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RESUMO

As actinobactérias sdo um dos grupos de bactérias mais diversificados na natureza
apresentando caracteristicas anaerdbicas, aerdbicas, filamentosas e linhagens geradoras
de esporos que possui alta importancia biomédica e industrial. Dentre elas, 0 género
Streptomyces se destaca pela producdo de uma gama de celulases como exoglucanase,
endoglucanase, B-glucosidase e celobiohidrolase. A partir da atividade dos seus
constituintes, a celulase promove a hidrolisacdo da biomassa ligninocelulésica
produzindo moléculas menores de agucares que sdo utilizados para processos
bioguimicos como fabricacéo de biodiesel, producdo de laticinios, cerveja, xaropes, entre
outros, obtendo-se produtos de degradacdo de elevado interesse industrial. Nesse
contexto, este trabalho objetivou a obtencdo de um complexo enzimatico produzido por
Streptomyces capoamus capaz de degradar a celulose de maneira eficaz para posterior
purificacdo e elucidacdo de suas propriedades fisico-quimicas a fim encontrar uma
aplicacdo industrial relevante. Para tal, foram utilizadas da actino da actinobactéria,
obtidas da colecdo de culturas do Departamento de Antibidticos da Universidade Federal
de Pernambuco (DANTI-UFPE) incubadas a 37°C, por 7 dias sob agitacdo de 150 rpm
obtendo-se assim o extrato bruto enziméatico que foi liofilizado por processo de freeze-
drying. Sua atividade enziméatica foi avaliada utilizando como substrato
carboximetilcelulose 1% (p/v) em pH 5,6 a 50 mM a 60 °C e as proteinas foram
quantificadas pelo método de Bradford obtendo-se um rendimento de 0,03376 mg/mL. A
fim de purificar o extrato bruto foram realizadas cromatografia de troca ibnica
verificando-se um pico principal com atividade de 50,6309 U/mL e purificacdo de 1,65
vezes e cromatografia de exclusdo molecular obtendo-se um pool de 12 amostras no
mesmo pico demonstrando que sdo de mesma massa molecular. Foi realizada eletroforese
em gel de poliacrilamida — sulfato sddico de dodecila (SDS-PAGE) a fim estimar a massa
molecular da enzima estando préxima de 97,4 kDa. Em seguida, a temperatura e valores
de pH 6timos foram determinados mostrando que a enzima apresenta atividade maior que
50% nas faixas de pH entre 3 e 4 e entre 6 e 7. A temperatura 6tima foi de 65 °C
demonstrando atividade maior que 50% entre 30 e 60 °C. Os parametros cinéticos foram
calculados e a enzima mostra atividade de acordo com a constante de Michaelis-Menten.
Visando uma aplicagao industrial, a sua compatibilidade com detergentes foi avaliada



incubando-se a enzima com 4 marcas diferentes e mensurando-se sua atividade que
demonstrou ser totalmente compativel e ativa nas marcas testadas: Ala (100%), Guarani
(91,4 %), Class (57,2%) e Omo (48,2%) todas em relacdo ao controle sem detergentes
(68,2 %). Sendo assim, os resultados mostram que as celulases obtidas de S. capoamus
mostraram-se muito promissoras pois apresentaram termoestabilidade notével e
versatilidade de valores de pH. Além disso apresentaram constante estabilidade em sua
atividade mantendo-se ativa mesmo em condicdes desnaturantes. Esses achados fazem a

enzima ganhar importancia para futuras aplicac@es industriais.

Palavras—chave: Actinobactérias. Enzimas. Celulase. Atividade Celulolitica.



ABSTRACT

Actinobacteria are one of the most diversified bacteria groups in the wild with anaerobic,
aerobic, filamentous and spore-forming lineages with highlighted biomedical and
industrial importance. Among them, the genus Streptomyces stands out for the production
of a range of cellulases like exoglucanase, endoglucanase, PB-glucosidase and
cellobiohidrolase. From the activity of its constituents, cellulase promotes the
ligninocellulosic biomass hydrolysis producing smaller sugar molecules used for
biochemical processes like biodiesel production, dairy production, beer, syrups, among
others, obtaining degradation products of high industrial interest. In this context, this
work aimed to obtain an enzymatic complex produced by Streptomyces capoamus
capable of degrading the cellulose in an efficient manner for further purification and
elucidation of its physicochemical properties in order to find a relevant industrial
application. For this purpose, actinobacteria samples were obtained from the Antibiotics
Department culture collection of the Federal University of Pernambuco (DANTI-UFPE)
and incubated at 37 ° C for 7 days under 150 rpm agitation, obtaining crude enzymatic
extract which was freeze-dried liophilizated. Its enzymatic activity was evaluated using
1% (w/v) carboxymethylcellulose at pH 5.6 to 50 mM at 60 °C and the proteins were
quantified by the Bradford method resulting in a 0.03376 mg / ml yield. In order to purify
the crude extract, ion exchange chromatography was performed, with a main peak with
activity of 50.6309 U / mL and purification of 1.65 folds and molecular exclusion
chromatography obtaining a pool of 12 samples in the same peak showing that they
presented the same molecular mass. Polyacrylamide gel electrophoresis containing
sodium dodecyl sulfate (SDS-PAGE) was performed to estimate the enzyme molecular
mass being approximately 97.4 kDa. Then, the optimum pH and temperature were
determined showing enzyme activity greater than 50% in the pH ranges between 3 and 4
and between 6 and 7. The optimum temperature was 65 °C, showing activity greater than
50% between 30 and 60 °C. The kinetic parameters were calculated and the enzyme
showed activity according to the Michaelis-Menten constant. Aiming for an industrial
application, its compatibility with detergents was evaluated by incubating the enzyme
with four different brands and measuring its activity, which was fully compatible and
active in the tested brands: Ala (100%), Guarani (91.4% ), Class (57.2%) and Omo



(48.2%) all compared to the control without detergents (68.2%). Thus, the results show
that the cellulases obtained from S. capoamus were very promising since they presented
remarkable thermostability and pH versatility. In addition, they showed constant stability
in their activity, remaining active even in denaturing conditions. These findings make the

enzyme gain importance for future industrial applications.

Keywords: Actinobacteria. Enzymes. Cellulase. Cellulolytic Activity.
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1 INTRODUGCAO

Actinomicetos sdo bactérias filamentosas gram positivas, pertencentes ao filo
Actinobacteria, com um DNA rico em guanina e citosina, capazes de formar hifas em
alguns estagios de seu desenvolvimento (CARVALHO et al., 2012). Caracterizam-se pela
sua diversidade morfoldgica e de metabdlitos. Conhecidas por sua capacidade de produzir
antibidticos, também produzem pigmentos, compostos terpendides e enzimas
extracelulares, por exemplo, as celulases, que hidrolisam celulose e hemicelulose. A
producdo de celulases também pode ser conhecida quando falamos do género
Streptomyces a qual é citada em trabalhos que evidenciam a producdo de metabolitos com
atividade enzimatica (LI; GAO, 1997; SARATALE, G. D.; SARATALE, R. G.; OH,
2012).

As celulases sdo enzimas que clivam as ligacGes glicosidicas B1—4 doS polimeros
da celulose. Elas podem ser produzidas por plantas, participando da formacdo e
remodelamento da parede celular, e por bactérias, leveduras e fungos filamentosos, com
intuito de despolimerizar a cadeia de celulose, afim de obter a ciclagem da matéria
organica ou produtos com alto valor agregados para serem usados na industria. As
celulases séo de varios tipos e elas atuam sinergicamente para a hidrdlise da celulose. As
endoglucanases clivam regides internas da cadeia, liberando cadeias menores (GOMEZ;
STEELE-KING; MCQUEEN-MASON, 2008). Ao longo dos anos, um grande numero
de microrganismos incluindo bacteérias, leveduras e fungos filamentosos tém sido usados
para producéo de celulase. Essas enzimas constituem um complexo capaz de atuar sobre
materiais celulésicos, promovendo sua hidrélise, sdo biocatalisadores altamente
especificos que atuam em sinergia para a liberagcdo de agUcares, dos quais glicose é o que
desperta maior interesse industrial, devido a possibilidade de sua conversdao em etanol
(LYND et al., 2002).

