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Resumo

LOPEZ H, Y.M. Bioprospeccéo de micro-organismos degradadores de celulose
do solo. 2016. 64f. Dissertacdo (Mestrado em Bioquimica e Bioprospec¢ao) —
Programa de Pdés-Graduacdo em Bioquimica e Bioprospecgao, Centro de Ciéncias
Quimicas, Farmacéuticas e de Alimentos, Universidade Federal de Pelotas, Pelotas,
2015.

A importancia dos micro-organismos do solo dependem de cada uma das atividades
que eles desenvolvem no ambiente e pelo tanto suas fun¢des dependem dessa
diversidade bacteriana. Dentro deste grupo de micro-organismos estdao as bactérias
degradadoras de celulose, que usam um complexo enzimatico de trés tipos de
enzimas endoglucanases, exoglucanases e [-glicosidases responsaveis pela
degradacdo da matéria organica. O objetivo deste trabalho foi o isolamento e
caracterizacdo através da atividade enzimatica de bactérias degradadoras de
celulose provenientes de diversos tipos de solo. As amostras do solo foram
coletasdas da floresta amazonica, agroecossistemas familiares sob o sistema de
integracdo Lavoura-Pecuaria e em campo aberto rural, nas cidades de Belém do
Para (Estado de Para), Arroio do Padre e Cangucu (Estado de Rio Grande do Sul)
no Brasil e levadas ao Laboratorio de Microbiologia Ambiental, Instituto de
Biologia/UFPel. Foram obtidos 10 isolados de bactérias. A analise para a verificagao
da degradacao de celulose foi feita pelo método do papel filtro Whatman N°1 e meio
Luria-Bertani em placa. Na analise da producao enzimatica extracelular o substrato
usado foi Papel Filtro Whatman N91 para a R-1,4 exoglucanase e
carboximetilcelulose para a 3-1,4 endoglucanase. Além, foram feitos as analises de
biomassa microbiana. Os resultados mostraram que os isolados mais efetivos na
degradacdo de celulose tendo como substrato papel filtro Whatman N21 e
carboximetilcelulose, foram as bactérias BC5 e a BC2 respectivamente. Na atividade
enzimatica B-1,4 endoglucanase foi a BC5 e para B-1,4 exoglucanase foi a BCS,
enquanto para a producao de biomassa microbiana o melhor resultado foi para a
bactéria BC9. Os resultados indicaram que entre as diferentes espécies de bactérias
oriundas de diferentes localidades apresentam diferencas significativas quando
comparadas em cada um das analises e, portanto, pode estar associado aos
diferentes tipos de ecossistemas e caracteristicas tanto bioquimicas, como também
ambientais em cada tipo de solo, apresentando mecanismos distintos relacionados
diretamente com a degradacdo de celulose. Assim, estes micro-organismos
apresentam potenciais para serem usados em diversos processos biotecnologicos e
de biorremediacao na degradacao da celulose.



Palavras-chave: micro-organismos celuloliticos, enzimas celuloliticas, micro-

organismos do solo, exoglucanase, endoglucanase.



10

Abstract

LOPEZ H, Y.M. Bioprospecting degrading microorganisms of soil cellulose.
2016. 64p. Dissertation (Masters in Biochemistry and Bioprospecting) - Graduate
Program in Biochemistry and Bioprospecting, Center for Chemical Sciences,
Pharmaceutical and Food, Federal University of Pelotas, Pelotas, 2015.

The importance of soil micro-organisms depend on each of the activities they develop
into the environment and so that their functions depend bacterial diversity. Within this
group of microorganisms is the cellulose degrading bacteria, using an enzyme
complex of three types of enzymes endoglucanases, exoglucanases, and B-
glucosidases responsible for the degradation of organic matter. The objective of this
work was the isolation and characterization through enzymatic activity of cellulose
degrading bacteria from different types of soil. Soil samples were coletasdas the
Amazon forest, family agro-ecosystems under the Crop-Livestock integration system
and rural open field, in the cities of Belém do Para (State of Para), Arroio do Padre
and Cangucu (State of Rio Grande do Sul ) in Brazil and taken to the Environmental
Microbiology Laboratory, Institute of Biology / UFPel. 10 bacterial isolates were
obtained. The analysis for the verification of cellulose degradation was made by the
filter paper method Whatman No. 1 and Luria-Bertani plate. In the analysis of
extracellular enzyme production the substrate used was Whatman filter paper # 1 for
R-1,4 exoglucanase and carboxymethylcellulose for R-1,4 endoglucanase. In
addition, they made the analysis of microbial biomass. The results showed that the
most effective isolated in cellulose degradation as substrate No.1 Whatman filter
paper and carboxymethylcellulose were the BC5 bacterial and BC2 respectively. In
the B-1,4-endoglucanase enzymatic activity was BC5 and B-1,4-exoglucanase was
BC8, while for the production of microbial biomass the best result was for the BC9
bacteria. The results indicated that among different species of bacteria from different
locations differ significantly compared in each of the tests, and therefore may be
associated with different types of both biochemical ecosystems and characteristics,
as well as environmental conditions in each type of soil, presenting distinct
mechanisms directly related to cellulose degradation. Thus, these microorganisms
have potential for use in many biotechnological processes and bioremediation in the
degradation of cellulose.

Keywords: cellulolytic  microorganisms, enzymes, soil microorganisms,

exoglucanase, endoglucanase.
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1. Introducéo

O solo como habitat € considerado um sistema heterogéneo, descontinuo e
estruturado, formado por diversos micro habitats. Micro habitats sao locais
particulares onde células, populacbes ou comunidades microbianas sao
encontradas, cujas caracteristicas fisicas, e quimicas influenciam seu
comportamento, que, ao mesmo tempo, também interagem no ambiente desse local
(MOREIRA; SIQUEIRA, 2006). E um recurso natural vital para o funcionamiento do
ecossistema terrestre e apresentam um balango entre os fatores fisicos, quimicos e
biolégicos. Os principais componentes do solo incluem minerais inorganicos,
particulas de areia, argila, formas estaveis de matéria orgéanica, insetos, bactérias,
fungos, mamiferos e gases como Oz, CO2, N2 (SALAMONE, 2011).

Quando um habitat é complexo e dindmico, as caracteristicas dos organismos
com metabolismos diferentes poderao interagir, promovendo um estado de equilibrio
dindmico relacionado com as necessidades essenciais para a sobrevivéncia, tendo
como resultado condi¢des ideais para uma biodiversidade altamente elevada. Mas
essas caracteristicas constituem a principal barreira para a introducdo de
tecnologias de manejo bioldgico, estudos populacionais, € manejo da informacao
genética. E por isto que o solo é considerado uma ~caixa pretal, ao ser estudado,
pois € necessario identificar componentes abidticos e bidticos, além da interagao
entre eles e a participacao nos diversos processos do solo incluidos nos ciclos
biogeoquimicos (JACKSON, 2003).

No caso dos micro-organismos degradadores de celulose, sdo responsaveis
pela degradacdo da biomassa da matéria organica do planeta. As caracteristicas

fundamentais de utilizacdo de celulose microbiana sdo examinadas em niveis
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sucessivamente mais altos de agregacao englobando a estrutura e composi¢cdo de
biomassa celuldsica, diversidade taxondmica, sistemas de enzimas celulase,
biologia molecular de enzimas celuloliticas, fisiologia de micro-organismos
celuloliticos, aspectos ecoldgicos das comunidades degradantes em fatores
limitantes na natureza. A base metodoldgica para estudar a utilizacdo de celulose
microbiana é considerada em relagdo a quantificacdo de células e enzimas na
presenca de substratos sélidos, na descricao quantitativa de hidrélise da celulose em
relacdo as enzimas, as taxas de hidrolise enzimatica, utilizacdo bioenergética da
celulose microbiana, estudos cinéticos na utilizacdo de celulose microbiana em
comparagao a cinética de substratos soluveis (SALAMONE, 2011).

