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Zusammenfassung

Zusammenfassung

Biofilme sind in der Umwelt allgegenwartig. Ein Grof3teil des mikrobiologischen Lebens auf
der Erde existiert in als Biofilm gebundenen Lebensgemeinschaften. Die Zusammensetzung
von Biofilmen ist hoch variabel und abhangig vom umgebenden Medium. Austausch
zwischen den besiedelten Spezies und die schitzende Matrix des Biofilms machen die
Lebensgemeinschaften hochgradig anpassungsfahig gegenlber wechselnden
Umwelteinfliissen und Nahstoffangeboten und stellen damit einen echten Uberlebensvorteil
im Vergleich zu planktonisch vorkommenden Mikroorganismen dar.

Auch in Brauereien ist ein Grofteil der vorkommenden Mikroorganismen in Biofilmen
gebunden vor. Diese Biofilme sind Lebensraum und Brutstatte fir Mikroorganismen, die fir
das Endprodukt als unbedenklich gelten, als auch bierverderbender Mikroorganismen. Der
Aufbau und die Entwicklung von brauereigebundenen Biofilmen wurden insbesondere im
Abflllbereich in der Vergangenheit eingehend untersucht. Als Biofilm-startende
Mikroorganismen gelten dabei zunéchst ubiquitar vorkommende Bakterien, die Oberflachen
besiedeln und durch ausgeschiedene Schleimstoffe sogenannte exopolymere Substanzen
(EPS) einen stabilen Film bilden, der weiteren Mikroorganismen ein Habitat bieten.
Insbesondere bierverderbende Laktobazillen und strikt anaerobe Bakterien wie Pectinatus sp
und Megasphaera sp. benétigen ein sauerstoffreies Umfeld und im freien Medium nicht
vorhandene Na&hrstoffe um zu wachsen. Im Mikrohabitat des Biofilms finden diese beide
genannte Faktoren. Viele Resistenzen gegen Antibiotika finden sich im Genom der Bakterien
auf Plasmiden codiert. So sind die fur die biozid wirkenden Hopfenbittersauren in Bier
verantwortlichen Resistenzgene HorA, HorB, HorC und HitA in Laktobazillen ebenfalls
plasmidcodiert. Da Bakterien in der Lage sind Plasmide Uber lhre eigene Spezies hinaus
auszutauschen, kénnen auch die Resistenzen zwischen verschiedenen Spezies lUbertragen
werden. Im raumlich engen Lebensraum des Biofilms ist ein solcher Austausch deutlich
beglnstigt. Durch diese Faktoren sind Biofilme in Brauereien ein grofRes Risiko fur die
mikrobiologische Stabilitat des Bieres.

In der betrieblichen Laborpraxis werden Biofilme (ber Indikatororganismen Uber
mikrobiologische Monitorings nachgewiesen. Dabei werden an kritischen Prozesspunkten
mikrobiologische Proben genommen und auf diese Indikatororganismen untersucht. Der
Nachweis erfolgt aber entweder quantitativ, wobei sich ein aufbauender Biofilm durch eine
Erhéhung der nachgewiesenen Keimzahlen &ufRert, oder semiquantitativ durch
Farbumschlag von Indikatorfarbstoffen und Veranderung des Testmediums in einer
vorgegebenen Zeit. Beide Methoden haben den Nachteil durch die notwendige
Bebritungszeit zeitaufwendig zu sein. Eine Verdanderung des Produktes in seiner
Zusammensetzung kann zu einer Verschiebung in der Zusammensetzung des Biofilms

fuhren und damit den Nachweis der Monitoring Systeme negativ beeinflussen. Ein in dieser

13



Zusammenfassung

Arbeit behandeltes Beispiel fir eine solche Verschiebung stellt der Trend zu hopfenarmen
Bieren, sowie alkoholfreien Bieren und Biermischgetranken dar. PCR-basierte Methoden
sind in der Lage durch verkirzte Anreicherungszeiten den Nachweisprozess zu verkirzen
und kénnen durch guantitative real-time PCR Methoden auch aussagen Uber die quantitative
Verteilung einzelner Spezies liefern. Der quantitative Nachweis risikoorientiert ausgewahlter
Spezies hilft dabei den Reifegrad eines Biofiims und damit das Produktrisiko besser
einzuschatzen.

Der erste Teil der vorliegenden Arbeit behandelt deshalb den Nachweis, Identifizierung von
als potentiell bierschadlichen Milchsaurebakterien, namentlich Lactococcus lactis,
Leuconostoc mesenteroides, Lactobacillus rossiae und Lactobacillus acetotolerans als
Biofilmindikatororganismen in Weizenbier. Letztere wurden bereits als Schadorganismen in
schwach gehopften Biertypen wie Weizenbier beschrieben. Weiter wurde das initiale
Biofilmbildungspotential verschiedener Stamme der genannten Spezies untersucht. Anhand
des initialen Biofilmbildungspotentials und Bierschadlichkeit wurde eine risikoorientierte
Einteilung fur den Herstellungsprozess von Weizenbier und Biofilmreifung vorgenommen.
Dabei wurde ein Nahrmedium entwickelt und validiert, welches den spezifischen, schnellen
Nachweis der genannten Spezies ermdéglicht, sowie real-time PCR basierte Nachweissyteme
der Einzelspezies entwickelt und validiert.

Ausgehend von der hohen Variabilitdit des Biofilmbildungspotentials von Lactobacillus
rossiae und Lactobacillus brevis untersucht der zweite Teil die Varianz von Lactobacillus
brevis in seinen Genotypen, als auch in seinen Phanotypen, reprasentiert in (GTG)s RAPD
PCR Fingerprint, initialem Biofilmbildungspotential, als auch Wachstum in verschiedenen
selektiven Medien. Die dabei auftretende Vielfalt an heterogenen Clustern innerhalb der
Spezies konnte in einem Feldversuch in einer Brauerei (ber den kompletten
Produktionsprozess beobachtet werten. Die verwendeten stammdifferenzierenden Methoden
erwiesen sich dabei als wertvolles Werkzeug um Kontaminationen bis zu ihrem Ursprung
zuriickzuverfolgen.

Der dritte Teil behandelt Hefespezies, die als Bierschadlinge bekannt sind, als auch Hefen,
die bereits als biofilmbildend beschrieben wurden oder ubiquitdr im Brauprozess vorliegen.
Es wurde ein hefespezifisches Nachweismedium entwickelt und anhand der Spezies
Saccharomyces cerevisiae var. diastaticus, Saccharomyces cerevisiae TUM 68,
Saccharomyces pastorianus var carlsbergensis TUM 34/70, Dekkera anomala,
Wickerhamomyces anomalus und Rhodotorula mucilaginosa validiert. Das Nachweismedium
wurde zur schnellen Detektion und ldentifikation mit spezifischen real-time PCR basierten
Nachweissystemen kombiniert, fir R. mucilaginosa wurde diese de novo entwickelt und

validiert. Anhand Wachstum in verschiedenen selektiven Medien, Produktschadlichkeit und
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Zusammenfassung

Biofilmbildungspotential wurden die genannten Spezies in Produktschadlichkeit und

Biofilmreifestadium kategorisiert.
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Summary

Summary

Biofilms are ubiquitous in our environment. Most of the microbial life on earth exists in
communities, bound as biofilm. The composition of biofilms is highly variable and depends on
the surrounding medium. Exchange between settling species and the protecting matrix of the
biofilm makes these communities highly adaptable to changing environments and nutrient
supply, which gives them a survival advantage over planktonic living microorganisms.

In breweries, most of the occurring microorganisms are also bound in biofilms. These
biofilms are a habitat and breeding ground for microorganisms, both those of no concern for
bottled beer, and microorganisms known for beer spoilage. The structure and development of
brewery-based biofilms, especially in the filing department has been reviewed in detail
previously. Microorganisms that start biofilms include ubiquitous bacteria, which colonise
surfaces and form a stable film by excreting slimy substances referred to as exopolymeric
substances (EPS), and this film provides a habitat for other microorganisms. Beer-spoiling
lactic acid bacteria and strict anaerobic bacteria such as Pectinatus sp. and Megasphaera
sp. in particular need an oxygen-free environment and nutrients for growth that are
unavailable in the free medium. The microhabitat of the biofilm provides both factors. Many
resistances to antibiotics are coded within plasmids within the genome of bacteria. The
resistance genes against the biocidal hop bitter acids HorA, HorB, HorC and HitA are also
coded in plasmids. As bacteria are able to transfer plasmids between species, resistances
can also be transferred between species. In the restricted space of the biofilm, such
exchange is promoted. Through these factors, biofilms in breweries are a great risk to the
microbiological stability of beer.

In brewing laboratory practice, biofilms are detected via the microbial monitoring of indicator
germs. Microbiological samples are taken at critical process points and analysed for indicator
organisms. Detection is quantitative with growing cell numbers representing the build-up of
biofilm or semi quantitative, evidenced by a colour change in the indicator dye of the test
medium over a defined time. Both methods have the disadvantage of being time consuming
with a necessary incubation time. A change in product composition may result in a drift of
species composition within the biofilm, leading to a potentially worse detection in monitoring
systems. An example presented in this paper for such a drift is the trend to less hoped beer
types, as well as alcohol-free beer types and beer mix beverages. PCR-based methods may
accelerate the detection by shortening the incubation time and can provide hints about the
guantitative species distribution, using quantitative real-time PCR methods. The quantitative
detection of selected risk-orientated species, helps to categorise maturity and therefore the
product risk of the biofilm.

