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1. INTRODUCTION

The consumption of red meat composes the part ofahudiet since the days of hunting and
gathering thanks for its texture and flavour chtmastics. The domestication of animals (sheep)
which started at the dawn of the Neolitic revolntiround 8500 BC also contributed to this habit
(Adams and Moss, 2008). The red meat containsrdiifeproteins, essential amino acids and trace
elements that are necessary for the human headtlt@und not be substituted from other sources
(Csapo, 2008; Kauffman, 2001).

These characteristics and the high water activfityeat also ensure a perfect medium for microbial
growth. The meat is originally sterile and is coniaated after slaughtering with different
psychrotroph, psychrophil and mesophil microbesnfrine environment (Corry, 2007). On the
surface of chilled, aerobically stored m@seudomonaspecies play an important role and become
dominant during storage. Their metabolic activéggdecially proteolysis and lipolysis) contribute to
the spoilage as well as off-odour and slime fororatiGreaser, 2001Y.he characterization of the
genusPseudomonadaces difficulties based on their genetic heteneffg. Reclassification of
species that originally belonged to the genuBsgudomonais continuous based on the 16S rRNA
studies. However, it is important to know the malac diversity and characterization of
Pseudomonaspecies to better understand the role of this ofdecteria in spoilage. In this thesis,
different molecular methods were used to studyhilodiversity of Pseudomonaspecies derived
from pork meat which was stored at 4 and 8°C uradeobe conditions. These methods include
RAPD, ARDRA, rpoB-RFLP, sequencing of 16S rDNA anabB genes and application of species-
specific PCR. A genus-specific primer pair was dissted in parallel with the applicability of
different media developed for detection BSeudomonasspecies from various sources. To
characterize the proteolytic and lipolytic actiegiof the isolates at different temperatures a-semi
guantitative method was used.

Flavobacteria also play a role in food spoilagecbynposing the initial part of microflora. The
characterization of these microbes derived fromtneaare because the emending of the family
Flavobacteriaceaestarted in the middle of ‘90s when the gerisryseobacteriumwvas also
established and became the member of this famipn@dmme et al., 1994; Jooste and Hugo,
1999). There is only limited information regardir@hryseobacteriumisolates derived from
spoilage. To characterize the growth o€lryseobacteriumsolate in parallel with a type strain,
cultivations in liquid cultures were performed aiffetent temperatures during this work.
Competition behaviour was also tested with éhefragi isolate combined in different ratios of

inoculated cells.



Food safety is an essentially emerging problenfdod industry. Consumers demand fresh food all
year around containing less and less preservaififesglobal distribution and consumption of these
foods emphasize the importance of food safety. &uimation of food with a pathogen presents a
greater economic and social problem than in théy egars (Bhunia, 2008). The picture of
foodborne infections changes continuously. While pathogens appear, already existed pathogens
may acquire new characteristics and occur in unerdefood matrices. The last outbreak that
called the consumers’ attention to the importanicéood safety and prevention was detected in
2011 May in Germany and then at the end of Jurtgance belonged to Shiga toxin 2a-producing
E. coli serotype O104:H4. The source of infectionEofcoli 0104:H4 in both countries derived
from the consumption of sprouts. The STEC outbresgorted from Germany was the second
largest STEC outbreak reported in history worldwi@&DC, 2011a; ECDC, 2011b; ECDC,
2011c).

Staphylococcus aureus one of the most frequent pathogen that causas-thorne outbreaks. It is
responsible for staphylococcal food poisoning (SBY producing heat-stable toxin. SFP was the
fourth most common causative agent in foodbormeed$ within the EU in 2008 (EFSA, 2010).
Staphylococcus aurewlls could be eliminated from the food but theinoremains stable under
rigorous heating. Contamination is mainly asseclatith improper and extensive manual handling
of cooked or post-processed protein rich food, aos with inadequate heating and/or improper
storage temperature of the food (Le Loir et al.020Smyth et al., 2004). At present, 22
staphylococcal enterotoxin or enterotoxin-like pmtwere found. The two most often reported
enterotoxins are however, the SEA and SED (Kéraumeat al., 2007; Wieneke et al., 1993) which
are encoded on genetically different genomic ctuestits. SEA (staphylococcal enterotoxin A) is
encoded by thesea genethe expression of which is linked to the life cydé SEA-encoded
prophage at a determined level (Sumby and Waldf¥3R SED (staphylococcal enterotoxin D) is a
plasmid-encoded protein that is connecteddd determinant and up-regulated by the accessory
gene regulator (Agr) system via RNA lll-mediatediuetion of Rot (repressor of toxin) activity.
The behaviour of pure bacteria and the gene expresd their toxins in liquid cultures may be
very different from those in food matrices wheréeraction of other bacteria through molecular
signalling is current. To better understand thea# of these circumstances on SEA and SED
formation, gene expression studiessehandsedwere performed in the thesis on four processed
pork products which possessed different intrinactdrs. As a control, the pure culture of
Staphylococcus aureuSA45 was cultivated under optimal growth condisian pH controlled
batch cultures. The relative expressionsehandsedas well as the extracellular SEA and SED
production were detected by the application of dtetive reverse transcription polymerase chain
reaction (QRT-PCR) and enzyme-linked immunosorbseay (ELISA).



2. LITERATURE REVIEW

2.1. Characterization of red meat

The category of “red meat” often involves meat kel from cattle sheep, pigs, goats, deer and
horses which could be completed with meat from dvether mammals (Corry, 2007). On
average, most muscles should contain about 1% psmatily represented by the elements
potassium, phosphorus, sodium, chloride, magnesaathejum, iron and zinc), 1% carbohydrate
(primarily glycogen in ante mortem), 5% lipid, 218trogenous compounds (predominantly
proteins), and the rest (72%) as moisture (Kaufiri2@01).

Proteins from meat origin are composed of the 2hamacids from which 10 essential and 12 non-
essential (Kauffman, 2001). The essential amindsagiust be supplied from dietary intake to meet
the body’s needs because the human body canndiesyrg them (Kim, 2001).

Meat is a source of iron and zinc but also suppgbdsabsorption of minerals from other foods. Zinc
is essential for the metabolism of nucleic acidgswall as the correct development and function of
brain and immune system and responsible for mernsbiwamctions. Heme iron is mostly found in
hemoglobin and myoglobin. It is present only innaal organs but not in any plant tissue (Monsen,
1988). Meat is a valuable dietary source of altltamin B, including thiamine, riboflavin, niagin
vitamin B6, pantothenic acid, and vitamin B12 (Ki2901).

After slaughteringdifferent biochemical and physical changes starthe muscle of the animal
which converts the muscle into meat. The metabldfiGctive system turns to inextensible and
moderate. The time interval and rate of post-morteetabolism have an important effect on the
properties of the muscle and its subsequent usdar (Greaser, 2001) In living muscle the pH is
normally around 7.4 but after slaughtering it deefi when the respiration turns to anaerobic
processes (Young and West, 2001). The decline imsptsually stopped and becomes stable at pH
5.5-5.8 before the total glucose in the muscle Iesn utilized. If the animal was exposed to
excessive stress or exercise before slaughterirg lével of muscle glycogen (glucose
concentration) is very low or exhausted. The lichiseipply of glycogen in the muscle causes the
synthesis of lower amount of lactic acid. This #adtion will continue only until the glycogens
run out. Red meat appears darker than normal red wigch is usually known as dark, firm, dry
(DFD) meat with the final pH as 6 or above (Youmgl &Vest, 2001). This is the consequence of
the higher respiration rate that reduces the oxygmretration and in parallel reduces the level of
oxygenated myoglobin or oxymyoglobin (Gresaer, 1986is gives the red colour to the meat that
the consumers usually associate with freshness. spodage presents at lower bacterial cell

densities (1DCFU/cnf) than on normal meat especially in a modified apf@re or in vacuum



pack (Newton and Gill, 1978). These conditions appeost often on beef but also occur on pigs or
other meat animal’'s meat.

In contrast, pork meat may achieve a usually lonwcphtkd pale, soft, extrudative (PSE) because of
releasing more moisture and possessing paler cosmfiter texture than the normal meat. It is
usually the result of accelerated post-mortem dlgi® while the muscle temperature is still high.
The PSE meat is directly related to porcine stsgasirome in which the animals may die as a result
of mild stress (Gill, 1982; Greaser, 1986; Cor90?2).

2.1.1. Microbiological aspects of food spoilage espally on pork

Several intrinsic and extrinsic factors could iefhce the composition of the spoilage-causing
microbiota on food. Focusing on the meat, thesensit characteristics belong to the meat itself
such as the origin of the meat (e.g. red meat,tpomieat, fish or processed meat), the structure of
the meat (e.g. DFD or PSE) different pH, fat content. The extrinsic factors contain ¢jaseous
composition of storage environment (e.g. aerobeywa or modified atmosphere), type of packing
and other storage conditions such as chilling férmint temperatures or freezing.

Food spoilage microorganisms are those which upowty in a food, produce undesirable flavour
(odour), texture and appearance, and make theunsditable for human consumption (Jackson et
al., 1997). The tissue of a healthy animal is mie® against infection by the combination of
physical barriers and the immune system. Interng&mms and muscles from a freshly slaughtered
carcass are relatively sterile. However, duringighder and dressing, microorganisms contaminate
the surface of carcasses and meat cuts providirfggbeenvironment for microbial growth (Bell,
2001; Marshall and Bal'a, 2001Yhe most heavily colonized areas of the animal thaly
contaminate the fresh meat are the skin and gatgstinal tract. Contamination from other sources
also occurs such as the hide and hair of the anitmalabattoir environment (e.g. the water, air,
soil) or the equipment, processing hand tools, ésmivas well as worker's hands during the
processing (Corry, 2007). These sources containix@dnmicrobial population of mesophilic,
psychrophilic or psychrotrophic organisms. The temafure range for growth of these is
demonstrated in Table 1. These microbes are Gragatime and Gram positive bacteria which
involve mainly spoilage-causing bacteria as wellf@sd-borne pathogens such fescrococcus,
Pseudomonas, Moraxella/ Acinetobacter, Lactobagjllu Flavobacterium, coryneforms,
Enterobacteriaceae Staphylococcus, Streptococcus Bacillasd Brochothrix thermosphacta
(Dainty et al., 1983). Yeasts and mold could alsddund in parallel (Corry, 2007). The dominance
of them depends on the storage conditions aftegbklaring. After dressing carcasses are washed to
remove visible contamination and then it is codleahill temperatures. The cold shock may cause

some reduction in numbers of mesophiles and psyrcip®



Table 1.Groups of microbes according to their temperatanges they grow

Temperature (°C)
Group Minimum | Optimum Maximum
Psychrophiles (obligate psychrophiles) -5to +5 152- 15-20
Psychrotrophs (facultative psychrophiles) -5to#5 25-30 30-35
Mesophiles 5-15 30-40 40-47

Adapted from ICMSF 1980

The initial cell count on red meat varies betwe®/ 10> CFU/cnf or gram (Borch et al., 1996)
especially on pork is less than*10FU/cnf (Mackey and Roberts, 1993) and going to increase
depending on the different factors that affectrtherobiota.

Colonization of microbes on the muscle surfacehis iitial step of microbial spoilage
which involves two stages (Firstenberg-Eden, 1981). the first stage bacteria are in a tight
interaction with each other thanks to Van der Wdalses or other psychochemical factors
(Benedict, 1988; Dickson and Anderson, 1992; Fnséeg-Eden, 1981). In addition to the cell
density, factors such as type, surface, growth ghi@snperature and motility may also influence
bacterial attachment to muscle surface (Chung.etl@89; Farber and ldziak, 1984). The second
stage contains an irreversible attachment to thatmerface. Attachment is facilitated by the
microbial excretion of an extracellular polysacetiarlayer as glycocalix (Costerson and Irvin,
1981). Bacteria already present on surfaces mayeimée the ability of other bacteria attachment
(McEldowney and Fletcher, 1987). When the counthiea 18 CFU/cnf the off odour is followed
by tackiness (Molin, 2000) that indicates the fotiova of bacterial slime. This slime layer is a
biofilm that develops on fresh meat (Jay et alQ30 The mechanism of attachment and slime

formation is shown on Fig. 1.

1. Transport of cells to the 3. Desorption of reversible 5. Secretion of off-odour
surface adsorbed cells as the consequence of
" substrate transport .

J \{ g » 6. Replication
J . « ° and growth,
® o *  slime formation
Q°‘1—‘ & & 4. Irreversible b
J J | attachment, cell-tocell = “, % *°
signaling, exopolysaccharides \ ©
V. 2. Cell adsorption production B - _
b :
“'L o

Meat surface

Figure 1. Process of attachment of bacteria and slime foomain meat surface.

(Source: Breyers and Ratner, 2004, modified drawing



To prolong the shelf life of meat and meat produltse different packaging types are in use: air,
vacuum and modified atmospheres (MA). Pork is gahestored aerobically or in MA while beef
in a vacuum or MA due to the need for tenderizatilming an extended storage. Transitions
between different packaging-types may be perforfoedetail cuts (Borch et al., 1996).
A large portion of marketed perishable meat andltpoproducts are stored at refrigeration
temperatures. Mesophiles are generally a major ocaeqt of the initial microbiota while
psychrotrophic organisms form only a small percgataf that. Refrigeration restricts the growth of
mesophiles and allows psychrotropic microorganismsgrow and eventually dominate the
microflora. As microbial growth occurs during stgeathe composition of microbiota is altered so
that it is dominated by a few or often a single noical species (Adams and Moss, 2008). The
relatively rapid growth rate oPseudomonaspecies allows successful competition with other
mesophiles and psychrotrophs. Other microbes doguim a lower number includ&cinetobacter
Psychrobacter, Flavobacterium Moraxella, Enterobacteriaceaeand sometimesBrochothrix
thermosphactand belong to the meat contaminating microbiotgcR®trophic species belonging
to the Enterobacteriaceaare Serratia liquefaciensand Hafnia alvei (Dainty and Mackey, 1992;
Borch et al., 1996). Certain species of the gerdaaobacteriumand Chryseobacteriumalso
contributes to the initial bacterial population @ considerable ratio (Jooste and Hugo, 1999;
Jackson et al., 1997) but their growth propertied @le in spoilage is less examined. The genus
Chryseobacteriumis one of the genera that built on the ruins of tienusFlavobacterium
(Bernardet et al., 1996) after the gerlavobacteriumset right in the middle of '90s following
extensive phylogenetic investigations. Based on #& rRNA studies several former
Flavobacteriumspecies were transferred to the novel gedlig/seobacteriunfVandamme et al.,
1994) and novel species have been described, ingldthryseobacterium joostéHugo et al.,
2003) from milk,Chryseobacterium vrystaatensg. nov. from raw chicken (de Beer et al., 2005).
Vacuum-packaging is frequently used for cookedtmeaducts. Generally the shelf-life for
vacuum packaged meat is about 15 weeks. Initithly,oxygen permeable packaging allows the
growth of Pseudomonasspp., but as the oxygen is consumed the restrictibrgrowth of
pseudomonads happen. When the accumulation @f &@€ur inside and the package lactic acid
bacteria [Lactobacillus, Leuconostp@nd Carnobacteriun take over (Borch et al., 1996). If it is
combined with curing salt and nitrite the growth peychrotrophic lactic acid bacteria is also
favoured (von Holy et al., 1991Brochothrix thermosphactmay also be a dominant part of the
bacterial flora (Nielsen, 1983). The microorganiseech their maximum population of around 10
CFU/cnft after about a week’s storage but the sour acidiodevelops only slowly thereafter. The
extension of shelf life produced by vacuum packegot seen with high pH (>6.0) meat because
Shewanella putrefacienand psychrotrophi&nterobacteriaceaecan grow. Storage of vacuum
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packed meat at temperatures above the chill rasgéealy to select a microflora containing
mesophilicClostridium species Clostridium botulinum, C. perfringeneand Enterobacteriaceae
(Ingram and Dainty, 1971) which would be highly &adous (Corry, 2007).

Storage under modified atmospheres is also useddoked, cured meat products. In modified
atmospheres the growth of pseudomonads is inhiliitedhe CQ while the high levels of ©
maintain the bright red colour of oxygenated mybgilon the meat. Here the microflora depends
on the type of meat, its storage temperature aretheh it was vacuum packed or aerobically stored
previously. The microflora and spoilage tend tddwl a similar pattern to that of vacuum packed
meat. As a result, the group of microbes that besopredominant is the lactic acid bacteria with a
small proportion of Pseudomonasspp., Enterobacteriaceae and sometimesBrochotrix
thermosphactaThe product deteriorates slowly due to multigima of Lactobacillusincluding
Carnobacterium sppwhich produce sour type odour (Gill and Newtoi79; Adams and Moss,
2008).

2.2. Food spoilage-causinBseudomonas species and their role on aerobically stored meat

Storage at low temperature (0-15°C) allows the gowaf psychrophils and psychrotrophs to
overgrow and dominate on the spoilage microbicaakSon et al. 1997).

The final bacteria population during aerobicallpretl chilled red meat is dominated by Gram
negatives, especially the members of the gétraesidomonagDainty and Mackey, 1992; Olofsson
et al., 2007)The reason why the pseudomonads become dominémitishey are able to utilize
low molecular weight nitrogen compounds as enemyyce under highly oxidative circumstances.
This is a clear competitive advantage for pseud@dsnsince meat contain relatively low levels of
simple sugars and more complex energy sources asigirotein and fat that are not serving so
significant substrates for growth until later irogdpage when high bacterial populations are attained
The first indication of spoilage in fresh meaths production of off-odours which become apparent
when microbial counts reach around’ IOFU/cnf (Olofsson et al., 2007). At this point it is
believed that the microorganisms switch from theaidishing levels of glucose in the meat and
amino acids as a substrate to grow. In meat wittetolevels of residual glucose this stage is
reached earlier f@FU/cnf and it accounts for the earlier onset of spoiliagkigh pH meat. The
pseudomonads are able to grow within the usualgutde of muscle foods (pH 5.5 and 7.0) while
many bacteria e.gMoraxella and Acinetobacterspecies are less capable of competing under

refrigeration temperatures at the lower pH in taisge (Jay et al., 2005).



2.2.1. The genu®seudomonas

The genug$’seudomonabelongs to the family dPseudomonadacedkat composes the subclass of
Gammaproteobacteria which is the most diverse daBsoteobacteria (Deak, 2010). The proposal
of the new genu®seudomonabelongs to Migula at the very end of the nineteergntury who
described the first member of the gerfBalleroni, 2010). Thiss one of the most diverse genera
the taxonomy of which has undergone many change® ®arlier descriptions (Palleroni, 1984).
The genus was redefined and its phylogenetic aglaliips with related groups or species that were
determined previously aBseudomonasave been reclassified based on 16S rDNA sequences
(Kersters et al., 1996). The rRNA sequence siitigar betweenPseudomonaspecies were
determined initially by hybridization of DNA to misomal rRNA. According to the results the
genusPseudomonawas subdivided into five distinct “rRNA homologgtoups as demonstrated in
Table 2 which was based on rRNA similarities antimegtions of phylogenetic connection
(Palleroni et al., 1973; Palleroni, 1984). The solbgs constitute different classes of Proteobaxteri
(Deék, 2010).

Table 2. RNA “homology group” based on DNA-rRNA hybridizat

RNA group Subclasses of Proteobacteria Results of reclassification into new genus
I Y Pseudomonas
Il B Burkholderia, Ralstonia
1] B Comamonas, Acidovorax, Hydrogenophaga
\% o Brevundimonas
V Y Xanthomonas, Stenotrophomonas

The rRNA group | represents the “true” member ofigd?seudomonawhich usually

characterizes @seudomonasensu stricto containirig. aeruginosaP. fluorescengP. putidaand
related species. At the time of this writing (Sepiber, 2011), 212 species and subspecies belong to
this genus

(http://www.dsmz.de/microorganisms/bacterial_nomatuce info.php?genus=PSEUDOMONAS

The genusPseudomonass a collection of speciethat is widely dispersed in the natural
environment and living under diverse conditionselR®monads are the inhabitants of soil and
water ecosystemslhey also compose the collection of important pathogkmsplants, fungi,
animals and even human (Palleroni, 1992; Lyczaal.e2000; Locatelli et al., 2002)In public
health the opportunistic pathogEBnaeruginosahas gained interest by affecting primarily immuno-
deficient people as well as possessing high resistagainst antibiotics (Locatelli et al., 2002). |
also represents the type strain of the genus. IBisfare important if°. aeruginosgathogenesis,

since they form on the surfaces of medical devsesh as catheters, endotracheal tubes, and are



thought to contribute to chronic infection in theaays of cystic fibrosis (CF) patients (Parsek and
Singh, 2003).

The universal distribution of this genus resultldttit is capable of utilizing a broad range of
organic and inorganic compounds (e.g. halogenated derivativesnobiotic compounds).
Pseudomonaspecies are well known for biofilm formation in mall or extensive form in which
guorum-sensing appears to play important r¢Whiteley et al., 2001). This ability helps them
surviving in various natural ecosystems (Tolkeridga and Molin, 2004).

Some species are responsible for spoilage of raifiefoth et al., 2000) and dairy products as well
as meat deterioration like red meat (Ercolini et2009), poultry and fish.

The member oPseudomonagenus are non-spore forming, aerobic, Gram negjatixidase and
catalase positive bacteria which are motile wittv fexceptions by one or several flagella. The
bacteria are straight or slightly curved rods (0.8-x 1.5-5.0um). All species respire aerobically,
using oxygen as the terminal electron acceptorofiidative phosphorylation but some of the
species can also use nitrate and able to do daaition (dissimilatory reduction of nitrate to,®
and N). Pseudomonaspecies dissimilate sugars. Many aerobic pseudodsoaee resistant to a
number of antibacterial agents such as the majofitglated beta-lactam antibiotics (Garrity et al.
2005). The cells of some strains can be extremadyt swhile in othersK. putidaandP. syringag
they may be unusually long. With few exceptionagdllar motility is a common characteristic of
Pseudomonaspecies. The pigments productions (e. g. pyoverdggecianin) byPseudomonas
species are also demonstrated and have an esdartabmic marker (Meyer and Hornsperger,
1998).

2.2.1.2 Impact of proteolytic and lipolytic activiies of Pseudomonas species during spoilage

Enzymatic activities of spoilage-causing psychnotio bacteria, especiallfseudomonaspecies
are responsible for the deterioration of refrigedameat and dairy products and cause defect in
sensory values (Dogan and Boor, 2003). In procesked milk stored at 4°C mainlyP.
fluorescernsbecomes predominant (Eneroth et al., 2000) andeitseted enzymes are liable for
proteolysis and lipolysis (Sgrhaug and Stepani@Ry1Matselis and Roussis, 1998). The off-odour
appears when the population Bseudomonaspp. reaches 2.2 x 4@o 3.6 x 10 CFU/ml
(Champagne et al., 1994) in milk. Several stragisiging to the genu8seudomonagroduce heat
stable extracellular lipases and proteases thaairemctive (Garcia et al., 1989; Sgrhaug and
Stepaniak, 1997) even after the thermal processielg such as pasteurisation of milk. Proteases
digest the casein which leads to the bitter flavand clotting of milk while lipases degrade
tributyrin and milk fat resulting free fatty acidisat cause rancid, bitter taste. These hydrolysed
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lipids and proteins as by-products not just redingeorganoleptic properties and the shelf-life of
fluid milk products, but are responsible for théa@flour production with their volatile compounds
(Dogan and Boor 2003; Ercolini et al., 2010; Rajamotet al., 2002). These activities combined
with spoilage generate significant economical legee food industry.

On meat the proteolysis occurs only when spoilageell advanced and when the number
of bacteria at the surface reache$ @&U/cnf and off-odour appear (Molin, 2000). The maximum
production of proteinase by psychrotrophs normaliyninates in the late exponential or stationary
phase of growth (Griffiths, 1989; Kohlmann et dl991). The majority oPseudomonaspecies
produce only one type of proteinase, typically aitre@ zinc metallo-proteinase based on their
functional group. The optimum pH for digestion etween 6.5-8.0 (Chen et al., 2003).

Most spoilage bacteria as well Bseudomonaspecies utilize glucose as a carbon source. Since
spoilage characteristics do not become evident amtino acids are degraded, the concentration of
glucose present in the meat tissue has an esseidiah the start of aerobic spoilage. The difunsi

of glucose molecules starts from the deeper tisalnen the glucose is consumed at the surface of
meat (Gill, 1982). This procedure occurs until ghecose has been exhausted and another nutrient
source becomes available for utilization such atata and amino acids. Degradation of amino
acids such as cysteine and methionine degraded hky spoilage microflora (especially
Pseudomonaspecies) results in the production of volatilgpbulr compounds such as methane tiol,
dimethyl sulphide and dimethyl disulphide, hydrogephide, indole and other compounds. These
contain the part of off-odours, flavours and cofo(Edwards and Dainty, 1987; van Laak, 1994).
Amino acid decarboxylation of lysine yields putregc Increasing putrescine levels correlate with
increasing pseudomonad counts in meats (MarshdlBafia, 2001). In the later stages of spoilage
an increase in the meat pH is seen as ammonia anchler of amines are elaborated.

Lipolytic enzymes can be defined as carboxylesesrdlsat hydrolyse acylglycerols (Jaeger et al.,
1994; Jaeger et al., 1999; Beisson et al., 200®)sé& that hydrolyse acylglycerols of <10 carbon-
chain fatty acids are the esterases, or carboxy/léde€ 3.1.1.1); while those that hydrolyse
acylglycerols of more than nine carbon-chain fadiyids are the lipases, or triacylglycerol
acylhydrolases (EC 3.1.1.3). Most bacterial lipa@es extracellular and produced during the late
log and early stationary phases of growth (Fox &tepaniak, 1983; Sidhu et al., 1998). The
production of lipases will be limited or inhibitdaly the presence of carbohydrates, lipids and
proteins in the medium. Those conditions such agp#eature, pH, nitrogen and lipid sources,
concentration of inorganic salts and availabilifyogygen all also has effect on the levels of Igpas
produced (Chen et al., 2003). The meat developsegtsor fruity odour at the sensory detected
stage when pseudomonads begin to increase (Adainslass, 2008) due to ester production. It is
particularly associated wit?. fragi which can produce ethyl esters of acetic, butaci@mnd
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hexanionic acids from glucose. This demonstrates the off-odour is a complex mixture of
volatile esters, alcohols, ketones and sulphurasoimg compounds (Ercolini et al., 2009; Ercolini
et al., 2010).

Many spoilage microorganisms are able to produceentisan one type of extracellular
lipases which catalyse the hydrolysis of triacytgisol which may, along with their oxidation
products, contribute to rancidity (Macrae, 1983)idative rancidity of fat is also a part of spoiag
It occurs when unsaturated fatty acids react widygen from storage environment. Stable
components such as aldehydes, ketones and shamtfeltiy acids are produced, resulting in the
eventual development of rancid flavours and odoling. procedure of autooxidation is independent
from microbial activity the rate of which is detaned by the proportion of unsaturated fatty acids
in the fat (Formanek et al., 2002).

2.2.2. Detection oPseudomonas species

Traditional microbiological techniques for bactéridentification, such as observation of growth
patterns on selectivand differentiative media, biochemical reactionsl amicroscopy, is very
useful for pre-selection and compose the princiftesisolation of different species. They are
simple and relatively inexpensive, but they areetioonsuming. In case &seudomonaspp. the
main problem with conventional phenotypic methods that they have limited applicability in
differentiating the genetically diverse genus. Heere information is important for detailed
analysis of representative genetic types to disctiveir spoilage potential (Aslam and Service,
2008). Genotypianethods such as ribotyping could help with its ewlea discriminatorypower
(van der Vossen and Hofstra, 1996). Ribotypingliesen demonstrated to rapidly and reproducibly
type bacterial isolates at genus, species andnskeaels (Bruce, 1996) as well as could serve
information whether all or only a few selected gendypes of Pseudomonaspecies are
responsible for e.g. off-odour production or whistnains become dominant (Dogan and Boor,
2003).

2.2.2.1. Traditional culture-based methods

Several selective media is available for the deiecdtf Pseudomonaspecies however most of
them are designed for the detection of the oppaticrpathogerP. aeruginosaandBurkholderia
cepacia The collection of media used for selective débecof Pseudomonaspp. is demonstrated
in Table 3. Those media that were developed foiadily important pseudomonads are tested for
the detection of food spoilage causing pseudomobatishey had poor specificity because other

non- Pseudomonastrains considerably interfere or accompany thedt@®n (Solberg et al., 1972;
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Jeppesen, 1995; Flint and Hartley, 1998$eudomonaspp. grow well on non-selective media
(e.q., plate count agar and blood agar, BHI agawell as on selective and differential media (e.g.
MacConkey agar and eosine methylene blue agar) wierbation temperature is adequate for
their growth (Jeppesen, 1995). The selectivity hidse media is usually enhanced by different
antibiotics which uses the resistance of Bseudomonaspecies against these agents. For the
detection ofPseudomonaspecies in fresh meat (CETCH agar) was develope8diyerg et al.
(1972) which was an effective selective inhibitbmmeat spoilage microorganisms and allowed the
detection of Pseudomonascolonies after incubation at 23°C 48 h. HoweveAlcaligenes,
CitrobacterandEnterobacterspecies were not inhibited on this medium.

Mead and Adams (1977) investigated the selectauiy productivity of four existing media
for isolation of Pseudomonaspp. (ALCV, MGV, CETCH and Difco heart infusion agaith
diamide) from poultry. These media effectively skggsed the growth of Gram positive organisms,
but there were marked differences in their abiltty suppress unwanted Gram negative
microorganisms. ALCV medium permitted growth of mas$rains of Gram negative bacteria,
whereasSerratia liqguefaciengould grow on MGV andhewanella putrefaciens, Aeromorsgp.
and S. liquefaciensgrew on CETCH. The majority dPseudomonaspp. produced only small
colonies on MGV and was difficult to count. The @fmedium (Verbovsky and Collins, 1973)
was the least successful, inhibiting most of the-pigmented®seudomonaspp. whilst supporting
the growth of certain yeasts. Driessen and Stadtrsu972) examined these media as well as
HerellaPseudomonamedium for detection dPseudomonaspp.derived from milk. These media
were found insufficiently selective. Mead and Ada(h977) developed a new selective medium
called CFC. The medium successfully rolled backnGpesitive bacteria and facilitated the growth
of Pseudomonaspp. (includingPseudomonaseruginosa. It was able to inhibit other Gram
negative bacteria, althoudgh putrefacienswas paritally suppressed. Kristiansen (1983) made a
comparison between species aerogenes, Hluorescens, Burkholderia cepacand P. putidaon
two selective media [cetrimide/naladixic (CN) aretronide/fucidin/cephaloridin (CFC)]. Only.
aeruginosashowed sufficient growth on these media in thigltrifryfinopoulou et al. (2001)
applied CFC medium for countingseudomonagpopulations on fish but the enumeration of
pseudomonad populations directly on CFC medium m@sadequate with fish samples. Both
Enterobacteriaceaeand Shewanella putrefaciensere able to grow on the CFC medium. The
members ofEnterobacteriaceaeould also grow on CFC in studies relative to meatultry and
milk (Stanbridge and Board, 1994; Flint and Hartle996; Salvat et al., 1997).
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Table 3. Collection of media developed for detectPseudomonaspp.

