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CARACTERIZAÇÃO DA BACTERIOCINA CEREÍNA 8A PRODUZIDA  

POR UMA LINHAGEM DE Bacillus cereus 

 

Autor: Rosiele Lappe 
Orientador: Adriano Brandelli 
 
 

RESUMO 

 

Bacillus cereus 8A, isolado de solo da região sul do Brasil, produz uma 
bacteriocina, cereína 8A, que apresenta potencial para utilização como 
bioconservante no controle de microrganismos patogênicos e deteriorantes de 
alimentos. Neste trabalho foram realizados estudos de caracterização e otimização 
no processo de obtenção da cereína semi-purificada. Na primeira etapa do trabalho 
foi estudada a cinética de inativação térmica para a cereína 8A. Amostras da 
bacteriocina foram tratadas em diferentes combinações de tempo/temperatura no 
intervalo de 0-30min. e 70-82°C e os parâmetros termodinâmicos e cinéticos para a 
inativação da cereína 8A foram calculados. Os resultados revelaram que a inativação 
segue uma reação de primeira ordem com valores de k entre 0.059 e 0.235 min-1. A 
diminuição e o aumento dos valores de D e k, respectivamente, com o aumento da 
temperatura, indicaram uma rápida inativação de bacteriocina a temperaturas mais 
elevadas. Os resultados sugerem que a cereína 8A é uma bacteriocina relativamente 
termoestável com um valor de z de 21.98ºC e energia de ativação de 105.7 kJ mol-1. 
Em um segundo momento, a capacidade dos quelantes EDTA e lactato de sódio em 
diferentes concentrações e da cereína 8A (3200 UA/ml-1) em inibir e inativar a 
Salmonella Enteritidis foram analisadas. Os resultados indicaram que todos os 
tratamentos testados, EDTA, lactato de sódio e cereína 8A, sozinhos e em 
combinação, causaram uma redução significativa nos valores de OD600 em culturas 
de S. Enteritidis. A combinação de cerein 8A acrescido EDTA 100 mol l-1 resultou 
em um tratamento mais eficaz para reduzir o número de células viáveis de S. 
enteritidis. A microscopia de eletrônica de transmissão revelou paredes de células 
danificadas e perda de materiais protoplasmáticos nas células tratadas. As células de 
S. enteritidis tratadas com 8A cereína sozinha mostraram pequenos poros e o 
tratamento não afetou a maioria das células. Quando o agente quelante EDTA foi 
adicionado, as células mostraram-se mais danificadas. As lesões na parede celular 
tornaram-se mais intensas com a combinação de cereína 8A acrescida de EDTA, 
inclusive demonstrando uma notável perda do material intracelular, como observado 
nos resultados dos tratamentos com EDTA 50 e 100 mmol l-1 mais cereína 8A. A 
última etapa deste estudo investigou o particionamento da cereína 8A em dois 
sistemas de extração líquido-líquido, um com Triton X-114 e outro PEG com sais 
inorgânicos, que são considerados promissores para fins de bioseparação e 
depuração. Os resultados indicaram que cereína 8A particiona preferencialmente na 
fase rica em micela no sistema com Triton X-114 na concentração de 4 % e sua 
atividade antimicrobiana foi preservado. Em ATPS, os melhores resultados foram 
relativos ao coeficiente de partição obtidos com PEG e sulfato de amônio, quando o 
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cloreto de sódio foi adicionado, o valor do Kb aumentou significativamente e 
mostrou o melhor rendimento de recuperação quando comparado com o sistema 
micelar. A purificação convencional resulta em um fator de purificação superior, 
mas em uma recuperação menor em comparação com métodos de particionamento. 
Estes resultados representam um importante passo no sentido de desenvolver um 
método de separação para cereína 8A e de um modo mais geral, para outras 
biomoléculas de interesse.    
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CHARACTERIZATION OF THE BACTERIOCIN CEREIN 8A PRODU CED 

BY A STRAIN OF Bacillus cereus 

 

Author:  Rosiele Lappe 
Advisor:  Adriano Brandelli 
 
 

ABSTRACT 

 

The bacteriocin cerein 8A, produced by a strain of B. cereus 8A, isolated from soil 
of south of Brazil with potential application against food spoilage and pathogenic 
bacteria.At the first phase of the study, the kinetics of thermal inactivation was 
studied for the bacteriocin cerein 8A. Samples of cerein 8A were treated at different 
time-temperature combinations in the range of 0-30 min and 70-82°C and the 
thermodynamic and kinetic parameters for bacteriocin inactivation were calculated. 
Results showed that inactivation followed a first-order reaction with k-values 
between 0.059 and 0.235 min-1. D- and k-values decreased and increased, 
respectively, with increasing temperature, indicating a faster bacteriocin inactivation 
at higher temperatures. Results suggest that cerein 8A is a relatively thermostable 
bacteriocin with a z-value of 21.98 °C and Ea of 105.7 kJ mol-1. In a second time, the 
ability of chelators EDTA and sodium lactate on different concentrations and cerein 
8A (3200 UA/ml-1) to inhibit and inactivate Salmonella Enteritidis was investigated. 
The results indicated that all treatments tested, namely EDTA, sodium lactate and 
cerein 8A, alone and in combination, caused a significant reduction in the OD600 

values of S. Enteritidis cultures. The addition of bacteriocin plus EDTA resulted in 
higher inhibition in comparison with the bacteriocin alone; the greater the 
concentration of EDTA, the greater the inhibitory effect. Transmission electron 
microscopy showed damaged cell walls and loss of protoplasmic material in treated 
cells. The cells of S. Enteritidis treated with cerein 8A alone showed small pores and 
the treatment does not affect the majority of cells. When the chelating agent EDTA 
was added the cells appeared more damaged. The injuries in cell wall become more 
marked with the combination of EDTA plus cerein 8A, including noticeable 
discharge of intracellular material, as shown for treatments with 50 and 100 mmol l-

1EDTA plus cerein 8A. The last step of this study investigated the partitioning of 
cerein 8A in two liquid–liquid extraction systems that are considered promising for 
bioseparation and purification purposes. In aqueous two phase micellar systems 
Triton X-114 was chosen as the as phase-forming surfactant. Aqueous two-phase 
systems were prepared of PEG and inorganic salts and the addition of sodium 
chloride was investigated in this system. Results indicated that cerein 8A partitions 
preferentially to the micelle rich-phase in the system with 4% Triton X-114 
concentration and its antimicrobial activity was preserved. In ATPS, the best results 
concerning to the partition coefficients (Kb) were obtained with PEG + ammonium 
sulphate, when sodium chloride was added the value of Kb increase significantly and 
showed the best recovery yield when compared with micellar systems. The 
conventional purification results a higher purification fold, but a minor recovery in 
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comparison with partitioning methods. The successful implementation of this 
peptide partitioning, from a suspension containing other compounds, represents an 
important step towards developing a separation method for cerein 8A, and more 
generally, for other biomolecules of interest.  
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1. INTRODUÇÃO 

 

Nas últimas décadas têm-se apresentado novos desafios para as indústrias 

farmacêuticas e de alimentos no que se refere ao combate a microrganismos 

patogênicos e deteriorantes. 

O desenvolvimento e a proliferação de bactérias resistentes a antibióticos, que 

diminuem as opções terapêuticas, tem se tornado um grave problema de saúde no 

mundo todo. A rápida escalada da resistência microbiana pode fazer com que 

algumas infecções bacterianas não possam ser tratadas com os agentes 

antimicrobianos existentes. Esforços a nível mundial para estudar e contornar este 

problema vêm sendo realizados há anos. Dentre as soluções, está o uso mais 

racional dos antibióticos e a descoberta de novos antimicrobianos. 

É notório que alimentos industrializados ou não, possam conter uma ampla 

variedade e quantidade de microrganismos, que podem interferir em sua vida útil ou 

causarem doenças. Existem inúmeros recursos para eliminar esses microrganismos 

ou controlar o seu desenvolvimento nos alimentos, incluindo tratamento térmico, 

adição de conservantes químicos, uso de baixa temperatura durante o 

armazenamento, entre outros. No entanto, a cada dia aumenta a procura por 

alimentos naturais, que não tenham sido submetidos a nenhum tipo de 

processamento industrial ou que sejam minimamente processados e que não sejam 

adicionados de produtos químicos. Portanto, a busca por novos aditivos, que possam 

controlar estes microrganismos, é de suma importância e, devido ao avanço da 

biotecnologia, a utilização de bacteriocinas surge como uma nova alternativa na 

preservação dos alimentos e tem sido um assunto amplamente estudado.  
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As bacteriocinas apresentam um potencial uso na indústria de alimentos, além de 

serem apontadas por estudos que indicam seu uso no controle de infecções em 

humanos, animais e vegetais. Estas substâncias constituem um grupo heterogêneo 

de proteínas que variam muito quanto ao seu espectro antimicrobiano, propriedades 

bioquímicas, mecanismo de ação e características genéticas. A atividade 

antimicrobiana e a estrutura protéica provavelmente sejam as únicas características 

comuns a todas bacteriocinas. 

Além do interesse no estudo das bacteriocinas como potenciais conservadores de 

alimentos, existe ainda o interesse de pesquisa sobre esses compostos devido a sua 

potencial aplicação como estratégia como prevenção de certas doenças infecciosas. 

O desenvolvimento de novos antimicrobianos é assunto de interesse devido ao 

aumento de prevalência de bactérias resistentes resultantes do extensivo uso de 

antibióticos. 

Portanto, é necessário que os estudos e pesquisas se ampliem nesta área para 

determinar a eficácia de microrganismos produtores de bacteriocinas e, 

principalmente, verificar o comportamento dessas substâncias purificadas, sob 

condições normais de comercialização e em alimentos, além de estudos 

toxicológicos e avaliação de sua potencialidade farmacológica. 

Dentro deste contexto, este trabalho propõe caracterizar uma bacteriocina com 

grande potencial antimicrobiano e/ou biopreservativo sobre alimentos nos aspectos 

de resistência térmica, atividade antimicrobiana e mecanismo de ação, bem como 

seu coeficiente de partição em diferentes sistemas. 

 

Especificamente, os objetivos desse trabalho foram: 
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1. Determinar a cinética e termodinâmica de inativação térmica da 

cereína 8A produzida pelo Bacillus cereus 8A; 

2. Estudar a atividade e o mecanismo de ação da cereína 8A frente a 

microrganismos Gram-negativos e/ou a adição de quelantes como 

potencializadores do efeito antimicrobiano; 

3. Determinar o coeficiente de partição da bacteriocina em sistema 

aquoso bifásico e em sistema micelar bifásico.  
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2. REVISÃO BIBLIOGRÁFICA 

 

 

2.1 Bacteriocinas 

 

As bacteriocinas são definidas como substâncias bactericidas, 

antibióticos de natureza protéica altamente específicos, não multiplicáveis, 

sintetizados por algumas linhagens bacterianas com ação contra isolados das 

mesmas espécies, ou sobre outros organismos estritamente relacionados com a 

espécie produtora (TAGG et al., 1976; SANTOS et al., 1994; RILEY, 1998; 

RILEY, GORDON, 1999; MARINGONI, KUROZAWA, 2002). 

O termo substância tipo-bacteriocina (bacteriocin-like) aplica-se apenas 

aos compostos antimicrobianos de natureza protéica, que ainda não estão 

completamente definidos ou não cumprem com todas as características das 

bacteriocinas. Essas substâncias, geralmente, possuem um maior espectro de 

ação do que a definição clássica de bacteriocinas, atuando contra uma variedade 

de bactérias gram-positivas, algumas gram-negativas e até contra alguns fungos 

(DE VUYST, VANDAMME, 1994). 

Dessa forma, toda bacteriocina ou substância tipo-bacteriocina tem uma 

proteína ou um peptídeo que é essencial para sua função bactericida. A maioria 

das bacteriocinas descritas até o momento tem um baixo peso molecular e são 

estáveis ao calor. Estas características, essencialmente, as diferenciam de alguns 

antibióticos, considerados metabólitos secundários, que são inibidores de 

crescimento bacteriano, quando presentes em relativamente baixas 

concentrações (REEVES, 1965). 
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2.2 Origem e Descoberta das Bacteriocinas 

 

Pasteur e Joubert por volta do ano de 1877 foram os primeiros a reportar 

uma interação antagonista entre bactérias, ao observar que uma “bactéria 

comum”, provavelmente E. coli, podia interferir no crescimento de Bacillus 

anthracis, quando inoculados conjuntamente. Em decorrência disso, houve uma 

intensa procura por uma bactéria de baixa patogenicidade que pudesse ser usada 

na prevenção contra outros patógenos. Vários antagonistas do crescimento de 

Bacillus anthracis foram reportados no início do século (REEVES, 1965). 

Também nesta época surgiram várias propostas de terapias de reposição 

para modificar a microbiota intestinal. Diversas tentativas foram realizadas com 

o uso de bactérias produtoras de ácido lático e de algumas linhagens de E. coli 

capazes de destruir especialmente Salmonella typhi. Em meados do ano de 1916, 

chegou-se a distribuir comercialmente uma linhagem de E. coli (Mutaflor) para 

o tratamento da disenteria, porém sem apresentar a efetividade esperada e, 

sobretudo, sem uma identificação da natureza da substância envolvida, esse 

tratamento foi imediatamente descartado (JACOB et al. 1953). 

Em 1925, o cientista belga Andrei Gratia observou que algumas 

linhagens de Escherichia coli liberavam uma substância que aparentava um 

estado de antagonismo sobre outras colônias do mesmo organismo. Estudos 

posteriores definiram uma série de 20 proteínas com efeito inibidor, que foram 

denominadas de colicinas. Ele demonstrou que a linhagem V de E. coli produzia 

em meio líquido uma substância dialisável e resistente ao calor capaz de inibir o 

crescimento de outros coliformes. Esta substância foi posteriormente 
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denominada de colicina V. Nos anos seguintes, surgiram novas observações de 

que antimicrobianos do tipo colicina também podiam ser produzidos por outras 

bactérias, e não exclusivamente pelos coliformes. Assim, em 1953, Jacob et al. 

introduziram o termo mais genérico de bacteriocinas para as proteínas 

antibióticas do tipo colicina. 

Até pouco tempo, a maioria dos progressos nas pesquisas das 

bacteriocinas limitavam-se às investigações das colicinas (bacteriocinas 

produzidas por vários membros da família Enterobacteriaceae). Mas, 

atualmente tem havido uma intensa atividade de pesquisa das bacteriocinas e das 

substâncias bacteriocin-like de bactérias gram-positivas, sobretudo das bactérias 

ácido-láticas (REEVES, 1965, DE VUYST & VANDAMME, 1994 e RILEY & 

GORDON, 1999). 

 

2.3 Características e Classificação das Bacteriocinas 

 

  De acordo com DE VUYST & VANDAMME (1994) e MCAULIFFE et 

al. (2001), são descritas as subseqüentes classes de bacteriocinas sintetizadas por 

diferentes bactérias e, principalmente, pelas bactérias ácido-láticas, com base na 

seqüência de peptídeos e pré-peptídeos: 

a) Classe I: composta pelos lantibióticos, como a nisina, são bacteriocinas que 

contêm o aminoácido modificado lantionina. Possuem um  peso molecular 

menor que 5 kDa. 

b) Classe II: denominada de não-lantibióticos, por não possuírem lantionina na sua 

molécula, são pequenos, compostos por 10-30 aminoácidos, apresentam um 

peso molecular até 10 kDa e são resistentes ao calor (leucocina A). Esta 
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categoria se subdivide em três outras classes, bem distintas, sendo 

principalmente produzidas por bactérias láticas. 

IIa) Bacteriocinas semelhantes à pediocina, com forte atividade contra Listeria spp; 

IIb) Bacteriocinas constituídas por dois peptídeos que possuem atividades 

complementares (Ex.: lactococina G e lacticina); 

IIc) Bacteriocinas formadas por peptídeos ativadas por grupos tióis que necessitam 

resíduos de cisteína para apresentarem ação, como a acidocina B. 

c) Classe III: proteínas termo-sensíveis e de peso molecular acima de 30 kDa. 

d) Classe IV: inclui os compostos indefinidos de bacteriocinas, envolvendo 

proteínas associadas a lipídeos e/ou carboidratos.    

 

2.4 Biossíntese das Bacteriocinas 

 

As bacteriocinas produzidas por bactérias Gram-positivas, em geral, são 

sintetizadas na forma de pró-peptídeos, dos quais o peptídeo líder é posteriormente 

separado para formar a molécula protéica biologicamente ativa (JACK et al., 1995). 

HOFLACK et al. (1999) evidenciam que, em alguns casos, como nos lantibióticos, 

modificações pós-transcripcionais são introduzidas no peptídeo antes de ocorrer esta 

clivagem. A molécula protéica biologicamente ativa é excretada pela célula 

produtora através de um mecanismo de transporte ativo na membrana ou através de 

mecanismo sec-dependente. 

Estes compostos bioativos podem ser um metabólito primário, quando sua 

síntese ocorre durante a fase exponencial do crescimento bacteriano, tomando um 

papel vital no desenvolvimento deste organismo. Já o metabólito secundário pode 

ser descrito como um composto que é produzido após a fase ativa do crescimento e 
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tido como um mantenedor do desempenho do microrganismo naquele ecossistema, 

porém não é vital, segundo DE VUYST et al., (1996). 

A biossíntese ocorre tanto na fase logarítmica quanto na fase final do 

crescimento bacteriano e, no caso, guarda uma relação com a biomassa produzida 

(DYKES, 1995; BABA & SCHNEEWIND, 1998). 

Para a produção de bacteriocinas, são necessários genes estruturais, genes para a 

secreção/modificação e, ainda, genes para proteínas imunológicas específicas, cuja 

função é proteger as células produtoras contra o efeito de suas próprias 

bacteriocinas. Além disso, em muitas bacteriocinas de classe II (não lantibióticos) 

pode haver um indutor da produção, geralmente também um peptídeo, porém sem 

nenhuma atividade bactericida (KLAENHAMMER, 1993).  

A produção de bacteriocinas é geralmente controlada por um plasmídeo 

chamado bacteriocinogênico (DE VUYST, 1994). Embora na maioria das vezes o 

bacteriocinogênico esteja reprimido, em alguns casos o plasmídeo escapa da 

repressão e induz a síntese de sua bacteriocina, um exemplo é o que ocorre com a 

coagulina, produzida pelo Bacillus coagulans I4, regulado pelo opéron pI4 DNA 

(MARREC et al., 2000). 

JACK et al. (1995) afirmam que a maioria das bactérias gram-positivas 

produtoras de bacteriocinas possuem genes plasmidiais codificadores desta 

propriedade. Um exemplo típico é a nisina, que é produzida pelo Lactobacillus 

lactis subsp. lactis. Assim como para esta expressão, para todas as demais bactérias 

gram-positivas produtoras, há a necessidade de um gene adicional cuja função vai 

além da regulação da transcrição, modificações pós-translocacionais, 

processamento, transporte para o exterior da célula, bem como a produção de 

compostos para sua própria proteção (imunidade).  
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De todos os genes codificadores, o sec-dependente é o único responsável pela 

produção e liberação especificamente de uma subclasse de bacteriocina, presente na 

maioria das bactérias produtoras e principalmente nas ácido-láticas (HOFLACK et 

al., 1999). 

Um forte indutor desses genes produtores são as radiações ultravioletas, que 

podem induzir a formação e a liberação da bacteriocina (BLACK, 2002). 

A produção de bacteriocinas pelas bactérias ácido-láticas está intimamente 

relacionada com a fase de crescimento das linhagens produtoras. Usualmente, a 

produção ocorre na fase de crescimento e cessa no final da fase exponencial, onde 

geralmente encontram-se as maiores concentrações de bacteriocinas no meio de 

cultura. Após esta fase, acontece, normalmente, uma diminuição na concentração de 

bacteriocina. Tem sido sugerido que essa diminuição ocorra devido à aderência de 

bacteriocina às células produtoras ou ainda pela degradação das mesmas por ação de 

proteases (DE VUYST & VANDAMME, 1994).  

