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RESUMO

Queratinases (EC: 3.4.99) sdo amplamente utilizadas na inddstria durante o processamento do
couro, na producdo de detergentes, assim como aplicadas na medicina e cosmética para remocao de
calosidades. Elas sdo produzidas por diversos microrganismos, entre eles, o género
Cunninghamellatem se mostrado promissor entre os fungos filamentosos. Desta forma, este
trabalho teve como objetivo produzir, quantificar, caracterizar e purificar as queratinases obtidas
pelos fungos Cunninghamella echinulata UCP 1299 e Cunninghamella phaeosphora UCP 1303
isolados do solo da Caatinga. Os microrganismos foram mantidos em meio s6lido mineral
especifico contendo queratina extraida de penas de ave como Unica fonte de Carbono e Nitrogénio
por 15 dias e usado posteriormente na fermentacdo submersa para a determinacdo quantitativa da
producdo enzimatica. O cultivo foi realizado durante 15 dias, a 28°C em agitador orbital a 150 rpm.
A cada trés dias foram retiradas aliquotas para avaliar a concentracdo proteica, atividade
queratinolitica e variagdo do pH durante a producdo. Os isolados apresentaram uma elevada
atividade especifica de 84,1 U/mg para C. echinulata UCP 1299 no 9° dia de cultivo e de 96,2 U/mg
para C. phaeosphoraUCP 1303 no 6° dia de cultivo, onde ambos extratos brutosforam utilizados
para a caracterizacdo parcial da enzima. As queratinases da C. echinulata UCP 1299 C.
phaeosphora UCP 1303apresentaram valores com maior atividade no pH e temperatura de 8,0 e
28°C — 45°C; 9,0 e 35°C — 55°C, respectivamente. As queratinases, com massa molecular de
aproximadamente 35 KDa foram purificadas por cromatografia de afinidade empregando particulas
do composito magnetita-queratina obtendo um fator de purificacdo de 37,4% e 44,1% para C.
echinulata UCP 1299e C. phaeosphora UCP 1303 respectivamente. Deste modo, ambos o0s
microrganismos podem ser utilizadospara produzir queratinase que pode ser purificada por
afinidade utilizando a queratina magnetizada.

Palavras-chave: Queratinase; Cunninghamella; Purificacdo; Magnetita-queratina.
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ABSTRACT

Keratinases (EC: 3.4.99) is widely used in the industry for leather processing, detergent production,
so as applied in medicine and cosmetics for removing calluses. Various microorganisms, including
the genus Cunninghamella, have shown to produce these enzymes. Thus, this study aimed to
produce, quantify, characterize and purify keratinases obtained by fungi Cunninghamella echinulata
UCP 1299 and Cunninghamella phaeosphora UCP 1303 isolated from soil of Caatinga
(Pernambuco, Brazil). The microorganisms were maintain on solid medium, containing keratin bird
feathers as the sole source of carbon and nitrogen, for 15 days and subsequently used in submerged
fermentation for the enzyme production. Cultures it grown for 15 days at 28°C in an orbital shaker
at 150 rpm. Every three days aliquots it collected to assess the protein concentration, keratinase
activity and pH variation during production. The isolates showed a high specific activity of 84.1 U /
mg for C. echinulata UCP in 1299 on the 9th day of cultivation and 96.2 U / mg for C. phaeosphora
UCP 1303 on the 6th day of cultivation, where both crude extracts were used for partial
characterization of the enzyme.Keratinases from C. echinulata UCP 1299and C. phaeosphora UCP
1303showed best activity in pH and temperature values of 8.0 and 28°C-45°C; 9.0 and 35°C-55°C,
respectively. The keratinases, with a molecular mass of approximately 35 kDa were purify by
affinity chromatography using particles of a composite magnetite-keratin obtaining a purification
factor of 37.4% and 44.1% for C. echinulataUCP 1299 and C. phaeosphoraUCP 1303 respectively.
Thus, both microorganisms can be used to produce keratinase can be affinity purified using
magnetized keratin.

Keywords: Keratinase; Cunninghamella; Purification; Magnetite-keratin.
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1 INTRODUCAO

No Brasil a carne de frango € considerada um produto com crescente aumento
nas exportacbes do complexo de proteina animal, se tornando atualmente o terceiro
maior produtor mundial de frangos, precedido pelos Estados Unidos e pela China
(CORTEZI, 2009; AGRAWAL e DALAL, 2015).

O crescente consumo mundial da carne de frango e o aumento na producdo da
mesma, consequentemente resultou em uma maior demanda de residuos gerados pela
indUstria avicola (CORTEZI, 2009; MOUSAVI et al., 2013), tais como as penas que se
caracterizam por serem o material queratinoso mais abundante na natureza. Entretanto,
sdo estudadas possiveis aplicacdes biotecnologicas para a reaproveitamento destes
residuos que no ambientese acumulam em forma de lixo ap6s o processamento das
aves, sofrendo lenta degradacdo, originando compostos sulfurosos de odor
desagradavel, acarretando em um problema ambiental(ONIFADE et al., 1998; MORE et
al., 2013; HAGGRAN, 2014).

As penas se caracterizam por possuir 87% de sua composicdo a proteina
queratina (BUREAU et al., 1999; RIFFEL et al., 2003). A queratina ndo é degradada
por enzimas proteoliticas comuns, por apresentar pontes dissulfeto e de hidrogénio em
sua estrutura, e interacdes hidrofébicas (RIFFEL et al., 2007; CROWTHER e A'BEAR,
2012; EL-AYOUTY et al., 2012). Esta proteina é degradada por enzimas especificas,
denominadas queratinases, que sdo capazes de hidrolisar as ligacdes peptidicas da
queratina (SAID e PIETRO, 2004).

As queratinases podem ser usadas no processamento biotecnoldgico de penas
atuando na bioconversdo de poluidores para racdo rica em nutrientes por possuirem
aminoacidos essenciais como glicina e leucina (SAID e PIETRO, 2004; JAQUADI et
al., 2013), assim como também tém aplicacdo na medicina e industria farmacéutica,
podendo ser empregada na eliminacdo da queratina nos casos de acne ou psoriase e na

eliminacdo de calos humanos (HAN et al., 2012).

A maioria das queratinases possuem caracteristicas comuns, apesar de suas

diferentes origens.Os fungos queratinoliticos sdo capazes de utilizar a queratina como

12
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substrato para a producdo de enzimas proteoliticas (ONIFADE et al., 1998; RIFFEL,
2006; ANITHA e PALANIVELU, 2013).

Os fungos possuem a capacidade de adaptar rapidamente o seu metabolismo a
diferentes fontes de carbono e nitrogénio, um fator essencial para sua sobrevivéncia.
Essa flexibilidade metabdlica se deve a producdo de uma grande quantidade de enzimas
capazes de degradar uma serie de compostos e o fato de possuirem hifas que penetram o
substrato com facilidade (RIFFEL, 2006; NAYAKA eMORE, 2013). Entre os fungos
produtores de enzimas, a classe que mais se destaca na aplicacdo industrial s&o os

Zygomycetes devido a ampla capacidade de produzir metabdlitos.

Como pode ser observada, hd uma crescente preocupacdocom o aumento da
produtividade de carne de frango devido ao crescimento populacional,
consequentemente levando ao aumento dos residuos gerados pela industria avicola
impactando o meio ambiente. Desta forma, crescem as pesquisas em busca do
surgimento de novas tecnologias na utilizacdo desses residuos em matéria prima, como
0 estudo de microrganismos degradadores de queratina, agregando a esses residuos

grande valor econdmico e beneficiando o meio ambiente.

Assim, este trabalho teve como foco a producdo de queratinases por fungos
isolados do solo da Caatinga, PE, Brasil; a quantificacdo e purificagdo das mesmas por
afinidade utilizando microparticulas magnetita-queratina, otimizando a atividade

catalitica para posteriormente uma possivel aplicacéo.

13
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2 OBJETIVOS

2.1 GERAL

Produzir, quantificar, caracterizar e purificar as queratinases obtidas pelos
fungos Cunninghamella echinulata UCP 1299 e Cunninghamella phaeosphora UCP

1303isolados do solo da Caatinga, Pernambuco, Brasil.

