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RESUMO

O presente trabalho foi realizado com o objetivestadar as caracteristicas
probidticas de bactérias acido-laticas (BAL) isatadle trés produtos/processos
alimenticios (linguica fresca, fermentacdo de cazaauim). Um modelo do trato
gastrointestinal (TGI) para avaliacéo das condifesdgicas celulares por meio de
analises de pH intracelular (pHoi desenvolvido. O modelo foi empregado para
avaliacéo de dois potenciais probitticos selecimsiadctobacillus plantarun FLA
CH3 eLb. brevisUFLA FFC199. Inicialmente, 234 BAL foram submetidateste de
sobrevivéncia em pH 2,0, sendo, entdo, seleciorslaEstas foram identificadas
comoLb. fermentun(34 isolados)lLb. plantarum(10) eLb. brevis(7). Com base nos
resultados de tolerancia a bile (0,3 %), habilidaatta autoagregacao e propriedades
hidrofébicas, os isoladds. fermentunfUFLA CH58), Lb. plantarum(UFLA CH3,
UFLA CH41 e UFLA SAU96) éb. brevifUFLA SAU105 e UFLA FFC199) foram
selecionadosLb. plantarum UFLA CH41 apresentou a maior capacidade de
coagregacao combscherichia colienquanto queb. brevis(UFLA SAU105 e UFLA
FFC199) elLb. fermentumlUFLA CH58 exibiram atividade antagbnica contra os
patdégenod.isteria monocytogeneasStaphylococcus aureuEm relacdo a adeséo as
células Caco-2l.b. plantarumUFLA CH3 e UFLA CHA41 elLb. brevis UFLA
FFC199 (1,6%, 1,1% e 0,9%, respectivamente) mastragsultados similares ao do
probidtico comercialLb. rhamnosusGG (1,5%). Estes isolados também foram
capazes de aumentar significativamente a resiatélétrica da barreira transepitelial
(TEER) das células Caco-2 em 24 horpsO(05). Contudo, por apresentarem
caracteristicas desejaveis para uso probidifzgylantarumCH3 (cacau) &b. brevis
FFC199 (cauim) foram selecionados e estudados mlelondo TGI desenvolvido.
Andlises do pkHforam determinadas empregando-se a metoddlagiascence ratio
imaging microscopy{FRIM). Foi observada heterogeneidade nas popgag®dm
valores de pHvariando de 6,5-7,5 e 6,5-8,0 ou maior, durarssgogem da saliva (pH
6,4) e do suco intestinal (pH 6,4), respectivameexposicdo ao suco gastrico (pH
3,5) gerou duas subpopulacBes, uma convatiindo de 3,5-4,5 e outra, de 4,5-5,6.
O isoladoLb. brevisUFLAFFC199 apresentou valores de phis proximos ao do
pH., quando uma solugdo nutritiva foi adicionada am syastrico, 0 que nao foi
observado pard.b. plantarum UFLACH3. O modelo do TGI desenvolvido,
empregando a técnica de FRIM, capacitou o0 monitmgnem tempo real da
homeostase do pH de células Unicas. Os isoldoloplantarumUFLA CH3 elb.
brevis UFLA FFC199 apresentaram potenciais caractedspieaa uso probiotico,
sendo capazes de sobreviver as condi¢Bes do T@emda-se viaveis e vitais.

Palavras-chave: Probidticd.actobacillus spp. Adesdo. TEER. pHFRIM.
Modelo gastro-intestinaih vitro.



ABSTRACT

This work aimed to study the probiotic charact@sstof lactic acid
bacteria (LAB) isolated from three food productprocesses (fresh sausage,
cocoa fermentation and cauim). A model of the gastestinal (Gl tract to
evaluate the physiological conditions of cells byracellular pH (pl analysis
was developed. The model was used to evaluatedigoted potential probiotic
Lactobacillus plantarumJFLA CH3 andLb. brevisUFLA FFC199. Initially,
234 LAB were subject to pH 2.0 test, and then 5tewselected. They were
identified asLb. fermentun{34 isolates)Lb. plantarum(10) andLb. brevis(7).
Based on the results of bile tolerance (0.3%),itghib auto-aggregation and
hydrophobic properties, the isoldtb. fermentunfUFLA CH58),Lb. plantarum
(UFLA CH3, UFLA CHA41 and UFLA SAU96) anidb. brevis(UFLA SAU105
and UFLA FFC199) were selectedb. plantarumUFLA CH41 showed the
highest ability to co-aggregate withscherichia coli while Lb.brevis (UFLA
SAU105 and UFLA FFC199) andlb. fermentumUFLA CH58 exhibited
antagonistic activity against the pathogehssteria monocytogenesand
Staphylococcus aureukegarding adherence to Caco-2 cdlls, plantarum
UFLA CH3 and UFLA CH41 and.b. brevisUFLA FFC199 showed similar
results (1.6, 1.1 and 0.9%, respectively) to thenmoercial probioticLb.
rhamnosusGG (1.5%). These isolates were also able to sagrifly increase
the transepithelial electrical resistance (TEER)Cafco-2 cells over 24 hp(
<0.05). Therefore, due to their potential probiafi@racteristicd,.b. plantarum
UFLA CH3 (cocoa) and.b. brevisUFLA FFC199 (cauim) were selected and
applied in the GI tract model developed in the enéstudy. Analyses of pH
were determined employing Fluorescence Ratio Ingagticroscopy (FRIM).
We observed heterogenous populations, with yatues ranging from 6.5-7.5
and 6.5-8.0 or higher during passage of saliva §pHl and intestinal juice (pH
6.4), respectively. Exposure to gastric juice (pkb)3showed two sub-
populations with pHranging from 3.5-4.5 and 4.5-5.6. The isolate brevis
UFLA FFC199 showed pHralues closest to pklwhen a nutrient solution was
added to gastric juice, which was not observed_forplantarumUFLA CH3.
The GI model developed employing FRIM, enabled a-tiene monitoring of
pH homeostasis of single cells. The isoldtbs plantarumUFLA CH3 andLb.
brevis UFLA FFC199 showed characteristics for potentiabfotic use, being
able to survive the conditions of the GI tract nta@iiming viable and vital.

Keywords: Probiotic.Lactobacillus spp. Adhesion. TEER.pHi. FRIM.Gastro-
intestinal modein vitro.
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PRIMEIRA PARTE

1 INTRODUCAO

A populacdo, de modo geral, esta mais conscienteldgdo existente
entre alimentagdo e salde. Sendo assim, a indistma buscado novas
alternativas para o desenvolvimento de alimentde suplementos alimentares
de boa aceitabilidade e com ingredientes capazpsod®ver a salde.

Probidticos sdo microrganismos vivos que, apOssidge se tornam
parte da microbiota do célon, pelo menos temparaide, e sao utilizados com
0 objetivo de melhorar a saide e o bem-estar deedeso. Grande nimero de
usos de probidticos para 0 combate de doencasingastinais vem sendo
proposto, incluindo modulacdo da imunidade da nmadatestinal, além da
prevencao e do tratamento de infec¢des intestinais.

As bactérias acido-laticas (BAL) vém sendo utilemdomo probidticos
em diversos produtos ou como suplemento alimed&rido ao comprovado
beneficio provocado no organismo hospedeiro. Cdpdei de regular a
microbiota intestinal, inibicdo da ades&o de mgaoismos patogénicos no trato
gastrintestinal (TGI), reducdo do colesterol séramamento da resposta imune
do hospedeiro e, ainda, reducéo do risco de doeéagcas, da intolerancia a
lactose e da atividade carcinogénica sdo exemplopmvados da atividade
funcional dos probiéticos. As bactérias probiéticgsralmente estudadas
pertencem aos génerasctobacilluse Bifidobacterium que apresentam uma
longa histéria de uso seguro em alimentos.

No processo de selecdo de um microrganismo probjotievem-se
considerar a origem da estirpe, a capacidade dsiade mucosa intestinal, a

tolerdncia a acidos, a tolerancia a bile, o antagom contra patégenos e o



histérico de néo patogenicidade (FOOD AND AGRICUIRE
ORGANIZATION OF THE UNITED NATIONS - FAO, 2002).

As bactérias probitticas sdo incorporadas, prittipate, a alimentos
fermentados, sendo os produtos lacteos seus misajarreadores. Uma vez
que as estirpes deactobacillusspp. isoladas de diferentes produtos ndo sdo as
mesmas além do fato de que cada bactéria desempdehente funcdo no
corpo, torna-se importante o estudo de diferenséispes, isoladas das mais
diversas fontes.

Devido ao importante uso de BAL como probidticostudos dos
mecanismos utilizados por essas bactérias parawobirem ao ambiente hostil
imposto pelo TGI tornam-se imprescindiveis. Estre€gsdo e a presenca de bile
no TGI dificultam a sobrevivéncia dos mais divergngoos de microrganismos,
incluindo as BAL.

A homestase de pH intracelular (pHesta intimamente ligada as
condic@es fisiologicas celulares, ja que a maidas enzimas é dependente dos
valores de pH para apresentar sua atividade ofinflaorescence ratio imaging
microscopy(FRIM), ou técnica de microscopia de fluorescénein sendo
utilizada com sucesso para analises dedeHcélulas individuais microbianas.
Diversos modelos simulando o TGI para estudos dmpootamento microbiano
vém sendo desenvolvidos, no entanto, nenhum dekesihjilita a obtencéo de
resultados para células individualmente e, sim, ufamonal. Modelos
empregando o método de FRIM tém a vantagem de eajjagem resultados
para células individualmente, possibilitando a ol@mgio das diferentes
respostas entre as células e, entdo, a formacggitdbgepulacdes.

Inicialmente, este trabalho foi realizado com oo de identificar e
avaliar as propriedades probiéticas de estirpdsadobacillusspp. isoladas de
linguica fresca industrial, fermentacdo de cacaca@im (bebida fermentada

indigena); desenvolver um novo sistema para o wrmamitento, em tempo real,
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das condicdes fisiologicas celulares nas condigdesTGIl por meio de
avaliacdes do pHpela técnica de FRIM e, por fim, avaliar as codes;
fisiolégicas de potenciais probidticos selecionadosnovo modelo do TGI
desenvolvido neste trabalho.
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2 REFERENCIAL TEORICO

2.1 A microbiota do trato gastrintestinal

O corpo humano tem diversas comunidades microbigmas/ivem em
relacdes simbioticas. Estas relacdes podem seraifuiitas (beneficiando
microrganismos e hospodeiros), comensais (beneficia somente
microrganismos) ou patogénicas (beneficiando mgemismos causando
prejuizo aos hospedeiros). O trato gastrintes{if@l) € um sistema complexo
gue se estima conter mais de 500 espécies e lltfietride microrganismos, o
gue corresponde a, aproximadamente, dez vezeséiaias que o ndmero total
de células do corpo (BACKHED et al.,, 2005; ECKBURS al.,2005). A
microbiota intestinal aulixia o organimo na prowc¢@®ntra enteropatdégenos, na
absor¢cdo de nutrientes e de energia da dieta, dntontribuir para o
funcionamento do sistema imune.

Dados sobre a microbiota do TGI surgiram a partir wbo de
metolodologias baseadas no cultivo, 0 que restiisgesultados, selecionando-
se apenas isolados capazes de crescer sob asdasndigoratoriais. Nas Ultimas
décadas, muito se tem avancado nesse sentidopdmvidso de metodologias
moleculares independentes de cultivo, permitindadescoberta de novas
espécies associadas a este ambiente. Este avasgjbiljfou determinar que a
maioria das bactérias presentes no TGl pertence filss Bacterioides e
Firmicutes (BACKHED et al., 2005; ECKBURG et al.0(5). Os métodos
independentes de cultivo tém demonstrado grandergiiliade microbiana no
TGI e estas comunidades microbianas apresentardegasmriacdes, de acordo
com o tempo e as populacbdes hospedeiras (CLAESSOM.,e2009). O
potencial de oxirreducdo positivo no intestino desnatos favorece a presenca
de bactérias, comBscherichia coli Enterococcuspp., Staphylococcuspp. e
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Streptococcusspp. Posteriormente, com a diminuicdo do teor xigéaio, o
ambiente torna-se propicio ao crescimento de basténaerdbias obrigatérias,
favorecendo a proliferacdo dBifidobacterium spp., Bacterioides spp. e
Clostridium spp. (MACKIE; SGHIR; GASKINS, 1999). Bactérias dénero
Lactobacilluse E. coli encontram-se em alta propor¢cdo na microbiotatintds
de criangas e adultos (MITSUOKA, 1996). Represaatandos filos
Actinobacteria, Proteobacteria e Verrucoicrobiapera ja detectados no TGl
humano, séo, geralmente, encontrados em menoréfieigu neste ambiente
(ECKBURG et al., 2005). Bactérias archea metanagdni(principalmente
Methanobrevibacter smithji eucariotos (principalmente leveduras) e virus
(fagos) estdo também presentes no TGl (REYES,&(l0).

VariagGes das comunidades microbianas present&é&hao longo do
tempo, séo influenciadas pela dieta, a idade, ardedisiolégico do hospedeiro
(ex.: estresse, gravidez) e o uso de antibi6titdiGLER; HANAWAY;
COHRSSEN, 2007; SERINO et al., 2009). Um grupo dseqgpisadores da
Universidade de Washington nos Estados Unidos detmmanque pessoas que
perderam peso por meio de dietas pobres em gordwasboidratos reduziram
os niveis de adiposidade em conjunto com a taxandmbros dos filos
Firmicutes a Bacterioides (LEY et al., 2006). Estidambém revelam que a
microbiota do intestino de mamiferos é mais sindlmtro das espécies que em
membros de diferentes espécies, mesmo quando hagtemde separacdo
geogréafica entre os membros de mamiferos da mespecie (LEY et al.,
2008). Estes estudos demonstram uma clara coewoligéhospedeiro e sua
microbiota e a importante contribuicdo da micrabigitestinal para a salde
humana (O’'FLAHERTY; KLAENHAMMER, 2010).
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2.2 BAL: taxonomia e funcionalidade

BAL representa um grupo de bactérias heterogénegse epartilham
muitas caracteristicas fisiologicas, dentre elastada-se a capacidade de
produzir acido latico durante a fermentacdo. Tartnamente, espécies de
BAL sdo encontradas em dois distintos filos: Fiutés e Actinobacteria.
Dentro do filo Firmicutes, as BAL pertencem a orddmctobacillales e
incluem, entre outros, 0s seguintes génerAsrococcus Alloiococcus
Carnobacterium Enterococcus Lactobacillus Lactococcus Leuconostoc
OenococcusPediococcus StreptococcysSymbiobacteriumnTetragenococcys
Vagococcue Weissellaque séo todos organismos com baixo contetdo GC (3
49%). Dentro do filo Actinobacteria, as BAL pertentaos génerostopobium
e Bifidobacterium com um teor de GC de 36%-46% e 58%-61%,
respectivamente (KLAENHAMMER et al., 2005; PFEILER;
KLAENHAMMER, 2007).

De modo mais geral, o termo BAL nao reflete umasaafilogenética,
mas sim as capacidades metabdlicas deste gruperibaot heterogéneo, dos
guais 0 mais importante é a capacidade de fermag@@ares principalmente em
acido lactico. BAL sdo também caracterizadas paoensegram-positivas,
catalase negativas (podem apresentar pseudocgtalagerobias aerotolerantes,
ndo esporulantes, geralmente motilidade negatéeido-tolerantes (PFEILER,;
KLAENHAMMER, 2007).

BAL sdo amplamente utilizadas em diversas aplicagdeustriais,
como culturas iniciadoras em industrias de alimentermentados, como
probidticos em suplementos alimentares, além detegede bioconversao.
Varios alimentos fermentados estdo relacionadostiddade das BAL,
proporcionando qualidade nftavour, na textura e na conservacdo destes

alimentos. Os géneros/espécies mais importantasapéicacdes industriais séo:
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Lactobacillus (leite, carne, vegetal, cereal)actococcus(leite), Leuconostoc
(leite, vegetal), Pediococcus(carne, vegetal),Oenococcus oenivinho) e
Streptococcus thermophildieite) (KLAENHAMMER et al., 2005).