Vários outros fatores também podem influenciar profundamente na produção de 

bacteriocinas, tais como linhagens bacterianas, fatores de estresse, composição do 

meio de cultura utilizado e as condições de incubação como pH, temperatura, 

agitação, entre outros (SCOTT & TAYLOR, 1981; MITEVA et al., 1998; 

MATARAGAS et al., 2003). 

 

 

2.5 Uso das Bacteriocinas na Bioconservação de Alimentos 

 

Os microrganismos mais adequados para uso como bioconservadores são as 

bactérias láticas, devido as suas características antagonistas e sua grande tradição de 
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uso como bactérias grau-alimento, em alimentos fermentados (SCHILLINGER et 

al., 1996; SCHILLINGER & HOLZAPFEL, 1996; DE MARTINS & FREITAS, 

2003).  

Muitas bactérias ácido-láticas têm um importante papel na produção de 

alimentos fermentados e também na bioconservação de alimentos, particularmente 

os laticínios (SCHILLINGER & HOLZAPFEL, 1996). Nesse sentido, o exemplo 

clássico de bacteriocinas com uma aplicação comercial bem sucedida é a nisina. 

A nisina, conhecida desde 1928, foi a primeira bacteriocina que se mostrou 

promissora para o uso prático na preservação de alimentos, principalmente nos 

subprodutos do leite. Seu uso em escala comercial ocorre há quase 50 anos pela 

indústria alimentícia e, até hoje, é a única bacteriocina produzida por bactérias 

ácido-láticas (particularmente por Lactococcus lactis) e usada comercialmente com 

este propósito. Considerada como uma substância GRAS (Generally Regarded as 

Safe), sua utilização está aprovada pela Food and Drugs Administration (FDA) 

órgão norte-americano (CODEX ALIMENTARIUS, 1995). 

Essa bacteriocina é atóxica, destruída por enzimas digestivas e não confere 

sabores e odores desagradáveis aos alimentos. Uma vantagem das bacteriocinas 

sobre os antibióticos clássicos é que as enzimas digestivas as destroem (CAPLICE 

& FITZGERALD, 1999).  

A nisina é caracterizada estruturalmente como um peptídeo contendo 20 

aminoácidos, entre eles a lantionina, um aminoácido não muito comum (o que a 

classifica como a principal bacteriocina da classe I, a classe dos lantibióticos, cujo 

nome deriva da presença de aminoácidos com anéis de tioéter intramoleculares do 

tipo meso- lantionina e threo-ß-lantionina) (DE VUYST & VANDAMME, 1994; 

MCAULIFFE et al., 2001). 
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No Brasil, a nisina é aprovada para uso em todos os tipos de queijo no limite 

máximo de 12,5 mg/kg e é permitida a utilização desta bacteriocina em produtos 

cárneos com aplicação na superfície externa de salsichas de diferentes tipos. O 

produto pode ser aplicado como solução comercial de nisina a 0,02% em solução de 

ácido fosfórico grau alimentício (DE MARTINIS et al., 2002). 

Embora várias bacteriocinas da classe II também tenham se mostrado efetivas na 

bioconservação de alimentos, nenhuma ainda foi licenciada ou comercializada como 

aditivo aos alimentos numa forma parcialmente purificada (FIELDS, 1996). Para 

MURIANA (1996) e SIRAGUSA et al. (1999), o uso de outras bacteriocinas, além 

da nisina, na indústria de alimentos tem despertado o interesse do setor. 

A aplicação de bacteriocinas no controle de microrganismos patogênicos e 

deteriorantes de alimentos foi demonstrada por DE VUYST & VANDAMME 

(1994), principalmente sobre Clostridium botulinum, C. perfringens, Listeria 

monocytogenes, Bacillus cereus e Staphylococcus aureus. Para estes autores, a 

bacteriocina pode inibir patógenos de importância em carnes refrigeradas 

minimamente processadas, na qual naturalmente a acidez elevada se torna 

indesejável, restando somente a refrigeração como forma de conservação. 

De acordo com MURIANA (1996); EL-ZINEY et al. (1999); LÜCKE (2000) e 

ISLAN et al. (2002), o uso das bacteriocinas em carnes frescas ou semiprocessadas, 

as quais possuem bactérias láticas como parte da sua microbiota, tem como objetivo 

prevenir a deterioração assim como evitar o crescimento de microrganismos 

psicrotrófilos patogênicos. 

É de fundamental importância antes que uma bacteriocina seja considerada para 

utilização em alimentos, informações sobre seu espectro antimicrobiano, bem como 
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o conhecimento das características bioquímicas, genéticas e sua efetividade nos 

sistemas alimentares. 

 

2.6 Mecanismo e Espectro de Ação das Bacteriocinas 

 

 Apesar das diferenças, os modos de ação dos diversos peptídeos antimicrobianos 

envolvem, em geral, associação com os lipídios de membrana plasmática 

microbiana provocando um aumento de sua permeabilidade. Em um primeiro 

momento, ocorre uma atração eletrostática entre as moléculas de peptídeo (que 

geralmente possuem carga positiva) e lipídios aniônicos presentes na membrana. Em 

seguida, a estrutura anfipática dos peptídeos antimicrobianos desempenha o seu 

papel, promovendo a interação dos peptídeos antimicrobianos com a interface 

hidrofílica/hidrofóbica presente na superfície das biomembranas (MAGET-DIANA, 

1999; NAGHMOUCHI, et al., 2007). 

 Os diversos mecanismos propostos para o aumento na permeabilidade de 

biomembranas devido a interação com peptídeos antimicrobianos foram revistos por 

SCHREIER et al., (2002); LADOKHIN & WHITE, (2001); LOHNER, (2001) e 

ZASLOFF (2002). Estes mecanismos podem ser resumidos em três modelos: 

1- Formação de poros organizados compostos por múltiplas unidades de peptídeos 

organizados na forma de um barril (barrel stave model) ou toróide (wormhole 

model) que atravessa a bicamada lipídica. 

2- Os peptídeos comportam-se como detergentes, provocando alterações estruturais 

na membrana, deslocando lipídios e causando a formação de poros temporários 

ou mesmo lisando completamente a membrana (carpet like model). 
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3- A interação dos peptídeos com a superfície das biomembranas provoca 

distúrbios físico-químicos. O acúmulo de moléculas de peptídeos (muitas vezes 

envolvendo a formação de agregados) ocasiona flutuações e instabilidades 

estruturais localizadas na bicamada lipídica que resulta na formação de poros 

transientes. 

Existem duas hipóteses para explicar como a permeabilização da 

membrana afeta a viabilidade dos microrganismos. Uma se baseia na perda de 

energia provocada pelo desequilíbrio e conseqüente destruição do potencial 

eletroquímico devido à formação de poros. A outra hipótese seria que o 

peptídeo, após danificar a membrana, pode atravessá-la e interferir nas funções 

intracelulares através de interação com macromoléculas como proteínas e ácidos 

nucléicos. Em alguns casos, ainda, foi demonstrada a ligação do peptídeo 

antimicrobiano com receptores de membrana (ANDREU & RIVAS, 1998; WU, 

et al., 1999; GANZ & LEHNER, 2001). Entretanto, ainda existe muita discussão 

sobre o mecanismo de ação dos peptídeos antimicrobianos.  

Apesar das discordâncias sobre o modo de ação dos peptídeos 

antimicrobianos, existe um consenso de que, na grande maioria dos casos, a 

membrana está diretamente envolvida. Os peptídeos antimicrobianos são ativos 

contra alvos que possuem membrana plasmática, como bactérias, fungos, 

protozoários, células tumorais e vírus envelopados (gripe e HIV, por exemplo) 

(HANCOCK & DIAMOND, 2000). 

O efeito generalizado destes peptídeos sobre a membrana dificulta o 

desenvolvimento de resistência por parte dos patógenos, tendo em vista a 

improbabilidade da ocorrência de mutações capazes de produzir grandes 

alterações no componente lipídico da membrana dos microrganismos. Como a 
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composição lipídica das biomembranas é muito similar entre os seres vivos, os 

peptídeos antimicrobianos possuem, em geral, amplo espectro de ação 

(ANDREU & RIVAS, 1999; ZASLOFF, 2002). 

 

2.7 Bacteriocinas Produzidas por Espécies de Bacillus 

 

O gênero Bacillus constitui um dos grupos mais amplos da 

microbiologia. Suas características são muito variadas, sendo encontradas 

espécies com importância industrial e agrícola até espécies patogênicas 

produtoras de toxinas. As espécies importantes industrialmente têm um histórico 

de uso seguro na indústria e em alimentos (PAIK et al., 1997). 

Segundo o Manual Bergey’s de Bacteriologia Sistemática, os Bacillus 

são bactérias em forma de bastonetes, Gram-positivas, esporogênicas e 

tolerantes ou não ao oxigênio. São agrupadas de acordo com as exigências 

físicas, químicas nutricionais ou genéticas. 

A maioria das espécies deste gênero tem o solo como habitat natural. São 

espécies freqüentemente sujeitas a variações drásticas de parâmetros físico-

químicos do meio ambiente, tais como temperatura, osmolaridade ou 

disponibilidade de fontes de carbono. Muitas vezes estas variações impõem 

condições de crescimento lento ou de fase estacionária. Durante a transição da 

fase de crescimento exponencial para a fase estacionária, as células ensaiam 

respostas adaptativas que vão desde o desenvolvimento da motilidade ou de 

competência para a transformação genética por exógeno, até a produção de 

antibióticos ou de enzimas degradativas extracelulares (HYRONIMUS et al., 

1998).    
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A atividade antimicrobiana que algumas linhagens de Bacillus possuem 

se deve aos peptídeos antimicrobianos, cuja origem pode ser de síntese ou da 

metabólise. Estes metabólitos, geralmente, podem desenvolver uma função 

sinérgica e endosimbiontica (GEBHARDT et al., 2002). 

São diversas as origens de Bacillus produtores de substâncias 

antimicrobianas. SUGITA et al. (1998) relataram a presença de bactérias 

intestinais isoladas de sete diferentes espécies de peixes da costa japonesa 

produtoras de substâncias antimicrobianas. Ao B. amyloliquefaciens isolado da 

amoreira é atribuída a produção de um composto que impede a proliferação de 

bactérias e fungos fitopatogênicos (YOSHIDA et al., 2001). 

PATTNAIK et al. (2001) identificaram uma substância tipo-bacteriocina 

(liquenina) produzida sob condições restritas de oxigênio por B. liqueniformes 

de suco ruminal de búfalos. Tanto a produção como a atividade se limita à 

ausência de oxigênio. Sua melhor atividade ocorre na faixa de pH entre 4 e 9 e é 

termoestável à 100ºC, porém é sensível a proteinase K. Apresenta um peso 

molecular de 1,5 kDa. 

Já HYRONIMUS et al. (1998), isolaram uma linhagem de B. coagulans 

I4 de fezes de bovinos produtora da coagulina, capaz de inibir outras espécies de 

Bacillus e Listeria sp, entre outros indicadores. 

A produção de bacteriocinas ou de substâncias relacionadas tem sido 

descrita para várias espécies do gênero Bacillus, entre elas B. amyloliquefaciens, 

B. cereus, B. coagulans, B. licheniformis, B. megaterium, B. stearothermophilus, 

B. subtilis, B. thermoleovarans e B. thuringiensis (NOVOTNY & PERRY, 1992; 

OSCÁRIZ et al., 1999; HYRONIMUS et al., 1998; PATTNAIK et al., 2001; 

YOSHIDA et al., 2001). 
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Segundo TAMEHIRO et al. (2002), o B. subtilis produz diversos 

antibióticos que estão classificados de acordo com sua síntese. Sintetizados 

ribossomalmente estão a subtilisina, subtilina, sublancina e TasA produzidas 

durante a fase ativa de crescimento. O grupo sintetizado não ribossomalmente é 

produzido durante a fase estacionária como a surfactina (biosurfactante), 

bacilisina e as iturinas. 

 

2.8 Bacillus cereus 

 

O B. cereus é mais conhecido pelas duas formas de doenças capaz de 

causar (gastrenterite diarréica e gastrenterite emética) do que pelo seu 

antagonismo às bactérias. São comumente encontrados em solos úmidos, 

vegetais em decomposição e, ainda, em laticínios e abatedouros de animais 

como contaminantes de seus subprodutos. 

As cereínas, como são normalmente chamadas as bacteriocinas 

produzidas pelo B. cereus, apresentam um amplo e variado espectro de ação. 

Elas já foram estudadas devido a suas ações bacteriolítica ou bactericida contra 

L. innocua, L. monocytogenes, Streptococcus sp., C. botulinum, C. perfringens e 

C. Butyricum, B. cereus e B. subtilis entre outras espécies de importância 

alimentar. A cereína 7 constitui um agregado polipeptídico de peso molecular 

entre 3 e 10 kDa, termoestável a 100ºC por 15 minutos e ativa na faixa de pH 

entre 2 e 9 (OSCÀRIZ et al., 1999). 

Algumas cereínas possuem atividade antimicrobiana contra espécies 

estritamente relacionadas, é o caso da cereína GN105, produzida pela linhagem 



   34 
   
 

de B. cereus GN105 que atua somente contra espécies do mesmo gênero 

(NACLERIO et al., 1993). 

B. cereus 8A, isolado de solos nativos do sul do Brasil, produz a cereína 

8A, uma bacteriocina que apresenta amplo espectro de atividade e potencial use 

como bioconservante em alimentos (Bizani e Brandelli, 2002). A cereína 8A 

revelou um efeito bactericida sobre Listeria monocytogenes e B. cereus 

(BIZANI et al., 2005). 

 

2.9 Purificação de Bacteriocinas 

 

A utilização de proteínas para a aplicação exige a sua purificação, uma 

vez que qualquer célula contém milhares de proteínas diferentes, que apresentam 

uma ampla faixa de atividade biológica. 

A caracterização de bacteriocinas é dependente da sua purificação e 

diversas técnicas são combinadas para a obtenção de proteínas puras 

(CAROLISSEN-MACKAY et al., 1997). Esta variação é atribuída à natureza 

extremamente heterogênea das bacteriocinas (TAAG et al., 1976, 

KLAENHAMMER, 1993), que impossibilita a aplicação de um protocolo 

universal de purificação. Dessa forma, para cada bacteriocina deve ser 

desenvolvido um protocolo particular, ideal para o isolamento e purificação da 

mesma (DE VUYST & VANDAMME, 1994).  

A produção de muitas bacteriocinas não é induzível e são detectados 

títulos relativamente baixos nas culturas. Portanto, para que a purificação seja 

possível é necessário que a bacteriocina seja produzida em uma grande 

quantidade. As condições da incubação, como tempo, temperatura e pH 
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influenciam fortemente na produção da bacteriocina (CAROLISSEN-MACKAY 

et al., 1997). 

Os protocolos de recuperação e purificação laboratoriais geralmente são 

bastante complexos e incluem a precipitação com sulfato de amônio (na 

concentração variável de 0-80%), seguida por várias combinações de 

cromatografia líquida de troca iônica, interação hidrofóbica ou cromatografia de 

fase reversa. Apesar destes procedimentos poderem levar a bons resultados em 

termos de purificação, tornam-se geralmente inviáveis para serem empregados 

numa escala maior de recuperação, devido ao alto custo e complexidade 

envolvidos (YANG et al., 1992; CRUPPER & IANDIOLO, 1996; VENEMA et 

al., 1997). 

A maioria dos pesquisadores inicialmente submete o sobrenadante da 

cultura produtora a precipitação com sais ou solventes e, após, a uma pré-

purificação. Segundo YANG et al. (1992), algumas bacteriocinas como a 

lactocina 481 e lactocina B podem aumentar até 450 vezes sua atividade 

biológica após o tratamento de seus sobrenadantes livres de células com altas 

concentrações de sulfato de amônio. De acordo com estes pesquisadores, os sais 

atuariam tanto dissociando a bacteriocina nativa em monômeros mais ativos, 

como alterando a sua conformação. 

A purificação do precipitado ativo dos sobrenadantes por cromatografia 

de troca iônica tem permitido uma boa recuperação da nisina, diplocina e 

lactocina A. Entretanto, este método não é eficiente para todas as bacteriocinas 

produzidas por bactérias ácido-láticas, pois afeta sensivelmente a recuperação da 

atividade biológica (NETLES & BAREFOOT, 1993). 
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A cromatografia de interação hidrofóbica pode ser utilizada com grande 

êxito na purificação de alguns lantibióticos (nisina, lactocina A e lactocina S). 

Não obstante, esta técnica não serve para a purificação de bacteriocinas de 

grande hidrofobicidade (plantaricina, lactocina 481), que na ausência de sal 

reagem espontaneamente com a matriz do gel (UTENG et al., 2002). 

A purificação de bacteriocinas por cromatografia de fase reversa pode ser 

utilizada em casos específicos, porém a cromatografia de troca iônica é uma 

técnica mais adaptada às moléculas hidrofóbicas. ABRIOUEL et al. (2003) 

utilizaram este método associado à adsorção da bacteriocina em Carboxymethyl 

Sephadex CM-25 para enterocina AS-48 (bacteriocina produzida pelo 

Enterococcus faecalis subsp. liqueaciens AS-48).  Baseado em propriedades 

comuns em muitas bacteriocinas como carga positiva, resistência aos solventes 

orgânicos e pH ácido, estes pesquisadores conseguiram através desta técnica 

uma recuperação em grande escala da bacteriocina purificada em apenas dois 

passos de purificação. 

 

2.9.1 Sistemas aquosos bifásicos: fundamentos e aplicações para 

partição/purificação de proteínas 

Sistemas contendo duas ou mais fases líquidas em equilíbrio 

termodinâmico são muito úteis para aplicações em extração e/ou purificação de 

compostos presentes em inúmeros processos tecnológicos (SILVA & FRANCO, 

2000; PESSOA & KOLIKIAN, 2005). Porém, para aplicação desta técnica de 

extração líquido-líquido para a obtenção de compostos com importância 

biotecnológica (proteínas, enzimas, células, vírus, organelas, etc.), faz-se 

necessária a utilização de sistemas em que as duas fases guardem semelhanças, 
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em termos das propriedades físico-químicas, com o meio aquoso presente nos 

seres vivos (SELBER et al., 2004). Assim, a aplicação dos clássicos sistemas 

bifásicos solvente orgânico/água para extração de uma proteína seria inviável, na 

maioria dos casos, pois, com uma eventual concentração da proteína na fase 

orgânica, ocorreria um processo de desnaturação, com a conseqüente perda de 

atividade da biomolécula. Neste sentido, os sistemas denominados aquosos 

bifásicos (SABs ou, em inglês, ATPS) desempenham um papel estratégico pois, 

as duas fases são formadas predominantemente (60-95%) por água (SILVA & 

LOH, 2006). 

A formação dos ATPS é conhecida desde o final do século 19. Em 1896, 

Beijerinck descobriu que soluções aquosas de gelatina e agar ou gelatina e amido 

solúvel, misturadas em uma dada faixa de temperatura e concentração, formavam 

misturas turvas que, em repouso, separavam espontaneamente em duas fases 

líquidas límpidas. A fase mais densa era enriquecida em agar (ou amido) e a fase 

superior em gelatina, sendo que a água era o componente majoritário em ambas as 

fases. 

Posteriormente, Ostwald e Hertel (1929) continuaram os estudos sobre 

esses sistemas e verificaram que amidos provenientes de origens distintas (arroz, 

milho, etc.), isto é, possuindo diferentes frações de amilose e amilopectina, 

produziam diferentes diagramas de fase. Esses resultados mostravam a grande 

influência que pequenas variações nas interações intermoleculares têm sobre as 

composições das fases em equilíbrio. 

Com objetivo de verificar uma possível generalidade do fenômeno de 

separação de fase em sistemas contendo macromoléculas, Dobry e Boyer-
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Kawenoki (1947), no final da década de 40, estudaram a miscibilidade de um 

grande número de diferentes pares de polímeros, dissolvidos em solventes 

orgânicos ou em soluções aquosas. Estes autores constataram que dos 35 pares de 

macromoléculas estudados, apenas 4 não produziram a formação das duas fases, e 

puderam concluir que a incompatibilidade entre polímeros era um fenômeno 

geral. 