2.2 ESPECIFICOS

e Produzir queratinase por Cunninghamella echinulata UCP 1299 e
Cunninghamella phaeosphora UCP 1303 a partir do cultivo submerso;

e Detectar atividade gqueratinolitica em meio liquido;

¢ Identificar a melhor atividade enzimética correlacionada ao tempo de cultivo dos
microrganismos;

¢ Verificar a modifica¢do do pH durante o cultivo submerso;

e Caracterizar as queratinases obtidas dos fungos do género Cunninghamella
frente a influéncia do pH e temperatura na atividade enzimdtica e a
termoestabilidade;

e Purificar as queratinases por afinidade utilizando suporte de microparticulas
magnetita-queratina;

e Determinar o peso molecular das queratinases purificadas;

e Comparar as queratinases produzidas por C. echinulata UCP 1299 C.
phaeosphoraUCP 1303 frente a atividade queratinolitica e a caracterizacdo da
enzima.

14
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3 REVISAO BIBLIOGRAFICA

3.1 INDUSTRIAS AVICOLAS

Dentre o setor agropecuario, a avicultura se destaca por possuir 0 maior e mais
avancado acervo tecnoldgico transformando-se nas ultimas quatro décadas em um
complexo econdmico. Ha um crescente aumento na exigéncia quanto acapacitacdo
profissional e ao cumprimento da legislagdoambiental nas cadeia produtiva do frango
(KUMAR e KUSHWAHA, 2014). O incentivo ao consumo de carne de frango é
vantajoso pela caracteristica deste tipo dealimento, pois, é resultante de uma producéo
intensiva (FERNANDES;PANIAGO; LIMA, 1989).

O consumo mundial de carne de frango aumentou gradualmente, no periodo de
2000 a 2011, respectivamente: 49.360 a 59.74 mil toneladas. Os paises considerados 0s
maiores consumidores sdo o0s Estados Unidos seguidos pelo Japdo e China.
Consequentemente, 0 aumento no consumo resultou em um aumento gradativo de

importagdes como relata a Figura 1.

Pais importador Importagao prevista
e variacgao anual (mil toneladas)
Japao (-1.75%) 840

Unido Europeia (+1.35% 750

Arabia Saudita (0.00%) 750

México (+1.59%)

Iraque (+1,16%)

RuUssia (+0,97%)

Hong Kong (+2.70%)

Africado Sul (+2.70%)
Angola(9.68%)

China (+4.17%)

Figura 1: Principais importadores de carne de frango previsto para 2013 (USDA, 2013)

16
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3.1.1 INDUSTRIA AVICOLA NO BRASIL

O frango entrou definitivamente para o cardapio do brasileiro e ja faz parte da
dieta alimentar no pais.A carne de frango € um dos produtos mais destacados nas
exportacdes do complexo de proteina animal do Brasil. Para atender de forma mais
efetiva o consumidor exigente, ha o continuo aperfeicoamento da industria avicola
(SINGH, 2014; HAN et al., 2012).

Em dez anos, a producdo de carne de frango no Brasil mais que dobrou: saltou
de 5,9 milhdes de toneladas em 2000 para 12,1 milhGes de toneladas em 2010.A
avicultura brasileira progrediunos ultimos 25 anos e hoje é o terceiro maior produtor
mundial de frangos (CORTEZI, 2009; SIVAKUR et al., 2013). Os maiores
importadores de carne de frango séo: Russia, Japdo, Unido Europeia, Ardbia Saudita,

Africa do Sul, Emirados Arabes e Hong Kong.

A Organizacdo Mundial de Saude (OMS) recomenda que cada pessoa consuma
no minimo de 13,5 quilos de carne branca por ano, o brasileiro consome 40,8 quilos,

segundo estimativas do Departamento de Agricultura dos Estados Unidos (USDA).

O aumento na producdo de carne de frango € diretamente proporcional as
exportacOes, permitindo o sustento do crescente consumo individual (CORTEZI, 2009)

como relatado na Figura 2 abaixo.

Consumo per capita de carne de frango Producdo brasileira
Em quilos por habitante Em milhges de toneladas
47,4
13,1

12,7

12,6

12,2 12,3

2010 2011 2012 2013 2014 2010 2011 2012 2013 2014

Figura 2: Consumo versus producéo de carne de frango no Brasil (UBABEF)

Em relagdo a producdo nos estados do Brasil, o estado do Parana é o maior
produtor de frango, seguido de Santa Catarina, Rio Grande do Sul e Sdo Paulo. Porém,

17
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estes quatro estados, que sd@o os produtores tradicionais do Brasil, tém participagdo
decrescente, devido a expansdo da avicultura pelo Centro-Oeste e outras regides do

Brasil. (Empresa de Pesquisa Agropecudaria e Extensao Rural de Santa Catarina, 2014).

Logo, o aumento do consumo e da exportacdo da carne de frango é diretamente
proporcional ao aumento da producdo da mesma e consequentemente, da geracdo de
residuo pela inddstria avicola. Elaé responséavel por produzir uma grande quantidade de
penas com potencial para causar impacto ambiental, pois se acumulam em forma de lixo
apos o processamento das aves para consumo humano (ONIFADE et al., 1998). Uma
alternativa para diminuir o impacto ambiental € o desenvolvimento de processos
biotecnoldgicos para a utilizacdo deste residuo. Deve-se ressaltar que a utilizacdo de
restos de penas constitui uma solucdo ecoldgica, evitando seu acimulo no meio

ambiente e o desenvolvimento de varios tipos de patdgenos (SINGH, 1999).

3.2 PENAS DE FRANGO: CARACTERISTICAS E APROVEITAMENTO

Penas, 0 material queratinoso mais abundante na natureza sdo importantes para o
isolamento térmico, locomogdo (voo) e conformacdo estrutural para os passaros. As
penas constituem cerca de 10% do peso total de frangos, alcancando valores superiores
como subproduto da industria de aves. Esse material excessivo é na maioria das vezes
descartado, sendo um material de dificil degradacdo que pode se tornar um problema
ambiental como demonstrado na Figura 3 abaixo (BALAKUMAR et al., 2013).

5

Figura 3: Descarte irregular de penas (Portal da prefeitura de Maceid, 2014)
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ZERDANI et al. (2004) caracterizaram a composi¢do quimica dos residuos de
penas e observaram que o contetdo de proteinas é alto comparado com outros residuos
animais (valor médio de 81%). Com base nessa composi¢ao quimica, eles concluiram
que as penas residuais constituem um meio para o cultivo de microrganismos
decompositores (RIFFEL et al., 2003; MOUSAVI et al., 2013).

As penas armazenam uma grande quantidade de aminoacidos essenciais como
serina, cisteina e prolina, transformando-a assim em matéria prima do processo
biotecnolégico para o melhoramento da racdo animal, fertilizantes nitrogenados,
biofilmes ecolas(LIN et al. 1997; CORTEZI, 2009), assim como 0 seu processamento
quimico oferece vantagens ao enriquecimento proteico das penas pela propria biomassa
microbiana(ONIFADE et al., 1998; SAIBABU et al., 2013).

Na produgdo de enzimas industriais, cerca de 30 - 40% do custo évoltado ao
substrato do microrganismo produtor. Por isso, uma efetiva redu¢ao no custo seria o uso
das penas como substrato para o crescimento microbiano, uma matéria prima facilmente
disponivel e de baixo custo, oferecendo uma possivel tecnologia para a obtencdo de
enzimas proteoliticas (GESSESSE et al., 2003; RAJPUT e GUPTA, 2013), resultando
em uma alternativa viavel ao descarte desses residuos resolvendo a problematica do
meio ambiente (BERNAL et al., 2003; MANJU, 2013).

