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RESUMO 

 

As proteases são enzimas proteolíticas, as quais apresentam grande interesse pelas indústrias em 

diversas áreas. As proteases que possuem a capacidade de degradação da hélice de colágeno tem sido 

estudadas para a aplicação dos peptídeos de colágeno, no tratamento de doenças como: hipertensão, 

inibindo a enzima conversora de angiotensina II (ECA), assim como da própria enzima pelas 

indústrias farmacêuticas em tratamentos de feridas com necrose ou no tratamento da doença de 

Dupuytren. As proteases com atividade colagenolítica, capazes de degradar o colágeno, podem ser 

obtidas através de diversas fontes, e dentre estas, os micro-organismos são escolhidos devido à sua 

diversidade bioquímica e susceptibilidade para a manipulação genética. Devido ao potencial dessas 

enzimas, existe uma procura de novas fontes microbianas, as quais seja possível obter a protease com 

rapidez e baixo custo no processo de purificação. O presente trabalho teve como objetivos purificar 

e caracterizar protease com atividade colagenolítica obtida através da Actinobactéria Actinomadura 

sp., isolada do solo Licania rígida BETH. O microorganismo foi cultivado em meio a base de farinha 

de soja, líquido metabólico foi concentrado através do processo de precipitação com acetona (70%), 

seguida foi purificado parcialmente pelo processo de cromatografia de troca iônica em resina de 

DEAE-sephadex (G-50). A protease com atividade colagenolítica foi eluida, utilizando gradiente de 

concentração, com solução de NaCl 0,1M em tampão Tris-HCl, pH 8,0. O cromatograma foi obtido 

através da leitura no comprimento de onda de 280nm. A tabela de purificação foi obtida através da 

realização da atividade proteásica, da colagenolítica e da concentração proteica em cada etapa de 

purificação. Para a determinação do peso molecular e da pureza foi realizado a eletroforese em gel 

(SDS-page). A caracterização da amostra purificada foi realizada através de ensaios de: 

termoestabilidade, a enzima foi submetida às termperaturas de 50° - 80°C durante 30 minutos; 

temperatura ótima, nas temperaturas de 30°C – 80°C; pH ótimo, variando o  pH5-6 (0,1M do tampão 

de ácido acético- acetato de sódio ) e  7-9 ( 0,1M do tampão Tris- HCl); efeito de inibidores, utilizando 

os inibidores fluoreto de fenilmetanosufonil, dodecil sulfato de sódio, beta- mercaptoetanol e 

pepstatina em contato com a enzima durante 60 minutos; o efeito de íons metálicos, foi utilizado 

soluções com ions divalentes ( Fe 2+, Mg 2+, Ca 2+, Zn2+) em contato com a enzima durante 60 

minutos;  e efeito de frequência ultrassônica, enzima submetida a frequência ultrassônica (40 kHz), 

em diferentes intervalos de tempo. Os resultados obtidos demonstraram que a protease é possível 

purificar utilizando o gradiente de de NaCl 0,1M em tampão Tris-HCl, pH 8,0, assim como uma 

atividade colagenolítica específica de 31.094,89 U/mg de proteína, com um fator de purificação de 

9,81. Na eletroforese foi possível observar duas bandas, com pesos moleculares de 20 KDa e 45,0 

KDa. A enzima apresentou termoestabilidade até 60°C, a temperatura ótima de atividade em 50°C. 

Sob condições de variação de pH, a atividade enzimática apresentou maiores atividade colagenolítica 

em faixa de pH 7 a 8, reduzindo bruscamente em pH 9,0. Quando submetida ao efeito da frequência 

ultrassônica, a enzima após 10 minutos apresentou aumento de 50% de sua atividade colagenolítica 

inicial. Sendo assim, essa nova biomolécula apresenta potencial biotecnológico, uma vez que o 

processo de produção envolve um substrato, a farinha de soja, que é amplamente encontrado no 

Brasil, e o protocolo de purificação desenvolvido foi eficaz para a obtenção da protease com atividade 

colagenolítica. 

 

Palavra-chave: Actinomadura sp., colagenase, protease, purificação, caracterização 
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ABSTRACT 

 

Proteases are proteolytic enzymes, which have high interest by industries in various fields. Protease 

having the helix collagen degradation capacity has been studied for application of the collagen 

peptides in the treatment of diseases such as hypertension, inhibiting the angiotensin II converting 

enzyme (ACE), the enzyme itself as well as by pharmaceutical industries in treatment of wounds with 

necrosis or treatment of Dupuytren's disease. Proteases with collagenolytic activity capable of 

degrading the collagen can be obtained from several sources, and among them, the micro-organisms 

are chosen because of their biochemical diversity and susceptibility to genetic manipulation. Because 

of the potential of these enzymes, there is a demand for new microbial sources, which can be obtained 

with the protease speed and low cost in the purification process. This study aimed to purify and 

characterize protease with collagenolytic activity obtained by actinobacteria Actinomadura sp., 

Isolated from soil of Licania rigida  BETH. The microorganism was grown in medium based on 

soybean flour, metabolic liquid was concentrated by precipitation process with acetone (70%), then 

was partially purified by ion exchange chromatography procedure resin DEAE-Sephadex (G-50). The 

protease collagenolytic activity was eluted with using a concentration gradient with 0.1M NaCl 

solution in Tris-HCl buffer, pH 8.0. The chromatogram was obtained by scanning the wavelength of 

280nm. The purification table is obtained by performing the protease activity of collagenolytic and 

the protein concentration in each purification step. To determine the molecular weight and the purity 

was conducted gel electrophoresis (SDS-PAGE). Characterization of the purified sample was 

conducted through tests: thermal stability, the enzyme was subjected to termperaturas 50 ° - 80 ° C 

for 30 minutes; optimum temperature at temperatures of 30 ° C - 80 ° C; optimum pH, varying the 

pH5-6 (0.1 M sodium acetate acetic acid-buffer) and 7-9 (0.1 M of buffer Tris- HCl); effect of 

inhibitors using the inhibitors fenilmetanosufonil fluoride, sodium dodecyl sulfate, beta-

mercaptoethanol and pepstatin contact with the enzyme for 60 minutes; The effect of metal ions, was 

used solutions with divalent ions (Fe 2+, Mg 2+, Ca 2+, Zn 2+) in contact with the enzyme for 60 

minutes; ultrasonic frequency and effect, subject enzyme ultrasonic frequency (40 kHz) at different 

time intervals. The results obtained demonstrated that the protease can be purified using gradient of 

0.1 M NaCl in Tris-HCl buffer, pH 8.0, as a specific collagenolytic activity 31094.89 U / mg protein 

with a factor of purification 9.81. The electrophoresis was observed two bands with molecular 

weights of 20 KDa and 45 KDa. The enzyme showed thermostability at 60 ° C, the optimum 

temperature for activity at 50 ° C. Under conditions of varying pH, the enzyme activity showed higher 

collagenolytic activity in the pH range 7 to 8, reducing sharply at pH 9.0. When submitted to the 

effect of ultrasonic frequency, the enzyme after 10 minutes increased by 50% from its initial 

collagenolytic activity. Therefore, this presents new biotechnological potential biomolecule, since the 

production process involves a substrate, soybean flour, which is widely found in Brazil, and 

purification protocol was developed to obtain effective protease with collagenolytic activity. 

 

Keyword: Actinomadura sp, collagenase, protease, purification, characterization. 
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1. INTRODUÇÃO 

O bioma da Caatinga é caracterizado por altas temperaturas, estação seca durante cerca de seis meses, 

umidade baixa e precipitação anual em torno de 250 a 500 mm. Na estação das chuvas, a qual é 

chamada de inverno, as temperaturas são mais amenas e sua duração é curta.. 

A Licania rigida BENTH, pertence à família Chysobalanaceae, conhecida como Oiticica, é uma 

planta do Nordeste do brasileiro, com uso na medicina popular,  suas folhas são utilizadas no 

tratamento de diabetes e inflamações. 

A rizosfera é região do solo com grande diversidade microbiana que varia de acordo com o terreno, 

clima, a oferta de nutrientes e os microrganismos ali presentes. 

As actinobactérias são abundantes no solo e ocorrem em média um milhão de células por grama de 

solo, são heterotróficos importantes na decomposição da matéria orgânica, podendo ocorrer em 

ambientes aquáticos e também colonizando plantas. 

Os gêneros mais conhecidos de actinobactérias são: Streptomyces, Actinomadura, Nocardiopsis, 

Olindenses. 

Algumas actinobactérias podem causar enfermidades no homem como: doenças pulmonares 

(Nocardia, Rhodococcus, Mycobacterium), infecções sistêmicas (Nocardia, Rhodococcus, 

Mycobacterium), micetoma (Actinomadura, Nocardiopsis, Streptomyces e Nocardia), outras 

infecções cutâneas (Nocardia, Dermatophilus), bem como infecções oportunistas. 

Os metabólitos secundários das actinobactérias podem apresentar atividade antitumoral; antifúngica; 

bactericida; propriedades proteolíticas, decomposição de queratinas, quitinas, amido, além de auxiliar 

também no ciclo do nitrogênio e aminoácidos, atuando também como inibidor enzimático; além de 

degradar matéria orgânica. 

As proteases são enzimas proteolíticas que estão presentes em todos os organismos. Portanto, para 

estudo, os micro-organismos são a fonte preferida devido à sua diversidade bioquímica e 

susceptibilidade para a manipulação genética. 

As colagenases são enzimas proteolíticas que podem hidrolisar o colágeno nativo (região helicoidal) 

e o colágeno desnaturado, em pequenos fragmentos. O mecanismo de ação destas enzimas depende 

de sua origem, as colagenases oriundas de bactérias, clivam a ligação peptídica entre um aminoácido 

neutro e glicina na região não polar da molécula do colágeno. 

A fonte mais comum de colagenases é Clostridium hystolyticum, microorganismo patogénico; sendo, 

fontes alternativas mais seguras dessas enzimas são esperadas, incluindo, entre outras, espécies de, 

Bacillus, Streptomyces, Penicillium (ROSSO et al., 2012), e Cândida. 

