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RESUMO

O tambaqui (Colossoma macropomum) € um peixe com ampla distribuigcao
nos rios da Regido Norte e uma das espécies de maior importancia na alimentacao
da populagéo desta Regido. Este peixe vem, nas ultimas décadas, se tornando uma
das principais espécies nativas para a piscicultura brasileira, apresentando um 6timo
padrdo de crescimento e alta produtividade, fato que torna abundante a sua oferta
no mercado consumidor, contando, assim, com um alto interesse junto aos
piscicultores de outros paises da América do sul. A sua rusticidade, qualidade da
carne e o fato de poder chegar a 1 m de comprimento e 30 kg de peso corporal no
seu ambiente natural o torna um candidato promissor ao desenvolvimento da
piscicultura na América Latina. Lectinas s&o proteinas ou glicoproteinas que
reconhecem carboidratos com alto grau de especificidade através de sitio de ligacao.
O papel fisioldgico das lectinas nao esta claramente definido, mas estudos recentes
sugerem que lectinas sao proteinas de defesa que podem proteger contra ataques
de virus, fungos e bactérias. O estudo com o soro do tambaqui revelou, através de
PAGE, proteinas basicas. Uma destas proteinas foi parcialmente purificada e
caracterizada obtendo-se uma lectina que reconhece galactose e fucose, da familia
das fucolectinas. A analise por espectrometria de massa destas proteinas basicas,
retiradas do gel de eletroforese apresentou uma proteina similaridade com o
componente do complemento C3-4 dos peixes Oncorhynchus mykiss e Salmo
gairdneri de 95% (Q9DDV9_ONCMY). Posteriormente, durante os estudos dos
genes que codificam as proteinas do soro detectou-se que o tambaqui ndo apenas
expressa galectinas (lectina que reconhece galactose), mas também a MBL
(Mannose Binding Lectin) e a Lectina tipo-C. A variedade de lectinas detectadas no
tambaqui pode ser em parte responsavel pela robustez da espécie, i.e. sua
resisténcia a doengas.

Palavras Chave: Lectinas, Tambaqui (Colossoma macropomum), Peixe AmazoOnico,

Classificacdo de ectinas animal, Sistema imunoldgico de peixes.
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ABSTRACT

Tambaqui, Colossoma macropomum is one of the most important species of fish in
feeding the population of the North region of Brazil, showing a broad distribution
along the rivers of this region. In the last decades this fish has become one of major
native species in the Brazilian aquiculture, presenting an excellent pattern of growing
and high productivity, turning abundant its offer in the consumer market. This species
has also aroused a high interest in the fish breeders of other Latin American
countries, due to its rusticity, meat quality, being able to achieve 1 m length and 30
Kg of body mass within its natural environment. Its natural features turn the C.
macropomum a promising candidate for the fish breeding development in Latin
America. Lectins are proteins or glicoproteins that recognize carbohydrates with high
degree of specificity through bond sites. The physiological role of lectins is not clearly
defined, but recent studies suggest that lectins are defense proteins which can
protect against attacks from viruses, fungi and bacteria. Throughout the study of the
purification and partial characterization of the tambaqui serum lectin, we have
discovered the it is a basic protein which recognize the monosaccharides galactoses
and fucoses. Subsequently, during the study of the genes that codify these proteins,
we have detected that the tambaqui not only express galectins (lectins that recognize
galactoses), but also the MBL (Mannose Binding Lectin) and C-type lectin. The
diversity of lectins found in tambaqui may be in part responsible for its robustness,
i.e. its resistance to deseases.

VII
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RESUMO

Lectinas sdo proteinas ou glicoproteinas que possuem a habilidade de se ligar especifica e
reversivelmente a carboidratos. Estas proteinas apresentam fungdes biol6gicas variadas e,
atualmente vem crescendo a investigacao do papel das mesmas no sistema imunoldgico de
peixes. Operagbes na aquicultura esforcam-se para produzir um aumento no ndmero de
peixes saudaveis através de meios bioldgica e economicamente eficientes. Por esta razao, a
prevencao de doengas é muito importante para a industria. Nos anos recentes a nutricao de
peixes tem melhorado; igualmente, vacinas eficientes contra algumas doencas e esquemas
para 0 manejo de peixes saudaveis tém sido desenvolvidos, com o objetivo de reduzir o
impacto de doencas na aquicultura. Contudo, um grande assunto permanece desconhecido
no que diz respeito a imunidade de peixes. A resposta imune inata é independente de
anticorpos e constitui a primeira linha de defesa contra infecgdo. Ao invés de contar com
anticorpos para o reconhecimento de patégenos a imunidade inata de peixes consiste em
um modelo baseado no reconhecimento de células ndo proprias, muitas vezes através do
arranjo de carboidratos presentes na superficie. Portanto, as lectinas podem ter um papel
igual ou mais importante em peixes, no qual a imunidade adquirida ndo é tao desenvolvida
como em mamiferos. Recentemente, vérios laboratérios tém iniciado trabalhos direcionados
a identificagcéo e caracterizagao estrutural e funcional de lectinas de peixe. Desenvolvimento
nesta area pode prover novas abordagens para prevencao, monitoramento e tratamento de

doengas em peixes.
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LECTINAS

Breve historico

Bruylants e Venneman em 1884 demonstraram que a toxicidade da semente
Abrus precatorius devia-se a uma fragado protéica, Abrina, que podia ser precipitada
com &lcool a partir de um de um extrato aquoso da semente (MOREIRA et al., 1991).
O estudo de lectinas iniciou-se em 1888 quando um jovem doutor, Peter Hermann
Stillmark (Figura 1A), da Universidade Dorpat (agora Universidade de Tartu na
Estbénia), apresentou sua tese de Doutorado intitulada “Ueber Ricin, ein giftiges
Ferment aus den Samen Von Ricinus comm. L. und einigen anderen Euphorbiaceen”
a qual se referia a descoberta de uma proteina tdxica, denominada Ricina, presente
no feijao castor (Figura 1B) que tinha a propriedade de aglutinar células do sangue
ampliando desta forma o estudo de aplicacbes destas proteinas. Este evento é
internacionalmente conhecido como o nascimento de um novo ramo na ciéncia
chamado de lectinologia (KENNEDY et al., 1995; GABOR et al., 2001; BIES et al.,
2004).

A Abrina e a Ricina, proteinas com as mesmas propriedades, foram usadas
por Paul Ehrlich, um médico cientista, em seus estudos imunoldgicos na ultima
década de 1800 (LIS e SHARON, 1991). William Boyd e Elizabeth Shapleigh em
1954 nomearam este novo grupo de proteinas de Lectinas, do latim, Lectus
(escolhido, selecionado), refletindo etimologicamente sua propriedade de aglutinar
seletivamente grupos sanguineos (BOYD e SHAPEIGH, 1954; KENNEDY et al.,
1995; MATSUI et al., 2001).

Lectinas sado definidas como proteinas que ligam, especificamente e
reversivelmente, a mono, oligo ou polissacarideo sem alterar sua estrutura
(GOLDSTEIN e PORETZ, 1986; VAN DAMME et al., 1996; MACEDO et al., 2007;
SITOHY et al.,, 2007). Estas proteinas tém a habilidade também de se ligar a
residuos de acucares, através de sitio(s) de ligacdo a carboidrato, a qual estao
conjugados com lipideos ou proteinas (VORNHOLT et al.,, 2007). Inicialmente o
estudo de lectinas era focado apenas em plantas, e apenas nas duas ultimas trés
décadas foi quando se tornou evidente que lectinas também sao distribuidas no
reino animal (PROBSTMEIER e PESHEVA, 1999)
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Uma Andlise detalhada de mais de centenas de lectinas tem demonstrado que
elas sdo um grupo heterogéneo de proteinas na qual se diferem fortemente uma da
outras com respeito a especificidade do agucar, estrutura molecular e atividade
biologica. Devido as lectinas terem a habilidade de se ligar a carboidratos, cada
ligacdo pode resultar em uma variedade de efeitos biolégicos (MACHUKA et al.,
1999) e estes efeitos atraem cada vez mais o interesse da comunidade cientifica
(SATO et al., 2000; KONOZY et al.,, 2002; MONZO et al., 2007). Centenas de
lectinas sao, atualmente, bem caracterizadas, e o numero de isolamento das
mesmas vem crescendo muito rapido; elas tém sido isoladas de plantas, animais e
microorganismos (LIS e SHARON, 1991, VORNHOLT et al., 2007). O contraste é
impressionante com a situacdo de aproximadamente 30 anos atras, quando
justamente um pequeno numero destas proteinas, quase todas de plantas, foram
purificadas sendo duas lectinas de legumes, Concanavalina A (ConA) e aglutinina do
feijao de soja (Soybean agglutinin — SBA) e uma de cereal, aglutinina de germe de
trigo (Wheat germ agglutinin — WGA). Mesmo que os dados disponiveis naquela
época fossem limitados, conclui-se que enquanto lectinas tem numerosas
propriedades em comum, eles representam um grupo diversificado de proteinas com
respeito a tamanho, composicdo e estrutura (SHARON, 1993; ELGAVISH e
SHAANAN, 1997).

| | T Jiha, warmal Schister, Dergat

Figura 1: Peter Hermann Stillmark (A), sementes de Ricinus communis
da familia Euphorbiaceae (B).

Site: http://www.dadamo.com/wiki/wiki.pl

Deteccao

As lectinas podem se ligar a agucares livres ou a residuos de carboidratos de

polissacarideos, glicoproteinas ou glicolipideos, onde estes podem estar livres ou
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ligados a membrana da célula (MONZO et al., 2007). A presenca destas proteinas
pode ser detectada principalmente através de um ensaio de hemaglutinagéo (Figura
2). Neste ensaio, uma diluicdo serial de uma solugdo contendo lectinas é realizada
antes da incubagdo com eritrécitos (COELHO e SILVA, 2000; COUTINO-
RODRIGUEZ et al., 2001; OKAMOTO et al., 2005).

Lectinas também induzem a precipitacao de polissacarideos ou glicoproteinas
em solucdo, sendo as reacbes de aglutinacdo por lectinas inibidas por seus

carboidratos especificos.

Carboidrato de
membrana celular

Lectina

Eritrocito

Figura 2: Atividade hemaglutinante mostrando a formagao da malha de aglutinagao.

Especificidade

Existem lectinas que possuem especificidade para mais de um carboidrato,
aglutinando células de diferentes espécies. Também existem lectinas que sé
aglutinam as células em que houver a presenca de um determinado carboidrato
(KABIR, 1998; SATO et al., 2000; GABOR et al., 2001; COUTINO-RODRIGUEZ et
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al., 2001). Peumans e Van Damme (1998) observaram que lectinas de plantas
exibem uma ampla especificidade para carboidrato, sendo que muitas apresentam
maior afinidade para oligossacarideos do que para agucares simples, ou tém
especificidade direcionada contra glicanos que nao séo préprios, além disso, lectinas
estruturalmente diferentes podem reconhecer o mesmo carboidrato.

Os carboidratos especificos podem se ligar as lectinas através de pontes de
hidrogénio, coordenacbes metalicas, interacbes de Van der Walls e interacdes
hidrofébicas (SCHWARTZ et al., 1993; DRICKAMER, 1998). Lectinas também
induzem a precipitacdo de polissacarideos ou glicoproteinas em solugao, sendo as
reacoes de aglutinacao por lectinas inibidas por seus carboidratos especificos. Para
detectar a especificidade de uma lectina, sdo necessarios ensaios subseqlentes de
inibicdo da atividade hemaglutinante, IAH (Figura 3) utilizando uma solucdo do
carboidrato ligante (RUDIGER, 1998; CAVADA et al., 2000; KAWAGISHI et al.,
2001). Os eritrécitos utilizados para este ensaio podem ser de humanos ou de
animais, onde estes podem ser tratados enzimaticamente (tripsina, papaina, entre
outras) ou quimicamente (glutaraldeido ou formaldeido) aumentando ou ndo a
sensibilidade das células a lectina (CORREIA E COELHO, 1995; COELHO E SILVA,
2000; MO et al., 2000).
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Carboidrato de
membrana celular
Lectina

J [ ]

2 9a5'h <
Eritrocito ¢ N
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Carboidrato competidor 5
S (5}

O,
o

L J

Figura 3: Inibicao da atividade hemaglutinante.

Classificacao

Devido a algumas novas discussdes dentro da estrutura e genes de lectinas,
a definicdo destas proteinas em plantas tem sido atualizada. Segundo Peumans e
Van Damme (1998) lectinas de plantas foram classificadas de acordo com sua
estrutura geral em: merolectinas, hololectinas, quimerolectinas e superlectinas.
Merolectinas (Figura 4) consistem de apenas um dominio de ligagdo a carboidrato e
devido a seu carater monovalente sdo incapazes de precipitar glicoconjugados ou
aglutinar células. Hololectinas também consistem exclusivamente de dominios de
reconhecimento a carboidrato, mas possuem pelo menos dois dominios de ligacao e
estes podem ser idénticos ou muito similares. As hololectinas podem ser di ou
multivalentes e assim podem aglutinar células e precipitar glicoconjugados. As
superlectinas sdo compostas de no minimo dois dominios de liga¢do a carboidrato e
diferente das hololectinas os dominios de ligacdo a carboidrato ndo sao idénticos ou

similares reconhecendo acucares estruturalmente diferentes. Ao contrario das



Maciel de Carvalho, E.V.M. Abordagens Biotecnolégicas do Tambaqui...

merolectinas, das holo e das superlectinas, as quimerolectinas ndo consistem
exclusivamente de dominios de reconhecimento a carboidrato (Carbohydrate
Recognition Domain — CRD), mas sao formadas por dominio de ligagdo a
carboidratos e outro dominio que possui uma atividade -catalitica que age
independentemente do CRD. As quimerolectinas comportam-se como mero ou
hololectinas dependendo do nimero de sitios de ligagao a carboidrato.

As lectinas ainda podem ser classificadas, de acordo com o carboidrato
(Tabela 1) a que preferencialmente se ligam (NOMURA et al., 1998; PEUMANS e
VAN DAMME, 1998; RABINOVICH et al., 1999).

Tabela 1: Classificagdo das lectinas de plantas nos grupos de reconhecimento a carboidrato.