Name of the media| Selective agents Action of the selective Application Isolation from | References
agents
King A Potassium sulphate,stimulate the formation of | confirmation ofP. no special King et al.
(Pseudomonas magnesium chloridepyocyanin and pyorubin | aeruginosaby source (1954)
Agar P) pyocyanin formation determined
King B magnesium sulphatestimulates the production | Detection fluorescing | water, drinking| King et al.
(Pseudomonas of fluorescein, inhibits the | bacteria, especially. water (1954)
Agar F) pyocyanin formation fluorescens
Pseudomonas cetrimide inhibits the growth of isolation and various Brown and
selective agar accompanying microbial | differentiation ofP. materials Lowbury,
(Cetrimide agar) flora aeruginosa (1965)
ALCV ammonium lactate,| inhibits gram positive enumeration of milk Gyllenberg et
crystal violet bacteria Pseudomonaspp. al. (1963)
MGV erythromycin, antimicrobial agents enumeration of food Masourovsky
(Masourovsky chloramphenicol Pseudomonaspp. et al. (1963)
medium)
GH medium nitrofurantoin, primary selective agents | selective isolation of natural habitat| Grant and
nalidixic acid Pseudomonaspp. Holt, (1977)
CN cetrimide selective foP. aeruginosa| selective media for Goto and
Pseudomonas pathological | Enomoto,
— - aeruginosapsed in sources and | (1970);
naladixic acid suppress the grovx_/th of clinical microbiology (burns) Lilly and
other Gram negative Lowbur
: Y,
bacteria (1972)
HP (Herella chloramphenicol | antimicrobial agents enumeration of milk Driessen and
Pseudomonas pseudomonads Stadhouders,
agar) (1972)
CETCH cetrimide selective agent against | isolation and food product | Solberg et al.
yeasts enumeration of especially | (1972)
2-hydroxy-2',4',4'- Pseudomonaspp. meat
trichloro-o-diphenyl| inhibitory to a broad
oxide spectrum of
microorganisms
Heart infusion diamide antimicrobial agents P. fluorescens milk Verbovsky
with diamide and Collins,
(1973)
CFC cetrimide inhibits contaminating isolation and meat and meat Mead and
yeasts enumeration of based productsAdams,
fucidine inhibits Pseudomonas spp. 2977);
AcinetobacteiMoraxella Mead (1985)
cephaloridine inhibits enterobacteria,
staphylococci and
streptococci
Pseudomonas nitrofuratoin inhibits most other Gram | isolation for water and | Krueger and
selective isolation negative bacteria Pseudomonaspp. deionized | Sheikh,
agar - — — water (1987)
crystal violet inhibits Gram positive
bacteria
GSP sodium glutamate, | accompanying detectionPseudomonas| foodstuffs, | Kielwein,
starch, phenol red | microorganisms not andAeromonas waste water; | (1969; 1971)
metabolize them equipment of
penicillin selective inhibitor Fhs fo:)d
pimaricin antimycotic agent industry
MGSP Irgasan DP 300 inhibits the growth of detection of Spoilage of | Flint and
another Gram negative | Pseudomonaspp. dairy products| Hartley,
bacteria (1996)
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A medium usually used for detection of fluoresceaeudomonaspp. is King’'s medium Binder
UV-light. King’'s A medium are elective media foolation and detection pyocyanin formation of
Pseudomonas aeruginas®ther media that is used for selectiBseudomonas aeruginosa
Cetrimide agar (Brown and Lowbury, 1965) which pedfic for the detection dP. aeruginosa
from water and used in detection of this speciemfclinical sources. The use of cetrimide was
recommended (Lowbury, 1951) for inhibiting the gtbwof accompanying microbial flora and
minimizing interference with the growth Bf aeruginosa

Glutamate Starch Phenol-red (GSP) agar was propogd€ielwein (1971) for the detection of
Pseudomonasnd Aeromonasin food sources as well as in waste water and @a feandling
equipment. However it was not suitabe for the detecf Pseudomonatom milk (Driessen and
Stadhouders, 1972) and a selective agent calgmsdn DP 300 was chosen to modify GSP
medium (MGSP).Pseudomonaspecies grew well while other species, excBptratia, were
inhibited (Flint and Hartley, 1996).

2.2.2.2. Molecular methods for identification andyping of food-borne bacteria

Molecular methods play an important role in idaa#fion and characterization of food spoilage
causing bacteria. For example DNA-based typing odghare based on the polymorphism of the
DNA that help to differentiate bacteria at spe@esl strain level and make better understand the
way of spoilage. The innovation of PCR (polymerabain reaction) in 1983 by Kary Mullis
revolutionised several area of molecular biology @m particular molecular diagnostics. Mullis

won the Nobel Prize in Chemistry in 1993 for theention of PCR.

Principle of PCR

The objective of PCR is to produce a large amotiatspecific fragment of DNA from a very small
amount of genomic DNA that can be used for furtimeiecular analysis. The specificity of the
method is based on amvitro enzymatic reaction under controlled temperaturalitimns targeting
and amplifying one fragment of the DNA or gene éthnd Bej, 1994). The PCR protocol consists
of the following three steps as illustrated on Rig.

The most simple and common way to detect and amati®® amplicons after PCR reaction is the
electrophoresis on agarose or polyacrylamide dérdz et al., 2006). Ethidium bromide, SYBR
Green | could be used for staining the gels. Thiyges are able to bind to the ds DNA by
intercalation and can be visualized under UV lightusubel, 1989). SYBR Green | sufficiently
sensitive to measure low concentrations (0-2 ngihlDNA while ethidium bromide is only
appropriate for higher concentrations (0t2fiml) of DNA (Rengarajan et al., 2002).
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Figure 2. Flow chart of polymerase chain reaction during oycle
(Source:http://serc.carleton.edu/microbelife/research_medigenomics/pcr.htl

PCR-based techniques used for typing of bacteria: &°D and PCR-RFLP

TheRAPD (Random amplification of polymorphic DNA) method swdeveloped by Williams et al.
(1990) and has been initially used to detect polyphism in genetic mapping, taxonomy and
phylogenetic studies, later in genotoxicity andcoargenesis studies (Atienzar and Jha, 2006).
RAPD-PCR is the most popular typing technique &apto food ecosystems which allows simple,
rapid and cost effective detection of DNA mark@rse method targets the whole genome of the
organism to generate randomly amplified DNA prodweithout prior sequences information of the
target DNA (Caetano-Anolles, 1997). Typically, RAPD protocol usually works with single short
(approximately 10-12 bp length), non-specific pnimend applies the annealing temperature
between 34-42°C. The amplified DNA is generallyaaped by gel electrophoresis on 1.5-2.0%
agarose gels. These patterns arise from randochatent of the primer to the template DNA and
several regions will be amplified if the DNA showsnilarities to the primer. Polymorphism
detected by these techniques can be used as taionwarkers in population studies of a wide
variety of organisms (Welsh et al., 1992). The mgpoblem of this method is the weak
reproducibility that was observed at intra- andelidaboratory level (Maraz et al., 2006).
Standardisation of the PCR conditions could berdypsolution. The reaction has to be optimized
as for the quality and quantity of template DNA,RPBuffer, concentration of magnesium chloride,
primer to template ratio, annealing temperature,ifand of DNA polymerase or source as well as

the brand of thermal cycler instrument (Wolff et 4993). RAPD technique has been successfully
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applied to genetic population analysis Bseudomonas aeruginosariginated from human
infections (Renders et al., 1996; Campbell et28lQ0). The ecology of lactic acid bacteria (LAB)
in fermented sausage was also subjected to RAPD-RLE$d et al., 2006). There are only few
publications dealing with genetic characterizatafnfood spoilage causing pseudomonads with
RAPD analysisPseudomonassolates are characterized by RAPD and connectdédod spoilage
derived from the production of pasteurised milk €Exth et al., 2000) or from raw and pasteurized
milk where the shelf life was tested (Wiedman et 2000). In case of meat spoilage the RAPD
method was used for genetic characterization afigim®omnads derived from retail-displayed beef
(Aslam and Service, 2008) and analysing molecuibeerdity of pseudomonads on poultry meat
during spoilage (Belak et al., 2011).

The PCR-RFLP (Polymerase Chain Reaction-Restriction Fragmengtle Polymorphism) method
is located among the first molecular techniquesfiimgerprinting or subtyping of organisms at
molecular level.lt is a reliable and relatively simple method buiop knowledge of the DNA
sequence is necessary. The extracted DNA is aeghfith PCR and sequence specific restriction
endonucleases digest the amplicon (Maraz et a06)2Different fragments are developed after the
enzymatic digestion number and size of which cary \among individuals, populations, and
species (Semagn et al., 2006). The profiles pratiace highly reproducible but the discriminatory
power of the method is dependent on the selectidheorestriction endonuclease (Maraz et al.,
2006). After digestion the DNA appears as a mixtofdinear double-stranded molecules with
various lengths. Separation of the DNA fragmeniseidormed by gel electrophoresis.

Different genes could be the target sequencesulotyging bacteria. Théagellin genedslaA and
flaB which is responsible for the virulence @ampylobacter jejunivas successfully used in PCR-RFLP
for typing (Ayling et al., 1996) whiléhe groEL gene was also found to be suitable for species-
specific identification ofCampylobacte(Karenlampi et al., 2004)he approach of PCR-RFLP was
also used for identification dfisteria monocytogeneandBacillus thuringiensidased on virulence
genes (Ericsson et al., 1995; Kuo and Chak, 1998 recAPCR-RFLP was useful for genotyping
of E. carotovora(Waleron et al., 2002) that has multifunctionabtpn involved in homologous
recombination, DNA repair and the SOS response.hiEa¢ shock protein gemggoESwas also the
target of PCR-RFLP to determifseudomonas spfrom patiens suffering cystic fibrosis (Clarke
et al., 2003).

PCR-based techniques used for identification of baeria

It is important to study not just the microbial ersity, but precisely identify the key

microorganisms originated from many processes aattiees in which they are present. The
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development of molecular identifiation methods sashARDRA, the DNA sequencing as well as
species-specific primer pairs helps to assign aentnbacterial isolates. The difference between
these methods is based on the level of discrinanatihe time of handling and the costs. The
amplified rDNA restriction analysis (ARDRA) is ara®y, rapid and cost-effective method for
identification purposes wich possesses high remibdily. However, it has moderate
discrimination level (Giraffa and Carminati, 2008his technique combines the PCR and RFLP
methods focusing on rRNA gene.

The bacterial rRNA operon (shown on Fig.3.) is missjuently used as marker in microbial
ecology to characterize and determine the phyldgea&d taxonomic status and relationship of
bacterial isolates. These characteristics origifrat@a its strongly conservative and variable region
which are not affected by changes in the organisemgironment. The rRNA molecules are
constantly expressed molecules with restricted tfancwhich carries evolutionary importance
(Uyttendaele and Debevere, 2003). The copy numbd@NA operons varies from 1 to 15 in which
the rDNA genes are situated next to each othdnarbaicterial genome (Klappenbach et al., 2000).
The bacterial ribosomal RNA (rRNA) operon itselicempasses a 16S rRNA and 23S rRNA gene
as well as an intergenic spacer (IGS) region betvi&s and 23S rRNA as shown in Fig. 3.

(lor2 (Qor2

(Sourcehttp://sandwalk.blogspot.com/2008/01/ribosomal-gerres-in-bacteria.htnitvguenieva-Hackenberg, 2005)

Figure 3. Bacterial rRNA operon that starts with the promd@B) and ending at the terminator (t)
In E. colirRNA operon the tRNA could vary in number and kafdRNA sequences as it is shown in brackets @ill

et al., 2008)

Among these rRNA molecules the whole 16S rRNA atgprom its genomic coding sequences
had been most often used for bacterial charactemzand identification (Kolbert and Persing,
1999). It contains alternating regions of conseraied variable sequences (Woese, 1987) as shown
in Fig. 4.

16S rRNA gene

Conservedregions| |  Divergent regions [N

0 200 400 800 800 1000 1200 1400 1542

- a38r 14921/1525r

Figure 4. Conserved and variable regions of 16S rRNA getle wiiversal primers (27f, 338r and
1492r/1525r) attached to the conserved regionsr¢@oMaiwald, 2004)
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The conserved regions can be used for designingrsal primers for PCR reaction (Fig. 4) that
anneal the same ribosomal targets from all or fnasterial species.

The ARDRA fingerprint can be used for microbial ntiécation (Laguerre et al.,, 1994) or
comparison of microbial communities and dynamicsoybt et al., 1994). It was used for
genotyping of bacteria community derived from relafiey of the Atlantic halibut (Jensen et al.,
2002) or identification of LAB (Giraffa et al., 18B).

The intergenic spacer region (IGS) between the Isamal the large ribosomal subunit also
could be an ideal target for molecular identifioatias it is significantly variable in nucleotide
sequence and length (Justé et al., 2008). A contgnanalysis of food samples, i.e. goat milk and
ensiled corn were based on IGS analysis reporte@dinale et al. (2004). Different methods
have been applied for analysis of diversityRsfeudomonassolates from food origin (e.g. milk,
meat, maple sap). Nevertheless, ribosomal sequethwesot always show as much sequence
variation as it should to make differentiation beén closely related, but ecologically distinct taxa

The increasing availability of non-ribosomal (meilt) gene sequences has further
revolutionized the PCR-based diagnostics and lalgd#ed the differentiation between isolates. As
an example, to distinguidtb. delbrueckiisubsplactis from Lb. delbrueckiisubsp.bulgaricusthe
peplPandlacZ genes can be respectively used (Torriani et a@9)19s well agactococcus lactis
subsplactis andL. lactis subsp.cremoriscan be distinguished on the basis of primers desigm
the histidine biosynthesis operon (Corroler et1898).

Several authors offer to use alternative sequentesher genes sush ggrB, rpoD, oprl carA
genes. These have been applied for identificatir@hia phylogenetic studies &seudomonaspp.
(Yamamoto et al.,, 2000, Hilario et al., 2004). Mul&r phylogeny analysis based gpoB
sequence has been also performedPsaudomonaspecies by Tayeb et al. (2005). It has been
previously used for phylogenetic analysis for savether bacterial groups (Mollet et al., 1998; Qi
et al., 2001).

DNA sequencing is considered as “the gold standéwd’microbial identification (Giraffa and
Carminati, 2008). DNA sequencing generally beginith WCR amplification of DNA directed at
genetic regions of interest, followed by sequenciegctions. DNA sequences derived from
phylogenetic studies and settled in public databdseilitate the idientification of the community
members originated from different ecological nichpidly (Benson et al., 2004; Cole et al., 2005;
D’Auria et al., 2006). Rapid developments in seaqieg and DNA handling methods facilitate to
routinely sequence partial or whole-gene amplicamsn identification technique. The 16S rDNA
has extensive availability of sequences in pubditadases such as GenBank (Benson et al., 2004)

or ‘Ribosomal Database Project’ (RDP) providingoatgline data analysis (Cole et al., 2005) and
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permit a reliable characterisation of populatioefohging to a microbial community (Chakravorty
et al., 2007).

DNA sequencing method has the best accuracy amddegbility as well as high discriminatory
level between the methods used for identificatidowever, it is generally expensive and requires a
high degree of technical competence to performaf@irand Carminati, 2008).

The applicability of sequencing and the sequenagnm@lents to the database makes it
possible to design species-specific primers thatsgecified for the fragments e.g. @i@D, recA
and carA gene inPseudomonaspecies (Hilario et al., 2004). The application cafA gene
encoding the carbamoyl phosphate synthase gavieatefor further sequencing and designing of
species-specific primers for detection of pseudamdsncausing meat spoilage (Ercolini et al.,
2007).

2.3. Food-borne pathogens on meat which connectealfbod-borne diseases

In parallel with the food spoilage causing bactétriss essential to take the importance of food-
borne pathogens connected to meat products intuatcThe spread of food-borne diseases are the
results of the more complex international markets,freedom in migration as well as the different
travelling possibilities (Tauxe, 2010). Food-boriseases are caused by pathogenic microbes such
as bacteria, viruses, and parasites, or their sognesent in contaminated foods that increase the
universal vulnerability of human health worldwidgacteria that cause food-borne diseases and the
most well-known biological hazards include amonbgeo$ Salmonella Campylobacter Listeria,
pathogenidescherichia coliYersinig Shigellg Enterobacterand Citrobacter (EFSA, 2010, EFSA
and ECDC, 2011). Many of them are commonly founthim intestines of healthy food producing
animals. The risks of contamination are presentmffarm to fork and need to be controlled in
different ways.

Approximately 30% of all newly globally emergingfaations over the past 60 years include
pathogens commonly transmitted through food (Jeted., 2008). A pathogen is an organism that
is able to cause cellular damage by establishingsgsue, which results in clinical signs with an
outcome of either morbidity (defined by generafestihg) or mortality (death). Some pathogens are
designated as primary pathogens, which regularlyseadisease. Others are classified as
opportunistic pathogens that infect primarily imreecompromised individuals. Pathogens could be
grouped as zoonotic, geonotic, or human origin ¢basetheir transmission patterns and movement
among different hosts and vectors (Bhunia, 2008)er& are food-borne zoonosis-diseases or
infections that can be transmitted from animalsumans through food (Bhunia, 2008; EFSA and
ECDC, 2011). Zoonoses also include diseases traedfeo humans by other routes than food, for

example by direct contact with animals. Exampleszobnotic pathogens are the pathogenic
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Escherichia coliO157:H7,Staphylococcus aureus, Salmonella entegesovar Typhimuriums.
serovar EnteritidisCampylobacter jejuni, Yersinia enterocolitida. addition, food-borne diseases
can be caused by bacterial toxins. Bacterial tosires toxins generated by bacteria and may be
highly poisonous in many cases. These include $okiom Staphylococcus aureu€lostridium
botulinumandBacillus cereugEFSA, 2010; EFSA and ECDC, 2011).

According to the report of European Food Safetyhauty (EFSA, 2010), bacterial toxins
were on the third place on the ranking list of pgemicity and generated food poisoning outbreaks
with 9.8% afterSalmonella spp(35.4%) and viruses (13.1%) in 2008. Among the draadttoxins,
staphylococcal enterotoxins (SEs) are responsivlstaphylococcal food poisoning (SFP) which is
the fourth most common causative agent of foodbdimess within the EU in 2008, with meat and
meat products as common food vehicles (EFSA, 2010).

Based on the estimation of Centers for Disease rGlo(€DC) on the SEs caused food-borne
diseases approximately 80 million individuals weneluded in the US ending with 325.000
hospitalizations and more than 5.000 deaths (Méatl,€1999). In Korea, 30% of SFP incidents in
2001-2006 involved meat and meat products accordimgthe Korean Food and Drug
Administration and in the US, 36% of confirmed S#tRbreaks reported to CDC in 2007 involved
pork meat products (CDC, 2007; Kim et al., 2009p8ylococcal enterotoxin A (SEA) is the toxin
most frequently reported to be involved in SFP (€hal., 2006; Kérouanton et al., 2007; Wieneke
et al., 1993) worldwide but the involvement of athkassical SEs has also been demonstrated. SEA
is responsible for approximately 80% of the casédood poisoning outbreaks in the USA
(Atanassova et al., 2001)taphylococcus aureugnterotoxin D (SED) is another of the
predominant enterotoxins recovered in SFP incidéik&ouanton et al., 2007; Wieneke et al.,
1993).

2.3.1. The genus$taphylococcus

The nameStaphylococcuslerived from Alexaner Ogston who used this nams fimn 1882. The
name is the combination of Greek nouns where 'sfepimeans a bunch of grapes while 'coccus’
means a berry. Two years lateformal description of the gen@aphylococcusvas prepared by
Rosenbach.Staphylococcus aureubelongs to the genuStaphylococcuswithin the family
Staphylococcaceaand the ordeBacillales Members of this genus form a coherent and well-
defined group ofelated species with the exception of morphology tas similarity with the genus
Micrococcusin few characteristics (Baird-Parker, 2000; Gdtale 2006). In total 70 species and
several subspecies are recognized in the gBraghylococcus. Staphylococcus aursusurrently

the type species of the genus
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(http://www.dsmz.de/microorganisms/bacterial nomatuck info.php?genus=Staphylococcus&sh
ow_all_details=1Baird-Parker, 2000).
Staphylococcuss a Gram positive, non-spore-forming, non-motibea (0.5—-1.5um in diameter)

that occurs in pairs, tetrads, short chains ormédieg bunches of grapes. Most species are
facultative anaerobes and they are positive forditalase and negative for oxidase tests. It is
multiplying very rapidly under aerobic conditionscept ofS. saccharolyticuandS. aureusubsp.
anaerobius (Gotz et al.,, 2006). Only coagulase-positive Isydqrocci (CPS) strains have been
obviously playing a part in food poisoning incider&. aureusubsp.aureusis the main causative
agent described in staphylococcal food poisoninifpreaks (SFPOs). Staphylococci are living in
wide spectrum of the environment such as air, dstage, water, environmental surfaces, humans
and animals. Their natural habitat is the nose taedskin mucous membranes of humans, other
mammals, and birds (Hennekinne et al., 2010; Gbtl.e2006). A large fraction of the human
population is colonized with this bacterium l&utaureusstrains rarely cause disease. Nevertheless,
S. aureuss one of the most frequent causes of bacteriakctidn in humans (Brissow et al., 2004).
It expresses a wide array of cell-associated aocktl virulence factors such as various enzymes,
cytotoxins, pyrogenic exotoxins, like staphylocdosaterotoxins (SEs) and toxic shock syndrome
toxin 1 (TSST-1) (Novick et al., 2001) as well asodiative toxins.

Temperatures between 7-48°C promote the growth. afureuduring processing and storage of
food. The optimal temperature for growth is at 37E@terotoxin production occurs in a narrower
temperature range with the optimum at 35-40°C. @Gmowccurs optimally at pH values of 6-7
where the minimum and maximum limits are 4.0 an81®.0. The pH range of enterotoxin
production is also narrower as shown in Tabl§.4aureusubspaureusstrains have high tolerance
against NaCl and reduceg. &rowth occurs at,a0.83 while the range for entertotoxin production
has limitation at @0.86 (Adams and Moss, 2008).

Table 4. Factors for growth and enterotoxin productiorsofiureus(Source: Adams and Moss,
2008)

Growth Enterotoxin production
Factor Optimum Range Optimum Range
Temperature (°C) 35-37 7-48 35-40 10-45
pH 6.0-7.0 4.0-9.8 SEA 5.3-6.8 others 6-7 4.8-9.0
NaCl (%) 0.5-4 0-20 0.5 0-20
aw 0.98->0.99 0.83->0.99 >0.99 0.86->0.99

S. aureuscan adapt rapidly to the selective pressure obanits. Methicillin-resistanS. aureus

(MRSA) isolates is a representing model of multigiresistant bacterial pathogens. Resistance to
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this antibiotic is linked to thenecAgene that encodes a penicillin-binding protein &), which
allows the synthesis of the cell wall even at |ettmncentrations of-lactams (Ehlert, 1999). Most
of the antibiotic-associated diarrhoea isolateS.odureusare methicillin-resistant (MRSA) (Boyce
and Havill, 2005) causing worldwide problem. Thejonty of the MRSA are toxin producing
strains (TSST-1, SEA, SEB, SED) (Schmitz et al97)9

2.3.1.1. Staphylococcal enterotoxins and their rekance in staphylococcal food poisoning

Staphylococcus aureysroduces a wide variety of toxins including staplegiccal enterotoxins
(SEs). SEs belong to the broad family of pyrogeoixin superantigens (SAgs), connected to
significant human diseases that include food pamgp@and toxic shock syndrome (Balaban and
Rasooly, 2000). Superantigens stimulate large nurmbpolyclonal T-cells resulting in release of
inflammatory cytokines and symptoms of shock (Hamadl., 1997; Orwin et al., 2002) as well as
include the ability to induce emesis and gastraditgBergdoll, 1989; Su and Wong, 1995). SEs
are encoded by prophages (Betley and Mekalano$)1p&smids (Bayles and landolo, 1989) or
pathogenicity islands (Yarwood et al., 2002) tHetvahorizontal gene transfer between strains.
Heat treatment, acidic pH can easily destroy thatda that produce SEs, but the protein itself is
resistant to these conditions. Gastrointestinaigases including pepsin, trypsin, rennin and papai
(Le Loir et al., 2003; Bennett, 2005) are not atdedegrade and inactivate SEs. Hence, these
enterotoxins are able to keep their activity in thgestive tract after ingestion (Everson et al.,
1988).

Staphylococcal enterotoxins have been proposeé ttamed by their emetic activities. Only those
SAgs were defined as SEs that generate vomitireg afal administration in a primate model (Lina
et al., 2004). These toxins are SEA to SEE, SEGHY SER to SET). Related toxins that lack
emetic activity such as (8Eand SHEQ) or have not been tested for it like ($ESEK, SHM to
SHP, SHU, SHU2 and SEV) should be designated as staphylococcal entdretive (SHS)
superantigens (Fraser and Proft, 2008).

Until the time of writing altogether 22 staphylocat enterotoxins (SEs) and enterotoxin-like
(SHs) types have been described as it is shown ineTablhey are globular, single polypeptides
constitute a family of structurally related exogias with molecular weights ranging from 22 to 29
kDa (Pinchuk et al., 2010). SEs andI|SHave been traditionally subdivided into classical
enterotoxins containing SEA, SEB, SEC subdivided three groups based on differences in minor
epitopes SEC1, SEC2, SEC3; SED, SEE (Dinges €2@)0) and new types including SEG, SEH,
SEl, SHJ, SEK, SHL, SHM, SHN, SHO, SHP, SHQ, SER, SES, SET, $8, as well as U2 and

V (Thomas et al., 2006; Jarraud et al., 2001; ltedegt al., 2003; Munson et al., 1998; Omoe et al.,
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2005; Omoe et al., 2003; Ono et al., 2008; Orwialg 2001; Orwin et al., 2003; Su and Wong,
1995; Zhang et al., 1998). The last two enterotdikim types are placed on an open reading frame
of the enterotoxin gene clustegcthat encodes enterotoxin-like proteins (Thomag.e2@06).

The various toxin serotypes (SEA though SEE, SH&EH)Sshow structural similarities which are
identified serologically or based on amino acidussge differences (Thomas et al., 2007, Larkin et
al., 2009). These amino acid sequence differeneealao a basis of distribution of staphylococcal
superantigenic toxins (Larkin et al., 2009).

Table 5.Characteristics of SEs and ISE

Toxin Molecular Mass (kDa) | Emetic Activity |Gene | Genetic basis of SE
SEA 27.1 + sea Prophage
SEB 28.3 + seb Chromosome, plasmid
pathogenicity island
SEC ~27.5 + sec Plasmid
SED 26.4 + sed Plasmid (pIB485)
SEE 26.4 + see Prophage
SEG 27.0 + seg egc, chromosome
SEH 25.2 + seh Transposon
SEI 24.9 weak sei egc, chromosome
SHJ 28.6 nd selj Plasmid (pIB485)
SHK 25.5 nd selk Pathogenicity island
SHL 24.6 @ sell Pathogenicity island
SHM 24.8 nd selm egc, chromosome
SHN 26.1 nd seln egc, chromosome
SHO 26.8 nd selo egc, chromosome
SHP 26.6 nd selp Prophage®Sa3ms)
SHQ 25.1 _ selq Pathogenicity island
SER 27.0 + ser Plasmid (pIB485)
SES 26.2 + ses Plasmid (pIB485)
SET 22.6 weak set Plasmid (pIB485)
SHU 27.2 nd selu egc, chromosome
SHU2 (SEW) 26.7 nd selu2 egc, chromosome
SHV 25.0 nd selv egc, chromosome

nd: not determined:Emetic activity demonstrated but not in a primatedei
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SFP is an intoxication caused by the consumptiofo@dfl containing preformed enterotoxins that
are produced by enterotoxigenic strains of coagulgmositive Staphylococcys mainly
Staphylococcus aureySandel and McKillip, 2004). Foods most commonlyéndeen implicated

in staphylococcal food poisoning, including mead ameat products, poultry and egg products, milk
and dairy products, salads, bakery products, pdatily cream-filled pastries and cakes, or
sandwich fillings (Tamarapu et al., 2001; Wienekale 1993) Ham, have also been implicated (Qi
and Miller, 2000), according to the capacitySofaureugo grow at relatively low water activitys.
aureusdoes not compete well with indigenous microbiotadaw foods. Contamination is mainly
associated with improper and extensive handlingaidked or post-processed foods after heat
treatment often followed by inadequate heating @nidiproper storage temperature of the food (Le
Loir et al., 2003; Smyth et al., 2004) which alsgilitate the rapid multiplication &. aureusand
production of the enterotoxin(s) without those mibms that normally outcompete it (Sandel and
McK:illip, 2004). The main sources of contaminateme humans carrying enterotoxin-produciig
aureusin their noses or on their hand. aureuss a common commensal of the skin and mucosal
membranes of humans, where approximately 20-30garisof the permanent and 60% is part of
partial colonization (Kluytmans and Wertheim, 2Q(5%)aureuss also present in food animals, and
dairy cattle, sheep and goats. Contaminations fxoimal origins in raw meat, sausages, raw milk,
and raw milk cheese, are more frequent and duaitoah infection like mastitis or animal carriage
(Stewart, 2005).

Confirmation of SFP could be problematic becaBsaureuscells could be eliminated by
heat-treatment while SEs will remain in the foodduese of its heat-stable property (Bennett, 2005).
Symptoms of SFP have a rapid onset. Initial symptgrmausea followed by vomiting) appear
within 2 h to 8 h after ingestion of contaminatexbd. Other commonly described symptoms
include nausea, violent vomiting, abdominal crargpijArgudin et al., 2010), sometimes followed
by diarrhoea after a short period of incubation gederal weakness sometimes associated with a
moderate fever (Le Loir et al., 2003) as a pargasdtro-intestinal inflammation. The incubation
period and severity of symptoms depend on the amadfinenterotoxins ingested and the
susceptibility of each individual. Occasionallycan be severe enough to warrant hospitalization,
particularly when infants, elderly or debilitateégple are concerned. Generally, symptoms are
short in duration (approximately 24-48 h) (Murra905). However, severe dehydration can result,
necessitating intravenous fluid supplementatiomui(fer, 1990).

2.3.1.2 Characterization of prophage-encodeska

Staphylococcal superantigens as other viruleiacéors are encoded by mobil genetic elements
including plasmids, prophages and mobile pathoggnslands (SaPIs) which are responsible for
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most of the dissimilarities betweé&h aureusstrains (Baba et al., 2002; Lindsay and Holden 4200
Betley and Mekalanos, 1985; Novick, 2003b). In ipatar, bacteriophages play an important role
in the pathogenicity ofS. aureuscarrying accessory virulendactors such as Panton-Valentine
leukocidin (PVL) (encoded by thkik-PV operon) (Kaneko et al., 1998; Narita et al.020
staphylokinase (encoded ®ak (Coleman et al., 1989), exfoliative toxin A (eded by eta
(Yamaguchi et al., 2000) and enterotoxin A (encdolesleg (Betley and Mekalanos, 1985).

Phages and their conversion is a primary vehicliaendiffusion of virulence determinants and the
evolution of virulentS. aureusstrains as well as bacterial pathogens (Brissowl.et2004).
Spreading of virulence determinants between spemiedles non-pathogenic strains to become
virulent and make species possible to adapt toremviental changes quickly (Burrus and Waldor,
2004; Goerke et al., 2010).

There are two life cycle of phages that they cdlofioas shown in Fig. 5. Virulent phages follow
only a lytic cyle resulting death of host cell.dther cases, a bacteriophage infects a bacterigm an
follows latent state in the cell during the lysoigenycle. Most types of phages integrate their
genetic material into the chromosome of the baatern this cycle. This integrated phage DNA in
this repressed state is called a prophage becausenot a phage but possess the potential to
produce it. The prophage is replicated along withliacterial chromosome when bacterium divides
to produce two daughter cells. The extra genes fitmenprophage get expressed and change the
properties of the bacterial ceht{p://pathmicro.med.sc.edu/mayer/phage;hBrooker, 2009). At

some later time, in a process called inductionyaplpage may become activated to excise itself
from the bacterial chromosome and enter the lyidecwhere it promotes the synthesis of new
phages and finally kill the host cell. A bacteriagle that usually exists in the lysogenic life cysle

the temperate phage. Under most conditions, tertgpleages do not produce new phages and will

not lyse the host bacteria cell (Brooker, 2009).
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The gene for staphylococcal enterotoxin ged is incomparable from other staphylococcal
enterotoxin coding genes suchsah) se¢ andsedbecause it is carried by a polymorphic family of
lysogenic or temperate phages (Betley and Mekalat®85). There is still limited information
aboutseaand its toxin SEA that is mainly responsible ftaphylococcal food-borne intoxication
(Cha et al., 2006; Kérouanton et al., 2007; Wienetkkal., 1993). Theeaexpression peaks in the
late exponential growth phase (Czop and Bergd8if41 Borst and Betley, 1993).

