18 i 1] 9 1
0.014 |znF C4 | 0.66 | 67 1| 67 1 79 1| 98 1| 108 | 1| 18 1
0.020 | | | 68 1| 68 1| 80 1l 99 1| 109 | 1l 19 1
57 1] 57 1] 69 1] 83 1] 93 1] 15 1
0.43 82 1| 84 1 97 1| 119 1] 129 1 22 1
0.22 [SEA 0.16 93 1| 95 1] 110 1] 135 1] 147 1 24 1
6E-078 95 1 1] 112 1| 137 1] 149 1
5E-016 |H3 4E-040| 16 1| 15 1 25 1 21 1 14 1
1E-011 [H15 1E-011( 91 1 93 1] 108 1] 132 1] 144 1
31 1] 30 1] 40 1| 44 1] 50 1
4E-030 85 1| 87 1| 101 1| 123 1| 135 1
3E-010 |RPOLD | 0.060 86 1| 88 1] 102 1| 124 1] 136 1
6E-012 [Sm 7E-012| 58 1| 58 ] 70 1| 87 1] 97 1
71 RE 1] 85 1] 106 1] 116 1
3E-020 27 1 26 1 36 1 38 1| 43 1
1E-027 [Glyco_18| 0.21 65 1| 65 1| 77 1 94 1| 104 1
1E-035 5 2l 6 2| 15 2l 6 2l 3 2
2E-045 [53EXOc | 0.96 22 1| 21 1] 31 1 33 1 35 1
4E-024 72 1 74 1| 86 1| 107 1] 117 1
5E-040 92 1| 94 1| 109 1| 134 1| 146 1
1E-018 |zP 0.13 23 1 22 1 32 1 34 1 37 1
0.011 42 1| 42 1| 54 1| 63 1 69 1
9E-088 45 1| 45 1| 57 1| 66 1 73 1
2E-037 37 1 36 1| 47 1| 54 1| 60 1
2E-009 12 2l 70 1 82 1| 102 1] 112 1
3E-006 12 2| 102 1 117 1| 143 1| 155 1
3E-037 90 1 92 1| 107 1| 131 1| 143 1
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4E-006 14 1 13 1 23 1 19 1 12 1
6E-070 75 1 77 1 89 1| 111 1l 121 1
4E-036 33 1 32 1 43 1 48 1 54 1
0.010 |[KOW 0.011 62 1 62 1 74 1 91 1| 101 1
3E-033|POL3Bc | 0.69 73 1 75 1 87 1| 108 1| 118 1
1E-011 [POLAC 0.94 48 1 48 1 60 1 70 1 78 1
4E-026 52 1 52 1 64 1 75 1 84 1
8E-006 44 1 44 1 56 1 65 1 71 1
1E-018 [CSP 5E-010 24 1 23 1 33 1 35 1 39 1
1E-024 76 1 78 1 90 1 112 1l 122 1
1E-037 |elFla 6E-027 98 1 100 1| 115 1| 140 1| 152 1
6E-015 [MIF4G 0.88 36 1 35 1 46 1 53 1 59 1
7E-064 32 1 31 1 42 1 47 1 53 1
3E-048 87 1 89 1| 103 1 125 1| 137 1 23
2E-064 [RAB 6E-075 7 2| 103 1| 118 1| 144 1| 156 1
9E-053 [RAB 8E-052 7 2 40 1 52 1 61 1 67 1
2E-025 28 1 27 1 37 1 39 1 45 1
3E-014 84 1 86 1] 100 1| 122 1] 134 1
4E-085 61 1 61 1 73 1 90 1| 100 1 16
1E-064 [SH3 0.11 60 1 60 1 72 1 89 1 99 1
7E-065 [elF5C 0.46 41 1 41 1 53 1 62 1 68 1 11
7E-040 [SapB 0.20 54 1 54 1 66 1 77 1 87 1
2E-014 49 1 49 1 61 1 71 1 79 1
6E-017 59 1 59 1 71 1 88 1 98 1
0.22 50 1 50 1 62 1 72 1 80 1
0.33 64 1 64 1 76 1 93 1| 103 1
9E-024 70 1 72 1 84 1| 105 1| 115 1
4E-020 |FH 0.56 69 1 69 1 81 1| 100 1| 110 1
0.45 |TOP4c 0.22 55 1 55 1 67 1 79 1 89 1
0.044 |EFh 0.005 47 1 47 1 59 1 69 1 7 1
4E-009 |GGL 1E-011 51 1 51 1 63 1 74 1 83 1
3E-055 |[ML 0.041 39 1 38 1 50 1 59 1 65 1
5E-037 |WNT1 0.014 35 1 34 1 45 1 52 1 58 1
2E-005 77 1 79 1 91 1| 113 1| 123 1
4E-045 |[NUC 0.11 38 1 37 1 48 1 56 1 62 1
0.19 |ZnF_C2H| 0.015 17 1 16 1 26 1 24 1 18 1
0.84 [RING 0.030 20 1 19 1 29 1 31 1 31 1
1E-057 74 1 76 1 88 1f 109 1] 119 1
2E-076 (DM4_12 | 0.63 99 1 101 1| 116 1 141 1| 153 1
1E-015|CH 1E-018 26 1 25 1 35 1 37 1 42 1
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0.16 34 1| 33 1| a4 1| s0 1| s6 1
0.20 19 1| 18 1| 28 1| 29 1| 29 1
0.024 |THY 2E-004| 30 1l 29 1| 39 1| 42 1| 48 1
6E-041 [HhH1 0.93 89 i o1 1] 106 [ 129 1 141 1
2E-056 96 1| 98 1] 113 1| 138 1] 150 1

| | [ 18 i 17 1 27 1 27 1] 25 1]
3E-007 ] | [ 80 1] 82 1] 95 1 117 1 127 1 21
1E-018 94 ES 1 111 1 136 1 148 1
9E-019|FYVE [2E-018| 88 1l 90 1| 105 1| 127 1| 139 1
0.11 25 1| 24 1| 34 1| 36 | T 1
0.071 97 1| 99 1| 114 1| 139 1| 151 1
1E-011 53 1| s3 1| 65 1l 76 1| 86 1
2E-025 28 1| 27 1| 37 1l 39 1| 45 1

S TKe | 037 29 1| 28 1| 38 1| 40 | T 1
0.19 |Chew 0.45 21 1l 20 o 1l 32 1| 33 1
6E-024 40 1l 39 1] 51 1l 60 1 66 1
0.056 [PSN | 020 | 81 ] 83 i 9 [ 118 [ 128 1]
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