GRUPO ESPECIFICIDADE LECTINA (FONTE)
Fucose Fucose Ulex europaeus aglutinina | (Tojo)
N-acetilglicosamina | GIcNAc Triticum aestivum (Germe de trigo)
Galactose>>GalNAc Artocarpus integrifolia (Jacalina)
Galactose/N- Gal= GalNAc Clerodendron trichotomum (Harlequin
acetilgalactosamina | Gal<< GalNAc glorybower ou Clerodendro japonés)

Glycine max (Feijao de soja)

Manose/Glicose Canavalia ensiformis (Concanavalina A)
Manose Manose/ Maltose Calystegia sepium (Bons dias)
Monose Galanthus nivalis (Campanhia branca)
Complexo Glicano | Glicoproteina Phaseolus vulgaris Aglutinina (PHA)
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Sitio de reconhecimento
a carboidrato

Merolectina

Hololectina

Sitio Catalitico
Sitio de reconhecimento
a carboidrato

Sitio de reconhecimento
a carboidrato

Quimerolectina
Superlectina

Figura 4: Representacdo esquematica da estrutura de lectinas de planta.

O reconhecimento de carboidratos por lectinas é mediado por CRD. Em
relacdo a comparacado das sequéncias desses CRD de lectina de origem animal a
classificacao foi dividida em trés tipos principais designadas como lectina tipo-C,
tipo-P e tipo-S. Os CRD encontrados em cada tipo particular de lectina compartilham
um padrdao de residuos de aminoacidos altamente conservados e invaraveis
(KISHORE et al., 1997; RINI e LOBSANOV, 1999; EWART et al.,, 2001; LORIS,
2002; SUZUKI et al., 2003).

Lectinas tipo-C sao proteinas de membrana e extracelulares que ligam uma
variedade de carboidratos e que contém um ou dois sitios de ligagdo ao calcio e
este(s) sitio(s) compartilhado(s) por todas as lectinas deste tipo, também € o mesmo
sitio de ligacao a carboidrato (EWART et al., 1999; RICHARDS et al, 2003). Os
diferentes tipos de lectinas tipo-C reconhecem uma variedade de carboidratos. Entre
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estas existem sete subgrupos de proteinas onde cada subgrupo tem um CRD em
diferente arranjo estrutural (DRICKAMER e TYLOR, 1993, EWART et al, 2001). O
papel no sistema de defesa imune inato tem sido descrito apenas para as lectinas do
subtipo Il e IV. As lectinas do subgrupo lll sdo denominadas collectinas. Estas
proteinas formam multimeros com subunidades compostas de colageno tipo |
proximo a extremidade amino-terminal e o CRD tipo-C estd localizado na
extremidade carboxi-terminal. Lectina que liga manose (Mannose Binding Lectin-
MBL) é um tipo classico deste subgrupo de lectinas do tipo-C. As lectinas do
subgrupo VIl possuem o CRD tipo-C com nenhum dominio associado distinguivel.
Proteinas deste subtipo incluem mondémeros, dimeros e agregados multiméricos de
CRD (EWART et al., 2001).

Lectina tipo-P reconhece como ligante principal manose 6-fosfato e podem
ser ou nao calcio dependentes (KISHORE et al., 1997; PROBSTMEIER e
PESHEVA, 1999).

Lectinas tipo —S s&o proteinas intra e extracelulares, ndo s&o calcio
dependentes e possuem pontes dissulfeto. Esse tipo de lectina reconhece
predominantemente o carboidrato galactose. De acordo com Fukumori et al. (2007)
galectina € um membro de lectina animal do tipo-S caracterizada pela sua afinidade
por B-galactose. Quatorze membros da familia de galectinas tém sido identificados e
classificados em trés subgrupos:

a) Protétipo (galectinas 1, 2,5,7,10, 11, 13 e 14)

b) Quimera (galectina 3)

c) Tandem repeat (galectina 4, 6,8, 9 e 12)

Todos estes subgrupos (Figura 5) contém um CRD altamente conservado
(DUMIC et al., 2006). A galectina do tipo protétipo contém um CRD por subunidade e
sao, usualmente, homodimeros de subunidades ligadas nao-covalentemente
(RABINOVICH et al., 1999; AHMED et la, 2004). Em contraste, galectina do tipo
quimera sdo mondmeros com um CRD C-terminal similar ao protétipo, e este esta
conectado a um dominio N-terminal rico em glicina e prolina (KISHORE et al., 1997;
AHMED et al., 2004). A galectina tandem repeat € formada por uma unica cadeia
polipeptidica que forma dois distintos CRD, conectados por repeticbes de 7-10
aminoacidos com uma sequéncia consenso (KISHORE et al., 1997; RABINOVICH et
al., 1999; DUMIC et al., 2006).
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Grupo Protoétipo Grupo Quimera Grupo Tandem Repeat

CRD .. ;
‘ f [ ] Glicina Prolina Sequéncia Consenso

Figura 5: Representacao esquematica da organizagdo dos dominios de reconhecimento a
carboidrato das galectinas.

Papel bioldgico

Lectinas sdo ubiquas na natureza e, devido a sua Unica propriedade de ligar
carboidratos presentes na superficie celular, desempenham um importante papel em
eventos celulares como aglutinacao, reconhecimento celular, simbiose, estimulacao
da proliferacdo, opsonizagdo, metastase e apoptose (VAN DAMME et al., 1997;
WITITSUWANNAKUL et al, 1997; DUTTA et al., 2005).

O crescente estudo sugere que lectinas de plantas em geral podem ter um

papel na protecao contra predadores animais, fungos e bactérias e por outro lado
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elas podem estar envolvidas no processo simbibtico entre plantas e bactérias
(CAVADA et al.,, 1998; RATANAPO et al.,, 2001; SACCHETTINI et al., 2001;
VORNHOLT et al., 2007).

Lectinas de legume tém sido o grupo mais bem estudado de lectinas de
plantas e o crescimento de evidéncias experimentais sugerem que estas lectinas sdo
proteinas de defesa que possivelmente protegem sementes maduras contra o
ataque de predadores, como insetos (MONZO et al., 2007; VORNHOLT et al., 2007).

O papel das lectinas nos fungos continua desconhecido (KAWAGISHI et al,
2001), para bactérias e protozoarios forai sugerido que estas lectinas tém uma
funcao importante facilitando sua adesado ao epitélio intestinal. Para as lectinas de
virus, foi sugerido que, em humanos, elas se ligam a eritrocitos e outras células pelo
reconhecimento do acido N-acetil neuraminico presente na superficie celular e que
esta ligacao é um pré-requisito para o inicio da infeccao (SINGH et al., 1999).

Lectinas tém um significante papel na resposta imune do hospedeiro. Elas
ligam especificamente a moléculas de carboidratos expressas sobre patégenos,
agindo como opsoninas e estimulando sua destruigcdo por macréfagos (FOCK et al.,
2001; RICHARDS et al., 2003; DUTTA et al., 2005).

A descoberta de lectinas de peixe tem adicionado uma nova dimensao em
biologia de lectinas e na imunologia de peixe (DUTTA et al., 2005). Lectinas de peixe
tém sido isoladas do soro, plasma, muco da pele e ovos. Ha evidéncias de que estas
lectinas tém também um importante papel na fertilizacdo, morfogénese,
embriogénese além do papel na defesa contra microorganismos (EWART et al.,
1999; AHMED et al., 2004; DUTTA et al., 2005).

Aplicacoes de lectinas

Lectinas, devido a sua caracteristica de reconhecer carboidratos, tém sido
exploradas em varios ramos de pesquisa, podendo ser utilizadas para diferentes
aplicagdes. As lectinas podem ser usadas como ferramentas para estimular a
proliferacdo de linfocitos (MACIEL et al., 2004), para tipagem de grupos sanguineos
(MATSUI et al., 2001), para detectar componentes de carboidratos presentes em
superficies de células normais e cancerigenas (BELTRAO et al., 2003; KOMATH et
al., 2006). Podem ser imobilizadas em suporte insoluvel para purificacdo de outras
glicoproteinas e glicolipideos de interesse médico como, por exemplo, a purificagéo
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de glicoproteinas do virus HIV (do inglés - human immunodeficiency virus) o qual
esta sendo bastante utilizado em projetos de desenvolvimento de vacinas (GILLJAM,
1993; BERTRAND et al., 1998; AHMED et al., 2001).

Estas proteinas podem ser utilizadas como ferramenta para a produgéo dos
chamados medicamentos-inteligentes, onde, estes medicamentos diferem dos
tradicionais, por atuarem em células especificas do organismo evitando efeitos
colaterais, do tipo provocado pela quimioterapia (CLARK et al., 2000; TORCHILIN et
al., 2001; WOODLEY, 2001). A afinidade de lectinas por glicoproteinas de superficie
celular tem sido usada para a identificagdo de microorganismos como, por exemplo,
a Neisseria gonorhoeae que pode ser diferenciada de outras espécies de Neisseria
(WU et al., 2000) ou, para identificacdo de grupos sanguineos ABO (MATSUI et al.,
2001).

Sistema imune de peixes

O sistema imunologico de peixes envolve a resposta imune adquirida e a
inata. As vacinas se baseiam na resposta imune adquirida (mediada por anticorpo),
a qual requer um tempo para se desenvolver apds a exposicdo ao patégeno. A
resposta imune adquirida ocorre exclusivamente em vertebrados enquanto que a
resposta imune inata é encontrada em vertebrados e invertebrados (TSUTSUI et al.,
2006). As imunoglobulinas ou anticorpos séo sintetizados a partir da diferenciacao
dos linfécitos B, no baco. Os peixes parecem sintetizar apenas um tipo de
imunoglobulina, IgM, de todas as imunoglobulinas conhecidas, IgG, IgM, IgA, IgD e
IgE (MAGNADOTTIR, et al., 1999; TSUTSUI et al., 2006). A resposta imune inata é
independente de anticorpos e constitui a primeira linha de defesa contra infecgéo e,
diferentemente da adquirida, € uma resposta rapida e ndo requer uma exposicao
anterior ao patégeno (EWART et al, 2001; KUBITZA e KUBTIZA, 2004; TSOI et al,
2004).

Varias proteinas agem na resposta imune inata de peixe (EWART et al,
2001). Algumas tém sido bem caracterizadas, incluindo as proteinas antimicrobianas
bem como a lisozima (HANCOCK e LEHRER, 1998). Recentemente, pesquisas
veterinarias e médicas descobriram que as lectinas estdo envolvidas na imunidade
inata (EWART et al., 1999; MAGNADOTTIR, et al., 1999; FOCK et al., 2000; FOCK
et al, 2001; DUTTA et al., 2005; RUSSELL e LUMSDEN, 2005). O reconhecimento
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de virus, fungos e bactérias é propriedade reportada de varias lectinas de peixe.
Lectinas soluveis presentes no sangue podem agir na primeira linha de defesa do
hospedeiro pela identificacdo dos patdégenos como nao proprios. Elas ligam
especificamente a esses patdgenos, “gerando uma maior atracao” de macréfagos
sobre os patégenos, e aumentando a lise celular mediada pelo complemento
(EWART et al.,, 1999). Uma lectina que liga manose tem uma propriedade similar
descrita acima. Contudo, uma lectina que liga galactose com a atividade de
reconhecimento bacteriano foi identificada em ovos de salmao (Oncorhynchus
kisutch), mas nao parece agir como opsonina.

Peixes teledsteos apresentam caracteristicas Unicas, bem como dependéncia
de temperatura para imunidade adquirida e algumas limitacdes em diversidade de
anticorpo. Por esta razdo se pensou que as fungcbes imunes inatas podem ter um
papel mais importante nesses animais que em outros vertebrados homeotérmicos
bem como aves e mamiferos (TSOI et al., 2004).

Um numero cada vez maior de lectinas de peixe tem sido reportado. Existem
algumas lectinas identificadas no muco da pele de varias espécies de peixes, outras
no soro e outras em ovos.

Entre alguns tipos de lectina animal, galectina compreende uma das maiores
familias e sado bastante encontradas em peixes como Conger myriaster, Arius
thalassinus e Oncorhynchus mykiss (INAGAWA et al., 2001; NAKAMURA et al.,
2001; SUZUKI et al., 2003). Tem sido encotradas também lectinas tipo-C (BAYNE et
al., 2001, NIKOLAKOPOULOU e ZARKADIS, 2006), MBL (NIKOLAKOPOULOU e
ZARCADIS, 2006), fucolectinas, lectinas que reconhecem fucose e galactose
(HONDA, 2000, ODOM e VASTA, 2006), lectina que reconhece L-raminose
(OKAMOTO et al., 2005).

TAMBAQUI

Peixe tipico da regiao Norte do Brasil

Historicamente os peixes amazbnicos sdo mais conhecidos pela sua
reputagdo do que por seu valor comercial. O mais mal afamado grupo é o das
piranhas, devido aos contos dos viajantes sobre sua agressividade. O peixe

comestivel mais famoso da Amazénia desde meados do século XIX é o gigante
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pirarucu (Arapaima gigas). Este peixe, salgado e seco, era servido como um
substituto do bacalhau, tradicionalmente utilizado na cozinha portuguesa (LIMA e
GOULDING, 1998). Com o crescimento dos centros urbanos nas décadas de 60 e
70, especialmente a cidade Manaus, o tambaqui substituiu o pirarucu na cozinha
local. A tecnologia da rede de emalhar levou a uma rapida expansao da pesca de
tambaqui, e nos meados de 1970 esta espécie sozinha era responsavel por mais de
40% de todo o pescado consumido em Manaus (PETRERE JR., 1978).

O tambaqui é uma das espécies aquaticas de maior expressdao na
alimentacao da Regido Norte, apresentando ampla distribuicdo nos rios desta regiao
(VAL e ALMEIDA-VAL, 1995). Este peixe nas ultimas décadas vem se tornando uma
das principais espécies nativas para a piscicultura brasileira, com um 6timo padrao
de crescimento e produtividade, fato que torna abundante a sua oferta no mercado
consumidor. Esta espécie conta também com grande interesse de piscicultores de
outros paises da América do Sul, devido a sua rusticidade, qualidade da carne e o
fato de poder chegar a 1 m de comprimento total e 30 kg de peso corporal no seu
ambiente natural (GOUDING e CARVALHO, 1982).