Hybridization analysis from DNA fronseaor temperate phage PS42-D and its bacterial host
suggest that this phage integrates into the battelmromosome by circularization and reciprocal
crossover and that the gene is located near thgepdittachment site (Betley and Mekalanos, 1985).
Southern hybridizations revealed that seagenes in staphylococcal strains were associatddawit
family of phages rather than with one particulaagd The potential medical importance of
staphylococcal phage-encoded toxins has recentlivated a number of phage sequencing projects
(Briissow et al., 2004).

There are examples from other bacterial speciayingrphages and determine toxin production.
Erythrogenic toxin ofStreptococcus pyogenethe structural or regulatory genes of botulinum
toxins C1 and D and the shiga like toxinEafcoli are all encoded by temperate phage (Betley and
Mekalanos, 1985). Studies with Shiga toxin-prodgci. coli (Wagner et al.,, 2001) and
Streptococcus pyogeng@roudy et al., 2002) showed that prophage induatesults an increase in
production of phage-encoded virulence factors. dnnection withStaphylococus aureu$ was
established that the increased transcription andtilon of seaand sak upon prophage induction
combined with the lysis genes are similar to theraased transcription and location of 8irAB
genes in Shiga toxin-producitg coli (Sumby and Waldor, 2003).

Prophage synthesis could be induced by differemtr@mmental conditions or antibiotics which
induce the global bacterial response (the SOS msg)ado DNA damage or to the inhibition of
DNA replication. These antibiotic agents could bméthoprim: which prevents the incorporation
of thymine into bacterial DNA; and ciprofloxacinhweh blocks the replication fork movement by
trapping DNA gyrase on DNA also induce prophages thside on th&. aureuggenome (Goerke

et al., 2006; Kelly et al.,, 2009). As a result, ilacreasment in the number of toxin genes is
produced, leading to improved toxin production (Wéa| 1998; Lindsay and Holden, 2004, Kelly et
al., 2009). The same side effect was found in chskee chemotherapeutic agent mitomycin C, that
induces the SOS response in lysogenic Shiga taxidyeing E. coli (STEC) where hemolytic
uremic syndrome (HUS) appeared as side effect (#ahand Donohue-Rolfe, 1989).

Recent studies db. aureusstrain MSSA476 had shown that mitomycin C inductadnbSa3ms

prophage resulted a transcriptional up-regulatibsal seg seg2 andsek2(Sumby and Waldor,
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2003). Borst and Betley (1994) suggested that fadgtoaddition taseamRNA levels affected SEA
production. It was determined that not just chera@peutic agents could induce the expression of
sea Identification of the effect of acetic acid adopreservative oseaexpression and toxin
production was studied at different pH by Wallinrlgaist et al. (2010). It has shown that the acetic
acid increaseseagene expression i§. aureusAt pH 6.0 and 5.5, maximaleaexpression was
observed. At pH 6.0 there was a marked shift imgfnaate and phage production peaked at pH 5.5.
These findings suggest prophage induction. At gHahd 4.5 theeagene copy numbers increased
dramatically during late stages of cultivation, ISEA levels and phage copy numbers were low
indicating that protein synthesis was affected. gkding to hypothesis of Wallin-Carlquist et al.
(2010) the acetic acid reduces the intracellular gft6. aureusinducing the temperate phage
resulting upward trend in theeaexpression. The results confirm the theory by ottesearch
groups such as Borst and Betley (1994) that proghagt only promote the spreading of virulence
genes, but at the same time have contribution @ rdgulation of gene expressions (Wallin-
Carlquist et al., 2010).

2.3.1.3. Regulatory system afed

Several global regulators have been identified thgulate the production of virulence-associated
exoproteins and cell wall components. The expressioa humber of the enterotoxins including
SEB, SEC, and SED are under the regulation of réiffieregulatory systems such as the accessory
gene regulator (Agr), the staphylococcal accessagulator (Sar) and the repressor of toxin (Rot)
(Bronner et al., 2004). The most characterizedleggry systems among theseSnaureusare the

Agr system (Ji et al., 1995; Zhang et al., 2002) asvalan Fig. 6.
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Figure 6. Agr system and its influence @edexpression irstaphylococcus aureiSource:
Novick and Geisinger, 2008 with modification)

Theagr locus is activated when the AIP concentration meaa threshold that is directly linked to
specific cell density. This type of regulation eallquorum sensing, when the bacterial population
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reacts to cell density (Bronner et al., 2004; Nkvaad Geisinger, 2008). Tlagr operon encodes a
two component signalling pathway consisting of teistinct transcripts, RNAIl and RNAIII
(Kornblum et al., 1990; Novick et al., 1993). RNAdhcodes the structural genes of the quorum-
sensing system, AgrBDCA. (Kornblum et al., 1990yvN#& et al., 1993; Tseng and Stewart, 2005)
while RNAIII serves as the intracellular effectdrtbe system. AgrA is the response regulator. The
production of RNAIlland RNAIIl is enchached when the AgrA is activatedl upregulates the
expression othe P2 and P3 promoters (Benito et al., 2000). iguthe exponential growth phase,
the AgrD encodes a propeptide, which is processedexported as autoinducing peptide (AIP)
from the cell by AgrB (Ji et al., 1995; Zhang et @&002; Zhang et al., 2004). The AgrC protein,
that is the transmembrane receptor of the AIP,thadsensor of the system (Ji et al., 1997) detect
the level of autoinducer peptides (AIP) in the eowment. Accumulation of a threshold
concentration of AIP in the environment leads to amtivation and autophosphorylation after
transfering the phosphate to AgrA (Lina et al.,89%s a consequence, conformational changes of
AgrA occur that permit to bind the agr P2 and P@oters. In phosphorylated form it is inducing
the production of RNAIl and RNA 11l more (Bronnetra., 2004; George and Muir, 2007). RNAIII
encodes delta-hemolysin but most importantly theARINtself constitute as regulatory signal of
the Agr system (Yarwood and Schlievert 2003; Tsetngl., 2004). When the cell density increases
in a growing culture, the intracellular level of RNl increases due to the activity of the Agr
system. That leads to an increased transcriptiormahy exotoxingenes and reductions of
transcription of certain cell wall protein determins.
Rot is a global transcriptional modulator of vinube genes and acts as both a negative and positive
regulator of gene expression (Said-Salim et alQ320Rot is a member of the staphylococcal
accessory regulator (Sar) family of transcriptiofasitors ofS. aureusand is negatively regulated
by the Agr system (McNamara et al., 200Rdt is a negative regulator sédexpression (Tseng et
al., 2004). Rot affects transcription of its targgines during the exponential phase of growth
(McNamara et al., 2000)Vhen the Agr system is induced during the post-agptial growth
phase, the RNAIII regulates the synthesis of tlyzilegor of Rot and the Rot protein is inactivated
by blocking its translation. RNAIII-Rot antagonism mas and expression gedhappens (Novick,
2003a). This interaction controls the Agr-medigbedt-exponential- phase increases@bandsed
transcription (Tseng et al., 2004; Tseng and Ste\®805; Geisinger et al., 2006).
It could be established that Agr regulation of #exl promoter is an indirect action mediated
through the Agr regulation of Rot activity. Agr eft on enterotoxin D gene transcription can be
explained by the control of Rot activity by the Agystem (McNamara et al., 2000).

The sedgene together witkej, serare carried on the 27.6 kb penicillinase plasmi4g5
in S. aureug(Tseng et al., 2004; Argudin et al., 2010). Plashdve been long recognized as
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efficient vehicles for the spread of resistance amdlence determinants through horizontal gene
transfer. The greatest concentration of SEB, SEG @BD is primarily produced during the
transition from the exponential to the stationahages of growth (Bergdoll, 1979; Otero et al.,
1990).

2.3.2. Molecular methods used for studying gene esgssion

The combination of classical microbiology with tlo®ls of molecular biology serves an alternative
for assigning outbreaks to SEs and understand #ehamism of toxin production at molecular
level. gRT-PCR-based method is suitable for mompthe conditions when the expression of

toxin gene is up- or downregulated.

2.3.2.1. Real-time PCR and qRT-PCR

All real-time PCR system detect the accumulationP@R products during amplification with
fluorescent dyes and then correlate this fluoressgnal to the amount of PCR product in the
reaction. Data are on line detected and can beuatea without gel electrophoresis, resulting in
reduced experiment time and increased throughputwal as eliminating the need for
postamplification manipulation and thus reducingparunities for contamination (Valasek and
Repa, 2005; Maraz et al., 2006). All amplificatioomposes an amplification curve which is the
basis of the detection of the product in real tindeally the amount of product should double in
each cycle of PCR, resulting in an exponentialéase in fluorescence throughout the amplification
process. In the first few cycles of real-time PG@Rorescence remains at background levels and
increases in fluorescence are not detectable embiigh amplified product does not accumulate to
yield a detectable fluorescent signal. This pasntlefined as theCand always occurs during the

exponential phase of amplification as shown on Fig.

ARn
2,000,000 — Plateau
—
Sample
1,000,000 —
Exponential phase
Thresheld
- Baseline No template
] I
0 20 40

PCR cycle number

Figure 7. Amplification curve in real-time PCR reaction. (8ce:www.rt-pcr.com); The x-axis

shows the PCR cycle number while y-axis shows #teated fluorescence which is proportional to timewant of

amplified product.

29



As the reaction is going on the amplification cutums from the exponential phase to the plateau
phase where the reaction components will be limi€@dantification is not affected in the plateau
phase (Bustin, 2000). Ther@alue of a reaction is determined mainly by theoam of template
present at the start of the amplification reactjpiguchi et al., 1993). Fluorescence values are
recorded during every cycle and represent the amoluproduct amplified to that point in the
amplification reaction. The more template presériha start of the reaction, the fewer number of
amplification cycles it takes to reach a point ihieh the fluorescent signal is first recorded as
statistically significant above background (Gibsanal.,1996). The reaction will have a high, or
late G.. This statement composes the basis for quangtagial-time PCR.

The fluorescent dye reports an increase in the amoftiDNA with a proportional increase in
fluorescent signal. The dyes could be sequencepemtient and dependent which differ in their
specificity and their unique characteristics (Valkaand Repa, 20053YBR Green | is a sequence
independent intercalating dye that binds to all ddDmolecules regardless of sequence (Fig. 8.
(2)). The primary concern of that is specificity.eMng curve analysis is necessary to make
discrimination between specific products, primeneis and other artefacts based on their specific
melting temperatures.

The most commonly used sequence specific fluorapHabelled DNA oligonucleotides are
hydrolysis probes (Holland et al., 1991), hybridiiza probes (Woo et al., 1997) and molecular
beacons (Tyagi et al., 1996). The assay fluorescercreases only if the specific target is present
in the reaction and primer-dimers or PCR by- praésiwgll not be detected. Most sequence specific
probe formats are based on the Fluorescence Resoianergy Transfer (FRET) that is based on
the transfer of energy from one fluorescent mokedal an another adjacent fluorescent molecule
(Valasek and Repa, 2005).

In case othydrolysis probes(Fig. 8. (2)) one fluorophore is termed the quemdmnd the other is
the reporter. When the quencher and reporter ackose proximity, they are both attached to the
same short oligonucleotide and the quencher absloelsignal from the reporter.

Hybridization probes are based on the use of two specially designetlegréo maximise the
specificity (Wittwer et al.1997). Both probe molecules are labelled with défe dyes (Fig. 8.
(3)). One of the probes is labelled at the 3’ eatled fluorescein donor, while the acceptor is
labelled at the 5’ end. The energy of the donor fdgm the first probe can excite the acceptor dye
on the second probe which then emits fluorescght t a different wavelenght. That emission is

detected by the instrument.

30



(1)

_____ .
g3
i i g L b i i i i o
2)
R m | =y
| . ',
| | SO | | | s
3) B
¢ ?®
% ]
T e L bbb T

Figure 8. Fluorescent dyes, (13YBR Green I(2) hydrolysis probes (TagMan(8) hybridization
probes (Source: Degen et al., 2006)

(1) When dsDNA forms (Panel A) and is synthesized éP&) SYBR Green | binds the dsDNA and the fluoesgc
signal from the bound SYBR Green | (green lighfré@ases. At the end of elongation (Panel C) all DslAouble
stranded and the maximum amount of SYBR Greemoismded.

(2) Separation of target DNA occurs during denaturatitap (Panel A); primers and probes specificallyeah to the
target sequence (Panel B), the hydrolysis prolhasphorylated at the 3’ end to avoid extensiothat part; as the
DNA polymerase extends the primer (Panel C) theeridonuclease activity of the enzyme will cleave pinebe

allowing the reporter dye to emit green fluoresegifPanel D) The probe fragments are then displ&oea the target.
The fluorescent signal of the reporter dye is detkat the end of each elongation phase.

(3) Hybridization does not occur during the denatorastep (Panel A); (Panel B) the probes hybridizéhé amplified

DNA fragment in a head-to-tail arrangement, the fiuorescent dyes close to each other. Fluoresseaxcited by

blue light which causes to emit green fluorescighitt] The emitted energy excites the red accepter(decond probe).
The red fluorescence is measured at the end of aabaling step when the fluorescence intensithaesgreatest;
(Panel C) elongation and displacement of the prapegar.

Real-time PCR with TagMan probe was applied presliotor detectiorStaphylococcus auresea
andsedgenes isolated from hospital patients (Klotz gt2003).

Application of gRT-PCR for detection of gene expresion

The major goal of genomics is to gain an exhaustivderstanding of the structure and the function

of the genomes. The area of genomics is basicallgetl into two fields such as structural

genomics dealing with the characterisation of tlmyspal nature of whole genomes and the

functional genomics focusing on the characterisatid overall patterns of gene expression.

Functional genomics works with the key moleculesciwhgive life to the cells: RNA (which
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correspond to the part of DNA which is expressedi lz@nce biologically active), proteins and also
metabolites (which are both biologically active smiles within cells and tissues). Functional
genomics permits the detection of genes that ar@wugownregulated at any given time depending
on environmental factors (Hocquette, 2005).

RNA studies hide pitfalls originating from the natl structure of RNA molecule. RNA is
occurring in a single stranded form in bacteridlscand therefore it is very sensitive to degrautati
by RNase enzymes present in the cell or in therenment. However, it is widely used for
guantification of transcription with Northern blioiy andin situ hybridisation (Parker and Barnes,
1999), RNase protection assays (Hod, 1992; Sacawmnahal.,1992), the reverse transcription
polymerase chain reaction (RT-PCR) (Weis etl#192) and cDNA arrays (Bucher, 1999).
gRT-PCR is the most sensitive and flexible toohfrthe quantification methods (Wang and Brown,
1999) to compare the levels of MRNAs in differemmgple populations, to characterise patterns of
MRNA expression, to discriminate between closelgteel MRNAs, and to analyse RNA structure
(Bustin, 2000). As RNA cannot serve as a templatePlCR, the first step in an RT-PCR assay is
the reverse transcription of the RNA template intmplementary DNA (cDNA) using reverse
transcriptase. Reverse transcriptases are enzysegksin nature by retroviruses, including human
immunodeficiency virus and hepatitis C virus to ggate DNA from viral RNA. There are several
commonly used reverse transcriptases especiallijnesmgd enzymes that enhance polymerase
activity or decrease unwanted nuclease activigegs Omniscript, PowerScript, StrataScript, Super-
Script 1) (Valasek and Repa, 2005). The RT step loa primed using specific primers, random
hexamers or oligo-dT primers. The use of MRNA-dpeg@rimers decreases background priming,
whereas the use of random and oligo-dT primers migeis the number of mMRNA molecules that
can be analysed from a small sample of RNA (ZhambBEyrne, 1999; Bustin and Mueller, 2005).
Reverse transcription combined with real-time PC& fecome the most popular method of
guantitating steady-state mMRNA levels (Bustin, 20@ds most often applied as a useful technique
to determine gene expression (Orlando et al., 1B88tin, 2002) or to validate the results of DNA
microarrays. Because of the high specificity anasg#rity of real-time RT-PCR, even slight and
tender changes in gene expression can be dete¢tdasék and Repa, 2005) or expression of
multiple genes in various growth conditions canrmitored (Derzelle et al., 2009).

In practice gRT-PCR was developed for monitorind determining the level of neurotoxin
gene ¢ntB) in Clostridium botulinum(Lévenklev et al., 2004a,b) or other botulinum moxin
types E (Artin et al., 2007) as well as followinguence expression dfisteria monocytogendas
salmon at different storage temperature (Duodu.e2@10). Bore et al. (2007) studied global gene
expression irStaphylococcus aureusr acid-shock response where the pattern of digeilation
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was confirmed by qRT-PCR. Monitoring séaexpression irstaphylococcus auretsr acetic acid

at different pH adjustments was established aslwyelWallin-Carlquist et al. (2010).

Generally two different methods exist for analysdaga from real-time RT-PCR which are
theabsoluteandrelative quantifications (Pfaffl, 2001; Livak and Schmittgen, 2001).
To investigate the physiological changes in gergression the relative expression ratio is adequate
for the most purposeselative quantification describes the change in expression of the target
gene versus a reference gene as the normalizedefBomine the relative expression of a target
gene in the test and calibrator samples, the esijoredevels of both the target and the reference
genes need to be determined using gRT-PCR.
For the calculation of relative quantification asnmathematical model were developed by Pfaffl
(2001):

RE - (Earqet)ACptarget(calibrator—test sample)

ACpref (calibrator-test sample)
( Eref)

where RE is a relative expression ratio betweentdéinget and the reference genegsdk is the
amplification efficiency of target gene transcriptthe real-time PCR; & is the amplification
efficiency of a reference gene transcript in réakt PCR;ACp is a crossing point deviation of an
unknown or test sample versus the calibrator otrobsample.
Amplification efficiency (E) is calculated from tlsope of standard curve in the log-linear range of
the amplification (Klein et al., 1999):

E = 1d-Yslope)
The ideal reference gene used as a standard oalmemshould always be expressed at a constant
level in all relevant times and conditions test&dlietti et al., 2001) and have to be stable agfain
the experimental treatment and secure unreguleaeddript.
Absolute quantification is usually applied for viral load determinatiomagtification of microbial
diversity in an environmental sample, and chromasomgene copy number determination. In this
assay, the concentration of the target molecutgpsessed as an absolute value (e.g. copigal)
This quantification determines how much of a taiggte is present in a particular sample without
reference to other samples (Livak and Schmittg@0,1l2 The quantification is based either on an
internal or an external calibration curve (Pfa#f001). It involves comparing ther@alues of test
samples to those of standards of known quantititggloon a standard curve. Usually, the quantity
is normalized to a unit amount of sample, such @sber of cells, volume, or total amount of

nucleic acid.
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2.3.2.2. Immunological methods for investigation oftaphylococcal enterotoxin production

Heat treatment commonly used in food processing destroy viableS. aureuscells but not
inactivate heat stable enterotoxins that can saraivhigh temperatures. SEA and SED the most
frequently recovered from food involved in SFP @sln and Rasooly, 2000; Le Loir et al., 2003).
It was detected that low amount of 100 to 200 glsylococcal enterotoxin caused symptoms of
intoxication determined from chocolate milk (Evenset al., 1988) but also there is information
that as low amount as 1ng/g to more than 50 ngédsis enough to cause symptoms (Meyrand et
al., 1999). There are number of methods to dettgihglococcal enterotoxigenicity including
biological and immunological assays. The traditlonse of animal tests has been replaced by
sensitive and convenient immunological assays. #etection of enterotoxins the AOAC
(Association of Official Analytical Chemists) appexl microslide test method (Horowitz, 2000).
Enterotoxins could be detected directly in cultare in contaminated foods with immunological
methods such as enzyme immunoassay (EIA) methogariicular enzyme-linked immunosorbent
assay (ELISA) (Fey et al., 1984) enzyme-linked faszent assay (ELFA) and reverse passive latex
agglutination (RPLA) (Rose et al., 1989).

TheELISA was first introduced by Saunders and Barlett ifi71fr the detection of SEA in
foods (Su and Wong, 1997). In general two formats lbe distinguished based on the detection
principle. It could be competitive or non-compe®iELISAs such as sandwich ELISA (Kauffman,
1980; Stiffler-Rosenberg and Fey, 1978). The stedatandwich ELISA involves a capture
antibody specific to the protein of interest (tgximhich is immobilized on a solid phase (e.g.
microtiter plate or multiple well strips). The erdtoxin in the sample is captured by the
immobilized antibody and detected by an enzymeliedbg(conjugated) secondary enterotoxin-
specific antibody which binds to the protein ofeirgst by forming a “sandwich”. The enzyme acts
on a suitable substrate if it is added producieglaur reaction. The intensity of the colour reawti
is proportional to the amount of toxin in the saenf®chubert-Ullrich et al., 2009). Absorbance data
can be generated with a single or dual wavelengthotiter plate reader. An example for sandwich
ELISA is demonstrated in Fig. 9. The commerciaNitable kits are usually sandwich ELISAs.
The competitive format is applicable also to theedgon of small analytes (Schubert-Ullrich et al.,
2009). Polyclonal antibody technology relies on gineduction of a range of antibodies, either a
single protein of interest or to all the proteinghim the food, depending on the preparation which
is used. It is able to recognize different epitopkthe antigen (toxin) in the food mixture and mor
tolerant to small changes in the nature of antigdns provides a detection system which is less
likely to fail completely to identify the presencé proteins of interest. The main limitations of

polyclonal technology are variable affinity, limitgproduction and a requirement for extensive
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purification procedures to eliminate cross-reattiviesulting antiserum to ensure specificity
(Asensio et al., 2008; Koppelman and Hefle, 2006).

Adding substrate for the

. Enzyme  enzymatic colour reaction
Detection  |apelling

antibody
_ ° Y ol
Antigen
Antibody
Blocking buffer
1) 2) 3) 4) 5)

Figure 9: Detection of SE with sandwich ELISA

(Source of the drawindnttp://blog.leinco.com/2010/sandwich-elisa-stepsbsp-diagram

1) capture antibody is fixed on the surface of thdsy8) sample is added and the antigen is captured byabheded
antibody creating the first comple3) second, detection antibody is added that is spdoifithe antigerd) enzyme is added
that binds to the detection antibody creating apler 5) substrate is added that reacts with the enzymeupiogl a colour

reaction; Absorbance of the colour reaction is detton microtiter plate reader.

There are several commercially available kits base@ELISA) methods as well as enzyme-linked
fluorescent assay (ELFA) and reverse passive &ggiutination (RPLA) as shown in Table 6. The
advantage of ELISA methods are that they ensuriel dgtection and screening of the range of
staphylococcal enterotoxins such as A, B, C1, G, E from the food sample at the same time.
VIDAS™ SET was used for detection enterotoxin in dairgdpcts (Meyrand et al., 1999:
Vernozy-Rozand et al., 2004). In comparison witk thethods it was found that detection of
different purified staphylococcal enterotoxins &,C2, D and E) differed. VIDAY' SET 2 had a
greater specificity (100%) and sensitivity than WE™ SET and TRANSIA PLATE
Staphylococcal Enterotoxins (Meyrand et al., 1988&nozy-Rozand et al., 2004). The drawback of
these kits is that false positive results couldb®ined with foods in which no&- aureugrew. In
that case the kit suffered from a lack of spedifias it was detected with TECRA kit by Park et al.
(1992).

Several in-house ELISA exist for enterotoxin detecfrom food as well. Morrisette et al.
(1991) used sandwich ELISA for detection of SEBrfroheese. Lapeyre et al. (1988) developed
indirect double sandwich ELISA for detection of SEASED with monoclonal antibodies in food
samples. The commercial kits are focusing on theesing different enterotoxins from food at the
same time. For detection gene expression of ondytoxin from food a more cost effective in house
ELISA methods are more preferable. For detectea expression with SEA production under
acetic acid stress a slightly modified ELISA metHoain Poli et al. (2002) was used by Wallin-

Carlquist et al. (2010). That in-house method essar simple, viable, sensitive, accurate and cost
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effective detection of enterotoxin A and B. The mmom detection level of that system for the
toxins was 0.5 ng/ml and cross reactivity betwesotypes was negligible.
Table 6. Commercially available kits for staphylococcal eatexin detection

Type of the . Sensitivity .
Name of the kit method/ Detg el FECII (to the Specificity Vlis .Of References
: antigens surface . detection
Antibody toxin)
lastic balls false + and —| 1-2 days, | Park etal.(1994)
P tor appear; preliminary | Baird-Parker,
Bommeli Kit EIA/(m) | to SEAto SEE -\ =i |0.1-10 ng/ml interference food (2000)
with food extraction is
capture
occurs needed
(-:L-II\EA(T:“I"?'IAeEIrt'a false +and — http://www.noack
Stanh EIA or ELISA SEA,SEB, standard | 1 ng/ml of appear; rouD.com Park
£ ph. SEC, SED, microtitre sample interference 4 h Qaroup.cory .
nterotoxins /(p.) SEE plate extract with food et al.(1992); Park
identification OCCUIS et al.(1994)
tests)
TECRA
Staphylococcal SEA,SEB, .
Enterotoxin | EIA or ELISA | SEC1,SEC?,| Standard | >1ng/mi of hittp://www.noack
: microtitre prepared >96% 4 h group.com
Visual /(p.) SEC3, plate sample Bennett, (2005)
Immunoassay SED,SEE '
(VIA™)
TRANSIA® ELISA / SEA,SEB, high http://jornades.ua
Tube (combination SEC1,SEC2, tubes 0.5ng/g | specificity, no 90 min b.ca Bennett,
Staphylococcal of m. and p.) SECS, sample | false + reaction (2005)
Enterotoxins ’ p- SED,SEE detected
false + results http://www.bioco
TRANSIA® were detected —MO!S S.CoM |
Plate in meats, —p—l—hg cg 3?;%‘;3”"‘
Staphylococcal SEA,SEB, seafood e -
Enterotoxins ELIbS.A / SEC1SEC2,| Standard | 4,0 ng/g | products; 2h Rozand et al.
and (combination SEC3 microtitre sample no false + (2004)
of m. and p.) ! plate .
TRANSIA Plate SED,SEE results in
Staphylococcal liquid, canned
Enterotoxins Plug dehydrated
food
http://www.biom
erieux-
VIDAS™ SET SEA,SEB, . . industry.com
and SET2 ELFA 4| SECLSEC2,| eing Stib 1 ng/ml ?nd false + and - . Asao et al.
staphylococcal (automated) SEC3 cane V.V't 0.5 nglg are rare 80min (2003); Vernozy-
S (m.) ! antibodies food '
enterotoxin kit SED,SEE Rozand et al.
(2004); Ostyn et
al. (2011)
latex semi- lacking of
reverse passive particles uantitativ; s ecifigit ; 20-24 h | hitp://www.select
o P i (antibody is d ’ P Y preliminary science.net
Oxlggl_l;lt é%ET' a IIS:ien);tion to SEA-to SED| attached to Of.grr;géTl conzocc)ncrjlents sample | http://www.oxoid
99 its surface) : . p ; preparation .com/
(RPLA) / (m.) Co extract; for | interfere with | © .
on microtiter is acquired
food 1 ng/g the test
plates
o http://seafood.ucd
cross reactivity avis.edu
RISASCREEN SEA,SEB, standard O'Zfoﬂg/ml 2853”5%1&(1 http://www.r-
ELISA/ (m.) SEC, SED, microtitre 2 2 h 45min biopharm.com
SET AB,C,D,E SEE plate samplesto| samples can Tasci et al
2 ng/ml increase or '
’ decrease it (2011); Park et
al.(1994)
RISASCREEN high 2 h 45min, http://www.r-
SET Total Screen SEA,SEB, standard specificity, no | preliminary | biopharm.com
for ELISA/(m.) SEC, SED, microtitre | 0.25 ng/ml cross sample Ostyn et al.
Staphylococcus SEE plate reactivities | preparation (2011)
Enterotoxin known is hecessary

(m.): monoclonal antibody; (p.) polyclonal antibody
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3. OBJECTIVES

The overall objective of this work was to study tht@minant meat-associated bacteria involved in

meat spoilage (especialBseudomonaspecies) and the important food poison8tgphylococcus

aureus In the case ofPseudomonasspecies, the main objectives were (i) to work aut

comprehensive methodology for molecular typing asehtification and (ii) to determine and

characterise the diversity of the spoilage-causmgyobiota on pork meat using conventional and

molecular methods. Regardirfgtaphylococcus aureushe objectives were (i) to monitor the

relative gene expression of enterotoxins, (ii) ébedmine the production of enterotoxinssitu and

(i) to compare the enterotoxin formation in foedth batch cultures of pur&taphylococcus

aureususing molecular and immunological methods.

The following steps were determined for reachingcives:

1. Evaluation of differenPseudomonaselective media for detection of pseudomonads

2. Molecular identification and assessment of gerditiersity ofPseudomonaspp. based on
different PCR-methods

a)

b)

c)
d)

evaluation of @seudomonagenus-specific primer pair published by Purohdlet
(2003)

molecular typing and comparison of the isolateRAPD

identification of thePseudomonassolates with species-specific PCR primers

analysis of 16 3DNA andrpoB genes by using PCR-RFLP and DNA sequencing

3. Determination of proteolytic and lipolytic activi®f the bacterial isolates to assess their

spoiling potential

4. Study the spoiling potential and competitivenesa Ghryseobacterium antarcticuisolate

Study of the growth behaviour 8taphylococcus aurel®A45 strain

a)
b)
c)

d)

on different meat products

in pH controlled batch fermentations

as well as studying the expression of the entemtercoding geneseaandsedin
S. aureudy using qRT-PCR (referring to the circumstances.a-b)

and determine the extracellular SEA and SED produaetith ELISA (referring to

the circumstances in 5.a-b)
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4.1. Bacterial strains

Pseudomonastrains that were derived from the spoiling migotd of pork chops during 6 or 8
days of chilled storage were isolated at the Depamt of Microbiology, Central Food Research
Institute, Budapest, Hungary. Professors JozsééaBSaand Eva Andrassy provided the availability

of these isolates for my study. In Tables 7 andifégrent isolates, type strains as well as refeegen

strains are listed.

4. MATERIALS AND METHODS

Table 7.Pork chop isolates used for biochemical charagan and molecular analysis.

