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RESUMO

A a-amilase ¢ uma endocarboidrase que atua na hidrélise de ligagdes glicosidicas a(1—4)
presentes em polissacarideos como o amido e glicogénio, gerando como produtos
oligossacarideos, dextrinas e maltose. Esta enzima corresponde a segunda classe de enzimas
mais utilizadas na industria, apresentando diversas aplica¢des biotecnoldgicas, principalmente
nas induastrias alimenticia e de detergentes. A a-amilase é encontrada em diversos organismos,
e pode ser obtida atraves de bactérias, fungos e tecidos animais e vegetais. Com o intuito de
reduzir o impacto causado pelo avanco da inddstria pesqueira, essas e outras classes de
enzimas vém sendo extraidas através do reaproveitamento dos residuos pesqueiros. Neste
trabalho, a-amilases foram obtidas através dos cecos pildricos e intestinos do tambaqui,
Colossoma macropomum, caracterizadas e avaliadas quanto ao seu uso como aditivo de
limpeza em detergentes comerciais. Para isso, o extrato bruto obtido foi submetido a
fracionamento salino utilizando sulfato de aménio, a fracdo 30-60% apresentou maior
atividade, foi em seguida dialisada e aplicada a uma coluna de cromatografia p-
aminobenzamidine-agarose (Sigma®). Apos esse processo de purificagdo, foram realizados
zimogramas e eletroforese SDS-PAGE, os resultados obtidos sugerem uma purificacdo
parcial, e presenca de isoformas. As a-amilases apresentaram atividade 6tima no pH 7.0 e 8.5,
respectivamente para AMY-1 (intestinos) e AMY-2 (cecos piléricos). Foram termoestaveis
durante 30 minutos a 40°C, e apresentando temperatura 6tima de 40 e 45°C, respectivamente.
As a-amilases foram fortemente inibidas pelos fons Hg*™ e Cu*. Quanto ao seu uso como
aditivo de detergentes, as a-amilases extraidas do tambaqui, foram significativamente estaveis
durante incubacdo de 60 minutos com agente oxidante (H,O, 15%), surfactantes coleato de
sodio, tween 20, tween 80 e SDS, sendo também compativeis e estaveis com todas as marcas
de sabdo utilizadas neste trabalho. Estes resultados sugerem que estas enzimas possuem
potencial aplicacdo na industria de detergentes, podendo ser utilizadas como aditivo de
limpeza. Adicionalmente, pode-se concluir que o reaproveitamento dos residuos do tambaqui
corresponde a uma fonte inovadora de a-amilase com alta atividade e aplicabilidade

industrial.

Palavras-chave: residuo pesqueiro; tambaqui; a-amilase; detergentes comerciais.



ABSTRACT

The a-amylase is a endo-acting enzyme engaged in the hydrolysis of glycosidic a (1 — 4)
present in polysaccharides such as starch and glycogen, yielding products such as
oligosaccharides, dextrins and maltose. This enzyme corresponds to the second class of
enzymes most commonly used in industry, having several biotechnological applications
especially in the food and detergent industries. The a-amylase is found in various organisms
and may be obtained from bacteria, fungi and animal and vegetal tissues. In order to reduce
the impact caused by the advance of the fishing industry, these and other classes of enzymes
have been extracted through the reuse of fish waste. In this paper, a-amylase were obtained
from the pyloric caeca and intestines tambaqui (Colossoma macropomum) characterized and
evaluated for its use as an additive in commercial cleaning detergents. For this, the crude
extract was subjected to salt fractionation using ammonium sulfate, fraction 30-60% higher
activity was then dialyzed and applied to a p-aminobenzamidine-agarose (Sigma®) column
chromatography. After this purification process, zymograms and SDS-PAGE were performed,
the results suggest a partial purification, and presence of isoforms. The a-amylase showed
maximum activity at pH 7.0 and 8.5, respectively for AMY-1 (intestines) and AMY-2
(pyloric caeca). Was thermostable for 30 min at 40 ° C, and showing optimum temperature of
40 to 45 ° C, respectively. The a-amylase were strongly inhibited by ions Hg*® and Cu*2. As
to its use as an additive for detergents, the a-amylases derived tambaqui were significantly
stable during 60 min incubation with the oxidizing agent (H202 15%), sodium coleato
surfactants, Tween 20, Tween 80 and SDS, and also compatible and stable with all brands of
soap used in this work. These results suggest that these enzymes have potential application in
laundry detergents, which can be used as cleaning additive. Additionally, it can be concluded
that the reuse of waste tambaqui corresponds to a novel source of a-amylase activity, and high

industrial applicability.

Keywords: fisheries waste; tambaqui; a-amylase; commercial detergents.
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1. INTRODUCAO

H& muito tempo o homem utiliza enzimas para catalisar uma série de reacdes, essas sao
as proteinas mais notaveis e especializadas que desempenham o papel de catalisadores nas
diversas reagfes bioquimicas. Essas biomoléculas ja eram utilizadas na industria para
acompanhar rea¢des quimicas fora da célula, muito antes de se entender sua natureza e funcéo
(LEADLAY, 1993). A tecnologia enzimatica corresponde a um dos campos mais promissores
dentro das novas técnicas para sintese de compostos de alto valor agregado, pois oferece
menor impacto ambiental e também menor consumo energético, uma vez que as enzimas sdo
biodegradaveis e sendo altamente especificas minimizam os efeitos indesejaveis. Entre as
enzimas produzidas por técnicas biotecnoldgicas, aquelas com atividade amilolitica
apresentam um papel importante em diversos setores industriais (MITIDIERI, 2002).

A o-amilase [EC 3.2.1.1] é uma endocarboidrase encontrada em varios organismos,
como animais, vegetais, fungos e bactérias. Ela é responsavel por hidrolisar ligacdes
glicosidicas a(1—4) presentes em macromoléculas de amido e glicogénio, gerando como
produtos oligossacaridos, a-dextrinas e maltose (VAN WORMHOUDT e FAVREL, 1988;
ARAI, et al., 1991). Essas enzimas representam aproximadamente 25% do mercado
enzimatico mundial, sendo a mais importante forma de amilase industrial (GUPTA, 2003).

Dentre os varios setores onde esta enzima é utilizada, destacam-se a hidrolise do amido,
producdo de bioetanol, producdo de agucar e cerveja, industrias téxtil e curtume, industria
alimenticia, e na formulacdo de detergentes como aditivo de limpeza (VAN DER MAAREL
etal., 2002).

Cerca de 40% das enzimas industriais produzidas em todo o mundo sdo aplicadas no
mercado de detergentes, este representa uma das aplicagdes industriais mais bem sucedidas no
campo da biotecnologia moderna (IGARASH et al., 2003). As a-amilases sdo a segunda
classe de enzimas mais utilizadas na formulagdo de detergentes, estando presente na
composi¢cdo de 90% dos detergentes liquidos (MITIDIERI et al., 2006). Os detergentes
enzimaticos séo superiores aos detergentes comuns porque agem de forma especifica, atuando
na limpeza completa dos materiais e na remocao de detritos e sujeiras, especialmente sob
matéria organica, tendo como consequéncia a diminuigdo de grande parte dos microrganismos

presentes, além de dispensar o uso de produtos causticos na sua composic¢éo (BON, 2008).
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As a-amilases aplicadas na industria de detergentes, na sua maioria, sdo produzidas por
micro-organismos, principalmente bactérias. No entanto, é importante investigar novas fontes
dessas enzimas, com a finalidade de descobrir novas formas de amilases e também buscar
reducao nos custos de producéo.

Os insumos do processamento do pescado representam uma importante fonte de
biomoléculas com potencial aplicacdo industrial, além do mais, devido a expansdo na
producdo e processamento do pescado, a aquicultura tem gerado uma grande quantidade de
residuos. Entre esses, as visceras sdo reconhecidas como uma potencial e importante fonte de
enzimas digestorias, principalmente proteases e amilases com alta atividade e que atuam em
uma ampla faixa de pH e condicGes de temperatura (CANCRE et al., 1999; GILDBERG,
1992; SHAHIDI JANAK e KAMIL, 2001). No intuito de diminuir o 6nus ambiental causado
pela industria pesqueira, esses residuos podem ser utilizados como fonte de moléculas
bioativas (SHAHIDI e JANAKKAMIL, 2001; ASPMO et al, 2005).

O tambaqui (Colossoma macropomum) é a principal espécie nativa cultivada no Brasil,
sendo a segunda mais produzida em ambito nacional (MPA, 2013). Pertencente a familia
Characidae, este peixe pode atingir até 108 cm e pesar até 30,0 kg. O tambaqui corresponde a
uma importante fonte de proteina animal, havendo alta aceita¢cdo no mercado devido ao sabor
e vida til da sua carne (ALMEIDA et al., 2006). Estudos abordando as enzimas desse animal
reportam o uso dessas biomoléculas em diversos setores. Proteases alcalinas extraidas das
visceras apresentaram caracteristicas que apontam sua utilizacdo na industria de detergentes e
alimentos; acetilcolinesterases extraidas do cérebro foram aplicadas como biomarcadores de
pesticidas (BEZERRA et al., 2001; ASSIS et al., 2007; ESPOSITO et al., 2009;
MARCUSCHI et al., 2010). No entanto, ndo foram encontrados estudos visando a purificacéo

e aplicacdo de a-amilases desse peixe na industria.