As proteases específicas possuem um papel fundamental na economia, pois representam o terceiro 

maior grupo de enzimas industriais. As proteases com capacidade de degradar o colágeno são 



Silveira, L.L 

2 

 

importantes pois os peptídeos biologicamente ativos gerados tem diversas aplicações biotecnológicas 

e industriais e terapêuticas, como conservantes não alérgicos para medicamentos, ingredientes para 

alimentação parenteral, tratamento da diabetes, além de apresentarem atividade antioxidante, 

antimicrobiana e anti-hipertensiva. 
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2. OBJETIVOS 

2.1.Geral: 

 Purificar e caracterizar a protease com atividade colagenolítica obtida através de 

Actinomadura sp.  

 

 

2.2.Específicos: 

 Purificar a protease com atividade colagenolítica através de métodos cromatográficos 

convencionais.  

 Avaliar o grau de Pureza através da eletroforese SDS-PAGE. 

 Caracterizar a enzima quanto ao pH ótimo, termoestabilidade, temperatura ótima, efeito de íons 

e inibidores na atividade enzimática colagenolítica. 

 Analisar o efeito da frequência ultrassônica na atividade colagenolítica.  
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REVISÃO BIBLIOGRÁFICA 
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3. REVISÃO BIBLIOGRAFICA 

3.1.Oiticica (Licania rígida BENTH) 

A Licania rigida BENTH, pertence à família Chysobalanaceae, popularmente conhecida como 

Oiticica, é uma planta do Nordeste do brasileiro (DINIZ et al., 2008), caracterizada por ser uma planta 

perene, de grande longevidade e porte. Geralmente, as plantas são encontradas nas marginais de rios 

e riachos. 

 

 

Figura 1- Oiticica (Licania rigida BENTH) (VALE VIVA VERDE) 

A partir das espigas racemosas, acontece a inflorescência, entre o mês de Junho até outubro. Suas 

flores apresentam um caráter hermafrodito. A abertura das flores coincide com a época mais seca do 

ano (SILVA et al., 2010). 

Suas sementes são usadas para extrair óleo pelas indústrias, nas décadas de 30 a 50, servindo de fonte 

de renda. Em algumas regiões utilizam as suas folhas no tratamento medicinal, contra a de diabetes e 

inflamações (DINIZ et al., 2008; ALVES & NASCIMENTO). 

Segundo Silva et al.(2010) as flores de oiticica são atrativas para as abelhas para a coleta de néctar, 

uma vez que esta planta apresenta potencial considerável para produção de mel.  

3.2.Actinobactéria 

3.2.1. Características Gerais 

As actinobactérias compreendem um grupo de bactérias Gram positivas que tem um alto conteúdo de 

G+C, ou seja, alto teor de guanina e citosina. As semelhanças entre os actinomicetos e os fungos vêm 

de observações que mostraram o micélio filamentoso e as colônias com diversas colorações surgindo 

o nome actinomicetos que significava actino= radiado e micetos = fungos, ou seja, “fungos radiados” 
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(CUNHA et al., 2009; JEFFREY, 2008; FLÄRDH & BUTTNER,2009). Apresentam diferentes tipos 

morfológicos, que varia de acordo com o gênero (FLÄRDH & BUTTNER, 2009). 

A partir do esgotamento de nutrientes pode ser observada a produção de metabólitos secundários, a 

diferenciação morfológica é desencadeada formando diversos tipos de esporóforos que podem ser 

espiralado, verticilado, ondulado, etc (FLÄRDH & BUTTNER, 2009). 

O micélio é formado por células procarióticas longas com vários nucleóides que podem penetrar ou 

aderir a diferentes tecidos, além de ajudar na secreção de enzimas e outros metabólitos. A 

proximidade entre o substrato e os esporos, torna necessária uma menor quantidade de enzima ser 

secretada para atingir níveis efetivos de crescimento (EMBLEY & STACKEBRANDT, 1994). 

As actinobactérias são abundantes no solo importantes na decomposição da matéria orgânica, 

podendo ocorrer em ambientes aquáticos e também colonizando plantas (CASTRO et al., 2010; 

RAHMAN et al., 2011). Embora em baixa frequência algumas actinobactérias podem causar 

enfermidades no homem como: doenças pulmonares (Nocardia, Rhodococcus, Mycobacterium), 

infecções sistêmicas (Nocardia, Rhodococcus, Mycobacterium), micetoma (Actinomadura, 

Nocardiopsis, Streptomyces e Nocardia), outras infecções cutâneas (Nocardia, Dermatophilus). 

As actinobactérias produzem enzimas intracelulares, em menor quantidade quando comparadas com 

as extracelulares, as quais têm a função principal de degradar macromoléculas presentes no meio 

ambiente, como celulose, amido, e muitos outros componentes orgânicos encontrados no solo, para 

que possam ser absorvidos como nutrientes por essas bactérias filamentosas (CHATER, 2006; 

TORTORA et al., 2003; MADIGAN et al., 2003; PEREIRA JR., 2008). 

O processo biotecnológico envolvendo micro-organismos é utilizado em diversas áreas como na 

indústria, onde o objetivo é produzir compostos que possam ser utilizadas para a comercialização; na 

agropecuária que é utilizada para o controle biológico de praga e vetores em plantas e animais; no 

setor alimentício, onde pode ser empregado na produção de bebidas, pães, queijos, enzimas; além da 

sua aplicação na recuperação ambiental (OLIVEIRA et al., 2006). 

Os produtos que são sintetizados por microrganismos podem ser classificados de três formas, levando 

em consideração diferentes níveis de complexidade molecular, tais como: produtos finais do 

metabolismo - etanol, ácido lático, ácido butírico, e outros compostos derivados de processos 

anaeróbicos; produtos intermediários do metabolismo primário - aminoácidos, nucleotídeos, 

vitaminas e enzimas; e produtos de metabolismo secundário - antibióticos e toxinas. Os metabólitos 

secundários das actinobactérias podem apresentar atividade antitumoral; antifúngica; bactericida; 

propriedades proteolíticas, decomposição de queratinas, quitinas, colágeno e amido, além de auxiliar 

também no ciclo do nitrogênio e aminoácidos, atuando como inibidor enzimático (KITOUNI et al., 

2005, WANG & VINING, 2003); além de degradar matéria orgânica (CHATER, 2006; KENNEDY, 

1999; VERNEKAR et al., 2001; VODA et al., 2003; UKUZI et al.,  2005).  
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3.2.2. Actinomadura sp.  

O gênero actinomadura sp., pertence a família das actinobactérias, sendo o mais frequente após o 

gênero Streptomyces sp. No entanto, os gêneros Micromonospora, Actinomadura, 

Streptoverticillium, Actinoplanes, Nocardia, Saccharopolyspora e Streptosporangium spp. possuem 

cada vez mais um papel importante na produção de um amplo espectro de metabolitos secundários, 

sejam eles produção de antibióticos, antitumorais, xilanases, além de atividades como antimalárica 

(Jayaprakashvel, 2012; Manivasagan, 2013)  

Esse gênero é muito estudado a produção de metabólitos secundários, tais como antibióticos e 

antitumorais, como pode ser observada na tabela 1. 

Tabela 1 - Principais espécies de Actinomadura e seus produtos de interesse biotecnológico. 

Linhagem Produto 

Biotecnológico 

Referência 

Actinomadura hibisca Antiviral NAPAN et al 2012 

Actinomadura hibisca Antifungico NAPAN et al 2012 

Actinomadura keratinilytica 

strain Cpt29 

Queratinase HABBECHEM et al., 2014 

Actinomadura namibiensis Antibióticos KRAWCZYK et al., 2013 

Actinomadura sp. Anticancer  HAN et al. ,2003 

Actinomadura hibisca P157-2. Antifungico  PAUDELA et al, 20011 

Actinomadura sp. 007 Anticancer  HAN et al, 2005 

Actinomadura sp. BCC27169 Antibióticos INTARAUDOM et al, 2014 

Actinomadura sp. S14 Xilanase SRIYAPAI et al, 2011 

Actinomadura sp. SBMs009 Anti-

inflamatório 

SIMMONS et al, 2011 

Actinomadura mexicana   Protease QUINTANA et al, 2003 

Actinomadura meyerii sp. Proteases QUINTANA et al, 2003 
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Embora seja muito frequente entre as actinobactérias, existem raros estudos sobre a sua capacidade 

de produção de enzimas protésicas com atividade colagenolítica. 

3.3.Protease 

Tradicionalmente as proteases ou peptidases são enzimas que catalisam a hidrólise de ligações 

peptídicas em proteínas ou peptídeos, liberando peptídeos de tamanho variável ou aminoácidos livres. 

Na nomenclatura internacional de classificação de enzimas (EC), as peptidases pertencem à classe 3 

e subclasse 3.4, que ainda está dividida em dois grandes grupos: as exo e as endopeptidases.  

As exopeptidases clivam ligações peptídicas nas extremidades N ou C terminal das cadeias 

polipeptídicas e podem ser denominadas de aminopeptidases e carboxipeptidases, respectivamente. 

As endopeptidases atuam preferencialmente nas regiões internas das cadeias polipeptídicas, e as 

proximidades dos grupos N ou C terminais têm um efeito negativo na atividade enzimática (SILVA-

LÓPEZ, 2010). 

Representam o terceiro grupo de enzima utilizado na indústria. Esse interesse é devido a sua atuação 

utilizada em diversas atividades industriais tais como processamento de alimentos, bebidas, 

formulação de detergentes, processamento de couro e pele, no amaciamento de carne e 

desenvolvimento de agentes terapêuticos (CHANALIA, 2011; SILVA NEVES et al., 2006). 

A capacidade de produção de proteases por vegetais e animais, não é capaz de suportar a demanda 

industrial, por isso, nos últimos anos, houve um aumento de interesse sobre a produção de proteases 

a partir de microrganismos, como fonte alternativa. A protease microbiana tem como vantagem uma 

diversidade bioquímica e susceptibilidade para manipulação genética (CHANALIA, 2011). 

