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RESUMO

CASTILHO, Natalia Parma Augusto, D.Sc., Universidade Federdigesa, Agosto
de 2018.Potencial bacteriocinogénico de bactérias acido laticas isoladas de
produtos artesanais carneos fermentados.Orientador: Luis Augusto Nero.
Coorientador: Svetoslav Dimitrov Todorov.

O objetivo do presente trabalho foi isolar e caracterizar bactérias aads [BAL)
presentes em embutidos carneos fermentados artesanais através de taotijgas e

e genotipicas, buscando a selecdo de isolados com potencial bactegimcmagAL
isoladas foram obtidas de embutidos carneos fermentados artesanaisme fo
caracterizadas quanto a sua atividade bacteriocinogénica; apds o isolamento e
identificacdo foram obtidos 5 diferentes isoladbactobacillus curvatusl2 e 36;
Lactococcus garvee 32 eWeissella viridescen23 e 31 e realizada a deteccao de
genes de bacteriocinas; devido aos resultados encontrados em relagiex@o de
atividade e efeito de substancias quimicas e temperatura na ativitbétdeian trés
isolados foram selemnados I(. curvatusl2 e 36 aN. viridescen23) para as demais
andlises para avaliar o potencial bacteriocinogénico. Os isoladososatbxs
apresentaram multiplicacao distinta e a producéo de bacteriocinasigogvitente
emL. curvatusl2 eW. viridescen3. As bacteriocinas produzidas foram adsorvidas
pelas cepas produtoras em diferentes niveis. As bacteriocinasrpantépurificadas
mantiveram sua atividade inibitéria apdés a eluicdo com 60% de isoptofmno
padrdes de lise celular foram semelhantes para todos os isoladasstestdeteccéo

de B-galactosidase indicou desestabilizagdo da permeabilidade da membrana celular
das BAL isoladas. As bacteriocinas produzidaslparurvatusl2 foram purificadas
através do HPLC e foramdentificacdbs 4 diferentes sequéncias de peptideos. Os
isolados de BAL selecionados foram capazes de produzir bacteriocinas aom alt
atividade inibitéria contrd.. monocytogenesndicando sua potencial aplicacdo na
industria de alimentos como bioconservadores. araliacdo da presenca de genes
de viruléncia, resisténcia a antibioticos e probioticos foraraauitis os cinco isolados
anteriormente identificados. Todos os isolados testados foramivgegaramul
enquantd&EF226<cbp EF1249-fbpeEF2380mazforamdetectados em pelo menos um
isolado; nenhum isolado apresentou os gerasEFTuouprgB. Os isolados testados
apresentaram resultados variados em relagao aos genes de viruléncia @swatiam

apresentou os gengslE, cylA, efsA cpd int-TnousprE Os genes de resisténcia aos



antibidticos também apresentaram resultados variados. Os isoladosAlde B
apresentaram alguns aspectos benéficos, além da producdo de bacteponas
presenca de genes de viruléncia e resisténcia a antibioticos é uemaral utilizar
esses isolados como cultustarterou bioconservadores em alimentos. Considerando
o potencial inibitorio dessas cepas, uma alternativa seria 0 uso de suasdiaaser
apos procedimentos de semuirificacao ou purificacdo. Linguica frescal foi preparada

e inoculada com diferentes combinac¢det.daurvatusl? (BAL bacteriocinogénica),

L. sakeilATCC 15521 (BAL n&ao bacteriocinogénicd), monocytgenes nisina e a
bacteriocina parcialmente purificada produzidalporurvatusl? e estocadas a 7 °C
durante 10 dias. As analises microbioldgicas foram realizadagiamg, 4, 7 e 10 e

as analises fisiequimicas (controle) nos dias 1 e 10. No geral, as contagens de BAL
ndo apresentaram diferencgas significativas entre os tratasreatnlongo do periodo

de estocagem (p > 0.05). As contagend.denonocytogeneem linguica frescal
inoculada com o patdgeno e a BAL bacteriocinogénica variaram de 1.0 a 2.0 log
UFC/g, sendo significativamente diferente da linguica inoculada apemad..co
monocytogenef < 0.05). Nisina e a bacteriocina parcialmente purificadas também
determinaram uma reducao nas contagenis. sieonocytogeneguando comparado
com o tratamento que foi inoculado somente o patégeno, variando de3Ndog
UFC/g (p > 0.0k Esses resultados indicam que BAL bacteriocinogénica foi capaz de
determinar uma reducéo significativa na contager. adsonocytogenesm linguica
frescal estocada a 7 °C.
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ABSTRACT

CASTILHO, Natéalia Parma Augusto, D.Sc., Universidade Federal de Vidagast,
2018. Bacteriocinogenic potential of lactic acid bacteria isolates from arsanal
fermented meat products. Advisor: Luis Augusto Nero. Gadvisor: Svetoslav
Dimitrov Todorov.

The aim of the study was isolate and characterized lactic acid bacteria (LAB) from
artisanal fermented meat products through phenotypic and genatgpthodologies,
searching for the selection of isolates with bacteriocinogenic potdoABI isolates
wereobtained from artisanal fermented meat products and were characterizeil to t
bacteriocinogenic activity; after isolation and identificatioer@vobtained 5 different
isolates:Lactobacillus curvatud2 and 36Lactococcus garviead82 andWeissella
viridescen23 and 31 and the detection of bacteriocins related genes were performed;
L. curvatusl2 and 36 &N. viridescen®23 were selected for the other analysis to
evaluate the bacteriocinogenic potential. The selected isolates shotirext di®wth

and lacteriocin production was more evidentircurvatusl2 andw. viridescen23.

The bacteriocins produced were adsorbed by the producing strains at diéeedst
Partially purified bacteriocins maintained their inhibitory watyi after elution with

60% isopropanol. Cell lysis patterns were similar for all isolagetetl. Detection of
B-galactosidase indicated destabilization of the cell membrane pelitgeabithe
isolated BAL. The bacteriocins produced lbycurvatus12 were purified by HPLC

and fou different peptide sequences were identified. The selected BAdtesolvere

able to produce bacteriocins with high inhibitory activity againsthonocytogenes
indicating their potential application in the food industry astiservatives. For the
evalation of the presence of virulence genes, resistance to antibiotics aiatipsp

the five isolates previously identified were used. All isolates testrd positive for
mub, whileEF226cbp, EF1249-fbpand EF2380mazwere detected in at least one
isolate; none isolated showadap EFTu or prgB. The isolates tested presented
variable results in relation to the virulence genes and no isolatesgdithe genes
gelE cylA efsA cpd int-Tnor sprE Antibiotic resistance genes were also detected at
different patterns. LAB isolates presented some beneficial aspects bes@les th
production of bacteriocins, but the presence of virulence gemgesistance to
antibiotics is a problem when using these isolates as starter onsgoeative cultures

in foods. Considering the inhibitory potential of these strainsjtarnative would be

Xii



the use of their bacteriocins after sepurification or purification procedures. Fresh
sausage was prepared and inoculated with different combinatidnscafvatusl12
(bacteriocinogenic BAL)L. sakeiATCC 15521 (non bacteriocinogenic BALL),
monocytgenes nisin and partially purified bacteriocin produced lbycurvatus12

and stored at 7 ° C for 10 days. Microbiological analyzes were perfaymeddys 1,

4, 7 and10 and physicathemical analyzes (control) on days 1 and 10. In general,
LAB counts did not show significant differences between treatsnend throughout
the storage period (p> 0.05). The countsLofmonocytogenes fresh sausage
inoculated with the pathogen and the bacteriocinogenic LAB varied froro 2@

log CFU/g, being significantly different from the sausage inoedlavith onlyL.
monocytogene < 0.05). Nisin and partially purified bacteriocin also determined a
reduction in the counts &f monocytogeneshen compared to the treatment that was
inoculated only the pathogeranging from 1.0 to 3.0 log CFU/g (p> 0.05). These
results indicate thathe bacteriocinogenic LAB was able to determine a significant
reduction in the count df. monocyogenesn fresh sausage stored at 7 ° C.
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INTRODUCAO

Atualmente a indastria de alimentos enfrenta um grande desafio: o0s
consumidores buscam cada vez mais produtos que possuaronga vida de
prateleira, que sejam minimamente processados e com 0 minimo paksivel
conservantes quimicos. Nesse contexto, as bacteriocinas sdo uma opc¢ao @isente,
podem solucionar pelo menos uma parte desse problema. As bathsrigéo
produzidas por varios micrerganismos envolvidos na producdo de alimentos,
geralmente sdo estaveis a tratamentos térmicos e podem inibir cpgisimicre
organismos patogénicos e deteriorantes que causam problemas em alimento
processados.

Varios métodos de preservacdo veem sendo utilizado para eat@inteccao
alimentar e a deterioracdo dos alimentos. Essas técnicas inchlamento térmico,
reducdo do pH e da atividade de agua e adi¢do de conservantes. Embora estes métodos
tenham se mostrado besucedios, existe uma procura crescente por produtos
naturais, microbiologicamente seguros, proporcionando aos comsamielevados
beneficios para a saude (Deegan et al., 2006). Nos dias de hoje as bacterimcinas té
sido amplamente utilizadas, principalmente elacdo a preservagdo de alimentos.
Assim, 0 uso de bacteriocinas na industria de alimentos tem sidsieateante
investigado. Entre as bacteriocinas produzidas por BAL, a nisina ternsteado
altamente eficaz contra agentes microbianos que causam toxinfec¢cOesaaiment
micro-organismos deteriorant@@eegan et al., 2006; Moll et al., 1999)

Entretanto, para uma bacteriocina ser legalizada para sua utilizagéo ertoslimen
existem alguns critérios importantes, tais como: a cepa produtoaatdedcina deve

possuir ostatusGRAS (Generally Recognized As Safe); a bacteriocina deve possuir



um amplo espectro de inibicdo frente a varios mixganismos patogénicos e
deteriorantes ou a atividade antagonista frente a pamwdgeno especifico; a
bacteriocna deve ser estavel a tratamentos térmicos e ndo deve apresentar risco
associado a saude do consumidtolzapfel et al., 1995)0 uso de bacteriocinas tem
demostrado importante potencial na bioconservacdo de carnes, pridutos,
alimentos enlatadopeixes, bebidas alcoolicas, saladas, produtos de ovos, produtos
de padaria, dentre outros, sendo utilizada isoladamente no produtopr@oracao
em filmes plasticos ou na superficie de alimef@en and Hoover, 2003; Ryan et
al., 2001)

As bacteriocinas podem ser adicionadas nos alimentos de difeantas.fEm
alimentos fermentados, por exemplo, as bacteriocinas podem ser athsionsitu
por culturas bacterianas que podem substituir total ou parcialmesutuaasstarter
utilizadas na producao desses alimentos, ou entdegeoddicionar no alimento as
bacteriocinas purificadas ou semuirificadas. Apesar das bacteriocinas com amplo
espectro de inibicdo serem as mais procuradas para a bioconservagédo emsaliment
outros fatores, incluindo pHtitho, solubilidade e estabilidade, sdo importantes
determinantes da escolha de um inibidor a ser aplicado em um determinadtoalimen
ou tendo como objetivo o controle de um miorganismo alvo. Assim, estudos
situ com o0 objetivo de avaliar o real comportamento das bacteriocinas e cepas
produtoras em condi¢des naturais na matriz alimentar sao fundamentais

Com base nessas informacdes, o objetivo da pesquisa foi isolar BAL co
potencial bacteriocinogénico de produtos carneos artesanais, caractexraligies
de producéo e inibicdo de bacteriocinas pelas cepas bacteriocinogéeicasadas,
purificar e identificar as bacteriocinas, avaliar a presenca de genesuldmoid,

resisténcia a antibidticos e probidticos da colecédo de BAL bacteriocicageavaliar



as interagOes da BAL bacteriocinogénica e suas bacteriocinds. coamocytogenes

em linguica frescal.



REVISAO BIBLIOGRAFICA

1. Habitos alimentares

Atualmente, os consumidores vém buscando cada vez mais produtas com
minimo de conservant@giimicos e que sejam minimamente processados, levando a
industria de alimentos a enfrentar um desafio em fornecer produteshatarais
possiveis e seguros aos consumidores. Durante o processament@a®salexistem
varias etapas que padeservir como porta de entrada para miorganismos
indesejaveis, como 0s patdgenos. Geralmente os patégenospadtsueapacidade
de adaptacéo e conseguem sobreviver, se multiplicar e produzir cosrtpa&tos nos
mais diferentes ambientes. Com isso, surtos envolvendo -origamismos
patogénicos veiculados por alimentos de origem animal sé&o relataddieqaéncia
(Havelaar et al., 2010)

No entanto, varios métodos de preservacdo vém sendo utilizado para evitar a
intoxicagdo alimentar e a deterioracdo dos alimentéssas técnicas incluem
tratamento térmico (pasteurizacao, esterilizacao por aquecimento) aedymé e da
atividade de 4gua (acidificacdo, desidratacéo) e adicdo de conservantes. Embora estes
métodos tenham mostrado ser bem sucedidos, existe uma procura er@srent
produtos naturais, microbiologicamente seguros, proporcionaod consumidores
elevados beneficios para a saude (Deegan et al.,. ZD@®) o intuito de atender essa
demanda, apesar de antimicrobianos sintéticos ja serem aceitos esmsdadses,
atualmente a tendéncia é o estudo a respeito do uso de conservantes meturais

producdo de alimentos, podendo também possibilitar o desenvolvimentivaie n



produtos para os consumidor@squés et al.,, 2011; Cleveland et al., 2001; Negi,
2012).

As culturasstarterde bactérias acido laticas (BAL) utilizadas nas industrias de
alimentos séo capazes de produzir varios compostos antimicrobianodbdémtam
substancias de natureza proteica que conseguem inibir bactérias deterierantes
patogénicagHolzapfel et al., 1995; Klaenhammer, 19885 BAL s&o bactérias
heterogéneas capazes de fermentar aglUcares em &cido latico, promovendo uma
acidificagédo do produto. Esses mi@manismos sao naturalmente encontrados em
varios alimentos e em alguns produtas adicionadas com o objetivo de melhorar as
caracteristicas sensoriais, como textura e sabor, aumentar a segurarigalégara,
aumentar a vida util e até mesmo melhorar a qualidade nutricionalodioitqgor
(Djadouni and Kihal, 2012)Algumas BAL estdoealacionadas a biopreservacao de
alimentos devido a capacidade de inibir a multiplicacdo de roig@anismos
deteriorantes e patogénicgmr meiode competicdo e/ou producdo de substancias
antimicrobianas, tais como as bacteriocif@ésen and Hoover, 2003)

O uso de bacteriocinas na industria de alimentos, principalreemnfgrodutos
lacteos, ovos, vegetais e carne, tém sido extensivamente investigattesafn
bacteriocinas produzidas por BAL, a nisina A, assim como a sua variaua neina
Z, tém mostrado ser altamente eficaz contra agentes microbianos que causam
toxinfec¢des alimentares e mienoganismos deteriorantéBeegan et al., 2006; Moll
et al., 1999) Os embutidos cérneos curados e fermentados condizem com as
tendéncias atuais de consumagodpulacédo, uma vez que séo produtos prontos para o
consumo, possuem carater nutritivo, sdo produtos faceis de consedam per
usados em acompanhamento em preparagdes culinarias ou individualradéta e,

disso, apresentase de variados sabores enflais(Macedo et al., 2008)



2. Culturas laticas em produtos carneos

Embutidos carneos sado produtos carneos preparados ou processados, em que as
propriedades originais da carne fresca foram alteradas por tratanfésitos,
quimicos ou bioldgicos, opela combinacdo desses tratamentos. Geralmente, o
processo envolve cortes das carnes, adicdo de condimentos e/ou especianas e adit
(Pardi et al., 1993)De acordo com o Regulamento de Inspecédo Industrial e Sanitéria
de Produtos de Origem Animal (RIISPQAmbutido carneo é definido como todo
produto elaborado com carne ou 6rgdos comestiveis curados ou ndmecaado,
podendo ou nao ser cozido, defumado, dessecado, e contido em envattdabau
artificial (BRASIL, 2017)

BAL constitui uma parte relevante da microbiota inicial em carnes e suas
populacdese multiplicamfacilmente durante o armazenamento refrigerado, mesmo
guando estes produtos sdo embalados sob atmosfera modificadaocow, e apds o
processamento de produtos fermentad®eldra, 210) As BAL autdctones
usualmente encontrados em carnes $Z8mobacterium piscicolaC. divergens
Lactobacillussakej L. curvatusL. plantarum Leuconostoc mesenteroigdesgelidum
e L. carnosum(Toldra, 2010) Weissellahalotolerans W. hellenicae W. viridescens
também sa@omumente associadagarne eprodutos carnea&ollins et al., 1993)

A producgdo de um produto carneo fermentado é realizada em duas diferentes
etapas, a fermentacéo e a maturacao. A fermentacao ocorre durante aproxiteadamen
7 dias e é nesta fase que ocorre o desenvolvimento da acidificacdo e formacéo de cor
(Pardi, 2006) Nesta fase, BAL homofermentativas produzem acido latico e
contribuem para a inibicdo de mievoganismos indesejaveis, e com a perda de agua

ocorre uma reducdo na atividade de 4gua do produto final. Durante a matu@géo, oc



uma maior desidratacédo do produto, assim como hidrélise enzimaticeotiEings e
gorduras, gerando compostos com importante papel nas caracter&igasas do
embutido carnecefmentaddLiicke, 1994)

A fermentacédo é de extrema importancia, pois este processo é respogisavel p
desenvolvimento do sabor caracteristico de um embutido carneo, e o usmirds cul
startertem sido feita com o objetivo de melhorar a conservacao ditoroatravés
da reducao do pH e producao de substancias antimicrobianas, como pdo.easmp
bacteriocinas. Além disso, a fermentacédo é responsavel pelo desaewnbddvdo sabor
acido caracteristico de produtos céarneos fermentados e aceleram o pracesso d
maturagdo. Varios microrganismos tém sido usados na fabricacdo de produtos
carneos fermentados, com o objetivo de fornecer produtos com geasidaiaria
adequadéBernardi et al., 2010)

Bactérias isoladas da microbiota autéctone de produtos camesanais sao as
mais promissoras para serem utilizadas como culsieater. BAL conseguem se
adaptar bem ao meio carneo e conseguem controlar osanganismos deteriorantes
e patogénicos, devido a producdo de varios compostos antimicrobiamios,edes,
diacetil, 4cidos organicos e, principalmente, as bacterio¢khagas and Monfort,

1997)

3. Bacteriocinas

3.1. Historico e definicéo

O estudo das bacteriocinas teve inicio em 1925, quando Gratia obselevou pe

primeira vez a produc¢do de colicina através de uma cepa viruleBszlaerichia coli



(Gillor et al., 2008) Nesta época, os estudos estavam focados apenas em micro
organismos Gramegativos, porém essas bactérias eram associadas de forma negativa
aos alimentos. Apesar disso, 0 estudo com colicinas permitiu o des@evio de
metodologias de isolamento e deteccdo de outras classes de baate(loemus et
al.,, 1991) Mais tarde Jacob et al. (1953)tilizaram o termo bacteriocinas para
denominar proteinas com efeito bactericida, as quais eram caracterizadas pela
biossintese letal, pela sua ligacdo especifica a determinados receptores echdbre
espectro restrito de ativida (Chen and Hoover, 2003pesta forma, as familias de
novas bacteriocinas passaram a ter o nome da espécie ou do género da bactéria
produtora adicionada com o sufixo “cifCascales et al., 20Q7)

Atualmente, as bacteriocinas sdo definidas como peptiahtinsicrobianos que
sdo sintetizados nos ribossomos e conseguem atuar tanto contra b&atnas
positivas quanto Gram negativas, sendo que a bactéria produtora deotiaeteri
possui um mecanismo desisténciaespecifico que a protege de sua propria
bacteriocina(Chen and Hoover, 2003; Cotter et al., 2013) bacteriocinas que séo
produzidas por BAL podem ser de espectro largo ou estreito, no entantoegeesd
atividade é dirigida contra mictmrganismos Gram positivos. A atividade contra
bactériasGram negativas foi demonstrada, mas apenas em situacdes em que a
integridade da membrana externa foi comprome(idter et al., 2005)

Segundo estudos genéticos e bioquimicos, diversas bacteriocinasana f
caracterizadas, tais como lactocif@gretiand Hinsdill, 1975)lactococcinagHolo
et al., 1991)plantaricinagNissenMeyer et al., 1993), pediocinas (Cintas et al., 1995)
enterocinagAymerich et al., 1996)ntre outras. Porém, somente a nisina é autorizada
pela Organizacdo Mundial de Saude (OMS) a ser utilizada em alimentosadesta

consumo humano desd@6b, sendo a Unica bacteriocina comercializada e usada como



conservante de alimentos em de mais de 40 paises, incluindo o(Bte=il and

Hoover, 2003; Cleveland et al., 2001)

3.2. Classificagao

As bacteriocinas produzidas por BAL podem ser classificadas em diferentes
grupos com base em sua estrutura, tais como propriedadegfiiticas, nimero de
peptideos que compdem sestrutura ativasimilaridade entreequ@cia primaria e
sequéncia lider e também podem ser agrupadas de acordo com seu modo de acao
(Aymerich et al., 1996)Estas bacteriocinas ja foram agrupadas de diferentes formas,
porém ainda ndo existe um consenso quanto a sua classificacéo.

