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ISOLAMENTO E SELECAO DE BACTERIAS LIPOLITICAS

De Souza, Carla Michele Pereira. Isolamento e Selecdo de Bactérias Lipoliticas. 2016.
65f. Dissertacdo (Mestrado em Producdo Animal: caracterizagdo, conservacdo e
melhoramento genético de recursos locais.) - Universidade Federal Rural do Semi-
Arido (UFERSA), Mossor6-RN, 2016.

RESUMO: A producdo de enzimas por microrganismos é mais vantajosa que as de
origem vegetal e animal devido a maior facilidade na obtencdo e manipulacdo dos
mesmos. Os processos catalisados por enzimas microbianas séo geralmente mais
rapidos, mais eficientes, de menor custo e ambientalmente sustentaveis do que aqueles
que sdo realizados com catalisadores quimicos. Esse fato influencia diretamente no
aumento da utilizacdo dessas enzimas no ambiente industrial. As lipases sdo enzimas
que catalisam a hidrélise de longas cadeias de triglicerideos transformando-os em
glicerideos e acidos graxos. As lipases microbianas fazem parte de um dos mais
importantes grupos de enzimas para a aplicacdo industrial. Alem de estar envolvida em
determinados processos dos setores alimenticio, farmacéutico, cosméticos, téxtil, de
papel e couro, essas enzimas também sdo utilizadas na suplementagdo de ragcdo para
animais que possuem deficiéncia no processamento de lipideos. Diante do potencial
promissor destas enzimas, este trabalho teve como objetivo principal o isolamento de
bactérias produtoras de lipase a partir de amostras provenientes de aguas termais com
temperaturas variando entre 37 a 54 °C. As linhagens mais promissoras para producéo
de lipase foram selecionadas por meio do teste da Rodamina B e do p-nitrofenil
palmitato (pNPP). Das 51 linhagens bacterianas isoladas, 17 demonstraram potencial
lipolitico no teste de Rodamina. Destas, nove foram selecionadas no teste de atividade
enzimatica (pNPP) verificando que a temperatura de cultivo influencia na produgdo das
enzimas. A temperatura de 30 °C foi a mais favoravel para crescimento e producdo das
enzimas. Quanto a temperatura de atividade enzimatica, verificou-se que uma das
linhagens possui maior atividade a 70 °C, aumentando assim, o interesse da utilizacdo
da mesma no meio industrial pela producdo enzimatica termoestavel. Os resultados
obtidos refletem a importancia em se estudar o potencial biotecnolégico da microbiota
associada aos ambientes térmicos para a prospecc¢do de linhagens produtoras de lipases,
e suas futuras aplicaces agroindustriais.

PALAVRAS- CHAVE: Enzima. Lipase. Microrganismos. Bacteria.



ISOLATION AND SELECTION OF LIPOLYTIC BACTERIA

SOUZA, Carla Michele Pereira. ISOLATION AND SELECTION OF LIPOLYTIC
BACTERIA. 2016. 65f.  Master Science Degree in Animal Production:
Characterization, Conservation and Breeding of Local Resources. Universidade Federal
Rural do Semi-Arido (UFERSA), Mossord-RN, 2011.

ABSTRACT: The production of enzymes by microorganisms is advantageous that the
vegetable and animal origin due to the ease in obtaining and handling them. The
processes catalyzed by microbial enzymes are generally faster, more efficient, less
costly and environmentally sustainable than those that are made with chemical catalysts.
This fact directly influences the increased use of these enzymes in industrial
environment. Lipases are enzymes that catalyze the hydrolysis of long chain triglyceride
transforming them into glycerides and fatty acids. Microbial lipases are part of one of
the most important groups of enzymes for industrial application. Besides being involved
in certain processes in the food, pharmaceutical, cosmetics, textile, paper and leather,
these enzymes are also used in supplementation of animal feed that have deficiency in
processing lipids. On the promising potential of these enzymes, this work had as main
objective the isolation of bacteria producing lipase from samples from hot springs with
temperatures ranging from 37-54 ° C. The most promising lines for lipase production
were selected by testing the Rhodamine B and p-nitrophenyl palmitate (pNPP). Of the
51 isolated bacterial strains, 17 demonstrated the potential lipolytic Rhodamine test. Of
these, nine were selected in the enzyme activity test (pNPP) verifying that the
cultivation temperature influences the production of enzymes. The temperature of 30 °
C was the most favorable to growth and production of the enzymes. For the enzymatic
activity temperature, it was found that one of the lines has greater activity at 70 ° C,
thereby increasing interest in the use of same in the industrial environment the
thermostable enzyme production. The results reflect the importance of studying the
biotechnological potential of the microbiota associated with thermal environments for
prospecting producing strains of lipases, and future agro-industrial applications.

KEYWORDS: Enzyme. Lipase. Microorganisms. Bacteria.
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1. CONSIDERACOES GERAIS

Os microrganismos encontram-se presentes em quase todos os tipos de habitats
possuem ampla diversidade metabdlica, propriedades cinéticas de producdo de uma
grande variedade de enzimas e estdo adaptados a diferentes condi¢cdes ambientais. Estas
entre outras caracteristicas contribuem para o aumento do interesse industrial na
utilizacdo dos mesmos como fonte para a produgdo de enzimas, apresentando uma

relacdo custo/beneficio bastante favoravel (SHARMA et al., 2001).

As enzimas microbianas sdo comumente utilizadas no meio industrial para
diversos fins, sendo preferéncia nas industrias pelo fato de que os processos catalisados
por elas sdo geralmente mais rapidos, eficientes e ambientalmente sustentaveis
(MONTEIRO e SILVA, 2009). Os registros de producdo em grande escala de enzimas
industriais datam do inicio do século XX. No entanto, a utilizacdo das mesmas tem
inicio desde quando ndo se conhecia 0 seu conceito e nem mesmo a aplicacdo exata de
cada uma, como na fabricacdo de queijo, pdo e cerveja e alguns outros tipos de

alimentos que j& eram fabricados ha mais de mil anos a.C. (ZIMMER et al., 2009).

Quando se trata de enzimas resistentes a temperaturas elevadas, as chamadas
enzimas termoestaveis, a amplitude de utilizacdo das mesmas como ferramentas
industriais se torna maior ainda, tendo em vista que a maioria dos processos industriais
esta ligada a processos que envolvem altas temperaturas. As proteases e lipases estdo
incluidas no grupo de enzimas termoestaveis sendo utilizadas desde a fabricagéo de

detergentes até a producao de alimentos (GOMES et al., 2007).

A industria de lacteos utiliza amplamente enzimas como lipases, proteases,
peptidases, lactases e lactoperoxidases. A finalidade da utilizagdo dessas enzimas vai

desde a coagulacédo do leite para fabricacdo de queijo, até o auxilio na producdo de leite

12



em pb e outros derivados de leite. A lipase, por exemplo, é bastante utilizada para
realcar o sabor dos derivados do leite, principalmente do queijo (DEETH, 2006;

HERNANDEZ et al., 2005)

Além da ampla utilizacdo da lipase na producdo de alimentos, detergentes,
papel, entre outras, estas enzimas também podem ser utilizadas como suplemento
alimentar na dieta de animais como suinos e aves, que apresentam um sistema digestivo
imaturo ou deficiente na digestdo de gordura (CAMPESTRINI et al., 2005). Diante da
amplitude de importéncia que a enzima apresenta, este trabalho tem por objetivo o
isolamento e a selecdo de bactérias que apresentam a capacidade de produzir lipase em

ambientes com temperaturas elevadas.
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3. CAPITULO I: FUNDAMENTACAO TEORICA
3.1. LIPASES

Lipases (triacilglicerol acil-hidrolases, EC 3.1.1.3) sdo enzimas, classificadas
como hidrolases, que catalisam a hidrdlise e a sintese de ligacoes éster (HOLMES et al.,
2011). Atuam como ferramenta poderosa catalisando ndo s6 a hidrolise, mas também
reacOes de esterificacdo e transesterificacdo envolvendo ésteres insollveis em agua.
Este grupo de enzimas é encontrado na maioria dos organismos dos reinos microbiano,

vegetal ou animal (REIS et al., 2009; LIU et al., 2012).

