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Bacillus cereusrom theBacillus cereuggroup species, which consist &acillus
cereus Bacillus thuringiensisBacillus anthracisBacillus weihenstephanensBacillus
mycoidesandBacillus pseudomycoidas one of the most frequently isolated bacterial
foodborne pathogens. Growth Bf cereusesults in production of several highly active
toxins therefore, consumption of food containing 1@ bacteria (spores)/g or toxins, is
sufficient to cause emetic and diarrhoeal syndroriee most common source of this
bacterium is milk and mixed food products that und milk powder, thus is of
particular concern in the baby formula industry.

In this study 138 strains d8. cereusgroup spp. were characterized based on their
phenotypic and genotypic features. The study d@eslainique DNA primers for use in
PCR and these were then tested via real-time PCRP@ER): (i) themotB gene
encoding the flagellar motor protein MotB was ussda PCR primer target. (ii)) New
primers and probes, targeting a hypothetical pnotanique only foB. pseudomycoides
strains were then developed. (iii) A RT-PCR assayetbped together with species
specific TagMan probes were able to differentidde weihenstephanensiand

B. pseudomycoidestrains. (iv) In addition multiplex PCR with primsetargetingmnotB
and a hypothetical protein proved successful intifleation of theB. cereuggroup spp.
with differentiation ofB. pseudomycoidedhis is the first description of a molecular
technique able to distinguidB. pseudomycoidelsom other members belonging to the
B. cereugyroup spp. and the first RT-PCR protocol to usanbtBgene as a diagnostic
target. The assays performed well with milk samm@edicially contaminated with
bacteria belonging to thB. cereuggroup spp. To analyze the ability to detect baaiter
spores, fat and nonfat milk was contaminated aedted to destroy spores or allow
germination.

The design of a hybridization probe for use in@sbnsor was then undertaken. The two
probes designed were optimised for a hybridisateattion using dot blot analysis: one
for the detection of all species belonging to Bheereuggroup spp., and the second for
detection only oB. pseudomycoidesrains. Currently DNA must be initially extracted
for analysis in a biosensor and the study testecetficiency of two commercial DNA
extraction kits. To be able to receive a signal thie biosensor from bacterial spores
present in milk, each sample should be pre-trebtethcubation of the milk for the
proper time and temperature.
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INTRODUCTION

1. INTRODUCTION

1.1. Foodborne pathogens

Foodborne diseases, which are caused by foodboatteogens, viruses and
toxins, are of serious public health concern (Walat al. 1979). The World Human
Organization (WHO) defined foodborne disease‘Any disease of an infectious or
toxic nature caused by, or thought to be causedh®s/consumption of food or water’
(WHO 2007).

Published on 26 April 2010 “The Community SummargpBrt on Foodborne
Outbreaks in the European Union in 2008” report&@8% wide spectrum of foodborne
outbreaks, involving 45,622 people, 6,230 hosm#tions and 32 deaths in the 27
member states. Most of the outbreaks were cause8abywonellasp., viruses and
bacterial toxins (EFSA 2010). Contamination withcteaial toxins includes toxins
produced byBacillus sp., Clostridium sp. andStaphylococcusp. Bacillus cereusnay
produce emetic and diarrhoeal toxins, and dependimghe type, the bacteria cause
severe nausea, vomiting and diarrhoea. Bacteridoared in approximately 25% food

products including milk and its products, meatcepj rice and noodles.

1.2. The genu$acillus

The genusBacillus is an aerobic or facultatively anaerobic part bg tfamily
Bacillaceae It is a large and heterogeneous collection of shdped, endospore-
forming bacteria widely distributed in the envirogm (Topley and Wilson 1990). The
anaerobic part of the family includes the gefilestridium which species does not
resume growth and cannot form spores if oxygenresgnt. Strains of the genus
Bacillus with a few exceptions, produce catalase which distinguishes bacilli from
clostridia. The endospores of bacilli are morestasit than the vegetative cells to heat,
drying and disinfectant, therefore endospore-fognmigpecies B. anthracis and

B. subtilig are more viable. The number of species belonginghis genus (Fritze
2004) increased to more than 222 recognized spd@é&sbuted across terrestrial and
aquatic habitats, including marine sediments €Kal. 2009). There are two reasons of
this rapid increase in named species: first, theld@ment of more diverse methods for
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enrichment and isolation of organisms. The seconas whe development of
sophisticated genotyping (Fritze 2004). Amplificatiand sequencing, in particularSL6
rRNA sequence, made the detection and identifinatibspecific bacteria simpler. It
overcame traditional biochemical tests and fatigsamethyl ester profiling, especially
for specific bacteria lacking distinguishable phigpac characteristics (Ket al.2009).
Bacteria belonging to the genBscillus are widely distributed in water, soil, and air
and because of their resistant spores presentgonshh the food processing industry in
controlling and preparation sterile and non stegileducts.

Bergey’s Manual of Determinative Bacteriology iwi@ely used international reference
work for bacterial taxonomy. Analysis of full letghigh quality 1& rRNA sequences
presented the phylogenetic subclusters within grugBacillus (Ludwig et al.2009):

a) Bacillus subtilis amyloliquefaciens atrophaeus mojavensis licheniformis
sonorensisvallismortis including the very likely misclassifidéaenibacilluspopilliae

b) Bacillusfarraginis, fordii, fortis, lentus galactosidilyticus

c) Bacillus asahii bataviensis benzoevorans circulang cohnii, firmus flexus
fumarioli, infernus jeotgali, luciferensis megaterium methanolicus niacini, novalis
psychrosaccharolyticusimplex soli, vireti

d) Bacillusanthracis cereus mycoidesthuringiensis weihenstephanensis

e) Bacillusaquimaris marisflavi

f) Bacillusbadius coagulansthermoamylovoransacidicola, oleronius
sporothermodurans

g) Bacillus alcalophilus arsenicoselenatjsclausii, gibsonii halodurans horikoshii
krulwichiag okhensisokuhidensispseudoalcaliphiluspseudofirmus

h) Bacillusarsenicusbarnaricus gelatini, decolorationis

i) Bacilluscarboniphilus endophyticussmithii,

j) Bacilluspallidus

k) Bacillusfuniculus panaciterrae

1.2.1. TheBacillus cereusgroup species

TheB. cereugyroup spp. is a highly homogenous cluster withmBacillus genus, and
consists of six speciedB. cereus B. thuringiensis B. anthracis B. mycoides B.
pseudomycoideandB. weihentephanensi¥hat group has been differentiated based on

their phenotypic characteristics, including pathogegotential. These bacilli is one of
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the most taxonomically ambiguous bacterial groupie@® 1993, pp.3-16). It is
controversial and several researchers have suggtsie these closely relates species
should all be grouped as member8otereugChanget al.2003). The G+C content of
the DNA of species within the genus can vary fro@63% (Drobniewski 1993).
Whereas high genetic relatednessBofcereus(sensu stricty B. thuringiensisand B.
anthracishas contributed to the suggestion that these threen members of a single
species,B. cereus sensu latoAlthough B. mycoides B. pseudomycoidegand B.
weihentephanensidiffer significantly in their ecological featuresndor symbiotic
associations with other organisms, they are geaibticlosely related and often as
varieties of the same taxoB, cereus sensu latAsh et al. 1991; Daffonchioet al.
2000; Helgasomet al.2000b).

The genetic diversity of thB. cereusgroup has been studied using pulsed field gel
electrophoresis (PFGE), multilocus enzyme elecwogdis (MEE) and amplified
fragment length polymorphism (AFLP) (Carlset al. 1994; Helgasoret al. 1998;
Helgasonet al. 2000a; Helgasoet al. 2000b). However, it is difficult to compare the
results because the described methods are difficudtandardize between laboratories
(Helgasoret al.2004).

In this group are transitional strains nanatillus sp. Ba813 These strains
carry chromosomal marker Ba813 characteristic éoyB. anthracisstrains (Olseret
al. 2007; Ramisset al. 1999). However, somB. cereusandB. thuringiensisstrains
may carry this chromosomal marker but other featufleemolysis of blood agar,
motility, penicillin resistance) are different théor B. anthracis

The B. cereusgroup spp., causing foodborne diseases, are Gositive, aerobic
and facultatively anaerobic, endospore-forming sbdped organisms commonly found
in water and soilB. cereushas been isolated from a variety of food: milk anik
products, meat, eggs, rice, beans, spices. Theg ofintaminate food during handling,
manufacture, processing, distribution or cookingustag decomposition or food
poisoning (Shinagawa 1993b). The vegetative calls grow from pH 4.5-9.3 and
temperature range 4°C-50°C. Based on temperatwansstcan be subdivided as
follows:

- mesophilic strains: able to grow above 10°C aB&C with optimal growth at

30°C-37°C,

- psychrophilic strains: able to grow at the tenapane close to 0°C with optimal

growth below 15°C, the ultimate growth tempera0eC,
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- psychrotrophic strains: able to grow below 10f@ aot at 43°C, the optimal
growth temperature is 20°C-35°C.

The pathology ofB. cereusto humans is mostly manifested through gastroienter
disorders. Outbreaks are not common due to the highber of organisms that are
necessary to cause infection, but the resistands tdxins to heat makes it a threat in
raw and cooked food.
In 2010 The European Food Safety Authority (EFSéparted about 124 outbreaks
caused byBacillus species in 10 European Union (EU) member stat@®@8. Only 45
of the Bacillus outbreaks were verified (36,3%) with 1,132 cas&k, cases were
hospitalized. The total number of outbreaks in Ei¢, including 27 member states,
caused byBacillus sp. toxins increased by 18,1% compared to 2003 (ilbreaks)
(EFSA 2010).

Bacillus cereus

The nameBacillus (rod) andcereus(wax) was named because bacteria on the
solid media have a waxy appearance (Frankland amocklnd 1887). Its endospores
can survive heat treatment and may germinate iirapds too slow. The optimum grow
temperature is 30-37°C howevBr cereusstrains able to grow below 7°C have been
reported. The bacterium is approximately lpbn®?wide, 3-um long and has a short
germination time, usually 20-30 minutes.
It was first recognized as a foodborne pathogelOu0, after an outbreak of diarrhoeal
food poisoning at a hospital in Oslo, Norway (Hau@55).B. cereusis commonly
isolated from soil and has been involved in foddtesl diseases (Drobniewski 1993).
The bacterium causes gastrointestinal illness lmgraé protein toxins (enterotoxins)
which elicit diarrhoea and one heat stable cereutiausing the emetic type of disease
(Agataet al. 1996). The diarrhoeal syndrome is caused by imggest cereuscells in
the food, followed by toxin production in the smaitestine. However, the emetic
syndrome is due to ingestion of the emetic toxodprced in food (Granuret al. 1993).
The diarrhoeal type is mainly associated with spspsices, meat products, vegetables
and milk products whereas the emetic illness widlstp, noodles, rice and pastry
(Shinagawa 1990).
Consumption of food containing 3Q0° bacteria or spores/g, is sufficient to cause
infection (EFSA 2005). EU regulation 2073/2005 twe tmicrobiological criteria for

foodstuffs details acceptable microbiological level food stuffs and sampling plans
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required to ensure the microbiological criteria aret (EC 2005). The EFSA summary
report onB. cereusin food (EFSA 2005) stated the lower numbers iadfavhich
resulted in a food poisoning outbreak was 3-4 leg gp Hazardous level of pathogen
can develop when food is held at temperatures legt\28-49°C for a long time.

Severe forms of disease causedbygereushave involved hospitalization or even death
(Dierick et al.2005). It has been demonstrated Batereusvas responsible for wound
and eye infection (Beechet al. 2000; Drobniewski 1993; Helgasat al. 1998), as
well as systemic infections and periodontitis (Helgnet al. 2000b). The bacterium
was identified as a causative agent of serioustioies in neutropenic (Henricksaet
al. 1989) and immunosuppressed patients and neorfatesotet al. 1999; Hilliard et
al. 2003).

Fricker et al. (2007) designed a TagMan based RT-PCR assay fectam of the
emetic B. cereusstrains in food. Amplification targeted a highlpesific part of
cereulide synthetased9 genes and was applied to identify the causatiyentof
emetic food-poisoning outbreaks. Ehling-Schuidz al. (2006) reported a simple
multiplex PCR assay which allowed detection ofkalbwn B. cereustoxins. Yamada
et al. (1999) designed a set of primers which alloweddifflerentiation theB. cereus
species from th&. cereugyroup. Primers targeted tlygrB gene, however, the authors

reported some reference strains which were notipesn the PCR amplification.

Bacillus thuringiensis

Bacillus thuringiensiss a common soil bacterium which was first idaatfin
1901 by Ishiwata as a pathogen of silkwoBorfibyx modi which causes sotto disease
and was nameBacillus sotto(lshiwata 1901 cited in: Anilkumar 2008). In 19itvas
isolated from dead Mediterranean flour moth lanEgghestia kuhniellaand named
B. thuringiensidy Ernst Berliner (Berliner 1915 cited in: Anilk@m2008).
B. thuringiensisoccurs naturally in the environment and is anahgathogen usually
harmless to human, although human infection mayrof@amgaarcet al. 1997). The
bacteria is extensively used as a biopesticide nagansect pests because of the
production of the crystal proteins encodedcbygenes and makes-endotoxins during
sporulation (Aronson and Shai 2006), cytolytic pnas, vegetative insecticidal proteins
and beta-exotoxin. The most widely group &rendotoxins (De Maagdt al. 2003;
Anilkumar 2008). In 1961 th8. thuringiensiswas registered in the United States for
use as a pesticide and reregistered in 1998 (Anougrh998).

5
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B. thuringiensisis the most diverse species in tBe cereusgroup and the
current nomenclature and classification can be doan theB. thuringiensisToxin

Nomenclaturehttp://www.lifesci.sussex.ac.uk/home/Neil Crickm@&.

Except for the production of the insecticidal pnese B. thuringiensiscannot be
distinguished fronB. cereus Classical microbiology methods, phospholipid datty
acid analysis, 15 rRNA sequence comparison (Schnegif al. 1998), multilocus
enzyme electrophoresis and PFGE (Carlebal. 1994)have been tested to distinguish
B. thuringiensidrom B. cereusMost of the results failed to make a distinctimiween
them.

Manzanoet al. (2003) reported amplification afyrB gene and restriction nuclease
technique (PCR-RE) that was able to distinguistwbehB. thuringiensis B. cereus
and B. mycoidesspecies. However, only 3 R. cereus 2 x B. thuringiensisand 2 x

B. mycoidestrains were used in this study.

The presence afry genes on extrachromosomal plasmid (Sche¢l. 1998)
and coding the insecticidal toxins is the only bkshed difference oB. thuringiensis
strains. When plasmids are |oBt, thuringiensiscan no longer be distinguished from
the rest of theB. cereusgroup spp. (Helgasoet al. 2000b). ManyB. thuringiensis
strains can transfer the plasmids to otBerthuringiensisor B. cereusstrains using
conjugation (Gonzalez and Carlton 1982, pp.85-95).

Based on different toxicity to insects, ti® thuringiensissubspecies have been
identified. The examples d&. thuringiensissubspecies and the insects that they affect
are: B. thuringiensissubsp.israelensis(mosquitoes and fliesB. thuringiensissubsp.
kurstaki (moths),B. thuringiensissubsp.aizawai (moths), and. thuringiensissubsp
tenebrionis(beetles) (Anonymous 1998; Tomlin 1997, pp.73-B3)thuringiensigo be
effective must be eaten by the insects which dienfithe infection (Kamrin 1997,
pp.535-539). Insecticidal proteins are releasethe alkaline gut and hydrolyzed to
toxins by proteases (Hofte and Whiteley 1989).

Bacillus anthracis

B. anthracisis an etiologic agent of an acute disease-ant{taxnitzky 2000).
It is a spore-forming bacterium therefore in unfaable or harsh environments it
hibernates as spores. After crossing into the muonanimals (generally cows, sheeps,
goats and ducks) with favourable growth conditidghey germinate and change into the

vegetative form which produces different toxinsulesg in most cases in death of the
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infected organism (Quinn and Turnbull 1998, pp.83a8). On shedding from the host
to the environment, they develop spores again whighthe source of the disease.
HoweverB. anthracislife cycle is possible in the soil when environrarconditions
are good for bacterial growth. Humans become irfkdafter contact with diseased
animal, animal materials, infected soil, or sparsed as a bioweapon. Spores can live
in the soil for many years and have been isolatech fanimal burial (bones) over 200
years old (Hudsoet al.2008).

Anthrax infection can occur in three different farnmhalation (after inhaling anthrax
spores);cutaneougbacterium can infect via injured skin); gastrointestinal(results
from the ingestion of undercooked meat from infdcémimals) (Anonymous 2007).
Except for Antarctica, anthrax spores can be fomnelvery continent. In each country
there are areas with an increased potential presei8. anthracisspores in the soil.
This may be caused through the burial of sick dmadals without disinfection or by
artificial contamination caused through delibem@atamination of a region (Van Eet

al. 2007). This situation happened in 1942 during 8exond World War, in the
Scottish Gruinard Island, where the British goveenintested a biological warfare
scenario by releasing. anthracisspores on the small island, to wipe out the sheep
population. For many years the island was quaradtiand visits to the island were
strictly prohibited. Starting in 1986, a determireftbrt was made to decontaminate the
island. On April 24, 1990 after 48 years of quaraGruinard Island was approved as
safe and the warning signs were removed (Maneted. 1983; 1981). Unfortunately,
anthrax is still known as one of the major biol@djiwveapons. In 2001, after the terrorist
air attack on the US World Trade Center and Thad@em, envelopes containing white
powder with lyophilized anthrax spores, were seninedia companies and politicians
offices. The strain used was a virulent, Ames strahich infected 22 people, with 5
mortalities (Anonymous 2007).

The bacteria produced two pathogenicity factotexan consisting of a protective agent
carried on the pXO1 (181kb) plasmid and a capsuteded by pXO2 plasmid (93.5kb)
(Hornitzky 2000). Three genepag lef andcya on pXOlplasmid, encode the three
secreted toxins proteins PA (protective antiger), (lethal factor) and EF (oedema
factor) (Hutson et al. 1993; Reif et al. 1994). Virulent strains are always:
pXO1'/pX02', whereas avirulent are characterized as: pX0D2", pXO1/pXOZ or
pXO1/pX0O2Z.



INTRODUCTION

Beside traditional microbiological techniques fdemtification ofB. anthracis different
molecular techniques exist. They use specific pmeteor genes as a target for
identification. The methods include: nested PCBeting the protective agepaggene
on the plasmid pXO1, as well as genes of the capgal) on pXO2 (Beyeret al.
1996); specific detection of CAP-C gene on the pX{¥smid by RT-PCR (Leet al.
1999); ribotyping of 16/23S rRNA genes; and detecting chromosomal margeB by
PCR (Qiet al.2001; Shangkuaat al. 2000). Serological procedures include ELISA in
plates coated with the protective agent compongtiteoanthrax toxin which appears to
be specific foB. anthracis(Anonymous 2002). An advanced technique for moimgpr
B. anthracisconsists of a handheld nucleic acid analyzer neeitfdANAA). DNA
extracted from three isolates were successfullyedesor thevrrA and capA genes
(Higginset al.2003).

Wang et al. (2004) developed a quantitative DNA chip for cleéeazation of
B. anthracis They combined multiplex PCR assay with arrayechared primer PCR
and a biotin-avidin alkaline phosphatase indicasystem. The assay based on
amplification ofpag, cap genes and Ba813 marker gave a positive resultalaeolour

reaction of alkaline phosphatase.

Bacillus weihenstephanensis

In 1998, Bacillus weihenstephanensigas suggested as a new species on the
basis of the sequence differences in rDNA and sblutk protein genes (Lechnetral.
1998). It is a psychrotolerant (psychrotrophicgtbaum, isolates of this species grow
at 4-7°C but not at 43°C, and it has become a @molh the refrigerated storage and
cold chain distribution for the food industry. Ragised milk and milk products are a
common source for isolation 8f weihenstephanengi€hristianssoret al. 1989).
Daffonchio et al. (2000) based on genetic relationship within sibecsps of the
B. cereugyroup, reported thd&. weihenstephanensigas closely related 8. mycoides
and B. pseudomycoidesn both genotype and phenotype. WhereBs, cereus
B. anthracisandB. thuringiensislustered in a separate group.
Lechneret al. (1998) designed a PCR assay with primers targétiegene encoding a
major cold shock proteincg§pA, specific for the differentiation of psychrotcheit
strains from mesophilic strains of tiBe cereusgroup. The high degree of similarity
(96-100%) of cspA gene showed phylogenetic relationship between gpecies.
However, analysis of the 171bp coding regiorsgAfrom differentBacillussp. strains
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indicated differences in two positions what allowddr differentiation of
psychrotolerant and mesophilic strains.

Stenfors and Granum (2001) used two different $eproners to differentiate the
psychrotolerant and mesophilic strains of Bhecereusgroup spp. Isolates which grew
at 4-7°C were identified using PCR with primergé&tingcspAgene and 18rDNA. In
the 16 rDNA assay, the primer pair amplified a 249bp prddrom mesophilic and a
132bp product from psychrotrophic strains. PrimiargetingcspA gene amplified a
160bp fragment of psychrotrophic strains. The athoeported problems in
differentiation using those criteria, as straindeato grow at 6°C and not at 43°C
showed three positive results for the PCR reactidifeey also found one strain
contained both types of rDNA, however, it was PCRative for the psychrotophic
cspA The authors also reported that there was no latioe between cytotoxicity and
growth temperatures and concluded that there ayehpstrophic B. cereusstrains
which cannot be classified 8s weihenstephanensis

Bacillus mycoidesand pseudomycoides

Bacillus mycoidesand pseudomycoidesare ubiquitous in soil and water and
toxigenic strains can be found within both spedBxsth species grow as white to cream
opaqgue colonies that show rhizoid growth on soliedra. The rhizoid filament
interferes in plate counting and makes it diffictdt obtain a pure culture. There are
aerobic, spore-forming, non motile rodyyni wide and 3-pm long. The optimum
temperature to growth is 28-30°C (Mantynen and & 1998).B. mycoidesvas
classified as a species in 1886, reclassified #b61@ibson and Gordon 1974, pp.529-
550) asB. cereusvar. mycoidesand again reclassified in 1986 Bs mycoidegClaus
and Berkeley 1986, pp.1105-1139).
Von Wintzingerodeet al. (1997) after analysis of its $6rDNA, defined an
oligonucleotide probe specific for thB. mycoidesstrains. Dot blot hybridization
allowed for rapid identification of this speciesrn B. cereus B. thuringiensisand
B. anthracis Hao et al. (2006) designed a quick identification Bf mycoidesfrom
B. cereusbased on an optimized BioMérieux Vitek32 methodhirfy biochemical
reactions could be done within 24 hours using BAéntification cards in the Vitek32
equipment.
B. pseudomycoidewas first distinguished fronB. mycoidesoy Nakamura in 1998

based on the gas chromatographic fatty acid medhigr analysis. The species was
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distinguished fronB. mycoidedy differences in 12:0 iso and 13:0 anteiso faitid
levels. Without fatty acid analysiB. pseudomycoidesannot be distinguished from
B. mycoidegNakamura 1998).

Bacillus sp. Ba813, transitional:

Patraet al. (1996) proposed a 277bp fragment (coding Ba81lXkenpas useful
for B. anthracisidentification. This DNA sequence is specific #r anthracisand is
missing in otheBacillus species and other genus. It is a chromosomal mapful
for identification avirulentB. anthracisstrains pXO¥pXOZ. However during their
study someB. anthracisstrains pXO¥pXO2Z strains were found that shared other
features withB. cereusor B. thuringiensis Those strains were named transitional
Bacillus sp. Ba813and were included in thB. cereusgroup spp. These strains carry
chromosomal marker Ba813 characteristic Bar anthracis strains, however, other
features (hemolysis of blood agar, matility, pelliitiresistance) are different than for
B. anthracig Ramisseet al. 1999).

1.2.2. Bacillus cereustoxins

There are two principal types of food poisoningssaliby theB. cereusgroup
spp. Bacterial growth results in production of texand ingestion leads to two types of
illness: emetic and diarrhoeal syndrome (Bomrgeal. 2001; Dierick et al. 2005).
Generally in both types of food poisoning, foochesat treated (cooking, pasteurizing)
and surviving spores (the source of toxins) gerteinand multiply when food is
inadequately refrigerated.

The emetic type is caused by a highly stable pegtdin that is performed in the food
(cereulide or emetic toxin). The diarrhoeal typeasised by protein toxin (enterotoxins)
which must be produced in the intestinal tract legatative growth of bacteria after
ingestion of the microorganism.

Enterotoxins are heat-labile proteins causing abdaimpain and diarrhoea after
incubation for 8-16 hours with duration time ohékss 12-24 hours (Notermans and Batt
1998). The minimum infection dose is®110 bacterial cells (Granum and Lund 1997).
Three types of enterotoxins involved in outbreakgehbeen identified. Two of them are
three-component proteins, named hemolysin BL (HBlWnd and Granum 1997) and

nonhemolytic toxin (NHE) (Lund and Granum 1996) Mtthe last is a one-component
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cytotoxin K (CytK) (Lundet al. 2000; Swiccicka et al. 2006). Some bacterial strains
can produce both three-component toxins while otbeteria only one (Lund and
Granum 1997).

The emetic type is effected due to a preformed Isoyalic peptide that is heat-stabile
and causes vomiting a few hours after ingestions Téxin is produced by growing
cells in food and consist of the ring structurdlote repeats of four amino and/or oxy
acids: [DO-Leu-D-Ala-L-O-Val-L-Val], This toxin is very apolar, heat-resistant and
pH-resistant (Agatat al. 1994). Incubation time of emetic syndromes is ®.bours
with duration 6-24 hours (Granum and Lund 1997)e Trifection dose for emetic type
ranges between 1A0® bacterial cells/g of food. The amount of expresserkulide
generally depends on the incubation temperature cutidire medium. The highest
toxicity was reported in 10% skim milk media in qoaned to others (e.g. BHI) (Finlay
et al. 1999). There are two known modes of action of Wete: first when the toxin
binds to the 5-HY receptor and through this stimulate the nervus sagfierent
inducing a vomiting reflex (Agat&t al. 1994); second, when cereulide is toxic to
mitochondria by interfering with their metabolictiann (Mikkola et al. 1999) and is
involved in liver failure in humans (Mahlest al. 1997). Emetic toxin producers are
usually isolated from: rice, noodles and pasta,distb from infant formulas and skim
milk powder (Holmeset al. 1981; Shinagawa 1993a). The most commonly used
technique to test the emetic toxin is HEp-2 vadimhadescribed by Hughest al.
(1988) with colorimetric modifications. The mitoatdrial swelling caused by purified
cereulide appears as cytoplasmic vacuoles in HEgH2. Sperm-based bioassay is also
a popular method for detection emetic toxin. Thahiéque is based on loss of motility
of boar sperm cells because of exposure tdBtheereusemetic toxin. Cereulide blocks
the mitochondrial oxidative phosphorylation which necessary for motility of boar
spermatozoa (Anderssat al. 1998). Ehling-Schulet al. (2004) first presented a PCR
assay for rapid detection 8f cereusemetic toxin. They successfully used the primers
targeting the DNA fragment of an unknown functiohieh was specific for emetic
toxin producing strains oB. cereus Following this research, Frickest al. (2007)
designed the real-time PCR (RT-PCR) assay for tteation of emetid3. cereus
strains in food. The assay targeted #tes gene encoding part of the cereulide
synthetase.

For detection of enterotoxi8. cereusstrains, PCR assays have been designed. Hansen

and Hendriksen (2001) reported a PCR analysis lier detection of enterotoxin-
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encoding genes iB. cereusandB. thuringiensis They successfully used six sets of
primers for detection of genes in NHE and HBL opsrand primers for the detection
of bceT gene encoding enterotoxin T. However, [Pl al. (1999) beside Southern
blotting analysis used the PCR assay with primengeting thenblA gene encoding the
binding subunit B of HBL. The authors determinedttRlBL enterotoxin was broadly
distributed among all species®f cereugyroup.

There are also commercially available immunologieaslsays: the BCET-RPLA
B. cereusEnterotoxin Test Kit (Oxoid) based on reversedspaslatex agglutination.
The test is specific to the L2 component of the dlgsin BL complex. The Tecra BDE
(Bacillus Diarrhoeal Enterotoxin) kit (Tecra Diagnosticssual immunoassay which
detects theB. cereusNheA subunit of NHE, using the double-sandwich yemz

technique.

1.2.3. Bacillus cereusn milk

Milk is a healthy food source for essential vitamiproteins and minerals. The
dairy sector plays an important role for Irelandhwé17,000 tonnes of drinking milk
and buttermilk used for consumption in 2009 (Anoows 2010).

Almost all viable bacteria present in milk are édl by pasteurization (Valilet al.
2003). This process relies on the principle thasinmacteria can be killed by heat.
There are three different types of milk pasteuraa{Smith 1981):

- High Temperature Short Time Treatment (HTST)-vehmilk for 15 seconds is

treated with 72°C.

- Low Temperature Long Time Treatment (LTLT)-tregtithe milk for 30

minutes at 63°C.

- Ultra High Temperature Pasteurization (UHT)-hegitmilk to 138-150°C for

1-2 seconds.

B. cereusis an important spore-forming bacteria, because sjpores are
ubiquitous in raw milk, survive the pasteurizatiprocess and produce enterotoxins
causing food poisoning (Granuet al. 1993).B. cereusspores in milk germinate more
effectively than any other bacilli spores (Wilkimsand Davies 1973). Germination of
spores before the pasteurization process is redugethcreases after pasteurization. It
increases their chances for surviving, growth ailét spoilage during storage. Spores

surviving the pasteurization step and growing &P@-are called psychrotrophs and can
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cause the milk to “go off”. Organisms associatethwdefects such as: sweet curdling,
bitty cream and off-flavours caused by producedginase, lipase and phospholipase
enzymes decreasing the shelf-life of the producediMet al. 1991). Wilkinson and
Davies (1973) found that the best heat activat@nperature for those strains was 90-
94°C for 15 seconds.

Moreover, theB. cereusspores are hydrophobic (Koshikaegal. 1989), and they can
adhere to the stainless steel surfaces of equipofeddiry industry (Anderssoat al.
1995). Attachment of the spores increases their feséstance (Simmonds al. 2003)
and they may germinate, multiply, form biofilms aresporulate (Anderssoet al.
1995). Those key features were investigated withan Microbial Functionality and
Safety Research program of the Wageningen CentreFémd Science (WCFS)
including mechanisms of biofilm formation (De Vries al. 2004b).B. cereuscan
contaminate the milk from soil, water and from p@mpocessing equipment and "milk-
stone” residue on bulk tanks. Becalgecereusspores are always present in the farm
environment (soil, faeces), it is impossible to idvthe presence dB. cereusin raw
milk.

B. cereuss also of particular concern in the infant forauidustry (Beckeet al. 1994;
Reyeset al. 2007). For these foods microbial control is achagwy ensuring a low
initial level of the bacteria in the product. Itncae achieved by using well-designed
equipment with effective cleaning methods to préveofilm formation. EU legislation
on the Microbiological Criteria for Foodstuff (Comsion Regulation (EC) No
1441/2007 of 5 December 2007 amending Regulati&@) (o 2073/2005) established
microbiological criteria between 50-500 CFU/g fawaered infant (below 6 months of
age) formula and formula for special medical pugsodyprianou 2007).

Two international norms are recommendedBorcereusisolation and enumeration in
food: ISO 7932:2004 (ISO 2004) and ISO 21871:20080( 2006). Apart from
B. cereusmany different Gram-positive and Gram-negativet&ada have been reported
in milk processing lines. Gram-positive microorgans include: B. subtilis

B. coagulansB. licheniformis B. circulans B. pumilus(Cosentincet al. 1997),Listeria
monocytogengsand Staphylococcus aureu¥Vhereas Gram-negativ€ampylobacter
jejuni, Escherichia coli Salmonella Typhimurium, and Yersinia enterocolitica
(Skanderbyet al. 2009, pp.180-234) have also been reported.

To improve the milk shelf life and food safety, thedustry developed different

preservation methods to control the microbial rsoilage. The current industry trends
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such as extended refrigerator storage time of raWk end extended storage of
pasteurised milk have served to enhance the impmetaf thermoduric psychrotrophs,
like B. cereuggroup spp. (Christianssat al. 1999; Zhouet al.2008).

1.2.4. Bacillus cereusspores

The B. cereusgroup spp. are sporeformers which form highlystasit particles
inside the cells, called endospores during spaauigtrocess. It enables bacterium to
survive extreme conditions: moist and dry heat, tAdiation, chemical solvents
(formaldehyde, nitrous acid) (Setlow 2005) ionizirggiation, mechanical abrasion,
antibiotics, pH extremes (De Vries 2006). Each spsrformed with the following
components: exosporium, coat, outer membrane, xcom@er membrane and core
(Gerhardt and Ribi 1964; Kozuka and Tochikubo 19Bg; Vries 2006). The coat
protects the core from UV radiation (Wilson and $ais1964) the membranes from
high pressure (100-200MPa) and low water conterthéncore makes the spore heat
resistant (Stein and Rogers 1945).

Spores oBacillus are present in many foods from harvest througlegssing. It causes
significant problems in the food industry, as ibals them to survive food processing
and conservation methods. Spore germination isngakeo the proliferation of
sporeformers, and their spoilage and poisoningootlf Germination is the process of
actively growing and dividing cells together withsing the resistance capacities.
Procedures exploiting spore germination may invaxposure to strong germinative
compounds, followed by inactivation of germinat@ores by a mild heat treatment (De
Vries 2006). Spores are equipped with special preteensors to choose the time of
germination. Sensors are located at the inner mamebrcalled germinant or nutrient
receptors and recognize conditions suitable fowgroGermination can be enhanced by
heat treatment and factors such as nutrients (sugamino acids) or physical factors
such as high pressure (100MPa-800MPa) (Aeretesml. 2005; Keynan and Evenchik
1969, pp.359-396; Paidhungat and Setlow 2000; Wkgaal. 2000).

The time required to destroy the spores dependtherstrain, temperature and type of
food. As Mikolajcik and Koka (1968) reported, héatated milk may create the
environmental conditions affecting spore germinatioutgrowth and proliferation of
vegetative cells. They analyzed that the time megufor all those processes at 35°C

was 124 minutes for heat-shocked spores in paseelrmilk to 355 minutes for
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unheated spores in raw milk. Xu and C6té (2006nitesd the thermal inactivation of
B. anthracisspores in cow’s milk. They determined that theim@t reduction time to
inactivate 90% of spores in milk ranged from 3.4L607 hours at 72°C and from 1.6 to
3.3 seconds at 112°C. Wilkinson and Davies (197&)tioned thaB. cereusspores in
pasteurized milk usually germinated more than y@her source. However, the nature
of the changes occurring in milk on heating anectfhg the suitability as germination
medium was not clear.

Kramer and Gilbert (1989, pp.22-70) reported thregrtral destruction of spores in skim
milk to be 100°C for 2.7-3.1 minutes. However, icerit was 22-36 minutes. Azanza
and Centeno (2004) evaluated the efficiency ofitgilon inactivation ofB. cereus
spores in rice. The authors found that heatingd@fQ@ for 5 minutes could reduce 90%
of the spores. The results were obtained by platingerminated spores, followed by
incubation and colony counting. In the first stagfegermination, the dipicolinic acid
(DPA) was excreted from the spore and water taken lu caused loss of spore
refractility and decreases of absorbence (De \20#}5; De Vrieset al.2005). De Vries
et al. (2004a) in the real-time quantification of spoegrgination ofB. cereusnvolved
fluorescence-based flow cytometry (FCM). They apedl thousands of spores in
germinating suspension and determined the kineficke response to the germinants.
The use of different fluorescent dyes in combimatizwith FCM allowed for
quantification of various specific stadiums of geration. Kuoet al. (2006) described
the plasma effects on the spores in a wet envirohmden arc-seed microwave plasma
torch was applied for studying the effects of atrkxygen onB. cereusspores in
solution. The results showed that the plasma efflean penetrate into the water and
kill the spores; the kill time was 10 seconds aegposure distance of 3cm, 24 seconds

at 4cm and 31 seconds at 5cm.
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Figure 1. Sporulating cells ofB. cereusNCTC 7464
Spores are visible as refractile bodies inside mather cells. Phase contrast microscope model,

magnification 1000x (this study)

1.3. Identification of theBacillus cereusgroup species

Identification and differentiation of th®. cereusgroup spp. can be performed by
traditional microbiological assays. This bactegabup consist of six, closely related
species which can be distinguished based on phginatifferences.

Criteria for differentiation the members of tBe cereusgroup are listed in Table 1.
Based on properties such as: motility, blood hesis|yrhizoid growth, penicillin
resistance/susceptibility, growth in a psychrotioplonditions and toxin crystal
production.

However, traditional, conventional laboratory teicues are time consuming, require
multistep analysis and pre-enrichment of the sampiarthermore, phenotypic
properties may not always be expressed or may fthieutli to interpret. Therefore
techniques based on molecular biology have advastaGenome analysis provides
better characterizing of tH& cereusggroup spp., it allows for more detailed analysis o
bacterial similarities and differences. Hybridipatiand amplification are one of the
most important and fundamental techniques baseth@rlouble helix structure of the
DNA and complementary base pairing which is thertheDNA technology (Drlica
2004; Junhuet al.1997).
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Table 1. Characteristics of theB. cereusgroup species

Motility |Hemolysis | Rhizoid Penicillin Crystal Growth

growth resistance/ | formation below
susceptibility 7°C
B. cereus + + - R - -
B. thuringiensis + + - R + -
B. anthracis - - - S - -
B. mycoides - + + R - -
B. pseudomycoides - + + R - -
B. weihenstephanensis  + + - R - +

1.3.1. Traditional techniques for theB. cereusgroup spp. identification

Conventional methods for the identification Bf cereusgroup spp. consist of
several selective plating methods, microscopic yaigl of cell morphology and
biochemical tests. All species hydrolyze starch aeduce nitrates, are mannitol
negative and usually egg yolk lecithinase positiVeey grow in the presence of
lysozyme and fail to produce acid from D-mannitStadhouders 1992). One of the
most popular media for testing tie cereusgroup spp. is PEMBA (polymyxin egg
yolk mannitol bromothyl blue) agar which is a séikee media developed by Holbrook
and Anderson in 198@or the isolation and enumeration Bf cereusin food. The
primary diagnostic features of the medium are: wi@loappearance, egg yolk hydrolysis
resulting in a precipitation zone around colonied ¢he failure to utilise mannitol (to
production acids from mannitol). Polymyxin B wasdad in order to inhibit Gram-
negative organism®. cereuss unable to metabolise mannitol which is the ardgbon
source in PEMBA medium. Addition of a pH indicat@@romothyl blue) allows
distinguishing between strain which can and canmoetabolise mannitol.
Metabolisation of mannitol causes a decrease theghlte and the colour changes to
yellow. B. cereuswill ferment peptides, proteins, and amino acitsteéad of mannitol
thus the pH will increase and the colour turns l§ldelbrook and Anderson 1980). The
second media is MYP (mannitol egg yolk polymyximgjaa developed by Mossel and
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Koopman (1967). This plating media differs from PEMin base composition but is
based on the same detection principles: charatitecislony appearance, precipitation
of hydrolysed lecithin and the failure to utiliseammitol. Phenol red is added as a pH
indicator. PEMBA together with MYP are recommendears for the identification and
enumeration ofB. cereuscolonies by food authorities such as the Inteomai
Organization for Standardization (ISO 7932/2004{12004) or the Food and Drug
Administration (FDA) (Rhodehamel and Harmon 1998).

Traditional biochemical tests for identificationdadifferentiation of thd3. cereuggroup
spp. are standardized and described in the FDAeBaligical Analytical Manual and
include: test for nitrate reduction, hemolytic ait}i, protein toxin crystals, Voges-
Proskauer reaction (production of acetyl methybaowol), lysozyme resistance (growth
in presence 0.001% lysozyme), test on MYP agar §ehamel and Harmon 1998).
One of the most popular, less labour-intensive eotical test is the BioMérieux API
commercial system. It is a standardized and minmd version of biochemical
techniques. BioMérieux recommends the API 50 CHE ki for identification of the
B. cereusgroup spp. The API 50 CHB strips, used in conjiamctvith API 50 CHB/E
Medium, are biochemical tests used to study feratemt of different substrates. Strips
enable the analysis of the metabolism of 49 carbaigs and are adapted to
identification theB. cereuggroup spp. in 48 hours. During incubation carbohigk are
fermented to acids which decrease the pH. Thisgiadetected by pH indicators that
change the colour of the used medium. Achieved ltsesmake up the bacterial
biochemical profile which is analyzed by apiW8bSOFTWARE V4.0 Version: 1.2.1
(BioMérieux® SA 69280 Marcy I'Etoile/France). Thigchnique was originally
developed by Logan and Berkley (1984). The BioMéxi®/itek2, fluorescence-based,
microbiology system is a commercial automated, BioRUx identification system
utilizing growth-based technology (Stager and Da¥82). The system accommodates
a colorimetric reagent BCL card which is incubated automatically interpreted. The
BCL reagent card is specific for identification @rgositive spore-forming bacilli. The
BCL card has wells that each contain an individigst substrate; it is based on
biochemical methods and newly developed subst(@®esus 2006, pp.1-32). 46 tests
are measured: carbon source utilization, enzynatiivities, resistance to antibiotics
(oleandomycin, kanamycin, polymyxin B) and inhibitiof growth by 6.5% NacCl. All
results are read, based on the growth patternanwtlls, using a computer system.

With almost 100% correct identifications of the moesmmonly isolated specie8.(
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cereus B. subtilis B. licheniformis B. pumilug and 93% correct identification overall,
the BioMérieux Vitek2 system represents an advancie identification of aerobic
endosporeformers (Halket al.2010).

1.3.2. Gas chromatographic fatty acid methyl estefFAME) analysis

Bacterial fatty acid methyl ester (FAME) profileeeaunique from one species to
another, which allows for the creation of microtkME libraries. The idea that fatty
acids analysis can be useful in identification atteria was presented by Absl al.
(1963). However, the first results of fatty acidAjFanalysis of the genuBacillus was
obtained by Kampfer (1994). Fatty acid contentadtbrial species is highly conserved,
its contents is also consistent for particularisgaTherefore the FAME analysis should
be performed for every taxon separately. FA caulifferentiated based on their chain
length, position of double bonds and binding of clisnal groups. Gram-negative
bacteria are composed of straight chains, where@am-positive branched chain (iso
and anteiso acids) are common (Dawyedtltal. 2006). Gas chromatographic (GC)
FAME analyses are now an automated identificatiool troutinely used in some
microbiology laboratories. The most popular sysfemmicrobiological identification
based on GC of extracted FAMEs is called MIDI Sbekl Microbial Identification
System (MIS, Microbial ID, Inc. (MIDI), Newark, Dalvare, USA). The National
Institute for Occupational Safety and Health (NIQStds validated the MIDI System
for the identification of aerobic bacteria (Pendasg 1998). Moreover, the Association
of Official Analytical Chemists (AOAC) approved thechnique forB. anthracis
identification (AOAC Method #2004.11) (Kunitskgt al. 2006, pp.1-18). The MIDI
research laboratory has found more than 300 faitysaand related compounds in the
bacterial cell membranes (Gluodenis and KutnitsRp4). Since 2007, when a new
sample preparation technique (Instant FAMEwas applied, rapid identification of
aerobes was possible in 15 minutes from pure @ultur

Lawrenceet al. (1991) published the results on differentiatiBn cereusand
B. anthracisby GC whole-cell FA analysis. The authors founghgicant differences
between the fatty acid patterns of those two spe@&eanilarly, Whittakeret al. (2005)
reported about two unique branched chains fattgt &mi B. anthracisandB. cereus
Analysis allowed for differentiation of those twpexies based on their vegetative cell
and spores using GC of FAME. Adasetsal. (2005) published the results of cellular FA

19



INTRODUCTION

analysis of four commercial preparationsBofthuringiensisstrains varkurstaki They
demonstrated the capability to detect the strainattan in the species due to
differentiate strain variants. However, the authamncluded that these analyses
identified only commercial products and more stwhs required to evaluate cellular
FA analysis of variouB. thuringiensigsolates. Nakamura and Jackson (1995) based on
differences in fatty acid profiles were able totidiguish theB. mycoidespecies from

B. cereus In 1998, Nakamura proposed the new speBepseudomycoidewhich
should be included in thB. cereusgroup spp. This species phenotypically is the same
as B. mycoides however, FA analysis showed significant difference acid
composition (Nakamura 1998). To dat, pseudomycoidesannot be distinguished

from B. mycoidesvithout FAME analysis (Lunat al.2007).

1.3.3. Molecular techniques for theB. cereusgroup spp. identification

Alternative approaches for detection and identiftca of the B. cereusgroup
spp. are DNA amplification and hybridization tedumes, which include the popular
amplification of unique DNA techniques (PCR, RT-PC& well as blotting assays.
Hybridization and amplification are the most importt and fundamental techniques in
this area. The techniques which are at the healNoA technology are based on the
double helix and complementary base pairing streaddi DNA (Drlica 2004; Junhugt
al. 1997). Only when nucleotides are base-paired,dihiéble stranded molecule is
formed (Watson and Crick 1953a,b)

Analysis of DNA sequence is the most precise toolnfiicrobial identification.
DNA contains more etiologically specific informatioabout evolution than the
traditionally used phenotypic techniques. It isoafsecisely defined and is relatively
simple to determine. There are two important detaihen using DNA for bacterial
identification: nucleotide sequences must contafficsent sequence variation and must
be universal in its distribution (Chamgal.2003).

The Polymerase Chain Reaction (PCR):

Developed in 1983 by Kary Mullis, amplification, meonly knownas a
polymerase chain reaction (PCR) is a widely used\@&thnique (Mullis and Faloona
1987, pp.189-204). This molecular assay enablegptbduction of many copies of a
specific DNA region between two known flanking bagair sequences (primers)
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(Fozdaret al. 2006, pp.141-162). Hybridization events are alswial in this assay. At
an optimized temperature two primers hybridize e tomplementary fragment of
DNA. To amplify the DNA fragments, a heat-stableyne {Taq polymerase) isolated
from Thermus aquaticysthermophilic bacteria that live in hot springs, required
(Leonardet al. 2003). Polymerase always initiates amplificatibrctzaracteristic points
on single stranded DNA (ssDNA) template that arendd by primers (Drlica 2004).
To achieve the ssDNA the double stranded DNA (dsPhMAheated at 94-96°C to
denature, and separate into two single strands.
Primers which are polynucleotide fragments of ssDiINAridize (annealing step) only
to complementary ssDNA template at defined tempeza{50-60°C). Following the
annealing of primers, the polymerase elongatesdmestrand by adding in the reaction
mix nucleotides complementary to base pairs of tate@NA at the temperature 70-
72°C.