Klaenhammer (1993Yefiniu a classificacdo dessas bacteriocinas em quatro
grandes grupos. A classe | é formada pelos lantibiéticos, que sdao um grupo de
pequenos peptideos, sintetizados nos ribossomos e que sofrem umea exten
modificacdo pdgraducional. Esse grupo possusidaos de p-metil lantionina e
lantionina, bem como outros aminoacidos, tais como didehidroalarina
didehidrobutirina. A classe Il possui peptideos de 4 a 6 KDa, sinl@sizaos
ribossomos, termoestéveis e ndo sofrem extensa modificagi@mgdsional, exceto
a clivagem do peptideo durante o transporte para fora da célula. A dlasse |
subdividida em lla, llb e llcAs bacteriocinas pertencenteslasse |ll sdo peptideos
termolabeis e sdo maiores que 30KDa. Ja a classe IV é formada por complexos d
baderiocinas que possuem lipideos essenciais ou porc¢des de carboideatos a
proteinas. Alguns autores excluiram a classéN&s et al., 2007por ndo terem sido
caracterizadas ou subdividiram a classe Il de acordo com o nimero de residuos de

cisteina(Van Belkum and Stiles, 2000)



Cotter et al. (20059ugeriram uma classificagao simplificada, sendo a classe | 0s
lantibioticos (bacteriocinas que possuem a lantionina), a classendioolantibioticos
(bacteriocinas que nao possuem a lantionina) e a classe Il as bacterifpispiakos
liticos). A chsse IV (bacteriocinas com porc¢des ndo protéicas) némhoida nessa
classificagdo. Segundsssaclassificacao, as bacteriocinas circulares séo pertencentes
a classe Il de peptideos ndo modificadasylaclasse llc. Entretanto, tesa sugerido
uma novaclasse (IV ou V) que englobe essas bacteriocinas, uma vez que estas se
distinguem das outras produzidas por bactérias Gram positivas, er pon grupo
unico devido a sua homogeneidd@abrielsen et al., 2014)

Devido &s varias divergéncias em relacdo a classificagdo das bacteriocinas, uma
nova classificagao foi recentemente proposta(@otter et al., 2013)Considerando
essa nova classificacdo, as bacteriocinas produzidas por bactérias Gitaaspso
separadas das produzidas por Gram negativas. €50, as bacteriocinas produzidas
por Gram positivas séo divididas em dois grupos (classe | e 1), excllsnasses
lIl e IV. A classe Il seria incluida na classe lic e a classe IV seria extmitap
designacdo de bactetioa corresponderia ap&s aos pequenos peptideos
ribossomicamente sintetizados, ndo incluindo proteinas antiminesbgrandes. De
acordo com essa nova classificagdo, a classe | engloba as bacteriocinas que sofre
extensas modificacdes ptraducionais e a classe Il corresponde as bacteriocinas que
ndo sofrem ou sofrem modificacbes modestastia@kicionais, com formacdo de
pontes dissulfeto e adicdo ou circularizacdo deriMilmetionina. As bacteriocinas
produzidas por bactérias Gram negativas, seriam classificadas emugais, gendo
um de peptideos pequenos, como por exemplo, as microcinas, e um gpgpodde

peptideos grandes, como por exemplo, as colicinas. Trabalhos recentesrgmm
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autores utilizando essa nova classificacdo das bacterig@gaki et al., 2015Yang

et al., 2014)

3.3. Producgao nos alimentos

A atividade das bacteriocinas produzidas por diferentes BAL ndo émaifer
nem constante, e depende da composicdo quimica e das condigbegifigicas dos
alimentos e principalmente do pH, adsorcdo a células ou proteinadgadsi de
proteases e outras enzim@chillinger et al., 1996)As condi¢cdes 6timas para o
desenvolvimento da cepa bacteriocinogénicas ndo coincidem necessariconeas
condi¢cdes otimas de producdo de bacteriocinas. Os suplementos de meiisespec
gue podem afetar acentuadamente a producdo de bacteriocinas por bactérias Gram
positivas incluem extrato de levedura, glicose e ions de madhiesig et al., 2007)

Além de interagir com os componentes dos alimentos, as bactasiqmdem
ser adversamente afetadas por condicbes de processamento e armazgeta@mento
como pH e temperatura do produto. Segundo Drosinos et al. (8Q@8)ideal para a
producéo de bacteriocinas por cepas do gdreroonosto¢5.5) ndo corresponde ao
pH 6timo de multiplicacdo microbiana (6.5). Devido a sua estabilidadenadéem
condi¢Bes acidas, a atividade da nisina é aumentada quando utilizada enoaliment
acidos. Por isso, aplicacdes eficazes da nisina requerem que o pH dooatigjant
inferior a 7, a fim de assegurar solubilidade satisfatdria, estabilidadeteluo
processamento e periodo de armazenamento.

Determinadas concentracdes de Na@lemreduzir a multiplicacdo de BAL e,
consequentemente, a producdo de bacteriocinas, além de proteger as lahabérias

como por exemplaisteria monocytogendsgiugas et al., 2002parantinopoulos et al.
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(2002)observaram reducédo na atividade da bacteriocina apds a adicao de 2% de NaCl.
Nilsen et al. (1998atribuiram esse fenbmenoirderferéncia de NaCho fator de
producéo que liga o indutor ao receptor.

A eficiéncia da atividade inibitéria das bacteriocinas também estéorelda
com o nivel de contaminacdo dos alimentos pelo nRuoganismo alvo. Se a
contaminagdo inicial € relativamente adtaficiéncia da bacteriocina € baixa e incapaz
de prevenir o desenvolvimento de micn@anismos contaminantdgilla et al. (2004)
investigaram a acao da bacteriocina produzidaljpstococcus lactisubsp.lactis
IPLA 729 contraStaphylococcus aurewsn duasoncentracdes diferentes (1.8 ¥ 10
e 7.2 x 16 CFU/mL). Apos o periodo de incubacéo, estes autores ndo deteStaram
aureusna amostra mais diluida, enquanto a outra amostra apresentou umamontage

ainda maior (5.0 x HTOCFU/mL).

3.4. Organizacgao genética de operons e papel dos diferentes genes na producéo e

expressao

Em geral, a producdo de bacteriocinas ocorre na forma de upeptideo
inativo e os genes relacionados a producdo desta substancia ativa estdo localizados e
um operon. Os genes envolvaoa producdo de bacteriocina séo: gene estrutural
(codifica a poducéo da préacteriocina)gene deesisténciglocalizado ao lado do
gene estruturad que confereesisténciaa célula produtora), gene que codifica um
transporteABC (responsavel pela externalizacdo da bacteriocina) e um gene que
codifica uma proteina acessofi@o pertencente ao transporte ABC, mas necessaria
para a excre¢do da bacteriocifides et al., 1996)Alguns autores acreditam que a

producdo de bacteriocinas possa estar relacionada com a presenca de plasmideos
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bacteriocinogénicos, apesar de varios genes que codificam bacterieceiasse |la
tenham sido localizadosm fragmentos de cromossom@aymerich et al., 1996;
Huhne et al., 1996)

O prépeptid® formado contém uma sequéncia de 18 a 27 aminoacidos, sendo
duas glicinas na regido-tdrminal. As funcbes dessa sequéncia de aminoacidos séo
evitar que a bacteriocina se torne biologicamente ativa dentro da célula prceluto
servir como sinal de reconhecimento para o sistema de transporte, que es/olv
proteinas do sistema de transporte ABC e uma proteina acessoria. Arasldisas
glicinas na sequéncia de aminoacidos sédo responsaveis pelo recenhedm pré
bacteriocingMoll et al., 1999; Nes et al., 1996)

A sequéncia lider mantém a bacteriocina em uma forma inativa dentrailda cél
produtora, facilita a interagdo com o transportador e, provavelmentaswoodos
lantibidticos, tem um papel de reconhecimento pela maquinaria degagdd{Chen
et al., 2001; Neis et al.,, 1997; van der Meer et al., 19 sequéncia lider é
normalmente clivada durante a exportacdo por um sistema de transporte de
bacteriocina ou, menos frequentemente, pela via de secrecdo geral da célula, e em
seguida ocorre separacao desta sequéncia tornando a molécula biologicamente ativa
(Havarstein et al., 1995Ds genes que codificam os {peEptideos estruturaestio
geralmente intimamente associados a genes que codificam produbbsders na
regulacéo, exportacaoyta resisténcia@ modificagéo.

As proteinas deesisténcieestao relacionadas com a protecdo totatudura
produtora contra os efeitos da sua propria bacteriocina, porém é sugeligtériex
de uma protecao parcial contra outras bacteriocinas de mesma(Elgssk et al.,

1998) Segundd\es et al. (2007)as bactérias produtoras de bacteriocinas possuem

um mecanismo deesisténcieque a protege da acdo de suas préprias bacteriocinas,
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com o intuito de evitar a lise da propria célula e de células analogas. Esgsagent
dada através de um peptideo de resist@ngaesso junto as bacteriocin@dbee et

al., 1995; Nes et al.,, 2007Neste caso, quando a bacteriocina é produzida pela
bactéria, a proteina desisténciae liga ao receptor evitando que a bateriocina se ligue
a este e forme poros na membrana citoplasmatica, o que causaria a lis€¢Noesuddr

al., 2007)

Os sistemas de regulacéo da producao de bactesos@maformados por um
sistema com trésomponeres diferentes: uma histidina proteina quinase (HPK), um
regulador de resposta (RR) e um fator de inducéo (IF), o qual é radpisédmo um
sinal para a inducdo da transcricdo de genes(Klvipers et al., 1998)0 peptideo
indutor é sintetizado em baixo$veis no ribossomo como um goéptideo, que sera
clivado e secretado no meio externo através do transportador. Quandorgsistco
chega a determinada concentracao, ele ativa a histidina quinase transmembrana, que
leva a uma autfosforilacdo do residu de histidina, transferindo para proteina
reguladora de resposta um fosfato. Este regulador fosforilado atranscricao da
bacteriocina, além dos componentes que formam o sisegutador, comeg¢ando um
feedback positivdNes and Eijsink, 1999A regqulacdo da produgéo da classe | das
bacteriocinas, tais como nisina e subtilina, é realizada pela propria bacterpe
funciona como ferménio para induzir sua producdo em niveis gkdserebezem and
Quadri, 2001). Algunswtores acreditam que acontece um aumento gradual do IF
como consequénciéa multiplicagdaelular(Nes et al., 1996Através do aumento da
biomassa microbiana, o IF passa a atuar como iniciador do processotafszeaglie
este sistema regulatorio da producdo das bacteriocinasagga de mediar uma
resposta para um sinal no meio onde a substancia esta sendo produzichalcpgole

fatores ambientais sejam capazes de afetar a ligacdo do IF a HPK, indazindo
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fosforilagcdo requerida para a ativacdo do RR. No entanto, pouco seobab®s
mecanismos e a extensao da implicacéo de fatores ambientais neste(sigsemet
al., 1998)

As proteinas envolvidas na modificagdo, exportacao e regulagéo de bacteriocina
sdo muitas vezes codificadas pelos genes presentes préximos ao gene qaeacodifi
proteina precursora (Lee et al.,, 2008). Estes genes podem estar localzados n
plasmideo, cromossomo ou transpogBodriguez et al., 2002A producdo de
bacteriocinas € um processo especifico de uma espécie e as diferencas ngélocaliza
dogene biosintético, gene desisténcia de transporte pode resultar na forma variante
da bacteriocina e |lhe conferir novas propriedd@edter et al., 2005; Quadri et al.,

1994)

3.5 Modo de acao

Quase todas as bacteriocinas sdo capazes de interagir com os lipideos aniénicos
presentes na membrana plasmatica das baetdviassendo ativas na grande maioria
das vezes contra bactérias Gram positivas, ja que estesargarmsmos possuem um
elevadateor de lipideos aniénicos na membrana plasm@tadhelmelli et al., 2013;
Zacharof and Lovitt, 2012)A maioria das bacteriocinas formam poros devido a
permeabilizagdo da membrana, o que vai promover a dissipa¢do da forca préton
motora (PMF) e a inib&p do transporte de amino&cidos. A PMF esté relacionada em
Varios processos que ocorrem na membrana citoplasmatica, como p@ioexa@m
sintese de ATP e o acumulo de metabdlitos e ions. Algumas bacteriociregieoms
inibir as bactérias Gram negativas, entretanto, estas precisam transpobiamae

externa da parede celular e assim conseguem alcancar a membrana plasmatica da
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célulaalvo para entdo atuarem. As bacteriocinas em contato com as membranas
plasmaticas conseguem interferir na sintese de proteinas, RNA e DNA, tais com
algumas microcinas (Mcc), como, por exemplo, a MccB17 que inibe adidsde, a
MccC7 que inibe a aspafNAt sintase e a MccJ25 que inibe a RNA polimerase.
Neste caso existem também excec¢bes, como por exemplo, a MccE4492 queeconseg
atuar através da formacao de pq@stter et al., 2013)

A classe | das bactericiocinas (lantibidticos) é conhecida por pasasuire
amplo espectro de acaona maioria das veze®rmam poros instaveis, mas algumas
moléculas de ancoragem que estées@ntes na membraadvo podem funcionar
como receptores e com isso, aumentam a condutividade e a estabilidade dos poros
(Moll et al., 1999) Além disso, alguns membros desta classe (nisina, por exemplo)
tem um modo de acdo duplo. Neste caso, os lipideos Il presentes na masaivara
Sao os principais transportadores de subunidade de peptideoglicarmpl@sia para
a parede celular e a nisina consegue se ligar ao lipideo Il impedindo a cotest sin
da parede celular. Outro ponto importante é que o lipideo Il é capaz de atuar como
uma molécula de ancoragem a que a nisina se liga para conseguir se inserir na
membrana e entdo formar os poros. A lacticina 3147 é um lantibifitecpossui dois
peptideos e apresenta sua atividade distribuida nos doisigqoeptienquanto a
mersacidina se liga ao lipideo Il sem formar poros na mem{Cattier et al., 2005)
A nisina é capaz de apresentar pelo menos trés tipos de atividade antamied®&m
da formacdo de poros na membrahe: consegue inibir a biossinéeda parede
celular, a atividade de enzimas autoliticas e a germinacdo de e@dotbst al.,
1999)

As bacteriocinas pertencentes a classe Il sdo termoestaveis e possuem um

espectro de atividade restrito, sendo que 0s receptores ha membrana edvoédula
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gue determinam sua especificidade de ligagdo. Geralmente, essas bactdeatinas
uma estrutura helicoidal anfifilica, o que lhes permite inserir mabrana da célula
alvo, conduzindo a despolarizacdo por dissipacdo da PMF, com issce om
deseaqilibrio do conteudo intracelular (Cotter et al., 2005; Moll et al., 1999)
espectro de inibicdo dessas bacteriocinas € bastante estreito, limitanddes @spéc
estirpes relacionadas com os produtores. Consequentemente, asdia&satenclasse

Il séo principalmente ativas contra bactérias Gram positivas de baixo, @&is Como
BAL, Listeria, Enterococcuse Clostridium (Héchard and Sahl, 2002)Entre as
bacteriocinas da classe Il descritas até agora, mais de vinte possuem grandes
semelhangas na seatrutura primaria, bem como uma atividade-histieria. Essas
bacteriocinas que sédo agrupadas na subclasse lla, em particular, possupantem
N-terminal altamente conservada incluindo YGNGV, uma ponte thssws varios
residuos conservados (Nes amtblo, 2000) Exemplos dessa subclasse de
bacteriocinas incluem pediocina FAbavaricina MN, divercina V41, mesentericina
Y105, leucocina A e enterocina(Réchard and Sahl, 2002)

Um exemplo do mecanismo de ag¢do da classe Il € o que ocorre com a
lactocaccina. Os mondmeros de lactococcina se ligam a um receptor de membrana
(manosdfosfotransferase- Man PTS), se inserem e comecam a formar os poros
(Cotter et al., 2013)Entretanto, estudos recentes mostraram que as bacteriocinas da
subclasse llc (garvicenML) e subclasse IId (lactococcina LsbB) possuem recepetores
de membrana diferentes de MBMS (Cotter, 2014) As bacteriocinas subclasse lic
(enterocina A$A8, garvicina e a cicularina) tem uma estrutura globular compacta
composta por porc¢des helicoidagpetidas ao redor de um nucleo hidrofébico. Essa
caracteristica as tornam muito estaveis e resistentes a maiores vat@apbtsaltas

temperaturas e acéo proteolitiGabrielsen et al., 2012 studos recentes observaram
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que a atividade antimicrobiande bacteriocinas ciclicas (garvicina ML) esta
intimamente relacionada ao receptor de membrana maltose ABC transpogtasl

pode atuar como permease ou molécula de ancoragem para a ligacdo e a atividade do
peptideo(Cotter, 2014; Gabrielsen et al., 20124 bacteriocinas da subclasse Iid
(como a lactococcina LsbB) possuem metalopeptidades-demendentes presentes

na membrana plasmatica das cékadb® como recepto(Uzelac et al., 2013)
Finalmente, as bacteriocinas pertencentes a classe |ll (basieais) como, por
exemplo, a lisostafina, é capaz de funcionar diretamente sobre a parede celular de

bactériasalvo, causando entdo a lise celff@otter et al., 2005)

4. Producéo e purificagao de bacteriocinas

4.1. Identificagao da produgée ensaios

A obtencdo de bacteriocinas puras € um passo importante para permitir a
caracterizacdo e andlise detalhada de seus mecanismos inilfiipaos and Vogel,
1999) A descoberta de novas cepas produtoras de bacteriocinas, bem como o
isolamento de antidades suficientes de bacteriocinas puras, sao igualmente
importantes quando se deseja obter uma investigagdo mais profudésatificacao
de uma bacteriocina é um processo lento e teddms@ueas bactérias produtoras de
bacteriocinas séo isoladaastreadas e identificadas a nivel molecular. Além d#so,
bacteriocina precisa ser purificada, identif@madcaracterizaal e testad
extensivamente quanto a inibicdo do desenvolvimento de outras bactégaws @

al., 2014)
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O primeiro passo para o desenvolvimento de estudos de distribuicdogéaetec
de atividade antagonista de substancias antimicrobianas é a deteccdo de cepas
produtoras de bacteriocinas. Existe um grande nimero de técnicas dagigitie
bacteriocinas devido ao fato dessas moléculas serem extremamente heasrogén
Com o intuito de purificar esses compostos, sdo necessarios estuplesidcdo e
grandes volumes de cultivA.producéo das bacteriocinas pode ser influenciada pelas
condi¢des de incubacao, temperatura, tempo, pH e a compossgaeidsde cultura.
Para cada microrganismo produtor de bacteriocina devem ser determinaslas
condi¢Bes Otimas de producddevido agrande diversidade de bacteriocinas, ndo
existe um protocolo geral ou um métodocorpara a purificacdo (Motta and Brandelli,

2002; RojeBezares et al., 2007)

4.2. Métodos de purificagdo

Para se realizar a purificacdo de bacteriocinas, o primeiro passo € a obtencéo do
sobrenadante livre de células da cultura produtora de bactarieeiguido por um
processo que envolve a concentracdo do peptideo (Venema et al, A997)
concentragdo do peptideo é feita por técnicas que permitem a separagéo dedracgdes d
acordo com a sua natureza fisguimica ou com o seu tamanho. As técnicas mais
utilizadas incluem: filtracdo por dialise ou ultrafiltracdo (Mua and Klaenhammer,

1991; Parente and Hill, 1992; Schillinger and Licke, 198@®cipitacdo de proteinas
utilizando sais como o sulfato de aménio ou acidtslo et al.,, 199%)extracédo de
proteinas com uso de solventes organicos (butanol e etdivalland Headon, 1994)
e, além disso, o sobrenadante livre de células pode também ser Gultceur

liofilizacdo. Entretanto, essas técnicas ndo eliminam compostogjinkss do meio
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de culura que interferem no processo de purificacdo. O uso de sulfato de aménio é
preferivel, pois estesal precipita reversivelmentes roteinas sem um aumento
consideravel da temperatura do meio, entretanto o acido tricloroacéti@noinet
etanol e acetona também podem ser usados para a eX®abdlinger and Liicke,

1989) A etapa de concentracdo do sobrenadante é realizada com o intuito de diminuir
o volume da amostra inicial e para recuperar bacteriocinas, porém nao € ratito.sel
Para obter bacterioras de alta pureza é necessario realizar a separacdo de outros
compostos proteicos atraves de técnicas baseadas nas propriedades e caracteristicas
fisico-quimicas da bacteriocina. Geralmente, os peptideos sao purificadis diep
serem submetidos a uma sequéncia de métodos cromatogf@hsasis et al., 1997)
Independentemente do tipo de processo de purificacdo que é utilizaddjrnergo

reduz durante o processo, sendo necessario otimizar as condicfes experpaeatai

a produgéao da bacterioci(@intas et al., 2001)

A vantagem da etapa de precipitacdo antes da purificacdo é o aumento na
concentragdo da proteina no meio. As proteinas precipitadas sdo disselvida
tampdo ou agua deionizada e separadas através do uso de varias metodologias,
incluindo as cromatografias liquida de alta performance e fase reversafitleagéb,
de troca idnica ou de interacao hidrofobica, utilizadas de forma isolada binadas.
Métodos de purificacédo de bacteriocinas que usam protocolos compléeo®rados
posuem a desvantagem de obter baixo rendimento de prot€aadisserMackay
et al., 1997; Drider et al., 2006; Gautam and Sharma, 2009). A instabilidade das
bacteriocinas aumenta de acordo com o0 seu grau de pureza. O problema desta
instabilidade é atribuido, possivelmente, a alterac6es no sitio cataitimoacperda

de cofatores ou modificacdes covaleritééchard et al., 1992)
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As técnicas cromatograficas consistem na particdo do soluto entre uma fase
estacionaria e uma fase mével. Geralmente, a fase estacionaria é sélicada foom
uma matriz de particulas empacotadas em uma coluna. Ja a fase movel passrtaa mi
de componentes que serdo separados e passardo através da coluna. A amostra é
introduzida na coluna como um pulso e os componentes indigidao separados
devido a sua distribuicéo diferencial entre as féze8iga et al., 2003)As separagdes
com altas resolu¢cdes podem ser adquiridas através da mudanca na fase movel,
mediante o uso de eluicdo em gradiente (Héchard et al.,. I2@Matogafia de troca
ibnica, por interacéo hidrofébica, de fase reversa, por exclusdo moleculag dent
outras, sdo técnicas de separacdo cromatograficas utilizadas para purificacdo de
bacteriocinas.