Somente com os trabalhos de Per-Åke Albertsson (TISELIUS et al., 

1963), em meados da década de 50, que ficou evidente para a comunidade 

científica a grande potencialidade de aplicação destes sistemas à 

partição/purificação de materiais biológicos, desde proteínas até células. Como o 

solvente é a água em ambas as fases e geralmente se encontra presente em grande 

quantidade, estes sistemas fornecem um ambiente ameno para as biomoléculas 

evitando, assim, mudanças em suas estruturas e perda das atividades biológicas. 

Outra propriedade termodinâmica importante associada aos SABs, e que 

lhes dá uma vantagem significativa quando comparados aos clássicos sistemas 

água-óleo, é possuírem regiões interfaciais com baixo valor de tensão interfacial, 

γ (KAUL et al., 1995; KIM & RHA, 2000). Para aplicação em processos de 

separação de biomoléculas, este pequeno valor de excesso de energia livre de 

Gibbs por unidade de área possibilita a transferência das biopartículas pela 

interface com um risco mínimo de ocorrerem alterações estruturais nas proteínas, 

células e membranas particionadas (VENÂNCIO et al., 1996). 

Em geral, a distribuição de proteínas entre as duas fases aquosas dos SABs 

é caracterizada por um parâmetro denominado coeficiente de partição, Kp, 

definido como (WAZIRI et al., 2004):      
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onde ap,i e cp,i são, respectivamente, a atividade e a concentração da proteína 

nas diferentes fases (S= superior ou I= inferior). A Equação 1 enfatiza o ponto de 

vista termodinâmico, em que os parâmetros "concentração" presentes nesta 

equação, deveriam ser substituídos pela "atividade" da proteína nas duas fases. É 

importante destacar que muitas vezes, as medidas experimentais do coeficiente de 

partição das proteínas têm revelado uma dependência de Kp em relação à 

concentração da mesma indicando tratar-se de um coeficiente aparente, não 

constituindo, desta forma, um parâmetro que caracterize um sistema em equilíbrio 

termodinâmico. Além disto, a dependência de Kp em relação à concentração pode 

também indicar que está ocorrendo a partição de diferentes espécies químicas 

formadas, por exemplo, pela agregação das proteínas. Entretanto, para 

experimentos em que a concentração da proteína é muito baixa (regime de 

diluição infinita), os valores da concentração e da atividade tornam-se muito 

próximos (PRAUSNITZ  et al., 1986). 

Esta distribuição desigual da biopartícula entre as duas fases é resultante 

de um intrincado e delicado balanço de interações entre a proteína e as outras 

espécies (polímeros, H2O e/ou sais inorgânicos) presentes nas duas fases que 

coexistem em equilíbrio (FARRUGGIA et al., 2003). 

Inúmeras propriedades físico-químicas do sistema e do biopolímero 

determinam o valor de Kp. Exemplos de fatores associados à proteína que 

influenciam sua distribuição entre as fases são o tamanho, a conformação 

(estruturas secundária, terciária e quaternária) e a composição (estrutura 

Equação 1 
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primária), presença de carga elétrica e hidrofobicidade (JONSSON & 

JOHANSSON, 2003). Além disto, propriedades importantes das fases também 

contribuem nesta distribuição, como por exemplo, a natureza química dos 

componentes formadores dos SABs, a massa molar e a concentração dos 

polímeros, a presença de ligantes ao longo da cadeia polimérica que possam 

interagir especificamente com sítios da proteína, pH e temperatura (WAZIRI & 

ABU-SHARKH, 2004). Além do mais, a adição de diferentes sais inorgânicos a 

estes sistemas bifásicos produz uma diferença de potencial elétrico na interface, 

que influencia marcantemente a partição de proteínas carregadas eletricamente. 

Este potencial eletrostático ocorre devido à distribuição desigual dos cátions e dos 

ânions entre as fases enriquecidas pelos diferentes polímeros (FARRUGGIA et 

al., 2004). 

Atualmente é alta a demanda por métodos de extração e purificação de 

biopartículas (proteínas, enzimas, células, etc.) que sejam eficientes e 

economicamente viáveis. Nessa linha, os sistemas aquosos bifásicos constituem 

um potencial. Entretanto, é notório que os SABs apesar da intensa aplicação em 

escala laboratorial para purificação de enzimas e proteínas, não alcançaram 

ampla aplicação comercial, tendo talvez como possíveis causas o custo dos 

polímeros formadores das fases e/ou o comportamento complexo (inúmeras 

variáveis interferindo de forma cinegética ou antagônica) de partição 

apresentados nestes sistemas bifásicos. Além disso, para sua aplicação 

sistemática, é necessária maior compreensão dos fatores que determinam sua 

formação e a partição de solutos específicos. Contudo, a urgente demanda por 

parte da indústria biotecnológica, com objetivo de trazer para o mercado 

consumidor produtos que possuam alto valor agregado, com ampla aplicação 
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médica, certamente motivará a aplicação em escala industrial dos SABs (SILVA 

& LOH, 2006). 

2.10 Inativação Térmica de proteínas 

 O tratamento térmico persiste como o método mais amplamente utilizado 

para preservar e aumentar a vida útil dos alimentos (AWUAH et al., 2007). No 

entanto, o aquecimento excessivo produz perdas consideráveis em termos de 

qualidade e, sobretudo, nas propriedades sensoriais dos alimentos. Técnicas de 

processamento térmico buscam a realização da esterilidade comercial e, ao mesmo 

tempo, minimização das alterações no valor nutricional e qualidade dos alimentos 

(POLYDERA et al., 2003). A perda da qualidade envolve tanto fatores subjetivos, 

como o sabor, que não podem ser facilmente quantificados e fatores quantificáveis 

como a degradação dos nutrientes (AWUAH et al., 2007). A este respeito, técnicas 

combinadas para reduzir a aplicação de calor nos alimentos têm ganhado maior 

atenção. Bacteriocinas têm sido utilizadas na tecnologia de barreira, que combina 

métodos diferentes para inibir o crescimento microbiano (CLEVELAND et al. 

2001). 

 Em geral, a inativação térmica de microrganismos ou enzimas pode ser 

descrita como uma reação de primeira ordem. No processamento de alimentos, é 

comum caracterizar as reações de primeira ordem em termos de valores de D e z 

(conceitos de tempo de inativação térmica). O tempo de redução decimal (valor D) é 

o tempo necessário para reduzir a atividade da bacteriocina a um décimo do valor 

inicial a uma determinada temperatura.  O valor z é a temperatura necessárias para 

reduzir o valor D em dez vezes, e é obtido pela plotagem dos valores D em uma 

escala logarítmica versus as temperaturas correspondentes (STUMBO, 1973). 
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Diferenças entre os valores de D e z de microrganismos e nutrientes são 

exploradas para otimizar processos térmicos. Os valores z para cozimento e 

degradação dos nutrientes (25-45ºC) são geralmente superiores a inativação 

microbiana (7-12ºC) (AWUAH et al., 2007).   

 

 

 

 

 

 

 

 

 

 

 

 

 

3 RESULTADOS E DISCUSSÃO 

 

Os resultados deste trabalho serão apresentados na forma de artigos publicados, 

aceitos para publicação ou enviados para publicação em revistas científicas. Cada 

subtítulo deste capítulo corresponde a um destes artigos. 

 

 

3.1 Kinetics and thermodynamics of thermal inactivation of the antimicrobial 

peptide cerein 8A 
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• Publicado no Journal of Food Engineering em 05 de setembro de 2009. 

(J Food Eng, 2009, 91, 223-227) 

 

 3.2 Inhibition of Salmonella Enteritidis by cerein 8A , EDTA and sodium lactate 

• Publicado no International Journal of Food Microbiology em 15 de 

novembro de 2009. 

     (International Journal of Food Microbiology, 2009, 135, 312-316) 

 

 

3.3 Extraction of the antimicrobial peptide cerein 8A by aqueous two-phase 

systems and aqueous two-phase micellar systems 

• Será submetido ao Process Biochemistry. 

 

 

 

 

 

De um modo geral, todos os trabalhos visam a caracterização da Cereína 8A. 

Num primeiro momento, a bacteriocina foi caracterizada quanto a sua cinética de 

inativação térmica e parâmetros termodinâmicos. 

 Posteriormente, foi avaliada a atividade antimicrobiana da Cereína 8A em um 

microrganismo Gram-negativo, Salmonella Enteritidis, onde foi verificado, por meio de 

microscopia eletrônica de transmissão, o seu modo de ação. Também foi verificado o 

efeito da adição de quelantes como potencializadores do efeito antimicrobiano. 
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 Finalmente, o último objetivo do trabalho foi desenvolver uma forma mais 

rápida de obter a bacteriocina na sua forma semi purificada, através da utilização de 

sistemas aquosos bifásicos. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.1 Kinetics and thermodynamics of thermal inactivation of the 

antimicrobial peptide cerein 8A 

 

3.1.1 Abstract 

 
Optimization of thermal processes relies on adequate degradation kinetic models to 

warrant food safety and quality. The knowledge on thermal inactivation kinetics of 

bacteriocins is necessary to allow their adequate use as natural biopreservatives in the 
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food industry. In this work, the kinetics of thermal inactivation was studied for the 

previously characterized bacteriocin cerein 8A. Samples of cerein 8A were treated at 

different time-temperature combinations in the range of 0-30 min and 70-82°C and the 

thermodynamic and kinetic parameters for bacteriocin inactivation were calculated. 

Results showed that inactivation followed a first-order reaction with k-values between 

0.059 and 0.235 min-1. D- and k-values decreased and increased, respectively, with 

increasing temperature, indicating a faster bacteriocin inactivation at higher 

temperatures. Results suggest that cerein 8A is a relatively thermostable bacteriocin 

with a z-value of 21.98 °C and Ea of 105.7 kJ mol-1.  

 

 

Keywords: Bacillus cereus; bacteriocin; cerein; antibacterial peptide; inactivation 

kinetics; thermal processing; thermodynamic activation parameters. 
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Nomenclature  

 

Ct Bacteriocin activity at time t (UA) 

C0 Initial Bacteriocin activity (UA) 

D Decimal reduction time (min) 

Ea Activation energy (kJ mol-1) 

∆G* Free energy inactivation (kJ mol-1) 

H Planck constant (J min) 

∆H* Activation enthalpy (kJ mol-1) 

K Inactivation rate constant (min-1) 

KB Boltzmann constant (J K-1) 

R Universal gas constant  

R2 Determination coefficient 

∆S* Activation entropy (J mol-1 K-1) 

T Time (min) 

T1/2 Half-time (min) 

T Temperature (oC , K) 

Z z-value (oC) 
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3.1.2 Introduction 

Bacteriocins are antimicrobial peptides widespread produced by bacteria. 

Bacteriocin production is common among bacteria isolated from diverse environments 

(Riley and Wertz 2002). Those produced by lactic acid bacteria (LAB) have been the 

subject of intensive investigation because of their potential use as biopreservatives in 

the food industry (O'Sullivan et al., 2002; Degan et al., 2006). Several bacteriocins from 

LAB have been effectively characterized and tested in food systems to combat 

pathogenic and spoilage microorganisms. Nisin is the most well characterized 

bacteriocin and its use in food is permitted in more than 40 countries (Cleveland et al., 

2001). 

Despite the intensive work on LAB, Bacillus is another interesting genus to 

investigate for antimicrobial peptides since this genus includes a variety of industrially 

important species and has a history of safe use in food and industry (Pedersen et al., 2002). 

The production of bacteriocins or bacteriocin-like substances has been already described for 

many Bacillus species such as Bacillus subtilis, Bacillus licheniformis and Bacillus cereus, 

among other (von Dörhen 1995; Stein 2005). 

Bacillus cereus 8A is a previously characterized bacterium isolated from native 

woodlands of southern Brazil. This strain produces cerein 8A, a bacteriocin presenting 

broad spectrum of activity and potential use as biopreservative in food (Bizani and 

Brandelli 2002). Cerein 8A showed a bactericidal effect on Listeria monocytogenes and 

B. cereus (Bizani et al., 2005a). High yields of this substance were obtained by 

cultivation in BHI broth (Bizani and Brandelli, 2004) and production was optimized in 

soybean protein reaching similar yields allowing a cost effective production 

(Dominguez et al., 2007). 
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Thermal processing persists as the most widely used method of preserving and 

extending the useful shelf-life of food (Awuah et al., 2007). However, excessive heating 

produces considerable losses in the quality and particularly in the sensory properties of 

foods. Thermal processing techniques emphasize the achievement of commercial 

sterility while minimizing changes in nutritional value and eating quality (Polydera et 

al., 2003). Quality loss involves both subjective factors like taste that cannot be readily 

quantified and quantifiable factors such as nutrient degradation (Awuah et al., 2007). In 

this regard, combined techniques to reduce heat application in foods have gaining 

increased attention. Bacteriocins have been used in hurdle technology, which combines 

different methods to inhibit microbial growth (Cleveland et al. 2001). Nisin has been 

used with moderate heat to inactive important food pathogens (Boziaris et al. 1998; Gao 

and Ju 2008).  

The knowledge on kinetics of thermal inactivation of bacteriocins is important to 

allow their adequate use as biopreservatives in the food industry. Moreover, there is 

scarce information about this subject in the literature. The aim of the present work was 

to investigate the thermal stability of cerein 8A. On this basis, an Arrhenius plot was 

derived and the thermodynamic parameters for thermal inactivation were determined. 

 

3.1.3 Theory 

In general, thermal inactivation of microorganisms or enzymes can be described by a 

first-order reaction (in this work thermal inactivation of cerein 8A): 

 

tk
C

Ct .ln
0

−=







         

 (1)  
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where Ct is the protein concentration (or bacteriocin activity in UA) at treatment time t, 

C0 is the initial protein concentration (or initial bacteriocin activity in UA), and k is the 

inactivation rate constant at the temperature studied.  The inactivation rate constant k 

can be estimated by linear regression analysis of the natural logarithm of residual 

activity versus treatment time. 

 

Inactivation rate constants for bacteriocin gave values for bacteriocin half-life (t1/2): 

 

k
t

)2ln(
2/1 =           

 (2) 

 

In food processing, it is common to characterize first-order reactions in terms of D and z 

values (thermal death time concepts). The decimal reduction time (D value) is the time 

needed for a 10-fold reduction of the initial activity at a given temperature. The relation 

between the D value and the inactivation rate constant is given by (Espachs-Barroso et 

al., 2006): 

 

k
D

)10ln(=           

 (3) 

 

The z value is the temperature needed to reduce de D value one log-unit, and it is 

obtained by plotting the D values on a log scale against the corresponding temperatures 

(Stumbo, 1973). 
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Differences between the D and z-values of microorganisms and nutrients are exploited 

to optimize thermal processes. The z-values for cooking and nutrient degradation (25-45 

oC) are generally greater than microbial inactivation (7-12 oC) (Awuah et al., 2007).  

 

The Arrhenius equation is the most common mathematical expression to describe the 

temperature effect on the inactivation rate constants and the dependence is given by the 

activation energy (Ea): 

 

( )
TR

E
Ak a

.
)ln(ln −=          

 (4) 

 

where A is the Arrhenius constant, Ea the activation energy, R the universal gas 

constant and T is the absolute temperature. The activation energy can be estimated by 

linear regression analysis of the natural logarithm of rate constant versus the reciprocal 

of the absolute temperature. 

Activation enthalpy (∆H*), free energy of inactivation (∆G*) and activation entropy 

(∆S*) can be calculated according to the expressions: 

 

TREH a .* −=∆          

 (5) 
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T

GH
S

**
*

∆−∆=∆          

 (7) 

 

were h and KB are the Planck´s and th Boltzmann´s constants, respectively and T the 

average temperature (350 K in this work).  

 

3.1.4 Materials and methods 

 

3.1.4.1  Reagents and media 

Brain heart infusion (BHI) was from Becton Dickinson (Cockeysville, MD, USA). Agar 

and other reagents were from Merck (Darmstadt, Germany). 

 

3.1.4.2 Bacterial cultures 

The producer strain was Bacillus cereus 8A, isolated and characterized as described 

elsewhere (Bizani and Brandelli 2002). The indicator strain was Bacillus cereus ATCC 

14579 stored in 20% (v/v) glycerol at –20°C. Cells were propagated in BHI broth before 

use. The cultivation of the strains was performed aerobically 

 

3.1.4.3 Bacteriocin production 

For bacteriocin production, B. cereus 8A was grown in 200 ml of BHI broth at 30°C in 

a rotatory shaker at 125 cycles min –1 for 24h. The cells were removed by centrifugation 

at 10,000 x g for 15 min. Bacteriocin activity was concentrated by precipitation with 

ammonium sulfate at 70% (w/v) saturation. The pellet was resuspended in phosphate 

buffered saline (PBS) and extracted with 1-butanol (0.7 vol). After the butanol was 
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evaporated under reduced pressure, partially-purified bacteriocin was stored at 4°C until 

used for antimicrobial assay (Bizani et al., 2005b).  

 

3.1.4.4 Bacteriocin activity assay 

The antimicrobial activity was detected by agar disc diffusion assay (Motta and 

Brandelli 2002). Aliquots of 20µl bacteriocin preparation were applied on agar 

plates previously inoculated with a swab submerged in indicator strain suspension 

(B. cereus ATCC 14579) that corresponded to a 0.5 McFarland turbidity standard 

solution (108 CFU ml-1). Plates were incubated at 37°C. The bacteriocin titre was 

determined by the serial two-fold dilution method. The reciprocal value of the 

highest dilution where an inhibition zone was observed was taken as activity units 

ml-1 (AU ml-1). 

 

3.1.4.5 Thermal inactivation 

Thermal inactivation of cerein 8A was determined by incubating the bacteriocin at 70, 

75, 77, 80 e 82°C. Bacteriocin solutions (1.0 ml) were heated in sealed tubes, which 

were incubated in a thermostatically controlled water bath (B. Braun Biotech, 

Melsungen, Germany). Tubes were withdrawn at each time intervals, immediately 

immersed in an ice bath and bacteriocin activity was determined as describe earlier. The 

activity after 1 min of heating-up time (t = 0) was considered to be the initial activity, 

thereby eliminating the effects of heating-up. Assays were done in duplicate. 
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3.1.4..6 Data analysis 

Statistical analysis of the data was performed using the Statistica 7.0 software (Statsoft 

Inc., Tulsa, OK, USA) and plots using Microsoft Excel 2000 (MapInfo Corporation, 

Troy, NY, USA). 

 

3.1.5 Results and discussion 

We have earlier reported that cerein 8A was inhibitory to a broad range of indicator 

strains, including pathogenic and spoilage organisms such as L. monocytogenes, B. 

cereus and clinical isolates of Streptococcus spp. and was stable for up to 70oC and 

within a wide range of pH (Bizani and Brandelli 2002). In this study, the kinetics of 

thermal inactivation of cerein 8A was evaluated and thermodynamic properties were 

calculated. Bacteriocin was thermally treated for 30 min at temperature ranging from 70 

to 82°C and the residual activity was determined. As expected, bacteriocin activity 

decreased as the heating time increased. Loss of activity was found to follow an 

apparent first order kinetic (Eq. (1)) during thermal treatment as depicted in Fig. 1. In 

this figure, symbols refer to the average of experimental values, while lines correspond 

to the fitted values of Eq. (1) to experimental data. The inactivation rate constants (k) 

were determined from the slope of such semi-log-plots and are giving in Table 1 

(together with the r2 of the correlation). The rate constant increased with the higher 

heating temperatures. 

The logarithm representation of bacteriocin activity against time allows us to 

calculate D-values (Table 1), which decreased with increasing temperature, indicating a 

more rapid bacteriocin inactivation at higher temperatures. It can be observed that D-

values are between 35 and 39 at temperatures between 70 and 75°C and fall to values 

lower than 23 at 77 °C or more. The effect of temperature on D-values is also shown in 
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Fig. 2, and the calculated z-value for the range of temperatures studied (70-82°C) was 

approximately 22°C (Table 1). The z-values for cooking and nutrient degradation (25-

45°C) are generally greater than microbial inactivation (7-12°C) (Awuah et al., 2007). 