Compatibilizar o desenvolvimento econdémico com a protecdo do meio ambiente,
mediante o uso racional dos recursos naturais, € o objetivo central destas novas abordagens
industriais, que com o auxilio da biotecnologia buscam a promocdo de processos industriais

mais eficazes e que minimizem o dano ambiental (BON, 2008).
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2. FUNDAMENTACAO TEORICA

2.1 Aquicultura Brasileira

A aquicultura € o cultivo ou criacdo de organismos cujo ciclo de vida se desenvolve
em condic¢des naturais, total ou parcialmente em meio aquatico (FAO, 2012). Essa atividade
corresponde ao setor da agropecudria brasileira com maior expansdo nos ultimos anos
(FIGUEIREDO et al., 2008), tornando-se uma importante alternativa para a producgdo de
pescado, tanto em area continental como marinha, e envolve a producdo de peixes, crustaceos,
moluscos, algas e anfibios (IBAMA, 2008; SANTOS, 2009). Com o aumento da exploracéao
indiscriminada dos estoques pesqueiros naturais, a aquicultura se tornou uma alternativa
importante para regularizar a demanda por alimento, e com este desenvolvimento a atividade
entrou em franca expansdo (CAMARGO e POUEY, 2005).

O Brasil possui um enorme potencial para o desenvolvimento de atividades aquicolas,
pois abrange 12% de toda a agua doce do planeta, com 7.367 km costeiros, 5,5 milhdes de
hectares de agua doce, 3,5 milhdes de hectares de &guas represadas em reservatorios de
hidrelétricas. Apresenta clima preponderantemente tropical, é autossuficiente na producao de
grdos, possui a maior bacia hidrografica do mundo, a Bacia Amazdnica, com 3.984,467 km?
em territorio brasileiro, exibindo abundancia de dgua doce em praticamente todas as regifes
do pais (OSTRENSKY et al., 2008). Possui a maior fauna de peixes de dgua doce do mundo,
correspondendo a 3.000 espécies conhecidas, um total trés vezes maior que o encontrado em
outros paises (IBAMA, 2013). Por apresentar imenso complexo hidrografico e clima
favoravel, o Brasil exibe inimeras vantagens para o desenvolvimento de organismos
aquaticos cultivados (FERREIRA, 2007). Entretanto, a implantacdo comercial da aquicultura
no Brasil é relativamente recente. Apesar de ter sido iniciada em 1930, esta atividade s6
comegcou a se intensificar a partir de 1970 e, na década de 90 ela se tornou economicamente
significante dentro do cenéario nacional, incluindo a piscicultura como uma atividade
econémica na producéo de alimentos (SEAP, 2003; FERREIRA, 2007).

De acordo com dados da FAO, a producdo aquicola brasileira teve inicio em 1968,
guando foram reportadas menos de 0,5 t. Desde entdo, a aquicultura nacional tem mostrado
um crescimento gradual, atingindo em 2003 um pico de producdo de 273.268 t. Apds uma
pequena queda nos anos de 2004 e 2005, a producdo retomou o crescimento, registrando altos
valores em 2008, 2009 e 2010, com 365.367 t, 415.649 t e 479.399 t, respectivamente. Em
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2011, a produgdo nacional foi de 628.704,3 t, onde é possivel observar o evidente o
crescimento deste setor no pais, com um incremento de 51,2% na producéo durante o triénio
2009-2011. O crescimento desta modalidade pode ser atrelado ao desenvolvimento do setor,
que por sua vez, se deu pela ampliacdo de politicas publicas que facilitaram o acesso aos
programas governamentais existentes, tais como o Plano Mais Pesca e Aquicultura
desenvolvido pelo MPA (MPA, 2010; 2013).

Figura 1- Producdo de pescado (t) da aquicultura continental entre 2009 e 2011.
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Fonte: MPA, 2013.

A maior parcela da producdo aquicola € oriunda da aquicultura continental (figura 1),
onde se destaca a piscicultura que em 2011 produziu o equivalente a 86,6% da produgéo
nacional. Considerando os dados da aquicultura continental brasileira, a regido Sul é a maior
produtora de pescado, sendo responsavel por 28,2% de toda a producdo nacional, o que
corresponde a 153.674,5t de pescado. Em seguida, temos a regido Nordeste com 135.292,6 t,
Norte com 94.578 t, Sudeste com 86.837 t e Centro-Oeste com producédo de 75.107,9 t.



Figura 2- Producéo da aquicultura continental por regi&o.
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Entre as espécies de peixes mais cultivadas no pais, destacam-se a tilapia

(Oreochromis niloticus), o tambaqui (Colossoma macropomum) e o hibrido tambacu com

producdo em 2011 de 253.824,1t, 111.084,1 t e 49.818 t, respectivamente (MPA, 2013).

Figura 3- Producéo da aquicultura continental por espécie.
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Dados: MPA, 2013.
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Com o crescimento da aquicultura e, consequentemente, do volume de pescado
processado mundialmente, a indUstria pesqueira tem gerado grande quantidade de residuo e
subprodutos. Segundo Arruda (2004), cerca de 50% do pescado produzido é descartado na
forma de residuo. Considerando que em 2010 foram produzidas 154.000.000t de pescado no
mundo (FAO, 2012), isso equivaleria a 77 milhdes de toneladas de residuos, uma significativa
fonte de desperdicio de recursos e de contaminagdo ambiental. Assim, preocupados com
problemas ambientais, pesquisadores em todo o mundo vém desenvolvendo diversos esforgcos
para obtencdo de métodos que possibilitem a transformacdo desses residuos em produtos
passiveis de utilizacdo na industria e na nutricdo humana e animal (MARTONE et al., 2005).

Os animais aquaticos representam uma importante fonte de biomoléculas, como
carotenoides (SANTOS, 2006), quitina e quitosana (SHAHIDI e JANAKKAMIL, 2001; KIM
e MENDIS, 2006), colageno (HWANG et al., 2007; ZHANG et al., 2007; NALINANON et
al., 2007), gelatina (GOMEZ-GUILLEN et al., 2007), peptideos bioativos com atividade anti-
hipertensiva, antitrombética, imunomoduladora e antioxidante (KIM e MENDIS, 2006) e
enzimas. Assis et al. (2007) extrairam acetilcolinesterase de cérebro de tambaqui e a
aplicaram na deteccdo de inseticidas. Varias proteases foram extraidas e purificadas de
diversas espécies de peixe mostrando caracteristicas interessantes para diversas aplicacoes
(BEZERRA et al., 2001; ALENCAR et al., 2003; BEZERRA et al., 2005; KLOMKLAO et
al., 2006; SOUZA et al., 2007; ESPOSITO et al., 2009-a, 2009-b), incluindo a degradagéo de
tecidos, extracdo de pigmentos, coagulacdo de proteinas, manejo de residuos, amaciamento de
carnes, extracdo de dleo de peixe, producdo de dmega-3, acdo antioxidante e antibacteriana
(SHAHIDI e KAMIL, 2001), formulacéo de detergentes (ESPOSITO et al., 2009), e producio
de hidrolisado proteico (ASPMO et al., 2005).
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Figura 4- Produtos que podem se obtidos através do processamento do pescado.
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Fonte: BLANCO et al., 2007.

Entre os subprodutos, as visceras sao reconhecidas como uma potencial e importante
fonte de enzimas digestivas, principalmente proteases e amilases com alta atividade e que
atuam em uma ampla faixa de pH e condi¢Oes de temperatura (GILDBERG, 1992; CANCRE
et al.,, 1999; SHAHIDI JANAK e KAMIL, 2001). A recuperagdo de enzimas a partir de
subprodutos da pesca € de grande importancia uma vez que enzimas digestivas de baixo custo
poderiam promover novas aplica¢des industriais, alem de evitar o descarte desses insumos no
meio ambiente (KLOMKLAO et al., 2008).
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2.1.1 Colossoma macropomum (tambaqui)

O tambaqui, Colossoma macropomum (Curvier, 1818) (fig. 5), € um peixe de
piracema nativo das bacias dos rios Solimdes, Amazonas e Orinoco, amplamente distribuido
na parte tropical da América do Sul e na Amazoénia Central, e muito apreciado por seu sabor,
sendo importante fonte de proteina animal. Atualmente, com o desenvolvimento das
pisciculturas, o tambaqui € criado e difundido em diversas regiGes do Brasil e do continente
sul-americano (ARAUJO-LIMA e GOULDING, 1997; BRASIL, 2010). Esta espécie nativa
do Brasil é considerada como o segundo maior peixe de escamas de agua doce da America do
Sul, atrds apenas do pirarucu, Araipaima gigas (FISHBASE, 2013), e est4 classificada
taxonomicamente da seguinte forma, segundo Nelson (1984):

REINO Animmalia

SUB-FILO Vertebrata

SUPER-CLASSE Pisces ou Teleostomi

CLASSE Osteichthyes

SUB-CLASSE Actinopterygii

ORDEM Characiformes

FAMILIA Characidae

SUB-FAMILIA Serrasalminae

GENERO Colossoma

ESPECIE Colossoma macropomum

Figura 5- tambaqui, Colossoma macropomum.

Fonte: http://www.fishbase.org.
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O tambaqui possui hébito alimentar onivoro, filtrador e frugivoro (NUNES et al.,
2006; SILVA et al., 2007b). A presenca de dentes molares e afiados possibilita ao tambaqui
consumir frutos e sementes, mesmo que estes estejam protegidos e recobertos com cascas
fibrosas e duras. Além disso, essa espécie possui um elevado nimero de rastros branquiais
que viabilizam o processo de filtragem de zooplancton (VIDAL JUNIOR et al., 1998). A
caracteristica mais relevante das espécies do género Colossoma é a presenca de um grande
numero de cecos piloricos, que variam de 30 a 40, mas podendo chegar até a 75 (HONDA,
1974 apud MACHADO-ALLISON, 1982). Este 6rgdo tem fungdo similar ao pancreas de
outros vertebrados, sendo responsadvel pela producdo de enzimas alcalinas (ZEDZIAN;
BARNARD, 1967). O tambaqui possui um perfil de enzimas para cada secgdo do trato
gastrintestinal. Estudos observaram a predominancia e aumento de proteases no estdmago de
individuos alimentados com alto nivel de proteina. As lipases e amilases foram encontradas
em todo o trato, havendo uma maior producdo de amilases pelos cecos piléricos. Foi
constatado ainda um alto poder de adaptacdo desse animal, podendo haver mudancgas no perfil
enzimatico digestivo de acordo com a qualidade do alimento ingerido (ALMEIDA et al.,
2006).