As celulases tém uma gama de aplicag¢6es industriais, como na inddstria alimenticia
para producédo de sucos de fruta, vinho e café; na inddstria téxtil para processamento das
fibras de algodé&o, finalizacdo do produto e em detergentes para lavagem; na industria de
papel e polpa para descoloracdo e modificacdo das fibras; na inddstria de racédo animal
para melhorar a digestibilidade de produtos derivados de plantas, entre outros (JUTURU,;
WU, 2014; SINGH, R. et al., 2016).
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A tecnologia enzimética é, atualmente, um dos campos mais promissores dentro
das tecnologias para a sintese de compostos de alto valor agregado. O elevado custo de
celulase é o principal obstaculo a utilizacdo de biomassa celuldsica. Portanto, pesquisas
estdo sendo desenvolvidas visando a producdo de celulases com elevada atividade
enzimaética e estabilidade (SINGHANIA et al., 2010). A aplicacdo das enzimas depende
do seu grau de pureza; portanto, a purificacdo é uma etapa importante para o estudo das
propriedades bioldgicas e moleculares desses biocatalisadores. Atualmente, o processo
de separacao e purificacdo de bioprodutos é um segmento muito importante na industria,
pois pode chegar a representar de 80 a 90% do custo de producgéo; o desenvolvimento de
um processo eficiente e de baixo custo é de extrema relevancia (BASSANI et al., 2010).
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1.1 JUSTIFICATIVAS

Por sua alta especificidade e promover reacdes rapidas e eficientes, além de ter uma alta
aplicabilidade no mercado econémico industrial, as enzimas sao amplamente estudadas
para descobrir novas aplicagfes. Os microrganismos vem demostrado serem eficientes
produtores de uma ampla gama de enzimas naturais e eficientes, abrindo mercado para o
melhoramento biotecnoldgico pesquisas sdo aplicadas, visando descobrir as
aplicabilidades dessas enzimas e demostrando um valor comercial para serem utilizadas
nas diversas vertentes do mercado industrial. Pela facilidade de seu cultivo e também por
mudar informac@es genéticas para otimizacdo de producdo de enzimas é necessario saber
qual o conjunto especifico de condi¢cdes para uma funcdo eficiente. Essas condicdes
incluem temperatura ideal, pH, concentracdo de substrato etc. (SILVA, J. C. D. A., 2011).
A celulase é uma das moléculas mais abundantes no planeta e atuam na degradagdo da
celulose que é um dos constituintes da parede celular das plantas, e por atuar nesse
material facilitando sua degradacédo torna-se uma molécula de alta relevancia econémica,
ambiental e industrial. As celulases que trabalham na degradacédo desse material sdo uma
fonte de grande importancia industrial, visto que, a maioria dos produtos sdo constituidos
primariamente de materiais lignocelulésicos precisando de celulases eficientes que atuem
no processo de degradacdo. Séo varios os ambitos da inddstria que utilizam as celulases
para degradacdo da matéria organica assim como no melhoramento de alguns produtos
visando a garantia de qualidade. Elas estdo inseridas na industria alimentar humana e
animal, na industria téxtil, na remoc¢édo de biofilme bacteriano assim como na producédo
de detergente como outros produtos conhecidos no mercado (JUTURU; WU, 2014;
SINGH, R. et al., 2016).

Desse modo, é essencial ensaios enzimaticos para estudo e principalmente para
conhecer com especificidade as enzimas estudadas. Esse conhecimento é necessario para
padronizar as técnicas de utilizacdo das enzimas, assim também obter enzimas mais
eficientes, produtivas e com um maior grau de especificidade. Saber as condig¢Oes
definidas como temperatura, o pH entre outras caracteristicas facilita a aplicacdo dessas
enzimas no setor industrial de modo confidvel (BISSWANGER, 2014).

O desenvolvimento desta pesquisa visa estudar uma celulase: a endoglucanase que

participa de uma cadeia de processos de alta escala industrial para desenvolvimento de
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novas tecnologias objetivando caracterizar e oferecer informacdes de enzimas a qual
possa ser usada na producdo industrial e que tenha baixo custo de manutencéo, a partir
do isolamento de microrganismos produtores. 1sso € de grande interesse econdémico e com
alta aplicabilidade no mercado, vindo a contribuir positivamente no desenvolvimento de

técnicas de purificacdo, caracterizacdo, producdo e aplicacdo préatica dessas enzimas.
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1.2 OBJETIVOS

1.2.1 Objetivo Geral

= Purificar e caracterizar parcialmente a endoglucanase termoestavel produzida por

Streptomyces capoamus.

1.2.2 Objetivos Especificos

= Aplicar diferentes métodos de pré-purificacéo.

= Purificar parcialmente endoglucanase termoestavel.

= Caracterizar fisico-quimicamente a enzima parcialmente purificada.
= Determinar os parametros cinéticos Km e Vmax

» Avaliar a estabilidade para a industria de detergentes
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2 REFERENCIAL TEORICO
21 MICRORGANISMOS PRODUTORES DE CELULASE

Diversos microrganismos como bactérias actinomicetos e fungos séo
frequentemente documentados como novas fontes de producdo de celulases e
hemicelulases (RAI; KAUR; CHADHA, 2016).

Tanto bactérias quanto fungos podem produzir celulases que hidrolisam materiais
ligninoceluldsicos. Estes microrganismos podem ser aerobicos ou anaerébicos,
mesofilicos ou termofilicos. Bactérias pertencentes aos géneros Clostridium,
Cellulomonas, Bacillus, Thermomonospora, Ruminococcus, Bacteriodes, Erwinia,
Acetovibrio, Microbispora, e Streptomyces podem produzir celulases. Cellulomonas fimi
e Thermomonospora fusca tem sido extensivamente estudadas pela sua capacidade em
produzir celulases. Embora muitas bactérias celuloliticas, particularmente as anerdbicas,
como o Clostridium themocellum e Bacteroides cellusolvens produzam celulases com alta
atividade especifica, porém, elas ndo produzem grande quantidade de enzimas. Por causa
do crescimento lento dos anerdbios e por requererem condi¢cBes de crescimentos
especiais, muitas pesquisas para producao de celulases comerciais tem focado em fungos
como Sclerotium rolfsii, Phanerochaete chysoporium e espécies de Trichoderma,
Aspergillus Schizophyllum e Penicilium (JUTURU; WU, 2014; SUN; CHENG, 2002) .
De todos esses géneros de fungos, Trichorderma principalmente o Trichoderma reesei
tem sido mais extensivamente estudado (SUN; CHENG, 2002) além do Aspergillus niger
(XUE et al., 2017).

E conhecida uma grande gama de descobertas ligada aos compostos produzidos por
actinobacterias (SEIPKE; KALTENPOTH; HUTCHINGS, 2012). Desde a fabricacédo de
antibioticos até enzimas com valor ambiental para degradacdo da matéria organica
podendo ser isoladas de diferentes locais como ambientes marinhos (BULL; STACH,
2007) e ambientes aridos (LOPES E OLIVEIRA et al., 2016). Estudos demostram que ha
varias décadas seus metabolitos secundarios bioativos tem grande importancia
biotecnologica (BALLAV; DASTAGER; KERKAR, 2012).
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2.2  ACTINOBACTERIAS E GENERO STREPTOMYCES

Dentre as bactérias, mais de 500 espécies de Streptomyces tém sido descritas na
literatura. Dentre elas as Streptomyces sp. sdo amplamente reconhecidas por sua
importancia industrial principalmente pela sua habilidade de elaborar diferentes tipos de
novos metabolitos secundarios sendo considerados a mais abundante fonte natural de
antibidticos e outros metabdlitos secundarios bioativos sendo de grande interesse também
na medicina (ATTA, 2015; VENTURA et al., 2007).

As actinobactérias exibem uma vasta variedade de morfologias indo de cocdides
(Micrococus) ou coco-bacilares (Arthrobacter) até formas hifais fragmentadas (Nocardia
spp.) ou de micélio permanente e altamente diferenciado (Streptomyces spp.) (Figura 1).
Além disso, diversos comportamentos sdo encontrados entre as actinobactérias incluindo
patdgenos (Mycobacterium spp., Nocardia spp., Tropheryma spp., Corynebacterium spp.
e Propionibacterium spp.), habitantes do solo (Streptomyces spp.), comensais de plantas
(Leifsonia spp.), simbiontes fixadores de nitrogénio (Frankia) e habitantes do trato
gastrintestinal (Bifidobacterium spp.) (VENTURA et al., 2007).

Figura 1 — Morfologias caracteristicas do género Streptomyces. A:Forma filamento
espiralizado; B: filamentosos ; C: forma cocdide espiralizado e D: forma cocoide

filamentado . Microscopia eletronica de varredura.
% ) B = <o

Fonte: Google Imagens.
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Figura 2 — Micromorfologia de Nocardia spp. As hifas de emaranham em finos
filamentos se fragmentando e formas filamentosa, bacilares ou cocobacilares.
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Fonte: LARONE, 1993

Figura 3 — Micromorfologia de Streptomyces spp. As hifas séo retas e onduladas com
fragmentos ou ndo de formas cocoide e cocobacilares.
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Fonte: LARONE, 1993.