A cromatografia de troca ibniaa a técnica de purificacdo geoteinas mais
utilizada, tendo muita efetividade nas industrias farmacéutica e de bicgyiana o
escalonamento dos processos de isolamento de proteinas. Nesta aéomicaacao
ocorre de acordo com a carga das biomolé¢@asberding and Byer4998) Existem
no mercado diversos tipos de colunas e adsorventes utilizados na cronaatbgraf
troca ibnica.

A cromatografia por interacdo hidrofébica foi desenvolvida com otintie
separar proteinagpor meio douso de colunas empacotadas com redmagarose
modificada. Essa técnica € muito empregada para separar proteinas com
hidrofobicidade diferentes, sendo ideal na etapa de captura de bionoiécut®
estagio de purificagdo intermediaria. Sais de sulfato ou fosfato de ams@mio
utilizados paa promover intera¢des hidrofébicas. A combinacdo desta técnica com
sistemas aquosos bifasicos tem mostrado bons resultados na extrpgdieidas a

partir de um meio de células néo clarificgBoocklebank, 1987)
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Na cromatografia de fase reversa, as separagdes podem ser obtidas com elevada
rapidez (Maa and Horvath, 1988)Este tempo répido na separacdo ajuda no
monitoramento de bioprocessos, que necessita de analises periddicas pistaom
através do HPLC. Essa € uma técnica muito utilizada em ldbogate andlise de
alimentos e no controle de qualidade. Porém, pode ser utilizada em grealdecas
processos de purificacdo de compostos biofarmacéuticos. As fases astsion
empregadas nesta técnica sdo estaveis em uma ampla faixa de pH (1 s8d3) e
adequadas para a realizacdo da separacdo de proteinas e peptideos. Ja as fases moveis
sdo representadas pelas misturas orgaaigassas, contendo acetonitrila,
isopropanol, metanol, dentre outros como modificadores orgafiiceseten and
Tweeten, 198).

Na cromatografia por exclusdo molecular ocorre a separacdo de acordo com o
tamanho das moléculas. A coluna é cheia de material inerte cujo tamarpara® é
controlado. As moléculas maiores sdo excluidas de todos os poros éaslano
menores podeipenetrar na maioria dos poros apresentando maior tempo de retencao.
Com isso, as moléculas maiores mov@mrapidamente através da coluna e, as
menores sao eluidas lentamente pela fase riéviek, 1997) A existéncia de colunas
comerciais empacotada® elesenvolvimento de diferentes tipos de géis contribuiram
para melhorar a resolucdo das separacdes e para reduzir o tempo de andlise. Esse fato
causou um rapido aumento no emprego desta técnica como um método de separacdo
e purificagdo de macromolécul@icker and Sandoval, 1996)

A purificacdo do sobrenadante precipitado através de cromatografia de troca
iOnica tem permitido boa recuperagdo em casos de nisina, diplocina e lactocina A.
Porém, esta metodologia ndo serve para todas as bactericionasda® gozi BAL,

uma vez que afeta sensivelmente a recuperacdo da atividade ini{Biangdioot,
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1993) Alguns autores observaram que a cromatografia de interacdo hidrofokeca pod
ser usada com éxito na purificagdo de alguns lantibiéticos, como a laisioaina A

e lactocina S; entretanto, esse método ndo serve para purificar bacteriocnaaside g
hidrofobicidade, como a plantaricina e lactocina 481, que na auséncia eagsahr
espontaneamente com a matriz do(dgehes et al., 1998; Uteng et al., 20@08nema

et al., 1997)Em casos especificos pode ser utilizada a cromatografia de fase reversa
na purificacdo de bacteriocinas, entretanto a cromatografia de troca ibnica € um
método mais adaptado as moléculas hidrofébicas. Essa técnica foi atiinad
Abriouel et al. (2003)associado a adsor¢cdo da bacteriocina em Carboxymethyl
Sephadex CMR5, para a enterocina A8, bacteriocina produzida pé&: faecalis
subsp.liguefaciensAS-48. De acordo com propriedades semelhantes em diversas
bacteriocinas, tais ooo resisténcia aos solventes organicos, carga positiva e pH acido,
esses autores conseguiram atraves dessa metodologia uma recuperacéo exaltarga es
da bacteriocina purificada em duas etapas de purificagéo.

Uma propriedade das bacteriocinas que podeusirada como forma de
purificacdo é a capacidade de serem adsorvidas pelas células produtoras. Is
possivel quando o sobrenadante livre de células é submetido a unemtatédrmico
com o intuito de inviabilizar as formas vegetativas, precedidas do ajugtél,de
posterior incubacéo overnight a 4 °C e agitacado constante, por fim ressaspen
centrifugacdo apos a separacdo das células. As bacteriocinas que possuem adsorcao
dependente do pH serdo adsorvidas pelas células mortas e liberadasadiaita
do tampédo de suspensdo e separadas através da centrifugacdo, resultando em uma

maior recuperagao e com baixo custo de prod(Atii et al., 2001)
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5. Aplicabilidade de BAL bacteriocinogénicas e suas bacteriocinas

5.1 Potencial benéfico

Segundo a WHO/FAO (2002) probidticos séo definidos como miero
organismos vivos que quando ingerido em concentracbes adequadas conferem
beneficios a saude do consumidor. Esses roigganismos podem ser bactérias,
fungos e leveduras; entretanto, apenas BAL sdo consideradas de im@ogtan
relacéo a alimentagdo e nutricdo (Holzapfel et al., 2001)

Vérios sdms beneficios a salude associado ao consumo de produtos prabibticos
devidamente comprovados cientificamente, incluinmtopriedades antintagénicas
(Le Leu et al., 2005) anticarcinogénicagWollowski et al., 2001) antioxidativas
(Ahire et al., 2013)antidiarreicagClancy, 2003)estimulacéo do sistema imunoldgico
(Hai et al., 2009)prevencao de eczema e atqgemlauri, 2004) reducao da pressdo
arterial (Hlivak et al., 2005) redugcdo na concentracdo de colest@ndivak et al.,

2005) maior resisténcia a doeas; infecciosaqLi et al., 2008) estimulacdo do
crescimento(Ohashi and Ushida, 20Q9)melhoria nas doencgas gastrointestinais
inflamatoras(Ryan et al., 2009 manutencdo da microbiota equilibrada e melhora no
metabolismo de lactog®inelli et al., 2004)

O modo como os probidticos podem influenciar a microbiota do inbedtin
hospedeiro ainda néo é totalmente conhecido, e assim 0s mecanissnos @@itos
benéficos sdo dificeis de determirfAguirre-Ezkauriatza et al., 201L.0Apesar dos
mecanismos de ac¢do desses manganismos ainda ndo serem totalmente elucidados,
estudos mostram a crescente evidéncia cientifica a respeito dos bgerefairde e

sua seguranca para o consumo hunfagairre-Ezkauriatza et al., 2010; Ahire et al.,
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2013; Holzapfel et al., 1998Podese presumir que a resisténcia a um baixo pH do
estdbmago, acidos biliares, bem como a capacidade para competir deficamano
ecossistema intestinal faz com que esses rmiganismos sejam capazes de
promover os efeitos benéficos no organismo do hospgd&iveon and Fuller, 2000)

O modo de acdo dessas bactérias envolve a supressdo de bactérias indesejaveis:
produc® de substancia inibitorias, bloqueio dos sitios de adesdo, competicdo p
nutrientes, estimulacdo do sistema imune, degradacdo dos receptoremae to
supressao na produgéo de toxinas, reducao do pH intestinal e atenuacaénizavirul

(Cotter et al.2005; Lebeer et al., 20Q8)

5.2 Potencial tecnoldgico

BAL apresentam varias caracteristicas tecnologicas, dentre elas as mais
importantes sao: possuem propriedades sensoriais agradaveisnpossisténcia aos
bacteri6fagos; apresentam viabilidade durante o processamento e destabiid
produto e duranteus estocagerfMattila-Sandholm et al., 2002)

Em relacdo ao sabor dos produtos fermentados, € importante destacar que
processo de fermentacdo de BAL ocorre de duas formas, homofermentagdo ou
heterofermentacéo. O processo homofermentativo ocorre plineipi@ em espécies
do géneroStreptococcuse Lactococcus sendo o acido latico o principal produto
gerado. Ja o processo heterofermentativo é caracterizado pela producéaladicio
etanol e diéxido de carbono, ocorrendo principalmente nos génectabacilluse
Leuconostoc (Axelsson, 2004) Além disso, BAL probibticas se multipden
lentamente no leite, devidobaixaatividade proteolitica, gerando pouca quantidade

de &cido latico, o que causa aumento no tempo de fermentacdo. Com isso, as BAL
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probidticas ndo sdo utilizadas sozinhas, e sim em conjunto com a @irtea do
produto(Ordofiez, 2005)A combinacao de BAL probidtica e culturgtarter permite
adquirir um produto final com caracteristicas ideais de aroma, sabor tgtue
(Shah, 00).

De acordo conShah (200Q)L. delbrueckiisubsp.bulgaricus, utilizada na
producdo de iogurte, continua produzindo acido latico durante a estocagem sob
refrigeracdo. Esse &cido produzido causa uma diminuicdo na viabilidade de BAL
probidtica, por is3, recomend&e 0 uso détreptococcus thermophilupois este
micro-organismo se torna o principal responsavel pela fermentacao. ifdeidé de
BAL probibticas também depende da linhagem usada, da acidez final do pdaduto,
interac@o entre as espécies presentes no produto e das concentracdes de acido acético
e latico. Além disso, outros fatores interferem na viabilidade digras laticas
probidticas, como a concentracdo de agucares, 0 teor de oxigénio dissolaid
permeabilidade do oxigénio atrav#s embalagem, a disponibilidade de nutrientes e
de promotores ou inibidores de crescimento, a quantidade de inGculo,enatiemgp
de incubacdo, o tempo de fermentacdo e a temperatura de estocagem. Porém, 0s
principais fatores que causam a perda de vigle sdo a acumulacdo de &cido
organicos, como resultado da multiplicacdo e da fermentagcdo, com consequente
reducdo do pH do meio. Elevado teor de oxigénio, por exemplo, pode afetar

multiplicacé@o e a viabilidade de BAL anaerdbias.

5.3. Toxicidade dedxteriocinas

As principais pesquisas toxicoldgicas sobre as bacteriocinasizmad por

BAL referemse aos testes feitos para a aprovacao da utilizacdo da nisina como
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bioconservantes em alimentos. Segundo a Food and Drug Administegtodos
sobre a toxicidade crbnica, saldnica, aguda, de sensibilidade cruzada e de
resisténcia cruzada mostraram que a nisina é segura para 0 consumo humana com u
dose diaria aceitavel de 2,9 mg/pessodfiaveland et al., 2001)

Os efeitos da nisa sobre a microbiota oral foram avaliados, pois a nisina é
ingerida por essa via. A partir desses estudos, foi observado que um apdsto
consumo de leite achocolatado contendo nisina, foi possivel detectar dif¢nde 4
sua atividade quando comparada a um controle na §3lsgpool et al., 19660utro
estudo demonstrou o efeito das enzimas gastricas sobre a nisinassifelmbservar
gue a bacteriocina € inativada pela tripsina e, com isso, c@eclilie a ingestao da
nisina nao interfere sobre a microbiota gastrointestinal (Hara et &), 196

Outros estudos toxicoldgicos feitos para avaliar a nisina deraoarst que sua
ingestdo por humanos ndo causa efeitos toxicos ao organismo nagmoges a
populacdo é exposta, sendo observada uns® de 6950 mg/Kg de peso corporeo. A
nisina administrada por via oral é rapidamente inativada pela quirsin&rig é
sensivel a ptialina, ndo sendo detectada na saliva ap6s 10 min do con$igodake
gue possua essa bacteriodi@handrapati and O’Slidan, 1998)

A nisina é a bacteriocina com maior uso comercial, porém a seguranca de outras
bacteriocinas utilizadas em alimentos também tem sido avaiiadaia et al. (1990)
injetaram pediocina PA(AcH) em ratos e camundongos e demonstraram que a
bacterioncina nado foi imunogénica para 0os animais testados; essa bataaaoadém
€ susceptivel a protedlise por quimiotripsina e tripsina.

A natureza quimica das bacteriocinas produzidas por BAL faz com que essas
substancias sejam facilmente degradadatato gastrointestinal dos animais e do

homem, na maioria das vezesrdendo sua toxicidaq®okoena, 2017)De acordo
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com Ogaki et al. (2015)pesquisas feitas com diversas bacteriocinas indicaram que
esses peptideos ndo sdo toxicos e nem causam réacdedogicas e, com isso,
possuem grande potencial como bioconservantes em alimentos.

Pariza and Foster (1988pservaram alguns critérios de seguranca para o uso de
enzimas em industrias de processamento de alimentos e 0s seguibasfgram
analisads: seguranca do micarganismo com atencéo especial para seu potencial
patogénico e toxigénico, irritacbes primarias e alergias; antibioteosinogénese;
mutagénese; teratogénese e efeitos reprodutivos; produtos de reaciesicasi
interagdes entre enzimas e outros componentes alimentares e efeitosdakreto
enzimas alimentares sobre o consumidor. De acordo com esse estu@aca@de
seguranca de enzimas alimentares comeca através do teste oral de toxicidade aguda
em ratos com dose Unica,denessa deve ser equivalente a no minimo 100 vezes a
exposicdo humana média estimada ou no minimo 2.000 mg/Kg de pesalcorpor
segundo diretrizes estabelecidas pela OECD (1987) para testes ens.aDimatro
teste de toxicidade proposto € um estudo deedmal repetida (1491 dias), de
preferéncia em ratos, onde o material teste pode ser administradodaaesofagica
ou na racao, sendo a dose minima de pelo menos 100 vezes a exposi¢cdo média humana
estimada. Além disso, os autores recomendam que o material testelsaja guanto
a presencga de micotoxinas, como por exemplo, as aflatoxinas, zearaleratoajracr

A, esterigmatocistina e toxinad.

5.4. Potencial de viruléncia de cepas produtoras

A selecao de BAL para utilizacdo em alimentos é de extrema importancia e deve

ser muito criteriosa, pois essas bactérias podem ter genes associadodnaiavirul
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Mesmo que a maioria desses nmiorganismos nao seja capaz de expr&Essé& com
iSs0, ndo sendo potencialmente patogénicos, essesonianisnos podem agir como
reservatorios e transfelds para outras bactérias (Barbosa et al., 2010)

Algumas linhagenBAL da microbiota intestinal humana e anis@dbutilizados
como suplementos alimentarpsobiéticos incluindo E. faecium L. plantarum L.
acidophiluse L. casei subsp.rhamnosuse varias espécies deifidobacteriume
PropionibacteriumBAL amplamente ulizadas como probidticos czulturasstarter
tém o potencial de servir como um hospedeiro de genes de resisténcia fcastibio
com o riso de transferios genegaraoutras BAL e outras bactérias patogénicas
(Tannock, 1999)

A resisténcia das bactérias aos antibidticos ocorre de duas foratagdmem
um loci do cromossoma ou através da transferéncia horizontal de(Deéitk&et al.,

2008) Geralmente, os genes presentes em plasmideos responsaveis pefeisesis
codificam enzimas que inativam os antibiéticos ou, entdo, reduzem a piicadab
das células. Por outro lado, a resisténcia através de mutacdes cronossvoiae a
modificacdo do alvgNeihardt, 2004)

A resisténcia aos antibiéticos pode estar naturalmente presente em detesminad
espécies de bactérias (resisténcia intrinseca), resultando na capacidadeidabactér
se multiplicar na presenca do agente antimicrobiano. A resisténaiageéctr € herdada
pelos micreorganismos da mesma espécie atraves da divisdo celular e ndo pode ser
transferida. Esse tipo de resisténcia acontece devido a fatores bioquémnicos
fisioldgicos especificos da bactéria, por exempghseudomonas eauginosa €
naturalmente resistente a penicilingkemmerer, 2009) Por outro lado, a resisténcia
adquirida esta presente em algumas linhagens dentro de espécies geralment

susceptiveis a determinado antibiético e pode ser horizontalmenteticnshtre as
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bactérias. Esse tipo de resisténcia pode comecar através de mutacéesnaodgeno
micro-organismo ou através da aquisi¢cdo de gene que codificam para o mecanismo de
resisténcigMathur and Singh, 2005)

Um foco maior tem sido dado aos alimentos coradculos degenes de
resisténcia a antibiéticq&ranz et al., 1999; Klein et al., 2000; Perreten et al., 1997)
No entantoainda existem poucos estudos com o intuitongestigar a resisténcia
adquirida a antibioticos eBAL presente emalimentos. Amaioria dos dados existie
€ sobreEnterococcupatogénicos, enquanto o nimero de relatos dam®coccue
Lactobacillusé limitado.Geralmente, BAL séo resistentes a alguns antibiéticos das
familias aminoglicosideos, cefalosporingslactamicos (Heeros et al., 2005)

Aminas biogénicas sdo compostos que possuem bases organicas (putrescina,
cadaverina, espermidina e espermina), heterociclicas (histamina e trgtaamin
aromaticas (feniletilamina e tiramina) gerados principalmente atraws d
descarbgilacdo de seu amino&cido precursor correspondente. Em relacdo a via
biossintética, as aminas podem ser classificadas em biogénicas e nasuaasn#s
biogénicas sdo formadas pela descarboxilacdo de aminoacidos por enzimas
microbianas e nas aminas naturais, a formacéo oicositelnas células a medida que
séo requeridas (Barddcz et al., 1998)s aminoacidos livres também podem ocorrer
em alimentos ou serem liberados através de protedlise. -bligemismos com alta
atividade proteolitica aumentam as chances de formacdo de aminas biogénicas e
alimentos, devido ao aumento da disponibilidade de aminoacidos(Kaes/icova
and Kohajdova, 2005 stes compostos sao termoestaveis e 0 cozimento e a exposicao
prolongada ao calor ndo atuam sobre a ta¥dios, 2009; Shalaby, 1996; Tapingkae

et al., 2010)
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O processo de fermentacée produtoscarneosé capaz de contribuir para a
formagdo de aminas biogénicasna vez que necessitam de miorganismos
produtores de descarboxilase, concentracdes adequadas de precursores dd@sninoac
livres associados a fatores ambientais que estimulam a multiplicac@diamer e a
sintese da descarboxila@@uriel et al., 2011). A atividade proteolitica que ocorre
nesses produtos e a grande quantidade de proteina prorogverecursores para a
acao da descarboxilase das culttastere microorganismos autocton¢Suzzi and
Gardini, 2003) Em produtos carneos fermentados, a tiramina € a mais encontrada e
em maior concentragdo, entretanto, a cadaverina, putrescina, triptamina e
feniletilamina também ja foram detectad@slgano et al., 2009; Hernandéaver et
al., 1997; Suzzi and Gardir#p03) Existem poucos estudos sobre aminas biogénicas
em produtos carneos brasileiros, na qual a maioria dos dados € sobpecesle
histamina em amostras de linguica, presunto e sgl@aceioppoli et al., 2006; Leitao
et al., 1983) sobre os teoresedaminas em carne e em produtos como, mortadela,
linguica frescal, alméndega, salsicha, hamburguer e empdBdda and Gloria,
2002)

A determinacdo destes compostos em alimentos ndo € simples e, em produtos
carneos as dificuldades sdao ainda maiores, pois sdo produtos que apreseata
complexidade da matriz carnea, como por exemplo, rica em proteinas, ppassiai
guantidade de gordura e a presenca de varios ingredientes ndo carneos de origem
animal e/ou vegetal, assim como diferentes processossaogsebmetidaSilva and
Gléria, 2002) Os métodos moleculares (hibridizacdo e PCR) sdo os mais utilizados n
rotina de identificacdo compostaminadoqBjornsdottirButler et al., 2010; Landete
et al., 2007)A deteccdo de aminas biogénicas em alimedtiesextrema importancia,

pois estes compostos podem funcionar como indicadores quimicossasmgar de
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contaminagdo microbiana indesejadalém de causarem riscos a saude dos
consumidores

A histamina age como vasodilatador e neurotransmissor no sistema
cardiovascular e no sistema nervoso cemseriddo umamina biogénica responsavel
por alguns episodios de envenenamento alimeqiarse manifesta por reacdes
alérgicas caracterizad por prurido, erupc¢ao, vomito, febre, dificuldade de respirar e
hipertensdo(Hernandezlover et al., 1997; Naila et al., 201@) triptamina causa
aumento da presséao arterial, porém, ndo existe uma quantidade maximaud®cons
dessa amina biogénica relacionada ao efeito toxico em humanos. A ipatresc
cadaverina, espermina e espermidina ndo foram associadas a efeitos noxicos
organismo humano, entretanto sdo capazes de reagir com nitrito e formar as
nitrosaminas carcinogénicas, atuando como um possivel precursor matégélac,
2009; Kim et al., 2009; Shalaby, 1996)

Além da producéo de aminas biogénicas e da presenca de genes de resisténcia a
antibiéticos, outros fatores de viruléncia também sao de extrepmaténcia, como
por exemplo: producdo de proteinas de superficie, que sdo pratepees de
ancorar na parede celular e participam na formacéo de biofilmes (Hendridkx et a
2009) producdo de substancias de agregacaopeumitemo contato entre as células
para conjugacdo e transmissdo de plasmideos de viru(éssidrickx et al., 2009)
producao de hialuronidase, gfeilita a dispersdo da bactéria e suas toxicassando
degradacgéo e danos aos tecidos do hospg@eanz and Holzapfel, 2004); produgéo
de gelatinase, responsavel pela hidrélise de colagenos e podendo edvataenoo
comeo e propagacdo de processos inflamatdtiopes et al., 2006); producdo de

citolisina, exotoxina de efeito hemolitico e bacteriocinogénica, poapacidade de
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invadir o sistema imune do hospedeiro e pode causar lise de erit{canz and

Holzapfel,2004) dentre outros fatores.

