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YERL i SUT URUNLERINDEKI LAK iK ASiT BAKTER iLERINDEN PLAZM iT
iZOLASONU VE GENET iK KARAKTER IZASYONUNUN INCELENMESI

(YUKSEK L ISANS TEZI)
Saman Said Taha SAID AHMED
0z

Bu tezin amaciKuzey lIraktaki st Grtnlerinden izole edilen lakisit bakterinin
plazmit igerikleri ve onlara ait antibiyotik direlikleri ve metabolitleri aratirildi. Bu
calisma sirasinda Kuzey Iraktan toplanan 52 adeiusto peynir ve sarmisakli peynir
ornesinde plazmiti olup olmagh analiz edildi. Bakterilerin izolasyonu ve
siniflandirmasinda MRS ve GM17 besiyeri kullangindaha sonra plazmit izolasyonu
yapilimstir. GM17 besiyerinde Sus plazmit icerirken MRS besiyerinde 10sda plazmit
gozlenmgtir. Plazmit tgiyan laktik asit bakteri turleri koloni PZR kulldarak tanimlandi,
swlar arasindalactobacillus plantarum’unbaskin oldgu belirlenirken S42 s
Lactobacillusspp. olarak tanimlandi ve S49 @nun tanimlanmasi yapilamadi. Plazmit
barindirarsuslara antibiyotik direng testi yapildi ve Ruslardan bazilarinin vankomisin ve
tetrasiklin antibiyotiklerine diren¢ gostegdi belirlenmgtir. Ayni  byuklige sahip
plazmitler arasindaki farklgi belirlemek icin plazmitler restriksiyon enzimige
kesilmistir. Ayrica plazmid tastyan ve taimayan bazi sgarin metabolitleri incelenngiir.
Plazmitlerin tanimlanmasi ve genlerinin gdinasi sut Urdnlerinin  gefliriimesinde

onemlidir buna ek olarak tarim ve tip alanlaringigulanabilir.

Anahtar Kelimeler: Laktik asit bakterisi, plazmid, antibiyotik, ressiyon enzimleri,
metabolit.
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ABSTRACT

The aim of this thesis is to investigate thasmid contents of Lactic acid bacteria
isolated from dairy products of Northern Iraq amadg of their antibiotic resistantcy and
metabolites. During this research 52 samples ohydg cheese and cheese mixed with
garlic were collected from Northern Iraqg and anatyzo find out whether they have
plasmid or not. The bacteria have been isolated daskified using MRS and GM17
media, and then plasmid isolation has been dormman MRS media, 10 strains contained
plasmids while from GM17 media 9 strains were obser To identify which lactic acid
bacterial species that carry plasmids, colony PORdacted for the strains which they
were found plasmidd,actobacillusplantarumwas dominance on all strains except from
strain S42 which identified asactobacillus sppand strain S49 has not been identified.
Antibiotic resistance tests were also carried guthese strains that harbour plasmids and
the results show the resistance of vancomycin atrtddycline antibiotic to some of these
strains. Digestion of plasmid with restriction enm®y were conducted to differentiate
between plasmids that have the same sizes. Metaddiivity of some strains that have
plasmids and no contain plasmids were conductedrmare between them. Identification
of plasmids and study of their genes aid to impnoset of dairy products in addition to
customized it in the field of medicine and agriaudt

Key Words Lactic acid bacteriaPlasmid, Antibiotics, Restriction enzyme, end
products.
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1. INTRODUCTION

In past centuries, the term "milk souringammgms" was given to lactic acid bacteria
(LAB), as generally this bacteria return to the laineteenth century, bacterium lactic (i.e.
Lactococcuslactis) was the first pure culture of LAB obtained in B3By Lister, J.,
(Axelsson, 1998). This bacteria have great creditthe food industry (Nettles and
Barefoot, 1993). Generally LAB known to be saferi@=ally Recognized as Safe-GRAS),
and under controlled condition this bacteria carubed as natural competitive microbiota
or as specific starter cultures, in addition tontain role in the fermented products and
preservation of foods (Cintas al, 2001). Lactic acid bacteria encompass a hetarmes
group of microorganisms, which have as a commorabadit property the production of
lactic acid from the fermentation of carbohydra(€arr et al, 2002). LAB are gram-
positive, non-spore forming fermentative bactertatalase negative, anaerobic, acid
tolerant, and occur as cocci, coccobacilli or ras] cells are usually non motile. They
have a condition for complex growth factors suclvitamins and amino acids (Axelsson,
2004). LAB ferment carbohydrates and produce laaticd as an end product, these are
known as homofermentative LAB, and the homofermergagroup of LAB includes
StreptococcuysPediococcus Lactococcusand Lactobacillus species (Table 1.1), while
heterofermentative LAB produce lactic acid and ottempounds such as acetic acid,,CO
and ethanol (Caet al, 2002; Axelsson, 1998).

Homofermentation and heterofermentation aréerdintiated by the production of
aldolase which is the main enzyme for glycolysibe Thomofermenters have this key
enzyme which ferments glucose to lactic acid, whéderofermenters do not possesses this
enzyme and instead they follow pentose monophosppathway (Figure 1.1). They
cannot breakdown fructose 1, 6 diphosphate to dripeosphates, and only oxidize
glucose-6- phosphate to 6-gluconate by phosphasstdBulut, 2003).



Table 1.1. Differentiation of the lactic acid baceaccording to the carbohydrate

metabolism (Caret al, 2002).

Type CO2
) of | production| Ribose | Gluconate| Arginine
Gram stain _
Genus lactic from Ferment—4 Fermen- | Hydro-
Morphology _ . ' .
acid | glucose ation tation lysis
Homofermenters
Streptococcus Coccichains| L+ - -+ ND \%
_ _ DL,
Pediococcus | Coccitetrad L - Vv - Vv
+
Lactococcus | Coccichains| L+ - - - Vv
. . - - D-’
Lactobacillus | Bacilli/pairs L - +,- +,- -
+
Heterofermenters
Betabacteria Pair/
_ _ DL + + + +
(Lactobacillus) Chains
Pair/
Leuconostoc _ D- + Vv -t -
Chains

Abbreviations: +, - indicates most positive strains, an occasioregative strain; -, +

indicates most negative strains, an occasionatipesstrain; + indicate positive strains; -

indicate negative strains; V indicates variable; NBicates no data is available.

Historically and till now LAB used in the feemtation of traditional foods as dairy
products (yoghurt, butter, cheese, kefir, kumisgat (salami, sausages), bread and cereals
( e.g., sourdough, ogi ) vegetables (sauerkrauklgs, olives), wine and silage (Geis,

2003).




Homofermentative pathway Heterofermentative pathway

Glucose

Glucose-6-phosphate

! '

Fructose-6-phosphate 6-phosphogluconate
l l——» CO2
Fructose-1,6 diphosphate D-ribulose-5-phosphate
Dehydroxy Glyceraldehydes «— Xylulose-5-phosphate
Acetone phosphate phosphate
Phosphoenol Acetyle phosphate
Pyruvate i i
Pyruvate Acetate Ethanol

l

Lactic acid

Figure 1.1. Two different pathwdags glucose fermentation (Bulut, 2003).

Lactic acid bacteria excrete lactic acid asan fermentation product into the medium.
This biochemical definition associates lactic adidcteria of different phylogenetic
branches of bacterial evolution: the ‘low G+C (gnant+ cytosine) taxa (less than 55mol%
G + C content in their DNA, e.glLactobacillus, Lactococcus, LeuconostBojerococcus,
Pediococcusand Streptococcusnd the‘high G+C (more than 55mol% G + C content in
their DNA’ genusBifidobacterium(Figure 1.2)Schleifer and Ludwig, 1995).



Lactobacillus
Pediococcus

Streptococcus
Atopobium

lactococcus

Leoconostoc,
Lactobacillus

Enterococcus

Bifidobacterium S. aurius
B. subtilis

Corynobacterium

Propionibacterium

E. coli

Figure 1.2. Phylogenetic tree of Gram-positive baat(Schlifer and Ludwig, 1995).

Generally LAB strains that are used in foodrfentations are associated with habitats
rich in nutrients such as various food producthe®LAB are important microorganisms
as members of the normal flora in the human andhanbody (intestine, vaginal mucosa
and nasopharyngeal) and in environments (mainlptg)awhere there are spontaneous

fermentations of carbohydrate containing substrates

These sudden events developed into impoftad fermentations of plant material
(sour dough, sauerkraut, etc.) and animal prod{setssages, cheeses and sour milk from
meat and milk, respectively) (Teuber, 1993). OtlbwB excrete antimicrobial compounds
that cause low molecular weight, cationic protears] bactericidal to other gram positive
bacteria (Klaenhammer, 1988; Daesch&B90; Ray, 1992). These antimicrobial
compounds have long been used in fermentationsdsepre the nutritive qualities of
different foods. Perhaps this bioactive compoung ty& proteinaceous bacteriocin (Tagg
et al, 1976), a lantibiotic (lanthionine containing f@os; Jung, 1991) or a bacteriocin like

inhibitory substance.



Continuous isolation and identification thevrain of LAB is important for industrial
application and for probiotic discovery. Also sdamf plasmid in some strain of LAB
gives an incentive to study these bacteria. Thenpild of LAB offers new possibility for
differentiating between strain that is isolateddoef(Sewakiet al, 2001), this plasmid
after undergoing to genetic modification used asdf grad cloning system and for
construction of cloning and expression vectors (&tlaet al, 2004; Tarakanoet al,
2004; Yenget al, 2009). Through the metabolic engineering initaatid bacteria plasmid
are used to changing of pyruvate metabolism toymtioh of desired flavour compounds
by constructed mutant strains have no antibiosestant and foreign DNA gene (Akyet
al., 2009). The remarkable development in the fieldyehetic engineering of LAB was
made possible due to (i) technologically identifica of important functions borne by
plasmid (e.g. Bacteriocin production, lactose zdilion, casein degredation) (Teuber and
Geis, 2006), (i) The adaptation &scherichia coliderived technology for the isolation
and manipulation of LAB borne plasmid. As a restdd and pharmaceutical industries
could benefit from both LAB and its plasmid (Naraw al, 2011). There is an important
point in the growth of LAB in food; they act astagonistic microorganisms because they
are capable of inhibiting other food-borne bactdma production of organic acids,
hydrogen peroxide and/or bacteriocins (De Vuyst ¥addamme, 1994; Holzapfet al,
1995). LABs are not considered to be pathogeniwtoan and animals with the exception
of someStreptococgithere have been reports of the involvement of liABuman clinical
infections (Aguirre and Collins, 1993). In the ndjp of these clinical cases, patients had
a history of underlying disease, should be consml@s immune compromised and/or may
have been treated with antibiotics. Therefore, s&/AB may fall into the category of
opportunistic pathogens. Nevertheless, there isviiience to doubt the safety of ingesting

large numbers of LAB in fermented foods, and beeaighis long history of safe use.



2. LITERATURE REVIEW
2.1. Plasmid as General and in Lactic Acid Bacteria

Plasmid, as in generally present in prokaryated in some lower eukaryotes, are non-
essential extra-chromosomal genetic elements, lystsidouble-stranded molecules, that
replicate independently of the host cell chromosoamel are inherited stably. Like
chromosomes, plasmids are also closed circulasapdrcoiled; although certain plasmids
(Eg. Borrelia) are known to be lineaBorrelia burgdorferihas at least 11 plasmids, 2 are
circular and 9 are linear molecules. A cell mayeéhdifferent plasmids existing together.
Also plasmids may have a mosaic structure (i.e.pmsad of a collection of genetic
sequences encoding for different functions (Fig2uB). In the term of size there are a
variety of plasmids (1.5 kb to more than 600 klmpy number (1 to several hundred per
cell) and phenotypes conferred to their hosts (@skb al, 2000). The most important
requirement for a plasmids to display its functienthe presence of the origin of
replication (which gives the ability to replicatdherefore, the genes contained within
plasmids, have a definition either an essentiattion (also called the plasmid backbone)

or an accessory function which may have differdrarmtypic traits (Osboret al.,2000).