Apesar de seu cultivo ser possivel em todo o Brasil, o risco de alta
mortalidade durante os meses de inverno tem desencorajado o cultivo nos estado
das regides Sul e Sudeste, particularmente, em locais onde as aguas podem atingir
temperaturas abaixo de 17 °C (KUBITZA e KUBITZA, 2004); a temperatura ideal
em torno dos 25 °C a 30 °C (SILVA e GURGEL, 1999). Desse modo, o cultivo do
tambaqui tem se concentrado nas regides Norte, Nordeste e Centro Oeste do pais,
onde além do clima favoravel, o tambaqui desfruta de grande aceitagdo no mercado
(KUBITZA e KUBITZA, 2004).

O tambaqui (Figura 6), da palavra tupi taba’ki, que significa residuo de ostra
(tdba — concha, ki — amontoado), foi a primeira espécie de peixe amazbnico que
atraiu um numero relativamente grande de pesquisadores, como engenheiros de
pesca, bidlogos, fisiologistas e aquicultores. Isto é devido principalmente a sua
importancia na pesca e pelo reconhecimento de que ele teria um grande potencial
para a aquicultura. Segundo Lima e Goulding (1998), o tambaqui tornou-se o peixe
simbolo da Amazénia porque ele incorpora, em uma unica espécie, a maioria dos
problemas que precisam ser resolvidos para se manejar a pesca € a0 mesmo tempo

desenvolver a aquicultura.
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Figura 6: Tambaqui da Estacdo de Aquicultura Continental Prof. Johei Koike, do
Departamento de Pesca da Universidade Federal Rural de Pernambuco.

Historia da taxonomia

O exemplar no qual a descricao cientifica do tambaqui foi baseada, foi
coletado pela expedicao de Alexandre Rodrigues Ferreira, naturalista Portugués. Os
exemplares zooldgicos capturados pelo explorador no periodo de 1784-1785 foram
levados para Barcelos, e nessa época Barcelos era a capital da Capitania de Sao
José do Rio Negro. Em Agosto de 1785, uma grande colecido de exemplares
(incluindo o tambaqui) zoolégicos e antropolégicos foi enviada de Barcelos para
Lisboa e de la para o Museu de Historia Natural de Ajuda, que na época era parte
dos jardins do Palacio Real de Lisboa. Alexandre Ferreira, por motivo de doenca,
nunca pode completar o estudo sobre suas colegdes amazbnicas (LIMA e
GOULDING, 1998).

Apbs a invasdo napolednica a Portugal, em 1811, a Franca pdéde remover
exemplares do Museu de Lisboa. O zodlogo Auguste Saint-Hilaire escolheu, dentre
outros exemplares, o tambaqui para levar para o famoso Jardin des Plantes em
Paris. Alguns deles, inclusive o tambaqui, foram parar no laboratério do paleontélogo
e anatomista comparativo, Bardo George Von Cuvier, do Museum d’Histoire
Naturelle, em Paris. O tambaqui foi cientificamente batizado em 1818 por Cuvier
como Colossoma macropomum, pertencendo a familia das Characidae e subfamilia
Serrasalminae (LIMA E GOULDING, 1998).
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Caracteristicas gerais do tambaqui

O tambaqui, C. macropomum, é um peixe de agua doce cujo tamanho pode
atingir até 1 m de comprimento e um total de 30 kg de peso corporal no seu
ambiente natural (GOUDING e CARVALHO, 1982). Este peixe € o segundo maior
peixe de escamas nas aguas sul-americanas, perdendo apenas para 0 gigante
pirarucu (Arapaima gigas).

Comparando com a maioria das outras espécies de peixes amazbnicos, o
tambaqui possui ldbios muito carnosos; possui dentes molares afiados e fortes
(Figura 7). Esta caracteristica permite que a alimentacao do tambaqui seja onivora e
as preferéncias dietéticas do tambaqui mudam do zooplancton as sementes e frutas
conforme o peixe cresce. Adultos e subadultos continuam comendo zooplancton,
mas este item alimentar progressivamente se torna secundario. O tambaqui possui
muitos rastros branquiais e o numero destes rastros aumenta a medida que o peixe
cresce. As estruturas altamente desenvolvidas dos rastros branquiais séo
associadas com a filtragem de zooplancton (LIMA e GOULDING, 1998).

A idade média na qual o tambaqui atinge a maturidade sexual é de 3 a 4
anos. O tambaqui € um peixe reofilico, portanto ndo desova naturalmente em
cativeiro; peixes dessa natureza precisam vencer as correntezas dos cursos de agua
para maturar as suas génadas (PROENCA e BITTENCOURT, 1994). Na regiao
Nordeste, a reprodugdo do tambaqui ocorre do periodo de outubro a marco, sendo
observada uma maior concentragdo das desovas no periodo de novembro a
fevereiro (KUBITZA e KUBITZA, 2004).

Figura 7: Denti¢cdo do tambaqui adulto.
Fonte: Lima e Goulding,1998
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Doencas

A protecado contra doencas € primordial para a aquicultura. Até o momento
nenhuma doenga endémica foi registrada para o tambaqui cultivado ou silvestre, e
isto tem contribuido para sua reputacdo de ser uma espécie robusta (LIMA e
GOULDING, 1998). E de extrema importancia investir no controle de doencas e isto
pode ser alcancado através de medidas preventivas, tais como manutencao de
estoques nao infectados e dietas apropriadas, prescindindo, assim, do uso de
remédios. O completo isolamento de adultos e jovens é provavelmente o maior
passo que poderia ser dado para reduzir o parasitismo (THATCHER, 1991).

Condigbes ambientais extremas, a idade e o estresse sdo os principais
fatores determinantes da intensividade de doencas. Em geral peixes jovens sao os
mais suscetiveis, uma vez que nao tiveram tempo de criar resisténcia. O estresse
comumente causado por mau manuseio, excesso da populacdo, alimentacao
inadequada, ou uma combinagdo destes fatores também aumentam muito as
chances de parasitismo intenso (LIMA e GOULDING, 1998).

O numero de macroparasitas registrados para o tambaqui é relativamente
pequeno, quando comparado com o total para as espécies de peixes das regioes
temperadas (WOOTTON, 1992). A sardinha, o esturjdo e algumas espécies de
pescadas sdo atacados por mais do que o dobro da quantidade de macroparasitas
registrados até agora para o tambaqui (CHOUDHURY e DICK, 1993; THONEY,
1993). As infec¢cbes do tambaqui por microparasitos, como fungos, bactérias e
protozodrios, foram menos estudados.
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2 JUSTIFICATIVA DO TRABALHO

Um grande numero de lectinas de animais tem sido identificado sé em termos
de atividade hemaglutinante (AH) e especificidade do carboidrato. Em muitos casos,
pouco se conhece a respeito de sua funcdo biolégica. Operacdes em aquicultura
esforgam-se para produzir um grande numero de peixes saudaveis através de
recursos que sejam economicamente e biologicamente eficientes. Por esta razéo, a
prevencdo de doencas € muito importante tanto para os piscicultores da regiéo,
como também para a industria. Muitas vacinas tém sido desenvolvidas, a nutricao
dos peixes tem melhorado, com o objetivo reduzir significativamente o impacto de
doencgas na aquicultura. Contudo, pouco se conhece com respeito a imunidade dos
peixes.

Recentemente, pesquisas veterinarias e médicas descobriram que as lectinas
estdo envolvidas na imunidade inata. O papel fisiolégico das lectinas nédo esta
claramente definido, mas o crescente estudo sugere que lectinas sao proteinas de
defesa que podem proteger contra ataques de predadores como virus, fungos e
bactérias.

O Brasil possui, talvez, a maior e mais variada ictiofauna do planeta. S6 na Bacia
Amazénica brasileira calcula-se que existam cerca de 2.000 espécies de peixes.
Muitas destas espécies sao de extrema importancia para alimentagado, e,
absolutamente, nenhum estudo foi realizado com lectinas de peixe da regido Norte e
Nordeste do Brasil (regido tropical). O tambaqui € uma das espécies aquaticas de
maior expressao na alimentacdo da Regidao Norte, e vem nas ultimas décadas se
tornando uma das principais espécies nativas para a piscicultura brasileira, devido
ao seu 6timo padrao de crescimento e produtivodade, fato que o torna abundante a
sua oferta no mercado consumidor (VAL e ALMEIDA-VAL, 1995). Portanto o
tambaqui foi 0 peixe de escolha para a nossa pesquisa.

A purificacdo de lectinas do tambaqui e, consequentemente, o estudo de suas
caracteristicas podem levar a sua utilizagdo em aplicacdes biotecnoldgicas. Segundo
Fassina et al. (2001) o uso de lectinas purificadas para imobilizagcdo em suportes
cromatograficos pode abrir novos caminhos para o desenvolvimento de
procedimentos mais eficientes, menos custosos e mais seguros de purificagao.

Com a deteccao do gene de lectina(s) do tambaqui, novas ferramentas serao

oferecidas para uma melhor compreensao tanto em relacao a expressao dos genes
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para os diferentes tipos de lectinas nos diversos tecidos de tambaqui como também
uma melhor compreensdo do papel destas proteinas no sistema imunologico de
peixes. Estas informagbes podem servir como base para programas de
melhoramento genético visando aumentar a resisténcia dos peixes frente a uma
determinada doenca economicamente importante a fim de facilitar o seu manejo,
melhorando, em ultima instancia, a rentabilidade dos piscicultores da Regido Norte e
Nordeste.
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3 OBJETIVOS

3.1 OBJETIVO GERAL

Purificacdo e caracterizagdo parcial da lectina do soro de tambaqui, bem
como detecgao do gene da(s) lectina(s) do tambaqui (C. macropomum).

3.1 OBJETIVOS ESPECIFICOS

= Pré-purificar por fracionamento salino o soro de tambaqui (Colossoma
macropomum);

= Determinar o perfil da atividade hemaglutinante (AH) das diferentes fragbes
obtidas com diferentes eritrocitos;

= Determinar o efeito da temperatura e ions sobre a AH das diferentes fragdes;

= Caracterizar as diferentes fracoes através de eletroforese, inibicdo por
carboidratos;

= Purificar parcialmente a(s) lectina(s) do tambaqui (C macropomum) a partir da
fracao de atividade hemaglutinante;

= Sintetizar e amplificar cDNAs da lectina para identificar a presencga da familia;

= Analisar o perfil de expresséo das lectinas nos tecidos do tambaqui.

= Clonar os genes de lectina em plasmidio.

31



Maciel de Carvalho, E.V.M. Abordagens Biotecnolégicas do Tambaqui...

CAPITULO I

PURIFICATION AND PARTIAL CHARACTERIZATION OF THE
LECTIN(S) PRESENT IN THE SERUM OF AMAZON FISH TAMBAQUI
(Colossoma macropomum, CUVIER, 1888)
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Abstract

Lectins are that recognize and bind specifically and reversibly to carbohydrates. They are
broadly distributed in nature, within microorganisms, plants and animals. Tambaqui,
Colossoma macropomum is one of the most important species of fish used as food by the
population of the Northern region of Brazil, showing a broad distribution along the rivers of
this region. In the last decades, this fish has become one of major native species in the
Brazilian aquiculture, presenting an excellent pattern of growing and high productivity, turning
abundant its offer in the consumer market. In the present work the tambaqui serum lectin
was partially purified through the saline precipitation of ammonium sulfate. The obtained
fractions were analyzed and the one with the biggest activity was chosen to be used in the
following steps. The fraction (F) 0-50% (F0-50) lost its hemaglutinant activity at 60 °C being
partially inhibited by the fucoses and galactoses monosaccharides, and its activity was not
changed neither in the presence of ions or in the presence of different buffers. Two peaks of
lectinic activity were obtained when the F0-50 was subjected to a chromatography in a
column of Mono S HR 5/5 (cationic exchanger). Through the use of SDS-PAGE under
reducing and non-reducing conditions, both peaks presented three major bands with
approximately 21, 19,3 e 15,6 kDa and, through PAGE for basic and native proteins it has
been observed the same profile for both peaks. Therefore, it can be concluded that the
lectins present in the serum of tambaqui have basic character and are capable to recognize
fucoses and galactoses, being members of the group of the fucolectins.

Key Words: Colossoma macropomum, purification, MALDI-TOFF MS, fucolectins
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INTRODUCTION

Lectins are proteins that are capable to bind specifically to carbohydrates
expressed over cellular surface. Initially, these proteins have been identified in plants
but nowadays it is well known that they are broadly distributed in nature, including
eukaryotic and prokaryotic organisms (Sato et al., 2000; Sun et al., 2007). Due to
their ability to specifically recognize certain sugars on the surface of bacteria, it has
been suggested that animal lectins participate actively of the immune innate
response through the induction of the bacterial agglutination or, like opsonins, by the
increase of the phagocytosis of microorganisms by hemocyts (Bayne et al., 2001;
Jimbo et al., 2007; Sun et al., 2007). Lectins of fish have been isolated from serum,
plasma, mucus, skin and eggs. It seems that these lectins have an important role in
fertilization, morphogenesis and embryogenesis, in addition to their role on the
defense against microorganisms (Ewart et al.,, 1999, Ahmed et al., 2004; Dutta et al.,
2005).

Tambaqui, Colossoma macropomum is one of the most important species of
fish used as food by the population of the Northern region of Brazil, showing a broad
distribution along the rivers of this region (Val & Almeida-Val, 1995). In the last
decades, this fish has become one of major native species in the Brazilian
aquiculture, presenting an excellent pattern of growing and high productivity, turning
abundant its offer in the consumer market. This species has also aroused a high
interest in the fish breeders of other Latin American countries, due to its rusticity,
meat quality, being able to achieve 1 m length and 30 Kg of body mass within its
natural environment. (Gouding & Carvalho, 1982) The main goal of the present work

was to partially purify and characterize the lectins present in the tambaqui serum.
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METHODS
BLOOD COLLECTING AND SERUM SEPARATION

The tambaqui blood collecting was performed in the Continental Aquaculture
Station Prof. Johei Koike of the Fishing Department of the Federal Rural University of
Pernambuco (UFRPE). The blood from an adult tambaqui was collected using a 5ml
syringe through its caudal vein. Immediately after the collecting the blood was kept in
glass tubes for approximately three hours at ambient temperature. Subsequently,
after blood coagulation, the serum was removed with the aid of a Pasteur pipette
being centrifuged at 1300 x g by 5 minutes at 4 °C. The serum was removed and
centrifuged again at the same conditions. After the re-centrifugation the serum was
distributed in 5 ml aliquots and kept at -20 °C until the moment to be used.

