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CARACTERIZACAO DA BACTERIOCINA CEREINA 8A PRODUZIDA

POR UMA LINHAGEM DE Bacilluscereus

Autor: Rosiele Lappe
Orientador: Adriano Brandelli

RESUMO

Bacillus cereus8A, isolado de solo da regido sul do Brasil, pmduma
bacteriocina, cereina 8A, que apresenta potenciata putilizacdo como
bioconservante no controle de microrganismos patogé e deteriorantes de
alimentos. Neste trabalho foram realizados estadosaracterizacdo e otimizacao
no processo de obtencdo da cereina semi-purifiddalgprimeira etapa do trabalho
foi estudada a cinética de inativacdo térmica areereina 8A. Amostras da
bacteriocina foram tratadas em diferentes combsmgie tempo/temperatura no
intervalo de 0-30min. e 70-82°C e os parametraaddmamicos e cinéticos para a
inativacéo da cereina 8A foram calculados. Os tado$ revelaram que a inativagéo
segue uma reacdo de primeira ordem com valoresedérd 0.059 e 0.235 minA
diminuicdo e o aumento dos valores de D e k, réisp@cente, com o aumento da
temperatura, indicaram uma rapida inativacao déebacina a temperaturas mais
elevadas. Os resultados sugerem que a cereinaufa dacteriocina relativamente
termoestavel com um valor de z de 21.98°C e endmyitivacdo de 105.7 kJ rifol
Em um segundo momento, a capacidade dos quelaDieA & lactato de sodio em
diferentes concentracdes e da cereina 8A (3200 UA/em inibir e inativar a
SalmonellaEnteritidis foram analisadas. Os resultados indicaque todos os
tratamentos testados, EDTA, lactato de sodio eirer8A, sozinhos e em
combinagdo, causaram uma reduc¢ao significativavaluses de Oy, em culturas
de S Enteritidis. A combinac&o de cerein 8A acresdTA 100 mol I* resultou
em um tratamento mais eficaz para reduzir o nungderccélulas viaveis dé&.
enteritidis. A microscopia de eletronica de trarss@o revelou paredes de células
danificadas e perda de materiais protoplasmatiasxélulas tratadas. As células de
S enteritidis tratadas com 8A cereina sozinha racstn pequenos poros e o
tratamento ndo afetou a maioria das células. Quanagente quelante EDTA foi
adicionado, as ceélulas mostraram-se mais danificatis lesbes na parede celular
tornaram-se mais intensas com a combinag¢do denaeBdi acrescida de EDTA,
inclusive demonstrando uma notavel perda do matetracelular, como observado
nos resultados dos tratamentos com EDTA 50 e 100Ihmais cereina 8A. A
Ultima etapa deste estudo investigou o particiomdnela cereina 8A em dois
sistemas de extragdo liquido-liquido, um com Trixefh14 e outro PEG com sais
inorganicos, que sao considerados promissores fiasa de bioseparacdo e
depuracéo. Os resultados indicaram que cereinaa8k&ipna preferencialmente na
fase rica em micela no sistema com Triton X-11l4coacentracdo de 4 % e sua
atividade antimicrobiana foi preservado. Em ATPS neelhores resultados foram
relativos ao coeficiente de particdo obtidos corsREsulfato de aménio, quando o
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cloreto de sédio foi adicionado, o valor dg, Kumentou significativamente e
mostrou o melhor rendimento de recuperacdo quandgp@&rado com o sistema
micelar. A purificagcdo convencional resulta em watoff de purificagdo superior,
mas em uma recuperacdo menor em comparacao cordawnéte particionamento.
Estes resultados representam um importante passemmo de desenvolver um
método de separacdo para cereina 8A e de um modo geel, 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 straiB.ofereus 8A, isolated from soil
of south of Brazil with potential application agsiirfood spoilage and pathogenic
bacteria.At the first phase of the study, the kasebf thermal inactivation was
studied for the bacteriocin cerein 8A. Sampleserséim 8A were treated at different
time-temperature combinations in the range of 0OAR3@ and 70-82°C and the
thermodynamic and kinetic parameters for bactamiazactivation were calculated.
Results showed that inactivation followed a firsler reaction withk-values
between 0.059 and 0.235 nlinD- and k-values decreased and increased,
respectively, with increasing temperature, indiggta faster bacteriocin inactivation
at higher temperatures. Results suggest that c8iis a relatively thermostable
bacteriocin with @-value of 21.98 °C anf, of 105.7 kJ mal. In a second time, the
ability of chelators EDTA and sodium lactate orfefiént concentrations and cerein
8A (3200 UA/mIY) to inhibit and inactivat&almonellaEnteritidis was investigated.
The results indicated that all treatments testedhaely EDTA, sodium lactate and
cerein 8A, alone and in combination, caused a fogmt reduction in the O
values ofS. Enteritidis cultures. The addition of bacteriopins EDTA resulted in
higher inhibition in comparison with the bacteriocalone; the greater the
concentration of EDTA, the greater the inhibitorffeet. Transmission electron
microscopy showed damaged cell walls and loss atbptasmic material in treated
cells. The cells o&. Enteritidis treated with cerein 8A alone showsthl pores and
the treatment does not affect the majority of céden the chelating agent EDTA
was added the cells appeared more damaged. Thieegnjn cell wall become more
marked with the combination of EDTA plus cerein 8#cluding noticeable
discharge of intracellular material, as shown featments with 50 and 100 mmol |
'EDTA plus cerein 8A. The last step of this studyeistigated the partitioning of
cerein 8A in two liquid—liquid extraction systenigat are considered promising for
bioseparation and purification purposes. In aguewus phase micellar systems
Triton X-114 was chosen as the as phase-forminfactant. Aqueous two-phase
systems were prepared of PEG and inorganic satistla® addition of sodium
chloride was investigated in this system. Resulthcated that cerein 8A partitions
preferentially to the micelle rich-phase in the tegs with 4% Triton X-114
concentration and its antimicrobial activity waggerved. In ATPS, the best results
concerning to the partition coefficients,j were obtained with PEG + ammonium
sulphate, when sodium chloride was added the \@l&g increase significantly and
showed the best recovery yield when compared wiibellar systems. The
conventional purification results a higher purifioa fold, but a minor recovery in
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comparison with partitioning methods. The succdsgfiplementation of this
peptide partitioning, from a suspension contairatiger compounds, represents an
important step towards developing a separation adefbr cerein 8A, and more
generally, for other biomolecules of interest.
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1. INTRODUCAO

Nas ultimas décadas tém-se apresentado novos afegadira as industrias
farmacéuticas e de alimentos no que se refere atbate a microrganismos
patogénicos e deteriorantes.

O desenvolvimento e a proliferacdo de bactériastesdes a antibidticos, que
diminuem as opcdes terapéuticas, tem se tornadgrave problema de saude no
mundo todo. A rapida escalada da resisténcia mamabpode fazer com que
algumas infecgbes bacterianas nao possam ser asatadm oS agentes
antimicrobianos existentes. Esfor¢cos a nivel murghaa estudar e contornar este
problema vém sendo realizados ha anos. Dentre lagdss, estd 0 uso mais
racional dos antibioticos e a descoberta de nontisigrobianos.

E notorio que alimentos industrializados ou n&acsspm conter uma ampla
variedade e quantidade de microrganismos, que patenferir em sua vida Gtil ou
causarem doencas. Existem inUmeros recursos paraadl esses microrganismos
ou controlar o seu desenvolvimento nos alimentoduindo tratamento térmico,
adicdo de conservantes quimicos, uso de baixa tatope durante o
armazenamento, entre outros. No entanto, a cadaauti@enta a procura por
alimentos naturais, que ndo tenham sido submetidosienhum tipo de
processamento industrial ou que sejam minimameateepsados e que nao sejam
adicionados de produtos quimicos. Portanto, a bpscaovos aditivos, que possam
controlar estes microrganismos, € de suma impoaaecdevido ao avanco da
biotecnologia, a utilizacdo de bacteriocinas swgeo uma nova alternativa na

preservacgao dos alimentos e tem sido um assunta@pte estudado.
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As bacteriocinas apresentam um potencial uso nesinid de alimentos, além de
serem apontadas por estudos que indicam seu usommle de infecgcbes em
humanos, animais e vegetais. Estas substanciaiteems um grupo heterogéneo
de proteinas que variam muito quanto ao seu espaatimicrobiano, propriedades
bioguimicas, mecanismo de acdo e caracteristicagtigas. A atividade
antimicrobiana e a estrutura protéica provavelmsajam as Unicas caracteristicas
comuns a todas bacteriocinas.

Além do interesse no estudo das bacteriocinas @gmtamciais conservadores de
alimentos, existe ainda o interesse de pesquige &3i8es compostos devido a sua
potencial aplicagdo como estratégia como prevedeacertas doencas infecciosas.
O desenvolvimento de novos antimicrobianos é agsdet interesse devido ao
aumento de prevaléncia de bactérias resistentedtates do extensivo uso de
antibiéticos.

Portanto, é necessario que os estudos e pesgeisaaiem nesta area para
determinar a eficacia de microrganismos produtodss bacteriocinas e,
principalmente, verificar o comportamento dessalsstsuncias purificadas, sob
condicbes normais de comercializagdo e em alimenadém de estudos
toxicologicos e avaliacdo de sua potencialidadedaologica.

Dentro deste contexto, este trabalho propde caizettaima bacteriocina com
grande potencial antimicrobiano e/ou biopresergasiobre alimentos nos aspectos
de resisténcia térmica, atividade antimicrobianaezanismo de acdo, bem como

seu coeficiente de particao em diferentes sistemas.

Especificamente, os objetivos desse trabalho foram:
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Determinar a cinética e termodindmica de inativagéonica da
cereina 8A produzida peRacillus cereus8A;
Estudar a atividade e o mecanismo de acdo da aeBdirfrente a
microrganismos Gram-negativos e/ou a adicdo deagted como
potencializadores do efeito antimicrobiano;
Determinar o coeficiente de particdo da bactersbagdm sistema

aguoso bifasico e em sistema micelar bifasico.
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2. REVISAO BIBLIOGRAFICA

2.1 Bacteriocinas

As bacteriocinas s&o definidas como substanciastert@das,
antibidticos de natureza protéica altamente edpesjf ndo multiplicaveis,
sintetizados por algumas linhagens bacterianas agio contra isolados das
mesmas espécies, ou sobre outros organismos restnii@ relacionados com a
espécie produtora (TAG@t al, 1976; SANTOSet al, 1994; RILEY, 1998;
RILEY, GORDON, 1999; MARINGONI, KUROZAWA, 2002).

O termo substancia tipo-bacteriocif@¢teriocin-likg aplica-se apenas
aos compostos antimicrobianos de natureza prot@oe, ainda nao estao
completamente definidos ou ndo cumprem com todasaescteristicas das
bacteriocinas. Essas substancias, geralmente, ggosam maior espectro de
acdo do que a definigdo classica de bacteriocataando contra uma variedade
de bactérias gram-positivas, algumas gram-nega¢i\até contra alguns fungos
(DE VUYST, VANDAMME, 1994).

Dessa forma, toda bacteriocina ou substancia @atebocina tem uma
proteina ou um peptideo que € essencial para sgadbactericida. A maioria
das bacteriocinas descritas até 0 momento tem uxn pbaso molecular e sao
estaveis ao calor. Estas caracteristicas, essaecitd, as diferenciam de alguns
antibioticos, considerados metabdlitos secundarmpse sao inibidores de
crescimento bacteriano, quando presentes em @aladnte baixas

concentracoes (REEVES, 1965).



22

2.20rigem e Descoberta das Bacteriocinas

Pasteur e Joubert por volta do ano de 1877 foraprioeiros a reportar
uma interacdo antagonista entre bactérias, ao w@rsgue uma “bactéria
comum”, provavelmentd. coli, podia interferir no crescimento dgacillus
anthracis quando inoculados conjuntamente. Em decorrénsgo dhouve uma
intensa procura por uma bactéria de baixa patogewie que pudesse ser usada
na prevencdo contra outros patdgenos. Varios amtige do crescimento de
Bacillus anthracidoram reportados no inicio do século (REEVES, 1965

Também nesta época surgiram varias propostas agaserde reposicao
para modificar a microbiota intestinal. Diversasté¢ivas foram realizadas com
0 uso de bactérias produtoras de acido latico @gienas linhagens de. coli
capazes de destruir especialmesddmonella typhiEm meados do ano de 1916,
chegou-se a distribuir comercialmente uma linhader. coli (Mutaflor) para
o tratamento da disenteria, porém sem apresentfetavidade esperada e,
sobretudo, sem uma identificacdo da natureza daté&uba envolvida, esse
tratamento foi imediatamente descartado (JAGD&. 1953).

Em 1925, o cientista belga Andrei Gratia observaie cqalgumas
linhagens deEscherichia coliliberavam uma substancia que aparentava um
estado de antagonismo sobre outras colbnias do anesganismo. Estudos
posteriores definiram uma série de 20 proteinas ef@ito inibidor, que foram
denominadas de colicinas. Ele demonstrou que adirin V deE. coli produzia
em meio liquido uma substancia dialisavel e rasistao calor capaz de inibir o

crescimento de outros coliformes. Esta substan@a gdosteriormente
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denominada de colicina V. Nos anos seguintes, reumghovas observacoes de
gue antimicrobianos do tipo colicina também podsen produzidos por outras
bactérias, e ndo exclusivamente pelos coliformasim em 1953, Jacad al.
introduziram o termo mais genérico de bacteriocipgga as proteinas
antibiéticas do tipo colicina.

Até pouco tempo, a maioria dos progressos has pasqudas
bacteriocinas limitavam-se as investigacbes dadcimat (bacteriocinas
produzidas por varios membros da famillenterobacteriacege Mas,
atualmente tem havido uma intensa atividade deupsgas bacteriocinas e das
substanciabacteriocin-likede bactérias gram-positivas, sobretudo das bastéri
acido-laticas (REEVES, 1965, DE VUYST & VANDAMME994 e RILEY &

GORDON, 1999).

2.3 Caracteristicas e Classificagdo das Bacteriocinas

b)

De acordo com DE VUYST & VANDAMME (1994) e MCAUEFE et
al. (2001), séo descritas as subsequentes classestéedrinas sintetizadas por
diferentes bactérias e, principalmente, pelas bastécido-laticas, com base na
sequéncia de peptideos e pré-peptideos:
Classe I: composta pelos lantibioticos, como anaissdo bacteriocinas que
conttm o aminoacido modificado lantionina. Possuem peso molecular
menor que 5 kDa.
Classe ll: denominada de nao-lantibiéticos, por pd&suirem lantionina na sua
molécula, sdo pequenos, compostos por 10-30 aniflusacapresentam um

peso molecular até 10 kDa e sdo resistentes ao (lalococina A). Esta
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categoria se subdivide em trés outras classes, lgstintas, sendo
principalmente produzidas por bactérias laticas.
[la) Bacteriocinas semelhantes a pediocina, cote fatividade contrhisteria spp;
IIb) Bacteriocinas constituidas por dois peptidemse possuem atividades
complementares (Ex.: lactococina G e lacticina);
lic) Bacteriocinas formadas por peptideos ativgatasgrupos tidis que necessitam
residuos de cisteina para apresentarem acao, cacidogina B.
c) Classe lll: proteinas termo-sensiveis e de peseaulalr acima de 30 kDa.
d) Classe IV: inclui os compostos indefinidos de haoténas, envolvendo

proteinas associadas a lipideos e/ou carboidratos.

2.4Biossintese das Bacteriocinas

As bacteriocinas produzidas por bactérias Grantpasj em geral, séo
sintetizadas na forma de pro-peptideos, dos qupeptideo lider é posteriormente
separado para formar a molécula protéica biologicaenativa (JACKet al, 1995).
HOFLACK et al (1999) evidenciam que, em alguns casos, comdantibioticos,
modificacdes pos-transcripcionais sao introduzidapeptideo antes de ocorrer esta
clivagem. A molécula protéica biologicamente atigaexcretada pela célula
produtora através de um mecanismo de transpovie r@éi membrana ou através de
mecanismaec-dependente

Estes compostos bioativos podem ser um metabdfitndgo, quando sua
sintese ocorre durante a fase exponencial do nrest bacteriano, tomando um
papel vital no desenvolvimento deste organismm ddetabdlito secundario pode

ser descrito como um composto que é produzido agase ativa do crescimento e
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tido como um mantenedor do desempenho do micragennaquele ecossistema,
porém nao é vital, segundo DE VUY&Tal, (1996).