Plasmids, with exception of a few small pladgsnicontain a large number of inserted
and/or extra chromosomal mobile genetic elementsh sas Insertion elements,
transposons, integrons, gene cassettes and campug@nsposons (Figure 2.1) (Toussaint
and Merlin, 2002; Osboret al, 2000). These accessory genes are effectivethhiking'
on the plasmid backbone, giving the plasmid (amdbificterial host) a selective advantage
in exchange for their maintenance, and possiblestea to other hosts (Osboset al,
2000).



: : Gene casete

Integron

Tl‘ElIlSpOSO n

Replicon A

Multi-replicon
Mosaic plasmid

Replicon B

| Tra operon

Insertion

Element (IS )

Figure 2.1 A simplified model to describe the mosaic structira circular plasmid
(Osborn et al., 2000).

Plasmids differ from chromosomes in small sanel genes encoded are non-essential
for the bacterial survival. Absence of plasmidssloet affect on growth of the bacterial
cells, but their presence provides additional hi&néd the bacteria such as hydrolysis of
proteins, metabolism of carbohydrates, amino aamkcitrate, production of bacteriocins,
exo-polysaccharides, pigments and resistance tbiatnts, heavy metals and phages have
been found to be plasmid-encoded (Wang and Lee7)1%@evertheless, many of the
plasmids that occur in LAB are cryptic, usually #naad plentiful, have no known effect
on the host’s phenotype, range in size from 2100 kb, and have been reported in many
groups of LAB (von Wright and Sibakov, 1998). Plagsnhave two important traits, the
ability to replicate and to partition themselvestwsen the daughter cells after cell
division. Plasmids does not freely float in thel cgtoplasm, instead are membrane bound
(Kado and Liu, 1981).

Some plasmids usually the large one havetalidi transfer themselves among cells
(Figure 2.2). They contain genes (the genes) that encode all the functions they need for
transfer. Transconjugation is most commonly medidtg such plasmids and it is called

conjugative plasmid.



During conjugation between two bacterial sisaiplasmids can be transferred along
with the bacterial DNA and this activity is contea by a set of transfetr@) genes. The
proteins produced by these transfer genes bindetdNA at the ori site to form a DNA-
protein complex known as a relaxosome. This compiekes a nick, or break, in one of
the two strands of the double-stranded plasmid DiNAecule. The place where this break
occurs is called the "nic" site, and the nicked DidAsaid to be "relaxed" because the
DNA unwinds as a result of the nick in one of thrasds. The single-stranded DNA that is
generated by the nick is thought to be unwound adsferred through the pilus, or
mating bridge, that connects the two bacteria ergethe recipient bacteria. The other
strand is left in the donor bacteria. It acts astemplate for the synthesis of a
new complementary DNA strand forming a double-stemh plasmid DNA molecule
(Snyder and Champness, 2007; Szpeteal, 1999; Noirot, 2004).

Transfer (fra) genes

T

Origine of transfer

~

Origin of replication

/

Replication genes

Figure 2.2. An F-plasmid, an example of a tran$fieralasmid

Www.science.siu.edu/microbiology/micr302

Conjugative plasmids take a larger size, ithdue to the absorption of genes coding for
self transfer. Conjugative plasmids in Gram positdacteria tend to be smaller than those

in Gram-negative bacteria (Dionisio, 2005).



Conjugative plasmids can exhibit broad or ovrhost range. In case of narrow host
range which we see most in nature, transfer isicest generally to and between a small
numbers of similar bacterial species. In case oadirhost range, the plasmid is able to
transfer between widely different bacterial speciHsis specialist characteristic of BHR
plasmids can cause problems in human society ssicheaspread of multiple antibiotic
resistance among pathogenic bacteria (Selimetvat, 2007). Plasmids which have ability
of bidirectional transfer between two bacterialasts are called shuttle vectors; they
possess two different origins of replication (Mgdin, 2004). Whereas, non conjugative
plasmids are those that cannot mediate conjugafldrey are usually smaller than
conjugative plasmids and they lack one or more gém@nitiate self transfer but do encode
the functions needed specifically for transfer béit own DNA. A non conjugative
plasmids can be transferred by conjugation if thiés@lso harbours a second conjugative
plasmids and this is called mobilization as longtesy carry the necessamn@b genes
(Figure 2.3) (Snyder and Champness, 2007).

Figure 2.3. Plasmid pGNB2, an example of a moliled-plasmid containing the
gnrS2 gene that confers low-level quinolone resgBonemanet al,
2006).



Some plasmids have the ability to integrate ithhe host chromosome this is called
episomes. Most of the plasmid DNA isolated fromsce in the supercoiled configuration,
which is the most compact form within the cellssifigle break (nick) in one of the two
strands causes the supercoil to convert to an opeular form, and when breaks occur in
both stands at the same place, a linear duplextstauis formed (Mdigart al., 1997).
Many study have been done to use plasmid as arvegcth as cloned polysaccharidase
genes and transformed into ruminal and other Grasitige bacteria (Ekinci and Flint,
2002).

2.2. Plasmid Classification

F (fertility) plasmids They have complete gene set to mediate self fearsy

conjugation. The F plasmid is a circular DNA moleciis size about 100 kilobase pair,
one region of the plasmid contains genes involvecegulating DNA replication such as
incompatability,inc, and origin of replicatiororiS (Matson and Ragonese, 2005). It also
contains a number of transposable elements involaeds ability to function as an
episome. It has a large region of DNA, thee region, containing genes that permit it to be
transferred from one cell to another. Cells thatsessing donor F plasmid are terméaF
male and those lacking it recipient are termedrAHemale. When F plasmid is integrated
into the host chromosome, the cells are termed &s cell (high frequency of
recombination), because homologous recombinaticorcat a high frequency between the
host bacterial chromosome and the introduced DNAS$4n and Ray, 1988).

R (resistance) plasmidBhese plasmids are large conjugative plasmidsctray one or

more antibiotic resistance genes and as well agsgessistance to mercury, cadmium,
nickel, cobalt, zinc and arsenic in pseudomonasit(®mal, 1998). R plasmid were
discovered the first in Japan in dysentery causimgellashown to be transferred to and
from intestinalE.coli. sulfonamide (Sul) resistance was found firstlofwed rapidly by
tetracycline (Tet), chloramphenicol (Cam), and @wenycin (Str) (Watanabe, 1963).
genes for replication, partition and transfer irpplesmid are located on one part of the R
factor and the resistance gene are located on emgihrt which are often parts of
transposons, many of R plasmid and F plasmid heleéedtra regions, and recombination
can occur between F and R plasmids (Khan and Mraha004).
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Col (colicin) plasmidsThey are small plasmids which encode the genagrithesize

colicins (bacteriocines) (Rilegt al, 2000). Colicins and bacteriocins are lethal qirct

made by one bacterial strain to kill other bactefiae structural gene for the bacteriocin
and the genes encoding proteins involved in praocgsand transporting bacteriocin are
often carried by a plasmid or a transposon (Jeretah,2005). Colicins can be divided in

to two groups, such as pore-former and nucleaseioel

Virulence plasmidsCarry one or several genes that confer virulgmoperties on the

bacterial cell so are related to the adhesion,nimddion in the host organism and cause
damage of the host by formation of substances saghoxin, enzymes and other
molecules. The haemolysin and enterotoxin in epttogenicE. coli are encoded by
plasmid (Clarkeet al, 2003), moreover the exfoliative toxin $ aureuss known to be
plasmid linked (Yamaguctet al, 2001). Furthermore twBacillus anthracistoxins are
composed of three proteins, protective antigeraletactor and the structural gene for
these three component are located on the virulplasenid pXol (Sirarcet al, 1994). The
circular Ti plasmid of agrobacterium tumefaceincaalde the bacterium to infect plant
cells and produce a tumor (crown gall tumor) (Otied De Ruffray, 1994).

Metabolic plasmidsThey carry some genes that help in cells metatliake part in

various physiological functions, for example laet@d sucrose utilization (LeBlaetal,
1979; Hardestyet al, 1987). The first reports of plasmid that carmgngs coded for
catabolic pathways were made in the early 1970setlveere for catabolism of camphor,
octane, naphthalene, salicylate, and toluene ané wa# found in strains of the Gram
negative genufPseudomonugWilliams, 2004). TheRhizobium species nodulate the
legumes because obd symandfix genes located on plasimds which are necessary for
nitrogen fixation (Ahmad, 2001).

Integrative plasmids These are plasmids that can occasionally integrato

chromosome (previously called episomes)Blacteroides uniformijscertain sections of
chromosome separate themselves from chromosomebarmime plasmids, which are

capable of conjugation (Mazodier and Davies, 1991).
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Cryptic plasmids are those that no phenotype can be observelleohdst cell. They

may be present for possible exclusion of plasntids are incompatible with the resident
plasmid; the properties of these cryptic plasmigs @mesumably of some use to the host
cell but are still unknown. As their functions gmebducts of their genes are unknown thus

far.

The presence of cryptic plasmids can help dentify certain medical important
bacterial strains, especially for identification sdme strains in genusnterobacteriacea
(Tompkins, 1985) However, some plasmid-encoded tfong have been discovered in
cryptic plasmids originating fromLactobacillus Streptococcus thermophilugand
Pediococcus sppand can be used as selective marker systemscitorveonstruction
(Shareclet al.,2004).

2.3. Plasmid Replication Mechanism

The set of sequences need for autonomougsagiph of the plasmid (or chromosome)
is known as replicon. Several genes and sequeacesplication can be present within the
plasmid the first is the origin (s) of replicatioigenerically termedori), which is
characteristic of each replicon, many plasmids da@protein involved in the initiation of
replication, usually termed trans-acting replicgbootein. The third is the plasmid-borne
genes involved in the control of replication. Thequirement of a plasmid-encoded
initiator is reflected by the presence of DNA cagnaites in the origin of replication,
where protein-DNA interactions take place. Thessg sites are the hallmark of a class
of replicons that are different from replicons thiat not require specific initiators (Del
Solaret al.,1998).

The mode of replication of plasmids has anartgmt impact on some characteristics of
plasmid-derived vectors, namely host range, stgkaind copy number. In LAB, the most
common replication mechanisms are sigmaandthetamodes of replication (Shareek
al., 2004).

2.3.1. Sigma-replicating plasmids (Rolling-circle rachanism)

This Replication mechanism has to be unidiveel and it is considered to be an
asymmetric process because synthesis of the leatliagd and synthesis of the lagging
strand are uncoupled (Del So&dral, 1998).
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A lot of small plasmid replication (smallerath 10 kb) affiliated to this model of
replication but all small plasmids do not nece$gameplicate by the RC mode. For
example, small plasmids like pRJF1 (2.6 kb) and ®&/V3.8 kb), isolated from gram-
positive bacteria, replicate by the theta mode ftdfet al, 1993; Kiewietet al., 1993).
Genetic elements that are involved in RC replicative therep gene that encodes the
replication initiation protein controlled by a regsor and its target site the plus origin of

replication or double-stranded origin.

In addition most RC plasmids have a minusiordg replication or single strand origin,
a specific sequence that enables the conversiossNA intermediates into double-
stranded DNA molecules (Gruss and Ehrlich, 1989).

The Rep protein is a site-specific nucleaselproduces a single-stranded nick at the
plus strand, initiating positive strand replicatiemd terminating it when a leading strand is
synthesized (Figure 2.4) (Gruss and Ehrlich, 1988 nick leaves a 3'-OH end that is
used as a primer for leading-strand synthesis, whiwst probably involves host
replication proteins. Elongation from the 3'-OH gadcompanied by the displacement of
the parental plus strand, continues until the sephe reaches the reconstitutisdy where
a DNA strand transfer reaction (s) takes placestminate leading strand replication (Del
Solaret al, 1998). The leading strand replication generatetssDNA molecule constituted
by the parental minus strand and the newly syntbdspositive strand and a ssDNA
intermediate that corresponds to the parental igesstrand. Generation of SSDNA is the
trademark characteristic of RC replication. Finalggging strand synthesis occurs and
parental plus strand (ssDNA intermediates) are edad to dsDNA forms by host proteins
initiating at the single-strand origisgg, which is physically distant from thdsa The last
step would be the supercoiling of the replicatedA3Nby the host DNA gyrase (Espinosa
et al.,2000).