HEMAGGLUTINATING ACTIVITY (HA)

The AH was established in microtiter plates with 96 wells, consisting in eight
horizontal rows, with eight wells each, using rabbit blood following the work of
Correia e Coelho (1995). 50 uL of NaCl 0,15 M were added to each well; later, 50 uL
of the sample were put in the second well of a horizontal row, and, from left to right,
successive dilutions were performed, rejecting the last 50 uL from the last well of a
horizontal row. After each dilution of the sample, 50 uL of the suspension of the
rabbit’s erythrocytes were added to all wells. After 30 minutes the analysis of the
plates was performed. The AH corresponds to the inverse of the last dilution that
presents hemagglutination relative to the control. The specific hemagglutinating
activity (SHA) was obtained dividing the HA by mg of proteins by ml.

The evaluation of AH was performed in the presence of different buffers
(citrate, phosphate, sodium phosphate, Tris-HCI) at different molarities (0,01 M; 0,1
M; 0,2 M; 0,4 M) and values of pH (4,5 a 8,5), as well as different concentrations of
NaCl, ranging from 0,01 M to 0,1M. In order to establish the AH, a quantitative
evaluation of proteins was performed for all samples according to Lowry et al. (1975).
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FRACTIONING WITH AMMONIUM SULPHATE

The serum diluted (1:2) in a sodium phosphate buffer 50 mM, pH 7,5 was
precipitated with ammonium sulphate with 0-50% e 50-80% saturation according to
Green and Hughens (1995). The fractions (F) and final supernatant (FS) were
dialyzed against distilled water, followed by abovementioned sodium phosphate
buffer, obtaining FO-50, F50-80 and FS80. After dialyses the SHA were obtained from

these fractions.

MASS SPECTROMETRY (MALDI-TOF MS) OF BASIC PROTEINS FROM THE
TAMBAQUI SERUM

The fractions of the serum obtained from the saline precipitation with
ammonium sulphate were subjected to an electrophoresis for basic, native proteins
according to Reisfeld et al. (1962). The bands of interests were cut from the gel with
aid of a sterile stiletto. In sequence, the bands were subjected to a gel digestion and,
subsequently, to an enzymatic digestion with trypsin according to Gourdine et al.
(2007). At the end of treatment, samples were dried in speed vac and sent to mass
spectrometry analysis (MALDI TOFF).

CARBOHYDRATE SPECIFICITY, IONS AND THERMAL STABILITY

The evaluation of hemagglutinating activity inhibition (HAI) against
carbohydrates (monosaccharide, disaccharadide and glycoprotein), ions and thermal
stability was performed according to Correia and Coelho (1995) in microtiter plates

with 96 wells.

HAI assay, the concentration of the utilized of carbohydrates varied from 200
to 1,56 mM. The HAI was established by the HA from the sample in the presence of
carbohydrates which was compared to the HA of the sample in the absence of

carbohydrate, and correspondent to a reduction of HA of the studied sample.

The influence of ions over the HA was established with the ions solutions:
CaClz, MgClz and MnCl;, with the concentration ranging from 40 to 0.625 mM.
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For the determination of the thermal stability, 100 ug/mL of each sample were
heated in water bath in the following temperatures: 40, 50, 60, 70, 80 e 90 °C for 30
minutes. In sequence, the samples were immediately cooled and centrifuged at 3000

x g for 20 min. The HA was performed with the supernatant of each heated sample.

PURIFICATION OF TAMBAQUI SERUM LECTIN

In order to purify the lectin of the serum of tambaqui, different chromatographic
matrices were evaluated using affinity chromatografy techniques, ionic exchange and
molecular exclusion in conventional or fast resolution systems. Among the evaluated
supports (Guar gel, Sepharose 4B, immobilized fetuins, Cm-cellulose, Sephadex-
G100, G50 and G25, Mono Q HR 10/10, Hitrap SP XL), the Mono S HR 5/5 (GE
Healthcare) was chosen for the purification which was performed, in accordance to
the manufacturer norms, with the High Performance Liquid Chromatography AKTA-
Purifier (GE Healthcare) system. After the equilibrium of the column with sodium
phosphate buffer 50 mM pH 7,5 was achieved, it was applied 1 ml (15 mg) of F0-50.
The non adsorbed material was removed with 5 column volumes (cv) with the
phosphate buffer. The adsorbed proteins were eluted with gradient of NaCL of 0 - 1,0
M during 20 cv. The flux velocity used was 0,5 mL/minute.

POLYACRILAMIDE GEL ELECTROPHORESIS (PAGE)
PAGE were performed for native and basic proteins according to Reisfeld et
al. (1962) and Davis (1964), respectively. SDS-PAGE at 10% was performed

according to Laemmli (1970) in denaturing or reducing and denaturing conditions, in

the absence and in the presence of 3-mercaptoethanol, respectively.
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RESULTS

BUFFER ASSAYS

There was no difference in HA for the serum diluted in different tested buffers
with distinct molarities and pHs. Also, the HA was not changed with the different salt

concentrations.

SALINE FRACTIONING WITH AMMONIUM SULPHATE

Only the F0-50 presented HA (Table 1). Through the SDS-PAGE en reducing
conditions, differences were observed among the fractions which can be verified by
the falling of the number of bands of F50-80 e FS80 (Figure 1). Therefore, the
fraction F50-80 was chosen to continue with the purification process.

Table 1: Saline fractions of the tambaqui serum.

Samples HA Protein SHA
(mg/mL)

Serum* 512 24,67 20,75

FO0-50 512 18,96 27,01

F50-80 0 7,28 0

FS80 0 1,32 0

*Serum diluted (1:2) in sodium phosphate buffer.
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Serum F0-50 F50-80 FS80

Figure 1: Reducing SDS-PAGE analysis of serum and fractions.

MASS SPECTROMETRY (MALDI-TOF MS) OF BASIC PROTEINS OF THE
TAMBAQUI SERUM

The extracted bands from the polycrylamide gel for native basic proteins were
analyzed by mass spectrometry (MS), and, with these data, a search was performed
in the Mascot database. The comparison of the means of the peaks of the highest
band of F0-50% (indicated in figure 2 by the arrow) presented a 95% similarity with

the complement component C3-4 of the fishes Oncorhynchus mykiss and Salmo

gairdneri (Q9DDV9_ONCMY).

e
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Figure 2: PAGE for native and basic protein (A) and scheme (B). Extracted band of the gel (inside the

box), and complement component C3-4 (indicated by the arrow).
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HEMAGGLUTINATING ACTIVITY INHIBITION (HAI)

The HAI of F0-50 was tested with the carbohydrates: D(+)Glucose,
D(+)Fucose, D(+)Galactose, D(+)Mannose, D(-)Fructose, methyl-a-D-
mannopiranoside,  1-O-Methyl-a-D-glucopyranoside,  D(+)xylose, = N-Acetyl-D-
glucosamine, D(+)Lactose, D(+)Threalose, D(+)Saccharose, 1-O-Methyl--D-
arabinopyranoside . The fraction was patrtially inhibited by fucose, galactose and
lactose; rabbit serum and fetuin also inhibited FO-50 HA (tabela 2).

Table 2: Inibicdo da AH de F0-50

Saccharides Agglutination titer (HA)
D-Fucose 16
D-Galactose 16
Lactose 128
Fetuin 128
Rabbit serum 64

HA de F0-50 =512"

DETERMINATION OF THE THERMAL STABILITY AND EVALUATION OF THE HA
IN THE PRESENCE OF IONS

The HA of the serum and of the F0-50 decreased from 40 °C being totally
abolished after heating at 70 and 60 °C (table 3), respectively. The tested ions (Ca**,
Mg®* e Mn?*) did not affect the HA from the serum and fractinos.

40



Maciel de Carvalho, E.V.M. Abordagens Biotecnolégicas do Tambaqui...

Table 3: Thermal stability of serum and F0-50.

TEMPERATURE SERUM FO0-50

°C (HA)

30 512 512
40 256 128
50 128 16
60 8 0
70 0 0
80 0 0
90 0 0
100 0 0

PURIFICATION OF THE TAMBAQUI SERUM LECTIN

From all trial column chromatographies, the column of Mono S HR 5/5 (GE
Healthcare) presented the best results with two peaks of the adsorbed material. Both
peaks were eluted in the saline gradient of 0 — 1,0 M (figure 3). Peak 1 was eluted
with saline concentration 0,69 M, while peak 2 was eluted with saline concentration
0,75 M; the HA were 64" e 327", respectively.

For peak one, under non reducing conditions, 4 bands were observed through
SDS-PAGE: the first one was weaker with 32 kDa and the other three were stronger,
with 21,5, 19,9 and 15,9 kDa. For peak 2, two bands were observed: a weaker with
21,5 kDa and a stronger with 15,6 kDa (figure 4A). Under reducing conditions it was
observed that peak one presented three main bands with molecular weights of
approximately 21,0, 19,3 and 15,6 kDa, while peak 2 presented two very tenuous
bands of 20,9 and 18,8 kDa and a stronger band with 16,3 kDa (figure 4B). The gel
for native and basic proteins presented the same electrophoretic profile for both

peaks with two bands only (figure 5).
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Figure 3: Cationic exchange chromatography in MONO S HR 5/5 column.
A 1 2 B
21,0kDa—> 20,9kDa
19,3kDa—> 18,8kDa
16,3kDa

15,6kDa—>

Figure 4: SDS-PAGE 10% (p/v) of the obtained peaks of the Mono S. column. Peak 1 (1) and peak 2
(2) were subject to both, unreduced (A) and reduced (B) SDS-PAGE.
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CitC 1 2

Figure 5: PAGE for native and basic protein. Peak 1 (1), Peak 2 (2).
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DISCUSSION

Although tambaqui is a freshwater fish, the HA of its serum was not affected
by high concentrations of NaCl. Similar results were obtained with Anguilla japonica,
a catadrome fish that adapts well in both, saltwater and freshwater (Suzuki et al.,
2003; Martinho et al., 2007). This is an important feature to this particular fish
because it spends part of its lifecycle in freshwater and another part in saltwater, and,
consequently, its proteins are very tolerant to the salinity change. The
hemaggutinating activity of the lectin present in the tambaqui serum have shown to
be stable for the pHs tested (4,5 to 8,5).

The serum of some vertebrates contain over 100 distinct proteins (Bayne et
al., 2001) and the saline fractioning can be used as a first step to discard some non
important proteins (Kennedy et al., 1995).

The saline fractioning of tambaqui serum has shown to be effective to select
the protein of interest, since FO-50 was the only one that presented HA.

Due to the fact that teleostean fishes present unique features, such as the
dependence of the acquired immunity from the temperature and some limitations in
antibody diversity, some researchers suggested that the innate immune functions are
much more important in these fishes than in other homeothermal animals (Kubitza &
Kubitza, 2004; Tsoi et al., 2004). As a matter of fact, the lectinic activity of tambaqui
lingered active until 70 °C showing a certain degree of resistance of these proteins to
high temperatures, despite the fact that tambaqui lives in relative warm waters.

The loss of ions during the purification process may cause a disturbance in the
protein structure, leading to a loss of hemagglutinanting activity (Kennedy et al.,
1995). It was not detected any alteration neither in the lectinic activity of the serum
nor in the tabaqui serum fractions despite of their incubations with ions. Maybe, the
tambaqui serum lectins CRD recognizes the carbohydrate in an ion independent
manner (Ewrat et al., 2001; Suzuki et al., 2003).

The fact that occured lectinic activity of tambaqui serum by fucose and
galactose independent of Ca'™ suggests that this lectin is included in recently
identified family of fucolectins (Cammarata et al., 2001; Cammaratta et al., 2007).

From all tested matrices the only one in which the lectin did not lose its activity
was the Mono S HR 5/5. This result may be inferred to the features of the matrix.
This particular matrix has particles that are extremely homogeneous and it is not
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strongly cationic and it works at low pressure. The last two factors destroy the
structure of the protein or make it difficult the desorption from column. Therefore, this
matrix provided an adequate environment for the partial purification of the tambaqui
serum lectin. The observed differences for the two peaks obtained at the
chromatography in Mono S HR 5/5 column, mainly by SDS-PAGE in non reducing
conditions, suggests the presence of isoforms and isolectins in the tambaqui serum.
It is common to find more than one type of lectin in serum of animals (Suzuki et al.,
2003; Ahmed et al., 2004).

In fishes and mammals the complement may be activated by three different
paths: the classical path, the alternative path and the path of the lectin that activates
the complement system by the MBL (Mannose Binding Lectin) linking to
carbohydrates present on the surface of microorganisms Magnadottir et al., 2005;
Ourth et al., 2005). In tambaqui serum was detected a basic protein showing high
similarity with one component of the complement system C3-4 of the fishes O.
mykiss e S. gairdneri. Recent studies point that the complement may have an
important role in different biological processes, such as the muscular and skeletal
development, the reproduction and the regeneration of members and organs
(Magnadottir et al., 2005).

The purification of this protein may lead to a better comprehension of the
function of this complement in fishes.

It can be concluded that the tambaqui serum presents thermo-stable lectins
from the fucolectin family that are independent of ions for their activity, and with basic
pl. This serum also presents a protein that is similar to a component from the
complement system C3-4 of some fishes.

In the near future the authors intend to totally purify and characterize the
lectin(s) from the tambaqui serum. The physiologic role of these lectins will be better
understood, in the hope of improving the general comprehension of the immune

system of the fishes.
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ABSTRACT

Lectins represent a diverse group of proteins that recognize and bind specifically to
carbohydrates. These proteins play a significant role in the immune responses of
fishes. Tambaqui (Colossoma macropomum) is a native fish from Amazon basin, and
it is one of the most important species in Brazilian aquaculture. The main objective of
the present work is to analyze the profile of the expressed genes of different types of
lectins in the tissues of tambaqui. We have analyzed the expression of these lectins
due to the use of reverse transcriptase coupled to polymerase chain reaction (PCR).
The gene of galectin (Gal) is constitutively expressed in all tested tissues of
tambaqui. For the other lectins (MBL. FucolectinAA and Fucolectin) the expression
occurred mainly in the skin of the fish. The sequencing of the PCR product has

shown that Gal belongs to the galectins subfamily tandem-repeat.

Keywords: Colossoma macropomum, tambaqui lectin; RT-PCR; galectin.

51



Maciel de Carvalho, E.V.M. Abordagens Biotecnolégicas do Tambaqui...