Ha, Bekhit & Carne (2014) estudaram os efeitos das formas L- e iso do ácido ascórbico (AA) sobre 

a atividade de quatro proteases vegetais e três proteases microbianas e observaram a capacidade de 

regular a atividade das proteases investigadas através da utilização de uma concentração adequada da 

isoforma de AA. 

Yariswamy et al. (2013) investigar o potencial de cicatrização proteases produzidas de Wrightia 

tinctoria, no final do estudo, concluiu que as serinoproteases purificadas são capazes de promover 

diretamente a cicatrização nos animais testados. 

3.3.1. Aplicação de Proteases 

Dentre o grupo mais importante de enzimas industriais, as proteases possuem um papel importante 

por está presente em processos como o processamento do couro (VIJAYARAGHAVAN,LAZARUS 

& VICENTE,2013), detergente (CASTRO et al., 2004), de preservação de alimentos(WALSH, 2002) 

e como agente terapêutico (MICKELSON et al., 2014; SALAS-CANSADO et al.,2013). 
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Durante o processamento do couro, as proteases são usadas para auxiliar a remoção da epiderme e do 

pêlo, durante o tratamento do couro nos curtumes, para melhorar o produto final. ( 

VIJAYARAGHAVAN,LAZARUS & VICENTE, 2013) 

As proteases também estão presentes na composição de detergentes, sendo responsável pela remoção 

de mancha de óleo e gorduras.( CASTRO et al., 2004). 

A utilização de proteases em alimentos pode acontecer para melhorar as características nutricionais, 

retardar a deteorização, modificação de propriedades funcionais, prevenção da mudança de sabores e 

odores (PARDO ET AL., 2000). 

Uma das aplicações da protease como agente terapêutico, foi observado em  estudos veem sendo 

realizados em países como a Espanha, Estados Unidos, onde utilizam a aplicação da protease 

colagenolítica  para o tratamento da síndrome de Dupuytren, sendo possível a conclusão de que o 

tratamento com a aplicação da protease, além de eficaz,  é mais econômico, menos invasivo, do que 

a cirurgia aconselhável.( MICKELSON et al., 2014; SALAS-CANSADO et al., 2013)  

3.4.Colagenase 

 Por definição, as colagenases são proteases capazes de degradar o colágeno nativo e desnaturado.  

São produzidas por vegetais (KIM, GUDDAT & OVERALL, 2007), animais (WU et al., 2010) e 

Microrganismos (ROSSO et al, 2012). Assim como as proteases, os microrganismos têm sido mais 

estudados para a obtenção de colagenases ( SANDHYa et al, 2005).  

Podem ser classificadas em metalocolagenases e serinocolagenases. As metalocolagenases tem em 

sua estrutura o íon zinco, e em geral necessitam do íon cálcio para obter estabilidade e uma melhor 

atividade (GROSS & LAPIERE, 1962; PETERKOFSKY, 1982).   

Acredita-se que o mecanismo de ação de cada enzima varia de acordo com a sua origem. As 

colagenases produzidas pelo fungo (Clostridium histolyticum) são capazes de clivar em diversos 

sítios. As colagenases produzidas por fibroblastos humanos são capazes de clivar apenas um sítio 

(KANTH et al., 2008, HUEBNER et al., 2010).  

A colagenase pode ser usada para tratamento de doenças como o tratamento da Doença de Dupuytren, 

estudos revelam que o tratamento além de eficaz, também mostra um custo menor que o método 

cirúrgico, além de haver uma menor necessidade de acompanhamento com fisioterapeutas e médicos 

após o procedimento (MEHTA & BELCHER, 2014; MICKELSON et al., 2014; SALAS-CANSADO 

et al.,2013). 

Há relatos da utilização da colagenase para o tratamento de ulceras nos pés de pacientes diabéticos. 

A pesquisa concluiu que o uso de pomadas com a colagenase é eficiente, além de apresentar um 

menor custo para o tratamento (TALLIS et al., 2013). 
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A colagenase presente no corpo humano pode atuar em diversas funções de acordo com tecido. A 

colagenase presente nos ossos auxilia no processo de absorção dos osteoclastos, como descrito por 

Søe, Merrild & Delaissé (2013). Está presente também nos fibroblastos, atuando como regulador das 

fibras de colágeno. 

3.5.Colágeno 

O colágeno, além de ser o principal componente de pele, ossos, tendões, cartilagem e dentes, também 

está presente na matriz extracelular do tecido dos vertebrados (UITTO et al., 2008). Essa proteína 

pertence a superfamília de proteínas fibrosas estruturais e insolúveis  encontradas em organismos 

multicelulares. (RAVANTI & KÄHÄRI, 2000; UITTO et al, 2008, CHUNG & UITTO, 2010; 

DABOOR et al., 2010)   

O colágeno é uma proteína extracelular, a qual tem sua forma molecular de bastão, tendo cerca de 

3000Å de comprimento e 15Å de diâmetro. (BERG, TYMOCZKO & STRYER, 2007).  

É chamada de tropocolágeno, a unidade do colágeno é composto por três cadeias peptídicas formando 

uma tripla hélice, chamada de cadeia alfa (α), a qual contem cerca de 1000 aminoácidos. (DABOOR 

et al, 2010; BERG, TYMOCZKO & STRYER, 2007). A hélice é estabilizada pela repulsão estérica 

de anéis de pirrolidina dos radicais de prolina e hidroxiprolina (Figura 2 ) 

 

Figura 2- Composição da hélice de colágeno (BERG, TYMOCZKO & STRYER, 2007) 

As presenças desses anéis se repelem entre si, gerando a forma helicoidal, que possui cerca de três 

aminoácidos por volta.  

A tripla hélice de colágeno é formada pelo enovelamento das cadeias α na conformação helicoidal, o 

qual será determinado de acordo com a sequência primária da cadeia peptídica. A ligação dessas 

hélices se dá através de pontes de hidrogênio que se formam entre o grupamento peptídico NH da 

glicina e os CO em outras cadeias. (UIITO et al., 2008; BERG, TYMOCZKO & STRYER, 2007). 

(Figura 3a e 3 b) 
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Figura 3- Estrutura da tripla helice de colágeno. (A) Modelo compacto da estrututra. ( B) Secção 

transversal da fita de colágeno. (BERG, TYMOCZKO & STRYER, 2007) 

Aproximadamente 30% das proteínas do corpo humano, já foram descritas cerca de 30 tipos 

diferentes de colágenos. Os tipos de colágeno são classificados baseados na diferente expressão 

gênica da cadeia peptídica durante  a formação do tecido (DI LULLO et al., 2002). 

Veeruraj et al. (2015) descreveu em seu trabalho a caracterização e identificação de colágenos 

extraídos a partir da pele de Lula, como sendo colágenos do tipo I, devido ao tipo de cadeia presente.  

3.6. Produção de Enzimas 

3.6.1. Fermentação 

Existem basicamente dois tipos de fermentações, a fermentação submersa, a mais comum para a 

produção de enzimas em escalas industriais, a fermentação semi-sólida, utilizada para a fermentação 

industrial em alguns países orientais (SANT’ANNA JR, 2001). 

Para a produção enzimática, poucos são os processos prévios necessários, sendo o de maior 

importância o pré- inóculo. O qual nada mais é do que um cultivo, sob agitação inoculada com a 

cultura estoque durante um determinado tempo, o seu valor para inoculo no fermentador principal 

pode variar de 1 a 10% (p/v). O processo de fermentação pode ser resumido pela figura 4. Durante a 

transferência devem ser observados diversos aspectos, entre eles a presença de contaminantes e os 

aspectos macroscópicos do microorganismo para determinar se houve algum tipo de mutação 

(SANT’ANNA JR, 2001). 

Outro fator que pode influências a fermentação de um microorganismo, é o meio de cultura utilizado. 

Os meios de cultura podem ser o meio de cultura sintético e o natural. 

Porém para as indústrias, tem-se buscado a utilização de meios com a maior quantidade de matéria 

primas naturais, devido ao elevado custo dos meios sintéticos (SANT’ANNA JR, 2001). 

 

 

 

 

 

 
Cultura 

estoque 
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Figura 4 - Etapas no processo de fermentação (SANT'ANNA JR, 2001) 

 

3.6.2. Separação e Concentração de Enzimas 

Os processos usados para a separação e concentração da enzima, variam de acordo com a sua 

localização, sendo ela intracelular ou extracelular (SANT’ANNA JR, 2001). 

Nas enzimas extracelulares, elas estão presentes no líquido metabólico, sendo assim, são menos 

complexos para a sua obtenção. É necessário ser feita a separação do líquido metabólico da massa 

celular processo que pode ser realizado através de centrifugação ou filtração. Com posterior processo 

de concentração enzimática. Esse processo pode ser através de filtração em meio filtrante de celulose 

ou diluir o preparado enzimático a níveis satisfatórios e acondicionado com estabilizantes 

SANT’ANNA JR, 2001; GE Healthcare Life Sciences). 

As enzimas intracelulares, a separação da biomassa já é por si só uma etapa de concentração 

enzimática. Porém os processos necessários para a ruptura celular, como moagem com esferas de 

vidro, homogeneização em alta pressão, sonicação e congelamento, além de tratamentos químicos e 

enzimáticos, acabam por aumentar o custo na produção dessas enzimas (SANT’ANNA JR, 2001; 

ABRAHÃO NETO, 2001). 

3.6.3. Precipitação 

Para eliminar impurezas e aumentar a concentração da enzima alvo, normalmente utiliza-se da técnica 

de precipitação, sendo uma forma rápida e eficiente (ABRAHÃO NETO, 2001). 

A precipitação de força iônica utiliza de altas concentrações de salinas, sendo os sais mais usados o 

sulfato de amônio e sulfato de sódio, para a precipitação, pois os mesmo tem a capacidade de 

promover a remoção da água de hidratação da proteína, tornando-a insolúvel. Essa técnica tem se 
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difundido devido a sua fácil execução e por obter bons rendimentos. Porém apresenta baixa 

seletividade, por provocar corrosão em equipamentos, além de não haver recuperação para reuso dos 

reagentes (SANT’ANNA JR, 2001). 

A escolha do sal é determinada por sua eficácia, sendo determinada de acordo com a natureza do 

ânion, sendo os polivalentes mais eficazes no aumento da força iônica (ABRAHÃO NETO, 2001). 