Tabela 1 — Reagdes catalisadas por lipases. Reproduzido de Ribas, 2012.

Atividade Reagentes Produtos
Triglicerideo Agua Acido Graxo Glicerol
Hidralise C3Rs * 3xH-OH 3x R-H + C3(OH)s
oo~ Triglicerideo Alcool Ester Glicerol
Transesterificacdo CR1 + 3% R2-OH 3x R(1)-R(2 + C.(OH
ou Alcodlise 3n43 X Ra- <> x R(1)-R(2) 3(OH)3
Triglicerideo 1 Ester 1 Ester 2 Triglicerideo 2
Interesterificagdo CaR1; + 3xR2-R3 C3R2; +  3xR1-R3

As proteinas de lipase estdo organizadas de modo similar como pré-pro-
proteinas, com pré-regides correspondentes a um peptideo sinal de 35 a 38 aminoéacidos,
um pro-peptideo de 207-321 aminoacidos com carater hidrofilico, e um peptideo
maduro compreendendo 383 a 396 aminoacidos. Estas enzimas sdo secretadas na pro-
forma para posteriormente serem processadas a forma madura por proteases especificas
e sdo dependentes de calcio para manter a estabilidade de sua estrutura terciaria

(ROSENSTEIN e GOTZ et al., 2000).

15



Estas enzimas apresentam-se em equilibrio entre uma maioria, que apresenta a
forma inativa e fechada, e a minoria na forma aberta e ativa (Figura 1) em meio aquoso
(QUILLES et al., 2015). Devido a uma polaridade oposta entre a enzima (hidrofilica) e
o0s seus substratos (lipofilicos), as rea¢fes envolvendo as lipases ocorrem na interface
entre a fase aquosa e as fases de 6leo. Assim, as interfaces sdo os pontos principais para
biocatalise da lipase e um local apropriado para modular a lipdlise (REIS et al., 2009).

O mecanismo de ativacdo, dessa forma, é interfacial devido a uma cadeia
hidrofébica de aminoécidos que cobre o sitio ativo da enzima, chamado de “tampa”, que
confere a forma abrir/fechar de enzima. Na presenca de interface polar/ndo polar, tal
como gotas de bleo, a enzima sofre mudancas conformacionais; a “tampa” € deslocada e
a enzima se apresenta em sua forma aberta e ativa, que pode ser estabilizada com a
adicdo de surfactantes (QUILLES et al., 2015). A composi¢do de aminoacidos dessa
regido desempenha um papel extremamente importante influenciando na ativagdo

interfacial, atividade e especificidade de substrato dessas enzimas (TANG et al., 2015).

Figura 1 — (A) Estrutura tridimensional de uma lipase de Pseudomonas em sua
conformacdo aberta (ativa) e (B) lipase de Y. lipolytica em sua conformacao fechada.
Em coloragdo mais escura a estrutura de “tampa” (Lid). Adaptado de Schrag et al., 1997
e Fickers et al., 2011.
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As lipases microbianas possuem, geralmente, massa molecular entre 20 e 60 kDa
e faixa de pH otimo entre 7 e 9, apresentando em sua estrutura um sitio catalitico
formado por residuos de Ser-His-Asp, denominada a triade catalitica serina-histidina-
aspartato (BORNSCHEUER, 2002; CHEN et al., 2003). Por apresentarem um motivo
estrutural conservado composto por uma estrutura em folha [-pregueada central
contendo um residuo de amino&cido de serina ativo e circundada por varias estruturas
em a- hélices, estas enzimas sdo classificadas como pertencentes a superfamilia das o/f
hidrolases. O residuo de serina ativo destas enzimas, geralmente, é encontrado em um
pentapetideo conservado composto pelos aminoécidos glicina e serina intercalados com

qualquer residuo de aminoacido, GXSXG (CORREIA, 2010).

Em sua estrutura, as lipases apresentam um padrdo de dobramento do tipo o/p-
hidrolase, apesar de ndo apresentarem similaridade de sequéncia. No geral, as lipases
possuem o padrdo de dobramento alfa/beta hidrolase apresentando uma regido central
formado por fitas B-pregueadas paralelas cercado por varias fitas em a-hélice. (FAN et

al, 2008; COUTO, 2009).

Lazniewski e colaboradores (2011) identificaram novas potenciais lipases
extracelulares entre proteinas transmembranares, de funcdo desconhecida. Estas
enzimas podem catalisar os passos iniciais na modificacdo de varios ésteres de glicerol
(triglicéridos, fosfolipidos ou lisofosfolipidos), que sdo essenciais para a producdo de

ATP na célula.

3.2. PERFIL ECONOMICO

O mercado mundial de enzimas possui trés segmentos: as enzimas técnicas, que

sdo destinadas a industria de tecidos e material de limpeza; enzimas para o

17



processamento de alimentos e bebidas e enzimas para a producéo de racdo animal. As
proteases, amilases, lipases, celulases, xilanases e fitases sdo as enzimas de maior
aplicacdo industrial. As maiores empresas produtoras dessas enzimas Sa0 europeias,
dentre elas a Novo Nordisk, na Dinamarca, a qual € responsavel por cerca de metade da

producdo mundial de enzimas industriais (MUSSATTO, 2007).

Em 2007, o mercado mundial de enzimas industriais teve sua estimativa em 2,3
bilhdes de dolares anuais (MUSSATTO, 2007). Em 2009, trés enzimas se destacaram
no mercado mundial: as amilases (25,4% da producdo enziméatica mundial), as celulases
(17,1%) e as lipases (7,2%). Ainda neste ano, as enzimas de uso industrial
representaram 60% do mercado mundial (MONTEIRO e SILVA, 2009). De acordo com
um relatério preparado em 2011 pela empresa Companhia e Mercados, o mercado
global de enzimas movimentaria cerca de 3,74 bilhdes de dolares até o ano de 2015,
esse valor resultaria da soma das vendas para industria de alimentagdo animal e outros

segmentos.

A demanda mundial de enzimas cresce cerca de 6,3% ao ano e estima-se que,
em 2017, este setor movimente cerca de 7 bilhdes de dolares. Este aumento sera
possivel devido ao aumento da renda per capita em grandes paises como a China e a
india, o que levara ao aumento da demanda do consumidor por produtos de maior valor,
tais como detergentes e produtos alimentares produzidos com enzimas que liberam
residuos biodegradaveis em suas reagdes ao invés de residuos quimicos prejudiciais ao

meio ambiente (FREEDONIA GROUP, 2014).

O mercado brasileiro de enzimas ainda € pouco representativo (cerca de 2% da
producdo mundial). A distribuicdo do uso dessas enzimas se da de forma que 41% s&o

utilizados em inddstrias produtoras de detergentes, 26% para alimentos, 8% para
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producdo de ragdo e 25% para outros setores como téxtil, papel, farmacéutico, etc.

(CBNA, 2011)

Apesar de apresentar um uso reduzido de enzimas em processos industriais
quando comparado com outros paises, 0 Brasil € um pais importador de enzimas de uso
industrial. Em 2005, as importaces de enzimas no pais chegaram a 31 milhdes de
dolares e as exportacGes a 3 milhdes. As lipases estdo dentro do quadro de enzimas
importadas pelo pais (MUSSATTO, 2007). Segundo o Ministério do Desenvolvimento,
Industria e Comércio Exterior do Brasil, em 2008 o pais importou um total de 72,5
milhdes de dolares em enzimas industriais (cerca de 7,2 mil toneladas) e exportou 30,5

milhGes de dolares (cerca de 4,5 mil toneladas) (MONTEIRO e SILVA, 2009).

O Brasil possui grande potencial de crescimento no setor de producdo de
enzimas, pois existe a possibilidade da bioconversdo de subprodutos agricolas como
farelo de trigo e de algoddo, casca de soja, entre outros mais, que sd@o encontrados em
abundancia em algumas regifes do pais, essa bioconversdo reduz o custo da producéo
enzimatica. A geracdo de residuos agroindustriais e o crescente dinamismo das
industrias de alimentos, medicamentos, tecidos e celulose/papel também contribuem

para o crescimento do mercado de enzimas no pais. (MUSSATTO, 2007).