Cloning vectors based on RC replication uguadive low segregational stability due to
accumulation of ssDNA intermediates (Postal, 1991; Vujcic and Topisirovic, 1993)
and insertion of foreign DNA may further reduceitlgability (Gruss and Ehrlich, 1989).
Accumulation of ssDNA is generally due to the alogeof an sso, consequently hindering
the conversion of sSDNA to dsDNA molecules (Dele®et al.,1987).
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Figure 2.4. A model for Rolling circle replicatigasmid.

Replicates the original double-stranded pldsipius the single-stranded plasmid DNA
with the single-stranded origin sso. However, timgls-stranded DNA containing the sso
is then replicated to create a second double-stchpdiasmid. Thus the overall process
produce two plasmid dsDNA to complete the replarati

(http://www.emergentcomputation.com/mtDNA.hyml

2.3.2. Theta replicating plasmids

Theta type mechanism has been studied moshgxely among the circular plasmids
of gram-negative bacteria, and has also been tescfor plasmids isolated from gram-
positive bacteria (Bruandt al, 1991), some lactococcal replicons (Kiewegtal, 1993),
and at least onBacillus subtilisplasmid (Meijeret al., 1995) Theta-replicating plasmids
usually occur in medium and large-size plasmidst thacode important metabolic
functions, enzymes such as lactase (Hoeh@l, 1991), citrate permease (Jaleisal.,
1991) and lactase-protease (Freteal., 1993), bacteriophage resistance (Lu@&tyal.,
1993), pediocin production (Motlaget al, 1994; Kantoret al.,, 1997) and exo-
polysaccharide production (Van Kranenburg and Ds,\1898). Also theta replication has
been observed in some cryptic plasmids such as4p\y8on Wright and Raty, 1993),
pCI305 (Haye®t al, 1991), and pwWVO02 (Kiewiedt al.,1993).
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Theta replication mode is not limited to laggasmids only, but has included some
very small plasmids , namely p4028 (Zuniggaal, 1996), pTXL1 (Bietet al.,2002), and
pMB1 (Matteuzziet al, 1990; Corneaet al., 2004). When there is comparison between
sigma and theta replication the last one to béd#st because theta-replicating plasmids do
not produce ssDNA intermediates. This results ieatgr structural and segregational
stability, making theta-replicating plasmids bettandidates for vector construction as
they can stably maintain large heterologous DN/AIitss(Kiewietet al,, 1993; De Vos and
Simons, 1994).

DNA replication through the theta mechaniswolaes melting of the parental strands,
synthesis of a primer RNA (pRNA), and initiation@NA synthesis by covalent extension
of the pRNA (Kornberg and Baker, 1992). DNA synthas continuous on one of the
strands (leading strand) and discontinuous on therpalthough synthesis of the two
strands seems to be coupled (Figure 2.5) (Kelmah @ionnell, 1995; Zavitz and
Marians, 1991). With some exceptions, plasmidsgutiie theta mechanism of replication
require a: an initiator protein (Rep) necessarystoand opening, an origin of replication
(ori) with specific DNA structural organization for @txd opening and initiator-protein
binding and a host-encoded polymerase | (DNA Pdluking the early stages of leading-
strand synthesis (Del Solat al.,1998; Alpertet al, 2003). Theta-type DNA synthesis can
start from one or from several origins, and repiczacan be either uni- or bidirectional.
Under electron microscopy (EM), the replicationemtediates are seen as typical O
(“theta”)-shaped molecules that, when digested vetizymes that cleave within the
replicated region, yield Y-shaped molecules (DelaBet al, 1998). In the theta mode,
sites for priming of leading and lagging-strandthgsis are located close to one another
within the replication origin. During replicatiompoth DNA strands remain covalently
closed except during the resolution of daughterecudes (De Vos and Simons, 1994).
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2.4. Control of Plasmid Replication and Copy-Number

Accumulation of plasmid copies cause the n@itatburden of the host. This leads to
slower cell growth and causes cell death. Plasneie-Eells can accumulate rapidly if the
plasmid mutates to higher copy numbers (Matsuredgd, 1997). The copy-number of a
plasmid in the cell is determined by regulating thiéation of plasmid replication. The
initiation of plasmid replication may be controllég regulating the amount of available
primer for the initiation of DNA replication reguiag the amount of essential replication

proteins, or regulating the function of essenggilication proteins (Friechs, 2004).

The Rep proteins bind and stimulate the iteraich are the binding sites of Rep
protein in origin of replication. The Rep proteiotronly stimulates replication but also act
as negative regulators of own synthesis (represfsibanscription).

Once the Rep proteins bind the repeated isgraaditional proteins are recruited to the
site resulting in bending of DNA and strand sepamatThis facilitates binding of DNA
helicase and primase, which then permit the agtoitDNA polymerase. Thus, a plasmid
gets replicated (Del Solat al, 1998).
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Two major mechanisms are used to control the trotieof plasmid replication:
1. Regulation by antisense RNA:

Antisense RNAs are the main elements to cbriro the plasmids copy number
(Wagner and Simons, 1994) that occurring naturalyyntranslated transcripts that pair to
target RNAs at specific regions of complementatdycontrol their biological function
(Spiegelmaret al, 1972). This means that plasmids concentratiogsdopy humbers) can
be measured and that the replication frequencybsamdjusted accordingly to correct
deviations from the normal steady-state copy nunfNerdstrom, 1990; Novick, 1989).
These RNAs are constitutively synthesized and taptdrned over, so that their
concentration inside the cell, at any time during tell cycle, correlates with the plasmid
concentration (measuring function). The mechanigmwiich RNA/RNA interaction
inhibits replication can, however, differ: inhilmti of primer formation (Tomizawa, 1986),
inhibition of Rep protein synthesis through prevemtof leader peptide translation
(Blomberget al, 1992; Wuet al, 1992), inhibition of pseudoknot formation which
tertiary RNA elements containing at least two steop structures that is required for Rep
synthesis (Asanet al.,1991; Wilsoret al.,1993) or induction of premature termination of
a rep mRNA (Noviclet al, 1989; Brantkt al, 1993).

2. Regulation by binding of replication proteingépeated 18-22 bp sites called iterons

Replication origins of a family of bacteridapmidshave multiple sites that contains
several repeats of a certain set of DNA baseseaaterons sequences, for binding a
plasmid-specific replication initiator protein. Tlhteron-initiator interactions are essential
for plasmid replication as well as for inhibitiofh @lasmid over replication. The inhibition
increases with plasmid copy number and eventualtiytss plasmid replication off
completely. There are two mechanisms for regulgblagmid replication by iterons:

1- RepA protein repress its own synthesis by bigdinits own promoter.
2- RepA protein can link two plasmid by binding tteeir iteron sequences and thereby

preventing them from initiating replication (Chatjp 2000).
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2.5. Resolution of Plasmid Multimers

Sometimes, a plasmid is said to be “lost” whiem progeny cells dose not receive the
plasmid. The loss of plasmids in a population isnstmes referred to as plasmid
segregation. The process of obtaining plasmid-igelates is termed 'curing’'(Ghoshal.,
2000). While multimer is refers to individual copief the plasmid molecules linked to
each other, so during replication if the plasmidnfomultimer cured of plasmid will
increased. Recombination between sister plasmidaglor after replication can readily
give rise to plasmid dimers or higher multimersisTtecreases the number of plasmid
copies available for segregation to daughter cBllsce many large plasmids are present as
only two or three copies per cell, such events ddehd to frequent plasmid loss (Austin
et al, 1981; Nordstrom and Austin, 1989).

In addition, many plasmid that use speciaktjgr its replication control makes them
vulnerable to a cumulative effect of dimer formatidermed “dimer catastrophe”
(Summerset al, 1993) further decreasing plasmid stability. Bocurate segregation, it is
important that multimers are resolved to monomezforde cell division occur. This is
accomplished by enzyme-mediated, site-specific méaoation systems. Large plasmids
encode their own recombinase systems consistingés for a specific recombinase and
a recombination site at which they act. Dimers awnttwo such sites that are cut,
exchanged, and rejoined by the protein to yield separate circular monomers. Two
families of recombinases are represented in varpdasmid species: active-site tyrosine

recombinases and active-site serine recombinasak € al., 1992).

2.6. Partitioning System

Plasmids avoid being lost from dividing cdblg carrying partitioning system, which
ensure at least one copy of the plasmid segregateseach daughter cell during
replication (Abeles, 1985). As copy number of lapgh@smid is low (one to three copies
per cell), therefore distribution of these copiasdomly to daughter cells may lead to

increase the proportion of the loss of plasmid (dtnom and Austin, 1989).

Plasmids overcome this problem by having pldgpartition systems that ensure that
each daughter cell receives at least one copyepltasmid DNA (Gordon and Wright,
2000). Partition systems direct the active segregaif the plasmids to either side of the

cell center prior to cell division, minimizing tlelances of plasmid loss.
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All low-copy number plasmids appear to encadeartition (par) system. They consist
of an ATPase or a GTPase motor protein which igegiic DNA binding adaptor protein
and a cis-acting centromere-like site at which thety The proteins are generally produced
from an operon that is tightly auto regulated by @f the products (Gerdes, 2000).
Plasmid par systems can be classified into thresstypype | par systems encode a deviant
Walker-type P-loop ATPase. Type Il encodes an Adpv0 type of ATPase, and the
recently described type Il parsystem encodes aas@PType | partition systems can be
further classified into la and Ib (Gerdes, 2000pdya systems have large ATPase motor
proteins that serve as the operon autorepressqre Ty systems have smaller motor
proteins and use the DNA binding protein as an raptessor (Sengupta and Austin,
2011).

2.7. Bacteriocins of LAB

Some antimicrobial substances can be produmed.actic acid bacteria such as
bacteriocins, which is mostly small proteins th#fe@ing unrelated or closely related
microorganisms. These antibacterial peptides havenportant role in food industry as
natural preservatives and possible substitutesHfemical preservation (Abes al, 1995;
Clevelandet al., 2001). Bacteriocins differ from most therapeutittilaiotics in being
proteinaceous agents that are digested rapidlyrbtegses in the human digestive tract.
They are ribosomally synthesized peptides, and fact reflects the possibility of
improving their characteristics to enhance thetivdg and spectra of action (Saavedta
al., 2004). Production of bacteriocin could be coesd as an advantage for food and feed
producers since, in sufficient amounts, these geptcan kill or inhibit pathogenic bacteria
that compete for the same ecological niche or enttpool. This role is supported by the
fact that many bacteriocins have a narrow hosteaagd is likely to be most effective
against related bacteria with nutritive demandstii@r same scarce resources (Deegfan
al., 2006). Considering the antimicrobial spectrunodpicing species, molecular weight,
stability, physical chemical properties and modeacfion of bacteriocins, they form a

heterogeneous group.
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There is the classic type, which has a spectofl activity only against homologous
species, while a second type, less common, whiolwslaction against a wide range of
gram-positive microorganisms. One example of thesomsd type is nisin, which is
produced by certain strains lofictococcus lactisubsplactis (De Vuyst, 1994; Rodriguez,
1996; Morenoet al, 2000) Nisin, produced byL. lactis subsp.lactis, is active against
Gram-negative bacteria, but only when used at bagitentrations or when the target cells
have been pre-treated with EDTA (Stevetsal, 1991). Bacteriocins in some times are
not active against Gram-negative bacteria. Therautambrane of this bacteria acts as a
permeability barrier for the cell. It is responsibfor preventing molecules such as
antibiotics, detergents and dyes from reachingctfieplasmic membrane (Steveeisal,
1991). However, some studies have already repbdeteriocin activity against this group
of bacteria. Examples are plantaricin 35d, produmnedactobacillus plantarunand active
againstAeromonas hydrophildMessiet al, 2001); bacteriocin ST151BR, produced by
LactobacilluspentosusST151BR (Torodov and Dicks, 2004) and a bacterigpeoduced
by Lactobacillus paracasei Spp. paracasei active againstE. coli (Caridi, 2002);
thermophylin, produced b$treptococcus thermophilwctives againsk. coli, Yersinia
pseudotuberculosiand Yersinia enterocoliticaamong the gram-negative species and
actives against severaBacillus species, Listeria monocytogenesand Salmonella
typhimuriumamong the Gram-positives (Ilvanogtal., 1998). Bacteriocins ST28MS and
ST26MS, produced by.actobacillus plantarumisolated from molasses (Torodov and
Dicks, 2005) inhibited the growth &. coliandAcinetobacter baumanii.