As actinobactérias sdo amplamente distribuidas em ecossistemas terrestres e
aquaticos (incluindo marinho) especialmente no solo, onde eles desempenham um papel
crucial na reciclagem de biomateriais refratarios pela decomposicéo e formacéo de himus
sendo responsaveis pelo ciclo do carbono em restos organicos insolUveis, especialmente
de plantas e fungos através da producéo de diversas exoenzimas hidroliticas.(VENTURA
et al., 2007).
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Essas actinobactérias secretarem enzimas que quebram os polimeros organicos
insoluveis, incluindo a quitina e a celulose, em acUcares substituintes para ligacéo e
absorcdo por multiplos transportadores. Os compostos bioativos produzidos por
Streptomyces spp. sdo classificados como metabolitos secundarios, que podem ser
utilizados como agente bioldgicos para o controle de doengas em plantas e sementes.
(PRIYADHARSINI; DHANASEKARAN, 2015)

Vaérias substancias antimicrobianas produzidas por Streptomyces sp. tem sido
isoladas e caracterizadas como aminoglicosideos, antraciclinas, glicopeptideos, B-
lactamases, macrolideos, nucleosideos, peptideos, polienos, poliésteres, policetideos,
actinoeicinas e tetraciclinas (FOLASADE, 2016) (Tabela 1).

Tabela 1 — Principais substancias usados na medicina produzidas por espécies de
Streptomyces.

Antifungicos Inmunosupresores Antibacterianos
Nistatina (S. noursei) Tacrolimus (S. tsukubaensis ) Eritromicina (S. erythreus)
Anfotericina (S. nodosus) | Sirolimus (S. hygroscopicus) Espiramicina (S. ambofacies)
Pimaricina (S. natalensis) Neomicina (S. fradiae)

Estreptomicina (S. griseus)
Tetraciclina (S. rimosus)
Vancomicina(S. orientalis)
Rifamicina (S. mediterranei)
Cloranfenicol (S. venezuelae)
Daptomicina (S. roseosporus)

Fonte: Disponivel em: https://pt.scribd.com/doc/31341023/Streptomyces-sp. Acesso em:
19 de fev. 2018.

Além disso muitas actinobactérias sdo usadas como ingredientes bioativos em uma
variedade de alimentos funcionais a fim de promover propriedades probidticas e
saudaveis como a protecdo contra patdogenos mediada pelo processo de exclusdo
competitiva, atividade de hidrolise de sais biliares, modula¢do imune e a habilidade de
aderir a mucosa ou epitélio intestinal (VENTURA et al., 2007) e até mesmo secretarem
enzimas que quebram os polimeros organicos insollveis, incluindo a quitina e a celulose,
em agucares substituintes para ligacéo e absorcdo por multiplos transportadores (SEIPKE;
KALTENPOTH; HUTCHINGS, 2012).
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2.3  ESPECIE STREPTOMYCES CAPOAMUS

Streptomyces capoamus insere-se nas caracteristicas gerais das espécies de
Streptomyces spp.. Apresentam caracteristicas comuns de desenvolvimento que sao
demonstradas por muitos géneros de actinobactérias, como a maioria das Streptomyces
apresentando formacdo de micélio aéreo esporulante, persistente ou nao-replicativo
exibido por algumas micobactérias. (VENTURA et al., 2007).

Ha relatos que uma espécie de S. capoamus, a MTCC 8123 produziu um metabolito
secundario intracelularmente que apo6s extracdo e purificagdo por métodos
cromatograficos, foi testado contra varios organismos multirresistente a drogas
demonstrando forte atividade antifungica e antibacteriana (SINGH, V.; TRIPATHI;
BIHARI, 2008).

A producdo de metabdlitos antibacterianos como ciclamicina também pode ser
observada em crescente atividade antibiotica tanto intra como extracelularmente durante
0 crescimento do microrganismo nas condi¢des de cultura utilizadas (MARTINS;
SOUTO-MAIOR, 2003).

Além de antibacterianos, outros metabdlitos bioativos também podem ser
produzidos. E o caso das endoglucanases. Em condic@es de cultura 6timas a producio é
otimizada sendo obtida uma endoglucanase termoestavel, com uma larga faixa de
variacdo de pH, estavel a variacdes de temperatura e que possui alta especificidade a partir
da utilizacdo do meio complementado com CMC, com um positivo potencial de liberagdo
de glicose (LOPES E OLIVEIRA et al., 2016).

24  ENZIMAS

As enzimas sdo catalisadores bioldgicos que aceleram as reacdes, tendo como o
principal papel o controle metabolico (COELHO et al., 2008). Elas atuam no meio interno
ou externo dependendo da sua especificidade sendo conhecidas como endoenzimas ou
exoenzimas (DAVID L. NELSON; MICHAEL M. COX, 2014).

Por conta de sua versatilidade, realizam diversos tipos de reacdes podendo ser

classificadas pela segundo as reaces que catalisam, em oxido-redutases, transferases,
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hidrolases, liases, isomerases e ligases, polimerases e oxidorredutases (VOET, D.; VOET,
J. G, 2013).

Funcionam como maquinas moleculares complexas atuando por diversos
mecanismos. Algumas agem sobre apenas um so substrato. Outras sobre dois ou mais. A
especificidade pelo substrato e a especificidade em promover reacdes bioquimicas com
seu substrato € uma das caracteristicas notaveis comparadas com catalisadores quimicos.
As enzimas sdo comparadas como catalizadores por atuarem em pequena guantidade e
podem ser recuperadas, dependendo das condi¢des de tratamento utilizadas (SANTOS,
2007; VOET, D.; VOET, J. G., 2013).

2.4.1 Hidrolases

As hidrolases s&o nomeadas pelos tipos de reacGes que executam, como: Amilase
— (hidrélise do amido), protease (hidrélise de proteina), celulase (hidrolise da celulose),
lipase (hidrdlise de lipideo). As hidrolases utilizam a dgua como receptor de grupos
funcionais de outras moléculas sendo muito importante para o meio industrial, visto que,
estdo altamente inseridas em industrias biotecnoldgicas conferindo uma qualidade melhor
a produtos como, por exemplo, aos alimentos: sabor, textura, aroma para que sejam
comercializados (FOOD INGREDIENTS BRASIL, 2011)

As hidrolases quebram as macromoléculas de celulose ou hemicelulose, por meio
da adicdo de &cido sulfurico aos residuos, no caso da hidrélise acida, ou pela acdo de
enzimas, no caso da hidrélise enzimatica. Essa Gltima reproduz o processo existente na
natureza, em que a quebra das longas cadeias das moléculas de celulose em acucares é
feita por enzimas (chamadas celulases, secretadas por fungos ou bactérias,
microrganismos que se alimentam da matéria organica, alterando-a e formando
substancias quimicas (DEMIRBAS, 2007; PASCUAL SERRANO; VERA
PASAMONTES; GIRON MORENO, 2016).

Os microrganismos, plantas e animais por sua vez podem produzir rea¢des capazes
de produzir enzimas hidroliticas com alta importancia industrial biotecnolégica. Uma
dessas enzimas com forte interesse industrial séo as celulases que participam do processo

de despolimerizacdo do material celulolitico.
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2.4.2 Celulases

A celulose é conhecida como um polissacarideo formado por varias unidades de
glicose unidas atraves de ligacbes quimicas glicosidicas do tipo B (1-4), atuando como
integrante da lignocelulose, o principal composto das células vegetais na bioconverséo de
acucares formados para utilizacdo de produtos de alto interesse industrial. Realizando a
quebra das ligagcBes quimicas existentes entre as unidades de glicose que formam a
celulose (CASTRO, 2010)

Para formar as fibrilas, cadeias de celulose se agregam formando pontes de
hidrogénio entre os grupamentos hidroxila intra e intercadeias, o que resulta na
cristalinidade da celulose. Essas regides cristalinas, nas quais as cadeias estdo ordenadas
paralelamente, sdo separadas por regides menos ordenadas, conhecidas como amorfas
(Figura 4) (RODRIGUES, 2014; VASQUEZ et al., 2007).

Figura 4 — Estrutura quimica da celulose.