3.3. FONTES DE LIPASE

A producéo de lipases foi primeiramente observada em bactérias do tipo Bacillus
prodigiosus, B. pyocyaneus e B. fluorescens, atualmente denominadas Serratia
marcescens, Pseudomonas aeruginosa e Pseudomonas fluorescens, respectivamente
(JAEGER, et al. 1994). A producéo das lipases de origem microbiana apresenta uma

série de vantagens a mais que as de origem vegetal e animal, como, grandeza na
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qguantidade e na variedade de microrganismos produtores, maior possibilidade de
manipulacdo genética desses organismos e pelo rapido crescimento dos microrganismos

na formulacdo de meios alternativos de baixo custo (ZHAO et al., 2010).

Um estudo realizado por Danthine e Blecker (2014), mostrou que a lipase
microbiana apresenta maior eficAcia na quebra de gordura do que a do préprio
organismo do animal (lipase enddgena) na producdo de derivados do leite. As lipases
microbianas séo capazes de romper a membrana artificial de gordura do leite e alcancar
as gorduras nativas executando uma lipélise eficiente, devido a pressao entre a camada
superficial da enzima e a membrana, sendo mais forte para a lipase microbiana, quando

comparada com a lipase enddgena.

Existem 47 diferentes tipos de lipases microbianas que foram agrupadas em seis
familias (I, I1, 11, 1V, V e VI) com base ha homologia da sequéncia de aminoacidos. As
lipases bacterianas estdo inseridas na familia I, dita como lipases verdadeiras. Esta
familia compreende um total de 22 membros subdivididos em seis subfamilias (1.1, 1.2,
1.3, 1.4, 1.5 e 1.6) em funcdo da maior ou menor similaridade com a sequéncia de uma
lipase de Pseudomonas aeruginosa. As subfamilias 1.1 e 1.2 apresentam maior
similaridade com as lipases encontradas no género Pseudomonas (ROSENAU e
JAEGER, 2000). A atividade das enzimas destas sub-familias depende da presenca de
uma proteina chaperona denominada foldase lipase-especifica (“Lif”), da ligagdo a ions
Ca*? intermediada por 2 residuos de aspartato conservados nestas enzimas e localizados

proximos a triade catalitica (CORREIA, 2010).

A maior parte dos membros da subfamilia 1.1 das lipases apresentam um
peptideo sinal com um N-terminal, que dirige a sua secrecdo para O espaco

extracitoplasmatico. Para as lipases de bactérias Gram-positivas, este mecanismo €
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suficiente, enquanto que as que sdo secretadas por bactérias Gram-negativas devem
atravessar uma segunda barreira constituida pela membrana externa: apds a segregacdo
através da membrana interior, as lipases de bactérias Gram-negativas alteram sua
conformacéo tridimensional no periplasma para uma forma enzimaticamente ativa por
meio da proteina Lif (ZHA et al, 2014). De modo geral, estas enzimas ndo requerem
cofatores, atuam em ampla faixa de pH, sdo estaveis a altas temperaturas; possuem
elevada especificidade e propriedades de régio, quimio e enantiosseletividade que fazem

com que sejam altamente aplicaveis em processos industriais (BELL et al., 2002).
3.4. APLICACOES INDUSTRIAIS DAS LIPASES

As lipases microbianas, principalmente as que sdo obtidas a partir de bactérias
sdo mais utilizadas no meio industrial do que as que séo derivadas de plantas e animais
devido a maior facilidade de obtencdo e manipulacdo das mesmas (ADAN, 2009).
Ainda que sejam produzidas por eucariotos superiores (plantas e animais), a obtencéo
de lipases para aplicacdo industrial tem como principal fonte os microrganismos, tanto
microrganismos eucariotos (leveduras e fungos) como procariotos (bactérias, incluindo-

se 0s actinomicetos) (BELL et al., 2002).

O processo de esterificacdo que influencia no sabor de uma variedade de
alimentos realizado por catalise com a enzima lipolitica € muito mais eficiente e mais
seletivo do que a esterificacdo convencional que utiliza de catalisadores quimicos para a
reacdo. Estes catalisadores quimicos acabam gerando subprodutos e produtos

indesejaveis de cor escura que alteram a qualidade do alimento (CHEN et al, 2015).

No quesito industrial, essas enzimas tém sido largamente utilizadas
principalmente na preparagdo de aditivos alimentares e nas industrias cosmética e

farmacéutica. Além de outras aplica¢bes nas industrias de alimentos, na producéo de
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detergentes, em industrias de couro, téxteis e de papel (HASAN, SHAH e HAMEED,
2006; LIU et al., 2012). Na Amazbnia ha uma grande variedade de dleos que sdo
utilizados na industria de cosméticos e as lipases apresentam eficacia no processamento

desses compostos (WILLERDING et al., 2012).

Estas enzimas ainda possuem eficacia no processo e purificagdo de &gua
contaminada com Oleo e podem ser utilizadas na composi¢cdo de produtos anti-
bacterianos, uma vez que o bloqueio da etapa inicial de processamento de lipidios seria
interromper o0 metabolismo celular geral levando o microrganismo a desnutricdo e morte

(LAZNIEWSKI et al., 2011).

Na industria alimenticia as lipases participam do processamento de produtos tais
como: sumos de frutas, vegetais, alimentos cozidos fermentados, queijo, manteiga,
sopas e molhos. Sendo assim, aplicadas na modificacdo de lipidios (6leos e gorduras)
presentes na composicdo destes alimentos (ADAN, 2009). Na fabricacdo de papel, as
lipases sdo utilizadas para remover o tom de celulose residual no processamento da
madeira que atrapalha a producdo completa do papel (HASAN, SHAH ¢ HAMEED,
2006). Em um estudo comparativo realizado com trés diferentes tipos de lipase na
conservacdo de vida de prateleira do pdo, os trés tipos de pdes em que foram
adicionadas as enzimas duraram mais que os pdes encontrados no mercado (GERITS et

al., 2015).

A produgdo biotecnoldgica de biodiesel é baseada em reagbes de
transesterificacdo/esterificacdo entre uma fonte de &cidos graxos e um alcool de cadeia
curta, normalmente metanol, e as enzimas utilizadas nesses processos de bioconversédo
sdo as lipases de origem microbiana, por apresentarem um menor custo e maior eficacia

na obtencdo do produto (LOTTI et al., 2015).
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Tabela 2 - Aplicaces de lipases conforme o tipo de reacdo catalisada

Tipos de reacbes Areas aplicadas Aplicacbes Produtos
Alimentos Hidrdlise de Agentes
(laticinios) gorduras de leite flavorizantes para
queijos e
derivados
Quimica Hidrolises de 6leos e | Acidos graxos,

Hidrolise

(processamento de
6leo)

gorduras

diglicerideos e
monoglicerideos

Quimica Remocéo de Detergentes de
(detergentes) manchas de 6leo uso em
lavanderias e
domésticos
Medicina Dosagem de Kits para
triglicerideos no diagnosticos
sangue

Esterificacdo

Industria fina geral

Sintese de ésteres

Intermediarios
quirais ésteres,
emulsificantes

Industria alimenticia

Esterificacdo ou
transesterificacédo

Oleos ou
gorduras,
flavorizantes e na
producdo de
aromatizantes

Farmacéutica

Sintese de
intermediarios em
medicamentos

Antiinflamatoérios

Transesterificacao

Inddstria fina

Transesterificacao
em Gleos vegetais

Producéo de
biodiesel

Fonte: modificado de Durli (2007)

3.4.1. Lipases na producéo de lacticinios
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As lipases utilizadas na producdo de derivados de leite apresentam atividade
satisfatoria mesmo em altas temperaturas. Algumas lipases de bactérias do género
Bacillus chegam a permanecer ativas em até 100 °C. Sendo assim, a criodissecagem, a
pasteurizacdo e a pulverizagdo do leite para a fabricacdo do leite em p6, ndo influenciam

na eficacia das enzimas na execucéo de suas fun¢des (CHEN et al., 2003).