Figura 6- Trato digestério do tambaqui. 1- estbmago, 2- intestino, 3- cecos piléricos.

Fonte: MARCUSCHI, 2010-a.

Dados estatisticos da produgdo nacional dessa espécie apontam para um continuo
crescimento, partindo de 8.000 t em 1994 para 111.084,1 t em 2011(BRASIL, 2010; MPA,
2013).



19

Este animal apresenta alta capacidade adaptativa, sendo bastante resistente a doengas.
Quanto as caracteristicas ambientais, ele tolera dguas com baixa concentracdo de oxigénio
(SILVA et al., 2007) e com pH acido (entre 3,8 e 4,9), como as do rio Negro (ARIDE et al.,
2007). E a primeira espécie sobre a qual se conhece o suficiente de modo a manejar os
estoques naturais e promover sua criagdo em cativeiro de forma bastante produtiva
(ARAUJO-LIMA e GOULDING,1997).

Estudos abordando essa espécie vém sendo desenvolvidos ha cerca de 15 anos pelo
Laboratorio de Enzimologia da Universidade Federal de Pernambuco - LABENZ -
(BEZERRA et al., 2000; 2001; ESPOSITO et al., 2009-a; 2009b; ASSIS et al., 2007; 2010;
2012; MARCUSCHI et al., 2010-b; CARVALHO, et al., 2012), estes abrangem a composicao
alimentar das racGes, obtencdo de subprodutos através do processamento dos residuos, como
por exemplo, colageno e lectinas com atividade antimicrobiana, e também estudo do perfil
enzimatico do animal, visando técnicas de purificacdo e caracterizacdo para que essas

proteinas possam ser aplicadas em diversos setores industriais.

2.2 Enzimas

As enzimas sdo as proteinas mais notaveis e especializadas presentes em todos os
organismos vivos. Esses catalisadores bioldgicos estdo no centro de cada um dos processos
bioquimicos e apresentam um poder catalitico extraordinario, sendo essenciais tanto para a
manutencdo, quanto para o crescimento e a diferenciacdo celular. Exceto por um pequeno
grupo de moléculas de RNA cataliticas, todas as enzimas sdo proteinas. ( GUPTA et al., 2002;
NELSON e COX, 2011).

Durante o curso da evolucdo, as enzimas desenvolveram-se para diminuir
seletivamente as energias de ativacdo das reacfes necessarias para a sobrevivéncia. A agdo
catalitica das enzimas aumenta a velocidade da reacdo sem afetar seu equilibrio. Essas
biomoléculas sdo mais eficientes do que catalisadores sintéticos ou inorganicos, pois
apresentam maior especificidade pelo substrato, originam menos subprodutos indesejados,
aumentam muito mais a velocidade de reacdo e, em geral, ndo exigem temperaturas, pressao
ou pH extremos para atuar (VOET et al, 2000; NELSON e COX, 2011).

A catalise enzimatica tem sido utilizada pelo homem ha milhares de anos, em

processos tais como a fermentacdo do suco da uva para obten¢do do vinho e fabricagédo de



20

queijos e pées, embora a elucidagdo quimica dessas moléculas e de sua acdo tenha ocorrido
apenas no século XIX.

As reacgOes catalisadas por enzimas ocorrem em uma fenda denominada sitio ativo
(figura 7), esta regido tem sua superficie delimitada por residuos de aminoacidos que

envolvem e catalisam a transformac&o quimica do substrato em seus respectivos produtos.

Figura 7- Ligacéo de um substrato no sitio ativo de uma quimiotripsina. Alguns dos residuos chave do sitio ativo

aparecem como uma mancha vermelha na superficie da enzima.

Fonte: NELSON e COX, 2011.

A IUBMB (Unido Internacional de Bioquimica e Biologia Molecular) dividiu as

enzimas em seis grandes classes, de acordo com a rea¢do quimica catalisada por elas:
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Tabela 1 — Classificacdo das enzimas segundo a IUBMB.

CLASSE REACOES QUE CATALISAM

1. Oxidorredutases Reacdes de oxidacdo-reducéo

2. Transferases Reacdes de grupos contendo C, Nou P -

3. Hidrolases Clivagem das reac@es adicionando agua

4. Liases Clivagem de C-C, C-S e certas ligacfes de C-N

5. Isomerases Racemizacdo de isbmeros épticos ou geométricos

6. Ligases Formacéo de pontes entre C e O, S, N acoplados a hidrélise

de fosfatos de alta energia.
C, carbono; N, nitrogénio; P-, ion fosfato; S, enxofre; O, oxigénio. Fonte: NELSON e COX, 2011.

2.2.1 a-Amilase

As amilases sdo enzimas amplamente encontradas nos tecidos de animais, plantas,
fungos, leveduras e bactérias. De acordo com o tipo de reacdo e os polissacarideos produzidos
através de sua catélise, elas podem ser classificadas em: a, B e y-amilase (ARAI et al,;
GASPERICK et al,; NIKOLOV e REILLY, 1991).

A familia da a-amilase, ou familia 13 glicosil hidrolase, de acordo com a classificacdo
de Henrissat (1991), é constituida por cerca de 30 enzimas, que se distinguem através de
propriedades especificas, sejam elas no sitio ativo ou mesmo na conformacao geral da enzima
(VAN DER MAAREL et al., 2002). Existem cerca de 20 reagOes diferentes e produtos
especificos encontrados nessa familia (PANDEY, 2000; ACHREJOWICZ e WO'JCIK, 2000;
JANECEK et al., 2003).

A a-amilase [EC 3.2.1.1] é uma endocarboidrase responsavel pela hidrdlise de
ligagdes glicosidicas a(1—4) presentes no amido e glicogénio. Nesse processo sdo produzidos
maltose, maltotriose e oligossacarideos maiores a partir da amilose; maltose, glicose e
dextrinas através da amilopectina (WILD, 1964).

Essas enzimas apresentam estrutura tridimensional altamente conservada, havendo
homologia entre amilases de diferentes fontes. Sua conformagdo basica consiste de uma
cadeia polipeptidica unica dobrada em trés dominios: A, B, e C (FRIFEDBERG, 1983;
PRAKASH & JAISWAL, 2010).
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Figura 8 — Estrutura tridimensional da a-amilase.

Sitios de ligacao
secundarios

| | |

Dominio B Dominio A Dominio C
Fonte: Adaptada de MOTYAN et al., 2011.

O dominio catalitico A é o mais conservado entre as familias de a-amilases, este é
formado por um barril N-terminal com dobramento simétrico de oito fitas-p paralelas
arranjadas em um barril circulado por oito a-hélices (PRAKASH & JAISWAL, 2010). Neste
barril se encontram quatro regides relacionadas ao sitio ativo, sdo elas:

e Primeira regido — residuo de histidina na regido C-terminal da terceira fita-f que
interage com o residuo de glicose do substrato;

e Segunda regido — residuo de acido aspartico na quarta fita-p que age como
nucleofilico durante a catalise;

e Terceira regido — residuo de &cido glutdmico na quinta fita-p que age como
doador/aceptor de protons;

e Quarta regido — residuo de histidina e acido aspartico na sétima fita-p que podem
formar pontes de hidrogénio com a moléecula de glicose do substrato (VAN DER
MAAREL et al., 2002).
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O dominio B esta localizado entre a terceira fita-p e a terceira a-hélice do barril, sendo
formado por uma estrutura irregular rica em folhas-p. Sua fung¢do estd relacionada a
especificidade da enzima, uma vez que o mesmo forma grande parte da ligacdo com o
substrato, conferindo flexibilidade a molécula (JANECEK et al., 1997). O dominio C atua na
estabilizacdo do dominio catalitico e na ligagdo com o substrato, este representa a regido C-
terminal, sendo constituido por um sanduiche-p (MACGREGOR, 1988).

Estudos que investigaram a acdo catalitica da a-amilase reportam que essas enzimas
atuam através de um mecanismo de dupla substituicdo. Este envolve dois residuos cataliticos
encontrados no sitio ativo: um residuo de &cido glutdmico, que age como catalisador
acido/bésico, e um residuo de aspartato, que tem carater nucleofilico. Essa catalise se da
através de cinco passos descritos abaixo:

1.  Apds o substrato se ligar no sitio ativo, ha a protonacdo do oxigénio da
molécula de glicose pelo doador de prétons, enquanto que o residuo de aspartato
nucleofilico ataca o C1 da molécula de glicose;

2. E formado um estado de transicdo oxocarbono, seguido pela formagdo de um
intermediario covalente;

3. A molécula de glicose protonada deixa o sitio ativo, enquanto que uma
molécula de 4gua ou uma nova unidade de glicose se move dentro do sitio ativo e ataca
a ligacdo covalente entre 0 C1 da glicose e o residuo de aspartato;

4.  Novamente é formado um estado de transicéo;

5. Ha a ativacdo de uma molécula de agua pelo doador de prétons, o residuo de
glutamato, que esta desprotonado. Essa molécula de &gua ativada hidrolisa entdo a
ligacdo covalente entre o oxigénio nucleofilo e o carbono C1 da glicose, completando,

assim, o ciclo catalitico.