Plantas e animais, e o correspondente produto rlicie fermentado,
sdo, geralmente, fontes nas quais se encontramAls(BIRAFFA, 2012).
Algumas espécies também ocorrem nos tratos reSpiraintestinal e genital de
humanos e animais. A capacidade para colonizar variadade de habitats é
consequéncia direta da versatilidade metabdlicdedgsupo de bactérias.
Contudo, as BAL sdo empregadas, ao longo de décadasonservagédo de
alimentos, sendo amplamente consumidas por hungpossuindo o status de

generally recognized as saf6GRAS), isto é, seguras para 0 consumo
(KLAENHAMMER et al., 2005).

2.3 BAL como probidticos

As BAL tém importante fungéo na producéo de alimentlevido a sua
contribuicdo positiva para o sabor e a conservagdproduto final. Além das
fermentacdes tradicionais, BAL s&o extensivametilizadas como agentes
preservantes, acidulantes e flavorizantes em atamecomo intermediario em
fabricacfes de farmacos e cosméticos (ex. curatiaogico), na fabricacdo de
polimeros acido polilatico biodegradaveis (LIU, 2p@ para o desenvolvimento
de probidticos.

O termo probiético significa "por vida" e a Orgagao Mundial da
Salde (OMS) define probiéticos como "microrganismo®s que, quando
administrados em quantidades adequadas, conferemfidies a salde do
hospedeiro". Pesquisas na 4rea de probiéticositBimamplamente realizadas e
progressos importantes relacionados a selecdo ara@terizacdo de culturas

probidticas vém sendo obtidos, confirmando os beiosfa salde associados a
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eles. Tradicionalmente, alimentos fermentados sfioprancipais fontes de
probidticos e, portanto, um dos principais supldo®rda dieta do mundo
moderno.

BAL é o mais importante grupo de microrganismos emilmente
utilizados como culturas iniciadoras para a falgdoade produtos lacteos
probidticos (HEENAN et al., 2002). Representantes génerosactobacilluse
Bifidobacteriumsdo os mais amplamente utilizados e estudados bagtérias
probidticas. Estas cumprem os critérios exigidoa garem selecionadas como
probidticos, como, por exemplo, apresentar resigiéis enzimas da cavidade
oral; sobrevivéncia ao longo do TGI, chegando aallde atua¢do num estado
fisiolégico viavel e a aderéncia a superficie dulaéhospedeira (OTERO;
OCANA; MACIAS, 2004). Atualmente, os probiéticosos@onsumidos em
produtos lacteos fermentados ou como culturadiziaflas. Os probiéticos, ao
atingirem a parte inferior do intestino delgada@n, colonizam e multiplicam-
se para exercer seus efeitos benéficos. Os baseficsalude proporcionados
pelas BAL variam desde a regulagdo da microbidésiimal até a modulacao da
resposta imune. Melhora do quadro de intolerantaatase, reducéo no risco de
diarreia provocada por bactérias e virus patogénibem como reducdo do
colesterol sérico sdo alguns outros efeitos paositobtidos com o consumo de
probiético (ROBERFROID, 2000).

Na Tabela 1 mostram-se alguns dos produtos probgtisponiveis no
mercado, a BAL probidtica usada em cada preparagdos beneficios
proporcionados a salde.

Os mecanismos pelos quais as BAL diferencialmentelulam as
funcbes da célula hospedeira dependem dos constguila parede celular das
bactérias e seus correspondentes receptores nalascélo hospedeiro. A
capacidade das bactérias de colonizarem as supedi mucosa pela aderéncia

as células epiteliais do TGl e as proteinas daimaxtracelular depende da
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hidrofobicidade da superficie celular. A toleranai@cidos e a bile auxilia na
sobrevivéncia sob as severas condi¢8es fisico-qagnimpostas pelo ambiente
do TGI (ZAREBA et al., 1997). As interacbes dasulzd probidticas com a
camada de mucina das células epiteliais do hospeggieilem aumentar o tempo
de retencdo do probiético no hospedeiro (OTERO; REAMACIAS, 2004).

A atividade antimicrobiana das BAL é atribuida aducédo de acidos organicos
(CABO; BRABER; KOENRAAD, 2002; LIND et al., 2007Ya@ bacteriocinas
(MAGNUSSON; SCHNURER, 2001; STROM et al., 2002; TRICO et al.,
1988). Bacteriocinas de menos de 20 kDa, geralmeatsam a despolarizagdo
da membrana das células alvo e/ou inibem a sideeparede celular, e aquelas
com mais de 20 kDa, geralmente, degradam a caneadauckina (SETTANNI;
CORSETTI, 2008). A reuterina, um agente de amppeeso antimicrobiano
produzido porlL. reuteri afeta a sintese proteica, impedindo o crescimeato
patégeno (TALARICO; DOBROGOSZ, 1989; VOLLENWEIDERACROIX,
2004). Os éacidos organicos, na sua forma hidro&éobéo dissociada, difundem-
se através da membrana celular dos microrganisatogénicos, neutralizando
0 potencial electroquimico e aumentando sua peiifitzate, resultando, entéo,
na bacteriostase e na morte do patégeno (DALIE; CHESMPS; RICHARD-
FORGET, 2010; DIVYA; VARSHA; NAMPOOTHIRI, 2012).



Tabela 1 Exemplos de probiéticos disponiveis naad. Modificada de Divya et al. (2012)

Nome comercial

Organismo

Beneficios a saude Fonte

Culturelle probiotic
(Amerifit Brands)

Kyo-Dophilus (Kyolic)

Dannon DanActive

RepHresh Pro-B

Ideal bowel support

299V

Yakult (Yakult)
Actimel (Danone)
Activia (Danone)

LactobacillusGG

L. acidophilusB.
bifidum, B. longum
L. caseilmmunitas

L. rhamnosusL.
reuteri
L. plantarum

L. caseiShirota
L. caseiDefensis
B. animalis
DN173010

Restaura equilibrio da microbiota www.culturelle.com
intestinal e estimula sistema imune
Regulacéo da funcao intestinal www.kyolic.com
Recompde microbiota apds diarreisww.dannon.com
associada a antibioticose estimula
sistema imune

Mantem microbiotavaginal www.pro-b.com
Reduz inchago, gases e desconfortewvw.jarrow.com
intestinal

Equilibra microbiota intestinal
Regula microbiota intestinal
Regula microbiota intestinal

www.yakult.com.br
www.actimel.com

www.activiadanone.dam.

LT



18

2.4 Selecao de culturas e funcionalidade de BAL

Embora muitas estirpes probidticas de BAL ja segonhecidas e
aplicadas em alimentos fermentados probiéticos otieie em todo 0 mundo
(TAMIME et al., 2005), o mercado de produtos biafimmais, incluindo os
probidticos, esta continuamente necessitando deingmtacéo e diversificacao
dos produtos disponiveis. Para isso, h4 uma neeésscrescente de identificar
novas estirpes biofuncionais, novas estratégiaa parantir a sobrevivéncia
dessas culturas e diferentes fontes para o isotandas estirpes. Estudos
recentes mostraram que isolados reconhecidos cashicos séo encontrados
também em substratos fermentados ndo lacteos (RAMEFPINOZA,
GALLARDO-NAVARRO, 2010).

A possibilidade de incluir estirpes isoladas detdenndo lacteas em
preparagfes probidticas poderia ampliar o lequestees disponiveis a serem
candidatas ao uso como probidticos. Um fator ingmbet que limita a
disponibilidade de novas culturas probidticas éigegdo aos custos industriais
de deteccdo e caracterizacdo de novos candidatestoipes de BAL com
propriedades probidticas. Isso levou ao desenvelimde diferentes conjuntos
de testes simples para a selecéo das estirpéso (GIRAFFA, 2012).

2.4.1 Critérios para sele¢éo de candidatos a proliiéos

Para um probiético trazer beneficio a salde, algutérios devem ser
considerados. Devido a amplitude de funcfes-alde aplicacdes tecnoldgicas,
a selecdo e a avaliacdo de potenciais candidam®kadticos exigem uma
abordagem abrangente com mudltiplos passos. Ger@mema caracterizacao
bésica inicial de identificacdo da estirpe e taxoiaoé seguida pela selecéo

daquelas com propriedades funcionais por meio dai@ validadoé vitro e
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in vivo. Varios aspectos, incluindo origem, sobrevivér@saondigbes impostas
pelo ambiente do TGI, funcionalidade e caractedstprd-tecnolégicas, devem
ser levadas em consideracdo no processo de salec@stirpes probidticas
(CHASSARD; GRATTEPANCHE; LACROIX, 2011).

2.4.2 Propriedadesn vitro de importancia biolégica e tecnoldgica

Os testedn vitro, recomendados pela FAO/WHO (FAO, 2002), séao
Uteis para caracterizar as diferentes estirpesnbkecer o mecanismo do efeito
probidtico. Os principais testdm vitro atualmente utilizados em estudos de
estirpes probiéticas incluem resisténcia abaixo pite, resisténcia a acidos,
adesdo as células epiteliais humanas e linhagehdares, atividade
antimicrobiana contra bactérias potencialmente géaticas, capacidade de
reduzir a adesdo de patégenos em superficies, idagacde aumentar a
resisténcia da barreira epitelial humana e de dieha celulares, entre outros.
Testes mais sofisticados podem incluir experimepsoa verificar o efeito dos
probidticos na modulacéo do sistema imune, por mi@iestimulacdo de células
mononucleares de sangue periférico e determinacdo aitocinas
(MARAGKOUDAKIS et al., 2006).

Na maioria dos casos, no entanto, o grande nunepstifpes a serem
testadas levou a introducdo de abordagens de €étniage subtracdo”, que
consistem numa sequéncia de testes (ex. toler@nbide, acidos, etc.) para
reduzir progressivamente o0 nimero de estirpes datadi a probiético. No final
das andlises, as estirpes que apresentarem o maiogero de propriedades
funcionais e, concomitantemente, sem tracos negatséo selecionadas. Como
exemplo significativo, foi realizado um estudo céinisolados déactobacillus
spp. e as bactérias foram submetidas a anaiirsegtro de "triagem de

subtrac@o". Todos os isolados foram testados quast@ resisténcia a bile; as
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estirpes resistentes foram, entdo, avaliadas quantsua capacidade de
sobreviverem a baixos pH. Mais uma vez, aquelasteeses a pH baixo foram
analisadas quanto a possibilidade de exibirem daiiles prejudiciais ao
hospedeiro (DELGADO et al., 2007). Uma abordagemnmefieante foi
recentemente aplicada as estirped.dplantarum isoladas de produtos lacteos
(ZAGO et al., 2011).

No caso dos probioticos que sdo adicionados a mtlone
industrializados, as estirpes candidatas devenesgior ao processamento do
alimentos e aos estresses biolégicos, os quaigeimctoleréncia a estresse de
temperatura, pH, bem como estresse oxidativo e timm@lém de ataque de
bacteriéfagos. As estirpes bacterianas que foreiizagias como starter
acidificante primaria ndo devem possuir atividaddingicrobiana contra a
estirpe probidtica empregada. Culturas probidtiod® devem ter efeitos
adversos sobre o0 gosto ou 0 aroma do produto el@dmm aumentar a acidez
durante o periodo de vida util do produto (GEORGAE! al., 2009; MILLS et
al., 2011).

2.5 Potencial funcional de bactérias probioticas ndGl

2.5.1 Resisténcia elétrica transepitelial (TEER)

A homeostase intestinal é essencial para sustemi@barreira intestinal
intacta para a saude do intestino. LesGes nestairaapodem resultar em certo
namero de doencgas intestinais, incluindo infecgdiogatégenos, sindrome do
célon irrithvel (SCI) e doenca de Crohn (SCHULZKiEak, 2009;ZEISSIG et
al., 2004). Além disso, uma barreira intestinal posmetida pode levar a
exposicao das células imunes da mucosa ao contigdidonen, como antigenos

da microbiota intestinal, levando a uma respostmotogica irregular.
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Acredita-se que a homeostase seja mantida pobkgagruzadas entre
as células epiteliais e células dendriticas, erea@alpdas mucosas. No entanto,
bactérias probidticas e a microbiota intestinalamor reconhecidas como
importantes mediadores da funcdo da integridade baaeira intestinal.
Resisténcia elétrica transepitelial, ou TEER, émétodo comumente utilizado
para determinar a integridade da barreira em liahagcelular epiteliais
(SCHNEEBERGER; LYNCH, 2004). As bactérias probiésic normalmente,
promovem um efeito positivo sobre a barreira, efudes nos quais se
empregam linhagens celularvitro, avaliadas por medidas crescentes da TEER
(KLINGBERG et al., 2005; NISSEN et al., 2009).

Infec¢bes da linhagem celular do epitelio intestitearatos IEC conk.
coli enteropatogénica resultaram em declinio na TEE&Rneatando a
permeabilidade epitelial e a disfuncao fisiologiEatretanto, a exposicao prévia
da linhagem celular IEC colith. acidophilusvivos limitou os efeitos adversos
causados poE. coli, fato ndo observado para células lde acidophilus
inativadas pelo calor (RESTA-LENERT; BARRETT, 2008feitos positivos
adicionais sobre a barreira epitelial, causadosbpotérias probidticas, incluem
a prevencdo da fixacdo de patégenos aos epitélipgyducdo de moléculas de
defensina, a atenuacgédo na producéo de citocinasffatmatérias e a prevencéo
de apoptose induzida pela citocina (MENNIGEN; BRUERY 2009). Os
resultados destes estudos demonstram que as asqgbéobidticas podem ter
efeito positivo sobre a integridade da barreiratatana presenca como na
auséncia de agentes patogénicos.

Estudos realizados em modelos animais confirmaraauroento da
funcdo da barreira de células IEC, devido a atdédde bactérias probidticas
(EWASCHUK et al., 2007, 2008; MENNIGEN et al., 2008dicionalmente,

estudosin vivg, juntamente com transcriptbmica, continuam a dhrcios
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mecanismos exatos pelos quais 0s microrganismdsiofioms aumentam a
integridade da barreira epitelial.

Na Figura 1 é apresentado um modelo esquematiomdeoco da placa
para analises da TEER, simulando o intestino. Aglas crescem sobre uma
membrana microporosa e desenvolvem resisténciaefpialial, avaliada entre
0s compartimentos apical e basolateral. Na Figurabgerva-se o aparelho
Epithelial voltohmmeterEVOM (World Precision Instruments, Inc), empregad

para a obtencado dos valores de resisténcia eléitsepitelial.

Liamen

Células
epiteliais 1
polarizadas v

Lado basolateral

Figura 1 Esquema do modelo utilizado para anatis€BEER
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Figura 2 Aparelho Epithelial voltohmmeter EVOM (World Precision
Instruments, Inc.) utilizado para as avaliagcbes THER de
linhagens celulares

2.5.2 Atividade antagonica contra patégenos

Estudosdn vitro relatam capacidade antagonistica de culturasdiicds
contra bactérias patogénicas (PRIDMORE et al., 2608AN et al.,2009).
Bacteriocinas sdo pequenos peptideos antimicrabiaestaveis ao calor,
produzidos por varias bactérias, inclusive BAL.1@bal. (2007) demonstraram,
in vivg atividade preventiva contra infec¢cbes causadas Ipisteria
monocytogenesm ratos, por meio do uso da estitpe salivariusUCC118,que
foi capaz de produzir bacteriocina inibindo o cimesnto do patdgend..
monocytogenedMétodos adicionais de estudos de atividades ariimianain
vitro incluem producdo de perdxido de hidrogénio (PRIDRE et al., 2008),
acido lactico (FAYOL-MESSAOQUDI et al., 2005), exsiio competitiva (LEE
et al., 2003) e na modulagéo do sistema imunol@RaAN et al., 2009).
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2.5.3 Adeséo de células probidticos a células efiaés intestinal

Um dos critérios mais importantes para a selecaccaialidatos a
probidticos é a colonizagdo do intestino do hospederomovendo, assim, seus
efeitos biolégicos benéficos (FALAGAS; RAFAILIDISMAKRIS, 2008;
GIBSON; MCCARTNEY; RASTALL, 2005; MYLLYLUOMA et al. 2008;
PARKES; SANDERSON; WHELAN, 2009).

