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RESUMO 

 

 

Organofosforados e carbamatos são as principais classes de pesticidas no mercado mundial. 

Sua rápida degradação e baixa estabilidade no meio ambiente fizeram com que substituíssem 

rapidamente outras classes importantes. Todavia, sua alta toxicidade em relação aos 

mamíferos e outros organismos não-alvo aliada às grandes quantidades utilizadas constituem 

uma ameaça à saúde humana e ambiental. O modo de ação de ambas as classes baseia-se na 

inibição de enzimas colinesterases. Metodologias vêm sendo desenvolvidas utilizando 

colinesterases de organismos aquáticos para detectar a presença de pesticidas em amostras 

ambientais, uma vez que seus habitats são constantemente contaminados por esses compostos. 

Neste trabalho, a acetilcolinesterase presente no extrato bruto (AChE; EC 3.1.1.7) de cérebro 

de tambaqui (Colossoma macropomum) foi exposta a concentrações de 0,001 a 10 ppm de um 

pesticida comercial, cujo princípio ativo é o organofosforado diclorvós. Os resultados 

demonstraram inibição de aproximadamente 18% da atividade enzimática referente à 

concentração de 0,01 ppm (0,0452 µmol/L) do princípio ativo. Em seguida, a enzima foi 

caracterizada e exposta a cinco pesticidas organofosforados e dois carbamatos: diclorvós, 

diazinon, clorpirifós, temefós, TEPP, carbaril e carbofuran, respectivamente. Foram 

determinados parâmetros físico-químicos e cinéticos como pH ótimo (7,0 a 8,0), temperatura 

ótima (40 a 45ºC) e estabilidade térmica (60% da atividade retida até 50ºC). As concentrações 

dos pesticidas foram de 0,001 a 10 ppm. A concentração de 0,001 ppm causou decréscimo na 

atividade enzimática em 34,4% (dichlorvos), 17,1% (clorpirifós) e 16,3% (carbofuran). A 

CI50 estimada para cada composto foi 0,0451 µmol/L (diclorvós), 7,583 µmol/L (clorpirifós), 

3,734 µmol/L (TEPP), 33,86 µmol/L (carbaril), 0,9202 µmol/L (carbofuran). Esses resultados 

contribuem para a determinação de condições ótimas experimentais e sugerem a utilização da 

acetilcolinesterase de tambaqui no monitoramento ambiental de alguns desses pesticidas. 

 

 

Palavras-chaves: Organofosforados, carbamatos, biomarcador, acetilcolinesterase, tambaqui 

Colossoma macropomum, peixe 
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ABSTRACT 

 

 

Organophosphorus and carbamate are the major classes of pesticides in use around the world. 

Their relatively fast hydrolysis and low persistence in environment allow them to quickly 

replace other important classes. However, their high toxicity to mammals and other non-target 

organisms allied to the large amounts used are a threat for human and environmental health. 

Both classes are cholinesterase inhibitors and several methodologies have been developed, 

using these enzymes from various species, in order to monitor their presence in natural 

samples. Aquatic species are commonly chosen for it, since their environments are being 

contaminated with those compounds. Here, acetylcholinesterase (AChE; EC 3.1.1.7) from 

brain of the Amazonian fish tambaqui (Colossoma macropomum) was partially characterized, 

and its activity was assayed in presence of five organophosphate and two carbamate 

insecticides: dichlorvos, diazinon, chlorpyrifos, temephos, TEPP, carbaryl and carbofuran, 

respectively. The optimum pH (between 7.0 and 8.0), temperature (ranged from 40 to 45ºC) 

and thermal stability (up to 60% activity retained until 50ºC) were determined. The inhibitory 

assays were performed at insecticide concentrations from 0.001 to 10 ppm. The concentration 

as low as 0.001 ppm of dichlorvos, chlorpyrifos and carbofuran was capable to inhibit 34.4 %, 

17.1 %, 16.3 % the AChE activity from tambaqui brain, respectively. The IC50 determined 

for each compound were 0.045 µmol/L (dichlorvos), 7.583 µmol/L (chlorpyrifos), 3.734 

µmol/L (TEPP), 33.86 µmol/L (carbaryl) and 0.92 µmol/L (carbofuran). These results suggest 

that AChE from tambaqui brain could be useful for routine organophosphorus and carbamate 

screening. 

 

 

Key words: Organophosphorus, Carbamates, Biomarker, Acetylcholinesterase, Colossoma 

macropomum, fish. 
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1 - INTRODUÇÃO 

 

1.1 Enzimas colinesterases 

 

Em 1914, Dale sugeriu o possível envolvimento de uma enzima que degradava ésteres 

de colina na transmissão de impulsos nervosos. Essas enzimas foram, pela primeira vez, 

chamadas de colinesterases por Stedman e colaboradores, em 1932. Alles e Hawes (1940) 

relataram discrepâncias na atividade dessas enzimas em relação à taxa de degradação de 

alguns substratos no plasma e nos eritrócitos, dando origem a estudos que concluíram que não 

poderia ser apenas um tipo de enzima a realizar essas tarefas (MASSOULIÉ e BONN, 1982). 

Atualmente, são aceitos dois tipos de colinesterases, a acetilcolinesterase (AChE; EC 

3.1.1.7) e a butirilcolinesterase (BChE; EC 3.1.1.8). A primeira, presente principalmente no 

tecido nervoso, muscular e eritrócitos, hidrolisa acetilcolina enquanto a segunda, presente 

principalmente no fígado e plasma, hidrolisa butirilcolina e acetilcolina. Estas enzimas 

pertencem à família das serino-esterases, que hidrolisam especificamente ésteres de colina e 

são classificadas como globulares ou assimétricas associadas a lipídeos, glicofosfolipídeos e 

colágeno (fig. 1). As formas globulares apresentam-se como monômeros, dímeros e 

tetrâmeros que podem estar solúveis ou ligados à lâmina basal ou ainda ancorados à 

membrana celular no sistema nervoso, músculos estriados e cardíacos, plasma, eritrócitos, 

fígado e outros órgãos onde não são sintetizadas e aos quais chegam através da circulação nos 

vertebrados e invertebrados. Sua principal e clássica função é a desativação de 

neurotransmissores nas sinapses colinérgicas e junções neuromusculares, modulando os 

impulsos nervosos responsáveis pela comunicação neuronal (QUINN, 1987; TÕUGU, 2001). 

Evidências também apontam para um possível papel dessas enzimas no desenvolvimento do 

sistema nervoso, particularmente na diferenciação neuronal (BRIMIJOIN e 

KOENIGSBERGER, 1999). 

As colinesterases têm sido extensivamente estudadas pelo seu polimorfismo intra e 

interespecífico e por serem os alvos primários de diversos compostos utilizados em 

agropecuária, medicina, campanhas de saúde pública e armas químicas (FORGET, LIVET e 

LEBOULENGER, 2002). 
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1.2 Acetilcolinesterase 

 

A acetilcolinesterase (Fig. 2) age na desativação do principal neurotransmissor do 

sistema nervoso, na maioria das espécies: a acetilcolina. A AChE hidrolisa rapidamente esse 

neurotransmissor, na fenda sináptica, encerrando sua ação e garantindo a intermitência dos 

impulsos nervosos (Fig. 3). (QUINN, 1987; TÕUGU, 2001; SILMAN e SUSSMAN, 2005). 

A AChE é freqüentemente descrita como uma enzima perfeita porque suas propriedades 

catalíticas se conjugam para aproximar sua atividade do limite máximo de velocidade 

permitido pela própria difusão do substrato no meio circundante (TÕUGU, 2001; SILMAN e 

SUSSMAN, 2005). Uma molécula de acetilcolinesterase é capaz de degradar 300 mil 

moléculas de acetilcolina por minuto. 

 

 

Figura 2 – Estrutura tridimensional da AChE da 

arraia elétrica do Pacífico Torpedo californica 

(Silman e Sussman, 2005) 

Figura 1 – Formas das colinesterases 

encontradas em vertebrados 

(Massoulié e Bonn, 1982) 
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A acetilcolinesterase contem dois sítios catalíticos, um sítio esterásico e um sítio 

aniônico. O sítio esterásico da acetilcolinesterase situa-se dentro de uma cavidade estreita 

(active site gorge) e é constituído de uma tríade catalítica formada pelos resíduos dos 

aminoácidos serina 200, histidina 440 e glutamato 327 (podendo variar ligeiramente suas 

posições). Na catálise, o sítio aniônico, situado às bordas da cavidade, atrai fortemente o 

nitrogênio quaternário, carregado positivamente, da acetilcolina. Uma vez dentro da fenda 

catalítica, a acetilcolina sofre o ataque nucleofílico da serina (desprotonada pelo resíduo 

histidina) ao seu carbono carbonílico, criando um intermediário tetraédrico estabilizado por 

pontes de hidrogênio o qual, num primeiro momento, forma serina acetilada e libera colina. 

Ao final do processo de clivagem da ligação éster, o grupo acetila é liberado pela adição de 

água, formando ácido acético e regenerando o sítio catalítico (TAYLOR et al., 1995; 

VIEGAS Jr et al., 2004). A AChE apresenta inibição por excesso de substrato, através da 

ligação do mesmo a um sítio periférico formado por resíduos de aminoácidos que margeiam a 

entrada do sítio ativo central (MASSOULIÉ e BONN, 1982; EASTMAN et al., 1995). 