A biossintese ocorre tanto na fase logaritmica tguara fase final do
crescimento bacteriano e, no caso, guarda umaicelegm a biomassa produzida
(DYKES, 1995; BABA & SCHNEEWIND, 1998).

Para a producéo de bacteriocinas, sdo necesséries gstruturais, genes para a
secrecdo/modificacdo e, ainda, genes para protemamlogicas especificas, cuja
funcdo é proteger as células produtoras contra estoefde suas préprias
bacteriocinas. Além disso, em muitas bacterioco®mglasse Il (ndo lantibidticos)
pode haver um indutor da producado, geralmente tamb@ peptideo, porém sem
nenhuma atividade bactericida (KLAENHAMMER, 1993).

A producdo de bacteriocinas € geralmente controladia um plasmideo
chamado bacteriocinogénico (DE VUYST, 1994). Embmaamaioria das vezes o
bacteriocinogénico esteja reprimido, em alguns <agoplasmideo escapa da
repressao e induz a sintese de sua bacteriocinexemplo € o que ocorre com a
coagulina, produzida pelBacillus coaguland,, regulado pelo opéropl,; DNA
(MARREC et al,, 2000).

JACK et al (1995) afirmam que a maioria das bactérias grasitpas
produtoras de bacteriocinas possuem genes plassnidedificadores desta
propriedade. Um exemplo tipico é a nisina, que adymida peloLactobacillus
lactis subsp. dctis. Assim como para esta expressado, para todas assdeactérias
gram-positivas produtoras, ha a necessidade deem@ gdicional cuja fungéo vai
além da regulagdo da transcricdo, modificacOes trpéstocacionais,
processamento, transporte para o exterior da ¢ébdm como a producdo de

compostos para sua propria protecédo (imunidade).
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De todos os genes codificadoresseo-dependente o Unico responsavel pela
producao e liberacdo especificamente de uma sskectiesbacteriocina, presente na
maioria das bactérias produtoras e principalmeateatido-laticas (HOFLACKt
al., 1999).

Um forte indutor desses genes produtores sao ascé@ms ultravioletas, que
podem induzir a formagéao e a liberacdo da baciead®LACK, 2002).

A producdo de bacteriocinas pelas bactérias adiittat esta intimamente
relacionada com a fase de crescimento das linhagertkitoras. Usualmente, a
producdo ocorre na fase de crescimento e cessaalaé fase exponencial, onde
geralmente encontram-se as maiores concentragcoésaleriocinas no meio de
cultura. ApGs esta fase, acontece, normalmente dimmauicdo na concentracao de
bacteriocina. Tem sido sugerido que essa diminuig&ora devido a aderéncia de
bacteriocina as células produtoras ou ainda pgeadacdo das mesmas por agéo de
proteases (DE VUYST & VANDAMME, 1994).

Varios outros fatores também podem influenciaryprdémente na producéo de
bacteriocinas, tais como linhagens bacterianasrefatde estresse, composi¢cédo do
meio de cultura utilizado e as condi¢cdes de incabagomo pH, temperatura,
agitacdo, entre outros (SCOTT & TAYLOR, 1981; MITEVet al, 1998;

MATARAGAS et al, 2003).

2.5Uso das Bacteriocinas na Bioconservagao de Alimesto

Os microrganismos mais adequados para uso comorisiel/adores sdo as

bactérias laticas, devido as suas caracteristitag@nistas e sua grande tradicdo de
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uso como bactérias grau-alimento, em alimentos detados (SCHILLINGERet
al., 1996; SCHILLINGER & HOLZAPFEL, 1996; DE MARTINS. FREITAS,
2003).

Muitas bactérias acido-laticas tém um important@epana producdo de
alimentos fermentados e também na bioconservacadirdentos, particularmente
os laticinios (SCHILLINGER & HOLZAPFEL, 1996). Nessentido, o exemplo
classico de bacteriocinas com uma aplicacéo coaldreim sucedida é a nisina.

A nisina, conhecida desde 1928, foi a primeira dramtina que se mostrou
promissora para 0 uso pratico na preservacdo deertids, principalmente nos
subprodutos do leite. Seu uso em escala comerctateoha quase 50 anos pela
industria alimenticia e, até hoje, é a Unica bamtera produzida por bactérias
acido-laticas (particularmente pbactococcus lactlse usada comercialmente com
este proposito. Considerada como uma subst3BRIAS (Generally Regarded as
Safg, sua utilizacdo esta aprovada p€laod and Drugs AdministratioiFDA)
orgéo norte-americano (CODEX ALIMENTARIUS, 1995).

Essa bacteriocina é atOxica, destruida por enzihigestivas e ndo confere
sabores e odores desagradaveis aos alimentos. @magem das bacteriocinas
sobre os antibidticos classicos é que as enzingastidias as destroem (CAPLICE
& FITZGERALD, 1999).

A nisina é caracterizada estruturalmente como umtigen contendo 20
aminodcidos, entre eles a lantionina, um aminoanéim muito comum (o que a
classifica como a principal bacteriocina da cldsseclasse dos lantibidticos, cujo
nome deriva da presenca de aminoacidos com andieéder intramoleculares do
tipo mese lantionina ethreo-3-lantionina) (DE VUYST & VANDAMME, 1994,

MCAULIFFE et al, 2001).
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No Brasil, a nisina é aprovada para uso em toddgos de queijo no limite
méximo de 12,5 mg/kg e é permitida a utilizacdaaléscteriocina em produtos
carneos com aplicacdo na superficie externa déclsadsde diferentes tipos. O
produto pode ser aplicado como solugcdo comerciaigiea a 0,02% em solugao de
acido fosférico grau alimenticio (DE MARTINI& al., 2002).

Embora vérias bacteriocinas da classe |l tambéhatarse mostrado efetivas na
bioconservacgao de alimentos, nenhuma ainda feidie€a ou comercializada como
aditivo aos alimentos numa forma parcialmente wadla (FIELDS, 1996). Para
MURIANA (1996) e SIRAGUSAet al (1999), o uso de outras bacteriocinas, além
da nisina, na industria de alimentos tem despexddteresse do setor.

A aplicacdo de bacteriocinas no controle de mi@wiggnos patogénicos e
deteriorantes de alimentos foi demonstrada por DEYST & VANDAMME
(1994), principalmente sobr€lostridium botulinum, C. perfringens, Listeria
monocytogenes, Bacillus cereesStaphylococcus aureudara estes autores, a
bacteriocina pode inibir patdogenos de importancia earnes refrigeradas
minimamente processadas, na qual naturalmente @ezacelevada se torna
indesejavel, restando somente a refrigeracdo comwafde conservagao.

De acordo com MURIANA (1996); EL-ZINEt al (1999); LUCKE (2000) e
ISLAN et al (2002), o uso das bacteriocinas em carnes freecasmiprocessadas,
as quais possuem bactérias laticas como parteadaistobiota, tem como objetivo
prevenir a deterioracdo assim como evitar 0 cremuion de microrganismos
psicrotréfilos patogénicos.

E de fundamental importancia antes que uma baciesiceja considerada para

utilizagdo em alimentos, informagdes sobre seucégpantimicrobiano, bem como
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o conhecimento das caracteristicas bioquimicasgtigas e sua efetividade nos

sistemas alimentares.

2.6 Mecanismo e Espectro de A¢do das Bacteriocinas

Apesar das diferencas, os modos de acdo dos akveeptideos antimicrobianos
envolvem, em geral, associacdo com os lipidios deminana plasmatica
microbiana provocando um aumento de sua permeadidEm um primeiro
momento, ocorre uma atracdo eletrostatica entren@éculas de peptideo (que
geralmente possuem carga positiva) e lipidios &o8mpresentes na membrana. Em
seguida, a estrutura anfipatica dos peptideos emtimlanos desempenha o seu
papel, promovendo a interacdo dos peptideos amtibiénos com a interface
hidrofilica/hidrofébica presente na superficie Hamnembranas (MAGET-DIANA,
1999; NAGHMOUCHI,et al, 2007).

Os diversos mecanismos propostos para o0 aumentpemaeabilidade de
biomembranas devido a interagdo com peptideos ianvinenos foram revistos por
SCHREIER et al., (2002); LADOKHIN & WHITE, (2001):0HNER, (2001) e
ZASLOFF (2002). Estes mecanismos podem ser resgmitictrés modelos:

1- Formacao de poros organizados compostos por nadtiptidades de peptideos
organizados na forma de um barbl(rel stave modglou tordide \ormhole
mode) que atravessa a bicamada lipidica.

2- Os peptideos comportam-se como detergentes, prwoedteracdes estruturais
na membrana, deslocando lipidios e causando a ¢&omde poros temporarios

ou mesmo lisando completamente a membreaigpét like modée!
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3- A interacdo dos peptideos com a superficie das éitimanas provoca
disturbios fisico-quimicos. O acumulo de molécuageptideos (muitas vezes
envolvendo a formacédo de agregados) ocasiona (ibksae instabilidades
estruturais localizadas na bicamada lipidica queelte na formacdo de poros
transientes.

Existem duas hipOteses para explicar como a peilizegho da
membrana afeta a viabilidade dos microrganismosa denbaseia na perda de
energia provocada pelo desequilibrio e consequeéestruicdo do potencial
eletroquimico devido a formacdo de poros. A outidtese seria que o
peptideo, apds danificar a membrana, pode atralessinterferir nas funcdes
intracelulares através de interagdo com macromial@oomo proteinas e acidos
nucléicos. Em alguns casos, ainda, foi demonsteadejacdo do peptideo
antimicrobiano com receptores de membrana (ANDRERI¥AS, 1998; WU,
et al, 1999; GANZ & LEHNER, 2001). Entretanto, aindast&imuita discussao
sobre 0 mecanismo de agdo dos peptideos antimacsi

Apesar das discordancias sobre o0 modo de acdo dpHdeos
antimicrobianos, existe um consenso de que, nadgramaioria dos casos, a
membrana esta diretamente envolvida. Os peptiddorierobianos sédo ativos
contra alvos que possuem membrana plasmatica, dwsmetérias, fungos,
protozoarios, células tumorais e virus envelopdddpe e HIV, por exemplo)
(HANCOCK & DIAMOND, 2000).

O efeito generalizado destes peptideos sobre a raamlMificulta o
desenvolvimento de resisténcia por parte dos patdyetendo em vista a
improbabilidade da ocorréncia de mutagdes capamesprdduzir grandes

alteracdes no componente lipidico da membrana domanismos. Como a
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composicao lipidica das biomembranas é muito sireitdre os seres vivos, 0s
peptideos antimicrobianos possuem, em geral, angdpectro de acédo

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

2.7 Bacteriocinas Produzidas por Espécies de Baaodl

O g¢énero Bacillus constitui um dos grupos mais amplos da
microbiologia. Suas caracteristicas sdo muito dasa sendo encontradas
espécies com importancia industrial e agricola es$fpécies patogénicas
produtoras de toxinas. As espécies importantesstridlmente tém um historico
de uso seguro na industria e em alimentos (P&I&L, 1997).

Segundo o Manual Bergey's de Bacteriologia SistemabsBacillus
sdo bactérias em forma de bastonetes, Gram-pasitigaporogénicas e
tolerantes ou ndo ao oxigénio. S&0 agrupadas delca@mm as exigéncias
fisicas, quimicas nutricionais ou genéticas.

A maioria das espécies deste género tem o solo habitatnatural. Séo
espécies frequentemente sujeitas a variacdes adhrastie parametros fisico-
guimicos do meio ambiente, tais como temperatursgnotaridade ou
disponibilidade de fontes de carbono. Muitas vezst®s variagdes impdem
condi¢cBes de crescimento lento ou de fase esta@or#urante a transicdo da
fase de crescimento exponencial para a fase esfaicip as células ensaiam
respostas adaptativas que vao desde o desenvoteirdanmotilidade ou de
competéncia para a transformacgéo genética por erOgeé a producdo de
antibiéticos ou de enzimas degradativas extracelslgHYRONIMUS et al,

1998).
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A atividade antimicrobiana que algumas linhagen8aellus possuem
se deve aos peptideos antimicrobianos, cuja orijgede ser de sintese ou da
metabdlise. Estes metabdlitos, geralmente, podesengtelver uma funcao
sinérgica e endosimbiontica (GEBHARRT al., 2002).

S&do diversas as origens dBacillus produtores de substancias
antimicrobianas. SUGITAet al (1998) relataram a presenca de bactérias
intestinais isoladas de sete diferentes espéciepedes da costa japonesa
produtoras de substancias antimicrobianas BAamyloliquefacienssolado da
amoreira € atribuida a producdo de um compostdmpede a proliferacdo de
bactérias e fungos fitopatogénicos (YOSHIBtal, 2001).

PATTNAIK et al. (2001) identificaram uma substancia tipo-bactania
(liquenina) produzida sob condi¢des restritas dgémo porB. liqueniformes
de suco ruminal de bufalos. Tanto a producdo conatividade se limita a
auséncia de oxigénio. Sua melhor atividade ocarfaina de pH entre 4 e 9 e é
termoestavel a 100°C, porém é sensivel a proteidas&presenta um peso
molecular de 1,5 kDa.

Ja HYRONIMUSet al (1998), isolaram uma linhagem Be coagulans
|, de fezes de bovinos produtora da coagulina, cd@aaibir outras espécies de
BacilluseListeria sp, entre outros indicadores.

A producgéo de bacteriocinas ou de substanciasioakdas tem sido
descrita para varias espécies do géBaillus entre ela8. amyloliquefaciens,
B. cereus, B. coagulans, B. licheniformis, B. megain, B. stearothermophilus,
B. subtilis, B. thermoleovararesB. thuringiensi{NOVOTNY & PERRY, 1992;
OSCARIZ et al, 1999; HYRONIMUSet al, 1998; PATTNAIK et al, 2001;

YOSHIDA et al, 2001).
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Segundo TAMEHIROet al. (2002), o B. subtilis produz diversos
antibiéticos que estdo classificados de acordo sam sintese. Sintetizados
ribossomalmente estdo a subtilisina, subtilinalaswdina e TasA produzidas
durante a fase ativa de crescimento. O grupo Eatkt ndo ribossomalmente é
produzido durante a fase estacionaria como a sumdadbiosurfactante),

bacilisina e as iturinas.

2.8Bacillus cereus

O B. cereusé mais conhecido pelas duas formas de doencag dapa
causar (gastrenterite diarréica e gastrenteritetieampdédo que pelo seu
antagonismo as bactérias. S0 comumente encontmmosolos Umidos,
vegetais em decomposi¢cdo e, ainda, em laticiniedbatedouros de animais
como contaminantes de seus subprodutos.

As cereinas, como sao normalmente chamadas as ribeciotes
produzidas peld. cereus apresentam um amplo e variado espectro de acao.
Elas ja4 foram estudadas devido a suas ac¢des loditieai ou bactericida contra
L. innocua, L. monocytogenes, StreptocosqusC. botulinum, C. perfringens
C. Butyricum, B. cereug B. subtilis entre outras espécies de importancia
alimentar. A cereina 7 constitui um agregado pelijgico de peso molecular
entre 3 e 10 kDa, termoestavel a 100°C por 15 wsneatativa na faixa de pH
entre 2 e 9 (OSCARIZt al, 1999).

Algumas cereinas possuem atividade antimicrobiamatra espécies

estritamente relacionadas, € o caso da cereina B lpi@duzida pela linhagem
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de B. cereusGN105 que atua somente contra espécies do mesmerogé
(NACLERIO et al, 1993).

B. cereusBA, isolado de solos nativos do sul do Brasildpma cereina
8A, uma bacteriocina que apresenta amplo espeetatividade e potencial use
como bioconservante em alimentos (Bizani e Brand&ll02). A cereina 8A
revelou um efeito bactericida sobiasteria monocytogeneg B. cereus

(BIZANI et al, 2005).

2.9 Purificagao de Bacteriocinas

A utilizagdo de proteinas para a aplicacdo exigeapurificacdo, uma
vez que qualquer célula contém milhares de pratadifarentes, que apresentam
uma ampla faixa de atividade bioldgica.

A caracterizacdo de bacteriocinas é dependenteuaapsrificacdo e
diversas técnicas sdo combinadas para a obtencagrateinas puras
(CAROLISSEN-MACKAY et al, 1997). Esta variacdo € atribuida a natureza
extremamente heterogénea das bacteriocinas (TARG al, 1976,
KLAENHAMMER, 1993), que impossibilita a aplicacdae dum protocolo
universal de purificagdo. Dessa forma, para cadetebacina deve ser
desenvolvido um protocolo particular, ideal parsa@amento e purificacdo da
mesma (DE VUYST & VANDAMME, 1994).