A ligacao inicial das bactérias é, normalmente, iadad por meio do
reconhecimento das porcdes de carboidrato da $tipeda célula intestinal,
incluindo glicoproteinas e glicolipidos, conform@esentado pdcactobacillus
(CENCIC; LANGERHOC, 2010) e pdBifidobacterium(HE et al., 2001). A
linhagem celular Caco-2 (Figura 3) é formada pd&ulaé de adonocarcinoma de
c6lon humano amplamente utilizadas como model®itro para estudos de
colonizacdo e mecanismos de interagBes de célutdsopcas (CUI et al.,
2009;LEE et al., 2009; SCHNABL; FIELD; CLANDININ,@®9; UCHIDA et
al., 2009; VISCO et al., 2009).

O conhecimento da capacidade de adesdo das bsceerizelulas
intestinais é de extrema importancia para a sel@gfculturas probidticas.
Quando aderidas, elas impedem a adesédo de bag@tiggnicas e aumentam a
funcdo da barreira intestinal, além de serem capdeeestimular o sistema
imune do hospedeiro. Em aplicacdes industriais, gra combinacbes de
estirpes sdo empregadas, 0 estudo da capacidadiesio € imprescindivel, ja
que estirpes individuais podem competir pelo meseueptor e, assim, a
atividade probidtica pode ser afetada (BOTIC et 2007; CORR; HILL;
GAHAN, 2009;GUEIMONDE et al., 2007; LI et al., 208B0UNTZOURIS et
al., 2009).
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Figura 3 Fotomicrografia de células de adenocamiale c6lon humano
(Caco-2)

2.6 pH intracelular (pH;)

O pH é um dos fatores mais importantes na manutencdisidigia
celular dos organismos, ja que as enzimas sao deps de valores de pH
para apresentarem sua atividade 6tima. Além dassmncentracdo de prétons
esta intrinsecamente envolvida na bioenergéticalazelO sistema de forca
préton-motriz € a fonte central de energia e o igrad de pH ApH) na
membrana celular bacteriana é importante fator pafancionamento desse
sistema (KRULWICH; SACHS; PADAN, 2011).

As células, normalmente, exercem regulacdo do euhl funcdo das
condicbes ambientais. Pesquisas realizadas nestdosevelaram que efeitos
antibacterianos e antifiungicos de acidos organifrasos (ARNEBORG;
JESPERSEN; JAKOBSEN, 2000; HALM et al., 2004) eritaitacidificado
(MORTENSEN et al., 2008) sao atribuidos a aciddf@mintracelular. Estresses
osmoticos induzidos por sacarose e sorbitol (FANGI.e 2004; VINDELOV;,

ARNEBORG, 2002) e NaCl (MORTENSEN et al., 2007, @0também geram
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acidificagcdo intracelular de bactérias e leveduradicionalmente, efeitos de
compostos antimicrobianos, por exemplo, bacterascm desinfectantes, podem
também ser detectados por alteracbes ng (BAGGIA et al., 2010;
KASTBJERG et al., 2009). Além disso, o tipo de afadte utilizado influencia
diretamente a regulacdo do;pManto pH quanto fluxos de fonsHsdo mais
severamente afetados pelo acido latico que petn @toridrico (SHABALA et
al., 2006).

Os eucariotos superiores exibem homeostase citgtas do pH em
valor de pH 7,3, com pH extracelular (Rkl rigorosamente controlado de 7,4
Em contraste, as bactérias neutréfilas podem arescealores de phvariando
de 5,5 a 9,0 e, geralmente, mantém seus valorestdeariando de 7,7 a 7,5.
Portanto, a maioria dos neutréfilos tem estratéogaia manter o pHalcalino em
relacéo ao pkl em sua extremidade baixa do intervalo de pH dectrento e
pH; acido em sua extremidade alta do intervalo de KRIMLWICH; SACHS;
PADAN, 2011).

As BAL sdo capazes de manter utpH, sobre uma ampla faixa de
valores baixos de pkd De acordo com Nannen e Hutkins (1991), erg, pihior
gue 5,0, a faixa de pHariando de 6,0 a 7,5 é considerada 6tima para o
crescimento das BAL, enquanto o;@0 é considerado critico. Shabala et al.
(2006), ao estudarem a estratégid_dedelbrueckiisubspbulgaricuspara lidar
com o estresse acido, observaram que esta baoténdte a entrada de prétons
apos tratamento acido, de modo que Q peébue o pH (com baixoApH
mantido). Se as células mantiverem q pldvado poderia causar o acumulo de
anions provenientes da fermentacdo. Portanto, petwa@nte, para bactérias
fermentativas, € melhor que o ptfecresca em fung¢do do gHresultando em

menor acumulo de &nions no citoplasma.
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2.7 Técnicas para avaliacdo do pH

Os primeiros estudos para determinacdo deepHbactérias baseavam-
se na distribuicdo de acidos ou bases fracos tadioeente marcados nas
células. O método é preciso, porém, apresenta algulimitacdes. Neste
método, o pHé determinado por meio da média de ph uma populagéo de
células. O resultado é preciso quando as condig@esultivo séo ideais e
controladas, porém, muitos estudos sdo focadosmatancas do pHdas
células, quando submetidas a condi¢Bes de culthiessantes, como, por
exemplo, o ambiente acido (FOSTER; HALL, 1991; HEEK HIRSHFIELD,
1990; O'SULLIVAN; CONDON, 1999). Nestes casos, uamero significativo
de células pode ndo ser mais metabolicamente v{#ASHKET, 1985) e,
portanto, pode ndo regular o jpHla mesma maneira que aquelas
metabolicamente viaveis. O valor de;pidsultante, determinado a partir da
mistura de células vidveis e ndo viaveis, serd umadia entre duas
subpopulacdes com diferentes valores de pH

O método de ressonancia magnética nuclear utilzéisforo-31 (RMN
31°%) também ¢ utilizado para a determinacéo deeptbactérias (FOUCAUD et
al., 1995). E um método nio invasivo, porém, egigesa populacéo de células
e tem tempo de resolucdo limitado, além de aprasenmesmo problema dos
métodos de distribuicdo de radioativos (SIEGUMFELBNENBORG, 2011).

Outro principio para a determinacdo de ; pttiliza compostos
fluorescentes que apresentam emissdes de fluockaséependentes de pH.
Fluoresceina e uma série de derivados de fluoresd@im intensidades de
emissdo dependentes de pH quando excitadas a 488dendo ser utilizadas
diretamente para avaliacdo de ;peim populacbes de células utilizando
espectrofluorimetro (MAGNI et al., 1999; MOLENAARBEE; KONINGS,

1991). Esta metodologia permite medi¢des rapidamtnuas, porém, apresenta
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as mesmas limitacdes em relagdo a andlise de sulbpdps e, ainda, erros
podem ser obtidos por meio de vazamento do copmmtea matriz extracelular
(BREEUWER et al., 1996). As avaliagcbes mais efigerde pHpor meio do
uso de fluorescéncia baseiam-se na relacdo entrgritnentos de ondas
dependentes e independentes de pH.

No método FRIM, o precursor nao fluorescente daoetde
carboxifluoresceina é adicionado a uma suspens@eldias e entra na célula
passivamente. Dentro das células, o composto élisiio por esterases
intracelulares, resultando na carboxifluoresceilt@mente fluorescente (R =
OH). Ao adicionar o grupo succinimidil ao radicB)(o composto pode ligar-se
a aminas intracelulares, aumentando a capacidagerdenéncia no interior da
célula, mesmo em células estressadas ou com mesmiaaificada (Figura 4A).
A intensidade de fluorescéncia apds excitacdo a r¥88é dependente da
concentragdo do corante e do pH. Para evitar eerogrrentes de intensidades
de coloracdo desiguais, os derivados de fluorescsfio excitados em dois
comprimentos de ondas diferentes, no ponto isasbggbnto no qual as curvas
todas se juntam e o comprimento de onda da forida acbasica tem o mesmo
coeficiente de extincdo e indices de absorbanaiaisy e no maximo de
excitacdo. No ponto isoshéstico, a emissdo deefe@ncia é independente do
pH e a emissdo reflete meramente a concentrac@ordnte. Dividindo-se a
emissdo a partir da excitagdo no comprimento de degendente do pH (488
nm) com a emissao a partir do ponto isosbéstich (#3), um valor de indice é
obtido, o que reflete somente o valor dg pHhdo a concentracdo do corante
(Figura 4B) (SIEGUMFELDT; ARNEBORG, 2011). Um exelmpla correlagcéo
entre o pH e a proporcédo (490 nm e 440 nm) de @itcde carboxifluoresceina
succinimidil éster (CFDA-SE) é apresentado na Rigig.
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Figura 4(A) Hidrdlise intracelular do precursor riimrescente diacetato de carboxifluoresceina atnoxifluoresceina
altamente fluorescente. (B) Curvas relacionandopconento de onda com taxa de excitacdo fluorescente
em diferentes valores de pH. (C) Relacao entre pkbporcéo (490 nm e 440 nm) de CFDA-SE em células
com pH equilibrado dBacillus subtilis(linha com quadrados),lectococcus lactiglinha com tridngulos).
Fonte: Breeuwer et al. (1996)
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O método FRIM tem sido utilizado com sucesso patarchinagdes do
pH, de BAL (RECHINGER; SIEGUMFELDT,2002;SHABALA et al.
2006;SIEGUMFELD; RECHINGER; JAKOBSEN, 2000; WU €t, a&2012),
Listeria monocytogenes(KASTBERG et al.,, 2009; PHAN-THANH;
MONTAGNE, 1998), Escherichia coli(RIONDET et al., 1997) e também
leveduras (ARNEBORG; JESPERSEN; JAKOBSEN, 2000;GBEDDT,;
ARNEBORG, 1998; HALM et al., 2004; VALMORRI et ak008). Contudo, a
faixa de valores de pkino qual determinado corante fluorescente pode ser
utilizado para avaliacao do pH limitada. Os pHs que podem ser determinados
por CFDA-SE séo de, aproximadamente, 5,0 a 9,0.0Eandsta seja uma faixa
atil para muitos experimentos, ha limitacdes pa@esmentos conduzidos em
baixos pH, por exemplo, para avaliar alteracéepHleem estresse acido. No
entanto, este problema pode ser superado utilizeaadondas com pKa inferior,
como, por exemplo, diacetato de carboxr‘aliclorofluoresceina succinimidil
éster (CDCFDA-SE), com a qual os valores degadlem ser determinados em
pH abaixo de 4,0 (SHABALA et al., 2006).

FRIM é um método aperfeicoado em que a determindgdm@zao do
pH; é utilizada em conjunto com microscdépio e analigemagens de sistemas.
Esta técnica é capaz de obter resultados para nita ¢glula e, portanto, esse
método pode resolver o problema na obtencdo dempHsubpopulagdes. Além
dos resultados obtidos para célula Unica, FRIM tamhpresenta vantagens na
capacidade de analisar as células em superficigas®, mesmo, superficies
opacas, como, por exemplo, metal. O primeiro uséREBM em bactérias foi
para determinacdo de phio desenvolvimento de esporos de espécies de
Bacillus (MAGILL et al., 1994, 1996).
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2.8 Situacgbes de estresse celular

Devido ao difundido uso de BAL como probioticos,rnmse
imprescindivel buscar estirpes de BAL resistentesdizersas condi¢cdes de
estresse, ja que precisam sobreviver as condigdiesstas pelo trato digestivo,
resistir & competicdo na microbiota intestinalpodar a mucosa digestiva ou
urogenital e expressar funcdes especificas em gieslidesfavoraveis para o
crescimento (por exemplo, durante fase estacign&iassencial conhecer néo
s6 quais condicdes sdo desfavoraveis ou prejuslipiia a vida das BAL, mas
também quais mecanismos permitem sua sobrevivératizidades metabdlicas
sob condicbes estressantes (ANGELIS; GOBBETTI, 2@RMCHTE et al.,
2002; MILLS et al., 2011; ZANG et al., 2012).

As células bacterianas sdo naturalmente equipamasuma variedade
de mecanismos de defesa para aumentar a sobrasiv@ncambientes hostis
(MILLS et al.,, 2011). Dentre estes mecanismos, uel-se proteinas
chaperonas que auxiliam na conformacdo das preteile@rmadas, proteases
gue degradam proteinas irreversivelmente danifgadistemas de transporte
para manter a osmolaridade correta, catalases erésigio dismutase para
combater espécies reativas de oxigénio, bem comuobé&® de prétons,
descarboxilases e transportadores para combateedacdo pH(ANGELIS;
GOBBETTI, 2004; GUCHTE et al., 2002; MILLS et a2011). Na Figura 5
estdo esquematizadas as principais respostasreslala estresse causado por
acidos e bile.
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Figura 5 Representacdo esquematica das princgsi®stas ao estresse em pH &cido e bile em bifitirkss. (1) Os
acidos biliares conjugados entram no citoplasmaehaooe séo clivados pela BSH (sal biliar hidre)a@)
liberando aminoéacido e radical de acido biliar degegado. (3) Acidos biliares desconjugados tampédem
entrar na célula por difusdo passiva e se tornaprdmnados (4). (5)Sais biliares ionizados saeimpaveis
e séo excretados pela acdo de certos transporsagoreexemplo Ctr (transportador colato)Biédobacterium
longum (6) Aumento da sintese de chaperonas molecutarasdanca na composi¢cdo de acidos graxos da
membrana celular podem ocorrer (7). Exposicdo acapido ou desprotonacdo de sais biliares resulta na
acidificacdo do citoplasma (8). Isso pode ser atatfiancado pela producdo de aménia a partir danitesgéio
de glutamina (9) ou pelo bombeamento prétons ddacpElo sistemagf-ATPase (10) .ATPs requeridos para
a realizacdo desses sistemas séo gerados atragiedtise (11).Fonte: Mills et al. (2011)
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2.8.1 Estresse acido

Ambientes acidos sdo importantes causas de estpesaeBAL. As
estirpes probidticas sao expostas a estresse extter@cidos quando chegam ao
estbmago, onde o acido hidrocloridrico esta presdfnn resposta ao estresse
acido, BAL empregam numerosos mecanismos para\sedreao baixo pH,
incluindo aumento da atividade e da quantidade gde-RTPase (LORCA;
VALDEZ, 2001; MATSUMOTO; OHISHI; BENNO, 2004), doistema de
reparo de DNA induzido por baixo pH (LEBEER; VANDERYDEN;DE
KEERSMAECKER, 2008), manutencdo da homeostase do(ldHTKINS;
NANNEN, 1993; SIEGUMFELDT; RECHINGER; JAKOBSEN, 200 e
alteracdes no envelope celular (ZHANG; ROCK, 2qE&jura 5). O sistema de
transporte de protons ATPase é o de maior impddapara bactérias
fermentativas (HUTKINS; NANNEN, 1993). Esta enzirf@ caracterizada
comoLb. caseieLb. Plantarum e sua atividade 6tima foi encontrada em valores
de pH de 5,0-5,5 (BENDER; MARQUIS, 1987; NANNEN; AKINS, 1991),
valores menores que aqueles (pH 7,0-7,5) encomstrpdmaS. thermophiluse
Lc. lactis subsp.lactis (NANNEN; HUTKINS, 1991). A permeabilidade da
membrana plasmatica a protons também contribui paragulacdo do pH
(BENDER; MARQUIS, 1987).