6. Ensaiosin situ de bacteriocinas

Listeria monocytogenes um micreorganismo patogénico que ja foi isolado de
varios tipos de alimentos. Essa bactéria € onipresente no meio ambiente e a
Commission on Microbiological Sp#ications for Foods (1996considera que
qguando o nivel de contaminagdo pomonocytogenefr inferior a 100 UFC/g, o
consumo é aceitavel sem risco. Assim, o controle adequado da multipli@at&o d
monocytogenepode minimizar o risco do aumento dstdriose(Jay, 1996) Em
produtos carneok, monocytogengsode representar grave perigo para a saude devido
a sobrevivéncia e proliferacdo ativa em temperaturas de refrigeracdo. Alenesses
micro-organismo possui a capacidade de se multiplicar laner@tos embalados a
vacuo e é relativamente tolerante ao sal e baixo pH, por isso é dificblaosua
multiplicacdo em alimentos. Obstaculos adicionais devem ser utilizados
combinagdo com o armazenamento ao frio, a fim de aumentar a seguramghutiespr
carneos refrigeradd&arber and Peterkin, 1991)Sistemas de biopreservacdo de
alimentos, tais como BAL bacteriocinogénicas e/ou suas bacterioaiméisldemaior
atencdo e novas abordagens tém sido desenvolvidas para o controle de micro
organisma patogénicos e deteriorantes. Alguns estudos demonstraram o antagonism
de bacteriocinas conttasteria spp. em carnes e produtos carneos.

Liserre et al. (2002)solaram uma cepa bacteriocinogénica Ldesakeide
linguica italiana frescal e avaliaram o feito combinado da embalagematmosfera

modificada e adi¢cdo de sakeiem relagéo a inibicdo de monocytogenesm linguica
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armazenada a 6 °C. ApGs uma semana, esses autores observaram que engpeodutos
possuem apenas a embalagem com atmosfera modificada a inibicda de
monocytogene®i significativa, enquanto a linguica que possuia apkenaakeindo
influenciou significativamente na contageniLdenonocytogeneé\pds duas semanas,
uma reducao de 1,314 log UFC/g nas contagensldenonocytogendsi observada

em amostras contendo ou a embalagem com atmosfera modifidadsa&aj e houve

uma reducao de 3,5 log UFC/g naquelas amostras que foram submetidas asambos
tratamentos, mostrando que a inibicaoLdenonocytogenesm linguica frescal foi
potencializada quando se utilizou a combinacdo de BAL bacteriocinogénica e
embalagem com atmosfera modificada.

Martinis and Franco (199&valiaram anibicdo deL. monocytogenesm um
produto suin@omL. sakeibacteriocinogénica observaram que, apds 4 semanas a 8
°C, as contagens dle monocytogenea® produto suino picado dnoculado conessa
culturaforam aproximadamenté log UFC/g menoesdo que emamostras controle
contendo apends monocytogenegstes resultados sugerem que a cefda dakei
produz uma bacteriocina que pode ser usada para intd@senvolvimentale L.

monocytogenesm salsichas brasileiras.
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OBJETIVOS

Objetivo Geral

Isolar e caracterizar bactérias acido lati&L) presentes em embutidos carneos

fermentadosartesanaisatravés de técnicas fenotipicas e genotipicas, buscando a

selecéo de isolados com potehbiacteriocinogénico.

Objetivos Especificos

v

v

IsolarBAL de embutidos carneos fermentadagsanais

Caracterizar o potencial bacteriocinogérdeocolecao d8AL

Identificarcolecdo de culturas bacteriocinogénicas através de técnicas de biologia
molecular

Caracterizar o potencial virulento, probidtico e resisténcia a amtdsotda
colecao de culturas bacteriocinogénicas

Purificar as bacteriocinas produzidas por cepas bacteriocinogénicas

Sequenciar e identificar as bacteriocinas

Avaliar as interagfes entre uma cultura latica bacteriocinogénica selecionad
(Lactobacillus curvatug?) e suas bacteriocinas caunsteria monocytogenesm

um estudan situem linguica fescal.
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Abstract

Lactic acid bacteria (LAB) isolates were obtained from four artisaeak products
and characterized by their bacteriocinogenic activity. After isolatiogefprinting
(repPCR and RAPD), detection of bacteriocin related genes, inhibpestsim and
effect of chemical substances and temperature on inhibitory actiwigg strains (all
from calabresa were selected for further studies, nameHdaadobacillus curvatud?2,

L. curvatus36 andWeissella viridescen®23. The selected strains presented rtsti
growth and bacteriocin production was more evident and consisténtdorvatusl2
andW. viridesceng3, reaching levels of 25,000 AU/mL after incubation at 25, 30 and
37 °C and 6, 9 and 12 h. The produced bacteriocins were adsorbed by the producer
strains at different levels.. monocytogene§2 was inhibited by the produced
bacteriocins, indicating their antimicrobial potential. Bactans produced by the
selected strains adsorbed.tanonocytogene’? at levels ranging from 87.5 to 100%.
Partidly purified bacteriocins of the selected strains kept their irdvipiactivity after
elution with isopropanol at 60% (v/v). Cell lysis patternsevemilar for all tested
strains, being increased after 24 h of interaction by these substanoeseattations
presenting 50 to 1,600 AU/mL. The detectionpedalactosidase in cultures of the
target strainL. monocytogeneg2 associated to the partially purified bacteriocins
indicated destabilization of the cell membrane permeability. Bactenqootiuced i

L. curvatusl2 was purified by HPLC and sequenced, resulting in four peptides with
3,102.79, 2,631.40, 1,967.06 and 2,588.31 Da, without homology of known
bacteriocins. The selected isolates froatabresa speciallyl. curvatusl2, were able

to producebacteriocins with high inhibitory activity againét monocytogenes
indicating their potential application in the food industry apteservatives.

Keywords: calabresa bacteriocin, lactic acid bacterid,isteria monocytogenes

Lactobacillus curvatus
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1. Introduction

Consumers interest in natural products, without chemicals autiated to
health benefits, has been increasing in the last decades. Meattpredoented by
lactic acid bacteria (LAB) can be one of these functional products, debpite t
possibility of carrying pathogenic agents (Leroy and De Vuyst, 2016; Zgomba
Maksimovic et al., 2018). Fermented meat products provide favorable hgrowt
conditions not only for the beneficial LAB, but also to spoilage @athogenic
microorganisms, demandj alternative strategies to control the development of
undesirable bacteri@®liveira et al., 2018)

LAB can be considerate as a major component of fermented meats microbiota,
playing an important role to develop specific flavor and textuegigoassocid to
the preservative effect due to production of antimicrobial composnds as organic
acids and bacteriocindoldra, 2010; Oliveira et al., 2018fresh meat contains an
autochthonous LAB microbiota that determines a mild fermentatioeceps, witbut
deep changing in the sensorial characteristics due to the strong buéfetycapthis
food matrix; however, LAB are able to growth due to the adding of saf@mented
meats, determining a deep decrease of pH and protein denaturation, resulting
specific sensorial characteristics and a microbial stabilizéTiollra, 2010)

Bacteriocins produced by LAB are protein compounds that present a variable
spectrum of antimicrobial activity, usually against closely relatpdcies to the
producer straiiCotter et al., 2005). Numerous bacteriocins produced by LAB species
have been already described and they are well known by their activibigiEgsteria
monocytogenes, Staphylococcus aureus, Clostridspm Bacillus sp. and other

foodborne pathogengCotter et al., 2005) Also, ®me bacteriocins present
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antimicrobial activity against some Gram negative bacteria, suEsdcerichia coli
and SalmonellaTyphimurium(Gong et al., 2010Q)and even again§&&ampylobacter
jejuni, the major cause of gastroenteritis worldwjl@akoush et al., 2015)

Nowadays, several studies have been reporting on isolation of beickegienic
LAB from different sources, in order to investigate their poa&tnéis natural
biopreservatives in diffent products. Thus, the present study aimed the isolation of
bacteriocinogenic strains of LAB in artisanal meats producedima®Gerais state,
Brazil, and to characterize their produced bacteriocins towards theiricaobial

features and structure.

2. Material and Methods

2.1. Screening of bacteriocinogenic lactic acid bacteria

2.1.1. Isolation from meat products, antimicrobial activity and storage

Artisanal meat productsombo defumadaalabresabacon andhouricg were
purchased at the Central Market of Belo Horizonte (Minas Gerais, Bragij@tions
of 25 g were aseptically transferred to 225 mL of sterile peptone water @/A%%6 (
(SPW, Oxoid Ltd., Basingstoke, England), homogenized andotérdiluted with
SPW. Aliquots of 100 pL from selected dilutions were surface plated incdtgs on
de Man, Rogosa and Sharpe agar plates (MRS, Becton, Dickinson and CeBpany
Franklin Lakes, NJ, USA), overlaid with agagar 1% (w/v) (BD), and incubated at
37 °C for48h. After incubation, colonies were enumerated and results were expressed

as colony forming units per g (CFU/q).
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Plates containing individual colonies were selected and overlam5niL of
brain heart infusion (BHI, BD) supplemented with 0.75% (w/v) #B®) inoculated
with Listeria monocytogeneé®, previously isolated from beef carcasse€hayargo
et al. (2014), at approximately lGFU/mL. Plates were incubated at 37 °C for 24 h
and colonies with clear and evident inhibition zones were transferrgiiR® broth
(BD) and incubated at 37 °C for 24 h (Todorov and Dicks, 200628 obtained
isolates were subjected to Gram staining aggted for catalase production using
hydrogen peroxide at 3% (v/v). Gram positive and catalase negatlatesovere
transferred to MRS broth (BD), incubated at 37 °C overnight, and theethtzultures

were stored at20°C with glycerol at 20% (v/v).

2.1.2. Bacteriocinogenic potential and identification

Aliquots of the isolates stock cultures (n = 94) were transferred to M&B b
(BD) and incubated at 37 °C for 24h. The obtained cultures weréfagett (8,000«
g, 4 °C, 15 min) and the cell free supatants (CFS) were adjusted to pH 6.0 with 1
M NaOH and heated at 80 °C for 10 min. The treated CFS were subjected to the spot
onthe lawn assay to identify the inhibitory activity of straingjuots of 10 pL of
CFS were spotted on the surface of platestaining BHI agar (BD) or MRS agar
(BD) previously inoculated with. monocytogene& orEnterococcus faecal&TCC
19443, or Lactobacillus sakeiATCC 15521 (target strains at ®1@FU/mL),
respectively. Plates were incubated at 37 °C fed&4, andnhibition halos larger
than 2 mm were indicative of bacteriocinogenic activity of the CFS perydsolate.

The isolates that presented bacteriocinogenic activity to at least theete$ted

targets were selected (n = 17) and subjected to DNA extrabyonsing ZR
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Fungal/Bacterial DNA Kit (Zymo Research, Irvine, CA, USA). DNA cantcations
were determined by using NanoDrdmérmo Fisher Scientific, Waltham, MA, USA),
and used for fingerprinting byp-PCR using primer GT& according tdal Bello et

al. (2010) and RAPDPCR using primers OPL01, OPL02, OPL04, OPLO5, OPL14
and OPL20, according fodorov et al. (2010Based on refCR and RAPD profiles,
five strains were selected and their DNA were subjected to PCR to ampdifyoan r

of 16S rRNA(Felke et al., 1997)which were sequenced in the Center for Human
Genome Studies (Institute of Biomedical Sciences, University of Fsdo, S&o
Paulo, SP, Brazil). The obtained sequences were subjected to analysimdyhe
Basic Local Alignment Search @©b (BLAST, GenBank, National Center for

Biotechnology Information, Bethesda, MD, USA) for identificatio

2.2. Bacteriocinogenic activity

2.2.1. Bacteriocin related genes

DNA from the selected strains were obtained as described above artteslibje
to PR reactions to detect genes related to the production of the fajjowin
bacteriocins: enterocins R, B and L50B, ediocin PA1, nisin, plantaricins W, NC8
and S, and sakacins G GA2, X, A, Q, P, Ta and TP. The amplification PCR
reactions were adopted based on the describ&lioit et al. (200Q)Todorov et al.
(2016) Kruger et al. (2013)Holo et al. (2001)Maldonado et al. (2003%tephens et
al. (1998) Todorov et al. (2011)Macwana and Muriana (2012nd Dortu et al.
(2008) Primer sequences and PCR conditions are described in the Supplyment

Table.
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2.2.2 Inhibitory spectrum

CFS of the selected strains was obtained and treated as described above, and
tested for antimicrobial activity against a panel of 64 strains, ceeagpby Gram
positive (Listeria spp. = 27,Enterococcusspp. = 9,Staphylococcus aureus 2,
Lactococcus lactis1, Lactobacillusspp. = 13,Pediococcusspp. = 2,Weissella
paramesenteroides 2, Corynebacterium vitaeruminis 1) and Gram negative
(Pseudomonaspp. = 2,Escherichia coli = 2, Salmonellaspp. = 3) strains obtained
from reference culture collections and previously conducted studiespbion-the-

lawn method, as described above, was used for this characterization.

2.2.3 Effect of enzymes, pH, temperature ahdmicals on stability of bacteriocins

CFS of selected strains were obtained and treated as described abovdit$ensibi
to enzymes was assessed by adding enzymes (at 0.1 mg/mL.: trypsin, proteinase K
papain, pepsin; at 1.0 mg/mL: proteasgmylase, lipae, catalase, Signrddrich,
St. Louis, MI, USA) to 1 mlaliquots of the CFS, followed by incubation3® °C for
30 min, heating at 90 °C for 5 min, and cooling, as describechbyReenen et al.
(1998) pHwas assessed by adding 1M HCIl or 1M NaOH to CFS in order to reach pH
values of 3.0, 5.0, 7.0, 8.0 and 10.0, and incubated at 30 °C for 1 h. Temperature wa
assessed by incubating CFS aliquots at 7, 25, 37, 40, 60 and 80 °C for 30smjn. Al
obtained CFSsvere supplemented with NaCl, EDTA and Tween 80 (all at end

concentrations of 10 mg/mL, Sigadddrich) and incubated at 30 °C for 30 min.
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CFS subjected to treatments with enzymes and pH were tested fatoiryhib
activity againstL. monocytogeneg2 by the spebnthe lawn assay, as described
above; CFS aliquots were also tested as control, without any of thebdéscri
treatments. In addition, CFS subjected to treatments of tempeidrchemicals
were subjected to a quantitative assay to yehié inhibitory activity of the produced
bacteriocingvan Reenen et al., 199&)eing subjected to twimld serial dilution with
phosphate buffer (100 mM, pH 6.5), spotted (10 pL) on the surface of atas g
BHI agar (BD) inoculated with. monogtogene¥2, and incubated at 37 °C for 24 h;
bacteriocin activity was expressed as arbitrary units per mL (AU/mL)esjmrnding
to the reciprocal of the highest dilution having a detectable hatthiition (higher

than 2 mm).

2.3. Bacteriocin produgon

2.3.1. Effect of temperature, pH and MRS composition on bacteriocin production and

growth by the bacteriocinogenic strains

Studied strains were inoculated in MRS broth (BD), and incubatées] 802and
37 °C for 24 h. In each 1 h, aliquots of culaingere obtained and subjected to
spectrophotometry at 600 nm (LM51, Bell Photonics do Brasil, Sdo Paulo, SP,
Brazil) and pH measuring (W3B, Bell). In each 3 h, CFS of the cultuzes ebtained
and treated as described above, and subjected to a quantitsday to verify the
inhibitory activity againstL. monocytogene32 of the produced bacteriocins, as

described above and basedvam Reenen et al. (1998)
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Also, the selected strains were transferred to 10 mL of MRS broth (BD),
incubated at 37 °C for 24, and their cells were obtained by centrifugation (5,090
for 10 min) and washed two times with sterile 0.85% NaCl (w/v).nThkells were
suspended with 10 mL of 0.85% NaCl (w/v), and aliquots de 100 pL were used for
inoculation in MRS broth with ndified characteristics, as describedRyrtado et al.
(2014) based on pH (MRS broth [BD] adjusted to 2.0, 4.0, 6.0, 8.0, 10.0 and 12.0, by
using 1M NaOH or 1M HCI), carbohydrate source (lactose, sacarose, dekirose,
manitol, frutose, maltose or raffiee, all at 20.0 g/L [w/v] and from Sigr#ddrich,
instead of glucose), organic nitrogen source (tryptone at 20 mg/gdt, entract at 20
mg/mL, yeast extract at 20 mg/mL, tryptone at 12.5 mg/mL and meaicest 7.5
mg/mL, tryptone at 12.5 mg/mL and yea&xtract at 7.5 mg/mL, meat extract at 10
mg/mL and yeast extract at 10 mg/mL, and tryptone at 10 mg/mL arceriesct at
5 mg/mL and yeast extract at 5 mg/mL, all from Sight@rich), and other chemicals
(KaHPOyat 0, 5.0 and 10.0 mg/mL; Mg&@t 0, 01 and 0.5 mg/mL; MnSgat 0, 0.05
and 0.2 mg/mL; sodium acetate at 0, 5.0 and 10.0 mg/méarmmonium citrate at O,
2.0 and 5.0 mg/mL; Tween 80 at 0, 1.0, 2.0 and 5.0 mg/mL; glycerol at 0,00.8.41.
5.0 and 10.0 mg/mL). Cultures were incubated &3ibr 24 h, when the bacteriocin
activity was determined agairlstmonocytogene& by using a quantitative assay, as

described above.

2.3.2. Adsorption of produced bacteriocins to the producer strains

Adsorption of produced bacteriocins to the cell surface of the bacteganic

strains was assessed accordivigng et al. (1992) with some modifications.