Ligac@o de hidrogénio
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Ligacao de hidrogénio
intermolecular

Celobiose
Fonte: Adaptada de CARVALHO et al., 2009
A uma grande necessidade de descobrir enzimas capazes de atuar sobre a parede
celular de plantas e vegetais que sdo constituidos por uma composi¢do quimica de
celulose. Essa composicdo quimica de celulose é composta por hemicelulose e lignina
que estdo unidas por ligagOes covalentes proporcionando uma flexibilidade e alta
resisténcia quimica, assim a necessidade de descobrir e conhecer enzimas especificas

para a degradacdo desse material celulolitico de alta resisténcia (CASTRO, 2010).
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Celulases sdo compostas de exoglucanase, endoglucanase e B-glucosidade (Figura
5). Um mecanismo de acdo amplamente aceito para a hidrolise da biomasa
ligninoceluldsica é a acdo sinérgica dessas trés enzimas, sendo que a endoglucanase e a
exoglucanase possui a funcdo principal de despolimerizar a celulose. A B-glucosidade
transforma os subtratos despolimerizados em glicose (XUE et al., 2017).

Figura 5 — Sistema enzimatico envolvido na degradacédo da celulose.

o Glucose l_ Endoglucanase

OO Celobiose ﬂ Celobiohidrolase

v p-Glucosidase @ Swolenina

Fonte: Adaptada de CARVALHO et al., 2009.

Os componentes do sistema de celulase foram primeiro classificados baseado no
seu modo de acdo catalitica e tem sido mais recentemente classificado baseado nas
propriedades estruturais. Trés principais tipos de atividade enzimatica sdo encontradas:
(1) endoglucanases ou 1,4-B-D-glucan-4-glucanohidrolases, (2) exoglucanases incluindo
as 1,4- B-D-glucan glucanohidrolases (também conhecidas como celodextrinases) e 1,4-
B-D- glucan celobiohidrolases (celobiohidrolases) e (3) B -glucosidades ou B-glucoside
glicohidrolases. Endoglucanases cortam randomicamente em sitios amorfos internos na
cadeia de polissacarideos de celulose, gerando oligossacarideos de varios tamanhos e
consequentemente novas cadeias terminais. Exoglucanases agem de uma maneira
processando terminais reduzidas e ndo-reduzidas de cadeias polissacaridicas de celulose,
liberando glicose (glicanohidrolases) ou celobiose (celobiohidrolase) como produtos
principal. Exoglucanases podem também agir na celulose microcristalina, quebrando
cadeias de celulose da estrutura microcristalina. Glicosidades hidrolizam celodextrinas
soltveis e celobiose em glicose. Celulases sdo distinguidas de outras hidrolases
glicosidicas pela sua habilidade em hidrolizar ligacbes B-1,4-glicosidicas (Figura 6)
(LYND et al., 2002).
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Figura 6 — Tipos de atividade enzimética caracteristicos das celulases.
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Fonte: JUTURU; WU, 2014.

A hidrdlise enzimatica da celulose € realizada por celulases as quais sdo altamente
especificas. Os produtos da hidrélise sdo normalmente acucares reduzidos como a
glicose. O custo util da hidrolise enzimética € baixo comparado a hidrdlise alcalina ou
acida porque a hidrolise enzimatica é conduzida em condi¢cGes amenas (pH 4,8 e
temperatura 45-50 °C) e ndo ha problemas de corrosdo (SUN; CHENG, 2002).

Pesquisas extensivas tém sido realizadas a fim de converter materiais
ligninoceluldsicos em etanol nas dltimas duas décadas. Assim como a descobertas
continuas de microorganismos como as Streptomyces sp. capazes de secretar enzimas
com poder de degradar materiais ligninoceluloliticas com atividade confirmada
(SARATALE, G. D.; SARATALE, R. G.; OH, 2012). Essa conversdo para a
biodegradacdo desses materiais inclui does processos: (1) hidrélise da celulose em
materiais ligninoceluldsicos em aclcares reduzidos fermentaveis e (2) fermentacéo de
acucares a etanol. A hidrolise € normalmente catalisada por celulases e a fermentacao é
realizada por leveduras ou bactérias. Os fatores identificados que afetam a hidrolise da
celulose incluem porosidade (acesso a superficie de contato) de materiais desprezados,

cristalinidade da fibra de celulose e conteudo de hemicelulose e lignina. A presenca de
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lignina e hemicelulose torna o acesso da celulase a celulose mais dificil reduzindo a
eficiéncia da hidrdlise. A reducdo da cristalinidade da celulose e 0 aumento da porosidade
no processo de pré-tratamento pode aumentar significantemente a hidrolise (SUN;
CHENG, 2002)

2.4.2.1 Importancia Industrial das Celulases

Algumas celulases apresentam atividade significativa na hidrolise de materiais
ligninoceluldsicos. Sabendo disso, algumas industrias tém demonstrado interesse em
aplicar essas enzimas a fim de otimizar seus processos industriais. Para isso, alguns
microrganismos tém sido estudados, e a partir do avanco biotecnoldgico gerado, sdo
melhorados geneticamente visando um rendimento melhor e mais eficaz. Na Tabela 2 sdo
listadas algumas das principais finalidades e 0s respectivos microrganismos que
produzem celulases de interesse industrial JUTURU; WU, 2014).
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Tabela 2 — Principais usos das celulases na inddstria e a diversidade de microrganismos
produtores nas respectivas aplicabilidades industriais.

IndUstria

Importancia dos microrganismos em alguns processos

Exemplos de microrganismo que
participam do processo.

Téxtil

Acabamento e processamento téxtil.

T. reesei

H. insolens

Thermonospora fusca
Chrysosporium lucknowense

Detergente

Ajudar na remocdo de manchas de panela proporcionando
brilho e limpeza.

E em tecidos oferecendo limpeza brilho suavidade, tragéo,
amaciando e fixando a cor.

Bacillus sps 669.63

Bacillus sps 670.93
Trichoderma longibrachiaTum
Trichoderma sps

Alimentos

Combinadas com outras enzimas ou ndo. Na clarificagéo
de sucos, melhorando a estabilidade e propriedades.

Na panificacdo adicionada a farinha para melhorar a
gualidade.

Como fonte de agucar para produgdo de xaropes para
utilizar como ingrediente e conferir um melhor sabor
adocicado. .

A. niger

Alimentacéo
animal

Melhorar a emulsificacdo dos alimentos para ser digerido
com maior rapidez e proporcionar aos animais uma
melhor digestdo de nutrientes e consequentemente um
maior crescimento.

Melhorando a estabilidade e validade no tempo de
armazenamento e dos materiais utilizados.

T. reesei
A. niger

Remocao de
biofilme
bacteriano

As enzimas ajudam na remog&o de biofilme bacteriano.
Na parede de torres, no tratamento de &guas residuais e
industria de papel. Aplicado em ambientes industriais ou
residéncias para manter ou eliminar a producdo de
biofilmes bacterianos.

Klebsiella pneumoniae
Pseudomonas aeruginosa

Biorrefinaria

Na producéo de agucares fermentdveis para produgdo de
biocombustivel e outros produtos quimicos de valor
agregado.

Streptomyces cerevisiae
Aspergillus aculeatus

T. reesei

Penicillium janthinellum
Lactobacilluslactis

Fonte: JUTURU; WU, 2014
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25  METODOS DE PURIFICACAO DE ENZIMAS

Para estudar as proteinas sdo necessarios utilizar técnicas para separa-las e purifica-
las com base nas diferencas de suas propriedades. Essas técnicas estdo citadas abaixo:

Dialise: processo de separagdo que considera o tamanho das proteinas, podendo
separar as de tamanho maior das de menor. Esse método é bastante usado quando €
necessario remover o sulfato de aménio de solucdes proteicas (NELSON; COX, 2014).

Cromatografia em coluna: Se utiliza dos diferenciais nas cargas das proteinas,
tamanho, afinidade de ligagdo. Podem ser classificadas como de troca ionica, cationica,
exclusdo molecular, afinidade e HPLC (NELSON; COX, 2014) (Figura 7).

Figura 7 — Exemplo de coluna cromatogréfica.
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Fonte: Toda Matéria — Cromatografia. Disponivel em:

https://www.todamateria.com.br/cromatografia/. Acesso em 10 fev. 2018.

2.6 FATORES QUE INFLUENCIAM NA VELOCIDADE DAS REACOES

2.6.1 pH e Temperatura

A velocidade das reacfes enzimaticas ndo é apenas influenciada pela quantidade de
substrato presentes para realizar a atividade, sabe-se que outros fatores também influencia
a realizacdo das reacdes enzimaticas. Entre eles podemos destacar o pH e a temperatura.
Esses fatores podem vir a atuar em sinergia de maneira a tornar a reacdo mais rapida,
prolongando-a ou até mesmo inibindo-a (VOET, D.; VOET, J. G., 2013) .


https://www.todamateria.com.br/cromatografia/
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O pH e a temperatura influenciam de modo relevante para a realizacdo da atividade
enzimatica e o seu monitoramento se torna algo importante para o controle satisfatorio
nos efeitos das reacdes. O papel do monitoramento e conseguintemente o controle do pH
e a temperatura é importante para amenizar o efeito de alguma reacdo brusca que venha
acontecer durante o processo. Para ajudar nesse monitoramento do pH é necessario
utilizar substratos de boa referéncia e de alta capacidade e tamp&es conhecidos para as
etapas de umidificacdo (CUNHA, 2012; DAVID L. NELSON; MICHAEL M. COX,
2014).