A produgdo de muitas bacteriocinas ndo € induzveBo detectados
titulos relativamente baixos nas culturas. Portapéwa que a purificacdo seja
possivel é necessario que a bacteriocina seja xdaduem uma grande

guantidade. As condi¢cbes da incubacéo, como tengroperatura e pH
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influenciam fortemente na producdo da bacterio@@RROLISSEN-MACKAY
et al, 1997).

Os protocolos de recuperagao e purificagéo laboaggageralmente sao
bastante complexos e incluem a precipitagdo corfateulde amoénio (na
concentracdo variavel de 0-80%), seguida por vagasnbinacdes de
cromatografia liquida de troca idnica, interacadrdfivbica ou cromatografia de
fase reversa. Apesar destes procedimentos podexand bons resultados em
termos de purificagdo, tornam-se geralmente ingdpara serem empregados
numa escala maior de recuperacédo, devido ao alkto ce complexidade
envolvidos (YANGet al, 1992; CRUPPER & IANDIOLO, 1996; VENEMAt
al., 1997).

A maioria dos pesquisadores inicialmente submet®lwenadante da
cultura produtora a precipitagdo com sais ou stdégee, apds, a uma preé-
purificacdo. Segundo YANGet al (1992), algumas bacteriocinas como a
lactocina 481 e lactocina B podem aumentar até visfes sua atividade
biolégica apds o tratamento de seus sobrenaddwates tle células com altas
concentracoes de sulfato de amonio. De acordo stes pesquisadores, 0s sais
atuariam tanto dissociando a bacteriocina nativanemnémeros mais ativos,
como alterando a sua conformacéao.

A purificacdo do precipitado ativo dos sobrenadapi@ cromatografia
de troca i0Gnica tem permitido uma boa recuperagioidina, diplocina e
lactocina A. Entretanto, este método néo é efieigira todas as bacteriocinas
produzidas por bactérias 4cido-laticas, pois afetsivelmente a recuperacéo da

atividade biolégica (NETLES & BAREFOOT, 1993).
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A cromatografia de interagdo hidrofébica pode s#izada com grande
éxito na purificacdo de alguns lantibioticos (nésitectocina A e lactocina S).
N&o obstante, esta técnica ndo serve para a pgéficde bacteriocinas de
grande hidrofobicidade (plantaricina, lactocina ¥8jue na auséncia de sal
reagem espontaneamente com a matriz do gel (UT&N; 2002).

A purificacéo de bacteriocinas por cromatografidade reversa pode ser
utilizada em casos especificos, porém a cromatagdaf troca ibnica é uma
técnica mais adaptada as moléculas hidrofébicaRIGBEL et al (2003)
utilizaram este método associado a adsor¢cdo dertlmiha em Carboxymethyl
Sephadex CM-25 para enterocina AS-48 (bacteriocpraduzida pelo
Enterococcus faecalisubsp.ligueaciensAS-48). Baseado em propriedades
comuns em muitas bacteriocinas como carga postigsténcia aos solventes
organicos e pH acido, estes pesquisadores conagguatravés desta técnica
uma recuperacdo em grande escala da bacteriociifecgula em apenas dois

passos de purificacao.

2.9.1 Sistemas aquosos bifasicos: fundamentos e iegptdes para

particdo/purificacdo de proteinas

Sistemas contendo duas ou mais fases liquidas emnilibeqg
termodinamico sdo muito Uteis para aplicacOes emagdo e/ou purificacdo de
compostos presentes em inumeros processos teaadd@ILVA & FRANCO,
2000; PESSOA & KOLIKIAN, 2005). Porém, para aplidgacdesta técnica de
extracdo liquido-liquido para a obtencdo de conggostom importancia
biotecnolégica (proteinas, enzimas, células, viragjanelas, etc.), faz-se

necessaria a utilizacdo de sistemas em que asfakexs guardem semelhancas,
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em termos das propriedades fisico-quimicas, come mquoso presente nos
seres VivVOJSELBER et al, 2004). Assim, a aplicacdo dos classicos sistemas
bifasicos solvente organico/dgua para extracaamie proteina seria inviavel, na
maioria dos casos, pois, com uma eventual congg@matrda proteina na fase
organica, ocorreria um processo de desnaturac&o,acconsequente perda de
atividade da biomolécula. Neste sentido, os sisemhenominados agquosos
bifasicos (SABs ou, em inglés, ATPS) desempenhanpape! estratégico pois,

as duas fases sdo formadas predominantemente ¥60{8% agua(SILVA &

LOH, 2006).

A formacdo dos ATPS é conhecida desde o final dalsé9. Em 1896,
Beijerinck descobriu que solu¢des aquosas de galatagar ou gelatina e amido
soluvel, misturadas em uma dada faixa de temperatgoncentracdo, formavam
misturas turvas que, em repouso, separavam espamente em duas fases
liquidas limpidas. A fase mais densa era enrigaeeid agar (ou amido) e a fase
superior em gelatina, sendo que a agua era o canfmajoritario em ambas as

fases.

Posteriormente, Ostwald e Hertel (192&ntinuaram os estudos sobre
esses sistemas e verificaram que amidos provesideterigens distintas (arroz,
milho, etc.), isto €, possuindo diferentes fracdes amilose e amilopectina,
produziam diferentes diagramas de fase. Essesta#gssl mostravam a grande
influéncia que pequenas variacdes nas interac@esnoleculares tém sobre as

composicoes das fases em equilibrio.

Com objetivo de verificar uma possivel generalidade fendmeno de

separacdo de fase em sistemas contendo macronagléddobbry e Boyer-
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Kawenoki (1947), no final da década de 40, estumagamiscibilidade de um
grande numero de diferentes pares de polimerospldidos em solventes
organicos ou em solucdes aquosas. Estes autorsmtzmam que dos 35 pares de
macromoléculas estudados, apenas 4 ndo produzifammacado das duas fases, e
puderam concluir que a incompatibilidade entre meibs era um fenbmeno

geral.

Somente com os trabalhos de Per-Ake AlbertssonE[ISS et al,
1963), em meados da década de 50, que ficou eridearia a comunidade
cientifica a grande potencialidade de aplicacdo tedessistemas a
particdo/purificacdo de materiais biologicos, degadeinas até células. Como o
solvente € a gua em ambas as fases e geralmarieasera presente em grande
quantidade, estes sistemas fornecem um ambienteoapsa as biomoléculas

evitando, assim, mudancas em suas estruturas @ gesdatividades bioldgicas.

Outra propriedade termodinamica importante assaced SABs, e que
Ihes d4 uma vantagem significativa quando comparads classicos sistemas
agua-oleo, € possuirem regides interfaciais coxobazalor de tensao interfacial,
v (KAUL et al, 1995; KIM & RHA, 2000). Para aplicacdo em pramss de
separacao de biomoléculas, este pequeno valor aEssx de energia livre de
Gibbs por unidade de area possibilita a transfeaédas bioparticulas pela
interface com um risco minimo de ocorrerem altezagéstruturais nas proteinas,

células e membranas particionadas (VENANGt@L, 1996).

Em geral, a distribuicdo de proteinas entre as fhs@s aquosas dos SABs
€ caracterizada por um parametro denominado ceeficide particéo, K

definido como (WAZIRIet al, 2004):
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Py [ Equacao 1
K:” = quag

onde @; e G, sdo, respectivamente, a atividade e a concentdggwoteina
nas diferentes fases (S= superior ou I= inferidrEquacao 1 enfatiza o ponto de
vista termodinadmico, em que 0S parametros "cona@efd' presentes nesta
equacio, deveriam ser substituidos pela "atividddgiroteina nas duas fases. E
importante destacar que muitas vezes, as medigasigentais do coeficiente de
particdo das proteinas tém revelado uma depend&mwi&, em relacdo a
concentracdo da mesma indicando tratar-se de uiricieage aparente, nao
constituindo, desta forma, um parametro que caraetam sistema em equilibrio
termodinamico. Além disto, a dependéncia gesk relacdo a concentracéo pode
também indicar que esta ocorrendo a particdo deetifes espécies quimicas
formadas, por exemplo, pela agregacdo das proteiRasretanto, para
experimentos em que a concentracdo da proteina i tpaixa (regime de
diluicdo infinita), os valores da concentragdo eatimidade tornam-se muito

proximos (PRAUSNITZet al, 1986).

Esta distribuicdo desigual da bioparticula entreleess fases é resultante
de um intrincado e delicado balanco de interactw® e proteina e as outras
espécies (polimeros, B e/ou sais inorganicos) presentes nas duas fases

coexistem em equilibrio (FARRUGGIét al., 2003).

Indmeras propriedades fisico-quimicas do sistemdoebiopolimero
determinam o valor de K Exemplos de fatores associados a proteina que
influenciam sua distribuicdo entre as fases saamamho, a conformacgao

(estruturas secundaria, terciaria e quaternariap eeomposicao (estrutura
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priméria), presenca de carga elétrica e hidrofdaae (JONSSON &
JOHANSSON, 2003). Além disto, propriedades impddardas fases também
contribuem nesta distribuicdo, como por exemplonatureza quimica dos
componentes formadores dos SABs, a massa molar ceneentracdo dos
polimeros, a presenca de ligantes ao longo da agu#imérica que possam
interagir especificamente com sitios da proteithepemperatura (WAZIRI &
ABU-SHARKH, 2004). Além do mais, a adi¢cdo de diféss sais inorganicos a
estes sistemas bifasicos produz uma diferenca wmgal elétrico na interface,
que influencia marcantemente a particdo de pratefaaregadas eletricamente.
Este potencial eletrostatico ocorre devido a disi¢éo desigual dos cations e dos
anions entre as fases enriquecidas pelos difergaiéneros (FARRUGGIAet

al., 2004).

Atualmente é alta a demanda por métodos de extegawoificacdo de
bioparticulas (proteinas, enzimas, ceélulas, etawg ejam eficientes e
economicamente viaveis. Nessa linha, os sistemassaq bifasicos constituem
um potencial. Entretanto, € notério que os SABsapda intensa aplicacdo em
escala laboratorial para purificacdo de enzimagoteimas, ndo alcancaram
ampla aplicacdo comercial, tendo talvez como pessigausas 0 custo dos
polimeros formadores das fases e/ou o comportanmmotplexo (indmeras
variaveis interferindo de forma cinegética ou adtacp) de particao
apresentados nestes sistemas bifasicos. Além dpa@ sua aplicacédo
sisteméatica, é necessaria maior compreensao dwedajjue determinam sua
formacéo e a particdo de solutos especificos. @onta urgente demanda por
parte da industria biotecnolégica, com objetivo tdezer para o mercado

consumidor produtos que possuam alto valor agregama ampla aplicacéo
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médica, certamente motivara a aplicacdo em eswdlastrial dos SABs (SILVA

& LOH, 2006).

2.10 Inativacao Térmica de proteinas

O tratamento térmico persiste como 0 método majdaamente utilizado
para preservar e aumentar a vida util dos alime(8UAH et al, 2007). No
entanto, 0 aquecimento excessivo produz perdasidevageis em termos de
gualidade e, sobretudo, nas propriedades sensaligisalimentos. Técnicas de
processamento térmico buscam a realizacdo daliesigei comercial e, a0 mesmo
tempo, minimizagéo das alteragbes no valor nutradi@ qualidade dos alimentos
(POLYDERA et al, 2003). A perda da qualidade envolve tanto fateugjetivos,
como o sabor, que ndo podem ser facilmente quaatdids e fatores quantificaveis
como a degradacao dos nutrientes (AWU@tHL, 2007). A este respeito, técnicas
combinadas para reduzir a aplicacdo de calor nowemios tém ganhado maior
atencdo. Bacteriocinas tém sido utilizadas na tegre de barreira, que combina
meétodos diferentes para inibir o crescimento miamt (CLEVELAND et al
2001).

Em geral, a inativacdo térmica de microrganismogmimas pode ser
descrita como uma reacdo de primeira ordem. Noepsatnento de alimentos, é
comum caracterizar as reacfes de primeira ordertesnos de valores de D e z
(conceitos de tempo de inativagcéo térmica). O tedgeducdo decimal (valor D) &
0 tempo necessario para reduzir a atividade daetacina a um décimo do valor
inicial a uma determinada temperatura. O valoraztémperatura necessarias para
reduzir o valor D em dez vezes, e € obtido peléagkm dos valores D em uma

escala logaritmiceersusas temperaturas correspondentes (STUMBO, 1973).
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Diferengas entre os valores de D e z de microrgaygse nutrientes sao
exploradas para otimizar processos térmicos. Osereslz para cozimento e
degradacdo dos nutrientes (25-45°C) sao geralmsmperiores a inativagao

microbiana (7-12°C) (AWUAHRet al, 2007).

3 RESULTADOS E DISCUSSAO

Os resultados deste trabalho seréo apresentadosmeade artigos publicados,
aceitos para publicacdo ou enviados para publicag@oevistas cientificas. Cada

subtitulo deste capitulo corresponde a um dedigesr

3.1 Kinetics and thermodynamics of thermal inactivdion of the antimicrobial

peptide cerein 8A
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e Publicado nalournal of Food Engineering em 05 de setembro de 2009.

(J Food Eng, 20091, 223-227)

3.2 Inhibition of Salmonella Enteritidis by cerein 8A , EDTA and sodium lactate
+ Publicado nolnternational Journal of Food Microbiology em 15 de
novembro de 2009.

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

3.3 Extraction of the antimicrobial peptide cerein8A by agueous two-phase
systems and aqueous two-phase micellar systems

e Sera submetido aerocess Biochemistry.

De um modo geral, todos os trabalhos visam a @raatdo da Cereina 8A.
Num primeiro momento, a bacteriocina foi caractt@ quanto a sua cinética de

inativagdo térmica e parametros termodinamicos.

Posteriormente, foi avaliada a atividade antinbi@pa da Cereina 8A em um
microrganismo Gram-negativ8almonellaEnteritidis, onde foi verificado, por meio de
microscopia eletrdnica de transmissdo, o seu medacdo. Também foi verificado o

efeito da adicao de quelantes como potencializaddwesfeito antimicrobiano.
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Finalmente, o ultimo objetivo do trabalho foi desglver uma forma mais
rapida de obter a bacteriocina na sua forma senmifigaala, através da utilizacdo de

sistemas aquosos bifasicos.

3.1 Kinetics and thermodynamics of thermal inactivdion of the

antimicrobial peptide cerein 8A

3.1.1 Abstract

Optimization of thermal processes relies on adeguggradation kinetic models to
warrant food safety and quality. The knowledge bermal inactivation kinetics of

bacteriocins is necessary to allow their adequateas natural biopreservatives in the
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food industry. In this work, the kinetics of thedmaactivation was studied for the
previously characterized bacteriocin cerein 8A. Blas of cerein 8A were treated at
different time-temperature combinations in the mof0-30 min and 70-82°C and the
thermodynamic and kinetic parameters for bactamidoactivation were calculated.
Results showed that inactivation followed a firstier reaction withk-values between
0.059 and 0.235 mih D- and k-values decreased and increased, respectively, with
increasing temperature, indicating a faster bamteri inactivation at higher
temperatures. Results suggest that cerein 8A lagively thermostable bacteriocin

with azvalue of 21.98 °C anH, of 105.7 kJ mot.

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

kinetics; thermal processing; thermodynamic adibmaparameters.
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3.1.2 Introduction

Bacteriocins are antimicrobial peptides widesprgadduced by bacteria.
Bacteriocin production is common among bacterigated from diverse environments
(Riley and Wertz 2002). Those produced by lactid &acteria (LAB) have been the
subject of intensive investigation because of tipeitential use as biopreservatives in
the food industry (O'Sullivan et al., 2002; Degéaiale 2006). Several bacteriocins from
LAB have been effectively characterized and testedfood systems to combat
pathogenic and spoilage microorganisms. Nisin ie thost well characterized
bacteriocin and its use in food is permitted in entiran 40 countries (Cleveland et al.,
2001).

Despite the intensive work on LABBacillus is another interesting genus to
investigate for antimicrobial peptides since thengs includes a variety of industrially
important species and has a history of safe u$eoih and industry (Pedersen et al., 2002).
The production of bacteriocins or bacteriocin-lgistances has been already described for
manyBacillus species such &@acillus subtilis Bacillus licheniformisandBacillus cereus
among other (von Dorhen 1995; Stein 2005).