Bacteriocinogenic strains were cultured in 10 mL of MRS broth (BBY&C for 24
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h, when the pH was adjusted to 6.0 with 1 M NaOH. Then, cells were edbthyn
centrifugation (10,008 g, 15 min, 4 °C) and washed twice with gpbate buffer (100

mM, pH 6.5); CFS was obtained and treated as described above. The walkhed cel
were resuspended in 10 mL NaCl 0.85% (w/v) (pH 2.0), stirred for 1 h at 4 °C,
centrifuged (12,00& g, 15 min, 4 °C); CFS was obtained and treated as dedcrib
CFS obtained before and after acid treatment were subjected to a quardgaty to
measure the antimicrobial activity, as described above, as compared tateeshien

amount of bacteriocins attached to the bacteriocinogenic strains.

2.3.3. Inhibitory effects of produced bacteriocins on L. monocytogenes 72

L. monocytogene®2 was selected as target strains to evaluate the inhibitory
effect of the CFS produced by the selected LAB strdinsnonocytogeneg2 was
cultured in BHI (BD) for 18 h at 37C, when the cells were obtained after
centrifugation (5,00& g for 5 min at 4 °C), washed twice with NaCl 0.85% (w/v) and
resuspended in 10 mL of NaCl 0.85% (w/v). Equal volumds ofonocytogenes2
suspensions and CFS of the bacteriocinogenic strabtaified as described above)
were mixed and incubated at 37 °C for 1 h. Themmonocytogene&2 cultures were
tenfold diluted (NaCl 0.85%, w/v) and pour plated in BHI agar (BD), folldvixy
incubation at 37 °C for 24, when colonies were enumerated and resultsxpressed
as CFU/mL. Target cell suspensions mixed with NaCl 0.85% (w/\¢ e@nsidered
as controls.

Also, the target strain was inoculated in BHI (BD) at approxima@ZCEU/mL
and divided in four flasks each containing 100 mL. Culturegwerubated at 37 °C

for 12 h; after the initial 3 h of incubation, 20 mL of the CFS of tleédvacinogenic
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strains (prepared as described above) were individually inoculatele tdatget
cultures. Target culture without CFS inoculation was consideyggaavth control. In
each hour, aliquots of the cultures were obtained and subjected to gpetdmnetry

at 600 nm (U¥M51, Bell) (Todorov and Dicks, 2006)

2.3.4. Adsorption of the produced bacteriocins to L. monocytogenes 72

Adsorption of bacteriocins tio. monocytogene& was assessed as described by
Yildirim et al. (2002), with some modifications. CFS of bacteriocinogenic strains were
obtained as described above, diluted 1:2 with NaCl 0.85 % (w/v) and their
antimicrobial ativity were measured by a quantitative assay as described dbove.
monocytogeneg2 was cultured in BHI (BD) at 37 °C for 24 h, centrifuged (8,000
0, 15 min., 4 °C) and washed twice with NaCl 0.85% (w/v). Then, washedveerée
re-suspended in 500 puL of NaCl 0.85 % (w/v) and mixed with 500 pL of CFS, and
subjected to variations of pH (4, 6, 8, 10, all at 37 °C for 1 h), tempesa(ir 25, 30
and 37 °C for 1 h) and chemicals (NaCl, Tween 80 and glycerol, all frgmaSi
Aldrich, 1 %, w or vi/v, at 37 °@r 1 h). After treatments, CFS were obtained, treated
and tested for the antimicrobial activity by a quantitative assay, ashdzbatove.
CFS obtained after incubation at 37 °C was considered as the cong@d3drption
percentages were calculatemsbd on the equation proposed by Furtado et al. (2014)

Adsorption (%) = 100 [(AU/mL after treatment / AU/mL control) x 100].
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2.4. Inhibitory activity of partially purified bacteriocins

2.4.1. Partial purification of bacteriocins

Bacteriocinogenistrains were cultured in 1,000 mL of MRS (BD), at 37 °C for
24 h. CFS was obtained as described above. Proteins were precipitatednigy add
ammonium sulfate to 300 mL of the CFS, in order to obtain 40, 60 and 80% o
saturation. The mixtures were stirred #h in orbital shaker at°@, centrifuged (1 h,
20,000x g, 4°C), and the obtained pellet wasstspended in 30 mL of phosphate
buffer (PB, 100 mM, pH 6.5). Partial separation of proteins was noestb by
SepPakgs hydrophobic column (Merck Millipore, Burlington, MA, USA), with a
gradient of different concentrations of isopropanol (20, 40, 60) 8®B (100 mM,
pH 6.5). All obtained fractions were tested for bacteriocin activitihbyspoton-the-
lawn method agast L. monocytogene§2, as described above. Fractions that
presented bacteriocinogenic activity were selected and freeze dried. Befotteeuse,

dried material was resuspended in ultrapure water (MilliQ water, Méiltikore).

2.4.2. Cell lysis of L. monocytogenes 72 by the partially purified bacteriocins

Cell lysis of target microorganisms was assessed based on theppotposed
by Todorov et al. (2010A cultures oL.. monocytogene& was obtained as described
above and the cells were obtaineccbytrifugation (10,008 g, 4°C, 10 min), washed
and resuspended with 5 mL of PB (100 mM, pH 6.5), and aliquots of 100 pL were
distributed in wells of sterile flabottom 96well microtiter plates (TPP, Trasadingen,

Switzerland). Partialhpurified bactewncins (60% isopropanol) were sterile filtered
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(0.22 um, Merck Millipore) and subjected a quantitative assay to datertneir
inhibitory activity against.. monocytogenes2, as described above. Then, partially
purified bacteriocins were subjected to aktwo-fold dilution in PB (100 mM, pH

6.5), and aliquots of 50 pL of different dilutions were added to wells thigh..
monocytogene’ cells suspensions. Wells with only cell suspensions and onlyddilute
partially-purified bacteriocins were considered as controls. Plates were incubated a
37°C for 24 h and subjected to spectrophotometry at 600 nm at times 0, 6, 9, 12 and
24 h (Biolisa Reader, Bioclin, Belo Horizonte, MG, Brazil). CgHi$ percentages
values were calculated based on the equation peddmsTodorov et al. (2010fell

lysis = [100- (OD/ODp x 100)], where Obwas the absorbance measured at time 0
and ODRthe absorbance measured at different times of incubation. Expésimere

performed in duplicates.

2.4.3. Cell lysis of L. monocygenes 72 by measuring the extracellular levels of -

galactosidase by the patrtially purified bacteriocins

Cell lysis of the target microorganisms were assessed by an altermetihod,
by measuring the levels @tgalactosidase, as proposedTmdorov etal. (2010) A
culture ofL. monocytogenes2 and the partially purified bacteriocins (isopropanol
60%) were obtained and treated as described above. Aliquots of 2 mL oflithe ce
suspensions were added to aliquots of 2 mL of the partially purified bagtterio
incubated at 25 °C for 5 min, and added with 0.2 mL of 0.1Mit@phenyl$-D-
galactopyranoside (ONPG, Sigmddrich) diluted in 0.3M PB (100 mM, pH 6.5). The
systems were incubated at 37 °C for 10 min and enzymatic reaction stypgpeding

2.0 mL of 0.1 M sodium carbonate. Cultures were then centrifuged (8,026 °C,
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15 min) and the obtained supernatants were subjected to spectrophotd 2@ ynan

(UV-M51, Bell). The assays were performed in duplicate in 2 independegsassa

2.5. Purification and sequencing of bacteriocins produced by L. curvatus 12

L. curvatusl2 was inoculated in MRS broth (BD) and incubated at 37 °C for 24
h. Cells were removed by centrifugation (8,000 x g, 4 °C, 15 min) andRBen@s
obtained as described above. THeESGvas precipitated by adding ammonium sulfate
40%, incubated at 4 °C for 2 h, centrifuged (8,000 x g, 4 °C, 20 min) and threedbta
pellet was resuspended in MiliQ water (Merck Millipore). The obtained extract was
tested for its inhibitory activity agast L. monocytogeneg2 using the spetn-the
lawn assay, as described above.

The obtained extract was subjected to a HPLC using a C4 column equilibrated
with solvent A (HO added to formic acid at 0.1%, v/v) and solvent B (acetonitrile
added to formic adiat 0.1%, v/v). The system was washed with solvent A and B and
the absorbed substances were eluted with a linear gradient from 5 tmBe¥i 8.

The fractions were collected and dried in SpeedVac (Thermo Fisher) fantl khe
pellet was resuspendeth MiliQ water (Merck Millipore) and tested for its inhibitory
activity againsL. monocytogene&2, as described above.

Peptides with inhibitory activity againkt monocytogene&? purified by HPLC
were dried and desalinated. Then, peptides were solubilized in 400 puL ofddriis f
acid, packed in tubes suitable for application in theM&/MS system. Aliquots of 1
pnL of sample were analyzed by nano-MS using the nanoAcquity UPLC system
(Waters, Milford, MA, USA), containing a nanoActity UPLC® 28MTrap 5 um

Symmetry® C18 180 pm x 20 mm trap column in a flow rate of 7 pL/min, for 3
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minutes. The peptides were separated by a nanoAcquity UPLC® 1.7 7um BEH130

100 um x 100 mm column, operating at a flow rate of 0.3uL/min. The mobile phase

of the chromatographic process was water acidified with solvents A andheéB. T
chromatographic separation occurred according to the following sche#ubol2ent

B for 1 min; gradient from 2 to 30% solvent B for 59 min; gradient from 30 to 85%
solvent B for 5 min; and maintenance at 2% solvent B for 10 min, totalingr86fm
chromatographic analysis.

The eluted peptides were automatically injected into a mass spectromeé&tr mod
MAXIS 3G (Bruker Datfonics, Billerica, MA, USA), acting in online mode with a
CaptiveSpray ionization source. Peptide analysis was performed usappapriate
method (IE_GCF_0D2-2017), with the drying gas flow rate of 3 L/min, temperature
of ionization source of 150 °QGd the transmission voltage of 2kV. The raw data were
converted to a mass list in the mzXML extension using Compassxpféiware
version 3.0.13 (Bruker Daltonics, Billerica, MA, USA).

The mass list was compared againstithetobacillusprotein bank, deposited in
the Uniprot Consortium using the PEAKS application version 7.0ir{®ionatics
Solutions Inc., Waterloo, ON, Canad®)a et al., 2003)The parameters used for the
research were: the analyzed peptides not originating from enzyresti@age; error
tolerance for the 20 ppm parental ion and for the 0.6 Da fragments;
carbamidomethylation of cysteine as a fixed modification and ozitglafimethionine
as a variable modification; for the identification to be accepted, ebeitrshould

contain at least one unique peptide and the false discovery rate (FDRatessi¢h
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3. Results

3.1. Screening for bacteriocinogenic lactic acid bacteria

The LAB counts in the examined samples were<5L8° CFU/g forchorigo, 6.4
x 1P CFU/g for bacon andalabresaand 5.6 x 10 CFU/g forlombo defumadoA
total of 94 LAB isolates was obtained from the tested samples ancesede to the
presence of inhibition halo againstmonocytogene&?; after confirmatory assays, 17
of them presented bacteriocinogenic activity against at least onee ofested
microorganismsL. monocytogeneg2 was the target strain that presented higher
frequency of inhibition by the tested LAB isolates. These isola&ze obtained from
calabresabeing confirmed as LAB (Gram positivegtalase negative).

rep-PCR and RAPD allowed the determination of five genetic profiles, leading
to the selection of five representative LAB strains. Based on BLaA&Aysis, the
sequencing of 16S rRNA allowed the identificationL@ictococcus garvieaéone
strain, named aks. garvieae32, with 100% of identity with othdr. garvieaestrains
in GenBank),Lactobacillus curvatugtwo strains, named ds curvatusl2 andL.
curvatus36, with 99% and 75%, respectively, of identity with otheturvatusstrans
in GenBank) andeissella viridescen@gwo strains, named a4 . viridescen23 and
W. viridescens31, both with 99% of identity with othe/. viridescensstrains in

GenBank).
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3.2. Bacteriocinogenic activity

Results for amplification of bacteriocin related genes in the te#@dskrains
are presented in Table. 1. curvatusstrains presented similar genetic profiles
regarding bacteriocin related genes: both presented amplified proaiusékTAand
sakTB andL. curvatus36 also presented positivesults forplaW and plaS W.
viridescenstrains also presented similar genetic profiles, with positive sefsulbed
plaw, andsakTAandsakTB plaSwas also recorded W. viridescen81.L. garvieae
32 presented positive results only émtPandsakTA

The inhibitory spectrum of the selected bacteriocinogenic LAB is prexsam
Table 2. Three of the tested straibsgurvatusl2,L. curvatus36 andw. viridescens
23) presented a high potential in inhibiting the Gram positive tangetsly assciated
with human infections and usual focus of bacteriocin studiessl.limonocytogenes
Enterococcuspp. andStaphylococcydow frequencies of inhibition were observed
for LAB (exceptEnterococcuspp.), and no inhibitory activity was recorded again
the tested Gram negative bactetia.garvieae32 andW. viridescens81 presented
inhibitory activity against only one. monocytogenesrain (Table 2)Considering the
results observed until this stdp, curvatusl2, L. curvatus36 andW. viridescen23
were selected for further analyses regarding their bacteriocinogenityaand L.
monocytogenes2 was selected as the target organism.

Treatment of the CFS with different enzymes resulted in completavatdah
of the inhibitory activity (Table 3 None of the tested CFS lost their antimicrobial
activity after treatment with-amylase, lipase or catalase, confirming that the studied
antimicrobial peptides have not carbohydrate or lipid moiety in sheictures, neither

antimicrobial activity isresult of production of kD, (Table 3).pH, temperature and
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chemicals promoted different patterns of interference on theitoyitactivity of the
CFS from the tested LAB strains (Table 3). Temperature did not affedtstially
the inhibitory activity of the CFS of the studied strains: onlylfocurvatus36 was
observed a decrease on the inhibitory activity after treatments at 40, @D &
(Table 3). Regarding tested chemicals, CFE. airvatus36 lost its inhibitory activity
after treatment wit NaCl and Tween 80, while the CFS of the other strains kept their

inhibitory activity at different levels (Table 3).

3.3. Bacteriocin production and mode of action

Growth and bacteriocin production by the bacteriocinogenic stcaihgred in
MRS at 2530 and 37 °C are presented in Figure 1. All strains presented similahgrowt
pattern, independently of the incubation temperature. Also, ralhstpresented a
similar pattern of acidification, monitored by changes of pH in thedédemperatures,
rangng from 6.0 to 4.0 along the incubation (data not shown). Indepenadrtie
level of bacteriocin production, inhibitory activity was stablalintested conditions
and no decrease of it was recorded in the end of stationary phase (Figure 1).

Table 4 sbws the interference of variations on MRS composition on the
inhibitory activity of the tested bacteriocinogenic strains. Based orbder\ed data,
L. curvatusl2 was the strains that presented less influence of the tested variation on
its inhibitory acivity, being decreased only at some pH variations (2, 8 and 10), some
carbohydrates sources (lactose, sacarose, mannitol and raffinose) andeabk
MnSQs and Tween 80. A similar behavior was observed\Viorviridescen23, in
which the inhibitory actity was totally inhibited when the strain was cultured at pH

10 and 12, and in absence of MnSD curvatus36 was highly affected by the MRS
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composition: only the variations on MgSO4 did not result in a losiecrease of the
inhibitory activity.

The bateriocins produced by the selected LAB strains were able to adsorb to
their cell surfaces: CFS df. curvatus12 presented inhibitory activity before
adsorption of 25,600 AU/mL, and after adsorption decreased to 3,200 AltheL
inhibitory activity of L. curvatus 36 CFS ranged from 6,400 AU/mL (before
adsorption) to 200 AU/mL; CFS produced W. viridescen23 presented 25,600
AU/mL of inhibitory activity before adsorption, and 3,200 AU/mL afielsorption.

The inhibitory effects of the produced bacteriocind omonocytogene& were
assessed in two steps: first, in target cells at stationary phases,cand, se the
beginning of their log growth phase (after 3 h). Considering theafijgroach, CFS of
L. curvatusl2 determined complete inhibition bf monocytogenes2. CFS fromi.
curvatus 36 and W. viridescens23 were able to reduck. monocytogene§2
populations to approximately ACFU/mL. Based on the second approach, Figure 2
shows the effects of the CFS when added to the target cultutesnmminocytogenes
72 after 3 h of incubation. CFS produced by the bacteriocinogenitssivare able to
reduce substantially the growth of the target strains, spetialiyonocytogeneg2
and the CFS produced h. curvatusl2 presented a better performance in controlling
both target strains when compared to the CFS produced by the otheobagiggnic
strains.

Adsorption levels of bacteriocins produced by the studied strank. t
monocytogenes2 are presented in Table 5. The target strain was able to adsorb the
produced bacteriocins at high percentages, even after treatments of thiediteent

temperatures, chemicals and pH values.
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3.4. Inhibitory activity of partially purified bacteriocins

After the partial purification procedures from the CFS produced by the
bacteriocinogenics strains, inhibitory activity was observeer aftution with 60%
isopropanol. However, inhibitory activity was also observed wbh% and 80%
isopropanol, at lower levels whe&ompared to 60% isopropanol (data not shown).

Lysis percentages df. monocytogene32 cells after association with the
partially purified bacteriocins from the LAB strains are preseme@lable 6. The
pattern of cell lysis was similar for all testedrtgly purified bacteriocins, being
increased after 24 h of interaction by these substances at concentraasamtipg 50

to 1,600 AU/mL.

3.5. Purification and sequencing of bacteriocins produced by L. curvatus 12

After precipitation with ammonium sulfate, the purified proteimsesent
inhibitory activity againsi_.. monocytogeneg2. The extract submitted to a HPLC
using a C4 column also presented inhibitory activity againstonocytogene& and
resulted in one isolated peak (Figure 3). The sequencing results indaatddferent
peptides: GFAIPSNEVVKIINQLVANGKVVRPALGIS (3,102.79 Da),
TLGPASNNVETIAKLIEAGANVFRF (2,631.40 Da), IMNAIAYADAIYRLTR

(1,967.06 Da) and KSYTPQEVSAMILQYIKKFAED (2,588.31 Da).
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4. Discussion

4.1. Screening for bacteriocinogenic lactic acid bacteria

LAB counts in analyzed samples were in coherence Rsitlto et al. (2000)
who reported that these countdiimuicaranged from 10to 1 CFU/g. Despite the
current demand for artisal products from animal origin by consumers, they can offer
some microbiological hazards due to natural presence of pathogens, ohenfaod
good sanitary practices during production, ripening and storage. Severadalatgd
from meat products presedtability to produce inhibitory substances against different
microorganisms, mainlhj.. monocytogenesnd other foodborne pathogens and
spoilage bacteri@lodorov et al., 2010)

LAB constitute a relevant part of the initial microbiota in meats! their
populations easily grow during cold storage, even when these products aesl pack
under modified atmosphere or vacuum, and after processing of fermeatkattgr
(Toldra, 2010) The autochthonous LAB usually found in meats@aenobacterium
piscicolg C. divegens L. sakej L. curvatus L. plantarum Leuconostoc
mesenteroidesL. gelidumand L. carnosum(Toldra, 2010) W. halotolerans W.
hellenicaand W. viridescenshave been commonly associated with meat or meat
productgCollins et al., 1993)As observed in the present stuBgrbosa et al. (2015)
isolatedL. curvatuswith antiListeria activity from Italian type salami produced in
Brazil, andDortu et al. (2008jsolated bacteriocinogenic strainslofsakeifrom raw
poultry andL. curvatusfrom raw beef.Chen et al. (2014jsolated a strain oW.
hellenicafrom a Chinese artisanal fermented meat and characterized its bactasioci

possessing a wide antimicrobial activity range.
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4.2. Bacteriocinogenic activity

The variable pattern of results for bacteriocin related genes obsethedasted
LAB isolates (Table 1) was already observed for other bacteriocingeniosstr
Macwana and Muriana (201@¢scribed that both sakacin Ta and T are part of &wo-
bacteriocin complex and the presence of both peptides is requird factivity of a
mature peptide system, indicating thaictobacillusand Weissellastrains would be
able to produce this bacteriocin. Aldéglo et al. (2001pbserved that plantaricin W,
produced by.. plantarumLMG2379,is a bacteriocin composed by tvaotimicrobial
peptides that present synergistic effect. Barbosa et al. (28drved that..
plantarumMBS4 presented a fragment in its DNA homologousiayV, indicating its
ability to produce this bacterioci8tephengt al. (1998plso observed that plantaricin
S produced by.. plantarumLPCO10 is a two peptide bacteriocihodorov et al.
(2017) reported that some LAB isolated from Lukanka, a fermented meat product,
presented bacteriocinogenic activity and were pasforsakTAandsakTB

Cintas et al. (1998pbserved that LAB strains that present several enterocin
related genes do not necessarily express all these bacteriocins sinushgngee
efficiency of horizontal gene transfer mechanisms can explairatietywof genes and
the production of multiple bacteriocins by the same culture, asag/dligh frequency
of Enterococcusspp. with several genes of these bacterio@iitanz et al., 2007)
Enterococcustrains have mechanisms of conjugative genetic exchi@oggigative
transposon and plasmids, with high frequency transfer) and not cowgugas by
plasmids, explaining the variable presence of enterocins related gemid strains

(Franz et al., 2007)

72



Expression of pediocin PA is associated to the presenceedA pedB pedC
andpedDin the bacteriocinogenic strain, most probably located in a plg3mabrov
and Dicks, 2009) The obtained results fqred operon related genes indicate the
presence of the full machinery for pediocin-BA4roduction inthe Weissellastrains
(Table 1), suggesting their ability to produce this bacteriocin.