Também podemos encontrar a temperatura como um fator critico no papel da atividade
da reacao enzimatica devido ao acumulo de calor que é gerado na atividade enzimatica
(PINTO, 2003). As enzimas sdo estaveis em temperaturas menores e podem perder sua
atividade caso aconteca um aumento brusco na quantidade de temperatura, além de
muitas enzimas perderem totalmente sua atividade com o aumento da temperatura.
Alguns dos sitios ativos das enzimas podem protonar e desprotonar ao mudar o pH e a
temperatura da reacdo enzimatica. Por isso a grande importancia de encontrar e

determinar o pH e a temperatura 6tima das reacdes (SOUZA, F. Da R. De, 2010).

2.6.2 Inibicdo Enzimatica

Ao ligar moléculas especificas ou determinados ions as enzimas, pode haver a
inibicdo de sua atividade causando influéncia direta sobre a ligacdo enzima-substrato
servindo como mecanismo de regulacdo enzimatico. Alguns desses inibidores séo
semelhantes ao substrato das enzimas porém ndo reagem com elas, causando inibig&o ou
retardam as reacdes (VOET, D.; VOET, J. G., 2013). Essas substancias sdo chamadas de
inibidores e podem ser classificados em competitivos e ndo competitivos.

Quando sdo competitivos, competem com o substrato pelo sitio de ligacdo da
enzima e por serem muito semelhantes ao substrato mimetizam a ligacdo especifica
esperada pela enzima, porém ndo produzem efeito, ou seja, ndo sdo reativos. Dessa
maneira, o inibidor competitivo tem a capacidade de diminuir a velocidade da reacao

através da quantidade de moléculas inibitorias ligadas a enzima. Isso quer dizer que ao
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aumentar a quantidade de substrato especifico para a enzima, a inibicdo pode ser
removida (BERG; TYMOCZKO; STRYER, 2014; VOET, D.; VOET, J. G., 2013).

Quando a inibicéo € do tipo incompetitiva, o inibidor causa alteragdes na atividade
catalitica mas sem afetar na ligagdo enzima-substrato. E o caso de inibidores com prétons
ou ions metalicos que afetam geralmente enzimas com mais de um substrato (VOET, D.;
VOET, J. G., 2013). Nesse tipo de inibicdo o inibidor e o substrato ligam-se de maneira
simultanea a enzima, mas em sitios de ligacdo diferentes (BERG; TYMOCZKO;
STRYER, 2014).

Existe ainda um tipo de inibicdo ndo-competitiva. E chamada de inibicdo mista,
onde o inibidor liga-se tanto ao sitio de ligacdo do substrato quanto ao sitio que participa
da catalise (VOET, D.; VOET, J. G., 2013). Nesse tipo de inibicdo, o inibidor tem a
capacidade de dificultar a ligacdo do substrato e ao mesmo tempo dificultar a renovacgéo

da enzima inibindo que ela esteja pronta para se ligar a um novo substrato.
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Abstract:

Background: The actinobacteria genus Streptomyces stand out by the cellulase
productions like exoglucanase, endoglucanase, B-glucosidase and cellobiohidrolase
promoting ligninocellulosic biomass hydrolysis. In the context, this work aimed to
produce cellulases from Streptomyces capoamus able to degrade cellulose in an
efficient way. Results: Actinobacteria samples were incubated at 37 °C, during 7 days
under 150 rpm agitation. The crude enzyme extract obtained was lyophilized by a
freeze-drying process. To evaluate the enzymatic activity 1% (w/v) carboxymethyl
cellulose was used as substrate (50 mM) under pH 5.6 at 60 °C; the Bradford method
was used to quantify proteins (yield = 0.034 mg/ml). The ion exchange chromatography
(50.631 U.mg prot' activity and 1.65 fold purification), molecular exclusion
chromatography (12 samples) and polyacrylamide gel electrophoresis containing
sodium dodecyl sulfate (SDS-PAGE) purification methods were performed. The
estimated enzyme molecular weight was 97.4 kDa; optimum pH was determined
showing activity greater than 50% (pH 3-4 and 6-7). The optimum temperature was 65
°C with activity greater than 50% between 30 and 60 °C. The enzyme showed activity
according to the Michaelis-Menten constant (K, = 1.06 mg/mL; Ve = 1.82 U/mL). The
detergent compatibility test was evaluated demonstrating total compatibility and activity
in commercial formulations tested: A (100%), B (91.4%), C (57.2%) and D (48.2%)
compared to control without detergents (68.2%). Conclusion: The results showed S.
capoamus cellulases with thermostability, wide pH range, and remaining active even
under denaturing conditions contributing to evidence that cellulases can be used for
different purposes in commercial and industrial areas.

Keywords: microorganism; actinobacteria; enzymes; cellulases
1. Introduction

Actinobacteria are one of the most diverse bacteria groups in nature having anaerobic,
aerobic, filamentous and spore-generating lineages. Given the wide species variety in
this group, there are high biomedical and industrial importance being the target of
several studies in genetics, molecular biology and biochemistry areas. Among the
important members, some genera like Streptomyces are able to occupy diverse
ecosystems and environments [1].

The culture in cellulose-containing medium induce these microorganisms to produce a
wide range of cellulases such as exoglucanase, endoglucanase, B-glucosidase and
cellobiohydrolase, as well as other polysaccharide hemicellulase subclasses, as
esterases and other proteins [2].

The cellulase machinery promotes the hydrolysis of ligninocellulosic biomass [3], acting
together in the cellulose depolymerization [4]. This biopolymer is considered the most
abundant in nature and consists of cellulose, hemicellulose and lignin [3] and is found in
plant cell wall, wood pulp, cotton and also in several tunicates and some bacteria [5].
The biomass deconstruction through efficient methods can produce smaller sugar
molecules that are used for biochemical processes of high industrial interest such as
biodiesel production, dairy production, beer, syrups, among others [3].
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The production of enzymes with industrial interest is an important biotechnological goal
[6] mainly in researches with microorganisms such as bacteria, actinomycetes and fungi.
In this context, actinobacteria may produce enzymes that maintain catalytic properties at
high temperatures to obtain degradation products covering the interests of
biotechnology industry [7].

One of the main cellulase applicabilities is the detergent industry to produce more
efficient detergent formulations since the added enzyme can potentiate detergent
effects. Furthermore, the enzyme need to be compatible with other formula constituents,
maintaining its thermostability and activity under alkaline conditions [7].

The main objective of this work was to purify and characterize one cellulolytic enzymatic
complex consisting of cellulases produced by Streptomyces capoamus and demonstrate
that this species can effectively contribute to bioactive enzyme production that can be
applied for industrial and commercial purposes.

2. Materials and methods
2.1.Microrganism maintenance and culture conditions

Actinobacterium S. capoamus samples were obtained from the Departamento de
Antibioticos culture collection of the Universidade Federal de Pernambuco (DANTI-
UFPE). A pre-inoculum for fermentation containing ISP2 liquid medium (yeast extract
0.4 g; malt extract 1 g; dextrose / glucose 0.4 g; agar 1.5 g, distilled water, 100 ml) was
inoculated with 10 discs of 0.9 cm diameter of the actinobacteria during 7 days for
growth. The pre inoculum was incubated under 150 rpm agitation at 37 °C for 48 h. After
the incubation period, a volume of 10% of culture solution was introduced into 250 ml of
cellulase inducing liquid medium (KLC 0.95 g; KoHPO4 0.5 g; MgSO,4 .7H,0 0.025 g;
(NH4)2.S04 0.25 g carboxymethylcellulose 6.25 g, 5 g agar plus) with 1% (w/v) carbon
source (carboxymethylcellulose). The flasks were incubated under 150 rpm shaking at
37 °C for 7 days. All assays were performed in triplicate.

2.2.Crude enzymatic extract

After the incubation period, the metabolic broth was recovered by centrifugation (10,000
rpm, 5 min). The supernatant containing the crude enzyme extract was stored at 4 °C for
further cellulolytic enzyme activity and protein guantification. The crude extract obtained
was lyophilized by the freeze-drying method [8] in order to increase stability and to
optimize the enzyme storage.