In fact, differences between the D and z-values of microorganisms and nutrients are 

exploited to optimize thermal processes and can be exploited also to maintain 

bacteriocin activity after treatment.  D and z-values obtained for cerein 8A indicates that 

it can be utilized in conditions of HTST (high temperatures short times) pasteurization, 

where values of 72°C and 15 s are generally considered. It is necessary to point out that 

thermal inactivation was studied for cerein 8A in buffer solution, and in a food system 

the bacteriocin could be more stable due to the protective effect of food proteins. It was 

recently demonstrated that cerein 8A inhibits L. monocytogenes in dairy products, 

remaining stable for at least 4 weeks in soft cheese (Bizani et al., 2008). The 

bacteriocins nisin and sakacin P quickly adsorb to proteins in the food matrix and their 

activity was stable for more than 4 weeks in heat-treated foods (Aasen et al., 2003). 

Higher bacteriocin stability in heat processed food was credited in part by inactivation 

of endogenous proteases, which may be harmful to antimicrobial peptides. The nature 

of food matrix influences the bacteriocin effectiveness. Nisin inactivation by some meat 

components, such as phospholipids and glutathione S-transferase have been reported 

(Cleveland et al., 2001). 

The dependence of the inactivation rate constants with temperature fitted 

adequately the Arrhenius equation (Fig. 3). Activation energy obtained (105.7 kJ mol-1) 

was similar to that obtained for heat inactivation of soybean trypsin inhibitors, from 103 

to 195 kJ mol-1 depending on the product moisture (van den Hout et al., 1999). 

Comparable values, 102.3 kJ mol-1 and 146 kJ mol-1, were observed for adenosine 
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deaminase (Alrokayan, 2002) and pectinmethylesterase (Vivar-Ver et al., 2007) from 

skeletal muscle and hawthorn, respectively.  

Table 2 also shows thermodynamic values (∆H*, ∆G* and ∆S*) obtained from 

Eq. (5)-(7). Similar data is poorly available for other antimicrobial peptides. The 

unfolding thermodynamics of the circular bacteriocin AS-48 was investigated by 

differential scanning calorimetry (Cobos et al., 2001). Those authors found that the 

specific enthalpy change upon unfolding is unusually small (∆Hm = 230 kJ mol-1), 

whereas the Gibbs energy change at 25oC is relatively high (∆G298 = 32.8 kJ mol-1). 

This was attributed in part by asymmetry of charge distribution in protein surface, one 

of the sides display a cluster of positive charges and the opposite side is mostly 

hydrophobic. Cerein 8A was shown to have similar structural features, presenting 

amphipathic properties (Bizani et al., 2005b). In agreement, pediocin PA-1 is a heat-

stable bacteriocin that exhibit both cationic and hydrophobic properties. This peptide 

undergoes conformational changes during heating from 20 to 80oC, and irreversible 

aggregation is observed at pD 7 and 8, but not at pD 6 (Gaussier et al., 2003). Studies 

on the thermal denaturation of lysozyme showed the standard free energy change (∆Go) 

was 83.7 kJ mol-1 at pH 7, decreasing to 32.2 kJ mol-1 at pH 2 (Timasheff and Xie, 

2003). In addition, the values of standard enthalpy change (∆Ho) at unfolding 

temperature (Tm), as determined by the van’t Hoff equation, were lower at pH 2 than at 

pH 7.  

Bacteriocins may be used in combination with heat to obtain safe food with 

minimal destruction of food components such as flavor, color or nutrients during 

processing. However, adequate kinetic models of thermal destruction are essential to 

design new processes assuming a safe food product and giving a maximum retention of 

quality factors (Lenz and Lund, 1980; van Boekel, 1996). In this concern, the 
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knowledge about kinetics and thermodynamics of heat inactivation of bacteriocins is an 

essential step to achieve this purpose. 

 
3.1.6. Conclusions 

Based on an isothermal experiment in the temperature range of 70 to 82°C, and by using 

Arrhenius and thermal death time models, thermal inactivation of cerein 8A could be 

described by a firs-order kinetc model. D-, z- and k-values calculated by linear 

regression suggest that cerein 8A is a relatively thermostable bacteriocin with a z-value 

of 22°C and Ea of 105.7 kJ mol-1. More studies about kinetics of thermal inactivation of 

bacteriocins are necessary to allow their proper utilization as natural biopreservatives in 

the food industry. 
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3.1.7 RESUMO 

A otimização de processos térmicos baseia-se em modelos cinéticos de degradação 
adequados para garantir a segurança alimentar e a qualidade. O conhecimento sobre 
cinética de inativação térmica de bacteriocinas é necessário para permitir a sua 
utilização adequada como bioconservante natural na indústria de alimentos. Neste 
trabalho, foi estudada a cinética de inativação térmica para cereína 8A, uma bacteriocina 
previamente caracterizada. Amostras de cereína 8A foram tratadas em combinações de 
tempo–temperatura diferentes no intervalo de 0–30min e 70–82ºC e os parâmetros 
termodinâmicos e cinéticos para inativação da bacteriocina foram calculados. Os 
resultados revelaram que a inativação seguiu uma reação de primeira ordem com 
valores de k entre 0.059min-1 e 0.235min-1. Os valores de D e k diminuíram e 
aumentaram, respectivamente, com aumento da temperatura, indicando uma rápida 
inativação da bacteriocina a temperaturas mais elevadas. Os resultados sugerem que a 
cereína 8A é uma bacteriocina relativamente termoestável com um valor de z de 
21.98ºC e Ea de 105.7 kJ mol-1. 
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Legends to Figures 

 

Fig. 1. Thermal inactivation kinetic of cerein 8A at 70 (◊), 75 (□), 77 (∆),80 (o), 82 (x) 

ºC. Values are the means of three independent experiments. The standard deviations 

were always lower than 5%. 

 

Fig. 2. Variation of the decimal reduction time (D) with temperature for cerein 8A. The 

regression equation was determined as y = -0.0454x + 4.842 (r2 = 0.7698). 

 

Fig. 3. Arrhenius plot of  inactivation rates of cerein 8A. The regression equation was 

determined as y = -12717x + 34.04 (r2 = 0.7782). 
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Table 1. Kinetics parameters of thermal inactivation of cerein 8A. 

Temperature (ºC) k (min-1) r2 t1/2 (min) D (min) z (°C) 

70  0.059 ± 0.009a 0.9027 11.75 39.04 

75  0.064 ± 0.006 0.9622 10.80 35.87 

77  0.103 ± 0.015 0.9084 6.74 22.40 

80  0.108 ± 0.008 0.9744 6.40 21.27 

82  0.235 ± 0.036 0.8973 2.94 9.78 

21.98 

 a Standard error of regression (95% confidence interval) 

 

 

Table 2. Thermodynamic parameter values of thermal inactivation of cerein 8A 

activity. 

∆E (kJ mol-1) ∆H* (kJ mol -1) ∆G* (kJ mol -1) ∆S* (J mol-1 K -1) 

105.7  102.8 104.7 -5.39 
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 3.2 Inhibition of Salmonella Enteritidis by cerein 8A and chelating agents 

 

3.2.1 ABSTRACT 

The ability of the bacteriocin cerein 8A to inhibit Salmonella Enteritidis in combination 

with EDTA and sodium lactate was investigated. Salm. Enteritidis was incubated with 

combinations of cerein 8A (3200 AU/mL) and EDTA (20, 50, 100 mmol/L) or sodium 

lactate (200 mmol/L). All treatments caused a significant reduction in the OD600 values 

of Salm. Enteritidis cultures. The addition of cerein 8A plus EDTA resulted in higher 

inhibition in comparison with the bacteriocin alone; the greater the concentration of 

EDTA, the greater the inhibitory effect. The combination of cerein 8A plus 100 mmol/L 

EDTA results a more efficient treatment to reduce the number of viable cells of Salm. 

Enteritidis. The combination of cerein 8A plus sodium lactate also showed significant 

inhibition of the indicator organism. Transmission electron microscopy showed 

damaged cell walls and loss of protoplasmic material in treated cells. The cells of Salm. 

Enteritidis treated with cerein 8A plus EDTA appeared more injured. The bacteriocin 

cerein 8A may be useful to inhibit Gram-negative bacteria, with enhanced effect in 

combination with chelating agents. Control of Salm. Enteritidis, a Gram-negative 

bacterium constantly linked to food outbreaks, addresses an important aspect of food 

safety. 

 

Key words: antimicrobial peptide; bacteriocin; Bacillus cereus; Salmonella Enteritidis; 

transmission electron microscopy. 
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3.2.2 INTRODUCTION 

Bacteriocins are antimicrobial peptides widespread produced by bacteria. Those 

produced by lactic acid bacteria (LAB) have been the subject of intensive investigation 

because of their potential use as biopreservatives in the food industry (O’Sullivan et al., 

2002). These compounds have been effectively characterized and tested in food systems 

to combat pathogenic and spoilage microorganisms. Several bacteriocins from LAB 

have been studied as natural additives in the food industry and as antimicrobials in 

pharmaceutical purposes (Bower et al., 2001; Papagianni and Anastasiadou, 2009). 

Nisin is the most well characterized bacteriocin and its use in food is permitted in more 

than 40 countries (Cleveland et al., 2001; Galvéz et al., 2007). Many studies have 

demonstrated that the bacteriocins pediocin and nisin can reduce or inhibit Listeria 

monocytogenes in dairy products, particularly in pasteurized cheeses (Deegan et al., 

2006; Sobrino-López and Martín-Belloso, 2008). 

Despite the intensive work on LAB, Bacillus is another interesting genus to 

investigate for antimicrobial peptides since this genus includes a variety of industrially 

important species and has a history of safe use in food and industry (Pedersem et al., 

2002). The production of bacteriocins or bacteriocin-like substances (BLS) has been 

already described for many Bacillus species such as Bacillus subtilis, Bacillus 

licheniformis and Bacillus cereus, among other (von Döhren, 1995; Stein, 2005). 

B. cereus 8A was isolated from soils of native woodlands of Southern Brazil. 

This strain produces a baceriocin, cerein 8A, which inhibits several pathogenic and 

foodspoilage microorganisms (Bizani and Brandelli, 2002). This substance has a 

bactericidal effect on Listeria monocytogenes and B. cereus, apparently by disturbing 

the membrane function of target organisms (Bizani et al., 2005). Preliminary studies 

suggested that cerein 8A could inhibit Salmonella as well (Bizani et al., 2005). 
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The efficacy of many antimicrobial peptides to inactivate Gram-positive 

pathogens and spoilage organisms such as L. monocytogenes and Clostridia is well 

established (Cleveland et al., 2001; O´Sullivan et al., 2002). However, Gram-negative 

spoilage and pathogenic bacteria are especially problematic in food protection due to 

their inherent resistance to some antimicrobials that are applicable or present in foods 

(Helander et al., 1997). The architecture of the outer membrane (OM) of Gram-negative 

microorganisms prevents the penetration of many bacteriocins to their target, the 

cytoplasmic membrane, and therefore confers a high degree of resistance (Stevens et al., 

1991; Schved et al., 1994). Chelating agents such as EDTA as well as the application of 

sublethal stress such as heating or freezing were shown to disrupt the permeability 

barrier of the OM leading to an increased sensitivity of Salmonella enterica and 

Escherichia coli towards nisin (Stevens et al., 1991; Kalchayanand et al., 1992). 

Human salmonellosis occurs mainly due to consumption of food and water 

contaminated with Salmonella spp. Several foods have been associated with this 

infection. However, in recent years an increase of human salmonellosis due to the 

serotype Enteritidis was observed throughout the world, mainly related to chicken eggs 

and derivatives (Geimba et al., 2004). Although the combination of nisin with chelating 

agents to combat Salmonella has been investigated, studies with other antimicrobial 

peptides are scarce (Galvéz et al., 2007). The aim of this work was to investigate the 

effect of the bacteriocin cerein 8A in combination with EDTA and sodium lactate 

against Salm. enterica serotype Enteritidis, a Gram-negative bacterium constantly 

linked to food outbreaks. 
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3.2.3 MATERIALS AND METHODS 

3.2.3.1 Bacterial strains 

The producer strain was B. cereus 8A, isolated and characterized as described by 

Bizani and Brandelli (2002). The indicator strains Bacillus cereus ATCC 14579 and 

Salmonella Enteritidis ATCC 13076 were stored in 20% glycerol at –21°C, and 

propagated twice in BHI broth (Becton & Dickinson, Cockeysville, MD, USA) before 

use. 

 

3.2.3.2 Bacteriocin preparation and activity 

B. cereus 8A was grown in BHI broth at 30°C in a shaker at 125 cycles min-1 for 32 

h. The culture was centrifuged at 10,000 ×g for 15 min. The bacteriocin was purified 

from crude supernatant as described previously (Bizani et al. 2005). Briefly, 

ammonium sulfate was added to reach 70% saturation. The resulting pellet was 

resuspended in phosphate buffered saline (PBS; 5 mmol l-1 sodium phosphate, 150 

mmol l-1 NaCl, pH 7.4) and extracted with 1-butanol (0.7 vol.). After butanol 

evaporation, the bacteriocin was stored at 4°C until its use for antimicrobial assays. 

The antimicrobial activity of the bacteriocin was assessed by agar disc diffusion 

assay. Aliquots (20 µl) of the bacteriocin preparation were applied onto 6-mm 

cellulose discs on agar plates previously inoculated with a 0.5 McFarland suspension 

of the indicator strain. Inhibition zones were measured after incubation at 37°C for 

24h. The bacteriocin titer was calculated by the serial dilution method (Motta and 

Brandelli, 2002). 
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3.2.3.3 Chelators 

The chelators used were disodium EDTA (Riedel, Hannover, Germany) and 

sodium lactate (Sigma, St. Louis, MO, USA). Stock solutions (1 mol l-1) were 

prepared by dissolving the chelator in deionized water and were sterilized by 

autoclaving. 

 

3.2.3.4 Growth determination 

Viable cell counts, expressed as colony-forming units (cfu ml-1), were 

determined as described previously (Motta and Brandelli, 2002). Bacterial 

suspensions were diluted to 10–6 in 8.75 g NaCl l-1; the samples were homogenized 

and then loaded (20 µl) in triplicate onto nutrient agar (Becton Dickinson) plates. The 

plates were incubated at 37°C for 24 h, and 30–100 colonies were counted. In parallel, 

the optical density of the cultures at 600nm (OD600) was measured. 

 

3.2.3.5 Effect of cerein 8A and chelators against the Salmonella Enteritidis  

An overnight culture of S. Enteritidis was obtained by growing the respective 

bacteria in BHI medium at 37°C. Then, 1.0 ml was transferred to 250 ml Erlenmeyer 

flask containing 99 ml of medium and incubated in a shaker at 125 cycles min-1 for 24 

h at 37ºC. Growth was monitored by viable cell counts (cfu ml-1) to 106 CFU ml-1. 

Aliquots of 1ml were centrifuged at 10,000×g for 10 min. Then the pellet obtained 

before used in antimicrobial assay. The pellets obtained were treated with bacteriocin 

alone in concentration of 3200 activity units (AU ml-1), with EDTA alone in 

concentrations of 20, 50 and 100 mmol l-1 and with sodium lactate 200 mmol l-1. To 

evaluate the synergistic effect of chelating in the action of bacteriocin, was added 

bacteriocin in combination with the three concentrations of EDTA (20, 50 and 100 
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mmol l-1) and with sodium lactate 200 mmol l-1. Cells treated with peptone medium 

served as controls. All treatments were incubated for 90 min at 37ºC and were carried 

out in triplicate. Effects of cerein 8A on Salmonella Enteritidis were evaluated by 

turbidity (OD600), the number of viable cells after the incubation period. Synergic 

effect (SE) was defined by the following equation: 

SE = (log reductionactivity of mixture) / (Σ individual activities) 

 

3.2.3.6 Transmission electron microscopy 

Samples were taken from all treatments and control after the incubation period. 

Cells were harvested by centrifugation and washed twice with 0.1 mol l-1 phosphate 

buffer (pH 7.3). The cells were fixed with 2.5% (v/v) glutaraldehyde, 2.0% (v/v) 

formaldehyde in 0.12 mol l-1 phosphate buffer for 10 days and then postfixed in 2% 

(w/v) osmium tetroxide in the same buffer for 45 min. The samples were dehydrated 

in a graded acetone series (30–100%) and embedding in Araldite-Durcupan for 72 h at 

60°C. Thin sections (microtome UPC-20, Leica) were mounted on grids, covered with 

collodion film, and poststained with 2% uranyl acetate in Reynold’s lead citrate. All 

preparations were observed with a JEOL JEM 1200ExII electron microscope (JEOL, 

Tokyo, Japan) operating at 120 kV. 

 
 
 

3.2.4 RESULTS 

 
Cerein 8A preparation showed inhibitory zones as predicted against the indicator 

strain B. cereus ATCC 14579, with an activity of 6400 AU/mL. The inhibition of Salm. 

Enteritidis by the action of cerein 8A, EDTA and sodium lactate was first monitored by 

measurement of the optical density at 600 nm after the incubation period of 90 min (Fig. 
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1). The results indicated that all treatments tested, namely EDTA, sodium lactate and 

cerein 8A, alone and in combination, caused a significant reduction in the OD600 values 

of Salm. Enteritidis cultures. When a cell suspension of Salm. Enteritidis was treated 

with 3200 AU/mL cerein 8A the OD600 values were much lower than those of the 

controls without bacteriocin. The addition of bacteriocin plus all concentrations tested 

of EDTA or sodium lactate resulted in greater inhibition than obtained with the 

bacteriocin alone. The efficiency in reducing OD600 of cell suspensions of Salm. 

Enteritidis by the action of bacteriocin has increased as the concentration of EDTA 

increased. The treatment with cerein 8A plus 100 mmol/L EDTA proved to be more 

effective. The combination of cerein 8A plus sodium lactate also showed significant 

inhibition of the indicator organism (Fig. 1).  

The effect of cerein 8A and combinations with EDTA and lactate on the survival 

of Salm. Enteritidis was also observed by measurement of viable cell counts. All 

treatments caused a decrease in the number of viable cells (Fig. 2). When a cell 

suspension of Salm. Enteritidis was treated with cerein 8A the viable counts were lower 

than those of the controls without bacteriocin. The addition of bacteriocin plus EDTA 

resulted in higher inhibition in comparison with the bacteriocin alone; the greater the 

concentration of EDTA, the greater the inhibitory effect. Although a similar trend was 

observed, these reductions were not always correlated with those observed for OD 

measurements, indicating that different inhibitory mechanisms or different proportions 

of injured cells might be involved among the treatments. The log reductions in viable 

cells and the synergistic effect (SE) of cerein 8A plus chemicals were calculated (Table 

1). The combination of cerein 8A plus 100 mmol/L EDTA results a more efficient 

treatment to reduce the number of viable cells of Salm. Enteritidis (Table 1). Reductions 

of more than 2 log cycles in viable counts were observed in all treatments consisting of 
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bacteriocin plus chemical. Higher SE was observed for cerein 8A plus 100 mmol/L 

EDTA (Table 1).  

Salmonella Enteritidis harvested from a 106 CFU/mL culture were incubated for 

90 min with cerein 8A and chemicals. After incubation, the microorganisms were 

separated and prepared for transmission electron microscopy. The results can be 

visualized in Fig. 3. Control cells showed integrity and absence of detectable injury. 

The treated cells showed vesiculization of the protoplasm, pore formation, and in some 

cases, complete disintegration of the cells. The cells of Salm. Enteritidis treated with 

cerein 8A alone showed small pores and the treatment does not affect the majority of 

cells. When the chelating agent EDTA was added the cells appeared more damaged. 

The injuries in cell wall become more marked with the combination of EDTA plus 

cerein 8A, including noticeable discharge of intracellular material, as shown for 

treatments with 50 and 100 mmol l/L EDTA plus cerein 8A. Combination of cerein 8A 

with sodium lactate caused similar injury in Salm. Enteritidis cells (Fig. 3). 

 

3.2.5 DISCUSSION 

Cerein 8A, an antimicrobial peptide produced by B. cereus 8A showed 

inhibitory activity against pathogenic and spoilage Gram-positive bacteria (Bizani and 

Brandelli, 2002). The results of this work indicate that this substance is also inhibitory 

against Salm. Enteritidis. This effect was clearly improved with the addition of EDTA 

and sodium lactate. EDTA alone, in all concentrations, reduced the number of viable 

cells of Salm. Enteritidis and their effect on increased permeability of the cells could be 

observed, where the increased concentration of EDTA reflected in increased damage to 

the cells. Chelating agents are compounds capable to destabilize the structure and alter 

the permeability of the OM (Vaara, 1992). Substances like EDTA, which bind 
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magnesium ions in the lipopolysaccharides (LPS) layer, and membrane-disrupting 

agents such as trisodium phosphate, have been shown to be effective against Salmonella 

spp. (Shefet et al., 1995) and Campylobacter spp. (Slavik et al., 1994) in both poultry 

products and pure culture (Somers et al., 1994). 