The first part of this paper exams the detection and identification of lactic acid bacteria,

classified as potential beer spoiling, in particular Lactococcus lactis, Leuconostoc
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mesenteroides, Lactobacillus rossiae and Lactobacillus acetotolerans as indicator organisms
for biofilms in Bavarian wheat beer. The latter two have already been described as spoilage
organisms in low-hopped beer types and Bavarian wheat beer. The initial biofilm formation
potential of various strain isolates of the named species was analysed. A risk-oriented
categorisation of the wheat beer process and biofilm maturity was performed based on
biofilm formation and beer spoilage. A detection medium was developed and validated for
specific and fast detection of the species named above and combined with de novo
developed and validated real-time PCR-based species-specific detection systems.

Starting from the observed high variance of the biofilm formation potential of Lactobacillus
rossiae and Lactobacillus brevis, the variance of Lactobacillus brevis in genotype and
phenotype was surveyed represented by its (GTG)s RAPD PCR fingerprint, biofilm formation
and selective growth media. The observed diversity of heterogeneous clusters within the
species was also observed in a field study across the entire production process within a
brewery. The used strain differentiation methods proved to be valuable tools to track the
source of a contamination.

In a comparable setting, yeast species that are known for beer spoilage were investigated, as
well as species described as biofilm forming or ubiquitous in the brewing process. A yeast-
specific medium for hygienic monitoring was developed and validated with strain isolates of
the species Saccharomyces cerevisiae var. diastaticus, Saccharomyces cerevisiae TUM 68,
Saccharomyces pastorianus var carlsbergensis TUM 34/70, Dekkera anomala,
Wickerhamomyces anomalus und Rhodotorula mucilaginosa. The medium was combined
with real-time PCR-based detection systems for the named species. The real-time PCR
detection system for R. mucilaginosa was developed de novo and validated. The named
species were categorised for product spoilage and biofilm maturation stage according to

growth tests in selective media, product spoilage and biofilm formation potential.
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1. Introduction and motivation

1.1. Biofilm definition and structure

Most microbial life on earth does not exist as planktonic, free cells, but is agglomerated in
biofilms. Biofilm is a loose definition for microbial communities that normally settle at the
border between aggregates of media, are surrounded by highly hydrated extracellular
polymeric substances (EPS), and can be attached to surfaces or free-floating flocs [38].
Biofi | ms ar e anthropocentrically d46,s 146] iwhhe tte
surrounding matrix beingt he A house o0 [f39 #0i. b Has dven beeregrobosatl that
biofilms were the first living form, moving prebiotic gel to the position of first living biofilm
[136]. The first reference of biofilm as a microbiological source of slime in paper production
was in 1931, describing the structure of biofilm as an enmeshed mass, containing many
bacterial organisms [9]. Later, the biofilm was reported to be part or product of the bacterial
cell [160]. Biofilms come in various forms and consistencies, all with one goal: to immobilise
the cell community and sustain a long-term diverse mixed species community with its
interactions and gradients as a small-scale habitat with an external digestion system created
by secreted enzymes, cooperation and competition between inhabitants [38, 40]. EPS make
about 90 % dry substance of biofilms, giving them their 3-dimensional structure and trapping
extracellular enzymes close to the cell [38]. EPS present a dominant part of bound carbon in
soil, sediment and suspended matter in water, where they play an important role in the
microbial ecology and nutrition among other functions [24-26, 37, 38, 40, 90]. The formation
and structure of the microbial community that a biofilm represents, is strictly dependent on
EPS production, composition and concentration [38, 40, 121]. The concentration, cohesion,

charge, sorption capacity and composition of EPS, as well as their 3-dimensional structure

determine the biofilm [38]. EPS, originally called 6 e xt r arp o b g me hand ilattre s 6

renamed when more information was gathered on their consistency, are a collection of
various biopolymers, such as polysaccharides, proteins, lipids, humic substances and nucleic
acids, and are mostly self-produced by the cells [38, 151]. The components of the biofilm
matrix are not just a heap of macromolecules, they fulfil many important functions [35, 40].

Exopolysaccharides are still the major fraction of EPS [42, 153]. The complex network of
polysaccharides attached to the cell surface was visualised using electron microscopy and
confocal laser scanning microscopy (CLSM) combined with fluorescence dyes [76, 87, 151]
or antibodies [87, 156]. Another approach is the combination of CLSM with Raman
microscopy or Surface-Enhanced Raman Scattering (SERS) for a more in-depth analysis of
EPS [62-65, 81, 82, 92, 143, 148]. One of the most-studied exopolysaccharide is alginate,
produced, for example, by Pseudomonas aeruginosa, which is not essential for adhesion, but

has an remarkable influence on biofilm formation of the originating species, as well as on
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non-mucous species. The modification of alginate with acetyl groups, which are common
substituents of exopolysaccharides, strongly increases the aggregation of bacteria and the
structure of mature biofilms [38, 41, 120, 129]. The presence of alginates are also described
as something that enhances Saccharomyces sp. brewing yeast strains [154]. Another
common exopolysaccharide with a heavy influence on the biofilm formation of various
species is cellulose [105, 137, 144, 153, 161]. The biofilm structure can be further secured
under the influence of multivalent cations as Ca?*, which can act as a bridge between
polyanionic alginate molecules [73]. Most exopolysaccharides are polyanionic (e.g. alginate,
xanthan, colanic acid) but there are some that are polycationic due to intercellular adhesion
(48, 68].

Extracellular proteins may exceed the mass of exopolysaccharides in the biofilm matrix [18,
42, 67]. Diverse extracellular enzymes can be found in the EPS matrix, many able to degrade
biopolymers. The degrading products may be absorbed as nutrients [38, 153, 159], while
some enzymes seem to be involved in degrading structural EPS, enabling detachment of
microorganisms from the biofilm [77, 150]. The detachment can be induced by starvation [47]
or nutrient availability [109], resulting in enzymatic modification of the biofilm matrix [109].
Other enzymes are an integral part of microbial corrosion [15]. The extracellular enzymes are
effectively retained within the biofilm by the interactions with exopolysaccharides [150, 151].
Extracellular DNA, long thought to be material from lysed cells proved to be an integral part
of the biofilm matrix [152] and biofilm life cycle [84]. Due to its similarity to genomic DNA, the
origin may be genomic DNA from lysed cells [114], but some species show distinct
differences [11] so active excretion cannot be excluded [38]. The role of extracellular DNA
can vary from being a major structural component to playing a minor role in the biofilm
matrix, even between closely related species [66, 128]. The importance of extracellular DNA
was observed in species from Rhodovulum, which produce EPS that consists of
carbohydrates, proteins and nucleic acids [145]. The importance of structural integrity of the
biofilm matrix was shown by treating Pseudomonas aeruginosa biofilms with nucleolytic
enzymes, resulting in deflocculation. As neither degrading polysaccharides or proteins
showed this effect, extracellular DNA functions as a connector between biofilm cells [158]
and inhibits biofilm formation of the same species [149]. A comparable function of
extracellular DNA was observed with Bacillus cereus [142]. Abiotic effects were observed as
an additional function of extracellular DNA by chelating cations and denaturation of
lipopolysaccharide and outer membrane, leading to cell lysis [85]. The exocellular DNA can
vary in localisation and structural orientation in the biofilm matrix from grid-like structures [1],
filamentous network [11], dense net wor ks [78]nFdrther,leDNA knayrprotéct
cells against antimicrobial effects, as shown with Pseudomonas aeruginosa against

aminoglycosides [17].
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Hydrophobic components of the EPS help to adhere to Teflon or waxy leaf surfaces [88]. The
hydrophobic character is related to polysaccharide-linked methyl and acetyl groups [86].
Lipids can also be found within the matrix itself [18] and are essential for surface adherence
[106, 108, 127].

Water is the biggest mass compound of EPS, providing a highly hydrated, slow-drying
environment [38]. Bacteria are actively producing EPS in response to desiccation [104].

The EPS composition can vary greatly between biofilms, depending on species composition,
temperature, shear forces and nutrients [139, 151]. Pili, flagella and other extracellular
structures can also stabilise the biofilm [38, 161]. While the precise interactions of the integral
polymers are not well described, some functions of EPS have been determined. Besides
their influence on the three-dimensional structure of the biofilm, EPS have various functions
and benefits for the microbial community. EPS are important for the adhesion to inert
surfaces and therefore for the first step of biofilm formation. Related to this, EPS can also
establish cell-cell connections [38]. Analyses with stained lectins and confocal laser imaging
microscopy to differentiate various biofilm inhabitants and EPS, showed segregated
microdomains, provided by the physical EPS structure [76]. These areas represent different
biochemical environments, modified enzymatically to changing conditions. Chemical activity
may be investigated spatially, using a combination of confocal laser scanning microscopy
and Raman microscopy [38, 143]. This was used to monitor substances that were relevant
for quorum-sensing activity within biofilms [94]. The EPS provide a highly porous matrix with
a water phase, enabling an external digestive system using versatile extracellular enzymes to
immobilise cells in close proximity. Cells of the biofilm community are embedded within EPS
and EPS-forming capsules in particular, which are associated with the cell wall and influence
the environment closest to the cell [121]. The matrix also keeps cell debris and lysed cells as
nutrients within the community, while the EPS can be used as nutrients on their own [38].
Vesicles can carry various enzymes and biomolecules within the pore network, altering the
matrix properties, sometimes with an abiotic effect on competing organisms [112]. The cell
debris includes DNA, which can be ingested and partly included into the genome via
horizontal gene transfer, providing a vast gene pool [38, 84]. The EPS matrix may work like a
molecular sieve, binding ions, lipophilic substances and particles from the watery phase [36].
Once excreted, EPS may be altered by degradation, variation on composition, post-
excretional addition of substituents, molecular structure or others as a reaction to external
influences [34].