PCR was the first nucleic-based assay for detegiatbogens (Leonardt al.
2003; Palchetti and Mascini 2008). This reactidaves for rapid and specific detection
of a wide range of bacterial species and it is @ gecedure for microorganism
detection (Carrino and Lee 1995; McPherson andéi2006).
The genomes of thB. cereusgroup spp. are closely related and attempts te tiat
design unique DNA primers allowing differentiatibas proved difficult. PCR was able
to detect significant differences between the smewihich was not possible by modern
approaches, such as pulsed-field gel electroptoi(@tGE), and multilocus enzyme
electrophoresis (Von Wintzingerods al. 1996). Hanseret al. (2001) designed the
PCR assay for detection of tBe cereuggroup spp. based on primers targeting th® 16
rDNA. The PCR analyses were performed with DNA framumber of nomB. cereus
group bacilli, confirming the specificity of the sa. Group specific PCR assay was
also described by Schraft and Griffiths (1995)ytdesigned three primers against the
cereolysin AB sequences for detection of egg ygl#trblysing Bacillus sp. Results
demonstrated the high specificity of designed prarfer isolates oB. cereusgroup
spp. Tseret al. (2000) also designed primers specific for amitiien of B. cereus
group spp. B16S1 and B16S2 primers targeted tiserRBIA for theB. cereusgroup.
This assay was successful in detecting all teBtembreusB. anthracis B. thuringiensis
andB. mycoidestrains.
A PCR assay to differentiate the species oBheereugyroup was reported by Yamada

et al. (1999). The authors used a molecular diagnostikenagainst the gyrase B gene
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(gyrB) encoding the subunit B protein of DNA gyrase. &hprimer sets were able to
amplify and differentiate betwedh cereusB. thuringiensisandB. anthracis
B. thuringiensiscan be discriminated from the other members oBtheereusggroup by
the PCR targeting thery genes. Over 100ry genes sequences encode the endotoxin
characteristic only foB. thuringiensisCeronet al. (1995) designed specific primers for
amplification conserved regions and identificateyl andcrylll genes. Bravaet al.
(1998) characterized the Mexic&n thuringiensisstrain collection by multiplex PCR.
This study included analysis with specific primarisich could detectryl, 3, 5, 7-9,
11-14 21. A PCR assay was designed by Aly (2007) which ws&LCR assay for the
detection of 5 differentcry (crylAa crylAcg cryll, cry2, cry3) genes in locaB.
thuringiensisisolates. All authors were able to successfullyedeB. thuringiensis
strains. However, some results (Cegdral. 1995) did not provide information about the
insecticidal properties of newly identifiedry genes. One PCR assay could not
distinguish between expressed and silent geney@Btaal. 1998). Thecry gene list is
still increasing and new primers are needed totifyerecently described genes.
Differentiation ofB. anthracisis generally based on amplification of genes ledain
two virulence plasmids: pXO1 and pXO2. The onlyadigantage is the inability to
detect plasmid-free strains. The ability to distirsfp B. anthracisis important for
epidemiological purposes and quality control ofome seed cultures (pXOpXO2)
(Hendersoret al.1994).

PCR is sensitive, specific and a very useful taeoldetecting small amount of
bacterial DNA in a sample (Leonaed al. 2003; Palchetti and Mascini 2008), but can
be limited by problems with the sensitivity of polgrase to environmental

contaminants, difficulties in quantification or ¢amination of the samples.

Real-time PCR:

Real-time PCR (RT-PCR), also known as kinetic P@Rantitative PCR
(gPCR) is a quantitative assay for the determinatibgene (template) copy number.
gRT-PCR also offers an alternative method for detemf bacterial contamination in
food. However, unlike conventional PCR, RT-PCR doed$ require post-reaction
sample handling and use of ethidium bromide, aimagen agent although safer stain
have been developed, e.g. SYBR®Safe. Moreovercti@teof the amplicon during the
early phases of the reaction results in increasegditivity of the RT-PCR over PCR
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(Prihaet al. 2004). This method is performed in a closed tusesn which prevents
the potential for PCR contamination in the labana(dleid et al. 1996).

In the reaction mix, different chemistries allow ftetection of the PCR product via the
generation of a fluorescent signal: SYBR Greeneamusnce specific labelled probes.
SYBR Green is a fluorogenic dye intercalating itite double-stranded PCR product
(Mackay 2004). This dye is very useful in detectiogv concentration of double-
stranded DNA, and exhibits fluorescence enhanceomm DNA binding and has high
affinity for DNA (Rengarajaret al. 2002). The limitation associated with most of the
intercalating dyes is their toxicity and cariogétyigproperties. Labelled probes offer a
major advantage over intercalating dyes: greateciBpity because primer-dimer and
non-specific PCR products are not detected (Heidal. 1996). Oligonucleotide
hybridization probes (i.e. Molecular Beacons, Smorg) and hydrolysis TagMan
probes give the fluorescence signal only in thesgmee of the target DNA. The
detection of those probes is based on Fluoresdeasenance Energy Transfer (FRET).
It is a distance-dependent interaction event betviwe dye molecules occurring when
a donor fluorophore and an acceptor chromophorenher) are in close proximity. In
every technique a fluorescent signal is generateenwa fluorophore (attached to one
end of ssDNA) is in a certain distance from thermher (attached to opposite end of
ssDNA). When these two chromophores are in proxintiie characteristic emission
spectrum-generated by the donor, is transferredhéo acceptor which returns the
fluorophore to its ground state without emissioowdver, when they are separated, the
donor is able to emit fluorescence uninhibited (Cachd Batt 2006, pp.413-425;
Epsteinet al.2002).

During work with SYBR green, analysis of the nmti(dissociation) curve is
necessary. It ensures that no other dsDNA, suclprasier-dimer or contaminating
DNA is included in the analysis. The melting cupesents a sudden decrease in
fluorescence, and occurs when 50% of dsDNA dissetassDNA after enriching the
melting point (Tm) and release of the SYBR greemsTemperature depends on G+C
content, length of DNA fragments, and sequenceroi@imgle peak indicate a single
product.

For the real-time PCR assay, sensitivity refetthéonumber of copies of a target
sequence that must be present in a sample in tirgrsitively identify the presence of
the pathogen (Johnsat al. 2005). The quantification arises by measuringatm®unt

of amplified product at each stage during the PGRlec The establishment of a
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standard curve using the quantitative real-time RGRRT-PCR) process is the key step
in determining the copy number of a given targegusace. gRT-PCR technology relies
on the ability to monitor fluorescence emitted frapecific double-stranded DNA
binding dyes or fluorophore-labelled probes thdiridize with target sequences during
the exponential phase of the PCR reaction such ghantification is accomplished
(Dorak 2006). In the amplification reaction, thessing point (Cp) in the PCR cycle is
the point where the fluorescence of a sample excdexibackground and a significant
increase in fluorescence is observed (Higwthal. 1993; Kontatis and Reed 2006). Cp
value corresponds to PCR product accumulation, ithisscorrelated with the starting
template amount. A lower Cp value implies a higtarting quantity of the nucleic acid
target.The standard curve method produces a linear pltheoiog of the initial copy
number for a set of standards versus Cp value (Eid®h and Mgller 2006).
Quantitation of the target amount in an unknown@aman be estimated by generating
a standard curve (Gentit al. 2001; Songet al. 2002).The Cp of unknown genes is
measured, and tletandard curve is used to determine their stadomy number.
A perfect amplification reaction should producetandard curve with an efficiency of
“2”, because the amount of target DNA should douwtatlé each cycle. Efficiency (E) is
an indication of how well the reaction has procee@@orak 2006) and is calculated
from the slope of the linear regression line (Ktistand Reed 2006; Pfaffl 2004, pp.87-
112; Rasmussen 2001, pp.21-34):

Ezld—l/slope]

RT-PCR is a newer technique than PCR, therefone thee limited publications
on B. cereusanalysis. Bellet al. (2002) developed the RT-PCR detection assay for
B. anthracis Primers and probes have been designed targéémagAgene on pXO1
plasmid andccapB gene on pXO2 plasmid. The assay was specifi@fanthracisand
the detection limit was 1 copy number. Kigh al. (2005) reported the multiplex RT-
PCR technique for the genotypic detection of Biecereusgroup andB. anthracis
based on melting curve analysis. Reactions incliledts of primers targeting genes:
sspEencoding chromosomal sequence motif found withépa@re structural genksf of
the pXO1 plasmid, andapC of pXO2 plasmid. Efficient amplification of all riget
genes and significant differences between amplgofim’s were necessary for
successful melting curves analysis. It allowed rfapid detectionB. anthracisand
B. cereusgroup. RT-PCR assay fdB. anthracis detection was also described by

Antwerpenet al. (2008). The authors designed specific primers &agMan probe
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targeting the chromosomal marker BA_5345 that adidvior efficient differentiation of
B. anthracisfrom otherB. cereuggroup spp. The limit of detection was 12.7 commes
reaction. To detect emet®. cereusstrains in food, Frickeet al. (2007) developed a
diagnostic RT-PCR assay based on unique primersTaggMan probe. The assay
targeted a highly specific part of the cereulidetbgtase gene¢g. The TagMan assay
was able to detect 10 CFU/g emdiccereusn food after 4-6 hours enrichment time.

The motB gene as a target to design PCR and RT-PCR for det#&on B. cereus
group spp.:

The most common motility mechanism used by bactsribe flagellum protein
structure attached to the bacteria surface. Thangement of flagella on the bacterial
surface varies between organisms. There can be rmdieyent variations, such as
peritrichous (or lateral), tufted polar (2-6 flaigglor single polar flagella (Winstanley
and Morgan 1997)B. cereusis motile due to its peritrichous flagella and sish of
three major domain: filament, hook and basal botlygnd Coté 2006). The filament is
powered by a protonmotive force (chemiosmotic piaén(Larsenet al. 1974) and
rotated by a motor in the plasma membrane. Thenéla length is 5-10m, and is a
part of the flagellar apparatus that performs hgdmic work. Each flagellum has a
conserved N- and C-terminal region, and a cenwatain which may vary in the size
and amino acid sequence.

The central region is build from a large numbeswabunits encoded aA, flaB and
fliC genes which form a helical structure and haveergfit functions, this region is
polymorphic and highly diverse (Farféhal.2009; Kondoh and Hotani 1974).

Raskoet al. (2004) reported different numbers of flagellin snits present in different
B. cereusgroup spp. straind. anthraciscontained only one gene wherdascereus
ATCC 14579 four andB. cereusATCC 10987 two. It was possible because different
flagellin were expressed under different conditioesulting in structurally, functionally
variable flagella. Lovgreret al. (1993) and Ankarlocet al. (1996) described two
different but highly homologous flagellin forms @aded by flaA and flaB)
incorporated into the flagella &. thuringiensissolates.

Domainal structure of flagellin genes are goodrragts for PCR amplification. Many
PCR assays for identification of particular ba@ersing flagellin genes are described in
the literature. Wayet al. (1993) designed a multiplex PCR to detect enviremial

isolatesSalmonellasp. primers targeted thé-li region of the H1 flagellin gendliC
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which is calledflaA or flaB in other species), region flanked by gene (encoding an
invertase enzyme) and H2 flagellin gefiéB(. Listeria sp. have also been identified
based on PCR using primers targetingflag gene (Gray and Kroll 1995). Oyofo and
Rollins (1993) and Rasmusset al. (1996) reported a PCR assay able to detect
Campylobactercoli and Campylobacter jejunusing primers specific folaA and/or
flaB genes. Detection was possible with a high seiitgitand specificity.

The hook section of the flagellum is a flexibleusture between the filament and basal
body and is made of about 120 copies of a protaleonle FIgE. Its flexibility permits
to transmit torque from the rotor (Samatgyal. 2004, pp.1062-1068).

The basal body anchors the flagellum to the badteell membrane and wall and is
build from the rings (Patenga al. 2001). It is a bacterial motor which consistsabr
and stator. Two rings of the rotor: M and S residethe cell membrane and are
surrounded by integral cytoplasmic membrane preteiiotA and MotB (Chun and
Parkinson 1988; Kojima and Blair 2004) which forretstator affixed to the
peptidoglycan. MotA/MotB complex acts as a protathgvay (ion channel) across the
cytoplasmic membrane and couples proton flow withgque generation. MotB is
essential for rotation and proton production (K@imt al. 2008) and has a highly
conserved peptidoglycan-binding motif in its C-terat periplasmic domain (Kojimat

al. 2009; Sowa and Berry 2008). This motif is well served among outer membrane
proteins such as OmpA, Pal and MotY (Kojiragal. 2008). The periplasmic region
(residues 149-269 in 309 amino acids fragment) ofBvshowed sequence similarity to
other OmpA-like proteins (Kojimat al. 2009), therefore MotB is classified as an outer
membrane protein OmpA.

Outer membrane proteins are located at the surbdcthe cell of Gram-negative
bacteria. Their main role is to provide integrioythe membrane by ensuring physical
linkage between the outer membrane and the undgrpeptidoglycan layer. Moreover
they play a role in bacterial conjugation (Skuri@yd Reeves 1974). OmpA shows
homology to the peptidoglycan domain of MotB. TérapA genes were found to be
useful for species identification. Nair and Venhk#eayanan (2006) developed the PCR
assay based on the regi@mpA gene unique forEnterobacter sakazakii (how
Cronobacter sakazahii Two specific primers amplified 469bp product d@hd limit of
detection was TOCFU/mI in infant formula. Stevenst al. (2010) designed and
evaluated a quantitative real-time PCR targeting dmpA gene for detection of

Chlamydia trachomatis Cell culture isolates from 15 prototypi€. trachomatis
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serovars were successfully identified. The autlapied the assay to test five hundred
clinical specimens. Kidcet al. (2008) reported of conventional and real-time PCR
assays for detection and differentiation of thettgubfever groupRickettsiain dog
blood. Specific primers targeted a small regiontted ompA gene and the limit of
detection was 15-30 copies of DNA for tradition&M and 5 copies for RT-PCR. The
species of infectindrickettsiawere identified, concluding that the above assaydd

be used to differentiate the species.

MotB gene was found to be highly conserved within Bhecereusgroup spp.,
therefore it was chosen in this study. The flagefjene was targeted to design unique
and specific primers and probes for detection, tifleation and differentiation of the
B. cereusgroup spp. Newly designed DNA fragments were chdckhy molecular
techniques including: PCR, RT-PCR and blotting teghes (dot blot).

Hybridization technique — dot blotting:

Blotting of nucleic acids is a general technique gbridization studies for
detection of specific DNA sequences. DNA is immiaiedl on nitrocellulose or nylon
membranes and incubated with a labelled probe Iésistranded) to detect the
hybridization sites with the target. There areatiéht analysis types used i.e. Southern
blot, dot blot and slot blot. Southern blotting tise transfer of DNA fragments
(enzymatically digested) from an electrophoresid ¢® the membrane. After
immobilization the labelled nucleic acid probe Ibwed to hybridize to the target on
the membrane. Dot and slot blots differ only in gemmetry of the blot. Dot and slot
blotting are simple techniques for immobilizing buinfractionated target DNA on the
membrane. Hybridization analysis with a labelledbg can be carried out to determine
the relative abundance of target (@taal. 1995; Pividoriet al.2001).

The probe is a nucleic acid molecule (ssDNA) witha#finity to specific target (DNA).
The probe binds to complementary DNA only, by bpaiing rules (Brown 1993a,b).
There are two different types of probes: gene mdhbout 500 bases and comprise all
or most of the target gene) and oligonucleotidebeso(18-50 targeting a specific
fragment within gene). The probes can be labellgd madioactive and nonradioactive
labels. Radioactive labelling includes isotopes *a8; *°S, '*1, *H and detection is
based on autoradiography. Nonradioactively labedsaa follow (De Muro 2005, pp.13-
23):
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- biotin detected with avidin or streptavidin folled by chemiluminescent
reaction with peroxidase,

- enzymes, such as horseradish peroxidise detéstedaction with a substrate
that changes colour,

- chemiluminescent chemicals detected by theit kgghission,

- fluorescence chemicals which fluoresce under ightl

- digoxigenin (DIG), the most effective system fabelling; anti-DIG antibody
linked with alkaline phosphatase is detected witlologmetric or

chemiluminescent alkaline phosphatase substragsG8DP).

The nucleic acid probes are widely used in detactibmicroorganisms. Detection of
unique target sequences allows for identificatibrpathogens in food, specimens or
confirms a disease. Oligonucleotide probes targesmall/large ribosomal subunits and
internal transcribed spacer regions have been ojgeelfor microorganisms, such as:
Borrelia sp., Clostridium sp., Campylobactersp., Candida sp., Helicobacter sp.,
Streptococcussp., and Rickettsia sp. (Ward et al. 1992, pp.219-286). Von
Wintzingerodeet al. (1997) designed the $6DNA oligonucleotide probe specific for
identificationB. mycoidestrains. The specificity of the probe was analyagdlot blot
hybridization with PCR products. An assay allowedrfpid identificatiorB. mycoides
strains in a large group of isolates. Giffel al. (1997) based on Southern blot
hybridization and oligonucleotide probe targetihg variable region V1 of TorRNA
were able to discriminatB. cereusand B. thuringiensisstrains. Probes hybridized to
PCR products were specific for those species dodiedl for their differentiation.

In blotting techniques, the specificity of the peols extremely important. If over
5% of the base pairs are not complementary, thbepwll hybridize loosely to the
target sequence. This causes the probe to be waslteduring the washing steps
(Childs 2000, pp.131-141). Therefore it is very artant to design target specific probe
and optimize the hybridization assay. Blotting alalbows for the detection of

interesting DNA sequence without false positive/andegative results.
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1.3.4. Standardization and validation PCR-based témiques

In designing a new diagnostic PCR/RT-PCR for theect®on of foodborne

pathogens the food industry requires and expeatslatdization and validation of those

techniques. Standardization aims at developmesihgfe standard PCR protocol.

A standardized PCR-based assay for the detectiofoarfborne pathogens should

satisfy the following criteria (Malorngt al.2003):

1.

Analytical and diagnostic accuracyalse-negative and/or false-positive results
should be low. A high degree of diagnostic accurnacio precisely detect the
target microorganism in the presence of a bioldgiwarix without interference
from nontarget components.

The detection limitfor pre-enriched samples the detection limit $ticae 10-

10" cells per ml of sample.

High robustnessthe method should be tolerant to chemical andsichYy
parameters as: quality of a template DNA, purityedgents, pippeting errors,

accuracy of PCR temperatures, and duration time.

. Amplification controlsin each reaction, positive and negative (reagentrol)

controls should be included.

Low carry-over contamination risko minimize the risk, separated working
areas, decreasing of pippeting steps and filtepsdshould be used.

Flexibility with respect to various sample matricesample preparation
techniques should be uncomplicated and not-timswoimg.

Acceptance by end-user

Other requirementsimplicity of the method and rapidity.

Validation of a standardized assay demonstratets thganew method generates

results which are comparable and aims to confiren gpecificity and reproducibility

when used by different laboratories. Validation dae accepted by international

organizations, such as: the Association of Ameri€remists (AOAC), European

Committee for Standardization (CEN) or InternatioDeganization for Standardization

(ISO).
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1.4. Biosensors

A biosensor is an analytical device that detecésismits and records information
about a biochemical change (Kintzios 2006, pp.76-89 has two main building
elements: a biorecognition layer and a transduideg. biorecognition layer is generally
biological based, which consist of biological matlsr needed for biomolecular
recognition. Different materials have been usedez®gnition elements: antibodies,
antigens, receptors, enzymes, cell and nucleisg€ldminguez and Acros 2006, pp.1-
22; Rivas and Pedano 2006). The recognition la/aftso responsible for the generation
of the bio-chemical signal. The signal is generardtwn the sensor layer and test
analyte interact. A nucleic acid recognition layer, comparison with enzyme or
antibodies, can be readily synthesized and regttefar multiple use (Wang 2000).
The transducer is responsible for transforminggéeerated signal after the biological
interaction. The response may be an electricabsidpat is amplified and converted into
a measurable response (Dominguez and Acros 200®. ifitensity of the signal
produced is usually proportional to the concentrabf the analyte to be detected (Fung
et al. 2006, pp.451-461). This signal can be further @med| processed or stored for
later analysis (Junhwt al. 1997; Velusamyet al.2010). Transducers used can measure
the signal by: optical, piezoelectrical, mass basedlectrochemical methods. Optical
transduction was widely used in the past becausedscence demonstrated inherent
high sensitivity; however this technique requiresstiumentation and numerical
algorithms for the interpretation of the results. durrent devices, electrochemical
transduction is the most popular because of thigin Bensitivity, simple design and
portability (Rivas and Pedano 2006).

The biorecognition layer, if using enzymes resuttsa biocatalytic reaction, while
affinity-based biosensors are devices which use BBduence, a receptor protein or an
antibody and measures chemical binding events §Rawval Pedano 2006; Rogers and
Mulchandani 1998).

Biosensor technology will in time replace the ttamhal, conventional
laboratory techniques which are labour intensivé tame consuming, require multistep
analysis and pre-enrichment of the sample in ths® a& microbial detection. PCR
technology will also be replaced as it requirescEdeed equipment and personnel
training. The miniaturizing of analytic sensorsoalk for lap-on-chip and point-of-care

feasibility.
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1.5. DNA based biosensors

A basic DNA biosensor is designed by immobilizingiagle strand of nucleic
acid on a special transducer. The recognition ofidementary molecule is based on
hybridization (Kermanet al. 2004). High specificity of nucleic acid base pays
between homologous strands of ssDNA is the bagsiipte for DNA biosensors
(Figure 2).

The hybridization relies on specific complementabetween the “DNA-probe” which
Is a specific sequence of single-stranded DNA &ed'DNA-target” — the sequence of
the sample to be detected by the sensor develgpstginet al.2002).

The strength of oligo immobilization and probe otaion play an important role in the
performance of a DNA biosensor (Wang 2000). Itasassary to consider the physical-
chemical properties of the analyte and the natéithe immobilized bio-element. The
immobilization methods depend on the type of trased and their application which
include:

a) adsorption (non-covalent binding) — simple aggon of the biocomponent

due to the hydrophobic interactions or Van Der Wdaices onto carbon, silica

gel, alumina or cellulose electrodes (Labustaal. 2006, pp.201-227; Wang

2000),

b) use of thiol-labeled DNA for self-assembly omjold transducer (covalent

binding; gold electrodes or gold-coated piezoeleciystals),

c) covalent linkage to the gold surface via funadib alkanethiol-based

monolayers (Wang 2000),

d) use of biotylated DNA for complex formation with surface-confined

avidin/streptavidin (Wang 2000). Avidin can be alttad directly to a carbon

surface (Marrazzat al.1999).
Sensitivity (to detect the lowest quantity of DNAhd selectivity (to detect point
mutation) are important issues in the developmdnDWNA biosensors (Rivas and
Pedano 2006).
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Figure 2. Schematic diagram of a DNA biosensor

The real advance of DNA technology can be obseirvélte detection and identification

of foodborne pathogens. The need for a rapid aretifp detection of foodborne

microorganisms leads to the development of seesitissensors for on-site detection of
pathogens. Most of the biosensors for bacteriabafiein use nucleic acid as a
biorecognition element attached to a transducem@tumad-Tahir and Alocilja 2004).

The main advantages of the use of biosensors irfothe safety is the short time of
analysis, low cost, but there is still a deficienaf portable, hand-hold systems
(Palchetti and Mascini 2008). Publications desngbthe detection of pathogenic
bacteria using DNA based biosensors are limitatlimber.

1.6. Bioinformatics

Bioinformatics is a new area of science that ussaputational approaches to
answer biological questions. It helps in the desajnexperimental work in the
laboratory. Bioinformatics incorporates expertisent biology, computer science, and
mathematics. Growing sequence databases allow rfaly@ng viral, bacterial and
eukaryotic organisms.

The National Center for Biotechnology Information NQBI,

http://www.ncbi.nlm.nih.goy/maintains one of the world’s most comprehensaregges

of molecular databases and is one of the most popugbsites. It allowed for creating
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public databases, developing software tools for lygiga the genomes, and
understanding of molecular processing. Tools in N@Bluded analysis of data (i.e.
BLAST) (Altschul et al. 1990), genetic sequences (in GenBank) (Berefcal. 2009),
index of research articles (PubMed) and other m&dron necessary in biotechnology.
In Europe there are additional centres e.g. Europdalecular Biology Laboratory
(EMBL) (Williams 1997) established in 1974. The &pean Bioinformatics Institute
(EBI) is an academic organisation and part of EM&dlled EMBL-EBI. It collects and
disseminates biological data as: EMBL-Bank (DNA aRNA sequences), UniProt
(protein sequences), PDBe (macromolecular strugfamed many others.

Another very helpful database providing accessitierdnt databases and molecular
analytical tools is EXPASY. Generally the ExPASYrvee includes protein
identification and analysis tools (Appet al. 1994; Gasteigeet al. 2003). However,
some analytical tools, such as Lalign, ClustalW @iain be applied in DNA analysis.

All described Bioinformatic Centres provide anatgti tools and are irreplaceable in
laboratory work. Most experiments can be desigmedl analyzed on site using virtual

programmes and softwares, decreasing possibleseaisy save time and money.
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The aim of this study

1. The phenotypic characterization of 138 strae®mging to theB. cereusgroup spp.
and 28 othemBacillus and nonBacillus strains, based on traditional microbiological
techniques.

2. Molecular characterization of tfge cereusgroup spp. by PCR, multiplex PCR, and
RT-PCR. It includes searching for unique sequerfoesthis group and designing
specific primers and TagMan probes.

3. Estimation the limit of detection of designedFZRT-PCR methods and calculation
of standard curves for RT-PCR assay. It allows&iimation the numbers of bacteria in
unknown sample.

4. Spiking of fat and nonfat milk with known amoy@FU) of bacteria belonging to
the B. cereusgroup spp., to estimate the efficiency of comnadrkits [Genomic mini
AX food (A&A Biotechnology) and DNeasy Blood & Tigs Kit (Qiagen)] for genomic
DNA extraction.

5. Contamination of fat and nonfat milk with knoamount (CFU) of bacilli spores to
elucidate the best method to release the DNA fsir aad quantification by designed
assays.

6. Designing a specific probe to be applied in tlgve biosensor able to detect the
B. cereusgroup spp. in milk. Probes and their specific ¢argpybridization were

optimized by existing techniques i.e. blotting teicjue.
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2. MATERIALS AND METHODS

2.1. Materials

2.1.1. Suppliers

Amersham Bioscience — now GE Healthcare.

A&A Biotechnology, Gdynia, Poland.

BD Difco, Le Pont de Claix, France.

Biolab Inc., Budapest, Hungary.

Bioline, The Edge Business Centre, Humber Rd., bon®iw2 6EW, UK.
BioMérieux SA, Marcy-I'Etoile, France.

Bio-Rad Laboratories, Hemel Hempstead, Hertforashik.
Fisher Scientific Ireland, Ballycoolin, Dublin, lead.

GE Healthcare, Little Chalfont, Buckinghamshire HINA, UK.
Invitrogen Life Technologies Ltd., Inchinnan BusssePark, Paisley, UK.
Fluka, Sigma-Aldrich Ireland Ltd., Dublin, Ireland.
Macherey-Nagel, Neumann-Neander, Duren, Germany.
Millipore Ltd., Watford, Hertfordshire, UK.

MWG Biotech AG, Fraunhoferstr, Martinsried, Germany
New England Biolabs Ltd, Hitchin, Hertfordshire, UK
OptiCult Plates-Cruinn Diagnostics Ltd., Dublirgland.
Oxoid, Cambridge, UK.

Promega, Southampton Science Park, UK.

Qiagen Ltd, Fleming Way, Crawley, West Sussex , UK.
Roche Diagnostics Ltd., Burgess Hill, West Sus&H«,

Sigma Aldrich Ltd, Airton Rd., Tallaght, Dublin 2#geland.
TIB Molbiol, Eresburgstrasse, Germany.

TSC Ltd., Lancashire, England, UK.
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2.1.2. Media and Supplements

Media and supplements were purchased from:

BD Difco (Le Pont de Claix, France)

Media:

Nutrient broth , per litre: beef extract 3.0g, peptone 5.0g.

Nutrient agar, per litre: beef extract 3.0g, peptone 5.0g, 44a0g.

Luria-Bertani (LB) broth , per litre: tryptone 10.0g, yeast extract 5.0g@ligm chloride
10.0g.

Luria-Bertani (LB) agar , per litre: tryptone 10.0g, yeast extract 5.0glism chloride
10.0g, agar 15.0g.

Plate count agar per litre: pancreatic digest of casein 5.0g, yeasact 2.5g, dextrose,
1.0g, agar 15.0g.

Starch agar, per litre: beef extract 3.0g, peptone 5.0g, ddadg, soluble starch agar
10g

Oxoid (Cambridge, UK)

Media:

Brain heart infusion broth, per litre: calf infusion solids 12.0g, beef hewfusion
solids 5.0g, proteose peptone 10.0g, sodium cldofiddg, glucose 2.0g, di-sodium
phosphate 2.5g.

Brain heart infusion agar, per litre: calf infusion solids 12.0g, beef hesnfusion
solids 5.0g, proteose peptone 10.0g, sodium cldoBidg, glucose 2.0g, di-sodium
phosphate 2.5g, agar 10.0g.

Bacillus cereusagar base per litre: peptone 1.0g, mannitol 10.0g, sodiumode
2.0g, magnesium sulphate 0.1g, di-sodium hydrogbeosphate 2.5g, potassium
dihydrogen phosphate 0.25g, sodium pyruvate 1@i@mothyl blue 0.12g, agar 15.0g.
MYP agar base per litre: meat extract 1.0g, peptone 10.0g, rntaht0.0g, sodium
chloride 10.0g, phenol red 0.025g, agar 12.0g.

MRS agar, per litre: peptone 10.0g, ‘Lab-Lemco’ powder 8.Qgast extract 4.0q,
glucose 20.0g, sorbitan mono-oleate 1ml,dipotassiydiogen phosphate 2.0g, sodium
acetate 3pD 5.0g, triammonium citrate 2.0g, magnesium suph@H0 0.2g,
manganese sulphate 4H0.05g, agar 10.0g.
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MRS broth, per litre: peptone 10.0g, ‘Lab-Lemco’ powder 8.@gast extract 4.0g,
glucose 20.0g, sorbitan mono-oleate 1ml,dipotass$iydiogen phosphate 2.0g, sodium
acetate 3bD 5.0g, triammonium citrate 2.0g, magnesium sulph@H0 0.2g,
manganese sulphate 4£H0.05g

Supplements for media:

Sterile egg yolk emulsion supplement foB. cereusselective agar base. 25ml were
mixed with 475ml sterile and cooled to 50°C aggpséemented with polymyxin B.
Polymyxin B (50.000 IU/vial), the contents of 1 vial (2ml) awds aseptically added to
the 500ml oB. cereusselective agar base enriched with egg yolk emuilsio

Powder media were dissolved in distilled water atetilised at 121°C, 15Ibs, for 15
minutes, unless otherwise stated.

Penicillin G disks, 101U

Fluka, Sigma-Aldrich Ireland Ltd. (Dublin, Ireland)
Nitrate broth, per litre: peptone 5.0g, meat extract, 3.0g, gsitem nitrate 1.0g.

OptiCult (Dublin, Ireland)

Columbia blood agar platescontain Nutrient agar and 5% sheep blood.

Biolab Inc. (Budapest, Hungary)
Mueller Hinton agar, per litre: 19.5g peptone, 1.5g starch, 17.0g.agar

Media prepared in the laboratory

ICPM medium, per litre: peptone 6.0g, glucose 5.0g, calciunba@aate (CaCg) 1.0g,
magnesium sulfate (MgSP 0.5g, potassium phophate (KD, pH 7.0 0.5g,
erythromycin 250g.

BioMérieux SA ( Marcy-I'Etoile, France)

Media:

APl 50 CHB/E medium: ammonium sulphate 2.0g, yeast extract 0.5g, angtl.0g,
phenol red 0.18g, mineral base (Cohen-Bazire) 1phdsphate buffer pH 7.8 1000ml.
Supplements:

NIT 1 (w/v): sulfanilic acid 0.4g, acetic acid 30g;®170ml.
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NIT 2 (w/v): N,N-dimethyl-1-naphthylamine 0.6g, acetm@d30g, HO 70ml.
Both supplements used in test for reduction ohtets to nitrogen.

2.1.3. General buffers and reagents

The recipes for solutions were obtained from Sawlkbrand Russel (2001)
and/or Ausubel (1997) unless otherwise indicatdd.nécessary, solutions were
autoclaved at 121°C, 15Ibs, for 15 minutes andest@t room temperature or in the
fridge (4°C). Chemicals were purchased from Signdriéh Ireland Ltd. (Dublin,
Ireland), Oxoid (Cambridge, UK) and Fisher Scieatifeland (Ballycoolin, Dublin,

Ireland).

Agarose gel-loading buffer 0.25% (w/v) bromophenol blue, 0.25% (w/v) Xylene-
Cyanol FF, 30% (w/v) glycerol solution. The solutievas filter-sterilized using a
0.22um Millipore filter.

Ampicillin : 100mg/ml stock was prepared with distilled waterd sterilized by
filtration (0.22um Millipore filter). Stored at -20°C but avoidegeated thaw/freeze.

Crystal violet (Hucker’s): solution was prepared by dissolving 2.0g crygialet (90%
dye content) in 20ml ethanol (95%); 0.8g ammoniuxalate was dissolved in 80ml
distilled water and two solutions were mixed togeth

Ethanol, molecular grade absolute (99%); other concentrations: 96%, 709865

20%, 10% were made by dilution of absolute ethanthl distilled water.

Ethidium bromide, 10mg/ml: 0.1g of ethidium bromide was added to the 10ml of
distilled water and stirred to complete dissolvaiglye using a magnetic stirrer.

Caution: this chemical is carcinogen.

EDTA (ethylenediaminetetraacetic acid), 0.5M, pH &: 186.1g of disodium EDTA-
2H,0 was added to 800ml of distilled water and stiwiggrously on a magnetic stirrer.
The pH was adjusted with solid NaOH. The disodiwatt ef EDTA will not go into
solution until the pH of the solution is adjustedapproximately 8.0.
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Isopropanol: Propan-2-ol 99.5%.

Lugol's iodine solution: 1g of iodine crystals and 2g of potassium iodimere

dissolved in 80ml distilled water and maked up @0ral.

Maleic acid, 1M: 11.6g of maleic acid was dissolved in 80ml otitled water. The pH

was adjusted to 7.5 and volume adjusted to 100ml.
Malachite green 5% 5.0g of malachite green was dissolved in 100mstiltid water.
McFarland standards (Table 2): were made up according to Chapin anddeedale

(2003, pp.729-748) by mixing together the specifdounts of 1% barium chloride
(BaCkL) and 1% sulfuric acid (}3$Q).

Table 2. McFarland standard

McFarland 1% BacCl, 1% H,SOq4 Corresponding
standard No. (ml) (ml) cell density
(10° CFU/m)

0.5 0.5 99.5 15

1 1 99 3

2 2 98 6

3 3 97 9

4 4 96 12

5 5 95 15

6 6 94 18

7 7 93 21

8 8 92 24

9 9 91 27

10 10 90 30

Phenol:chlorophorm:isoamylalcohol, 25:24:1, saturated with 10mM Tris, pH 8.0,
1mM EDTA.

Ringer’s solution, 1/4 strength:1 tablet was dissolved in 500ml distilled water.
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Safranin solution 0.25% 0.25ml Safranin O was mixed with 10ml ethyl alob{95%)
and adjusted to 100ml with distilled@.

Saline solution, 0.9% 0.9g of sodium chloride dissolved in 100ml oftillsd water.

Sodium acetate, 3M, pH 5.2408.3g of sodium acetate-3bl was dissolved in 800ml
of distilled water and pH adjusted with glacial &ceacid. Made up to 1 litre with
dH;0.

SDS (Sodium dodecyl sulfate), 10%10g SDS was dissolved in 100ml of distilled

water and heated to 60°C to assist dilution.

20xSSC, pH 7.0175.5g sodium chloride, 88.2g sodium citrate aigsd in 800ml of
distilled water and brought to 1 litre with eBl.

Tris-HCI, 1M, pH 8.0: 1219 Tris base was dissolved in 800ml distille®tnd the pH
was adjusted with concentrated HCI. The solutiolume was adjusted to 1 litre with
dH,0.

Basic fuchsin(dye content >88%) used in test for crystal foioratvas purchased in

Sigma Aldrich, Ireland.
For milk contamination the watepore suspension oB. thuringiensisATCC 29730

was used. The suspension was provided by BAG H&ate GmbH (Lich, Germany)

at a concentration of $@FU/0.1ml.
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Table 3. Solutions used in dot blotting

Solution

Composition/Preparation

Use

Washing buffer

0.1M Maleic acid, 0.15M
NaCl; pH 7.5 (20°C); 0.3¢9
(V/IV) Tween20

Removal of unbounded
b antibody

Maleic acid buffer

0.1M Maleic acid, 0.15M
NacCl; adjust with NaOH
(solid) to pH 7.5 (20°C)

Dilution of blocking
solution

Detection buffer

0.1M Tris-HCI, 0.1M
NaCl: pH 9.5 (20°C)

Adjustment of pH to 9.5

Denaturating solution

1.5M NacCl, 0.5M NaOH

Denation the dsDNA

Neutralization buffer

1.5M NaCl, 0.5M Tris-
HCI, 1ImM EDTA,; pH 7.2)

Neutralizing buffer

Post hybridization washin
buffers

gRI: 2xSSC, 0.1% SDS
RIl: 0.5xSSC, 0.1% SDS
RIIl: 0.1xSSC

Post hybridization washes

For developing the dot blot results, Kodak proagggsthemicals for autoradiography

films were used (Sigma-Aldrich Ireland Ltd., Dublireland):

GBX/Developer and replenisher 22ml diluted in 78ml of distilled water.

GBX/ Fixer and replenisher. 22ml diluted in 78ml of distilled water.

Amersham Hyper™ ECL High performance chemiluminescence film was puseba

from GE Healthcare Lmt (Buckinghamshire, UK)
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Table 4. Molecular biology reagents

Reagent

Content/
Concentration

Supplier

TagDNA Polymerase

SUu

Bioline (London, UK)

PCR buffer

10x

Bioline (London, UK)

Magnesium chloride

50mM

Bioline (London, UK)

dNTP, nucleotide mix

25mM of each
dNTP

1 Bioline (London, UK)

Primers 100M MWG (Eurofins MWG Operon,
Martinsried, Germany)
and TIB Molbiol (Eresburgstrasse,
Germany)

Agarose 1.0-2.0% (w/v) Sigma-Aldrich Ireland Lt®uplin,

Ireland)

TagMan probes M TIB Molbiol (Eresburgstrasse,
Germany)

EcoRlrestriction 10Upl Roche Diagnostics Ltd. (Burgess Hil

endonuclease West Sussex, UK)

Lysostaphin from 10U/l Sigma-Aldrich Ireland Ltd. (Dublin,

Staphylococcus (2mg/ml) Ireland)

staphylolyticus

Lysozyme from chicken| 100mg/ml Sigma-Aldrich Ireland Ltd. (Dublin,

egg white Ireland)

Proteinase K from 20mg/ml Sigma-Aldrich Ireland Ltd. (Dublin,

Engyodontium album Ireland)

RNase, DNase-free 509/ml Roche Diagnostics Ltd. (Burgess Hil
West Sussex, UK)

Quantitative DNA 200 lanes Bioline (London, UK)

markers:

HyperLadder I, IV, V

Lambda phage DNA 5 units Sigma-Aldrich Ireland Ltd. (Dublin,

from Escherichia coli Ireland)

host strain

Tween20 (endonuclease, Sigma-Aldrich Ireland Ltd. (Dublin,

exonuclease, Rnase free) Ireland)

DIG Easy Hyb Granules 6x100mi Roche Diagnostics (Bdirgess Hill,

West Sussex, UK)
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2.1.4.

PCR and RT-PCR oligonucleotides and probes

All primers were synthesised and purified by HPLEC Eurofins MWG

(Eresburgstrasse,

Germany). TagMan hydrolysis

(Eresburgstrasse, Germany).

grobey TIB Molbiol

The primers and probes used and designed in tidy sire presented in Table 5.

Table 5. Primers and probes used in this study

Primer/ Sequence Size Target in
Probe amplified
product

BCFompl 5ATCGCCTCGTTGGATGACGA-3 20nt 1-20

BCRompl 5CTGCATATCCTACCGCAGCTA-3 21nt | 575-555

BCFomp2 5-CGCCTCGTTGGATGACG-3 17nt| 1-17

BCFomp3 5-CGTTGGATGACGACTTTTACAG-3’ 22nt 1-22

BCRomp?2 5'-GATATACATTCACTTGACTAATACCG-3’ 26nt | 288-G3

BCRomp3 5-CATCTACTTGCTCCGTATCACTAAAC-3’ 26nt | 28863

BpmF 5-TAATTTAGGGGGGCATCTTTACTTTTC-3’ 27nt 1-27

BpmF2 5'-GTACATCAATTCAATCATTCAATAGA-3’ 26nt | 87-112

BpmR 5'-TTTCTATACCCAAAACTTAGATATGCTCATG-3' 31lnt | 22490

BpmR2 5'-CTATACCCAAAACTTAGATATGCTC-3’ 25nt | 217-193

S-S-Bc-200-a-S- | 5'-TCGAAATTGAAAGGCGGC-3’ 18nt | 1-18

18

S-S-Bc-470-a-S- | 5-GGTGCCAGCTTATTCAAC-3’ 18nt | 288-271

18

BcF2 5-CGAATTTGATAATGTGTGGATTC-3’ 23nt | 1-23

CSPU3 5-CCCGGATCCGGTTACGTTA(G/C)C(A/T)GCT-3’ 25nt| 171-147

BC1 5-ATTGGTGACACCGATCAAACA-3’ 21nt 1-21

BC2r 5-TCATACGTATGGATGTTATTC-3’ 21nt | 365-345

BT1 5-ATCGGTGATACAGATAAGACT-3’ 21nt | 1-21

BT2r 5'-CCTTCATACGTATGAATATTATTT-3’ 24nt | 368-345

R1 5-TTAATTCACTTGCAACTGATGGG-3' 23nt | 1-23

R2 5'-AACGATAGCTCCTACATTTGGAG-3’ 23nt | 152-130

MotB-FAM-1 FAM-TTCAAGCATCTTTGACAATTTTACTGCAT- 29nt 114-86
BBQ

MotB-FAM-2 5-FAM-TTCAAGCATCTTYGATAATTTTACTGTAT- 29nt 114-86
BBQ-3'
Y=CT

Bpm-FAM-1 5'-FAM-CTGAGAAGGTAGTCATACGCTATACATG- 28nt 161-134
BBQ-3'

DIG-BCRomp2b | 5'-DIG- 44nt No
TAAYGGTRTTAGTCAAGTGAATGTATATCGAGAGG amplificat
ATACAGGGG-3’ ion
Y=CT, R=A/G

DIG-Bpm 5'-DIG- 37nt No
TAGCGTATGACTACCTTCTCAGCTTAATATATACCT amplificat
A-3' ion
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2.1.5. Molecular weight markers

DNA molecular weight markers (Bioline) were as doits:

HyperLadder | produces 14 regularly spaced bands: 10.000, 8.6@®m0O, 5.000,
4.000, 3.000, 2.500, 2.000, 1.500, 1.000, 800, 800, 200 base pairs.

HyperLadder IV produces 10 regularly spaced bands: 1.000, 9(y), &, 600, 500,
400, 300, 200, 100 base pairs.

HyperLadder V produces 12 regularly spaced bands: 500, 400, 380, 200, 175,
150, 125, 100, 75, 50, 25 base pairs.

Each band corresponds to quantity of DNA. The idealding patterns are outlined in

Figure 3a).
1 v v
HyperLadder| HyperLadder V Hyperladder V
SIZE {bp} | ng/BAND SIZE (bp) | ng/BAND /BAND

10000 | 100 |

—— 8000 | 80 — % 1%

—— 6000 | 60 — 800 | 80

— 0| % — 70 | 70

— 3000 30 — B0 B0

— 2500 25 1
— 2000 20 — 500 50

—— 1500 | 15 — 400 40

2 =2 zSz=s® 3z 88 4

— 300 30

— 200 20

— 100 40

a) b)

Figure 3. Bioline quantitative DNA markers
a) shows the ideal pattern; b) shows the pattesermid with 1% (HyperLadder I) and 2% (HyperLadder

IV and V) agarose gel in the laboratory

2.1.6. System used in bacterial cloning

To obtain the RT-PCR standard curves based on ggnenumbers, the PCR products

were cloned into the commercial vector and mukighinE. coli strain (Table 6).
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Table 6. System used in bacterial cloning

System

pGEM-T Easy Vector

Promega

(Southampton, UK)

JM109

Bacterial strairk. coli

Promega

(Southampton, UK)

2.1.7.