Day of Isolation Code Isolated from Storage temperature of meat

8 F 1443/1 PCA agar 4°C

8 F 1443/2* PCA agar ac

8 F 1443/4* PCA agar ac

8 F 1443/5 PCA agar °c

8 F 1443/7 Cetrimide agar °a

8 F 1443/8 Cetrimide agar °a

8 F 1443/9 Cetrimide agar 1

8 F 1443/10° Cetrimide agar 1

8 F 1443/11 Cetrimide agar °a

8 F 1443/1> Cetrimide agar 1

8 F 1443/13 Cetrimide agar 1

0 F 1445/1* PCA agar 8°C
0 F 1445/3 PCA agar 8°C
0 F 1445/4 PCA agar 8°C
0 F 1445/5 PCA agar 8°C
0 F 1445/6 Cetrimide agar 8°C
0 F 1445/8° Cetrimide agar 8°C
6 F 1445/9* PCA agar 8°C
6 F 1445/10 PCA agar 8°C
6 F 1445/12 PCA agar 8°C
6 F 1445/1& Cetrimide agar 8°C
6 F 1445/15 Cetrimide agar 8°C

* In case of some isolates differences were fourtdemmorphology and these strains were named

a, b, or c as subclones in further molecular idieation analysis.
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Table 8.List of type and reference strains used

Species Strain Origin and isolated from

Pseudomonas aeruginosa ATCC 10148 | aATCC a,origin not known

Pseudomonas aeruginosa ATCC 9027 ATCC, outer ear infection

Pseudomonas alcaligenes B. 02011 NCAIM ¢, swimming-pool water

Pseudomonas fluorescens CCM 2118 ccm €, pre-filter tanks

Pseudomonas fluorescens CCM 3899 CCM, spoilage-stage beef

Pseudomonas fluorescens B. 01969 NCAIM, origin not known

Pseudomonas fragi CCM 1974 CCM, origin not known

Pseudomonas fragi CCM 3703 CCM, beef

Pseudomonas fragi CCM 3704 CCM, pork

Pseudomonas fragi CCM 3903 CCM, spoilage-stage beef

Pseudomonas fragi T™M-9 CUB b, chicken

Pseudomonas lundensis CCM 3503 CCM, prepacked beef

Pseudomonas lundensis CCM 3906 CCM, spoilage-stage beef

Pseudomonas lundensis CCM 3907 CCM, spoilage-stage beef

Pseudomonas marginalis CCM 4969 CCM, chicory

Pseudomonas mendocina CCM 3590 CCM, soil enrichment with ethanol as carbon source

Pseudomonas putida B. 01634 NCAIM, origin not known

Pseudomonas putida DSM 29T DSM d, lactate enrichment

Pseudomonas stutzeri CCM4557 CCM, spinal fluid

Pseudomonas taetrolens CCM 1987 CCM, cause of mustiness in eggs

Aeromonas sobria CCM 2807 CCM, carp Cyprinus carpi9

Aeromonas hydrophilaubsphydrophila | CCM 7232 CCM, tin of milk with a fishy odour

Bacillus subtilis MBT-B1 CUB, origin not known

Brevundimonas diminuta (syn.: P. B. 01118 NCAIM, water

diminuta)

Burkholderia cepacia (syn.: P. cepacia) | B. 01621 NCAIM, onion

Campylobacter jejuni CCM 6214 CCM, origin not known

Citrobacter braakii TS-8 CUB, chicken

Chryseobacterium antarcticum JMc 12381 IMC®, soil of penguin habitats near the King SejondiGteon
King George Island, Antarctia

Chryseobacteriurjeonii JMC 12383 JCM, moss of penguin habitats near the King Sefgtatjon on
King George Island, Antarctia

Escherichia coli ATCC 8739 ATCC, feces

Escherichia col(O157:H7) MBT-E1 CUB, origin not known

Hafnia alvei TM-8 CUB, chicken

Listeria monocytogenes CCM 4699 CCM, sheep

Listeria ivanoviisubspivanovii CCM 5884 CCM, sheep

Serratia liquefaciens T™M-3 CUB, chicken

Stenotrophomonas malthophilia B. 01119 NCAIM, orophar. reg. of patient with mouth cancer

Streptococcus thermophilus B. 02290 NCAIM, origin not known

Yersinia enterocolitica HNCMB 98001 | NCE, human mesenteric lymph node,acute terminalgleiti

Species for studying food-borne illness | Strain Origin and isolated from

Staphylococcus aureus SA45 SIK" boiled ham in a food-poisoning outbreak

®American Type Culture Collection, USACorvinus University of Budapest, Department of Midodgy and
Biotechnology, Budapest, HungariCzech Collection of Microorganisms, Masaryk UnivgrsBrno, Czech Republiéi,
Deutsche Sammlung von Mikroorganismen und ZellkeltuGmbH , Braunschweig, Germarfijicrobe Division / Japan
Collection of Microorganisms, RIKEN BioResource Gsritvako, Saitama, Japa?INationaI Center for Epidemiology,
Budapest, HungaryNational Collection of Agricultural and Industrial dborganisms, Corvinus University of Budapest,

Budapest, Hungar;?Swedish Institute for Food and Biotechnology (SIK){l@&mburg, Sweden.
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4.2. Media and broths

Brain heart broth (Merck)
(Merck 110493; if necessary supplement with 15g4r for agar plates)

Brain heart infusion (BHI) (BD Diagnostic)
Bacto™ Brain Heart Infusion (Cat. No. 237500, BD Diagfit)s

Plate Count Agar (PCA) (Tryptone Glucose Yeast Agar

Glucose 14/
Yeast extract 254l
Peptone 5 g/l
Agar 15 g/l

Pseudomonas selective agar base, Cetrimide agar (Merck)
(Merck 1.05284 .0500; supplemented with Glyceroérék 1.04094.0500)

UV lamp at 366 nm is necessary for detection afridscence.

GSP Agar (Pseudomonas, Aeromonas Selective Agar Base) (Merck)
(Merck 1.10230.0500; supplemented with Penicillid@,000 1U, Merck 516104)

Pseudomonas Agar F, Base (Merck)
(Merck 1.10989.0500; supplemented with Glycerolydkel.04094.0500)

UV lamp at 366 nm is necessary for detection afridscence.

Pseudomonas Agar P, Base (Merck)
(Merck 1.10988.0500; supplemented with Glycerolydkel.04094.0500)

UV lamp at 366 nm is necessary for detection afridscence.

BAIRD- PARKER Agar (Merck)
(Merck 1.05406.0500; supplemented with egg-yollutge emulsion, Merck 1.03785.0001)

de Man-Rogosa-Sharpe (MRS) agar (Merck)
(Merck 11.10660 .0500)
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Skim Milk Agar (SM): according to ATLAS (1995)

Glucose 14/
Yeast extract 254l
Peptone 5 g/l
Agar 15 g/l

Skim milk powder 5 g/l dissolved in 100ml distilleglater and autoclaved separately from the

medium

Standard Methods Caseinate Agar (SMC): according tATLAS (1995)

1) Peptone 5 g/l
Yeast extract 2.5/
Glucose 14/
Agar 15 g/l

2) Sodium-citrate 4.41 g/l
Sodium-caseinate 5 g/l

3) CaC} *2H,0 2.94q/

Solution 1, 2 and 3 of the media have to be auteda&eparately and then cool down to 60°C. After

cooling down pour together solution 1 and 2 andlRnsolution 3.

Tributyrin Agar (PCATB) for testing lipase activity : according to ATLAS (1995)

Yeast extract 3 g/l

Peptone 54l
Tributyrin (glyceryl tributyrate) 10 g/l
Agar 15 g/l

After autoclaving and cooling down the media habdashaked quite vigorously.

Tween™ 80 Hydrolysis Medium (PAT-80) for testing esterasactivity: according to ATLAS

(1995)

Peptone 10 g/l
NacCl 54l
CaCl *2H,0 0.1 4/l
Agar 12 g/l
Tweer™ 80 5 g/l
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4.3. Solutions

4.3.1. Solutions for DNA extraction

Tris-EDTA (TE) buffer (pH 8)

Tris-HCI
Na-EDTA

Mixture of phenol-chlorophorm-isoamyl-alcohol (PCIA) (pH 8)

10 mM
1 mM

Buffered phenol: chlorophorm: isoamyl-alcohol

Ratio: v:viv= 25:24:1

Breaking buffer for cell lysis (pH 8)

Sodium-dodecil-sulfate (SDS)

TritonX-100
NacCl
Tris-HCI
Na-EDTA

1% (w/v)
2% (v/v)
100 mM
10 mM
1mM

4.3.2. Solutions for gel electrophoresis

10x Tris- Boric acid-EDTA (TBE)

Tris-base
Boric acid
EDTA (0,5 M, pH 8)

Loading buffer

Sacharose

EDTA 50 mM, pH8
Brome-phenolblue indicator
SDS (10%)

Distilled water

Agarose gel (1.5%)

Agarose
TBE buffer (0,5 x)

Ethidium-bromide (10 mg/ml)

108 g/l
54 g/l
10 ml

59
1mi

10 mg
1Qu
up to 10ml

18¢g
120 mi

58
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Molecular markers

For RAPD analysis:

-DNA Molecular Weight Marker VI. (Boehringer, Mangiim, Germany)
For 16S rDNA-RFLP, rpoB- RFLP and species-specific PCR:
-GeneRule™ 100 bp DNA Ladder Plus ready-to-use (Fermentas)
For Pseudomonas genus-specific PCR:

-100 bp marker (New England BioLabs)

4.3.3. Solutions for RNA extraction

RNase away solution (Surface decontaminants)
Molecular BioProducts, Cat. no. 7000

DNA away solution (Surface decontaminants)
Molecular BioProducts, Cat. no. 7010

TES buffer (pH 7.5)

Tris 50 mM
EDTA 5 mM
NacCl 50 mM
Acidic phenol

(Aquaphenol, Art. No.: AQUAPH; Saveen & Werner ABalmo, Sweden)

Chloroform
(Sigma-Aldrich, Cat. no. 496189)

DEPC water
DEPC (diethyl pyrocarbonate) 1000
ddH,O 1000 ml

Incubate at 37°C for 12 hours and then autoclave
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3 M Sodium acetate (200 ml) pH 4.8 (adjusted with Bl acetic acid)
Sodium Acetate 81.6¢g
DEPC water 200 ml

95% Ethanol (100 ml)
99.5% Ethanol 95.5 ml
DEPC water 4.5 ml

70% Ethanol (100 ml)
99.5% Ethanol 70.4 ml
DEPC water 29.6 ml

RNA storage solution
Applied Biosystems, Cat. no. AM7001

4.3.4. Solutions for ELISA

PBS (100 mM) (pH 8.4)

NacCl 80 g/l
KCI 2 g/l
NaHPO, 14.4 g/l

Coating buffer (pH 9.6)
Na,COs 10.6 g/l

Store at +4°C for less than 1 month.

Washing buffer

PBS (10 mM) 1000 mi
Tween 20 50Q@l
Store at +4°C for less than 1 month.

Blocking buffer (for 100 ml)
Washing buffer 100 ml
Skim milk powder 549

(Semper, Sundbyberg, Sweden)
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Assay buffer (for 100 ml)

PBS 50 mM 100 ml
Bovine Serum Albumin (BSA) 10 mg
Tween 20 10Ql

Thimerosal 10 mg

Store at +4°C for less than 1 month.

4.3.5. Reagents for ELISA

Antibodies

-anti- Staphylococcal enterotoxin A 1gG (Cat. n8LAI101 Toxin Technology, Inc.; Sarasota, FL)
-anti- Staphylococcal enterotoxin A IgG, affinityunfied and conjugated to biotin (Cat. no.:
SBAC101 Toxin Technology, Inc.; Sarasota, FL)

-anti- Staphylococcal enterotoxin D IgG (Cat. rRLDI303 Toxin Technology, Inc.; Sarasota, FL)
-anti- Staphylococcal enterotoxin D IgG, affinityrgied and conjugated to biotin (Cat. no.:
SBDC303 Toxin Technology, Inc.; Sarasota, FL)

Antigens

-Staphylococcal Enterotoxin A, highly purified (Cab. AT 101 Toxin Technology Inc.; Sarasota,
FL)

-Staphylococcal Enterotoxin D, highly purified (Cab. DT 303 Toxin Technology Inc.; Sarasota,
FL)

Enzyme and substrate

-NeutrAvidin™-linked alkaline phosphatase (Immuno@®WNeutrAvidin™, alkaline phosphatase
conjugated, 0.9 mg/ml, Pierce)
-SIGMAFASTM™ p-nitrophenyl phosphate (tablets Sigma-Aldrich7XQ)

4.3.6. Processed pork products foBtaphylococcus aureus experiments
For studyingseaandsedgene expressions as well as enterotoxin formati@taphylococcus

aureusSA45 different processed pork products were tedtkd intrinsic and extrinsic factors are
listed in Table 9.
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Table 9. Meat products and their properties 8naphylococcuaureusstudies

Gas .
. NaCl content pH at composition of Thlckness_ 2 thJ
Products aw Nitrite content (mg/kg) . - meat slices
(%) packing modified (mm)
athmosphere
Boiled ham 0.99 150 2.8 5.8 1.2
Smoked ham | 0.99 150 2.26 5.8 | 70% nitrogen 4 1.2
30% carbon
Serrano ham 0.94 no data no data no data dioxide 0.8-0.9
Black pepper
salami 0.9 no data no data no data 0.8-0.9
4.4. Methods

4.4.1. Methods for the studies aPseudomonas and Chryseobacterium species

4.4.1.1. Isolation and characterization of bacteriestrains from pork chops
Isolation of bacteria from pork chops (without boared fat) was the following: Pork chops were
sliced into 5 crf pieces and stored in sterile Petri dishes at 4%C8&C for 6 and 8 days. Samples
from Petri dishes were weighted and as much 0.9%l Nalution was added to the samples as it was
necessary to reach ten times diluton. Samples Wwereogenised with BagMixer (Interscience,
France) and decimal dilutions were made in 0.9% INaglution. 10@l from the dilutions were
spreaded on PCA and Cetrimide agar. After inocaiatif the media the plates were incubated at
30°C for 24-48 h and CFU"gof the original samples were determined. In cdg®ok chops stored
at 4°C representative bacterial colonies were ctdtkat day 8 while samples that were stored at 8°C
representative colonies were gained from day OGawtlich derived from PCA and Cetrimide plates.
Bacterial isolates were characterised by morpholdgexamination, Gram stain, spore staining as
well as some of the biochemical tests (oxidasalase tests, KOH probe) according to Pollack et al.
(2009). Some isolates produced colonies of sligtifferent morphology therefore representative
colonies were isolated and named as “a”, “b” or. “c”

Growth and fluorescent ability were tested on gelec(Cetrimide agar, GSP agar) and
elective mediaRseudomonaggar P and F) at 20°C and 30°C after 72h incubatfuorescence
was determined under UV light at 366nm. As contnedia PCA was used.

4.4.1.2. Detection of proteolytic and lipolytic agtities

For determination of protease activity derivatesnmolk were used in SMC (standard methods
caseinate) agar and SM (skim milk) agar accordimgAtlas (1995). Protease activity was

determined by inoculation of the cells as macrooiel® grew onto the surface of the agar plates.

Inoculation was performed with 10 of cell suspensions of the isolates OD of whidrevadjusted
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to 0.5 at 600 nm. The cell suspensions were droppe&MC and SM plates in duplicates. Plates
were incubated for 7 days at 15, 20, 25 and 30°@anallel and diameters of the clearing zones
were checked after 48 h and measured after 3 alayg. Evaluation of the plates was done by the
measurement of halos surrounding the colonies.

For detection of esterase activity TwE8rB0 Hydrolysis Medium (PAT-80) was used while for
checking the lipase activity plate count agar sepm@nted with tributyrin (PCATB) was applied
according to Atlas (1995). Inoculation of the ptatgas performed as in case of protease activity
tests. Plates were incubated for 7 days at 1522@nd 30°C and diameters of turbid or clearing
zones around the colonies on PAT-80 and PCATB gplatere measured. Tests were prepared in

parallel and repeated two times.

4.4.1.3. Genomic DNA isolation

DNA extraction from bacterial cells was done by thedified method of Hoffman and Winston
(1987). Cells from overnight cultures were transfdrinto Eppendorf tubes containing 1.0 ml
sterile ultrapure water and centrifuged at 14 (f¥@ for 5 min. The supernatant was discarded and
200ul breaking buffer, 0.3 g glass beads (0.425-0.6 ®antorius) and 200l PCIA were added to
the tubes. After vigorous mixing for 3 min 2Q0 TE buffer was added into the samples, mixed
shortly and centrifugated at 14 000 rpm for 5 mihe upper phase was transferred to a new
Eppendorf tube and 80@ of 96% ice-cold ethanol was added to the samplée. tubes were
placed into a -20°C freezer for 10 min to precieitanucleic acids. After centrifugation and
discarding the supernatant %0 TE buffer and 0.6 mg ril RNase (Sigma) were added to the
samples for digestion of RNA molecules at 60°C30rmin. The enzymatic reaction was stopped
by measuring 10Ql of 96% ice-cold ethanol to the tubes that werkipto the freezer for 10 min.
The repeated spinning and discarding were follobsedrying the DNA samples in vacuum dryer
(DNA mini, Heto) and 3Qul of TE buffer was added to the tubes. DNA samplese stored at
-20°C until using.

4.4.1.4 Pseudomonas genus-specific PCR assay

Amplification of using Psf and Psr primers (Tab@® Wwas performed by the modified protocol of
Purohit et al. (2003). The reaction mixtures comddi 1 x DNA polymerase buffer, 1.25 mM
MgCl,, 0.1 mM dNTP, 0.25 pM of each primer, 0.6 Taqg DNA polymerase (DyNAzyme,
Finnzyme) and 1ul of 100ng template DNA. The final volume of theacdon mixture was 2fl.
The PCR reactions were performed in ESCO SWYFThermal Cycler. The conditions of the
PCR were the following: pre-denaturation at 95°CSwnin, amplification (35 cycles): denaturation
at 94°C for 30 s, primer annealing at 64°C for 1&nd primer extension at 72°C for 30 s; final
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extension at 72°C for 4 min. The amplicons wereaszted by gel electrophoresis |{Bloading
buffer and Gul PCR product) applying 1.5% agarose gel. Gel edptioresis was done at 120 V for
60 min in 0.5 x TBE buffer.

Table 10.List of primers used in PCR reactions

Application Primers Sequences¥’-3") Reference

OPA 4 AATCGGGCTG

OPA7 GAAACGGGTG Operon Technologies, Inc., USA
RAPD-PCR
OPA13 CAGCACCCAC
primer272| AGCGGGCCAA Mahenthiralingam et al., 1996
Pseudomonas Psf CTACGGGAGGCAGCAGTGG )
- Purohit et al., 2003
genus- specific PCR Psr TCGGTAACGTCAAAACAGCAAAGT

F27 AGAGTTTGATCMTGGCTCAG Eden et al., 1991
Edwards et al., 1989
Weisburg et al., 1991

PCR amplification of R1492 TACGGYTACCTTGTTACGACTT
16S rDNA for RFLP

R1525 AAGGAGGTGWTCCARCC Edwards et al., 1989
R338 GCTGCCTCCCGTAGGAGT Amann et al., 1990
LAPS TGGCCGAGAACCAGTTCCGCGT

rpoB gene PCR (RFLP) Tayeb et al., 2005
LAPS 27 | CGGCTTCGTCCAGCTTGTTCAG

P. fragispecific PCR fra-F CGTCAGCACCGAAAAAGCC o

Ercolini et al., 2007
P. lundensispecificPCR | lun-F TGTGGCGATTGCAGGCATT

Pseudomonas
carA-R TGATGRCCSAGGCAGATRCC Hilario et al., 2004

speciesspecificPCR

4.4.1.5. Typing of bacterial isolates by RAPD-PCR

For RAPD-PCR fingerprinting OPA 4, OPA13, OPA7 gmdmer 272 oligonucleotide primers
were used in case of tiRseudomonassolates (Table 10) The 26 of PCR mixture contained 1 x
DNA polymerase buffer, 1.25 mM Mg 10.3 mM dNTP, 0.2uM of primer, 0.6 UTaq DNA
polymerase (DyNAzyme, Finnzymes) andull of the template DNA. The PCR reactions were
performad in Hybaid PCR Thermal Cycler. Conditiasfsthe PCR were the following: DNA
denaturation for 5 min at 95°C; followed by ampiifiion (35 cycles): pre-denaturation at 94°C for
45 s, annealing at 40°C for OPA 4, OPA13, OPA7 38 for primer 272 for 30 s and extension
at 72°C for 1 min; final extension took 4 min a2 PCR reactions were carried out with Hybaid
PCR Thermal Cycler. The amplicons were separategebglectrophoresis (@ loading buffer and

6 ul PCR product) applying 1.5% agarose gel. Gel sdptioresis was done at 120 V for 60 min in
0.5 x TBE buffer.Gel pictures were analysed by GelCompare Il (Apidiaths, Belgium)
software. Cluster analysis of the pairwise valuas generated using UPGMA algorithm.
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4.4.1.6. 16S rDNA-RFLP analysis of th@seudomonas isolates

The PCR reaction for rDNA amplification was perfaunin 25 pl reaction volume after
optimization. The reaction mixture contained 1 x ANolymerase buffer, 1 mM of Mggl0.15
mM dNTP, 2 pM of each of the primers F27 and R1{B&ble 10), 1 UTaq DNA polymerase
(DyNAzyme, Finnzymes) and {l template DNA. The PCR reactions were performad $C8
SWIFT™ Thermal Cycler. PCR reaction was as follows: DptA-denaturation for 4 min at 95°C;
amplification (25 cycles): 94°C for 30 s, 56°C &% s and 72°C for 40 s, and final extension: 72°C
for 10 min. The size of PCR amplicons were appratety 1465bp. PCR products were digested
with the restriction enzymealul, Hadll, Rsd and Mspl at 37°C for 4 h. The components of
reaction mixture in 1Qu reaction volumes were the following:12 PCR product, ul incubation
buffer (Tango buffer, Fermentas), 6u8 ultrapure water and 0.gl (10 U/ul) of the restriction
enzymeAlul and Rsd (Fermentas). In case dfadll and Mspl (Promega) the reaction mixture
contained 0.1l BSA (10 mg/ml). Fragments were separated by elpbbresis using 1.5% agarose
gels at 100 V for 2 h. The bands were visualizethguethidium-bromide staining and UV
transillumination. The electrophoretic patterns evanalysed by GelCompare Il (AppliedMaths,

Belgium) software.

4.4.1.7 rpoB-RFLP analysis of thePseudomonasisolates

Amplification of therpoB gene using the LAPS and LAPS27 primers (Tablewld@ done by the
modified protocol of Tayeb and co-workers (2005heTreaction mixtures contained 1 x DNA
polymerase buffer, 1.5 mM Mggl10.1 mM dNTP, 0.2 uM of each primer, 0.6 Tag DNA
polymerase (DyNAzyme, Finnzyme) andullof template DNA. The final volume of the reaction
mixture was 25ul. The PCR reactions were performad in ESCO SW\FThermal Cycler. The
conditions of the PCR were the following: pre-demation at 94°C for 90 s, amplification (40
cycles): denaturation at 94°C for 10 s, primer afing at 56°C for 20 s and primer extension at
72°C for 50 s; final extension at 72°C for 5 milCR products were digested with the restriction
enzymesAlul, Haedll, Rsd and Mspl according to the same reaction conditions ashapter
4.4.1.6.

4.4.1.8. Sequencing of 16S rDNA anghoB amplicons and constructing phylogenetic trees

For preparation of 16S rDNA PCR products for sequenthe same reaction conditions and
reaction mixture were applied as in chapter 4.4ekdept for the reverse primer which was R1525.
In case of amplification ofpoB gene for sequencing the same parameters and miware
followed as in chapter 4.4.1.7. Both cases the #ieghIDNA was purified using PCR-Advenced
PCR Clean Up System (Viogene) and the sequencirsgpeegormed by the Biological Research
Centre (Szeged, Hungary) using the F27, R338 ars2Rprimers and by Biomi Ltd. (G6doll
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Hungary) using the LAPS and LAPS27 PCR primersugeqging was performed by using the ABI
3100 sequencer in both cases. For evaluating trmmatograms Chromaslite 2.06 and MEGA4
software were applied. Sequences were aligned tee tdatabase of NCBI

(http://blast.ncbi.nim.nih.ggv One isolate was aligned to the database of ExT&erver 2.1.

(www.eztaxon.orly Phylogenetic trees based on 16S rDNA gmaB sequences were constructed

by neighbour joining method after ClusterW analysi$#MEGA4 software. Bootstraps values were
calculated for 500 phylogenetic trees. Nucleotidguences of the closest related type strains, and
strains derived from the GenBank with accession bemhwere the following for 16S rDN/AR.

fragi ATCC 4973 (AF094733.1)P. fluorescensCCM 2115 (DQ207731.2)P. fluorescenstrain
1582 (JN679853.1)C. antarcticumAT1013 (NR_025809.1). In case of constructing phylogenetic
tree fromrpoB sequences the following additional sequences weesl from the GenBanie.
fluorescend MG 14674 (HE586418F. fluorescends MG 6812 (AJ748138)P. fragi LMG 2191T
(AJ717444)P. fluorescensi MG 14577 (HE586423).

4.4.1.9. Identification ofP. lundensis, P. fragi isolates by species-specific PCR

Distinct sequences of the carbamoyl phosphate agatfene ¢arA) were amplified with species-
specific primer sets (Table 10) for the identifioatof P. lundensisa P. fragiisolates as described
by Ercolini and co-workers (2007) with slight madé#tions as follows: The reaction mixtures
contained 1 x DNA polymerase buffer, 1.25 mM MgOL1 mM dNTP, 0.2 uM of each primer, 0.6
U Taq DNA polymerase (DyNAzyme, Finnzyme) andullof template DNA. The final volume of
the reaction mixtures was 2% The conditions of the PCR were the followingeqatenaturation at
95°C for 4 min; amplification (25 cycles): denatiwa at 94°C for 30 s, primer annealing at 56°C
for 20 s and primer extension at 72°C for 40 salfiextension was performed at 72°C for 3 min.

The amplicons were detected by gel electrophotesiigy 1.5% agarose gel.

4.4.1.10. Cultivation and characterization of growt of Chryseobacterium antarcticum at
different temperatures

Chryseobacterium antarcticuntype strain and one of the isolates called F1445& was
determined with 16S rDNA sequencing@sryseobacterium antarticumere plated on brain heart
infusion agar and incubated at°@0for 5 days. 3 colonies were picked from the @adad
cultivated in BHI broth for 36 h at 2G with 180 rpm agitation. BHI broth was inoculatedh a
sufficient volume of cells from overnight culture give 16 CFU/ml initial cell concentration.
Cultivations were performed in paralell at 5, 18, 20, 25 and 30°C for 72 h. Colony counts were
determined after inoculation of BHI broth and af@#, 48, 72 h of incubation. Serial tenfold

dilutions from the flasks in physiological salindgion were performed. The dilutions were plated
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on BHI agar to determine the total cell count. Agkates were incubated at°ZDfor 4 and 5 days

and the number of CFU was calculated.

4.4.1.11. Competition analysis betwee@. antarcticum and P. fragi strains

Chryseobacterium antarticuifr1445/3) andP. fragi (F1445/1) strains were plated on brain heart
infusion agar and incubated at°0for 4 days. One colony was picked from the plaes
cultivated in BHI broth for 36h at 2@ with 180 rpm agitation. BHI broth was inoculatetth
different cell ratio of the 2 different bacteriaxperiment A, B, C) showed in Table 11. Cultivation
were performed in paralell combined with contrahgées (experiment D, E, F, G) at 20°C for 72
h. Colony counts were determined after inoculattdrBHI broth and after 24, 48, 72, 96 h of
incubation. Serial tenfold dilutions from the flask physiological saline solution were performed.
The dilutions were plated on BHI agar to deternthmetotal cell count. Agar plates were incubated
at 20°C for 4 and 5 days and the number of CFU was catied!

Table 11. Cell ratio ofChryseobacterium antarcticuemdPseudomonas fragn BHI broth

Code of expreiment | Chryseobacterium antarcticum (F1445/3)| Pseudomonasfragi (F1445/1b)
CFU/mI CFU/mI

A 10° 10°
B 10° 10°
C 10° 10’
D (control) - 10°
E (control) - 10
F (control) 10 -

G (control) 16 -

4.4.2. Methods for the studies wittStaphylococcus aureus

4.4.2.1. Cultivation ofStaphylococcus aureus SA45
From the stock solution db. aureusSA45 stored at -8, cells were plated on BHI agar and
incubated at 3T overnight. One colony was picked from the agat anltivated in BHI broth
overnight at 37C, 160 rpm agitation. To study the behavior of célktween optimal conditions,
400 ml BHI broth was inoculated with an overnighttare ofS. aureusSA45 as much volume as it
was necessary to reach an optical density at 620 @iDg,o of 0.1 for the start. The pH was
adjusted to 7.0 using acetic acid (Merck). The lbntas incubated at 37°C, 200 rpm, for seven
days, using an in-house fermentor. The pH was miaiet by automatic titration by adding sodium
hydroxide (Merck). The O, was measured using a U-1800 spectrophotometeadfiitHigh
Technologies Inc., Pleasanton, CA) to follow thevgih. Samples of broth were collected from the
fermentor for gRT-PCR and ELISA analysis every hoprto and including hour eight, then after
12, 24,48, 72, 120 and 168 h.
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4.4.2.2. Cultivation ofS. aureus SA45in situ on meat products

To study sessile cellghe same pre-cultivation steps were repeated umbitulation of the
fermentor as in chapter 4.4.2.1. 250 ml Erlenmdlgesks with 50 ml BHI broth were inoculated
with the overnight culture db. aureusSA45 and incubated at 32, 160 rpm. Cells were harvested
in the exponential growth phase and washed twicth Wi85% NaCl. Washed cells were
resuspended into the same volume of physiologalaies as the initial volume was and 100of
this solution containing T0colony-forming units (CFU) per ml was evenly distated over the
pieces of meat by pipette. For the study of smdkaa, 10ul of the stock solution 08. aureus
SA45 was added directly to BHI broth for overniglidtivation without the agar cultivation step.
After inoculation, the meat products were incubaaedoom temperature (23) for seven days.
Uninoculated meat products were used as contralspfs were taken from each type of meat
directly after inoculation and after incubation @ay 1, 2, 3, 5 and day 7 of incubation for gRT-
PCR and ELISA analysis, viable count determinataovd pH measurements. Three replicate
samples were collected from each meat product@t sampling time. Each sample of meat was
transferred to a BagPayé filter bag (400 ml, 60um porosity, Interscience, Paris, France).
Physiological saline solution was added to eachpsan®:1 w/v). Cells were rinsed off in a
Stomacher Lab-Blender 400 (Seward Medical Ltd. losndUK) for 1 min. The pH of the
stomacher liquid from both inoculated meat and m@dnmheat samples were measured with a pH
meter after stomaching (VWR sympHony Meters).

Viable counts were determined immediately aftecidation of the meat samples and after the first,
second, third, fifth and seventh day of incubatiSerial tenfold dilutions of stomacher liquid in
physiological saline solution were performed. Thilatns were plated on BHI agar to determine
the total cell count, and on Baird Parker agardieinine theS. aureusell count. Agar plates were
incubated at 3T overnight and the number of CFU was calculatérk dell count was expressed
in terms of CFU/crhsince only the surface of the meat had been intedilaith bacteria. Cells
were also plated on MRS agar for detectiagtobacillusimmediately after meat inoculation and
after seven days of incubation, except for smokaoh,hwhere plating on MRS agar was only
performed after the seventh day of incubation. VIRS agar plates were incubated in an Anerocult

anaerobic chamber system (Merck) at@G@or 48 h.

4.4.2.3. RNA extraction and reverse transcription

Total RNA was extracted using phenol and chlorof@asndescribed by Lévenklev et al. (2004b),
except that the RNA was re-suspended in 1ORNA storage solution. DNA was degraded
according to Lovenklev et al. (2004b) and total RN#bncentrations were measured

spectrophotometrically using a BioPhotometer (Eplpein AG, Hamburg, Germany). Reverse
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transcription was performed according to Artin let{(2008).First-strand cDNA was synthesized in
two separate reverse-transcription assays usirgggeprimers specific to SEA and SED (Table 12)
and the reference gene 16S rRNA, as describedqudyi (LOvenklev et al., 2004b) with the
following reaction mixture: 0.;g RNA in the reference gene assay andu@RNA in the toxin
gene assay, 0.5 mM each of dATP, dTTP, dCTP andPd®bche Diagnostics GmbH, Mannheim,
Germany),0.5 uM primer (MWG Biotech AG, Ebersberg, Germany), 20RMasin’ ribonuclease
inhibitor (Promega GmbH, Mannheim, Germany), 10 @WT (Invitrogen, Carlsbad, CA), 1 x
first-strand buffer (Invitrogen) and 100 U Superrist’ 1| RNase H reverse transcriptase

(Invitrogen).

4.4.2.4. Primer and probe design

The forward primer specific teeawas identified from the literature (Rosec and @®a2002).
The reverse primer was designed in-house in Lunivdsity using LightCycler Probe Design
software ver. 1.0 (Roche Diagnostics GmbH) (Tal2le 1

Table 12.Sequences and fluorescent dyes of primers anddmgdiion probes

Target | Primer/probe | Nucleotide sequence (5>3)

sea ESA-1 ACGATCAATTTTTACAGC

ToxA reverse CCGAAGGTTCTGTAGAAGT

ToxA-Fluol CCTTTGGAAACGGTTAAAACGAATAAGAAA-FL?