Deste modo, dentre o0s grupos de micro-organismos, as bactérias
degradadoras de celulose apresentam uma grande importancia e um alto diferencial
em quanto ao seu papel na natureza degradando a matéria organica, tendo em
conta que as condi¢oes e caracteristicas fisicas, quimicas, bioldgicas, bioquimicas e
ecoldgicas, variam para cada espécie de acordo com seu lugar de origem. Assim, o
objetivo deste trabalho foi isolar e selecionar bactérias degradadoras de celulose
avaliando seu potencial no analise das atividades enzimaticas caracterizando os

isolados obtidos.



2. Reviséo bibliografica
InteragcBes microbianas no solo

Existe uma ampla variedade de inter-relagbes entre espécies de micro-
organismos nos ecossistemas, tais como sinérgicas, antagOnicas, de competicdo
fisica e bioquimica, moduladas por multiplos e complexos fatores bibticos e
abioticos. A rizosfera € um dos principais sitios onde se localizam micro-organismos
funcionais, que sao aqueles que desenvolvem alguma fung¢do biolégica como
fixadores de nitrogénio, solubilizadores de fosfatos, promotores decrescimento
vegetal, biocontroladores e espécies patogénicas, os quais competem por espaco e
por nutrientes (FOSSE, 2014).

Estas inter-relagbes entre micro-organismos compreendem a interagao solo-
planta-micro-organismos-ambiente e impactam, de forma direta, o crescimento e o
desenvolvimento das espécies vegetais. Micro-organismos rizosféricos, como o0s
Arbuscular Mycorrizhal Fungi (AMF), fungos do género Trichoderma e bactérias do
género Pseudémonas, usualmente, sdo catalogados como Biological Control Agents
(BCA) e Microorganisms Promoters of Plant Growth (PGPM).

Os micro-organismos raras vezes sao encontrados na natureza como culturas
puras e a maioria dos ambientes naturais caracterizam-se por uma grande
diversidade de  espécies microbianas que interagem de maneira
complexa (MALAKAR, 2003; WIMPENNY, 1995). O crescimento de um micro-
organismo como uma cultura pura pode ser substancialmente diferente do seu
crescimento em uma cultura mista, devido as interagdes microbianas que ocorrem
nos diferentes habitats (PIN, 1998). Tais interacbes podem ser sinérgicas ou
antagbnicas na natureza, resultando na proliferacdo melhorada ou inibida. As
interagcdes antagbnicas (interagées antimicrobianas) sao de particular interesse na
microbiologia dos alimentos, por exemplo, ja que podem ser utilizadas para controlar
o nivel de micro-organismos patdgenos nos produtos alimenticios. Interacdes
sinérgicas sdo de grande interesse para obtencdo de metabdlitos ou producao de

enzimas especificas.
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As interacbes entre as populagcdées de bactérias dentro de uma comunidade
dependem das condigcbes ambientais, e sob diferentes condi¢des ambientais da
mesma populacdo podem ocorrer diferentes relagdes. As interagées positivas entre
populagcées melhoram a capacidade destas de interagir, para sobreviver dentro da
comunidade em um habitat particular, as vezes permitindo a inteiras a coexisténcia
em um habitat onde individualmente ndo poderiam existir sozinhos (ASOODEH,
2010; TATSINKOU, 2013).

Bioprospeccéo de micro-organismos do solo

Bioprospeccdo € a busca sistematica de usos sustentaveis e com fins
comerciais dos elementos genéticos e bioquimicos da biodiversidade, por isso, 0s
micro-organismos do solo representam uma grande diversidade populacional,
taxonOGmica, evolutiva, genética e ecoldgica, as quais podem ser aproveitadas em
diversos processos. O solo ao ser considerado um habitat dindmico deve de
apresentar uma qualidade para o cumprimento do seu papel fundamental no
ambiente terrestre, mantendo o balanco entre a producédo e o consumo de dioxido
de carbono na biosfera (SALAMONE 2010).

A maior parte das etapas dos ciclos biogeoquimicos tem lugar no solo. A
atividade microbiana do solo da conta das reacdes bioquimicas que acontecem
dentro deste complexo e heterogéneo sistema. As trocas nas taxas de circulacao do
carbono e dos nutrientes minerais no solo como consequéncia das interagdes entre
plantas e outros organismos envolvem modificagbes na estrutura e no
funcionamento de suas comunidades bidticas. Em um ecossistema, uma rapida
resposta dos processos microbianos e da estrutura das comunidades as alteragdes
fisicas quimicas e bioldgicas constitui um aspecto central da qualidade do solo.

As mudangas na estrutura das comunidades microbianas em sistemas
perturbados geralmente estdo associadas a emissdes de gases, como efeito estufa
(CO2, NO, N20) e a perda do nitrogénio por lixiviagao (JACKSON, 2003).

Segundo Doran, Zeiss nos 2000, o manejo agricola convencional, que inclui o
uso excessivo de maquinaria, incrementando a erosao do solo e a concentragao do

dioxido de carbono indica que a grande quantidade de biomassa e matéria organica
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acumulada dos processos industriais e nao industriais depende dos baixos
rendimentos de degradacgéo realizada pelos micro-organismos. No entanto, essas
grandes quantidades de biomassa, matéria organica e 0S micro-organismos
(enzimas, metabolitos, liberagdo de energia) do solo podem ser aproveitados com
manejo sustentavel, eficiéncia no uso do recurso e projetos vinculados as

tecnologias limpas renovaveis. Alguns deles estao descritos abaixo.
Producao de enzimas

A producédo 6tima de uma enzima microbiana depende da natureza da cepa
envolvida, assim como dos diversos parametros ambientais, tais como temperatura,
pH, substrato, e nutrientes. Portanto, a melhora da produgc&o microbiana de enzimas
implica na otimizagdo destes fatores ambientais. A melhora de cepas microbianas
por manipulacdo genética € outro meio pelo qual pode aumentar o rendimento da
producao, especialmente em escala industrial. No entanto, a maioria dos métodos
para otimizar os fatores bioticos desvincula a producdo de enzimas com as

interacdes microbianas.

Biorremediagao

Micro-organismos heterotroficos sdo componentes chaves para a mobilidade
de materiais e decomposicdao de matéria organica. A utilizacdo de bactérias na
degradacdao de materiais (quimicos, bioldgicos) tem sido considerada de grande
importancia para estudos onde sdo examinados os efeitos toxicos e fungdes de
metais em populag¢des microbianas, onde os fatores ambientais afetam a toxicidade
e 0s mecanismos envolvidos no desenvolvimento de resisténcia do metal em micro-
organismos. Os micro-organismos controlam a transformacado de metais através de
diversos mecanismos, incluindo oxidacao, reducao, metilacao, dimetilacdo, formacao

de complexos e absorgdo.

Micro-organismos degradadores de celulose

A celulose é o biopolimero mais abundante na natureza, sintetizado

principalmente pelas plantas, alguns animais e um grande numero de micro-
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organismos (CASTRO et al., 2011). Este composto esta formado por monomeros de
glicose ligados por ligagdes glucosidicas 3-1,4 e tem como formula quimica CsH100s.
Ela forma parte das estruturas das matrizes celulares nas plantas, em alguns fungos
e algumas algas (Figura 1) e a susceptibilidade da celulose a hidrolise enzimatica
sdo afetadas pela estrutura natural dos materiais celulésicos, onde a celulose
encontra se associada a outras moléculas como a lignina e hemicelulose, com uma
conformacgao capilar, uma ordem molecular variavel e forte cristalinidade. Assim,
cada complexo celulésico é composto por uma variedade de enzimas com diferentes
particularidades e modos de acao, que atuam em sinergismo para a degradacgao da
celulose (BEGUIN, 1990).

Figura 1- Estrutura da celulose.
Fonte: Béguin, 1990.

