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DETECTION ET ETUDE DE L'EXPRESSION DE GENES DE
BACTERIOCINES DE BACTERIES LACTIQUES DANS LES FROMAGES

Nous avons étudié¢ la présence de bactéries lactiques capables de produire des
bactériocines dans des fromages traditionnels Slovenes. Dans cinq échantillons de
Tolminc (fromage au lait de vache) et quatre échantillons de Kraski ovgji sir
(fromage au lait de brebis), nous avons recherché la présence de 19 genes de bactériocines
par PCR. L'ADN a ¢été extrait directement a partir des fromages ainsi qu'a partir de
consortia microbiens de ces fromages isolés sur gélose CATC, Rogosa et M17. Nous avons
utilisé des tests par diffusion sur gélose pour déterminer l'activité antimicrobienne des
consortia sur différentes bactéries indicatrices. L'activité anti-staphylococcique a aussi été
déterminée in situ dans du lait et du fromage. L'avantage compétitif des souches
productrices de bactériocines a été évalué en effectuant des repiquages successifs
des consortia dans du lait. Lors de ces essais, nous avons suivi la présence de
différents déterminants génétiques de bactériocines ainsi que l'activité
antimicrobienne des consortia. Ces mémes propri¢tés ont aussi été déterminées
pour des souches individuelles productrices de bactériocines, qui ont €té isolées du
consortium initial ou de consortia obtenus apres propagation dans le lait. La mise
en évidence de geénes de bactériocines par PCR dépendait de I'efficacité d'extraction
de I'ADN. L'extraction de ' ADN total était plus efficace lorsque I'homogénéisation
du fromage était réalisée avec une solution de citrate de sodium. Dans I'"ADN issu
des fromages et consortia microbiens, nous avons détecté plusieurs genes de
bactériocines. Leur nombre diminuait lors de la propagation dans le lait, ce qui
indique un faible avantage compétitif des souches productrices de bactériocines.
Les résultats n'ont montré un avantage compétitif que pour des souches comportant
des déterminants génétiques de la cytolysine. Nous n'avons détecté une production
de bactériocines dans les fromages que lorsque qu'une culture pure d'une souche
productrice de nisine A a été ajoutée. La différence entre la détection de
déterminants génétiques de bactériocines et l'activité antimicrobienne montre la
complexité qui relie ces deux propriétés. En raison des limitations concernant les
tests par diffusion sur gélose pour détecter I'expression des geénes in situ, nous
avons mis en place une méthode moléculaire basée sur la reverse transcription et la
PCR en temps réel. Cette méthode sera trés utile pour de futures études concernant
le role des bactériocines dans les fromages.

produits laitiers/fromages traditionnels/Slovénie/microbiologie/bactéries
lactiques/bactériocines/génétique moléculaire/genes/expression de genes
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Doctoral dissertation

XVI, 109 p., 10 tab., 12 fig., 12 ann., 127 ref.

en

en/sl

We examined the presence of lactic acid bacteria (LAB) able to produce different
bacteriocins in traditional Slovenian cheeses. In five samples of Tolminc cheese (from
cows' milk) and four samples of Kraski ov¢ji sir (from ewes' milk) we looked for the
presence of 19 LAB bacteriocins’ gene determinants using PCR. The DNA analysed was
extracted directly from cheese samples as well as from cultivable microbial consortia of
cheese which were isolated on CATC, Rogosa and M17 agar media. We used diffusion
tests to determine the antimicrobial activity of microbial consortia against different
indicator bacteria. Anti-staphylococcal activity was also determined in situ in milk and
cheese. Competitive advantage of bacteriocinogenic strains was examined by consecutive
propagation of microbial consortia in milk. During this we followed the presence of
different bacteriocin gene determinants and antimicrobial activity of microbial consortia.
The same properties were also determined for individual bacteriocinogenic strains that
were isolated from initial consortia and from consortia obtained after propagation in milk.
The success of finding bacteriocin gene determinants with PCR depended greatly on the
efficiency of DNA extraction. The extraction of total DNA was the most successful when
sodium citrate was used for cheese homogenisation. In DNA of different cheeses and
microbial consortia we detected a number of bacteriocin gene determinants. Their numbers
were reduced during the process of propagation in milk, which indicates a poor competitive
advantage of some bacteriocinogenic strains. The results demonstrated competitive
advantage only for strains that carried gene determinants for cytolysin. We detected
bacteriocin activity in cheese only when monoculture of nisin A producer was added. The
discrepancy between detected bacteriocin gene determinants and antimicrobial activity
shows the complexity that links these two properties. Since there are limitations in using
bioassay methods for detection of in sifu expression of bacteriocin genes in cheese we
decided to introduce an alternative molecular method based on reverse transcription (RT)
and real-time PCR. This method will be very useful in the future studies of the role of
bacteriocins in cheese.
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Doktorska disertacija

XVI, 109 str., 10 pregl., 12 sl., 12 pril., 127 vir.

en

en/sl

V tradicionalnih slovenskih sirih smo iskali prisotnost sevov mle¢nokislinskih bakterij
(MKB), sposobnih proizvajati razlicne bakteriocine. V petih vzorcih sira Tolminc iz
kravjega mleka in Stirih vzorcih Kraskega ovéjega sira smo s pomoc¢jo PCR ugotavljali
prisotnost genskih determinant za 19 bakteriocinov MKB. Genske determinante smo iskali
tako v skupni DNA izolirani neposredno iz sira, kot v DNA, ki smo jo izolirali iz
osamljene mikrobne zdruzbe. S trdnih gojis¢ CATC, Rogosa ter M17 smo osamili razli¢ne
kultivabilne mikrobne zdruzbe posameznih sirov. Z difuzijskimi testi in vitro smo
ugotavljali njihovo protimikrobno aktivnost proti razlicnim mikroorganizmom. Aktivnost
proti stafilokokom smo proucili tudi in situ v mleku in v siru. Kompetitivno prednost
bakteriocinogenih sevov smo preverili z zaporednim precepljanjem mikrobne zdruzbe
enega od sirov v mleku, pri ¢emer smo spremljali prisotnost genskih determinant za
bakteriocine in protimikrobno aktivnost mikrobne zdruzbe. Iste lastnosti smo ugotavljali
tudi pri posameznih bakteriocinogenih sevih, ki smo jih osamili iz prvotne mikrobne
zdruzbe in mikrobne zdruzbe, pridobljene po zaporednem precepljanju v mleku. Uspesnost
iskanja genskih determinant za bakteriocine s pomoc¢jo PCR je bila v veliki meri odvisna
od ucinkovitosti izolacije DNA. K ucinkoviti izolaciji DNA iz sira je prispevala uporaba
natrijevega citrata za homogenizacijo vzorcev. V DNA razli¢nih sirov in osamljenih
mikrobnih zdruzb smo nasli Stevilne genske determinante za bakteriocine. Tekom
zaporednega precepljanja v mleku se je Stevilo teh determinant zmanj$alo, kar kaze na
slabSo kompetitivno prednost nekaterih bakteriocinogenih sevov. Rezultati so pokazali
kompetitivno prednost edino pri sevih s genskimi determinantami za citolizin. V siru smo
zasledili bakteriocinsko aktivnost samo v primeru, ko je bila siru dodana monokultura seva,
ki proizvaja nizin A. Diskrepanca med Stevilom ugotovljenih genskih determinant in
izkazano protimikrobno aktivnostjo kaze na kompleksnost, ki obe lastnosti povezuje. Ker
obstajajo omejitve pri uporabi bioloskih testov za doloanje in situ izrazanja
bakteriocinskih genov v siru, smo se odlocili vpeljati alternativno molekularno metodo na
osnovi RT real-time PCR. Ta metoda bo zelo uporabna za nadaljnje Studije vloge
bakteriocinov v siru.
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1 GENERAL INTRODUCTION (SPLOSNI UVOD)

1.1 GENERAL INTRODUCTION

Research results presented in this doctoral dissertation were partly obtained under the
frame of a three-year applied research project 'Tailor-made starter cultures for production
of traditional cheeses' and a four-year European project TRUEFOOD (Traditional United
Europe Food), conducted under the 6™ framework programme of the European Union. The
joint goal of the TRUEFOOD project was to introduce suitable innovations into traditional
European food production which would assure its persistence and competitiveness in the
ever growing global European market. TRUEFOOD was directed towards small and
medium enterprises which on one side represent the majority of the European food
industry and on the other usually lack the access to good quality research and development
work. One of the major challenges in traditional food production is the introduction of
innovations that would meet the EU safety demands and consumer expectations for
traditional food product. Balancing both is sometimes difficult. The product has to be
microbiologically completely safe but still of high nutritional and sensory value with little
or no processing and additives. This is even more difficult for small and medium
enterprises because the financial and space limitations make it very difficult for them to
establish a system of good microbiological and chemical monitoring

(http://www.truefood.eu; 2010). The problem our group was working on inside the project
was microbiological safety of traditional Slovenian hard cheeses, focusing on inhibition of
bacterium Staphylococcus (S.) aureus in these cheeses. We tried to isolate the microbial
consortia or single strains that would inhibit this pathogen and could be used as starter or
protective cultures.

1.1.1 Introduction

Most of the traditional cheeses and milk products in general are made from raw milk. Its
chemical and microbiological composition is, besides the technical procedure, the most
important parameter in establishing characteristic features of a dairy product. Rich
microbiota which comes from raw milk and cheese producing equipment gives the specific
taste and aroma by which the traditional cheeses are well recognised and differentiated
from the other cheeses. Besides beneficial microbiota, raw milk and the end products made
from it also contain strains that can represent a potential risk for the consumer. Because of
these, the main problem associated with these kind of products is how to offer a product
with expected, specific sensory properties but still protect the consumer against potential
infection or intoxication.
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The use of protective starter cultures containing selected bacteriocinogenic strains of lactic
acid bacteria (LAB) is already established in the cheese production. There are two
problems concerning use of commercial starter or protective culture in traditional cheese
production. The first one is that with starter culture you are adding strains that are not
autochthonous to this cheese. The second problem is that the bacteriocinogenic activity of
these strains may inhibit the naturally present beneficial microbiota and thus affect the
microbial composition and physicochemical properties of the cheese. One of approaches to
solve this problem is to search for the suitable bacteriocinogenic strains in the microbial
population of different traditional cheeses. This way we could formulate starter cultures
that are 'tailor made' for each traditional cheese. Using starter cultures like these would
solve most of the problems associated with the use of traditional procedures (raw milk) and
also preserve all of the specific properties of traditional cheeses including the sensory ones.

Analysing microbial population of traditional cheeses and screening for particular strains
that produce different wide spectrum bacteriocins is a demanding procedure that takes a lot
of time and material and the end result depends a lot on sensitive indicator strains and
proteolytic enzymes being used. Our idea was to use the approach usually used in
metagenomics. We extracted the total deoxyribonucleic acid (DNA) from individual
traditional Slovenian cheeses and analysed it by polymerase chain reaction (PCR) for the
presence of different bacteriocins’ genes.

The presence of gene determinants for particular bacteriocin in total DNA of cheese
however does not assures that these determinants come from cultivable or at least viable
bacteria. Since only the cultivable strains are the ones that can be isolated and used as a
component in starter culture, our next research challenge was to confirm the presence of
cultivable bacteriocinogenic LAB strains in the cheese microbiota. Individual groups of
LAB were isolated on selective agar plates and in total DNA extracted form these groups
we again looked for the presence of different bacteriocin gene determinants.

The presence of particular bacteriocin gene determinants in DNA of cultivable LAB does
not assure these determinants are also expressed in cheese. Only strains that actually
produce bacteriocins in cheese are suitable for application as protective cultures with the
potential to improve the safety of these products. That is why we tested in vitro as well as
in situ the bacteriocinogenic activity of individual microbial consortia. /n vitro testing of
bacteriocin activity of microbial consortia, single strains and cell-free supernatants were
performed by diffusion method on solid growth media. In addition, selected microbial
consortia were applied in situ in cheese production and cheese extracts were tested for
antimicrobial activity.
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Demonstrating synthesis and activity of bacteriocins in cheese using bioassays has its
limitations like high detection level, uneven distribution of bacteriocins in the cheese
matrix, adsorption to cheese caseins or degradation by bacterial peptidases released from
damaged cells. Besides these limitations we have to take into consideration unspecificity of
bioassays, i.e. when more than one bacteriocin is present we can detect only the collective
activity. In order to overcome these limitations, we decided to introduce an alternative
molecular method for detection of in situ expression of bacteriocin genes in cheese, based
on reverse transcription (RT) and real-time PCR. With this method the messenger
ribonucleic acid (mRNA), produced at transcription of genes, is reverse transcribed to
complementary DNA (cDNA) which can be further amplified by PCR. When combined
with real-time PCR, the method offers not only qualitative but also quantitative analysis of
gene expression.

1.1.2 Workflow

The starting point of our research work is described in the scientific paper Trmci¢ et al.
(2008). Two traditional Slovenian cheeses, Tolminc (made of cows' milk) and Kraski ov¢ji
sir (made of ewes' milk) were examined for the presence of bacteriocin gene determinants,
using two procedures (Figure 1). With the first procedure we extracted total DNA directly
from cheeses, using three different solutions for homogenisation of cheese and two
different methods for extraction of DNA. With the second procedure we extracted the
DNA from microbial cheese consortia of cultivable bacteria that consisted of three
different groups of LAB: lactobacilli, enterococci and mesophilic cocci. We used PCR to
look for presence of gene determinants of 19 different bacteriocins in DNA extracted
directly from cheese and in DNA extracted from separate microbial consortia.
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Figure 1: Schematic presentation of DNA isolation from cheese and its cultivable microbial consortia
(Trmci¢ et al., 2008).

Slika 1: Shematski prikaz izolacije DNA neposredno iz sira in iz njegove kultivabilne mikrobne
zdruzbe (Trm¢ic¢ in sod., 2008).
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Based on our research hypothesis we planned a circular flow of experiments as presented
in Figure 2. From cheese with the highest number of detected bacteriocins’ gene
determinants we isolated cultivable microbial consortia (Trmci¢ et al., 2008). We used
these microbial consortia in the next two experiments. First we tested the potential of
microbial consortia to inhibit growth of S. aureus in situ in milk and cheese (Trmci¢ et al.,
2010a). In the second experiment we propagated the microbial consortia in milk at two
different temperatures (30°C and 42°C) and followed the presence of gene determinants
for different bacteriocins (Trmci¢ et al., 2011a). During all phases of work we followed
besides gene determinants for bacteriocins also the antimicrobial activity and tried to
isolate individual bacteriocinogenic strains. Pure bacteriocinogenic strains isolated from
original and propagated microbial consortia were the focus point of the scientific paper of
Trmcic et al. (2010b).

Isolation of Isolation of

PCR 1|« microbial consortia/ microbial consortia/ PCR
1 Osamitev mikrobne Osamitev mikrobne 2
zdruzbe 1 zdruzbe 2

\ Propagation in milk/ j

- . . Zaporedno precepljanje . . .
Antimicrobial activity/ P precepijany Antimicrobial activity/
L : v mleku 2 L :
Protimikrobna aktivnost | Protimikrobna aktivnost )
4 A A
Isolation of bacteriocinogenic PCR > Isolation of bacteriocinogenic
strains/ Osamitev strains/ Osamitev
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Figure 2: Overview of the study - detection of bacteriocin gene determinants and determination of

antimicrobial activity. 1-Trm¢i¢ et al. (2008), 2-Trm¢i¢ et al. (2011a), 3- Trm¢ic et al.
(2010a), 4-Trm¢i¢ et al. (2010b).

Slika 2: Pregled poteka raziskave - odkrivanja genskih determinant za bakteriocine in ugotavljanja
protimikrobne aktivnosti. 1-Trm¢i¢ in sod. (2008), 2-Trm¢i¢ in sod. (2011a), 3-Trm¢i¢ in
sod. (2010a), 4-Trm¢i¢ in sod. (2010b).
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In the last part of our study we introduced a molecular method RT real time-PCR for the
quantification of the expression of bacteriocin genes in cheese. In order to test the methods
of mRNA extraction from cheese and the quantification of expression, we used a sterile
cheese model inoculated with a monoculture of a strain that produces bacteriocin nisin A.
Quantification of expression of 11 genes, involved in nisin A production and activation,
during 24 h of fermentation is described in the scientific paper of Trmci¢ et al. (2011b).

1.1.3 Hypothesis

e Since traditional Slovenian cheeses are produced from raw milk there is a strong
possibility that their rich microbiota includes also LAB able to produce different
bacteriocins with the potential to inhibit outgrowth of undesired or pathogenic bacteria.

e The use of an approach based on molecular methods could enable faster detection of
strains that produce different bacteriocins.

e Due to their competitive advantage, bacteriocinogenic strains preserve the cultivability
and bacteriocin activity in cheese.

e The use of an approach based on molecular methods could enable quantitative
determination of bacteriocin gene expression in cheese.
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1.2 SPLOSNI UVOD

V doktorski disertaciji so prikazani rezultati raziskav, ki so delno potekale v okviru
triletnega aplikativnega raziskovalnega projekta 'Po meri narejene starterske kulture za
izdelavo tradicionalnih sirov' in Stiriletnega evropskega projekta Sestega okvirnega
programa Evropske skupnosti TRUEFOOD (Traditional United Europe Food). Skupni cilj
TRUEFOOD projekta je bil vpeljati primerne inovacije na podro¢ju proizvodnje
tradicionalnih zivil, ki bi zagotovila ohranitev in povecanje njihove kompetitivnosti na vse
bolj globalnem evropskem trzis¢cu. TRUEFOOD je bil usmerjen k manjSim in srednje
velikim podjetjem, ki predstavljajo vecinski delez evropske zivilske industrije, obenem pa
obi¢ajno nimajo dostopa do kvalitetnega raziskovalno-razvojnega dela. Eden od glavnih
izzivov v tradicionalni proizvodnji hrane je vpeljava inovacij, ki so v skladu s priporoc¢ili in
zakoni Evropske unije ter zagotavljajo varnost tradicionalnih Zivil, obenem pa zadostijo
splosnim pricakovanjem in zahtevam potroSnikov za te izdelke. Usklajevanje obeh
aspektov je vcasih tezavno. Izdelek mora biti na primer po eni strani mikrobiolosko
neoporecen, po drugi strani pa izdelan s ¢im manj obdelave in dodatkov ter imeti visoko
prehransko in senzori¢no kakovost. Slednje je Se posebno zahtevno za manjSa in srednje
velika podjetja, ki zaradi finan¢nih in prostorskih omejitev ne morejo vedno vzpostaviti
pravega sistema za zagotavljanje mikrobioloSke in kemijske neoporecnosti zivil
(http://www.truefood.eu; 2010). Problem, s katerim se je znotraj projekta ukvarjala nasa

skupina, je bil mikrobioloska varnost tradicionalnih slovenskih trdih sirov, s poudarkom na
zaviranju bakterijske vrste Staphylococcus (S.) aureus v teh sirih. Poskusali smo osamiti
mikrobne zdruzbe in posamezne seve, ki bi zavirali to pogosto patogeno bakterijsko vrsto
in bi jih lahko uporabili v starterskih ali zas¢itnih kulturah.

1.2.1 Uvod

Vecina tradicionalnih sirov in mle¢nih izdelkov na splo$no je izdelanih iz surovega mleka,
ki je s svojo kemijsko in mikrobiolosko sestavo poleg tehnoloskega postopka izdelave
glavni parameter, ki doloCa karakteristicne lastnosti izdelka. Pestra mikrobna zdruzba, ki
pride v sir s surovim mlekom in sirarsko opremo, oblikuje znacilen okus in aromo, po
katerih so tradicionalni siri razpoznavni in se lo¢ijo od mnoZice ostalih sirov. Poleg
zazeljene mikrobne zdruzbe se v surovem mleku zelo pogosto pojavljajo tudi sevi, ki lahko
v kon¢nem izdelku predstavljajo potencialno nevarnost za potroSnika. Zaradi tega je
klju¢ni problem, povezan z izdelki te vrste, kako ponuditi potroSniku izdelek z Zeljenimi
specifiénimi senzori¢nimi lastnostmi, obenem pa ga zascititi pred potencialno infekcijo ali
intoksikacijo.
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Uporaba zas¢itnih  starterskih  kultur, ki vsebujejo izbrane bakteriocinogene
mlec¢nokislinske bakterije (MKB), se je v proizvodnji sira ze uveljavila. Pri izdelavi
tradicionalnih izdelkov pa je uporaba zascCitnih ali starterskih kultur problemati¢na iz dveh
vidikov. Prvi je, da s startersko kulturo dodajamo seve, ki niso avtohtoni za posamezen sir,
drugi pa je, da lahko ti sevi s svojo bakteriocinsko aktivnostjo zavirajo tudi naravno
prisotno koristno mikrobno zdruzbo in s tem Se dodatno spreminjajo mikrobiolosko
sestavo in posledic¢no tudi fizikalno-kemijske lastnosti sira. Eden od pristopov k reSevanju
opisanega problema je iskanje primernih bakteriocinogenih sevov v naravno prisotni
mikrobni zdruzbi posameznih tradicionalnih sirov. S takSnimi sevi bi lahko sestavili
starterske kulture, ki so 'po meri' posameznega tradicionalnega sira. Uporaba takSnih
straterskih kultur bi prepreila vecCino tezav, ki spremljajo tradicionalno tehnologijo
(surovo mleko) in obenem ohranila vse specifi¢ne lastnosti tradicionalnega sira, vklju¢no s
senzori¢nimi.

Analiza mikrobne zdruzbe, ki jo vsebujejo tradicionalni siri, in iskanje posameznih sevov,
sposobnih sinteze Sirokospektralnih bakteriocinov, je dokaj zahteven in dolgotrajen
postopek, ki je povezan tudi s porabo velike koliCine materiala, poleg tega pa je njegova
uspesnost zelo odvisna od izbire indikatorskih sevov in proteoliticnih encimov. Zato je bila
nasa ideja, da uporabimo pristop, ki ga sicer uporabljajo v metagenomiki. [z posameznih
tradicionalnih sirov smo izolirali celokupno bakterijsko deoksiribonukleinsko kislino
(DNA), ter s pomocjo verizne reakcije s polimerazo (PCR) in specificnih zacetnih
oligonukleotidov iskali v njej prisotnost genskih determinant za posamezne bakteriocine.

Prisotnost genskih determinant za posamezne bakteriocine v celokupni DNA sirov pa Se ne
zagotavlja, da ta DNA izhaja iz kultivabilnih ali vsaj zivih celic MKB. Le kultivabilni
bakterijski sevi pa so tisti, ki jih lahko osamimo in nadalje uporabimo kot komponento v
starterski kulturi. Zato je bil naS naslednji raziskovalni izziv potrditi prisotnost
kultivabilnih bakteriocinogenih MKB v sirih. Posamezne skupine MKB smo osamili na

.....

s posameznih gojiS¢, vsebuje razli¢ne bakteriocinske determinante.

Prisotnost genskih determinant za posamezne bakteriocine v DNA kultivabilnih MKB pa
Se ne zagotavlja, da se bakteriocinski geni tudi izrazajo. Le sevi, ki dejansko proizvajajo
bakteriocine v siru, so lahko ucinkoviti v smislu povecanja varnosti izdelka za potrosnika.
Zato smo in vitro kot tudi in situ raziskali tudi bakteriocinsko aktivnost posameznih
mikrobnih zdruzb. In vitro testiranja bakteriocinske aktivnosti mikrobnih zdruzb,
posameznih sevov ter brezceli¢nih pripravkov kultur le-teh so potekala z difuzijsko metodo
na trdnem gojis€u. Izbrane mikrobne zdruzbe pa smo tudi dodajali pri proizvodnji sira ter



Trmci¢ A. Detection of lactic acid bacteria bacteriocins' genes and their expression in cheese. 9
Doc. Disser. Ljubljana, Univ. of Ljubljana, Biotechnical Faculty; Thiverval-Grignon, AgroParisTech, 2011

tako preverili protimikrobno aktivnost tudi in situ, pri Cemer smo preizkusili tudi
bakteriocinsko aktivnost ekstraktov sirov.

Dokazovanje sinteze in aktivnosti bakteriocinov v siru z uporabo bioloskih testov ima
nekatere omejitve, kot so visoka meja detekcije, neenakomerna razporeditev bakteriocinov
v siru, adsorbcija na kazeine sira ali razgradnja bakteriocinov z ekstracelularnimi ali
intracelularnimi bakterijskimi peptidazami, ki se sprostijo iz poskodovanih celic. Poleg
omenjenih omejitev je pomembno tudi upostevati, da kadar je v vzorcu vec razlicnih
bakteriocinov, ne moremo zaznati aktivnosti posameznih bakteriocinov, pa¢ pa le
celokupno aktivnost. Nas§ zadnji raziskovalni izziv je bil zato wvpeljati alternativno
molekularno metodo za ugotavljanje produkcije bakteriocinov in situ v siru, ki bi temeljila
na merjenju izrazanja bakteriocinskih genov s pomocjo obratne transkripcije (RT) in
verizne reakcije s polimerazo v realnem casu (real-time PCR). Pri tej metodi
informacijsko ribonukleinsko kislino (mRNA), ki nastane s prepisovanjem genov,
prepiSemo z reverzno transkripcijo v komplementarno DNA (¢cDNA), ki jo je mogoce
pomnozevati s PCR. V povezavi s PCR v realnem ¢asu metoda omogocCa ne samo
kvalitativno ampak tudi kvantitativno analizo izrazanja posameznih genov.

1.2.2 Potek dela

Izhodisce naSega raziskovalnega dela je opisano v ¢lanku Trmci¢ in sod. (2008), kjer smo
kot zaCetni raziskovalni material uporabili vzorce dveh tradicionalnih slovenskih sirov,
Tolminc (iz kravjega mleka) in KraSki ov¢ji sir. Vse vzorce sirov smo vzorcili za dva
postopka ugotavljanja prisotnosti bakteriocinskih determinant, ki so shematsko
predstavljeni na sliki 1. Pri prvem postopku smo izolirali skupno DNA neposredno iz sira,
pri cemer smo kombinirali tri razlicne raztopine za homogeniziranje sira in dva razlicna
postopka izolacije DNA. Pri drugem postopku ugotavljanja prisotnosti bakteriocinskih
determinant smo izolirali DNA iz mikrobnih zdruzb, ki so vsebovale tri razli¢ne skupine
MKB: laktobacile, enterokoke in mezofilne koke. Tako v DNA, pridobljeni neposredno iz
sira, kot v tisti iz posameznih zdruzb smo s pomoc¢jo PCR iskali prisotnost strukturnih
genov za 19 razli¢nih bakteriocinov.

Skladno s postavljenimi hipotezami smo nacrtovali krozni potek poskusov, ki so
predstavljeni na sliki 2. Iz sira z najve¢jo raznovrstnostjo genskih determinant za
bakteriocine smo osamili tri razliéne mikrobne zdruzbe in jih zdruZzili v eno samo (Trm¢ic¢
in sod., 2008). Tako sestavljeno mikrobno zdruzbo smo uporabili v dveh nadaljnjih
poskusih. V prvem poskusu smo testirali zmoznost mikrobne zdruzbe, da omeji rast S.
aureus in situ v mleku in siru (Trmc¢i¢ in sod., 2010a). V drugem poskusu smo isto
mikrobno zdruzbo zaporedno precepljali v mleku pri dveh temperaturah (30°C in 42°C) in
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spremljali prisotnost genskih determinant za razli¢ne bakteriocine (Trmci¢ in sod., 2011a).
V vseh fazah dela smo poleg genskih determinant za bakteriocine spremljali tudi
protimikrobno aktivnost, obenem pa poskusali osamiti posamezne bakteriocinogene seve.
Posamezni bakteriocinogeni sevi, osamljeni iz prvotne mikrobne zdruzbe in mikrobne
zdruzbe po zaporednem precepljanju v mleku, so bili predmet raziskave v ¢lanku Trmc¢i¢ in
sod. (2010b).

V zadnjem delu raziskave smo vpeljali molekularno metodo RT real time-PCR za
kvantifikacijo izrazanja bakteriocinskih genov v siru. Z namenom preveriti uspesnost
izolacije mRNA iz sira ter kvantifikacije izrazanja smo uporabili sterilni model sira,
inokuliranega z monokulturo seva, ki proizvaja bakteriocin nizin A. Merjenje transkripcije
11 genov, ki so vklju€eni v proizvodnjo in aktivacijo nizina A, med 24-urno fermentacijo
modelnega sira je predmet raziskave, predstavljene v clanku Trmci¢ in sod. (2011Db).

1.2.3 Hipoteze

e Ker so tradicionalni slovenski siri izdelani iz surovega mleka, je zelo verjetno, da so v
pestri mikrobni zdruzbi prisotni tudi sevi MKB, ki proizvajajo razli¢ne bakteriocine in
lahko zavirajo potencialni razrast nezeljenih oziroma patogenih bakterij.

e Uporaba primerne molekularne metode bi lahko omogocila hitrejSe odkrivanje sevov,
ki proizvajajo razli¢ne bakteriocine.

e Zaradi kompetitivne prednosti ohranijo bakteriocinogeni sevi kultivabilnost in
bakteriocinsko aktivnost tudi v siru.

e Uporaba primerne molekularne metode, bi lahko omogocila kvantitativno ugotavljanje
izrazanja genov za bakteriocine v siru.
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2 SCIENTIFIC PAPERS (ZNANSTVENI CLANKI)

2.1 SHORT COMMUNICATION: CULTURE-INDEPENDENT DETECTION OF
LACTIC ACID BACTERIA BACTERIOCIN GENES IN TWO TRADITIONAL
SLOVENIAN RAW MILK CHEESES AND THEIR MICROBIAL CONSORTIA

Kratki znanstveni prispevek: Od gojenja neodvisno odkrivanje genov za bakteriocine
mlecnokislinskih bakterij v dveh tradicionalnih slovenskih sirih iz surovega mleka in
njihovi mikrobni zdruzbi

Aljosa Trmci¢, Tanja Obermajer, Irena Rogelj in Bojana Bogovi¢ Matijasi¢
Journal of Dairy Science 91, 4535-4541 (2008)

S pomocjo PCR analize smo raziskali prisotnost genov za 19 bakteriocinov
mlecnokislinskih bakterij v dveh tradicionalnih slovenskih sirih iz surovega mleka, v
Tolmincu (iz kravjega mleka) in Kraskem ov¢jem siru. Analizirali smo tako skupno DNA,
osamljeno neposredno iz 9-ih sirov, kakor tudi DNA iz mikrobnih zdruzb sevov,
predhodno osamljenih iz teh sirov. Enajst genov za bakteriocine smo zasledili v vsaj enem
siru, v pripadajoci zdruzbi ali v obeh. Razli¢ni siri ali zdruzbe so vsebovali determinante za
3 do 9 bakteriocinov. Genske determinante za plantaricin A smo odkrili v vzorcih DNA iz
vseh sirov in zdruzb. Geni za enterocine A, B, P, L50A in L50B ter bakteriocin citolizin so
bili pogosto prisotni, kakor tudi geni za nizin. Rezultati kazejo na to, da so
bakteriocinogeni sevi iz rodov Lactobacillus, Enterococcus in Lactococcus obicajni
predstavniki naravne mikrobiote sirov iz surovega mleka, ki tako predstavlja dober vir
novih zas¢itnih sevov.

Kljuéne besede: Slovenski siri iz surovega mleka, geni za bakteriocine, verizna reakcija s
polimerazo
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Short Communication: Culture-Independent Detection of Lactic
Acid Bacteria Bacteriocin Genes in Two Traditional Slovenian
Raw Milk Cheeses and Their Microbial Consortia

A. Trmgi¢, T. Obermajer, |. Rogelj, and B.

ie1

Department of Animal Science, Biotechnical Faculty, University of Ljubljana, Groblje 3, SI-1230 Domzale, Slovenia

ABSTRACT

Two Slovenian traditional raw milk cheeses, Tolmine
(from cows™ milk) and Kragki (from ewes’ milk), were
examined for the presence of 19 lactic acid bacteria
bacteriocin genes by PCR analysis of total DNA ex-
tracts from 9 cheeses and from consortia of strains
isolated from these cheeses. Eleven bacteriocin genes
were detected in at least one cheese or consortivim. or
from both. Different cheeses or consortia contained 3
to 9 bacteriocin determinants. Plantaricin A gene de-
terminants were found in all cheese and consortin DNA
extracts. Genes for enterocins A, B. P. L50A, and L50B.
andl the bacteriocin evtolysin were commonly detected,
as were genes for nisin. These results indieate that bae-
teriocinogenic strains of Lactobacillus. Enterococeus,
and Laetococeus genera with protective potential are
cotmmon members of indigenous microbiota of raw milk
cheeses, which can be a good source of new protective
strains.

Key words: Slovenian raw milk cheese. bacteriocin
gene, polymerase chain reaction

There is increasing interest in preserving the pro-
duction of traditional cheeses. However, because such
cheeses are typically produced from raw milk (as thermal
treatment would damage the natural microbiota), food
safety is of concern. A possible alternative for thermal
treatment is the introduction of selected microbial com-
munities that are able to inhibit pathogenic or spoilage
microorganisms, generally referred to as natural protec-
tive cultures. However, these introduced cultures must
not unduly influence the desired microflora and typical
organoleptic properties of the cheese.

Certain bacteriocins (i.e.. naturally occurring inhibi-
tory peptides) inhibit food pathogens such as Listeria
monocytogenes, Staphylococens aureus, Bacillus eereus,
and Clostridia species. and thus can be considered as
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natural preservative agents (Deegan et al,, 2006; Gilvez
et al.. 2007). The potential of enterococeal and lac-
tococeal bacteriocins to increase food protection has
been extensively studied in vitro and in model food
fermentations. including raw milk cheeses, and several
applications have been developed (Rodriguez et al.,
2001; De Vuyst et al. 2003; Guinane et al., 2005; Foul-
quié Morena et al., 2006). Bacteriocin-producing lactic
acid bacteria (LAB) that ocenr naturally in traditional
cheeses represent an extensive pool of microbes with
inhibitory potential (Martinez et al., 1995; De Vuyst et
al., 2003; Majheni¢ et al., 2007).

The presence and diversity of bacteriocinogenic
strains in the natural microbiota of raw milk have been
studied previously. In the study of Rodrignez et al.
(2000), DNA extracted from individual isolates served
as a target for PCR amplification of different bacterio-
cin genes. The presence of 8 known structural genes for
enterocins in enterococed isolates from different sources,
ineluding 28 isolates from cheeses, was examined by De
Vuyst et al. (2003). In the present study, we examined
the presence of 19 known bacteriocin genes typically
produced by representatives of Lactobacillus, Enterococ-
cus, and Lactococeus genera, directly in Tolmine cows'
milk cheeses and Kraski ewes' milk cheeses produced
in small-scale cheese plants in Slovenia. In addition to
analysis of the total DNA extracted from cheeses. the
DNA from bacterial consortia from the cheeses. grown
on different selective agar media. was examined to
establish the viability of bacteriocin producers whose
bacteriocin genes were detected in the cheese samples.
The aim of this study was to obtain insight into the
prevalence of bacteriocinogenie strains in the natural
microbiota of traditional cheeses and to evaluate the
importance of these products as a source of interesting
strains with protective potential,

Five Tolmine cheeses (T1 to T5). made from raw
cows' milk, and 4 Kraski cheeses (K1 to K4), made
from raw ewes’ milk, were obtained from different pro-
ducers. The mature 2- to 3-mo-ripened cheeses were
sampled. Samples (10 g) were homogenized (Bagmixer
R400. Interscience, St. Nom, France) in 3 buffers (90 g):

4535
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2% (wt/vol) dipotassium hydrogen phosphate (Merck.
Darmstadt, Germany). 2% (wt/vol) trisodium citrate
dilwdrate solution (Kemika. Zagreb, Croatia) prepared
according to the International Dairy Federation (1992),
or quarter-strength Ringer's solution (Merck). Each
of two 10-mL alignots of each cheese homogenate was
centrifuged (6.000 x g. 10 min. 4°C), the fat layer was
removed, and the pellet was resuspended in 1 mL of
sterile filtered water.

Extraction of DNA from cheese was earried out using
2 methods. One of the two 1-mL aliquots of cell suspen-
sion in water was transferred to a 2-mL tube containing
0.3 to 0.5 g of 0.1-mm zireoni/silica beads (BioSpec
Produets, Bartlesville, OK)., and DNA was extracted
from the cell pellet using phenol-chloroform-isoamylal-
cohol as deseribed by Cocolin et al. (2001). The second
1-mL aliquot was extracted using the Wizard Genomic
DNA Purification kit (Promega, Madison, WI). The
cell pellet was first resuspended in 600 pl of 50 mM
EDTA containing 10 mg/mL lysozyme and 25 U/mL
mutanolysin (Sigma-Aldrich, Steinheim, Germany) and
incubated at 37°C for 1 h. Subsequent DNA purification
steps were performed following the kit manufacturer’s
instructions. The DNA was finally resuspended in 100
pL of water. To determine the efficiency of the different
DNA extraction protocols. the DNA concentration in
extracts from cheeses was measured nsing the QUBIT
Quantitation Platform fluorometer (Invitrogen. Pais-
ley. United Kingdom). The effect of different extraction
protocols on the vield of DNA in the cheese extracts
was  statistically evaluated using one-way ANOVA
(Excel, Microsoft Corp., Redmond, WA), In addition,
Student’s test (P < 0.05) was applied when the effect
of the treatment was fonnd to be significant,

Cheese samples homogenized in  quarter-strength
Ringer's solution as deseribed above were appropri-
ately diluted and plated for viable count determina-
tion. Citrate azide Tween carbonate (CATC) and
Rogosa (Merck) agar plates used for enterococei and
lactobacilli, respectively, were incubated at 37°C for 48
l. Rogosa agar plates were incubated in anaerobie con-
ditions (GENbox anaer, Bio-Mérieux, Marey I'Etoile,
France). M17 agar plates (Merck). incubated at 30°C
for 48 h, were used to grow mesophilic LAB, includ-
ing lactocoeci. For DNA extraction from consortia of
strains, approximately 300 colonies were rinsed from
the surface of CATC, Rogosa, and MI17 agar plates
with 2 mL of quarter-strength Ringer's solution. Then.,
DNA was isolated from 1 mL of each suspension using
the Maxwell 16 Cell DNA Purification Kit and Maxwell
16 System (Promega), and finally resuspended in 300
pL of elution buffer.

Polymerase chain reaction amplification of struetural
genes for LAB bacteriocins was performed as described
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previously in the publications listed in Table 1, except
for helveticin JJ and lactocin 705, Helveticin J primers
were constructed based on the gene sequence of helve-
ticin J stored in GenBauk (accession mumber M39360),
The primers anneal to the structural gene (ORF 3)
of helveticin J and enable the amplification of 200-bp
PCR products (Joerger and Klaenhammer, 1990). The
lactoein 705 forward and reverse primers were derived
from the gene sequences (GenBank accession nmnber
AF200347) of the o and 3 complementary subunits of
lactocin 705, respectively (Cuozzo et al., 2000). The
PCR amplification of lactocin 705 structural genes re-
sults in 208-bp produets. Amplification was carried out
as follows: 95°C /3 min; 35 eyeles: 95°C/30 s, 55°C/30 s,
72°C/ 30 s: 72°C/5 min. Oligonucleotide primers were
purchased from Invitrogen. Amplifications were carvied
ot ina thermal cyeler (Mastereyeler Gradient. Eppen-
dorf. Hamburg, Germany). GoTag DNA Polymerase
with appropriate buffer, MgCl,, and deoxyribonuele-
otide triphosphate solutions were purchased from Pro-
mega. All PCR amplifications were performed in a final
volume of 20 pl.. The reaction mixtures contained DNA
(0.5 pL of cheese extract or 1.5 pL of consortia extract),
GoTaq buffer (including 1.5 pM MgCl,), GoTag DNA
Polymerase (0.5 U), ANTP (100 pM). and 1 pM of ap-
propriate primers. except for plantaricin A (Maldonado
et al.. 2004), for which an appropriate quantity of 25
mM MgCl, was added to reach a final concentration of
2.5 mAL Amplified fragments were resolved by electro-
phoresis on 1.8% (wit/vol) agarose gels and stained with
SYBR Safe DNA gel stain (Invitrogen).

To confirm the specificity and identity of the PCR
amplicons, the corresponding bands were excised from
agarose gel, purified by using the Wizard SV Gel and
PCR Clean-Up System (Promega). and subjected to
sequencing analysis (Microsynth AG, Balgach, Switzer-
land)., Homologies of the sequences were searched in the
NCBI database nsing BLAST (http://blast.nebi.nlm.
nih.gov/Blast.cgi).

A reference bacteriocinogenic Enterococeus faecium
LMG 11423, a producer of enterocins A, B. and P
was purchased from BCCM/LMG (Gent, Belgium).
Helveticin J producer strain Lactobacillus helveticus
48INCK228 Hlv+ was kindly provided by Todd R.
Klaenhammer { Department of Food Seience and Micro-
biology. Southeast Dairy Foods Research Center, North
Carolina State University, Raleigh). Lactobacillus hel-
veticus and E, faecium were grown at 37°C in de Man,
Rogosa, and Sharpe broth and MI17 broth (Merck),
respectively, and applied as positive controls in PCR
reactions. The PCR mixture without DNA served as a
negative control for PCR reactions.

Beecanse many researchers have highlighted the im-
portance of choosing a reliable extraction method for
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Table 1. Oligomncleotide primers for PCR and target bacteriocins
Primer sequence’ (57 to 37) Target bacteriocin Abbreviated pame Reference
f: B'eget ace act cat agh gga aa-d’ Enteroein A A De Vuyst et al. (2003)
r: 5'-cer tgg aat tge tee ace taa-d’
fi B'-caa aat gta ana gaa tta agl ace-3 Enterocin B B De Vuyst et al, (200:4)
rr 5 -aga gta tac att tge tan coe-3’
f: 5'-get acg ext tea tat gt aat-3° Emterocin P P Die Vyst et al. (2003)
r: 5'-tee tgre ant att ote tt age-3°
f: 6 oct acg tat tac gga aat get-3° Enteroeindl a1 De Vuyst et al. (2003)
£ 5-gee alg tig tac cea ace att-3°
f: 5 -gag gag tat cat ggt taa aga-3° Enterocin AS 48 AS4s De Vuyst et al. (2003)
r: 5'-ata ttg tta aat tac caa-3°
f: 5 -atg gea gra ate gea ana tta-3" Enteroein L50A L50A De Vuyst et al. (2003)
o 50 gt aat tge coa tee tte-3”
f: B-aty gua gea ate gea ana tha-3 Enterocin LA0B LsnB De Vuyst et al, (2008)
r: 5'-tag eca U1 the nat tg ate-3°
f: 57 goe got att it act gea gin-3’ Cytolysin Cyl De Vuyst et al. (2003)
1t 57 vet act ect aag oot arg gta-3°
f: Hnag aat cte tea tiga gt-3° Nisin Nis Rodriguez et al. (2000)
re 5'-eea gl otg aae tan ca-3”
f: 5'-tet gea cte act tea tta gt a-3° Lacticin 451 Lacds1 Riodriguez et al. (2000)
r 5 -ang gta att aca cot et tta-rd’
f: hi"-caa ton gla gag tta tta aca (it g-3° Lactoeoccin A LeeA Rodriguez et al. (2000)
ri hl-gat tta aaa aga cat teg ata att at-3°
f: 5'-tgg tat gea ttg tac 137 Acidocin A AcidA Majhenié et al. (2003)
rr Battg ate gge aac gat 13"
f: 5'-aga tge agt gee the =37 Acidoein B AcidB Majhenié et al. (2003)
ri 0 -cea tge age taa tgt o3
f: 5 -tgn aaa the ana ta ang gta tga age-3° Plautaricin A PlnA AMaldonado et al. (2004)
r: B-tta cen tee coa it tEr ana cag Ht o3
f: 5%may aar yti gel tay any atg-3° Plantaricin S Plas Remiger of al. (1996)
1 5oy tty aar rai cev tei ce-3
f: 57-aty gaa aag it art gaa tha-3° Sakacin P SakP Remiger et al, (1996)
r: §'-tta ttt att eca gee age gtt-3”
f; 5°- gta aaa gan tta ngt atg aca-3° Curvacin A Curd Remiger et al, {1996)
r: 5 -tta cat tec age taa ace act-
f: 5agn cat geg ant ttg clg gt-d” Helveticin J Helv.) This study
r: 6~ ggr geg att caa gta gea ta -3
25 toe ang acg tee oft tht gt —37 Lactocin 705 Lact 705 This study
r

T 5= tta cag gte ot sat tit ge-3°

'f = forward: r = reverse.