A selection of commercial kits were used in experital

Table 7:

Commercial kits used in this study

Table 7. Commercial kits used in this study

analysis and are outlined

in

Kit

Use

Supplier

Genomic mini

for universal genomic DNA
isolation

A&A Biotechnology
(Gdynia, Poland)

Isolate Genomic DNA
mini Kit

for universal genomic DNA
isolation

Bioline (London, UK)

Genomic mini AX food

for DNA isolation from food

A&A Biotechnology

samples (Gdynia, Poland)
DNeasy Blood & Tissue for DNA isolation from food | Qiagen (West Sussex, UK
Kit samples

Wizard Plus SV
Minipreps

DNA purification system

Promega (Southampton,
UK)

Nucleospin Extract Il

for direct purification of FRRC
product (PCR clean-up, gel
extraction)

Macherey-Nagel
(Neumann-Neander, Diire
Germany)

LightCycler® TagMan®
Master

For PCR on LightCycler®
using hydrolysis (TagMan®)
probes

Roche Diagnostics Ltd.
(Burgess Hill, West Susse
UK)

DIG luminescence
detection kit

for detection of DIG-labelled
nucleic acids by enzyme
immunoassay

Roche Diagnostics Ltd.
(Burgess Hill, West Susse
UK)

=X
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Buffers and reagents supplied &gnomic mini for universal genomic DNA isolation

(for 50 isolations):

Wash solution

Total lysis solution

Tris buffer, 20mM, pH 8.0
Proteinase K
Minicolumns

Collecting tubes

50ml

12.5ml

25ml

1.1ml

hold up to 1ml
hold up to 2ml

Buffers and reagents supplied lgolate Genomic DNA mini Kit for universal

genomic DNA isolation (for 10 isolations):

Lysis buffer D
Binding buffer D
Proteinase K
Wash buffer
Elution buffer
Spin column D
Collection tube

5mi

2x2ml

0.3ml

eml

2x2ml

hold up to 1ml
hold up to 2mi

Buffers and reagents supplied Ggnomic mini AX Food for universal genomic DNA

isolation (for 60 isolations):

Wash solution

Lysis suspension
Elution solution
Equilibrating solution
Precipitation mix
Protease

Columns

Precipitation tubes

190mi
100ml
90ml
55ml
55ml
1.3ml
hold up to 5ml
hold up to 2ml

Buffers and reagents supplied bileasy Blood & Tissue Kitfor DNA isolation from

food samples (for 50 isolations):

Tissue lysis buffer

Lysis buffer

10ml
12ml
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Wash buffer (1) 19ml

Wash buffer (2) 13ml

Elution buffer 22m|
Proteinase K 1.25ml
Columns hold up to 1ml
Collecting tubes hold up to 2ml

Buffers and reagents supplied Wyzard Plus SV Minipreps DNA purification system
(for 50 isolations):

Cell resuspension solution 20ml

Cell lysis solution 20ml
Neutralization solution 30ml

Column wash solution 20ml

Alkaline protease solution 5pD
Nuclease free water 13ml

Wizard minicolumn hold up to 1ml
Collecting tubes hold up to 2ml

Buffers and reagents supplied Hycleospin Extract Il for direct purification of PCR

product (for 50 preparations):

Binding buffer 30ml

Washing buffer 2x7ml

Tris buffer, 5mM, pH 8.5 25ml

Extract columns hold up to 1ml
Collecting tubes hold up to 2ml

Buffers and reagents supplied hyghtcycler® TagMan® Master for PCR on
LightCycler® using hydrolysis (TagMan®) probes (#80 reactions)

Enzyme 5x30ul
Reaction mix 15x118
Water, PCR grade 7x1mi
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Buffers and reagents supplied BYG luminescence detection kitfor detection of
DIG-labeled nucleic acids by enzyme immunoassay5foblots of 100ch):

Labeled control DNA 5a
DNA dilution buffer Iml
Anti-digoxigenin-AP

(Fab fragments) 100
Blocking reagent 2x509g

CSPD (Disodium 3-

(4-methoxy-spiro

{1,2-dixetane-3,2’-

(5’-chloro) tricycle

[3.3.1.27] decan}-4-yl)

phenyl phosphate) Iml

2.1.8. Composition of the BioMérieux API 50 CHB tes used for

biochemical identification of theB. cereusgroup strains

Table 8. API 50 CHB test strip

Strip No. 1 Strip No. 2 Strip No. 3 Strip No. 4 Stip No. 5
0.Control 10.Galactose | 20a-Methyl- 30.Melibiose | 40.Turanose
1.Glycerol 11.Glucose 20.D- 31.Sucrose | 41.D-Lyxose
2.Erythritol 12.Fructose Mannoside 32.Trehalose | 42.D-Tagatose
3.D-Arabinose | 13.Mannose 21.0-Methyl- 33.Inulin 43.D-Fucose
4.L- Arabinose | 14.Sorbose D-Glucoside | 34.Melezitose 44.L-Fucose
5.Ribose 15.Rhamnose | 22.N-Acetyl- | 35.Raffinose | 45.D-Arabitol
6.D-Xylose 16.Dulcitol Glucosamine | 36.Starch 46.L-Arabitol
7.L-Xylose 17.Inositol 23.Amygdalin | 37.Glycogen | 47.Gluconate
8.Adonitol 18.Mannitol 24.Arbutin 38.Xylitol 48.2-Keto-
9.3-Methyl-D- | 19.Sorbitol 25.Esculin 3.Gentibiose | Gluconate
Xyloside 26.Salicin 49.5-Keto-

27.Celiobiose Gluconate

28.Maltose

29.Lactose
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2.1.9.

Table 9. Laboratory equipment used in this study

General laboratory equipment used in this gty

ltem Model and/or Manufacturer
-20°C freezer unit Whirlpool Italy
-85°C freezer unit NUAIRE MN USA
Autoclave OT 012 Nuve
Biofuge centrifuge Heraeus

Block Heater Stuart SBH130

Camera Canon Power Shot A570 IS;
Kodak digital science, electrophoresis documentati
and analysis system, version 2.0.3. Scientific imgg
Centrifuge Heraeus Biofuge Stratos Centrifuge
Eppendorf pipettes P10, P20,P200, P1000, Eppendorf

Exposure cassette

Kodak BioMax (8'x10"), Sigma+Add

Gel Electrophoresis system

Mini-Plus, Horizon 58

Gel documentation System

Gene Genius Bio ImagirsgeBy (GelDoc), Syngene

Gilson pipettes

P10, P20, P100, P1000, Gilson Ltd

Incubator/Oven
(hybridization/shaking)

Stuart SI30H

Labtop cooler

Nalgene

LightCycler®, Carousel-
Based System

LightCycler®1.2, Roche

LightCycler®, Well Plate-
Based System

LightCycler®480, Roche

Magnetic ministirrer

230V, 50Hz, Fisherbrand, FisBeientific

Magnetic stirrer hotplate

230V, 50Hz, 630W, Fisharid, Fisher Scientific

Microscope

Olympus system microscope model CX41

Microwave

Samsung TDS

Microcentrifuge

Hettich Mikro 120, ALC Inc.

Microcentrifuge, refrigerated

FRESCO 17, Thermo Scientific Heraeus

Miximatic vortex

Press-To-Mix 220V/60Hz, Snijders

Orbital Shaker Incubator

GFL Shaking incubator 3033

Oxoid Disk Dispenser

Oxoid

pH Meter

pH/mV, 230V, 50Hz, Hanna Instruments

Protect bacterial Preservers

Technical Service dtargs Ltd

Rocker

230V, 50Hz, 235mm x 235mm, Stuart

Scanning JEOL Carryscope JCM-5700
Electron Microscope
Shaker/Rocker Stuart SSL4

Shaking incubator

Stuart SI500

Spectrophotometer UV-VIS

Spectronic Genesys 20

Spectrophotometer

NanoDrop-1000, Fisherbrand gFiShientific

Sputter coater for SEM
sample preparation

Emitech K550

Thermal cycler

Perkin EImer GeneAmp 2400 Appliedsgstem
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Thermal cycler Techne TC-312, Techne Endurance

UV Crosslinker HL-2000 HybriLinker, UVP Upland, C#L786 USA
UV Lamp, Compact UVGL-55, UVP,LLC

UV Transilluminator UVP Benchtop 3UV, Ultra Violet Products, Inc.
Water bath Clifton, Bennett-Scientific

2.1.10. List of the bacterial strains

The list of bacterial strains used in this studg described in Table 10. They
were obtained from the National Collection of Typeltures (NCTC), London, UK; the
American Type Culture Collection (ATCC, Middlese¥K); Mid Western Regional
Hospital, Limerick (MWRH), Ireland; the German Gadtion of Microorganisms and
Cell Cultures (DSMZ), Germany; thBacillus Genetic Stock Center (BGSC), Ohio
State University, USA;

Some strains, particularly described in Supplenmgnitable A and Table 10,
were kindly provided by: Dr. Stenfors Arnesen (Negman School of Veterinary
Medicine, Oslo, Norway), Dr. A. H. Bishop, Univeassbf Greenwich, UK, Dr. Ehling-
Schulz (Technische Universitat Minchen, Germany), Boura Raddadi (Milano,
Italy), Dr. Kieran Jordan (Moorepark Food Resedtantre, Cork, Ireland); all th.
mycoides/pseudomycoidetrains were provided by Dr. Swiecicka, University of
Biatystok, Poland; Bacteria  with rhizoid growth  ssified as
B. mycoides/pseudomycoideithout further discriminationSwiecicka and Mahillon
2006).

B. anthracisstrains were provided and tested in the laborabatly biosafety level 3
containment facilities in the Military Institute ¢dygiene and Epidemiology, Putawy,
Poland.B. thuringiensisand transitional strains nameBacillus sp. Ba813 were also
tested. These strains carry chromosomal marker Bad@aracteristic foB. anthracis
strains however other features (i.e. motility, hgmee of blood agar plates, penicillin
resistance) are similar to other strains of Biecereusgroup spp. and not t8.
anthracis
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Table 10. List ofB. cereusgroup strains used in this study

Bacterial strain Species Source Collection
Source
NCTC 7464/DSM )
9378/ATCC 10876 B. cereus Contaminated flask NCTC/DSMZ
. UL laboratory
BCSUL1 B. cereus Soil strain
. UL laboratory
BCSUL2 B. cereus Soil strain
6A1 B. cereus BGSC BGSC
6A2 B. cereus BGSC BGSC
6A3 B. cereus BGSC BGSC
6A4 B. cereus BGSC BGSC
6A6 B. cereus BGSC BGSC
6A7 B. cereus BGSC BGSC
6A15/ATCC 10987 | B. cereus BGSC BGSC
6E1 B. cereus BGSC BGSC
BMeSUL1 B. cereus Soil UL Iaboratory
strain
BCEUL1 B. cereus Food (curry UL Iabo_ratory
powder) strain
BCFUL2 B. cereus Garlic mayonnaise ut Igtl?girr?tory
UL laboratory
BCFUL4 B. cereus Food strain
BCFUL6 B. cereus Whipped cream uL Iabo_ratory
strain
UL laboratory
BCFUL7 B. cereus Food strain
UL laboratory
BCFULS8 B. cereus Food strain
BCFUL9 B. cereus Sea food powder uL lgt? girr?tory
BCFUL10 B. cereus Powder milk UL Iabo_ratory
strain
BCFUL11 B. cereus Powder milk UL Iabo_ratory
strain
DSM 31/6A5/ATCC B. cereus Type strain DSMZzZ/BGSC
14579
DSM 4312 B. cereus Food poisoning DSMZ
incident
6A48/WSBC 10312 | B. cereus Kurkuma root BGSC
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Dairy products/milk

6A51/ 4/1(m1278) B. cereus products BGSC
ATCC 13472/6A10 | B. cereus N/A ATCC
BCMUL1 B. cereus Milk This study
BCMUL2 B. cereus Milk This study
T7-019 B. thuringiensis N/A MIHE
T7-030 B. thuringiensis N/A MIHE
T7-055 B. thuringiensis N/A MIHE
T7-101 B. thuringiensis N/A MIHE
T07-001 B. thuringiensis IEBC T07-001 MIHE
TO7-005 B. thuringiensis IEBC TO7-005 MIHE
TO7-113 B. thuringiensis N/A MIHE
TO7-128 B. thuringiensis N/A MIHE
TO7-146 B. thuringiensis IEBC TO7-146 MIHE
TO7-148 B. thuringiensis N/A MIHE
TO7-151 B. thuringiensis N/A MIHE
TO7-153 B. thuringiensis N/A MIHE
T07-202 B. thuringiensis IEBC T07-202 MIHE
H36 (T36 001) B. thuringiensis IEBC T36-001 MIHE
. Insect (diseased
ATCC 33679 B. thuringiensis insect larvae) MIHE
ATCC 35646 B. thuringiensis Sewage Israel MIHE
Lo . UL laboratory
BTSUL7 B. thuringiensis Sall strain
o UL laboratory
BTFUL1 B. thuringiensis Food strain
DSM 2046/ATCC B. thuringiensis Mediterranean flour MIHE
10792 (Berliner) moth
B. thuringiensis :
DSM 6029 (Berliner) Type strain DSMZ
B. thuringiensis :
DSM 6032 (Berliner) Type strain DSMZ
DSM 6017 B. th_unnglen5|s Spodoptera litura DSMZ
(Berliner) on sweet potato
DSM 6025 B. thuringiensis Cadra figulilella DSMZ
(Berliner)
Airborne
contaminant
DSM 6094 B. th_unnglenS|s isolated from a DSMZ
(Berliner) plate culture of

Bacillus

thuringiensis
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Diseased
Pectinophora
DSM 6102 B. thgrlnglenss gossyplella_ln DSMZ
(Berliner) mass-rearing
program at
Brownsville, TX
DSM 6107 B. thgrlnglenss Notodonta ancera DSMZ
(Berliner) moth
BT1 Bt subsp.israelensis Sall Dr. A.H. Bishop
BT2 Bt subsp morrisoni Soill Dr. A.H. Bishop
BT3 Bt subsp.kurstaki Sall Dr. A.H. Bishop
. : UL laboratory
BMFUL1 B. mycoides Raw milk Strain
. . UL laboratory
BMSUL1 B. mycoides Sall strain
BMSUL2 B. mycoides Soil UL laboratory
strain
6A11/ F95/1883 B. mycoides N/A BGSC
6A13/NRS .
306/ATCC 6463 B. mycoides N/A BGSC
6A14/Gibson 71 B. mycoides N/A BGSC
6A20/ATCC 11986 | B. mycoides N/A BGSC
6A12/ F96/3308 B. mycoides N/A BGSC
6A19/ATCC 31101 | B. mycoides Sall BGSC
6A47/WSBC 10277 | B. mycoides Dairy product BGSC
6A49/WSBC 10360 | B. mycoides N/A BGSC
6A68 B. mycoides Soill BGSC
A81 B. mycoides Soll Dr. N Raddadi
Novl B. mycoides Maize rhizosphere Dr. N Raddad
Nov2 B. mycoides Maize rhizosphere Dr. N Raddad
BiF B. mycoides Soil Dr. N Raddadi
BmF B. mycoides N/A Dr. N Raddadi
DSM 307 B. mycoides Soil DSMZ
DSM 309 B. mycoides Corn leaf DSMZ
DSM 384 B. mycoides Onion roots DSMZ
Bm/Bpm PID 1/21 | B: mycoides Milk Dr. I. Swiecicka
/pseudomycoides
Bm/Bpm PID 2/43 | B: mycoides/ Milk Dr. I. Swiecicka
pseudomycoides
Bm/Bpm PID 32 | B: mycoides/ Milk Dr. I. $wiecicka

pseudomycoides
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B. mycoides/

Bm/Bpm GRD 1/17 . Milk Dr. I. Swigcicka
pseudomycoides
Bm/Bpm GRD 2/71 | B: mycoides/ Milk Dr. I. Swiecicka
pseudomycoides
Bm/Bpm 1/1 B. mycoides/ Sow bugs Dr. ISwiccicka
pseudomycoides
Bm/Bpm 1/2 B. mycoides/ Sow bugs Dr. ISwiccicka
pseudomycoides
Bm/Bpm 17/3 B. mycoides/ Sow bugs Dr. ISwiccicka
pseudomycoides
Bm/Bpm 22/2 B. mycoides Sow bugs Dr. ISwiccicka
/pseudomycoides
Bm/Bpm 29/2 B. mycoides : Sow bugs Dr. ISwiecicka
/pseudomycoides
T . . Dr. M. Ehling-
WS 3118 B. pseudomycoides Soill Schulz
. . Dr. M. Ehling-
WS 3119 B. pseudomycoides Soill Schulz
. . Dr. M. Ehling-
WS 3120 B. pseudomycoides Soill Schulz
DSM 12442 B. pseudomycoides Sall DSMZz
DSM 12443 B. pseudomycoides N/A DSMZ
B346 B. pseudomycoides Soil Dr. N Raddadi
B618 B. pseudomycoides Soil Dr. N Raddadi
A82 B. pseudomycoides Soil Dr. N Raddadi
TP1 B. pseudomycoides Soil Dr. N Raddadi
DA B. pseudomycoides Soil Dr. N Raddadi
5)082|\3411821NVSBC B. weihenstephanensis Pasteurised milk DSMZ
WSBC 10389 B. weihenstephanensis Pasteurised milk Dr. L.P. Stenfors
Arnesen
WSBC 10392 B. weihenstephanensis Pasteurised milk Dr. L.P. Stenfors
Arnesen
WSBC 10405 B. weihenstephanensis Pasteurised milk Dr. L.P. Stenfors
Arnesen
WSBC 10416 B. weihenstephanensis Pasteurised milk Dr. L.P. Stenfors
Arnesen
WSBC 10201 B. weihenstephanensis Pasteurised milk Dr. L.P. Stenfors
Arnesen
WSBC 10045 B. weihenstephanensis Pasteurised milk Dr.. Monika
Ehling-Schulz
WSBC 10206 B. weihenstephanensis Pasteurised milk Dr_. Monika
Ehling-Schulz
WSBC 10364/6A50 B. weihenstephanensis Soil Dr_. Monika
Ehling-Schulz
WSBC10202/6A46 | B weihenstephanensis  pasteurised milk BGSC
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BWMUL1 B. weihenstephanensis pgasteurised milk This study
BWMUL2 B. weihenstephanensis Pasteurised milk This study
BWMULS3 B. weihenstephanensis pgasteurised milk This study
BWMUL4 B. weihenstephanensi$ pgsteurised milk This study
BWMULS5 B. weihenstephanensis Raw milk This study
BWMULSG B. weihenstephanensis Raw milk This study
BWMUL7 B. weihenstephanensis Raw milk This study
Sterne 34F2 B. anthracis Sterne vaccine MIHE
211 B. anthracis cow spleen MIHE
1583 B. anthracis N/A MIHE
1584 B. anthracis N/A MIHE
#6 (1/2) Bacillus sp. Ba813+ Soill MIHE
#7 (11/3) Bacillus sp. Ba813+ Sall MIHE
#11 (9594/3) Bacillus sp. Ba813+ Station effluent MIHE
#13 (PC1) Bacillus sp. Ba813+ N/A MIHE
#15 (11614-2) Bacillus sp. Ba813+ N/A MIHE
#16 (PJ572) Bacillus sp. Ba813+ N/A MIHE
#17 (094) Bacillus sp. Ba813+ N/A MIHE
#18 (T2 97-76) Bacillus sp. Ba813+ Saoll MIHE
#19 (T5 97-77) Bacillus sp. Ba813+ Soll MIHE
#21 (T11 97-79) Bacillus sp. Ba813+ Sall MIHE
#22 (BU-1B) Bacillus sp. Ba813+ N/A MIHE
#23 (llI-BL) Bacillus sp. Ba813+ N/A MIHE
#24 (llI-BS) Bacillus sp. Ba813+ N/A MIHE
#25 (97-27) Bacillus sp. Ba813+ Human wound MIHE
#28 (1) Bacillus sp. Ba813+ N/A MIHE
#29 (1V) Bacillus sp. Ba813+ N/A MIHE
#31 Bacillus sp. Ba813+ N/A MIHE
#3403 Bacillus sp. Ba813+ N/A MIHE
775 Bacillus sp. Ba813+ DES:?G' dpg(')"\’NOf MIHE
ZL2 Bacillus sp. Bag13+ | O “r(‘:g‘jvr buried MIHE
BSFUL1 B. subtilis Food (cheese) UL laboratory
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. Food (tuna UL laboratory
BSFUL2 B. subtilis sandwich) strain
BCiFUL1 B. circulans Food uL Iaboratory
strain
. Food UL laboratory
BPFUL1 B. pumilus (chicken+ham) strain
ATCC 12759 B. licheniformis Type strain MWRH
. . . Food UL laboratory
BLFUL1 B. licheniformis (chicken+ham) strain
BLMUL1 B. licheniformis Milk This study
. . Plant-pathogen-
10A6/FZB42 B. amyloliquefaciens infested soil BGSC
BRFUL1 Brevibacillus brevis Food UL Iabo_ratory
strain
LMEUL1 Listeria Food UL Iabo_ratory
monocytogenes strain
YEFUL1 Yersinia enterocolitica Food uL Iaboratory
strain
ATCC 29213 Staphylococcus aureus Clinical isolate MWRH
ATCC 25923 Staphylococcus aureus  Clinical isolate MWRH
SAUL1 Staphylococcus aureus  Clinical isolate uL lgt? girr?tory
ULCV48 Campylobacter jejuni Food uL lgt? girr?tory
ULCH2 Campylobacter jejuni Food uL lgt? girr?tory
ULCV38 Campylobacter jejuni Food uL lgt? girr?tory
ULCE1l Campylobacter jejuni Food uL lgt? girr?tory
ULMOOL Ralstonia picketti Laboratory purified] UL Iabo_ratory
water strain
ULMO03 Ralstonia picketti Laboratory purified] UL Iabo_ratory
water strain
NCTC 11149/ATCC Ralstonia pickettii Clinical isolate NCTC
27511
ATCC 25922 Escherichia coli Clinical isolate ATCC
NCTC 74 Salmonella N/A NCTC
Typhimurium
3054 Lactococcus lactis N/A Dr. Kieran Jordan
HP Lactococcus lactis N/A Dr. Kieran Jordan
5378 La_ctoba_cnlus N/A Dr. Kieran Jordan
acidophilus
DPC 6060 Lactobacillus N/A Dr. Kieran Jordan
acidophilus
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DPC 6059 Lactobacillus casei N/A Dr. Kieran Jordad

NCTC-National Collection of Type Cultures, LondobK; BGSCBacillus Genetic Stock Center;
ATCC-American Type Collection Culture; DSMZ-Germ&bollection of Microorganisms and Cell
Cultures; WS-General Collection of Bacteria, Teshhe Universitdt Miinchen, Germany; WSBC-
Research Collection dacillus cereugroup, Technische Universitat Minchen, Germany; RMid
Western Regional Hospital, Limerick, Ireland; MIH#litary Institute of Hygiene and Epidemiology,
Putawy, Poland; N/A-Not Available.

2.2. Methods

2.2.1. Growth and different techniques used in thepreparation and

preservation of bacterial strains

B. cereusstrains were growing overnight at 30-34°C andestdrozen in 15%,
40% (v/v) glycerol and on treated beads in cryogmestion fluid.

a) 15% and 40% (v/v) glycerol bacterial stocks

Duplicate cultures in nutrient broth-glycerol (15#) and LB-glycerol (40%)
were prepared and stored at —20°C, which servadaasking stock, and at —85°C.
Working cultures were prepared by dipping or sciagfif frozen) with a sterile loop a

small amount of bacterial culture and streakedafsingle colony on solid media.

b) Protect" bacterial storage system using treated beadyapservation fluid (TSC
Ltd., Lancashire, England, UK)

The cryotube was aseptically inoculated with cadgnirom fresh culture to a
density equivalent to McFarland 3 or 4 standardsenTthe culture was mixed by
inverting the tube to completely distribute the amigm. With a sterile pipette the
cryopreservative fluid was removed and the tube staged at —85°C or —20°C as was
demanded.

Organism was recovered by removing a single bead the cryotube and dropped into
a liquid medium or streaked over the surface oifdsoledium and incubated under

suitable conditions.
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2.2.2. ldentification and characterization procedues of theBacillus cereus
group species

Gram stain:

The Gram stain was carried out by preparing a battesmear on a
microbiology glass slide and fixed with heat. 1rhicoystal violet solution was poured
on. Washed briefly in water and flooded with Lugabdine. After washing with water
was decolourized with 95% ethanol and washed véth water again. The bacterial
smear was then counterstained with safranin aed &tshing with tap water, blot dried
with bibulous paper. Results were observed undt Imicroscope or phase contrast
microscope using the oil immersion lens (Olympusteay microscope model CX41;
magnification 400-1000x).

Endospore stain by Schaeffer — Fulton’s method mofied by Ashby:

The Schaeffer — Fulton (1933) stain was a methadttalizate endospores with
using malachite green and the vegetative cells reithsafranin. The modification given
by Ashby (1938) replaces the direct heating byrsteaating.

Prepared bacterial smear on a microscope slideldasged to air dry and fixed by heat.
The smear was covered by malachite green and ixedt-bver the flame for few
seconds to observe first steam. The slide was wasled with water, covered with
safranin and left for 1 minute. After rinsed witlater and dried the prepared slide was
observed with the oil immersion lens at 1000x phes@atrast microscope (Schaeffer
and Fulton 1933).

For a simple spore stain a bacterial smear on ssglhde was mixed with malachite
green and fixed over the flame to observe firsarsteWashed with water and observed
in microscope (1000x phase contrast microscopem@lg system microscope model
CX41).

Growth on PEMBA medium:

A single colony of eacB. cereudsolate was streaked onto fresh PEMBA plates
and incubated at 35°C for 24 hours following withiburs at room temperature.
The primary diagnostic features of the medium aaonial appearance, egg yolk
hydrolysis resulting in a precipitation zone arowuaonies and the failure to utilise

mannitol (to production acids from mannitol).
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Growth on MYP medium:

A single colony of eaclB. cereusisolate was streaked onto fresh MYP plates
and incubated at 35°C for 24 hours following withiburs at room temperature.
The primary diagnostic features of the medium aaonial appearance, egg yolk
hydrolysis resulting in a precipitation zone arowuaonies and the failure to utilise

mannitol (to production acids from mannitol).

Nitrate reduction test:

Nitrate reduction was examindéy the cultivation of isolates in Nitrate broth
(Fluka) and the addition of NIT 1 (sulfanilic acid, acetcid) and NIT2 (N, N-
dimethyl-1-naphthylamine) after overnight incubatiat 30°C-35°C (Blazevic and
Ederer 1975).
5ml Nitrate broth was inoculated with loopful ofliwwe and incubated 24 hours at
30°C-35°C. To test for nitrate, 2 drop of each: NITand NIT 2 were added. F&:.
cereusgroup spp. a pink colour should develop in 10 rr@auwhich indicates that

nitrate has been reduced to nitrite.

Starch hydrolysis:

To demonstrate the production of amylase and neakagymes by bacterium, a
single colony ofB. cereusisolate was streaked onto Starch agar plates icedtd %
soluble starch and incubated for 24 hours at 308@ol’'s iodine was then added to the
surface of the agar. Positive starch colonies sheNow-gold/colourless zone around

the growth.

Motility (hanging-drop) test:

To detect bacterial motility, a single colony otgh Bacillus culture (after
overnight incubation on solid media) was smearetth &idrop of distilled water on a
clean microscope cavity slide (hanging-drop slideyered with a cover slip and
viewed with oil immersion lens at 1000x using phasatrast microscope (Olympus
system microscope model CX41). If overnight baatencubation was performed in

liquid media, the drop of bacteria was taken diyeah clean cavity slide.
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Blood hemolysis test:

The hemolysis test distinguidd. anthracisfrom other species belongs to the
B. cereusgroup. To distinguish this species, a single cploh a bacilli strain from
Nutrient agar (NA) plate was streaked on Columiimd agar plates enriched with 5%
sheep blood. Plates were incubated at 33°C for @rshafter which they were
examined for hemolysis (Cappucino and Sherman 26293-98).
Hemolytic positive strains were classified as pastubetaf) hemolysin and alphanj
hemolysin. Strains presented no lysis of red bloels resulting in no changes in the

appearance of medium around colony are called gayrimeenolytic strains.

Rhizoid growth test:

Rhizoid growth was examined by inoculating, usimgn3 loop a bacteria strain
onto solid media and incubated in and upright pmsiat at 33°C for 24 hours. Then left
for 24-48 hours at room temperature.

The rhizoid growth test can distinguiBh mycoidesandB. pseudomycoidefsom other

B. cereusgroup spp.

Penicillin susceptibility test:

The test was performed using the National CommitbeeClinical Laboratory
Standards disk diffusion susceptibility assay.hi@ penicillin susceptibility test, a small
paper disks containing a standard amount of anitthi®OU of Penicillin G) were used.
A few colonies of the tested bacteria were ino&danto 5ml saline solution (0.9%)
and the turbidity of suspension was adjusted toMcFarland standards. By using a
sterile swab saline suspension was swabbed ontdléviiitnton agar medium. Plates
were allowed to dry for 5 minutes and then antibiatisks were placed (use sterile
forceps) on the agar. All plates were incubated If8rhours at 30-35°C. Following
overnight incubation the diameters of zones of ghowhibition were measured using a
vernier caliper.

The breakpoints were determined by previous worlol(ldr 2005) where inhibition
zones were measured using the Osiris system (Bibp-Rance). This semiautomated
system was used to read and interpret the inhibigsults. Susceptibility breakpoints
were determined as:

>= 29mm diameter, susceptible

<= 28mm diameter, resistant
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The penicillin susceptibility test distinguishBd anthracisfrom other species belong to
theB. cereugyroup.

Crystal formation:

B. thuringiensisis distinguished from th&. cereusgroup spp. by producing
protein crystal during the sporulation phase. Taey bipyramidal, cuboidal, spherical,
or diamond-shaped and have pesticidal propertie®. different techniques were used
to observe the crystals with (I) phase contrastresimope and (lI) scanning electron
microscope (SEM).

() The first technique was performed accordingttie instructions of the Food and
Drug Administration (FDA) (Rhodehamel and Harmo®8p Bacteria after incubation
on Nutrient agar for 3-4 days were smeared withlstdistilled water on a microscope
slide. Slides were left to air dry, then gently thigeed with a flame, and flooded with
methanol and allowed to stand for 30 seconds. Alffisrtime methanol was poured off
and the slides were left to air dry. 0.5% aquealsti®n of basic fuchsin was flooded
onto the slide with the flame until steam was se&¥dter 2 minutes the last step was
repeated. The stain was poured off after 30 secandghe slide rinsed with tap water.
Slides were examined under oil immersion lens withase contrast microscope
(Olympus system microscope model CX41), magnifocatlO00x. Free spores and
darker stained toxin crystals should be observedinlcrystals can be observed when
the cells have lysed and free spores are observed.

(I) For SEM observation of bacterial toxin crystathe technique of Shas al. (2001)
was used. Bacteria were cultivated in a liquid ICRMdium for 36 hours at 28°C and
0.03 x g shaking. Spores and crystals were cotieayecentrifugation and washed three
times with 1M NaCl. After washing three times witvater the spores and crystals
mixture was resuspended in water and placed orfor@xglass slide and left to air dry.
After coating the slide with gold using a Sputteater for SEM sample preparation, the
spores were observed using different magnificateorging from 2500-7000 and at 6-
10KkV.

Microscopic analysis of crystalline protein toximoduced byB. thuringiensisis
necessary to distinguish this species from thegrou
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Growth below 7°C:

To detect psychrotrophic strains of tBe cereusgroup spp. 30ml of LB broth
was inoculated with single colony and left in thede (4°C) for up to 21 days. After 14
and 21 days bacterial growth was tested. Non-iratedl LB media was tested as a

control in each test.

Biochemical identification using BioMérieux APl 50CHB commercial system:

The BioMérieux APl 50 CHB system (BioMérieux UK Lited, Hampshire,
UK) is a standardized system with 49 biochemicatstdor the study of carbohydrate
metabolism of microorganisms. The test was usezbmunction with APl 50 CHB/E
Medium for the identification of thd3. cereusgroup spp. The test was prepared
according to the manufacturer’s instruction, usyoging cultures which has grown in
Nutrient agar medium and incubated overnight a€30°
A few colonies were used for inoculation the API GBIB/E Medium to achieve a
suspension with the turbidity adjusted to 2 McHadlatandard. Suspension was used to
fill the AP1 50 CHB strips. The strips were reateaiincubation at 30°C after 24 and 48
hours.
Biochemical reactions were read as either posiiv@egative, and interpreted using
apiwed™ SOFTWARE V4.0 Version: 1.2.1 (BioMérieux® SA 6928arcy |'Etoile,

France).
2.2.3. Molecular techniques for theBacillus cereusgroup spp. identification

DNA isolation:

Two different methods and three commercial kitsevgsed to extract genomic
DNA from bacteria. This DNA was used as a templatethe PCR and RT-PCR
reactions and was spotted on positively chargedmgiembrane in dot blot assays.
Heating method:

An isolated colony, picked from solid media withsterile loop, was used to
inoculate 100-15@ of water or 210mM Tris-HCI buffer (pH 8.0). It waseheated for
15 minutes at 95°C and spinned at 7.8 x g for luteinThe achieved supernatant was
used as a template in PCR reactions (Gussow arukgoia 1989). DNA extracted by
this assay was not sufficiently pure to use in RBEPCR and dot blot assay. The

efficiency of the reactions were reduced or didproceed.

62



MATERIALS AND METHODS

Genomic DNA purification:

To achieve pure genomic DNA, the phenol-chlorophteahnique described by
Schraft and Griffiths (1995) with modification wased. Basically, thBacillus strains
were grown overnight at 30°C-33°C in 10ml of nuitribroth media. The cells were
pelleted at 5.0 x g for 10 minutes, resuspende2Dnl lysis buffer (100mM Tris—HCI
pH 8.0, 100mM EDTA, 0.75M sucrose, 10U lysostapHiOmg/ml lysozyme) and
incubated at 37°C for 30 minutesu20f proteinase K solution (20mg/ml) and 1% SDS
were added to each sample, followed by incubatio®78C for 2 hours. The lysates
were extracted with phenol:chlorophorm:isoamylatlq®5:24:1) and precipitated with
3M sodium acetate solution 1710 volume and 0.9 melusopropanol. After washing
with 60Qul 70% ethanol, the DNA was dissolved ingb@vater of 10mM Tris-HCI pH
8.0 buffer. For the optimization of the PCR, geno®@NA was purified and used as a
template (Schraft and Griffiths 1995).

Commercial kits:

DNeasy Blood & Tissue Kit (Qiagen), Genomic mini&A Biotechnology) and
Isolate Genomic DNA mini (Bioline) according to theanufacturer’s instructions were
used. Briefly, the DNA was extracted from 2.5-4.5ofilovernight culture grown in
liquid media. After centrifugation the pellet wasspended in 1Q0 Tris-HCI buffer.
Gram-positive bacteria were pretreated with 10Ulysostaphin and incubated 30
minutes at 37°C (Genomic mini and Isolate GenonNADNini kits) or resuspended in
enzymatic lysis buffer containing 100mM Tris—HCI 30, 100mM EDTA, 0.75M
sucrose, 10U lysostaphin, 10mg/ml lysozyme andhbated at the same conditions
(DNeasy Blood & Tissue Kit). Further steps includedixing with lysis buffer and
proteinase K, binding the DNA with the spin colurand washing. Pure DNA was
eluted from the column with nuclease free watemW0Tris-HCI| pH 8.0 or buffer
included in the kit.

To quantify the DNA concentration two techniquesevased. The first, based on
spectrophotometric quantification using the DNA @abance of UV light at 260nm.
DNA absorbs UV light in the 260nm range, therefde estimate the DNA
concentration the UV-VIS NanoDrop (Fisherbrand, hErs Scientific, Ireland)
spectrophotometer was used. After analyzing therbbsce of DNA at 260nm the
software of the NanoDrop calculated the concemimabf nucleic acid presented in

ngiul. The purity of analyzed DNA was also checked hglgzing the ratio 260/280nm
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absorbance. Proteins absorb the light at 280nmefibrer DNA contamination with
proteins results in the ratio being 1.8 for pureONf the ratio was lower, it indicates
the presence of proteins or phenol contaminatiah absorbs strongly the UV light at
280nm.

The second DNA quantification method was basedamparison the DNA separated
by electrophoresis in agarose gel with standarceoubhr weight marker bands. Every
band of the DNA molecular weight marker has a knomass expressed in ng/band and
shows different intensity under UV light. Based threse standards,ubof DNA
solution was separated in an agarose gel and dtauith EtBr. The intensity of
analyzed bands observed using UV transilluminaterencompared with standards on

molecular weight markers and adequately calculteathieve the mass in mdy/

Precipitation of DNA:

To precipitate the extracted DNA or PCR productyoBumes of 96% ethanol
was added. The product was stored at -20°C fomnuimi 90 minutes and centrifuged at
13.0 x g for 30 minutes at 4°C. The pellet wasahs in 20@l of 80% ethanol and
centrifuged at the same conditions for 10 minuddter drying the pellet was dissolved
in nuclease free water or 10mM Tris-HCI pH 8.0 bufind stored at -20°C.

Agarose gel electrophoresis:

Agarose was dissolved by boiling in 0.5xTBE buffemicrowave. ul of EtBr
(0.3ug/ml) was added when cooled to approximately 50§&r@se. The agarose was
poured into the gel casting tray equipped with Epeombs and left to solidation. The
DNA samples were mixed withpul loading buffer and loaded to the gel. DNA
fragments were separated in the gel according éo Hize after applying an electric
field (90 V) for about 45-60 minutes at room tengtere. After the electrophoresis was
completed, the DNA fragments were visualised unddY lamp using a
transilluminator. Pictures were taken using the &&enius Bio Imaging System
(GelDoc).

DNA extraction from agarose gel:
The PCR products used for sequencing or cloningewanalyzed by
electrophoresis in 1-1.5% agarose gel and extractgn) the Nucleospin Extract Il Kit

according to the manufacturer’s instruction. Bgiefthe DNA band was cut with a
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sterile razor, placed in a 1.5ml tube, weighted dmssolved with two volumes of
binding buffer. After placing in the extract colurand spun (7.8-11.2 x g) the product
was washed with washing buffer and eluted with easé free water, 5mM Tris-HCI
buffer pH 8.5 or 10mM Tris-HCI buffer pH 8.0.

The DNA was aliquoted and stored at - 20°C.

2.2.4. PCR specific detection of % rDNA of the B. cereusgroup spp.
(Hansenet al.2001)

PCR with S-S-Bc-200-a-S-18 and S-S-Bc-470-a-S-18es targeting the

rDNA is specific for identification of th8. cereuggroup spp. (Hanseet al.2001). The

primers sequences are presented in Table 11harekpected product size was 288bp.

Table 11. Primers for amplification of 16 rDNA of B. cereusgroup spp. (Hansen

et al.2001)
Specificity Primers Oligonucleotide sequences (53 Target Product
size
(bp)
TheBacillus S-S-Bc-200-a-S-18 TCGAAATTGAAAGGCGGC 16SrDNA 288
CETeUsgroupspp. | 5 5. g¢-470-a-S-18 GGTGCCAGCTTATTCAAC

Random strains belonging to tBe cereusgroup spp. were tested with those primers
using the Perkin Elmer Applied Biosystem GeneAm@@®@4Thermal cycler. The

reaction mix and PCR conditions were as follows:

DNA 3ul 94°C 5min
Buffer (10x) 2.5l

MgCl, (50mM) Iul 30 cycles:
dNTPs (25mM each) 02 94°C 15sec
S-S-Bc-200-a-S-18 (1) | 1.5ul 63°C 45sec
S-S-Bc-470-a-S-18 (1) | 1.5ul 72°C 2min
Polymerase (5 M) 0.3ul

H,O To 25d 72°C 7min
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Each PCR product was further analyzed by electnagsi® (90 V, 60 minutes) in 1%
agarose gel stained with ethidium bromide and Viseh under UV light with

transilluminator.

2.2.5. PCR for specific detection oB. weihenstephanensigLechner et al.
1998)

PsychrotrophicB. weihenstephanensigroduces a cold shock proteinsié
gene) that enables it to survive and grow at lawperatures. The presence of this gene
can be determined by PCR reaction using BcF2/CSRtldgers (Lechneet al. 1998). It
is aB. weihenstephanensspecific PCR and generated a 171bp product. Tdngesees

of thecspAspecific primers are outlined in Table 12.

Table 12. Primers specific for amplification ofcspAgene ofB. weihenstephanensis
(Lechner et al.1998)

Specificity Primers | Oligonucleotide sequences (5’-3) TarggtProduct
size
(bp)

Bacillus BcF2 CGAATTTGATAATGTGTGGATTC CSpA 171

weihenstephanensis.op )3 | ccCcGGATCCGGTTACGTTA(G/C)C(AIT)GCT

A PCR reaction was carried out for Bll weihenstephanensssrains used in this study
including 11 milk isolates, in a total volume ofi2%eaction. The reaction mix and PCR

conditions were as follows:

DNA 3ul 94°C 5min
Buffer (10x) 2.5

MgCl, (50mM) lul 30 cycles:
dNTPs (25mM each) 0.2 94°C 15sec
BcF2 (1QuM) 1.25u 51.5°C 30sec
CSPUS3 (1aM) 1.25ul 72°C 30sec
Polymerase (5 M) 0.3ul

H,0 To 24 72°C 5min

Amplified products were analyzed by electrophorédV, 60 minutes) in 1% agarose

gel stained with ethidium bromide and visualisedarmuJV light.

66



MATERIALS AND METHODS

2.2.6. Differentiation of B. cereusand B. thuringiensisbased on PCR assay

targeting the gyrB gene (Yamadaet al. 1999)

To differentiate thé3. cereusstrains fronB. thuringiensisthe PCR assays with
BC1/BC2r and BT1/BT2r primers were performed (Yamatal. 1999). Both sets of
primers target the gyrase B gergyrB) with expected products: 365bp and 368bp,
respectively. Primers were designed by the authmsed on single nucleotide

polymorphisms of the gene and their sequencesudlieed in Table 13.

Table 13. Primers specific for amplification of gyrB gene of B. cereus and
B. thuringiensisstrains (Yamadaet al. 1999)

Specificity Primers | Oligonucleotide sequences (53 Target | Product size
(bp)
Bacillus cereus | BC1 ATTGGTGACACCGATCAAACA gyrB 365
BC2r TCATACGTATGGATGTTATTC
Bacillus BT1 ATCGGTGATACAGATAAGACTCCTTCAT| gyrB 368
thuringiensis BT2r ACGTATGAATATTATTT

The reaction conditions including the amplificatipnpogramme are outlined

below:

DNA 3ul 94°C 5min
Buffer (10x) 2.5

MgCl, (50mM) lul 30 cycles:
dNTPs (25mM each) Ou.2 94°C 1min
BC1 or BT1 (1@M) 2ul 58°C 1.5min
BC2r or BT2r (1QM) 2ul 72°C 2min
Polymerase (5u) 0.3ul

H,O To 24l 72°C 7min

2.2.7. PCR assay for specific detection d@acillus sp. Bag813 strains and
B. anthracis(Patra et al. 1996)

R1 and R2 are the PCR primers specific for amlifann of Ba813 which is a
chromosomal DNA sequence specific Br anthracisand missing in otheBacillus
species (Patrat al. 1996).Bacillus sp. Ba813 strains named transitional strains are
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PCR positive when using primers outlined in Taldld. However, other features (i.e.
blood hemolysis) are different th&n anthracis

Table 14. Primers specific for amplification of B&813 of Bacillus transitional and
B. anthracisstrains (Patra et al. 1996)

Specificity Primers | Oligonucleotide sequences (53 Target Product

size (bp)
Bacillussp. Ba813+ | R1 TTAATTCACTTGCAACTGATGGG Ba813 152
B. anthracis R2 AACGATAGCTCCTACATTTGGAG

The product amplified with R1 and R2 primers getestan 152bp product. The reaction

conditions and mix used in the amplification wesda@lows:

DNA 3ul 94°C 5min
Buffer (10x) 2.5

MgCl, (50mM) lul 40 cycles:
dNTPs (25mM each) 0.2b 94°C 1min
R1 (1QuM) 1.251l 60°C 1min
R2 (1QuM) 1.251l 72°C  1min
Polymerase (5u) 0.3ul

H,O To 24l 72°C 7min

Each PCR product was further analyzed in 1% agageein 0.5xTBE buffer
(electrophoresis: 90 V, 60 minutes). Ethidium brdenintercalated in the product was
visualised under UV lamp showing the PCR product.

2.2.8. PCR with BCFompl/BCRomp1l primers for speci@ detection of the
B. cereusgroup spp. (Molnar 2005)

In a previous study in our laboratory BCFompl ar@RBmpl primers were
designed to detect th8. cereusgroup spp. There are species specific primers
generating a 575bp product during PCR reactiom&s targeted theotBgene which
encodes flagellar motor protein MotB and classifeexi an outer membrane protein

(OmpA). The sequences of the unique primers wefellasvs:
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Table 15. Primers specific for amplification of fagment ofmotB gene ofB. cereus

group spp. (Molnar 2005)

Specificity Primers Oligonucleotide sequences (53 Target Product size

(bp)
TheB. cereus |BCFompl | ATCGCCTCGTTGGATGACGA motB 575
group spp. BCRompl | CTGCATATCCTACCGCAGCTA

The amplification cycles programme and reaction mia total volume of 28 were as

follows:

DNA 3ul 94°C 5min
Buffer (10x) 2.5

MgCl, (50mM) ul 30 cycles:
dNTPs (25mM each) O 94°C 30sec
BCFompl (1aM) 2ul 55°C 30sec
BCRompl (1aM) 2ul 72°C 1min
Polymerase (5M) 0.3ul

H,O To 24l 72°C 7min

Electrophoresis (90 V, 60 minutes) in 1% agarodewgss used to analyze the PCR

products. Amplification products were viewed in thgarose gel using staining with

EtBr.

2.2.9. Primer and probe design

Unigue primers for PCR and RT-PCR used in thisystndre designed following
the standard rules (Dorak 2006; McPherson and M2066):

the optimal length of the primer should be betvd®-30 nucleotides long,
which provides good specificity for unique targegsence.

contain approximately equal numbers of each miticle.

base composition (GC content) should be betw@e®0%%.

primers should end with G, C, GC or CG basesiwithe last five bases at the

3’-end of primer what increases efficiency of pmgpidue to stronger bonding of
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G and C bases. However, avoid three or more Gsathe 3'-end, because it
may promote mispriming at G or C-rich sequences.

- primers with melting temperature (Tm) between6b2€ give the best results.
To rough calculate the Tm of the primer the Walltmenula was used (Wallact al.
1979):

Tm (°C ) = 2(A+T)+4(G+C)
(A+T) — the sum of A and T residues in the oligdeotde
(G+C) —the sum of G and C residues in the oligteuiitle

Two primers designed for one PCR experiment musge Isamilar Tm’s (be within 5°C
of each other). Annealing temperature should bevb#he Tm of the primers.
- primers secondary structures should be avoided:
* hairpin: is formed by intramolecular interaction ocbmplementary
sequences within the primer
» self-dimer: is formed by base-pairing between jose of the two
primers
* heterodimer (cross-dimer): is formed by base-pgiribetween the

forward and reverse primers

When the 3’-end of the primer is involved in theségairing, the other primer can be
used as a DNA template and be amplified. Primefsréaise must be checked if they
form the secondary structures with the programm@& IDNA OligoAnalyzer 3.1
available at: http://eu.idtdna.com/analyzer/Applications/OligoAyreer/Default.aspx
(Owczarzyet al.2008).

The software analyzing the Gibbs Free Energy Ghefarimers shows if the secondary

structures can be formed spontaneously:

AG =AH - TAS
AG - Gibbs Free Energy
AH — Enthalpy
T- Temperature in Kelvin
AS — Entropy

Gibbs Free Energy is the measure of the amounbof that can be extracted from

a process operating at a constant pressure.
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If AG <0, the reaction is spontaneous
If AG > 0, the reaction is nonspontaneous

If AG =0, the reaction is at equilibrium

For hairpins, 3-end with AG of —2 kcal/mol and internal hairpin withG of -3
kcal/mol is tolerated. For self-dimers, 3’-end witts of —5 kcal/mol and internal self-
dimers with AG of —6 kcal/mol are accepted. 3’-end heterodiméh vAG of -5

kcal/mol and internal heterodimer wiNGG of —6 kcal/mol are also tolerated.

In designing the TagMan probes it is recommendeatl(fborak 2006):

- the probe should be longer than primers and Ba8vg80 nucleotides.

- the GC content is between 35-65%.

- melting temperature should be 10°C higher than dfnforward or reverse
primer what allows for the hybridization with tharget DNA during the
extension. The Tm of both primers should be equal.

- 5-end cannot finish with G as it causes quenglohreporter fluorescence.

- avoid forming the secondary structure of the prbi self-anneal.

- the probe should be as close as possible togratiers, therefore the amplicon
size must be between 100-250bp.

- the reporter dye should be located at 5’-endthadjuencher dye at 3'-end.

Primers and probes were designed manually and/oudiyg the online analysis
programme Primer3 (Rozen and Skaletsky 2000, pp386%. The programme helps to

use the primer/probe according to the conditiorssied by the user.

In designing hybridization probes the important sidarations for an
oligonucleotide probe are its specificity and stwisy. Oligonucleotide probes are the
preferable probes because they are produced siathetby an automated chemical
synthesis and allows for modification at definedipons.