ToxA-Red1 LC-R640-TGTAACTGTTCAGGAGTTGGATCTTCA®p

sed SED-1 CTAGTTTGGTAATATCTCCT

GSEDR-2 ATTGGTATTTTTTTTCGTTC

entD-FL TACCCTATAAGATATAGCATTAATTGTT-FL*

entD-LC LC-Red640-TGGTGGTGAAATAGATAGGACTGCTTG2p
rm rRNA forward | TGTCGTGAGATGTTGGG

rRNA reverse ACTAGCGATTCCAGCTT

Probe 1 GGACAATACAAAGGGCAGCG-FL

Probe 2 LC-R705-ACCGCGAGGTCAAGCA=p

2 The donor probe is labeled with fluorescein (FL)re 3 end.;” The acceptor probe is labeled with LC Red640 (LC-
R640) at the 5end and the 'Jhydroxy group is phosphorylated ({5)The acceptor probe is labeled with LC Red705
(LC-R705) at the 5end and the'hydroxy group is phosphorylated (p).
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4.4.2.5. The real-time PCR assay

PCR amplification was carried out on a LightCytle2.0 instrument (Roche Diagnostics GmbH).
The total volume of PCR mixture was 20 including 4 ul of template cDNA. Thesea PCR
mixture consisted of 1 x PCR buffer, 4.6 mM Mgd.2 mM each of dATP, dTTP, dCTP and
dGTP, 0.5uM each of the forward and reverse primers, 0.0BRDNA polymerase and 08V of
each hybridization probe. TleedPCR mixture consisted of 1 x PCR buffer, 2.75 mgQ§, 0.2
mM each of dATP, dTTP, dCTP and dGTP, AN each of the forward and reverse primers, 0.05
U Tth DNA polymerase and 0.13M of each hybridization probe. Then PCR mixture was the
same as thsed PCR mixture. All reagents except the primers ammb@s were obtained from
Roche Diagnostics GmbH. The water used was autedlaitrapure water. In order to detect the
amplification of possible contaminations, a negatoontrol consisting of water instead of DNA
was added to the PCR. Genomic DNA was used asitivpasontrol. The following PCR protocol
was used: initial denaturation at°@for 1 min, followed by 45 cycles of denaturatetr®5 C for O

s (no hold at this temperature), primer annealind@C (seg or 48C (rrn andsed for 5 s and
extension at 7L for 25 s, with a single fluorescence measureraetite end of the extension step.
The crossing point cycle for each transcript waemieined using the second derivative maximum
mathematical model in the LightCyclersoftware (ver. 4.1) (Roche Diagnostics GmbH), drel

amplification efficiency was calculated by the sadte.

4.4.2.6. Relative quantification

The relative expression seaandsedwas calculated by relating the toxin gene expoestd the
constant expression of a reference gene, the 168\ rgene (Pfaffl, 2001). To determine the
amplification efficiency and the log-linear rangeamplification for each real-time PCR assay, the
total RNA was serially diluted. The dilutions wereverse transcribed and amplified in the
LightCycler™ instrument three times to obtain stmadcurves. Samples were also amplified three
times. Equal amounts of total RNA from each sanwpége reverse transcribed to quantify the

transcript levels ofeaandsed

4.4.2.7TELISA

A modified protocol was used for ELISA analysisSEA and SED (Poli et al., 2002). The ELISA

was developed for the specific monitoring of SEA &ED using affinity-purified sheep polyclonal

antibodies (IgG). The enterotoxin was detected gudiotinylated secondary antibodies (I1gG),
NeutrAvidin™-linked alkaline phosphatase and thbsstate p-nitrophenyl phosphate. The colour

developed was measured spectrophotometrically &trd0 after a pre-defined incubation time.
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Quantification was based on a standard curve pedpasing serial dilution in an appropriate matrix
of highly purified SEA and SED. Absorbance value®én of triplicate wells) were plotted against
toxin concentration, and values were determinednfriinear regression. A microtiter plate
(Immulort’ 2HB polystyrene, Flat Bottom MicrotiterPlates, 96 wells solid; Thermo Electron
Corporation; Waltham, MA) was coated with 100 pliveé a solution containing 2 pg/ml anti-SEA
or SED IgG antibody in coating buffer and left &G overnight. All sites were then blocked with
185 pl blocking buffer for one hour at°®7 and at least one hour &C4 The plate was washed four
times with washing buffer. Standards, stomachexidigr culture supernatants were loaded onto the
plate (100 ul/well) at appropriate dilutions andubated for 90 min at 3C. The plate was then
washed. The biotinylated anti- SEA or SED IgG, @ith2000 x in assay buffer was added (100
pl/well). The plate was incubated for one hour @&C3and then washed. NeutrAvidin™-linked
alkaline phosphatase (diluted 1000 x in assay buffe milk powder included) was added (100
pl/well), and the plate was incubated for 30 miswe 37C. The plate was washed and substrate
(p-nitrophenyl phosphate) was added (100 pl/wéle color was then allowed to develop for 45
min in darkness. The optical density was determungdg a microplate reader with a filter at 405

nm (Multiskan Ascent, Thermo Electron Corporation).
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5. RESULTS AND DISCUSSION

5.1. Characterization ofPseudomonas isolates

The objective was to characterize the biologicabpprties of representative bacterial strains
isolated from pork meat stored at 4 and 8°C. Puleies of cold tolerant bacteria were spread on
PCA and Cetrimide plates as listed in Table 7 irapter 4.1. in Materials and methods.
Heterogeneity of some isolates was determined &dterdays of storage on PCA plates. Some of
the isolates were named as “a”, “b” or “c” thaticated the differences in colony morphology.
Altogether 34 psychrotrophic/psychrophilic bactersolates were characterised according to
Pollack et al. (2009) and listed in Table 13 inptlea A2. Appendix (Table). All isolates were Gram
negative, catalase and oxidase positive, non-dpom@ng and KOH positive. One isolate namely
F1445/3 had a negative oxidase test indicatingilibato use oxygen for energy production.

In order to determine the selectivity of differeseudomonasmedia, GSP, Cetrimide,
Pseudomomadgar P and F were tested for growth and fluoreseari the isolates at 20 and 30°C
for 72 h. PCA was used as a control media. GSP awgaains glutamate and starch as a unique
nutrient sources and phenol-red as indicaAeromonaspecies are able to degrade the starch with
acid production causing color changing in phendlttening yellow.Pseudomonaspecies do not
possess this ability. Selectivity of the media Rseudomonaspecies is improved by addition of
Penicillin G. In case of Cetrimide agar the cetdeni(cetyltrimethylammonium bromide) largely
inhibits the growth of the accompanying microflaxacording to Lowbury (1951) and Brown,
Lowbury (1965). As it was expectd@seudomonas aeruginosgpe strain produced a greenish
yellow pigment (pyocyanin) on Cetrimide agar (Fi§.A) while on GSP media red-violet colonies
were formed (Fig. 10 C). Fluorescence was deteateldr UV light in both cases (Figs. 10 B and
10 D).

Figure 10. Growth ofPseudomonas aerugino#d CC 10145 on selective mediA) growth on
Cetrimide agarB) Fluorescence on Cetrimide agar under UV lightGrowth on GSP agaR)
Fluorescence on GSP agar under UV light
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As an elective culture media recommended by Kingrd\and Raney (1954) for the isolation and
differentiation ofPseudomonaspeciesPseudomona&gar P and F were applieBseudomonas
Agar P stimulates the formation of pyocyanin andbdyorubin and rolls back of fluorescein
(pyoverdine), wherea8seudomonadgar F induces the production of fluorescein (pyduge) and
reduces the pyocyanin and/or pyorubin creatioms itnportant to notice that the name fluorescin
extended the name of pyoverdine after Bseudomona#\gar F was developed. The name of
pyoverine contains all pigments that are producgdflborescent pseudomonads (Meyer and
Abdallah, 1978). Pyoverdines are a group of strmadfiy related siderophores produced by
fluorescentPseudomonaspecies (Visca et al., 2006) which are a poweréu (l1I) scavenger and
an effective iron transporter. The synthesis ofvgydine is strongly related to iron starvation
(Meyer, 2000). These molecules also serve as s$iigmaholecules controlling gene expression
inside the bacterial cells (Lamont and Martin, 2088 aeruginosgyoverdines function as signal
molecules for sythesis of virulence factors as wsllcrucial for biofilm development (Visca et al.,
2006). These properties allowed the characterizaifopyoverdine as a potent siderophore for the
fluorescent pseudomonads (Meyer, 2000).

Pseudomonas aeruginosgpe strain appears dhseudomona#gar F as colonies surrounded by
greenish-yellow zone resulting from pyoverdine ptebn. If pyocyanin is also synthesized, a
bright green colour is produced (Fig. 11 A) whidhofesces under UV lightPseudomonas
aeruginosacan grow onPseudomonaggar P and form colonies surrounded by a blue &egr
zone due to pyocyanin formation (as shown in FigB) or with a red to dark brown zone due to

pyorubin synthesis.

Figure 11. Growth ofPseudomonas aerugino®d CC 10145 on elective mediad) growth on

Pseudomonaégar F;B) Growth onPseudomonaégar P

Results of the growth of isolates as well as typeé aonPseudomonastrains on different media
are shown in Table 14. All the isolates had groashthe different media at 20 and 30°C except
F1445/3 that showed weak growth at 30°C (Table Néh Pseudomonaspecies had weak growth
on all media at both temperatures. Although growftithe isolates was quite uniform there was

difference in fluorescence ability and pigment prcttbn on the media at 20 and 30°C.
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Table 14. Summary of testing growth and fluorescence abdiydifferent media foPseudomonas

isolates from 4°C and 8°C and nBeeudomonastrains

Pseudomonas | Pseudomonas
PCA GSP agar Cetrimide agar Agar P Agar F
growth/ UV growth/ UV growth/ UV growth/ UV growth/ UV
Isolates 20°C 30°C | 20°C 30°C | 20°C 30°C | 20°C 30°C | 20°C 30°C
F 1443/1 +/- +/- +/- +/- +/- +/- +/- +/- +/- +/-
F 1443/2a +/- ++ +- +/+ +/- +/+ +/- ++ +/- +/+
F 1443/2b +/- +/+ +/- +/(+) +/- +/- +/- +/- +/- +/-
F1443/4a +/- ++ +/- +/+ +/- +/+ +/- ++ +/- +/+
F 1443/4b +/- +/- +/- +/+ +/- +/- +/- +/- +/- +/-
F 1443/4c +/+ +/+ +/+ +/+ +/+ +/+ +/+ +/- +/+ +/+
F 1443/5 +/+ +/+ +/+ +/+ +/+ +/+ +/+ +/- +/+ +/+
F 1443/7 +/+ +/+ +/+ +/+ +/+ +/+ +/+ +/- +/+ +/+
F 1443/8 +/(+) +/- +/+ +/- +/+ +/- +/- +/- +/+ +/-
F 1443/9 +/- +/- +/- +/- +/- +/- +/- +/- +/- +/-
F 1443/10b +/- +/- +/+ +/- +/+ +/- +/+ +/- +/+ +/-
F 1443/10c +/- +/- +/+ +/- +/+ +/- +/+ +/- +/+ +/-
F 1443/11 +/- +/- +/+ +/+ +/+ +/+ +/- +/- +/+ +/+
F 1443/12a +/+ +/- +/+ +/ - ++ +/- +/+ +/- +/+ +/-
F 1443/12b +/+ +/- +/+ +/- +/+ +/- +/+ +/- +/+ +/-
F 1443/12c +/+ +/- +/+ +/- +/+ +/- +/+ +/- +/+ +/-
F 1443/13a +/- +/(+) +/- +/+ ++ +/(+) +/- +/- +H+| +H-
F 1443/13b +/+ +/(+) +/+ +/+ +/+ +/+ +/+ +/- +/+ —+/
F 1445/1a +/- +/- +/- +/- +/- +/- +/- +/- +/- +/-
F 1445/1b +/- +/- +/- +- +/- +/- +/- +/- +/- +/-
F1445/3 +/- (+)/- +/- (+) /- +/- (+)/- +/- +/- +- | (#)-
F 1445/4 +/- +/- +/- +/- +/- +/- +/- +/- +/- +/-
F 1445/5 +/- +/- +/- +/- +/- +/- +/- +/- +/- +/-
F 1445/6 +/+ +/+ +/+ +/+ +/+ +/+ + + +/+ +/+ +/+
F 1445/8a +/+ +/((+)) +/+ +/- +/+ +/+ +/- +/- +/+ [+
F 1445/8b +/+ +((+)) +/+ +/- +/+ +/+ +/- +/- +/+ 4
F 1445/9a +/- +/- +/- +/- +/- +/- +/- +/- +/- +/-
F 1445/9b +/- +/- +/- +/- +/- +/- +/- +/- +/- +/-
F 1445/10 +/- +/- +/- +/- +/- +/- +/- +/- +/- +/-
F 1445/12 +/- +/- +/- +/- +/- +/- +/- +/- +/- +/-
F 1445/14a +/- +/- +/+ +/- +/- +/- +/- +/- +/+ +/-
F 1445/14b +/(+) +/- +/(+) +/- +/+ +/- +/- +/- ++ | +-
F 1445/15a +/+ +/- +/(+) +/+ +/+ +/- +/- +/- +/+ -+/
F 1445/15b +/(+) +/- +/+ +/- +/+ +/- +/- +/- +/+ +/
P. aeruginosaATCC 10145 +/+ +/+ +/+ +/+ +/+ +/+ +/+ +/+ +/+ +/+
P. fluorescen€CM 3899 +/- +/- +/- +/- +/+ +/+ +/- +/- +/ +/+
P. fragi CCM 19747 +/+ +/+ +/(+) +/+ +/(+) +/- +/(+) +/- +/+ +/+
P. lundensi€CCM 35037 +/+ +/+ +/(+) +/+ -/(+) -/- +/+ +/- +/+ +
P. putidaB. 01634" +/- +/- -/- (+)/- -/- +/+ +/- (+)/- +/- +/-
C. jeonii JCM 12387 (+)/- (+)/- -/- (+)/- (+)/- (+)/- (+)/- (+)/- +/- +/-
C. antarcticumJCM 12381 +/- (+)/- (+) /- -/- (+)/- (+)/- (+)/- -/- +/- ((+)-

UV: fluorescence under UV light (366 nm)
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Five isolates (F1443/4c, F1443/5, F1443/6, F1448/7443/11) had greenish-yellow color on
Cetrimide andPseudomonaggar F. These isolates showed fluorescence moeasitely under
UV light at 366 nm on these media as well as on @& than other isolates (Figs.12 A, B, C).

F1+443_/11 F1443/11 f1443/11

| i " - A 5%

Figure 12. Fluoresce of different isolates under UV lightAnCetrimide agaB) Pseudomonas
Agar F andC) GSP agar

Majority of the isolates did not show fluoresent@and 30°C ofseudomonadgar P and PCA
and almost one third of them did not fluoresce @PGCetrimide an’seudomonaggar F. In
case of F1443/10b and c as well as F1443/12aflboiesced on all media at 20°C but not at 30°C
expect F1443/12a on GSP and F1443/10b, c on PCAs&me fluorescence pattern was detected
in case of F1443/8, F1445/14a, F1445/15a and btleere was no fluorescence detected on
Pseudomonaggar P. Fluorescence was detected at both incub&imperatures on all media in
case of F1443/4c, F1443/5, F1443/7, F1443/8, F184#34s well as with F445/6, F1445/8a and b
except that the latter two isolates had fluoresdg at 20°C on GSP. There was no fluorescence on
Pseudomonaagar P or just on 20°C in case of the other isglai® demonstrated in Table 14.

It was found that pyoverdine production is connécte the growth phase of the cells. The
development of the fluorescent pigment happenkeretrly stage of growth (Harris, 1950) and the
excretion of pyoverdine stops as the culture edtdre stationary phase of growth while pyocianin
is not formed until the maximum growth has occurgeliyer and Abdallah, 1978). This suggests
that the pyocyanin does not have essential roggawth but seems to accumulate and function as a
secondary metabolite. During cultivation of thelases none of them formed pyocyanin except the
control strainP. aeruginosaATCC 10145 (Fig. 11 B) onPseudomonadgar P.

It was found that the native pyoverdine pigmentaisile in aqueous solution especially under
mildly alkaline conditions (above pH 7) (Meyer aA#idallah, 1978). When the cells reach the
stationary phase the cell lysis is starting whiblarges the pH of the environment to the alkaline

stage. Although the cultivation of tiRseudomonassolates was on a solid phase at 20 and 30°C in
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this study the reduction and disappearance of therdscence ability at 30°C could be the
consequence of reaching the stationary phase reatil80°C. The additional pyoverdine is not
excreted there as well as the cell lysis has ajréadun to change the pH to alkaline conditions.
Four isolates (F1443/4b, F1443/4a, F1443/2a andd%9h) formed light brown colour on
Pseudomonaggar P indicating pyorubin production. Four iseli{F1443/12b, F1443/13a and b,
F1445/4) had dark brown pigment productionRseudomonaggar F (Fig. 13 A) while the same
colour changing was observed on BHI agar aftery8 @&incubation at 20 or 30°C (Fig. 13 B).

F1443/12b F1443/12b

Figure 13.Pigment production oA) Pseudomonaégar F;B) BHI agar

The reason of the brown colour changes after ailom could be that some species of
pseudomonads can also synthesize additional siderep because until the beginning of this
century close to 40 structurally different pyovessh were identified (Meyer, 2000). To determine

precisely this type of pigment and the pathwaytoformation further characterization is essential.

These results indicated that all the media wasasi@tfor growth ofPseudomonastrains and
distinction from other norPseudomonasspecies according to their pigment production and
fluorescence ability. According to the data, theuipation temperatures may influence the pigment

production ability. That observation could be tlasd of further investigations in molecular way.
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5.2. Molecular characterization ofPseudomonas isolates
5.2.1. Testing the applicability of aPseudomonas genus-specific primer pair

At the beginning of meat storagseudomonaspecies compose the small part of the microbiota
under aerobic and refrigerated condition. Howederjng storage they succesfully compete with
other bacteria and become dominant. Finding a gspesific primer pair could facilitate and
reduce the identification and detection time ofilgge-causing®>seudomonaspecies. At the same
time it could help and facilitate the typing an@mdification tasks. It could be also the the base f
developing quantitative-PCR for differentiating tihén time from other spoilage causing microbes.
However, designing genus-specific primers is cingileg due to the heterogeneity of the genus
PseudomonasFor screening the food spoilage-causigeudomonasstrains, a genus-specific
primer pair was tested which was designed by Pusttal. (2003). The construction of primer pair
based on the 16S rDNA sequences oPs@udomonastrains found in the rDNA database of the
GenBank. The primer pair targeted a specific reggdnl6S rDNA which conserved among
Pseudomonaspecies. As the consequence of optimization, icaatonditions of PCR were
modified. Lower primer concentrations (0.25 pM) warsed which altered from the originally
recommended form by Purohit et al. (2003). The alimg temperature was increased from 62 to
64°C and a final extension step was added to thetiom. For testing the specificity and sensitivity
of the system, 1®seudomonaseference and type strains as well as 18 Peeudomonastrains
were used. After gel electrophoresis the expeatepliaon size, 150 bp, was detected as shown on
Figure 14. Overview of PCR results is found in Eabb.

Molecular 1 23 4 5 6 7 8 9 11 12 13 14 15 16 17 18 19
size

1000 bp—>

500 bp—>

150 bp—>»

Figure 14.PCR products generated wRiseudomonaspecific primers

1. 100bp Marker (BioLabsR. Negative control3. Pseudomonas lundengiCM 3503, 4. Pseudomonas fragiCM 3903 5.
Pseudomonas putidaSM 291, 6. Pseudomonas taetrole@CM 1982, 7. Pseudomonas mendoci@CM 3590, 8.
Pseudomonas fragtCM 3704,9. Pseudomonas stutzeZiCM 4557, 10. Pseudomonas lundeng<M 3907,11.
Pseudomonas fluoresce@E€M 3899,12. Brevundimonas diminutB. 0111_5—, 13. Pseudomonas aeruginosd CC 10145,
14.Pseudomonas putidd. 01634, 15. Burkholderia cepaci#®. 0162116. Aeromonas hydrophilaubsphydrophilaCCM

7232", 17. Aeromonas sobri€CM 2807", 18. E. coliATCC 873919. 100bp Marker (BioLabs)
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Table 15.Summary of PCR products amplified with Psf-Psmeni pair

Amplification with Psf-Psr primer pair for Pseudomonas species
Number | Species Strain PE Number | Species Strain PE
product product

1 Pseudomonas aerugino§ ATCC10148 | + 9 Pseudomonas lundensis | CCM 3503 | +

2 Pseudomonas aerugino§ ATCC 9027 |+ 10 Pseudomonas lundensis | CCM 3907 |+

3 Pseudomonas fluoresce| CCM 2115 |+ 11 Pseudomonas marginalisf CCM 4969 | +

4 Pseudomonas fluoresce]| CCM 3899 |+ 12 Pseudomonas mendocin{ CCM 3590 | +

5 Psaidomonas fragi CCM 1974 |+ 13 Pseudomonas putida B. 01634 +

6 Pseudomonas fragi CCM 3703 |+ 14 Pseudomonas putida DSM 29T +

7 Pseudomonas fragi CCM 3704 |- 15 Pseudomonas stutzeri | CCM 4557 |+

8 Pseudomonas fragi CCM 3903 |- 16 Pseudomonas taetrolens| CCM 1987 | +

Amplification with Psf-Psr primer pair for non- Pseudomonas species

Number | Species Strain PER Number | Species Strain PER

product product

Stenotrophomonas

1 malthophilia B. 01119 - 10 Listeria monocytogenes | CCM 4699 |-
Brevundimonas diminut Listeria ivanovii

2 (syn.: P. diminuta) B. 01118 - 11 subsp. ivanovii CCM 5884 |-
Burkholderia cepacii Streptococcus

3 (syn.: P. cepacia) B. 01621 - 12 thermophilus B. 02290 -

4 Aeromonas sobria CCM 2807" |+ 13 Bacillus subtilis MBT-B1 -
Aeromonas  hydrophil Chryseobacterium

5 subsphydrophila CCM 7232" |- 14 antarcticum JMC 12381" |+

6 E. coli ATCC 8739 |+ 15 Chryseobacteriurjeonii | JMC 12382" | +

7 E. coli (0157:H7) MBT-E1 - 16 Hafnia alvei TM-8 +

8 Campylobacter jejuni ccMm 6214 |- 17 Serratia liquefaciens TM3 +

HNCMB
9 Yersinia enterocolitica | 98001 - 18 Citrobacter braakii TS-8 -
Altogether 14Pseudomonasype and reference strains gave positive reactwitis the Psf-Psr

primer pair (Table 15). Tw&seudomonasgeference strains were negative in the test andan-

Pseudomonaspecies were positive in the PCR reaction.

To determine the applicability of this pirmer pgpecificity and sensitivity was calculated applying

the following equations (De Boer and Beumer, 1998raz et al., 2006):

Sensitivity

(%) = number of true positives (p) , 190

p + number of false negatives

Specificity (%) = number of true neqative.s. (M 100
n + number of false positives
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The sensitivity was 87.5% while the specificity wady 66.6%. Sensitivity of the method was also
tested with 24Pseudomonassolates represented in this thesis when the mialeddentification
was perfomed with them in chapt®2.4. and 5.2.5. From the P4eudomonaspecies 5 isolates
were negative in the PCR reaction andPeudomonaspecies had positive reaction (data not
shown). The sensitivity was only 82.5% after thenbmation of these results with the reference
strains and type strains in Table 15. Accordinght® low specificity value the further use of this
primer pair was abolished. The primers were ndable for preliminary screening seudomonas
species due to false-positive results from othdd talerant meat spoilage bacteria and foodborne
pathogens as shown on Table 15. The primer pair nessensitive enough for deteting all

Pseudomonaspecies.

5.2.2. Molecular typing ofPseudomonas isolates by RAPD-PCR analysis

According to previous investigations RAPD was sgsbdly used for determining the relatedness
of aquatic isolates belonging to the geseudomonagSazakli et al., 2005) or assessing the
diversity of the rhizopheré®seudomonagopulation (Rangarajan et al.,, 2002). Based osethe
promising result$®>seudomonassolates derived from meat spoilage were fingetpd by RAPD-
PCR analysis to characterize their diversity apglyOPA 4, OPA13, OPA7 and primer 272
oligonucleotide primers (Table 10) as described/aterials and methods. Primers were selected
previously from 8 primers according to their PCRtgras after gel electrophoresis. The patterns of
randomly connecting primers chosen for typing &g in Fig. 15.

Molecular 1 23 45 6 1 23466 1 234546 1 2 38°%6
size

2176 bp
1766 bp

1230 bp
1033 bp

653 bp

517 bp
453 bp
394 bp

298 bp

Primer 272

Figure 15.RAPD-PCR patterns of isolates with OPA 4, OPAQBA7 and Primer 272
1. Marker (MW IV.), 2. F 1445/1a3. F 1445/1bd. F 1445/35. F 1445/46. F1445/5
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Molecular fingerprints of the isolates were evadgatvith Gelcompar Il software and combined
dendogram was prepared from the RAPD patterns.|&itgitree was prepared with GelCompar Il

software (Fig. 16).
20 40 60 80 100%

ATCC 25411 T P. mendocira
F 14456 isolate
F 1445 4a isolate
F 14451 4b isolate
F 144501 53 izolate
— F 1446/15b izolate
1 F 144381 3a izdlate
F 1443130 isolate
F 1443123 izclate
F 1443412k isolate
I F 14431 2 izolate
F 144310b isolate
F 14431 0c izclate
F 14438 isolate
ATCC 13525 T P. fourescens
F 144301 izolate
_|: F 14420 —
ATCC 49968 T P.lurdensis
E C Chd 3906 P. lurdensis
CCh 3907 P. lurdensis
ATCC 14809 T P. alealigenas
ATCC4A73T P. fragi
| F 144323 izclate
I F1agaze izolate
F 1445123 izclate
F 14454 b izolate
F 14434 izolate
F 1443843 isolate
F 1443840 isolate
F 14438 isolate
CChd 3703 P. fragi
CChd 3704 P. fragi
F 14455 isolate
CChd 3903 P. fragi
ATCC 10844 T P. margiralis
] F 14465a isdlate
F 144520 izolate
F 14454 isolate
ATCC 027 P. aerugirsa
F 14437 isolate
ATCC 12633 T P. putida
E ATCC 1758 T P. shutzeri
| B.01969 P. fuorescans
F 144583 izclate
F 144580 isolate
L | F 144540 isolate
L F 44512 izolate
ATCC 11562 T Brewindimanas diminuta
-I F 14435 isolate
B.O1G21 Burkholderia cepacia
_| F 14453 isolate
ATCCHG83 T P.tastrolens
- £ ChA 3209 P fluorescens
ATCCI0N4ST P. aerugirsa
ATCC 13637 T Stenotrophomoras makophilia

Figure 16.Dendogram of RAPD-PCR analysisdeudomonaisolates obtained with the
combination of OPA 4, OPA 13, OPA7 and primer 2&&qrns
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The dendogram showed very divergent RAPD pattefhere were 10 clusters that harboured
strains of 100% similarity. These clusters contdiawvays those isolates that showed different
colony morphology on PCA plates and named by “&”B@s subclones. However, based on their
RAPD analysis there was no difference in their geiegoattern that indicated their clonal identity.
Therefore in the further molecular analysis onlg ofthem was selected and studied.

Other isolates that had no subclones had dingpiosition in the dendogram and showed 60-70%
similarity regardless being isolated from the sasndifferent samplesPseudomonasype and
reference strains showed very low degree of simyjland they generally formed unique clusters
below 50% similarity.

Based on the results it may be concluded that tifaéns isolated from the agar plates underwent
strong population dynamic. Beside the subclonethefisolates no other high similarity clusters
were formed by the isolates, therefore we couldrecbgnize the strains that probably belonged to
the samdé’seudomonaspecies. As regards the discrimination power efapplied RAPD analysis

it was suitable for typingseudomonastrains, similarly as in the case ®¢rratia marcescerfsom
clinical sources (Hejazi et al., 1997) or LAB fradairy products (Coppola et al., 2006) and from
traditional salami (Andrighetto et al., 2001).

5.2.3. Results of 16S rDNA-RFLP analysis dfseudomonas isolates

The 16S rDNA gene sequence is a widely accepteduaed housekeeping genetic marker for
identification of bacteria typing microorganismso{Kert and Persing, 1999). The 16S rDNA-RFLP
(ARDRA) method has been successfully applied preshofor not just the analysis of bacterial
communities in environment but for food especialiyoked salmon and dairy products (Giraffa et
al., 1998a; Cambon-Bonavita et al., 2001). Accardim Lagaceé et al. (2004) it has been also used
for identification of the different genera and spsmf bacteria in maple sap in whieBeudomonas
species could also be detected.

In the present study, a universal primer pair daf27- R1492 was used to amplify a large part of
the 16S rDNA gene. The PCR conditions were optichemed adjusted to the used PCR instrument.
All of the isolates and type strains tested in #tisdy generated approximately a 1465 bp PCR
product. In order to produce the RFLP pattern, dhelicons were digested with five different
restriction enzymesAul, Hadll, Msp. Rsd ScRI). The enzymatic digestion witBcRI yielded
similar RFLP pattern and was therefore excludedha further analysis. The most heterogenic

restriction pattern was reached wihul as shown in Fig. 17.
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1 2 345 67 89 1012 13 14 15 16 17

Molecular
size

3000 bp

1000 bp

(RO RN

500 bp

BRRIL AREE

100 bp

Figure 17.Restriction pattern dPseudomonassolates digested withlul restriction enzyme

1. GeneRuler 100bp Marke2, F1443/1 3. F1443/2a4. F1443/2b5. F1443/4ap. F1443/4b7. F1443/4c8. F1443/5,
9.F1443/710.F1443/811.F1443/9,12.F1443/10b13. F1443/10c14. F1443/1115. Pseudomonas aeruginosa
ATCC 9027,16. Pseudomonas alcaligenBs 02011, 17. GeneRuler 100bp Marker

Dendogram was prepared by combination of the otisin patterns (Fig. 18). According to the
cluster analysis four different groups could beidgiished from each other at the level of 60%
similarity. All the type and reference strains thmlonged toP. fragi, P. lundensisand P.
fluorescensseparated into the first two clusters. ORlyputidaATCC 12633'composed the part of
cluster 4 but showed less than 70% similarity. &u8 was composed by isolates derived from the
same storage condition at 8°C. Cluster 4 contamesit part of the isolates which separated into 2
main groups. Altogether 12 isolates and 2 typarstreonstituted cluster 4 all of which originated
from 4°C except F 1445/15a.

According to these results the 16S rDNA RFLP analys not applicable for identification
purposes in the case Bseudomonastrains. The reason of it could be that the ribmsoRNA
operons are present in multiple copies that harbdowargent nucleotide sequences even in a single
bacterial genome (Acinas et al., 2004). For thasoa further identification techniques were also
tested during this work.
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Figure 18. Combined 16S rDNA-RFLP dendogramRgeudomonaisolates and type and

reference strains. For comparison three Reaudomonastrains were also used.

It could be established that the 16S rDNA-RFLPassuitable for typing of spoilin@seudomonas

species either because majority of type and referestrains composed distict groups within the

dendogram.
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5.2.4. Identification of Pseudomonas species usingarA specific primers

For identification ofP. fragi andP. lundensispeciesamong théPseudomonassolates a multiplex
PCR assay was used which was developed by Erailial. (2007). It was specific for tloarA
gene that it was encoding for the small subunihefcarbamoyl phosphate synthase. The multiplex
PCR was optimized but the species-specific prinarspwere used in separated PCR reactions.
Optimization was performed with type and referestrain from CCM collection. In case &%
fragi the expected size of PCR product was 370 bp wioiteP. lundensisit was 530 bp,
respectively shown on Figure 19. Example of positRCR reactions in the case of type and

referenceP. fragi strains and 13 isolates from pork chop are shawhigure 20.
Molecular 1 2 3 4 5 6 7 & 10

size

1000 bp
530 bp

370 bp

100 bp

Figure 19.PCR products witl. fragi andP. lundensigrimer pairs after optimization at 56°C

1. GeneRuler 100bp Marke2, Pseudomonas fragiCM 1974", 3. Pseudomonas fragiCM 3703 4. Pseudomonas fragiCM
3704,5. Pseudomonas fragiCM 3903 6. Negative control7. Pseudomonas lundensCM 3503',8. Pseudomonas lundensis
CCM 3906,9. Pseudomonas lundensi<M 3907,10. Negative contol

1 2 3 4 5 6 7 & 1011 12 13 14 15 16 17 18 29
Molecular

Size

1000 bp

500 bp
370 bp

Figure 20.Positive PCR reaction in the casdoffragi reference strains (lanes 15-17) and 12
Pseudomonaisolates (Lanes 2-14) obtained wiRkeudomonas fragipecific primer pair
1. GeneRuler 100bp Marke2, F1443/1b 3. F1443/4a4. F1443/4b5. F1443/4c6. F1445/1a7. F1445/1b8. F1445/5,
9. F1445/9a10. F1445/9b 11. F1445/1012. F1445/1213. F1445/14al4. F1445/14b15. Pseudomonas fragtCM 1974", 16.