As celulases sao sintetizadas por uma grande variedade de bactérias e
fungos (STUTZERBERGER, 1972). Os fungos filamentosos sao responsaveis pela
maior parte da hidrélise da celulose na natureza, devido a eficiéncia e diversidade
em seus sistemas celuloliticos e suas vantagens adaptativas (RAMOS;
FORCHIASSIN, 1996). As espécies de fungos celuloliticos mais estudados
pertencem ao género Trichoderma, considerado um dos melhores produtores de
enzimas, embora espécies de Aspergillus (BASTAWDE, 1992), Cladosporium
(ABRHA; GASHE, 1992), Fusarium (MURALI, 1994), Penicillium (KESKARr, 1992),
Neurosparacrasa (YAZDI et al., 1990), sdo consideradas eficientes na degradacéao
da celulose.

Micro-organismos aerobicos, como Trichoderma reesei, segregam uma
combinacdo de endoglucanases e celobiohidrolases, as quais atacam o substrato

individualmente por sinergismo. Pelo contrario, micro-organismos anaerdbicos como
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Clostridium cellulovorans, Clostridium cellulolyticum, Clostridium Josui, e Clostridium
thermocellum, produzem complexos multienzimaticos extracelulares que tém uma
alta atividade, degradando a celulose cristalina (OHARA et al., 2000). Ao estudar as
enzimas celuloliticas que sao utilizadas naturalmente pelos fungos e bactérias para
degradar a celulose, observa-se que a hidrélise (degradacao) deste polimero € muito
complexa. Por tanto, a investigagdo de estruturas e fungbes destas enzimas sao
importantes para conhecer com mais detalhes os mecanismos bioquimicos

envolvidos no proceso de degradacao da celulose.
Hemicelulose

Em contraste a celulose (polimero formado apenas por glicose), a
hemicelulose € um polimero formado por D-xilose, D-galactose, D-glicose, D-
manose e L-arabinose (CHANDEL, 2007). As cadeias de hemicelulose podem ser
constituidas por uma ou mais unidades de monossacarideos. A sua hatureza
quimica varia, nas plantas, de acordo com o tecido vegetal e com a espécie a que
pertence, na madeira, por exemplo, ela participa entre 20 e 30% do total da
composicao, enquanto que, nas gramineas, estes valores podem variar de 20 a 40%
(SJIOSTROM, 1992).

A hemicelulose compreende um grupo heterogéneo de polissacarideos
amorfos e de baixo peso molecular em relacao a celulose. Sua cadeia é formada por
agucares curtos, lineares e altamente ramificados, que se ligam firmemente entre si
e as superficies das microfibrilas de celulose, cobrindo-as e mantendo ligagdes
cruzadas, via ponte de hidrogénio, em uma rede complexa (CARVALHO, 2005). Sua
estrutura € mais parecida com a celulose do que com a lignina e sao depositadas na
parede celular em um estagio anterior a lignificacdo. Sua estrutura de ramificacoes e
cadeias laterais interage facilmente com a celulose dando estabilidade e flexibilidade
ao agregado (RAMOQOS, 2003).

Lignina

A lignina € um dos constituintes da parede celular de todas as plantas
vasculares, ela € um composto heterogéneo, de alto peso molecular e estrutura
irregular (HOFRICHTER, 2002; ONNERUD, 2002). E considerada uma

macromolécula constituida de unidades de fenilpropano, apresenta uma
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conformacéao tridimensional e amorfa, e representa de 20 a 30% do total dos
ligniceluldsicos. Além disso, € um dos biopolimeros mais abundantes da biosfera
(AZEVEDO, 2004).

Embora haja uma estreita associagcdo entre a celulose, hemicelulose e a
lignina, estes compostos ndo estdo uniformemente distribuidos na parede celular
das plantas. Esta parede celular € composta de diferentes camadas, que diferem de
acordo com a estrutura e a composi¢do quimica. Basicamente, a celulose forma um
esqueleto que é formado por substancias estruturais (hemicelulose) e envoltérias
(lignina).

A lignina tem a funcdo biolégica de fornecer suporte estrutural a parede
celular das plantas, pois a parede celular lignificada pode ser vista como um
complexo com microfibrilas de celulose e hemicelulose, além de conferir resisténcia
ao material lignocelulésico impedindo os ataques microbianos (ONNERUD, 2002;
LEE, 2003). Sendo assim a lignina € o principal obstaculo ao ataque enzimatica da
fibra.

A lignina é formada por um complexo polimero-fenélico, encontrada como um
componente da parede celular e ndo € facilmente degradada pelas enzimas
geralmente encontradas na natureza (VAN SOEST, 1994). Contudo, para utilizar
estes materiais lignoceluldsicos em processos biolégicos € necessario deslignificar o
material para liberar celulose e hemicelulose, que em seguida despolimeriza os
polimeros de carboidrato e libera os agucares que sao utilizados na fermentacao
(POLONEN, 2000). Esta degradacao permite que as enzimas hidroliticas, como as

celulases, atuem nessas fontes de carbono.

Sistema enzimatico da celulose

A celulosa com uma estimativa de velocidade de sintese de 4x10'0 tns/ano
(BEGUIN, 1990), constitue uma abundante fonte de carbono que é usada por micro-
organismos. Todos estes micro-organismos podem degradar celulose atraves do seu
complexo sistema enzimatico, composto por uma grande variedade de enzimas com

diferentes especificidades e modos de agao.



25

As enzimas foram classificadas em trés componentes maiores mostrados na
Figura 1 (LADISCH, 1983; POURQUIE, 1985).

Endo B-endoglucanases

As 4-(1.3; 1.4)-B-D-glucano 4-glucanohidrolase (EC 3.2.1.4) rompem os
enlaces B-glucosidicos de forma aleatéria no interior das moléculas de celulose,
produzindo novos sitios de ataque para as exoglucanases. Como resultado, tem

uma rapida diminuicdo no comprimento das cadeias.
Exo B-glucanases

As 4-B-D-glucan cellobiohydrolase (EC 3.2.1.9.1) atacam gradualmente as
moléculas de celulose dos terminais ndo redutores liberando subunidades de

celubiose.
B -glucosidases

As 1,4-a-D-Glucan maltohydrolase (EC 3.2.1.2.1) hidroliza a celubiose e
celudextrinas de baixo peso molecular em glicose. As moléculas de celulose tem
forte tendéncia para formar ligacées de hidrogénio inter e intramoleculares, na qual
se estabelecem multiplas ligacbes de hidrogénio entre os grupos hidroxilas das
distintas cadeias justapostas de glicose, fazendo-as impenetraveis a agua e,
portanto, insoluveis, originando fibras compactas e que constituem a parede celular
dos vegetais como mostra na Figura 3 (DELATORRE, 2010).
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Figura 2 - Esquema hidrdlise da celulose amorfa e microcristalina por sistemas de celulase.
Adaptado de Van, W.H et al., 2011.
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Figura 3 - Posigoes de ligacdes intra e intermoleculares das moléculas de glicose.
Fonte: Vilches, 2002.
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Em resumo as enzimas do complexo celulolitico as B-endoglucanases ou -
1,4-D-glucanglucanohidrolases, hidrolisam aleatoriamente as ligagdes B-glucosidicas
no interior das moléculas de celulose, com uma rapida diminuicdo nas cadeias
carbbnicas e um lento aumento nos grupos redutores. Como complemento, as B-
exoglucanases ou -1,4-D-glucan-celobio hidrolases e atuam nos extremos
terminais da celulose previamente fragmentada, liberando subunidades de
celubiose. E as enzimas p-glucosidases ou celubiases sao degradadas em
moléculas de glucose livre (FAN; LEE, 1980). A diferenca de substratos para os
estudos destas enzimas dependem das afinidades quimicas e bioquimicas onde o
melhor substrato para a medicdo da atividade de endoglucanase € um derivado
soluvel de celulose (CMC). Para as exoglucanases onde sua acao € limitada os
substratos debem ser sustitutos de celulose como CMC e hidroximetilcelulose
(HEC).