DNA when investigating microbial communities in
complex media, we first evalnated the suitability of 2
DNA extraction protocols and 3 diluents for cheese ho-
mogenization. There was no significant difference in the
total ¢cheese DNA concentrations given by the 2 extrac-
tion methods (i.e,, phenol-chloroform-isoamylaleohol
extraction and Wizard Genomic DNA Purification kit ).
However, for all 18 extracts (9 cheeses, 2 DNA extrac-
tion procedures). we gained significantly (P < 0.05)
greater concentrations of DNA using Na citrate huffer
to obtain cheese homogenates than when K,HPO, or
(uarter-strength  Ringer's solution were nsed (Table
2).

The PCR reactions with DNA extracts from cheese
were run for each of the bacteriocins in 6 parallel series
because 6 samples were obtained from each cheese (3
Liomogenization solutions and 2 extraction protocols).
We considered that a cheese contained genes for indi-
vidual bacterioein when & PCR produet of expected

size was amplified in at least 1 of the 6 DNA extracts,
In general, the presence of individual bacteriocin genes
was detected in all 6 DNA extracts from the same
cheese, However, negative results in some of the ex-
tracts from the same cheese were also observed in some
cases (results not shown). Although there were some
significant differences in the vield of DNA among the
buffers and protocols used (Table 2), the success of re-
actions was not directly correlated to the coneentration
of DNA or restricted to any particular combination of
protocol and homogenization solution.

The sereening of total DNA extracts from 9 cheeses
for the presence of genes encoding 19 known LAB
bacteriocing revealed the presence of between 1 (in K2
and K3 cheeses) and 9 genes (in T2 and K4 cheeses;
Tabile 3). Enterocin genes except those for enterocin 31
and enterocin AS-48 (which were not detected in any
sample) were commonly detected. OF the 3 bacterio-
cins typically produced by Lactococens lactis species,

Journal of Dairy Science Vol. 91 No. 12, 2008
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Table 2, Concentration of DNA (pg/mL) in extracts from cheeses obtained by different extraction protocols

and buffers'

Diluent

Extraction method

Na citrate

K,HPO, 1/4 Ringer's solution

Phenol-chloroform-iseamylaleohol
Wizard Genonie DNA Purification kit”
Both extraction methods

2216 + 24.46"
34.85 + 23.29°
28,51 = 2404

T.76 £ 10,06™
20,00 + 20,43
13,88 £ 16,84

289 4 417"
TR0 £ 16.14"
5AG + 11.78

“PMenns with different superseripts in the same row differ significantly, P < (.05,

“I'he concentrations were measured by QUBIT fluorimeter (lnvitrogen, Paisley, United Kingdom). The pre-
sented values are measns of 9 values + 5D or 18 values (combination method). The values presented in the
first and second rows are mean values = SD of DNA concentration of 9 different cheese smmples. In the thied
row, the average values were obtained from all 18 measurements of DNA concentration; that is, 9 cheeses, each

nndergoing 2 extraction methods,
*Promega { Madison. W1).

nisin determinants were detected in 6 of the cheeses
and lacticin 481 was detected in 2. whereas lactocoe-
cin A-specific sequences were not found. Plantaricin A
determinants were present in all cheese samples and
acidocin B genes in only 1 cheese sample, whereas an-
other 6 bacteriocins usnally produced by lactobacilli
(i.e.. helveticin J, lactocin 705, acidocin A, plantaricin
S. sakacin P. and curvacin A) were not found in the
cheeses.

The viable counts of lactobacilli, enterococci, and
mesophilic LAB  (predominantly lactococei) from
cheeses are presented in Table 4. Simultaneonsly, the
total DNA samples isolated from the consortia of vi-
able bacterial population grown on Rogosa, CATC,

and MI7 plates were analyzed by PCR. Positive results
for consortia in Table 3 signify that specific products
(i.e., bacteriocin genes) were amplified with at least one
consortinm of an individual cheese sample. In general,
enterocin genes were detected in consortia obtained
from CATC and MI17 agar plates, indicating that bac-
teriocinogenic enterococei were grown on these 2 me-
dia. Genes for plantaricin A, helveticin J, and acidocin
B (i.e., bacteriocins commonly produced by lactoba-
cilli) were detected in consortia from Rogosa and MI17
agar, whereas nisin and lacticin 481 determinants were
detected in MI1T consortia only (results not shown).
With the exception of lacticin 481 genes that were
found only in Tolmine cheese and consortia samiples,

Table 3. Detection of different bacteriocin genes in total DNA extracted directly from 5 Tolmine (T1 to T5) and 4 Kraski (K1 to K4) cheeses

and from consortia of viahle strains, by PCR amplifieation’

Target hacteriovin®

Enterocins

Cheese /consortin sample A B P L30A L50B Cyl Nis Lacds1 Acid B Helvd PinA
' +/+ +/+ +/+ —/+ ++ + ]+ o+ " - /- - +*/4
T2 +/+ +/+ vl +/4+ ++ +/+ -/+! +'/+ -/+ -/ = 4
I3 ++ A S s e e e —/- —/- ++
T4 vE S I At TS S 13 1 —(+‘ =y o <44 +/4
15 +/+ b e +/+ = i —/+ f o =i ++ <t de +/+
K1 ++ =+ e = —/= —/= o e -/= +/+
K2 ek ' e 2 5 =fve =i -+ == 5 A —[+3 ik
K =3 s ~ /44 —*f— = i = 7 ~/+ i 3 -/+* i
K4 +/+ +/+ +{+ +4 +/+ +/+ +/+ -/= +°/+ —-/= +/+
Positive samples TR/TH 67 /56 67 /80 22/6T T8/67 /56 67/56 22/22 22/33 033 100,/ 100
(clieese fconsortia)

"4 = POR product of expeeted size was amplified in at least | of 6 DNA extracts obtained from each cheese or in DNA extract from at least 1
comsortimm of 2 (Rogosa, citrate azide Tween earbonate, M17) obtained from each cheese; — = PCR product of expected size was not amplified
in any of 6 DNA extracts obtained from each cheese or in any of 3 consortia (Rogosa, citrate azide Tween carbonate, M17) from each cheese,

0yl = eytolysin: Nis = nisin; Lacd81 = lacticin 481 Acid B = acidocin ; Helv) = helvetiein J; PlnA = plautaricin A, The following bacte-
riorins were not detected in any smnple and are therefore not presented in the table: enterovin 31, enterocin AS 48, lactocoecin A, acidocin A,

lactocin 705, plantaricin 8, sakacin P. and curvacin A.
PR products were sequenced to confirm the positive result.

Results obtained on DNA extracts from cheese and from consortia were not identical.

Journal of Dairy Science Vol. 91 No. 12, 2008



Trm¢i¢ A. Detection of lactic acid bacteria bacteriocins' genes and their expression in cheese. 16
Doc. Disser. Ljubljana, Univ. of Ljubljana, Biotechnical Faculty; Thiverval-Grignon, AgroParisTech, 2011

SHORT COMMUNICATION: BACTERIOCIN GENES IN RAW MILK CHEESES

Table 4. Viable connts of mesophilic lactic acid bacteria (M7 agar,
30°C). enterococed (citrate azide Tween carbonate agar, CATC, 37°C),
and lactobacilli (Rogosa agar, 37°C, anaerobic) in 5 Tolmine (T1 to
T5) and 4 Kraski (K1 to K4) cheeses

Viable count (efu/yg)

Cheese MIT (30°C) CATC (37°C) Rogosa (37°C)
T1 1.0 % 10° &3 % 100 L0 % 10°
T2 11w’ &5 x 10° 1.1 x 10°
13 53 x 10° 27 x 10° 25 x 10
T4 42 x 107 20 % 10° 5.5% 107
T4 5.2 % W07 32 x 107 4.1 = 10*
K1 2.0 % 10° 57 x 10° 5.1 x 10
K2 3.8 ¢ 10° 6.0 % 10" 1.8 x 10°
K3 7.1 x Wt 74 x W07 6.2 x 107
K1 6.8 x 107 67 x 10° 4.9 x 107

the presence of individual bacteriocin determinants was
not restricted to a particular cheese type. Most of the
results (Table 3) obtained with the total cheese DNA
extracts were identical to those obtained with the con-
sortia DNA extracts, indicating that bacteriocinogenic
strains are members of viable bacterial populations of
Tolmine and Kraski cheeses. The finding of bacteriocin
genes detected in DNA extracts from cheese but not
in those from consortia (6 cases) can be explained by
the amplification of DNA derived from nonviable cells
present in cheeses. In contrast. in 14 cases. bacteriocin
genes were detected in consortia but not in DNA ex-
tracts from cheese, For instance, helveticin J was not
detected in any of cheese extracts. but was found in
3 consortia from Rogosa agar plates (Table 4). This
observation indicates that the proportion of cells that
possess helveticin J genes was probably low.

All consortia were also tested previously in vitro by
agar diffusion assay (Bogovié-Matijasié et al., 1998) for
antimierobial activity against 25 indicator strains be-
lomging to different genera: Bacillus, Clostridium., En-
terococcus. Lactobacillus, Listeria, and Staphylococeus
(results not shown). Although the inhibition of several
strains was observed by different consortia, only one of
them (enterococei consortium from K1 cheese ) was con-
firmed to produce proteinase-K-sensitive antimicrobial
metabolites. which is an indication of the bacteriocin
nature of the substances involved. Bacteriocin-like
inhibition was observed against Enterococeus fuecalis,
E. faecium. Enterococcus durans, L. monocytogenes,
Lactobacillus paracasei. Clostridium  perfringens. and
Clostridium tyrobutyricum strains, Because genes for
4 enterocing were detected in the total DNA of this
consortinm (enterococci, K1 cheese), and enterocinus are
known to be active against bacteria belonging to dif-
ferent genera, it may be possible that enterocins were
involved in the inhibition observed (Foulquié Moreno
et al., 2006). The failure to demonstrate active bacte-
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riocin production in vitro by the other consortia that
also contained bacteriocin genes conld be explained by
nonsusceptibility of the indicator strains chosen. inap-
propriate agar media or incubation conditions for the
produetion of particular bacteriocins. or the presence
of silent genes, as previously reported for enterocin A
(O'Keeffe ot al., 1999), In addition, it should be consid-
ered that in vitro antimicrobial tests do not acenrately
reflect the interactions among bacteria in cheese in situ.
For instance, in agar diffusion assays. different strains
are in closer contact in consortia than in cheese and
may inhibit growth and bacteriocin production and dif-
fusion among each other.

Except for emterocins A, B, PP (De Vuyst et al.
2003). and helveticin J (Joerger and Klaenhammer,
1986G). positive control strains containing appropriate
bacteriocin genes were not available, but we established
the sequence of randomly chosen PCR amplification
products of expected size. The nucleotide sequences
of amplified fragments of evtolysin, nisin, lacticin 481,
plantaricin A, acidocin B, helveticin J, and 5 entero-
cin (L30A, L50B, A, B. and P) genes were found to
be identical with the sequences for these bacteriocins
available in GenBauk.

The advantages of using PCR analysis with bacteri-
ocin-specific primers instead of the common approach
of bacteriocin identification by biochemical technigues
have been emphasized previously (Remiger et al., 1996;
Moschetti et al., 2001; Majheni¢ et al., 2003). However,
this approach has usually been nsed at the strain level,
after isolation of DNA from pure eultnres. There liave
been some exceptions to this. For instance, Moschetti
et al. (2001) earried out amplification of nisin genes
in DNA extracted directly from milk and cheese. and
Matijasi¢ et al. (2007) demonstrated the presence of the
bacteriocinogenic strain Lactobacillus gasseri K7 (Rif)
in cheese thronghout ripening using PCR amplification
of specific bacteriocin genes.

Most of the enterococeal and lactococeal bacterio-
cins whose genes were detected in Tolmine and Kraski
cheeses (i.e., enterocins. nisin, and lacticin 481) have the
ability to inhibit not only related LAB species but also
members of other genera, among them certain spoilage
or pathogenic bacteria (foodborne pathogens) such as
L. monocytogenes. Staph. aureus, Escherichia coli, and
B. cerens (Piard et al., 1990; Delves-Broughton et al.,
1996; Foulguié Moreno et al., 2006). In contrast, helve-
ticin J produced by Lb. helveticus (which is commonly
associated with a cheese environment) has a narrow
spectrum of inhibition including closely related Lacto-
bacillus species (e.g.. bulgaricus, lactis, and helveticus
species: Joerger and Klaenhammer, 1986). Acidocin B.
another typical lactobacilli bacteriocin found in Kraski
and Tolmine cheeses, is more interesting from the ap-
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plication point of view. as it was found to be active
against L. monoeytogenes, Clostridium sporogenes, and
Brochothrix thermosphacta. but affects only a few Lae-
tobacillus strains (van der Vossen et al., 1994), Planta-
ricin A, found in all cheeses in this study, is known to
be bacteriocidal toward some speeies of LAB belonging
to Lactobacillus. Pediococeus, Leuconostoe, and Strepto-
cocens genera, but not against other gram-positive or
gram-negative bacteria or veasts (Daeschel et al.. 1990).
Therefore, enterocins, nisin, and acidocin B producers
in Kraski and Tolmine cheese may play a protective
role against potentially pathogenic microorganisms in
cheeses.

The idea of applying bacteriocinogenic strains to in-
hibit techuologically undesivable bacteria or those that
present a health risk is not new. For instance, nisin-
producing eultures have been widely used in different
foads to increase safety (Delves-Broughton et al.. 1996:
Deegan et al., 2006). Bacteriocinogenic Enterococeus
cultures have been studied under pilot-scale conditions
in a variety of fermented foods including cheese (Foul-
quié Moreno et al., 2006). For example, bacteriocin
AS-A8-producing E. faecalis strain was found to be
effective at controlling Staph. aureus, B. cereus, and L.
monocytogenes in milk and cheeses (Rodriguez et al.,
2001: Munoz et al.. 2004, 2007).

However, in traditional cheeses, nonindigenous bacte-
riocinogenic strains cannot simply be applied as adjunct
cultures because they may negatively influence the
typical microflora needed to obtain the characteristic
organoleptic properties and diversity of such products.
For this reason, bacteriocinogenic strains suitable for
application as protective cultures in cheeses should be
found in the indigenous microbiota,

The prevalence of plantaricin A genes in cheeses
and in viable lactobacilli populations, the less frequent
detection of helveticin J and acidocin B, and the ab-
sence of some other lactobacilli bacterioeinsg observed
in this study is in accordance with the observations of
Majheni¢ et al. (2007), who reported that Lactobacillus
plantarum was found to be the most representative spe-
cies of Kraski ewes' milk cheese, whereas Lb. helveticus
and Lactobacillus acidophilus were not. Enterocin P is
nsually produced by E. faecium and E. durans strains,
evtolysin by E. faccium and E. foecalis, and enterocins
A, B, L50A, and L50B exclusively by E. faecium strains
(Foulguié Moreno et al.. 2006). Interestingly. in this
study, enterocins typically produced by E. faecium pre-
vailed over those typical for E. facealis in cheese and
mnmrtia samples, although E. faecalis was previously

| as the predominant enterococeal species of
tlm viable microflora of the Tolmine cheese at the end
of ripening (Majhenié et al., 2005).
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In conelusion, the presence of 6 different Enterococcus
bacteriocin genes, 2 Lactococeus hacterioein genes, and 3
Lactobacillus bacteriocin genes was established in tradi-
tional Tolmine cows’ milk cheese and Kragki ewes™ milk
cheese, or in different consortia (i.e., viable populations
of lactobacilli, enterococei. or lactococel derived from
the cheeses), or in cheeses and consortia. These results
indicate that bacteriocinogenic strains of the 3 genera
are common members of the indigenous microbiota of
these traditional cheeses. In future studies we will focus
on the isolation of particular bacteriocin producers from
cheese, especially those with wider spectra of activity
sieh as enterocins, nisin, and acidocin B, which could
be good candidates for custom-made natural adjunct
eultures suitable for particular traditional cheeses and
intended to improve the safety of raw milk cheeses,
Whether or not the particular bacteriocin genes arve
also expressed in situ in cheeses and thus play a certain
protection role against the development of potentially
pathogenic bacteria needs to be elncidated.
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2.2 In-situ INHIBITION OF Staphylococcus aureus BY LACTIC ACID BACTERIA
CONSORTIA FROM TWO TRADITIONAL SLOVENIAN RAW MILK CHEESES

In-situ 1inhibicija Staphylococcus aureus s strani zdruzb mlecnokislinskih bakterij
tradicionalnih slovenskih sirov

Aljosa Trm¢i¢, Tanja Obermajer, Andreja Canzek Majhenié, Irena Rogelj in Bojana
Bogovi¢ Matijasi¢

Mljekarstvo 60 (3), 183-190 (2010a)

Mlec¢nokislinske bakterije, ki so naravno prisotne v tradicionalnih sirih in proizvajajo
bakteriocine, predstavljajo neizCrpen vir mikrobov z zascitnim potencialom. Ucinkovitost
nekaterih od teh bakteriocinov proti stafilokokom je Ze bila opisana. Prisotnost genov za
bakteriocine s potencialno proti-stafilokokno aktivnostjo so ze ugotovili v dveh
tradicionalnih sirih iz surovega mleka, v siru Tolminc in KraSkem ovc¢jem siru. Iste gene za
bakteriocine so zasledili tudi v kultivabilnih zdruzbah mle¢nokislinskih bakterij, izoliranih
zdruzbe, v katerih so bili ugotovljeni geni za bakteriocine, dejansko sposobne proti-
stafilokokne aktivnosti v mleku in/ali siru. V ta namen smo izbrali razliéne mikrobne
zdruzbe glede na raznovrstnost odkritih genov za bakteriocine v njih in jih uporabili v
preskusih inhibicije Staphylococcus aures v mleku in siru. V mleku, kjer smo sledili
temperaturno-¢asovnemu rezimu izdelave tradicionalnih sirov, so vse izbrane mikrobne
zdruzbe sirov ucinkovito zavrle rast Staphylococcus aureus za priblizno 2 do 3 log ke. V
siru je bila inhibicija stafilokokov manj izrazita, saj se je njihovo Stevilo zmanjsalo za
priblizno 1,5 log ke. Izkljucili smo inhibicijo zaradi mlecne kisline, ali so za inhibicijo
odgovorni bakteriocini, bo potrebno Se dokazati.

Klju¢ne besede: tradicionalni siri, varnost zivil, zdruzba MKB, proti-stafilokokna aktivnost
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Sununary

Bacteriocin(s) producing lactic acid bacteria naturally present in traditional cheeses represent an
inexhaustive pool of microbes with safeguarding potential. Some bacteriocins proeduced by cheese lac-
tic acid bacteria were already described as successful anti-staphylococcal agents. The presence of genes
for bacteriocins with potential anti-staphylococcal activity was also demonstrated in two Slovenian
traditional raw milk cheeses, “Tolminc” and “Kratki ovéji sir”. Same bacteriocin genes were also de-
tected in viable lactic acid bacteria consortia’s isolated from “bacteriocin positive cheeses” on Rogosa,
M17 and CATC agar media. The aim of the research was to elucidate whether or not this particu-
lar cheese consortia, in which bacteriocin genes were detected, actually exhibit anti-staphylococcal
activity in milk and/or cheese, For this purpose different cheese consortia were selected in relation
to versatility of detected bacteriocin genes and used to perform challenge tests against Staphylococ-
cus aureus in milk and cheese. In milk following the time/temperature regime of traditional cheese
production all cheese consortia effectively inhibited growth of Staphviococcus aureus in the range of
app. 2 to 3 log. In cheese the inhibition of staphylococci was less pronounced but still evident since
inhibition of app. 1.5 log was detected. Sole inhibition by lactic acid production was ruled out while
linking inhibition directly to bacteriocin production would take some additional work.

Key words: traditional cheeses, safety, LAB consortia, anti-staphylococcal activity

Introduction In addition to these studies an effort has been
oy ; o made to establish the safety of these cheeses in
Traditional raw milk cheeses are gaining interest o rng of antibiotic susceptibility and presence of

of the research world in an attempt to characterize . o gl g Sl howens M
and preserve the traditional heritage (Samarzija et produced from thermally non treated milk there
afl" 2006). ISome of the Slov?man tmdmon-al ch?es-es is another safety issue presented as a potential pre-
like “Tnlmmc”l from cows milk and “Kraski \':Wé:jl ST s of diffevent pathogenic and spoilage bacteria.
frmn-ewes rm].k hm-.'e already ]Z:‘t‘fn well stx{dmd Y0 The issue of cheese spoiler Clostridium tyrobutyri-
identify the microbial community present (CanZek ., i, Sjovenian cheeses has already been addressed
Majheni¢ et al., 2005; Canzek Majheni&, 2007). by Bogovit Matijabié etal (2007). This resenrch
The results of these studies have shown that both  poiio sddressing the safety issue, with a culture
el doe comguiaile. Wl the dlist Bacopedn independent detection of bacteriocin genes in two
raw milk cheeses and are a reach source of natural e “Toiminc” and “Kragki ovéji sir” (Trméic et
microbes, mainly lactobacilli and enterococci. al., 2008). ' )

*Corresponding author/Dopisni autor: Phone/Tel.: +386 1 7217903; E-mail: bojana.bogevic@bf.uni-lj.si



Trm¢i¢ A. Detection of lactic acid bacteria bacteriocins' genes and their expression in cheese. 21
Doc. Disser. Ljubljana, Univ. of Ljubljana, Biotechnical Faculty; Thiverval-Grignon, AgroParisTech, 2011

184 A, TRMCIC et al.; In-situ inhibition of Staphyiococcus aureus, Mijekarstve 60 (3), 183-190 (2010)

This study comprises of bacteriocin genes de-
tection in metagenomic DNA of raw milk cheeses
as well as in its microbial consortia isolated on three
different selective culture media. The results of
this study show the presence of different bacteri-
ocin genes in both metagenomic DNA and DNA
extracted from microbial cheese consortia which
indicates the presence of live bacteriocinogenic bac-
teria. Of 19 different bacteriocin genes that were re-
searched, the most commonly detected were genes
for plantaricin A, enterocins A, B, P, L50A, L50B,
cytolysin and nisin.

Bacteriocins like enterocin P (Cintas et al,
1997), L50A, L50B (Cintas et al., 1998) nisin (Ro-
driguez et al., 2000) and others are known to in-
hibit broad range of spoilage and pathogenic bacteria
in-vitro as well as in-sitw in cheese models. Among
these pathogens there is also Staphylococcus aureus
which has been recognized to present a potential
risk in traditional Slovenian hard cheeses made from
raw milk. Indigenous strains of LAB that are produc-
ing bacteriocins are very good candidates for tailor-
made starter cultures that could be used to improve
microbiological safety of raw milk cheeses.

In this study the aim was to examine if cheese
consortia bearing the bacteriocin genes are able to
express these genes and inhibit the growth of S.
aureus in-situ, since this pathogen is known to be
present in hard type cheeses and can present a po-
tential risk for the consumer (SamarZija et al,
2007). Different cheese consortia were selected in

relation to versatility of detected bacteriocin genes
(Trm¢ic€ et al.,, 2008) and used to perform challenge
tests with S. aureus in milk and cheese.

Materials and methods

Three types of challenge tests were carried out.
In the first one the aim was to examine the effect
of the presence of different cheese consortia on the

growth of 8. aureus in milk. In the second experi-

ment it was examined if the production of lactic acid
had an effect on §. aureus growth in milk, and in the
last one the aim was to examine if the presence of
different cheese consortia had similar effect on S.
aureus growth in model cheese as in milk.

Bacterial cultures and media

For all of the experiments, S. aureus (C.Sa.4.2),
strain that was isolated from “Tolminc” cheese was
used. The strain was cultivated in BHI (Merck)
broth and quantified by plating on BP (Biolife) agar
supplemented with RPF (Biolife). Microbial cheese
consortia were isolated from two cheeses (“Tolminc”
and “Kraski ovéji sir”) on three selective media
Rogosa (Merck), CATC (Merck) and M17 (Mer-
ck). Complete cheese consortium was obtained by
joining consortia from isolation on all three media.
Genes for individual bacteriocins that were detected
in sample cheeses and cheese consortia in previous
studies (Trm¢&ic et al., 2008) are listed in Table 1.
10 % reconstituted skim milk (Merck) was prepared

Table 1. Different bacteriocin genes detected in total DNA extracted directly from “Tolminc” cheese (T2)
and cheese “Kragki ov¢ji sir” (K3) and from their microbial consortia (Trméic et al., 2008)

Tablica 1: Razli¢iti geni za bakteriocine detektirani u ukupnoj DNA izoliranoj iz sireva “Tolminc” (T2) 1
“Kraski ovdji sir” [K3) i u DNA mikroflore izolirane iz tih sireva (Trm¢i€ i sur., 2008.)

PCR amplification of bacteriocin genes
DNA from cheese/DNA from cheese consortia

A PCR smnatenje hakteriocinskib gens
E DNA sira/DNA mikroflore sira
4 Torget bacteriocin®/ Ciljni bakterioci*
Eers ot SO Nis Lac48] AcidB Held  PlnA
A B P LS0A LS0B Cwt
T2 +/+  H/+ I A A+ A+ 4 +/- I+ of- +/+
B £ e sk e o Je e s 4% Afe

cytolysin/eitolizn (Cyt), nisin/nizin (Nis), lacticin 481 /lakticin 481 (Lac481), acidocin B/acidocin B (AcidB), helveticin J/helveticin
J (Helw]), plantaricin A/plantaricin A (PlnA)
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for challenge tests in milk, while preheated cows
milk (65 °C, 15 min) was used for challenge tests in

cheese.

Challenge tests

In the milk challenge tests, the milk was inocu-
lated with 18 hour culture of §. gqureus (app. 10°
cfu/mL beginning concentration in milk), divided
into three aliquots and refrigerated at 4 °C for 13,3
hours to simulate storage of contaminated milk be-
fore cheese production. One aliquot was used as a
control, the second aliquot was additionally inocu-
lated (1 % vol/vol) with lactobacilli cheese consor-
tium and the third aliquot with complete cheese
consortium (1 % vol/vol). Cheese consortia were
cultivated separately in appropriate growth media
for 18 hours prior to addition in milk experiment.
All three inoculated milks were incubated following
the time/temperature regime of “Tolminc” cheese
production, excluding the ripening period. During
the procedure, pH level of milk, concentration of
consortia constitutes and 5. aureus were also moni-
tored. Challenge tests were done in two separate ex-
periments using consortia isolated from each of two
traditional Slovenian cheeses.

Challenge test in cheese was done similarly,
with the difference that the procedure followed the
actual “Tolminc” cheese production including the
15 day ripening period (é abec, 1952; Perko et al,,
2010). Challenge test in cheese was done once, with
cheese consortia isolated from “Tolminc” cheese.

The second experiment where the effect of lac-
tic acid production on growth of S. aureus in milk
was evaluated, included four samples of inoculated
milk. Two samples were inoculated with approxi-
matelyl0? cfu/mL and two with 10° cfu/mL of 5.
aureus. From the two samples with the same S. au-
reus inoculation level, one was adjusted with lactic
acid (Kemika) to pH level of 5.0, and the other was
not adjusted (pH level was approximately 6.5). The
procedure and sampling was done identically as in
milk challenge test described above.

Bacteriocin detection

During challenge tests, milk and cheese samples
were taken for determination of bacteriocin activ-
ity. Bacteriocin activity was examined in extracts

obtained from 10g of cheese or milk as described
by Bogovi¢ Matijasic et al. (2007). Additionally,
peaces of cheese (app. 10x10x5 mm] were over-
laid with lawn of indicator strain as described by
Foulquié Moreno et al. (2003). In all bacteriocin
detection assays Lactobacillus sakei NCDO 2714 as
the indicator strain was used. Confirmation of pre-
teinaceous nature of inhibition would be performed
by abolishing inhibitory activity with proteinase K or
chimotripsine treatment of extracts.

Results and discussion

In all milk challenge tests (Figure 1, 2 and 3)
the concentration of S. aureus was not increased

during the 13.5 hours storage at 4 °C. This confirms
the role of good manufacture practice in limiting the
contamination and on spread of potential illnesses.
Nevertheless, under the time/temperature regime
simulating cheese production, . aureus was able to
grow by more than three log units if present alone in
milk. The results of challenge tests in milk showed
that the presence of any cheese consortium could
limit the growth of 5. aureus during cheese produc-
tion. The lactobacilli consortia from both cheeses
had a similar effect (Figure 1 and 2). In the begin-
ning phase, heating to 32 °C (30 min) and main-
taining this temperature (2 h), resulted in 5. aureus
growth limitation by cheese consortia, and after 30
minutes scalding step at 45 °C they even reduced
the concentration of S. aureus. On the other hand
the growth of 5. aureus in control samples seemed
unaffected by scalding time/temperature regime. In
case of complete cheese consortia, the one isolated
from “Kraski ovji sit” showed only a limited effect
on the growth but there was still 2 log difference
in final concentration in comparison with growth in
control samples (Figure 2).

Complete consortia from cheese “Tolminc”
showed the most promising results. After initial
growth of S. awreus its concentration decreased rap-
idly to undetectable levels of less than 10 cfu/mL

(Figure 1).

Although the consortia from “Tolminc” cheese
were more effective in inhibition of S. aureus in
milk it is impossible to assign this inhibition to
any of bacteriocins for which genes have been de-
tected in the total DNA isolated from the consor-
tia. Extracts obtained from milk and cheese sam-
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Figure 1. Growth of Staphylococcus aureus in milk with or without the presence of “Tolminc™ (T2) cheese
microbial consortia: microbial consortia not present (1), lactobacilli consortia present (2), com-

plete cheese microbial consortia present (3)

Slika 1. Rast Staphylococcus aureus u mlijeku sa ili bez prisutnosti mikroflore “Tolminc” (T2) sira: bez
prisutnosti mikroflore (1), prisutnost mjeSovite kulture laktobacila (2), prisutnost cjelokupne

mikroflore sira (3)
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Figure 2. Growth of Staphylococcus aureus in milk with or without the presence of “Kraski ovéji sir” (K3)
cheese microbial consertia: microbial consortia not present (1), lactobacilli consortia present (2),
complete cheese microbial consortia present (3)

Slika 2. Rast Staphylococcus aureus u mlijeku sa ili bez prisutnosti mikroflore “Kraskog ovéjeg sira” (K3):

bez prisutnosti mikroflore (1), prisutnost mjesovite kulture laktobacila (2), prisutnost cjelokupne

mikroflore sira 3)

ples showed no presence of inhibitory substances.
A more detailed production of hydregen peroxide
or any other antimicrobial metabolite was not de-
termined, but at least the most probable antimicro-
bial factor was ruled out, the organic acids produc-
tion and decreased pH. In all cases the pH level of
control treatment remained at a level of 6.5, while

treatments with lactobacilli consortia reduced initial
pH level to 6.3 and remained at that level during
entire fermentation. In treatments with complete
cheese consortia the pH level was falling constantly
and reached pH level of 6.1 after 36 hours and 5.9
after 48 hours of the experiment. Poorer acid forma-
tion by lactobacilli consortia is consistent with the
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Figure 3. Growth of Staphylococcus aureus in milk in the presence of lactic acid: starting inoculation
10° cfu/mL non-adjusted pH level (1a), starting inoculation 10° cfu/mL non-adjusted pH level
(2a), starting inoculation 10° cfu/mL pH level adjusted to 5.0 (1b), starting inoculation

10° cfu/mL pH level adjusted to 5.0 (2b)

Slika 3. Rast Staphylococcus aureus u mlijeku uz prisutnost mlijeéne kiseline: pofetna inokulacija 107 cfu/
ml bez podeiavanja pH (1a), poetna inokulacija 10° cfu/mL bez podeSavanja pH (2a), poCetna
inokulacija 10° cfu/mL s pode3avanjem pH na 5,0 (1b), poéetna inokulacija 10° cfu/mL s

podesavanjem pH na 5,0 (2h)
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Figure 4. Growth of Staphylococcus aureus in cheese with or without the presence of “Tolminc” [T2)
cheese microbial consortia: microbial consortia not present (1), lactobacilli consortia present (2),
complete cheese microbial consortia present (3)

Slika 4. Rast Staphylococcus aureus u siru sa ili bez prisutnosti mikroflore “Tolmine” {T2) sira: bez

prisutnosti mikroflore (1), prisutnost mjeSovite kulture laktobacila (2), prisutnost cjelokupne

mikroflore sira (3)

fact that lactobacilli are auxotrophic for some amino
acids and are stimulated by the presence of microbes
like streptococci that produce formic acid and other
metabolites. However, the differences in pH levels
are not consistent with different growth patterns of
S. aureus, indicating that acid production was only a
minor factor in inhibition of S. aureus. This observa-

tion was confirmed with additional experiment re-
sults of which are shown in Figure 3. By addition of
lactic acid the pH level of milk was lowered to 5.0,
which is much lower pH level from the one detected
in challenge tests. Even at this lower pH level the S,
aurews was inhibited almost for 1.5 log unit differ-
ence in final concentration. Charlier et al. (2008)
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reported the similar results of S. aurens growth in
the presence of different concentrations of lactic
acid. From their results it is evident that pH level of
5.0 is a limit under which a substantial inhibition by
acids takes place,

Since the results in milk were promising, it was
decided to perform challenge tests in the model
cheese also, Microbial consortia from “Tolminc”
cheese were used. In general the growth of S. aureus
in cheese seemed to be higher than in milk. This was
probably due to cheese making procedure where
microflora was concentrated in the cheese curd
during syneresis. Another difference between milk
and cheese challenge tests was the milk. For cheese
production fresh thermally treated cow’s milk was
used and not reconstituted milk like for milk chal-
lenge tests. Again the complete cheese consortium
was the most effective in inhibiting S. aureus. It
managed to lower the final concentration by two log
units, while lactobacilli consortium lowered the final
concentration by one log unit (Figure 4). The ex-
periment was finished after two weeks when in beth
cheeses treated with cheese consortia, S. aureus con-
centration was in a slight decline while the concen-
tration in control treatment was still slightly rising.
Once again the difference between treatments in
the growth of §. aureus occurred after the scalding
step. This can indicate that thermophilic micreflora
which was stimulated by scalding step was responsi-
ble for 5. aureus mhibition. In our previous studies
on bacteriocin gene presence in cheese the appropri-
ate PCR primers for Str. thermophilus bacteriocins
were not found and therefore data about the bac-
teriocinogenic potential of this large part of ther-
mophilic microflora are absent,

There was no difference between the pH level
of control samples and samples treated with the
lactobacilli consortium. In both cases it was low-
ered to only 6.4 while the treatment with complete
cheese consortium resulted into reduction of pH to
the level of 5.5 in one day and continued to drop to
5.2 until the end of experiment. Once again, poor
fermentative characteristics of consortial lactobacilli
was demonstrated, confirming the presumption that
the inhibition of 5. aureus seems to involve some
other mechanisms besides acid preduction. Char-
lier et al. {2008) came to similar conclusions that
inhibition of S. aureus in cheese could occur regard-
less of acidification. It still remains to be determined

what are the possible factors involved in 5. aureus in-
hibition. It is assumed that it is nutrient-related phe-
nomencn. Delbes et al. (2006) reported that pH
level had little effect in the first 6 hours of cheese
production. In this period, the pH level however
should be lowered below 5.8 since the subsequent
growth and enterotoxin production between 6 and
24 hours of fermentation is greatly influenced by it.
In this study none of added consortia were able to
lower the pH to appropriate level in cheese or milk,
In all three treatments, concentration of S. aureus
reached the levels above 10° cfu/mL, which is the
limit for cheese in order to be considered as safe.
At high 5. aureus concentrations there is a risk of
enterotoxin accumulation (Lindgvist et al., 2002).
According to some studies, 10° cfu/mL can be
enough for sufficient toxin accumulation (Charlier
et al., 2008). It seems that the consortia should be
refined by selecting the strains that enable appro-
priate acidification and inhibition of 5. aureus, The
next goal would be to determine if bacteriocins are
responsible for the inhibition observed in this study.
In addition, the following experiments that will be
conducted in cheese should include the monitoring
during entire 60 day of ripening period since major
changes in S. aureus presence may happen during
the second month of ripening (Rodriguez et al,
2000).

Conclusions

This study was performed in milk and cheese
model. In both cases the conditions of the real
cheese making process typical for “Tolminc” cheese
production were simulated. The study revealed that
all tested cheese consortia had an obvious effect
on the growth of pathogenic bacteria S. aureus and
consequently possibly also on the enterotoxin pro-
duction in-situ. Although acid formation is known
to be an important factor for survival of pathogens
(Zdolec et al., 2007), in this study it was found to
be only a miner factor in S. aureus inhibition. These
results were consistent with the results of some
other studies on inhibition of S. awreus in cheese
and milk (Delbes et al, 2006; Charlier et al,,
2008). In cheese consortia from “Tolminc” cheese
a number of bacteriocin genes that, if expressed,

could play an important role in inhibition (Trmé&i¢

et al.,, 2008) was previously detected. The consor-
tia from “Tolminc” cheese exhibit more pronounced
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inhibition of 5. gureus than consortia from “Kraski
ovéji sir”. Inhibition of 5. aureus could be a mater of
one single bacteriocin, like enterocin P whose genes
were detected in both cheese consortia. Addition-
ally the results raised a question of possible non-acid
and non-bacteriocin type of inhibition for which
there are only a few documentations [éuiknvic’ et
al.,, 2010). Most probably among the mechanisms
involved in inhibition, a nutrient-related phenome-
na, like competition or limitation of nutrients which
in fact can trigger other mechanisms, can be consid-
ered. Further studies are needed to determine the
exact mechanisms of inhibition and the role of dif-
ferent factors including bacteriocins. In the follow-
ing studies it would be a great advantage if classical
fermentation and cheese production experiments
were supported by the modern molecular methods.

In-situ inhibicija Staphylococcus aureus
bakterijama mlijeéne kiseline iz dva
tradicionalna slovenska sira
proizvedena od sirovog mlijeka

Sazetak

Bakterije mlije¢ne kiseline {BMK), prirodno
prisutne u tradicionalnim sirevima, predstavljaju
neogranifen izvor mikroba sa zaStitnim svojstvima.
Za neke bakteriocine, koje proizvode BMK iz sira,
antistafilokokna svojstva vec su poznata. Prisutnost
gena za bakteriocine s antistafilokoknim svojstvima
potvrdena je u dva tradicionalna slovenska sira iz si-
rovog mlijeka; to su sir “Tolminc” i “Kraski oveji sir”,
Prisutnost istih bakteriocina potvrdena je i kod bak-
terija mlijecne kiseline, koji su izolirali iz tih sireva
na agar podlogama Rogosa, M17 i CATC. Cilj je bio
provjeriti da li izolirani sojevi bakterija mlijetne ki-
seline, koji nose gene za bakteriocine, zaista pokazu-
ju antistafilokokna svojstva u mlijeku /ili siru. Na
temelju prisutnih gena za bakteriocine ispitana je
antimikrobna aktivnost zdruzene kulture bakterija
mlijecne kiseline prema bakteriji Staphylococcus au-
reus u mlijeku i siru, U mlijeku kojeg smo podvrgnuli
vremensko-temperaturnom rezimu proizvodnje tra-
dicionalnih sireva, zdruZena kultura bakterija mlijec-
ne kiseline inhibirala je rast bakterije Staphviococcus
aureus u rasponu od 2 do 3 logaritamske jedinice. U
siru je inhibicija stafilokoka bila nefto manje izraze-
na, ali jod uvijek ofita sa 1,5 logaritamskih jedinica

slabijim rastom S. aureus nego u kontrolnom siru.

Utinak inhibicije izazvane mlije¢nom kiselinom bio

je isklju€en, ali bi bilo potrebno izvesti joi dodatna

ispitivanja, da se utvrdi izravno inhibicijsko djelova-

nje bakteriocina na stafilokoke.

Kljuéne rijeéi: tradicionalni sirevi, bakterije

mlije¢ne kiseline (BMK),
antistafilokokna aktivnost
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2.3 COMPETITIVE ADVANTAGE OF BACTERIOCINOGENIC STRAINS WITHIN
LACTIC ACID BACTERIA CONSORTIUM OF RAW MILK CHEESE

Kompetitivna prednost bakteriocinogenih sevov znotraj zdruzbe mle¢nokislinskih bakterij
sira iz surovega mleka

Aljosa Trm¢i¢, Tanja Obermajer, Andreja Canzek Majheni¢, Bojana Bogovi¢ Matijasi¢ in
Irena Rogelj

Mijekarstvo 61 (1), 26-32 (2011a)

Prisotnost genskih determinant za razli¢ne bakteriocine je bila Ze raziskana v tradicionalnih
slovenskih sirih iz surovega mleka Tolminc in Kraski ov¢ji sir. Ti geni so bili prisotni tudi
v kultivabilni mikrobni populaciji. V tem delu smo skuSali ugotoviti, ali se prisotnost
genskih determinant za bakteriocine v mikrobni zdruzbi odraza tudi v njeni protimikrobni
aktivnosti. Poleg tega smo zeleli ugotoviti, ali imajo sevi, ki nosijo genske determinante za
bakteriocine, kakSno kompetitivno prednost pri rasti v mikrobni zdruzbi. Mikrobno
zdruzbo 1z sira Tolminc smo zaporedno precepljali v mleku in na koncu preverili njeno
protimikrobno aktivnost in prisotnost genskih determinant za bakteriocine. S primerjavo
rezultatov pred in po precepljanju smo ugotovili, da se veCina sevov, ki nosijo genske
determinante za bakteriocine, ni uspela ohraniti znotraj zdruzbe. Sevi, ki so se uspeli
ohraniti, so vsebovali genske determinante za enterocine P, L50B in citolizin.
Protimikrobna aktivnost pred in po precepljanju se ni bistveno spremenila in je ne moremo
pripisati kateremu od preiskovanih bakteriocinov.

Klju¢ne besede: tradicionalni sir, bakteriocinski geni, bakteriocini, protimikrobna
aktivnost, kompeticija
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Summary

The presence of gene determinants for different bacteriocins has been already demonstrated in
traditional Slovenian types of raw milk cheeses "Tolminc' and ‘Kraski’, These genes were present also
in the cultivable microbiota. In this research the aim was to establish how the presence of gene de-
terminants for bacteriocins in microbial consortia is reflected in its antimicrobial activity. In addition,
one of the goals was to determine whether the strains that carry gene determinants for bacteriocins
have any competitive growth advantage in microbial population, Microbial consortium of “Tolmine’
cheese was propagated in milk and examined at the end of propagation its antimicrobial activity and
the presence of gene determinants for bacteriocins. Comparison of the results obtained before and
after propagation leaded to the conclusion that most of the strains possessing gene determinants for
bacteriocins were unable to persist during propagation. The strains which did persist during propaga-
tion carried gene determinants for enterocins P, LS0B and cytolysin. Antimicrobial activity of consor-
tium before and after propagation was not substantially different and cannot be attributed to any of

detected bacteriocins.

Key words: traditional cheese, bacteriocin genes, bacteriocins,
antimicrobial activity, competition

Introduction

Major role of lactic acid bacteria (LAB) in dai-
ry production is to assure desired sensory properties
of fermented products. LAB also have a significant
role in assuring stability and safety of these pro-
ducts, Food safety is becoming increasingly impor-
tant issue especially in traditional food production
where artisanal cheeses represent an important gro-
up (Caplice and Fitzgerald, 1999; Suskovié et
al., 2010). Artisanal cheeses are traditionally made
from raw milk which brings a diverse microbiota
into these cheeses. The rich microbial composition
of Slovene raw milk cheeses has been already con-
firmed by Canzek Majheni¢ et al. (2005, 2007).

They established the presence of numerous strains

of Lactobacillus and Enterococcus that exerted an-
timicrobial activity against pathogenic and spoila-
ge bacteria (Trméic et al,, 2010). Among several
groups of metabolites responsible for antimicrobial
activity, bacteriocins present one of the most specif-
ic and interesting one (Suskovi¢ et al., 2010). The
term ‘bacteriocins' represents a large and heteroge-
neous group of ribosomally synthesised proteins or
peptides that are produced by bacteria to suppress
growth of other competing bacteria in the environ-
ment (DeVuyst in Vandamme, 1994; Cleveland
et al.,, 2001). Since microbiota of raw milk cheeses
is both numerous and rich in composition (Habes,
2002), the presence of LAB producing different bac-
teriocins might be expected as well. Trm¢i¢ et al,
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Trm¢i¢ A. Detection of lactic acid bacteria bacteriocins' genes and their expression in cheese. 30
Doc. Disser. Ljubljana, Univ. of Ljubljana, Biotechnical Faculty; Thiverval-Grignon, AgroParisTech, 2011

A. TRMCIC et al.: Competitive advantage of bacteriocinogenic strains, Mljekarstvo 61 (1), 26-32 (2011) 27

(2008) have already found the answer to this ques-
tion by analysing metagenomic DNA of cheeses for
the presence of genetic determinants of 19 well
known LAB bacteriocins. In nine samples of tradi-
tional Slovene cheeses (‘Tolminc' and ‘Kraski ovéji
sir’) there were 11 bacteriocin determinants identi-
fied. The same determinants were also identified in
microbial consortia isolated from these cheeses con-
firming that the genes for 11 bacteriocins examined
belonged to the cultivable population of LAB.