The specificity of the probe must be determineditliy ability to bind to the target
sequence and no other sequence. The probe must paafectly with the target. Under

experimental conditions the probe after bindingthe target sequence must give a
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strong signal. An oligonucleotide probe cannot bimdtself (self-annealing) because it
reduces probe’s sensitivity. In addition, oligoragtide probes should have:

- 18-50 nucleotides, short probes allow for periemain the genomic DNA
during hybridization. Smaller probes lack the sfieity and have longer
hybridization time and a low synthesis yield.

- the optimum GC content should be between 40-60%her GC content
produces the high non specific binding.

- avoid more than four single bases repeatingrona

- after comparison with non target DNA available pblic databases, the
homologies of the probe (and its inverted versisimypuld not be higher than
70% or have eight or more bases in a row.

To obtain the optimal hybridization condition foropes, the hybridization to specific
and non specific DNA, was determined. In this statlgonucleotide probes used in
hybridization technique were labelled with digoxage (DIG). It is a non-radioactive
method for the detection and remains one of the s@ssitive.

PCR primers and hybridization probes were manufadiboy MWG (Germany),

whereas TagMan probes were synthesized by TIB Mb{ermany).

Sequencing:

DNA fragments that required sequencing were prepaecording to the
Eurofins MWG Operon requirements for their SequegcBervice a la Carte. For
sequencing, the PCR products and plasmid DNA wvhth ihsert were posted to the
facilitator. Each DNA had to be purified and dissm in double distilled water or 5mM
Tris-HCI (pH 8.0-9.0). The concentration of plasmiitlA was 50-100ngd (minimum
1ug per reaction) and PCR products:

<300bp: 2ngdl in a minimum volume of 1d

300-1000bp: 5n@l in a minimum volume of 1d

>1000bp: 10ng in a minimum volume of 1d

Primer concentration was 2pmdland minimum volume per reaction wasulLO
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2.2.10. Bioinformatics tools

Bioinformatics tools are the software programmaesaioalysis of nucleic acid
and protein data. In this study different onlinaitable programmes were used. DNA
sequences necessary for designing the primers esliegp were taken from NCBI
(National Center for Biotechnology Information). i$hpublic database in accessed at

http://www.ncbi.nlm.nih.gov/

The bioinformatics tool kits used included:
GeneBank, accessible through NCBI system - ENTR&®e collection of all
publicly available nucleotide sequences available a

http://www.ncbi.nlm.nih.gov/genbank/index.ht(densonet al. 2009).

The BLAST (Basic Local Alignment Search Tool) pragme
http://blast.ncbi.nim.nih.gov/Blast.covas used to compare the degree of similarity

sequences/genes against others available in datébléschulet al. 1990).
Two programmes were used to compare sequenceseoifisggenome region
from different bacteria strains, available fromakstses or after sequencing of the PCR

product. ClustalW available dtttp://align.genome.jp(Thompsonet al. 1994) where

multiple sequence alignments were compared. LALING at
http://www.ch.embnet.org/software/LALIGN_form.htmivhere only 2 alignments of

sequences could be compared (Huang and Miller 1991gse programmes calculate
the best match and show the similarities and diffees between selected sequences.
ClustalW results were further analyzed in GeneDdownloaded from

http://www.nrbsc.org/gfx/genedacThis programme was used to visually represent the

alignments (Nicholast al. 1997).

GENtle software was used as a general tool for Dalhting, database
management, plasmid maps, restriction, ligation afmalysis sequenced PCR products
or sequences of inserts cloned into the vector iandvailable to download from

http://gentle.magnusmanske.de/

For designing PCR/RT-PCR primers and probes fromARNquence, Primer3
software was usedhftp://frodo.wi.mit.edu/primer3/ It is a very powerful design

programme which allows for analyzing product anidhprs size, Tm range, GC content
and presence/absence of a 3'-GC clamp (Rozen aaidtSky 2000, pp.365-386).
Further, all designed primers were analyzed withl IDligoAnalyzer 3.1

(http://eu.idtdna.com/analyzer/Applications/OligoArzer/Default.aspx where Tm,
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GC content and propensity to form self- or hetdroeits were also checked (Owczarzy
et al.2008).

New designed primers were always checked silico. ‘In silico PCR’

(http://insilico.ehu.es/PCRRIs a virtual PCR tool for simulation of amplifitan assay

against particular prokaryotic genomes. This senatowed for only 2 mismatches

between primers and template, therefore the stninygef the PCR was highn silico

PCR could be performed against prokaryota with detepgenome sequencing only
(Bikandi et al.2004).

In 2009, a total of 26 and in 2010, a total of uencedBacillus genera were

available in in silico PCR’:

B. cereusATCC 14579 (NC_004722), ATCC 10987 (NC_003909),/Z83L

(NC_006274), AH187 (NC_011658), B4264 (NC_011725)39842

(NC_011772), AH820 (NC_011773), Q1 (NC_011969), B3&2

(NC_012472).

B. anthracisstr. Ames (NC_003997), str. Ames 0581 (AncestNt} (007530),
str. Sterne (NC_005945), str. CDC 684 (NC_01258tt) A0248 (NC_0126509).
B. thuringiensis97-27 (NC_005957), str. Al Hakam (NC_008600), BM&1
(NC_014171 - in 2010).

B. weihenstephanengBBAB4 (NC_010184).

B. cereussubspcytotoxisNVH 391-98 (NC_009674).

B. subtilissubspsubtilis str. 16G§NC_000964)

B. halodurans C-126NC_002570)

B. licheniformisATCC 14580 (NC_006270), DSM 13 (NC_006322).
B. clausiiKSM-K16 (NC_006582).

B. amyloliquefacienZB42 (NC_009725).

B. pumilusSAFR-032 (NC_009848).

B. pseudofirmu®F4 (NC_013791).

B

. megateriumQM B1551 (NC_014019), DSM 319 (NC_014103) (both in

2010).
B. tusciaeDSM 2912 (NC_014098 - in 2010).
B. selenitireducensILS10 (NC_014219 - in 2010).
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2.2.11. Isolation procedure oBacillus sp. strains from milk samples

Pasteurized fat/nonfat and raw milk samples weesl s isolate thd. cereus
group strains. For isolation &. weihenstephanenssrains, the milk was preheated for
10 minutes at 80°C to kill all vegetative cells atored at 4°C. After 2-3 weeks sample
was diluted in 1/4 Ringer’s solution (1:10, 1:1@®d 10@l was spread onto PEMBA
or MYP agar plates. For isolation of oth&r cereusgroup strains, the milk was also

diluted and streaked onto agar plates without taépretreatment.

2.2.12. Preparation of standard curve

The establishment of a standard curve using thentaave real-time PCR
(QRT-PCR) process is the key step in determinirgdbpy number of a given target
sequence. The concentration/quantity of unknownpéesncan be determined from the
standard curve prepared, using diluted templatd witown concentration. Using the
defined template, such as plasmid with insert whgtthe gene of interest, 10-fold
dilutions must be prepared where the amount of kat@pshould be expressed in
molecules (gene copy numbers) (Dorak 2006). Eakchiah was tied to a specific Cp

value and the standard curve was generated.

Plasmid construction and analysis:

pPpGEM-T Easy Vector is high-copy-number linearizezttor with 3'Thymidine-tailed
ends. This fact improved the efficiency of ligatioha PCR product that was generated
with Taqg polymerase which left the 3'-terminal Adenine athbends. It also prevents
recircularization of the plasmid. The vector consai 7 and SP6 polymerase promoters
flanking a cloning region (Figure 4). The plasmiontains the ampicillin resistance
gene which allowed for selection of transformants agar plates enriched with

ampicillin.
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Figure 4. Scheme of pGEM-T Easy Vector (Promega-Ceporation 2007)

Preparation of PCR product for cloning into the vedor:

12511 of PCR reaction mix containing required primerasvamplified withTaq
polymerase to achieve the product with 3’-Adeniaiéetl ends. All PCR products were
analyzed by electrophoresis in 1% agarose gel amhoted using the Nucleospin
Extract Il Kit to remove primer-dimers or other wsited reaction products. PCR
product was stored at -20°C in 1@0vater or 20mM Tris-HCI pH 8.0 buffer.

Competent cells preparation:

Electrocompetent cells d&. coli JM 109 were prepared according to Sambrok
and Russel (2001). Overnight colony Bf coli IM109 was refreshed (0.2ml culture
with 40ml LB medium) and allowed to grow at 37°Gwshaking to Okyon=0.4. The
culture was placed on ice, divided into two prdekiltubes and spinned at 1.9 x g for
10 minutes at 4°C. After carefully removing the eunatant, 5ml of cold water was
added and spinned at the same conditions. The 8&p repeated and the pellet
resuspended in 1ml of cold water and spinned atxlg9for 5 minutes at 4°C. The
pellets were collected together using 256f 10% glycerol, aliquoted and frozen in

liquid nitrogen for about 7 minutes. Competentselere stored at -80°C.
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Ligation:

T4 DNA Ligase supplied with the pGEM-T Easy Vectwas used during the
ligation process. Because ligase was free from @lease activities, it did not remove
the terminal deoxythymidines from the plasmid, ioypng the efficiency of the
ligation. The ligation reaction was performed adoog to the manufacturer’s

recommendation and is presented as outlined:

Reaction components Standard
reaction

2x Rapid Ligation Buffer, T4 DNA Ligase ub

pGEM-T Easy Vector (50ngf) 1l

PCR product Xl

T4 DNA Ligase (3 Weiss unitsl) 1l

Nuclease-free water to a final volume o

*Molar ratio of PCR product:vector

The molar ration of PCR product:vector was 3:1.altiign was performed overnight at
4°C as these conditions were recommended by theufacarer to produce the

maximum number of transformants.

Electrotransformation of competent cells and sele@n of transformants:

To transform the product of the ligation with earlprepared competent cells the
electroshock method was usedl &liquot from a 14l ligation was mixed with 5 of
competentE. coli JM 109 cells and transferred to the electroponatiavette. Then
cuvette was placed in an electroporator (Easyjehd&rEquibio) and submitted to a
pulse of 1800V for 2 seconds. 1ml of pre-warme®3{&C) LB media was pipetted into
the cuvette and then all content was transferr&0tol tube which was incubated for 1
hour at 37°C with low shaking. After incubation,ul,050ul and 10@l bacteria were
plated onto LB agar plates supplemented witlngd®l and 10Qg/ml ampicillin to
select from transformants. Remaining bacteria vepianed at 1.2 x g for 5 minutes,
suspended in 100 of supernatant and spread onto one of the prdpalaes. Plates

were incubated at 37°C for about 15-17 hours.
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Isolation of plasmid with insert:

E. colitransformants grew on LB agar plates enriched waiitipicillin were used
to inoculate liquid media (LB+1Q@/ml ampicillin) and grown overnight at 37°C with
shaking. 1.5ml of overnight culture was centrifuged7.8 x g for 3 minutes and the
pellet dissolved in 100-150ml of 10mM Tris-HCI pHO8buffer. The DNA was
extracted using the heating methogdl 8f supernatant was used as a template in the
PCR assay to confirm the presence of the inseten&frds the recombinant plasmid

was extracted using Wizard Plus SV Minipreps kib(Rega).

Enzymatic digestion of plasmid with insert:
The cloning region of pGEM-T Easy Vector was flathkegy recognition sites for
the EcoRlrestriction enzyme. The digestion of DNA was a@irbut to determine the

size of insert and plasmid DNA. The conditions ut@denzymatic digestion were as

follows:
Enzyme buffer 1.4
10U enzyme al
DNA 5ul (100-130ng#l)
H,O to 15l

The reaction was pipetted in a 20Qube and incubated in the thermal cycler at the
recommended temperature 37°C for 3 to 6 hoursr &feincubation time, the enzyme
was inactivated at 65°C for 15 minutes and the yotsd of digestion checked by
electrophoresis (90 V, 45-60 minutes) in 1.5% asgugel.

DNA sequencing:

Following enzymatic digestion, plasmids containedert with expected size
were prepared according to MWG instructions forugeging. Universal primers were
used for sequencing because the vector containedn@i7SP6 polymerase promoters
flanking the cloning region. Concentration of pladnwas between 50-100nd/
(minimum lug per reaction). The product was suspended in e@odistilled water or
5mM Tris-HCI buffer pH 8.0.
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2.2.13. Dot blot hybridization technique

To obtain the probes specific for identificationtbe B. cereusgroup spp. dot
blot hybridization technique was performed. DNA dider spotting onto positively
charged membranes had to be extracted by a kith sgc Genomic mini (A&A
Biotechnology), Isolate Genomic DNA mini (Bioline)DNeasy Blood & Tissue Kit
(Qiagen) or by phenol-chloroform assay.
1-3ul of DNA was spotted onto the membrane and washeatknaturing solution for 5
minutes. The membrane was transferred to neuttiaiizdbuffer and washed for 1
minute. After washings the 3MM Whatman filter wasaked with 10xSSC and the
membrane with DNA was placed onto the Whatmanrfilf® fix DNA to the blot, the
UV crosslinking for 12 seconds was performed amdnttembrane was left to air dry. In
this time 6.5ml of working solution of DIG Easy Hyranules was preheated to probe
hybridization temperature. The hybridization tengpere was 10°C below the Tm of the
probe and was increased in case of non-specifairmn
The dry membrane was prehybridized with preheatksl Basy Hyb working solution
for 30 minutes at the hybridization temperaturehwgentle agitation. The probe was
denatured by five-minute heating at 95°C and rgpatioled on ice. The denatured
probe (1-10pmol per 1ml of hybridization solutiomwps added to DIG Easy Hyb
(4ml/100cn? of membrane) preheated to hybridization tempeeatlihe 6.5ml of DIG
Easy Hyb from the membrane was poured off and inmwelgt the hybridization
solution was added with the probe. Hybridizationswzerformed overnight at the
calculated probe hybridization temperature. Follayihybridization, sequentially,
stringency washes in 3 different post hybridizatwashing buffers RI, RIl and RIII
were performed. First the membrane was washed twi€d buffer for 5 minutes and
twice for 15 minutes in RIl buffer. The last waslkaswin RIll for 10 minutes. All
stringent washes were performed at the hybridinggoperature.

After hybridization and stringency washes the membrwas rinsed briefly (for 1-5
minutes) in washing buffer. After 30 minutes inctita in 18ml of blocking solution
the membrane was incubated for further 30 minute$ml antibody solution (1x
blocking solution+anti-digoxigenin-AP). Afterwarddie membrane was washed twice
in washing buffer for 15 minutes and equilibrataddetection buffer for 2-5 minutes.
Next, a few drops of CDPS solution was applied ah® membrane surface and the

membrane was placed in a Kodak cassette (8x10shcA&aline phosphatase causes
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enzymatic dephosphorylation of CSPD which finallyniis light at maximum
wavelength 477nm.

To develop the picture in the dark room, the membravas covered with high
performance chemiluminescence film and left for0lr@inutes in the exposure cassette.
Afterwards, the membrane was placed in Kodak dpezlfor a few seconds to a few
minutes with gentle agitation and then rinsed widter. It developed the picture of
dots showing places where the DNA hybridized whik probe. In the next step the

developed film was fixed with a Kodak fixer solutio

2.2.14. Atrtificial milk contamination

Fat and nonfat pasteurised milk was purchased kooal shops in Limerick.
Milk was transported to the laboratory in refrigesa conditions. Each milk sample
(50ml) was autoclaved for 15 minutes at 121°C aedtéd with UV light (254nm) for
30 minutes. Short wave UV light (254nm) can desto®A by inducing the formation
of covalently bonded Thymine-dimers within the DN&and. In each stage (before,
after autoclaving and after UV treatment) giD@f milk was spread onto PEMBA
and/or MYP.
Milk was contaminated witlB. cereusATCC 14579,B. weihenstephanensBSM
11821 orB. pseudomycoideBSM 12442. An overnight colony was diluted andrgve
dilution spread onto PCA to estimate the CFU/mlteAfestimation the CFU of the
overnight culture this data was used to calculat® manyul was used to contaminate
the milk. After contamination with known bacteriabunts, 1004l was taken for
genomic DNA extraction by two commercially availalits: Genomic mini AX food
(A&A Biotechnology) and DNeasy Blood & Tissue KitQigagen) following
manufacturer’s instructions.

Example of calculations:

Overnight culture — 4xY@CFU/mI

Amount of bacteria expected inul50f DNA eluent taken to RT-PCR
reaction -10 CFU

Amount of DNA eluent after extraction by kit -1,010
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10° CFU - 5yl

X_CFU - 10Qul
X = 2x1¢ CFU/10Qul

2x1¢° CFU - 10Qul
Y CFU - 100@l
Y = 2x10 CFU/ml

4x10 CFU/ml x 1ml = 2x10 CFU/mlI x Z
Z=2ml

1ml milk + 1ml overnight culture

In this case 1ml of milk was contaminated with lafl overnight culture (4x10
CFU/ml) and 100l was taken for extraction the genomic DNA using #its. qul of
extracted DNA was used in RT-PCR reactions to chieelefficiency of the used Kkits.
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3. RESULTS AND DISCUSSION

The Bacillus cereuggroup species consist of 6 species and the tramaitstrains
named Ba813 In this study 166 strains were tested: 28Bx cereus 29 x B.
thuringiensis 4 x B. athracis 17 xB. weihenstephanensi20 xB. mycoides10 xB.
pseudomycoideslO x B. mycoides/pseudomycoidasd 20 x transitional strains. In
addition every experiment included control strawvtsich were bottBacillus and non-
Bacillus strains, in total number 28 strains. The majasityhose strains were purchased
from bacterial collections (DSM, ATCC, NCTC, BGS@) gifts from researchers all
over the world. The list of strains included 31hiouse laboratory strains and 11 raw
and pasteurized milk isolates. An overall profifalee strains and isolates are presented

in Supplementary Table A.

3.1. Isolation ofBacillus sp. strains from pasteurized and non pasteurized ik

B. cereuscan enter milk at the farm during production, @sda contaminant in
the dairy plant (Svenssat al. 1999). The bacteria can contaminate the milk femih
water and from pumps processing equipment and %tule” residue on bulk tanks.
The raw milk in this study was obtained from a ldeam in Limerick. The raw milk
was preheated for 10 minutes at 80°C diluted inRliffger’'s solution and spread on
PEMBA/MYP agar plates outlined in materials and moefs. Colonies with blue
(peacock)/pink (respectively) in colour with pratagion zone were selected and
identified, in totally 2 xB. cereusand 3 xB. weihenstephanensiBasteurized milk was
diluted and spread on agar plates as describedeahbvx B. cereus 4 x B.
weihenstephanensand 1 xB. licheniformiswere isolated. AIB. weihenstephanensis
strains were isolated after the milk was stored2f@ weeks at 4°C. None of the isolates

had filamentous growth typical f@. mycoidegandB. pseudomycoidesrains.

3.2. Phenotypic characterization oB. cereusgroup strains

Tests for the confirmation and differentiation df B. cereusgroup strains used in this

study were performed following a Dichotomous trégyre 5) flow chart.
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MYP agar - Good growth, bright pink colomies; zone of
egg yolk precipitation
I +

Gram positive bacteria |

Hitrate reduction

B. cereus, B. anthracis, B.
thuringionsis, B, miycotdes,

B pseadomycoides,
E. weihenstephanensis
Hemoalysis
| Pemicillin resistance li + _

_ | E. cereus, B thuringiensis, B nycoides, . anthracis
+ B psewd: ides, B. wethenstep 1
B. anthracis
B cerews, B thuringiensis, B mypeoides,
B peeudomycoides, B wethenstephanensis
| [
- [ I Fhizoid growth I 1 +
B. cereus, B. thuringicnsis, B. mycaides, B psendomreoides

B. weihensicphancnsis
I

Crystal formation
+ -

B, thuringicnsis B. B. weiliensteph

Grovarth below 7°C
- +

B, cercus B. weihensicphanernsis

Figure 5. Dichotomous tree to differentiate theéB. cereusgroup spp

The techniques included: growth on selective méadiEMBA, MYP), Gram and spore
staining, starch hydrolysis, nitrate reduction ,téemolysis on blood agar, penicillin
resistance/susceptibility, a rhizoid growth colamprphology, crystal formation, and
growth below 7°C. In addition the motility test waearformed. 4 »B. anthracisand 20
x Ba813 were tested only for hemolysis on blood agar platé xB. thuringiensis
strains provided by Military Institute of Hygiened Epidemiology (MIHE, Poland)
were tested only for rhizoid growth. In every tpesitive control and noBacillus and

otherBacillus strains as negative control were included.
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Growth on PEMBA agar:

B. cereusselective agar media (PEMBA) was developed by kak and
Anderson (1980) for the isolation and enumeratib®.ocereusin food. The medium
uses polymyxin B supplement to inhibit growth ofa@rnegative bacteria. A low level
of peptone promotes sporulation. The diagnostitufea of the media are the colony
appearance, precipitation of egg yolk due to thesgmce of enzymes that hydrolyse
lecithin and failure to utilise mannitol bB. cereus The bromothyl blue is a pH
indicator. Mannitol as the only carbon source ia thedia that can be utilized which
causes a decrease in pH and leads to yellow casloBie cereuscannot ferment
mannitol, therefore the pH increases and colonies to blue/peacock colour (Figure
6b).

a) b)

Figure 6. Results of bacterial growth on PEMBA agar
a) B. subtilisBSFUL2; b)B. cereusATCC 14579

Observation of colonies, vegetative cells of 9&iss and their growth on PEMBA
confirmed or not the affiliation to thB. cereusgroup species. Major strains belong to
the B. cereusgroup spp. presented results as expected. Sunedarisults are
presented in Supplementary Table A.

However, 12 tested strains belonging to Becereusgroup spp. showed variable
results: very light blue colony appearance andiok lof egg yolk precipitation. Orig
cereusATCC 13472 strain presented straw coloured cofoar@ no precipitation zone.
OneB. mycoide$A47 strains did not grow on PEMBA gar.
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Identification of those strains was verified byhet techniques included in the
Dichotomous tree flow chart. Care was taken toirdisiish theB. cereusgroup spp.
from other Bacillus strains, andStaphylococcus aureusnd Listeria monocytogenes
which also grows on PEMBA. These colonies wereeddtiated from thd. cereus
group spp. by colony morphology and colour.

B. subtilis B. brevis B. circulans B. amyloliquefaciensL. monocytogeneand one
S. aureusstrain grew as straw coloured colonies presentinge or very small
precipitation zone (Figure 6a). Another tWo aureuspresented white to light blue in
colour colonies without precipitation zone (datat néhown). B. pumilus and
B. licheniformisstrains grew with white or light blue colonies kvémall precipitation
zones.L. caseiDPC 6059 strain grew as slight, transparent cebmiithout egg yolk
precipitation. Gram-negativeEscherichia coli Campylobacter jejuniand Ralstonia
pickettii did not grew on PEMBA agar plates. A summarizatadins with unexpected

results are summarized in Table 16.
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control strains on PEMBA agar

Table 16. Summarize oB. cereusgroup spp. strains with unexpected growth and

Bacterial strain Collection source Colony appearane EYP

B. cereudNCTC 7464 NCTC light blue +

B. cereuBCSUL1 UL laboratory strain light blue +

B. cereuBMeSUL1 UL laboratory strain light blue -

B. cereusATCC 13472 ATCC straw -

B. mycoides/pseudomycoideBr. . Swiecicka light blue +

1/1

B. weihenstephanensis Dr. L.P. Stenfors white to light blue +

WSBC 10389 Arnesen

B. weihenstephanensis Dr. L.P. Stenfors white to light blue +

WSBC 10392 Arnesen

B. weihenstephanensis Dr. L.P. Stenfors very light blue +

WSBC 10416 Arnesen

B. weihenstephanensis Dr. L.P. Stenfors white to light blue +/very

WSBC 10202 Arnesen small

B. weihenstephanensis UL laboratory strain light blue +

BWMULS

B. mycoide$A19 BGSC white to light blue +

B. mycoide$A49 BGSC blue -

B. subtilisBSFUL1 UL laboratory strain straw -

B. subtilisBSFUL?2 UL laboratory strain straw -

B. circulansBCiFUL1 UL laboratory strain straw -

B. amyloliquefacien$0A6 BCGS straw +ivery
small

B. brevisBRFUL1 UL laboratory strain straw -

L. monocytogendsMFUL1 | UL laboratory strain straw -

S. aureuATCC 29213 ATCC straw -

S. aureuATCC 25923 ATCC white to light blue -

S. aureusSAUL1 MWRH white to light blue -

L. caseiDPC 6059 Dr. K. Jordan transparent -

EYP — zone of egg yolk precipitation

The percentage of bacteria that grew on PEMBA antficned as belonging to the
B. cereugyroup strains are reported in Table 17 (page B%).percents of bacteria that
present peacock blue/turquoise colonies on PEMB#r agere as followsB. cereus
86% (24 from 28 strainsB. thuringiensisl00% (13 strains)B. weihenstephanensis
71% (12 from 17 strainspB. mycoide®90% (18 from 20 strainspB. pseudomycoides
100% (10 strains),B. mycoides/pseudomycoidé&d% (9 from 10 strains). 4 X
B. anthracis 20 x Ba813and 16 xB. thuringiensisstrains (from MIHE, Poland) were
not tested.

B. cereusB. thuringiensisand B. weihenstephanensstrains grew on PEMBA agar
with colonies size 2-6mm in diametd. mycoidesand B. pseudomycoidepresented

markedly rhizoid growth with >20mm in diameter.
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Growth on MYP agar:

MYP medium differentiate8. cereusgroup spp. from other bacteria based on

its resistance to polymyxin, lack of mannitol femtegion and the presence of
lecithinase.
Polymyxin B inhibits the growth of most other bacegenerally Gram-negative). The
mannitol content allows for differentiatioB. cereusgroup spp. from other Gram-
positive bacteria with ability to grow on MYP medMannitol, the only carbon source
in the media can be utilized which causes a deereggsH and leads to yellow colonies.
B. cereuscannot ferment mannitol therefore the pH increasekcolonies turn to pink
(Figure 7b). Phenol red is the pH indicator in tinedium.

The diagnostic features of the media were basedhencolony appearance,
precipitation of egg yolk due to the presence dfyemes that hydrolyse lecithin and

failure to utilise mannitol b¥3. cereus

a) b)

Figure 7. Results of bacterial growth on MYP agar
a) S. aureuATCC 25923, negative control; B) cereusATCC 14579

Ninety eight strains belonging to tliee cereusgroup spp. were tested and results are
summarized in Supplementary Table A. Three strsinwsved different phenotypes than
expected. The colony appearance of toweihenstephanensi$VSBC 10202 and
BWMULS were light pink and presented the very snmedig yolk precipitationB.
cereusBMeSULL1 grew as light pink to orange colonies withthe precipitation zone,
which indicates that lecithinase, is not producltibse strains were further analyzed as
belonging to theB. cereusgroup spp. with molecular techniques. The perggnta
number of strains with expected phenotype on MYRr ggates was calculated and
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outlined in Table 17 (page 99). The results weréodow: B. cereu93% (26 from 28
strains),B. thuringiensisl00% (13 strains)B. weihenstephanensg8% (15 from 17
strains),B. mycoidesl00% (20 strains)B. pseudomycoidel00% (10 strains), anB.
mycoides/pseudomycoid&80% (10 strains). 4 B. anthracis 20 x Ba813 and 16 x
B. thuringiensisstrains (from MIHE, Poland) were not tested.

Analysis of control strains showed that Sx aureusand 7 otheBacillus sp. strains
(see Supplementary Table A) fermented mannitolveee able to grow on MYP plates
as yellow colonies (Figure 7a). In additiBnamyloliquefacien40A6 presented a zone
of egg yolk precipitation. Two other control strsimB. licheniformisBLFUL1 and
BLMUL1 grew as light pink colonies without the pingitation zone around the
colonies. Two Gram-positive strairis: caseiDPC 6059 and.. acidophilusDPC 6060
presented straw and transparent colonies on MYHumedowever then also had no

precipitation zone.

Gram and spore staining:

The Gram stain is the most popular differentialnstaamed after its inventor
Dr. Christian Gram (Cappucino and Sherman 20016366). It divides bacteria into
two groups: Gram-positive and Gram-negative basedifterentially coloured bacterial
cells. The different colour depends on the difféerelmemical composition of the cell
wall. Gram-positive bacteria stain purple becaude ttee presence of a thick
peptidoglycan layer. It causes the crystal viotebé retained during staining. Gram-
negative bacteria have a much thinner peptidoglyager and lies between the outer
and inner membrane. Because crystal violet is efatimed during the decolorization
process, Gram-negative bacteria stain red/pink.

Morphological observation of colonies and microscapalyzing of Gram and
spore staining presented large Gram-positive addhaped bacteria with visible spores
belongs to theBacillus group. All Gram-positive bacteria presented purgddonies.
Whereas Gram-negative bacteria, such Yasenterocolitica C. jejuni R. pickettij
E. coliandS. Typhimurium were pink. In this study all testeémrbers of thé. cereus
group showed positive Gram staining with purplelsceCells were viewed with oll
immersion lens at magnification 400-1000x usinggatlor phase contrast microscope
(Olympus system microscope model CX41). Figure Balestrates example of a Gram
stain of a mixed culture &. coliATCC 25922 an®. thuringiensidDSM 6017.
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Figure 8. Gram staining of B. thuringiensis DSM 6017 (Gram-positive, purple

colonies) andE. coli ATCC 25922 (Gram-negative, pink colonies)
Phase contrast microscope, magnification 400x

Spores are the inactive form of the bacterium th#bws survival in
unfavourable environmental conditions. The Schdfigton staining method used
malachite green which penetrates the walls of gmates, whereas safranin stains the
vegetative cells in red (Figure 9). Each testedirstbelonging to thd. cereusgroup
spp. presented green spores usually after 24-moubation at 30-33°C. Spores were
viewed with oil immersion lens at magnification 4D000x using phase contrast
microscope (Olympus system microscope model CXAl)epresentative example of

spore stain oB. weihenstephanensspresented in Figure 9.
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Figure 9. Spore staining ofB. weihenstephanensi8VSBC 10389 by the Schaffer-
Fulton method
Phase contrast microscope, magnification 400x

Crystal formation:

The natural toxins produced By thuringiensisare used for the control of insect
pests. It is also a popular phenotypic differenalpws the distinction of the
B. thuringiensis strains from other members of th®. cereus group spp. The
intracellular protein crystals are produced by sfaaimg cells and are accumulated in
the cytoplasm of the cells. Two visualization assexere performed to determine the
crystal formation in our study: (I) staining witlagic fuchsin, where after a few days of
cultivation, the cells sporulated and started tsely The results showed either
intracellular spores and crystals or free sporabs @gstals (Figure 10a) under phase
contrast microscope (Olympus system microscope mGdell). (II) Incubation in
ICPM medium where free spores and crystals werkeated washed and detected
during Scanning Electro Microscope (SEM) observatiéigure 10b).

From 98 testedB. cereusgroup spp. strains only 13 test&d thuringiensisstrains

(100%) showed crystal formation (Table 17, page BOmost cases the crystals were
diamond shaped, cuboidal or spherical, however soras they were much smaller and
irregular in size. Beside the crystals, free spoxese observed. It establishing the

crystal test as good for differentiation this spedrom other belonging to th& cereus

group.
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3

M . crystal

a)

Figure 10. Crystal formation by B. thuringiensis

a) phase contrast microscope graph of parasposstits (diamond shape) and spores from the
B. thuringiensidDSM 6029 after staining with basic fuchsin, maigpaifion 1000x
b) crystals and spores Bf thuringiensidDSM 6017, SEM microscope, magnification 6500x, 6kV

Starch hydrolysis:

Starch is a high-molecular-weight polymer of glueasits linked together by
glycosidic bonds. To hydrolyse the starch to snsaluble molecules, two exoenzymes
(extracellular) are necessary: amylase and malt8sach hydrolysis was used to
demonstrate the hydrolytic activities of exoenzympesluced by bacteria. The test was
performed to determine whether the bacteria camdiyske starch enzymatically. To
visualise the hydrolysis, plates after incubati@revflooded with Lugol’s iodine. In the
presence of starch iodine turns blue-black. If éaatproduce exoenzymes a yellow-
gold/colourless zone around the growth was obsereahonstrating starch hydrolysis.
In the absence of the enzymes the medium and granettark blue (Figure 11).
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Figure 11. Results of hydrolysed starch byB. thuringiensis DSM 6025 (left) and
unhydrolyzed starch byB. licheniformis ATCC 12759 (right)

The summarized results of bacterial growth on $tanedium of 98 testeB. cereus
group spp. strains are outlined in Supplementabjelra. In Table 17 (page 99) is the
outline of the percentage of each species with @rpegrowth on analyzed medium:
B. cereus82% (23 from 28 strains)B. thuringiensis92% (12 from 13 strains),
B. weihenstephanensis00% (17 strains)B. mycoides85% (17 from 20 strains),
B. pseudomycoide80% (6 from 10 strains)p. mycoides/pseudomycoid&80% (10
strains).

Five B. cereusstrains: 6A6, BCFUL4, BCFUL8, BCFUL9, DSM 4312 didt
show the expected results. In additi@n:thuringiensisDSM 6107,B. mycoide$A49,
Novl, Nov2, B. pseudomycoide®618, DA and A82 were negative for starch
hydrolysis. This may suggest these strains produnetic toxin. Agataet al. (1996)
reported that none of th8. cereusgroup spp. that hydrolyzed starch produced
cereulide B. pseudomycoidé&P1 did not grow on the test Starch agar.

The control strains which grew on Starch agar artevable to hydrolyze starch were:
B. subtilis B. circulans B. pumilus B. licheniformisBLFUL1, Brevibacillus brevisand
E. coli. Not tested strains from MIHE (Poland) includedk B. anthracis 20 x Ba813
and 16 xB. thuringiensis
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Nitrate reduction test:

The nitrate reduction test was carried out usirggBlazevic and Ederer (1975)
method. All 98 tested members Bf cereusgroup spp. (100%) were able to reduce
nitrates (NQ) to nitrites (NQ") (Table 17, page 99 and Supplementary Table fAgrA
overnight incubation in Nitrate broth (supplementeth 0.1% potassium nitrate KND
the ability of the organisms to reduce nitrate wasermined by the addition of two
reagents: NIT 1 (sulfanilic acid, acetic acid) amIT 2 (N, N-dimethyl-1-
naphthylamine) which produced intensive pink col@ample 1 on Figure 12). Strains
could also show less reduction of nitrate than ratlhat resulted in a light pink colour
(sample 2 on Figure 12). Two straiis: cereusBMeSUL1 andB. weihenstephanensis
WSBC 10201 reduced nitrate to nitrite after 24 kaancubation at room temperature.
Not tested strains from MIHE (Poland) included: B.xanthracis 20 x Ba813 and 16 x
B. thuringiensis.

L. monocytogenesMUL1 was used as a negative control and did adtice the nitrate
(sample 3 on Figure 12). 11 from 28 control strggresented positive nitrate reduction
test. There included: 1 ¥. coli, 2 x B. subtilis 3 x B. licheniformis 1 x B.
amyloliquefaciens3 x S. aureusand 1 xY. enterocolitica The results show that the
nitrate reduction test performed as a single tesbt sufficient for identification of the

B. cereugyroup spp. and further tests are necessary.

Figure 12. Nitrate reduction test
1) B. mycoide$A49; 2)B. weihenstephanensf#SBC 10201; 3).. monocytogenesMUL1; d) control-

not inoculated media

93



RESULTS AND DISCUSSION

Penicillin susceptibility/resistance:

Based on the Kirby-Bauer paper disc agar diffusiprocedure, the
susceptibility/resistance to penicillin of tlige cereusgroup spp. was determined. As
B. anthracisis the only member of the group susceptible toahtbiotic, it is an easy
test to differentiate this species fr@ncereusyroup.

Penicillin belongs to th@-lactam antibiotic group which are characterizedaby
B-lactam ring. Resistance flactams is due to the hydrolysis of the ring bg-a
lactamase. Bacteria are resistant to penicillintduke production of one or more types
of B-lactamases.

Chenet al. (2003) reported tw@-lactamase geneblal andbla2) present in penicillin
susceptibleB. anthracis Those two genes are weakly expressedBinanthracis
therefore the resistance polactam antibiotics test is not sufficient for ididication
purposes.

In our study all 98 in totalB. cereus B. thuringiensis B. weihenstephanensiB.
mycoides and B. pseudomycoidesstrains presented as resistant to penicillin
(Supplementary Table A and Table 17, page 99)eZuhinhibition growth was not
observed around 10U penicillin disk for those spgclhese results confirmed previous
reports in the literature abo®. cereusresistance to penicillin (Andrews and Wise
2002; Drobniewski 1993; Lunet al.2007).

S. aureusATCC 25923 was one of the control strains whicaspnted the penicillin
susceptibility zone (Figure 13b). Not tested ssdmom MIHE (Poland) included: 4 x
B. anthracis 20 x Ba813 and 16 xB. thuringiensis

a)
Figure 13. Penicillin resistance/susceptibility tds
@) B. cereudNCTC 7464 penicillin resistant; 9. aureusATCC 25923 penicillin susceptible
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Blood hemolysis:

Hemolysis is the breakdown of erythrocytes andBaltereusgroup spp. were
tested for hemolysis on Columbia blood agar plaféss test allows for classification
the strains as to one of three groups: alpha feta ) and gammary] hemolytic
(Figure 14).

Hemolysin BL (HBL) consists of three componentsiBand L,.. ForB. cereus
group spp. strains all three must combine to preduemolytic activity. Beside the
penicillin resistance test, blood hemolysis test ood technique for differentiation of
B. anthracisstrains.

Generally theB. cereusgroup strains are beta hemolytic, which confirine t
presence of a hemolytic enterotoxin. The red ¢elihe media around the colonies are
completely lysed (Figure 14b). However, 8l anthracisare considered to be non
hemolytic, which results in white colonies on agéates without the hemolysis zone
(image not presented as a camera could not be tat@the laboratory with biosafety
level 3 containment facilities). The example of gaan) hemolysis ofB. subtilis
BSFUL2 is presented in Figure 14c. As Klich&bal. (2003) reported, no ortholog of
the B. cereusHBL to be present in thB. anthracisgenome, which can explain the low
activity of theB. anthracishemolytic system. Detailed results of the test type of
blood agar hemolysis for particular strains ardioed in Supplementary Table A. In
Table 17 (page 99) are presented the percentagksref blood hemolysis test for the
122 tested species. Except for 8xanthracis 118 (including 20 x Ba813 B. cereus
group spp. strains tested, were hemolytic.

In our studyB. mycoidesandB. pseudomycoidestrains presented alpha, beta or
weak beta hemolysis with grey-green colonies. Alplkeaolysis showed incomplete
lysis of red blood cells (Figure 14a). The bactegrawth was greenish as the result of
reduction of hemoglobin to methemoglobin. In mangses it was difficult to
differentiate those two activities because of tmearkedly rhizoid growth. Pfiiet al.
(1999) found the same problem, they considered hiaholytic activity of many
B. mycoidestrains was weaker than for other strains dubdatizoid growth, yielding

lower cell densities on the surface of the agategla
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b) C)

Figure 14. Blood agar hemolysis on Columbia bloodgar plates
a) B. mycoides/pseudomycoidb®-alpha ¢) hemolysis; bB. cereusA48-beta [§) hemolysis;
c) B. subtilisBSFUL2-gamma) hemolysis

Rhizoid growth:

B. mycoidesand B. pseudomycoidestrains can be distinguished from tBe
cereusgroup spp. by colony morphology on solid mediaeylpresent characteristic
rhizoid growth which looks like chains of cells Ked end to end forming radial
filaments.

In our study eactB. mycoidesand B. pseudomycoidestrain grew on solid
media with characteristic spiral colony patterng(ffe 15a). During the study it was
also observed that inoculated plates left for awlitemhal 24-48 hours at room
temperature after overnight incubation at 30-33%€sented bacterial growth with
longer filaments. None of the other member of Bheereusgroup spp. presented this
type of growth. This confirmed the previous reswtshizoid growth ofB. mycoides
and B. pseudomycoidepgublished in the literature (Bell and Friedman 1,984iyer
1995; Di Francoet al. 2002). In many cases it was very difficult to obta single
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culture, when plate counting or in the analyze &k tzone of penicillin
resistance/susceptibility (Figure 15b), due torthizoid growth on an agar plate.

Our results (Supplementary Table A) of 114 testedlaies (including 16 X
B. thuringiensisrom MIHE, Poland) oB. cereusgroup spp., presented that only 20 x
B. mycoides10 xB. pseudomycoidend 10 xB. mycoides/pseudomycoidgew with
rhizoid colonies.

4 x B. anthracisand 20 xBacillus Ba813 were analyzed after 24 hours and were not
left for additional 24-48 hours at room temperatilmerefore results are not included in
Supplementay Table A. After 24-hour incubationissalid not present rhizoid growth.

a) b)

Figure 15. Rhizoid growth ofB. mycoidesand B. pseudomycoides
a)B. mycoide$A14 on Starch agar; IB. pseudomycoidé&'S 3118 on PEMBA agar

Growth below 7°C:

Detection of psychrotrophic strains of tBe cereusgroup, able to grow below
7°C, is slow and takes 7-21 days.
Lechneret al. (1998) proposed to accommodate psychrotoleBantereusstrains as
newB. weihenstephanensgecies. Isolates of this new species grow atAbift not at
43°C. It was an easy way to differentiate Bieweihenstephanenssirains from the
other members belonging to thB. cereus group spp. In this study alB.
weihenstephanensg&rains were grown in liquid media at 4°C for op2tl days. Also
five milk isolates were isolated and distinguishmeged on their ability to grow below
7°C. However, two of our laboratory isolatesBfcereus(BCFUL6, BMeSUL1) and
one B. thuringiensisBTSUL7 were able to grow at this temperature. Addal
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microbiological and molecular techniques did notnfoon those strains asB.
weihenstephanensisSimilar observations were reported by Stenforsl &ranum
(2001), based on two PCR assays (targetsmfand 16 rDNA gene), they concluded
that there are psychrotrophi8. cereusstrains which cannot be classified Bs
weihenstephanensisThey also declared that intermediate forms betwte two
species exist.

Percentage results of 98 strains tested for thuityato grow below 7°C are presented
in Table 17 (page 99). It includes 2 (7%) fromX28. cereusstrains (BCFUL6 and
BMeSUL1) and 1 (8%) from 13 xB. thuringiensis (BTSUL7) and 17 x
B. weihenstephanengis00%) isolates.

Motility test:

B. anthracis B. mycoideandB. pseudomycoidesre non motile strains and can
be differentiate from other strains belong to #ecereusgroup spp. However, the
motility test was not included in the Dichotomouset flow chart, because according to
the US Food and Drug Administration (FDA) reporh{®ehamel and Harmon 1998)
50% of B. cereusandB. thuringiensiscannot present the expected result, which is a
significant percentage. In our study including 88téd strains, 7% (2 from 28 strains)
of B. cereusand 8% (1 from 13 strain®. thuringiensiswere not motile (Table 17,
page 99). Not tested strains from MIHE (Poland)uded: 4 xB. anthracis 20 x
Ba813 and 16 xB. thuringiensis

Beside B. anthracisthe two: B. mycoidesand B. pseudomycoidesre the
members of theéB. cereusgroup which do not present motility. In this stug x
B. mycoides 10 x B. pseudomycoideand 10 xB. mycoides/pseudomycoidssains

showed expected result and were not motile.
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Table 17. Phenotypic characterization of thd. cereusgroup spp. Strains
The numbers of strains with positive results fortipalar test are presented in
percentage

Number| B.c | B.t |B.a| B.w | B.m | B.p| B.m/pBa8l3

of tested

strains
PEMBA- 98 86% | 100% | N/T | 71% | 90% | 100% | 90% | N/T
PC blue/T (24/28)| (13/13) (12/17)| (18/20)| (10/10)| (9/10)
colonies
PEMBA- 98 93% | 100% | N/T | 94% | 90% | 100% | 100% | N/T
EYP (26/28)| (13/13) (16/17)| (18/20)| (10/10)| (10/10)
MYP-pink 98 96% | 100% | N/T | 88% | 100% | 100% | 100% | N/T
colonies (27/28)| (13/13) (15/17)| (20/20)| (10/10)| (10/10)
MY P- 98 93% | 100% | N/T | 88% | 90% | 100% | 100% | N/T
EYP (26/28)| (13/13) (15/17)| (18/20)| (10/10)| (10/10)
Crystal 98 0% | 100% | N/'T | 0% 0% 0% 0% N/T
formation (0/28) | (13/13) (0/17) | (0/20) | (0/10) | (0/10)
Starch 98 82% | 92% | N/T | 100% | 85% | 60% | 100% | N/T
hydrolysis (23/28)| (12/13) (17/17)| (17/20)| (6/10) | (10/10)
Nitrate 98 100%/| 100% | N/T | 100% | 100% | 100% | 100% | N/T
reduction (28/28)| (13/13) (17/17)| (20/20)| (10/10)| (10/10)
Penicillin 98 100%/| 100% | N/T | 100% | 100% | 100% | 100% | N/T
resistance (28/28)( (13/13) (17/17)| (20/20)| (10/10)| (10/10)
Hemolysis| 122 100%| 100% | 0% | 100% | 100% | 100% | 100% | 100%

(28/28)| (13/13)| (0/4) | (17/17)| (20/20)( (10/10)| (10/10)| (20/20)
Rhizoid 114 0% 0% | N/T| 0% | 100% | 100% | 100% | N/T
growth (0/28) | (0/29) (0/17) | (20/20)( (10/10)| (10/10)
Growth 98 7% 8% | N/T | 100% | 0% 0% 0% N/T
under (2/28) | (1/13) (17/17)| (0/20) | (0/10) | (0/10)
7°C
Motility 98 93% | 92% | N/T | 100% | 0% 0% 0% N/T
(26/28)| (12/13) (17/17)| (0/20) | (0/10) | (0/10)

B. ¢ — B. cereus, B. t — B. thuringiensis, B. a.-amhracis, B. m — B. mycoides, B. p —
B. pseudomycoides, B. m/p — B. mycoides/pseudategc@as813 — transitional
strain; EYP — zone of egg yolk precipitation; P@diT — Peacock blue/Turquoise
colonies; N/T — Not Tested,

(number of strains with positive result/numberexted strains)
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BioMérieux API 50 CHB analysis:

Milk isolates were further characterized using BieMérieux API 50 CHB test.
Identification of strains by API 50 CHB test areepented in Table 18. The API 50
CHB strips are biochemical tests used to study datation of different substrates.
During 48 hours of incubation at 30°C fermentatias revealed by a colour changes in
a 49 tubes. The anaerobic production of acid wascted by changes (decrease in the
pH) in colour of the pH indicator (phenol red) metAPI 50 CHB/E Medium. The first
tube did not contain any active ingredient therefar acted as a negative control. A
positive test corresponds to acidification and gieenol red changes the colour to
yellow. For the esculin test (tube number 25) tsult was positive if the colour was

changed from red to black (Figure 16).

a) b)

Figure 16. BioMérieux APl 50 CHB inoculated with B. mycoides/pseudomycoides
29/2

a) before incubation, b) after 24 hours incubatibB0°C

The API was not able to distinguish betweBnmycoidesand B. pseudomycoides
betweenB. cereusandB. thuringiensis B. weihenstephanensandB. anthracis One
milk isolate was identified &. licheniformiswhich is not a member &. cereuggroup

Spp.
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Table 18. API 50 CHB results of milk isolates frontaw and pasteurized milk

Bacterial strains | Species Source API identification
BCMUL1 B. cereus Pasteurised milk Good identification/
B. cereu€6.6%
BCMUL2 B. cereus Raw milk Good identification/
B. cereus80.5%
BCMULS3 B. cereus Raw milk Acceptable identification
B. cereus7.3%
BWMUL1 B. weihenstephanensis Pasteurised milk Very good identification
B. cereus2.8%
BWMUL2 B. weihenstephanensis Pasteurised milk Good identification /
B. mycoide$2.8%
BWMUL3 B. weihenstephanensis Pasteurised milk Low discrimination/
B. cereu3.3%
BWMUL4 B. weihenstephanensis Pasteurised milk Good identification /
B. cereu1.3%
BWMULS B. weihenstephanensis Raw milk Very good identification /
B. cereust7.4%
BWMULG6 B. weihenstephanensis Raw milk Doubtful profile/
B. anthracis79.9%
BWMUL7 B. weihenstephanensis Raw milk Good identification /
B. cereus80.5%
BLMUL1 B. licheniformis Pasteurised milk Good identification/

B. licheniformis35%

3.3. Characterization ofB. cereusgroup spp. based on molecular techniques

Confirmatory tests ofB. cereusgroup species based on molecular biology

techniques were performed using PCR and real-ti@ie Betection with specific DNA

primers from the literature or designed in thigdgtu

The following assays available in the literatureevesed:

U
(I
(Il1)

(V)

V)

PCR with primers targeting the 38DNA sequence (Hansest al.