Os grupos hidroxila (OH) sdo os responsaveis pelo comportamento fisico e
quimico da celulose, sendo capazes de formar dois tipos de pontes de hidrogénio,
em funcdo de seu posicionamento na unidade glicosidica. Existem ligacées de
hidrogénio entre os grupos OH de unidades adjacentes da mesma molécula de
celulose (intermoleculares) e ocorrem ligacdes entre grupos OH de moléculas
adjacentes de celulose (intramoleculares). Os feixes de cadeias moleculares séo
unidos por pontes de hidrogénio (forcas de Van der Waals) como € mostrado na
Figura 4. Os feixes das moléculas de celulose se agregam na forma de micro fibrilas
nas quais regides altamente compactadas (cristalinas) se alternam com regides
menos ordenadas (amorfas), onde as fibras apresentam maior distancia uma das
outras (Figura 5). Estas estruturas cristalinas fazem com que as enzimas e até
mesmo moléculas pequenas, como a da agua, ndo consigam penetra-la. Por outro
lado, as fibras de celulose apresentam falhas onde €& encontrado micro poros, que
permitem tanto o acesso de moléculas de agua, quanto ao ataque enzimatico
(LYND, 2002).
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Figura 4 - Estrutura cristalina da celulose. Representacdo das pontes de hidrogénio entre cadeias
(inter) e entre residuos de glicose da mesma cadeia (intra).
Adaptado de Radford, et al. 1996.

Figura 5 - Representagao das regides amorfa e cristalina da fibra de celulose. Adaptado de Vilches,
2002.
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Aplicagdes potenciais das bactérias degradadoras de celulose
Industria de alimentos

Na industria alimenticia, as celulases sdo usadas em varios processos,
principalmente, na extragdo de componentes do cha verde, proteina de soja. Essas
enzimas participam, ainda, dos processos de producdo do vinagre de laranja, do

agar e na extracao e clarificagdo de sucos de frutas citricas (ORBEG, 1981).

Existe uma tendéncia mundial para a hidrélise enzimatica de materiais
lignocelulolitico, buscando agucares fermentaveis para a producédo de bioetanol em
larga escala (PERCIVAL ZHANG; HIMMEL; MIELENZ, 2006). O uso de celulases
para este fim tem como entrave o custo de producdo, que pode ser superado
utilizando organismos geneticamente modificados (bactérias, leveduras e plantas)
para a producdo das enzimas e a necessidade de produzir enzimas mais eficientes
(SUN; CHENG, 2002). A expectativa € de que o mercado de celulases seja superior
a 400 milhées de ddlares por ano com a possivel utilizacdo das enzimas na hidrolise
de palha de milho nos Estados Unidos da América para a producao de etanol de
biomassa (PERCIVAL ZHANG; HIMMEL; MIELENZ, 2006).

As celulases sdao usadas em ragdes animais monogastricas e ruminantes.
Nos animais monogastricos elas atuam em conjunto com as xilanases, na hidrolise
de polissacarideos ndo amilhaveis (BHAT; BHAT, 1997). Ja nos ruminantes, a
utilizagcdo de celulases em conjunto com pectinases e hemicelulases, vém da
necessidade de aumentar a digestdo das plantas forrageiras, base da alimentacao
dos animais, e assim poder incrementar a qualidade e digestibilidade da racao
(BHAT, 2000).

Industria do papel

Na industria de polpa e papel, as celulases estdo presentes na fabricacao de
papel reciclado, pois sua acado enzimatica colabora no processo de despigmentacao
da matriz celulésica, permitindo o aumento da drenagem da agua presente na polpa
de papel para a formacdao de folhas de papel (BHAT; BHAT, 1997; LIMA,
AUQRONE; BORZANI; SCHMIDELL, 2001).
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Industria de detergentes

Na industria de detergentes apresentam um espectro de acao e de utilizacao
bastante amplo, havendo, consequentemente, necessidade de especializacdo das
formulagbes. A principal vantagem da formulacdo de detergentes que contenha
enzimas € a substituicdo de produtos causticos, acidos e solventes toxicos, que
agridem o meio ambiente e que provocam o desgaste de materiais e de
instrumentos. O uso diversificado das enzimas deve-se a sua caracteristica de atuar
como biocatalisadores especializados.

Os principais tipos de enzimas utilizadas nessa industria incluem: a) amilases
degradam amido e outros glicidios de carboidratos; b) proteases- degradam ligacdes
peptidicas; c) lipases-degradam lipideos; d) celulases- degradam celulose Neste
grupo, as celulases se destacam por degradar o tecido das roupas que contém
algodao. O efeito nesse caso é a remocéao de fibrilas de celulose que com o tempo

passam a aparecer como penugem no exterior da fibra principal (BON, 1995).
Biocombustiveis

E o termo que se refere a qualquer tipo de combustivel derivado de biomassa
€ uma fonte renovavel de energia, ao contrario de outros recursos naturais, como
petréleo, carvao e combustiveis nucleares. Embora se possa falar de muitos tipos de
biocombustiveis, por causa da importancia do seu volume, da aplicacdo e de
producdo. Existem basicamente dois: o bioetanol e biodiesel. Acredita-se que pode
substituir mais combustiveis fosseis tradicionais, em virtude da sua baixa ou nula
caracteristica de degradacao ambiental e renovacgao. Bioetanol, etanol ou biomassa,
pode ser obtido a partir de milho, cana de acgucar beterraba e outras fontes através
de processos de fermentacdo enzimaticas dos seus acucares. Uma vez que a
composicao de celulose € muito rica em acucar € muito util para a producao de
alcoois a partir da fermentacdo de celulose, componente estrutural principal de
materiais vegetais (GARCIA & TRINANES, 2006).

Biomedicina

Baseados nas propriedades da celulose bacteriana diversos pesquisadores
investigam sua utilizacdo como scaffold para vasos sanguineos artificiais.

Recentemente, diversos grupos de pesquisa estudaram a utilizacdo da celulose
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bacteriana principalmente de Gluconacetobacte rxylinus (anteriormente Acetobacte
rxylinum) (NGUYEN; GIDLEY; DYKES, 2008) para aplicagcdes biomédicas. Entre
essas aplicagdes, podem ser incluidas: substituto temporario de pele para
recuperacdo de ferimentos e queimaduras (CIECHANSKA, 2004) cirurgias de
restituicdo da laringe (DE SOUZA et al.,, 2011) producdo de vasos sanguineos
artificiais (KLEMM et al., 2001), biomaterial para cornea (WANG et al., 2010),
cartilagem artificial (SVENSSON et al., 2005), sistema para liberacdo de farmacos,
recuperacdo de nervos, recuperacao de gengiva, recuperacao da dura-mater,
revestimento de stents, valvulas cardiacas, uretra, prétese artificial e material de
regeneracao 6ssea (CZAJA et al., 2006). Estudos de biocompatibilidade da celulose
bacteriana in vivo, utilizando modelos animais, tém demonstrado sua excelente
capacidade de integracdo com o tecido lesado, sem a presenca de processos
inflamatorios agudos nem rejeicdo em longo prazo. Devido a sua estrutura unica de
rede tridimensional de nanofibras, sua capacidade de retencdo de agua elevada,
uma elevada resisténcia mecénica e excelente biocompatibilidade, a celulose

bacteriana vem sendo amplamente utilizada na engenharia de tecidos.

Por tanto, a importancia de estudar a diversidade de micro-organismos
degradadores de celulose isoladas do solo e principalmente bactérias, € o fato de
conhecer, analisar e avaliar o amplo espectro das enzimas celuloliticas e como elas
diferem entre espécies. Assim, o conhecimento destes micro-organismos e seus
modos de agao tornam-se fundamental para definir as possiveis aplicagbes. Embora
as carateristicas entre micro-organismos do solo sejam diferentes elas precisam ser
estudadas de forma precisa para entender a cinética enzimatica, assim como
velocidades de reacao, degradacdo de substratos, e fatores de crescimento

bacteriano.