Pseudomonas fragiCM 3703,17. Pseudomonas fragtCM 3903,18. F1443/2a19. Negative control20. GeneRuler 100bp
Marker

68



From the 34 isolates altogether 25 strains weratified as P. fragi. Some of the isolates
(altogether 8) generated an extra amplicon thadaoot eliminate with optimization. According to
rpoB gene and 16S rDNA sequence analysis they werdifiddnalso asP. fragi later in chapter

5.2.5. None of the isolates generated amplicon thigh. lundensispecific primer pair. Summary

of species-specific PCR results obtained in the cishe isolates is shown in Table 16.

Table 16. Summary of identification obtained with the applica of P. fragi and P. lundensis

specific primer pairs

Isolates from £C | Species-specific PCR| Isolates from 8C | Species-specific PCR
F 1443/1 P. fragi F 1445/1a P. fragi

F 1443/2a no PCR product F 1445/1b P. fragi

F 1443/2b no PCR product F 1445/3 no PCR product
F 1443/4 a P. fragi F 1445/4 no PCR product
F 1443/4 b P. fragi F 1445/5 P. fragi

F 1443/4c P. fragi F 1445/6 no PCR product
F 1443/5 P. fragi F 1445/8a no PCR product
F 1443/7 no PCR product F 1445/8b no PCR product
F 1443/8 P. fragi F 1445/9a P. fragi

F 1443/9 P. fragi F 1445/9b P. fragi

F 1443/10b P. fragi F 1445/10 P. fragi

F 1443/10c P. fragi F 1445/12 P. fragi

F 1443/11 no PCR product F 1445/14a P. fragi

F 1443/12a P. fragi F 1445/14b P. fragi

F 1443/12b P. fragi F 1445/15a P. fragi

F 1443/12c P. fragi F 1445/15b P. fragi

F 1443/13a P. fragi

F 1443/13b P. fragi

5.2.5. Results of sequencing the 16S rDNA anpgoB genes

For identification of ninePseudomonassolates which were negative in the species-speBi€CR
reaction, direct sequencimg therpoB and 16S rDNA genes were used. Eight other isplatere
also analysed that originally gave positive resulith P. fragi specific primer pair but generated
extra amplicons during that reaction. After ampiify a distinct region of the 16S rDNA gooB

genes in these cases the PCR amplicons have kspgnsed.
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The F27-R1525 primer pair was applied for ampliima of 16S rDNA gene and the whole
sequence was determined with the application ofFftieand R1525 primers combined with R338.
Results of identification at species level wereedoasn the sequence alignment and are shown in
Table 17.

Table 17.Results of sequencing 16S rDNA ampdB amplicons

Code 16S rDNA amplicon Identity rpoB amplicon Identity
F 1443/4c P. fragi 99% not determined -
F 1443/5 P. fragi 99% not determined -
F 1443/12b P. fragi 100% not determined -
F 1445/1b P. fragi 100% not determined -
F 1445/3 Chryseobacterium antarcticum  98% not determined -
F 1445/4 P. fluorescens 100% not determined -
F 1445/8a P. fluorescens 100% not determined -
F 1443/2a not determined - P. fluorescens 95%
F 1443/7 not determined - P. fluorescens 97%
F 1443/8 not determined - P. fragi 96%
F 1443/11 P. fluorescens 99% P. fluorescens 98%
F 1443/12b not determined - P. fragi 95%
F 1443/13b not determined - P. fragi 96%
F 1445/6 not determined - P. fluorescens 97%
F 1445/8b not determined - P. fluorescens 97%
F 1445/15b not determined - P. fragi 95%

In case of 4. fragiisolates which were previously chosen because hlaeyextra amplicons, the
sequence analysis confirmed the results of spsgesiic PCR identification shown in Table 18.
and confirmed the applicability of this primer p#or identification of the food spoilage causiRg
fragi strains (Ercolini et al., 2007). The otherP4 fragi isolates were confirmed by thrpoB
sequencing. As the result of 16S rDNA sequencirgplates were identified d& fluorescensThe
isolate F1445/3 was previously found different naét in phenotypic characteristics from the
Pseudomonassolates (e.g. production of yellow pigment, slomwth) but also altered based on
the 16S rDNA sequence analysis. The sequence ol@BerDNA amplicon from the F1445/3

isolate was aligned into the sequences depositdtiEzTaxon server 2.1 (www.eztaxon)orthis

alignemnt was done in May 2008. The similarity i@snd 98% and 97% witBejongiaantarctica

and Sejongia jeoniirespectively. Both described by Yi et al. (2005)b&$onging to the newly
constructedSejongiagenus. At that time we could not find, however, @g®guences of high
similarity in the GenBank of NCBI_(http://blast.ngiim.nih.goy. Therefore the F1445/3 isolate

was identified asSejongiaantarctica. Kampfer et al. (2009) found th&ejongiaantarcticaand

Sejongia jeoniiare closely related to other species belonginth¢éogenusChryseobacteriunand
they did not find evidences for clear phenotypiifetlences between these organisms that justifies
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their assignment to different genera, thereforey thnsferred these species to the genus
Chryseobacteriumas Chryseobacterium antarcticund Chryseobacterium jeoniBased on this
publication the F1445/3 isolate was renamedhs/seobacterium antarcticuand this name was
used in further investigations in my thesis.
The rpoB gene plays an essential role in cellular metabliis all bacteria by encoding tHe
subunit of RNA polymerase. It is a highly conserveaisekeeping gene that evolves much faster
than rDNAs. This characteristic provides higheroheson than the analysis of 16S rRNA gene
because it presents in only one copy in the bac{@famamoto and Harayama, 1998; Qi et al.,
2001). TherpoB gene has been postulated to be a good candidaghjtwgenetic analysis and
identification of bacteria in clinical microbiologlAdékambi et al., 2009). For the analysismdB
a 1230 bp sequence was amplified witPseudomonas - rpoBpecific primer pair designed by
Tayeb et al. (2005). As the result gfoB sequencing four other isolates were identifiedPas
fluorescensand four ad. fragi. In case of F1443/11 isolate sequencing of bottegeevealed the
same identification results, namelyRsfluorescens.
The results indicates the necessity for furtherettigment ofP. fluorescenspecific PCR. It could
be more problematic according to Ercolini et abQ2) becaus®. fluorescenstrains belonging to
different biotypes show very high sequence varighilithin the carA gene. Selection of another
gene for identification purposes seems to be nacgss

Phylogenetic trees were also constructed basedemucleotide sequences of 16S rDNA
andrpoB genes of the isolates listed in Table 17. Thesédogleynetic trees also contain strains from

the GenBank as illustrated on Figs. 21 A and B.

A)
~
g9 | F1443/4c P. fragi
78 | 1 F1443/5 P. fragi 1
98 | F1445/1b P. fragi >
F1443/12b P. fragi
71L P, fragi ATCC 4973T (AF094733.1) ~/
~

F1443/11 P. fluorescens

P. fluorescens CCM 2115T (DQ207731.2)
P. fluorescens 1582 (JN679853.1) > 2
F1445/8a P. fluorescens

8

56

100 | F1445/4 P. fluorescens -/
— F1445/3 C. antarcticum 3
100 C. antarcticum AT1013T (NR_025809.1)

0.05
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B)
96 r F1443/7 P. fluorescens
84 F1445/6 P. fluorescens
77 L P. fluorescens LMG 14674 (HE586418) > 1
F1443/11 P. fluorescens
P. fluorescens LMG 6812 (AJ748138)
F1443/2a P. fluorescens
P. fragi LMG 2191T (AJ717444)
|— F1443/13b P. fragi
100 F1445/15b P. fragi
59\1_7“:1443/8 P. fragi
80 | F1443/12b P. fragi
—— F1445/8b P. fluorescens } 3

99

40

99

100 P. fluorescens LMG 14577 (HE586423)

0.005

Figure 21.Phylogenetic tree based on the16S rDNA sequences alj rpoB sequences of

isolates derived from Table 1Zlosest related type strains and strains represevita accession number from

GenBank are also integrated into the trees. Trees wonstructed by neighbour-joining method. Boapst values

obtained from the 500 re-samplings of data set lwhie given at the nodes.

The first cluster on the phylogenetic tree of 1B8IA sequences on Fig. 21 A contained all Ehe
fragi isolates andP. fragi ATCC 4973. The bootstraps valugas 98 between these strains. The
second major cluster collected all tRe fluorescenssolates as well as the. fluorescensstrains
derived from the GenBank where the bootstraps galuere 78 and 95, respectively. F1445/3
Chryseobacterium antarcticumas grouped separately frdPseudomonastrains but together with
C. antarcticumAT1013' in cluster 3 where the bootstrap value was 10Gatstrating the highest
phylogenetic relationship.

The phylogenetic tree based on the alignmempoB sequences contained also 3 major clusters as
demonstrated on Fig. 21 B. The first and the thitusters containeR. fluorescenssolates which
were combined with othd®?. fluorescenstrains derived from the GenBank while the seaduster
composed only. fragi isolates andP. fragi LMG 2191". The bootstrap value was 99 betwéen
fluorescenssolates andP. fluorescend MG 6812. The same bootstrap value was obtainaadsn

P. fragi isolates andP. fragi LMG 2191". In the third cluster the bootstrap value was héfveen
the isolate an®. fluorescen$ MG 14577.

It could be established that the trees had straajskrap support (>77) on main nodes and quite
close phylogenetic relationship between isolatetoriggng to the same species were also

demonstrated on both trees.
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Based on the results gained with species-spediéntification of the isolates the following could
be established: isolates derived from the beginafrgjorage belonged seudomonas fluorescens
and Pseudomonas fragiMoreover oneChryseobacteriunantarticumwas also isolated. Isolates
derived from storage of pork meat at 4°C on days8 helonged toPseudomonas fluoresceasd
Pseudomonas fragvhile on pork meat stored at 8°C on day 6 dnlyfragi species were isolated.
These results correspond to the reports of oth#oesiwho found thaPseudomonas frags the
most frequently dominating species in spoiling efl meat that is followed bfPseudomonas
fluorescens However, noPseudomonas lundensisolate was found which is frequently isolated
with P. fluorescengDainty and Mackey, 1992; Olofsson et al., 2007).

5.2.6. Results ofpoB —RFLP

It was demonstrated that sequencing is a suitablefor identification purposes. It provides more
precise identification because it analyses theseai nucleotides in the DNA while the PCR-RFLP
method focuses only few restriction sites in theADMevertheless, for establishing an in-house
bacterial databank the PCR-RFLP analysis providesn@e cost effective solution. The
applicability ofrpoB-RFLP for molecular idetification purposes has bsenlied by the application
of four different restriction enzymes as descrilredhapter 4.4.1.7. in Materials and methods.

For the analysis ofpoB a 1230 bp sequence was amplified witRsseudomonas - rpoBpecific
primer pair as described by Tayeb et al. (2005)th#d isolates and type strains were successfully
amplified and resulted PCR products of the expesied. Amplicons were digested witklul,
Hadll, Msp and Rsd restriction enzymes and separated by gel elebtn@gsis. Examples of
RFLP patterns obtained by tAéul andRsd are shown in Figures 22 A and B.

A)

Molecular

size 2 3 4 5 6 78 9 1012 13 14 15 16 17 18 19

3000 bp
1000 bp

500 bp

100 bp
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B)

Molecular

size 2 345 6 7 809 1012 13 14 1516 17 18 19

3000 bp
1000 bp

500 bp

100 bp

Figure 22 Restriction pattern d?seudomonaisolates digested witA) Alul andB) Rsd

restriction enzymes

1. GeneRuler 100bp Marke2, F1443/1 3. F1443/2a4. F1443/2b5. F1443/4a6. F1443/4b7. F1443/4c8. F1443/59. F1443/7,
10.F1443/811.F1443/912. F1443/10b13. F1443/10c14. F1443/1115. F1443/12a16.F1443/12b17. F1443/12c18.
Pseudomonas aeruginodd CC 9027 20. GeneRuler 100bp Marker

Based on the four different restriction patterrombined dendogram was prepared (Fig. 23). The
dendogram contains the species name of isolateshwiere identified in chapter 5.2.4. and 5.2.5.
Altogether five clusters were formed where the Enty was higher than 60% but some solo
strains have not been clustered. Cluster 1 andch&ic®dP. fragiisolates, which derived from 4 °C
and 8 °C storage temperatures, respectively. AlPthfluorescenandP. fragi type and reference
strains were clustered into the same group (cltemilarly as it was found previously in the 16S
rDNA-RFLP analysis. Only fouP. fragi strains (F1445/9 and F1445/10) and (F1443/10c and
F1445/12c) showed 100% similarity in cluster 2 @ndccording to their restriction patterns. In
clusters 4 and 5 the distinction between isolatggmated from 4 and 8°C could be established
except one isolate, F 1445/15a. Although the shitidg betweerP. fluorescenssolates in cluster 4
(F1443/7 and F1443/11) and cluster 5 (F1445/4 at#45/8a) were only 80% and 60% they
composed distinct groups in the dendogram.

As the main conclusion it has to be established tthere was no high level of similarity between
the strains belonging to the same species, theréierpoB-RFLP is not suitable for identification

purposes in the case BSeudomonaspp.
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F 144593 P. fragi
1 M ——  F 1445412 P fragi
—— F 14454 P. fluorescens 7
ATCC 13825 T P flourescens )
CCh 3895 P. fluorescens
CCM 3703 P fragi
L CCh 3704 . fragi s 3
CCh 35903 P fragi
ATCC A3 T P fragi Y
F 14434134 . fragi
B.01989 P. fluarescens 3\
F1443/4c P. fragi
T F 144341 P. fragi
F 1443/2h P. fluorescens
F 1443/10c P fragi 4
F144312¢ . fragi >
F 1443758 P fragi
F 14457154 . fragi
F1443/11 P. fluorescens
F 144377 P. fluorescens
F 1445/4 P. fluorescens
{ F 1445/3a P. fluorescens 5

Figure 23. Dendogram ofpoB-RFLP withPseudomonaisolates and type strains

5.3. Evaluation of lipolytic and proteolytic activites of the Pseudomonas isolates at different

temperatures

Enzymatic characterization éfseudomonassolates were performed with application of a semi
guantitative method according to Atlas (1995) attdmperature of 15, 20, 25 and 30°C for 7 days.
Clearing zones were checked after 24, 72 and 166shaf incubation. Altogether ZHseudomonas
isolates were tested. Protease activity was eveduasing skim milk (SM) and Standard Methods
Caseinate (SMC) media as described in chapter @aring zones were opaque around the
macrocolonies on SMC agar (Fig. 24 A) while on S§arathe zones were completely transparent
and distinct (Fig. 24 B).
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‘\‘ F1445/4

\

F1445/8a

F1445/1b
F1443/2a G

Figure 24. Detection of proteolytic activibp) Clearing zone formation on SMC aByl SM plates

As shown in Figures 24 A and B the proteolytic\attiwas different not only between isolates but
at different incubation temperatures. All the isetahad growth on SMC agar but altogether 20
isolates were able to produce clearing zone on 3Ig& as shown on Fig. 25 A while 7 isolates
not. These isolates were F1443/4a, F1443/12b, F1243F1445/9a and b, F1445/10, F1445/12
which all belonged td°. fragi. Six isolates had active protease synthesis ithallfour different
incubation temperatures. These wedpPe fragi (F1445/14a, F1445/15b) anB. fluorescens
(F1443/11, F1445/4, F1445/6 and F1445/8a) isolates.

In case of SM plates altogether 23 isolates wele abgrow and produce extracellular protease as
shown on Fig. 25 B. Only 4 isolates were not ablprbduce proteases namélyfragi, F1443/4b
F1443/8, F1443/13b and F1445/9b. F1443/8 isolatk hanimal protease production at 15°C.
Altogether 12 isolates were able to secrete preteas4 different temperatures as shown on Fig. 25
B. On SM plates the proteolytic activity &f. fluorescendgsolates namely F1443/7, F1443/11,
F1445/4, F1445/6 and F1445/8a was the highest lasdade diameter of clearing zones and could
be detected in all incubation temperatures excepase of F1443/7.

The Pseudomonas fluorescers®lates show quite intense proteolytic activity ®MC plates in all
incubation temperatures except F1443/2a and F1448/@ctivity of which was detected only at 15
and 20°C as shown on Fig. 25 A. The most activéepse producd?. fluorescenstrains were the
same on SM plates as in case of SMC plates. Batheafedia contain components from milk. SM
media contains the whole part of milk while in SM@ar the only component derived from milk is
Na-caseinate. It is shown on Figs. 25 A and B that isolates hydrolysed differently these
components and larger clearing zones were measur&M plates that derives from the different
origin of protein substrates in media.
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Figure 25. Proteolytic activities oPseudomonassolates incubated at 15, 20, 25, 30°C;

A) Proteoytic activity detected on SMC platB$;Proteolytic activity detected on SM plates;
**: isolates derived from 4°C; without sigisolates derived from 8°C

The initial microflora of pork meat stored at 8°@gmally contained different species but at the
end of spoilag®. fragi become dominantP. fragi isolates (from F1445/9a to F1445/15b) derived
from the end of storage at 8°C showed higher phgiecactivities at the four different incubation
temperatures than those fragi isolates that were derived the beginning of steragthe end of
storage at 4°C. Hovewer almost all fPefragi isolates derived from 4°C possessed relativel hig
proteolytic activity on SM plates (Fig. 25 B) inatbd at 20, 25 and 30°C.
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Lipolytic activities ofPseudomonastrains also have an important role in spoilagteiase
and lipase activities of thBseudomonassolates were detected on PAT-80 and PCATB plates,
respectively, as described in chapter 4.4.1.2 ak0525 and 30°C for 7 days. Turbid or opaque
halo were formed on plates surrounding the isolateshowed on Figs. 26 A and B. On PAT-80
agar the liberated fatty acids bind with the caitiincorporated into the medium. The calcium
complex is visible as insoluble crystals arounditieeulation site (Slifkin, 2000). On PCATB plate
tributyrin was the substrate that was applied éoeaning purposes to detect lipoly#lseudomonas
species. Tributyrin is the simplest triglyceridecowing in natural fats and oils and suitable
microorganisms of potential importance in foods.t®® PCATB plates the enzyme activities were

concluded from the diameter of zones or halos.

F1445/8a F1443/10a F1445/8 ‘ F1443/10a

F1445/2a F1445/14a F1445/2cg" F1445/14a

Figure 26.Detection of lipolytic activityA) Esterase formation on PAT-80 platB3;Lipase
production on PCATB plates

All the isolates were able to grow on PAT-80 platesl 18 isolates from 27 showed esterase
activity (Fig. 27 A). Nine isolates did not produesterase (F1443/5, F1443/8, F1443/10b,
F1443/12a, b, c; F1443/13b, F1445/3 and F1445/12}hwwere identified aP. fragi. Altogether

13 isolates were able to express esterase aaiatiéour different temperatures as it is shown on
Fig. 27 A.

According to the results the esterase activityie¢ P. fluorescenssolates (F1443/7, F1443/11,
F1445/4, F1445/6, F1445/8a) was also very intehgéfarent incubation temperature as shown on
Fig. 27 A. Their esterase activities were highealinincubation temperatures than in case?of
fragi isolates. The exceptions were F1443/2a and F1445Iliwas demonstrated earlier on Fig. 25
B that the proteolytic acivites of theBe fluorescenssolates were also high. It was also found in
the case of milk tha®. fluorescenssolates contribute intensively to the spoilagethsir lipolytic
and proteolytic activities (Eneroth et al., 200@dan and Boor 2003). The esterase activity of
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fragi strains (from F1445/9a till F1445/15b) isolateonfr8°C was also detected on the broad range
of incubation temperatures. The esterase activiB. dragi has an important role in spoilage. As an
example, this activity usually contributes to threquction of fruity and putrid odour at the end of
spoilage of meat (Dainty et al., 1989; Lebert et£998).

The picture was quite heterogeneous based onpgblgtic activity as it was demonstrated on Fig.
27 B.
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In case of testing lipase activity 23 isolates waositive on PCATB plates (Fig. 27 B). 18 of them
had activities at the four different incubation feratures. Only four isolates (F443/4b, F1443/8,
F1443/12c and F1445/15b) identifiedRadragi were not able to produce lipase.

The lipase activity of fouP. fluorescenssolates (F1443/2a, F1443/7 and F1443/11 F1445#6)
lower compared to the results IBf fragi isolates at 15 and 20°C. Only tWo fluorescenssolates
(F1445/4 and F1445/8a) showed as high lipase actg the majority oP. fragi isolates. In case

of P. fragi isolates there were higher and less active ligmeducer isolates (Fig. 27 B). Their
lipase activity was quite low when the plates wiapeibated at 30°C except in case of F1443/4a and
c. However, it could be established that the mbjanf the isolates possessed lipase activity at the
four different incubation temperatures.

In summary almost all of the isolates (even if &W. fragi or P. fluorescenssolate) had protease
activity as well. It was found by Belak et al. (2Q1hatP. fragi isolates from poultry meat were
weak or negative protease and lipase producethidmwork theP. fragiisolates derived from pork
meat showed an intense protease and lipase produetth the application of a broader range of
incubation temperatures. The contrast between thedmgs on poultry and pork meat could be
explained by different factors of meat such astetdure, nutrition contents and freshness. As a
consequence, differeRseudomonaspecies and strains could be adapted to difféypets of meat
which have distinct characters in their enzymattvdies. The results also show and emphasize
the differences in lipolytic and proteolytic acties even between the same species isolated from

the same temperature which give the complexitypoflage.

5.4.Chryseobacterium antarcticum and investigation its spoiling potential

Many changes have taken place in the taxonomy effamily Flavobacteriaceaever the past
decade and several formielavobacteriumspecies, as well as novel species, were classifidue
new genus includin@€hryseobacteriumvhich belongs to the famillflavobacteriaceagBernardet

et al., 1996; Hugo et al. 2003; de Beer et al. 20B6r this reasomany earlier reports need to be
carefully taking into account since they deal witbakly determinedFlavobacterium strains that
might actually have connected to other taxa in thmily Flavobacteriaceae Nowadays,
flavobacteria refers to the familylavobacteriaceagJooste and Hugo, 1999). Flavobacteria are
known for their psychrotrophic growth and theirlepito contribute in spoilage. They have been
frequently isolated from meat and poultry prodwsvell as milk and dairy products (Jooste et al.,
1985; Hugo et al., 1999). In milk product they caudf-flavors through their proteolytic and
lipolytic activities. In the present study, one lge named F1445/3 was identified as
Chryseobacterium antarcticuraccording to 16S rDNA sequence analysis (see chdpgeb).

Because flavobacteria and especidligryseobacteriunspecies from meat sources have seldom
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been precisely identified the characterizationhig isolate from morphological and physiological
respects was perfomed as well. Beside the competitf this strain and one of tiRseudomonas
fragi strain was studied aiming to get the answer howy theChryseobacterium antarcticuoould
persist in the presence Bseudomonas fragind how much the initial cell density can influeribe

population sizes of these two strains.

5.4.1. Microscopic and colony morphology ofhryseobacterium antarcticum F1445/3

As a first step in characterization ©hryseobacterium antarcticufl445/3 Gram stain and some
biochemical tests were performed. The F1445/3 tiesaleas Gram negative, KOH positive, catalase
positive and non-spore forming. It had a negatixelase test indicating inability to use oxygen for
energy production. To demonstrate the difference nmicroscopic morphology between
Chryseobacterium antarcticurR1l445/3 andP. fragi F1445/1b the results of Gram stains were

shown on Figs. 28 A and B. In both cases the saagnification was used (100 x) for visualization

the microscopic cell morphology under the oil imsien objective in bright-field microscope.

R : X ..J:

Figure 28. Gram stained microscopic cell morphology;Chryseobacterium antarcticufil445/3;

B) P. fragi F1445/1b
Growth on solid media of most members of the geBbs/seobacteriums typically pigmented
(distinctive bright yellow to orange pigmentatioitlwshiny appearance), but non pigmented strains
alsooccur (Bernardet anNakagawa, 2006Bernardet et al., 2006T.his pigment production was
detected in case of F1445/3 isolate after 4 andys df incubation on BHI agar, respectively. As
the colonies started to age the intensity of thgint orange color turned to dark orange as shown o
Figs. 29 A and B.

Figure 29.Pigment production a€hryseobacterium antarcticufil445/3 after 4 day@) and
after 7 day¢B) of incubation at 20°C
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In case ofChryseobacterium antarcticudCM 12381 the growth of colonies showed different
phases and thus the development of pigmentatiold c@ufollowed as shown in Figs. 30 A-Dhe
colonies of the isolate and the type strain wereugr, convex to low convex, smooth, with entire

edges

Figure 30.Detection of growtlChryseobacterium antarcticudCM 12381 afterA) 3 daysB) 4
daysC) 5 days andD) 7 days of incubation at 20°C

It was found by Holmes et al. (1984) as well as ¢lagd Jooste (2003) that the pigment production
could be influenced by the culture medium andritensity is increasing at low temperatures, in the
presence of daylight, and by such compounds asgasik and starch.

There was no difference in the intesity of pigmemduction after 7 days of incubation at 15°C and
20°C on SM plates containing skim milk as showrFays. 31 A and B. However, the intensity of
the orange colour pigment was much lighter on Skt égigs. 31 A and B) than on BHI agar (Figs.
29 B and 30 D) which confirms the establisment thatpigment production could be influenced by

the culture medium.

-~

N

Figure 31.Pigment production aChryseobacterium antarcticufl445/3 andChryseobacterium
antarticumJCM 12381 on SM agar incubated A) 15°C andB) 20°C

The presence of flexirubin type pigments in memloérhe genughryseobacteriuns one of the
key characteristics which differentiate them frorembers of several other genera in the family
Flavobacteriaceae This pigment is a non diffusible, non fluorescdmight yellow to orange
pigment. TheChryseobacteriunspecies produced pale cream-beige colonies (agnsbo Fig. 32
A) that turned to a light brownish color when a masbacterial cells collected on agar and flooded
with 20% KOH (Bernardet et al., 2002; Bernardet &fakagawa, 2006; Bernardet et al., 2006).
This is an easy although not absolutely specifithoe to demonstrate the production of flexirubin

type pigments. To demonstrate the flexirubin typgment production of th€hryseobacterium
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antarcticumF445/3 andChryseobacterium antarticudCM 12381 the BHI plates were dropped
with 20% KOH. The colour change is shown on FigsB3and C.

Figure 32.Testing flexirubin production aChryseobacterium antarticufil445/3 and JCM

12381 strains with 20% KOHA) F1445/3 before adding 20% KOB) F1445/3 after adding 20% KOH. (The

lighter zones are not treated with 20%KOB);JCM 12381 with 20% KOH. The remaining area outside the escl
was not flooded with 20% KOH.

It could be established that the pigment typ&hbfyseobacterium antarticufil445/3 isolate and
the Chryseobacterium antarticudCM 12381 belongs to the flexirubin type as consequencéef t
light brownish coloration observed after the aaaitof 20% KOH and shown on Figs. 32 B and C.

Additional conventional physiological characteriaatand biochemical tests were also performed
on C. jeonii JCM 12383, C. antarcticumJCM 12381 and C. antarcticumF1445/3 strains
according to Kampfer et al. (2011§. jeonii JCM 12381 hydrolised aesculin and had growth at
37°C as well as gave positive reaction for indaledpction. It was not able to utilize D-mannose,
D-xylose and proprionate and grew at 5°C. Ureade&/ipcwas also negative. In contragt.
antarcticumJCM 12381 andC. antarcticumF1445/3 had the same positive and negative results
during the characterization in the tests. Bothirstravere able to produce indole from tryptophan,
utilized D-mannose, D-xylose and proprionate ad aglgrew at 5°C while aesculin hydrolysis,
urease activity and growth at 37°C were not pertmnThese similarities of the two strains also

support the result of sequencing in chapter 5.2.5.
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5.4.2. Characterization of growth ofC. antarcticum F1445/3 at different temperatures

To further characteriz€. antarcticumF1445/3 the growth behaviour was compared withtype

strainin BHI broths for 4 days at 6 different temperasuire shaking flasks (Figs. 33 A-F).
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Figure 33.Characterization of growth @hryseobacterium antarcticufil445/3 and

Chryseobacterium antarcticudCM 12381" ; A) Growth at 5°CB) Growth at 10°CC) Growth at 15°CD)

Growth at 20°CE) Growth at 25°CF) Growth at 30°C, ~m— ) F1445/3 count in BHI broth, —(m—) JCM 12381
count in BHI broth, Values are given from 3 indeghent biological replicates and standard deviatioaverages was

equal or less than 0.5.
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The initial cell concentrations of both strains evérlogCFU/ml at 5, 10, 15, 20, 25, 30°C. At 5°C
after one day of incubation the cell count of F18448lightly increased while the cell count of the
type strain decreased fromldy CFU/ml to 5.5 logCFU/mI and then started to follow the same
growth pattern as F1445/3 as shown in Fig. 33 Ae @kponential phase of F1445/3 started from 48
h until 96 h while that phase of the type strairswhifted to 72 h. The cell count of the type strai
was not as high as the isolate at the end of tpererent. The final cell count was 9.6 log CFU/ml
of F1445/3 isolate and 8.8 log CFU/mlI for the tgp@in at 96 h.

Growth curves from 10°C showed the same patterbdtn strains (Fig. 33 B). The final cell count
was 8.8 log CFU/ml for F1445/3 and 8.5 log CFU/om the type strain. The curves demonstrate a
long exponential phase that started from the beginof incubation and continuous growth was
detected until 96 h.

Cultivations at 15°C and 20°C show the same gropdtiern but the length of the exponential
phase was different between the strains and botpdeatures as shown in Fig. 33 C and D. At
15°C the F1445/3 isolate reached the end of expmhgrhase after 24 h and then entered to the
stationary phase with 9.1 log CFU/ml. The sameestaas reached by the type strain after 72 h with
9.2 log CFU/ml and then turned to the stationarggeh At 20°C both strains showed exactly the
same pattern until the beginning of stationary phase isolate reached that phase after 48 h with
the cell count of 9.2 log CFU/mI. In case of typeaim the exponential phase was extended for 72 h
with the cell count of 10.1 log CFU/m.

The growth patterns were quite divergent at 25°@ 3@°C for both strains. The F1445/3 isolate
reached the end of exponential phase after 2425 with 9.3 log CFU/ml and entered to the
lethal phase after 72 h. The type strain showettdang adaptation period to the environment and
started to grow after 72 h of incubation. The cellint reduced until 3.3 log CFU/ml which was the
initial cell count for entering the exponential ppaas shown on Fig. 33 E. Cultivation at 30°C
showed different patterns for both strains as meged on Fig 33 F. The isolate reached the end of
exponential phase after 24 h with 8.3 log CFU/mL becrease in cell count was started
immediately. The type strain was not able to gro®®GC and cell lysis was detected on the plates.
According to the results it could be establisheat ttne optimal interval for cultivation of both
strains is located between 15 and 20°C.

