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RESUMO

Colagenases sao enzimas proteoliticas capazes de degradarem diferentes tipos de
colageno e apresentam alta especificidade a estas moléculas. Dentre os varios
organismos capazes de produzirem estas enzimas, estao as leveduras. As colagenases
tém as mais variadas aplicagdes. Destacam-se as aplicagcdes na industria de farmacos,
onde sao utilizadas no tratamento de cicatrizes hipertroficas, na industria de cosméticos
(dermocosmeéticos), usadas no tratamento de acnes e rugas, e na industria alimenticia,
no amaciamento de carne. O presente trabalho objetivou a selegdo de espécies do
género Candida, produtoras de colagenase extracelular, a determinagdo das condi¢des
de cultivo para a producdo da enzima através de processo fermentativo e a
caracterizagdo bioquimica parcial da colagenase. Para isto, foram realizados
experimentos de fermentagdo com o auxilio de planejamentos estatisticos (fracionario-
252¢ completo-23) para a selecdo das melhores condi¢des de producido. No estudo de
selecao identificou-se que a espécie Candida albicans URM3622 apresentou maior
atividade colagenolitica qualitativa no meio agar-gelatina (halo = 25 mm), e quantitativa
(5,0 U/ml) utilizando azocoll como substrato. A analise dos dados do planejamento
estatistico fracionario (26'2) demonstrou que entre as variaveis estudadas (pH, tempo de
producao, velocidade de agitagcdo, temperatura, concentragbes do in6culo e do
substrato), a concentragdo do substrato (gelatina) e a velocidade de agitagao foram as
variaveis mais significativas para a produgdo da colagenase. Com base nestes
resultados foram executados dois planejamentos estatisticos completos (2°) sucessivos
nos quais foram estudados, a concentragdo do substrato, a velocidade de agitagao e o
pH. Estes planejamentos demonstraram que todas as variaveis foram significativas para
a producdo da enzima e que a producdo maxima foi obtida utilizando o pH 7,0, a
velocidade de agitagdo de 160 rpm e a concentragdo de substrato de 2%. Sob estas
condigbes foi obtida uma atividade colagenolitica de 6,7 £ 0,2 (U/ml). No estudo da
caracterizacdo parcial da enzima observou-se que a enzima apresentou o pH 8,2 como
otimo para a sua atividade e a temperatura 6tima de 45 °C. A colagenase mostrou-se
estavel aos valores de pH na faixa de 7,2 a 8,2 e a temperatura na faixa de 28 °C a 45
°C. Os resultados obtidos demonstram que a Candida albicans (URM3622), é uma
fonte viavel de colagenase, sendo assim a sua produgdo € de interesse para as
industrias farmacéutica, cosmética e alimenticia.

Palavras-chave: Colagenase, Candida albicans, Planejamento Estatistico,
Caracterizacao Parcial.
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ABSTRACT

Collagenases are proteolytic enzymes with capability for degradation of different types
of collagen and present high specificity for these molecules. Among the organisms that
are able to produce these enzymes are the yeasts. The collagenases are used in
several industrial applications pointing out in pharmaceutical industry, where they are
applied in hypertrophic scars treatment, in cosmetics, in the acne and wrinkle treatment,
and in the food industry as meat softening. The present work aimed the selection of
Candida species that produce extracellular collagenase, the determination of culture
conditions for enzyme production through a fermentative process and the partial
biochemical characterization of collagenase. In this way, were carried out fermentation
experiments using experimental statistical designs 26+ fractionary factorial and 23 full
factorial for the selection of the best conditions of production. In the study of selection it
was identified that Candida albicans URM- 3622 specie presented the best qualitative
collagenolytic activity in agar-gelatin medium (hallo = 25 mm), and quantitative activity
(5.0 U/ml) using azocoll as substrate. The analysis of 2°2 fractionary statistical design
data demonstrated from the studied variables pH, production time, orbital agitation
speed, temperature, inoculum size and substrate concentration, the substrate
concentration (gelatin) and the agitation speed were the variables more significant for
collagenase production. Based on these results two 23 full statistical design were run
successively in which were studied the substrate concentration, agitation speed and the
pH. These two 22 full statistical design showed to be the studied variables significant for
the enzyme production. The maximum production was found at pH 7.0 with an agitation
speed of 160 rpm and 2 % substrate concentration, where under these conditions it was
obtained a collagenolytic activity of 6.7 + 0.2 (U/ml). In the study of partial
characterization of enzyme, it was found the optimal pH of 8.2 for its activity and the
optimal temperature of 45 °C. The collagenase showed to be stable at pH range of 7.2 —
8.2 and at temperature range of 28 — 45 °C. These achieved results demonstrate that
Candida albicans (URM-3622) can be a viable source of collagenase and could be of
interest for pharmaceutical, cosmetic and food industries.

Key-words: Collagenase, Candida albicans, Experimental Statistical Designs, Partial
Characterization.
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1. INTRODUCAO

Colagenases séo enzimas proteoliticas capazes de degradar diferentes tipos de
colageno e que apresentam alta especificidade a estas moléculas (Ravanti & Kahaari,
2000). Estas enzimas sao capazes de hidrolisar o colageno em pH igual ou proximo ao
pH fisiolégico e podem ser obtidas de varios tecidos de origem animal, vegetal ou a
partir de microrganismos (Said & Pietro, 2002). Apéds a original demonstragcao da
atividade colagenolitica em culturas filtradas de certas espécies de Clostridium por
Mandl (1961), um grande numero de outras espécies microbianas, tais como as
leveduras, tém sido utilizadas para sintetizar enzimas que podem ser classificadas
como colagenases.

Leveduras sao fungos, predominantemente unicelulares, que se reproduzem
sexuada e assexuadamente por brotamento, fissdo ou cissiparidade.
Microscopicamente possuem formas variadas: pseudomicélio, blastosporos, artrosporos
e micélio verdadeiro. Macroscopicamente apresentam-se como col6nias brilhantes ou
opacas, de textura glabra ou membranosa, consisténcia cremosa, com ou sem
pigmentacao e n&o formam hifas aéreas (Lacaz et al, 2002).

Dentre as leveduras que apresentam grande capacidade de produzir enzimas
proteoliticas, podem ser citadas: Bullera, Candida, Cryptococcus, Debaryomyces,
Endomycopsis, Hanseniaspora, Hansenula, Kloeckera, Kluyveromyces, Metschnikowia,
Nematospora, Pichia, Rhodosporidium, Rhodotorula, Saccharomyces,
Saccharomycopsis, Schwanniomyces, Sporodiobolus, Torulopsis, Trichosporon,
Yarrowia lipolytica. Dentre estas, o género Candida tem sido identificado como uma
fonte viavel para a obtencéo destas enzimas (Neves et al., 2006).

As colagenases de origem microbiana tém as mais variadas aplica¢des tanto no
ambito terapéutico como biotecnoldgico. Estas enzimas sdo encontradas na
composicdo de pomadas cicatrizantes, onde s&o utilizadas, no tratamento de
queimaduras e na remocgao de cicatrizes hipertroficas (Markovich, 2008). Sao
empregadas na industria de cosméticos e ainda nos protocolos de trabalho de diversas

areas de pesquisa cientifica (Domogatsky, 2006). Ainda, através das colagenases tém-
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se obtido ampla variedade de peptideos utilizados na industria de produtos dietéticos e
agentes imunoterapicos (Ravanti & Kahaari, 2000; Goshev et al., 2005).