3. Objetivos

Objetivo geral

Isolar e caracterizar bactérias do solo degradadoras de celulose oriundas das
cidades de Cangucu e Arroio do Padre no Estado Rio Grande do Sul e Belém do

Para no Estado de Par3, Brasil.

Objetivos especificos

e Isolar e selecionar bactérias degradadoras de celulose oriundas de diferentes
tipos de solo pertencentes as cidades de Cangugu e Arroio do Padre no
Estado Rio Grande do Sul e Belém do Para no Estado de Par3§;

e Verificar a velocidade de producdo de biomassa microbiana;

e Quantificar a atividade enzimatica extracelular de Exoglucanases e
Endoglucanases produzidas por bactérias degradadoras de celulose;

e Quantificar a degradacao de celulose realizada por bactérias degradadoras de
celulose;

e Selecionar os melhores isolados na producdo enzimatica determinando seus

potencias para uso biotecnologico.



4. Artigo

O artigo intitulado Bioprospecgédo de bactérias do solo degradadoras de celulose
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Abstract

Soil microorganisms have a high bacterial biodiversity and an important group is the
cellulose-decomposers bacteria, which through their endoglucanases, exoglucanases and [3-
glycosidases enzymatic complexes are responsible for the planet organic biomass degradation.
Therefore to understand and apply their potentials in the biotechnology area, is necessary to
know their biologic, biochemical and environmental characteristics and proprieties of the
microorganisms involved in these degradation processes. In this sense, the aim of this work
was the isolation and characterization through the enzymatic activity of cellulose-
decomposers bacteria of diverse soil types from the cities of Cangucu and Arroio do Padre,
situated in the state of Rio Grande do Sul and also from the city of Belem, situated in the state
of Para. Ten bacteria isolates where obtained. The cellulose degradation analysis verification
was made by the Whatman N°1 filter paper and by the Luria-Bertani medium using the plate
method. In the extracellular enzymatic production analysis, the substrate used was the
Whatman N°1 filter paper for the 3-1,4 exoglucanase and carboxymethyl cellulose for the R-
1,4 endoglucanase. Also the microbial biomass analysis was made. The results showed that,
the most effective cellulose degradation isolates having as substrates; the Whatman N°1 filter
paper and the carboxymethyl cellulose, were; the BC5 and the BC2 bacteria respectively. In
the endoglucanase R-1,4 enzymatic activity was the BC5 and for the R-1,4 exoglucanase was
the BC8, meanwhile for the microbial biomass production, the best result was for the BC9
isolate bacteria. The results showed that between the different bacteria species from the
different locals, significant differences were presented, when each of the analysis were
compared and therefore this can be associated to the different types of ecosystems and to the
biochemical and environmental characteristics in each type of soil, having different
mechanisms directly related with the cellulose degradation. Therefore, these microorganisms
have a potential use in diverse biotechnological and bioremediation cellulose degradation
processes.

Key-words: cellulolytic microorganisms, cellulolytic enzymes, endoglucanase, exoglucanase,
soil.
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Introduction

The cellulose is a linear polysaccharide of glucose residuals with B-1, 4- glycosidic bonds.
Among natural materials is the most abundant biopolymer and it can be hydrolyzed by the
enzyme denominated cellulase, found as a multi-enzymatic complex were the final product
result is the glucose. In nature, these process represent the highest source of carbon in the soil
(LYNCH, 1981), having a wide variety of microorganisms, such as fungi and bacteria able to
produce cellulase.

Although, bacteria has a high potential in allowing a better separation of the lignin from the
cellulose, having the genres; Pseudomonas, Cellulomonas, Streptomyces and
Actinomycetales, as the better known (LYND, 2002) and (PEREZ, 2002), employing;
cellulases, laccases and extracellular peroxidases. In laboratory conditions, cotton and filter
paper and other types of substrates inducers, are the ones commonly used to stimulate the
exo-glycosidases enzyme production and also for the total cellulolytic complex activity
measurement (ROBSON, 1989). For each bacterial species, the cellulose degradation can be
related with the genetic feature and the specie’s biochemical characteristics, related with the
soil physicochemical properties, ecological and environmental factors, from the place of
origin (PEREZ, 2002).

Its abundant availability becomes a raw attractive material for the production of a lot of
important industrial products, through cheapest process and favorable ecological (GUPTA,
2012). In first place there is a residual degradation and pollution reduction of the
environment. In second place, due to its large scale applicability, it can be used in industrial
processes, such as the production of biofuels, the bioethanol (EKEPERIGIN,
2007)(VAITHANOMSAT, 2009), the agriculture management of vegetal residuals (LU,
2004) and the fermentation and bioremediation processes. Therefore the aim of this research
was the soil’s bacteria cellulose-decomposers characterization and comparison from the cities
of Cangucu and Arroio do Padre from the state of Rio Grande do Sul and the city of Belém do

Para from the state of Para, in Brazil.

Materials and methods

Obtainment of the bacterial isolates
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Sample origin

The soil samples were obtained from different cities belonging to the states of Para and Rio
Grande do Sul, Brazil, comparing the cellulose degradation differences for each isolate of
each local place. The soil samples from Belém do Para (Pard) were collected from the
Amazon rainforest, from Arroio do Padre (Rio Grande do Sul) were collected from the
familiar agro ecosystems, under the Lavoura-Pecuéria integration and from Cangucu (Rio
Grande do Sul) were collected from a rural open field. The soil was collected from soil layers
(0,00-0,20cm of deep) cutting shovel, conditioned in plastic bags and taken to the
Environmental Microbiology Laboratory in the Biology Institute/UFPel for further analysis
(Embrapa, 2011). For each positive isolate, the initials (BC) were named, for the cellulolytic

bacteria.

Experimental design

The experimental design used was completely randomized design, with three repetitions for
all the dependent variables. For the filter paper degradation variable, the experiment was
arranged in a unifactorial scheme, the treatment factor tested were; the cellulolytic bacteria
isolates (BC1 to BC10, beyond the controls, 1 and 2). For the colony diameter, the inhibition
halo and the enzymatic index, the unifactorial scheme was adapted, the tested treatment factor
was the cellulolytic bacteria isolates (BC1 to BC10).

For the microbial biomass variable, the bifactorial scheme was adapted. The treatment factor
A tested the cellulolytic bacterial isolates (BC1 to BC10, beyond the controls) and, the factor
B tested the evaluation times (0, 6, 12, 18, 24 and 30 hours). In the glucose-cellobiose’s
variable activity, the experiment was arranged in a bifactorial scheme. The factor of treatment
A tested the evaluation times (0, 6, 12, 18, 24 and 30 hours), and the factor B tested the doses
(0,1, 0,4 and 07 mL), that comparison was realized for separated, for both the p -1,4-

exoglucanase and the B-1,4-endoglucanase, for each cellulolytic bacterial isolate.

Isolated method and morphologic characterization

For each bacterial isolate, 1 g of each soil sample was weighted and collocated in jars
containing saline solution (0,85%). The solutions were agitated in a (Orbital Shaker

Warmnest) shaker for 1 hour at 120 rpm and after that, the serial dilution was performed.
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Posteriorly, aliquots of 100 pL were inoculated in the plates containing Luria-Bertani (0,2 %
of CMC) solid media and they were incubated at 30 °C for 24 hours. Were considered as
positive, the colonies that formed a clear zone around (degradation halo). The bacterial cells
were stored at -6 °C, using a glycerol solution at (10 %) as cryoprotectant. Each of the
positive colonies was morphological characterized in appearance and arranged using the
Gram staining method.