Trméié et al. (2008) identified in “Tolminc’
cheese genetic determinants for enterocins A, B, P,
L30A, L30B, cytolysin, nisin, lacticin 481, acidocin
B, helveticin J and plantaricin A. Some of these LAB
bacteriocins have wide spectra of activity which is
not so common since the majority of bacteriocins
are active against related strains only. Bacteriocins
are supposed to provide the producer bacteria with
a competitive advantage over the other bacteria in
the population (Caplici and Fitzgerald, 1999). A
prerequisite for such a performance is that bacteri-
ocin genes are expressed and bacteriocins released to
the environment in their active form. In the present
work the aim was to establish whether the LAB
strains from microbial consortia of “Tolminc' cheese
carrying previously identified gene determinants for
different bacteriocins really exert a competitive ad-
vantage in situ in the mixed community. This would
also indirectly indicate the expression of bacteriocin
genes.

Materials and methods

The microbial consortia analysed in this study
were isolated from fully ripened “Tolminc’ cheese
(T2) produced from raw cow's milk according to
Sabec (1952) and Perko et al. (2010). The lacto-
bacilli were isolated from cheese using Rogosa agar
plates incubated at 37 °C, while mesophilic cocci
and thermophilic cocci from M17 agar plates incu-
bated at 30 °C and 42 °C. Although M17 agar is pri-
marily intended for lactococci, it supported also the
growth of enterococci which are well represented
in “Tolminc' cheese. Before used in the simulated
cheese production experiment, all original microbial
consortia were also subjected to antimicrobial activ-
ity assays and total DNA isolation according to the
procedures described below.

Original consortia of lactobacilli, mesophilic
cocci and thermophilic cocci were subcultivated in
MRS (37 °C), M17 (30 °C) and M17 (42 °C) broths,
respectivelv. Equal parts of all cultivated consortia
were combined together into a mixed consortium
and 500 uL of it was used for inoculation of two 50
mL aliquots of 10 % reconstituted milk. The first
aliquot was incubated at 30 °C and another at 42 °C.
With these two temperatures of cultivation milk co-
agulation and scalding temperatures were simulated,
respectively. After 24 h of fermentation, both cul-
tures were transferred (1 %) to fresh reconstituted
milk, and this procedure was repeated every day for
ten days. After the fifth and the tenth transfer the
fermented milk were sampled for isolation of dif-
ferent microbial consortia and for the extraction of
total DNA. The isolation of microbial consortia was
performed identically as above described isolation of
original consortia from cheese, with one modifica-
tion, Besides using Rogosa agar (37 °C) and M17 agar
(30 °C, 42 °C) this time also CATC agar (37 °C) was
used which is selective for Enterococcus genus. De-
termination of antimicrobial activity was performed
for each isolated microbial consortia separately. Total
DNA was extracted from combined microbial con-
sortia which consisted of consortia from all selective
growth media and both fermentation temperatures
(30 °C, 42 °C). The DNA was also extracted from
the original microbial consortia of cheese used to ini-
tiate the fermentation experiment.

Extraction of total DNA directly from ferment-
ed milk (10 mL) or from isolated microbial consortia
(1 mL) was performed using Maxwell™ 16 System
(Promega) together with reagent kit Maxwell™ 16
Cell DNA Purification Kit (Promega). Bacteria were
collected by centrifugation (6000 x g, 10 min, 4 °C)
and the pellet transferred to lysis solution (50 mM
EDTA, 10 mg/mL lysozyme, 25 U/mL mutanolysin)
for 1 h pre-treatment at 37 °C. The PCR amplifica-
tions of parts of 10 known bacteriocins’ genes (Table
1) were performed using specific oligonucleotide
primers and procedures described by Trméié et al.
(2008).

For determination of antimicrobial activity
spectra of original microbial consortia from cheese
36 different indicator strains were used: 20 Staphy-
lococcus aureus, 7 Lactobacillus sp., 3 Enterococcus
sp., 2 Clostridium sp., 2 Listeria sp. and one Es-
cherichia coli and one Bacillus cereus. The origin of
this indicator strains is of human, animal, milk and
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cheese source. For testing of antimicrobial activity
of consortia obtained after the consecutive propa-
gation in milk, 10 indicator strains were used se-
lected on the basis of testing of original microbial
consortia. Antimicrobial activity was tested by con-
ventional spot-test assay using cultivated microbial
consortia, culture supernatants, neutralised culture
supernatants and lyophilised supernatants (25-fold
concentrates). The spot-test assay with microbiota
cultures was performed according to Cogan et al.
(1997). The base agar layer was adapted to each mi-
crobial consortia type (M17, MRS agar) and a modi-
fied MRS agar which contained 10 % of usual D-
glucose concentration was also used (Jacobsen et
al., 1999). The soft cover layer of agar was adapted
to indicator strain used, MRS agar for lactobacilli
and M17 agar for all other indicator strains. In the
spot-tests with supernatants, the supernatants were
applied (3 times 5 pL) onto the overlay of soft agar
inoculated with the indicator strain. For determina-
tion of proteinaceous nature of inhibitor, the proteo-
lytic enzyme proteinase K (10 mg/mL) was applied
(3 L) next to the spot of microbial consortia or su-
pernatant,

Results

Examination of antimicrobial activity of origi-
nal three microbial consortia isolated from “Tolminc'
cheese (T2), using Rogosa agar (37 °C) or M17 agar

(30 °C or 42 °C) against 36 indicator strains did
not reveal an inhibition caused by bacteriocin ac-
tivity. The strongest antimicrobial activity was de-
tected with microbial consortium represented by
lactobacilli (from Rogosa agar). The inhibition halos
observed on MRS agar did not have a well defined
sharp edge typical of inhibition caused by bacterioc-
ins. Since inhibition halos were not detected when
cultures were tested on modified MRS agar or when
neutralised supernatants were applied, the inhibi-
tion was likely caused by organic acids produced by
LAB during the growth. Moderate inhibition of Ec.
durans CCM 5612 and Eec. faecitm CCM 4647 by
mesophilic cocci consortium (from M17 agar at 30
°C) was observed. There was also a slight reduction
of these inhibitions when proteinase K was applied,
which indicates a possible involvement of antimicro-
bial substance of proteinaceous nature. The concen-
tration of antimicrobial substance in the supernatant
(untreated or treated) however was not sufficient to
be observed by the antimicrobial assay.

The main goal of this work was to examine
whether the strains that carry bacteriocins' genes
have growth advantage in mixed population at given
conditions and which bacteriocins could be eventual-
ly involved. Results of the total DNA analysis during
consecutive transfers of microbial consortia in milk
are presented in Table 1. Consecutive subculturing
at 30 °C resulted in the reduction of the number
of gene determinants detected in milk. Namely,

Table 1. Comparison of the presence of different bacteriocin gene determinants during propagation of

microbial consortia in milk

Presence of gene determinant for bacteriocin

Number of

: . @ s
Propagation N Enterocin . é oL
temperature y g B & 85«

propagation ¥ 2% = =
A B P L50A L50B Cytolysin k. Z =
Sx < .+ s - + S
30°C
= 10x - - - x = = = _ - =
= Sx - - - - % * < - s -
42°C
10x R | . . & S
X 0x = = ¥ #* ¥ + . * - +
% 5x = = # - + + . - - -
30°C + 42°C
10x - -+ - + - - - - e

FM - DNA extracted directly from fermented milk during propagation of microbial consortia; MC - DNA extracted from isolated
microbial consortia of cheese and fermented milk during its propagation; X - Isolated microbial consortia before propagation;
+ - PCR product of corresponding length is present; - — PCR product of correspanding length is not present
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after five passages only two bacteriocins (enterocin P
and cytolysin) of ten tested were detected, and after
ten passages none of them. Gene determinants for
the same two bacteriocins, enterocin P and cytolysin
were however still detected after ten subculturing at
42 °C. When DNA was isolated from the microbial
cells collected after plating fermented milk on three
different agars (Rogosa, M17, CATC) to obtain four
different consortia, gene determinants for enterocin
L50B were detected after fifth as well as after tenth
passage, in addition to enterocin P and cytolysin
genes detected also directly in milk. Analysis of the
DNA extracted from original microbial consortia
isolated from cheese "Tolminc’ revealed positive re-

sults for eight out of ten tested bacteriocins which
confirm results obtained previously by Trm¢i¢ et al.
(2008).

After each subculturing of fermented milk, it
was plated onto Rogosa, CATC or M17 agar, the lat-
ter incubated at 30 °C and 42 °C in order to obtain
four microbial consortia which were tested for anti-
microbial activity against ten indicator strains. The
results of antimicrobial assays are presented in Ta-
ble 2. After ten consecutive transfers of fermented
milk incubated at 42 °C, it was not possible to detect
any enterococci (CATC) or other mesophilic cocci
(M17, 30 °C), while lactobacilli and thermophilic

cocci were found at all samplings. All lactobacilli

Table 2. Comparison of antimicrobial activities of isolated microbial consortia during propagation in milk

Propagation at 30 °C

Propagation at 42 °C

Isolated microbial dasnac

10 transfers

5 transfers 10 transfers

consortia . "
- &
o =3

Ec
MK

M m M m

3 3

; 5
—
M m M m

TK
Ec
TK
Ec
MK
TK

a2
=

L. sakei
ATCC 15521

i @

L. monocviogenes

N®10 S 4ab

L. innocua

ATCC 33090

E. faecalis
ATCC 19433

E. faecium
CCM 4647

E. durans
CCM 5612

S. aureus 1SS 465 0 6 0 0 0

S. awureus [SS 464 ¢ # @ 0 >0 0D

S, aurens [S5 23 g 4 8 8 0 2 F D

@ % 9 @& 1" 8 & S 71 & £ 9

S. aureus C.Sa.4.2 g 2o 9 0 p 20

g 2 9 ¢« @ 0D /5 3P I8

M - Spot-test performed on regular MRS; m - Spot-test performed on modified MRS; Ec. - Enterococci; Lb. - Lactobacilli;
MK - Mesophilic cocci; TK - Termophilic cocei; 0-15 - Inhibition halo size measured from outside edge of spot to outside
edge of inhibition (mm); * - Clear halo with well defined edge; p - Double zone of inhibition (5+1 mm), proteinase K

effective only in smaller one; / = Test was not performed
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consortia examined exerted inhibition on MRS
plates, but no inhibition or weak inhibition was ob-
served on a modified MRS medium. In some cases,
inhibition on modified MRS was not observed when
the test was repeated. Most of the clear and sharp
inhibition halos were observed with the samples ob-
tained after ten passages, but they were not reduced
by proteinases. The only microbial consortium that
showed an antimicrobial activity sensitive to the
activity of proteolytic enzymes was the mesophilic
cocci consortium (M17, 30 °C) after ten transfers
at 30 °C, The activity of the latter was also present
against L. monocytogenes where two inhibition halos
were observed; the larger one was 5 mm wide and
was not affected by the proteinase K while the clear
small 1 mm halo with sharp edge was reduced in the
presence of this enzyme. In the assay with Lb. sakei
indicator strain only the small 1mm inhibition halo
was present which was affected by proteinase K.

Discussion

The number of genetic determinants for bac-
teriocins in the total DNA from microbial consor-
tia was reduced from initial nine to three during
consecutive transfers in milk. This indicates that
the strains carrying majority of bacteriocin deter-
minants were not able to persist in the microbiota
or that their ratio was significantly decreased. On
the other side the strains that carried genes for en-
terocin P, L50B and cytolysin were able to persist
during all transfer steps. Enterocin L30B is a bac-
teriocin that is produced exclusively by Ec. faecium
while enterocin P can be produced not only by Ec.
faecium but also by Ee. durans. Although there are
some reports that some Ec. faecium representatives
can produce cytolysin, its production is more char-
acteristic for Ec. faecalis species (De Vuyst et al,,
2003). Besides bacteriolytic activity cytolysin has
also hemolytic properties which are the reason that
this bacteriocin is considered a virulence factor and
cytolysin-producing strains undesired in food prod-
ucts. The reason for the predominance of enterococ-
ci in the cheese microbiota examined in this study
is the high initial concentration of this genus in the
original microbial consortium from ‘Tolmine' cheese
used. In addition, it is well known from the studies
of microbial dynamic in cheese that concentration
of enterococci is elevated during the initial stages of

cheese production. Later during the ripening period
the enterococci are overtaken by lactobacilli. With
each subsequent transfer in milk the ratio of ente-
rococci in the fermented milk microbiota increased
and the number of lactobacilli decreased. This may
be the reason why in the fermented milk there
was an absence of genes for plantaricin A. Genetic
determinants for plantaricin A, a bacteriocin pro-
duced by Lb. plantarum, were otherwise the most
frequently detected bacteriocin genes in “Tolminc’
cheese (Trm¢i¢ et al., 2008). Besides observed dif-
ferences in the presence of bacteriocin genes, the
antimicrobial activity of microbial consortia was also
changes during the consecutive propagation in milk.
Although a possible bacteriocin activity against En-
terococcus was detected, indicator strains were not
able to confirm the same in propagated consortia,
The only inhibition that was reduced by proteinase-
K action was against indicator strains Lb. sakei and
L. monoeytogenes. This inhibition may hardly be at-
tributed to enterocins, since the inhibition was not
observed with enterococci consortium obtained
from the CATC selective medium. However it
should also be considered the observation of Reuter
(1992) who reported a poor growth of Ec. faecium
strains on CATC medium.

Therefore the Ee. faecium produced bacterioc-
ins could also be involved in the inhibition observed
in this study even though their genetic determinants
were not detected in isolated enterococci consortia.
Analysis of DNA extracted directly from fermented
milks indicates that enterococci preferred tempera-
ture 42 °C over 30 °C which is probably related to
thermodynamic properties of their metabolic proc-
esses, since some species of this genera can grow at
both of this temperatures. This fact was confirmed
by the results of antimicrobial activity testing. If
inhibition observed in the spot-test assays was a
result of the activity of enterococci then it can be
concluded that on M17 growth media enterococci
prefer temperature of 30 °C which is the opposite
as observed in milk fermentations. The results lead
to the conclusion that the observed antimicrobial
activity of mesophilic microbial consortium (M17,
30 °C) was predominantly a result of the activity of
bacteriocins not targeted in this study.
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Conclusions

The results of this study may lead to the conclu-
sion that some LAB derived from “Tolminc' cheese
which are carrying gene determinants for bacterioc-
ins can persist in the mixed microbial cheese con-
sortia however the possession of bacteriocins' genes
does not assure them a significant competitive ad-
vantage and consequently a better survival. In this
study it was established that Enterococcus bacterio-
cinogenic strains were able to persist in the popula-
tion which most certainly has to do with the nature
of these bacteria and the experimental conditions
selected for this study. It was however not possi-
ble to attribute the antimicrobial activity observed
in spot-test assays, to enterococci that were able
to maintain their presence in the microbiota dur-
ing consecutive propagation in milk. There is a pos-
sibility that inhibition observed was caused by the
strains that carry gene determinants for bacteriocins
that were not examined in the study, or even by the
cytolysin producers which are for the safety reasons
not acceptable for the use in food production.

Kompetitivna prednost
bakteriocinogenih sojeva konzorcija
bakterija mlijecne kiseline izoliranih
iz sira proizvedenog od sirovog
mlijeka

Sazetak

Prisutnost genskih determinanti za stvaranje
razli¢itih vrsta bakteriocina ve¢ je ranijim istraziva-
njima utvrdena u slovenskim ovcjim sirevima “Tol-
minac” i “Kraski sir” koji se proizvode na tradiciona-
lan nacin. Isti geni za izoliranu mikrobnu populaciju
(konzorcij) takoder su potvrdeni i u kultiviranim
uvjetima. U ovom radu pokusalo se utvrditi kako se
prisutnost tih genskih determinanti u mikrobnom
konzorciju odrazava na njegovu antimikrobnu aktiv-
nost. Osim toga, utvrdivao se i utjecaj bakterijskih
sojeva koji nose gene za stvaranje bakteriocina na
kompetitivnost rasta u mjedovitoj populaciji. Mi-
krobni konzorcij izoliran iz sira “Tolminac” propa-
giran je u mlijeku 10 dana, nakon cega je utvrdena
antimikrobna aktivnost kulture i prisutnost genskih
determinanti za stvaranje bakteriocina. Usporedbom
rezultata za sposobnost stvaranja bakteriocina prije i

nakon precjepljivanja u mlijeku, utvrden je gubitak
te sposobnosti za veéinu izoliranih sojeva. Sojevi koji
su izdrzali ponovljena precjepljivanja u mlijeku nosili
su genske determinante za bakteriocine: enterocin F,
enterocin L50B i citolizin. Antimikrobna aktivnost
konzorcija prije i nakon precjepljivanja nije se znacaj-
no razlikovala te se ne moze pripisati niti jednom od
u ovom pokusu potvrdenih bakteriocina.

Kljuéne rijeci: tradicionalni sir, bakteriocinski
geni, bakteriocini, antimikrobna aktivnost,
kampeticija
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24 CHARACTERIZATION OF BACTERIOCINOGENIC STRAINS OF LACTIC
ACID BACTERIA FROM TRADITIONAL SLOVENIAN CHEESE "TOLMINC'

Opis bakteriocinogenih sevov mle¢nokislinskih bakterij iz tradicionalnega slovenskega sira
Tolminc

Aljosa Trm¢i¢, Tanja Obermajer, Andreja Canzek Majhenié, Irena Rogelj in Bojana
Bogovi¢ Matijasi¢

Mljekarstvo 60 (4), 228-236 (2010b)

Namen te raziskave je bil raziskati, ali so v tradicionalnem slovenskem siru Tolminc
prisotne mlecnokislinske bakterije, ki proizvajajo znane bakteriocine. Prisotnost genskih
determinant za razlicne bakteriocine je bila v tej vrsti sira dokazana ze v predhodnih
raziskavah, kakor tudi prisotnost bakteriocinskih genov ter protimikrobna aktivnost
kultivabilne mikrobne populacije. Ker ni bilo mogoce potrditi povezave med prisotnimi
genskimi determinantami za bakteriocine in dejansko protimikrobno aktivnostjo mikrobne
zdruzbe, smo v tej raziskavi preverili Se iste lastnosti na nivoju posameznih
bakteriocinogenih sevov. Podobno kot v predhodnih rezultatih so enterokoki in njihovi
bakteriocini prevladali v mikrobni zdruzbi sira. Nobeden od izoliranih sevov ni zaviral
rasti Staphylococcus aureus, medtem ko so posamezni sevi inhibirali ostale indikatorske
seve. Vecina osamljenih sevov je vsebovala genske determinante za citolizin. Na osnovi
ugotavljanja genskih determinant za bakteriocine, protimikrobne aktivnosti, fenotipizacije
s sistemom PhP (PhenePlate™) in PCR identifikacije smo opazili nekatere podobnosti med
izolati rodu Enterococcus.

Klju¢ne besede: tradicionalni sir, bakteriocinski geni, bakteriocini, enterocini, enterokoki,
protimikrobna aktivnost
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Summary

The purpose of this research was to examine traditional Slovenian “Tolminc' cheese for the
presence of lactic acid bacteria that produce several bacteriocins. The presence of gene determi-
nants for different bacteriocins in this type of cheese and in the cultivable population of “Tolmine’
microbiota, hiave already been demonstrated, as well as its antimicrobial activity. Due to the dif-
ficulties in connecting the presence of gene determinants for bacteriocins with the observed antimi-
crobial activity it was decided to examine in this study the same features on the level of individual
bacteriocinogenic strains. Like in previous results, enterococci and their bacteriocins prevailed in
cheese microbial consortia. None of isolated strains inhibited growth of Staphylococcus aurens, while
the other indicator strains were inhibited m a strain specific manner. Most of isolated strains carried
gene determunants for cytolysin. On the basis of gene determinants for bacteriocins, antimicrobial
activity, phenotyping by PhP (PhenePlate™) system and PCR identification, some similarities found

were among Enterococcus isolates.

Key words: traditional cheese, bacteriocin genes, bacteriocins, enterocins, enterococci,

antimicrobial activity

Introduction

Artisanal cheese and other dairy products are
traditionally produced from raw milk. The chemical
and microbiclogical properties of milk are besides
technological procedure among the most important
parameters that determine the final characteristics
of a product. Majority of microbes present in the
rich microbiota of raw milk are considered benefi-
cial but we should also be aware of a possibility that
certain microbes that came from milk to the final
product can present a health risk for the consumer
(Habes, 2002). To minimize this risk, a number of
different selected starter or protective cultures are
being used [guﬁkovié et al., 2010). The use of se-
lected cultures is not desired in traditional cheese
production since it can change the microbial com-

position and consequently the sensory properties of
the product. One possible way towards solving this
problem could be the use of cultures composed of
the strains derived from particular artisanal prod-
uct. The strains that produce different antimicrobial
substances, such as bacteriocins are good candidates
for the protective cultures. They may be selected
by screening the natural microbiota of these cheeses
(Radulovic et al,, 2010). Selection and combina-
tion of the autochtonous strains would enable the
creation of “tailor made” starter cultures for particu-
lar types of traditional cheeses.

Canzek MajheniZ et al. (2005, 2007) who
analysed natural microbiota of traditional Slovene
cheeses ‘Tolminc’ (from cows' milk) and ‘Kraski’
(from ewes’ milk), found that majority of the popu-

*Corresponding author/Dopisni autor: Phone/Tel: +386 1 7217 904; E-mail: irena.rogelj@bf uni-1j.si
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lation consisted of the representatives of two gen-
era, Enterococcus and Lactobacillus. They also de-
termined the antimicrobial activity of some isolates,
Their antimicrobial potential was confirmed in the
metagenomic DNA study of nine cheeses for pres-
ence of gene determinants of different bacteriocins
(Trméic et al, 2008). The most promising results
were obtained with “Tolminc’ cheese (T2) where
they detected gene determinants for enterocins A,
B, P, L50A, L50B, cytolysin, nisin, lacticin 481 and
plantaricin A. Most of these determinants were also
present in DNA extracted from the cultivable part
of microbiota, i.e. microbial consortia, confirming
the presence of viable bacteriocinogenic strains in
the cheese microbiota.

In further studies thev examined how the pres-
ence of gene determinants for different bacteriocins
affects the antimicrobial activity of the microbiota
and possibility of these bacteriocin genes being ex-
pressed and offering the producer strain a competi-
tive advantage inside the microbial population of
cheese. This was tested by consecutive transfers of
microbial consortia in recenstituted milk for period
of ten days and analysing the changes on the pres-
ence of bacteriocin gene determinants and antimi-
crobial activity. The main observation of the study
was that the presence of bacteriocin gene determi-
nants did not assure better survival although some
of the strains carrying gene determinants for ente-
rocin B, enterocin L50B and cytolysin did persist in
the population. Bacteriocins of which gene determi-
nants were detected could not be attributed to the
observed antimicrobial activity and consequently
not be directly attributed to the presence of bac-
teriocins’ gene determinants in the particular con-
sortia, Namely, although the presence of bacteriocin
genes was reduced during consecutive propagation
of consortia, their antimicrobial activity was not sub-
stantially changed. A similar result was observed in a
recent study of Trm¢&i¢ et al. (2010) where the anti-
microbial activity was tested in the simulated condi-
tions of real cheese production, Although the addi-
tion of viable cheese consortia did reduce the growth
of Staphylococcus aureus, the inhibition could not be
directly attributed to the activity of any bacteriocin.

In all of the studies by Trm&ic et al. (2008,
2010) there were difficulties to link the antimicro-
bial activity of viable LAB consortia with the de-
tected gene determinants for bacteriocins. We may

speculate that this happened because of numerous
interactions taking part inside a complex microbial
population which affected antimicrobial activity.
Therefore it was decided to examine in the present
study the antimicrobial activity of previously studied
LAB microbial consortia of traditional cheeses and
the presence of bacteriocin genes on the level of sin-
gle isolates.

Marerials and methods

Bacterial strains were isolated from fully rip-
ened ‘Tolminc' cheese (T2) produced from raw
cows' milk according to Sabec (1952) and Perko
et al. (2010). Different microbial consortia consist-
ing manly of lactobacilli, mesophilic cocci and ther-
mophilic coccl, were obtained on Rogosa and M17
agar plates (Trmdéic et al, 2008). In addition to
original consortia, consortia from milk were also iso-
lated, during consecutive propagation of microbial
consortia in mulk.

For detection of antimicrobial activity the fol-
lowing indicator strains were used: Lactobacillus
sakei ATCC 15521 (American Type Culture Collec-
tion, Manassas-Virginia, ZDA), Enterococcus durans
CCM 5612 (Czech Collection of Microorganisnis,
Brno, Czech Republic), Enterococcus faecalis ATCC
19433, Enterococcus faecalis CCM 4647, Listeria
monocytogenes N°10 S 4ab (National Agricultural Re-
search Foundation, Greece), Listeria innocua ATCC
33090 in Staphylococcus aureus 1SS 464 (National
Agricultural Research Foundation, Greece). Strain
Enterococcus faecium ATCC 19434 which produces
enterocins A, B and P was used as a positive control
for the presence of these bacteriocin gene determi-
nants and for the antimicrobial activity assays.

M17 agar, MRS agar (pH 5.7), BHI agar and
broth media were prepared according to manufac-
turer’s instructions (Merck, Darmstadt, Germany).
To avoid inhibitory action of organic acids [Zdolec
et al., 2007) a modified MRS agar containing re-
duced concentration of glucose (2 g/L) which was
prepared according to Jacobsen et al. (1999) was
also used.

Individual bacteriocinogenic strains were ob-
tained by plating proper dilutions of individual mi-
crobial consortia on different agar plates (modified
MRS, 37 °C; M17, 30 °C; M17, 42 °C). After in-
cubation the outgrown colonies were covered with
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Table 1. Antimicrobial activity of individual strains from eriginal microbial consortium of "Tolminc' (T2)

cheese and from propagated microbial consortia in milk

Tablica 1. Antimikrobna aktivnost pojedinih izolata iz originalne mikrobne zajednice sira ‘Tolminc’ (T2) i

nakon uzgoja te mikrobne zajednice u mlijeku

Indicator straing/Indikatorski sojevi
i ~ . B9 & g P o ) - e BQ -
P g8 3 e I% 38 3 38 3
Oznaka izolata B S ~ B w0 o G S TR
GOx30/1 ke 1 ke 0 0 1 ke 1ke 1 ke 1%e
GOx30/3 / / { / { / /
GOx30/4 ke L% 0 0 T 1% I 1ke
GOx42/1 i L= 0 0 1k 2 ke B 1%
GOx42/2 1 0 0 0 G d 1%e o 1%+
GOx42/9 1% 1+4 ko* 6* 0 1k 1tke 1% 1%
GO=R/1 53s 0 0 0 4k o 1% 4hee
GOxR/2 - / / / / { I /
G10x30/4 g 146 ke* 7% 0 1 == ] = 1% 1 %=
Glox42/1 1% / / / f /
G10x42/2 2 / / ! / /
Gl0x42/3 | S 144 *p* o« 0 : e % e 1t |
G10x42/3.1 6 e 5% 4% 0 T 3 . 0
G10=x42/5 L X / / / / 4 / /
G10=42/6 1k / / { / | / !/
G10x=42/8 Z%e / ; ! / / / !/
G10x42/9 24w 144 ko= 6" 0 14 1 ke 14 b
G10x42/10 140 / / / / / / /
G10=x421/1 ' e /! 4 ' i / !
Glox42L/2 / ¥ ! / / f / /
G10x42L/3 / e 3 / / / / ! /
G10x42L/4 1% 1+4 e+ 6 &¢ (0] 1% I ke 1 L*#
G10x42L/5 / Zhe / / / / / /
1 e gke 6*s 6 % 0 gke 3kp 388 0
ATCC 19434
Legend: 0-8 Size of inhibition zone measured from the edge of the spot [mm)/Velidina zone inhibicije
od ruba rasta (mm)
% Proteinaceous nature of inhibition was confirmed with the use of chymotrypsin/Proteinska
svojstva inhibicije bila su potvrdena upotrebom kimotripsina
® Proteinaceous nature of inhibition was confirmed with the use of proteinase K/Proteinska svojstva
inhibicije bila su potvrdena upotrebom proteinaze K
. Double zone of inhibition, chymotrypsin effective in both zones while proteinase K effective only
in smaller one/Dvojna zona inhibicyje, kimotripsin djeluje na obje zone, proteinaza K djeluje samo
na manju zonu
- . Weak effect of chymotrypsin on inhibition zone/Vrlo slab utjecaj kimotripsina na inhibicijsku zonu
Y Spot-test was not performed/Spot-test nije bio izveden
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soft overlay inoculated with indicator strains L.
monocytogenes N°10 § 4ab, S. aureus 1SS 464 or Lb.
sakei ATCC 15521 (sensitive strain used as a posi-
tive control for antimicrobial activity). The colonies
surrounded with clear inhibition halos were isolated
from the agar and purified. Antimicrobial activity
of each isolated strain was also tested against L. in-
nocua ATCC 3090, Ec. durans CCM 5612, Ec. fae-
calis ATCC 19433, Ec. faecalis CCM 4647 and Ec.
faecium ATCC 19434 |

The genomic DNA from selected isolates was
extracted for further identification and analysis of
the presence of gene determinants for different bac-
teriocins. Extraction of DNA was performed using
commercial kit Wizard® Genomic DNA Purifica-
tion Kit (Promega), according to the manufactur-
ers’ instructions. Genomic DNA of each strain was
searched for gene determinants of 10 LAB bacteri-
ocins following the procedure described by Trméic
et al. (2008). Antimicrobial activity was tested ac-
cording to Cogan et al. (1997). Chymotrypsin (10
mg/mlL) and proteinase K (10 mg/mL) were used to
determine the potential proteinaceous nature of in-
hibition. Proteolytic enzymes were applied as spots
(3 uL) next to the spot of tested strain. Genus iden-
tification was performed by Enterococcus specific
PCR using the oligonucleotide primers designed by
Deasy et al. (2000). Ec. faecalis and Ec. faecium
identification was performed in multiplex PCR reac-
tions as described by Jackson et al. (2004).

Phenotyping was performed wusing PhP
(PhenePlate™) which is based on measuring kinet-
ics of biochemical reactions during growth in ready
to use microtiter plates. The system for enterococci
(PhP-FS) is composed of 23 different substrates
and one control without substrate. The directions
supplied by the manufacturer were followed. The
results were evaluated by software PhPWIN which
arranged analysed strains into groups based on the
set coefficient of correlation 0.975.

The hemolytic properties of the strains were
analysed by agar diffusion method. Cultures (18 h)
of each strain were spotted (5 uL) on to surface of
blood agar plate, prepared from blood agar base No.
2 (Merck, Darmstadt, Germany) and defibrinated
bovine or sheep blood according to manufacturers’
directions. After 24 h of incubation at either 30 °C

or 37 °C we examined the plates for a, p or y hemo-
lysis.

Results and discussion

No colenies that would be inhibitory towards S,
aureus were found by the screening of antimicrobial
activity of different microbial consortia on agar pla-
tes. Nevertheless, from M17 agar plates incubated
at both 30 °C and 42 °C, and also from MRS plates,
strains that were effective against indicator strains
Lb. sakei and L. monocytogenes (Table 1) were ise-
lated. Although MRS agar was used to obtain the
consortia rich with the representatives of Lactoba-
cillus, the two isolates (GOxR/1, GOxR/2) with an-
timicrobial activity, turned out to be representatives
of Enterococcus genera (Figure 1). These two strains
were among the most effective isolates against in-
dicator strain Lb. sakei. Limited selectivity of MRS
and other growth media is well known (Menendez
et al,, 2001), however in this study the main purpo-
se of collecting the viable consortia from different
growth media incubated at different temperatures
was to obtain as many as possible different repre-
sentatives of cheese microbiota and to retain them
during manipulation.

13 isolates were found effective against L. mono-
cytogenes N°10 S 4ab, five of which exerted double
inhibition halos of which the larger one was sensitive
to action of chymotrypsin alone and the smaller halo
to action of both chymotrypsin and proteinase K
(Table 1). Double inhibition halos were most prob-
ably a result of activity of two different bacteriocins
of which one has better diffusion properties in agar.
[n general these five strains had a similar profile of
inhibition which was in case of L. innocua ATCC
33090 effected only by chymotrypsin. Similar dou-
ble inhibition halos were also chserved in previous
study where mesophilic part of cheese population
was tested after ten transfers in reconstituted milk,
This observation confirms the results of previous
study where some bacteriocinogenic strains did per-
sist in the population and meaning that this feature
offers a potential growth advantage.

Nine of eleven strains analvsed by species spe-
cific PCR were identified as Ec. faecalis and two as
Ec. faecium (Figure 1). The same two groups were
identified using PhP system (Figure 2). Within Ec.
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Table 2. Presence of different bacteriocin gene determinants in individual strains of isolated microbial

consortia

Tablica 2. Prisutnost razli€itih genskih determinanta za bakteriocine kod pojedinih sejeva mikrobne zajednice

Presence of gene determinant for bacteriocin
Prisutnost genske determinante za bakteriocin

Enterocin “ = 2 o -«
s z: § &
lﬁﬁf A B P L50A L50B Cl.:‘.:ly\'t:l::n.n Z§ js g ‘E E
GOx30/1 - - = = + + = - - -
GOx30/4 - - - - - + - - B} _
GOx42/1 = : o =~ = + = = = =
GOx42/2 + - + + + + - = - -
GOx42/9 . i s . 5 ¥ Z . c :
GOxR/1 = < s - - + - . s .
G10x30/4 - - = 5 = 3 . " . .
Glox42/3 - - - - + + - - _ -
G1l0x42/3.1 + + + = i = = & F =
Glox42/9 - - = = = 4+ 3 = = =
G10=42L/4 - - - - = + - & - &
Legend: + ... PCR product of corresponding length is present/PCR produkt prave dufine je prisutan

- ... PCR product of corresponding length is not present/PCR produkt prave duZine nije prisutan

faecalis group there were three smaller groups iden-
tified, while the two Ec. faecium strains together
with Ec. faecium ATCC 19434 seemed less related.

Selected representatives of each PhP group were
also analysed for the presence of specific gene de-
terminants for bacteriocins already identified in the
original microbial population of T2 cheese (Trméi¢
et al., 2008). All tested strains, except one, carried
the gene determinants for cytolysin which is unusual
for cheese enterococci especially for isolates belong-
ing to Ec. faecium species (Mohar Lorbeg, 2008;
Katana Burja, 2006; Canzek Majhenié et al,
2005; Canzek Majhenié, 2006). De Vuyst et al,
(2003) identified among 37 isolates only one Ec. fae-
cium that carried gene determinants for cytolysin and
even this one was a clinical isolate. It is also notable
that in three strains of Ec. faecalis gene determinants
for enterocin L50B were identified and in one strain
also determinants for enterocins A, B, P and L50A
which are characteristic of Ec. faecium species. A
possible explanation for this is that isolates contained

more than one strain which was the case for isolate
GOx42/1 (Figure 1). Namely, sometimes it is prac-
tically impossible to separate and purify particular
strains because they grow in the symbiosis.

All of isolates were similarly effective against
indicator strains from genera Enterococcus. The only
exception was isolate GOxR/1 which was the most
effective against Ec. durans CCM 5612, but the in-
hibition halos were not affected by any proteolytic
enzyme (Table 1). The most effective against both
Listeria indicator strains was the isolate G10x30/4,
while the isolate G10x42/3.1 turned out to be the
most effective in general, since it inhibited most of
the indicator strains used. This strain identified as
Ec. faecium (Figure 1), was, according to detected
gene determinants for bacteriocins and antimicro-
bial activity, very similar to strain Ec. faecium ATCC
19434 (Tables 1 and 2), but the results of PhP analy-
sis displayed an obvious difference (Figure 2). From
the fact that strain G10x42/3.1 was not effective
against Ec. faecium ATCC 19434 it was concluded
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Legend: JCM5804 ... Eec. faecium ATCC 19434
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Figure 1. PCR products from isolates using genera (Enterococcus) and species (Ec. faecium and Ec. faecalis)

specific primers

Slika 1. PCR produkti izolata sa specifinim poetnicama za rod (Enterococcus) i vrste (Ee. faecium i Ec.

faecalis)

that its antimicrobial activity was based on secretion
of one or more enterocines A, B, P Enterocin P has
a wide antimicrobial spectrum including also repre-
sentatives of 5, aureus. None of two strains possess-
ing enterocin P genes inhibited S. aureus [SS 464
indicator strain (Tables 1 and 2), but this does not
necessary mean they would not be effective against
some other strains of this species.

Since the aim was to determine whether the an-
timicrobial activity is a result of enterocins A, Bor P
activity, isolate G10x42/3.1 and additional ten iso-
lates were tested against Ec. faecium ATCC 19434
indicator strain (Table 1). It turned out that all test-
ed strains except G10x42/3.1 were effective against
Ec. faecium ATCC 19434. The inhibition halos were
1 mm wide and of proteinaceous nature, similar
to the inhibition halos observed against Ec. durans
CCM 5612 (Table 1). Based on these results and
the fact that all of the isolates, except G10x42/3.1,
carried the gene determinants for cytolysin it was
speculated that this bacteriocin could be responsible
for the observed inhibition. Since cytolysin has also
hemolytic properties it was decided to test this pos-
sibility in-vitro using blood agar growth media. None
of tested isolates exerted hemolytic activity (results
not shown). In study conducted by De Vuyst et al.
(2003) there were eleven enterococci strains iden-
tified carrving gene determinants for cytolysin of

which eight proved to be also positive for p hemoly-
sis. Based on these results it can be concluded that
cytolysin was not responsible for the observed inhi-
bition. There is a possibility that inhibition was not
directly correlated to cytolysin secretion but is rath-
er a result of genotypic/phenotvpic feature which is
linked to the presence of cytolysin genes.

The GOxR/1 isolate was the only one that ex-
erted a stronger antimicrobial activity against Ec.
faecium ATCC 19434 and also against Ec. durans
CCM 5612 (Table 1). On the other side it was not
possible to confirm reliably the proteinaceous nature
of these inhibitions by using proteolytic enzymes.
Even though the proteolytic enzymes were not ef-
fective, the appearance of the inhibition halos (clear
with well defined edges) indicated that this was the
result of bacteriocin activity. Based on given results
it could not be concluded which bacteriocin was re-
sponsible for this inhibition since only the cytolysin
gene determinants were identified, Isolate GOxR/1
belongs to Ec. faecalis, and representatives of this
species are known to produce also several other bac-
teriocins (Galvez et al., 1998; Eguchi et al., 2001;
Franz et al., 2002; Martin-Platero et al, 2006)
which were not looked for in this study.

In individual isolates from microbial population
of “Tolminc’ (T2) cheese only two out of nine gene
determinants for bacteriocins that were originally
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Figure 2. Dendrogram of PhP classification of enterococci
Slika 2. Dendrogram enterckoka svrstanih u PhP grupe

identified in this cheese were identified [Trm&ic et
al., 2008). To find the strains that carried other seven
microbial consortia of this cheese have to be screened.
Even then some of the determinants might not be
Also there is a possibility that some bacteriocins are
not expressed, synthesized or secreted properly which
is a prerequisite for their detection.

Conclusions

‘With this study of “Tolminc’ cheese microbiota we
concluded the complete analysis of its antimicrobial
potential, going from entire cheese to strain level and
from genotypic to phenotypic level of bacteriocinogenic
potential. In previous closely related studies (Trméic
et al., 2008, 2010) similar conclusion were given, that
the presence of gene determinants of different bacte-
riocins itself does not assure consistent antimicrobial
activity. In addition, even when antimicrobial activity
of proteinaceous nature is detected, it is very difficult
to attribute it to any of the detected bacteriocin gene
determinants, especially since the majority of bacteri-
ocins are not looked for or have not been yet identified.
Obviously there is a gap between the analysed gene
determinants and in vitre, in vive or in sifu observed
inhibition. In order to resolve these gaps observed dur-
ing these studies it would be necessary to incorporate
studies at a transcriptomic and proteomic level, On one
side the gene determinants detected could be analysed

for transcription which is a major part of expression.
Expression analysis could help us understand the dy-
namics of bacteriocin production in complex media
like cheese where conventional biological methods are
not enough sensitive and specific. On the other side the
proteomic tools could help to identify the bacteriocins
secreted by bacteriocinogenic strains. This way it can
bacteriocinogenic strains that are with certainty present
in diverse microbial community of such a rich medium
like raw milk cheeses.
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Karakterizacija bakteriocinogenih sojeva
bakterija mlijecne kiseline iz tradicionalnog
slovenskog sira “Tolminc’

Sazetak

Cilj ovog rada bio je provijeriti prisutnost soje-
va bakterija mlije¢ne kiseline koji proizvode razlicite
bakteriocine u tradicionalnom slovenskom siru “Tol-
minc’. Prisutnost genskih determinanti za pojedine
bakteriocine u ovoj vrsti sira i izoliranoj populaciji
mikrobiote sira ‘Tolminc’ veé je bila prikazana, a
takoder i njihova antimikrobna aktivnost. Zbog po-
teskoéa pri povezivanju detektiranih genskih deter-
minanti za bakteriocine i antimikrobne aktivnosti,
odlu¢eno je u ovom radu analizirati ista svojstva i kod
pojedina¢nih bakteriocinogenih sojeva. Sli¢no pret-
hodnim istraZivanjima, enterokoki i njihovi bakterio-
cini najbolje su bili zastupljeni. Nijedan od izoliranih
sojeva nije inhibirao bakteriju Staphylococcus aureus,
dok su ostale indikatorske mikroorganizme inhibirali
razli¢ito. Vecina sojeva nosila je genske determinante
za bakteriocin citolizin. Na temelju genskih determi-
nanti za bakteriocine, antimikrobne aktivnosti, feno-
tipizacije s PhP (PhenePlate™) sistemom i identifi-
kacije roda i vrste sojeva, mogu se naci neke sli¢nosti
izmedu Enterococcus sojeva.

Kljucne rijeci: tradicionalni sirevi,
bakteriocinski geni, bakteriocini, enterocini,

enterokoki, antimikrobna aktivnost
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2.5 EXPRESSION OF NISIN GENES IN CHEESE — A QUANTITATIVE REAL-TIME
POLYMERASE CHAIN REACTION APPROACH

Izrazanje genov nizina v siru — pristop s kvantitativno verizno reakcijo s polimerazo v
realnem Casu

Aljosa Trm¢i¢, Christophe Monnet, Irena Rogelj in Bojana Bogovi¢ Matijasic¢
Journal of Dairy Science 94, 77-85 (2011b)

Vloga bakteriocinov v razli¢nih okoljih Se ni bila popolnoma pojasnjena, v veliki meri
zaradi tezav, ki so povezane z njihovim odkrivanjem. Nizin, protimikrobni peptid, ki ga
proizvaja Lactococcus lactis, ima ze dolgo zgodovino varne uporabe v ziviliskih izdelkih
in je bil preucen s Stevilnih aspektov genetike, biosinteze, imunosti, regulacije in nacina
delovanja. Se vedno pa so nekateri mehanizmi, ki so povezani z dinamiko izrazanja genov
za nizin, nepojasnjeni. Zelo malo raziskav izrazanja bakteriocinov je bilo narejenih v
kompleksnih okoljih, kot je naprimer sir. Glavni cilj te Studije je bil ugotoviti, ali se geni za
nizin izrazajo tudi v siru med zorenjem. V ta namen smo na podlagi testiranja rasti v mleku
in bakteriocinske aktivnosti izbrali sev L. lactis M 78, izolat iz surovega mleka, ki
producira nizin A. Izrazanje vseh 11-ih genov, vkljuenih v biosintezo nizina, smo
spremljali v siru podobnem mediju, s pomocjo reverzne transkripcije in PCR v realnem
casu. Skupno RNA smo osamili neposredno iz modelnega sira, po metodi brez
predhodnega loCevanja bakterijskih celic. Sev M 78 je dobro rastel v eksperimentalnem
siru ter izlocal nizin, ki ga je bilo mogoce izmeriti ze po Stirih urah fermentacije. Prisotnost
nizina kot aktivatorja je spremenila tako izraZanje genov nizina kot kon¢no akumulacijo
aktivnega nizina. Na osnovi razlik v izrazanju genov kot funkcije ¢asa smo posamezne
gene lahko razvrstili v §tiri skupine: nisd, nisFEG, nisRK in nisBTCIP. Na osnovi rasti
producenta nizina, aktivnosti nizina, funkcije genov nizina in njihove lokacije smo dolo¢ili
korelacije, ki pomagajo pri razlagi regulacije biosinteze in imunosti. Ta Studija je prva, pri
kateri so bili intenzivno kvantificirani transkripti genov za bakteriocin v siru podobnem
mediju.