Introduction

Lectins are proteins or glycoproteins which have the ability to bind specifically
to mono or oligosaccharides reversibly (Elgavish and Shaanan 1997; Vijayan and
Chandra 1999; Sato et al. 2000; Souza et al. 2001).

The physiological role of lectins in plants is not clearly elucidated, but
increasing studies suggest that lectins are defense proteins which protect against
predator attacks, such as viruses, fungi and bacteria (Cavada et al. 1998; Ratanapo
et al. 2001; Sacchettini et al. 2001). The presence of lectins have been identified in
eggs of some fish families, and some researchers suggest that these lectins are
involved in fertilization and in defense against pathogens (Shiomi et al. 1989). Lectins
can also be found in fish serum (Fock et al. 2000; Cammarata et al. 2001; Buchmann
and Lindenstrom, 2002). According to Ewart et al. (2001) lectins of the fish serum can
bind to a set of carbohydrates structures on the cell surface of microorganisms
(bacteria, viruses, yeast and parasitic protozoary) mediating an antibacterial effect, or
acting on the direct destruction by complement systems through an attack of the lytic
membrane, or even promoting fagocitosis.

Fishes differ from mammals in relation to the immuno-acquired response

In fishes, which differ from mammals in relation to the immuno-acquired
response, because they synthetize only one type of immunoglobulin (IgM), lectins
have na important role in the inate imunity (Magnadéttir et al. 1999; Dutta et al.
2005).

Probably, Brazil has the most varied fish fauna of the planet. Only in Brazilian
Amazon basin, it is calculated that there are approximately 2.000 species of fishes.
Many species are extremely important for human feeding, and, as far as the authors
know, no study was carried out with lectins of fishes from the north and northeast
regions of Brazil (tropical regions). In the last decades, tambaqui (Colossoma
macropomum) is becoming one of the major native species for Brazilian inland
fishculture, showing a great pattern of growth and productivity, becoming abundant
its offers in the consumer markets. The main objective of the present work is to
analyze the profile of the expressed genes of different types of lectins in the tissues
of tambaqui.
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Materials and Methods
Tambaqui tissue

Tambaqui (3), gently given by Mar Doce Company (Recife, Pernambuco-
Brazil company) were anaesthetic in ice and the spleen, liver, heart, skin, gill, brain,
kidney and pyloric caecae were surgically removed following the anatomic
localization (Kubitza and Kubitza 2004). The tissues were immediately conditioned in

liquid nitrogen until the moment of the isolation of the total RNA.

Total RNA isolation and cDNA synthesis

Total RNA was extracted from the tissues of three individuals using the Trizol
reagent (Invitrogen, Carlsbad, EUA) according to the manufacturer’s instructions.
The concentration and the quality of the total isolated RNA were determined by
measuring their absorbance at 260-280 nm. The integrity of the RNA samples was
visually examined by electrophoresis in 1% agaroses gel.

The cDNA was synthesized from total RNA using the 3’Oligo(dT)+s-adapter,
named QT (5-CAGTGAGCAGAGTGACGAGGACTGGAGCTCAAGC(T+g)-3) and
the Moloney Murine Leukemia Virus Reverse Transcriptase, M-MLV RT (Promega).
The reaction was carried out at 37 °C for 60 min and inactivated at 70 °C for 15 min.

Finally, the cDNa was diluted 10 times in ultrapure water to a final volume of 50 pl.
Oligonucleotides (primers) and PCR

Degenerated primers (table 1), forward and reverse for four kinds of lectins,
were synthesized according to the homologous region of the conserved
oligonucleotides sequences that were searched from the genes and genomas of
other species of fishes (attach II).

cDNA (diluted 10 times) amplification was carried out at 94 °C for 3 min for
denaturation following 30 cycles of 94 °C for 50 s, 48 °C at 52,0 °C (see table 1) for
50 s and 72 °C for 2 min.
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Table 1: Primer list.

Lectins Primers annelling
5- TCACTTYAACCCACGCTATGA -3 (forward) 0
Galectin (Gal) 48 °C
5- AGGCRATAGAKTTCACYTCCA C -3 (forward)
Mannose Binding 5- MKSCCTGGCAGAGATGGAAGA -3 (forward) 48°C
Lectin (MBL) 5- GTARTATTTCTGTCCCACTTTCCT -3 (reverse)
Fucolectin Anguilla 5- KSCARGCWATGCCATTATGG -3 (forward) 5290
anguilla (FucoAA) 5- ACAGCGAAAGGTTYTAGTCTC -3 (reverse)
5- ATGGAAACMGTRASTCTGACT -3 (forward) 0
Fucolectin (Fuco) 52°C
5- TGTAWAGAGTTGCCGATGT -3 (reverse)

PCR and Amplicons purification

After analyzing each PCR product by electrophoresis in 1% agarose gel, it
was performed a DNA amplification using the galectin primer forward (5-
TCACTTYAACCCACGCTATGA -3) and the QO primer reverse (5-
CCAGTGAGCAGAGTGACGA-3’) and all the tissues as templates. Denaturation was
performed at the same conditions mentioned above. After the visualization through
electrophoresis agarose gel, the amplicons of spleen (spleen — Sp highest e Sp
smallest) and pyloric caecae (Pc highest e Pc smallest) were removed from the
agaroses gel, purified with Wizard SV Gel and PCR Clean-Up System kit (Promega).
It was removed one aliquot from the above mentioned PCR products in order to
perform another PCR using galectin specific primers. All PCR products were
sequenced by the dideoxy termination method using a DyeNAMIC ET Terminater
Cycle sequencing kit (Amersham Bioscience K.K., Tokyo, Japan) and an ABI PRISM
377 DNA sequencer (Applied Biosystems, CA, USA).

Homology search was performed using BLAST computer program (Altschul et
al. 1990). The amino acid sequence of each domain of Sp and Pc were aligned and
checked by the software Bioedit (Hall. 1997).
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Results

Total RNA isolation and cDNA synthesis

The reverse transcription coupled to polimerases chain reaction (RT-PCR),
using a protocol with QT adapter, allowed the synthesis of complete cDNA molecules
(data not shown).

By using specific primers, PCR of cDNA resulted in amplicons with expected
sizes: galectin with amplicon of approximately 300 bp in all tissues (figure 1A), MBL
resulted in an amplicon of about 300 bp in skin (figure 1B), FucoAA resulted in an
amplicon of about 500 bp in all tissues, except in brain and other of about 400 bp in
liver and in pyloric caecae (figure 1C), and finally, Fuco resulted in an amplicon of
400 bp in skin (figure 1E).
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Figure 1: Gene profile analysis of the GAL, MBL, FucoAA and Fuco by RT-PCR. Identical amounts of
total RNA from spleen, liver, heart, skin, gill, brain, kidney and pyloric caecae were isolated and
reverse-transcribed to produce cDNA. PCR amplifications were then performed specific primers to
amplify galectin (A), MBL (B), FucoAA (C) e Fuco (D).

PCR and sequencing

Galectin was constitutively expressed in all tissues, therefore we immediately
decided to investigate this lectin. PCR was performed using the forward primer for
galectin and reverse primer for Q0. The product of this reaction resulted in two strong
amplicons (figure 2A) of approximately 600 and 950 bp in spleen (Sp1/600 and
Sp1/950) and caecae (Pc1/600 e Pc 1/950). These amplicons were purified from gel
(figure 2B), and another PCR was performed using specific primers for GAL. This
reaction resulted in amplicons of expected sizes of 300 bp (figure 2C).

The sequencing of PCR products using the specific primers Sp1/600 (Sp1),
Sp1/950 (Sp2), Pc1/600 (Pc1) and Pc1/950 (Pc2) shows that GAL transcripts
belongs to the galectin subfamily Tandem Repeat (group 9 galectin). The search for
homology to Sp1 (figure 3) showed that there was approximately 53% of homology to
the galectin of group 9 from Danio rerio (AAR84192) and 41% of homology to the
galectin from Oncorhynchus mykiss (BAA88670). The search for homology to the
Pc1 (figure 4) demonstrated that there was approximately 57% of homology.
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The sequencing reaction didn’t work for the PCR products Sp1/600, Sp1/900,
Pc1/600, Pc1/950, Sp2 and Pc2.

A B

Figure 2: RT-PCR of the gal specific primer forward and QO primer reverse (A), purification of the
spleen and pyloric caecae amplicons (B) and PCR using gal specific primers (C), Sp1 (Sp1/600), Pc1
(Pc1/600), Sp2 (1/950), Pc2 (1/950).
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Discussion

In recent studies, lectins of fish have been isolated from serum, plasma, skin
mucus and eggs. Some lectin functions were studied, showing an important role in
the innate immunity of these animals (Rini and Lobsanov 1999; Ewart et al. 2001;
Dutta et al. 2005; Okamoto et al. 2005; Russell and Lumsden 2005; Podolsky et al.
2006). These soluble and extracellular proteins recognize specifically carbohydrates
which cover the pathogen surface and allow fishes to identify it as non-self cell. It has
been reported in literature that some lectins, such as galectins, have an important
role in recognition of fish pathogens, being also important in the embryonic
development in these animals (Ahmed et al. 2004; Dutta et al. 2005). Many lectins
were already purified and characterized, and there are an increasing number of
studies related to the genes involved in innate immunity, but, as far as the authors
know, there is no literature about fish lectins from North and Northeast region of
Brazil.

In tambaqui, it was found the presence of 4 types of lectins (GAL, MBL,
FucoAA and Fuco), and all of them presented a different expression profile in all
tissues, except the galectin which was constitutively expressed in all tissues, From
the analyzed tissues it was observed the expression of all lectins in tambaqui skin.
Since the water is a perfect medium for proliferation of bacteria and parasite
microbes, the skin is constantly exposed to pathogen attacks. Moreover, there are
defense mechanisms against pathogen invasion on the surface of fish body and the
skin works like a mechanical and biochemical barrier (Suzuki et al. 2003; Russell and
Lumsden 2005; Tsutsui et al. 2006). Until the present moment, no endemic disease
was registered for raised or wild tambaqui, which has contributed for its reputation of
being a robust species (Lima and Goulding 1998). Possibly, such fact could be
explained by the presence of a reasonable number of lectins in the skin (all tested
lectins) and in all testes internal tissues of tambaqui (GAL, fucoAA and fuco).

The sequencing reaction for Sp1/600, Sp1/900, Pc1/600 and Pc1/900 did not
work. Therefore, we have decided to perform a PCR with these samples using
specific primers for galectin. In the sequencing for Sp1 and Pc1, it was demonstrated
that the transcripts of GAL belongs to the galectin subgroup Tandem Repeat
(galectin group 9). In the alignment with homologue proteins of the fishes Danio rerio
and Oncorhynchus mykiss, it was observed the possibility to found in tambaqui the
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first domain with presence of some amino acids involved with carbohydrate binding.
The two aligned domains of respective fishes are connected by a linker peptide. This
linker peptide is smaller in Danio rerio causing a greater approximation of the two
domains and, consequently, this lectin binds more to monosaccharides (galactose,
N-acetyl galactosamine) than polysaccharides (Ahmed et al. 2004). The presence of
galectin was already confirmed in tambaqui serum and this protein has its lectinic
activity strongly inhibited by the monosaccharides galactose and fucose, and its
activity was weakly inhibited by glycoprotein.

The study of these lectins can provide a better comprehension of the immune
system of the fish allowing the development of applications for disease prevention.
The investigation of fish lectins can also serve as a base for genetic improvement
aiming to increase fish resistance for economically important diseases (Kubitza and
Kubitza 2004).

The tambaqui lectin is a new protein and additional experiments of quantitative
PCR are necessary to exactly evaluate the expression of these lectins in tambaqui.
The cloning of complete genes, containing the regions 3 -and 5-UTR, in which
regulatory sequences can be found, are currently in progress and a more complete
panorama of the lectins of tambaqui will be obtained soon, improving the

comprehension of the role of these proteins in its defense system.
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ABSTRACT

Lectins are proteins which recognize and bind specifically to carbohydrates. The
discovery of lectins of fish added a new dimension in the study of the biology of lectins
and in fish immunology. In the last decades, tambaqui has became one of the main
native species for the Brazilian inland fishculture, with a good growth patern and
productivity, fact that makes abundant its offers in the consumer markets. Tambaqui is a
fish known by its strength. The objective of this paper is to investigate the role of the
lectins in the fish defense against bacterial infections by Pseudomonas spp. and
Aeromonas spp. We have analyzed some groups of lectins, in liver, kidney and spleen of
tambaqui, by using reverse transcriptase coupled to the polymerase chain reaction
(reverse-transcription-polymerase chain reaction, RT-PCR). The genes of lectins which
recognize galactose (galectin) and C-type lectin are constitutively expressed in all of the
three organs of tambaqui, while the gene of lectin which recognizes mannose (Mannose-
Binding Lectin-MBL) was expressed in major quantity in kidney and more tenuously in
spleen. The search for homology showed that the MBL has approximately 65% of
homology with the MBL of the fish Danio rerio.

Keywords: Colossoma macropomum, Tambaqui lectin; RT-PCR; fish galactolectin; fish

mannose-binding lectin; fish C-type-lectin
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1 INTRODUCTION

Lectins are defined as proteins that bind, specifically and reversibly, to mono,
oligo or polysaccharides without alterations in its structure (GOLDSTEIN and
PORETZ, 1986; VAN DAMME et al., 1996; MACEDO et al., 2007; SITOHY et al.,
2007). These proteins have the ability of binding themselves to residues of
carbohydrates, through carbohydrates binding site(s) which can be conjugated to
lipids or proteins (VORNHOLT et al., 2007). Initially, the study of lectins was focused
just in plants, and only in the two last decades became evident that lectins are also
distributed in the animal kingdom (PROBSTMEIER and PESHEVA, 1999).

Many proteins act in the innate immunoresponse of fish (EWART et al, 2001).
Some have been well characterized, including the antimicrobial proteins such as
lisozime (HANCOCK and LEHRER, 1998). Recently, medical and veterinary
researches discovered that lectins are involved in the innate immunity of animals
(EWART et al., 1999; FOCK et al, 2001; DUTTA et al., 2005; RUSSELL and
LUMSDEN, 2005). The physiological role of lectins is not clearly defined, but recent
studies suggest that lectins are defense proteins which can protect against viruses,
fungi and bacteria (TSUTSUI et al. 2006).