 

 
 Adaptado de: CNSforum.com 

 

A inibição desse mecanismo resulta no acúmulo do neurotransmissor nas sinapses do 

sistema nervoso central, nas junções neuromusculares, nas terminações nervosas 

parassimpáticas e simpáticas. Alta concentração de acetilcolina é então liberada aos seus 

Figura 3 – Desenho esquemático do 

ciclo da acetilcolina onde é possível 

observar o papel da acetilcolinesterase 

desativando o excesso desse 

neurotransmissor.  
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receptores (TÕUGU, 2001). Essa inibição é uma reação específica, considerada o principal 

efeito da exposição aos pesticidas organofosforados (TAYLOR et al., 1995) e carbamatos 

(JARRARD et al., 2004). Uma vez iniciada, a inibição tende à irreversibilidade, gerando 

quadros de intoxicação aguda ou crônica, dependendo do grau de exposição à substância. Um 

indivíduo agudamente intoxicado por qualquer inibidor de acetilcolinesterase pode morrer, 

pela superestimulação de seu sistema nervoso, convulsões e parada respiratória (TÕUGU, 

2001). Segundo dados da Food and Agriculture Organization (2007), uma inibição da 

atividade da AChE a partir de 20% caracteriza a ação de agentes anti-colinesterásicos, porém 

sinais clínicos geralmente aparecem após 50% de inibição e morte após 90%. 

 

1.3 Organofosforados e carbamatos 

 

O uso excessivo de pesticidas na agricultura, desde a preparação do cultivo, até o 

armazenamento de produtos, é um fator determinante para a contaminação dos alimentos de 

origem vegetal. Os níveis de resíduos encontrados no meio ambiente e na alimentação 

refletem a freqüência de aplicação desses compostos, a qual varia com a cultura, estágio de 

desenvolvimento, nível de infestação da praga-alvo e fatores climáticos como pluviosidade e 

umidade relativa do ar. 

Organofosforados (OP) e carbamatos (CB) são as classes de pesticidas mais utilizadas 

em todo mundo, juntos respondem por mais de 50% do que é comercializado (Tabela 1). São 

largamente utilizados nos países em desenvolvimento, de economia predominantemente 

agrícola, para o controle de pragas e em campanhas de combate a vetores de doenças (WHO, 

1986a; 1989; USDA, 1997; ATSDR, 2005). Entretanto, alguns representantes da classe dos 

organofosforados constituem o princípio ativo de armas químicas como os gases neurotóxicos 

tabun, sarin, soman e VX (RILEY, 2003; KELLAR, 2006). 
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Tabela 1 – Modo de ação dos 100 inseticidas/acaricidas mais vendidos no mundo e sua participação 

no mercado mundial (Nauen e Bretschneider, 2002) 

 

Modo de Ação 

1987 

% 

1999 

% 

Mudança 

% 

 

Acetilcolinesterase* 

 

71 

 

52 

 

- 20 

Canais de Na
+
 voltagem-dependente 17 18 + 1,4 

Receptores de acetilcolina 1,5 12 + 10 

Canais de Cl
-
 GABA-dependente 5,0 8,3 + 3,3 

Biossíntese de quitina 2,1 3,0 + 0,9 

NADH desidrogenase 0,0 1,2 + 1,2 

Desacopladores 0,0 0,7 + 0,7 

Receptores de octopamina 0,5 0,6 + 0,1 

Receptores de ecdisona 0,0 0,4 + 0,4 

 

* Organofosforados e carbamatos 

    

 

 

 

 

 

Os OPs são ésteres, amidas ou derivados tióis dos ácidos fosfórico, fosfônico, 

fosforotióico ou fosfonotióico, enquanto os CBs são ésteres ou derivados N-substituídos do 

ácido carbâmico (Fig. 4). Ambos apresentam baixa solubilidade em água e são, em geral, 

facilmente hidrolizáveis em ambientes alcalinos. Em geral, os OPs necessitam de 

biotransformação (dessulfuração por ação das monoxigenases do complexo citocromo P450) 

para se tornarem toxicologicamente ativos (Fig. 5), enquanto os CB já são bioativos (WHO, 

1986a; 1986b). Esses pesticidas são inibidores típicos das enzimas colinesterases 

A B 

Figura 4 – Fórmula estrutural geral dos organofosforados (A) e carbamatos (B).  
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(ALDRIDGE, 1950; ALDRIDGE e DAVIDSON, 1952; WHO, 1986a; b). Alguns são 

utilizados como medicamento no tratamento de doenças como miastenia gravis, glaucoma e 

mal de Alzheimer (FRANCIS et al., 1999; VIEGAS Jr. et al, 2004; CASIDA e QUISTAD, 

2005; POPE, KARANTH e LIU, 2005; ALBUQUERQUE et al., 2006). 

Seu mecanismo de ação se dá através da ligação com o sítio esterásico da 

acetilcolinesterase (Fig. 6), com fosforilação para organosfosforados e carbamilação no caso 

dos carbamatos, produzindo a inibição da enzima (QUINN, 1987). A inibição por carbamatos 

é reversível e a regeneração da enzima pode levar de alguns minutos a horas. Já a inibição por 

organofosforados tende à irreversibilidade se não houver tratamento. Contudo, existe uma 

taxa de regeneração da enzima, que varia de composto para composto, enquanto a fração 

restante sofre o processo chamado de “envelhecimento” e não mais se regenera, podendo 

resultar em um efeito cumulativo ante exposições seguidas a esses compostos. A 

diferenciação entre as inibições promovidas por diferentes compostos se dá não apenas pela 

intensidade de inibição, mas também pela taxa de regeneração (WHO, 1986a; b). 

Esses pesticidas tiveram seu uso intensificado depois da proibição de utilização da 

maioria dos compostos organoclorados (ECOBICHON, 1996; USDA, 2002; MUKHERJEE e 

GOPAL, 2002), os quais são menos tóxicos, porém com maior bioacumulação no meio 

ambiente (NUNES e TAJARA, 1998; USDA, 2002). 

 

 
Figura 5 – Ativação do OP diazinon em fígado humano      adaptado de Kappers et al. (2001) 
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Os organofosforados e carbamatos são absorvidos pelo organismo por via oral, 

respiratória e cutânea, sendo a oral, a maior causa de internações hospitalares de emergência e 

a cutânea, a causa mais comum de intoxicações ocupacionais (UFF, 2000). O tratamento mais 

freqüente de intoxicações por agentes anticolinesterásicos, sobretudo os organofosforados, é 

feito através do uso de atropina em combinação com oximas. A primeira bloqueia os 

receptores muscarínicos, impedindo que os mesmos sejam superestimulados pelo excesso de 

acetilcolina na fenda sináptica e a segunda, aplicada o mais cedo possível, reativa as enzimas 

fosforiladas por ter maior afinidade com as moléculas do pesticida, impedindo a 

irreversibilidade da inibição (KELLAR, 2006). 

 

 

 

 

1.4 Organofosforados e carbamatos no meio ambiente e alimentos 

 

Apenas 0,1% dos pesticidas aplicados atingem as pragas-alvo, de forma que o restante 

desse material contendo o princípio ativo se espalha pelas imediações, contaminando o ar e o 

solo (YOUNG, 1987). OPs e CBs podem atingir os ecossistemas aquáticos e lençois freáticos 

(Fig. 7), carreados pelo escoamento superficial e lixiviação das águas da chuva, irrigação e 

Figura 6 – Esquema da atuação dos OPs sobre a AChE e sua regeneração ou "envelhecimento” 
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drenagem, bem como através de pulverizações (USEPA, 1990 e 1999; DUBUS et al., 2000; 

MÜLLER et al., 2002, TOMITA e BEYRUTH, 2002). Uma vez presente no ambiente 

aquático, eles podem se associar ao material em suspensão, aos sedimentos no leito do corpo 

d’água ou ser absorvidos pelos organismos onde sofrerão bioacumulação ou detoxificação 

(NIMMO, 1985). 

No prosseguimento da cadeia alimentar, os pesticidas chegam até os alimentos e 

demais produtos de origem agroindustrial utilizados pelos homens. A ingestão diária e durante 

longo prazo de alimentos contaminados com tais agentes, mesmo em pequenas doses, pode 

levar a quadros de intoxicação de diversos graus (UFF, 2000), tornando-se clara a necessidade 

de se monitorar tanto o meio ambiente quanto a qualidade dos alimentos. Particularmente pela 

alta toxicidade desses pesticidas em relação aos organismos aquáticos, os recursos hídricos 

devem ser continuamente monitorados (BEAUVAIS et al., 2002).  

 

 

 

 

 

 

 

Sedimento 

Organismos 
aquáticos 

Deriva 

Escoamento superficial 

Chuva 

Volatilização 

L
ixiviação

 

Água subterrânea 

Pesticidas 

Figura 7 – Processos de entrada dos pesticidas em ambientes aquáticos (Adaptado de Tomita e Beyruth, 2002). 
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1.5 Esterases no monitoramento de pesticidas 

 

O monitoramento ambiental pode ser definido como o contínuo acompanhamento e 

mensuração dos impactos, bem como, reações ambientais às atividades e interferências 

humanas (IBAMA/GTZ, 2000). Uma aplicação prática do monitoramento ambiental seria a 

comparação temporal entre as condições ambientais de uma dada área, sujeita a variações 

devido à ação humana ou natural. 

Normalmente, o monitoramento ambiental é dividido em químico e biológico. 

Monitoramento químico é o conjunto de análises químicas que quantificam resíduos de 

contaminantes em um compartimento ou matriz ambiental (água, ar, solo, sedimentos e 

organismos animais ou vegetais) em uma escala temporal ou espacial. Por outro lado, quando 

o enfoque dado está na determinação da magnitude dos efeitos de tal contaminação sobre os 

organismos em nível individual, populacional ou de comunidade biológica, temos o 

monitoramento biológico (HENRÍQUEZ-PÉREZ e SÁNCHEZ-HERNÁNDEZ, 2003). 