2001).

PCR with primers targeting thgyyrB gene (Yamadat al. 1999).
PCR with primers targeting thespAgene (Lechneet al. 1998).

PCR with primers targeting the Ba813 DNA seqce (Patraet al.

1996).

PCR with primers targeting thmotBgene (Molnar 2005).
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() Confirmation of the B. cereusgroup spp. using 1& rDNA primers (Hansen et
al. 2001):

Analysis of the 16 rDNA sequence is a commonly used method for
identification of microorganisms. BecauBacillus species exhibit a high degree of
similarity in their 165 rDNA the PCR method with primers S-S-Bc-200-a-Sah8 S-S-
Bc-470-a-S-18 designed by Hanssral. (2001) was selected to confirm strains belong
to theB. cereugyroup species.

The DNA from a random selected 38 bacterial strauas extracted and tested with
primers specific to these $6DNA sequence. Twenty nine tested strains belangin
theB. cereugyroup species including all raw and pasteurizdd isolates demonstrated
the 288bp predicted amplified product. Table 19 &igure 17 show the results
obtained for selected isolates. These data confirthe BioMérieux APl 50 CHB
results that 10 milk isolates were members of&heereugyroup spp. The AP1 50 CHB
showed 1 isolate, BLMUL1, to bB. licheniformis The PCR confirmed this result, the
288bp product was absent. The 8 negative conpotsented in Table 19 similarly did
not display the 288bp amplicon.

Table 19. Strains tested with PCR using S-S-Bc-2@0S-18 and S-S-Bc-470-a-S-18

primers
Strain tested Results of PCR with
S-S-Bc-200-a-S-18 and
S-S-Bc-470-a-S-18 primers
B. cereusNCTC 74 +
B. cereusATCC 14579 +
B. cereuA48 +
B. cereu8CMUL1 +
B. cereuBCMUL2 +
B. thuringiensiDSM 6017 +
B. thuringiensiDSM 6025 +
B. thuringiensiDSM 6094 +
B. weihenstephanendixsSM 11821 +
B. weihenstephanena/gSBC 10392 +
B. weihenstephanensf§SBC 10202 +
B. weihenstephanend®VMUL1 +
B. weihenstephanend®VMUL2 +
B. weihenstephanend®8VMUL3 +
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. weihenstephanend3VMUL4

. weihenstephanend3VMULS5

. weihenstephanend3VMUL6

. weihenstephanend8VMUL7

. mycoide$All

. mycoide$Al14

. mycoidesVS 3120

. mycoide$A49

. mycoide8SMFUL1

. pseudomycoidd3SM 12442

. pseudomycoidd3SM 12443

. anthracis1583

. anthracis1584

_sp. Ba813#19 (T5 97-77)

_sp. Ba813#25 (97-27)

. licheniformisATCC 12759

. licheniformisBLMUL1

. circulansBCiFUL1

. amyloliquefacien$0A6

| | W W| Wl W W Wl W W| W Wl W W W W W W W W

. brevisBRFUL1

B.

pumilusBPFUL1

S TyphimuriumNCTC 74

S.

aureuATCC 29213

E.coli ATCC 25922
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M 1 2 3 4 5 & NTC

300bp

288bp

200bp

Figure 17. 1% agarose gel showing 288bp PCR produgenerated with 16 rDNA
primers: S-S-Bc-200-a-S-18 and S-S-Bc-470-a-S-18
1.B. cereusATCC 14579; 2B. pseudomycoidd3SM 12442; 3B. mycoide$A49;

4.B. anthracis34F2; 5B. anthracis1583; 6.B. licheniformisBLMUL1;
NTC-No Template Control; M-Molecular marker (Hypadder V)

In the published results of Hansehal. (2001) they tested only 4 B. mycoidesl x
B. pseudomycoideand 1 xB. weihenstephanenssirains. None of th@®. anthracis
transitional Ba813 strains and wild-type isolates was tested. In ltamds 38 tested
strains gave consistent results.

The method by Hanseet al. (2001) using the 1%rDNA primers is useful in initial

bacteria screening however the authors did nottéstge collection of isolates.

(1) Differentiation of B. cereusand B. thuringiensisby PCR amplification of gyrB
gene (Yamadaet al.1999):

The gyrB gene encoding the gyrase B gene was employed byadaet al.
(1999) to differentiate thB. cereusggroup species. A pair-specific primer was designed
to differentiate between the speciBs:cereusB. thuringiensisandB. anthracis In this
study the DNA from randonB. cereusgroup species was extracted and tested with
BC1/BC2r primers specific for identification 8f cereusstrains. The expected product
was 365bp. For differentiatioB. thuringiensisfrom the group, a 368bp PCR product
with BT1/BT2r primers was generated.

In our study 11 milk isolates were included in #hdssts. Moreover, 5 B. cereus
strains (3 milk isolates) showed positive reactiath BC1/BC2r and no product with
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BT1/BT2r. None of the 8 teste®. weihenstephanensistrains (7 milk isolates)

1 xB. pseudomycoideand 1 xB. licheniformisshowed the PCR product with both sets
of primers. It confirmed that none of those strawesB. cereusandB. thuringiensis
However, amplification with BC1/BC2r showed falsesjtive results for 1 X
B. mycoidesl xB. anthracisand 3 xB. thuringiensisstrains. For the same strains, PCR
with BT1/BT2r gave no product. It was one of th@tmajor limitations that the authors
described. They also found false positive resulissbme oB. cereusB. thuringiensis
andB. mycoidestrains from ATCC collection.

The second described limitation was false-negateactions that can occur from a
number of substances found in samples that inRBR. In this study no false-negative
reaction was found.

The B. anthracisBA1/BA2r primers designed by the authors were tested in this
study however a false-positive reaction fr anthracis34F2 strains wittB. cereus
BC1/BC2r primers showed that differentiation usB®1/BA2r primers is limited. The
numbers of strains tested by the authors were dasmll; none of the
B. weihenstephanensiB. pseudomycoideand no wild-type isolates was tested. The
results of PCR using BC1/BC2r and BT1/BT2r primé&s particular strains in our
study are outlined in Table 20 and Figure 18.

The amplification with primers designed by Yamadal. (1999) is not a good enough

system to differentiate the species as irreguéaritvith some isolates were present.
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Table

20. Strains tested with PCR using BC1/BC2rrad BT1/BT2r primers

Strains tested

Results of PCR with
BC1/BC2r primers

Results of PCR with
BT1/BT2r primers

cereusATCC 14579

+

. cereudNCTC 7464

+

. cereuBCMUL1

+

. cereuBCMUL?2

. cereuBCMUL3

. thuringiensiDSM 6017

. thuringiensiDSM 6025

. thuringiensiDSM 6029

. thuringiensiDSM 6032

. thuringiensiDSM 6094

. thuringiensiDSM 2046

. weihenstephanensigSBC

. weihenstephanend®8VMUL1

. weihenstephanend®VMUL2

. weihenstephanend®8VMUL3

. weihenstephanend3VMUL4

. weihenstephanend3VMULS5

. weihenstephanend3VMUL6

. weihenstephanend8VMUL7

. mycoide$Al1l

. mycoide8MFUL1

. pseudomycoided’S 3118

. anthracis34F2

. licheniformisBLMUL1
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M 1 2 3 4 5 6 7 8 NTC9 10 11 12 13 14

365bp

M 15 16 17 18

368bp

Figure 18. 1.5% Agarose gel showing 365 and 368biCR product generated with

the gyrB gene primers: BC1/BC2r and BT1/BT2r
Lanes 1-8) 365bp product with BC1/BC2r:B. cereuATCC 14579; 2B. thuringiensidDSM 6029;

3. B. mycoide$A11; 4.B. weihenstephanend®8VMULS3; 5. B. anthracis34F2;

6. B. thuringiensidDSM 6017; 7B. thuringiensidDSM 6025; 8B. thuringiensidDSM 6094;
Lanes 9-18) 368bp product with BT1/BT2r:F.cereusATCC 14579;

10.B. weihenstephanend®®VMULS5; 11.B. anthracis34F2; 12B. mycoide$A11;

13.B. thuringiensidDSM 6017; 14B. thuringiensiDSM 6025; 15B. thuringiensiDSM 6094;
16.B. thuringiensidDSM 6029; 17B. thuringiensiDSM 6032; 18B. thuringiensiDSM 2046;
NTC-No Template Control; M-Molecular marker (Hypedder 1V)

(1l1) Differentiation of B. weihenstephanensiby PCR amplification of the cspA
gene (Lechneret al. 1998):

GenecspAencodes the major cold-shock protein of psycheo#mit strains and
is present its homologue in mesophilic strain8otereugroup (Lechneet al. 1998).
The high degree of similarity of thespA genes indicated the close phylogenetic
relationship between all strains. However, singlel@otide polymorphisms in the gene
allowed for simple differentiation of psychrotolatastrains from mesophilic strains.
Differentiation was based on the PCR reaction u8o§2 and CSPUS3 primers, the
expected product of the reaction was 171bp.
The isolates listed in Table 21, including 11 mdklates from this study, were tested.

Based on this experiment 7 of the milk isolatesengassified aB. weihenstephanensis
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strains. Two controB. weihenstephanensssrains (type strain DSM 11821 and WSBC
10389) also showed the 171bp product. None of tlrains: 4 x B. cereus

1 xB. thuringiensis 1 x B. mycoides1 x B. pseudomycoided x B. anthracisand

1 xB. licheniformisgave a positive signal using the described assay.

Lechner et al. (1998) tested a small number of mesophilic (2laiss) and
psychrotolerant (10 strain®. cereusstrains. Moreover, the limit of detection using
BcF2 and CSPU3 primers was not estimated by tHeest

The conclusion from our analysis is that the Leclatal. (1998) method worked well

in our hands for the detection Bf weihenstephanensis

Table 21. Strains tested with PCR using BcF2/CSPU8imers

Strain tested Results of PCR with
BcF2/CSPU3 primers
B. weihenstephanendSM 11821 +
(type strain)
B. weihenstephanensf§SBC 10389 +
B. weihenstephanend®®VMUL1 +
B. weihenstephanend8VMUL2 +
B. weihenstephanend®VMUL3 +
B. weihenstephanend®8VMUL4 +
B. weihenstephanend®VMUL5 +
B. weihenstephanend®VMUL6 +
B. weihenstephanend®8VMUL7 +
B. cereuBCMUL1 _
B. cereuBCMUL2 _
B. cereuBCMUL3 _
B. licheniformisBLMUL1 _
B. cereusATCC 14579 _
B. thuringiensiDSM 6017 _
B. mycoide$A11 _
B. pseudomycoidd3SM 12442 _
B. anthracis34F2 _
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M 1 2 3 4 5 6 7 8 9 10 11 12 13 14 NIC

171bp

Figure 19. 1% agarose gel showing 171bp PCR producgenerated with

BcF2/CSPU3 primers
1. B. cereusATCC 14579; 2B. thuringiensiDSM 6017; 3B. mycoide$All;

4.B. pseudomycoidd3SM 12442; 5B. anthracis34F2; 6 B. weihenstephanensfgSBC 10389;
7.B. weihenstephanendixSM 11821; 8B. weihenstephanend®VMUL1;

9. B. weihenstephanend®8VMUL?2; 10.B. weihenstephanend3VMUL3;

11.B. weihenstephanend®8VMUL4; 12. B. weihenstephanend8VMULS5;

13.B. weihenstephanend®8VMULG6; 14.B. weihenstephanend3VMUL7;

NTC-No Template Control; M-Molecular marker (Hypadder V)

(IV) Differentiation of Bacillus sp. Ba813 by PCR amplification of a 152bp
fragment of Ba813 sequence (Patrat al. 1996):

The virulent strains ofB. anthracis have two virulence plasmids: pXO1
encoding toxins and pXO2 which codes for capsutalpetion. Avirulent strains of
B. anthraciscan be: pXO1 pXOZ2', pXO1'/ pXOZ or pXO1/ pXOZ, however each
strain carries the Ba813 chromosomal DNA sequembeé sequence is specific for
B. anthracisand is missing in otheBacillus species. R1 and R2 are the PCR primers
specific for amplification the 152bp Ba813 markesigned by Patrat al. (1996).
Avirulent pXO1/ pXOZ strains, positive for amplification with R1/R2 chave other
features similar to thB. cereusor B. thuringiensige.g. blood hemolysis), in this case
the Ba813 strains are named transitional straBagillussp. Bag13
In this study DNA extracted from 20 x transitios#édains and 4 8. anthracisprovided
by the Military Institute of Hygiene and Epidemigio (MIHE, Poland) were tested.
Amplification was also performed against randomkeet 17 xB. cereusgroup spp.
strains including 11 milk isolates from this studyach Bacillus sp. Ba813 and
B. anthracisstrain presented the expected size product (157lng) results are outlined

in Table 22; one straiB. mycoides6All (outlined with an asterisk) gave an
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unexpected positive signal during amplification ngsiRl and R2 primers. Other
features of the strain (resistance to penicillilood hemolysis) were different thdh
anthracis

B. mycoide$A11 strain could be deemed a transitional stidone of the milk isolates
from this study presented the 152bp product.

The 152bp PCR product generated with R1 and Rqus for transitional
strains and the results f&. cereusgroup spp. strains are presented in Figure 20 and
Figure 21.

The conclusion from our study is that the amplifima with primers designed by Patra
et al.(1999a) is a good system for differentiatiorBafcillus sp. Bag13

Table 22. Strains tested with PCR using R1 and R&imers

Strain tested Results of PCR with
R1/R2 primers

Bacillussp. Ba813#6 (1/2) +
Bacillussp. Ba813#7 (11/3) +
Bacillussp. Ba813#11 (959/4/3) +
Bacillussp. Ba813#13 (PC1) +
Bacillussp. Ba813#15 (11614-2) +
Bacillussp. Ba813#16 (PJ572) +
Bacillussp. Ba813#17 (094) +
Bacillussp. Ba813#18 (T2 97-76) +
Bacillussp. Ba813#19 (T5 97-77) +
Bacillussp. Ba813#21 (T11 97-79) +
Bacillussp. Ba813#22 (BU-1B) +
Bacillussp. Ba813#23 (llI-BL) +
Bacillussp. Ba813#24 (l1I-BS) +
Bacillussp. Ba813#25 (97-27) +
Bacillussp. Bag813#28 (lll) +
Bacillussp. Ba813#29 (IV) +
Bacillussp. Ba813#31 +
Bacillussp. Ba813#3403 +
Bacillussp. Ba813775 +
Bacillussp. Ba813Z7L2 +
B. anthracisSterne 34F2 +
B. anthracis211 +
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.anthracis1583 +

. anthracis1584 +
. cereusATCC 14579 -
. cereu8CMUL1 -
. cereuBCMUL2 -
. cereuBCMUL3 -
. thuringiensiDSM 6017 -
. weihenstephanendixSM 11821 -
. weihenstephanend8®VMUL1 -
. weihenstephanend8VMUL2 -
. weihenstephanend8VMUL3 -
. weihenstephanend8VMUL4 -
. weihenstephanend8VMUL5 -
. weihenstephanend8VMULG6 -
. weihenstephanend8VMUL7 -
. mycoide$Al1l (*) +(
. mycoide8MSUL1 -
. pseudomycoidd3SM 12442 -
. licheniformisBLMUL1 -

W| W| | W W W W W| W W W Wl W W W W W W W

M 1 2 3 4 NTC

152bp

Figure 20. 1% agarose gel showing the 152bp PCR mtoct generated with R1 and

R2 primers for Bacillus transitional strains
1. Bacillussp. Ba813#6 (1/2); 2.Bacillussp. Ba813#16 (PJ572); Bacillussp. Ba813#25 (97-27);

4. Bacillussp. Ba813#3403;
NTC-No Template Control; M-Molecular marker (Hypedder 1V)
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M 1 2 3 4 5 6 7 - NTC

152bp

Figure 21. 1% Agarose gel showing the 152bp PCR padact generated with R1 and

R2 primers for B. cereusgroup spp. strains
1.B. cereusATCC 14579; 2B. thuringiensiDSM 6017; 3B. weihenstephanendxSM 11821;

4.B. mycoide$A11; 5.B. pseudomycoidd3SM 12442; 6B. anthracis34F2;
7.Bacillussp. Ba813#15 (11614-2);
NTC-No Template Control; M-Molecular marker (Hypedder 1V);

(V) the motB gene as a target for identification oB. cereusgroup species by PCR
amplification with BCFomp1/BCRomp1l primers (Molnar 2005):

The genemotB encoding flagellar motor protein MotB, classifiad an outer
membrane protein (OmpA) was identified in this stad a suitable target gene for the
identification of theB. cereusgroup spp.OmpA genes were found to be useful for
species identification o€hlamydia pneumonia@Apfalter et al. 2003; Everettet al.
1999),Vibrio cholerae(Martinez-Goveaet al. 2001) andRickettsiasp. (Fournieret al.
2003). In the National Centre for Biotechnologyomhation (NCBI) database tmeotB
gene is also nameahotSand is a homolog tanotB which is involved in motility on
surfaces.

Comparisons of the complete genome sequences a@fxlie cereuggroup spp.
strains available in NCBIB. anthracisstr. Ames Ancestor, str. Sterne, str. AmBs,
thuringiensisstr. 92-27,B. cereusstrains ZK (E33L), ATCC 14579, ATCC 10987
(Figure 22) were performed. TmeotB gene was found to be highly conserved within
this group and was chosen as the PCR target fdB.tlkereusgroup spp. identification
by a previous member of the laboratory (Molnar 200%e designed primers were
named BCFompl1l/BCRompl (Figure 23).
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B. anthracis str. Ames Ancestor ATGATAAAACGACCGCAAAAGGGATCGCCTCGTTGGATGACGACTTTTAC 50
B. anthracis str. Sterne ATGATAAAACGACCGCAAAAGGGATCGCCTCGTTGGATGACGACTTTTAC 50
B. anthracis str. Ames ATGATAAAACGACCGCAAAAGGGATCGCCTCGTTGGATGACGACTTTTAC 50
B. thuringiensis str. 97-27 ATGATGAAACGACCGCAAAAGGGATCGCCTCGTTGGATGACGACTTTTAC 50
B. cereus E33L ATGATGAAACGACCGCAAAAGGGATCGCCTCGTTGGATGACGACTTTTAC 50
B. cereus ATCC 14579 ATGAGTAAAGGACCGCAAAAGGGATCGCCTCGTTGGATGACGACTTTTAC 50
B. cereus ATCC 10987 ATGATAAAACGACCGCAAAAGGGATCGCCTCGTTGGATGACGACTTTTAC 50
B. cereus G9241 ATGATAAAACGACCGCAAAAGGGATCGCCTITGTTGGATGATGACTTTTAC 50

Figure 22. Cross-species primer (BCFompl) design ithe conserved region of
multiple sequences alignment frommotB gene

The designed primers generated a 575bp PCR prdigicis a fragment ahotB gene
and encodes part of the motor that rotate the lfeage was a group specific PCR and

rapid identification of thd. cereugyroup species was possible.

Primer Primer sequence (5'-3) Targetin| GC Tm
amplified | content| (°C)
product (%)

BCFompl | ATCGCCTCGTTGGATGACGA 1-20 55 58.7

BCRompl | CTGCATATCCTACCGCAGCTA 575-555 52.4 56.4

Figure 23. The details of BCFompl and BCRomp1 prints (Molnar 2005)

In this study themotB targeting primers were experimentally examinedrega
an additional 74 strains including: 21 Bc thuringiensis 2 x B. pseudomycoides
12 xB. mycoides/pseudomycoigde8 x B. weihenstephanensist x B. anthracis
20 x transitional Ba813six otherBacillusand nonBacillus strains were also tested.
The PCR assay was applied to the identificatiodbf strains in total with positive
result. 19 strains from other microbial specieshwspecial emphasis on foodborne
pathogens were tested and the 575bp amplicon waamplified. The summarized

results are presented in Table 23.
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Table 23. Strains tested with PCR using BCFomp1/BRopm1 motB primers

Number of testes Result of PCR with

strains BCFompl/BCRompl
primers
B. cereus 35 +
B. thuringiensis 29 +
B. anthracis 4 +
B. mycoides 4 +
B. pseudomycoides 4 +
B. mycoides/pseudomycoides 12 +
B. weihenstephanensis 9 +
Bacillussp. Bag813 20 +
OtherBacillus strains and 19 -
foodborne pathogens

The primers for the fragment of theotBgene are group specific and did not react with
DNA from otherBacillusand nonBacillusspecies. Using a software programme for *
silico PCR’, amplification with BCFompl/BCRomp1l was penfied. The results are
presented in Figure 24. Positive results were obthifor 17 from 26 of the total
sequencedacillus strains available in 2009 in NCBI, whiB. weihenstephanensis
KBAB4 (number 17 in Figure 24) gave a positive tesuth two allowed mismatches
(data not shown).

In 2000, a rardacillus strain NVH391-98 (number 14 in Figure 24) wasasedl and
added to théB. cereusgroup spp. (Luncet al. 2000); the nucleotide sequences of the
conserved genes of NVH391-98 varied greatly froendbnserved genes of other strains
from theB. cereugyroup spp. The NCBI reported that this strainalth identified as a
B. cereuswas very different from other representativeshaf group (Genome Project:
13624) and the sequencing revealed that this sstadnild be assigned a new species
status, the namBacillus cytotoxisor Bacillus cytotoxicuswas proposed (Lapiduet al.
2008). We were unable to obtain a culture of te@ate (after numerous attempts) to
test it experimentally in our study. However, auisilico analysis with primers against
the motB gene demonstrated thB&cillus NVH391-98 strain does not belong to the
B. cereugroup.

Our studies against a large selection of isolaligsip silico analysis showed that newly
designed BCFompl/BCRompl primers are good for BEhecereus group spp.
identification.
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Selected strains
1 -Bacillus subtilissubsp subtilis str.168; 2 -Bacillus halodurans C-123 - Bacillus cereuATCC 14579;
4 -Bacillus anthracisstr. Ames; 5 Bacillus cereusATCC 10987; 6 Bacillus anthracisstr. Ames 0581
7 -Bacillus thuringiensi®7-27; 8 Bacillus licheniformisATCC 14580; 9 Bacillus cereugZK
10 -Bacillus licheniformisDSM 13; 11 Bacillus clausiiKSM-K16;
12- Bacillus thuringiensistr. Al Hakam; 13 Bacillus anthracisstr. Sterne;
14 -Bacillus cereusubsp. cytotoxis NVH 391-98; 18Bacillus amyloliquefaciensZB42;
16 -Bacillus pumilusSAFR-032; 17 -Bacillus weihenstephanen${8AB4; 18 -Bacillus cereuAH187;
19 -Bacillus cereuB4264; 20 Bacillus cereuss9842; 21 BacilluscereusAH820;
22 -Bacillus cereugQ1; 23 -Bacillus cereu®3BB102; 24 Bacillus anthracisstr. CDC 68
25 -Bacillus anthracisstr. A0248; 26 Bacillus pseudofirmu®F4

Figure 24. In silico PCR results with BCFomp1l/BCRompl primers against @
members ofBacillus genera with completed genomic sequence

The motB PCR assay was analyzed for its sensitivity. Tduata the sensitivity of the
PCR assay, serial dilutions were performed to abkeicterial numbers using freshly
cultured cells of the emetiB. cereusDSM 4312. Dilution aliquots were used as
templates for PCR amplification using the BCFompid 8CRompl primers. The
results with these primers showed the minimum lefeletection was F@CFU/mI. The
results of the gel demonstrating the PCR limit @tedtion is presented in Figure 25.
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575bp

Figure 25. Sensitivity of the PCR detection oBacillus cereusDSM 4312 with

primers BCFomp1l/BCRompl
Numbers above lanes indicate the level of inocmtatas confirmed by conventional plate count

enumeration;

N — No Template Control; M - Molecular marker (Hypadder V)

The multiple attempts as seen above with five ghiell PCR systems have been
carried out to develop DNA primers allowing theet#ton of all strains within th&.
cereusgroup spp. In addition Schraft and Griffiths (193%esigned three primers
against the cereolysin AB sequences for detectiaygg yolk-hydrolyzingBacillus sp.
However, strains oB. weihenstephanensis, B. pseudomycaoael. anthracisspecies
were not tested. Hansen al. (2001) in addition to using universal36DNA primers
(to avoid false negative reactions) develope8 IBNA-targetic primers (S-S-Bc-200-
a-S-18 and-S-Bc-470-a-A-18) specific for identification df six species within th8.
cereusgroup spp. Their results did not te8t cereusspp. wild-type isolates oB.
anthracis strains and only one isolate each &f pseudomycoidesand B.
weihenstephanensistrains were tested. PCR primers B16S1/B16S2 whene
deemed specific to all tH&. cereugroupspp. were also designed by Tsdral. (2000).
However, these authors also did not &stveihenstephanensiB. pseudomycoidesnd
wild-type isolates. Moreover, all tH&. mycoidesandB. anthracisstrains were culture
collection types. A 1.2 kb of thgyrB genes oB. cereusspp. encoding the subunit B
protein of the enzyme DNA gyrase was amplifiednelt and sequenced by Yamada
al. (1999). The pair-specific primer was designediti@intiation between the species:
B. cereusB. thuringiensisand B. anthracis These primers can be used to detect the
B. cereus group spp., however, some of the strains of bBthcereusand B.
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thuringiensis presented false positive or did not give a positikesult; noB.
weihenstephanenssdrains were tested. Similarly in our results afigaition with gyrB
primers showed false positive results for Bxmycoidesl xB. anthracisand 3 xB.
thuringiensisstrains.
Changet al. (2003) explored thegroEL as a PCR assay with 78 isolates and showed
some success with further restriction enzyme digestnalysis of the product. They did
not testB. weihenstephanensisd only oneB. pseudomycoidedultilocus sequence
typing (MLST) has been used in evolutionary analysi theB. cereusgroup species
and the BA551@hromosomagene marker fronB. anthracisshowed some promise in
the identification ofB. anthracisspecifically (Olseret al.2007).

Therefore, we conclude that the PCR assay basedeatification of fragment
of motBgene is a more reliable test system and its $eihsénd detecting TOCFU/m

is adequate than those previously described.

3.3.1. The design of a real-time PCR (RT-PCR) reacin with the motB

gene-targeted primers for identification of theB. cereusgroup spp.

RT-PCR is one of the most powerful and sensitiveegenalysis assay available
on the market today. In this study RT-PCR was u$ad pathogen detection,
identification and gene copy number analysis. Tle¢hiod is a continuous collection of
fluorescent signal from PCR throughout the cycler@x 2006). Accumulation of PCR
product is detected directly by online monitorirge tincrease in fluorescence of the
reporter dye.

In the design of a RT-PCR reaction for identifioatiof B. cereusgroup spp., the
BCFompl and BCRompl primers (Molnar 2005) were u¥éd concluded from our
study that those primers were most suited for tiePRR study. The reaction was
performed using the Roche LightCycler®480 and Lijydler®1.2 instruments and
based on SYBR Green dye.

The reaction was optimized using different conaamin of primers (0.6M, 0.8uM)
and magnesium chloride (2mM, 2.25mM, 2.5mM, and 3mMMg®) which are
important, as in incorrect concentration reducesp@vents amplification. Various
annealing temperatures and the number of cyclds aritwithout dimetyl suphoxide
(DMSO) were also applied. The achieve results weEcceptable as the primer-dimer

formation and amplicon that was too long, were iolgid The results of RT-PCR with
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varied primer, magnesium chloride and DNA concéinma(1, 1x10, 1x1§ 1x1C,
1x10, 1x1G gene copy numbers), are presented in AppendixpbeAdix B, Appendix
C.

Working with SYBR Green as a fluorophore it is pbks to analyze temperature-
dependent dissociation between amplified produgtsamalyzing the melting curve.
These analyses begin with heating the productea¢tid of amplification. PCR products
melt and SYBR Green is released resulting in deered fluorescence. The end point
melting analysis of the achieved product showedtipial peaks in the melting curve
which resulted because of self-priming of one othbprimers (primer-dimer). It
generated small products that were very efficiemthgplified. Primer-dimer occurs
when primer ends of the each individual primersamplementary or when ends are
complementary to each other. To overcome this probh RT-PCR the optimal primer
concentration, increasing the annealing temperatagding dimethyl sulfoxide
(DMSO) to the reaction should be performed. DMSCGreases the specificity of the
template to the primers and decreases the prinmeerdiormation. When added to the
reaction mix before the amplification it interferegth the self-complementarity of the
DNA. After changing the parameters of the reactising BCFompl and BCRompl
primers no appropriate results were achieved.

PCR efficiency was also affected by amplicon sizeng amplicons generate a very
strong fluorescence signal, which saturates theecarnnside the LightCycler® and
leads to decreased PCR efficiency. The optimal gizbe amplified product should be
100-250bp. Although themotB primers (BCFompl/BCRompl) worked well with
standard PCR, they were not good enough for RT-PCR.

To overcome the primer-dimer formation and amplisz@ generation new primers and

TagMan hydrolysis probes were designed.

3.3.2. Design of new primers and sequence-specifiagMan probe for real-

time PCR identification and quantification of the B. cereusgroup spp.

New primers and probe were designed based on casupaof the 575bp
product generated with BCFompl/BCRompl (Molnar 2006 four strains whose
genome sequences were available in public datalas$9:B. cereusATCC 14579
(GenBank accession number: NC_004728, cereus ZK (NC_006274), B.
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thuringiensisserovar konkukian str. 97-27 (NC_005957) d&hdanthracisstr. Ames
(NC_003997). Figure 26 shows the genome sequesessini this study.

B.t.97-27 ¥ @ 108
B.a.str. Am 2 C 108
B.c.IK y. 108
B.C.ATCCL4 (e} 5 £ C ch [ 108

216
216
216
216

1 324
324
324
i 324

432
432
432
432

: 540
540
540
540

1 575
1 575
: 575
575

Figure 26. Comparison of the 575bp PCR product gemated using
BCFompl/BCRompl primers with selected conserved segnce for

TagMan probe hybridization
B. thuringiensi®7-27,B. anthracisstr. Ames B. cereuZK, B. cereusATCC 14579

TagMan probe targetingotB gene was designed using Primer3 software (Rozdn an
Skaletsky 2000, pp.365-386). The designed probeeseg was as follows:

Table 24. The MotB-FAM-1 probe details

Probe Probe sequence (5’-3) Targetin GC | Tm
amplified | content| (°C)
product | (%)

MotB- FAM-TTCAAGCATCTTTGACAATTTTAC 114-86 31 56.3
FAM-1 | TGCAT-BBQ

The position of the designed TagMan probe in th& Rplicon is demonstrated in
Figure 26.
Because the 3’-end of the primer BCFompl had maltlgnding sites within the

generated amplicon, two new forward primers wergigieed using Primer3 software
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and named BCFomp2 and BCFomp3. The reverse prid@Romp2, was design to
achieve the smaller amplicon size: 285bp with priBEFomp2 and 280bp with
BCFomp3 primer. The new primer sequences are edtlim Table 25 and Box 1. Their
sequence positions in the 575bp amplicon, togethdr the new designed TagMan
probe MotB-FAM-1 are outlined in Figure 27.

Table 25. The details of BCFomp2, BCFomp3 and BCRap2 primers

Primer Primer sequence (5’-3) Targetin| GC Tm
amplified | content| (°C)
product (%)

BCFomp2 | CGCCTCGTTGGATGACG 4-20 64.7 56.4

BCFomp3 | CGTTGGATGACGACTTTTACAG 9-30 53.8 45.%

BCRomp2 | GATATACATTCACTTGACTAATACCG | 288-263 34.6 51.3

Primer combinations Size of amplified
product

BCFomp2/BCRomp2 285bp

BCFomp3/BCRomp2 280bp

Box 1. Size of PCR product generated with the newrimers
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NC_004722 Bacillus cereus ATCC 14579 - nucleotide2%68-1583138 (575bp)

BCFomp2
>
BCFomp3
ATCGCCTCGTTGGATGACGACTTTTACKGATTTAACGATGTTATTATTAACI' TTCTTTGT
BCFomp1l > MotB-FAM-1

ATTACTAGTG CTACATCAAAGCAAGNT GCAGTAAAATTGTCAAAGATGCTT GAAAAGTT
TAGTGATACGGAGCAAGTAGATGCAAAAGTAATGGAAAATACAATACCGGATATTTCAC

ATGAAAAAAATGATGAAAAAATGATTTCAAAAAAGAGAATGGATGAATTAT ATAAGAA
< BCRomp2
GTTAAAAGCGTATGTAGATAATAACGGTATTAGTCAAGTGAATGTATATCG AGAGGATA

CAGGGGTAAGCGTCGTTATAGTAGATAATTTAATATTTGATACAGGCGATGCGAACGTT
AAGCCCGAAGCGAAAGGGATAATAAGTCAATTAGTTGGATTTTTTCAATCCGTACCTAA
CCCAATTGTTGTAGAGGGACATACAGATAGTAGACCTATTCATAACGAGAAATTCCCTT
CTAATTGGGAGTTATCTTCAGCACGAGCGGCAAATATGATTCACCATTTAATTGAAGTGT

BRGmMpl
ATGAATGTGGACGATAAAAGGETAGCTGCGGTAGGATATGCAG

Figure 27. The designed forward BCFomp2, BCFomp3 ahreverse BCRomp2
primers and MotB-FAM-1 probe targeting the motB gene (575bp) ofB.
cereusATCC 14579
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Thein silico analysis of BCFomp2/BCRomp2 primers are presemtddgure 28. The
in silico analysis of BCFomp3/BCRomp2 primers are presentégpendix D.
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DNA ladder
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Selected strain
1 -Bacillus subtilissubsp subtilis str.168; 2 -Bacillus halodurans C-125 - Bacillus cereuATCC 14579
4 -Bacillus anthracisstr. Ames; 5 Bacillus cereusATCC 10987; 6 Bacillus anthracisstr. Ames 0581
7 -Bacillus thuringiensi®7-27; 8 -Bacillus licheniformisATCC 14580; 9 Bacillus cereuZK
10 -Bacillus licheniformiDSM 13; 11 Bacillus clausiiKSM-K16; 12- Bacillus thuringiensistr. Al Hakam;
13 -Bacillus anthracisstr. Sterne; 14 Bacillus cereusubsp. cytotoxis NVH 391-98
15 -Bacillus amyloliquefacienezZB42; 16 -Bacillus pumilusSAFR-032;
17 —Bacillus weihenstephanens{8AB4; 18 -Bacillus cereusAH187; 19 -Bacillus cereudd4264;
20 -Bacillus cereuss9842; 21 -Bacillus cereusAH820; 22 -Bacillus cereus1;
23 -Bacillus cereu93BB102; 24 Bacillus anthracisstr. CDC 684; 25 Bacillus anthracisstr. A0248;
26-Bacillus pseudofirmu®F4; 27 Bacillus megateriunQM B1551; 28 BacillustusciaeDSM 2912;
29 —Bacillus megateriunDSM 319; 30 -Bacillus thuringiensi8MB171;
31 -Bacillus selenitireducens!LS10

Figure 28. Results ofin silico PCR with BCFomp2/BCRomp2 primers against 31
members ofBacillus group with completed genomic sequences

The in silico PCR analysis of the new set of primers BCFomp2/8@p2 and
BCFomp3/BCRomp2 gave positive results for 18 of 1Betotal sequencel. cereus
group spp. strains, whilB. weihenstephanendf(8AB4 (number 17 in Figure 28) gave
a positive result with two allowed mismatches bome of them were located in 3’ end
(data not shown). ThB. ceres subspcytotoxisNVH 391-98 (number 14 in Figure 28)

where the nucleotide sequences of the conservessgamy greatly from the conserved
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genes of other strains from tBe cereusggroup showed negative result for both pair of
primers also with allowed mismatches. These resuttsfirmed our earlier results
published in Oliwa-Stasialet al. (2010) that this strain although identified as a
B. cereuds different from other members of tBe cereuggroup spp. This strain should
be representatived as a novel bacterial species.

The designed TagMan probe (Table 24) labelled fitbrescent dye FAM (6-
carboxyfluorescein) and quenched with Black BerneQcher (BBQ) was detectable in
channel F1 of the LightCycler®1.2. Working with thgdrolysis probe, analysis of
efficiency and sensitivity of the reaction was lthe® one standard curve (described
later).

To design the optimized reaction, the assay vatidgiarameters model should be used.
The validation was as follow:
- primer pairs were tested in all combinations wattknown template (plasmid
clone, genomic DNA).
- different assay conditions (primers, magnesiunt gmobe concentrations,
annealing temperature) were used.
- the primer pairs that give the lowest Cp valued the best limit of detection
were chosen.
- adilutions of templates were made.
- only primers specific for thB. cereuggroup spp. were chosen.

- the standard curve giving the best efficiency wapared.

3.3.3. Results of RT-PCR with new designed primerand MotB-FAM-1
TagMan probe

Two primer combinations were used to achieve tlpeeted products by RT-PCR:
BCFomp2 with BCRomp2, and BCFomp3 with BCRomp2. fidection was optimized
with different final primer concentration: @I, 0.8uM, 1uM of each primer in the
reaction and various annealing temperatures (55P&;, 59°C).

The 0.071M final probe concentration was experimentally fduss optimal for the
reaction. Magnesium chloride (¥1g was included in the TagMan MasterMix and its
concentration was optimized for almost all primembinations by the manufacturer.
As a DNA template, the 575bp fragment of thetB gene cloned into the pGEM-T
Easy Vector was used. The generation of ie@B gene cloned into pGEM-T Easy
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Vector is described later. The experimental analyse optimize the reaction are
presented in Figure 29. The DNA amount was ¥xdéne copy numbers in each

reaction.

5 amples Amplification Gurves

Color| Pog | Mame CF

——p» 2 pbMA 05uM Prim BCF3/BCR o

[ | 3 pOMA 0.8ubd Prim BCF3/BCRH 918

[ | 4 pDMA Tub Prim.BCF3/BCR2 255
[ | 5 NTC

[ | B pOrA 0.5uM Prim BCFZ/BCRH 753

[ | 7 pDMA 0.8uM Prim BCFZ/BCRH 8,93

2  pDMA Tuk Prim.BCF2/BCR2 9,83

Fluorescence (530)

123456738 31011121314 151617 151920 21 2223 242525 27 2023 0 3
Cycles

Figure 29. Results of RT-PCR reactions with MotB-FAM-1 probe using different
concentration of primers: BCFomp3/BCRomp2 (samples 1-4) and

BCFomp2/BCRomp2 (samples 5-8)
1. NTC (uM of BCFomp3/BCRomp2); 2. Oudl of BCFomp3/BCRomp2;

3. 0.8&M of BCFomp3/BCRomp2; 4.1iM of BCFomp3/BCRomp2;

5. NTC (IuM of BCFomp2/BCRomp2); 6. O of BCFomp2/BCRomp2;

7. 0.8M of BCFomp2/BCRomp2; 8.1M of BCFomp2/BCRomp2;

DNA template: 1x1®gene copy numbers; annealing temperature: 59°C;-N@ Template Control

Better results were achieved for the reaction \@@Fomp2 and BCRomp2 primers.
Reaction with 0.8M of each primer at 59°C annealing temperature skolwer Cp
values (in compare with Qu8 BCFomp3/BCRomp2) which responded with improved
sensitivity. In addition results could also be alised when the RT-PCR products were
run in 1% agarose gel (Figure 30).

As seen from the graph (Figure 29) the crossingitpo{Cp) for 1x18 gene copy
numbers were lower for BCFomp2/BCRomp2 primer coration. For 0.pM of
BCFomp3/BCRomp2 (sample 2) no Cp value was obseiMeel peak for this reaction

could be observed on the graph, however the Ligtl&2® software (version 4.1) did
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not include that result (marked with arrow) to bealgzed. For 0BM of
BCFomp2/BCRomp2 the reaction was included in tselts.

The 1% agarose gel picture (Figure 30) with proslwftthe RT-PCR assay showed
brighter and stronger bands when BCFomp2/BCRomip2eps were used.

a) b)

MNIC1 2 3 NIC4 5 &

285bp 280bp

Figure 30. The RT-PCR products run on 1% agarose ¢e with

(a) BCFomp2/BCRomp2 and (b) BCFomp3/BCRomp2 primers
(a): 1. 1x16 gene copy numbers, @B each primer per reaction; 2. 1X1§ene copy numbers, Q8!

each primer per reaction; 3. 1€igene copy numberspl each primer per reaction;

(b): 4. 1x18 gene copy numbers, @8 each primer per reaction; 5. 1X1§ene copy numbers, Qg
each primer per reaction; 6. 1€igene copy numbersul each primer per reaction;

NTC-No Template Control; M-Molecular marker (Hypedder 1V)

In an assay validation all primer combinations s$tidae checked, therefore the reaction
with initial primers BCFompl/BCRompl and BCFomp2m@&npl were also tested
and compared (see also Appendix E). Different DNIAtidns, ranging from 1 to 1x10
gene copy numbers per reaction were amplified @nsdime conditions including Q&

of each primer and 59°C annealing temperature. tReac with the
BCFomp2/BCRompl primers was able to detect Dxg#hecopy numbers whereas
reaction using BCFomp1/BCRomp1 showed detectiatx@f® gene copy numbers and
was less sensitive during comparison of Cp valaeslifferent dilutions (Figure 31). In
the same conditions the reaction with primers BCp2BCRompl showed lower Cp
values (Figure 31, samples 2-9) and better limidletbction than reactions using initial

BCFomp1/BCRompl primers (Figure 31, samples 12-19).
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These differences were easily to observe on thd®BR- graphs and also on agarose
gels where the final products were run after eaelctron. The product of amplification
with initial BCFomp1/BCRomp1 primers and 1Xi§ene copy numbers was not visible
on the agarose gel (Figure 32).

After all analysis in the assay validation the teacwith BCFomp2/BCRomp2
satisfied the major requirements (described eaqrliédmplification with the new
BCFomp2/BCRomp2 showed the best efficiency and isé@ts among all tested
primers combinations. Reaction with these primeas able to detect 1x10 gene copy
numbers in RT-PCR assay.

Primers BCFomp2/BCRomp2 were chosen for future work

Samples Amplification Curves

Color| Poz | Mame CP is

1 NTC e

2 pDMA 1copy/ul BCF24BCR1 137
B 3 pDMA10cop/ul BCF24BCR1 18 Z
B ¢ pDMAT00c/UlBCF2+BCA1 3549 ' =
B 5 pDMA1000c/WlBCF2+BCRT 30,93 by
B F pDMATOE4c/ulBCF2+BCRT 2525 12 &
B 7 pDMAT0EScAIBCF2+BCRT 2269 i

2 pDMATDEEc/WBCF2+BCRT 1478
9 pDMA10E7c/ul BCF2+BCRA 840
10 5.Typh NCTC74 BCF2+BCR1

Fluorescence (530}

11 NTC o
12 pDMA 1copy/ul BCF1+BCR1 D:,
13 pDMA 10cop/ul BOF1+BCAT 0s

pOMA 100cop/ul BOF1+BCR1 0z
15 pDMA 1000/l BOF14BCAT 34,81 .
16 pDM& 10F4c/ul BOF1+BORT 29,02 o

17 pDMA10ESc Wl BCF1+BCRT 2396
18 pDMA10EGc/ul BCF1+BCR1 17.33 123456 78 9101112131415 1617151920 2122 2324 2526 27 2829 3031 3233 34 35 36,37 35 3340 4142 434 4546 47 4548 5051 5253 55
- Cycles

19 pDMA0E7c/ulBCF1+BCRT 1255

EEEN NEEEN
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Figure 31. Results of RT-PCR reactions using Ou31 BCFomp2/BCRompl
(samples 1-9) and 04V BCFompl/BCRompl (samples 11-19) primers at

the same reaction conditions
1. NTC; 2. 1 gene copy number; 3. 1x10 gene copytreus; 4. 1x1Dgene copy numbers;

5. 1x1G gene copy numbers; 6. 1X1§ene copy numbers; 7. 1Xl§ene copy numbers;

8. 1x10 gene copy numbers; 9. 1@1§ene copy numbers; 18. Typhimurium NCTC 74;

11. NTC; 12. 1 gene copy number; 13. 1x10 gene copybers; 14. 1xFdyene copy numbers;
15. 1x1G gene copy numbers; 16. 1%igene copy numbers; 17. 1Xigene copy numbers;
18. 1x16 gene copy numbers; 19. 1¥igene copy numbers;

Annealing temperature: 592G. Typhimurium NCTC 74-negative control; NTC-No Teate Control
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a) M NIC 1 2

b)

M NICID 11 12 13 14 15 16 17

573bp

575bp

Figure 32. RT-PCR products run on 1% agarose gel wh BCFomp2/BCRomp1l (a)

and BCFomp1/BCRompl (b) primers

(a): 1. 1 gene copy number; 2. 1x10 gene copy nsnBe 1x16 gene copy numbers;

4. 1x16 gene copy numbers; 5. 1X1@ene copy numbers; 6. 1XI@ene copy numbers;

7. 1x16 gene copy numbers; 8. 1X1§ene copy numbers; 9. gDNBalmonellaTyphimurium NCTC 74;

(b): 10. 1 gene copy number; 11. 1x10 gene copybeusy 12. 1x1gene copy numbers;

13. 1x1d gene copy numbers; 14. 1Xigene copy numbers; 15. 1Xigene copy numbers;

16. 1x16 gene copy numbers; 17. 1¥igene copy numbers;

Every reaction was run with Qu81 of each primer;

NTC-No Template Control; M-Molecular marker (Hypadder V)

The optimized RT-PCR reaction conditions were #svis:

DNA 5ul
LightCycler® TagMan® 4yl
Master

MotB-FAM-1 (2uM) 0.7ul
BCFomp2 (1QM) 1.6ul
BCRomp2 (10M) 1.6ul
H.O To 2Qul

95°C 10min
30 cycles:

95°C 10sec
59°C 40sec
72°C 1sec (single slop

40°C 30sec

127



RESULTS AND DISCUSSION

Primers BCFomp2/BCRomp2 were analyzed for theiciépéy, selectivity and
ability to detect 130 strains d8. cereusgroup species by RT-PCR reaction. The
completed results are shown in a SupplementaryeTAblUnder described conditions
all tested strains belonging Bx cereusB. thuringiensisB. anthracisand transitional
strains showed positive results when MotB-FAM-1h@avas used in the reaction. The
fluorescence signal from the probe was detectabje channel F1 in the
LightCycler®1.2 and the product size checked onalfdrose was as expected. None of
the B. weihenstephanenseand B. pseudomycoidegave a fluorescence signal which
shows the equivalent to a negative result when wwgrwith RT-PCR. As seen from the
Figure 33,B. weihenstephanensBSM 11821 andB. pseudomycoideBSM 12442
together with no template control (NTC) did notgaet peaks of fluorescence. The rest
of the five strains belonging to th@. cereusgroup spp. anddacillus sp. Ba813
amplified and the following Cp values and quantifygene copy numbers calculated by

LightCycler® software were displayed:

Strain Cp value Calculated quantity of
gene copy numbers

B. cereusATCC 14579 13,65 2.71x10

B. thuringiensiDSM 6017 12,06 8.08x10

B. anthracis34F2 18,25 1.12x%0

BacillusBa813 #19 (T5 97-77) 14,23 1.82x10

B. mycoide6A68 16,15 4.84x10

B. weihenstephanensis - -

DSM 11821

B. pseudomycoidd3SM 12442 - -

Despite the RT-PCR with MotB-FAM-1 probe did not nwo for all

B. weihenstephanensithe product run on 1% agarose gel after the askawed the
expected product (285bp). The reason for the negatisult with the RT-PCR was that
the fluorescence signal was not emitted during teal-time reaction from all
B. weihenstephanensistrains because of single nucleotide polymorphigiahiP)
within the sequence for MotB-FAM-1 probe hybridipat resulting in lack of probe
hybridization (Appendix F). This result was detectdter the sequencing of the PCR
product. B. pseudomycoidesstrains were not detected during work with the
BCFomp2/BCRomp2 primers and MotB-FAM-1 probe. Matep the RT-PCR

products were not visible on agarose gel whathlaltdescribed later.
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Amplification with extracted DNA fronB. mycoidesstrains showed various results.
Only 2 (6A49 and 6A68) from 20 B. mycoidesand 4 (PID 1/21, PID 2/43, PID 3/2,
1/1) from 10 xB. mycoides/pseudomycoidgsains showed positive fluorescence signal
and expected product size (285bp) using MotB-FARKdbe. Amplicon for the rest of
the strains was not detected using MotB-FAM-1 prbloevever was visible on 1%
agarose gel for: 13 »B. mycoidesand 2 x B. mycoides/pseudomycoidsgrains
(Supplementary Table A).