The tested LAB isolates presented a wide inhibitory spectrum (Table 2).
Assessing the inhibitory spectrum of bacteriocinogenic strairequired to evaluate
the potential application of the producer strains as biopreservata@sabiotics, due
to the natural biodiversity of target strains in food and geséstinal trac{Cotter et
al., 2005) As observed in the present stuBgrbosa et al. (2013Iso demonstrated
the inhibitory activity of two bacteriocins against 23 straink.ohonocytogenesnd
no inhibition against the tested Gram negative bacteria. The low fragaesf LAB
inhibition (Table 2) demonstrate the potential usage of the bactexgemnic strains as
biopreservatives in fermented foods.

Confirmation of proteinaceous nature of bacteriocins is essesteg@ in
characterization of new antimicrobial peptides. CFS of selected LoA&es added to
enzymes resulted in no inhibitioopnfirming their proteinaceous natures (Table 3).
Barbosa et al. (2014Iso observed the inactivation of the inhibitory activity of the
bacteriocin produced bly. sakeiisolated from Brazilian salami after treatment with
enzymes, an essential characteristic to determine the chemical nateentiibitory
substance and to classify them as bacteriocins, antimicrobial peptidenylase,
lipase or catalase did not influence the inhibitory activity of LABaisgd (Table 3);
testing such substances are aripnt to identify possible components of bacteriocins
structure, as well as to identify inhibitory activity due to the prtdoncof other

antimicrobial substances produced by the producer strains. To@&¥b®)(eported
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that bacteriocin ST63BZ lost itshibitory activity after treatment with a-amylase, as
observed byKeppler et al. (1994fpr leuconocin S, indicating that their activity was
associated with glycosylation of the active peptide.

Inhibitory activity of LAB isolates were variable after pH, tempearatand
chemicals treatment (Table $H played an important role on the inhibitory activity
of the studied bacteriocing: curvatus12 CFS kept its antimicrobial activity at pH
values higher than 7.Q, curvatus36 CFS presented inhibitory activity only after pH
7.0, andW. viridescen23 CFS kept its inhibitory activity after all tested pH values.
Some studies reported a higher inhibitory activity of bacteriocing1vshbjected to
acids when compared to alkaline: nisin is known by its sengitwvilkaline pH values
(Yang et al., 1992and leucocin F10 kept its inhibitory activity after acid treatments,
but it was sensitive to pH 7.0 and 9.0 (Parente et al., 188gjarding temperature,
once bacteriocins are small peptides, they are usually thermostable, asigyevi
described Cotter et al., 2005; Favaro et al., 20850 observed in the present study
(Table 3). However, lactocin NK24 lost around 90% of its inhibitaryvay after
treatment at 121 °C for 15 min (Lee and Paik, 20@&130, resistance to different
chemicals is important to lead the technological application of hacites, as well as
to guide the adoption of different laboratorial procedures fahdn characterization
of them.Von Mollendorff et al. (2006lemonstrated diérent levels of interference
by urea, Tween 20, Tween 80 and EDTA on the inhibitory activity of facteliocins
produced by LAB isolated frorboza as well asTodorov and Dicks (2005kipr

pediocin ST18 and Galvez et al. (19¢&)enterocin EJ97.
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4.3.Bacteriocin production and mode of action

When compared to other tested LAB isolatescurvatus12 reached higher
levels of growth (Figure 1). Also, this isolate aid viridescen23 presented high
levels of production of bacteriocin after 6 or 9 hrafubation, independently of the
temperaturel.. curvatus36 presented higher production of bacteriocin when cultured
at 25 °C, compared to other incubation temperatures, and only afteff #ichbation
(Figure 1). Similar profile of bacteriocin prodigt was already reported for several
antimicrobial peptides expressed by different strainsofobacillusspp.(Todorov et
al., 2011; Barbosa et al., 2014; Barbosa et al., 2015; Barbosa et al., 2016)

Based on variations on MRS composition, tested LAB isolates pessant
variable pattern of inhibitory activity (Table 4). pH plays an iniatr role in
bacteriocin stability (Table 3) and production (Table 4) and manyestaiscribe the
relevance of itaitial value in the culture media considered for bacteriocin proolucti
by bacteriocinogenic strains (Daeschel et al., 1990; Kelly et alg; T@lorov et al.,
2010) L. curvatusl2 was able to produce bacteriocins at low pH (Table 4), despite
the prodeed substances being susceptible to these conditions (TahlecByvatus
36 produced bacteriocins at high levels only in neutral pH (Table 4),hwhic
corresponds to pH for its bacteriocins stability (Table 3); deMgiteiridescen3
CFS were stable atll tested pH (Table 3), the production of bacteriocins occurred
only and acid and neutral pH values (Table 4).

Production of bacteriocins can be related to the metabolism of grosdium
and it did not need to occur in coherence with the microbial grovatiorov et al.
(2010)andKelly et al. (1996demonstrated a different patterns of production of some

bactericins associated to variations of different carbohydrate and orgarageritr
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sources. Plantaricin 423 production was enhanced by the presence of pgeptone
growth broth of the bacteriocinogenic str@iferellen et al., 1998), as well observed
for pediocinPA-1/AcH in culture media with meat extrg&hunia et al., 1988)

Little is known about the influence of potassium ions on the bactes
production. Todorov et al. (2010yeported that high concentrations ofHPO:
decreased the production of bacteingc and plantaricin UG1 production was
enhanced by the presence of this substance at 7.(Egén et al., 1996)Tri-
ammonium citrate was described as enhancer of bacteriocin ST8KF pooducti
(Powell et al., 2007)while the absence of Mg@@nd MnSQdetermined a decrease
on bacteriocin ST8KF productiqiPowell et al., 2007). Tween 80 was also described
as responsible to enhance the bacteriocin production at specific conceatrati
(Todorov et al., 2010)

Different patterns of bacteriocins absorbance to the cells of theibastegenic
LAB isolate were recorded, as already described for some bactelidonisrov and
Dicks, 2005b; Albano et al., 20QHeing a relevant feature to be assessed in order to
choose adequate protocols to optimize their mation from growth culture&intas
et al., 2001)

L. monocytogene& was totally inhibited by the CFS frdmcurvatusl2, while
CFS fromL. curvatus36 andW. viridescens23 reduced its populations at 102
CFU/mL. Considering a similar approach, bacteriocin-61412 produced by
Pediococcus acidilacticivas able to determine a complete inhibitionEoffaecium
HKLHS populations (Albano et al., 200&imilarly, when the CF8om L. curvatus
12 was added to the log growthlafmonocytogenesg2, the recorded inhibition was
higher when compared to the effects of the CFS from the other testedstaBes

(Figure 1). Furtado et al. (201dbserved that adding the bacteriocin02Mi at 3,200
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AU/mL to a 3 hold culture ofL. monocytogena®sulted in growth inhibition for at
least 12 h. Other bacteriocins, such as the ones produ¢eddmciumST5Ha andP.
acidilactici HA- 6111 -2, presented a similar behavi{@lbano et al., 207; Todorov,
2010).

The results for adsorption of bacteriocind.tanonocytogeneg?2, indicate high
interaction in distinct conditions (Table 5), as already observedifas et al. (2001)
Barbosa et al. (201&)entified that bacteriocin MBSa4 presented a strong interaction
with theL. monocytogened 00%), differently from pediocin 31 (Liu et al., 2008)
and AMA-K (Todorov, 2008)that presented adsorption to target cells of 50 % and
75%, respectively. Adsorption of the bacteriocin to the cell surfette darget strains
is an important first step in the characterization of their intnpieffect. Modulation
of the levels of adsorption by different environmental cona#ti¢pH, temperature,
presence of chemicals) is an important tool that can predict thetargilctivity in

specific conditions when applied in some fermented food products

4.4. Inhibitory activity of partially purified bacteriocins

After partial purification of bacteriocins from CFS of the testédBLlisolates,
the fraction 0f60% isopropanol presented higher inhibitory activity when compared
to other fractions.Todorov and Dicks (2009pbserved that after hydrophobic
chromatography on SepPakC18, the level of the inhibitory activitigacferiocin
ST44AM was recorded in 60% isapanol, andlrodorov et al. (2004)eported that
the active fraction of plantaricin ST31 was eluted with 40% isoppan

The results of cell lysis recorded for all partially purified bacten®¢il able 6),

indicate a potential application of the bacteriocins produced. urvatusi2, L.
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curvatus 36 and W. viridescens23 in controlling food contamination by.
monocytogengseven at low concentrations (Table @pdorov and Dicks (2009)
described a similgvattern of inhibition of.. monocytogendsy bacteriocins produced
by P. pentosaceusAs an alternative to assess the cell lysis, the detectigh of
galactosidasén cultures of the target straln monocytogeneg2 associated to the
partially purified bateriocins confirmed the previous results (Table 6), indicating
destabilization of the cell membrane permeability. This approach wasalsidered

in other bacteriocin studies to assess the lysis of target straingyéad results were

observedYildirim et al., 2002; Todorov and Dicks, 2006).

4.5. Purification and sequencing of bacteriocins produced by L. curvatus 12

Considering the obtained results, the bacteriocins producéd @yrvatus12
were purified and the peak with inhibitory activity (Figure 3) revealed peptides.
Zhu et al. (2014used a fowstep purification method, including XAR, cation
exchange chromatography, gel chromatography and HPLC and succedshilh o
a purepeptide; these authors observed that the purified bacteriocin waanmegisi
terminal sequencing and the sequencing showed no homology with oth&n kn
bacteriocinsBarbosa et al. (201%urified two bacteriocins achieve by the thetep
proceduresuch as caticexchange followed by sequential hydropheibieraction
and reverseghhase chromatography, and they observed two peaks in the final
chromatogram of each bacteriocin tested; these procedures resulted irsfalicces

purification of both bactescins.
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5. Conclusions

Based on the obtained results, LAB isolates obtained from an artiseaa
product €alabresa presented high inhibitory potential, and the strainsurvatusl2,
L. curvatus36 andw. viridescen23 were able to produce bacternitecwith potential
application in the food industry as alternative substances to cdoiwdborne
pathogens, specially. monocytogenes®Among these isolates, bacteriocins produced
by L. curvatus12 presented a better inhibitory performance and the qatidn
procedures revealed four peptides with sequences not described tobact to

date.
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Table 1.Results for bacteriocirelated genes in five bacteriocinogenic strains of lactic acid

bacteria isolated frormalabresa obtained by PCR (positive: +; negativg:

Targetgenes Bacteriocinogenic strain

L. garvieae32 L. curvatusl?2 L. curvatus36 W. viridescen23 W.viridescens31l

entA
entP
entB
entL50B
pedoro
nis
plaw
plaNC8
plas
sakGAl
sakGA2
sakX
sakA
sakQ
sakP
sakTA
sakTB

+ - - + -

- + + + +

+ + + + +

Obs

.. primers and PCR conditions are detailed in Supplementary Table.
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Table 2. Frequencies of inhibitory activity of the cell free sa@imt of bacteriocinogenic lactic acid bacteria isolat@u €alabresaagainst different targets,

assessed by the spmt-thelawn methodology.

Genus Species/Serotype n Producer strain
L. garvieae32 L. curvatusl?2 L. curvatus36 W. viridescen®23 W. viridescen81
Listeria L. monocytogenes 27 1 24 24 24 1
Enterococcus E. faecium 3 0 3 3 3 0
E. faecalis 4 0 3 3 3 0
E. durans 1 0 1 1 1 0
E. hirae 1 0 1 1 1 0
Staphylococcus S. aureus 2 0 1 1 1 0
Lactococcus L. lactissubspcremoris 1 0 1 1 1 0
Lactobacillus L. sakei 1 0 1 1 1 0
L. casei 4 0 1 1 0 0
L. acidophilus 1 0 0 0 0 0
L. nagelli 1 0 0 0 0 0
L. harbinensis 2 0 0 0 0 0
L. fermentum 1 0 0 0 0 0
L. plantarum 3 0 1 1 0 0
Pediococcus P. pentosaceus 1 0 0 0 0 0
P. acidilactici 1 0 0 0 0 0
Weissella W. paramesenteroides 2 0 0 0 0 0
Corynebacterium C. vitaeruminis 1 0 1 1 0 0
Pseudomonas  P. aeruginosa 1 0 0 0 0 0
P. fluorescens 1 0 0 0 0 0
Escherichia E. coli 2 0 0 0 0 0
Salmonella S.Thyphimurium 2 0 0 0 0 0
S.Typhi 1 0 0 0 0 0
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Table 3. Effects of different substances and incubation conditions on thiganhactivity of
the cell free supernatant of bacteriocinogenic lactic acid bactefa&teddromcalabresa

against_. monocytogenes?2.

effect substance/condition concentrabn producer strain
L. curvatusl2 L. curvatus36 W. viridescen23
Enzymes trypsin 0.1 mg/mL Al Al Al
proteinase K 0.1 mg/mL Al Al Al
papain 0.1 mg/mL Al Al Al
pepsin 0.1 mg/mL Al Al Al
protease 1 mg/mL Al Al Al
a-amilase 1 mg/mL I I I
lipase 1 mg/mL I I I
catalase 1 mg/mL I I I
pH! 3 Al Al I
5 Al Al I
7 I I I
8 I Al I
10 I Al I
Temperature 7 °C for 30 min 3,200 12,800 25,600
25°C for 30 min 3,200 25,600 25,600
37°C for 30 min 25,600 25,600 25,600
40 °C for30 min 25,600 12,800 25,600
60 °C for 30 min 25,600 12,800 25,600
80°C for 30 min 25,600 6,400 25,600
Chemical3d NacCl 10 mg/mL 3,200 0 200
EDTA 10 mg/mL 200 800 800
Tween80 10 mg/mL 200 0 400

1 effect of enzymes was assessed bysgwtonthe-lawn method. “Al” indicates
absence of inhibition, “I” indicates inhibition; 2 effects of geimperature and
chemicals were assessed by a quantitative assay, and results exprassicias
units per mL
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Table 4. Efécts of variations on MRS broth on inhibitory activity of bacteriocinogletiic

acid bacteria isolated fronalabresaagainst. monocytogenes2, assessed by a quantitative

assay.
Effect MRS variant Concentration  Bacteriocinogenic strain
(mg/mL) L. curvatusl2 L. curvatus36 W. viridesceng3
Control MRS - 25,600 25,600 25,600
pH 2 - 200 0 1,600
4 - 25,600 200 1,600
6 - 25,600 25,600 25,600
8 - 1,600 0 1,600
10 - 12,800 0 0
12 - 25,600 0 0
Carbe lactose 20 1,600 0 25,600
hydrate sacarose 20 800 0 25,600
manitol 20 3,200 0 800
fructose 20 25,600 0 25,600
dextrose 20 25,600 25,600 25,600
maltose 20 25,600 0 25,600
raffinose 20 12,800 100 25,600
Organic peptone 25 25,600 0 25,600
nitrogen meat extract 25 25,600 0 25,600
yeast extract 25 25,600 100 25,600
peptone + meat extract 125+125 25,600 100 12,800
peptone + yeast extract 15+7,5 25,600 200 25,600
meat extract + yeast extract 15+ 7,5 25,600 100 25,600
peptone + meat extract + 10+ 10+5 25,600 25,600 25,600
yeast extract
Chemicals  KH.PQ, 0 25,600 100 12,800
2 25,600 25,600 25,600
5 25,600 100 25,600
10 25,600 0 25,600
MgSQy 0 25,600 25,600 100
0,1 25,600 25,600 25,600
0,5 25,600 25,600 100
MnSQ, 0 1,600 25,600 0
0,05 25,600 25,600 25,600
0,2 25,600 0 100
Sodium acetate 0 25,600 0 25,600
5 25,600 25,600 25,600
10 25,600 100 25,600
Tri-ammonium citrate 0 25,600 0 25,600
2 25,600 25,600 25,600
5 25,600 100 25,600
Tween 80 0 12,800 0 12,800
1 25,600 25,600 25,600
2 25,600 100 25,600
5 25,600 200 25,600
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Table 5. Percentages of adsorptioh.tononocytogene& target strain by the bacteriocins presented in thdreelsupernatant produced by bacteriocinogenic

lactic acid bacteria isolated frooalabresa

Target strain CFS Control CFS treatment
37 °C, pH 6.5 Temperaturg°C) NacCl Tween 80 Glycerol pH
4 25 30 37 1% (wiv) 1% (wiv) 1% (w/v) 4 6 8 10
L. monocytogened2 L. curvatusl? 96.87 99.6 99.2 99.2 99.6 87.5 93.8 87.5 96.9 99.2 93.8 96.9
L. curvatus36 99.21 100.0 100.0 100.0 100.0 100.0 100.0 100.0 99.61 100.0 99.61 100.0
W. viridescen23  96.87 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 98.4
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Table 6. Lysis oListeria monocytogene®& cells (%) after treatment with partially purified bacteriociosnft.actobacillus curvatud.2 L. curvatus36 and
Weissella viridescer®3 at differenceconcentrations (indicated by the inhibitory activity, AU/mL) and tiresteraction (h).

bacteriocinogenic strain time (h)  Inhibitory activity of the partially purified bacteriocin (AU/mL)*

25 50 100 200 400 800 1,600 3,200 6,400 12,800 25,600

L. curvatus12 6 364 38.0 420 44.0 413 48.6 47.1 46.4 47.3 60.6 59.4
9 527 522 60.8 610 57.5 556.0 56.2 45.9 510 56.6 54.8
12 625 629 68.4 68.2 64.3 64.1 517 522 59.2 59.4
24

L. curvatus36 6 316 287 326 345 34.0 418 389 391 384 434 485
9 54.3 50.7 57.3 60.3 60.7 54.7 524 445 44.2 43.9 45.1
12 64.0 59.7 54.5 50.6 53.8 54.9
24

W.viridescen®3 6 373 44.9 45.7 455 417 523 45.8 441 44.7 521 513
9 521 60.5 64.7 64.9 59.9 58.9 53.8 418 48.0 513 44.5
12 625 66.4 619 523 57.2 57.7 529
24

* Color intensity of results indicates the degree of inhibitory agtivi
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Figure 1. Growth (optical density &t= 600 nm) and inhibitory activity (arbitrary units per mL)Lafctobacillus curvatug2 (A, B, C),L. curvatus36 (D, E,
F) andWeissella viridescer®&3 (G, H, 1) cultivated in MRS broth and incubated at 25 (A, D, G), 30 (B, Bn#iB7 °C (C, F, I).
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Figure 2. Effect of adding cell free supernatant of the bacteriocionogtrans of
Lactobacillus curvatud2 (A), L. curvatus36 (x) andWeissella viridescen23 (m) at 3 h

(arrow) of growth ol isteria monocytogeneg (e).
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Figure 3. Chromatogram of the purified bacteriocins producddabtobacillus curvatud?2
(C4 reverseghphase HPLC). Asterisk indicates the peak with inhibitory activity regéL.

monocytogeneg2.
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Supplementary Table. Primers and PCR conditions for detectiontefibam related genes in five bacteriocinogenic lactic acid bacset&ed frontalabresa

Bacteriocin Target gene  Primer Sequence (8) Annealing (°C)  Size (bp) Reference

Enterocin A entA EntA-F AAATATTATGGAAATGGAGTGTAT 34 452 du Toit et al., 2000
EntA-R GCACTTCCCTGGAATTGCTC

Enterocin P entP EntP F TATGGTAATGGTGTTTATTGTAAT 41 216 du Toit et al., 2000
EntR R ATGTCCCATACCTGCCAAAC

Enterocin B entB EntB-F GAAAATGATCACAGAATGCCTA 41 159 du Toit et al., 2000
EntB- R GTTGCATTTAGAGTATACATTTG

Enterocin L50B entL50 EntL50B- F STGGGAGCAATCGCAAAATTAG 44 135 du Toit et al., 2000
EntL50B- R ATTGCCCATCCTTCTCCAAT

Pediocin PAL pecpro PedA- F CAAGATCGTTAACCAGTTT 44 1238 Todorov et al., 2016
PedA R CCGTTGTTCCCATAGTCTAA

Nisin nis NisF ATGAGTACAAAAGATTTCAACTT 48 203 Kruger et al., 2013
NisR TTATTTGCTTACGTGAACGC

Plantaricin W plaw PlanW F TCACACGAAATATTCCA 41 165 Holo et al., 2010
PlanW R GGCAAGCGTAAGAAATAAATGAG

Plantaricin NC8 plaNC8 PlanNC8 F GGTCTGCGTATAAGCATCGC 35 207 Maldonado et al., 2003
PlanNC8 R AAATTGAACATATGGGTGCTTTAAATTCC