Figura 9 — Mecanismo de catalise da a-amilase.

oy Ao Ao

transition state OH transition state OH

H\ OH  OR
HO As — NoR Q T
% >/ e] °

i H
o]
7 Asp >aj C

Fonte: VAN DER MAAREL et al., 2002.
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O mecanismo de deslocamento duplo, proposto por Koshland (1953), mostra apenas
dois dos trés residuos cataliticos desempenhando um papel direto na catalise. O terceiro
residuo de AA conservado se liga a grupos OH do substrato por meio de pontes de hidrogénio
e desempenha um papel importante na degradacdo do substrato (UITDEHAAG et al., 1999).
Outros residuos de aminoacidos podem ser encontrados na catalise das o-amilases, como
histidina, arginina e tirosina. Estes atuam posicionando corretamente o substrato no sitio
ativo, além auxiliar na estabilizacdo do estado de transi¢do e na polarizacdo da estrutura de
elétrons do substrato (NAKAMURA et al., 1993; LAWSON et al., 1994; STROKOPYTOV
et al., 1996; UITDEHAAG et al., 1999). Uma quinta regido pode ser identificada em algumas
enzimas da familia da a-amilase (JANECEK, 1992; 1995), esta regido também contém um
residuo de aspartato que atua como ligante de célcio.

Amilases de origem animal, na sua maioria, apresentam atividade 6tima entre 30 e
50°C e na faixa de pH 7.0 - 7.2, apresentando maior toleréncia a meios alcalinos do que
acidos. Sua atividade decresce com o tempo, com 0 aumento de temperatura e concentracao
de pequenos sacarideos como glicose e maltose, que inibem sua acdo hidrolitica (SHERMAN
et al., 2005). Diferengas na atividade da a-amilase também podem resultar através das
propriedades do substrato digerido. Estudos que avaliaram a agdo da a-amilase pancreéatica de
porco sobre amido de varias fontes vegetais encontraram diferentes graus de hidrélise, o que
sugere que a atividade amilolitica depende da organizacdo das estruturas de amilose e
amilopectina presentes no substrato ao qual a enzima é exposta (PRINGSHEIM e
GINSBURG, 1936).

Em vertebrados superiores, as enzimas podem se apresentar distintamente, exibindo
claramente suas areas funcionais. Nos peixes, isto ndo é mostrado de forma clara, uma vez
gue as mesmas podem estar distribuidas ao longo do trato digestorio (LUNDSTEDT et al.,
2004). Elas também podem ser influenciadas pela idade e a espécie do animal, bem como pela
quantidade e composicdo da dieta ministrada (PEREZ et al., 1998). A atividade da amilase,
em geral, foi considerada por varios autores sendo mais dependente de habitos nutricionais
gue a atividade proteolitica. Sabe-se que peixes herbivoros e onivoros, como o tambaqui,
apresentam atividade amilolitica maior que peixes carnivoros (HIDALGO et al., 1999).
Enzimas como as amilases e lipases sdo menos estudadas quando comparadas as proteases,
entretanto alguns autores relataram a presenca de uma atividade palpavel destas enzimas no
trato digestorio de peixes (NAGASE, 1964; CHIU e BENITEZ 1981; UGWUMBA, 1993;
PELLETIER et al., 1994; HIDALGO et al., 1999; FERNANDEZ et al., 2001; BLIER et al.,
2002; ALMEIDA et al., 2006; DEBNATH et al., 2007).
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Essas enzimas possuem grande importancia industrial, exibindo varias aplicagdes, que
vao desde a inddstria alimenticia a produgdo de biocombustiveis. Uma vez que cada aplicacdo
diferente requer amilases com propriedades especificas, se torna necessaria a busca por novas
fontes destas enzimas (GUPTA et al., 2003).

2.3 Aplicagdes biotecnologicas de a-amilases

Nos peixes, as enzimas digestivas desempenham o papel principal na hidrélise de
proteinas, carboidratos e lipidios possibilitando a formacdo de unidades pequenas desses
nutrientes para absorcdo (FURNE et al., 2005). Essas enzimas digestivas vém sendo
purificadas, semipurificadas, caracterizadas a partir das visceras e reportadas na literatura
como biomoléculas de grande potencial para diversas aplicacdes tecnoldgicas (KISHIMURA
et al., 2006; 2008; ESPOSITO et al., 2009a; 2009b).

A o-amilase corresponde a aproximadamente 25% do mercado enzimatico mundial, o
gue torna essas enzimas tdo interessantes é o fato de que a maioria dessas proteinas
apresentam atividade bioldgica em condicdes adversas de pH e temperatura (REDDY et al.,
2003; SIVARAMAKRISHNAN et al., 2006; KLOMKLAO, 2008). Essas enzimas
comecaram a ser produzidas no come¢o do século passado em decorréncia do interesse
industrial da producdo de glicose a partir de materiais amilaceos. Amilases termoestaveis vém
gradativamente substituido a hidrélise quimica na industria de amido (PANDEY et al., 2000),
e apresenta ainda extensas aplicacdes comerciais na producédo de agucar e cerveja (LEVEQUE
et al., 2000), nas industrias téxteis e curtume (HENDRIKSEN et al., 1999), na fabricacdo de
detergentes (LIN et al., 1998), na industria alimenticia e producdo de biocombustivel
(CURVELO-SANTANA et al., 2008).

2.3.1 a-Amilases como aditivo em detergentes comerciais

A industria de detergentes consome cerca de 40% da producdo mundial de enzimas,
representando uma das maiores e mais sucedidas aplicacbes da biotecnologia industrial
moderna (IGARASHI et al., 2003). O primeiro detergente contendo enzimas data de antes de

1913, este era composto de carbonato de s6dio e um extrato pancreatico bruto (RAO et al.,
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1998). Porém, esta préatica sé foi se intensificar a partir da década de 1960, com a introducédo
da Alcalase® (Novozymes), uma subtilisina extraida da bactéria Bacillus licheniformis
(MAURER, 2004; WOLFGANG, 2004). A maioria das enzimas utilizadas nos detergentes
enzimaticos é de origem bacteriana. No entanto, novas fontes de enzimas continuam sendo
investigadas, como por exemplo, 0s organismos aquaticos.

Um pré-requisito essencial para a utilizagdo de enzimas na formulagdo de detergentes
€ que essas sejam alcalinas e termostaveis. Essas caracteristicas sdo importantes devido ao pH
do sabdo em po, que é geralmente entre 9-12, e a temperatura de lavagem que varia de 40 a
60°C (TAKAMI et al., 1989; MANACHINI; FORTINA, 1998). No entanto, existem outros
fatores envolvidos na selecdo de enzimas para detergentes, como sua compatibilidade com o
sabdo em poO e 0s componentes presentes na sua férmula, tais como agentes surfactantes,
oxidantes, perfumes e alvejantes (KUMAR et al., 1998).

Amilases sdo a segunda classe de enzimas mais utilizadas na formulagéo de
detergentes enzimaticos, cerca de 90% de todos os detergentes liquidos contém esta enzima
(MITIDIERI, et al., 2006). A utilizacdo de a-amilases em detergentes tem como objetivo
degradar residuos de alimentos que contém amido, como batata, molhos, cremes, chocolate e
etc. (SOUZA et al., 2010). O amido tende a se espalhar no tecido agindo como um forte
aglutinante de particulas de sujeira, acumulando inclusive manchas de origem lipidica e
proteica, portanto, a ndo degradacdo do amido torna a lavagem menos satisfatéria (ITO et al.,
1998).

Varios autores tém investigado a aplicacdo de o-amilases como aditivo em
detergentes, e encontrado resultados positivos quanto a eficacia dessas enzimas. A-amilases
do micro-organismo Bacillus subtilis mostraram alta compatibilidade com vérias marcas de
sabdo em p6 (MUKHERJEE et al., 2009; ROY et al., 2012). Mitidieri et al. (2006)
compararam a a¢ao da a-amilase extraida do Aspergillus niger com enzimas presentes em
detergentes comerciais (enziplus®, enzitec® e endozime®) e obtiveram resultados
semelhantes entre a a-amilase de estudo e as demais encontradas nas formulacdes de
detergente. O mesmo resultado foi encontrado para a-amilases oriundas do Bacillus
licheniformis (LUND et al., 2012; ROY e MUKHERJEE, 2013). Apesar de, até 0 momento,
ndo haver estudos reportando a utilizagdo de a-amilases extraidas de peixes em formulacdes
de detergentes, estudos visando a purificacdo e caracterizacdo dessas biomoléculas, remetem a
caracteristicas importantes dessas enzimas que S0 necessarias nesse setor industrial, como
serem alcalinas e atuarem em temperaturas entre 40 e 60°C. A tabela abaixo ilustra os

resultados encontrados nesses estudos.
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Tabela 2- Caracterizagéo de a-amilases de varias espécies de peixes.

Referéncia Organismo pH Temperatura
Fernandez et al., 2001 P. pagrus 6.5 Estavel 90 min a 50°C
B. boops 7.0 Tem. Otima 30°C
D. annularis 9.0 Estavel 90 min a 60°C
P. erythrinus 8.5 Estavel 60 min a 50°C
P. bogaraveo 8.0 Tem. Otima 40°C
Moreal et al., 2001 Oreochromis niloticus 7.0 Temperatura 6tima 35°C

Sarotherodon Melanotheron

Wau et al., 2010 Taiwan tilapia 8.0 Temperatura 6tima 50°C
Estavel 30 min entre 20-50°C

Munilla-Moran e Scophthalmus maximus 7.0-7.5 Temperatura 6tima 45°C

Saborido-Rey, 1996 Sebastes mentella Temperatura 6tima 40°C
Sparus aurata Temperatura 6tima 40-45°C

O uso de enzimas, em particular as amilases, em processos industriais, satisfaz as
exigéncias das normas de baixo impacto ambiental, pois dispensam o uso de produtos
causticos em suas formulacdes, além de contribuirem com a reducdo de gastos energéticos

associados ao aumento da qualidade do produto (LIN, 1998).
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4. OBJETIVOS

4.1. Geral

Purificar parcialmente e caracterizar a-amilases presentes no intestino e cecos
piléricos do peixe Colossoma macropomum e avaliar a sua compatibilidade com detergentes

comerciais.