3.3 QUERATINA

A queratina é a principal constituinte de unhas, chifres,cabelo, 1a e pele de
mamiferos, bico e penas de aves. Euma macromolécula com funcdes estruturais e
protetoras. Suas cadeias polipeptidicas estdo unidas fortemente umas as outras
formando as cadeias a-hélice como observado na Figura 4. As principais caracteristicas
que mantém a estrutura filamentosa da queratina estavel é o elevado grau de ligacdes
covalentes, pontes de hidrogénio e intera¢@es hidrofébicas (RIFFEL, 2006; CORTEZI,
2009; SANTANA, 2011; CROWTHER e A'BEAR, 2012). Esta proteina é de dificil
degradacédo por enzimas proteoliticas comuns e € insoltvel em agua (SIVAKUR et al.,
2013).
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Segundo Santana (2011) a queratina é insolivel em &gua, mas também pode
apresentar um elevado grau de insolubilidade em determinados solventes organicos,
além de ser resistente a acidos e alcalis diluidos. A quebra desta proteina por acidos
libera aminoacidos como histidina, lisina, arginina, cistina e tirosina (EVERSON,
1968).
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Figura 4: llustracdo estrutural da queratina (Portal de estudos em quimica, 2014)

Apesar da queratina apresentar uma estabilidade incomum, naturalmenteas penas
ndo se acumulam na natureza devido a presenca de decompositoresno meio ambiente
(ONIFADE et al., 1998; SANTANA, 2011).

3.3.1 PROCESSO DE DEGRADACAO DA QUERATINA

A hidrolise da queratina é um evento basicamente proteolitico. Apesar de grande
diversidade de caracteristicas entre as queratinases, a sua acdo de hidrélise da queratina
tem sido evidenciada. Entretanto, ndo estd elucidado o processo e o entendimento do
mecanismo de acdo das queratinases (ONIFADE et al., 1998; RIFFEL, 2006; SAIBAU
etal., 2013).
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Entre os processos de degradacdo da queratina,os fungos produtores de micélio
ou fungos filamentosos possuem um método exclusivo de degradacdo mecénica, que é
resultante da pressdo ou penetracdo do micélio no substrato queratinoso. Acredita-se
que o processo mecanico ocorre antes da hidrolise enzimética, uma vez que observou-se
a degradacédo da queratina antes mesmo de detectar atividade enzimatica (ONIFADE et
al., 1998; RIFFEL, 2006; SANCHEZ et al., 2012).

3.4QUERATINASE

Protease ¢ uma classe de enzimas com ampla aplicacdo biotecnoldgica, entre
elas, as queratinases sdo responsaveis por catalisar a hidrolise das ligagdes peptidicas da
queratina (SANTANA, 2011). Na atualidade, as pesquisas envolvendo queratinase tem
chamado a atencdo devido a sua potencial aplica¢do industrial, setor convencional das
proteases (GUPTA; RAMMANI, 2006;BRANDELLI et al., 2010; TIWARY; GUPTA,
2010).

3.4.1 CARACTERIZACAO E MECANISMOS DE ACAO

As queratinases constituem um grupo de proteases cujo mecanismo de acgdo
catalitica ndo esta elucida(CHITTE et al., 1999), entretanto, evidéncias apontam para a
existéncia de processos de degradacdo mecanica, sulfitolise e protedlise. Nos fungos, a
degradacdo se inicia com o crescimento do micélio (degradacdo mecéanica), expondo
outros locais a acdo das enzimas. Em seguida, ocorre liberacdo de sulfito devido a

quebra das pontes dissulfeto e finalmente protedlise (ONIFADE et al., 1998).

Em geral a producdo das queratinases é induzida, sendo necessario um indutor
exogeno, como a presenca de queratina. Uma grande quantidade de atividade
queratinolitica de origem microbiana e especificidades enzimaticas por substratos sdo
descritas na literatura evidenciando as diferengas entre as espécies microbioldgicas e a
metodologia aplicada (YU et al., 1968; CHENG et al., 1995; CHITTE et al., 1999;
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SANGALI e BRANDELLI, 2000; ALLPRESS et al., 2002; BERNAL et al,
2003;RAMYA et al., 2014).

As queratinases possuem uma vasta especificidadede substratos proteicos
sollveis e insolUveis como a caseina, gelatina, soroalbumina bovina, penas, 1, cabelo,
unha,seda, colageno, elastina,e azoqueratina (ONIFADE, 1998; BRESSOLLIER et al.,
1999; FRIEDRICH et al., 2003; SANTANA, 2011; JEEVANA et al., 2013). O que
distingue as queratinases de outras proteases é a capacidade de agir em substratos

compactos, como a queratina, quando comparadas com outras enzimas proteoliticas.

A temperatura 6tima das queratinases para maxima atividade esta entre 30 e
80°C podendo haver variagbes entre as queratinases produzidas por diferentes
microrganismos. O pH em geral permanece na faixa alcalina (pH 7,5-12). A atividade
da queratinase pode ser quantificada através de métodos que afirmamque uma unidade
de enzima € equivalente a quantidade da mesma necessaria para a liberacdo de
aminoacidosou fragmento peptidico que ocorre durante a formacao da ligacdo covalente
enzima-peptideo (FARAG e HASSANN, 2004; SANTANA, 2011; SIVAKUMAR,
2013).

3.4.2 PURIFICACAO DE QUERATINASES

As queratinases de origem microbiana como fungos, bactérias e espécies de
Streptomyces vem sendo purificada de diferentes formas (CHENG et al., 1995;
BOCKLE et al., 1995; BRESSOLLIER et al., 1999; BERNAL et al., 2003). Diversas
técnicas capazes de purificar proteinas sdo aplicadas em estudos de producédo
enzimatica, entre elas a purificacdo por afinidade utilizando particulas magnéticas.

Particulas magnéticas possuem inimeras aplicagdes em areas da manipulacédo
geneética, imunoensaio, imobilizacdo de enzimas, separacdo do DNA e purificacdo de
proteinas (HWEE, P. K. et al., 1998; DING, X. B. et al, 1999; TANYOLAC, D. e
OZDURAL, A. R., 2000). A separacao por bio-afinidade é geralmente empregado como
uma etapa cromatografica para a remocdo de detritos e fracionamento inicial
(DUNNILL, P.e LILLY, M. D., 1974).
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A tecnologia baseia-se na aderéncia de um produto sobre a superficie de
particulas magnéticas pré-fabricado e o uso dos conjugados resultantes para a separagao
e concentracdo de biomoléculas por meio da forca magnética (HANCOCK, J. P.,
KEMSHEAD, T. J., 1993; SAFARIK et al., 1995; UGELSTAD et al, 1992).

A purificacdo de enzimas em suportes convencionais é geralmente limitada a
substratos solUveis. As enzimas purificadas com o emprego de particulas magnética tem
a vantagem sobre todos o0s outros suportes por serem facilmente separéveis de outros
materiais insolGveis usando dispositivos magnéticos (LEERIPUTTEN, E. V.e
HORISBERGER, M., 1974).

3.5 POTENCIAL BIOTECNOLOGICO DA QUERATINASE

O mercado mundial de producédo enzimatica é avaliado em 1,5 bilh&o de ddlares,
onde o segundo grupo de enzimas de maior comercializagdo séo as proteases. O Brasil
participa com apenas 2,7% da comercializacdo de enzimas que corresponde a 40
milhdes de dolares (RAO et al., 1998; SANTANA, 2011).

As proteases se caracterizam pela sua vasta aplicacdo e por serem produzidas
tanto por animais como por plantas e microrganismos (SANTANA, 2011), levando a
transformar a biodiversidade em uma fonte inestimavel, favorecendo a pesquisa por
novos isolados com excelente producdo de metabdlitos para fins industriais
(HODGSON, 1994; SANTANA, 2011).

As queratinases de origem microbiana comecaram a ser usadas em larga escala
na bioconversao de residuos, na industria de alimentos, téxteis, farmacéutica e industria
de cosméticos (FRIEDRICH et al., 2003; FARAG e HASSAN, 2004; SANTANA,
2011; JAQUADI et al.,, 2013) atuando em processos biotecnolégicos como na
degradacdo de residuos queratinoso, melhoramento econémico e nutricional de racoes
para animais, producdo de detergentes, como também na medicina e farmacéutica
(HOSHINO et al., 1995; LIN et al., 1996; ONIFADE et al., 1998; FRIEDRICH et al.,
2003; RIFFEL et al., 2003; SANTANA, 2011; HAN et al., 2012).
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3.5.1 APLICACAO NA INDUSTRIA FARMACEUTICA E MEDICA

Estudos estdo sendo desenvolvidos para uma provavel aplicacdo inddstrial de
queratinases produzida pelo microrganismo Kryptococcussedentariuspara a remocao de
calosidades em seres humanos (SANTANA, 2011). As enzimas produzidas por esta
bactéria revelam atividade queratinolitica em duas serino-proteases, que agem de forma
independente uma da outra. O desenvolvimento do estudo prevé que estas enzimas
seriam eficazes no tratamento do calo humano (BLANK et al., 1972; KIM et al., 1999;
RIFFEL, 2006; SANTANA, 2011).