Devido as inumeras aplicagbes terapéuticas e biotecnolégicas das colagenases,
a pesquisa de novos microrganismos produtores desta enzima tem crescido nos ultimos
anos, pois o alto custo da colagenase comercializada dificulta a sua utilizagdo na
composicdo de medicamentos e na area biotecnoldgica. Por este motivo, torna-se
necessario disponibilizar novas colagenases ao mercado de enzimas. Neste contexto,
as colagenases produzidas por Candida representam uma fonte alternativa destas
enzimas a serem utilizadas, considerando-se a possibilidade da sua obtencdo a baixo

custo.
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2. REVISAO DA LITERATURA

2.1. Potencial industrial das enzimas

A crescente necessidade da substituicdo da catalise pela biocatalise tem
impulsionado um aumento significativo no consumo de enzimas a nivel internacional. A
tecnologia enzimatica vem sendo utilizada em diversos setores industriais em
processos tradicionais da industria de alimentos, farmacéutica e da industria de quimica
fina. A implementagcdo da tecnologia enzimatica resulta em produtos de maior
qualidade, obtidos por processos com menor consumo energético e de menor impacto
ambiental. O mercado mundial de enzimas industriais é estimado em US$ 2,3 bilhdes,
correspondendo a aproximadamente 60% do mercado total de enzimas e tende a
crescer a uma taxa de 5,7% ao ano (www.im.ufrj.br, 2008).

Neste mercado, as proteases constituem o grupo mais importante entre as
enzimas industriais, sendo responsaveis por cerca de 60% do total das enzimas
comercializadas em todo mundo (Sana et al.,, 2006) para utilizagcdo nos setores
alimenticios (El-Beltagy et al., 2004), farmacéuticos (Tunga, 2003) e de detergentes
(Moreira, 2002).

2.2. Importancia das proteases produzidas por microrganismos

A incapacidade das enzimas de origem vegetal e animal em satisfazer a
demanda mundial tm aumentado o interesse por enzimas de origem microbiana. Estes
biocatalisadores sdo produzidos por processos de baixo custo e apresentam um
recurso renovavel, pois a biomassa resultante de determinados processos
fermentativos pode ser utilizada como fertilizante. A utilizagcdo destes biocatalisadores
tem crescido devido aos avangos no campo da microbiologia industrial, pelo fato da
producdo nao estar condicionada as questdes sazonais e geograficas e ainda pela
possibilidade do uso de matérias-primas pouco dispendiosas (Rodrigues & Santanna,
2001).
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Os microrganismos representam uma fonte atrativa de protease por poderem ser
cultivados em grandes quantidades, em um tempo relativamente curto, por métodos
estabelecidos de fermentacao. Além disto, as proteases microbianas tém uma vida mais
longa e podem ser armazenadas sob condigdes ideais por semanas, sem perda
significativa da sua atividade. Em geral, as proteases microbianas sao extracelulares,
secretadas diretamente no meio de cultura pelo produtor, simplificando assim o
processo de “dowstream” da enzima quando comparado com o processo daquelas
obtidas de plantas e animais. Apesar da diversidade de microrganismos produtores de
proteases, como bactérias, fungos e leveduras, somente alguns sdo considerados
como produtores apropriados para a exploragao comercial (Gupta et al., 2002).

A selecao de microrganismos e a otimizagdo da composigdo dos meios de
cultura possibilita a obtencao de elevados rendimentos de enzimas com propriedades e
especificidades bem determinadas (Rodrigues & Santanna, 2001). As fontes de
carbono e nitrogénio fazem parte da composigdo dos meios de cultura e sdo nutrientes
essenciais para o crescimento dos microrganismos. Cada microrganismo possui a sua
propria condicdo especial para a producdo enzimatica maxima, deste modo, nao existe
meio estabelecido para a melhor producdo de proteases de diferentes fontes
microbianas (Kumar & Takagi, 2000).

2.3. Classificacado das proteases

De acordo com o Comité Internacional de Nomenclatura “Unido de Bioquimica e
Biologia Molecular”, as proteases sao hidrolases classificadas no subgrupo 4, do grupo
3 (E. C. 3. 4). Estas enzimas tém classificagao diversificada, ndo obedecem facilmente
as regras da nomenclatura, devido a diversidade de acgédo e estrutura. Com base no
ponto de clivagem na cadeia polipeptidica as proteases ou peptidases sao
grosseiramente subdivididas em dois grupos: 1) Exoproteases, s&o aquelas que clivam
ligacdes peptidicas proximas as extremidades e; 2) Endoproteases, as que atuam nas
regides internas da cadeia polipeptidica (Monod et al. 2002).

De acordo com o grupo funcional presente no sitio catalitico, as endoproteases
podem ser classificadas como: serina proteases, cisteina proteases, asparticas
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proteases e metaloproteases; enquanto que as exoproteases sao divididas com base
no seu mecanismo de agdo em aminoproteases e carboxiproteases (Monod et al.,
2002).

As aminopeptidases atuam no terminal N livre da cadeia polipeptidica podendo
liberar um unico residuo de aminoacido (aminopeptidase), um dipeptideo (dipeptideo-
peptidases) ou um tripeptideo (tripeptideo-peptidases). As carboxopeptidases atuam no
terminal C da cadeia peptidica e liberam um uUnico aminoacido ou um dipeptideo.
Baseado na natureza do aminoacido, no sitio ativo da enzima, as carboxipeptidases
podem ser divididas em trés grupos principais: serina carboxipeptidases,
metalocarboxipeptidases e cisteina carboxipeptidase (Rao et al., 1998).

Ainda em relagao as endopeptidases, as serina proteases caracterizam-se pela
presenca do grupo serina no sitio ativo. Sdo numerosas e comumente encontradas em
virus, bactérias e eucarioticas, sugerindo que estas enzimas sejam de vital importancia
para os organismos (Rao et al., 1998).

As proteases asparticas, também conhecidas como proteases acidas, sao
endopeptidases que dependem do residuo acido aspartico para a realizacdo da
atividade catalitica (Rao et al., 1998).

As cisteina proteases sao produzidas tanto por eucariotas como por procariotas,
sendo reconhecidas cerca de 20 familias. A atividade de todas as cisteinas proteases
depende do centro catalitico que consistem na cisteina e histidina. Geralmente, as
cisteina proteases sao ativas apenas na presenga de agentes redutores como HCN
(Rao et al., 1998).

As metaloproteases tém os mais diversificados tipos cataliticos das proteases.
Sao caracterizadas pelo requerimento de ions bivalentes para que ocorra atividade.
Incluem enzimas de variadas origens como toxinas hemorragicas de cobras venenosas,

termolisina de bactérias e as colagenases (Rao et al., 1998).

2.4. Colagenases

Colagenases sao enzimas proteoliticas capazes de degradar tanto moléculas de
colageno nativo como desnaturado (Tran & Nagano, 2002). Em geral, outras proteases
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nao digerem a tripla hélice do colageno, essa degradagcédo s6 € possivel através da
acao de enzimas especificas que requerem ions bivalentes para o desenvolvimento da
sua atividade catalitica sendo, portanto, classificadas como metaloproteases (Goshev et
al., 2005).