To test the growth of these strains on selectivd afective media developed for
Pseudomonadetection cultivation was performed at 15, 20, 88 30°C as shown in Table 14 (in
chapter 5.1.) for F1445/3 ar€hryseobacterium antarcticudCM 12381. Both strains were able
to grow at 20°C orPseudomonaggar F and on PCA but weak growths were detecte?D2C.
Although the isolate F1445/3 was able to grow orPGSetrimide andPseudomona#\gar P at
20°C the type strain showed quite weak growth @sehmedia at 20°C. The growth was weak or
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did not occur at 30°C either in both cases. Froenrtbn selective media BHI broth and agar were
the most suitable for cultivation at 20°C. Furtloer BHI media was applied for cultivation and
maintaining these strains.

According to the literature the most often used perature range for incubation of
Chryseobacteriunstrains are 20 - 25°C (Hugo et al., 2003). Theyaso able to grow at 4, 15, 25
and 32°C on nutrient agar. No growth occurs at 3@f@bove however, son@hryseobacterium
species are able to grow at 37°C. It could be &shadal that growth parameters of the type strain
Sejongia antarcticdYi et al., 2005; Lee et al., 2007), reassignedhts® genusChryseobacterium
(Kampfer et al., 2009) and isolated from Antarcail sample of penguin habitats, did not grow
above 25-31°C and had temperature optimum betwee?0IC while the F1445/3 isolate had this
optimum between 15-25°C.

5.4.3. Characterization of the lipolytic and protedytic activities of C. antarcticum strains

Chryseobacteriunstrains were detected in a variety of meat produmis no mention was made
about their role in these products (Bernardet Aladtagawa,2006). Proteolytic and lipolytic
activities were tested fo€. antarcticumF1445/3 and the type strain at different tempeestias
shown in Fig. 34 and Fig. 36. Results were evathafteer 7 days of incubation. Experiments were
repeated three times. JCM 123diad different pattern of proteolytic activity thame F1445/3
strain. Growth and this enzymatic activity was dtgd at 25°C and 30°C on SMC plates while this
activity was detected only at 15°C on SM plate$ie Type strain had less proteolytic activity than
the isolate had at the same temperatures. It dmilldecause of the different origin of the isolates.
The F1445/3 strain was able to grow all temperature produced proteases except at 15°C on
SMC agar. The highest proteolytic activity of tlselate was shown at 25 and 30°C on SMC and
SM agar plates.
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Figure 34.Proteolytic activities o€hryseobacterium antarcticudCM 12381 and
Chryseobacterium antarcticufl445/3 isolate incubated at 15, 20, 25, 30 XProteolytic activity
detected on SMC plateB) Proteolytic activity detected on SM plates.

Lipase activity on PCATB was tested as shown on B&gA while the PAT-80 agar was used for
testing esterase activity @f. antarticumF1445/3 isolate and the type strain as shownan¥5 B.
Both strains were able to grow on PAT-80 media épx@at 30°C) while esterase activity was not
detected (Figs. 35 A and B).

Figure 35. A) Lipase and activity on PCATB arg) esterase activity of on PAT-80 at 20°C;

Chryseobacterium antarcticufil445/3 isolate on the left whi@hryseobacterium antarcticudCM 12381" are on

the right side of the pictures.

Both strains had lipase activity at 15 and 20°@e®onstrated on Fig. 36. The type strain showed
high enzyme activity at these temperatures whilewgn was not detected at 20 and 30°C.
Chryseobacterium antarcticuRiL1445/3 isolate was able to grow at 25 and 30°Cséuadved more

active lipase production than at 15 and 20°C.

3,5

3 T
2 25
=
< - m15°C
5 =~ 2 —
0 E L1l m20°C
8 & s | T - lo2sc
E o
£ L o30°c
g 1 —

0,5 I

0

JCM 12381 T F1445/3

strains

Figure 36. Lipase activity ofChryseobacterium antarcticudCM 12381 and F1445/3 on PCATB plates
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The analysis of lipase and protease activite€ ointarcticumF1445/3 showed higher intensity
than the type strain. It could be because of tfferént source of origin which means they adapted
differently to the experimental environment and dibons. Based on the results the proteolytic
activity was high in all incubation temperaturetasas demonstrated witAseudomonasolates in
chapter 5.3. The lipase activity of the isolate ldoll be neglected either. However the lipase
activity was not as high as the proteolytic acyivithese characteristics ensure the abilityCof
antarcticumto contribute actively in the procedure of spodad meat as well as milk, pasteurized
milk and refrigerated dairy products. It was dentatsd that flavobacteria wetke causing agent
of surface taint and apple odour in butter (Joestd., 1986) off-flavours such as bitterness itkmi
products (Ellis and Marth, 1984poste et al., 1986)

As an alternative method the miniaturized biochaiests (e.g. APl 20NE) could also be
applied for the identification of an isolate. Inseaof Chryseobacteriunspecies the application of
this test has several problems. These systemsliemre primarily developed for the identification
of human pathogens, and the exteremly slow growt@loyseobacteriunantarcticumwould be
problematic in the interpretation of the results.

In case of APl 20NE test the identification @firyseobacteriunstrains is usually not valid before
48 h of incubation at 30°C (Bernardet and Nakag&®086) that influence the final result. Because
of the database mainly built on pathogen organiand reorganization of the family of
Flavobacteriaceaevas started less than 20 years ago the databdaekiof information from
Chryseobacteriumspecies derived from food samples and increase utieertainity of the

identification.

5.4.4. Detection of competition betweerC. antarcticum and P. fragi strains

It has been published that in chilled meat and tppdlavobacteria are practically compose the
permanent part of the initial spoilage causing difiicMeekin, 1982). To determine how the
Chryseobacterium antarcticurmould compete witlPseudomonasragi during spoilage different
cultivation set ups were performed in BHI broth. n@ol cultivations were performed with
Chryseobacterium antarcticuml445/3 and®’seudomonas fradgt1445/1b strains. The initial cell
concentrations of F1445/3 were ®18nd 16 CFU/ml in BHI broth while forP. fragi these
concentrations were $@nd 10 CFU/ml in BHI broth at 20°C. Growth curves deriviedm these
setting are shown in Figs. 37 A and B. Cultivatiminthe two different strains was performed
separately in shaking flasks. In case of F1445/® lgpowth curve showed the same pattern as
illustrated in Fig. 37 A. The end of exponentiabpl was reached after 48 h incubation when the
cell count was 10.6 log CFU/ml and 9.6 log CFU/nelspectively. The growth d?. fragi was
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faster in case of both cultivation settings as showfig. 37 B. After a short adaptation periodttha
took approximately 6 hours cells entered to theoegptial phase and reached 8.2 and 9.9 log
CFU/ml cell concentration after 23 h. After 56 ltubation the cell concentration in both culture

started to decline and cell disruption was detected
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Figure 37. A) Growth curves o€Chryseobacterium antarcticufL445/3;(— A —) initial cell
concentration is f0CFU/mI, (—=—) initial cell concentration is faCFU/mI; B) Growth curves oP. fragi

F1445/1by ) initial cell concentration is POCFU/mI, (—o—) initial cell concentration is T@CFU/m.

Incubations were perfomed at 20°C in BHI broth.0éal are given from 3 independent biological repdisand

standard deviation of the averages was less than 0.

Competition between these isolates were testeddiffirent cell ratios as well. When the cell ratio
was equal (1910° CFU/mI ) at the beginning of the cultivation thdldwing growth was detected
as shown in Fig. 3&. fragiisolate reached the stationary phase with 9.%leg/ml after 31 h and

declining in cell count was detected after 56 k@sng control cultivation in Fig. 37 B.

12
114
104 —

FH

©
.
|

Log CFU x mi™

ORr N WO O N
PR R -

0 24 48 72 96
Time (h)

Figure 38. Cultivation ofC. antarcticumF1445/3 andP. fragi F1445/1b in equal ratig; )

Colony count oP. fragi F1445/1b(—m=—) colony count ofC. antarcticumF1445/3; Values are given from 3

independent biological replicates and standardadievi of the averages was less than 0.5.
C. antarcticumF1445/3 was not able to compete wirhfragi (F1445/1b) isolate because of the
shorter log phase &. fragi as show in Fig. 37 Bt overgrewC. antarcticumF1445/3 that could
not be detected later on the cultivation.
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To detect the behavior &. fragi F1445/1b if is cultivated in less concentratioarts. antarcticum
(F1445/3) 18 10" CFU/mI and 1& 10° CFU/mlI cell ratios were set at the beginning dfication.
Competition between these strains is demonstratdeg. 39. while growth curves are shown on
Figs. 40 A and B

Chryseobacterium
antarcticum F1445/3

Pseudomonas fragi
F1445/1b

Figure 39.Competition betweef. antarcticunm1445/3 andP. fragi F1445/1b at 20°C after 6
days of incubation.

The same growth pattern could be seen in both ewpatal setup (Figs. 40 A and B) even if these
were independent experimentS. antarcticumisolate reached the stationary phase after 48 h
incubation with 9.9 and 10 log CFU/ml cell countilehP. fragi isolate had the maximum cell
count at 24 h in both cases with 10.2 and 10 loy/@#. Further on slowly decrease started in the
cell count in both cases (Figs. 40 A and B). A#8h P. fragi isolate started to to be lysed but
Chryseobacteriuntell concentration remained constaRt. fragi was not able to overgroW.
antarcticum F1445/3 and it is highly probable that componenitscell lysates fromP. fragi
F1445/1b could be the base of further growth agenitsource foC. antarcticumF445/3.
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Figure 40. Growth curves o€. antarcticunF1445/3 andP. fragi F1445/1b isolates at 204) cell
ratio 1¢: 10’ CFU/mI;B) cell ratio 18: 10° CFU/mI; (—=s—) colony count ofC. antarcticurmF1445/3;

(—o—) and ¢{ ) Colony count oP. fragi F1445/1b; Values are given from 3 independent bickd replicates
and standard deviation of the averages was leasltha
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It was proved by the data that although the memilegenusChryseobacteriuncould compose the
initial microbiota of meat and contribute to theodpge but are unable to compete, in terms of
growth with pseudomonads (McMeekin, 1982). The ragib of flavobacteria is usually less than
the pseudomonads count on meat. Under environmsegitdtion the number of these flavobacteria
reduces and competition with pseudomonads coulizeeanly the beginning of meat spoilage.
However, high initial numbers of a slowly growingegies may compete successfully with lower
numbers of a species with a faster growth ratéhdf number of spoilage microorganism in the
initial population is high, a slower growth rate ymaot be an important factor, since less growth

may be necessary before spoilage occurs (Jacksbn £997).

5.5. Expression and production of enterotoxin A andD of Staphylococcus aureus SA45

5.5.1. Growth and enterotoxin A and D expression imeat products

To monitorin situ the seaandsedexpression oStaphylococcus aureusA45, four different pork
meat products (boiled ham, smoked ham, Serrano dwasnblack pepper salami) were tested.
Cultivation was performed on the surface of thesmlpcts at room temperatures for 7 days as
shown in Figs. 41 A and E. aureusvas not detected on the control meat sampleseodfotlr pork

products.

Figure 41.Cooked ham samples at the beginning of stofag@and after 168KB). Inoculated

samples are on the left while control samples arthe right side of the pictures.

Relative expression cfeaandsedwas calculated according to Pfaffl (2001) usingreRCR. As
reference, the expression level of 16S rRNA wasehdecause of its rather constant expression.
The specific amount of 16S ribosomal MRNA was fotmdbe stable in the present experiments.
The amplification efficiency (E) and the log-line@nge of amplification were calculated for 16S
rRNA (rrn) andseaas well assed Examples of determined standard curvesrforandseaare

shown in Figs. 42 A and B.
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The relative expression (RE) was calculated froenammplification efficiencies for each PCR assay
and the crossing point deviation@p) of an unknown sample compared with the calitnasample
according to the following equations.

ACpsea (calibrator-unknown sample) ACpsed (calibrator-unknown sample)
RE = (1+keq or RE= _(1+Eked
1+ ACprrn (calibrator-unknown sample) 1+E ACprrn (calibrator-unknown sample)
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Figure 42.Cp valuesstandard curves and amplification efficiencief\pfL6S cDNA and) sea
cDNA.

The relative expression of enterotoxin A and D linf@ur pork products as well as the bacterial
growth and specific amounts of SEA and SED prodwredshown in Figs. 43, 44, 45 and 46. All
the analysis were performed three times at eachetdration. For the meat products the mean of
crossing point values of biological replicates fralmy seven was used as calibrator in the RE
calculations. The amount of synthesized SEA and 8EDR measured by sandwich ELISA. The
independent experiments are indicated as individuales in the figures rather than means with

standard deviation due to slightly different inagul sizes.
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5.5.1.1. Boiled ham

The initial viable count 08. aureun boiled ham was 9.6 x 48 2,8x 13 CFU/cnf as shown in
Figs. 43 A and B. After one day of incubation, tedl count reached 7.4 x 80FU/cnf + 4.5x 10.
The final count was 4.5 x 1@ 6x 10 CFU/cnf after seven days. The total viable cell countten t
inoculated ham was the same as $heureusount. The total bacterial count on the uninocdate
ham was at least one log unit lower than that eniribculated hanl.actobacillussp. was detected
on inoculated ham at the beginning and end of thgerément (5 and 8 log CFU per &m

respectively).
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Figure 43. A) Growth, relative expression (RE) s#aand SEA production arig]) growth, relative
expression ofedand SED production &. aureussA45 on boiled hamat room temperature.

""" ) S. aureuscount on inoculated meat-{ © ----) total cell count on

(—O—) Total cell count of inoculated meat; ( &
) RE of sed, (—=—)

uninoculated control meat, -A—) RE of sea, (—m—) extracellular SEAconcentration, (
extracellular SExoncentration. Values are given from 3 indepenthéibgical replicates with different tones of rdae, orange
and brown colors. Thg axis for SEA and SED concentration curves has Isbéted for better separation from the growth &isl

curves.
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The pH of the inoculated boiled ham increased siawkr time from the initial pH of 6.3 to pH 7.3
after seven days of incubation (Table 18).

Table 18. pH changes in the meat products. Data are the méhvalues of three samples

combined with standard deviation.

Meat products pH changes with standard deviations
Incubation time (days)
0 1 2 3 5 7

Boiled ham Inoculated meat 6.3+0.0404+0.010 6.8+0.060 7.3+0.12 7.3+0.13 7.3+0.038
Control meat 6.3+0.01%.1+0.026 6.2+0.036 6.3+0.0556.1+0.11 6.2+0.29

Smoked ham Inoculated meat 6.3+0.08(6+0.015 7.0+0.45 7.0+0.15 7.5+0.0907.4+0.15
Control meat 6.3+0.035.4+0.060 6.4+0.0058 6.0+0.075 6.0+0.17 6.3%+0.26

Serrano ham Inoculated meat 5.8+0.08B+0.072 5.9+0.012 5.9+0.0 5.840.053%.8+0.12
Control meat 5.8+0.08%.9+0.084 5.9+0.012 5.9+0.01%.7+0.030 6.3+0.24

Black pepper
salami Inoculated meat 4.4+0.12 4.5+0.0402+0.015 4.7+0.0104.8+0.053 4.7+0.01(Q
Control meat  4.4+0.08%1.5+0.026 4.4+0.030 4.7+0.0474.8+0.012 4.7+0.035

The pH of the uninoculated boiled ham remained aboM 6. It could be established trssa
MRNA was detected on boiled ham during the enticeibation period. The relativeeea mRNA
levels increased the first two days and thereaéereased. The concentration of extracellular SEA,
as determined by the ELISA, after three days otiliation reached a maximum level of 4400
ng/cnt (n = 3) and then started to decline. In the cassedfexpression, the relativeed mRNA
level peaked after two days of incubation and as@dncrease irsedexpression was observed
after five days of incubation (Fig. 43 B). That wascontrast with the decrease of SED observed
after three days of incubation.

Accumulation of SEA and SED was expected on bdilaoh because enterotoxins are known to be
very stable. They are heat stable and resistathetalegradation by several proteases, dehydration,
and stable between high pH range such as pH > 2Hnd 12 (Denny et al., 1966; Genigeorgis,
1989; Le Loir et al., 2003). The decrease in SEA@m could be the result of lack of serological
recognition, meaning that the proteins were noéatable even if the toxin were still present in the
meat. Loss of biological activity is usually assted with loss of immunological activity, but
exceptions have also been existed (Bennett ang/,BE387). However, the ELISA method applied
in the experiments was based on polyclonal antésodlhe probability of none of the antibodies
recognizing the toxin is low. Certain bacteria, thokctic acid bacteria, grown in the presence of
SEA combined with or withous. aureusmay cause disappearance of enterotoxins (Chowmfash
Potter, 1976; Daoud and Debevere, 1985; Donnelf).e1968). According to Chordash and Potter
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(1976) suggestion the metabolites produced byabikcl acid bacteria degraded the staphylococcal
enterotoxins that did not belong to the acid proidac These metabolites may be proteases. In this
study, on all types of meat products including battculated and uninoculated orlesctobacillus

sp., i.e. lactic acid bacteria were detected. Aaofiossible explanation for the declining in SEA
and SED amounts could be that the enterotoxinsnbecall-associated witB. aureugHallis et al.,
1991). It was found by Hallis et al. (1991) that tiddition of glucose to de-repressed steady-state
cultures ofS. aureususing continuous culture techniques could be these of the cell-associated
SEA.

5.5.1.2. Smoked ham

The initial S. aureusount was 1.3 x P& 3.5x1G CFU/cnf on smoked ham as shown in Figs. 44
A and B. After one day of incubation, tBe aureusount reached 3.3 x i@ 7.2x10 CFU/cnf.
The final count after seven days was 2.2 &:1@.7x10 CFU/cnf. Initially, the total count on the
inoculated ham was the same as $haureuscount, but after two days it was slightly lower rtha
the S. aureuscount. The total count on the uninoculated ham atdeast one log unit lower than
that of the inoculated hanbactobacillussp. was detected on inoculated ham at the endeof th

experiment as well as on cooked ham which was &€ed/cnf.
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Figure 44. A) Growth, relative expression (RE) éaand SEA productionang) growth, relative
expression ofedand SED production &. aureussA45 on smoked ham at room temperature.

(—O—) Total cell count of inoculated meat, ( ® ) S. aureuscount on inoculated meat-{- © ----- ) total cell count on

uninoculated control meat, {—-A—) RE of sea, (—m—) extracellular SEAconcentration, ( ) RE of sed, (—=—)
extracellular SExoncentration. Values are given from 3 indepenthéibgical replicates with different tones of rdaue, orange
and brown colours. Thg axis for SEA and SEA concentration curves has tsbéfted for better separation from the growth &l

curves

The pH of the inoculated smoked ham increased iwite compared to the uninoculated products
(Table 18). Enterotoxin mMRNA was detected on smdkaeh during the entire incubation period
(Figs. 44 A and B). The relativeamRNA levels decreased in the middle of the incuraperiod
but increased again towards the end. The SEA ctratem increased with time. The level of SEA
increased twice between day five and seven, regch®90 ng/crhat the end of the experiment
(Fig. 44 A). Thesedexpression profile was following the same trendsea The level of SED
started to increase from 482.7 ngfcat day five reaching 1134 ng/értn=3) at the end of the
experiment. It could be established that less SBEP pvoduced than SEA.

Based on the result§. aureusproduced considerably lower SEA and SED amounts in
smoked ham than in the boiled ham. The SEA conagotr per CFU ofS. aureuswvas six times
less than the SEA concentration per CFUSofaureusin the boiled ham after three days of
incubation. In this case, a repressiors@fexpression and SEA formation was observed in sthoke
ham compared to boiled ham. The reverse picture emerved for the botulinum toxin of
Clostridium botulinunwhere increased toxin production per cell has deend (Artin et al., 2008;
Lovenklev et al., 2004a, b). Increased expressiah@oduction of type B and type E botulinum
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neurotoxin were observed (. botulinumwhen high levels of carbon dioxide was appliedilevh
growth was reduced (Artin et al., 2008; Lévenkléwak, 2004a). The&. botulinumviable counts
were reduced by 83% when exposed to air, howeeeextpression of type B botulinum neurotoxin
was not influenced (Lévenklev et al., 2004b). Fothbsmoked and boiled harsed expression
peaked after two days of incubation and a secorr@@se irsedexpression was observed after five
days of incubation. It could be established thaitvasedand seaexpression occurred throughout
the incubation period on the ham products. Furtibeema similar prolongededexpression has
also been observed in cheese production with mmiticilated with 1& CFU/ ml of S. aureus
(Duquenne et al., 2010). The effect of growlgaureuson meat in the presence of an undefined
microbiota at a lower than optimal temperaturehvzibnes being exposed to low pH, low nutrient
availability and lack of oxygen, may explain thelpngedseaexpression observed in the boiled
and smoked hams. Even et al. (2009) demonstratetthaousseaexpression irS. aureusduring

25 h of cultivation together withactococcus lactisising a chemically defined medium held at a
constant pH and Duquenne et al. (2010) showedessti@expression over a 72 h experiment when
cheese was inoculated with aureus

The SED concentration per CFU 8f aureusvas nine times less in smoked ham than in boiled
ham after three days of incubation. Taormina andhBtbomew (2005) found that enterotoxin
production was inhibited in smoked, cured and gdopork bellies, althougB. aureuggrowth was
detected, but not in un-smoked pork bellies.

5.5.1.3. Serrano ham

The initial S. aureuscount was 1.2 x o 1.7x1d CFU/cnf, and declined slowly during the first
five days of incubation. At day seven, an incraas€FU was observed, giving a final count of 5.7
x 10°+ 5.0x16 CFU/cnf as shown in Figs. 45 A and B. The total countrmtythe first two days of
incubation was the same or moderately less thaB tla@reusount. The total count on the control
meat increased steadily with time, and reachedsdéimee level a$. aureusLactobacillussp. was
detected on inoculated Serrano ham at the begirandgat the end of the experiment (1 and 4 log
CFU/cnf, respectively). Mold was detected on both ino@daand uninoculated ham after seven

days of incubation.
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Figure 45.A) Growth, relative expression (RE) s#aand SEA production ar8) growth and SED
production ofS. aureusSA45 on Serrano ham at room temperature

(—O—) Total cell count of inoculated meat; ( ® ) S. aureuscount on inoculated meat{- & ----- ) total cell count on

uninoculated control meat, A—) RE ofsea, (—m—) extracellular SEAoncentration,(—ms—) extracellular SE@oncentration.
Values are given from 3 independent biologicaliogpés with different tones of red, blue and brawtors. They- axis for SEA and

SEA concentration curves has been shifted for bst¢garation from the growth and RE curves

The pH of the inoculated and uninoculated Serraano wvas stable the first five days (Table 18).
After seven days of incubation, the pH of both tleatrol and inoculated product increased from
5.7 and 5.9 to 6.3 and 6.8, respectively. Deteetéblel ofseamRNA in the Serrano ham was

observed after five and seven days of incubatiag. @5 A). The level was slightly greater on day
seven. A similar increase was noticed for SEA poedufrom approximately 2.3 to 4.5 ng SEA per
cm’ (n=3). The amount ofed MRNA was too low to be detected by the developedspecific
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gRT-PCR methodology. However, extracellular SED slaghtly increased from 3.8 to 5.3 ng SED
per cnf (n=3) in the end of the experiments (Fig. 45 B).

Serrano ham ensured challenges with its difficoltimnment forS. aureugrowth, with high salt
and fat content, low water activity, and other manganismsS. aureuggrowth was poor and no
increase in thé&. aureuscount was observed until after seven days of inttoilbaUntermann and
Muller (1992) observed a similar growth patterrSofaureusvhen grown at 20°C for one week on
minced dry-cured ham ready for sale. Also, decrgpsiater activity have been found to have an
adverse effect on SED production and curing salen at relatively low concentrations, were
found to inhibit SEB production (Ewald and Notermah988; McLean et al., 1968).

The pH in the inoculated ham increased with on¢-ogiween days five and seven. It could
be the consequence of protein degradation of thet ime theStaphylococcusr by consumption
and degradation of lactic acid by moulds (Willeyakt 2008). This changing in pH could be the
reason for the observed growth. The toxin expresaitd the SEA levels increased between days
five and seven. After five days of incubation norgase in cell numbers had yet occurred, although
seaexpression was detected. This indicates that whgber ofseatranscripts per cell had increased
between days three and five, resulting@@mRNA levels above the detection limit of the apgli
assay.

SFP can be caused by as little as 20-100 ng ofataken (Asao et al., 2003). Much higher amounts
were detected in smoked and boiled ham already afte day of incubation. After five days of

incubation, the Serrano ham contained SED levalsigimto cause SFP in sensitive individuals.

5.5.1.4. Black pepper salami

At the beginning of the experiment after inoculatmf the salami the total viable count and $e
aureuscount were equal which was 5.4 x*ITFU/cnf. Later on no viabléS. aureuscells were
found as shown in Fig. 46. The total viable coun@ntincreased after one day of incubation, and
reached the final count as 9.7 ¥ OFU/cnf after seven days of incubation. The total counthen
control samples decreased from the start of theraxent until day three. The CFU count then
increased and was the same as for the total coumiboulated meat.actobacillussp. was detected
on inoculated salami at the beginning and end ef ¢xperiment (4 and 5 log CFU/gm

respectively).
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Figure 46. Growth ofS. aureusSA45 on black pepper salami at room temperature.

(—O—) Total cell count of inoculated mea®) S. aureusount on inoculated meat;-(- © ——) total cell count on uninoculated

control meat

The pH of inoculated and uninoculated salami wassidime, and varied between pH 4.2 and 4.8
during the incubation period as shown in Table Nb seaand sedexpression or SEA and SED
could be detectedS. aureusvas not able to survive on black pepper salami.

It could be because of the low pH, high fat contdotv water activity, and the presence of
competing microbiota of the product. Furthermordack pepper has been noted to have

antimicrobial properties (Dorman and Deans, 2000).
5.5.2. Cultivation and enterotoxin A and D formatio during fermentation

For characterization of toxin production $faphylococcus aurei®A45 toxin encoded byeaand

sed genes fermentations were performed under favorgldath conditions.S. aureus45 was
cultivated in pH controlled batch cultures for Aglat pH 7 and 37°C using BHI broth in parallel.
seaandsedexpression and formation were monitored using gRRRnd sandwich ELISA. The
same RE calculation was applied as in meat expatsne chapter 5.5.1. The demonstration of the
results in graphs was similar such as in caseaglg from the meat experiment. The independent
experiments are represented as individual curvésgs 47 A and B instead of illustrate as a mean

with standard deviation.
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Figure 47.A) Growth, relative expression (RE) efaand SEA production arigl) growth, relative
expression ofedand SED production &. aureussA45 cultivated at pH 7, 37°C.

(—®—) Growth determined by OD measurement at 620nmA(—) RE ofsea (—m—) extracellular SEAoncentration,

(—A—) RE ofsed,(—m—) extracellular SEDxoncentration. Values are from 2 independent biolgeplicates with full and

empty symbols. Thg axis for SED concentration curves has been shftiebetter separation from the growth and RE csirve

S. aureusSA45 reached the end of exponential growth phatse approximately four hours of
growth (Figs. 47 A and B). Simultaneously the riglatevel ofseaandsedmRNA decreased after
the exponential growth phase and seamRNA level remained at low level as presentedig &7

A. In case ofsedmRNA increased expression was observed towarderteof incubation time
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(Fig. 47 B). The second increasesedexpression was verified by increased SED conceorra
until the end of the experiment. The amount ofaodlular SEA accumulated over time, with the
greatest increase occurring in the exponentialesnty stationary growth phases shown in Fig. 47
A. The seaexpression peaked in the transition phase fromekponential to stationary growth
phase in broth cultures after 3—4 h of cultivatidimking expression to bacterial growth as well as
it was shown in meat products. However, the timaesdliffered significantly between the two
matrices. Twaseaexpression patterns were observed. In broths¢lexpression peaked in the late
exponential phase, as established previously (BmdBetley, 1993; Czop and Bergdoll, 1974) and
then rapidly declined. The extracellular toxin amisuincreased during early cultivation and
equalized in the stationary growth phase which icowd theseaexpression observed. On boiled
and smoked ham where rapid growths were observelbngedseaexpression and SEA formation
occurred throughout the incubation period. In lbil@m, the SEA levels increased during the first
three days of incubation then suddenly decreasesinbked ham, however, the extracellular SEA
levels increased markedly towards the end of thelation period where increaseelaexpression
was also noted. The meat differs in many ways fimmoth, e.g. microbial content, nutrient
availability, pH, salt content, and water activilyat compose a more complex matrix than the broth
(Valero et al.,, 2009). Additionally the bacteriaeammobilized on meat in multicellular
communities such as biofilm growth. Inside a biafd.noxic or acidic zones could be created by the
development of gradients in the inner of biofilml ctusters (Beenken et al., 2004; Hall-Stoodley
and Stoodley, 2009; Weinrick et al., 2004). Thesees compose special environment which may
cause cell stress. B. aureughe acidic environment has been linked to oxidasitress (Clements
et al., 1999) that could activate the SOS respeysim in staphylococcal cells. As a consequence,
it would lead to a number of responses includingppage induction (Selva et al., 2009). The
enterotoxin A gene is carried by prophage in thetdsaal chromosome (Borst and Betley, 1994).
Sumby and Waldor (2003) have demonstrated thae tisea linkage between prophage induction
and increased transcription $#a.Increased expression was observed in casedfear the end of
the incubation. This second increasement in exjaess batch cultures, confirmed by increased
SED concentrations, was not as pronounced as ibdited and smoked hams. Boles and Horswill
(2008) found that the Agr system is re-activatedruglucose depletion. This might partly explain
the second increase sedexpression. Wright et al. (2005) also noticed aosddncrease in Agr
activity in a mouse abscess model &raureudnfection. The SED concentration increased over
time throughout the experiments in ham and brothept for in the boiled ham. This is in contrast
with previously published results demonstrating mmat SED production during the post-
exponential growth phase (Bronner et al., 2004 zBl& et al., 2009).
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6. NEW SCIENTIFIC RESULTS

1. Evaluation of selective and elective media fdPseudomonas isolates:

It has been proved that the combination®seéudomonadgar F,Pseudomonaggar P, GSP agar
and Cetrimide agar were applicable for the detactiod characterization éfseudomonaspecies
derived from meat spoilage when the incubation tmapre was 30°CChryseobacterium
antarcticum,however, could also grow on these media at 20°@rEkcence of the isolates at 30°C
was less intensive than at 20°C that could be atedédo the faster growth at 30°C and instability

of pyoverdine in the stationary growth phase.

2. Molecular identification and typing Pseudomonas isolates:

The Pseudomonagenus-specific primer pair published by Purohiale{2003) had low specificity
(66.6% ) and sensitivity (82.5%) as calculatedhmydpplication oPseudomonassolates, type and
reference strains, therefore it could be conclutietl these primers are not suitable for preliminary
screening oPseudomonaspecies belonging to this genus.

It has been concluded that the RAPD analysis wasapplicable for the determination of high
similarity clusters ofPseudomonassolates as the consequence of high level of tmailecular
diversity. However it could be applied for typin§ Bseudomonassolates. The 16S rDNA-RFLP
method was not suitable either for identificationtgping of Pseudomonaspecies. ThepoB-
RFLP was not useful for identification purposeseit

From the end of storage of pork meat at £ GluorescenandP. fragi species were identified by
sequencing of 16S rDNA angoB gene and using species-specific primer pair wi&e initial
microbiota of pork meat stored at 8°C contained aordy these species but tkiryseobacterium

antarcticum(F1445/3) as well. At the end of storage at 8Ay &. fragi became dominant.

3. Proteolytic and lipolytic enzymatic activites ofPseudomonas isolates:

The Pseudomonas fluoresceis®lates showed quite intense proteolytic actiotySMC plates in
15, 20, 25 and 30°C except F1443/2a and F1443/¢hamiowed activity only at 15 and 20°C.
However the proteolytic activity of aP. fluorescengsolates on SM plates was higher than on
SMC agar. The esterase activity of thBsdluoresenssolates was also intense and higher than that
of the P. fragi isolates in all incubation temperatures. Howetle, lipase activity oP. fluoresens
isolates was lower compared Ro fragi isolates at 15 and 20°C. The majorityRoffragi isolates

had both proteolytic and lipolytic activities.
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4. Spoilage potential ofChryseobacterium antarcticum:

It was the first case th&hryseobacterium antarcticumvas isolated from surface of chilled pork
meat. The optimal growth range Ghryseobacterium antarcticuiil445/3 was between 15 and
25°C. This isolate had proteolytic activity at 28, 25 and even at 30°C. It also produced lipase bu
esterase production was not detected. Measurerh#éme proteolytic and lipolytic activities of this
strain showed that this bacterium could also cbuatd to the initial spoilage process.