Many EPS form viscous gels that are linked by ion bonds and display varying gelling
behaviour. Highly viscous EPS gels can even reform their 3D-structure after deformation by
shear forces [120]. It may even react to increasing shear stress by forming ripples and rolling

along a surface [95], which has been explained by the quorum-sensing controlled secretion
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of biosurfactants [22]. The EPS highly influence the biofilm by their concentration, polarity,
sorption and indirectly over viscosity, pores and channels [38]. The EPS work as a barrier
against oxidation, charged biocides, some antibiotics and metallic cations [38, 40]. When
drying out, bacteria strongly produce EPS [104] and the surface EPS layer hardens,
protecting the deeper layers of desiccation [38, 120]. The selective pressure caused by
competition and cooperation within the biofilm appears to be an evolutionary benefit for
polymer producers over non-producers and favours biodiversity [38, 157]. Desiccation seems
to be the condition in which all members of the biofilm community, those that produce and
donot pEPS®, dbenefie from the EPS matrix [96]. EPS are not restricted to bacterial
biofilms, but can also be found in microalgae [19], yeasts [7, 16, 141] and moulds that are
involved in flocculation, adhesion and biofilm formation. The growth of heterotrophic bacteria
that can use EPS as a substrate is supported [38]. EPS often influence biofilms far longer
than they actually exist in their original form, as they merge into a complex three-dimensional
matrix structure, inhabited by various species [26, 38].

1.2. Biofilm development

There are many different models that show how the detailed biofilm development takes
place, but they all have 4 phases in common: 1. Surface conditioning, 2. Initial adherence, 3.
Physical irreversible adherence, involving the production of macromolecules, 4. Cell growth
and formation of microcolonies and coaggregations, which leads to an established biofilm [3,
14]. An important step in the initial biofilm formation is the depolarisation of the surface by
positively charged polymers, enabling cells that cannot normally attach, to adhere to surfaces
as steel or plastic, which can be enhanced by EPS [115, 154]. Yeast biofilms and bacterial
biofilms develop similarly, but dimorphic yeasts such as Candida albicans and S. cerevisiae
can form monolayers of spherical cells, as well as pseudohyphae during biofilm maturation
[44]. Yeast are able to grow initially on inert surfaces as plastic [101] or stainless steel [14] or
can colonise existing biofilms of fungal [147] or bacterial [69] origin.

A very interesting part of the EPS are adhesins as Flo11/Mucl flocculin in Saccharomyces
cerevisiae and Saccharomyces cerevisiae var. diastaticus, which can be very variable in its
phenotype and is seen as being responsible for the formation of pseudohyphae, surface
adhesion, agar invasion and biofilm development [33]. Depending on the expression of
Follp, the mannoprotein is able to anchor cells expressing FLO11 to other cells or surfaces
[33]. Flollp increases the hydrophobicity of the cell wall, making it easier to adhere to
hydrophobic surfaces such as stainless steel or plastic [101]. The mechanism is also present
in Saccharomyces cerevisiae ssp. used in industry. The expression of FLO11l and the
controlled <cell adhesi on was dheundst exgressead in
reduced-glucose medium, while N-starvation of the culture triggered the formation of

pseudohyphae, the expression of FLO11 was suppressed by glucose [101]. Depending on
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the FLO11l expression, a similar mechanism for the biofilm formation of Saccharomyces
strains used for brewing seems possible with a low fermentable sugar concentration.
Epifluorescence microscopy was used on biofilms located on stainless steel using staining
dye methods to visualise and quantify biofilm formation. For example, Concanavalin A can be
used to stain EPS while DNA-staining dyes such as SytoBC or acridine orange that stain the
nucleus mark the cell positions within the biofilm [44, 52, 116]. The quantitative biofilm
formation was also observed using spectral photometric cell-culture-staining methods [133].
Within a biofilm, complex communities with multiple species can develop physiochemical
gradients and produce microhabitats. Intense cell-cell communication, as well as horizontal
gene transfer can happen between cells, making biofilms highly competitive and complex
environments [38, 84]. A critical biofilm stage is the distribution of sessile cells from the
biofilm, which enables new biofilm formation. The degradation of the binding EPS, which
stabilise the biofilm, is induced by extracellular enzymes, segregated by the biofilm-inhabiting
species as a reaction to environmental changes such as nutrient starvation or sudden
nutrient availability, which requires a rearrangement of the biofilm matrix. The complex
biochemical inte-cellular communication system that causes biofilm matrix deformation is
called quorum sensing [38, 99]. An example of this complex adhesion and detachment
regulation is the role of cyclic di-guanosine monophosphate (c-di-GMP), which works as a
secondary messenger, stimulating the synthesis of adhesins and EPS substances across
many species. It also inhibits forms of motility and therefore controls the transition between
planktonic and biofilm life. The synthesis and degrading of c-di-GMP can be triggered by
environmental signals [35, 49, 51]. Under starvation, the intracellular concentration of c-di-
GMP, for example, in Pseudomonas putida changes the activity of protease LapG, resulting
in lysis of the amyloid-like proteins, anchoring the cells to the surface. Thus the cells become
motile and can change position [35, 46, 155]. In comparison with this reaction, some bacteria
produce eDNA or polysaccharide-degrading enzymes, resulting in the polymeric breakdown
of the biofilm matrix [35, 79, 80].
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1.3. Biofi Ims in breweries

In breweries, especially in the filling department, areas that are difficult to access for cleaning
and disinfection and dead ends are a perfect environment for biofilm formation. Areas in
direct product contact in particular enable beer-spoiling bacteria to adapt to the hostile
environment of beer as a medium [5]. In the brewery environment, the spectrum of species to
be found in biofilms can be quite variable, dependent on the process step and therefore the
substrate available in the microbial habitat. Indirect weak spots are often richly populated
with common slime-forming species such as Pseudomonas sp., Enterobacteriaceae, yeasts
especially Rhodotorula sp. and moulds [5]. Bacteria of the genera Pseudomonas,
Enterobacter, Klebsiella, Alcaligenes, Flavobacterium, Lactobacillus, Bacillus and
Arthrobacter can be found, for example, on conveyor belts. Yeasts of the genera
Saccharomyces, Candida, Rhodotorula, Cryptococcus and Trichosporum and moulds of the
genera Cladosporium, Penicillium, Geotrichum, Trichiderma, Mucor, Hormonconis,
Aureobasidium, Moniliella sp. and Paecilomyces are also reported to form slimy biofilms [5,
8, 78, 131-133, 135]. In places in direct beer contact, acetic acid bacteria such as
Acetobacter sp. and Gluconobacter sp. are often described as being the dominant slime-
forming group [5]. Within biofilms related to brewery environment, beer-spoiling bacteria such
as Lactobacillus brevis, Lactobacillus lindneri, Pediococcus pentosaceus, can be found as
well as the potentially beer-spoiling lactic acid bacteria Lactococcus lactis and Lactobacillus
paracasei [78, 116, 131]. The latter being able to strongly bond to surfaces [116]. Isolates of
Lactobacillus brevis, Lactobacillus lindneri, Pediococcus pentosaceus and Lactococcus lactis
were observed to form weak biofilms, while non-beer-spoiling genera as Acetobacter,
Enterobacteriaceae and Pseudomonas could form strong biofilms that were highly resistant
to peracetic acid [78]. Some later studies were not able to detect acetic acid bacteria as initial
biofilm starters from brewery isolates at all. Isolates thought to be acetic acid bacteria
according to morphology, acid formation and aerobic growth, turned out to be
Enterobacteriaceae [116, 131, 135]. While acetic acid bacteria tend not to have spoilage
potential in beer, they and some Enterobacteriaceae such as Hafnia sp., Obesumbacterium
sp., Klebsiella sp. and Citrobacter sp. were reported to be associated with the spoilage of
unfermented and fermenting wort [91, 98, 138]. Wickerhamomyces anomalus could be found
as one of the first biofilm colonisers with quite strong biofilm-forming potential [116, 133]. This
is interesting because the weak fermenting yeast is quite common in the brewing and
beverage environment and is categorised as a potential beer-spoiling organism [2, 6, 75].
Additionally, Wickerhamomyces anomalus is able to produce toxins, killing other yeasts [75].
Yarrowia lipolitica can also be found in biofilms from breweries [116]. Some Saccharomyces
cerevisiae strains used in rice wine are known to form mixed biofilms with lactic acid bacteria,

specifically Leuconostoc mesenteroides and Lactobacillus casei, which are also known to
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appear in a brewery environment [2, 4, 6, 43, 72]. The biofilm-forming potential is highly
strain and substrate dependent and [115] fermentable sugar and sweeteners generally
enhance biofilm growth [116]. It was also observed that some species such as
Saccharomyces cerevisiae appear to form biofiims not as a single culture, but need
metabolic products from other species (e.g. lactic acid bacteria) [43, 72]. The biofilm-
formation potential in biofilm-forming Saccharomyces cerevisiae var. diastaticus was shown
to be connected with the yeast flocculation gene Flo11/Mucl, which seems to have a special
phenotype in biofilm-forming strains and is more strongly expressed in glucose-deprived
media [33]. Comparable gene expression reactions to starvation situations, leading to the
formation of pseudohyphae and adhesins by expression of Flo11 and Flo8 were observed in
bakery Saccharomyces cerevisiae strains [101]. Oxygen distribution within biofilms is not
homogeneous and may result in anaerobic pockets, with aerobic microorganisms consuming
oxygen faster than is resupplied by diffusion [21].

The anaerobic environment within these biofilms enables growth that is protected from
oxidative stress of strictly anaerobic species, such as Pectinatus sp. and Megasphaera sp.,
Selenomonas sp. and Propionispira sp. [5, 71]. The presence of Pectinatus sp. in brewery
grown biofilms was confirmed [71, 132]. Pectinatus sp. and Megasphaera sp. were
predominantly found in the filling area of breweries, especially at difficult-to-clean places such
as the underside of conveyor belts and various pipe and monoblock constructions below the
filler, as well as in cracks in the floor and drainage system [71]. Lactic acid bacteria tend to
form biofilms de novo under the chemical stress of ethanol and acids [74]. Contaminations
with lactic acid bacteria may promote the growth of Pectinatus sp. and Megasphaera sp., as
those are able to utilise lactic acid as a carbon source [71].