Bacillus cereus8A is a previously characterized bacterium isoldtedh native
woodlands of southern Brazil. This strain produceein 8A, a bacteriocin presenting
broad spectrum of activity and potential use agrgservative in food (Bizani and
Brandelli 2002). Cerein 8A showed a bactericidé@fonListeria monocytogeneand
B. cereus(Bizani et al., 2005a). High yields of this subs&nwere obtained by
cultivation in BHI broth (Bizani and Brandelli, 20Dand production was optimized in
soybean protein reaching similar vyields allowing cast effective production

(Dominguez et al., 2007).
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Thermal processing persists as the most widely usetthod of preserving and
extending the useful shelf-life of food (Awuah &t 2007). However, excessive heating
produces considerable losses in the quality anticpkarly in the sensory properties of
foods. Thermal processing techniques emphasizeatimevement of commercial
sterility while minimizing changes in nutritionable and eating quality (Polydera et
al., 2003). Quality loss involves both subjectiaetbrs like taste that cannot be readily
guantified and quantifiable factors such as nutrtEgradation (Awuah et al., 2007). In
this regard, combined techniques to reduce healicappn in foods have gaining
increased attention. Bacteriocins have been usedrmiie technology, which combines
different methods to inhibit microbial growth (Ckdand et al. 2001). Nisin has been
used with moderate heat to inactive important fpathogens (Boziaris et al. 1998; Gao
and Ju 2008).

The knowledge on kinetics of thermal inactivatidrbacteriocins is important to
allow their adequate use as biopreservatives infdbd industry. Moreover, there is
scarce information about this subject in the li@r@ The aim of the present work was
to investigate the thermal stability of cerein 8n this basis, an Arrhenius plot was

derived and the thermodynamic parameters for thiemaetivation were determined.

3.1.3 Theory
In general, thermal inactivation of microorganisarsenzymes can be described by a

first-order reaction (in this work thermal inactiian of cerein 8A):
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where G is the protein concentration (or bacteriocin agtiin UA) at treatment time,
Co is the initial protein concentration (or initiah€teriocin activity in UA), andt is the
inactivation rate constant at the temperature stldiThe inactivation rate constdant
can be estimated by linear regression analysishefnatural logarithm of residual

activity versus treatment time.
Inactivation rate constants for bacteriocin gavees for bacteriocin half-life {t):
_In(2)

t,. =—2H
12 K

(2)

In food processing, it is common to characteriggtforder reactions in terms Dfandz
values (thermal death time concepts). The decisdugation time D value) is the time
needed for a 10-fold reduction of the initial aityivat a given temperature. The relation

between thé value and the inactivation rate constant is gibgr{Espachs-Barroso et

al., 2006):

D= In(10)
k
3)

The z value is the temperature needed to reduc® dealue one log-unit, and it is
obtained by plotting th® values on a log scale against the correspondmgeeatures

(Stumbo, 1973).
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Differences between the andz-values of microorganisms and nutrients are exgdbit
to optimize thermal processes. TAealues for cooking and nutrient degradation (25-45

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

The Arrhenius equation is the most common matheaaéixpression to describe the
temperature effect on the inactivation rate coristand the dependence is given by the

activation energyHa):

|n&):mu»—:ﬁ

(4)

where A is the Arrhenius constanga the activation energyR the universal gas
constant and is the absolute temperature. The activation eneegybe estimated by
linear regression analysis of the natural logarithfmate constant versus the reciprocal

of the absolute temperature.
Activation enthalpy(4H*), free energy of inactivatiofdG*) and activation entropy

(4S¥) can be calculated according to the expressions:

AH* =E, -RT
(5)

AG* = —R.T.In( kh j
KgT

B

(6)
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_AH*-AG*
T

AS*

(7)

were h andKg are the Planck’s and th Boltzmann’s constantpeotisely andT 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 Dickims@Cockeysville, MD, USA). Agar

and other reagents were from Merck (Darmstadt, @eyn

3.1.4.2 Bacterial cultures

The producer strain waBacillus cereusBA, isolated and characterized as described
elsewhere (Bizani and Brandelli 2002). The indicatoain wasBacillus cereusATCC
14579 stored in 20% (v/v) glycerol at —20°C. Celkre propagated in BHI broth before

use. The cultivation of the strains was performeabically

3.1.4.3 Bacteriocin production

For bacteriocin productiol3. cereusBA was grown in 200 ml of BHI broth at 30°C in
a rotatory shaker at 125 cycles mitior 24h. The cells were removed by centrifugation
at 10,000 xg for 15 min. Bacteriocin activity was concentrateg precipitation with
ammonium sulfate at 70% (w/v) saturation. The peMlas resuspended in phosphate

buffered saline (PBS) and extracted with 1-butai@of vol). After the butanol was
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evaporated under reduced pressure, partially-pdribacteriocin 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 agarcdiffusion assay (Motta and
Brandelli 2002). Aliquots of 2d bacteriocin preparation were applied on agar
plates previously inoculated with a swab submergeaidicator strain suspension
(B. cereusATCC 14579) that corresponded to a 0.5 McFarlambidity standard
solution (18 CFU mil%). Plates were incubated at 37°C. The bacteridtia was
determined by the serial two-fold dilution methdthe reciprocal value of the
highest dilution where an inhibition zone was olsedrwas taken as activity units

mi™* (AU ml™).

3.1.4.5 Thermal inactivation

Thermal inactivation of cerein 8A was determineditgubating the bacteriocin at 70,
75, 77, 80 e 82°C. Bacteriocin solutions (1.0 mérevheated in sealed tubes, which
were incubated in a thermostatically controlled ewabath (B. Braun Biotech,
Melsungen, Germany). Tubes were withdrawn at eade tintervals, immediately
immersed in an ice bath and bacteriocin activitg Watermined as describe earlier. The
activity after 1 min of heating-up timé¢ £ 0) was considered to be the initial activity,

thereby eliminating the effects of heating-up. Assaere done in duplicate.
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3.1.4.6 Data analysis
Statistical analysis of the data was performedgise Statistica 7.68oftware (Statsoft
Inc., Tulsa, OK, USA) and plots using Microsoft EkQ000 (Mapinfo Corporation,

Troy, NY, USA).

3.1.5 Results and discussion

We have earlier reported that cerein 8A was inbilgito a broad range of indicator
strains, including pathogenic and spoilage orgasismuch ad.. monocytogenes, B.
cereusand clinical isolates oStreptococcuspp. and was stable for up to°@0and
within a wide range of pH (Bizani and Brandelli 2)00In this study, the kinetics of
thermal inactivation of cerein 8A was evaluated #mefmodynamic properties were
calculated. Bacteriocin was thermally treated fom3n at temperature ranging from 70
to 82°C and the residual activity was determined. expected, bacteriocin activity
decreased as the heating time increased. Loss toityaovas found to follow an
apparent first order kinetic (Eq. (1)) during thatnreatment as depicted in Fig. 1. In
this figure, symbols refer to the average of expental values, while lines correspond
to the fitted values of Eq. (1) to experimentaladathe inactivation rate constankg (
were determined from the slope of such semi-logsplend are giving in Table 1
(together with the? of the correlation). The rate constant increaséti whe higher
heating temperatures.

The logarithm representation of bacteriocin acgihagainst time allows us to
calculateD-values (Table 1), which decreased with increasengperature, indicating a
more rapid bacteriocin inactivation at higher terapgres. It can be observed thxt
values are between 35 and 39 at temperatures betieand 75°C and fall to values

lower than 23 at 77 °C or more. The effect of terapee onD-values is also shown in
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Fig. 2, and the calculatedvalue for the range of temperatures studied (7@32vas
approximately 22°C (Table 1). Thevalues for cooking and nutrient degradation (25-
45°C) are generally greater than microbial ina¢tora(7-12°C) (Awuah et al., 2007).
In fact, differences between th& and z-values of microorganisms and nutrients are
exploited to optimize thermal processes and canekgloited also to maintain
bacteriocin activity after treatmenD andz-values obtained for cerein 8A indicates that
it can be utilized in conditions of HTST (high teemptures short times) pasteurization,
where values of 72°C and 15 s are generally coresiiddt is necessary to point out that
thermal inactivation was studied for cerein 8A urffbr solution, and in a food system
the bacteriocin could be more stable due to thé&eptiwe effect of food proteins. It was
recently demonstrated that cerein 8A inhilits monocytogenes dairy products,
remaining stable for at least 4 weeks in soft che@Bizani et al., 2008). The
bacteriocins nisin and sakacin P quickly adsorprtdeins in the food matrix and their
activity was stable for more than 4 weeks in hesated foods (Aasen et al., 2003).
Higher bacteriocin stability in heat processed feas credited in part by inactivation
of endogenous proteases, which may be harmful timemobial peptides. The nature
of food matrix influences the bacteriocin effectiess. Nisin inactivation by some meat
components, such as phospholipids and glutathictranSferase have been reported
(Cleveland et al., 2001).

The dependence of the inactivation rate constanth vemperature fitted
adequately the Arrhenius equation (Fig. 3). Activatenergy obtained (105.7 kJ nipl
was similar to that obtained for heat inactivatadrsoybean trypsin inhibitors, from 103
to 195 kJ mol depending on the product moisture (van den Houalgt1999).

Comparable values, 102.3 kJ mahnd 146 kJ mdl, were observed for adenosine
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deaminase (Alrokayan, 2002) and pectinmethylestefds/ar-Ver et al., 2007) from
skeletal muscle and hawthorn, respectively.

Table 2 also shows thermodynamic valudsl, AG* and 4S*) obtained from
Eq. (5)-(7). Similar data is poorly available fother antimicrobial peptides. The
unfolding thermodynamics of the circular bactenod\S-48 was investigated by
differential scanning calorimetry (Cobos et al. 020 Those authors found that the
specific enthalpy change upon unfolding is unusuatall @H, = 230 kJ mot),
whereas the Gibbs energy change &C25 relatively high £G,es = 32.8 kJ mot).
This was attributed in part by asymmetry of chadggribution in protein surface, one
of the sides display a cluster of positive chargesl the opposite side is mostly
hydrophobic. Cerein 8A was shown to have similauctural features, presenting
amphipathic properties (Bizani et al., 2005b). grement, pediocin PA-1 is a heat-
stable bacteriocin that exhibit both cationic arydirophobic properties. This peptide
undergoes conformational changes during heating 20 to 86C, and irreversible
aggregation is observed at pD 7 and 8, but noDa6 fGaussier et al., 2003). Studies
on the thermal denaturation of lysozyme showedstaadard free energy change{)
was 83.7 kJ mdi at pH 7, decreasing to 32.2 kJ fhalt pH 2 (Timasheff and Xie,
2003). In addition, the values of standard enthatfyange AH®) at unfolding
temperatureT,), as determined by the van't Hoff equation, wensdr at pH 2 than at
pH 7.

Bacteriocins may be used in combination with heablbtain safe food with
minimal destruction of food components such asdilavcolor or nutrients during
processing. However, adequate kinetic models afirthke destruction are essential to
design new processes assuming a safe food proddgiang a maximum retention of

quality factors (Lenz and Lund, 1980; van Boeke9@). In this concern, the
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knowledge about kinetics and thermodynamics of headtivation of bacteriocins is an

essential step to achieve this purpose.

3.1.6. Conclusions

Based on an isothermal experiment in the tempegaturge of 70 to 82°C, and by using
Arrhenius and thermal death time models, thermattimation of cerein 8A could be
described by a firs-order kinetc modd)-, z= and k-values calculated by linear
regression suggest that cerein 8A is a relatiiedyrhostable bacteriocin withzavalue

of 22°C andE, of 105.7 kJ mot. More studies about kinetics of thermal inactivatof
bacteriocins are necessary to allow their propéization as natural biopreservatives in

the food industry.
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3.1.7 RESUMO

A otimizacdo de processos térmicos baseia-se enelp®wdinéticos de degradacdo
adequados para garantir a seguranca alimentarualmape. O conhecimento sobre
cinética de inativacdo térmica de bacteriocinaseéessario para permitir a sua
utilizacdo adequada como bioconservante naturaindastria de alimentos. Neste
trabalho, foi estudada a cinética de inativacamitg para cereina 8A, uma bacteriocina
previamente caracterizada. Amostras de cereinaB#inf tratadas em combinacdes de
tempo—temperatura diferentes no intervalo de 0-80mi70-82°C e os parametros
termodindmicos e cinéticos para inativacdo da bactea foram calculados. Os
resultados revelaram que a inativacdo seguiu uragacede primeira ordem com
valores de k entre 0.059mfine 0.235miit. Os valores de D e k diminuiram e
aumentaram, respectivamente, com aumento da tetluperandicando uma rapida
inativacdo da bacteriocina a temperaturas maisaeééss Os resultados sugerem que a
cereina 8A é uma bacteriocina relativamente terthees com um valor de z de
21.98°C e Ede 105.7 kJ mdl
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Legends to Figures

Fig. 1. Thermal inactivation kinetic of cerein 8A at 7),(75 @), 77 (A),80 ), 82 (x)

°C. Values are the means of three independent iexpais. The standard deviations

were always lower than 5%.

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

regression equation was determineq as-0.0454 + 4.842 (* = 0.7698).

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

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

Temperature °C)  k (min™?)  r? tip (Min) D (min) z (°C)
70 0.059 + 0.009 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 21.98
80 0.108 £0.008 0.9744 6.40 21.27
82 0.235+0.036 0.8973 2.94 9.78

& Standard error of regression (95% confidenceiatgr

Table 2 Thermodynamic parameter values of thermal inattw of cerein 8A

activity.

AE (kJ mol™) AH* (kdmol™) AG* (kJmol™)  AS* (I mol*K™)

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 inhiBialmonelleEnteritidis in combination
with EDTA and sodium lactate was investigat8adlm Enteritidis was incubated with
combinations of cerein 8A (3200 AU/mL) and EDTA (2D, 100 mmol/L) or sodium
lactate (200 mmol/L). All treatments caused a digaint reduction in the OD600 values
of Salm Enteritidis cultures. The addition of cerein 8Jup EDTA resulted in higher
inhibition in comparison with the bacteriocin aloriee greater the concentration of
EDTA, the greater the inhibitory effect. The condtion of cerein 8A plus 100 mmol/L
EDTA results a more efficient treatment to reduoe mumber of viable cells &alm
Enteritidis. The combination of cerein 8A plus sodilactate also showed significant
inhibition of the indicator organism. Transmissiatectron microscopy showed
damaged cell walls and loss of protoplasmic mdterireated cells. The cells &alm
Enteritidis treated with cerein 8A plus EDTA apphmore injured. The bacteriocin
cerein 8A may be useful to inhibit Gram-negativetbaa, with enhanced effect in
combination with chelating agents. Control $&Im Enteritidis, a Gram-negative
bacterium constantly linked to food outbreaks, adges an important aspect of food

safety.

Key words: antimicrobial peptide; bacteriociBacillus cereusSalmonelléEnteritidis;

transmission electron microscopy.
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3.2.2 INTRODUCTION

Bacteriocins are antimicrobial peptides widespneamiuced by bacteria. Those
produced by lactic acid bacteria (LAB) have beanghbject of intensive investigation
because of their potential use as biopreservativdse food industry (O’Sullivan et al.,
2002). These compounds have been effectively cteaiaed and tested in food systems
to combat pathogenic and spoilage microorganismeser@l bacteriocins from LAB
have been studied as natural additives in the faddstry and as antimicrobials in
pharmaceutical purposes (Bower et al., 2001; Papagiand Anastasiadou, 2009).
Nisin is the most well characterized bacteriocid &a use in food is permitted in more
than 40 countries (Cleveland et al., 2001; Galveéalg 2007). Many studies have
demonstrated that the bacteriocins pediocin anth mian reduce or inhibiListeria
monocytogenes dairy products, particularly in pasteurized dde=e (Deegan et al.,
2006; Sobrino-Lopez and Martin-Belloso, 2008).

Despite the intensive work on LABBacillus is another interesting genus to
investigate for antimicrobial peptides since thésigs includes a variety of industrially
important species and has a history of safe ugead and industry (Pedersem et al.,
2002). The production of bacteriocins or bactendiie substances (BLS) has been
already described for manacillus species such asacillus subtilis Bacillus
licheniformisandBacillus cereusamong other (von D6hren, 1995; Stein, 2005).