A quantidade de lipase utilizada para produzir derivados do leite influencia
diretamente na qualidade dos produtos finais. Devido aos niveis de acidos graxos livres
totais (FFA), que sdo liberados proporcionalmente a quantidade de lipase colocada no
leite. Em alguns casos, se faz necessaria a utilizacdo de alguns tipos diferentes de
substratos como trivalerina e triheptanoina que auxiliam a manter o controle da

liberacdo de FFAs no leite (SVENSSON et al, 2006; ANDREWES et al, 2007).

O teor de acidos graxos livres totais (FFA) esta proporcionalmente ligado aos
niveis de lipase durante a producdo de leite em pd, ou seja, quanto maior 0s niveis de
lipase maior sera a quantidade de FFA encontrada no leite, o que influencia diretamente
na qualidade do produto em si e de seus derivados. FFAs de cadeia curta ddo a
caracteristica picante ao sabor do leite e os de cadeia média influenciam mais na
consisténcia do que no sabor. Quanto maior o nivel de FFA de cadeia média menos

consistente se torna o leite ou os produtos derivados do mesmo (CHEN et al, 2003).

Na producdo de diferentes tipos de queijo, algumas lipases ja estdo sendo
utilizadas comercialmente para a maturacdo desses produtos, influenciando em aspectos
como odor e intensidade do sabor (odor acentuado, sabor picante e odor coalho) bem
como no teor de acidos graxos livres totais (HERNANDEZ et al, 2005). Desse modo, 0
tipo e a quantidade de lipase presente no processamento do leite para a producdo de

queijo, determina também o tipo de queijo que serd produzido. O queijo do tipo
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Roquefort, por exemplo, apresenta niveis de atividade lipolitica maior do que o queijo
do tipo Provolone e, consequentemente niveis maiores de &cidos graxos livres totais

(SVENSSON et al, 2006).

Em queijo, os FFAs séo liberados como resultado da lipolise, especialmente os
acidos graxos de cadeia curtas e medias que contribuem diretamente para a
diferenciacdo do sabor do queijo. Também atuam como precursor de moléculas
responsaveis por uma serie de reacdes que conduzem a catabdlitos que influenciam na
producdo de compostos de sabor e aroma, tais como: catonas, metil, lactonas, ésteres,
alcanos e alcoois secundarios (COLLINS et al, 2003). A adicdo de lipases no leite
utilizado para a fabricacdo de queijo, além de realcar o sabor e determinar o tipo do
queijo, ainda acelera a maturacdo desses produtos aumentando os niveis de &cidos
graxos livres totais na composic¢do. Quanto maior a quantidade de lipase adicionada no

leite, maiores os niveis de &cidos graxos livres na composicdo (YILMAZ et al., 2005).

Em um estudo realizado com a adicdo de trés diferentes tipos de lipases
comerciais na producdo de queijo ldiazabal, feito a partir do leite cru de ovelha, foi
comprovado que, em relacdo ao sabor, aqueles queijos que apresentavam baixa
quantidade de lipase foram classificados como "suave", ao passo que os com elevada
quantidade de lipase foram classificados como "forte". Foi observada ainda a existéncia
de uma correlacdo linear entre a percentagem de acidos graxos livres de cadeia curta e a

pontuacao para sabor pungente (HERNANDEZ et al, 2005).

O queijo Tullum, é um tipo de queijo fabricado somente na Turquia e possui um
tempo de maturagdo de no minimo quatro meses. A adicdo de lipases microbianas
(extraida de espécies bacterianas como Streptococcus salivarus subsp. thermophilus +

Lactobacillus delbrueckii subsp. bulgaricus) no leite utilizado para a fabricagdo desse
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tipo de queijo acelera o tempo de maturagéo sem alteracdo do sabor natural do queijo

produzido com maior tempo e sem a adicdo da lipase (YILMAZ et al., 2005).

3.5. LIPASE NA NUTRICAO DE ANIMAIS

Os peixes podem apresentar problemas de adaptacdo a niveis mais elevados de
gordura na dieta, podendo acarretar na diminuicdo da digestibilidade de outros
nutrientes, tais como aminoacidos, e restringindo a acdo de enzimas digestivas, efeito
este, que pode ser reduzido com a suplementacdo de lipase na dieta destes vertebrados
(SAMUELSEN et al., 2001). A adicdo de 0,2% de lipase exdgena na ragao de juvenis
de tambaqui influenciou positivamente no desempenho zootécnico desses peixes por
aumentar a quantidade de proteina disponivel para fins energéticos. Devido a uma
potencializagdo da digestdo dos lipideos houve uma maior disponibilidade de energia de

fonte ndo-protéica no organismos destes animais (NUNES et al., 2006).

Zamini e colaboradores (2014) constataram que a suplementacdo com um
complexo enzimatico (Natuzyme®) na dieta do Salmo trutta caspius proporcionou
ganho de peso e melhor aproveitamento nutritivo dos compostos contidos na racao desta
espécie de peixe. Dentre os componentes do complexo enzimatico esta a lipase que
pode estar ligada ao aumento do grau de aproveitamento nutritivo encontrado. A adicdo
de um complexo enzimatico contendo lipase também apresentou sucesso na conversao e

eficiéncia alimentar em juvenis de tilapia-do-nilo (SIGNOR et al., 2010).

As lipases também sdo utilizadas na suplementacdo da ragdo de animais com
dificuldade no processamento de lipidios. Em um experimento realizado por Garcia e

colaboradores (2000) a adi¢do de lipase na dieta de frangos de corte apresentou melhora
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na digestibilidade de lipideos tendo como consequéncia 0 aumento da energia

disponivel contida na racéo.

3.6. MICRORGANISMOS TERMOESTAVEIS

Os microrganismos sdo seres que apresentam uma grande capacidade de
adaptacdo, alguns deles conseguem resistir a condi¢cdes ambientais onde fatores como
pH, temperatura, pressdo e concentracdo de sal ultrapassam os valores considerados
como padrbes para a maioria dos seres vivos. A temperatura é o fator que mais
influencia a funcao das biomoléculas e o funcionamento do metabolismo. A maioria dos
organismos pode crescer somente dentro de uma certa faixa de temperatura ndo muito

variada (HAKI e RAKSHIT, 2003; GOMES et al, 2007).

Sdo chamados de termdfilos (ou termofilicos) os organismos que conseguem
sobreviver a condi¢bes ambientais envolvendo temperaturas muito altas. Esses
organismos sdo classificados em 3 tipos: os termdéfilos moderados que incluem
organismos com faixa de crescimento entre 20 °C e 55 °C, sendo as temperaturas 6timas
entre 40 e 50 °C; termdfilos extremos que incluem microrganismos capazes de crescer
otimamente em temperaturas entre 65 a 85 °C; e os hipertermdfilos, que resistem a

temperaturas 6timas de crescimento de 85 até 110 °C (MADIGAN e OREN, 1999).

A maioria dos processos industriais envolvem o uso de temperaturas mais
elevadas. Isso ocorre devido ao fato de que altos graus de temperatura favorecem a
solubilidade de substratos e produtos, e aumentam as taxas de reacdo por reducdo da
viscosidade e por aumento do coeficiente de difusdo dos substratos. Sendo assim, existe
um grande interesse em biomoléculas provenientes de microrganismos termofilos, ou
seja, resistentes a altas temperaturas para a utilizagdo nas reacdes quimicas industrais

(HAKI e RAKSHIT, 2003).
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Para que um determinado microrganismo consiga se adaptar a termofilia é
necessario que haja a adaptacdo da membrana citoplasmética do mesmo bem como de
suas proteinas e DNA as temperaturas acima da faixa mesofilica. Estes microrganismos
termofilicos despertam grande interesse biotecnolégico e industrial tendo em vista que
0s mecanismos de termorresisténcia das biomoléculas desses microrganismos podem
constituir modelos interessantes para a bioengenharia ou ainda, considerando 0 uso

direto das mesmas em bioprocessos (LEMOS et al, 2003).