The formation and maturation of brewery-based biofilms is often described as a multiphase
development. Phase 1 is the carryover of single cells into the brewery via an empty bottle,
airborne or via personnel. Phase 2 describes the start of growth in difficult-to-clean areas.
Phase 3 is the persistent growth and coexistence of a wide variety of species of yeasts, lactic
acid bacteria, non-beer-spoiling aerobic bacteria and other organisms. Within these biofilms
the anaerobic microhabitat and enrichment of fermentation products such as lactic acid as
carbon sources, and the rising pH due to autolysis enables the growth of strict anaerobic
beer-spoiling bacteria such as Pectinatus sp. and Megasphaera sp.. With constant biofilm
growth, parts of the stationary biofilms loosen in phase 4 and can be transferred as aerosols
via rotating equipment into single containers while filling. The last phase relates to the phase
of constant consumer complaints and health inspections, caused by the uncontrollable

spread of beer-spoiling organisms [5].
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1.4. Beer spoilage

From a microbiological perspective, beer is a relatively stable product. Due to its content of
hop bitter acids (approx. 17-55 ppm iso-h-acids) and ethanol (0.5-10 % w/w), the anaerobic
atmosphere (less than 0.3 ppm oxygen) and high carbon dioxide content (approx. 0.5 % wiv,
low pH (3.8-4.7) and lack of nutritive substances, pathogenic microorganisms cannot survive
in beer. Di mini shing one ors oOomomay oebngeibthesfsae
wider spectrum of microorganisms [83, 107, 122, 124]. Apart from modified product
parameters, there are only a few bacteria that can grow in beer. The most prominent are
gram-positive lactic acid bacteria of the genera Lactobacillus and Pediococcus, as well as
gram-negative bacteria Pectinatus and Megasphaera, and some super-attenuating yeasts
[55, 57, 71, 107, 122, 124]. Persistent biofilms in breweries are potential habitats for beer-
spoiling organisms or even pathogens. An anaerobic environment and fermentable
metabolism product (e.g. lactate) enable the growth of strict anaerobic bacteria such as
Megasphaera sp. or Pectinatus sp., Selenomonas sp. and Propionispira sp. [5, 71, 107].
Lactic acid bacteria, normally sensitive to hop bitter acids are able to adapt to beer as a
substrate in the protected environment of biofilms with beer contact [5]. This adaption may
happen by expression of genes connected with hop resistance (e.g. HorA, HorB, HorC or
HitA) or transfer of these plasmid-coded genes between resistant and non-resistant species
and strains in the case of Lactobacillus sp. [97, 122, 123]. The reduction of cell membrane
fluidity by incorporating more unsaturated fatty acids into the cytoplasmic membrane and
modification of the cell wall with lipoteichoic acids, was reported to be a passive protective
strategy to prevent hop bitter acids from entering the cell and reducing the intracellular loss of
Mn** [10, 122]. Aside from these hop resistance mechanisms, species that can form slime
capsules are more resistant to disinfectants and heat treatment (up to 25 PU) as observed
with some strains of Lactobacillus brevis (formerly Lactobacillus frigidus) [2, 122]. In contrast
to other beer-spoiling organisms, strictly anaerobic bacteria as Pectinatus sp. and
Megasphaera sp. require a virtually oxygen-free environment to grow in beer and first
appeared in the late 1970s when progress was made to produce beer with low oxygen levels.
Parallel contaminations with lactic acid bacteria may promote the growth of Pectinatus sp.
and Megasphaera sp. due to lactic acid utilisation of this species as a carbon source. The
hop resistance of strictly anaerobic beer-spoiling bacteria is higher than that of lactic acid
bacteria and they are able to spoil all beer types, causing turbidity and crass off-flavours [71].
Mature biofilms, rich in beer-spoiling bacteria can be the cause of irregular contaminations in
bottled beer [5]. Additionally, biofilm-bound contaminants are more resistant to chemical
cleaning and disinfection measurements [38]. Depending on the environment, this process
may take months or it may only be short term. Persistent biofilms should therefore be

eliminated from the production environment [5].
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1.5. Hygiene monitoring methods in breweries

The ATPase (Adenosine Triphosphatase) test is widely used for hygienic monitoring, but
other tests such as protein detection and the oxidoreductase test are also used for this
purpose [113]. The ATPase tests are based on bioluminescence with ATP and luciferase,
therefore indicating the presence of living cell material and cell debris and insufficient
cleaning [102, 113]. The alternative test, the oxidoreductase test, is based on the presence of
NAD(P) (nicotinamide adenine dinucleotides(phosphate)) and/or NAD(P)H and indicates
living cells by transforming tetrazolium salt into coloured formazan salt [113]. The most
common industrial microbiological method for biofilm monitoring is trace indicator organisms
that are connected with the early stages of biofilms or common contamination paths [5].
Biofilm indicator germs are unpretentious organisms, easily cultivated and can be easily
detected with swab samples or contact dishes from critical sampling points [5]. If biofilms can
be detected that may present a host to beer-spoiling organisms, more detailed analysis can
be performed [5]. For the brewing process, NBB-B-AM is the most common medium used for
monitoring biofilms. The medium is optimised for the growth of lactic acid bacteria, but is less
selective for beer-spoiling lactic acid bacteria than NBB-B, enabling the aerobic growth of
major beverage biofilm indicator germs [5]. Incubated at 28 °C, samples from relevant
biofilms (potential host to spoilage organisms) show indicator colour change from red to
yellow, due to acid formation [5]. As the indicator germ composition is comparable to other
beverage industry sectors, this medium may also be used in lemonade and fruit juice
factories, as well in wineries and mineral water factories [5]. To identify species from mixed
cultures, it may be possible to use in situ hybridisation detection systems, based on specific
marking fluorescence probes [113]. There is a wide range of probes, oligonucleotides,
composed of up to 20 nucleotides, some with fluorescence markers, that target mirror
sequences in the 16S rRNA, 23S rRNA or other specific sequences [113]. Using rRNA to
detect microorganisms is interesting, as RNA is only available in living cells in sufficient
numbers and no PCR is required [113]. Another widely used cluster method is based on PCR
(Polymerase Chain Reaction) and many different applications for detection and identification
have been developed [13, 53, 54, 56, 113]. The simplest method based on PCR is endpoint
PCR, which detect the PCR product via visualisation with fluorescence dye and
electrophoresis in agarose or acrylamide gel. This fluorescence dye can be, for example,
ethidium bromide or SYBR Green |. Real-time PCR, based on labelling and measuring the
PCR product in the PCR process is the next step in the development of this technique. The
disadvantage of not being able to distinguish between PCR products in the simple method
using fluorescent dyes can be countered by using fluorescently labelled oligonucleotide
probes [113]. Forster resonance energy transfer probes (FRET) are based on the effect of a

donor and an acceptor molecule, represented as two additional oligonucleotides.

26



Introduction and motivation

Fluorescence of the acceptor fluorophore is only emitted when the donator fluorophore is
near (1-10 A). Therefore the specific binding areas for the probes in the PCR product need to
be near to each other [113]. A similar principle is used in the TagMan® probes, dual-labelled
pr obes -gwietnhc h5ebr-flousrescdnce’® tolecule. The probes bind to their target area
and are destroyed by the polymerase, separating the quencher and fluorescence molecule
and resulting in a rising fluorescence signal [113]. All real-time PCR methods are capable of
relative quantification of the initial DNA, using the Ct value (cycle threshold), or Cp (crossing
point). This point is the PCR cycle with significantly increasing fluorescence. The earlier the
Ct can be observed, the more initial DNA was in the sample [113]. The aim of these methods
in the beverage industry is primarily the fast detection and identification of spoiling
microorganisms and they are used with high throughput with various automated systems
[113].

1.6. Problems encountered in biofilm detection and motivation

The available media for biofilm monitoring in the brewing industry (e.g. NBB-B-AM) are more
selective for bacteria and yeasts encountered in the filling environment of breweries and
beverage plants. The used detection media to cultivate these indicator organisms may
therefore only detect an incomplete spectrum of species encountered in biofilms bound on
surfaces of brewery equipment. Even strict spoilage organisms in beer, such as
Megasphaera sp. cannot be detected for sure, as they are not cultivable in most used media.
With a change in the product range to beer-based products that are more microbiologically
sensitive (e.g. low hopped beer, alcohol-free beer and beer mix beverages), the spectrum of
spoilage organisms, as well as of biofilm inhabitant is also changing. The indicator organisms
for relevant biofilms therefore also change.