Cellulose’s degradation analysis
Cellulose’s degradation determination with filter paper

For each isolate, a bacterial inoculum with a concentration 0f108 UFC mL™ was prepared,
indirectly quantified by optic density at O.Deoo, incubated under agitation of 100rpm at 37 °C
in mineral medium (2,5 g of NaNOg; 2 g of KH2POy4; 0,2 g of MgSOyg; 0,2 g of NaCl; 0,1 g of
CaCl,-6H20, pH 6,8-7,2) containing (Whatman Filter Paper N°1) filter paper as the only
cellulose source and using as negative control an saline solution inoculum. The filter paper’s
patronization was made cutting tapes in size of 1x6 cm and 12,5 mg in weigh, each jar
contained the inoculum and the negative control. After ten days of incubation, each sample
was taken for dry and for weighing of the filter paper. The results were shown in mg
(GUPTA, 2012).

Proof of the cellulose’s degradation in solid medium

For the potential cellulose’s degradation confirmation, the bacteria were incubated in plates
containing Luria-Bertani medium, supplemented with 0,2 % of CMC. After three days of
incubation at 30 °C, the plates were immersed in Lugol's solution (1 mg mL™) for 3 minutes,
according with the Ramesh's method et al 2008. The solution was then washed with NaCl 1M
(REINHOLD-HUREK et al., 1993). The positive isolates cellulose’s degradation potential
was evaluated qualitatively, estimating the enzymatic index (1.E) calculation: (Colony

Diameter + halo Diameter)/Colony Diameter.

Extracellular Enzymatic Production

For the extracellular enzymatic quantification 1 mL of bacterial concentration (108 UFC mL"

1y of each one of the eleven bacterial isolates obtained was used and collocated in 3 mL of
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liquid Luria-Bertani medium supplemented with CMC 10%. The tubes were incubated at 28
°C in constant agitation at 130 rpm in a (Orbital Shaker Waemnest) shaker for the
extracellular enzymatic quantification analysis, aliquots of 2 mL for each tube were removed
in intervals of 6 hours during 24 hours and collocated in microtubes for further centrifugation
(refrigerated digital micro processed centrifuge CT-15000R) at 6.000 rpm. After the
centrifugation each microtube of each isolate was separated in different microtubes containing
the supernatant and the pellet respectively (MIKAN; CASTELLANOS, 2004).

R-1,4 exoglucanase’s activity

For each bacterial isolate, 800 puL of the supernatant, 12,5 mg of the Whatman N°1 filter
paper, 200 uL of the sodium acetate tampon solution 0,6 M with pH 6,0 were collocated in

microtubes and incubated at 50 °C for 50 minutes (RAMIREZ; COHA, 2003).

R-1,4 endoglucanase’s activity

For each bacterial isolate, 200 pL of the supernatant, 875 pL of CMC (1 %) and 25 pL of the
sodium acetate tampon solution (1,0 M with pH 6,0) were collocated in microtubes and
incubated at 50 °C for 50 minutes (RAMIREZ; COHA, 2003).

Microbial biomass determination and sugar reducers

Microbial biomass was determined by the pellet drying and weighting of each bacterial
isolate. The sugar reducers liberation was determined by the Somogyi-Nelson’s method
(SOMOGY]1, 1952; NELSON, 1994) using a spectofotometer (Model 1L-227 Kasuaki) at an
0.D of 665nm. The activity results were expressed in Ul mL™, considering the free enzyme
quantity of 1 uM glicose min, a unit (RAMIREZ; COHA, 2003).

Statistical analysis

The data obtained was analyzed for normality using the Shapiro’s Wilk test; the
homoscedasticity using the Hartley test; and, the independence residuals by the graphic
analysis. Later, the data was submitted to variance analysis through the F test (p < 0,05).
Showing statistical significance, the cellulolytic bacteria isolates effects were compared by
the Tukey test (p < 0,05); the controls were evaluated by the Dunnett test (p < 0,05); and, the
evaluation times, by the quadratic polynomial regression model (p < 0,05), as it follows: y =y,

+ ax + bx?, were: y = variable response; y, = response variable corresponding to the minimum
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point curve ; a = estimated highest value for the response variable; b = curve’s declivity; X =
evaluation time (hours). The time and doses comparison was realized by the multiple
regression models, using the surface regression response procedure (PROC RSREG), with
examination of the linear effects, quadratic and linear interactions of the independent
variables (FREUND; LITTELL, 1991). The model’s selection was based on the: (a) residue;
(b) p value (p < 0,05); (c) standard deviation; and (d) R2 and R2adj. Then, the polynomial
equation of the second order to the response’s variables data was adjusted: y = fo + ZPiXi+
TRiixi > + Zfjx X , were y is the variable response; X , x are the entrance variables, that
influenced the response variable y; Po is the interception; Bi is the linear effect; PBii is the
quadratic effect and Bjj is the interaction between X; and x;. The additional rotational canonical
analysis to the surface response was applied for optimization, in which the variables levels
(x1, time; X2, dose) (inside the experimental interval) were determinated to obtain the response
of each dependent variable studied. The function’s optimization responses, constitutes in the
function response traduction (yk), from the origin towards the stationary points (x0). The
function response was maximized when all the roots obtained negative values and was
minimum when all the roots obtained positive values. If any of the roots presented positive
and other negatives values, a saddle point was characterized (MYERS, 1971; KHURI,
CORNELL, 1989).

Results and discussion
Bacterial isolates

Ten positive bacterial isolates from the three cities in two states of Brazil were obtained for the
cellulose’s degradation evaluation. As result, the bacterial isolates BC1, BC2, BC9 and BC10
were obtained from the rural open field of Cangucu, in the state of Rio Grande do Sul. Four
isolates BC3, BC4, BC5, BC7 from the Amazon rainforest in Belém do Para, state of Para.
And the two isolates; BC6, BC8 from the familiar agro ecosystem, under the integration
system Lavoura-Pecuaria in Arroio do Padre, state of Rio Grande do Sul. From the ten
bacterial isolates, only four (BC1, BC3, BC7, BC9) belongs to Gram positive bacteria and six
(BC2, BC4, BC5, BC6, BC8, BC10) belongs to Gram negative bacteria (Table 1).
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Table 1
Morphologic characterization of the degradative cellulose bacteria.

Bacteria Gram stain Bacteria morphology
BC1 Positive Coco bacillus
BC2 Negative Cocos
BC3 Positive Coco bacillus
BC4 Negative Cocos
BC5 Negative Cocos
BC6 Negative Cocos
BC7 Positive Coco bacillus
BC8 Negative Cocos
BC9 Positive Cocos
BC10 Negative Coco bacillus

Cellulose degradation analysis
Cellulose degradation determination

For the filter paper’s degradation variable, the significance difference only occurred for the
native BC5 bacteria from the Amazonia rainforest. When each isolate was compared with the
control 1 (dry weight), a difference in relation to the BC5 occurred, showing a higher
percentage degradation with a value of 10,72%, were probably the production of extracellular
enzymes was more elevated. However, referring to control 2, there were no differences in all

the isolates.

In general, the ten bacteria presented weights too closed in relation to the dried filter paper
used as control 1 and the weight in control 2 filter paper, this can be associated to the low
extracellular protein free production in the liquid medium, directly affecting the paper’s
degradation. Low percentages were identified as they were compared with the weight, for the

dried filter paper as in the liquid medium containing saline solution as inoculum (Table 2).
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Table 2
Filter paper’s degradation of the cellulolytic bacteria isolates.

Bacteria Degradation percentage (%)
BC]. 3’6 IS p
BC2 3’6 nsp
BC3 0 nsp
BC4 7,14 ™P
BC5 10,71 *P
BC6 7,15 ™8P
BC7 36 ™F
BC8 0 ™P
BC9 0 ™
BC10 0 ™P

Y Averages (+ Standard error) accompanied by the same letter does not differ between them by the
Tuckey test (p<0,05) comparing the cellulolytic bacteria isolates. * and ™ Significance and no
significance, respectively, in relation to control 1 (dry weight) by the Dunnet test (p<0,05). P No
significance in relation to control 2 by the Dunnet test (p < 0,05).