Durante a precipitação com sal, o mesmo é adicionado ao sobrenadante até que a porcentagem (%) 

de saturação em que a enzima precipite seja alcançada. A quantidade vai variar de acordo com a 

composição do extrato. A adição do sal deve ser feita de forma lenta e gradual, sob agitação para 

favorecer a homogeneização. Em seguida, deve ser centrifugado para a formação do “pellet”, o qual 

com o auxilio de um tampão é redissolvido. Geralmente devido a grande quantidade sal usado para a 

precipitação é necessário a adiciona uma etapa para a dessalinização, como a dialise (ABRAHÃO 

NETO, 2001). 

A precipitação com solventes é a mais utilizada na indústria, devido a sua capacidade de obter 

rendimentos adequados, seletividade mediana e a viabilidade de reuso dos solventes (SANT’ANNA 

JR, 2001). 

A adição de solvente orgânico miscível, como a acetona, etanol, metanol, acarreta na diminuição da 

constante elétrica dielétrica da solução formada, levando a diminuição da solubilidade e o aumento 

da agregação das proteínas por interações eletrostáticas. Em geral, maior o tamanho da molécula, 

menor é a quantidade de reagente necessário para que ocorra a precipitação. (ABRAHÃO NETO, 

2001). 

Para que não ocorra à desnaturação durante o processo deve acontecer em baixas temperaturas, assim 

como o solvente deve estando refrigerado e ser adicionado de forma bem lenta. Assim como na 

precipitação de força iônica, é necessário que o material seja centrifugado, para que haja a formação 

do “pellet”, para retirar o solvente, pode recorrer a uma etapa de evaporação, de preferencia em baixas 

temperaturas para que seja evitada a desnaturação da enzima (ABRAHÃO NETO, 2001). 

Precipitação isoelétrica é frequentemente utilizada para a precipitação de proteínas indesejáveis, pois 

a probabilidade de ocorrer à desnaturação das proteínas é alta. A precipitação ocorre quando se a 

distribuição de cargas na superfície da enzima é neutra, de forma que a quantidade de cargas negativas 

é equivalente às positivas, as anulando. Com isso forma uma atração eletrostática entre as moléculas 

gerando um precipitado (ABRAHÃO NETO, 2001). 

As proteínas também podem ser precipitadas com o auxilio de polímeros orgânicos, como o PEG. 

Nessa precipitação não é necessário grandes quantidades de polímeros para que ocorra a precipitação 

O mecanismo de precipitação é semelhante ao do solvente orgânico (ABRAHÃO NETO, 2001). 
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3.7.Purificação de Enzimas 

3.7.1. Aplicação de Metodos Cromatograficos 

Para obter um maior grau de pureza, empregam-se técnicas cromatográficas. Como a cromatografia 

de troca-iônica, cromatografia de troca em gel e a cromatografia de afinidade (SANT’ANNA JR, 

2001). 

O grau de purificação desejado está associado à aplicação do produto. Para uso técnico e industrial, 

as disponíveis no mercado são preparações pouco purificadas, mas para uso farmacêutico e analítico 

é necessário obter preparações com alto grau de pureza (SANT’ANNA JR, 2001). 

A escolha das técnicas a serem empregadas está vinculada às propriedades moleculares inerentes de 

cada enzima. Dessa forma, deve ser feito uma combinação de várias etapas para cada enzima de forma 

a explorar suas propriedades. (ABRAHÃO NETO, 2001)  

Em geral, as primeiras etapas da purificação, o objetivo é reduzir o volume, como o uso das técnicas 

de precipitação. Em seguida, são utilizadas técnicas que exploram as interações eletrostáticas, como 

a cromatografia de troca iônica. E como etapa final, tem-se como objetivo o aumento da resolução, 

onde são empregadas técnicas como a cromatografia de afinidade (ABRAHÃO NETO, 2001). 

Entre as etapas cromatográficas, geralmente, é necessária uma concentração, pois um volume menor 

facilita a etapa subsequente. Além de que dependendo do mecanismo cromatográfico escolhido, pode 

diminuir a sua resolução (ABRAHÃO NETO, 2001). 

 

3.7.2. Cromatografia 

Cromatografia pode ser definida como uma separação diferencial dos componentes entre uma fase 

móvel e uma fase estacionária ( BERG, TYMOCZKO & STRYER, 2007). 

Os métodos cromatográficos podem ser classificados em diferentes modalidades, como a técnica 

empregada, o mecanismo de separação envolvido, e aos diferentes tipos de fase utilizados. Considera-

se que a classificação mais importante é em relação ao mecanismo de separação (processos físicos, 

químicos ou mecânicos) (COLLINS, 2006). 

Baseados, principalmente, em atrações dipolares (força de Van der Walls), ou coulômbicas (incluído 

a força de hidrogênio), os processos físicos são de adsorção e absorção (Figura 5) (COLLINS, 2006; 

BERG, TYMOCZKO & STRYER, 2007). 

O mecanismo cromatográfico da adsorção baseia-se no soluto ser adsorvido, entra a fase estacionária 

e a fase móvel, por grupos ativos na sua superfície. A dessorção (volta do soluto a fase móvel) pode 

acontecer por volatilidade ou solubilidade da fase móvel. Esse mecanismo é comumente encontrado 

em cromatografia de camadadelgada (CCD), cromatografia gás-sólido (CGS), cromatografia líquido-
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solido (CLS) e cromatografia supercrítica com fase estacionária solida (CSS) (COLLINS, 2006; 

BONATO, 2006; LOPES, 2006) . 

 

 

Figura 5 - Esquema dos mecanismos cromatográficos (a) adsorção; (b) partição; (c)troca ionica; 

(d) exclusão; (e)  bioafinidade (GE Healthcare Life Sciences) 

O mecanismo de partição é um processo interfacial, quando a fase estacionária é um liquido, 

espalhado na superfície de um suporte sólido e inerente. Baseia-se na diferença de solubilidade dos 

componentes da amostra na fase estacionária. Para que ocorra a volta do componente a fase móvel, 

depende da volatilidade (fase móvel gasosa) ou solubilidade nessa fase (fase móvel líquida). A 

cromatografia em papel (CP), na cromatografia gás-liquido (CGL), e na cromatografia liquido-

liquido (CLL) são baseadas nesse mecanismo (BRAGA, 2006). 

O mecanismo de troca iônica baseia-se em uma retenção de íons, em uma fase estacionária, a qual é 

adicionada grupos funcionais ionizáveis, cátions ou aníons. A fase móvel em geral, é uma solução 

iônica tamponante compatível com o grupo funcional ionizável. Através de processos de eluições, ou 

deslocamento, a fase móvel compete pelos grupamentos iônicos com os grupamentos da amostra. A 

representação do processo do mecanismo de cromatografia por troca iônica (CTI) (COLLINS, 2006; 

ABRAHÃO NETO,2001; BERG, TYMOCZKO & STRYER, 2007; SPADARO,2006).  

O mecanismo de bioafinidade utiliza grupos com especificidade biológica, os quais são ligados a um 

suporte (fase estacionária). Dessa forma, só acontecerá a ligação dos componentes complementares, 

presentes na fase móvel, aos grupos ligados a fase estacionária. Na cromatografia por bioafinidade 

(CB), a eluição do componente, pode acontecer de duas formas, através da mudança de propriedades 

da fase móvel, como o pH, ou mudança do componente ligado a fase estacionária, utilizando outro 

componente que possui uma atração maior pelo grupamento da fase estacionária (SPADARO & 

FONSECA, 2006). 

A cromatografia por exclusão (CE) é um mecanismo puramente físico, onde não há interação entra a 

fase móvel e a estacionária. A fase estacionária usada é uma matriz de forma, tamanho e porosidade 

uniformes, as moléculas presentes na amostra (fase móvel) são separadas de acordo com o seu 

a)            b)          c)               d)        e) 
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tamanho, sendo as moléculas menores, capazes de atravessar a fase estacionária com maior rapidez, 

e as maiores com mais lentidão (ROTHSCHILD, 2006). 

Na cromatografia em coluna, geralmente ocorre com um fluxo contínuo da fase móvel, até que todos 

os componentes tenham saído da coluna e sua presença seja detectada, e indicada graficamente . 

O cromatograma construído, onde a linha de base representa a passagem da fase móvel através do 

detector. Os componentes eluidos apresentam-se em forma de picos (figura 6). 

 

Figura 6 - Esquema de cromatograma (COLLINS, 2006) 

Denomina-se DR a volume percorrido entre a injeção da amostra até o pico traçado, e DM a volume 

percorrido por uma molécula, a qual não interage com a fase estacionária, entre o ponto de injeção 

até o detector.  

A resolução de uma coluna, pode ser calculada a partir da distancia que separa os pontos máximos 

dos picos e da media das larguras de suas respectivas bases ( Wb). O valor de resolução é diretamente 

proporcional à qualidade da separação (COLLINS,2006) . 

3.7.2.1.Cromatografia por Troca Iônica 

Na cromatografia por troca iônica, a fase estacionária é altamente carregada, e o soluto com cargas e 

sinais contrários a esta. 

Esse tipo de cromatografia vai ser determinado pela diferença no grau de afinidade eletrostática entre 

o trocador e os íons da fase móvel A diferença entre os íons da fase móvel e da matriz, se dá pela 

diferença de carga, a qual pode ser controlada pelo pH, por trocadores iônicos fracos e médios, e a 

força iônica. Como pode ser observado na figura 7, onde o equilíbrio inicial é alterado com a adição 
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de íons, os quais tem afinidade maior que o adsorvido na coluna. Para a reutilização da coluna, basta 

ser equilibrada com o eluente inicial, voltando ao equilíbrio. 

 

Figura 7- Esquema do mecanismo de eluição do soluto por força iônica na coluna de troca iônica. 

(GE Healthcare Life Sciences) 

A matriz do trocador é constituída por um material poroso, inerte, insolúvel em água e em solventes 

orgânicos. Podem ser classificadas de acordo com o material que as formam, sendo natural ou 

sintética, orgânica ou inorgânica. Podem ser classificadas também de acordo com o trocador ligado a 

matriz, em trocadores catiônicos ( com sítios carregados negativamente que retem cátions) e em 
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trocadores aniônicos (com sítios carregados negativamente que retem anions) (COLLINS,2006; 

SPADARO,2006). 