Conventional microbiological methods involve time-consuming analysis. The most common
swab sample medium in breweries takes up to three days for cultivation. A more detailed
specific media test may take even longer, depending on the species and medium. This leads
to a high discrepancy between the analysis result and the present microbiological status.
Most theories on biofilm formation in breweries are based on ubiquitous microorganisms that
build biofilms, which are inhabited by spoilage organisms in later biofilm stages. The
detection of these indicator organisms shows the appearance of biofilms. A key process step
for biofilm monitoring within breweries is in the filling department, as most beer-spoilage
organisms (e.g. lactic acid bacteria) need higher temperatures to prevail against the used
yeast culture strains and the contamination paths are more common due to the unsterile
environment within the bottling cellar. As most incidents with spoiled beer can be traced back
to secondary contamination within the filling process, this may apply to most instances. For
scattered contaminations from the primary production process (e.g. fermentation and

storage), this monitoring is not applicable, as the direct product contact inhibits the growth of
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most indicator organisms and the biofilm causing the issue is mostly formed by beer-spoiling
organisms in recesses and dead ends within the process. There is not much data about the
initial biofilm formation potential of most spoilage organisms such as Lactobacillus brevis or
spoilage yeasts such as Saccharomyces cerevisiae var. diastaticus. Other species such as
the non-spoiling yeasts Wickerhamomyces anomalus or Rhodotorula mucilaginosa are
known for biofilm formation, but ignored in existing biofilim-formation models in breweries.
The aim of this study is to adapt media to detect a wider spectrum of biofilm inhabitants and
to adapt these media to more sensitive products such as lactic acid bacteria biofilms in
Bavarian wheat beer (2.2) or yeast-bound biofilms (2.4). The combination with species-
selective real-life PCR methods with adapted media for different biofilm-formation species
was developed and used as a tool to gather more information about the biofilm formation and
maturation. Selected species were tested for their initial biofilm potential, for classification as
an initial biofilm former or biofilm coloniser. The distribution of selected species indicates the
maturation stage of the biofilm. Molecular detection techniques such as real-time PCR
enable the detection of far lower cell numbers than classical microbiological methods,
resulting in a shorter incubation time. Both systems are designed to be modular and it is
possible to extend the detected species selection accordingly to adapt it to other beverages
or investigations.

Beer-spoiling lactic acid bacteria such as Lactobacillus brevis are generally handled as
biofilm inhabitants, not as biofilm constructors, which often mean that the source of
contamination in bottled beer remains unidentified. Classical hygienic monitoring is reaching
its limits, especially with regard to primary contamination incidents, and identification purely
at the species level is often not enough to isolate the contamination source. Lactobacillus
brevis as the most common beer spoiler is detected only at the species level, giving very little
information about the possible contamination source and biofilm association. A more
differentiating identification at the strain level was established and linked to detailed
physiological profiles, including initial biofilm-formation potential and beer-spoiling potential
will help to fight this brewing enemy No. 1 in the future (2.3).
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2. Results (Thesis Publications)

2.1. Summary of results

The publication papers are summarised individually in paragraphs 2.2 to 2.4. with a

description of authorship contributions and a full copy of each attached. Table 1 shows the

overall overview of the publications and their content. Permissions of publishers for imprint of

publications are listed in the Appendix.

Table 1: Short overview of the

method and main findings

three publications with title of the publication, m

ajor objective, applied

Publication Title

Publication 1
Bavarian Wheat Beer, an example of a
special microbe habitat i Cultivation,
detection, biofilm formation,
characterisation of selected lactic acid

bacteria hygiene indicators and spoilers

Publication 2
Brewing Enemy Number One: Genetic
diversity, physiology and biofilm formation

of Lactobacillus brevis

Publication 3
Combined yeast biofilm screening i
Characterisation and validation of yeast
related biofilms in the brewing environment
with combined cultivation and specific real-
time PCR screening of selected indicator

species

Major objective

Fast detection and biofilm formation of
biofilm-related lactic acid bacteria,
categorised as potential beer spoiling by
combination of a wheat beer specific
medium and specific real-time PCR

detection.

Genetic strain differentiation and
physiological characterisation (growth
potential and biofilm formation in various
media) of a strain-set of brewery isolates of
Lactobacillus brevis spp., source tracking
of various strain types of Lactobacillus

brevis within one brewery was done.

Fast detection of yeast-related biofilms with
a combination of cultural and real-time
PCR-based detection, Biofilm formation of

characteristic yeast species

Applied methods

TagMan® real-time PCR detection system
design using Primer Express®©, a specific
wheat beer medium was developed and
combined with real-time PCR detection of
lactic acid bacteria species, fluorescence

and colorimetric microtiter culture

Rep-PCR fingerprinting (GTG)s primer,
capillary gel-electrophoresis (Bioanalyzer
2100 expert, Agilent), Bionumerics 7.6
fingerprint data analysis, real-time PCR
species identification, colorimetric

microtiter culture

TagMan® real-time PCR detection system
design using Primer Express®©, a specific
swab sample medium with growth indicator
dye resazurin was developed and combined
with real-time PCR detection of
characteristic yeast species, fluorescence

and colorimetric microtiter culture

Main findings/ conclu sion

De novo real-time PCR detection system
for Lactobacillus acetotolerans,
Lactobacillus rossiae, Lactococcus lactis
and Leuconostoc mesenteroides and
specific culture medium for wheat beer-
spoiling lactic acid bacteria. Biofilm
formation in MRS of Lactobacillus brevis,
Lactobacillus rossiae, Lactococcus lactis
and Leuconostoc mesenteroides was

proven.

A high genetic diversity of Lactobacillus
brevis strain types, isolated from various
beer types and breweries could be proven.
No direct correlation could be found
between the biofilm formation and growth
and the genetic fingerprint profile. The
genetic fingerprint profiling proved to be a
highly usable method for tracking
contamination sources throughout a

brewery.

De novo real-time PCR detection system for
Rhodotorula mucilaginosa and specific
culture medium with indicator dye for the
fast detection of yeast-related biofilms.
Medium is applicable in combination with
real-time PCR detection for hygienic
monitoring and microbiological trouble
shooting. Biofilm formation in modified
MYPG for Rhodotorula mucilaginosa,
Saccharomyces cerevisiae,
Saccharomyces cerevisiae var. diastaticus,
Saccharomyces pastorianus var.
carlsbergensis and Wickerhamomyces

anomalus was proven.
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2.2. Bavarian Wheat Beer, an Example of a Special Microbe Habitat i
Cultivation, Detection, Biofilm Formation, Characterization of

Selected Lactic Acid Bacteria Hygiene Indicators and Spoilers

Abstract

For the food industry, hygiene conditions of production plants are of high relevance to
product quality. Most microbiological quality issues can be traced back to inadequate plant
hygiene. In particular, the formation of mature biofilms is highly connected with product
spoilage. The formation of biofilms depends on the provision of nutrients and therefore of the
product. With a wider range of beer types and beer-like products, new spoilage organisms
are becoming relevant. For Bavarian Wheat Beer types, other low-hopped beer types and
beer mix beverages, the potential beer-spoiling bacteria Lactobacillus acetotolerans,
Lactobacillus rossiae, Lactococcus lactis and Leuconostoc mesenteroides can be critical.
Either because of the spoilage potential or because of the biofilm-formation potential. The
majority of strains of the above-mentioned species proved that they could develop biofilms de
novo in MRS, which makes them important hygienic indicator germs. An adapted media to
detect Bavarian Wheat beer-spoiling bacteria (Wheat Beer media by Hutzler and Riedl
(WBM-HR) was developed. For rapid detection and identification, real-time PCR systems
with compatible standard protocols were developed for the specified species. The detection
limit and the detection time of obligate slow-growing Bavarian Wheat Beer-spoiling species
Lactobacillus acetotolerans were significantly reduced. The developed methods can be
applied to specific contamination tracking and to evaluating the hygiene status of breweries

that produce Bavarian Wheat Beer.

Authors/Authorship contribution:

Riedl R.: Literature search, writing, data creation, study conception and design; Goderbauer
P.: Data analysis and interpretation (Biofilm formation), critical review of draft; Brandl A.:
consultation of real-time PCR design, critical content review; Jacob F.: Supervised the

project; Hutzler M.: Creation of the research plan, media design, critical content review
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Riedl, R., Goderbauer, P., Brandl, A., Jacob, F. and Hutzler, M.

Bavarian Wheat Beer, an Example of a Special
Microbe Habitat — Cultivation, Detection,
Biofilm Formation, Characterization of
Selected Lactic Acid Bacteria Hygiene
Indicators and Spoilers

For the food indusiry, hygiens conditions within preduction plants are of high relevance to product quality.
Most microbiclogical quality issues can be traced back to inadequate plant hygiene. In particular, the
formation of mature biofilms is highly connected with product spoilage. The formation of biofilms depends
on the provision of nutrients and therafore on the product. With a wider range of boor ty pes and beer-like
products, new spoilage organisms are becoming relevant. For Bavarian Wheat Bear types, other low-hopped
beer types and beor mix beverages, the potontial beer-spoiling bacteria Lactobacillus acototolorans,
Lactobacillus rossiae, Lactococcus lactis and Leuconostoc mesenferoides can be critical, either because
of the spoilage potential or because of the biofilm formation potential. The majority of strains of the
above-mentioned species proved that they could develop biofilms de novo in MRS, which makes them
important hygienic indicator germs. An adapted madia to detoct Bavarian Wheat Beer spoiling bacteria
(Wheat Beer media by Hutzler and Ried| (WBM-HR)) was developed. For rapid detection and identification,
raal-time PCR systems with compatible standard protocols were developed for the specified spacies. The
detection of obligate slow-growing Bavarian Wheat Beer-spoiling species L aciobadllus acetofolerans was
maodified. The developed methods can be applied to specific contamination tracking and to evaluating the
hygiene status of breweries that produce Bavarian Wheat Bear.

Descriptors: Bavarian Wheat Beor spoilage, Lactobacilus rossiaa, Lactobacilus acofoflarans, Laciococcus lachs,

Leuconostoc mesantaroides

1 Introduction

The overall beer consumption in Garmany has decreasad by 18 %
in recent years [20). While global beer sales are stagnating, even
dacreasing by abowt 05 36 in 2014 [25], consumer preferancea
are changing. While the export lager beer sector in Germany is
diminishing, other sectors are flourishing. The Bavarian Wheat
Beer sector has increased its share of the German beer markst to
8.8 % gince 1970 when 98 3% of the beer markst was dominated
by botiom fermented beer types. Besr mix beverages increased
to 6.8 % and alcohol-fres beer to 3.6 %% of the markst in 2010
[21]. In 20115, the Bavarian Wheat Beer sector alone increasad to
7.2 9% [23]. Whila beer mix baverages decreasad by 2.9 % in 2015,
ahcohol-free beer-based beverages are still popular in Germany [22].