The conclusion to date shows that the new MotB-FAMyobe and redesigned
BCFomp2/BCRomp2 primers could identify aB. cereus B. thuringiensis

B. anthracis Bacillus sp. Bag13 and only 2 from 20 »B. mycoidesand 4 from 10 x
B. mycoides/pseudomycoidstains. B. weihenstephanens@&nd B. pseudomycoides
strains were not detectable by RT-PCR using MotBAFAprobe.

_}'_": B. cereus ATCC 14579 Amplification Gurves

,{ B. thuringiensis DSM 6017
/

i

m B. weihensiephanensis
DSM 11821
¢4 BacillusBas13"£19 (T3 97-77) g 12

B. mycoides 6A68

¢ B. pseudomycoides DSM 12442

A B. anthracis 34F2

/
ff‘ NTC-No Template Control
!

Figure 33. Results of RT-PCR assay with BCFomp2/BGétnp2 primers and MotB-
FAM-1 probe

Cp values: 13,65 foB. cereusATCC 14579; 12,06 foB. thuringiensisDSM 6017; 18,25 forB.
anthracis34F2; 14,23 foBacillusBa813 #19 (T5 97-77); 16,15 fd8. mycoide$A68
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3.3.4. Differentiation of B. weihenstephanensisrom other members of

Bacillus cereusgroup with non rhizoid growth

Working with real-time PCR using BCFomp2/BCRomp2nmars and MotB-
FAM-1 TagMan probe, no positive fluorescence sigmas achieved for 17 x
B. weihenstephanensstrains used in this study. The LightCycler®1.d dot report
the signal from the MotB-FAM-1 probe which meantlaof hybridization between
probe and the target DNA. However, the productR6fPCR checked by 1% agarose
gel electrophoresis in 0.5xTBE buffer showed theé&l#8 product amplified with
BCFomp2/BCRomp2.

Four strains oB. weihenstephanensié/SBC 10392, WSBC 10416, WSBC 10201 and
WSBC 10389 were used as a target to amplifying segliencing the 575bp product
generated with BCFompl/BCRompl primers. Sequenocadyzed by MWG were
compared against two strains with complete genosguences available in NCBI
(National Center for Biotechnology InformationB. weihenstephanensiKBAB4
(GenBank accession number: NC_010184)BncereusATCC 14579 (NC_004722) in

2010. The results are presented in Figure 34.

WSBC10392 :
WSBC10416 :
WSBC10201 :
USBCL0383 :
KEAB4  GATCGCCTCGTTGGATGACGACTTTTACTGATTTAACGATGTTGTTATTGACTTTTTTTGTACTATTA
ATCC14579 : GATCBCCTCGTTGGATGACGACTTTTACAGATTTAACGATGTTATTATTAACTTTCTTTETATTACTAG

WSBC10392 :
WSBC10416 :
WSBC10201 :
USBCLO3ES :
KEAB4 :
ATCC14578 :

WSBC10392 : FVEN
WSBC10416 :
WSBC10ZOL :
WSBC10389 :
KBAB4

ATCC14579 : LWGpNwr

WSBC10392 :
WSBC10416 :
WSBC10ZOL :
WSBC10389 :
KBAB4 :
ATCC14579 :

B T : 488
777777777777777777 1 488
CTGCGGTAGGATATGCAG @ SO06
CAGCGGTAGGATATGCG- @ 575

Gl

A GCIECTGCGGTAGGATATGCA- @ 575
tag

Figure 34. Comparison of 575bp PCR products generatl using
BCFompl/BCRompl primers with selected conserved segnce for MotB-

FAM-1 TagMan probe hybridization
Comparised strain®. weihenstephanensigSBC 10392B. weihenstephanendigSBC 10416,

B. weihenstephanendSBC10201B. weihenstephanendf§SBC 10389,
B. weihenstephanendt8AB4, B. cereusATCC 14579
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Analyzes of the sequenced fragments with specighasis on the MotB-FAM-1 probe
hybridization sequence demonstrated a single ntideepolymorphisms (SNPS) in this
fragment. Because SNPs were similar in all analfedeihenstephanensisrains and
located at the same positions in the DNA sequeRicrife 35), the TagMan probe was
redesigned and used for the identification Bf weihenstephanensistrains with
BCFomp2/BCRomp2 primers.

L= 1R b= IR . T 2 C AT AAAAT TAT CERAACAT GCT T A L N
WeBC_10416 : ENE CTAALATTAT CIMMACAT GCT T A0 R
WeBC_10392 : EN CTAALATTAT CIMMACAT GCT T A0 R
WSEC_ 10389 @ EN STAARATTATI AT GCT T AR N
E.w._ KBAE4 : LN GTAAAATTAT CERALCAT GCT T GO0
BN N S N A T CACTAAAATTIET CERAACAT GCT T GAA B
ATaCAGTARRATTATC aGATGCTTGAR

Figure 35. Comparison of DNA fragments oB. weihenstephanensiand B. cereus
for hybridization of TagMan probes

In a 29 nucleotide sequence, 3 nucleotides weraifsignt. First and second
nucleotides (position 3rd and 14th) presented Auerior 5 xB. weihenstephanensis
strains instead of Guanine f& cereusATCC 14579. The third nucleotide (position
17th) for someB. weihenstephanensigas the same as for analyzZBdcereus and it
was Adenine. For the reBt weihenstephanensstrains the nucleotide in this position
was Guanine. From the sequencing results obtainedn fMWG for 3 x
B. weihenstephanensgrains (WSBC 10416, WSBC 10392, and WSBC 10386) th
nucleotide in position 17th was not clear and watsdefined. However, analyzes of the
peaks received after sequencing showed that thdt rems between Adenine and
Guanine. The new, redesigned probe was named MAMB-F and its sequence 5’-3’ is
shown in Box 2 and Table 26. The 5-end was l&deWith fluoresceine (FAM), 3'-
end was quenched with Black Berry Quencher (BBQ).
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MotB-FAM-1: FAM-TTC AAG CAT CcTT TlBA dlla TTT TAC TGCBT--BBQ
MotB-FAM-2: FAM-TTC AAG CAT CTT YA TBA TTT TAC TGTHT-B BQ
(Y=T/C)

Box 2. Comparison of the sequences of two TagMan @bes: MotB-FAM-1 and
MotB-FAM-2

Table 26. Details of MotB-FAM-2 probe

Probe | Probe sequence (5'-3) Targetin GC | Tm
amplified | content| (°C)
product | (%)

MotB- |FAM- 114-86 | 24 | 52.1
FAM-2 | TTCAAGCATCTT(T/C)GATAATTTTACTGTAT-
BBQ

The nucleotide in position 13tbf the MotB-FAM-2 probe was wobbled (Y=T/C)
becauseB. weihenstephanensstrains presented a double profile in this positibhe
next two nucleotides (position 16th and 27th) & pinobe were changed from Cytosine
into Thymine. The described changes in the probeevgeifficient to achieve the
fluorescence signal during work witlB. weihenstephanensig;n RT-PCR with
BCFomp2/BCRomp2 primers (Appendix G). From the FegB6, it can be seen that for
7 strains which represent tli& cereusgroup spp. onlyB. weihenstephanensi3SM
11821 was detectable by MotB-FAM-2 probe and the v@ue was 13,32 which
corresponded with 3.40xi@ene copy numbers.
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/

/

B. cereis ATCC 14579

i

/J

B. thuringiensis DSM 6017

(w]

B. weihensiephanensis
DSM 11821

b

Bacillus BaB137 219 (T3 97-77)

B. mycoides 6A68

' B. pseudomcoides DSM 12442

A

B. anthracis 34F2

¢
/
/
/

NTC-No Template Control

Amplification Curves

Fluorescence (530)
=
g

Figure 36. Results of RT-PCR with BCFomp2/BCRomp2 pmers and MotB-
FAM-2 probe

The optimized RT-PCR reaction conditions were #svis:

DNA 5ul 95°C  10min
LightCycler® TagMan® 4yl 30 cycles:
Master
MotB-FAM-2 (2uM) 0.7ul 95°C 10sec
BCFomp2 (1aM) 1.6ul 59°C 40sec
BCRomp2 (1@M) 1.6ul 72°C 1sec (single slop
H,O To 2Qul

40°C 30sec

MotB-FAM-2 emitted the signal from 17 B. weihenstephanensstrains. None of the
testedB. cereus B. thuringiensis B. anthracis B. pseudomycoideand transitional
strains gave the positive RT-PCR result. Amplificatwith DNA extracted from 15 X
B. mycoide and 6 xB. mycoides/pseudomycoidssains generated the product and
fluorescence signal using either probe MotB-FAM¢IMptB-FAM-2 (Supplementary
Table A). However, 5 B. mycoidesand 4 xB. mycoides/pseudomycoidgig not react
with both probes and amplification product was generated. Those strains were
further discriminated aB. pseudomycoideand are described later.

The conclusion from this work section showed thia¢ teal-time analysis with
BCFomp2/BCRomp2 and probe MotB-FAM-2 allowed fomple differentiation

B. weihenstephanenssirains from other strains belongsBo cereusgroup with non
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rhizoid growth.B. mycoideghat were identified in reactions using probe M&BM-2
were easily discriminated frof. weihenstephanendy their rhizoid growth on agar
plates.B. weihenstephanensis a psychrotolerant strain able to grow at 4%Ccam be
major problem in milk product contamination. Pasted milk is a common source for
isolating of this bacterium.
The assay was tested with an environmental medigm neilk. Overall our results
showed that in the bacterial identification the kmslamples were always plated on
PEMBA/MYP media first and anB. mycoide®r B. pseudomycoidestrain which grew
on the agar presented rhizoid colonies. Coloniélsowt rhizoid growth were identified
asB. cereusB. thuringiensisB. anthracisor B. weihenstephanenss$rains and tested
by RT-PCR using probe MotB-FAM-1 and/or MotB-FAM-2.Moreover
B. weihenstephanenstrains were differentiated by amplification witotB-FAM-2.
RT-PCR assay applying MotB-FAM-2 in analysis allawer rapid identification and
differentiation of theB. weihenstephanensstrains isolated from milk.
Those results were confirmed in traditional PCRctiea with primers BcF2 and
CSPU3 designed by Lechner al. (1998) against thespAgene encodes a major cold
shock protein. The primers allowed for differentattheB. weihenstephanenssrains
by PCR. Based on their results we could compargesults inB. weihenstephanensis
differentiation. However, their results did not demstrate the quantification and limit
of detection which were analyzed in our study.

The genomes of the varioBscillus species are highly conserved, which makes
the differentiation of species highly challengirtdowever, in this study based on a
single nucleotide polymorphisms (SNPs) the RT-PG&agp was found to differentiate
B. weihenstephanenditom otherB. cereusgroup spp. with non rhizoid growth. SNPs
are individual base positions in the genome thatwsmatural variation in the
population. As Wattiau and Fretin (2006) mentiond¢lde RT-PCR based on 5
exonuclease activity ofag polymerase (TagMan assay) is the most common rmetho
used for SNPs detection. The advantage of thisyasdhat it only requires a one step
enzymatic reaction. Twyman (2005, pp.1202-1207)mrea that the discriminating
between alleles at SNP locus is called allele-$ipebiybridization and is based on
hybridization to genomic regions that differ at tBBIP site using probes specific to
each allele. A single-base mismatch is sufficiemt prevent hybridization of the
nonmatching probe. Primer binds upstream of thgetad SNP andaq polymerase
initiated DNA extension. If the probe matched tlaeget DNA, then the DNA is
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extended from the forward primer to the probe aoigmerase cleaves and releases the
5-end of the probe attached with a fluorescent.dylis release results in a
fluorescence. Mismatches between probe and tasgkice the efficiency of probe
hybridization; the probe does not hybridize to theget and the extension of the
forward primer does not cut the fluorescent moled¢tdm the probe.

The conclusion from this work section showed tihat new redesigned MotB-
FAM-2 probe made possible the detection and diffigadon of the
B. weihenstephanenss$rains from other strains with non rhizoid grovsblonging to
the B. cereus group spp. This ability was especially helpful detection of
B. weihenstephanensig/hich is psychrotolerant species, from milk sagspstored at
4°C.

3.3.5. Identification of the B. cereus group species, excluding B.
pseudomycoidedy RT-PCR reaction using two TagMan probes

RT-PCR amplification using BCFomp2/BCRomp2 primard probe MotB-
FAM-1 could identifyB. cereusB. thuringiensisB. anthracis transitional Bag13and
someB. mycoidestrains. With the same condition but with the secnewly designed
probe MotB-FAM-2, it was possible to identify adistedB. weihenstephanensasid the
remainingB. mycoidesstrains not identified by the MotB-FAM-1 probe. iNoof the
B. pseudomycoidestrains were identified using the two probes.

To research the possibility of identify all thodeams in one multiplex reaction, both
probes were used in the same RT-PCR master mixrédwion was optimized using
different probe concentration: 0.Q@8, 0.03uM and 0.0@M of each probe per
reaction. DNA extracted fronB. cereusATCC 14579 andB. weihenstephanensis
WSBC 10389 with unknown concentration was used t@sngplate. In the reactions the
DNA presenting 1x1DmotB gene copy numbers was included as a control and as
standard dilution, furthermore used as a temptatestimate the gene copy numbers of
particular unknown samples based on standard aawved in a software. Results of the
RT-PCR using different concentrations of two probe®ne reaction are outlined in
Table 27.
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Table 27. RT-PCR results with different concentraibbns of MotB-FAM-1 and
MotB-FAM-2 probes used in one reaction

D

B. cereus | B.weihenstephanensig 1x1® motBgene| 1x1® motBgene
ATCC WSBC 10389 copy numbers | copy numbers 8.
14579 (B. cereus weihenstephanensis
ATCC 14579) WSBC 10389)
MotB-FAM-1 12.03 _ 18.97 (1x10) _
(0.07M) (1.19x16)
MotB-FAM-2 _ 16.96 (5.65x19) _ 18.77 (1x16)
(0.07uM)
MotB-FAM-1 + 11.77 15.28 (1.81x10 N/T N/T
MotB-FAM-2
(0.025:M each) | (1:21x10
MotB-FAM-1 + 13.62 17.04 (5.34x18) N/T N/T
MotB-FAM-2
(0.035:M (3.98x10)
each)
MotB-FAM-1 + 12.46 N/T N/T N/T
MotB-FAM-2
(0.07uM each) (8.88x10)

The best results are underlined; N/T-Not Tested:Negative reaction

Two probes: MotB-FAM-1 and MotB-FAM-2 used in ondHRCR reaction

with BCFomp2/BCRomp2 primers were able to giveuarféscence signal and identify

the B. cereusgroup spp. except tHe. pseudomycoidestrains. Those two probes used

together in a final concentration: 0.Q% MotB-FAM-1 and 0.03gM MotB-FAM-2

gave the same sensitivity as when used separatitlthve final concentration 0.QFA.

The optimized reaction conditions were as follows:

DNA 5ul 95°C  10min
LightCycler® TagMan® 4yl 30 cycles:

Master

MotB-FAM-1 (2uM) 0.25ul 95°C 10sec
MotB-FAM-2 (2uM) 0.35ul 59°C 40sec
BCFomp2 (1aM) 1.6ul 72°C 1sec (single slop
BCRomp2 (1@M) 1.6ul

H,0 To 2Qul 40°C 30sec

These probes concentrations were used in RT-PGIR DWA extracted from
strains representing each species belonging tB.tbereuggroup spp.B. cereusATCC
14579,B. thuringiensiDSM 6017 B. anthracis34F2,BacillusBag813 #19 (T5 97-77),
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B. mycoidesA68, B. weihenstephanensiBSM 11821 andB. pseudomycoideBSM
12442 (Figure 37).

Achieved results were as follows:

Strain Cp value Calculated quantity of
gene copy numbers

B. cereusATCC 14579 13,77 3.19x10

B. thuringiensisDSM 6017 12,40 8.28x10

B. anthracis34F2 18,57 1.44x%0

BacillusBa813 #19 (T5 97-77) 14,20 2.24x10

B. mycoide$A68 16,07 5.08x10

B. weihenstephanensis 13,54 3.30x10

DSM 11821

B. pseudomycoidd3SM 12442 - -

The achieved values are comparable to results eP@R with 0.04M probe for the
same strains (Figure 33, Figure 36).
B. pseudomycoidd3SM 12442 did not present the positive reactioaanh assay.

Amplification Curves

; . ceraus ATCC 14579

/ B thuringiensis DEM 6017

s} B. wethenstephanensis
DEM 11821

4§ Broillus Bag13* #19 (T5 97-77)
!

B, wpyooides 6411

Fluorescence (530)

4 B preudomycoidass DSM 12442

A B anthracis 34F2

/ NTC-No Template Control

Figure 37. Results of RT-PCR assay with BCFomp2/BGCétnp2 primers and

0.027uM MotB-FAM-1 and 0.035uM MotB-FAM-2
Cp values: 13,77 fdB. cereusATCC 14579; 12,40 foB. thuringiensiDSM 6017;

13,54 forB. weihenstephanenddSM 11821; 14,20 foBacillusBa813 #19 (T5 97-77);
16,07 forB. mycoide$A68; 18,57 foB. anthracis34F2
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3.3.6. Creation of a RT-PCR standard curve and linti of detection for
BCFomp2/BCRomp2 primers and MotB-FAM-1/MotB-FAM-2 probes

To determine the quantitative information of thekmmown sample a standard
curve using DNA of known concentration is requir8dhen the standard curve has
been generated it can be used as a reference standiarther assay.

The fragment oimotB amplicon (575bp) oB. cereusATCC 14579,B. cereus
NCTC 7464 and. weihenstephanensi§SBC 10389 was generated by PCR using the
primer set BCFompl/BCRomp1l and cloned into pGEMaByEVector system (Figure
38).

Xmn | 2009

Nae |
Sca | 1890

PGEDM-T Vector lacZ

(3015bp) motB

(575bp)

Figure 38. Scheme of 575bp fragment amotB gene cloned into pGEM-T Easy
Vector

The PCR product was ligated with 50ng of vector DMA 1:3 molar ratio of
vector:insert. The ligated product was transfornmed E. coli JM 109 cells by electro
shock. Possible transformants that grew on LB platéth addition of ampicillin
(100ug/ml) were analyzed by PCR for the target gene Bi@Fompl/BCRompl or
BCFomp2/BCRomp2 primers specific to the clonedrfragtmotBgene to confirm the
correct insert. DNA was extracted by heating metaod ul of supernatant was used
as DNA template. Only clones positive for inserrevased to extract the recombinant
plasmid (pGEMmotB using the Promega plasmid kit (Wizard Plus SV igtieps) and
confirming PCR reactions with the same set primeese carried out. A second
confirming test which included the enzymatic digastof recombinant plasmid was
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carried out. pGEM-T Easy Vector multiple cloninggien is flanked by recognition
sites for the restriction enzynkoRIproviding a single enzyme digestion for release of
the insert. After incubation of the plasmid in opal for enzyme activity conditions the
result of the digestion was checked on 1.5% agageseRecombinant clones presented
two bands: 601bp (insert+flanking sequence) anddB98plasmid). pGEM-T Easy
Vector without an insert presented 3015bp band.rékelts are presented in Figure 39.

M 1 2 3 4

2989bp

3015bp

601bp

Figure 39. Results of enzymatic digestion of pGENRotB with EcoRl
1-2) pGEMmotB 3-4) pGEM-T Easy Vector without an insert;
M-Molecular marker (HyperLadder I)

Two positive clones from each cloning were sequénmg Eurofins MWG Operon.
Both, T7 (forward) and SP6 (reverse) primers wesedufor sequencing.

The DNA concentration was determined by measuiiegabsorbance at 260nm.
DNA purity was measured by calculating the ratioabSorbance at 260-280nm (Vis
NanoDrop-1000, Fisherbrand, Fisher Scientific,anel). Calculation of the gene copy
numbers was based on the assumption that the aexsight of a base pair (bp) is 650
Da. The amount of the template should be expressedolecules (copies) of DNA.

Conversion the mass to molecules was done by tisenfprmula (Dorak 2006, p.41):

Mass (in grams) x Avogadro’s Number = molecules (copies) of DNA
Average mol. wt. of a base x template length
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Ten-fold serial dilutions of the standard (1- 13¥1§ene copy numbers) were made in
sterile water or 10mM Tris-HCI pH 8.0, aliquoteddastored at -20°C until use. Each
dilution was thawed only once immediately before.us

The establishment of a standard curve using qadingt real-time PCR (QRT-PCR)
process is the key step in determining the copybmimof a given target sequence. A
dilution series (1x1¥-1 gene copy numbers/@0reaction) of recombinant plasmid
were tested in triplicates by the real-time assaingi LightCycler® system. The
obtained Cp values were plotted against log-transéd concentrations of serial ten-
fold dilutions of the target. After each amplificat the LightCycler® software (version
4.1) produced the standard curve by measuringritesing point of each standard and
plotting them against the logarithmic values ofstomction (Figure 40).

Cp values from each reaction were calculated tagemehone average value for every
dilution. The results are presented in Table 2& 3tandard deviation for each value of
gene copy number was evaluated.

The results showed that significant signals wereded between 1x1® 1x10 gene
copy numbers. For the target sequence, in assay B&EFomp2/BCRomp2 primers, as
little as 1x10 copies per reaction could be detecWwhereas during standard PCR
reaction with the same primers, the limit of detectwas 1x16 gene copy numbers
(data not shown) per reaction (2b Data analysis showed that in all experimentswi
BCFomp2/BCRomp2 primers and MotB-FAM-1 probe, theam amplification average
efficiency was E=2.0489 = 0.078. It correspondsl@.8% efficiency where the
average slope was -3.21. Obtained average effigiehthe reaction showed the results
were exceptional.

The correlation (R between Cp value and lagne copy numberWas 0,99. This linear
relationship makes the Cp value a reliable waystoreate gene copy number.

The efficiency of MotB-FAM-2 probe was compared lwihe efficiency of MotB-
FAM-1 probe. Serial dilutions of recombinant pladmith fragment oimotB gene of
B. weihenstephanend/gSBC 10389 showed the same averaged Cp valueharidhit

of detection was 1x10 gene copy numbers per reactio
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35

y = -3,2125x + 36,34
0l * R?=0,9935
E=2,0489

25 *

20

15 -
10 \
5 i
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Crossing point (Cp)

Log starting quantity, copy number

Figure 40. Standard curve for determination ofmotB gene copy numbers using

BCFomp2/BCRomp2 primers and MotB-FAM-1/MotB-FAM-2 probes
Crossing point values plotted against the log efithitial template DNA concentration. + One stamdar

deviation is indicated for each gene copy numbeerage efficiency of every RT-PCR amplification was
E=2.0489 + 0.078

Table 28. Average Cp values for RT-PCR assay witBCFomp2/BCRomp2 and
MotB-FAM-1/MotB-FAM-2 probes

Gene copy Average Cp value of TagMan assay
numbers with
BCFomp2/BCRomp2 primers and
MotB-FAM-1/MotB-FAM-2 probes
1x10° 6,31 +0,59
1x10° 8,46 + 0,21
1x10° 11,86 + 0,46
1x10 15,2 +0,37
1x10° 18,61+0,35
1x10° 21,85+0,38
1x10' 25,08 + 0,36
1x10° 27,75+ 0,56
1x10° 29,68 +1,18
1x10 31,02+1,42
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3.3.7. New primers forB. pseudomycoideglentification and differentiation
from the B. cereusgroup spp.

BecauseB. pseudomycoidewas not detectable by PCR and RT-PCR using
BCFomp2/BCRomp2 primers targeting tmetBgene, the new gene target was selected
for this species. Unique DNA regions for primershgization were identified after
blasting the genome sequence draftBof pseudomycoideBSM 12442 (GenBank
accession number: NZ_CMO000745) against ofBercereusgroup species sequences

available on:http://www.ncbi.nlm.nih.gov/sutils/genom_table.coi 2010. A 220bp

fragment was selected f&. pseudomycoidess unique for PCR analysis. In this study
the selected fragment was called #@m gene. The result of blasting this sequence
against otheB. cereusgroup spp. available on line is presented in Appemn This
DNA fragment encodes the hypothetical protein whstsecture, function and protein
family is unknown. Based on the 220bp unique secgi¢he selection of primers was
done manually using generally known guidelines diesed earlier. Four different
primers were designed and tested in various cortibma BpmF/BpmR,
BpmF/BpmR2 and BpmF2/BpmR2. The details of the prgrare outlined in Table 29.
The product sizes generated with particular seggiafers are outlined in Box 3.

Table 29. The details of BobmF, BobmR, BpmF2 and BpR2 primers

Primer | Primer sequence (5'-3’) Targetin| GC Tm
amplified | content | (°C)
product (%)
BpmF | TAATTTAGGGGGGCATCTTTACTTTTC 1-27 37 55.8
BpmR | TTTCTATACCCAAAACTTAGATATGCTCATG | 220-190 32.3 | 55.2
BpmF2 | GTACATCAATTCAATCATTCAATAGA 87-112 26.9 | 49.8
BpmR2 | CTATACCCAAAACTTAGATATGCTC 217-193 346 | 52.2
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Primer combinations Size of amplified
product
BpmF/BpmR 220bp
BpmF/BpmR2 217bp
BpmF2/BpmR2 134bp

Box 3. Size of PCR product generated with different primers for B.
pseudomycoidedetection

When this study was underway (2007-2010) there werB. pseudomycoidestrains
with complete genome sequences availableifosilico PCR’. In silico positive testing
of the BomF/BpmR and BpmF/BpmR2 could not be deteechand were checked only
for negative results against the 31 available ii028equenced strains belonging to
Bacillus genera. None of those strains presented a 2200p2anbp, respectively,
amplification product, even with two allowed misktas (Appendix J). Our results
therefore demonstrated that the newly designed gusnare presently specific for
B. pseudomycoides

Using BpmF/BpmR primers the three 220bp fragmehB. pseudomycoided’'S 3118,
B. pseudomycoide®VS 3119 andB. mycoides/pseudomycoidézRD 1/17 were
sequenced and compared with the draft sequen& pseudomycoideBSM 12442
available on line in NCBI.

The results are outlined in Box 4. The positiongdifferent primers (BpmF, BpmR,
BpmF2, and BpmR2) in the PCR amplicon are also datnated.

BpmF2
BpmF

ws3119 L
GRD1/17 : ——--—-
w53118
DEM12442 o RERRENE

TTTTCAAAAAT AAT
TTTTCAAAAATAAT
TTTTCAAAAATAAT
TTACTTTTCAAARATAAT PCT

: 110
: 104
: 110
g ¢ 110

w3119
GRD1/17 : [EEE
ws3118 G
DsH1z2442 : [

;188
: 180
;190
: 220

BpmR

BpmRE2

Box 4. Comparison of 220bp PCR products generatedith BpomF/BpmR primers

The places of hybridization of particular primere enarked with arrows
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After optimization the reaction parameters with BpBpmR primers, the
BpmF/BpmR2 primers were further checked. UsingstlimeB. pseudomycoidesrains
the expected 217bp product was observed. The oeactinditions were optimized and
both sets of primers were applied for the reactigth DNA extracted from different
B. cereus group species. In each case the described pringtiewed the
B. pseudomycoidespecificity and selectivity. Nine testddl pseudomycoidestrains
showed expected products. None of the oBherereuggroup spp. strains presented the
amplicon. It also included 15 B. mycoidesand 6 xB. mycoides/pseudomycoides
strains tested (Supplementary Table A).

By date, the only technique that can differentiatenycoidesand B. pseudomycoides
strains is gas chromatographic (GC) fatty acid yledster analysis (Nakamura 1998).
With GC species can be distinguished fr@Bnmycoidesby differences in fatty acid
levels. It is the only existing technique for difatiation those species.

Our results also showed that Bxmycoides/pseudomycoidasains: GRD 1/17, GRD
2/71, 1/2, 17/3 which did not present the producithwearlier described
BCFomp2/BCRomp2 primers showed the expected 2208R&a7bp products with the
new unique foB. pseudomycoidgmimers (BpmF/BpmR and BpmF/BpmR?2).

The similar results were obtained with 5 strainBngel asB. mycoidesNovl, Nov2,
6A19, A81, DSM 307 (Figure 41). Because strainsg@méd product with BomF/BpmR
and BpmF/BpmR2 primers, this result concludes tliabse five strains are

B. pseudomycoidesdtrains and ndd. mycoides
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M 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

217bp

u]
M 1l 17 18 19 20 21 22 23 24 25 26 NTC

217bp

Figure 41. 1% agarose gel showing 217bp PCR productgenerated with

BpmF/BpmR2 primers
1. B. pseudomycoidd3SM 12442; 2B. pseudomycoidd3SM 12443; 3B. pseudomycoide&/S 3118;

4.B. pseudomycoidéd’S 3119; 5B. pseudomycoidd3346; 6.B. pseudomycoidd3618;

7.B. pseudomycoidélP1; 8.B. pseudomycoidd3A; 9. B. pseudomycoides82;

10.B. cereusATCC 14579; 11B. thuringiensiDSM 6017; 12B. weihenstephanendixSM 11821;

13. B. anthracis34F2; 14.B. mycoideA11; 15.Bacillus Bag13 #25 (97-27); 16B. mycoidesNov1;
17.B. mycoide$A19; 18.B. mycoidedNov2; 19.B. mycoideDSM 307;

20.B. mycoides/pseudomycoideRD 1/17; 21B. mycoides/pseudomycoidb?;

22.B. mycoides/pseudomycoid8®&D 2/71; 23B. mycoides/pseudomycoidesd/3; 24.B. mycoide#81;
25.B. licheniformisBLMUL1; 26. B. subtilisSBSFUL1;

NTC-No Template Control; M-Molecular marker (Hypadder V)

For the two new unique set of primers (BpmF/BpmRE BpmF/BpmR2) the limit of
detection was compared using DNA extracted from @rernight colony of
B. pseudomycoide®SM 12442 as a template. Serial dilutions were entadevaluate
the CFU/ml and DNA was extracted from the dilutiaaging from 1 to T0CFU/ml
using the method of Hanseet al. (2001). The achieved limit of detection for
BpmF/BpmR was 10CFU/ml (Figure 42, lane 2) whereas for BpmF/BpmRZ
CFU/ml (Figure 43, lane 3). Because the reactidh BpmF/BpmR2 primers presented
higher sensitivity, those primers were used in RKORHor species specific identification
of B. pseudomycoidestrains. There were also used in multiplex PCRdentification

of theB. cereugroup species. Both assays are described later.
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M1 2 3 4 5 - NIC

220bp

Figure 42. Sensitivity of the PCR reaction with Bprk/BpmR primers
1. 1¢ CFU/ml per reaction; 2. #@FU/mI per reaction; 3. #€CFU/mI per reaction;

4. 1G CFU/ml per reaction; 5. 10 CFU/ml per reaction;
NTC-No Template Control; M-Molecular marker (Hypadder V)

M1 2 3 4 35 - NIC

217bp

Figure 43. Sensitivity of the PCR reaction with BprR/BpmR2 primers
1. 1¢ CFU/ml per reaction; 2. £@CFU/mI per reaction; 3. 2@CFU/mI per reaction;

4. 1¢ CFU/ml per reaction; 5. 10 CFU/ml per reaction;
NTC-No Template Control; M-Molecular marker (Hypadder V)
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RESULTS AND DISCUSSION

The reaction conditions of PCR with BpmF/Bpmr2 prmntargeting the hypothetical
protein ofB. pseudomycoidegere as follows:

DNA 3ul 94°C 5min
Buffer (10x) 2.5l

MgCl, (50mM) 1.2 30 cycles:
dNTPs (25mM each) 0.2b 94°C 30sec
BpmF (1QuM) 1.6ul 58°C 30sec
BpmR2 (1QuM) 1.6ul 72°C 30sec
Polymerase (5uM) 0.3ul

H,0 To 24 72°C 7min

The only exception in the PCR usiBg pseudomycoidespecific primers was
one strainsB. pseudomycoide&/S 3120 which did not present the expected praduct
217bp and 220bp. The PCR with primers targetingl&®rDNA (Hansenet al. 2001)
presented expected product with DNA extracted vidthpseudomycoide®/S 3120
(Appendix K). This result included the strain t@ 8. cereusgroup spp., however was
not detectable in assays using BpmF/BpmR, BpmF/Bpraid BCFomp2/BCRomp2
primers designed in this study. The reason of tesult might be due to single
nucleotide polymorphisms (SNPs) causing lack ompri annealing during the PCR

reaction.

The BpmF2/BpmR2, the third, set of primers were teds against
B. pseudomycoideand otherB. cereusgroup species. PCR using these primers
generated 134bp product and obtained results shtlveedame selectivity as the two
previously described unique primer sets: BpmF/Bpari® BpmF/BpmR2. However
amplification with BpmF2/BpmR2 primers showed lowsansitivity as observed on
Figure 44. A few strains generated PCR product winias weaker on an agarose gel in
comparison with PCR product generated using BpmfBpand BpmF/BpmR2
primers. Nevertheless, PCR with the third set ohprs confirmed that 5 B. mycoides
strains: Novl, Nov2, 6A19, A81, DSM 307 can be sifesd asB. pseudomycoides
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M 1 2 3 4

A
=]

217bp

134bp

Figure 44. Agarose gel showing 217bp product gendeml with BpmF/BpmR2

primers and 134bp product generated with BpmF2/BpmR primers
1-3) PCR with BpmF/BpmR2 primers: B. pseudomycoidd3SM 12442; 2B. pseudomycoides82;

3. B. mycoides/pseudomycoideRD 2/71

4-6) PCR with BpmF2/BpmR2 primers: B. pseudomycoidd3SM 12442; 5B. pseudomycoide&82;
6. B. mycoides/pseudomycoideRD 2/71;

M-Molecular marker (HyperLadder 1V)

3.3.8. RT-PCR identification ofB. pseudomycoidestrains

Based on comparison of 220bp sequences (generatemmplification with
BpmF/BpmR primers) of fouB. pseudomycoidestrains: DSM 12442, WS 3118, WS
3119 and GRD 1/17, the unique site for probe hykaitbn was identified. The selected
site (28 nucleotides) was the same for the foairsdrtherefore no wobbled nucleotides
were used. The locus of new designed probe Bpm-HAM-the 220bp sequence is
presented in Figure 45. The 5’-end of the probe labslled with fluoresceine (FAM),
the 3-end was quenched with Black Berry QuencB&(). The probe sequence and

its details are summarized in Table 30.
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TAATTTAGGGGGGCAT CmACTTHEAAAAATAATTCTTCTAAAATAAAC
BpmF "

AGATAAATTTTATATATATTCATATAAAAGTTCTITGTACATCAATTCAATC

ATTCAATAGAAATAGTAAGAT TI'I'ITGTATAEATGTATAGC GTATGACTAC

Bpm-FAM-1
CTTCTCAGCTTAATATATACCTAATTTAAATTITCACAT %\GCATATCTAA

GTTTTGGGTATAGAAA

BpmR2

Figure 45. PCR product amplified with BpmF/BpmR2 primers with highlighted
locus for Bpm-FAM-1 probe hybridization

Table 30. The Bpm-FAM-1 TagMan probe details

Probe | Probe sequence (5'-3’) Targetin GC Tm
amplified | content| (°C)
product (%)

Bpm- | FAM- 161-134 | 429 | 56.1
FAM-1 | CTGAGAAGGTAGTCATACGCTATACATG
-BBQ

Because BpmF/BpmR2 primers presented higher séhsiti traditional PCR reaction,
those primers were selected to RT-PCR assay. Tia¢ doncentration 0.QuM of the
probe in the reaction mix was experimentally fowsdoptimal. After optimization of
the reaction conditions, the assay was appliedetectl theB. pseudomycoidestrains
based on generated by LightCycler®1.2 fluorescegpeal. All B. pseudomycoideB.
mycoides B. mycoides/pseudomycoidaad 90 other strains belong to tBe cereus
group spp. used in this study were analyzed.

Optimized RT-PCR conditions with BpmF/BpmR2 primensd Bpm-FAM-1 probe

were as follows:
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DNA 5ul 95°C  10min
LightCycler® TagMan® 4yl 30 cycles:
Master
Bpm-FAM-1 (2uM) 0.7ul 95°C 10sec
BpmF (1QuM) 1.6ul 59°C 40sec
BpmR2 (1QuM) 1.6ul 72°C 1sec (single slop
H.O To 2Qul
40°C 30sec

Figure 46 presents the results of the RT-PCR wikiADrom the 6 species belonging to

the B. cereusgroup spp. andBacillus sp. Ba813 From 7 analyzed strains, only

B. pseudomycoideBSM 12442 amplified and showed the fluorescengmadi The

achieved Cp value was 15,56 and the amount of DBlautated based on standard
curve was 7.27xT0 The other strainsB. cereusATCC 14579 B. thuringiensisDSM
6017,B. anthracis34F2,Bacillus Bag813 #19 (T5 97-77)B. weihenstephanenddSM
11821 andB. mycoides6A68 did not amplify using BpmF/BpmR2 primers whic

confirmed achieved earlier PCR results.

4/ B ceraus ATCC 14579

/ B. thuringiensis DSM 6017

] B. weihensiephanensis
DSM 11821
’. Bacillus BaB137#19 (T3 97-1T)

B. mycoides 6A68

Fluorescence (530)

#  B. pseudomycoides DSM 12442

A B. amthracis 34F2

!
f/- NTC-No Template Control

/

Amplification Curves

Figure 46. Results of RT-PCR with BpmF/BpmR2 primes using 0.0aM Bpm-

FAM-1 probe

Bacterial strains used in the reacti@n:pseudomycoidd3SM 12442 B. cereusATCC 14579,
B. thuringiensisDSM 6017,B. weihenstephanensi®SM 11821, Bacillus Bag13 #19 (T5 97-77),

B. mycoide$A68 andB. anthracis34F2
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The results confirmed those obtained in traditidR@R reaction using BpmF/BpmR2
primers, which generated a 217bp product. Nine ftem testedB. pseudomycoides
strains showed the fluorescence signal and peadtriditing a positive reaction and the
presence of the PCR product. None of tBe cereus B. thuringiensis B.
weihenstephanensisB. anthracis and Bacillus sp. Ba813 strains presented the
amplicon. The same results were obtained for 15B.x mycoidesand 6 x
B. mycoides/pseudomycoidgtsains tested. Five strains definedBasmycoidesNov1l,
Nov2, 6A19, A81, DSM 307 showed positive reactionRT-PCR with Bpm-FAM-1
probe, what confirmed that those strains shoulalassify asB. pseudomycoideasot

B. mycoides(Table 31, outlined with an astrix). 4 from 10tndiscriminated
B. mycoides/pseudomycoid@RD 1/17, GRD 2/71, 1/2, 17/3) strains which diat
present the positive amplification with BCFomp2/B&Rp2 primers, showed positive
result when working with Bpm-FAM-1 probe and BpmprBR2 primers (Table 31,
marked with hash symbol). This result showed thatdescribed assay can be used for
differentiationB. pseudomycoiddsom B. mycoidesstrains what was possible only by
fatty acid analysis, to date.

The results of RT-PCR assay fdB. pseudomycoidesB. mycoides and B.
mycoides/pseudomycoidgsains are summarized in Table 31.
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Table 31. Summarized results of RT-PCR assay witBpm-FAM-1 probe and
BpmF/BpmR2 primers for B. pseudomycoidesB. mycoides and B.
mycoides/pseudomycoidsfains

Species No. of straingBacterial RT-PCR RT-PCR
strains BCFomp2/BCRomp?2 BpmF/BpmR2
MotB-FAM-1 | MotB-FAM-2 and
Bpm-FAM-1

Bacillus 10 WS 3118 - - +
pseudomycoids WS 3119 - -
WS 3120 - -
DSM 12442 - -
DSM 12443 - -
B346 - -
B618 - -
TP1 -
DA -
A82 -

(2]
+

+ 4+ + A+ + +

Bacillus 20 BMFUL1 -
mycoides BMSUL1 -
BMSUL2 -
6A11 -
6A12 -
6A13 -
6Al14 -
6A19 * -
6A20 -
6A47 -
6A49 +
6A68 +
DSM 307* -
DSM 309 -
DSM 384 - -
Nov1l* - - +
Nov2 * - - +
A81* - - +
BiF - + -
BmF +

+ o+ + + A+ o+ 4|
1

[ N
4+ 1

+ +
1

Bacillus 10 PID 1/21 +

mycoides/ PID 2/43 + - -
pseudomycoids PID3/2 +

GRD 1/17 - -
GRD 2/7% - -
1/1 + -
1/2* - -
1713 - -
22/2 - + -
29/2 - + -

(%)
+ +

+ +
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3.3.9. Determination of RT-PCR standard curve andimit of detection for

BpmF/BpmR2 primers and Bpm-FAM-1 probe

The fragment oBpm amplicon (217bp) oB. pseudomycoide¥/S 3118 was
generated by PCR using the primer set BpmF/BpmRRctoned into pGEM-T Easy
Vector system (Figure 47). The PCR product wagddjavith 50ng of vector DNA at
1:3 molar ratio of vector:insert and ligated pradweas transformed int&. coliJM 109

strain.

Xmnl 2008

i
W]

11890

Pl
bl

amg’
pGEM"-T Vector  |zc?
Bpm

(3015bp) (217hp)

Figure 47. Scheme of 217bp fragment of thBpm gene cloned into pGEM-T Easy
Vector

Possible transformants were confirmed by PCR reactvhere the DNA was
extracted by the heating method. Three vectors @4ffbp insert were extracted from
E. coliby Promega plasmid kit (Wizard Plus SV Miniprepall checked by enzymatic
digestion withEcoRI enzyme. Positive recombinant plasmids presentedb@nds on
1.5% agarose gel: 243bp (insert+flanking sequeand)a 2989bp (plasmid) which are
illustrated in Figure 48.
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2989bp

243bp

Figure 48. Results of enzymatic digestion of pGENBpm recombinant plasmids

with EcoRl
Three positive clones showing 2989bp plasmid ar8bg4nsert with flanking sequence;

M-Molecular marker (HyperLadder I)

Two positive clones were sequenced by Eurofins M@fseron using T7 (forward) and
SP6 (reverse) primers. After determining the DNAnantration by A UV-Vis
NanoDrop-1000 spectrophotometer, the conversiorthef mass to molecules was
carried out using the formula described earlighia work (page 139).

A dilution series (1x18-1 gene copy numbers/@0reaction) of recombinant plasmid
(PGEM-Bpm) were tested in triplicates by the real-time PQ@| &€p values were plotted
against log-transformed concentrations of seriattdd dilutions of the target. Cp
values from each reaction were calculated to aehiewe average value for every
dilution. The standard deviation for each valug@ie copy number was evaluated.
Significant signals were detected between xi1§ene copy numbers per reaction with
Bpm-FAM-1 probe and BpmF/BpmR2 primers. Using tlans primers in ordinary
PCR, the limit of detection was 1XLGFU/ml per reaction (28) (Figure 43, page 146)
whereas in the real-time assay it was 1 gene camber.

The average slope was —3.45. The efficiency of ditgtions was E=1.95 + 0.007
which corresponded with 95%. The correlatiorf)(Between Cp value and |Q6he copy

numberwas 0,97 (Figure 49).
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Figure 49. Standard curve for determination of genecopy numbers of B.
pseudomycoidedased on hypothetical gene using BpmF/BpmR2 primers
and Bpm-FAM-1 probe

Crossing point values plotted against the log ef ithitial template DNA concentration. £ One stardar

deviation is indicated for each gene copy numbeerage efficiency of every RT-PCR amplification was
1.95 £ 0.007

The average main crossing points values of seridilyted DNA of recombinant

plasmid DNA (pGEMBpm) in the real-time PCR with BpmF/BpmR2 primers and
Bpm-FAM-1 probe are presented in Table 32. Theyewmlculated and summarized
from every RT-PCR. One standard deviation () wadicated for each average Cp

value.
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Table 32. Average Cp values for RT-PCR assay witBpmF/BpmR2 primers and
Bpm-FAM-1 probe

Gene copy | Average Cp value of TagMan assay
number with
BpmF/BpmR2 primers
And Bpm-FAM-1 probe
1x10 10.14 + 0.047
1x10° 13.56 + 0.007
1x10 17.00 + 0.056
X1 19.76 + 0.55
1x10 22.47 + 0.37
xid 24.69 + 0.37
1x10° 26.42 + 0.085
X106 27.89 + 0.039
1x10 28.68 + 0.086
1 28.91+0.2

3.3.10. Optimization of RT-PCR with three probes tadetectB. cereusgroup

species

When three designed TagMan probes were used inr@aaion mix, it was
possible to detect and identify 129 from 130 tedBedcereusgroup sp strains. The
reaction was optimized using different probe cotregion: 0.024M, 0.03%uM and
0.07uM of each probe per reaction. The primers conceatravas the same as when
used separately and was 16pmol of each primer (BER2MBCRomp2/BpmF/BpmR2)
per reaction mix. The reaction conditions used rievipus RT-PCR assays were not
changed.