Confirmation of the cellulose’s degradation in solid medium

The cellulose’s degradation confirmation was obtained from ten bacteria comparing the colony
diameter, the bacteria with the highest development were CB6 with 6,55mm and CB92, with
45 mm. However, the highest cellulose’s degradation halo’s diameter was for the CB6, with an
average of 7, 85 mm.

The method for the extracellular enzymes evaluation with solid medium, determined a direct
relation between the halo’s size and the microorganisms degradative capacity; therefore it
suggests that the enzyme’s index > 2, 0 mm allows the consideration of a microorganism as an
enzyme potential producer in solid medium (LEALEM; GASHE, 1994). Nine bacteria showed
enzymatic indexes highest than > 2,0, they were considered as extracellular enzyme potential
producers (Table 3). The BC4 isolate didn’t showed colony growth and therefore, do not
developed a degradation halo (Figure 1).
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Table 3
Colony diameter (mm), degradation halo (mm) and cellulolytic bacteria enzymatic index.

Bacteria  Colony diameter (mm)  Halo’s diameter (mm) Enzymatic Index (IE)

BC1 0,65+0,12 de¥ 1,55+0,10 d 3,55+0,33 b
BC2 0,97+0,35 cde 3,35+0,25 ¢ 5,33+0,90 a
BC3 1,87+0,08 bc 4,10+0,04 bc 3,20+0,08 b
BC4 0,00+0,00 e 0,00+0,00 e 0,00+0,00 ¢
BC5 1,75+0,18 bc 3,80+0,08 bc 3,25+0,25 b
BC6 6,55+0,16 a 7,85+0,09 a 2,20+0,03 b
BC7 1,80+0,40 bc 4,25+0,25 b 3,68+0,48 ab
BC8 1,62+0,02 bcd 3,92+0,02 bc 3,42+0,04 b

BC9 2,45+0,14 b 4,42+0,05b 2,82+0,10 b
BC10 1,55+0,28 bcd 3,35+0,43 ¢ 3,23+0,14 b

Y Average (+ standard error) accompanied by the same letter do not differed between them using the
Tuckey’s test (p<0,05).

P

Fig. 1
Cellulose’s activity through the substrate’s degradation halo (CMC).
1BC1, 2 BC2, 3BC3, 4 BC4, 5 BC5, 6 BC6, 7 BC7, 8 BC8, 9 BCY, 10 BC10.

Extracellular enzymatic production
R-1,4-exoglucanase’s activity

The glucose-cellobiose’s activity data from the $-1,4 exoglucanase activity obtained
from all the cellulolytic bacteria isolates adequately adjusted to the established
regression model (Table 5). During the optimization process for this variable, the
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auxiliary equations roots were positive and negative in their magnitudes, indicating
that the stationary point was a saddle point for all the isolates (Figure 2). For the BC10
isolate, the function response was maximal, all the roots obtained negative values and
the predicted value in the maximal stationary point was of 84,69 U mL™ of glucose-
cellobiose with 35,3 hours and 0,88 mL (Figure 2 and 4).

Table 4
Cellulolytic bacteria regression model adjusted values.
Bacteria ValueF  p-value R? RZ%adj]
BC1 90,48 p = 0,004 0,85 0,82
BC2 6,99 p =0,003 0,74 0,72

BC3 67,02 p=0,0001 0,89 0,88
BC4 40,03 p =0,001 0,83 0,80
BC5 43,48 p<0,0001 0,60 0,59
BC6 46,98 p<0,0001 0,65 0,62

BC7 9,57 p=0,01 0,69 0,67
BC8 63,56  p<0,0001 0,90 0,88
BC9 4,78 p=0,01 0,68 0,66

BC10 36,56 p<0,0001 0,86 0,84

P-1,4 exoglucanase’s activity

ETime (hours) M Stationary point (UI'mL™ ') ®Dose (mL)

48.73 20.22
417
36, A 4 P 34.98
2796 269
1 o 21 20,55
15 |
129 13.06 i a0 132
0.4 03 4 04 03 03 0.5 04 13 033
BC1 BC3 BC4 BCS BC7 BCS BCY

BC2 BC6 BC10
Fig. 2
B-1,4 exoglucanase’s activity according to the best dose, best time and highest activity for each isolate.

R-1,4-endoglucanase’s activity

The glucose-cellobiose’s activity data from the B-1,4 endoglucanase activity in all cellulolytic
bacteria isolates, adjusted adequately to the regression model shown in Table 5, also the roots
from the equations were positive and negative in their magnitudes (Figure 3).
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Table 5
Adjusted values to the cellulolytic bacteria regression model.
Bacteria Value F p-value R? RZ%adj]
BC1 7,08 p =0,003 0,74 0,72
BC2 12,48 p =0,0002 0,84 0,81
BC3 76,83 p =0,0001 0,87 0,85
BC4 6,76 p =0,003 0,74 0,73
BC5 3,35 p=0,04 0,60 0,59
BC6 4,17 p=0,02 0,63 0,60
BC7 9,57 p=0,03 0,65 0,62
BC8 6,72 p =0,003 0,74 0,72
BC9 5,96 p=0,01 0,68 0,66
BC10 41,65 p < 0,0001 0,88 0,87

p-1,4 endoglucanase’s activity

®mTime (hours) ™ Stationary point (UImL ) ®Dose (mL)

2554

Lo dndaanls

BCl0

Flg. 3
B-1,4 endoglucanase’s activity according with the best dose, best time and highest activity for each
isolate.

Microbial biomass

The microbial biomass analysis results demonstrated significance in the interaction between
the treatment isolates bacteria factors and the evaluation times (F = 34,55; p < 0,0001). In the
isolate’s comparison inside each time, significance differences were shown in the hour six of
the evaluation time, the bacteria BC8 differed from the others with a highest average,
followed by the BC10 and BC4 bacteria. While in the 12 hour of the evaluation period, the
BC4 bacteria differed from the others, followed by the BC5 and BC8 bacteria. In both the 18
and 24 hours of the evaluation period, the BC2 bacteria was characterized by a higher
average, but in the 18 hours differed only from the BC1 and BC7, and in the 24 hours

presented difference in relation to all the others isolates. In the 30 hours, the BC8 presented a
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higher average, differing from the others. Significance differences were shown for all the
isolates in relation to the controls in the 12, 24 and 30 hours of the evaluation time (Table 6).
The microbial biomass data adequately adjusted to the regression quadratic polynomial model
only for the isolates BC1 (F = 7,7461 and p = 0,0111), BC2 (F = 6,7476 and p = 0,0162), BC6
(F =10,7765 and p = 0,0041), BC8 (F = 6,1425 and p = 0,0208) and BC9 (F = 45,2735 and p
< 0,0001) (Figure 4).

60 -
7907 “ oy (BCI)
L ]
1S 40 —«— Yy (BC2)
g 4U *  ..a- BC3
Py —— BC4
g 30 1 -0 BCS
15 —®— y(BC6)
8 10 T y(BCS)
5 ~&- Y (BC9)
s 4 —— BC10
~* \Withess
-10

0 6 12 18 24 30
Evaluation Time (Hours)

Fig. 4
Cellulolytic bacterial microbial biomass (ug mL™?) in function of the evaluation time (hours).

Increases are shown in the biomass values of 81,4; 122,0; 122,0 e 81,4% respectively for 12,
18, 24 and 30 hour periods for the BC1 bacteria, when compared at six hours of evaluation
time. In the BC2 and BC6 bacteria at 18 hours, the increases were superiors to 150% when
compared at six hours of evaluation. Initially in the BC8, the lowest increases percentages
being of 36,7 and 95,3% for 12 and 18 hours respectively were verified, when compared at 6
hours. While the BC9 obtained 120,6% of increase for the 12 hour period of evaluation time,

when compared at 6 hour of evaluation.