Diversas ferramentas de monitoramento ambiental e alimentar vêm sendo avaliadas 

quanto à eficácia, praticidade e viabilidade econômica. Dentre elas, destacam-se as 

metodologias que utilizam moléculas provenientes de seres vivos como indicadores de 

substâncias nocivas, tendo em vista sua alta especificidade em relação a esses compostos 

(MARCO e BARCELÓ, 1996; ARIAS et al., 2007; MONSERRAT, 2007). 

Unir os enfoques metodológicos dos monitoramentos químico e biológico é uma tarefa 

de importância para a avaliação da contaminação ambiental e seus efeitos sobre o 

ecossistema. Nisso fundamenta-se o conceito de bioindicadores. 

As substâncias conhecidas como bioindicadores conseguem unir as duas abordagens, 

pois são compostos de origem animal, vegetal, fúngica e microbiológica que, além de 

permitirem caracterizar quimicamente os poluentes e determinar suas concentrações, também 

podem estimar o impacto causado por esses poluentes aos organismos bioindicadores, que 

fornecem as substâncias em questão (WIJESURIYA e RECHNITZ, 1993; WATSON e 

MUTTI, 2003). Dentre essas substâncias, as enzimas representam papel importante, pelo alto 

grau de especificidade e rapidez na resposta às alterações pertinentes às substâncias-alvo. O 

uso de enzimas como bioindicadores baseia-se na interferência negativa ou inibitória, causada 

pelas substâncias-alvo, em sua atividade catalítica (MARCO e BARCELÓ, 1996). 
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A enzima acetilcolinesterase tem sido testada, em diversos estudos, como bioindicador 

da presença de organofosforados e carbamatos na água ou da exposição de diversas espécies 

de animais a esses compostos. Sánchez-Hernández e Moreno-Sánchez (2002) utilizaram o 

lagarto Gallotia galloti, típico das Ilhas Canárias, como fonte da enzima para estudar a 

contaminação pelos pesticidas naquela localidade, tendo em vista que seu estudo em aves 

tornava-se bastante problemático devido ao tamanho das áreas percorridas pelas mesmas e 

pela dificuldade de captura de indivíduos contaminados e não contaminados. 

 Estudos utilizando peixes como a tilápia do Nilo, Oreochromis niloticus 

(RODRÍGUEZ-FUENTES e GOLD-BOUCHOT, 2000), o centrarquídeo norte-americano 

Bluegill, Lepomis macrochirus (BEAUVAIS et al., 2002), o salmão-prateado Oncorhynchus 

kisutch (JARRARD et al., 2004), a carpa comum Cyprinus carpio (CHANDRASEKARA e 

PATHIRATNE, 2005) e a correlação de alterações comportamentais com indicadores 

fisiológicos de várias espécies (SCOTT e SLOMAN, 2004) têm confirmado os peixes como 

uma fonte prática e economicamente viável de acetilcolinesterase, capazes de tornar rotineiros 

os procedimentos de biomonitoramento de recursos hídricos (BOCQUENÉ, GALGANI e 

TRUQUET, 1990).  

Silva (1997) estudou a exposição aos inseticidas de trabalhadores na atividade de 

desinsetização doméstica em Belo Horizonte, Minas Gerais e encontrou parâmetros físico-

químicos de utilização da acetilcolinesterase extraída do sangue humano para maior 

confiabilidade dos resultados. A busca por essa caracterização físico-química é corroborada 

por Rodríguez-Fuentes e Gold-Bouchot (2004) e por Sturm et al. (1999a; b), como forma de 

se obter uma resposta confiável das reações químicas. 

Existe uma necessidade de se caracterizar a atividade dos diversos tipos de 

colinesterases, uma vez que a variabilidade de formas apresentadas por diferentes espécies e 

diferentes indivíduos é muito alta. Weill et al. (2003) encontraram um mecanismo de 

resistência à ação dos organofosforados, em populações de mosquitos Anopheles gambiae e 

Culex pipiens, que consistia na substituição de um único aminoácido na cadeia da 

acetilcolinesterase sintetizada por esses insetos, demonstrando que a enzima apresenta 

diferenças intraespecíficas de grande importância. Além disso, segundo Silman e Sussman 

(2005), o provável motivo para a acetilcolinesterase apresentar-se em uma série de formas 

moleculares em um mesmo indivíduo seria o de atender aos diversos tipos de sinapses 

colinérgicas presentes no tecido nervoso. Marques, Nunes e Marty (2001) e Sotiropoulou et 
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al. (2005), utilizaram acetilcolinesterases mutantes ou geneticamente modificadas como 

biodetectores da presença de inseticidas organofosforados. 

Os efeitos primários dos organofosforados e carbamatos não se restringem às 

colinesterases: outras esterases do sistema nervoso central e periférico sofrem inibição, como 

a ‘esterase-alvo’ da neuropatia tardia por organofosforados (antiga ‘esterase neurotóxica’, 

ainda sem número na Enzyme Commission) (LOTTI, 1984; JOHNSON, 1990; JOHNSON e 

GLYNN, 1995; GLYNN, 1999) e algumas carboxilesterases (CEs; EC 3.1.1.1), as quais 

catalisam a hidrólise de ésteres carbâmicos e carboxílicos presentes nos inseticidas 

carbamatos e piretróides, respectivamente (COHEN e EHRICH, 1976; SOGORB e 

VILANOVA, 2002). As esterases do plasma sanguíneo foram divididas em A e B 

(ALDRIDGE, 1953a), ambas com a capacidade de hidrolisar carbamatos e piretróides, mas 

diferindo quanto à interação com organofosforados (ALDRIDGE, 1953a, 1953b; SOGORB e 

VILANOVA, 2002). Enquanto as do tipo A não sofrem inibição por organofosforados, as 

esterases B são inibidas por essa classe de compostos (ALDRIDGE, 1953a). As colinesterases 

são enquadradas no tipo B. 

 

1.6 Tambaqui como fonte de acetilcolinesterase 

 

O tambaqui (Colossoma macropomum), peixe da família Characidae (Fig. 8), também 

conhecido como tetra gigante, pacu preto ou cachama negra, é originário das bacias dos rios 

Solimões e Orinoco. É a terceira espécie de peixe mais cultivada no país, sendo a primeira 

dentre as espécies nativas. Sua produção nacional em 2006 foi de 26.662 t (IBAMA, 2008). O 

tambaqui apresenta fácil adaptação ao consumo de alimentos artificiais, excelente conversão 

alimentar, rápido crescimento, fácil reprodução artificial, produção massiva de alevinos e a 

possibilidade de se fazer várias desovas durante o ano (SANTIS, RESTREPO e ÁNGEL, 

2004). Todos esses atributos convertem-no em uma espécie promissora também para o 

manejo ambiental, fonte abundante de biomoléculas para estudos de monitoramento. 
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No presente trabalho, foram utilizados juvenis dessa espécie como forma de reduzir 

custos e aumentar substancialmente o número de indivíduos estudados, possibilitando maior 

abrangência e confiabilidade aos resultados. Além disso, há evidências de que o mecanismo 

de ação dos pesticidas difere quando age no cérebro, em relação ao resto do sistema nervoso, 

afetando a maturação das células nervosas cerebrais, suas sinapses e portanto, tornando os 

animais jovens mais susceptíveis ao seu poder tóxico (KARANTH e POPE, 2000; SLOTKIN, 

LEVIN e SEIDLER, 2006). 

Segundo o Governo Federal (IBAMA, 2002), ainda existe uma grande lacuna a ser 

preenchida em relação ao diagnóstico de áreas contaminadas por pesticidas, principalmente 

em ecossistemas aquáticos. No Brasil, poucos trabalhos foram realizados na área, voltados 

para o biomonitoramento in vitro utilizando peixes. 

Nesse contexto, a caracterização físico-química e cinética, bem como o efeito de 

pesticidas sobre a acetilcolinesterase em tecido nervoso de tambaqui fazem-se necessários 

para identificá-la como uma provável ferramenta de utilização no monitoramento ambiental e 

alimentar. 

 

 

 

 

 

 

Figura 8 – tambaqui, Colossoma macropomum   (fonte: wikipédia) 
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2. OBJETIVOS 

 

2.1. Geral 

 

Caracterizar físico-química e cineticamente a acetilcolinesterase da espécie Colossoma 

macropomum e investigar o efeito de pesticidas organofosforados e carbamatos sobre sua 

atividade. 

 

2.2. Específicos 

 

• Definir as propriedades físico-químicas e cinéticas da acetilcolinesterase do 

tambaqui; 

 

• Calcular a Concentração Inibitória Mediana (CI50) referente aos pesticidas de 

inibição significativa e; 

 

• Analisar o efeito de cinco pesticidas organofosforados e dois carbamatos sobre 

a atividade da enzima em questão, comparando os resultados de inibição com a 

legislação nacional e internacional vigente. 
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Abstract 

In the present study, acetylcholinesterase (AChE) from the brain of the Amazonian 

fish tambaqui (Colossoma macropomum) was partially characterized and its activity was 

assayed in the presence of five organophosphates (dichlorvos, diazinon, chlorpyrifos, 

temephos and tetraethyl pyrophosphate) and two carbamates (carbaryl and carbofuran) 

insecticides. Optimal pH and temperature were found to be 7.0 to 8.0 and 45ºC, respectively. 