2.8. Classification of Bacteriocins

LAB produce a wide number of bacteriocins (€aB.1) and according to their
biochemical and genetic characteristics they canléds&sified (Klaenhammaeat al, 1994;

Gonzalez-Martineet al, 2003).

Class | — Lantibiotics it is small about (< 5 kDa) heat-stable peptidetsng on membrane

structures; after translation they are extensivabydified, resulting in the formation of
characteristic thioether, aminoacids, lanthioniné aethyllanthionine.

20



These arise via a two-step process, originfiteish posttranslational modifications:
firstly, gene-encoded serine and threonine areestdal to enzymatic dehydration to give
rise to dehydroalanine and dehydrobutyrine, resgaygt (Sahl and Bierbaum, 1998). A
well known example of this group is nisin (Broadbenal, 1989). Based on structural
similarities the lantibiotic bacteriocins were iaity divided into two subclasseSubclass
la included relatively elongated, flexible and postiv charged peptides; they generally
act by forming pores in the cytoplasmatic membraokesensitive target species. The
prototypic lantibiotic nisin is a member of thisogp. Subclass Ibpeptides are
characteristically globular, more rigid in struguand are either negatively charged or
have no net charge. They exert their action byrfieteg with essential enzymatic

reactions of sensitive bacteria (Deegaial, 2006).

Class 1l.— Non-Lantibiotics contain small heat-stable, nonmodified peptid&0(kDa),

containing regular amino-acids. This group are sutheld into:

Class lla peptides active againkisteria, that contain the recently described lactococcin
MMPFII (Ferchichiet al.,2001) and sakacin G (Simenhal., 2002).

Class lIb consisting in the association of two differenppées for full activity, such as

lactococcin G or lacticin F (Nissen-Meyetral, 1992).

Class lll. — Big peptides, with molecular weight over 30 kDais group is not well

documented (Muriana and Klaenhammer, 1991).

Lantibiotics are the most studied and explaretustrially. Nisin, a lantibiotic is the
first characterized bacteriocin of lactic acid lesiet. Also, it is the most extensively
described one usually produced lbgctococcus lactissp.lactis (Harris et al., 1992)is
used as an additive in foods. All of the variantsigin are active against Gram-positive
bacteria, likeListeria sp,Micrococcussp and also on sporulating bacteria, Bagcillussp
and Clostridium sp (Gonzalez-Martineet al, 2003). This bacteriocin breaks down the
electrochemical potential of bacterial membranesufer, 1995). Lactococcin is a small
heat stable non-lanthonine bacteriocin producednimaby Lactococcus lactisssp.
cremoris Lactococcins have three different types, A, B] &h All types of lactococcins
are coded by plasmid DNA. Their host range is matterow affecting only lactococcal
strains. Their functions are on the cytoplasmic imemes of susceptible organisms
(Teuber, 1995).
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Table 2.1. Bacteriocins of lactic acid bacteria Hrelr main characteristics
(Klaenhammeet al, 1994; Gonzalez-Martinez al.,2003).

Producing o . o
. Bacteriocin Spectrum of action Characteristics
species
Lactococcus Class | lantibiotic, 3,5
lactis ssp. Nisin Gram-positive bacteria | kDa, 34 amino-acids,
lactis commercially available
Clostridium sp
Listeria monocytogenes | Class | two-component
o Staphylococcus aureus | lantibiotic, 4,2 kDa,
Lacticin _
3147 Streptococcus dysgalactigeheatstable,
Enterococcus faecalis active under acid and
Propionibacterium acne | physiological pH
Streptococcus mutans
Lactococcus ' Class Il bacteriocin,
_ Lactococcin )
lactis ssp. 5 Lactobacillus approx. 5 kDa, narrow
cremoris spectrum of action
) S N _ Class Il bacteriocin,
Lactobacillus | Acidocin | Gram-positive bacteria _
' . _ forms high molecular
acidophilus CH5 Lactobacillus '
weight Aggregates
Lactobacillus fermentum | Class Il bacteriocin, 6,3
_ Enterococcus faecalis kDa, 57 amino-acids,
Lactacin F ) B
Lactobacillus delbrueckii | heatstable at 121° C for
Lactobacillus helveticus | 15 minutes
Lactobacillus debrweckii | Class lll bacteriocin, 6,3
Lactobacillus helveticus | kDa, heat-stable,
Lactobacillus.bulgaricus. | detected
Lactacin B | Lactococcus lactis. only in cultures

maintained between pH
5.0t06.0
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Lactobacillus

Lactobacillus acidophilus

Class Il bacteriocin, 4,8
kDa, 50 amino-acids,

Lactobin A _ B
amylovorus Lactobacillus delbrueckii | narrow spectrum of
activity
Class Il two-component
Lactobacillus | Lactocin | Listeria monocytogenes | bacteriocin (33 amino-
casei 705 Lactobacillus plantarum | acids each component),
3,4 kDa,
Class Il bacteriocin, 3,9
_ kDa, 37 amino-acids,
Lactobacillus
Leuconostoc . _ stable at low pH values,
_ Leucocin A | Enterococcus faecalis _
gelidum S even after heating
Listeria monocytogenes
(100°C for 20
min)
Class Il bacteriocin, 3,8
o ) kDa, 37 amino-acid
Leuconostoc | Mesentericin| Enterococcus faecalis

mesenteroides

Y105

Listeria monocytogenes

residues, heat stable
(60°C for 120 min at pH
4.5)

Pediococcus

acidilactici

Pediocin F

Gram-positive bacteria

Class Il bacteriocin, 4,5
kDa, sensitive to
proteolytic

enzymes, resistant to
heat and organic
solvents,

active under a wide

range of pH

Pediocin
PA-1

Listeria monocytogenes

Class Il bacteriocin, 4,6
kDa, 44 amino-acids,

Pediocin
AcH

Gram-positive and
Gramnegative
bacteria under

stressing situations

Class Il bacteriocin, 4,6
kDa, 44 amino-acids,
broad spectrum of actio
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Lactobacillus
Lactococcus

Leuconostoc

Class Il bacteriocin, 2,7

kDa, sensitive to

Pediococus o Pediococcus _
Pediocin A proteolytic enzymes ana
pentosaceous Staphylococcus _
heat stable (10 min
Enterococcus
o 100°C)
Listeria
Clostridium
S Class Il bacteriocin, 4,8
Enterococcus _ Listeria monocytogenes _ _
. Enterocin A . kDa, 47 amino-acid
faecium Pediococcus .
residues, heat-stable
_ Lactobacillus Class | bacteriocin, 3,7
Lactobacillus ) _
k Lactocin S | Leuconostoc kDa, active between pH
sake
Pediococcus of45and 7,5
_ o Class Il bacteriocin, 4,4
Sakacin P | Listeria monocytogenes
kDa, heat-stable
Lactobacillus . Listeria monocytogenes | Class Il bacteriocin, 4,3
Curvacin A )
curvatus Enterococcus faecalis kDa
Class lll bacteriocin, 37
kDa, narrow spectrum of
_ _ . action, sensitive to
Lactobacillus o Lactobacillus bulgaricus .
Helveticin J proteolytic enzymes,

helveticus

Lactococcus lactis

reduction of
activity after 100° C for
30 min

For several decades, studies on the seleatidnspread of antibiotic resistance have

2.9. Antibiotic Resistance Profiles of LAB

transferred to pathogenic bacteria (Perretea., 1997a).
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focused mainly on clinically relevant species. Hoare several researchers have suggested
recently that commensal bacteria such as lactit lzacteria may act as reservoirs of genes
resistance to antibiotics similar to those fountiiiman pathogens (Leet al, 2002). The

main concerns associated with these bacteria it ttiese resistance genes can be



Genes that give resistance property to tettaw, erythromycin and vancomycin have
been detected and characterized_actococcus lactis, Enterococeind in Lactobacilli
isolated from fermented meat and milk products (Matand Singh, 2005). One example
of the this resistance is the presentedLbgtobacilli, Pediococcand Leuconostoc spp.
which have been reported to have a high naturaéteexe to vancomycin, a property that
Is useful to separate them from other Gram-positiaeteria (Hamilton and Shah, 1998).
LAB often contain plasmid of different size and somntibiotic resistant determinants
located on this plasmids have been reported torandu lactis and varioud.actobacillus

andEnterococcuspecies (Geverst al.,2003a).

The resistance range B8ifidobacteriumwas lately described by (Charteres al.,
1998a). The Examination of (probiotic) bifidobacteria shemvus a sensitivity towards
ampicillin, penicillin G, cephalosporin, bacitracirchloramphenicol, erythromycin,
clindamycin, nitrofurantoin and tetracycline. Anesistances towards vancomycin,
gentamicin, kanamycin, streptomycin, fusidic adiimethoprim, norfloxacin, nalidixic
acid, metronidazol, polymyxin B and colistin. Thechanisms of resistances are unknown
(Charteriset al, 1998b).

Lactococcus lactistrains when investigated were susceptible to efipj amikacin,
chloramphenicol, first generation cephalosporingtheomycin, imipenem, gentamicin,
oxacillin, penicillin, trimethoprim/ sulfomethoxalzo piperacillin, sulfonamide,
tetracycline, and vancomycin (De Fabrigbal, 1994). There was little sensitive towards
carbenicillin, ciprofloxacin, dicloxacillin and nibwxacin.

Resistances were towards colistin, fosfomygipemidic acid and rifamycin. Ii.
lactis subsplactis MG1363 multiple drug efflux proteins were discow®(®an Veen and
Konings, 1998), one of these is an ABC transpditerA), the other a proton motive force
dependent drug transporteim(P). Both are responsible for a resistance to high

concentrations of ethidium bromide.

A similar transportethrA) described inLactobacillusbrevisABBC45 and encoded on
a high copy number plasmid is obviously responsibtea resistance to the bitter-tasting
hop compounds humulone (acylphloroglucine substitwtith two isoprenoid side chains)
and isohumulone, and a low level resistance towetitisium bromide (Sanet al.,1997).
The membrane permeability disturbing hop compoufi@dsiber and Schmalreck, 1973)
have antimicrobial activities against Gram-posithaeteria (Schmalreait al.,1975).
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A resistance to them induces a serious begtage potential of lactobacilli (Sanet
al., 1997). Indeed, it should be investigated whetherdetected efflux proteins have a
natural function in providing resistance to phena@ompounds in bacteria which live in

and on plant tissues like many LAB includibgctococcus lacti§Teuber, 1995).

Twenty-six strains oL. lactis ssp. cremoris and ssp.lactis were all resistant to
trimethoprim and almost all to sulfathiazole. R&sises to gentamicin, kanamycin,
lincomycin, nafcillin, neomycin, nisin, rifampin dnstreptomycin varied (Orberg and
Sandine, 1985).b. delbrueckiissp.bulgaricusas components of yoghurt cultures showed
intrinsic resistance towards mycostatin, nalidixacid, neomycin, polymyxin B,
trimethoprim, colimycin, sulfamethoxazol and subiomdes. Susceptibilities to cloxacillin,
doxycyclindihydrostreptomycin, furadantin, novobigc oleandomycin, oxacillin, and
streptomycin were prominent, but kanamycin andpsbraycin susceptibilities varied
(Sozzi and Smiley, 1980). Many strainsldf. plantarum, Lb. casei, Lb. salivarius, Lb.
leichmannii, Lb. acidophilusarry intrinsicresistance genes towards vancomycin which is
dueto the presence of D-alanine: D-alanine ligasetedlanzymes (Elisha and Courvalin,
1995). Intrinsic vancomycimesistance olactobacillus, Leuconostoand Pediococcus
species has been used to separate tham other Gram-positive bacteria on vancomycin

supplementedelective media (Simpsazt al.,1988).

Fifteen strains oBtreptococcus thermophildsom yoghurt cultures showed varying
levels of resistance to colimycin, gentamicin, kagein, mycostatin, nalidixic acid,

neomycin, streptomycin and sulfonamides (Sozzismaey, 1980).