A capacidade de um trocador é uma medida de troca de ions que pode ocorrer entre a matriz e os ions 

presentes na fase móvel. Essa medida é dependente de fatores como a força iônica, o pH e a 

temperatura do eluente (COLLINS,2006). 

A seletividade de um trocador é dependente do grau de ligações cruzadas na matriz, da carga dos íons 

(quanto maior a carga, mais fortemente se liga) e o tamanho dos íons (solvatados) (SPADARO,2006). 

A cromatografia por troca iônica pode ser influenciada pela escolha do trocador iônico e da fase 

móvel, que devem ser feita de acordo com o objetivo final, pela amostra, o excesso de material causa 

a perda na resolução e a escassez pode causar em dificuldade para quantificar. (BERG, TYMOCZKO 

& STRYER, 2007). 

A eluição da cromatografia pode ser feita de duas formas: a primeira é utilizando o próprio tampão 

como eluente, esse processo é considerado lento e geralmente usado para moléculas com a mesma 

carga; a segunda é utilizando uma mudança discreta de pH e/ou força iônica (SPADARO, 2006). 
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SHORT COMMUNICATION 

ABSTRACT 

Proteases with collagenolytic activity, capable of degrading collagen, may be obtained from several 

sources, and among them, the microorganisms are the resources of choice because of its biochemical 

diversity and susceptibility to genetic manipulation. This work had as objectives purification and 

characterization of a protease with collagenolytic activity obtained from Actinomadura sp using a 

medium soy flour as substrate. The purification process involved precipitation with acetone, followed 

by ion exchange chromatography. Results showed an efficient elution by gradient with 0.1M NaCl 

solution in Tris-HCl buffer, pH 8.0. A partial characterization demonstrated this novel biomolecule 

as thermostable up to 60 ° C in 60 minutes, presenting an optimal temperature and pH at 50°C range 

7-8, respectively. When submitted to the ultrasonic effect on different frequency intervals, after 10 

minutes where about an increase was observed in the range of 50% on collagenolytic activity. Thus, 

this new biomolecule has biotechnological potential. Since the production process involves a 

substrate, soybean flour, which is widely found in Brazil, and partial purification protocol was 

developed to obtain effective protease with collagenolytic activity. 
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1. Introduction 

Proteases are a unique class of enzymes that occupy an important position as regards their 

applications, both in physiological and commercial fields. Proteolytic enzymes catalyze the cleavage 

of peptide bonds in other proteins. The proteases are degradative enzymes that catalyze the hydrolysis 

of proteins.[1] Proteases are a group of enzymes used in various industrial sectors, such as detergent, 

food, pharmaceutical, chemical, leather and silk, in addition to the treatment of waste, hence its great 

commercial importance [2,3]. 

Microorganisms are an excellent source of enzymes due to their diversity and their susceptibility to 

genetic manipulation. Proteases from microbial origins are relevant since they have almost all the 

desired characteristics for their biotechnological applications are the most used.[4] Among the 

microbes capable of producing biomolecules of interest, class Actinobacteria represents a wide range 

of valuable and important sources of pharmaceutically active metabolites. Actinomycetes are 

responsible for much of the secondary metabolites discovery [5], including antibiotics [6], antitumor 

agents [7] e enzymes [8]. The actinomycetes are abundant in the soil may occur in aquatic 

environments and also colonizing plants.[9] The production of bioactive compounds can be 

influenced by the interaction of the plant with the microflora present in the region of the roots.[10].  

Collagenase is used in medicine for the treatment of diseases such as Peyronie's disease[11], 

Dupuytren's Disease[12,13]. As with treating necrotic wounds, pressure sores, post-operative scars. 

In addition to the collagenase application, the product coming from the hydrolysis of collagen, 

collagen peptide, has been studied for the treatment of various diseases such as hypertension and 

diabetes[14], and may have antimicrobial activity[15]. 

The objective of this research was to evaluate the production of collagenolytic proteases by 

Actinomadura sp. and the best conditions for purification, characterization the protease with 

collagenolytic activity. 

2. Materials and methods 

2.1.Microorganism and Growth 
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The strain L09, Actinomadura sp., was obtained by the collection of the Department of Antibiotics 

(UFPEDA), Federal University of Pernambuco. The microorganism was isolated from the soil 

samples rhizosphere of Licania rigid Benth. (Oiticica). 

The isolate was cultivated on a sterile Soy bean flour medium containing (g/L): soy bean flour, 10; 

Glicose, 1.0; K2HPO4, 1.0; at pH 7.5. As inoculum, 10% spore suspensions were used after 48 h of 

cultivation in the same media. Flasks were incubated for 72h at 37°C with constant shaking at 180 

rpm. The cell-free supernatants were analyzed for protein content and enzyme activities.[16] 

2.2.Proteolytic activity assay 

For the determination of protease activity [17],  0.15 mL of sample was added to a solution containing 

azocasein 1% w / v in 0.1 M Tris-HCl pH 7.4 buffer, the mixture was incubated for 1 hour at 37 ° C 

protected from light. The reaction was stopped by the addition of trichloroacetic acid (TCA) to 10% 

w / v, and centrifuged for 20 minutes at 12500 rpm, 0.8 ml supernadant was added to 0.2 ml of 1.8 M 

NaCl. The reading of absorbance was performed at the spectrophotometer at a wavelength of 420nm. 

One unit of protease activity was defined as the amount of enzyme required producing an absorbance 

change equal to 0.01 in 60 minutes and is expressed as U mL-1 

2.3.Assay for collagenase activity 

To determine the collagenolytic activity used Azo Dye-impregnated collagen (Azocoll) (Sigma 

Chemical Co. St. Louis, MO) at a concentration of 5 mg / ml in 0.1 M Tris-HCl pH 7.2 buffer. After 

successive washings, was added 0.05ml of sample, and incubation was for 3 hours under 37 ° C with 

constant stirring (100 rpm). The reading of absorbance was performed at the spectrophotometer at a 

wavelength of 520nm.[18] 

One unit of protease activity was defined as the amount of enzyme required producing an absorbance 

change equal to 0.01 in 60 minutes and is expressed as U mL-1 

2.4.Protein determination  

The amount of protein was determined by the method of Smith[19], using bovine serum albumin as 

a standard. 
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2.5.Gel chromatography 

The supernadant was submitted to organic solvent (70% acetone) precipitation, and stirring it for 10 

minutes. After, the samples were centrifuged at 3500 rpm for 20 minutes. The protein determination 

and evaluation of proteolytic activities were carried out. 

Samples were applied to the Sephadex- DEAE column (G50 10x80mm) for the purification of 

proteins. The column was equilibrated with 0.1M Tri-HCl buffer pH 8.0 and eluted with NaCl at 

22°C at concentrations of 0.1 M, 0.2 M and 0.3 M buffer in which the column was equilibrated. The 

flows used of 0.5 ml / min, the absorbance monitored at 280 nm and the eluate with gradient was 

collected in 1 ml fractions. The fractions were collected, pooled and concentrated. The protein 

determination and proteolytic and collagenolytic activities were checked. 

2.6.SDS-PAGE 

Sodium dodecyl sulfate–polyacrylamide gel electrophoresis was carried out according to Laemmli 

(1970)[20] using a 12,5% crosslinked polyacrylamide gel. Silver staining was performed to visualize 

the protein bands. Molecular weights are estimated by using the protein standards: bovine serum 

albumin (66.0 kDa), ovalbumin (45.0 kDa), glyceraldehyde 3-phosphate dehydrogenase (36.0 kDa), 

carbonic anhydrase (29.0 kDa), trypsinogen (24.0 kDa), soybean trypsin inhibitor (20.1 kDa) and 

lactalbumin (14.2 kDa). 

2.7.Partial Characterization 

2.7.1. Temperature Stability 

The purified samples were subjected to temperatures of 50-80 ° C for 30 minutes, followed by the 

dosage of the activities performed, with subsequent determination of collagenolytic activity. 

2.7.2. Effects of temperature on collagenolytic activity 

The collagenolytic protease activity was assayed under at different temperatures between 30 - 80 °C 

for 60 minutes. 

2.7.3. Effects of pH on collagenolytic activity 
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To determine the optimum pH of the reaction with protease with collagenolytic, the pH of the reaction 

mixture containing 5 mg/mL Azocoll was varied in the range 5.0-9.0. The buffers used were 0.1 M 

sodium acetate buffer (pH 5–6), 0.1 M Tris–HCl (pH 7–9).  

2.7.4. Effect of Metal Ions  

The purified enzyme was added to 10 mM of salt solution containing the divalent ions (Fe+2, Mg+2, 

Ca+2, Zn+2) for 60 minutos at 37 ° C, with subsequent measurement of collagenolytic activity. 

2.7.5. Effect of Inhibitors 

The purified collagenase was incubated with each reagent at room temperature for 60 min in 10 mM 

Tris-HCl buffer (pH 7,2) and collagenase activity was assayed as described above. 

Phenylmethanesulphonyl fluoride (PMSF), SDS, beta-mercaptoethanol, Pepstatin A  were used in 

this experiment as protease inhibitors. The residual activities were determined as a percentage of the 

activity in control sample. The influence of different metal ions on collagenase activity at 10 mM 

final concentration were also determined using native collagen as substrate, as described above for 

protease inhibitors. 

2.8.Effect of the Ultrasonic frequency 

The purified collagenase was submitted for a ultrasonic frequency (40 Hz) in room temperature 

during a different times and the and collagenase activity was assayed as described above. 