As colagenases ou metaloproteases da matriz extracelular (MMPs) s&do as
principais proteases capazes de clivar a fibra do colageno nativo dos tipos I, Il, lll, V e

75 _11e”"® da cadeia a1

IX. O colageno tipo | é clivado especificamente no sitio entre Gly
e entre os residuos Gly’”® — Leu’’® da cadeia a2 pela MMP-1, MMP-8 e MMP-13. Estas
colagenases clivam a tripla hélice do colageno gerando dois fragmentos, o
tropocolageno A (TCA) e o tropocolageno B (TCB) (Duarte et al., 2005).

A atividade catalitica das colagenases frente as fibras de colageno difere quanto
a especificidade, por exemplo, MMP-1 prefere o colageno tipo Ill e MMP-8 prefere o
colageno tipo | (Overall & Lopez-Otin, 2002).

Existe um grande interesse na busca de colagenases de outras fontes que n&o a
animal, pois, esta possui a capacidade de clivar somente o colageno nativo, isto é, sdo
enzimas que clivam a cadeia helicoidal do colageno resultando em dois fragmentos
(Figura 1), acessiveis a poucas proteases especificas, o TCA (tropocolageno A) e o
TCB (tropocolageno B). Diferente das anteriores, as colagenases de microrganismos
possuem a capacidade de hidrolisar tanto o colageno nativo como o colageno
desnaturado. Tém afinidade por varios sitios ao longo da cadeia, representando assim,
uma fonte promissora para pesquisas e aplicagbes biotecnoldégicas (Jung & Winter,
1998).

Colagenases microbianas apresentam diferencas de acordo com o grupo de
microrganismos produtores e meios utilizados. A colagenase produzida pelo
Streptomyces sp., em meio contendo amido, apresentou pH o6timo de 7,5 e peso
molecular de 116 kDa (Petrova et al., 2006), a colagenase de Bacillus sp. produzida em
meio contendo gelatina, apresentou pH o6timo de 3,9 (Nahayama et al., 2000),
enquanto que uma enzima colagenolitica obtida em meio contendo colageno insoluvel,
por Bacillus subtilis, apresentou sua atividade maxima a pH 9,0, temperatura de 50°C e

peso molecular de 125 kDa (Nagano & To, 1999).
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MH; I COoH MH, CiO0oH
Mammalian | 20 Clostidial | 2
collagenase | Ca*t collagenase | Ca**
COOH  MH;
MH; :. COoH
TC, + TCg
LInspacific
proteases
Small peptides -
Small peptides

Figura 1. Acdo das colagenases de origem animal x colagenases de Clostridium sp. Fonte:
Jung & Winter, 1998.

Miyoshi & Shinoda (2000) descobriram duas metaloproteases produzidas por
Pseudomonas aeruginosa capazes de digerir componentes estruturais da célula do
hospedeiro o que acelera o processo de invasao da bactéria.

Rodier et al. (1999) purificaram e caracterizaram uma metaloprotease de 95 kDa
produzida por C. albicans capaz de degradar totalmente o colageno tipo IV e
parcialmente o colageno tipo |. Esta enzima foi ativa em pH 7,0, podendo facilitar o
acesso da levedura ao organismo apoOs atravessar as barreiras endoteliais e pode
portanto ser considerada um fator de patogenicidade da C. albicans.

Kaminshi et al. (1986) relataram a secregao de uma colagenase produzida por C.
albicans capaz de degradar o colageno do dente, e sugeriram que esta enzima deve
estar relacionada com a progresséo da carie dentaria. Observaram ainda que a mesma
nao apresentou atividade quando se adicionou ao meio reacional o acido
etilenodiaminotetracético (EDTA) demonstrando tratar-se de uma metaloprotease.

Outros autores também tém demonstrado a produgéo de enzimas colagenoliticas
por espécies do género Candida. Nishimura et al. (2001) identificaram em seu estudo
uma colagenase produzida por Candida albicans que ndo apresentou atividade na
presenca de EDTA. Costa et al. (2003) relataram a presenca de metaloproteases no

sobrenadante de cultura de Candida albicans capazes de degradar a gelatina. Santos &
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Soares (2005) identificaram uma enzima de 50 kDa produzida por Candida

guilliermondii que foi capaz de degradar colageno desnaturado.

2.4.1 Colageno

O colageno compde uma familia de proteinas fibrosas estruturais e insoluveis
presentes em todos os organismos multicelulares. E a principal proteina fibrosa da
matriz extracelular dos tecidos conectivos e pode ser encontrado na pele, nos 0ssos,
nos tenddes, nos dentes e vasos sanguineos. Além disto, a degradagao do colageno
esta envolvida em varias situagdes fisiolégicas e patoldgicas, como, por exemplo,
desenvolvimento 6sseo fetal, desenvolvimento embrional, reparacao de feridas, invasao
de tumores malignos, ulceracgdes intestinais, inflamagao crénica periodontal e artrite
reumatoide (Ravanti & Kahari, 2000).

A unidade estrutural basica do colageno € chamada de tropocolageno, o qual
possui uma massa molecular em torno de 285 kDa e é constituido de trés cadeias
polipeptidicas do mesmo tamanho, as quais variam de acordo com o tipo de colageno.
O colageno tipo | é o principal componente da matrix extracelular dos animais
vertebrados correspondendo a 30% do total de proteinas. A molécula do colageno tipo |
€ composta por duas cadeias polipeptidicas a;, com massa molecular de 100 kDa, e
uma cadeia polipeptidica o, com massa molecular de 95 kDa que sdo superenoveladas
umas com as outras (Duarte et al., 2005).

Devido a sua estrutura rigida, a degradagéo enzimatica do colageno é restrita a
um limitado numero de proteases e é obtida usando colagenases, uma classe de
proteinases altamente especificas para o colageno (Ravanti & Kahari, 2000).

O colageno e os seus peptideos sao interessantes biomateriais, e as aplicagdes
comerciais do colageno estdo crescendo em uma velocidade rapida. Por exemplo, o
colageno ¢é adicionado regularmente como ingrediente na preparagdo de
medicamentos, bebidas, alimentos, cosméticos e em uma variedade de produtos para a
saude (Watanabe, 2004). Varios trabalhos tém demonstrado que os produtos
resultantes da degradacdo proteolitica do colageno exibem uma variedade de

atividades de interesse medicinal e industrial. Podem servir como conservantes nao-
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alérgicos em medicamentos, ingredientes para alimentos dietéticos e nutrigdo
parenteral e ainda podem ser utilizados na produ¢do de cosméticos (Nakayama et al.,
2000).

2.4.2. Aplicagdes das colagenases

As colagenases tém sido largamente utilizadas na medicina com o propdsito de
limpar feridas necrosadas, escaras, cicatrizes pos-operatérias, e no tratamento de
psoriase e pediculoses (Markovich, 2008), em cicatrizes de queimaduras de criangas
(Ozcan et al., 2002), em lesbes de mamilos de mulheres em aleitamento (Kuscu et al.,
2002) e no tratamento de cicatrizes hipertroficas (Cheng et al., 1999).