As enzimas termoestaveis ja tém sido usadas como ferramenta para a Biologia
Molecular (Taq polimerase), como aditivo de detergentes e sabdes (lipases, proteases e
celulases), na inddstria alimenticia, na producdo de racdo animal e recentemente estdo
surgindo como alternativas de interesse em outros bioprocessos, como o de sintese
organica (lipases, proteases, oxidorredutases), no setor de diagndstico clinico, no
tratamento de residuos e outra gama de possibilidades de aplicacdo industrial

(COLOMBATTO et al, 2004; PHUTELA et al, 2005).

Outra caracteristica das enzimas termoestaveis é sua maior resisténcia a acao de
proteases, uma vez que, quanto mais rigida for a molécula, menos expde seu sitio de
protedlise. A maior resisténcia a desnaturacdo por alguns solventes organicos também
tem sido relatada como uma propriedade das proteinas termoestaveis (LEMOS et al,
2003). Seguindo esta linha de raciocinio, o presente trabalho busca isolar e selecionar
em um ambiente de temperaturas elevadas linhagens bacterianas produtoras de lipases

termoestaveis.
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4. OBJETIVOS

4.1. OBJETIVO GERAL

Isolar e selecionar bactérias produtoras de lipases a partir de amostras de agua

provenientes de dguas termais em Mossoro - RN.

3.2. OBJETIVOS ESPECIFICOS

e Isolar bactérias a partir das amostras coletadas, por meio de enriquecimento
com fonte de carbono;
e Selecionar as linhagens mais promissoras para a producéo de lipase;

e Quantificar a atividade lipolitica das bactérias selecionadas.
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ABSTRACT

The search for industrial microbial enzymes having activity in different temperature
conditions has been increasing due to the advantages that they offer over the chemical
catalysts used in these processes. The growing interest in the production of lipases is related
to the great biotechnological potential of these enzymes present. In this work, it was isolated
bacterial strains of thermal waters of the leisure area to select the most promising strains for
lipase production. These bacteria have been chosen using qualitative and quantitative lipase
activity tests in which were selected 17 positive strains and nine among them stood out as
the most active at temperatures of 40, 50, 60 and 70 ° C, with higher levels of activity when
compared to work above. The results reflect the relevance of the potential of the strains
analyzed as lipase producing bacteria, where the enzyme is more efficient at higher
temperatures, an important feature among enzymes for industrial and biotechnological

interest.

KEYWORDS: lipase, lipids, enzymes, bacteria, thermostable, alkaline.
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INTRODUCTION

The industrial interest in biomolecules from thermophilic microbes has increased over
the years because many industrial processes involve the use of higher temperatures. These
processes promote the solubility of substrates and products and increase reaction rates by
reduction of viscosity and the increase of substrates coefficient diffusion (Haki and Rakshit,
2003). Thermophilic and Mesophilic microorganisms can produce thermostable enzymes.
Among these enzymes, thermophilic lipases are ideal for catalysis of industrial processes
because they have intrinsic properties that confer to them high stability and activity at high

temperatures, denaturing agents and extreme pH values (Gomes et al., 2007).

The thermophilic lipases are enzymes widely used in industrial processes to enhance the
flavor of dairy products, especially cheese, remaining active even after milk pasteurization
process (Deeth, 2006; Hernandez et al., 2005). Besides the extensive use of lipases in the
production of foods, detergents, paper, among others, these enzymes can also be used as a food
supplement in the diet of animals such as pigs and poultry which have an immature or defective
digestive system in the metabolism of fat (Campestrini et al., 2005). Another area of application
of these enzymes is in biodiesel production sector, being responsible for the transesterification

of vegetable oils and short chain alcohols (Canakci, 2007).

The anaerobic digestion reactor operation is a technique commonly used by industry in
the treatment of effluents. However, when it comes to wastewater containing high levels of oils
and fats, such as those from industries related to animal products, this method ends up not being
satisfactory. In such wastewater treatment, there is sludge and foaming formation by layers of
lipids and biomass drag, causing wear or even the collapse of the reactor (Mendes and Castro,
2005). The application of a pre-treatment to hydrolyze and dissolve the lipids promotes the
biological degradation of waste waters and accelerates the process, improving the efficiency of
time (Cammarota and Freire, 2006). Addition of lipases in the treatment of these effluents
allows a reduction in suspended solids levels (lipids), unblocking the pipes of the reactors by the

degradation of oil film, increasing the useful life of the equipment and further reduces the
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impact generated in the water by organic and chemical waste (Mendes and Castro, 2005).
Lipases have been used in cleaning equipment for removing fats found in aerators treatment
plants that employ activated sludge and wastewater treatment plants (Camarotta and Freire,

2006; Robles et al., 2002; Masse et al., 2001).

Despite the lipases production market is one of those that exhibit rapid growth in the
industrial sector enzymes; their use at industrial scale is still scarce. Therefore, it is necessary to
select microorganisms that have high production rates of lipolytic enzymes to reduce costs,
increase productivity and get specific enzymes for different substrates (Shu, 2006; Paques,
2006). Thus, the thermal waters in the municipality of Mossoré (Figure 1) were the object of

this study aimed to isolate and select lipolytic bacteria in the recreational water.

METHODOLOGY

1.1. Collection and Enrichment

Water samples from the Thermas Hotel, Mossord, RN, Brazil, were collected in three
different environments. Two with high ambient temperatures and one in source of organic
matter: Sample 1 was obtained directly from the source used to fill the pools (58 °C); Sample 2
was collected from the pool (42 °C) in a previous day cleaning days (seven days in the pool).
Sample 3 was collected from a river (30 °C + 2) through the facilities of the leisure area of the
hotel, where they have dumped the waters of the thermal pools in the day cleaning. The
bacterial enrichment process was conducted using two different methods: (a) Minimum Medium
described by Sugimori et al. (2002); (B) Peptone Water (HiMedia) and (C) in distilled water,
without enrichment. For this, 10ml of the samples were transferred to aseptic glass jars,
containing 50 ml of their respective media and 5 ml of commercial soybean oil. The flasks were
incubated in a shaker for 48 hours at 120 rpm and 30 ° C, adapted methodology from Haba et al.
(2000), Mongogkolthanarukw and Dharmsthiti (2002). The inoculum of water samples in their

enrichment media was carried out at the site of collection and the laboratory. The local
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sterilization was performed by heating the opening of the bottles containing the enrichment
medium for the inoculum. Another part of the samples was transported in falcon tubes in
coolers with ice to the laboratory where they were inoculated in the enrichment medium within
the flow. Part of the samples taken directly to the laboratory was inoculated in a solid medium

without passing by enrichment step.

1.2. Bacterial isolation

To assure a greater diversity of bacteria isolated three cultivation media were used: (I)
Minimum Medium as described above with agar (15 g /L) and nystatin (LmL/L); (Sugimori et
al., 2002) (1) Basal Medium Mineral Salts (Shirling and Gottlieb, 1966); and (I11) Medium
Casein (Shirling and Gottlieb, 1966). After the incubation period, 100 uL of the samples
obtained were subcultured in the enrichment means. The Petri dishes were incubated at 37 °C

for 48 h.

Selection of lipolytic bacteria

For the selection of bacteria having lipase activity was used the test cultivation on
medium containing Rhodamine (Haba et al., 2000). Briefly, strains were inoculated in Minimal
Solid Culture containing Rhodamine B solution (0.01%), soybean oil (2%) and Triton X-100
(1%). Samples were incubated at 30 °C and 40 °C for 24-48 h. After that, plates were observed
under 365 nm UV light. The presence of fluorescence halo indicated the positive colonies for

the production of lipases. Selected strains were characterized by Gram staining.

Effect of temperature and pH on enzyme activity
The p-nitrophenyl palmitate test was used to evaluate the influence of temperature and
pH on lipase production (Winkler and Stuckmann,1979; Krieger, 1995). Samples were
resuspended in 200 uL of distilled water and inoculated in inductor medium (100 pL/100 mL)
containing: soy oil (2%), peptone (0,5%), magnesium sulfate (0,01%) and potassium phosphate

(0,1%). The cultivation was performed under 200 rpm shaking, 30 °C and 37 °C for 60 hours.
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Every 12 hour a sample of each strain was taken for cellular quantification at spectrophotometer
(600 nm) and centrifuged (30 min/4000 rpm/10 °C). The supernatant was added to the buffer
solution Tris-HCI 50 mM pH 8,0 (0,11% Arabic gum, 0,44% Triton x-100) in a proportion of
1:9 and 10 % (v/v) p-nitrophenyl palmitate solution (pNPP) (3 mg of pNPP/mL in 2-propanol).
The reaction was conducted for 1 hour at temperatures from 30 to 90 °C with

spectrophotometric reading at 410 nm.