Com excecdo de algumas espécies dos géneamtobacillus
Leuconostoe OenococcusBAL sé@o neutrofilas. Os efeitos do estresse acido
sobre a fisiologia bacterianando séo conhecidoget@he. No entanto, esta
bem estabelecido que acidos podem se difundir zamente através da
membrana da célula e, apds a entrada no citoplasmidamente dissociam-se
em prétons e derivados carregados que se tornamrimedveis a membrana
celular (PRESSER; RATKOWSKY; ROSS, 1997). O acumdk prétons

intracelulares pode baixar o pél assim, afeta apH transmembrénico, que
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contribui para a forca préton-motriz, utilizada aorfonte de energia em
numerosos processos de transporte transmembréhiazidificacdo interna
também reduz a atividade de enzimas sensiveisda écdanifica proteinas e
DNA. O acumulo no citoplasma das unidades anidniteess acidos orgéanicos
dissociados provoca efeito prejudicial sobre eoffigjia celular (PRESSER;
RATKOWSKY; ROSS, 1997), provalvelmente por meidmteracdes quelantes
com elementos essenciais.

Em BAL, a tolerancia a acidos (AT) aumenta em palenos dois
distintos estados fisiolégicos: (1) durante o dresato logaritmico, a resposta
adaptativa, referida como L-ATR, pode ser induzjgela incubacdo em
concentracdes ndo letais de pH acidos; (2) apéadenha fase estacionaria, AT
aumenta como resultado da inducdo da resposta taesses geral (GSR)
(HARTKE et al., 1996). Este ultimo é, geralmentaauresposta independente
do pH, embora pard.b.acidophilusCRL639 o pH, baixo seja necessario
(LORCA; VALDEZ, 2001). Nao se sabe se estas reggaso independentes ou
coincidentes.

2.8.2 Estresse causado pela bile

Como ja descrito anteriormente, além da resistémdiaixo pH, adeséo
ao tecido epitelial intestinal e producdo de sulwités antimicrobianas, a
resisténcia a toxicidade da bile é um dos critéuitlizados para a selecdo de
linhagens probidticas (DELGADOet al., 2007; GILLIN®; STALEY; BUSH,
1984). Portanto, a maior parte dos trabalhos swieeAncia bacteriana a bile é
realizada por pesquisadores que buscam estirpbfiicas. No entanto, uma
vez que resisténcia a bile é apenas um dos muitEsias utilizados para

selecionar as linhagens, as analises ndo séo adsdizprofundamente e,
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simplesmente, comparam a capacidade das estirgeboeviver na presenca de
bile (BEGLEY; GAHAN; HILL, 2005).

Acredita-se que a desconjugacéo de sais biliajasuse mecanismo de
desintoxicacdo e as enzimas BSH desempenham papaitante na tolerancia
a bile e, consequentemente, na sobrevivéncia twgdaatrintestinal.

Em estudos realizados por trés grupos independargasdo tipos
selvagens e mutantes para a atividade de BSH &xtabese uma ligacdo entre
a hidrdlise de sais biliares e toleréncia a bild ESURGET et al., 2002; GRILL
et al.,, 2000; SMET et al., 1995). O mutahie. Amylovorus apresentando
atividade parcial de BSH, apresentou decréscimdara de crescimento na
presenca de sais biliares (GRILL et al., 2000). dotget et al. (2002)
demonstraram que a delecdo do gene para sintesmzitaa BSH enlL.
monocytogenediminuiu as concentracdes inibitérias minimas fdala e sais
biliares. Por fim, a estirpeb. plantarummutante para BSH, obtida por Smet et
al. (1995), apresentou inibicdo fortemente depetedete pH. Os autores
sugerem que, como a forma protonada (ndo dissQaimdasais biliares parece
apresentar toxicidade através de acidificacdodelnéar de maneira similar aos
acidos organicos, as células positivas para BSHmagk proteger por meio da
formacdo de homdlogos ndo conjugados fracos. Issle mjudar a evitar a
gueda do pH por meio da recaptura e da exportaggwdlon cotransportado.
Em conjunto, estes trés estudos com mutantes B§etesm importante papel
para a enzima BSH na toleréncia a bile e, particwdate, a tolerancia a sais
biliares glicoconjugados (BEGLEY; GAHAN; HILL, 2005

Hidrolases de sais biliares convertem os saisrédligorotonados e
conjugados de que entram na célula em seus honsdfommns desconjugados
gue podem recapturar prétonsco-transportados,nelgtaassim, gasto excessivo

de ATP para manter a homeostase do pH. Essa epedgaser gasta em células
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com atividade BSH negativa, uma vez que ndo podeaiosais biliares néo

conjugados que capturam os prétons (Figura 5).
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3 CONSIDERACOES FINAIS

O grande interesse em buscar alternativas alinentassociadas a
promocao de salde vem aumentando de maneira cavabeultimamente.
Portanto, o estudo de caracteristicas probioticas mdicrorganismos tem se
tornado de grande importancia.

Probidticos s&o microrganismos amplamente utiligadocomo
suplementos alimentares ou adicionados a prodlitogrdicios, no intuito de
gerar beneficios a saulde. Alimentos e/ou proce$somentativos para a
producdo de alimentos sdo considerados ricas fal@esicrorganismos cujas
atividades funcionais ainda sdo pouco conhecidastoVque estirpes
microbianas podem apresentar diferentes proprisdadsioticas, o estudo de
diferentes estirpes isoladas de diferentes profjutmessos torna-se
imprescindivel. A atuacdo do probittico, geralmgndeorre no intestino,
portanto, € necessario que o candidato a probi&moreviva as severas
condicbes impostas pelo TGI. Avaliagbes da homeestdo pk sdo uma
maneira eficiente de avaliar as condicGes fisiakbgicelular, sendo possivel
acompanhar este comportamento em uma Unica cplulaneio do método de
FRIM. Esta metodologia, associada as condic6edaitasi do TGI, possibilita o
acompanhamento do estado fisioldgico de célulasoiriEnas individualmente,

durante a passagem no ambiente do TGI.
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Abstract

A total of 234 lactic acid bacteria (LAB) isolattem Brazilian food products
were initially screened for their ability to sureiat pH 2.0. Fifty one of the
isolates survived and were selected. They werdifahusing 16S rRNA gene
sequencing akactobacillus fermentuni34 isolates)lactobacillus plantarum
(10)andLactobacillus brevig7). Based on being either highly tolerant to ,bile
showing a ability for auto-aggregation and/or hydrabic properties, oné.
fermentum(CH58), threeL. plantarum(CH3, CH41 and SAU96) and two.
brevis(SAU105 and FFC199) were selected. The highesggoegation ability
with Escherichia coliwas observed ta.plantarum CH41. L.brevis SAU105
and FFC199 ant. fermentumCH58 exhibited antagonistic activity towards the
pathogend.isteria monocytogeneand Staphylococcus aureusL. plantarum
CH3 and CH41 and. brevisFFC199 showed adhesion ability to Caco-2 cells
(1.6, 1.1 and 0.9 %, respectively) similar to themmercial probiotic,L.
rhamnosusGG (1,5%) . They were able to increase the tratisdjal electrical
resistance (TEER) of Caco-2 cells over 24+0(05). The present work showed
that the probiotic characteristics were strain-gmeand that the isolates.
plantarum CH3 and CH41 (cocoa) and brevis FFC199 (cauim) exhibited
potential probiotics properties. Thus, it was polesto associate these products
with functional characteristics.

Keywords: LAB, probiotic, functional properties, rep-PCR, adlon, TEER.
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Resumo

Um total de 235 isolados de bactérias do acidedaBAL) provenientes de
produtos alimenticios brasileiros foi inicialmeraealiado quanto a habilidade
de sobreviver em pH 2,0. Cinquenta e um isolada@srfcapazes de sobreviver,
sendo, entéo, selecionados e identificados, poy desequenciamento do gene
16S rRNA, como Lactobacillus fermentum(34 isolados), Lactobacillus
plantarum (10) e Lactobacillus brevis(7). Baseado no fato de serem tanto
altamente tolerantes a bile quanto possuirem adqudeide autoagregacao e/ou
propriedades hidrofébicas, um fermentum(CH58), trésL. plantarum(CH3,
CHA41 e SAU96) e doik. brevis(SAU105 e FFC199) foram selecionados. A
maior capacidade de coagregacdo destherichia colifoi observada para
L.plantarum CH41. L.brevis SAU105 e FFC199 el. fermentum CH58
apresentaram atividade antagbnica em relacdo addgem@s Listeria
monocytogenes Staphylococcus aureus. plantarumCH3 e CH41 d.. brevis
FFC199 mostraram capacidade de adesao as céluas2Ga,6; 1,1% e 0,9%,
respectivamente), semelhante ao probidtico congertia rhamnosusGG
(1,5%). Estes foram também capazes de aumentasigtéreia elétrica da
barreira transepitelial (TEER) das células Cacdt#ante 24 horas (p <0,05).
No presente trabalho mostrou-se que as caraatadgirobidticas foram estirpe-
especificas e que os isoladosldeplantarumCH3 e CH41 (cacau) ke. brevis
FFC199 (cauim) exibiram potenciais propriedadesbiptizas. Foi, entédo,
possivel agregar valor nutricional a estes produtos

Palavras-chavesBAL, probiéticos, propriedades funcionais, rep-P@&eséo,
TEER.
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1. Introduction

Lactic acid bacteria (LAB) have been used as faggblements, and are
highly valued for their probiotic properties. Mapyobiotic isolates, such ds
acidophilusLAl, L. rhamnosusGG, L. plantarumLpO1, L. fermentumRC-14
are already widely used and produced on an indiistdale (Giraffa et al.,
2010). However, a large number of potentially potibimicroorganisms present
in different kinds of food products continue unkmowépontaneously fermented
foods may constitute a reservoir for new LAB spraies with potential
probiotic characteristics (Mathara et al. 2008; ddhlet al. 2011). Several
naturally fermented products from Brazil harbortilacacid bacteria. These
include Cauim (kawi) which is a non-alcoholic beage from various substrates
produced by Brazilian Indians, witbactobacillusspp. being the predominant
bacteria found in this product (Almeida et al., 20Ramos et al., 2010, 2011).
Another traditional process in Brazil involving LAB the cocoa fermentation,
which is a key step in the technological transfdiomaof cocoa into chocolate
(Pereira et al.,, 2012). Finally, an industrial prodconsumed in Brazil and
worldwide is fresh sausage. It is freshly prepamed not fermented. However, it
constitutes a reservoir of LAB (Ammor & Mayo, 200Djas et al., 2013).
Although the LAB microbiota of the above mentiorgrdducts have previously
been identified (Almeida et al., 2007; Pereiralet2012; Ramos et al., 2010,
2011), their probiotic potential has not been ctiarized.

Giraffa et al. (2010) described that in order foprabiotic to be of
benefit to human health, it must survive passageuthh the upper GIT (gastro
intestinal tract) and be able to function in the gavironment. The functional
requirements of probiotics include tolerance todaand bile, adherence to
epithelial surfaces and antagonistic activity tadvartestinal pathogeng\uto-

aggregation of probiotic strains is thought touefice the adhesion capacity of
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the bacteria cells to intestinal epithelial cedlad co-aggregation with pathogens
may prevent colonization of the latter in the gDel Re et al. 2000). Bacterial
adhesion is initially based on non-specific phylsatgemical interactions
between two surfaces and the physical and chengicatacteristics of the
bacterial cell surface depend on surface hydroglityb{Kotzamanidis et al.,
2010; Kos et al., 2003).

Mammalian epithelial cells have been usedirasvitro models for
studying the adhesion of probiotic bacteria to asstrointestinal (Gl) tract
(Anderson et al., 2010; Klingberg et al., 2005a) &m determine the effect on
the strength of the epithelium barrier by measurgmeof transepithelial
electrical resistance (TEER) (Klingberg et al., 2000 Treatment with probiotic
bacteria may prevent or reverse increased pernitgatfithe epithelium and act
antagonistically towards pathogens (Klingberg et 2005b). Measurements of
the TEER of polarized monolayers of epithelial €adkre therefore seen as a
useful method of providing information about poiehtprobiotic effect of
microorganisms (Anderson et al., 2010; Klingberglgt2005b).

The objective of this study was to identify to Spedevel and evaluate
the probiotic properties of LAB isolated from Brigmn food products. They
were characterized by phenotypic tests, rep-PCRidentified by 16S rRNA
gene sequencing. Probiotic properties were evaluateolerance to low pH and
bile, surfaces properties (aggregation, co-aggimyadnd hydrophobicity),
antagonistic activity towards pathogenic bacterid by assays employing the
Caco-2 cell line (adhesion and TEER).
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2. Material and Methods

2.1. Bacterial isolates and culture conditions

A total of 234 LAB isolates belonging to the micialcollection of the
Microbial Physiology Laboratory/Department of Bigio/Federal University of
Lavras (UFLA), Brazil, and isolated from cocoa femmation (99 isolates)
(Pereira et al., 2012), industrial sausage (9laies) (Nobre et al., 2013) and
fermented food cauim (44 isolates) (Ramos et BIL0P were initially employed
in this study. The samples were previously proakqfereira et al., 2012;
Ramos et al., 2010). However, the particular isslamployed in the present
work had not been fully identified. They were pmagtively identified as LAB
by culturing on Man Rogosa Sharpe (MRS, Merck, Bxadit, Germany) agar
and examining for colony and cell appearance, asgahctivity, Gram stain,
motility and the production of CCfrom glucose in MRS broth with a Durham
tube.

The LAB isolates were cultured in MRS broth at & for 24 h and
stored at -80 °C with 20% (v/v) glycerol. The paghnic strain€scherichia
coli JIM109, SalmonellaTyphimurium 224/87 Staphylococcus aureukisteria
monocytogene&GDe, L. monocytogenes028 andL. monocytogened446
obtained from the culture collection of the Foode8ce Department, Faculty of
Science, Copenhagen University, were employed @ ahtagonistic (section
2.3.5 and co-aggregationE( coli JIM109) (section2.3.9 assays. They were
grown in Brain Heart Infusion (BHI; Oxoid, RoskildBenmark) broth, 37 °C

for 24 h and stored as described above.
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2.2. Characterization and identification

2.2.1. Rep-PCR

The 51 selected isolates were genotypically charaetd by rep-PCR.
Genomic DNAs were extracted using Instagene (Bid;RBeutschland)
following the instructions of the manufacturer. génprints of genomic DNA
were obtained with PCR amplification of repetitibacterial DNA elements
(rep-PCR) using the (GTG)primer as described by Nielsen et al., 2007. t€fus
analysis were performed using BioNumerics softwaegesion 4.50), similarities
were calculated using DICE correlation coefficiamd UPGMA algorithm as
previously described (Parkouda et al., 2010).

2.2.2. Identification to species level by 16S rRNAyene sequencing and
phenotypic tests

Representatives of each group obtained by rep-P@Re vgelected
forl6S rRNA gene sequencing gene using the primerés’ AGA GTT TGA
TYM TGG CTC AG 3") and 1510R (5" ACG GYT ACC TTG WICGA CTT
3’) according to Padonou et al. (2009). Amplifie@R° products were sent to
sequencing at Macrogen (Netherlands). Searches #Taxen server
(http://www.eztaxon.org/; Chun et al., 2007) wemformed to determine the
closest known relatives of the partial 16S rRNA @eequences that were
obtained. Phenotypic assays were performed to rconthe identification.
Fermentations of cellobiose, melezitose, glucongtgcerol and xylose, and
growth at 45°C were evaluated as recommended irPTdlearyotes (Hammes &
Hertel, 2006).
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2.3 Screening for probiotic properties

2.3.1. Tolerance to pH 2.0

The 234 isolates were subjected to a pH 2.0 toberassay in order to
select the resistant isolates for further studigsB cells cultivated in MRS
broth (Merck, Darmstadt, Germany) at 37 °C for 2#ére centrifuged (5000
rpm for 5 min at 24 °C) and washed two times if®\x/v peptone water pH
7.0. The cell cultures (optical density of 0.2 &06nm)in peptone water
corresponding to approximately®c@Ill / mL were centrifuged and re-suspended
in MRS broth (Merck, Darmstadt, Germany) with pHusted to 2.0 using 1N
HCI and incubated for 3 h at 37°C. Samples (10wére obtained at time 0 and
after 3 h and added to in MRS agar. Tolerance to2gHwas indicated by
subsequent growth on MRS agar plates after 48cabation at 37 °C.