Segundo Jung & Winter (1998) existem inumeras vantagens do uso de
colagenases de microrganismo no tratamento de feridas: a) Removem o tecido
necrosado com maior eficiéncia por sua capacidade de hidrolisar varios tipos de
colageno; b) sao indolores e ndo hemorragicos; c) podem ser usados por longos
periodos e também em associagdo com outros medicamentos; d) atraem macréfagos e
fibroblastos para o local da ferida; €) aumentam a formagao de tecidos de granulacéo e
estimulam o préprio organismo a promover a cicatrizagao.

Cheng et al. (1999) investigaram o mecanismo de degradacé&o do colageno em
cicatrizes hipertroficas por colagenases de bactérias onde os experimentos foram
conduzidos utilizando-se injegdes de colagenases diretamente sobre as cicatrizes
hipertroficas em ratos e 13 pacientes. Os resultados demonstraram uma reducédo de
volume da cicatriz de 86% nos ratos e de 46,92% nos pacientes. Em 4 dos 13
pacientes a reducdo foi maior do que 50% e apenas um entre os 13 pacientes
apresentou reaparecimento da cicatriz apdés o tratamento. Exames histolégicos
mostraram claramente a dissolug&o das fibras de colageno.

Kuscu et al. (2002), desenvolveram um trabalho utilizando colagenase de
Clostridium histolyticum na prevengao e tratamento de lesées de mamilo de mulheres
em periodo de aleitamento, as quais se desenvolvem imediatamente ao pds-parto,
podendo provocar dores intensas no mamilo, impedindo até a continuidade do
aleitamento. Os resultados foram semelhantes aos obtidos com os tratamentos
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convencionais ratificando assim, a eficacia da utilizagdo da colagenase neste tipo de
lesdes.

O Centro de Pesquisa em Cardiologia da Russia (The Russin Cardiology
Research Center) vem desenvolvendo estudos com proteases com atividade
colagenolitica de Bacillus subtilis, B. licheniformis, Streptomyces sp. e Aspergillus niger
para serem utilizadas no tratamento de queimaduras de terceiro grau, os quais
demonstraram efeito ndo téxico, baixa irritacdo e um processo de cicatrizacdo duas
vezes mais rapido que os observados em feridas nao tratadas com estas enzimas
(Domogatsky, 2006).

10
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3. OBJETIVOS

3.1. Objetivo geral

Selecionar espécies de Candida produtoras de colagenase e caracterizar

parcialmente a enzima obtida pela maior produtora.

3.2. Objetivos especificos

Selecionar uma espécie do género Candida produtora de colagenase;

Avaliar qualitativamente e quantitativamente a produgcédo de colagenase da
espécie selecionada,;

Determinar dentre os fatores: temperatura, pH inicial do meio, agitacéo,
concentracdo do substrato, inéculo e tempo de produgado, aqueles que podem
influenciar a produgao de colagenase através de um planejamento fracionario;
Determinar as melhores condicbées de producdo da colagenase através de
planejamento estatistico completo;

Caracterizar a colagenase quanto aos aspectos fisico-quimicos, tais como: pH

6timo, temperatura 6tima, estabilidade ao pH e a temperatura.

11
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5.1. Abstract

Culture conditions were studied for an extracellular collagenase produced by Candida
albicans URM3622 using three experimental designs (one 2°%2 fractionary factorial and
two 2° full factorial). The analysis of 2°2 fractionary design data demonstrated for pH,
time, temperature, inoculum size, orbital agitation speed and substrate concentration,
last two variables were the more significant ones for collagenase production. Based on
these results two 2° full factorial design were run successively in which the substrate
concentration, orbital agitation speed and pH were studied. These two set of
experiments showed that all variables studied were significant for the enzyme
production, with the maximum collagenolytic activity of 6.7 £ 0.2 (U/ml) was achieved at
pH 7.0 with an orbital agitation speed of 160 rpm and 2 % substrate concentration.
Maximum collagenolytic activity was observed at pH 8.2 and 45 °C. The collagenase
showed to be stable at pH range of 7.2 — 8.2 and at temperature range of 28-45 °C.
These achieved results clearly indicate that Candida albicans URM3622 is a viable
source of collagenase and could be of interest for pharmaceutical, cosmetic and food

industry.

Key-words: Enzyme Activity, Enzyme Production, Submerged Culture, Protease,

Collagenase, Candida albicans.
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5.2. Introduction

Proteases show a wide variety of functions and have various important
biotechnological applications. They represent one of the three largest groups of
industrial enzymes [1] and occupy 60-65% of the global industrial enzyme market [2,3].
Among the various protease source, microbial proteases play an important role in
biotechnological processes accounting for approx 59% of the total enzyme used [4].

Proteases from microorganisms have been extensively utilized in various fields
because large amounts of proteases can be produced at a low cost and quickly [5]. With
the advent of new frontiers in biotechnology, the spectrum of protease application has
expanded into new fields such as clinical, medicinal and analytical chemistry [6]. In this
context, the collagenases became an important enzyme. Collagenases are proteolytic
enzymes that can hydrolyze both native and denatured collagens. These enzymes are
widely used not only in chemical and medical industries but also in food and basic
biological science [7]. The enzymatic degradation of collagen produces peptides which
have been shown to have several biological activities of industrial and medicinal interest
[8], leading to a wide variety of applications, e.g., an immunotherapeutic agent, a
moisturizer for cosmetics, a preservative, seasoning and dietary materials [9-12].

It is well known that extracellular protease production in microorganisms was
greatly influenced by medium components, especially carbon and nitrogen sources,
physical factors, such as pH, temperature, inoculum size, orbital agitation speed and
incubation time [13, 14]. To study the influence of these variables on the enzyme
production has been used statistical tool.

Statistical design of experiments is a tool widely used for process optimization

and control. The multivariate design of experiments is an efficient method for studying
20
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the influence of a certain number of variables on a given response of interest. The
significant factors and their effects can be studied with fewer numbers of runs using
fractional factorial runs. With the proper design, the significant effects can be identified
from a minimum number of experiments at lowest operation cost [15].

The aims of this work were select Candida species for collagenase production;
determine the best conditions for the enzyme production using experimental designs

and characterize the enzyme produced.

21



Lima, C. A. Producao e Caracterizacdo Parcial da Colagenase......

5.3. Material and methods

5.3.1. Microorganisms

The microorganisms used in this study (C. albicas URM 743, 835, 2252, 3620,
3622, 5324, C. intermedia URM 907, 1075, C. tropicalis URM 916, 1150, 112, 933, C.
guilliermondii URM 1020, 1084, 561, 644, 917, 1065, C. buinensis URM 4674, C. butyri
URM 4679, C. famata URM 2253) were obtained from Collection of Cultures “Micoteca”
(URM) of Department of Mycology of the University Federal of Pernambuco. The

microorganisms were maintained at 4 °C on Sabouraud dextrose agar slants.

5.3.2. Screening of Candida strains as collagenase producers

Collagenase of Candida strains was obtained from a culture supernatant. Strains
were inoculated (calibrated suspensions Asgpe = 0.1) into a 250 ml Erlenmeyer flask
containing 50 ml of 1.5% (w/v) malt extract supplemented with 1.0 % (w/v) gelatin, and
grown for 72 h at 30 °C in an orbital incubator shaker with 140 rpm. The cell-free
supernatant were clarified by centrifugation at 12,000 x g and 4 °C for 5 min, and carried
out for the screening of collagenase using plates containing 1.0% (w/v) gelatin and 1.5%
(w/v) agar. Each plate was incubated during 18 hours at 37 °C [16]. The ability to break
gelatin was shown by the formation of transparent halos on the plates and expressed in

mm. The strains showing halos were submitted to the quantitative test.