2.3.Enzyme assay

Cellulolytic activity was determined by incubating the sample in 1% (w/v) carboxymethyl
cellulose in 50 mM sodium acetate buffer, pH 5.6 at 60 °C. The reaction was interrupted
by the addition of 3,5-dinitrosalicylic acid (DNS) reagent. Subsequently 1.0 mL of
distilled water was added and the absorbance was measured at 540 nm wavelength.
The determination of reducing sugars was performed using glucose as standard [9].
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2.4. Protein quantification

The amount of protein was determined by the modified Bradford method [10] using
bovine serum albumin as standard. During the chromatography steps, proteins were
detected by spectrophotometer reading at 280 nm wavelength.

2.5.Chromatography purification

The lyophilized crude extract (1.42 g fraction) was ressuspended in 3 mL of 0.05 M Tris-
HCI buffer pH 7.0. The sample was subjected to ion exchange chromatography using a
High Q Cartridge (Bio-Rad) column in the same Biologic LP, previously equilibrated in
dilution buffer, at 50 mL/h flow rate. The adsorbed proteins were then eluted with a 0.0-
0.5 M NaCl linear gradient in the same buffer. Protein was detected by absorbance at
280 nm and cellulase activity was measured in the collected fractions. The collected
samples were subjected to Sephadex G-75 (33 x 1.4 cm) molecular exclusion
chromatography eluted in 0.05 M Tris HCI buffer, pH 8.0, at 10 mL/h flow rate. Protein
was detected by absorbance at 280 nm and cellulolytic activity was assayed in all
fractions collected. The fractions with high cellulolytic activity were pooled and submitted
to SDS-PAGE electrophoresis.

2.6.Partial characterization of purified cellulases
2.6.1. Electrophoresis

The protein profile and purity degree obtained during the previous purification steps
were evaluated by 12% (w/v) polyacrylamide gel electrophoresis containing sodium
dodecyl sulfate (SDS-PAGE) under denaturing conditions [11]. After the electrophoretic
run, the gel was stained using the silver nitrate staining method [12]. The standard
proteins myosin (212 kDa), B-galactosidase (116 kDa), phosphorylase B (97.4 kDa),
bovine serum albumin (66.2 kDa), ovalbumin (45 kDa), carbonic anhydrase (31 kDa),
soybean trypsin inhibitor (21.5 kDa) and lysozyme (14.4 kDa) (Protein MW Marker K494
- AMRESCO, USA) were used to estimate the molecular mass of the purified enzyme by
linear regression.

2.6.2. Temperature stability and optimal pH

Temperature assays were performed in the range 25 °C to 75 °C, with 5.0 unit intervals,
using sodium acetate buffer pH 5.0 maintaining the same standard enzyme activity
assay conditions.

The pH influence on enzyme activity was evaluated in the 3.0 to 8.0 pH range, with 0.5
unit intervals, using Mcllvaine buffers (0.1 mM citric acid / 0.2 mM sodium phosphate)
plus 1% (w/v) CMC.

The samples for thermostability analysis were preincubated at 5, 30 and 60 min under
temperatures of 40, 50, 60 and 70 °C. The enzyme thermal stability was evaluated by
measuring the residual activity.
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The best pH value for purified cellulase activities was determined by assaying enzymatic
reactions in Mcllvaine buffer adjusted to pH 3.0 to 8.0 range, with 0.5 unit intervals, at 50
°C. At the optimum temperature, enzymatic reactions were performed with the purified
enzymes in 0.05 M sodium acetate buffer, pH 5.5, at temperatures of 20 to 60 °C, with 5
°C intervals.

All assays maintained the same standard enzyme activity assay conditions.

2.6.3. Kinetic parameters

In order to obtain the Michaelis-Menten constant (K,) and the maximum velocity (Vmax)
the enzymes were incubated with 1% (w/v) carboxymethylcellulose concentration range
according to standard enzymatic assay. Three experiments were performed for each
substrate concentration in triplicate and the straight line plotted was calculated by linear
regression (Microsoft Office Excel, version 1707) using mean values obtained from each
experimental point.

2.6.4. Detergent compatibility of purified cellulases

After partial purification and characterization the enzyme preparation was incubated at
60 °C during 10 min with 4 local brands of laundry detergents (A, B, C and D) diluted
according to manufacturers' recommendations in order to evaluate the compatibility of
the enzyme with the detergents under normal conditions [13]. The evaluation was
performed according to the standard enzyme activity assay.

3. Results and discussion
3.1. Streptomyces capoamus

S. capoamus stands out among many other species from the Sirepfomyces genus,
being collected from a unique biome of the Brazilian northeast arid region known as
Caatinga. Its most important characteristics is a dry tropical deciduous vegetation with
many small trees species containing rhizospheres rich in microorganisms that produce
enzymes [14]. These enzymes are very important to survival and maintenance of these
microorganisms and among them are the cellulases and anthracycline antibiotics like
daunorubicin, doxorrubicin [15,16] and ciclamycin [17,18] very large used worldwide to
treatment of a variety of neoplasias [19].

To achieve our results, we used the identified strain by Lopes e Oliveira [14] that
selected microorganisms capable of producing cellulases from 87 actinomycetes
assayed in a cellulase screening. Afterwards, the strain was properly cultured in a
specific medium in order to check the colony purity [14].

3.2. Purification of Cellulases

The enzymatic cellulolytic complex was purified from the crude extract obtained from S.
capoamus developed under culture conditions.
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After protein yield verification present in the crude extract (0.034 mg/mL), a major
protein peak with specific cellulolytic activity was found in ion exchange chromatography
with the NaCl gradient (Figure 1).

Figura 1 — lon exchange chromatography of S. capoamus cellulases.
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Figure 1: lon exchange chromatography of S. capoamus cellulases. Conditions: 0.05 M
Tris-HCI buffer pH 7.0. Elution with a 0.0-0.5 M NaCl linear gradient buffer; 50 mL/h flow
rate. The arrows indicate the fractions collected (9-14).

The sample corresponds to S. capoamus specific cellulase activity (10.11%) with a main
peak of 50.631 U.mg prot™ and purification of 1.65 folds (Table 1).

In order to improve enzyme purification, exclusion chromatography was performed.
Following elution, the presence of electrophoretic profile protein peaks (samples 16 to
28) was observed (Figure 2). The cellulases obtained approximately the same
molecular mass estimated, unlike other cellulases produced by other microorganisms
such as the genus Bacillus sp. which present more than one peak corresponding to the
fractions of different cellulases produced but with same activity profile [3].

Tabela 1 — Purificacdo das celulases de S. capoamus

Activity Volume rotal  Total :E:\?.I: ic Yield Purification
Step (UlmL)y (mL) activity protein (U mgy (%) (Fold)
(u) (mg/mL) )
prot-1)
Crude 1038 40 41514  0.034 30.742 100 1

extract
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Figura 2 — Sephadex G-75 gel filtration of S. capoamus cellulases.
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Figure 2: Sephadex G-75 gel filtration of S. capoamus cellulases. Conditions: 0.05 M
Tris-HCI buffer; pH 8.0; flow rate 10 mL/h. The arrows indicate the fractions collected
(16-28).

3.3.Characterization of S. capoamus cellulases

Electrophoresis (SDS-PAGE) under denatured conditions of the enzymatic complex
revealed two conjugated bands (cellulases A and B) following the purification steps, with
apparent molecular weights of 95.5 and 93.3 kDa (Figure 3). Other species such as
Artemia salina also produced cellulases of apparent molecular weights near the result
obtained [20]. In another study, two fractions of cellulases of apparent molecular weights
37 and 119 kDa produced by S. misionensis were obtained [21]. This result shows that
there is considerable variation in apparent molecular weights even among species of the
same genus.
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Figura 3 — SDS-PAGE (12% wi/v) of S. capoamus purified cellulases A and
B.
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Figure 3: SDS-PAGE (12% wi/v) of S. capoamus purified cellulases A e B. Lane 1:
celullases; Lane 2: standard proteins: myosin (212 kDa), B-galactosidase (116 kDa),
phosphorylase B (97.4 kDa), bovine serum albumin (66.2 kDa), ovalbumin (45 kDa),
carbonic anhydrase (31 kDa), soybean trypsin inhibitor (21.5 kDa) and lysozyme (14.4
kDa).

The enzyme activity varied from acidic to neutral pH values, of 4 to 7, with optimal
activity at pH 7.0, maintaining relative activity above 96% (Figure 4a). Similarly, an
endoglucanase obtained from Streptomyces T3-1 had an optimum pH of 7.0 [22]. In
addition, other microorganism species such as Pseudomonas fluorescens are also
capable of producing cellulases with pH close to 7 [23]. The enzyme showed more than
50% activity in the pH range 3 to 4 and in pH 7 (Figure 4b). Species like Trichoderma
reesei and Trichoderma viride produced celullases active and stable in a wide pH range
of 4 to 7 [24]. Some species of the genus Streptomyces such as M7a and M23 [25]
revealed an extra peak in 5.6 to 11 pH range maintaining their activities. Furthermore, S.
rutgersensis species produced one B-glucanase with pH range of 4 to 9 and mainly
activity at pH 7 [26].