A cultivation at 30 ° C, 60 h, was made to analyze the effect of pH (4.0; 6.0; 8.0; 10.0
and 12.0) on lipase activity. The pNPP test was conducted for 1 hour at 40 ° C, with sampling

each 12 hours (Zhu et al., 2015).
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RESULTS
Bacterial isolation

The inoculum of water samples in their enrichment media was made at the site of
collection and laboratory. As observed, there is a minimal influence on the growth of
microorganisms between the two types of inocula. Of the 51 isolates obtained, 28 were
inoculated at the site of collection and 23 at the laboratory. Regarding enrichment, 11 strains
were obtained after enrichment with Minimal Medium, 15 with peptone water, 11 maintained at
distilled water, and 14 did not pass through enrichment phase to observe the influence of
enrichment growth of microorganisms. The peptone water appeared to be the most efficient
medium of enrichment followed by no enrichment phase. The isolates that did not pass the
enrichment phase came from the samples of the pool and river. The growth time was on the
solid medium from 48 hours to 10 days. The Basal Medium had faster results than the other two
media. The Minimal Medium used in solid cultivation showed only one isolated, Basal Medium

24 isolates, and the Casein Medium 26 isolates.

Rhodamine B test

Plates were done in duplicate, one being incubated at 40 °C and another at 30 °C to
observe the influence of temperature on lipase activity on solid medium. The strains grew after
24 to 48 hours of incubation. In the Basal Medium plates, there was no influence of incubation
temperatures. Among Casein Medium plates, the one that was incubated at 30 ° C presented
seven positive results, and one, which was incubated at 40 °C showed only two positive results;
both listed on the plate cultivated at 30 °C (Figure 2). Overall, seventeen strains showed a
positive result being ten strains isolated in Basal Medium and seven strains isolated in Casein
Medium. The Minimal Medium isolated strain did not show any positive results. On the place of
isolation, two strains were isolated from the source (Sample 1), seven from the pool (Sample 2)

and eight from the river (Sample 3).
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Concerning the place where was performed the inoculum in the enrichment medium,
among the 17 selected by Rhodamine B method, six strains were inoculated in the laboratory,
eight in the collection site and three did not pass the enrichment step. Selected strains were,
mostly, Gram-positives, resulting a total of 12 strains (6, 7, 19, 20, 21, 24, 27, 33, 34, 47, 48,

49) and five Gram-negatives (10, 23, 42, 43, 50).

Temperature and pH effect on enzymatic activity

Firstly the cultivation of the strains was performed at 30 ° C, in which have excelled
nine strains that produced the highest amount of lipase. From these four (23, 34, 43 and 50)
showed better results at 30 ° C with maximum lipase production, and five (19, 24, 27, 42 and
48) at 50 ° C (Figure 3), whereas above 70 ° C the enzymatic activity decreases (Figure 4). The
enzymatic production peak occurred at 48 hours in almost all temperatures. The best bacterial
growth happened at 30 °C except 23 and 27 strains that showed better bacterial growth at 37 °C
(Figure 5). At 37 °C, from the nine selected strains, two (42 e 43) showed better enzymatic
activity at 40 °C, one (50) showed better enzymatic activity at 50 °C and six (19, 23, 24, 27,

34 e 48) showed better enzymatic activity at 70 °C (Figures 6, 7),

The higher enzyme activity levels were found in the basic pH reactions, in particular between 10
and 12 (Figure 8), indicating that these enzymes are more active at higher pH conditions. The
lipases of isolates 42, 43, 48, 19, 50, 27 and 34 showed maximal activity at pH 12.0, whereas
isolates 23:24 were better at pH 10.0. With the decrease of pH values from 6.0 to 4.0, there is a

considerable reduction (about 50% compared to the optimal pH) of enzyme activity.
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DISCUSSION

The isolates that were not enriched were from the samples of the pool and the river that
contained more organic matter which provided these microorganisms enough carbon sources for
growth, not requiring the enrichment phase. Most bacterial genera found in pools have lipolytic
potential (Bonatto and Gelinsk, 2010), this fact can be explained due to the high content of
organic matter rich in fat found in these waters after some days of use. Many are
microorganisms found such as Streptococcus, Pseudomonas, Penicillium, Staphylococcus and
Candida (Falcdo, 1993; Ibarluzea et al., 1998; Papadopoulou et al., 2008). A total of nine
strains were inoculated into the laboratory and eight in the collection site which indicates that
these differences in handling and transport did not affect in the isolation of microorganisms. The
evaluation of enrichment influence for the selection of lipolytic bacteria was done by comparing
samples incubated in Minimal Medium, peptone water, and distilled water. Of these, six were
incubated in Minimal Medium, five in peptone water and three in distilled water. The presence
of a substrate for maintenance of viable cells in the Minimum Medium and peptone water
resulted in a difference of 50% regarding the ideal medium for lipolytic bacteria selection. The
Minimal Medium was the only medium of the three used in this work which utilizes soybean oil
as a carbon source. Despite this medium have been identified as the more efficient in the
isolation of bacteria of the genus Bacillus and recommended for bacteria with lipolytic activity
(Sugimori et al., 2002) it was demonstrated as the less efficient the isolation of bacteria.
However, the absence of glucose in Minimal Medium composition may explain the lower
number of strains isolated since the microorganisms use glucose for the synthesis of metabolic
intermediates required for their growth and multiplication (Nelson and Cox, 2006). Some
studies show the positive influence of glucose in the growth of bacterial strains (Sharma et al.,
2001; Dahiya and Purkayastha, 2011).

The sensitivity, speed, and simplicity of Rhodamine B test for screening lipolytic
bacteria were the primary reasons for its use in this study. In a study conducted in several genera
of bacteria (Pseudomonas, Bacillus, Rhodococcus, Staphylococcus e Serratia) the response to

the test Rhodamine B varied from 24 and 72 hours at 30 °C (Haba et al., 2000). From isolated
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strains obtained by Barros (2013) none showed a positive result in Rhodamine B test. Other
works reached an average of 31 % of isolated strains with lipolytic activity (Sacco, 2013; Baldo
et al., 2013). Strains isolated in this work showed 34% of isolated strains with lipolytic activity
(17 strains).

Much of the lipolytic bacteria found in nature are Gram-negative, among them are the
genera Pseudomonas e Burkholderia (Jaeger and Reetz, 1998; Kanwar and Goswami, 2002).
However, some species of the genera Bacillus e Staphylococcus are Gram-positive and also
exhibit lipolytic activity notwithstanding lower levels than those Gram-positive strains
(Rosenau and Jaeger, 2000). In the present study, most of the bacterial strains that have obtained
positive result in the Rhodamine B test were Gram-positive and in pNPP test best results were
obtained from Gram-positive as well.

To evaluate the enzyme activity were performed three trials: the first with the 17 strains
selected in Rhodamine B test at 30 °C for a new selection of strains, the next two with nine
strains selected at 37 °C and 30 °C respectively. The first experiment showed that after 60 hours
of cultivation there was no significant enzyme production, so the time was reduced. Considering
that most of the strains selected in the first test achieved great results at 50 °C (highest
temperature tested), the second experiment was conducted at higher temperatures of enzymatic
activation (40 °C to 70 °C).When comparing to the number of cells (bacterial growth), it could
be observed that cell multiplication has begun after lipase production peak. Lipase helps the
microorganisms in the breakdown of fat to be absorbed as an energy source, which leads to cell
proliferation after production and release of the enzyme (Messias et al., 2011). Comparing the
cultivation at 30 °C and 37 °C were observed changes in growth (Figure 5) and enzyme
production (Figure 6) in which it is evident that most of the strains grow better at 30 °C.