B. cereus8A was isolated from soils of native woodlands outhern Brazil.
This strain produces a baceriocin, cerein 8A, whidhbits several pathogenic and
foodspoilage microorganisms (Bizani and Brandel02). This substance has a
bactericidal effect orlisteria monocytogenesnd B. cereus apparently by disturbing
the membrane function of target organisms (Bizdanale 2005). Preliminary studies

suggested that cerein 8A could inhiSdlmonellaas well (Bizani et al., 2005).
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The efficacy of many antimicrobial peptides to inate Gram-positive
pathogens and spoilage organisms sucl..asionocytogeneand Clostridia is well
established (Cleveland et al., 2001; O"Sullivaralet2002). However, Gram-negative
spoilage and pathogenic bacteria are especiallglgmatic in food protection due to
their inherent resistance to some antimicrobiadd #re applicable or present in foods
(Helander et al., 1997). The architecture of theeomembrane (OM) of Gram-negative
microorganisms prevents the penetration of manytebacins to their target, the
cytoplasmic membrane, and therefore confers adegjnee of resistance (Stevens et al.,
1991; Schved et al., 1994). Chelating agents ssadflal' A as well as the application of
sublethal stress such as heating or freezing weeogvrs to disrupt the permeability
barrier of the OM leading to an increased sensjtiaf Salmonella entericaand
Escherichia coltowards nisin (Stevens et al., 1991; Kalchayanaradl £1992).

Human salmonellosis occurs mainly due to consumptb food and water
contaminated withSalmonellaspp. Several foods have been associated with this
infection. However, in recent years an increasehwhan salmonellosis due to the
serotype Enteritidis was observed throughout thddyonainly related to chicken eggs
and derivatives (Geimba et al., 2004). Althoughdbmbination of nisin with chelating
agents to combabalmonellahas been investigated, studies with other antirbiato
peptides are scarce (Galvéz et al., 2007). Theddithis work was to investigate the
effect of the bacteriocin cerein 8A in combinatiafth EDTA and sodium lactate
against Salm enterica serotype Enteritidis, a Gram-negative bacterium stamtly

linked to food outbreaks.



70

3.2.3 MATERIALS AND METHODS

3.2.3.1 Bacterial strains

The producer strain waB. cereus8A, isolated and characterized as described by
Bizani and Brandelli (2002). The indicator straBacillus cereusATCC 14579 and
SalmonellaEnteritidis ATCC 13076 were stored in 20% glyceadl —21°C, and
propagated twice in BHI broth (Becton & Dickins@pckeysville, MD, USA) before

use.

3.2.3.2 Bacteriocin preparation and activity

B. cereusBA was grown in BHI broth at 30°C in a shaker a6 tgcles mifl for 32

h. The culture was centrifuged at 10,0@Pfer 15 min. The bacteriocin was purified
from crude supernatant as described previously afBizet al. 2005). Briefly,
ammonium sulfate was added to reach 70% saturaliba. resulting pellet was
resuspended in phosphate buffered saline (PBS; blthsodium phosphate, 150
mmol ' NaCl, pH 7.4) and extracted with 1-butanol (0.7.voAfter butanol
evaporation, the bacteriocin was stored at 4°C ustuse for antimicrobial assays.
The antimicrobial activity of the bacteriocin wassassed by agar disc diffusion
assay. Aliquots (20 pl) of the bacteriocin preparatwere applied onto 6-mm
cellulose discs on agar plates previously inocdlatgh a 0.5 McFarland suspension
of the indicator strain. Inhibition zones were mead after incubation at 37°C for
24h. The bacteriocin titer was calculated by theabelilution method (Motta and

Brandelli, 2002).
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3.2.3.3Chelators

The chelators used were disodium EDTA (Riedel, lé&en Germany) and
sodium lactate (Sigma, St. Louis, MO, USA). Stoekusons (1 mol 1) were
prepared by dissolving the chelator in deionizedtewaand were sterilized by

autoclaving.

3.2.3.4Growth determination

Viable cell counts, expressed as colony-formingtsunjcfu mi), were
determined as described previously (Motta and BzHind2002). Bacterial
suspensions were diluted to™40n 8.75 g NaClf; the samples were homogenized
and then loaded (20 pl) in triplicate onto nutriagar (Becton Dickinson) plates. The
plates were incubated at 37°C for 24 h, and 30-€bléhies were counted. In parallel,

the optical density of the cultures at 600nm ggpwvas measured.

3.2.3.5Effect of cerein 8A and chelators against th&almonella Enteritidis

An overnight culture o5 Enteritidis was obtained by growing the respestiv
bacteria in BHI medium at 37°C. Then, 1.0 ml was$ferred to 250 ml Erlenmeyer
flask containing 99 ml of medium and incubated shaker at 125 cycles nitrfor 24
h at 37°C. Growth was monitored by viable cell dsufu mi*) to 16 CFU mi™.
Aliquots of 1ml were centrifuged at 10,0@pfor 10 min. Then the pellet obtained
before used in antimicrobial assay. The pelletaiabt were treated with bacteriocin
alone in concentration of 3200 activity units (AUl with EDTA alone in
concentrations of 20, 50 and 100 mmibland with sodium lactate 200 mmal. ITo
evaluate the synergistic effect of chelating in #wtion of bacteriocin, was added

bacteriocin in combination with the three concemtres of EDTA (20, 50 and 100
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mmol ) and with sodium lactate 200 mmdl. [Cells treated with peptone medium
served as controls. All treatments were incubabe®® min at 37°C and were carried
out in triplicate. Effects of cerein 8A oBalmonellaEnteritidis were evaluated by
turbidity (ODsog), the number of viable cells after the incubatmeriod. Synergic

effect (SE) was defined by the following equation:

SE = (log reductionactivity of mixture) Z (ndividual activities)

3.2.3.6Transmission electron microscopy

Samples were taken from all treatments and coaftel the incubation period.
Cells were harvested by centrifugation and washécetwith 0.1 mol T phosphate
buffer (pH 7.3). The cells were fixed with 2.5% \Wyv/glutaraldehyde, 2.0% (v/v)
formaldehyde in 0.12 mol*Iphosphate buffer for 10 days and then postfixe@%n
(w/v) osmium tetroxide in the same buffer for 45nmrhe samples were dehydrated
in a graded acetone series (30—100%) and embeoidArgldite-Durcupan for 72 h at
60°C. Thin sections (microtome UPC-20, Leica) wanted on grids, covered with
collodion film, and poststained with 2% uranyl atetin Reynold’s lead citrate. All
preparations were observed with a JEOL JEM 1200&beittron microscope (JEOL,

Tokyo, Japan) operating at 120 kV.

3.2.4 RESULTS

Cerein 8A preparation showed inhibitory zones aslisted against the indicator
strainB. cereusATCC 14579, with an activity of 6400 AU/mL. The ibftion of Salm
Enteritidis by the action of cerein 8A, EDTA andiaon lactate was first monitored by

measurement of the optical density at 600 nm #fieeincubation period of 90 min (Fig.
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1). The results indicated that all treatments testamely EDTA, sodium lactate and
cerein 8A, alone and in combination, caused a Bogmt reduction in the Ofyp values
of Salm Enteritidis cultures. When a cell suspensiorSafm Enteritidis was treated
with 3200 AU/mL cerein 8A the Ofgy values were much lower than those of the
controls without bacteriocin. The addition of baictein plus all concentrations tested
of EDTA or sodium lactate resulted in greater imtfoip than obtained with the
bacteriocin alone. The efficiency in reducing £dof cell suspensions ofalm
Enteritidis by the action of bacteriocin has insesh as the concentration of EDTA
increased. The treatment with cerein 8A plus 1000MAMEDTA proved to be more
effective. The combination of cerein 8A plus sodilantate also showed significant
inhibition of the indicator organism (Fig. 1).

The effect of cerein 8A and combinations with EDa®d lactate on the survival
of Salm Enteritidis was also observed by measurementiables cell counts. All
treatments caused a decrease in the number ofeviadls (Fig. 2). When a cell
suspension abalm Enteritidis was treated with cerein 8A the viabteints were lower
than those of the controls without bacteriocin. Halelition of bacteriocin plus EDTA
resulted in higher inhibition in comparison withetbacteriocin alone; the greater the
concentration of EDTA, the greater the inhibitoffeet. Although a similar trend was
observed, these reductions were not always coecklatth those observed for OD
measurements, indicating that different inhibitamgchanisms or different proportions
of injured cells might be involved among the treatts. The log reductions in viable
cells and the synergistic effect (SE) of cerein@és chemicals were calculated (Table
1). The combination of cerein 8A plus 100 mmol/L ED results a more efficient
treatment to reduce the number of viable cellSalfn Enteritidis (Table 1). Reductions

of more than 2 log cycles in viable counts wereeobsd in all treatments consisting of
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bacteriocin plus chemical. Higher SE was obsenadcérein 8A plus 100 mmol/L
EDTA (Table 1).

SalmonellaEnteritidis harvested from a $@CFU/mL culture were incubated for
90 min with cerein 8A and chemicals. After incubati the microorganisms were
separated and prepared for transmission electrarostopy. The results can be
visualized in Fig. 3. Control cells showed integrénd absence of detectable injury.
The treated cells showed vesiculization of the gplatsm, pore formation, and in some
cases, complete disintegration of the cells. THis of Salm Enteritidis treated with
cerein 8A alone showed small pores and the tredtoh@es not affect the majority of
cells. When the chelating agent EDTA was addedct#ils appeared more damaged.
The injuries in cell wall become more marked wikte tcombination of EDTA plus
cerein 8A, including noticeable discharge of ingéladar material, as shown for
treatments with 50 and 100 mmol I/L EDTA plus cer8A. Combination of cerein 8A

with sodium lactate caused similar injurySalm Enteritidis cells (Fig. 3).

3.2.5 DISCUSSION

Cerein 8A, an antimicrobial peptide produced By cereus8A showed
inhibitory activity against pathogenic and spoildgem-positive bacteria (Bizani and
Brandelli, 2002). The results of this work indicéit@t this substance is also inhibitory
againstSalm Enteritidis. This effect was clearly improved kvihe addition of EDTA
and sodium lactate. EDTA alone, in all concentragjoreduced the number of viable
cells of Salm Enteritidis and their effect on increased pernigglof the cells could be
observed, where the increased concentration of EEflacted in increased damage to
the cells. Chelating agents are compounds capaldedtabilize the structure and alter

the permeability of the OM (Vaara, 1992). Substantike EDTA, which bind
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magnesium ions in the lipopolysaccharides (LPSkrdaynd membrane-disrupting
agents such as trisodium phosphate, have been dbdveneffective again&almonella
spp. (Shefet et al., 1995) a@hmpylobactespp. (Slavik et al., 1994) in both poultry
products and pure culture (Somers et al., 1994).

The transmission electronic microscopy showed poreshe cell envelope of
Salm Enteritidis caused by cerein 8A, which justifidgee reduction in the number of
viable cells. The improved effect of EDTA on theiaty of cerein 8A could be verified
by the noticeable reduction in the number of vialdls and supported by transmission
electron microscopy, where the effects of this sgisen resulted in remarkable pore
formation, loss of intracellular contents and irmg&ocases, destruction of the cells. In
this case, extensive cell damage is most likely ueeakening of the OM following
sequestration of magnesium ions by the chelatimyptag(Montville and Bruno, 1994).
Electron microscopy studies d&h coli O157:H7 andSalm typhimuriumtreated with
the bacteriocins nisin and pediocin AcH followingegsurization showed extensive
changes on the cell surface topography and morgkpladicating damage to the cell
envelope (outer- and innermembranes). Similar obsngere observed for both
bacteriocins (Kalchayanand et al., 2004).

The combined effect of bacteriocins with chelataggents has been investigated
on basis of the hurdle concept (Cleveland et #1012 Combinations of nisin with
chelators or physical disruption of the cells hbeen successfully applied to Kl coli
(Kalchayanand et al., 1992; Shefet et al., 1995 bacteriocins nisin and lactocin
705/AL705 inhibitecE. coliin combination with 500 and 1000 mmdiEDTA and 800
mmol I'* sodium lactate (Belfiore et al., 2007). These afest concentrations may be
necessary if the bacteriocin source contains héglel$ of C&", Mg** and Mrf* ions

coming from the culture medium (e.g. supernatanteatrates). High concentrations of
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chelators may be also necessary to remove exogeliaient cations associated with
food systems and still be effective enough to deiste the OM of Gram-negative
bacteria present.

The combined effect of chelators on Gram-negataadyia is mostly associated
with LAB bacteriocins, and reports on other antiroigal peptides are scarce (Motta et
al., 2008). Cerein 8A was effective with relativdbwer dose of EDTA or sodium
lactate, possibly because it had an inhibitoryaften Salmonellaby itself, contrarily to
that observed with nisin and other LAB bacteriodiBslfiore et al., 2007; Galvéz et al.,
2007).

The mechanisms of action of peptide antibiotics diverse, but the bacterial
membrane is the target for most bacteriocins (Qéenket al., 2001). Cerein 8A caused
a significant growth inhibition oBalm Enteritidis, suggesting a bactericidal mode of
action. The simultaneous decrease in the OD aldicates the cells were lysed.
Similarly, the bacteriolytic effect of the bacteso linenscin OC2 oristeria innocua
was observed by noteworthy decrease in OD read{Bgsicabeille et al., 1997).
Transmission electron microscopy showed damagedveds and loss of protoplasmic
material. These results suggest that the modetminacf cerein 8A is to interfere with
cell membranes. The mechanism of interaction ofraatobial peptides with Gram
negative bacteria has been proposed. The initsalcation with the bacterial membrane
occurs through electrostatic interaction with tHeSLin the outer membrane leading to
membrane perturbation. The cationic peptides dispMd " and C&" cations from the
negatively charged LPS leading to a local distuckaim the outer membrane. This
facilitates the formation of destabilized areastigh which the peptide translocates the

outer membrane in a process termed self-promotekegPowers and Hancock, 2003).
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Our results corroborate that the inhibitory acyiviaf cerein 8A on Gram-
negative bacteria can be enhanced when the OMeiedlby chemical treatment with
chelating agents. The treatment with EDTA in corabon with cerein 8A result the
most effective strategy agairS8alm Enteritidis and may be valuable in controllingsth

bacterium in food.
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3.2.6 RESUMO

A capacidade dos quelantes EDTA e lactato de sdidiferentes concentracdes e da
cereina 8A (3200 UA/r) produzido por uma linhagem d@e cereusBA isolado de
solo em inibir e inativar &almonellaEnteritidis foram analisadas neste trabalho. Os
resultados indicaram que todos os tratamentosdiestdEDTA, lactato de sodio e
cereina 8A, sozinhos e em combinagdo, causaram radwgdo significativa nos
valores de Oy em cultiras dé&. Enteritidis. Quando uma suspensédo de célul& de
Enteritidis foi tratada com cereina 8A 3200 AU'nal contagem de células viaveis e
os valores Ok foram inferiores aos do controle sem bacteriockaadicdo de
bacteriocina acrescida de EDTA resultou em inibigéas elevada em comparagéo
com o bacteriocina sozinha; a maior concentracaBEA resultou no maior efeito
inibitério. A combinacéo de cerein 8A acrescido BDT00 mol I' resultou em um
tratamento mais eficaz para reduzir o nimero delagliaveis de&s. enteritidis. A
microscopia de eletrbnica de transmissdo reveloadea de células danificadas e
perda de materiais protoplasmaticos nas céluléedasa. As células d& enteritidis
tratadas com 8A cereina sozinha mostraram pequpemos e o tratamento ndo afetou
a maioria das células. Quando o agente quelanteAHEDIT adicionado, as células
mostraram-se mais danificadas. As lesdes na paetdiar tornaram-se mais intensas
com a combinacdo de cereina 8A acrescida de EDiolysive demonstrando uma
notavel perda do material intracelular, como obs#ownos resultados dos tratamentos
com EDTA 50 e 100 mmol‘imais cereina 8A. Estes resultados sugerem quedo mo
de acdo da cereina 8A é a interferéncia com membi@iulares e a parede celular.
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FIGURE LEGENDS

Fig. 1. Inhibition of SalmonellaEnteritidis by cerein 8A and chelators. Cells aver
incubated with 3200 AU rifl cerein 8A (Ce), EDTA (20, 50 and 100 mmd),land
sodium lactate (200 mmof) alone or in combination. Optical density was mored
in control and treated cells was monitored aftem®0. Bars are the mean + SEM of

three independent experiments.

Fig. 2. Effect of cerein 8A and chelators on viability ®ImonellaEnteritidis. Cells
were incubated with 3200 AU fhicerein 8A (Ce), EDTA (20, 50 and 100 mmid), |
and sodium lactate (200 mmaf)lalone or in combination. Viable cell counts were
determined after incubation. Bars are the mean M Si three independent

experiments.