Authors

Aobert Riadl, Paula Goderbauar, Frilr Jacod, Mathias Hutzler, Technical
Univarsity of Munich, Resasrch Genter Wi enstephan for Brewing &nd
Food uslity, Freising, Germany ;Andraas Brend, Doemans 6.V, Grafeing,
{Germany; cormaspanding author: mUhutzlergium. de

The changing product portfolios in brewenses present new chal-
lenges for microbiclogical quality control. In comparison with other
beverages and foods, beer s a very stable product in terms of
itz microbiology. The spectrum of microorganisms able to grow
in beer is reducad by the presance of ethanal (0.5-10 % wiw),
hop bitter compounds (approx. 17-55 ppm of so-g-acds), high
levels of carbon dioxida (approx. 0.5 % whw), low pH (3.8-4.7)
and (at least for industrially produced and filed beer) very low
amounts of mgygen (<0.1 ppm), as well as traces of fermentable
carbohydrates and amino acids [32]. Due to the high microbial
salectivity of beer, non-culture organiesms inhabiting breweries
are categorized acconding to their spoilage potential as absolute
harmiul organisms, potentially harmful organisma, indirecthy harmiful
organisms and indicator germs [4]. There are only a few bacteria
that can grow in beer. The most prominent are gram-positive lactic
acid bacteria of the genus L actobacilius and Pediococcus, aswell
as gram-negative bacteria Pecfinatus and Magasphaara, andsome
super-attenuating yeasts [2, 17, 18]

Producing Bavarian Wheat Baer or beer mix beverages involves
varying the parameters that protect the product against microbio-
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logical spollage as mantionad above. In Bavanan Whaat Beer the
content of hop bitter acids is reduced compared to most botiom
fermentad beer ty pes (1014 |BU in Bavarian Wheat Beer to 15-55
IBU in battom fermented beer types [13, 27]). This beer type also
contains a higher level of nuinents, — amino acids and fafty acds
in particular in the case of unfiltered Bavanian Wheat Beer — and
can therefore be spoiled by a higher number of spedies, which
are nrmally in the category of potentially harmful organisms
(Laciohaaiius rossiae, Lacfobacilius scefodolerans) [18]. Beer
greater variety in these parameters.

In industrial seftings the Bavarian Wheat Beer spoiling bacteria
L. rosaizs and L. acstofolerans are being found more often in Ba-
vananWheat Beer samples than in previousy ears. The formerwas
first isolated in 2005 from sourdough [6] and can often be found as
persistent contaminaiion of boithng plants. It is considered biofim
redevant due to its slime-forming potential [18]. The latter was ori-
ginally found &5 a spoilage organism in rice vinegar broth [12]. &
was later described as a spoilage organism in low-hopped Chinesa
beer and akcohol-fres and regular Bavarian Wheat Beer [B; 16;31].
In 2016 this species even attracted the attention of non-seentific
media in reports of a massive beer spoilage in the US cawsed by
L. acstotolerans [28]. This species is mostly found as a spoder in
fermentation veesals and pitching yeast and s hard to detect due
toits ability to enter a viable, but putatively non-culturable (VPNC)
stata in beer. In addition, under cold stress . acefolerans grows
slowly and requires anincubation time of more than twoweeks using

classic media untl detaction [B, 9]. Leuconostos mesenieroides
and | actococcus lacks are commion in the filing area. They are
comsideradio be potential beer-spoldage bactera[4, 17, 34] and are
known tobe able to spaoil non-alcoholic beverages [4]. There are no
recently documented cases of these species spoiling beer, but they
can be widespread in the filling area |3, 4]. They are considered
to be biofilm relevant due to the production of exopolysaccharides
(EPS), which also makes them potential biofim intiators [4, 10, 29,
34]. The production of EPS is not necessarily required for initial
call-surface attachmant, but is essential for the growth of mature
biofilms [1, 19]. L. iachs strains, izolated from dairy plants were
dascribed as having biofilm-producing potential [10]. Basides the
spoilage risk for beer mix and non-alcoholic beer types, this ma-
kas them impaortant as organisms that indicate hygiene problems,
sinca biofims containing non-product-spaoiling lactic acd bacteria
can provide habitats for strictly anasrobic, obligate beer spoiling
Acidamnococcacess such as Peclinafus sp. and Megasphasra
sp. [34]. Real-time PCA-based detection systems have already
baen designed for most known beer-spoiing bacteria and yeasts
by Brandl and Huwkler [5, 14, 15], but no rapid detection and
identification methods have been publshed for L. acelofolerans,
L. rosgigs, L. lacks or L. mesenteroides.

The aim of this study was io improve the detection of bacteria that
ara relev ant io Bavanan Wheat Beer as an exampls of bear types
with reduced selecivity by developing an adapted enrichment
medium. To date, the modular and muliiplex compatible, Taghan
based real-ims PCH systems developed by Brand [5] and Hutzler

Table 1  Strain set of selected obligate and potential beer spoilage organisms and brewery related NON-ENGE: MICIDONZanisms, used io
validae WEM-HR Medium against NEB
Species Serain Crigin Properties
Acalohacisr ’ eanobic background flora, non-target garm, mast
Type sirain, DSMZ culture collection, i jarm, i
pasteuranus DEM 3508 T ‘comman sEme-fonming spacias &t critical points
originglly iscisied from beer i et peach.a2 condact )
Laciohaciiius Brewery, Bavarian Whaat Bear, culturs
Erererin— TUM BF 111012015-2001 | collection of the Ressarch Center Weihan- ““m"ﬁ“ﬁwmﬂ'ﬂm
siephan BLG LA
Lactobaciiis hrevis Brewery, rinsing waier, dealconoiizing
TUM BP 120816044-7790| plant, cufture collection of the Ressarch {Erget germ, obligate beer spoiler
Genter Weihanstephan BLG
Lacipbeciis rossas Brewery, Bavarian Whest Bser light,
TUM BP 130607017-2573 | culture collectian of the Research Cenier | =Bt g, patentiel near apciey Bavarian
Weihanstaphan BLO SEEEE T
L ACIGOCEus facts i {Brget germ, pobential Bavarian Wheat Bear spai-
beser, cuthure collecion of the .
TUIM BF 120611046-8445 g JEr (Criy WIEn Severs production emars ceour),
Research Center Wehenstephan BLO i polerrhal, coremo Baruours! frm
Lewcoosioe Exewary, B4l sampis fller, culture colle- | terget germ, pobential Bevarian Wheat Bear spai-
mesentearmoes TUM BP 130827 040-0820 | ction of the Ressarch CanterWshenste- | ler joniy whien severs procuction emars oozur),
phan BLG Iafiim polential, common backpround flora
PatmIonas ‘aanubic beckground fora, weler- Bnd sol bacier-
fLOMEscens LM, non-argat penm, nan-pathaganic reprasentor
DM 50080 T Type sirain, DSMEZ cullwe collecion | of PSAUNGMONSS 5p., PSSUOOMONSS 50, COMMON
in Diofims &1 SEconOary CrRcal points in Tikng
‘area [3, 34, 35]
Sacchaomyces mast commen fop fermenting Baverian
o TUM 68 (FZW-BLQ) | Whesat Besr yeest, cufiure collsction of the | fop fermenting cutture yeast, non-targst germ
Ressarch Center Wehensiephan BLO
Sacchaomycas micst commen bottom-lermenting |ager
pESIOEnLE var TUM 3470 (FEW-BLa) | yeast, culture collection of the Research | bottom-fementing cufture yeast, non-ignget germ
Carisbergenss Genter Weihansiephan BLO
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[14, 15)] were not able to detect L. acefodolerans, L. rossiae, L.
lachis and L. mesenteroides - As a result, new, compatible specific
gystems for those species were developed. The biofilm formation
potental of strains of the four target speces was also evaluated.

2 Materials and methods

2.1 Biofilm formation potential in stationary phase

For testing the biofim formation potential of the used microorga-
nisms (Table &) an adapted test design according to Kolan et al.
[24] and modified by Timbe [36] in a 86-well microfiter format was
used. This iest was selected as it is described as siraightforaard
and usable for quantifying a broad range of microbial bioflms with
the exceplion of P aeruginosa biofilms [30]. The test was camied
out in sterile, biack, flat-bottomed polystyrens microtier 96 well
plates with polymenc optical bottoms for fluorescence applications
[Thearmafisher Scientific, Rochester, UISA ). Each wellwasfilled with
250 pl MRS-broth (DeMan-Rogosa-Sharpe broth) [7] with 0.02 pgf
ml resazunin &5 a redox indicator for growth and cysteine hydro-
chioride 0.006 pg/'mi as an mxidative quencher. Ovemight cultures
of the test strains were washed by suspending and canirifuging in
sterile distiledwaler and adjusted to 10°ES cella'ml. The filedwels
were incubated with 2.5 pl of the washed and adjusted cultures.

Aftersrards, the microtiter plates were sealed with gas permeable
foil and anasrobically incubated at 28 *C without disturbance for
24 hours. The flucrescence at 530 nm exfinction and 5590 nm emis-
ion (Multi-Detection-Reader Synengy 2, BioTek, Bad Friadrichshall,
Gearmany) was measured directly after sealing the plates and afier
inculbation as indirect growth control. The plates were emplied and
rinzad afterwards, using sterile disfilledwater. 300 pl of cry stal violst
solution (4 glin 20 % vol ethanol) was added to stain residing cells,
forming & biofilm in the wells for 5 minutes at room temperature. All
wells are emplied and rinzed 3 imes using 400 pl sterle distilled
water. The remaining crystal violet that was sfill bound to the cells
was dissolved in 300 pl %5 % vol ethanol at 10 *C ovemight and
A590 was measuwed using the Synergy 2 Multi-detection reader.
Means were calculated using four independent measwremeants
of four biological replicates per strain and normaliz ed against the
mean of four independent measwrements of four blank samples. All
wells ware counter-checked and documented microscopically for
adherant cells and trub particles using a MNikon nwverted reseanch
microscope THE, using & CFl & P-Fluor ELWD ADM &lx C air
objective for phase contrast microscopy.