Tambaqui (Colossoma macropomum) is a species of Amazon fish that have
been attracting the attention of a relatively great number of researchers, such as
fishing engineers, biologists, physiologists and aquaculturists (LIMA and GOULDING,
1998). This fact must occur mainly because of its importance in fishing and the
recognition that it would have a big potential for aquaculture. According to Lima and
Goulding (1998), tambaqui has become the symbol fish of Amazon because it
incorporates, in one species, most of the problems that need to be solved for
managing fishing and, at the same time, to develop aquaculture. The present work
objectives to investigate the expression profile of lectins in tambaqui during bacterial

infection.
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2 MATERIALS AND METHODS
2.1 Fish Treatment

Suspensions of Aeromonas spp. (group A), Pseudomonas spp. (group B)
and saline (Control group) were injected intraperitoneally in tambaqui fishes
(approximately 300 g). Fishes were kept in current water in temperatures variating
from 22 °C to 24 °C (mean 23 °C). After 15 days, fishes were anaesthetized in ice
and the liver, kidney and spleen were excised surgically following its anatomic
localization (KUBITZA and KUBITZA, 2004). Finally, organs were stored immediately

in liquid nitrogen until the moment of total RNA isolation.

2.2 Total RNA isolation from tissues and Purification of messenger RNA

The total RNA of isolated tissues was extracted from 3 tambaqui fishes using
trizol reagent (invitrogen, Carlsbad, USA) according to the manufacturer norms. The
concentration and the quality of the total isolated RNA were determined by
measuring the absorbances at 260-280nm. The integrity of the RNA samples was
visually examined through electrophoresis in 1% agarose gel.

The poly(A)-rich RNA, was isolated from total RNA using a purification kit of
mRNA (PolyATract® mRNA isolation system, Promega, Madison-WI, USA) by
capturing mRNA hybrids and biotinylated oligo(dT) probe with Magnesphere®
(Promega, Madison-WI, USA), a complex of streptavidine coupled to paramagnetic
particles. The mRNA from fish tissues was subsequently used for the amplification of

lectin genes of fish.

2.4 RT-PCR semi-quantitativo

The cDNA was synthesized from mRNA using the adapter 3'Oligo(dT)+s, called
QT (5-CAGTGAGCAGAGTGACGAGGACTGGAGCTC AAGC (T+g)-3" and reverse
transcriptase of Moloney Virus of Murin Leukemia, M-MLV-RT (Promega). The
reaction was performed at 37 °C during 60 min and inactivated at 70 °C for 15 min.
Finally, the cDNA was diluted 10 times in ultra pure water to be used in further

assays.
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2.5 Oligonucleotides (primers) and PCR

Degenerated primers (Table 1) for 5 types of lectins were synthesized
according to homologue region of conserved nucleotide sequences of genes from
another species of fish, (annex Il). The amplification of cDNA was carried out at 94
°C during 3 min for denaturation following 30 cycles at 94 °C for 50 s, 48 °C for 50 s
and 72 °C for 2 min.

Table 1: List of primers.

Lectins Primers

5- TCA CTTYAA CCC ACG CTATGA -3 (forward)
Galectin (GAL)

5- AGGCRATAGAKTTCACYTCCA C -3 (reverse)

. 5- ACTGTTTGGCACTTG GTGGA -3 (forward)

C-type lectin (CTL)

5- GCTCACCAGTGTTCCAGTT -3 (reverse)

5- MKSCCTGGCAGAGATGGAAGA -3 (forward)
Mannose binding lectin (MBL)

5- GTARTATTTCTGTCCCACTTTCCT -3 (reverse)

2.6 cDNA Cloning

Each PCR product, purified from agarose gel using the Wizard SV Gel kit and
PCR Clean-Up System (Promega, Madison, USA) was ligated into the pGEM-T Easy
vector (Promega). The transformation was performed in Escherichia coli (JM109,
Promega) using the calcium chloride method. Quickly, cells were concentrated by
centrifugation and resuspended in a solution containing calcium chloride. Competent
cells (E. coli) were mixed with plasmidial DNA and after that, submitted to a heat
shock. The cells grew up in non-selective medium and plated in a medium containing
ampiciline. The purification of plasmids was performed using a Wizard plasmid
purification system kit (Promega, Madison-WI, USA) according to manufacturer

norms.

2.7 cDNA sequentiation and analysis of sequences

The positive clones were sequentied using the flankers primers of the M13
insert forward and reverse, synthesized by IDT (Integrated DNA Technologies,
Coralville, USA). The sequence of nucleotide was carried through the chain
termination method (Dya terminator chemistry) using a kit (DYEnamic ET Dye
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Terminator kit), sequentied on MegaBACE 750 DNA Analysis System (GE
Healthcare, Piscataway, USA).

The database search for related nucleotides were conducted using the
software NCBI (ALTSCHUL et al., 1997) and for sequences alignment, we used the
Bioedit software (HALL, 1997 - version 5.0.6).
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3 RESULTS

3.1 Fish treatment

In 4 days, there was no aparent signal of disease in fishes, except the
excessive production of mucus. On the fifth day, we have applied a second dosage
of bacteria in each fish. The control was also submitted for a second serum
aplication. On the tenth day, tambaqui fishes started to present some slight signals of
infection: blackout on the skin, excessive production of mucus, breath difficulty, loss
of appetite and erratic swimming. On the fifteenth day, the skin of fishes were with
furunculosis, for infected the fishes with Pseudomonas spp. and white dots spreading
on the skin, for the fishes infected with Aeromonas spp. At the same day, all fishes
were sacrificed. Internally, all the organs (liver, stomach, spleen, intestine,
gallbladder, heart and gills) were apparently normal, except the kidneys of all the

infected fishes, which were swollen.

3.2 RT-PCR

In the total RNA isoleted were found intact (figure 1A). The reverse
transcription coupled to the polimerase chain reaction (RT-PCR), using a protocol
with QT adapter, allowed the synthesis of intact cDNA molecules (figure 1B). The

quantity of the kidney tissue of each group was corrected for the synthesis of cDNA.
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250 bp =—>

Figura 1: Isolation of total RNA (A) and cDNA (B) from the tambaqui tissues of liver, kidney and
spleen. Marker (M); Groups: Aeromonas spp. (A), Pseudomonas spp. (B) and control group (C).

3.3 PCR

The amplification reactions of cDNA with specific primers showed different
expressions in each tissue. For GAL (figure 2A), it was observed the presence of an
amplicon of approximately 300 of base pairs (bp) in all of the treated tissues (groups
A, B and C). For CTL (figure 2B), it was observed the presence of an amplicon of
approximately 300 of bp in all the treated tissues (groups A, B and C) and for both
lectins it was detected any expression difference between the different tissues and
treatments. However, for MBL (figure 2C), it was detected the presence of an
amplicon of about 300 bp in the kidney (A, B and C) and, tenuously, in spleen, and
another amplicon of 400 bp in the kidneys.
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Figura 2: PCR referent to the expression of the lectins genes in different tissues of tambaqui. GAL
(A), CTL (B) and MBL (C). Groups: Aeromonas spp. (A), Pseudomonas spp. (B) and control group (C).
Marker (M)

3.4 Analysis of nucleotidic sequences

The cloning of PCR products (GAL, CTL and MBL) selected and purified from
agarose gel produced bacterial recombinant clones. The plasmids of the clones
selected by antibiotic and PCR colony using flanker primers of the insert forward and
reverse were purified using a purification system of plasmid and submitted to
sequencing.

The sequence of the found recombinant clones was analyzed on the NCBI
database (GenBank). The result of the nucleotide sequences for tambaqui MBL
(dates don’t showed) showed low similarity (<66%) with Danio rerio (gi|68356567),
(<63%) with Danio rerio (gi|125806397), (<56%) with Carassius auratus
(0i|7542473), (<47%) with Cyprinus carpio (gi|38603529) and (<47%) with Cyprinus
carpio (Qi|38603527). When the search was made with aminoacid sequences
deduced from lectins genes of tambaqui, the values of these similarities increased to:
76% with Danio rerio, 73% with Carassius auratus and 64% with Cyprinus carpio

(figure 3). The sequencing reaction for GAL and CTL didn’t work.
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4 DISCUSSION

Lectins have a significant role in the immune response of the host in most
animals. They bind specifically to carbohydrate molecules present on the cell surface
of the pathogens, acting as opsonins estimulating their destruction by macrophages
(FOCK et al., 2001; RICHARDS et al., 2003; DUTTA et al., 2005). The recognition of
bacteria is a property reported by for many fish lectins (TSUTSUI et al. 2006). A
galectin activity which recognizes bacteria was identified in salmon eggs
(OTTINGER, et al., 1999). In the work of EWART et al. (1999), it was detected a
salmon serum lectin that binds to Aeromonas salmonicida and Vibrio anguillarum.

Tambaqui is a teleost fish extremely robust and, as far as authors know, it
wasn’t registered any endemic disease to raised or wild tambaqui. In experiments
with infected tambaquis, at least two injections, with five days interval, were
necessary to observe the typical signs of aeromonas and pseudomonas spp disease
and only in the eleventh day fishes started to show the first slight signs of infection. It
is worth mentioning that, in experiments with infected salmons to identify genes that
are differentially regulated in liver, spleen and kidney, with Aeromonas salmonicida,
the characteristic signs of the disease appeared in seven days of infection and fishes
were sacrificed in the thirteenth day (TSOI et al., 2004).

All the experimental group of tambaqui was sacrificed and the RNA was
obtained from different tissues (liver, kidney and spleen). The analysis of the profile
expression for three main lectin genes of fish (CTL, MBL, GAL) was performed using
the protocol of reverse transcription coupled to PCR. Surprisingly, there was no
difference between CTL and GAL expression, in all tambaui tissues in both groups
the control group and the treated group. On the other hand, was verified that only
MBL is expressed exclusively in kidney and, tenuously, in spleen of infected and
control tambaqui. The cDNA segment of the sequenced MBL shows that this lectin
presents about 76% of similarity with MBL of Danio rerio (zebrafish), 73% with
Carassius auratus (goldfish) and 64 % with Cyprinus carpio (carp). This similarity is
very significant, because it refers to the CRD region. It is worth noting that, despite
the CRD is much conserved among the MBL of these fishes, it refers to genes that
evolved independently, since the sequences of nucleotides of MBL from Danio rerio,
Carassius auratus, Cyprinus carpio are divergents. This fact indicates that the
mutations were silent and synonyms, that is, even if the codons are different they
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codify the same amino acids. Consequently, there is less similarity among the
sequences of nucleotide than among the amino acids. Thus, in the present work,
new lectin genes of fish are being described for tambaqui (GAL and MBL).

In case of the galectin, additional experiments need to be done in relation to
its antimicrobial activity, since its sequence show high similarity with galectin tandem
repeat group (galectin 9), which is known to participate in embryogenesis and,
therefore, in the recognition among cells in tissue organization. Whether it is involved
on the innate immune system, as thought for its constitutive expression, further
confirmation is necessary. It is known that MBL has a crucial role on the innate
defense of fishes, activating the complement system (KONSTANTINA et al., 2006).
Due to its CRD, they bind to mannose residues on the pathogens surface
(DRICKAMER, 1992). In teleosts, the MBL gene was identified in: common salmon
(Salmo salar), carp (Cyprinus carpio), zebrafish (Danio rerio), goldfish (Carassius
auratus), and in Japanese eel (Anguilla japonica).

As previously mentioned CTL was expressed in all tissues of both, treated and
control fishes. This fact is not observed in salmon (TSOI et al., 2004). For this fish the
expression occurred in the liver of both infected and control groups, on the other
hand, the expression did not occur on the other tissues (kidney and spleen) for the
control group. The GAL expression also occurred in all tambaqui tissues. In no other
fish in found in literature, this lectin expression was observed in all three tissues.

The expression profile of these three important lectins can justify the fact of
the tambaqui to be such a robust fish. The constitutive expression observed in all
tissues for these families of lectins (GAL and CTL) may reflect the role of these
proteins in the defense system of the tambaqui against high microbial loads present
in tropical waters.

Teleost fishes present unique characteristics, such as temperature
dependence of the acquired immunity, as well as certains limitations in antibodies
diversity. Therefore, it is believed that the defense functions which depend on innate
immune system could have a more important role in these animals than in other
homoeothermic vertebrate species, such as birds and mammals (TSOI et al., 2004).

The study of galectin, MBL, C-type lectin and other lectins present in
tambaqui, can be useful for a better comprehension about the functioning of the
tambaqui immune system and other tropical fishes, possibly facilitating the
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development of techniques for the prevention of diseases, in a way that could help its
managing by pisciculturists.

As far as the authors know, this is the first report of molecular cloning of the
tambaqui lectin genes. Additional experiments of quantitative PCR are in progress to
evaluate exactly the expression of these and other lectins in tambaqui. In addition,
the complete genes cloning, containing the regions 3-and 5-UTR (untranslated
region), in which regulatory sequences can be found, is being done. Therefore, it is
believed that a more complete panorama about lectins of the tambaqui will amplify
the comprehension about the role of these proteins in the defense system of the

tambaqui and other tropical fishes as well.
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CONCLUSOES

= A lectina do soro de tambaqui (Colossoma macropomum) € uma proteina com
caracteristicas basicas que reconhece galactose e fucose;

= Nos tecidos avaliados do tambaqui (coracao, figado, rim, bago, pele, cérebro,
ceco, branquias) ocorreu diferente expressao do gene das lectinas (GAL, MBL,
FUCO AA, FUCO);

= A pele foi 0 Unico tecido em que foi detectada a expressdo de todas as lectinas
testadas (GAL, MBL, FUCO AA, FUCO);

= O tambaqui infectado com bactérias foi resistente por muitos dias;

= Galectina e lectina tipo-C foram expressadas constitutivamente nos diferentes
tecidos, o que justifica a robustez do tambaqui;

= O seguimento de cDNA da galectina do tambaqui pertence ao grupo de galectinas
do subtipo Tandem Repeat;

= O seguimento sequenciado de cDNA da MBL mostra que a lectina foi similar a
MBL de Danio rerio (76%, zebrafish), de Carassius auratus (73%, goldfish) e de

Cyprinus carpio (64%, carpa);

= Em peixes infectados a MBL foi expressa com intensidade nos rins mostrando sua

importancia na ativacao do sistema complemento.
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edn. Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY.
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'Reproduced with permission from Einstein (1975)".