 

 

3. Results and Discussion  

The crude extract containing the active protease enzyme with a specific protease activity of 396.81U 

mg/ml. In the first purification step by protein precipitation using acetone,was obtained 

approximately 64.31% of the protease and the 11.41 times fold purified. 
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The protease precipitated with acetona was passed through by ion exchange chromatography 

Sephadex- DEAE. Although this fraction contained different proteins with different molecular 

weights, three peaks P1, P2 and P3( Figure 01), which were eluted with 0.1 M NaCl, 0.2 M and 0.3 

M, showed specific protease activity partly purified with 68.175,18U/mg protein, 155.513,20U/mg 

protein, 3.496,97U/mg protein and 17.17%, 3.91% and 0.88% of yield, respectively. The partially 

purified collagenolytic specific activity obtained was 31.094,89U/mg protein , 12.140,76U / mg 

protein 2.461,33U / mg protein and 17.17%, 3.91% and 0.88% yield, respectively (Table 1). 

The figures presented show that P1 obtained a higher activity both protease and collagenolytic. 

Identifying the concentration gradient of 0.1M NaCl for this protease is optimal for the enzyme eluted 

with a smaller amount of contaminants and higher purity. 

Higher activity found by Petrova et al., [19] which used the Streptomyces sp. Strain 3B to produce 

protease with collagenolytic activity by successive filtration processes (precipitation, 

chromatography and ion exchange and affinity), obtained a specific collagenolytic activity of 3600U 

/ mg protein. 

The fractions obtained from the DEAE-Sephadex column were subjected to electrophoresis, could be 

observed in the fraction eluted with 0.1 M NaCl two bands with the molecular weight with 

approximate 20 Kda and 45,0 kda(Figure 2). 

The presence of this two band on the P1, we could observe the partial purification of the protease 

with collagenolytic activity using just a ionic chromatography column. 

Asker et al.,[21] showed in their paper two fractions purified proteases with weight of 25 KDa and 

28 KDa from Bacillus megaterium with recovery of 30.54% and 11.00% after precipitation with 

ammonium sulfate, and Sephadex-DEAE column and Sephadex G -200. 

Waghmare et al.,[22] was purified alkaline protease from Stenotrophomonas maltophilia strain SK 

by precipitation with ammonium sulfate and ion exchange chromatography on DEAE-cellulose 
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column was obtained 22,22U/mg specific protease activity, exhibit less activity that obtained by the 

purification of the produced protease by Actinomadura sp. of  68175,18U/mg. 
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Figure 1- Chromatography profile of the elution with NaCl with different concentration of protease with collagenolytic activity using  the column 

Sephadex- DEAE . P1(  ). Elution with 0.1M NaCl. P2.( ) Elution with 0.2M NaCl. P3.( ) Elution with 0.3M NaCl. 
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Table 2 Purification of protease with collagenolytic activity from Actinomadura sp. 

 

 

Protein 

(mg/ml) 

Total activity (U) 

Specific activity  

(U/mg protein) 

Purification fold 

Yield  

(%) 

Protease Collagenase Protease Collagenase Protease Collagenase Protease Collagenase 

Crude extract 0,060 236,67 189,00 3969,81 3170,25 1,00 1,00 100 100 

P0 0,011 507,33 358,00 45297,62 31964,29 11,41 10,08 64,31 56,82 

P1 0,002 155,67 71,00 68175,18 31094,89 17,17 9,81 0,66 0,37 

P2 0,011 176,33 138,00 15513,20 12140,76 3,91 3,83 0,75 0,73 

P3 
0,025 

86,67 61,00 3496,97 2461,33 0,88 0,78 0,37 0,32 
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Figura 2 - SDS–PAGE analysis of purified protease. The eluted of protease from Actinomadura sp. 

using Sephadex- DEAE with different NaCl concentration. Lane 1: molecular weight markers, Lane 

2: Sephadex- DEAE eluted with the 0.1M NaCl, Lane 3: Sephadex- DEAE eluted with the 0.2M 

NaCl, Lane 4: Sephadex- DEAE eluted with the 0,3M NaCl. 

 

The partial characterization of effects of pH ,temperature stability, optimum temperature, metal ions 

, inhibiotors and ultrasonic frequency was realized using the P1 fraction. 

The protease with collagenolytic activity showed maximum relative collagenolytic activity  at pH 7.0 

and 8.0 (Figure 2). 

As observed by Harris et al. [23] the structure of the triple helical conformation of collagen when 

submitted to acid and basic pHs, the structure is significantly altered compared to the native structure. 

This modification may become unable the active site of the protease and as a consequence the 

decrease of activity on pH in acid and base. 

The optimum pH range corroborates those submitted  Lima et al., [24] and Lima et al., [25] with 

bacterial and fungal collagenase.  
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 Figure 3- Effects of pH on the relative activitiy of collagenase from Actinomadura sp. after 

purification with Sephadex-DEAE column. 

 

The maximum activity on the effect of temperature was obtained with the 50 ° C (Figure 3). The 

increase of the reaction temperature changes the solubility of collagen molecules and may expose 

new active site for the protease. The higher the temperature, the greater the unfolding of the protein, 

so that the foregoing become inaccessible sites hydrolysis, decreasing the collagenolytic activity. 

The same temperature as described by Lima et al. [24]  with collagenase from Bacillus 

stearothermophillus.

 

Figure 3 - Effects of temperature and temperature stability on the relative activity of collagenase from 

Actinomadura sp. after purification with Sephadex-DEAE column. 
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It has been observed more than 40% relative activity in the 40-70 ° C range in this work. George et 

al. [26] was purified alkaline protease from Vibrio metschnikovii NG 155, which had more than 40% 

of the activity at the temperature of 30-70 ° C, however the maximal activity at pH 9-10 range, 

superior from that observed work.  

As may be observed in Figure 4, the enzyme has no stability at temperatures above 40°C. This effect 

can be explained so that the temperature rise above 40 ° C there is probably the unfolding of the 

protease. After removal of the temperature, the enzyme is not able to return the shaping appropriately, 

decreasing or losing activity. 

Was observed in collagenolytic enzyme purified latex fig (Ficus carica var. Brown Turkey) which 

has a high stability enzyme as a function of temperature [27]. 

 In the assay with effect of metal ions, was observed the ions calcium and potassium showed slight 

decrease in control activity, magnesium ion showed a significant decrease, as well as the zinc ion ( 

table 2).  

The works of Petrova et al.,[16,28] zinc showed an inhibition of maximum activity, but the calcium 

and magnesium ions, have not suffered such inhibition.  

The assay of the inhibitory effect on the activity (Table 2), the inhibitors observed β-mercaptoethanol 

and PMSF showed inhibition. The β-mercaptoethanol is a reactant capable of breaking the disulfide 

binding present in the enzyme, irreversibly denaturing. The PMSF is also an irreversible inhibitor of 

the serine residue acting protein serving as serine proteases identifier. Wu et al.[29] Also observed a 

decrease in collagenase activity by β-mercaptoethanol. And Roy et al.[30] described serine protease 

collagenase was strongly inhibited by PMSF. 

The SDS and Pepstatin A are reagents whose ability to change the protein conformation, the change 

in conformation of the protease when in contact with the reagent, increased collagen degradation by 

the enzyme capacity. 
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Table 2 - Effect of metal ions and inhibitors on activity of collagenase from Actinomadura sp. 

Inhibitor and 

Metal Ions 

Concentration mmol/L 

Residual collagenase 

activity (%) 

PMSF 10 77,61 

Beta Mercaptoetanol 10 79,64 

SDS 1 113,83 

Pepstatina 10 134,59 

CaCl 10 95,79 

KCl 10 94,70 

ZnCl 10 35,00 

MgSO4 10 79,24 

 

 

Figure 4- Effects of sonication (40Hz) on the increase activity of collagenase from Actinomadura sp. 

after purification with Sephadex-DEAE column. 

 

It was observed that the enzyme upon being subjected to the effect of the Ultrasonic frequency, the 

activity increased, reaching more than 100% increase, with no decrease in exposure of 30 

minutes.(Figure 4).  
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Due to the purification process is partial and extracellular bacterial source, some contaminants are 

still present in P1. The effect of interference from contaminants in collagenolytic activity is the 

protease called quenching effect. While undergoing the frequency of ultrasound, the "shaking" of the 

molecules leads to a separation of protease impurities increasing the collagenolytic activity. 

As opposed to what was observed by Zhou et al., [31] which there was an increase in the first 20 

minutes on the enzyme activity Neutrase, with subsequent loss of the activity.  

 

4. Conclusion 

This article describes a strategy to extract and partially purify the protease with collagenolytic activity 

of crude extract from Actinomadura sp. Due existed a few works about this microorganism produced 

a protease with collagenolytic activity. The purified protease has higher specific collagenolytic 

activity found in the literature, using just a one-step purification. Collagen hydrolysis results 

suggested that the Actinomadura sp. could be used to produce collagen peptides with biological 

activity potential industrial and medical interest. 
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NORMAS DA REVISTA 

GUIDE FOR AUTHORS . 

 

 Main points of the Guide for Authors  

The text must be double spaced. The lines and pages must be numbered. Highlights: Use short and 

very concise sentences. Not more than one line per item of highlight is recommended. Generally 3-5 

items of highlight are acceptable. Two parts "Results" and "Discussion" which could be merged into 

one part "Results and discussion". Reproducibility data are required. Illustrations must have high 

quality of resolution. Reference list must be written as indicated in the PRBI GfA Legends must be 

detailed as indicated in the PRBI GfA All the legends must be gathered on specific pages placed after 

the text and before the Tables and Figures Five referees of international standing should be suggested, 

either whose work is cited in the submitted work or who have been working on the topic(s). Language 

should be carefully checked by one English Language Editing Service (or at least by a professional 

colleague whose technical English is fluent).  

INTRODUCTION  

Process Biochemistry is an application-orientated research journal devoted to reporting advances with 

originality and novelty, in the science and technology of the processes involving bioactive molecules 

and living organisms. These processes concern the production of useful metabolites or materials, or 

the removal of toxic compounds using tools and methods of current biology and engineering. Its main 

areas of interest include novel bioprocesses and enabling technologies (such as nanobiotechnology, 

tissue engineering, directed evolution, metabolic engineering, systems biology, and synthetic 

biology) applicable in food (nutraceutical), healthcare (medical, pharmaceutical, cosmetic), energy 

(biofuels), environmental, and biorefinery industries and their underlying biological and engineering 

principles. 