Fig. 3. Transmission electron microscopy of cells SdlmonellaEnteritidis after
treatments: (A) Control, (B) cerein 8A, (C) 50 mnidl EDTA, (D) 100 mol I-1
EDTA, (E) cerein 8A plus 20 mmol |-1 EDTA, (F) cere3A plus 50 mol I-1 EDTA,

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

Table 1 Reduction of viable counts ddalmonellaEnteritidis by cerein 8A in

combination with EDTA and sodium lactate.

Logio reduction

Chelating agent Alone Plus cerein 8A Synergic effec
None 0 1.38 -

EDTA (20Y 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

2 concentration expressed as mnglderein 8A was used at 3200 AU
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3.3 Extraction of the antimicrobial peptide cerein8A by aqueous two-phase

systems and agueous two-phase micellar systems

3.3.1 Abstract

Cerein 8A is an antimicrobial peptide with potehagplication against food spoilage
and pathogenic bacteria. A cost-effective protaogdurify this bacteriocin, resulting in
the removal of impurities and contaminants is ne@gs This work investigated the
partitioning of cerein 8A in two liquid-liquid extction systems that are considered
promising for bioseparation and purification purggsin aqueous two phase micellar
systems Triton X-114 was chosen as the phase-fgrsunfactant. Aqueous two-phase
systems (ATPS) were prepared with PEG and inorgsaite and the addition of sodium
chloride was investigated in this system. Resuitficated that cerein 8A partitions
preferentially to the micelle rich-phase in a 4%itdr X-114 medium and its
antimicrobial activity was preserved. In aqueous-phase systems, the best results
concerning to the partition coefficient&,j were obtained with PEG + ammonium
sulphate. The value df, increase significantly to this system when sodicimoride
was added and the best recovery yield was obtaitesh compared with micellar
systems. The conventional purification resultedighér purification fold, but with
decreased recovery. The successful implementafitiniopeptide partitioning, from a
suspension containing other compounds, representsingortant step towards
developing a separation method for cerein 8A, andremgenerally, for other

biomolecules of interest.

Keywords: Cerein 8A; agueous two-phase micellar system; atgiewo-phase

system; protein purification; antimicrobial activit
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3.3.2 Introduction

Bacteriocins are antibacterial proteins or peptithed inhibit bacterial growth.
Many bacterial species produce peptide antibiotiedled bacteriocins, which often
have an antimicrobial effect on closely relatedamigms [1-3]. These compounds have
been extensively studied because of their poteapplications in the food industry as
natural biopreservatives and in pharmaceuticalardsnicrobials [4,5]. Bacteriocins
produced by lactic-acid bacteria have been thesfaéunany investigations because of
their particular importance in the dairy industéy. [

Several bacteriocins or bacteriocin-like molecules/e been described for
Bacillusspp., including coagulin [7], cerein 7 [8], subsilo [9], and thuricin 7 [10], and
some of them have a broad spectrum of antibacteadaVity. Bacillus cereus8A,
isolated from soils of native woodlands of south&mazil, has antagonistic action
against several pathogenic and food-spoilage migesosms, such ad.isteria
monocytogeneBacillus cereuspathogenic bacterium involved in bovine masiitis],
and againsBalmonellaEnteritidis.

Different strategies for bacteriocins purificatisom complex broths have been
investigated, exploiting specific characteristidstioe target biomolecule. Laboratory
scale purification for cerein 8A includes a seqiangrecipitation, extraction and ion-
exchange chromatography [12].

These conventional multi-step methods requires rsige equipments at each
step, making them laborious, time consuming, watlv Feproducibility and may result
in significant loss of the desired product [13,.14]

In the search for alternative methods, liquid—lehektraction applications have
been used in different areas such as target pragginaction from unclarified

microorganism culture [15, 16], large scale sepamabf proteins [17], among other
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[18-23]. Further more, a large number of articlasénbeen published covering a wide
range of applications of aqueous liquid/liquid tploase extraction, including the
separation of macromolecules, cell organelles andes [24, 25].

Various liquid-liquid extraction methods that uséedent types of aqueous
two-phase complex-fluid systems have been proposedddress a wide variety of
separation needs in the chemical, biotechnologarad,environmental fields. In general,
these methods offer versatility, scalability, cadfectiveness, and environmental
friendliness as compared to the conventional methlwdthe biotechnology field, it has
been suggested that extractions in two-phase aguemmplex-fluid systems can be
used instead of, or complementary to more typidabmatographic operations, to
reduce the cost of the downstream processing of/riafogical products [18, 26].

Aqueous liquid/liquid two-phase extraction has beeweloped since the mid
1950s as a mild separation method of wide applitabvithin biochemistry, cell
biology and biotechnology. Aqueous two-phase systehTPS) are formed when two
incompatible polymers or one polymer and an inoigaalt are mixed in water above
certain critical concentrations. The most commosteays are poly (ethylene glycol)
(PEG)/dextran and PEG/salt systems. The phaseslagacterized by high water
content (80/90%) and low interfacial tension. Comepawith other commonly used
separation and purification techniques, partitignim agueous two-phase systems have
a number of advantages, such as an easy scaledufnembility to handle particulate
materials and process streams continuously [24, 27]

In particular, agueous two-phase micellar systdorsned by some surfactants
at certain conditions, have been proposed as anctie option, to be used in
bioseparations [28]. The difference between thespaghemical environments in the

micelle-rich phase and in the micelle-poor phasenfothe basis of an effective
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separation and makes aqueous two-phase micellEnsys convenient and potentially
useful method for the separation, purification, @oedcentration of biomaterials [29].
An aqueous solution of the nonionic surfactant lptignol ethoxylate (Triton X-114),

for example, undergoes macroscopic phase sepaiati@mperature above its “cloud-
point”, resulting in a bottom, micelle-rich phagsedaa top, micelle-poor phase.

In the present work, we report the partitioningcefein 8A in ATPS composed
by PEG and different salts and the influence ofatidition of sodium chloride. It was
also investigated the partitioning behavior of thiemolecule cerein 8A in simple
agqueous two-phase micellar system formed only kbynibnionic surfactant, Triton X-

114.

3.3.3 Materials and methods

3.3.3.1 Bacteria

The producer straiB. cereus8A, isolated from soil of native woodlands of dowf
Brazil, was characterized elsewhere [11]. Indicatoain wasB. cereusATCC 14579.
The bacteria were kept frozen at -21°C in BHI br@itterck, Darmstadt, Germany)

containing 20% (v/v) glycerol and propagated twic8HI broth before using.

3.3.3.2 Bacteriocin preparation and protein assay

B. cereus8A was grown in 150 mL BHI broth at 30°C in a sha&e125 cycles/min for
28 h. Cells were harvested by centrifugation a0Q0,>g for 15 min. and the culture
supernatant was filtered through a 0.22-um memb(itiépore, Bedford, MA). The

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

concentration was determined according to Bradfded6) [30].
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3.3.3.3 Detection of antimicrobial activity

The antimicrobial activity of the supernatant wasessed by agar disc diffusion assay.
Aliquots (20 pl) of the bacteriocin preparation eepplied onto 6-mm cellulose discs
on agar plates previously inoculated with a 0.5 Btt&nd suspension of the indicator
strain. Inhibition zones were measured after intobaat 37°C for 24h. The

bacteriocin titer was calculated by the serialtihln method [31].

3.3.3.4 Puirification protocol

Bacillus cereus8A was cultivated aerobically in 500 ml Erlenmeflasks containing
150 ml of BHI broth at 30°C, 125 cycles flifior 28 h. Cells were harvested by
centrifugation at 10 000 g for 15 min at 4°C, ane tesulting supernatant was filtered
through 0.22um membranes (Millipore, Bedford, MA, USA). The irfdte was
submitted to precipitation with ammonium sulfate 86% saturation. The resulting
pellet was resuspended in 10 ml phosphate buffeatide (PBS) and then extracted
twice with 6 ml of 1-butanol. The organic phaseseveombined and evaporated under
reduced pressure. The resulting powder was resdsgein 10 mmolt phosphate pH
7.2 and applied to a Q-Sepharose column (PharnBaaiach, Uppsala, Sweden), eluted
with a gradient from 0 to 1.5 mof INaCl in same buffer. Fractions were monitored at
280 nm using an EM-1 EconoUV monitor (Bio-Rad Latiories, Hercules, CA, USA)
and antimicrobial activity was determined as désai above. The fractions with
greater activity were poolled freeze dried, resndped in 1 ml phosphate buffered
saline (PBS) and applied to a Bio-Gel P6-DG coluequilibrated with PBS. Fractions
were collected and evaluated for protein conceantra{A280) and antimicrobial

activity.



91

3.3.3.5 Aqueous two-phase system preparation

Aqueous two-phase systems were prepared from stakions of PEG (50% w/v) and
potassium phosphate, sodium sulfate, ammoniumteuéfiad sodium citrate solutions
(50% wl/v). The compounds were mixed to form 8 mlaokystem having a final

concentration of 25%, pH 7,0.

3.3.3.6 Partitioning by ATPS

Two ml of B. cereusBA culture supernatant was mixed into the ATP$qua Vortex
for 30s to form a system having a final concentrabf 20% of PEG and salts and total
system volume at 10 ml. All systems were preparedraduated centrifuges tubes.
Phase separation was achieved by centrifugatiod@anin at 3,000 g and maintenance
of systems in the refrigerator at 4°C for 3 h. Aftas, the two phases become clear and
transparent and the interface was well defined.nAwn volume of each phase was
carefully collected and the activity was determiné&tie partition coefficient of the
cerein 8A was defined as the protein concentrafig) or bacteriocin activity (k) in
the upper phase divided by the correspondent Maltdlee bottom phase, as shown in
Egs. (1) and (2):

Kp = Ci/Cg Q)

Kp = At/Ag 2

where G and G are the total protein concentration in mg/ml o tipper and bottom
phases, respectively, and And As are the bacteriocin activity in the upper and doott

phases, respectively.
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3.3.3.7 Partitioning of cerein 8A in Triton X-114 gueous two phase micellar
systems

Triton X-114 surfactant at a final concentration28b, 4% and 6% was mixed with
supernatant to a total system volume at 10 ml.r€kalting solutions were well mixed
for manual inversion. Subsequently, the solutiorsenplaced in a thermo-regulated
device, previously set at a temperature of 28°Cutleos were maintained at that
temperature for at least 2 h to attain partitionieguilibrium. After partitioning
equilibrium was attained, the two coexisting miaelphases formed were collected
separately with great care and bacteriocin activity each micellar phase was
determined as described above. The partitioningaieh was quantified in terms of
partition coefficient, defined as:

Keer= Co/Cg 3)

where G and G are the bacteriocin activity in the micelle-riah) @nd in the micelle

poor @) phases, respectively (Jozala et al., 2008).

3.3.3.8 Determination of Triton X-114 influence ircerein 8A activity
Different Triton X-114 concentrations (2, 4 and 6%)th and without cerein 8A (3200
AU ml™), were tested againBt cereusn 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 Bycereus8A was purified from the culture
supernatant. The purification steps and the regovalues of the peptide are given in
Table 1. The final specific activity of the purifiecerein 8A was increased
approximately 13-fold compared with that in thetetd supernatant and the recovery

was 1.1%.

3.3.4.2 Partitioning by ATPS

The influence of different salts in combinationhwREG was initially tested to evaluate
the recovery of cerein 8A. Maximum Yyield values &eabtained with the system
containing ammonium sulfate (Table 2). The othdtssshowed very low recovery of
this antimicrobial activity. The values of the pigoh coefficients as a function of the
salts and the effect of ionic strength on the paring of cerein 8A by ATPS was
tested by adding NaCl at 0.1 and 1 niblare shown in Fig. 1. The highest value for
cerein 8A partition coefficient was obtained inteys containing ammonium sulfate at
pH 7, the proteins partitioning preferentially teettop phaseK(> 1). Sodium citrate
showed partitioning coefficient larger than 1, lmtich lower when compared to the
system with ammonium sulfate. The other salts skiovedues oK, very close to 1 and
Kp values equal to zero according to the loss ofviigtof bacteriocin in one of the
phases (data not show). To obtain a more compheteacterization of protein partition,
the effect of the addition of sodium chloride t@ thystem at two concentrations (0.1
and 1 mol 1) has been measured. Sodium chloride addition énsifstem containing

(NH4)2SO, increased the partition coefficienKd) and the highest value &f, was
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obtained with 1 mol't NaCl. The addition of 0.1 mof'INaCl decreases the bacteriocin
partition coefficients.

3.3.4.3 Partitioning by two-phase micellar system

Partitioning experiments with cerein 8A were alsoried out using an aqueous two-
phase micellar system with Triton X-114. Beforetpi@aning experiments, the influence
of the surfactant Triton X-114 on the indicator amgm B. cereusATCC 14579) and
on cerein 8A activity was determined. The presesfcEriton X-114 increased up to 2-
fold the cerein 8A activity (Fig. 2), while no grttwinhibition of bacillus was observed
with any of surfactant concentration. The partithgnof cerein 8A was carried out in
three different Triton X-114 concentrations, 2,/ &%. The target biomolecule was
successfully extracted into the micelle-rich phésg phase, in this particular system)
(Fig. 3), probably because of its tendency to slaomore hydrophobic characteristic
[12]. The cerein 8A antimicrobial activity and ydetecovery in the micellar-rich phase
for two-phase micellar systems with Triton X-114 @escribed in Table 3. The results
showed a decrease in antimicrobial activity and held recovery with 2 and 6%
Triton X-114. The system containing 4% Triton X-1hdintained the initial activity of
crude supernatant (3200 AU ®) resulting in maximum recovery of cerein 8A aittiy
indicating the affinity of bacteriocin by the phasentaining the surfactant at this
concentration. Cerein 8A activity was determinedl @s partitioning behavior was
quantified. The assays where the concentration radm X-114 was 2 and 6% the
partitioning coefficients Kce) were lower than 1.5, but when it was used at the
concentration of 4%, the partitioning coefficiematthvalues greater than 2.5 (Fig.4). The
precision of the assays was confirmed by measuhiagrotein concentrations in both

phases.
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3.3.5 Discussion

Cerein 8A was purified by a sequential precipitati@xtraction and ion-exchange
chromatography protocol [12], with an additional §#ration chromatography step,
resulting in purification fold of approximately 1B contrast, the values for ATPS and
micellar systems resulted in lower purification lwibw yield (1-2%) (Table 4), but
significantly higher yields and may be very usefal obtain a partially purified
substance. Lima et al. (2002) [32] studied thefmation of pectinolytic enzymes using
only one liquid-liquid extraction step using the ®ghosphate system. They obtained
purification factor of 14.27 and a yield recovefy4@.3%.

The partitioning behavior of the biomolecule cer8f in agueous two-phase micellar
systems was investigated experimentally, showirag the target biomolecule can be
extracted from its media. The greater than urlitye, values demonstrate the
effectiveness of the concept of partitioning instsimple aqueous two-phase micellar
system, using 4% Ttriton X-114 concentration. Targét biomolecule was successfully
extracted into the micelle-rich phase, its activitgs maintained after the partitioning
and showed a high vyield recovery, probably becadseerein 8A is small (about 26
kDa) and show hydrophobic characteristics [33]. €Rkeluded-volume effects, which
serve to drive most biomolecules into the micetbepphase based on its size did not
remarkably influence partition based on physicoraical behavior of cerein 8A. From
a practical point of view, this also implies théetseparation method was indeed
capable of extracting cerein 8A into the micellghrphase, while removing the majority
of the impurities to the micelle-poor phase. Jozatlaal (2008) [34] reported the
successful preferential extraction/pre-purificatiminnisin (the target protein), with the

simultaneous removal of the impurities presentegith the commercial product and in
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the nisin produced in the laboratory-scale biomactusing 2% Triton X-114
concentration in agueous two-phase micellar system.

In aqueous two-phase systems (ATPS) formed by ohemer and an inorganic salt,
the best results for partition coefficients,(andKy) were found in the system formed
by ammonium sulphate as inorganic salt. The resndticate that the ATPS system is
influenced by the type of inorganic salt. In allsea tested, the cerein partition
coefficient was greater than 1, indicating theratf§i of the cerein to upper phase of
system. In ATPS with sodium citrate, the valuepatfition coefficient stood very close
to 1, indicating to be inefficient in the procedsseparation, which can be confirmed
through the low value recovery obtained in the eystvith this salt. Other salts were
used but they result very low recoveries of antrotial activity. It is known that salt
concentration alters protein partition in ATPS [3Bgrreira et al. (2007) [36], studied
proteins partition from maize malt and the maximpemtition coefficient by PEG/Cagl
ATPS was about 4.2 and was achieved in ATPS innglesipurification step. The
theoretical maximum partition coefficient was betwet.1-4.3.