2.2 Teststrains used for media validation

For media validation, 9 representative species were selected to
cover the possible spectnem from oblgate beer spoiling bacteria

Table 2 Formulation of developed Wheat Beer media
'WBM-HR-Broth (W BM-HR-H) 'WEM-HR-Agar (WBM-HR-A)
concentration [g/L] CONCentration [l;."l_]
Chiarophenal red 0.04 04
Di—)fruciose 2.00 200
Di-Jrinosa 064 064
Dy +)glucosa 1598 1699
Diemmonium hydrogen clrete 120 1.20
Dipatessium hydmgen phosphate 120 120
Dipatassium hydrogen phosphiate trimyorate 0.80 0L.B0
Meatl peplone 168 1.88
Meat extract 4.0 480
‘Yeast axiract 10.38 10.28
LL-argining mono mydrochionoe 0.08 o8
L-cysleine mono hydrochionde 020 020
Magnasium suitate haxatydrate 012 012
MEose mianohy drate 160 1,60
Menganese sullateinydrate 0.03 ooa
Natemax® 0.06 006
‘Sodium acetalatrihy drate 3.00 2.00
Casein peplone 6.00 £.00
Sucrosa 1.00 1.00
Trisodium ciratediny orele 016 016
Tween B0 024 024
Agar-Agar 18.00
Decarbonized Biavarisn Wheat Beer (sicohol free) 600 mi 800 mi
HO 400 mi 400 mi
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({Lactobacilus. brevis), potential bear spodingbacteria (. rosaias, L
acetofolerans, L. laciisand . mesenferaides)io non-spoilage bacts-
na (Acstobacter pasteuranus and Pseudomonas fluorescens), as
well as the omnipresant brewing yeasts | Saccharomyces ceravigas
and Saccharomyces pasionanus var. carlshergensis). The exact
test sirains used are shown in table 1, which also provides origin
and property information.

2.3 Media properties for enrichment cultures

To improve the enrichment of Bavarian Wheat Beer spoiling Lac-
tobacilius sp. @ new media, Wheat Beer media by Hutzler and
Ried (refermed to as WEM-HR in the following) was developed by
Hutzler and Ried| primarily to provide a medium with properties
closer to those of Bavarian Wheat Beer with a known composition
for the detection of L. scefotolerans at the Forschungszentnam
Weihenstephanfir Brau-und Lebenamittalquakitat. Deng described
catalase as an appropriate additive to overcome the VPNGC state of
L. acedofoleransa by reduding oxidative damage of the non-media-
adapted cells [8; 9]. Using an alternative method, the medium was
created using L-cysteine monohydrochionds as an anoxidaiive
agent. The medium was designed as a broth medium and as an
agar plate mediom. For validation, NBB (Doshler, Darmstadt Ger-
many) was used as a comparable reference medium according to
tie inmtnuctions for wse. The detalled formulations of the developed
media are listed in table 2.

24 Media validation

The media were validated by using five target germ species, which
are supposed to grow on the developed media. Those target
germs are namely L. brews as obligate beer spodage organism
the four potential beer spoiling organisms L. rossias, L. acedofo-
lerans, L. lachis and L. mesenteroides. For the non-target species,
which are not supposed to grow under the intended conditions,
A. pasteurianus, P fluorescens, 5 cerewisiae and 5. pasionanus
war. carisbergenas were used. The detailed strain numbers and
properties are listed in table 1.

All sirains were cultiv ated in liquid culture and standardiz ed to 1000
calls'ml. Al mediawere inoculated with abouwt 100 cells, the liquid
media (WBM-HR-B and NBB-B) with 100 pl of the standandized cell
suspension, the agar media (WBM-HR-A and NEB-A) as a pour
plate calture with 1 ml of a 1:10 dilution with sterile ringer solution
of the standardized cell suspension.

The broth media and pour plate agar culures were inoculated and
incubated at 28 *C for 7 days.

To validate the growth rate in WEM-HR-B, 25 pl of an MRS culture,
whichwasinoculated from a cryogenic storage culture andincubated
for 48 h at 28 “C, was inoculated in tubes with 10 ml WBM-HR-B
and NBB-B in parallel and incubated anasrobically for 14 days at

TableZ  TagMan* based rea-time PCR detection systems for potential Bavarian Wheat Beer spoilage baceeria
Target organism | Syssem Mame Probe Primer TargetArea | Mucleotide sequences (5 .37 | Reference
intemal ampinca- IAC135 BC135-8 IAC135 IACIZ5 | TGGATAGATTCGATGACCCTAGAAC | This sty
tian carral IAC135-1 TEAGTCCATTTTCSCAGATAACTT | This sty
L aciohacis Lec Lacs Lect 165 IONA CGAGCOGARCCAATIGATIAG | This stuzy
scaliierans Lacr TETEATCTCTCCTTTIATCOGETAT | This sy
Lacobaiis Lra ) Lrot 165 rONA GGOGTECCTAATACATGOAAR | This study
rossize Lo TGTCTCETCAATCTEETECAS | This shugy
Lacfococcus iLacia 1200 Lact 1ESIONA | GAAAGATGCAATTGCATCACTCAA | This shudy
s LPr ATTCCCTACTGCTGCCTCOE 5
Leuconoston iLew 200 Leu 165 rONA GOGCTICGECGTCADT This stuzy
meseniEroiks LPr ATTCCCTACTGCTGCOTCOS Bl

Tabled  Probes used for TaqMan® real-tme PCH detection systems for poental Bav arian Wheat Beer spodler bacteria
Probe REporsar Cuencher NuCIEGHide SEqUENCE (5 — 1) Reference
200 FAM BHC-1 CCACATTGEGACTEAGACACOGDT =
Lo S FAM BHC-1 TCEAACECACTIGEGK TTTTGATTGA This stugy
Lac & FAM BHG-1 CCTACCCTATAGTCTGRGATACGACT TEEAAACAS This sty
AG125-5 HEX BHO-1 TEEEAGGATGCATTAGGAGCAT TE TAAGAGAS This stugy

Tabbe 5 Artificial target sequence nucleotide LAC1 35 for internal amplification control

Nuclectide Nucleotide sequence [+ ) Feference
BC135 TECTAGAGAATCGATAGATTCGATGACCC TAGAA CTAGTGE “This iy
CAGEATGCATTAGGAGCATTGTAAGAGASTCECAACTTA
IAC135-rev TGCGACACCT IGEECEACDETCARTAGGECCACTCEART “This sty
GAGTCCATTTTCECABATAACTTCCEACTCTCTIACAATGET
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Table&  Biofilm formation potential of selecied obligate and potental Bavarian Wheat Bser spoiling lactic acid bacsena
Biokim formation | PUSETVEDE microsce-

Species Test sirain Eapo— potentia pical cell adhension
Lacipbaciliys aceisiolerans | TUM BP 1110120182001 0,168 - ¥ES
Lacipbaciliys aceisidlerans | TUM BP 1207060252505 0,230 - ¥es
Lacibanilius brovis TUM BP 120216044-3790 0,745 e ¥ES
Laciobaciys bravis TUM BF 1208160042781 0,365 - yES
Lacibacilius bravis TUM BF 120827 005-2823 B,00 4t yes
Lacihaiis rossas TUM BP 131022000-2858 0,302 - no
Lacipbaclus rosgas TUM BP 131022011-2866 0,367 - yES
LEcibaGys rossas TUM EP 131011001-2846 0,345 - yES
Lacipbaciliys rossas TUM BP 130607017-2673 1,00 " yes
Lacipeocous [acts DSM20481T 0,826 + ¥ES
LACIDCOCCUS [acts TUM EP 1206110468446 0,619 + yES
Lewcocosios TUM BF 130227 040-0820 1,13 + ¥es
masenitaroides
Lewconostoc TUM BP 130220005-0816 1,81 - ¥ES
masentaraides

" Biaflim formialion eccording to Diaz [10]
- 2o bictbm tormation B - Ty « Fonn mategty
+ 'wadk binflm fornmation Emm-:im—m--cﬂ -.ﬂmmf

++ - Miderate Diofllm formalion E-Emmqﬂm—mdd-hwr

+++ : strong biotim formation Baes — Fage= 4 * Fw minyr

28 *C in duplets. The time of the pH-indicator change was docu-
mented visualy against biind samples of a non-inoculated meadium.

25 DMNA-gxtraction

For the DMA exiraction, a modified protocol using the InstaGene
Matrix™ [Bio-Aad, Hercules, CA, USA) was used [26]. Hence
200 pl of a dense liquid enrfichment culture was transfemed into
a 1.5 ml Eppendort reacion tube and centrifuged for 1 minuie at
15,114 x g (Hetfich Mikro 200). The supematant was discarded
and 200 pl InstaGena™ DMA isolation buffer was added to the
reaiding cell pellet and incubated at 56 “C for 30 minutes (Eppen-
diorf Thermomix comifort). After a 10 second vortex step, the tube
was incubated for another 8 minutes at 85 “C then centrifuged for
1 min at 15,114 x g. The DMNA concentration was measured using
a Manodrop MD 2000 (Thermofisher Scieniific, Rochester, USA).
For the validation, the DNA concentration of the test strains was
adjsted with PCH-clean ddH20 to 5 ngipl. The DNA sample
material and sample strain set were stored at —20 *C.