To optimize the probe concentration the DNA exwdcfrom three straind3.
thuringiensisDSM 6017,B. weihenstephanensi®SBC 10389 an®. pseudomycoides
WS 3118 were used. First, thel ®f DNA from each strain was amplified with 0y0\M
probe and then the exact amount of DNA was caledldtased on earlier prepared
standard curve imported from the LightCycler® saitev A standard dilution of DNA
representing 1xT0gene copy numbersmptB and Bpm genes) per reaction was
determined as necessary when external standarde cigvused to define the

concentration/quantity of unknown sample. Basedaomeved results of the reaction
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with 0.07uM each probe: MotB-FAM-1, MotB-FAM-2, Bpm-FAM-1, mailar results
were obtained for three probes used in one reantianProbes used in a concentration:
0.03:uM MotB-FAM-1, 0.03uM MotB-FAM-2, 0.035uM Bpm-FAM-1 showed the
same efficiency as when used separately with d Gioacentration 0.Q¢M. Detailed
results presenting particular Cp values and caledlgene copy numbers are outlined in
Table 33, Table 34 and Table 35.

Table 33. Results of RT-PCR with BCFomp2/BCRomp2/BmF/BpmR2 primers
and three probes forB. thuringiensisDSM 6017

MotB-FAM-1 Cp value Calculated gene copy numbers
probe concentration
(+0.035::M MotB-FAM-2,
0.03uM Bpm-FAM-1)

0.025M 13,10 1.35x1d

0.035M 12,65 1.59x18

0.07uM 13,24 1.05x10
0.07uM (when used separately) 12,53 2%10

Table 34. Results of RT-PCR with BCFomp2/BCRomp2/BmF/BpmR2 primers
and three probes forB. weihenstephanensié/SBC 10389

MotB-FAM-2 Cp value Calculated gene copy numbers
probe concentration
(+0.033uM MotB-FAM-1,
0.03uM Bpm-FAM-1)

0.023M 17,52 9.63x10

0.033M 16,43 1.02x10

0.07uM 17,10 9.52x10
0.07uM (when used separately) 16,66 9.84%10

Table 35. Results of RT-PCR with BCFomp2/BCRomp2/BmF/BpmR2 primers
and three probes forB. pseudomycoide¥/S 3118

Bpm-FAM-1 Cp value Calculated gene copy numbers
probe concentration
(+0.033:u:M MotB-FAM-1,
0.035:u:M MotB-FAM-2)

0.025M 17,86 3.12x10

0.035M 16,67 4.15x10

0.07uM 16,76 3.74x10
0.07uM (when used separately) 16,30 5.14%10

After optimization the probes concentration in eaction mix, the assay was

applied to amplify the DNA extracted from straiepresenting each species belonging
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to the B. cereusgroup spp.B. cereusATCC 14579,B. thuringiensisDSM 6017,B.

anthracis 34F2, Bacillus Ba813 #19 (T5 97-77), B. mycoides 6A68, B.

weihenstephanensisDSM 11821 and B. pseudomycoidesDSM 12442. The
concentration of BCFomp2/BCRomp2/BpmF/BpmR2 primeas equal (08M each);
the parameters of the RT-PCR reaction were notggthand were as follows:

DNA 5ul 95°C  10min
LightCycler® TagMan@ 4ul

Master

MotB-FAM-1 (2uM) 0.35ul 30 cycles:
MotB-FAM-2 (2uM) 0.35u 95°C 10sec
Bpm-FAM-1 (2uM) 0.35u 59°C 40sec
BCFomp2 (1aM) 1.6ul 72°C 1sec (single slop
BCRomp2 (1QM) 1.6ul

BpmF (1QuM) 1.6ul 40°C 30sec
BpmR2 (1M) 1.6ul

H,O To 2Qd

The Figure 50 presents results where achieved Gevand calculated DNA

quantity (gene copy numbers) were as follow:

Strain Cp value Calculated quantity of
gene copy numbers

B. cereusATCC 14579 13,49 3.90x10

B. thuringiensisDSM 6017 12,20 1.16x%0

B. anthracis34F2 18,96 1.10x£0

BacillusBa813 #19 (T5 97-77) 14,64 2.17x10

B. mycoide$A68 16,07 5.15x10

B. weihenstephanensis 13,99 3.38x10

DSM 11821

B. pseudomycoidd3SM 12442 15,54 7.63x10

In the RT-PCR assay using three probes (uBBMotB-FAM-1, 0.03uM
MotB-FAM-2, 0.03uM Bpm-FAM-1) in one reaction mix, seven tested isgagave
positive signal. The achieved values are comparabtee results of RT-PCR with the
same strains, where probes were used separatél@7mM final concentration (Figure
33, page 129; Figure 36, page 133 and Figure 4f& pao0).

Products of RT-PCR run on 1.5% agarose gel showeeécted sizes: 217bp and 285bp
(Figure 51).
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Figure 50. Results of RT-PCR assay with BCFomp2/BCénp2/BpmF/BpmR2

primers and 0.03uM MotB-FAM-1, 0.035pM MotB-FAM-2, 0.035pM
Bpm-FAM-1
Cp values (calculated DNA quantity-gene copy nurspek3,49 (3.90x19 for B. cereusATCC 14579;

12,20 (1.16x1¥ for B. thuringiensisDSM 6017; 13,99 (3.38xIp for B. weihenstephanensBSM
11821; 14,64 (2.17xIpfor Bacillus Ba813 #19 (T5 97-77); 16,07 (5.15x3)0for B. mycoidessA11;
15,54 (7.63x18) for B. pseudomycoidd8SM 12442 and 18,96 (1.10X4)0or B. anthracis34F2

217bp

M 1 2

4 5 6 7 NTC

285bp

Figure 51. Products of RT-PCR on 1.5% agarose gelAmplification with
BCFomp2/BCRomp2/BpmF/BpmR2 primers and 0.03pM MotB-FAM-1,
0.03%uM MotB-FAM-2, 0.035uM Bpm-FAM-1

1. B. pseudomycoidd3SM 12442; 2B. cereusATCC 14579; 3B. thuringiensidDSM 6017,

4.B. weihenstephanendixSM 11821; 5B. mycoide$A68; 6.B. anthracis34F2;
7.BacillusBa813 #19 (T5 97-77);
NTC-No Template Control; M-Molecular marker (Hypedder 1V)
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3.3.11. Multiplex PCR to detectB. cereusgroup spp. and differentiation of

B. pseudomycoides

Amplification with BCFomp2/BCRomp2 primers was abte detect and
identified theB. cereusgroup species strains except 1Bxpseudomycoidesnd 5 x
B. mycoidesand 4 xB. mycoides/pseudomycoidgsains. Those strains were detected
by PCR using new. pseudomycoidespecific BbomF/BpmR2 primers.
To achieve the possibility for detection tBe cereusgroup species and differentiate
B. pseudomycoidestrains in one reaction, a multiplex PCR was testéwo
combinations of multiplex amplifications using BG&p2/BCRomp2/BpmF/BpmR and
BCFomp2/BCRomp2/BpmF/BpmR2 were tested. To selbéet PCR with better
sensitivity the limit of detection for both reacst®were checked. In both cases the limit
of detection forB. cereusATCC 14579 was TOCFU/ml (Figure 52, lane 4). The
detection ofB. pseudomycoideBSM 12442 was different in amplifications with see
two primers combinations. PCR with BCFomp2/BCRorBp2F/BpmR primers was
able to detect T0 CFU/ml (Figure 53, lane 2) whereas with
BCFomp2/BCRomp2/BpmF/BpmR2 primers —*10FU/ml for B. pseudomycoides
DSM 12442 (Figure 54, lane 2).

M 1 2 3 4 8 6 7 NTC

285bp

Figure 52.  Sensitivity of the multiplex PCR reactio  with

BCFomp2/BCRomp2/BpmF/BpmR primers for B. cereusATCC 14579
1. 10 CFU/ml per reaction; 2. 4GFU/ml per reaction; 3. 2&CFU/mI per reaction;

4. 1¢ CFU/m per reaction; 5. 2&CFU/mI per reaction; 6. 2@FU/mI per reaction;
7. 10 CFU/ml per reaction;

annealing temperature: 58°C;

NTC-No Template Control; M-Molecular marker (Hypadder V)
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220bp

Figure 53. Sensitivity of the PCR reaction with BCemp2/BCRomp2/BpmF/BpmR

primers for B. pseudomycoideBSM 12442
1. 1¢ CFU/ml per reaction; 2. #@FU/mI per reaction; 3. #&CFU/mI per reaction;

4. 1¢ CFU/ml per reaction; 5. 10 CFU/ml per reaction;
annealing temperature: 58°C;
NTC-No Template Control; M-Molecular marker (Hypadder V)

M 1 2 3 4 - NTC

217bp

Figure 54. Sensitivity of the multiplex PCR reactio  with
BCFomp2/BCRomp2/BpmF/BpmR2 primers for B. pseudomycoide®SM

12442
1. 1¢ CFU/ml per reaction; 2. 2@FU/mI per reaction; 3. f@FU/mI per reaction;

4. 10 CFU/ml per reaction;
annealing temperature: 58°C;
NTC-No Template Control; M-Molecular marker (Hypadder V)
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The PCR conditions were optimized using differentpr concentration where the
optimal was 16pmol of each primer used in PCR reaanix. The optimal annealing
temperature was also experimentally chosen foretlwesiditions. The described four
primers had different melting temperature: BCForBp21°C; BCRomp2 51.3°C; BpmF
55.3°C; BpmR2 52.2°C. The multiplex PCR was peréatnusing the following

annealing temperatures: 53°C, 56°C and 58°CBFoereusATCC 14579 the reaction
presented the same sensitivity at each annealmpeiature. OnlyB. pseudomycoides
specific primers (BpmF/BpmR2) showed double speityfi At 53°C, beside the

expected 217bp product, an unspecific ~380bp amphkeas observed (Figure 55). At
56°C the unspecific product was less visible wheraa58°C this product was not

present (Figure 56).

M 1 2 3 4 5 6 7

Unspecific
product
~380bp

285by

217bx

Figure 55. 2% agarose gel showing 285bp and 217bpuitiplex PCR products
generated with primers BCFomp2/BCRomp2 and BpmF/BprR2

respectively, annealing temperature 53°C
1. B. pseudomycoidd3SM 12442; 2B. pseudomycoidd3SM 12443; 3B. pseudomycoide&/S 3118;

4.B. pseudomycoided’S 3119; 5B. mycoide$Al; 6.B. mycoide$A13;
NTC-No Template Control; M-Molecular marker (Hypadder V)
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— M 1 2 3 - NIC
Unspecific
product
~380b
285br
217br
M 4 5 6 - NTC
- 285h(
217br

Figure 56. 2% agarose gel showing 285bp and 217bpuftiplex PCR products
generated with primers BCFomp2/BCRomp2 and BpmF/BprR2

respectively, with annealing temperature 56°C (1-3and 58°C (4-6)
1. B. pseudomycoidd3SM 12442; 2B. pseudomycoidéd’S 3118; 3B. mycoide$All;

4.B. pseudomycoidd3SM 12442; 5B. pseudomycoiddd/'S 3118; 6B. mycoide$A11;
NTC-No Template Control; M-Molecular marker (Hypadder V)

Optimized conditions of multiplex PCR with BCFomBZRomp2 and BpmF/BpmR2

primers were as follows:

DNA 3ul 94°C 5min
Buffer (10x) 2.5

MgCl, (50mM) 1.2 40 cycles:
dNTPs (25mM each) 0.2b 94°C 30sec
BCFomp2 (1M) 1.6ul 58°C 30sec
BCRomp2 (1QM) 1.6ul 72°C 40sec
BpmF (1QM) 1.60l

BpmR2 (1@M) 1.60l 72°C  7min
Polymerase (5 M) 0.3ul

H,0 To 25

After optimization all reaction parameters, the tipléx PCR with primers designed in
this study was applied in testing 130 strains bgdaio theB. cereusgroup species and
28 otherBacillus and nonBacillus species. Each time the reaction showed 217bp
product forB. pseudomycoidestrains or 285bp product for the othgr cereusgroup

species.
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Also in multiplex PCR reaction, 4 B. mycoides/pseudomycoidgesains: GRD 1/17,
GRD 2/71, 1/2, 17/3 showed only the 217bp prodlibe same situation was repeated
for 5 x B. mycoidesNov1, Nov2, 6A19, A81, DSM 307, which confirmeuht these
strains belong to thB. pseudomycoidegroup. OnlyB. pseudomycoided/S 3120 did
not present the expected product.

None of the control strains including 28 otBacillus and nonBacillus species showed
products in the multiplex PCR assay. The resultsoltiplex PCR for selected strains

are presented in Appendix L.

3.4. Analysis of milk samples artificially contamnated with B. cereus

The assay for detecting tii® cereusgroup spp. was further evaluated in milk.
Milk samples, inoculated with bacteria as descrilmechaterial and methods, were used
for DNA extraction directly by using two differemolumn-based systems: DNeasy
Blood & Tissue kit (Qiagen, Hilden, Germany) andn@mic Mini AX Food kit (A&A
Biotechnology, Gdynia, Poland). Both kits workedhwihe same efficiency. Genomic
DNA extracted from 10 of spiked milk (spiked with known amount of CFUgve
similar results during the RT-PCR reaction with botsets of primers
(BCFomp2/BCRomp2 and BpmF/BpmR2) and three desigmetes (MotB-FAM-1,
MotB-FAM-2, Bpm-FAM-1). Achieved Cp values for thBNA extracted from
artificially contaminated milk samples had similasults after using both extraction
kits.

The accuracy of the assay using DNA extracted bly kibs was assessed by comparing
the values of the gene copy numbers for DNA exéhdtom spiked samples with the

extrapolated values using earlier generated stenclawes (Figure 40, page 141 and
Figure 49, page 155).

After contamination with bacterial culture, whichFG/ml was calculated to
achieve 1x10 gene copy numbers irub spiked milk (10Ql) was used for bacterial
genomic DNA extraction. Kits were able to extract4x1d + 0.08 to 7.78x1b+ 0.14
gene copy numbers from fat milk and 8.87%3(0.12 to 1.05x10+ 0.19gene copy
numbers from nonfat milk. Relative accuracy valtesged from 57.4% to 105% was

observed in milk samples (Table 36).
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Table 36. Accuracy of the real-time PCR assays fdhe quantification of B. cereus
group spp. in milk after extraction of DNA with column-based kits

Quantity of DNA used Estimated quantity  Milk type used Relative accuracy

for milk contamination of DNA after kit for (%)
(gene copy numbers) extraction (gene copy contamination
numbers)
1x10 7.78x10 + 0.14" Fat milk 77.8
1x10 7.58x10 + 0.14% Fat milk 75.8
1x10 6.12x14¢ + 0.08% Fat milk 61.2
1x10 5.74x1d + 0.08" Fat milk 57.4
1x10 1.05x16 + 0.19% Nonfat milk 105
1x10 9.84x10 + 0.09" Nonfat milk 98.4
1x10° 9.05 x16 + 0.08" Nonfat milk 90.5
110 8.87x10 + 0.12% Nonfat milk 88.7

a) Genomic Mini AX Food kit (A&A Biotechnology, Gdya, Poland)
b) DNeasy Blood & Tissue kit (Qiagen, Hilden, Genyp

The comparison of Cp values for DNA extracted frparticular milk samples are
presented in Appendix M.

3.5. Spores in milk

The B. cereuggroup spp. is one of the most popular sporeforpnesent in many
food products from harvest through processing. Rsjymphic strains of this pathogen
were shown to grow at a temperature below 7°C Ik.rG@Germinating bacteria can grow
to large numbers, releasing toxins during growthfaad or in the intestinal track.
Therefore is very important to detect the presaricpores in a food product. Based on
traditional plating techniques, results can be iokth after 24-48 hours incubation.
Molecular techniques cannot be used for identificeatand detection without
pretreatment and/or germination of spores to reldhe DNA. However, spores are
highly resistant to a variety of treatment inclugliheat, pressure, UV.

In this study the spore treatment was also impoitadesigning a DNA biosensor
and in testing the designed RT-PCR assay. Bechesstudy was focused on isolation
B. cereugyroup spp. from milk, this food product was usedpore testing.

The purchased spores Bf thuringiensisATCC 29730 with known concentration f10
CFU/0.1ml) were diluted in water and used for &g contamination of milk. Each
milk sample (50ml) was autoclaved for 15 minuted2it°C to kill all vegetative cells
and treated with a UV lamp for 30 minutes. ShorvevlV light (254nm) can damage
DNA by inducing the formation of covalently bond&dymine-dimers within the DNA
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strand. In each stage (before, after autoclavirdyadter UV treatment) 1Q0 of milk
was spread onto PEMBA and/or MYP medium to cheekpitesence d. cereuggroup
spp. isolates.

Each 9Q of fat and nonfat milk was inoculated with 1q10° CFU) of spores. After
treatment using different methods, the spiked rsdknple (100l) was used to extract
the DNA by a column-based kit (Genomic mini AX Foodl&A Biotechnology,
Gdynia, Poland) according to the manufacturer’'srumsion. The final product was
eluted from the column with %0of eluent what should give 1@FU of spores/bacteria
per every fl used for RT-PCR analysis. In each extraction,ul@® non spiked milk
was used as a control.

Different treatment of milk spiked with spores aescribed in the literature and
include the thermal destruction as outlined by Kearand Gilbert (1989, pp.22-70).
They reported that the thermal destruction timesfoores suspended in skimmed milk
at 100°C is 2.7 to 3.1 minutes. Thermal inactivatad B. anthracisspores in cow’s
milk was also described by Xat al. (2006). In this paper the decimal reduction time t
inactivate 90% of the spores in milk ranged frod t8.16.7 hours at 72°C and from 1.6
to 3.3 seconds at 112°C. The authors inoculatedendral skim milk with the spores to
obtain a concentration of 10CFU/mI. After heat treatment samples were serially
diluted in peptone water, plated onto TSA and imted overnight at 30°C before
colonies were counted. Novagt al. (2005) reported inactivation d&. anthracisand
B. cereusspores in skim milk. After heat treatment the sspvere plated onto BHI
agar base medium with a spiral plates. Plates wexgated at 37°C for 16-20 hours
before colonies were counted. The log reductiog @&U/ml) for viable spores @.
cereusATCC 9818 in skim milk was: 0.39 log CFU/mI| aft@é® minutes at 72°C, 0.21
log CFU/mI after 60 minutes at 78°C, 7.6 log CFUAfter 60 minutes at 100°C and
7.37 log CFU/mI after 2 minutes at 130°C. A diffstréechnique to destroy spores was
reported by Kimet al. (2009). They used microwave irradiation to destitbg
B. licheniformisspores suspended in PB buffer. Modified outputqrogf a microwave
oven (from 0.5kW to 2.0kW) allowed for shorter gieation. To investigate cell
membrane damage caused by irradiation they meagsbeedelease of intracellular
proteins (at 595nm by Bradford technique) and nadeids (by UV spectrophotometer
at 260nm) of the spores. The spores were irradiat€d5kW and 2.0kW for 0, 20, 40
and 60 seconds. They reported that spore inadiivataite was faster with 2.0kw

irradiation than with 0.5kW. After microwave treant for 1 minute, the survival
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exhibited a 0.17-log reduction of 0.5kW microwavela 1.97-log reduction of 2.0kW
(Kim et al.2009).
Based on these literature reviews different spa@ment of fat and nonfat milk

was examined in this study. Contaminated milk weet reated as follow:

a) 100°C for 7 minutes

b) 100°C for 60 minutes

c) 112°C for 4 seconds and 5 minutes

d) 120°C for 5 and 8 minutes
and by 0.8kW (maximum output power for standardraw@ve) irradiation for 1, 5 and
8 minutes.
After each treatment the DNA from the milk samplasvwextracted. In each assay the
control, no contaminated milk sample was includedne of the described techniques
worked for milk contamination witlB. thuringiensisATCC 29730 spores used in this
study. The RT-PCR assay did not present the Cpspshkwing the amplification
process, which means that the spores did not eetbasDNA. They also did not start to
germinate and vegetative cells were not brokerhbyhisis buffer from the Kkit.
To overcome this problem, another spore heat teatmreported by Mikolajcik and
Koka (1968) was used. They described the influeideeat treatment of spores and of
the milk upon germination d. cereus/ in skim milk. Following 2-hour incubation at
35°C the percentage of germination was based ahdotints on Standard Plate Count
Agar containing 0.1% soluble starch after 20-24rhnaubation at 35°C. The results of
germination after 2 hours were: 27.3%, 89.7% an@%5
Based on this study, contaminated fat and nonft#t was incubated at 35°C for 6, 8,
10, 15, 35, 65 hours. After each incubation tim@&ul®f spiked milk was used to
extract the genomic DNA to observe the necessang fior the pre-treatment of the
milk to obtain 16 CFU, the initial milk contamination quantity. Thesults were
checked by RT-PCR assay with BCFomp2/BCRomp2 pemeing MotB-FAM-1
probe. As a control, the standard dilution of/50l gene copy numbers of recombinant
plasmid (pGEMmotB was used. Based on this dilution it was posdiblealculate the
number of copy numbers of unknown samples. Thdteeate outlined in Figure 57 and
Figure 58.
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Amplification Curves

Fluorescence (530)
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Figure 57. Results of RT-PCR for contamination thenonfat milk with spores

(highlighted samples)
Incubation for 8h-circles (sample 2), 10h-starsn(sie 4), 15h-diamond (sample 6), 35h-cross (sa®ple

65h-triangle (sample 10), 1x16ene copy numbers of pGEMetBrectangle (sample 25):
NTC-No Template Control (sample 19)
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Amplification Curves

Fluorescence (530)

Samples Resultz
Color| Pos | Mame CP Concentration

1.09E4

1.00E 4

Figure 58. Results of RT-PCR for contamination thefat milk with spores

(highlighted samples)
Incubation for 6h-down triangle (sample 18), 8tcleis (sample 1), 10h-stars (sample 3), 15h-diamond

(sample 5), 35h-cross (sample 7), 65h-triangle (éar@), 1x10 gene copy numbers of pGEMetB-
rectangle (sample 25);
NTC-No Template Control (sample 19)

As seen from the figures (Figure 57 and Figure B@ymination occurred in each
incubation time of the spores in milk and DNA wasaessfully extracted.

To achieve the 1xPOgene copy numbers (CFU in 30p which were used for
contamination the milk with spores, the milk hacdb®incubated as follow: fat milk for
5.5-6 hours and nonfat milk for 7.5-8 hours. Aftieis time the Cp values of particular
samples were very similar to the Cp value of stemddilution (1x1d gene copy
numbers) of recombinant plasmid used as a comideb calculated concentration of
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unknown samples (contaminated milk samples) showed the best efficiency
presented below incubation time.

Spores in fat milk were low heat resistant ratlemtin nonfat milk. The same result
was reported by Novadt al. (2005) who observed that sporesBofcereusn cream had
low heat resistant (20%) compared with skim milk.

Those results showed that pretreatment of milkrnmulbation at 35°C gives the
best result of examination the milk based on preserf spores. After appropriate time
of incubation, the spores germinated to achieventimber of vegetative cells equal to
spores that were used to contaminate the milk.vbadamultiplying the vegetative cells
already existing in milk, the sample before incudraat 35°C should be treated at 80°C

for 10 minutes to Kill all vegetative cells.

3.6. Dot blot — optimization of probe hybridization for biosensor use

The long term objective of the differentiation beB. cereuggroup spp. is in the
development of a handheld sensor to determinegtimal hybridization conditions for
DNA. Therefore, the synthesized probe was hybralize specific and nonspecific

target DNA by dot blot assay in different hybridiba conditions.

Designing ofB. cereusgroup spp. unique probe:

The newly designed BCFomp2 primer modified withaXigenin was used as a probe
in the dot blot assay. Thaulof DNA spotted onto the membrane included: germmomi
DNA of B. cereusACTC 14579 (0.01, 1 and 10mdy, B. weihenstephanens&SBC
10392 (30ngll), WSBC 10416 (20ngi), WSBC 10405 (20ngi), PCR product
amplified with BCFomp2/BCRomp2 primers (0.01 an@in@4.l), recombinant plasmid
with fragment ofmotBgene (pGEMmotB 1x1F gene copy numberd). To detect the
hybridized probe by DIG-luminescence detection tkig hybridization was performed
10°C below the Tm of the probe, according to thenufecturer’s instruction. It was
carried out for 5 hours at 46°C. In these condgionly 0.1ngil of PCR product (1C
and 2C on Figure 59) and 1x1§ene copy numbers of pGEMetBwas detectable (1F
and 2F on Figure 59). None of the genomic DNA wetected and the conclusion was

that the concentration of the spotted nucleic a@d too low (3A-3C on Figure 59).
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Figure 59. Results of dot blot of DIG labelled BCRmp2 primer after

hybridization with various DNA spotted onto nylon membrane
1-A) NTC-No Template Control, B) 0.01nd/PCR product, C) 0.1ngl PCR product,

D) 0.01ngfil B. cereusATCC 14579, E) 1ngl B. cereusATCC 14579, F) 1x10gene copy numbers of
pGEM-motB G) 10ngil PCR producB. cereusATCC 14579 ;

2-A) NTC-No Template Control, B) 0.01nd/PCR product, C) 0.1ngl PCR product,

D) 0.01ngpl B. cereusATCC 14579, E) 1ngl B. cereusATCC 14579, F) 1x10gene copy numbers/
of pPGEM-motB G) empty

3-A) 30ng{u B. weihenstephanensfgSBC 10392, B) 20ng! B. weihenstephanensf§SBC 10416,

C) 20ng{l B. weihenstephanendfl§SBC 10405

To improve the result, 150nd/of pure genomic DNA of 7 3B. cereusgroup
spp. and 13 othéBacillusand nonBacillus species were spotted onto nylon membrane.
Those bacteria includedB. cereus ATCC 14579, B. thuringiensis DSM 6017,

B. weihenstephanensi®SM 11821, B. mycoides6Al12, B. pseudomycoide®SM
12442 ,B. anthracis34F2,Bacillus sp. Ba813 #19 (T5 97-77). NoiB. cereusgroup
spp. strains included:B. subtilis BSF1, B. licheniformis ATCC 12759, B.
amyloliquefaciens10AG6, Listeria monocytogene&MFUL1, Yersinia enterocolitica
27729, Escherichia coliATCC 25922,Campylobacter jejuniULCV48, Salmonella
Typhimurium NCTC 74] actobacillus acidophiluPPC 6060 and 5378&,actobacillus
caseiDPC 605%nd Lactococcus lacti3054 and HP.

After hybridization at the same conditions but 26rhours each spotted DNA presented
the hybridized probe. The 17-nucleotide probe weasshort which resulted in lack of
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specificity and hybridization to DNA of othdacillus and nonBacillus species with
the same efficiency as & cereuggroup spp.

The selection of a second probe based on the BCR@rimer was designed
manually from a known gene sequence. BCRomp2 pr{arat inverted version) with
different amount of flanking nucleotides were bdasagainst otheBacillus and non-
Bacillus species with special emphasis on bacteria thabarel in milk (Appendix N).

It showed the best region in the analyzed sequenbe in the greater part unique only
for B. cereusgroup spp. The size of the new DIG-BCRomp2b setegrrobe was 44
nucleotides (Table 37) and hybridization with DNAtracted from 7 strains of thg
cereusgroup was carried out. The DNA extracted from 1BeoBacillus strains (as
described above) that could be found in milk weseduas a control in each dot blot

assay.

Table 37. Details of DIG-BCRomp2b probe

Probe Sequence (5’-3) Size GC Tm
cont | (°C)
ent
(%)

DIG- DIG- 44nt | 40.9| 63

BCRomp2b | TAAYGGTRTTAGTCAAGTGAATGTATATCGAG

AGGATACAGGGG
Y=CT, R=A/G

The hybridization temperature always started frd¥Clbelow the melting temperature
(Tm) of the probe and was performed overnight. ke tcase of non specific
hybridization the temperature was increased. TheofIG-BCRomp2b was 63°C
therefore the initial hybridization temperature W&E89C. In this condition either DNA
extracted from thdé. cereusgroup spp. or from 13 othd3acillus and nonBacillus
species hybridized.

To minimalize the non specific hybridization, aduolial steps were included: the
hybridization temperature was increased, the adt@sowere added to the 1 x blocking
solution about 30 minutes before use, and increasadentration of the probe for the
hybridization was used. To avoid non specific hgitzation the stringency washes were
optimized. The lower the salt concentration (in $S0d the higher the wash
temperature, the more stringent the wash.
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The probe concentration was increased from 4.5ppei 1ml of DIG Easy
hybridization buffer to 8.5-10pmol/Iml and hybridion temperature increased to
56°C. To determine the limit of detection the ddus of DNA extracted fronB. cereus
ATCC 14579 were spotted onto nylon membrane (58gg,130ng, 50ng, 80ng, 100ng,
150ng, 200ng, 250ng, 300ng).

During stringency washes where the first wash vwas@m temperature and the second
at 56°C the limit of detection was 30ng of DNA. @lthe hybridization of the probe
with DNA of 13 otherBacillus and nonBacillus species was still visible. Onlg.
Typhimurium NCTC 74 and.. lactis 3054 did not present the hybridization signal
(Figure 60, sample 3F and 3G).

After applying additional stringency wash (10 mesiin 0.1xSSC) where three washes
were performed at the hybridization temperature lihet of detection was 50ng.
Moreover, 13 strains not belonging to tBe cereusgroup spp. did not present the
hybridization results (Figure 61). The possiblepeusfic hybridization was washed out
during stringency washes.

Figure 60. Results of dot blot at 56°C using DIG-BRomp2b probe (first

stringency wash at room temperature)
1-B. cereusATCC 14579 A) 5ng, B) 10ng, C) 30ng, D) 50ng, Bnhg, F)100ng, G) no template control

2-B. cereusATCC 14579 A) 150ng, B) 200ng, C) 250ng, D) 300ByB. licheniformisATCC 12759
(150ng), F)B. amyloliquefacien$0A6 (150ng), GB. subtilisBSFUL1 (150ng)

3-A) L. caseiDPC 6059 (150ng), B). acidophilusDPC 6060 (150ng), GJ. jejuniULCV48 (150ng),
D) L. monocytogendsMFUL1 (150ng), E)E. coli ATCC 25922 (150ng),

F) SalmonellaTyphimurium NCTC 74 (150ng), @Q). lactis 3054 (150ng)

173



RESULTS AND DISCUSSION

Figure 61. Results of dot blot at 56°C using DIG-BRomp2b probe (stringency

washes at hybridization temperature)
1-B. cereusATCC 14579 A) 5ng, B) 10ng, C) 30ng, D) 50ng, Bng, F) 100ng, G) no template control

2-B. cereusATCC 14579 A) 150ng, B) 200ng, C) 250ng, D) 300ByB. licheniformisATCC 12759
(150ng), F)B. amyloliquefacien$0A6 (150ng), GB. subtilisBSFUL1 (150ng)

3-A) L. caseiDPC 6059 (150ng), B). acidophilusDPC 6060 (150ng), GJ. jejuniULCV48 (150ng),
D) L. monocytogendsMFUL1 (150ng), E)E. coliATCC 25922 (150ng),

F) SalmonellaTyphimurium NCTC 74 (150ng), @Q). lactis 3054 (150ng)

After optimization of the temperature and otherdibans for specific hybridization of
DIG-BCRomp2b probe, the dot blot assay for 7 sgra@gpresenting each speciesBof
cereusgroup spp. was performed.

The DNA used in the assay was extracted fr@acillus sp. Ba813 #19 (T5 97-77)
(1A), B. thuringiensisDSM 6017 (1B),B. weihenstephanensi3SM 11821 (1C)B.
mycoides6A12 (1D),B. pseudomycoidd3SM 12442 (1E)B. anthracis34F2 (1F)B.
cereusATCC 14579 (2A). DNA was spotted in amount 20@hgind the results are
outlined in Figure 62.

In each dot blot assay a no template control welsidied, instead of DNA 10mM Tris-
HCI pH 8.0 was spotted onto nylon membrane.

The results demonstrated that newly designed DI®&Gp2b probe at appropriate
temperature of hybridization is specific to eachmhber ofB. cereuggroup spp. and, as
described earlier, at the same temperature doekyhoidize to any otheBacillus and

non-Bacillus species.
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Figure 62. Results of dot blot at 56°C using DIG-BRomp2b probe for species

belong to theB. cereusgroup
1-A) Bacillussp. Ba813#19 (T5 97-77), BB. thuringiensisDSM 6017,

C) B. weihenstephanendixSM 11821, DB. mycoide$A12, E)B. pseudomycoidd3SM 12442,
F) B. anthracis34F2, G) no template control; (200ng DNA per dot);
2-A) B. cereusATCC 14579; (200ng DNA per dot)

The limit of detection using DIG-BCRomp2b probehgbridization temperature 56°C
was 50ng. The detection limit using the dilutioag10-1x1¢ gene copy numbers) of
recombinant plasmid (pGEMhotB was also checked at the same hybridization
conditions and was 1x1@ene copy numbers (data not shown).

The designed DIG-BCRomp2b probe with optimized Hiibation conditions is an
ideal DNA fragment for specific identification ofié B. cereusgroup spp. based on
hybridization techniques. The probe can also difiéate theB. cereuggroup spp. from
other, more closely related, bacterial groups. Asresearch was focused on detection
and identification this bacterial group in milketspecificity of the probe hybridization
was checked against both: milk pathogens @ajmonella Campylobacter jejuniand
Listeria monocytogengsind microorganisms that naturally occur in meékg(L. casej

L. acidophilusL. lactis).

Designing ofB. pseudomycoidegnique probe:

Analysis of the 217bp PCR product (and invertedsieer) amplified with
BpmF/BpmR2 primers by blasting the sequence agBinsereusggroup spp., and other
Bacillus and nonBacillus species presented the possible sequence for
B. pseudomycoidedifferentiation. The sequence of the probe has lckesen based on
requirements in designing the oligonucleotide psofue dot blot hybridization Table
38.
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Table 38. Details of DIG-Bpm probe

Probe | Sequence (5'-3) Size GC| Tm
conten| (°C)
t (%)
DIG- | DIG- 37nt| 35.1 58.6
Bpm | TAGCGTATGACTACCTTCTCAGCTTAATATAT
ACCTA

Hybridization was performed for the same strainsrgto theB. cereusggroup
spp., and otheBacillus and nonBacillus which were used during hybridization using
DIG-BCRomp2b probe. Also the procedure, except idytation temperature, was
performed at the same conditions as for the previptobe (DIG-BCRomp2b).
Hybridization temperatures used in this experimeete: 49°C and 53.5°C. To check
the efficiency of the hybridization with DIG-Bpmalye, the dilutions of DNA extracted
from B. pseudomycoide®SM 12442, and recombinant clone (1x10-%x8ne copy
numbers of pGEMBpm) were spotted onto the nylon membrane. After agétn
incubation, the results for both temperatures wwkeesame. OnlyB. pseudomycoides
strain DSM 12442 showed a positive result. Nonéhefother strains belonging to the
B. cereusgroup spp.:B. cereusATCC 14579, B. thuringiensisDSM 6017, B.
weihenstephanensBSM 11821,B. anthracis34F2,Bacillus sp. Ba813 #19 (T5 97-
77), B. mycoides6A12 showed the hybridization dot. The same reguiesented with
other testedacillus and nonBacillus strains:B. subtilisBSF1,B. licheniformisATCC
12759, B. amyloliquefaciens10A6, Listeria monocytogened MFUL1, Yersinia
enterocolitica27729, Escherichia coliATCC 25922 ,Campylobacter jejunlUJLCV48,
SalmonellaTyphimurium NCTC 74l actobacillus acidophiluDPC 6060 and 5378,
Lactobacillus caseDPC 6059,Lactococcus lactis3054 andLactococcus lactiHP.
Each DNA was spotted in the amount of 15Qhg/

The limit of detection was 150ng and 1%16ene copy numbers foB.

pseudomycoidestrains.
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Figure 63. Results of dot blot at 49°C using DIG-Bm probe

1-A) B. subtilisBSF1, B)B. licheniformisATCC 12759, CB. amyloliquefacien$0A6,

D) Listeria monocytogendsMFUL1, E) Yersinia enterocolitic27729,

F) Escherichia colATCC 225922, GCampylobacter jejundLCV48,

H) Salmonellaryphimurium NCTC 74, 1) no template control; (150DYA per dot);

2-A) Lactobacillus acidophilu®PC 6060, B) actobacillus acidophilu®PC 5378,

C) Lactobacillus caseDPC 6059, D) actococcus lacti8054, E)Lactococcus lactisiP, F) -,

G) B. cereusATCC 14579, HB. thuringiensiDSM 6017, I)B. weihenstephanendisSM 11821; (150ng
DNA per dot);

3-A) B. anthracis34F2, B)Bacillussp. Ba813#19 (T5 97-77), CB. mycoide$A12,

3-D) to 4-C)B. pseudomycoidd3SM 12442: 3-D) 20ng, E) 30ng, F) 40ng, G) 50ny;1BIONng, I) 150ng;

4-A) 200ng, B) 250ng, C) 300ng;

5-A) to 5-1) pPGEMBpm A) 1x1C° gene copy numbers, B) 1xXigene copy numbers, C) 1X¥l§ene copy

numbers, D) 1x10gene copy numbers, E) 1¥16ene copy numbers, F) 1xX16ene copy numbers,
G) 1x1¢ gene copy numbers, H) 1x10 gene copy numbersgéngé copy number
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4. CONCLUSIONS AND FUTURE WORK

This study focused on identification tBe cereuggroup spp. frequently found in
milk and food products. A total 138 strains werearelcterized by traditional
microbiological techniques to confirm their phenmty features. Strains were also
confirmed with PCR methods targeting different DftAgments as published in the
literature i.e.: 16 rDNA (Hansenet al. 2001), cspA (Lechner et al. 1998), gyrB
(Yamadaet al. 1999), Ba813 (Patrat al. 1996), motB (Molnar 2005). The authors of
those methods did not test a large collection aflates. Moreover, often the
quantification and limit of detection were not dht&d. Therefore, new primers
(BCFomp2/BCRomp?2) targeting tmeotB gene were designed to investigate the use of
this gene sequence in thH& cereusgroup spp. identification. In addition, newly
designed primers (BpmF/BpmR2) targeting a hypothéggene with unknown function
were able to identify and differentiaB pseudomycoidestrains from other members
belonging to theB. cereusgroup spp. Both sets of primers (BCFomp2/BCRomp@ a
BpmF/BpmR2) used in one multiplex PCR reaction wabike to identify thdB. cereus
group spp. and differentiai® pseudomycoidesrains. This is the first description of a
molecular method to differentiaB pseudomycoiddsom theB. cereuggroup.
Estimation of the limit of detection for each assajlowed for better quantification of
bacteria isolated from an environmental medium mitk.

A RT-PCR is less labour intensive and automateetefbre our studies looked
at using this technology. The evaluation of RT-P@ih LightCycler® for detection
the B. cereusgroup spp. allowed for reliable measuremenBotereusgroup spp. in
milk sample. Two different sets of primers (BCFog2Romp2 and BpmF/BpmR2)
and three TagMan probes (MotB-FAM-1, MotB-FAM-2 a@Bpdm-FAM-1) successfully
identified the bacterial group and distinguish& weihenstephanensiand B.
pseudomycoidestrains. Differentiation oB. weihenstephanensigas very significant
in this study because the bacterium as a psycimtotrarganism is able to grow below
7°C where milk is stored. Attempts to design DNAmars and probe allowing
differentiation of B. pseudomycoideBad been successflB. pseudomycoidesould
only be differentiated fronB. mycoidesstrains with gas chromatographic fatty acid
methyl ester analysis. This studytiee first description of molecular technique atae t
distinguishB. pseudomycoidésom B. mycoidesnd other members belonging to Bhe
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cereusgroup spp. The estimated limits of detection atahdard curves showed very
good sensitivity of the designed primers and proBssaluation of the specificity of the
new PCR, multiplex PCR and RT-PCR assays was peeby including DNA from a

wide range of bacterial strains. Assays presenkeellent selectivity and performed

only with B. cereuggroup spp.

A parallel study to develop of a portable/handhalmlogical affinity sensor to
detect and monitor the microbial quality of milk svalso carried out in the laboratory.
Attention was focused oB. cereusgroup spp. Electrochemical DNA-based Nano-
Biosensors should detect specific nucleic acid seges by specific hybridization of
complementary DNA fragments. High specificity ofcieic acid base pairings between
homologous strands of ssDNA is the basic princijole DNA biosensors. Single-
stranded nucleid acid (ssDNA) immobilized on a #pesurface can recognize its
complementary nucleotides, generate and transfesiqai-chemical signals.

The objective of the study was to develop the seirfigo the milk industry. The
sequences of our newly designed probes, primersuanudified products were analyzes
against genomes of other microorganism with spesmphasis to milk pathogens.
Hybridization of selected ssDNA probes was optirdibg dot blot assay. It allowed for
selection of optimal probes and the temperatuteybfidization in which the probe will
hybridize only with DNA ofB. cereuggroup spp. Through this mechanism, bacteria can
be identified and a hand held devices developexiibit the response.
DIG-BCRomp2b probe, as an ideal fragment of DNAnidging the wholeB. cereus
group spp., and the sequence of DIG-Bpm probe déteation and differentiation only
B. pseudomycoidesan be immobilized to the biorecognition layertlté DNA-based
biosensor. The recognition of complementary DNA ldoe based on hybridization
process at experimentally found optimal temperature
Estimated standard curves for each RT-PCR assaysaflor applying those result in
designing the specific biosenor software able twnsthe results in real time. To receive
the biosensing signal from the milk containing baspores, the samples should be pre-
treated by incubation at appropriate temperaturespecific time for fat and nonfat
milk.
In conclusion:

(1) PCR primers targeting thmotB gene for identification of thé®. cereus

group spp. were tested against 136 strains (BCF@gHRompl).
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(i) New primers and probes targeting tm®tB and Bpm genes were designed
and tested using RT-PCR
- detection ofB. cereusggroup spp. (BCFomp2/BCRomp2/BpmF/BpmR2 primers
and MotB-FAM-1/MotB-FAM-2/Bpm-FAM-1 probes),
- differentiation ofB. weihenstephanenssirains (BCFomp2/BCRomp2 primers
and MotB-FAM-2 probe),
- differentiation ofB. pseudomycoidestrains (BpmF/BpmR2 primers and Bpm-
FAM-1 probe).
(i) RT-PCR assays were validated against 158rstra
(iv) RT-PCR standard curves to detect gene copybeusnand limit of detection
were generated.
v) Multiplex PCR for identification of theB. cereus group spp. and
differentiation ofB. pseudomycoidesgas optimized.
(vi)  Probes for biosensor adaptation were desigaet! hybridization of probes
was optimized using the dot blot assay.
The future work in the laboratory will concentraig designing specific and unique

probes able to distinguish other species belornld8. cereugroup.
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7. APPENDICES

Appendix A. RT-PCR with 0.8uM BCFompl/BCRompl primers using detection
based on SYBR Green fluorescence signal.

3ul of DNA (1x10’ gene copy numbers) were amplified with the samieneor

concentration (048 each) and different concentration of MgCEmM, 2.25mM,

2.5mM and 3mM.

NTC- No Template Control

a) b) c) d)
MgCl, (50mM) 2mM 2.25mM 2.5mM 3mM
BCFompl (1QM) 0.8uM 0.8uM 0.8uM 0.8uM
BCRompl (1Q:M) 0.8uM 0.8uM 0.8uM 0.8uM
DNA 1x10 gene copy| 1x10 gene | 1x10 gene | 1x10 gene
numbers copy copy copy
numbers numbers numbers

Amplification Curves

Fluorescence (530}

12 34 56 7 8 91011 1213 14 15 16 17 18 19 20 21 22 23 24 25 26 27 23 29 30 31 32 33 34 35 36 37 33 39 4
Cycles

Melting Peaks

66 & 7w 72 7 ® 7 B &2 84 85 83 e 92 a4
Temperature (°C)
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Samplez
Color| Poz  Mame CP
MTC 2 5mbd bMoCl

pOMAOEY] 2k Mo, 0.8ubp  [18.55]

pOMA 2. 25mbd Mag.0 Subpr 1332
pOMA 2 Brabd kg,0. Bukd pr 10,11

\A AR A/
EEEE
e B R T R o

pONANOET] 3mM Mo 0.8ukE 1056
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Appendix B. RT-PCR with 0.5uM BCFompl/BCRompl primers using detection
based on SYBR Green fluorescence signal.

3ul of DNA (1x10’ gene copy numbers) were amplified with the samieneor

concentration (04iM each) and different concentration of MgCPmM, 2.25mM,

2.5mM and 3mM.

NTC-No Template Control

a) b) c) d)
MgCl, (50mM) 2mM 2.25mM 2.5mM 3mM
BCFomp1 (1Q:M) 0.5uM 0.5uM 0.5uM 0.5uM
BCRomp1 (1QuM) 0.5uM 0.5uM 0.5uM 0.5uM
DNA 1x10 gene copy| 1x10 gene | 1x10 gene | 1x10 gene
numbers copy copy copy
numbers numbers numbers
i
{ oo
a)
b) [ | 7 pDMAOEY] 2mbd ko0 5ukp 27,39
) g2 pDMAZ25mk Mo,05ukdpr 1650
d) 9 pDMAZBmb Mg05ukpr 11.83
B 10 pDMA[OE?] 3mM Mo 0BuMp 11,92
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Appendix C. RT-PCR with 0.8aM BCFompl/BCRompl primers and varied DNA
concentration using detection based on SYBR Greetubrescence signal.

The same primer (OB each) and MgGlconcentration (2.5mM) were used to amplify

different DNA target concentration: 1x¥01x10, 1x1F gene copy numbers per

reaction at various annealing temperature: a) 56J67°C and c) 59°C.