Kljucne besede: nizin, izrazanje genov, reverzna transkripcija in verizna reakcija v realnem
¢asu, sir
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Expression of nisin genes in cheese—A quantitative real-time

polymerase chain reaction approach
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ABSTRACT

The role of bacteriocins in different environments has
not been thoroughly explained, mainly because of the
difficulties related to the detection of their production.
Nisin, an antimicrobial peptide produced by Lactocoe-
cus lactis has a long history of safe use in food products
and has been studied from many aspects of geneties,
biosyuthesis, innmmnity, regulation, and mode of action.
Still. some aspects concerning the dynamics of nisin gene
expression remain nnknown, especially in complex me-
dia like cheese. The main objective of the present study
was to gquantify in a cheese-like medinm the expression
of nisin genes in L. lactis MT78, a well-characterized
nisin A producer isolated from raw milk. The expres-
sion of all 11 genes involved in nisin biosynthesis was
evaluated during cheese production by real-time reverse
transcription-PCR. Total RNA was extracted from
cheeses using a direct extraction method without prior
separation of microbial ¢ells. The MT8 strain grew well
in experimental cheeses. producing detectable amounts
of nisin after 4 h of fermentation. The presence of nisin
as an activator modified both the expression of nisin
genies and the acemmnlation of active nisin. Four groups
conld be distinguished based on gene expression as a
function of time: nsA, nisFEG, nishK and nisBTCIP.
Based on nisin-producing strain growth. nisin activity,
function of nisin genes, and their location, correlations
were established that contribute to the explanation of
regulation of nisin biosynthesis and immunity. This
study is the first in which the evolution of bacteriocin
gene transeripts has been quantified rigorously in a
cheese-like medinm.

Key words: nisin, gene expression. real-time reverse
transeription-polymerase chain reaction, cheese
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INTRODUCTION

Bacteriocin-producing lactic acid bacteria are gain-
ing trust for use as starter cultures and as means for
improving the safety of fermented foods. The role of
bacteriocins in different enviromments and control of
the mechanisms of bacteriocin production and activ-
ity, however, is still not thoronghly explained. mainly
becanse of the difficulties related to their detection in
complex environments. Nisin. a ribosomally syuthesized
lautibiotic naturally produced by several strains of Lae-
tococeus lactis, is one of the best characterized lactic
acid bacteria bacteriocins, The potential of nisin-pro-
dueing starters to control nndesirable microorganisis in
cheese has been already demonstrated (Maisnier-Patin
et al., 1992; Yezzi et al.. 1993; Rodriguez et al., 1998:
Bouksaim et al., 2000; Ayad, 2000). Several variants of
uisin are known, with nisins A and Z being the most
common, differing in one mcleotide and in one AA
respectively. The nisin gene cluster is located on a large
conjugative transposon and is composed of 11 genes,
nisABTCIPRKFEG (Figure 1), involved in complex
biosynthesis, regulation. and immunity, Among these
genes. nisA encodes a nisin A precursor peptide of 57
AA residues (pre-nisin), which is a structural peptide
(pro-nisin) attached to a leader peptide; nisB and misC
encode modification enzymes (dehydration and eyel-
ization) involved in post-translational modification of
pro-nising nisT encodes a transport protein involved in
secretion of modified pre-nisin outside the cell (ABC
transporter); nisP encodes a membrane-bound serine
protease which cleaves pre-nisin, releasing the active
pro-nising nisl encodes a lipoprotein involved in self-
protection against nisin: nisFEG encode transport
proteins also involved in self-protection (ABC trans-
porter): and nisK and nisk encode a response regulator
and a histidine kinase which form a two-component
signal transduction system inwvolved in regulation of
nisin biosynthesis activated by nisin. Transeription of
nisin genes is facilitated from 3 major promoter sites
of which the promoter proceeding nisR is constitutive,
whereas the nisd and nis# promoters are controlled by
the 2-component regulatory system NisRK. An alter-
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Figure 1. Organization of genes involved in nisin production, regulation. and immunity. Black and white triangles indieate nisin-indueible
and constitutive promoters, respectively. Hairpins indicate putative trapseription terminator loops, Genes ave as follows: nisA, nisin structural
gene; wisB and wisC, post-translational modification: nisT, translocation; nisP, activation; nisB and nisK, regulation: wisl and nisFEG, -

munity.

native induetion system exists for the nisd promoter
that funections independently of NisRK. In fact, the
galactose metabolite of the Leloir pathway can induce
nisA transeription from the same start site. In addition
to the nisi promoter, another constitutive promoter
has been identified before nisl. The funetion of this
promoter may be to establish a basal nisin immunity
before the cell enconnters nisin for the first time (Li and
O'Sullivan, 2002, 2006). For a complete review of nisin
biosynuthesis, immunity. regulation. mode of action, and
engineering, see Lubelski et al. (2008).

The structure of the nisin cluster where most of
the gemes are overlapping (GenBank accession num-
bers X68307, L16226, X76884, and U17255) indicates
translational eoupling (Knipers et al., 1993). However,
nisd is separated from the rest of the cluster by an
inverted repeat which may act either as a transcrip-
tion terminator or translation processing site (Engelke
et al., 1992: Kuipers et al., 1995; Dodd et al., 1996).
Two TOT-NTCT repeats are located at the positions
=39 to =26 and =107 to =94 upstream of the nisA
transeription start site, A single TOT-N-TCT repeat
i also located at the positions —39 to —26 upstream of
the nisF transeription start site, Although the nisR can
initiate transcription by binding to one of the TCT-N,-
TCT repeats. it needs 2 repeats for optimal binding.
which is the reason for weaker expression of nisFEG
than misd (de Ruyter et al, 1996; Chandrapati and
O'Sullivan, 1999, 2002: Penna et al., 2005). The linear
response of the nisA and nisFEG promoters in response
to nisin, together with the constitutive nature of the
nisl promoter has been demonstrated (Kuipers et al.,
1995: de Ruyter et al., 1996).

Kuipers et al. (1995) detected expression controlled
by the nisA promoter to be 50 times higher for nisd
than for the genes located after the inverted repeat
that separates nisA from the other nis genes. On the
other hand, Runar Ra and Saris (1995) indicated that
all nisin genes are transeribed as 2 large polveistronic
transeripts, wisZBTCIPRK and nisFEG, regulated by
2 nisin-dependent promoters (Ra et al.. 1996), It is pos-
sible that polyeistronic transeripts arve cleaved during
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further processing into separate single-gene transcripts
(Buchman et al., 1988; Steen et al., 1991; Engelke et
al., 1992). Higher stability of misA/Z transeripts can
be another reason for more elevated concentrations of
them (Runar Ra and Saris. 1995: Li and O Sullivan.
2006). Using immunoblotting, Engelke et al. (1994)
showed that the peptide encoded by nisd is present in
the cell before the peptide encoded by nisB. Aecording
to the speculations of De Vuyst and Vandamme (1992},
this may explain why nisin activity coincides more with
expression of nishB than with expression of nasA.

The main objective of the present study was to quan-
tifv in a cheese-like medinm the expression of bacterio-
cin genes, using a nisin producer as a model organism.
We have chosen a nisin producer becanse nisin genes
have been well characterized, and also because it has al-
ready been demonstrated that nisin ean be produced in
situ in cheese. However, a similar approach may also be
nsed for other bacteriocins. In addition, despite several
studies on nisin. the time-dependent expression of all
11 genes involved in nisin biogynthesis and immunity
has not yet been reported. Expression of the nisin genes
was compared with the growth of producer strain. acid
production, and accumnlation of active nisin in cheese,

MATERIALS AND METHODS
Bacterial Strains and Culture Conditions

The nisin-producing strain L. lactis M78. an isolate
from raw milk (Samelis et al,, 2009), was kindly provided
by 1. Samelis (National Agricultural Research Founda-
tion, Dairy Research Institute, loannina, Greece). It was
confirmed as a nisin A producer by sequence analysis of
the entire nisin gene cluster (GenBank accession number
HM219853). The nisin-susceptible strain Lactobacillus
sakei ATCC 15521 was used as the indicator strain in
biological assay for nisin quantification. Lactoccocus
lactis S3 (UMR GMPA, INRA, Thiveval-Grignon.
France), which does not produce nisin, was nsed as a
negative control. Lactococcus and Lactobacillus strains
were routinely grown under static conditions at 30°C in
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M17 lactose broth (Terzaghi and Sandine, 1975) and in
De Man, Rogosa. and Sharpe (MRS) broth (De Man et
al.. 1960), respectively.
Cheese Production

Experimental cheeses were made using ultrafiltered
milk (5.5% total fat) produced in UMRI1253 (STLO,
INRA. Rennes, France). as deseribed by Hannon et
al. (2006) and stored at —20°C, Cheese cultures were
prepared by inoeulation of sterile (100°C/10 min) re-
constituted skim milk (100 g/L; Difeo Laboratories,
Detroit, MI) with M78 strain and inenbation at 30°C
for 15 h. Ultrafiltered milk was inoculated at a con-
centration equivalent to 10" efu/mL and divided into
2 parts. One part was supplemented with 1.2 1U/mL
of nisin A (Sigma, St-Quentin-Fallavier, France). After
the addition of 60 pL/L of chymosin (Maxiren 180,
DSM Food Specialties, Delft, the Netherlands). each
part was divided into 15 aliquots to make 15 small
model cheeses of 70 g. Coagulation of ultrafiltered milk
resulted in model cheeses being formed without release
of the whev. Model cheeses were ineubated at 30°C for
24h. which is near the optimal growth temperature of
the nisin-producing strain M78. After 6 h of fermenta-
tion. the cheeses were transferred onto grids in sterile
crystallizing basins and the ineubation continned at
30°C.

Cheese Analysis

Cheeses with and without added nisin were sampled
at 4, 6. 9, 12, and 24 h. At each sampling, 3 entire
cheeses were taken as 3 separate parallels and each of
them was analyzed. Besides RNA extraction. the bacte-
rial connts and nisin production were determined. and
pH was measured using a Blue line 27 surface electrode
{Schott, VWR, Fontenay-sous-Bois, France).

Bacterial Growth. One gram of cheese was homog-
enized with 9 mL of 2% trisodinm ecitrate dihydrate
(pH 7.5) using a mechanical blender (Ultra-Turrax T25,
Ika Labortechnik, Staufen, Germany). The resulting
suspension was 10-fold serially diluted in tryptone-salt
broth (9.5 g/L) and plated in triplicate on M17 agar
plates. Colonies were enumerated after 48 h of incuba-
tion at 30°C,

Nisgin Production. The procedure introduced for
nisin_ quantification in cheese was based on previously
published methods (Tramer and Fowler, 1964; Wolf
and Gibbons, 1996: Pongtharangkul and Demirei,
2004), Cheese extracts were prepared by homogenizing
1 g of cheese in 1 mL of 0.02M HCI using a mechani-
cal blender. The cheese homogenates were heated in a
water bath at 90°C' for 5 min. After cooling to room
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temperature, they were centrifuged (10 min at 5,000 x
g) and the resulting supernatants were filter-sterilized
(0.22 pm). Cheese extracts were obtained also from
cheeses produced with strain 83, which does not pro-
duce nisin. For the standard curve, standard samples
were prepared from cheese homogenates supplemented
with a known amount of nisin. Agar plates for nisin
activity assay were preparved from 2 layers of MRS agar;
the base laver contained 1.5% of agar-agar. and the
cover layer 0,75% of agar-agar. In addition, the cover
layer was supplemented with 1% (wt/wt) of Tween 40.
After sterilization (120°C/20 min) and cooling to 55°C.
the base layer (20 mL) was poured into the plates (90
mm in diameter) and left to solidify and dry (12 h) at
room temperature. The cover soft agar was incubated
at 55°C' (12 h) and before being poured (20 mL) over
the base layer, it was inoculated with 2% of a fresh
culture (18 h) of the indicator strain L. sakei ATCC
15521, After solidification of the soft agar at room
temperature (2 h). 5-mm wells were punched into the
cover laver using the back end of a Pastenr pipette.
The wells were immediately filled with 70 pL of cheese
extract and plates placed at 4°C for a 24-h pre-diffusion
step. After pre-diffusion, the plates were incubated at
30°C for 24 h and the diameter of the inhibition halos
measured nsing a caliper horizontally and vertieally to
the nearest 0.1 mm.

Ezxpression of Nisin Genes. The priority of
cheese sampling was to get cheese samples through
the first step of extracting RNA. Extraction of RNA
from cheeses was done as described previously (Mon-
net et al.. 2008), except that the amount of cheese
processed in each tube was increased to 500 mg. us-
ing 7-mL bead-beating tnbes that contained 3.2 g of
zirconinm beads (diameter, 0.1 mm: Biospec Products,
Bartlesville. OK). After addition of 5 mL of TRIzol
reagent (Invitrogen, Cergy Pontoise. France), the tubes
were vigorotisly shaken in a bead beater (Precellys24
Dual, Saint-Quentin-en-Y velines, France) by using two
20-s mixing sequences at a speed of 6,500 rpm. The
tubes were cooled on ice for 5 min after each mixing
sequence. After the bead-beating procedure. the tubes
were placed at —80°C' umtil all of the samples for RNA
extraction had been collected. To ensure a sufficient
amount of extracted RNA. the content of 2 tnbes was
stubsequently pooled and processed using 15-mL Phase
Lock Gel Heavy tubes (Eppendorf, Hamburg, Ger-
many), and RNA was purified using a single RNeasy
spin column (Qiagen, Courtaboeuf, France). The RNA
was eluted from spin columns with 30 pL of RNase-free
water,

Purified RNA was quantified at 260 nm using Nano-
Drop ND-1000 spectrophotometer (NanoDrop Tech-
nologies. Wilmington. DE). The RNA integrity number
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Table 1, Sequences and target genes of primers (F = forward, B = reverse) used in this study

Cene Gene product Primei sequence (5°—3°) Reference

165 rtRANA 168 ribosomal RNA F: GCTCACCAAGGCGATGATACATA Monnet et al., 2008
R: ACCAACGTTCTTCTCTACCAACA

235 rRNA 238 ribosomal RNA F: ACAGOGATAGGTAGGAGCCATT Monnet et al., 2008
R: CGATTATGCCAGCGGGTTAG

nisA Nisin structural gene F: TCAGGTGCATCACCACGCATTA This study

) R: TTACGTGAATACTACAATGACAAGTTGOT

nmisl} Nisin bivsyuthesis protein Fi GGEGAGAGTTGCCGATGTTGT This study
R: TAAAGCCACTOGTTAAAGGGUAAT

misd Nisin transport ATP-hinding protein F: CAACTTTCAGGAGGTCAGTGG This study
R: AGCTACAGGATCGAGTGCAG

s’ Nisin biosynthesis protein F: CAAATCCGGAGAATCAGATGTCTCAAT This study
R: GCTAAGATACAGCCCACTCCAG

nisd Nisin immunity protein F: CTGAAGTACGTGTGTTTGATTCAGTTAG This study
R: TCGOCATAATCCCATTCCGTC

nisP Nisin leader peptide-processing serine protease  F: TGCACCGAGTGTATTTGAGGATGT This study

) R: GCAGGAGUATAAATTGCATOCG

nisht Nisin biosyuthesis regnlatory protein F: GAGAGGAACGCAATAAACATGCAG This study
R: GTTTGACCATTGACACAGACTOG

misk Nisin biosyuthests sensor F: COAACGTOGATATGAAACACTACCC This study
R: ACTAGGTACATCCGACTTGACATAA

nisk' Nisin trapsport /immunity protein F: TGOATCCTOGATGGTATTOOGG This study
R: AGCTACTTTACTTATTTCGTGCAACTG

nisk Nisin transport /immnnity protein F: TTGATTTGGCTAAGAGGTATACTAGOG This study
R: ATAAAGOGTAAATTCCAAGAAGCOTGC

nisly Nisin transport /immunity protein F: GGOCAATCGTTTOCAAGAAATAAATGT This study
R: COCTACTGOCTGTGAAACTOC

was determined with the 2100 Bioanalyzer (Agilent.
Palo Alto, CA. USA) using RNA 6000 NANO chips
according to the manufacturer's instructions, The con-
centration of extracted RNA was adjusted to 25 ng/pL,
and DNase treatment was performed nsing the TURBO
DNA-free kit (Ambion, Austin, TX) according to the
manufacturer’s instruetions. Absence of DNA contami-
nation in RNA samples was confirmed with non-reverse
transeribed samples (controls). Reverse transeription
was performed using the SuperSeript 111 First-Strand
Syuthesis System (lnvitrogen, Cergy Pontoise. France)
with random hexamer priming and RNaseH treatment.
The reaction mixture contained 200 ng of DNase-
treated RNA in the final volume of 20 pL. The reverse
transeription procedure was performed according to the
manufacturer’s recommendations.

Oligonueleotide primers were designed using the
LightCyeler probe design software (v1.0: Roche Ap-
plied Secience, Manuheim, Germany) and synthesized
by Eurogentec (Seraing, Belgium). The thermocyeling
program consisted of initial denaturation at 95°C for 8
min, followed by 45 cyeles of denaturation (95°C/10 s).
annealing (60°C/7 s). and extension (72°C/6 s). Fluo-
rescence acquisition (530 nm) was done at the end of
each extension. After real-time PCR, a melting curve
analysis was performed by measuring fluorescence during
heating from 65 to 95°C at a transition rate of 0.1°C/s,
Quantification eyele (C,) values were determined with
LightCyeler software (version 3.3), using the second
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derivative method. Standard curves were generated
by plotting €, values as a function of the log ¢DNA
concentrations. From the slopes of the standard curves,
the PCR efficiency (E) was ealenlated for each primer
pair using the following formula: E = 107" (Pfaffl,
2004). The genes investigated in the present study and
the corresponding primer pairs are presented in Table
1. Real-time PCR measurements of each sample were
performed using 1/5 and 1/10 dilutions of the reverse-
transcribed RNA. The resulting €, values were used
to caleulate the expression of selected genes by relative
quantification using a reference gene and a calibrator
(Eq. 3.5: Pfaffl, 2004). We tested 168 rRNA and 23S
rRNA respectively to be used as reference genes, The
last sampling (24 h), corresponding to the cheese with-
ot added nisin, was chosen as the calibrator. Absence
of inhibitors in both reverse transeription and real-time
PCR was confirmed by comparison of standard eurves
obtained with serially dilnted samples before and after
reverse transcription,

Statistical Analyses

At each sampling time, 3 separate cheeses were
sampled. For the determination of nisin activity, each
cheese was used to produce one cheese extract and one
end result. For the determination of nisin gene expres-
sion. each cheese was used to obtain one RNA extract
and real-time PCR analyses were performed using 2
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95 6.8 at 4 and 24 h. respectively. The RNA integrity number
values of the RNA samples were always above 8.5, which

5 9.0¢ 6.6 indicates that RNA was not degraded and was. thus,
& appropriate for real-time reverse transcription-PCR
= 85 6.4 analysis. The absence of contaminating DNA in RNA
§ - 62 % samples was confirmed by the absence of amplification
2 z in samples that were not subjected to reverse transerip-
g 8.0 6.0 tion. The absence of inhibitors of reverse transcription
- ' and of amplification reactions in the samples was con-
O 75F Sewg 58 firmed by comparison of the standard curves obtained
] using serial dilutions of samples both before and after

P T RS, T 'y &Y reverse transcription, which had identical slopes and in-

0 2 4 6 8 10121416 18 20 22 24 tercepts. The efficiency of the real-time PCR amplifica-

Time (h)

Figure 2. Dyuamics of growth of Laefococeus lactis MT8 and of pH
in the model cheeses. Risults are expressed as mean values of 3 repeti-
tions, Closed and open symbols correspond to cheeses with and with-
out addition of 1.2 TU /mg of nisin, respectively, Cireles corvespond ta
cell counts and squares to pH.

dilutions of the eDNA. Results from the 3 replicate
cheeses were nsed to caleulate mean values and standard
deviations, which represented both the methodological
and the experimental errors.

RESULTS

Bacterial Growth and Nisin Production
in Milk and Cheese

Expression of nisin genes was measured during 24 h
of manufacturing cheese with and withont addition of
nisin. Growth of L. lactis N78 was similar in cheeses
with and without added nisin (Figure 2). Exponential
phase was observed until 6 h of fermentation with
growth rate constants (.94 and 0.91/h, respectively
for cheeses with and without added nisin. After abont
12 h. L. lactis M78 reached the stationary phase in
both types of experimental cheeses. Final cell count in
cheeses with and without added nisin was 9.12 £+ 0.06
and 9.19 + 0.04 log efu/g, respectively. The pH value at
24 h was 5.83 + 0.1. Nisin produetion was very different
between the 2 types of experimental cheeses (Figure 3).
As expected. addition of a small amount of nisin (1.2
IU/g) inereased production of nisin.

Extraction of RNA from Cheese and Real-Time
Reverse Transcription-PCR Analysis

A prerequisite for snecessiul expression quantification
is the extraction of good guality RNA from cheese. The
vield of RNA after extraction was 4.9 (£0.7) x10" ng/
ef and 2.4 (£0.2) %10 ng/efu for samples obtained

tions was always at least 94% and not more than 100%.
The C, values of the non-template controls were always
above 38 cycles, and more than 10 eycles above the €
values of the samples with the lowest target concen-
tration. No significant variation of 165 and 235 rRNA
abundance in the 2 experimental cheeses (the amount
of RNA that was reverse-transcribed was standardized)
existed and the 165 rRNA gene was used as the refer-
ence gene in expression quantification. Although we
did not caleulate the detection limit we always worked
within the range of standard curves developed for this
study.

Expression of Nisin Genes
During Cheese Manufacture

Relative expression ratios of nis genes in cheeses with
and without added nisin are presented in Figure 1.
From these data, 4 expression groups of nisin genes can

g g ol
wn o= wh
T T

Nisin production (log [U/g)
=
T

1 1 A 1 1 1 1 1 'l 1

6 8 10 12 14 16 18 20 22 24

Time (h)
Figure 3. Nisin production by Lactococrus fuefis M78 in the model
cheeses, Results are expressed as mean values of 3 repetitions. Closed

and open svmbols correspond to cheeses with and without addition of
1.2 U /mg of nisin, respectively.
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Figure 4. Evolution of the relative expression ratio of nisin genes in model cheeses withomt (A) or with (B) sddition of 1.2 1U /g of uisin, and
ratio between the 2 tvpes of cheeses (), Symbol designations are as follows: 1: misA (2 ), wislF (O), msE (), and nis(7 (C): 22 nish () and nisK
(a); % nisl (@), nisT (7)), nisC (M), nisl (). and nisP (). Expressions are relative to the sample at 24 h without added nisin (ealibrator), and
error bars represent the standard deviations of 3 biological repetitions. When error bars are not visible, they fall within the symbaol.

be distinguished: nisA. nisFEG, nisRK. and nisBTCIP.  and B2). A slight difference in nisRK expression was
Expression of the nisA gene is higher in the presence observed at 4 h. where it was approximately 2 times
of external nisin. The highest difference was at 4 h of higher in cheeses with added nisin (Figure 4. C2). For
fermentation, which corresponds to a 10-fold difference  the last group of nisin genes (nisBTCIP), expression
in expression. The ratio decreased gradually to a 2-fold  reached its maximum at 6 h of fermentation (Figure 4,
difference at 24 h of fermentation (Figure 4, C1). The A3 and B3). At 4 h, expression in cheeses with added
3 immunity genes nisFEG showed a similar expres- nisin was about 5 times higher than in cheeses without
sion evolution as a function of time, whereas different  added nisin (Figure 4, C3).

profiles were observed between fermentations with or

without added nisin. In cheeses withont addition of DISCUSSION
nisin, an inerease from 4 to 12 h and a decrease at 24
h was observed (Figure 4. Al). In the presence of nising The aim of the present study was to evaluate the

expression determined at 4 h was higher by factors  expression of the genes involved in the production of
from 18 to 26 (Figure 4. C'1). For each of the 2 types of nisin, a well-characterized bacteriocin. in cheese. We
fermentation, the genes nisRK showed a similar evolu-  used a nisin-producing strain, L. lactis M78, which
tion of expression as a function of time (Figure 4, A2  was isolated from raw milk. This strain was found to

Journal of Dairy Science Vol 94 No. 1, 2011
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demonstrate better growth and acidifving activity in
milk and cheese than the other 2 nisin-producers tested
(results not shown). which are generally regarded as
weak acid producers and unable to coagulate milk
(Froseth and MeKay, 1991: De Vuvst and Vandamme,
1992; Takala and Saris, 2007). The fact that this strain
is proteinase positive (A. Trméié, unpublished data)
and able to ferment lactose (Samelis el al., 2009) may
explain its ability to grow well in milk and cheese, The
growth was also expected to be influenced by nisin that
wias added in a eommercial preparation formm to one
series of experimental cheeses. According to Rauch et
al. (1994), nisin is supposed to prolong the lag phase of
growth without affecting the growth rate or cell yield of
nisin-producing strains, This phenomenon was not ob-
served in our study beeause onr test strain entered the
exponential growth phase immediately after inoculation
in the milk, with or without nisin supplementation.

The second and main effect expected from addition
of nisin to the cheese-milk was stimulation of its own
production by nisin producer present in cheese. Nisin
is a known self-inducer and this characteristic was also
confirmed in our study. Nisin activity at the first sam-
pling (4 h) was about 10-times higher when nisin was
present in cheese-milk at inoculation. The concentra-
tion of added nisin (1.2 1U/g, which is equivalent to
0.08 log 1U /g) was below detection limit and was. thus,
negligible in comparison to that of the nisin produced
by strain M78, at least after 4 h of fermentation. We
also observed a strong correlation between production
of nisin and expression of its genes, In cheese with
added nisin, an overexpression of the nisin genes nis-
ABTCIPFEG was detected. This overexpression was
the highest at 4 h of fermentation and from that point
on, it varied considerably as a function of time. Four
different groups were distingnished according to expres-
sion as a function of time: nisA, nisBTCIP, nisRK, and
nisFEG.

Genes nisFEG are under the control of a nisin-
dependent promoter and this is in agreement with our
results. The presence of nisin in cheese stimnlated the
initial expression of nisFEG by 18 to 26 times. and
expression was af least 2-times higher by the end of the
experiment. Additionally, in cheese with no nisin added,
an increase of nisFEG expression was observed from 4
to 12 h. This was probably due to bacterial production
of nisin and its acemmulation in cheese. The genes nis-
FEG encode for nisin immunity proteins: therefore, the
likely explanation is that higher concentrations of nisin
also demand a higher protection of the nisin-producing
strain and, consequently. a higher production of im-
ity proteins.

The expression of the second nisin-dependent pro-
moter, located upstream of nisA. was strongly induced

by the presence of nisin in cheese. In contrast to the
expression stimulation of nisFEG, where expression
increased during the first 12 h of fermentation. misA
showed an inerease in expression during the entire 24
h of fermentation. Although in both types of cheeses
the inerease of nisA expression was observed. in those
without added nisin the increase was more pronounced
(10-fold) compared with the 2-fold increase in cheeses
with added nisin, Some other studies reported that
expression of misA and production of nisin were most
extensive during the exponential growth phase and
ceased completely in the stationary phase (Engelke et
al.. 1994; Takala and Saris, 2007). However, the results
of this study showed different dynamies. Both misA
expression and nisin production by L. leetis MT8 were
still observed during the stationary phase and even
increased in cheeses without added nisin. Expression
of nisd and produetion of nisin at 4 h of fermentation
were about 10-fold higher in cheeses with added nisin.
A linear correlation between the expression of nisd and
nisin activity in cheeses could be observed throughout
the entire experiment. Linear correlation is presented
by the equation y = 0.735x, with v representing the
relative expression ratio and x representing nisin ac-
tivity (log). Such a correlation was expected becanse
the nisd gene encodes for the structural protein that is
converted to active nisin. Kuipers et al. (1995) and de
Ruyter et al. (1996) also observed a linear correlation
between expression and activity of nisin in the study on
nisA promoter activity in the presence of nisin,

All of the genes involved in the formation of active
nisin, together with the immunity gene nisl. form a
cluster of overlapping genes, which are located down-
stream of nisA (Kuipers et al.. 1993: Li and O’Sullivan,
2006). The gene overlapping and, consequently, the
transcription conpling, also were confirmed in this study
by the equal expression dynamics of these genes, Ad-
ditionally, the expression dynamies of nisBTCIP genes
differed from the expression of nisA, which points out
the presence of individual nisA transeripts besides large
polyeistronie transeripts, as already reported by Runar
Ra and Saris (1995) and Ra et al. (1996). The transerip-
tion of nisd into 2 different types of transeripts may
be due to the inverted repeat that is present between
nisA and nisB, and may cause a limited read-throngh
during transeription from the nisA promoter (Kuipers
et al., 1995; de Ruyter et al.. 1996). Steen et al. (1991)
also mentioned the possibility of nisd being released
from a larger polyeistronie transeript after processing,
where the inverted repeat may also have a role. De-
pendence of nisBTCIP genes on the induetion by nisin
was confirmed by the results of measured expression
at 4 h of fermentation, when the levels of expression
were 4= to G-times higher in cheeses with added nisin,
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compared with those without added nisin. Maximum
expression was reached after 6 h of fermentation. The
point of maximum expression does not seem to affect
the correlation between misd expression and aceumula-
tion of active nisin as would be expected (De Vuyst
and Vandamme. 1992; Engelke et al.. 1994). No obvious
correlation between nisin production and expression of
nisB was found, although the expression dynamics of
nisB were completely comparable with those reported
by Engelke et al. (1994). Although the experimental
design did not allow us to make absolute comparisons
among expressions of different nisin genes, we could es-
timate the absolute expression from the € values. The
€, values for the nisA gene were always the lowest of all
examined nisin genes, which means that this transeript
was the most abundant one. Several mechanisims may
explain this observation. One reasonable conelusion
wotlld be that nisA transeripts are more stable than the
other nisin gene transeripts (De Vayst and Vandamme,
1992; Li and O'Sullivan, 2006). The promoter upstream
of nisA can also be activated by galactose or lactose,
which can account for higher expression of this gene in
milk and cheese (Chandrapati and O'Sullivan, 1999;
Penna et al.. 2005; Li and O'Sullivan. 2006). Lower ex-
pression of nisFEG genes compared with nisd expres-
sion is consistent with the results of de Ruyter et al.
(1996) and the fact that the promoter upstream of nis#
contains only one of 2 binding sites present in the nisin-
dependent promoter located upstream of nisd (Chan-
drapati and O'Sullivan, 2002). A second constitutive
promoter located upstream of nisl has been reported.
enabling nisin-producing strains to establish inuomity
before the presence of nisin in the environment (Li and
O'Sullivan, 2002, 2006). Becanse onr sampling started
during the exponential growth phase. the nisin present
at this time already acted as an inducer and might. thus,
mask any transcription initiation from this constitutive
promoter. In fact. no difference of expression dynamies
could be observed between nisfP and nisBTC.

Genes nisRK encode for regulatory proteins that
transfer the signal from extracellular nisin to the
promoters upstream of nisAd and nisk. These regula-
tory proteins genes have to be expressed constantly.
to enable the nisin-producing strain to respond to the
presence of nisin in the surrounding environment. Be-
canuse of this, nisRK genes are under the control of a
nisin-independent promoter. But this constitutive ex-
pression was only partly confirmed in the present study
beeause the number of transeripts at the beginuing and
the end of the experiment was about 2-times higher in
the cheeses with added nisin. In addition. a significant
variation of misRK transeript quantity as a fnetion
of time was found. If this is not a result of a change
‘in RNA stability. it could raise some doubt abont the
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exclusive constitutive expression of these 2 genes. The
study of Ra et al. (1996) showed that these genes may
be part of a large nisZBTCIPRK transeript. In that
case, nisRK could be transeribed as 2 different tran-
seripts: which might explain the observed variation of
transeript gquantity as a function of time. Furthermore,
it was noticed that. except at 4 h, the transcription
profile of nisRK was similar to that of nisBTCIP.

CONCLUSIONS

In the present study, we succeeded in following the
expression of 11 nisin genes from L. laetis M78 in model
cheeses by real-time reverse transcription-PCR. This
study is the first one in which the evolution of tran-
seripts has been quantified rigorously in a cheese-like
medium. Beside the contribution to the explanation
of regulation of nisin biosynthesis and immunity, this
study presents an example of what could be done in the
future to better understand the role of bacteriocins in
different enviromments and the physiology of microor-
ganisis growing in cheese.
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3 DISCUSSION AND CONCLUSIONS (RAZPRAVA IN SKLEPI)
3.1 DISCUSSION
3.1.1 Comparison of different DNA extraction procedures

With advances in molecular biology and microbial ecology we have gained numerous new
tools that are useful in the analysis of complex microbial populations. But still most of the
studies describing the search for specific genetic determinants like bacteriocin gene
determinants are mainly limited to the screening of individual isolates. Two exceptions are
Moschetti et al. (2001) and Bogovi¢ Matijasi¢ et al. (2007) that reported successful
detection of specific bacteriocin sequences in total bacterial DNA extracted directly from
cheese. Both studies were limited to qualitative analysis of cheese microbiome (DNA),
demonstrating the presence of bacteriocinogenic strains in cheese. The approach used in
the present study is unique as we used a molecular method for the initial screening of
cheese microbiome for bacteriocin determinants, followed by the search for interesting
bacteriocinogenic strains by cultivation methods. This procedure is very specific,
applicable only when searching for strains that produce already known bacteriocins. Its
main advantage is better efficiency, since we can limit our search to the samples of cheese
already proven to contain the gene determinants of bacteriocins which we are interested in.

Testing different procedures of total bacterial DNA extraction from cheese we found out
that the choice of diluent for homogenization of cheese is very important (p<0,005) (Annex
A). Using sodium citrate solution we were able to obtain the highest concentration of
extracted DNA. Sodium citrate is one of the solutions recommended by International Dairy
Federation for microbiological analysis of cheese (IDF standard 122B:1992). This is
probably because of chelating properties of sodium citrate, which enables good disruption
of cheese matrix and consequently effective release of the present microbiota into the
solution. The more effective the release of microbiota into the solution is, the more this
microbiota and total DNA from it is representative for the analysed cheese. We came to
similar conclusions based on detected gene determinants in isolated microbial consortia.
The highest number of gene determinants was detected in individual cheeses homogenised
before DNA extraction in sodium citrate.

The method used for DNA extraction from cheese homogenate also had a minor influence
(marginal statistical significance, p<0,05) on DNA extraction efficiency (Annex A). The
extraction with the commercial Wizard® Genomic DNA Purification Kit (Promega) proved
to be more successful than the extraction with phenol-chloroform-isoamyl alcohol (Cocolin
et al., 2001). It would be expected that the likelihood of detection of certain gene
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determinant depends mostly on bacterial DNA concentration. In our research this was
confirmed only when sodium citrate was used for homogenization of cheese. Even though
the extraction yield of DNA was usually better when commercial kit was used, compared
to the phenol-chloroform-isoamyl alcoholprotocol, the latter proved to be better concerning
the heterogeneity, i. e. the number of detected bacteriocin gene determinants, and stability
of the extracted DNA. Amagliani et al. (2007) also reported lower success of amplification
of specific sequences when DNA was extracted using commercially available extraction
kits rather than conventional DNA extraction method with phenol-chloroform-isoamyl
alcohol. Besides the two methods we used in this study, Mohar Lorbeg (2008a) tested six
additional methods and came to the same conclusion. Namely, methods based on phenol-
chloroform-isoamyl alcohol extraction resulted in more representative DNA, as evaluated
with PCR using specific oligonucleotide primers for Enterococcus (Ec.) genus. Beside that
Mohar Lorbeg (2008b) also evaluated, in her unpublished experiments, the extracted DNA
with universal oligonucleotide primers for quantification of total DNA according to
Barakat et al. (2000). When comparing the results from the two reactions it turned out that
reaction for genera Enterococcus was in some cases negative even though the reaction with
universal primers indicated a high concentration of extracted DNA. From these
observations we can presume that the extraction of DNA from individual strains of the
microbial population is much dependent on the method of extraction, since DNA from
different strains may not be equally represented inside the total extracted DNA. Similar
conclusions can be made also on the basis of our results, which showed that higher
concentration of DNA did not necessarily coincided with the diversity of detected
representatives. In general, the extraction of higher concentrations of DNA with better
purity, which is with lower amount of potential PCR inhibitors, demands longer, multistep
extraction procedures (Wilson, 1997).

3.1.2 The presence of bacteriocins' gene determinants in cheese and isolated microbial
consortia

The strains of Enterococcus genera are very well represented in traditional Slovenian
cheeses (Canzek Majheni¢ et al., 2005; Katana, 2001), which is also reflected in the high
detection frequency of enterocin gene determinants. From the bacteriocins of lactobacilli,
gene determinants of plantaricin A were detected in all nine cheeses, indicating that
Lactobacillus (Lb.) plantarum is also well represented in traditional Slovenian cheeses.
This was already reported for Kraski ewe’s cheese (Canzek Majheni¢ et al., 2007).

Since production technology of Kraski and Tolminc cheese varieties involves cooking of
the curd at 45°C and the use of thermophilic starter cultures is allowed, it would be
reasonable to examine the presence of gene determinants for bacteriocins of Streptococcus
(Str.) thermophilus, usually named thermophilins. Another group of species which is
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among the most common ones in Slovenian and other traditional raw milk cheeses is Lb.
casei group (Canzek Majheni¢ et al., 2007; Pisano et al., 2007; Wouters et al., 2002).
Bacteriocins described so far for this group are lactocin 705 (Cuozzo in sod., 2003),
bacteriocin 217 (Lozo in sod., 2004), bacteriocin SJ (Lozo in sod., 2007), bacteriocin UB9
(Fira in sod., 2008), paracin 1.7 (Ge in sod., 2009) and bacteriocin HL32 (Pangsomboom
in sod., 2009). We were unable to find oligonucleotide primers for these bacteriocins in the
available literature. The one set of primers we designed for lactocin 705, on the basis of
sequence available in GenBank were not very successful since the product turned out to be
non-specific.

Most of the bacteriocin gene determinants were detected in both DNA from cheeses and
DNA from microbial cheese consortia. From this observation we can presume that most of
the gene determinants are present in a cultivable LAB population of cheeses. However,
some gene determinants, for example the ones for nisin, were only detected in DNA
extracted directly from cheeses (T2, T3, and T4). A reason for this can be that target DNA
sequences were extracted from the non-cultivable bacteria. On the contrary, the
observation of gene determinants for nisin in the DNA from microbial consortia only can
be explained with low concentration of lactococci in cheese that carry nisin genes (Canzek
Majhenic et al., 2007; Gobbetti et al., 1999). Lactococci are mesophillic LAB that don’t
grow well at high temperatures of curd cooking applied in the hard cheese production
(Beresford and Williams, 2004; O'Sullivan D, 2000). Similarly, we detected gene
determinants for enterocin L50A in microbial consortia of four cheeses and helveticin J
gene determinants in microbial consortia of three cheeses but not directly in cheeses. Here,
the concentration of target DNA in the cheeses was probably also below detection limit
while cultivation of microbiota on suitable solid growth media leaded to the enrichment of
viable cell population containing the target DNA.

The diversity of detected gene determinants was generally higher in samples of Tolminc
cheeses compared to the samples of KraSki ewe’s cheese. The reasons for this may be
found in the characteristics of milk used for cheese production (animal species, geographic
region) as well as in the technological procedure. Results for cheeses K1, K2 and K3
indicate that technology of cheese production most probably involved thermal treatment of
raw milk which basically inactivated most of the naturally present microbiota. The
specification of the technological protocol for production of cheese Kraski ewe’s cheese
otherwise permits the thermal treatment of raw milk.
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3.1.3 Antimicrobial activity of isolated microbial consortia

Even though the results showed lower diversity of bacteriocin gene determinants in Kraski
ewe’s cheese than in Tolminc cheese, there was no obvious difference in the antimicrobial
activity of their microbial consortia (Annexes B and C). The antimicrobial activity was
never detected with the supernatants, obtained after cultivation of consortia in liquid
growth media (MRS, MI17), or with the concentrated supenatants. Obviously the
concentration of synthesized and excreted bacteriocins or their stability was poor. When
testing microbial consortia with a spot test where the bacteria are applied directly on the
surface of the agar, the bacteriocins accumulate locally around the spot and thus can reach
much higher concentrations than in liquid media. Another well known fact is that
bacteriocin activity can be lost during acquisition and storage due to their adsorbtion to the
surface of producer bacteria or degradation by proteolytic enzymes. Moretro et al. (2000)
also reported that bacteriocins were accumulated in the liquid media to lesser extent than in
the solid media, and that they were under constant process of degradation. The results
obtained from testing the cultivable microbial consortia showed that the number of
detected bacteriocin gene determinants alone did not correlate with the actually observed
antimicrobial activity of this consortia, or that the presence of a wide range of bacteriocin
genes did not assure a wide range of inhibition. This finding was also tested in a separate
experiment (Trmc¢i¢ et al., 2010a) where we examined the in sifu anti-staphylococcal
activity in milk and cheese. We tested activity of microbial consortia from two cheeses, of
which the first one (T2) had the highest number of detected bacteriocin gene determinants
and the second one (K3) the lowest. Even though the microbial consortia from cheese T2
was more effective at inhibiting staphylococci, we could not connect this activity to the
action of any bacteriocins. These results raised the question about how individual
bacteriocinogenic strains within the complex microbial population produce bacteriocins
and whether these strains are represented in a sufficient number within the population to be
able to exert detectable bacteriocin activity. To get at least a partial answer to these
questions we subsequently propagated mixed microbial consortium of cheese T2,
composed of three consortia grown on three different media (Rogosa, M17 and CATC), in
milk and followed the changes of profile of detected bacteriocin gene determinants and
antimicrobial activity during this process (Trmc¢i¢ et al., 2011a).

3.1.4 The effect of microbial consortium propagation on the presence of bacteriocin
gene determinants and its antimicrobial activity

During the subsequent propagation of T2 consortium in milk, the number of detected
bacteriocin gene determinants was reduced from initial eight to three which indicates that
the strains containing most of these bacteriocins’ genes determinants were unable to
successfully multiply and persist within the microbial consortium. On the other hand,



Trméi¢ A. Detection of lactic acid bacteria bacteriocins' genes and their expression in cheese. 60
Doc. Disser. Ljubljana, Univ. of Ljubljana, Biotechnical Faculty; Thiverval-Grignon, AgroParisTech, 2011

strains containing gene determinants for enterocins P, L50B and cytolysin were able to
persist during propagation and in some cases even proliferated. During cheese production,
enterococci are usually present in high concentrations in the beginning phases while are
outgrown by lactobacilli in the later phases. Evidently, by daily propagation of T2
consortium we stimulated the growth of enterococci within the population, which can be
the reason for the absence of gene determinants for plantaricin A. The gene determinants
for plantaricin A were, apart from the determinants for enterocin P and cytolysin, the most
common in both cheese and corresponding microbial consortia (Trmc¢i¢ et al., 2008).
Besides the differences in detected bacteriocin gene determinants, the changes in
antimicrobial activity were also observed during propagation, both reflecting the changes
in microbiota composition. In contrast to the original microbial consortia, after propagation
there was no strong inhibition of enterococci, the only antimicrobial activity preserved was
against indicator strains Listeria (L.) monocytogenes (Annex E), L. innocua and Lb. sakei.
The obtained inhibitory spectrum is comparable to the antimicrobial activity of strain Ec.
faecium ATCC 19434 (Annex F), which produces enterocins A, B and P. Besides above
mentioned strains this bacteriocinogenic strain also inhibited all three indicator strains
from Enterococcus genus (Ec. faecalis ATCC 19433, Ec. faecium CCM 4647, Ec. durans
CCM 5612). The antimicrobial activity obtained with Ec. faecium ATCC 19434 are in
accordance with the results of Park et al. (2003) obtained with the same strain. Since this
strain produces additional two bacteriocins whose gene determinants were not detected in
propagated microbial consortium and since there were also other bacteriocins' genes
determinants present in DNA of propagated microbial consortium, we decided to continue
with the analysis of the antimicrobial activity and of the presence of bacteriocin gene
determinants on the level of individual strains, representatives of the original and
propagated microbial consortia of cheese.

3.1.5 The presence of bacteriocin gene determinants in individual isolates and their
antimicrobial activity

We isolated individual colonies that exhibited inhibition of indicator strains L.
monocytogenes and Lb. sakei on M17 (30°C, 42°C) as well as on modified MRS agar, The
only two strains isolated from modified MRS agar, generally intended for lactobacilli,
turned out to grow better on M 17 plates and were finally identified as Enterococcus strain.
There were a lot of reports on bad selectivity of LAB growth media (Menendez et al.,
2001). We expected from the chosen growth media primarily to support growth of different
groups which they were formulated for, in order to obtain as many microbiota
representatives as possible. The selectivity was not so important in this context. The only
growth medium used in this study that was found very selective was CATC for
enterococci. During our work we established that Ec. faecium strains (G0x42/2 and
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G10x42/3.1) grew very poorly or not at all on CATC media (Annex J). This is a problem
already mentioned by Reuter (1992). Because of this, an unintentional selection of
enterococci occurred on CATC growth media.