 Main topics covered include, with most of possible aspects and domains of application: cell culture 

and fermentation, biochemical and bioreactor engineering; biotechnology processes and their life 

science aspects; biocatalysis, enzyme engineering and biotransformation; and downstream 

processing. 

 Manuscripts and data using response surface methodology (RSM) which are mainly descriptive, 

without any physiological or systemic explanation or correlations are not suitable for submission to 

the journal. 
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Types of paper 

 Process Biochemistry accepts three types of manuscripts: Full length articles, Short communications 

and Reviews. 

 Full length articles (FLA) should not generally exceed 25 double-spaced pages of text (not including 

the references) and should not contain more than 15 figures and/or tables. 

Short communications (SCO) should not exceed 10 double-spaced pages of text (not including the 

references) and no more than 5 figures and/or tables. 

Reviews (REV) should not generally exceed 20 double-spaced pages of text (not including the 

references) and should not contain more than 10 figures and/or tables.  

Accelerated publications can sometimes be taken into consideration. The authors should clearly 

explain their request for accelerated handling in the cover letter.  

BEFORE YOU BEGIN 

Ethics in publishing 

For information on Ethics in publishing and Ethical guidelines for journal publication see 

http://www.elsevier.com/publishingethics and http://www.elsevier.com/journal-authors/ethics. 

Human and animal rights If the work involves the use of animal or human subjects, the author should 

ensure that the work described has been carried out in accordance with The Code of Ethics of the 

World Medical Association (Declaration of Helsinki) for experiments involving humans 

http://www.wma.net/en/30publications/10policies/b3/index.html; EU Directive 2010/63/EU for 

animal experiments http://ec.europa.eu/environment/chemicals/lab_animals/legislation_en.htm; 

Uniform Requirements for manuscripts submitted to Biomedical journals http://www.icmje.org. 

Authors should include a statement in the manuscript that informed consent was obtained for 

experimentation with human subjects. The privacy rights of human subjects must always be observed. 

Conflict of interest 

All authors are requested to disclose any actual or potential conflict of interest including any financial, 

personal or other relationships with other people or organizations within three years of beginning the 

submitted work that could inappropriately influence, or be perceived to influence, their work. See 

also http://www.elsevier.com/conflictsofinterest. Further information and an example of a Conflict 

of Interest form can be found at: http://help.elsevier.com/app/answers/detail/a_id/286/p/7923. 

 

Submission declaration and verification 

http://www.elsevier.com/journal-authors/ethics
http://help.elsevier.com/app/answers/detail/a_id/286/p/7923
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Submission of an article implies that the work described has not been published previously (except 

in the form of an abstract or as part of a published lecture or academic thesis or as an electronic 

preprint, see http://www.elsevier.com/postingpolicy), that it is not under consideration for publication 

elsewhere, that its publication is approved by all authors and tacitly or explicitly by the responsible 

authorities where the work was carried out, and that, if accepted, it will not be published elsewhere 

in the same form, in English or in any other language, including electronically without the written 

consent of the copyright-holder. To verify originality, your article may be checked by the originality 

detection service CrossCheck http://www.elsevier.com/editors/plagdetect. 

Contributors 

 Each author is required to declare his or her individual contribution to the article: all authors must 

have materially participated in the research and/or article preparation, so roles for all authors should 

be described. The statement that all authors have approved the final article should be true and included 

in the disclosure. 

Changes to authorship  

This policy concerns the addition, deletion, or rearrangement of author names in the authorship of 

accepted manuscripts: 

Before the accepted manuscript is published in an online issue: Requests to add or remove an author, 

or to rearrange the author names, must be sent to the Journal Manager from the corresponding author 

of the accepted manuscript and must include: (a) the reason the name should be added or removed, 

or the author names rearranged and (b) written confirmation (e-mail, fax, letter) from all authors that 

they agree with the addition, removal or rearrangement. In the case of addition or removal of authors, 

this includes confirmation from the author being added or removed. Requests that are not sent by the 

corresponding author will be forwarded by the Journal Manager to the corresponding author, who 

must follow the procedure as described above. Note that: (1) Journal Managers will inform the Journal  

Editors of any such requests and (2) publication of the accepted manuscript in an online issue is 

suspended until authorship has been agreed.  

After the accepted manuscript is published in an online issue: Any requests to add, delete, or rearrange 

author names in an article published in an online issue will follow the same policies as noted above 

and result in a corrigendum. 

 

Copyright  

http://www.elsevier.com/editors/plagdetect
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This journal offers authors a choice in publishing their research: Open access and Subscription. 

For subscription articles 

Upon acceptance of an article, authors will be asked to complete a 'Journal Publishing Agreement' 

(for more information on this and copyright, see http://www.elsevier.com/copyright). An e-mail will 

be sent to the corresponding author confirming receipt of the manuscript together with a 'Journal 

Publishing Agreement' form or a link to the online version of this agreement. Subscribers may 

reproduce tables of contents or prepare lists of articles including abstracts for internal circulation 

within their institutions. Permission of the Publisher is required for resale or distribution outside the 

institution and for all other derivative works, including compilations and translations (please consult 

http://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. 

 

Funding body agreements and policies  

http://www.elsevier.com/openaccesslicenses
http://www.elsevier.com/journal-authors/author-rights-and-responsibilities
http://www.elsevier.com/journal-authors/author-rights-and-responsibilities
http://www.elsevier.com/OAauthoragreement
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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 visit http://www.elsevier.com/fundingbodies. 

US National Institutes of Health (NIH) voluntary posting (" Public Access") policy: Elsevier 

facilitates author posting in connection with the voluntary posting request of the NIH (referred to as 

the NIH "Public Access Policy", see http://www.nih.gov/about/publicaccess/index.htm) by posting 

the peer- reviewed author's manuscript directly to PubMed Central on request from the author, after 

formal publication. Upon notification from Elsevier of acceptance, we will ask you to confirm via e-

mail (by e-mailing us at NIHauthorrequest@elsevier.com) that your work has received NIH funding 

(with the NIH award number, as well as the name and e-mail address of the Prime Investigator) and 

that you intend to respond to the NIH request. Upon such confirmation, Elsevier will submit to 

PubMed Central on your behalf a version of your manuscript that will include peer-review comments, 

for posting 12 months after the formal publication date. This will ensure that you will have responded 

fully to the NIH request policy. There will be no need for you to post your manuscript directly to 

PubMed Central, and any such posting is prohibited. Individual modifications to this general policy 

may apply to some Elsevier journals and its society publishing partners. 

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 

http://www.elsevier.com/fundingbodies
http://www.elsevier.com/access
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translation), to include in a collective work (such as an anthology), 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 open access 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  

Our online submission system guides you stepwise through the process of entering your article details 

and uploading your files. The system converts your article files to a single PDF file used in the peer-

review process. Editable files (e.g., Word, LaTeX) are required to typeset your article for final 

publication. All correspondence, including notification of the Editor's decision and requests for 

revision, is sent by e-mail. 

http://www.elsevier.com/openaccesspricing
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A cover letter should be submitted on-line by the authors together with the manuscript, which includes 

the following points: 1) all authors agree to submit the work to Process Biochemistry, 2) the work 

has not been published/submitted or being submitted to another journal, 3) the novelty and significant 

contribution of the submitted work are briefly described. 

In their on-line submission, authors are required to suggest at least three independent referees (and 

preferably up to five, outside their own institution) with their position, institution, and email address; 

and preferably the suggested referees are of international standing and are working on the same or 

similar topics. The final choice of referees is up to the Editors. All submissions will be reviewed by 

at least two referees. But, manuscripts will be pre-screened for suitability and may be returned to the 

authors without peer review if they do not meet the criteria for originality and novelty or cause 

misunderstanding. 

When a manuscript is rejected by an editor, generally it should not be resubmitted in its original 

version, but may be resubmitted after substantial modifications and/or addition of significant 

experimental data. It is up to the discretion of the editors to reconsider such resubmitted manuscripts 

as new submissions. Please include a letter of transmittal explaining why a resubmitted manuscript 

should be reconsidered by the editors, a detailed response to the issues raised by the editors/reviewers 

and the editor for the original version, and a concise outline of the revisions. Any corresponding 

author or co-author of one manuscript which has been rejected (without resubmission encouragement) 

must not resubmit a similar manuscript. If so, these authors will have a punishment of two years of 

prohibition to submit. 

It is highly recommended to validate the pertinent and main data of the manuscripts by reproducibility 

assays, that is to say, to give in the corresponding (parts of the) Tables their mean values and standard 

deviations, and in the corresponding (parts of the) Figures their error bars. These data should be then 

obtained with a minimum of triplicate assays. 

Moreover the authors must give a list of all related manuscripts/papers, whether in submission or in 

press. 

PREPARATION 

Use of word processing software 

It is important that the file be saved in the native format of the word processor used. The text should 

be in single-column format. Keep the layout of the text as simple as possible. Most formatting codes 

will be removed and replaced on processing the article. In particular, do not use the word processor's 

options to justify text or to hyphenate words. However, do use bold face, italics, subscripts, 

superscripts etc. When preparing tables, if you are using a table grid, use only one grid for each 



 

50 

 

individual table and not a grid for each row. If no grid is used, use tabs, not spaces, to align columns. 

The electronic text should be prepared in a way very similar to that of conventional manuscripts (see 

also the Guide to Publishing with Elsevier: http://www.elsevier.com/guidepublication). Note that 

source files of figures, tables and text graphics will be required whether or not you embed your figures 

in the text. See also the section on Electronic artwork. To avoid unnecessary errors you are strongly 

advised to use the 'spell-check' and 'grammar-check' functions of your word processor. 

Article Structure  

The texts should be double-spaced with all lines numbered and be as concise as possible. All 

manuscripts must be submitted in the following format: Title page; second page contains the Abstract 

and keywords; subsequent pages include the Introduction, Materials and methods, Results, 

Discussion, Acknowledgement(s), References, Figure legends, Tables, and Figures. Figure legends 

should be gathered on a separate page(s), followed by Tables and Figures with a separate page for 

each one. For experimental design results, as they are scientifically not usable, 3D figures are 

generally discouraged. Indicate then only the pertinent data in 2D diagrams. Page numeration starts 

from the first page. The Results and Discussion sections may be combined but should be thorough in 

the discussion about the novelty and impact of the submitted work. Articles without sufficient 

discussion will be systematically rejected. Legends for tables and figures should be complete and 

concise: one figure or one table should be perfectly understandable with its own legend, and 

incomplete legends will not be accepted. It is recommended to use a concise and short title, followed 

by another sentence(s) including specific details. 