2.3.2. Determination of bile tolerance

To study the effect of bile on the growth ratelsf 61 acid tolerant LAB
isolates ¢ec. 2.3.}, a method described by Guo et al. (2009) waszetl
Tolerance to bile was evaluated based on the tigeired to increase the
absorbance at 600 nm by 0.3 units in MRS broth waitd without 0.3% (w/v)
oxgall (Sigma Chemical Co., St Louis, MO). The eliffince in time (hours) to
obtain 0.3 units between the measurements of thiereumedia with and
without bile was considered as the adaptation (#A#® of the cells to adapt to

media containing bile. The experiment was perforinetliplicate.
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2.3.3. Cell surface hydrophobicity

Bacterial cell surface hydrophobicity was asseskegdthe 51 acid
tolerant isolatessgc. 2.3.1 by measuring microbial adhesion to hydrocarbons
(MATH) as described by Kotzamanidis et al. (20It)e assay was performed

in duplicate and repeated twice.

2.3.4. Auto-aggregation and co-aggregation assay

Auto-aggregation assays were performed accorditioet al. (2003).
The 51 acid tolerant isolates were grown for 18tt8%a °C in MRS broth
medium (static). The cells were harvested by crigaition at 5000 g for 15
min, washed twice and re-suspended in PBS to giables counts of
approximately 1® CFU / mL (optical density of 0.2 at 600 nm). Cell
suspensions (4 mL) were mixed by vortexing for Jhd auto-aggregation was
determined after 5 h of incubation at 37 °C. Evieoyr, 0.1 mL of the upper
suspension was transferred to another tube withn3L9of PBS and the
absorbance (A) was measured at 600 nm. The autegagin percentage is
expressed as: 1A{Aq) x 100, where) represents the absorbance at time 1,
2, 3, 4 or 5 h and\, the absorbance at 0.

Co-aggregation assay was performed with the 6 teeldcAB isolates.
The method for preparing the cell suspensions deaggregation was the same
as for the auto-aggregation assay. Equal volumesL{2of each cell suspension
were mixed together in pairs by vortexing for 1@sntrol tubes were set up at
the same time, containing 4 mL of each bacteriapsnsion on its own. The
absorbencies”) at 600 nm of the suspensions were measuredmafkémg, and

after 5 h of incubation at room temperature. Samplere taken in the same
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way as in the auto-aggregation assay. The pereemibgo-aggregation was

calculated using the equation of Handley et al87)9

Co-aggregation (%) = @ + Ay)/2) —A(x+y) / (Ax + Ay)/2) x 100

Where x and y represent each of the two isolatakéncontrol tubes,
and (x+y) the mixture. The aggregation and co-aggjien assays were

performed in duplicate and repeated twice.

2.3.5. Antagonism towards the Escherichia coli, Salbnella Typhimurium,

Staphylococcus aureus and Listeria monocytogenesespes

The antagonism towards various bacterial pathogeas evaluated
according to Zago et al. (2011) with some modifarzg. Overnight cultures
grown in Brain Heart Infusion (BHI; Oxoid, Roskild®enmark) broth were
inoculated (2% v/v) in BHI agar (melted and themwled down to temperature
between 45-50 °C). After vigorous homogenizatior]l cuspensions were
poured into Petri dishes. Wells (5 mm) were madeaxh agar plate. Overnight
cultures of the 6 selected LAB isolates were ckiged and the supernatants
were recovered. The supernatant was filter-stedlig.45 mm, Millipore, Cork,
Ireland) and pH was adjusted to 7.0, aliquots ofu36f each supernatant were
added to the wells. Petri dishes were incubated2fbrh at 37 °C and the
diameters of the halos of inhibition were recordedmm. The assay was
performed in triplicate.
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2.3.6. Growth and maintenance of Caco-2 cells

The Caco-2 cells (DSMZ, Braunschweig, Germany) wgrewn in
Modified Eagles Medium (MEM) supplemented with 1Q%) heat inactivated
fetal bovine serum (FBS; Lonza, Basel, Switzerlaid) Non Essential Amino
Acids (NEAA), and 0.1 mg / mL gentamicin. All salus were obtained from
Invitrogen, Gibco (Naerum,Denmark). The cells weragintained at 37 °C in a
humidified atmosphere of 5% GO

2.3.7. Adhesion capacity to Caco-2 cell line

Bacterial adhesion capacity to the human colon ecimcinoma cell line
Caco-2 was investigated for the 6 selected LABaiwd. The Caco-2 cells were
sub-cultivated (2 x 10cell / mL) in 24 well tissue culture plates (Nunc,
Roskilde, Denmark) and grown at 37 °C in a humedifatmosphere of 5% GO
for 21 days to obtain differentiation (Riedel et &006) in cell media without
antibiotics. The adhesion assay was performed a&viqusly described
(Klingberg et al., 2005a). Experiments were perfdmwith duplicate
determinations and repeated three times. The Mbatidr. rhamnosusGG

(LGG; Valio Ltd, Helsinki, Finland) was employed aseference strain.

2.3.8. Transepithelial electrical resistance as msarements of epithelial

barrier function

The bacterial effect on the epithelial barrier weasaluated by
measurement of TEER using the Millicell ElectricRlesistance System
(Millipore, Bedford, MA) as previously describedliifgberg et al., 2005b). To

obtain polarized monolayers, Caco-2 cells were egashto Transwell filter
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inserts (0.4 um pore size, 12 mm inside diametetycprbonate; Corning
Incorporated, Corning, NY) at a concentration of@xcells / mL and cultivated
for 21 days. Overnight cultures of the 6 selecsadbites were suspended in cell
growth medium without antibiotics. The bacteria¢gension (500 ul) was added
to the apical compartment at ®lCFU / ml and incubated at 37 °C in a
humidified atmosphere of 5% GOTEER was measured before the addition of
the bacteria (time zero) and then at various tintervals and expressed as the
ratio of TEER at time t in relation to the initighlue (at time zero) for each
series. The net value of the TEER was correctedéokground resistance by
subtracting the contribution of cell free filtercathe medium (150 ohms). The
TEER of monolayers without added bacteria represktite control for each
experiment. Experiments were performed with trigéc determinations and
repeated twice. The probiotic bacterium LGG was alsiployed as a reference

strain.
2.4, Statistical analyses

Analyses of the variance and the Scott—Knott testewerformed with
SISVAR 5.1 software (Ferreira, 2008). Principal poment analyses (PCA)
were performed using the XLSTAT 7.5.2 software (ihddft's, New York, NY,
USA).

2.5 Nucleotide accession numbers

The nucleotide sequences determined in this stadg been assigned to
GenBank Accession humbers JX845637 - JX845650.
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3. Results

3.1. Selection of isolates for further characterizion

Tolerance to low pH of 2.0 in MRS broth was chosenselection
criteria for isolates to be included in further esments. Amongst the 234 LAB
investigated, a total of 51 isolates were toleramtpH 2.0: 43 from cocoa

fermentation, 6 from industrial sausage and 2 foanim.

3.2 Identification of LAB to species level

The 51 acid tolerant LAB isolates were clusterecbading to their rep-
PCR profiles into 3 groupsat a similarity level@f%(Fig.1). According to the
grouping by rep-PCR, 14 strains were selected aadenced. Based on 16S
rRNA gene sequence analysis against sequences iftafaxon server, the
isolates of group 1, 2 and 3 were identified Lactobacillus fermentun{7
isolates) Lactobacillus plantarung4) andLactobacillus brevig3), respectively.
The similarity values found ranged from 99.42 t@ %0 forL. fermentum99.92
to 100 % forL. plantarumand 99.92 to 100 % fok. brevis The isolates
identified asL. plantarumby 16S rRNA gene analysis were able to ferment
cellobiose, gluconate and melezitose, but not xylend glycerol. In
comparison, isolates identified asfermentunwere able to ferment xylose and
gluconate but not cellobiose, melezitose and gblcdihe isolates identified as
L. brevis were able to ferment gluconate and xylose, but celtobiose,
melezitose and glycerol. All isolates grew at 45 &RXcept thel. fermentum
isolates. The phenotypic results confirm the idgmbtained by 16S rRNA gene

sequencing.
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Figure 1 Dendrogram generated after cluster arsabfsiep-PCR fingerprints of
the Lactobacillusstrains. The reference codes indicate the source o
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3.3. Bile tolerance, hydrophobicity and auto-aggreation properties

The 51 LAB isolates selected by tolerance to pH&h@ identified to
species level were evaluated according to theie bilerance and surface
properties (hydrophobicity and auto-aggregatiorayss The results obtained
from these assays were subject to PCA analysis 2lrigThe first (PC1) and the
second (PC2) principal components explain 41.9 a8 % of the total
variance, respectively.

All of the 51 LAB isolates were able to toleratéelgalts at 0.3 % (w/v)
(oxgall) for 3 hours. However, the growth and tiwmfeadaptation in the bile
media was strain dependent (data not shown). ésdlaplantarumCH3, CH41
andL. brevisFFC199 had the shortest adaptation time (p<0rdO#)d bile media
of approximately one hour, while brevisSAU62 and SAU38, had the longest
adaptation time of 4 hours. Regarding surface ptigse excepted fok. brevis
SAU105 which was highly hydrophobic (hydrophobicitglue of 61.0 %) all
other isolates showed to be non-hydrophobic<(H.5%). Furthermorel..
plantarumSAU96 andL. fermentumCH58 showed the highest ability for auto-
aggregation (61.9 and 55.1 %, respectively, p<0l@ble 1) as compared to the
other isolates showing moderate auto-aggregati@ri{21.0 %). As observed
in the PCA (Fig. 2), there were no correlationssesn product type or species
and grouping according to the investigated propertOn the negative side of
PCA 1, the isolates were not correlated with higlugs of adaptation time in
media with bile, in other words they had short timedapt to media with bile.
On the negative side of PCA 1 and PCA 2, the iselatere correlated with
auto-aggregation ability, while on the positiveesiof PCA 1 and PCA 2, the
isolates were correlated with percentage of hydebftity, showing the isolate

L. brevisSAU105 highly related to hydrophobicity propertie.
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Figure 2 Principal Component Analysis (PCA) of ftiogal proprieties as
tolerance to bile (growth in presence and absehtd@ey as well the
time of adaptation) and surface pattern (hydroptigbiand auto-
aggregation) for the 51actobacillusisolates. Isolates highlighted
were the selected strains



Table 1 Tolerance of selectédctobacillusstrains to bile salts, auto-aggregation, and hydrophobicity= Adlaptation
time. The reference codes indicate the source of LAB: Giécoa fermentation, SAU = sausageand FFC =
fermented food cauim

Isolate Time required to increase A620 nm 0.3units Auto-ag%;egatlon Hydr?&r;oblcy
MRS (h) MRS+ bile (h) AT (h)

L. plantarumCH3 2.94+0.02 3.71+0.08 0.76 £0.12 20.94 + 1.65 0.83+0.05
L. plantarumCH41 4.01+0.03 4.45+0.18 0.43 +0.08 18.08 + 0.3% 0.00 + 0.00
L. fermentunCH58 446 +0.0Y 6.07+0.1% 1.61 +0.24 55.61 + 1.82 1.48 + 0.64
L. brevisFFC199 3.71+0.0 4.74+0.0% 1.03 + 0.09 16.31 + 0.61 0.26 £ 0.03
L. plantarumSAU96  3.54+0.15 5.23+0.28 1.69 +0.11 61.89 + 0.4% 0.00 +0.00
L. brevisSAU105 456+0.26 7.41+0.08 2.85+ 0.3% 12.17 +0.24 60.98 + 2.8%

Presented values are means of triplicate deterioigt+ indicates standard deviations from the médean values (+ standard
deviation) within the same column followed by diffat superscript letters differ significantly € 0.05) by Scott—Knott test
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3.4. LAB pathogen interactions

Based on bile tolerance and surface properties@ggoegation and
hydrophobicity) (Fig. 2) the following isolatek: plantarumCH3, CH41 and
SAU96, L. fermentumCH58 and.. brevisSAU105 and FFC199 (highlighted in
the PCA, Fig.2) were selected for co-aggregatiopedrments withE. coli
JM109 and screened for antagonistic activity agailevant pathogens (Table
2). Further, these selected isolates were subj¢atadhesion and TEER assays
with Caco-2 cell line. Co-aggregation values rangetveen 1.1 %L( brevis
FFC199) and 30.7 %L( plantarum CH41). Thel. plantarum SAU96, L.
fermentum CH58 and L. brevis SAU105 and FFC199 isolates showed
antagonistic activity towardS. aureusThe highest activity towardS. aureus
was obtained by the speciés brevis (FFC199 and SAU105 isolates). They
showed halo of inhibitions greater than 3 mm (TaB)e The isolatedl..
plantarum CH3, L. fermentumCH58 andL. brevis SAU105 and FFC199 had
activity towardsL. monocytogene4446 (halo of inhibitions of 1-2 mm). The
antagonistic activity found in this work is not asgted to acids action since the
assay was performed using the supernatant of tlsewdth pH adjusted to 7.0.
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Table 2 Percentage ofco-aggregation of selectaiobacillusisolates withE.
coli JM109. The reference codes indicate the sourceA&: CH =
cocoa fermentation, SAU = sausageand FFC = fermdotal cauim

% Co- Antagonism activity
Strain aggreg_ation with L. monocytogenes  S. aureus
E. coli IM109 4446
after 5 h
L. plantarumCH3 7.44+0.22 + -

L. plantarumCH41 30.67 +1.02

L. fermentunCH58 21.00+1.12 + +
L. brevisFFC199 1.09+0.12 + ++
L. plantarum 21.08 £0.28 - +
SAU96

L. brevisSAU105 28.07 + 0.43 + +++

Presented values are means of triplicate determoimgt+ indicates standard deviations
from the mean. Mean values (+ standard deviatiati)izvthe same column followed by
different superscript letters differ significan{ly < 0.05) by Scott—Knott test. (+) =1 -2
mm; (++) = 3 — 4 mm; (++) = > 4 mm. No antagonisativaty was observed towards
others strain&. coli IM109,S. Typhimurium 224/87].. monocytogene€GDe and..
monocytogenesO28

3.5. Adhesion to Caco-2 cells

The adhesion ability to Caco-2 cells was evaludtedhe 6 selected
LAB and the results are presented in Fig. 3. Alt@ates showed a very low
percentage of adhesion ability. However, the igalat plantarumSAU 96 and
CH3 showed higher percentages (1.8 and 1.6 %ofsamtherespectively)of
adhesion to Caco-2 cellscompared to the positimralol. rhamnosussG (1.5
%). The isolate&. plantarumCHA41,L. brevisFFC199 and.. fermentumCH58
showed moderated (1.1, 0.9 and 0.8 %, respectieeligesion ability, while the
L. brevisSAU105 (0.3 %) isolate showed very low percentafjadhesion to

Caco-2 cells.
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Figure 3 Percentage of adhesion of six selected Is&Bins to Caco-2 cells.
LGG was used as a reference strain. Bars inditatelard deviations
from the media

3.6. TEER measurements

Changes in the TEER of polarized Caco-2 cells wased as an
indicator of the effect of selected LAB strainstbe intestinal epithelial barrier
function (Fig. 4). All isolates maintained the TEEBRnost constant for the first
6 h, except folL. plantarumSAU96 isolate, which caused a slight increase in
the first hour and a decrease in the TEER until 8fter 6 h, all of the tested
isolates showed a tendency to increase the ratibE®R. Compared to the
control (Caco-2 cells without bacteria), theplantarumCH3 and CH41 and.
brevisFFC199 isolates induced a significapt@.05) increase in TEER after 24
h. The increase was similar to that caused by ¢fference probiotic straih.

rhamnosusGG.
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Figure 4 TEER of polarized Caco-2 monolayers exgdees LAB strains at a
concentration of 10cfu mL?, or without bacteria (control). TEER is
expressed as the ratio of TEER at time t in retatmthe initial value
(t0) for each strain. Bars indicate standard d@nafrom the mean.
Lines followed by different letters differ signifiatly (P < 0.05) by
Scott—Knott test

4, Discussion

Among 234 LAB previously isolated from 3 differgmboducts, 51 were
selected based on their acid tolerance. Most ofisb&ates (43 out of 51)
selected for further studies in this work origimhtdom Brazilian cocoa
fermentations. This is perhaps not surprising, asoa fermentations are
characterized by low pH (approximately 2.0) (Nielst al., 2007; Pereira et al.,
2012). The LAB isolated from cocoa are inherentyeato survive the harsh
fermentation conditions, and are, therefore, dlsglyl to be able to survive the
passage through the GIT.