We found particular similarities among the strains when examining the antimicrobial
activity against indicator strains L. monocytogenes and Lb. sakei. As the double inhibition
halos of protein nature were detected with both individual strains and with propagated
mesophilic consortium (Trmci¢ et al., 2010b, 2011a, Annexes E and H), we presumed that
this microbial consortium was predominantly composed of only a few strains which we
were able to isolate from the consortium. Among ten representative isolates, we identified
by species specific PCR eight as Ec. faecalis and two as Ec. faecium. The same two groups
were identified using typization with PhP system. Within Ec. faecalis group we identified
three smaller groups of related strains, while the three Ec. faecium strains together with Ec.
faecium ATCC 19434 did not show any close relation.

When looking for mutual linkage between antimicrobial activity and detected bacteriocin
gene determinants we were unable to come to any solid conclusions. All ten analysed
strains of enterococci carried gene determinants for cytolysin, which is fairly uncommon
for enterococci coming from cheese (Mohar Lorbeg, 2008; Katana Burja, 2006; Canzek
Majhenic et al., 2005), and even more uncommon for Ec. faecium species. De Vuyst et al.
(2003) for example, identified among 37 tested enterococci strains only one Ec. faecium
strain with gene determinants for cytolysin. Even more interesting is the fact that we
identified in three strains of Ec. faecalis, gene determinants for enterocin L50B and in one
of them additional determinants for enterocin A, B, P, L50A, which are characteristic for
Ec. faecium species. There is a possibility that some isolates were not pure. Namely, when
isolating individual strains from complex environments we can sometimes come across
strains that grow in symbiosis and are despite thorough purification process very hard to
separate. In case of G0x42/1, the multiplex PCR analysis revealed a positive result for
species Ec. faecalis and Ec. faecium, which confirmed our anticipation that this culture was
actually a mix of two strains, representatives of two species.

Among indicator strains used for testing antimicrobial activity there was also Ec. faecium
ATTC 19434. Our intention was to see whether observed antimicrobial activity can be
attributed to any bacteriocin(s) other than enterocin A, B or P. It turned out that all of the
isolated strains demonstrated equal (1mm) inhibitions of this indicator strain (Annex G).
Similar inhibition, demonstrated by all isolates, was observed against indicator strain Ec.
durans CCM 5612. This inhibition was attributed to cytolysin because this was the only
one whose genes were found in all isolated strains. Since cytolysin has also a haemolytic
property we decided to test all isolates for haemolytic activity on solid growth media. The
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results of De Vuyst et al. (2003) indicated that most of the strains containing gene
determinants for cytolysin were also capable of B haemolysis. None of tested strains
exhibited a or B haemolysis. Based on this observation we assumed that the inhibition
demonstrated by isolated strains was not directly connected to cytolysin, but could be a
result of genotypic/phenotypic feature that appears in combination with cytolysin.

The only isolate that demonstrated somehow different antimicrobial characteristics was
GOxR/1 strain. The activity against Ec. durans CCM 5612 (Annex I) as well as against Ec.
faecium ATCC 19434 (Annex G) was identical (4 mm). The protein nature of inhibition of
the two indicator strains could not be clearly confirmed, using two proteolytic enzymes
(chymotrypsin and proteinase K). Despite this, the appearance of the inhibition (very clear
halos with well defined edge), indicated that it was a result of bacteriocin-like activity.
Since only the gene determinants for cytolysin were detected in GOxR/1 strain, it was not
possible to conclude which bacteriocins were responsible for the observed antimicrobial
activity. The strain GOxR/1 was identified as Ec. faecalis and for this species there were at
least five other enterocins described whose gene determinants were not looked for in our
study (Galvez in sod., 1998; Eguchi in sod., 2001; Franz in sod., 2002; Martin-Platero in
sod., 2006).

3.1.6 The problem of isolating bacteriocinogenic strains from cheese

Of numerous bacteriocin gene determinants identified within microbial consortia of cheese
T2, we found only a few in the individual strains isolated from these consortia. The main
reason for such results is probably the procedure used to isolate these strains. As we
isolated microbial consortia and single strains only from countable agar plates (plates with
30-300 colonies), we limited the screening to the population which is most abundant in
cheese and overlooked the strains that were less represented. We selected only the strains
that exhibited inhibitory action towards indicator strains which is a relatively easy way of
searching for bacteriocinogenic strains. It is however well known that the presence of
genetic determinants for individual protein does not also assure its synthesis, and also the
synthesised proteins are not necessarily excreted and active. That is why expression of
bacteriocin genes is of key importance in search and application of interesting strains. The
results of the study also showed that the ability to produce bacteriocins by itself does not
necessarily assure a competitive advantage to such a strain. It has to be taken into
consideration that traditional type cheeses, produced from raw milk, have a very diverse
microbiota in which single strains hardly prevail. Inside microbial population there is a
certain balance between different bacteriocinogenic strains, where both, ability to produce
bacteriocins and ability to be resistant to bacteriocins of others, play a role. The strains
inside a population that produce different bacteriocins inhibit each other to a certain extent
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since ability to produce one bacteriocin does not bring resistance to other bacteriocins. In
general, microbial ecology does not necessarily attribute the same importance to the role of
bacteriocins in strains competitiveness as it does to the role of other microbial interactions,
like competition for nutrients between representatives with the same environmental
demands and others (Beresford et al., 2001; Bersford and Williams, 2004). A reason for
that is probably also because there is a lack of studies on actual role of bacteriocins in vivo,
in microbial ecosystems.

3.1.7 The problem of connecting detected bacteriocin gene determinants with
observed antimicrobial activity

In this research, we were only rarely able to make concrete connections between exerted
antimicrobial activity and detection of bacteriocin gene determinants. We encountered this
problem when testing consortia as well as individual strains. The discrepancy between the
number of detected gene determinants and the actual antimicrobial activity determined
with bioassay shows the complexity that connects these two features. It has to be taken into
consideration that we narrowed our search to bacteriocins that were described so far and
were, according to the data of other researchers, expected to be found in these consortia.
Bacteriocins selected for the screening probably present only a small part of all
bacteriocins that can be produced by the members of these consortia. As a consequence,
bacteriocin activity observed in bioassay can be a result of expression of bacteriocin genes
that were not included in PCR analysis. In addition, many of isolates posess gene
determinants for more than one bacteriocin, which may interact among each other, on the
expression or final activity level. We are also limited with the selection of sensitive
indicator strains and of proteolytic enzymes used for the confirmation of protein nature of
inhibition, as different bacteriocins are inactivated by different proteolytic enzymes.

Biological methods for determination of bacteriocin activity (bioassays) also have several
limitations especialy for application in complex media like cheese. Among others, there is
high limit of detection, uneven distribution of bacteriocins in cheese matrix, adsorption of
bacteriocins onto proteins, degradation of bacteriocins by extracellular and intracellular
bacterial peptidases, which are released from lysed cells. In addition, we cannot detect any
activity of individual bacteriocins when more than one is present in the sample. On the
other hand the molecular methods have proved to be useful, as already reported in other
similar studies (Moschetti et al., 2001, Bogovi¢ Matijasi¢ et al., 2007). Specific and
sensitive molecular methods could be upgraded to allow detection of gene determinants
that are also expressed in cheese matrix.
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3.1.8 The application of the molecular methods for detection of bacteriocins’ genes
expression in cheese

Methods based on reverse transcription (RT) and real-time polymerase chain reaction
(real-time PCR) are successfully being used for determination of gene expression. RT real-
time PCR is a method which through quantification of gene transcription to messenger
ribonucleic acids (mRNA), allows not only qualitative determination of gene expression
but also quantitative. Despite numerous benefits of RT real-time PCR, the studies are
limited to examination of cultures in liquid media and there are less examples of its use in
complex samples (Ramiah et al., 2007; Granger et al., 2008). In our study of production of
bacteriocins in situ in cheese the method proved to be useful, presenting a more specific
alternative to bioassay methods. The success of the method is very much dependant on the
quantity and quality of extracted RNA. RNA extraction from complex media like cheese is
difficult because RNA itself is very unstable and additionally there is also a high content of
proteins, fats, RNA degrading enzymes and residues of DNA which affect the RNA
isolation. Extraction of RNA from cheese demands procedures, adapted to this rich matrix.
Until now five methods were proposed (Bonaiti et al., 2006; Ulve et al., 2008; Monnet et
al., 2008; Makhzami et al., 2008; Duquenne et al., 2010), of which the method developed
by Monnet et al. (2008) stands out the most, since it is the only direct method, which
means it doesn’t demand cell separation from the cheese matrix.

Transcription and degradation of transcripts is terminated in the first step of the RNA
extraction. This is achieved by immediate homogenisation of cheese sample in Trizol®
reagent, disrupting the cheese matrix and cells with zirconium beads. The result obtained
by this method gives a more real picture of transcription at a given time, compared to other
methods that involve separation of cells from the cheese matrix. We decided to test this
method of RNA extraction and try to quantify the expression of bacteriocin genes in cheese
(Trmci¢ et al. 2011b). For this purpose we used a sterile cheese model inoculated with
monoculture of strain Lactococcus (Lac.) lactis M 78, which produces bacteriocin nisin A
(Annexes K and L).

The method described by Monnet et al. (2008) proved to be effective and applicable but, as
expected, the final amount of extracted RNA was lower compared to the methods that
involve separation of cells from cheese matrix. To acquire sufficient amount of RNA, in
some instances, we performed the extraction in several parallels (500 mg) and combined
them in the final step (elution with water). For the same reason, we started with the
sampling when cell concentration reached 10® colony forming units (CFU) per gram of
cheese. The total quantity of extracted RNA was between 1088 and 4625 ng. This quantity
of extracted RNA was sufficient since we standardized the reverse transcription reaction to
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200 ng. The manufacturer of reverse transcription kit (Invitrogen, 18080-051) claims that
the reaction can even be performed with 1 pg of total RNA. The main problem in RNA
extraction is maintaining the RNA stability during the procedure. The measurements of
concentration on NanoDrop ND-1000 and RIN numbers (RNA Integrity Number) on 2100
Bioanalyzer demonstrated that the total extracted RNA was intact and suitable for analysis
with RT real-time PCR. We also excluded the presence of any DNA contaminations or
inhibitors of RT real-time PCR reaction in the RNA extracts. Even though the quantity of
extracted RNA was relatively low in comparison to the quantities that could be obtained by
the methods that involve separation of cells from cheese matrix, the real value of this
method is representativeness of the final result. Representativeness means that the results
reflect the actual state and this is by all means the main factor in choosing an appropriate
method of analysis. In this study we confirmed applicability of the method of RNA
extraction developed by Monnet et al. (2008).

No matter which method of RNA extraction is used, there are two major challenges in
using the RT real-time PCR method in real cheese samples. The first one is how to achieve
an accurate and reliable normalization of RT real-time PCR measurements in cheese
samples where several microbial species are present. In relative quantification the
measured values are usually normalised to the total cellular RNA (Ulve et al., 2008;
Monnet et al., 2008; Makhzami et al., 2008). Since this approach is less applicable for real
complex samples, in our case cheese, one or more reference genes are used instead
(Duquenne et al., 2010). In our work and work of Monnet et al. (2008), the amount of 16S
and 23S ribosomal RNA proved to be a good representative of total amount of RNA from
corresponding strain and therefore were suitable for use as normalisation references in the
studies with pure cultures. The problem is that cheeses, especially the ones produced from
raw milk, contain numerous, more or less related strains that share common genetic
features. Even if we knew exactly the microbial composition of each cheese it would be
very hard to design oligonucleotide primers specific enough for a given bacteriocinogenic
strain. The validation of reference genes within the experimental conditions used is the
most important step in this kind of analysis. Instead of using these internal references, there
is also a possibility of using external references in a form of exogenously spiked known
quantities of RNA (DeCoste et al., 2011). The problem with this kind of normalisation is
similar as the one with total RNA and absolute quantification. The results using this kind
of normalisation provide information about gene expression of the entire strain population.
It is however impossible to gain information on a single cell level if we do not know the
number of cells inside this population. As already mentioned, this presents a problem when
analysing cheese samples with several related strains.
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At the moment it seems that the method which we successfully applied in the expression
quantification in a pure culture cheese model, could serve in real cheese samples at most as
a qualitative rather than quantitative method. These kinds of studies have been already
performed in cheese (Bonaiti et al., 2006) and in other complex environments like river
sediments (Nogales et al., 2002). The procedure of qualitative analysis could be similar as
the one described in the publication Trmc¢i¢ et al. (2008), with the difference that presence
of gene determinants would not be determined in metagenomic DNA but in the cDNA
derived from metagenomic RNA. The results of this kind of analysis would include not
only the information about the presence of certain gene determinants, but also about its
active expression in cheese. With this a second challenge is presented in using this method
for analyzing real cheese samples. The microbial population in real cheese samples is in
late stationary or constant die-off phase and lysis. Most of the hard and semi-hard cheese
varieties are ripened for two or more months and minimal ripening period of traditional
Slovenian cheeses is usually 60 days. During our work we detected transcription of nisin
genes during 24 hours only, while in some other studies the successful transcript
quantification was still obtained after 3, 7 and 14 days of fermentation/ripening period
(Duquenne et al., 2010; Makhzami et al., 2008; Monnet et al., 2008). Ulve et al. (2008)
performed their analysis during six months of ripening period but the quantity and quality
of extracted RNA was already low after six months. They also reported that the process of
cell lysis had a great effect on extracted RNA and that this was the reason for unsuccessful
extraction from three commercial French cheeses. On the other hand Duquenne et al.
(2010) managed to extract larger quantities of RNA from three commercially available
semi-hard cheeses, but even though they demonstrated a good quality of extracted RNA
they didn’t perform any analysis to confirm the presence of mRNA within total RNA. A
sufficient amount of mRNA can probably be extracted only from actively growing cells. It
is also known that the expression of bacteriocin genes is mostly present during the second
half of the exponential growth phase and it stops soon after the start of the stationary
growth phase. Our results showed also a somewhat different expression dynamics for some
of the genes (Trmci¢ et al., 2011b).

The results of determination of nisin gene expression during 24 h fermentation of cheese
model are described in the publication Trmci¢ et al. (2011b). The set cheese model proved
to be very useful. We have chosen nisin as a test bacteriocin because it is the most studied
bacteriocin of LAB, its in situ production in cheese has already been established, it is
produced in high amounts and its activity can be measured in situ relatively easy, using
classical bioassay. There are 11 genes involved in nisin production, immunity and
regulation. Like many researchers before, we proved the expression of nisin genes in situ
in cheese (Maisnier-Patin et al., 1992; Yezzi et al., 1993; Rodriguez et al., 1998; Bouksaim
et al., 2000; Rodriguez et al., 2005; Ayada, 2009). In addition, we supported and compared
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the results of bioassay method with the results of RT real-time PCR analysis. We found a
strong correlation between the results of both methods, which proves the tight relation
between transcription of nisin genes and its final activity which is a result of its
biosynthesis and excretion from the cells. Based on the transcription of nisin genes as a
function of time we were able to distinguish among four groups of genes: nisA, nisBTCIP,
nisFEG and nisRK. By comparison of the expression dynamics of these four groups of
genes, their function and location in the gene cluster, the growth dynamics and
antimicrobial activity of producer strain, we were able to prove some already known facts,
like the fact that nisin acts as a quorum sensing pheromone and that it stimulates its own
production (van der Meer et al., 1993; Kuipers et al., 1995; Ra et al., 1996; Kleerebezem,
2004). We also showed some correlations in the expression of individual nisin genes that
can help explain regulation of biosynthesis and immunity of bacteriocin nisin. This study is
the first one presenting the expression of all 11 nisin genes, and one of the first ones that
presents rigorous, time dependent quantification of transcripts in a cheese-like medium.
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3.2. CONCLUSIONS
According to our set hypothesis we came to the following conclusions:

e Traditional Slovenian cheeses produced from raw milk contain in their
rich microbiota also LAB strains able to produce different bacteriocins.

e Microbiota of traditional Slovenian cheeses produced from raw milk
contains LAB strains which collectively or individually inhibit outgrowth
of potentially pathogenic Staphylococcus aureus in milk and cheese. We
were unable to correlate observed inhibitory action with bacteriocin
activity.

e /n situ in milk, only a few bacteriocin producing strains of LAB
demonstrated a competitive advantage in the microbial consortia. This
observation may be partly a consequence of test conditions which
favoured growth of enterococci over other groups of LAB within the
microbial population.

e An approach based on molecular methods can provide a faster detection of
strains that produce specific bacteriocins. The cultivation methods are
however still needed when the end goal of detection is isolation of
individual strains or discovery of the strains that produce new
bacteriocins.

e Using bioassay we were unable to detect bacteriocin activity in sifu in
traditional cheeses, but it was proved to be successful in the model cheese
inoculated with nisin A producing strain of Lactococcus lactis.

e The molecular method RT real-time PCR, together with the appropriate
method of RNA extraction from cheese, proved to be useful for
quantitative determination of bacteriocin gene expression in cheese that
contained a monoculture of bacteriocin producing strain.
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3.3 RAZPRAVA
3.3.1 Primerjava razli¢nih postopkov izolacije DNA

Z razvojem molekularne biologije in mikrobne ekologije smo dobili Stevilna nova orodja,
ki so vse bolj uporabna tudi za analizo kompleksnih mikrobnih zdruzb. Kljub temu so bile
vsaj do sedaj objavljene raziskave vecinoma omejene na iskanje specificnih genskih
determinant, kot so geni za razlicne bakteriocine, le v posameznih izolatih. Moschetti in
sod. (2001) in Bogovi¢ Matijasi¢ in sod. (2007) so eni redkih, ki so porocali o postopku
izolacije skupne deoksiribonukleinska kislina (DNA) neposredno iz sira ter uspeSnem
iskanju specificnih sekvenc za bakteriocine v njej. Avtorji so se omejili zgolj na
kvalitativno analizo, torej na dokazovanje prisotnosti bakteriocinogenih sevov v siru. Do
danes pa Se ni bilo objavljenih raziskav, kjer bi za iskanje bakteriocinogenih sevov v
kompleksnem okolju in mikrobnih zdruzbah uporabili podoben pristop kot v tej raziskavi,
to je molekularno metodo kot zacetno presejalno metodo ter jo kombinirali z iskanjem
zanimivih bakteriocinogenih izolatov z gojitvenimi tehnikami. Ta postopek je sicer zelo
specifi¢en, tako da je uporaben le za iskanje sevov, ki proizvajajo posamezne ze znane
bakteriocine, omogoca pa bolj ucinkovito iskanje zanimivih izolatov, saj se lahko omejimo
na tiste vzorce sira ali katerega drugega medija, pri katerem so genske determinante za
iskane bakteriocine zagotovo prisotne.

Pri preizkusanju razli¢nih postopkov izolacije skupne DNA iz sira smo ugotovili, da je zelo
pomembna (p<0,005) izbira prave raztopine za homogenizacijo vzorcev sira (Priloga A). Z
uporabo raztopine natrijevega citrata smo uspeli pridobiti najvi§je koncentracije skupne
DNA. Natrijev citrat med drugim tudi International Dairy Federation priporoca za
mikrobioloske analize sira (IDF standard 122B:1992). Razlog za to je najverjetneje v tem,
da deluje kot kelatno sredstvo in ima zelo dobro sposobnost razbijanja sirnega matriksa ter
posledi¢no dobrega sproscanja prisotne mikrobne zdruzbe v raztopino. BoljSe kot je
sproscanje mikrobnih celic v raztopino, bolj je ta mikrobna zdruzba oziroma skupna DNA
1z te zdruzbe, reprezentativna za analizirani sir. Do podobnih zaklju¢kov smo prisli tudi na
podlagi rezultatov iskanja genskih determinant v osamljeni mikrobni zdruzbi. Najvecje
Stevilo prisotnih genskih determinant pri posameznih sirth smo ugotovili z uporabo
natrijevega citrata.

Na ucinkovitost izolacije DNA je v manj$i meri vplival tudi sam postopek izolacije iz
homogenata sira (mejna statisticna znacilnost, p<0,05) (Priloga A), pri cemer se je izolacija
s komercialnim kompletom Wizard® Genomic DNA Purification Kit (Promega) izkazala
za nekoliko bolj uspesno kot izolacija po postopku z fenol-kloroform-izoamilnim
alkoholom (Cocolin in sod., 2001). Pri¢akovali bi, da je verjetnost za to, da v siru potrdimo
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prisotnost posamezne genske determinante, odvisna predvsem od koncentracije skupne
bakterijske DNA iz obravnavanega sira. V nasi raziskavi smo ta pri¢akovanja potrdili le v
primeru uporabe natrijevega citrata za homogenizacijo sira. Ceprav je bil izplen DNA pri
izolaciji s komercialnim kompletom praviloma boljsi kot pri izolaciji s fenol-kloroform-
izoamilnim alkoholom pa se je slednja izkazala za boljSo kar zadeva raznolikosti ali
stabilnosti DNA in kar se je pokazalo v Stevilu odkritih bakteriocinskih genov. Tudi
Amagliani in sod. (2007) so porocali o slabsi uspesnosti pomnozevanja specificnih sekvenc
z uporabo komercialno dostopnih kompletov za izolacijo DNA v primerjavi s
konvencionalno izolacijo DNA s fenolom in kloroformom. Mohar Lorbeg-ova (2008a) je
poleg dveh metod, ki smo jih uporabili sami, preizkusila Se Sest drugacnih metod in prisla
do podobnih zaklju¢kov, da izolacija po postopku s fenol-kloroform-izoamilnim
alkoholom daje najbolj primerno DNA, kar je ovrednotila z verizno reakcijo s polimerazo
(PCR) in specificnimi zacetnimi oligonukleotidi za rod Enterococcus (Ec.). Poleg tega je
Mohar Lorbeg (2008b) v neobjavljenih poskusih ovrednotila izolirano DNA Se z
univerzalnimi zaCetnimi oligonukleotidi za kvantifikacijo DNA (Barakat in sod., 2000). Pri
primerjavi rezultatov obeh reakcij PCR se je izkazalo, da so reakcije za rod Enterococcus
lahko negativne tudi, ¢e reakcija z univerzalnimi zacetniki kaze viSje koncentracije
izolirane DNA. Iz tega sledi, da je izolacija DNA iz posameznih sevov, ki sestavljajo
mikrobno zdruzbo, lahko razlicno ucinkovita ob uporabi razli¢nih postopkov izolacije,
posledi¢no pa je tudi DNA teh posameznih sevov razlicno zastopana znotraj skupne
izolirane DNA. Do podobnih zakljuckov smo prisli tudi v na$i raziskavi, saj vecja
koncentracija DNA ni zagotavljala tudi zastopanosti DNA iz vecjega Stevila predstavnikov
mikrobiote. Na splosno so za izolacijo vecjih koli¢in DNA, ki je obenem tudi CistejSa
oziroma vsebuje manj potencialnih inhibitorjev reakcije PCR, potrebni daljsi,
vecstopenjski postopki izolacije (Wilson,1997).

3.3.2 Prisotnost genskih determinant za bakteriocine v osamljeni mikrobni zdruzbi in
v siru

Vrste iz rodu Enterococcus so v slovenskih tradicionalnih sirih zelo dobro zastopani
(Canzek Majheni¢ in sod. 2005; Katana, 2001), kar se odraza tudi v pogostosti odkrivanja
genskih determinant za enterocine. Med bakteriocini laktobacilov smo genske
determinante za plantaricin A detektirali v vseh devetih sirih, kar prav tako kaze na dobro
zastopanost bakterije Lactobacillus (Lb.) plantarum v slovenskih tradicionalnih sirih, o
Gemer so porocali Ze Canzek Majheni¢ in sod. (2007).

Glede na to, da tehnologija izdelave obeh preiskovanih tradicionalnih sirov vkljucuje
dogrevanje sirnega zrna do 45 °C in da za njihovo izdelavo dovoljujejo uporabo termofilne
starterske kulture, bi bilo smiselno preveriti prisotnost genskih determinant za razli¢ne
termofiline, ki jih lahko vsebujejo sevi Streptococcus (Str.) thermophilus. Prav tako bi bilo
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smiselno preveriti prisotnost genskih determinant za bakteriocine, ki jih proizvajajo vrste iz
skupine Lb. casei saj so tako v slovenskih (Canzek Majheni¢ in sod., 2007) kot ostalih
tradicionalnih sirih (Pisano in sod., 2007; Wouters in sod., 2002) najbolj zastopane vrste
mlec¢nokislinskih bakterij. Bakteriocini, ki so bili do sedaj opisani za skupino Lb. casei so
lactocin 705 (Cuozzo in sod., 2003), bakteriocin 217 (Lozo in sod., 2004), bakteriocin SJ
(Lozo in sod., 2007), bakteriocin UB9 (Fira in sod., 2008), paracin 1.7 (Ge in sod., 2009),
bakteriocin HL32 (Pangsomboom in sod., 2009). V dostopni literaturi nismo uspeli najti
zacetnih oligonukleotidov za omenjene bakteriocine. Edini par zacetnih oligonukleotidov,
ki smo ga sestavili za laktocin 705, na osnovi sekvence dostopne v GenBank, ni bil
uporaben, saj se je pomnozek izkazali za nespecificnega.

Vecino genskih determinant za bakteriocine smo detektirali tako v skupni bakterijski DNA
sira kot v DNA osamljene mikrobne zdruzbe, iz Cesar lahko sklepamo, da je bil izvor teh
genov v kultivabilni populaciji mle¢nokislinskih bakterij (MKB) iz sira. Nekatere genske
determinante, kot so na primer tiste za nizin, pa smo vendarle ugotovili samo v DNA,
pridobljeni neposredno iz sira (T2, T3, T4). Razlog za to je lahko, da so tar¢ne sekvence
DNA izvirale iz nekultivabilnih bakterij. Primer, ko smo gene za nizin ugotovili v DNA iz
mikrobne zdruzbe, ne pa v DNA neposredno iz sira, pa je mogoce pojasniti z nizko
koncentracijo laktokokov z geni za nizin v siru (Canzek Majheni¢ in sod., 2007; Gobbetti
in sod. 1999). Laktokoki so namre¢ mezofilne MKB, ki pri vi§jih temperaturah,
uporabljenih pri dogrevanju sirnega zrna, slabo rastejo (Beresford in Williams, 2004;
O'Sullivan D, 2000). Podobno smo odkrili tudi determinante za enterocin L50A v
mikrobnih zdruzbah Stirih sirov in za helveticin J v mikrobnih zdruzbah treh sirov, ne pa v
sirih samih. Tudi tu je bila verjetno koncentracija tarcne DNA iz sira pod mejo detekcije,
medtem ko je kultivacija mikrobne populacije na ustreznem trdnem gojiscu lahko DNA
mocno pomnozla.

Na splosno je bila raznolikost detektiranih genskih determinant za bakteriocine vecja pri
sirth Tolminc kot pri Kraskih ov¢jih sirih. Razlogi za to so lahko v osnovni surovini
(zivalska vrsta, geografsko poreklo), kakor tudi v tehnoloSkem postopku. Pri sirith K1, K2
in K3 kazejo rezultati na to, da je tehnologija izdelave teh sirov najverjetneje vkljucevala
toplotno obdelavo mleka, ki je Ze v osnovi inaktivirala vecji del naravno prisotne
mikrobiote. Specifikacija za izdelavo KraSkega ov¢jega sira toplotno obdelavo mleka sicer
dovoljuje.

3.3.3 Protimikrobna aktivnost osamljene mikrobne zdruzbe

Kljub temu, da smo v KraSkih ov¢jih sirth ugotovili manj genskih determinant za
bakteriocine kot v tolminskih sirih, se med obema vrstama sira niso pokazale vecje razlike
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v dejanski protimikrobni aktivnosti mikrobnih zdruzb sira, ki smo jo preverjali z
bioloskimi testi (Prilogi B in C). Z nobenim od supernatantov, pridobljenih po gojenju
inhibitornega delovanja, kar je verjetno posledica nizke koncentracije sintetiziranih
bakteriocinov ali slabe stabilnosti. Pri testiranju zdruzb z metodo lise na agraju, kjer
bakterije nanesemo neposredno na agar, pride med inkubacijo do lokalnega kopicenje
bakteriocina v neposredni blizini lise in je koncentracija verjetno znatno vecja kot v
supernatantih, ki jih testiramo na podoben nacin. Prav tako je znano, da aktivnost
bakteriocinov lahko izgubimo med pripravo (bakteriocini naprimer lahko ostanejo vezani
na povrsini bakterij, ki jih proizvajajo; lahko jih razgradijo proteolitini encimi) in
hranjenjem supernatantov. O tem, da se v tekoCem gojiscu bakteriocini ne kopicijo v taksni
meri kot v trdnem, in da so pod stalnim vplivom razgradnje, so porocali tudi Moretro in
sod. (2000). 1z rezultatov, ki smo jih dobili z osamljenimi mikrobnimi zdruzbami sirov,
smo zakljucili, da samo Stevilo genskih determinant za bakteriocine ne pove veliko o
njihovi protimikrobni aktivnosti oziroma ne zagotavlja Sirokega spektra inhibicije. To
predpostavko smo testirali tudi v dodatnem poskusu (Trmci¢ in sod., 2010a), kjer smo
preverili anti-stafilokokno aktivnost in situ v mleku in siru. Preverili smo aktivnost dveh
mikrobnih zdruzb sirov, od katerih je bila prva (T2) taksna z najvecjim Stevilom genskih
determinant za bakteriocine, druga (K3) pa tak$na z najmanj$im. Ceprav je mikrobna
zdruzba sira T2 bolj izrazito zavirala stafilokoke, te aktivnosti nismo mogli povezati z
aktivnostjo bakteriocinov. Ti rezultati so izpostavili vprasanje, do kakSne mere posamezni
bakteriocinogeni sevi znotraj kompleksne zdruzbe izlo¢ajo bakteriocine in ali so zastopani
znotraj te zdruzbe v zadostnem Stevilu, da pridejo proizvedeni bakteriocini do izraza. Z
namenom dobiti vsaj delni odgovor na to vpraSanje smo meSano mikrobno zdruzbo sira T2
zaporedno precepljali v mleku in spremljali, kako se tekom postopka spreminja profil
detektiranih genskih determinant za bakteriocine in protimikrobna aktivnost (Trmci¢ in
sod., 2011a).

3.3.4 Vpliv zaporednega precepljanja osamljene mikrobne zdruzbe na prisotnost
genskih determinant za bakteriocine in njeno protimikrobno aktivnost

Tekom zaporednega precepljanja celotne mikrobne zdruzbe sira T2 se je Stevilo
detektiranih genskih determinant za bakteriocine zmanjSalo na tri od prvotnih osem, kar
kaze na to, da se sevi, ki so vsebovali ve¢ino genskih determinant za bakteriocine, niso
prav uspeSno razmnozevali znotraj mikrobne zdruZzbe in se je njihov deleZ zmanjSal. Na
drugi strani so se sevi, ki so vsebovali strukturne gene za enterocin P, L50B in citolizin,
uspeli ohraniti med postopkom precepljanja in se je v nekaterih primerih njihov delez celo
povecal. Za dinamiko rasti posameznih skupin mlecnokislinskih bakterij med izdelavo sira
je znacilno, da se v zaCetnih fazah poveca koncentracija enterokokov, ki jih med zorenjem
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prerastejo laktobacili. Pri dnevnem precepljanju mikrobne zdruzbe smo ocitno spodbujali
prav rast enterokokov na ra¢un drugih predstavnikov zdruzbe, kar je mogoca razlaga za to,
da na koncu nismo uspeli detektirati genskih determinant za plantaricin A. Genske
determinante za plantaricin A so bile poleg determinant za enterocin P in citolizin najbolj
pogoste tako v osamljeni mikrobni zdruzbi kot v siru (Trm¢i¢ in sod., 2008). Poleg razlik v
zastopanosti genskih determinant so se spremembe sestave mikrobne zdruzbe med
precepljanjem pokazale tudi v protimikrobni aktivnosti. Za razliko od prvotne mikrobne
zdruzbe se po precepljanju ni pokazala mocna inhibicija enterokokov, ohranila se je le
protimikrobna aktivnost proti indikatorskim sevom vrst Listeria (L.) monocytogenes
(Priloga E), L. innocua in Lb. sakei. Dobljeni rezultati so primerljivi s protimikrobno
aktivnostjo seva Ec. faecium ATCC 19434 (Priloga F), ki proizvaja enterocine A, B in P.
Ta bakteriocinogeni sev je poleg prej omenjenih treh sevov zaviral Se vse tri indikatorske
seve iz rodu Enterococcus (Ec. faecalis ATCC 19433, Ec. faecium CCM 4647, Ec. durans
CCM 5612). Dobljeni rezultati protimikrobne aktivnosti seva Ec. faecium ATCC 19434 so
skladni z rezultati, ki so jih z istim sevom dobili Park in sod. (2003). Glede na to, da
omenjeni bakteriocinogeni sev proizvaja Se dodatna dva bakteriocina, za katere nismo nasli
genskih determinant v DNA mikrobne zdruzbe po zaporednem precepljanju, obenem pa je
ta mikrobna zdruzba vsebovala Se druge genske determinante za bakteriocine, smo delo
nadaljevali tako, da smo prisotnost genskih determinant za bakteriocine in protimikrobne
aktivnosti preverili Se na nivoju posameznih bakteriocinogenih sevov, ki jih je vsebovala
mikrobna zdruzba pred in po zaporednem precepljanju.

3.3.5 Prisotnost genskih determinant za bakteriocine pri posameznih osamljenih sevih
in njihova protimikrobna aktivnost

Iz kolonij, ki so inhibirale indikatorska mikroorganizma L. monocytogenes in Lb. sakei,
smo osamili posamezne seve. Seve smo osamili tako z gojis¢a M17 (30°C, 42°C) kot z
modificiranega gojis¢a MRS. Za edina dva seva, ki smo ju osamili z modificiranega
gojis¢a MRS, ki je sicer namenjeno laktobacilom, smo ugotovili, da rasteta bolje na gojiscu
M17 in da sta predstavnika rodu Enterococcus. O slabi selektivnosti gojis¢ za MKB je bilo
ze veliko objavljenega (Menendez in sod., 2001), tako da smo od le-teh pri¢akovali
predvsem, da bodo omogocili rast tistih skupin, katerim so namenjenti, in tako pridobili ¢im
vec¢ razli¢nih predstavnikov mikrobiote, ne pa da bodo zelo selektivna za ostale. Edino od
uporabljenih gojis¢, ki se je izkazalo za zelo selektivno, je bilo gojis¢e CATC za
enterokoke. Pri predstavnikih vrste Ec. faecium (G0x42/2 in G10x42/3.1) smo tekom dela
ugotovili, da zelo slabo oziroma ne rastejo na gojis¢u CATC (Priloga J). Ta problem je
omenjal ze Reuter (1992). Na gojis¢u CATC je tako prihajalo tudi do neZeljene selekcije
predstavnikov enterokokov. Pri¢akovali smo tudi, da bo veliko izolatov bakteriocinogenih
sevov med seboj sorodnih ali celo identicnih. Podobnosti smo nasli pri pregledu
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protimikrobne aktivnosti proti indikatorskima mikroorganizmoma L. monocytogenes in Lb.
sakei. Dvojne inhibicijske cone proteinske narave smo zasledili tako pri posameznih
osamljenih sevih kot pri mezofilni mikrobni zdruzbi med zaporednim precepljanjem
(Trm¢i¢ in sod., 2010b, 2011a, Prilogi E in H), iz Cesar lahko sklepamo, da v tej mikrobni
zdruzbi prevladuje le nekaj sevov. Od desetih reprezentativnih sevov, ki smo jih osamili,
smo s pomoc¢jo PCR in specifi¢nih zacetnikov za rod in vrsto identificirali osem izolatov
kot Ec. faecalis in dva kot Ec. faecium. Isti dve skupini smo dobili tudi pri tipizaciji s
pomocjo sistema PhP. Znotraj skupine Ec. faecalis smo z istim sistemom ugotovili tri
manjSe skupine, ki vsebujejo potencialno sorodne seve, medtem ko trije sevi iz skupine Ec.
faecium, med katerimi je tudi Ec. faecium ATCC 19434, niso pokazali bliznje sorodnosti.

Pri iskanju povezav med protimikrobno aktivnostjo in prisotnimi geni za posamezne
bakteriocine ni bilo mogoce priti do trdnih zakljuc¢kov. Vseh deset analiziranih sevov
enterokokov je vsebovalo genske determinante za citolizin, kar je precej neznacilno za
enterokoke i1z sirov (Mohar Lorbeg, 2008; Katana Burja, 2006; Canzek Majheni¢ in sod.,
2005), Se manj pa je znacilno za vrsto Ec. faecium. De Vuyst in sod. (2003) so naprimer
med 37 preiskovanimi sevi enterokokov nasli en sam sev Ec. faecium z genom za citolizin.
Se bolj zanimivo je, da smo pri treh sevih Ec. faecalis ugotovili prisotnost genov za
enterocin L50B, pri enem sevu pa tudi enterocine A, B, P in L50A, ki so znacilni za vrsto
Ec. faecium. Obstaja verjetnost, da nekateri sevi niso bili Cisti. Namre¢, pri izolaciji
posameznih sevov iz kompleksnih okolij v€asih naletimo na taksne, ki rastejo v simbiozi in
jih je kljub temeljitemu precis¢evanju zelo tezko razdvojiti. Tako je analiza z multiplo PCR
v primeru izolata GOx42/1 pokazala pozitivno reakcijo za vrsti Ec. faecalis in Ec. faecium,
kar nakazuje na to, da je bila kultura dejansko mesanica dveh sevov, predstavnikov dveh
vrst.

Med indikatorskimi sevi, ki smo jih uporabili za preverjanje protimikrobne aktivnosti
posameznih izolatov, je bil tudi Ec. faecium ATTC 19434. Nas§ namen je bil, da preverimo,
ali lahko morda opazeno protimikrobno aktivnost pripiSemo kateremu od bakteriocinov,
razli¢nih od enterocinov A, B ali P. Izkazalo se je, da smo pri vseh izolatih lahko zasledili
podobno inhibicijo (1 mm) tega indikatorskega seva (Priloga G). Podobno inhibicijo, ki so
jo kazali vsi izolati, smo zasledili tudi proti indikatorskem sevu Ec. durans CCM 5612.
Inhibicije smo pripisali citolizinu, saj je to edini od preiskovanih bakteriocinov, ¢igar
genske determinante smo naSli pri vseh izolatih. Ker ima citolizin tudi hemoliticne
lastnosti, smo se odlocili, da pri vseh izolatih preverimo tudi produkcijo citolizina s
pomocjo hemoliti¢nega testa na trdnem gojiscu. Rezultati De Vuysta in sod. (2003) kazejo
na to, da je veCina sevov, ki nosijo genske determinante za citolizin, sposobnih tudi 8
hemolize. Pri nobenem od naSih testiranih sevov nismo potrdili sposobnosti a ali
hemolize. Iz tega lahko sklepamo, da inhibicija, ki so jo izkazali izolati enterokokov,
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najverjetneje ni  neposredno povezana s citolizinom, je pa lahko rezultat
genotipske/fenotipske lastnosti, ki se pojavlja v kombinaciji s citolizinom.

Edini izolat, ki je pokazal nekoliko drugacne protimikrobne lastnosti, je bil sev GOxR/I.
Tako proti Ec. durans CCM 5612 (Priloga 1) kot proti Ec. faecium ATCC 19434 (Priloga
G) je bila aktivnost identi¢na (4 mm). Proteinske narave inhibicije nobenega od omenjenih
indikatorskih sevov nismo uspeli jasno potrditi z uporabo proteoliticnih encimov
(kimotripsin in proteinaza K). Kljub temu je izgled same inhibicijske cone (izjemno Cista z
ostro definiranim robom) kazal na to, da je bila rezultat delovanja nekega bakteriocina. Ker
smo pri sevu GOxR/1 zasledili le genske determinante za citolizin, ni mogoce sklepati,
kateri bakteriocini bi lahko bili odgovorni za opazeno protimikrobno aktivnost. Sev
GOxR/1 smo identificirali kot predstavnik vrste Ec. faecalis. Pri tej vrsti so opisali Se
najmanj pet enterocinov, ki jih v nasi raziskavi nismo iskali (Galvez in sod., 1998; Eguchi
in sod., 2001; Franz in sod., 2002; Martin-Platero in sod., 2006).

3.3.6 Problem osamitve bakteriocinogenih sevov iz sira

Od stevilnih genskih determinant, ki smo jih zasledili v mikrobni zdruzbi sira T2, smo jih
zelo malo nasli tudi v posameznih sevih, osamljenih iz te zdruzbe. Glavni razlog za taksne
rezultate je najverjetneje postopek osamitve taksnih sevov. Ker smo namre¢ mikrobne
zdruzbe ali posamezne seve pridobivali samo s Stevnih plos¢ (plosce s 30-300 kolonijami),
smo s tem omejili iskanje na populacijo, ki je v siru najbolj Stevilna, manj zastopane seve
pa izgubili. Izbirali smo samo seve, ki so v bioloSkem testu pokazali zaviralni uc¢inek proti
indikatorskim sevom, kar je relativno enostaven nacin iskanja bakteriocinogenih sevov.
Znano je namre¢, da sama prisotnost genskih determinant za posamezni protein ne
zagotavlja tudi njegove biosinteze, in da tudi sintetizirani proteini niso nujno tudi aktivni.
Zato je izrazanje bakteriocinskih genov kljuCnega pomena, tako pri iskanju zanimivih
sevov kakor tudi za samo aplikacijo. Rezultati raziskave so tudi pokazali, da sposobnost
izloCanja bakteriocina takemu sevu sama po sebi Se ne zagotavlja tudi kompetitivne
prednosti. Potrebno je upoStevati, da imajo tradicionalni siri, ki so izdelani iz surovega
mleka, izredno pestro mikrobioto, znotraj katere posamezni sevi tezje prevladajo. Znotraj
mikrobne zdruzbe vlada ravnotezje med razlicnimi bakteriocinogenimi sevi, pri ¢emer
igrata vlogo tako sposobnost proizvodnje bakteriocinov kakor tudi sposobnost rezistence
proti drugim bakteriocinom. Sevi iste zdruzbe, ki producirajo razlicne bakteriocine, se
medsebojno tudi do neke mere inhibirajo, saj sposobnost proizvodnje doloCenega
bakteriocina sevu ne prinese odpornosti proti drugim bakteriocinom. Na splosno v
mikrobni ekologiji pomenu bakteriocinov za kompetitivnost sevov ne pripisujejo take
vloge kot drugim mikrobnim interakcijam, kot so tekmovanje za hranila med predstavniki,
ki imajo podobne okoljske zahteve in drugo (Beresford in sod., 2001; Bersford in
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Williams, 2004). Razlog za to je gotovo tudi v pomanjkanju raziskav o dejanski vlogi
bakteriocinov in vivo, v mikrobnih zdruzbah.

3.3.7 Problem povezave med prisotnostjo genskih determinant za bakteriocine in
dejansko protimikrobno aktivnostjo

V raziskavi smo le v posameznih primerih uspeli pokazati neposredno povezavo med
protimikrobno aktivnostjo in prisotnimi geni za bakteriocine. S tem problemom smo se
srecali tako pri testiranju zdruzb kakor tudi posameznih sevov. Neskladnost med Stevilom
detektiranih genskih determinant in z bioloskimi testi dejansko ugotovljeno protimikrobno
aktivnostjo kaze na kompleksnost, ki obe lastnosti povezuje. Potrebno je upoStevati, da
smo se pri iskanju omejili le na tiste bakteriocine, ki so bili do sedaj opisani in za katere je
bilo sode¢ po podatkih drugih raziskovalcev najbolj verjetno, da jih v taki zdruzbi
najdemo. Ti verjetno predstavljajo le manjsi del vseh bakteriocinov, ki jih predstavniki
take zdruzbe lahko producirajo. Tako je bakteriocinska aktivnost, opazena v bioloSkem
testu, lahko rezultat bakteriocinov, katerih genskih determinant nismo vkljucili v analizo s
PCR. Poleg tega vsebuje veliko sevov genske determinante za ve¢ bakteriocinov, za katere
ne vemo, kaksno je njihovo izrazanje, oziroma kakSne so medsebojne interakcije pri
njihovem izrazanju, biosintezi ter izloCanju. Tudi izbira indikatorskih sevov predstavlja
problem, saj je le poznavanje njihove obcutljivosti za iskane, znane in neznane
bakteriocine zelo omejeno. Podobno velja tudi za proteoliticne encime, ki se uporabljajo za
potrditev proteinske narave inhibicije, saj razlicne bakteriocine inaktivirajo razli¢ni
proteoliticni encimi.