3.5.2APLICACAO NA FORMULACAO DO DETERGENTE

Nas Ultimas décadas, as enzimas tém dominado o mercado de formulacdo e
producdo de detergente,sendo aproximadamente 89% destas constituidas de proteases.
A queratinase atua removendo particulas de queratina que podem resultar no
entupimento de ralos e filtros (SANTANA, 2011).

A habilidade da queratinase em se ligar a substratos solidos e hidrolisa-los é de
grande importancia para a producdo de detergentes enzimaticos, uma vez que eles sao
usados para remover substratos proteicos aderidos a superficies solidas (SANTANA,
2011). Também ha aplicacdo desta enzima em detergentes para a limpeza de esgotos em
gue normalmente sdo obstruidos com material de origem queratinoso (TAKAMI et al.,
1992; FARANG e HASAN, 2004; SANTANA, 2011).

3.5.3 APLICACAO NO PROCESSAMENTO E REUTILIZACAO DE RESIDUOS

Os residuos gerados pelas induastrias avicolas provenientes do abate das galinhas
para 0 consumo humano, possuem um grande impacto ambiental. A bioconversédo

desses residuos €& uma alternativa viavel favorecendo a indulstria € 0 meio
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ambiente,visando 0 baixo custo de obtencdo (GESSESSE et al., 2003; SANTANA,
2011).

As penas ja sdo utilizadas em alguns paises como matéria prima para a
complementacdo da racdo animal. Elas passam por um tratamento hidrotérmico e séo
transformadas em farinha para posteriormente, adicionada a racdo. Entretanto, este
processo elimina alguns aminoacidos como lisina, metionina e triptofano, resultando em
um produto de pouco valor nutricional e elevados custos (SANTANA, 2011; EL-
AYOUTY et al., 2012; RAJU e DIVAKAR, 2013). O emprego da queratinase neste
processo evita a eliminacdo desnecessaria destes aminoacidos tornando-se uma
alternativa de interesse para a industria (LATSHAW et al., 1994; WANG et al., 2003;
SANTANA, 2011; HAGGRAN, 2014).

A farinha de pena também pode ser utilizada na agricultura organica
substituindo o guano, que é usado como fertilizante e possui um elevado custo de
producdo. J& a farinha de penafunciona como um suprimento de nitrogénio para as
plantas e promove a atividade microbiana(GUPTA e RAMNANI, 2006; SANTANA,
2011). Como fertilizantes organicos, a farinha de pena se destaca devido ao seu baixo
custo, a facilidade da producdo, abundante matéria prima e alto teor nutricional.

3.6 FUNGOS PRODUTORES DE QUERATINASE

O uso das penas como substrato e Unica fonte de carbono e nitrogénio do
microrganismo evidencia a sintese de queratinase capaz de degradar a proteina. Este
fendmeno estd associado a necessidade do microrganismo em hidrolisar substratos
proteicos para aproveitamento como fonte de nutrientes. Entre 0s microrganismos com
atividade queratinolitica encontra-se fungos (BOCKLE et al., 1995, SANTOS et al.,
1996) e bactérias (WILLIANS et al., 1990, COELLO, 2003).

Nos ultimos anos houve um crescente aumento de pesquisas com o objetivo de
isolar microrganismos queratinoliticose estuda-losem diferentes condicGes na tentativa

de otimizar a producdo de queratinases mais resistentes, especificas e termoestaveis com
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a finalidade de serem aplicadas na inddstria, visto que esta enzima pode ser utilizadaem
diversos setores industriais (RIESSEN; ANTRANIKIAN, 2001; CORTEZI, 2009;
CROWTHER; A'BEAR, 2012; HAGGRAN, 2014; KUMAR; KUSHWAHA, 2014).
Consequentemente, as queratinases obtidasde microrganismos tém sido purificadas e
caracterizadas em grande escala como observado na Tabela 1 adaptado do estudo de
Kumar eKushwaha(2014). As propriedades fisico-quimicas da queratinase variam de
acordo com a espécie do microrganismo produtor, substrato utilizado e condicdes
fisicas durante a producdo, entre outros. Foi relatadona literatura uma faixa dos
melhorespHs (5,5 a 10) e temperaturas (30°C a 100°C) com maior atividadeenzimaética
(MUKHOPADHYAH e CHANDRA, 1990; QIN et al., 1992; BERNAL et al., 1995).

Tabela 1: Fungos produtores de queratinase (Adaptado de KUMAR; KUSHWAHA, 2014)

Espécie Massa (KDa) pH Temperatura (°C) Referéncia
Aspergillusfumigatus - 6,5-9,0 45 (SANTOS et al., 1996)
Micorsporum canis 43,5 8 50 (BROUTA et al., 2001)
Aspergillusoryzae 60 8 50 (FARAG; HASSAN, 2004)
Aspergillusflavipes 60 7 45 (EL-AYOUTRY et al., 2012)
Chrysoporiumtropicum 57 8,8 - (KUMAR e KUSHWAHA, 2014)
Cunninghamella echinulata 33 4,5-10 30-55 (MORE et al., 2013)
Microsporiumgypseum 60.5 8,9 - (KUMAR e KUSHWAHA, 2014)
Myceliophthorafergusii 35 7,9 - (KUMAR e KUSHWAHA, 2014)
Penicillium griseofulvum 44 8 - (KUMAR e KUSHWAHA, 2014)
Scopulariopsisbrevicalis 39 8 40 (ANBU et al. 2006)
Trichophyton var. erinacei 38 5,5 50 (MUHSIN; AUBAUD, 2000)
Verticillium sp. 32 7,2 - (KUMAR e KUSHWAHA, 2014)

Nos meios de cultura, as penas podem ser adicionadas tanto inteiras como
moidas e funcionam como fonte de carbono e nitrogénio para o crescimento do
microrganismo (RIFFEL et al., 2003, SANGALI; BRANDELLI, 2000; RIFFEL,;
BRANDELLI, 2002; THYS et al., 2004; RAMNANI; GUPTA, 2004; JAQUADI et al.,
2013).

A mesma espécie de microrganismo entretanto, isolados diferentes podem
apresentar variagdes na producdo e na atividade queratinolitica, como também em
diversas atividades bioquimicas (SANTANA, 2011; JITENDRA eKUSHWAHA, 2014;
AGRAWAL e DALAL, 2015.).
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3.6.1 GENERO Cunninghamella

A capacidade observada nos fungos em adaptar rapidamente o seu metabolismo
a diferentes fontes de carbono é um fator essencial para sua sobrevivéncia. Essa
flexibilidade metabolica se deve a producdo de uma grande quantidade de enzimas,
capazes de hidrolisaruma variedade de compostos. Os fungos estdo sendo cada vez mais
utilizados em processos de biotecnoldgicos por serem capazes de viver nos mais
diversos habitats influenciando fatores bidticos e abidticos (ALEXOPOULOS et al.,
1996; CROWTHER e A'BEAR, 2012).

Em situacdes de estresse ambiental, € importante conhecer o comportamento
adaptativo dos fungos visando a capacidade dos mesmos em produzir metabdlitos
secundarios de valor biotecnolégico com aplicagbes industriais promissoras
(SRINIVASAN e VIRARAGHAVAN, 2010; SINGH, 2014).

A classe dos Zygomycetes € caracterizada por fungos que produzem esporos de
resisténcia. Sdo cosmopolitas, exibindo grandes habilidades de sobrevivéncia e
desenvolvimento em ambientes distintos (ATLAS e BARTHA, 1992; ALEXOPOULQOS
et al., 1996).