In order to obtained of LAB the resistanceagefrom other bacteria naturally without
the intervention of the laboratory must have thesgality of active communication with
these bacteria with the aid of conjugative plasnaidd transposons. Indeed, plasmids are
common inEnterococci, Lactococci, Leuconostoc, Pediocoand present in some strains
of S. thermophilus, lactobacillhnd bifidobacteria(Janzenret al., 1992; Mercenieget al,
1994; Dellaglioet al, 1995; Devriese and Pot, 1995; Sgorleatal., 1995; Simpson and
Taguchi, 1995; Teuber, 1995). Conjugative transpssdroad and narrow host range)

have been described Enterococci, Lactococ@ndStreptococc{Clewell, 1994).
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To be able to bacteria live in the middle ofilaiotics must acquire antibiotic resistance
genes from other bacteria, and this was observddctobacilli in habitats such as the
bovine udder surface, the intestinal, vaginal amdopharyngeal mucosae of man and
animals (Teubeet al., 1999) (Table 2.2). Strains afctobacilli resistant to vancomycin
(intrinsic), cefazolin, penicillin, tetracyclin, itnethoprim-sulfamethoxazole and
ciprofloxacin occasionally have been identified cases of human_actobacillus
bacteremia(Antony et al,, 1996). In the term of food borne pathogensjdaatid bacteria
contaminate milk and meat obtained from animalaté@ with antibiotics and carrying
populations of resistant bacteria (Teubtal.,1999) (Table 2.3). Antibiotic Resistances in
the Food-associated LAB: An overview of antibiotesistances reported in the food-
associated LAB is compiled in (Table 2.4).

Table 2.2. Antibiotic resistances and resistanasmlds in enteritactobacillusspecies

from animals.

Plasmid | Observed resistances
Species Source | name and or resistance genes| Reference
Size
Tetracycline,
) erythromycin Klaenhammer
Lactobacillus '
' . . Oleandomycin and
acidophilus Pig _
_ Kanamycin Sutherland
Strain PA3 )
Neomycin 1980
Gentamicin
penicillin (1 strain)
ampicillin (1)
cloxacillin (7)
_ . aminoglycosides (20)
Lactobacillus Pig & calf .
' . Several | tetracycline (15) Vescovoet
acidophilus feces _
_ erythromycin (10) al.,
(20 strains) _
chloramphenicol (1) 1982
bacitracin (6)
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cloxacillin (16 strains)
aminglycosides (16)
Lactobacillus Pig & calf tetracycline (16)
reuteri feces Several | erythromycin (13) Vescovoet al.
(16 strains) chloramphenicol (3) 1982
rifamycin (3)
bacitracin (10)
) ermGT
Lactobacillus pET 633 | Tannock
) Poultry (similar toermC
reuteri 9.8 kb 1987
of pE 194)
) catTC )
Lactobacillus _ _ _ Lin et al,
) Chicken pTC82 | (81% identity to
reuteri G4 1996
catPC194)
) Erm
Lactobacillus pLEM3 _ . Fonset al,
(98.2% identity to
fermentum 5.7 kb 1997
Tnl545 erm
Lactobacillus pCAT Ahnet al,
raw pork Cat
plantarum 8.5 kb 1992

Table 2.3. Intrinsic antibiotic resistance problieLAB and Bifidobacteriumspp
(modified from Teubeet al, 1999).

Type of bacteria

Intrinsic Antibiotic

Susceptibility

Intrinsic Antibiotic

Resistance

Bifidobacterium

Ampicillin, penicillin G,
bacitracin, cephalosporin,
chloramphenicol,
erythromycin, clindamycin,

nitrofurantoin, tetracycline.

Vancomycin,
gentamycin, fusidic
acid, streptomycin,
polymyxin B,
trimethoprim,
aminoglycosides,

colistin, metronidazol

Enterococci

erythromycin, streptomycin,
gentamycin, penicillin G,

tetracycline, chloramphenicol

Kanamycin
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Lactococcus lactis

Amikacin, ampicillin, 1st
generation cephalosporine,
chloramphenicol,erythromycir
gentamicin, penicillin,
imipenem, oxacillin,
sulfonamide, tetracycline,

vancomycin

rifamycin.

,Colistin, fosfomycin,

pipemidic acid and

Lactobacilli

Chloramphenicol,
streptomycin, gentamycin,
penicillin G, tetracycline and

Erythromycin

Aminoglycosides,
fluoroquinolones,
glycopeptides and

vancomycin

Table 2.4. Overview of antibiotic resistances ia thod-associated LAB.

Detection and

Foods Species Resistance location of References
gene
Ampicillin,
. kanamycin,
S. thermophilus _
. chloramphenicol,
Chinese and . tetM, ant6, Zhouet al.,
| chlortetracycline,
yoghurts L. delbruekii ) aph 3'-llla 2012
_ tetracyclines,
ssp.bulgaricus )
neomycin and
gentamycin
tetM and
ermB, -
. plasmid and
Chinese _
L. plantarum, | Tetracycline, chromosome;
fermented .
t00d L. fermentum, | erythromycin, geneaphA3, Panet al.,
oods-
) L. helveticus, Ent| chloramphenicol, - plasmid, 2011
pickles, ) )
faecium kanamycin genemefA,
sausages
-chromosome
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L. fermentum

NWL24 and
L. salivarius
_ NWL33; Erythromycin 11%.,
Chinese .
L. plantarum | tetracycline 17%., ermB, tetM, | Nawazet al,
fermented i
NWL22 gentamycin 65%., tetS 2010
foods . . .
andL. brevis | ciprofloxacin 85%.
NWL59
L. brevisandL.
kefiri
Italian . _ _
L. paracaseil97 | Tetracycline 22%., Comunianret
fermented _ _
strains. erythromycin 6%., al., 2010
products
Italian
tetM, -
Sola _
o Tetracycline, transposon; | Ammoret al.,
cheese L. sakeiRits 9 _
erythromycin tetl, - 2008
made from _
. plasmid
raw milk
Italian Lc. lactis, Stre. _ o
_ _ Tetracycline, Devirgiliis et
dairy bovis, Ent. _
) erythromycin al., 2010
product faecalis
Raw milk,
. . tetM, on Florezet al.,
starter-free Lc. Lactis Tetracycline _
plasmid 2008
cheese
Turkish . . Aslim and
S. thermophilus | Vancomycin 65%. .
yoghurt Beyatli, 2004
Tetracycline
Fermented _ gentamicin 79%.
Lactobacillus . Geverset al,
dry . penicillin g 64%.
species _ 2003b
sausages kanamycin 79%.
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Indian o
L. plantarum, L. | Gentamicin,
vegetables .
q fermentum, vancomycin, Patelet al.,
an
Weissellaspp.P. | norfloxacin, 2013
fermented _
parvulus kanamycin
foods
L. acidophilus, L.
rhamnosus, L. | Tetracycline 26%.
European| casei, L. reuteri, | Penicillin g 23%
o _ . _ Temmerman
probiotic | L. johnsonnii,L. | Erythromycin 16%.
) et al.,2002
products plantarum, L. | chloramphenicol
delbreukii spp. | 11%.
Bulgaricus
Raw milk Streptomycin,
) ) Perreteret
soft Lc. lactisk214 | tetracycline, Str-tetS. cat
_ al., 1997b
cheese chloramphenicol
Greek L. acidophilus o Charteriset
Penicillin
cheese ACA-DC 243 al., 1998b
Yoghurt | S. thermophilus . .
| Neomycin, Sozzi and
starter | andL. delbruekii _ _
_ polymyxin B Smiley, 1980
cultures ssp.bulgaricus
o L. pentosus, L. | Tetracycline 42.5%.
Nigerian ] . .
acidophilus, L. | Erythromycin 17.5%.
fermented _ _ o Olukoyaet
casei, L. brevis, L| Ampicillin 47.5%.
foods and o al.,1993
plantarum, L. | cloxacillin 80%. ;
beverages _ - o
jensenii penicillin 77.5%. ;

2.10. Probiotics

Probiotics are defined as “live microorganisntsch exhibit a beneficial effect on the
health of the host when administered in adequateuats by improving its intestinal
microbial Balance” (FAO/WHO 2001). Most probioticiaroorganisms belong to Lactic
Acid Bacteria, such dsactobacillussp, Bifidobacteriumsp andenterococcusp (Kleinet
al., 1998).
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Regardless of their source most of the LABiiss harbor at least one indigenous
plasmid and often more (Ghoshal.,2000; Posnet al.,1991; Pouwels and Leer, 1993).
In which some LAB may carry potentially transmidsilplasmid encoded antibiotic
resistance genes (Ahet al., 1992; Ishiwa and Iwata, 1980; Lt al, 1996) and any
strains containing antibiotic resistance plasmi@scansidered unsuitable for use as human
or animal probiotics (Kalavathst al, 2003; Ghoslet al, 2000). Probiotic bacteria, which
are commensals of the human gut, have been repurtathibit the growth of harmful
microorganisms and food poisoning bacteria, sucBaisonellathat can be encountered
in the gastrointestinal tract (Hughes and Hoové&911 Lim et al, 1993). In order to
survive passage through the GIT, Probiotic musthhe ability to acid and bile tolerance
and it must have antimicrobial activity againsiestinal pathogens, and ability to adhere
and colonize the intestinal tract. Beneficial ef$eof probiotic include alleviation of
lactose intolerance, control of diarrhea, inhibitiof intestinal pathogens, enhanced
immune response and anticarcinogenic activity (kisdnd Prasad, 2005). Probiotics that
used in food industry have good technical propeffiee large scale cultivation, acceptable
shelf life and contribution to good taste is essgr{Ouwehandet al, 2002). Probiotic
bacteria have been suggested to promote humarhh®althe inhibition of pathogens,
improvement of the epithelial barrier function, amédulation of host immune responses
(Lebeeret al.,2008).

Generally the desirable attribute in probidictobacilliis good adherence capacity, as
it may promote the gut residence time, exclude q@ghs, and interact with host cells for

the protection of epithelial cells or initiate immaumodulation (Servin 2004).
Beneficial effects of probiotics bacteria

Managing lactose intolerance

Since the lactic acid bacteria convert lactose lactic acid, their ingestion may help
lactose intolerant individuals tolerate more laettisan what they would have otherwise
(Sanders, 2000).

Prevention of colon cancer

Lactic acid bacteria have demonstrated anagertic effects thought to be due to their
ability to bind with (and therefore detoxify) hetgdic amines; carcinogenic substances

formed in cooked meat (Wollowskt al, 2001).
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Animal studies have demonstrated that LAB manect against colon cancer in rodents,
though human data is conflicting and limited. Mbsiman trials have shown that lactic
acid bacteria may act as anti-carcinogenic throdggtreasing the activity of an enzyme
calledp-glucuronidase (Bradgt al, 2000).

Cholesterol lowering

Animal studies have demonstrated the impach ohnge of lactic acid bacteria to
decrease serum cholesterol levels in animals, pralsly by breaking down bile in the gut,
thus inhibiting its reabsorption which enters tHeod as cholesterol. Some, but not all
human trials have found that dairy foods fermentét lactic acid bacteria can affect with
the limited rate on reducing in total and LDL chsikrol levels (Sanders, 2000).

Lowering blood pressure

According to the small clinical trials, conspiion of milk that fermented with different
strains of lactic acid bacteria can result in modeguctions in blood pressure. That is may
be due to the Angiotensin Converting Enzyme inbibitke peptides produced during

fermentation (Sanders, 2000).

Improving immune function and preventing infections

There is a belief that the Lactic acid baetérave several beneficial effects on immune
function. They may protect against pathogens by paditive inhibition and there is
evidence to suggest that they may improve immunetion by increasing the number of
IgA-producing plasma cells, increasing or improvipigagocytosis as well as increasing
the proportion of T-lymphocytes and Natural Kilzlls (Reidet al., 2003; Ouwehanet
al., 2002). According to the clinical trials, probcst may decrease the incidence of
respiratory tract infections and dental carieshitdcen (Naseet al.,2001) and have role in
the treatment oHelicobacter pyloriinfections which cause peptic ulcers in adultsrafte
mixed with standard medical treatments (Hamiltorldi 2003). Lactic acid bacteria
foods and supplements have demonstrated to beie#fen the treatment and prevention
of acute diarrhea; decreasing the severity andidaraf rotavirus infections in children as
well as antibiotic-associated and travelers diarimeadults (Reicekt al., 2003; Ouwehand
et al.,2002).
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Reducing inflammation

Dietary supplements that containing Lactiaddeacteria have been found to modulate
inflammatory and hypersensitivity responses dueht impact of these bacteria to the
regulation of cytokine function. Clinical studiesedlare that they can prevent
reoccurrences of Inflammatory Bowel Disease in @d(fReidet al, 2003) as well as
improve milk allergies (Kirjavainest al.,2003) and decrease the risk of atopic eczema in
children (Kalliomakiet al, 2003).