5.3.3. Azocoll assay for protease activity determination
Azocoll (Sigma Chemical Co. St Louis, MO) assay was carried out by a method

developed by CHAVIRA et al. [17] modified. Azocoll was suspended in 0.05 M Tris-HCI
22
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buffer (pH 7.2) containing 1 mM CaCl, at a final concentration of 5 mg/ml. Briefly, 150 pl
of samples (cell-free supernatants) and 150 pl of buffer were mixed with 270 ul of
azocoll suspension in a 2.0 ml reaction tube. The reaction tubes were incubated at 37 °C
in a water bath under agitation. After 18 hours of incubation, the reaction was stopped
by centrifugation of samples at 10,000 x g (Kubota KR-20000T Japan) and 4 °C for 10
minutes. The absorbance of the supernatant solution was measured at 520 nm with a
spectrophotometer (Micronal B582). One activity unit was defined as the amount of

enzyme that produces an increase in the optical density of 0.1 in 18 h at 520 nm.

5.3.4. Protein determination
The protein concentration was determined according to Smith et al. [18], using

bovine serum albumin as the standard protein.

5.3.5. Biomass determination
The biomass concentration was determined as cell dry weight after centrifugation
at 12,000 x g and 4 °C for 5 min of 50 ml of culture broth, and dried at 80 °C overnight

until constant weight and expressed in g/l.

5.3.6. Selection of variables that influence the production of collagenase by C.

albicans URM3622

The collagenase production by Candida albicans URM3622 was evaluated using a
statistical design. A 2%2 fractional factorial design was carried out to verify the effects

and interactions of the substrate concentration (gelatin), medium initial pH, orbital
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agitation speed, inoculum size, time and temperature on the production of collagenase.
In this design, a set of 20 experiments with four replicates at the central points was
performed. The range and levels of the components under study are given in Table 1.
The production experiments were carried out using 250 ml Erlenmeyer flasks containing
50 ml of culture medium 1.5 % (w/v) malt extract supplemented with different
concentrations of gelatin. At the end of fermentation samples were colleted amd
assayed for total protein, collagenolytic activities and biomass. The results were

analyzed using “Statistica” software version 7.0 (Statsoft Inc., USA).

5.3.7. Determination of the best conditions for collagenase production by C.

albicans URM3622

Two successive 2° full factorial designs were carried out to study the effects and
interactions of medium initial pH, substrate concentration, and orbital agitation speed on
the production of collagenase. In these experiments, a set of 8 experiments with four
replicates at the central points was performed. The range and levels of the components
under study are given in Table 2. The production experiments were carried out using
250 ml Erlenmeyer flasks containing 50 ml of culture medium (1.5 % w/v malt extract
supplemented with different concentrations of gelatin) starting with 107 cells/ml of
inoculum and incubated for 48 h at 37 °C under different agitation speed. Samples were
collected at 48 h of growth and assayed for total protein, collagenolytic activities and
biomass. The results were analyzed using “Statistica” software version 7.0 (Statsoft Inc.,

USA).
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5.3.8. Effect of pH on collagenase activity and stability

For determination of optimum pH of the enzyme, the reaction mixture buffer of the
0.5% (w/v) azocoll was varied over the pH range of 3.0 - 10.8. The buffers used were
0.05 M citrate (pH 3.0 - 6.0), 0.05 M Tris-HCI (pH 7.2 - 9.0) and 0.05M carbonate-
bicarbonate (10.0 — 10.8). For stability assay, the enzyme was incubated at 5 °C in
buffers of different pH values (pH 3.0 - 10.8, 0.05 M). The incubation time of samples
varied from 30 to 240 minutes. Collagenolityc activity of the samples was measured at

37 °C, using 0.5% (w/v) azocoll in 0.05 M Tris-HCI buffer (pH 8.2).

5.3.9. Effect of temperature on collagenase activity and stability

For the determination of optimum temperature for the enzyme activity, the
reaction mixture containing 0.5% (w/v) azocoll was incubated over a temperature range
from 28 °C to 80 °C using 0.05 M Tris-HCI buffer (pH 8.2). For the determination of the
thermal stability, the enzyme was pre-incubated over a temperature range from 28 °C to
70 °C. The incubation time of the samples varied from 30 to 240 minutes. After
incubation, the samples were submitted to determination of collagenolityc activity, using

the 0.5% (w/v) azocoll in 0.05 M Tris-HCI buffer (pH 8.2) at 45 °C.
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5.4. Results and discussion

5.4.1. Screening of Candida strains

Among the 21 Candida strains studied (Table 3), all Candida albicans and three
strains of Candida tropicallis (URM-112, URM- 916, URM-933) were able to degrade the
gelatin and to use the azocoll as substrate. Candida albicans strains were those that
showed higher qualitative and quantitative collagenolytic activity. The Candida albicans
(URM-3622) showed the greatest degradation of gelatin with 25 mm degradation hallo in
gelatin-agar and quantitative collagenolytic activity of 5.0 U/ml.

Costa et al. [19] identified the presence of enzymes, in the culture of Candida
albicans, which were capable of degrading gelatin. Kaminihi et al. [20] isolated and
characterized a collagenolytic enzyme present in the culture of Candida albicans that
showed activity against azocoll and native collagen.

The results indicated that strain Candida albicans URM-3622 showed the highest
collagenolityc activity. Therefore, this strain was selected for the subsequent

experiments.

5.4.2. Variables that influence the production process of collagenase by C.
albicans URM3622

The statistical analysis was performed for all the responses (biomass,
collagenolytic activity, total protein and specific activity) however, the collagenolytic
activity was the response that really important and was used for the analysis of the

efficiency of enzyme production by microorganism.
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The results obtained with the 2% fractionary design are shown in Table 4. Since
this is a resolution IV screening design, its analysis results in contrasts where the main
effects are confounded with the three-factor interactions, while the two-factor
interactions are confounded with each other. As it is well-known, a factoring model can
be interpreted as modeling a given response by a special kind of power series where
higher-order terms are assumed to be less important than those of a lesser order,
otherwise the series would not converge, and the model would be useless. It is natural,
therefore, to assume that third-order terms be much less important than first-order ones,
and, in a first approximation at least, may be neglected [21]. Assuming that third-order
interactions are negligible, as discussed above, the results for the collagenolytic activity
would be interpreted as follows.

The Pareto chart represents the estimated effects of the variables, and the
interactions on collagenolytic activity in decreasing order of magnitude. The length of
each bar is proportional to the standardized effect. The vertical line can be used to judge
which effects are statistically significant. Bars extended beyond this line correspond to
the effects statistically significant at a confidence level of 95%. It can observe that the
main effects substrate concentration (6) and orbital agitation speed (4) were significant
(Figure 1). These two variables showed significant positive effect, suggesting that the
increase of the parameters values improve the collagenase production.

It has been fairly well established that extracellular protease secretion in
microorganisms is substantially influenced not only by medium components including
carbon source, nitrogen source, and trace elements, but also by culture conditions
including pH, temperature, orbital agitation speed, and inoculum size. In this study,

collagenase production was influenced by the concentration of the substrate and the
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orbital agitation speed (Figure 1). Chi et al. [22] performed an optimization study of
medium and cultivation conditions for protease production by the yeast Aureobasidium
pullulanst and observed that the agitation speed influenced the protease production.