O género Cunninghamella pertencente a Classe Zygomycetes, possuindo quitina
e quitosana em sua parede celular (BARTINICKI e GARCIA, 1967; RAJPUT e
GUPTA, 2013). Na Figura 5 a seguir pode-se observar o aspecto macroscépico de

Cunninghamella sp.

Uma das espécies utilizada neste trabalho, Cunninghamella echinulata foi
relatada na literatura como um eficiente produtor de queratinase por More et al. (2013).
Entretanto, sabemos que os microrganismos de mesma espécie podem se diferir quando
sdo de isolamentos diferentes, apresentando modificacGes em caracteristicas adaptativas
e metabdlicas. Apds pesquisas em diferentes bancos, ndo foram encontradas evidencias
na literatura sobre o outro microrganismo utilizado neste trabalho, a espécie
Cunninghamella phaeosphora, desde caracteristicas morfologicas a potenciais

biotecnoldgicos.
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Figura 5: Aspecto macroscépico de Cunninghamella sp. A — Microrganismo cultivado

em placa de Petri; B — Filamento do microrganismo em lupa (MAHNKE, 2015)

3.8BIOMA CAATINGA

Caatingado tupi: caa(mata) + tinga (branca) nome escolhido devido a paisagem
esbranquicada apresentada pela vegetacdodurante o periodo seco como observado na
Figura 6(SANTOS, 2011).

St T

Figura 6: Vegetacdo tipica do bioma Caatinga (Comunidade Banco do Planeta, 2014)

A Caatinga ¢ um biomasemiarido exclusivamente brasileiro, ou seja, grande
parte do seu patrimdnio bioldgico ndo pode ser encontrada em outro lugar. Ocupa cerca
de 800.000 Km?, incluindo parte dos estados do Piaui, Ceara, Rio Grande do Norte,

Paraiba, Pernambuco, Alagoas, Sergipe, Bahia e Minas Gerais, correspondendo a 6,83%
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do territorio nacional.Caracteriza-se por possuir uma floresta seca, e apresentar uma
vegetacdo xerdfila com uma ampla variagdo de fisionomia e diversidade de
espécies(BRASIL, 2007; SANTOS, 2011).

A Caatinga é caracterizado por possuir um clima de altas temperaturas, com
precipitacdo irregular e escassa. A combinagdo desses fatores resulta em baixa
disponibilidade hidrica para plantas durante um periodo de 7 a 9 meses, conhecido
como periodo seco (SAMPAIO, 1995).

O ecossistema arido esemiaridos pode apresentar uma diversidade
fangicasuperior comparada a de ambientes Umidos devido ao baixo potencial hidrico do
solo, impedindoo desenvolvimento de bactérias, tornando a microbiotadestes locais
composta basicamentepor fungos (MELLONI et al., 2000 e 2003; BARBOSA et al.,
2003 e 2007; CRUZ e GUSMAO, 2009; CROWTHER e A’BEAR, 2012).0s fungos
apresentam importancia ecoldgica e econdmica, atuando como decompositores e

produtores de metabdlitos incluindo enzimas de uso biotecnolégico.

A capacidade adaptativa dos fungos citada anteriormente, baseia-se na producéo
de enzimas que lhe permitesobreviver em diversos locais utilizando diferentes
substratos como fonte de energia e carbono. Os fungos nessa regido sdo ainda pouco
conhecidos (MAIA & GIBERTONI, 2002; BALAKUMAR et al., 2013) e merecem
atencdo especial pelo potencial que representam, uma vez que a sua sobrevivéncia em
ambientes com escassez nutritiva requer uma maior atividade de sintese de diferentes
metabolitos para a obtencdo de nutrientes, justificando estudos em busca de isolados

capazes de produzir compostos de interesse biotecnoldgico e industrial.
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Abstract

Keratinases (EC: 3.4.99) is widely applied in industry and medicine. This study aimed to produce, purify,
and characterize keratinases obtained from Cunninghamella echinulata UCP 1299 and Cunninghamella
phaeosphora UCP 1303 isolated from soil of Caatinga (Pernambuco, Brazil). The microorganisms it
maintained in solid medium, containing bird feathers keratin for 15 days and subsequently used in
submerged fermentation for the enzyme production. Cultures it grown for 15 days at 28° C (orbital shaker
at 150 rpm). Crude extracts collected at the best keratinase production day (9th and 6th for C. echinulata
and C. phaeosphora, respectively) it used for affinity purification using particles of magnetite-keratin
composite. Keratinases from C. echinulata and C. phaeosphora presented best activities at pH and
temperature of 8.0; 28°C-45°C; 9.0 and 35°C-55°C, respectively. Both enzymes presented molecular
mass of approximately 35 kDa. Thus, these microorganisms can produce keratinase that can purified by
affinity binding on magnetite-keratin composite.

Keywords: Keratinase; Cunninghamella; Purification; Magnetite-keratin

Introduction

The poultry industry is the activity that has the largest and most advanced technological assets from the
agricultural sector. The great progress in genetics, nutrition, management and sanity checked on the last
four decades transformed the undertaking into a real economic complex (Nayaka and Vidyasagar, 2013).
However, the poultry industry is responsible for producing a large amount of feathers with the potential to
affect the environment because they accumulate in the form of garbage after the processing of poultry for
human consumption. An alternative to reducing the environmental impact is the development of
biotechnological processes for the use of this residue (Balakumar, 2013; Anitha and Palanivelu, 2013). It
should note that the use of feather remains is an ecological solution, preventing its accumulation in the
environment and the development of various types of pathogens. Thus, the biodegradation of feathers is a
method for improving protein utilization as food (Han et al., 2012; Sivakur et al., 2013).
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The keratinase belong to the group of proteases, the proteolytic enzymes that catalyze the hydrolysis of
peptic bonds in proteins. Most keratinase is induce, requiring the presence of keratin as an exogenous
inducer. They are characterized by specificity for a large number of soluble protein substrates as casein,
bovine serum albumin, gelatin and hemoglobin; and insoluble substrates as feathers, wool, hair, nail,
horn, silk, collagen, elastin, corneal layer and azokeratin (Singh, 2014; El-Ayouty et al., 2012; Agrawal
and Dalal, 2015). These enzymes have improved ability to act on compact substrates such as keratin when
compared with other proteolyticenzymes that is what distinguishes keratinases from other proteases.
Keratinases plays an important role in biotechnological processes, highlighting the Eco-leather
applications, degradation of the waste produced in the poultry industry, nutritional improvement of
animal feed from feathers, the manufacture of detergents, as well as in medicine by eliminating the
keratin in human acne and callus (Agrawal and Dalal, 2015; Haggran, 2014; Jaouadi et al., 2013).

Several microorganisms may synthesize the keratinase enzyme, thus isolating microorganisms that
produce stronger, specific and thermostable keratinolytic enzymes to be applied in the industry has been
made with interest of reducing possible environmental impacts (Rajput and Gupta, 2013; Jeevana et al.,
2013; Kumar and Kushwaha, 2014). Cosmopolitan filamentous fungi, showing great survival skills and
development in different environments, represent the Zygomycetes class. The Cunninghamella genus has
more than 12 described species, was characterize by cause diseases known as zygomycoses using organic
matter as substrate (More et al., 2013; Santana, 2011; Saibabu et al., 2013).

The Caatinga is an exclusively brazilian biome. Its climate has characterized by high temperatures, with
irregular and low rainfall. The fungal diversity in arid and semi-arid ecosystems can be equal or greater
when compared to humid environments (Crowther and A’Bear, 2012). This is due to low soil water
potential, inappropriate for the growth of bacteria, which makes the food chain in arid systems based
primarily on fungi. Fungi are ecologically and economically important, acting as decomposers and
metabolites producers including enzymes of biotechnological use. The enzyme production capacity
allows these organisms live in practically all substrates, with great versatility for life forms. The fungi in
this region are still little known and deserve special attention by the potential they represent, justifying
studies in search of species or isolates capable of degrading and synthesize compounds used in
biotechnological processes of interest to agriculture, industrial and/or environmental (Santos et al., 2011).