4.2. Especificos

Obter fracbes com atividade amilolitica a partir do extrato bruto do intestino e cecos

piléricos do tambaqui utilizando fracionamento salino;

e Determinar a fracdo de melhor rendimento;

e Purificar parcialmente a-amilases;

e Definir os parametros fisico-quimicos da atividade amilolitica;

e Avaliar o efeito de metais e inibidor de amilase sobre a atividade amilolitica;

e Auvaliar o efeito de surfactantes, agente oxidante e detergente comercial sobre a

estabilidade da atividade amilolitica.
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Abstract

a-Amylases were partially purified from intestine and pyloric caeca of tambaqui (Colossoma
macropomum) using thermal treatment, followed by salt fractionation with ammonium
sulphate and p-aminobenzamidine-agarose chromatography. Biochemical characterization
revealed an optimal activity at pH 7.0 (at 40°C) for AMY-1 and at pH 8.5 (at 45°C) for AMY -
2, both were thermostable for 30 min at 40°C and had their activity reduced by the ions CuCl,
and HgCls. These enzymes were stable in the presence of ionic surfactants (SDS and sodium
choleate) and nonionic (Tween 20 and Tween 80). They also were stable when incubated with
H,0, (15%) for 60 min. Furthermore they showed high compatibility with all the brands of
commercial laundry detergents tested in this study, which suggests the use of these enzymes

as additives for cleaning.

Key words: tambaqui, fishery waste, a-amylases, commercial detergents.
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Introduction

The a-amylase (E.C. 3.2.1.1) is an enzyme that hydrolyses a-(1—4) glycosidic linkages to
produce dextrins, which are then gradually hydrolyzed to produce smaller oligosaccharides
(Windish and Maarte, 1965). Amylases share about 25% of the industrial enzyme market of
the world (Gupta et al., 2003). They are extensively used in starch saccharification process,
bio-ethanol production, textile, food and brewing industries, and used as a detergent additive
to improve the wash performance of detergents (Kim et al., 1995; Roy et al., 2012). The a-
amylases can be obtained from various natural resources as plant, animal, and
microorganisms, and play an essential role in digestive physiology of carboidrates.

Some authors report that digestive enzymes can be obtained from fish process by produts,
mainly from the viscera, representing an important source of these biomolecules with various
biotechnological applications (Bezerra, 2001; Espoésito, 2009; 2010). The contamination
caused by the residues from fish processing has created an imperative challenge that needs to
be efficiently dealt. Therefore, alternatives, including the commercial use of the by-products
and waste, are urgently required (Castillo-Yaries et al., 2005).

The use of enzymes in detergents formulations known as “green chemicals in detergents”
enhances the ability of the detergents to remove tough stains, making the detergent
environmentally safe (Hmidet et al., 2009). Detergent enzymes account for about 40% of the
total worldwide enzyme production and thus they represent one of the largest and most
successful applications of modern industrial biotechnology (lgarash et al., 2003). Amylases
are second largest enzymes used in the formulation of enzymatic detergent, and about 90% of
all liquid detergents contain these enzymes (Mitidieri et al., 2006).

The tambaqui (Colossoma macropomum) is an important Amazonian fish being the second
most species produced in Brazilian aquaculture with estimated production of 111.084 t in
2011 (Araujo-Lima and Goulding 1997; MPA, 2013). Studies report the use of digestive
enzymes of tambaqui in several industrial sectors, such as the food industry and detergents
(Espdsito et al., 2009; Marcuschi et al., 2010), however the potential of a-amylases from this
fish has not yet been studied.

This present work aim the partial purification and characterization of a-amylases from C.
macropomum pyloric caeca and intestine, and test the viability of its biotechnological use in

detergent formulations.
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2. Materials and methods
2.1 Enzyme purification

Juvenile specimens of tambaqui (Colossoma macropomum) were sacrificed in an ice bath and
had their intestine and pyloric caecum collected and homogenized in 10 mM sodium-
phosphate, pH 7.5 (200 mg/mL). The resulting homogenate was centrifuged at 10.000 xg for
25 min at 4°C to remove cell debris. The enzyme was purified from the homogenate
supernatant through a three-step procedure: (1) incubation for 30 min at 45°C (heat
treatment); (2) ammonium sulphate fractionation for 2 h at 4°C for the final salt saturation of
0-30% (fraction F1), 30-60% (fraction F2) and final supernatant (protein soluble in 60% salt
concentration); (3) Chromatography (2 cm® with 1 mL of p-aminobenzamidine—agarose,
Sigma-Aldrich®). These fractions were pooled, dialyzed against 100 mM phosphate-sodium
pH 7.5 for 24 h at 4°C and used in the following assays.

2.2 Determination of amylase activities

Amylase activity was determined according to Bernfeld method (1955) using soluble starch
2% as substrate. Briefly, 20 ul of the enzyme preparation was mixed with 125 ul of 10 Mm
sodium—phosphate pH 7.5 at 37°C. Reaction was initiated by the addition of 125 ul of
substrate and stopped 10 min later with addition of 300puL DNSA. Activity was measured by
estimating the reducing sugars released after this time. A blank without substrate and a control
containing no enzyme extract were run simultaneously with the reaction mixture. All the
assays were carried out in triplicate. One unit of activity was defined as the amount of enzyme

able to produce 1ug of maltose per minute.
2.3 Effect of pH and temperature
Optimal pH for amylase activity was determined using citrate-HCI, citrate-phosphate, Tris-

HCI, and glycine-NaOH, ranging from 2.5 to 11.5 at 37°C. Optimal temperature and the

effect of temperature on the stability of amylase activity was determined by incubating
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enzyme with a substrate pre-equilibrated at temperatures ranging from 25°C to 70°C,
followed by measurement of residual activity. Assays were performed in triplicate.

2.4 Effect of metal ions

The effect of metal ions on amylolytic activity was conducted according to methodology
adapted from Souza et al (2007). The ions Ca*?, Cu*?, Hg*, AI*®, Pb*?, K*, zn**, Ba*?, Cd™
and Na* have been assessed on concentration of 5mM. An aliquot containing amylase and ion
solution (1:1) was incubated for 30 min at 37°C, then amylolytic activity was held.

2.5 Effect of inhibitor

Inhibition was measured according to Fernandéz et al (2001). Enzyme extracts were incubated
during 30 min with specific inhibitor type 1 (sigma) (50pg/mL) at 37°C. The enzyme and
substrate blank were similarly assayed without enzyme and substrate solution, respectively.
The 100% values were established without any of the inhibitor.

2.6 Effect of surfactants agents and oxidizing agents

Stability towards ionic (Sodium choleate) and non-ionic surfactants (SDS, Tween 20 and
Tween 80) was investigated by incubation at solution concentrations of 1% (w/v) for 30 min
at 40°C after which the enzyme activity was assayed.

Hydrogen peroxide stability of the amylases was investigated by incubating samples (600 pL)
with H,O, (600 uL) at concentrations of 15% at 40°C for 60 min.

2.7 Compatibility with commercial detergents
The amylase at a concentration of 0.20 mg/mL was incubated at 40°C with commercially

available detergents: Ala® (Unilever); Ace® (Protec & Gamble); Brilhante® (Unilever),

Roma® (Johnson&Johnson) and liquid detergents Tixan Ypé® and Ace Agdo instatanea®
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(Procter & Gamble) to a final concentration of 7 mg/mL. Samples (20 uL) were removed after
a time interval of 20 min (total period of 60 min). The residual amylolytic activity in each
sample was determined at 37°C, assayed and compared with the control sample incubated at
40°C without detergent.

2.8. Statistical analysis
All data was analysed using one-way analysis of variance (ANOVA) complemented with
Turkey’s test. Differences were reported as statistically significant when p<0.05. The

statistical program used was GraphPad Prism version 5.

3. Results e discussion

3.1 Purification of a-amylases

The partial purification of a-amylases was performed through three steps: thermal treatment;
salt fractionation; and chromatography. Salt fractionation was performed using ammonium
sulphate at concentrations of 0-30% (f-1) and 30-60% (f-2). The fraction 30-60% showed
higher amylolytic activity in pyloric caeca and intestine and it was used in the next step of
purification. A column of p-aminobenzamidine-agarose chromatography (Sigma®) was used
to increase the degree of purification of these enzymes. In this last step, was made a joint
purification of trypsins (unpubl. data) and amylases, using an affinity column for trypsins.
The amylases were disconnected from the matrix through the change in ionic charge of the
column by adding tris-HCI with 1M de NaCl. The efficiency of the purification and the
specific activity was of 23% and 11.63 (U/mg) for AMY-1 (isolated from intestine) and of
33% and 17.192 (U/mg) for AMY-2 (isolated from pyloric caeca). To evaluate the protein
profile of the samples, electrophoresis of SDS-PAGE (Laemmly, 1970) and zymograms
(Fernandez, 2001) were performed, where it’s possible to see the partial purification of these

a-amylases and the presence of isoforms.
3.2 Biochemical characterization of a-amylase (from tambaqui) isolated
After steps of purification, the physico-chemical properties of a-amylases partially purified

were investigated. All amylases had higher activity in an alkaline medium, showing a discrete

activity in the acidic range (Figure 1). Amylases were shown to be highly sensitive to a acid
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pH, indicating that the digestion of carbohydrates in the guts takes place mainly in alkaline
medium (Fernandéz et al., 2001). AMY-1 presented activity peak at pH 7.0, while for AMY-2
the optimum was at pH 8.5. Similar results were found for a-amylases from digestive tract of
various fishes. Boops boops pH 7.0, Pagellus erithrinus pH 8.5 (Fernandéz, et al., 2001),
Oreochromis niloticus and Sarotherodon melanotheron pH 7.0 (Moreau et al., 2001),
Scophthalmus maximus, Sebastes mentella and Sparus aurata pH 7.0-7.5 (Munilla-Moréan and
Saborido-Rey, 1996), Taiwan tilapia pH 8.0 (Wu, et al., 2010). After increasing pH, the
amylolytic activity is reduced, AMY-1 and AMY-2 showed residual activity of 30 and 40% at
pH 10.5, respectively, and then they lost considerably their catalytic action. Changes in pH
may affect both the substrate and enzyme by changing the charge distribution and
conformation of the molecules (Klomklao et al., 2006). Most enzymes undergo irreversible
denaturation in a very acid or alkaline solution, resulting in a loss of activity (Silva et al.,
2011).