It has been reported that effects of a specific nitrogen supplement on protease
production differ from organism to organism although complex nitrogen sources are
usually used for protease production. In this study, the gelatin concentration was the
variable that most influenced on collagenase production (Figure 1). This result shows
that the enzyme production can be induced by the increase of gelatin concentration in
the culture medium.

In addition, a significant interaction between temperature (1) and inoculum size
(2) was also observed (Figure 1). The positive interaction effect means that an increase
in temperature with a simultaneous increase in inoculum size led to an increase in
collagenolytic activity.

The importance of inoculum size with regard to microbial fermentation processes
is generally accepted. However, no appreciable change in enzyme activity was
observed with higher inoculum sizes. This demonstrates that inoculum size does not
exert an unlimited effect on fermentation processes. There is an optimum value to be
achieved, and this appears to be dependent on the microbial species and fermentation
system being utilized. As the inoculum size had no significant effect for the production of
the enzyme, the concentration of 107 cell/mL was set for later studies.

It is known that temperature is one of the most critical parameters that has to be
controlled in bioprocess [23]. Several authors have observed the production of

collagenase by Candida albicans when this yeast is incubated at 37 °C [24-25, 19]. In
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this study, the temperature has not effect on the enzyme production, therefore following
experiments were performed at 37 °C.

Despite the pH did not present a significant effect in this study, it has been noted
that one important characteristic of most microorganisms is their strong dependence on
the extracellular pH for cell growth and enzyme production [26]. According to this
comment and due to the fact that fractional factorial designs have many errors of
confounding, it was decided to study again the influence of pH in the production of the
enzyme.

Based on the analyzed results, three variables, substrate concentration, orbital
agitation speed and pH were selected for more detailed subsequent studies, which will
determine the best conditions for the collagenase production. Because the other
variables were not significant, they were fixed and the conditions selected to continue
the experiments were: 107 cells/ml of inoculum size, 48 h and 37 °C for incubation time

and temperature, respectively.

5.4.3. Determination of the best conditions for collagenase production by C.

albicans URM3622

The strategy used to attain the goal of this work was to explore in more detail a
dominion around the experimental conditions previously selected for collagenase
production by Candida albicans URM-3622. For this two successive full factorial designs
were performed.

The results of the experiments of the first full factorial design were showed in the

Table 5. Analyzing the results, it was verified that the experiment at the number 8
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showed the higher value (7.06 U/mL) of collagenolytic activity. This value was higher
than that obtained in the first design.

Analyzing the Pareto chart (Figure 2), it appears that all the main variables were
significant. All variables showed significant positive effect, suggesting that the increase
of the parameters values improve the collagenase production. Although was observed
that there was significant interaction between these three variables. This interaction is
best examined through the cubic graph (Figure 3).

Figure 3 shows the interaction between the variables agitation, pH and
concentration of substrate in function of the collagenolytic activity. It can be observed
that the top face of the cube shows the highest values of effect, mainly the corner value
7.284. This condition was corresponding to the 2% substrate concentration, agitation
speed (160 rpm) and pH 7.0, i.e., the highest level of the variables.

Similar results were obtained for Patel et al. [27], while studying the concentration
of gelatin influence in the production of an extracellular protease produced by Bacillus
sp.

Chi et al. [22] and Patel et al. [27] observed that the culture medium initial pH
influenced the protease production by Aureobasidium pullulans and Bacillus sp.,
respectively.

As said previously, the results of the first full factorial design showed an increase
in the production of collagenase by C. albicans when the agitation speed increased from
120 to 160 rpm. Potumarthi et al. [28] studied the influence of the agitation speed in the
production of a protease from Bacillus licheniformis and also observed an increase on

protease production with an increase in agitation speed from 200 to 300 rpm.
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From these results, new levels were selected for the variables of the second full
factorial design (Table 2).

The results presented in Table 6 show that the central point of the second full
factorial design was the best condition for the collagenase production. It was expected
that the values of the second full factorial design was higher than the values of the first,
because it had indicated that with the increase in the variables levels would increased
simultaneously the collagenolytic activity. Although no increase in activity occurred, the
results indicated that the best condition was the run number 8 of the first design, i.e., the
central point of the second design, which was the optimum condition for the collagenase
production by Candida albicans.

After statistical analysis of the results it was noted that only the agitation speed
was significant, showing negative effect (Figure 4). This means that when the speed is

lower, the activity value will be greater.

5.4.4. Effect of pH on activity and stability of collagenase

Maximum collagenolytic activity was observed at pH 8.2 in a 0.05 M Tris-HCI
buffer (Figure 5A). This result is in agreement with those found by Okamoto et al. [29].
These authors identified a collagenase produced by thermophillus Bacillus sp. that
presented maximum collagenolytic activity at pH 8.0. In our work was also observed a
retention of more than 60% of the maximum activity between pH 5.0 and 9.0, and no
activity was detected at pH 3.0 and 4.0. These results are not compatible with that
obtained by Nakayama et al. [30] that identified a novel collagenolytic enzyme with

optimum pH in acid region. However, the results that have been found by Nakayama are
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in striking contrast with the characteristics of known collagenases which have an
optimum pH of 7-8 [31].

Petrova et al. [32] studied the production of collagenolytic enzymes produced by
Streptomyces sp. and discovered two collagenases that showed maximum
collagenolytic activities at pH 7.5. More than 50% of the maximum activity was detected
for these enzymes between pH 6.5 and 9.0. Complete inactivation of collagenase
activity was observed at pH value less than 4.5 and greater than 10.5. These results are
in agreement with the datas obtained in this work.

Figure 5B shows collagenase stability at pH range of 3.0 - 10.8 during 240
minutes of incubation. The enzyme was stable at pH 7.2 (93.8%) and 8.2 (95.2%) after
120 minutes of incubation, and after 240 minutes of incubation still maintained 63.7 and

73.6 % of the collagenolytic activity, respectively.

5.4.5. Effect of temperature on activity and stability of collagenase

The collagenase was most active at 45 °C and a reduction in activity was
observed at above values being completely inactivated at 80 °C (Figure 6A). The
thermostability profile indicated that the enzyme was stable after 240 minutes at the
range of 28-45 °C and retained c.a. 62.0% of the activity while at 70 °C 100% of the
original activities were lost (Figure 6B). Similar results were found by Kaminishi et al.
[20] when isolated and characterized a collagenase produced by Candida albicans,
which showed a maximum collagenolytic activity at 45 °C, and approximately 90% of the

enzyme activity was lost at 60 °C, and no activity was detected at 70 °C.
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5.5. Conclusion

There is a growing acceptance for use of experimental designs in biotechnology.
Our group obtained satisfactory enzyme production from microbial source where
statistical approach was a useful tool. The application of experimental design for
selection of culture condition for collagenase production by Candida albicans URM3622
allows quick identification of the important factors: pH, orbital agitation speed and
substrate concentration and interactions between them, which achieved an increase in
the production of collagenase by this microorganism. The present study on collagenase
production from C. albicans URM3622 clearly indicates the importance of this organism

in the field of industrial enzyme production.
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Table 1 — Factor levels used in the 2% design used for studying collagenase production by

C. albicans URM3622.

Level
Factors Lower (-1) Center (0)  Higher (+1)
Substrate concentration (% w/v) 0.5 1.0 1.5
Medium initial pH 5.0 6.0 7.0
Inoculum size (cells/mL) 10° 10’ 108
Orbital agitation speed of (rpm) 100 120 140
Time of production (hours) 48 72 96
Temperature (° C) 30 34 37
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Table 2 — Factor levels used in the first 2% and the second 2° design used for studying

collagenase production by C. albicans URM3622.