In this context, this study aimed to produce, quantify, characterize and purify keratinases obtained from
fungi Cunninghamella echinulata UCP 1299 and Cunninghamella phaeosphora UCP 1303 isolated from
the soil of the Caatinga.

Materials and Methods

Microorganisms- Cunninghamella echinulata UCP 1299 and Cunnunghamella phaeosphora UCP 1303
isolated from the soil of the Caatinga by project SISBIOTA from RENNORFUN (Redenorte e nordeste
de fungosfilamentosos), were provided by the Culture Bank of the Catholic University of Pernambuco
(UNICAP), Recife, Brazil. For maintenance of the microorganisms, the strains were maintained in test
tubes containing Synthetic Medium for Mucoralean as culture medium and stored at 5 °C.

Feather preparation- The chicken feathers were provide by the farm Pinto Formoso, located in Carpina,
Pernambuco. The feathers were wash with water at 60 °C, then were dried at 60 °C and cut into small
pieces. The treatment continued for degreasing feathers in chloroform and methanol solution (1:1, for 30
minutes at 37 °C), after they were wash with distilled water and placed at rest in a neutral detergent
solution for 16 hours at 42 °C. Finally, they were rinse with distilled water and final drying was done at
60 °C. After drying, the feathers were ground in mill blades and sieved through 28-mesh sieve.
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Production of keratinase by Fungi- The pre-inoculum was carried out using microorganisms which
were inoculated for 15 days on solid medium containing (g/L): 0.5 g NaCl, 0.7 g KH2PO4, 1.4 g KzHPO4,
0.1 g MgSOs4, 10 g of feather meal previously prepared and 20 g of Agar. The pH was adjust to 10.0.
Subsequently suspensions of spores were made of 108 spores/ml in sterile water and added to 250 ml
Erlenmeyer flasks containing 100 ml of liquid medium having the same composition as described above
with 1% of feather meal. The fungi were inoculated and maintained incubated for 15 days at 28 °C and
180 rpm. Every three days aliquots were remove. The fungal mycelium was remove by filtration, the
filtrate centrifuged at 10,000 x g for 10 minutes and the supernatant was used for determination of the
keratinolytic activity, protein content, pH changes dung the production of the enzyme, optimum pH and
temperature with keratinase with increased activity.

Determination of activity Keratinase- To determine the keratinolytic activity casein was use as
substrate and tyrosine as standard. Was add 5 mL of 0.65% casein and solubilized in potassium phosphate
buffer pH 7.5, 1 ml of crude extract, incubated at 37 °C for 10 minutes. Subsequently were add 5 ml of
trichloroacetic acid (TCA) 300 mM to stop the reaction and incubated at 37 °C for 30 minutes. Then, the
samples were filter and collect to 2 ml colorimetric assay by adding 5 mL of 0.5M NaCOs, then 2 ml of
Folin-Ciocalteu 1N and incubated for 30 minutes to stabilize the color. After that, the
absorbanceofthesolution was spectrophotometrically determined at 660 nm. Keratinase activity it defined
as the amount of enzyme used to require releasing 1uM of tyrosine per minute according to the equation:

Units/ml = uM tyrosine x 11/10 x 2 @
Where:

11 = Total volume used in the test determination
10 = Reaction time in minutes
2 =Volume used in the colorimetric test

Determination of protein content- The protein content in the medium was determined using the method
of protein estimation by Lowry et al. (1951) using bovine serum albumin (BSA) as standard.

pH Effects on keratinase activity- The optimum pH for enzyme activity was determined using the
following buffers: 0.2 M citrate buffer (pH 4-6), 0.2 M phosphate buffer (pH 7-8), and buffer 0.2 M
bicarbonate-carbonate (pH 9-10). The determination of the enzymatic activity were performed as
described above using 0.65% of casein as substrate (MUHSIN and AUBAID, 2000).

Effect of temperature on keratinase activity- The optimum temperature for the keratinolytic activity
determined by incubation of the enzyme with the substrate, which were subjected to different
temperatures ranging from 28 °C to 75 °C for a period of 10 minutes. The enzymatic activity was
determined as described above using 0.65% of casein as substrate.

Thermal stability of keratinase- To determine the temperature stability, the enzyme previously
incubated in 45°C, 55°C and 75°C. Aliquots was removed for the determination of the keratinolytic
activity at the following times 0, 10, 30, 60, 90 and 120 minutes. Keratinase activity was determined from
samples taken at each time as described above using 0.65% of casein as substrate.

Keratin fiber magnetization- The feather of chicken (1 g) were add in 200 mL of distilled water. The
suspension stirred for about 10 minutes, and added 10 ml of FeCl;.6H,O(1.1M) and 10 ml of
FeClz.6H,0(0.6M) simultaneously. Ammonium hydroxide were added to reach pH 11. The magnetic
support kept under constant stirring for 30 minutes in a water bath at 100 °C. Feathers were removed
from the suspension by sieving and were washed successively until the pH reaches 7.0. Then, the support
were dried at 50 °C (NERI et al., 2009, adapted).
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Keratinase precipitation- Keratin were precipitated by acetone in the 30-80% fractions. The acetone
was added in 3:1 (acetone:enzyme broth) and incubated for 60 minutes at -20 °C. The sample centrifuged
at 15.000 rpm for 15 minutes and the supernatant discarded. The precipitates dissolved in Tris-acetate
buffer at pH 7.0 and the enzymatic activity and protein content were determined as described above.

Keratinase purification- To evaluate the efficiency of the purification method the acetone extracts were
incubated with 10 mg of keratin magnetized for 2 hours at 4 °C under stirring. After stirring, the particles
collected by a magnetic field 6000 Oe and the supernatant saved to determine total protein. The first
protein peak (total proteins) it obtained using phosphate buffer solution 0.05 mol/L pH 8.0 (5 mL). After
that , the specifically bound proteins to the matrix were eluted with phosphate buffer 0.05 mol/L pH 8.0
containing 1M NaCl buffer . The amount of protein was spectrophotometrically monitored at 280 nm.
Keratinolytic activity and the total protein of the fractions containing keratinase were determined
(fractions eluted with 1 M NaCl).

Electrophoresis analysis of acetone extract and purified enzyme (SDS-PAGE)- To check the state of
purity of the samples and to determine the molecular weight of the proteins, the electrophoresis on
polyacrylamide gels with denaturing of the proteins (SDS-PAGE) was according to Laemmli et al.
(1970). It was performed in 10% gradient gel (16 kDa- 97 kDa) acrylamide/bisacrylamide in buffer
containing Tris-HCI, glycine and SDS at 70 mA and 100 W. Commercial standard molar mass of 10,000-
24,0000 Da (Thermo Scientific) was used, and samples was prepared on commercial buffer according to
Lammli (Sigma-Aldrich) and heated for 5 minutes in boiling water. After the electrophoretic run, the
protein it stained with silver nitrate. The gel it denatured in 50% ethanol and solutions of sodium
thiosulfate and silver nitrate with formaldehyde added during the process. After the staining period, the
gel it applied to a developer solution containing Na2CO3 with formaldehyde and sodium thiosulfate to
visualize the protein bands, using 13% acetic acid to stop the reaction.

Results

The change in pH it studied during keratinase production process. Since the initial pH 10.0, Figure 1
shows the pH ranges obtained during cultivation of the isolates.

9 -
8.5 N /_.\._.
(]
[=T+]
c
g 8-
T —e—C. echinulata
o
—&—C. phaeosphora
7.5 -
7 T T T T 1
3 6 9 12 15
Time (Days)

Figure 1. Change of pH during the production of keratinase by C. echinulata UCP 1299 and C.
phaeosphora UCP 1303
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During the growth of the isolates, there was pH neutralization and then an increase to alkaline range in the
interval from the ninth to fifteenth culturing day that coincided with higher keratinolytic activity.
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Figure 2. Displays of the specific keratinase activity of the isolates tested

Keratinase activity presented higher activity in the ninth day of culture, with the value of 18.1 U/ml of
activity with a specific activity of 84.19 U/mg of soluble protein for C. echinulata UCP 1299 cultivation.
C. phaeosphora UCP 1303 showed higher enzymatic and specific activity on the sixth (21.9 U/mL; 96.2
U/mg) and ninth (17.8 U/mL; 95.2 U/mg) day of culture.