AMY-1 and AMY-2 exhibited optimum temperature of40 and 45°C, respectively, and
suffered a sharp drop in activity at temperatures above 55° C, getting totally inactive. The
result of this study is similar to previous reports showing that the optimum temperature of fish
amylase is between 25 and 50°C (Wu et al., 2010). Structural conformation and amylolytic
activity are highly related, so the loss of activity at elevated temperatures may be related to
structural changes caused by thermal denaturation (Mac Gregor, 2001). Thermostability study
demonstrated that heating the AMY-1 and AMY-2 for 30 min at 40°C had no effect on
enzyme activity, furthermore heating beyond this temperature resulted in a gradual loss of
activity. AMY-1 and AMY -2 retained 40 a 60% of the initial activity a 55°C after 30 min.
Biochemical characterization of a-amylase from tambaqui fits in some parameters required in
the choice of enzymes for commercial and industrial detergent, like acting in alkaline pH and
optimum temperature compatible with the washing temperatures (40-60°C), which highlights
the potential use of these enzymes as additives to detergents.

Similar interactions were observed between AMY-1 and AMY-2 and the metal ions to which
these enzymes have been exposed. They were strongly inhibited by Cu?*, showing residual
activity of 25.1 and 18.4%, and Hg®* 12.1 and 15.6% respectively to AMY-1 e AMY-2.
Similar results were found for a-amylase from S. cerevisiae (Galdino et al, 2011). The ion
AI™ did not interfere in amylolytic activity of the purified enzymes. The remaining ions

reduced amylolytic activity, on average, in 20-30%.
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The effect of specific inhibitor of amylase, from the plant Triticum aestivum, on amylolytic
activity was also evaluated. The reduction in activity caused by the inhibitor was similar in
both a-amylases; around 46% of inhibition of amylolytic activity (Table 1) can be observed.
Studies addressing the characterization of a-amylases from various species of fish have
different levels of inhibition (ranging from 0 to 65%) and related this difference to the

presence of isoforms (Fernandéz et al., 2001).

3.3 Surfactants and oxidizing agents

Both enzymes showed significant stability in the presence of ionic and nonionic surfactants
agents. However, AMY-1 was more stable than AMY -2, keeping up activity in 110.6%. It has
been reported that different ingredients of laundry detergents, such as anionic surfactants,
bleaching agents and stabilizers influence the stability of enzymes (Maurer, 2004); however
stability in the presence of detergents varies according to the source of the enzyme. AMY-1
and AMY-2 maintained activity of 102.8+0.01 and 105.4+0.09, respectively, when incubated
with H,0, (15%) during 60 minutes.

3.4 Compatibility of a-amylase with commercial laundry detergents

The amylases are used in the detergents to degrade the residues of foods (such as potatoes,
gravies, custard, chocolate, etc.) to dextrins and other smaller oligosaccharides. The suitability
of any hydrolytic enzymes for inclusion in detergent formulation is dependent on its stability
and compatibility with detergent components (Mukherjee et al., 2008; Mitidieri et al., 2006).
An ideal detergent enzyme should be stable and active in the detergent solution for a long
period of time. It should also maintain adequate temperature stability in order to be effective
throughout a wide range of washing temperatures (Banik & Prakash, 2004; Moreira et al.,
2002). AMY-1 and AMY-2 showed high compatibility with all the commercial laundry
detergents tested in this study, retaining activity of up 116% and 152%, respectively, during
the washing time of 60 minutes at 40°C, which emphasizes the use of these enzymes in this
sector. Increase in enzyme activity may be attributed to the stimulatory effect of the some of
the detergent components (Maurer, 2004).
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Most of the enzymatic detergents use a-amylase of bacterial origin; however, the use of
amylases in detergent formulations is problematic since the enzyme must offer stability and
also an ideal level of activity in commercially used formulations (Roy et al., 2012). The
amylases extracted from digestive tract of tambaqui exhibited a high applicability as an
additive in the formulation of detergents, as they are resistant to surfactants agents and
oxidizing agents and their activity was not reduced in the presence of commercial detergents.
Reuse of viscera of fish as a source of a-amylases, in addition to contributing to the reduction
of the impact generated by the fishing industry, is an important low-cost source of enzymes
for industrial applications.

4. Conclusions

a-Amylases with high amylolytic activity can be obtained from pyloric caeca and intestine of
tambaqui through fractionation (using 30-60% of ammonium sulphate) and p-
aminobenzamidine-agarose chromatography. This new method of purification developed in
this review corresponds to an efficient and cost-effective technique that allows, at the same
time, the isolation of trypsins and amylases. The a-amylases showed important biochemical
characteristics, suggesting its potential use as an additive to commercial and industrial

detergents.
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Table 1 — Effect of metal ions (5mM) and inhibitor of amylase (50ug/mL) on AMY-1 and AMY-2

isoled of tambaqui. Relative activity (%).

Control
lon
Ca2+
Cu2+
H93+
A|3+
Pb2+

K*
Zn2+

Ba?

Amylase inhibitor

AMY-1
100

82.3+5.6
FHX251+7.0
***12.1+104
100.7+0.9
**783+45
**76.9+0
*739+75
**78.6+6.1
**63.2+3.7
*820%26
***53.0+7.9

AMY-2
100

87.6+3.8
***18.4+4.6
***15.6 +5.2
101.1+3.1
81.2+43
89.2+3.6
*78.2+0.6
81.2+19
**68.4+6.9
84.0+39
***54.3+10.3

Table 2 — Effect of commercial detergents (7mg/mL) and oxidizing agent (15%) on amylolytic activity. 60

minutes at 40°C.

Control
Ace®

Ala®
Brilhante®
Tixan ypé®
Ace®
Roma®
HZOZ

AMY-1
100
88.7+3.52
116.1+5.73
95.1+9.1
86.8+2.5
105.8+10.8
108.2+5.7
102.8+3.5

AMY-2
100
116.9+3.1
122.5+7.2
103.7£7.9
117.2+10.3
**145.0+8.9
**152.2+4.5
105.4+2.2
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Figure legends

Figure 1 — SDS-PAGE and zymograms of purification of a-amylases (from tambaqui)
isolated. A — Molecular-weight size marker; B- crude extract AMY-1; C pool AMY-1; D-
crude extract AMY-2; E- pool AMY-2; F- AMY-1; G- AMY-2.

Figure 2 — Biochemical characterization of a-amylases from tambaqui (—O-: AMY-1; —@-:

AMY-2). A — Optimum pH; B — Optimum temperature; C — Thermal stability.

Figure 3 — Effect of surfactants (1%) on amylolytic activity. () Control; (ll) Sodium choleate;
(H) Tween 20; (0) Tween 80; and (L) SDS.
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6. CONCLUSOES

1. a-Amilases podem ser parcialmente purificadas através de tratamento térmico,
precipitacdo salina com uma concentracdo de 30-60% de sulfato de amdnio, e cromatografia

p-aminobenzamidina-agarose;

2. Neste trabalho foi desenvolvida uma nova metodologia para purificacdo parcial de -
amilases, correspondendo a um metodo eficaz e econbmico, uma vez (que,

concomitantemente, é possivel purificar tripsinas e amilases;

3. As a-amilases purificadas do intestino e cecos piléricos apresentaram temperatura
Otima de, respectivamente, 40 e 45°C, e ambas apresentaram estabilidade durante 30 minutos
a40°C;

4. Foi observada uma diferenca quanto ao pH 6timo das enzimas, a a-amilase pil6rica
apresentou maior atividade no pH de 8.5, enquanto que para a a-amilase intestinal, o pH

otimo foi 7.0;

5. As a-amilases apresentaram consideravel resisténcia aos ions metélicos aos quais foi

exposta, tendo sua atividade reduzida apenas na presenca dos fons Cu*? e Hg*®.

6. As a-amilases sdo estaveis na presenca de varios surfactantes, agente oxidante e
detergentes comerciais levando a concluir que essas enzimas podem ser utilizadas como

aditivo em detergentes.
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ANEXOS

Instrucdes para autores — Food Chesmistry

Types of paper

Original research papers; review articles; rapid communications; short communications;
viewpoints; letters to the Editor; book reviews.

1.Research papers - original full-length research papers which have not been published
previously, except in a preliminary form, and should not exceed 7,500 words (including
allowance for no more than 6 tables and illustrations). Research papers should not contain
more than 40 references.

2.Review articles - will be accepted in areas of topical interest, will normally focus on
literature published over the previous five years, and should not exceed 10,000 words
(including allowance for no more than 6 tables and illustrations). Review articles should not
contain more than 80 references. ) If it is felt absolutely necessary to exceed this number,
please contact the editorial office for advice before submission.

3.Rapid communications - an original research paper reporting a major scientific result or
finding with significant implications for the research community, designated by the Editor.

4.Short communications - Short communications of up to 3000 words, describing work that
may be of a preliminary nature but which merits immediate publication. These papers should
not contain more than 30 references.

5.Viewpoints - Authors may submit viewpoints of about 1200 words on any subject covered
by the Aims and Scope.