The enzyme retained approximately 70% of activity after incubation at 50ºC for 30 min. The 

insecticide concentration capable of inhibiting half of the enzyme activity (IC50) for 

dichlorvos, chlorpyrifos and temephos and tetraethyl pyrophosphate (TEPP) were calculated 

as 0.04 µmol/L, 7.6 µmol/L and 3.7 µmol/L, respectively. Diazinon and temephos did not 

inhibit the enzyme. The IC50 values for carbaryl and carbofuran were estimated as 33.8 

µmol/L and 0.92 µmol/L, respectively. These results suggest that AChE from juvenile C. 

macropomum brain could be used as an alternative biocomponent of organophosphorus and 

carbamate biosensors in pesticide routine screening in the environment. 

  

Key words: Organophosphorus pesticide, Carbamate pesticide, Acetylcholinesterase, 

Biomarkers, Colossoma macropomum. 
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Introduction 

Organophosphorus and carbamate are major classes of pesticides in use throughout the 

world. Together, they share about 50% of the world market of insecticides/acaricides. Their 

relatively fast hydrolysis and low persistence in the environment have supported their 

increasing use. However, their toxicity to mammals and other non-target organisms, together 

with the large amounts used, constitute a threat to human health and the environment. Both 

classes are cholinesterase inhibitors and several methodologies have been developed using 

these enzymes from various species in order to monitor their environmental presence. These 

neurotoxic agents have been distributed throughout the world without control in recent 

decades and, due to misuse and a lack of specificity, have become a serious problem to both 

humans and the environment [1]. Therefore, methods for organophosphorus and carbamate 

detection using either organisms or their enzymes as bioindicators and biomarkers, 

respectively, have been evaluated [2, 3]. The cholinesterase group stands out among such 

molecules [4-6].  

Acetylcholinesterase (AChE; EC 3.1.1.7) is widely known as a specific biomarker of 

organophosphorus and carbamate pesticides due to the inhibition of its activity [7]. This 

enzyme is responsible for modulating neural communication in the synaptic cleft by 

hydrolyzing the ubiquitous neurotransmitter acetylcholine. A lack of AChE activity causes 

central and peripheral nervous system disorders and death [8]. 

Studies have confirmed cholinesterases as suitable for monitoring the occurrence of 

these pesticide classes in environmental compartments [6, 9-11]. For instance, biosensors 

have been proposed based on AChE from electric eel and both genetically engineered (B394) 

and wild type strains of Drosophila melanogaster [12]. However, the high inter-specific and 

intra-specific polymorphism of these enzymes cause varied responses to insecticide 

compounds, thereby hindering the evaluation and comparison of results from different studies 
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[13]. Consequently, it is necessary to characterize AChE activity in each species and type of 

tissue. 

 In previous work, AChE from brain of the juvenile Amazonian fish tambaqui 

(Colossoma macropomum) was shown to be sensitive to dichlorvos [14]. This enzyme source 

could be proposed as a feasible alternative for setting up biosensors once it is located in a 

discarded tissue (brain) of this fish, which is the third most farmed species in Brazil  (30,598 

tons in 2007, according to the Brazilian Ministry of Environment at 

http://www.ibama.gov.br/recursos-pesqueiros/documentos/estatistica-pesqueira/). 

 The aims of the present study were to partially characterize some kinetic and 

physicochemical parameters of this enzyme and evaluate the effect of seven relevant 

organophosphorus and carbamate pesticides on its activity in order to propose it as the 

biocomponent for in vitro biosensor. 

 

Materials and Methods 

Materials 

Acetylthiocholine iodide, bovine serum albumin, 5,5’-dithiobis(2-nitrobenzoic) acid 

(DTNB), Tris (hydroxymethyl) aminomethane and dimethyl sulfoxide (DMSO) were 

purchased from Sigma. Analytical grade dichlorvos (98.8%), diazinon (99.0%), chlorpyrifos 

(99.5%), temephos (97.5%) and tetraethyl pyrophosphate (97.4%), carbofuran (99.9%) and 

carbaryl (99.8%) were obtained from Riedel-de-Haën, Pestanal. Disodium hydrogen 

phosphate and HCl were obtained from Merck. Trisodium citrate was acquired from Vetec 

(Rio de Janeiro, RJ, Brazil). Glycine was acquired from Amersham Biosciences. The 

spectrophotometer used was Bio-Rad Smartspec™ 3000. The juvenile specimens of C. 

macropomum were supplied by Mar Doce Piscicultura e Projetos (Camaragibe, PE, Brazil). 
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Tambaqui specimens 16.5 ± 3.7 cm in length and 93.8 ± 7.9 g in weight were captured from a 

750-m3 pond. 

 

Methods 

Enzyme Extraction 

Twenty juvenile fish were acclimatized in 100 L aquaria (dissolved oxygen 8.04 ± 

0.05 mg/L, temperature 26.04 ± 0.07ºC, pH 6.93 ± 0.22, salinity 0.17 g/L) for one week and 

then sacrificed by immersion in an ice bath (0ºC). The brains were immediately removed, 

joined in pairs and homogenized in 0.5 mol/L Tris-HCl buffer, pH 8.0, maintaining a ratio of 

20 mg of tissue per ml of buffer using a Potter-Elvehjem tissue disrupter. The homogenates 

were centrifuged for 10 min at 1000 x g (4ºC) and the supernatants (crude extracts) were 

frozen at -20ºC. 

Enzyme activity and protein determination 

The crude extract (30 µl) was added to 500 µl of 0.25 mmol/L DTNB dissolved in 0.5 

mol/L Tris-HCl buffer, pH 7.4, and the reaction started by the addition of 0.125 mol/L 

acetylthiocholine iodide (30 µl) [14]. Enzyme activity (quadruplicate) was 

spectrophotometrically determined by following the absorbance at 405 nm for 180 s, in which 

the reaction exhibited a first-order kinetics pattern [14]. A unit of activity (U) was defined as 

the amount of enzyme capable of converting 1 µmol of substrate per minute. A blank assay 

was similarly prepared except that 0.5 mol/L Tris-HCl buffer, pH 8.0, replaced the crude 

extract sample. Protein content was estimated according to a modified dye-binding method 

[15], using bovine serum albumin as the standard. 

Optimal pH and temperature 

Assays were performed using DTNB solutions in a pH range from 2.5 to 9.5 by using 

citrate-HCl (2.5 to 4.5), citrate-phosphate (4.0 to 7.5), Tris-HCl (7.2 to 9.0) buffers. Substrate 
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non-enzymatic hydrolysis (in basic pH) was corrected by subtracting their values from the 

activities. Optimum temperature was established by assaying the enzyme activity at 

temperatures ranging from 5 to 70ºC for 180 s. 

Thermal stability 

Thermal stability of juvenile C. macropomum AChE was evaluated by exposing crude 

extract samples for 30 min at temperatures ranging from 25 to 80ºC and assaying the activity 

retained after 5 min of equilibration at 25ºC (room temperature).  

Inhibition Assay 

Acetylcholinesterase inhibition was assayed using five organophosphates (dichlorvos, 

diazinon, chlorpyrifos, temephos and TEPP) and two carbamates (carbaryl and carbofuran). 

The insecticides were first dissolved in DMSO and then diluted in distilled water to five final 

concentrations ranging from 0.001 to 10 ppm, with each subsequent concentration 10-fold 

higher than the previous concentration. These concentrations correspond respectively:  

dichlorvos, 0.0045 to 45.2 µmol/L; diazinon, 0.0032 to 32.8 µmol/L; chlorpyrifos, 0.0028 to 

28.5 µmol/L; 0.0021 to 21.4 µmol/L (temephos); 0.0034 to 34.5 µmol/L (TEPP); 0.0061 to 

61.3 µmol/L (carbaryl); and 0.0045 to 45.2 µmol/L (carbofuran). The insecticide solutions (10 

µl) were incubated with crude extract (20 µl) for 1 h [14] and the residual activity (%) was 

determined as previously described, using the absence of pesticide as 100% activity. All 

enzymatic and inhibition assays were carried out at room temperature (25ºC). Five crude 

extracts from 10 fish brains were analyzed in triplicate for each insecticide concentration and 

data were expressed as mean ± standard deviation. These data were statistically analyzed by 

non-linear regression fitted to polynomial or exponential decay (ρ > 0.05) modeling using the 

software MicroCal Origin Version 8.0 (MicroCal, Northampton, MA, USA). The 

concentration capable of inhibiting half of the enzyme activity (IC50) was estimated for each 

pesticide. 



Caio Rodrigo Dias de Assis  Capítulo II 

 37 

 

Results and discussion 

Optimum pH for juvenile C. macropomum AChE was found to be in the range 7.0 to 8.0 

(Fig. 1A) similar to those described in the literature for other fishes (Table 1): Solea solea 

(7.0), Scomber scomber (8.0) and Pleuronectes platessa (8.5) [9]; Cymatogaster 

aggregate[16] and Hypostomus punctatus (between 7.0 and 7.2) [17]. Optimum temperature 

was estimated as 45ºC (Fig. 1B). Bocquené et al. [9] found in the range 32 to 34ºC for 

Pleuronectes platessa; Beauvois et al. [4] at 25ºC for Lepomis macrochirus and Hazel [18] at 

35ºC for Carassius auratus. In the present study, AChE from juvenile C. macropomum after 

being incubated for 30 min at 50ºC retained about 70% of its activity at 35o C (Fig. 1B). 

Zinckl et al. [19] reported absence of cholinesterase activity in the brain of Oncorhyncus 

mykiss (formerly known as Salmo gairdneri) subjected to temperatures higher than 45ºC. 