To obtain a more complete characterization of pmofgartition, the effect of the
addition of sodium chloride at two concentratiofsl(and 1 M) to the system with
ammonium sulfate has been measured. Sodium chladdiion increased the partition
coefficient Kp). The highest value fd was obtained with 1 M NaCl. This means that
by choosing the proper conditions, the proteinifiant can be manipulated. Previous
publications have shown that partition coefficieaés be increased quite dramatically
when high concentrations of NaCl are added to ATWIsgreas other are not much
affected. Lahore et al. (1995) [37] also obseryeildame behaviour for the partition of
acid protease from M. bacilliforms in systems PHEfgapsium phosphate with sodium

chloride. This effect has been attributed to pdsshydrophobic interactions [38].
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Unfortunately, there is poor information about leaicicin properties in such separation
systems. The addition of NaCl also contributechtrease the protein yield recovery in
the upper phase. Gunduz (2001) [39] investigatedotrtition behavior of pure bovine
serum albumin in PEG/dextran ATPS. The concenmmattd NaCl and pH were
considered as factors influencikg

In conclusion, the successful implementation oftgiro partitioning, directly from a
suspension containing the bioactive molecule, ineags two-phase micellar system
and ATPS, presented in this paper, represents parient step towards developing a

cost-effective separation method for cerein 8Atbieobiomolecules of interest.
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3.3.6 RESUMO

Cereina 8A € um peptideo antimicrobiano com po&tiagilicacdo contra a deterioracao
de alimentos e bactérias patogénicas. Um protocetdavel para purificar esta
bacteriocina, resultando na remocdo de impurezaanaminantes € necessario. Este
trabalho investigou o particionamento da cereinaeBd dois sistemas de extracdo
liquido—liquido que s&o considerados promissorem dms de bioseparacdo e
purificagdo. No sistema aquoso micelar bifasicatomrX-114 foi escolhido como o
tensoativo formador de duas fases. O sistema achit@sico (ATPS) foi preparado
com PEG e sais inorgéanicos e a adi¢do de cloreswdie foi analisada neste sistema.
Os resultados indicaram que a cereina 8A particigreferencialmente na a fase rica
em micelas no sistema com Triton X-114 na conceatrade 4 % e sua atividade
antimicrobiana foi preservado. Em ATPS, os melhoresultados relativos ao
coeficiente de particdo ()X foram obtidos com PEG e sulfato de amdnio, quamdo
cloreto de sddio foi adicionado, o valor dg &umentou significativamente e apresentou
o melhor rendimento na recuperacao da atividadbadteriocina quando comparado
com os sistemas micelares. A purificacdo convemtioesulta em um fator de
purificagdo superior, mas tem uma recuperacao mEmaomparacao com métodos de
particionamento. A execucdo bem sucedida do pamaéenento deste peptideo, de uma
suspensao contendo outros compostos, representmpontante passo no sentido de
desenvolver um método de separacdo para cereirad®Aum modo mais geral, para
outros biomoléculas de interesse.
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FIGURE LEGENDS

Figure 1. Partition coefficients of cerein 8A in PEG-saystems and effect of ionic
strength on the partitioning of cerein 8A by ATPBaulding NaCl at 0.1 and 1 mét |
ar £C and pH 7.0. Means followed by the same lettenatadiffer statistically by t test.
Figure 2. Comparison of cerein 8A activity in different @amtrations of Triton X-114.
Assays were carried out using crude cerein 8A oheaurfactant concentration, before
partitioning to evaluate the influence of TritonT44 in bacteriocin activity. The first
column represents cerein 8A activity in the absearfcéhe surfactant. Means followed
by the same letter do not differ statistically kgsgt.

Figure 3. Distribution of cerein 8A activity among miceltesh phase (white bars) and
micelle-poor phase (gray bars).

Figure 4. Partition coefficients Kce) Of cerein 8A in aqueous two-phase micellar
systems with Triton X-114. Means followed by thensaletter do not differ statistically

by t test.
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Table 1. Summary of purification protocol of cerein 8A.
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Step Protein  Activity  Specific activity Purification  Yield (%)
(mg) (AU) (AU mg?) fold

Supernatant 1126 320000 284 1 100

Precipitation 37.36 25600 685 2.4 8

Extraction 2.56 6400 2500 8.8 2

(1-butanol)

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 thupper phase in systems PEG-

salts at 4C and pH 7.0.

Salt Cerein 8A (AU mt)  Purification fold  Yield (%)
Supernatant 2666.6+923.7 1 100

Na citrate 66.7 + 28.8 0.1 5.25+1.7
(NH4)2SOy 1066 + 461 0.96 81.7+27.5
(NH4)2SO, + 0.1M NaCl 933+611 0.81 65.3+38.5
(NH4).SO, + 1M NaCl 1333+1575 1.04 87.7+1
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Table 3 Antimicrobial activity and yield recovery in tmeicellar-rich phase in two-

phase micellar systems with Triton X-114.

Triton X114 (%) Cerein 8A (AU ml)  Purification fold Yield (%)
Supernatant 3200 1 100

2 1200 + 400 0.7 155+4.3
4 3200 + 20 1.7 46.3 +£6.2
6 250 + 150 0.2 24 +0.7

Table 4 Comparison of cerein 8A isolation by conventiompairification protocol,

ATPS and micellar system.

Specific activity (AU d)

Method N° Steps/time (h) Crude Purified Purificatfold  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




4 DISCUSSAO GERAL

Uma variedade de fatores antagonistas, incluind@adétos finais, compostos
tipo antibiéticos e as bacteriocinas, a maior pddstas produzidas por bactérias
acido-laticas, tem atraido atencéo pelo potensialaomo conservante na industria
de alimentos. A maioria das bacteriocinas, devidua seletividade, interferéncia
do ambiente em sua atividade e atividade inibit@éaalmente superior contra
linhagens estritamente relacionadas ao organisoaufmr, possuem um espectro de
acao reduzido, sendo que somente poucas bactasociibem diversos grupos de
microrganismos.

Os conhecimentos sobre a cinética de inativacaoidérde bacteriocinas séo
importantes para permitir a sua utilizagdo adequemi@o biopreservativo na
industria de alimentos. Além disso, h4 poucas mémdes sobre este assunto na
literatura.

A estabilidade térmica € uma propriedade importanter avaliada em uma
substancia que se pretende usar como biopreservaimentar. Neste estudo, a
cereina 8A foi termicamente tratada por até 30 toga temperatura variando entre
70 e 82 ° C e a sua atividade residual foi deteaidan Conforme era esperado, a
atividade da bacteriocina diminuiu com o0 aumentotetapo de aquecimento. A
perda de atividade encontrada segue, aparentemamie,cinética de primeira

ordem.
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Os valores de D e z obtidos para a cereina 8Aantligue ela pode ser utilizada
em condi¢cbes de pasteurizacdo HTST (altas tempasapor curtos tempos), onde
valores de 72°C e 15 segundos s&o geralmenteadtiiz E necessario salientar que
a inativacdo térmica da cereina 8A foi estudadasetugdo tampdo e, em um
sistema alimentar, a bacteriocina poderia ser estével devido ao efeito protetor
das proteinas dos alimentos. Recentemente, foi nkgrado que a cereina 8A inibiu
L. monocytogenesos produtos lacteos, e esta permaneceu estavelopminimo
guatro semanas em queijo macio (Bizahial, 2008). As bacteriocinas nisina e
sakacina P se ligaram rapidamente as proteinasatriz ralimentar e sua atividade
foi estavel durante mais de 4 semanas em alimématiaslos termicamente (Aasen
al., 2003). O aumento da estabilidade das bacterid@naalimentos termicamente
processados se deve, em parte, pela inativacdootEapes enddgenas, que podem
ser prejudiciais para peptideos antimicrobianosnatureza da matriz alimentar
influencia a eficacia da bacteriocina. A inativag@onisina por alguns componentes
da carne, tais como fosfolipidios e glutationa 8tficansferase tém sido relatados
(Clevelancet al, 2001).

Com base em um experimento isotérmico no interdaldemperatura de 70 a
82°C e usando modelos de tempo de inativacdo térmi&rrhenius, a inativacao
térmica da cereina 8A pode ser descrita por um lnadie cinética de primeira
ordem. Os valores de D,z e k calculados pela regoelinear sugerem que a cereina
8A € uma bacteriocina relativamente termoestavel oo valor z de 22 ° C e
energia de ativacdo de 105.7 kJ tThdVlais estudos sobre a cinética de inativacdo
térmica de bacteriocinas sdo necessarios paratpesrsua utilizagdo correta como

biopreservativos naturais na indastria alimentar.
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Outra caracteristica importante a ser observadauem substancia com
atividade antimicrobiana € o seu espectro e mavande acdo. A eficiéncia de
muitos peptideos antimicrobianos em inativar mgaaismos Gram-positivos
patogénicos e deteriorantes corhisteria monocytogenes Clostridium € bem
estabelecida (Stiles, 1996; Hammes e Hertel, 1998)entanto, na conservagao de
alimentos e na seguranca alimentar, bactérias @egativas patogénicas e
deteriorantes sao especialmente probleméticas aevisua resisténcia inerente a
alguns agentes antimicrobianos que sdo aplicAwesstiio presentes em alimentos
(Helanderet al, 1997). A estrutura da membrana exterior (OM)odganismos
Gram-negativos impede que a penetracdo de badtersogpara seu destino
principal, a membrana citoplasmatica e, por conséguconfere um elevado grau
de resisténcia (Steversal, de 1991; Schveet al, 1994). Agentes quelantes como
o EDTA, bem como a aplicacdo de stress sub-letahocaquecimento ou
congelamento demonstraram ser capazes de pertutimreira de permeabilidade
de lipopolissacarideos (LPS) conduzindo a uma nseasibilidade d&almonella
typhi e Escherichia colia nisina (Stevenst al, de 1991; Kalchayananet al,
1992).

Bacillus cereus8A, produtor da cereina 8A, inibiu varios microrgamos
patogénicos e deteriorantes de alimentos (Biz&raadelli, 2002). Esta substancia
demonstrou ter um efeito bactericida elm monocytogenese B. cereus
aparentemente por perturbar a estrutura da memiulasges microrganismos
(Bizaniet al, 2005).

A salmonelose humana ocorre principalmente dewidocoasumo de alimentos e
agua contaminada com Salmonella spp. Varios alioseftiram associados a esta

infeccdo. No entanto, nos ultimos anos foi obsesvacth todo o mundo, um
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aumento de salmoneloses humanas devido ao sorc&hfmritidis, relacionado a
ovos de galinha e derivados (Geingbal 2004).

Os resultados obtidos neste trabalho, onde foia@lo efeito da cereina 8A e
quelantes como EDTA e lactato de sédio, sozinhasmecombinagéo, contra
Salmonella entericaorotipo Enteritidis indicaram que todos os traatos testados
causaram uma reducado significativa nos valores @godadas culturas deS
Enteritidis. Quando a suspenséo de célulaS. dmteritidis foi tratada com cereina
8A 3200 AU mi* os valores da Ofgo foram muito inferiores quando comparados
aos controles sem a bacteriocina. A adicdo da heactea acrescido de todas as
concentragcfes de EDTA testadas ou lactato de séslittou em uma inibigdo maior
do que a obtida com a bacteriocina sozinha. A&fma na redugéo da @9 da
suspensao de células 8eEnteritidis pela acdo da bacteriocina aumentou oo
aumento da concentracdo de EDTA, onde o tratantamocereina 8A juntamente
com EDTA 100 mmolt mostrou para ser mais eficaz. A combinacdo dattacte
sodio acrescido de cereina 8A revelou igualmemgeifgiativa inibicAo do micro-
organismo indicador.

O quelante EDTA por si s6, em todas as concentsagéibzadas, reduziu o
namero de células viaveis d& Enteritidis e seu efeito sobre aumento na
permeabilidade das células pode ser observado, and®ior concentracdo de
EDTA refletiu em maiores danos para as célulasnfagequelantes sdo compostos
capazes de desestabilizar a estrutura e alteramaepbilidade da OM, removendo
os fons MG? e Cd? da membrana externa de bactérias Gram-negatesstando
em perdas de fosfolipidios e lipoproteinas.

Os mecanismos de acdo dos peptideos antimicrobsfmsliversos, mas a

membrana bacteriana é o destino para a maioridatzsriocinas (Klaenhammer,
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1993). Os resultados da microscopia eletrbnicardesmissao revelaram poros
proeminentes na parede da célulaSidnteritidis causada pela cereina 8A, que
justifica a reducéo do numero de células viadveisféto potencializador do EDTA
sobre a atividade da cereina 8A pode ser verifiedigwés da redugcdo do numero de
células viaveisS Enteritidis e comprovado pela microscopia elet@®nde
transmissdo, onde os efeitos do sinergismo reauoitara formacdo acentuada de
poros, perda de conteudo intracelular e, em algasss, destruicdo das células.
Neste caso, o dano na célula é muito provavel dewdl enfraquecimento da
membrana plasmatica exterior causado pelo sequdstrions magnésio pelos
agentes quelantes, permitindo a acdo da bacteicmim nivel de membrana e
parede celular.

Tendo em vista 0 amplo espectro de acdo destarioaaota e a sua satisfatéria
termoestabilidade, torna-se imprescindivel busecam#és de obtencdo menos
onerosas e mais rapidas ja que a purificacdo dgineeBA, assim como para a
maioria das bacteriocinas, envolve além da pregfd com sais, Vvarias
combinagbes de cromatografias, como gel-filtracdmca idnica, interacdo
hidrof6bica, incluindo cromatografia liquida de aalkficiéncia. Em geral, estes
métodos produzem resultados satisfatorios apengsequena escala, pois além da
recuperacdo ser baixa, sdo métodos caros, ded didciuseio e requerem pessoas

capacitadas, tornando inviavel para serem usadagamndes proporcoes.

A cereina 8A foi purificada através de um protocsgguencial de precipitacéo,
extracdo e cromatografia de troca idnica (Bizahial, 2005), com um passo
adicional de cromatografia de gel filtracdo. Emapelo, foi desenvolvido um
protocolo de purificacdo utilizando sistema aqudsi@sico e sistema micelar

bifasico. O protocolo para purificacdo convenciodal cereina 8A, envolvendo
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precipitacdo, extracdo e etapas de cromatograéaultou em um fator de
purificacdo de aproximadamente 12, enquanto osresmlpara ATPS e sistema
micelar foram inferiores. No entanto, estas metogias de particdo resultaram em
rendimentos significativamente mais elevados e mpod®mr muito Uteis para

obtencado de uma substancia parcialmente purificada.

O comportamento de particionamento da biomolécalaica 8A em sistema
aquoso micelar bifasico mostrou que a biomolécoldepser extraida desta forma.
Os valores elevados do coeficiente de particdcedzita 8A (Ke) demonstraram a
eficacia do conceito de particdo no sistema aquouselar bifasico simples, usando
Triton X-114 na concentracdo de 4%. A biomolécolaektraida com éxito na fase
rica em micelas, sua atividade foi mantida apésamigoonamento e revelou uma
recuperacdo de alto rendimento, provavelmente dedidereina 8A ser pequena
(cerca de 26 kDa) e mostrar caracteristicas hibdicé§ (Nikaset al, 1992). Do
ponto de vista pratico, isso implica que o métodosdparacdo foi efetivamente
capaz de extrair a cereina 8A na fase micelareamver as impurezas para a fase
pobre em micelas. Jozakt al (2007) relataram a bem-sucedida extracdo/pre-
purificacdo da nisina, com a remocao simultdnea idgmirezas presentes no
produto comercial e em nisina produzida em prosesiso escala de laboratério,

usando Triton X-114 na concentracao de 2 % emnséstgjuoso micelar bifasico.

No sistema aquoso bifasico (ATPS) formado por unfinpopo e um sal
inorganico, os melhores resultados para os coefesede particéo (Ke Ky) foram
encontrados no sistema formado por sulfato de anémmo sal inorganico. Os
resultados indicaram que o sistema ATPS é inflaelacpelo tipo de sal inorganico.