The temperature evaluation revealed an enzyme optimum activity at 65 °C (Figure 5)
and activity greater than 50% between 30 and 60 °C (Figure 6) exhibiting stability in the
same range. The S. capoamus species demonstrated the ability to produce
thermostable cellulases at optimum temperature of 60 °C and thermostability at 50 to 80
°C range [14]. It has also been known that some varieties of Streptomyces exhibit heat-
tolerant properties being able to maintain their activity at temperatures between 50 and
70 °C [27]. In addition, some cellulases produced by other microorganisms such as
Bacillus vallismortis also exhibit similar stability at the same temperatures [28] and an
endoglucanase produced by Thermoascus aurantiacus presented optimum temperature
of 70 °C [29].
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Figura 4 — Influence of pH values on S. capoamus cellulases activity.
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Figure 4: Influence of pH values on S. capoamus cellulases activity. (a) Relative activity
of S. capoamus. (b) Residual activity of S. capoamus cellulases after 24h. Conditions (a
and b): Mcllvaine buffer pH 3.0-8.0, 50 °C; 1% CMC in 0.1 mM citric acid / 0.2 mM
sodium phosphate buffer.

Figura 5 - Thermal stability of S. capoamus cellulases.

100 ]
90 [} /
80 \{
70
60
50

40

Relative activity (%)

30

20

10

0
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100

Temperature (°C)

Figure 5: Thermal stability of S. capoamus cellulases. Conditions: purified enzyme
incubation at 25-75 °C. The activity was evaluated with 1% (w/v) carboxymethylcellulose
in 0.05 M sodium acetate buffer pH 5.5 at 50 °C.
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Figura 6 — Thermal stability of S. capoamus purified cellulases.
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Figure 6: Thermal stability of S. capoamus purified cellulases. Conditions: purified
enzyme incubation without substrate at 30, 50 and 60 °C. The activity was performed
with 1% (w/v) carboxymethylcellulose in 0.05 M sodium acetate buffer pH 5.5 at 50 ° C.

3.4.Kinetic parameters

The enzyme exhibited kinetic parameters according to Michaelis-Menten kinetics. The
calculated values were: Vi = 1.8275 U / ml and K, = 1.0649 (Figure 7) with a molar
concentration of 4.4 M indicating that the enzyme had affinity for cellulose as substrate.
Some enzymes such as exo 1,4-B-glucanase (K = 76 uM; Vimax = 240 U / mL) produced
by Tricoderma viridi [30], a-amylase (Ky = 2.407 mg / mL, Viax = 21853.0 mol/min/mg)
produced by Streptomyces sp. MSC702 [31] and xylanase (K, = 3.9 mg/ml) produced
by Streptomyces sp. CD3 [32] showed in common the ability to produce enzymes that
have the fastest reaction rate per unit enzyme amount. This characteristic is very
important for industrial applications and reflecting potential commercial importance.
Furthermore, the difference presented in their kinetic parameters is mainly due to the
genetic variability among the species that have their own characteristics and needs to
produce their enzymes.
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Figura 7 — Determination of Km and Vmax for S. capoamus purified cellulases
through Michaelis-Menten kinetics.
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Figure 7: Determination of Kn,, and Vmax for S. capoamus purified cellulases through
Michaelis-Menten kinetics.

3.5. Detergent compatibility of purified cellulases

The enzyme showed maximal compatibility with the detergents A (100%) followed by B
(91.4%) (Figure 8). The detergents C (57.2%) and D (48.2%) did not stand out
considerably when compared to control without detergent (62.8%). Similarly to the result
obtained, cellulase from Streptomyces spp. presented ability to maintain residual activity
close to 100% under denaturant conditions [27]. Cellulases produced by other
microorganisms such as Thermoascus aurantiacus showed maximum residual activity of
only 62% under the same pH conditions in which Streptomyces cellulases were tested
(pH 5.5) [29]. This result reveals that enzyme is compatible with all tested local brands
of laundry detergents demonstrating a potential to be used in the industry as a
formulation additive to potentiate the detergent action [13].
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Figura 8 — Detergent compatibility of purified S. capoamus cellulases.
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Figure 8: Detergent compatibility of purified S. capoamus cellulases. Laundry local
detergent brands was assayed in cellulases presence obtaining the following activity
percentages: A (100%), B (91.4%), C (57.2%), D (48.2%) and Control without
detergents (62.8%).

4. Conclusions

The enzymatic complex obtained from S. capoamus with high specific activity
demonstrated characteristics of thermostability, pH adaptability and highlighted activity
under denaturant conditions. Then S. capoamus cellulases isolated from the Caatinga
bioma rizosphere have a promising future to industrial applications.
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4 CONCLUSAO

e Foi obtido complexo celulolitico a partir de cultivo de Streptomyces

capoamus

e Foram realizadas etapas de purificacdo do extrato bruto, obtendo-se fracoes

com relevante atividade enzimatica

e Foram verificadas as propriedades fisico-quimicas da enzima estudada onde
constatou-se elevada resisténcia ao calor, termoestabilidade e estabilidade
em faixadepHde3a7

e Foi estimada a massa molecular da enzima sendo atribuida uma massa

molecular proxima de 97,4 kDa

e A enzima mostrou-se estavel e com atividade acima de 60% em condicGes
desnaturantes quando adicionada a marcas de detergentes disponiveis no

mercado

e A enzima mostrou-se promissora como agente degradante de celulose

mostrando sua atividade
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Please ensure that every reference cited in the text is also present in the reference list (and vice versa).
References en abstract should be avoid. Unpublished results; personal communications and thesis are
not allowed.. Citation of a reference as "in press" implies that the item has been accepted for publication.

3.11.2. Web references

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

3.11.3. Reference management software

Most Elsevier journals have their reference template available in many of the most popular reference
management software products. These include all products that support Citation Style Language styles,
such as Mendeley and Zotero, as well as EndNote. Using the word processor plug-ins from these
products, authors only need to select the appropriate journal template when preparing their article, after
which citations and bibliographies will be automatically formatted in the journal's style. If no template is
yet available for this journal, please follow the format of the sample references and citations as shown in
this Guide.

Users of Mendeley Desktop can easily install the reference style for this journal by clicking the following
link:

http://open.mendeley.com/use-citation-style/electronic-journal-of-biotechnology

When preparing your manuscript, you will then be able to select this style using the Mendeley plug-ins
for Microsoft Word or LibreOffice.

3.11.4. Reference style

Text: Indicate references by number(s) in square brackets in line with the text. The actual authors can
be referred to, but the reference number(s) must always be given.

Example: '..... as demonstrated [3,6]. Barnaby and Jones [8] obtained a different result ....'

Reference section: Number the references (numbers in square brackets) in the list in the order in which
they appear in the text.

Examples:
Reference to a journal publication:

[1] Van der Geer ], Hanraads JAJ, Lupton RA. The art of writing a scientific article. J Sci Commun
2000;163:51-9. Doi: http://dx.doi.or

Reference to a book:

[2] Strunk Jr W, White EB. The elements of style. 3rd ed. New York: Macmillan; 1979.
Reference to a chapter in an edited book:

[3] Mettam GR, Adams LB. How to prepare an electronic version of your article. In:

Jones BS, Smith RZ, editors. Introduction to the electronic age. New York: E- Publishing Inc; 1999, p.
281-304.

For more than 6 authors the first 6 should be listed followed by ‘et al.'

IMPORTANT: Please provide the article's Digital Object Identifier (DOI) at the end of each reference in
the following format: e.g. http://dx.doi.org/10.2225/vol16-issue5-fulltext-12

3.11.6. Journal abbreviations source
Journal names should be abbreviated according to:

Web of Science Journal Title Abbreviations:
http://images.webofknowledge.com/WOK46/help/WOS/A abrvijt.html

CAS Source Index (CASSI) Search Tool: http://cassi.cas.org/search.isp

NLM Catalog: Journals referenced in the NCBI Databases:
http://www.ncbi.nlm.nih.gov/nimcatalog/journals

4, Artwork
4.1. Electronic artwork

General points
o Make sure you use uniform lettering and sizing of your original artwork.
« Only use the following fonts in your illustrations: Arial, Symbol.
« Number the illustrations according to their sequence in the text.
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« Use a logical naming convention for your artwork files.

« Provide captions to illustrations separately.

« Size the illusatrations close to the desired size of the printed version.
« Submit each illustration as a separate file.