Bioloski testi pri dokazovanju aktivnosti bakteriocinov imajo tudi vrsto drugih omejitev, ki
pridejo do izraza v kompleksnih medijih, kot je sir. Med njimi so visok prag detekcije,
neenakomerna razporeditev bakteriocinov v siru, adsorbcija bakteriocinov na beljakovine
sira in s tem manjSa razpolozljivost za indikatorski sev ali njihova razgradnja z
ekstracelularnimi ali intracelularnimi bakterijskimi peptidazami, ki se sprostijo iz
poSkodovanih celic. Poleg tega ne moremo zaznati aktivnosti posameznih bakteriocinov,
kadar jih je vec vrst prisotnih v vzorcu, pac¢ pa le celokupno aktivnost. Na drugi strani so se
molekularne metode pri naSem delu izkazale za uporabne, podobno kot so ugotavljali Zze v
podobnih raziskavah (Moschetti in sod. 2001, Bogovi¢ Matijasi¢ in sod. 2007). Specifi¢ne
in obcutljive molekularne metode bi bilo smiselno nadgraditi tako, da bi omogocale
odkrivanje tistih genskih determinant, ki se v siru tudi izrazajo, ter se s tem vsaj delno
1zogniti uporabi manj specifi¢nih bioloSkih testov.
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3.3.8 Uporaba molekularne metode za ugotavljanje izraZanja genov za bakteriocine v
siru

Za merjenje izrazanja genov se zelo uspesno uporabljajo metode, ki temeljijo na obratni
transkripciji (RT) in verizni reakciji s polimerazo v realnem Casu (real-time PCR). RT real-
time PCR je metoda, ki preko kvantifikacije prepisov genov v informacijsko
ribonukleinsko kislino (mRNA) omogoca ne samo kvalitativno temvec¢ tudi kvantitativno
ugotavljanje izrazanja posameznih genov. Kljub Stevilnim prednostim metode RT real-time
uporabe na kompleksnejSih vzorcih (Ramiah in sod., 2007; Granger in sod., 2008). Pri
nasem eksperimentalenem delu ugotavljanja izrazanja bakteriocinov in situ v siru se je
metoda izkazala za uporabno, predvsem pa za bolj specificno alternativo bioloSkim
metodam. UspeSnost metode je zelo odvisna od koli¢ine in kakovosti izolirane RNA,
katere izolacija je precej zahtevna in je zaradi tega ta pristop manj razsirjen. Osamitev
RNA iz kompleksnega medija kot je sir je tezavna ker je sama RNA zelo nestabilna, poleg
tega pa so prisotne tudi velike koli¢ine beljakovin, mascob, encimov, ki razgrajujejo RNA,
ter ostankov DNA. Osamitev RNA iz sira tako zahteva postopke ekstrakcije, ki so
prilagojeni temu bogatemu matriksu. Do sedaj je bilo predlaganih pet metod (Bonaiti in
sod., 2006; Ulve in sod., 2008; Monnet in sod., 2008; Makhzami in sod., 2008; Duquenne
in sod., 2010) od katerih najbolj izstopa metoda, ki so jo razvili Monnet in sod. (2008), saj
je edina neposredna metoda, kar pomeni, da ne zahteva predhodnega loCevanja celic iz
sirnega matriksa.

Transkripcija in razgradnja transkriptov s strani prisotnih nukleaz se zaustavi v prvem
koraku izolacije RNA. Slednje dosezemo s takojSnjo homogenizacijo sira v reagentu
Trizol® ter razbijanjem sirnega matriksa in celic s pomogjo cirkonijevih kroglic. Rezultati,
dobljeni s to metodo, dajo bolj realno sliko transkripcije v danem casu kot postopki, ki
vkljucujejo predhodno locevanje celic od sirnega matriksa. Pri nasem delu smo se odloc¢ili
preveriti omenjeno metodo izolacije RNA in poskusili kvantificirati izrazanje genskih
determinant za bakteriocin v siru (Trm¢i¢ in sod., 2011b). V ta namen smo uporabili
sterilni model sira inokuliran z monokulturo seva Lactococcus (Lac.) lactis M 78, ki
proizvaja bakteriocin nizin A (Prilogi K in L).

Metoda, ki so jo opisali Monnet in sod. (2008), se je izkazala za uc¢inkovito in uporabno,
vendar pa je bil, kakor smo tudi pricakovali, kon¢ni izplen izolirane RNA nizji v
primerjavi s tistim, ki bi ga dobili z metodami, ki vkljucujejo postopek locevanja celic iz
sirnega matriksa. Da smo pridobili dovolj RNA, smo v nekaterih primerih morali postopek
izolacije izvajati v ve¢ paralelkah (po 500 mg sira), ki smo jih v konénem koraku (elucije z
vodo) zdruzili. Zaradi istega razloga smo tekom eksperimenta priceli z vzoréenjem, ko je
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koncentracija celic dosegla 10® kolonijskih enot na gram sira. Konéni izplen RNA je bil
med 1088 in 4625 ng. Taksna koliCina izolirane RNA je zadostovala, saj smo reakcijo
obratne transkripcije standardizirali na koli¢ino 200 ng. Po zagotovilih proizvajalca kita za
obratno transkripcijo (Invitrogen, 18080-051) je mogoce reakcijo izvesti ze z 1 pg
celokupne RNA. Klju¢ni problem pri izolaciji iz sira je ohraniti stabilnost RNA med
postopkom. Meritve koncentracije na aparaturi NanoDrop ND-1000 in vrednosti RIN
(angl. RNA Integrity Number) s pomocjo aparata 2100 Bioanalyzer so pokazale, da je bila
izolirana celokupna RNA nerazgrajena in primerna za analizo z RT real-time PCR. Prav
tako smo izkljucili verjetnost prisotnosti DNA ali inhibitorjev reakcije RT real-time PCR.
Kljub temu, da je koli¢ina izolirane RNA nekoliko nizja, v primerjavi s koli¢ino, ki bi jo
lahko dobili s pomoc¢jo metod, ki vkljucujejo loCevanje celic iz sirnega matriksa, je sama
reprezentativnost koncnih rezultatov tisto, kar daje tej metodi njeno pravo vrednost.
Reprezentativnost kon¢nih rezultatov pomeni, da ti rezultati predstavljajo dejansko stanje
in to je vsekakor na prvem mestu pri izbiri primerne metode. V raziskavi smo potrdili
uporabnost metode izolacije RNA, ki so jo opisali Monnet in sod. (2008).

Ne glede na uporabljeno metodo izolacije RNA, se pri uporabi metode RT real-time PCR v
realnih vzorcih sira sreCamo z dvema vecjima izzivoma. Prvi je, kako doseci to¢no in
zanesljivo normalizacijo RT real-time PCR meritev v vzorcih sira, kjer je prisotnih vec
mikrobnih vrst. Pri relativni kvantifikaciji izmerjene vrednosti obicajno normalizirajo na
celokupno RNA celic (Ulve in sod., 2008; Monnet in sod., 2008; Makhzami in sod., 2008).
Ker je ta nac¢in manj uporaben za realne kompleksne vzorce, v naSem primeru za sir, se
namesto tega uporablja en ali ve¢ referencnih genov (Duquenne in sod., 2010). Pri naSem
delu smo, podobno kot Monnet in sod. (2008) ugotovili, da so geni za 16S in 23S
ribosomsko RNA konstitutivno izrazeni in so zato uporabni kot zgoraj omenjene
normalizacijske reference. Problem je v tem, da imajo siri, Se posebej tisti narejeni iz
surovega mleka, Stevilne seve, ki so si med seboj bolj ali manj sorodni in imajo podobne
genetske lastnosti. Tudi ¢e bi natancno poznali sestavo mikrobne zdruzbe sira, bi tezko
sestavili takSne zacetne oligonukleotide, ki bi bili dovolj specificni za posamezen
bakteriocinogeni sev. Validacija referencnih genov znotraj vsakega testnega pogoja je
vsekakor najpomembnejsi korak pri analizah takSne vrste. Namesto uporabe teh internih
referenc obstaja moznost uporabe eksternih referenc v obliki dodane, znane koli¢ine
zunanje RNA (DeCoste in sod., 2011). Problem s takim na¢inom normalizacije je podoben
kot s celokupno RNA in absolutno kvantifikacijo. Rezultati pri uporabi takSne
normalizacije dajejo informacijo o izrazanju genov na nivoju celotne populacije seva.
Nemogoce pa je dobiti podatek na nivoju posamezne celice, ¢e ne ugotovimo Stevila celic
znotraj te populacije. Slednje je lahko teZzavno, ¢e analiziramo vzorce sira, ki vsebujejo vec
sorodnih sevov.
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Trenutno se zdi metoda bolj uporabna za kvalitativne kot kvantitativne namene, ko
analiziramo realne vzorce sira. Taksne Studije so Ze bile opravljene v siru (Bonaiti in sod.,
2006) in ostalih kompleksnih okoljih kot so re¢ni sedimenti (Nogales in sod., 2002).
Postopek kvalitativne analize bi lahko bil podoben postopku opisanemu v ¢lanku Trmc¢ic in
sod. (2008), s to razliko, da prisotnost genskih determinant ne bi ugotavljali v
metagenomski DNA, temve¢ v komplementarni DNA (cDNA), pridobljeni iz
metagenomske RNA. Rezultat takSne analize bi vseboval ne samo podatek o prisotnosti
dolocenih genskih determinant, temvec tudi podatek o njihovem aktivnem izrazanju v siru.
Pri tem se pokaze drugi izziv pri uporabi metode za analizo realnih vzorcev sira. Mikrobna
populacija v pravih vzorcih sira se nahaja v pozni stacionarni fazi rasti oziroma v
konstantni fazi odmiranja in lize. Vecina trdih in pol-trdih vrst sirov mora zoreti dva ali vec¢
mesecev in minimalen ¢as zorenja za vecino tradicionalnih slovenskih sirov je 60 dni. Pri
nasem delu smo zadnje vzorCenje in izolacijo RNA opravili po 24 h fermentacije, drugi pa
porocajo o uspesni kvantifikaciji transkriptov tudi po 3, 7 in 14 dneh fermentacije/zorenja
(Duqunne in sod., 2010; Makhzami in sod., 2008; Monnet in sod., 2008). Ulve in sod.
(2008) so opravili analize tekom Sestih mesecev zorenja sira, vendar je bila koli¢ina in
stabilnost izolirane RNA po Sestih mesecih Ze slabsa. Isti so porocali tudi 0 mocnem
negativnem vplivu lize celic na izolacijo RNA iz treh komercialnih francoskih sirov. Na
drugi strani so Duqunne in sod. (2010) uspeli izolirati velike koli¢ine RNA iz treh
komercialno dostopnih poltrdih sirov, vendar pa kljub temu, da so prikazali dobro
stabilnost izolirane RNA, niso opravili nikakrSne analize, s katero bi potrdili prisotnost
mRNA znotraj celokupne RNA. Zadostne koli¢ine mRNA verjetno lahko pridobimo samo
iz aktivno rastoc¢ih celic. Poleg tega je tudi znano, da je izrazanje genov za bakteriocine
najvecje v drugi polovici eksponentne faze rasti, kmalu po nastopu stacionarne faze rasti pa
se ustavi. Nasi rezultati so za nekatere gene pokazali tudi nekoliko druga¢no dinamiko
(Trm¢i¢ in sod., 2011b).

V ¢lanku Trmc¢i¢ in sod. (2011b) so opisani rezultati merjenja izrazanja genov za nizin med
24 h fermentacijo modelnega sira. Zastavljeni model se je izkazal za izjemno dobrega.
Nizin smo se odlocili uporabiti kot testni bakteriocin, ker je najbolj preuceni bakteriocin
MKRB, ker je potrjena njegova produkcija in situ v siru, ker se producira v dovolj velikih
koli¢inah in ker je mogoce njegovo aktivnost dovolj enostavno zasledovati in situ s
pomocjo klasi¢nih bioloSkih metod. V proizvodnjo, imunost in regulacijo produkcije nizina
je vkljucenih 11 genov. Tako kot Ze Stevilni pred nami, smo potrdili izrazanje nizina in situ
v siru (Maisnier-Patin in sod., 1992; Yezzi in sod., 1993; Rodriguez in sod., 1998;
Bouksaim in sod., 2000; Rodriguez in sod., 2005; Ayada, 2009), s to razliko, da smo
uporabo bioloskih testov podprli in primerjali tudi z rezultati RT real-time PCR analize.
Med rezultati obeh metod smo potrdili mo¢no korelacijo, kar pri¢a o tesni povezanosti
transkripcije genskih determinant nizina in njegovo koncno aktivnostjo. Na osnovi
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dinamike transkripcije genov nizina kot funkcije Casa smo uspeli razvrstiti gene v Stiri
skupine: nisA, nisBTCIP, nisFEG in nisRK. S primerjavo dinamike izrazanja omenjenih
skupin genov, njihove funkcije in lokacije v genski gru¢i ter rastne dinamike in
protimikrobne aktivnosti testnega seva, smo uspeli potrditi nekatera Ze znana dejstva, kot
je naprimer to, da nizin deluje kot quorum sensing feromon in spodbuja svojo lastno
proizvodnjo (van der Meer in sod., 1993; Kuipers in sod., 1995; Ra in sod., 1996;
Kleerebezem, 2004). Prav tako pa smo pokazali nekatere korelacije, ki lahko pomagajo pri
razlagi regulacije biosinteze in imunosti bakteriocina nizina. Ta Studija je prva, ki je
vkljucevala analizo izrazanja vseh 11 genov nizina, obenem pa je ena prvih, ki predstavlja
intenzivno, ¢asovno odvisno kvantifikacijo transkriptov v siru podobnem mediju.
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3.4. SKLEPI
Na osnovi postavljenih hipotez smo prisli do naslednjih zakljuckov:

e Tradicionalni slovenski siri, izdelani iz surovega mleka, vsebujejo v svoji
pestri mikrobni zdruzbi tudi seve MKB, ki proizvajajo razli¢ne
bakteriocine.

e Mikrobna zdruzba tradicionalnih slovenskih sirov, izdelanih iz surovega
mleka, vsebuje seve MKB, ki skupno ali posami¢no zavirajo razrast
potencialno patogene Staphylococcus aureus v mleku in siru. OpaZene
zaviralne aktivnosti nismo uspeli povezati z bakteriocinsko aktivnostjo.

e Le redki sevi MKB, ki proizvajajo bakteriocine, so in situ v mleku
pokazali kompetitivno prednost znotraj mikrobne zdruzbe. To opazanje je
delno lahko posledica testnih pogojev, ki so favorizirali rast enterokokov v
Skodo drugih skupin MKB.

e Uporaba pristopa, ki temelji na molekularnih metodah lahko omogoci
hitrejSe iskanje sevov, ki producirajo tocno dolocene bakteriocine.
Gojitvene metode so Se vedno potreben, ko je kon¢ni cilj iskanja osamitv
posameznih sevov ali odkrivanje sevov, ki proizvajajo nove bakteriocine.

e Z uporabo bioloskih testov nismo uspeli zasledili bakteriocinske aktivnosti
in situ v tradicionalnih sirih, izkazali pa so se za uspe$ne v modelnem siru,
inokuliranem s sevom Lactococcus lactis, ki proizvaja nizin A.

e Molekularna metoda RT real-time PCR v povezavi s primerno metodo za
izolacijo RNA iz sira, se je izkazala za uporabno pri kvantitativnem
ugotavljanju izrazanja genov za bakteriocin v siru, ki vsebuje monokulturo
bakteriocinogenega seva.
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4 SUMMARY (POVZETEK)

4.1 SUMMARY

Most of traditional cheeses and dairy products in general are made of raw milk, whose
chemical and microbial composition are, besides the technological procedure, the main
parameters determining the specific characteristics of the final product. In the raw milk and
in the final products made from it, the presence of undesired or even pathogenic strains can
present a certain risk for the consumers. To address this problem, the use of commercial
starter and protective cultures became very popular. In the production of traditional
cheeses however the addition of the commercial cultures may negatively influence the
characteristic sensory properties. The basic idea of this study was therefore to examine the
possibility of application of the representatives of the natural microbiota of particular
traditional cheeses instead of commercial LAB cultures, in order to increase the safety of
such products. For this purpose, we intended to analyse the natural microbiota of
individual type of traditional cheese, focusing on potential bacteriocin producing LAB, and
to select the candidates with wide spectrum bacteriocin activity which could be used to
produce starter cultures that are ‘tailor made’ for individual traditional cheese. The
application of such starter cultures would relieve most of the problems arising from
traditional technology (raw milk) and still preserve specific properties of traditional cheese
including sensory ones. The term 'bacteriocins' represents a large and diverse group of
ribosomaly synthesized antimicrobial proteins and peptides which can be found in Gram
positive and in Gram negative bacteria. It is believed that their major role is to prevent
other bacteria from growing in the environment. Bacteriocins can differ in structure,
molecular mass, biochemical properties, spectrum of activity, mode of action and location
of genes. Bacteriocins of LAB are classified into three main groups, modified bacteriocins
or lantibiotics, non-modified (thermo-stabile) bacteriocins and large (thermo-labile)
bacteriocins. Each of these groups is further divided into several types or sub-groups.
Bacteriocin genes are organised in conserved regions which are located either in plasmids
or in bacterial chromosome, as a mobile or non-mobile genetic element. Most of them are
organised in operons that contain several genetic determinants, like structural pre-peptide
gene, immunity protein gene and other genes, which are involved in transport and
processing of bacteriocin. The main target of bacteriocins is usually the cell membrane, but
there are also reports of other target structures like cell wall and cell proteins. Bacteria that
produce bacteriocins have developed system of defence against action of its own
bacteriocin, referred to as immunity. When bacteria are resistant against the action of
bacteriocins produced by other bacterial strains, it is referred to as resistance. In raw milk
and cheese several bacteriocins can be found since the microbiota is very diverse.
Traditional Slovenian hard and semi-hard cheeses are mostly inhabited by Lactobacillus
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(Lb.) and Enterococcus (Ec.) genus, and to lesser extent by Lactococcus (Lac.) and
Streptococcus (Str.). In this work we studied traditional Slovenian cheese Tolminc (cows’
milk, five samples) and Kraski ov¢ji sir (ewes’ milk, four samples). The idea was to extract
total deoxyribonucleic acid (DNA) from individual cheeses and to search by PCR for gene
determinants of selected LAB bacteriocins typically produced by the species commonly
found in raw milk cheeses. On the basis of testing of several different procedures for total
DNA extraction from cheese we concluded that the most important factor (p<0,005) is the
solution used for homogenisation of cheese. The most effective was found sodium citrate
solution. The protocol for extracting DNA from cheese homogenate had smaller effect on
the quantity of extracted DNA (p<0,05). Extraction with commercial Wizard® Genomic
DNA Purification Kit (Promega) was more effective in terms of DNA quantity, while the
procedure with phenol-chloroform-isoamyl alcohol yielded DNA that performed better in
PCR reactions and in many cases demonstrated a higher diversity of detected bacteriocin
gene determinants. The gene determinants were not only determined in total DNA
extracted from cheese, but also in microbial consortia of cultivable strains isolated on
partially selective growth media CATC, Rogosa and M17 which support growth of
enterococci, lactobacilli and lactococci with other cocci form LAB group, respectively. In
total DNA extracted from cheese as well as in DNA from cheese consortia of cultivable
bacteria we searched for specific sequences of 19 different LAB bacteriocins using PCR.
The observation that most of the bacteriocin gene determinants were detected either in total
DNA and DNA from consortia, or in none of them, leaded us to conclusion that the source
of the target gene determinants was mostly the cultivable bacterial population of cheese. In
addition to detection of gene determinants for individual bacteriocins we also examined the
actual antimicrobial activity of microbial consortia. Using the agar diffusion method we
tested pure microbial consortia as well as supernatants, obtained after their cultivation in
corresponding liquid media (MRS, M17). Despite the fact that Kraski ewe’s cheese
contained less bacteriocin gene determinants than Tolminc cheese, there were no
significant differences between them in antimicrobial activity. It seems that the number of
bacteriocins’ gene determinants alone does not tell much about actual antimicrobial
activity of bacteria that posses these determinants. We tested this conclusion in an
additional experiment in sifu in milk and in cheese, in which anti-staphylococcal activity of
two microbial consortia was examined. Two consortia were selected on the basis of the
number of detected bacteriocins’ gene determinants, where the first one (T2) contained the
highest, and the second one K3 the lowest number. Although anti-staphylococcal activity
of microbial consortium T2 was more pronounced, we were unable to link this inhibition
directly with bacteriocin activity. According to our hypothesis we continued the study of
eventual competitive advantage of bacteriocinogenic strains within microbial population.
For this purpose, the entire microbial consortia of cheese T2, consisting of individual
consortia from three different growth media (CATC, Rogosa, M17), was consecutively
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propagated (1% inoculum) for 10 days in sterile milk. The incubation with parallel samples
was carried out at 30°C and at 42°C. After five and ten passages we determined the
microbial composition and the presence of bacteriocins’ gene determinants directly in
fermented milk and in the cultivable microbial consortia. During propagation the number
of bacteriocin gene determinants was reduced from initial eight to three, which indicates
that share of strains that contained bacteriocin gene determinants was reduced within the
microbial population. On the other hand, the strains possessing bacteriocin gene
determinants for enterocin P, L50B and cytolysin were able to persist during propagation
process. It seems that with daily propagation we stimulated the part of microbial
population represented by enterococci. Besides changes in the number of detected
bacteriocin gene determinants we observed also changes in antimicrobial activity of the
microbial consortia. Unlike initial microbial consortia, the consortia obtained after
propagation did not exhibit any more strong antimicrobial activity against enterococci.
Antimicrobial activity was only preserved against indicator strains Listeria (L.)
monocytogenes, L. innocua and Lb. sakei. L. monocytogenes and Lb. sakei were also used
as indicator strains in the antimicrobial activity testing of individual isolates, from initial
consortia and from consortia obtained after ten days of propagation. Isolates from both
consortia were found very similar, which indicated that individual strains were
predominant to some extent, probably also due to certain competitive advantage. Two
isolates produced bacteriocin(s) different from those selected for the screening. Only a few
of several bacteriocin gene determinants found in cheese consortia, were detected also in
individual isolates. The main reason for this is probably in the procedure of selection of
these strains. Namely, since the strains were isolated from the countable plates (30-300
colonies), we obviously favoured the strains which were predominant. In most cases we
were unable to link the antimicrobial activity with the presence of bacteriocin gene
determinants. We came to similar conclusion for both, isolated microbial consortia and
single isolated strains. This discrepancy between detected bacteriocin gene determinants
and observed antimicrobial activity (bioassays) shows the complexity that links these two
properties together. Due to numerous limitations of bioassays for detection of bacteriocin
activity, of which low specificity is the major problem, we decided to introduce an
alternative method for determination of expression of bacteriocins in cheese, based on
reverse transcription real-time PCR. We tested the method using a sterile cheese model
inoculated with a monoculture of Lac. lactis M 78, which produces nisin A. The method of
direct ribonucleic acid (RNA) extraction from cheese proved to be successful. Even though
the quantity of extracted RNA was relatively low in comparison to the quantities that could
be obtained by the methods that involve separation of cells from cheese matrix, the real
value of this method is representativeness of the final result. Representativeness means that
the results reflect the actual state and this is by all means the main factor in choosing an
appropriate method of analysis. In this study we confirmed applicability of the method of
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RNA extraction developed by Monnet et al. (2008). We successfully used RNA extraction
procedure together with the reverse transcription real-time PCR to follow expression of
bacteriocin gene determinants in cheese model, nevertheless there are two major
challenges presented when using reverse transcription real-time PCR method in real cheese
samples. The first one is how to achieve an accurate and reliable normalization of reverse
transcription real-time PCR measurements in cheese samples where several microbial
species are present. Each of the three methods usually applied for normalisation of data has
certain limitations when using in real cheese samples. Using total cellular RNA or
exogenously spiked RNA for normalisation in relative quantification presents a similar
problem. Results obtained by this kind of normalisation provide information about gene
expression of the entire strain population. To gain information on a single cell level, the
number of cells of the strain tested inside the population has to be determined. This is
however not easy in complex samples (cheese) since they contain several related strains
that can’t be distinguished by cultivation methods. The third and probably the best method
of normalisation is to find a suitable constitutively expressed reference gene. This is also a
demanding task since cheeses, especially those produced from raw milk contain numerous
strains that share common genetic features. Even if we knew exactly the microbial
composition of each cheese it would be very hard to design oligonucleotide primers
specific for a given bacteriocinogenic strain. The second challenge in using reverse
transcription real-time PCR in real cheese samples is the fact that microbial population in
cheese is in its late stationary or death phase of growth where transcription of genes,
quantity and quality of extracted RNA is scarce. Namely, expression of bacteriocin genes
usually stops at the beginning of stationary growth phase. It is however worth to mention
that in our study the results showed a somewhat different expression for some of the nisin
genes. The study of expression of 11 nisin genes in cheese has confirmed in general some
already known facts and also established some correlations that can contribute to the
explanation of regulation of nisin biosynthesis and immunity. The conclusions of our entire
work are the following: (a) the traditional Slovenian cheeses do contain strains of LAB
which produce different bacteriocins, but only a few of these strains display a competitive
advantage over the rest of microbial population; (b) these cheeses also contain strains of
LAB which collectively or individually inhibit outgrowth of potentially pathogenic
bacterium Staphylococcus aureus in milk and cheese, but we were unable to link observed
inhibitory action with bacteriocin activity; (c) molecular approach can provide a faster
detection of strains that produce specific bacteriocins, but classical bioassay approach is
still needed when the end goal of detection is isolation of individual strains or discovery of
the strains that produce new bacteriocins; (d) reverse transcription real-time PCR proved to
be useful for quantitative determination of bacteriocin gene expression in cheese that
contained a monoculture of bacteriocin producing strain.
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4.2. POVZETEK

Vecina tradicionalnih sirov in drugih tradicionalnih mle¢nih izdelkov je izdelanih iz
surovega mleka, ki je s svojo kemijsko in mikrobiolosko sestavo poleg tehnoloSkega
postopka izdelave glavni parameter, ki doloca karakteristicne lastnosti izdelka. Poleg
zazeljene mikrobne zdruzbe se v surovem mleku zelo pogosto pojavljajo tudi sevi, ki lahko
v kon¢nem izdelku predstavljajo potencialno nevarnost za potrosnika. V proizvodnji sira se
je zato razSirila uporaba komercialnih zaS¢itnih starterskih kultur, ki pa so pri izdelavi
tradicionalnih izdelkov nezazeljene, ker lahko negativno vplivajo na znacilne senzori¢ne
lastnosti. Osnovna ideja raziskave je, da bi bilo ta problem mogoce reSevati tako, da bi
posameznim tradicionalnim sirom namesto komercialnih kultur dodajali izbrane
predstavnike njihove, naravno prisotne mikrobne zdruzbe. V ta namen bi bilo potrebno
analizirati naravno mikrobioto posameznih vrst sirov ter poiskati naprimer seve, ki lahko
producirajo bakteriocine s Sirokim spektrom delovnja, ter iz njih sestaviti starterske
kulture, ki so 'po meri' posamezne vrste sira. Uporaba taksne straterske kulture bi lahko
omilila ve¢ino tezav, ki spremljajo tradicionalno tehnologijo (surovo mleko) in obenem
omogocila ohranitev specifi¢nih lastnosti tradicionalnega sira, vklju¢no s senzori¢nimi.
Pod pojmom 'bakteriocini' se skriva velika in raznolika skupina protimikrobnih proteinov
oziroma peptidov, ki jih najdemo tako pri po Gramu pozitivnih kot pri po Gramu
negativnih bakterijah. Opisujejo jih kot ribosomsko sintetizirane proteine oziroma peptide,
ki jih bakterija proizvaja z namenom, da prepre¢i rast drugih bakterij v okolici.
Bakteriocini se med seboj razlikujejo v strukturi, molekulski masi, biokemijskih lastnostih,
spektru aktivnosti, mehanizmu delovanja, pa tudi lokaciji genov. Bakteriocine
mle¢nokislinskih bakterij (MKB) razvricajo v tri glavne skupine, modificirani bakteriocini
oziroma lantibiotiki, ne-modificirani (toplotno stabilni) bakteriocini in veliki (toplotno
obcutljivi) bakteriocini. Vsaka od teh skupin se deli e v tipe ali podskupine. Geni za
posamezne bakteriocine so organizirani v zelo dobro ohranjenih regijah, ki se lahko
nahajajo na plazmidih ali na bakterijskem kromosomu, kot mobilni ali nemobilni genski
elementi. Vec¢inoma so ti elementi organizirani v obliki operonov, ki vsebujejo ve¢ genskih
determinant, kot so strukturni gen prepeptida, gen proteina imunosti in ostali geni, ki so
vklju€eni v procesiranje in transport bakteriocinov. Za bakteriocine je obiCajna tarCa
celicna membrana, porocali pa so tudi o drugih moznih tar¢nih strukturah. Bakterije, ki
sintetizirajo bakteriocine, so razvile sistem zasc¢ite pred delovanjem lastnega bakteriocina,
ki ga opisujejo kot imunost. Kadar so bakterije odporne proti baktericinom drugih
bakterijskih sevov, pa govorimo o rezistenci. Bakteriocini, ki jih lahko najdemo v surovem
mleku in sirth, so zelo raznovrstni, saj je tudi mikrobiota raznovrstna. Slovenske
tradicionalne trde in poltrde sire naseljujejo v najvecjem Stevilu vrste rodova Lactobacillus
(Lb.) in Enterococcus (Ec.), med obic¢ajnimi predstavniki pa najdemo tudi bakterije rodov
Lactococcus (Lac.) in Streptococcus (Str.), ¢eprav v manjSih koncentracijah. V tem delu
smo raziskali tradicionalna slovenska sira Tolminc (iz kravjega mleka, 5 vzorcev) in
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Kraski ov¢ji sir (4 vzorci). Ideja je bila, da iz posameznih tradicionalnih sirov najprej
izoliramo celokupno bakterijsko deoksiribonukleinsko kislino (DNA), ter s pomocjo
verizne reakcije s polimerazo (PCR) in specificnih zacetnih oligonukleotidov pois¢emo
prisotnost genskih determinant za nekatere najbolj razsirjene bakteriocine MKB. Ko smo
preiskusali razli¢ne postopke izolacije skupne DNA iz sira, smo ugotovili, da je najbolj
pomembna (p<0,005) izbira prave raztopine za homogenizacijo vzorcev sira. Za
najprimernejSo se je pokazala raztopina natrijevega citrata. Sam postopek izolacije DNA iz
homogenata sira je imel manjSi vpliv na koli¢ino izolirane DNA (p<0,05). Izolacija s
komercialnim kompletom Wizard® Genomic DNA Purification Kit (Promega) se je
izkazala za nekoliko ucinkovitejSo, kar zadeva koli¢ino izolirane DNA, medtem ko smo z
izolacijo po postopku s fenol-kloroform-izoamilnim alkoholom pridobili DNA, s katero je
bolje potekala PCR in je bila pogosto vecja tudi raznolikost genskih determinant za
bakteriocine. Prisotnosti genskih determinant nismo ugotavljali samo v skupni bakterijski
DNA, pridobljeni neposredno iz sira, ampak tudi v mikrobnih zdruzbah, osamljenih na
laktobacilov oziroma laktokokov in drugih kokov iz skupine MKB . Tako v DNA izolirani
neposredno iz sirov kot v DNA izolirani iz osamljenih mikrobnih zdruzb smo s pomocjo
PCR iskali genske determinante za 19 bakteriocinov MKB. Vecino genskih determinant za
bakteriocine smo zasledili tako v skupni DNA sira kot v DNA osamljene mikrobne
zdruzbe, ali pa v nobeni od njih, zato smo sklepali, da je njihov vir predvsem kultivabilna
bakterijska populacija sira oziroma da je med kultivabilnimi bakterijami iz sira veliko
takih, ki vsebujejo genske determinante za preiskovane bakteriocine. Odkritje genskih
determinant za posamezne bakteriocine pa $e ne zagotavlja, da se taki geni tudi dejansko
izrazajo in da so bakteriocini tudi aktivni, zato smo preverili tudi bakteriocinsko aktivnost
mikrobnih zdruzb. Uporabili smo metodo neposredne inhibicije na trdnem gojiscu, pri
¢emer smo nanasali tako ¢iste mikrobne zdruzbe kot supernatante, dobljene po njihovi
kultivaciji v ustreznem teko¢em gojis¢u (MRS, M17). Kljub temu, da so vsebovali vzorci
Kraskega ov¢jega sira manj in vzorci Tolminskega sira ve¢ genskih determinant za
bakteriocine, se pri preverjanju protimikrobne aktivnosti osamljenih mikrobnih zdruZb niso
pokazale vecje razlike med njimi. KaZe, da samo Stevilo genskih determinant za
bakteriocine ne pove veliko o dejanski protimikrobni aktivnosti bakterij, ki takSne
determinante vsebujejo. To ugotovitev smo preverjali tudi v dodatnem poskusu, kjer smo
in situ v mleku in siru testirali proti-stafilokokno aktivnost mikrobnih zdruzb sirov, v
katerith smo ugotovili najvi§je (T2) in najnizje (K3) Stevilo genskih determinant za
bakteriocine. Ceprav je bila proti-stafilokokna aktivnost mikrobne zdruZbe sira T2 bolj
izrazita, te aktivnosti nismo mogli neposredno povezati z aktivnostjo bakteriocinov.
Raziskavo smo, skladno s postavljenimi hipotezami, nadaljevali tako, da smo celotno
mikrobno zdruZzbo iz sira T2, sestavljeno iz posameznih zdruzb z razli¢nih gojis¢, dnevno
precepljali (1% inokulum) 10 dni zapored v sterilnem mleku. Z zaporednim precepljanjem
v mleku, pri ¢emer smo eno paralelko inkubirali pri 30°C, drugo pa pri 42°C, smo zeleli
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preveriti morebitno kompetitivno prednost bakteriocinogenih sevov znotraj mikrobne
zdruzbe. Po petih in desetih precepljanjih smo preverili sestavo mikrobne zdruZbe ter
prisotnost genskih determinant v fermentiranem mleku in v osamljeni mikrobni zdruzbi.
Med precepljanjem se je Stevilo ugotovljenih genskih determinant za bakteriocine
zmanjSalo na tri od prvotnih osem, kar kaze na to, da se je deleZ sevov z geni za
bakteriocine znotraj mikrobne zdruzbe zmanjS$al. Na drugi strani so se sevi, ki vsebujejo
gneske determinante za enterocin P, L50B in citolizin, uspeli ohraniti med postopkom
zaporednega precepljanja. Razlog za taksne rezultate je najverjetneje v tem, da smo z
enodnevnim precepljanjem spodbujali del mikrobne zdruzbe, ki ga predstavljajo
enterokoki. Poleg razlik v Stevilu genskih determinant so se pokazale tudi spremembe v
protimikrobni aktivnosti mikrobne zdruzbe. Za razliko od prvotne mikrobne zdruzbe se po
precepljanju ni ve¢ pokazala mocna inhibicija enterokokov, ohranila se je le protimikrobna
aktivnost proti indikatorskim sevom vrst Listeria (L.) monocytogenes, L. innocua in Lb.
sakei. Indikatorska seva L. monocytogenes in Lb. sakei smo uporabili tudi pri iskanju
posameznih izolatov s protimikrobno aktivnostjo. Posamezne seve smo izolirali tako iz
prvotne mikrobne zdruzbe, kot iz tiste po 10-ih dneh precepljanja. 1zolati iz obeh zdruzb so
si bili zelo podobni, kar kaze na to, da so posamezni sevi do neke mere prevladovali,
verjetno tudi zaradi dolocene kompetitivne prednosti. Med izolati sta bila dva taksna, ki
najverjetneje tvorita bakteriocine, za katere genskih determinant nismo nasli oziroma Se
niso poznani. Od Stevilnih genskih determinant, ki smo jih ugotovili v mikrobnih zdruzbah
sira, smo jih samo nekaj uspeli potrditi tudi pri posameznih izolatih. Glavni razlog za
takSne rezultate je najverjetneje postopek iskanja taksnih sevov, ki daje prednost bolj
Stevilénim sevom, ki na Stevnih ploscah (30-300 kolonij) prevladujejo. Protimikrobne
aktivnosti v ve€ini primerov ni bilo mogoce neposredno povezati s prisotnostjo genov za
bakteriocine, kar velja tako za osamljene mikrobne zdruzbe kot za posamezne izolate.
Neskladnost med Stevilom ugotovljenih genskih determinant in protimikrobno aktivnostjo
kaze na kompleksnost, ki obe lastnosti povezuje. Zaradi Stevilnih omejitev bioloSkih testov
za ugotavljanje bakteriocinske aktivnost, med katerimi velja omeniti na prvem mestu
nespecificnost, smo se odloCili uvesti alternativno molekularno metodo obratne
transkripcije s PCR v realnem casu (RT real-time PCR) za dokazovanje izraZanja
bakteriocinov v siru. Metodo smo preverili na sterilnem modelu sira, inokuliranega z
monokulturo seva Lac. lactis M 78, ki proizvaja bakteriocin nizin A. Metoda neposredne
izolacije ribonukleinske kisline (RNA) iz sira, ki smo jo uporabili, se je izkazala za
uspesno. Ceprav ima to pomanjkljivost, da je kon¢na koli¢ina izolirane RNA nizka, je
reprezentativnost kon¢nih rezultatov tisto, kar daje metodi pravo uporabnost.
Reprezentativnost kon¢nih rezultatov pomeni, da ti rezultati predstavljajo dejansko stanje
in to je vsekakor na prvem mestu pri izbiri primerne metode. Postopek izolacije RNA
skupaj z metodo RT real-time PCR smo uspe$no uporabili za merjenje izraZzanja genskih
determinant v modelnem siru, a kljub temu se srecamo z dvema vecjima izzivoma, ko gre
za uporabo metode v realnih vzorcih sira. Prvi je, kako doseci to¢no in zanesljivo
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normalizacijo RT real-time PCR meritev v sirih, kjer je prisotnih ve¢ mikrobnih vrst.
Vsaka od treh metod, ki so na voljo, ima svoje omejitve za uporabo v realnih vzorcih sira.
Uporaba celokupne celicne RNA ali dodajanje zunanje RNA za normalizacijo pri relativni
kvantifikaciji predstavljata podoben problem. Rezultati, ki jih dobimo s takSno
normalizacijo, dajejo informacijo o izrazanju genov celotne populacije seva. Da bi dobili
informacijo na nivoju posamezne bakterijske celice bakteriocinogenega seva, bi bilo
potrebno vedeti Stevilo celic tega seva znotraj populacije, kar pa v kompleksnih vzorcih
(sir) ni enostavno, saj vsebujejo vrsto sorodnih sevov, ki jih ni mogoce razlikovati z
gojitvenimi metodami. Tretji in verjetno najbolj$i nacin normalizacije je, da najdemo
primeren konstitutivno izrazen referencni gen. Tudi to je zelo zahtevno, saj imajo siri, Se
posebej tisti narejeni iz surovega mleka, Stevilne seve, ki si delijo podobne genetske
lastnosti. Tudi ¢e bi to¢no poznali mikrobno sestavo sira, bi tezko sestavili takSne zacetne
oligonukleotide za PCR, ki bi bili dovolj specifi¢ni za posamezni bakteriocinogeni sev.
Drugi izziv pri uporabi teh metod merjenja izraZzanja bakteriocinskih genov v realnih
vzorcih sira predstavlja dejstvo, da se mikrobna populacija v sirih nahaja v pozni
stacionarni fazi rasti oziroma v fazi odmiranja, kjer sta transkripcija genov, stabilnost in
koli¢ina izolirane RNA slabi. IzraZzanje genov za bakteriocine se po zacetku stacionarne
faze rasti obiCajno ustavi, Ceprav so nasi rezultati za nekatere gene nizina pokazali tudi
nekoliko druga¢no sliko. Studija ekspresije 11 genov za nizin v siru je na splo$no potrdila
nekatera ze znana dejstva, prav tako pa je pokazala nekatere korelacije, ki lahko pomagajo
pri razlagi regulacije biosinteze in imunosti tega bakteriocina. Skupni zakljucki naSe
celotne raziskave so: (a) tradicionalni slovenski siri vsebujejo seve MKB, ki proizvajajo
razli¢ne bakteriocine, vendar so le redki taksni, ki imajo kompetitivno prednost pred ostalo
mikrobno populacijo; (b) ti siri prav tako vsebujejo MKB, ki skupno ali posamicno
zavirajo razrast potencialno patogene bakterije Staphylococcus aureus v mleku in siru,
vendar opaZene zaviralne aktivnosti nismo uspeli povezati z bakteriocinsko aktivnostjo; (c)
molekularni pristop lahko omogoci hitrejSe iskanje bakteriocinogenih sevov vendar pa je
klasi¢ni pristop z bioloSkimi testi Se vedno potreben, ko je konéni cilj iskanja osamitev
posameznih sevov ali odkrivanje sevov, ki proizvajajo nove bakteriocine; (d) RT real-time
PCR se je izkazala za uporabno pri kvantitativhem ugotavljanju izraZzanja genov za
bakteriocin v siru, ki vsebuje monokulturo bakteriocinogenega seva.
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4.3 RESUME

La plupart des fromages et produits laitiers traditionnels sont réalisés a partir de lait cru,
qui est, de par sa composition chimique et microbiologique, le principal parametre, avec
les procédures technologiques, déterminant les caractéristiques du produit final. Parfois,
des souches microbiennes ne faisant pas partie de la flore technologique peuvent poser un
risque sanitaire pour les consommateurs. L'utilisation de ferments commerciaux peut
limiter ce probléme, mais ils ont généralement un effet défavorable sur les propriétés
organoleptiques des fromages traditionnels. Dans cette ¢tude, notre objectif dtait de
déterminer 1'intérét d'utiliser, a la place de ferments commerciaux, des souches provenant
de la flore microbienne des fromages Slovenes traditionnels. Pour cela, il est nécessaire
d'analyser les populations naturelles des fromages et de sélectionner des souches
productrices de bactériocines et pouvant servir a produire des ferments adaptés au type de
fromage considéré. L'utilisation de ce type de ferment permettrait de résoudre la plupart
des problémes liés a la technologie traditionnelle (lait cru) tout en préservant les
caractéristiques organoleptiques spécifiques de ces fromages.

Le terme '"bactériocine" représente un groupe large et hétérogene de protéines
antimicrobiennes et de peptides produits par des bactéries Gram-positives et Gram-
négatives. Il s'agit de protéines et peptides a synthése non ribosomique qui sont produits
par les bactéries afin d'empécher la croissance d'autres bactéries dans leur environnement.
Les bactériocines peuvent différer en fonction de leur structure, masse molaire, propriétés
biochimiques, spectre d'activité, mode d'action et localisation des genes. Les bactériocines
des bactéries lactiques sont classées selon trois groupes principaux, les bactériocines
modifiées ou lantibiotiques, les bactériocines non-modifiés (thermostables) et les grandes
bactériocines (thermolabiles). Chacun de ces groupes est subdivisé¢ en sous-groupes. Les
genes permettant la syntheése des bactériocines sont regroupés dans des régions conservées
sur des plasmides ou sur le chromosome, en tant qu'éléments génétiques mobiles on non
mobiles. La plupart d'entre eux sont organisés sous forme d'opérons contenant plusieurs
déterminants génétiques, tels que des geénes pré-peptide de structure, des genes de protéine
d'immunité, et d'autres geénes, impliqués dans le transport et la maturation de la
bactériocine. Généralement, la principale cible des bactériocines est la membrane
cellulaire, mais d'autres cibles ont aussi été reportées. Les bactéries productrices de
bacteriocines ont développé des systémes de résistance a l'action de leur propres
bactériocines, nomm¢s systémes d'immunité. Lorsque les bactéries sont immunes a l'action
de bactériocines produites par d'autres souches bactériennes, on parle de systéme de
résistance. Les bactériocines présentes dans le lait cru et les fromages sont diverses, en
raison de la grande variété au sein de la flore microbienne. Les fromages slovénes
traditionnels a pate dure ou semi-dure comportent en majorité des souches appartenant aux
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especes Lactobacillus (Lb.) et Enterococcus (Ec.), et dans une moindre mesure
Lactococcus (Lac.) et Streptococcus (Str.).

Dans ce travail, nous avons étudi¢ les fromages sloveénes traditionnels nommés Tolminc
(lait de vache, cinq échantillons) et KraSki ov¢ji sir (lait de brebis, quatre échantillons).
L'idée de base ¢était d'extraire I'ADN a partir de ces fromages et, par amplification par PCR
avec des amorces spécifiques, de rechercher la présence de genes de bactériocines
caractéristiques des bactéries lactiques. Différentes procédures d'homogénéisation initiale
du fromage et d'extraction d'ADN a partir des homogénéisats ont été testées. Trois types de
tampon d'homogénéisation ont été utilisés : du phosphate dipotassique a 2% (poids/vol), du
citrate trisodique dihydraté a 2% (poids/vol) et de la solution de Ringer diluée a . Deux
méthodes d'extraction d'ADN ont ensuite ét¢ employées. La premicre était basée sur
l'utilisation de billes de zirconium/silice et de phénol-chloroforme-alcool isoamylique
comme décrit par Cocolin et al. (2001) et la seconde utilisait un kit commercial de
purification génomique (Wizard® Genomic DNA Purification kit, Promega). Nous avons
observé que le facteur le plus important (p<0,005) était la solution d'homogénéisation, la
solution de citrate trisodique étant la plus efficace. La méthode d'extraction d'ADN a partir
des fromages homogénéisés avait un effet moindre sur la quantit¢ d'ADN obtenue
(p<0,005). L'extraction avec le kit Promega était plus efficace en terme de quantité d'ADN
obtenue, tandis que la méthode au phénol-chloroforme-alcool isoamylique donnait des
extraits qui permettaient de meilleures amplifications par PCR et qui, dans de nombreux
cas, donnaient une diversité plus importante de détection de génes de bactériocines.