Three different species were identified in the enésstudy: L.
fermentum(37 isolates)L. plantarum(10 isolates) and.. brevis(7 isolates).
All the L. fermentumstrains (34) and most of tHe plantarumisolates (9)

identified in this work were isolated from cocoanfientation. The results are in
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agreement with observations of Nielsen et al. (2@0W Pereira et al. (2012),
showing thatL. fermentumandL. plantarumspecies are the dominant LAB in
cocoa fermentations. Only ohe plantarumstrain was isolated from sausage,
while the L. brevis strains were isolated from both sausage (5 iss)laaed
cauim (2 isolates). These species have already teg®rted in these products
(Almeida et al., 2007; Ammor & Mayo, 2007; Nobreagt 2013; Ramos et al.,
2010, 2011).

According to Fuller (1992), bile, even at low contrations, can inhibit
thein vitro growth of microorganisms. Gilliland et al. (1984ported that 0.3 %
is considered to be a critical concentration foeening for resistant strains. In
the present study, all of the strains were ablgrow in 0.3% (w/v) bile,
although the time required to grow with and withbile was different between
the isolates. Thuk. plantarumCH3, L. plantarumCH41 andL. brevisFFC199
had the highest bile tolerance, while isolates itgilyg toL. fermentunspecies
(CH24, CH43, CH85 and CH88) andltobrevisspecies (SAU62 and SAU254)
had the lowest tolerance. Our results confirm mnevireports showing that the
tolerance is not necessarily related to the spefies\B, but may also be strain-
specific (Maldonado et al., 2012).

Analyses of surface properties, including auto-aggtion and
hydrophobicity showed that. plantarum SAU96 andL. fermentumCH58
exhibited the highest auto-aggregation activity,ileviL. plantarum CH41
obtained the highest value for co-aggregation wih coli Regarding
hydrophobicity, none of the isolates presented tugpacity except for the.
brevis SAU105 isolate. Some authors have suggested theget surface
properties correlate with their adhesive capadiys(et al., 2003; Kotzamanidis
et al., 2010). However, here it seems that them® isorrelation between surface

properties and adhesion ability, sirlceplantarumSAU96 had the highest rate
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of adhesion to Caco-2 cells and at the same timelidt not showed
hydrophobicity capacity.

ThelL. plantarumCH3 and CH41 anH. brevisFFC199 isolates, as well
as thel. rhamnosuscG positive control were able to increase the TE&f#D
over 24 h of incubation. Jensen et al. (2012) destnated a tendency to increase
the TEER polarized monolayers of Caco-2 cells fidro 24 h incubation for
four L. reuteri isolates, wherea&. rhamnosusGG revealed a tendency to
decrease the TEER over the same time period. Ggritrdhese observations, it
was observed that several of the investigated LAdudingL. rhamnosusGG
caused a significant increase in the TEER of théarped Caco-2 cell
monolayer as compared to the control. Jensen €2@12) described that.
plantarum MF1298 decreased the TEER, whereas Klingberg .e(28l05b)
showed that this strain caused the highest increasiee TEER of polarized
Caco-2 monolayers. In concurrence with the obsemstby Klingberg et al.
(2005b) and our study related the highest TEER @4t toL. plantarum
isolates and this species was able to significantdyease the TEER. According
to Anderson et al. (2010) induction of enhanced&sgion of genes involved in
tight junction signaling is a possible mechanismallych L. plantarumMB452
improves intestinal barrier function.

Strains ofL. plantarumhave previously been proven to be able to
survive gastric transit and colonize the intestitract of humans and other
mammals (Georgieva et al., 2008; Mathara et aD8p@nd several strains have
been used for the development of functional anthgreutic foods (Shah, 2007).
Based on the results reported héreplantarum CH3 and CH41from cocoa
seemed to be suitable candidates to be used asofrspas they showed
adhesion ability, increased the TEER of polariz€dco-2 monolayers
significantly, showed moderate auto-aggregation, ashort time to adaptation

to the bile. Similar findings for an increase inBHRE of Caco-2 cells caused by a
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L. plantarumisolate from silage were reported by Anderson let(2010),
showing that different kinds of products can beservoir of potential probiotic
strains.

The high hydrophobicity of. brevisSAU105 did not correlate with the
adhesion capability to Caco-2 cell. This isolatesented low rates of adhesion
to Caco-2 cells, and low increase in the TEER ofdz2 monolayers. Similar
results were found by other authors (Mathara ¢t28I08; Zago et al., 2011),
confirming that hydrophobicity values do not coatel with adhesion properties.
L. brevisFFC199 exhibited a short time of adaptation to rifedia containing
bile, moderate auto-aggregation property, adhesid@aco-2 cells, and causing
a relatively high TEER of Caco-2 cells. Kos et (@003) found a relationship
between auto-aggregationand adhesivenessL.ofacidophilus M92, this
relationship also seems to exist for the studiethiss.L. brevishas the GRAS
status (EFSA, 2009) however, it is not typicallyedsin probiotic products
although Collins et al. (1998) have mentiohedbrevisin a list of strains used in
probiotic productsL. brevisFFC199 may be considered a potential probiotic.
Although L. fermentunis known probiotic species (Milkesaar & Zilmer,(Z),
only one of our isolates (CH58) presented funciligeraperties such as high
auto-aggregation, co-aggregation wikh coli JM109, antagonistic activity
towardsL. monocytogene$446 andS. aureusand adhesion capacity to Caco-2
cells. However,L. fermentumCH58 did not present significanP (< 0.05)
increase in the TEER ratio.

This study revealed a considerable heterogeneipyabiotic properties
among the different isolates of LAB. This fact waso observed by Kos et al.
(2003). L. brevis FFC199 andL. plantarum CH3 andL. plantarum CH41
isolates displayed most of the probiotic charasties and would be potential

probiotic microorganisms.
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In conclusion, potential probiotic isolates wereeritfied and
characterized from different fermented foods. Rstibicharacteristics of the
LAB isolates from cauim, cocoa fermentation andlireausage have not been
studied before. It was clearly observed that miganisms belonging to the
same species may develop different mechanisms aedemqt different
characteristics. The results of this work providegreliminary selection of some
potential isolated,. brevisFFC199 (from cauim) and. plantarumCH3 andL.
plantarumCH41 (from cocoa) to be used as probiotic, dutokerance to low
pH and bile salts, which are conditions imposedth®y GIT environment. In
addition, they were able to adhere to human imtakgpithelial cell line (Caco-
2), and then increased the TEER of Caco-2 cell liffd@s study reveals the
importance in searching by new potential straindbéoused as probiotic in
different products, adding nutritional values tesé products. Further studies
should be performed in order to understand the am@sm which is related to

survival in GIT conditions.
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Abstract

In the present work a small scate vitro model of the gastro-intestinal tract
(GIT) was developed to obtain real-time observatiohthe pH homeostasis of
single cells of two potential probiotic straingactobacillus plantarum
UFLACHS andL. brevisUFLAFFC199 as a measure of their physiologicaksta
during GIT transit.Changes in the intracellular ¢gtH;) were determined using
fluorescence ratio imaging microscopy (FRIM). A widange of pHvalues
(3.5-8.5) were measured by employing two pH sersifiluorescent probes;
5(6)-carboxyfluorescein  succinimidyl ester and  &f@)boxy-2,7-
dichlorofluorescein diacetate succinimidyl esteheTpH measurements of the
single cells revealed a highly heterogeneous ptipalawith pH values ranging
between 6.5-7.5 and 6.5-8.0 or higher during passdgaliva (pH 6.4) and
intestinal juices (pH 6.4), respectively. The stfekconditions of the gastric
juice (pH 3.5) produced two sub-populations. Thg pHone sub-population
ranged between 3.5-4.5, while that of the othegedrbetween 4.5-5.6. brevis
UFLAFFC199 lowered its pHcloser to the pk when adding nutrients to the
gastric juice, whereas this was not the casé fglantarumUFLACHS3. By use
of FRIM and the combination of two derivatives b&tsame fluorophore, this
study is the first to produce @amvitro GIT model enabling real time monitoring
of pH homeostasis of single cellsladctobacillusspp. and other Gram positive
bacteria in response to the wide range of,pbf the GIT. The results are
expected to be useful in evaluation of the probipitential ofLactobacillus

spp.

Keywords: Lactobacillus brevis, Lactobacillus plantarunm vitro gastro-
intestinal modelpH;, FRIM, CFDA-SE, CDCFDA-SE
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Resumo

No presente trabalho, um modelo em pequena escatsatb gastrintestinal
(TGI) in vitro foi desenvolvido para observar, em tempo reabradostase do
pH de uma dUdnica célula para duas estirpes potemsidé probidticas,
Lactobacillus plantarumJFLACH3e L. brevisUFLAFFC199, como avaliacdo
do estado fisiologico durante o transito TGI. Adighes do pH intracelular (pH
foram determinadas utilizando-se a técnica flderescence ratio imaging
microscopy(FRIM). Uma ampla faixa de valores de;pd,5-8,5) foi avaliada
por meio do emprego de duas sondas fluorescemsé/sis a pH, diacetato de
carboxifluoresceina  succinimidil éster e diacetame carboxi-27'-
diclorofluoresceina succinimidil éster. Avaliac@®spH das células individuais
revelaram uma populacdo altamente heterogeneapkdprriando entre 6,5-7,5
e 6,5-8,0 ou superior, durante a passagem da plVva,4) e suco intestinal
(pH 6,4), respectivamente. As condi¢Bes estressapiestas pelo suco gastrico
(pH 3,5) produziram duas subpopulacdes. Q@ ggHuma subpopulacdo variou
entre 3,5-4,5, enquanto da outra variou entre &5t5 brevis UFLAFFC199
reduziu seus valores de pphra préximo do valor do R quando uma solugéo
nutriente foi adicionada ao suco géastrico, o queawdrreu com as células de
plantarum UFLACHS3. Utilizando-se a técnica de FRIM e combide-se dois
derivados do mesmo fluoréforo, o presente estudo fisimeiro a desenvolver
um modeloin vitro do TGI, permitindo o monitoramento, em tempo reial,
homeostase do pH de células individuais L@etobacillus spp. e de outras
bactérias gram-positivas, em resposta a ampla fde@H, do TGl Os
resultados poderdo ser Uteis na avaliagdhadtobacillusspp. potencialmente
probidtico.

Palavras-chave: Lactobacillus brevis, Lactobacillus plantarummodelo
gastrointestinaih vitro, pH;, FRIM, CFDA-SE, CDCFDA-SE
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Introduction

The interest in functional foods containing prolmiehicroorganisms has
increased significantly during the recent decade tdugreater awareness of the
benefits of probiotics for gut health, disease prgion and therapy (1, 2).
Survival during passage of the upper part of thetrgatestinal tract (GIT) is
considered important for the probiotics to exenirtteffects on the host (3).
Several studies evaluating probiotic survival dgrBlT transit showed that the
survival rate varies due to several factors, sushthe probiotic strain and
physiologic growth state (4, 5). Sevemlvitro models of the GIT have been
developed for evaluating probiotic survival outcenire this environment (6, 7,
8, 9, 10); however, a system for real-time monitprof pH homeostasis of
single cells as a measurement for their vitality haver been developed.

Information on the survival and/or vitality of mawrganisms in
different environments has traditionally been atdi at the population level,
typically using plate count techniques and moremég e.g. PCR-DGGE (6, 7,
8, 9). This experimental approach, however, dodstake into account the
heterogeneity within an isogenic population of sdiat arises from either
mutations (genotypic) or progression through thé @ele (phenotypic) under
stressful conditions (11). Cell-to-cell variabilitgay lead to the formation of
sub-populations that may respond differently testrconditions compared to
the average cell population (12, 13). Thereforerdthas been increased interest
in methods that can establish the physiologicdusté.e., viability/vitality) of
individual cells within a population (14, 15, 1&ne of these methods include
Fluorescence ratio imaging microscopy (FRIM) (BY.FRIM it is possible to
determine the intracellular pH (PHin individual cells and thereby follow
changes in pH homeostasis during changing extricsiitions (15, 18, 19).

FRIM has previously been reported as a useful foolassessment of the
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physiological state (vitality) of individual cel(d7), but most published studies
are related to the food chain (13, 20) and noissudsing FRIM for real-time

monitoring of the response of single cells in thE &nvironment have been
published.

Several lactic acid bacteria (LAB) have been reczagh as probiotics
due to their health-promoting and nutritional pntigs (1). A correlation
between a decrease in jmhd a loss of vitality has been found for thesedra
(21, 22); and regulation of pHas been suggested as an important factor in the
induction of tolerance to acid and other stressofac(23). Measurements of
changes in the pHof individual bacterial cells based on stainingthwi
carboxyfluorescein diacetate succinimidyl ester@BFSE) have been used for
different purposes in several studies (22, 23284, However, the pH range that
can be determined with carboxyfluorescein is omlljdvbetween pH 5 to 9 (17).
Although this range is useful for many experimeritsis not sufficient for
studies in a GIT environment, in which the pH sasilay reach values way
below 5. This problem can be overcome by using gsokith a lower K, (15).
The 5-(and -6)-carboxy-Z'-dichlorofluorescein diacetate succinimidyl ester
(CDCFDA-SE) probe has successfully been employed g81 indicator in
bacteria under acid conditions (15).

The aim of this work was to develop a small-scal& §/stem for real-
time monitoring of the effect of gastrointestinabnditions on the pH
homeostasis of individual bacterial cells via FRIVhe effect of simulated
gastrointestinal conditions on phkas determined for the potential probiotic
strains L plantarumUFLA CH3 andL. brevisUFLA FFC199.
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Materials and Methods

Strains and growth conditions. Lactobacillus plantarumJFLA CH3
and Lactobacillus brevidJFLA FFC199 (Ramos et al., unpublished data) were
stored at -80 °C in Man Rogosa Sharpe broth (MR®rck] Darmstadt,
Germany) with 20 % (v/v) glycerol. They were stredkonto MRS agar and
incubated for 48 h at 37 °C. A loopful of cells weansferred to 10 mL MRS
broth and incubated for 24 h (37 °C), after whi€hullwas transferred to 10 mL
MRS broth and incubated for 18 h (37 °C).