The Michaelis-Menten kinetics is displayed in Figure 2, from which the maximal velocity 

(Vmax) and apparent bimolecular constant (Km) were 129.7 ± 5.3 mU/mg protein and 0.434 ± 

0.025 mmol/L, respectively, using acetylthiocholine iodide as substrate. The Lineweaver-

Burk plot is also presented. Varó et al. [20] reported acetylthiocholine iodide inhibition at 

concentrations greater than 5.12 mmol/L in brain tissue from Sparus aurata, in contrast to 

muscle tissue, for which inhibition occurred at 20.48 mmol/l. Rodríguez-Fuentes and Gold-

Bouchot [5] found acetylthiocholine inhibition at 4.89 mmol/L in AChE from the brain of 

Oreochromis niloticus. However, in the present study, no substrate inhibition was observed 

even at the 15 mmol/L acetylthiocholine iodide. According to Table 1, the apparent 

Michaelis-Menten constant of the juvenile C. macropomum AChE was lower than that 

estimated for Pleuronectes vetulus muscle and higher than Pleuronychtis verticalis muscle 

and Oreochromis niloticus brain whereas the maximum velocity was smaller than those 

reported for these mentioned tissues.  
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  Among the anticholinesterasic agents, organophosphates and its analogues play a 

different role into the metabolic paths before reaching sites of neuronal transmission. Some of 

them are produced in a less toxic form (thion form, P=S) which is more stable in the 

environment. When absorbed by an organism, this form of pesticide undergoes bioactivation 

to a more toxic form (oxon form, P=O) by monooxigenases from the cytochrome P450 

complex present in some organs/tissues including liver, kidneys, lungs and brain. Therefore, 

this phenomenon and the diverse effect of the resulting products on the AChE can determine 

differences in the thion form of these pesticides. 

The Food and Agriculture Organization [21] recommends that 20% inhibition is the 

relevant end-point to determine acceptable daily intakes of an anticholinesterasic compound. 

In the present study, some of the compounds analyzed were highly toxic to tambaqui AChE 

and the inhibition they caused could rapidly reach the above-mentioned levels. 

Results from inhibition assays are displayed in Fig. 3 and Table 2 and summarizes the 

IC50 values estimated from these data for the five organophosphates (dichlorvos, diazinon, 

chlorpyrifos, temephos and tetraethyl pyrophosphate - TEPP) and two carbamate insecticides 

(carbaryl and carbofuran). Dichlorvos as previously demonstrated [14] was shown to strongly 

inhibit the juvenile C. macropomum AChE. Among the investigated pesticides in the present 

study, this insecticide presented the lowest IC50 value (0.04 µmol/L; 0.01 ppm) and the 

lowest value compared with those reported in the literature for other fish species. Chuiko [22] 

estimated the IC50 value of 0.31 µmol/L for Leuciscus idus and Esox lucius and 0.63 µmol/L 

for Alburnus alburnus. Dichlorvos is a direct inhibitor of AChE. It is an oxon 

organophosphate compound [23] and does not require bioactivation for enzyme inhibition in 

contrast with thion compounds, for which only a fraction of the total amount is activated in 

the tissues [24, 25]. Chlorpyrifos also displayed lower IC50 value (7.6 µmol/L) than that 

reported for Cyprinus carpio [26]. Diazinon and temephos did not show inhibition effect on 
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the juvenile C. macropomum AChE under the experimental conditions used in the present. 

According to a number of studies, acute toxicity from phosphorothionate pesticides such as 

diazinon and chlorpyrifos is strongly influenced by differences in the activity of cytochrome 

P450-mixed oxidase systems, which bioactivate these compounds [27, 28]. Nevertheless, 

these influences only determine toxic effects through the balance between activation and 

detoxification pathways: P450 dearylation, carboxylesterase and butyrylcholinesterase 

phosphorylation, oxonase-mediated hydrolysis [29]. Thus, the contrast between high 

sensitivity to oxons and apparent lower oxidation activity possibly could be a C. 

macropomum enantiostatic mechanism when facing xenobiotic threats [30]. Another 

condition that may cause discrepancies, particularly in case of chlorpyrifos, is that this 

compound accumulates in tissues, which likely affects other results. Antwi [31] also found no 

statistical differences in four fish species (Oreochromis niloticus, Sarotherodon galilaea, 

Alestes nurse and Schilbe mystus) between controls and individuals living in areas treated 

weekly with temephos over a six-year period. Temephos is also a thion compound, but the 

reasons for such results are not only caused by the circumstances mentioned for diazinon and 

chlorpyrifos. This pesticide is known to exhibit moderate to low toxicity to mammals and 

other non-target organisms, and is commonly used in potable water treatment against 

mosquito larva vectors of diseases in public health campaigns [31]. Tetraethyl pyrophosphate 

(TEPP) displayed IC50 value of 3.7 µmol/L. This is an organophosphorus known to be highly 

toxic to mammals and is the biotransformation product of another pesticide, which is 

classified as an extremely hazardous by the World Health Organization [32]. Table 3 displays 

its in vivo LC50 for other fish species provided by from the U.S. Environmental Protection 

Agency Ecotoxicology Database (http://cfpub.epa.gov/ECOTOX/), which reflects the high 

toxicity of this compound (6.8 h at 25 ºC) [33]. Tetraethyl pyrophosphate is currently 

classified as an obsolete pesticide [32], but in fact is responsible for part of the toxic action in 
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some organophosphate products, such as diazinon, chlorpyrifos, parathion, demeton, where it 

appears as an impurity or breakdown product due to the manufacturing process or unsuitable 

storage conditions [33]. The two analyzed carbamate insecticides carbaryl and carbofuran 

presented IC50 values of 33.8 µmol/L and 0.99 µmol/L respectively. The latter IC50 value is 

similar to that reported by Dembélé, Haubruge and Gaspar for in vitro, Cyprinus carpio [26], 

namely, 0.45 µmol/l (0.1 ppm). 

The monitoring of pesticides such as organophosphates and carbamates can be 

evaluated by using organisms in aquatic environments (in vivo assays). In these cases, tanks, 

animal manipulation, feeding demands and specially trained personnel are required. 

Otherwise, animals can be collected from their environment and these toxic components 

analyzed in their tissues. The use of enzymes, namely, cholinesterases, allows in vitro 

procedures that are less costly, less time-consuming, less laborious and more sensitive. The 

analysis of reactions can take place without interfering compounds present in tissues or 

animal sensors that could interact with anticholinesterasic agents, thereby causing false 

positives or negatives. Moreover, biosensors based on these enzymes can be built and used in 

environmental monitoring. The findings described here confirm previous findings [14] related 

to the sensitivity of AChE from the brain of the juvenile Amazonian tambaqui towards 

dichlorvos and its possible use as the biocomponent of in vitro sensor for this pesticide and 

also for chlorpyrifos, carbaryl and carbofuran.  
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Tables  

TABLE 1 – Kinetics and physicochemical parameters of AChE from some freshwater and 

marine species.  

 
Species 
[Reference] 
 

 
Km 
[mmol/L] 

 
Vmax 
[U/mg of protein] 

 
Optimum 
pH 

 
Optimum 
temperature [ºC] 

 
Source 

 
Life stage 

 

Oreochromis 

niloticus 

[5] 
 

 
0.10 ± 0,03 

 
0.229 ± 0.014 

 
ND 

 
ND 

 
Brain 

 
Juvenile  
48.2 ± 3.9 g 

Pleuronectes 

vetulus 
[6] 
 

1.69 ± 0.26 0.482 ± 0.034 
 

ND ND Muscle Juvenile  
13.5-29.5cm 

Pleuronychtis 

verticalis 
[6] 
 

0.30 ± 0.07* 
0.23 ± 0.06** 

0.524 ± 0.032* 
0.120 ± 0.08** 

ND ND Muscle Juvenile  

Solea solea 

[9] 
 

ND ND 7.5 ND Brain ND 

Pleuronectes 

platessa                                      
[9] 
 

ND ND 8.5 33 Brain ND 

Scomber scomber 
[9] 

ND ND 8.0 ND Brain ND 

 

Colossoma 

macropomum 
[Present work] 

 
0.43 ± 0.02 

 
0.13 ± 0.05 

 
7.5 

 
45 

 
Brain 

 
Juvenile 
16.6 ± 3.7 cm 

Km – Michaelis-Menten constant; Vmax – Maximum velocity of enzyme activity;  
* Female specimens; ** Male specimens; ND - not determined. 
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TABLE 2 – Pesticide* IC50▲ values for in vitro freshwater fish. 
Species  
[Reference] 

IC50 
(µmol/L) 

Dichlorvos 

Alburnus alburnus  [23] 0.63 
Leuciscus idus  [23] 0.31 
Esox lucius  [23] 0.31 
Colossoma macropomum   [14]** 0.36 
Colossoma macropomum  [present study] 0.04 

                          Chlorpyrifos  
Cyprinus carpio  [27] 810 
Colossoma macropomum  [present study] 7.6 

Diazinon 

Oncorhynchus mykiss  [26] 2.5 
Danio rerio  [26] 20.0 
Poecilia reticulata  [26] 7.5 
Cyprinus carpio  [26] 0.2 
Colossoma macropomum  [present study]*** No effect 

Temephos 

Oreochromis niloticus, Sarotherodon galilaea, Alestes 

nurse and Schilbe mystus [32] 
No effect. 

Colossoma macropomum  [present study] No effect. 