15'2° Design Level
Factors Lower (-1) Center (0)  Higher (+1)
Substrate concentration % (w/v) 1.0 1.5 2.0
Medium initial pH 5.0 6.0 7.0
Orbital agitation speed (rpm) 120 140 160
2%' 2° Design Level
Factors Lower (-1) Center (0)  Higher (+1)
Substrate concentration % (w/v) 1.5 2.0 2.5
Medium initial pH 6.0 7.0 8.0
Orbital agitation speed (rpm) 140 160 180
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Table 3 — Qualitative and quantitative collagenolytic activity of Candida species.

Species

Qualitative test,

Zone diameter (mm)

Quantitative test,
Collagenolytic activity (U/ml)

O 0O 0O 00 0000000000000 00o0

. albicans URM743

. albicans URM835

. albicans URM2252

. albicans URM3620

. albicans URM3622

. albicans URM5324

. buinensis URM4674

. butyri URM4679

. famata URM2253

. guilliermondii URM561

. guilliermondii URM644

. guilliermondii URM917

. guilliermondii URM1020
. guilliermondii URM1065
. guilliermondii URM1084
. intermedia URM907

. intermedia URM1075

. tropicalis URM112

. tropicalis URM916

. tropicalis URM933

. tropicalis URM1150

18
16
18
18
25
21

23
13
16

2.93
2.20
2.63
3.95
5.00
1.44
NT
NT
NT
NT
NT
NT
NT
NT
NT
NT
NT
2.30
1.36
1.70
NT

NT— not tested
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Table 4 — Conditions and results of the 2°2 fractionary factorial design for colagenase

production by C. albicans URM3622.

Run A B C D E F Bm TP CA SA
1 30 10° 5 100 48 0.5 1.75 190 3.83 200
2 37 10° 5 100 96 0.5 2.22 192 351 1.82
3 30 102 5 100 96 1.5 5.90 358 582 162
4 37 102 5 100 48 15 5.65 351 6.03 1.71
5 30 10° 7 100 96 15 5.12 384 556 1.44
6 37 10° 7 100 48 1.5 2.24 358 4.00 1.11
7 30 102 7 100 48 0.5 5.75 164 330 200
8 37 102 7 100 96 0.5 5.31 174 393 225
9 30 10° 5 140 48 1.5 1.31 384 650 1.69
10 37 10° 5 140 96 1.5 4.15 353 530 1.50
11 30 102 5 140 96 0.5 7.28 160 4.80 2098
12 37 102 5 140 48 0.5 5.70 159 4.08 256
13 30 10° 7 140 96 0.5 2.15 186 430 2.30
14 37 10° 7 140 48 0.5 2.20 200 4.00 1.99
15 30 102 7 140 48 1.5 6.92 374 526 1.40

16¢c 37 102 7 140 96 1.5 5.42 362 6.26 1.72

17¢ 37 107 6 120 72 1.0 3.65 259 430 1.65

18c 34 10" 6 120 72 1.0 3.63 263 426 1.61

19¢ 34 10" 6 120 72 1.0 4.03 264 490 1.85

20c 34 10" 6 120 72 1.0 3.90 259 426 164

A, Temperature (°C); B, Inoculum size (cell/ml); C, pH; D, Orbital agitation speed (rpm);

E, Incubation time (hours); F, Substrate concentration (%); Bm, biomass (g/l); TP, total

protein (mg/ml); CA, collagenolytic activity (U/ml); SA, specific activity (U/mg).
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Table 5 — Conditions and results of the 23 first full factorial design for colagenase

production by C. albicans URM3622.

Run A B C Bm CA TP SA
1 1.0 5 120 5.87 1.83 3.22 0.56
2 2.0 5 120 5.86 2.90 5.06 0.57
3 1.0 7 120 6.00 3.46 3.55 0.97
4 20 7 120 6,00 3.63 4.91 0.73
5 1.0 ) 160 5.68 3.86 3.07 1.25
6 20 5 160 6.20 4.20 4.68 0.89
7 1.0 7 160 6.22 5.46 4.33 1.26
8 20 7 160 6.42 7.06 3.94 1.79
9 15 6 140 6.21 4.70 4.03 1.16

10c 1.5 6 140 6.03 4.63 3.96 1.15

11c 1.5 6 140 6.15 4.80 4.09 1.17

12c 1.5 6 140 5.89 4.76 4.06 1.17

A, Substrate concentration (%); B, pH; C, Orbital agitation speed (rpm); Bm,

Biomass (g/L); TP, Total protein (mg/mL); CA, Collagenolytic activity (U/mL); SA,

Specific activity (U/mg).
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Table 6 — Conditions and results of the 2% second full factorial design for colagenase

production by C. albicans URM3622.

Run A B C Bm CA TP SA
1 1.5 6 140 5.41 4.73 4.53 1.04
2 2.5 6 140 5.64 5.16 6.57 0.78
3 1.5 8 140 5.27 4.40 4.86 0.90
4 2.5 8 140 5.35 5.00 5.58 0.89
) 1.5 6 180 5.49 3.93 4.52 0.71
6 2.5 6 180 6.19 4.23 6.01 0.70
7 1.5 8 180 5.52 3.50 4.52 0.77
8 2.5 8 180 6.11 3.70 6.55 0.56
9c 20 7 160 5.87 6.04 5.52 1.09

10c 2.0 7 160 5.90 6.83 5.35 1.27

11c 2.0 7 160 6.02 6.56 5.44 1.20

12¢ 2.0 7 160 5.76 6.66 5.53 1.20

A, Substrate concentration (%); B, pH; C, Orbital agitation speed (rpm); Bm,
Biomass (g/L); TP, Total protein (mg/mL); CA, Collagenolytic activity (U/mL); SA,

Specific activity (U/mg).
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FIGURE CAPTIONS

Figure 1 — Pareto chart for the effects of variables gelatin concentration (6), pH (3),
orbital agitation speed (4), inoculum size (2), incubation time (5) and temperature (1) on

collagenolytic activity.

Figure 2 — Pareto chart for the effects of variables substrate concentration (1), pH (2)

and agitation speed (3) on collagenolytic activity from first full factorial design.

Figure 3 — Cubic plot of the collagenolytic activity obtained in the design of Table 5.

Figure 4 — Pareto chart for the effects of variables substrate concentration (1), pH (2)

and agitation speed (3) on collagenolytic activity from second full factorial design.

Figure 5 — (A) Effect of pH on activity of collagenase produced by Candida albicans
URM-3622. The enzyme activity at pH 8.2 was taken as 100%. (B) — Effect of pH on
stability of collagenase produced by C. albicans URM-3622. All buffers at 0.05M. Each
data point is an average of three experiments and the error bars show the standard

deviation.