Discussion

Cellulose’s degradation determination
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The study of bacteria able to degrade cellulose can depend of several factors that influence the
action mechanisms of the multienzymatic complex inside each specie. From the studying
bacteria analysis of a macerated intestine of organisms with cellulose alimentation revealed
that this can be more efficient, the analysis showed that the maximum and minimum rates of
the filter paper’s degradation were of 65,7 and of 55 %, respectively, estimated in the third
day of incubation of 8 isolates (GUPTA, 2012). The documented result by Lu et al. (2004),
demonstrated that the detected cellulose’s degradation in four groups of mixed cultures varied
between 19,4 to 26,3 %. Similar results in the paper’s degradation rates varied of 31 to 60 %
after 10 days in mixed bacteria population by the gravimetric procedure (BICHET-HEBE,
1999). These results differed from this work considering that for the 10 days of incubation,
the Whatman filter paper’s degradation did not exceeded the 10%, however they become
comparative to the work by Silva et al. (2012), were it was demonstrated that after only 100
days of incubation of the filter paper, there was a loss of the cellulose’s total mass, when the
soil’s isolates were evaluated with vinasse. There by the analysis from these cellulose’s
enzymatic hydrolysis mechanisms, were from some aerobic bacteria that are bonded to the
cells or to the substrate, were they can produce extracellular enzymes with different adherence
ways in different substrate’s configurations, meaning that a microorganism’s population can
adopt distinct strategies in the enzymatic production, like for example, the anaerobic and
aerobic degradation relation, this symbiotic association may increase or not the degradation’s

efficacy (CUNHA-SANTINHO, 2003).

The results from this study for the cellulose degradation’s verification in solid medium, were
similar to the enzymatic index of 1,38 to 2,33IE and 0,15 to -1,37IE in the agriculture soil’s
cellulolytic aerobic bacteria and florestal soil, respectively (HATAMI et al. 2008), also they
are comparative with the results of four bacteria EF1, RU3, RU4, RA2 isolated from
Macrotermes gilvus intestine, being a termite specie. It was shown from the strain’s
cellulolytic activity that RA2 had the highest enzymatic index of 2,5 and the RU3 isolate the
lowest of 0,75 (FERBIYANTO, 2015). In the other hand, Araujo et al. (2015) studying 21
actinobacteria strains from the Parque Nacional de Ubajara, in the state of Ceara, verified that
the inhibition halo diameters of the studied actinobacteria strains varied from 3,75 to 31,75,
meanwhile the enzymatic index varied from 1,18 in the UB-03-R1 strain to 6,90 in the UB-
05-R1 strain. These values can be compared with the evaluation of eight bacteria, obtained
from four different invertebrates (termites, snail, caterpillar, and other). The reported
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enzymatic index varied between 9 and 9,81E and the degradation halo diameters were
between 45 and 50mm (GUPTA, 2012) differing from this study results.

The analysis made for the exoglucanase enzyme showed different stationary points for each
bacteria. Specific activities of the proteins from the production of B-1,4 exoglucanase by the
Streptomyces sp 7CMC10 strain was of 2,61Ul mg™ in 72 hours (RAMIREZ; COHA, 2003).
Santos et al. (2013), analyzed agro industrial residuals through fermentative process, which
they obtained that the p-1,4 endoglucanase reach the index of 9,32U mL™. However,
Streptomyces sp cultivated in peptone contained solution and 1,0% of Tween 80 in crystal
cellulose (GEORGE, 2001), when cultivated it in paper powder containing medium with
cellulose, yeast extract and Tween 80, showed a peak of 23 U mL™? , meanwhile cultivated in
wheat bran was of 8,5 U mL™. The enzymatic activities in the diverse microorganism’s
enzymatic complex are regulated by diverse environmental factors such as; the temperature,
pH and salinity (VINOGRADOVA.; KUSHNIR, 2003), which can be involved with

physicochemical factors in the soil and the genetic characteristics of the specie.

A similar study made by Ramirez and Coha (2003) with Streptomyces sp. 7CMC10 and
11CMCT1 strains, showed that the highest values for the two strains were of 20,14Ul mg™ and
9,55U1 mg?, respectively, corresponding to proteins related to endoglucanases with activities
in 72 hours period. Results of 6 analyzed types of industrial celulases (Youtell, RCconc,
Lerkam, Yishui, R-10, and Sinopharm) shown that the enzymes activities vary in the glucose
release and that the highest values were for 7,7Ul/mL Sinopharm up to 69.90Ul/mL Youtell
(Yu, 2016) which are similar in the analysis of some bacteria of this work. In the cellulolytic
enzymes study, the substrate’s specificity and the specie’s detailed knowledge can lead to
more specific results, because the cellulase is a system that includes the endoglucanases,
exoglucanases and B-D glycosidases that act hydrolyzing the crystal cellulose in a joint way
(MULLINGS, 1985; CRIQUET et al., 2002; HELBERT et al., 2003; EVELEIGH et al., 2009;
FARNET et al., 2010; DASHTBAN et al., 2010) which sometimes cannot be identified in
inaccurate analysis.

The microbial biomass production process depends to the total reproductive capacity of the
bacteria cells, which cannot be maintained for a long period of time. This is why the microbial
population turns limited by the essential nutrient scarcity, or when an unfavorable ionic
equilibrium develops (pH) or by the environmental toxic substances accumulation.

Actinobacteria Streptomyces sp. 3 presented activity in the 116 hour period and only had
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endoglucanase and cellobiase activity (Figure 3B). It is worth mentioning that the
actinobacteria Streptomyces sp. 3 have moderate biomass growth before the 116 hour period,

which can be related to the substrate degrade activity, not detected by the used methods.

When a constant mortality rate is  established the culture begins to die
exponentially, until finally sterility occurs. But, after most all of the cells had died, the
mortality rate can show a decline marked by the fact that small number of cells continue to
survive. The continuing growth in the nearby hours of this small survivors population can be
attributed by the nutrients availability from cells that die and slowly decomposes,increasing
again the population during the evaluation time.

Conclusion

The isolated cellulolytic bacteria from different soil types presented different cellulose’s
degradation index and efficiency, when compared with their realized enzymatic index in
plates and the analysis of each one of the enzymes involved in the cellulose enzymatic
complex. The most effectives isolates of each analysis were the BC5 for the Whatman filter
paper’s degradation, the BC2 in the enzymatic index analysis, the BC9 in the microbial
biomass analysis, the BC8 in the -1,4 exoglucanase’s enzymatic activity, the BC5 in the B-

1,4 endoglucanase’s enzymatic activity.
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Anexo 1

Atividade enziméatica dos isolados para a enzima B-1-4 exoglucanase
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Figura 1 - Glycose-cellobiose’s (Ul mL-1) activity from the B-1,4 exoglucanase of
cellulolytic bacteria isolates (BC1 to BC6) according to the evaluation time (hours)
and to the enzyme dose.
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cellulolytic bacteria isolates
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Anexo 2

Atividade enzimética para a enzima B-1,4 endoglucanase
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5. Concluséo

Neste contexto, os trabalhos que privilegiem a identificacdo, isolamento e
analises de atividade enzimatica como foi apresentado, permitem sugerir micro-
organismos eficientes para desenvolver pesquisas em torno a processos de
Biorremediacdo e a utilizagdo dos mesmos para processos onde € requerida a
utilizacdo de enzimas ao nivel biotecnolégico; proporcionando eficiéncia e
diminuicdo da contaminacgdo pela utilizagao dos préprios micro-organismos e seus

produtos.



6. Perspectivas

Desenvolver trabalhos in vitro que estejam envolvidos na avaliagdo da
degradacdo de celulosa em substratos especificos para cada isolado
bacteriano.

Realizar a identificacdo dos isolados bacterianos através de técnicas

moleculares.
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