15. Digital object identifier. Blackwell Publishing assigns a unique digital object identifier (DOI) to every article it publishes. The DOI
appears on the title page of the article. It is assigned after the article has been accepted for publication and persists throughout the
lifetime of the article. Due to its persistence, it can be used to find the article on the Internet through various web sites, including
Blackwell Synergy, and to cite the article in academic references. When using a Blackwell Publishing article in the reference section, it is
important to include the article’s DOI in the reference as volume and page information is not always available for articles published
online. Section 16 shows samples of DOI included in references. All articles on Blackwell Synergy (www.blackwell-synergy.com) include
full details on how to cite the article.

16. References. The use of a tool such as EndNote or Reference Manager for reference management and formatting is recommended.
EndNote reference styles can be searched for here: http:/www.endnote.com/support/enstyles.asp

Reference Manager styles can be searched for here: http://www.refman.com/support/rmstyles.asp

The list of references should be arranged alphabetically according to the surname of the first author and set out as follows:

Pickford, G. E. (1959). The nature and physiology of the pituitary hormones of fishes. In Comparative Endocrinology (Gorbman, A., ed.),
pp. 404-420. New York: Wiley.

Wilson, D. P. (1978). Territorial behaviour of male dragonets (Callionymus lyra). Journal of the Marine Biological Association of the
United Kingdom 58, 731-734.
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When citing a Blackwell Publishing journal, include the digital object identifier (DOI), if noted, from the article's title page. Please note the
following examples:

Slotte, A. & Fiksen, @. (2000). State-dependent spawning migration in Norwegian spring-spawning herring. Journal of Fish Biology 56,
138-162. doi: 10.1006/jfbi.1999.1145

Mukuda, T. & Ando, M. (2003). Medullary motor neurones associated with drinking behaviour of Japanese eels. Journal of Fish Biology
62, 1-12. doi: 10.1046/j.0022-1112.2003.00002.x

The order in the list should be:

(i). Single authors. Where more than one reference is given for a single author the publications should be listed chronologically.

(i). Two authors. These should be arranged first alphabetically, then chronologically. For text citations, use the names of both authors
and the year. Do not use et al. for two-author references.

(iii). Three or more authors. These should be arranged chronologically. For all text citations use the surname of the first author only,
followed by et al. and the date.

If more than one reference by the same author(s) published in the same year is cited, use a, b, etc. after the year in both text and list,
e.g. (1963a). Text citations can be given in either of two ways: (a) with date in parentheses, 'as demonstrated by Jones (1956)'; (b) with
names and date in parentheses, 'according to recent findings (Jones, 1956)'. Where more than one reference is cited in the text
these should be in chronological order, e.g. Smith, 1975; Arnold, 1981; Jones, 1988. Journal titles should be given in full. The full
title of the paper, the volume number and the page numbers should be given. Authors should check that all citations in the text are
in the list of references and vice versa, and that their dates match. Journal titles, book titles and any other material within the
reference list which will be italicized in print should be italicized or underlined in the manuscript.

References must be available in the public domain, e.g. 'grey’ literature should not be included.

17. Ethics. Contributors to the Journal of Fish Biology must read the Editorial in Journal of Fish Biology 68, 1-2 (2006), available here.
They will be required to complete a questionnaire on submission of their paper, available for download here.

18. Reviews. The Journal of Fish Biology plans to include one review paper with each issue. These reviews should be concise (up to 30
printed pages of the Journal), critical and creative. They should seek to stimulate topical debate and new research initiatives.
Prospective authors are asked to submit a synopsis (two pages maximum) of their paper to the Reviews Editor, Dr M. J. Kaiser,
University of Wales - Bangor, School of Ocean Sciences, Menai Bridge, Gwynedd LL59 5EY, U.K. (or by email:

michel kaiser@bangor.ac.uk). The synopsis should outline why the review is topical, its main points and objectives, and how it will
stimulate debate and research. When the proposal has been accepted by the Reviews Editor, he will invite the author to submit a
manuscript within an agreed time limit and following the general guidelines for submission of standard papers. A modest honorarium will
be paid on publication of reviews.

19. Brief Communications. A Brief Communication may be concerned with any subject within the scope of the Journal of Fish Biology but
should be confined to a single point or issue of progress, such as an unusual occurrence, an interesting observation, or a topical and
timely finding. The manuscript must, however, have some relevance beyond the species or locality under consideration. To qualify for
inclusion as a Brief Communication a paper must be short. An abstract of not more than three lines is required. No subheadings or
subdivisions should be included, in other respects submitted manuscripts should comply with the instructions given above.

20. Acceptance of papers. Papers will normally be critically reviewed by two or more outside experts in the relevant discipline and
evaluated for publication by the Editor; however, the Editor may return to authors without review any manuscripts deemed to be of
inadequate quality or inappropriate for the Journal of Fish Biology.

21. Occasional Comments. Occasionally, comments concerning recent published papers in the Journal will be considered by the Editor.
The comments will be sent to the original author(s) to provide an opportunity to reply. Publication of the Comment and Reply will end the
debate.

22. Copyright. Authors submitting a manuscript do so on the understanding that, if it is accepted for publication, the licence to publish the
article, including the right to reproduce the article in all forms and media, shall be assigned exclusively to the Society. The submission of
an exclusive licence to publish is a condition of publication and papers will not be passed to the publisher for production until this has
been received. The Exclusive Licence Form can be downloaded from the home page at http:/ifb.edmgr.com or, alternatively, please
click here. This should be signed by the appropriate person(s) and must be sent, by post offline, after login, to the Editorial Office.
Authors are themselves responsible for obtaining permission to reproduce copyright material from other sources.

23. NEW: Online Open. OnlineOpen is a pay-to-publish service from Blackwell that offers authors once their papers have been
accepted for publication the opportunity to pay up-front for their manuscript to become open access (i.e. free for all to view and
download) via the Blackwell Synergy website. Each OnlineOpen article will be subject to a one-off fee of £1300 (equivalent to $2600) to
be met by or on behalf of the Author in advance of publication. Upon online publication, the article (both full-text and PDF versions) will
be available to all for viewing and download free of charge. The print version of the article will also be branded as OnlineOpen and will
draw attention to the fact that the paper can be downloaded for free via the Blackwell Synergy service.

Any authors wishing to send their paper OnlineOpen will be required to complete the combined payment and copyright licence form
available by clicking here: (Please note this form is for use with OnlineOpen material ONLY). Once complete this form should be sent to
the Editorial Office along with the rest of the manuscript materials at the time of acceptance or as soon as possible after that (preferably
within 24 hours to avoid any delays in processing).
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Prior to acceptance you should not inform the Editorial Office that you intend to publish your paper OnlineOpen.
The copyright statement for OnlineOpen authors will read:

© [date] The Author(s)

Journal compilation © [date] The Fisheries Society of the British Isles

24. Proofs and offprints. Proofs should be downloaded as a PDF file from a designated web site. Full details will be sent to the
corresponding author by email. Therefore, a working email address must be provided. Hard copy proofs will be posted if no email
address is available. Proofs should be returned to the Editor within 3 days of receipt. Authors will be provided with electronic offprints of
their paper. Additional paper offprints may be ordered online. Full instructions for ordering paper offprints are available on the journal
home page at www.blackwellpublishing.com/jfb in For Authors. Any queries regarding offprints should be emailed to:
offprint@cosprinters.com. Offprints are normally dispatched within 3 weeks of publication of the issue in which the paper appears.
Please contact the publishers if offprints do not arrive: however, please note that offprints are sent by surface mail, so overseas orders
may take up to 6 weeks to arrive. Electronic offprints are sent to the first author at his or her first email address on the title page of the
paper, unless advised otherwise; therefore please ensure that the name, address and email of the receiving author are clearly indicated
on the manuscript title page if he or she is not the first author of the paper.

25. NEW: Online production tracking is now available through Blackwell's Author Setvices.

Author Services enables authors to track their article - once it has been accepted - through the production process to publication online
and in print. Authors can check the status of their articles online and choose to receive automated emails at key stages of production.
The author will receive an e-mail with a unique link that enables them to register and have their article automatically added to the
system. Please ensure that a complete email address is provided when submitting the manuscript. Visit
www.blackwellpublishing.com/bauthor for more details on online production tracking and for a wealth of resources including FAQs and
tips on article preparation, submission and more.

26. Author material archive policy. Please note that unless specifically requested, Blackwell Publishing will dispose of all hard copy or
electronic material 2 months after publication. If the return of any submitted material is required, the editorial office or production editor
must be informed as soon as possible.

Ten of the most common faults in papers submitted to the Journal of Fish Biology:

Title page layout. Authors should consult past published papers.

Abstract contains information other than main findings.

Headings. Authors should consult past published papers.

Naming of fishes, e.g. no authority given on first mention.

Use of active voice (usually the first person). The passive voice should be used.
References, e.g. lack of match between text and list and wrong format.

Figure and caption, e.g. keys should be on the caption, not on the figure.
Variables not defined correctly. Normally these should be single letters qualified with subscripts if required, e.g. LT for
total length.

9. Mismatch of decimal places, e.g. between mean and S.D., S.E., etc.

10. Files submitted as PDFs.
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FISH PHYSIOLOGY AND BIOCHEMISTRY
Instructions for Authors

Fish Physiology and Biochemistry

Online Manuscript Submission

Springer now offers authors, editors and reviewers of Fish Physiology and Biochemistry the option of using our
fully webenabled online manuscript submission and review system. To keep the review time as short as possible
(no postal delays!), we encourage authors to submit manuscripts online to the journal‘s editorial office. Our online
manuscript submission and review system offers authors the option to track the progress of the review process of
manuscripts in real time.

The online manuscript submission and review system for Fish Physiology and Biochemistry offers easy and
straightforward log-in and submission procedures.

This system supports a wide range of submission file formats:

for manuscripts - Word, WordPerfect, RTF, TXT and LaTex; for figures - TIFF, GIF, JPEG, EPS, PPT, and
Postscript.

NOTE:

By using the online manuscript submission and review system, it is NOT necessary to submit the manuscript
also in printout + disk. In case you encounter any difficulties while submitting your manuscript on line, please get
in touch with the responsible Editorial Assistant by clicking on “CONTACT US” from the tool bar.

No page charges are applicable, but prospective authors should condense their pages as much as possible.

Manuscripts should be submitted to:
http:/fish.edmgr.com

Manuscript Format
All pages, including the tables, figures, legends and references, are tobe numbered consecutively.
On the first page of the manuscript include the following information:

Title (brief but informative)

Author(s)‘s initial and family name (if more than one author use ’‘and’ before the last author's name, e.g., J.
Smith, F.T. Jones and R.Edwards

Affiliations/Addresses of all authors (provide completeaddresses, and a fax number and/or e-mail address for
correspondence; alsoindicate to whom correspondence should be addressed)

Key words (a maximum of 10, in alphabetical order, suitable forindexing; these should differ from words used in
the title)

For the remaining manuscript use the main headings, as follows:
Abstract (brief and informative; maximum 250 words)

Abbreviations (listed alphabetically as a footnote to page 2;limit these to words that are not familiar and/or
commonly used)

Introduction

Materials and methods
Results

Discussion
Acknowledgements

Use Roman bold font for the main headings, italic font for thesubheadings, and Roman font for subsequent levels
of sectionheadings.
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The approximate location of figures and tables should be indicated in themargin.

The first paragraph in each section should not be indented; subsequentparagraphs should be indicated by clear
indentations.

The first text citation of the common name of a fish species should beaccompanied by the Latin name, in italic
font (e.g., rainbow trout, Oncorhychus mykiss); thereafter, only the common name (rainbow trout) orthe
abbreviated Latin name (O. mykiss) is to be used consistentlythroughout the text.

Cite references in the text as follows: Smith (1998), (Smith 1998), Smithand Jones (1998), or Smith et al. (1998)

References
1. Journal article:

2. Smith J, Jones M Jr, Houghton L et al (1999) Future of health insurance. N Engl J Med 965:325-329

2. Inclusion of issue number (optional):
Saunders DS (1976) The biological clock of insects. Sci Am 234(2):114—121

3. Journal issue with issue editor:
Smith J (ed) (1998) Rodent genes. Mod Genomics J 14(6):126—233

4. Journal issue with no issue editor:
Mod Genomics J (1998) Rodent genes. Mod Genomics J 14(6):126—-233

5. Book chapter:
Brown B, Aaron M (2001) The politics of nature. In: Smith J (ed) The rise of modern genomics, 3rd edn.
Wiley, New York

6. Book, authored:
South J, Blass B (2001) The future of modern genomics. Blackwell, London

7. Book, edited:
Smith J, Brown B (eds) (2001) The demise of modern genomics. Blackwell, London

8. Chapter in a book in a series without volume titles:
Schmidt H (1989) Testing results. In: Hutzinger O (ed) Handbook of environmental chemistry, vol 2E.
Springer, Berlin Heidelberg New York, p 111

9. Chapter in a book in a series with volume title:
Smith SE (1976) Neuromuscular blocking drugs in man. In: Zaimis E (ed) Neuromuscular junction. Handbook
of experimental pharmacology, vol 42. Springer, Berlin Heidelberg New York, pp593-660

10. Proceedings as a book (in a series and subseries):

Zowghi D et al (1996) A framework for reasoning about requirements in evolution. In: Foo N, Goebel R (eds)
PRICAI'96: topics in artificial intelligence. 4th Pacific Rim conference on artificial intelligence, Cairns, August
1996. Lecture notes in computer science (Lecture notes in artificial intelligence), vol 1114. Springer, Berlin
Heidelberg New York, p 157

11. Proceedings with an editor (without a publisher):
Aaron M (1999) The future of genomics. In: Williams H (ed) Proceedings of the genomic researchers, Boston,
1999

12. Proceedings without an editor (without a publisher):

Chung S-T, Morris RL (1978) Isolation and characterization of plasmid deoxyribonucleic acid from
Streptomyces fradiae. In: Abstracts of the 3rd international symposium on the genetics of industrial
microorganisms, University of Wisconsin, Madison, 4-9 June 1978

13. Paper presented at a conference:

Chung S-T, Morris RL (1978) lIsolation and characterization of plasmid deoxyribonucleic acid from
Streptomyces fradiae. Paper presented at the 3rd international symposium on the genetics of industrial
microorganisms, University of Wisconsin, Madison, 4-9 June 1978

14. Patent:
Name and date of patent are optional

Norman LO (1998) Lightning rods. US Patent 4,379,752, 9 Sept 1998
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15. Dissertation:
Trent JW (1975) Experimental acute renal failure. Dissertation, University of California

16. Institutional author (book):
International Anatomical Nomenclature Committee (1966) Nomina anatomica. Excerpta Medica, Amsterdam

17. Non-English publication cited in an English publication:
Wolf GH, Lehman P-F (1976) Atlas der Anatomie, vol 4/3, 4th edn. Fischer, Berlin. [NB: Use the language of
the primary document, not that of the reference for "vol" etc.!]