TEPP 

Colossoma macropomum  [present study] 3.7 

Carbaryl 

Colossoma macropomum  [present study] 33.8 

Carbofuran 

Cyprinus carpio  [27] 0.45 
Colossoma macropomum  [present study] 0.92 
* - Purity degree varied from 97.4% to 99.9%;  
** - Commercial formulation and 
*** - up to 1.0 ppm. 
▲ – Concentration capable of inhibiting 50% of enzyme activity 
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TABLE 3 – TEPP LC50 in several fish species. 
 
Species 
 

 
TEPP 
 
[%] 
 

 
LC50 
 
[mg/L] 

Carassius auratus 

 
40.0% 21.00 

Gambusia affinis 

 
40.0% 2.84 

Ictalurus punctatus 

 
40.0% 1.60 

Lepomis macrochirus 

 
40.0% 0.79 

Pimephales promelas 

 
40.0% 1.00 

Poecilia reticulata  

 

40.0% 1.80 

Oncorhynchus tshawytscha  40.0% 0.31 
Source: U.S. Environmental Protection Agency ECOTOX Database. 
TEPP - Tetraethyl pyrophosphate;  
LC50 - Concentration resulted in death for half of the animals.   
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Figure legends 

 

FIGURE 1 – Effect of pH (A) and temperature (B) on the AChE from brain of juvenile C. 

macropomum. The pH range was attained by using citrate-HCL, citrate-phosphate, tris-HCl 

buffers whereas the temperature effect was investigated either on the enzyme activity 

(optimum temperature; ■) or on the enzyme preparation (thermal stability; ○) for 30 min that 

after 5 min (25oC equilibrium) its activity was estimated. 

 

FIGURE 2 - Michaelis–Menten plot of the AChE from brain of juvenile C. macropomum 

acting on acetylthiocholine. Data are expressed as the mean ± standard deviation of three 

replicates from four homogenates. The insert shows the Lineweaver–Burk plot. 

 

FIGURE 3 – Effect of organophosphates and carbamates on the activity of AChE from brain 

of juvenile C. macropomum. Dichlorvos (A), diazinon (B), chlorpyrifos (C), temephos (D), 

TEPP (E), carbaryl (F) and carbofuran (G) concentrations ranged from 0.001 to 10 ppm. All 

the assays were performed at 25ºC and the experimental points are the mean ± standard 

deviation of triplicate of four crude extracts. 
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Figure 1 

 
Caio R. D. Assis et al. 
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Figure 2 

 
Caio R. D. Assis et al. 
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Figure 3 

 
Caio R. D. Assis et al. 
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6. CONCLUSÕES 

 

 

No presente trabalho, alguns dos pesticidas analisados foram altamente tóxicos em 

relação à acetilcolinesterase de tambaqui. Níveis relevantes de inibição da atividade 

enzimática foram alcançados em concentrações abaixo dos limites máximos de resíduos 

(LMRs) para esses pesticidas, previstos na legislação nacional e internacional em vigor. 

Os limites de detecção do método observados para os pesticidas diclorvós e carbofuran 

situaram-se abaixo do LMR adotado para organofosforados e carbamatos em águas das 

classes 1 e 2, de acordo com a Resolução do CONAMA nº. 20 de 1986 e, no caso específico 

do carbofuran, também abaixo dos limites da legislação americana previstos no USEPA 

National Primary Drinking Water Standards. Para o organofosforado TEPP, seu efeito sobre 

a acetilcolinesterase alcançou altos níveis de inibição em concentrações ainda aceitáveis em 

águas da classe 3, segundo a mesma norma nacional. 

De acordo com esses resultados, a acetilcolinesterase cerebral de tambaqui se mostra 

como uma ferramenta promissora para utilização em programas de monitoramento ambiental 

de pesticidas organofosforados e carbamatos. 
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7. ANEXOS  

7.1. Normas da revista Environmental Toxicology and Chemistry 

 

 

 

1. ET&C Instructions for Authors  

Submit Manuscript  

Environmental Toxicology and Chemistry (ET&C) is open to papers of merit dealing with all 
phases of Environmental Toxicology, Environmental Chemistry, and Hazard/Risk 
Assessment. 

Manuscripts are published in four formats: Research Papers, Short Communications, Peer-
reviewed Letters to the Editor and Critical Reviews. The journal is divided into three sections, 
each with its own editors: Environmental Chemistry; Environmental Toxicology; and Hazard 
/ Risk Assessment. The Editor-in-Chief will entertain proposals for special symposia or other 
related papers for publication as a group. In addition to the printed manuscript, ET&C offers 
an on-line repository for supplemental information, such as detailed methodological, method 
validation, or experimental result information. This information will be linked to the 
manuscript in the on-line journal, but is not printed in the hard copy. 

• Manuscript Submission 

• Types of Manuscripts 

• Manuscript Preparation 

o Order 

o Style 

o References 

o Permissions/Copyright 

o Tables 

o Illustrations 

o Abbreviations 

o Technical Information 
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• Manuscript Processing 

• Author Fees 

  
Manuscript Submission 

Submit text, tables, and figures as three separate files to the Environmental Toxicology and 

Chemistry website (http://etc.allentrack.net/) using one of the following formats:  

Manuscript: Microsoft Word®, text, or rtf  
Tables: Excel®, tab- or comma-separated text files 
Figure/Image files: TIFF, GIF, JPG, PDF, Postscript, or EPS format 

The printer cannot use files created in LaTeX or those using add-in programs such as End 
Notes and Reference Manager. 

Alternatively, for review of the manuscript only, one PDF of the manuscript, tables, and 
figures may be submitted with a separate cover letter. In either case, all parts of the 
manuscript should be in order and clearly labeled. If the manuscript is accepted for 
publication, however, the formats listed must be used, and all parts uploaded separately. 

Each manuscript must be accompanied with a cover letter specifically describing how the 
work advances understanding in the field. This letter should also describe other manuscripts 
the authors have published or intend to publish on closely related work, and the relationship 
of the current work to these other manuscripts. Copies of cited or related manuscripts not yet 
in print must be part of the submission package, along with supplemental information files to 
be posted in conjunction with the article. Potential conflict of interest must be reported at the 
time the manuscript is submitted. Research funding or other support from outside the authors' 
stated affiliation must be disclosed within the manuscript. 

Submitted manuscripts will be reviewed initially by the Editor-In-Chief to verify that the 
work is within the scope of the journal and is otherwise appropriate for peer review. All 
manuscripts are subject to review by at least two outside scientists; authors may suggest 
appropriate reviewers when submitting manuscripts, although reviewer selection is at the 
discretion of the editor. Papers should contain sufficient information regarding the methods, 
experimental design, and statistical analysis that will allow reviewers to evaluate the integrity 
of the findings. 

ET&C is unable to provide extensive editorial assistance regarding English usage and 
grammar. Authors are asked to seek appropriate editorial assistance before submitting their 
manuscript for review. 

SETAC has an annual Best Student Paper Award. To qualify, the first author must have 
conducted the research as a student and the manuscript must be accepted for publication in 
Environmental Toxicology and Chemistry. Graduation of the first author does not preclude 
consideration for this award. Please indicate at the time of manuscript submission if the paper 
is to be considered for this award.  

Types of Manuscripts 

Letters to the Editor may concern any scientific topic relevant to the purposes of the journal, 
including critical discussion of recently published papers. Letters to the Editor should not 
exceed two journal pages in length. About 3.2 double-spaced typewritten pages or about 1100 
words of printed type equal one journal page.  
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Each full-length manuscript or short communication must be a report of original research that 
has not been submitted elsewhere, other than as an abstract or an oral or poster presentation. 

The short communication should be a concise statement representing either a preliminary 
report or a complete accounting of a significant research contribution. Brief methods papers 
will be accepted in this category. To be considered for rapid publication, short 
communications must not exceed three journal pages, including abstract, text, figures, tables, 
and references. 

Only critical reviews of subjects relevant to the purposes of the journal will be published. 
Reviews should not normally exceed 12 journal pages in length, including abstract, text, 
figures, tables, and references. 

Environmental Chemistry—The journal is interested in papers that emphasize the application 
of chemistry to the measurement, assessment, or prediction of chemical distribution and 
behavior in the environment, or that provide insights into toxicological responses of exposed 
organisms. Applicability of the work to environmental assessment, environmental toxicology, 
or ecological risk assessment must be clear. Analytical methods papers must demonstrate 
meaningful and useful advancement over existing methods, potential to influence current 
practice, and application to environmental samples and environmental assessment in general. 
Theoretical or modeling studies oriented toward predicting environmental behavior, chemical 
properties, or toxicity are welcome provided they have direct applicability to environmental 
assessment or ecological risk assessment. 

Environmental Toxicology—Environmental Toxicology papers focus on the effects of 
chemicals on aquatic, terrestrial, or avian receptors. Papers that use data or models to 
elucidate mechanisms and advance the ability to extrapolate toxicological information across 
species, chemicals, levels of biological organization, or ecosystems are particularly desirable. 
Results of studies with high site-specificity, such as toxicity testing of a particular effluent, 
must have substantial application beyond the immediate environmental setting. Papers that 
primarily report outcomes of standard toxicity tests, or routine biochemical, molecular, or 
histological measures, with an additional organism, test system, or chemical are subject to 
particular scrutiny to ensure that their scientific impact warrants publication in ET&C; papers 
that do not meet these criteria are constructively encouraged to be submitted to journals 
appropriate to their subject matter. Studies that report in vivo toxicity endpoints intended to 
establish exposure- or dose-response relationships to be used in hazard or risk assessment 
should include analytical confirmation of exposure or dose concentrations. 