La présence de déterminants génétiques n'a pas seulement été déterminée dans I'ADN issu
des fromages, mais également dans les consortia microbiens isolés sur des milieux de
culture partiellement sélectifs. Les fromages homogénéisés avec de la solution de Ringer a
4 étaient dilués et ensemencés sur des géloses CATC (Citrate Azid Tween Carbonate),
Rogosa et M17, utilisées respectivement pour les entérocoques, lactobacilles et bactéries
lactiques mésophiles. Environ 300 colonies ont été récupérées a partir des géloses en
utilisant 2 mL de solution de Ringer a 4. L'ADN a été extrait a partir de chaque suspension
cellulaire en utilisant le kit de purification Maxwell 16 Cell DNA (Promega). Dans 'ADN
total extrait des fromages ainsi que dans I'ADN des consortia microbiens, nous avons
recherché par PCR la présence de genes spécifiques de 19 bactériocines de bactéries
lactiques en utilisant des amorces adaptées. L'analyse des extraits d'ADN des 9 fromages
pour la présence de genes codant pour des bactériocines de bactéries lactiques a montré la
présence, dans chaque fromage, d'entre un et neuf des génes recherchés. Les geénes des
entericines, a I'exception de ceux de I'entéricine 31 et de I'entéricine AS-48 (qui n'ont été
détectés dans aucun échantillon) étaient fréquemment présents. Parmi les trois
bactériocines typiquement produites par Lactococcus lactis, les déterminants de la nisine
ont ¢té¢ détectés dans six fromages et ceux de la lacticine 481 dans deux fromages. Seuls
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deux geénes de bactériocines de lactobacilles ont été détectés dans les fromages: les
déterminants de plantaricine A, qui étaient présents dans tous les échantillons de fromage
et ceux de l'acidocine B, présents dans seulement deux fromages. La plupart des résultats
obtenus avec I'ADN extrait des fromages étaient identiques a ceux de I'ADN des consortia,
ce qui indique que les souches productrices de bactériocines font partie de la population
bactérienne viable. La détection de genes de bactériocines ne signifie pas que ces genes
sont exprimés ou que les bactériocines sont actives, c'est la raison pour laquelle nous avons
¢tudié l'activité antimicrobienne des consortia microbiens. Nous avons utilisé une méthode
basée sur l'inhibition directe sur milieu gélosé (25 souches indicatrices), ou nous avons
déposé des surnageants obtenus apres culture dans un milieu liquide (MRS, M17). Bien
que les fromages de type Kraski ov¢ji sir contenaient moins de génes de bactériocines que
les fromages de type Tolminc, il n'y avait pas de différences significatives entre les deux
du point de vue de leur activité antimicrobienne. Il semble que le nombre de genes de
bactériocines ne soit pas ou peu indicatif de l'activité antimicrobienne des bactéries
comportant ces genes.

Nous avons aussi testé cette conclusion dans une expérience ou nous avons déterminé in
situ l'acticité anti-staphylococcique de consortia microbiens. Les consortia microbiens
issus des fromages dans lesquels le nombre de génes de bactériocines détectés était le plus
¢levé (T2) et le plus bas (K3) ont été étudiés. Trois types d'expérience de compétition ont
été menés. Dans le premier, nous avons déterminé 1'effet de la présence des consortia des
deux fromages sur la croissance de Staphylococcus (S.) aureus dans le lait. Dans le second,
nous avons déterminé si la production d'acide lactique avait un effet sur la croissance de S.
aureus dans le lait, et dans le dernier nous avons cherché a déterminer si la présence de
consortia microbiens issus du fromage T2 avait un effet sur la croissance de S. aureus dans
un fromage modele. Les essais de compétition dans du lait ont été réalisés en appliquant les
profils de temps/température de la fabrication des fromages de type Tolminc a l'exclusion
de la période d'affinage. Les compétitions dans des fromages ont été réalisés de la méme
maniere, mais en incluant une étape d'affinage de 15 jours. Pendant ces essais, 'activité de
production de bactériocines était déterminée, soit directement sur les échantillons de
fromages, soit dans différents extraits de fromage ou de lait. Cette étude a montré que tous
les consortia microbiens étudiés avaient un effet marqué sur la croissance de S. aureus
dans le lait et le fromage. Bien que les consortia du fromage Tolminc (T2) et Kraski ov¢ji
sir (K3) inhibaient la croissance de S. aureus dans le lait et le fromage, il était impossible
d'attribuer cette inhibition aux bactériocines pour lesquelles des génes ont ¢té détectés dans
I'"ADN extrait a partir des consortia. Les extraits obtenus a partir d'échantillons de lait et de
fromages ne montraient pas de présence de composés inhibiteurs. La production de
peroxyde d'hydrogéne ou d'autres métabolites antimicrobiens n'a pas été évaluée, mais un
effet 1i¢ a la production d'acides organiques et la baisse du pH a pu étre exclu. Parmi les
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mécanismes d'inhibition les plus probables, il pourrait y avoir des phénomenes liés a la
nutrition, tel qu'une compétition ou la limitation en substrats.

Compte tenu de nos hypotheses, nous avons poursuivi cette étude en récupérant le
consortium microbien du fromage T2, sous forme de consortia issus des différents milieux
de culture, et en les propageant quotidiennement (inoculum de 1%) pendant 10 jours dans
du lait stérile. En réalisant des propagations dans du lait, qui ont été effectuées a 30°C dans
un essai et a 42°C dans un autre, nous souhaitions tester I'avantage compétitif des souches
productrices de bactériocines au sein de la population microbienne. Apreés 5 et 10
propagations dans le lait, les consortia microbiens ont été isolés et des extractions d'ADN
ont été réalisées. L'isolement de quatre consortia microbiens différents a été réalisé sur des
géloses Rogosa (37°C), M17 (30 et 42°C) et CATC (37°C). L'activité antimicrobienne a
été déterminée séparément pour chaque consortium, tandis que 'ADN total a été extrait a
partir des quatre consortia puis mélangé. L'ADN a aussi été extrait a partir du consortium
microbien original du fromage utilisé pour débuter les repiquages. L'analyse de l'activité
antimicrobienne du consortium microbien initial, isolé¢ a partir du fromage T2, envers 36
souches indicatrices n'a pas mis en évidence d'inhibition causée par des bactériocines.
L'activité antimicrobienne la plus forte a été¢ détectée avec un consortium microbien
représenté par des lactobacilles, mais il était probablement dii a la production d'acides
organiques. Nous avons observé une inhibition des souches indicatrices Ec. durans CCM
5612 et Ec. faecium CCM 4647 par le consortium de coques mésophiles (a partir de gélose
M17 a 30°C). Il y avait aussi une légere réduction de ces inhibitions lorsqu'un traitement a
la protéinase K a été appliqué, ce qui indique une possible implication d'un composé
antimicrobien de nature protéique. La concentration de composé antimicrobien dans le
surnageant n'était cependant pas suffisante pour étre observée par les essais antimicrobiens.
Le principal objectif de ce travail était de déterminer si les souches comportant les génes
de bactériocines ont un avantage compétitif dans des populations mixtes dans des
conditions données et quelles sont les bactériocines potentiellement impliquées. Des
repiquages successifs dans du lait a 30°C résultaient en une réduction du nombre de genes
détectés. Ainsi, apres cinq repiquages, seulement deux bactériocines (enterocine P et
cytolysine) parmi les cinq testées ont €té détectées, et apres 10 repiquages aucun d'eux. Les
génes pour ces deux bactériocines, l'entérocine P et la cytolysine, étaient cependant
toujours détectés apres 10 repiquages successifs a 42°C. Lorsque d'ADN ¢était isolé a partir
de consortia microbiens obtenus a partir de trois milieux gélosés différents (Rogosa, M17
et CATC), les déterminants génétiques pour l'entérocine L50B étaient aussi détectés, en
plus des déterminants pour l'entérocine P et la cytolysine. Lors de la propagation, le
nombre de genes de bactériocines détectés diminuait de huit a trois, ce qui indique que la
proportion de souches comportant les génes de bactériocines diminuait au sein de la
population, mais les souches qui comportaient les génes pour l'entérocine P, L50B et la
cytolysine étaient capables de persister lors de la propagation. L'explication de ce résultat
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pourrait étre qu'avec une propagation journaliére nous avons stimulé la proportion de la
population microbienne représentée par les entérocoques. En plus des changements dans
les nombres de genes de bactériocines détectés, il y avait aussi des changements dans
'activité antimicrobienne du consortium microbien. Contrairement au consortium initial,
les consortia aprés propagation n'avaient pas de forte activité antagoniste envers les
entérocoques. L'activité antagoniste n'était préservée qu'envers les souches indicatrices L.
monocytogenes N°10 S 4ab, Lb. sakei ATCC 15521 et L. innocua ATCC 3090.

Les souches indicatrices L. monocytogenes et Lb. sakei ont également été utilisées pour
isoler des souches individuelles présentant une activité antagoniste. Les souches ayant une
activité antagoniste ont été isolées a la fois du consortium initial du fromage T2 et du
consortium obtenu apres repiquage dans du lait. Des dilutions des consortia microbiens ont
été ensemencées sur de la gélose MRS modifiée (10% de sucres, 37°C) et M17 (30°C et
42°C). Apres incubation, les colonies ont été recouvertes avec une surcouche de milieu
gélosé inoculé avec des souches indicatrices. Les colonies entourées d'un halo d'inhibition
clair ont été isolées et purifiées. A partir de l'origine (consortia microbiens avant et apres
propagation), de la croissance sur milieu gélos¢ (MRS, M17 et CATC) et des profils
d'inhibition, nous avons sélectionné onze isolats pour des analyses complémentaires.
Chacune des souches sélectionnées a été testée pour son activité antagoniste envers sept
souches indicatrices (L. monocytogenes N°10 S 4ab, S. aureus 1SS 464, Lb. sakei ATCC
15521, L. innocua ATCC 3090, Ec. durans CCM 5612, Ec. faecalis ATCC 19433, Ec.
faecalis CCM 4647 et Ec. faecium ATCC 19434). L'ADN génomique de ces isolats a été
extrait et utilisé pour la détermination, par PCR, des genres, espéces, et la présence des
genes correspondants aux différentes bactériocines. Nous avons ¢galement réalisé un
phénotypage des isolats par PhP (PhenePlate™), qui est basé sur la mesure des cinétiques
de réaction biochimique lors de la croissance dans des plaques de microtitration. Neuf des
onze souches analysées par des PCR spécifiques d'especes ont été identifiées comme Ec.
Jaecalis et deux comme Ec. faecium. Ces deux mémes groupes ont ¢té identifiés avec le
systeme PhP. Au sein du groupe Ec. faecalis, 3 sous-groupes ont été identifiés, alors que
les deux souches d'Ec. faecium étaient treés proches. Toutes les souches sélectionnées, a
l'exception d'une (GOxR/1), avaient une activité antagoniste de nature protéique puisque la
présence de protéases (chymotrypsine et protéinase K) supprimait l'activité antagoniste.
Toutes les souches sauf une (G10x42/3.1) avaient les genes de cytolysine et avaient la
méme efficacité envers les especes du genre Enterococcus. Nous supposons que cette
bactériocine est responsable de l'activité inhibitrice observée. Etant donné que la cytolisyne
a également des propriétés hémolytiques, nous avons testé les souches pour cette propriété
dans une gélose au sang et observé qu'aucune d'entre elles n'avait une activité hémolytique.
A partir de ces résultats, nous pouvons conclure que la cytolysine n'est pas responsable de
l'activité inhibitrice observée. Etant donné que les isolats de consortia microbiens avant et
aprés propagation étaient trés similaires, nous pouvons spéculer que des souches
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individuelles étaient prédominantes, probablement en raison d'un certain avantage
compétitif. Dans cette étude du microbiote du fromage T2 nous avons réalisé I'analyse
complete de son potentiel antagoniste, en partant du fromage dans son ensemble jusqu'au
niveau des souches, et du niveau génotypique au niveau phénotypique de I'activité
antagoniste.

Parmi les nombreux geénes de bactériocines identifiés dans les consortia microbiens du
fromage T2, nous n'en avons trouvé qu'une minorité dans les souches isolées a partir de ces
consortia. La principale cause de ce résultat est probablement liée a la procédure
d'isolement de ces souches. Etant donné que nous n'avons isolé des consortia microbiens et
des souches individuelles uniquement a partir des boites de Pétri comptables (entre 30 et
300 colonies), nous avons limité notre recherche a la population la plus abondante dans le
fromage, et perdu les souches moins représentées. Nous avons sélectionné uniquement les
souches présentant une activité antagoniste envers les souches indicatrices, ce qui est un
moyen relativement facile de rechercher des souches productrices de bactériocines. Il est
connu que la présence de déterminants génétiques de certaines protéines n'assure pas
nécessairement leur synthése, et aussi que les protéines synthétisées ne sont pas
nécessairement actives. C'est la raison pour laquelle I'expression de geénes de bactériocines
a une importance clé dans la recherche et l'application de souches intéressantes. Les
résultats de notre étude ont également montré que la capacité des souches a produire des
bactériocines n'est pas forcément suffisante pour leur assurer un avantage compétitif. Il
faut aussi prendre en considération le fait que les fromages traditionnels produits a partir de
lait cru, ont un microbiote trés diversifié dans lequel des souches individuelles
prédominent rarement. Au sein de la population microbienne, il y a un certain équilibre
entre les différentes souches productrices de bactériocines, qui dépend a la fois de la
capacité a produire des bactériocines et de la capacité a résister aux bactériocines produites
par les autres souches. Au sein d'une population, les souches produisant différentes
bactériocines s'inhibent mutuellement jusqu'a un certain point, puisque la capacité a
produire une bactériocine n'apporte pas de résistance aux autres bactériocines. En général,
I'écologie microbienne n'attribue pas nécessairement la méme importance au role des
bactériocines pour la compétitivité des souches, qu'au réle d'autres interactions telles que
par exemple la compétition pour des nutriments. Ceci est probablement dii au manque
d'études sur le role des bactériocines in vivo, dans les populations microbiennes.

Dans cette étude, nous n'avons que rarement ¢té en mesure de faire des corrélations
concretes entre l'activité antagoniste et la présence de génes de bactériocines. Nous avons
eu ce probleme a la fois pour des consortia et pour des souches individuelles. Ce manque
de concordance entre le nombre de genes détectés et l'activité antagoniste exercée
réellement dans les tests d'inhibition montre que ces deux propriétés sont relies de
mani¢re complexe. Il faut prendre en considération le fait que nous avons limité notre
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recherche aux bactériocines décrites jusqu'ici et susceptibles d'étre présentes dans ces
consortia microbiens. Elles ne représentent probablement qu'une faible partie de toutes les
bactériocines pouvant étre produites par les membres de ces consortia. L'activité
antagoniste observée dans nos tests peut aussi étre le résultat de l'expression de
bactériocines non étudiés dans les analyses par PCR. De plus, de nombreux isolats
comportent des genes correspondants a plusieurs bactériocines et nous ne savons pas
comment ces génes sont exprimés et quelles sont les interactions dans 1'expression de tous
ces genes. Le choix des souches indicatrices peut aussi poser probléme, car il n'y a qu'une
connaissance limitée de leur sensibilité aux bactériocines. Un probléme similaire concerne
les protéases utilisées pour confirmer la nature protéique de l'inhibition; différentes
bactériocines sont inactivées par différentes protéases. Les tests d'inhibition ont aussi
d'autres limites pour détecter la production de bactériocines, notamment pour des milieux
complexes tel que le fromage. Entre autre, il y a la limite de détection, qui est plutot
¢levée, la répartition non homogeéne des bactériocines dans la matrice fromagere,
l'adsorption des bactériocines sur les protéines, et leur dégradation par des peptidases
bactériennes intra- et extra-cellulaires libérées a partir des cellules lysées. De plus, nous ne
pouvons pas mesurer l'activité individuelle des bactériocines, mais uniquement l'activité
globale. D'un autre coté, les méthodes moléculaires se sont avérées utiles, comme déja
mentionné dans d'autres études. Les méthodes moléculaires devraient certainement étre
améliorées afin de permettre la détection de génes qui sont exprimés dans des matrices
fromageres et ainsi d'éviter, au moins partiellement, 1'utilisation de tests d'inhibition moins
spécifiques.

En raison de nombreux inconvénients des tests d'inhibition, nous avons décidé de mettre en
place une méthode de détermination de l'expression de genes de bactériocines dans le
fromage par Reverse Transcription et PCR en temps réel (RT-PCR en temps réel). La
méthode a été testée en utilisant un fromage modele stérile ensemencé par une culture pure
de Lac. lactis M78, une souche productrice de nisine A. L'ARN total a été extrait en
utilisant une méthode d'extraction directe sans séparation préalable des cellules de la
matrice fromagere (Monnet et al., 2008). En plus de l'extraction d'ARN, les concentrations
cellulaires, le pH et la production de nisine ont été mesurés. La souche Lac. lactis M78 se
développait bien dans le fromage modele, et produisait des niveaux détectables de nisine
apres 4 h de culture. La méthode d'extraction directe d'ARN s'est avérée efficace. Elle
présente l'inconvénient de ne produire que de faibles quantités d'ARN, mais elle permet
d'obtenir un extrait dont la composition est plus représentative de I'ARN des
microorganismes présents dans le fromage. Méme si nous avons utilisé avec succes la
procédure d'extraction d'ARN en combinaison avec la RT-PCR en temps réel pour suivre
l'expression de genes de bactériocines dans un modele fromager, il y a deux principaux
défis pour appliquer cette méthode a des vrais échantillons de fromages. Le premier
concerne la maniere de normaliser les résultats des mesures de RT-PCR en temps réel dans
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des échantillons ou plusieurs espéces microbiennes sont présentes. Chacune des trois
méthodes de normalisation disponibles présente des problemes spécifiques lorsqu'elles sont
appliquées a l'analyse de fromages. La normalisation par rapport a I'ARN total ou I'ajout
d'un ARN exogene présentent un probléme similaire. Les résultats ainsi obtenus
fournissent une information sur l'expression du geéne par rapport a l'ensemble de la
population microbienne. Pour obtenir une information au niveau de la souche productrice
de bactériocine considérée, il faudrait connaitre le nombre exact de cellules de cette souche
au sein de la population, ce qui est difficilement réalisable dans un milieu complexe tel que
le fromage en raison de la présence d'autres souches ne pouvant étre distinguées facilement
sur des milieux gélosés. La troisiéme, et probablement la meilleure méthode de
normalisation, serait d'utiliser un géne de référence exprimé de facon constitutive. Cette
approche est cependant treés délicate car les fromages, en particulier ceux produits a partir
de lait cru, contiennent de nombreuses souches partageant des caractéres génétiques
communs. Méme si nous connaissions exactement la composition microbienne de chaque
fromage, il serait trés difficile de trouver des amorces nucléotidiques suffisamment
spécifiques pour une souche productrice d'une bactériocine donnée. Le second défi pour
pouvoir appliquer la RT-PCR en temps réel pour suivre I'expression de génes dans des
vrais fromages est li¢ au fait que les populations microbiennes des fromages sont en fin de
croissance, ou en phase de mortalité, ou la transcription de génes est probablement faible.
Il en va de méme de la quantité et la qualité de I'ARN extrait. L'expression de geénes de
bactériocines s'arréte généralement au début de la phase stationnaire de croissance, mais
nous n'avons pas observé cela pour certains des génes correspondants a la nisine. L'étude
de l'expression des 11 genes de la nisine A dans du fromage a, dans l'ensemble, confirmé
certains phénomenes déja connus et également permis d'établir des corrélations contribuant
a expliquer la régulation de la biosynthése et 1'immunité de la nisine. Comme d'autres
équipes, nous avons mis en évidence une production de nisine dans le fromage, mais en
plus, nous avons été¢ en mesure de comparer les tests d'inhibition avec les mesures par RT-
PCR en temps réel. Nous avons confirmé une forte corrélation entre les résultats des deux
méthodes, ce qui montre la relation étroite entre la transcription des geénes de la nisine et
l'activité finale. A partir de la transcription des génes nisine en fonction du temps, nous
avons été¢ en mesure de distinguer quatre groupes de genes : nisd, nisBTCIP, nisFEG et
nisRK. En comparant les dynamiques d'expression de ces quatre groupes de genes, leur
localisation et leur fonction dans le groupe de génes nis, leur dynamique de croissance et
l'activité antimicrobienne de la souche productrice, nous avons souligné certains éléments
déja connus, comme le fait que la nisine agit comme une phéromone de quorum sensing
qui stimule sa propre production. Cette étude est la premicre dans laquelle 1'expression des
11 genes de la nisine a ¢été analysée, et également l'une des premieres qui présente une
quantification rigoureuse, en fonction du temps, de transcrits dans un milieu fromager.
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Les principales conclusions de ce travail sont les suivantes : (a) les fromages Slovénes
traditionnels contiennent des bactéries lactiques produisant différentes bactériocines, mais
seulement une partie d'entre elles ont un avantage compétitif par rapport au reste de la
population microbienne ; (b) ces fromages contiennent aussi des bactéries lactiques qui,
individuellement ou collectivement, limitent la croissance de souches potentiellement
pathogenes de Staphylococcus aureus dans le lait et le fromage, mais nous n'avons pas été
en mesure de lier l'action antagoniste avec la production de bactériocines ; et (d) la RT-
PCR en temps réel nous a permis de quantifier de I'expression de génes de syntheése d'une
bactériocine dans un fromage obtenu avec une culture pure d'une souche productrice de
bactériocine.
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mails we exchanged but still I think one more thank you very much is in place for all the
effort, patience, constructive thinking he put into my work. For me the name Christophe
will always be associated with a true researcher spirit, precision and most of all efficiency.
Christophe is a real gentleman and I'm really happy I got the chance to work with him. It
makes me sad we didn't get to repeat the AgroParisTech work/visit, because 1 really
enjoyed working in Grignon. Grignon was a stimulating place full of interesting people and
I’'m sure it still is. When I was leaving Grignon all the nice people working there gave me a
card that said ... tu vas nous manquer! and this cannot be more true, you will truly be
missed and I hope I will meet all of you again some day. Thinking of Grignon I have to
give a big thank you to another person who contributed a lot to keeping this Slovenian-
French connection alive. This person is dr. Georges Corrieu, I’'m really grateful to him and
of course to Christophe for inviting me to be part of the doctoral program at
AgroParisTech. I'm sure these kinds of things don’t happen often to people and I’m really
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happy it happened to me. I take this as a true honour and I also can’t help myself taking it
as recognition of my work.

The one person that made it all possible home and abroad is professor dr. Irena Rogelj. I
already said she gave me my first chance to work in research and I thank her for signing
me up to work on TrueFood project, which is where everything started. Of course, where
one thing ends another has to start so, I also want to thank her for sticking with me after the
TrueFood project was finished. Working as a young researcher gave me a chance to really
do some creative research as already mentioned. These last few years were really inspiring
for me and confirmed the fact that research in this field is something I want to continue
doing. I'm grateful for all the mentoring work prof. Rogelj did over these past years, I'm
even more grateful because I know (actually I don't, but I'm sure it's a lot) how much work
has to be put into managing a laboratory like ours, not to mention the nerves.

To make a laboratory like ours manageable and relatively nerve friendly you have to have
a good team, and what a team we have. Besides the "three fairies" mentioned above we had
(some of them already left us) and still have an entire army of young dedicated researchers
taking care of our bright future. I want to thank them and all the members of the ‘Institute
of Dairy Science and Probiotics’ for making the work environment as cosy as possible. I'm
really happy the bonds between us grew stronger in these past few years, just as I wanted
them to be and I'm sure they are going to get even stronger. Feeling the connection I have
to expose two of these brave soldiers, one is a doctor, Gorazd Tompa, and the other a
doctor to be, Primoz Treven, I thank them both for all the added value. Additional thank
you goes to Gorazd for all the expert talks, ‘schnell kurs’ in bioreactor technology and in
general for all the words of encouragement. I learned a lot from this guy, more personally
than professionally (I don’t know how to run the damned bioreactor today). I would also
like to thank researchers from other chairs and departments of Biotechnical faculty, so,
thank you Daliborka Dusanié (a fine dr. to be), Ilja Gasan Crnivec Osojnik (there will be
no place to put dr. even when he gets it), dr. Blaz Stres, dr. Tomaz Accetto, dr. Tamara
Franki¢, dr. Alenka Levart, dr. Jaka Zgajnar, dr. Tomaz Pozrl, dr. Blaz Cigi¢ and dr.
Polonca Stefani¢, thank you all for being able to have a simple conversation, professional
or not.

Besides work fellows and friends I have also other friends. As it turns out wherever I am I
get a good friend from the lines of school-friends. In primary school I got Rok Erker, in
secondary school I got Tine Oblak, M.Sc. (well there were some other guys but this one is
a true fan) and during my undergraduate studies I got dr. Luka Wechtersbach. I must thank
them all for being patient with me and most of all for sticking with me. I know I wasn't
always the best one to hang around with or have phone conversation with (this I just don’t
do, never will ... well, we’ll see). Things are like that when you are constantly living with
your work problems, and in our line of business you are always living with your work
problems (talking to your self on the street and stuff). I hope this will change in time. With
this I mean that I will have the answers to all my questions before I leave the work place
(what can I say I’m a dreamer).

Beside Uros Kren, Rok Erker is the oldest (vine) friend I have and he is only half of
himself. The other half of him is his girlfriend Katja Povalej, she too is not a stand alone
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type, Rok is there to make her whole (I’'m sure they will make it official some day). Rok
and Katja are the two persons who besides my mother (of course) can test my nerves the
most. I guess the closer the person is the more it can get to you and these two are really,
really close. They are my number one fans! I hope it is not too cocky for me to say that, but
we are each other fans and we cheer for one another, I think we are way too young to have
been born such a long time ago. I thank them for being next to me because as much as they
know how to bring on the stress (unintentionally) they can take it away ten times faster
(unintentionally). Thank you again. Since the apple does not fall far from the tree I have to
mention Rok’s family, family Erker/Pecenko, especially Na-Tasa who has followed my
career’s ups and downs from the beginning. They have taken me in as a family member
long time ago and I think the bond is growing stronger with every passing day. I thank
them from the bottom of my hart for ALL the support and words of encouragement during
these long years of my study/work.

One thing is to make visits as a family and a completely different thing is to actually live
with me, for this you have to be a very special person. I think we both sure seem special
under pressure. Nevertheless I want to thank my mother for all of her support during my
education and life in general. She always encouraged me and my sister to have a good
education and she always provided everything to have it. This was never easy for her being
a single parent and I'm truly grateful that she went the extra mile for it at the beginning
when it was the hardest. She too invested a lot of herself into this. When talking about
investments I cannot go on without thanking my uncle Boban and aunt Darja for making
my first year of this higher education tuition free, but most of all I want to thank them for
all the moral support, the name ‘Indinjer’ will forever ring in my ears (but this is
something that will have to change some time soon).

I would also like to thank my father who went his separate way a long time ago and since
then I really, really don't know much about his life in all the hidden corners of the world.
The thing is he never truly left us he was always in touch, supporting us somewhere from
the backstage. I thank him for this small part he had in my life, I'm sure he wanted to make
this part bigger but it would just complicate things for us and I thank him very much for
that, for not complicating things too much.

Nothing is as complicating as it seems when you have a sister, especially if you have an
older sister to protect you and guide you. Well, she never had to do much she just stood
there as a good role model. I thank my sister for that, for being a good role model and
believing in me. My sister is not just about believing, she is also about doing. Of all the
things she did for me the most pretentious one would have to be playing a role of my
pocket lector. Without her I don’t write, I don’t read or speak English, I barely manage
Slovene language without her. I thank her for that and also for leaving some space for
excessively poetic, rule bending, half incoherent side of me.

Today, I am the man I want to be (not really, but I can walk on my own towards anything I
want) and also my sister has her own children to play with and take care of. The minute I
finished writing this dissertation she gave birth to a beautiful baby boy named Erik. So, |
think it was written in the stars that this dissertation would be dedicated to him, his sister
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Lana and all the generations to come. I hope that they will all write their own doctoral
dissertation acknowledgements some day ..... not really, I just want us all to be happy.

In conclusion of my long acknowledgements I would just like to say

FOR ME A LOT OF TIMES BELIEVING IN MYSELF IS JUST A PROJECTION OF
SOMEONE ELSE BELIEVING IN ME, AND I THANK EACH AND EVERY ONE OF
YOU RESPONSIBLE FOR MAKING THIS PROJECTION POSSIBLE AND STRONG
ASIT IS.



ANNEXES (PRILOGE)
Annex A (Priloga A)

Statistical analysis of data (Trmci¢ et al., 2008)

The concentration results of extracted DNA, obtained by different procedures of direct extraction from
cheese (Trmcic et al., 2008), were statistically analysed. Taking in to account that cheeses are inhabited by a
similar concentration of LAB (approximately 10° cfu/g) we made an assumption that there is no difference in
total amount of DNA in each cheese that cam be extracted. In accordance with this assumption each cheese
sample was regarded as a repetition and we performed statistical analysis of complete two-factor experiment
with two fixed factors being evaluated. The first factor were different buffers being used for homogenisation
of cheeses and the second factor being evaluated were different final procedures of DNA extraction from
cheese homogenates. Computer program used for statistical analysis of data was SAS/STAT (SAS Institute
inc.), more specifically the general linear modelling procedure (GLM). With analysis of variance during
GML procedure we were looking for statistically significant differences between different treatments,
statistically significant effect of one or the other factor and statistically significant interactions between the
factors. All claims are made based on 95% confidence interval.

Statisticna obdelava podatkov (Trm¢i¢ in sod., 2008)

Rezultate koncentracij izolirane DNA, ki smo jih dobili pri razli¢nih postopkih neposredne izolacije iz sira,
smo statistiéno obdelali. Glede na to, da sire naseljuje podobna koncentracija MKB (okoli 10° ke/g) smo
naredili predpostavko, da med devetimi vzorci sira ni razlik v koli¢ini skupne DNA, ki je prisotna v siru in se
jo lahko iz njega izolira. Ob taksni predpostavki, da so vzorci sirov ponovitve, smo naredili statisti¢no
analizo popolnega dvofaktorskega poskusa z dvema fiksnima preucevanima dejavnikoma. Prvi preucevani
dejavnik je bila uporaba razlicnih raztopin za homogenizacijo sira in drugi preucevani dejavnik postopek
konéne izolacije DNA iz homogenata. Racunalniski program, ki smo ga uporabili za statisticno analizo
podatkov je SAS/STAT (SAS Institute inc.) in sicer GLM postopek programa (angl. general linear modeling
procedure). Z analizo variance znotraj GLM postopka smo iskali prisotnost statisticno znacilnih razlik med
posameznimi obravnavanji, prisotnost statisticno znacilnega vpliva enega in drugega dejavnika ter prisotnost
statisticno znacilne interakcije med dejavnikoma. Vse trditve, ki izhajajo iz statisticne analize podatkov, so
postavljene na osnovi 95% intervala zaupanja.



Copy of variance analysis from SAS/STAT program (SAS Institute Inc.)
Izpis analize variance programa SAS/STAT (SAS Institute inc.)

Legend (Legenda):
puf ... Buffer for homogenisation of cheese (Raztopine za homogenizacijo sira)
1 ... 2% Dipotassium hydrogen phosphate (2% Di-kalijev hidrogen fosfat)
2 ... 2% Trisodium citrate dihydrate (2% Natrijev citrat dihidrat)
3 ... Quarter-strength Ringer's solution (Fizioloska raztopina)
iz ... Final procedure of DNA extraction (Postopek konéne izolacije DNA)
1 ... Commercial genomic DNA extraction kit- Wizard® Genomic DNA Purification Kit,

Promega (Komercialni kompleta za izolacijo genomske DNA, Promega)
2 ... Phenol-chloroform-isoamyl alcohol procedure — Cococlin et al., 2001 (Postopek s fenol-
kloroform-izoamilnim alkoholom - Cococlin in sod., 2001)

Report copy of analysis where we took in to account the interaction between the two factors - puf*iz

(Izpis analize pri katerem smo upostevali interakcije med obema dejavnikoma — puf*iz)

The SAS System 11:10 Thursday, June 5, 2008 5
The GLM Procedure

Class Level Information

Class Levels Values
puf 3 123
iz 2 12
Number of observations 54
The SAS System 11:10 Thursday, June 5, 2008 6

The GLM Procedure

Dependent Variable: konc konc
Sum of

Source DF Squares Mean Square F Value Pr > F
Model 5 6451.93858 1290.38772 4.00 0.0041
Error 48 15468.11349 322.25236
Corrected Total 53 21920.05207

R-Square Coeff Var Root MSE konc Mean

0.294340 112.8053 17.95139 15.91361
Source DF Type I SS Mean Square F Value Pr > F
puf 2 4935.334519 2467.667260 7.66 0.0013
iz 1 1352.150856 1352.150856 4.20 0.0460
puf*iz 2 164.453206 82.226603 0.26 0.7758
Source DF Type III SS Mean Square F Value Pr > F
puf 2 4935.334519 2467.667260 7.66 0.0013
iz 1 1352.150856 1352.150856 4.20 0.0460

puf*iz 2 164.453206 82.226603 0.26 0.7758



Report copy of analysis where we neglected the interaction between the two factors

(Izpis analize pri katerem smo zanemarili vpliv interakcij med dejavnikoma)

The SAS System 11:10 Thursday, June 5, 2008
The GLM Procedure

Class Level Information

Class Levels Values
puf 3 123
iz 2 12
Number of observations 54
The SAS System 11:10 Thursday, June 5, 2008

The GLM Procedure

Dependent Variable: konc konc

Sum of
Source DF Squares Mean Square F Value Pr > F
Model 3 6287.48538 2095.82846 6.70 0.0007
Error 50 15632.56670 312.65133
Corrected Total 53 21920.05207
R-Square Coeff Var Root MSE konc Mean
0.286837 111.1121 17.68195 15.91361
Source DF Type I SS Mean Square F Value Pr > F
puf 2 4935.334519 2467.667260 7.89 0.0010
iz 1 1352.150856 1352.150856 4.32 0.0427
Source DF Type III SS Mean Square F Value Pr > F
puf 2 4935.334519 2467.667260 7.89 0.0010
iz 1 1352.150856 1352.150856 4.32 0.0427
Report copy of comparison of each factor
(Izpis primerjav enega in drugega dejavnika)
The SAS System 11:10 Thursday, June 5, 2008

The GLM Procedure
Least Squares Means

Standard
puf konc LSMEAN Error Pr > |t|
1 5.3544444 4.1676754 0.2048
2 28.5055556 4.1676754 <.0001
3 13.8808333 4.1676754 0.0016
Standard
iz konc LSMEAN Error Pr > |t]
1 20.9175926 3.4028927 <.0001

2 10.9096296 3.4028927 0.0023

9



Annex B (Priloga B)

Antimicrobial activity of isolated microbial consortia of cheese T2 and its concentrated supernatants,
obtained after cultivation in liquide growth media (MRS, M17).

Protimikrobna aktivnost osamljenih mikrobnih zdruzb sira T2 in njihovih koncentriranih supernatantov,

dobljenih

Indicator strains/

Isolated microbial consortia/

Osamljena mikrobna zdruzba sira

Indikatorski sevi CATC Rogosa M17 30°C M17 42°C
M| S |NS| M|m|S|[NS|M| S |NS|M| S |NS
C. perfringens 1B 1106 0 - - 2 0 - - 0 - - 0 - -
C. tyrobutyricum DSM 2637 0 - - 8 1 - - 0 - - 0 - -
Lb. sakei ATCC 15521 0 - - 4 2 - - 0 - - 0 - -
ilzr élélb91f6tf9cklz ssp. delbruecki 0 ) ) 4 3 i ) 0 ) ) 0 ) )
Lb. johnsonii NCC 533 0 - - 7 0 - - 0 - - 0 - -
ilzr gélliquge“céc% ssp. bulgaricus 0 ) ) 1 0 i ) 0 ) ) 0 ) )
[]Sbs I\;jlagggczzsel ssp. paracasei 0 ) ) 5 1 i ) 0 ) ) 0 ) )
Lb. plantarum NCDO 1193 0 - - 6 0 - - 0 - - 0 - -
Lb. fermentum ATCC 14931 0 - - 5 0 - - 4 - - 4 - -
E. faecalis ATCC 19433 0 - - 4 0 - - 0 - - 0 - -
E. faecium CCM 4647 1 - - 9 2 - - 0 - - 0 - -
E. durans CCM 5612 2 - - 6 0 - - 0 - - 0 - -
L. monocytogenes N°10 S 4ab 0 - - 13| 4 - - 0 - - 0 - -
L. innocua ATCC 33090 0 - - | 10| 5 - - 0 - - 0 - -
B. cereus CCM 2010 0 - - 14| 0 + - 0 - - 0 - -
E. coli ATCC 11229 0 - - 13 ] 1 + - 0 - - 0 - -
S. aureus ATCC 25923 0 / / 6 3 - - 0 / / 0 / /
S. aureus IM 131 0 / /|11 ] 3 - - 0 / / 0 / /
S. aureus ATCC 19095 0 / / 5 0 / / 0 / / 0 / /
S. aureus ATCC 29213 0 / /17| 4 - - 0 / / 0 / /

» continues «
» se nadaljuje «




» continuation «
» nadaljevanje «

Isolated microbial consortia/
. . Osamljena mikrobna zdruzba sira
Indicator strains/
Indikatorski sevi CATC Rogosa M17 30°C M17 42°C
M| S| NSM|m S INS| M| S |NS| M| S |NS
S. aureus RN 4220 0 / / 11 2 / / 0 / / 0 / /
S. aureus WS 2605 0 / / 4 1 / / 0 / / 0 / /
S. aureus WS 2288 0 / / 5 0 / / 0 / / 0 / /
S. aureus WS 2438 0 / / 6 0 / / 0 / / 0 / /
S. aureus WS 2608 0 / / 8 3 - - 0 / / 0 / /
S. aureus WS 2286 0 / / 9 0 / / 0 / / 0 / /
S. aureus WS 2610 0 / / 6 2 - - 0 / / 0 / /
S. aureus WS 2787 0 / / 7 5 - - 0 / / 0 / /
S. aureus WS 2613 0 / / 16 | 3 - - 0 / / 0 / /
S. aureus WS 2898 0 / / 4 0 / / 0 / / 0 / /
S. aureus WS 2980 0 / / 13 5 - - 0 / / 0 / /
S. aureus WS 3543 0 / / 5 0 / / 0 / / 0 / /
S. aureus WS 2611 0 / / 7 0 / / 0 / / 0 / /
S. aureus C.Sa.3.3 o/ [/ ]9l o0o| -] -|o]| /| /0] / |/
S. aureus C.Sa.4.2 o -|-]7]0|+] -0 -|-]01]=-1]-
S. aureus C.Sa.5.1 o\ /| /|72 -1]-1o]| /| /0] /|1
Legend: M ... Inhibition halo size (mm) when using isolated microbial consortium in spot-test/
Velikost inhibicijske cone (mm) pri difuzijskem-testu z osamljeno mikrobno zdruzbo
m ... Inhibition halo size (mm) when using isolated microbial consortia in spot-test with

modified MRS medium/ Velikost inhibicijske cone (mm) pri izvedbi difuzijskega-testa
na modificiranem MRS gojis¢u

S ... Presence (+) or absence (-) of inhibition halo when using concentrated supernatant of
isolated microbial consortium in spot-test/ Prisotnost (+) ali odsotnost (-) inhibicijske |
cone pri izvedbi difuzijskega-testa s koncentriranim supernatantom osamljene mikrobne
zdruzbe

NS ... Presence (+) or absence (-) of inhibition halo when using neutralised and concentrated
supernatant of isolated microbial consortium in spot-test/ Prisotnost (+) ali odsotnost (-)
inhibicijske cone pri izvedbi difuzijskega-testa z nevtraliziranim in koncentriranim
supernatantom osamljene mikrobne zdruzbe
Inhibition halo was clear with well defined edge/ Inhibicijska cona je ¢ista z ostrim in
dobro definiranim robom

/... Spot-test was not carried out/ Difuzijski-test ni bil izveden




Annex C (Priloga C)

Antimicrobial activity of isolated microbial consortia of cheese K3 and its concentrated supernatants,
obtained after cultivation in liquide growth media (MRS, M17).

Protimikrobna aktivnost osamljenih mikrobnih zdruzb sira K3 in njihovih koncentriranih supernatantov,

v

Indicator strains/

Isolated microbial consortia/

Osamljena mikrobna zdruzba sira

Indikatorski sevi CATC Rogosa M17 30°C M17 42°C
SINS|M|m | S |NS|M| S |NS|M| S |NS

C. perfringens 1B 1106 + - 1 0 - - 2 - - 1 - -
C. tyrobutyricum DSM 2637 - - 4 0 - - 2 - - 1 - -
Lb. sakei ATCC 15521 - - 3 0 - - 0 - - 0 - -
Lb. delbrueckii ssp. delbruecki ) ) 5 0 i ) 0 ) ) 0 ) )
ATCC 9649

Lb. johnsonii NCC 533 - - 1 0 - - 0 - - 1 - -
ilzr éléllirluge“céc% ssp. bulgaricus ) ) 0 0 i ) 0 ) ) 0 ) )
[]Sbs I\l/nlaggzgczzsel ssp. paracasei ) ) 3 0 i ) ) ) ) 0 ) )
Lb. plantarum NCDO 1193 - - 3 0 - - 0 - - 0 - -
Lb. fermentum ATCC 14931 - - 6 0 - - 2 - - 0 - -
E. faecalis ATCC 19433 - - 4 0 - - 2 | + - 2 + -
E. faecium CCM 4647 - - 6 0 - - 3 + - 2 - -
E. durans CCM 5612 - - 5 0 - - 2 - - 1 + -
L. monocytogenes N°10 S 4ab - - 7 0 - - 1 - - 0 - -
L. innocua ATCC 33090 - - 7 0 - - 1 - - 0 - -
B. cereus CCM 2010 - - 8 0 - - 2 - - 0 - -
E. coli ATCC 11229 + - 5 0 - - 2 | + - 1 - -
S. aureus ATCC 25923 - - / 0 + - 0 - - 0 - -
S. aureus IM 131 - - / 0 + - 0 - - 0 - -
S. aureus ATCC 19095 - - / 0 + - 5 - - 0 - -
S. aureus ATCC 29213 - - / 0 + - 0 + - 0 - -

» continues «
» se nadaljuje «




» continuation «
» nadaljevanje «

Indicator strains/

Isolated microbial consortia/

Osamljena mikrobna zdruzba sira

Indikatorski sevi CATC Rogosa M1730°C M17 42°C
M| S|INSIM|m | S|NS M| S |NS|M| S |NS
S. aureus RN 4220 0 - - / 0 + - 0 - - 0 - -
S. aureus WS 2605 0 - - / 0 + - 0 - - 0 - -
S. aureus WS 2288 0 - - / 0 + - 0 - - 0 - -
S. aureus WS 2438 0 - - / 0 + - 0 - - 0 - -
S. aureus WS 2608 0 - - / 0 + - 0 - - 0 - -
S. aureus WS 2286 0 - - / 0 + - 0 - - 0 - -
S. aureus WS 2610 0 - - / 0 + - 0 - - 0 - -
S. aureus WS 2787 0 - - / 0 + - 0 - - 0 - -
S. aureus WS 2613 0 - - / 0 + - 0 - - 0 - -
S. aureus WS 2898 0 - - / 0 + - 0 - - 0 - -
S. aureus WS 2980 1 - - / 0 + - 0 - - 1 - -
S. aureus WS 3543 0 - - / 0 + - 0 - - 0 - -
S. aureus WS 2611 0 - - / 0 + - 0 - - 0 - -
S. aureus C.Sa.3.3 o -|-| /710 +]-|lo|-]-1]0]-]-
S. aureus C.Sa.4.2 o -|-|/7]o0|+]-lo|-|-1]0]-]-
S. aureus C.Sa.5.1 0 - - / 0 | + - 0 - - 0 - -

Legend: M

Inhibition halo size (mm) when using isolated microbial consortium in spot-test/

Velikost inhibicijske cone (mm) pri difuzijskem-testu z osamljeno mikrobno zdruzbo
m ... Inhibition halo size (mm) when using isolated microbial consortia in spot-test with
modified MRS medium/ Velikost inhibicijske cone (mm) pri izvedbi difuzijskega-testa

na modificiranem MRS gojis¢u

S ... Presence (+) or absence (-) of inhibition halo when using concentrated supernatant of
isolated microbial consortium in spot-test/ Prisotnost (+) ali odsotnost (-) inhibicijske |
cone pri difuzijskem-testu s koncentriranim supernatantom osamljene mikrobne zdruzbe

NS ... Presence (+) or absence (-) of inhibition halo when using neutralised and concentrated
supernatant of isolated microbial consortium in spot-test/ Prisotnost (+) ali odsotnost (-)
inhibicijske cone pri izvedbi difuzijskega-testa z nevtraliziranim in koncentriranim
supernatantom osamljene mikrobne zdruzbe
Inhibition halo was clear with well defined edge/ Inhibicijska cona je ¢ista z ostrim in
dobro definiranim robom

/... Spot-test was not carried out/ Difuzijski-test ni bil izveden




Annex D (Priloga D)

Average counts of microorganisms in milk during propagation of T2 cheese consortia.