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

4.2, Formats

If your electronic artwork is created in a Microsoft Office application (Word, PowerPoint, Excel) then please supply
‘as is' in the native document format.

Regardless of the application used other than Microsoft Office, when your electronic artwork is finalized, please
'Save as' or convert the images to one of the following formats (note the resolution requirements for line drawings,
halftones, and line/halftone combinations given below):

EPS (or PDF): Vector drawings, embed all used fonts.

TIFF (or JPEG): Color or grayscale photographs (halftones), keep to a minimum of 300 dpi.

TIFF (or JPEG): Bitmapped (pure black & white pixels) line drawings, keep to a minimum of 1000 dpi.

TIFF (or JPEG): Combinations bitmapped line/half-tone (color or grayscale), keep to a minimum of 500 dpi.

Please do not:
« Supply files that are optimized for screen use (like GIF, BMP, PICT, WPG); the resolution is too low;
o Supply files that are too low in resolution;
« Submit graphics that are disproportionately large for the content.

4.3. Color artwork

Please make sure that artwork files are in an acceptable format (TIFF, EPS or MS Office files) and with
the correct resolution. If, together with your accepted article, you submit usable color , then Elsevier will
ensure, at no additional charge, that these figures will appear in color on the Web (e.g., Science Direct
and other sites) regardless of whether or not these illustrations are reproduced in color in the printed
version.

4.4, Figure captions

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

The figures (photographs, drawings) must be numbered with Arabic numerals. Footnotes can be included
below the figure.

Figures that include more than one image should be labeled as a, b, c, etc. (lower case, use black or
white bold according to the figure).

Example:

Fig. 2. Genotyping of founder animals. (a) PCR amplification of DNA sampes
obtained from weaned pups, using primers for luciferase gene (lanes 2 to 8.
amplfication product 380 bp) and (b) internal control primers for GAPDH gene (lanes
10 to 16, amplification product 410 bp). DNAfrom a luciferase transgenic mouse and
from a wild-type C57BL/E mouse was used as template for positive controls (lane 7
and 15). Lanes 8 and 16 are negative controls (no DMA) Lane 1: 100 bp ladder

(Imvitrogen).
4.5. Graphs

Grapghs should be cited as figures and must be numbered with Arabic numerals. Footnotes can be
included below the figure.

Graphs that include more than one image should be labeled as a, b, c, etc. (Arial lower case). They must
be in 2D and have a title. In case they have legend, it must be placed below the image. They should be
built with Arial font and in the colour palette called "Trek" (warm earth colours). Graphs must be send in
editable formats (MS excel if possible. We also accept Sigma plot and Origin) in order to make formal
changes (colour, fonts, size, etc.).

Examples:

Colum chart:
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Fig. 2. Carbohydrate levels in dverse tuberous plants. (3) Levels of glucose, fructose, and sucrose
in tuber tissue of the given tuberous species and potato varieties. (b} Amount of glucose released
upon serial digestion of starch from tuber tissue with alpha-amylase and amyloglucosidase.
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Fig. 11. Lineweaver-Burk plots of free and immobilized
CGTase. Results represent the mean of three separate
experments.

4.6. Tables

Tables must be numbered with Arabic numerals in the order in which they are cited in the text. They
should have a brief descriptive title placed at the top. A short description is also accepted. Avoid vertical
rules. Place footnotes to tables below the table body and indicate them with superscript lowercase
letters. Tables must be sent in Microsoft Word and have no links to the main document or other archives.
Provide files at approximately the correct size they are to be printed (letter size).

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.

Example:
Table 1. In wifro determination of the minimum inhibitory concentration (MIC)} and the minimum

bactericidal concentration (MBC) of ethanol extract of the strain Jantimobacterium sp. SMM 33.6 against
multiresistant nosocomial isolates.

Multi-resistant strains Strain code MIC (pg ml™) MEC (pg ml)

A. baumaril AB-1 (OXA-58%) 1 2

E. coll EC-325 (ESBL) a5 2

E. call EC-241 (ESBL) 1 16
K. pneumoniae KB-503 (ESBL) 16 16
K pneumoriae KB-195 (ESBL) 16 16
P aeruginosa P-145 (VIM-2*) 1 16
5. marcescens S-41 (AmpC) 2 2

S. marcescens 5-32 (AmpC) 0.5 2
*“carbapenemases; ESBL: extended-espectrum beta-lactamase; AmpC: chromosomal AmpC beta-lactamase.

4.7. Video data

We accept video material and animation sequences to support and enhance your scientific research.
Authors who have video or animation files that they wish to submit with their article are strongly
encouraged to include links to these within the body of the article. This can be done in the same way as
a figure or table by referring to the video or animation content and noting in the body text where it
should be placed. All submitted files should be properly labeled so that they directly relate to the video
file's content. In order to ensure that your video or animation material is directly usable, please provide
the files in one of our recommended file formats with a preferred maximum size of 50 MB. Video and
animation files supplied will be published online in the electronic version of your article in Elsevier Web
products, including ScienceDirect: http://www.sciencedirect.com.

AUTHOR INFORMATION PACK 9 Oct 2013 www.elsevier.com/locate/jbiotec 12

Please supply 'stills' with your files: you can choose any frame from the video or animation or make a
separate image. These will be used instead of standard icons and will personalize the link to your video
data. For more detailed instructions please visit our video instruction pages at
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http://www.elsevier.com/artworkinstructions. Note: since video and animation cannot be embedded in
the print version of the journal, please provide text for both the electronic and the print version for the
portions of the article that refer to this content.

4.8. Bank/DNA seq e linking

DNA sequences and GenBank Accession numbers: Many Elsevier journals cite "gene accession numbers"
in their running text and footnotes. Gene accession numbers refer to genes or DNA sequences about
which further information can be found in the database at the National Center for Biotechnical
Information (NCBI) at the National Library of Medicine. Elsevier authors wishing to enable other
scientists to use the accession numbers cited in their papers via links to these sources, should type this
information in the following manner:

For each and every accession number cited in an article, authors should type the accession number in
bold text. Letters in the accession number should always be capitalized. (See Example 1 below). This
combination of letters and format will enable Elsevier's typesetters to recognize the relevant texts as
accession numbers and add the required link to GenBank's sequences.

Example 1: "GenBank accession nos. AI631510, AI631511, AI1632198, and BF223228, a B-cell
tumor from a chronic lymphatic leukemia (GenBank accession no. BE675048), and a T-cell lymphoma
(GenBank accession no. AA361117)".

Authors are encouraged to check accession numbers used very carefully. An error in a letter or number
can result in a dead link. In the final version of the printed article, the accession number text will not
appear bold or underlined (see Example 2 below).

Example 2: "GenBank accession nos. AI631510, AI631511, AI632198, and BF223228, a B-cell tumor
from a chronic lymphatic leukemia (GenBank accession no. BE675048), and a T-cell lymphoma (GenBank
accession no. AA361117)".

In the final version of the electronic copy, the accession number text will be linked to the appropriate
source in the NCBI databases enabling readers to go directly to that source from the article.

Submission Preparation Checklist

As part of the submission process, authors are required to check off their submission's compliance with
all of the following items, and submissions may be returned to authors that do not adhere to these
guidelines.

1. I confirm the acceptance of the publication charge of US$1.100 and the publication method.

2. The submission has not been previously published, not is being considered for publication in another
journal.

3. The submission file is in Microsoft Word 2003 (.doc), Word 2007 (.docx) or RTF (.rtf) document file
format.

4. Figures and Tables are included in the manuscript file. Files greather than 5.0 MB will be send as

complementary files.

At least 75% of the cited articles are from the last decade and at the same time from the ISI Science
Citation Index Expanded.

Where available DOIs for the references they are provided at the end of each citation.

The text follows to the stylistic and bibliographic requirements outlined in the Guide for Authors.

I am a native English speaker, but if it is not my first language, my manuscript was revised by a
native English speaker.

I have read carefully and followed Guide for Authors.

@ N wu
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Copyright Notice

Upon acceptance of an article by the journal, authors will be asked to transfer the copyright to
Electronic Journal of Biotechnology, which is committed to maintain the electronic access to the
journal and to administer a policy of fair control and ensure the widest possible dissemination of the
information. The author can use the article for academic purposes, stating clearly the following:
"Published in Electronic Journal of Biotechnology at DOI:10.2225/volXX-issueX-fulltext-XX".

The Copyright Transfer Aareement must be submitted as a signed scanned copy to biotec@ucv.cl. All
authors must send a copy of this document.

Privacy Statement

The name and e-mail addresses entered in our journal site will be used exclusively for the stated
purposes of this journal and will not be made available for any other purpose or to any other party.
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