The transmission electronic microscopy showed pores on the cell envelope of 

Salm. Enteritidis caused by cerein 8A, which justified the reduction in the number of 

viable cells. The improved effect of EDTA on the activity of cerein 8A could be verified 

by the noticeable reduction in the number of viable cells and supported by transmission 

electron microscopy, where the effects of this synergism resulted in remarkable pore 

formation, loss of intracellular contents and in some cases, destruction of the cells. In 

this case, extensive cell damage is most likely due to weakening of the OM following 

sequestration of magnesium ions by the chelating agents (Montville and Bruno, 1994). 

Electron microscopy studies on E. coli O157:H7 and Salm. typhimurium treated with 

the bacteriocins nisin and pediocin AcH following pressurization showed extensive 

changes on the cell surface topography and morphology, indicating damage to the cell 

envelope (outer- and innermembranes). Similar changes were observed for both 

bacteriocins (Kalchayanand et al., 2004).  

The combined effect of bacteriocins with chelating agents has been investigated 

on basis of the hurdle concept (Cleveland et al., 2001). Combinations of nisin with 

chelators or physical disruption of the cells have been successfully applied to kill E. coli 

(Kalchayanand et al., 1992; Shefet et al., 1995). The bacteriocins nisin and lactocin 

705/AL705 inhibited E. coli in combination with 500 and 1000 mmol l-1 EDTA and 800 

mmol l-1 sodium lactate (Belfiore et al., 2007). These elevated concentrations may be 

necessary if the bacteriocin source contains high levels of Ca2+, Mg2+ and Mn2+ ions 

coming from the culture medium (e.g. supernatant concentrates). High concentrations of 
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chelators may be also necessary to remove exogenous divalent cations associated with 

food systems and still be effective enough to destabilize the OM of Gram-negative 

bacteria present. 

The combined effect of chelators on Gram-negative bacteria is mostly associated 

with LAB bacteriocins, and reports on other antimicrobial peptides are scarce (Motta et 

al., 2008). Cerein 8A was effective with relatively lower dose of EDTA or sodium 

lactate, possibly because it had an inhibitory effect on Salmonella by itself, contrarily to 

that observed with nisin and other LAB bacteriocins (Belfiore et al., 2007; Galvéz et al., 

2007). 

The mechanisms of action of peptide antibiotics are diverse, but the bacterial 

membrane is the target for most bacteriocins (Cleveland et al., 2001). Cerein 8A caused 

a significant growth inhibition of Salm. Enteritidis, suggesting a bactericidal mode of 

action. The simultaneous decrease in the OD also indicates the cells were lysed. 

Similarly, the bacteriolytic effect of the bacteriocin linenscin OC2 on Listeria innocua 

was observed by noteworthy decrease in OD readings (Boucabeille et al., 1997). 

Transmission electron microscopy showed damaged cell walls and loss of protoplasmic 

material. These results suggest that the mode of action of cerein 8A is to interfere with 

cell membranes. The mechanism of interaction of antimicrobial peptides with Gram 

negative bacteria has been proposed. The initial association with the bacterial membrane 

occurs through electrostatic interaction with the LPS in the outer membrane leading to 

membrane perturbation. The cationic peptides displace Mg2+ and Ca2+ cations from the 

negatively charged LPS leading to a local disturbance in the outer membrane. This 

facilitates the formation of destabilized areas through which the peptide translocates the 

outer membrane in a process termed self-promoted uptake (Powers and Hancock, 2003).  
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Our results corroborate that the inhibitory activity of cerein 8A on Gram-

negative bacteria can be enhanced when the OM is altered by chemical treatment with 

chelating agents. The treatment with EDTA in combination with cerein 8A result the 

most effective strategy against Salm. Enteritidis and may be valuable in controlling this 

bacterium in food. 
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3.2.6 RESUMO 

A capacidade dos quelantes EDTA e lactato de sódio em diferentes concentrações e da 
cereína 8A (3200 UA/ml-1) produzido por uma linhagem de B. cereus 8A isolado de 
solo em inibir e inativar a Salmonella Enteritidis foram analisadas neste trabalho. Os 
resultados indicaram que todos os tratamentos testados, EDTA, lactato de sódio e 
cereína 8A, sozinhos e em combinação, causaram uma redução significativa nos 
valores de OD600 em cultiras de S. Enteritidis. Quando uma suspensão de células de S. 
Enteritidis foi tratada com cereína 8A 3200 AU ml-1 a contagem de células viáveis e 
os valores OD600 foram inferiores aos do controle sem bacteriocina. A adição de 
bacteriocina acrescida de EDTA resultou em inibição mais elevada em comparação 
com o bacteriocina sozinha; a maior concentração de EDTA resultou no maior efeito 
inibitório. A combinação de cerein 8A acrescido EDTA 100 mol l-1 resultou em um 
tratamento mais eficaz para reduzir o número de células viáveis de S. enteritidis. A 
microscopia de eletrônica de transmissão revelou paredes de células danificadas e 
perda de materiais protoplasmáticos nas células tratadas. As células de S. enteritidis 
tratadas com 8A cereína sozinha mostraram pequenos poros e o tratamento não afetou 
a maioria das células. Quando o agente quelante EDTA foi adicionado, as células 
mostraram-se mais danificadas. As lesões na parede celular tornaram-se mais intensas 
com a combinação de cereína 8A acrescida de EDTA, inclusive demonstrando uma 
notável perda do material intracelular, como observado nos resultados dos tratamentos 
com EDTA 50 e 100 mmol l-1 mais cereína 8A. Estes resultados sugerem que o modo 
de ação da cereína 8A é a interferência com membranas celulares e a parede celular. 
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FIGURE LEGENDS 

 

Fig. 1. Inhibition of  Salmonella Enteritidis by cerein 8A and chelators.  Cells were 

incubated with 3200 AU ml-1 cerein 8A (Ce), EDTA (20, 50 and 100 mmol l-1), and 

sodium lactate (200 mmol l-1) alone or in combination. Optical density was monitored 

in control and treated cells was monitored after 90 min. Bars are the mean ± SEM of 

three independent experiments.  

 

Fig. 2. Effect of cerein 8A and chelators on viability of Salmonella Enteritidis.  Cells 

were incubated with 3200 AU ml-1 cerein 8A (Ce), EDTA (20, 50 and 100 mmol l-1), 

and sodium lactate (200 mmol l-1) alone or in combination. Viable cell counts were 

determined after incubation. Bars are the mean ± SEM of three independent 

experiments. 

 

Fig. 3. Transmission electron microscopy of cells of Salmonella Enteritidis after 

treatments: (A) Control, (B) cerein 8A, (C) 50 mmol l-1 EDTA, (D) 100 mol l-1 

EDTA, (E) cerein 8A plus 20 mmol l-1 EDTA, (F) cerein 8A plus 50 mol l-1 EDTA, 

(G) cerein 8A plus EDTA 100mM, (H) cerein 8A plus 200 mmol l-1 sodium lactate. 
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Lappe et al., Fig. 3 

 

Table 1. Reduction of viable counts of Salmonella Enteritidis by cerein 8A in 

combination with EDTA and sodium lactate. 

 Log10 reduction   

Chelating agent Alone Plus cerein 8A Synergic effect 

None 0 1.38 - 

EDTA (20)a 1.77 2.69 0.85 

EDTA (50) 2.27 3.26 0.89 

EDTA (100) 2.47 4.22 1.10 

Lactate (200) 1.85 2.96 0.92 

a concentration expressed as mmol l-1; cerein 8A was used at 3200 AU ml-1. 
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3.3 Extraction of the antimicrobial peptide cerein 8A by aqueous two-phase 

systems and aqueous two-phase micellar systems 

 

3.3.1 Abstract 

Cerein 8A is an antimicrobial peptide with potential application against food spoilage 

and pathogenic bacteria. A cost-effective protocol to purify this bacteriocin, resulting in 

the removal of impurities and contaminants is necessary. This work investigated the 

partitioning of cerein 8A in two liquid–liquid extraction systems that are considered 

promising for bioseparation and purification purposes. In aqueous two phase micellar 

systems Triton X-114 was chosen as the phase-forming surfactant. Aqueous two-phase 

systems (ATPS) were prepared with PEG and inorganic salts and the addition of sodium 

chloride was investigated in this system. Results indicated that cerein 8A partitions 

preferentially to the micelle rich-phase in a 4% Triton X-114 medium and its 

antimicrobial activity was preserved. In aqueous two-phase systems, the best results 

concerning to the partition coefficients (Kb) were obtained with PEG + ammonium 

sulphate. The value of Kb increase significantly to this system when sodium chloride 

was added and the best recovery yield was obtained when compared with micellar 

systems. The conventional purification resulted a higher purification fold, but with 

decreased recovery. The successful implementation of this peptide partitioning, from a 

suspension containing other compounds, represents an important step towards 

developing a separation method for cerein 8A, and more generally, for other 

biomolecules of interest.  

 

Keywords:  Cerein 8A; aqueous two-phase micellar system; aqueous two-phase 

system; protein purification; antimicrobial activity 
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3.3.2 Introduction 

Bacteriocins are antibacterial proteins or peptides that inhibit bacterial growth. 

Many bacterial species produce peptide antibiotics, called bacteriocins, which often 

have an antimicrobial effect on closely related organisms [1-3]. These compounds have 

been extensively studied because of their potential applications in the food industry as 

natural biopreservatives and in pharmaceuticals as antimicrobials [4,5]. Bacteriocins 

produced by lactic-acid bacteria have been the focus of many investigations because of 

their particular importance in the dairy industry [6].  

Several bacteriocins or bacteriocin-like molecules have been described for 

Bacillus spp., including coagulin [7], cerein 7 [8], subtilosin [9], and thuricin 7 [10], and 

some of them have a broad spectrum of antibacterial activity. Bacillus cereus 8A, 

isolated from soils of native woodlands of southern Brazil, has antagonistic action 

against several pathogenic and food-spoilage microorganisms, such as Listeria 

monocytogenes, Bacillus cereus, pathogenic bacterium involved in bovine mastitis [11], 

and against Salmonella Enteritidis.   

Different strategies for bacteriocins purification from complex broths have been 

investigated, exploiting specific characteristics of the target biomolecule. Laboratory 

scale purification for cerein 8A includes a sequential precipitation, extraction and ion-

exchange chromatography [12]. 

These conventional multi-step methods requires expensive equipments at each 

step, making them laborious, time consuming, with low reproducibility and may result 

in significant loss of the desired product [13, 14]. 

In the search for alternative methods, liquid–liquid extraction applications have 

been used in different areas such as target protein extraction from unclarified 

microorganism culture [15, 16], large scale separation of proteins [17], among other 
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[18-23]. Further more, a large number of articles have been published covering a wide 

range of applications of aqueous liquid/liquid two-phase extraction, including the 

separation of macromolecules, cell organelles and viruses [24, 25]. 

Various liquid–liquid extraction methods that use different types of aqueous 

two-phase complex-fluid systems have been proposed to address a wide variety of 

separation needs in the chemical, biotechnological, and environmental fields. In general, 

these methods offer versatility, scalability, cost effectiveness, and environmental 

friendliness as compared to the conventional methods. In the biotechnology field, it has 

been suggested that extractions in two-phase aqueous complex-fluid systems can be 

used instead of, or complementary to more typical chromatographic operations, to 

reduce the cost of the downstream processing of many biological products [18, 26]. 

Aqueous liquid/liquid two-phase extraction has been developed since the mid 

1950s as a mild separation method of wide applicability within biochemistry, cell 

biology and biotechnology. Aqueous two-phase systems (ATPS) are formed when two 

incompatible polymers or one polymer and an inorganic salt are mixed in water above 

certain critical concentrations. The most common systems are poly (ethylene glycol) 

(PEG)/dextran and PEG/salt systems. The phases are characterized by high water 

content (80/90%) and low interfacial tension. Compared with other commonly used 

separation and purification techniques, partitioning in aqueous two-phase systems have 

a number of advantages, such as an easy scale-up and the ability to handle particulate 

materials and process streams continuously [24, 27].  

In particular, aqueous two-phase micellar systems, formed by some surfactants 

at certain conditions, have been proposed as an attractive option, to be used in 

bioseparations [28]. The difference between the physicochemical environments in the 

micelle-rich phase and in the micelle-poor phase forms the basis of an effective 
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separation and makes aqueous two-phase micellar systems a convenient and potentially 

useful method for the separation, purification, and concentration of biomaterials [29]. 

An aqueous solution of the nonionic surfactant octylphenol ethoxylate (Triton X-114), 

for example, undergoes macroscopic phase separation in temperature above its “cloud-

point”, resulting in a bottom, micelle-rich phase and a top, micelle-poor phase. 

 In the present work, we report the partitioning of cerein 8A in ATPS composed 

by PEG and different salts and the influence of the addition of sodium chloride. It was 

also investigated the partitioning behavior of the biomolecule cerein 8A in simple 

aqueous two-phase micellar system formed only by the nonionic surfactant, Triton X-

114. 

 

3.3.3 Materials and methods 

 

3.3.3.1 Bacteria 

The producer strain B. cereus 8A, isolated from soil of native woodlands of south of 

Brazil, was characterized elsewhere [11]. Indicator strain was B. cereus ATCC 14579. 

The bacteria were kept frozen at -21ºC in BHI broth (Merck, Darmstadt, Germany) 

containing 20% (v/v) glycerol and propagated twice in BHI broth before using. 

 

 3.3.3.2 Bacteriocin preparation and protein assay 

B. cereus 8A was grown in 150 mL BHI broth at 30°C in a shaker at 125 cycles/min for 

28 h. Cells were harvested by centrifugation at 10,000 ×g for 15 min. and the culture 

supernatant was filtered through a 0.22-µm membrane (Millipore, Bedford, MA). The 

supernatant containing cerein 8A was used in the experiments of partition. Protein 

concentration was determined according to Bradford (1976) [30]. 
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3.3.3.3 Detection of antimicrobial activity 

The antimicrobial activity of the supernatant was assessed by agar disc diffusion assay. 

Aliquots (20 µl) of the bacteriocin preparation were applied onto 6-mm cellulose discs 

on agar plates previously inoculated with a 0.5 McFarland suspension of the indicator 

strain. Inhibition zones were measured after incubation at 37°C for 24h. The 

bacteriocin titer was calculated by the serial dilution method [31]. 

 

3.3.3.4 Purification protocol 

Bacillus cereus 8A was cultivated aerobically in 500 ml Erlenmeyer flasks containing 

150 ml of BHI broth at 30ºC, 125 cycles min-1 for 28 h. Cells were harvested by 

centrifugation at 10 000 g for 15 min at 4ºC, and the resulting supernatant was filtered 

through 0.22 µm membranes (Millipore, Bedford, MA, USA). The filtrate was 

submitted to precipitation with ammonium sulfate to 65% saturation. The resulting 

pellet was resuspended in 10 ml phosphate buffered saline (PBS) and then extracted 

twice with 6 ml of 1-butanol. The organic phases were combined and evaporated under 

reduced pressure. The resulting powder was resuspended in 10 mmol l-1 phosphate pH 

7.2 and applied to a Q-Sepharose column (Pharmacia Biotech, Uppsala, Sweden), eluted 

with a gradient from 0 to 1.5 mol l-1 NaCl in same buffer. Fractions were monitored at 

280 nm using an EM-1 EconoUV monitor (Bio-Rad Laboratories, Hercules, CA, USA) 

and antimicrobial activity was determined as described above. The fractions with 

greater activity were poolled freeze dried, resuspended in 1 ml phosphate buffered 

saline (PBS) and applied to a Bio-Gel P6-DG column, equilibrated with PBS. Fractions 

were collected and evaluated for protein concentration (A280) and antimicrobial 

activity. 
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3.3.3.5 Aqueous two-phase system preparation 

Aqueous two-phase systems were prepared from stock solutions of PEG (50% w/v) and 

potassium phosphate, sodium sulfate, ammonium sulfate and sodium citrate solutions 

(50% w/v). The compounds were mixed to form 8 ml of a system having a final 

concentration of 25%, pH 7,0.  

 

3.3.3.6 Partitioning by ATPS 

Two ml of B. cereus 8A culture supernatant was mixed into the ATPS, using a Vortex 

for 30s to form a system having a final concentration of 20% of PEG and salts and total 

system volume at 10 ml. All systems were prepared in graduated centrifuges tubes. 

Phase separation was achieved by centrifugation for 10 min at 3,000 g and maintenance 

of systems in the refrigerator at 4ºC for 3 h. After this, the two phases become clear and 

transparent and the interface was well defined. A known volume of each phase was 

carefully collected and the activity was determined. The partition coefficient of the 

cerein 8A was defined as the protein concentration (Kp) or bacteriocin activity (Kb) in 

the upper phase divided by the correspondent value in the bottom phase, as shown in 

Eqs. (1) and (2): 

Kp = CT/CB                 (1) 

Kb = AT/AB                 (2) 

where CT and CB are the total protein concentration in mg/ml of the upper and bottom 

phases, respectively, and AT and AB are the bacteriocin activity in the upper and bottom 

phases, respectively. 
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3.3.3.7 Partitioning of cerein 8A in Triton X-114 aqueous two phase micellar 

systems 

Triton X-114 surfactant at a final concentration of 2%, 4% and 6% was mixed with 

supernatant to a total system volume at 10 ml. The resulting solutions were well mixed 

for manual inversion. Subsequently, the solutions were placed in a thermo-regulated 

device, previously set at a temperature of 28ºC. Solutions were maintained at that 

temperature for at least 2 h to attain partitioning equilibrium. After partitioning 

equilibrium was attained, the two coexisting micellar phases formed were collected 

separately with great care and bacteriocin activity in each micellar phase was 

determined as described above. The partitioning behavior was quantified in terms of 

partition coefficient, defined as: 

Kcer = Cα/Cβ                 (3) 

where Cα and Cβ are the bacteriocin activity in the micelle-rich (α) and in the micelle 

poor (β) phases, respectively (Jozala et al., 2008). 

 

3.3.3.8 Determination of Triton X-114 influence in cerein 8A activity 

Different Triton X-114 concentrations (2, 4 and 6%), with and without cerein 8A (3200 

AU ml-1), were tested against B. cereus in the agar diffusion assay, aiming to evaluate 

surfactant influence in cerein activity.   
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3.3.4 Results 

3.3.4.1 Purification of cerein 8A 

The antimicrobial substance produced by B. cereus 8A was purified from the culture 

supernatant. The purification steps and the recovery values of the peptide are given in 

Table 1. The final specific activity of the purified cerein 8A was increased 

approximately 13-fold compared with that in the culture supernatant and the recovery 

was 1.1%. 

 

3.3.4.2 Partitioning by ATPS 

The influence of different salts in combination with PEG was initially tested to evaluate 

the recovery of cerein 8A. Maximum yield values were obtained with the system 

containing ammonium sulfate (Table 2). The other salts showed very low recovery of 

this antimicrobial activity. The values of the partition coefficients as a function of the 

salts and the effect of ionic strength on the partitioning of cerein 8A by ATPS was 

tested by adding NaCl at 0.1 and 1 mol l-1 are shown in Fig. 1. The highest value for 

cerein 8A partition coefficient was obtained in system containing ammonium sulfate at 

pH 7, the proteins partitioning preferentially to the top phase (K > 1). Sodium citrate 

showed partitioning coefficient larger than 1, but much lower when compared to the 

system with ammonium sulfate. The other salts showed values of Kp very close to 1 and 

Kb values equal to zero according to the loss of activity of bacteriocin in one of the 

phases (data not show). To obtain a more complete characterization of protein partition, 

the effect of the addition of sodium chloride to the system at two concentrations (0.1 

and 1 mol l-1) has been measured. Sodium chloride addition in the system containing 

(NH4)2SO4 increased the partition coefficient (Kb) and the highest value of Kb was 
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obtained with 1 mol l-1 NaCl. The addition of 0.1 mol l-1 NaCl decreases the bacteriocin 

partition coefficients. 