Plantaricin S plas PlanS- F GCCTTACCAGAGTAATGCCC 45 450 Stephens et al., 1998
PlanS- R CTGGTGATGCAATCGTTAGTTT

Sakacin GAL sakGA1l SakGAL F TTAGAACTACACTGCTCGTG 38 259 Todorov et al., 2011
SakGAL R TGGAAGAATGAGTACTTGTT

Sakacin GA2 sakGA2 SakGA2 F CGTTACAACAGAACTTCAAG 38 259 Todorov et al., 2011
SakGA2 R TGGAAGAATGAGTACTTGTT

Sakacin X sakX SakX-F AGCTATGAAAGGTATTGTCGGG 62 156 Macwana and Muriana, 2012
SakX- R TAAGATTTCCAGCCAGCAGC

Sakacin A sakA SakA F GAAWTRMMANCAATTAYMGGTGG 55 150 Dortu et al., 2008
SakA R CAGCCGCTAATCATACCACC

Sakacin Q sakQ SakQ F GAARTWSYANCAATTADNGGTGG 53 130 Dortu et al., 2008
Sak@ R TACCACCAGCAGCCATTCCC

Sakacin P sakP SakR F ATGGAAAAGTTTATTGAATTA 40 186 Reminger et al., 1996
SakR R TTATTTATTCCAGCCAGCGTT

Sakacin Ta sakTA SakTa-F TCGGTGGCTATACTGTCTAAACA 58 160 Macwana and Muriana, 2012
SakTo - R TGTCCTAAAAATCCACCAATGC

Sakacin T sakTB SakTB - F AAGAAATGATAGAAATTTTTGGAGG 56 151 Macwana and Muriana, 2012
SakTFB-R TGTGAAATCCAATCTTGTCCTG
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CAPITULO 2 - Beneficial and safety features of bacteriocinogenic lactic acid
bacteria isolated fromcalabresa an artisanal sausage
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Significance and Impact of the Study

The food industry has a particular interest in using bacteriocinogene daati bacteria
(LAB) as biopreservatives in end produetisg the characterization of additional beneficial
features is important to identify potential probiotic strainsveleer, these strains can only
be added in end products after being properly characterized accoettinggfative aspects,
such as virulence and antibiotic resistance genes. So, a wide characterizaioefiogl
and safety aspects of bacteriocinogenic LAB is determinant to ¢paigedper utilization

of these strains, or their purified bacteriocins, by the foodtindus

Abstract

Despie of the beneficial relevance of lactic acid bacteria (LAB)hm food industry,
microorganisms belonging to this group can determine spoilagedmdod carry a number of
virulence and antibiotic resistance related genes. This study agabatacteation of beneficial

and safety aspects of five bacteriocinogenic LAB stragxst@bacillus curvatus?, L. curvatus

36, Weissela viridescer#3, W. viridescen81 andLactococcus garvieag6) isolated from an
artisanatalabresaRegarding their safegpects, all tested isolates were positiventay while
EF226¢cbp, EF1249bp and EF2380naz were detected in at least one tested strain; none isolates
presentednap EFTuor prgB. The tested strains presented a variable pattern of virulence related
gene and none strain presentE cylA efsA cpd int-Tnor sprE and other viruleneselated

genes were detected at different frequencies. Antibiotic resistanes were also detected at
different patterns. Despite presenting some beneficial gsihecisresence of virulence and
antibiotic resistance genes jeopardize their utilization as stdbiepreservatives cultures in food.
Considering the inhibitory potential of these strains, amattee would be the use of their
bacteriocins after sefpurification or purification procedures.

Keywords: lactic acid bacteria, virulence, beneficial aspects, antibiasiares calabresa
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Introduction

Lactic acid bacteria (LAB) are of great importance for the food ind(atgués
et al. 2015). Microorganisms belonging to this group are widely usestaaer
cultures, causing changes in raw material due to the productioitsfad conferring
specific flavors and aromggVoraprayote et al. 2016; Mokoena 201ZAB are also
usually known by Hheir beneficial features: many strains present probiotic
characteristics, being able to colonize the gastrointestinal tract antptove the
beneficial balance of the autochthonous microbiota in this emmieat(Quinto et al.
2014; AlvarezSieiro et al.2016) and many strains are able to produce different
antimicrobial substances, specially bacteriocins, being abfentiitithe growth and
contamination by spoilage and foodborne patho@gahsrezSieiro et al. 2016)

However, LAB may also determine réa spoilage in food through the
production of proteolytic substances and organic acids (Quinto et al., 20it4dhey
can also carry and express a number of genes associated to virulence aoticanti
resistance(Huddleston 2014; Fraqueza 2015; Porto et al. 20$8) the proper
characterization of beneficial and virulence features in LAB strisintandatory
before their usage as beneficial, fpieservatives andtarter cultures in food
(AlvarezSieiro et al. 2016; Porto et al. 2017This study aimed the characterization
of beneficial and virulence potential of five bacteriocinogenic LARBiSs previously
isolated from an artisanalalabresa Lactobacillus curvatusl?, L. curvatus 36,

Weissela viridescers3, W. viridescen81 andLactococcus garvieag6.
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Results and Discussion

All tested isolates were positive fonu while EF226cbp, EF1249bp and
EF2380maz were detected in at least one tested strain; none isolate presapted
EFTuor prgB (Table 1).mubencodes extracellular mucbsding proteins and it is
usually found in intestindlactobacillussp., being highly associated with adhesion
ability (Ramiah et al. 2007; Colombo et al. 201flap EFTu and prgB are also
associated with adhesigmodorov et al. 2017agdespie not being detected in any of
the tested strain (Table 1). EF2@6p, EF1249bp and EF2380naz are related to
adsorption of nutrients and defense, characteristics that enhance #ifecidien
potential of isolate¢Souza et al. 2018)The presence of befigal related genes in
potential probiotic candidates stains is highly recommended, buhewessarily
mandatory: the studied genes are relevant for the adhesion propkttiesultures in
the intestinal cells, indicating an advantage in colonizadiash expression of other
beneficial feature¢Archer et al. 2018)However, the expression of such genes is a
complex process, widely influenced by a number of factors such issderautrients,
microbial competition and communication, and presence of specific oesaptthe
host cellgyMiyoshi et al. 2006; Ramiah et al. 2007; Todorov and Dicks 2@®x3ed
on obtained results, the tested strains have some beneficial gioténg to their
possible ability of colonize the intestinal cells (Table 1).

Degite their beneficial potential, the tested strains presented a eapatbérn
of virulence related genes: none strain presegedf] cylA efaA cpd, int-Tnor sprg
and other virulenceelated genes were detected at different frequencies (Table
According toLopes et al. (2006}he presence gfelE gene is probably not enough for

gelatinase activity, since the compldsr operon seems to be essential for the
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expression of this virulence marker. Thoufgn,operon seems to be easily damaged
and lost mainly during the freezing in the laboratory conditiorezofding toCotter

et al. (2005) cytolisin is a substance considered as an antibacterial, but #ois al
virulent due to its hemolytic potential. The gemssl, esp efaA andaceare relagd

to the production of various substances enrolled in the malrgbionization and
adhesion at microorganism surfaces, and they are also associated to dvthsibnst
immune systenValenzuela et al. 2009The gendyl is enrolled in the dispersiaf

the producing bacteria or their toxins in the host tissue, arybenthis gene can
interact with lymphocyte receptors inducing immune dise@Segsh and Kemparaju
2007) ccf, cob and cpd genes are responsible for encoding sexual pheromones;
althoughthese substances are not considered as virulence factors, they atantnpor
to conjugation process and their production can support the transtesisibnce to
antibiotics and virulence genes, either horizontally or verticallyich would cause
an incease in the pathogenicity of some bact@=ton and Gasson 200inNt andint-

Tn are genes related to a transposon integrass@Bds related to serine protease
(Fortina et al. 2008)

Antibiotic resistance genes were also detected at different patterrie [ab
Except forL. garvieae32, all tested isolates presented positive results for one gene
related to resistance to erythromycin. Only the twocurvatusstrains presented
positive results for two genes related to tetracycline resistaekéedr tetl), and only
L. curvatus 12 presented positive results faac(6’)H1e-aph(2”)-la, related to
resistance to gentamycin. Aminoglycosides resistance genes were detatitediad
LAB isolates, being detected in frequencies varying from 2 to 3 ouesté&d genes;
resistance to aminoglycosides is considered as an intrinsic charactédigiB, being

usually attributed to the absence of cytochranesliated electron transport, that

101



medates drug uptake (Danielsen and Wind 20@)ly two LAB isolates presented
genes associated to resistance to chloramphenicol, and.asuyvatusl2 presented

one out of three tested genes linked to resistance to bacittaiB).( As for
aminoglycosids, all tested LAB isolates presented positive results for at least tw
genes related to resistance to vancomy@mAandvanBare located on a plasmid,

while vanCis located in bacterial chromosoifiartin-Platero et al. 2009; Perin et al.
2014) The preence of resistance related genes in plasmids represents a major concern
for safety, once these elements are easily transferred among micraosgamsugh
horizontal transfer, enhancing the widespread of antibiotic resis{&hairleston

2014).

The presence of such genes in the genome of the bacteriocinogenic LAB does
not necessarily indicate their virulence or antibiotic resistance, oacesttpression
should be assessed. However, these genes can be easily transferred to otiwecd. AB
they are usually located in conjugative plasmids, once they are usssdigiated with
Enterococcusspp.(Eaton and Gasson 200Horizontal gene transfer is a common
occurrence in mixed populations, such as the intestinal tract irhwiwec probiotic
LAB strains develop their beneficial featufekiddleston 2014; Todorov et al. 2017b)
This is a special concern related to antibiotic resistance genes, a @onertn
worldwide; even the LAB strains not being able to express theaesestelated to
these genes, theyuald act as spreaders of this characteristic to pathogenic and
common microorganisms present in the gastrointestinal(tdactdleston 2014)

The LAB strains presented some beneficial aspects, besides the lbatterio
production, but the presence of vinub® and antibiotic resistance genes is a concern
in using them astarteror biopreservatives cultures in food. Considering the inhibitory

potential of these strains, an alternative would be the use of theiribeicieafter
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purification or sempurification procedures, demanding additional assays to evaluate
their resistance to different conditions of foods and gastroimédract, and their

cytotoxicity.

Materials and methods

Lactic acid bacteria strains and storage

Lactobacillus curvatusl2, L. curvatus 36, Weissela viridescen23, W.
viridescens31 andLactococcus garviea®6 were isolated fromalabresaanartisanal
sausage, and characterized as bacteriocinogenic (Castilho et al., Capitstiock)
cultures were keep in de Man, Rogosa andg&hlroth (MRS, Becton, Dickinson and

Company BD, Franklin Lakes, NJ, USA) added to glycerol at 20% (v/vRat°C.

Beneficial, virulence and antibiotic resistance related genes detection by PCR
Aliquots of the stock cultures were transferred to MRS (BD) and incubad
°C for 24h; total DNA from LAB cultures were obtained usiig Fungal/Bacterial
DNA Kit (Zymo Research, Irvine, CA, USA) and DNA concentrationsrev
determined by using NanoDropHermo Fisher Scientific, Waltham, MA, USA).
DNA wereused in PCR assays to detect the beneficial related gergsap
EFTy prgB, EF2662cbp, EF1249fbp andEF2380maz, as described by Kao et al.
(1991) Fortina et al. (2008and Todorov et al. (2012)Also, DNA were used to in
PCR assays to detadtulence and antibiotic resistance related gegeke( hyl, asal
esp cylA, efaA aceg vanA vanB vanCl, vanC2 ermA ermB erm( tetK tetL, tetM,

tetO, tetS aadqo’)-le-aph(2”)-la, aph3’)-llla, ant4')-la, aph2”)-Id, aph2")-Ic,
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aph2")-1b, ant(6)-la, catA bcrB, berD, berR ccf, cob cpd sprE int andint-Tn),

according protocols described by Fortina et al. (2@d8)Moraes et al. (2012)
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Table 1. Results for beneficial, virulence and antibiotic resistaglated genes in five bactailmogenic strains of lactic acid bacteria isolates foatabresa

anartisanal sausage.

aspect target gene function/resistance to bacteriocinogenic strains of lactic acid bacteria
L. curvatusl?2 W. viridescen3 W. viridescen81 L. garvieae32 L. curvatus36

beneficial mub adhesion + + + + +
map adhesion - - - - -
EFTu adhesion - - - - -
prgB surface protein - - - - -
EF2662-cbp cholinebinding protein - + - - -
EF1249-tbp fibrinogenbinding protein - + + - -
EF2380maz membraneassociated zinc - - + - +

metalloprotease

virulence gelE gelatinase - - - - -
hyl hyaluronidase - - + - +
asal aggregation substance - - - + +
esp enterococcal suface proteir - + + - +
cylA cytolisin - - - - -
efaA endocarditisantigen - - - -
ace adhesion of collagen + - - - -
ccf related to sex pheromones + - - - -
cob related to sex pheromones - + - - -
cpd related to sex pheromones - - - - -
int transposom + - - - +
int-Tn transposom - - - - -
SprE serine protease - - - - -
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Table 1, cont.

aspect target gene function/resistance to bacteriocinogenic strains of lactic acid bacteria
L. curvatusl?2 W. viridescen3 W. viridescen81 L. garvieae32 L. curvatus36

antibiotic ermA erythromycin - - - - -

resistance
ermB erythromycin - + - - -
ernC erythromycin + - + - +
tetk tetracycline - - - - +
tetl tetracycline + - - - -
tetM tetracycline - - - -
tetO tetracycline - - - - -
tetS tetracycline - - - - -
aac(6')-le-aph(2")-la  gentamycin + - - - -
aphi3’)-llla aminoglycosides - + + - +
ant(4')-la aminoglycosides - - - + -
aph2")-lb aminoglycosides + - + + -
aph2")-lc aminoglycosides + + + - +
aph2")-1d aminoglycosides - - - - -
ant(6)-la aminoglycosides - - - - -
catA chloramphenicol - - + + -
bcrB bacitracin + - - - -
bcrD bacitracin - - - - -
bcrR bacitracin - - - - -
vanA vacomycin - + + + +
varB vacomycin + + + - -
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Table 1, cont.

aspect targetgene function/resistance to bacteriocinogenic strains of lactic acid bacteria
L. curvatusl?2 W. viridescen3 W. viridescen81 L. garvieae32 L. curvatus36
antibiotic vanCl vacomycin - - - + -
resistance
vanC2 vacomycin + + - - +

+: positive,-: negative
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Abstract

The aim of the study was to evaluate the inhibitory activityawtobacillus curvatus

12 and its bacteriocin ohisteria monocytogeneis controlled food matrix. Fresh
sausages were prepared and inoculated in different combinations. withvatusl2
(bacteriocingeonic strain, 1CFU/g), L. sakeiATCC 15521 (nofbacteriocinogenic
strain, 16 CFU/g), L. monocytogeneg@arget, 16 CFU/g), nisin (12.5 mg/g) and
partially purified bacteriocin from.. curvatusl2 (12.5 mg/g and 6.25 mg/g), being
stored at 7 °C for 10 days. Microbial populations and bacteriocin piodusts
assessedrodays 1, 4, 7 and 10. In general, LAB counts did not present significant
differences amongst treatments and storage periods (p > 0.0&onocytogenes
counts of sausages inoculated with the pathogen and the bacterioanstyaim
ranged from 1.0 to Q.log CFU/g, being significantly different from the pathogen
control (p < 0.05). Nisin and partially purified bacteriocin alstedmined a decrease
of L. monocytogenesounts when compared with the pathogen control, ranging from
1.0to 3.0 log CFU/g (p 6.05). These results indicate that bacteriocinogenic LAB was
able to determine a significant decreasé.aihonocytogenesounts in fresh sausage
stored at 7 °C.

Keywords: fresh sausage, bacteriocln, monocytogenesbacteriocinogenicL.

curvatus
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1. Introduction

Listeria monocytogeness a foodborne pathogen often associated with meat
products and described as resistant to a variety of adverse conditimpaihogen
can remain viable and multiply in microaerophilic environments témperaturesral
in the presence of salts and low pH, in addition to persist in inalushvironments
due to its ability of adhering in surfaces and forming biofilms (Bunan et al., 2017,
Ferreira et al., 2014PDue to these characteristics, the control of contammand
elimination ofL. monocytogenem foods is a constant challenge for the industry,
especially in readyo-eat meat products that are produced for direct human
consumption, without additional heat treatmgi@srsot et al., 2001; Camargo et al.,
2017; Samelis et al., 2005)

Sausages are meat products particularly susceptible to contamination an
consequent development of monocytogenes-resh sausages, particularly those
produced with pork, present high water activity, low pH and differepesyd
ingredients, besides intense handling during production, inogedélse chances of
contamination by different microorganisms, includingmonocytogenes(Giello et
al., 2018; Liserre et al., 2002; Samelis et al., 200B)is, appropriate hygiene praets
are necessary to minimize possible contamination during the produtsansages;
but even these practices may not be enough to assure the safety of theses pro

In this sense, the food industry has been adopting alternativesnimine
contaminéion and control the multiplication of microorganisms that mayammate
food during the production chain, such as bacteriocins produced byaleicticacteria
(LAB). In recent years, studies on the use of bacteriocins indicaténéyatan bring

a number of benefits in food, such as reducing the risk of disseonirdtfoodborne
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pathogens, increasing the shelf life and safety of the end prolsstsise of chemical
preservatives and the possibility of using milder technologmeatients during
production(Castellano et al., 2017; Galvez et al., 2007; Mokoena, 20biyadays,
nisin is the only bacteriocin that can be used as a food additive for tielco
microorganisms in food, because of its GRAS (Generally Recogng&h#) status;
the use ofnisin in food production is authorized in approximately 50 countries
(Gharsallaoui et al., 2016; Guinane et al., 2005; Punyapattaet al., 2015)

These limitations of alternatives have stimulated several researchsgrou
characterize new bacteriocoenic isolates and their bacteriocins, aiming at potential
application in food as biopreservatives. Based on this informahemim of the study
was to evaluate the interactions between bacteriocinogantobacillus curvatud 2
and its bacteriocins wh Listeria monocytogenem fresh sausage, a food system

potentially subject to contamination by this pathogen.

2. Material and Methods

2.1. Bacterial strains, partial purification of bacteriocin produced by Lactobagllu
curvatus 12 and growth condiins

Lactobacillus curvatud? was isolated frornalabresaand characterized as a
bacteriocinogenic strain with high inhibitory activity agairist monocytogenes
(Castilho et al.Capitulo 1).Lactobacillus sakeRTCC 15521 was used in the present
study as negative control, once it is a 4@cteriocinogenic strainListeria
monocytogene32 was isolated from beef carcasg€amargo et al., 2014|and
considered in the presented study as the target organism. mdAB anonocytogenes

strains were innoculated in de MaRogosaSharpe (MRS, Becton, Dickinson and
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Company -BD, Franklin Lakes, NJ, USA) and trypticase soya broth (TSB), BD
respectively, incubated at 35 °C for 24 h, added with glycerol at 20@afvd $ored
at-20 °C. For use, aliquots of the cultures were transferred to MRS (BDAR)rand

TSB (BD, forL. monocytogengsincubated overnight at 35 °C and diluted in NaCl
0.85% (w/v) until a turbidity similar to tube 1 of MacFarland scedgrespondingo
approximately 3 x 10colony forming units per mL (CFU/mL). Then, cultures were
tenfild diluted with NaCl 0.85% (w/v) until adequate populations for sausage
inoculation.

Also, bacteriocin produced by. curvatus 12 was subjected to partial
purification. An aliquot of the stock culture bf curvatusl?2 was transferred to MRS
(BD) and incubated at 35 °C for 24 h. Then, the culture was ceydf(8,000< g, 4
°C, 15 min) and the cell free supernatants (CFS) were treated with N&Cid pH
6.0 and heatt at 80 °C for 10 min. Then, proteins were precipitated with
trichloroacetiacid(TCA) at 4% (w/v) and incubated at 4 °C for 1 h, centrifuged (8,000
x g, 4 °C, 20 min) and pellet was-sespended in TRIS. The concentration of the
partially purified bacteriocin was determined by using the BCA Prdissay kit
(Thermo Fisher Scientific, Waltham, MA, USA), according to the ufesturer
instructions and using bovine serum albumin as standard. Semi puritieidan
was used in two different concentrations: 12.5 and 6.25 mg/g. The obtainact ext
was evaluated for bacteriocin activity againsinonocytogene& by the spebn-the

lawn method Todorov andDicks, 2005a)
2.2. Fresh sausage production
Fresh sausage batches were produced in experimental conditions, using

equipment and utensils previously cleaned and sanitized. Fresh sausagedvaed
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by using raw pork (shoulder and fat) cut in small pi¢2e&cnt) and ground by using
a meat grinder with a mincer screen of 0.5 cm (Arbel, Sdo José do Rio FRgeto, S
Brazil). Then, the obtained grounded pork was mixed for three minutsien to
obtain a mass of 6.0 kg, composed by 5.4 kg of shoulder @kgd 0f fat. The obtained
pork mixture was mixed for 3 min with ingredients and spices, prdyiauisted in
36.5 mL of sterile distilled water: sugar (6 g), garlic paste (12 g), lpapker (3 g),
chilli pepper (5.5 mL), nutmeg (3 g) and erythorbat® @). Then, curing salt (150
mg) and NaCl (100 g) were diluted in 50 mL of sterile distilled water and addkd t
pork mixture, followed by manual homogenization for 3 min. Theaiabtd pork
mixture was stored at 2 °C for 24 h.