18. Non-Latin alphabet publication:

The English translation is optional.

Marikhin VY, Myasnikova LP (1977) Nadmolekulyarnaya struktura polimerov (The supramolecular structure
of polymers). Khimiya, Leningrad

19. Published and In press articles with or without DOI:

19.1 In press
Wilson M et al (2006) References. In: Wilson M (ed) Style manual. Springer, Berlin Heidelberg New York (in
press)

19.2. Article by DOI (with page numbers)
Slitka MK, Whitton JL (2000) Clinical implications of dysregulated cytokine production. J Mol Med 78:74-80.
DOI 10.1007/s001090000086

19.3. Article by DOI (before issue publication with page numbers)
Slifka MK, Whitton JL (2000) Clinical implications of dysregulated cytokine production. J Mol Med (in press).
DOI 10.1007/s001090000086

19.4. Article in electronic journal by DOI (no paginated version)

Slitka MK, Whitton JL (2000) Clinical implications of dysregulated cytokine production. Dig J Mol Med. DOI
10.1007/s801090000086

20. Internet publication/Online document

Doe J (1999) Title of subordinate document. In: The dictionary of substances and their effects. Royal Society
of Chemistry.Available via DIALOG. http://www.rsc.org/dose/title of subordinate document. Cited 15 Jan 1999

20.1. Online database

Healthwise Knowledgebase (1998) US Pharmacopeia, Rockville. http://www.healthwise.org. Cited 21 Sept
1998

Supplementary material/private homepage

Doe J (2000) Title of supplementary material. http://www.privatehomepage.com. Cited 22 Feb 2000
University site

Doe J (1999) Title of preprint. http://www.uni-heidelberg.de/mydata.html. Cited 25 Dec 1999

FTP site

Doe J (1999) Trivial HTTP, RFC2169. ftp:/ftp.isi.edu/in-notes/rfc2169.txt. Cited 12 Nov 1999
Organization site

ISSN International Centre (1999) Global ISSN database. http://www.issn.org. Cited 20 Feb 2000

Electronic Figures

Electronic versions of your figures must be supplied. For vector graphics, EPS is the preferred format. For
bitmapped graphics, TIFF is the preferred format.

The following resolutions are optimal:

line figures - 600 - 1200 dpi

photographs - 300 dpi; screen
dumps - leave as is

Colour figures can be submitted in the RGB colour system. Fontrelated problems can be avoided by using
standard fonts such as Times Roman, Courier and Helvetica.
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Colour Figures

Colour figures may be printed at the author’s expense. Please indicate at submission which figures should be
printed in colour, the number of colour pages you prefer and to which address we can send the invoice. In
addition, please specify if figures are to appear together on a colour page.

Language
We appreciate any efforts that you make to ensure that the language is corrected before submission. This will
greatly improve the legibility of your paper if English is not your first language.

Tables

Each table should be numbered consecutively (1, 2, etc.). In tables, footnotes are preferable to long explanatory
material in either the heading or body of the table. Such explanatory footnotes, identified by superscript letters,
should be placed

immediately below the table. Please provide a caption (without abbreviations) to each table, refer to the table in
the text and note its approximate location in the margin. Finally, please place the tables after the figure legends in
the manuscript.

Figures

All photographs, graphs and diagrams should be referred to as a 'Figure' and they should be numbered
consecutively (1, 2, etc.). Multi-part figures ought to be labelled with lower case letters (a, b, etc.). Please insert
keys and scale bars directly in the figures. Relatively small text and great variation in text sizes within figures
should be avoided as figures are often reduced in size. Figures may be sized to fit approximately within the
column(s) of the journal. Provide a detailed legend (without abbreviations) to each figure, refer to the figure in the
text and note its approximate location in the margin. Please place the legends in the manuscript after the
references.

Abbreviations and Units

Abbreviations and units must be in the form of Sl units[mg, g, m, cm, mm, ppm, cpm, | (liter), ml, s (second), min
(minute), h(hour), mol, m-2], etc., throughout the text, tables and figures, andthe minus index form [i.e., use mg
1-1, nog mg/l] is to be usedthroughout.

The author will be sent an offprint order form and proofs, whichshould be returned to the Editor without delay. If
there are typesettingproblems, it is the responsibility of the author to contact the Publisherand Editor by fax
(Publisher: (++) 31 78 63 92 555; Editor + 519 767 1540). Theauthor is responsible for correcting errors in
typesetting; alterations ofthe proofs must be kept to a minimum and the cost of making changes otherthan
corrections of typesetting errors will be charged to the author.

FIFTY OFFPRINTS WILL BE SUPPLIED FREE OF CHARGE.

Further Information

Springer

P.O. Box 990

3300 AZ Dordrecht

The Netherlands

Tel: 00 31 78-6576000 or Fax: 00 31 78-6576904)

Springer Open Choice

In addition to the normal publication process (whereby an article is submitted to the journal and access to that
article is granted to customers who have purchased a subscription), Springer now provides an alternative
publishing option: Springer Open Choice. A Springer Open Choice article receives all the benefits of a regular
subscription—-based article, but in addition is made available publicly through Springers online platform
SpringerLink. To publish via Springer Open Choice, upon acceptance please click on the link below to complete
the relevant order form and provide the required payment information. Payment must be received in full before
publication or articles will publish as regular subscription-model articles. We regret that Springer Open Choice
cannot be ordered for published articles.

www.springer.com/openchoice
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Journal of Comparative Physiology B
Instructions for Authors

The "Journal of Comparative Physiology B" (Biochemical, Systems, and Environmental Physiology) publishes
original articles in general and comparative animal physiology. Preliminary communications will not be
considered.

Manuscript submission

Leqgal requirements

Manuscript preparation

Tables and figures

Electronic Supplementary Material

Proofreading
Online First

Offprints
Springer Open Choice

Manuscript submission

Authors should submit their articles to " Journal of Comparative Physiology B " online to facilitate even quicker
and more efficient processing. Electronic submission substantially reduces the editorial processing and reviewing
time and shortens overall publication time. Please log directly onto the link below and upload your manuscript
following the instructions given on screen.

SUBMIT ONLINE

Legal requirements

Submission of a manuscript implies: that the work described has not been published before (except in the form of
an abstract, or as part of a published lecture, or thesis); that it is not under consideration for publication anywhere
else; that its publication has been approved by all co-authors, if any, as well as by the responsible authorities -
tacitly or explicitly - at the institute where the work has been carried out. The publisher will not be held legally
responsible should there be any claims for compensation.

The "Copyright Transfer Statement" has to be signed and faxed to the publisher together with the corrected
proofs (see below) with which it will be provided by the publisher shortly after the manuscript has been accepted
for publication.

Manuscript preparation

T All manuscripts are subject to peer review and copy editing.

There are no page charges.

Manuscripts must be written in English and should be typed double-spaced throughout (including
acknowledgements, references, tables, and figure legends) with at least 2.5 cm (1 inch) margins.

Use a normal, plain font (e.g., Times New Roman) for text.
Use the automatic page numbering function to number the pages.
For indents use tab stops or other commands, not the space bar.

Essential footnotes to the text should be numbered consecutively and placed at the bottom of the page to
which they refer.

Units, symbols, abbreviations
Sl units and the conventions of the International Union of Pure and Applied Chemistry (IUPAC) are
recommended; except for thermodynamics, the Celsius temperature scale should be used. Abbreviations must be
kept to a minimum; ad hoc abbreviations should be avoided. Except for standard physiological and biochemical
abbreviations (R.Q., e.p.s.p., STDP, ATP, NAD, EDTA, etc.), all abbreviations must be explained in a footnote on
the title page.

Citations and references
Literature citations in the text should indicate the author's surname with the year of publication in parentheses,
e.g. Carlin (1992); Brooks and Carlin (1992). If there are more than two authors, only the first should be named,
followed by "et al."
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References at the end of the paper should be listed in alphabetical order by the first author's name. If there is
more than one work by the same author or team of authors in the same year, a, b, etc. is added to the year both
in the text and in the list of references.

*Journal papers: name(s) and initial(s) of all authors; year; full title; journal title abbreviated in accordance with
international practice; volume number; first and last page numbers

Example:
Stokes DR, Josephson RK (2004) Power and control muscles of cicadia song: structural and contractile
heterogeneity. J Comp Physiol A 190:279-290

If available, the Digital Object Identifier (DOI) of the cited literature should be added at the end of the reference in
question.

Example:

Speake BK, Herbert JF, Thompson MB (2004) Comparison of the fatty-acid compositions of prey items and yolks
of Australian insectivorous scincid lizards. J Comp Physiol B DOI 10-1007/s00360-004-0425-5

*Single contributions in a book:

name(s) and initial(s) of all authors; year; title of article; editor(s); title of book; edition; volume number; publisher;
place of publication; page numbers

Example:
Keil TA (1999) Morphology and development of the peripheral olfactory organs. In: Hansson BS (ed) Insect
olfaction. Springer, Berlin Heidelberg, pp 5-47

*Book:
name and initial(s) of all authors; year; title; publisher; place of publication
Example:
Steward O (2000) Functional Neuroscience. Springer, Berlin Heidelberg New York
Please arrange your manuscript as follows:
Title page (page 1)
Including name(s) of author(s), a concise and informative title, affiliation(s) of the author(s), e-mail address,
telephone and fax numbers of the corresponding author, and footnotes to the title page (including an alphabetical
list of abbreviations).
Abstract
Only the main results should be summarized without giving references or abbreviations. The abstract must
comprise a maximum of 200 words.
Five keywords

Introduction
Lengthy introductions should be avoided, and the subject should be approached in a straightforward manner.

Materials and methods
Except for well-known methods, experimental methods should be explained in sufficient detail.

Results

Discussion
For short papers, the Results and Discussion sections may be combined

Acknowledgements
Please include at the end of the acknowledgements a declaration that the experiments comply with the current
laws of the country in which the experiments were performed.

References

Figure legends
Tables

Figures
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Tables and figures

Tables must be numbered consecutively with arabic numerals and submitted separately from the text. They
should have a heading explaining any abbreviation used in that table. Footnotes to tables should be indicated by
superscript lower-case letters. Each table must be typed on a separate sheet together with its heading, and ample
space should be allowed for editorial comments.

lllustrations must be restricted to the minimum needed to clarify the text. All figures (photographs, graphs or
diagrams) should be cited in the text, and numbered consecutively throughout. Figure parts should be identified
by lower-case roman letters (a, b, etc.). If illustrations are supplied with uppercase labeling, lower-case letters will
still be used in the figure legends and citations.

Figure legends must be brief, self-sufficient explanations of the illustrations. The legends should be placed at the
end of the text. Submit all figures on separate sheets, each bearing the figure number and the author's names,
and do not integrate them within the text.

Line drawings
Inscriptions should be legible, with initial capital letters and appropriately scaled to the size of the drawing. Letters
2 mm high are recommended. Scanned line drawings should be digitized with a resolution of 800 dpi relative to
the final figure size.

Computer drawings
Computer drawings are acceptable provided they are of comparable quality to line drawings (minimum resolution
of 300 dpi). Computer-drawn curves and lines must be smooth. Lettering must be of high quality; Helvetica is the
preferred font. Lettering fonts must be consistent within and among all figures.

Halftone illustrations (black and white and color)
Magnification should be indicated by scale bars. For scanned halftone illustrations, a resolution of 300 dpi is
usually sufficient, TIFF is the preferred file format.

Color illustrations
Color figures will always be published in color in the online version. In print, however, they will only appear in color
if the author agrees to make a contribution of Euro 950/US $ 1,150 (plus 19% VAT) per article. Otherwise the
figures will be printed in black and white.
Save color illustrations as RGB (8 bits per channel) in TIFF format.

Plates
Several figures or figure parts should be grouped in a plate on one page.

Vector graphics
Fonts used in the vector graphics must be included. Please do not draw with hairlines. The minimum line width is
0.2 mm (i.e., 0.567 pt) relative to the final size. EPS is the preferred file format. EPS files must always contain a
preview in TIFF of the figure.

Size of figures
The figures, including legends, should either match the column width (86 mm) or the print area of 176 x 236 mm.
In case reduction is absolutely necessary, please state the alternative scale desired. The publisher reserves the
right to reduce or enlarge illustrations.
Electronic Supplementary Material
Electronic Supplementary Material (ESM) for a paper will be published in the electronic edition of this journal
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ANEXO 11
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Referéncias dos genes e genomas do Banco de dados do NCBI

LECTINA PEIXE REFERENCIA
Danio rerio 0i|68393907
Danio rerio 0i|49227306
Oncorhynchus mykiss 0i|6681409
Galectina Oncorhynchus mykiss 0i|20270910
Oreochromis mossambicus 0i|115280042
Zebrafish/Danio rerio 0i|28316273
Oncorhynchus mykiss 0i|20385162
Oncorhynchus mykiss 0i|11095790
C-type Oncorhynchus mykiss gi[11095794
Oncorhynchus mykiss 0i|68697200
Carassius auratus gi|7542473
Cyprinus carpio 0i|38603527
Cyprinus carpio 0i|38603529
MBL Cyprinus carpio gi|7542469
Cyprinus carpio 0i|38603531
Danio rerio gi|7542471
Danio rerio 0i|18858996
Anguilla japonica 0i|9651020
Anguilla japonica 0i|9651022
FucolectinaAA Anguilla japonica 0i|9651024
Anguilla japonica 0i|9651026
Anguilla japonica 0i|9651028
Danio rerio gi|78191595
Danio rerio gi|78191597
Danio rerio gi|78191599
Danio rerio 0i|38488748
Fucolectina Fundulus heteroclitus 0i|52001210
Morone saxatilis 0i|78191587
Morone chrysops 0i|78191593
Oncorhynchus mykiss 0i|78191585
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