3.3.4.3 Partitioning by two-phase micellar system 

Partitioning experiments with cerein 8A were also carried out using an aqueous two-

phase micellar system with Triton X-114. Before partitioning experiments, the influence 

of the surfactant Triton X-114 on the indicator organism (B. cereus ATCC 14579) and 

on cerein 8A activity was determined. The presence of Triton X-114 increased up to 2-

fold the cerein 8A activity (Fig. 2), while no growth inhibition of bacillus was observed 

with any of surfactant concentration. The partitioning of cerein 8A was carried out in 

three different Triton X-114 concentrations, 2, 4 and 6%. The target biomolecule was 

successfully extracted into the micelle-rich phase (top phase, in this particular system) 

(Fig. 3), probably because of its tendency to show a more hydrophobic characteristic 

[12]. The cerein 8A antimicrobial activity and yield recovery in the micellar-rich phase 

for two-phase micellar systems with Triton X-114 are described in Table 3. The results 

showed a decrease in antimicrobial activity and low yield recovery with 2 and 6% 

Triton X-114. The system containing 4% Triton X-114 maintained the initial activity of 

crude supernatant (3200 AU ml-1), resulting in maximum recovery of cerein 8A activity, 

indicating the affinity of bacteriocin by the phase containing the surfactant at this 

concentration. Cerein 8A activity was determined and its partitioning behavior was 

quantified. The assays where the concentration of Triton X-114 was 2 and 6% the 

partitioning coefficients (KCer) were lower than 1.5, but when it was used at the 

concentration of 4%, the partitioning coefficient had values greater than 2.5 (Fig.4). The 

precision of the assays was confirmed by measuring the protein concentrations in both 

phases. 
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3.3.5 Discussion 
 
Cerein 8A was purified by a sequential precipitation, extraction and ion-exchange 

chromatography protocol [12], with an additional gel filtration chromatography step, 

resulting in purification fold of approximately 13. In contrast, the values for ATPS and 

micellar systems resulted in lower purification with low yield (1-2%) (Table 4), but 

significantly higher yields and may be very useful to obtain a partially purified 

substance. Lima et al. (2002) [32] studied the purification of pectinolytic enzymes using 

only one liquid-liquid extraction step using the PEG/phosphate system. They obtained 

purification factor of 14.27 and a yield recovery of 42.3%. 

The partitioning behavior of the biomolecule cerein 8A in aqueous two-phase micellar 

systems was investigated experimentally, showing that the target biomolecule can be 

extracted from its media. The greater than unity KCer values demonstrate the 

effectiveness of the concept of partitioning in this simple aqueous two-phase micellar 

system, using 4% Ttriton X-114 concentration. The target biomolecule was successfully 

extracted into the micelle-rich phase, its activity was maintained after the partitioning 

and showed a high yield recovery, probably because of cerein 8A is small (about 26 

kDa) and show hydrophobic characteristics [33]. The excluded-volume effects, which 

serve to drive most biomolecules into the micelle-poor phase based on its size did not 

remarkably influence partition based on physico-chemical behavior of cerein 8A. From 

a practical point of view, this also implies that the separation method was indeed 

capable of extracting cerein 8A into the micelle-rich phase, while removing the majority 

of the impurities to the micelle-poor phase. Jozala et al. (2008) [34] reported the 

successful preferential extraction/pre-purification of nisin (the target protein), with the 

simultaneous removal of the impurities present either in the commercial product and in 
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the nisin produced in the laboratory-scale bioreactor, using 2% Triton X-114 

concentration in aqueous two-phase micellar system.  

In aqueous two-phase systems (ATPS) formed by one polymer and an inorganic salt, 

the best results for partition coefficients (Kp and Kb) were found in the system formed 

by ammonium sulphate as inorganic salt. The results indicate that the ATPS system is 

influenced by the type of inorganic salt. In all cases tested, the cerein partition 

coefficient was greater than 1, indicating the affinity of the cerein to upper phase of 

system. In ATPS with sodium citrate, the values of partition coefficient stood very close 

to 1, indicating to be inefficient in the process of separation, which can be confirmed 

through the low value recovery obtained in the system with this salt. Other salts were 

used but they result very low recoveries of antimicrobial activity. It is known that salt 

concentration alters protein partition in ATPS [35]. Ferreira et al. (2007) [36], studied 

proteins partition from maize malt and the maximum partition coefficient by PEG/CaCl2 

ATPS was about 4.2 and was achieved in ATPS in a single purification step. The 

theoretical maximum partition coefficient was between 4.1-4.3. 

To obtain a more complete characterization of protein partition, the effect of the 

addition of sodium chloride at two concentrations (0.1 and 1 M) to the system with 

ammonium sulfate has been measured. Sodium chloride addition increased the partition 

coefficient (Kb). The highest value for K was obtained with 1 M NaCl. This means that 

by choosing the proper conditions, the protein partition can be manipulated. Previous 

publications have shown that partition coefficients can be increased quite dramatically 

when high concentrations of NaCl are added to ATPS, whereas other are not much 

affected. Lahore et al. (1995) [37] also observed the same behaviour for the partition of 

acid protease from M. bacilliforms in systems PEG-potassium phosphate with sodium 

chloride. This effect has been attributed to possible hydrophobic interactions [38]. 
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Unfortunately, there is poor information about bacteriocin properties in such separation 

systems. The addition of NaCl also contributed to increase the protein yield recovery in 

the upper phase. Gunduz (2001) [39] investigated the partition behavior of pure bovine 

serum albumin in PEG/dextran ATPS. The concentration of NaCl and pH were 

considered as factors influencing K. 

In conclusion, the successful implementation of protein partitioning, directly from a 

suspension containing the bioactive molecule, in aqueous two-phase micellar system 

and ATPS, presented in this paper, represents an important step towards developing a 

cost-effective separation method for cerein 8A or other biomolecules of interest. 
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3.3.6 RESUMO 

 
Cereína 8A é um peptídeo antimicrobiano com potencial aplicação contra a deterioração 
de alimentos e bactérias patogênicas. Um protocolo rentável para purificar esta 
bacteriocina, resultando na remoção de impurezas e contaminantes é necessário. Este 
trabalho investigou o particionamento da cereína 8A em dois sistemas de extração 
líquido–líquido que são considerados promissores para fins de bioseparação e 
purificação. No sistema aquoso micelar bifásico, Triton X-114 foi escolhido como o 
tensoativo formador de duas fases. O sistema aquoso bifásico (ATPS) foi preparado 
com PEG e sais inorgânicos e a adição de cloreto de sódio foi analisada neste sistema. 
Os resultados indicaram que a cereína 8A particionou preferencialmente na a fase rica 
em micelas no sistema com Triton X-114 na concentração de 4 % e sua atividade 
antimicrobiana foi preservado. Em ATPS, os melhores resultados relativos ao 
coeficiente de partição (Kb) foram obtidos com PEG e sulfato de amônio, quando o 
cloreto de sódio foi adicionado, o valor do Kb aumentou significativamente e apresentou 
o melhor rendimento na recuperação da atividade da bacteriocina quando comparado 
com os sistemas micelares. A purificação convencional resulta em um fator de 
purificação superior, mas tem uma recuperação menor em comparação com métodos de 
particionamento. A execução bem sucedida do particionamento deste peptídeo, de uma 
suspensão contendo outros compostos, representa um importante passo no sentido de 
desenvolver um método de separação para cereína 8A e de um modo mais geral, para 
outros biomoléculas de interesse. 
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FIGURE LEGENDS 

 

Figure 1. Partition coefficients of cerein 8A in PEG-salt systems and effect of ionic 

strength on the partitioning of cerein 8A by ATPS by adding NaCl at 0.1 and 1 mol l-1  

ar 4oC and pH 7.0. Means followed by the same letter do not differ statistically by t test. 

Figure 2. Comparison of cerein 8A activity in different concentrations of Triton X-114. 

Assays were carried out using crude cerein 8A in each surfactant concentration, before 

partitioning to evaluate the influence of Triton X-114 in bacteriocin activity. The first 

column represents cerein 8A activity in the absence of the surfactant. Means followed 

by the same letter do not differ statistically by t test. 

Figure 3. Distribution of cerein 8A activity among micelle-rich phase (white bars) and 

micelle-poor phase (gray bars). 

Figure 4. Partition coefficients (Kcer) of cerein 8A in aqueous two-phase micellar 

systems with Triton X-114. Means followed by the same letter do not differ statistically 

by t test. 
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Lappe et al., Fig. 1 
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Lappe et al., Fig. 2 
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Lappe et al., Fig. 3 

Lappe et al., Fig. 4 
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Table 1. Summary of purification protocol of cerein 8A. 

Step Protein 

(mg) 

Activity 

(AU) 

Specific activity 

(AU mg-1) 

Purification 

fold 

Yield (%) 

Supernatant 1126 320000 284 1 100 

Precipitation 37.36 25600 685 2.4 8 

Extraction 
(1-butanol) 

2.56 6400 2500 8.8 2 

Q-Sepharose 2.3 8000 3478 12.24 2.5 

Biogel P6DG 0.99 3600 3636 12.8 1.125 

 

 

Table 2. Antimicrobial activity and yield recovery in the upper phase in systems PEG-

salts at 4oC and pH 7.0.  

Salt  Cerein 8A (AU ml-1) Purification fold Yield (%) 

Supernatant 2666.6±923.7 1 100 

Na citrate 66.7 ± 28.8 0.1 5.25 ± 1.7 

(NH4)2SO4 1066 ± 461 0.96 81.7 ± 27.5 

(NH4)2SO4 + 0.1M NaCl  933±611 0.81 65.3±38.5 

(NH4)2SO4 + 1M NaCl 1333±1575 1.04 87.7±1 
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Table 3. Antimicrobial activity and yield recovery in the micellar-rich phase in two-

phase micellar systems with Triton X-114.  

Triton X114 (%)  Cerein 8A (AU ml-1) Purification fold Yield (%) 

Supernatant 3200 1 100 

2 1200 ± 400 0.7 15.5 ± 4.3 

4 3200 ± 20 1.7 46.3 ± 6.2 

6 250 ± 150 0.2 2.4 ± 0.7 

 

 

Table 4. Comparison of cerein 8A isolation by conventional purification protocol, 

ATPS and micellar system. 

  Specific activity (AU g-1)   

Method Nº Steps/time (h) Crude Purified Purification fold Yield (%) 

Conventional 4/168 284 3636 12.8 1.125 

ATPS 1/36 279 230 0.96 87.7±1 

Micellar 1/36 325 555 1.71 46.3 ± 6.2 
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4 DISCUSSÃO GERAL 

 

Uma variedade de fatores antagonistas, incluindo metabólitos finais, compostos 

tipo antibióticos e as bacteriocinas, a maior parte destas produzidas por bactérias 

ácido-láticas, tem atraído atenção pelo potencial uso como conservante na indústria 

de alimentos. A maioria das bacteriocinas, devido à sua seletividade, interferência 

do ambiente em sua atividade e atividade inibitória geralmente superior contra 

linhagens estritamente relacionadas ao organismo produtor, possuem um espectro de 

ação reduzido, sendo que somente poucas bacteriocinas inibem diversos grupos de 

microrganismos. 

Os conhecimentos sobre a cinética de inativação térmica de bacteriocinas são 

importantes para permitir a sua utilização adequada como biopreservativo na 

indústria de alimentos. Além disso, há poucas informações sobre este assunto na 

literatura.  

A estabilidade térmica é uma propriedade importante a ser avaliada em uma 

substância que se pretende usar como biopreservativo alimentar. Neste estudo, a 

cereína 8A foi termicamente tratada por até 30 minutos à temperatura variando entre 

70 e 82 ° C e a sua atividade residual foi determinada. Conforme era esperado, a 

atividade da bacteriocina diminuiu com o aumento do tempo de aquecimento. A 

perda de atividade encontrada segue, aparentemente, uma cinética de primeira 

ordem. 
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Os valores de D e z obtidos para a cereína 8A indicam que ela pode ser utilizada 

em condições de pasteurização HTST (altas temperaturas por curtos tempos), onde 

valores de 72°C e 15 segundos são geralmente utilizados. É necessário salientar que 

a inativação térmica da cereína 8A foi estudada em solução tampão e, em um 

sistema alimentar, a bacteriocina poderia ser mais estável devido ao efeito protetor 

das proteínas dos alimentos. Recentemente, foi demonstrado que a cereína 8A inibiu 

L. monocytogenes nos produtos lácteos, e esta permaneceu estável por no mínimo 

quatro semanas em queijo macio (Bizani et al., 2008). As bacteriocinas nisina e 

sakacina P se ligaram rapidamente às proteínas na matriz alimentar e sua atividade 

foi estável durante mais de 4 semanas em alimentos tratados termicamente (Aasen et 

al., 2003). O aumento da estabilidade das bacteriocinas em alimentos termicamente 

processados se deve, em parte, pela inativação de proteases endógenas, que podem 

ser prejudiciais para peptídeos antimicrobianos. A natureza da matriz alimentar 

influencia a eficácia da bacteriocina. A inativação da nisina por alguns componentes 

da carne, tais como fosfolipídios e glutationa S-acetiltransferase têm sido relatados 

(Cleveland et al., 2001). 

Com base em um experimento isotérmico no intervalo de temperatura de 70 a 

82°C e usando modelos de tempo de inativação térmica e Arrhenius, a inativação 

térmica da cereína 8A pode ser descrita por um modelo de cinética de primeira 

ordem. Os valores de D,z e k calculados pela regressão linear sugerem que a cereína 

8A é uma bacteriocina relativamente termoestável com um valor z de 22 ° C e 

energia de ativação de 105.7 kJ mol-1. Mais estudos sobre a cinética de inativação 

térmica de bacteriocinas são necessários para permitir a sua utilização correta como 

biopreservativos naturais na indústria alimentar. 
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Outra característica importante a ser observada em uma substância com 

atividade antimicrobiana é o seu espectro e mecanismo de ação. A eficiência de 

muitos peptídeos antimicrobianos em inativar microrganismos Gram-positivos 

patogênicos e deteriorantes como Listeria monocytogenes e Clostridium é bem 

estabelecida (Stiles, 1996; Hammes e Hertel, 1998). No entanto, na conservação de 

alimentos e na segurança alimentar, bactérias Gram-negativas patogênicas e 

deteriorantes são especialmente problemáticas devido à sua resistência inerente a 

alguns agentes antimicrobianos que são aplicáveis ou estão presentes em alimentos 

(Helander et al., 1997). A estrutura da membrana exterior (OM) de organismos 

Gram-negativos impede que a penetração de bacteriocinas para seu destino 

principal, a membrana citoplasmática e, por conseguinte, confere um elevado grau 

de resistência (Stevens et al., de 1991; Schved et al., 1994). Agentes quelantes como 

o EDTA, bem como a aplicação de stress sub-letal como aquecimento ou 

congelamento demonstraram ser capazes de perturbar a barreira de permeabilidade 

de lipopolissácarídeos (LPS) conduzindo a uma maior sensibilidade da Salmonella 

typhi e Escherichia coli a nisina (Stevens et al., de 1991; Kalchayanand et al., 

1992). 

  Bacillus cereus 8A, produtor da cereína 8A, inibiu vários microrganismos 

patogênicos e deteriorantes de alimentos (Bizani e Brandelli, 2002). Esta substância 

demonstrou ter um efeito bactericida em L. monocytogenes e B. cereus, 

aparentemente por perturbar a estrutura da membrana destes microrganismos 

(Bizani et al., 2005). 

A salmonelose humana ocorre principalmente devido ao consumo de alimentos e 

água contaminada com Salmonella spp. Vários alimentos foram associados a esta 

infecção. No entanto, nos últimos anos foi observado em todo o mundo, um 
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aumento de salmoneloses humanas devido ao soro-tipo Enteritidis, relacionado a 

ovos de galinha e derivados (Geimba et al. 2004). 

Os resultados obtidos neste trabalho, onde foi avaliado o efeito da cereína 8A e 

quelantes como EDTA e lactato de sódio, sozinhos e em combinação, contra 

Salmonella enterica sorotipo Enteritidis indicaram que todos os tratamentos testados 

causaram uma redução significativa nos valores da OD600 das culturas de S. 

Enteritidis. Quando a suspensão de células de S. Enteritidis foi tratada com cereína 

8A 3200 AU ml-1 os valores da OD600 foram muito inferiores quando comparados 

aos controles sem a bacteriocina. A adição da bacteriocina acrescido de todas as 

concentrações de EDTA testadas ou lactato de sódio resultou em uma inibição maior 

do que a obtida com a bacteriocina sozinha. A eficiência na redução da OD600 da 

suspensão de células de S. Enteritidis pela ação da bacteriocina aumentou com o 

aumento da concentração de EDTA, onde o tratamento com cereína 8A juntamente 

com EDTA 100 mmol l-1 mostrou para ser mais eficaz. A combinação de lactato de 

sódio acrescido de cereína 8A revelou igualmente significativa inibição do micro-

organismo indicador. 

O quelante EDTA por si só, em todas as concentrações utilizadas, reduziu o 

número de células viáveis de S. Enteritidis e seu efeito sobre aumento na 

permeabilidade das células pode ser observado, onde a maior concentração de 

EDTA refletiu em maiores danos para as células. Agentes quelantes são compostos 

capazes de desestabilizar a estrutura e alterar a permeabilidade da OM, removendo 

os íons MG+2 e Ca+2 da membrana externa de bactérias Gram-negativas, resultando 

em perdas de fosfolipídios e lipoproteínas. 

Os mecanismos de ação dos peptídeos antimicrobianos são diversos, mas a 

membrana bacteriana é o destino para a maioria das bacteriocinas (Klaenhammer, 
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1993). Os resultados da microscopia eletrônica de transmissão revelaram poros 

proeminentes na parede da célula de S. Enteritidis causada pela cereína 8A, que 

justifica a redução do número de células viáveis. O efeito potencializador do EDTA 

sobre a atividade da cereína 8A pode ser verificado através da redução do número de 

células viáveis S. Enteritidis e comprovado pela microscopia eletrônica de 

transmissão, onde os efeitos do sinergismo resultaram na formação acentuada de 

poros, perda de conteúdo intracelular e, em alguns casos, destruição das células. 

Neste caso, o dano na célula é muito provável devido ao enfraquecimento da 

membrana plasmática exterior causado pelo seqüestro de íons magnésio pelos 

agentes quelantes, permitindo a ação da bacteriocina em nível de membrana e 

parede celular. 

Tendo em vista o amplo espectro de ação desta bacteriocina e a sua satisfatória 

termoestabilidade, torna-se imprescindível buscar formas de obtenção menos 

onerosas e mais rápidas já que a purificação da cereína 8A, assim como para a 

maioria das bacteriocinas, envolve além da precipitação com sais, várias 

combinações de cromatografias, como gel-filtração, troca iônica, interação 

hidrofóbica, incluindo cromatografia líquida de alta eficiência. Em geral, estes 

métodos produzem resultados satisfatórios apenas em pequena escala, pois além da 

recuperação ser baixa, são métodos caros, de difícil manuseio e requerem pessoas 

capacitadas, tornando inviável para serem usados em grandes proporções. 

A cereína 8A foi purificada através de um protocolo sequencial de precipitação, 

extração e cromatografia de troca iônica (Bizani et al., 2005), com um passo 

adicional de cromatografia de gel filtração. Em paralelo, foi desenvolvido um 

protocolo de purificação utilizando sistema aquoso bifásico e sistema micelar 

bifásico. O protocolo para purificação convencional da cereína 8A, envolvendo 
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precipitação, extração e etapas de cromatografia, resultou em um fator de 

purificação de aproximadamente 12, enquanto os valores para ATPS e sistema 

micelar foram inferiores. No entanto, estas metodologias de partição resultaram em 

rendimentos significativamente mais elevados e podem ser muito úteis para 

obtenção de uma substância parcialmente purificada. 

O comportamento de particionamento da biomolécula cereína 8A em sistema 

aquoso micelar bifásico mostrou que a biomolécula pode ser extraída desta forma. 