6.Letters to the Editor - Letters are published from time to time on matters of topical interest.
7.Book reviews

Ethics in publishing

For information on Ethics in publishing and Ethical guidelines for journal publication
seehttp://www.elsevier.com/publishingethics and http://www.elsevier.com/journal-
authors/ethics.

The work described in your article must have been carried out in accordance with The Code
of Ethics of the World Medical Association (Declaration of Helsinki) for experiments
involving  humanshttp://www.wma.net/en/30publications/10policies/b3/index.html ;  EU
Directive 2010/63/EU for animal
experimentshttp://ec.europa.eu/environment/chemicals/lab_animals/legislation_en.htm.

Guidelines in the US and Canada, Europe and Australia specifically state that hypothermia
(use of ice slurries) is not an acceptable method for killing fish in the research environment.
We are aware that in the past papers using the same or similar methods have been accepted
in Food Chemistry. However, the journal reserves the right to change/enforce submission
criteria especially in the relation to publication of ethical research.


http://www.elsevier.com/publishingethics
http://www.elsevier.com/journal-authors/ethics
http://www.elsevier.com/journal-authors/ethics
http://www.wma.net/en/30publications/10policies/b3/index.html
http://ec.europa.eu/environment/chemicals/lab_animals/legislation_en.htm
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Permission of the Publisher is required for resale or distribution outside the institution and for
all other derivative works, including compilations and translations (please
consulthttp://www.elsevier.com/permissions). If excerpts from other copyrighted works are
included, the author(s) must obtain written permission from the copyright owners and credit
the source(s) in the article. Elsevier has preprinted forms for use by authors in these cases:
please consult http://www.elsevier.com/permissions.

For Open Access articles

Upon acceptance of an article, authors will be asked to complete an 'Exclusive License
Agreement' (for more information see http://www.elsevier.com/OAauthoragreement).
Permitted reuse of open access articles is determined by the author's choice of user license
(see http://www.elsevier.com/openaccesslicenses).

Retained author rights

As an author you (or your employer or institution) retain certain rights. For more information
on author rights for: Subscription articles please see http://www.elsevier.com/journal-
authors/author-rights-and-responsibilities. Open access articles please
see http://www.elsevier.com/OAauthoragreement.

Role of the funding source

You are requested to identify who provided financial support for the conduct of the research
and/or preparation of the article and to briefly describe the role of the sponsor(s), if any, in
study design; in the collection, analysis and interpretation of data; in the writing of the report;
and in the decision to submit the article for publication. If the funding source(s) had no such
involvement then this should be stated. Please seehttp://www.elsevier.com/funding.

Funding body agreements and policies

Elsevier has established agreements and developed policies to allow authors whose articles
appear in journals published by Elsevier, to comply with potential manuscript archiving
requirements as specified as conditions of their grant awards. To learn more about existing
agreements and policies please visithttp://www.elsevier.com/fundingbodies.

Open access
This journal offers authors a choice in publishing their research:
Open Access

* Articles are freely available to both subscribers and the wider public with permitted reuse
* An Open Access publication fee is payable by authors or their research funder
Subscription

* Articles are made available to subscribers as well as developing countries and patient groups
through our access programs (http://www.elsevier.com/access)

* No Open Access publication fee

All articles published Open Access will be immediately and permanently free for everyone to
read and download. Permitted reuse is defined by your choice of one of the following
Creative Commons user licenses:

Creative Commons Attribution (CC BY): lets others distribute and copy the article, to
create extracts, abstracts, and other revised versions, adaptations or derivative works of or
from an article (such as a translation), to include in a collective work (such as an anthology),
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to text or data mine the article, even for commercial purposes, as long as they credit the
author(s), do not represent the author as endorsing their adaptation of the article, and do not
modify the article in such a way as to damage the author's honor or reputation.
Creative Commons Attribution-NonCommercial-ShareAlike (CC BY-NC-SA): for non-
commercial purposes, lets others distribute and copy the article, to create extracts, abstracts
and other revised versions, adaptations or derivative works of or from an article (such as a
translation), to include in a collective work (such as an anthology), to text and data mine the
article, as long as they credit the author(s), do not represent the author as endorsing their
adaptation of the article, do not modify the article in such a way as to damage the author’s
honor or reputation, and license their new adaptations or creations under identical terms (CC
BY-NC-SA).

Creative Commons Attribution-NonCommercial-NoDerivs (CC BY-NC-ND): for non-
commercial purposes, lets others distribute and copy the article, and to include in a collective
work (such as an anthology), as long as they credit the author(s) and provided they do not
alter or modify the article.

To provide Open Access, this journal has a publication fee which needs to be met by the
authors or their research funders for each article published Open Access.
Your publication choice will have no effect on the peer review process or acceptance of
submitted articles.

The publication fee for this journal is $2,200, excluding taxes. Learn more about Elsevier's
pricing policy:http://www.elsevier.com/openaccesspricing.

Language (usage and editing services)

Please write your text in good English (American or British usage is accepted, but not a
mixture of these). Authors who feel their English language manuscript may require editing to
eliminate possible grammatical or spelling errors and to conform to correct scientific English
may wish to use the English Language Editing service available from Elsevier's WebShop
(http://webshop.elsevier.com/languageediting/) or visit our customer support site
(http://support.elsevier.com) for more information.

Submission

Submission to this journal proceeds totally online and you will be guided stepwise through the
creation and uploading of your files. The system automatically converts source files to a
single PDF file of the article, which is used in the peer-review process. Please note that even
though manuscript source files are converted to PDF files at submission for the review
process, these source files are needed for further processing after acceptance. All
correspondence, including notification of the Editor's decision and requests for revision, takes
place by e-mail removing the need for a paper trail.

Authors must provide and use an email address unique to themselves and not shared with
another author registered in EES, or a department.

Referees
Authors are required to submit, with the manuscript, the names, addresses and e-mail

addresses of 3 potential referees. Note that the editor retains the sole right to decide whether
or not the suggested reviewers are used.

Review Policy
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A peer review system involving two or three reviewers is used to ensure high quality of
manuscripts accepted for publication. The Managing Editor and Editors have the right to
decline formal review of a manuscript when it is deemed that the manuscript is

1) on a topic outside the scope of the Journal,

2) lacking technical merit;

3) focused on foods or processes that are of narrow regional scope and significance;
4) fragmentary and providing marginally incremental results; or

5) is poorly written.

Use of wordprocessing software General:

Manuscripts must be typewritten, double-spaced with wide margins on one side of white
paper. Each page must be numbered, and lines must be consecutively numbered from the start
to the end of the manuscript. Good quality printouts with a font size of 12 or 10 pt are
required. The corresponding author should be identified (include a Fax number and E-mail
address). Full postal addresses must be given for all co-authors. Authors should consult a
recent issue of the journal for style if possible. An electronic copy of the paper should
accompany the final version. The Editors reserve the right to adjust style to certain standards
of uniformity. Authors should retain a copy of their manuscript since we cannot accept
responsibility for damage or loss of papers. Original manuscripts are discarded one month
after publication unless the Publisher is asked to return original material after use.

Article structure

Follow this order when typing manuscripts: Title, Authors, Affiliations, Abstract, Keywords,
Main text, Acknowledgements, Appendix, References, Vitae, Figure Captions and then
Tables. Do not import the Figures or Tables into your text. The corresponding author should
be identified with an asterisk and footnote. All other footnotes (except for table footnotes)
should be identified with superscript Arabic numbers. The title of the paper should
unambiguously reflect its contents. Where the title exceeds 70 characters a suggestion for an
abbreviated running title should be given.

Subdivision - numbered sections

Divide your article into clearly defined and numbered sections. Subsections should be
numbered 1.1 (then 1.1.1, 1.1.2, ..), 1.2, etc. (the abstract is not included in section
numbering). Use this numbering also for internal cross-referencing: do not just refer to ‘the
text'. Any subsection may be given a brief heading. Each heading should appear on its own
separate line.

Essential title page information

« Title. Concise and informative. Titles are often used in information-retrieval systems. Avoid
abbreviations and formulae where possible.

» Author names and affiliations. Where the family name may be ambiguous (e.g., a double
name), please indicate this clearly. Present the authors' affiliation addresses (where the actual
work was done) below the names. Indicate all affiliations with a lower-case superscript letter
immediately after the author's name and in front of the appropriate address. Provide the full
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postal address of each affiliation, including the country name and, if available, the e-mail
address of each author.

* Corresponding author. Clearly indicate who will handle correspondence at all stages of
refereeing and publication, also post-publication. Ensure that phone numbers (with
country and area code) are provided in addition to the e-mail address and the complete
postal address. Contact details must be kept up to date by the corresponding author.
* Present/permanent address. If an author has moved since the work described in the article
was done, or was visiting at the time, a 'Present address' (or 'Permanent address’) may be
indicated as a footnote to that author's name. The address at which the author actually did the
work must be retained as the main, affiliation address. Superscript Arabic numerals are used
for such footnotes.

Abstract

A concise and factual abstract is required. The abstract should state briefly the purpose of the
research, the principal results and major conclusions. An abstract is often presented separately
from the article, so it must be able to stand alone. For this reason, References should be
avoided, but if essential, then cite the author(s) and year(s). Also, non-standard or uncommon
abbreviations should be avoided, but if essential they must be defined at their first mention in
the abstract itself.

The abstract should not exceed 150 words.
Highlights

Highlights are mandatory for this journal. They consist of a short collection of bullet points
that convey the core findings of the article and should be submitted in a separate file in the
online submission system. Please use 'Highlights' in the file name and include 3 to 5 bullet
points  (maximum 85  characters, including spaces, per bullet point).
See http://www.elsevier.com/highlights for examples.

Units

Follow internationally accepted rules and conventions: use the international system of units
(S. If other wunits are mentioned, please give their equivalent in SI.

Temperatures should be given in degrees Celsius. The unit 'billion' is ambiguous and should
not be used.