Fluorescence labeling of_actobacillus strains. Following propagation
as described above, thectobacillusspp. strains were fluorescently labeled
with a pH-sensitive probe, CFDA-SE (Molecular Podac., Eugene, OR,
USA), using a modified version of a previously pabéd protocol (22).Briefly,
cells (1 mL) were harvested by centrifugation 3000 xg for 2 min and 30 sec
and re-suspended in sterile-filtered (0428; Millipore, Billerica, MA, USA)
citric acid-phosphate-buffer (pH 5.8). Glucose dhd probe CFDA-SE were
added to a final concentration of 10 mM anduM, respectively, and the cells
were incubated at 37 °C for 30 min. Fluoresceraheled cells were harvested
by centrifugation (10,000 g, 2 min and 30 sec) and re-suspended in 1 mL of
MRS broth.

The CDCFDA-SE (Molecular Probes Inc., Eugene, OBAlcan be
used to stain cells for pHneasurements at low exterior pH values (15). Cells
were prepared as described above for the CFDA-SIBeprexcept that the
CDCFDA-SE probe was added to a final concentraiidd® uM.

Immobilization of cells for microscopy analysis. Cells were
immobilized on the surface of a glass cover-slipjolv had been cleaned with
ethanol/HCL, thoroughly rinsed with sterile Milli@ater and allowed to air dry.

To facilitate the immobilization of the microorganis, each cover-slip was
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coated with 3QuL poly-L-lysine solution (0.1 % [w/v] aqueous sadbit, Sigma,
St. Louis, USA) for 5 min, rinsed in sterile Milli@ater and allowed to air dry.
A CoverWel™ perfusion chamber gasket (2 chamber per slidegmtions 19 x
6 x 0.5 mm; Molecular Probes) was placed on topawfh cover-slip, and the
chambers were then mounted as previously desc(@@dFig. 1). The stained
cells (70uL) were added to the chamber and centrifuged (20030 sec) to

facilitate cell attachment.

Figure 1 lllustrations of the assembly of the CoVell perfusion chamber for
flow experiments. (A) Acrylic glass with holes famlet and outlet
tubes. (B) The 4-chamber CoverWell perfusion was ioto two
pieces, (C) on the plastic top of the chamber piaseglued (using
super-attack glue) on the Acrylic glass.The holeghe CoverWell
perfusion chamber are in the middle of the inlelehio the acrylic
glass. (D) Inlet and outlet tubes were glued toatwylic glass. (F) The
cleaned and pre-treated (poly-L-lysine) cover-slips glued to the
acrylic glass. (G) The chamber was air driedfohX$d the CoverWell
chamber was ready for use
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Determination of the intracellular pH of immobilized Lactobacillus
spp. cells.The pH of individual L. plantarund FLA CH3 andL. brevisUFLA
FFC199 cells stained with either CFDA-SE or CDCFBE-was measured by
FRIM as previously described (19). The set-up ded of an inverted
epifluorescence microscope (Axiovert 135 TV; Zei&rkerad, Denmark)
equipped with a Zeiss Fluar 100 x objective (1.Barical aperture), a dichroic
mirror (510 nm), and an emission band-pass fiké6(nm to 565 nm). Bacterial
cells were excited at 488 nm and 435 nm with arosupe time of 3.000 ms by
a monochromator that was equipped with a 75 W xdamp (Monochromator
B; TILL Photonics GmbH, Planegg, Germany). Fluoesse emission was
collected with a cool charge-coupled device camé@oolsnap FX;
Photometrics, Roper Scientific, Planegg, Germaagy] images were analyzed
with Metavue 7.1 software (Molecular Devices, Dagton, PA). Regions were
defined for approximately 30 to 40 individual ceifls each experiment using
Metavue. A region near each cell but without a wels subtracted for each cell
as background. The ratio.dg.ss for each examined cell was obtained by
dividing the fluorescence intensity at 488 nm (mhstive wavelength) by the
fluorescence intensity at 435 nm (pH-insensitiveel@ngth).

Standard curves for pHi measurement$Standard curves were
constructed for each strain and probe as descpbedously (19). If a cell
membrane is permeabilized, pHl be equal to extracellular pH (Rb); thus, it
was possible to establish the relationship betwRggsand pH using the
following approach: ethanol (70 %, vol/vol) was addto CFDA-SE- and
CDCFDA-SE-stainedLactobacillus strains cells for 5 min to irreversibly
permeabilize the cell membranes. Subsequently, theterial cells were
harvested by centrifugation (10,000 x g, 2.5 milie cells were resuspended in
MRS broth whose pH was adjusted to a range of 8&Q (in 0.5 increments)

after autoclaving. The curves were fitted to"adsder polynomium (Fig. 2).
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Conversion was automatically performed with Micribdexcel, and the ratio
value for every cell at every time point was coteeto pH

Validation of probes. To validate and combine the results obtained
using CFDA-SE and CDCFDA-SE probes, individuaplantarumUFLA CH3
andL. brevisUFLA FFC199 cells were re-suspended in MRS brotiose pH
was adjusted with either 1.0 M NaOH or concentra(8d%) HCI after
autoclaving to a pH range of 3.5 to 8.0 (in 0.5rémeents), and the cells were
incubated for 30 min at 37 °C. The pH was measimedRIM as described
above using both probes. The assay was repeates tsing both probes

Effect of fluorescent labeling and nutrients on thesurvival of cells
during passage of the GIT.Fluorescently labeled cells as well as non-labeled
cells were inoculated into saliva (pH 6.4) at aeleof 1 cells/mL and
incubated for 5 min at 37°C. The cells were subsetiy harvested by
centrifugation (10,000 g, 5 min) and re-suspended into gastric juice (pb] 3.
with or without nutrients) and incubated for 2.00dfore centrifugation (10,000
X g, 5 min) and re-suspending into the intestinalguipH 6.4) and incubating
for another 2.00 h. Samples for determination ofU®M were taken
immediately after inoculation/re-suspending (timeabd immediately before
centrifugation (time t). The percentage survival \Joat time t was calculated
using the following equation:

% V= CFUx 100 /CFU,, whereCFU,, CFU,is the CFU/mL obtained at
time t and 0, respectively. Analyses of the vamaand the Scott—Knott test
were performed with SISVAR 5.1 software (27).

Simulated GIT. Gastrointestinal transit was simulated for the rhput
stomach, and small intestine. The experiments wertormed at 37 °C. Transit
times were chosen on a physiological basis as tegham the literature (28, 29)
and were 5 min, 2.00 h, and 2.00 h for the mouthrmach, and intestinal

compartments, respectively. GIT juices were pregpasedescribed by Oomen et
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al. (30). The pH values of saliva, gastric juiced atestinal juices were 6.4, 3.5
and 6.4, respectively. The pH of the juices wagaet based on a literature
survey (31, 32, 33, 343, 35). Digestive juices wamrepared the day before the
digestion experiments. Soy peptone 3 g/L; glucadedlL was prepared and
added to the gastric juices to observe the efféatubrient addition on pH
homeostasis.

Real-time GIT System.A set-up similar to that employed by Guldfeldt
and Arneborg et al. (36) was used with an inlet aodet high-precision
peristaltic pump to create a continuous flow ineafggsion chamberinoculated
with stained cells prepared as described aboves Bygstem allowed for
controlled flow and rapid switching between salarad gastrointestinal juices.
The juices were kept in a water bath at 37°C. Honsyalues obtained at
excitation wavelengths of 435 nm and 488 nm wererded as described above
every 15 min, except for in saliva (5 min), to detme changes in the pldf
single cells as a response to the changing exhnarel environment.
Measurement of the phdf the cells in gastric juice was obtained using th
CDCFDA-SE probe, while the results for both salarad intestinal juice were
obtained using the CFDA-SE probe.

The survival of the cells in the GIT model was d¢onéd by staining the
cells at the end of each experiment using 0.5 pMpidium iodide (PI;
Molecular Probes Inc., Eugene, OR, USA), which disted in the intestinal
solution, and observing them according to Smigial.ef20).

Results
Correlation between pH and Ruggnmuazsnm for CFDA-SE and

CDCFDA-SE. Initially, calibration curves (Rsnmassnm VErsus pk were

constructed using ethanol-treated cells stainedh vite CFDA-SE and
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CDCFDA-SE probes for both. plantarumUFLA CH3 andL. brevisUFLA
FFC199 cells (Fig. 2). The stained cells were pended in MRS broth at
different pH values. As shown in Fig. 1 thegfRmnassnm ratios were almost
identical for the twd_actobacillusspp. strains.

my = 0,0348x% - 0,5075x" + 2,7847x - 7,1302x2 + 9,1143x +0,8541
2=

8 1 A y=0,0244x% - 0,3668x* +2,0798x} - 5,5311x + 7,5185x + 1,5776

R*=0,9983

O ¥=-0,0125x% + 0,2979x* - 2,7053x* + 11,64x? - 22,946x + 20,118
R*=0,9999

A y=0,0159x% - 0,3633x* + 3,2858x” - 14,688x* + 33,009x - 25,846
R*=0,9988

0,5 1 15 2 25 3 35 4 45 5 55 6 6,5 7 25 8
Ratio 488/435 nm

Figure 2 Correlation between the phd Rggnmazsnm for CFDA-SE- (black
symbols) and CDCFDA-SE- (white symbols) -stained agthanol-
permeabilized cells df. plantarumUFLA CH3 (square) ant. brevis
UFLA FFC199 (triangle)

Validation of probes. The results obtained for pidf viable cells of the
Lactobacillusspp. strains in MRS broth stained with the two poICFDA-SE
and CDCFDA-SE were compared atfMalues of between 3.5 and 8.0 (0.5 pH
increments). As shown in Fig. 3. (brevig and 2b I.. plantarun) there was a
good agreement in the measured palues at pkl between 5.5 and 6.0 (both
dyes can be used). Large standard deviations inwglfe obtained with the
CDCFDA-SE probe when the pHwas 6.5 and above. Thus the CDCFDA-SE
probe gave more accurate pHeasurements at pHvalues below 6.0, whereas
at pH., values of 5.5 or higher, the CFDA-SE probe gaveeraxcurate pH

results.
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3 3,5 4 4,5 5 55 (] 0,5 7 7.5 8 8,5
PHex

3 3,5 4 4,5 5 55 6 6,5 ) 5 8 8,5
PHey
Figure 3 Measurements of pk bothL. plantarumUFLA CH3 andL. brevis
UFLA FFC199 cells. The cells were stained with CFBE (black
diamond) and CDCFDA-SE (grey square) and subselyuest
suspended in MRS broth with the pH adjusted fro;ht8.8.0. (a)L.
plantarum UFLA CHS3; (b) L. brevis UFLA FFC199. The arrows
indicate pH, = pH
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Effect of nutrients and florescent labeling on thesurvival of cells in
the GIT model. Based on CFU/mI counts, there was no significaffiérdince in
percentage survival (approximately 90 % surviiak0.05, Table 1) after
exposure to saliva (5 min), gastric juice (120 nanyl intestinal juice (120 min)
regardless assay used (with or without nutrienttiadd. Further there was no
significant differencesR< 0.05) observed in the percentage survival between
fluorescently labeled cells and non-labeled cellsiml) passage of the GIT
(Table 1) indicating that staining does not infloerthe results for ptbbtained
with FRIM. However, there was significant differen@® = 0.0007) in survival
percentage between the isolateplantarumUFLA CH3 andL. brevisUFLA
FFC199 when exposed to gastric juice.



Table 1 Probability of the effects over the peragetof viability of stained and not stained catighie GIT conditions
with and without nutrient solution fdr. plantarumUFLA CH3 andL. brevisUFLA FFC199

P
Saliva Gastric juice Intestinal Juice
Isolate (1) NS 0.0007 NS
Probe (Pr) NS NS NS
Nutrient solution (N) NS NS NS
| x Pr NS NS NS
| XN NS NS NS
Average of survival 90.00 90.71(. plantarumUFLA CH3) 90.21

percentages 93.33 (. brevisUFLA FFC 199)

P means probability of the effects; | x Pr meansration between Isolate and Probe; | x N meargatibn between the Isolate and
Nutrient solution; NS means no significant diffecerf < 0.05) was observed by Scott—Knott test

S6
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Real-time GIT model. A real-time system to monitor the pH
homeostasis of single cells using FRIM under cimalit simulating passage of
the GIT was developed and results obtained with $fem are presented
below. The experiments were made with or withoutlittwh of a nutrient
solution to the gastric juice. Fig. 4 shows an eplenof differences in pH
between single cells df. brevis UFLA FFC199 exposed to saliva (Fig. 3a),
gastric juice (Fig. 3b) and intestinal juice (F3g,).



Figure 4 Photomicrografhs of fluorescence.obrevisUFLA FFC199 cells analyzed by FRIM in the smaldscGIT
model. (a) Cells exposed to saliva and stained ®RDA-SE. (b) Cells exposed to gastric juice arainstd
with CDCFDA-SE. (c) Cells exposed to intestinaktpiiand stained with CFDA-SE. The color bars cooedp
to the pH of the cells. Fig. 3a and c: pH from 5.9 to 8.i¢ Bb: pH from 4.0to 7.5

L6
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Fig. 4a and 4b shows the pituring passage of the GIT fhr plantarum
UFLA CH3 andL. brevisUFLA FFC199, respectively, without the additioneof
nutrient solution to the gastric juice. A rapid obe in pH was observed for
both strains studied as a function of the changeise solutions and pkl(saliva
pH 6.4, gastric juice pH 3.5 and bile/intestinaicgu pH 6.4). The observed
changes in pHliffered among the individual cells, indicatingttihe responses
of the bacterial cells were heterogeneous (Fig.Tg pH observed for cells
exposed to saliva (pH 6.4) was 6.5 to 7.0lfoplantarumUFLA CH3 and 6.3
to 7.3 forL. brevisUFLA FFC199. Measurements of the;fiy FRIM revealed
the emergence of two sub-populations under thestreconditions met in the
gastric juice (pH 3.5). For one sub-population eflthe pH decreased to
between 3.5 and 4.5, while for the other subpofmriahe pH only decreased to
between 4.5 and 5.6. Fbar brevisUFLA FFC199 the sub-population with the
lower pH regained a phbf 4.5 to 5.6 at 90 min of exposure to gastricguiFig
5b), whereas this was not the case lforplantarum UFLA CH3 (Fig. 5a).
However, the pHwas for both lactobacilli regained after transter the
intestinal juice (pH 6.4) where the plicreased to between 6.7 and 8.5 lfor
plantarumUFLA CH3 and between 7.3 and 8.3 forbrevisUFLA FFC199.
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Figure 5 Changes in phdf L. plantarumUFLA CH3 (a) and.. brevisUFLA
FFC199 (b) during passage of a small-scale GIT m¢sidiva (pH
6.4), gastric juice (pH 3.5) and intestinal juiggH(6.4). The arrows

indicate the emergence of two subpopulations oaguiuring passage
of gastric juice

A nutrient solution was added to the small-scalelT Ghodel to
investigate whether it had any effect on the mamtee of the pH homeostasis
of L. plantarumUFLA CH3 (Fig. 6a) and.. brevisUFLA FFC199 (Fig. 6b).
For L. plantarumUFLA CH3 the pH values obtained with the addition of the
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nutrient solution (Fig 6a) were similar to thosetadbed without nutrient
solution (Fig 5a) throughout the GIT. Far brevis UFLA FFC199 it was
observed that the ptdf the cells in gastric juice containing nutrietésded to
approach the pH (dotted line in the Fig. 6b) at 90 min. This paitevas not
observed for cells in gastric juice without nuttisolution (Fig. 5b). In addition,
when subsequently exposed to the intestinal jtieecells were only capable of
maintaining aApH; of 0.2 or higher in the assays with nutrients @y, while it
was around 0.9 or higher in the assays withoutients (Fig. 5b). The Tab. 2
and Tab. 3 show the averages ofgrtd A pHof the cells for both strains in the

different solutions of the GIT model.