Em todos os casos testados, o coeficiente de @artia cereina foi superior a 1,
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indicando a afinidade da cereina pela fase supddosistema. Em ATPS com
citrato de sédio, os valores dos coeficientes dgaa ficaram muito préximo a 1,
indicando ser ineficiente no processo de separagiopode ser confirmada atraves
do baixo valor de recuperagédo obtido no sistema esta sal. Outros sais foram
utilizados, mas eles resultaram em recuperacoedivddade antimicrobiana muito
baixas. E conhecido que a concentracdo de sah altgrarticdo de proteinas em
ATPS (Rito-Palomares, 2004). Para obter uma carzaf@o mais completa da
particdo da proteina, foi avaliado o efeito da @uligde cloreto de s6dio em duas
concentracdes (0,1 e 1M) no sistema com sulfatardénio. A adicdo de NacCl
aumentou o coeficiente de particdo,XKO valor mais elevado para K foi obtido
com NaCl 1M. Isso significa que, escolhendo as mded adequadas, a particdo da
proteina pode ser manipulada. Estudos anterioregranam que coeficientes de
particdo podem ser bastante aumentados quandadatecancentracbes de NacCl
sdo adicionadas ao ATPS. Este efeito tem sidouddidba possiveis interacdes
hidrofébicas (Schimidet al, 1994). Infelizmente, ha poucas informacgfes sobre
propriedades de bacteriocinas em tais sistemaspiragdo. A adicdo de NaCl
também contribuiu para aumentar o rendimento dapeacado de proteinas na fase

superior.

A obtencédo bem sucedida do particionamento da ipegteliretamente de uma
suspensao contendo a molécula bioativa, no sistgmaso micelar bifasico e em
ATPS representa um passo importante no sentidoedengiolver um método de

separacao rentavel para a cereina 8A ou outraldonias de interesse.



5. CONCLUSOES

A inativacdo térmica da cereina 8A pode ser despot um modelo de cinética
de primeira ordem e os resultados sugerem se ttatama bacteriocina relativamente
termoestavel. Esta propriedade indica que ela madeutilizada em condi¢bes de

pasteurizacdo rapida, onde valores de 72°C e 1kmdeg sao geralmente utilizados.

A estabilidade térmica da cereina 8A pode ser au@lem sistemas alimentares

devido ao efeito protetor das proteinas que compiseatimentos.

A cereina 8A apresentou efeito inibitorio frente mmcrorganismo Gram-
negativo SalmonellaEnteritidis e sua acao foi potencializada quantbzada em
sinergismo com o quelante EDTA. Essa propriedatieiéo importante por se tratar de

uma substancia com potencial para ser utilizadaodaintonservante.

A cereina 8A em combinagdo com EDTA agiram desgigt@ido a estrutura e
alterando a permeabilidade da membrana exterrdattaonellaEnteritidis, causando

visiveis danos a esse microrganismo indicador.

As metodologias de particdo mostraram-se eficaaes @ obtencdo da cereina
8A na forma parcialmente purificada quando compasab protocolo convencional de
purificacdo. Isso representa um passo importantentdo de desenvolver um método

de obtencao rentavel para esta bacteriocina.
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ANEXO 1

Kinetics and thermodynamics of thermal inactivationof the antimicrobial peptide

cerein 8A.
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ANEXO 2

Inhibition of SalmonelleEnteritidis by cerein 8A, EDTA and sodium lactate
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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~! and 0.235 min~'.
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 E, of 105.7 k] mol~".

© 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 Déhren,
1995; Stein, 2005).

B. cereus 8A is a previously characterized bacterium isolated
from native woodlands of southern Brazil. This strain produces cer-

* Corresponding author. Tel.: +5551 3316 6249; fax: +5551 3308 7048.
E-mail address: abrand@ufrgs.br (A. Brandelli).

0260-8774/$ - see front matter © 2008 Elsevier Ltd. All rights reserved.
doi:10.1016/j.jfoodeng.2008.08.025

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
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Nomenclature

o bacteriocin activity at time t (UA)
Go initial bacteriocin activity (UA)

D decimal reduction time (min)

Eq activation energy (k] mol~!)

AG free energy inactivation (k] mol ')
h Planck constant (J min)

AH activation enthalpy (k] mol™1)

k inactivation rate constant (min~')
Kg Boltzmann constant (J K1)

R Universal gas constant

i determination coefficient

AS’ activation entropy (] mol~' K1)
t time (min)

ti2 half-time (min)

T temperature (°C, K)

z z-value (°C)

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)

In (%)) = —kt (1)

where C; is the protein concentration (or bacteriocin activity in UA)
at treatment time t, Cy 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 (¢;,2)
fi2 =m,@ 2)

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)

In(10)
D==— 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).

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°C) are
generally greater than microbial inactivation (7-12 °C) (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 (Eq)

In(k) = In(A) — RE_aT (4)

where A is the Arrhenius constant, E, 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 (AH"), free energy of inactivation (AG") and
activation entropy (4S) can be calculated according to the
expressions

AH" =E,-R-T ()
. k.h

AG = -R-T.In <m> (6)

A _ AH ;AG )

where h and Kg are the Plancks and the Boltzmanfs 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~' 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 pl 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~!). 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~' (AU ml").
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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
12 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

In (C/Co)

0 5 10 15 20 25 30 35
Time (min)

Fig. 1. Thermal inactivation kinetic of cerein 8A at 70 (<), 75 (O), 77 (A), 80 (O), 82
(x)°C. Values are the means of three independent experiments. The standard
deviations were always lower than 5%.

Table 1
Kinetics parameters of thermal inactivation of cerein 8A

Temperature (°C)  k (min™') 2 tip (min) D (min)  z(°C)
70 0.059 + 0.009? 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

2 Standard error of regression (95% confidence interval).

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) (Awuabh 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 k] mol~") was similar to that obtained for
heat inactivation of soybean trypsin inhibitors, from 103 to
195 k] mol~! depending on the product moisture (van den Hout
et al., 1999). Comparable values, 102.3 k] mol~! and 146 k] mol ',
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 (r* = 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 (* = 0.7782).

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

AE (k] mol ™) AH' (k] mol ") AG' (kJ mol™1) AS (Jmol 1K)
105.7 102.8 104.7 -5.39

Table 2 also shows thermodynamic values (AH", AG" and AS")
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
(AHm = 230 k] mol™!), whereas the Gibbs energy change at 25 °C
is relatively high (AGaes = 32.8 k] mol~'). 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°C to 80°C, 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 (AG’) was 83.7 k] mol~! at pH 7, decreasing to 32.2 k] mol™!
at pH 2 (Timasheff and Xie, 2003). In addition, the values of
standard enthalpy change (AH") at unfolding temperature (Ty,),
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 E, of 105.7 k] mol~!. More studies about
kinetics of thermal inactivation of bacteriocins are necessary to al-
low their proper utilization as natural biopreservatives in the food
industry.

Acknowledgments

Authors thank the financial support of Conselho Nacional de
Desenvolvimento Cientifico e Tecnolégico (CNPq), Brazil.

References

Aasen, .M., Markussen, S., Moretro, T., Katla, T., Axelsson, L., Naterstad, K., 2003.
Interactions of the bacteriocins sakacin P and nisin with food constituents.
International Journal of Food Microbiology 87, 35-43.

Alrokayan, S., 2002. Purification and characterization of adenosine deaminase from
camel skeletal muscle. International Journal of Biochemistry and Cell Biology
34, 1608-1618.

Awuah, G.B., Ramaswamy, H.S., Economides, A., 2007. Thermal processing and
quality: principles and overview. Chemical Engineering and Processing 46, 584-
602.

Bizani, D., Brandelli, A., 2002. Characterization of a bacteriocin produced by a newly
isolated Bacillus sp. strain 8A. Journal of Applied Microbiology 93, 512-519.
Bizani, D., Brandelli, A., 2004. Influence of media and temperature on bacteriocin
production by Bacillus cereus 8A during batch cultivation. Applied Microbiology

and Biotechnology 65, 158-162.

Bizani, D., Motta, A.S., Morrissy, ].A.C., Terra, R.M., Souto, A.A., Brandelli, A., 2005a.
Antibacterial activity of cerein 8A, a bacteriocin-like peptide produced by
Bacillus cereus. International Microbiology 8, 125-131.

Bizani, D., Dominguez, A.P.M., Brandelli, A., 2005b. Purification and partial chemical
characterization of the antimicrobial peptide cerein 8A. Letters in Applied
Microbiology 41, 269-273.

Bizani, D., Morrissy, J.A.C., Dominguez, A.P.M., Brandelli, A., 2008. Inhibition of
Listeria monocytogenes in dairy products using the bacteriocin-like peptide
cerein 8A. International Journal of Food Microbiology 121, 229-233.

Boziaris, I.S., Humpheson, L., Adams, M.R., 1998. Effect of nisin on heath injury and
inactivation of Salmonella enteritidis PT4. International Journal of Food
Microbiology 43, 7-13.

Cleveland, ]J., Montville, T.J., Nes, LF., Chikindas, M.L., 2001. Bacteriocins: safe,
natural antimicrobials for food preservation. International Journal of Food
Microbiology 71, 1-20.

Cobos, E.S., Filimonov, V.V, Galvez, A., Maqueda, M., Valdivia, E., Martinez, ].C.,
Mateo, P.L., 2001. AS-48: a circular protein with an extremely stable globular
structure. FEBS Letters 505, 379-382.

Deegan, L.H., Cotter, P.D., Hill, C., Ross, P., 2006. Bacteriocins: biological tools for bio-
preservation and shelf-life extension. International Dairy Journal 16, 1058-
1071.

Dominguez, A.P.M., Bizani, D., Cladera-Olivera, F., Brandelli, A., 2007. Cerein 8A
production in soybean protein using response surface methodology.
Biochemical Engineering Journal 35, 238-243.

Espachs-Barroso, A., Loey, A.V., Hendrickx, M., Martin-Belloso, O., 2006. Inactivation
of plant pectin methylesterase by thermal or high intensity pulsed electric field
treatments. Innovative Food Science and Emerging Technologies 7, 40-48.

Gao, Y.L, Ju, XR, 2008. Exploiting the combined effects of high pressure and
moderate heath with nisin on inactivation of Clostridium botulinum spores.
Journal of Microbiological Methods 72, 20-28.

Gaussier, H., Lavoie, M., Subirade, M., 2003. Conformational changes of pediocin in
an aqueous medium monitored by Fourier transform infrared spectroscopy: a
biological implication. International Journal of Biological Macromolecules 32,
1-9.

Lenz, M.K,, Lund, D.B., 1980. Experimental procedures for determining destruction
kinetics of food components. Food Technology 34, 51-55.

Motta, A.S., Brandelli, A., 2002. Characterization of an antimicrobial peptide
produced by Brevibacterium linens. Journal of Applied Microbiology 92, 63-70.

O’Sullivan, L., Ross, R.P., Hill, C., 2002. Potential of bacteriocin-producing lactic acid
bacteria for improvements in food safety and quality. Biochimie 84, 593-604.

Pedersem, P.B., Bjornvad, M.V., Rasmussen, M.D., Petersen, ].N., 2002. Cytotoxic
potential of industrial strains of Bacillus sp. Regulatory Toxicology and
Pharmacology 36, 155-161.

Polydera, A.C., Stoforos, N.G., Taoukis, P.S., 2003. Comparative shelf life study and
vitamin C loss kinetics in pasteurised and high pressure processed reconstituted
orange juice. Journal of Food Engineering 60, 21-29.

Riley, M.A,, Wertz, J.E., 2002. Bacteriocin diversity: ecological and evolutionary
perspectives. Annual Review of Microbiology, 357-364.

Stein, T., 2005. Bacillus subtilis antibiotics: structures, syntheses and specific
functions. Molecular Microbiology 56, 845-857.

Stumbo, C.R.,, 1973. Thermobacteriology in Food Processing, second ed. Academic
Press, New York.



R. Lappe et al./Journal of Food Engineering 91 (2009) 223-227 227

Timasheff, S.N., Xie, G., 2003. Preferential interactions of urea with lysozyme and Vivar-Vera, M.A., Salazar-Montoya, J.A., Calva-Calva, G., Ramos-Ramirez, E.G., 2007.

their linkage to protein denaturation. Biophysical Chemistry 105, 421-448. Extraction, thermal stability and kinetic behavior of pectinmethylesterase from

Van Boekel, M.A].S., 1996. Statistical aspects of kinetic modeling for food science hawthorn (Crataegus pubescens) fruit. LWT Food Science and Technology 40,
278-284.

problems. Journal of Food Science 61, 477-485.
Van den Hout, R., Meerdink, G., van't Riet, K., 1999. Modeling of the inactivation Von Déhren, H., 1995. Peptides. Biotechnology 28, 129-171.

kinetics of the trypsin inhibitors in soy flour. Journal of the Science of Food and
Agriculture 79, 63-70.



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

Contents lists available at ScienceDirect

INTEGHATIONAL JGURNAL OF
Food Microbiology

International Journal of Food Microbiology

journal homepage: www.elsevier.com/locate/ijfoodmicro

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

Rosiele Lappe, Amanda S. Motta, Voltaire Sant'Anna, Adriano Brandelli *

Laboratério de Bioquimica e Microbiologia Aplicada, Departamento de Ciéncia de Alimentos, ICTA, Universidade Federal do Rio Grande do Sul, 91501-970 Porto Alegre, Brazil

ARTICLE INFO ABSTRACT

Article history:

Received 26 May 2009

Received in revised form 1 September 2009
Accepted 2 September 2009

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 ODggo 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

K ds: R - . .
Afl{;/:r?ircribial peptide EDTA, the greater the inhibitory effect. The combination of cerein 8A plus 100 mmol/L EDTA results in a more
Bacteriocin 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

Bacillus cereus
Salmonella Enteritidis
Transmission electron microscopy

an important aspect of food safety.

© 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-Lépez and Martin-
Belloso, 2008).

Despite the intensive work on LAB, Bacillus is another interesting
genus to investigate for antimicrobial peptides since this genus includes
avariety 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

* Corresponding author. Fax: +55 51 3308 7048.
E-mail address: abrand@ufrgs.br (A. Brandelli).

0168-1605/$ - see front matter © 2009 Elsevier B.V. All rights reserved.
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licheniformis and Bacillus cereus, among other (von Déhren, 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 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 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
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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. cereus 8A was grown in BHI broth at 30 °Cin a shaker at 125 cycles/
min for 32 h. The culture was centrifuged at 10,000 xg 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 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 pL) 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 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~ in 8.75 g NaCl/L; the
samples were homogenized and then plated (20 pL) 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 (ODggp) 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 10°CFU/mL.
Aliquots of 1 mL were centrifuged at 10,000 xg 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 tested were

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) and with 200 mmol/L sodium lactate. Cells treated
with peptone medium served as controls. All treatments were incubated
for 90 min at 37 °C and were carried out in triplicate. Effects of cerein 8A
on Salmonella Enteritidis were evaluated by turbidity (ODeggo), the
number of viable cells after the incubation period. Synergistic effect (SE)
was defined by the following equation:

SE = (logreduction of mixture) / (3 individuallog reductions)

2.6. 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 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 ODggg values of
Salmonella Enteritidis cultures. When a cell suspension of Salmonella
Enteritidis was treated with 3200 AU/mL cerein 8A the ODgg values
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Fig. 1. Inhibition of Salmonella Enteritidis by cerein 8A and chelators. Cells were
incubated with 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 was monitored in control
and treated cells were monitored after 90 min. The mean O.D. of cell suspensions before
incubation was 0.3874-0.045. Bars are the mean4SEM of three independent
experiments.
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Fig. 2. Effect of cerein 8A and chelators on viability of Salmonella Enteritidis. Cells were
incubated with 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 Log;o reduction Synergistic
Alone Plus cerein 8A izt

None 0 1.38 -

EDTA (20)? 1.77 2.69 0.85

EDTA (50) 2.27 3.26 0.89

EDTA (100) 2.47 422 1.10

Lactate (200) 1.85 2.96 0.92

2 Concentration expressed as mmol/L; cerein 8A was used at 3200 AU/mL.

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 ODgqg 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 Salmonella 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 Salmonella 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 in a more efficient treatment to reduce the number of
viable cells of Salmonella Enteritidis (Table 1). Reductions of more than 2
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).

Salmonella Enteritidis harvested from a 10°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 Salmo-
nella 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 I/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 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 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 0157: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 changes were 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 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
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 Ca®>", Mg?" and Mn?" 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.

Fig. 3. Transmission electron microscopy of cells of Salmonella Enteritidis after treatments: (A) Control, (B) cerein 8A, (C) 50 mmol/L EDTA, (D) 100 mmol/L EDTA, (E) cerein 8A plus
20 mmol/L EDTA, (F) cerein 8A plus 50 mmol/L EDTA, (G) cerein 8A plus 100 mmol/L EDTA, (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 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 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 Mg?* and Ca?* 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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