Introduction 

 Should be concise in the related background description and lead to the objectives and novelty of the 

work. 

Material and Methods 

 Provide sufficient details to allow the work to be reproduced, including the information about 

suppliers and catalogue numbers when appropriate. Methods already published should be indicated 

by a reference: only relevant modifications should be described. 

Results and discussion  
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These two parts can be separated as "Results" and "Discussion" or combined into one section. The 

discussion about each major point of the results is very important, and should not repeat the 

experimental results; generally citation of related references is necessary. 

Conclusions  

This section is not obligatory and can exist as a short paragraph at the end of "Results and Discussion" 

section. When it exists as a section, it should be short and concise but should not repeat the Abstract. 

Generally the Conclusion does not cite references, and it is different from the discussion. 

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 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  

Word limits : 100-150 words for Short Communications and 150-200 words for Full Length Articles 

and Reviews. Provide a brief background of the research and a description of the results without 

extensive experimental detail. Summarize the significance of the findings. Do not include reference 

citations. Avoid uncommon abbreviations. 

Graphical abstract  



 

52 

 

A Graphical abstract is mandatory for research papers (FLA and SCO), but not for Review articles. 

It should summarize the contents of the article in a concise, pictorial form designed to capture the 

attention of a wide readership. A graphical abstract should be submitted as a separate file in the online 

submission system. Image size: please provide an image with a minimum of 531 × 1328 pixels (h × 

w) or proportionally more. The image should be readable at a size of 5 × 13 cm using a regular screen 

resolution of 96 dpi. Preferred file types: TIFF, EPS, PDF or MS Office files. See 

http://www.elsevier.com/graphicalabstracts for examples. 

Authors can make use of Elsevier's Illustration and Enhancement service to ensure the best 

presentation of their images and in accordance with all technical requirements: Illustration Service. 

Highlights 

 Three to five highlights are required. Each highlight can be a maximum of 85 characters, including 

spaces. Convey the core findings to give an overview of the article. Submit as a separate source file 

in EES; e.g., Word .doc (NOT a .PDF) See http://www.elsevier.com/highlights for examples. 

Keywords  

Immediately after the abstract, provide a maximum of 6 keywords, using American spelling and 

avoiding general and plural terms and multiple concepts (avoid, for example, 'and', 'of'). Be sparing 

with abbreviations: only abbreviations firmly established in the field may be eligible. These keywords 

will be used for indexing purposes. 

Abbreviations  

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. 

Nomenclature and Units 

 The SI system should be used for all scientific and laboratory data: if, in certain instances, it is 

necessary to quote other units, these should be added in parentheses. Temperatures should be given 

in degrees Celsius. The unit 'billion': 109 in America (ten to the power 9), and 1012 in Europe (ten to 

the power 12), is ambiguous and should not be used. 

Database linking  
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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. 

Footnotes  

Footnotes should be avoided especially if they contain information which could equally well be 

included in the text. The use of proprietary names should be avoided. Papers essentially of an 

advertising nature will not be accepted. 

Artwork 

Electronic artwork  

General points  

• 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.  

http://www.elsevier.com/artworkinstructions
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TIFF (or JPEG): Bitmapped (pure black & 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. 

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 online (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 online only. For further information on the preparation of 

electronic artwork, please see http://www.elsevier.com/artworkinstructions.  

Please note: Because of technical complications that 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. 

References  

References should be cited at the appropriate point in the text by a number in square brackets. A list 

of references, in numerical order, should appear at the end of the paper. All references in this list 

should be indicated at some point in the text and vice versa. Unpublished data or private 

communications AND WEBSITE ADDRESSES should not appear in the list. Examples of layout of 

references are given below. 

[1] Hsieh C, Hsu TH, Yang FC. Production of polysaccharides of Ganoderma lucidum (CCRC36021) 

by reusing thin stillage. Process Biochem 2005;40:909-916. 

[2] Stephanopoulos GN, Aristidou AA, Nielsen JE. Metabolic engineering: principles and 

methodologies. New York: Academic Press; 1998. p. 494 

http://www.elsevier.com/artworkinstructions
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[3] Zhong JJ, Yoshida T. Rheological chracteristics of suspended cultures of Perilla frutescens and 

their implications in bioreactor operation for anthocyanin production. In: Ryu DDY, Furusaki S 

editors. Advances in Plant Biotechnology. Amsterdam: Elsevier Science; 1994. p. 255-279. 

[4] Lima R, Salcedo, RL. An optimized strategy for equation-oriented global optimization. In: 

Grievink J, Schijndel JV. editors. 10th European Symposium on Computer Aided Chemical 

Engineering. New York: Academic Press; 2002. p. 913-918. 

[5] Curtin CD. Towards molecular bioprocessing as a tool to enhance production of anthocyanins in 

Vitis vinifera L. cell suspension culture. Australia: Flinders University; Ph.D. thesis; 2004. p.250. 

[6] Snow-Brand-Milk-Prod. Lysozyme purification by affinity chromatorgraphy on crosslink 

chitosan sulfate. Jpn. Patent. JP 05260-966. 92.03.24. 

[7] Enfors SO, editor. Physiological stress responses in bioprocesses. Advances in Biochemical 

Engineering/Biotechnology. vol. 89. Berlin: Springer; 2004. p. 244. 

[8] Schweder T, Hecker M. Monitoring of stress response, In: Enfors SO, editor. Physiological stress 

responses in bioprocesses. Advances in Biochemical Engineering/Biotechnology vol. 89. Berlin: 

Springer; 2004. p. 47-71. 

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. 

References in a special issue  

Please ensure that the words 'this issue' are added to any references in the list (and any citations in the 

text) to other articles in the same Special Issue. 

Reference management software  



 

56 

 

This journal has standard templates available in key reference management packages EndNote 

(http://www.endnote.com/support/enstyles.asp) and Reference Manager 

(http://refman.com/support/rmstyles.asp). Using plug-ins to wordprocessing packages, authors only 

need to select the appropriate journal template when preparing their article and the list of references 

and citations to these will be formatted according to the journal style which is described below. 

Video data  

Elsevier accepts video material and animation sequences to support and enhance your scientific 

research. Authors who have video or animation files that they wish to submit with their article are 

strongly encouraged to include links to these within the body of the article. This can be done in the 

same way as a figure or table by referring to the video or animation content and noting in the body 

text where it should be placed. All submitted files should be properly labeled so that they directly 

relate to the video file's content. In order to ensure that your video or animation material is directly 

usable, please provide the files in one of our recommended file formats with a preferred maximum 

size of 50 MB. Video and animation files supplied will be published online in the electronic version 

of your article in Elsevier Web products, including ScienceDirect: http://www.sciencedirect.com. 

Please supply 'stills' with your files: you can choose any frame from the video or animation or make 

a separate image. These will be used instead of standard icons and will personalize the link to your 

video data. For more detailed instructions please visit our video instruction pages at 

http://www.elsevier.com/artworkinstructions. Note: since video and animation cannot be embedded 

in the print version of the journal, please provide text for both the electronic and the print version for 

the portions of the article that refer to this content. 

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 



 

57 

 

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. 

Supplementary material captions  

Each supplementary material file should have a short caption which will be placed at the bottom of 

the article, where it can assist the reader and also be used by search engines. 

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: 

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 

Internet) Printed version of figures (if applicable) in color or black-and-white  

• Indicate clearly whether or not color or black-and-white in print is required.  

• For reproduction in black-and-white, please supply black-and-white versions of the figures for 

printing purposes. For any further information please visit our customer support site at 

http://support.elsevier.com 

 

AFTER ACCEPTANCE 

http://www.elsevier.com/artworkinstructions
http://support.elsevier.com/
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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 DOI (in URL format; here an article in 

the journal Physics Letters B): http://dx.doi.org/10.1016/j.physletb.2010.09.059 When you use a DOI 

to create links to documents on the web, the DOIs are guaranteed never to change. 

Online proof correction  

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

annotation and correction of proofs online. The environment is similar to MS Word: in addition to 

editing text, you can also comment on figures/tables and answer questions from the Copy Editor. 

Web-based proofing provides a faster and less error-prone process by allowing you to directly type 

your corrections, eliminating the potential introduction of errors. If preferred, you can still choose to 

annotate and upload your edits on the PDF version. All instructions for proofing will be given in the 

e-mail we send to authors, including alternative methods to the online version and PDF. We will do 

everything possible to get your article published quickly and accurately. Please use this proof only 

for checking the typesetting, editing, completeness and correctness of the text, tables and figures. 

Significant changes to the article as accepted for publication will only be considered at this stage with 

permission from the Editor.It is important to ensure that all corrections are sent back to us in one 

communication. Please check carefully before replying, as inclusion of any subsequent corrections 

cannot be guaranteed. Proofreading is solely your responsibility. 

Offprints  

The corresponding author, at no cost, will be provided with a personalized link providing 50 days 

free access to the final published version of the article on ScienceDirect. This link can also be used 

for sharing via email and social networks. For an extra charge, paper offprints can be ordered via the 

offprint order form which is sent once the article is accepted for publication. Both corresponding and 

co-authors may order offprints at any time via Elsevier's  

WebShop (http://webshop.elsevier.com/myarticleservices/offprints). Authors requiring printed 

copies of multiple articles may use Elsevier WebShop's 'Create Your Own Book' service to collate 

multiple articles within a single cover (http://webshop.elsevier.com/myarticleservices/booklets). 

AUTHOR INQUIRIES 

http://webshop.elsevier.com/myarticleservices/booklets
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You can track your submitted article at http://help.elsevier.com/app/answers/detail/a_id/89/p/8045/. 

You can track your accepted article at http://www.elsevier.com/trackarticle. You are also welcome to 

contact Customer Support via http://support.elsevier.com. 