The competition betweefhryseobacterium antarticurh1445/3 andP. fragi F1445/1b strains
showed that wherChryseobacterium antarcticurwas in higher cell ratio than the. fragi
F1445/1b it was able to grow and compete even #iteP. fragi reached its maximal growth rate
and started to decline. Whé&hryseobacterium antarcticufl445/3 was in equal cell ratio with
the P. fragi F1445/1b oP. fragi F1445/1b had higher cell ratio this competitiotvzen the two

strains could not be demonstrated.

5. Growth of Staphylococcusaureus combined with enterotoxin expression and formatio:

It was the first time that theeaandsedenterotoxin gene expression $f aureusvas detected in
combination with enterotoxin production in foodpesially on cooked ham, smoked ham, Serrano
ham and black pepper salami. Extendedandsedexpression were observed in ham products as
well as during fermentations, the pattern of thgeae expressions and enterotoxin formations,
however, were different. Theeaexpression was continuous under pH controlledunistances,
while thesedexpression had second peak during the expresiemdadays. The amount of SEA
toxin was higher than the SED during fermentatiod &oth of them proved to be stable in the
liquid culture medium. The ratio and the amountS&A and SED also altered in different ham
products but could be enough to potentially cauBP.Sn smoked ham the amount of toxins
remained stable while in cooked ham it decreaskd afdays. In black pepper salami there was no

growth and enterotoxin production at all.
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7. CONCLUSIONS AND FUTURE PERSPECTIVES

Based on the cultivation results on selective dedtige media (Cetrimide, GSPPseudomonas
agar F and P) all of them were suitable for sedactind pre-characterization of tReeudomonas
isolates from meat but cultivation at 30°C is mad¥isable than at 20°C. To receive broader view
from pigment production of the isolates derivedrirmeatPseudomonaggar F and P is advised.
Further studies on pigment production and analgsiss function in the life cycle of the spoilage
causing pseudomonads could also contribute to &speat characterization of the isolates. The
results of investigations at the beginning of ttestury already indicated that (Meyer, 2000). The
fluorescent pigments pyoverdines are might be damed as potent taxonomic markers for the
fluorescent species of the genBseudomonagMeyer, 2000). It was also found in another
investigation that different pigments have a fumttias signalling molecules controlling gene
expression inside the bacterial cells (Lamont anartid, 2003) as well as that in case Pf
aeruginosait was proved that the pyocyanin production hatemial virulence function (Liu and
Nizet, 2009).

It was found that the RAPD analysis could be aplpiee pre-selection purposes of the isolates from
large number of candidates. It was demonstratedstguencing is a suitable tool for identification
purposes. It provides more precise identificatiecause it analyses the series of nucleotides in the
DNA while the PCR-RFLP method focuses only fewnegon sites in the DNA. Nevertheless, for
establishing an in-house bacterial databank the-RERP analysis provided a more cost effective
solution until now. As a promising method the ML@Aulti-locus sequencing analysis) technique
seems more reliable for detectionRgeudomonaspecies in the future based on the combination
and application ofpoB, gyrB or rpoD genes at the same time (Mulet et al., 2010). Tipdication

of Rep-PCR (repetitive extragenic palindromic-P@Ralso an alternative method that focuses on
repetitive chromosomal elements, which are randatidiributed in bacterial genomes and are the
target of the PCR amplification. Based on the itesghined withPseudomonaspecific primer
pairs by Ercolini et al. (2007) the majority of tils®lates mainly dominated Bseudomonas fragi
and sequencing of few isolates identifiedPagragi also supported the applicability of the species-
specific primer. Designing further species-spedgifiener pairs e.g foP. fluorescenspecies could
be a future perspective based on genes that beltmgee metabolic pathway e.g. enzyme
production or pigment production. However this pertive brings more difficulties in case ef
fluorescensbecause it has 5 biovars as it was found in vanabf ribotyping patterns irP.
fluorescengPalleroni et al., 1972).

According to the data regarding the lipolytic andtpolytic activities and physiological properties
of Chryseobacterium antarcticuthis bacterium could be the member of the spoitagesing biota
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though it has only role at the beginning. Molecutharacterization o$pecies belonging to the
young genus o€hryseobacteriuntould be a novel field in the identification antacacterization

of them. Some information is available in a molacudatabase frorgyrB gene that encodes the
subunit B protein of DNA gyrase but only for a f@kryseobacteriurspecies.

The extendedeaandsedexpression observed in ham products has providednfermation about
SEA and SED production in food products wh&e aureusis immobilized in multi-cellular
communities. Furthermore, tleed geneexpression pattern in ham products indicates a mp
behaviour of the regulatory network controllisgd expression. These results may be used to
enhance the assessment of SFP (staphylococcaptsoning). However, more data is required on
staphylococcal enterotoxin regulation and signangduction to ensure the production of
microbiologically safe food with high quality. Fber investigations should therefore be carried out
to study the effects of other intrinsic and exticrfactors that influence the enterotoxin expreassio
and then toxin production i6. aureusand growth in various food matrices. Microarraydses
could be a help to understand the mechanism aflti®l gene regulation between these toxins and
how the quorum sensing influences the toxin prddacbn these product when other microbial

community also contribute to the deteriorationha food.
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8. SUMMARY

Meat consumption is one of the most ancient habihuman life. The structure of meat is a
complex collection of proteins, essential aminodscitrace elements and vitamins that are
important for human health. These excellent cirdamses provide perfect media for the bacterial
growth. Depending on the intrinsic and extrinsictéas belonging to the meat different microbes
can adapt from the environment source of whichadd the skin, hide, gastrointestinal tracts of
the animal. The other source of contamination dao be the equipment used during slaughtering
and the food handlers themselves. These microlregroav on the meat but usually only one genus
becomes dominant on the originally sterile meatdéfnaerobic conditions and refrigerated
circumstance$seudomonaspp. are the most important spoilage organismghétbeginning of
storage between these conditions they present itharity of the total microbiota but the high water
activity, neutral pH, suitable temperature anddgbed supply of oxygen favour their rapid growth
and final dominance. The population BSeudomonaspecies derived from 4°C at the end of
storage and from 8°C from the beginning and atdahé of aerobic storage of pork meat was
identified with molecular methods during my workretAously the applicability of different
Pseudomonasspecific elective, selective and differential med{BseudomonasAgar F,
Pseudomonaggar P, GSP agar and Cetrimide agar) were test@f @nd 30°C to characterize
Pseudomonaspecies which were derived from meat spoilagethlisolates were able to grow on
these media but differences in fluorescence abditg pigment production were altered at the
different incubation temperatures. On BHI agar &séudomonaégar F a dark brown pigment
formation was observed on both incubation tempegatuhat diffused into the medium. This
pigment production was not induced by any selectigent derived from the media in case of
Pseudomonadgar F. This ability belonged to thr&e fragi (F1443/12b, F1443/13a and b) and one
P. fluorescengF1445/4) species while other. fragi isolates did not posses this ability. That also
showed the heterogeneity of the spoilage causimlpton. Based on the results the pigment
production and fluorescence ability is influencedthe temperature. The combination of these
media was suitable for detection and characteoraif thePseudomonagsolates at 30°C. At 20°C
the Chryseobacterium antarcticursolate (F1445/3) was also able to grow. This abercould be
the part of spoilage at the beginning of storageels

Altogether 27 isolates were tested according tar thy@olytic and proteolytic activities on SM,
SMC, PCATB and PAT-80 agar plates at 15, 20, 25 3@WC. ThePseudomonas fluorescens
isolates show quite intense proteolytic activity@MC plates in all incubation temperatures except
F1443/2a and F1443/7 isolates the activity of whieks detected only at 15 and 20°C. On SM
plates the proteolytic activity oP. fluorescensisolates namely F1443/7, F1443/11, F1445/4,
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F1445/6 and F1445/8a was higher based on the dtamietlearing zones and could be detected in
all incubation temperature. The same results cbelé@lso established in case of esterase activity
with the same isolates. Lipase activity of thesgat®s which were incubated at 15 and 20°C was
lower compared to the results ©f fragi isolates. The majority of thie. fragi isolates were able to
produce esterase and lipase as well as protead®, a20, 25 and 30°C. Most of the cases
Pseudomonas fluorescemsolates had higher proteolytic and lipolytic aties thanP. fragi
isolates. Further analysis on the enzyme productiomld be advisable on molecular way by
designing proteolytic and lipolytic enzyme specprimers.

Molecular methods represent a powerful tool fornidging and typing microbes. Testing the
applicability of a genus-specific primer pair foreat spoilage causing pseudomonads was also
performed. The sensitivity of the method was 82Ih#the selectivity was only 66.6%. According
to the results this primer pair was not suitable $election of the member of the genus
Pseudomonagom other spoilage causing microbes.

For molecular typing oPseudomonassolates the RAPD analysis was used which waaldeitfor
this purpose. For molecular identification the gs@ with 16S rDNA-RFLP antpoB-RFLP were
applied. The ARDRA method was not applicable eitbeidentification or typing oPseudomonas
species. TherpoB-RFLP was not applicable for identification at gSpeclevel. Molecular
identification with P. fragi and P. lundensisspecific primer pairs were performed as well.
Altogether 14P. fragi was identified from 4°C and 1R. fragi from 8°C. None of the isolates was
P. lundensisFurther identification was performed by sequegdiiS rDNA andpoB genes. Based
on the results 4-#. fluorescenssolates were identified which derived from 4 @€ and only
one isolate was identified &hryseobacterim antarcticufil445/3according to the 16S rDNA
sequence analysis. That was the first time thiciepewas found on pork meat. This isolate
composed the initial microflora of meat at 8°C amak pre-selected together wigh fluorescens
species during the storage. At the end of stora@dé@ onlyP. fragi species became dominant. At
4°C mainlyP. fragi species dominated b&t fluorescenslso contributed to the microflora at the
end of spoilage.

To characterize the temperature ranges of growtlClufyseobacterium antarcticur(F1445/3)
liquid cultivations were performed parallel withethype strain. The optimal growth range was
between 15 and 25°C for the isolate. Lipolytic gdteolytic activities were also tested by the
semi-quantitative methods at 15, 20, 25 and 30%6GteBse and lipase activities were determined
but esterase activity was not found. The developroEpigment production was also detected. As
the colonies became older the intensity of theilowo changed from light to dark orange.
Competition studies betweerPafragi F1445/1b an®hryseobacterium antarcticufil445/3 were
also performed in liquid culture with different cedtios. When they had equal cell ratioRarfragi
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F1445/1b possessed higher cell numbeiGhe/seobacterium antarcticufl445/3 was not able to
compete. However, if higher cell ratio GhryseobacteriumantarcticumF1445/3 was tested th&n
fragi F1445/1b it was able to grow and compete wWethfragi F1445/1b. Further studies on
Chryseobacteriunspecies is advised especially on molecular waglee its genetic map is lack of
information. The reason is the genG#ryseobacteriunwas built on the ruins of the genus
Flavobacteriumin the middle of ‘90s and information of their dage causing ability was mainly
derived from weakly identifie&lavobacteriumspecies before the middle of ‘90s.

The foodborne pathogens cause serious problemsisidbr the food industry but also represent a
risk factor for human health which emphasises thportance of food safety. The landscape of
foodborne pathogens is changing continuously. Nathiggens appear while already existing ones
possess new characteristics. To prevent foodbantieeaks it is essential to know the factors that
induce their ability to adapt much more efficienttythe environmentStaphylococcus aureus
one of these foodborne pathogens that get moretiattenowadays. It is responsible for causing
SFP by its heat-stable enterotoxins which behaww as superantigens. Until now 22
staphylococcal enterotoxin or enterotoxin like pno$ are known but SEA and SED are the
enterotoxins that are most frequently reported ftbenoutbreaks. SEA (staphylococcal enterotoxin
A) is encoded by theeagenethe expression of which is linked to the life cyoleSEA-encoded
prophage. SED is a plasmid—encoded protein thadnsected tseddeterminant and up-regulated
by the accessory gene regulator (Agr) system. Qumy work the gene expressionsgfaandsed
and enterotoxin formation of SEA and SED were deieed on cooked ham, smoked ham, Serrano
ham and black pepper salami as well as in liquitloel by qRT-PCR and ELISA. That was the
first time that these characteristics were stugiacllel with food matrices, especially on processe
meat products. Theeaandsedexpression and toxin production were altered @s¢hfood sources
and in liquid cultures. On smoked and boiled hanivacsea and sed expression occurred
throughout the incubation time of seven days. Lolseel of ssamRNA and SEA were found in
smoked ham compared to boiled ham though the viahlats ofS. aureuson these products were
similar. In case ofedon these products continuosed expression was observed throughout the
incubation period with second increasesadexpression found after five days of incubationeTh
ratio and the amount of SEA and SED production vad¢se different on these products but could be
enough to cause SFP. In smoked ham the amounkioistcemained stable while on boiled ham
SED decreased after 3 days of incubation and SEAedsed after 5 days. On Serrano ham no
increase in cell number was observed until theddritie experiment anseaexpression and SEA,
SED could only be detected on day five and sevée.s€dexpression was too low to determine.

However, the amount of toxins could also be endoglSFP. Thesedexpression pattern which
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was observed in ham products indicates a compleaweur of the regulatory network controlling
sedexpression.

On black pepper salami there was neither growth. @ureushor enterotoxin production due to the
lactic acid bacteria content and low pH as well agimicrobial effect of black pepper.
Fermentations under pH controlled circumstance® akowed differences irsea and sed
expression. Theedexpression had second peak in expression aftayglwhileseaexpression was
continuous. The toxin amount of SEA was higher tB&D during fermentation but both of them
remained stable in the liquid culture. Based orseheesults it is important to know in the future
how the microbiological community influences thengeexpression and toxin production and how
the food composition, packaging gas, preservatitessperature effect the up- and down regulation
of enterotoxin expression . aureugyrowing in varying food matrices. Application ofaroarray

technique could help in understanding the globgiiliaion and expression of toxins.
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9. OSSZEFOGLALAS

A husfogyasztas az egyik k&gibb szokas az emberiség életében. A hus, szeékdkeredien a
fehérjék, esszencialis aminosavak, nyomelemekydl@itaminok komplex gjteményét alkotja,
amelyek fontos szerepet toltenek be egészségunikireésg szempontjdbdl. Ezek a kivalo
korilmeények tokéletes tdpkdzeget biztositanak atépiaknok nodvekedésének is. A hudson
kulonbo®, a kornyezettl szarmazo mikrobak képesek megtelepedni, att@deég, hogy a hiashoz
kotodéen milyen kil és bel§ tényedk befolyasolak azt. Ezek a baktériumok az alldiirdd,
irhabdl, és a béltraktusbol szarmazhatnak. Tovabbinnyezési forrasként pedig azok az eszkzok
is szerepelhetnek, amelyeket az allat levagas&@sanainak, illetve az élelmiszer feldolgozasiban
részt vev szemeélyek is a kontaminacios lelsgigek kozt vannak. Ezen forrasokbdl szarmazo
mikrobak bar képesek szaporodni a hason, azonhbaldlzdn csupan egyetlen egy nemzetség valik
dominanssa kozulik az eredetileg steril hus fedilleAerob modon ésitdtt kdrilmények kozott a
Pseudomonafajok szamitanak a legjeldistebb romlast okozé @Enyeknek. A tarolas elején az
emlitett korilmények kozott a teljes mikrofléranesak kis hanyadat alkotjak, azonban a magas
vizaktivitas, a semleges pH, a megfélebmérséklet és a j0 oxigén ellatas kedier hatnak a
gyors novekedésikre és v8gdominancidjukra. Munkam soran a sertéshis aenabbaséinak
végebl 4°C-rdl, illetve a 8°C-os tarolas elejges végésl szarmazdPseudomonafajok keriltek
identifikdlasra molekularis modszerek segitségetadt megelzéen kilonbdéd Pseudomonas
specifikus elektiv, szelektiv és differencialé tdppok (név szerintPseudomonasAgar F,
Pseudomonaggar P, GSP agar és Cetrimid agar) alkalmazha#bsédgsgaltam 20 és 30°C-on.
Mindegyik izoldtum képes volt névekedni ezeken akajokon, azonban a kulonkdbmnkubacios
homérsékleteken a fluoreszkald képesseég, illetvegment termelés tekintetében eltérések voltak
felfedezhetk. BHI agar ésPseudomonasAgar F esetében sotétbarna pigmentkdpz volt
megfigyelhed, amely bediffundalt a taptalajpa az emlitett migtdkkubaciés émérsékleten. Ez a
szinképzés semmilyen szelektiv hatbanyaghoz kithetukcibnak nem volt tulajdonithatd a
Pseudomonaggar F tapkozegen. Ez a szinkép&pesseg harom. fragi (F1443/12b, F1443/13a
and b) és egy. fluorescengF1445/4) izolatum estében volt megfigyethenig a tobbiP. fragi
izolatum nem rendelkezett ezzel a tulajdonsaggatiypa romlast okozé populacié heterogenitasat
mutatja. Ezen tapkoézegek kombinécidja 30°C-on alkshak bizonyult aPseudomonas
izolatumok detektalasara és jellemzésére. A 20°@agacios meérsékleten &€hryseobacterium
antarcticum (F1445/3) izolatum, szintén képes volt ndvekedamely szintén koézrejatszik a
romlasban a térolas elején.

Az izolatumok lipolitikus és proteolitikus aktividnak meghatérozés soran 6sszesen 27 izolatumot
vizsgaltam SM, SMC, PCATB és PAT-80 agar lemezekanelyeket 15, 20, 25 és 30°C-on
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inkubaltam. AP. fluorescenszolatumok meglehésen intenziv proteolitikus aktivitast mutattak az
SMC lemezeken az 6sszes inkubaciémérsékletet beleérve, kivéve az F1443/2a és azF144
izolatumokat, amelyek aktivitasa csupan 15 és 203iGolt mérhet. Az SM lemezeken &.
fluorescensizolatumok proteolitikus aktivitasa, név szerint &1443/7, F1443/11, F1445/4,
F1445/6 és F1445/8a magasabb volt a feltisztuldsak atméijét tekintve, illetve ez az aktivitas
mindegyik fbmérsékleten észlelletvolt. Ugyanez az eredmény Allapithatd meg az &szte
aktivitas esetében is szintén ezekre az izolatuanenatkozoan. Ezeknek az izoldtumoknak a lipaz
aktivitasa 15 és 20°C-on alacsonyabb volt, mift. dragi izolatumoknak. AP. fragi izolatumok
tobbsége termelt észeraz, lipaz, illetve proteameet 15, 20, 25 és 30°C-on is. A legtobb esetben
aP. fluorescenszolatumok nagyobb proteolitikus és lipolitikustiaikassal rendelkeztek, mintR
fragi izoldtumok. Tovabbi vizsgalatként @seudomonasizolatumok enzimtermelésének
molekularis vizsgalatat javasolnam, proteolitikus lgolitikus enzimekre specifikus primerek
segitsegével.

A molekularis médszerek oriasi jeléséggel birnak a mikrobdk meghatarozasaval és l@giadal
kapcsolatban. Munkdm soran egyPseudomonas nemzetség-specifikus primer par
alkalmazhatésaganak tesztelését végeztem el a sorakbzo Pseudomonagzolatumokra. A
modszer érzékenysegeét tekintve 82,5% volt, migedektivitasa csupan 66,6% -nak bizonyult. Az
eredmeények alapjan elmondhat6, hogy ez a primer ng@n alkalmazhaté @&seudomonas
nemzetség tagjainak szelekcibéjara az egyéb romikastd baktériumok kozul.

A Pseudomonaszolatumok molekularis tipizalasahoz a RAPD modszagkalmaztam, amely
tipizalasi célra megfeléhek bizonyult. Molekularis identifikalas soran aSLEODNS-RFLP éspoB-
RFLP analizis alkalmaztam. Az ARDRA maddszer semtifikalas sem pedig tipizalas céljabdl
nem volt megfelédl a Pseudomonadajokra nézve. AzrpoB-RFLP mddszer sem bizonyult
alkalmasnak az izolatumok faji szintheghatarozasra. A tovabbi molekularis meghatatdzgs
specifikus primer parok segitségéevel véegeztem, yakeh P. fragi ésP. lundensidajokra voltak
specifikusak. Ezen primer parok segitségével 6esz&4P. fragiizolatumot sikerilt meghatarozni
a 4°C-rél szarmazé izolatumok kézil, mig a 8°Catdrmazo izolatumok esetében 6sszeseh. 11
fragi izolatumot identifikaltam. Az izolatum kodzul egyikem volt P. lundensis A tovabbi
identifikalas a 16S rDNS és apgoB gének szekvenalasaval tortént. Az eredményekaalapidP.
fluorescensizolatumot sikerllt meghataroznom, amely 4 és &jCszarmazott. Csupan egy
izolatumot, név szerint F1445/3-ot identifikaltahryseobacterium antarcticurként a 16S rDNS
szekvencia analizis alapjan. &lsalkalommal identifikdltam ezt a baktériumot a diskus
fellletél, amely a 8°C-on tarolt hus kezdeti mikroflorafdkotta. A tarolas soran viszontRa
fluorescensfajokkal egyltt a szelekciéo révén a tovabbiakb@m nvolt felfedezhét a tarolas
késbbi szakaszaban. A 8°C —os tarolas végénh &agi torzsek valtak dominanssa, mig 4°C-on
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foképp aP. fragi fajok érvényesultek, azonbanRa fluorescensfajok a romlas végéen 4°C-on
szintén a mikrobiota részét képezték CAryseobacterium antarcticuifi-1445/3) névekedéséhez
szilkséges dmérsékleti tartomany meghatarozasahoz folyadékétaeteket alkalmaztam a tipus
torzzsel parhuzamosan. Az optimalis novekedésraanhyt 15 és 25°C kozott allapitottam meg. A
Chryseobacterium antarcticuiiil445/3 és tipustorzs lipolitikus és proteolitikalgivitasat szintén
vizsgéaltam fél-kvantitativ médszerek segitségével 20, 25 és 30°C-on, melynek eredményeként
proteaz és lipaz aktivitas kimutathato volt, migedszemben az észteraz aktivitas nem. A pigment
képzdes folyamatat is megfigyeltem. A telepek szinnaisa vilagos narancssarga salrditét
narancssarga s#ivé valtozott, amint a telepek o©regebbé valtak.PA fragi F1445/1b és
Chryseobacterium antarcticurR1445/3 kozotti kompeticid vizsgalata folyadék yiesretekben
szintén kutatasom targyat képezte. A kompeticiésgafata soran kilénbézsejt aranyokat
alkalmaztam a két izolatum kozott. Amikor egyemranyban, vagy pedig R. fragi F1445/1b
izolatum nagyobb sejtszamban volt jelen a folyatdékészetben &hryseobacterium antarcticum
F1445/3 izolatum nem tudott versenyezi.dragi F1445/1b izolatummal. Ezzel szemben, amikor
a Chryseobacterium antarcticumolt nagyobb sejt ardnyban jelen, mir afragi, akkor képes volt

a novekedeésre, illetve #&. fragival tortérd kompeticiora Tovabbi kutatasi lehésegként
Chryseobacteriunfiajok tovabbi jellemzését javasolnam molekulari@dszerek segitségével, mivel
ezen fajok genetikai térképe hianyos. Ennek okagyha Chryseobacteriumnemzetség a
Flavobacteriumnemzetség romjaira épilt a '90-es évek kozepénrémlast okozd képességeikr
sz0l6 informaciok éképp azorFlavobacteriumfajokrél szarmaznak, amelyeket még a '90-es évek
k6zepét megékéen gyengén vagy alig identifikaltak.

Az ételmérgezést okozd patogének sulyos problémakaznak nemcsak az élelmiszeripar
szadméra, hanem kockazati ténjteelentenek az egészség remgse szempontjabdl is, amely az
élelmiszerbiztonsag jelefgégét hangsulyozza. Az ételmérgezést okozd pathg@adettaja
folyamatosan valtozik. Uj patogének bukkannak ehig a mar megléek (j tulajdonsagokkal
vértezik fel magukat. Az ételmérgezések méngete érdekében alapyedzon tényeidk ismerete,
amelyek ebidézik a patogének kornyezethez valé egyre hatédumy adaptaciojat. A
Staphylococcus aurewegyyike ezen ételmeérgezést okoz6 patogéneknekyaggte tobb figyelmet
kap napjainkban. Eddig 22 sztafilokokkusz entermtioSE), vagy ahhoz hasonld fehérjét
ismertink, amelyek kozil a SEA és a SED enterotdxiaaok, amelyekil leggyakrabban
beszamolnak az ételmérgezések soran. A SEA (sitalfkusz enterotoxin A) fehérjétsagén
kodolja, amely egy profagon talalhatd, a gén kedéjese pedig a profag életciklusahoz kotott a
baktériumon beltl. A SED (sztafilokokkusz enterato®) a plazmidon hordozoted gén altal
kédolt fehérje, és e gén szabalyozasat az ugynevekdegészit szabalyoz6 rendszer” (Agr
rendszer) végzi. Munkdm soran saa és sed gének kifejeddésének és a SEA, illetve SED
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enterotoxinok képzésenek meghatarozasat vegeztdait els flstolt sonkan, Serrano sonkan és
fekete borsos szalamin, illetve folyadék tenyésaetkvantitativ reverz- transzkripcios polimeraz
lancreakcio (QRT-PCR) és szilard fazist, enzimmadzett immunolégiai modszer (ELISA)
segitségeével. Ez volt az élalkalom, hogy ezen tulajdonsagok egymassal parmbiza képezték
vizsgalat targyat élelmiszer matrixban, kulonoskéglplolgozott hustermékekben. gea és sed
kifejezodése és SEA és SED toxinok termelése eltérést otiueatekben az élelmiszerekben, illetve
a folyadék tenyészetekben is. A flstolt ég Bonka esetében aktBea és sed expresszio volt
megfigyelhed a hét napos inkubacidsdidalatt. Alacsonyabb szifitsea MRNS szintet és SEA
mennyiséget detektaltam a flstolt sonka esetébanaz eredményeket Osszevetettemot f
sonkanal tapasztaltakkal, annak ellenére, hog.aaureuséls sejtszama a két terméken
megegyezett. Ezen termékek esetében az inkubadboslatt folyamatossed kifejezédés volt
megfigyelhed, illetve az inkubacios il 6todik napjat kovéien egy masodszori névekedés volt
tapasztalhato sedexpressziojaban. Bar szintén voltak eltérésekmaek SEA és SED mennyisége
€s aranya kozott ezeken a termékeken, mégis elégandnyiséfinek bizonyultak ahhoz, hogy
esetlegesen a sztafilokokkusz altal okozott étejewdst idézzenek el A flstolt sonkaban jelen
lévé toxin mennyisége allandonak bizonyult, mig @t fsonkan a SED mennyisége 3 napos
inkubalas utan, a SEA mennyisége pedig 5 nap wadeit el csokkenni. A Serrano sonkan nem
volt tapasztalhatd sejtszamban vald ndvekedés egéskisérlet végéig, migseaexpresszioja,
illetve a termelt SEA és SED csupan az 6todiktvidea hetedik napon volt detektalhatésédgén
kifejezédése tul alacsonynak bizonyult annak meghatarozagtmmnban a Serrano sonkan termelt
toxin mennyisége szintén elegériéhetne egy esetleges sztafilokokkusz altal oka#etmeérgezés
kivaltdsahoz. A sonka termékeken megfigysst gén expresszidés mintazatased expresszidjat
kontrollalé szabalyoz6 haldzat 6sszetett szerepeisélkedéseét tikrozi.

A fekete borsos szalamin se®. aureusnovekedést, sem pedig enterotoxin termelést nem
tapasztaltam a tejsavbaktériumok jelenléte, azsatacpH, illetve a fekete bors antimikrobas hatasa
révén. A pH szabalyzott korilmények kdzott végietnenaciok soran szintén eltérések voltak a
seq illetve asedgének kifejegdésében. Aedexpresszidja soran a 4. napot keet egy masodik
expresszids csucs volt tapasztalhaté, migsem expresszidja folyamatosnak bizonyult. A
fermentaciok soran a termelt SEA toxin mennyiségagasabb volt, mint a SED, azonban
mindkett) stabil maradt a folyadék tenyészetben. Az eredeléralapjan fontos lenne tudni a
jovében, hogy a mikrobioldgiai k6zosség miként befobji@sa génexpressziot és a toxintermelést,
illetve milyen hatasa van az élelmiszer Osszetéddlé a csomagolas gazosszetételének, a
tartositészereknek, asmeérsékletnek &. aureusndvekedésnél az enterotoxin expresszié alul és
felllszabalyozasara az eliéklelmiszer matrixokban. Erre vonatkoz6an az Uggmett 'microarray’

technika alkalmazasa segithet a toxinok globahbalozasanak és expresszidjanak megértésében.
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A2. Appendix (Table)

Table 13.Characterization of isolates morphologically aesuits of biochemical tests

Original | Code after Colonial Microscopical | KOH | Catalase| Oxidase| Gram Spore
code segregation morphology morphology test test test stain | staining
F 1443/1 F 1443/1 ochre yellow plane middle rods + + Gram -
middle ochre yellow
F 1443/ |F 1443/2a plane longish rods + + Gram -
F 1443/2b ochre yellow plane long rods + +| Gram -
F 1443/4 |F 1443/4 a | big ochre yellow plane rods + + Gram -
F 1443/4 b | big ochre yellow planevery small rods Gram -
F 1443/4c | big ochre yellow planevery small rods Gram -
F 1443/5 F 1443/5 middle ochre yellow middle rod$ + + Gram -
small consistent|
F 1443/7 F 1443/7 ochre yellow planeg rods + + Gram -
small coccoid
F 1443/8 F 1443/8 middle ochre yellow rods + + Gram -
F 1443/9 |F 1443/9 ochre yellow plane small rods + +| Gram -
F 1443/10 |F 1443/10b shiny ochre yellow very small rods Gram -
F 1443/10c shiny ochre yellow middle-size rads + Gram -
F 1443/11 | F 1443/11 ochre yellow very small rods + Gram -
F 1443/12 |F 1443/12a| middle ochre yelloy small long ro@ls + Gram -
F 1443/12b ochre yellow very small rods + +| Gram -
F 1443/12c ochre yellow small rods + +| Gram -
F 1443/13 |F 1443/13a small ochre yellow very small rogls + 4+ Gram -
F 1443/13b ochre yellow small rods + +| Gram -
F 1445/1* |F 1445/1a ochre yellow plane longish rods + 4 Gram -
F 1445/1b ochre yellow plane small rods + +| Gram -
orange creamy
F 1445/3 F 1445/3 consistence very small rods + -| Gram -
middle longish
F 1445/4 | F 1445/4 small white rods + Gram -
F 1445/5 F 1445/5 ochre yellow planeg very smalbrad + Gram -
F 1445/6 F 1445/6 ochre yellow plane longish rodss o+ + Gram -
F 1445/8 |F 1445/8a ochre yellow plane small rods + + Gram -
F 1445/8b ochre yellow plane small rods + Gram -
F 1445/ |F 1445/9a ochre yellow plane small long rogs + +# Gram -
F 1445/9b ochre yellow plane small rods + -| Gram -
very-very long
F 1445/10 | F 1445/10 ochre yellow plane rods + Gram -
F 1445/12 | F 1445/12 small creamy colour small spheds + + Gram -
F 1445/14 |F 1445/14a creamy colour very small rods + + Gram -
F 1445/14b| big ochre yellow plapevery small rods + + Gram -
small longish
F 1445/13 | F 1445/15a| big ochre yellow plane rods + + Gram -
F 1445/15b| big ochre yellow plapesmall short rods + + | Gram -

* Heterogeneity was determined in the morphology
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