Table 2 Averages of ptéf the lactobacilli cells in the different juice§the GIT model

Strain without nutrient solution with nutrient solution
Saliva Gastric Intestinal Saliva Gastric Intestinal
L. plantarumUFLA CH3 6.4+0.4 4.9+0.6 7.5+0.4 6.7+0.2 4.9+0.6 6:0.4
L. brevisUFLA FFC199 6.5+0.3 5.2+0.4 7.5+0.4 6.3+0.3 5.@Gt+2. 7.2+0.5

Table 3 Averages of\pH; (Average * SD) of the lactobacilli cells in thdfeient juices of the GIT model

ApH;
without nutrient solution with nutrient solution
Strains saliva Gastric Intestinal saliva Gastric Inestinal
L. plantarumUFLA CH3 0.2+0.3 1.440.3 1.240.2 0.3+0.1 1.4+0.3 .240.2
L. brevis 0.2+0.2 1.6+0.3 1.1+0.4 0.1+0.1 1.5+0.6 0.8+0.4

UFLA FFC199

I0T
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Figure 6 Changes in the péf L. plantarumUFLA CH3 (a) and.. brevisUFLA
FFC199 (b) during passage of a small-scale GlTesyssaliva (pH
6.5), gastric juice (pH 3.5) and intestinal juig(6.4) upon addition
of a nutrient solution to the gastric juice. Theomrs indicate the
emergence of two subpopulations occuring duringsgge of gastric

juice
For both strains most of the cells were able tontai a pH gradient

towards the surroundings throughout the experimedicating that during GIT
conditions the strains remained viable and capablactively pumping out
protons from the cell. Viability was confirmed bigiming the cells at the end of
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the each experiment with propidium iodide (PI). &wample is presented in Fig.
7, and shows that the majority of the cells rendhimmble at the end of the

experiment because they were not stained by PI.

| e

L

8

e

.
-

Figure 7 Light micrograph df. plantarumUFLA CH3 (A) andL. brevisUFLA
FFC199 cells (C). And epifluorescence microgrhaphoplantarum
UFLA CHS3 (B) andL. brevisUFLA FFC199 cells (D) (Axiovert 135
TV; Zeiss, Birkergd, Denmark) using a Zeiss Flu@f X objective.
The cells are stained with propidium iodide (Pl)tlae end of the
GITsystem experiment to observe their viability
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Discussion

A small-scale GIT model combined with FRIM to mamithe effect of
GIT passage on pH homeostasis of LAB at the sioglldevel was developed in
the present study. Being the first study to userakination of two pH sensitive
probes, i.e. CFDA-SE and CDCFDA-SE, to determire pih| of single cells
over a wide range of pkl several measures were taken to validate their
combined use. Apart from the difference iK,pvalues of CFDA-SE and
CDCFDA-SE, the presence of two chlorine atoms i @DCFDA-SE probe
(CogH17CIoNO15) could influence the relative emission patternwideer, this did
not pose a problem, since the ratios could be demibly correlated to unique
pH values for both probes (Fig. 2). Our resultsficonthose of previous works,
where both probes separately have been used sfutlsessmeasure the prof
single cells (15, 19, 22, 23, 24, 25).0ne purpdsthie study was as indicated
above, to investigate if the two probes CFDA-SE @RICFDA-SE could be
used in combination to enable valid;phkasurements over a broad.pkange
(4.0 — 8.0). Several authors (19, 22, 23, 25, 8pprted a pHvalue of 5.5 as the
lower limit of sensitivity of CFDA-SE, which was sl observed in the
calibration curves for this probe in this studyaBala et al. (15) demonstrated
that CDCFDA-SE was suitable for obtaining measurgmef pHas low as pH
4.0 in individual bacterial cells (pH 3.5 in theepent study). Furthermore, the
measurements of phkh bothL. plantarumUFLA CH3 (Fig. 3a) and.. brevis
UFLA FFC199 (Fig. 3b) cells using CDCFDA-SE and Q%BE overlapped
between pH 5.5 and 6.0. Altogether, the resultainbtl suggest that the probes
can be used in combination, enabling ptéasurements at a gtof between 3.5
and 8.0.

In the GIT model, a\pH with higher pkthan pH, was observed for
both Lactobacillusspp. in all juices (pH 3.5, pH 6.4). In comparisehen the
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pH; of the twolLactobacillusspp. strains was measured in MRS with the pH
adjusted to between 3.5 and 8.0 (0.5 incrementgHg of 6.5 and abovel(
plantarumUFLA CH3) and 7.0 and abové.(brevisUFLA FFC199), the cells
maintained a pHwhich was lower than the plH(ApH >0.3), whereas at acidic
pHex Of 3.5-5.5 the opposite was observagHl > 0.1). Generally, the difference
between the intracellular and extra-cellular pHé&ased when approaching the
pH extremes of 3.5 and 8.0. Similar results weraiokd by Zhang et al. (38)
for Lactobacillus caseishowing an increasinggpH of 0.06, 0.25 and 0.38 with
decreasing pH values of 6.5, 5.0 and 3.5, respectively. Furthiee, results
obtained in our study for the lower pi¢lative to the pk} are in agreement with
pH; measurements obtained for differdr@ctobacillusspp. strains at alkaline
pHex of up to 9.0 by Sawatari and Yokota (24). Saweaad Yokota (24)
suggested that, the reverstpH formation in theLactobacillusspp. strains at
alkaline pHy could be due to physicochemical forces (the Dorpwtential) as
well as the use of energy-dependent’(K&/H" anti-porters. It probably
presents different activities depending on the dv@t species and
acidic/alkalinizing agent used to pH adjustmentsalfla et al. (15) also found
different effect on the pHhomeostasis depending on the acidic agent used.
Although, in our study, only HCI and NaOH were #wdic/alkalinizing agents
employed for pH adjustments, MRS is a rich mediat@ining acetic acid. The
acetic acid will be un-dissociated at low pH, amdgcgse present in the media
can be fermented to lactic acid, affecting ttectobacillusspp. cells(39). It
could explain why the cells in the MRS broth and Glodel possessed different
pH homeostasis, since the cells were propagatéeisame way.

In the GIT model we were able to perform real timeasurements of
changes in the ptdf theLactobacillusspp. strains in response to the changes in
the pH, In the GIT model, shifting from saliva (pH 6.4) tjastric juice (pH
3.5) induced a rapid decrease in; fitém 6.5-7.0 L. plantarumUFLA CH3)



106

and 6.3-7.3 (. brevisUFLA FFC199) to 3.5-5.5 in both strains. The almos
immediate decrease in phh the Lactobacillusspp. strains as a response to a
sudden decrease in pthas previously been observed by others, e.gLfor
delbrueckii subsp. delbrueckii (15, 23). Usually, in growing cultures of
fermentative lactic acid bacteria (LAB) the jphiill decrease as a function of
pHex, and average\pH of 0.5 to 1.0 units have been reported (40,4, 4
Shabala et al. (15) however, observed no more #éhapH of 0.1 upon acid
treatment for an acid toleraht delbrueckiisubsp.delbrueckiistrain, when the
pHex was instantly lowered from 6.0 to 4.0. For theslesid tolerantisteria
innocuaa relatively constant pHevel with ApH 1.5 to 1.8 have been reported
(15). In comparison, in the present studyAlp¢ of the twolLactobacillusspp.
strains ranged between 0.1- 2.0 in the gastricejuiExposure to low pH
negatively affects the proton motive force (PMR)oas the cell membrane as a
result of the accumulation of protons inside thi ¢(9). In response to acid
stress, lactic acid bacteria employ numerous meésmanto survive (39). Zhang
et al. (38) found that acid toleralnt caseiwere able to maintain higher amounts
of ammonium at pH 3.5, which contributed to neigealprotons and the
concomitant maintenance of the ;pffbmeostasis. This and other mechanisms
such as e.g. the proton translocatingdTPase enzyme complex and membrane
permeability (37) could be differently active irethactobacillusspp. individual
cells, resulting in the observed emerging sub-petjps under exposure to the
low pH values in the gastric juice. Our results mregreement with previous
studies, e.g. by Hornbaek et al. (13) who obsethiedemergence of two sub-
populations of Listeria monocytogenest sub-inhibitory concentrations of
bacteriocins, where one showed a dissipatptl and the other maintained a
constantApH. Furthermore, adaptative evolution of microoigars under stress

conditions enhance the stress tolerance of theasetlbserved by Zhang et al.
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(38), where acid adapted cells (64 h at pH 4.3).ofaseishowed a 318-fold
higher survival rate than that their parental cellacid stress (3 h at pH 3.3).
Several studies have examined the response of A&idic stress, including
the mechanisms underlying tolerance to organic. &cgidomparison, few studies
have examined the stress response of LAB to bite reow it affects the pH
homeostasis of single cells (39, 43). Intracelldesociation of bile salts may
impose a low pH stress on cells and the movemeidns may have osmotic
effects (44). As bile can chelate calcium and iféB, 46) the presence of bile
inside a cell may result in low intracellular calei and iron concentrations. In
the present study, when the cells were shifted fitmengastric juice (pH 3.5) to
the intestinal juice containing bile (pH 6.4)AaH ranging from 0.3 to 2.0_(
plantarumUFLA CH3) and 0.9 to 1.9.( brevisUFLA FFC199) was observed.
In comparison, in the study by Sawatari and Yokat aApHof approximately
0.5 at pHy of 6.5 (without bile) for different_actobacillus spp. strains L(.
acidophilusJCM 1132]. maliJCM116T,L. plantarumNRIC 0380,L. curvatus
AHU GD12 andL. paracasesubsptoleransNRIC 1940) was observed.

It is known that beverages such as yoghurts coakk ta protective
function enhancing survival of bacteria in acid iemvments (47, 48). However,
the effect of nutrients on phHbf bacterial cells in the GIT remains largely
unknown (49). Although there was found no diffeesdn the pHHfor L.
plantarum UFLA CH3 cells with and without nutritious solutiqglucose and
peptone), addition of the nutrient solution to tastric juice resulted in a
general decrease (at 90 min onwards) oAb of theL. brevisUFLA FFC199
cells as compared to without nutrient solution. Thecose present in nutrient
solution may be fermented to lactic acid ltactobacillusspp. cells and due to
the low pH in gastric juice, it will be difficultor the cell to export the lactic acid
which will then lead to a lower pHlow pK, value of lactic acid of 3.85). This
could stress thé. brevisUFLA FFC199 cells, which is then reflected later,
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when they are exposed to the intestinal juicesthEur it has been shown by
Shabala et al. (15) that acidification with laditid affects the pthomeostasis
more than HCI. In contrast, glucose may provide AdyPglycolysis, which
could be used by energy dependent proton pumpspel @ns H+, increasing
the pH of the cells. In the intestinal juice, the brevisUFLA FFC199 cells
exposed to gastric juice without nutrient solutexhibited a higheApH (0.9 or
higher) than those containing nutrient solutigxpfi 0.2 or higher). In other
words, thel.. brevisUFLA FFC199 cells had a low plh the intestinal juice in
the presence of nutrients and their, plds thereby closer to the gHAIthough,
difference in survival percentage was not obsebye@FU/mL counts regarding
nutrient solution, there was difference between ifmtates when exposed to
gastric juice. Probably these species have diffaesponses to survive in stress
conditions caused by gastric juice.

For both L. plantarum UFLA CH3 and L. brevis UFLA FFC199
heterogeneity in pH homeostasis was observed arttengells upon passing
through the GIT model. The heterogenic responsadan the present work is
likely related to the presence of naturally resistzlls in a better physiological
condition (38). Phenotypic heterogeneity constfutiee non-genetic variation
existing among individual cells within an isogemigpulation and is related to
different levels of basal gene expression rathen ttifferent gene possession
(11). According to Balazsi et al. (49) cells wittentical genomes exposed to the
same environment do not necessarily have identicahotypes. These authors
report that when cells assume different, functignahportant and heritable
fates without an associated genetic or environnheliffarence, cellulardecision
making occurs (49). Waddington’s epigenetic lanfdscéballs rolling down a
slanted landscape with bifurcating valleys) hasmbelely and repeatedly used
for several decades as a pictorial illustratiordidferentiation in multicellular

development (50). Balazsi et al. (49) purposes thiainsic gene expression
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noise is a component missing from Waddington’'s epégic landscape. This is
the reason in which identical cells released frolre tsame location
(Waddington’s epigenetic landscape) will fell theertprbing effects of
onnipresent random fluctuations at every pointrairtway. Random noise will
shake them apart, modifying their trajectories famding them to cross barriers,
diffuse along plateus, and find new local minim&ug, intrinsic noise enables
the phenotypic disversification of completely ideat cells exposed to the same
environment and further facilitates cellular demisimaking for cells already
slightly different when release onto Waddingtordadscape (49). In our study
the pH homeostasis may be considerate the noise as svelbserved in other
studies when cells were exposed to stressful dondit such as heat,
bacteriocins, RNA content, and levels of carotermghmentation (13, 18, 51,
52). Therefore the variation observed in; jpifhong the individual cells passing
through the GIT model is not surprising.

In conclusion, a novel GIT model was developed andcessfully
applied in this work. The results obtained for botiplantarumUFLA CH3 and
L. brevisUFLA FFC199 showed that individual cells may mainttheir pH
differently. The juices in the GIT model affectdtetpH homeostasis of the
Lactobacillus spp. cells, providing two sub-populations duringp@sure to
gastric juice. The potential probiotits plantarumUFLA CH3 andL. brevis
UFLA FFC199 showed to be robust strains, keepieg thability/vitality in the
wide range of pkl imposed by the GIT. The nutritious solution empldyn this
work affected the pHmaintenance of. brevisUFLA FFC199 differently than
L. plantarumUFLA CH3. This is the first study in which a smatlale GIT
model has been used to monitor the physiologicalust of individual cell
through pH measurements in real time. In addition, this is finst work in
which both CFDA-SE and CDCFDA-SE probes were comthito study the pH

in a wide range of pil values (3.5 to 6.4). Therefore, this work providesiults
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that established a valid system that can be appiedseveral types of

microorganisms to assess their behavior vigipld GIT model. Also the model

can be used to evaluate the probiotic potentithatfic acid bacteria, since their
survival in GIT conditions is an important critamido considerate a strain as
probiotic.
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Considerac6es finais

Probidticos sdo microrganismos amplamente utilisgadoomo
suplementos alimentares ou adicionados a prodlitosrdicios, no intuito de
gerar beneficios a saude. Alimentos naturalmemteeietados sao considerados
ricas fontes de microrganismos, cujas atividadegifunais ainda sdo pouco
conhecidas.

As estirpes microbianas diferem na sua habilidade seiperar as
condi¢Bes adversas, tais como baixo pH e presentélel impostas pelo TGI.
Também diferem em suas propriedades funcionagsctano adeséo as células
intestinais, aumento da resisténcia elétrica deeibbartransepitelial e combate a
microrganismos patogénicos. Por estas razdes, umloestas caracteristicas
probidticas dos microrganismos presentes em predutaturalmente
fermentados torna-se tdo importante. Adicionalmeataliagcbes da homeostase
do pH é uma maneira eficiente de avaliar as condic@@sldgicas celular,
sendo possivel acompanhar este comportamento endinice&célula por meio
do método de FRIM.

Microrganismos com caracteristicas potencialmemtdipticas foram
observados no presente estudo. Processos fermestatiis como fermentagéo
de cacau e cauim, podem favorecer a ‘sele¢@o Haderanicrorganismos mais
resistentes. Durante a fermentacéo, podem ocanglighes desfavoraveis para
certos microrganismos, como, por exemplo, um antdieompetitivo, baixos
pH e elevadas temperaturas, que podem favorecesbgeve/éncia desses
microrganismos as severas condicfes impostas Eonga gastrintestinal do
hospedeiro.

Os resultados apresentados neste trabalho permitsdabelecer um
sistema valido para estudos do comportamento (hstas® do phl de varios

tipos de microrganismos nas condicfes do TGIl. Oebaonh vitro do TGl
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utilizando FRIM possibilitou analises das condicdiesiolégicas de células
Unicas em tempo real e, assim, a observagdo dad¢éonde subpopulages,

guando submetidas as condic8es estressantes ispefiiasuco gastrico.