The effect of pH in the keratinase activity was also tested and it showed in Figure 3.
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Figure 3. Effect of pH on the keratinase activity from C. echinulata UCP 1299 and C. phaeosphora UCP
1303

Keratinase from C. echinulata UCP 1299 and C. phaeosphora UCP 1303 it presented maximal activity in
pH 8.0 and 9.0, respectively (Figure 3).The enzyme showed significant activity when subjected to pH
changes leading to 65% reduction of its activity in the pH 4.0 for both isolates and reduced 29.3% and
27% at pH 7.0 and 9.0 respectively for the keratinase obtained from C. echinulata UCP 1299, and
reduced 11,9% and 0,4% at pH 8.0 and 10.0 respectively for the keratinase obtained from C. phaeosphora
UCP 1303 cultivation.
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Figure 4. Effect of the temperature in keratinase activity of C. echinulata UCP 1299 and C. phaeosphora
UCP 1303

The best keratinase activity from C. echinulata UCP 1299 when subjected to different temperatures was
shown in 28°C, 35°C and 45°C, for the keratinase activity of C. phaeosphora UCP 1303, the best results
were shown in 35°C, 45°C and 55°C. The keratinase had considerable activities when subjected to
temperature variation, keeping a relative activity above 60% between 28°C to 55°C leading to a reduction
in activity at the highest temperatures of 65°C and 75°C, respectively.
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The thermostability of the keratinase it showed in Figure 5.
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Figure 5. Thermostability of keratinase. A- C. echinulata UCP 1299; B- C. phaeosphora UCP 1303

Keratinase from both Cunninghamella is thermal stable at the investigated temperatures. C. echinulata
lost about 20% (comparing temperatures 28°C and 45°C) of its activity during 2 h of incubation whereas
C. phaeosphora 10% (comparing 45°C and 55°C). However, the keratinase from C. echinulata and C.
phaeosphora lost their activities at 75°C after 60 and 90 min of incubation demonstrated a low enzymatic
activity and zero activity, results of a gradative denaturation of the protein.

The results of the purification procedures it summarized in Table 1 and 2. SDS-PAGE analysis of the
samples revealed a single band (Fig.7), indicating that the keratinase was purified. The overall
purification factor was about 4.76-fold and 4.96-fold; the final yields were 37.4 % and 44.1% and the
final products had specific activities of about 470 U/mg and 507 U/mg to C. echinulata UCP 1299 and C.
phaeosphora UCP 1303, respectively.
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Table 1. Purification patterns of keratinase obtained from C. echinulata UCP 1299

Volume Total Total Specific Foldpurificat Yeld

Purification step (mL) protein activity activity ion (%)
(mg) V) (mg/mL)

Crudeextract 20 4.28 361.8 84.5 1 100
Accetoneprecipitati
on 10 2.19 216 98.6 1.16 59.7
Magnetizable
Keratin 1 0.17 80.8 469.7 5.56 22.3

Table 2. Purification patterns of keratinase obtained from C. phaeosphora UCP 1303

Volume Total Total Specific Foldpurificat Yeld
Purificationstep (mL) protein activity activity ion (%)
(mg) ) (mg/mL)

Crudeextract 20 4.54 438 96.2 1 100
Accetoneprecipitati
on 10 243 248 102.05 1.06 56.6
Magnetizable
Keratin 1 0.21 109.6 506.8 5.26 25

Figure 6. SDS-Page electrophoresis of the protein fractions collected from C. echinulata and C.
phaeosphora keratinase purification. (1) C. echinulata UCP 1299 purified sample; (2) C. echinulata UCP
1299 acetone precipitated sample; (3) C. phaeosphora UCP 1303 purified sample; (4) C. phaeosphora
UCP 1303 acetone precipitated sample
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The electrophoresis showed strong bands at the molecular weight of 35 kDa (keratinase molecular weight
reported in the literature) in all collected fractions but is evident the reduction of bands comparing the
purified samples with the acetone purified samples

Discussion

C. echinulata UCP 1299 and C. phaeosphora UCP 1303 are capable to produce keratinase induced by
feathers substrate in approximately 140 h. Feathers are the mostly utilized substrate for keratinase
production. Following feather degradation and keratinase production the pH value of the culture
decreased to about 7.2 to 9.0. C. echinulata had been widely utilized for keratinase production, as other
Zygomycetes species; however, this is the first study of keratinase production by Cunninghamella
phaeosphora. Among these isolates, C. phaeosphora degraded feathers more quickly than C. echinulata
UCP 1299.

Many keratinases are capable of hydrolyzing a broad range of soluble and insoluble proteins. For that
reason, enzymes like keratinase submitted to extreme temperatures and pH to study its stability. The
highest concentration of extracellular keratinase produced from 144 h to 216 h. Similar activity was
obtained by the fungus Aspergilluscarbonarius 1546 RMUs in its 5th day of culture, with a keratinolytic
activity of 48.9 U/ml (Sales et al., 2008; Mousavi et al., 2013; Raju and Divakar, 2013; Sanchez et al.,
2012).Since the production of keratinase varies from organism to organism, the study of the nutritional
and environmental factors controlling the keratinase production from a highly potent strain of fungi is
warranted (Leeriputten and Horisberger, 1974).

Additionally, it is visible that the keratinase obtained from the isolates were maintained at a pH optimum
in the range from 7.0~9.0. These results were similar to keratinase of Kocuriarosea that been proposed in
leather industry. A number of factors such as temperature, pH, and the nature ofcarbon and nitrogen
sources present in the medium influences thekeratinase production by microorganisms (Leeriputten and
Horisberger, 1974).

Keratinases described in the literature are mostly serine proteases, moderately thermophilic (45~90 °C).
The results are similar to those described by More et al. (2013) in which they used the same organism,
however the keratinase produced for different isolates showed the best activity in the same temperature
range 28~60 °C. In general, the enzymes react slowly at subfreezing temperatures and their activity
increases with increasing temperature to achieve optimal activity, typically at temperatures in the range of
45 °C.

The results of the purification procedures indicated that using acetone precipitation followed by magnetic
keratin particles purified keratinase preparation it achieved for both fungi. Besides the specific activity
increase, the collected fractions presented a protein band corresponding to the described molecular weight
for keratinase. The use of magnetic affinity materials were illustrated by Dunnill and Lilly (1974), they
made a purification of L-asparaginase and B-galactosidase with the affinity. The separation of the enzyme
were made using porous supports.Both enzymes were active over a temperature range of 28~65 °C,
presenting an optimum value at 55 °C.

The isolates studied had keratinase activity and the samples showed a significant activity on the sixth to
ninth day of incubation in submerged liquid culture. The sample of C. echinulata showed an 18.1 U/ml of
activity with a specific activity of 84.19 U/mg of soluble protein, and for C. phaeosphora 21.9 U/ml of
activity with a specific activity of 96.2 U/mg.

The optimum pH of keratinolytic activity was observed in the range of values between 7.0~9.0 being the
best pH the 8.0 for C. echinulata UCP 1299 and 9.0 for C. phaeosphora UCP 1303;
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Its optimal temperature was observed in the range of 28~55 °C. The thermostability tests demonstrated
that the enzyme is moderately thermophilic. Its stability in temperature and alkaline pH range allows the
performance of this enzyme in the leather industry providing an effective particularly in the bio treatment
process of shaving, is suitable to replace chemical processes which cause environmental pollution;

For purification, both keratinases showed affinity for magnetization keratin. In the electrophoresis the
enzyme purified for Cunninghamella species, showed a molecular weight of approximately 35 kDa.

Besides being a promising enzyme in biotechnological processing sectors such as animal feed production
from feather meal, use in cosmetics, bioremediation of poultry industry waste, among others.

Conclusion

The isolates studied had keratinase activity and the samples showed a significant activity on the 6~9th
day of incubation in submerged liquid culture, which showed an activity of 18.1 U/ml of activity with a
specific activity of 84.19 U/mg of soluble protein for C. echinulata UCP 1299 cultivation and 21.9 U/ml
of activity with a specific activity of 96.2 U/mg for C. phaeosphora UCP 1303, respectively.