Hazard/Risk Assessment—The Hazard/Risk Assessment section accepts papers describing 
hazard or risk assessments, or providing methods or models for use in such assessments. Case 
studies will be accepted, providing they have sufficient scope and impact to be of interest to a 
broad audience. Hazard/risk assessments should focus on the science of hazard/risk 
assessments; papers delving deeply into policy, regulation, value judgments, or public, social, 
or legal issues will be referred to IEAM. 

Manuscript Preparation 

Double space and left justify everything, including tables, figure legends, and references. 
Place page numbers in the upper right-hand corner and leave liberal side margins, at least 2.5 
cm. Format documents to U.S. letter size (8.5 × 11) and number the lines of the text 
continuously from the first page through the figure legends. Consult recent issues for proper 
placement of main headings, subheadings, and paragraph headings. Titles and subheadings 
should be brief and should not be complete sentences, but words, phrases, or brief clauses and 
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only the first word should be capitalized. Accepted manuscripts are published on the web 
within a week of final acceptance.  

Order: Arrange the manuscript in the following order: 

Page 1—running head (not to exceed 60 characters and spaces), name, address, telephone/fax 
numbers , and e-mail address of the corresponding author (author to whom copyright and 
page proofs should be sent) and the total number of words in the text, references, tables, and 
figure legends. 

Page 2—title of article, authors' complete names, and institutional addresses. Use the 
following symbol order to designate authors' affiliations: †, ‡, §, ||, #. When more are needed, 
double them in the same sequence ††, ‡‡, §§, || ||, ##. All persons listed as authors should 

have been sufficiently involved in the research to take public responsibility for its content.  

Page 3—footnote listing the e-mail address of the corresponding author, the present address 
of the corresponding author if different from the address on page 2. 

Page 4—abstract describing the research, results, and conclusions (maximum of 270 words; 
70 words for short communications) and no more than 5 key words. The abstract contains no 
citations. 

Text, acknowledgement (not to exceed 150 words), references, tables, figure legends (grouped 
on one page) and figures should follow. Supplemental material such as very long tables and 
datasets may be submitted in Adobe Acrobat format for web publication only. Include all 
supplemental material with the manuscript submission. 

Style: Write in simple declarative sentences. Environmental Toxicology and Chemistry does 
not have a technical editorial staff to rewrite manuscripts; therefore, contributions must 
conform to the accepted standards of English style and usage upon submission. The title 
should be brief and informative. With the exception of references, the journal conforms to the 
CBE Style Manual, 6th ed., Council of Biology Editors, 11250 Roger Bacon Drive, Ste. 8, 
Reston, VA 20190, USA. 

Length: Keep the length of research papers below 10 journal pages (approximately 1100 
words equal one page of printed type) and limit the number of references (maximum of 40), 
figures, and tables. Publication of excessively long manuscripts or those with more than six 
figures and tables will be delayed and will incur substantial added cost. 

References: Cite by number in square brackets in order of mention in the text. Number 
references cited in tables last. Group full references at the end of the paper. Basic style is as 
follows: 

• Book: Author AB, Author CD. 2007. Title of Book. Publisher, City, ST, Country.  

• Book: Article. Author AB, Author CD. 2007. Title of article. In Adams AB, Smith DC, eds, Title of 

Book, 2nd ed, Vol 1-Toxicology. Publisher, City, ST, Country, pp 1-5.  

• Journal Article. Author AB, Author CD. 2007. Title of article. Environ Toxicol Chem 26:2200-2204.  

• Proceedings: Author AB, Author CD. 2007. Title of article. Proceedings, Name of Conference, City, 
ST, Country, date (month, days, year), pp 00-00 (if no page numbers are available, cite parenthetically 
in the text).  
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• Report: Author AB. 2007. Title of report. EPA 600/334/778. Final/Technical Report. U.S. 
Environmental Protection Agency, Washington, DC.  

• Thesis: Author AB. 2007. Title of thesis. PhD thesis. University, City, ST, Country.  

Cite websites parenthetically in the text. Number and list the literature cited as it appears in 
the text. Number references in tables last. Use capitalized zip-code abbreviations for states. 
For abbreviations of journal titles, consult BIOSIS Serial Sources . Spell out in full the names 
of journals not listed there. Note the limited use of capitals in journal abbreviations in ET&C.  

Personal communications should be mentioned parenthetically in the text (R.G. Rogers, 
affiliation, location, personal communication). Verify all personal communications with the 
source of the information and obtain approval for use of the author's name. 

Articles that have been accepted for publication may be cited as "in press" and placed in the 
reference list. Copies of all "in press" articles should accompany manuscript submissions. 
Papers still in review may not be cited in the reference list. Upload as Supplemental Data 
titled "in review" article. 

Permissions/Copyright: The author is responsible for obtaining permission to reprint a 
previously published table, figure, or extract of more than 250 words. Include written 
permission from the publisher with the manuscript submission. If in doubt, obtain permission. 
Acknowledgement alone is not sufficient. Authors should exercise customary professional 
courtesy in acknowledging intellectual properties such as patents and trademarks. Authors 
wishing to reprint illustrations or text previously published in ET&C should contact:  

Publishing Office 
Allen Press  
810 E. 10th Street  
Lawrence, KS 66044, USA  

Telephone: 800-627-0932 or 785-843-1235  
Fax: 785-843-1274  
Email: setac@allenpress.com 

Authors must sign the SETAC copyright agreement prior to publication of the paper. 
Individual company copyright agreements may not be substituted. 

Tables 

Tables are frequently overused in scientific publications, and the first step in constructing a 
table should be to decide if it is needed. Presenting all data collected is rarely necessary, and 
printing tables is very costly. Tables should not duplicate information in the text or data 
presented in graphic forms and should stand alone without reference back to the text, as they 
are often reprinted. 

Tables have at least three columns, and the center and right columns refer back to the left 
column. All columns should have brief headings that accurately describe the entries listed 
below. Make titles short and concise and place explanatory matter such as nonstandard 
abbreviations in the footnotes, grouping when possible. Identify footnotes with superscript, 
lower-case letters. Designate significant differences on-line with full-size capital letters. 

Define all acronyms; refer to previous tables if a lengthy list of acronyms is used in 
successive tables. Avoid lengthy footnotes. 
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Double-space all information in tables, and place page breaks between each table. Number 
tables using consecutive Arabic numerals. ET&C does not use designations of Table 1A and 
1B, etc. Give each table a separate number or combine into one table. Indicate first mention of 
each table and figure in red. For more guidance in constructing tables, see the ACS Style 

Guide, American Chemical Society, 1155 16th Street NW, Washington, DC 20036. 

Illustrations 

• General Appearance 

• Size and Proportion 

• Shading 

• Symbols and Lines 

Well-chosen and carefully executed illustrations will aid in the comprehension of the text. 
They are costly to reproduce and consume much space, however, and should be limited to six 
per article. Illustrations should not duplicate information in tables or text; be certain that all 
are necessary to explain your research. Fitting the text around numerous illustrations is 
awkward and sometimes confuses the reader.  

Include titles and brief explanatory legends for all illustrations on a separate page placed 
before the figures. Place long lists of symbol definitions in the figure legend, not on the figure 
itself. Label multipart figures with consecutive letters of the alphabet. 

General Appearance: Halftones (graytones) do not reproduce well. Avoid small dotted lines, 
shading, and stippling. For bar graphs, use black, white, striped, or hatched designs. If no 
important information will be lost, consider placing fewer numbers on the axes to achieve an 
uncluttered look. Make lines on maps bold and distinct and eliminate information not 
pertinent to the subject being discussed. Naming too many rivers, towns, and geographical 
elements will result in a cluttered map that is difficult to read. 

Size and Proportion: When possible, submit figures in the size they are to appear in the 
journal. Most illustrations, except some maps and very wide graphs, should be one-column 
size. If the graph is composed in that size, legibility will be easy to determine. One column 
width equals 8 cm. The font size on the "x" and "y" axes should not be larger than that of the 
title, and the same font (Arial or Times is preferred) should be used throughout. Numbers on 
the "x" and "y" axes should be smaller than the descriptive title, which should be 12-point 
font. Fonts smaller than 12 points are generally not legible when reduced to one column size. 
Use boldface type with care; if illustrations are to be reduced, the open space in letters will 
disappear.  

Shading: Half-tones and stippling do not reproduce well. Occasionally, graphs are composed 
with four or more half-tones that are barely discernible in the original. If printed as submitted, 
the difference is lost entirely. Diagonal and horizontal stripes, checks, and solid black or white 
bars reprint well. If many differences have to be presented, a color illustration may be the best 
alternative, although an expensive one. 

Symbols and Lines: Avoid very small symbols (no smaller than 2 mm) on line graphs - 
squares and circles look remarkably alike after reduction. Dotted lines often become invisible, 
and very complicated combinations of dots and dashes are difficult to read and even more 
difficult to define in the legend. Print all elements of the graph with the same degree of 
intensity. Figures with headings in boldface type, but very light lines and symbols appear 
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incongruous. Placing symbol definitions in a box to the right or left of the figure will make 
placement of the figure in one column impossible. Place definitions in the figure legend if at 
all possible or on the figure itself if only a few definitions are required. 

Abbreviations 

In this section the X indicating multiplication should be consistent throughout. 

Use acronyms and abbreviations sparingly to avoid impeding comprehension of the text, and 
use only those that are well known.  

Define each at first introduction in the abstract and again at first mention in the text and on 
each table and figure legend, giving the abbreviation or acronym in parentheses. Spell out 
those that begin a sentence. The following may be used without definition: RNA, DNA, DDT, 
standard chemical symbols (such as Ca, NaOH), and those generally used for units of 
measure.  