2.6 Realtime-PCR

Forthe rapid detection of the potential beer-spoiling targst spadies
L. igcfis, L. mesenteroides, L. rossias and L. acefotolerans, Tag-
Man® real-éme PCRH assays were designed. The target sequence
for all four spacies is located in the 165 rDMA region. To identify
usable, spediic pnmer binding areas, the 165 rOMNA-zequences
of 98 strains of common brewery microorganisms collected from
the NCBIl-Database (hitp/ferem_ncbinim.nih.gov) were aligned
(DMASTAR, Megflgn, Lasargensa, Version 11). To achisve tha
greatest specificity poasible, primer target areas were selected that
had specific polymorphisms. Pimers and probes were designad

using Primer Express (Primer Express 1.5, Applied Biosystems,
Thermofisher Scientific). For internal amplification control, a
synthetic, random DMNA sequence was generated and a specific
TagMan real-ime PCH system with this saguence as target area
was designed [Table 3, Table 4 and Table 5). All primers and probes
ware teated in silico using BLAST (Basic Local Alignment Search
Tool) for homologies with other sites or species. Al real-time PCR
systems were designed to be compatible with other systems for
spoilage onganism dieteciion, designed by Brandl [5] and Hutzler
[14, 15]. The real-time PCR parameters usad for the design ware
therefora:

B Annealing temperature primers: 60 “C.

B Annealing temperature probes: 10 “C above annealing tem-
perature primers.

B Maximum amphcon length: 200 bp.

All nucleobdes were synthesized by biomersnet GmbH, Ulm,
Garmmany. All PCR-runs were camied out on a LightCyder® 480
Instrument Il {(Roche Diagnostics Deutschland GmbH, Mannheim,
Garmary], using 10 p LightCycler® 480 Probes Master in a 20 pl
wolume assaywitha 5 pl sample. The realtime PCRwas parformed
using 400 nmol ' of forsrard and reverse primer and 200 nmal |
TagMan probe of the main PCR system. The Primers were added
in aliquots of 08 pl and 10 ma |, the probes were added in 0.4
pl aliquots. of 10 mol 1.

The internal amplification control 1A.C 135w as added wsing 250 nM
of 1AC135-f and 1AC135r, 200 nM and 1A C135-5. The target DMNA
of the internal amplification controd 1AC135 and IAC1351ev was
uzed &t a concentration of 5°10-" mol . The primers were ad-
ded in aliquots of 0.5 pl and 10 mol I, the probes were added
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Tabba 7 Quantitative validation WBM-HR-A sccording to DIN EN IS0 11132:2015-01 [11] afier 7 days incubstion &t 28 "C with salectad
obfigate and potential Bavarian Wheat Beer spoiling bacteria and brewery related non-target mCroorganisms
WH-A HBEB-A
#1 &2 23 %) #1 22 # a Productivity Salectivity
[ern | crn | [erRg [cru | [EFU] | SR P =WM-ANMBE-A | (growth
WEBMHR-A level)
versus NBEB-A)
P05

Acaiphacisr i} i} L] i} i} 0 0 i} compieda inhibition i}
Dasiau anus

Laciohaaiius 236 230 245 =37 267 T 284 273 bay Z
scsfoloierans

Laciohaciius hrevis 45 42 41 45 4 B0 53 B0 0.a0 2
Lactobaaciius e T2 Fi:] T8 a2 g2 T8 a3 082 z
rossies

Lacfococous i5olis ag 78 b2 Tz T a a6 e oge 2

L swconasine T ) 84 a2 a2 81 7B =3 {0k -3
mesan leridas

PeaidiNmonss [i] [i] i} [i] [i] i} 0 [i] complete inhibiticn [i]
Ruonescans

Saccharmmyoes & 7 7 & [i] i} ] [i] partial inhiition 1
caradaas TUM &2

Saccharmmyoes 18 12 1 13 i} i} 0 i} partial inhiition 1
pasinfanus var

caishargansis

TUM 3470

Salactivity (Qrowth Iaeis): (- N0 OWEh, 1 - Weak Jrowin, 2 - pood prowih

CFU = Colony Forming Units

Table & Qualitstive validasion with selectad obligate and Bavarian Wheat Beer spoiling bacteria and brewery relased non-target
microorganisms of WEM-HR-B, incubated a: 28 °C for 7 days (4-fiedd test) [33]
Mesdium WEM-HR-B (7 d) MBE-B (7 d)
#1 #2 #3 #1 #2 #3
Acaiphscier pasteulanus - - - - - -
L aciohaciivs aceioioiarans 2 + 3 + 3 +
Laciohaciiis hravis 2 + + + ¥ +
8 numiber of positive
Laciohaciiys rossias 4 * + + + * analysis results in both 3
methods:
Iz numibsar of Wrong nege-
LAcInCOCCys [actis 2 o " . . . mm m 5
[NED-B):
©: NUMEE of Wrang pasi-
Leuconosio: messnlanoioss Es + et + et + M;ﬂmt:&ﬁxrgunﬁg;?m i
[MED-B):
d: numiber of ovarall
Peaudomonas fumrescans = = = = = = negadiva results in bol 24
methods:
e amyces cerevisias - - - - - - Nz overal Bnalysis results: 54
m! 53' _ _ _ _ _ _ redative WEM- 100 %
TUM 3470 HR-C {1009
redative sccuracy WBM- 100 %
HR-C ([a=dyn}*100 %
mm“f = 100

- M Visible indicator color changa

+ - wisible color changalgrowtn
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Tabbe & Detection speed validation of WBM-HR-B with selected obligete and potential Bavarian Wheat Beer spoiling baceeria, incubated
anasrobically at 28 °C for 14 days
species Medium | Dayi1 | Dey2 | Dey2 | Dey4 | Day7 | Day 10 | Dey1a
WEK-HA-2 - - - =
Lactobadiius scetoioierans TUM BP 1207 06026-2067 = = =
WEB-B - - - - L + +
WEM-HE-B —
Lactbeciius hack TUM BF 140407001-2242 - . = - - -
NBE-B - + + + 4 + +
WEK-HRE-2 -
Lacinhaciiss hravis TUM BP 120711011-2578 = = = = = =
NEB-B — + + + . + +
Wak-HE-3 - + + + 3 + +
Laciobacilius casel TIUM BP 1206091282360
MEBE-B + + + + 3 + +
WEM-HR-B - -
Lacinhaciis cofingides TUM BP 000-2081 = = = = =
MEB-B - - + + 1 + +
Lacinbecilis fndrer TUM BF 121213066-2357 WemHRS = = = - - -
NBE-B - - - 4 + .
) WaK-HE-B — + + + . +
Laciohaciis parabucinan TUM BP 121008043-2202 = - n n " < N
WEkK-HE-E - + + 3 3 + +
Laciohaniiys peroiens TUM BP 130000240-2696
NEB-8 — + + 3 . + +
WEM-HR-B - + + £t it + +
Laciohaciiys piantarmm TUM BP 121121170-2217
NEB-3 + + + F 4 + +
WEM-HR-B -
Laciohaniis rossias TUM OF 130806018 2754 = = = = = =
MEB-2 - + + 1 1 + +
L auconosios mesenismices TUM BP 000-0983 WEMHRE - - - - - i .
MEZ-3 - + + 3 3 + +
M 2 cersvisias TUM BP 121011 015-5988 LaliaZl W - = = = -
Bgaspnaer HEB-B - - - - + -
WEM-HR-B - - + 3 3 + +
Pecinatus rishgenss TUM BP 000-4327
HEB-8 - - - - - + +
WEM-HR-B - - 1 1 1 + +
Pediccoocus damnosys TUM BP 140013142-2243
NEB-8 - - + + + + +

- - = i color indicator changa, + - = color indicator change from red to yellow, +/- © = incompleta, partial color indicator change from red to yellos

in 0.4 pl abguots of 10° mol H, the internal amplfication control
target DMA was sdded in 0.1 pl aliquots of 10 mal . The initial
heating at 95 *C was held for 10 minutes, then 40 cycles were
performed at 95 “C for 10 seconds and 60 *C for 30 seconds. The
fluorescence was measured at the end of the 60 “C step of each
cyde [modified [5, 14, 15]).

27 Validation real-time-PCH

As a strain sst to validate the PCH specificity, 99 representativa
species, known tobe commoninthe brewing process were selecied.
All straing Ested in table 10 (see page 46) were grown as densa
three-day cultures in WEM-HR-B, the DMNA isolated according to
saction 2.5 and adjusted to 5 ngfpl.

3 Results and discussion
3.1 Biofilm formation

To validate the biofim formation poteniial, cut-off values were used
to differentiate between biofilm-forming strains and non-biofim-

forming strains. The biofilm-forming cut-off for non-bioflm forming
u'gaﬁsm(l“,wf}nasdaﬁnedastha mean of the measured
optical density of four independent negative samples (Bagy prpm)
pluz three times the mean standard deviation (Fpen sy 200 the
mean measwement of the blank valus (Rygy g ¥ Fius the mean
standard deviation (T iy grees) The mean of four independant
measurements of a strain minus the standard devialion of these
measurament YDy equal or below this threshold was defined as
no biofim formation, values between Py mayeand 2 « Spap aunpr
were defined as weak biofim formation, between 2 * Bypo cypapr
and 4 * Epey puygyp 85 moderate biofilm formation and above 4 «
Eypy caroyy a5 strong biofilm formation according to Diaz [10]. Al
wells in the microtiter plate were checked microscopically for cell
adhasion.

Az shown in table 6, two of the thres tested L. brewis showed bio-
film formation in MRS, of which TUM BP 120827 005-2823 showed
wary strong biofilm formation. Of the fourtested straine of L. rosaias,
only the strain TUM BP 130607017-2573 showed bioflm forma-
tion. All test strains of the speces L. isctis and L. mesenteroides
were able to build biofilm in MAS.
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