Strains that have the best enzyme activity levels were from the river into which thermal
pools flow in the days of cleaning. Given the permanence of the water for about seven days
(interval time between cleaning) at higher temperatures microorganisms tend to develop the
capacity of enzymes production resistant to these temperature levels. When the water is
discharged into the river that features an environment with better organic conditions and
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temperature, these microorganisms initiate the exponential growth phase. However, because the
oil density is lower than the water, the lipid layer of the river is on its surface receiving higher
sunlight when compared to the river bottom. The produced lipolytic enzymes and resistant to
high temperatures have better activities at higher temperatures, thereby degrading the superficial

lipid layer of the river making the products be absorbed as nutrients for microorganisms.

In cultivation at 37 °C, enzyme activity at 40 °C, the strains that showed greater activity
for lipase were 43 and 48, both coming from the sample 3, i.e., the river that runs through the
recreation area, were inoculated in the enrichment medium in the laboratory and cultured in
Casein Medium. The peak enzymatic production of strain 43 (411.93 U/mL) happened in 48 h
of cultivation, and strain 48 (710.39 U/mL) showed the best production after 36 h of cultivation.
In a study of 53 strains selected with the pNPP test, the enzymatic activity highest level was
163.31 U/mL at 37 °C for 60 minutes (Rasol, 2014). All experiments were conducted at this
same period, 60 minutes, indicating the highest level of enzyme production and activation in
this study. Strain 48 showed best production at 50 °C (489.77 U/mL), 60 °C (890.59 U/mL) e
70 °C, (1,315.63 u/mL) all after 48h of cultivation. Strain 48 showed highest levels of
enzymatic activity, followed by strain 43 in exception of activation at 70 °C, in which strain 34
(395.22 U/mL) showed the highest level than 43 (376.88 U/mL). A Microbacterium sp. strain
showed better enzymatic activity at pH 8,0 and 50 °C (355 U/mL) while Bacillus
thermoleovorans showed best results at 65 °C. (Tripathi et al., 2014; Lee et al., 2001). Most of

the strains studied here showed higher enzymatic activity than those from works using
bacteria. Fungal activity seems to be higher them bacteria reaching values above 1000

U/mL (Koblitz and Pastore, 2006; Fickers et al., 2003). However strain 48 was able to reach
this value when cultivated at 37 °C. Enzymatic production and thermostability were better at 37

°C of cultivation, but strains showed better grow rate at 30 °C.

Lipolytic activities were higher in pH 10.0 and 12.0, which shows an alkaline

nature of the enzyme. Saun et al. (2014) asserted that greater share of lipases produced
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by microorganisms is active at alkaline pH (pH 7.0-11.0), and several alkaline lipases
have been reported in the literature. Lipase of Bacillus thermocatenulatus expressed in
Escherichia coli, showed maximum activity at pH 8.0 — 9.0 stability until pH 11.0
(Schmidt-Dannert et al., 1996). Bacillus coagulans BTS-3 showed lipase activity better
in pH 85 and stability between pH 8.0 to 10.5 (KUMAR et al., 2005). A
Staphylococcus aureus strain was studied by Horchani et al. (2009) to produce a lipase
active in pH 8.0 — 10.0. Unlike lipases of this work, some may have optimum activity at
neutral or acid pH (Li and Zhang, 2005; Boutaiba et al.; 2006; Lima et al., 2004)
According to Burg (2003), enzymes from microorganisms which survive in
alkaline environments can be useful for processes where reaction conditions require
alkalinity because they tend to be adapted to high pH levels. The thermal waters of
Mossor6/RN come from groundwater in the Potiguar Basin. These waters are
bicarbonate/calcic (Silva et al., 2010) and exhibit a high amount of Ca** and HCO*
(Medeiros et al., 2003). Some local studies in Mossor6/RN with groundwater indicated
neutral to alkaline pH from 6.5-8.5 (Vasconcelos, 2013). Therefore, the above
information strongly relates to the identification of alkaline lipases produced by

microorganisms isolated from Mossordé/RN groundwater.

CONCLUSIONS

Isolation at the site or in the laboratory did not affect the number of isolates. The
Rhodamine B test selected 17 strains and PNPp reduced this number to nine strains. All
selected strains showed the highest level of enzyme production. The optimum
temperature for bacterial growth and lipase production for the majority of strains studied
here is 30 °C. Only strain 48 showed the best enzyme production at 37 °C reaching

levels above those reported for fungi. The lipolytic enzymes produced by these
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microorganisms are resistant to higher temperatures (40 to 70 °C). Moreover, it presents

excellent enzymatic activity in alkaline pH (10-12).

REFERENCES

1.

Baldo, C., Baggio, L. M., Moreno, T. G., Magri, A., De Melo, M. C., Gasparin,
F. G. M. and Celligoi, M. A. P. C. (2013) Study of Lipase Production by
Isolated Bacteria Effluent Slaughterhouse Poultry. Biochemistry and
Biotechnology Reports 2, 347-350.

Barros, M. F., Massi, J. B., Gasparin, F. G. M. and Celligoi, M. A. P. C. (2013)
Bioprospecting Bacteria for Bioremediation of Polluted Environment with Lipid
waste. Biochemistry and Biotechnology Reports 2, 249-252.

Bonatto, N. and Gelinski, J. M. L. N. (2010) CondicGes higiénico-sanitarias de
piscinas em companhia hidromineral conforme analise de indicadores de
contaminacdo fecal. Revista Eletrénica de Biologia 3, 105-116.

Boutaiba S, Bhatnagar T, Hacene H, Mitchell DA, Baratti JC. (2006)
Preliminary characterisation of a lipolytic activity from an extremely halophilic
archaeon, Natronococcus sp. Journal Of Molecular Catalysis B-Enzymatic 41,
21-26.

Burg, B. V. D. (2003) Extremophiles as a source for novel enzymes. Current
Opinion In Microbiology 6, 213-218.

Cammarota, M.C. and Freire, D.M.G. (2006) A review on hydrolytic enzymes in
the treatment of wastewater with high oil and grease content. Bioresource
Technology 97, 2195-2210.

Campestrini, E., Da Silva, V. T. M. and Appelt, M. D. (2005) Utilizacdo de

enzimas na alimentacao animal. Nutritime 2, 259-272,

51



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

10.

11.

12.

13.

14.

15.

16.

17.

Canakci, M. (2007) The potential of restaurant waste lipids as biodiesel
feedstocks. Bioresource Technology 98, 183-190.

Dahiya, P. and Purkayastha, S. (2011) Isolation, screening and production of
extracelular alkaline lipase from a newly isolated Bacillus sp. PD-12. Journal of
Biological Sciences 11, 381-387.

Deeth, H. C. (2006) Lipoprotein lipase and lipolysis in Milk. International Dairy
Journal 16, 555-562.

Falcdo, D. P. et. al. (1993) Microbiological quality of recreational waters in
Araraquara, SP, Brazil. The Science of the Total Environment 128, 37-49.
Fickers, P., Nicaud, J. M., Destain, J. and Thonart, P. (2003) Overproduction of
lipase by Yarrowia lipolytica mutants. Applied Microbiology Biotechnology 63,
136-42.

Gomes, E. et al. (2007) Thermostable enzymes: sources, production and
industrial application. Quimica Nova 30,136-145.

Haba, E., Bresco, O., Ferrer, C., Marques, A., Busquets, M. and Manresa, A.
(2000) Isolation of lipase-secreting bacteria by deploying used frying oil as
selective substrate. Enzyme and microbial technology 26, 40-44.

Haki, G. D. and Rakshit, S. K. (2003) Developments in industrially important
termostable enzymes: a review. Bioresource technology 89, 17-34,.

Hernandez, . et al. (2005) Assessment of industrial lipases for flavour
development in commercial Idiazabal (ewe’s raw milk) cheese. Enzyme and
Microbial Technology 36, 870-879.

Horchani, H. et al. (2009) Biochemical and molecular characterisation of a

thermoactive, alkaline and detergent-stable lipase from a newly isolated

52



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

18.

19.

20.

21.

22.

23.

24,

Staphylococcus aureus strain. Journal Of Molecular Catalysis B: Enzymatic 56,
237-245.