As shown in the (Table 2.5), there are différgroups of microorganisms have been
used as probiotic supplement, the usual probicdictdria used include strains from the
generalactobacillus and bifidobacterium less commonly, species of other lactic acid
bacteriaSaccharomyce&. coliandBacillushave been suggested for probiotic effects.

Table 2.5. Microbes used as probiotics (modifierfriShah, 2000, Young, 1998).

other lactic acid

Lactobacillus Bifidobacterium _ Other species
bacteria
. ) . Enterococcus .
L. acidophilus B. adolescentis . Bacillus spp.
faecalis
_ o Enterococcus _
L. brevis B.animalis _ E. coli
faecium

_ Propionibacterium

L. casei B.bifidum Leuconostoc lactis o
Freudenreichii
_ Leuconostoc Saccharomyces
L. cellobiosus B.breve _ o
mesenteroides cerevisiae
. _ . Pediococcus
L. cripatus B.infantis o
acidilactici
L. delbueck subsp. _ Sporolactobacillus
_ B.lactentis _
Bulgaricus Inulinus
Streptococcus
L. fermentum B.longum _
cremoris
Streptococcus
L. gallinarum B.thermophilum intermedius
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_ Streptococcus
L. gasseri .
lactis

Streptococcus
L. rhamnosus GG _
thermophilus

Jlactis

. plantarum

. reuteri

| | |

. rhamnosus

2.11. Thesis Objective

Plasmids are extremely valuable tools in ik&l$ of molecular biology and genetics,
specifically in the area of genetic engineeringpdturs in many bacterial strains. Because
of that this thesis focused on searching the iauit fermented milk product for LABs
and their features, investigation their plasmidteaty possible function of the plasmids
and compares plasmid containing and not contaibaxjeria according to their antibiotic
resistance and produced metabolits.
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3. MATERIALS AND METHODS

3.1. Tools and Equipment

Analytical balance (Vibra); incubator (NUv®jpette (Biohit); Microscope (Olympus);
Fume hood (Nuve); Vortex (Velp); Centrifuge (JP e8td); Micro-centrifuge (Hettich);
autoclave (Nuve); Ph meter (JP Selecta); Heatingneigc stirrer (Velp); water bath (JP
Selecta); Thermoblock TMR (Bunsen); Gel electrop® apparatus (Cole-parmer);
Transilluminator (UVP); Digital Camera (Canon); btter plate (Italy); Thermal cycle

( Favorgen).

3.2. Chemicals and Reagents

All chemicals and reagents were obtained friSigma-Aldrich (Germany), Merck

(England) and Favorgen (Taiwan) unless otherwestedt

3.3. Culture Media

3.3.1. M17 broth

M17 broth was developed for the growth andnesmation of Lactic streptococci
(lactococci) in milk and dairy products. It favoure growth of mutants unable to ferment
lactose. It is well adapted to the culturelafctococcus lactiga particularly fastidious
species) and Streptococcus at 37°C, pH 7.0 + @2Z&bhi and Sandine, 1975) (Table 3.1).

Table 3.1. Typical ingredientd MRS for 1 liter of medium.

Ingredients g/l
Tryptone 2.5
Meat peptone (peptic) 2.5
Soya peptone (pepainic) 5
Yeast extract 2.5
Meat extract 5
Sodium glycerophosphate 19
Magnesium sulphate 0.25
Ascorbic acid 0.5
Lactose 5
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3.3.2. MRS broth

Man, Rogosa and Sharpe (MRS) agar is usedhi®rgrowth and enumeration of
cultures ofLactobacillusin dairy and other food products and in animal flegdtuffs. The
medium can be used to culture slowly-growing laatilti such asLactobacillus brevis
andLactobacillus fermenturat 30°C and pH 5.7 +/- 0.2 (Table 3.2).

Table 3.2. Typical ingredientd MRS for 1 liter of medium.

Ingredients g/l
Peptone from casein 10
Meat extract

Yeast extract 4
D(+) Glucese 20
di-potassium hydrogen phosphate 2
Tween 80 1
di-Ammonium hydrogenaocitrate 2
Sodium acetate 5
Magnesium sulfate 0.2
Manganese sulfate 0.04

3.4. Sample Collection and Isolation of Lactic AcidBacteria

The 52 samples of cheese and yoghurt and ehree®d with garlic were aseptically
collected from different region of Northern Iraq disinfectant test tube (Table 3.3). The
isolation of LAB was performed in Biotechnology a@Ge&netic Engineering laboratory of
KSU, Animal Science Department.
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Table 3.3. The samples and their origin used m shiady.

Sample
No. Milk products Location Type of milk
1 Cheese Arbil Cow
2 Cheese Arbil Cow
3 Cheese Duhok Ewe
4 Cheese Arbil Ewe
5 Cheese Duhok Cow
6 Cheese Duhok Ewe
7 Cheese Duhok Ewe
8 Cheese Duhok Ewe
9 Cheese Duhok Cow
10 Cheese Duhok Ewe
11 Cheese Duhok Cow
12 Cheese Duhok Ewe
13 Cheese Duhok Ewe
14 Cheese Duhok Ewe
15 Cheese Duhok Cow
16 Cheese Duhok Ewe
17 Cheese Duhok Cow
18 Cheese Duhok Cow
19 Cheese Duhok Cow
20 Cheese Duhok Cow
21 Cheese Duhok Cow
22 Cheese with Garlic Duhok Ewe
23 Cheese with Garlic Duhok Cow
24 Cheese with Garlic Duhok Cow
25 Cheese with Garlic Musel Cow
26 Cheese with Garlic Musel Cow
27 Cheese with Garlic Musel Cow
28 Cheese with Garlic Duhok Ewe
29 Cheese with Garlic Duhok Ewe

38



30 Cheese with Garlic Duhok Cow
31 Cheese with Garlic Duhok Cow
32 Cheese with Garlic Duhok Cow
33 Cheese with Garlic Duhok Ewe
34 Cheese with Garlic Duhok Ewe
35 Cheese with Garlic Duhok Cow
36 Cheese with Garlic Duhok Cow
37 Cheese with Garlic Duhok Cow
38 Cheese with Garlic Duhok Ewe
39 Cheese with Garlic Duhok Cow
40 Cheese with Garlic Duhok Cow
41 Cheese with Garlic Duhok Cow
42 Cheese with Garlic Duhok Cow
43 Cheese with Garlic Duhok Ewe
44 Cheese with Garlic Duhok Cow
45 Yoghurt Musel Ewe
46 Yoghurt Duhok Ewe
47 Yoghurt Duhok Goat
48 Yoghurt Duhok Ewe
49 Yoghurt Duhok Goat
50 Yoghurt Duhok Cow
51 Yoghurt Duhok Cow
52 Yoghurt Duhok Cow

All samples were brought to the laboratoryemefrigeration conditions and stored at
4 °C until their analysis. 2-3 grams were takemfreach sample and inoculated in 5 ml in
MRS and GM17 broth and incubated for 24 hours &tGér MRS and 37C for GM17
for the culture to grow up. After that 100 ul wesken from each culture broth and
inoculated again in another 5 ml of MRS and GM1atibiand on the same temperature to
get a pure culture, after incubation 500 pl of eaample stored at -2 in the 30 %

glycerol.
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3.5. Culture Conditions

Strains were grown in the both MRS at°@0and inM17 (Terzaghi and Sandine, 1975)
medium supplemented with 0.5% (w/v) glucose (GM1&dimm) at 37°C. Agar plates
were made by adding 1.5% (w/v) bacto agar to bmogdia.

For M17 (42 g) while for MRS (52.2 g) are seisged in 1 litter of distilled water and
let them soak. Boiled and dispensed in to suitaldetainer and then medium were
sterilized by autoclaving at 121°C for 15 min.

3.6. Morphological and Biochemical Characterizatiorof Isolates

In order to get the lactic acid bacteria, nmmpgical characters of the positive isolates
like colony morphology (color, shape, margin andfaze) and cell morphology (shape,
arrangement, and Gram reaction) were studied amchémical characterization on the
basis of catalase were also carried out by powidgop of hydrogen peroxide {&,) on
the colony and observed the reaction. Accordinth¢ocatalase negative and gram positive

suspected lactic acid bacteria isolated and beceaty to plasmid isolations.

3.7. Plasmid Isolation

Plasmid DNA was isolated by using the follogviprocedure (Klaenhammer, 1984)

with some slight modifications as described follows

Bacterial stock cultures were inoculated iB® ml MRS and GM17 broth and then
incubated for 24 hours at 30 °C for MRS and 376G3@M17. Cells were then harvested
by centrifugation at 3506 for 10 min and resuspended in 1 ml of cold ice42&ucrose,
0.05 M Tris, pH 7.5, 5 mM EDTA). After holding treell suspension for 10 min in ice
bath 75ul of lysozyme buffer (1 mg/ml in 0.05 M Tris, pH5/.5 mM EDTA) was added.
The sample were held in ice bath for 1 hours. Téadls were plated by centrifugation at
35009 for 10 min and the supernatant discarded. The irengapellet was resuspended in
500 ul of the following lysis solution and mixed welD.05 M Tris, 5 mM EDTA, 0.05 M
glucose, 3% Sodium dodecyl sulfate (SDS). Immebjidiefore used 1 ml of this solution
mixed with10ul of 10 N (Normality) NaOH, then mixture was heatd62°C for 1 hour,
then allowed to cool (approx.15 min) at room terapgae. The 5Qul of 2 M Tris buffer
(pH 7.0) was added and mixed gently, followed bgitahn of 70ul of 5 M NacCl.
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The sample was transferred into 2 ml eppenudé, the appearance of lysates at this
step were often viscous, but remained turbid. Dggamzation of the sample was
conducted using 500! of 3% NaCl-saturated phenol. After addition ofepbl the tube
was shaken vigorously for 3 seconds and held ahr@mperature for 5 min, to facilitate
phase separation end 3@I0chloroform was added and centrifuged for 5 min4000g at
room temperature. After centrifugation the uppeagehtransferred into the new eppendorf

tubes and 600l of chloroform: isoamylalcohol mixture (24:1) wadded.

After 5 min at room temperature the sample again centrifuged at 140@0for 5 min,

then aqueous phase was harvested into the newdmpéubes.

The sample then treated using (10% v/v) 3 Malletate buffer (pH 5.2) gently mixed
then added double of the total volume of pure eth@ooled at -20 °C), mixed and left for
30 min in crushed ice then centrifuged for at I&8smin at room temperature.

The plasmid DNA was pelleted and dried undsuum for 10 min then plasmid DNA
pellet were dissolved in 24 of sterile distal water and stored at -20 °C.

3.7.1. Electrophoresis of plasmid DNA, PCR producand digested plasmids

Plasmid DNA was run in 0.8% (w/v) agarose @8I0 mg of standard agarose was
dissolved in 100 ml of 1X Tris Borate EDTA bufféfFRE) by boiling. After cooling, the
agarose solution was poured into the gel castiagdsand combs were placed. After the
gel was cooled, the combs were removed gently.cBiséng tray carrying the agarose gel
was placed into the electrophoresis tank and 1X DbBfer was added until the buffer
cover the gel. 1@l of plasmid DNA sample were taken and mixed witld 2f gel loading
buffer. After that the samples and DNA ladder wdoaded into the wells. The
electrophoresis conditions used were voltage of@® electric current of 5 mA, and the

gel was run for 3-4 hours.

For PCR product electrophoresis concentnatdd agarose were one gram (1%)
dissolved in 100 ml of 1X TBE buffer and the eleptnoresis conditions used were voltage
of 130 volts, electric current of 5 mA and thectlephoresis was performed for 1-1.30

hours.
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For digested plasmids electrophoresis 5 jsagted plasmids as control and 10 pl of
restriction digestion reactions were loaded to%.Qw/v) horizontal agarose gel in 100 ml
1X TBE buffer containing 100 ul ethidium bromidenergel was run at 50 volts, 5 mA for
3-4 hours in TBE buffer, the gel was observed utiderUV light.