Database linking

Elsevier encourages authors to connect articles with external databases, giving their readers
one-click access to relevant databases that help to build a better understanding of the
described research. Please refer to relevant database identifiers using the following format in
your article: Database: xxxx (e.g., TAIR: AT1G01020; CCDC: 734053; PDB: 1XFN).
See http://www.elsevier.com/databaselinking for more information and a full list of supported
databases.

Artwork
Electronic artwork

General points
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* Make sure you use uniform lettering and sizing of your original artwork.
* Embed the used fonts if the application provides that option.

* Aim to use the following fonts in your illustrations: Arial, Courier, Times New Roman,
Symbol, or use fonts that look similar.

* Number the illustrations according to their sequence in the text.

* Use a logical naming convention for your artwork files.

* Provide captions to illustrations separately.

« Size the illustrations close to the desired dimensions of the printed version.
* Submit each illustration as a separate file.

A detailed guide on electronic artwork is available on our website:
http://www.elsevier.com/artworkinstructions

You are urged to visit this site; some excerpts from the detailed information are given
here.

Formats

If your electronic artwork is created in a Microsoft Office application (Word, PowerPoint,
Excel) then please supply 'as is' in the native document format. Regardless of the application
used other than Microsoft Office, when your electronic artwork is finalized, please 'Save as' or
convert the images to one of the following formats (note the resolution requirements for line
drawings, halftones, and line/halftone combinations given below): EPS (or PDF): Vector
drawings, embed all used fonts. TIFF (or JPEG): Color or grayscale photographs (halftones),
keep to a minimum of 300 dpi. TIFF (or JPEG): Bitmapped (pure black e white pixels) line
drawings, keep to a minimum of 1000 dpi. TIFF (or JPEG): Combinations bitmapped
line/half-tone (color or grayscale), keep to a minimum of 500 dpi.

Please do not:

* Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); these typically
have a low number of pixels and limited set of  colors;
* Supply files that are too low in resolution;

* Submit graphics that are disproportionately large for the content.

Please insert the following text before the standard text - Photographs, charts and diagrams
are all to be referred to as "Figure(s)" and should be numbered consecutively in the order to
which they are referred. They should accompany the manuscript, but should not be included
within the text. All illustrations should be clearly marked with the figure number and the
author's name. All figures are to have a caption. Captions should be supplied on a separate
sheet.

Color artwork

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or
PDF), or MS Office files) and with the correct resolution. If, together with your accepted
article, you submit usable color figures then Elsevier will ensure, at no additional charge, that
these figures will appear in color on the Web (e.g., ScienceDirect and other sites) regardless
of whether or not these illustrations are reproduced in color in the printed version. For color
reproduction in print, you will receive information regarding the costs from Elsevier
after receipt of your accepted article. Please indicate your preference for color: in print or
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on the Web only. For further information on the preparation of electronic artwork, please
see http://www.elsevier.com/artworkinstructions.

Please note: Because of technical complications which can arise by converting color figures to
'gray scale' (for the printed version should you not opt for color in print) please submit in
addition usable black and white versions of all the color illustrations.

Figure captions

Ensure that each illustration has a caption. Supply captions separately, not attached to the
figure. A caption should comprise a brief title (not on the figure itself) and a description of
the illustration. Keep text in the illustrations themselves to a minimum but explain all symbols
and abbreviations used.

Tables

Number tables consecutively in accordance with their appearance in the text. Place footnotes
to tables below the table body and indicate them with superscript lowercase letters. Avoid
vertical rules. Be sparing in the use of tables and ensure that the data presented in tables do
not duplicate results described elsewhere in the article.

References
Citation in text

Please ensure that every reference cited in the text is also present in the reference list (and
vice versa). Any references cited in the abstract must be given in full. Unpublished results and
personal communications are not recommended in the reference list, but may be mentioned in
the text. If these references are included in the reference list they should follow the standard
reference style of the journal and should include a substitution of the publication date with
either 'Unpublished results' or ‘Personal communication'. Citation of a reference as 'in press'
implies that the item has been accepted for publication.

Web references

As a minimum, the full URL should be given and the date when the reference was last
accessed. Any further information, if known (DOI, author names, dates, reference to a source
publication, etc.), should also be given. Web references can be listed separately (e.g., after the
reference list) under a different heading if desired, or can be included in the reference list.

Example: CTAHR (College of Tropical Agriculture and Human Resources, University of
Hawaii). Tea (Camellia sinensis) a New Crop for Hawaii, 2007.
URL http://www.ctahr.hawaii.edu/oc/freepubs/pdf/tea_04 07.pdf . Accessed 14.02.11.

All publications cited in the text should be presented in a list of references following the text
of the manuscript. See Types of Paper for reference number limits. In the text refer to the
author's name (without initials) and year of publication (e.g. "Steventon, Donald and Gladden
(1994) studied the effects...” or "...similar to values reported by others (Anderson, Douglas,
Morrison e Weiping, 1990)..."). For 2-6 authors all authors are to be listed at first citation. At
subsequent citations use first author et al.. When there are more than 6 authors, first author et
al. should be used throughout the text. The list of references should be arranged alphabetically
by authors' names and should be as full as possible, listing all authors, the full title of articles
and journals, publisher and year. The manuscript should be carefully checked to ensure that
the spelling of authors' names and dates are exactly the same in the text as in the reference
list.
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Reference style

Text: Citations in the text should follow the referencing style used by the American
Psychological Association. You are referred to the Publication Manual of the American
Psychological Association, Sixth Edition, ISBN 978-1-4338-0561-5, copies of which may be
ordered from http://books.apa.org/books.cfm?id=4200067 or APA Order Dept., P.O.B. 2710,
Hyattsville, MD 20784, USA or APA, 3 Henrietta Street, London, WC3E 8LU, UK.
List: references should be arranged first alphabetically and then further sorted chronologically
if necessary. More than one reference from the same author(s) in the same year must be
identified by the letters 'a', 'b, 'c', etc., placed after the year of publication.
Examples:

Reference to a journal publication:

Van der Geer, J., Hanraads, J. A. J., e Lupton, R. A. (2010). The art of writing a scientific
article. Journal of Scientific Communications, 163, 51-509.

Reference to a book:

Strunk, W., Jr., e White, E. B. (2000). The elements of style. (4th ed.). New York: Longman,
(Chapter 4).

Reference to a chapter in an edited book:

Mettam, G. R., e Adams, L. B. (2009). How to prepare an electronic version of your article. In
B. S. Jones, e R. Z. Smith (Eds.), Introduction to the electronic age (pp. 281-304). New
York: E-Publishing Inc.

AudioSlides

The journal encourages authors to create an AudioSlides presentation with their published
article. AudioSlides are brief, webinar-style presentations that are shown next to the online
article on ScienceDirect. This gives authors the opportunity to summarize their research in
their own words and to help readers understand what the paper is about. More information
and examples are available at http://www.elsevier.com/audioslides. Authors of this journal
will automatically receive an invitation e-mail to create an AudioSlides presentation after
acceptance of their paper.

Supplementary data

Elsevier accepts electronic supplementary material to support and enhance your scientific
research. Supplementary files offer the author additional possibilities to publish supporting
applications, high-resolution images, background datasets, sound clips and more.
Supplementary files supplied will be published online alongside the electronic version of your
article in Elsevier Web products, including ScienceDirect:http://www.sciencedirect.com. In
order to ensure that your submitted material is directly usable, please provide the data in one
of our recommended file formats. Authors should submit the material in electronic format
together with the article and supply a concise and descriptive caption for each file. For more
detailed instructions please visit our artwork instruction pages
at http://www.elsevier.com/artworkinstructions.

Submission checklist

The following list will be useful during the final checking of an article prior to sending it to
the journal for review. Please consult this Guide for Authors for further details of any item.
Ensure that the following items are present:
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One author has been designated as the corresponding author with contact details:
* E-mail address

* Full postal address

* Phone numbers

All necessary files have been uploaded, and contain:

» Keywords

* All figure captions

* All tables (including title, description, footnotes) Further considerations

» Manuscript has been 'spell-checked' and 'grammar-checked'

* References are in the correct format for this journal

* All references mentioned in the Reference list are cited in the text, and vice versa

* Permission has been obtained for use of copyrighted material from other sources (including
the Web)

* Color figures are clearly marked as being intended for color reproduction on the Web (free
of charge) and in print, or to be reproduced in color on the Web (free of charge) and in black-
and-white in print

* If only color on the Web is required, black-and-white versions of the figures are also
supplied for printing purposes For any further information please visit our customer support
site at http://support.elsevier.com.

Additional information

Abbreviations for units should follow the suggestions of the British Standards publication BS
1991. The full stop should not be included in abbreviations, e.g. m (not m.), ppm (not p.p.m.),
% and '/ should be used in preference to 'per cent' and 'per'. Where abbreviations are likely to
cause ambiguity or may not be readily understood by an international readership, units should
be put in full. Current recognised (IUPAC) chemical nomenclature should be used, although
commonly accepted trivial names may be used where there is no risk of ambiguity.
The use of proprietary names should be avoided. Papers essentially of an advertising nature
will not be accepted.

Use of the Digital Object Identifier

The Digital Object Identifier (DOI) may be used to cite and link to electronic documents. The
DOI consists of a unique alpha-numeric character string which is assigned to a document by
the publisher upon the initial electronic publication. The assigned DOI never changes.
Therefore, it is an ideal medium for citing a document, particularly 'Articles in press' because
they have not yet received their full bibliographic information. Example of a correctly given
DOl (in URL format; here an article in the journal Physics Letters B):
http://dx.doi.org/10.1016/].physletb.2010.09.059 When you use a DOI to create links to
documents on the web, the DOIs are guaranteed never to change.
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Online proof correction

Corresponding authors will receive an e-mail with a link to our ProofCentral system, allowing
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