The pork mixture was incalbed at 25 °C for 4 h and divided in 12 portions of
0.5 kg that were inoculated with the LAB,monocytogenedrains, nisin and partially
purified bacteriocin produced lhy curvatusl? according to the treatments described
in Table 1. Then, the inocud mixtures were incubated at 25 °C for 2 h and casing
was conducted using funnels, resulting in pork sausages with apprdyit@deg.
Sausages were packed in sterile styrofoam boxes, identified and st@red fr 10

days. Sausages and treatmentsvpeoduced in 3 independent repetitions.

2.3. Physicochemical analysis
Samples of fresh sausages (only from control treatment, Table 4 pim&ined

after 1 and 10 day of storage and subjected to physicochemical analyzes.

2.3.1. Water activity

Theobtained samples were submitted to determination of the water atity

using the AqualLab Lite (Meter Group, Pullman, WA, USA). Each samptenas
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analyzed in duplicate, with the instrument previously calibratetlowing the

manufacturer's operai manual.

2.3.2. Moisture

Crucibles were previously kept at 105 °C for at least 1 h and after beinge@mo
from the oven were kept in the desiccator for at least 30 min to reach the thermal
equilibrium with the environment. Then, the crucibles wee@hed and portions of 5
g of the samples were added and incubated at 105 °C for 4 h. After the mctibai
the crucibles were again kept in the desiccator for 30 min, and then weighed .ddas
recorded weights, the percentage of moisture was asdcllusing the following
equation: Moisture = [(Weighticibles + Weightampld — Weightinal of crucibled X 100 /

Weightample

2.3.3. pH
The pH was measured by using a pHmeter. Portions of 50 g of the samp@es wer
diluted in 10 mL of distilled watemgutral pH), to allow adequate electrode contact

from a previously calibrated pH meter with the sample.

2.4. Microbiological analysis
Samples of sausages from all experiments were obtained on daysahd41(.
Portions of 25 g from sausages were transferred to sterile bags withL2@6NacCl

0.85% (w/v), homogenized and térid diluted in NaCl 0.85% (w/v).
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2.4.1. Enumeration of hygiene indicator miamganisms
Selected dilutions were plated in Petriflm™ AC and Petrifim™ EC fo
enumeration of mesophilic aerobes, total coliforms &stherichia coli and

incubated at 35 °C for 24 to 48 h. The final results were expressed ig.CFU

2.4.2. Enumeration of lactic acid bacteria

LAB populations were monitored by pour plate of selected dilutions Bi$S M
agar (BD) and incubated at 35 °C for 48 h. After incubation time, the ieslomere
enumerated and the results were expressed in CFU/g.

To estimate the population of the bacteriocinogenic LAB added, plates
containing individual colonies were selected and overlaid with 5 friirain heart
infusion (BHI, BD) supplemented with agar 0.75% (w/v) inoculatednh vit
monocytogene32 (approximatgl 10 CFU/mL) and incubated at 35 °C for 24 h
(Todorov and Dicks, 2005bTolonies that presented inhibition halo were considered

as the bacteriocinogenic LAB added

2.4.3. Detection and enumeration of L. monocytogenes

Samples were subjected 1o monocytogenegletection and enumeration
according to ISO 11290/Amd 1 (ISO, 1996, 2004)with some modifications.
Aliquots of 40 mL of the sample homogenates were centrifuged (4 °Cinl3 @00
x @), the supernatant discarded and the obtained pelle¢sded with 10 mL of Half
Fraser (Oxoid Ltd., Basingstoke, UK), followed by incubation atGB@ft 24 h. Then,
aliquots of 0,1 mL were transferred to Fraser broth (Oxoidybiated at 35 °C for 24

h, and streaked onto plates containing Chromogenic Listeria agar (Oroubated
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at 35 °C for 24 h. The presence of typicainonocytogenesolonies (blue greenish,
with white opaque halo) was indicative of positive result.

Aliquots of 1 mL from the Halfraser cultures, after 1 h of incubation, were
platedonto the surfaces of agar plates containing Chromogenic Listeria agad)Ox
and incubated at 35 °C for 24 h. Then, typical coloniek.ahonocytogenewere

enumerated and the results were expressed as CFU/g.

2.4.4. Bacteriocin production in situ

The poduction of bacteriocin bly. curvatusl? in the inoculated fresh sausages
was assessed accordingAwila et al. (2006) with modifications. Portions of fresh
sausages (5 g) were homogenized with 5 mL of 0.02 N HCI in stomacher and
centrifuged (12,000 >y, 20 min, 4 °C). The pH of the obtained supernatant was
adjusted to 6.0 (1N NaOH) and lyophilized. Then, the lyophilizedpses were
diluted in 200uL of Ringer and 5QuL were transferred to 5 mm wells prepared on
BHI (BD) supplemented with agar 0.75%/{vinoculated with_. monocytogenes2
(approximately 1% CFU/mL) and incubated at 35 °C for 24 h. The presence of

inhibition halos was the indicative of bacteriocin productiothe tested samples.

2.5. Statistical analysis

All treatments were prepareéd 3 independent repetitions and the results of the
obtained microbial counts were converted to log10 and comparedfypsrgnificant
differences between the treatments and the storage periods of the shygaugsis
of Variance and Tukey test (p0<05), by using the software XLStat 19.01 (Adinsoft,

New York, NY, USA).
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3. Results and Discussion

The mean values ofyaf the samples evaluated on days 1 and 10 were 0.97 e
0.98, respectively. The development of microorganisms is davday intrinsic
characteristics of the meat, particularly its chemical compositiogh water
availability and pH close to neutrali{Zortreras et al., 2002; Pothakos et al., 2015)
The & of a food is the most accurate measure to determine the possibility obralcr
growth (Lenovich, 2017; Troller, 2017)s it influences microbial stability and for
many foods this growth is prevented with a value between 0.6 to 0.7 (BE0&W

According to the Brazilian Technical Guidelines of Identity and IQuaf
SausagéBrasil, 2000) the acceptable moisture content for fresh sausage is at most
70%. The mean moisture found in the samples os tlayd 10 was 61.36 and 59.41%,
respectively, indicating that this parameter followed the curreatilzan legislation.

The mean pH values of the fresh sausage samples on storage days 1 and 10 were
6.36 and 6.29, respectively. Buchanan et al. (20bZgved thatL. monocytogeneds
able to grow well at pH as low as 4.1. Some studies have shown that tigoinlof
Listeria spp. in meat products containing bacteriocinogenic LAB was greatemthan
products containing non bacteriocininogenic LAB, for theme range of pH,
indicating that the inhibition is more likely to be due e tbacteriocin than to the
presence of lactic aci@Campos et al., 1997; Hugas et al., 1998)

Based on mesophilic aerobes and coliforms counts, no signifidétedces
were doserved amongst treatments and storage periods (p > 0.05, datawo). sho
Also, Escherichia colwas not detected in any sample (data not shown). These results
indicate that the added LAB did not influence the autochthonous notaobf the

fresh sausage LAB counts, in general, did not present significant differeac@sngst
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treatments and storage periods (p > 0.05, Table 2); significantedifies of LAB
counts were observed only in sausages inoculated with only tHeacberiocinogenic
strain and oly nisin (after 7 days of storage) when compared to the sausaged,contro
inoculated with onhy.. monocytogeneand inoculated with.. monocytogeneand

nisin (after 1 day of storage) (p < 0.05, Table 2). Sausages that were o cultdt

LAB presented lgher counts (around 6 log CFU/g) when compared to sausages that
were not inoculated with LAB (3 to 4 log CFU/g). Also, only the saesabat were
inoculated withL. curvatusl? presented colonies in MRS agar with inhibition halos,
confirming the norbacteiocinogenic nature of thie. sakelATCC 15521 and absence

of an autochthonous LAB microbiota with bacteriocinogenic activity.

LAB constitute a part of the initial microbiota which develops gasdier the
meat is processed to fermented sausages, stored or packed under vacuumest modif
atmosphere. These microorganisms have been playing an impaanh rfood
fermentations leading to flavor and texture changes togetheapittservative effect,
resulting in an increase in the shelf life of the transked product (Mokoena, 2017)
LAB in fresh meat bring about a mild fermentation process witharoducing
variations in the sensorial characteristics because of the low carbtéhgdntent and
the strong buffering capacity of mdabldra, 2010)In a similar process, LAB growth
in fermented meats is enhanced by the adding of sugar, resulthmg pooduction of
lactic acid that decreases pH and denatures proteins, leading to a microbial
stabilization in the end products (Beraquet, 2005; Toldra, 2010apkayote et al.,
2016) Dias et al. (2015)lescribed a LAB count range of 3.0 to 8.9@J/g in pork
sausage, whilé’rado et al. (2000pbserved a range of 7 to 8 log CFU/g in fresh

sausage.
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All sausages that were inoculated with monocytogenepresented positive
results for this pathogen in the detection procedure, independdntie storage
period, except for the sausages inoculated with the pathogen and tasih ahd 4
days of storage. Sausages that were not inoculated with the pathdgern present
positive results in the detection assay, indicating absence oéhadutamination of
ingredients and cross contamination during sausage productitsteria
monocytogenegounts of sausages inoculated with the pathogen and the non
bacteiocinogenic strain ranged from 2.0 to 3.5 log CFU/g through thageqgueriod,
without significant differences when compared to the pathogenotqptr> 0.05,
Figure 1), while these counts in the sausages inoculated with theg@ataod the
bacteriocimgenic strain ranged from 1.0 to 2.0 log CFU/g, being significantlgreifit
from the pathogen control (p < 0.05, Figure 1). Nisin and partially paitigeteriocin
(at both concentrations) also determined a decredsenodnocytogenesounts when
compaed with the pathogen control, ranging from 1.0 to 3.0 log CFU/g (p > 0.05,
Figure 2). These results indicate that bacteriocinogenic LAB was abéeorihe a
significant decrease of. monocytogenesounts, while its partially purified
bacteriocins, at the tested concentrations, determined only-sigroficant decrease
of the pathogen counCleveland et al. (2001described that nisin activity may be
affected in meat products by combination with phospholipids or inactivation by y-
glutamyl transferasewhat might explain the detection and enumerationLof
monocytogenes) sausages inoculated with the pathogen and nisin after 7 days of
storage (Figure 2).

Sant'Anna et al. (2013valuated the antimicrobial activity of the bacteriocin
BLS P34 against. monocytogene® chicken sausage; this bacteriocin was able to

inhibit the pathogeim situ in all incubation times for up to 10 days at 5 °C, and its
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effectiveness was increased by associate it witim.rGiello et al. (2018evaluated

the effectiveness of the bacteriocin producedLbycurvatus54M16 to inhibitL.
monocytogenem fermented sausage and they observed that inhibitory activity was
lower during the production steps and total after fetatemn. Martinis and Franco
(1998) evaluated the inhibition of. monocytogenesn a pork product by a
bacteriocinogenit. sakeistrain and observed that after 4 weeks at 8 °C the pathogen
counts were 6 log CFU/g lower when compared to the pathogen Ichugesre et al.
(2002) evaluated the inhibition potential of the saine sakeistrain againstL.
monocytogenes in  sausages stored under modified atmosppackage,
demonstrating that this condition enhanced the inhibitory actofitthe produced
bacterocin. Also, Ghalfi et al. (2006)demonstrated the inhibitory activity of the
bacteriocin produced bly. curvatusCWBI-B28 againsi.. monocytogenes cold-
smoked salmon at 4 °C storage, considering different approaches of aetarget
interactions.

All sausages that the bacteriocinogenic strain was inoculated presented
bacteriocin productiom sity, independently of the storage period. Also, sausages that
were inoculated with the partially purified bacteriocins presented y®sésults for
the detection of the bacteriodimsitu. These results indicate that the bacteriocin was
produced in the inoculated sausages by the bacteriocinogenic straimtahd/as not
inhibited by the sausages compounds. During the fermentation proéddds;an
produ@ various organic compounds, including several organic acids (laatic ac
acetic acid, propionic acid, formic acid), diacetyl, acetaldehyde, hydrogerigeer
bacteriocins and other compounds with antimicrobial propertiesdi@,02010)
Bacteriocins prduced by LAB are antimicrobial protein compounds synthesized via

the ribosomes, presenting variable spectrum of ac{@ibyter et al., 2005). Numerous
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bacteriocins produced by LAB species have been already described anelt is
known for their activiy against L. monocytogenes, Staphylococcus aureus,
Clostridiumsp.,Bacillussp. and other foodborne pathogé€@aly et al., 2017; Cotter
et al., 2005; Du et al., 2017; Zhao et al., 2016; Zhu et al., 28&4¢ral LAB isolated
from meat products presentadility to produce inhibitory substances against many
tested microorganisms, mairlly monocytogeng®arbosa et al., 2014; Djadouni and
Kihal, 2012; Du et al., 2017; Todorov et al., 2010)

The results obtained in this study indicated thaturvatusl2 presented better
inhibition against L. monocytogenesvhen compared to its partially purified
bacteriocin at both tested concentrations (Figures 1 and 2). Despitp rnere
practical, the use of starter cultures in fermented foods must be cedsidén care,
once these microorganisms can carry a number of virulence and antibsadiamce
related genes, posing as potential hazards for the consumers. Besigessence of
such genetic elements, it is important to evaluate the expmes§isuch viulent
characteristics. Once these hazards are identified, one alternative wdbtel isage
of the purified or partially purified bacteriocins of these straiigese issues lead to
further studies to assess the safety of the bacteriocinogenicssteginession of
virulence traits and/or purification of bacteriocins, followed bgrabterization of tis
cytotoxicity. Todorov et al. (20179bserved that genes related to the virulence factors,
vancomycin resistance and production of biogenic amines weserpee in low
frequency in LAB isolated from “lukanka”, and artisanal sausBgein et al. (2014)
studied the antibiotic resistance, virulence and biogenic amine praduictio
bacteriocinogenid_actococcusspp. andEnterococcusspp., and they observed the
presence of different combinations of virulence related genes, but nosardgdse

expression of such factors.
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Based on the obtained resultscurvatusl? is capable to inhibit the growth of
L. monocytogenes a fresh sausage system during storage at 7 °C due to the
production of a bacteriocin. However, the partially purified baateriovas not able
to determine a significant decreaselLofmonocytogenepopulations in the fresh
sausage in the tested concatibns but partially purified bacteriocins reduced 1.0 to
3.0 log CFU/g Further studies must be conducted to assess the safety asgects of
curvatusl? and the inhibitory activity of its bacteriocin at different coneittns and

after additional pufication steps.
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Table 1.Treatments of freskausages prepared wiliferent associations dafactobacillus curvatug?2 (bacteriocinogenic strair), sakeiATCC 15521 (non

bacteriocinogenic strainlisteria monocytogenearget), nisin and partially purified bacteriocin framcurvatusl?2.

Treatment Strains/bacteriocin Specifications

1 control -

2 L. monocytogeneg2 (target) 10° UFC/g

3 L. curvatusl?2 (bacteriocinogenic) 10° UFC/g

4 L. sakelATCC 15521 (norbacteriocinogenic) 10° UFC/g

5 L. monocytogeneg2 & L. curvatusl2 10° & 10° UFC/g

6 L. monocytogene&2 & L. sakeiATCC 15521 10° & 10° UFC/g

7 nisin 12.5 mg/g

8 L. curvatusl? bacteriocirjl] 12.5 mg/g

9 L. curvatusl?2 bacteriocirjl/2] 6.25 mg/g

10 L. monocytogenes2 & nisin 10° UFC/g& 12.5 mglg
11 L. monocytogene®&2 & L. curvatusl2 bacteriocirl] 10° UFC/g& 12.5 mglg
12 L. monocytogene®&2 & L. curvatusl2 bacteriocirj1/2] 10° UFC/g& 6.25 mglg
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Table 2. Mean counts (+ standard deviation) of lactic acid bacteri@sh ausages inoculated with different associatbrisactobacillus curvatud 2

(bacteriocinogenic strain),. sakeiATCC 15521 (norbacteriocinogenic strainh,isteria monocytogene@arget), nisin and partially purified bacteriocin from

L. curvatusl? and stored at 7 °C for 10 days.

Treatmen! Strains/bacteriocin Time (days)
1 4 7 10

1 control 3.86 £0.19¢c 492 +1.52bc 8.56 £0.29ab 7.34 £ 1.72abc
2 L. monocytogenes2 (target) 4.32 + 1.56¢ 5.36 + 2.01abc 8.36 £+ 0.40ab 7.43 £ 1.76abc
3 L. curvatusl? (bacteriocinogenic) 6.22 £ 1.31abc 7.50 +1.15abc 8.50 £ 0.16ab 8.32 £ 0.14ab
4 L. sakeiATCC 15521 (norbacteriocinogenic) 6.47 £ 1.22abc 6.66 + 1.24abc 9.12 + 0.44a 6.99 = 1.26abc
5 L. monocytogenes2 & L. curvatusl?2 5.79 +1.78abc 8.07 £ 0.41abc 8.38 £0.35ab 8.54 +0.18ab
6 L. monocytogene®2 & L. sakeiATCC 15521 6.44 £ 1.14abc 7.21 +1.95abc 7.73 £0.71labc 7.31 +1.18abc
7 nisin 3.56 £+ 0.39abc 4.50 + 1.23abc 8.64 £0.77a 6.12 + 2.19abc
8 L. curvatusl? bacteriocirjl] 493 +1.74abc 5.57 £ 1.71abc 6.85 = 2.04abc 6.90 + 2.42abc
9 L. curvatusl? bacteriocirj1/2] 452 + 1.45abc 5.66 £ 1.86abc 6.64 + 2.31abc 7.04 + 2.47abc
10 L. monocytogenes2 & nisin 2.88+ 0.16¢c 4.02 + 1.50abc 5.80 £ 1.39abc 7.86 = 1.56abc
11 L. monocytogene®2 & L. curvatusl? bacteriocirjl] 3.66 + 0.36abc 6.34 + 1.97abc 6.38 £ 1.78abc 6.97 + 1.56abc
12 L. monocytogene®& & L. curvatusl? bacteriocirfl/2] 3.33 £+0.31bc 4.64 £1.69abc 5.92 +1.97abc 6.69 + 2.22abc

* Mean counts followed by different letters are significantly diffedgy ANOVA and Tukey test (p < 0.05).
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Figure 1. Mean counts (+ standard deviation)agteria monocytogené? inoculated in fresh
sausages (®: alone; m: with LactobacillussakelATCC 15521, nosbacteriocinogenic; A : with
L. curvatusl2 bacteriocinogenic strain) and stored at 7 °C for 10 days. Asteriskstendica

significant differences by analysis of variaree Tukey (p < 0.05)
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Figure 2. Mean counts (+ standard deviatiorl)isferia monocytogené® inoculated in fresh
sausages (e®: alone; A: with nisin 12.5 mg/g; m: with L. curvatus12 partially purified
bacteriocin at 12.5 mg/g; o: with L. curvatus12 partially purified bacteriocin at 6.25 mg/g)

and stored at 7 °C for 10 days.
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CONCLUSOES

7z

Linguica calabresa artesanal € uma importante fonte de cepas de BAL
bacteriocinogénicas;

BAL isoladas de linguica calabresa artesanal apresentaram alto potencial
inibitério contralL. monocytogenesendd.. curvatusl2 e 36 aN. viridescen®3
capazes de produzir bacteriocinas com potencial aplicacdo na industria de
alimentos;

Cepas de BALbaderiocinogénicas isoladas de linguica calabresa podem
apresentar genes relacionados a viruléncia, resisténcia a antieqticdsoticos;
Bacteriocinas produzidas por BAL podem ser purificadas, sequenciadas e
identificadas a partir de uma série de métodos cromatograficos;

Quatro bacteriocinas produzidas pbr curvatus 12 foram purificadas, e
apresentaram sequencias sem similaridade com outras bacteriocinas;

L. curvatusl2 produtor de bacteriocina foi capaz de reduzir a multiplicacado da
populacdo dd.. maocytogeneem linguica frescal potencialmente sigedt
contaminagdo pelo patdgeno durante a estocagerCapdr 10 dias devido a
producéo de bacteriocina;

A bacteriocina semi purificada, em diferentes concentracdes, produzida por
curvatus 12 nédo foicapaz de determinar uma reducgao significativaLde

monocytogenes
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