3.7.2. Staining the gels

When the electrophoresis was complete, thavgslremoved from the electrophoresis
tank with care and immersed in ethidium bromideO(20l dHO containing 20Qul of
EtBr) for 15-20 min which is a DNA intercalating exg, which fluoresces orange when

exposed to ultraviolet (312 nm).

3.8. Identification of LAB that have a Plasmid by R

Plasmid harboring lactic acid bacteria wenghier identified at species level by PCR
amplification. Screening for the presencelLattobacillus bulgaricusLactococcus lactis
ssp. lactis Lactobacillus Streptococcus thermophilusLactobacillus plantarum,
Lactobacillus spp., Leuconostoc sgmd Pediococcus sppvere done by PCR protocol.
The amplification was carried out by picking up a@adony from culture agar surface with
the aid of a sterile wooden applicator and thescelére suspended in 10 of sterile
distilled water in a PCR eppendorf then from thid Wvere taken to a new PCR eppendorf
and added 1l deoxyribonucleotide triphosphates (ANTPs)l Taq DNA polymerase and
32 ul of distal water, 4l Taq DNA polymerase buffer and usingullfrom both forward
and reverse primers mentioned in section 4.3. primelL. bulgaricusto give a 232 bp
product forLactococcus lactis ssp. lactt® give a 157 bp product fd8treptococcus
thermophilusto give a 157 bp product fdr. plantarumto give a 300 bp product for
Lactobacillus spgo give a 250 bp product fareuconostoc sp give a 976 bp product
and forpediococcus spfo give a 701 bp product. The PCR conditions vareén Table

3.4

Table 3.4. Condition of PCR used to amplify 16S ARjénes

First denaturation Denaturation Annealing ExtensipRinal extension
Temperature| 94 °C 94 °C 55°C 72 °C 72 °C

Time 3 min 1 min 1 min 1 min 4 min

Cycle 1 35 1
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3.9. Antibiotic Susceptibility Test

Resistance to antibiotics were tested usirsg diiffusion methods. The assay was
carried out according to Khali (2009), in the ddiffusion test, the bacterial isolate is
inoculated uniformly onto the surface of an agatelklnd a filter disc impregnated with a
standard amount of an antibiotic is applied to sueface of the plate, resulting in a
gradient of the antibiotic surrounding the disk (g 2007). Following incubation a
bacterial lawn appears on the plate and zoneshabition of bacterial growth would be
present around the antibiotic disc. The test idopered under standardized conditions
hence the size of the inhibition zone is dependenthe degree of sensitivity of the
microorganism to the antibiotic (Mayer, 2007).

10 ml of each of MRS and GM17 agar were preghgooured in test tube then
underwent to the autoclave and 50 pl of stock celtvere taken, added to 5 ml of MRS
and GM17 broth that autoclaved before then incubtie 24 hours at 30 °C for MRS and
at 37 °C for GM17. After that the MRS, GM17 agdrdwvere boiled until it became liquid
then left at room temperature for 2-3 minute. Afteat 100 pl from culture broth added to
both agar and has been spilled on Petri dish dhdole20-30 min to became solid and
then antibiotic disc of Vancomycin 30 mcg , PeliwillO pg, Tetracycline 30 ug,
Ciprofloxacin 5 pg, Trimethoprim 2.5 pg, Ampicillid0 mcg, Erythromycin 15 pg,
Amoxicillin 25 mcg, Gentamycin 10 pg, Amoxicilin52mcg were applied on the
solidified agar surface plate. The whole procedsg been done under aseptic condition.
Thereafter agar plates with antibiotic discs incatidor 24 h at 30 °C or 37 °C depending
on the agar media, the diameters of the inhibiiones were measured using electronic
digital caliper. The results were expressed asitbeng$S), marginally susceptible (1) and

resistant (R).

3.10. Plasmid DNA Digestion

Sal I (Bio Labs),Bgl Il (Sigma),EcoR I(Fermentas) anlibol Il (Fermentas ) was used
as restriction enzyme for digestion of Plasmid DN#e digestion reaction was prepared as
follows: 1 pl of restriction enzyme buffer mixed tiwvil pl bovine serum albumin
(Fermentas) and 2 pl sterile distal water with 5pjasmid DNA and 1 pl restriction
enzyme were added in a PCR eppendorf and inculzatd8d °C overnight. The mixtures

were then incubated at 65 °C for 20 min to inatéithe restriction enzyme.
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3.11. Metabolic End Products Analysis by HPLC

To analyze metabolic end products from themgnomedium, 1 mL of an overnight
culture was centrifuged at 14,8@0for 5 min. The supernatant was placed in a fresh
eppendorf tube, then samples diluted wi# of meta phosphoric acid amentrifuged
again at 1480@ for 5 min. the supernatant harvested in to the eppendorfThe sample
was then analyzed by HPLC or was stored at -20%T funther analysisThe eluant was
monitored at 210, 277 and 190 nkor HPLC analysis, a Shimadzu Prominence HPLC
apparatus (Shimadzkyoto, Japan) equipped with a PD-M20A diode arratedtor and
two binary gradient pumps (Shimadzu LC-10AT), aatopler (SIL 20AC), column oven
(CTO-20AC), and a communication bus module (CBM-p®th valve unitFCV-11AL
was used. All metabolite standards were purchasedc fSigma-Aldrich (Munich,
Germany). The HPLC system was calibrated usingdstas for sodium pyruvatélO
mg/mL), sodium lactate (10 mgL), sodium formate (10 migL), sodiumacetate (10
mg/mL), acetoldehyde (10 mglL), ethanol (10 mgnL), 2-3 butanediol (10 mmL) and 3
hydroxy (10 m@nL). Quantification of the peak area was performed usingC1000
chromatographidata analysis system (Thermo Separation Produgis)&se, CA).
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4. RESULTS AND DISCUSION

4.1. Medium and Growth Conditions

Lactic acid bacteria at the level of speciesenobtained by two different media MRS
and GM17 also by two different temperatures in ptdecultivate lactobacillus spp. at 30
°C in the case of MRS and as described in sect®2 3all ingredients supply the nutritive
elements required for the growth @ctobacilli and essential for the growth of these

bacteria.

Ammonium citrate and sodium acetate inhibé& trevelopment of most contaminants,
including streptococciand molds. In the case of GM17 media incubationptrature
increased to 37 °C for cultivaBtreptococcus thermophilasd to enumerate tdctococci

4.2. Catalase Test and Morphological Characteristeof LAB Strains

57 strains from MRS media and 61 strains fiGM17 media isolated as subculture
within 52 collected samples of cheese, yogurt drekse mixed with garlic were detected
as catalase negative, gram positive cocci, bamli coccobacilli bacteria and categorized
as LAB according to the Bergey's manua (1923),esmetcially those that have rod shape,
gram positive, catalase negative related to thaigkactobacillus(Kandier and Weiss,
1996).

4.3. Screening of LAB for Plasmids

A total of 118 strain isolated from dairy pumtl of Northern Iraq by two different
media MRS and GM17 were screened for presenceasfrptl. Only 19 strains are found
to be harbouring plasmids. Nine out of 19 straiesensolated from the culture grown on
GM17 medium and these results were given in Figuteand 4.2. Rest of the strains we
obtained from the MRS medium and gel photograpthe$e results were documented in
Figure 4.3. Since lactic acid bacteria are gramitipesthey have thick cell-wall and
distraction of that wall is difficult. For currestudy several protocols were used to harvest
plasmid DNA, however all of them failed without kmmg why? Apart from alkaline lysis
protocol that mentioned in the Materials and meshaghich gave clear and detectable

plasmid DNA bands on agarose gel electrophoresis.
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Results obtained through plasmids isolation in@i¢he presence of a considerable number
of large plasmids in cheese and only one plasmoiah fyoghurt.

B 1 2 22 x4 3 48 31 3IFa 5 ] o 23 1z 13 34 = 7 ZE 44

IO KD

Figure 4.1. Electrophoresis of plasmid DNA extrddt®m LAB isolated on GM17 media.
M: 1 Kb marker; 22: plasmid (10 Kb); 24: plasmidl(>Kb); 3: plasmid (>10
Kb); 31: plasmid (>10 KB); 32a: plasmid (>10 KB);@asmid (>10 Kb).

Dol Z0 11 Z1 T 25 4ZFa 19 Zx7 15 30 33 14 39 36

10 Kb

Figure 4.2. Electrophoresis of plasmid DNA extrddt®m LAB isolated on GM17 media.
M: 1 Kb marker; 11: plasmid (10 Kb); 42a: plasmitbKb); 19: plasmid
(10Kb).
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Figure 4.3. Electrophoresis of plasmid DNA extrddi®m LAB isolated on MRS media.
M: 1 Kb marker; 26: plasmid (>10 Kb); 29: plasmillQ Kb); 8a: plasmid
(>10 Kb); 8b: plasmid (>10 Kb); 49: plasmid (>10 )XK.0: plasmid (>10
Kb); 40: plasmid (>10 Kb); 18a: plasmid (>10 Kbght plasmid (>10 Kb);
42: plasmid (>10 Kb).

4 4. |dentification of Lactic Acid Bacteria that Contain Plasmids

All strains of LAB that contain plasmids undent to PCR reaction and all of them
identified asLactobacilluspluntaramexcept strain 42 were identified laactobacillus spp
and strain 49 which remain unidentified as is ci@aFigure 4.4 according to a specific
primers for LAB listed in Table 4.1.

Table 4.1. Species specific primers for lactic dxadterial strains used in this thesis.

Species Primers Sequence 5» 3’

LAB-F- CTC AAA ACT AAACAAAGT TTC

Lactobacillus spp.
LAB-R- | CTT GTACAC ACC GCC CGT CA

Pedio -F | GAACTC GTG TAC GTT GAA AAG TGC TGA

Pediococcus spp, _
Pedio -R | GCG TCC CTC CAT TGT TCA AAC AAG

Leu F TTT GTC TCC GAA GAG AAC A

Leuconostoc spp
LeuR CGA AAG GTG CTT GCACCT TTC AAG

Lactobacillus PlanF CCG TTT ATG CGG AAC ACC TA
plantarum(recA) PlanR TCG GGA TTA CCA AAC ATC AC
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Lactobacillus YGLbF | TCAAAG ATT CCT TCG GGA TG
bulgaricus YGLbR | TACGCATCATTG CCT TGG TA

Lactococcus lactig LlacF GTACTT GTACCG ACT GGT A
subsp. Lactis LlacR GGG ATCATCTTITGAG TGAT

Streptococcus YGStF | ACG CTG AAG AGA GGAGCT TG
thermophilus YGStR | GCAATT GCC CCTTTC AAATA

L 22 29 =l 31 32a B 11 42a 19 26 29 Ba B 10 S 18a 18b a2 a9

—

300 bp - R —
200 bp

100 bp

Figure 4.4. PCR products of amplified 16S rRNA gepacer regions from different LAB.
Lanes: M, molecular weight marker (100 bp); Lanet@2ane 18b have the
same size (300bpb. plantarum Lane 42 (> 200 bp)actobacillus Spp

Obtained results within lactic acid bactersédain that harbour plasmids have been
suggested thatactobacillus genus especiallyLactobacillus plantarumspecies were
dominant according to the primers (PlanF, PlanRyl§4&.1) which were used to amplify
the 16S region of rRNA gene. This primer pair wascgssful in amplifying a 300 bp
fragment in 17 LAB strains out of 19 strains. Afgamer (LABF, LABR) was successful
in amplifying a > 200 bp fragment in one strain. dantrast no such fragment was
amplified when DNA fromPediococcus spp(701 bp), Leuconostoc spp(976 bp),
Lactobacillus bulgaricus (232 bp), Lactococcus lactis ssp. lactigl57 bp) and
Streptococcus thermophol(57 bp) were used as templates in the PCR assay.