Ibarluzea, J. et. al. (1998) Determinants of the microbiological water quality of
indoor swimming-pools in relation to disinfection. Water quality of indoor
swimming-pools 32, 865-871.

Jaeger, K. E. and Reetz, M. T. (1998) Microbial lipases form versatile tools for
biotechnology. Trends in Biotechnology 16, 396-403.

Kanwar, L. and Goswami, P. (2002) Isolation of a Pseudomonas lipase produced
in puré hydrocarbon substrate and its applications in the synthesis of isoamyl
acetate using membrane-immobilized lipase. Enzyme and Microbial Technology
31, 727-735.

Koblitz, M. G. B. and Pastore, G. M. (2006) Purification and Biochemical
Characteriztion of na Extracellular Lipase Produced by a new strain of Rhizopus
sp. Ciéncia e Agrotecnologia 30, 494-502.

Krieger, N. (1995) Producdo, purificacdo e caracterizacdo de lipases de
Penicillium citrinum. 260f. Tese (Doutorado em Ciéncias — Bioquimica) — Setor
de Ciéncias Biologicas. Universidade Federal do Parand, Curitiba, PR.

Kumar, S. et al. (2005) Production, purification, and characterization of lipase
from thermophilic and alkaliphilic Bacillus coagulans BTS-3. Protein
Expression And Purification 41, 38-44.

Lee, D. W,, Kim, H. K., Lee, K. W.,, Kim, B. C., Choe, A. C. and Lee, H. S.
(2001) Purification and characterization of two distinct thermostable lipases
from the gram-positive thermophilic bacterium Bacillus thermoleovorans ID-1.

Enzyme Microb Tech. 29, 363-71.

53



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

25.

26.

27.

28.

29.

30.

31.

32.

33.

Li, H., Zhang, X. (2005) Characterization of thermostable lipase from
thermophilic Geobacillus sp. TW1. Protein Expression And Purification 42,
153-159.

Lima, V. M. G. et al. (2004) Evaluation of the potential for use in biocatalysis of
a lipase from a wild strain of Bacillus megaterium. Journal Of Molecular
Catalysis B: Enzymatic 31, 53-61.

Masse, L., Kennedy, K. J. and Chou, S. (2001) Testing of alkaline and
enzymatic hydrolysis pretreatments for fat particles in slaughterhouse
wastewater. Bioresour Technol. 77, 145-55.

Medeiros, J. F. et al. (2003) Caracterizacdo das aguas subterraneas usadas para
irrigacdo na area produtora de meldo da Chapada do Apodi. Revista Brasileira
de Engenharia Agricola e Ambiental 7, 469-472.

Mendes, A. A. and Castro, H. F. (2005) Aplicacdo de lipases no tratamento de
aguas residuarias com elevados teores de Lipideos. Quimica Nova 28, 296-305.
Messias, J. M., Costa, B. Z., Lima, V. M. G,, Giese, E. C., Dekker, R. F. H. and
Barbosa, A. M. (2011) Lipases microbianas: Producdo, propriedades e
aplicacdes biotecnoldgicas. Semina: Ciéncias Exatas e Tecnologicas 32, 213-
234.

Mongogkolthanaruk W. and Dharmsthiti S. Biodegradation of lipid-rich waster
by a mixed bacterial consortium. (2002) International Biodeterioration &
Biodegradation 50, 101-105.

Nelson, D. L. and Cox, M. M. (2012) Lehninger principles of biochemistry. 62
ed, W. H. Freeman, 1202.

Papadopoulou, C. et. al. (2008) Microbiological quality of indoor and outdoor

swimming pools in Greece: Investigation of the antibiotic resistance of the

54



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

34.

35.

36.

37.

38.

39.

40.

bacterial isolates. International Journal of Hygiene and Environmental Health
211, 385-397.

Paques, F. W. and Macedo, G. A. Plant lipases from latex: properties and
industrial applications. Quimica Nova 29, 93-99.

Rasol, R., Rashidah, A. R., Siti Nur Nazuha, R., Smykla, J., Wan Maznah, W.
O. and Alias, S. A. (2014) Psychrotrophic Lipase Producers from Arctic Soil
and Sediment Samples. Polish Journal of Microbiology 63, 75-82.

Robles, A., Lucas, R., Martinez-Caflamero, M., Omar, N.B., Pérez, R. and
Galvez A. (2002) Characterization of laccase activity produced by the
hyphomycete Chalara (syn. Thielaviopsis paradoxa CH32). Enzyme Microb.
Technol 31, 516-522.

Rousenau, F. and Jaeger, K. E. (2000) Bacterial lipases form Pseudomonas:
Regulation of gene expression and mechanisms of secretion. Biochimie 82,
1023-1032.

Sacco, L. P. Isolamento de bactérias produtoras de enzimas de interesse em
processos biotecnoldgicos. 2013. Dissertacdo (Mestrado em Microbiologia
Pecuaria). Universidade Estadual Paulista. Jaboticabal. 48.

Saun, N. K., Mehta, P. and Gupta, R. (2014) Purification and Physicochemical
Properties of Lipase from Thermophilic Bacillus aerius. Journal Of Oleo
Science 63, 1261-1268.

Schmidt-Dannert, C. et al. (1996) Thermoalkalophilic lipase of Bacillus
thermocatenulatus. 1. Molecular cloning, nucleotide sequence, purification and
some properties. Biochimica Et Biophysica Acta (bba) - Lipids And Lipid

Metabolism 1301, 105-114.

55



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

41.

42,

43.

44,

45,

46.

47.

48.

Sharma, R., Chisti, Y. and Banerjee, Y. C. (2001) Production, purification,
characterization and applications of lipases. Biotechnology Advances 19, 627-
662.

Shirling, E. B. and Gottlieb, D. (1966) Methods for characterization of
Streptomyces species. International Journal of Systematic Bacteriology 16, 313-
340.

Shu, C. H., Xu, C. J. and Lin, G. C. (2006) Purification and partial
characterization of a lipase from Antrodia cinnamomea. Process Biochemistry,
734-738.

Silva, C. M. S. V. et al. (2010) Caracterizacdo Fisico-Quimica Das Aguas
Subterraneas Na Bacia Potiguar. In: Congresso Brasileiro De Aguas
Subterraneas, Anais S&o Luis: Abas 16, 1 - 16.

Sugimori, D., Nakamura, M. and Mihara Y. (2002) Microbial Degradation by
Acinetobacter sp. Strain SOD-1. Journal Bioscience, Biotechnology and
Biochemistry 66, 1579-1582.

Tripathi, R., Singh, J., Bharti, R. K. and Thakur, S. (2014) Isolation, Purification
and characterization of lipase from Microbacterium sp. and its application in
biodiesel production. Energy Procedia 54, 518 — 529.

Vasconcelos, N. S. et al. (2013) Qualidade das &guas subterrdneas de area
irrigada da comunidade de pau branco em Mossor6 (RN). Holos (Natal. Online)
1, 47-63.

Winkler, U. K. and Stuckmann, M. (1979) Glycogen, hyaluronate, and some
other polysaccharides greatly enhance the formation of exolipase by Serratia-

marcescens. Journal of Bacteriology 138, 663-670.

56



49. Zhu, Y. et al. (2015) Molecular cloning and characterization of a new and highly
thermostable esterase from Geobacillus sp. JM6. Journal Of Basic Microbiology

55, 1219-1231.

57



ANEXO: FIGURAS E TABELAS

Rio Grande do Norte

Figure 1: Localization of Mossor6/RN city. Source of image:
http://www.achetudoeregiao.com.br/rn/RN.GIF/mossoro/loc_mapa.qif
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(6]

Figure 2: Rhodamine B test result. A. Rhodamine B test of Basal medium at 30 °C. B.

Rhodamine B test in casein medium at 40 °C. C. Rhodamine B test in casein medium at 30 °C.
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Figure 3: Best enzymatic activity values (U/mL) obtained of strains cultivated at 30 °C, range of enzymatic activity test 30 °C to 50 °C.
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Table 1: Strains by sample with best results in each test.

Test Sample 1 Sample 2 Sample 3
Rhodamine B 2 7 8
pNPP (30 °c) - 4 5
pNPP (37 °c) - - 3
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