Povprecno stevilo mikroorganizmov v mleku tekom zaporednega precepljanja mikrobne zdruzbe sira T2.

Mesophilic .

Temperature of Number of LAB Therin:ghlhc Enterococci  Lactobacilli
propagation/ transfers/ (cfu/mL)/ (cfw/mL)/ (cfu/mL)/ (cfu/mL)/ H
Temperatura Stevilo Mezofilni T(e:rumo filne Enterokoki Laktobacili
propagacije precepljanj MKB MKB (ke/mL) (ke/mL) (ke/mL)

(ke/mL)
Atmilk inoculation/ 0x 8,2x10" 1,1x10° 9,8x10° 37x10° 6,54
Ob inokulaciji mleka
30°C 5x 6,6x10° 1,1x10’ 8,5x10° 2,9x10° 4,25
10x 1,9x10® 1,6x10’ 1,1x10° 2,7x107 4,12
1°C 5x 2,7x10’ 3,2x10’ 3,0x10* 2,6x10’ 4,31
10x 0* 3,6x10’ 0* 1,7x10’ 4,03
Legend: * .. No growth at dilution 10" and three repetitions

Legenda: * ... Brez rasti prirazredgitvi 10" in treh ponovitvah




Annex E (Priloga E)

Antimicrobial activity of propagated mesophilic microbial consortia (ten transfers at 30°C)
against L. monocytogenes N°10 S 4ab.

Protimikrobna aktivnost zaporedno precepljane mezofilne mikrobne zdruzbe(deset precepljanj pri 30°C)
proti L. monocytogenes N°10 S 4ab.

-> point of proteinase K application (mesto, kjer se je aplicifala proteinaza K)



Annex F (Priloga F)

Antimicrobial activity of bacteriocinogenic strains
Lac. lactis ssp. lactis M 78 and E. faecium ATCC 19434.

Protimikrobna aktivnost bakteriocinogenih sevov
Lac. lactis ssp. lactis M 78 in E. faecium ATCC 19434.

Indicator strains/ Indikatorski T?St stralns/.Testnl SEVL_
mikroorganizmi Lac. lactis ssp. lactis E. faecium
M 78 ATCC 19434
S. aureus C.Sa.4.2 2k 0
S. aureus 18S 465 3k 0
S. aureus 1SS 464 5% 0
S. aureus 18S 23 3k 0
L. monocytogenes N°10 S 4ab / 6"
L. innocua ATCC 33090 / 6
E. faecalis ATCC 19433 / 3k
E. faecium CCM 4647 / 3k
E. durans CCM 5612 / 6
Lb. sakei ATCC 15521 9" gt
Legend/Legenda:
2-8 ... Inhibition halo size — mm (velikost inhibicijske cone - mm)

Clear inhibition halo with sharp and well defined edge (Inhibicijska cona je ¢ista z ostrim in

dobro definiranim robom

Protein nature of inhibition was confirmed with chymotrypsin (Proteinska narava inhibicije je

bila potrjena z uporabo kimotripsina)

P ... Protein nature of inhibition was confirmed with proteinase K (Poteinska narava inhibicije je bila
potrjena z uporabo proteinaze K)

/ ... The spot-test was not performed (Difuzijski-test ni bil izveden)



Annex G (Priloga G)

Antimicrobial activity of isolated strains against Ec. faecium ATCC 19434.

Protimikrobna aktivnost osamljenih sevov proti Ec. faecium ATCC 19434,

Isolated strains/ Osamljeni sevi Indicator strain/ Indikatorski sev
Ec. faecium ATCC 19434
GO0x30/1 1 kp
G0x30/4 1 kp
GOx42/1 1 kp
GOx42/2 1 kp
GOx42/9 1kr
GOxR/1 4 K
G10x30/4 1 kp
G10x42/3 1 kp
G10x42/3.1 0
G10x42/9 1 kp
G1042L/4 1 kp
Ct.l1.1 0
Ct3.1 2kp

Legend/ Legenda: 0-4

kk

Inhibition halo size - mm (velikost inhibicijske cone - mm)

Clear inhibition halo with sharp nad well defined edge (Inhibicijska cona
je Cista z ostrim in dobro definiranim robom)

Protein nature of inhibition was confirmed with chymotrypsin (Proteinska
narava inhibicije je bila potrjena z uporabo kimotripsina)

Protein nature of inhibition was confirmed with proteinase K (Proteinska
narava inhibicije je bila potrjena z uporabo proteinaze K)

Very weak effect of chymotrypsin on antimicrobial activity of the strain
(Zelo sibek vpliv kimotripsina na protimikrobno aktivnost izolata)

Antimicrobial activity of isolate G0x42/9 against Ec. faecium ATCC 19434.
K-presence of chymotrypsin, PK-presence of proteinase K.

Protimikrobna aktivnost izolata GOx30/1 proti Ec. faecium ATCC 19434.
K-prisotnost kimotripsina, PK-prisotnost proteinaze K.




Antimicrobial activity of isolate GOxR/1 against Ec. faecium ATCC 19434,
K-presence of chymotrypsin, PK-presence of proteinase K.

Protimikrobna aktivnost izolata GOxR/1 proti Ec. faecium ATCC 19434.
K-prisotnost kimotripsina, PK-prisotnost proteinaze K.



Annex H (Priloga H)
Antimicrobial activity of isolate G0x42/9 against L. monocytogenes N°10 S 4ab.

Protimikrobna aktivnost izolata G0x42/9 proti L. monocytogenes N°10 S 4ab.

K ... presence of chymotrypsin (prisotnost kimotripsina)
PK ... presence of proteinase K (prisotnost proteinaze K)



Annex | (Priloga I)

Antimicrobial activity of isolate GOxR/1 against E. durans CCM 5612.

Protimikrobna aktivnost izolata GOxR/1 proti E. durans CCM 5612.

K ... presence of chyfnotrypsin (prisotnost kimotripsina)
PK ... presence of proteinase K (prisotnost proteinaze K)



Annex J (Priloga J)
Growth of isolated strains on solid CATC media.

Rast osamljenih sevov na trdnem gojis¢éu CATC.

G10x42/2 G0x42/9

304 ) Gg" @stom
Vv gy
G10x42/5 = (Gioxa2ss
G10x42/2 |, G10x42/10




Annex K (Priloga K)
Lactococcus lactis subsp. lactis M 78 nisin biosynthetic gene cluster, complete sequence

Skupek genov za biosintezo nizina pri sevu Lactococcus lactis subsp. lactis M 78, celotna sekvenca

n " W —

mmmc

FASTA  Graphics
[=-1-3

Locus RM219853 15016 bp DHA linear ECT 10=-JAR=2011
DEFINITION Lactococcus lactis subsp. lactis nisin biosynthetic gene cluster,
complete sequence.
ACCESEION  HMR19853
VERSION HMZ19853.1 GIl:i209832736¢
KEYWORDS A
Lattococcus lactis subsp. lactis

SOURCE
CORGANISM Lactococcus 15:!’.;: subsp. lactis
Bacteria; Flrmicutes; Lactobacillales; Streptococcaceas;

Lactococcus,
PEFERENCE 1 (bases 1 to 1501&)
AUTHORS  Trmcic,Au; Monnet,Cu Rogellil: and Bogovic MatijasiciBg
TITLE Expression of nisin genes in cheese~A guantitative real=time
polymerase chain reaction approach
JOURNAL . Dairy Sci. 94 (1) T7-85 (2011)
PUBMED 211830183
REFERENCE 2 (bases 1 to 15016)
AUTHORS Trmcic,A.; Samelis,J., Mennet,C.; Rogeli,I. and
BogovicsMatijasic, By
TITLE Complete gene cluster invelved in nisin A biosynthesis: nisdA, nisB,
nisT; nisC, nisl, nisE; nisR, nisK; nisF, nisg, niss
JOURNAL  Unpublished
BEFERENCE 3 (bases 1 to 15016)
AUTHORS  TemcicyA., Samelis,J., Monnet,C., Rogelj,l. and
Bogovic=-Matijasic,B.
TITLE Direct Submission
JOURMAL  Submitted (l2-MAY-2010) Department of Animal Science - Chair of
Dairy Science, Blotechnical Faculty, Greblje 3, Domzale 1230,
Slovenia
FEATURES Location/Qualifiers
source 1,.15006
.I’nrqanisn-m::r.o:o:..us lactis subsp: lactis®
{mol_type="genomic DNA
/strain="M78"
fiselation scurce="raw milk"
faub npo:hs-"la:tis
fdb_gref="tax ,'L o™
/country="Gr
/eellected by="John Samelis®™
misc feature B28:.141852
/note="nisin biosynthetic gene cluster"
828..1001
fgene="hisA"
cos £28..1001
/gene="nisA"
/note="prenisin; nisin A structural protein®
{codon_start=]
/transl_table=ll
/product="Hish
/protein_id=*ADJS6352.1%
fdb_: xrefs"G1:299832731" 3
/translation="HSTKDFNLDLYSVESREDSGAS PRITSISLCTFGCKTGALMGONH
ETRTCHCSTHVSK™
gene 1109..4080
fgene="nisE"
fuir | 1109..,4090
/gene="nisB"
/function="dehydration of serine and threonine"
/mote="nisin biosynthesis protein”
{codon_start=1
frransl_tablesll
.r‘produc:-"m:v'
/protein_id= gpgssas!;u
/db_xref="G1:19883213
/translation="MIKSSFRAQPFLVRNTILSPNDRRSFTEYTQVIETVSHNEVFLE
GLLLANPEL Y DVMOR TNAGLLEEKRVEKLFES IYRYYRRSYLRETPFFGLFSETSIGVE
SESSQYKLMGKTTRG I RLDTQWL IRLVERMEVDF SKELEFTRNNANYKFGDRVFQVYT
INSSELEEVNIEYTNVYQI ISEFCENDYQRYEDICETVILCYGDEYRELSEQYLGSLI
VHHYLISNLOKDLLEDF SWNTFLTREVEAIDEDRKY T I PLERVOKFIQEYSEIEIGEG]
EKLKEIYQEMSQILENDNY IQIDLISDSEINFDVEQKQOLEHLAEFLGNTTHSVRRTY
LDDYKDKF1EKYGVDQEVQI TELFDSTFG IGAPYNYNAPRNDFYESEPSTLY YSEEER
EEYLSMYVEAVENHNVINLDDLE SHYKMDLEKKSELQGLELFLNLAREYEEDIFILG
DIVGRNNLGGASGRFSALSFELTSYHRTIVDSVERENENKEITSCEIVELPENIRHAN
VMHTS INRREVLPFFTETSHNEVLLTNIY IGIDEREKFYARDISTQEVLEFY ITSHIN
KILFSNELRFLYEISLODEFGHLFWELIYRDFDYIPRLVFDEIVIS PARWKIWGROVRE
SEMTIRELIQSKEIPKEFY IVHGDNEVYLSQENPLOMEILESAIRESSKERKDFIELQE
YFEDENIINKGEKGRVADYVVPFIRTRALGNEGRAF IREKRVSVERREKLPFNERLYL
lLﬂsmngmusyun:qszMLmal"mullm:mmmas
ILEILKRSRENRIMSTFDISIYDQEVERYGGFOTLELSEATFCADSKI IFHLLTLIRD
THNOWKVDDVS ILVNY LY LKCE FENDNKX I LNFLNLY S PXKVEENVNERIEHYLKLLE
VHNLGDQ I FYDENFRELKHATKNLELEMIAQDFELQKVYSIIDS I THVHNNRLIGIER

E

DEEKLIYYTLORLFVSEEYME™
gene 4101..5903
/gene="nisT"
cos 41015 5903



&g

&g

fgene="ni
/funct 10!!:!:.«““ ion of pﬂnisln““

/note=*nisin transport ATE g protein®
Joodon_start=1

/transi tum:-

gntun 4 56354.1"

/db_xref="g %ﬂ’?ﬁ‘

J’trmhﬂcn SKQFFNTLLTLPSTLELI FQLEKRYATYLIVLNATT

AFVELASLFT mmmm:u:uur:mm LESYVSGKFOMRLS
Y5 INMRLMRTTSSLELSDYEQADMYNI TEKVTQUSTY FNATTVWLSSFISLLS
GTHNIGVAT LLLIVPVLSLVLELEVGQLEFL D RETWYIVYLLTHD
ESFRETKLUNISNY F IHKFGRLKKGF INGDLATARKKTYFNI FLOFTLNLINTLTI FA
MILSYRAGKLLIGNLVSLIQATSKINTYSQTMIONLY ITYNTS!
VHKKIEDTEICNOR IGTVEVINLSYVYPNSHAFALKNINLSFEKGELTATVGKNGSGK
STLVKI1SGLYGPTHGI IQYDKMASSLMPEEFYOKNT SVLFODFVKYELTIRENIGLS
DLESQWEDEKTTHVLDNLGLE TALART
FFKKAS1Y1LOEPSAALDPVAEKET FDY FVALSENNI STF 1 SHSLNAARKANKIVVME
DGOVEDVGEHIVLLERCOY YQELY Y SEQYEDNDE®

5896, 7140
nisc®

fgene=*nisc*
/functione®cyclization; formation of (methyl) lantionines®
/motes¥nisin blosyhthesis protein®
/oodan_start=1
ftransi . table=
g:mlt-‘ﬂ
rotein
b ml:sn! %ﬁ%
/transiation="MNKKNIKRNVEKI | AQWDERTRKNKENFDFGELTLSTGLEGLIL
YOKKIDNY IEY IVSKLSTYGLLTGSLY SGAAGIALS ILHLREDDE
mm.r.mmu mmim mrmmmrmammm
tmm PLGCLNMG LAHGLAGVGC T LA
SHEASLSALORTIF ﬂmm ADELKKEKVIREASFIR
Wis&& YLYGGLALDNDY FVDEAEK T LESAMCRRLGIDSYMI CHGYSGLIE
ICSLEKRLLNTKRF DS YMEEFNVNSEQT LEEYGDESGTGFLEGI SGC T LYLSKFEYST

37,7874

fgene=tnis]®

I TE

fgene="nis1*

fmote="nisin immunity protein; nisin-binding lipoprotein®
Joadon_start=1

/trans_tables

Aproduct=*NisT

Jfprotein ld=" -
m_sn:-'u-:zﬁnnﬁ

ftranslation="MRRYLILIVALIGITGL TNFIYDNKS
YFVTDKE T POENVNNSEVEEYKLLIVIMKSEKLLES SNKNSVTLVLENI YEASDKSLE
mmmmmmmm DISDONFVIDENDSRETDYMGNIYSIS
mvsmwmm 1PRSEWGRIDKDGSHSKOSRTEWDYGETH

ftmtlnn-"ﬁul.mm of leader peptide from premisin and
activation of nisin’
/aotes"nizin leader peptide-processing serine protease®
fnndm}_mn 1
ftransl_table=

oducte rél

"Nis
fprotein_id= £357.1%
fdb_xref="G1:2 )
znmuuon«‘mnwmmmmmumsmxm
EMHVSLOET

FGENLSKSEWVARA TRRAADDGNRVINIT SGEYIDOTNDYQEYLNYKSATN
TATAKGS IVVAALGNDS LN 1 QUNQTMINFLKRFRS I KVEGEKVVDAPSVFEDV LRVGST
DGYGHISDFSNIGADAL YAPAGTTANFERYGODKFVSUGY YL v
YGNEFATERVSGALALYVDKYGIKN

QDDA INHKSMENLKESRDTMEQEQDKE IQRNTNKNES TKNDFHN I SKEVL
gvmm&umnmumm:smm

4993,,1067%
ene=*nisk*
99593..1067%
fgene="nisk"
Jtunction="t ranscript ional activator/response regilator in
tWo=component regulatory system®
fmotes"nlsin Ulnarnuusl.s requlatory protein®
foodon_start=1
ftransi _h-&.[

orocein oo .

rotein ;

fdi tntﬁ%

Jt rans1at {on="MYKILIVODDGE TLKIMKTALEMRNY EVAMHONTSLPLDITDFD

GFOLILLDIMMSNIEGTEICKRIRREISTPI IFVSAKDTEEDT INGLGIGEDLY ITKP
FSLKQLVAKVEANT KREERNKHAVHVFSEIRRDLGE T TFY LEERRVCVNGOT IPLTCR

EYDILELLSQRTSKYYTREDT YDIVY ! TYQIRSKFAFYDINPIKT

10672..12015

e faors

10672, , 12015

/gene="nisK"

/function=Ysensor p in regulatory

system”



8 B

2§

tetottaact
ttaattecet
taaaaatact

aatcacogte

cattaagttt

/translation="MOVKIQNLSKTYKERQVLQDT
MEILFGLISADTGK

/mote=*nisin blosynthesis sensor protein™
feodon_start=1
/transl_tables
/product="H1 K

Ivrm M’iﬁuﬂ%
aref=hGI1299632

ftmam Lat don="MGKKY SMERETWOAVIET] mmumuﬂmlﬁelm
SETIRLELDSDNLT ISDIERDMKHY PYDY 1 TFDNDTSKILUGHYVESDVPSFUASKQS
&nmnmmwm_ YLEFFLGEIILII
b SRV LNV SPL TV LIoRL B LEMFEYRE AL SRREL Y
¥ 3 HOVETPLTVLEGNT ESMENSLTV
FOKYFNTMISYTHLLEDENDYKATISLEDFLY mmmmmu
TFYGHTLALSFALINTFVNACOYAKEGER TVSLS 1Y DDEK LY FE IWNNGHP
HNAGKLFFTEDTGR! 1GLSFAQGVALKHOGNL I LSHPOKGGAEVILET

SGKHYGIGLS
12 11l. + 12791
Neu- "nizF"

12114..12791

fgene="niaf"

/£ Ysac ion of cell-associated nisin®
/note=*nisin tr t/immunity proteing of
ABC-tra

;WM abl .jl

Lrans t, o=

/product
m;:utl-m J.ﬂn'am
/db_xref="G1

I YMNLSAFDNLETEALLF[SDK
n:muvmmmw:mumnmmm
ELLNLILKLKAKGVTILISSHULHET SKVASQLT TLNKGK IRYNRANNKEDDTEQLFF

12 793_3 13521

fgene="nis

12793 -.-15!?;
nisE®

t Lon="; fon of cell ociated nisin®

/motes*nisin transport/immunity proteini compoment of

ABC=tr

!oudul_}tm-l

/eransl_t

?‘;mm .w-" 24
fdb_xref="Gly
It tmabtieu-“lﬂ_!l
81 FL

LMSLLFLYDIKS GHE

SIVLI xuuvmmwwwn mmt ﬂ;mmﬂ'lﬂu

CLIVAPFVAQTEVWELLPYTYHYRVTESLLNI KPSGDLLT
FGLSTVVTIGVSY LLEGVIEHDRE™
13508.. 14162 [
Jgene=Ynisc®
it
gene
/funct ion="secretion of celleassociated misin®
/mote=Ynisin :xmpoml.-ml.u protein component of
ABC-tra
fendon_start=1
J'trmf_t&h_.‘l.-v

ftransl, sau- ECLELENS LGFYLVFLETLLELLTVPT Y LAFGREHVEMTD
LSLMI FLFFPLLVTILS IL1FEQESLANRFOEINVNKKSER IWLSKLIVVIFLLFFES
AMIWIITGVS, TATASWLMALFLNHFRLLLTF T INRGGSMI 1AL IEILLY
IFASNKVLLARYWC PIALPVNEMI TGRCAYL IAAVGWIVLST I LVALSKKK IR

cogtgtotag tttttegtty actttosatt atgettggat tttttattge
ttttttgtat acaagetegt attcttaaca aataattgge atatogggtt
atgtgtttta aagaatctct catgagtttg acgecaataa cttagattaa
ampttatttt taggcacgtt cggoagtaac cttatiaaag gratctcagt
catgatagta tttactattt tga tct tat ate taa

atgattaatt

1 ttasaatcat

tatttaataa

g9 goaggacadg tgaacttatc
g’tlnmn gagttetgaa tgtttcaaat tatgaggaac aacaggagtt
:Ecthe attdgectaa aattaacaag
muitu tettttacaa aaaatattta tt tat agttgacgaa
tttuthut lt.ttmt.r.t tocrtagttoet mtnnta mtmtt

tmﬂamv
tegataacae
atttegtteg
attttaactt

ataa aa'
tasaacagto ttaattctat mtmnw uttv!tut natattdttg
gngmuau .ae'q?:t'etg attasattct gaagtttygtt agatacaatg

aatt ataaggaggc actcasaatg agtacaaaag
w.mggta totgtttoga agaaagatto aggtgoatca ccacgoatta

ca tte

aaacagecaac
tttattagtt
gettataasa
tttagtaaga
agtcattgag
taaactoctat
Aaaattattt
rggattatte
gagasagact
aatggaagta
tggagatega
taaatatacqg
tgaagatatt
acaatatett gg
gttgtcagat
Aaaatatata

sattggtgaa ggt

gaatgataat

acassagoaa

g s gagt "
ttgtoattgt agtattcacg taagcaaata accaaatcaa aggatagrtat
cagacatgga tactatoota tttttataag ttatttaggg ttgctaasata

gat gt tcatttaaag ctcaacagtt
aatacaattt tatctocaaa cgataaacgg agttttactg aatatactca
actgtaagta aasstaaagt ttttttggaa cagttactac mctnt:c
gatgttatge agaaatatas tgotggtctg tt
gaatctattt acaagtatta taagagaagt tatttacgat caactecatt
agtgasactt caattggtgt tttttcdaaa agttoacagt acaagttaat
A at ttgga tact i3 ttgatt: ¢ T tcatan
o s b i 548004 e e
grttttcaag trtataccat asatagtagt gegottgaag aagtasatat
aatgtttatc aaattatttc tgaatttigt gagaatgact atcaaaaata
tatgasacta tascgottta ctatggagac gnt,nmq aactatogga
gycagtctga tagttaatea trattigatc totaatttac sasaagattl
ttttcttgga acactttttt g agtt gaag ay atgaagataa
attnctctg- aaaaagttca t q *
aactgaaaga satatatcay gasatgtoae aaattottga
tatattcaaa ttgatttaat tagtgatagt gasataaatt ttgatgttaa.
mttqm n:ttw grittttagga aatacgacas aatcotgtaag

aa atttatogaa asatatggte tagatcaaga



 tateartaga

‘cactagtaaa

_Aatgttaata

_gttcaasatte

aaagtticgt

agtacaaata
tcatectoga
gagagaaaay

acagaattat
aatgactttt
tacctcagoa

ttgattetac
atgagtcega
tgtm;ta;-

atttggcata
acegagtact

s e

ggagctocat ataattataa
ctatactatt cagaagagga
aatcataaty taattaatct

titttgaatt
aataataatt
tatcatagaa
tgtgaaatag
atgaggagga
aatatctata
gaggtattga
agatttotet
tacagagact

gttagaatta

grtaacaagt
aattacatog
tacatcaatt
tetgttaact
tteaactcaa
taatgagota
pgaacttatt
at t

tggcasagga
tggagagaggc

gtatgaasaa
muetm

Qltatttttm
ttttctgeae

trttagogga
tetotengga

agaaaatatc
attttttaca
Ciadaagas
::ww;tu

tecacgtita

tatttottoe
aagtacttec
ttggaataga
aattotacat

acgasatitc
ttg.ttaut

acttattcaa
ttatttatca
etoasaanga
taaa

Ageaaagaaa
caggaasasno
aaagatttta
aaggggagag

ggatgtaaat
gttttatart
ggazattita
agaatatttt
tgtagtygcet

twmlagl
cattggatat
tagagctaca
Etgeegatge

ggagaa :
asustou 93dagag

ttat : 3

te

atttructg

a gttgtacatt

‘agacatgcta
agtacaagtc

acgttatgea
acaatgaagt
asattttatg cacgagacat
tacaataaas ogttattcag
aagtttggta atttaccttg
gtatttgacg aaatagtaat

caataagaga
gtcaatggag ataataaagt
gJagtecggega
gaagatgaaa
tttattagaa
teggttgaac
tctataaate

taaagaagag
atatcataasa
cgagageatt
ggcgtgaaad
gtoasaatga

attottecta agatatactg
TEtattttta gottacggat
aatgtcasct fttgatattt

ate

acatattaga
aatcttasaa

Eﬂ“ﬂl_!tc

rtaaaco
etattettga
ctatttatga

tactttagag

wuc:i

tacattgata
ctgaaatget
by a

ttatttatat
tttagttagt

ataatgattg

gaaagr
tctttgagaa tgataacaaa
te t

ang
gottetgaaa gttaataate
ataaaaaatt
gagaaattaa

atactttact
caatttattt

attattgaca gt

Er Sdeancttas

zca aattrrtiat

qa
tatttttaasd aatgataget

cgat gatqtatcaa

aatgtteaga
aaaataggat
Ptggatttga.
taaatttgct
tettggtgaa
attttttgas
attatcttaa
ttaaagaatt
aacttcagaa
4

trgogtatas
aggagtcaga
gasagatatg
‘aasattatic

aagattctta
aagattgaac
gacaagaatt
caagatttig

tttattacac actte
t -
agttaatitt

nt'etatw cagotttigh

toatctattt
gtggaaaatt
tga

ag gttcagagag
‘cagttotgag
gtatcaatat

mﬂ.mu
nﬂ:tﬂt“m

cteaagacag
cgtttatote
tikttactect t

ctgatatgta
tatttaatge
ttattggaac

o
mttbnl’:
agtotatttt
Lot Lok

agtttttaat

caaagg ttgrttgtee
s

tggtat!
cqgaagasata
cacatcasaa caatttttta
teagttggas asacgttatg
toogttgget agtottttta
acatcttate aatattatea
acagctggaa agttatgtta
gogectcatg aggactacet
taatatcata gasssagtta
tatcattgtt grgetticat
atggaacatt ggggtagcaa
tetcagagty ggacaattag

tattgactca

tgatttttcs
tteatazatt ta

gageaagtt
Stamania. Eoday
a

ttcaatatt
gatectttog
tatttctaaa
tactagtitg
Adaaatagaa

agaagacata
tatttgetat
toatacaage
toatthiataa
tagttcacaa
taattaattt

ateatatgtt

tttcttgatt tcattttgaa

toaagttaaa ta:

attgtatatt
aattacttca.
aget attgoetogta
attcttacga
tat t ttggtaagte.

g g tet
atcaatactt attctcaaac
tttatggaac aacttttrga
gatactgaaa tatgoaatea
tacectaatt cgaatgectt
s

tatoctttga gag
gataatttca
aaatgagaag tagtttgatg
aagattitgt gaagtatgag
cteaatggaa

ajactaataa tcaatatgta

aactttoagy aq!tcw\:gg
caatttatat t

‘ggattatate

f!‘l:l‘ ]

At

aatatttaca
agagaasgty
actgttaaag
tgoactaasg aatatcaatt
aaatggttca gggaaaagta

gggaataatc caatacgaca

cctgaggagt q
traacgataa gagagaatat
attattasag tactagataa
cttgatacge agttaggaaa
caaaaaattg cattagcaag

aggattgagt gatttgrett

gattttttga
qaagggeate
aagaaagett

tttaggacte
ttggtrtcaa
gasatiottt

at

trgattattt tgrigetett
atgntaem aat

toggaaaata ‘atatttcaat

gg ttat

ttt catttet catagtttga

I;gleclt:ig
taatgatgaa taaaaaaa.
agagaactad

tgectggtat
agaaaaagat
taacaggatc
aagatgacga
tcagagaaaa
thgasggtet
atttgasaat
tatcgatita

Mtat
gagaty
totacaggat
Aaagatatate
tatgggottt
catttacgag
gaatatttog
tatgacgtga
caatatgatg
aaaggactaa
atgtatecac taggctgttt
atettagett atgoccacat
aaaattactt ttatttatga

‘agacaattat

‘agaagatgte aatactated
ot ads 493 ;

stesinigas

aaa

tatteagage
aattattget

agaactttat
atgttgasaa

Agataactca

- ey
attgaatata
actttatteg ggagcagotg
aaaatataag aatcticttg
aattgaagga tttaatttgg

ttgttagoas
grattgoatt
atagectaaa
smttn:-
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Complete nisin A gene cluster from Lactococcus lactis M 78 (HM219853)—obtaining the nucleic acid

sequence and comparing it to other published nisin sequences (Trm¢ic¢ et al., 2011c)
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Abstract

Nisin is an antimicrobial peptide produced by Lactococeus lactis. It has a long history of safe
use, mainly in food production. This bacteriocin has been studied from many aspects of
genetics. biosynthesis, immunity, regulation and mode of action. The strain Lactococcus
lactis M78 has already been described in previous studies as a good nisin A producer with
equally good potential to be used in food production. The main objective of the present study
was to determine the complete nucleic acid sequence of the nisin A gene cluster from this
strain. This is the first time that all 11 genes that form the nisin A gene cluster were
sequenced. The obtained sequence (GenBank: HM219853) was compared to other known
nucleic acid sequences of bacteriocin nisin. The results of the comparison showed certain
differences in sequences that might mfluence the structure and function of proteins mvolved
m nisin biosynthesis. immunity and regulation.

Keywords: nisin, nucleic acid sequence, Lactococcus lactis
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Introduction

Lactic acid bacteria that produce different bacteriocins are gaining trust for use as starter or
protective cultures in the production of fermented foods. Nisin, a ribosomally synthesized
lantibiotic is one of the most characterized LAB bacteriocins. There are several known
variants of nisin naturally produced by several strains of Lactococcus Iactis and
Streptococens uberis. The most common variants are nisins A and Z. which differ in one
nucleotide and consequently in one AA. The nisin gene cluster is located on a large
conjugative transposon, composed of eleven genes. nisABTCIPRKFEG. involved in conplex
biosynthesis, regulation and immunity (L1 and O Sullivan, 2002, 2006). Although nisin has
been studied from all aspects of production. structure and function. a gap still exists in the
published nucleic acid sequences. All the sequences of nisins A and Z that can presently be
found in accessible databases feature clusters of at maximum five genes. Besides featuring
less than half of the entire nisin A/Z cluster. the majority of these sequences is more than 15
years old and derived from several different strains. Basically, from all the published misin A
sequences we can assemble the complete cluster sequence only for Lac. lactis 6F3 (GenBank:
X68307. X76884, U17225). Nowadays large quantities of complete microbial genomes are
being deposited in public databases and still there is not one genome available that would
feature an entire nisin A/Z cluster. The closest thing 1s the genome of Lac. lactis subsp. lactis
KF147 (GenBank: NC 013656) which is deficient in the nisT gene and does not produce
active nisin (Siezen et al., 2008). The sequence discussed in this paper presents complete
mformation on nisin A genes in the same way as the gene sequences that are available for all
the other newly discovered nisin variants, like nisin U and Q (Wirawan et al.. 2006:
Yoneyama et al.. 2008). The strain to be used for sequencing was selected on the basis of its
origin: it was 1solated from raw milk used in the production of traditional Greek hard cooked

cheese. It is a proteinase- and lactase-positive strain suitable for use m dairy production



(Giannou et al., 2008; Samelis et al, 2009). Strain Lac. lactis subsp. lactis M78 was
confirmed as an active misin A producer, active agamst several strams of Listeria
monocytogenes and Staphylococcus aurens. This strain was used in a study on the expression
of bacteriocin genes in cheese (Trméic et al, 2011). Complete knowledge of the entire nisin
sequence of this stram was prerequisite for conducting such a study. Since tlus stramn has a
unique capability of growing well in mulk. we decided to check if its nisin genes also hold

any unique features.

Materials and Methods

Bacterial strain and Culture Conditions

The nisin-producing strain Lactococcus lactis subsp. lactis M78, an isolate from raw milk
(Samelis et al.. 2009). was kindly provided by J. Samelis ( (National Agricultural Research
Foundation, Dairy Research Institute. Ioannina, Greece). The strain was routmely grown

under static conditions in M17 lactose broth at 30 °C (Terzaghi and Sandine. 1975).

DNA Extraction
Chromosomal DNA was extracted from 1 mL of overnight culture using Maxwell™ 16 Cell
DNA Purification Kit and Maxwell™ 16 Instrument (Promega. WI 53711-3399 Madison,

USA) according to manufacturer’s instructions.

Sequencing Method

Based on known nisin genes sequences (GenBank/EMBL accession numbers X68307,
116226, X76884 and U17255), specific oligonucleotide primers were designed (LightCycler
probe design software. v1.0;: Roche Applied Science, Mannheim. Germany) and synthesized

(Eurogentec. Seraing, Belgium) to produce approx. 900-bp amplicons in PCR reactions using
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genomic DNA. The produced amplicons covered a 15 kb-long DNA fragment while each
section of the sequence was present in at least two amplicons. Both amplicon strands were
sequenced. Sequencing was performed by Microsynth (Switzerland) using the ABI 3730 XL
capillary electrophoresis sequencer (Sanger et al., 1977). Assembly of sequences was
performed using DNA Baser version 2.7x from HeracleSoftware (Germany), and all of the
mn-silico translations were performed by Expert Protein Analysis System (ExPASy) from the

Swiss Institute of Informatics (Gasteiger et al., 2003).
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Results and Discussion

Location of individual nisin A genes

The 15,016 bp of all eleven genes mncluding flanking regions were sequenced and deposited
m GenBank under accession number HM219853 (Figure 1). Between positions 828 and 1001
was a sequence identical to that reported by Buchman et al. (1988) that represents gene
encoding a structural protein of nisin. Mulders et al. (1991) reports that the presence of
cytosine (C), identical to the one located at position 975 in our sequence, translates to
histidine residue (H) at position 50 (27 in the active nisin) and is a specific feature of the
nisin A (nis4) variant of the bacteriocin. According to Steen et al. (1991). a membrane-
associated dehydratase gene (nisB) is located after the misd gene. and a corresponding
sequence was 1dentified m our results between positions 1109 and 4090. Gene nisC encodes
the second modifying enzyme that catalyzes the cyclization of dehydrated amino acids,
Between nisB and nisC 1s located a gene nisT that encodes an ABC transporter involved i
the export of modified pre-nisin outside the cell (Engelke et al., 1992). Identical sequences
for nisT and nisC were identified at positions 4101-5903 and 5896-7140. respectively.
Outside the cell. a serine protease (NisP) cleaves the leader peptide off the pre-nisi,
releasing the active peptide (de Ruvter et al. 1996). Kumpers et al. (1993) identified this
protease gene (nisP) and next to it the immunity gene, nis/. We identified similar sequences,
located at positions 7876-9924 and 7137-7874, that corresponded to genes nisP and nisl.
respectively. Engelke et al. (1994) reported about regulatory genes nisR and nisK that encode
for a two-component signal transduction system. Sequences corresponding to nisR and nisK
were located at positions 9993-10679 and 10672-12015, respectively. Siegers and Entian
(1995) reported that a second mmunity system involving another ABC transporter is
encoded by three genes (nisF, nisE and nisG) located at the end of the msin gene cluster. In

our results, three identical sequences were located between 12114-12791, 12793-13521 and
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13508-14152. respectively. After the nism A gene cluster (14669-15016) a partial sequence
of isxB was identified. oriented in the opposite direction to the nisin A genes. The sequence
of isxB 1s supposed to follow that of isx4, both showmg homology with the lactococcal
msertion sequence [S98] (Siegers and Entian, 1995). IS98], together with sucrose operon,

forms a large nisin-sucrose conjugative transposon I7n3276 (Rauch and de Vos, 1992).

Location of regulatory sequence structures

Between genes nisd and nisB (1049-1093) was a sequence with an inverted repeat present.
De Ruyter et al. (1996) reported in their results that this sequence forms a stem-loop structure
that is supposed to facilitate a limited read-through from nis4 promoter. Two additional stem-
loop structures were found mside the structural gene nisB (3868-3921 and 3921-3933). The
sequence/ upstream of the nisF transcription start site included a TCT direct repeat with an 8-
bp spacer region similar to the TCT-Ng-TCT motif present at the same position (-39 to -26)
upstream of the transcription start site of nis4. Chandrapati and O’Sullivan (2002) reported
that this motif is supposed to be mvolved in a co-operative binding of the NisR response
regulator of the NisRK two-component regulatory system. They also report a second TCT-
Ng-TCT motif present upstream of nisd at positions -107 to -94, which was also shown mn our
results. This TCT repeat, together with the first one. is involved in the optimal binding of
NisR and also in the induction by a Leloir pathway of galactose metabolism. Chandrapati and
O’Sullivan also indicated that this could be the reason for the stronger induction capacity of
promoter located n front of nisd compared to promoter in front of nisF. Engelke et al. (1994)
report that nisRK regulatory genes are followed by a stem-loop structure identical to the one
identified 1n our results (12001 to 12048). The entire gene cluster of nisin A finishes with the

nisG gene, after which an mverted repeat sequence is present between 14485 and 14531, This
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mverted repeat forms a large stem-loop structure that probably acts as a ftranscription

terminator.

Comparing the obtained sequence with previously published sequences

Comparing the nucleic acid sequence HM219853 and translated protein sequence with
previously published sequences, several differences can be observed (Table 1). The
nucleotide sequence of nisd determined m this study is identical to the earlier published
sequences (JO4057, M27277, M65089, and 1.16226). At position 995, one nucleotide was
different compared to sequences M24527 and X68307 (C vs. T). This difference does not
affect the amino acid composition (encoded Ser residue at position 56) of the protein. The
nucleotide sequence of nisB has G mstead of C at position 3746 (L16226), which results n
Glu to Gln substitution at position 880, Besides this difference, there are also differences at
positions 1164 (C vs. G). 3791 (C vs. A) and 3074 (G vs. A), from sequence X68307. This
corresponds to substitutions at positions 19 (Ser to Cys). 895 (Pro to Thr) and 656 (Glu to
Lys), respectively. The sequence of nisT has 100% identity with the sequence 116226 while
there are two nucleotide differences in X68307 at positions 4140 (A to T) and 4552 (T to A),
resulting m Asn-14-Tyr and Val-151-Glu substitutions, respectively. For nisC, there is the
same A to T difference at position 6423 present in both L16226 and X68307 sequences.
Amino acid substitution (Lys to Asn) is located at position 176. The nis/ sequence 1s identical
to the 116226 and X76884 sequences. Compared to sequences X76884 and L11061. a
difference in one nucleotide can be observed in the sequence of nisP. The difference at
position 8328 (T vs. A) results in Asn to Lys substitution at position 151. Gene nisR differs
from sequences Z22813, L11061 and X76884 in its nucleotide sequence at positions 10081
(T vs. C) and 10589 (A wvs. G). The difference at position 10081 results m Met-30-Thr

substitution while the second substitution preserves the Glu residue. The sequence of nisK 1s



1dentical to the nisK sequence from X76884. Compared to nisin Z sequence (Z22813), there
are six differences present in nisK sequence, of which only the differences present at
positions 10896 (T ws. G) and 11570 (C vs. G) result in amino acid differences (Ile-75-Met
and Thr-300-Arg, respectively). Gene nisF has one difference in a nucleotide present at
position 12723 (A vs. G). compared to sequence UL17255. The difference results n Asn-Asp
substitution at position 204. The sequences of nisE and nisG are 100% identical to the

sequence U17255.

Biro (2006) in his work analyzed 20 AAs based on their size, charge and hydrophobicity. He
calculated and arranged all 20 AA into compatibility tables. based on these three features.
The most important compatibility feature is hydrophobicity. based on which the most
profound difference was the Val-131-Glu substitution observed in NisT (CAA48382). NisT
1s a membrane-bonded protein. and a switch from hydrophilic AA to hydrophobic can
potentially affect the mtegration process and overall activity of the protein. The second
difference with a little less hyvdrophobicity incompatibility was the Thr-300-Arg difference of
NisK (CAA80467). This difference can also have some charge incompatibility that can affect
the attraction forces between AAs and also affect the folding and interactive features of this
regulatory protemn. Guzzo (1965) analyzed the distribution of AAs i helical and non-helical
sections of proteins, and reports that glutamic acid is rarely and prolin is basically never
present inside a helical structure of the protein. In our results we again found the Val-151-Glu
substitution observed i NisT (CAA48382). but the difference Pro-895-Thr (CAA48381)
observed in NisB could be the one with the most probable effect on structure and function.
The presence of prolin would mean that a helical structure potentially present at this part of
the protein would not be present. Such difference in the structure of NisB could mean that the

mteraction of this protein with NisA is not the same, which means that the dehydration
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process of AA in NisA is also not the same. What this and other differences i the AA
sequence might have is hard to say. Do these potential differences have a positive or negative
effect on synthesis and activity. also? To resolve all of these questions. a study would have to
be conducted that would involve each protein separately. The features of each protein would
have to be compared between different strains from which the nucleic acid and AA sequences

that were compared in this study were derived.
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Figure 1. Organization of genes mvolved in nisin production, regulation and immunity.
Black and white triangles indicate nisin-inducible and constitutive promoters, respectively.
Hairpins indicate putative transcription terminator loops. nis4, nisin structural gene: nisB and
nisC., post-translational modification: nisT. translocation; nisP, activation: nisR and nisK.
regulation; nisI and nisFEG. immunity (Trmcic et al.. 2011).



Table 1. Comparison of nucleotide and amino acid sequences of HM219853 with previously

published nisin sequences

Nucleotide”™ Nucleotide Nucleotide Amino  Amino Acid Amino Acid Difference’
Position’ Difference’ Acid? Position’
NisA / / [ (J04057) ! / / (AAAS8606)
/ ! I (M27277) ! / / (AAA25188)
/ / / (M65089) / f / (AAAT73038)
/ / /(L16226) ! / / (AAA25189)
C 995 T (M24527, Ser 56 Ser (AAA26948,
X68307) CAA48380)
C 975 A (X61144) His 50 Asn (CAA43440)
NisB G 3746 C(L16226, Glu 880 Gln (AAA25190.
X68307) CAA48381)
C 1164 G (X68307) Ser 19 Cys (CAA48381)
G 3074 A (X68307) Glu 656 Lys (CAA48381)
C 3791 A (X68307) Pro 895 Thr (CAA48381)
NisT / / /(L16226) / ! / (AAA25191)
A 4140 T (X68307) Asn 14 Thr (CAA48382)
x 4552 A (X68307) Val 151 Glu (CAA48382)
NisC A 6423 T (L16226. Lys 176 Asn (AAA25192,
X68307) CAA48383)
Nisl ! / /(L16226, X76884) ! ! /(AAA25193,
CAAS54209)
NisP T 8328 A (X76884, Asn 151 Lys (CAAS4210,
L11061) AAA25200)
NisR i 10081 A (X76884, Met 30 Thr (CAAS4211,
L11061, Z22813) AAA25201, CAAB0466)
A 10589 G (X76884. Glu 199 Glu (CAAS4211,
L11061, Z22813) AAA25201, CAABD466)
NisK / { / (X76884) ! / /(CAAS54212)
i | 10896 G (Z22813) Ile T3 Met (CAAR0467)
T 11064 A (Z22813) Pro 131 Pro (CAAB0467)
A 11349 G (Z22813) Lys 226 Lys (CAABD467)
G 11493 A(Z22813) Leu 274 Leu (CAABO0467)
 # 11570 G (Z22813) Thr 300 Arg (CAAB046T)
C 11766 T (Z22813) Val 365 Val (CAAB0467)
NisF A 12723 G (U17255) Asn 204 Asp (AAC43327)
NisE / ! /(U17255) / ' /(AAC43328)
NisG / / / (U17255) / / / (AAC43329)

/ No difterence in nucleic acid or protein sequence.

! The nucleotide present in HM219853 which differs from other published sequences.

* Position of the nucleotide in HM219853 which differs from other published sequences.
* The nucleotide present (sequence in brackets) that differs from nucleotide present in
sequence HM219853,

* The amino acid encoded in sequence HM219853 at the point of nucleotide difference.

* Position of the amino acid encoded in sequence HM219853 at the point of nucleotide
difference.

¢ The amino acid encoded from sequence (sequence in brackets) at the point of nucleotide
difference.
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