The optimum pH of keratinolytic activity was observed in the range of values between 7.0~9.0 being the
best pH the 8.0 for C. echinulata UCP 1299 and 9.0 for C. phaeosphora UCP 1303;

Its optimal temperature was observed in the range of 28~55 °C. The thermostability tests demonstrated
that the enzyme is moderately thermophilic. Its stability in temperature and alkaline pH range allows the
performance of this enzyme in the leather industry providing an effective particularly in the biotreatment
process of shaving, is suitable to replace chemical processes which cause environmental pollution;

For purification, both keratinases showed affinity for magnetization keratin. In the electrophoresis the
enzyme purified for Cunninghamella species, showed a molecular weight of approximately 35 kDa;

Besides being a promising enzyme in biotechnological processing sectors such as animal feed production
from feather meal, use in cosmetics, bioremediation of poultry industry waste, among others.
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5 CONCLUSAO

e Os isolados estudados hidrolisaram o substrato queratinoso utilizado
evidenciando a produtividade enzimatica;

e Foi quantificado uma significativa atividade enzimética no sexto ao nono dia de
cultivo submerso com 18,1 U/ml de atividade queratinolitica e 84,19 U/mg de
atividade especifica paraC. echinulata UCP 1299 e 21,9 U/ml de atividade
queratinolitica com atividade especifica de 96,2 U/mg paraC. phaeosphora UCP
1303.

e O otimo pH para a maxima atividade queratinolitica foi observada na faixa de
7,0~9,0 com o pH de melhor atividade 8,0 para aC. echinulata UCP 1299 e 9,0
paraC. phaeosphora UCP 1303;

e A temperatura média para a méxima atividade das enzimas obtidas foram
demonstrada na faixa de 28~55°C;

e Os testes de termoestabilidade demonstraram que as queratinases €
moderadamente termofilica, zerando a atividade das mesmas quando submetidas
a temperatura de 75°C por 120 minutos;

e Para a purificacdo, ambas as queratinases mostraram afinidade com as
microparticulasmagnetita-queratina obtendo uma significativa reducdo das
proteinas soluveis.

e No ensaio de eletroforese com as enzimas purificadas das espécies de
Cunninghamella, foi evidenciado o peso molecular de aproximadamente 35 kDa

para am bas amostras.
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. Vector graphics containing fonts must have the fonts embedded in the files.
HalftoneArt

. Definition: Photographs, drawings, or paintings with fine shading, etc.
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. If any magnification is used in the photographs, indicate this by using scale bars within
the figures themselves.
o Halftones should have a minimum resolution of 300 dpi.

CombinationArt
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. Definition: a combination of halftone and line art, e.g., halftones containing line
drawing, extensive lettering, color diagrams, etc.
o Combination artwork should have a minimum resolution of 600 dpi.
Color Art
o Color art is free of charge for online publication.
. If black and white will be shown in the print version, make sure that the main

information will still be visible. Many colors are not distinguishable from one another when
converted to black and white. A simple way to check this is to make a xerographic copy to see if
the necessary distinctions between the different colors are still apparent.

. If the figures will be printed in black and white, do not refer to color in the captions.

. Color illustrations should be submitted as RGB (8 bits per channel).

Figure Lettering

. To add lettering, it is best to use Helvetica or Arial (sans serif fonts).

o Keep lettering consistently sized throughout your final-sized artwork, usually about 2—3
mm (8-12 pt).

. Variance of type size within an illustration should be minimal, e.g., do not use 8-pt type
on an axis and 20-pt type for the axis label.

. Avoid effects such as shading, outline letters, etc.

. Do not include titles or captions within your illustrations.

Figure Numbering

. All figures are to be numbered using Arabic numerals.
. Figures should always be cited in text in consecutive numerical order.
. Figure parts should be denoted by lowercase letters (a, b, c, etc.).

60



Mahnke, L. C.

. If an appendix appears in your article and it contains one or more figures, continue the
consecutive numbering of the main text. Do notnumbertheappendix figures,

"Al, A2, A3, etc." Figures in online appendices (Electronic Supplementary Material) should,
however, be numbered separately.

Figure Captions

o Each figure should have a concise caption describing accurately what the figure depicts.
Include the captions in the text file of the manuscript, not in the figure file.

. Figure captions begin with the term Fig. in bold type, followed by the figure number,
also in bold type.

. No punctuation is to be included after the number, nor is any punctuation to be placed at
the end of the caption.

. Identify all elements found in the figure in the figure caption; and use boxes, circles,
etc., as coordinate points in graphs.

. Identify previously published material by giving the original source in the form of a

reference citation at the end of the figure caption.

Figure PlacementandSize

. When preparing your figures, size figures to fit in the column width.

. For most journals the figures should be 39 mm, 84 mm, 129 mm, or 174 mm wide and
not higher than 234 mm.

. For books and book-sized journals, the figures should be 80 mm or 122 mm wide and

not higher than 198 mm.

Permissions

If you include figures that have already been published elsewhere, you must obtain permission from the
copyright owner(s) for both the print and online format. Please be aware that some publishers do not grant
electronic rights for free and that Springer will not be able to refund any costs that may have occurred to
receive these permissions. In such cases, material from other sources should be used.

Accessibility

In order to give people of all abilities and disabilities access to the content of your figures, please make
sure that

. All figures have descriptive captions (blind users could then use a text-to-speech
software or a text-to-Braille hardware)

. Patterns are used instead of or in addition to colors for conveying information
(colorblind users would then be able to distinguish the visual elements)

. Any figure lettering has a contrast ratio of at least 4.5:1

Springer accepts electronic multimedia files (animations, movies, audio, etc.) and other supplementary
files to be published online along with an article or a book chapter. This feature can add dimension to the
author's article, as certain information cannot be printed or is more convenient in electronic form.

Submission
. Supply all supplementary material in standard file formats.
. Please include in each file the following information: article title, journal name, author

names; affiliation and e-mail address of the corresponding author.
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. To accommodate user downloads, please keep in mind that larger-sized files may
require very long download times and that some users may experience other problems during
downloading.

Audio, Video, andAnimations

. Always use MPEG-1 (.mpg) format.

TextandPresentations

. Submit your material in PDF format; .doc or .ppt files are not suitable for long-term
viability.

. A collection of figures may also be combined in a PDF file.

Spreadsheets

J Spreadsheets should be converted to PDF if no interaction with the data is intended.

. If the readers should be encouraged to make their own calculations, spreadsheets should

be submitted as .xls files (MS Excel).

SpecializedFormats

. Specialized format such as .pdb (chemical), .wrl (VRML), .nb (Mathematica notebook),
and .texcan also be supplied.

CollectingMultiple Files

. It is possible to collect multiple files in a .zip or .gz file.

Numbering

. If supplying any supplementary material, the text must make specific mention of the
material as a citation, similar to that of figures and tables.

. Refer to the supplementary files as “Online Resource”, e.g., "... as shown in the
animation (Online Resource 3)", “... additional data are given in Online Resource 4”.

. Name the files consecutively, e.g. “ESM_3.mpg”, “ESM_4.pdf”.

Captions

. For each supplementary material, please supply a concise caption describing the content
of the file.

Processingofsupplementary files

. Electronic supplementary material will be published as received from the author without
any conversion, editing, or reformatting.

Accessibility

In order to give people of all abilities and disabilities access to the content of your supplementary files,
please make sure that

. The manuscript contains a descriptive caption for each supplementary material

. Video files do not contain anything that flashes more than three times per second (so

that users prone to seizures caused by such effects are not put at risk)

Manuscripts that are accepted for publication will be checked by our copyeditors for spelling and formal
style. This may not be sufficient if English is not your native language and substantial editing would be
required. In that case, you may want to have your manuscript edited by a native speaker prior to
submission. A clear and concise language will help editors and reviewers concentrate on the scientific
content of your paper and thus smooth the peer review process.
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The following editing service provides language editing for scientific articles in all areas Springer
publishes in:

) EdanzEnglishediting for scientists

Use of an editing service is neither a requirement nor a guarantee of acceptance for publication.
Please contact the editing service directly to make arrangements for editing and payment.

) EdanzEnglishediting for scientists
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