Os valores elevados do coeficiente de partição da cereína 8A (Kcer) demonstraram a 

eficácia do conceito de partição no sistema aquoso micelar bifásico simples, usando 

Triton X-114 na concentração de 4%. A biomolécula foi extraída com êxito na fase 

rica em micelas, sua atividade foi mantida após o particionamento e revelou uma 

recuperação de alto rendimento, provavelmente devido à cereína 8A ser pequena 

(cerca de 26 kDa) e mostrar características hidrofóbicas (Nikas et al., 1992). Do 

ponto de vista prático, isso implica que o método de separação foi efetivamente 

capaz de extrair a cereína 8A na fase micelar, ao remover as impurezas para a fase 

pobre em micelas. Jozala et al. (2007) relataram a bem-sucedida extração/pré-

purificação da nisina, com a remoção simultânea das impurezas presentes no 

produto comercial e em nisina produzida em processos de escala de laboratório, 

usando Triton X-114 na concentração de 2 % em sistema aquoso micelar bifásico. 

No sistema aquoso bifásico (ATPS) formado por um polímero e um sal 

inorgânico, os melhores resultados para os coeficientes de partição (Kp e Kb) foram 

encontrados no sistema formado por sulfato de amônia como sal inorgânico. Os 

resultados indicaram que o sistema ATPS é influenciado pelo tipo de sal inorgânico. 

Em todos os casos testados, o coeficiente de partição da cereína foi superior a 1, 
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indicando a afinidade da cereína pela fase superior do sistema. Em ATPS com 

citrato de sódio, os valores dos coeficientes de partição ficaram muito próximo a 1, 

indicando ser ineficiente no processo de separação, que pode ser confirmada através 

do baixo valor de recuperação obtido no sistema com este sal. Outros sais foram 

utilizados, mas eles resultaram em recuperações da atividade antimicrobiana muito 

baixas. É conhecido que a concentração de sal altera a partição de proteínas em 

ATPS (Rito-Palomares, 2004). Para obter uma caracterização mais completa da 

partição da proteína, foi avaliado o efeito da adição de cloreto de sódio em duas 

concentrações (0,1 e 1M) no sistema com sulfato de amônio. A adição de NaCl 

aumentou o coeficiente de partição (Kb). O valor mais elevado para K foi obtido 

com NaCl 1M. Isso significa que, escolhendo as condições adequadas, a partição da 

proteína pode ser manipulada. Estudos anteriores mostraram que coeficientes de 

partição podem ser bastante aumentados quando elevadas concentrações de NaCl 

são adicionadas ao ATPS. Este efeito tem sido atribuído a possíveis interações 

hidrofóbicas (Schimidt et al., 1994). Infelizmente, há poucas informações sobre 

propriedades de bacteriocinas em tais sistemas de separação. A adição de NaCl 

também contribuiu para aumentar o rendimento da recuperação de proteínas na fase 

superior.  

A obtenção bem sucedida do particionamento da proteína, diretamente de uma 

suspensão contendo a molécula bioativa, no sistema aquoso micelar bifásico e em 

ATPS representa um passo importante no sentido de desenvolver um método de 

separação rentável para a cereína 8A ou outras biomoléculas de interesse. 
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5. CONCLUSÕES 

 

A inativação térmica da cereína 8A pode ser descrita por um modelo de cinética 

de primeira ordem e os resultados sugerem se tratar de uma bacteriocina relativamente 

termoestável. Esta propriedade indica que ela pode ser utilizada em condições de 

pasteurização rápida, onde valores de 72°C e 15 segundos são geralmente utilizados. 

 

A estabilidade térmica da cereína 8A pode ser ampliada em sistemas alimentares 

devido ao efeito protetor das proteínas que compõem os alimentos. 

 

A cereína 8A apresentou efeito inibitório frente ao microrganismo Gram-

negativo Salmonella Enteritidis e sua ação foi potencializada quando utilizada em 

sinergismo com o quelante EDTA. Essa propriedade é muito importante por se tratar de 

uma substância com potencial para ser utilizada como bioconservante. 

 

A cereína 8A em combinação com EDTA agiram desestabilizando a estrutura e 

alterando a permeabilidade da membrana externa da Salmonella Enteritidis, causando 

visíveis danos a esse microrganismo indicador. 

 

As metodologias de partição mostraram-se eficazes para a obtenção da cereína 

8A na forma parcialmente purificada quando comparadas ao protocolo convencional de 

purificação. Isso representa um passo importante no sentido de desenvolver um método 

de obtenção rentável para esta bacteriocina.  
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ANEXO 1 

 

 

Kinetics and thermodynamics of thermal inactivation of the antimicrobial peptide 

cerein 8A. 

• Journal of Food Engineering (2009), 91, 512-519 
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ANEXO 2 

 

 

Inhibition of Salmonella Enteritidis by cerein 8A, EDTA and sodium lactate 

 

• International Journal of Food Microbiology (2009), 135, 312-316. 
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a b s t r a c t

Optimization of thermal processes relies on adequate degradation kinetic models to warrant food safety
and quality. The knowledge on thermal inactivation kinetics of bacteriocins is necessary to allow their
adequate use as natural biopreservatives in the food industry. In this work, the kinetics of thermal inac-
tivation was studied for the previously characterized bacteriocin cerein 8A. Samples of cerein 8A were
treated at different time–temperature combinations in the range of 0–30 min and 70–82 �C and the ther-
modynamic and kinetic parameters for bacteriocin inactivation were calculated. Results showed that
inactivation followed a first-order reaction with k-values between 0.059 min�1 and 0.235 min�1.
D- and k-values decreased and increased, respectively, with increasing temperature, indicating a faster
bacteriocin inactivation at higher temperatures. Results suggest that cerein 8A is a relatively thermosta-
ble bacteriocin with a z-value of 21.98 �C and Ea of 105.7 kJ mol�1.

� 2008 Elsevier Ltd. All rights reserved.
1. Introduction

Bacteriocins are antimicrobial peptides widespread produced
by bacteria. Bacteriocin production is common among bacteria iso-
lated from diverse environments (Riley and Wertz, 2002). Those
produced by lactic acid bacteria (LAB) have been the subject of
intensive investigation because of their potential use as biopreser-
vatives in the food industry (O’Sullivan et al., 2002; Deegan et al.,
2006). Several bacteriocins from LAB have been effectively charac-
terized and tested in food systems to combat pathogenic and spoil-
age microorganisms. Nisin is the most well characterized
bacteriocin and its use in food is permitted in more than 40 coun-
tries (Cleveland et al., 2001).

Despite the intensive work on LAB, Bacillus is another interest-
ing genus to investigate for antimicrobial peptides since this genus
includes a variety of industrially important species and has a his-
tory of safe use in food and industry (Pedersem et al., 2002). The
production of bacteriocins or bacteriocin-like substances has been
already described for many Bacillus species such as Bacillus subtilis,
Bacillus licheniformis and Bacillus cereus, among other (Von Döhren,
1995; Stein, 2005).

B. cereus 8A is a previously characterized bacterium isolated
from native woodlands of southern Brazil. This strain produces cer-
ll rights reserved.

: +5551 3308 7048.
ein 8A, a bacteriocin presenting broad spectrum of activity and po-
tential use as biopreservative in food (Bizani and Brandelli, 2002).
Cerein 8A showed a bactericidal effect on Listeria monocytogenes
and B. cereus (Bizani et al., 2005a). High yields of this substance
were obtained by cultivation in BHI broth (Bizani and Brandelli,
2004) and production was optimized in soybean protein reaching
similar yields allowing a cost effective production (Dominguez
et al., 2007).

Thermal processing persists as the most widely used method of
preserving and extending the useful shelf-life of food (Awuah et al.,
2007). However, excessive heating produces considerable losses in
the quality and particularly in the sensory properties of foods.
Thermal processing techniques emphasize the achievement of
commercial sterility while minimizing changes in nutritional value
and eating quality (Polydera et al., 2003). Quality loss involves both
subjective factors like taste that cannot be readily quantified and
quantifiable factors such as nutrient degradation (Awuah et al.,
2007). In this regard, combined techniques to reduce heat applica-
tion in foods have gaining increased attention. Bacteriocins have
been used in hurdle technology, which combines different meth-
ods to inhibit microbial growth (Cleveland et al., 2001). Nisin has
been used with moderate heat to inactive important food patho-
gens (Boziaris et al., 1998; Gao and Ju, 2008).

The knowledge on kinetics of thermal inactivation of bacterio-
cins is important to allow their adequate use as biopreservatives
in the food industry. Moreover, there is scarce information about

mailto:abrand@ufrgs.br
http://www.sciencedirect.com/science/journal/02608774
http://www.elsevier.com/locate/jfoodeng


Nomenclature

Ct bacteriocin activity at time t (UA)
C0 initial bacteriocin activity (UA)
D decimal reduction time (min)
Ea activation energy (kJ mol�1)
DG* free energy inactivation (kJ mol�1)
h Planck constant (J min)
DH* activation enthalpy (kJ mol�1)
k inactivation rate constant (min�1)
KB Boltzmann constant (J K�1)

R Universal gas constant
r2 determination coefficient
DS* activation entropy (J mol�1 K�1)
t time (min)
t1/2 half-time (min)
T temperature (oC, K)
z z-value (oC)
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this subject in the literature. The aim of the present work was to
investigate the thermal stability of cerein 8A. On this basis, an
Arrhenius plot was derived and the thermodynamic parameters
for thermal inactivation were determined.

2. Theory

In general, thermal inactivation of microorganisms or enzymes
can be described by a first-order reaction (in this work thermal
inactivation of cerein 8A)

ln
Ct

C0

� �
¼ �kt ð1Þ

where Ct is the protein concentration (or bacteriocin activity in UA)
at treatment time t, C0 is the initial protein concentration (or initial
bacteriocin activity in UA), and k is the inactivation rate constant at
the temperature studied. The inactivation rate constant k can be
estimated by linear regression analysis of the natural logarithm of
residual activity versus treatment time.

Inactivation rate constants for bacteriocin gave values for bacte-
riocin half-life (t1/2)

t1=2 ¼
lnð2Þ

k
ð2Þ

In food processing, it is common to characterize first-order reac-
tions in terms of D- and z- values (thermal death time concepts).
The decimal reduction time (D- value) is the time needed for a
10-fold reduction of the initial activity at a given temperature.
The relation between the D- value and the inactivation rate con-
stant is given by (Espachs-Barroso et al., 2006)

D ¼ lnð10Þ
k

ð3Þ

The z-value is the temperature needed to reduce de D-value one
log-unit, and it is obtained by plotting the D-values on a log scale
against the corresponding temperatures (Stumbo, 1973).

Differences between the D- and z-values of microorganisms
and nutrients are exploited to optimize thermal processes. The
z-values for cooking and nutrient degradation (25–45 oC) are
generally greater than microbial inactivation (7–12 oC) (Awuah
et al., 2007).

The Arrhenius equation is the most common mathematical
expression to describe the temperature effect on the inactivation
rate constants and the dependence is given by the activation en-
ergy (Ea)

lnðkÞ ¼ lnðAÞ � Ea

R � T ð4Þ

where A is the Arrhenius constant, Ea the activation energy, R the
universal gas constant and T is the absolute temperature. The acti-
vation energy can be estimated by linear regression analysis of the
natural logarithm of rate constant versus the reciprocal of the abso-
lute temperature.
Activation enthalpy (DH*), free energy of inactivation (DG*) and
activation entropy (DS*) can be calculated according to the
expressions

DH� ¼ Ea � R � T ð5Þ

DG� ¼ �R � T:ln k:h
KBT

� �
ð6Þ

DS� ¼ DH� � DG�

T
ð7Þ

where h and KB are the Plancḱs and the Boltzmanńs constants,
respectively and T the average temperature (350 K in this work).
3. Materials and methods

3.1. Reagents and media

Brain heart infusion (BHI) was from Becton Dickinson (Cockeys-
ville, MD, USA). Agar and other reagents were from Merck (Darms-
tadt, Germany).

3.2. Bacterial cultures

The producer strain was B. cereus 8A, isolated and characterized
as described elsewhere (Bizani and Brandelli, 2002). The indicator
strain was B. cereus ATCC 14579 stored in 20% (v/v) glycerol
at�20 �C. Cells were propagated in BHI broth before use. The culti-
vation of the strains was performed aerobically.

3.3. Bacteriocin production

For bacteriocin production, B. cereus 8A was grown in 200 ml of
BHI broth at 30 �C in a rotatory shaker at 125 cycles min�1 for 24 h.
The cells were removed by centrifugation at 10,000 g for 15 min.
Bacteriocin activity was concentrated by precipitation with ammo-
nium sulfate at 70% (w/v) saturation. The pellet was resuspended
in phosphate buffered saline (PBS) and extracted with 1-butanol
(0.7 vol). After the butanol was evaporated under reduced pres-
sure, partially-purified bacteriocin was stored at 4 �C until used
for antimicrobial assay (Bizani et al., 2005b).

3.4. Bacteriocin activity assay

The antimicrobial activity was detected by agar disc diffusion
assay (Motta and Brandelli, 2002). Aliquots of 20 ll bacteriocin
preparation were applied on agar plates previously inoculated with
a swab submerged in indicator strain suspension (B. cereus ATCC
14579) that corresponded to a 0.5 McFarland turbidity standard
solution (108 CFU ml�1). Plates were incubated at 37 �C. The bacte-
riocin titre was determined by the serial two-fold dilution method.
The reciprocal value of the highest dilution where an inhibition
zone was observed was taken as activity units ml�1 (AU ml�1).



Table 1
Kinetics parameters of thermal inactivation of cerein 8A

Temperature (�C) k (min�1) r2 t1/2 (min) D (min) z (�C)

70 0.059 ± 0.009a 0.9027 11.75 39.04 21.98
75 0.064 ± 0.006 0.9622 10.80 35.87
77 0.103 ± 0.015 0.9084 6.74 22.40
80 0.108 ± 0.008 0.9744 6.40 21.27
82 0.235 ± 0.036 0.8973 2.94 9.78

a Standard error of regression (95% confidence interval).
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3.5. Thermal inactivation

Thermal inactivation of cerein 8A was determined by incubat-
ing the bacteriocin at 70, 75, 77, 80 and 82 �C. Bacteriocin solutions
(1.0 ml) were heated in sealed tubes, which were incubated in a
thermostatically controlled water bath (B. Braun Biotech, Melsun-
gen, Germany). Tubes were withdrawn at each time intervals,
immediately immersed in an ice bath and bacteriocin activity
was determined as describe earlier. The activity after 1 min of
heating-up time (t = 0) was considered to be the initial activity,
thereby eliminating the effects of heating-up. Assays were done
in duplicate.

3.6. Data analysis

Statistical analysis of the data was performed using the Statisti-
ca 7.0 software (Statsoft Inc., Tulsa, OK, USA) and plots using
Microsoft Excel 2000 (MapInfo Corporation, Troy, NY, USA).

4. Results and discussion

We have earlier reported that cerein 8A was inhibitory to a
broad range of indicator strains, including pathogenic and spoilage
organisms such as L. monocytogenes, B. cereus and clinical isolates
of Streptococcus sp. and was stable for up to 70 �C and within a
wide range of pH (Bizani and Brandelli, 2002). In this study, the
kinetics of thermal inactivation of cerein 8A was evaluated and
thermodynamic properties were calculated. Bacteriocin was ther-
mally treated for 30 min at temperature ranging from 70 �C to
82 �C and the residual activity was determined. As expected, bacte-
riocin activity decreased as the heating time increased. Loss of
activity was found to follow an apparent first order kinetic (Eq.
(1)) during thermal treatment as depicted in Fig. 1. In this figure,
symbols refer to the average of experimental values, while lines
correspond to the fitted values of Eq. (1) to experimental data.
The inactivation rate constants (k) were determined from the slope
of such semi-log-plots and are giving in Table 1 (together with the
r2 of the correlation). The rate constant increased with the higher
heating temperatures.

The logarithm representation of bacteriocin activity against
time allows us to calculate D-values (Table 1), which decreased
with increasing temperature, indicating a more rapid bacteriocin
inactivation at higher temperatures. It can be observed that D-val-
ues are between 35 and 39 at temperatures between 70 �C and
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Fig. 1. Thermal inactivation kinetic of cerein 8A at 70 (e), 75 (h), 77 (D), 80 (s), 82
(x) �C. Values are the means of three independent experiments. The standard
deviations were always lower than 5%.
75 �C and fall to values lower than 23 at 77 �C or more. The effect
of temperature on D-values is also shown in Fig. 2, and the calcu-
lated z-value for the range of temperatures studied (70–82 �C) was
approximately 22 �C (Table 1). The z-values for cooking and nutri-
ent degradation (25–45 �C) are generally greater than microbial
inactivation (7–12 �C) (Awuah et al., 2007). In fact, differences be-
tween the D- and z-values of microorganisms and nutrients are
exploited to optimize thermal processes and can be exploited also
to maintain bacteriocin activity after treatment. D- and z-values
obtained for cerein 8A indicates that it can be utilized in conditions
of HTST (high temperatures short times) pasteurization, where val-
ues of 72 �C and 15 s are generally considered. It is necessary to
point out that thermal inactivation was studied for cerein 8A in
buffer solution, and in a food system the bacteriocin could be more
stable due to the protective effect of food proteins. It was recently
demonstrated that cerein 8A inhibits L. monocytogenes in dairy
products, remaining stable for at least four weeks in soft cheese
(Bizani et al., 2008). The bacteriocins nisin and sakacin P quickly
adsorb to proteins in the food matrix and their activity was stable
for more than four weeks in heat-treated foods (Aasen et al., 2003).
Higher bacteriocin stability in heat processed food was credited in
part by inactivation of endogenous proteases, which may be harm-
ful to antimicrobial peptides. The nature of food matrix influences
the bacteriocin effectiveness. Nisin inactivation by some meat
components, such as phospholipids and glutathione S-transferase
have been reported (Cleveland et al., 2001).

The dependence of the inactivation rate constants with temper-
ature fitted adequately the Arrhenius equation (Fig. 3). Activation
energy obtained (105.7 kJ mol�1) was similar to that obtained for
heat inactivation of soybean trypsin inhibitors, from 103 to
195 kJ mol�1 depending on the product moisture (van den Hout
et al., 1999). Comparable values, 102.3 kJ mol�1 and 146 kJ mol�1,
were observed for adenosine deaminase (Alrokayan, 2002) and
pectinmethylesterase (Vivar-Vera et al., 2007) from skeletal mus-
cle and hawthorn, respectively.
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Fig. 2. Variation of the decimal reduction time (D) with temperature for cerein 8A.
The regression equation was determined as y = �0.0454x + 4.842 (r2 = 0.7698).
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Fig. 3. Arrhenius plot of inactivation rates of cerein 8A. The regression equation was
determined as y = �12717x + 34.04 (r2 = 0.7782).

Table 2
Thermodynamic parameter values of thermal inactivation of cerein 8A activity

DE (kJ mol�1) DH* (kJ mol�1) DG* (kJ mol�1) DS* (J mol�1 K�1)

105.7 102.8 104.7 �5.39
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Table 2 also shows thermodynamic values (DH*, DG* and DS*)
obtained from Eq. (5)–(7). Similar data is poorly available for other
antimicrobial peptides. The unfolding thermodynamics of the
circular bacteriocin AS-48 was investigated by differential scan-
ning calorimetry (Cobos et al., 2001). Those authors found that
the specific enthalpy change upon unfolding is unusually small
(DHm = 230 kJ mol�1), whereas the Gibbs energy change at 25 oC
is relatively high (DG298 = 32.8 kJ mol�1). This was attributed in
part by asymmetry of charge distribution in protein surface, one
of the sides display a cluster of positive charges and the opposite
side is mostly hydrophobic. Cerein 8A was shown to have similar
structural features, presenting amphipathic properties (Bizani
et al., 2005b). In agreement, pediocin PA-1 is a heat-stable bacte-
riocin that exhibit both cationic and hydrophobic properties. This
peptide undergoes conformational changes during heating from
20 oC to 80 oC, and irreversible aggregation is observed at pH 7
and 8, but not at pH 6 (Gaussier et al., 2003). Studies on the ther-
mal denaturation of lysozyme showed the standard free energy
change (DG*) was 83.7 kJ mol�1 at pH 7, decreasing to 32.2 kJ mol�1

at pH 2 (Timasheff and Xie, 2003). In addition, the values of
standard enthalpy change (DH*) at unfolding temperature (Tm),
as determined by the van’t Hoff equation, were lower at pH 2 than
at pH 7.