NTC- No Template Control

Melting Peaks

a) 2918

§ 1‘416:

Samples ;: o]

Color| Poz | Mame ase]

B 1 pDMNA 10ES copies oe]

2 pDMA 10ET copies o002

B 3 pDMHA 10EZ copies o]
4 MNTC

e e 0 72 74 78 78 80 & s 8 88 EECEE
Temperature (°C)

Melting Peaks

2,998
b) 298
2,398
2,098
1,798

1,498

~(d/dT) Fluorescence (530

Samplez g
Color| Poz | Mame o8]
B 1 pDMA 10ES copies ses)
2 F'DN-'E'-.- 1DE? CDFIiES 0.298]
B 2 pDMNA 10E2 copies
4 rll T I:: B4 66 =] 70 72 74 76 84 86 a8 a0 ) a1
Temperature {°C)
Melting Peaks
C) 251
E 151
Samples 5w

Color| Poz | Mame
B 1 pDMA0ES copies

2 p.DMNA, 10ET copies A/A

B 2 pDMNADEZ copies

4 HTC

64 66 =3} 70 72 7 76 78 a0 82 84 5 ] a0 2 94
Temperature (°C)
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Appendix D. Results of in silico PCR’ with BCFomp3/BCRomp2 primers against
31 members ofBacillus group with completed genomic sequences available
in 2010.

ans| ands

100bp
ONA ladder

]

[Bands| [Bands|
1) 4]

=
=
=
=
=
=
=
=
=
=
=
=
=
=
=

=
=
e
=
=
=

280

"
"
.
i
i
B
B
g
B
B
B

80

Selected strain
1 -Bacillus subtilissubsp subtilis str.168; 2 -Bacillus halodurans C-125 -Bacillus cereuATCC 14579
4 -Bacillus anthracisstr. Ames; 5 Bacillus cereusATCC 10987; 6 Bacillus anthracisstr. Ames 0581
7 -Bacillus thuringiensi®7-27; 8 -Bacillus licheniformisATCC 14580; 9 Bacillus cereuZK
10 -Bacillus licheniformisDSM 13; 11 Bacillus clausiiKSM-K16; 12- Bacillus thuringiensistr. Al Hakam;
13 -Bacillus anthracisstr. Sterne; 14 Bacillus cereusubsp. cytotoxis NVH 391-98
15 -Bacillus amyloliquefacien6ZB42; 16 -Bacillus pumilusSAFR-032;
17 —Bacillus weihenstephanens{8AB4; 18 -Bacillus cereusAH187; 19 -Bacillus cereud34264;
20 -Bacillus cereus59842; 21 Bacillus cereusAH820; 22 -Bacillus cereuf)1;
23 -Bacillus cereu®3BB102; 24 Bacillus anthracisstr. CDC 684; 25 Bacillus anthracisstr. A0248;
26-Bacillus pseudofirmu®F4; 27 Bacillus megateriunQM B1551; 28 BacillustusciaeDSM 2912;
29 —Bacillus megateriunDSM 319; 30 -Bacillus thuringiensi8BMB171;
31 —Bacillus selenitireducenslLS10
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Appendix E. RT-PCR with BCFompl/BCRompl and BCFompZBCRompl
primers using detection based on MotB-FAM-1 probe Q.07uM)
fluorescence signal.

The same primer (OB/1 each) and MgGl(2.5mM) concentration were used to amplify

the same DNA target in concentration 1Xdéne copy numbers.

Samples 1-4: amplification with BCFomp1l/BCRompInmprs.

Samples 5-8: amplification with BCFomp2/BCRomp Impars.

NTC-No Template Control

Amplification Curves

1.8

17

15
14
13
1.2

1

& (530

03

Fluoressenc

05
o7
05

05

o1 /
o ; e L

e

01

123456 7 8 9101112131415 1617 1519 20 21 22 2324 25 25 27 26 29 30 31 3233 39 35 36 37 33 39 40 41 42 43 44 4
Cycles

Samples
Color| Pog | Mame CF

B 1 NTC

2 1210E3 BCFompl /BCRompl 29,90
B =: NTC
B 4 1«10E3 BCFompl /BCRompl 3.93
B &5 NTC
[ | E  1«10E3 BCFomp2/BCRompl 2713
B 7 NTC

8 1:10E3 BCFomp2/BCRompl 26,36
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Appendix F. RT-PCR with BCFomp2/BCRomp2 primers (08uM) and probe
MotB-FAM-1 (0.07pM).

1. NTC-No Template Control; B. weihenstephanensfgSBC 10201,

3. B. weihenstephanensfgSBC 10392; 4B. weihenstephanensfgSBC 10389;

5.B. cereusATCC 14579; 6B. thuringiensiDSM 6017

1

ENEN
[ ) I i R |

Samples

Color| Pos | Mame CF

MNTC

WSBCT 0201 MotB-Fam-1
WESBCT0392 MatB-FAM-1
WSBCT0383 MatB-FAM-1
B.c.ATCC1457/9MatB-FAM-T 211
B.tDSMEDT? MaotB-FAk-1 20,55

222

Fluorescence (530)

1,94

1,74

15]

1,34

1,14

0,34

0,74

0,5

0,34

Amplification Curves

1234856 78 810111213 14151617 1518 20 21 22 23 24 25 26 27 28 28 30 31 32 33 34 3536 37 3
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Appendix G. RT-PCR with BCFomp2/BCRomp2 primers (08uM) and probe
MotB-FAM-2 (0.07pM).

7. NTC-No Template Control; &. weihenstephanensf§SBC 10201;

9. B. weihenstephanen3fgSBC 10392; 10B. weihenstephanensi§SBC 10389;

11. B. thuringiensidDSM 6017; 12B. thuringiensidDSM 6025

SEIITIIZI|ES Amplification Gurves
Color| Pog | Hame CF

7 MNTC

2 WSBCI0201.MotB-FAM-2 23496

3 WSBCI0332.MotB-FAM-2 [19.69]
B 10 wWSBC103839.MatB-FAM-2 17.73
B 11 BtDSMBO17 MaotB-FAM-2
B 12 B.tD5SMBO25MaotB-FAM-2

Fluorescence (530}

123 45 6 7 8 91011121314 151617 1819 20 21 22 23 24 25 26 27 26 29 30 31 32 33 39 35 36 7 3
Cycles
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Appendix H. RT-PCR reaction with BCFomp2/BCRomp2 pimers (0.&uM) and
MotB-FAM-2 probe (0.07uM) presenting different of B. mycoidesand
B. pseudomycoidestrains.

1. NTC-No Template Control; B. mycoide8MFUL1; 3.B. mycoide8BMSUL1;

4.B. mycoides/pseudomycoideRD 1/17; 5B. mycoides/pseudomycoidz®’2;

6. B. mycoides/pseudomycoid&¥2; 7.B. mycoide$A11; 8.B. mycoide$A13;

9. B. mycoide$A14; 10.B. weihenstephanendxSM 11821-positive control

Samples Amplification Curves
Caolor| Pog | Mame CF
2 BMFULY 13,95
B 3 BMsUL1 18,10
B 4 GDR1A7
B 5 Bm/Bpm22/2 2313 @
B & BmBpm29/2 2485 g .
B 7 Emcall 14,98 i
8 BmBA13 14,45 R
9 BmbBAT4 15,68
B 10 DSM 113821 2810
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Appendix |. The result of blasting the selected 22fp sequence against other
B. cereusgroup spp. available in BLAST databases in 2010.

Color key for alighment scores

<40 40-50 20-200 »=200

auen | | | | |
0 40 80 120 160 200
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Gequences producing significant aligmuents: (Bits) Walue
ref |NZ_ACMHO1000122, Bacillus pseudomycoides DEM 12442 cont... _395 le-11
ref |NZ_ACHNFO1000055. Bacillus thuringiensis serowar berline... 42.8 0.01:
ref |NZ _ACHNDO10000GL. Bacillus thuringiensis serovar kurstak... 42.85 0.01:
ref |NZ_ACHNCO100007S. Bacillus thuringiensis serowar pakista... 42.8 0.01:
ref |NZ _ACNADIOOOQO4E, Bacillus thuringiensis serovar thuring... 42.8 0.0L1:
ref |NZ_ACMZO1000047, Bacillus thuringiensis Bt407 contigl0d... 42.5 0.01:
ref |NZ_ACMOO1000074, Bacillus cereus AHGET6 contiglOlZ2l, who... 42.85 0.01:
ref|NZ _ACMOOIO000054. Bacillus cereus F65185 contiglooss, wh... 42.5 0.0L:
ref |NZ_ACMMO1000145, Bacillus cereus Rockd4-2 contigl0228, w... 42.85 0.01:
ref |NZ ACMHO1O000053. Eacillus cereus Rockl-15 contigl0zZ30, ... 42,8 0.01:
ref |NZ_ACMEQLOOOO4G, Bacillus cereus EDRD-Cerd contiglO057,... 42.8 0.01:
ref |NZ_ACLWOl000044, Bacillus cereus 1725600 contiglO043, w... 42.85 0.01:
ref |[NZ_ABDAONZ000009. Bacillus cereus AH113d goontig_ll131259... 42.8 0.01:
ref |[NZ_ABDMOZ00000G. Bacillus cereus 03BELOS goontig l11231... 42.8 0.01:
ref |NC_004722.1| Bacillus cereus ATCC 14579, complete genome 42.8 0.01:
ref |NZ_ACMEOIOOO0045, 1 Bacillus cereus BDRD-5T24 contiglOS587,... 39.2 0.15
ref |NZ _ARDAOZOOOQO3S. 1 Bacillus cereus A4H1134 plaswid paH1134,... 39.2 0.15
ref |NC_003909.5 Bacillus cereus ATCC 10957, complete genome 39.2 0.15
ref |NZ_ACHNLOLOOOOSZ.1 Bacillus thuringiensis IBEL 4222 contig... 37.4 0.54
b | ACHEOLOO0005Z, 1 Bacillus thuringiensis IEL Z00 contigO0059. 37.4 0.54
ref |NZ_ACNHO1OOO00Z3. Bacillus thuringiensis serovar pondich. 37.4 0.54
ref |NZ _ACNEO1000085. Bacillus thuringiensis serovar sotto 3. 37.4 0.54
ref |NZ_ACMYO100004a6, Bacillus thuringiensis serovar tochigi. 37.4 0.54
ref |NZ_ACMITO1000045, Bacillus nycoides DSM 2048 contigl0OSl... 37.4 0.54
Yef [Nz ACMPO1000065, Bacillus cereus AHEO03 contigO0OZZ5, who... 57.4 0.54
ref |NZ_ACMPOLO000GS. Bacillus cereus AHG03 contigOO0227, who... 37.4 0.54
ref |NZ_ACMOO1000203. Eacillus cereus FE5l85 contiglllds, wh... 37.4 0.54
ref |[NZ_ACMFO1000020. Bacillus cereus 95/8201 contigOOO?l, w... 37.4 0.54
ref |NZ ACMDOLO000OSL. Bacillus cereus BEDRD-3T196 contigll305... 37.4 0.54
ref |NZ_ACLEOIOO000OZ3. Bacillus cereus ATCC 4342 contiglO07?0,... 37.4 0.54
ref |NZ_ACLY¥O1000045, Bacillus cereus R309803 contigl0937, w... 37.4 0.54
ref |NZ ACLXO1000057. Eacillus cereus &4HGZ1 contigOO029, who... 37.4 0.54
ref |NZ_ACLWOlO00004a6, Bacillus cereus MM3 contigOO0051l, whole... 37.4 0.54
ref |NZ _ACLTO1000051. Bacillus cereus ATCC 10876 contigOO004... 37.4 0.54
ref|NC 014171, Bacillus thuringiensis BME171l chrowmosome, co... 37.4 0.54
ref |NC 011772, Bacillus cereus G95842, complete genone 37.4 0.54
ref|NC_010184, Bacillus weihenstephanensis FBAE4, complete ... 37.4 0.54
ref |NZ EQO01000035. Bacillus anthracis str. Kruger B NZI_A4... 35.6 1.9
ref |NZ _AARQO1000007. EBacillus anthracis str. Kruger B NI_Ad... 35.6 1.9
ref |NZ ERO1000039. Bacillus anthracis str. Western North ... 35.6 1.9
ref |NZ LAFOO10000ZZ2, EBacillus anthracis str. A1055 NZ_AaR00... 35.6 1.9
ref |NZ_ACHNLO1OOOOTS. Bacillus thuringiensis IBL 4222 contig... 35.6 1.9
ref |NZ_ACHNLOLOOOZ77. Bacillus thuringiensis IBL 4222 contig... 35.6 1.9
ref |NZ2_ACHLOlOOOSZ29. Bacillus thuringiensis IBL 4222 contig... 35.6 1.9
b |ACNEOLOO0049 ., Bacillus thuringiensis IEL 200 contigOO0O042... 35.6 1.9
ob | ACNEOL1OO006S . Bacillusz thuringiensis IBL 200 contiglD2ls... 325.6 1.9
gb | ACHNEQLO000093 . Bacillus thuringiensis IEL 200 contigOO00lé... 35.6 1.9
ob |ACNEOLO00120. Bacillus thuringiensis IEL 200 contigOO0187... 35.6 1.9
ref |NZ_ACHIO1000041, Bacillus thuringiensis serovar pulsien... 35.6 1.9
ref |NZ_ACHNIO1000047, Bacillus thuringiensis serovar pulsien... 35.6 1.9
ref |NZ_ACNIOL000047. Bacillus thuringiensis serovar huazhon... 35.6 1.9
ref |NZ_ACHNIO1O00070. Bacillus thuringiensis serovar huazhon... 35.6 1.9
ref |NZ _ACHNIOIOOO0111. Bacillus thuringiensis serovar huazhon... 35.6 1.9
ref |NZ_ACHNIOIOOO0192, Bacillus thuringiensis serovar huazhon... 35.6 1.9
ref |NZ_ACNHO1O000037. Bacillus thuringiensis serovar pondich... 35.6 1.9
ref |NZ ACHNGO1000056. EBacillus thuringiensis serovar andalouw... 35.6 1.9
ref |NZ_ACHNGO1O0000G4. Bacillus thuringiensis serovar andalou... 35.6 1.9
ref |NZ _ACNFO100005S. Bacillus thuringiensis serovar berline. 35.8 1.9
ref |NZ_ACNFO1000114, Bacillus thuringiensis serovar berline... 35.6 1.9
ref |NZ_ACNEQLOOOO4Z2, Bacillus thuringiensis serovar monterr... 35.6 1.9
ref |NZ ACNEO1O0O00043. Bacillus thuringiensis serovar monterr... 35.6 1.9
ref |NZ_ACHNDOLO000GS. Bacillus thuringiensis serovar kurstak... 35.6 1.9
ref] LCHDO1000068 . Bacillus thuringiensis serovar kurstak... 35.6 1.9
ref |NZ_ACHNDOLOO0142, Bacillus thuringiensis serovar kurstak... 35.6 1.9
ef |[NZ_ACNCO1000191. Bacillus thuringiensis serovar pakista... 35.6 1.9
ref|NZ_ACNEOLOOOOTS. Bacillus thuringiensis serowar sotto s... 35.6 1.9
ref|NZ ACNEO1O000179. Bacillus thuringiensis serowar sotto s... 35.6 1.9
ref|NZ _ACNEOLOO001S2. Bacillus thuringiensis serowar sotto s... 35.6 1.9
ref|NZ ACHNAO1O000051. Bacillus thuringiensis serowar thuring... 35.6 1.9
ref|NZ _ACNAOD1O000110. Bacillus thuringiensis serowar thuring... 35.6 1.9
ref|NZ ACMEOLOOOQSL. Bacillus thuringiensis Btd07 contigOOl... 35.6 1.9
NZ ACMZO1000115. Bacillus thuringiensis Bt407 contigOO0. 35.6 1.9

NZ _ACM¥O01000050. Bacillus thuringiensis serowar tochigi. 35.6 1.9

NZ _ACM¥O0l000059, Bacillus thuringiensis serowar tochigi... 35.6 1.9
NZ_ACMIOl000090. Bacillus mycoides Rock3-17 contigO0O05&6... 35.6 1.9

NZ _ACMVOlO000224. Bacillus mycoides Fockl-4 contigO01058,... 35.6 1.9
NZ_ACMII01000044, Bacillus wycoides DEM 2048 contiglOO0&6l... 35.6 1.9
NZ_ACMUIO1000094, Bacillus mycoides DSM 2048 contigOO0077... 35.6 1.9

NZ ACMTO1000112. Bacillus cereus AH1273 contiglOO&8l, wh... 35.6 1.9

NZ ACMTO1000132. Bacillus cereus AH1273 contiglOO0&7, wh... 35.6 1.9

NZ _ACM301000104. Bacillus cereus AH1272 contigl0?94, wh... 35.6 1.9

NZ _ACM301000136. Bacillus cereus AH1272 contiglOlZé, wh... 35.6 1.9
Z_ACMOO1000082. Bacillus cereus AHE76 contigO0370, who... 35.6 1.9

NZ _ACMQO1000211. Bacillus cereus AH&ET7S contiglO039, who... 35.6 1.9

NZ _ACMPO1000035. Bacillus cereus AHE03 contiglO0l93, who... 35.6 1.9

NZ _ACMPOl000064. Bacillus cereus AHE03 contigl0Z2Z2é, who... 35.6 1.9

NZ ACMPO1000145. Bacillus cereus AHE03 contiglOO0&1l, who... 35.6 1.9
NZ_ACMOO1000038. Bacillus cereus F85185 contiglO030, wh... 35.6 1.9
NZ_ACMOO01000043. Bacillus cereus F55185 contig00043, wh... 35.6 1.9

NZ _ACMOO1000122. Bacillus cereus F85185 contiglOO&4, wh... 35.6 1.9

NZ _ACMOO1000224. Bacillus cereus F85185 contiglOS69, wh... 35.6 1.9
NZ_ACMNOlO000050. Bacillus cereus Rockd4-185 contig0O0043, 35.6 1.9

NZ _ACMMO1000150. Bacillus cereus Rockd-2 contigl0232, w... 35.6 1.9

NZ _ACMMO1000154. Bacillus cereus Rockd-2 contigO0237, w... 35.6 1.9

NZ ACMEOLIOOOOSS. Bacillus cereus Rock3-42 contigl0025, 35.8 1.9

NZ ACMEO1O00006S. Bacillus cereus Rock3-42 contigO0002, 35.6 1.9

NZ _ACMHO1O000054. Bacillus cereus Rockl-15 contigO0231, 35.6 1.9

NZ _ACMHO1O000108. Bacillus cereus Rockl-15 contig00294, 35.6 1.9
NZ_ACMGOl000046. Bacillus cereus Rockl-3 contigO0020, w... 35.6 1.9
NZ_ACMFOl000040. Bacillus cereus 95/8201 contigOO00Z2, w... 35.6 1.9
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Appendix J. The results of in silico PCR’ with BpmF/BpmR2 primers against
members ofBacillus group with completed genomic sequences available 2010.

No | Mo | Mo |MNo|Mo|No|No|HMoj|MNao|MWo|No|No|Ho|Mo|HWo|No|No|Ho|MofWMNo|No|Noj|MNo|Mlo|BMo|DNo|ZHNa|ZNWo]|DHNo]|BWo]|Io

100p
DNAacder

2000

1500

1000

]

Selected strain
1 -Bacillus subtilissubsp subtilis str.168; 2 -Bacillus halodurans C-122 -Bacillus cereusATCC 14579
4 -Bacillus anthracisstr. Ames; 5 Bacillus cereusATCC 10987; 6 Bacillus anthracisstr. Ames 0581
7 -Bacillus thuringiensi®7-27; 8 -Bacillus licheniformisATCC 14580; 9 Bacillus cereuZK
10 -Bacillus licheniformisDSM 13; 11 Bacillus clausiiKSM-K16; 12- Bacillus thuringiensistr. Al Hakam;
13 -Bacillus anthracisstr. Sterne; 14 Bacillus cereusubsp. cytotoxis NVH 391-98
15 -Bacillus amyloliquefaciensZB42; 16 -Bacillus pumilusSAFR-032;
17 —Bacillus weihenstephanens{8AB4; 18 -Bacillus cereusAH187; 19 -Bacillus cereudd4264;
20 -Bacillus cereuss9842; 21 -Bacillus cereusAH820; 22 -Bacillus cereus1;
23 -Bacillus cereu$)3BB102; 24 Bacillus anthracisstr. CDC 684; 25 Bacillus anthracisstr. A0248;
26-Bacillus pseudofirmu®F4; 27 Bacillus megateriunQM B1551; 28 BacillustusciaeDSM 2912;
29 —Bacillus megateriunDSM 319; 30 -Bacillus thuringiensiBMB171;
31 -Bacillus selenitireducens!LS10
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Appendix K. 1% agarose gel showing 288bp PCR produaenerated with 16
rDNA primers S-S-Bc-200-a-S-18 and S-S-Bc-470-a-8-1(Hansen et al.
2001).

1. B. pseudomycoide¥'S 3120; 2B. mycoide$A49; 3.B. cereuBCMUL1;
4. B. thuringiensiDSM 6017; 5B. anthracis34F2; 6.B. mycoide$A11;
NTC-No Template Control; M-Molecular marker (Hypadder 1)

288bp
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Appendix L. 2% agarose gel showing 285bp and 217bmultiplex PCR products
generated with primers BCFomp2/BCRomp2 and BpmF/BprR2,

respectively.
1. B. pseudomycoidd3SM 12442; 2B. cereusATCC 14579; 3B. thuringiensiDSM 6017;
4. B. weihenstephanend3SM 11821; 5B. anthracis34F2; 6.B. mycoides/pseudomycoideé®D 1/17;
7. B. mycoides/pseudomycoide®; 8.B. mycoides/pseudomycoidesd’3;
9. B. mycoides/pseudomycoideRD 2/71; 10B. mycoidesNovl; 11.B. mycoide$A19;
12.B. mycoide®SM 307; 13B. mycoidedNov2; 14.B. mycoide#\81;
15.B. pseudomycoida4/'S 3118; 16B. pseudomycoide&'S 3119;
17.B. pseudomycoidd3SM 12443;18B. pseudomycoidd?346; 19.B. pseudomycoidd3618;
20.B. cereuBCMUL1,; 21.B. cereuBCMULZ2; 22.B. cereusBCMULS3;
23.B. weihenstephanend®8VMUL1; 24.B. weihenstephanendst. MULS5;
25.B. weihenstephanend®8VMUL7; 26.B. pseudomycoidesd2;
NTC-No Template Control; M-Molecular marker (Hypedder 1V)

M 1 2 3 4 5 6 7 8§ 9 10 11 12 13 14 NTC

285Dy

217bx

M 15 16 17 18 19 20 21 22 23 24 25 26

285Dy

217by
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Appendix M. The RT-PCR results of milk contamination with 10° CFU/ml of
bacterial culture
Fat and nonfat milk was used for the contaminatiomo column-based kits were used
for the extraction of genomic DNA: DNeasy Blood &s3ue kit (Qiagen, Hilden,
Germany) and Genomic Mini AX Food kit (A&A Biotecblogy, Gdynia, Poland).
A) milk contaminated wittB. cereusATCC 14579.
Amplification with BCFomp2/BCRomp2 primers and MeE&\M-1 probe (0.04M).
B) milk contaminated witlB. weihenstephanendSM 11821.
Amplification with BCFomp2/BCRomp2 primers and MeE&\M-2 probe (0.04M).
C) milk contaminated witlB. pseudomycoidd3SM 12442
Amplification with BpmF/BpmR2 primers and Bpm-FAMgtobe (0.0dM).

A) Samples Amplification Curves
Color| Pos | Mame CP
=] 1 NTC

| B 2 Fatmik ro contaminatio

4 MNonFat milk, no contaming

11 10ES gene copy numbers 2123
17 MorFat milk A8 Biatechno 20,58
18 Fat mik A58 Biotechnolog 20,70 g
19 Fat mik, Giagen 20,49 s

1. NTC-No Template Control

2. Non contaminated fat milk

4 Non Contamlnated nonfat mi R R R R R R R PR P F EEEEEEE EE EL LT LT,
. Cycles

11. 1x1G gene copy numbers
17. Contaminated nonfat milk (DNA extracted withn@mic Mini AX Food Kit)

18. Contaminated fat milk (DNA extracted with Genomlini AX Food kit)
19. Contaminated fat milk (DNA extracted with DNg&dood & Tissue kit)
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B) S al‘l'lPlES Amplification Curves
Color, Pos | Mame CP
= 1 Fat milk-no contamination 3216 *
2 10ES 2257 24
| | 3 Fatmik, Qiagen 22.05 22
B 4 MonFatmik, Qiagen 20,01 )
.
1. Non contaminated fat milk | %
@ 12
2. 1x16 gene copy numbers 4
3. Contaminated fat milk
(DNA extracted with DNeasy =
) ) PpeE— s
Blood & Tissue kit) T
4. Contaminated nonfat milk —
(DNA extracted with DNeasy
Blood & Tissue kit)
5. NTC-No Template Control
C) Samples Amplification Curves
Color| Pos | Name CP
1 Fat milk.no contamination a
2 10ESgene copy numbers 22,78 7
[ | 3 Fat milk 4é4 Biotechnogy 22,08
™ 4 NonFat rmilk 484 Biotechno 21,15
5 Fatmik, Qiagen 23,04 -
B Nonfat milk, Diagen 22,82 5
i -
1. Non contaminated fat milk
2. 1x1Ggene copy numbers | = ol
3. Contaminated fat milk e T

N o o bk

(DNA extracted with Genomic Mini AX Food kit)

NTC-No Template Control
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Contaminated nonfat milk (DNA extracted with @amc Mini AX Food Kkit)
Contaminated fat milk (DNA extracted with DNed&lpod & Tissue Kkit)
Contaminated nonfat milk (DNA extracted with Cdsg Blood & Tissue Kkit)
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Appendix N. Results of blasting the sequence (in BAST programme) of DIG-
BCRomp2b probe used in dot blot, against otheBacillus and non-Bacillus
species which can occur in milk.

The sequence of the probe was:

5-TAACGGTATTAGTCAAGTGAATGTATATCGAGAGGATACAGGGG-3’

Results for inverted sequence were also reported:

3'-GGGGACATAGGAGAGCTATATGTAAGTGAACTGATTATGGCAAT-5’

Bacillus pumilus

Color key for alignment scores

<40 40-50 80-200 >=200
Gu ey |
1 1 1 [ 1 1
0 8 16 24 32 40

me T

ref |[NZ ABRX01000005.1 Bacillus pumilus ATCC 706l BAT.Contigl... 28.3

No result for inverted sequence

Bacillus amyloliquefaciend=ZB42

Color key for alignment scores

<40 40-50 80-200 >=200
Qe ry I ——
| 1 1 1 1 I
0 a8 16 24 32 40

5.1 Bacillus amyloliguefaciens FZB42, complete g... 26.3 2.8

No result for inverted sequence
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Bacillus subtilis Brevibacillus brevisNBRC 100599,
Bacillus cereussubsp. cytotoxis NVH 391-98

........... geeemeeen ,

Color key for alignment scores
<40 4050
Aueny 1 | | | |
0 2 16 24 32 40
Brevikbacillus brevis NERC 28.3
Bacill subtilis subsp. 2
Bac is subsp. 26
Ba subtilis subsp. 26
Ba subtilis subksp. 26
Bacillus subtilis subksp. subtilis str. 26

ERREN RN ]

inverted sequence

[IYIVLISTIUYE LU SHIUT LTINS S11W 9LUIES. LGN LY 31T GYHHS S

Color key for alignment scores

<40 40-50 80-200 >=200
Qu e ry |
1 I 1 I ] I
0 ] 16 24 32 40

WWwwihwikoi>dwi>bw
oy om o o
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Lactobacillus casei

Color key for alignment scores

<40 40-50 80-200 >=200

Guery I mm———
1

1 1 1 | 1
0 ] 16 24 32

Sequences producing significant alignments: Vi
Lactobacill caszei 5.2
Lactobacill casei 5.2

inverted sequence

Color key for alignment scores

<40 40-50 80-200 >=200

B o N S R —
) 8 16 24 32 10

Lactobacill
Lactobacill

i
[N

Lactococcus lactis

Color key for alignment scores

=40 40-50 20-200 >=200

Query | —
|

| 1 1 | 1
0 8 16 24 32 40

inverted sequence

Color key for alignment scores

3050
G ey | —
1 | | 1 | |
0 8 16 24 32 40
Lactococcus lactis subsp. ]

cus lactis subsp. 1
cus lactis subsp.

ccus lactisz subsp.
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Lactobacillus acidophilus

Color key for alignment scores

<40 40-50 80-200 >=200

auen| | | [ I ]
0 8 16 24 32 40

gaag Lactobacillus acidophilus ATCC 4796 cO...
Lactobacillus acidophilus NCFM, complete genome

inverted sequence

Color key for alignment scores

<40 40-50 80-200 »>=200
auery I m—
1 1 1 1 I |
0 g 16 24 32 40

Salmonella enterica
Results only for inverted sequence

Color key for alignment scores

<40 40-50 80-200 >=200

Quen] ] ] ] I ]
0 8 16 24 a2 40

nments:

Sequences producing significant alig

Salmonella enterica subsp. enterica serovar ...
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Escherichia coli

<40

0

1
8

Color Key for alignment scores

40-50 80-200 >=200

16 24 32 40

auery I m——
1 1

Sequences producing significant alignments:

No result for inverted sequence

N S

I
=l

m

Campylobacter jejuni

Results only for inverted sequence

<40

|

Color key for alignment scores

40-50 20-200 >=200

1 1
16 24 32 40

Qe ry | ——
1 1

Valu

==

o

m

oo

No results for Listeria monocytogene®acillus licheniformis, and Bacillus

coagulans
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Yersinia enterocoliticasubsp.enterocolitica8081

Color key for alighment scores

<40 40-50 80-200 >=200
Query [
1 1 1 1

1 1
0 g 16 24 32 40

inverted sequence

Color key for alignment scores

<40 40-50 80-200 >=200

Quen] ] ] ] ] ]
0 8 16 24 32 40

(]

Yersinia enterocolitica subsp. enterocolitic... 26.

Proteus mirabilis

Color key for alignment scores

<40 40-50 80-200 *=200

Query I —
1 1 1 1 1 1
0 g 16 24 32 40

alignments: (Bits) Value

B
B
B

[SESESNEL IS

[I=pt<pi=Ni<N=l

A

inverted sequence

Color key for alignment scores

<40 40-50 80-200 >=200

auery I m——
| 1 [ 1 1

1
0 g8 16 24 32 40

Sequences producing significant alignments: (Bits) alue

Proteus

5 B3B3 B
© 0o

aoan

237



APPENDICES

Appendix O. The motS gene (homolog tomotB) of B. cereusATCC 14579 with
underlined 575bp fragment used in this study.

gi | 30018278: c4457817- 4457029 Bacillus cereus
genone

DEFI NI TION Bacillus cereus ATCC 14579,

ATCC 14579, conplete

conmpl et e genone

ACCESSI ON  NC 004722 REG ON: 1582540. . 1583220
VERSI ON NC_004722.1 G :30018278
DBLI NK Proj ect: 384
KEYWORDS .
SOURCE Baci |l us cereus ATCC 14579
ORGANI SM  Baci |l l us cereus ATCC 14579
source 1..681
[ organi sn="Baci |l | us cereus ATCC 14579"
/[ mol _type="genom ¢ DNA"
/ strai n="ATCC 14579"
/ db_xref =" ATCC: 14579"
[/ db_xref="taxon: 226900"
gene 1..681
/1 ocus_t ag="BC1626"
/ db_xref ="Genel D: 1203975"
CDS 1..681

/1 ocus_tag="BC1626"

/ note="Honol og to Mot B, appears to be involved in
motility on surfaces and under specific ionic
conditions. Wth MotP (a Mot A honol og) forns the
ion channels that couple flagellar rotation to
prot on/ sodi um notive force across the nenbrane
and fornms the stator elenments of the rotary
flagel I ar machi ne"

/codon_start=1

/transl _tabl e=11

[ product="flagellar notor protein MtS"

[ protein_id="NP_831404.1"

/db_xref="4d :30019773"

/ db_xref =" Genel D: 1203975"

/transl ati on=" MVBKGPQKGSPRWWTTFTDLTMLLL TFFVLLVATSKQDAVKLSK
M_EKFSDTEQVDAKVMENT| PDI SHEKNDEKM SKKRMDEL YKKLKAYVDNNG SQVN
VYREDTGVSVVI VDNLI FDTGDANVKPEAKG | SQLVGFFQSVPNPI VWEGHTDSRP!
HNEKFPSNWEL SSARAANM HHLI EVYNVDDKRLAAVGYADTKPI VPNDSPONVEKNR
RwVI YI KE"

CRIG N

1
61
121
181
241
301
361
421
481
541
601
661

at gat gagt a
acgat gt t at

aaggaccgca
tattaacttt

aaagggat cg

cctcgttgga tgacgacttt tacagattta

ctttgtatta

ctagttgcta

cat caaagca

agat gcagt a

aaattgtcaa

agat gctt ga

aaagt t t agt

gat acggagc

aagt agat gc

aaaagt aat g

gaaaat acaa

t accggat at

ttcacat gaa

aaaaat gat g

aaaaaat gat

tt caaaaaag

agaat ggat g

aattat at aa

gaagtt aaaa

gcgt at gt ag

at aat aacgg

tattagt caa

gt gaat gt at

at cgagagga

t acaggggt a

agcgtcgtta

t agt agat aa

tttaatattt

gat acaggcg

at gcgaacgt

t aagcccgaa

gcgaaaggga

t aat aagt ca

attagttgga

ttttttcaat

ccgt acct aa

cccaattgtt

gt agagggac

at acagat ag

tagacctatt

cat aacgaga

aattcccttc

t aat t gggag

ttatcttcag

cacgagcggc

aaat at gat t

caccatttaa

tt gaagt gt a

t aat gt ggac

gat aaaaggc

t agct gcggt

aggat at gca

gacacaaagc
gttatttata

caattgtacc
t aaaagagt a

aaat gattca
g
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ccgcaaaact

gggaaaagaa

ccgt cgegt t
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Appendix P. Whole genome shotgun sequence Bf pseudomycoide®SM 12442
with underlined 220bp sequence used in this study.

LOCUS NZ_ACMX01000122
DEFI NI TI ON Bacill us pseudonycoi des
genone shot gun sequence.

ACCESSI ON NZ_ACMX01000122 NZ_ACMX00000000
VERSI ON NZ_ACMX01000122.1 @G :228994436
DBLI NK Proj ect: 29707

KEYWORDS WGS

6425 bp DNA
DSM 12442

i near

conti g00246, whole

SOURCE

source

ORIG N

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961

1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
2161
2221
2281
2341

Bacillus pseudomnmycoi des DSM 12442
ORGANI SM  Baci | | us pseudonycoi des DSM 12442

gcat aattaa
at acaaccca
catttaactc
cgccaaat gc
ctatacatcc
ct aaagcaac
taaaagaatt
gtttatattg
aaccccattt
tcatgtttga
aaat aaacag

1..6425

[ organi sn="Baci | | us pseudonycoi des DSM 12442"

/ mol _type="genom ¢ DNA"
/ strain="DSM 12442"
[/ db_xref="taxon: 527000"

aaat gct caa
aaaaatt aaa
ttgcat acat
agctgttacg
tttagtgtga
caattgtttt
aaactgttca
aagaagt gca
ctagtattta
cattatgtaa

gtttttgtat
catgttttta
tcttgaacaa
ccaat gat ct
t aaat aat gc
actttttttg
gccagttttg
gatt cagt ag
t aaaacat ac

tttagggggg

tgtttggttt
acaatatctt
gt gt gaccgce
caagaatttc
aatactcatc
at aat gt acc
gecattttttc
tatttctacc
gttagtat ga
catctttact

ttat caagaa
ggat agt cac
ctgactcatg
ctgct ct gaa
ct gagagt aa
ttctttaaag
cgt aaat aaa
ttcaaattcc
gctt aaagt a
tttcaaaaat

aat gt aat aa
tgctttaatt
gt agct ccce
gct cct t gat
aggcttatcc
cattcctctg
cccaacccat
atatttaatc
ctttgattaa
aattcttcta

ataaatttta

tatatattca

t at aaaagt t

cttgtacatc

aatt caatca

tt caat agaa

at agt aagat

tttttgtata

cat gt at agc

gt at gact ac

cttct cagct

t aat at at ac

ctaatttaaa

ttttcacatg

agcatatcta

agttttgggt

at agaaaagg

caagcattta
ct aaaacaac
cacgtgtctg
ttaatccttc
agtatttcac
t aaacaccaa
ttccaat aaa
tgatttacat
agcgagt gcc
acttcgtaca
atttttgeat
tttgcaacat
ttatctctaa
gcat agt aat
gagacaattt
tttgtagatt
aatatcattc
acttgattaa
at at cat gaa
agt ggat t ac
ct gt gaat ac
aggct aat aa
tttggcat aa
aaaaacttag
cgcaccaagc
tttttgataa
t cat aaagaa

aatatgcttg
at gagct aaa
cttaagtgca
acgaat at cc
aat aaaat ac
t at caaggaa
aat ct acaat
ctttgtaatc
ctttagggat
ttttatcttc
ctttcatgaa
caagt aat cg
t gcgt gccat
aat aaacagt
gat aaccttt
ttgtattttt
tctcct gact
tt aact aacc
aaaacat cct
cctttttgta
cgt t gaagat
t at aat t aag
agat gaaggt
aaattcgcca
gttagcaaaa
aact gt aggg
t acagt ggaa

ccttegttct
ccaaat ccaa
t aacct gcag
at cgt aat at
t aacat aaaa
at at at at aa
gct t acagct
acct aagt at
ttcacctttt
agetttttgc
actcttgata
ctccttaage
catttgaatc
tgcctttgtt
act t aaaaac
attttgaggt
cttcataatt
agtatatata
ctttatacat
tgggtcttgt
gagacagt cc
aaagaatttc
tt agaagaga
tt aaaggggc
aatgtttcag
acagat at gc
gat gat ccat

aacgacgatg
ataccgtatt
ct gt gaccgce
cct cct agca
attagtatgg
ct aaaaat cc
aaatcatcta
agcaaagcaa
tgcatcgcett
atttgtatta
tcaatgttca
ggcttacttg
attgtatccg
acat cgcact
agctttgtag
ggtcttccta
taaaatatta
attaattcta
gggggaaat a
tgacact t gt
ctaatcttcc
cgaat gactc
aggattttaa
aat caacgtt
aagat ggt ac
t gcaggagaa
tt aaaagaaa

239

ct cgact aaa
agcaat cat ¢
t gt acct aat
tcgtagttag
tcgettttta
tgaattaatg
tattggcaat
caaaggcatg
tgtgtattgc
agtgattctc
gt gt t gcggt
t t gaaagaat
t aaaaagat ¢
cttttgcaac
caat at caac
aaggacgttg
t aacat at ca
aaatt agt aa
t gt cggt gga
tttatcgttt
t gaaacggct
aggaaaccct
gaaaatt caa
accacctttt
gtctcttgta
t at ggct gaa
gatttctgat

tcaattaccc
ttattagaac
gcagt t ggaa
t aaaacat gt
tataaatatg
tcccaatcca
cagtggcttt
agt actt aaa
tt gat ccaat
t gaaagagat
t aaat gaact
tttatgcata
agcttttgta
atcttccata
aattttatct
tttttgttcc
gtt gaat agc
gaaaggt gga
ccaaaagcaa
act t ggccag
at gt cacaac
gtgcttattg
gatacttatc
gat accat ac
act cct gt gt
ctgcagattg
tctggtttgce
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2401
2461
2521
2581
2641
2701
2761
2821
2881
2941
3001
3061
3121
3181
3241
3301
3361
3421
3481
3541
3601
3661
3721
3781
3841
3901
3961
4021
4081
4141
4201
4261
4321
4381
4441
4501
4561
4621
4681
4741
4801
4861
4921
4981
5041
5101
5161
5221
5281
5341
5401
5461
5521
5581
5641
5701
5761
5821
5881
5941
6001
6061

at gt acgt ct
ct gat gt gaa
atcgttcacc
ttagtccaac
tttcaattat
caagat at cg
tt aaagaat ¢
ctctattact
ttttccttat
gagt agcat t
aaaaaagaaa
tcttgttatt
ggcttcattt
tatgccttca
acct gt acaa
aaaactttct
acaaatgttt
ccctgagtta
taaccacat a
acgt gat caa
atatttacgt
ctctgcatta
aggagcgat t
atttatggtt
aaacggggt g
atttgctgta
aat aggagt a
cgttttaggc
agt agat gct
tttttattag
ttcaaatttc
atccattcat
tttttgagtt
acact aaat t
tgccaattga
tcttttctag
actttcttca
tgtctatgca
caattttcta
gaaagaattg
attagct aaa
tt aat aat ga
gtttaacgaa
ccacacccag
aaatgaatta
ttattctaca
ggggatatta
ttagattatc
cggt at acca
t acagggt ag
t caaagccet t
tattgctatt
gccgaaattc
tttgaagcat
cacgcaat ag
cat cat gt ag
gt aaacgctg
att gaggccg
atttatctgc
gaatt accac
aagcct gcca
gagaaaagaa

at cagggcca
attattggtt
gct att agca
tttaggtttt
gactgtacta
agagtttctt
aggt ggagct
tgctcatata
gggaat cgct
tttcccattc
acaat caagg
cgt aaaccat
gttccacgta
cgt gaaggat
attgttgttg
tttatagatc
gaagtttcaa
agaaaaagt t
tggat t ggag
aatgtgatta
tctgttgtgg
ggggcaggat
cctctatatg
t ct gaaat at
gtt caaacag
ttagctactt
ctactggata
cgtttcgett
tgat aatata
gaat aaagt a
cggtttttgg
ggcttgttct
gttactcttt
tttaaaaaat
at gaccaat t
aaaat at gat
aaat at gt ct
ggatgttctc
t agt ct aaaa
aat t aaat ct
cgcttttcca
at aact gt ac
gacaaaact t
gat gt agcaa
gctttatttc
gaagaagagg
gaat gaat aa
cgtt aggaag
cct cacat aa
caaaat ct ac
cagct gagt a
t acaaacaac
tt gaggct gc
cctgtacatc
agcattttgg
atcactt act
actatgttat
ct ggaaaagt
at gaaggttg
tt gat gcacg
aacgagt aat
gat at aaat g

gttggtattc
gcaact gt at
atcttacctt
ttagctgata
ttatttggag
ctt gt ggage
atcattatga
ggttctttce
tctttgacaa
at cccaagaa
t aaaggaat ¢
ggacaat t at
tccaatttac
ttaatttaat
at acaaaagg
aagt aacaga
t aaaagat aa
t gaaacaggt
gagaaacggc
ttcctgttat
cgatgatcta
ggt t act act
catttgtgtt
ggaaaaacaa
gtagtgttat
taccaat cca
catttatagt
tttggcctgg
at aaaat t aa
t gt at at aaa
tgttctttgt
act ggtt gaa
tcttttttag
aaaaagcgt a
atttgagcta
agct aaggaa
tccttcttag
tttaaatcta
cattttcaat
attgatttgc
t aat aaagaa
ccaat agat t
at cat gct gg
at at acaagc
tttatgaaac
caaat caagc
tccatttata
agaactt caa
ccaagt gaga
ccttgtegtt
tgctattcce
gat gggt agt
t gacaaat at
tgatattgta
agaat ccgag
t gat gcaaaa
taaaaatttt
agcaagagcc
gcaggat ggg
tgatgatatc
t gaaaaaaat
ggggaaat at

agact gat gc
tacttgtttt
ttattgtagt
aaggat ggat
ct ggt acaga
gaaat aaat t
gtgctcttac
atagatttgc
ttttaccagc
caagagaaat
gaaagggttc
cctgct aaca
gtatgattta
ctct gat cat
aaaagat gt a
accagt gcaa
tccgtattct
aat gaaaagt
tacattatac
gattggtatt
cttaattgta
tcact at ggt
cttggtagca
aagaagccag
tacgt ct gct
agtacttgtt
aagacctctt
gaagatt cgg
aaaaccaagg
at aaaagt ag
cttcaatatc
gtccagtttt
aat gt ggaaa
t gaaagagt t
ttaat gt aat
t cat caat ac
at aacccaat
aaatttcttg
t gccect ggt
aacgaagt at
gacat aattt
tt at aaaaga
agatattgtc
agcagccgtt
ttattatcca
ttacaattac
cct aagct ag
gaaaaattca
gat cttccag
ggt gt gagaa
tttgcaacag
aaaccat at a
at cgagaaac
gggattgatc
t at ggaaaat
cat aacggga
gagcccggcea
gggt at ccac
tactatcata
acatttgaat
tatcccat ga
ggaat t ggaa

240

agt aagcat a
agctttactt
tgggtttgct
tact gct gat
ttattgtcta
t aaagcgct a
cgttgtagta
agtacctttt
attattagct
gaat gaagaa
tt aagcaaaa
ctattcttat
at agaat cat
ttttcacctg
cct gt caaag
gggaaacaga
att gagggga
gct gaaat aa
gat acgaaac
atcgcattat
acagt ggt at
atggatgctc
tt aggagagg
ccacatcttg
ggtttaat ct
caatttggta
cttgttcctt
aagaaggaag
aaact tt gat
tatctaaata
agtttctgge
aat agt at ca
attcattttt
t ggcagat aa
agcat at aca
ctggatctcc
tttataaaaa
aaaaaat att
t gaaaaaaag
gtcccacatg
t aggcact aa
aaaggt gatg
tatgtttttt
gt aaat aacc
ttatcaaatg
tattatggag
tatactttga
aaaaaat gga
gagaaaat ga
agacact aaa
ggt gt at ggg
tccgtactta
gagcacct ga
acttaactca
tgaggtttgt
aaacaagat t
cctct ceect
ttgggttcat
tgtttgaacg
ttattcaaca
caaaattaga
aatatattta

tttagtcagg
attcttcettt
t at ggaat aa
gcgcaaggaa
tttctaattt
cagcttgcaa
ggattaggta
agcgt ggctg
attttgggga
t at gct aaga
aactt ggaga
taggt ggat t
tt ccaaaaga
gt gagtt agc
aagaat t aac
at aat caat t
t gaat aaaat
gt gat gct aa
aaacaact ga
tattacttgt
tatcattctt
ctgcaat aca
act at aacat
aagcagt caa
t ggcaggaac
ttgttacagc
cacttacagg
agacaaaaaa
ttcccttggt
ctaattattt
attccgtaca
gattttaagt
atacct ccaa
acaaattatc
t agt at gt ca
aaat aat agt
acttat aaca
at aat t acat
aacaccaaaa
ggtt aaat ca
agat aaaaat
gaat ggaact
accgaaaccc
ct gaaaat cc
aaat ggct gt
atgctttaga
accaaat gca
t gt agaaat t
ttttcaaaag
gtttgacacc
ccattgtcat
tgtaaatgtg
act gacaaga
aactcttaag
tactaaattt
tcggtttagt
agcaaaacgg
t gt ggcccect
tcttgatgct
tcgatttaca
attagat gaa
t caaaaagaa



APPENDICES

6121 gaagaagaag atataaaaag ttatctttat tcttatatgg agaaattctt tcccaatgca
6181 aaattagaat atttcacata ggagatacca ttcactttac aaaaagcata tggaaattta
6241 ttttaaaggc tatatcggtg tttcaaggac gttctgttgc aaagtttttt aaatgagtct
6301 acactctaga aaaaggggct tatccgttgc tcatacaacg attatgcctt gggttcatca

6361 gtatggtcct gaattagaca aaagaatccg tcatcatctc aagcaaatca atgactcttg
6421 tagag
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