Technical Information 

Equations, mathematical formulas, flow diagrams 

Simple equations should be written as A/B on one line. Decimals are preferred to fractions. 
Write out and hyphenate simple fractions (two-thirds), except in figures, graphs, legends, and 
in parentheses. 

Gases Express parts per million (ppm) as microliters per liter µl/L) or parts per billion (ppb) 
as nanoliters per liter (nl/L). Use metric system only. 

Ions should be represented in the following way: Na+, Mn3+, Br-, and PO3- 

Isotopes An isotopically labeled compound is indicated by placing the isotopic symbol in 
square brackets attached to the name or the formula [14C]ethanol; [32P]ATP; [2H]C2H2; 
[3H]DNA. The specific position of the isotope should be given at the time of first mention; 
thereafter, it can be abbreviated to the less specific notation. The symbol indicating 
configuration should precede the isotopic symbol, and the position of isotopic labeling is 
indicated by Arabic numerals as in D-[14C]lactate;D-[14C]glucose 6-P; sodium D-[14C]acetate; 
L-[1,2-14 C]alanine. 

The term U indicates uniform labeling, as in [U-14C]sucrose, where the isotope is uniformly 
distributed among all 12 carbons. Preference is given to [14C2] and 32Pi rather than to 
[14C]CO2 or [14C]CO2 and [32P]Pi. 

Numbers 

The metric system is standard, and SI units should be used as far as possible. Spell out all 
numbers or fractions that begin a sentence. If this is awkward, rephrase the sentence to avoid 
beginning with a numeral. Do not use a hyphen to replace the preposition "to" between 
numerals: 13 to 22 min, 3 to 10°C. Exception: The dash may be used in tables, figures, graphs 
and in parentheses. Write out numerals one through nine except with units of measure. 

Check tabular data, as well as numerical values, reported in the text for the proper number of 
significant figures. For decimals smaller than one, insert a zero before the decimal point: 
0.345. 
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Powers in tables and figures Care is needed in tables and figures to avoid numbers with 
many digits. The unit should be followed by the power of 10 by which the actual quantity was 
multiplied to give the reported quantity; the unit may be changed by the use of prefixes such 
as "m" or "m." For example, an entry "5" under the heading "g X 
10-3" means that the value of g is 0.005; and entry "5" under the heading "g X 10-3" means 
that the value of g is 5,000. A concentration of 0.0015 M may be expressed as 1.5 under the 
heading "concn. (mM)" or as 1,500 under the heading "concn. (mM)" as 15 under the heading 
"10-4 x concn. (M)." 

Ratios Mixtures use "to" when general words are used, i. e., "the chloroform to methanol" 
ratio. Always use a colon with words when numerical ratio is provided, i. e., 
chloroform:methanol (2:1,v/v). Always use colon with number ratio. Use a hyphen with 
mixture only if numerical value is not given, i. e., "used in chloroform-methanol." 

Scientific names The complete scientific name (genus, species authority for the binomial, and 
cultivar or strain), when appropriate, of all experimental organisms should be included in the 
"Abstract" and "Materials and Methods." Following this initial citation, the generic name may 
be abbreviated to the initial, except when confusion could arise by reference to other genera 
with the same initial. The algae and microorganisms referred to in the manuscript should be 
identified by a Collection number or that of a comparable listing. Scientific names (genus and 
species) should be underscored or italicized. 

Soil classification Measured values for soil physicochemical characteristics having a bearing 
on the research must be reported in the manuscript for each individual type of soil used and 
may be reported in table format. Authors are strongly encouraged, whenever feasible, to give 
the soil type/name, texture, and scientific classification of each soil. This scientific 
nomenclature for soils must be consistent with a modern published soil classification system, 
and the system must be cited. See details: Soil Classification Systems (pdf). 

Solutions Solutions of common acids and bases should be described in terms of normality (N) 
, and salts in terms of molarity (M), thus 1 N NaOH, O.1 N acetic acid and O.1 M Na2SO4. 
Fractional concentrations should be expressed in the decimal system: 0.1 N acetic acid and 
not N/10 acetic acid. The term % must be defined as w/w, w/v, or v/v; 10% (w/v) signifies 10 
g/100 ml. Express concentrations as ng/L, mg/L, mg/L, ng/g, mg/g, etc. 

Statistical treatment When appropriate, statistical analysis should be included. Define all 
statistical measures clearly and use lower-case letters for abbreviations such as r, f and t. 

Trade names The names of the manufacturers or suppliers of special material should be 
given. Locations (city, state, or country) should be included. Trade names must be capitalized. 
The use of trade names and code numbers of experimental chemical compounds used in 
experimentation should be avoided. Such compounds should be identified by common name 
(ASA), if such a name exists, or by chemical name and structural formula. Lot numbers, 
purity, impurities, etc., may be appropriate.  

Manuscript Processing 

Review: Each manuscript is assigned to an editor with expertise in the field discussed, who, 
in turn, sends it to a minimum of two reviewers. Reviewers give evaluations, suggest 
improvements, and recommend acceptance or rejection of the paper. Reviewing should be 
completed within three months. If reviewers disagree, the paper may be sent to a third 
reviewer. The editor sends a decision letter and the critiques of reviewers to the corresponding 



Caio Rodrigo Dias de Assis  Anexos 

 62 

author, and the editorial office prepares a detailed list of items to be amended or improved. 
Authors not following ET&C style and format will experience a delay in publication. 

The decision letter from the editor will give instructions for uploading the revised manuscript 
to AllenTrack. Include a letter giving disposition of each of the reviewers' suggestions, item 
by item. Indicate the page and line number of the revised text and highlight the sections that 

have been changed on the revised manuscript to aid the editor in determining acceptability. If 
you wish to reject all or specific suggestions, state your reasons. Manuscripts not received 
within three months of the date of provisional acceptance will be considered new 
submissions. Contact the reviewing editor if an extension is needed. 

Take care to include all necessary changes on the final revised manuscript. Authors will be 
charged for corrections on the proofs.  

Publication: Page proofs are sent to the corresponding author as a PDF file approximately 
three months prior to publication date. Authors are responsible for proofreading. Limit 
changes to correction of printer's errors when possible. Return the corrected proof to the 
printer, Allen Press. Photocopy the corrected proof for your reference. Manuscripts will be 
pulled and rescheduled if proofs are not received by the printer as directed. The office of the 
Editor-in-Chief is also responsible for reading page proofs. 

Corrections: If necessary, corrections will be published. Authors should call to the attention 
of the editorial office any significant errors in their published manuscripts. 

Author Fees 

When a manuscript is accepted for publication and sent in for typesetting, it is expected to be 
in its final form. If excessive revisions (more than 5) are made at the proof stage, the 
corresponding author will be billed $3.75 per revision. In addition, the following charges will 
apply to figure revisions: $25.00 per Halftone (B&W) Figure Remake, $19.00 per Line Art 
(B&W) Figure Remake, and $150.00 per Color Figure Remake. Please note that the most 
common cause for excessive revisions is the renumbering of references. If one change to a 
single reference causes other references to be renumbered, it affects both the reference section 
and each citation for those references in the text. Each one of these changes is counted as an 
author revision so please check your references carefully. 

Use of Color: The cost of using a color figure in an article is $550 per printed page. If you 
would like an item to appear in color online-only, the charge is $100 per figure. 

Page/Reprint Charges: A publication charge of $50 per printed page will be assessed for 
articles of six or fewer pages; $150 per page after page six. Upon payment of the page 
charges, the corresponding author will receive a PDF at no additional charge. Additional 
reprints may be ordered using the reprint order form that accompanies the page proof. 

Site Information 
Feedback | SETAC 

Published by SETAC and Allen Press Publishing Services. 
Copyright © 2007 Society of Environmental Toxicology and Chemistry  
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7.2 Indicadores de produção 2007-2008 
 
7.2.1. Resumos em congressos 
 
 

Resumo na SBBq 2007 
 
 

L-72 FREITAS JR., A. C. V. ; CASTRO, P. F. ; ESPOSITO, T. S. ; AMARAL, I. P. G. ; 

ASSIS, C. R. D. ; MARCUSCHI, M. ; COSTA, H. M. S. ; CARVALHO JUNIOR, L. B. ; 

BEZERRA, R. S. Characterization of digestive amylases from marine shrimp Litopenaeus 

schmitti. In: XXXVI Reunião Anual da SBBq, 2007, Salvador. Resumos da XXXVI Reunião 

Anual da SBBq, 2007. v. único. 

Palavras-chave: Carbohydrases characterization; Digestive physiology; Litopenaeus schmitti. 

Referências adicionais: Classificação do evento: Nacional; Brasil/ Português; Meio de 

divulgação: Vários 

 

 

Resumo na SBBq 2008 
 

 

L - 44  CASTRO, P. F.; FREITAS Jr, A. C. V.; SANTANA, W. M.; ASSIS, C. R. D.; 

COSTA, H. M. S., FRANÇA, R. C. P.; CARVALHO JUNIOR, L. B.; BEZERRA, R. S. 

Characterization of amylases from the hepatopâncreas of the brown shrimp Farfantepenaeus 

subtilisi. In: XXXVII Reunião Anual da SBBq, 2008, Águas de Lindóia. Resumos da 

XXXVII Reunião Anual da SBBq, 2008. v. único. 

Palavras-chave: Carbohydrases characterization; Digestive physiology; Farfantepenaeus 

subtilisi. 

Referências adicionais: Classificação do evento: Nacional; Brasil/ Português; Meio de 

divulgação: Vários 

  

 