Bacteriocins may be used in combination with heat to obtain
safe food with minimal destruction of food components such as fla-
vor, color or nutrients during processing. However, adequate ki-
netic models of thermal destruction are essential to design new
processes assuming a safe food product and giving a maximum
retention of quality factors (Lenz and Lund, 1980; van Boekel,
1996). In this concern, the knowledge about kinetics and thermo-
dynamics of heat inactivation of bacteriocins is an essential step
to achieve this purpose.

5. Conclusions

Based on an isothermal experiment in the temperature range of
70–82 �C, and by using Arrhenius and thermal death time models,
thermal inactivation of cerein 8A could be described by a firs-order
kinetic model. D-, z- and k-values calculated by linear regression
suggest that cerein 8A is a relatively thermostable bacteriocin with
a z-value of 22 �C and Ea of 105.7 kJ mol�1. More studies about
kinetics of thermal inactivation of bacteriocins are necessary to al-
low their proper utilization as natural biopreservatives in the food
industry.
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The ability of the bacteriocin cerein 8A to inhibit Salmonella Enteritidis in combination with EDTA and
sodium lactate was investigated. Salmonella Enteritidis was incubated with combinations of cerein 8A
(3200 AU/mL) and EDTA (20, 50, 100 mmol/L) or sodium lactate (200 mmol/L). All treatments caused a
significant reduction in the OD600 values of Salmonella Enteritidis cultures. The addition of cerein 8A plus
EDTA resulted in higher inhibition in comparison with the bacteriocin alone; the greater the concentration of
EDTA, the greater the inhibitory effect. The combination of cerein 8A plus 100 mmol/L EDTA results in a more
efficient treatment to reduce the number of viable cells of Salmonella Enteritidis. The combination of cerein
8A plus sodium lactate also showed significant inhibition of the indicator organism. Transmission electron
microscopy showed damaged cell walls and loss of protoplasmic material in treated cells. The cells of
Salmonella Enteritidis treated with cerein 8A plus EDTA appeared more injured. The bacteriocin cerein 8A
may be useful to inhibit Gram-negative bacteria, with enhanced effect in combination with chelating agents.
Control of Salmonella Enteritidis, a Gram-negative bacterium constantly linked to food outbreaks, addresses
an important aspect of food safety.
ll rights reserved.
© 2009 Elsevier B.V. All rights reserved.
1. Introduction

Bacteriocins are antimicrobial peptides widespread produced by
bacteria. Those produced by lactic acid bacteria (LAB) have been the
subject of intensive investigation because of their potential use as
biopreservatives in the food industry (O'Sullivan et al., 2002). These
compounds have been effectively characterized and tested in food
systems to combat pathogenic and spoilage microorganisms. Several
bacteriocins from LAB have been studied as natural additives in the food
industry and as antimicrobials in pharmaceutical purposes (Bower et al.,
2001; Papagianni and Anastasiadou, 2009). Nisin is the most well
characterized bacteriocin and its use in food is permitted in more than
40 countries (Cleveland et al., 2001; Galvéz et al., 2007). Many studies
have demonstrated that the bacteriocins pediocin and nisin can reduce
or inhibit Listeria monocytogenes in dairy products, particularly in
pasteurized cheeses (Deegan et al., 2006; Sobrino-López and Martín-
Belloso, 2008).

Despite the intensive work on LAB, Bacillus is another interesting
genus to investigate for antimicrobial peptides since this genus includes
a variety of industrially important species and has a history of safe use in
food and industry (Pedersem et al., 2002). The production of
bacteriocins or bacteriocin-like substances (BLS) has been already
described for many Bacillus species such as Bacillus subtilis, Bacillus
licheniformis and Bacillus cereus, among other (von Döhren, 1995; Stein,
2005).

B. cereus 8Awas isolated from soils of native woodlands of Southern
Brazil. This strain produces a baceriocin, cerein 8A, which inhibits
several pathogenic and food-spoilage microorganisms (Bizani and
Brandelli, 2002). This substance has a bactericidal effect on Listeria
monocytogenes and B. cereus, apparently by disturbing the membrane
function of target organisms (Bizani et al., 2005). Preliminary studies
suggested that cerein 8A could inhibit Salmonella as well (Bizani et al.,
2005).

The efficacy of many antimicrobial peptides to inactivate Gram-
positive pathogens and spoilage organisms such as L. monocytogenes
and Clostridia is well established (Cleveland et al., 2001; O'Sullivan et al.,
2002). However, Gram-negative spoilage and pathogenic bacteria are
especially problematic in food protection due to their inherent
resistance to some antimicrobials that are applicable or present in
foods (Helander et al., 1997). The architecture of the outer membrane
(OM) of Gram-negative microorganisms prevents the penetration of
many bacteriocins to their target, the cytoplasmic membrane, and
therefore confers a high degree of resistance (Stevens et al., 1991;
Schved et al., 1994). Chelating agents such as EDTA as well as the
application of sublethal stress such asheating or freezingwere shown to
disrupt the permeability barrier of the OM leading to an increased
sensitivity of Salmonella enterica and Escherichia coli towards nisin
(Stevens et al., 1991; Kalchayanand et al., 1992).

Human salmonellosis occurs mainly due to consumption of food
andwater contaminated with Salmonella spp. Several foods have been
associated with this infection. However, in recent years an increase of
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Fig. 1. Inhibition of Salmonella Enteritidis by cerein 8A and chelators. Cells were
incubatedwith 3200 AU/mL cerein 8A (Ce), EDTA (20, 50 and 100 mmol/L), and sodium
lactate (200 mmol/L) alone or in combination. Optical density wasmonitored in control
and treated cells were monitored after 90 min. The mean O.D. of cell suspensions before
incubation was 0.387±0.045. Bars are the mean±SEM of three independent
experiments.
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human salmonellosis due to the serotype Enteritidis was observed
throughout the world, mainly related to chicken eggs and derivatives
(Geimba et al., 2004). Although the combination of nisin with
chelating agents to combat Salmonella has been investigated, studies
with other antimicrobial peptides are scarce (Galvéz et al., 2007). The
aim of this work was to investigate the effect of the bacteriocin cerein
8A in combination with EDTA and sodium lactate against Salmonella
enterica serotype Enteritidis, a Gram-negative bacterium constantly
linked to food outbreaks.

2. Materials and methods

2.1. Bacterial strains

The producer strain was B. cereus 8A, isolated and characterized as
described by Bizani and Brandelli (2002). The indicator strains Bacillus
cereus ATCC 14579 and Salmonella Enteritidis ATCC 13076 were stored
in 20% glycerol at−21 °C, and propagated twice in BHI broth (Becton &
Dickinson, Cockeysville, MD, USA) before use.

2.2. Bacteriocin preparation and activity

B. cereus8Awas grown inBHIbrothat30 °C in a shaker at 125 cycles/
min for 32 h. The culture was centrifuged at 10,000×g for 15 min. The
bacteriocin was purified as described previously (Bizani et al., 2005).
Briefly, ammonium sulfate was added to reach 70% saturation. The
resulting pellet was resuspended in phosphate buffered saline (PBS;
5 mmol/L sodium phosphate, 150 mmol/L NaCl, pH 7.4) and extracted
with 1-butanol (0.7 vol.). After butanol evaporation, the bacteriocinwas
stored at 4 °C until its use for antimicrobial assays. The antimicrobial
activity of the bacteriocin was assessed by agar disc diffusion assay.
Aliquots (20 µL) of the bacteriocin preparationwere applied onto 6-mm
cellulosediscs onagarplates previously inoculatedwith a 0.5McFarland
suspension of the indicator strain. Inhibition zonesweremeasured after
incubation at 37 °C for 24 h. The bacteriocin titer was calculated by the
serial dilution method (Motta and Brandelli, 2002).

2.3. Chemicals

The chemicals used were disodium EDTA (Merck, Darmstadt,
Germany) and sodium lactate (Sigma, St. Louis, MO, USA). Stock
solutions (1 mol/L) were prepared by dissolving the chemical in
deionized water and were sterilized by autoclaving.

2.4. Determination of microbial counts

Viable cell counts, expressed as colony-forming units (CFU/mL),
were determined as described previously (Motta and Brandelli, 2002).
Bacterial suspensions were diluted to 10−6 in 8.75 g NaCl/L; the
samples were homogenized and then plated (20 µL) in triplicate onto
nutrient agar (Becton Dickinson) plates. The plates were incubated at
37 °C for 24 h, and 30–100 colonies were counted. In parallel, the
optical density of the cultures at 600 nm (OD600) was measured.

2.5. Antimicrobial effect on Salmonella Enteritidis

An overnight culture of Salmonella Enteritidis was obtained by
growing the respective bacteria in BHI medium at 37 °C. Then, 1.0 mL
was transferred to 250 mL Erlenmeyer flask containing 99 mL of
medium and incubated in a shaker at 125 cycles/min for 24 h at 37°C.
Growth was monitored by viable cell counts to reach 106CFU/mL.
Aliquots of 1 mLwere centrifuged at 10,000×g for 10 min and the pellet
was used in antimicrobial assay. The pellets were suspended with
solutions containing the bacteriocin alone in concentration of 3200
activity units (AU)/mL, EDTA alone in concentrations of 20, 50 and
100 mmol/L, or 200 mmol/L sodium lactate. The substances testedwere
diluted in 1 g/L peptone water to reach the working concentrations. To
evaluate the synergistic effect of chemicals in the action of bacteriocin, it
was added in combination with the three concentrations of EDTA (20,
50 and 100 mmol/L) andwith 200 mmol/L sodium lactate. Cells treated
withpeptonemediumserved as controls. All treatmentswere incubated
for 90 min at 37°C andwere carried out in triplicate. Effects of cerein 8A
on Salmonella Enteritidis were evaluated by turbidity (OD600), the
number of viable cells after the incubation period. Synergistic effect (SE)
was defined by the following equation:

SE = ðlog reductionof mixtureÞ= ðΣ individual log reductionsÞ

2.6. Transmission electron microscopy

Samples were taken from all treatments and control after the
incubation period. Cells were harvested by centrifugation andwashed
twice with 0.1 mol/L phosphate buffer (pH 7.3). The cells were fixed
with 2.5% (v/v) glutaraldehyde, 2.0% (v/v) formaldehyde in 0.12 mol/L
phosphate buffer for 10 days and then postfixed in 2% (w/v) osmium
tetroxide in the same buffer for 45 min. The samples were dehydrated
in a graded acetone series (30–100%) and embedding in Araldite-
Durcupan for 72 h at 60 °C. Thin sections (microtome UPC-20, Leica)
were mounted on grids, covered with collodion film, and poststained
with 2% uranyl acetate in Reynold's lead citrate. All preparations were
observed with a JEOL JEM 1200ExII electron microscope (JEOL, Tokyo,
Japan) operating at 120 kV.

3. Results

Cerein 8A preparation showed inhibitory zones as predicted
against the indicator strain B. cereus ATCC 14579, with an activity of
6400 AU/mL. The inhibition of Salmonella Enteritidis by the action of
cerein 8A, EDTA and sodium lactate was first monitored by
measurement of the optical density at 600 nm after the incubation
period of 90 min (Fig. 1). The results indicated that all treatments
tested, namely EDTA, sodium lactate and cerein 8A, alone and in
combination, caused a significant reduction in the OD600 values of
Salmonella Enteritidis cultures. When a cell suspension of Salmonella
Enteritidis was treated with 3200 AU/mL cerein 8A the OD600 values



Fig. 2. Effect of cerein 8A and chelators on viability of Salmonella Enteritidis. Cells were
incubatedwith 3200 AU/mL cerein 8A (Ce), EDTA (20, 50 and 100 mmol/L), and sodium
lactate (200 mmol/L) alone or in combination. Viable cell counts were determined after
incubation. Bars are the mean±SEM of three independent experiments.

Table 1
Reduction of viable counts of Salmonella Enteritidis by cerein 8A in combination with
EDTA and sodium lactate.

Chemical Log10 reduction Synergistic
effect

Alone Plus cerein 8A

None 0 1.38 –

EDTA (20)a 1.77 2.69 0.85
EDTA (50) 2.27 3.26 0.89
EDTA (100) 2.47 4.22 1.10
Lactate (200) 1.85 2.96 0.92

a Concentration expressed as mmol/L; cerein 8A was used at 3200 AU/mL.
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were much lower than those of the controls without bacteriocin. The
addition of bacteriocin plus all concentrations tested of EDTA or
sodium lactate resulted in greater inhibition than obtained with the
bacteriocin alone. The efficiency in reducing OD600 of cell suspensions
of Salmonella Enteritidis by the action of bacteriocin has increased as
the concentration of EDTA increased. The treatment with cerein 8A
plus 100 mmol/L EDTA proved to be more effective. The combination
of cerein 8A plus sodium lactate also showed significant inhibition of
the indicator organism (Fig. 1).

The effect of cerein 8A and combinations with EDTA and lactate on
the survival of SalmonellaEnteritidiswasalso observedbymeasurement
of viable cell counts. All treatments caused a decrease in the number of
viable cells (Fig. 2).When a cell suspension of Salmonella Enteritidiswas
treated with cerein 8A the viable counts were lower than those of the
controls without bacteriocin. The addition of bacteriocin plus EDTA
resulted in higher inhibition in comparison with the bacteriocin alone;
the greater the concentration of EDTA, the greater the inhibitory effect.
Although a similar trend was observed, these reductions were not
always correlatedwith thoseobserved forODmeasurements, indicating
that different inhibitory mechanisms or different proportions of injured
cells might be involved among the treatments. The log reductions in
viable cells and the synergistic effect (SE) of cerein 8A plus chemicals
were calculated (Table 1). The combination of cerein 8Aplus 100 mmol/
L EDTA results in a more efficient treatment to reduce the number of
viable cells of Salmonella Enteritidis (Table 1). Reductions ofmore than2
log cycles in viable counts were observed in all treatments consisting of
bacteriocin plus chemical. Higher SE was observed for cerein 8A plus
100 mmol/L EDTA (Table 1).
Fig. 3. Transmission electron microscopy of cells of Salmonella Enteritidis after treatments: (A
20 mmol/L EDTA, (F) cerein 8A plus 50 mmol/L EDTA, (G) cerein 8A plus 100 mmol/L EDT
Salmonella Enteritidis harvested from a 106CFU/mL culture were
incubated for 90 min with cerein 8A and chemicals. After incubation,
the microorganisms were separated and prepared for transmission
electron microscopy. The results can be visualized in Fig. 3. Control
cells showed integrity and absence of detectable injury. The treated
cells showed vesiculization of the protoplasm, pore formation, and in
some cases, complete disintegration of the cells. The cells of Salmo-
nella Enteritidis treated with cerein 8A alone showed small pores and
the treatment does not affect themajority of cells. When the chelating
agent EDTAwas added the cells appeared more damaged. The injuries
in cell wall become more marked with the combination of EDTA plus
cerein 8A, including noticeable discharge of intracellular material, as
shown for treatments with 50 and 100mmol l/L EDTA plus cerein 8A.
Combination of cerein 8A with sodium lactate caused similar injury in
Salmonella Enteritidis cells (Fig. 3).

4. Discussion

Cerein 8A, an antimicrobial peptideproduced byB. cereus8A showed
inhibitory activity against pathogenic and spoilage Gram-positive
bacteria (Bizani and Brandelli, 2002). The results of this work indicate
that this substance is also inhibitory against Salmonella Enteritidis. This
effect was clearly improved with the addition of EDTA and sodium
lactate. EDTA alone, in all concentrations, reduced the number of viable
cells of Salmonella Enteritidis and their effect on increased permeability
of the cells could be observed, where the increased concentration of
EDTA reflected in increased damage to the cells. Chelating agents
are compounds capable to destabilize the structure and alter the
permeability of the OM (Vaara, 1992). Substances like EDTA, which
bind magnesium ions in the lipopolysaccharides (LPS) layer, and
membrane-disrupting agents such as trisodium phosphate, have been
shown to be effective against Salmonella spp. (Shefet et al., 1995) and
Campylobacter spp. (Slavik et al., 1994) in both poultry products and
pure culture (Somers et al., 1994).

The transmission electronic microscopy showed pores on the cell
envelope of Salmonella Enteritidis caused by cerein 8A, which justified
the reduction in the number of viable cells. The improved effect of EDTA
on the activity of cerein 8A could be verified by the noticeable reduction
in the number of viable cells and supported by transmission electron
microscopy, where the effects of this synergism resulted in remarkable
pore formation, loss of intracellular contents and in some cases,
destruction of the cells. In this case, extensive cell damage is most likely
due to weakening of the OM following sequestration of magnesium
ions by the chelating agents (Montville and Bruno, 1994). Electron
microscopy studies on E. coli O157:H7 and Salmonella typhimurium
treated with the bacteriocins nisin and pediocin AcH following
pressurization showed extensive changes on the cell surface topography
and morphology, indicating damage to the cell envelope (outer- and
inner-membranes). Similar changeswere observed for both bacteriocins
(Kalchayanand et al., 2004).

The combined effect of bacteriocins with chelating agents has been
investigated based on the hurdle concept (Cleveland et al., 2001).
Combinations of nisinwith chelators or physical disruption of the cells
have been successfully applied to kill E. coli (Kalchayanand et al.,
1992; Shefet et al., 1995). The bacteriocins nisin and lactocin 705/
AL705 inhibited E. coli in combination with 500 and 1000 mmol/L
EDTA and 800 mmol/L sodium lactate (Belfiore et al., 2007). These
elevated concentrations may be necessary if the bacteriocin source
contains high levels of Ca2+, Mg2+ and Mn2+ ions coming from the
culture medium (e.g. supernatant concentrates). High concentrations
of chelators may be also necessary to remove exogenous divalent
cations associated with food systems and still be effective enough to
destabilize the OM of Gram-negative bacteria present.
) Control, (B) cerein 8A, (C) 50 mmol/L EDTA, (D) 100 mmol/L EDTA, (E) cerein 8A plus
A, (H) cerein 8A plus 200 mmol/L sodium lactate.
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The combined effect of chelators on Gram-negative bacteria is
mostly associated with LAB bacteriocins, and reports on other
antimicrobial peptides are scarce (Motta et al., 2008). Cerein 8A was
effective with relatively lower dose of EDTA or sodium lactate,
possibly because it had an inhibitory effect on Salmonella by itself,
contrary to that observed with nisin and other LAB bacteriocins
(Belfiore et al., 2007; Galvéz et al., 2007).

The mechanisms of action of peptide antibiotics are diverse, but
the bacterial membrane is the target for most bacteriocins (Cleveland
et al., 2001). Cerein 8A caused a significant growth inhibition of
Salmonella Enteritidis, suggesting a bactericidal mode of action. The
simultaneous decrease in the OD also indicates the cells were lysed.
Similarly, the bacteriolytic effect of the bacteriocin linenscin OC2 on
Listeria innocuawas observed by noteworthy decrease in OD readings
(Boucabeille et al., 1997). Transmission electron microscopy showed
damaged cell walls and loss of protoplasmic material. These results
suggest that the mode of action of cerein 8A is to interfere with cell
membranes. The mechanism of interaction of antimicrobial peptides
with Gram-negative bacteria has been proposed. The initial associa-
tion with the bacterial membrane occurs through electrostatic
interaction with the LPS in the outer membrane leading to membrane
perturbation. The cationic peptides displace Mg2+ and Ca2+ cations
from the negatively charged LPS leading to a local disturbance in the
outer membrane. This facilitates the formation of destabilized areas
through which the peptide translocates the outer membrane in a
process termed self-promoted uptake (Powers and Hancock, 2003).

Our results corroborate that the inhibitory activity of cerein 8A on
Gram-negative bacteria can be enhanced when the OM is altered by
chemical treatment with chelating agents. The treatment with EDTA
in combination with cerein 8A results in a most effective strategy
against Salmonella Enteritidis and may be valuable in controlling this
bacterium in food.
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