Figure 6— (A) Effect of temperature on activity of collagenase produced by Candida

albicans URM-3622. The enzyme activity at 45 °C was taken as 100%. (B) Thermal

stability of collagenase produced by C. albicans URM-3622 at different temperatures
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during 240 minutes of incubation. Each data point is an average of three experiments

and the error bars show the standard deviation.
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6. CONCLUSOES

Os estudos desenvolvidos no presente trabalho mostraram que:

e Entre as espécies de Candida estudadas, a Candida albicans URM3622 foi a

espécie que apresentou a maior atividade colagenolitica;

e A andlise do planejamento estatistico 2°? demonstrou que as variaveis:
concentragcdo de substrato e velocidade de agitacdo foram aquelas que

influenciaram a produgao da colagenase por Candida albicans URM3622;
e Os melhores resultados para a produgao da colagenase em cultura submersa
foram obtidos quando se utilizou uma velocidade de agitagdo de 160 rpm, pH 7 e

concentracio de substrato de 2%;

e A colagenase produzida por Candida albicans URM3622 apresentou atividade

maxima ao pH 8,2 e temperatura de 45 °C;

e A colagenase mostrou-se estavel na faixa de pH entre 7,2-8,2 e na faixa de
temperatura entre 28-45 °C;

e A Candida albicans URM3622 apresenta potencialidade como produtora de

colagenase, a qual pode ser utilizada para fins biotecnoldgicos.
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7. ANEXOS

7.1. Normas para a redacdo de artigos para a revista “Biochemical Engineering
Jornal”

Guide for Authors

Submission of Papers

Submission to this journal proceeds totally on-line via the Elsevier Editorial System at
http://ees.elsevier.com/bej. There you will be guided stepwise through the creation and
uploading of the various manuscript files. The system automatically converts source files
to a single Adobe Acrobat PDF version of the article, which is used in the peer-review
process. Please note that even though manuscript source files are converted to PDF at
submission for the review process, these source files are needed for further processing
after acceptance. All correspondence, including notification of the Editor's decision and
requests for revision, takes place by e-mail and via the Author's homepage, removing
the need for a hard-copy paper trail.

We accept most word processing formats, but Word, WordPerfect or LaTeX is preferred.
It is important that the file be saved in the native format of the wordprocessor used.
Always keep a backup copy of the electronic file for reference

and safety.

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 wordprocessor's options to justify text or to hyphenate
words. However, do use bold face, italics, subscripts, superscripts etc. Do not embed
"graphically designed" equations or tables, but prepare these using the wordprocessor's
facility. When preparing tables, if you are using a table grid, use only one grid for each
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/authors. Do not import the figures into the text file but, instead,
indicate their approximate locations directly in the electronic text. See also the section
on lllustrations.

Types of Contribution

Original papers - these should be complete & authoritative accounts of work which has a
special significance and must be presented clearly and concisely. Review articles -
these will normally be commissioned by one of the Editors. Prospective authors of a
review article should consult with one of the Editors to check the suitability of their topic
& material before submitting their review. Short communications - will be accepted for
the early communication of important and original advances. Such accounts may be of a
preliminary nature but should always be complete and should not exceed the equivalent
of 3000 words, including figures and tables. The journal also publishes Letters to the
editors (commenting on work published in the journal) and Book reviews.
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Language

All papers submitted to the journal should be written in good English. Authors for whom
English is not their native language are encouraged to have their paper checked before
submission for grammar and clarity.

Authors can contact English language and copyediting services directly at:

- International Science Editing

- Asia Science Editing or, for more information contact authorsupport@elsevier.com.

Manuscript Preparation
Prepare the entire manuscript in double-space typing, on numbered pages, with a wide
margin to the left.

Corresponding Author

Clearly indicate who is willing to handle correspondence at all stages of refereeing and
publication, also post-publication. Ensure that telephone and fax numbers (with country
and area code) are provided in addition to the e-mail address and the complete postal
address.

Abstract

A brief summary (50-200 words) of the contents and conclusions of the paper and an
indication of the relevance of new material should be included at the beginning of the
paper.

References

These should be indicated by numerals in square brackets, introduced consecutively in
the text and must be listed at the end of the paper in numerical order. Journal titles
should be abbreviated according to the chemical Abstracts Service Source Index, 2005
edition, and supplements. The abbreviated titles should be followed by the volume
number, year (in parentheses) and page numbers.

Equations
These should be numbered (1), (2) etc.

Units
The use of Sl units is preferred.

lllustrations

Submitting your artwork in an electronic format helps us to produce your work to the best
possible standards, ensuring accuracy, clarity and a high level of detail. 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

Regardless of the application used, when your electronic artwork is finalised, 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.):
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EPS: Vector drawings. Embed the font or save the text as "graphics".

TIFF: Colour or greyscale photographs (halftones): always use a minimum of 300 dpi.
TIFF: Bitmapped line drawings: use a minimum of 1000 dpi.

TIFF: Combinations bitmapped line/half-tone (colour or greyscale): a minimum of 500
dpi is required.

DOC, XLS or PPT: If your electronic artwork is created in any of these Microsoft Office
applications please supply "as is".

Please do not:

+ Supply embedded graphics in your wordprocessor (spreadsheet, presentation)
document;

» Supply files that are optimised for screen use (like GIF, BMP, PICT, WPG); the
resolution is too low;

* Supply files that are too low in resolution;

» Submit graphics that are disproportionately large for the content.

Captions

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

Colour illustrations

Colour illustrations in print can be included only at the author's expense. If, together with
your accepted article, you submit usable colour figures then Elsevier will ensure, at no
additional charge, that these figures will appear in colour on the Web (e.g.,
ScienceDirect and other sites) regardless of whether or not these illustrations are
reproduced in colour in the printed version.

For colour reproduction in print, you will receive informationregarding the costs from
Elsevier after receipt of your accepted article. Please indicate your preference for colour
in print or on the Web only. For further information on the preparation of electronic
artwork, please see http://www.elsevier.com/artworkinstructions.

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

Preparation of supplementary data

Elsevier now accepts electronic supplementary material (e-components) to support and
enhance your scientific research. Supplementary files offer the Author additional
possibilities to publish supporting applications, movies, animation sequences, high-
resolution images, background datasets, sound clips and more. Supplementary files
supplied will be published online alongside the electronic version of your article in
Elsevier Web products, including ScienceDirect: http://www.sciencedirect.com. In order
to ensure that your submitted material is directly usable, please ensure that data is
provided in one of our recommended file formats. Authors should submit the material in
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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.

Referees

All papers will be independently refereed. When submitting a paper authors may
suggest up to 3 referees, supplying the full name and address in each case. However,
the final choice of referees will remain entirely with the Editor.

Proofs

Proofs will be sent to the author (first named author if no corresponding author is
identified of multi-authored papers) and should be returned within 48 hours of receipt.
Corrections should be restricted to typesetting errors; any others may be charged to the
author. Any queries should be answered in full. Please note that authors are urged to
check their proofs carefully before return, since the inclusion of late corrections cannot
be guaranteed.

Offprints

The corresponding author, at no cost, will be provided with a PDF file of the article via e-
mail or, alternatively, 25 free paper offprints. The PDF file is a watermarked version of
the published article and includes a cover sheet with the journal cover image and a
disclaimer outlining the terms and conditions of use.

Keywords:

6 keywords should be provided to facilitate indexing and on-line searching. At least 4 of
these keywords should be chosen from the list of recommended keywords.
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