48



4.5. Antibiotic Resistant Test

The 19 strain that harbor plasmid were asbdpe susceptibility to 9 antibiotics,
namely Vancomycin, Penicillin, Tetracycline, Cido{acin, Trimethoprim, Ampicillin,
Erythromycin, Amoxicillin and Gentamycin. Resultsosved in (Table 4.2) susceptibility
of small number of strains to antibiotics. All str® were resistant to Gentamycin,
Amoxicillin, Erythromycin, Ciprofloxacin, Trimethapn, Penicillin, while the strains,
42a, 19, 8, 32a, 31 and 3 were observed with stibdiyp to two antibiotics, Vancomycin

and Tetracycline, with addition of strain 19 iscalshowed susceptibility to Ampicillin
(Figure 4.5).

Figure 4.5. Antibiotic test to strains that harbplasmids. (A) Strain 40 shows resistance
to some antibiotics. (B) Strain 19 shows suscdpybio Vancomycin and
Tetracycline.
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Table 4.2. Antibiotic susceptibility tests to straithat contain plasmids. (++ ) Susceptible,
(+) Intermediate Susceptible and (-) Resistant.

Strains | VA P TE CIP | T™ AM E GN | AMX
MRS media
18a - . - - - - . . .
18b - - - - + - - - -

8a - - - - - - - - -
10 - - - - - - - - -
8b - - - - + - - - -
29 - - - - - - - - -
49 - - - - + - - - -
26 - - - - - - - - -
40 - - - - + - - - -
42 - - - - - - - - -
GM17 media
11 - - - - - - + - -

42a ++ - ++ - - - - - -

19 ++ - ++ - - ++ + - -

32a ++ - ++ - - + + - -

31 ++ - ++ - - - - - -
24 - - - - - - - - -
22 - - + - - - - - -

4.6. Digestion of Plasmids with Restriction Enzyme

The plasmids underwent to the digest with sorestriction enzyme and their
recognition sites were listed in the Table 4.3 twam different fragments. However
plasmids have not recognition sites for the restrcendonucleases used (Figure 4.6).
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Table 4.3. Restriction enzymes used in this project

Restriction Enzyme Recognition sequence
v
Sal | 5" GTCGAC 3
3 CAGCIG 5'
Bglll 5' A*GATCT 3
3 TCTACiA 5'
v
EcoR | 5" GAATTC 3
3 CTTA&G 5'
v
Mbol II 5" GAAGA (N) 8....3'
3CTTCT (N*?....S'

1 | indicate sites where the sugar-phosphate backisang by the enzyme.

B 1 z 3 4

&
&

1
@
4

Figure 4.6. Plasmid digested with restriction eneyi: 1Kb marker, Lane (1) 24 digested
with Sal I, Lane (2) 24 undigested (as control)pé#3) 11 digested with Bgl
II, Lane (4) 11 undigested, Lane (5) 42 digestethwiicoR |, Lane (6) 42
undigested, Lane (7) 19 digested with Mbol II, L&8g19 undigested.
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4.7. Metabolic End-Product Analysis

The activity of somé.plantarumstrains that contain plasmids and others not contai
plasmids was studied by analyzing the metabolicmoducts to compare between them.
The supernatants after overnight growth were aedly®y HPLC to measure the metabolic
activity. When end-product formation from theseasts was examined by HPLC, different
level of metabolite values were observed betweérstedins under aerobic conditions
(Table 4.4). According to the results of HPLC asalystrains that contain and not contain
plasmids showed a heterofermentative characterrwa®tebic conditions, and it produced
a mixture of Acetic acid, formate, pyruvate, laeta® hydroxy, acetaldehydrate, ethanol
and 2-3 butanediol as the end product.
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Table 4.4 Main end products (mml) formation from the metabolism of strains thahtain and non contain plasmids under aerobic

conditions.
Strains| Acetic acid Formate Pyruvate Lactate 3dwyr | Acetaldehydrate Ethanol 2-3 butanedjol
24 61.30+£26.59 | 49.16+15.63 0.54+0.13 50.82+12.69 .4(6!1.24 77.12+17.09 111.65+22.58.51+0.76
3 61.19+6.53 35.13+11.46 6.89+1.15 37.80%5.09 01TE 26.62+11.23 138.24+60.2%.37+0.42
31 71.24+4.78 2.03+0.12 3.85+0.2)7 35.17+3.89 6.481A41 5.05+0.34 122.20+10.7312.57+1.20
32a 68.11+8.06 2.22+0.52 3.97+2.04 32.02+2.96 6l 14> 4.51+0.31 105.30+4.5Q0 12.11+1.32
8 68.54+2.30 4.89+0.09 5.52+0.39 31.74+0.61 6.43%1. | 37.57+0.98 205.79+17.127.95+0.44
42 69.38+7.44 7.40+4.80 4.78+2.83 32.81+0.38 4.330 5.10+0.80 155.50+8.75 11.46+0.48
42a 67.83+4.56 4.12+3.20 5.20+0.83 33.52+2.54 SL/Bx 48.06+2.80 196.24+38.19.08+0.09
19 61.96+1.07 5.71+0.58 4.23+0.21 32.35+0.5Y 7.1832 25.07+£7.03 171.06+50.7168.83+0.72
12~ 48.43+7.66 19.18+3.40 2.43+0.71 32.10+3.92 30029 7.52+1.13 93.29+26.174 13.31+1.94
13* 55.37+18.33 | 1.33+0.47 2.70 33.98+11.85 6.5633.2 | 109.02+46.84 90.18+27.76 11.06+3.80
14> 51.79+3.46 1.29+0.32 2.77+1.601 34.77+3.11 60193 5.22+1.03 90.46+6.74 13.78+0.07
29* 35.24+4.32 1.78+0.10 2.87+x1.501 47.17+1.44 1613503 | 178.36+31.58 75.25+28.37 11.33+1.52

* Strains have not contain plasmid
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DISCUSSION

Unlike gram-negative bacteria, which are gasted using standard protocols, Gram-
positive species are relatively more resistanteitutar lysis resulting from the extensive
concentration of peptidoglycan within the cell wallherefore alkaline-detergent lysis
methods (Klaenhammer, 1984) was used in presety.sklaenhammer during his study
discovered that mutanolysin was more effective flgaazyme because it acted quickly in
generating osmotically fragile celléactobacillus plantarumspeices were particularly
insusceptible to lysozyme these data are consistétht previous reports noting the
resistance ofactobacilli to lysozyme (Chassy and Giuffrida, 1980; Neujahal, 1973)
and sensitive of gram positive bacteria to mutasialyKondo and McKay, 1982; Monsen
et al.,, 1983; Yokogawaet al, 1975). The results obtained throughout this aege
compared to other research conducted in the fiélsaating plasmids from different
samples were fairly good. The experimental conditd current study was most directly
comparable to those of O'Sullivan akKthenhammer(1993) they found large plasmids
were isolated from bothactococci and lactobacilli, including a 70-kb plasmid from
lactobacillus acidophilusstrain C7. A published methods suggested for slsatiion of
plasmid DNA from lactic streptococci (Anderson davidkay, 1983) was suitable for the
extraction of plasmid DNA larger than 30 megadatomhrough this protocol can be
isolated amounts of plasmid DNA that required inlenalar cloning as he has conducted
by Richardet al.,(1985) within 23 strains d@treptococcuthermophilusexamined, 5 were
found to contain a single small cryptic plasmid.offrer procedure reported for isolating
plasmid of lactic streptococci yielded highly pyrl@smid DNA but the protocol required
rigidly controlled conditions including low-temptaie incubations steps (Orberg and
Sandine, 1984) and method was applicable to plasmifdat least 40 megadaltons.
Methods that mentioned in present research wasnatde over either of these two
protocol since it yields highly purified plasmid BNand may be carried out under
ordinary laboratory conditions, 19 Plasmid (> 10) Kiere detected in all strains of lactic

acid bacteria and in the term of genus most of thesridentified a&. plantarum
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The results indicate that some strains thdidrgplasmids possesses antibiotic resistant
gene against Vancomysin, Tetracycline and onlysiren against Ampicillin, the present
findings are in accordance with those of Elisha @uairvalin (1995) who recorded that
many strains of.b. plantarum, Lb. casei, Lb. salivarius, Lb. laicannii, Lb. acidophilus
carry intrinsicresistance towards Vancomycin which is due to tiesgnce of D-alanine:
D-alanine ligase-related enzymes. Intrinsic vanaamyresistance ofLactobacillus,
Leuconosto@nd Pediococcuspecies have been used to separate them from Gther-
positive bacteria on Vancomycin supplemented sgkeanedia (Simpsoret al. 1988),
While tet(M) has been found on a plasmid with a size of cakld@Danielsen, 2002;
Geverset al, 2003b), which was also the case in the presadysOn the other hand there
is published research that recorded s@treptococcus thermophilssrains were isolated
from yogurt samples carrying only one or no plasmate observed to be susceptible to

most antibiotics that used in his research (Aslimd Beyatli, 2004).

The results in this research indicate allisgravhether contain plasmids or not have
heterofermentative characteristic and that not aaige with those of Lindgreat al
(1989) they foundlactobacillus plantarumstrains used as silage inoculante have
homofermentative when glucose was absent from #gium and incubated anaerobically
for (7-30 days), while when citrate was presenthi@ medium together with the glucose

during the initial fermentation the lactic acid duzed was degraded.
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5. CONCLUSION AND FUTURE PERSPECTIVE

Lactic acid bacteria (LAB) are common to tleérgindustry, that produce lactic acid as
the principle by-product of sugar fermentations.B.Are common in nature and are often
associated with plant materials. They can alsmbad as part of the resident microflora of
human and other mammals (e.g., oral cavity, gastestinal track, etc.). The cultures of
bacteria used in the manufacture of cheese and fetimeented milk products are known as
starters. They play a vital role in the productairthese dairy products; they produce the
lactic acid that influences important quality clesistics such as texture, moisture

content and taste.

The objective of this research was to derilasipids of the total 118 bacterial strain,
results obtained were 19 plasmids in all strairg r@m plasmid DNA was detected for the
other 99 isolated strains according to the protdloat mentioned before in material and
methods, and that the isolates that they contaasnpids have been identified as
lactobacillusplantarumand one waactobacillus sppand only one strain has not been
identified. Therefore the difficulty in isolatinglgsmid DNA from lactobacilli may be
associated with the lysozyme insensitivity of tgenus (Neujahet al., 1973). Most of
Lactobacills species, regardless of their source, harbowaat lone indigenous plasmid
(Pouwels and Leer, 1993). The functions of theasmlds have classically been correlated
with phenotypical properties, including drug remmste, carbohydrate metabolism,
bacteriocin production and amino acid metabolishre @iscovery of plasmid DNA in the
lactic acid bacteria is generally attributed to @oet al. (1974) and has since been
correlated with a number of commercially associgibdnotypes in lactic acid bacteria,
including lactose metabolism, proteinase activigitfrate fermentation, bacteriocin
production, drug resistance, sugar transport anthboésm and the phage resistance
mechanisms of restriction/ modification, adsorptiesistance and abortive infection so on
(Carret al.,2002; Cebra, 1999; Fernanddsal.,1987; Zhotet al.,2000).

In the other hand, results of current studgvehthat certain strains which would be
used in manufacture of home-made yoghurt, cheessy ustural starter have various
antibiotic resistant activity, vancomycin and teyreline among the antibiotic disc that

used in this study were more susceptible to stithiatshave plasmids.
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According to these results, in some stranesresistance to some antibiotics may be
under the control of plasmid DNAs; however, theistasice to some antibiotics may be
coded by chromosomal genes, and different plasmalssed resistance to different
antibiotics. Penicillins are inactivated by b-lantses (penicillinases) produced by many
Gram-positive and Gram-negative bacteria. The eezyncoded by chromosomal or
plasmid genes (Hardy, 1981).

In the light of these results, it will be usefto determine other technological
characteristics such as bacteriophage resistana&opytic and lipolytic activities, aroma
and flavor compound production, antimicrobial aitidés and exopolysaccharide
production as well as bioamines. Genes residindniwvithe plasmids related to such
functional properties could also be investigatedind&on and expression of these genes
should be carried out to provide an improved urtdading. Technological methods could
be developed to characterize these strains in dodprovide the use of them in the dairy
industry. Finally, strains that were genotypicatiijaracterized in this study could be
selected by technological methods and used agistaitures for the fermentation of foods

in dairy industry.
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